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Crescimento como Tecnologia para Incrementar a Producdo de Madeira e
Sequestro de Carbono de Schizolobium amazonicum Huber ex Ducke (Paricd)
em CondicOes de Campo. 2010 48 f. Dissertacdo (Mestrado em Microbiologia) —
Universidade Estadual de Londrina, Londrina, 2010.

RESUMO

Schizolobium amazonicum Heber ex Ducke ocorre naturalmente na Amazénia e
possui grande importadncia comercial devido ao seu rapido crescimento e o6timo
desempenho nos sistemas de cultivo, o0 que tem gerado um interesse crescente pelo
estudo de novas estratégias que tornem mais eficiente a produgdo de madeira. O
uso de microrganismos do solo e seu potencial para a promog¢ao do crescimento é
uma importante ferramenta que pode ser utilizada em sistemas intensivos de cultivo
do parica. Neste trabalho foi avaliada a eficiéncia de duas espécies nativas de
fungos micorrizico arbuscular (MA), Glomus etunicatum e Acaulospora sp., duas
cepas nativas de Rhizobium sp. e uma exdégena de Burkholderia sp no crescimento
de S. amazonicum em condi¢cdes de campo, suplementados ou ndo com a adi¢cao de
fertilizante quimico em dois métodos de plantio por semeadura de sementes e
plantio de mudas. A inoculagdo de MA e BFN com a adicdo das duas doses de
fertilizantes apresentou respostas positivas sobre o crescimento de S. amazonicum.
Foram observadas diferengas estatisticamente significativas para os inéculos de MA,
BFN e fertilizante na analise de variancia aos 180, 280 e 480 dias no diametro, altura
total e biomassa nos dois métodos de plantio. Estas diferencas observadas variaram
no tempo para os diferentes parametros de crescimento avaliados. A interacio entre
os fatores avaliados ndo foi muito significativa, porém, na analise multivariada ACP
foram observadas as combinagdes entre MA, BFN e fertilizante que mais
apresentaram relacdo positiva com os parametros de crescimento, tais como
Glomus etunicatum - Rhizobium Rh1 no controle e a dose mais baixa de adubo,
Acaulospora sp - Rhizobium Rh1 nas duas doses de fertilizante, e Rhizobium Rh1
nas duas doses de fertilizante na auséncia de MA. Na producdo de madeira com o
inoculo de Acaulospora sp.-Rh1 foi estimada uma producédo de 25 t ha™, com
Acaulospora sp. na dose um e sem BFN 30 t ha™ para o sementes; em mudas com
Acaulospora sp.-Rh1 na D2 estimou se 22 t ha™. A quantidade de C de para os
tratamentos anteriormente descritos foi entre 9 e de 12 t ha ™' aos dois anos de
idade. Estes resultados demonstram que a inoculagdo de microrganismos pode ser
uma boa ferramenta para ser utilizada em sistema de cultivo de parica, sendo que
ambas as espécies de fungos MA estimularam o crescimento de parica, quando em
interacao com a cepa Rh1 e utilizando a metade da dose de adubo recomendada.

Palavras-chave: Bacterias fixadoras de N. Micorriza arbuscular. Interagao.
Reflorestamento



CELY, Martha Viviana Torres. Uso de Microrganismos Promotores de Crescimento
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ABSTRACT

Schizolobium amazonicum Heber ex Ducke occurs naturally in Amazon and presents
huge commercial importance due to its rapid growth and excellent performance on
cropping systems — a fact that has been raising much interest in the study of new
strategies to increase more efficiently the wood yield. The use of soil microorganisms
and its growth-promoting potential is an important tool that may be used in intensive
cropping systems of parica. This work assessed the efficiency of both native species
of arbuscular mycorrhizal fungi (AM) — Glomus etunicatum and Acaulospora sp —,
two native strains of Rhizobium sp., and an exogenous strain of Burkholderia sp on
the growth of S. amazonicum under field conditions, whether supplemented or not
with chemical fertilizers on both methods — direct sowing and seedling plantation. The
inoculation of AM and N-fixing bacteria (NFB) with addition of the two doses of
fertilizers presented positive responses upon the growth of S. amazonicum.
Statistically significant differences were observed for the inocula of AM, NFB, and
fertilizers in the variance analyses on the 180", 280", and 480™ days regarding the
diameter, total height ,and biomass on both cropping methods. Such observed
differences have varied along the time for the different growth parameters assessed.
The interaction between the factors assessed was not much significative; however,
the ACP multivariate analysis has shown combinations among AM, NFB, and
fertilizers that presented positive relation for the growth parameters such Glomus
etunicatum-Rhizobium Rh1 on the check and the lowest dose of fertilizer;
Acaulospora sp-Rhizobium Rh1 on both doses of fertilizers; and Rhizobium Rh1 on
both doses of fertilizers in the absence of AM. The expected wood yield for the
inoculum of Acaulospora sp.-Rh1 was 25 t ha™; among 30 t ha™ for Acaulospora sp
in the dose 1 of fertilizer (D1) and without NFB for the seeds; and 22 t ha™ for the
seedlings of Acaulospora sp.-Rh1 in dose 2 of fertilizer (D2). The amount of C for the
treatment previously described ranged between 9 and 12 t ha ™' on two years of age.
Such results show that the inoculation of microorganisms may be a good tool to be
used in the paricé cropping system, since both species of AM fungus have stimulated
the growth of parica, when interacting with the strain Rh1 and using half of the dose
of fertilizer recommended.

Keywords: N-fixing bacteria. Arbuscular mycorrhiza. Interaction. Reforestation
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1 INTRODUCAO

A diminuicdo das areas de coberta florestal nativas € hoje uma
problema em nivel mundial. O desenvolvimento acelerado e desorganizado em
muitos casos tem conduzido a destruicdo de vastas areas de floresta nativa pela
ocupacéo irregular e sem planejamento. A exploragdo irracional do setor madeireiro
associada a atividade agropecuaria sdo as atividades que mais contribuem para a
devastagao da floresta nativa, no Brasil segundo a FAO em 2006 foi destruido uma
media de 3.1 milhdes ha/ano de mata nativa. Frente a este cenario, a necessidade
de diminuir a pressao sobre as florestas nativas tem aumentado o interesse regional
pelo desenvolvimento de projetos orientados a exploragao sustentavel dos recursos
madeireiros, mediante o uso de espécies florestais nativas em programas de
reflorestamento, recuperagao de areas degradadas e cultivos comerciais.

O Schizolobim amazonicum Huber ex Ducke (parica), uma espécie
de leguminosa arbérea da Amazonia, tem sido amplamente utilizada nos Estados do
Para, Maranh&o e Rondbnia em projetos de reflorestamento e exploragdo comercial
para o fornecimento de matéria prima para a industria madeireira. As qualidades da
madeira do parica e seu crescimento rapido sado fatores que tém motivado sua
cultura extensiva. A importancia atual desta espécie dentro do setor madeireiro e
ambiental traz consigo uma ampla gama de pesquisa na area. Uma das areas de
concentracdo dessas pesquisas esta orientada a promocado de crescimento do S.
amazonucum com o objetivo de diminuir o custo de producédo e o tempo de corte
como também aumentar a producado de madeira; dentro desta linha, a inoculagao de
microorganismos promotores de crescimento constitui uma tecnologia importante,
que se transferida com sucesso para o setor produtivo, pode trazer grandes

beneficios na parte econdmica e ambiental.



