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AQUI ESTA QUEM CARREGA

CANA E TUDO MAIS QUE

Na lavoura canavieira, as Péas-
Carregadeiras 930 e 966C resolvem o
seu problema. Com a cacamba de aplicacdo
geral carregam fertilizantes, adubos e
calcérios nos caminhdes. Com a cacamba
especial para material leve, transportam
o bagaco de cana para alimentacdo das
caldeiras na usina. Na conservacdo de
estradas, dentro da propriedade agricola,
auxiliam no transporte de terra e cascalho,
colaborando, também, nos servicos de
aterro. Com garfos, executam toda a
movimentacdo dos estoques de cana
dentro do patio da usina bem como a
alimentacdo da esteira. E a troca da

Pas-Carregadeiras 930 e 966 C.

FOR PRECISO. -

cacamba por um garfo é feita em poucos
segundos, por meio de um sistema de
engate rapido.

Essa extraordinaria versatilidade das
Pas-Carregadeiras Caterpillar, aliada a sua
eficiéncia mecanica, permite o trabalho
ininterrupto em uma grande variedade de
aplicacdes. E o alto valor de revenda,
tradicional nas méaquinas Caterpillar,
€ conseqliéncia direta de sua reconhecida
durabilidade.

Ha certas coisas que vocé sé

consegue com magquinas Caterpillar, como,

por exemplo, contar com o Atendimento
CAT PLUS, disponivel através dos

Revendedores Caterpillar e que comeca
a resolver os seus problemas mesmo antes
da compra da maquina.

Comprove pessoalmente as
vantagens das Pas-Carregadeiras
930 e 966C, solicitando uma demonstracédo
em seu Revendedor Caterpillar.

[E CATERPILLAR

SEMPRE A MELHOR SOLUCAO
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Quem guer economizar com seguranga total e garantia de lucro aplica na
Cesta de Poupanca ltal. A Cesta de Poupanga itad iem as melhores alternati-
vas para vocé aplicar sempre com seguranga e rentabilidade, e ainda escolher
o tipo de renda: mensal, trimestral ou final. Ou fazer aplicacdes em fftulos nomi-
nativos ou ao portador.

Na Cesta de Poupanga itall vocé encontra estes papéis:

Letra Rad - renda prefixada. Vocé aplica hoje e sabe exatamente quanto vai
ganhar. Além disso, precisando de dinheiro a qualquer momento, e s procurar
qualquer agéncia do Banco fiad. '

Super Poupanga Raii - rende juros e correcao monetaria. Vocé pode aplicar
em qualquer dia do ano, por prazos de 6 a 12 meses, e a renda pode ser trimes-
tral ou final. '

Renda Mensal ital - renda prefixada. Vocé aplica em quai-
guer dia e fica sabendo na hora quanto vai ganhar. Para maior
comodidade, a renda é creditada mensalmente em sua conta
corrente, no mesmo dia do més em que vacé fez a aplicagéo.
Aplique na Cesta de Poupanca tad. Ela tem sempre

o investimento do tamanho das suas economias. : s
: E olucro ¢ batata. | Eletrbnica Global
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Grupo Electrolux

Rua Bdmiundo de Carvaltho, 440
S3o0 Jodio Climace - 8o Paulo
Brasil

Telex {D11) 22280 ELFA - BR
Tel.(sh: {011) 273-3122e
273-3189 — CEP Q4251

DISTRIBUIDORES:
- SAD PAULO:

Sac. imp. Agro-Assai Ltda.
Rua Santa Luzia, 91
Liberdade - Sdo Paulo - &P
Tel.(s}: {011) 32-8%16 ¢
37-3259 — CEP 01513

C. R, Diessl

Av.|mperatriz Leopoldina, 1530
Sdo Paulo - 5P

Tek.{s}: {Q11) 2610974 e
2616287 — CEP 053065
Tarcisio Oliver de Faria a Cia.
Lida,

Rua Dr. Prudente de Moraes,
s/n® - ltapetininga - SP

Tel: (0162} 71-0599

CEP 18200
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Caoremay -- Coméreio e Repr.,
do May. Agricolas Flor. Ltda.
Rua Amando de Barros, 1704
Botucatu - 5P

Tel: {0148) 22-0262

CEP 18600

[air Sanches

Rua Paraiba, 58

Ribeirdo Preto - SP

Tel.(s): {016) 634-3681 e
635-1536 - CEP 14100

RIC GRANDE DO SUL.

Coml. de Méds. Benoit Ltda.
Av, Sen, Aiberto Pasqualine, 736
Lageado - RS

Telds): {101} 3188 e 2730

CEP 95900

Rizzi & Cia. Lida,

Rua Feijd Junior, 1132

Caxias do Sul - RS

Tel: (054) 221-7633

CEP 85100

CITRA - Comércio de Tratoves,
Méquinas e Implementos Lida.
BR-183 - Km 242 s/no
Erechim - RS

Teb(s): (0B4) 321-1719 e
321-1356 — CEP 89700

SANTA CATARINA

Coml. de Pagas e Acessorios
Tortelli Ltda.

Av. Pres, Vargas, 1548
Lages - SC

Tel: {0492) 22-1568

CEP 88500

N ee

Dimitrato — Distr. Trat, Ltda.
Rua Carlos Gomes, 206

Rio do Sul -8C

Tel: {0478) 22175656

CEP B9160

Auto Tangara Lida.

Av. Caetano N, Sranco, 1223
Joagaba - SC

Tel, {s): {0495) 22-1230 ¢
220257 - CEP 89600

Coml. Agricola Tangard Ltda.
Av. irméas Piceali, 386
Tangara - SC

Tel: (0495) 32-1296

CEP 89642

Alderice Kieimpaul

Rua Antonio Vitério Giordani,
34 — Xanxere - 5C

Tel: (0499} 33-0465

CEP 89820

PARANA

Comercial Técnica de Motos-
sarvas Lida. - Motolon

Av. Tiradentes, 230
Londrina - PR

Tel: {0432) 270822

CEP 86100

Cantro Comercial de Motos-
serras Ltda.

Av. 7 de Setembro, 2181
Curitiba - PR

Tel: (041) 2226205

CEP 80000

Zanelia Agromdacuings Ltda.
Av. 24 de Qutubro, 1425
Medianeira - PR

Tel: {0452) 64-2180

CEP 85870

- RN !

Remalosso - Motoserras e
Equipamentos Ltda.

Rua Bardo do Rio Branco,
1252 — Guarapuava - PR
Tel:{0427) 23-2725

CEP 85100

MINAS GERAIS

Soc. Comt. Minas Gerais Lida.
Casa Vera Cruz

Rua Araguari, 52/64

Belo Horizonte - MG

Tel: (031) 3355422

CEP 30000

MATO GROSSO

Dhsnomag - Dist.Matogrossense
de Mags. Lida.

Av, Couto Magalhdes, 666
Varzea Grande - MT

CEP 78150

AMAZONAS

Braga & Cia. Ltda.

Av. Jofn Alfredo, 757
Maizaus - AM

Tel.(s): (092) 236-1100,
236-1150 e 236-1200
CEP 62000

ESPIRITO SANTO

Limaq - Linhares Méaquinas Lida
Av, Marbchal Rondon, 2941-8
Linhares - ES

Tel: (027) 264-2530

CEP 29800
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DISTRIBUIDORA DE TITULOS E VALORES MOBILIARIOS LTDA.

CORRETORA DE CAMBIO E VALORES MCEILIARIOS LTDA.

Rua da Consolagdo, 247 — 112 andar ~ $8o Paulo —SP -~ CEP 01301 — TELEX (011) 32106 — TEL. (011) 2576744
SAO PAULO -- FORTALE?A — BELO HORIZONTE — RECIFE — NATAL




Desde os mals variados
modetos de moto-serras Stihl, aos
mais avangados equipamentos
nacionais ou importados para
engenheiros florestais e
agronomos.

Completa linha para as mais
especificas operagdes de
fiorestamento, reflorestamento,
celulose, aglomerados de madeira
e compensados. Equipamentos e
acessorios para Inventarios
florestais, calibres, trenas
diamétricas, sondas, trenas para
medic&o de pilha de madeira ou
tudo o que vocé quiser, em
estoques para entrega imediata.

A AD Agro Diesel
Equipamentos Lida., distribuidora
autorizada da Stihl, especializando-se
cada vez mais no atendimento
as suas necessidades, foi
‘nomeada representante exclusiva
no Brasil da Forestry Suppliers —
o mator revendedor de
equipamentos para o setor
florestal nos Estados Unidos.

Consulte-nos em nossa oja em
S&o Paulo ou em nossos distribuidores
regionais, para obter o :
equipamento mais adequado as
suas operagdes. Teremos muito
prazer em atendé-lo, inclusive, com
servigo completo de orientagéo e ﬂ
assisténcia técnica. w
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AD-AGRO DIESEL EQUIPAMENTOS LTDA.

Lojas: Alameda Barao de Limeira, 575~ Rua Helvétia, 640 - Escritorio: Al. Bardo de Limeira, 579 1° andar conj, 12
Fones: 220-3822 - 221-4879 — 223-4164 — 221-6038 — 220-6448 — Telex: 011 - 34754 ADAG

MULTIARTE
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A Cafma dispoe para
comercializagao imediata

de semenies de Areas
Comerciais (AC),Sementes
de Areas de Produgaoc (AP) -
e Sementes de Pomares de

S PR e

A Cafma coloca hoje no
mercado brasileiro o que

existe de mais avangado em perfeitas, Know-How Sementes (PS).
tecnologia florestal: Cafma, que além de O desenvolvimento
Sementes de Pinus* fornecer arvores para dessas novas e importantes
de otima qualidade, gonsumo industrial — técnicas de melhoramento,
conseguidas através de 25 | Complexo Freudenberg—,  daa Cafma absoluta
anos de pesquisas e coloca no mercado credibilidade em Técnica
astudos geneticos. sementes para se Florestal.

A producgao de conseguir florestas Semeie Cafmae colha
sementes geneticamentes realmante superiores. qualidade.

O trabalho desenvolvido

melhoradas, colocaa 0 ae
pela Cafma, iniciado em

CAFMA, entre as pioneiras

*

Pinus Elliottii Var. Densa.

do setor, garantindo 1960 com importagéo das Pinus Strobus Var. Chiapensis

tranquilidade e seguranga | melhores sementes da Pinus Caribaea Var. Caribaea,

a0s SeUSs USUATos. s América Ceniral, passando  Hondurensis e Bahamensis
Arvores com bom : 1 por selegdes sucessivas, Pinus Kesiya

volume, bom didmetro, boa  * D SERREetE chega hoje a um dos seus Pinus Oocarpa

forma, ramos finos, copa ramos perfeita, 56 so pontos maximos: a

pequena e angulacao de conseguidas mediante polinizagdo controlada.

pesqguisas e trabathos
geneticos com o
matrizes
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A Aracruz ji plantou mais de 100 milhdes de arvores no norte do Espirito Santo. E o resultado disto,
é que o Brasil tem colhido milhdes de dblares em divisas com a exportacdo de celulose por ela produzida. 86 no
ano passado, isto representou 145 milhdes de dolares, o que colocou a Aracruz entre os 20 maiores
exportadores brasileiros.

Mas, além de divisas, o Brasil tem colhide outros beneficios com ¢ trabalho da Aracruz. Por exemplo:
mais de 5,000 empregos diretos gerados pele empreendimento, composto pelas &reas de plantacio, fabrica de
celulose, unidades quimicas, e um hairro — o Coqueiral. Direta e indiretamente, isso beneficia milhares de
familias e a regido, que passou a contar com novos atrativos para gue outras empresas se instalem ali, gragas
i infra-estrutura montada para a Aracruz.

Além dos eucaliptos que abastecem a sua fabrica, para a producio anual de 400 mil toneladas de
celulose, a Aracruz ja plantou mais de 1 mithdo e 600 mil drvores nativas, como jacaranda, peroba, pau-brasil,

e 60 mil frutiferas para aumentar a oferta de alimentac¢do da fauna. Na floresta, as pragas e os insetos daninhos
sio combatidos através de seus proprios inimigos naturais, evitando-se
assim, o emprego de produtos guimicos.

Tudo isso com a preocupagio de proteger a terra,a fauna e a flora
da regidio. Pois, a Aracruz sabe que s6 consegue colher bons frutos, quem
trabalha em harmonia com a natureza.

ACRUZ CELULOSE 5.A.

Raizes brasileiras do progresso,
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novo hergo pireflorestamento fabricade pela Isopor pf 8

plentacéo de mudas de Pinus e Eucalyptus, cf use de vermiculita.
Caracteristicas

Material = isopor (poliestireno sxpandido. Menor preco de transporie
Dimensdes = 610 x 410 x 165mm  Menor tempo para crescimeto
Peso = + - 260 gramas Maior praticidade

Capacidade ~ 96 mudas Maior rapidez no plantio

Ref.. PM-1425 Mathor drenagem

MATRIZ: %700 - 5. Bernardo do Campo - 5P - Av. Alvaro Guimardes, 207 - Tel. {011)
448.2500 - Telex (011) 4530 ISOP '

20000 - Rio de Janeiro - RJ - Rodovia Presidente Dutra, 2769 - Tel, (021)
I71.4545/50

50000 ~— Recife - PE - Av. Mel. Mascarenhas de Morais, 1681 (081)
0633 - Telex {081} 1116 ISON

93000 - 8do Leopoldo - RS - Av. Sdo Borja, 1700 - Tel, (0512) 92.5144

61900 - Fortaleza - CE - Distrito Industrial do Ceard - Pgjucara - Tel. (085} 225.08%1/
0892

* 80000 - Curitiba - PR - R. Jodo Negrdo, 1835 - Tel. (041} 223.0575
* 66000 Belém - PA - Av. Tavares Bastos, 429 BL I3 - Conj. 202 - Tel, (091) 231.2619

® ;%QOO- Salvador - BA - Av. Estados Unidos, 3 -5/202 - Tel. (071} 242.2018 /
2

INDUSTRIA ¢ COMERCIO de PLASTICOS LTDA * Representante Enipresa_do grupo BASE

PARA MOTGRES
ESTACIONARIOS

PARA MOTORES
DIESEL

substitui 90%

de dleo diesel

PARA MOTORES
A GASOLINA
substitui 100%
de combustivel

UTILIZADO PARA:
Grupo Geradores
Moto-Bomba
para irrigagao
Motores diese!
em geral

dvimec
w mkueé?m&n

quipomentos Lida

Rua Flores da Cunha, 1670

FONES {054) 221.5400, 221.6590 ¢ 221.6790

TELEX: (0542) 521 AVEC BR - 95100 - CAXIAS DO SUL - RS.
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A Sociedade Brasileira de Sifvicultura lavra mais um tento, publicando neste nimero
da Revista a primeira parte do Simp6sio sobre Melhoramento Genético ¢ Produtividade de
Espécies Florestais de Répido Crescimento, promovido pela SBS e patrocinado pela
JUFRO (INTERNATIONAL UNION OF FORESTRY RESEARCH ORGANIZATIONS),
com realizacio ocorrida em Aguas de Sdo Pedro, no Estado de 830 Paulo, e agosto de
7980.

Baldados os esforcos para a publicagdo em sgparado dos Anais, pela inexisténcia de
verbas a isso especialmente destinadas, a Presidéncia ndo vacilou em autarizar @ incluséo
desse trabalho na série normal de tiragens da Revista Silvicultura, onde os custos editoriais
e gréficos, diminuidos pelos ganhos com a insercdo de publicidade, puderam ser atendidos,
com algum sacrificio, pelas exiguas verbas normais da propria SBS.

Com isso, a Sociedade Brasileira de Silvicultura desincumbe-se de encargo antigo,
cumprindo de forma integral & plena, compromissos assurmnidos hé tres anos com o seu
quadro social e com a comunidade internacional de pesquisa florestal,

O atraso, involuntdrio e penoso, ndo desmerece o valor dos trabalhos publicados,
sendo de se lhe atribuir, gquando muito, o demérito de ndo trazer até a data de hoje, 0s
dados que foram ordenados por séries cronologicas.

Finalizando, cabe reconhecer que nessa publicagdo, ac trabalho da SBS somaram-
se os esforpos da equipe técnica do Departamento de Silvicultura da ESALQ—-USP e os
incentivos de todos agqueles que vindos do exterior ombrearain conOSCo nesse importante
evento. '

L aerte Serubal Fitho
Presidente




INTRODUCAD

O Simpdsio IUFRO em Melhoramento Genético e Produtividade de Espé-
cles Florestais de Rédpido Cresvimento, realizado em Aguas de Sdo Pedro, Sio
Paulo, Brasil, no periodo de 25 a 30 de agdsto de 1980, teve seu éxito plenamen-
te garantido por trés fatores importantes: Niirnero e nivel técnico dos participan-
tes — 347 técnicos de 27 paises —-ntrnero e qualidade dag contribuigGes técnicas
— 297 trabalhos de 734 autores — e, finalments, rigoroso cumprimento da pro-
gramagdo estabelecida, gragas ao perfeito entendimento entre participantes e
Promotores.

O estabelecimento das condigdes que possibilitaram este éxito, sé foi pos-
sivel pela colaboragdo inestimdvel prestada por organizagbes brasileiras e estran-
geiras, cujos nomes acham-se consignados nestas atas.

Na publicagio dos Anais do Simpésio, adotou-se o critério da impressio
direta, a partir dos originais dos trabalhos técnicos apresentados pelos autores,
Esse processo, adotado por razées de facilidade e economia, apresentou pegquenas
imperfeigbes técnicas na impressdc dos trabalbos que ndo sequiram as normas es-
tabelecidas antevipadaments, sem que isso, contudo, represente prejuizo malor 4
obra. '

Finalmente, o atraso ocorride na publicagdo destes Anais é atribuivel,
com exclusividade, 3 absoluta excassez de recursos financeires. Esse obice, que
retardou a apresentagdo fisica da obra, em momenio alqum arrefeceu o entusias-
mo dos responsdveis por sua publicagio ¢ o interesse da comunidade florestal
mundial,

HTRODUCTION

The success of the IUFRO SYMPOSIUM ON BREEDING AND YIELD
OF FAST GROWING TREES held in Aguas de Sdo Pedro (5P}, Brazil, from 25
to 30 of August, 1980, was assured by three fmportant factors: The number and
the technical level of the participants (347 technicians from 27 countries); the
number and the quality of the papers presented (297 papers from 7534 authors);
and finally the fact thai the program established was strictly abided 1o which
may be atiributed to a perfect understanding between participants and pro-
THOLOrs.

This  success way only possible through the valuable collaboration
offered by Brazilian and foreign organizations whose names are listed in these
Proceedings.

The Proceedings were published using a divect printing process from ori-
ginal copies of the technical papers presented by the authors, This process which
was adopted for evonoruical and faeility purposes, presented small technical
imperfections In the printing of papers where the pre-established requiremenis
were not followed. However, no large damages were caused by this inconveni.
ence.

Finally, the dealy in the publicetion of these Proceedings is attributed
exclusively to the absolute lack of financial resources. This chstacle, which
delayed the physical presentation of the work, ai no time hindered the enthu-
siasm of those responsible for its publication and the interest of the world’s
forest community.

INTRORUCTION

Le Symposium IUFRO sur I'Amélioration Génétique et la Productivité
d'Especes Forestiéres & Croissance Rapide, qui s'est tenu a Aguas de Sdo Pedro,
S0 Paulo, Brésil, du 25 au 30 Aciit 1980 a atteint pleinemeni son but grdce a
trois facteurs Importants: Nombre et niveau technique des participants — 347
techniciens de 27 pays — nombre et qualité des conférences techniques — 297
travaux de 734 auteurs — et, finalement, éxecution rigoureuse du programme
établi, grace & U'entente parfaite entre les participants et les promoteurs.

I.’établissement des conditions qui ont permis ce succés n'a été possible
qu'avec la collaboration inéstimable des organisations brésiliennes et étrangéres,
dont les noms se trouvent cités dans ces comptesrendus.

Pour la publication des Annales du Symposium, il a été adopté le cri-
tére de I'impression directe, 4 partir des travaux que n'ont pas suivi les normes
établies 8 I'avance, sans que pour cela améne aucun préjudice majeur d Iosuvre,

Finalement, le retard survenu dans la publication des ces Anmales est
attribué exclusivement au manque absoly de recours financiers. Cet ohstacle,
qui a retardé la publication physique de l'oeuvre, n'cependant pas diminué
I'enthousiasme des responsables pour sa publication ni I'intérét de la commu-
nauté forestiére mondiale,
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Eucatex 5.A. Industria e Comércio
Olinkraft Celulose e Papel Ltda.
Klabin do Parana

Agro-Florestal S.A.

ENTIDADES ENVOLVIDAS

iPT — Instituto de Pesquisas
Tecnolbgicas,

Assaciacdo Brasileira

de Carvio Vegetal,
Assaciacdo Brasileira de

Empresas de Reflorestamento,
Associacio Brasileira dos.
Produtores de Madeira,

Sindicato da Inddstria de

Serrarias, Carpintarias, Tanoarias,
Madeiras Compensadas e
Laminadas, Aglomerados e Chapas
de Fibras de Madeira do

Estado de Sio Paulo,

Associagdo Brasiieira da Indistria
de Compensados Especials,
Sociedade Brasileira de

Lngenheiros Florestais,

Sociedade Macional de Agricultura
2 Abima — Associac8o Brasileira das
inddstrias de Madeira Aglomerada

A

Socidade Brasileira de Silvicubiura
agradecs 4

Associacin Macional dos
Fabricantes de Papel e Celuloss,

a cessio do pape desta edico.



Promoters:

SBS — SOCIEDADE
BRASILEIRA

DE SILVICULTURA
{BRAZILIAN

SILVICULTURE SOCIETY)
IUFRO — INTERNATIONAL
UNION OF FORESTRY
RESEARCH ORGANIZATIONS

Organization Commities:
Chatrman:

By, Sérgio Carlos Lupattelli
Technical Direcior:

Dr. Mario Augusto Ferreira
Coordinator:

Br. Mauro Antonio Moraes Victor

Austraiian Subcommities:
Presidente:

R.N. Cromer

Members: .

Alan Brown, Garth Nikles,
i.eon Pederick, Ken Eldridge
g Hugh Waring.

SPONSHORSHIP

Ministério da Agriculiura
(Ministry of Agriculture)
Ministério da Ind(siria e
Comércio — (Ministry of
Industry and Trade}

Governo do Estade de S3o Paulo
{880 Paulo State Government)
{BOF — Instituto Brasileiro de
Desenvolvimento Florestal —
{Brazilian Institute for Faorestry
Development)

Embrapa — Empresa Brasileira
de Pesquisas Agropecudrias —
{Brazilian Agriculture and
Livestock Research Company)
Finep — Financiadora de Estudos
e Projetos — {Studies and
Projects Finance Company)
CNPg — Consetho Nacional de
Desenvolvimento Cient(fico e
Tecnolbgico — (National
Council for Scientific and
Technological Development)

Secretaria de Tecnologia
Industrial — {Industrial
Technology Secretariat)
Consider — Conselho
Siderdrgico Nacional —
{National Siderurgy
{Metalworking) Counci)

Fapesp — Fundacdo de Amparo 3
Pesquisa do Estado de Sée Paulo
{S&o Paulo State Foundation for
Support to Research)

CONTRIBUTIONS

Secretaria de Cultura do £stado
de So Paulo — {S&o Paulo Siate
Secretariat of Culture)
Secretaria da Agricultura do
Estado de Sdo Paulo — {580
Paulo State Secretariat of
Agriculiure)

PEF — Instituto de Pesquisas
Florestais -~ {Institute for
Forestry Research)

Instituio Florestal do Estado de
Sdo Paulo — (S8o Paulo State
Forestry Institute)

Associacdo Nacional dos
Fabricantes de Papel e Celulose
{National Association of Paper
and Cellulose Manufacturers)
Federacdo do Comércio do
Estado de Sdo Paulo — {880
Paulo State Trade Federation)
FAQ — Food and Agricultural
Crganization

Abecel — Associaco Brasileira
dos Exportadores de Celulose —
(Brazilian Assocation of
Cellulose Exporters)

Banco ital S.A.

Eucatex S.A. Indastria e
Comércio

Olinkraft Cetulose e Papel L tda.
Kiabin do Parana

Agro-Florestal 5.A.

PARTICIPATING ENTITIES
INVOLVED

IPT — Instituto de Pesquisas
Tecnologicas — (Technological
Research Institute)

Assocaicdo Brasileira de Carvio

Vegetal - (Brazilian Charcoal
Association)

Associagio Brasileira dos
Reflorestaderes — {Brazilian
Association of Reforesters)
Associacdo Brasileira dos
Produtores de Madeira —
{Brazilian Association of Wood
Producers)

Sindicato da Inddstria de
Serrarias, Carpintarias,
Tanoarias, Madeiras
Cempensadas e Laminadas,
Aglomerados e Chapas de Fibras
de Madeira do Estado de 880
Paulo — (The Industrial Unien
Syndicate  of Sawmills,
Carpentry, Cooperage,
Sheet-and Plywoods, Pulp and
Plates of Wood Fibers of the
State of S8o Paulo)

Associacio Brasileira da IndGstria
de Compensados Especiais —
{The Brazilian Association of the
indusiry of Special Plywoods}
Sociedade Brasileira de
Agricultura — (The Nacional
Agriculture Society) and
Abima — Associacdo Brasileira
das Indistrias de Madeira
Aglomerada — {Brazilian
Particle Board Plywood
industrial Association)



8,00 horas:

18,00

11,00 horas:

12,00 horas

14,30 horas
18,30

DA 25/8/80
Segunda Feira

Registro e retirada de material
pelos Participantes

CENTRO DE CONVENGOES
Secretaria Executiva

SESSAO SOLENE DE ABERTURA DO SIMPGSIO

Pronunciamentos:  Sérgio Carlos Lupattelii
Presidente do Simpdésio e da SBS
Mauro Siiva Rais
Presidente do instituto Brasileiro
de Desenvolvimento Florestal e
Representante do Ministro Amaury Stabile, da Agricultura,

GRANDE AUDITORIO

- ENCERRAMENTO

INSTALACAO DOS TRABALHOS TECNICOS
Presidents da Mesa: Newton Carneiro .

APRESENTACAD DOS TRABALHOS DE ABERTURA

1. “Programas em andamenio e problemas basicos das florestas implantadas de eucaliptos”.
Com especial referéncia ao Brasil e América do Sul. — Prof. Dr. Jodo Walter Simdes.

2. “Florestas implantadas de pinheiros tropicais’’. Com especial referéncia & implantacéo,
manejo e exploracido de florestas de pinheiro tropicais. — Dr. Francisco Bertolani,

W

Silvicultura Intensiva em Melhoramento Genético de Eucalyptus spp.
Prof, Dr. Mdrio Ferrsira.

“Perspectivas de melhoramento de pinheiros tropicais no programa cooperativo do [PEF".

Prof, Paulo Y oshio Kageyama.

Neo

“Testes internacionais de procedéncias de pinheiros tropicais”. — Dr. R. Barnes {Ingiaterra}
“Testes internacionais de procedéncias de eucaliptos”, - Eng? B, Martin. (Franga).
““Coordenacio Nacional da Experimentacdo sobre procedéncias de eucaliptos no Brasil”,

Prof. Dv. Antonio Pauio Mendes Galvio,

GRANDE AUDITORIO -




- 8,30
12,30

14,00
17,00

horas

horas

o e W

DIA 26/8/80
Terca Feira

SESSA0 CONJUNTA: GRUPOS A, BeC

Exploracdo, conservacdo e melhoramento
genético de Pinus Caribaea e Pinus Oocarpa
- estudo da situagdo atual do programa.

1. Taxonomia {incluindo Quimiotaxonomia),
variacdo e expleracio,

2. Conservacdo,

3. Revisdo do primeiro estagio dos testes
de procedéncias internacionais.

4. Progresso do segundo estégio de pesquisas sobre
procedéncias e planos para o futuro.

5. . Progressos nos testes e bancos clonais
cooperativos de Pinus Caribaea.

6. Trabalhos voluntérics.

GRANDE AUDITORIC

GRUPG C

Silviculturs e rendimento em florestas
de Répide Crescimentos.

1. Estabelecimento de plantagBes, incluindo

praticas de viveiro,

Praticas cuiturais, adubagdo e controle de ervas daninhas,
Manejo para usos especificos: madeira para serraria, carvio,
celulose e papel, conservagdo do solo e vida animal.
Interaces gendtipos/ambiente/nutriente incluindo irrigagio.
Trabalthos voluntdrios.

SALAO AZUL.

GRUPOB

Exploragio, conservagdo e variagdo em E. grandis

~ estudo da situacio atual do programa.

1. Taxonomia, espécies afins, ocorréncia natural,
procedéncias colhidas, conservacdo,

2. Progressos efetuados nos testes de procedéncias —
Austrélia, Flérida (EUA), Africa do Sul,
Zimbabwe, Rodésia, Zdmbia e Brasil.

3. Testes internacionais cooperativos
de procedéncias de E. grandis.

4. Trabaihos voluntérios.

GRANDE AUDITORIO




19,30
22,00

9,00
12,00

14,00
17,00

horas

horas

horas

GRUPO A

Exploragdo, conservacio e melhoramento
genético de Gmelina & Tectona
— gstudo da situacdo atual do programa.

1. Exploraciio, pesquisa e mapeamento de povoamentos para coleta
de sementes em procedéncias selecionadas.

Conservacéo.,

Desenvolvimento de racas locais e suas origens.

Progressos nos testes de procedéncias

regionais e internacionais. '

Caracieristicas especiais para se avaliar forma das arvores,
Progressos na producao de sementes melhoradas.

Progressos no melhoramento genético,

Trabalhos voluntarios,

bl S8

pNo;

GRANDE AUDITORIO

DIA 27/8/80
OQuarta Feira

GRUPOC
Respostas & adubagdo em plantagdes de Eucaliptos.

GRANDE AUDITORIO

GRUPO B

Procedéncias colhidas e testes de procedéncias
em outras espécies de eucaliptos.

1. Breve resumo dos resultados de colheitas de sementes
¢ instalac@o de testes de procedéncias para as espécies
b, camaldulensis, E. cloeziana, E. deglupta, E. delegatensis,
E. globulus, E. diversicolor, E, microtheca, E. nitens, E. obliqua,
E. tereticornis, E. viminalis, E. urophyiia e outras.
2. Trabalhos voluntérios,

SALAD AZUL

GRUPOC
Evolugio dos ecossistemnas de rotagles curias,

Produtividade e componantes da biomassa.

Ciclagem mineral.

Fartitidade a longo prazo e estabilidade das plantagOes.
Efeito das exploragOes nos solos.

Trabathos voluntérios,

G-

SALAO AZUL




19,30
22,30

horas

GRUPO B
iMétodos de selegdo e methoramento em eucaliptos.,

1. Métodos de estabelecimento de populagdes genéticas
bésicas pela selecdo: planejamento a longo prazo,
manutencio “‘ex situ”’ de populagBes para conservagao
genética e melhorarnento genético de eucaliptos.
Sisternas de reprodugfo: floragdo, autofecundagio,
depressio por endogamia,

Problemas no melhoramento: selegdo ¢ herdabilidade,
Testes de progénies: sistemas de cruzamentio

e delineamento de testes de campo.

Trabalhos voluntérios.

M

o e

GRANDE AUDITORIC

GRUPO A

Exploragdo, conservagdo, melhoramento
genético de Araucéria e Agathis —

estudo da situacio atual do programa,

1. Araucéria hunsteinii — Papua/Nova Guiné/Malésia/Congo
Trabalhos voluntarios em relaciio ao '
comportamento e potencial da espécie.

2. Araucéria cunninghamii ~ Papua/Nova Guiné/Austrélia
Trabalhos voluntarios em relagic ao comportamento
e poiencial da espécie,

3. Araucéria angustifolia — Brasii/Argentina
Trahalhos voluntérios em relagdo ao
comportamento e potencial da espécie,

4, Agathis — Taxonomia, exploracio, conservagio,
teste de procedéncias, coleta de sermentes e armazenagem,
Trabalhos voluntarios em relagdo ao comportamernto
e potencia! das espécies de Agathis.

GRANDE AUDITORIO




6,00
14,00

15,00
18,00

19,00
22,00

9,00
12,00

horas

horas

horas

horas

DIA 28/8/80
-~ Quinta Feira

TOUR TECNICO — GRUPOSA+B+C

GRUPOSA+B+C

Qualidade da Madeira de Florestas de Répido
Crescimento (efeitos de espécie, procedéncias
e tratos culturais nas propriedades da madeira)

" GRANDE AUDITORIO

GRUPO ESPECIAL
Produtividade e Manejo de Plantagoes de Coniferas

GRANDE AUDITORIO

DIA 29/3/80
Sexta Feira

GRUPO C

Nutrigdo e fisiologia dos eucaliptos —
problemas gerais das plantag&es.

Respostas 4 adubacio e irrigacio,
Tolerédncia das espécies de Eucaliptos
a-geadas, secas e salinidade.
Problemas com pragas e doengas.
Trabalhos voluntérios.

P b=

'SALAO AZUL




8,00

1230 horas

14,30
17.30 horas

GRUPQS A +B

Cooperagdo nacional, regional @ internacional.

1.

Relatéric da FAQ sobre estudo da viabilidade de um programa
de melhoramenio genético cooperativo a nivel internacional
para ¢ Pinus caribaea e cutras confferas tropicais.

Relatério dos progressos no estabelecimento de um programa
cooperativo de melhoramento genético e

coleta de sementes no Sudeste da Asia.

Situacdo atual do Programa Global para conservagido e
utilizacdo dos recursos genéticos florestais.

IPEF — Composicdo, objetivos e metas alcangadas.
Cooperagdo, controle e manejo de povoamentos

para conservagao genética.

Trabalhos voluntarios no estabelecimento de programas

de methoramento genético cooperativos

nas zonas tropicais e subtropicais.

Trabalhos voluntarios de institutos e organizagio

“de suporte técnico ndo relacionados no programa.

Trabathos voluntarios em relacdo as restricfes ao intercdmbio
de material genético bdsico ao meihoramento — material
vegetativo para enxertia e enraizamento, pélen, sementes,
orgdos, tecidos ou culturas de células.

GRANDE AUDITORIO

GRUPOSB+C
Manejo de Eucaliptos para a producdo de sementes,

gRhw M

Sementes de Rio Claro — Sdo Paulo.

Pornar de sementes por enxertia de E, grandis
Zammerkomst, Africa do Sul.

Pornar de sementes por mudas de E, grandis — Florida, EUA.
Certificagdo de sermentes de eucaliptos no Brasil.

Trabaihos voluntérios em relag8o a experiéncias no campo de
Avreas de Producio de Sementes e Pomares de Sementes.

Hibridagdo em eucaliptos e propagagio vegetativa,

T -

& W

Hibridos: problemas e vantagens dos eucaliptos hibridos.
Producdo massal de estacas enraizadas:’

Aracruz Florestal e Pointe Noire/Congo.

Enxertia e cultura de tecidos.

Trabalhos veluntérios.

GRANDE AUDITORIO




19,30
22,00

9,00
11,00

11,05

14,00
17,00

horas

horas

horas

horas

GRUPO A

Progressos na selegfio e methoramento genético de outras
espécies florestais tropicais. '

Espécies para zonas é&ridas.

Espécies para & agro-silvicultura.

Exploracdo da floresta tropical himida com reimplantacdo de novas espécies.
Contribuigdes voluntarias sobre espécies promissoras de uso recente em reflo-
restamento: Acacia mangium, Anthocephalus, etc.

PWd-

‘GRANDE AUDITORIO

DIA 30/8/80
Sabado

SESSAO CONJUNTA: A, BeC
REVISAQ DAS SESSOES

SESSAQ DE ENCERRAMENTO
Revisdo Geral do Simpodsio - E. Carlyle Franklin,
Recomendagdes Finais. — Sérgio Carlos Lupattelli

GRANDE AUDITORIO

Revisdo Administrativa

- Conclusdes




8 AM to
6 PM

11 AM:

12 AM:

2.30 PM to
6.3_0 PM

General Program

Monday, August 25 th, 1980

" Registration of Participants
Distribution of material to Participants

CONVENTION CENTER
Executive Secretariat

SOLEMN OPENING SESSION OF THE SYMPOSIUM
Speakers: Sérgio Carlos Lupattelti
‘ "~ President of SBS and of Symposium
Mauro Silva Reis
Presidente of the Brazilian Institute of Forestry Development,
and Official Representative of the Minister of Agriculture,
Amaury Stabile
' AUDITORIUM

CLOSING

STARTUP OF TECHNICAL WORKING SESSIONS
Chairman: Newton Carneiro

PRESENTATION OF OPENING POSITION PAPERS

—

“Ongoing programs and basic problems of established {man-planted) eucalypt forests”.
With special reference to Brazil and South America. — Prof. Dr. Jodo Walter Simdes.
“Established (planted) tropical pine forests”, With special reference to establishing,
managing and exploiting tropical pins forests. — Dr. Francisco Bertolani. .
Intensive Silviculture and Genetic Improvement of Eucalyptus spp. — Prof. Dr. Mérao
Ferreira.

“Qutlook for the improvement of tropical pines in the IPEF cooperative program”. —
Prof. Paulo Yoshio Kageyama,

“International provenance tests of tropical pines’”’. — Dr, R. Barnes {United Kingdom).
"International provenance tests of eucalyptus’’. — B. Martin, engineer (France).
“National Coordination of Experiments on eucaiypt provenances in Brazil”, — Prof. Dr.
Antonio Paulo Mendes Galvdo.

Noeo; oA oW N

AUDITORIUM




8.30 AM:

to 12.30 PM:

2PMto
5PM

Tuesday, August 26 th,1980

JOINT SESSION: GROUPS A,B,ANDC

Exploitation, conservation and genetic improvement of Pinus Caribaea and
Pinus Oocarpa — study of the present situation of program.

1. Taxonomy {including Chemitaxonomy),
variation and exploitation,
Conservation. ‘
Review of first stage of research on_
provenance tests.,
Progress of the second stage of research on
provenances and future plans.
B. Progress achieved on tests and

cooperative clonal banks of Pinus Caribaea.
6. Voluntary written contributions.

= LN

AUDITORIUM

GROuUPC

Silviculture and yield in
Fast-Growing Forests,

1. Establishment of plantations, including
nursery practices.
2. Cultural practices, manuring and control of harmful herbs.
3. Management for specific uses: sawmill wood, charcoal,
cellulose and paper, soil conservation and animal life.
4. Interactions genotype/environment/nutrient, inciuding irrigation,
B. Voluntary written contributions.

SALAO AZUL (BLUE ROOM)

GROUPB

Exploitation, conservation and variation of E. grandis —
study of present situation of program.

1. Taxonomy, similar species, natural occurrence,
collected provenances, conservation.

2. Progress achieved in provenance tests —
Australia, Florida (U.S.A.), South Africa,
Zimbabwe (Rhodesia), Zambia, and Brazil.

3. Cooperative internacional provenance
testes of k. grandis.

4, Voluntary written contributions.

AUDITORIUM




7.30 PM to
10 PM

2 AM to
12 AM

- 2PM1to
5PM

GROUP A

Exploitation, conservation and

genetic improvement of Gmelina

and Tectona

— study of present situation of the program. -

1. Exploitation, research and plotting of forest sites for the
coliection of seeds by selected provenances.

2. Conservation.
3. Development of local breeds and their origins.
4. Progressachieved on tests of regional and international
provenances.
5. Special characteristic properties 1o evaluate form of trees.
6. Progress in the production of improved seeds,
7. Progress in genetic improvement.
8. Voluntary written contributions.
AUDITORIUM
Wednesday, August 27 th, 1380

GROUPC
Response to manuring (fertilizing) of Eucalypt plantations. _ :

' AUDITORIUM

GROUP B

Collected provenances and provenance tests in
other species of eucalypts.

1. Brief summary of the results of the collection of seeds
and installation of provenance tests for the species:
E. camaldulensis, E. cloeziana, E. deglupta, E. delegatensis,
E. globulus, E. diversicolor, E. microtheca, E. nitens,
E. obliqua, E. tereticornis, E. viminalis,
E. urophylla and others.

2. Voluntary written contiributions.

SALAO AZUL (BLUE ROOM)
GROUP C
Development of short-rotation/ecosystems.

Productivity and components of the biomass.
Mineral cyclage.

Long-term fertility and stability of piantatlons
Effect of soil exploitation.

Voluntary written contributions.

oW

SALAQ AZUL (BLUE ROOM)




7.30PM to
10.20 PM

GROUP B

Methods of selection and improvement in
eucalypts,

1.

b

o

Methods of establishment of basic genetic
population (classes} for selection: long-term
planning, maintenance of populations ‘ex-situ"’
for genetic conservation and genetic
improvement of eucalypts.

Breeding systems: Flowering, self-fecundation,
depression through endogamy.

Problems in the improvement: selection and heritage.
Progeny tests: systems of cross-breeding

and outlining of field tests.

