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RESUMO GERAL

Obijetivou-se avaliar a nutricdo mineral em mudas de Acrocarpus fraxinifolius
em ambiente controlado e o crescimento de mudas no campo sob doses de P e N.
O experimento | foi avaliado sete tratamentos: um completo e seis com omissao
de N, P, K, Ca, Mg e S. O delineamento inteiramente casualizado com quatro
repeti¢des. O experimento Il foi avaliado sete tratamentos: um completo e seis
com omissdo de B, Cu, Fe, Mn, Mo e Zn. O delineamento interinamente
casualizado com quatro repetices. O experimento Il foi avaliado cinco
tratamentos de doses de K (0, 50, 100, 150 e 200). O delineamento inteiramente
casualizado sendo trés relagdes de Ca:Mg (1:1, 3:1 e 1:3), quatro repetigdes. O
experimento IV foi avaliado cinco tratamentos de doses de P (0, 20, 40, 80 e
160 g por cova™) e N (0, 25, 50, 100, e 200 g por cova™). O delineamento
experimental de blocos casualizado com quatro repeti¢ces. Os resultados dos
experimentos I, 11, Il e IV demonstram que a omissdo do N, P, K e Ca limitaram
o crescimento das plantas (H e DC) em relacdo ao tratamento completo e o
acumulo da MSPA, obedecendo a seguinte ordem: N> P> K. As omissdes dos
macronutriente resultaram em alterac6es morfoldgicas, sendo que, N, P, K e Ca
guando faltantes, causam os primeiros sintomas, seguido pelo Mg e S. O teor de
nutrientes encontrado nas partes aéreas das plantulas foi maior nos tratamentos
com a omissdo de N, P e K do que nos tratamentos com a omissdo de Mge S. A
omissdo de Fe foi mais limitante no crescimento e acumulagdo de MSPA,
seguida dos tratamentos com a omissdo de Cu, B, Mn, Mo e Zn. Omisséo de Fe
desenvolveram clorose aguda e necrose foliar, seguida da morte. A deficiéncia
de B, Mo e Zn aumentou o teor de Fe na parte aérea e reducao do teor de Cu. O
Acrocarpus fraxinifolius ndo se desenvolve bem em solos com a relagdo de Ca:
Mg desbalanceada. O maior crescimento e produgdo MSPA, teor e acimulo de
Ca, Mg e K na parte aérea foram obtidos quando aplicada doses de K no solo
entre 70 - 100 mg dm™. Em solos pobres a relagio Ca:Mg no solo deve estar
proxima da relagdo 3:1. As plantas de Acrocarpus fraxinifolius responde a
adubacgdo nitrogenada e fosfatada. As melhores doses aplicadas para o P foi
entre 90 a 100 g cova™ e para o N entre 70 a 120 g cova™.

Palavras-chave: Silvicultura. Nutri¢do Florestal. Fertilizantes.



GENERAL ABSTRACT

The objective of this study was to evaluate the mineral nutrition in Acrocarpus
fraxinifolius seedlings in a controlled environment and the growth of seedlings
in the field under doses of P and N. The experiment | was evaluated seven
treatments: one complete and six with omission of N, P, K, Ca, Mg and S. A
completely randomized design with four replicates. Experiment Il was evaluated
seven treatments: one complete and six with omission of B, Cu, Fe, Mn, Mo and
Zn. The interim randomized design with four replicates. The experiment 111 was
evaluated five treatments of doses of K (0, 50, 100, 150 and 200). The
completely randomized design being three ratios of Ca: Mg (1: 1, 3: 1 and 1: 3),
four replicates. Experiment IV was evaluated in five treatment doses of P (0, 20,
40, 80 and 160 g per cova™) and N (0, 25, 50, 100, and 200 g per coval). A
randomized complete block design with four replicates. The results of
experiments |, I, 11l and 1V demonstrate that the omission of N, P, K and Ca
limited the growth of plants (H and D) in relation to the complete treatment and
the accumulation of SDW, in the following order: N> P> K. The omissions of
macronutrients resulted in morphological changes, where N, P, K and Ca, when
missing, cause the first symptoms, followed by Mg and S. The nutrient content
found in the aerial parts of the seedlings was higher in treatments with the
omission of N, P and K than in the treatments with the omission of Mg and S.
The omission of Fe was more limiting in the growth and accumulation of SDW,
followed by treatments with the omission of Cu, B, Mn, Mo and Zn. Omission
of Fe developed acute chlorosis and foliar necrosis, followed by death. The
deficiency of B, Mo and Zn increased the Fe content in the aerial part and
reduction of the Cu content. Acrocarpus fraxinifolius does not develop well in
soils with the unbalanced Ca:Mg ratio. The highest growth and SDW
production, content and accumulation of Ca, Mg and K in the aerial part were
obtained when applying doses of K in the soil between 70 - 100 mg dm™. In
poor soils the Ca: Mg ratio in the soil should be close to the 3: 1 ratio. The plants
of Acrocarpus fraxinifolius respond to nitrogen and phosphate fertilization. The
best doses applied for P were between 90 to 100 g of cova™ and for N between
70 to 120 g of cova™.

Keywords: Silviculture. Forestry Nutrition. Fertilizers.
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PRIMEIRA PARTE

1 INTRODUGAO GERAL

Para se obter um povoamento florestal que venha produzir matéria-
prima com qualidade satisfatéria, para o uso industrial, torna-se de extrema
importancia o conhecimento acerca das espécies a serem cultivadas. Os plantios
comerciais sdo necessarios, pois, quando bem conduzidos, elevam as chances de
sucesso do empreendimento florestal, bem como promovem um alivio na
pressdo sobre florestas nativas quanto ao desmatamento. Um passo inicial, para
que se consiga dominar a produgdo de espécies florestais, é conhecer suas
necessidades nutricionais, como também os seus niveis de adaptacdo, em solos
com diferentes caracteristicas de fertilidade, além da utilizacdo precisa de
técnicas silviculturais e de manejo.

O Acrocarpus fraxinifolius Wight & Arn pertence a familia Fabaceae,
subfamilia Caesalpinioideae, é popularmente conhecido como cedro indiano,
guijarra, lazcar ou mundane. Ocorre mais especificamente em florestas
perenifélias da India, Bangladesh, Indonésia, Nepal e Myanmar (MARTINEZ et
al., 2006; PRADO et al., 2003). Produz madeira dura, de cerne avermelhado,
utilizada em construcdo, mobiliario e producdo de celulose (FIRMINO;
MORAES; FURTADO, 2015). Apresenta rapido crescimento, arvore adulta é
reta e atinge, em média, 15 a 20 m de altura e 30 a 50 cm de didmetro,
aparentemente, ndo possui nédulo fixador de nitrogénio e ndo é resistente a
geada (HIGA; PRADO, 1998); é muito promissora para reflorestamentos e
utilizada para a producdo de madeira de curta rotacdo (TRIANOSKI et al.,
2011). Em func¢&o de sua semelhanga fisica com freixo e nogueira, é usada como

substituta dessas espécies, na construcdo de casas e na manufatura de mobilia e
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embalagens. Na Africa, é utilizada como sombreamento nas plantacdes de café
(ROCAS, 2010).

A fase de producdo de mudas torna-se de grande importancia para o
estabelecimento dos plantios florestais; o conhecimento sobre exigéncias
nutricionais € o uso do substrato apropriado sdo fatores essenciais (CAIONE;
LANGE; SCHONINGER, 2012). O estabelecimento de plantios florestais, seja
para fins comerciais ou restauracdo, depende de uma série de fatores, sendo a
qualidade das mudas fundamental para o sucesso inicial (SIMOES et al., 2015).

Sob a dtica do manejo florestal, um dos principais pontos a serem
considerados é a distancia entre as plantas, que determina o espaco entre elas,
para que haja uma maximizag¢do, no aproveitamento dos recursos disponiveis,
para cada arvore. Esse aproveitamento é determinante para que as arvores se
desenvolvam em sua plenitude. Botelho (1998) afirma que existem alguns
fatores determinantes, na escolha do espagamento de plantio, como qualidade de
sitio, espécies, objetivos de manejo, condigdes de mercado e métodos de
colheita. E que os efeitos dos espacamentos afetam o nimero de tratos culturais,
a taxa de mortalidade e de dominéncia, o volume de madeira, a idade de
estagnacdo, a qualidade da madeira.

Conhecer as épocas em que 0s elementos sdo mais exigidos e saber
quais sdo os sintomas de deficiéncias de determinado nutriente mineral sdo, sem
duvida, auxilio importante para corrigir deficiéncias nutricionais com adubacéo

guantitativa e qualitativamente correta.

1.1 Objetivos gerais

Avaliar o crescimento e o efeito nutricional em mudas de A. fraxinifolius

em ambiente controlado no campo.



13

1.2 Objetivos especificos

Avaliar os pardmetros biométricos das mudas de cedro (A. fraxinifolius)
associadas a sintomatologia visual da deficiéncia de macronutrientes, taxa de
crescimento e contelldo e acumulagdo de nutrientes em partes aéreas de mudas
cultivadas em solucéo nutritiva.

Avaliar os parametros biométricos das mudas de Acrocarpus
fraxinifolius associadas a sintomatologia visual da deficiéncia de
micronutrientes, taxa de crescimento e contetdo e acumulacéo de nutrientes em
partes aéreas de mudas cultivadas em solucdo nutritiva.

Avaliar o efeito das combinacGes de doses de Ca, Mg e K, no
crescimento, no teor foliar e acimulo de nutrientes, bem como a influéncia dessa
interacdo na relacdo Ca, Mg e K, em plantas Acrocarpus fraxinifolius.

Avaliar o crescimento inicial em campo de Acrocarpus fraxinifolius sob

diferentes doses de P e N.
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2 REFERENCIAL TEORICO

2.1 Acrocarpus fraxinifolius Wight & Arn

O Acrocarpus fraxinifolius Wight & Arn pertence a familia Fabaceae,
subfamilia Caesalpinioideae, € popularmente conhecido como cedro indiano,
guijarra, lazcar ou mundane (MARTINEZ et al., 2006), produz madeira dura, de
cerne avermelhado, utilizada em construgdo, mobiliario e producéo de celulose
(FIRMINO; MORAES; FURTADO, 2015). Nativo das regides de alta
pluviosidade da Asia, o cedro indiano apresenta rapido crescimento, sendo muito
promissor para reflorestamentos e utilizado para a producdo de madeira de curta
rotacdo (TRIANOSKI et al., 2011). Em funcéo da sua semelhanca fisica com
freixo e nogueira, é usado como substituto dessas espécies na construgdo de
casas e na manufatura de mobilia e embalagens. Na Africa, é utilizado como
sombreamento nas plantaces de café (ROCAS, 2010). E uma madeira de facil
processamento e colagem, com a qual se obtém superficies com bom
acabamento superficial (HONORATO et al, 2005). Ocorre mais
especificamente em florestas perenifélias da india, Bangladesh, Indonésia,
Nepal e Myanmar (antiga Birméania) (PRADO et al., 2003). A arvore adulta é
reta e atinge, em média, 15 a 20 m de altura e 30 a 50 cm de didmetro,
aparentemente ndo possui nddulos fixadores de nitrogénio e ndo é resistente a
geada (HIGA; PRADO, 1998).

2.2 Nutri¢do mineral
Para estabelecer a essencialidade dos elementos minerais para 0s

vegetais e seus papéis no metabolismo, foram feitos experimentos com plantas

superiores crescendo em solo e em solugdes nutritivas (MARSCHNER, 2012).
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A solucdo nutritiva € uma técnica de qualquer cultivo sem solo
(substrato, areia lavada, hidroponia). Ela substitui uma das fun¢des mais nobres
do solo: a de fornecer nutrientes as plantas. O cultivo sem solo ndo é uma
técnica recente; os registros de sua utilizagdo datam de milhares de anos, como
0s cultivos sobre tabuas flutuantes praticados pelos astecas, os jardins suspensos
da Babildnia e os registros em hierdglifos dos experimentos de Teophrastus
sobre nutri¢do de plantas (SORREANO; RODRIGUES; BOARETTO, 2012).

O histdrico da nutricdo mineral de plantas e o cultivo em solugdo
nutritiva foram detalhadamente relatados por Epstein e Bloom (2006). Sorreano,
Rodrigues e Boaretto (2012) destacam os principais acontecimentos, como 0s
primeiros experimentos quantitativos em nutricdio de plantas que foram
desenvolvidos por J. B. Helmont (1580-1644), todavia, somente em 1699, John
Woodward (1665-1728) realizou os primeiros cultivos de plantas, em meio
liquido, sem uso de substratos solidos. Em 1804, Saussure (1767-1845),
influenciado pela nova quimica de Lavoisier (1743-1794), realizou as primeiras
tentativas do cultivo de plantas, em solugdo nutritiva, estabelecendo a
necessidade do uso de nitrato e outros sais fontes de nutrientes ao meio.

Segundo Sorreano, Rodrigues e Boaretto (2012), as solugdes nutritivas
fornecem os nutrientes ao desenvolvimento das plantas, porém ndo existe uma
que seja adequada para todas as espécies vegetais. Para cada espécie e condicao
de cultivo, existe uma solugdo nutritiva mais adequada, dependendo da
exigéncia nutricional. Essa exigéncia refere-se as quantidades de nutrientes que
uma cultura extrai da solucdo nutritiva, para atender as suas necessidades,
crescer e produzir adequadamente.

De modo geral, as exigéncias totais obedecem a seguinte ordem
decrescente (MALAVOLTA, 2006):

Macronutrientes: N >K >Ca>P=Mg=S

Micronutrientes: Fe > Mn > B > Cu > Zn > Mo
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A falta dos elementos essenciais, resultado do desenvolvimento lento da
planta, ocasiona, dessa forma, o aparecimento de sintomas como caules finos e,
muitas vezes, rachados, folhas eretas com crescimento desuniforme e menores
pelo menor nimero de células, senescéncia precoce e reducao no perfilhamento
(MALAVOLTA,; VITTI; OLIVEIRA, 1997). Determinadas situa¢Ges podem
indicar a possibilidade do aparecimento de sintomas de deficiéncia nutricional,
como baixo teor de nutrientes revelados pela analise do solo e do tecido foliar na

planta.

2.3 Interagdes ibnicas

Os nutrientes, presentes no solo, disponiveis a absor¢do pelas plantas,
podem ser afetados por interagdes fisicas, quimicas e bioldgicas, entre as quais
eles sofrem interagdes iGnicas, ou seja, como esses nutrientes sdo elementos
quimicos, eles reagem entre si.

Os efeitos interativos séo classificados em trés tipos: antagonismo,
inibicdo e sinergismo (SILVA; TREVIZAM, 2015).

O antagonismo ocorre quando um nutriente diminui a absor¢do de
outro. Por exemplo, esta interacdo pode evitar problemas de toxidez, em que
Célcio (Ca) impede a absor¢do exagerada de Cobre (Cu).

A interacdo, também, pode ser de inibicdo, competitiva ou nao
competitiva. Na inibicdo competitiva os nutrientes disputam o mesmo canal de
absorcdo, diminuindo a absor¢do dos que estiverem em menor concentracdo na
solucédo do solo, geralmente, ocorrendo com ions de valéncia semelhantes (Ca**
e Mg*; Fe’* e Mn**, K*e. Na").

Na inibicdo ndo competitiva os nutrientes ndo disputam o mesmo canal

de absorcdo, porém a presenca de um determinado nutriente diminui a absorcao
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de outro. Um exemplo disso ¢, quando o excesso de K* e Ca®* na solucéo do
solo, induzem a deficiéncia de Mg**

J& o sinergismo ocorre, quando um nutriente aumenta a absorcéo de
outro, por exemplo, o Ca?* em maiores concentragbes aumenta a absorcio de
varios cétions e anions presentes no solo.

A interacdo do nutriente potéassio (K*), Célcio (Ca?" e Magnésio (Mg
é a mais conhecida. Observa-se que o aumento do teor de K*, na solucdo do
solo, causa diminuicdo dos teores de Ca®* e Mg® nas plantas, podendo ser
causado pelo efeito de dilui¢do e verifica-se, também, que aumento na dosagem
de K" e Ca® induzem a deficiéncia de Mg®* nas plantas. O K*, por ser um
nutriente de menor carga, atravessa a membrana plasmatica rapidamente
diminuindo a absorcdo dos outros cations. A interacdo que ocorre entre Ca’* e
Mg”* é antagonica e 0 excesso de um prejudica a absorcdo de outro (PRADO,
2008).

2.4 Calagem no solo

Conforme Raij (2011), a condicdo desfavoravel de reagdo do solo mais
comum nos solos brasileiros é a acidez excessiva. Assim, a correcdo da acidez
dos solos pela calagem é um dos melhores investimentos a serem feito, em
condigdes nas quais as culturas respondem a esta pratica.