2 OBJETIVOS

2.1 GERAL

Otimizar a produgdo de S. amazonicum (parica) através do
desenvolvimento de um pacote tecnoldgico para a inoculagdo de bactérias fixadoras
de N e fungos micorrizicos arbusculares, visando diminuir os custos e o tempo de

producao.

2.2 OBJETIVOS ESPECIFICOS

> Avaliar o efeito dos inoculantes de fungos MA e bactérias fixadores
de N no crescimento do S. amazonicum, comparado com a adi¢gédo ou

nao de adubo quimico.

» Determinar a combinacdo de inoculantes mais eficiente para a

producao de madeira e sequestro de C do parica.

» Analisar o potencial de uso dos microrganismos promotores de
crescimento como alternativa na nutricdo do S. amazonicum em

areas de cultivo.

» Transmitir os aportes deste trabalho aos produtores de parica no

Estado do Para.



3 REVISAO BIBLIOGRAFICA

3.1 DESCRIGAO DE SCHIZOLOBIUM AMAZONICUM HUBER EX DUCKE (PARICA)

3.1.1 Taxonomia e Nomenclatura

De acordo com o Sistema de Classificagdo APG Il (Angiospermae
Phylogeny Group), a posigdo taxondmica de Schizolobium amazonicum Huber ex
Ducke obedece a seguinte hierarquia:

Divisao: Angiosperma

Classe: Eudicotylenidae

Ordem: Fabales

Familia: Fabaceae (Leguminosae)

Subfamilia: Caesalpinoideae

Tribu: Caesalpinieae

Género: Schizolobium

Espécie: Schizolobium amazonicum Huber ex Ducke

3.1.2 Descrigao Botéanica

As arvores maiores atingem dimensdes proximas de 40 m de altura e
100 cm de DAP (didmetro a altura do peito, medido a 1,30 m do solo), na idade
adulta em torno dos 15 a 20 anos. Seu tronco é bem formado e reto. Nas arvores
jovens, o tronco tem coloragdo verde acentuada e com cicatrizes transversais
deixadas pela queda das folhas. As vezes, apresenta sapopemas basais. O fuste
mede até 25 m de altura. Suas folhas séo longipecioladas, bipinadas, grandes (de
60 cm a 150 cm de comprimento), tem raque lenhosa. Flores de coloragdo amarelo-
clara, de aroma doce, zigomorfas, medindo de 2 a 2,2 cm de comprimento.

Apresenta frutos espatulados, oblanceolados, abertos até o apice; medem de 6 a 10
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cm de comprimento por 1,5 a 3 cm de largura; produz de uma a duas sementes por
fruto. A semente é coberta com um endocarpo papiroso e unida apicalmente ao
fruto, € anatropa, aplanada, ovalada, com apice arredondado, base atenuada, cor de
café, com o bordo mais escuro, medindo de 16 a 21 mm de comprimento por 11 a 14
mm de largura (RAMALHO, 2007).

3.1.3 Aspectos Ecoldgicos

E considerada dentro do grupo ecoldgico ou sucessional das
espécies pioneiras. Ocorre naturalmente na Amazénia (Floresta tropical Amazdnica)
onde é arvore emergente; na Mata Atlantica (Floresta subcaducifélia) em formagdes
submontanas (Rondon 2002) e em outras formacdes vegetais fora do Brasil, como
Bosque umido na Bolivia e na Amazénia Colombiana e Equatoriana (RAMALHO,
2007).

3.1.4 Importancia Econémica

Tendo o seu potencial avaliado para plantio comercial na década de
70, o parica mostrou ter viabilidade para reflorestamento em sistemas agroflorestais.
As caracteristicas da madeira, apropriadas para industrias de laminados,
compensados e madefelx (MDF), assim como, a possibilidade de produgcdo mais
rapida que outras espécies, atrairam a atengdo de empresas madeireiras e
produtoras de papel, fazendo do parica atualmente, a espécie nativa mais cultivada
nos diversos Estados da Amazénia. O Estado do Para, especialmente, detém a
maior area plantada com essa espécie, mas, € a sua versatilidade em se adaptar
aos diversos sistemas que faz a diferenca, ja que sua viabilidade foi testada em
reflorestamentos homogéneos, plantios mistos com outras espécies florestais como
a teca, sistemas silviagricolas (com pimenta-do-reino, com cacau ou cupuagu) e
sistemas silvipastoris (com diversas forrageiras), apresentando resultados
promissores (ROSA, 2006).
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3.1.5 Reflorestamento Comercial de S. amazonicum.

A ocupacdo desordenada da Amazdnia brasileira tem causado
grandes impactos sobre os recursos naturais, entre estes o desmatamento, o
aumento da emissao de gases de efeito estufa como consequéncia das queimas e a
erosdo do solo, com poucos beneficios econémicos para a regido. A recuperagao de
areas degradadas por parte do setor produtivo mediante o desenvolvimento de
projetos de reflorestamento ou agroflorestais tem contribuido de forma importante no
aumento da oferta de madeira de alto custo, diminuindo a pressao sobre as areas de
floresta nativa (GALEAO et al., 2006). O total de areas plantadas com S.
amazonicum nos Estados da Amazbdnia vem apresentando um acréscimo
significativo nos ultimos anos; segundo Ramalho (2007) um total de 20.000 ha foram
plantados, no Acre, Mato Grosso, Para e Rondénia. Em 2009 segundo os dados do
Centro de Pesquisa do Parica (Dom Eliseu/ PA), a area plantada do parica no Brasil
foi de 80.177 ha, aparecendo em terceiro lugar entre as espécies nativas com maior
area plantada depois da acacia (Acacia mearsii de Willd) e a seringueira (Hevea
brasiliensis Muell. Arg.) e em quinto lugar depois de espécies de grande importancia
como o Eucalipto e o Pinus (ABRAF, 2009)

3.1.6 Desenvolvimento de Pesquisa na Cultura do Parica

Os trabalhos relativos a silvicultura de S. amazonicum ainda sao
poucos, porém, nos ultimos anos, tem havido um crescente interesse nesta espécie
devido a sua importancia comercial na regido Amazénica. Na década de 90, varios
projetos de silvicultura foram iniciados no sul do Para, visando selecionar espécies
arbéreas nativas com potencial para a obtencido de matéria prima para a industria
madeireira, principalmente a de laminagdo. De acordo com avaliagdes feitas por
Rondon (2000) em 30 espécies florestais com 54 meses de idade, foi observado que
0 parica se destacou pelo crescimento rapido nas areas de cultivo. Marques et al.
(2004) demonstraram que S. amazonicum apresenta alta exigéncia nutricional na

fase de muda. Lima et al. (2003) avaliaram o comportamento de parica quando
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submetido a diferentes concentragdes de boro, definindo uma dose de 0,15 mg dm?
de solo como a mais favoravel para seu crescimento. O trabalho realizado por
Carvalho (2005) sobre respostas de plantas de parica a deficiéncia hidrica indicou
que esta espécie apresenta uma boa capacidade de adaptacdo osmoética quando
submetida a estresse hidrico. Quanto a producdo de biomassa, Rondon (2002)
considera um espacamento de 4 x 4 m como o mais favoravel para esta espécie em
plantagdes. Na area de biometria, Tonini et al. (2005) realizaram a selegdo de
algumas equacgdes dendrométricas, conseguindo adaptar uma férmula para estimar
a altura total, volume comercial e fator de correcdo de forma em plantios
homogéneos no Estado de Roraima. Em estudos de sanidade da cultura de, Méfia et
al. (2003) avaliaram o tombamento de mudas causado por Fusarium solani;
Zanuncio et al. (2004) relataram a ocorréncia de Quesada gigas (Hemiptera:
Cicadidae) em areas de plantio nos municipios dos Estados do Maranhao e do Para,
aonde o ataque trouxe prejuizo para os produtores, sendo uma das mais
importantes pragas do cultivo.