Voluntary written contributions.

AUDITORIUM

GROUP A

Exploitation, conservation, genetic improvement
of Araucaria and Agathis
— study of present situation of the program.

1.

Araucaria hunsteinti Papua/New Guinea/Malasia/Congo
Voluntary written contributions in relation to
the behaviour and potencial of the species.

2. Araucaria cunninghamii Papua/New Guinea/Australi_a

Voluntary written contributions in relation to

the behaviour and potential of the species.

Araucaria angustifolia Brazit/Argentina

Voluntary written contributions in relation to

the behaviour and potential of the species.

Agathis Taxonomy, exploitation, conservation,
provenance test, collection of seeds and storage.
Veluntary written contributions in reiation to

the behaviour and potential of the species of Agathis.

AUDITORIUM




6 AM to
2 PM

3PMto
6 PM

7 PM to
10 PM

9AM to
12 AM

Thursday, August 28 th, 1980

TECHNICAL TOUR — GROUPS A,B,ANDC

GROUPS A,B,ANDC

Woad Quality of Fast-Growing Forests
(effects of species, provenances and cultural
treatments in Wood Properties}.

AUDITORIUM

SPECIAL GROUP

Productivity and Management of Conifer Plantations.

AUDITORIUM

* Friday, August 29 th,1980

GROUP C

- Nutrition and Physiology of eucalypts —

General Problems of Plantations.

Response to manuring and irrigation.
Tolerance of the species of eucalypts to
frost, drought and salinity.

Problems with plagues and ilinesses.
Voluntary written contributions,

el S

SALAO AZUL (BLUE ROOM}




9 AMto
12.30 PM

2.30 PM to
5.30 PM

GROUPS A ANDB

Cooperations — nationali, regional and international.

1.

F AQ report on study of practicability of a cooperative genetic improvement
program on an international levei for Pinus caribaea and

other tropical conifers. :

Progress report on the establishment of a cooperative genetic improvement
program and collection of seeds in Southeast Asia,

Present situation of the Global Program for the conservation and
utilization of forest genetic resources.

IPEF — composition, objectives and goals fulfilled.

Cooperation, control and management of tree populations

for genetic conservation,

Voluntary written contributions on the establishment of cooperative
genetic improvement programs in tropical and sub-tropical zones.
Voluntary written contributions of institutes and organization of

technical support not fisted in the program.

Voluntary written contributions in relation to the restrictions 1o the
exchange of genetic material basic to improvement — vegetative material
for grafting and rooting, pollen, seeds, organs, tissues or cellular cultures.

AUDITORIUM

GROUPS B AND C

Management of Eucalypts for seed production,

Pl Sl

Seeds from Rio Claro — Sdo Paulo.

Seed orchard by grafting of E, grandis — Zammerkomst, South Africa.
Seed orchard by seedlings of E. grandis — Florida (U.S.A.).
Certification of eucalypt seeds in Brazil.

Voluntary written contributions in relation to experiments in the
field of Seed Production Areas and Seed Orchards.

Hybridization in eucalypts and vegetative propagation,

1.
2.

3.
4.

Hybrids: Problems and advantages of hybrid eucalypis.
Mass production of rooted poles: '
Aracruz Florestal and Pointe Noire/Congo.

Grafting and tissue culture.

Voluntary written contributions.

AUDITORIUM




7.30 PM to
10PM

9 AM to
11 AM

11.056 AM:

Z2PMto
5PM

GROUP A

Progress in selection and genetic improvement of other tropical forest species.

Trees for arid zones.

Trees for agro-forestry.

Exploration of the tropical rainforest for new plantation species.

Voluntary contributions on promising "new’”” species recently introduced to
cultivation: Acac/a mangium, Anthocephalus, etc.

PN~

AUDITORIUM
Saturday, August 30 th 1980
JOINT SESSION: GROUPS A, B ANDC
CLOSING SESSION
General Review of the Symposium ~ E. Carlyle Frankiin
Final Recommendations — Sérgio Carlos Lupattelli
AUDITORIUM

ADMINISTRATIVE REVIEW —
CONCLUSIONS




1 - PROGRAMAS EM ANDAMENTO E
PROBLEMAS BASICOS EM FLORESTAS
IMPLANTADAS DE PINHEIROS TROPICAIS
CURRENT PROGRAMMES AND

BASIC PROBLEMS IN MAN MADE

TROPICAL PINE FORESTS

Bertolani, Flo e ciiiracririe s et sraran e e 1
92 - MELHORAMENTO FLORESTAL

B SILVICULTURA INTENSIVA

COM EUCALIPTO

EUCALYPTS TREE IMPROVEMENT

AND INTENSIVE SILVICULTURE

Ferreila, M. oo s s et 5
3 - COORDENACAO NACIONAL

DE EXPERIMEN’I‘A(}AO SOBRE
PROCEDENCIAS DE

EUCALIPTO NO BRASIL

NATIONAL COORDINATION OF
EXPERIMENTS ON EUCALYPT
PROVENANCES IN BRAZIL

GalVAO. A P M. oot emrrrere e e 12
4 - REVISAO DOS TESTES INTERNACIONAIS
DE PROCEDENCIAS DE Pinus Cariboec
MORELET E Pinus occarpe SCHIEDE

A REVIEW OF THE INTERNATIONAL
PROVENANCE TRIALS OF Pinus caribaea
MORELET AND Pinus cocorpe SCHIEDE
(ITRAVES, Bhrvveeierieiessisssestsainteerararmreace s e riissssrassn narrsraeas 13
5 - MELHORAMENTO GENETICO DE
PINHEIROS TROPICAIS NO BRASIL

TREE IMPROVEMENT AND BREEDING

OF TROPICAL PINES IN BRAZIL

Hageyama, P.Y . i s 17
6 - ENSAIOS INTERNACIGNAIS DE
PROCEDENCIAS DE Hucalyptus:

Tstado Atual e Desenvolvimento
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Resumo _

A Silvicultura wo Brasil atinge a marca dos 20 anos, onde os Pinus de
procedencia tropical ac lado do Eucalyptus, formarem a base de uma floresta
com maie de 3,0 milhSes de hectares. Apesar de relativamente jovem, o setor
florestal brasileiro enfrentou sérios problemas de qualidade de sementes. A-
través de populages bisicas pdde iniciar um trabalho de melhoramente genétj
co. Outros problemas tambem estac sendo enfzentados, principalmente‘nu Setor
de Manejo pels falta de tradigho e exploragao florestal e pela suséncia de
maguinirios especializados.

Enfase & dado Zs florestas energeticas, vessaltando a necessidade de con
ciliar as miltiplas finalidades da florestz e prepondo a utilizagao de flo-
Testas pistas, visande também a manutengac da rentabilidade, com destaque pa
ra os Pinus tropicais.

Destaca s politica de incentivos ao reflorestamento e & caminhada para
as vegides direcionadas pelo Governo, os problemas que serfo emfrentados pe-
los florestais, sugerindo z adogdo das florestas baseadas em Pinus tropicais
dada as limitagOes que outTos generos estdo encontrando.

Analisa, 3 titulo de comparagdo, as densidades bisicas de alguns Pinus

em idades jovens com destague ac Pinus oocarpa.

CURRENT PROGRAMMES AND
BASIC PROBLEMS IN MAN MADE
TROPICAL PINE FORESTS

Summary

The Brazilian Silviculrure reaches the age of 20 ¥ears now, in which -
the Pinus of tropical provenance beside Eucalyptus, combined the dase of a
forest with more than 3,0 millions of hectares. Inm spite of being quite -
young, the Brazilian forest sector has already faced serious prablems  with
the quality of seeds.

A generie improvement work was possible te be made through basic popula
tions. Other problems are still being faced, specially in the Sector of Mana
gement due to the lack of tradition and logping operations and the
of proper machinery.

Emphasis is given to the energetic forests, szressing the need of conci
-liating the forest multiple objectives and suggesting the usage of mixed fo-
rests, searching for the maintenance of tentability, pointing out the tropi-
<al Pinus.

This present paper stands out the incentives to reforestation and the
course to the regions led by the Government, the problems that the forestries
are supposed to come across, and also suggests the adoption of forests based
on tropical Pinus because of the restriction the other genus are bearing -
with.

Just for comparison, it analyses the basic densities of some Pinus at
young, ages, emphasizing Pinus cocarpa.

absence

INTRODUGAD

Pode-se afirmar que a Silvicultura Tecoica no Brasil iniciow na década
dos anos bQ, atingindo hoje a mavca de 2D anes.

Com excegoes honrosas de alguns palses sul americanos como a Argentina e
Chile, os demzis sempre praticaram uma silvicultura extrativa e de uso do P
tencial disponivel.

£ tal situagdo nde € peoculiar somente aos paises tropicais da  Amerieas
do Sul, mas a todos aqueles que se encontram em identicas situagdes tropica-
listas, cujos problemas sas de ordem ¢ numeros identicos uns aos outros. A-
1¢m de problemas socials ¢ de clima, a fertilidade de solo e a tradigdo de u
sa sap significantemente indutoras de um mau uso dos recursos naturais, nota
damente dagueles ditos renevaveis.

E sabido que os paises sub-desenvelvidos ou em desenvolvimento sao for-
necedores de waterias primas zos paises ricos. E a maioria daqueles paises
se localizam exatamente entra o3 -trbpicos, pendurados de ambos os lados do E
quador, na situagac anteriormente descrita. -

Mas, pessocalmente nia considero esss situagac alarmante ou deprimente,
apesar das estatisticas e relatdrios constantemente apresentados pela F.A.0.
(Food and Agriculture Organization).

C mundo pecessita de nessa produgzo madeireira, mesmo que os chamades -
ricos a possuam abundantemente, mas nunca em condigoes de competir comos nes.

s0s custos de produgaan,

Uma estatistica de custo de celulose apresentada pela English China
Clays, mostra claramente que um pais em desenvolvimento compete em custos
com os paises considerados os maiores produtores de céalulosa.

Grafico 1 - Custos de Gelulose (Em US4 por &)

Chart 1 ~ Cellulose Costs {In US$ per t)
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Fonre: REVISTA DA MADEIRA

Bem, se nos temos baixo custo de producdo, 55 nos falra disponibilidade
suficiente para atendermos as demandas ¢ uma politica interna racional  que
nos permita ampliar efou garantir uma disponibilidade,

Além disso, dadas as caracteristicas de também paises pobres em tradigao
madeireira de florestas, enfatizavr pesquisas florestais nio somente voltadas
a corrigir passados e prevenir futuros erros, mas consolidar sucessas pionei
ros e principalmente, ampliar a técnica florestal atraves dos ganhos de pro—
dugzo, produtividade e poder de competicdo de qualidade,

Firmemente posse afirmar que & nas florestas, notadamente aquelas situa
das nas regioces sub-tropicais e tropicais, sejam zlas de madeira durs ou ma-

deira mele, que iremog encontrar uma estabilidade soeial, politice e econdmi
ca.

SITUAGAG DA AMERICA DO SUL E DO BRASIL

Wo quadro a seguir podemos analisar a situago das florestas plantadas
em diferentes paises sul-americanos.

Quadre 1 - Situagdo Florestal nz America do Sul.

Table I - Farest Situatios in South America.

Populagao Erea Florestal Plantada

{Aprox.}
Argentina 26.000.000 600,000 ha.
Brasil 122.000.000 3.500.000
Chile 11.000.000 150.000
Colombia 26.900.000 120.000
Equader 7.350.G00 30.000
Peru 16.300,0600 120.000
Surinam 150.000 1¢.000
Druguai 2.680.000 16.000
Yenezuels 12.000.000 100.000

Fonte: WORLD WOOD

Wao foram considerados Paraguai, Guyana Francesa, Guyana e Bolivia em
fungao de ndo possuirem reflorestamentos significacivos.

No Brasil, a atividade florestal sofreu mudangas significarivas com um
degenvolvimento prenunciado & partir dos incentives fiacais para refloresta-
mmmcmafmﬂﬁﬁemnhmdemwﬂranhmmemnmhaeﬂewm
ragdo dos recursos maturais alem de garancic o suprimento das indistrias ma-
deireiras instaladas.

A titule de dimensionsmento, o total de dveas reflorescadas 3 partir dog
incentivos fiscais estd contida no Quadro II.




fuadre IT - Evolu§§0 das Areas Reflorestadas de 1967 a 1979, com base nos In
centivos Fiscais.

TFable II ~ Evolution of the Reforested Areas from 1967 to 197%, based on Fis
cal Incentives. -

Anos Plantios {Ha}
1967 34,759
1968 102.909
1969 162,383
1970 222,005
1971 248,467
1972 304,356
1973 204,203
1974 324.378
1875 398,239
1876 469,199
1977 311.000
1978 411,693
1979 445,863
Total 3.728.454

Fonte: IBDF

Ra sitvagao atual do reflorestamente brasileiro, a posigao das {lorestas
de Pinus tropicais ainda & insipiente, representanda gomente carca de 9% do
total reflorestado. No Quadro III, analisamos por regido, o total de reflo-
restamento com pinheires tropicais.

Quadro III - D1strxhuxgao dos Reflorestamentos de Plnus de procedencxa trnpx
cal, por regiZo.

Table TII - Reforestation Distribution of tropical Pinus by Region,

Regiac Ha.

Morte 50.000
Nordeste 50.000
Sudeste 195.000
Centro~Oeste 35.000
Total 325.000

0s_plantics mais antigos estdo localizados na regiBo Sudeste, notadamen
te ¢m SAo Paule, representades pelos plantics da CAFMA e do Imstituto Flore<
tal de $dc Paulo.

05 maiores atualmente se concentram em Minas Gerais {Resa, Florestas Rio
Doce), Bshia (Torras), Para (Jari) e Amapa (AMCEL).

Do total de area apresentado ne Quadre II1, pode-se considerar que 707
& coberto com florestas de Pinus caribaea var. hondurensis, 15% com Pinug
cocarpa ¢ ¢ restance 15% pelas demais especies e variedades (Pinus car]baca
var. caribaea, Pinus caribaea var. bahamensis, Pinusg keqlza, Plnug Eli. t[ll
wayr, densa, etc.

SEMENIES E VIVEIRQS

Para o estabeleclmantc dos prlmc1rus plaﬂtlDS de Pinus tropicais, a ni-
vel de experlmcntaqao e populagoes semi-comerciais, as sementes foram 1mpor*
tadas da Amdrica Central e Asia, notadamente por pesgquisadores eempresas pio
neiras,

Assxm. estabeleceram—se pcpulagoes bisicas de origem pouco desconheci-
das, porem de gualidade superlor, uma vez que AS scmentes eram colecadas,
preferenclalmen[e, em TEglOES de exploragac de madeita pata serraria. Foi tal
vez » primeira selegan fenotipica com resultados proeminentes.

Posteriormente, com o creseimento da demanda dessas sementes, houve um
periodc de comercializagao intensa, onde o volume era mais importante que a
qualidade.

A partir desta constatagao, foi dade prxorxdade pelas principais cmpre-
sas e universidades brasileiras ao melhoramento genatlcn de sementes, a par-
tirt de Eﬂpulagoes existentes e introdugzo de procedéncias em conjunto com,

"rradiciomais fornecedores de sementes e organiswos internacionais especiali-
zados- em wmelhoramento.

0s trabalhos estie em tirmo acelerado e avangados & nivel de testes de
progenie & ja demonstrando resultades animaderes conforme gera comprovade em
diverscs trabalhos que serac apresentades neste Simplsia.

Segundo HICOLIELG, BERTOLANI e GARRICA (1974}, o consumo de sementes de
Pinus tropical estaria em torno de 4. 000 kg/ano, wantides o ritme de 60.000
ha po; por anc, para o programas brasileiros.

A produgde atual mundial, segundo NIKLES (1979) para Pinus caribaca vam,
nondurensis apresenta um excedente de 4.C78 kg, incluinde as produgees e con
sumo do Brasil,

0 balango brasileirao, segunda aqunle autor, apresenta conmsumo = 2.535 kg
e produgdo = 225 kg, para a especie acima citada, dande um deficit de 2.310
kg abastecido prxnuxpalmun:e pela Guatemala, Honduras, Belize e Nicardgua po
rem de sementes de boa e mz gqualidade provenientes de florestas naturais.

Poréwm, esse deficit ja estd sendo coberto pela crescente produgac das se

mehces melhoradas da CAFMQ e CHAMTIOh 313 om lY80 ¢, antes de 1985 estard to-

talmente sapade por oeasiio do.inicio de produqaﬂ dos pomares de sementes da
CAFMA, CCGMPT, Jari e Openflers, para mencionar somente os mais imporctantes.

Hesmo que os programas sejam acelerados, conforme veremas no fu\a] do

presénte trabalhe, a prcdu9§o nacional de sementes ser suficiente para “aten
der a total demanda.

Dadas as cavacteristicas rudimentares do Pinus em geral, mao existempro
blemas mais seérics na formsgau de mudas em viveiros.

A erbalagem tradicional utilizada s3o os containers de laminados de Arau
caria on Pinus. Apesar do uso do saco plasc1cu set condenado, ainda algumas
empresas utilizam-no por motives econdmicos.

A m)corrlzagan & um fator importante e segundo KRUGHNER ¢ TOMAZELLG(1979)
as espe:ies tropicais de Pinus sdc dependentes de micorrisas e o desemvelvi-
mento & seletivo para a espacie.

0 tempo de formagdo de mudas varia com a espicie e local de formagao -
mas, de uma msneira geral, pode-se estabelecer o limite de 4-8 meses, sendo
que o Pinug caribaea var. hondurensis e Pinus cocarpa estdo no limite infe-
rior ¢ Pinug elliottii var, densa, Pipus kesiya no limite superior.

Com excegao do Pinug merkusii que tem apresentade sérios problemas de
germinagac e desenvoivimento, os demais tem Comportamentos normais

Alguns problemas de tombamento {damping o[f) e com lagartas {Agrotisip-
silaon} tem ocorrideo em determinadas apo:as de inicio de verdo e com chuvas
intensas, agravade normalmente devido a atrases na semeadura.

PREPARO DE SCLO, PLANTIO E TRATOS CULTURALS

Basicamente o prepavo de solo & feito de duas formas diferentes, depen—
dendo da cobertura vegetal primaria, o que € ¢ mesmo que definitr de a area a
representada por campos {sem vegetagzo de porte) ou por cerrados (com vegetd
gac de porte}.

Para as areas de campos, usa-S& UR trator de pneus com 15mina frontel
com cerca de 80 ~ 100 MP, para retirada da vegetacao. 0 proprio trator pode-
ra arar e gradear o sole.

Para as Areas com cerrados onde a vepetagaoc e mais densa, necesgario se
faz utilizar miquinas de esteirvas com correntoes para desmatsmento; trabalhan
do em pares ou simplesmente com rolos facas

A araqao e gradea;ao 8 feira por Eratores de pneus Ldentxcos ao deseri-
to anteriormente ou tambim & practca atilizar-se da mesma maquinas de estei-
ras para fazer apenas uma operagac arrastando uma prade-aradora.

ApOs ¢ prepars, inicia~se o combate as sauvas (Atta 5pp}, & prlncxpal -
praga gque ataca as florestas ¢ culturas brasileiras,

Apds as lemElIas chuvas de pr:mavera (setembro) .dnicia-se o plaptio.Ex’
algumas regxoes do  Centro-Oeste, em fungao da extensio dos programas, plan-
tam-se tambem no perlodu das secas invernais, durante os weses de abril a a-
goste. No Horte e Hordeste do pals, of periodos de seca sdo diferentes das
demais regices.

O espagamento utilizade varia de empresa para empresa, mais em fungao -
do futuro uso das florestas, gue propriamente pela diferenga das especies

Rormzlmente a densidade de plantio esta em torno de 1,300 a 2,000 arvo-
res/ha., sempre se respeitando ¢ minime de 2,5 metres por linhas, para permi
tir as meeanizagoes tantc de plantio como de trates culturais.

Mo caso da CAFMA, os espagamentos estac em fungdo tawbém da forms  das
especits, visando um melhor indice de selegao. Assim, por exemplo, o Pinus
caribaca var. hondurensis spresenta uma major porcentagem de defeitos,” como
arvores tortas, bifurcadas e fox-tail, ¢ 2 plantado numa densidade maior =~
{2,500 arvares por ha.) que o Pinus caribaea var. caribasea, de melhor homoge

neidade de forma e crescimento (2.000 zrvores por ha.).

A pratica de fert:llzaqao auu:la nio esta perfeitamente caractur)zada,_]a
que muitas vezes a propria variagao genetlca ‘interfére nos resultados. Porem
para terrencs de baixa fertiiidade, ji foi determinade que adubagoes com fos

-faro Lem dade signlflcancla de resultados. Alguns micro-nutrientes come bo-

rax tambem tem side ugualments utilizados. Maiores pesguisas deverdo ser -de—
senvolvidas nesse setor, pripcipalmente quando o waterial a ser testade te-
wha padrces conhecidos.

0 periodo de formagdc florestal dos EBinus tropicais variam conforme = re
gizo e selo, porém em gcral apos quatre anos nos pode-se conslderat formado, dls
penssndu"sc as limpezas de cultivo. Essas, peralmente sao em nimerc de seis,
gssim distribuidas: 2 no primeire ano, 7 no segundo, ! no terceiro e 1 no
guarto ano. A maicria das empresas se vtilizam de tratores de pneus leves
60 -~ 70 HP, com grades ou vogadeiras.

Nesse periodo intensifica-se o combate d formigas.
T'ODA

Formada a floresta, o proximo trabalhe # a operagie de poda, cujos obje
tivos sao varios.

A primeita finalidade de ums poda & de cardter pro:eclunxsta. Apos & sua
formagdo, torna-se dificil o acesso para a continuagao no combate a formigas.
Dencro desse objetive protecxon1sta ainda devemos considerar que a elimina-
¢aa dos galhos 1nferlnres, ja entrande en senescéncia devido a falta de lug,
favorece a mnnutenqao de um fogo proxime ao solo, evitapdo que ele passe pa-
ta 'as copas, onde © vento o propagara com mais intensidade e causando perdas




ivrepariveis. Além disso um fogo de solo & muito mais ficil de ser combarido, ‘Quadro VII - Sistemas de Desbastes em Empresas de Rotagac Curta. Empresz G.
wmesmo durante ¢ dia ¢ em condigdes adversas.
Table VI - Systems of Thinnings at Short Cycle Companies. Company C.

Deve ser consxderado que 03 Pinus tropicais possuem uma defesa natural
contra o fogo, isto &, a grande percentagem de casca, com raras excegoes, ca
mo o Pinus kegiya, o Finus strobus var. chiapensis e Pinus caiwanmensis. Po-
rew as variedades de Pinus caribaea e o Pinug 0ccarpa possuem fortes defesas
naturais] os primeires apresentam em media 254 de casca nas idades mals jo- 1¢ Desbaste ) 40% Total Seletivo. Corte a cada 25 linhas
vens da 5-7 anos, enquanto que o Pinus pocarpa ate 13037,

Ancs Intens. Obs.

29 Desbaste 11 307 Total Seletivo. Corte a cada 25 linhas.

Do ponte de vista técnico, aos 5-6 anos iniciam-se as primeiras  medi- Corte Raso 16 - P
gopa (xnven:arxos de falhas, volumétricos, ete.) onde preclsamos facil aces-
S0 a ﬂl'Eﬂ .

Qutras empresas se utiljzam do sistema de Zrea basal remanescente e =

Do pento de vista comercial, & a preparagao das primeiras _toras, de vso base de didmetve futuro. Apesar de altamente tecnice, colocamos em divida =z
mais nobre, que estaric sendo valerizadas pela eliminagdo de nds vertici- sua praticidade e fiel acompanrhamento. Um plane pratico ¢ de bom senso muitas
liais. vezes suplanta, pele menos em redugio de despesas, os_planes altamente tacni

. . cos e de difieil execugau. Normalmente esses planos nio conseguem acompanhar

Varips estudes estdo sendo conduzidos por SIMBES (1978) para se aquila- o ritmo de exploragao.
tar o balango de input = custos adicionais e output = receitas extraordini-

Tias das operagoes de poda, Para flerestas de ciclo mais longo, onde outros fatores de qualidade in
térferem na rentabilidade florestal, poderiamos considerar o Quadro VITI, u-

Logicamente deve ser considerada a rotagdo e finalidade da floresta pa- ma interpolagio dos sistemas de deshbaste atualmente utilizados pela CAFMA e

ta se estabelecer um planoc de poda, assim como a sua propria qualidade. Ho Resa.

-Quadro IV, apresenta-se vm modelo de plano para empresas de rotagac lenga -

25-30 enos e visando madeira de alto valor para serrarias, laminados, faquea Quadro VIIT -~ Estimativa da Produgao (plantlos de espagamento 2,5 X 2,0 m. ,
dos, ete. por desbaste para uma rotagao estimada de 25 anos)

Quadre IV - Plano Simplificado de Poda Table VIII - Estimative of Production {plantation with spaciung 2,5 X 2,0 m,

. . per thinning for an estimate cycle of 25 years)
Table IV - Simplified Plan of Pruning

z 12 29 3¢ 49 59 Corte Prod.
Epocas ¢ arvores N9 arvores Altura Idade Consideragtes Desbaste Desbaste Deshaste Desbaste Deshaste Raso Acum:
existante a podar poda (m) anos 82 Anc 100 Ane 129 Ao 152 Ano 199 Anc  257Ane lada
Anterior =0
19 destasce 2.000 2.000 2.0 5 5 Erv.Retirar 600 . 400 300 200 200 00 -

. sfefaxyore 0,058 a,100 0,150 0,250 0,350 1,570 -
Posterior ao 1.300 500 6.0 8 Tot/ha m’ sle 35 40 45 50 70 470 710
19 desbaste T.M.A. V.R.C.

Posterior 2o sfe/halano - - - - - - 8
29 desbaste 900-1.000 300 1.0 1e-11 Pyod./ha Fibr, 30 30 25 20 20 90 215
sfe Serr. 5 10 20 30 50 380 495
A tentativa do Plano de Podas apresentads serve apenas como base, e de- o presente quadro, a madeira produzida esta representada em 2 classes:
vera ser adaptade ¢ corrigido para as diferentes sitvagoes, qualidades de - nadeira de fBbrica e madeira de serraria. Esta devera ser subdividids em ou-
florestas ¢ finalidade. tras aplicagoes como laminados, faqueados, postes, erc. Isto ndo foi feito -

em vxsta da madeirz de Pinus estar sendo somente agara utilizada em substicui
¢do 3 Araucaria angustifolia - o pinheiro do Parana.

DESBASTE SIMOES ET ALLL (1978} estdo desenvolvendo trabalhos técnicos em Pinheircs
tropicais em diferentes intensidades de selegao com a finalidade de determinar
as melhores tratamentos para atendimento dos propramas propestos aliade as ne-

Realmente torna-se dificil, ¢ esse & o problema maior que entrentamos — cessidades de mercade, notadamente em Pinus caribaea var. hondurensis & Pinug
haje no Brasil, estabelecer um plato de deshaste aliade a um sistema de ex— oocarpa.

ploragao, ja que nac existe uma tradlqau florestal de govoamentos implanta-
dos, determinagdc de "sites" por espécie, rotagbes e comportamento.

Alem  disse, a variagao gEnBtlca existente, principalmente em PLnus £ro- EXFLORACAO FLORESTAL
picais, nac permite uma generalizagao 4o prohlema. VEIGA (1975) e FISCHWICK
(1978) trabalhande com Pinus elliotrii var. elliottii, propuseram sxstemas

para decermxnagau da Bpoca de desbaste e intensidade, visando maxlmlzagae de 0 setor de exploragdo florestal em Pinus, rante daqueles de procedencia
acréscimos volumarricos para a regiao Sul e Sudeste do Erasil, Poram, quando tropical, sub-tropical e de vegiles remperadas, seguem um sistema gimilar.
o fator qualidade incide diretamente na rentsbilidade, ndo se pode genarali- Esse sistema & bascade principalmente nas seguintes operagoes:
zar, e pars todo o Brasil, um sistemu eficiente de desbastes. 1. Dois homens no corte e fragamento utilizando-se moto-serras agricolas ou-
- - semi~profissicnais.
Mesmo entre empresas do meswo ramo, per exemplo, voltadas a produgao de 2, Desgalhamento com machados.
celulese e papel, encontramos sistemas diferentes, tanto para Pinus taeda co 3. Arraste manual ou com tratores agricolas.
we para Pinuy elliovrii var. elliottii. 4. Carregamento manual ou com carregadores hidraulicos.
. 5. Transporte por caminhoes.
Quadro V - Sistemas de Deshastes em Empresas de Rotagao Curta. Empresa A. 6. Descargs com gruas ou pontes rolanfes,

A ¥. Descascamento nos patesos,
Table V¥ - Systems of Thinmings at Short Cycle Companies. Company A.

Como u maioria das Areas plan:adas com Pinus. estao atlnglndo presente-
mente as idades do 19 desbaste, as técnicas mais avangadas de sistemag, me:o
das e nivel de mecanlzaqao ndc foram acionadas.

Anos Intens. Dbs.
. . Cunsequentemence, 03 custos de explora;ao atingem valares até mais al-
192 Desbaste 8 0% Corte Taso a cada 4a. linha desbastes nas t0s que 2 propria madeira. De uma maneira geral, na regido Sudeste, o prego
laterais. da madeira de Pinus _para fabricacdo, em pz, & de US§2,50/metro esterefcom -
29 Desbaste 12 25% Corte tase na linhe remanescente e desbas casea ¢ pare a regian Sul em US$3,20 por metro esters com casea
tes nas 2 linhas anteriormente desbasta-—
das. - Em media 05 custos de explcragau para corte, desgalhamento, arraste e
cmplihamento nas estradas @ de US§2,60 por metre estere com casca paraz a ret
Corte Raso 16 s T giao Sudeste = U5%$2,00 por metro estere com casca para a reg).ao Sul.

Além dlSSO o trabalhe envolve grandes contingentes de trabalhadores, -
X - " 5 normalmente nio rreinades pata operaqocs flores:a:s ocasionando grande Indi-
Quadro VI - Sistemas de Desbaste em Empresas de Rotagao Curta. Empresa B, ce de acidentes. Tnfelizmente ainda nio possuimos uma legislagio especifica

X . para seguran;a nes trabalhos de exploragae florestal
Teble VI - Systems of Thinnings at Short Cycle Companies. Company B.

0Os maquxnarlns envolvidos nessas opura;ues, quando existem, sao geral-
mente adaptados da area agrxcula, portanto improprios para qualquer sistema
desenvolvido. Ainda ndc conseguites determinar se os danos sao maLores para

Anos fotens. Obs. © trabalhador ou para a floresta e solo.
1¢ Desbaste 7 50%  Corte raso a toda 2a. linha. Sintam a gravidade do problema: nde existe menhum guincha, "skider", . -
29 Desboeste 10 25% Seletivo. "feller" ou processader de fabrlca;au nacionat. Alpuns carregadgres e auto-
carregadores comegam a surglr timidawente nas fabricas de Lratores. Somen-
Corte Raso i5 - khe te agora surgem as primeiras moto-servas prnfxsslonals, alguns equipamentos

de seguranga e ferramentas de traballio para exploragau florestal.

Somente trés empresas trabalham com sistemas profissionsis de explora-




g&o floregral em Pinus e outras tantas em Eucalyptus, visands principalmente
a redugdo dos riscos de acidenres.

¥ormalmente essas empresas trahalham no seguinte esgqueia

1. Um homem cortando, tragando, desgalhando e empilhando dentro dz floresta,

com moto-serras profissicanis, equipamentos de seguranga e ferramentas es

peciaia.

2. Arraste com tratores agricelas para os carreadores.
3. Carregamento com carregadares hidraulices.

4, Transporte por caminhoes .

5. Descarga com-gruas cu pontes rolantes.

6. Descascamento nos pateos.

Esse sistema & atualmente utilizado nes 29s. e demais desbastes.

Existam outros sistemas, porem em geral, sdo variagoes daqueles apresen
tados, @ com caracteristicas proprias relacionadas principalmente com o tipo
de topografia. SALMEROR (1979) e BAGGIO e STHHR (19?8) desenvolveram traba-
lbos televantes de sistemas de explovagio e mecanizagao envolvida.

FLORESTAS ENERGETICAS

flessaltar o porque das florestas serem uma alternativa energetlca e os
problemas internacionais com petrdles seria cansative e desnecessario.

Porem, quando se fala em florestas energe:lcas, automaticamente ncs Vew
em mente florestas de madeira dura ¢ de .apxdo erescimento {Pogulus. Fagus ,

Eucalyptus, etc.}.
Eucalyptus

Realmente & a alternativa mais estudada e detalhada pelos pesquisadores
florestajs no mundo inteire. As alternativas vao surgindo, as florestas vao
sendo implantadas, analisam-se o poder calorifico da biomassa produzxda, ens
curtsm-se 45 rotagoes, dimensionam-se os modules florestais enerpeticos.

A floresta # encarada nae s0 come fonte de abastecimento de madelra e
alternativa epergética, mas_sim como um componente ecolopico de proteqao €
produgio. Redutora das erosdes, fixadora de dunas, mantenedora da apua, puri
ficadora de ar, protetors da flora e fauna, silenciadora dos ruides, pacifi-
¢adora das meurcses, enriquecedora dos soles

Ao se concilbiar toda essa pama de responsabilidade da floresta, devemos
levar em conta que ela deve se auto-proteger e manter o sew indice de produ-
¢ao para uma cuntlnuldade de sua {ungdo.

pecididamente e em Ditima andlise, se & floresta deve assumitr toda essa

carga, uma unidade Ilerestal, com uma espécie e com um manejo simples, nunca
acendcra todas essas exigencxas. Para tanto, a proprLa floresta deve ter as
suas proprias alternmativas.

Uma delas seriz o manejo de florestas de Eu:alxgtus através de desbas
tes - florestas multianas -com-multi-usos, inclusive energetlco.

A expansan do pregrama florastal brasllexro, utilizando-se Pinus tropi-
cais, ndo estd limitada a problemas téenices efou d1spon1b111dade de semen—
tes, mas pancxpalmente pelo direcionamento as prioridades atuals para fins
cnergetlcos e siderurgicos, onde o substituto natural ainda 2 o Eucalyptus.

Porém, dada a rusticidade des plnhe1r05 truplcaxs aliado ae seu  alto
rendimento mesmo em solos pobres, uma substxtuxgau gradativa dar-se~a a cur
to prazo. Tzl faks & reafirmado nas Gltimas pesquisas sobre ¢iclagens de nu
trientes - POCGIANI (1980) e capacidade calorifica - BARRICHELG, BRITO e Hl
GLIORINI (1980) as quais demonstTam que Os Pinus tropicais se prestam mais
para fins energetices guando se comsideram o conjunto dos dois objetos ante
riormente mencionados.

Talvez pur simplicidade, nossa atengzo esta voltada para as florestas—
homogéneas, ja que as nativas heterogéneas exigem cu1dados especiais B cujos
rendimentos muitas vezes nao os Justxfxcam Has por que nao direcionar os es
tudos para Ilo)estas mistas? Por gue nac associarmos uma Floresta de 35335

‘cath uma especie tolerante? 05 exemples estdc em tedas as partes do mende: Pi
nus com nguxdamhaf ol Betu}a, PLcea com Fagus, Ab;es com Quercus.

Ko Brasil, poucos sdc os exemplos, por@m a pesquisa nos dara os horizon
tes, Disso temos cerTLewnd.

FUTURO E TENDENCIAS DOS PIRUS TROPICAIS

A politica de incentives fiscais pars reflorestamento adotada pelo- Ins-
tituto Braslle1ro de Desunvolv1mpnto Flurestal esth volpazda em preencher as
areas onde a carencia socxo pconomica & mais pronunciada. Aleém dissoe, os va-
lores des terras nas reglucs sul e Sudeste elevaraw-se rapidamente e & ni-
vel de inviabilizagho econdmica dos projeros.

Isto exposto, podemos afirmar com seguranga que a rendencxa dos futuroes
programas florestais estario voltadas para as seguintes regme-; Regizo Cen-
tro-Deste, com enfase para Mato Grosso do Sul e Goids; Regiap Nordeste, prin
cipalmente nos Estados da Eahia, Pernambuco ¢ ‘Maraphiao e Regido Norre repre—
sentada pelo Pard ¢ Amapa.

Por algum tempo ainda, a regiao Sudeste sera beneficiada com incentivos
{iscais, porem limitados ac Norte ¢ Wordeste do Estado de Minas Gerais, mas
com tendéncias de avangarem para o Sul da Bahia e Leste de Goias.

A caracreristica dessas novas repices & o clima mais seco rTepresentado
por solos de campes e cerrados, de baixa fertilidade e com llmxcagocs de -
crescimente para espéries d¢ rapido crescimento, limitande assim a especie e
geners a ser plantado.

Come na maieoria dos ¢asos o Pinus de proceddncia tropical tem suportade

Tuito bem’ essas adversidades, acreditamog que o seu percentusl de participa-
GAG serd cada vez haior no contexto florestal hrasileiro.

Aliado a alta rusticidade e incremento, assim como as varias opgbes de
mercado ge sua produgdc, algumas especies, como o Pipus opcarpa, apresentam
caracteristicas surpreendentes de gualidade.

Tsse nos 43 uma perspectlva de Futuro muito alentadora, ja que essas re
glnes de tendencia sac carentes de madeira de fibra longa, sendo que a deman
da & totalmente suprida pelos Estados sul)nos.

0 Pinus ococarpz e mesmo o Pinus car)baea var. hondurensis se apresentam -
com densidades compativeis com o seu crescimento, descortinando um future -
promissor como alternativa madeireira.

‘No Quadro 1X esta demonstrada a densidade basicp de diversas especies -
de Pinus, em diferentes idades, para regioes de soles com cerrado,

Quadro IX - Densidade Basica d¢a Madeira (Gr/Cml).

Table IX - Wood Specific Gravity (Gr/cnd) - Population Average.

Espicies Idade - Anos

05 06 07 12 13 R
Pinug oorarpa 0,390 0,413 0,443
Pinus caribaea var. hondurensis 0,351 0,408 0,617

2 s

Pinus taribaea var. caribaea 0,372
Pinus caribaea var. bahemensis 0,374
Pinus kesiya 0,352 {0,379 0,390

Fonte: FERREIRA ET ALLI (1979).

Verifica-se que a dens;dade media da Arvore cresce com a idade, aclngxn
do na metade da rotagac ja um valor de 0,443 gr/cm”, podendo superar em mui—
to este valor no finzl de uma rotagao de 25-30 anos. Ora, guando comparamos
a densidade da Araucaria, determinade pelo IPT - Sac Paulo variande de 0,52-
0,61 gricmj, para idades de 60 anos, verificamos que o Pinus oocarpa poderia
ser considerade a Araucaria do cerradc, crescendo na mesma qualidade, na me-
tade do tempo ¢ em soles de baixa ferrilidade

Gostariamos de reafirmar 2 nossa posigde, ¢sclarccendo que nac estamos
defendendo a substituwigio pura o slmplcs do Eucalyprus pelos Pinus tropicais
pels aquela folhesa faz parte inalicenavel do nosso contexte florestal. Ape~
nas ]UEtlflcﬁndO que, pelas tendéncias de deslocamento dos reflorcstamentos
para as regioes apontadas, considerando as finalidades florestais, conside-
réndo os resultados das primeiras experimentacoes e pesquisas, considerando
ﬂlndg a rentabilidade do empreendimento, nos motiva a apresentar-lhes essas
tendéncias ¢ alternativas.

Flnalmente, para sepuir essas tendeéncias e a[)nglrmos nossos objetivos
que ndo s30 SO NSSSGS, Mas de todos os paises com vocaqao florestal, por na-
fureza ou por necessidade, & 1mpresclnd1vel a colaboragio e o trabalho dos
Senhores, tZenicos, pesquisaderes, empreszrios.

Quadro 1I1 - Déstruibuigsc dgs Reflorestamentos de Pinus de procedEncis tro-
pical, per regiac.

Table IIT - Reforestation Distribution of tropical Pinus by Region.

Repion Ha.