Uma calagem, realizada de maneira adequada, ird neutralizar o aluminio
do solo e fornecer Ca e Mg como nutrientes. Além disso, promove 0 aumento da
disponibilidade do P e de outros nutrientes no solo, assim como a capacidade de
troca de céations efetiva e a atividade microbiana, entre outros beneficios. A
calagem possibilita, entdo, maior desenvolvimento do sistema radicular das
plantas, facilitando ainda mais a absorcao e a utilizacdo dos nutrientes e da &gua
pelas culturas (SOUZA; LOBATO, 2004).
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Rocha et al. (2008) estudaram os efeitos de doses de calcario dolomitico
incorporado ao solo da cova de plantio, nas propriedades do solo, no
crescimento inicial e estado nutricional das plantas de um clone de Eucalyptus
grandis x E. urophylla, em um Latossolo Vermelho-Amarelo Distréfico humico,
textura argilosa, com acidez elevada e rico em matéria organica em
profundidade. Concluiram que a calagem é recomendada, para a cultura do
eucalipto em Latossolo himico, na concentracéo de 300 g cova™, que resulta no
equivalente a 64% de saturacdo por bases no solo.

Venturin et al. (2000) estudaram o efeito da relacdo Ca: Mg do corretivo
no desenvolvimento e nutricdo mineral de mudas de aroeira (Myracrodruon
urundeuva Fr. All.), observaram que os tratamentos influenciaram o crescimento
e teores foliares de nutrientes das mudas. As melhores respostas obtidas, em
altura de plantas e didametro do caule, foram dos tratamentos CaCO; + Mg
soltvel, seguidos das relagdes 2:1, 1:1 e 8:1, exceto este Gltimo para didmetro do
caule.

Bernardino et al. (2007), em trabalho realizado com o jacaranda-da-
Bahia (Dalbergia nigra), observaram resultados negativos de varidveis de
crescimento, em resposta a elevacdo da saturacao por bases, pois, para a espécie,
nenhuma caracteristica avaliada (altura e diametro do colo) apresentou

influéncia significativa.
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ABSTRACT

The purpose of this work was to assess biometric parameters of cedar seedlings
(A. fraxinifolius) associated with visual symptomatology of macronutrients
deficiency, growth rate, and content and accumulation of nutrients in aerial parts
of seedlings grown in nutritive solution. The trial was established in Completely
Randomized Design with seven treatments, four replications, and one plant per
pot. Treatments consisted of complete nutrient solution Hoagland and Arnon,
and deprivation of the following selected single nutrients: N, P, K, Ca, Mg and
S. Micronutrients were provided to all treatments. The following biometric
parameters were assessed 90 days after the transplant: shoot height, root collar
diameter, root and shoot dry weight. The Dickson index and the ratio given by
roots dry weight and shoot dry weight were obtained, as well as the content and
accumulation of nutrients in aerial parts of seedlings. The Sisvar statistical
analysis system was run for Analysis of Variance, and averages were compared
by means of Scott-Knott test at 5% significance. Treatments consisting of
omissions of macronutrients were found to be limiting factors of plants growth
and obtaining of seedlings shoot dry weight in the following order: N > P > K >
Ca > Mg > S. Deficiencies of these macronutrients caused visible morphological
abnormalities, where common symptoms of deficiency of N, P, K and Ca
appeared before symptoms of deficiency of Mg and S. The content of nutrients
found in aerial parts of seedlings of A. fraxinifolius grown in nutritive solution
was greater for treatments consisting of deprivation of N, P and K. The content
of nutrients found for treatments consisting of deprivation of Mg and S was not
significantly different to that found for the complete nutrients solution.

Keywords: nutritional requirements, forest nutrition, Indian cedar.

INTRODUCTION

The increased demand for forest products has been leading to constant search for
novel silvicultural techniques to increase the productivity of forest plantations
worldwide. Although Brazil has the largest area of natural tropical forest in the
world, there is a successful experience in introducing species from other
countries, such as species of the genera Eucalyptus and Pinus. In addition, a new
specie, Acrocarpus fraxinifolius, has recently aroused the interest of Brazilian

researchers for its rapid growth (Gongalves et al., 2012).
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Acrocarpus fraxinifolius is a large deciduous emergent tree native in the family
Fabaceae, subfamily Caesalpinioideae. This has been used as shade trees in the
coffee plantations in India, as well as for wood production and/or forest
enrichment. Besides, this specie is found to be the best-suited tree for plantations
in badly degraded areas which are not protected from cattle grazing (Gongalves
et al., 2012; Martinez et al., 2006).

A review is provided of the current state of understanding of A. fraxinifolius,
focusing on silvicultural aspects, plantations management and utilization of the
specie (Mishra et al., 2015; Martinez et al., 2006). However, there is no
sufficient information regarding the nutritional requirements of the species so
far, which can compromise the success of projects of reforestation and
recomposition of native areas (Sorreano et al., 2012; Aquino et al., 2013). Thus,
considering that fertilization practices are fundamental for the production
process of high quality seedlings, and to enable forest plantations to reach
adequate growth stages on field (Gongalves et al., 2012; Mishra et al., 2015), a
study about fertilizing of potentially producing species is found necessary.

Nutritional requirements refer to amounts of macronutrients and micronutrients
that a given crop takes from soil, fertilizer and air, to attend its requirements, to
grow up and produce adequately. The amount of nutrients required is described
as function of the existing contents in the plant material, as well as from the total
dry matter (Faquin, 1994). Regarding forest species, studies have demonstrated
that fertilizing of such species increase productivity, quality and establishment

of forest plantations over time (Braga, 1995).

One of ways used to assess nutritional requirements of plant species is by means
of the Minus One Element Technique, which determines soil nutrient
deficiencies in actual field or greenhouse conditions, based on the law of

minimum. This technique consists of testing a complete nutrient treatment along
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with treatments based on individual omissions of other crop nutrients (Silva et
al., 2016) and provides semiquantitative nutrients-related data that may limit
plants development (Malavolta, 1980; Vieira et al., 2008; Locatelli et al., 2007;
Silva et al., 2005; Matheus et al., 2011; Silva et al.,, 2011; Andrade and
Boaretto, 2012).

The rationalization of plants nutrition management in the seedlings production
process may increase the knowledge on interactions between nutrients in higher
plants, thus contributing to the productivity of forest plantations (Martinez et al.,
2006). When one nutrient is missing or deficient for example, such deficiency
causes anomalies due to changes made to the plant metabolism (Epstein and
Bloom, 2006). The purpose of this study was to assess the effect of deprivation
of selected single nutrients (N, P, K, Ca, Mg and S) on biometric parameters of

cedar seedlings (Acrocarpus fraxinifolius) grown in nutritive solution.

MATERIAL AND METHODS

The trial was conducted in a greenhouse in the Forest Nursery of the Federal
University of Lavras (UFLA) located in Lavras, State of Minas Gerais, Brazil, at
21°14° South, 44°00° West and 919 meters elevation. Seeds of Acrocarpus
fraxinifolius were collected from mother trees at the Historical Campus of
UFLA, cleaned and scarified in the Laboratory of Silviculture of the Department
of Forest Sciences, as outlined in Venturin et al. (2014). Then, seeds were sown

in 55 cm® tubes containing vermiculite substrate, and wet using deionized water.

After reaching 5 to 10 cm height, about 30 days after sowing, seedlings were
washed with deionized water in bare root and transplanted to a plastic tray
containing 20 liters of complete nutrient solution Hoagland and Arnon (1950).
The nutrient solution was maintained under constant aeration with compressed
air to maintain the air flow and oxygenate the hydroponic nutrient solution. This

solution was at 30 and 60% of its ionic force and seedlings were kept for 15 days
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in each solution as outlined in Marques et al. (2004). After these days, which are
described here as the adaptation period, each seedling was transplanted in a 5
liters pot and put on a stand under constant aeration. The pH rose to about 5.5
and very little precipitation occurred. Seedlings were then fixed by means of the

stem with the help of polystyrene sheets about 2 cm thick (Silva et al., 2016).

The trial was established in Completely Randomized Design with seven
treatments, four replications, and one plant per pot. Treatments consisted of
complete nutrient solution Hoagland and Arnon, and omissions of selected
single nutrients, namely N, P, K, Ca, Mg and S, based on the law of minimum.

Micronutrients were provided to all treatments under study.

Analytical reagent and deionized water were used to prepare nutrient stock
solutions. The nutrient solution was changed biweekly, since it was used for a
fast-growing forest specie, and because is characterized by high concentration of
nutrients (Epstein & Bloom, 2006). Plants were daily monitored and the solution
volume was completed using deionized water whenever it was necessary.
Seedlings were constantly monitored to diagnose nutrient deficiency symptoms
under test and the first common symptoms of each nutrient were, in general,
observed on seedlings about 45 days after the transplant, except symptoms of
deficiency of N that appeared 20 days earlier.

About 90 days after the transplant, shoot height (H) and root collar diameter (D)
were measured. After these assessments, plants were harvested, separated into
shoots and roots, and washed in running water and deionized water. Then, plants
were dried in a forced air heating system (hothouse) at 65°C temperature
(Sorreano et al., 2011). Thus, the plant material was weighted on a 0.0005 ¢
precision scale to estimate the following biometric parameters: shoot dry weight
(SDW), root dry weight (RDW), and total dry matter (TDM). The ratio given by
RDW and SDW was obtained, as well as the Dickson quality index (DQI) given
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by the fOIIOWing equation: DQl = TDM(g)/[(H(Cm)/D(mm)) + (SDW(g)/RDW(g))]
(Dickson et al., 1960).

The shoot dry matter was ground in a Wiley-type laboratory mill and then
subjected to sulphuric and nitric-perchloric digestion for the estimation of the
content of macronutrients as outlined in Malavolta et al. (1997). The
accumulation of nutrients was obtained by multiplying the content of dry matter
by the content of each nutrient found in the matter and, then, divided by 1.000,
either for macronutrients (g) or micronutrients (mg). Restrictive effects of
treatments consisting of individual omissions of N, P, K, Ca, Mg and S were
obtained by comparing the effect of each of these treatments with the effect of

the complete nutrient solution.

The Sisvar Statistical Analysis System (Ferreira, 2011) was used for statistical
analysis and the Analysis of Variance was carried out to determine the
significance of differences of means of biometric parameters such as H, D,
SDW, RDW, TDM, RDW-=+SDW, and DQI. Averages were then compared by
means of Scott-Knott test at 5% significance.

RESULTS AND DISCUSSION

Growth of seedlings

Treatments consisting of omissions of selected single macronutrients, namely N,
P, K, Ca, Mg and S were found to be the most limiting for all morphological
parameters under study in the following order: N > P > K > Ca > Mg > S. In
addition, statistically significant differences between treatments were found for

all variables under study (Table 1).

The treatment consisting of omission of N showed the major restrictive effect on
the seedlings growth. When the N was missing, biometric parameters reduced

significantly when compared to the complete nutrient solution as follows: plants
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height (81.1%), root collar diameter (76.6%), shoot dry weight (98.3%), root dry
weight (78.7%), total dry matter (95.6%), ratio given by shoot dry weigh divided
by root dry weight (91.6%), and Dickson quality index (89.4%) (Table 1).
According to Souza and Fernandes (2006), this finding was expected because
this nutrient is commonly required in greater amounts and is found to be the
most limiting factor for crops growth. Besides, when the N is missing, the
synthesis of proteins and nucleic acids is compromised, causing a reduced plants
growth (Marschner, 2012). For example, studies have reported that deficiency of
N causes a significant reduction of shoot and root dry weight in many crops
(Silva et al., 2016; Moretti et al., 2011; Silva et al., 2011; Camacho et al., 2014;
Corcioli et al., 2014).

In the same context, the treatment consisting of omission of P affected
significantly the plants height (63.8%), root collar diameter (73.5%), shoot dry
weight (93.2%), root dry weight (81.28%), total dry matter (91.6%), ratio given
by shoot dry weigh divided by root dry weight (61.6%), and Dickson quality
index (89.8%) (Table 1). In general, the deficiency of P limits the plant growth
because this macronutrient is found as part of key-molecules of cell metabolism
such as ATP and nucleic acids (George et al., 1995). In this study, seedlings
grown under deficiency of P showed a reduction in plant size, leaves and root
weigh, and long roots and few lateral roots. The P plays an important role in the
synthesis of energy, so that its deficiency may be reflected in reduced plant
growth (Taiz and Zaiger, 1998). Similar results were also found in many other
studies (Benedetti et al., 2009; Moretti et al., 2011; Vieira et al., 2016).

Regarding the deficiency of K, a significant reduction was found for the
following parameters: plants height (44.9%), root collar diameter (60.4%), shoot
dry weight (78.7%), root dry weight (79.6%), total dry matter (78.8%), and
Dickson quality index (82.5%) (Table 1). These findings were expected since K
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is commonly required by plants in greater amounts (Niu et al., 2013). In
addition, this nutrient is associated with osmoregulation processes, cell
extension, opening and closing of stomata, activation of enzymes and synthesis
of proteins (Marschner, 2012; Pettigrew, 2008). Reduction in terms of root
biomass was also found in many other studies performed with different crops
under deficiency of K (Silva et al., 2009; Souza et al., 2012; Camacho et al.,
2014; Carlos et al., 2014).

The treatment consisting of omission of Ca showed a significant restrictive
effect on the plants height (41.4%), root collar diameter (54.1%), shoot dry
weight (86.7%), root dry weight (87.8%), total dry matter (86.9%), and Dickson
quality index (88.7%) (Table 1). Ca is also an essential macronutrient (Funk et
al., 2013) found in association with the stabilization of the cell wall (White and
Broadley, 2003). Plants growing under deficiency of Ca show a reduced number
of leaves, early fall of folioles, and dying of the apical bud. Besides, roots may
show less development, few lateral roots, and dark coloring. The deficiency of
Ca occurs commonly in the growing points of shoots and roots due to its low
translocation into plants. However, regions of greater cell expansion are the
most affected by the deficiency of this macronutrient (Marschner, 2012). In the
same context, Mendonca et al. (1999) found that deficiencies of Ca and P

drastically limited the growth of seedlings of Myracrodruon urundeuva.

Treatments with deficiency of selected single macronutrients Mg and S
promoted greater growth of seedlings, and increased the production of shoots
biomass. This finding suggests that, based on the law of minimum, these
macronutrients are not limiting for the growth of cedar seedlings (A.
fraxinifolius), because the level of plant production was still greater than that

allowed for limiting factors.
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Symptoms of deficiency of macronutrients

Seedlings grown in nutritive solution, with a nutrient missing, showed visual
symptoms of deficiency in different moments (Figure 1). However, the first
common symptoms of each macronutrient were observed about 45 days after the
transplant, except symptoms of deficiency of N that appeared 25 after the
transplant. Then, seedlings were kept in the greenhouse for additional 45 days

after the transplant for symptoms assessment and further tests.

Nitrogen (N): The chlorosis appeared firstly on mature leaves about 25 days
after the transplant (Figure 1A). Young leaves appeared already chlorotic, with
size drastically reduced. After 90 days, there was a generalized chlorosis in the
leaf blade, characteristic of deficiency of N, as well as in all leaves. Similar
symptoms were described by Silveira et al. (2002), on hybrids of Eucalyptus
grandis x Eucalyptus urophylla.

There was an interruption in the appearing of buds over time, as well as a great
investment of plants toward the root system. According to Mengel and Kirkby
(1987), visible symptoms associated with deficiency of N appear as consequence
of metabolic disorders, because N is found in the majority of organic

compounds, including amino acids and nucleic acids.

Phosphorous (P): Deficiency of P resulted in the shorter and narrow leaf blade.
The inhibition of axillary buds caused a reducing growth and branching,
resulting in smaller plants (Figure 1B). The leaf blade showed a dark green
coloring at first and, then, chlorotic, and withered folioles. Symptoms of
deficiency of P occur because this macronutrient plays an important role in the
metabolism of the energy of plants such as photosynthesis and respiration
(Furlani, 2004). Thus, the growth of plants under deficiency of P is retarded
(Mengel and Kirkby, 1987). Similar findings were described by Sorreano et al.
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(2012) for seedlings of Astronium graveolens Jacg. and Enterolobium
contortisiliquum (Vell).