As formas mais comuns de propagagao até agora usadas nas areas
de plantio comercial sdo a semeadura direta ou plantio de mudas. No método de
semeadura direta estudos tém revelado a necessidade de realizar tratamentos preé-
germinativos para a quebra de dorméncia, visando diminuir o tempo e aumentar a
eficiéncia da germinagdo. A produgdo de mudas geralmente é feita em sacos
plasticos ou tubetes de polietileno e levadas a campo dois ou trés meses apos a
semeadura. Contudo, a inexisténcia de sementes geneticamente melhoradas traz ao
sistema de produgdo do parica alguns inconvenientes pela heterogeneidade no
crescimento, o que influencia altamente a produgéo final (ROSA, 2006). Na cultura
do parica se conhece até agora duas formas de propagacédo vegetativa, a
propagacao pelo método de estaquia (PINHEIRO, 2001), e a propagacgao in vitro ou
micropropagacao (CASTRO et al., 2002; CORDEIRO et al., 2004; REIS et al., 2009),
técnicas que podem trazer melhoramento genético mediante clonagem de individuos
com caracteristicas de uniformidade no crescimento e no tamanho das toras de
corte. Porém, esta tecnologia ainda esta sendo padronizada e ndo esta sendo usada
diretamente pelos produtores. A adequacdo das areas destinadas ao plantio do
parica requer geralmente adubagao quimica ou organica por serem, na sua maioria,

areas degradadas. A adubagao mineral destas areas € geralmente feita com adigcéo



13

de nitrogénio, fésforo e potassio, sendo recomendadas doses entre 100 e 200 g
(NPK 18:4:20) por cova (ROSA, 2006).

O efeito da inoculagdo de microrganismos na promogao do
crescimento de parica foi avaliada por Siviero et al. (2007), onde foi testada a
inoculagdo de trés fungos MA (Glomus clarum, Glomus intrarradices e Glomus
etunicatum) em interacdo com bactérias fixadoras de nitrogénio (Rhizobium sp e
Brurkholderia sp) sobre o crescimento a partir de mudas e semeadura direta
condicdes de campo. Foi observado um efeito benéfico da interacao MA e bactérias
fixadoras de N no crescimento aos 390 dias, tanto em mudas como em sementes. O
efeito positivo observado por estes autores utilizando microrganismos exdgenos
sugere que o uso dos inéculos nativos de fungo MA e rizobio pode ser mais eficiente
e potencializar o efeito benéfico de microrganismos sobre o crescimento e produgéo

do parica.

3.2 MICRORGANISMOS DO SOLO

3.2.1 Fungos Micorrizicos Arbusculares (MA)

A alta diversidade e o complexo processo de evolugdo da
comunidade microbiana do solo tém contribuido ao enriquecimento das interacbes
entre populagdes de microrganismos e destes com organismos superiores. Estas
interagcbes abrangem desde simbioses altamente especificas até relagdes
mutualistas pouco especificas. Os fungos MA formam associagdes simbidticas com
uma ampla gama de espécies vegetais incluindo angiospermas, gimnospermas,
pteridofitos, alguns bridfitos (FINLAY, 2008). A simbiose com MA é a mais conhecida
interagdo entre microrganismos e plantas, e tem um papel muito importante na
produtividade vegetal e na ciclagem dos nutrientes (ANDRADE, 2004; GIRI et al.,
2005). Esta associacdo € desenvolvida nas raizes das plantas quando o fungo
coloniza as células do coértex acessando aos produtos celulares das plantas. A
contribuigdo do fungo a simbiose é complexa, mas em termos gerais, considera-se a

transferéncia de nutrientes do solo a planta, especialmente fosfatos, como o aporte
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mais importante nesta relagdo (DEUBE; MERBACH, 2005). Por sua vez, a planta
proporciona ao fungo simbionte (heterotrofico) compostos carbonados provenientes

da fotossintese, assim como um habitat protegido (HARRISON, 1999).

3.3.1.1 Principios fisiolégicos dos beneficios das MA sobre a nutricdo, crescimento e

desenvolvimento vegetal.

Dos beneficios que as MA produzem nas plantas hospedeiras,
podem se destacar: ajudam na nutricdo, crescimento e desenvolvimento; melhoram
a sua tolerancia frente ao estresse causado por deficiéncia hidrica e aos agentes
patogénicos e facilitam sua adaptagdo em solos com baixa disponibilidade de
nutrientes (SYLVIA et al.,, 1999). Estes beneficios sdo a base fundamental que
permite as plantas uma melhor adaptacdo ao meio, maior competitividade e uma
maior produtividade.

O beneficio das MA no crescimento vegetal esta relacionado com a
facilidade de maior absorgédo de nutrientes minerais do solo. As MAs podem ajudar
as plantas a incrementar a captagao de nutrientes de forma direta ou indireta. De
forma direta, as micorrizas aumentam a absor¢do de nutrientes e agua do solo
devido ao se micélio externo que explora um maior volume de solo além das raizes.
O fungo estende o campo de absor¢ao da raiz além da zona de influéncia radicular e
permite incrementar a sua superficie de captacado (BAREA et al, 2005). Além disso, a
absorcado mais eficiente das raizes micorrizadas € devida também a uma aceleragao
da dissociagcao de fosfatos insoluveis no solo, assim como outros elementos de
baixa mobilidade. Os beneficios dos fungos micorrizicos na captagao de Fésforo (P)
sdo de essencial importancia, pois este € um elemento limitante por sua baixa
disponibilidade na forma soluvel no solo, especialmente em solos tropicais
(CORREDOR, 2003).

Outros autores sugerem um efeito indireto mediante influencia destes
na dindmica de nutrientes na rizosfera (ANDRADE, 2004 ; ARTHURSON et al.,
2006; BAREA et al., 2005), as MA podem interferir em varios ciclos biogeoquimicos,
no aumento da eficiéncia de microrganismos fixadores de N, tais como Rhizhobium,

Azospirillum, Azotobacter; que por sua vez, incrementam a disponibilidade de
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nitrogénio para as plantas; no ciclo do carbono devido a alteragbes no fluxo dos
exsudados das raizes; no ciclo do fosforo mediante a estimulacdo da atividade de
bactérias solubilizadoras de fosfatos e no ciclo do enxofre pela influencia nas
alteracbes nas populacdes de bactérias autotroficas oxidadoras e redutoras de

sulfatos.