Yorth 50.600
Hortheast 50.000
Southeast 195.000
Middle West 35.000
Total 325.000




werk, baslo regearch lipes and the Irssant and future needs of the

Bucalypius brasding pregramme of IFEF ars also i ncupand.
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© Braeil poseui ss maie extenmss reservas de florestas higrofitices -
ds mundc. A inacesmibilidade das florestas, as quelidades da madeira

produzida pelas enpécies, edo fatores limitantas a sua utilizagic o

MELHORAMENTO FLORESTAL atendinento da demanda de mndeira noceasirin mos Used mals comunz,

E SILVICULTURA INTENSIVA 0 consumo de madaira, no Braeil, & sstimado am 200 milhSes da m3/e.nn,
COM EUCALIPTO 160 milhBes de & oriundoa da wvogetagio netuzel exiatente {florests —
tropica} vimida, florasta trepical eetacional, floresta sub-tropical -

$mida o cerrados). O maior consumo concenira-se para fins energitices

Mario Ferreira ,
Depto. de Silvicultura — ESALQ — USP

BRRASIL As Tlorastas cultivedas ocupam cerca de 3,5 milhGes de hactaras, con-

{lanta ® corvio).

tribuinde com 20% do total da madeira consumida. O reflorsstaments o

florestamente com espbcies fin rapide crescimento & um imperativo sociel

Resumo . . -

soonbmico e fator decimivo ac programa de CoRservagao & de sstabeleci
Rate trabalhe discute a impsrtarcia fundamental 4o melhoremente gandti mento das técnicae do manejo das florestas naturais para sseegurar -
oo ne degenvoivinents da silviculiura iutenaiva através do histériec e sua renovagho. Bstima-se hoje que sEo plantados no Brasil 400.000 na,/
dox prograbal atuaie de melhoramento florasial ne Frasil. 4 filoaofia, aminis de florestas, 524 desse total edc floreatae ds eucaliptos.

ks linhas biaicas e ag necessidades atuais ¢ futuras do prograea de mo

. . . Altas teres ds crescimento podem ser obtidas atravas da utilizagho de
lhorsmento gendtisco ds Bapalypius do TPEF she tembim disoutidoe.

espécies nio nativeas aliada a Silvicultura intensive s ac Kelhorazen—

to Florestal. Com base nessa filosofim, 2pos ¢ advento dos incentivos

EUCALYPTS TREE IMPROVEMENT f:iscu‘%s ac reflorsstamente (41) ?urgiram 0B progranas cooperativos de
AND INTENSIVE S!LV'CULTURE posquisa florestal, dentre os existentes dostaca-se o do I.P.E.F. {-

Inatituto de Estudoe » resquiana Floresiais).

Summary

Thiu paper discusses the fundazental importance af the tree breading KELEORAMENTO §NETICO B SILVICULTURA INTSIVA

4im the intensive ailviculture devslopment through the history and of
the present tres improvenent prograames in Braril. The phylosephy of O programa de melhoramento genotico de euceliptos de 1.P.E.F.& bases—
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do et convenioc estsbelacido entre enprezas florestaie & a Universida—
de de %o Paulo (curec da Engenharia Florestal). O modelo pars o -
IPEF foi Paseads no Horth Carolina State University Cooparative tree
Iuprovement, 8 ves sendo dinzmicemente orientads pslo Pref. Hellddio
do imaral Helle, seu idealizador, deads 1967, ane de mus fundagio.

A Erea de atuaglic do IPEF estd concentrada ros osiados do Rio Grands
do Sul, Parans, Santa Cetarina, Sho Paulo, Minses Cerals, Eopirito Sapn
to, Bahia e Mato Grosse do Sul. (fig. nt.13.

A8 29 empresas, gue hoje constitiam o IPEE, plantsn gerca de 250.000.000
da arveres/anc ou 1G0-O00 ba/anuais do florestas de suceliptos nas d4f
versas grandes irea’s ecoldgicas repressntadas na fige n% 1. A Arem -
total plantads por estae emprasas ests em torno de 1.600.000 ha.

Atualmente ep espécies mais plantadae cios

« B« grandis -~ RegiSes 2, 3, 4, 5 ¢ 1 (1 restrigbes éevido as geadns)
& & (resirigbes devide ao cancre — fungo — Diaforthe cubensig).

- E. saligna - RegiGes 2,3,4,5, ¢ 1 {rostricbos devido as gendas). _

- E. urophylia - Regites 3, 4, 5, 6 e 2 {restrigbes devido as goadas)

~ E. migroperys, E. paniculata, £. gitricdora, E. maoculata - RegiGo 5.

- E. dupnii e E« viminalis - regiZo 1 {F.grandis ¢ E.saligna cox reg
trigoen devido as geadae).
Ke brasil onde a Silvieultura intensiva vem sende praticada a mais de

70 ancs ; ¢ melhorazento gendtioco & conviderado parte integral dessn —
_silvicultura. Sew objetive bisico & a maior produgie de madeira no me
nor lapse ds tenpo com as gualidades necesSaArias pare fins &nergétiuos,
celulose & papel, mglomerados e, ultimaments, serraria. O Tatores -
gendtices e ecoldgicoe ndo sio tratados separademente e mio integrados
dentre dz Silviculiura em seus diferentes setores: Produgao de senan-
tea, praticas de viveire, proparo intensive ds sole, fertilizagho, eg

tabeleciwento o manejo das plantagbes.

PROCHAMAS ANTERYORES

0 melhoramento gendiice doe eucaliptos inicicu-se no PBrasil em Rio -
Clare, 53¢ Paule, através dom trabalhes picneires do Dr. Bdmundo Nevep
r¢ de Andrade e do Departamento Floregtal da Cia. Paulistia de Bstro-
dae da Perre (1,2, 35, 36).

Os rosultudos dos trabalhos pionsiros de silvicultura intansivra dom -
eucaliptos ¢ molhoramento gendtice, eerium coxoados som a Segunda Con
fersncia Mundial do Bucelipio realizada am Sio Paule em 1963.

até 1567, em funghe da utilizagho primiria d» madeira dos eucaliptos,
os téonicos floreatais soroditevan que a Tesquisa conduzide em Rio -
Clare, tinna resolvide e maioria dod preblenas nacionais em relagzo -
2 molegEo dsp espéoies £ as qualidades gendticas e Yisioldgicas das -
senentes. Como censeguencis as espécies potenciais pora $Ho Paulo fo-
ras gensralizedas parz es diferentes arwas ecoldgices do Brasilye as
serentes produzidas et Rio Clarc as mais difundides. A maicria dss -
plaentayBes mssin esiabele cidan apresentaram 2lta heterogeneidads, bai

xa capacidade do brotagac apds oe cortes ® baixo rendicento por Area.

Todos eomes prodlewss surgidss foram atriduidos a inadaptugso das eo—
péeies/procedéncias, natureza hibrida das mementes e as pratican sile
viculturaie nko adequadas (22, 26, 41).

PROGRAMAS ATUAIS

A pertir de 1967, com a implantsgio da lai dos incentivos fisoais ao
raflorestamento, ¢ mellioramente gendtico paseou a per prioritirio .
prinoipalrente pera a dofiniyBe das espécies/procedencias potenciais
@ parg o atendimentc da demanda de sementes melhoradan.

Oa princiyais programis de melhoramento genético dos eucaiiptos ofo -
IPEF, SIF (Universidads Federal de Vigosa), Instituto Florestal de
S&e Paulo & IMBRAPA (Enpresa Breeileira de ‘FquuisaB Agropscuirises -
Bapreaa 4o Ocvernc Fedaral).

A gesigténcia dnds pelc programa cooperativo Jao IPEF pode ser resumi-

de amt

&) estudo das melhores proceddncine de semenies para as espécies poten
ciaic.

b

L)

Estabelecer bases pare o melhoramento genético a curto, madic e lon
£O prazo (Pcmlaq;'éae base, FopulagBes psra melheramente s Popaia—
¢Ges para produgio de sementes).

o,

estudo dos critérics de selegio de Arvores superiorss o treinemen—
16 parz a Belog3o.
d,

€

L

desenvolvimonto de técnicas de propagacio vegetativa.

aBsisténeis no estabelecimento e mane jo de bancos clonais, pomares

—

clenais ¢ per mudas.

f) eatudo 4a bislogia da florag3o, reprodugio e téenioas de peliniza~

gdo controlada,

S,

g} delinesmento de testes progénie.

b} mnilise dos Gados.

i) banco de dados sobre o material gendtico disponivel ao PTOgraii.
3) intercimbic de material genético o coépnra;iu internacionel para -

implecentaciic do programus.

Em fungfic Goo resultados obtidos a estrategis da Programagéc 4o melhg

ramento genético dos cucaliptor estd sendo baseada en métodos 8NN G

dos e mEEEXUAGOS. ra os mEtodoe Via Beiundn TrocUra-se aumentor
2 produgao sem redugzir perigonamente a4 variabilidade natural. Na via
sssexunda procurs-ge obler o ganho gendtico mirimo ep uma vniom gera-
gAw utilizando-se todos os niveis da varimbilidade entra e dentro dme
espieiess A peguir nerzo ebordados de forma resurida as principsis -

linhas basican do programas

LINBAS BASICAS DO PROGRANA Di NELUORAMENTO

Variagdo entre & dentro dae espdciec.

Antes de 1967 houve pouca cu insuficients atengo yare & variagdo ep
tre e dentro das espécies o em oapecial, psTa as molhores fontes de Ba
mentes. A8 mais importantes introdugSes ds espoies de eucelipto foram
feitas sem um dignejacento adejuado’s, aindu hoje, na mpioria das ee-

pecien mais wtilizadas, somente tma amoftra maito peguena de variagic

genética natural existente vem cendo explorada.

A re-introdugio des espéoies @ a introdugho de novas procedincias cen
duziram & resultedos altamente positivos. Nas rrincipais emprasas, fi
lindng ao IPEF, os plantios efetusdes antes de 1967, apresentavam Teyn
dimentos de 15 5/ha/ano*,para ticlos de corte aoE 7 ancd. 4 adogio -

de técnicas silviculturais intensivas {preparo intensivo da solo, feor

tilizagzo mineral, combate a cupina e formigas), a partir de 1968 (42

43,44) permitiv elevar a produgio para £1 ms/ha/ano. As yrimeiras re—

introdugfes em 53¢ Paulo, foram feitss vele Cia. Paulista de Estracas

de rerro, Instituto Florestal e as empresze Chempion Papel e Celulose

S.A. @ Duratex S.A. As espéoies prineipais re-introdizidas, en colate
ragio dirsts gom ¢.5,1.8.0 - Austraiia, foram. E. grondis, E. salipne

E. urovhylla, B. robustn, B. resinifera, £. wilularis, S. maculots e

£- picrocorys. A intredugio aliada a nova eilviculiura intensiva alg

vou o8 ineremeniss pars: %. grendis - 3% m3ﬁm/ano, E. urophylla -
3%3/ha/ar:o, B ualigna - 25m3/h:s/ano, B. robusta - 26m3/ha/anc, E.
microgorys - 18m3/h-:|/ano (53},

By 1968, as primeiras procedénciae australianas de E. grandis erax -

. introduzidas, por sugestio do Prof. D.L. Pryor, pelas expresas Cham—

pion Papsl e Celulose Se4. e Duratex- B-A. A8 sementes aram originarias
de Coffe Hexbour (¥.S5.4. Austriilia}, Areae de Bellingen e Bonvilie _
(17},

ha plantagbeu efetuadas atingiram aoa 7 snos rendimentos médios de 35
ma/ha/anu. Eoten indices positiveran umn atomomia de 4B% no ousto uni
tirio da madeira produzids {53). Apds 7s5 anom a6 érverss tinhem ume
altura média de 25m e dibmetro wédio 14 om. As Arvores plus -
selncionidas na duze empresas, noquels idade, apresentavam altura de

0 m. ¢ ddmeire de 27 cm.

« volume p6lide de madeita com cascp.




Sucenaso semelihante foi obtido em rolagao a procadenciae da B, pilularis

(26, 49}, E. paculata (50) , E. urophylla (28, 46) , E.

{24, 28, 38), E. dunnii (regi®s 1) {24).

vipinelis -

Pm fungic desses resultedos, a partir ds 1970, Toram acelaradss as =~
" re-introdages das espiciss potencials & a intensificagic dos estudes
de procedénciss. Beses trabalhos, nag diversas areas acoldgicas aptas
ac reflerestanento, foram basendes ems
a) experiwentcs sxistuntes
b) estudos comparatives das condigbes ecoldgicas do Brasil e Austra —
tia {26}.

Apbs a constatagdo do cancro de eucalipte ( fungo Diaporthe cubensis)
na regifio 6, en 1973, a pesquisa em relagho e espdoies/procedanciss

foi modificada dando-se malor atengho a identificaglo de sspicisn/pro
cedincize, hibrides naturais e sintétices resistentes. Como consequén
cia existem, boje, no Brasil, ensaios com 36 espécies ds eucalipto -

cmpreendn-do 406 diferentes proceddncias, instalades em 30 diferevtes
localidndes, distribuidas enm 7 estados brasileires. (26,27,26) .

Em fungho dos resultadoes preliminaTes despontam, de medo geral, ae sg
guintes. espéciest E. grundis, E. saligna, B. urophyila, B. citriodora
gemaldulensis & E.

E. pilularis, B. ¥iminalis, E. tereticorais , E.

dumniis Gomo espécies secundiriaa aparecamt E. maculata, E. picrocerys

E. propingus, . resinifera, E. rcbusts, E. cloesiana, E. punctatzs o

« pyrogarpa. A intensificagio dos estudos de procedencias envelvande

3]

uma amosiragem mais inteneiva e mais representative das ropulagoss & -
necesséria. i centralizagdoc das inforwagbes e dados relativos &0 mate
rial gonétice em ¢Etudo, bem como a ativagio do intercinbio e coopexa

¢ao internaciongl, sao extramamenie importantes.

Os trabalhos efatuados por Golfari (26,27, ¢6) demonstram & importin-
iz da intensificagho dos estudos e Jda sus avulisfdo na &poca opartu-

na para a tomada de decisao.

ESTABELECIMENTO DE AREAS DE COLETA E DE PROWGGKO DE SEMENTES

A intensahibridaghoexistents naa sementes comerciais das aapécian, o
baixoe mimero de mementss forteis por quilc e o slic consumo de semen
tes (1 kg yara 10 ba)y foram fatores importantse pars gue o IPEF ini
ciagse sou programa de Pradug.'iin de sementes. D extudoe ildentifioagao
das populagBen de eucaliptos,sxistentes no Bragii, que fopsem aptas a
produgac de sementes, foram iniciados bugeando—aa eml

a) PopulagBes dentro do padrdes fenotipicos da sapacie, com bom vigor,

homogeneidade , boa produghc ds sementes & iaolamento de eapacies

Tipos de Altitude Temperas ca Pluviosidade distribuigac Temperatura
Lecalizagio média anual média anual da pluviosi- Geadas média abso-
clima m N dade luta
1 planalto Sul - $do Paule até Rio menos imide 500-1300 12-18 1250-2500 uniforme I3 -12
Grande do Sul montanhoso
2 Regido montanhosa de Sao Paulo ¢ menos mido 800-1800 13-18 1300-1200 periddica F -08
Minas Gerais montanhoso sem estagao
seca
3 Sul do Rio Grande do Sul quente dmide  0-500 16-19 1200-1650 wniforme 0 -05
com estagio
seca na pri
mavera (1 -
3 meses)
THTT
4 3 Regife Central de S3o Paulo, Vale frio tmide  400-1200 18-21 1300-1700 periddica M.R. -02
do Rio Paraiba e Areas altas de sub-tropical com estagdo
Minas Gerais seca curta
no invernc -
(2-3 meses)
5 Area ocidental de Sio Paulo e imide, sub- 200-1000 18-23 1100-1500 periddica A +02
Central de Minas Gerais tmido, sub- com estagdo
tropical seca no inver
no (3-5 meses)
6 @ Costa Norte do Espirito Santo (mido, sub-  0-400 23-25 1100-1200 uniforme A +13
) e Costa da Bahia (préximo de tropical, com estagdo
Szlvador) imide tropi seca curta
cal para modera-
da

A = ausente
M.R. = muito rara
0 = ocasional

F = frequente

(0-4 meses)
no Outono e
inverno




afing. A pomilagic asaim identificada, ara transformada em area de

Coleta de Semenies {A.C.5.), ou fraea da Produgso de Scmentes {A.P.

S.j.
En ropilagdes dorivadas de introdugbes mmiericres a 1967, aptas a PrY
Gughc de cementes foi adotada & A.C.5., nac popalagBee jovens das ae-
pEcies/procedencine reintroduzidas A.P.5. As A.P.5. foram instaladas
com baee em 160 &rvores/ns {1C% do mimerc de rvores inicial) e com -
uma fziza de isclamento de 500 n. de lergure (geralmaente com ﬁrvore‘s
da mesma origem das sementesa). Cow base nas £.C.5. e A.F.S. conatetou
He um aumento no mimerc de sementes viaveis/kg., uma maior uniforaida
d¢ e rendimente na produgdo de mudas. As FiantagGes estabelecidas com
somentes dae ALP.S. e A.C.5, apresentarat rendimentos variando de 28,0
B 9046 mB/ha/a.nu para o . grandis, 27,9 a 38,3 m3/ha/ann pere  ©
E. malirna, 30,5 a 47,6 u’/nafanc para o E. urodiylla. (22,24,%,45).

on fungao decses resuitados o Goverpo Federal do Erasil atraves do -
Instituto Srasileirce de Desenvelvimento Florestal, criou a “Cooisazo
de Controle de Sementes Florestsis", com oe objetives de incentivar e
figealigar a importagio de sementes de bons procedéncins e a produgio

de sementes nacicnaid.

SELEGEO DE ARVORZS FIUE

A melegio € feits en doies estdgioar
8} vigor, retidio do tronce e czrecteristices adequndas da copa e deg
Tamh.

b) qualidades da madeirs relscicnadas a denmidzde bisica da madeirs.
G ug0 de sementes e arveres pureriorea no esizbeleciunento de plenta-
gEes deu origem a significative melboramenio na promutividades Através
do pregrsma cecperative IPEF, contd-se hoje com cerca da 500 arvores
plus selocionadns para as principain espécies. O programa de selegio
vigp dar meior 3nfaee a0 ectsbolecimento de testes de progéoie de po-
linizagho livre, testes clonmia, bancos e pomarses de sementes por mu-

das e clonaic.

A melecdo de irvores plue vem mendo feita,tembée, em plantagdes oriun
dae de sementes €¢ Ric Clare., Hm sua mzioria essns arvores sio hibri-
das, apresentands alte potencial para 0 melhoramento via assexuada.
Esae programs é intenso nas regiBes 5 o 6, onde A incidincia do cancro
do evcalipto & slta. Hm populaghes hibrides de 2. yrophylla, B. salima
e E. gremdis sncontram_pe Arvores plus, nas idedss de 6 a 8 anoe, com
DAY superiores a 28 o e alturs acima de 20 m. Na selegio considerda

ae & Tesiatencia ao cenero, vigor, forma, capacidade de brotaglo, oa-
pacidade de enrzizamento das estacas ¢ densidade da mpdeira como sen—

& os oritérios fundamentais.

Un rendimentos esperadas nas Flentagles clonaie, situam-~se em torno -
de 4Om3/ha/ano, aos 7 ancs de idade.

SELEGEO GLONAL

Na reprodugio sexuada, extreme varisbilidade ver sendd enconirada na

copacidede &3 brotagdo apds o primeiTo, Begundo e terceiro corte- {25},
0 desenvelvimento de wmétédes econbaicos de propagagic massal de esta-
cag enraizadns, tommou possivel estabelscimento de rlantecbes clonais

extensives. A selegao de Arvores piue, seguida de avaliagio de mua ca
pacidede de brotagdc ou da eatimulagao de fomag.‘:io de brotagBea parz

u produgac de estacas, vem mbrindo & Poe3ibilidada de ge efatuar & ds
tecgic de gendtipos superiores sem & influgncie dos problemas exis—
tentes na reproducio sexuada (13,16,1%,18,32,33,37,46,60,61) . Atravs
da selegro clonal, a Arecrue Florestal S«hs,; conta hoje, com clones —
superiores de ¥. urovhyila e E. grendis, com zlte resistencia so cen
6ra & increrenios volumdtricos veriando de 41 a 64,5 m3/ha/ano aos 30

meses de idnde. {6,9)

Plentsebes clonaic de E. dunnii na regidc 1 vem sendo estabelecidas -
axparinentzlnente en fungio da inexistdncia de sementes que atenda g

cdengands atual.

POMARES IE SEMENTES

Us pomares ée sementes clonsis foram instalados a partir do 1967, Se
te pomares oom area de 2 & 4 ha. foram instaladon em % enpresas, envol
vendo aa espocieny E. urcophylla, #. grandis e E. paiigna (34-)- Esssn
Tomares eram constituidos por 30 clonea por eupécia, orivndos de Srv_g_
red plus selecionadas nas plantagSes das introdugdes ordginaia. Bm
fungio da base genétion rTestrita da papulsgio beoe, Tariagic das carac
teriatioas botinicas de algumas Arvoress comportamento insatisfatdrie
des progenies o yweblemas da incompatidilidade na enxertia, easem PO
marss parderam os seus objetives e forem mantidos visando aptudng ex-
rerimentais de Tolinizagic controlade e manejo para predugdo ds semen
tes (31).

A partir de 1975, om fungio dom avangos das tiécnices de enxertia e en
rairanento de sstacas (52,55,56) ¢ da melboria das populages basa, -
em fungho 46 novos trebalhos do selagie ds espécies/procedincias, ng
vos pomares clonais foram cetabelecides. For examplo-. an 1977 com ba
g em 52 clonss de E. grandie foi instaleds um pomer clional pelo De—w.
partzmenic ¥loreotal da Aracrus Floreatal S.A., #res de 10 ha., saps-
¢amento GxlPm., cuja produgic de mementas Freviata para 1979 era ds 100
kg, Em outres eapresas esti3c mendo instaledos novos pomaree de E. -
andip, B. urophyila e B. gitriodora,

A contimuidade do programs esta basenda na instalagio inteneiva de -
Pomares clonais vieande a autosufici®ncin de sBementen. Conjuntumente
Para eviter os preblemas de incompatibilidade tardia, novos Pomeres
ostio sendo planejadse, com base em estacaa enraizadaa dos malhores
individien melecicnedoe nas melkores familias,dentro dos testes de -
proginie, Ratudos de praticas culturais Para © manegjo de pomares, -

visando maior produgio de mementes a menor custo estio paralalazente
sands condusidow.

Os pomares de eementes por rudas, sspecialments dolineados ex fungio

das drvores piue g4e ven sendo selecionades, envelvem tembdm, secentes

de arvores plus de outros Trograsms e de coletas de sementea d& Arvo-
™8 N3 reglio de ccorréncia hatursl dentre das nelhores procedencias.
O objetivo bieico deagen pomares & aapliar e base genétics de yom

lagBo pera melhoramento.

Hovow pomares de senentes por mudss oriundas de semanten de poling
tagéo controlada, eario estabslecidos am fuagie da polimiragio cop
trolada nos buncos ¢ pomarss clonais.

TESTES DE PROGENIE

Ng estratepia de melhoramente para as Principais espécies atribui-se
qQUe & TeProdugio sexuade seja predominantemente nlngamn._ A ocorren
cia de autofecundag®o o cruzamentos nSo vasvalizades poder ocorrer,

(1,13,15,16,18,19, 3,32, 33, 35,46, 59, 60,61), 0 que podird conduzir a va
lorer superestimndor da varihnoia genética. & mataria dos teetes de
progenie de golinizegio aderta, em andamento, referem—se a . grandis
L. nadigne o BE. urophrlla. Esmas testos roveism naver suticiente va
rizneia genédtica pﬁ'a a8 principeis carscteristioss mob BolegRo, Po-
dendo—se obter consideravel welloramento mtravés do programa de selg
¢do recorrente (13,15,15,18 129, 34,45,59), enbera sopes resultadon a
prepcntea ainda, limitagGoes sm funcio das diferangas sxisteotes emtre

a8 popalagbes bieicas o as condigBes em que a sslegio fai =fetuada.




HIBRIDAGEO

Em 1947/48, estudss de polinizaghe contrclada furm efetundos em Pie
Croro (1,30). Os objetivus eron desenvolver métodos eficientes de au-
tofecundagio e 4t cruzamentos controlades. Os prizeivos hibridos -

Z. prophylla x B. ereticormis, B. proshyils x B. grindis, f. grendis

x fi- urovhylia forar sintetizadon. Us nioridcs, acs 11 unoes de idades
tomparsdos com as nspéciea gue ihes deram origen, apresentaran alto -
viger heterdticos As esnécies avresentarem elevads perds de vigor, al
te porcentagem de falkas @ defaitos nas Arveres em fuagde  da ausofn
candagio (1,30. Com a evolughio des métodos de propagagho de estacas
enr;\’izadas, o3 hibridos naturais e sintéticos (polinizagho controlade)
vieram dmsenpenhar papel importante na ocupagho ds Aress scoldgicas eg
pecificas e no avmento da rrodutividade e melhoria de qualidade dz ma

deira. Hibridou de £+ wrovaylla x £+ tereticornis, E. grandis x E. -

pellite, B. urophylla x E, prandic o B. mrendis x Bs saligna, propagd

dos zasexuplmente dzrem origem o plantios piloie com incremeates of-

os da 30 & _‘:(.rmj,f'ha,/ano s05 1 &nos de idade {B,9). A uiilizac®e -

smay SGRUC v 11

Zas irvores hibridas projugedas vegelativementa em

nbas gerais, as bases des trabalhos efeicades ni Aepdolica Poypular do

Conge.  (12,13,14]

PROIGGAC DE SEMENTES

0 conmuis anual de namaztes de eucalipto me Braail 6 entineds am 20 t
(1} kg de sazentes para 30 ha de plantio).
dexande sdo importadas 14 t des esguintos pafsest Lfrica do Sul, Rods

Fara o atendiments  debasg

pie 8 dngola. A importsgio foi incentivada pele IBDF bapeando-ss rin
cipalnants no B. grandis, e na necaapidads de samentss para oa reflo
restensntoa nap regides scologicas situadas em latitudes supsriores a

1798,

0 elevaug conzumd de sementes deve-se 2 tradicional se]gpﬁo intensiva
des muden ne canteiros ossa técnica & hoje diccutivel (4,11,60). & ze
introdugho das eapiciag, ampliagio da base genética das ypomlagbes e
implsntoooes de A.C.3. e A7 P.5. alevarom pers o 1. grandis o mimere
de pementas wiiveis por quile de 300.00C para 600,000/ 800,00, Indegen
dentomenie do mimero de gementes viiveis/kz., nglecionani-ae gomente
de 20.000 & 40.00C mudas/kg 4s sementes, Ha a neceasidade de astudos
bisices relativos a wtilizag@o racional das semantes e dos padrles pa

ra s aua ocomercializagdo (10} e movimentagHo dentre daa Araas ecoldgicas.

Ea éreas sctoligicas tae diversas hi nacessidade de saprea intensifioe
dos o3 ectudes relatives u biolegia da flormgie e reprodugie, mans—
jo s priticss culturais sdequadas s soonbomicas, visando sumsatar a
produtividada das populaegies utilizadas para produgiic da  oenshtes.
Dave-s: praver, na astratigie de melhoramento, que o programa forne—

Gz semantes an e3cala adequada, procurando-

atinglr & sutosuficldn

cfa o ssmentes da gualidsdes gendtiens e fismiologicas acaitdveis.

VWECESS IDADRS ATUAIS E FUTURAS DO PROGRAMA

0 programa ceoperative de melhoramsnte do IPEF, atuando em ragites -

ccdlogicas tic distintas depende, avima de fudo, de:

a) estrutura fe resguisa das entidades asvociadas.

b} revisio periddica doa objetives, sstrategia do prograna, novas ten
déncias das Emprasag na utilizagio des recursos para reflorestemen
+

to.

evolucfa doa custes dz terra, dos insumos Visicue, transporte da. —

&,

madeira, etc.

&

vrodutividade do site, ligsde nos sislemss de rolagbes curtas, mé-

iodss de explomacko ¢ manele dos pianinacBes pas rotagfies necsachrias,

-

estabilidade das pepulagdes e fungio da monocultura srtensiva, iz
oidencia de pragas s dosngas, etc., fatores ecoldgices wio previs

tam, sto.

=
i

protegis florestal contra formigaa (Atta sexdens rubopilosa, Atta

lnevisnta e Acromymex actospincca) o contra cuyins (&ntermea 5P
Anophotermas nDa .

Como tonsequéncia a estratdgia de melhoramsnto gendtico devera envud
ver variass espicies om tada from ecoldgica pardicular, ec funglo da .
adaptabilidads e importancia das espdcies, dos objetivoes basicos do —
melhoramento, do custo ¢ ganhos das diferentes etapas do programa, -
dos recursos financeiros para a paeauisa & Ga cooporagic ragional, no

cional e internacional.

£ importanie que o programa de melhoramente gendtico seja axtrenzmen—
te flexivel o que na situagio atuel d& maior &nfase a exploraydec ds -
variabilidzde entre e dentro das populegbos das principais espéoies ,
pare oue eae poesa contar com um maiol acervo genético para utilizag?'.a
a curto, médio & longs praze. As racentza geadas na regife 1 (fig.l)

e o aparecimento de caicre de eucalipte nes regiBes 5 e 6, servem oui

to ben para iluztrar a inportbneia descew estudos.

A colheita ds neusntes na regifo de origen dam espioles & & instalscio
de bances ds conssrvagac fes recursos gendtlces snvolvends populiagies,
con tamanhs efative adequsdo e reprosentativas das diferentes origans
gesgraficas impertanies ae programa deve s curte prazo, eer incentiva

4a,

Estabhelecimento de diferentes tipos de pomares de sementesy pPaTa a3 -
eepseies maim intenmamente utilizadae, para qus permitam contornar os
problesns da* incompatibilidede tardia nos pomares clenais por cnXer-

tige

instalagio de bancos clonale dinamicos, eficientemente delinsados, -
com bs objetivos de acompanbamento da evolugho dos clonas, estudos fe
nolégicos bisicos, polinizag¥o controlade e = protugfo da sementes.

Fsses bancos clonais deverdo permitir a incluafe de novas relo¢ois .

contimipmente.

Com bage nos astudos de snraizamento ds estacas de brotagac, acelerar
on tastes clonais, aliados aoe taates de progenis de polimizagZo 1i-
vyre » controlada, para se dispoer de oaie opgoss para a ¢stimativamais
precisa don parinatros genaticos s Gas interagdes entre s material gs
nétice & us priticas ocultursis intensivas que o prograsz, & curto pra
£a, 22 fungho da dexanda de sesenten para as sapicias em cada 2rasa o-
ooldgica, fornegs memsntes, e larga sncala, e todas =uas
substituinde m importagas indisoriminades Paralelamsntse, intensificar

etapas,

on sstudos ds manejo das populagGes, visande a produgdo de wementss a
custos male baizes o qualidades gendticas e fisiolégioss

Sejs incentivada, em todas as fasen do Pregremu, A Ceoporagie regional

adsyguadas.

nacional # intermeoionel.

BEa fungRo da nova dimpenibilidade de sensuntes » sstacss, gensilouments
malhoradas, rever o intensificar as téonicas ailviculturais para ms
lher wtiliragic do potenoiai de produgio daw regiSem sculigicas.
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COORDENACAQ NACIONAL
DE EXPERIMENTACAQ SOBRE
PROCEDENCIAS DE
EUCALIPTO NO BRASIL

A. Paulo Mendes Galvio

Programa Nacional de Pesquisa Florestal
EMBRAPA/IBDF

BRASIL

Resumo

Estio em andamento 1,967 testes de  espéeies/procedén
cias com Eucalipte na Brasil. HA evidénclas do excesso de ex
perimentos nesse setor, com dispersdo de recursos  humanos &
financeircs que poderiam ser aleocados para cutras areas de
pesquisa florestal do Pais. A causa hdsica dessa distorgao ¢
o lsolamento exlstente entre as instituigoes de pesquisa bra
sileiras @ a falta de uma coordenagdo naclonal pera os referi
dos testes.

A organlzagdu de um Grugo Permanente de Trabalho em Me
lhoramento Genético Florestal em 1979, integrado pelos melhg
ras especialistas brasileires do se\or, sob o estimulo da
PNPF (EMBRAPA/IBDEY, constitui impertante etapa de um  proces
50 efetive para coor‘denar e grientar LELIIlLdenlL’. [$F:3 testas
de procedéncia de eucalipte no Pals. 0 Grupe jd estd contri
buinde para padronizar e racionalizar os procedimentos rela
cicnados com o melhoramento genético florestal. -

E preposta a andlise eonjunta dos testes de  procedén
cias com eucalipte em andamento no Brasil, a adcgao de uma
todologia padronizada assim come & organizagda de uma rede in
Teb]nft]tuc&onal de pesguisa para fornecer as informacoes ain
da necessarias sobre o assunto.

NATIONAL COORDINATION OF
EXPERIMENTS ON EUCALYPT
PROVENANCES IN BRAZIL

Summary

. 1067 specie/provenance trials of Eucalyptus are
being carried out in Brazil. There are evidences of an excess of
trials causing wasteful use of rescarch work and funds. The basic
reason for the large number of trials being carried out is the
isolationism of the brazilian forest research institutes and the

lack of national coordination of provenance tests.

The Natinnal Forest Research Proaram (PHPF) of
EMBRAPA and IBOF encouraged the establishement of a Working Group
on Forest Geretics in 1979 wich is comprised hy researchers of
brazilian forest rescarch institutes., Objectives of the Working

-Group also refer to analysis and advicing on specie/provenance test

This paper proposes: a}l the overall, combined

analysis of the research on specie/provenance of Eucalyptus beina

carried out in Brazil:; b) standardized metodology for the new triall

c} the establishment of a Cooperative program for new provenance

trials,

NTREDUGAD

E relativamerite elevado o nimero de lestes do espécics/
procedéncias com encalipto no Brasil, havendoe evldenc;ab de ex .
55¢ de experimentagdc nesse setor. Ndo hd, até o momnento, me

canismo que coordene efetivamente esses testes evitando repeti
gdes deanccessar:as. A coordenagae & exercida, atualmente, ape
nas a nivel de dreas de infludnecia das instituigdes de pPSﬂUl
5a. Asgim, a SIT (Sociedade de Investigagdes Floresrais) & o
TPEF {instituto de Pesquisa e Estudos Florestais) que conjugam
empresas privadas, coordenam a pesquisa dentro do ambito das
suas assocladas. Por outro lado, 1nstltu1qoes gcvernamentalsco
mo a EMBRAPA {Lmpresa Prasileira de Pesquisa Agropesuirial atra
vés do PNPF (Programa Macional de Pesquisa Florestal), e I.F.
{Institute Flarestal de S3c Paulo) vinham trabalhando em fai
xXas proprias, isoladas dos institutes anteriormente citadas.

0 presente trabalho analisa aspectos relacionados com a
coordanagic da pesquisa referente a testes de espéeies /proce
déncias de eucalipto no Brasil propondo medidas para evitar a
proliferagdc dos meshmos, com & consequente dispersdo de rEcur
sos humanos e financeires.

SITUACKOD ATUAL DOS TESTES DL PROCEDEMCIA WD BRASIL

05 testes de espécies/procedéncias do Brasil refletem a
praccupagao de se aumentar a produ11VLdadc dos povoamentos flo
restajis através do melhovamento genético. Levantamento de pes
quisas em andamentc no Brasil de GALVAQ et al (1980) permltE
estimar a existéncia de 1,087 ensaios com espéoies /proceden
cias de euvcalipte ne Brasil. Somente no Estado de Minas Gerais
as testes do Projeto de Desenvelvimente e Pesquisa Florestal
{PRODEFEF), atualmente sob a responsabilidade do PNPT, envol
vem 17 locais, Outra evidéncia do excesso dos rLferJdoc experi
mentos & o fato de terem sido constatades 50 locais onde estdc
sendo ensaiadas procedéncias de E. grandis.

Apresenta-se a seguir relagio das CSpLClta do género
Eucalgpfus que tem sido testadas quante i procedéncia ne Bra
511, com base em dados de GALVAD et al (1850):

Eucalyptus acmenicides Schau

Lucalypius alba Eeinw.ex Blume

1

Eucalyptus andrewsii Maiden

Fucalyptus brassiana §.T. Blake

[ucalyptus camaldulensis Dehnh

b

Lucalyptus citricdora licok

'

Eucalyptus cloeziana F. Muell

Eucalyptus crebra F, pHuell

Fucalyptus dalrympleans Maiden

~ Eucalyptus deanei Maidep
- Bucaltyptus drepanophylla F. Muell ex. Benth

- Eucalyptus dunnii Maiden

Eucalyptus exserta T. Muell

Evealyptus grandis W. Hill ex, Maiden

Eucalyptus h
Eucalyptus intermedia R.T. Bak

1

seana  W. V. Fitzg. ex., Maiden

i

Euecalyptus jacobsiana Blakely

=~ Eucalypiuys maculata  Heok
~ Buealypius maidenii Y. Muell

Eucalyptus microcorys F. Muell

Eucalyptus nesophylla Blakely
Eucalyptus nit
Eucalyptus nova-anglica
- Eucalyptus paniculata Sm.

- Eucalyptus papuana F. Huell

EFucalyptus pellita F. Muell
Euecalyptus phasotricha Blakely et Me Kie

taiden

Deane et Maiden

t

Eucalyptus pilularis Sm.
Eucalyptus polycarpa F. Muell

- Btcalyptus populnea F. Muell
Eucalyptus propinaua Deane et Maiden

1

Eucalyptus guadrangulata Deane et Maiden

'

Eucalyptus resinifera 3m.
Fucalyptus robusta  Sm.
Lugalyptus rogtrata Sehlecht
- Eucalyptug saligna  Sm.
Eucalyptuz tereticornis  Su.

]

- Bucalyptus tetrodenta F. Muell

Eucalyptus tessellaris F. Muell

Lucalyptus toreliiana T. Muell

Eucalyptus trachyphleia F. Muell

Lucalyptus urophylia &§.T. Bilake

Eucalyptus viminalis Labiil

Os d&dou anteriores apresentados, a 100511&3@&0 dos  ex
perimentos apresentada no trabalho de GALVAO et al (1980}, as
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sim como indicagdes de GOLFARL et al (1378) referentes ao nime
ro de regides bioeclimaticas do _Pals, sugerem a existenci§ de
um excesso de testes de procedéncia de eucalipto no Brasil.

A dispersdo dos testes de espéeies/procedéncias no  Bra
3il implica no dispéndic adicional de recursos financeiros que
poderiam ser alocades para cutras fases do processo de  experi
mentagido com eucaliptos no Brasil. F necessario ainda conside
rar que os recurscs utilizados na_pesquisa florestal provem em
sua meioria, direta cu indiretamente, de recursos govarnamen
tais que tendem a se fornar escassos e portanto necessitam ser
© mais racionalmente possivel administrados.

Esse excesao de testes de espécies/procedéncias pode
ser atribuido ao fato das instituigdes de pesquisa e empresas
privadas estarem trabalhando isoradaments. Ha falta de dialego
sobre a localizagde, frequéncia e delineamento de restes de pro
cedéncia, entre as instituig&es_e empresas que desenvolvem pesg
quisa florestal. Tornou-se tambem uma questao de "status" para
empresas e unidades de pesquisa, possuirem testes de proceden
cia em suas propriedades, a exemplo do gque ocorre em relagao '
aos pomares de sementes clonais. Essa situagdo, dentre outros
inconvenientes, tem levado a repetigao de experimentos que sac
conduzidos com as mesmas espécies e procedencias em  Msites”
semelhantes. Asaim, perde-se a oportunidade de melhor aprovei
tar material genético valioso, por vezes de dificil obtengdo '
nos locais de origem.

A coordenagio dos teates, assim cgmo da pesguis@ flores
tal em geral no Pais, ocorre apecnas no ambito de inatituigoes
e programas, come por exemplo, a SIF, IPEF e PNPT. No caso_da§
duas primeiras instituig¢des, a coordenagac processa-se no ambi
to das suas associadas. Nao existe, entretanto, mecanlsmo in
tarinstitucional de coordenagdo. A situwagdo descrita tem provo
cade nimero relativamente alto de pedidos de instituigbes e em
presas brasileiras 3s suas congéneres augtralianas, solicitan

do material genético para testes de espécies/procedéencias nes
te Pajs. Os jnconvenientes de tal fato sao perfeitamente com
preensiveis.

A organizagic de uma comissdo de melhoristas e  geneti

cistas florestals de renome no Pags, capaz_de desencadear ufn
processe natural de coordenagde, & a solugaoc para o prgblema
descrito. 0 PNPF{LMBRAPA/IBDF} abrigando essa idéla estimulou
‘a eriagao de um grupo permanente de trabalho em melhoramento
genético florestal que iniciou recentemente suas atividades,

O GRUPD PERMANENTE DE TRABALHO EM MELHORAMENTO
GENETICO FLORESTAL (GTMGE)

0 GTHGF & basicamente formadc por especialistas da drea
de genética e melhoramente florestal representando entidades
de pesquisa do Brasil. Foi Instituide em julho de 1879. As ati
vidades do Grupe es5tdo evidentemente relacicnadas com a coorde
nagdo de testas de procedéncia, come se pode verificar dos ob
jetivos do mesmae apresentados a seguir:

a) “"Sugerir a padronizagdc dos experimentos e de linguagem tég
nica do setor de melhoramento flerestal";

b} "Orientar a uwtilizagdo de material gendtico para
de melhoramento e conservagdc genética'y

programas

¢} "Propiciar maior intercambio de material gendtico com

enti
dades envolvidas no setor';

) "Analisar os principais programas de pesquisa em melhoramen
to genético do Brasil".

