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RESUMO

Foram estudados os efeitos de diferentes reginfeisutturais de poda e
desbaste em talhbes &eicalyptus para fins de producdo de madeira sélida.
Enquanto a poda de galhos permite a melhoria riedgda da madeira por meio
da eliminagédo de nés, o desbaste visa reduzir ito efa competicdo entre as
arvores permitindo que os melhores individuos dléitacrescam a elevados
didmetros. O presente trabalho é constituido deaadigos. O primeiro artigo
€ composto por uma revisao de literatura abordandanejo ddeucalyptus por
meio da talhadia com remanescentes. Este tipo tejmanantém um baixo
namero de arvores de alto fuste no talhdo apésneeo corte, conduzindo
simultaneamente as arvores cortadas por meio @émesg;do por talhadia. Por
ser um sistema relativamente simples e por permitiversificacdo do rol de
produtos advindos de um mesmo talhdo, possui appdéa ser aplicado por
pequenos e médios produtores florestais. Os arfigns lidam com a questao
da poda em dois cenérios distintos, aplicacdo ap@shamento do dossel em
um talh8o adensado e antes do fechamento do doasem talhdo com baixo
namero de arvores. A resposta em crescimento kdaadbi distinta para os dois
estudos. No estudo onde a poda foi aplicada agéshamento do dossel, foi
possivel atingir altura de poda de até 70% daeatntal da arvore (removendo
cerca de 60% da porcdo inferior da copa viva) seamdgs prejuizos ao
crescimento diamétrico e nenhum efeito no cresdionem altura. Para o estudo
onde a poda foi aplicada no talhdo antes do fechimnu® dossel, a remocéo de
40% da porgao inferior da copa viva causou reduef#ito no crescimento
diamétrico quanto na altura das arvores. O quatigoaabordou os efeitos de
diferentes densidades iniciais de plantio e regideslesbaste em talhdes de
Eucalyptus em oito experimentos. O crescimento em diametrtesario
fechamento do dossel foi mais acelerado nos tratf®eom baixo nimero de
arvores plantadas, sendo o maior crescimento oktidalensidades abaixo de
617 arvores por hectare (atingindo 6 cm por anopr@porcédo de mortalidade
antes da aplicacdo do desbaste também foi mais g tratamentos com
baixo nimero de &rvores plantadas. O regime deadiEshue apresentou maior
evolucdo diamétrica foi o de desbaste aos 2,5 awm 150 arvores
remanescentes. Neste regime, valores de até 40de aiimetro médio foram
encontrados aos 11,5 anos de idade. Se for desejadamaior producao
volumétrica do talhdo e ndo apenas a obtencéords de elevados didmetros,
regimes de desbaste menos intensivos com rotacéis lomgas devem ser
considerados.

Palavras-chave: Manejo florestal. Desbaste. Padaugado de madeira solida.



ABSTRACT

The effects of different silvicultural regimes (pimng and thinning) on
Eucalyptus stands for the production of solid wood productsenstudied. While
pruning enhances wood quality by eliminating knaltsnning aims to reduce
between tree competition effects allowing thathbet individuals grow to large
diameters. The present work is composed of fouclest The first one is a
review paper ortucalyptus management through coppice with standards. This
type of management maintains a low number of segdiees in the stand after
the first cut, grown simultaneously with the hateestrees through regeneration
by coppice. Since it is a relatively simple systamd by allowing diversification
of wood products from a same stand, it has potetatine applied by small and
medium forest owners. Articles 2 and 3 are reldtegruning in two distinct
scenarios, application after canopy closure iroavded stand and before canopy
closure in a low density stand. Stand growth respowas distinct for both
studies. When pruning was applied after canopyuctgst was possible to reach
pruning heights of 70 % of total tree height (reingvabout 60 % of lower
green crown) without major effects on diameter gtoand with no effects on
height growth. When pruning was applied before pgndosure, removing 40
% of lower green crown caused reduction on diamater height growth. The
fourth study related to the effects of differenttia planting densities and
thinning regimes irfcucalyptus stands from eight trials. Diameter growth prior to
canopy closure was accelerated in treatments withnumber of planted trees,
being highest for densities below 617 trees petanedreaching 6 cm per year).
Mortality proportion prior to thinning interventionvas also lower in the
treatments with low number of planted trees. Thimnihg regime which
presented the highest diametrical evolution wathiohing at age 2.5 years with
150 trees per hectare remaining. In this regimeamuameter values of up to
40.5 cm were found at age 11.5 years. If a higlodumetric yield is expected
from the stand and not just the production of ladganeter logs, less intensive
thinning regimes coupled with longer rotation ldrggshould be considered.

Keywords: Forest Management. Thinning. PrunnindidSeood production.
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PRIMEIRA PARTE

1 INTRODUCAO

Por produtos de madeira sélida, entendem-se ospeasados,
laminados, madeira serrada e produtos remanufasyradmo pisos, portas,
moldes, méveis, entre outros. Florestas para finsetlilose e energia tém como
objetivo a maximizacdo do volume do talhdo, poisdd@metros minimos
exigidos para tais fins (geralmente 7 cm) ndo s8titivos, ou seja, até certos
limites bioldgicos, quanto mais arvores no talhdaiom o rendimento
volumétrico. Diferentemente, as florestas com files producdo de madeira
sélida possuem diametros minimos mais restrititamsiando assim, a esséncia
de seu manejo a regularizacdo do estoque do tpitdoeio de desbastes.

Para a producdo de madeira sélida, é costumeemmrego de dois
distintos regimes de manejo, o “utility” e o inteiis O manejo “utility” possui
0 objetivo maior de maximizar a produgdo volumétrgo talhdo, tanto de
produtos de madeira sélida quanto produtos eneagéthu celuldsicos, dai o
nome do regime de manejo. O manejo florestal cturedd intensivo possui a
caracteristica de maximizar a producdo das arvdoesorte final, e ndo do
talhdo como um todo. Isto é atingido por meio daagho de quaisquer fatores
gue reduzam o crescimento das arvores finais, peio mdas operacGes
silviculturais de fertilizag&o, que removem empexdl ao crescimento relativo a
problemas do solo, e desbaste e controle de emasintdis que removem a
estagnacéao do crescimento devido a competicao.

Considerando as amplas opc¢@es disponiveis paradugio de plantios
para produtos solidos, bem como a incipiente e&peia brasileira com o
géneroEucalyptus empregados neste tipo de manejo, experimentosvpliem

0 comportamento de plantios Hacalyptus submetidos a diferentes regimes de
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desbaste e poda sdo de extrema importancia paaatigaa viabilidade do
empreendimento florestal.

O objetivo com as pesquisas realizadas para esg foi avaliar
diferentes fatores que s&o inerentes ao manejestldr para producdo de
madeira para produtos sélidos, abordando aspeeta®mducdo de um talhdo
florestal por meio de podas e desbastes.

O conteldo deste material é dividido em duas paKa primeira parte é
apresentado o referencial teérico sobre o temadmno as conclusdes gerais
obtidas no trabalho como um todo. A segunda part®neposta por quatro
artigos. O primeiro artigo € uma revisdo de litlgratsobre o manejo do
eucalipto por meio de talhadia com remanescenss.tlpo de manejo permite
a obtencdo tanto de madeira de pequenas dimensdescles curtos como
madeira de maiores dimensdes em ciclos mais lodgomesmo talhdo. Os
artigos 2 e 3 abordam o tema da poda em plantiosudalipto. O quarto e
Ultimo artigo apresentam resultados e tendénciagprdducdo para varios

diferentes regimes de desbaste em eucalipto.

2 REFERENCIAL TEORICO

Segundo estimativas do International Tropical TimKrganization,
ITTO (2009) e FAOSTAT (2011), o Brasil produziu cerde 15,5 milhdes de
metros cubicos de madeira serrada tropical em 2o que 93% deste total
foram destinados para o consumo interno, tornandormaior consumidor de
madeira tropical serrada do mundo.

O destino da madeira serrada proveniente de psantioBrasil segue a
mesma tendéncia da madeira tropical, ou seja, rsunlg maioria é para fins de
abastecimento interno. Segundo 0 FAOSTAT (2011)2@@9 foi produzido um
total de 9,5 milhGes de metros cubicos de madeinada de coniferas, sendo

que 11% deste montante foram exportados.
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Segundo a Associagdo Brasileira de Produtores atedths Plantadas,
ABRAF (2011), apesar do forte crescimento da pradude madeira de
Eucalyptus, o volume de serrados desse género ainda é peqyesrado
comparado a producdo de serrados de coniferastdirtty, em médio prazo,
estima-se que essa tendéncia seja revertida. idatoente, as florestas de
Eucalyptus no Brasil foram conduzidas para fins energéticds eelulose, com
caracteristica de espacamentos fechados, poueageimtdes silviculturais apés
0 estabelecimento da floresta e idades de rotag@oges.

Em contrapartida, florestas com o objetivo de pgddude madeira
sélida se distinguem das florestas energéticascipalmente devido a sua
conducdo em espagcamentos mais amplos. Quando uara &rconduzida com
espacamento vital sem restricdo, ocorrem carattedsindesejaveis como o
aumento da producdo de madeira juvenil e a presingalhos grossos. Assim,
tratamentos silviculturais adicionais sdo necegssama conducdo destas
florestas, como a realizacdo de desramas ou pe@tasepminacédo de galhos e
desbastes para a regulacédo do espacamento de.plsstis tratos silviculturais
aumentam o custo, porém a receita superior origled@rodutos de madeira

sélida torna estes regimes rentaveis.

2.1 Desbastes em povoamentos florestais

Os desbastes sao cortes parciais ho povoamenliaades a partir do
fechamento do dossel ou em povoamentos imaturoxaso de manejo
intensivo, com o objetivo de estimular o crescirnatds arvores remanescentes
e aumentar a producdo de madeira de melhor qualidedarvores com melhor
gualidade sdo as de maior dimensdo, pois além deederem um alto
rendimento na serraria, possuem precos de vendadele A realizacdo de
desbastes tem o propdsito de concentrar o potateiptoducdo de madeira do
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povoamento, em um ndmero limitado de arvores s@adas, que ao atingirem
grandes dimensdes produzirdo um maximo de renda.

Os desbastes podem ser efetuados de diversas asareir funcéo da
espécie, da estrutura do povoamento, da qualidagéadtio e do uso a ser dado
a madeira. Essa diversificacdo na maneira de efetudesbastes gera o regime
de desbastes. O regime de desbastes é constitl@tign, pela intensidade de

desbaste e pelo nimero e época, conforme mosigaii@aB.

*‘ Remocé&o de linhas inteiras ‘

— Sistematico } Remocao a cada 2, 3... arvores por linha ‘
f‘ Distancia predeterminada ‘
Tipo de desbaste [ Vitalidade |
f‘ Posicéo social ‘
Seletivo [ Qualidade \
—| Estabilidade |
f‘ Distribui¢@o espacial ‘
Namero de arvores ‘
Severidade do Area basal \
desbaste ——| indice de densidade do talhdo |
|

‘ indice de competigdo

Idade do primeiro desbaste ‘

Intensidade do
desbaste

‘ Idade dos desbastes seguintes ‘

—{ Tamanho das arvores nos desbastes ‘

Figura 1 Tipo, severidade e intensidade de desbesteo critério para
prescri¢Bes silviculturais e parametros para saatificacdo.
Fonte: Adaptado de Pretzsch (2009).
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2.1.1Tipo de desbaste

A escolha do tipo de desbaste esti condicionadip@de povoamento,
ao estado em que este se encontra ao objetivaodagdo florestal e também a
andlise econdmica de sua execucdo. O tipo de desiaica quais arvores
serdo removidas e quais deverdo permanecer nompewb@ pode ser agrupado
em duas classes, 0s sistematicos ou geométriceselativos. A denominacao
desbaste misto é utilizada quando ambos os tipadesleastes sao realizados
simultaneamente.

O desbaste sistematico é realizado com o objetieo facilitar
operacionalmente outros tratamentos silviculturaiea vez que a retirada de
uma linha de plantio facilita a entrada de maquiRas este motivo, este tipo de
desbaste é normalmente realizado na primeira Enedo de desbaste.
Geralmente o tipo de colheita é o0 que determin&guquantas linhas remover.

O desbaste seletivo indica que a escolha dasedreoserem removidas é
determinada por algum critério. Desbastes onde esores &rvores sédo
removidas s&o conhecidos como desbastes por baixméodo alemao de
desbaste. Desbastes onde as maiores arvores sawidasnsdo conhecidos
como desbaste por alto ou método francés de desliastros critérios podem
ser utilizados, tais como a remocédo de arvorestdseamu de ma qualidade, ou a
manuten¢do adequada da distribuicao espacial daedy por exemplo.

Segundo Assmann (1970) e Pretzsch (2009), em t©8Bdsquisador
Kraft criou um sistema de classifica¢cdo de arvatesum talhdo com bases
naturais e sociais. Esta classificacdo utilizat@aséio das copas das arvores,
distinguindo as seguintes classes:

1 predominantes: copas excepcionalmente bem formadas;
2 dominantes: formam a maior parte do talhdo, comam formadas e

recebendo luz por todos os lados;
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3 co-dominantes: copas normais, porém de estruturs fragil em
relacdo a classe anterior; esta classe forma telimfierior das arvores
dominantes;

4 dominadas: copa restringida lateralmente, tends Gojgas comprimidas
entre os espacos das copas das arvores dominamttetoeninantes,

a. recebendo pouca luz de cima e nenhuma dos lados;
b. copa ndo recebe luz direta
5 suprimidas: sdo aquelas que ndo tem condicdes hitevdEncia e as

mortas.

A classificagéo das arvores de um talhdo segumdetadologia de Kraft
ajuda a qualificar o tipo de desbaste a ser emgeedaomo exemplo, Pretzsch
(2009) cita que Kraft classificou trés tipos de ldete de acordo com sua
intensidade, séo eles: padrdo 1, desbaste leveveashm apenas a classe 5;
padréo 2, desbaste moderado removendo as classdb;5padréo 3, desbaste
pesado removendo as classes 5, 4b e 4a.

Normalmente, mais de um parametro é utilizado platarminar quais
arvores serdo removidas em um desbaste seletivmo Gexemplo, Altsuler
(2003) cita os parametros de retirada de &rvorea pasbastes seletivos
realizado em plantios deucalyptus e Pinus no norte do Uruguai. Segundo o
autor, os parametros, em ordem de prioridade, Isddirvores doentes ou com
danos severos por insetos; 2 - Arvores com fudtedaido ou com curvatura
maior que 10 cm do eixo da &rvore; 3 - Garantiistriduicdo uniforme dos
individuos; 4 - Tamanho, retirando as menores.sEHs¢ametros foram citados
por Altsuler (2003) para a realizacdo do desbastecpmercial. Este tipo de
prescricdo de arvores a serem retiradas no desiisigeve ser rigido, mas sim

se adaptar para cada caso especifico.
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2.1.2Severidade e intensidade do desbaste

A severidade do desbaste determina o peso do sleslpdendo ser
expressa pelo niumero de arvores ou quantidade ede béasal removida. Em
muitos casos a intensidade do desbaste é detemmileachaneira empirica, com
base em experiéncias do passado.

De acordo com Ginrich (1967), o termo densidadetaflegdo € uma
medida quantitativa de um talhdo em termos de ld@sal por hectare, nimero
de arvores por hectare ou volume por hectare.tdém estocagem se refere ao
adequamento da densidade de um determinado tabr@oatender a algum
objetivo de manejo. Assim, um talhdo com 40w de area basal pode ser
classificado como sub ou super estocado, dependemdgual densidade é
considerada desejavel (GINRICH, 1967).

A determinacdo da severidade do desbaste e cameqmente a
estocagem desejada incluem o uso de indices deldéeslo talhdo e indices de
competicdo, tais como: Reineke (1933), Krajiceklei(1961), Ginrich (1967),
Kumar, Long e Kumar (1995), Long; Shaw (2005), @ottros.

A intensidade do desbaste refere-se a idade dedgues desbastes
devem ser aplicados bem como ao tamanho das armoresmomento da
intervencdo. Geralmente a idade do desbaste é&ala@eamaneira a evitar que o
talhdo sofra uma reducéo de crescimento devidargpeticdo. Normalmente, o
ponto onde ocorre 0 maximo incremento médio anUdiA) de alguma
caracteristica dendrométrica é definido como o nminétimo de desbaste.

De acordo com Assmann (1970), a ordem de culmindgatMA é a
seguinte: altura < didmetro < area basal < volukssim, quando considerando
gual caracteristica do povoamento a ter seu inerenmeédio anual maximizado
para relacionar a um esquema de corte final, dresdo volume ou area basal
pode ser empregada. Ja quando considerando umstigska escolha do
didmetro como caracteristica para maximizar podeagajosa por resultar em
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um plantio que terd menor competicdo entre indddumaximizando o
crescimento dos seus melhores exemplares.

Modelos de crescimento e producao florestal normatenséo utilizados
para a determinag¢édo do comportamento do IMA aodatzgidade do talhdo, tais
como: Pienaar (1979), Pienaar, Shiver e GrideBf}1,9Scolforo e Machado
(1999), Ferraz Filho (2009), entre outros.

2.2 Poda

Enquanto conduzir uma floresta em amplos espagam@ossibilita a
obtencdo de madeira de elevadas dimensdes, emdumide espaco de tempo,
ocorre a indesejavel caracteristica da producamaties grossos que reduzem a
gualidade da madeira. Varios autores relataram roeato de incidéncia e
didmetro de galhos para arvores crescendo com reg@Eco vital, tais como:
Moberg (1999), Baldwin Jr. et al. (2000) e Hensketral. (2001). Para amenizar
este problema, operacdes de poda séo realizadas eparinar os galhos
indesejados das porgdes inferiores do fuste.

Para garantir a cicatrizacdo adequada dos galngspda deve ser
realizada em galhos vivos (Smith et al., 2006). gseapds a cicatrizacao do
galho ocorrerd & producdo de madeira livre de ndprincipal objetivo da
aplicacdo de poda. Como as espécies do géhRecalyptus possuem poda
natural muito pronunciada, as operac¢des de podenteer realizadas cedo na
vida do povoamento, antes do inicio da mortaliddde galhos da porcéo
inferior do fuste. A Tabela 1 ilustra uma presaige poda para o manejo de
Eucalyptus grandis na Argentina.