3.3.2 Fixacédo Biologica de N

A fixagao biologica N pode ser feita por varios géneros de bactérias,
algumas das quais podem estar associadas de em vida livre a rizosfera, ou ainda
formar associagbes mutualistas com as plantas, como é o caso dos organismos do
género Rizobium. A fixacao biolégica de N geralmente ocorre em resposta a baixos
niveis de N mineral. Em ambientes terrestres, a fixagdo simbidtica de N € de grande
importancia na dindmica deste nutriente, a qual pode chegar a ser trés vezes maior
que o aporte feito pelas bactérias de vida livre no solo (PHILIPPOT; GERMON,
2005). Embora as taxas de fixacdo de N por bactérias de vida livre no solo sejam
relativamente baixas, estas tém uma fung¢do importante dentro da rizosfera, onde
pela disponibilidade de compostos organicos provenientes dos exsudados das
raizes, ajudam na ciclagem do N para as plantas (ANDRADE, 2004).

A maioria das plantas leguminosas tem a capacidade de formar
associagdes simbidticas com microrganismos dos géneros Rhizobium e
Bradyrhizobium que formam estruturas chamadas nodulos nas raizes, os quais
provém o ambiente adequado para o processo de fixagado de N. A fixacdo do N € um
processo auxiliado por um complexo enzimatico que envolve duas proteinas (MoFe
dinitrogenase e Fe dinitrogenase redutase) altamente conservadas nos genes nifD,
nifK e nifH; sua atividade é altamente regulada pelo O,, raz&do pela qual a fixagdo de
N é feita sé no interior das células vegetais ou em ambientes com baixa pressao de
O,. Rhizobium pode crescer como uma bactéria saprofitica em vida livre, mas néo
realiza fixacdo de N nessa condicdo. A inoculacdo de bactérias diazotroficas em
sementes de leguminosas € uma tecnologia capaz de reduzir consideravelmente a

adubacao mineral nitrogenada e em alguns casos substitui-la totalmente, pois o N
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fixado pode alcangar em média 1500 kg/ha, resultando em expressiva reducao do
custo de produgao da cultura (REES et al., 2005).

A interagdo entre bactérias fixadoras de N e FMA esta sendo objeto
de estudo, mas tem sido observado um efeito sinérgico entre estes dois grupos de
organismos. Acredita se que os beneficios desta interagdo possa ocorrer em razéo
ao incremento na absor¢cdo de P pelas plantas micorrizadas, 0 que proporciona
melhores condigdes para o estabelecimento de associagdes com diazotréficos
(BHOWMIK; SINGH, 2004).

3.4 SEQUESTRO DE CARBONO

Nos ultimos anos tem se chamado muito a atengdo a respeito do
impacto das ag¢des antrépicas e a sua influéncia no aumento do acumulo de gases
do efeito estufa na atmosfera. Algumas das atividades mais relacionadas a liberagéo
destes gases sdo a queima de combustiveis fésseis, a agricultura e a combustao de
biomassa. Os principais gases associados ao efeito estufa sdo: 6xido nitroso (N20),
metano (CH4) e dioxido de carbono (CO»), assim como vapor de agua (H20O), ozénio
(Os), gases clorofluorcarbono (CFC) e hidroclorofluorocarbono (HCFC).

Entre os ditos gases efeito estufa, o didxido de carbono (CO,) é
considerado um dos que mais efeitos danosos ocasiona no meio ambiente devido a
alta velocidade com que esta sendo liberado na atmosfera nos ultimos anos e a sua
relacdo direta com o aquecimento global. Frente a este problema, a comunidade
internacional tem promovido iniciativas e incentivos orientados na diminuicido das
emissdes de CO,, por exemplo, o desenvolvimento de alternativas de producéo
energia mais limpas e processos para mitigar o acumulo de CO; na atmosfera
(CUNHA et al.,, 2008). Uma medida proposta € a captura do carbono mediante
processos de armazenamento Geoldgico (sequestro de carbono direto) e
reflorestamento (sequestro de carbono indireto). O sequestro de carbono direto faz
referéncia a captura do carbono a partir de processos industriais mediante os quais o
CO;, é removido diretamente dos sistemas de geracdo de energia, campos de
exploracdo de petroleo e gas, refinarias e siderurgicas, sendo armazenado em

formagdes geoldgicas nos oceanos, em forma de carbonatos minerais ou utilizados
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em processos industriais. Ja o sequestro de carbono indireto ou terrestre faz
referéncia ao processo de fixagdo do C pela vegetagcao em forma de biomassa e a
estocagem de C no solo (PACALA; SOCOLOW, 2004).

3.4.1 Sequestro de C Indireto ou Terrestre

A fixacao indireta do carbono na biomassa vegetal e no solo pode ser
dada pelo aumento da fixagao fotossintética e reducdo da decomposi¢cao da matéria
organica nos solos, assim como, pela diminuigdo das emissées de CO, na Terra.
Isto é realizado mediante o armazenamento de carbono no subsolo, nos troncos das
arvores e na cobertura vegetal do solo nas florestas; nas plantacbes e pastagens
das areas agricolas e também com a recuperacdo de areas degradadas e
desérticas. Na area florestal tém sido sugeridas algumas medidas para uma efetiva e
significativa diminuicdo do carbono na atmosfera, as quais estdo relacionadas com o
aumento na densidade da biomassa de plantas por unidade de area, aumento do
tempo de vida da biomassa vegetal, assim como também a utilizacdo desta
biomassa na fabricagdo de produtos duraveis

No Brasil alguns estudos na area florestal tém quantificado o estoque
de carbono em areas de plantio. Sette et al. (2005) quantificaram o estoque de C em
florestas de Pinus sp. em valores de 6,5 (Mg C ha™') aos 5 anos, 82,2 (Mg C ha™)
aos 12 anos, 41,8 (Mg C ha™") aos 14 anos, 109,9 (Mg C ha™") aos 18 anos, 91,4 (Mg
C ha™) aos 25 anos e 91,9 (Mg C ha™) aos 26 anos. Concluiram que a captura total
de carbono organico por hectare foi influenciada diretamente pela densidade basica
da madeira da espécie e pelo volume de madeira dos individuos avaliados. Soares e
Oliveira (2002) ajustaram equacdes para determinar a quantidade de carbono na
parte aérea de arvores de Eucalipto, determinando que o fuste seja a parte da planta
que apresenta maior estoque de carbono, pois encontraram uma relacéo
exponencial positiva entre o conteudo de C e as dimensdes dos fustes das arvores
expressadas pelo DAP e a altura total. A determinagao do estoque de carbono em
florestas mediante métodos indiretos, isto €, mediante a estimativa da biomassa
usando parametros de crescimento, € em alguns casos questionada, mais constitui a

forma mais pratica e econbmica de trabalhar neste campo, comparado com a
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complexidade e alto custo que implicam determinagdes diretas que incluem o corte
definitivo das arvores. Estes modelos estao sendo sempre objeto de estudo e fica ao

critério do pesquisador sua aplicagédo nas avaliagdes (SILVEIRA et al., 2008)
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ABSTRACT