A anadlise prevista neste Gltime objetivo estid sendo efe
tuada e sob ela assentar-se-do as diretrizes basicas gque permi
tirdo propor um sistema nacional de testes de procedéncia de
eucalipto. Entretanto, deve ser salientado que as atividades &
desdnvolvidas pelo GTMGF visam unificar as empresas e institui
¢Bés nos seus procedimentos no setor de melhoramento, dentre
os quais se incluem os testes de procedeéncia. As atividades men
cionadas sdo:

ia.} Elaboragio de trabalho sobre termos técnicos de

nelhora
mento florestal,

£ uma proposigdo a comunidade cientifica brasileira no
sentide de padronizar os termos teenicos utilizados no se
tor de genética e melhoramento florestal no Brasil. £ b3
sico, por exemple, para o trabalho que o CENARGEN (Centro
Macional de Recursos Gendticos) da EMBRAPA estd dezenvol
vendo, visando cadastrar ¢ material genético florestal
axistente no Brasil.

0 estabelecimento de critérios para implantagdo de popula
z5es base.

Trata-se de normas para a implantagdo de populdgﬁes ba
se considerande inclusive criterios para utilizagac de ma
terial de procedéncias distintas.

CONCLUSTES

Considerando as dificuldades envolvidas na obtengdo de
material genético no exterior, a escassez de recursos financei

ros que tende & se agravar e a necessidade de gerar

goes sobre_as espégies/procedencias mais adaptadas as
tes condigdes ecoldgicas do Brasil, propde-se:

informa
diferen:

a) Que as instituigles e empresas brasileiras do setor flores
tal dém o maximo apoio ao Grupo de Trabalho em Melhoramento
Genético Florestal, ja em plena atividade;

b} A andlise conjunta de toda a experimentagdo relativa a tes
tes de procedencias de eucalipto em andamente no Brasil;
¢} A organizagio de uma rede nacional de testes de  procedén

cias de eucalipte de ambito interinstitucional gque possibl
lite completar as informagGes que a atual vede nio pode ou
podera fornecer;

d) A adogido de uma metodologia padronizada para os testes  de |
procedencia.
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REVISAQ DOS TESTES INTERNACIONAIS
DE PROCEDENCIAS DE Pinus Caribaea -
MORELET E Pinus oocarpa SCHIEDE

A. Greaves

Department of Forestry
Commonwealth Forestry Institute —
Oxford University

ENGLAND

Resumo

Trinta e seis procedénctas de Pinud canibaea
Morelet ¢ 46 de Pinus occarpa Echiede foram distribuidas a 49
e 15 paises respectivamente para a implantagdo dos testes in-
ternacionais de procedéncias. M cooperagho entre 0B partici-
pantes dos testes propiclou um conjunte de dados bisicos para
uma avaliagdo ampla das proceda@ncias, Uma estihativa dos da-
dos revelou gque certas procedéncias foram consistentes em seu
comportanento relativo, em uma grande amplitude

ecoldgicasg,

de condigoes

As mals promossoreas procedénclas de P, cani-
baea foram as de Almicamba, Karawala e Brus Lagoon nas texras
baixas do litoral da Nicaragua e Honduras, e de Poptun, Culmi
inte

As procedéncias mais exteriores floresceram mais preco

e Santa Clara nas regides mais altas e mais secas do
rior.
cemente mas foram mais suscetIveis a brotagles com aclculas
deficiented e morte dos pontelros, em localidades de baixa al

titude com ¢limas troplcais imidos prdximos ac Equador.

Pine
Ridge em Belize, e de Yucul, Camélias e Rafael na Nicaragua

As procedénclas de P. cocarpa de Montain
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crescem notavelmente bem na maioria das localidades, mas fo-
ram suscetIvels a quebras do caule em raras ocasiSes. Proce-
déncias alternativas para localidades mals expoetas foram as
de Valle de hngeles de Honduras, Bucaral e Conacaste da Guate

mala.

A REVIEW OF THE INTERNATIONAL
PROVENANCE TRIALS OF Pinus caribaea
MORELET AND Pinus oocarpa SCHIEDE

Summary

Thirty six prevenances of Pinus caribaea Morelet and 46
provenances of Pinus sooarpa Schiede were gistributed to 49 and 35
countries respectively for the internztional provenance trials of
these species. Cosperation among the trial participants led to the
collation of a broad provenance asseasment data base. An appralsal of
the data revealed that certain provenances were consistent in their
relative performances cver a wide range of sites.

The mest promising P. carilbaea provenances were from Alamicamba,
Karawnla and Brus Lagoom in the coastal lowlands of Nicaragua and
Honduras, and from Poptun, Culmi and Santa lara in the higher and
drier interior. The inland provenances [lowered early but were
predisposed to suffering from needleless shoota and die-back on humid
lowland sites close to the equator.

The P. pecarpa provenances from the Mountain Pine Ridge in
Belize, and from Yucul, Camelias and Rafael in Nlcaragua grew
cutstandingly well on most s3ites, but were susceptible to stem-break
on rare occasions. Promiaing alternative provenances fer exposed
altes were Valle de Angeles from Honduraa, and Bucaral and Conacaste
from Guatemala.

INTRODUCTIOR

Seed collection expeditions may be mounted by individual
countrles in support of their national foreat research, but this
involves much duplication of effort, and few organisations have the
resources for sustaining a seed collectlon prograwmme over several
3eazons. A more efficlent appreach iz for a single ageney to
undertake the planning and coordination of the exploration, seed
collection and seed distribution in such a way as to meet the
national requirements of the recipient countriles, whilst at the same
time establishing {nternational provenance trials in which the loeal
components are of compatible composition and design, thus enabling
further advances to be made by international ccoperation through
exchange of information (Burley and Kemp, 1973). It was with these
objectives in view that the Commonwealth Forestry Institute (CFI)
undertook the exploration and seed collection for the international
provenance trials of Pinus caribaea Morelet and Pinus pocarpa
Schiede.

THE RATURAL POPULATIONS

The natural populations of P. caribaea were described in detail
by Lamb {1973} and Greaves (1978a), and those of P. oocarpa by
Greaves (1979). Both species are indfigenous to the Central American
and Caribbean region and fall within the same latitudinal limlts of
‘approximately 12°N and 279N, but whereas P. ococarpa 1s entirely
restricted to the mountainous uplands of Central America and Mexico
between 600u and 2,40Cm, FP. caribaea 13 mostly found on the coastal
towlands and comprises three varieties with distinetly separate
territerial distributions, P. garibaea var. caribaez Morelet occurs
in weatern Cuba, P. carjibaea var. hahamensis Barrel and Golfari is
found on several islands in the Bahamas and Turka and Caicos Isalanda,
and P. caribaea var. hondurensis Barret and Golfari forms
discontinucus stands in Central America extending from north-eastern
KHicaragua, through north and central Honduras, and eastern Suatemala,
to morthern Belize., Although the distributicn of P. caribaes var.
hondurensis is predominantly coastal some populations are found in
inland loeations, mostly spreading from the coastal plains along
valleys up to 800m altitude and merging in places with the lower
limits of the g. onearpa distribution.

SEED COLLECTION AND DISTIBUTION

The CFI acquired provenance seed collectiona bthat were
representative of the entire P.  caribaca range, and the Central
American P. cocarpa populations (Kemp, 1972; Greaves, 1978a; 1979).

One 'impproved' provenance of P. caribaea var. hondurensis was
included through the donation by Dr. D. G. Nikies of seed from a
elonal reservolr at Byfield, Queensland, fustralia. A4 provenance of
P. ococarpa from Chiapas, Hexico, collected by Mortencon {1969), was
acquired by seed exchange with the East African Agriculture and
Forestry Research Organisation.

Seed distribution for the international provenance Lrials
commenced in 1971 and haa continued to the present day. This was
undertaken without seeking committments from the recipients, but many

recognised the advantagea of & standardised experimental design and
opted to use the field layouts that were available on request from
the CFI.

The large number of available provenances precluded the teating
of them ail en all sites, hence it was necessary to select z suitable
range of provenancesa for each trial. Whenever possible several
provepances from native enviromsents similar to the trial site were
chosen, but aince the most Favourable provenance ¥ environment
interaction is not necessarily produced by a homoclimal introduction
other provenances from contrasting environments were also
incorporated. Some reciplents opted te include ohe provenance of P.

caribaes in their B. ogocarpa trials and viee versa, so enabling the

twe apecies to be compared.

The seed distributed to date comprises 36 provenances of P.

caribaea and 46 provences of P. cocarpa with 4§ countrie:

participating in the £ caribaea trial and 35 in the P. socarps
trizl (see Appendices)

PROVENANCE TRIAL ASSESSMENTS

Many investigators who are participating in the international
provenance triala have published the results of thelir assessments,
mostly in the proceedings of the joint meetings of IUFRO Working
Parties 52.02.08 and 52,03.01 {Burley and Niklea, 1973; Nikles,
Burley and Barnes, 1978). Others have made summaries of asseasment
data available to the CFI where all the information on the pravenance
trials is proceased and collated with the ald of 2 purpose-designed
computerised data storage system (INFORPROV). Free access to this
data base is available to those who have contributed information.
Greaves (1980} reviewed all the assessment data and made
recommendationz on the choiee of provenances for plantation
development and the establishment of broadly-bagsed ex situ
censervation stands. This paper presents a condensed version of those
findings.

P. caribaea

Differences among the three P. caribaea varieties were evident
in both the nursery and the field. Diastinct variations in seedling
growth traits were detected for hypoecotyl colour, chloraphyll
concentration, length of primary needles, time of secondary needle
emergence, and vigour (Bryndum, 1972; Fishwick, 1975; van der $ijde,
1973; Venator, 1976a; 1976b; Venator et al 1977;- Vivekanandan, 1973).

After 3 vears in the fleld the three varieties fell in the
sequence var. garibaea, var. bahamenais, var. hondurensia shen
ranked in order of increasing height growth, and in the reverse order

when ranked according to improving stem and crown form.

Consistent differences were not apparent among the seven P.
caribaea var. garibaea provences efther in the pursary or in the
field. The trees typically showed very uniform growth with narrow
pyramidal crowns and regularly-spaced whorls of [ine horizental
branches, Foxtails were rare and the stems straight, but the leaders
were susceptible to kinking from age 6 years

Only the Andros provenance represented B, caribaea var
bahamensis and this sometimes surpassed the slowest-growing
provenances of P, caribaea var, hondurensis in height growth. The
=tem and orown form of F. paribaca var. bahawensis resembled that of
P. caribaea var. caribaea, but tree~uniformity was less pronounced
and some foxtails occurred. Craciun (1978) reported that this varlety
had a high incidence of ramicorn branches.

2. caribaea var. hondurensis was the only variety in which there
was evidence of consistent variation among provenances. AL the
seedling stage the incresse in the chlerophyll ccncentration which
follewed planting out in the field waa greater in the provenances
from high altitudes than in those from low altitudes (Venator et al,
1977). Parallel differences in flowering tendencies were recorded by
Egenti (1978) who observed that all the inland provenances of P,
garibaea var. hondurensis were flowering at age 3.5 years on aites
in Nigeria, but of the lowland aources only the Santos provenance was
doing se. Greaves (1978b) noted the same pattern of P. caribaea var.
hendurensis Clowering in Sri Lanka at S years as well as flowering of
F. caribaea var. bahamensis and P. caribaea var. caribsea.

On the Sri Lanka sites all the early flowering provenatices
suffered from needleless shosts in lowland trials, but in ‘the
highlands only the Los Limones provenance from an exceptionally dry
site in the intericr of Honduras suffered slightly from this growth
defect.

Several of the most vigorous provenances came (rom acuthern
lowland sources, notably Rarawala and Alamicamba from Nicaragua and
Brus Lagoon {rom Honduras. The northern lowland provenances from
Santos and Melinda in Belize were persistently slow growing.

High frequencles of foxtalls were recorded in the fasb-growing
southern lowland provenances. The loxtails in these provenances alse
tended to be exceptionally tall and persistent which may have been
partly respesible for the provenances' superior growth rates. Despite
the high ineldence of foxtails Lhe southern lowland provenances
included trees with desirable stem and branching characteristics
especially Karawala and Alamicamba, and Brus Lagoon siightly leas so.
The stem form of the S5lilma Sia provenance was consplouously poot
with a high proportion of persistent Fextails and sinuvosity defeots.

Few foxtaila cocurred in the Santos and Melinda provenances.
Meltnda had distinctly belter stem and crown form and, despite ita
overall slow growth, a few vigorous treea.
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Guanaja from off the north coast of Honduras, the only lnsular
provenance of P. caribaea var. hondurensis, was somewhat dlatinctive
in 1ts general appearance. Many stems showed a strong multi.nodal
trait with very short internodes.

Overall, the provenances from higher and drier inland sites were
alower-growlng than the southern lowland provenancea, with the
exception of Poptun, Culmi and Santa Clara. The Peptun provenance
also eontained large numbers of foxtzlls whilst the stem form varied
greatly among altes.

. The remaining provenances from high altitude inland sites
produced relatively few foxtails compared with the faat-growing
lowland provenances. Most also contained many well-formed trees,
especially Los Limenes and Santa Clara., These alsap had a number of
trees with the paler green follage and ¢rown form of P. pocarpa. Both
seed scurces are in areas where the distributions of P. caribaea and
P, oocarpa overlap and there is speculation that theae provenances
may contaln hybrids, but such hybridisation has yet to be confirmed
under controlled pollination conditiens. b

The Potosi provenance from northern Honduras suffered from some
of the worst atem and crown defects of the P. caribaea provenances.

The southern coastal provenancés, especlally Brus Lagocon and
Laguna del Pipar, were less susceptible than the ipland provenances
to developing bowed sbems’ following cyclomes.

The Mountain Pine Ridge provenance, a long-atanding commercial
3geed source, was generally of medium vigour. Diabate (1978} recorded
above average numbers of forked %reeaz in both this and the
neighbouring Poptun provenance. Craclun (1978) reported large nuubers
of rapicorn branches in the 3ame provenances and also in the improved
Byfield provenance which {s of particular signlficance since Mountain
Pine Ridge stoeck was the Byfield selection base.

The vigeur of the Byfield provenance was usually good, but the
stem and crown form varied greatly depending on the site. Good
growth appeared to be assured on sltes with simlilar environments to
the conditions in Queensland where the selections were made. In
Queensland it was the only provenance that consistently ranked high
in geight growth and was highly wind stable over ten sites (Nikles,
1978).

P. oocarpa

At the seedling stage the only evidence for clinal variation in
P. cocarpa was glven by Yenmator (1977} who deseribed the develepment
oF carrot-like root storage organa. Theae cconrred most freguently
in provenances from sites with lesa than 1,250mm mean annual rainfall
and may be an adaptation for survival in dry, fire-frequented
environmenta.

There wers pronounced differences in the P. oocarpa provenznce

growth traits within one year of planting. Highly distinctive
cosbinatichs of vigour and crown form, bhat were consistent acrosa

all aites, developed in several provenances. The Mountain Pine Ridge

provenance [rom Belize, and the Yucul, Camelias and Rafael
provenances from Nicaragua, generally showed the greatest vigour.
Foxtails only persistently arose in the Mountain Pine Ridge
provenance, but many of the trees of this provenance, &s well as of
Yueul, Camelias and Ralael, were superlor to most other provenances
in their stem and crown forms.

The remaining provenances were of medium vigour with thelr
relative growth rates varying greatly depending on the site, with the
exception of the Malacatancito provenance from nerthern Guatemala
which was perslatently slow-growing. This provenance also had the
worat-formed trees. Some of the others frequently contained trees
with desirable stem and crown qualtitles, particularly Valle de
Angeles from Honduras, and Bucaral and Cenacaste from Guatemala.

Jltotil was the only Mexican provenance For which assessment
data were avallable. Its overall performance waa not ispresslive, but
an lnspectien of earllier plantings of the same provenance in East
Africa showed that it comprised twe taxa {Greaves, 1979}. One
consisted of fast-growing well-formed trees with a amooth red-brown
bark and thin papery scales., The other was made up of slow-growing
poorly-formed trees with greyish- or blackish-brown bark dracking
deeply into sguare blocks when mature.

There was some evidence that the fast-growing P. oocarpa
provenances were susceptible bo stem-break. The Yucul provenance wWas
recorded aa growing well at age U years on two highland sites in Sei
Lanka {¥ivekanandan, 1977; 1978}, but when one of the aites waa
inspected at age 5 yeara there had been conslderable stem-break on
exposed ridges (Oreaves, 1978b), A few stem-breaks were also seen in
the Yucul, San Rafael and Camelias provenances in South Africa.

Early flowering was commca ln the B. gocarpa provenances but,
like g. caribasa, meat of the flowers were female.

Provenance x environment interachion

Apart from wind stability and needleleas shoot tendencies in P.
garibaea there was no evidece of pronounced provenance x environment
interaction that changed the relatlive merits of the provenances in
terms of stem and crown form. The form of all provenances
deterforated with inereased growth rates, with the mosat vigorous
provenances ahowing the greatest deterioration, aa recorded by
Granhof (197Bz; 1978b). Thus fertile sites tended to accentuate the
diffarences batween provenances. On poor sites where slow growth was
encountered the differences between many P. cacibaea provenancea were
often reduced to a level where all were apparently squally auited to
the site. A similar effect was seen in P. gocarpa but the most
vigorous provenances usually maintained thelr superiority.

DISCUSSION AND CONCLUSIONS

Throughout the provenance trials there was little evidence of
pronounced provenance x site Interactieon with regard to the relative
rankings of the provenances in terms of vigour. In both species,
especially'inlz. pocarpa, there were sevaral provenances that
consistently showed superior growth rates. Some of the provenances

of medium vigour might catch up with the leaders in the future, but
since ease of establiatment and suppression of weed competition are
primary conslderztions for meat alferestation enterprises, early
vigorous growth 1s of paramount impertance In prevenance aelection.
The outstanding P. caribaea provenances in bhis respect were
Karawala, Alamlcamba, Brus Lagoon, Poptun, Culmi and Santa Clara. The
fiprst three are of coastal origin with evidence of superior wind
stabiliby and are therefore to be preferred 1n expesed situatlons,
especially regions where cyclones or hurricanes occur.

The extent to which the inland Poptun, Cuimi and Santa Clara
provenances may be planted is limibted by btheir susceptibility to
suffering from needleless shoots and dieback. Slee et al {1976}
first reported thls growth disorder in Malaysla where it was found on
perpetually warm and humid lowland sites but not in higher and cooler
environments. He suggested that it was brought aboub by an adverse
comblnation of climate and dayiength which caused a phyaiological
malfunction in the fleower primordia, and that the likelihood of the
disease developing could be predictad from a model based on daylength
and mean annual temperature (Slee, 1977). Slee's obaervations were
made on material that was probably of Mountain Pine Ridge origin, a
relatively cool high altitude inland atte. The Srl Lanka provenance
trials have shown that the provenances from hotter and mofe humid
coastal lowland sites remaln free from these growth defects, but
unlike the inland provenances they have not yet produced many
flowera. If the coastal provenances do begin to flower at a later age
reedleleas shoots may ocour simultaneously.

The early flowering tendencles of the ipland provenances might
be advantageous for seed production, and these provenancés may be
preferred at latitudes distant from the squator or on high altitude
equatorial sites. On eguatorlal lowland sites only the coastal
provenances should be planted unleas there is evidence from local
triats that the inland provenances grow satisfactorily.

The outstandingly vigorous P, cocarpa provenances were Yueul,
Cameliaa, Ralael and Mountain Pine Ridge, but on rare occasions
stem-break was recordsd in them., The Valle d& Angeles, Bucaral, and
Conacaste provenances, although slower-growing, were sultable
alternatives on exceptionally exposed sites.

The final conclusions oo the relative merits of the provenances
must awalt the time when the trlals have reached a greater degree of
maturity. It is essentlal bo confirm that those provenances which
appear 50 be the most promising durlng the jJuvenile phase maintaln
their desirable characteristica and do not suffer from physlologleal
diserders, windthrow, or undue susceptibility to pesta and diseases
in later yeara. it is also useful to determine the age at which seed
produetion commences, and the influence of site parameters on lts
onset and intensity. Moreover 1t is important to evaluate the wood
properties of mature trees to agcertain whether or not a provenance’s
lmpressive growth traits are matched by a satisfactory utilisation
potential.

The continued maintenance of the provenance trials also aerves
conaervation objectives. Whilst every endeavour has been made to
collect large quantities of seed of endangered provenances for
establishing ex sltu conservation standa, this has not been peasible
in every case. For example, the small amount of seed that was
acqulred of the very promoising P. oogarpa Camellas provenance wWas
used for the provenance trlals, and the stands where it was collected
nave now been felled. Consequently the trials constitute the only
identified gene pool of this probably very valuable ecotype. It Would
pe inappropriate to use the provenance trials as seed acurces because
of the Inevitable crosa-pellination among provenancea, but they make
A valuable candldate plus tree selection basze for eclonal propagation,
cspaclally as a wide range of sites are covered.

The provenance triala will only continue to serve evaluatlion and
conservation purposes efficiently if vigorous and healthy growth ia
encouraged through the aveidance of overstocking and excessive
competition. It was recommended that a planting dlatance of. Jm x 3m
and 49 (T x 7 rows) tree plots should be used in the trials. Where
this was followed the wider-than-usual planting distance has delayed
the onaet of between-tree competltion and halped te accentuate the

. differences in growth traita among provenances that are often masied

when trees are growing im close competiticon with one another. The 49
tree plobs are of adeguate size te waintain sufficient trees for
continued assessment whilst implementing thinning procedures that are
compatible with nermal plantabtion management. It is recommended that
such a thinning policy should adopted whiere it doea not conflict with
other overriding rasearch censideratliona.

Thia review of aasesament results from the International
provenance trizls would not have been possible without the adwirable
spirit of collaboration that has prevailed among the provenance trial
participants. The GFI wlll endeavour to promote further international
cooperation in this field by collating lnlormatien as It becomes
available, by maintalning biblicgraphies of all the published
material relating bto the provenance trials and zllled subjects, and
by providing rapié computerised access bto the accumulated data base.
It ia sincerely hoped that the provenance trlal collaborators wWill
continue to contribute to theae lacilities and to employ them to
thelr common benefit.
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Appendix I Burley, J. and Kemp, R.H. {1973). Centralised planning and
international cooperatien in the intreduction and improvement of

tropical tree specles, Commonwealth Forestry Review 52 (4)
PROVENANCE SEED COLLECTIONS OF PINUS CARIBAEA 335-43,

Site No.  Country Site Latitude Lengitude Altitude (m) Burley, J. and Mikles, D.C. (eds.) (1973}, Tropical provenance

and progeny research and international cooperation. Proceedings

PC 1 Nicaragua  Kuakuil wera 83°30"% 20 of a teint meeting of IUFRQ warking partiea 52,02.08 and

FC 2 v Xarawala 129581 R 837341y 10 82.03.01, held in Nairobi, Kenya, October 1973. Oxford, U.K., .
PC 3 v Alamicamba 13°34N 8H% 171 R 25 Commonwezlth Forestry Institute. 613 pp.

PC 4 ‘o Pinar 12913'N 8342w 10

pC 5 " &81lilma Sia o5y 83755 50-106 Craciun, G.C.J. (1978}, Pinug caribaca - provenance testing :
FC 6 Guatemala  Poptun 16°21'N 890254 500 in the Northern Territdry of Rustralia. Commonwealth Forestry
PG 7 Honduras Brus Lagoon 15245 N 84740 W 10 Review 57 (4) 290-2.

PC 8 Honduras Guana ja 16°27H 85°50W 50-100 —

BC 9 Belize Silver Creek  16YLOTN EEZEE‘H 30-100 Diabate, K. (1978). Firat results of provenance trials of F.

PC10 0 Laz Lomitas 16°28'H 88°33'W 368 caribaea Morelet set up in 1971 and 1972 at San Pedra, Ivory
PC12 Honduras Los Briones 15934 N BE%H 1Y 600 cozst. In: Progress and problems of genetic improvement of
PC13 ' Los Limenes 142030 867820 700 tropieal forest trees. {eds. D.G. Nikles, J. Burley and R.D. :
BCHY B Culmt 15906 '8 85°37'W 500-600 Barnes}. Vel. 1, 334-41,

PC16 L Guanaja 16928 N 85°5h 'y 50100 _
2C17 " Potoai 15920 '} 8872514 600-700 Egenti, L. C. (1978), Provenance trials of Pinus caribaea Morelet in
219 Belize Santos 17930 'K 88°33'W 20-lg sonthern Nigeria. In: Progress and problems of genstic

PC20 " ¥t. Pine Ridge 17°00'N 88°55'W Lo improvement of tropical forest trees. (eds. D.G. Niklea, J.
PC21 Wicaragua ~Santa Clara 137U M 86%12'w Fo0 Burley znd R.D. Barmes). Vol, 1, 342.85,

PC22 Australia Byfield

PC23 Belize Melinda 17°01'K 88°20'W 10-15 Fishwiok, R. {1975}, Relatorio a respeitc dos danos causados pela
e Cuba Marbajita 22°48 1y 83°291y 8o geada de 1975 nos pinheilros troplcais. Curitiba, Brazil,

025 v Los Palaclos  22°34'N 83%12'% 50 Inatitubo Brasileire de Desenvolvimento Florestal. (Unpublished
PC26 tr Los Cabanos 22°U0'N §3°23'W 160 mimeographed report. )

PC27 " Manuel 22°3T'R &3°LoW 150

PC28 v Cayo La Mula  22°33'H 837HG W 110 Granhof, J.4. (1978a}. Four years' development of Pinus caribaea
PC30 ' EL Buren 22°45'H 83228 300 Horelet in the international provenance trials of 1972 at two
BCI1 Bahamaa Andros 24253 '8 78707 1w 3 Jocaticns in Thailand. In: Progress and problems of genetic
PC3I8 e frand Bahama  26°U40'N 7812 20 iwprovement of tropical ferest trees, (eds. D.G., Nikleas, J,
FC39 Cuba 22930'K 83°50'W 100 Buriey and R.D. Barnes). Vol. 1, 370-5.

PChO " A composite sample comprising PC24 to PC23

PCLG Bahamas Andros 25°05'N 7870k W 2 (3978b). Four years' developmont of Pinus gocarpa

PCLT " Hew Providence 25°01'N T1°28 W 3 Schiede in the internaticral provenance trials 1872 ab, two

PCLE H Great Abace 2559 'N TTO15W 3 locations in Thailand. In: Progress and problems of genetie
PCUY " Andros 25°02'K TBOOG R 3 improvement of troplcal forest trees. {eds. D.G. Nikles, J,
BCS5 Cuba Batey 22250 ¥ 83°27'% Burley and R.D. Barnes). Val. 2, 583-7,

PC56 Cuba Pinar del Ric 22°49'N B2°57'y

Greaves, A. (1978a). Descriptions cof seed aources and collections for
Appeadix 1T . provenances of Plnuz garibaea. Tropical Forest,rx Papers,
Department of Ferestry, University of Oxford No. 12, 98pp.

PROVENANCE SEED COLLECTIONS OF PINUS GOCARPA ——————— (1978b)}. Report to the Sri Lanka Forest Department on
e — Pinus caribaea Morelet seed sources for routine planting.
Site Ro. Country Site Latitude Longitude Altitude {m) Oxford, U.K., Commonwealth Forestry Institute. 12 pp,
, (Unpublished mimeographed report,)
BO 1 Nicaragua Camelias 13%461% B6218 Y 900
BQ 3 o Suliates 13°51'0 862161 1,050
PO I Honduras 2apotilio 1450371 87°02 W 1,000 Greaves, A. {1979). Deacriptions of seed sources and collections for
PO 5 . i San Marcos 140361y 87°00"W 1,100 provenances of Pinus oocarpa. Tropieal Forestry Papers,
PO 6 Cuatemala Canas 15270 ) 859237y 1,200 Department of Porestry, University of Oxford No. 13, 1h8 pp.
PO 7 N Lima 1591118 89°217W 1,000 .
PO & I Conacaste 15910 1) Bgest Y 550-700 ———— {1980). Review of the Pinus caribaea Mor. and Pinus
PO 9 Honduras Zamorano ey 87°03'W 1.100 oocarpa Schiede internatienal provenance trials, 19787 C.F.I.
FO10 v Maraquito 1521300 86750 W 1:000 Occasional Papers, Department of Forestry, Commonwealth Forestry
PO " Agua Fria 1591617 87906 W 1,100 Institute, University of Oxford Wo. 12, 59 pp.
PO12 Guatemala  Pueblo Calde  15%12'W Bg°18W 800
P13 Homduras Junguillo 13042 B6°35'W 1,000 Kemp, R.H. (1972}, Seed sources and seed procurement of low-altitude N
PO Nicaragua Bonete 12950 BE%18'W 450 tropical pines in Central America. In: Selection and breeding to -
PO15 Guatemala Bucaral 15901 'K 90%09 ¥ 1,000-1,300 improve some tropical conifers. {eds. J. Burley and B.G,
P16 Honduras  Angeles 14207 1K BTo0U W 1,300 Riiles}. vel. 1, 9-16.
PO17 ' Zamorano 13°58'K BE°5¢ W 1,100
PO1B Wicaragua  Yucul 12’25'}{ B5OLT W '900 Lamb, A.F.A. (1973). Pinus caribaea Yolume 1. Faat Growing Timber
POYS Guatemala Lagunilia ez BIo57 1% 1,600 Irees of The Loyland Iropics, Deparfment of Forestry, University
PO20 o Rafael 1301l 8% 08" t200 of Oxford Ho. &, 272 pp.
o2 Honduras Siguatepequa  14°32'W B7950°W 1,100
POZ2 Guatemala Chgacu:z'p q 15°32‘N 90°16 ' ."300 Hortenson, E. (1969), Report from an expedition to Mexico and Central
PO2% i San Jose 14e381) 8628y ."000 America Lo obtain seeds of tropical pines. Muguga, Kenya, East
pozd ¥ Malacatancite 159331K 91930y 1'700 African Agriculture and Forestry Research Organisation. 28 P
PO25 Mexlco Jitotil 17°05'K 928301y 11650 (Unpublished mimeographed repert).
P26 Belize Mt. Fine Ridge 17°00'N 88°551% 00 5 . .
PO2Y Ronduras Zamorano & 14epn B7°03'W 1 300_1'240 Nikles, D.G. (1978}. Estanlishment and early development {to 3.5
PO o ' Weoz N 870031y 1’300_1 20 . years) of the International provenance trials of Pinus caribaea
PO31 Nicaragua Dipilto 13903y BE®32'K 1‘000_"290 var. hondurensis Barrett and Golfari in Queensaland, Australia.
PO32 ‘e e 13743 1N 86°37 i 1'200 ’ In: Progresa and problems of genetic improvement of troplcal
2033 Honduras Yoro 15015y ETO061W 1"100 forest trees;‘ {eds. D.G. Nikles, J. Burley and R.D. Barnes).
PO3L X Rio Viels 149307y 85°50 1K 1,100 - Vel. 1, 386-403.
F035 Guatemala  Jutes 15905 N ageisy 600-800 ;
PO36- " Chimaltenange 1W°L5'H 50°50 1% 1,750 Mikles, D.G., Burley, J. and Barnes, R.D. (eds.) (1978}, Progress .
PO3IT Honduras Lz Union 1oy 85238 1% ,800 and problema af genstic improvement of tropical forest trees. -
P0O39 o Villa Santa weiziy 86925 1y 900 Proceedings of ¥ joint workshop of IUFRO working parties
$2.02.08 and 52.03.01, held in Briasbanse, Australia, April 1977
polO Wicaragua  San Fernando  13°39'% 862171 800-1,000 ¢ ! r ous » Aprd -
POBT Honduras San Juan 1Lenly 88°23y t,260-1,330 }g\gg volumes) Oxford, U.X., Commonwealth Forestry Inatitute.
PON2 " Pimientilla 145K 8723074 650-850 PR
POU3 v Valle Bonite 149531 Bre31TY 850-950 .
PO Guatemala Pueble Vieo 15922°H 31036 U 1,700-1,900 Slee, H.U,, .‘jpldyE T. and Soon, Shim Phyauw. (1976). Dieback and
POUS " Pinalon 4oy BOSLG Ty 1,300-1,400 defoliation in Pinus caribaes var. hendurensis in Lowlan
f 5 2
POUE e Mal Paso 1501118 B9°21'w 1,000 Malaysia. Malaysian Forester 3¢ {1) 1-12.
POt Nicaragua Cusmapa 13217 'K B6o39'w 1,250
POUB " Jalapg 1%"50‘}! gﬁu?g.w 1’000_1‘300 Slee, MU, (1977}, A model relating needleless shoots and dieback in
, ;
POTY 1 San Fernando i3°46 R 8622 W 1,000-1,200 _SIL:_E c%;_ib%\ t;esgz?h?lusu?roductim and climatic conditjons.
PO9Y " Apanti 129644 85°56 i asa silvae Lenebiea 2 35-41.
van der 3i}de, H. (1973). International provenance teial of Pinus
caribaea in South Africa. In: Tropical provenance and progeny
REFEREKCES jp———

research and international cooperation. (eds. J. Burley and D.G.
Rikles}, 29-30,

Bryndum, K. {1972}. Thai-Danish Pine Project. Yearly feport, Mo, 3, Venator, C.R. (1976a}. Hypoootyl colour: evidence For polymorphism in
1st July, 1971-30th June 1972. Chiangmai, Thailand, Thal-Danish Pinus caribaea. Turrialba 26 (3) 265-7.
Pine Project. 22 pp. == eenh
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(1976b). Natural selection lor drought resistance in
Pinus caribaea Morelet. Turrialba 26 (4) 381-7,

Venator, C.R. (1977). Formation of roct. storage organs and sprouts In
Pinus oocarpa seedlings. Turrialba 27 (1) ¥1.6,

Venator, C.R., Howes, €.D, and Telek, L. (1977), Chlorophyll and
carotenold contenta of Plnus caribaea seedlings and influences
for adaptability. Turrialba 27 {2} 169-73.

Vivekapandan, K. {1473). Mursery stage of the Plnus carlbaea
international provenance trial inm Sri Lanka. In: Tropieal
provenance and progeny research and internatienal cooperation,
fedz. J. Burley and D.G. ¥ikles), 23-5.

{1977). Fourth year results of the Pinus oocarpa
interpaticnal provenmance trial in Sri Lanka. The Sri Lanka
Forester 13, Li-13,
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MELHORAMENTO GENETICO DE
PINHEIROS TROPICAIS NO BRASIL

Paulo Y. Kageyama
Depto. de Silvicultura — ESALQ — USP
BRASIL

Resumo

As plantagdes com espZeies do ginero PArus no Brasil, cerca de 352 dum
tatal de aproximadmmenta 2,5 milhOes de hectares plantades até 1977, foram
estabelecidas com as espécies P. caribaen Moreler, P. cocanpa Schied, P, ke
siya Royle ex Gordon, P. taeda L. e P. efLi0ftii var. elficttii Engelm, que
representam as mais importantes esp&cies do génere no Pals.

A partir dessas espemes, grande énfase vem sendo dada ass programas de
melhoramento geneuco atraves de 1nst1tu1;oas de pesquisa e empresas fluret

tals, entre elas destacando-se o ILnstituto de Pe%quxsas « Esfudos Florestais.

Foram instalados testes de pracednncxas ¢ o padras que vem sendo verificade
para a var).a;;ac dentro das especles tem orientado a estrategxa de ur.1hzat;ao
das planta;ues existentes para seleqau intra-populacional,

Tem sido instaladas Areas de Produgao cde Sementes para as principais es
pEeies, totalizande 2600 hectares até 1978, vLsandn suprir as necessidades L
mediatas de sementes, FPomares de sementes vem sendo instalados para as espe
pies mals mrportan:es, totahzandu em torno de 300,00 hectares até 1979, ur.x
lizando-se um ample nimers de Arvores superiores, va.sando garantir a base gg
nética para a continuidade da selegio recorrente.

As condlgocs mais adequadas para a produqao de sementes, a efetividade
da dxspersao do polen, a Eflclencla dos mEtodos de selegao e a polinizagao
controlada vém sendo as preocupa;oes das pesquisas em Pomares., OUs testes de
progénies objetivando a a\ral).a:;ac do valor de cruzawento das awares superin
res e a determinagaoc dos parametros genEticos das m)pula(;nes vim sendo  tam
bém enfocados, visendo a melhor deanh;ao da estracegm de continuidade do
melhoramente com as especles.

TREE IMPROVEMENT AND BREEDING
OF TROPICAL PINES IN BRAZIL

Summary

The forest plantations with PLnus species in Brazil, around 357 of the
total 2,5 millions hectares pla.nted up te 1977, were established with the
species P. caribaea Moreletr, P. ooecarpa Schiede, P, kesdiya Royle ex Gordon,
P, faeda L. and P, effdodtii var. efEictlti{ Engelm, the most important

species in our Countyy,

With these species, great emphasis has been given to tree improvement
progremnes, by Institutions:and Fforest companiés, Provenance trials were

established and the patterns verified to the within species variation have
guided the strategy of the utilization of existing plantations for intra-
-populational selection.

Seed Production Areas were established for the most important species,
2600 hectares until 1978, to suply the immediate seed necessity. Seed
Orchards have been establishad for the most important species, totalizing
300,0 hectares until 1979, using a large nuaber of superior trees, to
guarantee the genetic basis for the recurrent selection.

The most adequate site conditioms for seed production, the efficiency
of pollen dispersion, the efficiency of sclection methods and the comtrel
pallination methods have been the main precccupattions in the Seed Orchard
research. The progeny trials, either to evsluate the breeding value of
superior trees or to estimate the genetic parameters, have been also
cansidered to berter define the strategy of the tree improvement continuity.

INTRODUGAO

& irea total reflorestada no Brasil, segundo o Institute Brasileire dg
Desenvolvimento Flerestal —IBDF, representa um total de 2.500.000 ha ate
1977, com uma media em torno de 300,000 ha anuais. Desse total anual, cerca
de 357 referemse a plantagoes com os P.L'nuA havendo ultimamence uma _tenden
eia para um aumento de plantio com a3 espec1e5 desse giuero, em relacho as
do género Eucalypfus que, por sua ver, vem ocupando praticamente os 057 res
tantes.

As dreas reflorestadas com Pinus distribuem-se praticamente em duas 71e
zives bast-mte distintas, em relagio 3s suas cavacteristicas climiticas e ao
grupe de espécies pl:{ntadas. Uma ao sul do trdpico de Capricdmrmio { Estados
de $3c Paule, Parand, Santa Catarina e Rio Grande do Sul), utilizando-se ba
sicamente das espécies Pinus taedn L. e P. eflinffil var. eflioftii Engelm,
@ putra 2o norte desse paralelo (Estades de $ao Paulo, Haco Grosso do Sul,
Mmas Gerals, Espirito Santo < Bahia), a partir das espécies oriundas de re
gives wais tropicais, tais come: Pinus oocenpn Schiede, Pinus caribaea HoOTE
ist e Pinus kesiya Royle ex Gordon.

Essas podem ser con51deradas as mais importantes espécies de Pinus ne
Brasil, e a‘partir das quais vem sendo conduzidos os programas de melhoramen

to gendtico, através de Instituigoes de Pesquisas, Universidades ¢ empresas
florestais (BERTOLANI e NICOLIELO, 1978 e FOMSECA et alii, 1978).

0 presente trabalhe enfocara os principais avangos verificades no  pro
grama de melhoramento genEtico dessas espécies no Brasxl, a filosefia e ¢35
tratégias adotadas nesses PTOgramas , ¢ as preocupagoes existentes messe cam
po de pesquisa, Os principais resultados a serem relatados se refevem, prm
cipalmente, a pesquisas realizadas pelo Instituto de Pesquisas e Estudos FLB
restais - IPEF, através de suas empresas florestais asseciadas.

TESTES DE PROCEDENCIAS

& partir das espacies de maior potencial para as diversas regibes do
Brasil, estudos de procedéncias vem sendo conduzidos, visande a escolhz de o
rigens mais adequadas de sementes para estabeleciments tanta de plantios cE
mereiais como de pnpula;'&es base adequadas ao programa de melhoramento gene
tico. Para a real].zag,aa desses testes de or).gens de sementes, de ailta meur
tancia t8m sido os convinios e cclaboragGes com instituicles de pesquisa es
trangeiras, que tem fornecido lotes de sementes colhides com com todo erigar
de amostragem das populagoes, tal como ocorveu para P. oocaipa Schiede e P,
zanibaea Morelet, com a cooperagaa do COMMONWEALTH FORESTY INSTITUTE -Oxford,
e para P. ku..q,{a Royle ex Gordon com & cooperagao do Forestry Rescarch
Institute -Canberra.