Como pode ser visto na Tabela 1, as operacles da feitas em
Eucalyptus grandis devem ter inicio por volta do primeiro ano de fi@an
guando as arvores possuem cerca de 9 cm de didméttio (considerando o
ritmo de crescimento destas florestas na Argentina)
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Tabela 1 Prescricdo de poda pauaalyptus grandis na Argentina

DAP Idade Alturade poda Desbaste Remanescentes

(cm) (anos) (m) N/ha N/ha
Primeirapoda 8-9 1-2 2-25 - 1000
Segunda poda - 2-3 55 400 — 500 500 - 600
Terceira poda - 5-6 7-9 250 — 300 250 — 300

Fonte: Aparicio e Caniza (2009).

Quanto a quantidade de copa que pode ser remdRiideard e Beadle
(2000) relatam que até 50% da copa viva pode smvida sem causar grandes
prejuizos no crescimento diamétrico, onde a espEstigdada foi dE. nitens.
Segundo esses autores, a remocao de galhos defaitaate maneira que o
indice de &rea foliar (IAF) remanescente apos a gefh igual ao IAF 6timo da
determinada espécie, onde o IAF maximo correspanfb% da absorcédo da
radiacdo solar incidente. Segundo os autores, lon da IAF 4 corresponde ao

6timo para cE. nitens.

2.3 A intensidade do desbaste na determinacéo dayime de manejo

Dentro do sistema silvicultural alto fuste, os negg “pulpwood” ou
“energywood”, “utility” e ‘“clearwood” sdo os maisomuns. O regime
“pulpwood” ou “energywood” prioriza a producdo deadmira de menores
dimensdes para uso principalmente em industrigsagel, celulose a para fins
energéticos. Sua caracteristica é a de ndo pretemwvencbes periddicas e o
corte raso por volta dos 7 e 15 anos [l yptus e Pinus, respectivamente. O
regime “utility” preconiza desbastes periédicosathte o ciclo produtivo (2-3).
Sua aplicacé@o gera toras de diversas bitolas, lplitssido o atendimento dos
mercados de madeira fina & madeira de maiores diesn Este regime de
manejo também é chamado de “manejo com otimizagamldime por unidade

de area’. Caracteriza-se pelo espacamento irseia@elhante ao regime para
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producdo de madeira de menores didmetros (pastaksteas e energia).
Normalmente sé&o sujeitos a 2 ou 3 eventos de desbas critérios de decisao
do desbaste embasam-se no maximo IMA em volumeimida e&em algum
critério econbmico como a maximizacao do valor gmés liquido (VPL) para
uma serie de infinitas rotacdes. Cada intervengetéada no momento em que
a competicdo ocasiona a queda do IMA em volumécando a competicdo
entre as arvores, implicando na supressédo das eseromorte de parte delas
(SCOLFORO; MAESTRI, 1998).

O manejo “clearwood” proporciona uma ampla vaaga alternativas
de mercados e opc¢les para o proprietario floré8talome “clearwood” define
gue o produto alvo do manejo é a producao de neli@ie de nds. Geralmente
este regime é aliado a um manejo intensivo. Segmko(2000), 0 manejo
intensivo pode ser considerado como a manipulagdocdndicées do solo e
talhdo que restringem o crescimento da arvore. gurki 2 mostra que dos
fatores que influenciam a produtividade florestalmanejo da densidade do
talhdo e consequentemente o controle da compegtad® ser atingido por meio
de deshastes precoces e intensivos, caracterdstioganejo intensivo. Como o
manejo intensivo envolve periddicas intervencdetalido, seja por motivos de
corre¢@o do solo ou operagdes de desbastes naoc@@ig)ens seus custos sdo
altos. Para compensar 0 maior investimento, o roamggnsivo também é
aliado a podas, para gerar madeira de melhor quicd consequentemente
maior valor de venda.

A Tabela 2 mostra as principais diferencas entneegignes de desbaste
para os regimes “utility” (para plantios localizadwo sul da Bahia) e intensivo
(para plantios localizados na provincia de Coregnf\rgentina). A intensidade
de desbaste é o0 que caracteriza o tipo de reginmeadejo aplicado. Enquanto
regimes de manejo intensivo aplicam desbastes eedesados, regimes de
manejo “utility” aplicam desbastes mais tardesgientes e mais leves. A
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guantidade total de madeira produzida no regiméit§tité superior aquela
produzida no regime de manejo intensivo ou regimandnejo cujo foco é a

arvore, considerando uma mesma idade de rotacao.

Densida_de Controle de
do plantio competicdo

Produtividade
florestal

|

Qualidade do solo

Genética— .

Fertilizagdo

Figura 2 Fatores que influenciam a produtividadesfital.
Fonte: Adaptado de Fox (2000).

Tabela 2 Principais diferencas entre as prescrigéesdesbaste para os regimes

“utility” e intensivo na conduc¢éo de plantios Becalyptus spp.

“Utility” Intensivo
Arvores Arvores
Regime de desbaste Idademanescentes/hddade remanescentes/ha
Plantio 0 1111 0 625
Pré-comercial - - 1,5 500
Primeiro comercial 5-6 700 4,5 350
Segundo comercial 8-9 400 7-8 200-250
Corte raso > 15 0 13-14 0

Fonte: Maestri, Nutto e Satério (2005); Azua (2003)

3 CONSIDERACOES GERAIS
Ao longo dos quatro artigos desta tese é abordadm o manejo do
eucalipto para producdo de produtos soélidos é cmmdido ao objetivo de
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producdo do talhdo, bem como as caracteristicasni®es as condicdes em que
se encontra o talh&o.

O regime de manejo de talhadia com remanesceptesemtado no
primeiro artigo possui a vantagem de diversificar@ducao florestal provinda
de um mesmo talhdo. Este manejo possui potencia gar aplicado por
pequenos e médios produtores que cultivam o g&halyptus. Foi concluido
gue espécies do géndracalyptus apresentam ganhos em termos de qualidade
da madeira quando cresce livre de competicdo, cdquea das caracteristicas
do manejo por talhadia com remanescentes. Foi atlortambém como é
possivel em uma rotacdo de 28 anos produziremayeatios de madeira de
pequenas dimensdes com a obtencéo de toras de grainie no corte final.

Os artigos 2 e 3 permitiram a conclusdo que augiw da poda em
Eucalyptus sofre alterac@o significativa conforme as carétieas do talh&o.
Podas aplicadas em talhGes adensados (1111 arporebiectare) apds a
ocorréncia do fechamento do dossel permitiram timdevadas alturas
(removendo até 60% da copa viva inferior) sem gagsandes prejuizos ao
desenvolvimento do talhdo. Por outro lado, podakcamas em talhdes
instalados com baixa densidade ou feitas anteeadwmmento do dossel devem
ser conduzidas de forma menos intensas a fim dar eeducdo do crescimento
do talhdo. Estes resultados permitem inferir quefoseoptado por iniciar
operacdes de podas antes do fechamento do dosaetidades pequenas da
copa devem ser removidas (até 20% da copa vivaidnfea fim de evitar
prejudicar o crescimento do talhdo. Apds o talhingm o fechamento do
dossel, quantidades maiores de copa poderado sevidas.

Considerando o efeito do desbaste na producdestlr foi concluido
que o regime de desbaste deve ser alinhado conbjevos de manejo da
floresta. Quando maior interesse é dado a produlgidoras de grandes
dimensdes, desbastes pré-comerciais deixando baixoero de arvores
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remanescentes sdo indicados. Regimes de deshaatgstardios deixando
nameros intermediarios de arvores remanescent8sa(4B80 arvores/ha) devem
ser privilegiados quando ha interesse tanto emugémd de madeira para

produtos solidos como madeira para fins energétinage celulose.
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SEGUNDA PARTE — ARTIGOS
ARTIGO 1 - Coppice with standards silvicultural sydsem applied to

Eucalyptus plantations - a review

Abstract

Context This review paper provides an overview of the ngameent of
Eucalyptus species under the coppice with standards (CWSgsltural system.
CWS management results in product diversificatioe;mitting production of
small and large scale timber from the same stawdheSreasons that make
Eucalyptus species suitable candidates for CWS management large
worldwide plantation areas, sprouting capacity, antipurpose species.

Aims Discussion on (1) short rotatioBucalyptus coppice management for
energy and pulping and (Bucalyptus seedling management for solid wood
products is provided.

Method A review of the literature relating experienceshatcal yptus managed
under the CWS system is given. Works dealing wilcalyptus coppice
management, stand density regulation, pruningdsiaa wood quality are also
assessed.

Results The growth environment of the standard trees (heavgpetition up to
the first harvest, free growth afterwards) coupleth long rotations (e.g. 28
years or longer) result in high quality logs foridovood products. Early
pruning should be applied to enhance wood quality.

Conclusion We propose a system for the silvicultural manageragBucal yptus
under the CWS system, elaborating on the consegseaqt initial planting
density, site productivity, and standard tree d@ssias well as timing of basic

silvicultural applications.
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Keywords Stand density regulation; Coppice management; Pruning;

Silvicultural system; Stand production diversifioat

1 Introduction

Coppice with standards (CWS) is a silvicultural teys traditionally
applied in European forest management since thelldlidhges. This system
consists in managing a low density of seedlingstree an overstory for one or
more cycles of coppice as an understory. This V@S system enables the
production of small diameter wood for energy orping purposes as well as
large dimension timber for solid wood products.

The destination of a forest stand to produce nmittdlucts represents a
potentially competitive differential for forest ldowners, aggregating flexibility
in the commercialization of the products and coosatly reducing risks of
financial loss (Soares et al. 2003). In this conpteke development of
silvicultural management regimes that are able mhaace multi-product
production is desirable. CWS silvicultural systers ideal to promote
diversification of forest wood products. The useEotalyptus for energy and
pulping purposes is consolidated, and accordingdatagu et al. (2003), all of
the commercially growucalyptus species are capable of producing solid wood
products, given appropriate management (mainly ipgunand thinning
operations).

Eucalyptus plantations are spread worldwide and are destinedhe
production of several goods, such as: charcoalp pnld paper, construction
timber, fire wood, honey, essential oil, ornamengald solid wood products.
Currently there are about 20 million hectares Eicalyptus plantations
worldwide, of which about 50% are located in Indaazil and China (lglesias-
Trabado and Wilstermann 2008). The reasons that dehus is so widely

cultivated can be attributed to: fast growing speci{values of up to 83
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m*halyear at age six years have been reported ke Sthal. 2010), many
species coppice readily, it is a multi-purpose Emcallows a high level of
genetic improvement, and presents consolidatedetmrk

The majority of the world'€ucalyptus forests are managed for pulping
and energy, characterized by high planting demssitilew silvicultural
interventions after establishment, and short retaiéngths. For instance, out of
113 miillion n? of Eucalyptus harvested from Brazilian plantations in 2010, 45%
were destined for cellulose and paper producti@dp 4or industrial firewood
and charcoal, and 9% for solid wood products (ABRAE2).

Eucalyptus species are appropriate candidates for managenyettie
CWS system, since many species present good spgoutpacity and are
suitable for solid wood products. Reynders (198#grded the CWS system as
the most appropriate management systentémal yptus plantations established
to fulfill the needs of rural communities in devgilog countries. Thus,
management dEucalyptus under CWS is very promising for small and medium
scale private forest landowners.

Many factors must be observed in order to succlgshanage a stand
through the CWS system. These include: successfgéneration through
coppice shoots; ability to respond with rapid gtowince the stand canopy is
opened; stand resistance to the abrupt canopy rapemind wood quality
response to the growing conditions. This reviewegpagims to address how
Eucalyptus species respond to these major factors when menagier to CWS
system. The experiences Bficalyptus managed under the CWS system are
presented, as well as inferences drawn upon prutirigning, and sprouting
studies, which are more abundant.

2 Characterization of silvicultural and CWS systems
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In its broader sense, a silvicultural system sefof rules applied to a
forest stand in order to ensure its renewal (Beti&fine et al. 2000). Matthews
(1991) defined silvicultural systems as being thecpsses by which the crops
constituting a forest are tended, removed, anchoegl by new crops, resulting
in the production of stands of distinctive struetusilviculture can be regarded
as the set of tools available to forest managermsrder to meet the aims and
goals of the enterprise as a whole.

Silvicultural systems are traditionally classifieds clear-cutting,
shelterwood, and selection systems (Kerr 1999)s Thassification regards to
the type of harvest applied in the stand, fromiegtthe entire stand in the clear-
cutting system to a few selected trees in the Befesystem.

Savill (2004) suggested the classification of isilitural systems into
three major axes: the method of regeneration apph®en-agedness of the
stand, and by the size of the silvicultural uniton€idering the method of
regeneration, a system can be regarded as higlst fgregeneration from
planting, direct seeding, or natural regeneratmrpw forest (regeneration from
coppice or root suckers). Age variation in a stelagsify selection forests as the
most diverse and clear-cutting and coppice systasnthe least diverse, with
shelterwood systems in between. As for the siz¢hefsilvicultural unit, the
classification distinguishes systems that concemtnarvest operations in larger
areas, such as the clear-cutting and coppice sgsfeom progressively smaller
cutting areas in the strip, group, and selecti@tesys.

Given the flexibility and many variations of situltural systems, correct
classification is not always easy. This is true the CWS system, which
combines several aspects of different silvicultgsatems.

Troup (1928) defined the CWS system as consistingwo distinct
elements: (1) a lower even-aged story treated maplsicoppice, and (2) an
upper story of standards forming an uneven-ageg anal treated as high forest
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on the principle of the selection system. Troup2@)%lso defined a variation of
the CWS termed coppice of two rotations. The copmt two rotations is a
simpler system than the traditional CWS, sincesthedards are not managed by
the selection system and as such form an even@aged The management of a
stand by the coppice of two rotations system veifiult in a two layered forest,
composed by the coppice shoots in the understody the standards in the

overstory.

3 History and application of the CWS system

The CWS system has been applied in Europe sireéviildle Ages,
dating from the 7th century in Germany and from 18¢h century in England.
In the year of 1544 a series of statutes for tlesgmvation of woods was applied
in England, consisting, among others, in manageswm@mes to be followed by
wood owners. Concerning coppice woods, it was reduhat a minimum of 30
standard trees be retained per hectare (Troup 1828t 11 thousand hectares
of Quercus spp. are still managed as CWS system in Englarate§iy
Commission 2003).

According to Machar (2009), the CWS system in Eeawas developed
for the management of the royal forests, betweery#ars of 1664 and 1683. A
three-fold objective was aimed for the managemérthe king's forests: (1)
production of standard oak trees used for building the navy, (2) production
of firewood and charcoal, (3) pig grazing on acdros the mature oaks of the
top stand layer.

The CWS system was once very significant in Eura@psuch countries
as France, England and in Central Europe. Up t® 19 third of all French
forests were managed by the CWS system (Stewafl) 188 beginning of the
20th century 3% of the current territory of the GzdRkepublic (60000 ha) was
managed by the CWS system (Machar 2009). Coppsersg eventually lost
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importance in European countries, mainly due torige of mineral coal use for
energy. This reduced the value of firewood and kstale timber, culminating
in the conversion of many simple coppice and CVé&ds to high forest.

The CWS system is also applied in other parthefwtorld. In India the
speciesTectona grandis and Shorea robusta are grown as standards, while in
Korea timber species are grown as standards oygricad leguminous species
for firewood coppice (Stewart 1980). The CWS syspraserves 10 to 20 trees
as standards in Indian forests (Bebarata 2006Ndpal someShorea robusta
stands are managed by the CWS system, with stasdavering 25% to 50% of
the canopy cover and the coppice understory cutyeseven years (Department
of Forest Research and Survey 2009).

During colonial times in southern Africa, someivatspeciesHaikiaea
plurijuga, Pterocarpus angolensis, andMarguesia macrourasob) were managed
under the CWS system by British and Belgium foneahagers. The system was
also used for the management of African miombo &ioms, with the removal
of the coppice material every 40 years and hamk#ie standards every 60 to
100 years (Bellefontaine et al. 2000).

The CWS system is used in the tropics, but therkttle information
about the areas involved (Matthews 1991). Therdereexperiences of CWS
system withEucalyptus species. Some trials have been established uhider t
system in Africa withE. grandis, E. saligna, andE. maidenii (Poynton 1981,
Reynders 1984); in Brazil trials have been insthNéth E. grandis and E.
saligna (Inoue and Stohr 1991; Spina-Franca 1989).

4 Coppice inEucalyptus
Species of the genuBucalyptus possesses great coppice regrowth

following felling or defoliation. This ability is t&ributed to the presence of
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epicormic buds as well as lignotubers situatedhénlive bark and cambium near
the root and stem junction point (Little and Gard?2@03, Reis and Reis 1997).

Eucalyptus coppice management is a common practice worldwide,
widely used to manage plantations that produce wobthe pulp and biomass
industries. The number of coppice cycles beforanmgg a new rotation (e.g.
replanting the stand) is mainly dependent uporasued wood production of the
coppice cycles. For instance, BraziligBucalyptus coppice management
historically consisted of a three cycle rotationedigh forest clear cut followed
by two coppice clear cuts (Souza et al. 2001). Rtesteidies have shown that a
two cycle rotation is more profitable considerirtge thigher productivity of
currentEucalyptus genetic material and lower establishment costzé€Rae et
al. 2005). The current silvicultural technology dise the coppice management
of Brazilian Eucalyptus forests (minimum cultivation methods, high fer#r
rates) guarantees wood production of the secomdi@atvery similar to the first
rotation (Gongalves et al. 2008).

Regeneration of a coppiced stand requires lesnsitte silvicultural
interventions than replanting. Economical viabilgyudies conducted in the
savanna region of Brazil have shown tBatalyptus coppice management is an
economically viable option, even if productivity ®% of the original high
forest stand (Guedes et al. 2011). Higher proditigtsites are more sensitive to
the reduction of coppice productivity. Considerthg mutually exclusive option
of replanting or coppice regeneration, a coppickime production equal to
70% of the previous high forest cycle can geneitadesame economic benefits
as replanting in a low productivity site. Consideria high productivity site,
coppice productivity must reach at least 88% ofdhéhe previous high forest
cycle to generate equal economic benefits (Feritbo Bnd Scolforo 2011).