Schizolobium amazonicum Heber ex Ducke occurs naturally in Amazon and presents
huge commercial importance due to its rapid growth and excellent performance on
cropping systems — a fact that has been raising much interest in the study of new
strategies to increase more efficiently the wood yield. The use of soil microorganisms
and its growth-promoting potential is an important tool that may be used in intensive
cropping systems of parica. This work assessed the efficiency of both native species
of arbuscular mycorrhizal fungi (AM) — Glomus etunicatum and Acaulospora sp —,
two native strains of Rhizobium sp., and an exogenous strain of Burkholderia sp on
the growth of S. amazonicum under field conditions, whether supplemented or not
with chemical fertilizers on both methods — direct sowing and seedling plantation. The
inoculation of AM and N-fixing bacteria (NFB) with addition of the two doses of
fertilizers presented positive responses upon the growth of S. amazonicum.
Statistically significant differences were observed for the inocula of AM, NFB, and
fertilizers in the variance analyses on the 180", 280", and 480" days regarding the
diameter, total height ,and biomass on both cropping methods. Such observed
differences have varied along the time for the different growth parameters assessed.
The interaction between the factors assessed was not much significative; however,
the ACP multivariate analysis has shown combinations among AM, NFB, and
fertilizers that presented positive relation for the growth parameters such Glomus
etunicatum-Rhizobium Rh1 on the check and the lowest dose of fertilizer;
Acaulospora sp-Rhizobium Rh1 on both doses of fertilizers; and Rhizobium Rh1 on
both doses of fertilizers in the absence of AM. The expected wood yield for the
inoculum of Acaulospora sp.-Rh1 was 25 t ha™; among 30 t ha™ for Acaulospora sp
in the dose 1 of fertilizer (D1) and without NFB for the seeds; and 22 t ha™ for the
seedlings of Acaulospora sp.-Rh1 in dose 2 of fertilizer (D2). The amount of C for the
treatment previously described ranged between 9 and 12 t ha ' on two years of age.
Such results show that the inoculation of microorganisms may be a good tool to be
used in the parica cropping system, since both species of AM fungus have stimulated
the growth of paric4, when interacting with the strain Rh1 and using half of the dose
of fertilizer recommended.

Keywords: N-fixing bacteria, arbuscular mycorrhiza, interaction, reforestation,
Amazon
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1 INTRODUCTION

The negative impact on the agroindustrial development and the wood
exploitation under areas of native forest has been encouraging the development of
projects regarding the sustainable use and conservation of the Brazilian biological
diversity. Shizolobium amazonicum Huber ex Ducke is a arboreal leguminous
species native from Amazon and is considered as an ecologically and economically
important species due to its huge wood potential. Its commercial potential was
assessed since 1970’s, being today the most planted native species in the Brazilian
states of Amazonia, Para, Maranhdo, and Rondonia — 80.177 ha. Due to its rapid
growth, S. amazonicum can reach annual yield of 38 m* ha ™' year™ on six years of
age (Carvalho, 2007). It is also considered an important species for the Carbon
sequestration as it presents high levels of biomass in short period of time (SIVIERO
et al., 2008). The qualities of its wood are high for the furniture and plywoods,
ensuring the transformation of Carbon fixed into durable products. Local studies
(CARVALHO 2005; CASTRO et al., 2002; LIMA et al., 2003; MAFIA et al., 2003;
MARQUES et al., 2004; RONDON, 2002; TONINI et al., 2005; ZANUNCIO et al.,
2004) have been approaching, generally, some most important aspects regarding S.
amazonicum. However, despite the increasing economical importance of this
species, its cropping system is not much technified, being supported by little
information concerning its nutrition and growth-promotion.

The microbial community in the soil presents an important role in the
sustainability of the plant communities (ANDRADE, 2004). The interaction between
the microorganisms and plants, specifically in the roots, supplements important
nutritional requirements for plants as for the microorganisms associated. Thus, as the
roots affect directly the surrounding microbial populations, the microorganisms
present at the rhizosphere may influence the plant growth (GIRI et al., 2005). The
bacterial species that colonize the roots and promote the plant growth are called
growth-promoting rhizobacteria (PGPR). Among them, there are the N-fixing bacteria
that can establish symbiosis or not with leguminous species — resulting in a beneficial
interaction for their growth. The dizatrophic bacteria may help the nutrition of the
plants through the biological fixation of Ny, the production of phyto-hormones, and the

changes in the root morphology (VESSEY, 2003). Other important group of



25

microorganisms that acts in the plant growth-promotion is the arbuscular mycorrhizal
fungi (AM). Associated with the root, the AM favours the plants through the increase
of the absorption ability of P and the tolerance to the states of stress. Such benefits
allow the plants to better adapt to the environment and to reach higher productivity
(MOLINA et al., 2005). The interaction among both groups of microorganisms is still
under study; however, it is believed that the benefits from the interaction between the
AM and the diazotrophic bacteria may occur in function to the increment of the
absorption of P by the mycorrhized plants, which proportionate better conditions to
the establishment of the association with diazotrophics, what represents a high
energetic cost (BHOWMIK; SINGH, 2004). The compatible combinations between N-
fixing bacteria and AM fungi are inoculated in the forest and agricultural systems and
may result a significative increase of the growth-promoting effects (BIRO et al.,
2000). The use of growth-promoting microorganisms in S. amazonicum was
assessed by Siviero et al. (2008), demonstrating that such species presents a
positive response to the inoculation with AM with interaction with N-fixing bacteria
isolated from other species of plant. This work aimed at the assessment of the effect
of two AM fungi under interaction with three strains of N-fixing bacteria isolated from
the root of S. amazonicum and complemented with two levels of chemical fertilizer
NPK (10: 20: 20) upon the growth under field condition.
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2 MATERIAL AND METHODS

2.1 EXPERIMENTAL AREA

The experiment was set in the municipality of Dom Eliseu — PA, Brazil
(4° 17 36" S and 47° 33’ 15” W). The cropping area presented humid moseothermic
climate, with annual temperature of 25° C, with rainfall of 2,500 mm, presenting
period of extensive rain between January and June, with a relative humidity around
85%. The vegetation from the municipality corresponds to the subtype dense jungle.
However, the constant deforestation has damaging the original vegetation, promoting
the emergence of large areas of secondary forest, occurring many times the
savanization of such areas (SEPOF, 2007).

2.2 EXPERIMENTAL DELINEATION

Two cropping methods were used: direct sowing and seedling
plantation. In each cropping method, there were inoculated two species of AM fungus
(G. etunicatum and Acaulospora sp.); three N-fixing bacteria, being two native
isolated from the root of S. amazonicum (Rhizobium Rh1 and Rhizobium Rh2); and
one endogenous strain of Burkholderia sp. (Albino et al., 2007). Additionally, in
combination with the inocula, there were tested two doses of chemical fertilizer NPK
10: 20: 20 (D1: 75g plant ' and D2: 150 g plant ). The experimental delineation was
set on completely randomized block with factorial arrangement of 3x4x3. Thirty-six
treatments were organized into three blocks with six rows; each row presented six

treatments and each treatment presented ten plants with spacing of 2 x 3 m.
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2.3 SUBSTRATE

The experimental area presents a soil of type Xanthic Ferralsol with
the following chemical characterization: pH (CaCl,) 4.8, H+Al 2.9 cmol. dm™, AI** 0.2
cmol; dm™; Ca®* 3.3 cmol. dm™, Mg?* 1.0 cmol, dm™, K* 0.24 cmol. dm™; P 10.0 mg
dm™, C19.0 g dm™; S-S0, % 4.2 mg dm™, Na* 4.0 mg dm™, B 0.3 mg dm™, Fe** 99.0
mg dm™, Mn 7.3 mg dm™, Cu 0.2 mg dm™, and Zn 3.0 mg dm™.