Potassium (K): The deficiency of K was characterized by chlorosis on leaves
edges, which developed to necrosis of the whole leaf blade (Figure 1C). The size
of seedlings was reduced, either for shoots or root system, and the apical
dominance was lost. The pronounced necrosis of the leaf blade occurred as
result of accumulation of chemical compounds coming from metabolic disorders
such as accumulation of soluble or free nitrogen compounds. These compounds
can be amino acids, amides, ammonia, amines, products that result from the
decarboxylation of amino acids such as putrescine and agmatine (Malavolta &
Crocomo, 1982; Epstein & Bloom, 2006). The chlorosis on mature leaves
followed by the reduction of apical dominance in seedlings of Croton urucurana
Baill was also found by Sorreano et al. (2011).

Calcium (Ca): Plants grown under deficiency of Ca showed chlorosis on edges
and tips of folioles of younger leaves (Figure 1D). Severe symptoms were
described 45 days after the transplant, and developed from chlorosis to necrosis
on edges of folioles, resulting in deformation, withering and, then, abscission of
leaves. About 120 days after the transplant, the apical bud of the majority of
seedlings died, compromising the plant growth, and resulting in smaller plants.
The appearing of symptoms on edges of younger leaves and other new tissues
was due to the lack of this macronutrient in plant tissues (Malavolta, 2006). A
similar growth pattern was described by Silveira, et al. (2002) for hybrids of
eucalyptus. On the other hand, the deficiency of Ca resulted in the interruption
of the production process of new roots, and rottenness of secondary roots, as was
also described by Barroso et al. (2005) for seedlings of Tectona grandis and by

Muniz & Silva (1995) for seedlings of Aspidosperma polyneuron.
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Magnesium (Mg): The deficiency of Mg for seedlings of A. fraxinifolius
resulted in chlorosis in spaces between nervures of folioles of older leaves
(Figure 1E). The size and number of folioles per leaf were reduced in relation to
plants of the treatment consisting of the complete nutrient solution. According to
Taiz and Zeiger (2013), Mg is one of the main enzymatic activators in the
photosynthesis and synthesis of DNA and RNA, and is part of the structure of
the molecule of chlorophyll. Thus, its deficiency promotes necrosis at the leaves
apex and chloroplasts; and deformation of structures of lamellas affecting the
stability of thylakoids. Symptoms of deficiency of Mg were also described by

Mendonca et al. (1999) for seedlings of Myracrodruon urundeuva.

Sulphur (S): Symptoms of deficiency of S were the last to appear. At first,
small whitish spots appeared on leaf blades (Figure 1F). Then, these spots
became chlorotic and covered almost all young and old leaves. Deficiency of S
resulted in small sized leaves, with edges and tips of folioles rolled up; however,
the plant size did not reduce. Similar results were found by Wallau et al. (2008)
for seedlings of Swietenia macrophylla, and Sarcinelli et al. (2004) for seedlings

of Acacia holosericea grown in nutritive solutions.

Concentration of macronutrients

The external concentration of ions is one of factors that affect the absorption of
ions by living roots (Marschner, 2012). In this study, by limiting a given nutrient
in the solution, the content of such nutrient into plant tissues reduced (Table 2
and Table 3).

Contents of P, K, Ca and Mg increased in the treatment consisting of omission
of N for shoots of seedlings of A. fraxinifolius when compared to the complete
nutrient solution (Table 2). The greatest content of P occurred probably as effect
of the concentration of P absorbed to the lesser dry weight produced by plants.

High concentrations may be related to the reduced growth that promoted the
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effect of N found in the dry weight. Therefore, data suggest that N is a
significantly limiting factor for the growth of seedlings of A. fraxinifolius.

Treatment with omission of P resulted in the minor content of nutrients found in
the shoots, probably because of the lower plants growth that reduced production
of dry matter, with effect in the accumulation of P (Table 2). In addition, this
lesser accumulation may be associated with the fact that phosphorus is a major
nutrient, meaning that it is frequently deficient for crop production and it is
found in every living plant cell involved in several key plant functions, including

energetic metabolism.

The omission of K increased the content of P and S in the shoot when compared
to the complete nutrient solution (Table 2). A significant content of S was found
in this treatment. Besides, although N and P are potential limiting factors for
seedlings of A. fraxinifolius, for example, the content of S found in treatments
formulated with N and P missing was lesser than that found in the treatment

formulated with potassium missing.

The treatment formulated with Ca missing resulted in significant contents of all
nutrients under study in shoots when compared to the complete nutrient solution
(Table 2). In addition, there was an accumulation effect of Ca due to the low
biomass production recorded in this treatment. In the same context, similar
results were found in many other studies (Mendonca et al., 1999; Marques et al.,
2004; Barroso et al., 2005). Thus, the existing interaction effect between Ca, Mg
and K was also found in this study. The increase of the content of Ca and Mg in
the shoot is, according to Malavolta (1980) Marschner (1995) and Barroso et al.
(2005), related to the deficiency of K, then, favoring the absorption of Ca and

Mg by plants, and vice versa.

The treatment formulated with Mg missing reduced the content of Ca in shoots

of seedlings of A. fraxinifolius when compared to the complete nutrient solution
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(Table 2). The reduced content of Ca in this treatment is described as result of
the existing antagonism between these two nutrients (Mg and Ca), i.e., Mg has a
damaging effect on the Ca availability for plants uptake, and excessive amounts
of Ca reduces the uptake of cationic macronutrients such as Mg (Epstein, 1975;
Malavolta et al., 1997; Mendonca et al., 1999; Barroso et al., 2005).

In the treatment formulated with S missing, a reduction in the concentration of
Ca in shoots when compared to the complete nutrient solution was found (Table
2). However, this treatment was characterized by the increase of biomass in the
shoot, which was described as result of the dilution effect, from which, the
reduction of the content of Ca did not affect the plant growth and accumulation

of dry biomass.

Regarding the accumulation of nutrients in the shoot of seedlings of A.
fraxinifolius (Table 3), a pattern similar to that described for dry mass obtained
from shoots of the same seedlings was found (Table 2). However, treatments
consisting of the complete nutrient solution, minus S and minus Mg provided a
greater accumulation of nutrients for the majority of nutrients under study. In
addition, by limiting a given nutrient in the solution, in general, the content of

such nutrient into plant tissues reduced (Table 3).

The treatment formulated with N missing showed lesser accumulation of
nutrients in the shoot of seedlings of A. fraxinifolius when compared to the
complete nutrient solution (Table 3), probably due to the low-growing effect
recorded in the trial. This result shows that the content of this macronutrient in
the sample was highly affected by the amount of dry weight obtained per
treatment. The accumulation of nutrients depends on the content of dry weight,
thus, the accumulation of N in the shoot showed a direct proportionality with the

total dry matter produced per plant.
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Table 3 shows that the content of nutrients found in the treatment formulated
with P missing was relatively low, especially when compared to the complete
nutrient solution. This treatment (minus P) resulted in lower accumulation of
nutrients in shoots of seedlings of A. fraxinifolius, this described by the low-
growing effect and a pronounced reduction in the total dry matter produced per

plant.

Therefore, as these macronutrients (N, P, K, Ca, Mg and S) are found to be
essential elements for plant growth, there is a pre-determined ratio of them that
is required by the plant system, depending on its life cycle, environment and its
genotypic characteristics. Amounts found in this study show that the ratio of
these macronutrients is more critical than the actual concentration of the
individual elements, and macronutrients balancing is an important indicator of a
synergistic and/or antagonistic relationships between them; which determines
the effective uptake and utilization of a given macronutrient by plants.

CONCLUSIONS

Formulated treatments with deficiency of selected single nutrients N, P, K and
Ca limited plants growth (shoot height and root collar diameter) and
accumulation of shoot dry weight of cedar seedlings (A. fraxinifolius) in the
following order: N > P > K > Ca > Mg > S. The deficiency of these
macronutrients caused visible morphological abnormalities. However, common
symptoms of deficiency of N, P, K and Ca appeared before symptoms of
deficiency of Mg and S. The content of nutrients found in aerial parts of
seedlings of A. fraxinifolius grown in nutritive solution was greater in treatments
consisting of deprivation of N, P and K than in treatments consisting of
deprivation of Mg and S. There was no statistically significant difference
between treatments consisting of deprivation of Mg and S and the complete

nutrients solution.
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Table 1. Biometric parameters obtained for cedar seedlings (Acrocarpus

fraxinifolius) grown under nutrients omission, 90 days after the transplant

TREATMENT H (cm) D (mm) SDW (g) RDW (g) TDM (g) SDR+RDW QDI

Complete 87.87a 16.07b 7827a 12.18a 90.45a 6.59a 7.56a
minus N 16.62d 3.75d 136b 259c 3.95b 0.53b 0.80c
minus P 31.75¢ 425d 534b 228c 7.63b 253b 0.77c¢
minus K 4837b 6.37c 16.68h 248c 19.16b 6.85a 1.32c
minus Ca 5150b 7.37c 10.35b 1.48c 11.83b 757a 085¢c
minus Mg 96.62a 14.12b 79.80a 9.06b 88.86a 9.32a 5.64b
minus S 100.42a 18.37a 80.02a 12.76a 92.78a 6.34a 7.91a
CV (%) 1354 13.12 20.36 24.68 18.95 32.01 22.04

Means followed by the same letter in the column do not differ statistically from each other by
the Scott-Knott test at 5% probability. H = shoot height, D = root collar diameter, SDW =
shoot dry weight, RDW = root dry weight, TDM = total dry matter, and DQI = Dickson
quality index. CV = Coefficient of Variation.

Table 2. Content of macronutrients (g.kg™) of shoots of cedar seedlings (A.
fraxinifolius) grown under nutrients omission, 90 days after the transplant

CONTENT (g.kg™)*

TREATMENT
N P K Ca Mg S
Complete 23.28¢c 1.98b 515c¢ 6.82b 1.09c 0.46d
minus N 11.30d 764a 10.19a 13.88a 214a 094c
minus P 32.34b 1.30b 931a 88lb 159b 1.24b
minus K 31.64b 7.26a 217d 7.73b 181b 185a
minus Ca 39.24 a 755a 691b 156c¢c 194a 159a
minus Mg 26.39 ¢ 214b 6.27b 6.76b 058d 0.67c
minus S 25.84¢ 1.74b 526c 654b 0.86c 0.36d
CV (%) 18.58 26.78 14.65 14.37 15.99 19.94

*Means followed by the same letter in the column do not differ statistically from each
other by the Scott-Knott test at 5% probability. CV = Coefficient of Variation.



43

Table 3. Accumulation of macronutrients (g.plant™) of shoots of cedar seedlings

(A. fraxinifolius) grown under nutrients omission, 90 days after the transplant

ACCUMULATION (g.plant™)*

TREATMENT
N P K Ca Mg S

Complete 1822.1a 1549a 403.1a 533.8a 85.3a 36.0b
minus N 154 ¢ 104 ¢ 138D 18.8b 29d 13c
minus P 172.7b 6.9¢c 49.7b 470b 85d 6.6¢c
minus K 527.7b 121.1a 36.2b 128.9b 30.2c¢ 30.8b
minus Ca 406.1b 78.1b 715b 16.1b 20.1c 16.4c
minus Mg 2105.1a 170.7a  500.3a 539.4a 46.3b 535a
minus S 2067.7 a 139.2a 420.9a 523.3a 68.8a 28.8b
CV (%) 24.14 33.52 34.82 39.99 36.87 48.25

* Means followed by the same letter in the column do not differ statistically from each
other by the Scott-Knott test at 5% probability. CV = Coefficient of Variation.
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Figure 1. Symptomatology of deficiency of macronutrients on cedar seedlings
(A. fraxinifolius) grown in nutritive solution. The left side of each picture shows
plants grown in complete nutrient solution, and the right side shows solution
formulated with deficiency of N (A), P (B), K (C) Ca (D), Mg (E), and S (F).
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Effect of deprivation of selected single micronutrients on biometric
parameters of cedar seedlings (Acrocarpus fraxinifolius) grown in nutritive
solution

Efeito da omissao de micronutrientes sobre os parametros biométricos de
mudas de Cedro Indiano (Acrocarpus fraxinifolius) cultivadas em solugdo
nutritiva

ABSTRACT

The purpose of this study was to assess biometric parameters of cedar
seedlings (Acrocarpus fraxinifolius) grown in nutritive solution under
deprivation of selected single micronutrients. The trial was established in
Completely Randomized Design with seven treatments, four replications
and one plant per pot. Treatments consisted of complete nutrient solution
Hoagland and Arnon, and deprivation of the following selected single
micronutrients: boron (B), copper (Cu), iron (Fe), manganese (Mn),
molybdenum (Mo) and zinc (Zn). Macronutrients were provided to all
treatments. The following biometric parameters were assessed 90 days
after the transplant: shoot height, root collar diameter, root and shoot dry
weight. The visual symptomatology of micronutrients deficiency was also
evaluated, as well as the content and accumulation of nutrients in aerial
parts of seedlings. The Sisvar statistical analysis system was run for
Analysis of Variance, and averages were compared by means of Scott-
Knott test at 5% significance. The deprivation of Fe was found to be the
most limiting factor for plants growth and obtaining of seedlings shoot
dry weight, followed by treatments consisting of deprivation of selected
single micronutrients as follows: Cu, B, Mn, Mo and Zn. Seedlings grown
under deprivation of iron showed acute chlorosis and necrosis, followed
by plants death, while seedlings grown under deprivation of other
micronutrients under study showed different levels of generalized
chlorosis and low plants growing rate. The deficiency of B, Mo or Zn
promoted the increase of the content of Fe in shoots of cedar seedlings
and decrease of the content of Cu.

Keywords: nutritional requirements, forest nutrition, Indian cedar.
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RESUMO

O presente trabalho objetivou avaliar parametros biométricos de mudas de
Cedro Indiano (Acrocarpus fraxinifolius) cultivadas em solugéo nutritiva,
sob omissdo de micronutrientes. O ensaio foi estabelecido em
delineamento  experimental inteiramente casualizado, com sete
tratamentos, quatro repeticdes e uma muda por parcela; e consistiu dos
seguintes tratamentos: solugcdo nutritiva de Hoagland & Arnon e omisséo
individual de B, Cu, Fe, Mn, Mo e Zn. Os macronutrientes foram
fornecidos em todos os tratamentos. Aos 90 dias depois do transplante
foram avaliados os seguintes parametros biométricos: altura da parte
aérea, didmetro do coleto, massa seca radicular e massa seca da parte
aérea. Sintomas de deficiéncia de micronutrientes foram avaliados, bem
como o teor de nutrientes na parte aérea. Os dados foram analizados no
pacote estatistico Sisvar. Foi efetuada a Analise de Variancia e as médias
dos tratamentos foram comparadas pelo teste de agrupamento de Scott-
Knott a 5% de significancia. A omissdo de Fe foi a que constituiu o
tratamento com maior efeito limitante no crescimento de mudas e
acumulacdo de matéria seca na parte aérea de mudas de Cedro Indiano,
seguida dos tratamentos com omissdo consecutiva de Cu, B, Mn, Mo e
Zn. Mudas cultivadas sob omissao de ferro desenvolveram clorose aguda
e necrose foliar, seguida da morte de mudas, enquanto que mudas
cultivadas sob omissdo dos outros micronutrientes em estudo
desenvolveram diferentes niveis de cloros caracteristica e taxa de
crescimento reduzida. De uma forma geral, a deficiéncia de B, Mo e Zn
promoveu o aumento do teor de ferro na parte aérea de mudas de Cedro
Indiano e reducdo do teor de Cu.

Palavras-chave: exigéncia nutricional, nutrigdo florestal, Cedro Indiano.

INTRODUCTION
The increased demand for forest products has been leading to constant
search for novel silvicultural techniques to increase the productivity of

forest plantations worldwide. Although Brazil has the largest area of
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natural tropical forest in the world, there is a successful experience in
introducing species from other countries, such as species of the genera
Eucalyptus and Pinus. In addition, a new specie, Acrocarpus fraxinifolius,
has recently aroused the interest of Brazilian researchers for its rapid
growth and utilization, especially in agrosilvo pastoral systems and
recovery of degraded areas (Gongcalves et al., 2012).

Acrocarpus fraxinifolius is a large deciduous emergent tree native in the
family Fabaceae, which has been used as shade trees in coffee plantations
in India, as well as for wood production and/or forest enrichment.
Besides, this specie is found to be the best-suited tree for plantations in
badly degraded areas which are not protected from cattle grazing
(Goncalves et al., 2012; Martinez et al., 2006).

The current state of understanding of A. fraxinifolius is focused on
silvicultural aspects, plantations management and utilization of the specie
(Mishra et al., 2015; Martinez et al., 2006). However, there is no
sufficient information regarding the nutritional requirements of the
species so far (Sorreano et al., 2012; Aquino et al., 2013), as well as there
is no information in Brazil approaching the specie A. fraxinifolius in this

perspective. Thus, considering that fertilization practices are fundamental
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for the production process of high quality seedlings, and to enable forest
plantations (Gongalves et al., 2012; Mishra et al., 2015), a study about
fertilizing of potentially producing species such as A. fraxinifolius is
found to be necessary.