Not all Eucalyptus species can be managed as coppice stands, either

because of low sprouting capacity or low vitalifytioe coppice grown stems not
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being able to obtain commercial dimensions (Gelateal. 2004) Eucalyptus
species belonging to the subge®ysphyomyrtus (such a€. camaldulensis, E.
grandis andE. globulus) generally present high sprouting capacity. Onatfer
hand, Eucalyptus species belonging to the subgeisnocalyptus (such a<t.
fastigata, E. pilularis and E. fraxinoides) tend to present a more variable
sprouting capacity (Higa and Sturion 1997, Simal.e1999).

Besides species, there are many different factoas influence the
successful management of a coppice regenerated @ane 1). Operational
factors can be controlled by correct stand managemsach as fertilization and
weed control. There are factors that are inheieithe site and species and are
more difficult to control, such as the sproutingaaity of the present genetic
material and climate of the site.

Operational factors that can readily be controlleg silvicultural
interventions include: stump height after treeirfigl number of sprouts per
stump, and harvest residue cleaning around thepstudvith higher stumps a
greater number of epicormic buds and lignotubenmsare, increasing the
probability of sprouting (Stape et al. 199B)calyptus coppice is normally cut
at a maximum height of 12 cm, the stool being gi@estoping surface to prevent
water from settling (Matthews 1991).

The abundant regeneration of sprouts per stumpeithar be managed
by thinning down to one, two, or three sprouts gteimp and be harvested at
later ages or be left unthinned and harvested ifonéss at early ages. A stump
thinning operation reduces growth competition benvesprouts, which can
result in more vigorous growth for the remainingagts. Souza et al. (2012)
found that out of eight differerucalyptus clones in a Brazilian site (cut at age
13 months and tested for stump thinning down to $emns per stump 9 months
after cutting), three responded with greater di@mefrowth, while the rest
presented greater but not statistically differemiugs when compared to
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unthinned stumps. Geldres et al. (2004) recommetidd for coppice

management oE. globulus andE. viminalis in Chilean sites a stump thinning
down to three sprouts be conducted 18 months afievest if the intended
purpose use is pulp or firewood. For sawn woodhi@ing should be down to

one or two sprouts per stump.

Table 1 Example of influential factors determinisgiccessfulEucalyptus
coppice management grouped per conditioning factm sprouting phase,
adapted from Stape (1997)

Conditioning factor Sprouting phase Influentialttas

Genetic Emission Species/Provenance/Clone
Hydraulic stress
Nutritional stress

Operational Establishment Stump height
Ant and termite control
Stump shading
Harvest damage

Sprout density per stump

Environmental Growth Thermal regime
Water Resources
Soil and Physiographic condition
Fertilization/irrigation
Weed control

Stump mortality may occur if the harvest residmpede direct sunlight
incidence or if the stumps are damaged during waoadest and forwarding
operations. Camargo et al. (1997) reported 8% hightemp mortality

comparing harvest residue shaded and unsh&degtandis. Machado et al.
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(1990) found stump mortality of about 15% taralba stumps damaged during
a wood forwarding operation. Both aforementionedhars reported sprout
height growth reduction for shaded and damagedstum

5 Stand density regulation and growth response

When managed under the CWS system, the growth gffdbe standard
trees experience two distinct phases, crowed sifrilde high forest stage and
very large opening after the first cut is carriett. Due to competition from
neighbors, diameter growth restriction of the staddtrees occurs during the
first growth phase. This is more pronounced if elspacing is used, as is
usually the case to guarantee a successful redgiemeod the coppiced stand.

The way the standard trees respond in growth aftquiring additional
growing space depends on the amount of crown maskable. When grown in
close spacingEucalyptus trees tend to produce small crowns. This occurs
because manfucalyptus species are crown shy. Crown shyness reflects the
sensitivity of naked buds dtucalyptus to any sort of abrasion. These buds,
which occur in the axil of every leaf and are cdpals very rapid growth where
environmental conditions are favorable, are dedi@id the branch is sensitive
to abrasion where crowns touch each other duertd sivay (Florence 2004).

In a CWS system, the first cut of the stand wiltwcwhen the trees
attain commercial dimensions (five to seven yeans fast growing sites),
resulting in relatively small crowns of standardes. Considering the different
growth processes that account for biomass accuinnlaif a tree, foliage
growth can be ranked as being of greater importathesm stem growth
(Dobbertin 2005). Thus, before tree resource cancdmecentrated in stem
diameter growth, the trees must first develop avormass that can sustain high
growth rates.
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After crown expansion takes pladgjcalyptus trees can take advantage
of the greater site resource availability and, gie@ough time, growth to large
diameters. Late thinning trials that have gone dawnlow densities of
remaining trees can be used to estimate the grpatintial of standard trees.
For example, th&ucalyptus citriodora thinning trial presented by Aguiar et al.
(1995) tested the effect of different thinning imgties on tree growth in the
Southeastern region of Brazil (fig.1). The initsglacing of the trial was 3 x 2 m
and the thinning intervention was undertaken at sgeen years, where a
selective thinning from below was applied. Even whdate thinning is applied,
the diameter growth capacity Bficalyptus trees when freed from competition
and grown in low density stands is high. Low thimmiintensities (unthinned
treatment and thinning up to 833 remaining stemMségulted in a 22% diameter
gains. Higher thinning intensities (leaving up 883tems/ha) resulted in higher
diameter gain, reaching 30%. The highest diamesém gas observed in the
most intensive thinning treatment (167 stems/hejching 50% seven years
after the thinning intervention. In the CWS systezuen lower densities of
remaining trees/ha would be left after the first, cwhich may accelerate
diameter gain.

The initial competition suffered by the trees beftberation means that
they will not be able to take advantage of the higgmeter growth rates that
Eucalyptus exhibit during young ages. Nutto et al. (2006)nested that growth
rates of up to 6 cm per year are possibleEagrandis during the first 3.5 years
of age for stands planted at low densities. Howeter authors mention that at
sites of upper quality growth rates of up to 4 em@ossible at latter ages if low
stand density is maintained.
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Fig. 1 Influence of different thinning intensitigs diameter growth for
Eucalyptus citriodora. A selective thinning from below was applied a¢ agven
years down from 1667 trees/ha. The numbers nexttedines correspond to

trees/ha after thinning. Data based in Aguiar e{18195)

If very low densities of standard trees are leferathe first cut (e.g.
densities lower than 50 tress/ha), and enough isngéven for the trees to grow
(e.g. rotations of 21 years or longer), very ladiggmeter trees can be obtained
from the CWS system. Nutto et al. (2006) estimateat in a site of higher
quality (mean diameter increment of 3.6 cm/yeaBeg with average diameter
of 54.5 cm are possible considering a 15 year iootafor E. grandis, with
thinning regimes starting at age 5 years and fileaisities of 115 trees/ha. The
same target diameter of 54.6 cm is possibléfglobulus planted in the Iberian
Peninsula in a 31 year rotation, with thinningsrtstg at age 6 and a final

density of 100 trees/ha (Nutto and Touza Vazqué&z R0

6 Stem form and wind resistance
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During the first growth phase of the standard titbeslateral restriction
from neighbors will accelerate live crown heigtgeri A more cylindrical stem
results from this initial competition for light, raie proportionally more
assimilates are allocated in or near the live crdwight than in other stem
sections (Larson 1963). For instance, Maestri (20880orted stem taper values
of 1.6, 1.1 and 0.7 cm/m between stem heights&dd 4.15 m for ten year old
Eucalyptus sp. trees grown in densities of 250, 450 and 1treks/ha,
respectively. The author attributed this variatiorstem taper as caused by the
lower green crown height of lower density stands.

The competition for light in stands grown at hidénsities prioritizes
height growth over diameter growth. This means #figr the first cut, residual
tress will have high slenderness values, as claiaetl by the height/diameter
ratio. Slenderness ratios lower than 80 m/m arellysassociated with wind
resistant trees, while values over 100 m/m claggifstable trees (Slodicak and
Novak 2006; Wonn and O’Hara 2001).

Eucalyptus trees, unless open grown, tend to present highdstarss
values. For example, Warren et al. (2009) repomtedn slenderness ratios for
three Eucalyptus species at age six years as ranging from 90 toni/id for
planting densities of 714 and 3333 trees/ha, réisjede The authors also
identified that planting densities over 1250 treagiesulted in mean slenderness
values equal to or greater than 100 m/m.

Thinning operations results in increased expostirestained trees to
wind, increasing risk of windthrow (Fagg 2006). Shithe abrupt opening of
stand after the first harvest, coupled with thehhglenderness values of the
standard trees, makes wind damage to the resitrad s possibility in sites
prone to strong winds. The dispersed nature o$tidwedard trees also contributes
to a higher wind damage possibility (de Montign¥p2))
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The small crowns of the standard trees after staeding is a factor that
can reduce wind damage possibility, due to redwied penetration and salil
area of small crowns (Rowan et al. 2003; Wood et2808). Accelerated
diameter growth of the standard trees after ttst fiarvest will reduce the tree’s
slenderness ratio, increasing wind resistance aime. For Australian
Eucalyptus forests, a recovery time of 2 to 5 years is carsid adequate for

stands to regain wind resistance after thinning Vet al. 2008).

7 Wood quality implications

Wood quality of standard trees may benefit froomagement in a CWS
system in three different ways: higher basic dgnsilues, lower levels of
growth stresses, and elevated production of matoos.

Eucalyptus trees tend to present higher wood density vallenvgrown
in low densities (DeBell et al. 2001; Espinoza kt2809; Malan and Hoon
1992), but this response is not always consisteatifart et al. 2003; Trevisan et
al. 2007). Trees with higher basic densities aspa@ated with quality wood for
solid wood products, with basic density affectingoa properties such as
stiffness, hardness, modulus of elasticity, and uhedof rupture (Dickson et al.
2003). Thus, if standard trees are able to resporidcreased growing space
with higher wood density values, higher qualitydagn be produced.

Due to the low density of residual trees after fingt harvest of the
stand, the remaining standard trees will have sfradevelop large symmetrical
crowns. Eucalyptus trees that grow with symmetrical crowns are léssly to
develop elevated growth stresses (Biechele et0fl9;2Touza Vazquez, 2001).
Growth stresses released during tree felling andscutting logs can lead to log
end splitting (Valencia et al. 2011).

Touza Vazquez (2001) has shown that selective itigsrihat prioritizes
adequate spacing of the residual trees can redunggtudinal growth strains (a



38

proxy for growth stress) up to 60% when comparedaw thinnings. This
author identified three patterns of longitudinabwgth strain formation foiE.
globulus trees (fig. 2).

The tree represented in fig. 2a is growing in amirenment of low
competition. Thus, crown development is symmetrazal stem bending caused
by the wind is reduced due to greater dimensiotabilgy. Growth stresses

develop in low intensity causing little or no stitig when the tree is cut.

150 um

X

Fig. 2 Relation betweeRucalyptus growth, distribution of longitudinal growth
strains (um) and log end splitting, where: a) ge@ving without crown lateral
restriction, b) tree growing with symmetrical crowateral restriction, c) tree
growing with unsymmetrical crown lateral restrictioAdapted from Touza

Véazquez (2001), reprinted with permission from GiSdera
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In the case of fig. 2b the tree is growing in awviemment of strong
competition, but evenly on all sides. In this cake,tree presents a small crown
and stem diameter, rendering it unstable and sigvaffected by wind sway.
The longitudinal growth strains are evenly disttéua) but occur at high levels in
order to stabilize the tree. When cut, the streswden the center and periphery
of the log is released immediately, causing deapks.

The tree represented in fig. 2c is affected by remvhental conditions
forcing the development of an asymmetric crown. he reacts with formation
of tension wood on the opposite side. This unewvstrildution of the crown
results in high intensity of growth stresses tlaat cause deep asymmetrical end
splits when the tree is cut.

Thus, a standard tree will first grow with a smalbwn, and since the
initial diameter increment is impeded, the growttaias associated with the
small crown will be concentrated in a smaller insection of the stem. Once the
standard trees are liberated, the development rgk larowns will decrease
growth stress rates and produce more stable wood.

The impediment of initial diameter increment cagbivith a high green
crown height will ensure a log with large portiasfsmore stable mature wood,
limiting juvenile wood formation to a small inneore. Juvenile wood possesses
less desirable wood properties than mature wodd.ftirmed during the earlier
growth stages of the tree (around 3 years) in ¢méral core of the stem and also
produced in the stem within the living crown orproximity to physiological
processes emanating from the living crown (Lardad.€2001).

Kojima et al. (2009) identified that the transitibetween juvenile and
mature wood formation for South AmericBhgrandis plantations depends on,
among other factors, the proximity of the stanthequator. Xylem maturation
for stands planted close to the equator starts whentrees attain a certain
diameter (around 40 cm). On the other hand, stptetgted further from the
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equator (below latitude 18°S) start xylem maturationce a certain age is
reached (9 to 14 years), regardless of tree groatéh

It can be inferred that high quality logs can beduced frormEucal yptus
trees managed under the CWS. The initial diametstriction imposed on the
standard trees before the first harvest meansjukanile wood will mostly be
confined to a small inner core. After the first\est, the standard trees will be
reaching the age to begin producing a transitionezbetween juvenile and
mature wood. Consequential development of largemsstmical crowns results in
lower growth stress development and productionigi lyuality logs for solid
wood products (Biechele et al. 2009).

8 Pruning

Eucalyptus species possesses self-pruning behavior; thisepsocan be
relied on to produce high-quality logs in nativegsts, where rotations are long
and densities high (Kearney et al. 20@)calyptus plantations for solid wood
products are managed at shorter rotations. Undant sbtations self pruning
does not guarantee clear wood production, sincd Beanches are not always
shed from the tree (Pinkard and Beadle 1998). Thashed dead branches are
dragged through the stem as radial increment occteating kino veins (Eyles
and Mohammed 2003).

To ensure production of high value clear wood fahm standard trees,
early pruning interventions must be applied. Tébkhows a common pruning
regime for intensively managed South Ameri€acal yptus stands.

The pruning regime presented in table 2 is applestands established
at low densities (620 trees/ha), where the firsinprg operation is combined
with a thinning to waste down to 450 to 500 rem@inirees/ha. The first
pruning intervention is done early to ensure thasthy live branches with small
diameters are pruned. Pruning dead branches matecteose knots and
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increase susceptibility to decay entry, inefficibranch stub ejection may create
problems of kino traces through the log (Smith et2806). Pruning small
branches also reduces the chance of decay spreattintpe stem from pruned
branches (Wardlaw and Neilsen 1999). The aforemeadti authors suggest a
maximum allowable branch diameter of 30 mmEonitens pruning.

Table 2 Example of a commercial pruning regime ifdensively managed
Eucalyptus plantations in South America, after Azta (2003) Maestri (2003)

Pruning Age (years) Pruned height (m) Pruned tnees/
First 1.5 3-4 450 — 500

Second 25 6-75 300 - 350
Third 3-4 9-10.3 250

Green pruning (pruning of live branches) accelasrgieuning wound
occlusion, maximizing clear wood production. Prognaing the pruning regime
to begin with canopy closure is ideal for qualitpad production as well as
wood growth, since after canopy closure lower bnescbecome shaded and
contribute little carbon to the tree (Montagu et28103).

The pruning of trees under a CWS management cdar difom the
regime presented in table 2 in two aspects: momgirtervention and lower
number of pruned trees/ha. Initial spacing affeesmoment of canopy closure,
where stands planted at higher densities go thrthiglprocess earlier than low
density stands (Ryan et al. 2004). Depending onirtitial density used, the
moment of first pruning might have to be anticipgate ensure pruning of live
branches.

Since trees harvested in the first cut will bedupeimarily for energy
and pulping, pruning should be restricted to steshdeees only. This implies
that selection of the standard trees must occtirarmoment of the first pruning
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intervention. Selection criteria typically includeminance (a proxy for vigour),
stem form, and evidence of bole defect (Smith arehBan 2006), as well as a
homogeneous distribution in the stand. Since aatéziuin growth after pruning
may result in a loss of dominance in the prunedstri@ relation to unpruned
trees (Montagu et al. 2003), care must be taketo asot remove excessive

amounts of green crown in the pruning operations.

9 Non-timber resource values

Recent changes in forest management perspectives lbéd to a shift
from the sole purpose of timber production to thevedlopment of
multifunctional forests and the structural divacsifion of stands, incorporating
recreational needs and nature conservation intlitizaal forest management
(Lassauce et al. 2012; Wohlgemuth et al. 2002).

Coppice with standards may be more appealing totaia non-timber
resource values, when compared to high forest mplsi coppice systems.
Coppice woods with standard trees are generalherién wildlife than those
without (Fuller and Warren 1993). Standard treeafer an additional stratum of
vegetation which is important for many insects bimds. Standard trees can also
be a source of dead wood production for the st#vmbdy debris in a stand is
important to maintain saproxylic insect diversitagsauce et al. 2012).

Understory plant regeneration may also be morerdes under CWS
stands. For example, Decocq et al. (2004) founidjlaeh and more functionally
diverse understory plant species pool in a tempetatiduous forest managed
under a CWS system, compared to a close to natlgetive cutting system.

All these result findings are restricted to therendraditional CWS
plantations of European countries. Similar rese@alharranted foEucalyptus

plantation forests managed under this system.
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10 Worldwide experiences withEucalyptus under CWS system

Eucalyptus plantations have been managed to some extent uhder
CWS system in South African countri€s.grandis stands were managed by the
CWS system in Zimbabwe and Malawi for the supplyt@ismission and
building poles, posts, and fuelwood. In these pitoms, 50 to 200 standards
were retained after the first harvest at age 5 yeafs, with the final harvest of
the whole stand by age 12 (Poynton 1983).

Recent research concerning the managemeri. ajlobulus for the
production of quality solid wood products in noréstern Spain under short
rotations has taken note of the possibility of aggtion of the CWS system
(Nutto and Touza Vazquez 2004). This regime is amsegd of an initial planting
density of 1111 trees/ha, followed by two thinnirjgges 6 and 11 years) down
to 530 and 130 trees/ha, respectively. The whaledsis cut by age 26 years (or
later), guaranteeing large diameter standard fogesolid wood products as well
as 100 mof additional wood from the coppice growth for pink.