2.4 INOCULUM.

2.4.1 N-fixing Bacteria (NFB)

The N-fixing bacteria were isolated from roots of S. amazonicum from
the municipality of Dom Eliseu, Para state, Brazil, through the TY medium for
Rhizobium sp. (Beringer, 1974) at 28° C / 72 hours. For the inoculation in field, the
selected bacteria were grown into the respective medium of culture and resuspended
in saline (NaCl 0.85%) until reaching the final concentration of approximately 10°
cells mL™" for each strain. The seeds were submersed in the bacterial suspension,
adding 0.1% of carboxymethylcellulose before the sowing. In the seedlings, there

were inoculated 10 mL of the bacterial suspension in the soil around the plant.

2.4.2 Mycorrhizal Fungus (AM)

Spores of AM (Glomus etunicatum and Acaulospora sp) were isolated
from the rhizosphere of S. amazonicum and multiplied in vases with Brachiaria
decumbens as the host plant. In the field, 10 grams of the inoculum from the vases of
multiplication containing spores, colonized roots and hyphae were inoculated in each

hole, being the inoculum covered with a soil layer of 2 cm on which the seeds were
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planted. For the seedlings, the inoculation was done in the same way when sowing

the seeds in the plastic bags.

2.4.3 Fertilizer

In combination with the inoculation of NFB and AM, there were
assessed two doses of chemical fertilizer NPK (10: 20: 20) — D1: 75 g per plant; D2:
150 g per plant. The fertilizer was mixed with the soil previously to the sowing or the

seedling plantation.

2.5 ASSESSMENTS

2.5.1 Plant growth

On 180", 280™, and 480™ days, there were assessed the plant growth
parameters such the diameter (the soil surface diameter — SSD) on the first months;
the diameter at the breast height (DBH) after one year; the total height (TH); the
height until the first leaf (HFL); and the number of leaves (NL). The data were
analysed through the analysis of variance and the test of Tukey (HSD) at the level of
probability of p < 0.05. The multivariate analysis of the main components (PCA) was
carried between the treatments and measured parameters with the corresponding

data of two years.

2.5.2 Estimate of biomass, wood production and Carbon stock

The data of the diameter (DBH) and the height until the first leaf (HFL)

were used to calculate the biomass yield (BIO) in the shaft, commercial volume
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(produced wood) and Carbon sequestration. The biomass was calculated per
individual based on the volume of the trunk according to Brow (1997) and multiplied
by the correction factor suggested by Colpini et al. (2009) for S. amazonicum

BIO = (7 (DBH/2) x HFL) x (0.7)

For the wood yield, there was considered the level of biomass
multiplied by the wood specific mass of S. amazonicum determined by Matsubara
(2003) and considered the number of individuals per hectare according to the
spacing used on the experiment.

Wood (m* ha™') = BIO x (0.39) x (Individual ha™).

The amount of Carbon was calculated using the following equation:

C = (V) x (Wd) x (Bf) x (Cf)

Where V: volume in m* Wd: wood basic density of S. amazonicum in
t/ m>; Bf: correction factor of the biomass volume; Cf: factor for determining the
Carbon in the dry matter (% of C in the dry matter determined by the method

Yeomans & Bremner, 1988).
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3 RESULTS

3.1 PLANT GROWTH

The analysis of variance carried with the growth data of S.
amazonicum through the direct sowing method (Table 1) has shown the effect of
inoculation of arbuscular mycorrhizal fungi (AM) upon the development of the
diameter on the 280" and 480" days, as well as the total height on the 280" day and
biomass on the 480™ day. Such differences were observed for the treatments without
AM; according to the test of Tukey, Glomus etunicatum has shown better results
regarding the diameter on the 480" day (Figure 1 A.a), and total height on the 280"
day (Figure 2 A.a); Acaulospora sp. favoured more the development of the diameter
on the 280™ day (Figure 1 A.a). Regarding the biomass, both fungi have presented
equal effect concerning the check (Figure 3 A.a). The N-fixing bacteria (NFB) have
presented effect upon the diameter, total height and biomass on the 480" in seeds
(Table 1). The differences observed between the inocula of NFB have shown better
results for the check without NFB and the plants inoculated with Rizobium Rh1
(Figures 1 Ab, 2 Ab, 3 Ab ). The effect of the addition of fertilizer on the
development of the diameter and the biomass production of S. amazonicum was
observed on the three periods of time analysed (Table 1). The effect of this factor
upon the total height was only significant on the 180" and on the 280 days; no
difference for the fertilizer doses was noticed; but, both have presented difference
regarding the check for the mentioned variables (Figures 1 A.c, 2 A.c,3 A.c). The
effect of the interaction of the analysed factors was just significant between the
inoculum of NFB and the fertilizer for the stem diameter in the three periods of time
and the biomass on the 480™ day (Table 1).

In the seedling plantation method, there was observed the effect of
the mycorrhiza inoculation upon the total height on the 280™ day (Table 2); in this
mean time, Glomus etuniatum presented significant differences regarding the check
without AM (Figure 2 B.a). The inoculum of NFB has presented differences upon all
parameters assessed on the 180", 280", and 480™ days (Table 2). In the same way

as in the direct sowing method, the significant differences according the test of Tukey
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were observed on plants without NFB and with inoculum of Rizobium Rh1 (Figures 1
B.b, 2 B.b, 3 B.b ). The application of fertilizer in seedlings has stimulated the
development of plant regarding their diameter, total height, and biomass on the three
periods of times analysed (Table 2). The significant differences in diameter and total
height were observed for both doses on the 180" and 280™; only the D1 has
presented significant effect on the 480" regarding this variable (Figures 1 B.c, 2 B.c);
with regard to the biomass, there was observed a better effect of D2 on 180™ day
and of D1 on the 480" day (Figure 3 B.c). The interaction between AM and NFB was
significant for the diameter on the 180™; the inoculation of AM with the addition of
fertilizer has also presented significant differences for the total height and biomass on
the 480™ day; the inoculation of NFB with the employment of fertilizer has presented
statistically significant differences in the three periods of time and on the total height
and biomass on the 180" and 280" days (Table 2).

The multivariate analysis of the main components (PCA) of the data
sampled on the second years of age of the plants allowed the identification of the
combinations of the three analysed factors (AM, NFB, and fertilizer), which were
related with the development of the variables measured. In the direct sowing method,
the treatments without AM (Figure 4 A) were distributed as follow: on the axis 1,
representing 60.2% of the data, the treatments with D1 and D2 presented greater
relation with the variables diameter (D), height until the first leaf (HFL), and biomass
(Biomass). In this same axis, the treatments with Rh1 with D1 and D2 have
presented greater relation with the total height (TH); the treatment with Rhizobium
Rh2 and D1 has presented effect upon the NL. In the treatments with AM, with
representativeness of 65% in the axis 1, G. etunicatum with D2 of fertilizer has
presented greater relation with the variable HFL e biomass and at D1, there was
presented greater relation with TH and D (Figure 4 B). With regard to the treatments
with AM, the Acaulospora sp, on the axis 1, represented by 63.8% of the data, have
presented greater relation with the variables HFL and biomass in the treatments
without NFB and fertilizer (Figure 4 C); in the presence of the two doses of fertilizers,
the Acaulospora sp. is more related with TH, whereas the diameter and NL presented
greater relation with the treatment in which were inoculated the strains Rh1 and Rh2
with D1.