Studying the rationalization of plants nutrition demands in the cedar
seedlings production process may effectively contribute to the increase of
the knowledge about nutrient interactions on plant growth and crop
productivity, thus contributing to the increase of production and
productivity in forest plantations.

The Minus One Element Technique is used to assess nutritional
requirements of plant species by determining soil nutrient deficiencies in
actual field or greenhouse conditions, based on the law of minimum. This
technique consists of testing a complete nutrient treatment along with
treatments based on individual omissions of other crop nutrients (Silva et
al.,, 2016). Therefore, considering that the Indian cedar, the stately
deciduous and fast-growing tree, is a useful tropical plant found in many
countries in the world, this work was performed aiming to assess the
effect of deprivation of selected single micronutrients, namely, B, Cu, Fe,

Mn, Mo and Zn, on biometric parameters of cedar seedlings (Acrocarpus
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fraxinifolius) grown in nutritive solution. Expected results may be used to
guide and increase efficiency in the cedar seedlings production process at

Nursery level.

MATERIAL AND METHODS

The trial was performed in a greenhouse in the Forest Nursery of the
Federal University of Lavras (UFLA) located in Lavras, State of Minas
Gerais, Brazil, at 21°14” South, 44°00° West and 919 meters elevation.
Seeds of Acrocarpus fraxinifolius were collected from mother trees at the
Historical Campus of UFLA, cleaned and scarified in the Laboratory of
Silviculture of the Department of Forest Sciences as outlined in Venturin
et al. (2014). Then, seeds were sown in 55 cm® tubes containing
vermiculite substrate, and wet using deionized water.

After reaching 5 to 10 cm height, about 30 days after sowing, seedlings
were washed with deionized water in bare root and transplanted to a
plastic tray containing 20 liters of complete nutrient solution Hoagland
and Arnon (1950). The nutrient solution was maintained under constant
aeration with compressed air to maintain the air flow and oxygenate the

hydroponic nutrient solution. This solution was at 30% of its ionic force
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and seedlings were kept for 15 days in each solution as outlined in
Marques et al. (2004). Then, the nutrients solution was changed and
adjusted to 60% of its ionic force. After these days, which are described
here as the adaptation period, each seedling was transplanted in a 5 liters
pot containing nutritive solution at 100% of its ionic force, and put on a
stand under constant aeration. The pH was about 5.5 and seedlings were
then fixed by means of the stem with the help of polystyrene sheets about
2 cm thick (Silva et al., 2016).

The trial was established in Completely Randomized Design with seven
treatments, four replications, and one plant per pot. Treatments consisted
of complete nutrient solution Hoagland and Arnon, and omissions of
selected single micronutrients, namely B, Cu, Fe, Mn, Mo and Zn, based
on the law of minimum. Macronutrients were provided to all treatments
under study.

Analytical reagent and deionized water were used to prepare nutrient
stock solutions. Plants were daily monitored and the solution volume was
completed using deionized water whenever it was necessary. Seedlings
were constantly monitored to diagnose nutrient deficiency symptoms

under test and the common symptoms of each micronutrient were
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recorded at seedlings harvest. The nutrient solution was changed
biweekly, since it was used for a fast-growing forest specie (A.
fraxinifolius), and because this solution is characterized by high
concentration of nutrients (Epstein & Bloom, 2006).

About 90 days after the transplant, shoot height (H) and root collar
diameter (D) were measured. Then, plants were harvested, separated into
shoots and roots, and washed in running water and deionized water. After,
plants were dried in a forced air heating system (hothouse) at 65°C
temperature (Sorreano et al., 2011). The plant material was then weighted
on a 0.0005 g precision scale to estimate the following biometric
parameters: shoot dry weight (SDW), root dry weight (RDW), and total
dry matter (TDM). The ratio given by RDW and SDW was obtained, as
well as the Dickson quality index (DQI) given by the following equation:
DQI = TDM g/ [(H m/D mm)) + (SDW /RDW ()] (Dickson et al.,
1960).

The shoot dry matter was ground in a Wiley-type laboratory mill and then
subjected to sulphuric and nitric-perchloric digestion for the estimation of
the content of B, Cu, Fe, Mn, Mo and Zn outlined in Malavolta et al.

(1997).
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The Sisvar Statistical Analysis System (Ferreira, 2011) was used for
statistical analysis and the Analysis of Variance was carried out to
determine the significance of differences of means of the following
biometric parameters: H, D, SDW, RDW, TDM, RDW-+SDW, and DQI.
Averages were then compared by means of Scott-Knott test at 5%

probability.

RESULTS AND DISCUSSION

Growth of seedlings

Treatments consisting of omissions of selected single micronutrients,
namely, B, Cu and Fe were found to be the most limiting factors for
plants growth, in particular the shoot height (H), root collar diameter (D),
shoot dry weight (SDW), root dry weight (RDW), total dry matter
(TDM), the ratio RDW+SDW and the Dickson quality index (DQI). In
addition, statistically significant differences between treatments were
found (Table 1) and the limiting order was as follows: Fe > B> Cu>Mn>
Mo > Zn.

The deficiency of selected single micronutrients, Mn, Mo and Zn, did not

cause significant effect on biometric parameters under study. There were
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no statistically significant differences between these treatments from each
other and when compared to the complete nutrient solution Hoagland and
Arnon. This might be because of the low demand of these micronutrients
by cedar seedlings, and the amount of such micronutrients existing in
cedar seeds and subtract used for sowing. This shows that these
treatments cannot be considered limiting factors for plants growth,
especially in the first growing stages of seedlings of Acrocarpus
fraxinifolius.

Studies show that the deprivation of a selected single micronutrient result
in the decrease of its concentration into plant tissues, and the acute
deficiency of such micronutrient may trigger symptoms on leaves, with
negative effect in growth rate and production (Marschner, 2012).

The treatment consisting of omission of B showed a significant restrictive
effect on cedar seedlings growth, in particular the plants height (40.9%),
root collar diameter (31.7%), shoot dry weight (72.2%), root dry weight
(42.2%), total dry matter (68.1%), ratio RDW-+SDW (51.1%) and
Dickson quality index (51.9%) (Table 1). Similar results were also
described in Sorreano et al. (2008), Marques et al. (2004) and Corcioli et

al. (2016).
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Boron is a micronutrient required for all plant nutrition. The main
functions of B are relate to cell wall strength and development, cell
division, fruit and seed development, sugar transport, and hormone
development (Marschner, 1997; Mengel & Kirkby, 2001). Thus, the
deficiency of boron in cedar seedlings may have affected biometric
parameters under study due to the intense metabolic activity and high
carbohydrates intake; although the effect of deprivation of this
micronutrient might cause indirect or secondary effect as described in
Marschner (2012).

The deficiency of Cu caused a significant restrictive effect on cedar
seedlings growth as follows: plants height (40.4%), root collar diameter
(15.4%), shoot dry weight (57.9%), root dry weight (25.7%), total dry
matter (53.6%), ratio RDW+SDW (44.6%) and Dickson quality index
(26.1%) (Table 1). Studies have been developed and similar patterns
regarding the same biometric parameters were found for other plant
species (Wallau et al., 2008; Silva et al., 2009; Silva et al., 2016;
Sorreano et al., 2008).

Copper is an micronutrient and is involved in several metabolic processes

(Wallau et al., 2008). Deficient Cu can cause disorders in plant growth
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and development by adversely affecting important physiological process
in plants. Besides, particular photosynthetic electron transport is altered
under copper deficiency conditions (Epstein & Bloom, 2006; Silva et al.,
2016; Wallau et al., 2008). Thus, Cu deficient in this study showed a
change in root and leaves architecture. Typical symptoms of Cu
deficiency appeared first at the tips of young leaves and then extend
downward along the leaf margins as also described in Marschner (1997).
In addition, this author states that leaves may also be twisted or
malformed and show chlorosis or even necrosis.

The treatments consisting of omission of Fe was the most limiting factors
for plants growth in this study, as follows: plants height (87.7%), root
collar diameter (81.6%), shoot dry weight (98.4%), root dry weight
(97.4%), total dry matter (98.2%), ratio RDW-+SDW (30.5%) and
Dickson quality index (97.4%) (Table 1). Results described by Marques
et al. (2004), Wallau et al. (2008), Silva et al. (2009), Silva et al. (2016)
and Sorreano et al. (2008) show the relevance of this micronutrient in
different plant species.

Iron is an micronutrient because plays critical role in metabolic processes

such as DNA synthesis, respiration, and photosynthesis (Wallau et al.,
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2008). Iron is one of the most limiting micronutrient for plant growth and
metabolism, primarily due to the low solubility of the oxidized ferric form
in aerobic environments (Epstein & Bloom, 2006; Silva et al., 2016). Iron
deficiency is a common nutritional disorder in many crop plants, resulting
in poor yields and reduced nutritional quality. In this study, the deficient
in Fe showed chlorosis in the new leaves. Plants showing these symptoms
died about 25 days after the transplant probably due to disorders in
respiration, photosynthesis and many other metabolic processes.
Symptoms of deficiency of micronutrients

Cedar seedlings grown in nutritive solution, with a micronutrient missing,
showed visual symptoms of deficiency in different moments. The first
common symptoms were observed for treatments consisting of omission
of iron and boron at 15 days after the transplant, followed by treatments
consisting of omission of Mn, Mo, Cu and Zn, at 60 days after the
transplant (Figure 1). However, seedlings were kept in the greenhouse
under monitoring for 90 days after the transplant.

Boron (B): Seedlings grown under deficiency of B showed smaller plants
with small leaves and leaflets (Figure 1A), and dying of shoots and tips of

leaves, resulting in the loss of apical dominance of seedlings. This might
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be because B deficiency symptoms arise from disturbance of the cell wall
structure, which caused disturbance in the cell elongation as described in
Marschner (2012). Sorreano et al. (2008) reported that B deficiency
affects vegetative and reproductive growth of plants resulting in
inhibition of cell expansion, death of meristem and reduced fertility for
Croton urucurana, which may also be associated with the symptoms
described in this study.

Copper (Cu): Cedar seedlings grown in nutritive solution with Cu
missing showed small leaves and leaflets and less consistency of petioles,
with plants showing a fade aspect (Figure 1B). According to Malavolta et
al. (1997), Cu participates in numerous physiological processes and is an
essential cofactor for many metalloproteins. However, Cu is immobile,
meaning its deficiency symptoms occur in the newer leaves, although
varying depending on the crop. Typically, the symptoms start as cupping
and a slight chlorosis of either the whole leaf or between the veins of the
new leaves. Within the chlorotic areas of the leaf, small necrotic spots
may form, especially on the leaf margins. In this study, as the symptoms
progressed, the newest leaves were smaller in size, lose their sheen and in

some cases leaves became wilt. The apical meristems of seedlings became
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necrotic and died, inhibiting the growth of lateral branches as also
described in Camargos et al. (2002) for Bertholletia excelsa.

Iron (Fe): The deprivation of Fe was found to be the most limiting factor
for cedar seedlings. Plants showed unsightly yellow leaves, low-growing
and all seedlings died at 25 days after the transplant (Figure
1C).Malavolta et al. (1997) and Sorreano et al. (2008) stated that the most
obvious symptom of iron deficiency in plants is commonly called leaf
chlorosis. This is where the leaves of the plant turn yellow, but the veins
of the leaves stay green. In this study, leaf chlorosis started at the tips of
new growth in the seedling and worked its way to older leaves on the
seedling as the deficiency got worse.

Iron is needed to produce chlorophyll, hence its deficiency causes
chlorosis (Sorreano et al., 2008). This occurs chiefly because Fe is not
mobile in the plant. The young leaves cannot draw any Fe from the older
leaves. With a serious Fe shortage, the older leaves and the smaller veins
in the leaf can also turn yellow; the reason why plants under deprivation
of Fe died in this study. In addition, this plants dying was because Fe is

poorly absorbed by the plant, associated with its functions in the overall
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metabolism of the plant (Camargos et al., 2002; Taiz & Zeiger, 2013;
Wallau et al., 2008).

Manganese (Mn): The deficiency of Mn was characterized by the
appearance of interveinal chlorosis (yellow leaves with green veins) on
the young leaves, and sunken spots that appeared in the chlorotic areas
between the veins. The seedlings growth was also be reduced (Figure
1D). According to Rosolem & Ferelli (2000), Mn deficiency occurs from
low fertilizer application rates, use of general purpose fertilizers, which
typically have reduce micronutrient contents, and excessive leaching of
nutrients. The role of Mn in plants is extremely crucial. Thus, deficiency,
which is common in soils that have neutral to high pH or a substantial
deal of organic matter, can cause serious problems to plants, with severe
damages on seedlings, as occurred in cedar seedlings under study.
Molybdenum (Mo): Leaves of seedlings with symptoms of deficiency of
Mo showed a pale green or yellowish green color between the veins and
along the edges (Figure 1E). Then, the leaf tissue at the margins of leaves
died. The older leaves are the more severely affected (Sorreano et al.,
2008), because where the plant has insufficient Mo, the nitrates

accumulate in the leaves and the plant cannot use them to make proteins.
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The result is that the plant becomes stunted, with chlorosis and, at the
same time, the edges of the leaves may become scorched by the
accumulation of unused nitrates (Taiz &Zeiger, 2013).

Zinc (Zn): Seedlings grown under deficiency of Zn showed some varying
pattern of chlorosis of the new leaves (Figure 1F) and necrotic spots on
the margins or leaf tips. New leaves were smaller in size and often cupped
upward or distorted. These symptoms occurred because Zn is used in the
formation of chlorophyll and some carbohydrates, conversion of starches
to sugars (Neves et al., 2004; Wallau et al., 2008) as well as in the
formation of auxins, which help with growth regulation and stems
elongation. Neves et al. (2004) state that Zn is also immobile, meaning
the deficiency symptoms occur in the new leaves and vary depending on
the crop, the reason why the right diagnosis of symptoms of deficiency is
very important.

Concentration of micronutrients

Plant concentrations of essential elements may exceed the critical
concentrations, the minimum concentrations required for growth, and
may vary somewhat from species to species (Marschner, 2012). When

one nutrient is missing or deficient, such deficiency causes anomalies due
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to changes made to the plant metabolism (Epstein & Bloom, 2006). Thus,
the Minus One Element Technique provides semiquantitative nutrients-
related data that may limit plants development (Silva et al., 2016).
Micronutrients are required only in very small quantities and their
concentrations in plant tissues are only a small proportion of the
concentrations of macronutrients (Malavolta et al., 1997; Neves et al.,
2004). Since most micronutrients are relatively immobile in the plant,
they are not readily transferred from older leaves to younger ones.
Therefore, the concentration of the nutrient tends to be lowest in younger
leaves. Thus, symptoms of deficiency are most pronounced in young
leaves which develop after the supply of the nutrient has run low, as
occurred with the deprivation of selected single micronutrients in a
nutritive solution described in this study for seedlings of Acrocarpus
fraxinifolius.

Table 2 shows that contents of B, Cu, Mn, and Zn increased in the
treatment consisting of omission of Fe for shoots of seedlings of A.
fraxinifolius when compared to the complete nutrient solution. These may
have been caused by the concentration effect (Corcioli et al., 2016; Silva

et al., 2016), which can partially explain the inhibition of uptake of a
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particular ion by another ion, particularly if the concentration of a
competing ion in solution is much greater than the other ion; with effect
in the low biomass production by seedlings of A. fraxinifolius.

The content of B increased significantly in treatments consisting of
omissions of Mn and Mo for shoots of seedlings of A. fraxinifolius (Table
2). These effects may have respectively resulted from the following
situations: (i) lower accumulation of biomass that increased the
concentration of B into plant tissues; and (ii) dilution effect from which,
with the deprivation of Mo, a relative rate of dry matter accumulation
decreased more rapidly than the rate of B accumulation, resulting in
greater final concentrations.

The content of Cu decreased significantly in treatments consisting of
omissions of Mo and Zn for shoots of seedlings of A. fraxinifolius (Table
2), as result of the concentration effect as stated in Silva et al. (2016).
This effect means that when seedlings were exposed to the deprivation of
Mo or Zn, the total dry matter accumulation decreased. In addition, the
uptake of Mo or Zn did not occur, in the same context that the

concentration of copper in the tissue decreased.
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CONCLUSIONS

The deprivation of selected single micronutrients, namely, boron, copper,
iron, manganese, molybdenum and zinc limited the seedlings growth and
accumulation of shoot dry weight. Treatments consisting of omissions of
boron, copper and, specially, iron were found to be the most limiting
factors. Visible morphological abnormalities described as typical
symptoms of deficiency were shown for each micronutrient under study,
with emphasis on characteristic chlorosis, decreased growth of seedlings
and plants dying.