A high density of standard trees can impose edeivabmpetition on the
coppice crop. Finding the ideal trade-off betwe¢sndard tree density and
coppice growth is important for the success of ti@nagement oEucal yptus
under CWS system.

Reynders (1984) studied the spedtesaligna andE. maidenii managed
under simple coppice, CWS, and high forest systaniastern Africa (Rwanda
and Burundi). The experiment was installed in ssanith initial density of 4444
trees/lha at 5 years of age, being implemented wsithen treatments:
clearcutting, keeping 6 different intensities adratard trees in the stand (100,
150, 200, 250 and 350 to 400 trees/ha), and thitmedbout 2000 trees/ha (fig.
3a and b). Total volumetric production of the diffiet treatments was very
similar. Only clearcutting and thinning to approxrimly 2000 trees/ha
treatments were statistically different. This ladfksignificant difference allows
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the manager a great freedom of action. This augmrmmended the application
of the CWS system by cutting the coppice growth smtte standard trees every
5 years, to reach a final density of 50 standaedsttha. As for the remaining
density of the standard trees, a low intensity C8¢8em (between 100 and 250
trees/ha) allows the coppice wood to reach apprtgpdommercial size between
cut periods (every 5 years) and allows high increnfier the standard trees. For
the system practiced at high intensity (up to 4@@s/ha) greater importance is
given to the standard trees, making the coppicaedymtion of secondary
importance.

Fig. 3 shows productivity for differenEucalyptus species managed
under the CWS system in Africa (fig. 3a and b) &nazil (fig. 3c and d). The
numbers inside the columns represent the averagengoper tree for the
standards and average volume per stump for (aXl@ndverage diameter per
standard tree and per sprout for (¢) and averagmealier per standard tree and
per stump for (d). The differences in productiviigtween the Brazilian and
African sites are mainly due to initial spacing sién of circa 1800 trees/ha for
the former and 4444 trees/ha for the later.

Reports of two trials ofEucalyptus managed as CWS system in
southeastern Brazil are available, Spina-Franc8)LWith E. camaldulensis
(evaluated 5 years after the first cut of an 8 yadrstand, fig. 3c), and Inoue
and Stohr (1991) witk. grandis (evaluated 4 years after the first cut of a 7 year
old stand, fig. 3d). Both studies conducted thepampwith two to three sprouts
per stump.

Particularly forE. saligna, five years after the first cut Spina-Franca
(1989) noted that standard trees did not influengw®ival, average height, and
dominant height of the sprouts; standard treesrdidence the development of
quadratic mean diameter of the sprouts; there wasompetition between the
standard trees. For reasons unexplained by therutte standard trees in the
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CWS with the lowest density (25 trees/ha) did naspnt the highest diameter
gain. This might have been due to a micro-site lerab since this treatment
presented the highest stump mortality of all, 38sus an average of 19% for
the other treatments. The author did not recomntieaitE. saligna be managed

under the CWS system, stating that amount of woed taused by not cutting

the standard trees and the competition to the ceppnderstory as the main
reasons.

M Standards W Coppice

W Standards M Coppice

Volume (ni/ha)

24.4 cm i1 28.8 cm @27.1 cm W27.1 cm @25.5cm

0 25 50 75 100 125 150
Density of standards (N/ha)

0 100 152 196 248 464 2408
Density of standards (N/ha)

M Standards W Coppice d B Standards M Coppice

Basal area (mzlha)

203cm

0 100 152 200 248 368 1432 0 25
Density of standards (N/ha)

50 100 200
Density of standards (N/ha)

Fig. 3 Standing wood volume per hectare at ageof &dcalyptus maidenii (a),
E. saligna (b), at age 13 foE. saligna (c) and standing basal area at age 11 for
E. grandis (d) managed under the CWS system, contrastinguptiamsh from

standard and coppice trees. Data based on Inoueéstimd (1991); Reynders
(1984); Spina-Franca (1989)
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Consideringk. grandis, Inoue and Stéhr (1991) reported that when wood
prices are not differentiated by log size, simppgice was more profitable than
the CWS system for standard densities ranging f@into 200 trees/ha.
However, when logs from the standard trees attagep 1.4 times greater than
the coppice wood, CWS system with a density of 2&s/ha was the most
profitable regime. For selling prices 3 times geeaCWS system with a density
of 200 trees/ha became the most profitable regitms.interesting to note how
the standard trees conducted in the lowest de(@8ytrees/ha) responded in
diameter growth, with values 34% higher than th&t dewest density. This

shows the growth capacity Bf grandis when freed from competition.

11 Potential application ofEucalyptus under the CWS system

The sprouting capacity and large dimensions atthity many
Eucalyptus species make them excellent candidates to be rednlag a two
layer CWS system. The few experiences publishett thie genus managed
under this system have not kept long term measuresine oldest found in this
study going up to 13 years. It can not be ruledtbat the CWS management
scheme is more profitable than clear cutting fodwby coppice management
when the standards are allowed to grow for thremane cycles (a rotation of 21
years considering a 7 year cycle), provided thghdui prices are paid for large
diameter wood. Long term research plots are neemedjuantify wood
production under this scenario.

A key component of the CWS system is the divemsifon of products
obtained from the stand. To benefit from this déifezation, the forest must be
situated within economical transportation distatccemall scale wood markets.
Since large scale wood can be sold at premiumritenay be able to sustain
longer transportation distances. Even larger difieasion of products obtained
from the forest can be achieved in the CWS systean essential oil producing
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Eucalyptus species is used. This way, leaf production can bk sold at the
moment of wood harvest. Common oil yieldikgcalyptus species includek.
citriodora (currently Corymbia citriodora), E. globulus, E. polybractea, andE.
camaldulensis (Batish et al. 2008).

E. critriodora is an ideal candidate for management by the CVg&By
The species presents high wood basic density, waithes ranging from 790 to
910 kg/mi (Almeida et al. 2010; Néri et al. 2000). This higlvod density
designates that the species is suitable for chirasawell as solid wood
production.E. critriodora can reach large diameters if grown in low dersitie
even when late thinnings are applied (fig. 1).

Thus, the growth, wood properties, and essentiapmiduction ofE.
critriodora can result in successful management of the specigsr the CWS
system, especially if conducted in high charcoalsconing areas. While studies
claim thatE. critriodora possesses good sprouting potential (Andrade 1961;
Ferrari et al. 2004), some authors have reportaibl@ms with sprouting
capacity (Higa and Sturion 1991; Webb et al. 19&i)veira et al. (2000)
indicated that the sprout growth of the specidimiged to the nutrient status of
the plants. In this sense, fertilizer applicatioaumd the time of harvest, as well
as amelioration of the many factors that can neghtiinfluence coppice
regeneration (table 1), are important to ensurestiecessful management of
Eucalyptus under the CWS system.

An example of a suitable area for the managemefucdlyptus under
the CWS system is Minas Gerais State, Brazil. ua targe charcoal based
steel industry, Minas Gerais State is the largessemer oEucalyptus charcoal
in Brazil, consuming 81% from a total national aamgtion of 3.5 million tones
in the year 2010. This State was also responsilsléhe production of 40% out
of a total of approximately 10 thousand tones @& tlation’sEucalyptus leaf

production used for essential oil extraction in @IBGE 2011). As for solid
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wood products market, the State houses the thigada furniture industry of the
country (Pires et al. 2008), with many companidagiEucalyptus wood as raw

material (Teixeira et al. 2009). The combinationdiferse markets and the
current 1.4 million hectares &ucalyptus plantations in Minas Gerais (ABRAF
2012) make it a potential site for small and medionest owners to diversify

forest production using the CWS system.

11.1 Recommended management regimétmal yptus in CWS system
An outline for the silvicultural management Bficalyptus under the
CWS system is presented (table 3). It is importamtote that this scheme will

vary according to specific site and species pegtia.

Table 3 Outline of the main silvicultural operator be applied ifEucal yptus

stands managed under the CWS system considerinditf@cent initial planting

densities
1* rotation Unit High density (2 x 2 m) Low densityX 3 m)
Pruning Years 1-2 15-25
1% cut Years 55-7.5 6.5-8.5
Remaining
standards Trees/ha 25 — 100, depending on objective
Coppice
management
Stump
thinning Months 6 — 9 after cut
Number of
sprouts Sprouts/stump 1 - 3, depending on objective

7, 6 or 5 years after harvest for 1, 2 and 3
Coppice cut Years sprouts/stump, respectively
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The first silvicultural operation that must be caoted on the standard
trees is live crown pruning. The appropriate timmecbnduct this operation is
upon canopy closure, which varies with species, aitd planting density. The
growth rate of the trees will also determine th@rapriate time for the first
harvest, with higher productivity sites, and higheitial densities, requiring
earlier intervention. The number of standard treesemain in the stand will
depend upon the desired target diameter of thess nd importance given to
the coppice production. If high coppice yield cagplwith large diameter
standard trees is desired, very low standard dessian be practiced (e.g. 25
trees/ha).

Fertilizer application prior to or right after tfiest cut may be helpful to
guarantee a successful regeneration and growtheotappice understory. A
sprout thinning operation can be conducted to awwidessive competition
between sprouts, which can start around 6 montks thie first cut. The number
of sprouts per stump will determine the size o&fficoppice production as well
as the age of sub sequential coppice harvestdngtance, leaving three sprouts
per stump will result in small scale wood for eneagnd early harvest to avoid
growth stagnation of the coppice wood.

The number of coppice cycles before the harveshefstandard trees
will be determined by the target diameter of trendard trees as well as their
density. For example, a low initial planting depditllowed by three coppice
harvests leaving one sprout per stump will allow #tandard trees to grow
during a 28 year rotation. This long rotation oé tstandard trees will ensure
large diameter logs with abundant production oblstamature wood. The
advanced age and possible damage to the remainimgps may require
replanting the entire stand after the standard taee harvested
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ARTIGO 2 - Effects of green pruning on clonal Eucalyptus grandis x
Eucalyptus urophylla growth

Abstract

The present paper focuses on the effects of prumintpe growth oE. grandis

x E. urophylla in Espirito Santo (Brazil). The objective of thigrk is to
determine the level of green crown pruning thatsdoat effect tree growth, this
way increasing the amount of clear wood produditioa single lift. It was found
that it is possible to reach up to a mean heigm.®fm (70 % of total tree height
pruned corresponding to a 62 % of live crown rerfjovaa single pruning lift
without affecting the size of a residual thinnednsk to 700 trees per hectare.
Management implications of different pruning andnming regimes are
discussed.

1 Introduction

Eucalyptus plantation areas in Brazil are among the largeshé world,
covering about 4 million ha, which represents 2084he total area planted
worldwide (lglesias-Trabado and Wilstermann, 200B)e majority of these
plantations are oriented to energetic and pulpingp@ses, characterized by high
planting densities, few silvicultural interventioafter establishment and short
rotation lengths. The production of sawn wood dsifrom planted eucalypt is,
however, increasing (Brazilian Association of For@&dantation Producers,
ABRAF, 2011).

When growing forests for solid wood production mges, the quality of
the wood is a key factor determining the pricehaf final product. Wood quality
can be achieved through the production of cleardy@og. wood without the
occurrence of knotd€ucalyptus species posses self-pruning behavior, and this

process can be relied on to produce high-qualitys lm native forests, where
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rotations are long and densities high (KEARNEY ket 2007). On the other
hand, self pruning does not ensure clear wood mtamuin plantation forests,
since many times dead branches are not effectstedyl from the stem due to
lower stocking and short rotations lengths.

Artificial pruning can be applied to ensure the darction of quality
products in plantation forests, being consideredntiain management technique
available to restrict the knotty core and therefoediably maximize the
production of clear wood within the log (SMITH ét, 2006). To ensure that the
full benefits of pruning are attained, it is recoemded that pruning intervention
occurs when the branches are still alive, as earl§2-24 months for eucalypts
species (MONTAGU; KEARNEY; SMITH, 2003). Smith dt §006) showed
that the occlusion rates of pruned dead branche® wimilar to those of
unpruned dead branches. Green crown pruning ensuaéghe branches are
small, facilitating pruning wound occlusion (POL&f al., 2006)

According to Alcorn et al. (2008), understanding tihtensity of live
crown removal that reduces growth is critical te tevelopment of appropriate
pruning regimes that minimize long-term growth retthns. Pruning operations
that are too drastic can delay tree growth. Pruisngn expensive silvicultural
operation, so it is advisable to reach the highashing height as possible with
out effecting tree growth.

According to Forrester et al. (2010), many speces capable to
withstand as much as 40% of the green crown lerggttoval without reducing
stem growth. Eucalypt species are generally maistent to pruning, resisting
up to 50% of lower live crown removal with littleffect on tree growth
(PINKARD; BEADLE 1998a), if conducted at or afteanopy closure.

While many studies have reported the effects ofiipgiEucal yptus after
canopy closure in Brazilian sites (e.g., FINGERIet2001, PULROLNIK et al.,
2005, FONTAN et al., 2011), the treatments appliede not severe enough to
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cause growth loss from excessive crown removals Tésves an information
gap concerning exactly how much crown area caneb®ved in a single lift
when applied to Brazil's fast growing sites.

The objective of this work is to determine the leafeclonal E. grandis x
E. urophylla green crown pruning that does not effect tree dupuhis way
increasing the amount of clear wood production isirggle lift. The main
hypothesis of this work is that higher pruning imétions will result in trees
with smaller mean diameters and basal area valuidls,no effects in height
development.

2 Material and methods
2.1 Origin of data

Two experimental sites were established in Aradffagpirito Santo,
Brazil). The stand of the first experiment (trialvtas planted in November 2000
with 3 x 3 m spacing. In the autumn of 2002 (1 y&anonths after planting), a
single lift pruning was conducted on all trees héag five alternative heights: 0,
40%, 55%, 70% and 85% of the total tree height. 3émnd experiment (trial
2) was planted in May 2002 and subjected to theeda@atments, but the single
lift pruning on all trees was conducted during sgrfalso 1 year 4 months after
planting). Pruning was done using a pruning saachtd to an extension, where
branch removal was flush with the stem. The sitlexn(mean height of the 100
thickest trees per hectare at age 7 years) fds ttiand 2 were of 27.0 and 28.5
meters, respectively (estimated using an equatiom FERRAZ FILHO et al.,
2011).

Trials 1 and 2 are located 13 kilometers from eatbler (grid references
19° 55' S 40° 08' W and 19° 48' S 40° 12' W), tituales of 34 and 59 m asl,
respectively. The climate of the region is classifas tropical humid with a dry
winter season (Aw according to the Koppen classifin), with average



63

temperature of 23°C and average annual precipitatidl,400 mm (MARTINS
et al., 2011). The prior use of both trial areagsenmeucalypt plantations. The
soils of both trials are classified as Yellow Agisvith medium to clayey
texture. This soil is moderately deep and well mdi with the presence of a
textural B horizon. Stand soil preparation prioptanting was similar for both
sites, including a subsaoil ripping operation 80 de®p and soil correction and
fertilization. Prior and post plantation fertilibah was conducted in accordance
to current Brazilian commercial standards (e.g. GNVES et al., 2008) 3
and 12 months after planting. When necessary, wesegbetition was controlled
using glyphosate based products

The experiments where set up in a randomized hdeslkgn, consisting
of three repetitions. Each sample plot is comprisiedight trees, with a double
buffer row in the exterior and single buffer rowtire interior of the experiment.
All the trees had their circumference and totahemeasured at the time of the
trial establishment. Afterwards, measurements whetken every three months
until the stands completed approximately 3 yearddifonal measurements
were made at age 3.4 and 4.4, when the experimeepte

At time of the pruning, the stands presented méameters (dbh) of 9.5
cm and 7.9 cm, and a mean height of 11.0 m andh®fbr trials 1 and 2,
respectively. The height of the living crown wasasared for all trees prior to
pruning (only in trial 1). Average live crown heiglbefore pruning, not

considering isolated green branches, was 2.3 rmiébrl (table 1).
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Table 1 Average pruning height (ph) values forlgrih and 2 and amount of
removed live crown (rc) for trial 1, the valuesparenthesis are the standard

deviations.
Trial 1 Trial 2
Treatment ph (m) Rc (%) ph (m)
0% 0.0 (0.00) 0.0 0.0 (0.00)
40% 4.5 (0.21) 22.6 3.8 (0.15)
55% 6.1 (0.23) 43.3 5.2 (0.18)
70% 7.9 (0.22) 62.1 6.7 (0.17)
85% 8.9 (0.74) 81.1 8.2 (0.25)

2.2 Statistical analysis

Analysis of variance (ANOVA) using a split plot irme scheme (as
presented in CASELLA, 2008) was used to assesfteetef pruning on tree
and stand growth. The variables analyzed were: efiamat breast height (dbh,
measured at 1.3m from the ground), dbh mean motrichement, total height
(h), h mean monthly increment; stand basal area sledderness index
(expressed as H/DBH). The statistical software IRMFERREIRA, 2008)
was used to perform the ANOVA. Variables wihvalues smaller than 5%
were considered as statistically significant.

Considering that the studied stands will undergthianing operation
after the end of the pruning trial, the effect ofiming on dbh of different size
class trees was also analyzed. This was accomglissing a linear mixed
model approach. The model (1) formulation consistedelating the dbh of
different size classes (mean diameter of the 180, 220, 560, 700 and 830
thickest trees per hectare, as well as the overadin diameter) to the logarithm
of age and pruning treatment as a factor. To adcfarnthe different starting

points of both trials, a random intercept in fuantiof the trial was inserted in
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the model. All the mixed models were parameterirethe statistical software
R, using the nime package (PINHEIRO et al., 2012).

dbhe =Bo +B1 * In(agex) + P2 * Tu + U + & 1)

Where dbh is the mean diameter at breast heighd; cagresponds to the
measurement date; and T is a factor variable towatdor treatment variability.
Subscripts | and k refer to trial and plot, resiwety. ul and elk are independent
and identically distributed random between-triadl amithin-trial factors with a
mean of 0 and constant variancesgf andcszph respectively.

3 Results

The interaction between pruning and measurement sag@ficantly
affected the mean dbh, dbh increment and slenderuestrial 1. Excluding
slenderness, the same variables were affectedehiptidraction between pruning
and age for trial 2, with the addition of basalaarBisregarding the variables
with significant interaction between pruning andeagbasal area was
significantly influenced by pruning treatment forat 1, as were height
increment and slenderness in trial 2. As expeetiédariables were significantly
influenced by measurement age (table 2).