In seedlings, the treatment without AM have shown, in the axis 1 with

65.8% of representativeness, greater influence of the doses of fertilizers without the
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inoculum of NFB and of the treatments with Burkholderia sp and Rhizobium Rh1 in
D1 upon all the variable measured (Figure 5 A). In the analysis of the treatment with
the inoculum of G. etunicatum (Figure5 B), the variables HFL and biomass have
presented greater influence of the treatment with D1 on the axis 1 with 66.2% of the
data. The treatment with Rhizobium Rh1 without fertilizer has also shown relation
with TH and D. With regard of the treatments with Acaulospora sp. on the axis 1 with
58.9 % of the data, there was observed an effect of the treatments with the inoculum
of fungus without NFB at the doses of fertilizers with the variables biomass, TH, D;
other treatments which have presented effect on the variables were those with the

inoculum of Burkholderia sp. and Rhizobium Rh1 with D1 (Figure 5 C).

3.2 WooD YIELD AND CARBON SEQUESTRATION

The estimate of the wood yield on the second year of age, carried
regarding the parameters of DBH and height in the direct sowing, was higher in the
treatment with two doses of fertilizers without the inoculum of AM and without
bacteria, which presented a production between 20 and 25 t ha ™' (Figure 6 A). With
regard to the treatments with AM, the best results were obtained with Acaulospora
sp. on both doses of fertilizer and without the inoculum of NFB, reaching values
between 25 and 30 t ha ™. The treatments with G. etunicatum has also presented
good results under interaction with Rhizobium Rh1 with D1, presenting an estimate of
31 t ha ™" of wood, what demonstrate the viability to increase the production of wood
through S. amazonicum using the growth-promoting microorganisms when compared
to the production of the check, which reached only 17 t ha ™.

The determination of the amount of organic C presented in the wood
of S. amazonicum has demonstrated that it presents among 52.2 and 60.2% of C per
weight unit. Thus, the potential fixation of Carbon based on the wood production
estimation would be favoured by the inoculation of Acaulospora sp. and the
employment of fertilizer, presenting values between 9 and 12 t h ' on the second
year of age. G. etunicatum under interaction with Rhizobium Rh1 has promoted also

the fixation around 12 t ha '(Figure 6 B).
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With regard to the seedlings, the wood production has presented
important values — between 19.6 and 20.1 t ha™ — in the treatments without AM and
with D1, with the strain Rh1 without fertilizer (Figure 7 A). Acaulospora sp. has
presented important results for the treatments with D2 of fertilizer without NFB and
with Rhizobium Rh1 shown by the production estimates (20 t ha "). The treatments
with G. etunicatum have presented good results — between 14 and 19 t ha ™' — in
interaction with Rhizobium Rh1.

The Carbon sequestration estimate for the plantation of seedlings
ranged between 9 and 12.2 t ha™ for the best treatments with the inoculum of
Acaulospora sp. in interaction with Rh1 and Rh2 with D2. The effect of G. etunicatum
increased the wood production and the C sequestration with D1 and D2 without NFB,

presenting values between 8 and 11 t ha ' on the second year of age (Figure 7 B).
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4 DISCUSSION

Fast-growth species such as S. amazonicum present high rate of
nutrient absorption per plant and high increase in the absorption rate in response to
the increase of external concentrations of nutrients, when compared with slow-growth
species (CHAPIN, 2000). This fact may be related to the positive response of S.
amazonicum to the addition of fertilizers. Viégas et al. (2007), in studies regarding the
NPK fertilizing effect on young plants of S. amazonicum under field conditions,
observed that the triple superphosphate addition stimulated the development of the
plants of paricA with regard to their diameter, height, and the volume of the wood
produced. Doses between 255 and 272 g of phosphate per plant were suggested as
optimum for such species in the cropping areas.

The combined effect of rhizobium and AM has promoted the growth of
many leguminous species. However, the biochemical and physiological mechanisms
by which the interactions of AM fungi-Rhizobium could promote the productivity of
this group of plants has been considerably discussed. It is believed that the main
effect of the mycorrhizae on the increase of the effectiveness rate of Rhizobium is
mediated by the general stimulation in the nutrition of the host plant, and may present
other localized effects on the roots such variation of their morphology (BAREA et al.,
2002). In the present experiment, the interaction between the strains of Rhizobium
Rh1 with G. etunicatum and Acaulospora sp. has stimulated the growth of S.
amazonicum on both cropping methods. Considering that S. amazonicum is a non-
nodulus leguminous, it is possible to assume that the Rhizobium has been acting as
growth-promoting bacteria (PGPR) (VALDENEGRO et al., 2001). The rhizobium’s
availability to act as endophyte PGPR in non-N-fixing plants has been confirmed by
several studies (Spencer et al., 1994). However, the mechanisms by which the
strains of Rhizobium stimulate the growth of the plants are still unknown, as well as
the mechanisms of infection, location and environment where the microsymbionts
develop (HOSSAIN; MARTENSSON, 2008). In many endophyte interactions
between plants and growth-promoting plants where is not formed specialized
structures such nodules, some microorganisms from the soil — such the AM — act like

vectors to reach the host intercellular spaces (VESSEY, 2003).
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It is known that the symbiotic association between plants and AM
fungi is highly influenced by the availability of phosphate where high concentrations
of P can inhibit the colonization of the roots by AM (NOGUEIRA; CARDOSO 2007;
SCHROEDER; JANOS, 2004; ZANGARO et al., 2003). The inoculation with AM in
S. amazonicum was apparently influenced by the addition of fertilizer. When
analysed the effect of G. etunicatum and Acaulospora sp, they presented better
results upon the development of the diameter, total height, and biomass on the
treatments without fertilizer or treatments with lower dose for both cropping methods.
The effect of the inoculation of AM was observed after 280 days when the influence
of the fertilizer addition could have decreased. In experiments carried by Siviero et al.
(2008) with AM and NFB without the addition of chemical fertilizers, the inoculation
effect with AM on the growth of S amazonicum was more evident. The influence of
the addition of mineral P on the mycorrhizal colonization was also observed by
Patreze & Cordeiro, (2004) on both arboreal leguminous species — Anadenanthera
colubrina and Mimosa bimucronata — which shown a decrease in the colonization
and on the effect of AM. Still, the combination between the inoculation of NFB with
AM and the employment of fertilizers may be considered efficient. Taking into
account that doses of phosphate fertilizers (255 and 272 g per plant) — established as
optimum by Viegas et al. (2007) for S. amazonicum, the highest used in the present
work (D1: 15g P D2: 30g P plant ') — suggest a favourable synergic action between
the fertilization and the inoculation of NFB and AM, since the values of the diameter,
height and wood yield achieved by S. amazoniucum in this experiment on the 480"
day in some treatments — on both cropping methods — were superior or equal to
those reported by Viegas et al. (2007).