The nutrient interactions measured in terms of growth response and
change in concentration of nutrients showed that balanced supply of
essential micronutrients is one of the most important factors in increasing
seedlings development. Besides, the lack of a micronutrient does not
mean absence of changes in the system because of the interaction effect,
which is complex in plants nutrition, especially in the first stages in

seedlings development.
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Table 1. Biometric parameters obtained for cedar seedlings (A. fraxinifolius)
grown under micronutrients omission, 90 days after the transplant

TREATMENT H (cm) D (mm) SDW (g) RDW (g) TDM (g) SDR+RDW QDI

Complete 87.87a 16.07a 7827b 12.18a 90.45b 6.59a 7.56a
minus B 51.87b 1097c¢ 21.78c 7.04b 28.83c 3.22b 3.63c
minus Cu 52.37b 1355b 32.94c 9.05b 4199c 3.65b 5.59hb
minus Fe 10.75¢ 2.95d 127d 0.32c 1.59d 458b 0.20d
minus Mn 96.62a 17.20a 80.37b 13.57a 94.45b 6.16a 8.06a
minus Mo 103.70a 17.50a 95.26a 14.48a 109.70a 6.57a 8.75a
minus Zn 97.62a 1877a 916la 16.08a 107.60a 580a 9.94a
CV (%) 1271 1077  18.22 2154 17.01 26.25 19.40

Means followed by the same letter in the column do not differ statistically from
each other by the Scott-Knott test at 5% probability. H = shoot height, D = root
collar diameter, SDW = shoot dry weight, RDW = root dry weight, TDM = total
dry matter, and DQI = Dickson quality index. CV = Coefficient of Variation.

Table 2. Content of micronutrients of shoots of cedar seedlings (A. fraxinifolius)
grown in nutritive solution under nutrients omission

CONTENT OF MICRONUTRIENTS (mg/ kg%)*

TREATMENT

Boron Copper Iron Manganese Zinc
Complete 83.52 b 22.83b 24.87 a 85.95b 93.70 b
minus B 60.97 ¢ 13.09¢ 4492 a 43.27b 135.10 b
minus Cu 80.75 b 10.92 ¢ 46.00 a 68.95b 73.12b
minus Fe 94.46 a 36.10 a 16.70a 900.85a 27450 a
minus Mn 93.76 a 8.03 ¢ 56.77 a 18.92b 33.05b
minus Mo 91.01a 4.74d 67.55a 30.02 b 24.22 b
minus Zn 82.52 b 2.90d 56.12 a 41.55b 3.55b
CV (%) 9.13 21.70 80.16 24.07 70.57

* Means followed by the same letter in the column do not differ statistically
from each other by the Scott-Knott test at 5% probability. CV = Coefficient of
Variation.
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Figure 1. Symptomatology of deficiency of micronutrients on cedar seedlings
(A. fraxinifolius) grown in nutritive solution. The left side of each Picture shows
plants grown in complete nutrient solution, and the right side shows solution
formulated with deficiency of Boron (A), Copper (B), Iron (C) Manganese (D),
Molybdenum (E), and Zinc (F).
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ARTIGO 3 - EFEITO DO CALCIO, MAGNESIO E POTASSIO NA
NUTRICAO E NO CRESCIMENTO INICIAL DE MUDAS DE Acrocarpus
fraxinifolius WIGHT & ARN.
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EFFECT OF CALCIUM, MAGNESIUM AND POTASSIUM IN
NUTRITION AND INITIAL GROWTH OF CHUCK OF Acrocarpus
fraxinifolius Wight & Arn.

EFEITO DO CALCIO, MAGNESIO E POTASSIO NA NUTRICAO E NO
CRESCIMENTO INICIAL DE MUDAS DE Acrocarpus fraxinifolius Wight
& Arn.

RESUMO

O uso de fertilizantes é de extrema importancia para desenvolvimento de
mudas de Acrocarpus fraxinifolius Wight & Arn. Porém existem poucos
estudos sobre a influéncia da interacdo entre calcio (Ca), magnésio (Mg) e
potassio (K) na nutricdo e crescimento em mudas de Acrocarpus
fraxinifolius. O objetivo deste estudo foi avaliar o efeito das combinagdes
de doses de Ca, Mg e K na nutri¢do, crescimento, teor foliar e acimulo de
nutrientes em plantas Acrocarpus fraxinifolius. O experimento foi
realizado em casa de vegetacdo, em delineamento inteiramente
casualizado, em esquema fatorial 3 x 5, sendo trés relacbes Ca e Mg (1:1,
3:1 e 1:3) e cinco doses de K (0, 50, 100, 150, 200 mg dm™®), com quatro
repeticdes. Foram avaliados altura da parte aérea, didametro do colo,
MSPA, MST, MSR, 1QD, teor e acimulo de Ca, Mg e K. O crescimento,
teor e acumulo de Ca, Mg e K nas plantas de Acrocarpus fraxinifolius
foram influenciados por doses de K aplicadas no solo; O maior
crescimento e producdo de matéria seca, teor e acimulo de Ca, Mg e K na
parte aérea das plantas foram obtidos quando aplicada doses de K no solo
entre 70 - 100 mg dm?>. A relacdio Ca e Mg de 1:1 influenciou
positivamente o crescimento, producdo da MSPA, teores e acumulo
foliares de Ca, Mg e K nas plantas de Acrocarpus fraxinifolius. A relacéo
de Ca: Mg no solo na propor¢cdo de 3:1 influenciou negativamente o
crescimento, teores e acumulo de nutrientes das plantas do Acrocarpus
fraxinifolius.

Palavras-chave: Viveiro; nutricdo de cedro; fertilidade do solo.
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ABSTRACT

The use of fertilizers is extremely important for the development of
Acrocarpus fraxinifolius Wight & Arn seedlings, but there are few studies
on the influence of the interaction between calcium (Ca), magnesium
(Mg) and potassium (K) on nutrition and development of the Acrocarpus
fraxinifolius in seedlings. The objective of this study was to evaluate the
effect of Ca, Mg and K dose combinations on nutrition, growth, foliar
content and nutrient accumulation, as well as the influence of this
interaction on the Ca, Mg and K ratio in Acrocarpus fraxinifolius plants.
The experiment was conducted in greenhouse, in a completely
randomized design, in a 3 x 5 factorial scheme, with three Ca and Mg
ratios (1: 1, 3: 1 and 1: 3) and five K doses (0, 50, 100, 150, 200 mg dm"
%), with four replicates. The shoot height, shoot diameter, dry shoot mass,
total dry mass, root dry mass, Dickson quality index, and accumulation of
Ca, Mg and K. The growth, content and accumulation of Ca, Mg and K in
the plants of Acrocarpus fraxinifolius were influenced by doses of K
applied to the soil. The highest growth and dry matter yield, content and
accumulation of Ca, Mg and K in the aerial part of the plants were
obtained when applying doses of K in the soil between 70 - 100 mg dm’
® The Ca and Mg ratio of 1: 1 positively influenced the growth, dry matter
yield, shoot contents and accumulation of Ca, Mg and K in Acrocarpus
fraxinifolius plants. The ratio of Ca: Mg in the soil in the ratio of 3: 1
negatively influenced the growth, nutrient content and accumulation of
the Acrocarpus fraxinifolius plants.

Keywords: Nursery; cedar nutrition; soil fertility.

INTRODUCAO

Acrocarpus fraxinifolius Wight & Arn é uma arvore da familia
Fabaceae, subfamilia Caesalpinioideae que tem como sinonimia botanica
Acrocarpus combretiflorus e popularmente conhecido como Cedro
Indiano. O Acrocarpus fraxinifolius produz madeira dura e de cerne
avermelhado utilizada em construcdo, mobiliario e producao de celulose
(Carvalho, 2003).
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Conhecer a silvicultura dessas espécies é um fator essencial, visto
que a exploracdo excessiva de tais recursos pode gerar perdas enormes
para o futuro. Um dos fatores limitantes relacionados a producdo de
mudas dessas espécies € o0 desconhecimento dos requerimentos
nutricionais das mesmas, 0 que pode comprometer o sucesso de projetos
de reflorestamento e de recomposic¢éo das areas.

Embora o Brasil detenha a maior area de floresta tropical do
mundo, ha, no pais, uma experiéncia bem-sucedida em introducdo de
espécies de outros paises, como é o caso dos géneros Eucalyptus e Pinus.
Recentemente, além de espécies como Toona ciliata var.

Australis (cedro australiano) uma nova espécie, Acrocarpus
fraxinifolius tem despertado o interesse dos pesquisadores brasileiros pela
diversificacdo do seu uso na indastria madeireira, pelo répido
crescimento, pelo potencial que representa para componentes de sistemas
agrossilvipastoris e na recuperacdo de areas degradadas (Erausquim,
2012).

A acidez do solo dificulta o aumento da produtividade das culturas
devido principalmente aos altos teores de aluminio trocavel e aos baixos
teores de calcio e magnésio (RALJ, 1991), que prejudicam o
desenvolvimento da maioria das espécies. A correcdo da acidez do solo,
por meio da calagem (CaCO3; e MgCOs3), levando em consideracdo a
relacdo Ca: Mg, contribui de forma significativa para o aumento da
produtividade das espécies em virtude da melhoria das propriedades
quimicas, fisicas e biologicas do solo (Freiria et al., 2008). A calagem
favorece a manutencdo do teor de K trocavel do solo, pois aumenta a

capacidade troca cationica efetiva e reduz as perdas de cations que este
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solo pode reter, por lixiviagdo, porque promove a alteracdo do pH, da
disponibilidade e absor¢cdo dos nutrientes do solo, influencia o
crescimento e desenvolvimento das plantas (Barbosa et al., 1995).

Ainda assim, a absor¢do do K pelas plantas é favorecida em
comparagdo com outras espécies catidnicas sendo, dentre os cations
macronutrientes, 0 que se apresenta, em geral, em menor e maior
concentracdo no solo e na planta, respectivamente. Por outro lado, quando
a disponibilidade de Ca e Mg aumentam em relacdo a de K, devido a
calagem, a absorcdo deste ultimo pelas plantas é reduzida pela
competicdo entre os trés cations. Entretanto, a calagem pode aumentar a
disponibilidade de K no solo, aumentando assim a sua absorcdo pela
planta (Marschner, 2012).

Tendo em vista 0 pouco conhecimento sobre as interagdes entre
macronutriente no cultivo do Acrocarpus fraxinifolius, 0 presente trabalho
foi desenvolvido com o objetivo de avaliar o efeito das combinacdes de
doses de Ca, Mg e K na nutricdo, crescimento, teor foliar e acimulo bem
como a influéncia dessa interacdo na relacdo Ca: Mg e K no

desenvolvimento das plantas de Acrocarpus fraxinifolius Wight & Arn.

MATERIAL E METODOS

O experimento foi conduzido em casa de vegetacdo no
Departamento de Ciéncia do Solo da Universidade Federal de Lavras
(UFLA), localizada no sul do estado de Minas Gerais, sob as coordenadas
geograficas 21° 14' S de latitude, 45° 00' W de longitude de altitude de
918 m, no periodo de Marc¢o a Julho de 2016.
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De acordo com Dantas, Carvalho e Ferreira (2007), o clima de
Lavras, segundo a classificacdo de Koppen é Cwb, temperado chuvoso
(mesotérmico) com inverno seco e verdo chuvoso, subtropical, com
temperatura média anual de 19,3 °C e precipitacio média anual de
1.411 mm.

O solo utilizado no experimento foi classificado como Latossolo
Vermelho distroférrico com textura argilosa (Santos et al., 2013). As
analises fisica e quimica do solo foram determinadas conforme
Donagema et al. (2011) e Silva (2009), e os resultados encontram-se na
Tabela 1.

Utilizou-se o delineamento experimental inteiramente casualizado,
com quatro repeticOes, totalizando 60 parcelas experimentais. O arranjo
dos tratamentos foi em esquema fatorial (5x3), ou seja, com cinco doses
de K (0, 50, 100, 150 e 200 mg dm™) aplicado na forma de KClI, e trés
relacGes Ca e Mg nas seguintes proporcoes: 1:1, 1:3 e 3:1. Cada parcela
foi constituida por um vaso plastico com 5 dm® de solo.

Com base nos resultados da andlise quimica do solo, foi efetuada a
calagem para elevar a saturacdo por bases a 60%, utilizagdo como fonte o
carbonato de calcio (CaCOs3) e magnésio (MgCOg3) p. a. nas seguintes
proporcbes de Ca e Mg 1:1, 1:3 e 3:1. (Usar a relagcdo Ca e Mg
resultante). Pela baixa CTC e teors de Ca e Mg no solo, optou-se por
tomar a relacdo de Ca e Mg resultante do total aplicado mais o teor
encontrado no solo. Assim as relacBes resultantes da aplicacdo ficaram
comz2, 85:1, 1:1 e 4:40:1 respectivamtente.

O solo foi incubadopor 30 dias com umidade préxima a 60% do
volume total de poros (VTP), conforme proposto por Freire et al. (1979) e
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aferida diariamente por meio de pesagem, completando-se 0 peso com

agua deionizada.

Tabela 1 - Resultados analiticos do Latossolo Vermelho distroférrico

(LVdf).
Caracteristicas LVdf Unidade
pH agua 6,4
Potéassio (K) 16 mg dm™
Fésforo (P) 0,84 mg dm™
Calcio (Ca) 0,58 cmol, dm™
Magnésio (Mg) 0,03 cmol, dm™
Aluminio (Al) 0,0 cmolc dm
Acidez Potencial (H + Al) 1,86 cmolc dm™
Soma de Bases (SB) 0,65 cmolc dm™
Capacidade Troca Cationica efetiva (t) 0,65 cmolc dm™
Capacidade Troca Catibnica (T) 2,51 cmolc dm™
Saturacéo de Bases (V) 26 %
Matéria Organica (M. O.) 0,72 g kg™
Fdsforo remanescente (P-Rem) 1,37 mg L™
Zinco (Zn) 0,08 mg dm™
Ferro (Fe) 12,45 mg dm”
Manganés (Mn) 2,26 mg dm™
Cobre (Cu) 1,18 mg dm™
Boro (B) 0,02 mg dm™
Enxofre (S) 7,85 mg dm”
Areia 170 g kg?
Silte 240 g kg™
Argila 590 gkg?
Textura Argilosa

pH (4gua); Ca, Mg e Al (KCI 1mol L™); P, K, Fe, Zn, Mn e Cu (Mehlich
1); Acidez potencial (SMP); Matéria organica (Na,Cr,0; 4 mol L™ +
H,SO,4 5 mol L™) de acordo com metodologia de Silva (2009). Areia, silte
e argila (Bouyoucos) modificada por Carvalho (1985).
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Assementes de Acrocarpus fraxinifolius foram coletadas de
arvores matrizes presentes no municipio de Lavras, MG. Colocou-se para
germinar trés sementes por vaso. Aos 30 dias ap0s a semeadura foi
realizado o desbaste deixando, uma planta. Durante a condugdo do
experimento, foi realizado o controle de acaros e pulgdes, utilizando-se
inseticida a base de avermectina.

As doses de K foram aplicadas no solo parcelada em trés
aplicacdes, sendo a primeira aplicada no plantio e as demais em intervalos
de 30 dias.

Foram aplicados 300 mg dm™ de P utilizando como fonte o
monoaménio fosfato p.a., 30 mg dm™ de S, com a fonte sulfato de
amonio p.a., diretamente nos vasos em forma de solugcdo. As adubagdes
com N foram parceladas em trés aplicacdes de 100 mg dm™ na forma de
nitrato de amdnio p.a, totalizando 300 mg dm™ de N. Aos 30 dias apds a
germinacdo foi realizada aplicacdo de uma solugdo com micronutrientes
B (H3BOsp.a.), na dose de 1 mg dm™de B; Zn (ZnS04.7H,0 p.a.) na
dose de 2 mg dm™ de Zn; Mn (MnSO4.H20 p.a.) na dose de 8 mg dm™
de Mn e Cu ( CuSO4.H,0 p.a.) na dose de 1,5 mg dm™.