The coefficients of variation for the treatmenttéacof the ANOVAs
were of 12.4% and 9.4% for trials 1 and 2, respebti These values ranged
from 6.4% (height) to 23.2% (dbh increment) inltlisand 4.2% (slenderness) to
15.1% (basal area) for trial 2.
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Table 2 Summary of the analysis of variance usingplit plot in time
formulation to determine the effect of pruning treant in different aspects of
tree and stanBucal yptus grandis growth.

Pruning Measurement Age Pruning x Age
F P- F P- F P-
Variable  df statistic value df statistic value df statistic value
Trial 1
dbh (cm) 4 528 0.0228 1549.82<0.001 32 2.04 0.005
dbh incr.
(cm/month) 4 0.80 0.5577 605.81 <0.00128 21.18 <0.001
Height(m) 4  3.44 0.0648 1670.29<0.001 32 0.75 0.819
Height incr.
(m/month) 4 173 0.2377 71.62 <0.00128 0.73 0.819
Basal area
(mP/ha) 4 493 0.027 8 1182.08<0.001 32 1.41 0.111
Slenderness
(m/cm) 4 1.02 04518 147.02 <0.00132 1.64 0.040
Trial 2
dbh (cm) 4 562 0.0198 3622.65<0.001 32 3.35 <0.001
dbh incr.
(cm/month) 4 7.14 0.010 7 926.67 <0.00128 21.62 <0.001
Height (m) 4  3.23 0.0748 2267.32<0.001 32 0.75 0.817
Height incr.
(m/month) 4 6.09 0.0157 297.67 <0.00128 1.06 0.411
Basal area
(mP/ha) 4 506 0.0258 1858.68<0.001 32 2.54 <0.001
Slenderness
(m/cm) 4 468 0.0318 237.01 <0.00132 0.92 0.590
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Considering mean tree values, more intensive pguriperations
resulted in smaller trees with larger slendernessies, confirming the main
hypothesis of this work. An exception occurredtf@ pruning treatment of 40%
of tree height, which presented smaller diametéresmthan the 55% and 70%
treatments for trial 1 and 55% for trial 2 (table f&yure 1). The higher
slenderness values for more intensive pruning \earesult of smaller diameter
and statistically equal height values. Height valskbowed a trend to be smaller
for more severe pruning but the differences wetestatistically significant.
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Figure 1 Mean diameter at breast height (DBH, 1)3imarements and mean
DBH between successive measurements following pguof 0%, 40%, 55%,
70% and 85% of total tree heightHucalyptus trees at trial 1 (a, ¢) and 2 (b, d).

Error bars represent the standard error of means.
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The analyzed stand variable basal area followeddhge behavior as the
dbh, with more intensive pruning presenting lowalues and an inversion of
the 40 % treatment with treatments 55% and 70%rifmirone and 55% for trial
2.

Table 3 Mean tree and stand values differentiagiugul ukey’s least significant
difference post-hoc analysis. Values correspondge 4.4 years, numbers in
columns followed by the same letter are not statiy different.

Pruning treatment dbh (cm)  height (ns)(m/cm) G (nf/ha)
Trial 1
0% 154 a 206a 134 a 20.7a
40% 149 b 206a 138 b 196 a
55% 15.2a 203a 133 a 204a
70% 15.3a 205a 134 a 204a
85% 145 ¢ 200a 138 b 184 b
Trial 2
0% 159 a 230a 144 a 224a
40% 155 b 229a 148 a 212 b
55% 159a 229a 144 a 222a
70% 155 b 23.1a 149a 212 b
85% 146 c 221a 151 b 187 c

The parameter estimates for the linear mixed modeldifferent dbh
size classes in relation to the logarithmic of agé pruning treatment are shown
in table 4. The pruning treatments were treatedussmy variables within the
models, thus a significant parameter indicatestti@mtreatment is different than

the unpruned trees.
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Table 4 Parameter estimates for the linear mixedeaiof different dbh size
classes in relation to the logarithmic of age anghimg treatment. Asterisks

indicate significance at a 99% confidence interval.

Parameter dbh  dbh14@bh280 dbh420 dbh560 dbh700 dbh830
Intercept 7.675* 7.948*7.853* 7.828* 7.796* 7.766* 7.750*
log(Age) 5.318* 6.010* 5.917* 5.826* 5.742* 5.652* 5.544*

40% -0.203 -0.007 -0.022 -0.050 -0.056 -0.093 ®.12

55% -0.037 0.049 0.054 0.039 0.034 0.032 0.027

70% -0.224* -0.027 -0.047 -0.143 -0.188 -0.20m229*

85% -0.969* 0.825* 0.803* 0.830* 0.882* 0.903* 0.927*
Error between

trials 0.386 0.453 0.416 0.397 0.386 0.391 0.393
Error within

trials 0.561 0.681 0.625 0.607 0.599 0.589 0.575
4 Discussion

The present paper analyses the pruning effectsantly of Eucal yptus
grandis x Eucalyptus urophylla after canopy closure with high initial density
(1111 trees per hectare). At the establishmertimekperiment the lower crown
of the trees was undergoing mortality. Growth Igssmused by pruning
conducted before canopy closure or on trees plaatt@dder spacing are likely
to be more pronounced than the response shownidnstady. Under close
spacing, eucalyptus trees tend to present an atedt natural crown rise
(RYAN et al., 2004). This phenomenon results inltveer part of the crown not
contributing much to tree growth (MONTAGU; KEARNEYSMITH, 2003).
Since pruning was conducted in all trees of thendstadiscussion and
management implications are restricted to this tfpggruning regime. Dominant
loss of pruned trees in relation to unpruned treght occur for high level
selective pruning operations (ALCORN et al., 2008NKARD; BEADLE,
1998a).
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Diameter growth response to pruning is linked te productivity. For
instance, Forrester et al. (2012a) reported thamipg E. nitens in unfertilized
treatment caused less influence in stand developmdren compared to
unpruned trees in a nitrogen enriched treatmenedears after pruning, trial 2
presented a higher dbh growth rate for unprunesbsttean trial 1. This higher
productivity site presented a larger dbh growthuotidbn between unpruned
trees and the highest pruning treatment (8.2%), pewed to the lower
productivity site (5.9%). For the lowest produdijvisite (trial 1), the 70%
pruning treatment presented mean diameters statlgtiequal to the unpruned
treatment, while a significant difference occurimedhe higher productivity site
(trial 2).

Pruning treatments had little effect on dbh incretméfter 9 months of
the pruning intervention, the most drastic pruniregatment (85%) was able to
reach the same increments as the unpruned treatrffentre 1). The recovery
time for the 70% treatment was even shorter, reachinpruned increment
growth 6 months after the pruning intervention. Whthe 70% pruning
treatment was able to present mean dbh valuesasimilunpruned trees three
years after pruning, the mean dbh of the 85% treatmwas permanently
affected. Longer diameter growth recovery periodst pruning forEucal yptus
pilularis and E. cloeziana were reported by Alcorn et al. (2008), 8 and 12
months for 50 and 70% green crown length remoeapectively.

Diameter growth response was more sensitive toipgueffects than
height in both trials. This can be explained coesity priority of carbon
allocation for biomass accumulation in trees, whimlege growth (and thus
height growth) can be ranked as being of greatpoitance than stem growth
(Dobbertin 2005).

While higher pruning treatments presented highemdgtrness values, all
treatments had elevated slenderness values. Oimcentip occurs in the stands,



71

augmented diameter growth will reduce the slenderralues. Low slenderness
values (e.g. lower than 1) are associated with wésistant trees growing under
low growth strains (BIECHELE; NUTTO; BECKER, 2009yOOD et al.,
2008). Both these characteristics are desirablesfands managed for solid
wood products. This way, in high wind prone ardasnight be adequate to
restrict pruning operations so as to not reduceneiar development and
consequently slenderness values.

This study showed that while a desired maximum ipgueight that
promotes clear wood production without negativdéfecing tree growth exists,
there might also be an undesired minimum pruninghtehat negatively affects
tree growth in the long term. Approximately 3 yeaafter the pruning
intervention, the 40% of total tree pruned heigbatment presented lower mean
diameter values when compared to the higher prinegghts of 55% and 70%
for trial 1 and 55% for trial 2. This behavior cduccur due to the reason that in
a light pruning operation (e.g. 22% of removed gremwn), trees are exposed
to the negative effects of leaf area removal withmnefiting from the positive
effects on canopy characteristics.

Pruning causes changes in canopy architecture asisipartitioning and
up-regulation of photosynthesis in remaining lea@®RRESTER; BAKER,
2012). The negative effects of green crown remdwmalcanopy dynamics
include: a) decrease in leaf area resulting in ceducapacity of the tree to
assimilate carbon and absorb photosyntheticalliyeactdiation (FORRESTER
et al.,, 2013; PINKARD; BEADLE, 1998b); and b) loss nutrients from the
removed branches that would be remobilized in theewve (TAGLIAVINI;
MILLARD; QUARTIERI, 1998). The positive effects afreen crown removal
in canopy dynamics include: a) increase in remginfioliage efficiency as
determined by biomass increment per unit leaf §B&NDARA et al., 1999;
FORRESTER et al., 2012b); b) increase in the plyotbetic rate of remaining
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foliage with the increase of GQassimilation (FORRESTER et al., 2012b;
PINKARD et al.,, 1998); c) reduced stand respiratiGf©RRESTER et al.,
2012b); and d) increased water used efficiencit ligge efficiency and specific
leaf area (FORRESTER et al., 2012b; 2013).

This way, the interaction between the differentitpas and negative
effects of pruning may have reduced growth capaufitthe 22% green crown
removal pruning regime, resulting in greater grovebponse of more intensive

pruning regimes in the long term.

4.1 Management implications

Two different approaches for the management oflgptéor solid wood
products are possible: intensive and multiproduahagement. Intensive forest
management can be defined as the manipulationilofrsd stand conditions to
ameliorate factors that limit tree growth (FOX, BPOIn the case of intensive
forest management, this means controlling standityeim order to use the high
diameter increment potential &ucalyptus grandis in the first 3 years, which
can be as high as 4 to 7 cm per year (NUTTO; SPATHEBELING, 2006). In
practical terms this is accomplished by initialrilag at low densities (about
550 trees per hectare) or by an early thinning astes operation (thin to about
550 trees per hectare prior to or just after carebpsure).

Whereas intensive management focuses in the grafith limited
number of candidate trees, multiproduct foresiiscerned in the growth of the
stand as a whole. A typical joint management sysfemthe production of
cellulose or biomass material from thinning harvemtd solid products from
final cuts was described by Maestri (2003). In thystem, an initial planting
density of 1111 trees per hectare is thinned totdé#}s per hectare at age 5 to 6
years, and a second thinning operation is carnigchbage 8 to 9 years to 250

trees per hectare, with a clear cut after age afsye
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The results of this study imply that 70% and 85%njprg treatments
resulted in lower mean dbh values when comparetig¢aunpruned treatment.
Since these stands will be thinned down to 45Gstpee hectare, this growth loss
will be compensated by the higher amount of cleapdvproduced by higher
pruning. While the 85% treatment reduced mean dilhes even for the 140
thickest trees per hectare, the 70% treatment prdgented lower growth than
unpruned for the 830 thickest trees per hectarés ifplies that the residual
stands of unpruned or pruned to 70% total treehteigl be equal for thinning
operations that leave at least 700 trees per leectar

The results found in this study have important iogilons for the
management of eucalyptus for solid wood productssiciering a multiproduct
management scheme. If first thinning wood produnctfonot a priority, pruning
can reach up to 70% of total tree height (62% e@felolive crown removal)
without affecting growth of a residual thinned staWhen greater importance is
given to the production of the first thinning op@wa, less intensive pruning
operations must be carried out (55% of total treight or 43% of live crown
removal) to ensure productivity equal to an unpdustand. The possibility of
this high pruning early in the life of the standa®s that mostly live branches
are cut, facilitating the occlusion of the prunimgpunds and consequently

increasing wood quality.
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ARTIGO 3 - Pruning effects on Eucalyptus grandis x urophylla planted at
low density

ABSTRACT

The interest inEucalyptus species as provider of raw materials for solid oo
products is growing worldwide. Trees planted ungiele spacing usually do not
need early thinning operations, and since they ldpviarge and long lasting
branches, early pruning interventions become venpoitant to ensure
acceptable wood quality. The objective of this wisrko evaluate the effects of
different severities of pruning oBucalyptus grandis x Eucalyptus urophylla
growth. The pruning trial was installed in a onaryeld stand located in Jodo
Pinheiro, Minas Gerais, Brazil. The stand was madagnder a silvopastoral
regime, planted in 9x3 m spacing. Pruning treatsyeonsisted in lower green
crown removal at different tree heights: 0% (ungdjn 20%, 40%, and 60% of
pruned total tree height. All trees in the sampletsphad diameter at breast
height (1.3 m) and total height measured prior tonng and one year after
pruning. The effect of pruning on tree growth wasessed considering two
different resolutions, stand level and tree leviééats. Considering the stand
level analysis, pruning caused reduction on meametier and height values for
treatments 40% and 60% pruned heights. Pruning @0% of total tree height
resulted in mean stand attributes statisticallyatqa the unpruned treatment.
The tree level analysis showed that for the twerimidiate treatments, pruning
reduced growth of the smallest trees of the starile the largest trees were

able to present growth similar to the unprunedstree

INDEX TERMS

Solid Wood Products, Silvicultural Intervention,rEst Management
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RESUMO

O interesse em espécieskl&alyptus como fornecedoras de matéria prima para
produtos de madeira sélida é crescente no ambitodiau Arvores plantadas
em espacamentos amplos geralmente ndo necessitapedEdes de desbaste
precoce, e como desenvolvem galhos grandes, inges de poda se tornam
importantes para garantir qualidade da madeira.bjgtivco deste trabalho é
avaliar os efeitos de diferentes severidades dea poal crescimento de
Eucalyptus grandis x Eucalyptus urophylla. O experimento foi instalado em um
talhdo com um ano de idade, em Jodo Pinheiro, MB®&ais, Brasil. O talhdo
foi manejado em esquema silvipastoril, com espagamee 9x3 m. Os
tratamentos consistiram na remog&o da porcao anfda copa viva a diferentes
alturas: 0% (ndo podada), 20%, 40%, e 60% da altdeh da arvore podada.
Todas as arvores das parcelas tiveram diamettara dlo peito (1,3 m) e altura
total medidas antes e um ano apds aplicacdo de @bddeito da poda no
crescimento florestal foi avaliado considerandosdoiveis: do talhdo e da
arvore. Considerando a andlise no talhdo, a podsooareducédo nos valores
médios de diametro e altura para os tratamentos &l®2 da altura podada.
Poda até 20% da altura total da &rvore resultowatimutos médios do talhdo
estatisticamente iguais ao tratamento sem podaafisa por arvore mostrou
gue nos dois tratamentos intermediarios houve Bedup crescimento das
menores arvores, enquanto as maiores arvores foegnazes de apresentar

crescimento similar as arvores nao podadas.

TERMOS PARA INDEXACAO
Produtos de Madeira Sdélida, Intervencéo Silvicaluvianejo Florestal
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INTRODUCTION

Considering the silvicultural tools available tadst managers to grow
trees for solid wood products, thinning and prunim@ among the most
important. While thinning allows target trees tawrto large diameters by
means of stand competition reduction, pruning &aisited with wood quality
enhancement through clear wood production.

To minimize the cost of pruning, only stems to lvewn for the final
crop are generally pruned (NEILSEN; PINKARD, 2003)nder these
circumstances, a thinning operation is usually doetb with the pruning
operation to avoid that pruned trees lose vigaelation to unpruned neighbors.
Early thinning operations are usually unnecessdrgniatrees are planted at low
densities, making pruning the main silviculturalecgtion to enhance wood
quality.

The wood formed after recovery from pruning willfoee of defects and
therefore will achieve greater strength properéied yield lumber that earns a
high grade (O'HARA, 2007). Pruning yields best teswhen applied to live
green branches. For instance, Smith, Dingle andrm€ga(2006) found that
while branch occlusion rates did not differ betwgenned and unpruned dead
branches, it was significantly lower for prunedelitaranches in comparison to
unpruned live braches. This implies that pruningriventions must anticipate
branch mortality, which occurs early for fast grogishade intolerant species,
such as manggucalyptus species.

The timing and severity (e.g. pruned height) of maning operation
will determine the size of the defect core of tteet This defect core contains
the inner unpruned portion of a pruned log, makags with small defect cores
more valuable than logs with large defect core® itleal timing and severity of
pruning should be planned in a way as to minimieedefect log by pruning as
early and as high as possible without negativelyctiihg clear wood production.
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The objective of this work is to evaluate the effeof different pruning
heights on diameter and height growth oEwcalyptus grandis x Eucalyptus
urophylla stand planted at low initial density. The main hyysis of this work
is that higher pruning interventions will result trees with smaller mean

diameters, with no effects in height development.

MATERIAL AND METHODS

The present study was carried out iBugal yptus grandis x E. urophylla
(clone 1144) stand, in the municipality of JodoHhgimo, Minas Gerais, Brazil,
located at coordinates 17° 44’ 26” S and 46° 10° @7 The climate of the
region is characterized as tropical, with the feilog attributes: mean annual
precipitation of 1,250 mm concentrated from OctoteeMarch; mean annual
temperature of 23.9° C; mean altitude of 540 ni.athe soil in the stand was
classified as an oxisol with sandy loam texture.

Silvicultural operations conducted before plantiogsisted in a sub soil
ripping operation at 50 to 60 cm deeps with simmdtaus addition of reactive
phosphate rock at 30 cm deep at a concentratid®00fg/plant. Post planting
fertilizer applications consisted of: ten days fianting applying 120 g/plant
of NPK (6-30-6); eight months after planting apptyi180 g/plant of NPK (10-
0-30 + 1% B + 0.5% Zn + 0.5% Cu); one year aftanphg applying the same
dosage as the prior fertilization.