Para o inicio do programa de melhoramento genético com as diferentes es
pecu:s de Pinud ne Bmsxl dxferentes es:rateglns vem sendo adotadas, confnr
@ o padrac de \mnagao genetxca que o5 resulcados dos testes de procedencm
tem revelade para cada espécie. Assim, para as espccxes mais vaxiaveis em
relagdo a procedeéncias, vem sendc dada maior atengac 2 escolha de pnpulagges—
-base para programa de selegao intra- populaclanal e meihoramento. Ao contra
tio, as especies mais uniformes em rela;au a procedéncias tém facilitado o
ctrabalko de escolha de pcpulaqoes para infcio do programa. .

Os principais resultades obtidos a partir dos ensaios de procedencias
das diferentes espicies sao apresentados, resumidamente, a seguir:

_P. oocanpa Schiede: ¢s ensaios com a espécie tém revelado altas varia-
goes entre origens de sementes, com resultados bastante similares em toda a
rcg‘ao potencial pavra a espemes. As pracedencla Yucul e Camellas da Nxcara
gus tem se revelado com superioridade em vigor e forma das Zrvores, enquanto
4 procedéncia Mt Bine Ridge de Belize tem também se sobressalde em viger, po
rém com forma inferior As anteriores. As procedéncias do cemtro de Honduras,

¢ que acredita-se.seja a origem da maioria das populaqsas existentes no Bra
"sil, tém-se revelads como de comportamento mgdic a superior para viger e far

ma da% 1rvore5, mostrande-se adequadas para programas de selegao e melhora™
mentu, até que populagoes das melhores procedencias estejam disponiveis (Ka
GEYAMA, 1977; RACEYAMA et alii, 1978; FERREIRA e KACEYAMA, 1978; BERTOLANT .
WICOLIELD, 1978; GREAVES, 1980},

P. caribgea Morelet: ensaios envolvendo as trés variedades: var. hondu-
Rengis, var. bahawmens{s e var. caribaca, tEm revelade resultados mais ou me
nos similares, aos 4 anos de idade, para todos os locals ensaiadas e pul;eE
ciais 3 espicies. Os resultados vem revelande diferen;as significﬂt{vas en
tre variedades, porém, com relativamente pequena vanagaa gendtica entre pro
cedenmas dentro de variedades, para as caracteristicas de crescimento das
arvores {KAGEYAMA et alu 1978b; PINTO JR. e JACOB, 1979). A variedade ﬁon
du)uzmus mostra variagao slgnlflcatxva entre procedenuas para incidencia de

fux-tzn] N mobtramjo ser cssé caracteristica a maior determinante para a va
riagho entre procedéncias da variedade (GP.EM"E‘.S 1980; RICOLIELO, BERTOLANT
e GARNICA, 1‘350} Esses resultados teém levade a utilizagao das mdhores plan
ta¢oes da espEcie existentes nas cundu;ues brasileiras para sciegao e melhora
mento, minimizando-se os riscos para a nao adequa;no de procedencia,
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F. hab,cga #oyle ex Gordon: Os resultados obtidos com a espécies tém re
velado vanagces slgﬂzflcauvas entre procedéncias, com um compotTtamento s:
perior para determinadas origens das Filipinas. As pnpulagoes existentes em
nossas condigoes, colocadas como testemunha nos ensafos, revelam—se altamente
potenciais, tendo sido consideradas como sdequadas para programa de selegao
¢ melhoramento (KAGEYAMA et alii, 1978b: NICOLIELO, BERTOLANI e GARNICA,
1978) .

P. Zaeda L.: Os resultados dos testes de procedencias tém revelado
ri.aq.ges genZticas bastante expressivas para as prinecipais camc:eg_{sr.icas sil
viculturais, mostrando ser essc um dos fatores para a alta variagao na quall
dade dos talhdes implantados com a espécies (FONSECA et alii, 1978; HARRLCHF
LO et alii, 1977). Esses ensaios revelam uwa clara tendencia PATA UM COmpOr

va-

tamnto superiar das prncedenr.las do extremo sudesto de sua regiao de oCor
réncia, concordande com os resultados de outros palses em condigoes simila
res. Em fungao desses resultados, grande cuidado vem sends tomado na o500

lha de populagces para programa de selegao e melhoraments com a espécie.

P. elbioflil var. elfiodiii Engelm: Essa especLe, diferentemente do FP.
faeda L., tem mostrado relativamente pouca variacae genetica entre proceden
cias, para as prineipais caracteristicas, como rem revelado os ensalos insta
lndos no sul do Brasil (FONSECA et alii, 1978). Esses resultados, aiiados a
nio existencia de uma tendéncia definida para a relagao comportamento x local
de origem, Cem orientado o5 trabalhes de escolha das pupulaguee-hase para se

legaa mtra-pepulaclnnal, com boz seguranga para a utiliragao das  extensas
plantagces existentes.
Os ensaios de procedencx:;s tem também orientado o programa mo sentido

de instalagze de pnpulagons-hase, a partir das melhores procedéncias,
do a sua futura utilizagao nas programas de selegao e melhoramento,

visan

SELEGEQ INTRA-POPULACIONAL
Selegao Massal

A selegac massal dentro das populagies de welhor comportamento tem sida
conduzida para estabelecimento de "Areas de Produ;ac de Sementes". Esse ti
po de se].eg,ao tem sido praticada para todas as espec;.es potenciais, para p:o
dugan de sementes a curto_prazo, e vxsando suprir as necessidades internas,
Essa politica de ehuu.naqao de importagao de sementes, principalmente de ori
gem e qualidade duuldusa, foi implantada pelo IBDF, & partix de 1977, ).n::cn
tivando ¢ certificando 2reas produtoras de scmcntes com caracteristicas mm
mas desejavexs. Em levantamento efetuade per esse urgao governamental, de
tectou-se que do total de sementes de Pinud urilizadas no Brasil, correspn—n'
dente 2 18,289 kg em 1378, cerca de 607 eram importadas. 0 concrolc de qua
lidade dos talhbes para cerLlflcagau & efetuads através da "Comissio de Con
trole de Scmentes Florestais", nun sistems que pode ser corsiderado como um
primordic da Certificagac de Sementes Florestais no Brasil.

As areas com certificagac do IBDF, existentes no Pais até 1978, para os
principais espécies de PLnus, sao relacionadas na tabela a seguiv.

(AFS) de
do 1BDF,

Tabela !- Arveas de Coleta (ACS) e Areas de Produqic de Szmntgs
pEcies ¢e Pinus inscaeladas no Brasil com cervificagdo

€5

Table 1- Sced Collecting and Seed Production Areas of P{nué in Brazil

certified by IBDF,

Espicie Tipe de Instituigac Local frea to
krea oOu Empresa tal (ha)
P, oocanpa APS Champion Casa Branca~SsP 94
P. oocarpa APS CAFMA Agudos - SP 321
P. cocanpa ACS CAFMA Agudos —~ SP 654
P. gocarpa APS IFsP Varios 50
P. kesdya APS CAFMA Agudos — SP kM
" ! ACS CATMA Agudos - SP 83
" " APS IFSP Varios 400
P. Zaeda APS Klabin TelBmaco Borba-PR 85
" " APS Rigesa Tres Barras-SC 22
" " APS T¥SP Varios 65
P, elfiottid var, efliottil APS ¥lgbin Telémaco Borba-PP 30
v " " " APS Tigesa Tres Barras-3C 3
" - " " APS IFSP Varios 110
P. cmbazavar.houdufzamu APS Champion Casa Branca~SP 149
" " " APS CAFMA Agudos - SP 304
v " " " ACS CAFHA Agudos ~ SP 750
N " " " APS IFSP Varios 800
P. caniboeq var. bahamnsis aPsg CAFMA Agudos - SP 13
" " " o ACS CAFMA Agudos - SP 173
i " " " APS 1FSP varios 20
P, caribacavar, canibaza APS CAFMA agudos — SP 54
i " " " 4CS CAFMA Agudos — SP 252
" "o " ATS 1FSE Varios 100°
Fonte: KANG er alii (1979 e FERNANDES (1979),  Lze@ total ACS = 1,952 ha

Xrea total APS = 2,655 ha

A previsac para a produgac de sementeés,a partir das areas relacicnadas,
g, segundo RANG et alii (1979), da ordem de 7000 kg, com tenddncia a um  au
mento gradative, mostrando a perspectiva de auto-abastecimento a curto prazo.,
Essas sementes de ACS e APS serao gradanvamente substitufdas por sementes
de Pomares de Sementes, que foram e vém sendo instalados, a medida que o8 mes
mos iniciem a produ;au comercial,

Selegao Fenotipica Individual

As melhores pdpula;oes esttentes, cot cnndlqoes de seli'.(;.ao, ver senda
intensamente vasculhadas para-a detecgao de Lndlvn.duos superiores, para ests

entye procedcncxas, dentre as quais se inecluem: P.

belecimento dos Pomares de Sementes Clonais. A escolha dessas pupulaguus ba
se tem sido reahzada em £un;ao do padrazo de varmgao lntra espec:.fxca ven
ficada para a espicie. Nae que apresentam maior variagae genctlca entre pro
cedéncias, tais como P. oocaspa Schiede e P, Zfaedd L., o critério de escolha
das populagoes~base tem sido mais cuidadoso, tomando-s¢ para ral somente . as
populagbes assepuradamente com caracteristicas de boa qualidade, Tambem, es
sas espécies vEm sendc selecicnadas geralmente com malor intensidade de selE
gao, visando contralar o problema de dxfnrencxagao entre procedcncxas. Pur
ocutto lade, as espécies que apreﬁentam um padrac mais restrito de variagao
canibada var. hondurensis
Barr. et Golf,, P. canibaca var, bahamendis Barr, et Golf., P.canibaea var.
canibaea e P, ebfliottil var, LLid Engelm, tém permitide uma utilizagao
menos restritiva das populagces emsr.entes, com menor riger para a  esceiha
de populagoes—base.

A sele;aa de arvcres selecionadas para programas de Pomares de Sementes
para as diferentes espicies potenciais € aprescntada na tabela 2.

Tabela 2- Himeroc de Arvores superiores selecionadas para as diferentes espE

cies: pelas diversas Instituig¢tes e Companhias Florestais no Brasil
2~ Nuwber of svperior trees selected by various Tnstitutions and
Forest Companies in Brazil.

Table

Instituicao

.. N de . -
Espécies Irvores i.s. ou Empresa Referencia
P. canifazd var . hond, W00 1:10000  CAFMA/IPEF Himlielo et atii (1478)
1042 - 1FSP Fernandes (1978)
75 1:2500 GHAMPIOR/IPEF *
P, ooveanpa 200 1:10000  CAFMA/IPEF Wicolielo et alii (1978)
117 - IFS Fernandes {(1978)
75 1:3000 CHAMPTON/IPEF *
P, Resiya 50 1:2500 CAFMA/IPEF  Micolielo et alii (1978)
781 - IFSP Fernandes (1978)
75 1:3000 JOHAN FABER/IPEF *
P. canibaza vax, beh. 150 1:2500 CAFMA/TPEF Wicolielo et alii (1978)
55 - TFSP Fernandes (1978)
30 1:1000  DURATEX/IPEF *
36 - CHAMPION/IPEF *
P. carcboed var. o, 150 1:2500  CAFMA/IPEF Nicolielo et alii (1978)
279 - TFSP Fernandes {1978}
P, zaada 2§ 1:200000 RIGESA/IPEF Fomsece e Kageyama {1978)
22 1: 45000 PCC/IPEF " " "
17 1: 53000 IKPC/IPEF " " "
P. taeda 7 1:15000 MANASA/IPEF  Fonseca e ngeyama (1978)
39 1:4B000 BRASKRAFT/IPEF "
P, elLiottid var. el. 276 - EMBRAPA/IFSP  URPFCS/EMBRAPA

* KAGEYAMA, P.Y. - nzo publicado. -

Na sele¢ac de arvores superiores de P, toeda, bew caracterizada e des
crita por KAGEYAMA e FONSECA (1979), os_pontos maximos & que reflctem o5 ::ne
ficientes dades s cavacteristices no "Indice de selegao empIrico" foram: vi
gor: 40, forma de tronco: 30, ramlfxcm;ao' 21, conicidade: 5, ¢ tamanho de co
pa: 4. Para as outras espécies, dependendo das caracteristicas da espécie?
outro balango de coeficientes foi_srranjade. Hesse processc de sele;aa i,
lizou-se o nétodo de estratificagie da populagao, comparando-se a Atvere can
didata com as 5 arvores dominantes Eituadas ao redor da mesma, dentro de um
reio de atf 15 metros. O esquema de avaliagde de campo através do sistema
de fichas, tem side bastante sistematizado, pracuranda ninimi zar sub]cthda
des e facilitar a avaliagdo de cada carsctéristica no campe, bem como puss1
b111tat o emprege de computa;au eletrdnica para a al:r!.hul(,\ao de notas a cads
arvore. Esse sistems facilits tambem o agrupamentc das arvores em classes de
frequencia, com base nos pontos totais aicangados (Tabela 3}.

Tabela 3~ Distribuigac dos Indices Totais obtidos petas Arveres pré-seleci_g_
nadas de P. L. no sul do Brasil,

3- Distribution of Total Indices obtained by pre selected trees of P.
Zaeda L. in southem Brazil.

Table

Indices
Centro de Classe
Center of Classe

Frequénecis Esperada 2
Expected Frequency

Frequencia Observada
Observed Frequeney

31,25 4 3,0 0,25
33,25 5 3,0 0,17
35,25 9 7,0 0,44
37,25 12 10,9 0,33
39,25 15 14,0 0,07
41,25 15 17,0 0,27
43,25 18 21,0 0,50
45,25 24 23,0 0,04
67,25 32 27,9 0,78
49,25 18 24,0 2,00
51,35 19 23,0 1,32,
53,25 15 20,0 1,67
55,25 23 16,0 7,13
57,25 14 13,0 0,07
(Continua)s
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Tabela 3; (Continuagac)

Indices Frequencia Dbservads Frequencia Esperada <
Centro de Classe Observed Frequency Expected Frequency
Center of Classe
59,25 g 9,0 9,00
51,25 4 6,0 1,00
63,25 4 4.0 0,00
65,25 5 3,0 u.80
67,25 1 2,0 1.00
69,25 1 1,0 0,00
Total 248 248 12,8405
Media Desvio padrao= Coeficiente devarxm;aﬂ‘ 16,70%
Average= 47,97 Standard deviation= 8,009 Coeficient of variation=

Fonte: FONSECA e KAGEYAMA (1978).

Qutro aspecto estudado por FONSECA e KAGEYAMA {1978), foi o de avalia
:;;o do verdadeiroc valor da mtenmdade de selegao {i} para cada caractensn
ca, quandc se pratlca selc;au e truncada para dlversas caracteristicas 51
multaneamente, através do ' 'indice de sele(;ao empirice’. Ou valores reais ob
rides do i para alturs e DAP foram de 2,33 e 1,41, respectivamente, reprasen
tande a pressac de selegao efetivamente Exgrcxda sobte essas caracteristicas
0 valor geral de i uthdO pela proporgio de arveres selecionadas, igual a
3,60 e equivalente & selegao de 115500, nao & comparivel a cenbun dos do,\s va
lores encontrados acima, wostrando o rteal valer que se deve dar ac param_g
tro, gquando se pretende fazet estimativas de ganhus genetinos. A gtan:le di
\mnmgan do wvaler veal de i _para cada caracteristica, quando se pratica sele
gao para mul:l.plas caracteristicas simultaneamente, impoe a necessu‘lade de
considerar um minimo de intensidade de selegdo geral para que nao se ctenha
valores de i individuais muite reduzidoes.

POMARES DE SEMENTES CLONALS

LA velativa facilidade de propagagaoc vegetativa por enxertia das espBeies
da genero Pinus e o pleno sucesso obtido no pegamento e sobrevivencia ng ram
po tem facilitade a instalagao de Pomares de Sementes para as nossas especics
mais impertantes {FONSECA et alii, 1978; NICOLIELO, BERTOLANI e GARNICA,
1979; PINTO JR., KAGEYAM4 e JACOB, 1979).

Assim, a partir das arvores supcnorgs selecionadas, vém sendo mscal_e

dos os Pomares de Sementes, que vao relacionados na.tabela 4.

Tabela &4-— Relagan de Pomares de Sementes instalados para as diversas especies
de Pinud per Regide e Instituigio,

Table 4- Seed Orchards of P{nus established by Instirutions.

.. Local In‘t’t £ Insta frea Nde Refe
Especie oca stitulgao tagao (ha) clones réncia
P. canibaea var, can., Agudos-5P  CAFMA/IPEF 1972 3 30  Ricolielo
P, cocaipd " " " " 1975 25 200 Bertelani
P. cardbaea var. hond. " " " " 1977 26 200 e Garnica
P. kesdya * " " N 1977 26 100 (1978)
P canfbaeavar. hond.  Aragruz-ES  GOGM-PT  1978/80 50 400 Pinco Ju.,

car " " " "o 50 300 Jacob e
n ‘ . " Kageyama
v " bak. " , w o osn 233 FL
P. canibasd var, hond. Yarios IFSP 1978 20 200 Fernandes
" N " oean, " " 1976 10 100 (1978)
" " " bah. B " 1979 10 80 "
P. oocakpd " " 1973 10 100 "
P. kesdya " " 1978 W0 100 "
n "] Fonseca et
P. taeds Varias/IPEF 1972/73 11 30 ALIC1978)
Fonseca &
P. tacda " " " 1980% - 114 Kageyama
(1978)
P. cocarpa Anhembi ESALG/ TPEF 1977 1 75 Mora et
P, eanibaea var, hond, " ” " 1977 1 75 alii
P, hesiya " " " 1977479 5 - 130 {1980}

* em instalagao

0s Pomares de Sementes que vem sendo instalados tém se baseado em um nd
mero relatzvamenle elevado de arveres para Eorma(;ao da populagau de cruzamen
to, Assim, um minime de 100 Arvores tem side preconizade para mstalagao das
Pomares de Qementes, visande com isso garnnur a pospibilidade de sala;au por
famhas, -urtu mais eficiente, alem de permitir a manutengac de um mmero de
Lndlvlduﬂs nao multo baixo nas geragoes sepuinkes, indo de encontro s propo
sxgues de BURDON e SHELBOURNE (1973). O© enriquecimento e ampliacio da base
gendtica dos Pomares que vem sendo instalados, constituem-se numa estrategxa
do programa, quando entia novos mdwxduos deverao ser selecionados ¢ mclu).
dos na populagdo de cruzamenta, 3 medida que os meswos forem sendo detecta
dos nas novas populagoes.

Qutra preccupagac 1mpurtante na pesquisa vem sende o estudo de dispersac
de pcien, visemdo obter mforma\;ces bachas 208 Pomares de Sementes. ALRERTIN
RIZZI et alii (1978) examinaram o padrao de dispersdo das espeeies: P. 0
coanpe Schiede, P, caribaeq var. hondurensis Barr. e Golf., P. hesiya Roylte

ex Gordon e P. efliottii var. effiottii Engelm, utilizando-se de armadilhas
ccletoras a diversas disti3ncizs da fonte dispersora e a diversas alturas 4o
selo. 0 padrao de dispersio do pdlen, quando se analisou as armadilhas dis
postas mna posigio horizomeal, captande o polen em queda, foi semelhante aa
padrno geral relatado na literatura, com uma gueda ripida e progressiva na
densidade de polen en fungao da distincia, Por outro lade, surpreendente-
mente, o padrao verificado para LR polen coletado em armadilhas dispostas ver
ticalmente, captando o palen em vDo, apresentou-se bastante diferente do ob
servado para as armadilbas horLGntals, com uma tendéncia para vm aumento na
densidade de pGlen com a distincia, mostrando a necessidade de ref lexoes S0,
bre o assunto,

A curva de dispersac de palen para P. kesdlya, tomade como exemple, pede
ser observeda na Figura 2.
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Figura 1- Curvas de dzspersao de polen de P. Reddya Royle ex Gordon em  fun
gao da distdncia

Figure 1- Patterns of pollen dispersion with distances.

As z:undu;?ms mais adequadas para o florescimento e frutificagas  des
5as especms vem sendu estudadas, concentrando-se os Pomares de Sementes nas
regiSes mais aptas & produgao de sementes. Parz P4nus oocanpa Schiede e P
heddga Royle ex Gorden, as condigdes do planalto do Estade de $do Paule tém
sido as mais adequadas para a produqau de sementes; para as tres variedades
de P. canibaga Moreler as regioes litoraneas no morte da Espirito Santo e sul
da Bahia mostram-se¢ as mais favordveis; para o P. Z4eda as indicagdes suge
rem que as condxqoes do planalto do Estado do Parama (249 Latitude) sejam os
de maior prudugau de sementes (ZAML et alii, 1980) Por outro lado, o estu
da das caracteristicas de frutificagdo e produgao de sementes de P. cocanpa
Schiede tem sido cbjeto de estude de MARQUEZ e KAGEYAMA {1980), encontrande—
-se uma alta variabilidade individual na populagzo estudada.

A prupagagau vagetatwa tem tambam side enfocada mo sentido de conserva
:;ﬂu genetica de populagdes em perigo de destruu;ao, como ocorreuw com plan:a
¢oes de P. kesiya. O .Centre de Concervagio Genitica e de Melhoramento de PT
rheiros Tropicais onde foram concentradas as prmmpau populaqoes das  tres
variedades de P. caidibaen Morelet, para conservaf;ao e produgao de sementes &
umw exemplo desse chjetivo da propagagao vegetativa.

A polinizaq‘éo controlada, vissndo a produgao de progénies "ful-sid" pa
ra estudos genetlccs, tem sido considerada com altamente importante na contl
nuidade do programa paca estudos de cruzamentos intra e inter—especificos,

TESTES DE PROGENIES

Paralelamen:e a mstalagao des Pomares de Sementes Clonals, para os prm
cipais espicies i3 cuadas, vém sendo instalados testes de progemies, a Par:
tir de semc:ntes das arvores urlglnals (ortets) cunsldersndo-sz o parentesco
de wmeios-irmsos para as familias.

Esses ensmns de prugenxas vem sendo conduzidos como mstrumentu de se
legdo, actravés da decermn'lqao do valor de cruzamente das Arvores selecmna
das. A saleqao por famiiias vem sendo considerada altamente xmportantu para
as caracteristicas de baixa l\erdabllldade, assim como as de dificil avalia
¢eo fenotipica, tais como as caracteristicas de qualidade da madeira, confcr
me enfatizam KAGEYAMA e FONSECA (1979).

Os ensaios de progemes £8m permitide amda o conhecimento da estrutura
gcnetlca das populaques, fornecendo Lnfumagoas genetxcas importantes para a
definigdo da estrar@gia do melhovamento atraves da selegdo Tecorrente,  com
forme relatado por KAGEYAMA et alii {1977) e KAGEYAMA e JACOB (1979). .

A unltza;ac de prcgemes de pohmzagno aberta tem sido considerada. a
melher opgao nesse primeivo estigio de selegko e melhnramenr.o, em fungao de
sua facilidade, rapidez e baixo custo de instalag3o, canforme enfatizam SHEL
BOURNE E GOCKREM (1969), muito embora se reconhegam as resr.mqoes que 05 wes
mos apresentam, relativamente aos de gohnxza;ao controlada, conforme coloca
NM‘LKOONG {1966), Dessa forma, ensaios de progenies de polinizagzc aberta fo
ram e véw sendo inscalados para P. occatpa, P. caribaea var. hondurensis, PU
kesdiya e P, Zaeda a partit de 1978 (MYCOLIELO et alii, 1978},

Ensaios emvolvendo prog@uies de Zrvores selecionadss na Rod@sia e EUA
de P. toeda, P. ef8iottil var. efliodttii e P. patufa vén sendo instalados =
parm: de 1571, tendo sido importantes para acimulo de expenencm COm A5 es
pecies, além de fornecer material para enriquecimento da base genEtica do Pro
grama de melhoramentc com essas espécies.
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Tabela 5- Resultados de teste de progénie de Arvores de Pénus carlbeea var, hondurensis Barr., e Golf.

selecionadas na Australia.

Table 5- Results of progeny trials of selected trees from Australia.

LOCATIS

Procedineis Tipo T. FREITAS (BA) ROMARTA (MG) AGUDOS (5P)

das de Idade = 2 anos Idade = 2 gnos Idade = 2 anog
Prog@nies Proginie M fA yp praw. e M9 fA o praw. zp MO G2 oar, gr

milias milias milias

b
Eee;u::f“““ "arter” 4L 2,66 5,00 O 22,35 3,48 O 7 03,3t 1
By::‘;zéd [ 16 2,50 4,88 1 17 2,44 3,56 3 22 3,33 1
Byfield
ust "ramet" 17 2,50 4,86 0 10 2,37 3,55 3 14 3,27 3
Kenned-Land
coned-Lan WEL g et 5 2,48 4,92 0 72,38 3,68 1 13 3,20 3
C B
Beasit "ortet" 5 2,5 4,87 0O 32,51 3,52 6 5 3,3% 5
Guatemala commercial 2 2,57 4,66 0 1 1,93 2,53 39 3 3,17 4
FONTE: PINTO JR. et alii, 1980 (nac publicado).

A Estratapa de intercimbio de sementes de Arvores selecionadas, confor
e preconiza WIKLES {1973) para Pinus caxibaes var, hondurensis vem sendo  a
dotade desde 1377. Os resultados preliminares desses testes_de progemes %
diversos locais do Brasil, colocando-se _como testemunba progenies de arvores
selecionadas em populagces do Brasil, sac apresentados na tabela 5.

Esses resultados obtidos, embora preliminnres, RBC Wostram ainda uma di
!crencia;Eo clara entre os materiais genZticos provcmcntes de Arvores sele
cionedas da Australia e do Brasil, para as caractensticas de cresciments em
altura ¢ diametro, A partu‘ de resultados & idades mais avangadas, eavalian
do-se putras caracteristicas importantes, melhores conclusces poderio ser uh
tidas,

Os ensaios de prcgemes instalados em condlgoes locais Formecem glande
expn.rumcu a0 melhorista para welhor visac das possibilidades de manipulagio
geneuca das popula;aes. Os principais resultados cbtidos o Brasil, acerca
de varifinelias genSticas e coeficicntes de herdabilidade, 5o aprescntades &
seguir.,

Tabela 6~ Coeficientes de herdabilidades obtidos a portir de enmuos de PTO
genies de pollm.za:;ae aberta para diversas caracteristicas e E,s'pe
cies no Brasil.

Table 6- Heritability Ceefficicnts obtained from open pollinated progeny
trials for wvarious characteristics and species in Brazil,
_r.fpscm LOCAL TDADE E;LL:Q :Eﬁmﬂﬁﬁéig REFERENCIA
:;r ¢ f}'z‘ft‘* T. Borba-FR 4 15 12,7 31,1 K?ﬁ’;zg‘a
P. patula I.Borba-PR & 36 24,9 31,8 ﬁ?:y‘:‘fg.’,s;
il fotia S W0 w2 s [EYEGS
gmm 5 Locais 3,6 6 10,0 4,9 Ragoyoma

Os testes de proginies de P. oocarpa, P. canibaea var. honduwrensis, P.
kesiya e P, taeda encontram-se em fase muite inicial de Lnstalag.un, ngo apre
sentando ainda possibilidades de anilise e ohten:;ao de pardmetros genéricos.
Com o decorrer dos ancs, © actmulo de Lnfumagues geneticas sobre as popula
goes em estudo pusslbllltarao me thores def:.m';ces sobve as est:ategmas de me
lhoramento para cada especle. Ha ubtcngau das mfurma;oes Eenencas, tem 51

de consideradas as preocupagoes de um numero winimo de progenics reprcsenta
tivas da pupulaqau, a utilizagdo de delineamentos adequados e & unlxzagao
de um nimero_representativo de locais, procurando extrair a compenente devi

da 3 interagac de gendtipos por locals,

CONSIDERAGDES FINAIS

o programa de melhoramento pendtice gque vem sendo conduzido no Brasil,
para_as especics de Pinus mais importantes, fem orientado sua estratigia em
funqae da variabilidade apresentada pelas nspecxes, da cxistencia de
¢oes-base adequadeas e da necessidade de produgac de sementes para auto-abas
tecimento.

05 estudos basicos, e que permitam dar melbor suporte ao programa de me

popula

lhoramenco. vem sendo bastante enfatxzados, principalmente visando a melher
defm;cao da continuidade da selegac recorrence. Isso se tormna de alts im
portancia quando s& considera o grande nimero de espécies que vem 6endo  tra
belhadas, -
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ENSA!OS INTERNACIONAIS DE
PROCEDENCIAS DE Eucalyptus:
Estado Atual e Desenvolvimento

B. Martin
E.N.G.R.E.F. — Centre de Nancy
FRANCE

Resumo

05 eucaliptos sic muito usades pelos silviculto
res de numerosos palses, especlalmente para aguecimento, usos
miltiplos e industrlais. As espécies, extremamente varidveis
genética e fisiologicamente, tornam-se um materlal adequado pa
essencial.

ra os melhoristas, A origem das espécles & fator

0s testes comparativos de procedéncias desenvolveram~se inten-
samente apds 1967, coincidindo com o ano em gue F.A.C. inicicu
em diante

o projeto envolvendo o E. camaldufensis. Dessa data

05 conhecimentos tornaram-se maiores em fungdo da ampliagdo

das colegdes e teste ¢ do acesso a um nimere maior de parémg

tros.

Os testes de procedéncias internaclonais, em
s&o em nimera limitado e envolvendo somente

£,

sey sentide exato,
ap seguintes espéeies: E. dalrgmpfeana, E. camaldulensis,

degfupta, E.,uhqphgzza, E. tereticoanis, E. afba, E. cloerzda-

na, €. globufus, E. micretheca e E. ghandis. Poucos deles sio
realmente coordenados. ’

0 valor desses ensaios pode ser avaliado em v
rios niveis, em fungdo da qualidade da coordenacso & da ampli-~

tude das colecdes. O Centre Technique Forestiexr Tropical, com

suas colheitas na Austrilia e suas numerosas atividades no mun
de tropical propicla a abertura de novos cawinhos para uma no-
va filosofia de ensaios internacionals.

Os primeiros resultados S4o multo promissores

tante no plano c¢lentifico como econdmico.

No futurc serd necessaric conduzir novas cole-

tas, dando continuidade a experimentac&o & ampliando~as atra-

vés da sua malor intensificagio e keneficiando maior nimero de

paises.

Todavia, gualeguer resultados 34 obtidos nos ‘en
saios serfo publicados ou divulgados da maneira mais ampla pos
sivel.

INTERNATIONAL TESTS
WITH Eucalyptus:
Present Stage and Future Development

Summary

EucEIyéEus is muck used by foresters from
numerous countries, especially for heating, different
uses and industry. .

The extremely varied type c¢ffers physiological
and genetical peculiar natures, so that it forms a
chosen matevrial for tree breeders.

The origin of the specigs is quite essential.
The comparative provenance trials have especially been
developed after 1967, the time when the F.A.0. plan
about the E. comaldulensis was started. From that date
{forward, the experience has become very intensive in
consequence of the richness of the collections grown,
of the improving of the appiiances and of considering
mere parameters.

The international provenance trials, in the
exact meaning, are in a limited number and only concern
the following species E., dalpympleana, B. camaldulensis,
E. deglupta, E. wrophylla, B. tereticornis, E. alba,
£. oloestana, E. globulus, E. microtheca, and E. grandis,
few of them are really co-ordinated.

Several levels in the value of these trials
must be considered according to the quality of the co-
ordination and the richness of the collections. The
Technical Forest Tropical Centre, with their crop sedasons
in Australia and their numerous realizations through the
tropical world have opened the way to & new generation
of international trials.

The first results are quite promising as much
on the scientific plan as on the ecenomic one.

In the future it will be needful to undertake
new crop seasons, to follow the experimentings by inten-
sifying them and make more countries benefit from them.

Nevertheless, every result of the triéls abready
got, will have to be drawn and published in the most
widely possible way.

LES ESSAIS INTERNATIONAUX DE
PROVENANCES D'Eucalyptus:
Etat Actuel et Developpement Scuhaitable

Resume

. _ Les Eucalyptus sont tr2s utilisés par les
Forestiers de nombreux pays, principalement pour le beoils
de chauffage, de service et d'industrie.

Le Genre, extrémement diversifié, présente des
particularités physiologiques et géndtiques, telles qu'il
constitue un matériel de choix pour les Amfliorateurs
forestiers. EGn particultier le niveau provenance est
capital,

Les Essals comparatifs de provenances ont surtout
g€té développés aprés 1967, date du lancement du projet
£,4.0, sur 1'E. camaldulensig, A partir de cette date, les
expériences sont devenues trés intensives du fait de la
richesse des collections obtenues, du perfectionnement des
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dispositifs et de la prise en compte d'un plus grand nombre
de param@tres. -

Les Essais internationaux de provenances au sens
strict sont en nombre assez restreints et ne concernent
que les espdces suivantes | E. dalrympleana, F. camaldu-
tencis, E. deglupta, E. urophylia, &. tereticornts,

E. alba, E. cloeziqna, E. globulus, E. microtheca, et
E. grandfs. Peu sont vraiment ceordennés.

11 faut distinguer plusieurs niveaux dans la valecur
de ces essais suivant 1z qualité de la coofdination et la
richesse des collections. Le Centre Technique Forestier
Tropical, avec ses campagnes de r8colte on Australasie et
s¢s nombreuses réalisations dans le monde tropical , a
cuvert la voie & une nouvelle pgénération d'essais inter-
nationaux,

Les premiers résultats sont tr&s prometteurs, tant
sur le plan scientifique qu'’écenomique,

Pour le Futur, il seraz nécessaire d'entreprendre
de nouvelles campagnes de récoltes, de poursuivre les
exp€rimentations en les intensifiant et d'en faire profiter
encore davantage de pays.

Il faudraz cependant s'efforcer de tirer tous les
résultats des essais déj3 installés et de les publier le
plus largement possible.

1 - GENERALITES :

~ L'irrésistible ascension des Eucalyptus

VEritable conquérant du monde végétal, le genre
Eucalyptus constitue 1'Essence forestiére la plus largement
diggéminée par l'hemme ¥ la surface de la Terre. Les
Forestiers d'un tr&s grand nombre de pays lui ont consacrd
une bonne part de leur effort.

Doués d’une croissancé extrémement rapide, les
Eucalyptus produisent des beis trés diversifiés, souvent de
densité trés 6levée, ce qui fait d'eux les “Championa de la
Biomasse™, que ce 501t & des fins industrielles ou
.énergétiques.

) L'optique Bois d'ceuvre est souvent moins évidente.
CYest le principal défaut du Genre, mais il faut aveir foi
dans le génie génétique auquel les Eucalyptus peuvent parfai-
tement répondre. Les autres utilisations sont &galement
Viriéei (protection, ornement, huiles essentielies, miel,
etc. ., ).

Avec des durfes de révolution scuvent trés courtes
(5 a 15 ans}, une maturité sexuelle précoce (1! & 7 ans),
un temps nécessaire 2 la maturation des graines assez
réduit (4 & 12 mois depuis lz floraison), 1'Bucalyptus
est un matériel de choiz pour les Généticiens forestiera
Il se préte bien zux études de croisements inter et intra-
spécifiques.

Alors qu'en Australie, il existe des barriéres
écologiques naturelles & la dissémination des hybrides
interspécifiques, ce qui &limine tout risque de pollution
génétique, dans l'aire artificielle, au contraire les
Aybrides présentent frdquemment un fort hétérosis, alter-
native intéressante 3 une charge génétigue souvent trop
fajble pour assurer aux espces pures une bonne adaptation
et une valeur sélective &levée. ’

Conservant pendant longtemps une grande réserve de
juvénilité (lignotubers, feuillage juvénile des pousses
épicormiques), la plupart des espices présentent une
poseibilité ateée de multiplication vdgétative par boutu-
rage A partir de rejets de souche. Ce résultat permet un
large développement vers la ligaiculture wltra-intensive
(CONGO, BRESIL), & partir de clones hybrides hyperpro-
ductifs. L'Bucalyptus devient alors un préeieux outil de
développement deconomique,

~ Une nécessité 1'étude des Provenances

L'Australie, terre d'origine de la presque tota-
lité des espéces du Genre, vaste continent, isolé depuis
1'&re secondaire, a permis # la sé&lection naturelle de
s'exercer pendant trés longtemps dans un environnement
particulilrement stable, d'od la diversification eztréme
du genre Lucalyptus qui compte environ 600 espéces et
1'adaptation trés poussée des 8cotypes aux sites. L'effet
provenance est souvent considérable pour les espéces i
large répartition.

Par contrecoup, les pecis génétiques risquent
d'8tre iocalement trés "dilugs" ou réduits, ce qui entraine
une interaction génotype~ecnvironnement élevée {avec heu-
reuscment dés exceptions). La charge génétique souvent
faible au niveau prevenance est, par contre, généralement
trds €levée au niveau spécifique. La tr3s grande diversi-
fication du Genre a amené un large polymorphisme des
espdoes, indice d'un haut potentiel d'adaptation. Cela
conflre au Genre des propridtés génétiques particulidres
comme I'hyperasensibilitd 4 la consanguinits et la réaction
rapide 3 des milieux nouveaux.

L'amélioration génétique des Bucalyptus peut étre
poussée trés en avant, mais il est par contrée indispen-
sable au départ de disposer de populations de séleckion
bien adaptées.et suffisamment riches en gines dennant
prise 8 une sélection efficace ou 2 une création variétale
profitable. Seuls les Essais de Provenances peuvent donner
accés localement 3 une base génétique suffisamment ilarge.

Ii - ETAT DES EXPERIMENTATIONS

Dans les expériences, deux niveaux sont 3 consi-
dérer, reflets d'une évolution assez récente dans la prise
de conscience de l'importance de 1'étude prEcise des pro-
venances, unités fondamentales de la variabilité intra-
spécifique.

2.1, Les essais classiques (“extensifs") :

Jusqu'en 1967, date du lancement par la F.A.0. de
1'Essai internztional de Provenances d'Eucalyptues camal-
dulensis, principalement dans la zome méditerranéenne, on
ne cherchait pas dans les essais de provenances une Btude
exhaustive de la variabitité de 1'Esp@ce dans son ensemble.

On_se bornait & essayer les semences que 1'on
parvenait 4 obtenir auprés des marchands cu des services
splcialisés. Les vollections dtatent tris incomplétes, les
origines mal connues et les populations testdes mal repré-
sentées (trés faible nombre de descendances). De plus,
les essais gralent souvent pulvérisés dans un grand nombre
de sites. Aussi, les y&sultats enregistrés ont posé plus
de probliémes qu'ils n'en n'ont r&solus, mEme si dans
certains €tats des gains Iimportants de productivité ont
€té enregistrés,

Partout, on a signalé :
- 1'impression de ne pas dftenir les meilleures populations,

~ 1'impossibilité d'en tirer des lois générales sur la
variabilitg,

- l'impossibilité d'apprécier 1l'interaction génotype-milieu.

Cependant, ces essais n'ont pas &té inutiles. Ils
ont surtout contribué & sensibiliser les expérimentateurs
sur la nécessité de lancer des essais de provenances heau-
coup plus détaillés, quitte & les limiter 3 un petit nom-
bre de sites. Ces premidres tentatives ressemblent plutdt
A des essais spécifiques ; elles ont permis de trier les
aspéces les plus prometteuses,

11 faut donc classer ces expBriences, en faire le point,
et s'efforcer d'en tirer d&finitivement les résultarcs
avant de s'engager dans des &tudes plus approfondies.

2.2, Les essais modernes (Mintensifs')

Ils correspondent & une notion plus récente,
fondée sur ia recherche d'une exploitation optimale de
eollections complétes de semences, i partir d'essais forw
tement concentrés dans un nombre restreint de sites bien
choisis,

L'Essat F.A.0. sur 1'E. camaildulensis en est un
bon exemple, encore que les scientifigques, qui ont cherché
localement & exploiter au maximum cette expérience, ont
conclu i un 8chantillonnage trop pauvre de provenances
{R. KARSCHON, Israél).

Plus récemment, avec ses campagnes de récolte
de praines en AUSTRALASIE, suivies d'exp&rimentations trés
complétes, en particulier avec 1'E. wrophylla (CONGO, COTE-
D'TVCIRE, GUYANE, CAMERCUN, GABON, MADAGASCAR), le Centre
Technique Forestier Tropical {FRANCE) s résolument ouvart
la voie & une nouvelle génération d'Essais trés intensifs.

Signalons notamment les expériences de la Station
de Pointe-Noire au Congo, qui rassemblent, pour la seule
espéce urophylia, 430 descendances séparées, réparties en
86 provenances appartenant 3 18 r&gions classfes en 7 iles
couvrant la totalitd de L'aibe naturclle,

D'autres espéces ont fait 17objet d'essais relati-
vement complets

‘E. camaldulensis (Sénégal, Niger, Haute-Veolta, Camercun,
République Centre Africaine, Congo).
{Sénégal, Niger, Haute-Volta, Cote-d'Ivoire,
Cameroun, République Centre Africaine,
Gabon, Conga).