As previously mentioned, the S. amazonicum presents rapid growth
reaching a volumetric production up to 13 t ha™ year” on the age of six years in Dom
Eliseu, Para state, Brazil (CARVALHO, 2007). The production was stimulated with
the inoculation of microorganisms and reached 15.5 t ha™' year” on the second year
of age in the best treatment, what could be considered a good result for the yield
incrementation. The amount of C increases as the wood production increases,
therefore C could be stocked in parica plantations. The Carbon stock estimated for
the best treatments is around 5 t ha™' year”, not much different from the values

estimated by Sousa (2008) for Eucalyptus sp. on the age of 7 years (7.1 t ha™ year™).
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Thus, the inoculation of growth-promoting organisms in agricultural
and agroforestry systems to increase the yield must be carefully studied to
understand more about the ecological complexity of the interactions between the
microorganisms and the plants as well as the factors that could influence their
performance under field conditions such species nutritional requirements, since the
establishment of the symbiosis or the association between plants and
microorganisms occurs in response to the plant nutritional demand (SANGINGA et
al., 1989); Furthermore, it is also important to considered the inoculation methods
and the origin of the inoculum among others factors (KHAN, 2006).

Briefly, the inoculation combined of AM and NFB isolated from the
root of S. amazonicum with addition of the fertilizers has presented good results in
the growth promotion of such species, allowing the identification of better
combinations between the three factors assessed in the experiment, which could
increase the yield of the cropping system of this species. The results of this
experiments regarding the interrelation between AM and the N-fixing bacteria — more
specifically the genus Rhizobium as PGPR — and the doses of fertilizer encourage
researches to identify the mechanisms by which the growth-promotion occurs in this
and other non-nodulated species of economical importance, aiming at the generation

of new alternatives for the agricultural and forestry sectors.
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Table 1 — Analyses of variance for growth parameters of Sizolobium amazoicum
Huber ex Ducke at 180", 280 ™ and 480 ™ days after of seeds sowing. AM:
arbuscular micorrizal fungi inoculum; NFB: N-fixing bacteria inoculum; Fert:
fertilizer formulations. *Show significantly different according Anova (p<

0.05).

ANOVA Shoot Diameter Total Height of Plant Biomass
(p values) 180 280 480 180 280 480 180 280 480

days days days days days days days days days
AM 0.167 0.016* 0.046 0.072 0.030* 0.514 0.718 0.118 0.030*
NFB 0.167 0.240 0.000* 0.371 0.873 0.001* 0.734 0.434 0.000*
Fert. 0.000* 0.000* 0.000* 0.000* 0.001* 0.843 0.000* 0.000* 0.000*
AM*NFB 0.211 0405 0.396 0.641 0.897 0.628 0.469 0.315 0.474
AM*Fert. 0.167 0.493 0.745 0.211 0.324 0.993 0.069 0.326 1.000
NFB*Fer. 0.032* 0.019* 0.015* 0.303 0.192 0.513 0.057 0.021* 0.092
AM*NFB*Fert. 0.569 0.919 0.360 0.914 0.921 0.861 0.430 0.637 0.400
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Table 2 — Analyses of variance for growth parameters of Sizolobium amazoicum
Huber ex Ducke at 180, 280 and 480 days after of seedling planting. p<
0.05. AM: arbuscular micorrizal fungi inoculum; NFB: N-fixing bacteria
inoculum; Fert: fertilizer formulations. *Show significantly different according
Anova (p< 0.05).

ANOVA Shoot Diameter Total Height of Plant Biomass
(p values) 180 280 480 180 280 480 180 280 480
days days days days days days days days days
AM 0.856 0.890 0,424 0.384  0.027* 0,225 0.246 0.799 0,368
NFB 0.000*  0.000*  0,000* 0.000*  0.000* 0,035* 0.000*  0.000*  0,000*
Fert. 0.000*  0.000*  0,009* 0.000*  0.000* 0,001* 0.000* 0.001* 0,037
AM*NFB 0.030* 0.456 0,066 0.222 0.383 0,114 0.101 0.641 0,055
AM*Fert. 0.128 0.153 0,044* 0.112 0.139 0,012* 0.542 0.151 0,015*
NFB*Fer. 0.000* 0.001* 0,029* 0.020*  0.000* 0,684 0.031*  0.004* 0,061

AM*NFB*Fert 0.606 0.489 0.095 0.975 0.580 0,066 0.881 0.694 0,259
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Figure 1 — Effect on shoot diameter of Schizolobium amazonicum after 180™, 280" and
480" days of seeds sowing (A) and seedling planting (B). (a) Arbuscular
mycorrhiza fungi (AM) G. etunicatum and Acaulospora sp.; (b) N-free living
bacteria strains (NFB) Burkholderia sp., Rhizobium Rh1, and Rhizobium Rh2;
(c) two formulations of fertilizer NPK (D1: 75g plant™ and D2: 150g plant™).
Bars sharing the same letter are not significantly the according to Tukey test

(p < 0.05).
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Figure 2 — Effect on total height of Schizolobium amazonicum after 180", 280™ and 480"
days of seeds sowing (A) and seedling planting (B). (a.) Arbuscular mycorrhiza
fungi (AM) G. etunicatum and Acaulospora sp.; (b.) N-free living bacteria strains

(NFB) Burkholderia sp.,

Rhizobium Rh1, and Rhizobium Rh2; (c.) two

formulations of fertilizer NPK (D1: 75g plant’ and D2: 150g plant™). Bars
sharing the same letter are not significantly the according to Tukey test (p <

0.05).
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Figure 3 — Effect on biomass production of Schizolobium amazonicum after 180", 280" and
480" days of seeds sowing (A) and seedling planting (B). (a.) Arbuscular
mycorrhiza fungi (AM) G. etunicatum and Acaulospora sp.; (b.) N-free living
bacteria strains (NFB) Burkholderia sp., Rhizobium Rh1, and Rhizobium Rh2;
(c.) two formulations of fertilizer NPK (D1: 75g plant’ and D2: 150g plant™).
Bars sharing the same letter are not significantly the according to Tukey test (p

<0.05).
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Figure 4 — Principal components analysis (PCA) among AM fungi (Glomus etunicatum and
Acaulospora sp.) and free living N-fixing bacteria (Burkholderia sp, Rhizobium
Rh1l and Rh2) on the shoot diameter (D), total height (TH), height at the first
leave (HFL), number of leaves (NL) and biomass (Biomass) 2 years after seeds

sowing.
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Figure 5 — Principal components analysis (PCA) among AM fungi (Glomus etunicatum e
Acaulospora sp.) and free living N-fixing bacteria (Burkholderia sp, Rhizobium

Rh1 and Rh2) on the shoot diameter (D), total height (TH), height at the first
leave (HFL), number of leaves (NL) and biomass (Biomass) 2 years after
seedling planting.
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Figure 6 — Effect of AM fungi (Glomus etunicatum e Acaulospora sp.) and free living N-fixing

bacteria (Burkholderia sp, Rhizobium Rh1 and Rh2) on woody production (A) and
carbon sequestration (B) at 2 years after seeds showing. Bars sharing the same
letter are not significantly according to Tukey test (p < 0.05).
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ure 7 — Effect of AM fungi (Glomus etunicatum e Acaulospora sp.) and free living N-
fixing bacteria (Burkholderia sp, Rhizobium Rhl and Rh2) on woody
production (A) and carbon sequestration (B) at 2 years after seedling
plantation. Bars sharing the same letter are not significantly according to
Tukey test (p < 0.05)