The stand is intended to be used in a silvopastegiine, and as such
the initial planting density was of 9x3 m. The ltrieas installed when the stand
reached one year of age. Pruning treatments cedsist lower green crown
removal at different total tree heights: 0% (ungdn 20%, 40%, and 60%. The
mean pruned heights were of 0, 1.2, 2.4, and 3t&mnéor treatments 0%, 20%,
40%, and 60%, respectively. At the time of prunintgrvention, lower tree
crowns did not present natural pruning or branchtatity, and as such the
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tested pruning heights also represent total livewor height removal. A
randomized complete block design was used, congisti four treatments and
five repetitions. The sample plots consisted o¢ fiews and fourteen trees per
row, with a measurement area of 30 trees (ten peegentral rows). All trees
of each plot had diameter and height measured frizeatment installation and
one year after pruning. At the moment of the prgnimtervention, the stand
presented mean diameter value of 5.5 cm and meghtivalue of 5.9 m.

Statistical analysis

Influence of pruning in eucalyptus clones was sss@ considering two
different scales, stand and tree level. To evalpatming effects at the stand
level, diameter and height mean plot values wesessed using analysis of
variance (ANOVA). Upon significant difference detstt in the ANOVA test,
the Scott Knott post hoc test (SCOTT; KNOTT, 1973s applied to the
separate different pruning treatments. This test etesen since it is considered
to be more robust in controlling type | errors (BGES; FERREIRA, 2003)

Linear regression models were used to evaluateimyueffects at tree
level. One year diameter and height increment welated to tree size prior to
pruning with treatment inserted as a factor vagdbiodel 1). To account for the
lack of independence of trees belonging to the dalowks, linear mixed models
were used. A random variable was inserted in thdeito account for block

variance.

Xk =PBo+Pr* X+ P2 * T +P3* X *Tw) + U + &« (1)

where ix is tree diameter or height increment oearyafter pruning; x is tree
diameter or height at the moment of the pruningriréntion; and T is a factor
variable to account for treatment variability. Sefists | and k refer to block and
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tree, respectively. ul and elk are independentidedtically distributed random
between-block and between-tree factors with a neé&hand constant variances
of 6%, ando?;, respectively.

All statistical inferences were performed using pinegram R (R CORE
TEAM, 2012) and the following packages: Jelihovsdharia and Oliveira
(2012) and Pinheiro et al. (2012).

RESULTS AND DISCUSSION

The ANOVA results showed that not only did prunaffect mean stand
diameter valuesH(3, 12) = 3.91p = 0.04, CV = 5.31%), but also mean height
values F(3, 12) = 3.87p = 0.04, CV = 5.34%). According to the Shapiro-Wilk
both ANOVA models presented residuals with meano zand normally
distributed W = 0.95,p = 0.40 andWV = 0.97,p = 0.68 for diameter and height,
respectively). Homogeneity of variances betweeattnents was identified by
the Bartlett test (chi-square = 2.4¥5= 0.48 and chi-square = 1.09= 0.80 for
diameter and height, respectively). Table 1 presemtan stand diameter and
height values one year after pruning along with $leett Knott mean grouping

results.

Table 1 Influence of different pruning heights oymar after intervention on
mean stand diameter (d) and height (h) values,egafollowed by the same
letter are statistically equal according to thetS&mott test at a 0.05 level of
significance. Numbers in parenthesis represenstdredard error.
T (%) d (cm) h (m)

0 12.1(04) a 124(04) a

20 11.7(0.4) a 12.1(06) a

40 11.2(0.3) b 115(0.2) b

60 109(0.3) b 11.2(05) b
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The results presented in Table 1 confirmed theothgsis that higher
pruning causes growth reduction on diameter groWthwever, the hypothesis
that pruning does not influence height devolvenead rejected.

Regression analysis confirmed that tree growth ldge to pruning
followed the same behavior as mean stand level throweduction. Table 2
presents the results of the parameterization oflilu@meter and height increment
models. Figure 1 shows the behavior of the equsticonsidering different
diameter and height starting points. Visual analgdiresidual dispersion of both
models did not indicate any undesired trend thatilcmegatively influence

model performance.

Table 2 Parameterization of the diameter and héigintment models at the tree

level.

Diameter increment Height increment

Parameter  Value Std. Error p-value Value Std. Error p-value

BO 9.4269 0.523 0.000 10.8216 0.668 0.000

p1 -0.5245 0.072 0.000 -0.7317 0.078 0.000
T20 -2.3459 0.547 0.000 -3.0305 0.610 0.000
T40 -2.1910 0.487 0.000 -1.7550 0.552 0.002

T60 -0.5082 0.581 0.382  -1.5752 0.664 0.018
T20*Xx 0.3458 0.096 0.000 0.4636 0.102 0.000
T40*x 0.2799 0.088 0.002 0.1653 0.094 0.079
T60*x -0.1246 0.104 0.230 0.0555 0.111 0.617

6% 0.556 1.175

o’ 0.696 0.532
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Figure 1 Behavior of one year diameter (a) andhtdig) increment considering

different tree sizes at the moment of the pruningrivention.

The present paper studied the effects of pruniig po canopy closure
on growth of clonalEucalyptus grandis x E. urophylla trees planted at a low
initial density (370 trees per hectare). Canopysute can be defined as the
moment when the crowns of adjacent trees touch etier. The results of this
experiment are still at a young age, as suchinmfgrtant to note that the impact
of green crown pruning in tree and stand growth miayy as the stand
approaches maturity and as successive pruningtigesare applied.

The amount of lower green crown that can be remdnaed Eucal yptus
trees in pruning operations without resulting iowgth loss have been reported
by many different authors (e.g. BRENDENKAMP; MALAN;ONRADIE,
1983; PINKARD; BEADLE, 2000; MONTE et al., 2009). deneral consensus
is that 40 to 50% of the lower green crown can draaved without affecting
tree growth (PINKARD; BEADLE, 1998; ALCORN et a2p08; FORRESTER
et al.,, 2010). However, these results have maiobuged in pruning at the
moment or just after canopy closure, when the loee crown had begun
undergoing mortality due to excessive shading. fleenent of canopy closure
is dependant on the planting density and growingditimns (BEADLE, 1997;
MONTAGU; KEAMEY; SMITH, 2003). For Eucalyptus species, canopy
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closure usually occurs between the ages of 1 ayebs (MEDHURST et al.,
1999; RYAN et al., 2004). At the moment of canopgsare, the tree’s lower
crown does not contribute much in terms of carbitotation and tree growth
(MONTAGU; KEAMEY; SMITH, 2003), allowing high level of green crown
removal (up to 50%) without affecting tree growth.

When pruning occurs much after canopy closurenacrowed stands,
even higher pruning heights can be achieved withéfecting tree growth. For
instance, Finger et al. (2001) reported that prinip to 80% of total tree height
did not significantly reduc&ucalyptus saligna height and diameter growth in a
high density stand (4x1.5 m). Regarding late prgniMufioz et al. (2008)
related that pruningtucalyptus nitens trees up to 7 m heights at the age of 6
years did not affect growth or aboveground bionpmesuction.

The results found in this study indicated a strorrggponse of growth
loss following pruning than usual, with mean stattdbutes suffering reduction
with the removal of 40% of lower green crown onvgrthis probably occurred
due to the canopy characteristics of the standeatitme of pruning application.
The lower tree crowns were not undergoing mortaditythe time of pruning.
This was due to the early moment of pruning intetiem and the wide spacing
applied at installation. Thus, the lower crown loé trees was still contributing
to tree growth, and its removal affected tree dgwelent.

These results are in conformity with other prunirigls in Eucalyptus
species when conducted prior to canopy closurepéartted at low density. For
instance, Pinkard (2002) found that 20% leaf aegaoval of pre-canopy closure
Eucalyptus nitens trees caused stem growth reduction. Fontan ef2atl1)
reported diameter growth reduction foEacal yptus camaldulensis x Eucalyptus
grandis clone established in 9.5x4.0 m spacing when pouith trees of the
stand, removing 33% of live crown height plus realaaf some thick branches
above this height in three lifts. To avoid growdduction in these stands, the
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aforementioned authors recommended pruning intéorenremoving 33% of
live crown height plus removal of some thick bragglabove this height in four
lifts (beginning at age 9 months with 6 month iatds) only for trees selected
for final harvest (60% of the stand).

As for the tree level analysis, smaller trees preskthe largest diameter
and height increments, regardless of the pruniegtiments. The tree level
analysis also indicated that, for the two interragglpruning treatments, growth
reduction was mainly concentrated on the smalemstrof the stand, with larger
trees presenting growth similar to unpruned trdéigufe 1). This helps to
explain why the 20% pruning treatment presented nmstand attributes
statistically equal to the unpruned treatment, esithe growth of the larger trees

were able to compensate the growth loss of thelsmetes.

CONCLUSION

The tested pruning heights reduced eucalypt heimgid diameter
development when more than 20% of the lower liveegrcrown was removed.
From a management perspective, this suggests tttsitould be possible to
implement a light pruning prior to canopy closueeg( removing up to 20% of
lower green crown), and more severe pruning pasdma closure (e.g.

removing up to 50% of lower green crown), withoffeeting stem growth.
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ARTIGO 4 - Evaluating different initial spacing and thinning intensity for
Eucalyptus plantations in Brazil

Abstract

The management &ucal yptus plantations for solid wood products requires that
stands be thinned in order to reduce competitiorafeelected number of final
crop trees, allowing these trees to attain dimenssisuitable for commercial
purposes. This study focuses on the effects okmifft thinning regimes on
clonal Eucalyptus plantations growth. For this, 8 different triatséted in Bahia
and Espirito Santo States were used. Aside fromnitng, initial planting
density, and post thinning fertilization applicatizvas also evaluated. Four of
these trials were planted in 1999 and the other Emitween 2003 and 2004.
Before canopy closure, and therefore before exaessimpetition between trees
took place, it was found that stands planted ufwerdensities (under 700 trees
per hectare) presented a lower mortality proporésnwell as higher diameter
growth when compared to stand planted under higtsities (1111 trees per
hectare). After canopy closure and the applicatibthe thinning treatments, it
was found that thinning regimes beginning earlythe life of the stand and
leaving a low number of residual trees presentechtbhest diameter and height
growth. Unthinned treatments and thinning reginage In the life of the stand,
leaving a large number of residual trees presetitechighest values of basal
area production. The choice of the best thinnirgme for Eucalyptus clonal

material will vary according to the objective obgiing the plantation.

Keywords: Solid wood products, growing space, forest manegg.
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1 Introductionll

Of Brazil's 7 million hectares of planted forest§% are constituted of
eucalyptus forests. The majority of these eucaligsests are destined for
energetic and pulping purposes, characterized bl planting densities, few
silvicultural interventions after establishment atwbrt rotation lengths. Of the
total Brazilian eucalyptus industrial round woodguction in 2011 (118 million
m°), about 10% was destined for solid wood produptgwood, sawn wood,
and treated wood) with the remainder destined fdlulose (45%) charcoal
(14%) and fire wood (30%) purposes (ASSOCIACAO BRASRA DE
PRODUTORES DE FLORESTAS PLANTADAS, ABRAF, 2012).

The use of eucalyptus for the production of soliod products is an
attested possibility, with many successful comnara@xamples available.
Specifically in Brazil, the product Lypttiss a high quality eucalyptus kiln dried
wood, which is used in the manufacture of furnitanel floor desks (TEIXEIRA
et al., 2009).

According to the International Tropical Timber Omgaation, ITTO
(2009), in 2009 Brazil produced circa 15.5 millicubic meters of tropical sawn
wood, of which 93% was for domestic use. Theseréigumake Brazil the
world’s largest consumer of tropical sawn wood. Tgreduction of quality
wood from planted eucalyptus forests for solid piadd purposes can help to
alleviate the pressure of wood demand from natraziBan forests.

There is no doubt that thinning leads to an in@éathe growth rates of
retained crop trees; however, there is little infation that enables the
prediction of the magnitude of these responses twhie likely to vary with
many factors including site and species (FORRES&ER., 2010).

This research focuses on the analysis of the behafi Eucalyptus
grandis hybrids cultivated in the Brazilian Coastal RegafrBahia and Espirito

Santo states submitted to different initial spacargl thinning regimes. This
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information is crucial for decision support in fete decision-making, allowing
the generation of optimal management schedulesetmalypt solid wood

production.

2 Material and methods
Stand establishment

The data consisted of 311 plots in eight diffetimining experiments.
Table 1 presents the characteristics of the difteexperiments. Four of the
experiments were conducted in stands planted at @20 using clone 3918;
and four experiments were conducted in stands gulaat year 2003 and 2004
using different clones. Trial 117 was located inpiito Santo State (grid
reference 19° 42' S 40° 12' W), the rest of tredgnivere located in Bahia State
(all trials located in a 40 km radius from the cahgrid reference 17° 58' S 39°
42'W).

Table 1 Characteristics of the eight eucalyptufediht thinning trials used in
this study; Sl is the site index correspondinghi® itnean dominant height at age

12 years.

) Number of Final densities Initial spacing Sl
Trial Clone Year

treatments tested (N/ha) (m) (m)
117 A 1999 12 150-1111 3x3 34.6
118 A 1999 12 150-1111 3x3 43.2
119 A 1999 10 150 - 667 6x2,5 39.2
120 A 1999 12 150 - 1111 3x3 36.3
127 B 2003 5 250 - 555 6x3 374
130 B 2004 8 250-1111  3x3 and 6x2,7 33.9
131 C 2004 5 250 - 1111 3x3 and 6x2,7 37.2
132 D 2004 8 250-1111  3x3 and 6x2,7 37.9
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All the stands used in this study are planted @asuthat were previously
eucalyptus forests. Silvicultural operations cortdddefore planting consisted
in weed control using a glyphosate product andoassil ripping operation at 40
to 60 cm deeps.

The fertilization done at planting was roughly tsame for all
experiments, including the application of: 2 t/hiadwlomitic limestone, 14
kg/ha of nitrogen, 29 kg/ha of phosphorus, 11 kghaotassium, 56 kg/ha of
phosphorous applied with the sub soiling operation.

All the stands received post-planting fertilizatiowith differences
between the four older and four younger experimefite older experiments
received two post-planting fertilizer applicatioos 100 kg/ha of potassium at
age 1 year 6 months; 20 kg/ha of nitrogen and 30akgf potassium at age 2
years 9 months. The younger experiments received gost-planting fertilizer
applications consisting of: 36 kg/ha of nitroge®, Kg/ha of potassium and 2
kg/ha of boron at age 3 months; 25 kg/ha of nitnogiled 62 kg/ha of potassium
at age 1 year; 40 kg/ha of nitrogen, 4 kg/ha ofsphorous and 33 kg/ha of
potassium at ages 3 and 5 years.

Weed competition was kept under control using ghgatte application
and manual control. Manual control was carriedfoutibout three times in each
experiment. Chemical control was conducted in 7liegions for the younger
experiments and 5 applications for the older expenis. In the younger
experiments three glyphosate applications were nisdere 1 year and one
application at ages 1, 2, and 5. In the older ampmrts two glyphosate
applications were made before 1 year and one apiglic at ages 3, 6, and 8.
When necessary, sprouting stumps of thinned trees Willed using glyphosate,
usually one year after the stand’s thinning operati
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The trees of all treatments received two pruningragions at ages 1
year 8 months and 2 years 2 months. The pruninghteivere 5 and 7.8 m at

the first and second pruning, respectively.

Treatments

The thinning treatments were unthinned, one or tWimnings at
different ages and number of trees remaining.dhpiianting densities ranged
from 555 to 1111 trees per hectare. Table 2 destribe thinning treatments
carried out in the analyzed experiments.

All of the treatments showed in Table 2 consistédoar repetitions.
The area of each plot depended on the number ddingémy trees, with heavy
thinning areas receiving larger plots. The areaghefplots varied from 438 m
for the unthinned plots to 1034*rfor the treatments with 150 trees/ha as a final
density.

The initial planting densities of all the experinteare given in Table 1.
Treatments 1 through 3 of experiments 130, 131,1@®were planted at 3.0 x
3.0 m (1111 trees/ha), and the remaining treatmehtthe aforementioned
experiments at spacing of 6.0 x 2.7 m (617 tregs/ha

Experiments 117 through 120 were divided into tvwocks with two
repetitions each, where a post thinning fertilizatireatment was installed. After
the realization of the first thinning treatmente tlollowing fertilizer application
was implemented: 35 kg/ha of nitrogen, 61 kg/halidsphorous, 105 kg/ha of
potassium and 1.5 t/ha of dolomitic limestone. Aftee second thinning
treatment the fertilization was: 37 kg/ha of niteagand 111 kg/ha of potassium.

Yearly measurements of diameter at breast heighhaight were made
on all trees.
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Table 2 Thinning treatments applied to thecalyptus stands and mean basal
area before and after the last thinning operafidre basal area of unthinned
control plots is from the first available measureméhe age of the earliest

thinning of the experiment).

Age Density Basal area (fha)
Pre- Post-
Treatments (years) (trees/ha) thinning thinning % removed
Trials 117, 118, and 120

1 0 1111 12.5 12.5 0.0
2 3.5and 6.5 600 and 300 18.8 10.7 43.1
3 35 300 18.4 6.7 63.8
4 35 150 18.0 3.6 80.3
5 3.5and 6.4 600 and 150 184 5.7 69.1
6 5 450 20.6 10.7 48.1
7 5and 7 450 and 250 16.2 9.8 39.7
8 25and5.5 600 and 300 17.7 10.8 39.1
9 25and5.5 600 and 150 18.2 55 69.8
10 2.5 300 11.7 4.5 61.5
11 2.5 150 12.2 24 80.7
12 0 1111 125 125 0.0

Trial 127
1 0 555 13.3 13.3 0.0
2 3and5 450 and 250 16.1 9.1 43.4
3 3 250 125 6.8 45.6
4 5and 7 450 and 250 19.3 11.6 39.8
5 5 250 18.1 9.6 47.0

continues...
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Continuation of Table 2

Post-
Age of thinning
thinning density Basal area (ta)

Thinning Pre- Post- %
Treatment (years) (trees/ha) thinning thinning  reduction
Trial 119

1 0 667 10.6 10.6 0.0

2 35 300 15.7 8.0 48.8

3 3.5and 6.2 400 and 250 17.0 11.7 311

4 3.5 150 16.7 4.5 72.7

5 5and 7 250 and 150 124 9.8 20.3

6 5 250 19.5 8.7 55.3

7 25and 5.5 400 and 250 18.2 12.2 33.1

8 25and 5.5 400 and 150 171 6.8 60.3

9 25 300 10.5 5.4 48.8

10 2.5 150 10.7 2.8 74.1
Trials 130, 131, and 132

1 0 1111 104 104 0.0

2 5 450 22.8 10.1 55.7

3 5 250 21.8 6.1 72.2

4 0 617 8.3 8.3 0.0

5 2and5 450 and 250 14.6 8.6 41.4

6 2 250 8.1 3.7 54.7

7 5 450 16.9 13.5 20.4

8 5 250 16.9 7.9 53.2
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Data Methods
Establishment Mortality

Using the number of trees planted per plot and rihmber of trees
present at the time of the first measurement, igrigroportion was calculated
for each plot. These values were used to checkefrative planting densities
affect the mortality levels. Only plots with northing interventions and below 5
years of age where used for this analysis. Allttneats were pooled for this
analysis. The data was stratified considering twoupgs, low initial planting
density (under 700 trees per hectare) and higialiplanting density (1111 trees
per hectare).