T. teracicernis

E, alba

&. eloealana, F. grandia

(Niger, Haute-Volta, Conpgo).
{Congo}.

Dans les zones subtropicales et tropicales, il
faut souligner épalement I'effort de plusieurs Etats : -

Le Brésil, qui a d’ailleurs pu bénéficier d'une partie

rti
‘des récoltes du C.T.F,T. par 1'intermédiaire du E.T.B. ou
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Dans les régions tempérées chaudes et humides de plaines,

de montagnes et dans les zones subtropicales frafches,
on compte dans ce¢-pays 237 provenances introduites pour
44 espdces d'Eucalyptus testées.

Dans les zones tropicales et subtropicales chaudes, les
essais portent sur 54 esp@ces réparties en 534 provenances.

‘Ces essais ont souvent une valeur trés élevée, du fait
d'une situation dans un milieu particulidrement bien
défini (classification en rvégiens climatiques), et du fait
de la trads grande diversité écologique, en particulier
dans 1a zone comprise entre les climats temp&rés chauds

et tropicaux subhumides.

Ce vaste éventail permet de cerner avec plus de précision
le tempérament des espices.

L'Afrique du Sud, qui fait état de 78 essais de prove-
nances pour 16 espices testfes; les principaux concernent
les espdces suivantes ©

E. grandis 13 essais
E. camaldulensis/E. tereticornis 9 "
E, macutata 8 "
E, ettriodora 7 "
E. saligna 7 "

L'Australie on compte de nembreux essais de provenances
multistationnels, principalement dans le Sud du pays (WA,
NSW., ¥ict., Tasm.). Les principales espices testées sont

E. globulus/matdeni/pseudoglobulus/bicostata (31 prove-
nances en 10 stations} ;

E. delegatenzis (50 provenances) ;

E, regnans (plus de 40 provenances).

Le Zimbabwe-Rhodésie, qui totalise, depuis 1965,

27 essais de provenances relatifs 4 12 espéces et
couvrant 47 hectares de plantations avec la répartition
suivante :

¥ 1 T
' f Nombre B Surface

' ESPECES ' d'essais , totale (ha) :
' T - T '
' BE. camaldulensis * 6 ' 10,98 '
' ' '

' ¥ T

' E, degiupta ' 1 ' 0,44 '
' ’ ' '
' g Y

' E. grandis ! 3 ' 7,64 '
' ' '

' T T

' E. grandis/aaligna/ ' 3 ' 15 82 '
' botryofdes/deanet/dunii’ ' ! '
' ' '

L} T T |.
Y E, maculata ! 1 ! 0,43 '
' ' '

' T T

' E. nitgnefregnans ' 2z ! 1,54 !
' ' '

' ¥ T

' B, pilularis ! 1 ' 1,37 '
' 1 ' '
1 T T 1
' E, tereticornis K 3 ' 3,66 !
' ’ ' '

La Nouvelle Z&lande : plus vécemment {1976-79), ce pays
z lancé des essals portant sur § espéces, orientds vers
‘la sélectiom pour la résistance aux bassestempératures.

Plus les essais sont "intensifs'", plus le colt estélevé,
‘mais les avantages sont considérables surtout lorsque
I'expérience rev8t un caractdre international, veire
-intercentinental:

- grande fiabilité des résultats,

- connaissance fine et complate de 1°Espace,

- établissement des lois de variabilité génétique,

- possibilité d'extrapoler les résultats en ninimisant
les risques,

- ohtention d'une base génétique maximum,

- accés 3 une logique de 1l'interaction génotype-milieu,

- gain de temps important, surteout si le niveau descen-
dance est pris en compte simultanément.

Le tableau suivant indique trés approximativement
le nombre de lots de semences testfs par pays et par
espédce !
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1 bSPECE(; ) ' r t 13 1 v 1 1 r ) + 1 ' 1
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. BB, B L Ble E. 885080, 8,
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) S 5 X3 EF-RN-RROR-E3-BR-PF-X0 -0 05 -NN-
. JELB B 8.8 5B 8B 2808888,
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TCONGD "85 '38 1533 26 10 5 - RSt ot - oo
! e e
\ e T e o s S S it S S S
'BRESIL 'S5 '47 *42 735 '30 723 '28 '10 %19 47 12 ' 4 197 0"
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111 - LES ESSAIS INTERNATIONAUX

. la définition de ce type d'essais n'est pas

claire. 11 est &vident que lorsqu'une méme provenance est

essayée dans deux pays dlfférents, l'essai revét un carac
tére international, méme si les stations sont trds pro-
ches ; par contre, les r8sultatrs ont peu de chance d'&tre
un jour comparés.

Les vrais essais internationaux sont fondés sur
une volenté d'arganisation commune pour les Técaltes de
graines, les mises en place et la ventilation des
résultats.

Une telle velonté est particulidrement louable ;
on ne compte malheureusement qu'un nombre trés restreint
d*expériences de ce type

ORCANISATION ¢

T T T

' ESPECES ' DATES ! OBSERVATIONS

' ' '

i v 4 T

: dalrympleana ' 1965 "F.A.Q.-F.T.B." niveau descen-

. . ' ' ' dance, FRANCE,

! ! ' ' ITALIE seule -
! ' ment

' . I '

' [ ' '

v camaldulensis 1967 +F.A.0.~F,T.B,, coordonnateur ;

' N ' , J.F. LACAZE

' ' [ 1

' Y ¥ T

' deglupta * 1970 * F.T.B.Australie' 7 provenances

! ' ) ' seulement

' ' . '

¥ T T

.+ urophyila , 1973, 75, 80 ,C.T.F.T. France :extension a

N B ' \partirt de 1980

f L . . .

. camaldulensi e/ s

\ tereticornia/ . 1973 - 1980  C.T.ET.-C.S. 1. 'géggr,Hte-Volta,

T alba . . R0, . négal, Conge.

¢ 0 g

. oloeatana ' 1477 , C.5.1.R.O. :Brésil, Congo,

f 4 ' JAfrique du Sud.

' globulus ' 1977 - 1980 ' Forestrv Com- ' coordonnateur :

M ' ! mission, ' R,K, ORME

. ' ! Tasmanie '

* ! ' (Australie) '

! 1 t t

° miorotheca ' 1980 'F.A.0.-C.5.1.R.0"en cours (22

* ' ' ' provenances)

. ' ' '

' T T v

¢ grandts / ' ! '

. tereticornis B 1980 W EULFR.O. - . en Cours

t ' i C.5.1.R.0. f

On constate &galement une gradation dans 1'intensification des
essais et on doit distinguer plusieurs niveaux :

3.1. Niveau 1

Collectiorsde graines expédides sans suite
dans différents pays.

11 s'agit d'une procédure life aux récoltes non
systématiques exécutées depuis longtemps en Australasie,

e
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principalement par le C.5.I.R.0. de Canberra. (autrefois le
#F.T.B.), mais aussi par des récolteurs privés, pour ré-
pondre aux demandes des organismes de rechercHie et de d48-
veloppement, A cette époque, les moyens mis er oedvre pour
la récolte étaient, en général, assez faibles. Les collec-
tiens, une fois rassemblées, Etaient envoydes dans diffé-
rents pays. II en résultait des expériences non planifiées
% partir de collections pauvres donnant souvent des résul-
tats plus significatifs,

Beatcoup d'essais de provenances pourraient &8tre
classés 3 ce niveau. En tant gu'expérience internationale,

celui sur &. deglupta, ré€alisé en 1970, correspond bien &
cette classification, - .

L'E. degiupta ¢st une espédce particulidrement
intéressante pour les zones tropicales humides de basse
altitude. Avec une aire naturelle trés &tendue, c'est la
scule espéce représentée dans 1'hémisphire Nord (Philip-
pines). Lz collection n'avait rassemblé que 7 provenances
originaires de 3 pays {Papouasie Nouvelle Guinée, Indo-
nésie {Iles Célébes), Philippines). Cette collection a &té
envoy&e, en 1970, dans 22 pays tropicaux et subtropicaux.

Aujourdhui, il est trés difficile d'obtenir
des renseignements sur les expériences gqui ont suivi et
il est & craindre que beaucoup d'enctre elies aient
disparu, 11 est impossible de se faire une idfe précise
de la variabilité infraspécifique et d¢ 1'interaction
génotype-enviroanement.

3.2, Niveau 2 ¢

Collectionsde graines contrdlées par un orga-
nisme international.

Ce type correspond au projet F.A,Q0, n® 6, rela-
tif aux Provenances d'E, camaldulensis, Ce projet a &été
décidé en 1862 par le Comité de la Recherche forestidre
méditerranéenne. Les graines ont &été récoltées par ume
équipe tunisienne guidée par des spécialistes australiens.

La collection comportait 32 provenances austra-
liennes auxquelles on avait ajouté 2 provenances artifi-
cielles d'Isradl.

21 pays dont 4 tropicaux (Conge, Madagascar,
Nigeria, Zambie) ont participé i cette expérience qui
€tait planifie et coordonnée par J.F., LACAZE (I.N,R.A. -
France). On compte 34 plantations comparatives, dent 9 en
Israél et 7 au Migéria. Des résulvats généraux ont déja
gté publiés en 1970 et 1977,

On peut classer Sgalement ici les essais en cours
sur E. globulus organisés par R.K. ORME (Forestry Commis-
sion de Tasmarie) 31 provenances ont été distribuées i
9 pays (Australie, Nouvelle Z&lande, France, Portugal,
Colombie, Brésil, Uruguay, Afrvique du Sud et Népal). 11
faut noter cependant une faible ceordination entre ces
divers essais pas tous connus.

Ce type d'expérience permet d'accéder i une bien
meilleure connaissance des lois de variabilité de l'espdce.
L'établissement de celles-ci est d'upe importance capitale
dans la prévision des variations de comportement d'un site
A un autre et donc pour conseiller 1'utilisation des pro-
venances, en fonction des conditions &cologiques locales.
Seules des expérimentations complétes et des exploitations
poussées des résultats peuvent conduire 3 ces lois.

- Ce niveau 2 (vaste ¢chantillonnhage, grand nombre
de stations) est beaucoup plus avantageux que le niveau
précédent. Par contre, on note encore un certain nombre
d'inconvénients
- conditions Scologiques des lieux de¢ récolte pas tou-
jours bien connues,

&échantillonnage encore trep faible pour une aire natu-
relle aussi vaste,

niveau descendance trop souvent négligé,
- résultats des essais pas toujours disponibles.

'

3.3, Niveau 3

Collections récoltées et expérimentles par
le méme organisme,

L'exemple en est donng par les travaux vécents
du Centre Technique Forestier Tropical (C.T.F,T.), qui a
lancé, & partir de 1972, plusieurs campagnes de récoltes
de graines en Australasie, toutes dirigées sur place par
(. COSSALTER, en collaboration avec le F.T.R. et le C.5.
1.R,0,, ainsi qu'avec le Département des For&ts d'Indo-
nésie.

3.3.1. Cellectes

Cn distingue 4 campagnes successives :

- en 1972-73 : une campapne de 14 mois avait réuni les
collections de graines d'Bucalyptus
suivantes

300 provenances de¢ 10 descendances chacune
réparties en 112 espéces,

INDONESIE : 70 preovenances d'E, urophylla,
17 " " d'E. alba,

AUSTRALIE

- en 1975 : Le but Eralt d¢ récolter les provenances
d'E. deglupta des Iles Célzbes et de Céram,
Les arbres n'étant pas porteurs de graines,
il n'y a pas eu d¢ collecte. On a pu, ce-
pendant, inventorier en détail 40 prove-
nances de cette cspéce.
Par contre, on a pu complfter la collection
d'E. urophylle avec 16 provenances récoltée
sur les Iles d'ALOR, PANTAR et WETAR.

- en 1979 Nouvelle campagne en INDONESIE (Ile de
FLORES) pour 1'E. urophylia : 3 provenances
cgmgogées chacune de 30 4 50 descendances, |
séphrdes,

- en 1980 : Campagne récente exdcutfe en Australie

pour la satisfaction des besoins de la
zene sahelienne. On a récoltd 4 egspéces
{principalement E. camaldulensis},
réparties en £ provenances composiées de
25 descendances séparées.

Soucieux d'une grande précision dans les
recherches, cet organisme a constitué des collections
d'une grande richesse et d'une haute valeur :

- provenances bien représentées (S 3 50 semenciers),

- descendances toutes individualisées,

- sdlection des semenciers sur la forme et 1'envitroennement,
~ description précise du milieu &cologique,

~ établissement de fiches de récoltes détaillées.

Un réseau d'essais a pu &tre mis en place,
largement cuvert sur 1'am&lioration génétique (prise en
compte du niveau familial), et on commence #§ en tirer des
résultats hautement significatifs.

3.3.3. Bangue de_graines

Une banque de graines a &été constitufe au siége
du C.T.F.T, 3 Nogent-sur-Marne. En particulier pour
l'espice urophylia, 1 laz lumidre des résultats actuels,
$7 provenances ont &t€ constitufes i partir des récoltes
'1973-75 et 79, réparties sur les Iles de TIMOR, FLORES,
LOMBLEN, ALOR, PANTAR et WETAR et mises 3 la disposition
de Iz F.A.0. pour l'orgamisation d'un tr&s large essai
international destiné_ aux zones tropicales humides et sub-
humides.

IV — PRINCIPAUX RESULTATS

4.1. Zones tempSrées et subtropicales :

E._eamaldulgngie ¢

Le résultat le plus remarquable tient i la mise en évidence
de la provenance n° 6845, LAKE ALBAKUTYA, tr&s performante
et trés stabie dans tous les pays mBditerranfens et méme
tropicaux, sauf sous les climats i forte hygrométrie.

A Pointe~Neire {Ccngo}, en particulier on note une ina-
daptation notoire de l‘ensemble des provenances, méme pour
les 2 premidres : Katherine (6869) et Petford {6953)
classées souvent en t&te dans la zone tropicale.

Globalement, la latritude du lieu d'introductien semble
moins influer sur 1'ensemble de 1'esplce que la forte
hygrométrie vis-3-vis de laquelle 1'E. camaldulensis céde
le pas & 1'E, tereticornis, :

Des études plus fines ont &té réalisfes. Il faut souligner,
en particulier, les travaux de Karschen en Istall, qui a
gtudié de nombreuses variables. Les résultats les plus
importants, &tablis dans ce pays, sont les suivgnts H

- Preoduction t (varlations importantes, de 1 3 8 selon

[ la provenance
{corrélation directe avec la latitude
{ du lieu d'origine :
ejeter_de_souche : liaison positive dvec la
taille des arbres avant la
coupe )

Rectitude - : corrélation négative avec la latitude du
lieu d'origine

Taux de_suryie : corrélation positive avec la longitude du
v lieu d'erigine
corrélation positive avec 1la teneur en
matiére s2che des feuilles, 1'alti-
tude et 1'éloignement de lz mer du
lien d'origine

Résistance au froid

Résistance & _1a_chaleur : pas de corrélation évidente avec
. les £léments climatiques du lieu
d'origine. Ne semble pas Btre

un caractdre sélectif.
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minimale du meis le plus froid au
lieu d'origine.

Tolérance 3 la salinité_et_3_i'hydromorphie du sol @ il

"""" Fagit dTun caractEFE'sETéEEIg""""'
ia présence de conditions écologiques parti-
culigérement contrastées, au lieu d'origine f{lacs
salés secs, rives de cours d'eau, ruisseaux tem-
poraires). La provenance la plus résistante est
celle du LAKE ALBAKUTYA {6845} (situde A proxi-
mité d'un lac salé le plus souvent sec) suivie
de KATHERINE {6869}, puis de WYNDHAM ({8409).
D'une facon générale, l'espéce est jugée comme
trés résistante 3 une inondarion non salée
pendant ¢ mois (indépendamment des provenances).

Fréquence des lignotubers sur les jeunes plants en rela-
fion Btroite avec le Ileu"d7origine des graines.
On distingue une zone ol la frdquence est trds
élevée {Centre Queensland} qui diminue vers
L1'Quest et le Sud et finit par s'annuler & 1'ex-
trémité de 17aire (Victoria). Cette fréguence
reste toujours &levée au Nord de l'Australie.
Ltaguteur en dé&duit une hypoth&se sur la migration
de l'espéce au cours des temps géologigques.
Il faut noter que des plantations conservatoires
de provenances ont été installées dans plusieurs
pays

Provenances
conservées

LAKE ALBAKUTYA (V.)

MAROC, TUNISIE,
ITALIE

NIGERIA, AUSTRALIE

PETFORD (QLD) NIGERIA, AUSTRALIE,

THATLANDE

GIBS RIVER (W.A.) X AUSTRALIE, THAILANDE

'
1
'
'
' KATHERINE (N,T.)}
'
'

¥ Cette provenance s‘est révélée souvent trés performante
(Thaflande, Malawi, Equateur),

Cette espice présente beaucoup d'intfrét dans différents
pays (BRESIL, BSPAGNE, PORTUGAL, ITALIE, INDE, etc...).

les Tésultats sont encore trop récents. On constate ce-
pendant de grandes variations aussi bien entre les espéces
du groupe (E, mafdend, E. bicvsteta, E. pqeudaglabulus,

5. globulus) qu'd 1'int&rieur de la principale espice

L. globulius.

En Tasmanie, les meilleures performances actuelles,du
point de vue de la croissance, reviernent i E. globulus
& E. pseudoglobulua, principalement 4 partir des prove-
nances de la cdte Ouest (la meilleure & 2 ans est
OTWAYS, VICTORIA).

On attend les résultats des autres pays pour &mettre des
recommandations, Une¢ particularitg de cette expérience
tient 3 l'Gtude des propriétés du bois, Des différences
trds grandes entre provenances ont gté détectées, en
particulier en ce qui cencerne le rendement en pate a
papier, ce qui ouvre des perspectives dtamélioration
trés intéressantes.

Cette espéce apparait souvent mieux classée qu'E. saligna.
Il s'agit, comme pour E. camaqldulensie & F, tereticornia,
d'une espéce ayant deux types de réponse, selon la zone
climatique.

En climat subtropical, ce sont les provenances du.Sud de
1'aire naturelle [N,5.¥.) qui sont les plus performantes
en particulier : COFFS HARBOURG fAFRIQUE DU SUnl, ZIMBABWE-
RHODESIE, BRESIL) {GYMPIE et COQPLRNOODK (AFRIQUE DU s5UD},
XYOGLE {BRESIL}. -

De nouveaux essais pius intensifs sont en cours,-aidés
par 1'I.U.F.R.0.

4.2, Zones tropicales :
4.2.1. Régions _tropicales _seéches

Dans la zone sahelienne, au Sud du Sahara, Ia
trds grande sécheresse est une limite importante au genre
Bucalyptus. Les recherches, en fait, sont plutdt des essais
spécifiques, dans lesquels les provenances jouent un réle
capital, ce qui complique l'action des chercheurs en obli-
geant & multipiier les placettes de contrble {on retrouve
exactement cet aspect, lorsgue 1'on cherche & franchir une
autre limite importante du genre ! le froid).

Actuellement, les expériences, aidées le plus souvent par
le C.T.F.T., concernent 40 espéces. Il est ¢ncore trop
t6t pour conclure mais on peut d&s maintenant mettre
lraccent sur 3 espéces !

Limité a4 1'isohyéte 600 mm en zone continentale, il
présente 2 partir de 800 mm up bon compertement, mais
produit moins qu'k, cameldulensis.

E._ggmaldulensis ¢

Les graines en provenance de¢s pays méditerrvanfers sont
totalement inadaptées. Seules semblent convenir, i partir
de 1'isohyéte 750 mm, les provenances du Queensland
(Centre - Nord) et du Western-Australia {Derby et Halls
Creek].

B, _migrothecg ¢

Les essais vont heurcusement s intensifier avec le lance-
ment d'une expérience internationale encouragée par la
F.A.0. Jusqu'ici, cette esp&ce semble tr&s résistante A
la sécheresse [en particulier la provenance 8036, FITZROY
CROSSING - W.A.}. Sa production est cependant trés faible
et i1 faut poursuivre les tests.

Ces résultats se trouvent confirmés par difffrents pays
(TANZANIE en particulier).

Si pour 1'instant, les Espéces pures ne semblent pas donner
de résultats spectaculaires, il y a lieu cependant de porter
la plus grande attention aux hybridations entre ces trois
especes,

deglupta :

Quelques résultats trds partiels ont £té publiéds (Papouasie-
Nouvelle Guinée, Porto-Rico, Malawi, Kenya). Les essais,
installés en Nouvelle Bretagne (P.N.G.),permettent de tirver
quelques remarques générales :

Les provenances d'altitude de Papouasie-~Nouvelle Guinde
s'adaptent mal 3 basse altirude en climat insulaire; Par
contre, les provenances d'Indonésie et des Philippines
semblent au moins aussi bonnes que Ies provenances locales
(J.L. AUNA, communication personnelle).

La forte hygrométrie constitue uns 3éme limite pour le
genre. En dehers d&'E. deglupta, tr2s peu d'espéces tropi-
cales se rencontrent naturellement en "rain forest",

Entre 1'E, deglupta et les cspdces australiennes le plus
souvent adaptBes # dos zones séches, il semblait manquer
un maillon &cologique important. Celui-ci existe, il est
constitué par 1'espdve E. wrophylla (= E, decaisneanal,
dont l'aire naturelle comprend la plupart des Iles de la
Sonde (TIMOR, FLORES, LOMBLEM, ADONARA, PANTAR, ALOR,
WETAR) .

parmi les espices récemment introduites, 1'E. urophyila
se présente comme 1'une des plus attractives et des plus
prometteuses.

En comparant les résultats de la CSte-d'Ivoire, du Congo,
de 1a Guyane et du Brésil (ARACRUZ FLORESTAL}, on cens-
tate, pour la majorité des régions de provenance, une
remarquable stabiiitéd des classements, On peut donc en
tirer les premidres lois de variation :

La variabilité de 1'espsce est considérable & tous les
niveaux (provenances, familles, individus}.

Les deux principaux facteurs de variation sont la lati-
tude et ltaltitude qui varie de 300 '3 2500 m dans 1Taire
naturellie.

Une différence importante existe entre les provenances
de l'arc Sud et cellies de l'arc Nord de 1'archipel. Deux
variétés semblent exister :

- Arc Sud (surtout) : une vari&té a petit fruit et @
Bcorce rugueuse d'altitude, adaptée 3 un climat plus
humide et pius frais.

Pour les zones tropicales humides et subhumides de basse
altitude, ce sent les provenances de 1l'arvidre pays de
DILI (zone de REMEXIO et peuplement relique de RAILACG),
qui donnent les meilleurs rtésultats. Par contre, les pro-
venances de haute altitude (région de MAUBISSE et MONTE
MOUTIS) ne s'adaptent pas et régressent rapidement, ce
qui ne semble pas &tre le¢ ¢as sous des climats plus tem-
pérés {Sud du BRESIL}.

- Arc Nord : une varigté & gros fruit et 3 &corce lisse,
adaptée 2 une altitude plus basse et & un climat tro-
pical chaud et 3 saison s&che marquée.

Cette variété s'est montrée la meilleure. En particulier,
les provenances de FLORES (MONTE EGON, MONTE LEWOTQRI)
et d'ALOR (région Ouest BOKA AFANG, MONTE MOENA).

‘L'adaptation, la forme &t la ¢roissance sont excellentes,
Au Brésil, i'espice est résistante & Diaporthe cubensis.
Les r&syltats enregistrfs sont spectaculaires. La prove-
mance n® 82 {MONTE LEWOTOBI} donrne, par exempls, les
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résultats suivants 3 1a station de LOUDIMA (CONGO)

Hauteur totale 3 51 mois 18,40 m

Circonférence & 1,50 m & 51 mois : 40 cm
de l'ordre de

Production
49 m3/ha/an
4 5 ans

E._tereticornis !

Les essais du C.T.F.T. {C8te-d'ivoire, Cameroun et Congo)
montrent que les provenances les meilleures sont situfes
au Centre du Queensland : MOUNT GARNET, COCKTOWN, MOUNT
COOLON, HERBERTON,

Au Congo, la production est de l'ordre de 30 m3fha/an et
la variabilité intraprovenance est assez grande. Ces ré-
sultats se retrouvent dans d'autres pays, en particulier
au BRESIL et au MEXIQUE.

-Des peuplements conservatoires de provenances ont été
installés au CONGO en 1977 (COOKTOWN et MOUNT GARNET).
‘Cette derniére provenance a également £t€ mise en conser-
vation ex situ er ZAMBIE, au NIGERIA et & FIDJIL.

E, eloezigna

Certe espice a fait l'ebjet d'essais de- provenance de
niveau 1, puis récemment de niveau 2, grice & la collabo-
ration du C.S$.1.R.0. qui a procédé & des ré&Coltes précises
dans toute l'aire natverelle {QLD}. Bien que non coordonnés,
.ces essais ont &t€ instzllés dans divers pays (BRESIL,
AFRIQUE DU SUD, CGNGO}.

Au Congo, de 1871 & 1974, on a introduit 14 provenances,
dont 2 : MONTO et CARDWELL étaient représentées respecti-
vement par 10 et 6 descendances. En 1977, les 19 prove-
aances du £.5.I.R.0. (+ 1 locale) ont £té& installées par
descendances séparées (en tout 118 descendances),, Cette
espéce a une croissance lente au départ, mais végulilre
et soutenue. Sa productivité devient trés grande vers
1'3ge de 12 ans en savane sableuse pauvre et tend 3 rat-
traper, & cet 3ge, les meilleures espéces, L'adaptation
est excellente et le bois de bonne qualité, De plus, la
couverture du sol est forte, ce qui conduit & une affo-
regtation stable

La provenance de MUNTO {Sud Queensland) semble, jusqu'ici,
la meilleure, L'espéce réagit bien 4 la fertilisation et
montre une tréds forte variagbilitd interdescendance, ce

qui donne une prise excellente & la sélection {gain-de

35 % sur la hauteur totale 3 3 ans en choisissant la
meilleure famille).

L'espdce a fortement retenu l’attention des chercheurs des
autres pays. Au Zimbabwe-Rhodésie, elle est la meilleure
espice pour 1a preoduction de poteaux.

Dans les zones humides, cette espdce avait &té 8liminde
par mangue,d'adaptation. Par contre des essais récents
au CONGD et au BRESIL (ARACRUZ FLORESTAL) ont montré que
les provenances de 1l'extrémité Nord de l'aire naturelle
de cette espdce {région d'ATHERTON) s'adaptaient bien et
résistaient au BRESIL % Diaporthe cubensis.

L'esp&ce reprend donc de lt'int&rt pour ces zones. En
particulier, e¢lle donne des hybrides extr@mement pro-
ductifs avec E. urophylila.

V -~ RECCMMANDATIONS @

5.%., Poursvuite des essais internationaux de provenances :

5.1.1. Lancer_de_nouvelles campagnes de_r&coltes :

- Il est urgent de constituer des collections compldtes
pour 1'F, deglupta, qui intéresse tous les pays tropi-
caux 3 climat humide.
11 s'agit d'une campagne difficile et il est nécessaire
d'établir une collaboratien efficace (F.A.0. « I.U.F.R.O,-
C.T.F.T. - G.S.I.R.0.},

[1 faut égzlement Etablit des collections de prevensnces
pour des espéces nouvelles pré&sentant de 1'intérét pour
les zones tropicales :

E. brasgiana
E. pelidita

I1 faut reprendre des collecticns détalllées pour des
espéces intéressantgs dans les zones subtropicales,
mais assez mal représentées :

E. dunnii
E. deanet
E. nitens

Les aires naturelles sont tr&s peu étendues, et il sera
nécessaire de travailler au niveau de la descendance,

Dans beaucoup de¢ pays, les essais de prove-
nances sont encore trop pauvres. Il est indispensable de
lancer de mouvelles sdries d'eswpdrimentations 3 partir
des collections actuelies compldtdes si nécessaire , en
particulier pour les espéces suivantes

E. micro?keca, B. alba, E. camaldulensts, E. tereticornis,
E. grendis, E. saligna, B. aloeatana, E. urophylla,
E, glebulus.

, Les instances internationales doivent recenser
les besoins et pousser vers une plus large utilisation
des collections.

Pour chaque expérience, il est n&cessaire de
nommer un coordonnateur chargé de veiller & la cohérence
des expérimentations, de centraliser les donndes et de
diffuser les résuitata,

5.1.3. Intensifier les neuvelles expérimentations :

Il est indispensable dtattirer 1'attention des
futurs coordonnateurs sur quelques points importants : on
doit éviter les erreurs du passé (mauvaises représen-—
tations des provenances, essais trop restreints, mauvais
dispositifs, etc...).

B La qualité est préférable 2 la quantité, et
‘le réseau d'expériences doit &tre le fruit d'un choix
méticuleux des sites.

) Ce réseau doit cemprendre deux types de
réalisations !

- @es esgats majeura, comprenant des collections complites,
installés dans un petit nombre de sites cheisis en
fonction de leur intér&t 6cologique général, mais aussi
plus localement dans un but &conomique et pour des
raisons pratiques.

- des gseais mineures, comprenant des collections moins
détaillées,
Véritables £léments de liaison dans la compréhension de
l'ensemble de 1'expérience, ils peuvent cependant
répondre parfaitement 3 des objectifs ééonomiques locaux.

5.2. Suivre les expérimentations en place et en tirer

les résultats :

11 est demandé, i tous les chercheurs, un
effort dans la continuité des expérimentations et dans
la publication des résultats, dont la valeur dépend
surtout de la confrontation avec ceux enregistrés dans
d'autres milicux, seule possibilité pour 1'&tablissement
des lois de variabilité pénftique, et donc l'extrapolation
nouveaux. ’

des résultars i des sites
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FLORESTAS DE RAPIDO CRESCIMENTO

Jodo Walter Simoes
Depto. de Silvicultura — ESALQ — USP
BRASIL

ESTABLISHMENT AND MANAGEMENT OF
FAST GROWING FORESTS iN BRAZIL

Summary

Wood activities are actually concentrated in Central-

due to exisled Tropical Seas=onal and

this -

East and Scuthern Brazil,

Temperate Rainforest, that developed wond industries in

region. These forests are almost exhausted and Amazmon is too far

Thus the present and future wood =upply for fuel, -

charcoal, pulp, beard, poleg and saw timber, is dependent more

and mere of man-made forests,
2

The demand of forest products is presented in table 2,

Due to native species low economic possibilities,

re-
.forestﬂtion has been based in exotics, mainly Eucalxgtus and

Pinus, that can be cultivated im the whole Brazil.

Government incentives, started in 1967, has been -
stimulating reforestation f{rom scuthern toward eastern and -
central country, where 150 million hactars of suitablé so0il under

#ecerrado" or savanna type covering vegetation is available.

Table 3 shows planied area through incentives in 10 .

years.

Presently strong emphasis is being done to produce
wood for energy. At the same time mcologycal aspects has raised
attention and the integrated use of man-made forests for -
production, protection and recriation has been considered very
important,

Main planted species are: a) sub-tropical - Pinus

elljottii, P.taeda, Eucalyptus viminalis angd Araucaria angustifo-
iia (Parana pine); b) tropical - Pinus gocarpa, P.daribaea '

hondurensis, balhamensis and caribaea, P.patula, P.strobus -

chiapensis, Eucalyptus saligna, E.grandis, E,urcphyila, .

citriodora, E.tereticornis, Cunninghamia lanceplata, etc,

"Potential species: Tectona grandis, Toona giliata ,

Anthocephslus cadamba, E.pilularis, E.pellita, E,camaldulensis y

E.cloeziana, E.deglupta, E.dunii, ete.

-~ Egtablishment -

The new farest objectives are very important and must

be defined, in order to permit select proper species to be -

planted, capable to produce adequate wood quality,

.1, Seedlings - usually are produced locally, by direct scwing,

in plastic bags, containing sub-soil. Mineral fertilization is
parcelled, . .

applied, by iyvigatidn.

It is necessary to develop better container permeable

‘to root and that permit mechanized planting opératiun.

Time needed for seedlings to be ready is fo; eucalipts:
2-% months, for pines 4-8 months and for native species 1Q0-12 -

months,

2, S50il preparation -
Mechanized operations are requested in all fases of

wood production. So, flat terrains is needed and, soils under
7

"eerrado" vegetation, has been prefersd, also because is cheaper

.and available,

Land is ¢leared, plowed and disked.

3. Spacing for planting -

It affects silvicultural operations, costs, tree

growth, management, exploitaticn, prodution and wood uses.
Spaeing used better are 2x2m, 2x2,5m, 3x1,5 and
3%2,0m. Is important that the spacing permits mechanized -
operations for weeding, exploitation, etc. in order to reduce
"costs.
4, Liming and minera! fertilization.
50i15 used for man-made forests are usually those not

suitable for agriculture, for being sandy, poor and acid.

Liming is necessary mainly for eucalipts, Has been -
applied 2-3 ton/ha, during spil preparation.

Fertilization is generally used of about 100g/plant of
NPK 10:28:6 + Boron, inaide furrow, mecanically, at planting -
time only. Volume increments has been possible up to 50¥ or nore,

Due to fertilizers high costs new clecments sources and
application time and form is needed to study.

Pines usually do net respend to fertilizatien.

5. Ants and termites coentral -

The genus Atta, Acromyrmex and Syntermes are very
much incident particularly in "cerrado" soil
Ants control is done during soil preparation and is

¢continued af{er planting, periodically.

Termites control is preventive by applying inseccticide
in the planting hole, just once.

There are few other insect pesats that eat leaves, They
are conirgpled better through biological contraol.

Main desease problems are damping off in seedling bed,

and recently, some bole canker caused by Diaporthe cubensis in

some eucalipts, when planted out of ecolegical conditians,

6. Planting -
Seedlings are planted manually in hole or mecanical Ly
in furrow.

Prefered season is rainy one, but for large annual -
program, seme companics plant during the whole year, by watering
in dry secasan.

In Southern atates bare voot pine seedlings are planted,

during rainy winter, with gecod survival.

2. Weeding -
Eucalipts ne¢ed strongly te keep land surface clean

during the first year. DisKing is used in rows and manual weeding

or pre-emergency herbicide is applied along plant lines. Far
pinex, weeding is needed up to the second vear.
- Management -
Normal long rotation managément system is used for
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pine stands through several thinnings and prunings. The main -

abjective is saw logs, from crop trees, 'and woed from thinning
is used for pulp, particle boar‘d, etc.
Eucalipts are usually exploited, by clear cut, each

seven year rotation. Good stands can produce 45 steres/halyear.
Rec¢ently a new interest is raised, for saw log, and
some companies are trying to join both objectives: industrial -
wood plus saw logs.
Ingtead of thinuing, normal clear cutris done each -
seven ysar for producing thin wood for industry, and about 160

Thest trees/ha are Xept for future log crop, At about 20 year old.

~ Regeneration of eucalipt stand

After the first r:lear cut, regeneration is ﬁussible by
stump sprouting. In average, three.ecaonomical rotations is -
possible, when sprouts are maneged adeguately, For this purpoae
ant control, mineral fertilization, dispreuting and weeding art‘:
very impartant and good volume increments, up te 60 steres/ha/ -
year of wood with bark, can be obtained.

Stand density is tried to he kept by eurichment through

planting a new seedling, in place of cach dead stump.

1. INTRODUGAD -

A atividade madeireira no Brasil, reopresentada pelé\s'
indistrias que usam a madeira como maytéria-prima, esté cnncenh;_a___
da na regidaa centro-sul, cempreendida pelos estados de Minas Ge-
rais, Esplrite Santo, S30 Puulo, Parana, Santa Catarina e Rio
Grande do Sul. Bsta regize, originariaments recoberta por floras,
tas naturais, propiciou um.desenvolvimento mais répido dessas
industrias, principalmente as serrarias, pela grande dispenibili-
dade de mudeira de boa gualidade, tanto de cspécies folhosas co-

mo, e especiaiments, a do Pinheiro d¢o Paranid {Araucaria angusti-

folia) Bert. ¢. Ktze nos estados do sul.

A ‘partir dal, com o progressive auments do consumo dé&
madeira, asscciado ao rapido desmatamento des‘tinudd a abrir ter-
ras para & agricultura e pecuéria e, com o esgotamento das reser
vas de Araucaria, destinada principalmente para exportagio, o
abastecimento do mercado interno passou a ser, cada vez mais
dependents da madeira produzida atravas dos reflorestamentos.

) Devido a pouca possibilidade ccondmica das espécies
nativas, os reflorestamentus tem sido baseados em espécics intrg.
duzidas, de rapido crescimento, representadas, na maioria das

Areas, pelos generos Eucalyptus ‘e Pinus.

Guadro 2. DEMANDA TOTAL PROJETADA DE PRODUTOS FLORESTALS NO BRA

SIT, PCR REGIAG, 1979-1985: EQUIVALENCIA EM MADEIRA
ROLIGA - Unidade: 1000 mo.
- TOTAL PROJESYRD DEMAND OF FOREST PRODUCTS IN  BRAZIL,

BY REGION 1979-1985: BQUIVALENCE IN ROUND WOOD - Unit:
1000 3,

Cento-Jeste

Ano Norte Nordeste Sudeste Sul : Total
Year Nerth Northeast Southeast South Center-West: Total
-1979 8262,0 65964,5 116421 ,4  13373,.9 12030,7 236052,5
1980 B834%,6 66963,8 121215,5 34578,5 12461,0 263584 ,7
1981 B4s52,6 66876,1 126140,9 35720,1 12837,2 '250066,9
1982 8s560,8 66360,8 130495,2 36866, 1 13238,6 256011,5
1983 B688,8 66940,2 135184,3 38106,7 13673,8 262593,8
1984 8833,2 67132,0 140112,0 39456,0 14141,9% 269675,1
1985 89%7,2 67455,5  x45301,7 hoB869,6  14654,7 277277, 7

Fonte: FAQ/SUPLAN/COPLAN-IBDF

830 generos gue, pelo grande nimero de espécies e am-

pla disper‘séo de ocoz—réncia natural, podem ser cultivados em

tode o Brasil. Apresentam capacidade de boa adaptagio tanto cli
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Quadro 3. - ESTATISTICA DOS PLANTIOS REALIZADOS ENTRE

1967 - 1977

(Por espécie/anoc de plantio -, Lei n® 5,106 e Decreto - Lei n® 1.1734)

- STATISTICS OF PLANTED AREAS BETWEEN 1967 - 1977
Ano Pinus Eucaliptos Araucaria Nativas Frutiferas Palmito Cutras Total (ha)
Year Eucalyptus Natives Fruits Falmeto Othbrs
1967 18.159,08 13.876,95 1.728,91 821,87 172,72 - - 34.759,53
1968 60,898,713 30.057,32 7,329,638 1.852,35 2.062,72 - 669,10 102,909,90
1969 96.79%7,93 53.800,22 7.669,92 2,716,85 1.278,47 - 120,00 162.383,39
1970 129.913,40 83.609,42 12.029,50 4,451, 06 1,779,4%1 26,00 196, 4k 222.055,23
1971 $8.053,27 129.053,40 8.079,69 3.834,77 2.410,01 3.350,00 3.688,81 248.469,95
1972 101.059,55 172.440,71 7.755,71  3.448,28  9.088,64 3.265,7% 7.297,68 304,356,136
1973 86.180,99 161.132,1:1 7.828,15 6.535,90.  7.023,34 21.802,29 3.651,09 294.151%, 87
1974 83.245,08 188.335,74 7.529,73 3.803,83 8.857,0z 26.088,01 4.519,58 324.378,99
1975 9k, 221,67 222.717,95 6.617,77 5.8%90,96 6.816,20 58.519,16 3.455,91 398.239,62
1976 107.001,06 262,337,213 4,845,445 4.501,90 11.3%5,%2 73,193,61 6,024, 54 469,249,211
1977 99.277,40 194, 351,90 758,08 850,91 '30.259,93 20,047, 80 875,01 346.431,93
TOTAL '9Gh.808,16 2.521.712,59 72.171,5%9 38.748,68 61.103,88 208.296,66 30.499,06 2,907,337,98
matica como edafica, para crescer rapida e econpmicamente am b} na regido tropical (de Sic Faule para o norte) -
diferentes regides do pais, inclusive nas extensas areas dos cer com clims quUentso & invernc s56cd.
radea tio Brasil Central, Pinus fgoarpa, P.kesiya, as 3 variedades do P.cari-
baea, P.patula e outros; EBucalyptus saligna, E£,prandis, E.uro-
0% reflorestamentos incentivados, a partir de 1967 chylla, E.citrivodora, E,tereticornis, E.matulata, Cunpinghamia
iniciaram suas atividades nos estadoes de sul &, gradualmente es-

tioc sendo deslocados para as regides trepicais do Brasil Central,

Leste e Nordeste,

A area reflorestads nox Ultimos anos foi de aproxima-

damente 350000 hafano.

Esses reflorestamentos foram destinados basicamente -
ap suprimento das indiastrias de celulose ¢ papel, painéia, dieo
essencial & serraria, alem da produgac de postes, dormentes
moirdges, carvao e lenha.