Aos 120 dias apds a semeadura, foram realizados o0s
levantamentos das seguintes caracteristicas biométricas: altura da planta
(H), didametro do colo (DC), massa seca da parte aérea (caule + folhas)
(MSPA), massa seca da raiz (MSR) e massa seca total (MST). Calculou-
se o Indice de Qualidade de Dickson (IQD) das plantas por meio da
férmula seguinte (Dickson, Leaf, and Hosner, 1960):

IQD = MST/ ((H/D) + (MSPA/MSR))
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Ao final do experimento, o material vegetal foi colhido, separado
em parte aérea e radicular, lavadas em agua corrente e dgua deionizada,
armazenada em embalagem de papel, e posteriormente seco em estufa de
circulacdo forcada de ar, com a temperatura de 65 °C até atingir peso
constante (aproximadamente 72h) (Sorreano et al., 2011).

Apols secagem, o material foi pesado em balanca de precisdo
(0,01g) para a determinacdo da massa seca. Em seguida, o material
oriundo da parte aérea da planta foi moido em moinho tipo Wiley e foram
realizadas analises quimicas para determinacdo dos teores de Ca, Mg e K,
de acordo com a metodologia descrita por Silva (2009), no Laboratério de
Nutricdo Mineral de Plantas do Departamento de Ciéncia do Solo da
UFLA. A partir dos resultados, calculou-se o acumulo na parte aérea das
plantas.

Os dados obtidos foram submetidos a anélise de variancia, as
médias foram comparadas pelo teste de Scott-Knott, ambos a 5% de
probabilidade, e & regressdo polinomial com uso do programa R (R
Development Core Team, 2015). Para a normalizacdo dos dados foi
aplicada a equacdo A = (x + 1)0,5.

RESULTADOS E DISCUSSAO

Crescimento das plantas

A analise de variancia mostrou que houve interacdo significativa
(p<0,05) entre as relagbes Ca: Mg e as doses de K para as variaveis altura
da parte aérea (H), diametro de Colo (DC), massa seca da parte aérea
(MSPA), massa seca total (MST), indice de qualidade de Dickson (IQD),
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teor de nutrientes, acimulos de magnésio (Mg) e de potassio (K). Em
relacdo a massa seca raiz (MSR), teor e acumulo de célcio (Ca), nao
houve efeito significativo da interacdo Ca e Mg e as doses de K. Apenas
verificou-se um efeito significativo no efeito principal para as doses de K
(p <0.05).

Quanto ao crescimento em altura (H) das plantas de Acrocarpus
fraxinifolius, verificou-se que a mesma apresentou relacdo quadratica em
funcdo as doses de K na aplicacdo de corretivo na propor¢do Ca: Mg de
1:1 (2, 85:1 no solo) alcancando altura maxima de aproximadamente
40 cm com uma aplicacdo 6tima de 78 mg dm™ de K no solo. Esta
correcdo foi a que alcancou a melhor resposta.

Como o solo em questdo tem baixissima a CTC os resultados da
correcdo do solo podem ter uma resposta diferente do convencional pelo
pequeno potencial de cargas. Assim optou-se pela interpretacdo dos
resultados com base na relacdo resultante no solo. Assim, a aplicacdo de
Ca: Mg 1:1 foi a relacdo mais equilibrada. Nessa aplicacéo elevou se o
teor de Ca de 0,58 cmol, dm™® para 0,8 cmol, dm™ e o de Mg de
0,03 cmol, dm™ elevou se para 0,28 cmol, dm. Dessa forma explica se
0os maiores valores de altura de Acrocarpus fraxinifolius encontrados
nesse tratamento onde com a aplicacdo do corretivo chegou se a uma
relacdo de Ca e Mg no solo de 2,85 :1.

Para a relacdo Ca: Mg de 1:3, o crescimento em altura apresentou
relacdo linear com as doses de K, isto ¢, para cada mg dm™ de K aplicado
no solo obteve-se um crescimento que variou de 18 a 33 cm nas plantas.
Isso pode ser explicado com aplicacdo de corretivo nesta relacdo Ca: Mg

de 1:3 notas se a resposta com as doses mais altas de K, entretanto com
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valores abaixo dos encontrados na aplicagéo do corretivo de 1:1 mesmo
auséncia de K. Neste caso houve um excesso de relativo de
0,78 cmol. dm” de Mg para o de 0,8 cmol. dm™ de Ca aplicado no solo a
relacdo calculada ficou de 1,02: 1.

Para a relacdo 3:1, a aplicagéo de diferentes doses de K ndo teve
nenhuma influéncia no crescimento médio da planta, sendo que as plantas
apresentaram altura meédia de 23,47 cm. Esta relacdo 3:1 de Ca: Mg do
corretivo elevou a proporcéo de Ca no solo para 1,24 cmol, dm® de Ca e
0,28 cmol. dm™ de Mg resultando em uma relacdo de Ca: Mg no solo de
4,40 :1. Neste caso ndo se obteve resposta para aplicacGes de K pois 0s
corretivos altos de teor de Ca competem com 0s baixos teores de Mg no
solo ficando as plantas limitadas pela falta de Mg e ndo respondendo as
aplicagdes de K. (Figura 1A).

O efeito positivo de Ca e Mg sobre o crescimento em altura
também foi observado em Myracroduon urundeuva (Barbosa et al.,
1995), Dalbergia nigra (Bernardinho et al., 2007), Apuleia leiocarpa
(Gomes et al., 2008), Senna macranthera (Souza et al., 2010).

Nos melhores tratamentos o valor maximo encontrado para a
altura (30 a 40 cm) se enquadra no estabelecido por Goncalves et al.
(2005) para mudas de boa qualidade, que possuem entre 20 a 35 cm de
altura.

No diametro do colo (DC) também se obteve resultado similar ao
obtido na analise do crescimento das plantas. O corretivo aplicado na
relacdo Ca: Mg de 2, 85:1 no solo, apresentou ajuste quadratico em
fungéo das doses crescentes de K, alcangando o seu valor maximo na dose

de 100 mg dm™ de K, que antigiu 5,71cm. Dessa forma explica-se 0s
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maiores valores de didmetro encontrados nesse tratamento onde com a
aplicacdo de corretivos chegou-se a uma proporcao de Ca: Mg no solo de
2,85 de Ca para 1 de Mg.

Quando se aplicou o corretivo na relagédo de Ca: Mg de 1:1 no
solo, encontrou-se aumento linear em funcdo das doses de K, variando de
2,3 a 4,50 cm, nota-se a resposta com mais altas de K, entretanto com
valores abaixo dos encontrados na aplicacdo do corretivo 1:1 (2, 85:1 no
solo), mesmo auséncia de K. Percebe-se que neste caso houve um excesso
relativo 0,78 cmol. dm™ de Mg e 0,8 cmol. dm™ para o Ca aplicado. No
solo a relacdo calculada ficou de 1,02 de Ca para 1 de Mg. Na relacdo de
Ca: Mg 3: 1 do corretivo elevou-se a propor¢do de Ca no solo para
1,24 cmol. dm™® de Ca e 0,28 cmol. dm™ de Mg resultando em uma
relagdo de Ca: Mg no solo de 4,40 de Ca para 1 de Mg. Neste caso néo se
obteve resposta para as aplicacdes de K, pois o alto de teor de Ca aplicado
competiu com os baixos teores de Mg do solo ficando as plantas limitadas
pelas faltas de Mg e ndo respondendo as aplicagGes de K (Figural B).

Este trabalho apresentou resultados diferentes dos outros autores
nas mudas de Senna spectabilis, Schinus molle, Joannesia princeps,
Tabebuia chysotricha, Platypodium elegans e Sapindus saponaria (Mann
et al., 1996), Senna multijuga e Stenolobium stans (Furtini Neto et al.,
1999) e Tabebuia impetiginosa (Cruz et al., 2004).

Analisando-se os dados de massa seca da parte aérea (MSPA),
nota-se 0 mesmo comportamento de altura e didmetro de planta na relacdo
Ca: Mg de 2,85:1 no solo. A curva de crescimento apresentou ajuste
quadratico em funcdo das doses crescentes de K, alcangcando o seu valor

méaximo na dose de 86,5 mg dm™ de K, que antigiu 10,6 g vaso™.
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A relagdo Ca: Mg 1:3 aumentou linearmente em funcéo das doses
de K, variando de 1,95 a 8,60 g vaso™. Isso é explicado pela aplicagéo do
corretivo nesta relacdo onde a resposta com doses mais altas de K
apresentou valore abaixo dos encontrados na aplicagdo do corretivo 1:1,
mesmo auséncia de K, assim neste caso houve um excesso relativo de
0,78 cmol. dm™ de Mg para 0,8 cmol. dm™ de Ca aplicado no solo a
relacdo calculada ficou de 1,02 de Ca para 1 de Mg. Na relacdo de Ca:
Mg 3:1 do corretivo elevou-se a proporcao de Ca no solo para 1,24 cmol,
dm™ de Ca e 0,28 cmol, dm™ de Mg resultando em uma relacéo de Ca:
Mg no solo de 4,40 para Ca para 1 de Mg. Neste caso ndo se obteve
resposta para as aplicacdes de K, pois alto de teor de Ca competiu com 0s
baixos teores de Mg do solo ficando as plantas limitadas pelas falta de
Mg e néo respondendo as aplicacfes de K ( Figura 1C).

A MSPA tem sido considerada uma das melhores variaveis para
caracterizar a qualidade de mudas € a caracteristica que melhor reflete a
producdo (Gongalves et al.,, 2008), tendo sido considerada uma das
melhores para predizer a qualidade de mudas, porém apresenta o
inconveniente de sua determinacdo ndo ser viavel em muitos viveiros,
principalmente por ser destrutiva e necessitar de estufas (Gomes e Paiva,
2012).

Os mesmos resultados similares deste estudo foram observados
nas mudas de Anadenanthera macrocarpa (Bernardino et. al. 2005),
Myracrodruon urundeuva Fr. All. (Venturin et al., 2000), Myracroduon
urundeuva (Barbosa et al., 1995), onde verificou-se comportamento
semelhante, tendo o tratamento CaCO3 + Mg soluvel alcangado o melhor
crescimento da MSPA.
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Para indice de qualidade de Dickson (IQD) a relagcdo no solo de
Ca: Mg de 2, 85:1 apresentou ajuste quadratico em fungdo das doses
crescentes de K, alcancando o seu valor maximo na dose de 70,1 mg dm™
de K, que corresponde ao valor de 3,95 foi equilibrado para o solo em
estudo.

Este indice na relacdo de Ca: Mg no solo de 1,0 2:1 aumentou
linearmente em funcédo das doses de K, com os valores do indice variando
de 1,1 a 3,50, chegando préximo aos maiores valores encontrados,
todavia com crescimento de plantas menor. Na relagéo de Ca: Mg 4, 4:1 o
indice de qualidade de Dickson foi de 2,0, o menor do estudo (Figura 1F).
Quanto maior for o valor desse indice, melhor sera o padrdo de qualidade
das mudas (Gomes e Paiva, 2012). Fonseca et al. (2002), estudando a
qualidade de mudas de Trema micrantha, afirmam que o 1QD é altamente
correlacionado com todos os pardmetros morfologicos da planta.
Respostas positivas a Ca: Mg tém sido registradas por diversos autores
para espécies como Handroanthus impetiginosus (Cruz et al., 2004), com
IQD méximo de 7,1 na saturagdo por bases estimada em 50%,
Acrocarpus fraxinifolius com 1QD de 7,56 em solugdo nutritiva completa
(Munguambe et al., 2017) e para Toona ciliata, Australis (Braga et al.,
2015) com media de 6,3 1QD na saturagédo por bases de 44%.

Para a massa seca total (MST) O corretivo aplicado na proporcao
de Ca: Mg de 2, 85:1 e 4, 4:1 apresentaram ajuste quadratico para as
doses de K. Verificou-se na dose de 98 mg dm™ de K um incremento de
17,25 g planta * e com a dose de 96,6 mg dm™ de K que alcancou
8,4 g planta ™ isso devido a equilibro de nutrientes no solo. A relagdo Ca
Mg no solo de 1,0 2:1 aumentou linearmente em funcéo das doses de K,
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variando de 0,2 a 12,8 g planta™. Quando se corrigiu o solo para relagéo
de Ca: Mg de 1,0 2:1 notou-se a resposta com doses mais altos de K,
entretanto com valores abaixo dos encontrados na aplicacdo do corretivo
de 2,85:1 (Figura 1 D).

A massa seca total constitui uma boa indicacdo da capacidade de
resisténcia das mudas nas condicdes de campo, apesar de se tratar de um
método destrutivo. Sendo assim, a avaliacdo da quantidade de massa seca
produzida pelas mudas, bem como a maneira como ela esta distribuida
nos 6rgdos das plantas, torna-se fundamental na avaliacdo da eficiéncia e
potencialidades de crescimento ao longo do seu ciclo (Gomes e Paiva,
2012).

Resultados semelhantes foram verificado por Sousa et al. (2010) e
Silva et al. (2008), nas plantas de Senna macranthera e Ceiba pentandra
na producdo de matéria seca total com saturacdo por bases em torno de
70%.

A relagdo Ca: Mgmassa seca de raiz (MSR), apresentou ajuste
linear em funcdo das doses crescentes de K para a onde alcangou valores
que variam de 2,4 a 4,70 g planta”. Quando aplicou-se o corretivo na
relacdo de Ca: Mg de 1: 3 notou-se a resposta com dosesmais altos de K,
entretantos com valores abaixo dos encontrados na aplicacdo do
corretivode 1:1 mesmo auséncia de K, assim neste caso houve um
excesso relativo de 0,78 cmol, dm™ de Mg para 0,8 cmol, dm?® de Ca
aplicado no solo a relacdo calculada ficou de 1,02 de Ca para 1 de Mg
(Figura1 E).

O Ca e Mg é feita com o intuito de aumentar o pH do solo, a fim
de promover uma maior saturacdo de bases e maior CTC (capacidade de
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troca cationica); dessa forma diminuindo a acidez potencial e aumentando
a disponibilidade de nutrientes e a atividade microbiana do solo,
possibilitando assim um maior crescimento radicial e da parte aérea das
plantas (Prado, 2003). Neste solo, como ja mencionado a calagem supriu
parte das deficiéncias de Mg desse solo, equilibrando com os teores de Ca
no corretivo de relacéo 1:1.

Para outros autores, trabalhando com solos mais férteis a relacao
Ca Mg nas mudas, Tabebuia impetiginosa (Cruz et al., 2004),
Myracroduon urundeuva (Barbosa et al., 1995), que verificaram a
méaxima producdo de massa seca das raizes quando houve elevacdo da

saturacdo por base 45,9 % no solo.
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Teores foliares e acimulos de Ca, Mg e K na parte aérea das plantas.

Os resultados da andlise de variancia mostram que houve efeito
significativo na interacdo entre a relacdo de Ca e Mg e as diferentes doses
de K aplicadas no solo. Para teor foliar de Ca, apenas os efeitos principais
dos fatores do estudo apresentaram efeitos significativos (p<0.05).

O teor foliar de Ca nas plantas de Acrocarpus fraxinifolius em
fungéo a relagdo de Ca: Mg, de 3:1 apresentou maior teor foliar de Ca,
14,50 g kg™ em relagdo as demais relacdes, sendo que a relagdo 1:3 foi a
que apresentou menor teor foliar, 10,50 g kg™ (Figura 2A), demonstrando
0 desequilibrio proporcionado por esses tratamentos tendo em vista o
crescimento apresentado por essas plantas Os teores foliares de
13,50 g kg encontrados no tratamento 1:1, deve estar préximo ao
considerado ideal visto o bom desenvolvimento das plantas nesse
tratamento

Maiores valores de Ca e menores valores de Mg foliar séo
frequentemente observados em experimentos com espécies florestais
quando a relacdo Ca: Mg é de 3:1 (Salvador et al., 2011; Marschner,
2012; Venturin et al., 2000; Prado, 2008).

Este mesmo comportamento foi observado no presente
experimento, sendo explicado pela inibicdo competitiva entre esses
nutrientes. Esse efeito tem consequéncia na pratica de adubacdo,
considerando-se que com a calagem, além de haver correcdo de pH do
solo também aumenta-se concentracdo do Ca (Silva e Trevizam 2015).

As concentragbes de Ca nos tecidos vegetais, necessarios ao

desenvolvimento vegetal satisfatdrio, variam de 1 a 80 g kg™ na matéria
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seca (Dechen e Nachtigall, 2007), sendo esse elemento essencial ao
crescimento e ao funcionamento meristematico das plantas, o qual exerce
funcbes estruturais e de manutencdo da integridade de membranas
citoplasmaticas (Marschner, 2012). Plantas deficientes em Ca expressam
menor crescimento de raizes, senescéncia precoce de folhas (Dechen e
Nachtigall, 2007) e morte de meristemas (Silveira et al., 2002).

A relacdo Ca: Mg de 1:1 do corretivo apresentou maior acimulo
de Ca, correspondendo a 44 mg planta™, enquanto que a relacdo 3:1
apresentou menor actimulo desse nutriente na planta, 24 mg planta™
(Figura 2B), sendo proporcional ao crescimento dessas.