Growth at the time of establishment

To determine the effect of the initial spacing adne in plantation
forests a distinction was made between measurentekes before and after
canopy closure. This distinction was made sincdyediameter growth is
accelerated at very young ages. Thus, to estahléskffect of treatments at tree
size up to the time of thinning application onlptpineasurements younger that
3.5 years were chosen, picking the oldest possitdasurement for each plot
prior to any thinning intervention. All treatmentgre pooled for this analysis.

Model (1) was formulated to test for variation oman tree diameter

growth in relation to spacing and genetic matexsafollow:

ide=po+p1*GM +p,*PD +u +ac (1)

whereid is tree diameter growth at during or right aftanapy closure (cm per
year);GM is a factor variable for the genetic materRl) is a factor variable of
the initial planting density (trees/ha). Subscripendk refer to plot and tree,

respectively.ul and elk are independent and identically distributed random
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between-plot and between-tree factors with a méahand constant variances
of czph ando?;, respectively. This statistical model was parand using the
program R (R CORE TEAM, 2012) and the nlme pack@8IHEIRO et al.,
2012).

Post establishment growth

Analysis of variance (ANOVA) using a split plot time scheme (as
presented in CASELLA, 2008) was used to assesfthet®f thinning on tree
and stand growth. The variables analyzed were: etiamat breast height (DBH,
measured at 1.3m from the ground), diameter asbresght of the 100 thickest
trees per hectare (DBH100), diameter at breasthheifyjthe 200 thickest trees
per hectare (DBH200), total height (H), dominanighe (H100, mean height of
the 100 thickest trees per hectare), stand basal (8), stand basal area of the
100 thickest trees per hectare (G100) , stand laasal of the 200 thickest trees
per hectare (G200). The statistical software SISVAERREIRA, 2008) was
used to perform the ANOVA. For the experiments witle fertilizer trial, a
significant distinction between blocks in the ANOW¥as regarded as fertilizer

effects.

3 Results and Discussion
Mortality

Figure 1 presents the mortality proportions thatuoed in the plots
prior to any thinning operation. The data cleaHgws that higher density initial

spacing establishment presents higher mortality kvaer densities.
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Figure 1 Mortality proportions considering high {liltrees/ha) and low (under

700 trees/ha) initial planting densities.

Higher mortality proportions found under higher sign stands is
consistent with other studies, such as Schneidenal.e2005) and Leite,
Nogueira and Moreira (2006). This can be attribute the lower competition

suffered by trees under low densities.

Growth at the time of establishment

The results of Table 3 account for the differengeinitial diameter
increment for the different clones and spacingetésprior to canopy closure or
thinning operations.

The difference between the most and least prodectiones was
approximately 7 %. As for the different plantingnddies, the plots with 555
and 617 trees/ha presented the highest and <talligtiequal diameter
development. Higher densities cause significanindigr growth reduction, with
the smallest diameter growth occurring in the péstablished with 1111 tree/ha
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(4.7 cm per year). Plots established with densitieder 617 trees per hectare
presented mean diameter increment values of 6.@amyear prior to canopy
closure. This high initial diameter growth undemwlmlanting density is
consistent with the high diameter increment po&ntif many Eucalyptus

species of 4 to 7 cm per year in the first 3 yeN&ITTO; SPATHELF;
SELLING, 2006).

Table 3 Estimates of the parameters and variancgpaoents of the initial
establishment model (annual diameter increment asination of genetic

material and planting density). The mean intercggte represents a stand of
555 trees per hectare of the clone B.

Parameters Value Standard Error p-value
Intercept 5.954 0.113 0.000
GM D 0.183 0.127 0.151
GM A 0.352 0.121 0.004
GMC 0.390 0.127 0.002
PD 617 -0.152 0.150 0.311
PD 667 -0.897 0.188 0.000
PD 1111 -1.286 0.159 0.000
6% 0.500 - -
u 0.636 - -

Post establishment growth
Tables 3 and 4 present the results of the anadfsiariance for all trials

and variables analyzed. Thinning, age or the iotema between thinning and

age were statistically significant for all the \a&ies analyzed.
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Table 3 Summary of the analysis of variance usimpld plot in time formulation to determine thdestt of thinning
treatment on different aspects of tree and staodttyrfor trials 117, 118, 119, and 120.

Block Thinning Age Thinning x Age

Variable df F statistic P-value Df F statistic P-value df F statistic P-value df F statistic P-value
Trial 117

DBH(cm) 1 99.797 <0.001 113163.713 <0.001 1124176.395 <0.001 94 69.589 <0.001
Height (m) 1 28.231 <0.001 11303.799 <0.001 116492.730 <0.001 94 1.619 0.001
G (n12/ha) 1 102.779 <0.001 111721.049 <0.001 11 1921.324 <0.001 94 94.506 <0.001
DBH100 (cm) 1 27.961 <0.001 111549.597 <0.001 1114351.096 <0.001 94 32.859 <0.001
G100 (nf/ha) 1 42.080 <0.001 111517.472 <0.001 1118293.943 <0.001 94 57.466 <0.001
DBH200 (cm) 1 33.518 <0.001 111608.169 <0.001 1117378.951 <0.001 94 37.146 <0.001
G200 (nf/ha) 1 29.243 <0.001 11466.158 <0.001 119061.524 <0.001 94 14.307 <0.001
H100(m) 1 4.826 0.050 11117.044 <0.001 114846.172 <0.001 94 6.888 <0.001
Trial 118

DBH (cm) 1 69.454 <0.001 111427.439 <0.001 1118688.553 <0.001 94 32.435 <0.001
Height(m) 1 0.372 0.554 11277.642 <0.001 116705.706 <0.001 94 0.000 1.000
G (nflha) 1 80.895 <0.001 111287.606 <0.001 11 2445.334 <0.001 94 66.141 <0.001

continues...
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Block

Thinning

Age

Thinning x Age

Variable df F statistic P-value Df F statistic P-value df F statistic P-value df F statistic P-value

DBH100 (cm) 1  2.708 0.128 11 660.207 <0.001 119730.176 <0.001 94 15.134 <0.001
G100 (nf/ha) 1 3.931 0.073 11 655.678 <0.001 1114278.795 <0.001 94 26.289 <0.001
DBH200 (cm) 1 59.347 <0.001 11884.354 <0.001 1114516.742 <0.001 94 21.701 <0.001
G200 (nffha) 1 34.726 <0.001 11157.088 <0.001 116667.872 <0.001 94 3.94 <0.001
H100(m) 1 1.573 0.236 11 229.083 <0.001 114537.997 <0.001 94 0.000 1.000
Trial 119
DBH(cm) 1 57517 <0.001 9 183.778 <0.001 11436.315 <0.001 75 3.436 <0.001
Height (m) 1 29.151 <0.001 9 30521 <0.001 1593.399 <0.001 75 0.000 1.000
G(nflha) 1 29.416 <0.001 9 330.084 <0.001 1167.269 <0.001 75 18.37 <0.001
DBH100 (cm) 1 57.620 <0.001 9 98,535 <0.001 1P42.161 <0.001 75 3.498 <0.001
G100 (nf/ha) 1 40.143 <0.001 9 106.321 <0.001 1B65.278 <0.001 75 5.609 <0.001
DBH200 (cm) 1 78.636 <0.001 9 94433 <0.001 11084.748 <0.001 75 3.453 <0.001
G200 (nf/ha) 1 48540 <0.001 9 43.477 <0.001 1B76.534 <0.001 75 0.831 0.830
H100(m) 1 58.094 <0.001 9 21.753 <0.001 1B86.037 <0.001 75 1.488 0.012

continues...
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Block Thinning Age Thinning x Age

Variable df F statistic P-value Df F statistic P-value df F statistic P-value df F statistic P-value
Trial 120

DBH(cm) 1 2.549 0.139 111179.894 <0.001 11 2884.366 <0.001 94 25.582 <0.001
Height (m) 1 6.909 0.024 11 208.352 <0.001 114433.665 <0.001 94 0.000 1.000
G (nf/ha) 1 22556 <0.001 11858.345 <0.001 11351.990 <0.001 94 44.803 <0.001
DBH100 (cm) 1 47.068 <0.001 111536.892 <0.001 1110256.817 <0.001 94 44.716 <0.001
G100 (nf/ha) 1 78.772 <0.001 111359.601 <0.001 1119618.103 <0.001 94 59.46 <0.001
DBH200 (cm) 1 36.879 <0.001 111898.255 <0.001 1111411.448 <0.001 94 59.811 <0.001
G200 (nf/ha) 1 23.173 <0.001 11200.365 <0.001 115783.886 <0.001 94 6.162 <0.001
H100 (m) 1 6.284 0.029 11 297.354 <0.001 1111446.951 <0.001 94 2.844 <0.001
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Table 4 Summary of the analysis of variance usimpld plot in time formulation to determine thdestt of thinning
treatment on different aspects of tree and staodttyrfor trials 127, 130, 131, and 132.

Thinning Age Thinning x Age
Variable df F statistic P-value df F statistic P-value df F statistic P-value
Trial 127
DBH (cm) 4 11241 <0.001 4 1230.749 <0.001 16 13.167 <0.001
Height (m) 4 5.605 <0.001 4 1645.585 <0.001 16 2.351 0.008
G (nf/ha) 4 34.075 <0.001 4 150.105 <0.001 16 2.779 0.002
DBH100 (cm) 4 61.689 <0.001 4 4741566 <0.001 16 6.373 <0.001
G100 (nf/ha) 4 65.014 <0.001 4 3675.775 <0.001 16 7.713 <0.001
DBH200 (cm) 4 63.425 <0.001 4 7223.504 <0.001 16 7.254 <0.001
G200 (nf/ha) 4 66.418 <0.001 4 5005.285 <0.001 16 8.564 <0.001
H100 (m) 4 14607 <0.001 4 2789.669 <0.001 16 3.211 <0.001
Trial 130

DBH (cm) 7 127.006 <0.001 4 4693.43 <0.001 28 15.395 <0.001
Height (m) 7 116.719 <0.001 4 3524.076 <0.001 28 8.496  <0.001
G (nf/ha) 7 794.914 <0.001 4 5164.628 <0.001 28 72.768  <0.001

continues...
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Thinning Age Thinning x Age

Variable df F statistic P-value df F statistic P-value df F statistic P-value
DBH100 (cm) 7 121.304 <0.001 414177.836 <0.001 28 16.068 <0.001
G100 (nf/ha) 7 110.248 <0.001 4 4749.912 <0.001 28 17.002 <0.001
DBH200 (cm) 7 107.559 <0.001 414999.507 <0.001 28 15.267 <0.001
G200 (nffha) 7 113.552 <0.001 4 4675.479 <0.001 28 16.668 <0.001
H100 (m) 7 162975 <0.001 410954.894 <0.001 28 8.471 <0.001
Trial 131

DBH (cm) 7 511.603 <0.001 4 722.168 <0.001 28 80.147 <0.001
Height (m) 7 188.331 <0.001 4 1953.735 <0.001 28139.612 <0.001
G (nf/ha) 7 1700.771 <0.001 4 731.974 <0.001 281003.224 <0.001
DBH100 (cm) 7 275.209 <0.001 4 1090.012 <0.001 28 38.639 <0.001
G100 (nf/ha) 7 30.054 <0.001 4 112.298 <0.001 28 7.137 <0.001
DBH200 (cm) 7 258.678 <0.001 4 944.243 <0.001 28 34.313 <0.001
G200 (nffha) 7 99.41 <0.001 4 314.631 <0.001 28 22.882 <0.001
H100 (m) 7 109.647 <0.001 4 2437.682 <0.001 28 63.287 <0.001

continues...
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Thinning Age Thinning x Age

Variable df F statistic P-value df F statistic P-value df F statistic P-value
Trial 132

DBH (cm) 7 570.58 <0.001 4 1318.688 <0.001 28139.576 <0.001
Height (m) 7 120.236 <0.001 4 2956.47 <0.001 28148.238 <0.001
G (nf/ha) 7 1178.771 <0.001 4 906.168 <0.001 28790.166 <0.001
DBH100 (cm) 7 349.278 <0.001 4 1443.71 <0.001 28 65.48 <0.001
G100 (nf/ha) 7 40.794 <0.001 4 157.018 <0.001 28 11.033 <0.001
DBH200 (cm) 7 278.328 <0.001 4 1334.43 <0.001 28 56.957 <0.001
G200 (nf/ha) 7 114.319 <0.001 4 473.814 <0.001 28 32.158 <0.001
H100 (m) 7 58921 <0.001 4 3489.064 <0.001 28 14.672 <0.001
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The coefficients of variation associated with theatment variable in
the ANOVA'’s presented in Tables 3 and 4 were lorgspnting a mean value of
3,4% and ranging from 0.7% (DBH200, trial 131) &3L(G, trial 127). All the
variables tested were influenced by the interactibrthinning and age or by
thinning and age alone when the interaction was significant. A post-hoc
analysis using Fisher's least significant diffeer{tSD) was carried out. The
results for the last measurement date (age 1115 yeatrials 117 through 120,
7 years for trial 127, and 6 years for trials 1Bfbtigh 132) are presented in
Tables 5 and 6.

Table 5 Results for the LSD post-hoc analysis fiffent tree and stand
variables for thdzucalyptus thinning trials 127, 130, 131, and 132 at age 6s/ea
(7 for trial 127), explanation of the treatmentse given in Table 2. Numbers
followed by the same letter on the columns aréssilly equal.

Variable Treatment Trial 127  Trial 130 Trial 131 Trial 132

DBH 1 226 a 17.2a 175a 170a
2 252 ¢ 191 b 169 a 194 b
3 270 d 198 cd 189 b 203 c
4 234 b 194 bc 202 c 216 d
5 264 d 220 ef 226 d 24.5 g
6 - - 226 f 25.2 f 254 h
7 - - 20.2 d 207 c 223 e
8 - - 216 e 198 bc 230 f

continues...
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Variable Treatment Trial 127  Trial 130 Trial 131 Trial 132

DBH100 1 25.0 a 20.0a 20.5a 21.2 a
2 26.7 b 210 b 209 b 218 b
3 283 ¢ 208 b 20.6 a 222 ¢
4 25.2 a 210 b 22.7 ¢ 239 d
5 277 ¢ 231 e 243 e 261 f
6 - - 241 f 26.6 f 272 g
7 - - 216 c 226 c 240 d
8 - - 226 d 23.2 d 247 e
DBH200 1 24.4 a 19.7 a 20.0 b 20.6 a
2 260 b 204 b 20.2 ¢ 21.1 b
3 276 d 203 b 19.8 a 21.0 b
4 24.8 a 20.7 b 220 d 233 ¢
5 269 ¢ 225 e 233 f 250 e
6 - - 235 f 258 g 260 f
7 - - 21.2 ¢ 221 d 235 ¢
8 - - 220 d 225 e 238 d
Ht 1 29.1 a 25.1 bc 26.5 bcd 255a
2 29.3 a 25.3 bc 234 a 26.2 ab
3 29.3 a 25.3 bc 253 b 268 b
4 309 b 254 ¢ 27.8 de 28.4 cd
5 29.7 a 247 b 27.3 cde 295 e
6 - - 229a 28.4 e 29.2 de
7 - - 25.3 bc 28.4 e 29.1 de
8 - - 256 c 25.7 bc 280 c

continues...
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Variable Treatment Trial 127  Trial 130 Trial 131 Trial 132
H100 1 30.3a 26.0 c 28.4 cd 280 b
2 30.3 a 259 ¢ 275 b 27.3 a
3 299 a 256 c 26.4 a 27.7 ab
4 3.7 b 260 c 288 df 294 d
5 299 a 249 b 28.1 c 30.1 e
6 - - 23.7a 28.8 df 29.6 de
7 - - 259 c 29.1 f 29.8 de
8 - - 258 ¢ 29.1 f 288 ¢
G 1 217 b 265 g 254 h 247 g
2 125a 128 d 115 d 13.0 d
3 12.1a 81 a 74 a 84 a
4 193 b 172 f 19.2 g 185 f
5 13.2 a 9.8 bc 10.3 ¢ 120 c
6 - - 104 c 127 e 131 d
7 - - 147 e 152 f 175 e
8 - - 94 b 88 b 10.8b
G100 1 52 a 35 3.7 ab 39 a
2 6.0 b 37 b 3.7 b 40 a
3 6.7 3.6 ab 36 a 41 b
4 53 a 37 b 4.3 c 48 ¢
5 64 ¢ 45 e 50 e 57 e
6 - - 4.9 f 5.9 f 6.2 f
7 - - 3.9 c 4.3 c 4.8 C
8 - - 4.3 d 4.5 d 51 d

continues...
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Variable Treatment Trial 127  Trial 130 Trial 131 Trial 132
G200 1 9.3 a 6.1 a 6.3 a 6.7 a
2 106 b 6.5 bc 6.5 a 70 b
3 120 d 65 b 6.2 a 70 b