Atuvalmente grande cnfase esta sendo dada acs reflores
tamentos para a produgic de energia, e uma nova tecnolegia esta
‘sendao desenvolivida, pela pesquisa, visando a rormaqao das chama
das florestas bnergéticas.

Da mesma forma jé z2e considera que a continuidade de
produgdo de toras para serraria, laminagée e faqueado, na regiio
centro sul do pals, dependa integralmente dos reflerestamentos,

FParaleliamente, vem existindo uma crescente preocups

¢as ecoldgicn, onde se consideram importantes os aspectos de
use integrado das florestas implantaday para fins de protecac
ac 8cle, & Agua, a fauna silvestre e equilibrio biolégico, além

da recreaqﬁo nos reflorestamentos préximos aos grandes centros,

As principais espéciea cnltivadas 3o:

a) na regidc sub-tropical (estudos do sul) - com chu~
vas bem distribuidas e ocoerréncia de geadaa.

viminalis

Pinus eliiottii, Pinus taeda, Eucalyptus

@ Araucaria angustifolia.

Espécies com potencial para a regiac: Eucalyptus -

dunii, £.deanei, Miinosa bracatinga, etc,

Janceslata, Gupressus luzjtanjca, atc.

Espécies com potencial para a regilo (ainda pouco cul

tivadas): Tegtona grandis, Toona ciliata, Anihocephalus cadamba

1

Bucalyptus piiularis, E,pellita, E.camaldulensis, E.cloeziana

E,.,deglupia, ntc.

O usa destar espdcies esta limitado ainda pela peque-

ma disponibilidade de sementes,

2. IMPLANTAGAG - .

Definidos os objetivoes do reflorestamento, sido escoa-
lhidas a3 ¢spécies com potencial eccnamico, que se¢jam Gapazes

de produzir madeira com as qualidades desejadas ¢ que sejam bem

‘adaptadas 32 condigBes ecologicas da regiac a sor reflorestada,

de modo a garantir aita produtividade volumbtrica de madeira.

2.1, Producgdo de mudas -

As sementes sio adquiridas e semeadas em viveiros pro

prios das empresas reflorestadoras.

Agf mudas no geral sao produzidas por semecadura direta

nes recipientes. Como substrato utiliza-se subk-solo, por ger

livre de fungos, ervas invasoras, insctas, nemateides, etc. Des

ta forma dispensa-se a desinfestagio do solo. Depcis de encantei
rados os recipientes sAo regades, as sementes sio distribuidas,
cobertas com leve camada de terra e protegida por oma camada de

casecs de arroz. Mantida a irrigagae, ocorre normalmente a ger-
wminagio e, quande necessario, procede-se ac desbaste das mudas
eém excessc em cada recipiente. A muda remanescents uo recipien-
te individual recebe cuidados ste alcangarem aitura prapria Pa
ra o plantio no campo,

A fertilizagano mineral pode ser suprida através da
irrigacao de solugda aguoss de NPK, parceladamente a medida da

necessidade, durante toda a fase de viveiro,
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0s recipicntes mais usudos sio o saco plastice, lami

nados de madeirs e torrao paulista, Todos esses tipes apresen-
tam inconvenientea praprios, seja devide ao wnovelamente das
ralzes ou devido as perdas de mudas ou a dificuldade da mecani-
‘zagho da operagdo plantio, H& necessidade de dasenvalver-sc ra-
¢ipientes a partir de pupel tratado, que seja, so mesmo lempo ,

permeavel as rajzesa ¢ resistentes ao manuseie.

Em condi¢des especiais de clima, como nos estados do
sul, o plantio de pinus & feito com mudas de¢ raiz nua. Neste ca
3o todas a4 operagSes de produgac de mudas e de plantic no cam-
ipo sAo leitas mecanicamente,

8 tempo de formagio das mudas mo viveiro & variavel

antre as cspécies; regido e época do ona.

Para eucalipto - 2 a b meses

Para pinua - 4 a B meses
Espécies nativas 10 a 12 mases
Ay mudas formadas em recipientes, guando atingem a

fase de plantio, siv removidas, selecionadas ¢ oncaixetadas 5
com uma semana de antecedéncia, para fergar a sua rustificagac
visando anmentar a sua resistoncis do modo a garantir maior so-
brevivencia no campo.

Com reapeito 4s essencias nativas muito pouco tem
sido feito. O mesmo método de produgac de mudas & vidvel para a

Apaucaria v varias outlas especies.

2.2, Prepare de solo -

Com poucas excegdes de reflorestamentos cowerciais im
.plantados em terrenod acidentades, onde todas as operagies sdo
abrigatoriamente manuais, a maioria dos projetos incentivados
tom asido direcionada para terrenos mecanimaveis,
sende

A mecanizagac & imperiosa, abtualmente, neces-

34ria em todas as Tases da produgaoe de madeira.

Camo conscunncia disso, para os reflorestamentos tem
sido preferidos os terrenos sob a cobertura vegetal tipo Cer-

rado. S5hc terras levemente onduladas, baratas, bem localizadas,

‘cortadas por eustradas e pouco utilizadas pela agricultura por

serem 8alos acidos e de baixa fertilidade.

A Area de cerrado no Brasil & estimada em mais de 100
milhSes de hectares e ipcaliza-se, principalmente, na regiido -
central do pais ocupando boa parte dos estados do Mato Grosse

Goids, Minas Gerais e Maranhao.

Os grandes projetos de reflorestamento caminham para

essa regiao.

0 preparo do solo no geral consiste do desmatamento ,
onde ¢ abnte.da vegetagao € feito por wAyuinas pesadas equipa -
das com laminas frontais e/ou correntdes. Depois de seco esse

material ¢ enleirado para posterior gueima.

Negua fase & feita a erradicagiiv das formigas corta
driras.

0 reveivimento do solo consta de gradagem pesada, cry
zada por uma gradagem leve. Em seguida entra o sulcamento, a
fertilizagdo mineral e o plantia,

Tem sido demonstrade, experimentaimente, a convenién-
cia de um prepare bem feite do solo para propiciar alta scobrevi
véncia e maior crescimento das Arvores em cultura intensiva. Tal

preparo do sclo reduz a necessidade de tratoes culturais, perind -

te uma rapida impiantagac da floresta ¢ coutribui para aumentar-

a sua Produtividade.

2,3, Eapagamunts dfitre plantas -

"A eseolha do espagamenta de plantio & fungas de uma
serje de fatores, Irflui sobre as operagoes silviculturaia, os
custos, o crescimento das irveres, o mansjo, a exploracio, a

produgiao ¢ os uses du madeira.

. Os espagamentes usados sao sempre superiores a
3 x 1,5m e

Arvores par hectare,

2
4 w por planta, preferindo-se 2,5 x 2m, 1 % 2,0m .

A populagas varia portante de 1667 a 2500

%8 Fatores mais considerados nessa definigan da
espagamento sAc a pussibltidade da mecanizagdo das ocperagoes [:]
a produtividade em termos de veolume comervcial, em fungao do use
que se vai dar 8 madeira,

2 impertante que o espagamento permita a cnirada
de maguinas para os tratos culturais e para a explnragéo da ma-
deira, sej}a atraves de desbastes nas rotagdes longas au por cor
tes rasos em rotagdes.curtas.

Um aspecto importante gue estad merecendo novos

estudos & o efeite de espagamento de plantic sobre a gqualidade -
da madeira para fins mais nehres. A proporgfo alta de madeira Ju
venil ¢ a quantidade de nds, nas pegas, tem depreciado a madeira
obtida dos reflorestamentos.

Espagamentos iniciais pequenos prapiciariam 4 con
tencido da madeira juvenil em um pequena diametro, aldm de forgar
a formagao de ramos leves com menor prejuizo & gualidade da ﬁamg

ra.

2.4, Corregao do salo ¢ fertilizagie mineral -

Oy moles utilizades para o reflorestamente 350,

naualmente, aqueles marginalizados pela agricultiura, per seremn
-acidos ¢ pobres. Nessas condigdes, o cultive de espécies exigen-
tes, comn por examplo os eucaliptas, depende dessas providéucias
iniciais,

A corregio we Faz necessaria, nido s6 pela eleva —
¢ae do pH, mas também pela neutralizagio do aluminio livre e o
suprimenté de Calcieo & Magnésio.

0 calcario dolomitice & aplicade a lango sablre
toda a superficie do terreno apbs o desmatamento. & sua incorpo-
vagho serd feita durante o revelvimenta, operagio gque faz parte
de preparo do solo. A dosagem usunl tem sido de 2 a 3 toneladas/

ha.

Come a ertilidade natuwral desses solos &  muite

baixa em tuvdos os elementos minerais, a fertilizagao tem sido
foita com NPK e alguns micro-nutrientes, como o Boro ¢ Zinco.
Em solos muite pobres & comum observar-se sinto-
mas tipisos dr caréncia desses elementos. No caso do Boro, a
sintoma caracteristico 8 a morte do pondeirae, que prejudica sen-

sivelmente o crescimento em altura e & Forma da arvore.

A aplicagio da mistura Fertilizante & Teita meca-

nicamente, om filete continue, no fundo do sulco de plantio, py

re a devida incorperagao do adubo ao solo.

Aplicagdes em cobertura, apés ¢ plantic, atrasam
¢ crescimento. Se aplicade apos o segundo ano de idade, pratica-
mente ndo responde,

. Resposta consideravel pode sor obtida, entretan-
to, no crescimento da brotagdo, apés o corte rasec do eucalipto .
A aplicagac de NPK deve ser feita, de preferéncia imediatamente

antes do corte, em sulco na entre linha de arvores., Tem mostrado

através da experimentacao, respostas significativas também quan-
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do aplicado o fertilizante a lange sobre a superficie do terreno

ﬂpés a exploragao,

Nevido acs custos continuamente elevados des fer-

tilizantes, estudos merecem ser feitos para melhor adeguacao da
fertilizacao mineral nos reflorestamentos. Formulagdes e  dosa-
gens economicas devem ser pesquisadas para diferentes tipos de

sola @ espécies plantadas. Da mesma maneira, novas fontes da ole

mentos devem ser conaideradas especialmente os fosfatos naturais,
mais baratos, porém de baixa selubilidade, cuja dosagem e forma
de aplicagao precisam ser ajustadas,

Outro aspecto importante a ser considerado para

garantir altas produtividades de madeira & a escolha apropriada
da espécic em fun§50 de Suas exiséncias e tolerancia aos splas
mais pobres,

Cs pinua, ne geral,

tem demonstrado pequena res-

posta & aplicagho de fertilizantes. Em condigdes de sxtrema  po
breza de solo, entretanto, responde positivamente a calagem e a
aplicagao de fosfato, Crescendo bem em s=olos pohres, os pinus
iropicais apresentam maior potencial produtive gque o= cucaliptos,
principalmente, nos cerrados do Brasil Central onde as condigdes
ecolbgicas sho agravadas pela ocorréncia de estiagem prolongada

SAa condigdes

durante o ano, ¢ intensc deficit hidrice ne solo.

limitantes para o8 gucaliptos.

2,5, Desinfestagas do solo -

Controle das formigas cortadeiras -
As formigas mais importantes gue causam sérios
prejuizaos aocs reflarestamentos  sdo as espécies do genero Atta e

Acromyrmex.

0 primeiro combate visa a erradicagao dessas for-
migas antes da instalagas da cultura Tlorestal, Assim durante o
porém.
de

preparc do terreno, ou seja, na fase apés a sua limpeza,
antes do revolvimento da superficie, tem-se major facilidade

localizagdo dos formigueires.

Para isso aplicam-se dosagens macigas de fTormici-
das pa forma de iscas, durante a época seca do ane. Qutros métg

dos utilizados, gue nic tem restricaa de época, cpnstam de apli-

cagio Brometo de Metila ou de Termonebulizagao de formicidas li
quideos que, através de equipamente prépric, sdo insuflados nos
formiguciroes.

Todas os métodes apresentam alta eficiéncia no

combate as formigas do género Atta, As formigas Acromyrmex apre-
sentamn ninhos superficiais, facilmente combatidas pelo polvitha-

mento de formicidas clorados.

Essa pretensa crradicagac, no entanto, ndo previ-
.ne a necessidade de ser mantide um esquema especial de controle
frequente durante a implantaqéo, além de um repasse anual duran-

te n época meca.

2.5.2. Contrele do cupim subterranco -

Os cupins Syntermes spp ocorrem generalizadamente
ras Areas utilizadds para reflorestamento, principalmente nes ter
renos de cerrado, Esses cupins sdo predadores das partos lenhosas,
atacando o ¢olo das plantas logo abaixe da casca. © ataque ini-
cia-se nas mudas loge apés o plantio, e ¢ prejuizo, dail

te,

decorren

pode ser grande,

0 controle & preventive e, para se obter bons re-

sultados, basta aplicar inscticida clorado de solo na tcova de

plantio ou pelvilhando-se o colo das mudas, pouco antes de serem

plantadas,

Coma sintomas do atague de cupins encontra-se -

plantas mortas, esparsas, com secamento da folhagem gue se man

tem persistente. 0 colo mostra ¢ estrangulamento da circulagae -

da seiva, dos

pelas galerias formadas sob a casca, e a presenga
cupins, Geralmente uma unica aplicagae do inseticida & suficien-

te para um bom controle.

2.5,3., Outras pragas

Embora menos importantes, outras pPragas ccorrem

nos eucaliptos, destacando-se os bezoures que atacam a Telhagem

{Costalimaita ferrugincal, cujo controle & obtida facilmente por

pelvilhamento com inseticida clorado.

Ha ainda diversas espécies de lagartas comedoras

da folhagem {Eupseudosoma involuta, Sarsina vielascens, etc.) -

centidas normalmente através do controle bioldgico.

Uitimamente tem surgido coleobrocas atacande a

madeira em povoamentos de Eucalyptus urophylla.

2.5.4, Doengas

As pricipais doengas tém ocorrido ne viveiro du-
rante a formagdo das mudas, caracterizando.se pele aparccimento
do "damping off" ou mela, provocoda por ataque de fungos. [eX:}

principais sde: Cilindrscladium ¢lavatum, Pithium sp, BRhizoctonia’

sSp, etc,

Como doenga impertante, no campo, tem sido cons-

tatadas incidéncias expressivas de Cancro no tronco das Arveres
de algumas espécies, principalmente Eucalyptus saligna ¢ E.gran-

di%, gquando mal adaptadas ecologicamente. B pravocade pelo funge

Diuporthe gubsnsis cujo controle & impraticavel, tendo sido pre-

ferivel a substituigao dessas cspéeie¢s e a sclegdo de individuos

resistentes em um programa de melheoramento florestal.

2.6. Plantio ¢ replantio -

Apés o preparo do sclo, este estd em condigoes de

receber o plantio das mudas.

No geral segue a operagao de sulcamento e aplica-
¢an do fertiljzante mineral em filete continuo no fundo do sulco
O gue & passivel pelo uso de méquina conjugada, tracionada por
trator médie, em uma Unica operagic. Em seguida, outra maguina
executa a distribuigao das mudas, de¢ acorde com o espagamento de
sejado, sendo que a complementagaoc do plantio € feita manualmen-
te, retirando-se o invélucro o ajﬁstando-se a terra as raizes dag

mudas,

Para o plantic preferc-se a época chuvosa do ano,

de
programas anuais de reflorestamento muite grande, algumas empre-

pela maior disponibilidade de umidade no s0lo. Porém em caso

£as tem preferido plantar durante o ano todo. Assim, em qualguer
épocu, guande falta umidade 1o solo, enira-se com o equipamento
de irrigagdo. Aplica-se cerca de 3 litros de Agua por muda, ime-
diatamente apds o plantio. Repetrs-se por mais uma ou duas vezes,

Para garantir boa sobrevivencia,
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Nos estados de syil, onde ocorrem chuvas no inver-

no, os pinus sub-tropicais sab plantados de preferdéncia por

mui -

das de raiz nua, em operacoes totalmente mecanizadas de alte
rendimento e baixo custo, além de sobreviveéncia de até 98%.

Nessa regiao, a Araucaria angustifolia pode ser

piantada por semeadura direta, om covas, no Campo,

2,7. Tratos culturais

Na primeira fase de crescimento, as csPécies fio—
restais sho muito sensiveis a competigio pelas plantas invasoras.
0s cucaliptos sdo especialmente exigentes na manutengac do ter-
rena timpo, Isto & fator de sucesse na implantagac dos eucalip -
a

tos, gque guande tecnicamente conduzida, recobre totalmente

suparficie do terreno em apenas um ano.

Usam-se, ¢ quanto poss{vel, capinas mecanizadas

nas entre-linhas, associadas as capinas manuais ou aplicagao de
herbicidas na linha de plantas.
830 aplicados herbicidas de pré-smergéncia, no

terreno ainda limpo, scbre a linha de plantas da cultura fleres-

tal, em uma faixa de um metro de largura, Para boa sficiencia do

" herbicida preciso aplicéalu em sola Gmido, Este Aec mantem Iipm
po por mais de quatro mescs, geralmente suficiente, evitando -se
novas operag¢bes de capinas dentro da linha, durante a formagac

dos eucaliptais., Mas entre-linhas sao suficientes, as vezes, apg

nas duas capinas mecanizadas.

tlerbicidas de pré-emergancia testados tem demons-

. trade ser totalmente indcuos a folhagem das varias especies de

eucalipte e pinus.

A sua aplicagao mecanizada permite, portanto, evi

tar o uso de mao de obra nes tratos culturais, assegurando-se '

assim, o atendimento mais perfeito a medida da necessidade da
~cultura florestal. Uma limitagdo ainda & e alto custo des pradu-

tos herbicidas.

3, Manejo das (lorestas implantadas -

E natural gue as florestas scjam manejadas, em
rotaqaus longas, para uso mﬂltipln, onde se procura apreveitar ,
a0 mesmo tempo, os valorea dirctos, iste &, os produtos retira -

.d¢s da floresta,

¢ Seus valeres indiretos, ou seja,

rentes de Sua presenc¢a em uma determinada regiau.

Embora esse sistema de manejo Seja ¢comum para as
florestas de pinus, para os eucaliptais, entretanto, tem sido -
pouco aplicado,
sAo aplicados siste-

Ng Brasil, tradicionalmente,

mas de corte raso, em rotagoes curtas, para produzir madeira fi
na, com aplicagbes restritas ao abastecimento das indlstrias de
transformagio, além de moirdes, lenha e carvao. Esses tem sido
os objetivos da quase totalidade dos eucaliptais brasileiros, vi
sando altas produtividades.

- Recentemente reconhecendo-se a possibilidade ¢ o

potencial gque os eucaliptos apresentam em produzir ao mesmo tem-
po, madeira grossa para fins mais nobres, ¢ que se tem iniciado
algumas tentativas, csm esse novo objetivo, em paralelo. Iste -
gquer dizer gue cmbora se¢ possa couduiir os eucaliptos,

quer outra espfcie florestal, em rotag¢tes longas, utilizando-se

varics desbastes, mas cunjo objetive & a madecira grossa de corte.

aqueles decor

como qual

'y,

final, este nio % o sistema mais atrative para produzir toras de
cucalipte.

Devido a crescente dificuldade de aquisigao de
madeira serrada para embalagem de seus produtss, algumas empre -
sas industriais tem procurado diversificar a produgao de& madeira
de

predugdo de madeira fina para cavacos, procura aliar, simultaneg

de scus mucaliptais. Assim mantendo-sc o objetivo primeiro
mente, a producgao de toras para serraria. Para isso, aos dois -
anos de idade, seleciona as 160 melhores arverés por hectare, ben
distribuidas pela area.

Em seguida procede-se a primeira desrama artifi -
cial dessas Arvores que serao mantidas em rotagao longa ou seja,

cerca de 20 anos.

0 restante das Arvores nao recebe gualguer trata-
mento e serao exploradas em corte raso, para abastecér a indas -

tria.

0 conjunto visa a produgas de madeira para indas-
tria integrada, em rotagdes conjugadas curtas e longas.
As espécies mais cultivadas para fins industriais

sic EBucalyptus saligna, E.grandis e E,urophylla., Destes, o E.gran

dis apresenta melhor possibilidade parn esse sistema de manejo ,
devide a forma de sen fuste, sua unifoermidade e qualidade da

moadeira,

Qutras espécies poderdo ser utilizadas na produ -

gao integrada, como exemplo o Eycitriodora que produz folhas pa
ra 6lec essencial, lenha, postes, dermentes ¢ toras guando bem
mane jado,

Dentro aindsa dessa integragAo, recentedente se

tem procurado associar o manejo de fauna silvestre, especialmen-

te das aves, dentro dos @ucaliptais.

0 objetivo maior & assegurar o equilibrio biolégi

co conveniente para o controle bioldgico de pragas. Isso tem si-

do possivel pela preservagioc das faixas ciliares de vegetagio na

tural distribuidas cortando os eucaliptais. Estudos estio sendo

realizades visando o aumento das popunlagdes de aves ailvestres -

| pele encvigquecimente desses habitats, através dao plantio de espé-

. .
cies frutiferas arboreans ¢ arhbuativas.

Exploragfo -
Tradiciounalmente a exploragao dos eucoliptais é
feita pur corte rasec, em rotagdes de 7 anos, visando n regenera-

¢80 natural para nova rotagio.

Ease método 506 se aplica, ecntretanta, as cspécica

lucifilas e capazes de brotar apdés o corte.

Apresenta B vantagem de ser um mélodo simples ,

pratice, barato ¢ ¢uom altes reundimentos tanto de operacgae, como

de produgao volumétrica de madeira por hectare,

A produtividade dos cucaliptos bem conduzidos -

eata eo redor de 45 estereos/ha/ano, podende chegar em condigdes

cspeciais a 60, considerando-se o volume total de madeira com

casca.

C corte da madeira ne campo & fTeito regularmente
por moto-serras. O descascamento, quanda necess&riu, poda aer
feito no préprie local, mas a tendéncia é fazd-lo por descasca -

dores tstacionarios ne patio da fabrica.
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O carregamento da madeira ¢ feito por carregado -

res mecinicos, diretamente para caminhdes de porte médio, qde
entram dentro dos povoamentos e daifi transpoftam direto para a
fabrica.

No sistema integrado de produgac simultanea de

madeira fina para a indisiria e ioras para serraria, as 360 ar-
vores previamente selecionadas e marcadas permanccem em pé, para

ser cortadas futuramente,

A intengao é poeder cortar 100 Arvores por pcasiao

do 22 corte raas, isto & acs 12 a 13 anos de idade, jé com pos-
sibilidade de usv para poste ou serraria. As 60 arvores finaisa
deverdo ser exploradas juntamente com o 3% corte raso, acs 18 a
20 ancs de idade.

Ao final decssa rotaghoe pretende-se reformar -3
povoamentio através de nove plantic de mudas.-

Até agora née hh, todavia, qualquer resultado de
produghc dessas taras, pois ndo sc chegou ainda a fase de sba

exploragio.

Uina preccupagac que existe & com as brotagoes que
surgem ao lenge do fuste apds o corte raso das demais arvores, ¢
toras.

seu efeito sobre a qualidade futura das

5. Rngeneracéo apés o corte rasc -

Apbds a expleragaoc as tougas voltam a brotar permji

tinde regensrar o povoamento.

Bessa fuorma, guando bem econduzida a broiagas, per

mite-sce realizar em média tres rotagdes sucessivas economicas,

A sobrevivencia das tougas & progressivamente re-
duzida nessa succsxio de cortes, o que induz a decrescer, em
consequéncia, as produtividades de madeira a ponto de tornar sati

econbmica uma nova rotacao.

0 mancjo dessa brotagie & muito importante  para
assegurar alta produgac no corte seguinte. Assim, ¢ combate as
formigas <ortadeiras é um fator de suma importancia para evitar

‘wma drastica redugdo da sebrevivencia das tougas.

Outre fator muite importante para manter alta pro
dutividade é a fertilizag¢do mineral, cujas respostas sio altamen

te significativas, quando aplicada no inicio de brotagao.

a 2 ou
12 me-

A desbrota & necessiria devendo-se reduzir
3 o namero de brolos por touga, operacao que & feita 10 &

ses apés o corte.

Para algumas espécles cam menor capacidade de bro

tar, como por exemplo o E,grandis, recomenda-su preoceder A oxplo-

‘ragac durante a época chuvesa, manter as Lougas com altura de

10-15 cm, para aumentar o ntmero de gemas capazes de brotar. Ba

mesma forma a desbrota, na época mais guente do ano, tem favere-

cido o crescimoento e a produgdo fuiura,

A densidade da populagie pederd ser recuperada

de forma promissora, através do pluntic de novas mudas em substl

tuiqﬁu as tougcas falhadas, E uma técnica recente, ainda em ecstu-

de, hoas perspectivas.

qne mostra, entretanto,

E importante para esse planiic, detectar-se as

faulhias o mais breve possivel. As mudas s3o plantadas cm covas adu

badas, ao lado dos tougas mortas, B importante gue estas cresgam
simultaneamente com a brotagao das demais tougas,

Essa nova metodologia, guande aperfeigoada devera-
substituir a necesssidade de reforma dos ¢ucaliptais, mantendo-os
produtivos quage que indefinidamente.

FIGURATL - Volume total de madeira no espagamento 3 x 1,5 m
Total wood volume in spacing 3 x 1,5 m
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VARIACAO E INTERACAO GENOTIPO~
AMBIENTE, NO TESTE INTERNACIONAL
DE PROCEDENCIAS DE Pinus caribaea

E IMPLICACOES PARA A ESTRATEG!A
DE MELHORAMENTOQ DAS POPULAGCOES

R. D. Barnes, G. L. Gibson and Marie-Anne Bardey
Commonwealith Forestry Institute

Oxford University

ENGLAND

Resumo

Os testes internacionais de Pinus caribasa Morelet €
P. pocarpa Shiede, foram plantados numa grande amplitude
de condigBes ambientais, e tém o potencial de fornecer
valiosas informagBes no controle genético e armbiental da
variagio e da interagdo gendtipo-ambiente. Para compreender
esse potencial foi necessdrio se obter um conjunto de dados
intelegiveis e compativeis.

Urn programa cooperativo foi delineado no
Commonwealth Forestry institute (CF1), no qual 14
ensaios importantes de cada espécie foram selecionados em
12 paisas, nas idades de 6 a 7 anos. As drvores estdo sendo
avaliadas, através de um grande nimero de caracteristicas de
campao, propriedades da madeira composigo da resina, e as
caracteristicas bi6ticas, climéticas e eddficas das localidades,
também estdo sendo determinadas. Os trabathos de campa
iniciaram-se em 1978, e espera-se sejam completados em final
de 1980. .

As andiises prefiminares discutidas neste trabalho sfo
baseadas numa pequena amostra dos dados -~ 13
caracteristicas de 9 procedéncias de Pinus caribaga em ensaios
envolvendo b localidades; eies servem para ilustrar as técnicas
utilizadas, & as provaveis tendéncias dos resultados. As
analises de varidncia, e de regressio conjunta mostraram.qud
as caracteristicas guantitativas, tendem a apresentar menor
controle genético (procedéncia), do que as caracteristicas
qualitativas. Nenhusna procedéncia foi superior-para
produtividade em todas as localidades; ho entanto algumas
como Santa Clara deram origem a individuos superiores, em
certas localidadas. Guanéja, uma procedéncia de alta
produgdo volumétrica, teve a mais alta densidade da madeira,
porém, também a taxa mais espessa,

Alamitamba foi a procedé&ncia que apresentou
Gerzlmente, drvores majs retas, e menos bifurcadas, mas teve
baixa densidade, e um habito de ramificagio instével.
Guandja teve esse hibito mais estdvel, A produgic de
conideos apresentou forte controte genético, As procedéncias
interiores produzirare mais conldeos do que as procedéncias
litoréneas,

Geraimente, uma grande proporgdo da variacdo foi
tributada as drvores, dentro das parcelas, o que tendeu a
diluir as diferengas entre procedéricias. Os futuros testes
deveriam ser plansjados para permitis investigagdo mais
detalhada dessas causas de variagdo. A varidncla devida 3
interagio gendtipe — ambiente foi alta quando comparada
com a varidncia devida 4 procedéncia particularmente para
caractersticas quantitativas. Todavia existiam indicagfes em
algumas caracter{sticas, gue uma proporgio dessa interagdo
fora devida 3 heterogeneidade da regressdio, que prometia
algumna espectativa na predicdo do comportamento.

VARIATION ET ACTION RECIPROQUE
(GENOTYPE — MILIEU), DANS LES ESSAIS
INTERNATIONAUX DE PROVENANCE

DE Pinus caribaea, ET IMPLICATIONS

POUR LA STRATEGIE

D'AMELICRATION DES POPULATIONS

Resume

Les pasais internasbionaux, de prowenunces sur lo Pipus
caribuea, HORCLET, ot le Pinus gocarps, SCHIEDE, ont ¢té entrepris
dons des milicux scologiques trids différonts. Ils ent, ainsi, la
posuibilite de fournir d'importantes informations sur le controle
géndtiyue et deologique des variations en méme temps que cur

1'action réciproque du génotype et du milieu.

Pour olstenir ces résultats, il a éLé nécesssire de se
procurer un vnsunble de dobnées auasi complet, et vtilisable, que

possible.

Un progromme de ceopérotion a. £té congu & LYINSTITUT
FORESTIER du Commonwealth d'OXford dans lequel 14 essais essonticls
pour choque esplec, s'échelonnant sur 6 3 7 ans, ont éLé sélection-
néds. Les études ent porté sur un grand pombre de coractéristigues
du port de 1-acbre sur picd, sur les propridtés du bhois, 1o composi-
tion de ln résine, ainsi que sur les données climatiques, <daphiques
et biotiques des lisux de plantation. Les kravaux sur 1'emplacement

des essais commencés cn 1976 devraient se terminer a la fin de 1980,

Les onalyses préliminaires examinges ici se fandent sur
un échantillon de petite dimension : 13 caractéristiques de 9 prove-
nonces de Pinus coribaga, observées dano les #ssais de 5 localités.
Elles servent & illustrer les techniques utilisédes ¢t 2 se rendre

compte du genre de ydsultats oblenus.

les analyses de variance et celles de rigression cumuldes
montrent que les carsctéristiques quantitatives ent tendance &
fournir meoins d’indications géndtiquas sur la provenance que les
corectires qualitatifs. Aucune provenance n'a 4bé distinguée pour sa
produetivité sur l'ensemble des essais, bien que certains individus
se soient dévcloppés de fegon remarquable en certains cndroits, comme
par exemple la provenonce de Sonta-Clara. Cellie de Guanajz produit wn
valume #levd. Sun bois & la densité la plus élevde, mais elle a aussi
1'écorce la plus épuisse, La proﬁcnancc d'Alomicamba lournit génd-
ralenént les tiges prdsentont la plus grande rectilude de fot, le
moins de fourches, wsis le porl des branches cst vaciable el la
dehaité du beis aible. Lo provencnee Guenaja a le pork de
bromehes le plus stable. La production de conclets dépend, essentiel-
Jenmnt du focteur génétique. Les provenances de 1'intériecur du pays

produitent plus v cunelots <ue les provenances cObitres.

£n gdnéral, une trds forte proportion de variatiens

d'arigine lecale, eout attribudée  oux Liges des placenux d'essais,

cce qui tend A rendre plus difficilement discernables les différences

entre provenances. Les Futurs protocoles d'essais devraient comporter
des recherches plus détailldes sur cette source de variation. Les
relativns réciprogues entre génotype et milieu sont élevées par

ropport 8 la veriance des provenances, purticulitrement pour ce qui
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concerne les caractbres quantitalifs. Cependant, certeines indicaLionF
constatées d'aprdés certains caractéres ont montré gu'une proportion
significative de cetle interaction est due 3 1'hétérogdngité de
régression qui permet d'espérer dlobtenir des dléments pour prévoir

la performance de ces provenances.

VARIATION AND GENOTYPE —
ENVIRONMENT INTERACTION IN
INTERNATIONAL PROVENANCE TRIALS
OF Pinus caribaea AND IMPLICATIONS FOR
POPULATION IMPROVEMENT STRATEGY

Summary

The international provenance trials of Pinus caribaes Morelet and P.'
cocarpa Bchiede have been planted over & wide range of anvirunmenl:i snd
have the potential for yielding valuable information on genetic ang
environmental control of variastion and on genotype-environaeant
interaction., To realize this potential, it was necessary to obtain a get
af comprehensive and compatible data. A cooperative progrémme \Jal‘drawn
up at the Commonwealth Forestry Institute (CFI) in ?hlch 13 pixe to
sevrn~year-old key trials of each species were selected in 12 counlries.
Trees are being aseeessed for & large number uf_Ei:!.d tralts, wood
propertics ané resin compesbtion and the sites' climatic, edaphle and
bivtic charactwristice ave Selng detarmined. ¥Fleld work work was ktarted
in 1978 and ir expactad to bé coupleted by the and of 1980.

The preliminary anelyses discuseed here are based on 8 small sample
of the data - 13 traite of nine provenances of P. caribaes in rrials in
five localities: they setve to illustrate the techniques used and the
likely trend of results. Analyses of variance and joint regression
analyses showed that quantiative traits tend to be under less genelice
{prevenance) contrpl thsn qualitative Lraits. Ho provenantce was
outstanding for preductivity over all sites although some, e.g. S‘anLa
Clara, produced oucstanding individuals in certain localities. Guanaja, a
“high volume producer, had the highest wood density but elso the thickest
bark. Alamicamba was generally the straiphtest and least forked
provensnce but it had low density and an unstable hranclring habit,
Guapajn' had the most stable branching habit. <Conelet productien was under
strong genetic control; inland produced more conelets than cosstal
. provenances.

Generally, a very large proportion of the total variativa was
attributable to frees in plets which tended to obscure differences between
provenances. Future trigls should be designe;d te permit more (:h:l.ﬂi.led
investigation of thie scurce of va:iat_xon. Genotype-environment
interaction variance wss bigh compared with provenance variance,
pacticularly for the quantitative traits. However, there were indications
in some traits that a significant proportion of this interaction was due
Lo heterogeneity of regressian which promises some prospects for
prediction of performance.

INTROCDUCTILOHN

In 1962 the Comwmcnwealth Forestry Institute at Oxford (CFI}
underteok to explore the natural foreats of Pinus caribaez Horelet and P.
oocarpa Schiede and te collect and distribute seed for iaternational
provenance trials.

countries were planted in the eazly 1970-s. Many participents have

published the results of their trials and en overall assceancnt has been

wmade poeeibie Lhrough information eupplied to the data base {INTFORPROV)
at the CFI (Greaves, 198Ga, 1980b),

Foresl Lree yields are dependent upon physiological responses in
growth of varipus grgans to the eoil, climate, competition, pathogans ghe.
Te attain maximum yield, the geostics of these responees require
manipulation but this manipuletien in turs raquires detsilgd knowledge on
how varlation in a apecias is dictated by its genss &nd its anviropment .,
In 1977, there was a growing realization that the intarnational pruvenance
trials had the potential for vielding much more infomativa oa growth and
on the possibility for genetic uevelopwent of populaticne provided that &

complete and compatible set of data could he collected across the whole

tange of environments over which the spacies had been planted. Many of
the trials were approaching seven yezrs, which is a critical age for
assesament (Barnes and Gibson, 1980)., It was suggested to participeats
with key triala that there should be a coordinated appruoach to the
‘callection of deta. Reaponse was generally enthusiastic and resulted in
the draving up and iwmplementation of an intensive assessment programme
covering 28 trials im J2 countries. .

T # E TRIALS

The trials of both species heve been planted throughout the tropical
and sub-tropical world from latitudes 22°N to 29°S end at altitudes from
sea level to 2500 w. Soils vary from swamplands through infertile sands
te deep and highly fertile losme. Aonual raiefall ranges from 1000 to
over 3000 mo end wean anaual temperature from 4 to 28°C. Provenance
vepresentation does vary from trial to. trial but & core of important seed
sources ie coumon to many, Experimental design generally consists of from

HMost of the 300-400 trials now established in 4%

"laboratory.

three to five rept icetions af 7 to 49-tree plets at & 2,5 Lo 3.5 m sQuarey
or equivalent rectangular, spacing.

It ‘was deduced that comprehensive data from about 12 carefully
aelecred trials per species should be sufficient to elucidste general
principles regarding the relative contributions of elements of the
‘environment and genetics to variation and genotype-environment
intersction. In order o eatablish trends, it wes necessary to include
trials at the extremes of environmentai telersmce for che epecies rather
thah concentrate on those growing under optimum conditions, FEirst
prieovity was given to mawpling the full range of elimatee. It was
appreciated, however, that scile can have a profound effect in
ameliorating climstic stress and 6o some attention was also given to
covering & reage of edaphic conditiona. In addition, prevenance
tepresantation, experimental design and coundition of the trial had to be
acceptable for any trial to be included.

ASSESEHENTS ANKD PROCESSING OF THE
A

BDAT

Given that the main value of the deta frem this pregramme lies in
its predictive rather than empirical use, sseeesment of climatic, edephic
and bjotiec faetars of the planting site has been as important as
weasurenent of the tree characteristies. The only sources of climatic
data have been locsl meteoroiogical stations which vary greatly in the
comprehensivencss of their observations altheugh basic rainfall and
temperature records arc aveilable for all sites. Past results of 501l
analysis were aveilable for some trials but, for the sake of uniformiry,
s0ila have been sampled at scven levels to & depth of 1200 mm at every
aite. RKeedles were collecied from every provenance at every site for
foliar analysis. Alchough sampling paints in the Lree were consistently
foceted, seasenal variation between trigls gt time of collection will
inevitably increase variation in elemental content of needles and
climsatic, edaphic and genetic ¢ffects will be obscured to some extent ;
however, the range of conditions ie 6o full that the extremes may indicate
some relationships, Trial site znd macagement records were scrutinized
Eor the biotic history.

The field characteristics assessed on individual cLrees included
those normally ueed Lo describe the qualitative and quantitative
properties of stem, branches and crown, 'flowering' status and the level
of svme sbnormalities cowmonly found in the species. Primary Field
agsessments were ¢ mixture of ohjective measurewents {where feasible) and
subjective vcular assessments {where ucavoidable) and included heighe,
diamater at breast height and at six metres, bark thickness, forking
detgils, stem straightnesa and lean; branch number, disccibuction,
diaoeter, angle, order and internode length (foxcailing tendency); crawn
deptl; counelet, rovie and male 'flower' countd; and the incidence of
abnormalities such as basker whorls, kinky ehoots, needleless shoots and
dieback. Aesesament of these and the constvuetion of traits derived from
them are deacribed and discussed elsswhere (Rarnes and Gibson, 1980).

Wood and resin samples were also collected for mesessment in the
Bight-millinetre cores were taken from bark to bark through
the pith at bresst height from three trees in avery plot and xylem resain
samples were collected in five ml vials from the same trees in a
sub-sample of trials.

Aspessment and aampling of eech trial has been carrvied out by ataff
in the iedividual countries concerned but, in every case, with
participation by = specielly appointed research officer from the CFI whose
role has been to contribute the eszential coordination and uniformity in
the implementation of the weasuring and sampling procedure and
particularly in the subjective asressments.

Editing, conversion and primary analysis of the field data la
carried out st the CFI and further anslyais, interpretsatian and
publication of individual trisl regules are than dealt with by each
participating country. Dansitometric and fibre diwension studies on che
wood coves are alvo performed In the CFI laboratories and the Tropical
Products Inatitute {(TPI) in London is essisting with the resin anelysis.
Soil and folisge samples are being processed in CSTRD (Forest Research
Bivision) Laboratories in Queensland, Australis. Results From laboratory
processing’eampies are sant back to participating countries as they becume
evailable.” Combined snalydis, interpretation and publicatian of the data
is being coordinated by the CFI. ’

RESULTS

The results described here include only ning common provenances in
five of the eventual L4 P, caribeea trials. Provenances of the vacieties
balismensie Berrett and Golfari and caribsea have been omitted; differences
in performance between these and var, howdurenais Darrett and Golfari nre
well known aud it is more appropriate here to oxemine the analyses of the
var. hondurensis provenances alone without the disturbing influence of the
other two varieties. Only 12 of the 50 primary and derived traite are
degeribed. This small esmple of the data being collected in the programme
is used here to illustrate the likely extent end implications of
Benatype-envirenment intersction in P. caribaca and the type of treatment
and onalysis which will aleo be applied to the P. gocarpa data.

. The traits are described in Table ). Provenance uaoes, location and
climate are given in Table 2 and trial lscality detsils in Table 3. Table
2 alaa gives the analysie of variance for provenances combined over
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Table 1. Trait codes and descriptions*

Trait Code Description

Height HGT Total height (m)

Diameter nBH Dismeter over bark at l.3m (cm}

Yolume VOB Total stew volume aver bark; based on
diameters at 1.3m, 6.0m and total height.
(dn®)

VYolume of beat tree VBT Volume over bark of the lu'ggst ttae in
the plot; based oo YOB. {dm”)

Bark percentage BKP Bark volume expressed a8 a percentage of
YOB; (%) based on bark thickness at 2.3m.