Observou-se que a relacdo Ca e Mg de 1:1 no corretivo aumentou
0 acimulo de Ca, demostrando que o Acrocarpus fraxinifolius neste solo
respondeu & aplicacdo equilibrada desses nutrientes, indicando um efeito
de correcdo de Mg nesse solo. Tal fato pode ser confirmado em funcgéo da
producdo de MST e do teor foliar de Ca e Mg, as quais apresentaram
valores elevados (Figura 1D).

O teor foliar de Mg do Acrocarpus fraxinifolius nas relagdes Ca: Mg
de 1:1 e 1:3 apresentaram ajuste linear em funcéo das doses crescentes de
K, tendo variado de 2,63 a 3,20 g kg' e 30 a 3,60 g kg*,
respectivamente. A relacdo 3:1 apresentou ajuste quadratico em funcédo
das doses decrescentes de K, alcangando o seu valor maximo na dose de
114 mg dm™ deste nutriente no solo, que corresponde a 2,36 g kg™ de
nutrientes nas plantas (Figura 2C).

Os resultados obtidos neste estudo, na relagdo Ca: Mg do solo de
4, 40:1 pode ser explicado pelo conceito da inibicdo competitiva, onde

pode-se observar diminui¢do no teor foliar de Mg com o aumento das
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doses de K, além dos baixos teores de Mg desse solo. Resultados
semelhantes foram verificados por Salvador et al. (2011), Bull e
Nakagawa (1995), avaliando o aumento da relacdo Ca e Mg no solo,
mostraram que foi gerado aumento do teor de K e Ca e diminuic¢éo de Mg
da parte aérea. Contudo, a absor¢cdo de K pelas plantas pode ser inibida
quando ha elevada disponibilidade de cations como o Ca e Mg na solu¢édo
do solo (Marschner, 2012), os quais competem com o K pelos sitios
celulares de absorcdo (Foloni e Rosolem, 2008).

A concentragdo de Mg no tecido vegetal varia de 1 a 10 g kg™ de
matéria seca (Dechen & Nachtigall, 2007). Dentre as funces desse
nutriente, destacam-se a de compor a molécula da clorofila e a ativacao de
enzimas, na sintese de proteinas, além de estimular a absorcdo, o
transporte e a distribuicdo de outros nutrientes nas plantas (Marschner,
2012). Quando os teores de Mg séo adequados, as plantas elevam sua taxa
fotossintética, sintese proteica, absorcdo e distribuicdo de outros
nutrientes e, consequentemente, 0 aumento do crescimento vegetal.

O acimulo de Mg do Acrocarpus fraxinifolius na relacdo Ca: Mg de
1,02:1 apresentou ajuste linear em funcdo das doses crescentes de K,
tendo variado de 0,5 a 30 mg planta™. A relagdo 2,85:1 apresentou ajuste
quadratico em funcdo das doses crescentes de K, alcancando o seu valor
méximo na dose de 97 mg dm™ deste nutriente no solo, que corresponde a
31,38 mg planta™. Para a relacdo 4,4:1, a aplicacdo de diferentes doses de
K ndo teve nenhuma influéncia no crescimento médio da planta, sendo
que as plantas apresentaram actimulo média de 10,24 mg planta™ (Figura
2D).
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O maior acumulo de Mg foi observado na relagcdo Ca: Mg de 2,
85:1, sendo assim esta relacdo para as plantas do Cedro indiano a mais
adequada para o balango nutricional do Ca, Mg e K, respondendo de
forma positivamente a aplicacdo desses nutrientes. O acUmulo de
nutriente no tecido vegetal tem uma relagdo direta com a producdo de
MST pela planta, onde a maior producdo de MST favorece ao maior
acumulo de nutriente no tecido vegetal (Figura 1D).

O teor foliar de K do Acrocarpus fraxinifolius na relagéo Ca: Mg
de 4, 4:1 apresentou ajuste linear em fungdo das doses crescentes de K,
tendo variado de 5,6 a 6,0 g kg™ deste nutriente nas plantas. A relacio 2,
85:1 apresentou ajuste quadratico em funcéo das doses decrescentes de K,
alcancando o seu valor méximo na dose de 182 mg dm™ deste nutriente
no solo, que corresponde a 5,29 g kg? nas plantas. A relacdo 1, 02:1
apresentou ajuste linear em funcdo das doses decrescentes de K, tendo
variado de 6,4 a 4,8 g kg deste nutriente nas plantas (Figura 2E).

Este resultado, certamente, se deve a maior disponibilidade de K
nos solos. Alguns estudos (Silva et al., 1996; Silva et al., 2002) também
observaram reducdo na eficiéncia de uso K por plantas de eucalipto,
guando ha aumento na disponibilidade deste nutriente no solo.

Os teores de K adequados ao desenvolvimento vegetal variam de 6
a 50 g kg de matéria seca (Dechen e Nachtigall, 2007), sendo esse
nutriente responsavel pela ativacdo enzimatica, sintese de proteinas,
abertura e fechamento de estbmatos, osmorregulacdo, transportes via
floema, absorgdo e balanco catidnico (Marschner, 2012). Quando nédo ha
restricoes na disponibilidade de K na solucdo do solo, as plantas

expressam maiores taxas fotossintéticas, elevam o controle sobre as
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perdas de agua e a resisténcia ao ataque de pragas e doencgas, 0 K exerce
funcbes essenciais em inumeros processos metabolicos atuando no
controle osmotico das células (Mendes et al., 2013; Dechen e Nachtigall,
2007).

Para 0 acumulo de K nas plantas, apenas o efeito principal das
doses de K apresentou efeito significativo. Deste modo, verificou-se uma
relacdo quadratica entre o acumulo de K e as doses desse nutriente, cuja
aplicacdo condicionou ao aumento no acumulo do K, atingindo um valor
méaximo de 168 mg dm™ deste nutriente no solo de 38 g kg™ que
corresponde a 5,29 g kg™ deste nutriente nas plantas (Figura 2F).

O acumulo de K na parte aérea das plantas aumento com 0s
incrementos das doses, evidenciando que o K presente na solucéo do solo
foi intensamente absorvido pelas plantas. Pode ser justificada em funcéo
da producdo de MST e do teor foliar deste nutriente (Figura 1D).

A eficiéncia de uso de nutrientes pelas plantas depende da
producdo de MST e do teor do nutriente no tecido vegetal, conforme,
também, observado por Pinto et al. (2011) e por Lima et al. (2005).
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CONCLUSOES

O Acrocarpus fraxinifolius ndo se desenvolve bem em solos com a
relacdo de Ca: Mg desbalanceada.

O maior crescimento e producdo de matéria seca, teor e acumulo
de Ca, Mg e K na parte aérea das plantas foram obtidos quando aplicada
doses de K no solo entre 70 - 100 mg dm>;

Em solos pobres a relagdo Ca: Mg no solo deve estar proxima da

relacdo 3:1.
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ADUBACAO DE Acrocarpus fraxinifolius EM CAMPO
FERTILIZATION OF Acrocarpus fraxinifolius IN THE FIELD

RESUMO

Este trabalho foi realizado com objetivo de avaliar o crescimento inicial
de Acrocarpus fraxinifolius Wight e Arn em campo sob diferentes doses
de fosforo (P) e nitrogénio(N). Foram instalados dois experimentos com
doses de P e N em delineamento experimental de blocos casualizados em
esquema de parcelas subdivididas no tempo de seis, 12, 18 e 24 meses
apos o plantio. O trabalho consistiu de experimento 1: com cinco doses de
P (0, 20, 40, 80 e 160 cova™), utilizando como fonte o superfosfato triplo,
quatro repeticdes e seis plantas por parcela e 0 experimento 2: com cinco
doses de N ( 0, 25, 50, 100 e 200 g cova™), utilizando como fonte a
ureia, dividindo a dose em trés aplicacdo no plantio, 30 e 60 dias, em
quatro repeticOes e seis plantas por parcela. As mudas foram plantadas
em espacamento de 3 x 2 m. Foram realizadas avaliacdes da altura,
diametro do coleto e volume. As avaliagdes foram realizadas aos seis, 12,
18 e 24 meses apos plantio. Foi feita a analise de variancia e regressao
polinomial entre dosagens e as varidveis dos dados coletados. As plantas
de Acrocarpus fraxinifolius respondem a adubacdo nitrogenada e
fosfatada. Recomenda-se a aplicacéo de P na faixa entre 90 a 100 g cova™
e de N na faixa entre 70 a 120 g cova™.

Palavras-chave: Fertilizacdo, Nutricdo Florestal, Crescimento.

ABSTRACT

This work was carried out to evaluate the initial growth in the field of
Acrocarpus fraxinifolius Wight e Arn under different doses of phosphorus
(P) and nitrogen (N). Two experiments were carried out with P and N
doses in a randomized complete block design in plots subdivided at six,
12, 18 and 24 months after planting, the work consisted of experiment 1:
with five doses of P (0, 20, 40, 80 and 160 g per pit), using triple
superphosphate applied in the pits in four replicates and six plants per
plot, experiment 2: with five doses of N (0, 25, 50, 100 and 200 g per
pit), using as source urea dividing the dose into three applications in the
planting, 30 and 60 days, in four replicates and six plants per plot. The
seedlings were plants in a 3 x 2 m spacing. Soil height assessments were
applied to the apical yolk, stem diameter calculated at the height of the
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soil, footing was performed and volume per hectare was calculated by.
The evaluations were carried out at six, 12, 18 and 24 months after
planting. The analysis of variance and polynomial regression between
dosages and the variables of the collected data were made. The
Acrocarpus fraxinifolius plants respond to nitrogen and phosphatic
fertilization. The application of P in the range of 90 to 100 g of cova™ and
of N in the range of 70 to 120 g of cova™ is recommended.

Keywords: Fertilization, Forest nutrition, Growth.

INTRODUCAO

A elevada demanda por produtos florestais faz com que haja uma busca
constante por novas técnicas silviculturais visando aumentar a
produtividade das florestas. Os reflorestamentos deram inicio, entdo, a
uma alternativa bastante viavel de suprir a falta de madeira no mercado.

O Acrocarpus fraxinifolius Wight e Arn pertence a familia
Fabaceae, subfamilia Caesalpinioideae, é popularmente conhecido como
Cedro indiano, guijarra, lazcar ou mundane (MARTINEZ et al., 2006),
produz madeira dura, de cerne avermelhado, utilizada em construcdo,
mobiliario e producdo de celulose (FIRMINO et al., 2015). Nativo das
regides de alta pluviosidade da Asia, 0 cedro indiano apresenta rapido
crescimento, sendo muito promissora para reflorestamentos, e utilizada

para a producdo de madeira de curta rotacdo (TRIANOSKI et al., 2011).
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Para obter-se um povoamento florestal que produza matéria prima
com qualidade satisfatéria para o uso industrial, torna-se de extrema
importancia o conhecimento acerca das espécies a serem cultivadas. Um
passo inicial para que se consiga desenvolver as espécies florestais é
conhecer suas necessidades nutricionais, bem como os seus niveis de
adaptacdo em solos com diferentes caracteristicas de fertilidade, além da
utilizacdo precisa de praticas silviculturais e de manejo.

A fertilizacdo e a calagem visam manter o equilibrio nutricional
das plantas ao longo de seu desenvolvimento. Dessa forma, a
recomendacdo para a correcdo ou manutencao da fertilidade do solo exige
conhecimento tanto das exigéncias nutricionais da planta quanto do
potencial produtivo do solo, sempre considerando suas caracteristicas
quimicas, fisicas e biologicas. Esses aspectos concorrem para uma maior
eficiéncia do fertilizante aplicado e, consequentemente, para um melhor
rendimento das espécies florestais.

Recomendaces de adubacdo devem ser definidas, em nivel
regional, para as espécies e tipos de solo mais representativos,
envolvendo experimentacdo de campo, que devem ter por objetivo

estabelecer classes de fertilidade do solo e de resposta as fertilizagOes
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(GONCALVES et al.,, 1995). As caracteristicas e a quantidade de
fertilizantes a serem aplicados dependerdo das necessidades nutricionais
da espécie utilizada, da fertilidade do solo, da forma de reacdo dos
fertilizantes e de fatores de ordem econémica (GONCALVES et al.,
1995).

Em sintese, uma recomendacdo adequada calagem e adubacéo séo,
portanto, um assunto complexo que exige experiéncia e conhecimento na
area de engenharia florestal, devendo considerar-se varios aspectos além
da simples complementacéo de nutrientes. Esse trabalho teve por objetivo
avaliar o crescimento inicial em campo de Acrocarpus fraxinifolius

campo sob diferentes doses de P e N.

MATERIAL E METODOS

Foram instalados dois experimentos na Fazenda Muquém da
Universidade Federal de Lavras (UFLA), municipio de Lavras, Minas
Gerais, Brasil, nas coordenadas geogréficas 21°12°13°’S e 44°59°10”°W,
em janeiro de 2013 num Latossolo Vermelho-Amarelo distrofico tipico —
LVAd, sendo avaliado por 24 meses (SILVA; SANTOS; MARQUES,

2014). O clima da regido, segundo a classificacdo de Koppen, é o Cwb
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(ALVARES et. al. 2013). A precipitacdo local média é de 1530 mm
anuais, temperatura média anual de 19,4°C e a umidade relativa média
anual de 76,2% (BRASIL, 1992; DANTAS; CARVALHO; FERREIRA,
2007).

As sementes de Acrocarpus fraxinifolius foram coletadas de duas
matrizes encontradas no Campus da Universidade Federal de Lavras.
Posteriormente, foram beneficiadas e escarificadas no Laboratorio de
Sementes Florestais do Departamento de Ciéncias Florestais (UFLA). As
sementes foram colocadas para germinar em tubetes de 100 cm®. O
substrato utilizado foi Bioplant com as caracteristicas: pH 5,8; densidade
280 g.L™; umidade 55%. A adubac&o de cobertura seguiu recomendac&o
de Gongalves et al. (2005) e consistiu de 200g de N e 150g de K,O
dissolvidos em 100L de &gua, volume suficiente para 10000 mudas. Essa
adubacdo foi realizada semanalmente, sendo que o potassio era aplicado
intercalado entre as semanas. O tempo de formacédo das mudas foi de 120
dias. Foram levadas ao campo com altura de aproximadamente 20 cm, e
didmetro do coleto médio de 9,7 mm, conforme recomendacdo de

(DAVIDE e SILVA 2008).
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Para caracterizacdo quimica e fisica do solo, foi coletada amostra
na profundidade de 0 a 20 cm e analisados no Laboratorio de Fertilidade
do Solo na Universidade Federal de Lavras, seguindo metodologia de
Donagema et al. (2011) e Silva (2009). De acordo com os resultados da
analise (Tabela 1), foram definidas as préaticas adotadas e as doses dos

demais fertilizantes para a implantacao.

Tabela 1. Caracteristicas quimicas e fisicas do solo antes do plantio de
Cedro Indiano, (Acrocarpus fraxinifolius) no Municipio de

Lavras, MG.

Table 1.  Soil chemical and physical characteristics before planting of
Indian Cedar, (Acrocarpus fraxinifolius) in Lavras

Municipality, MG.

Atributos LVAd!
pH (H20) 51
P (mg/dm®) 0.6
K (mg/dm?®) 68,6
Ca”* (cmol/dm®) 1,1
Mg?* (cmolc/dm?®) 0,5
AIP* (cmolc/dm®) 0,3

H + Al (cmolc/dm®) 5,64
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SB (cmolc/dm?®) 1,8
t (cmolc/dm®) 2,1
T (cmolc/dm®) 7,42
V (%) 23,9
m (%) 14,4
C organico (g/kg) 27
P-rem (mg/L) 4,9
Zn (mg/dm?) 18,0
Fe (mg/dm?) 127,4
Mn (mg/dm®) 7,6
Cu (mg/dm®) 1,9
B (mg/dm°) 0,2
Areia (g/kg) 330
Silte (g/kg) 80
Argila (g/kg) 590

! Latossolo Vermelho-Amarelo distrofico tipico,pH (4gua); Ca, Mg e Al
(KCI 1mol L™); P, K, Fe, Zn, Mn e Cu (Mehlich 1); Acidez potencial
(SMP); Matéria organica (Na,Cr,O; 4 mol L™ + H,SO, 5 mol L™?) de
acordo com metodologia de (SILVA, 2009). Areia, silte e argila
(Bouyoucos) modificado por (CARVALHO, 1985).