4 96 a 6.8 ¢ 76 b 86 ¢

5 114 ¢ 8.0 f 86 ¢ 9.9 e
6 - - 87 g 105d 107 f
7 - - 7.1 d 77 b 8.7 c

8 - - 7.6 e 75 b 8.9 d

Table 6 Results for the LSD post-hoc analysis fiffeient tree and stand
variables for theeucalyptus thinning trials 117, 118, 119, and 120 at age 11.5
years, explanation of the treatments are givenainld 2. Numbers followed by

the same letter on the columns are statisticalljakq

Variable Treatment Trial 117 Trial 118 Trial 119 Trial 120

DBH 1 18.3 a 220a 24.8 a 18.8 a
2 264 c 32.1 de 30.2 b 275 ¢
3 277 d 322 ef 33.1 de 278 c
4 33.2 f 39.1 374 fg 34.3 f
5 309 e 35.6 h 321 cd 326 e
6 238 b 282 ¢ 328 de 247 b
7 28.1 330 fg 341 e 28.0 ¢
8 277 d 31.2 d 363 f 270 c
9 32.7 f 38.9 i 30.8 bc 33.8 f
10 28.1 d 33.2 g 384 g 293 d
11 348 g 405 i - - 335 ef

continues...
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Variable Treatment Trial 117 Trial 118 Trial 119 Trial 120

DBH 12 179a 249 b - 19.0 a
DBH100 1 236 a 291a 302a 24.6 a
2 285 ¢ 344 d 32.7 b 294 ¢
3 30.1 d 349 d 346 cd 301 d
4 340 f 399 f 391 f 355 h
5 31,7 e 366 e 334bc 336 f
6 26.6 b 325 ¢ 342 bc 274 b
7 29.8 d 347 d 36.1 de 296 cd
8 300 d 342 d 371 e 293 ¢
9 337 f 401 f 335bc 345 g
10 303 d 362 e 397 f 316 e
11 357 g 418 g - - 36.6 i
12 233a 315 b - - 24.0 a
DBH200 1 229 a 280 a 29.1a 238 a
2 276 ¢ 334 cd 317D 284 ¢
3 29.1 de 339 d 337 cd 291 d
4 332 g 391 g 374 fg 343 g
5 300 f 356 f 321b 326 f
6 257 b 31.2 b 333 bcd 265 b
7 28.6 d 336 d 349 de 286 cd
8 289 de 328 ¢ 36.3 ef 284 c
9 327 g 389 g 325bc 338 g
10 292 e 348 e 384 g 304 e
11 348 h 405 h - - 358 h
12 224a 30.7 b - - 233 a

continues...
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Variable Treatment Trial 117 Trial 118 Trial 119 Trial 120

Ht 1 29.8 a 36.5a 35.1a 29.6 a
2 33.8 cde 41.6 de 38.0 cd 344 e
3 33.6 cd 42,7 f 379 de 343 fg
4 342 def 428 g 392 e 365 h
5 344 fg 420 f 36.0 cde 359 ef
6 31.1 b 40.8 h 387 f 324 e
7 332 ¢ 41.8 395 cd 34.5 g
8 348 fgh 415 c 39.2 ¢ 345 c
9 343 efg 423 Db 36.2 a 35.7 ¢
10 34.8 gh 437 e 399 b 354 d
11 35.2 h 439 d - - 340 d
12 295a 375 a - - 296 b

H100 1 339 cd 413 b 38.1 bc 34.1 ¢
2 34.3 de 420 d 389 cd 349 d
3 34.2 cde 43.1 e 38.3 bc 35.0
4 34.2 cde 42.9 g 40.0 de 37.0 g
5 346 e 421 f 36.3 a 36.0 e
6 320 a 42.7 39.0 cde 334 b
7 337 ¢ 42.0 h 399 de 353 d
8 352 f 42.0 bc 39.3 cde 353 d
9 344 de 42.4a 37.1ab 358 e
10 353 f 443 d 404 e 361 ef
11 352 f 441 c - - 36.5 fg
12 328 b 425 ¢ - - 325a

continues...
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Variable Treatment Trial 117 Trial 118 Trial 119 Trial 120
G 1 28.9 h 39.1 j 323 d 26.6 h
2 177 d 252 e 22.1 bc 176 d
3 193 e 26.9 g 221 bc 19.3 ef
4 136 b 184 b 16.6 a 14.7 bc
5 118 a 156 a 16.5a 13.2 a
6 204 f 28.6 h 209b 21.0 g
7 151 ¢ 21.7 d 235 ¢ 15.7 c
8 189 e 254 ef 155a 18.6 de
9 133 b 18.0 b 23.7 ¢ 13.0 a
10 193 e 265 fg 17.0a 201 fg
11 149 c 205 ¢ - - 13.8 ab
12 27.7 g 36.2 - - 29.0 i
G100 1 49 a 7.6 a 7.7 a 53 b
2 6.8 ¢ 10.1 ¢ 91 b 7.2 d
3 7.6 de 10.2 ¢ 10.2 c 7.6 e
4 9.8 o] 135 e 126 e 10.8 i
5 8.5 f 113 d 95 bc 9.7 g
6 59 b 89 b 9.6 bc 6.3 c
7 7.4 d 10.1 ¢ 11.0 d 7.4 de
8 7.6 de 100 c 11.6 7.3 d
9 9.7 g 136 e 9.6 bc 10.1 h
10 7.7 E 11.0 D 135 f 8.4 f
11 10.8 h 149 f - - 11.2 i
12 47 a 87 b - - 50 a

continues...
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Continuation of Table 6

Variable Treatment Trial 117 Trial 118 Trial 119 Trial 120

G200 1 89 a 12.6 13.6a 92 a
2 122 ¢ 18.0 cd 16.3 e 13.4 cde
3 13.8 ef 184 d 181 f 13.6 de
4 13.6 def 184 d 16.6 cd 14.7 f
5 118 c 156 b 16.5 de 13.2 cde
6 109 b 158 b 17.8 g 113 b
7 13.3 de 184 d 19.6 g 13.1 cde
8 13.4 de 17.2 ¢ 155 b 128 c
9 133 d 18.0 cd 169 de 13.0 Cd
10 139 f 19.7 e 17.0 ¢ 15.5 g
11 14.9 g 205 e - - 138 E
12 85 a 15.3b - - 9.2 A

Fertilization results

In the cases where post thinning fertilization spreed a significant
difference for mean stand attributes (significaimcéhe block factor, Table 3),
the differences in the overall means were smalle Tiimls did not present
consistent responses to fertilization, where trils, 118, and 120 presented
larger means in fertilized blocks and trial 119 Bemameans. For the trials that
presented elevated growth by extra fertilizatidre tange of response was of
0.4% to 0.9% in tree level variables (diameter hagjht) and of 1.2% to 2.4%
in stand level variables (basal area). In the cdddal 119, a larger effect was
found, with tree level attributes differences ramggifrom 2.2% to 3.1% and
stand level attributes 3.1% to 5.2%.

In trial 117, all tested variables (except dominkgight) were affected
by fertilization. Trial 118, on the other hand, didt have extra fertilization
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applications influencing the dominant stratum of gtand (DBH, height, and
basal area of the 100 thickest trees), but didigmfte the overall means of the
other attributes. In this case, fertilizer applimas seemed to benefit trees other
than the dominant ones. Trial 120 presented festileffects for all variables
except mean DBH, indicating that fertilizer effasas concentrated on the
dominant stratum of trees. The unusual responseepted in trial 119 might
have been due to fertilization enabling trees @f libwer stratum to grow to
larger sizes than the unfertilized plots. Hencejame vigorous growth of these
trees may have enabled them to give a greater é@jreompetition to trees of
the dominant stratum of the stand, in detrimenhole stand growth. A similar
hypothesis was used to explain larger stand grdathtrees planted under
rectangular spacing when compared to square spasinthe same size
(DEBELL and HARRINGTON, 2002).

Diameter at breast height growth

For the three older trials planted under high ahigensity (117, 118, and
120), thinning regimes leaving 150 trees/ha reduitethe largest mean DBH
production values. Also, early thinning permitteighh diameter growth rates.
Thus, largest diameter values were found in thenth regime starting at age
2.5 years and leaving 150 trees/hectare (treatfEniThe largest 100 and 200
trees per hectare followed the same behavior asm & results. Results for
trials 117, 118, and 120 also showed that mean B&tks for treatments 4 and
9 at age 11.5 years were statistically equal. Tngs a greater amount of
freedom when choosing between one or two thinnjpgrations, as long as the
second thinning is conducted before final cropstrase subject to excessive
competition. Since treatment 5 was statisticalffedént from treatment 9, it can
be inferred that, if second thinning is conductefble age 5.5 years, final crop
trees will not be exposed to excessive competition.
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The results found for trial 119 showed that trelnted under wide
initial spacing (667 trees/hectare) followed thensabehavior as trees planted
under close spacing (1111 trees/hectare). Herg; #anning operations (2.5
years) coupled with low residual density (150 theestare) resulted in the
highest DBH values. When more importance is giweimtermediary production
from thinning operations, the statistically equedquctions of treatments 8 and
4 allow for a greater degree of freedom for the agen to achieve large
diameter values leaving 150 trees/hectare applyirgy thinning operation (3.5
years) or two thinning operations (first thinning age 2.5 leaving 400
tress/hectare and second thinning at age 5.5).

When a higher number of final crop trees is desfgf) instead of 150
trees/hectare), the results of Table 6 showedttieatargest diameter gain was
achieved through two thinning operations beginrabhgarly ages (treatment 7,
first thinning at 2.5 years). Again, the statidlicaqual results of treatments 3
and 6 allow for similar diameter production eitlierough 2 thinnings or one
thinning down to 250 trees/hectare at age 5 ydaate thinning operations
leaving 150 trees/hectare at age 7 years and tariging operations leaving
300 trees per hectare resulted in lower diametadymtion than the rest of the
treatments (excepting unthinned control plot). Dééen production of the
dominant trees followed the same general behagionean DBH results.

Regarding the younger trials, the results for ttiaF showed that under
low initial planting density (555 trees/hectaregrleg or late thinning applications
(3 or 5 years) leaving 250 trees/hectare resutiethé largest and statistically
equal diameter production. When two thinning operst is concerned,
beginning thinning operations earlier in the lifetloe stand (age 3) resulted in
larger diameter gain than beginning thinning openat at age 5. The unthinned
check plots presented the lowest diameter valueystimns. The results for
largest 100 and 200 trees/hectare followed the dashavior as mean DBH,
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except that the late thinning operation in two inéations presented diameter
values statistically equal to the unthinned chdoksp

Trials 130, 131, and 132 responded more or lessdh®e in regard to
mean diameter growth as well as for the largestat@D200 trees as affected by
the thinning treatment. The treatments with thénhingtial density (treatments 1
to 3) had lower diameter values when compared @oldiv density treatments
(treatments 4 to 8). Early thinning treatmentsnftitig at age 2, treatments 5 and
6), regardless of the number of remaining treessgated the highest diameter
values at age six years. The younger trials hatehage enough time to take
advantage of the increased growing space followeithibning, since treatments
with thinning occurring at age 5 years only had darygrowth before this
evaluation. The tendencies in diameter productiay rary as the stands reach
maturity.

For the younger trials, a 37% higher mean diametdwe was found
between the most intensive thinning treatment d&edunthinned high density
treatment, while a smaller difference was found tfer mean diameter of the
largest trees per hectare of 23%. For the oldaistria 78% higher mean
diameter value was found between the most interikinaing treatment and the
unthinned treatment, while this value was reducedd% for the dominant
trees. This shows that as thinned stands get dltedominant trees of the stand

are able to increasingly differentiate themselvemfthe mean values trees.

Height growth

Considering height growth, the same tendenciesiafmeter growth
were found, namely higher height values for the Wemsity and early thinned
treatments. This was true for both the mean hedgitkt the dominant height.
While a significant difference for mean height daa expected foEucalyptus
thinning trials (MUNOZ et al., 2008, SCHEEREN; SCHIWER; FINGER,
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2004), the significant difference found in domindtight is unusual. Several
works have reported no significant difference imdwant height folEucalyptus
thinning trials, such as: Aguiar et al. (1995),d€énand Schneider (1999), and
Zhang, BAKER and NEILSEN (2003).

Basal area production

Total basal area production for trials 117, 118J 420 were higher
amongst the unthinned check plots. For all theisésirthe next highest basal
area values were found for thinning at age 5, deevd50 trees per hectare
(treatment 6). While this treatment allowed forthigtal basal area production,
the values for basal area of the 100 and 200 tkidkees per hectare were the
lowest among the thinned treatments. The treatnmmtsisting of 300 trees per
hectare after thinning were ranked as the next dsghlin total basal area
production. In terms of the dominant stratum of #tand, these treatments
comprised the largest basal area production dfeetreatments leaving 150 trees
per hectare.

When considering the trial under low initial pliaxgt density (119), aside
from the unthinned check plot, treatments initigtihinning at age 2.5 years
with 250 or 300 trees per hectare remaining (treats7 and 9) presented the
largest total basal area production. These wetewel by the treatments with
thinning beginning at age 3.5 years also leavin@ &5300 trees per hectare.
When analyzing the basal area production of theimimh stratum, the highest
production came from the treatments leaving 15@strper hectare and with
early thinning interventions (treatments 4 and LB)der the low initial planting
density of 667, two thinning operations at ageah8 5.5 with residual densities
of 400 and 250 trees per hectare (treatment 7)ugemtia large amount of total
basal area (third ranked) while also producingrgelaamount of basal area for
the dominant trees (fourth ranked).
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For trials 130, 131, and 132, the unthinned treatmvith initial density
of 1111 trees per hectare resulted in the largetsi basal area production,
followed by the unthinned treatment with initialndéty of 617 trees per hectare.
The next highest basal area production belongdidetdreatments installed with
617 trees per hectare and with early thinning djmra (age 2), leaving 450 and
250 trees per hectare (treatments 6 and 7). |e thieds, late thinning treatments
resulted in the lowest basal area production fmeats 3 and 8). Considering
the dominant basal area production, the highesdyming treatment was with
initial density of 617 trees per hectare, earlytitig application at age 2 years
and residual tree number of 250. Despite the feat treatment 5 (2 thinnings
leaving 450 and 250 trees at initial density of &E#és per hectare) had a low
total basal area production value, it was the sgéganked in dominant basal
area production.

The lowest initial planting density, trial 127, egented basal area
production behavior similar to the other trialsthwlatter age thinning leaving a
high number of residual trees reaching high totdab area values and low
dominant basal area values when compared to eairlping leaving a low

number of residual trees.

Management implications

Figures 1 and 2 show the development of mean DBHt@sal area as
well as dominant DBH and basal area for three mdistmanagement regimes
considering two initial spacing options, low andthdensity.

Figures 1 and 2 also demonstrate that the diffeerna thinning
intensities provide a trade off between large diaiced production and basal
area production. In the most intensive thinningmeg(T11 in Figure 1 and T10
in Figure 2), large diameter trees (mean diamet&5acm and 38 cm for 1111

trees per hectare and 667 trees per hectare, tieghgdcare obtained in a short
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period of time (11.5 years). On the other handgltbasal area production is

lower than in other regimes, concentrating growttadew selected crop trees of

the stand. This type of regime characterizes amsgite management scheme,

which aims to remove any growth strains (in thisecaompetition from other
trees) on selected trees to produce high value (B@sX, 2000; MAESTRI,
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Figure 1 Development of mean DBH (a), mean bassd én), DBH of the 100
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represent the standard error of means.
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Figure 2 Development of mean DBH (a), mean bass év), DBH of the 100
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trial 119, explanation on the treatments is avé&laip Table 2. Error bars

represent the standard error of means.

Thinning regimes with two thinning operations (Hi8rigure 1 and T7 in
Figure 2) characterizes a multiproduct managemeherae. In this type of
regime, growth of the final crop trees are somewteaticed, but thinning
operations provide wood of commercial dimensionsovwgh rate of the final
crop dominant trees are still elevated, especialign a low initial density is
practiced.

The choice of the best thinning regime feucalyptus clonal material
will vary according to the objective of growing tiantation (PINKARD and
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NEILSEN, 2003). For cellulose or energy, plantinghgh initial spacing with
no thinning interventions will maximize standingshbarea. The decision is
more complex if growing wood for solid wood produdtor instance, Medhurst,
Beadle and Neilsen (2001) recommended a final tlenfi200 to 300 trees per
hectare for thinningcucal yptus nitens plantations, considering a rotation of 20 to
25 years. From the results of this study, shodtations (15 to 20 years) seem
possible if early and intensive thinning regimee ased. Nutto et al. (2006)
recommends wide initial spacing (500 to 800 tremrshectare) on sites of good
to very good quality for high quality sawlog protioa for BrazilianEucal yptus
plantations. This assures that the high diamet@rement potential of
Eucalyptus for the first 3 years is maintained and enablestdimal rotations of
15 years.

The use of large logs for solid wood productsdsisable, since they
provide a greater proportion of sawn timber recop(@/ARDLAW et al., 2004)
and tend to be more stable during drying procesSKENZIE and HAWKE,
1999) when compared to small diameter logs. Fdam®, the aforementioned
authors recommend logs with minimum small-end diamef 40 cm to reduce
drying degrade irEucalyptus regnans. The results presented in this study are
still provisory, since a rotation of 15 years orrmds required for many of the
tested thinning treatments to produce considergplantities of large scale
timber. Economical analysis identifying the mosbffiable thinning regime
once the trials reach a full rotation age will helcidate the best thinning

regime for the clones and sites tested.

4 Conclusions
With the above analysis and results of severdewint initial planting

densities, timing, and severity of thinning treatitseve may conclude that:
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- Stands planted under high densities (1111 trees haetare)
presented a higher initial mortality proportion gorito thinning
interventions than stands planted under low ind&tsity;

- Diameter growth prior to canopy closure was infitesh by genetic
material (7% variation) as well as planting densityith low
densities (under 617 trees per hectare) preserttieg highest
diameter growth (6 cm per year);

- Post thinning fertilization permitted a small butatstically
significant growth advantage compared to treatnweittiout post
thinning fertilization;

- Thinning treatments conducted early in the lifetloé stand (2.5
years) and leaving a low number of trees (150 tneg¢gpresented
the highest values of mean DBH, DBH of the 100 264 thickest
trees per hectare, mean height, height of the H@0280 thickest
trees per hectare, and basal area of the 100 @nthi2Best trees per
hectare.

- Unthinned treatments and thinning treatments caedulate in the
life of the stand and leaving a high number of arpeesented the

highest values of total basal area.
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