Na éarea experimental foi realizada calagem em érea total
utilizando-se calcario dolomitico para elevacdo da saturacdo por bases a
60%, sendo o calcario incorporado na camada de 0-20 cm de

profundidade e, logo apos, foram feitos os sulcos para demarcar o plantio.
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Foi feita adubacdo bésica, excetuando-se os nutrientes avaliados
em cada experimento. Seguiu as recomendacdes adaptadas de Gongalves
(1995) aplicando-se: 50 g de uréia, 40 g de P,Os, 50 g de KCI, e 1 g de B,
1g de Zn, 0,5g de Cu e 0,1g de Mo por cova. O P foi aplicado na cova, N
e K foram aplicados em trés parcelas, plantio, 30 e 60 dias ap0s o plantio.
Os micronutrientes foram aplicados junto com a primeira cobertura, N e
K. As mudas foram plantadas em janeiro de 2013 em espacamento de 3 x
2m.

Os dois experimentos consistiram em cinco doses, de P e N,
montados em delineamento experimental de blocos casualizados num
esquema de parcelas subdivididas no tempo aos seis, 12, 18 e 24 meses
apos o plantio, quatro repeticGes e seis plantas por parcela. As doses de P
foram de 0, 20, 40, 80 e 160 g cova™, utilizando como fonte Superfosfato
triplo aplicado todo no plantio. As doses de N foram 0, 25, 50, 100 e 200
gcova™, utilizando como fonte a Ureia, sendo essas doses parceladas em
trés aplicacGes no plantio, 30 e 60 dias apds plantio.

Para avaliar o crescimento das plantas de Acrocarpus fraxinifolius
foram realizadas avaliacdes das seguintes variaveis biométricas: altura

total do nivel do solo até a gema apical, utilizando um hipsémetro,
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diametro do coleto medido no nivel do solo; utilizando paquimetro
digital, didmetro a altura do peito utilizando uma suta e volume utilizando
o fator de forma para o género Eucalyptus (GONCALVES et al.; 2010;
MIGUEL et al.; 2010; MIRANDA et al.; 2015).

A utilizacdo de um fator de forma estimado para outro género
ocorreu por trés motivos: 1°) auséncia na literatura de um fator de forma
estimado para a espécie nas condicBes do presente experimento; 2°)
semelhanca em ritmo de crescimento e forma de fuste entre as espécies e
3% impossibilidade de realizacdo de cubagem rigorosa devido a um
incéndio ocorrido em fevereiro de 2015, o qual consumiu todo o plantio.
As avaliaces foram realizadas aos seis, 12, 18 e 24 meses ap0s plantio.

Os resultados foram aferidos quanto a presenca de “outliers”,
normalidade (Shapiro-Wilk, o = 0,05) e homogeneidade de variancia.
Quando necessario, foram realizadas transformacdo dos dados segundo
método da poténcia 6tima de Box-Cox. Foi feita a analise de variancia e
regressdo polinomial entre dosagens e as variaveis dos dados coletados

com o programa R (R DEVELOPMENT CORE TEAM, 2015).
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RESULTADOS E DISCUSSAO

Os resultados da andlise de variancia para altura de plantas,
diametro e volume da madeira no estudo da avaliacdo da aplicacdo de
diferentes doses de P e N na espécie de Acrocarpus fraxinifolius se
encontram na (Tabela 2). Para o experimento do N houve interacdo
significativa entre os periodos de avaliacdo e as doses de N aplicadas no
solo (p < 0,05) para a altura de plantas e o volume da madeira. Na analise
do didmetro das plantas apenas houve efeito significativo para as épocas
de avaliacdo. No caso do experimento com as doses de P a interacéo foi
significativa para o didmetro e volume da madeira. A analise da altura de
plantas nesse experimento apenas mostrou efeito significativo nos efeitos
principais dos fatores analisados.

Os valores dos coeficientes de variacdo encontram-se dentro dos
limites aceitaveis o que pressupde uma boa precisdo e confiabilidade dos

dados do experimento (Tabela 2).
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Tabela 2. Resumo da andlise de varidncia para altura (m), didmetro do caule
(cm) e volume por hectare (m®) de Cedro indiano (Acrocarpus
fraxinifolius) aos seis, 12, 18 e 24 meses em funcdo de doses de N e
P.

Table2. Summary of Analysis of variance for height (m), stem

diameter (cm) and volume per hectare (m3) of Indian Cedar
(Acrocarpus fraxinifolius) at six, 12, 18 and 24 months as a

function of doses of N and P.

Fonte de N P
Variagdd "Hm) D(m) V(M) H@m) Dcm) V(M)

Doses (D) 0,556* 0,417ns 14,47ns 1,150*  1,741*  5277*
Bloco  0,797* 0,701* 20,66* 0,533ns 0,467ns 25,78ns
ResiduoA 011 0159 465 0208 0278 10,26
Tempo (T) 144,1 * 170,76* 2179,1* 166,108* 184,058* 2705,73*
DxT  0356* 0,18lns 11,32* 0,162ns 0,359%*  23.80*

ResiduoB 0,115 0,112 5,34 0,109 0,125 7,67

Cv 1 8,866 11,906 29,677 11,305 15,17 38,103
cv 2° 9,075 9,987 31,811 8,17 10,162 32,931

* Significativo a 5%de probabilidade pelo Teste F. H - altura total; D -
diametro; V - volume; CV 1 - coeficiente de variacdo; CV 2 - coeficiente
de variacao.
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DOSES DE FOSFORO

Na andlise da altura das plantas ndo houve interacdo significativa
entre os fatores de estudo, apenas houve evidéncia significativa para o
efeito principal dos periodos de avaliacdo. Deste modo, a relacdo entre a
altura das plantas e o periodo de avaliacdo foi descrita com base no
modelo Y= 3,6359+0,0168x-0, 00008384x>. O modelo quadratico
ajustado apresentou um poder explicativo de 96% (R?), em funcdo das
doses crescentes de P, alcangando o seu valor maximo na dose de 100 g
de P,Os por cova que corresponde a um aumento em altura de 4,49 m no
periodo de 24 meses (FIGURA 1).

A altura das plantas com aplicacdo do P aumentou linearmente em

funcdo do tempo de avaliacdo, variando de 0 a 8 m (FIGURA 1).
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FIGURA 1. Altura das plantas de Acrocarpus fraxinifolius, em funcdo do

tempo, ap0s aplicacdo de doses de P,Os no solo.
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Carlos (2013) estudando o crescimento inicial de Dalbergia nigra
a maior meédia de altura estimada foi obtida na dose de 39,5 g de P, com
valores de 1,06 metros aos seis meses apds o plantio. Aos doze meses a
maior altura média foi 1,66 metros na dose 44 g por cova de P.O P
promove crescimento em altura de esséncias florestais, sendo que o0s
maiores valores foram observados ap6s aplicacdo de 450 mg dm™ para
espécie Parapiptadenia rigida (SCHUMACHER et al., 2004),
360 mg kg’ para mudas de Luehea divaricata (CECONI et al., 2006),
400 mg dm™ para mudas de Acacia mangium (DANIEL et al., 1997),
360 mg kg™ para mudas de Mimosa scabrella (VOGEL et al., 2001) e
4475 mg kg™ para mudas de Ilex paraguariensis (SANTIN et al., 2008)

A relacdo entre o diametro das plantas de Cedro Indiano sob
aplicacdo de doses de P avaliadas aos seis, 12, 18 e 24 meses ap0os a
plantio foi descrita segundo o0 modelo de superficie de resposta dado pela
equacdo Y = -1,0168+0,0200x+0,1266y-0,0001x2+0,0080y.2 O modelo
possui um poder explanatorio de cerca de 95%, isto é, 95% da
variabilidade que ocorre com crescimento do diametro das plantas pode
ser explicada pela quantidade de doses P aplicada no solo e pelo periodo

de tempo. O ajuste quadratico em funcéo das doses de P, alcancaram o
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valor maximo na dose de 100 g por cova de P, antigiu um de diametro das
plantas em 7,6 cm verificado para o periodo entre seis e 24 meses apos a
plantio no campo (FIGURA 2). Carlos (2013), estudando o crescimento
inicial de Dalbergia nigra, encontraram o maior didmetro aos seis meses
apos o plantio (1,78 cm) para a dose de 47,75 g por cova de P. Aos doze
meses a média estimada para o maior didmetro foi 3,14 cm para a dose
47,8 g de P. O P promove maior crescimento em diametro, sendo que 0s
maiores valores foram observados apés a aplicacdo de 450 mg dm™ para
mudas de Parapiptadenia rigida (SCHUMACHER et al., 2004),
360 mg kg™ para mudas de Luehea divaricata (CECONI et al., 2008) ,
400 mg dm™ para mudas de Acacia mangium (DANIEL et al., 1997) ,
360 mg kg™ para mudas de Mimosa scabrella (VOGEL et al., 2001),
4475 mg kg™ e 600 mg dm™ para mudas de llex paraguariensis e Cassia

grandis (SANTIN et al., 2008).
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FIGURA 2. Diametro de plantas de Acrocarpus fraxinifolius, em funcéo

do tempo, apds aplicacdo de doses de P,Os no solo.

A anélise do volume de madeira das plantas mostrou evidéncia de
interacdo significativa entre os fatores de estudo em andlise. Desta forma
a relagdo entre o volume da madeira e as doses de P estudadas
conjuntamente com os periodos de avaliacdo € descrita segundo a
superficie de resposta definida com base na equagdo Y= 5,7392 +
0,0934x —1,9536y — 0,0005x* + 0,1094y”. Este modelo é responsavel em
explicar a variabilidade que ocorre no volume das plantas em

aproximadamente 95%.
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De forma geral a anélise do volume da madeira apresentou ajuste
quadratico em funcdo das doses crescentes de P, alcancando o seu valor
méaximo na dose de 93 g por cova de P, correspondendo a producao
volumétrica de madeira de 26,22 m* ha' ao final dos 24 meses ap6s
plantio (FIGURA 3). Carlos (2013), mensurando 0 crescimento
volumétrico de jacarandd da Bahia ap6s fornecimento de P, obteve
0,8 m®> ha' como maior volume, aos doze meses apés plantio, apos
aplicacdo de 41,759 por cova de P. Lima et al. (1996) estudando o efeito
de superfosfato simples no crescimento inicial em campo de Peltophorum
dubium, Schinus terebinthifolius, Senna multijuga, Senna macranthera,
Tabebuia crhysotrich, Machaerium villosum e Platycyamus regnellii,
observaram que a dose para atingir o maximo crescimento volumétrico

variaram entre 44 e 59 g por cova de P.
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FIGURA 3. Volume da madeira de Acrocarpus fraxinifolius, em funcao

do tempo, apds aplicacdo de doses de P,Os no solo.

DOSES DE NITROGENIO

A relacdo entre a altura das plantas de Acrocarpus fraxinifolius

sob aplicacdo de doses de N avaliadas aos seis, 12, 18 e 24 meses apds a
plantio foi descrita segundo o modelo de superficie de resposta dado pela
equacdo abaixo Y = -0,360+0,007x+0,134y-0,00003703x2+0,007y2. 0]

modelo possui um poder explanatério de cerca de 99%, isto é, 99% da
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variabilidade que ocorre na altura das plantas pode ser explicada pela
quantidade de N aplicada no solo e pelo periodo de tempo.

O ajuste quadratico em funcdo das doses de N, alcancando o seu
valor maximo na dose de 95 g por cova de N, atingiu a altura de 7,22 m
foi verificado para o periodo entre seis e 24 meses apds o plantio no
campo (FIGURA 4). Carlos (2013), estudando jacaranda da Bahia em um
Latossolo Vermelho, encontrou ajuste quadratico da altura em resposta as
doses de N, estimando, assim, que a maior altura, aos seis meses apos
plantio, seria obtida com a dose de 115 g cova™ de ureia 52 g por cova™
de N e, aos doze meses, com a dose de 107,5 g cova™ de ureia 48 g por

covaldeN.
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FIGURA 4. Altura de plantas de Acrocarpus fraxinifolius, em funcdo do

tempo, ap6s aplicacdo de doses de N no solo.

Sousa (2016) encontrou efeitos de ordem quadratica para o
crescimento em altura de Dipteryx alata. A dose estimada para se obter a
maior altura de planta (40,41 cm) foi 31,64 g cova™ de N. Segundo
Marques et al. (2006) o crescimento em altura de Dalbergia nigra,
apresentou resposta quadratica ao aumento das doses de N, com altura de
54,3 cm com dose maxima de 140 mg dm™ de N.

A aplicacdo de doses de N sobre a altura da parte aérea pode

produzir efeito linear positivo, como verificado em mudas de Mimosa
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caesal piniaefolia (MARQUES et al., 2006%; GONCALVES et al., 2013).
Assim como no presente estudo, o fornecimento de N pode apresentar
resposta quadratica do crescimento em altura, conforme apresentados por
Vieira et al. (2007) com mudas de Schizolobium parahyba, as quais
apresentaram maior altura apés aplicacéo de 100 mg dm™ de N.

O diametro das plantas ndo apresentou interacdo significativa
entre os fatores de estudo, apenas houve evidéncia significativa para o
efeito principal dos periodos de avaliacdo. Deste modo, a relacdo entre o
didametro das plantas e o periodo de avaliacdo foi descrita com base no
modelo Y = 3,137+0,007x- 0,0000284x*. O modelo quadrético ajustado
apresentou um poder explicativo de 89%, em funcdo das doses crescentes
de N, alcancando o seu valor méximo para a dose de 123 g de N cova™

que atingiu o didametro de 3,95 cm no periodo de 24 meses (FIGURA 5).
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FIGURA 5. Diametro das plantas de Acrocarpus fraxinifolius, em funcao

do tempo, apds aplicacdo de doses de N no solo.

A avaliacdo do diametro teve um ajuste linear em funcdo do

tempo. Observou-se aumento que variou de 0 a 7,52 cm, que certamente
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esta relacionado com as doses N que foram aplicadas ao longo dos 24
meses (FIGURA 5). Resultados encontrados por Carlos (2013) mostram
efeito quadratico das doses de N, no didmetro de Dalbergia nigra,
estimando que o maior didametro encontrado aos seis meses foi para a
dose 88,34 g de por cova de N e, aos 12 meses, para a dose 121 g por
cova de N. Sousa (2016), estudando o crescimento de Dipteryx alata aos
12 meses de idade, encontrou efeitos de ordem quadratica para o
didmetro. O mesmo autor obteve a estimativa do maior diametro (12,15
mm) com a dose de 32,55 g cova™ de N. Segundo Marques et al. (2006)
estudando o crescimento em diametro de Dalbergia nigra obteve valor
méximo de 5,81 mm, para a dose de 151 mg dm™ de N. J& Vieira et al.
(2007), pesquisando o crescimento em diametro de mudas de
Schizolobium parahyba, o maior didmetro foi atingido com a aplicacéo de
100 mg dm™ de N.

O volume de madeira das plantas mostrou evidéncia de interacao
significativa entre os fatores de estudo em analise. Desta forma a relacdo
entre o volume da madeira e as doses de N estudadas conjuntamente com
0s periodos de avaliacdo € descrita segundo a superficie de resposta

definida com base na equagcdo Y= 10,037 + 0,022Xx -2,332y —
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0,00001499x* + 0,119y*. Este modelo é responsavel em explicar a
variabilidade que ocorre no volume em aproximadamente 98%.

De forma geral a anélise do volume da madeira apresentou ajuste
quadratico em funcdo das doses crescentes de N, alcancando o seu valor
méaximo na dose de 73 g por cova de N, alcangou um volumétrico de
22 m® ha entre o periodo de seis a 24 meses apds plantio (FIGURA 6).
Carlos (2013), estudando fertilizacdo para a espécie de Dalbergia nigra,
apresentou ajuste quadratico, sendo o maior volume de 1,09 ms3,
encontrado com a aplicacdo de 118g por cova de N aos dozes meses. Bovi
et al, (2002) estudando adubacédo nitrogeneda e fosfatada em pupunha,
constataram que em solo de baixa fertiliadade a pupunheira apresenta
resposta linear, tendo crescimento méaximo com as doses 400 kg ha™ ano

de N.
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Y= 10,037+0,022x-2,332y-0,00001499x2+0,119y%  R2= 98%

® Dose_N vs Tempo vs Volume
. 0.00
N 5.00
N 10.00
3 15.00
[ 20.00
3 25.00

FIGURA 6. O volume por hectare (m®) de Acrocarpus fraxinifolius ap6s

aplicacdo de doses de N no solo.

CONCLUSOES

As plantas de Acrocarpus fraxinifolius responde a adubacgéo
nitrogenada e fosfatada.

As melhores doses aplicadas para o P foi entre 90 a 100 g cova™ e

para o N entre 70 a 120 g cova™.
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