Stem straightnesa STR Index for first 6m of stem; weighted for
quality of upper stemj 0.9 = most creoked
to 2B8.6 = straightest stem.

Forking index FKI Index for severity; weighted for height
and frequency of forkst higher value =
more forka.

Branching index BI2 Index of branching quality with diameter,
angle, number, internode langth and abror-
malicies taken into zccaunt: highar
valus = more desirable.

Longest internode LIL Longest internode on tha tram (m}.

Index for average tree IAT Index of excellence based on VOB, BKP, SIR,
and BI12. This is a crude index in which
volume contributes 70-90% of the value.

Index for best tree IAT Index for the best tree in the plot:
same basis as IAT.

Number of conelets CLN Count of the number of firsat year femsle
strobili in gix categories - 0, 1-5, §-25,
2650, 51-100, 101+

*For complete trait descriptions see Barnes and Gibsen (1950)
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tocalities and the joint regreasion enalysis {after Freeman and Pdrkins,
1971} in whieh the interaction mean square is partiticned into variance
due to haterogeneity of regression and that remaining. I» addition, some
details of the individual Tegrassion dnalyses for each provenance are
given, viz. the overall mean, the alope, the F-ratic and the proporticn
that each provenance contributes to the totel interaction variznce,

Table 3 includes the analysls of variance of data from individual
sites. All the analyees of varisnce are given Ln the form of the
percentage contribution of each wource to the total variance with an
indicacion of the significance ¢/ the F-test for each source. A fully
random model wes used in each case. The relaticnship of the variante to
the mesns for quantitetive traits for the individus! sites suggested that
a4 aquare voot trensformation efould have basn uaed fof the cozbined
analysiz, ‘This transforustlon wae used for HOT whers the varianco was
praportional ta the mean but it made virtuelly no differencd to the F
ratios or to the relative sices of the components. MNevertheleas, it is
atressed thac these analysis are preliminary and that they may be modified
later through the use of appropriate ataristicel techniques.

Figures 1 to 12 provide grephiec iilustrations of the relative
performancee of the provenances at the different localities for twelve
traits, and at the same time give the within environment rankings, ranges
and standard errors, and the trial means. The triale are placed in the
same ordet in esch figure with the lesst productive gite on the left. The
figures do not relate to the regression analyses (Table 2); they are
designed purely to provide s visual aid in describing geaolype- enviroment
interaction. All means relate to the analyses of variance (Table 3)
except for S5TR and I1AT at Huey Bong.

Datm are shown for gross wood density {based on fresh voiume cores
taken et i.37on two radii conditicned to 12X moisture content) for 17
pruvenances in various gombinations over eight localities {Figure 13},
Five provenances only were common to all sites and a combined analyais of
verious is given for these in the Efigure.

BISCUSSION

‘the snalysis of variance for provenances combined over localities
{Teble 2} shows the large effect of lecality on quantitative traits (HGT,
UBH, BXP and VOB} which was expected, given the extreme diversity of sites
over which the triesls have been planted. Less expected wae the very much
smaller contribution frem locelity in the qualitative traits {S$TR, FKI,
BIZ and LIL} and in flevering (CLH). Variatien due to provenance and

variation due to tree to tree differences were also greater for the latter

group of traits.

The prectical mignificance of the genotype-environment interaction
{gei} variance depends upon its size. For these particular provenances
and triale, it was smell for the quantitative iraits in relation to the
locality and individual trees pources; thia was a reflection of Lhe

equally small ameunt ¢f veriaticn fer provenances in the individual’

localities {Table 3) since, except for BXKP, almoat all-the latter
variance was lost to interaction in the combined analysie. The very
considerable ranges of provenance means within trialw and the high
standars errora were due meinly Co the large tree to tree differences.

Table 2,

Analysis of variance and regression ssslyais for mine Plnus caribses, var hondurensfs prevenances over five localities,

Tetlwt 67 year-ald traits {mec Table 1 jor trait deseriptione)
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For the qualitative traits snd flowering, much more of the variation was
due to provenances in the individual localities (Table 3), the standard
errrors of the differences between mesns were smaller and only an average
thicd to e half of that variance was lost to interaction in the combined
analysia. N

Despite being relatively small for sowe traits, the interaction
yariapce wod staristicaily significant in most cacea and, nearly always, a
~gipnificant proportion of this wap due’'to heterogeneity of regression
{Table 2} in other worde lt was due to a diffarence in siope of the
regression line which indidates thab there may be prospectd fov predisting
genctype~anyitonment respunfe through the linear effedl of environmants.
Provenance stabilicty, gauged by the extent Lo wnlah b (Table 2) fell short
of {atable) or excarded {unatable} wnity, ranged for various traite frowm
0.3 to 2.2Z. The proportion of the total interaction varisnce attributed
ta the various provensnces also varied greatly and in VBT over 30 percent
was accounted for by Santa Clera alone.

Tne above points must be taken inte account when iaterpreting the
significance of the gei diagrams for individual traits {(Figures 1 rto 12).
Thua the apparently spectacular changes in ranking For HGT and DBH (and
consequently VOB) muat be treated with caution because of the large
standard errors within localities. Generslly, the indications are that o
provenance can be discarded on the basis of poor praductivity performance
at ell localiries. A remarkable reversal did take place between the

Alamicazmbs end Senta Clara provenances which had aimilar avecage tree
performancea for VOB {Figure 3) but ranked significantly lowest and
highest respectively for their best tree performers, VBT (Figure 4). BXFP
(Figure 5) on the other hand, was a tharacterisric governed almoat
entirely by provenance and locality with a minimum of gei

There were sigaificant differences {n stem straightness at every
site (Table 2) and therefove moTe weight can be placed on the indications
of gei in the diazgram (Figure ). The straightest provensnces Al ont
locality were not necessarily the atraightest at othere but s large amuum
of the gei variance wes due to heterogeneity of regression and therefore
thers are prospacts for prediectiea.

The forking and branching chavacteristics FKI and L1%L both varied
appreciably and significastly at the provensnce level and in interaction
with environment. Provenances varied widely in their stebilivy, e.g. 8rus
was modt unacable (b = 1.57) in its tendemcy to produce foxtails and Rio
Coeo and Alamicawba were stable (b = 0.52 and 0.55) over eavironments in
their diainclination te fork. The whole range of branching
characterintrics contribuced to the branching index, BIZ, and therefare it
is not surprising that there was a high proportion of gei variance
compared with provenance. Guapaja was outstanding in its stability, in-
branching over localitiea ((b = 0.3} and Brus was highly unatabdle {b =,
£.72) (Table 2}.

Tsble 3. Analysis obf v

srispve by locality for nine coommos provenances of Pinue caribaca var,
propoctional coutribution {X) of components to total varlation and wignificence of the F ratio

(n = 951, & « 99Z, Axe = 99,03} for i2 tralt!

hondurendis:

Source {(df) Bl DBl vop | vart | mer feme | owert oerz | Lo |owr | ot oot
Hyezy Bong (Thailand}: Llat. -;3“12'3, Alts = TDbn. Wil ~ 1191ms, HAT - 23°C, Age = 6 9/12 yeazs

T
Provemances (8} <l 1 0 o' §oea 11 <1 s 2 0 [y LLL]
Rupiicarlon (4} g w9 wila @ [lékae lc 1 0 3 o [T oaa 16 v &
Reaidusl (32) 2%akk | Jgena [§2 2244n [ 2 B7 0 4 & | gear |B4 (13
Trues (564) 1) [ Y] - |62 |23 - 9% %3 82 - -
TOTAL VAELANCE .79 ) W 197 656 | 173 | 5.16 | 1.52 |@.295 | 33.8 ) 51,4 },0407
Byfield (Quasnslend)i let (2°50'S, Alt. = 30m, MAR = L{d0mm, WAT + 22.8°C, Age = 6 years
Provanaocas (6) 1 1 <1 2 2 % | b | D 2 ne | 4 wa el 0 bInaw
Repiication (4) A0nea | 29aak | J5ein | g0aka | 478w (<] 1% L] 3 Ah [278ka SgRRE 2
Residusl {32} Taka b Laak | i | 3G S 13 % (35 1] 1 éepn 150 16
Tress {671} 53 [} 58 = s (w8 = |93 [H 66 - -
TOTAL VARLARCE 3.63] 7.90 | 1143 N0 |7y, ] 255 | w2 76.7 | 2.46 L7 73 0,067
Cardvail (Quespaland): Lat. - 149168, ALG, = 0m, HAR - 3127w, KAT = 24.1°C, Age - 6 yeurd
Provenancas (B) A oxf 1 w4 Aq«l <1 Gaemn {11 T Al 4 As |2 & 14 ae
Raplicacion (&) & ¥ | <] F] ] I LI ] 1] [$ «1 1. o 2
Besldual (31} Sam| 3 k| 3 oka (99 ESLLL N S H 1 5 an (G4 L1}
Traes {S41) us 3] " - [} 2] - L [} %2 - -
TOTAL VAIIANCE 2,58 S5.78 0 2419 | 1108 | A7 | 38,3 | 67,5 82,71 .45 | I¥p 0 {.0150
Chumphon (Thailand}! lat. - 10Y32'K, Alt. * 708, MAR = 2070, WAT = 28,8°C, Ayx = & §/i2 yeurs
Frovenances {8) i [ LR o 3 LR LU FLLLIN ] 0 L2
feplication (4} LTeam | 5 am [ jhhme p 22 & [®) A | Qrds | 4 IFLLUIE Y lennd 127 8§13
Residual (338) Lasnxt 5 an [ 1§ann | 73 TITHA LT H H gask 178 HE)
Trass (§23) " [ H -~ |88 " « {86 ”» 77 . -
TUTAL VARLANCE S,06 | Lde | WIS | LAJ0D | K11 | YRY | 4Le 108 .63 | 1ead | YR | 47
Jari (Brazil): lac, = 0932'S, Alt. - 76m, HAR = 239dam, MAT = 27.3°C, Age - 7 /12 yeurs

. .
Provapancas (8) «l Ypow 1 35 ma 3 on LI FSRTT] F K
Replication (4) oL kB o 1 ; * 120 e <(1m. ;“. f ’ Jg - ;.;,...
Residual (32) guns ! 0 3 6l L 1 19 0 0 H 64 22
Truwd (£55) EL T $5 - 35 91 - 93 97 4 - -

H .
TOTAL VARLANCE 5,791 16.3 | 15863 | 9210 48,5 2zl.1 ) 220 104 LBV oruys | o2s03 |0, %40

T Analyals bdsed on plol weans
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Vieure 12, Censcype-snvirunnent {nceraction of conalet productlon (CLH}

(claxs} at b-7 yrare for nine provenances of Finn baps
ver. Ig aver (lve imualitten suinclug provenance
vanke, = nad stsadard asvete wlihin locklicies and

Llocality mecna

TAT is a crude index of excellence for the average tree; VOB, STR
and BIZ were used in its censfruction. The cowbined analysis (Table %}
shows thet when trese were evaluated on this basis, none of the varience
was due to provenance or gei and any geastic variance would therefore be
in the large between tzee, within prevensnce, variance. This supgests
thot there may not have been favourable corvelations between volume, slem
straightness ané branching habit snd it aleo suggests that several
provenances might advantageously contribute te the breeding populatilnn at
2 pearticular locality. The interaction variance returns when it ia the
tree in the plot with the best index (TBT} and this sgain is due to the
temeTkable performance of individual trees in the Santa Clara provenance
when compared with Alamicamba at Jari {Figurte i1},

Conelet production (CLN) was under greater genetic {provenance}
control than any of the cther traics discussed here, Theré was, hoWever,
almost as much gei aa theare wes provensance variance but most of it wasg
clearly due to heterogeneity of regreasion which ig confirmed by the very
large F-ratios for the regression snalyses for all the individual
provenances {Table 2); Xarawala was stable in preducing very few conelets
at any site {b = ©.53) whereae Culmi increascd stecply with more
favourable conditicns for 'flowering’ {b = 1.83) (Figure 12}.

Five provenances wetre common to eight trials in the dats presented
here for wood density (Figure 13). The insular Guanaja stood out as
having the highest density of the five provenances in six of the eight
trials, The coastal group Alamicambe, Brus Lagoon and Rio Coco had guitz
consistently lower densiry whereas the inland Poptun was intermediate.
The reason for the F-ratios for provensences not being significant was
nrebably that the analysis was based on a lowest common denominator of
thetee-replicationa per trial; the chart means were based on five
replications for mest localities. These densicy resulls are somevhst
gucprising but gratifying in that Guanajes also had the hightSt aversge
volume at three out of five localities (Figure 3) and although it did have
a high proportivn of bark (figure 5), the five percent or so by which it
axceeded the provenances with thinnest bark would not affect its ranking
on these sites for under bark volume.

FUTURE STRATEGY

This date from the intensive assessment programne of the
international provenance triels is only a very swall part of the material
being collected; we have not included P. oocarpa, many P. caribaea
provenances and trials, many treicre, the deteiled wood property and resin
analyses and all the epviropmental date. However, this brief lecok at nine
P. caribaes prevenences at five locatities does enable un to wake some
Informed cowment on the implications of the results of the triale for
future strategy and the most fundamental of rhese are listed below.

1. There is unlikely to be any one universally superior provenance
of P. caribaes var. hondurensis. There could be circumstances in which
I;l:aE properties of one provenance may be preferable for z special
situation, but it is more likely that it will be an advantage for moat
countries ta base their commercial and breeding populations on & number of
provenances.

2. For all traits, very large proporticns of the total variation
were contained in the locslities and the trees in plote sources. From a
strategy point of view, we are not intevested in the former but there is
mur.r_l more that we need to know, and ¢an find out, about the tree to tree
var_utinn within provenences. We have no informstion yet on genetics or
gei at’ that tevel. 1In addition, lack of control of the genetic
contribution from plor to plot has probably contributed substantially to
t\]e targe standard errors of provenance means. There is no. doubl in our
minde that, in the second phase of provenance Lesting, provenances should
be represented by identified half-sid wind-pollineted families raised from
seed collecte‘d from individually eelected trees in the natural, or exotic,
stands. This will not only yield informaticn on gei andé make the
experiments more precise for their size, but will provide a base for a
breeding population in which selsction would be on proven genotypie
pexr formence ab twe levels, provenance and family.

3. These results indicate that the provenance with the highest mean
pr?ductivitg‘r (per tree or per unit area) is not necessarily the provenance
which t:_ontama the most cutstanding individua! trees. It appears that on
Bome B11ea i0me PrOvVensnces express latent genotypic variability more
keenly and it may be among the best treew in such prevenances that the
best founder members for breeding populations will be found. Uni formity
amli maximum productivity per hectare may be prime tequirements if seed is
beling i.m]';urled f?r industrial plantations but outstanding individual trees
are & prime requisite for breeding.

4. Qualitative traits, and wood density, seem generally to be under
a greater degree of genetic control than are guantitative traits and they
are also }ef!a likely to interact with environment. This suggests thet
when collecting seed in matural stands, it may be profitable to salect
trees for good stem and branch form rather than place any special premium
on size. Sclection cn this basis ik not likely Lo result in & restricred
sampling of the population fer other genes of interest.

5. There are already indications from this small sample of
provenances and tcials, and from the broader interpretation of results
(Greaves, 1980b), of patterns of variation which may be used in prediecting
the response of & provenance from & given natural eavironment te given
exotic surroundings. When &ll the ssscesment data are in, the aamples
processed and the climatic and edsphic information has been incorporated
in the analyses, it is anticipated that we shall be able to gain 2 much
improved undetetarding of how the traits of interest in chese Cwo tropical
pines vary and of the relative importance of the way in which genetic
factora and elements of the environment control this variation.
Hopafully, this will contribute to the information needed for deciding an
strategies for the construction of wseful domestic populations and
ultimately to & rationzl plan for the imternational development of the
specics (Hamkoong et ai., 1980).
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SELECAO E MELHORAMENTO
DE Pinus caribaea EM FlJI

T.{. W. Bell
Fiji Pine Comission and Forestry Department
Fl3l

Resumo

H4 dez anos Fiji vem desenvolvendo um ativo programa
de melhoramentc de pinheiros. Esse trabalho consentrou-se
em Pinus caribaea var. hondurensis de Mt. Pine Ridge, e
Belize. Até a presente data, 27 hectares de pomares de
sementes foram instalados. Qutras procedéncias além das
M.P.R., que estdo se mostrando potenciais, nos testes
internacionais, serfio inciufdas no futuro programa de
melhoramento.

SELECTION AND BREEDING
OF Pinus caribaea N FlJI

Summary

Fiji has had an active pine tree breeding programme
for over 10 years, Work has mainly been with PF,caribaca
var, hondurensis of Mountain Pine Ridge, Belize provenance.
To date 27 ha of seed orchards have becn established,.
Provenances other than M.P,.R, that are showing promise
in international trials will be included in the future
breeding programme,

SELECTION ET AMELIORATION
DE Pinus caribaca A FlJI

Resume

Depuis 10 ans, les lles Fidii entreprennent un
progromme intensif d'omélicratien généiique des Pins. Le travoil
‘porte essentiellement sur le Pi{uus caxibaea, vor hondutensis

Sarrett el Golfori, provenonce de Mt. Pine Ridge Belize.

On a plonté Jusqu'a mointenant 27 hectares de

vergers grelniers

Les provenances outres que celle de M4, Pine Ridge

qul se monitrent prometteuses por ropport ovx essals internatio-

navx, feroni partie des futurs pregrdmmes d'omélioration génétique

Introduction

The Fiji islands lie between 16”5 and 19°S tatitude,
Fine planting #s mainly carried cut in the western dry zone
of the two main islands, most of which falls below 600m
elcvation. The dry zone has a distinct dry season with more
whan 50X of the annual raintall oceurring during the first
three months of the year, The main species is Pinug caribaea
var honduwrensis ol Mountain Pine Ridge, (M, F,R,} Helize -
provenancc. This is  planted on burnb—over grasslands on {he
lower hitlsides, The annual planting programme is about
5,000 ha.and at the time of writing Lhere were over 35,000 ha
of P,caribaea plantations in Fiji.

The soils in the arcas available for planting are mainly
ferruginous or humic latosols and nigrescent soils, As a
result of soil and foliage analyses carried out 3nm pine
plantations, Bevege and Humphreys (1977} noticed a widespread
marginal deficiency of boron and sulphur, Although accepting
that there are site problems, particularly with the heavy
nigrescent clay soils, they concluded that there are no major
nutrient deficiencies in the Fiji pine plantations that need
immediate remedial treatmeant. They recommended that the
approach to overcoming these marginal deficiencies sheould be
by selecting provenances and genotypes adapted to the site.

rrovenance Trials

Provenance trials were established in 1‘)68, 1975 and
1976 to compare, the survival, growth rate, lomm and other
relevant characteristics of 16 provenances of P,caribaea on
several contrasting sifes in Fiji. Site details and early growth
rate are described by Bell (19783), The 1875 trial includes 22
provenances raised from seed supplied by the Commonwealth
Forestry Institute, Oxford (Kemp 1973) and is represented on
five sites in Fiji ranging from 35m to 450m elevation and
1862mm to 3119mm annual rainfall, This trial was considered
to be too young for theC,F.I, assessment carried oub during 1979,
An intermediate assessment for height and diameter was made by
local stalf on one site, Nanuku, at age 5. ProvenanceSthat
appeared in the top rank fer diameter and height at Nanuka at
age 5 and for height on all other sites at age 1 were Karawala,
Alamicamba, Santa Clara {Nicaragua) and DBrus (Honduras),
Appearing in the top rank on all but {he seasonally waterlogaged
site at Nabou were Poptun (CQuatemala} Culmi (Honduras) and
Byfield {(Queensland). These are all recerded as promising
provenances by Greaves {1980), The Mountain Pine Ridge proven-
ance has performed mederately well in Fiji and appears in the
second ranking for height and top ranking for diameter in the
1980 Napuku assessment.,

Plus Tree Selection

Growth of Pinus caribaca wvar hondurensis is Zood on mast
sites in Fiji but Torm is variable, witn frequent cases of
foxtailing. Plus tree selection started in 1967 jin pluntations
aged seven or alder using n poinls system propoged by Shepherd
(1963}, Selection criteria include, vigour, straightness,
taper, crown appearence, branch sise and angle. Timber
structural features arc being appraiscd 8t OxTard University.
In the carly stages of selection morc atbention was paid to
straightness and good Corm Lhan to wigour., Over 230 plus trees
have been selected rrom Fijian plantations and a further 57
have becn imported from Queensland on an exchange basis.

Sced Production

The Fiji climate appears to be ideal for flowering and
fruiting of Pycaribaea, Since 1977 sced collections of up Lo
2 tonnes & year have exceeded the local demand and substantial
quantities have been exported [Bell 1979)., Most of this seed
is harvested from unimproved stock but the quantity of genetically
improved seed is increasing annually. Early in 1470 a Tree
Improvement section was appointed following recommendations made
in a Development Plan prepared by Shepherd {1969), The work
programme was aimed at providing improved seed From selected
trees, seed stands, untested and progeny tests clonal seed
orchards and the conversion of progeny trials to seedling seed
orchards. Each stage was to be phased but as the better seed
source came inte productien,

Picking from widely scattered selected trees in
plantations was expensive and soon discontinued, Seed stands

.are established by reducing plantations te the best 200 stems

per hectare by thinning at age five and at age seven or eight,
There are over 50 hectares of P,caribaea seed stands in Fiji.
Grafting of plus tree scions into seed orchards started in
1973. At the end of 1979 there were 19 ha of clonal seed
orchards, of which 3 ha had been rogued using data from
progeny trials,and 8 ha of seedling seed orchards. Seven
ycari after grafting the oldest orchard yielded 17 kg of sesd
per ha,

Progeny Trials

Progeny from plus trees selected in Fiji and fueensland
were planted in replicated plots at several sites in hoth
countrics in 1972, Most families were from open~pallinated
ortets but seed from several of the Queensland families came
from a clonal bank., At age 4.9 years the hest performance had
come from the Queensland families, particularly those from the
clonal bank {Nikles et al 1978), "Inm an assessment, at one Fijian
§ite at age 0 the Queensland Families were still mainly Superior
in growth and straightness but had a greater tendency to fox.
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tailing than the Fijian families {Wilcox [978}.- Two Fijian
families were amongst the highest ranked families, Using data
from this trial, clenes from the six worst families have been
removed from clonal sced orchards in Fiji and will be permanently
removed From the breeding programme. Seven second generation
plus trees have been selected from the top ranking families in
the trial, Other open pollinated progeny brials were established
in Fiji in 1074, 1978, 1979 and {980 using progeny from
P.caribaca plus trees selected In Fiji, Queensland and New
Taledonia.

Polveross Mating

A poelycross mating system for the Fijian pine breeding
programme wa- proposed by Wilcox in 1978 and initisted in 1979
{Firth 1979), Egqual volumes of pollen from 22 Fijian and 10
Queensland clongs were used to make a pollen mix. Female
ilowers on 21 Fijian and {9 gueensland clones were isolated with
a ccllulosc casing into which the polien mix was injected
periodically for several weeks. Seed from this partly experimental
trial is scheduled for collection and sowing in 1981 to establish
a progeny trial in 1982, 1In 1679% a clonal orchard was established
with the 40 polycrossed families and Lhis will be rogued using
data from assessments of the progeny trial, Eventually, .the
progeny trial will be searched for sccond generation plus trees
and will be converted to a seedling seed orchard.

Lonclusion

Pine breeding activities in Fiji have mainly been concentrated
on the M,F.R. provenance of var hondurensis and a broad genetic
base has been established. Other provenances are showing promise
and breeding material from the best performers will be introduced
to the Fijian programme. Fiji has taken part in international
cooperative projects and will continue to do so but on a scale
| reiated to the limited resources of the country.
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TESTES DE PROCEDENCIA DE
Pinus caribaea NO TERRITORIO NORTE DA
AUSTRALIA — AVALIACOES AQS SEIS ANOS

L. G. Brigden

Division of Forest Research, CSIRC
AUSTRALIA

R. D. Barnes and G. L. Gibson
Commonwealth Forestry Institute
ENGLAND

Resumo

O teste internacional de procedéncias de P, caribaea
var, hondurensis Barrett e Golfari iocalizado na itha Melville
{Lat. 11940's, Long. 130°42"E) foi avatiado, considerando-se
um grande nimero de caracteristicas, na idade de seis anos
pelos técnicos do Commonwealth Forestry Institute. O
experimento inclufa uma procedéncia de P. caribaea Morelet
var, caribaea, P_ Caribaeavar. baharmensis Barrett e Golfari
e P. cocarpa Schiede. Catorze das mais importantes
caracter(sticas foram analisadas e s8o a seguir relatadas e
discutidas. As procedéncias mais produtivas foram
Alamicamba, Rio Coco, Guanaja, Mountain Pine Ridge e Brus

"Lagoon & também a Byfield oriunda do programa de

methoramento Cueensland. Todavia, algumas dessas
procedéncias foram aquelas que apresentaram a mais aita
ocorréncia de defeitos no troncoe ol nes ramos, por exemplo,
Brus Lagoon, Alamicamba e Byfield. Nio se constatou uma
relagdo negativa entre densidade da madeira e produgdo
valumétrica, A procedéncia insular Guanaja combinou alta
produtividade com aita densidade e boas caracteristicas de
troncos & ramos. Mé indicagtes, portanto, de que a selegdo
e 0 methoramento, visando a produgdo de uma linhagem
adaptada para futuras plantagdes, no territério norte,
deveriarm ser baseadas em introdugBes posteriores Guanaja,
Rio Coco e Alamicamba.

PROVENANCE TESTS OF

Pinus caribaea \N THE NORTHERN YERRITORY
OF AUSTRALIA —SI1X - YEAR ASSESSMENTS

Summary

The Internaticnal Prevenance Trisla of Pinus caribaea
hondurensis Barrett and Golfari located on Melville Isiand (Lat. 119
Long.
the Commonwgalth Forestry Institute ar age & years. The trial
included one provenance each of P. caribaea Morelet var. caribae

caribaea var, bphawensis BarretT and Golfari and P. secarpa Sch

var.
40's,

T30° 42'E} wos assesscd for s large number of traits by a team from

alag
&, P.
1ede.

Fourteen of the most important rharacteristics were analysred and are

repurted and discussed here.
Alamicamba,
also the Byfield source from the Queensland breeding
some of these provenances were elsoc those with the
stem or branch defects, e.g. Brus Lagoen, Alamicamba
was no suggesticn of a negative relationship betwaen
woud density and the insular provenance,

The most proaductive provensnces
programme.
and Byfield.

Guanaja, combined

were

Rio Coce, Guanaja, Hountain Pine Ridge end Brus Lagoon, and
However,
highest occurrence of

There

volume production and

high

productivity wich high density end & generel lack of stem and branch

defects. There sre indications that sclection aad breeding to predu

adapted strain for future Nerthern Tervitory plantations should be
on further intrpductions Erom Guanaje, Rio Coce and Alamicamba.

TESTS DE PROVENANCE DE
Pinus caribaca AL NORT D'AUSTRALIE
~ EVALUATIONS A L'AGE DE SIX ANS

Resume

e équipe de 1'INSTITUT FURESTIER dy Conmnnwéalth
d'Oxford a provéld b des wensuratiens el des observulions sur des
plantations enlreprises sur 1'fle Melville (Latitude 11° 45° Sud,
Long. 130° 42' £) au titre des essais internationoux de provenance
du Pinus cacibuea, ver. hondurensis, BARHETT et GOLFARI,

ce &n
based
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Ces cssais poartsient égolement sur une sevle provenance
veridbés cb euptees suivantes : Pinus garibaea, MORELET,

bahumcnsis, BARRET ct GOLFANI ot

dos

v, carlhﬂeu buga, vat.

Pinug ""C“.D,r SCHIEDE. Dn examine ici 14 des caractéristigques
observées les plus importanles. Les provenances les plus productives
sonl les suivantes : Alamicamba, [io Coco, Guanaja, Mountain Pine
Ridge et Brus Lagonn, ainsi que la source d'approvisionnement en
graines de Byfield, issue du prograwme d¢'amélioration du Queensland.
Cependant, certzines de cos provenances présentent un taux trds dlevéd
de FOts et branciwes défectucux comme par exenple les provenances

grus Lagoon, Alamicamba et HyField. Ce gqui n'implique pas de rela-
tion négative enktre }a production on volume et lo densité du bnis,

La provenance de }'ile de Guanaja totalise 2 la fois une
productivitd élevéde, une forte densité et aussi un développement qui
ne présente, cn général, pss de défaut de fOt ou de branches. Pour
obtenir une varidté adaptde aux condilions du Northern Territory et
y procéder & des plantations, des indications sont donndes sur le

4

mode de sélection et d'omélioration & ehlreprendre 3 partir d'intro-

ducticns de provenances de Guanaja, de NMio Coco et d'Alamicamba.

INTRODUCTION

Pinua caribaea Horelet plentations will make & major contribution to
future timber needs of the Northern Tcrritury
introduction and provenance Lestlng of the species have been described by
Cracivm (1978).

The triel repo:ted here is part of the co-operative Internatiocnal
Trials organised by the Commonweaith Forestry Iastitute, Oxford, who aleo
provided the seed. Tnis repert is based upen some ¢f the data collected
by the CFI aseessment team in December 1978. Another replication of the
trial wag established at Humpty Doo near Darwin but this was burst out in
1978 and was not aseessed at the name trime. , However, data from a 1978
asssessment nave been analysed and vesults are included here.

HATERIALS AND KETHUDS

Hine provenances of P. paribaes var. hondurensis Barrert and Golfari
were tcsted and one proveﬂsnce each of P, caribaea var. bahauensis Barrett
and Golfari, F. ¢aribaea var. caribaea and 2. gocarpa Schiede werte
included for comparison. The abbreviations for “provenance identification
used in all the tabies and figure below are:-

The history of.

Melinda {MEL)

Palacios (PAL} (var. caribaes}
Poptun {POP)

Guanaja {GUA)

Alsmicamba (ALA)

P. oocarpa (00G) (Pueblo caido)

Brus Lagoon (BRY)
Byfield (BYF)
HPR (MPR)

Rio Coco (RIO}
Santeos [SAN)

fndroe {AND) {var. bshamensis)

For provenance source details see Greaves (1978}, The nursery and
cstablishment techniques mnd sites have heen described elsewhere (Gracium,
1978).

The trial was established in Jenuary, 1373, snd the experimental
design was s randomized complete block with four replications of 49-tree
square plots at a2 spacing of 3 x 3 m. No pruning or thinning had becn
carriad out since establishmenr. Results of earlier gseessments hsve been
raported {Cracium, 19783.

The detailed asseasments carried out by the CFI tesm in December
1978 ineluded a large number of traits, {Barnes and Gibsen, in ress).
Only those characters which are thought to be of greatest value in Che
selection of pravenances suitsble for this environment sre discussed here;
they were height {HGT), diameter st breast height over bark (DBH), totn
over bark volume {YOB), form factor based con diometerz at 1.3 m and 6 m
{FFO}, bark expressed as a percentage of toral volume {BKP), straightncss
af the firse 6 m of stem {categories 1 = worst, to 26 = beat) {§TR),
foxtailing i.e. proportion of trees with interncdes over z m (FTPF}, aumber
of whovls between § and 6 m (MW}, number of branches per metre between 1
and 6 m (8PH), proportion of trees with ramicorna (RCP}, the proportion of
forked trees (FXP), number of cones (CMN), severity of ncedlolesa shoot
condition in Eive categaries (KLS), and density based on volume af a
([r:s)h, 8 mm, bark Lo bark core and core weight at 12X moisture coatent
DEN3 .

RESULTS

Appendix I deals with stem characteristics affecting production and
utilization, i.e. HCT, DBH, VOB, FFO, BKP and STR bzsed on individual tree
values. Provenances of ALA, RIO, GUA HPR, BYF and ARU ranked highcst and
generally were not signlf)cantly dlfterent from cach other. These
provenances also had Jess atem taper (FFC) and thinner bark {BKP).
However, of this group, only BYF ranked highly for STR, an indication of
achievement in the Queensland improvement programme. The varieties
caribaea and bahamensis and B. cocarpa raaked lower thanm all the var.
hondurensis for wolume production but the P. oocarpa provenance was not
Grie ol the more vigoreus of that species. -

Appendix L1 includes the branching end forking characteristics, FIP,
Wi, .HPH. RCP, and FXP. BRU and ALA ranked high in the incidence of
foxtaile; BYF alsc ranked highly with 31%. Expression of thia defect
cauld indicete streng environmental influence since there was selection!
against it in the Queensland progremme. NWH i closely corrclated with
Bk and, among the var. hondurensis provenances, the cosatal saurces

APPENDIX I - Analysis of variance,

rénked means and studentized range fests

for traits HGT. DBH, VOB, FFO, BKP and STR in six-year-old provenance trial
of P. gatibaes
HGT DBR VOR FFO BXP STR
{m} (em) {dn?) () %) {rating)
10.0;, ALA 12.4, RIO 98,8y ALI 64.9 1 ALI 49,8, 00C 15.3; PAL
ALT i HPK
MER GlA ‘ééﬁ ! BRY
RIO MPR MPR fRIO
¢ BYF BYF | &0a SaN
YT BRU BRU J BYF FAL BYF
MEL
MEL
MEL MEL AND
POP
POP SAN rop Gua
MEL
POP AND
00C San ooc
SAN
SAN
000 ;‘;5
a0c POP POP
ALL
PAL GUA
MPR MEL
PAL
PAL RIO RIC
PAL BYF
ALI 0oc
6.5¢ ABD g5 glanp gy sbam 53,94M0 1.8 BRY 6.2 * SAN
Mean 8.35 12,52 75.41 61.21 45,58 3.45
L&D 0.37 0.62 9.00 144 1,39 1.70
Source df Mean Square and significance of F-ratie
Kkk kA v v Wk Rk
PR 11 83.09 116.8 36370. 846.3 3441 443,7
*
REP 3 3.780 14,29 3809, 70,09 183.4 %72.3
*% *Aw ekt Ferw *
RESIDUAL 33  3.216 8,785 1876, 48.29 44,01 67.06
TREES 695  1.62t 4,233 1097, 21,38 44,90 40,05
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APPENDIX I1 - Analysis of variance, ranked means and studentized range Cests
for craits FTP, BPM, NWH, RCP and FKP in six-yedar-old provensnce trial of

P. caribaes

FTP BPH NWH RCP FKP
(%) {count) (count) {%hy (%)
ae.oE BRY  11.7) §PAL 17,5 [PAL 35.9 POP 23,1 BYF
ALL '
oac 00C
oo
AND AND
BYF MPR
TOP FOP
B
BYF
MPR
e o
MEL MEL AHD SI;N
AND AND o
SOA IR10
RIO MEL
GUA
MPR
SAN RIO SAN PAL
RIO GUA
MPR
pPOP POB
A
§L¥ RIO
ALL MEL
PAL 000 AL
0.0 ] 0dC 5.5 BRU 8.4 JBRU 12, 2lGUA 3.5 15AN
Mean 25,26 7.88 11.77 22,64 12.11
LSD 14.19 Q.99 1,17 8.31 7.48
Source Df Mean Square (Significance of F-ratie)
Hkk F¥eTe ) W
PR 11 423.6 222.1 455.9 169.1 20,63
Kk
REP 3 7598.3 27,30 45,30 29.06 983.8
Kk "
RESIDUAL 33 g7.08 23.42 31.70 100.1 2671,
TREES 695 12,06 18.72

APPEMDIX I1I - Analysis of variance, vanked means and studentized range tesfs

for tralts CNN, NLS and DEN in six-year-old provensnce trial of P. caribaea

CRE HLS DEN
%) {count) (gfcc)
1.1, BYF 1.0 . BYF O.ftby GUA
PAL
MPR
POF
ANR
FOP PAL
RI0
MEL :&&%
boe SAN
iy BYF
GUA
o ot
SAN Bl MPR
ML, ALL BRI
RIO RIO o0c
GUA POP
.0 % PAL ¢,0% ooc .41t ALY
Mean 0.26 0.35 0.425
L3D 0,18 0,19 0.010
Source nf Mean Squave (Slunlficance of F-ratio)
Kdede ek 3
PROV 11 32.1% 35,32 £.60372
REP 3 293.4 119.5 §roos1s
RESIDUAL 33 472.0 538.4 0,00157
TREES 96 0,00182
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APPERDIX IV - A comparison of CAD (stem basal areca over bark at hreast height
- cm~), DBH, HGT and VOB (m3) in provenance trials of P, ceribaes at Melville

Island and Humpry Doo,

{1) = Melville Island

140 {2} = Cosbined sites

’ {1)BYF, {3) = Huspty Doo .
RIO
* 14,58 (NS) e cua
ALA——
130 BRY
MEI,
{28y
—
120. BlA—— en
13,47 () “-\__am———cm.______ - pop_._._____SAN
B
MEL ~——_poP

He OP. \SAN
- (3POP—0 0o -

3 NS 26.59 (#*%) ~——
HPR._\\SAN

0o MEL

1 T TR ——guA— k1o

98,

14

BYF— ___RI
13 (177 O_FS(NS)O——_-WR—____(;M.._AU__. w_
ME
13 S,

1. (2)m v {ﬁ%—__) “"“"—h—-am-_._cua_____m____ ~——pop oan
= (3)pop~—L" A14 . POR g —
o I NS 1,54{*%+) MR QUA e MEL SAN BRU e

0y W

. *A 0,53 (%) TTTTTRIO———aYF
$ CUA—
(2).A1.A_____BRU_‘_ . \“Tn?
= g * 0. (waw) ME %_—Bﬂ_ﬁ,_lim___cm poP —
R L S N
S Rt ———_BRU-— . _ :
7 r{.ZB (e} MPR—— Cua MF‘L_*_‘—RID-——-SAN
0.04
MPR——_pyF RIO——ALA
0.03 *40, 006 |~ TTTBRU—— __ s
2)ALA BYF L
8 0.02 { )Ns 57@3(“*__*} “?R—w—naum_ﬁkmq__ﬁcm____“ﬂ;‘\_pov .
; ' —_— TT——5A
{3)MA___ pop BYF————__MPR Ry POP\_"—SAN
T MEL—— e SAN—— p
G.010(***) CUA ~————RI

tended t¢ have fewer branches except in the case of GliA which had 2 large
number of branches and was more like vars, taribaea ond bahamensis and P.
00carpa in these trairs. POP was the worst pravenance Eor TERicorne;
otherwige there was not much variation except that GUA, ver. caribaeca and
P. oovcarps were significantly better in this respect. Forking Lt two
ycers 18 & common trait in local plantstions and forking of foxtails at
the commencement of eaeh flush of growth often cecurs. BYF and HPR werte
among the provenances with the highest incidence of forking; it is
intervesting that the Byfield materisl was derived From material of the MPR
provenance .

Appendix 1II gives the deta for CNN and LS. Needlelams shoots
(HL8) ace o common defect in trials are are ssgociated with multiple
coning. Cone nember (CNN) was a count of nill mature cones and included
cones which resulted from abnormal flowering sseociasted with needleless
shoots. BYF provenance had the higheat cone count and the highest
incidence of ncedleless shoots which suggested & telacionship between
precocity of flowering and incidence of the defect.

Appendix IIL also shows proag gensity values. There did not appear
to be any negative correlation between density and volume production; in
fact the high volume producer GUA also ranked highest for denmity.

Appendix IV shows a comparison of growth on the two sites and
averege growth on the two sites combined, Here, BYF. and ALA ranked highly
but pite variation masked provenance differences on the Hunpty Doo site
{signficance levels shown in brackers).

Cracium.

DISCUSSIODXR

The results of this a2esesement must influence the choice of
provenances which will in future be introduced to the ragion; Further
refinement will then take place through selection end breeding, within
these provenances to develop vell adapted material with which to eatablish
plantations. Other than Byfield and ite original source provenance, MER,
the provenances which stand out in both high productivity and lack of
detractive charactere, such asm foxtasiling, branching defects, forking, and
ueedleless shoots, are Alamicamba, Rio Coco and Guanaja.

"This trial will be mainteined in ite unthinned atate for the
foreseeable future and periodic assessments will be made and resulte
reported.
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TESTE DE PROGENIES DE Pinus caribaea
VAR hondurensis NO
TERRITORIQ NORTE DA AUSTRALIA

L. G. Brigden

Division of Forest Research, CSIRO
AUSTRALIA

E. R. Williams

Division of Mathematics and Statistics, CSIRO
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Resumo

Mudas produzidas de sementes de polinizagio livre,
colhidas de drvores superiores, selecionadas em
Queensland e Fiji, dentro das procedéncias de M.P.R. de
Pinus caribaea,femonstraram haver considardvel
variabilidade genética, quando plantadas nas condigfes
ecoidgicas do territdrio norte, Resuttados das avaliages de
um teste de progénie na idade de 2 anos e meio, e 3anos e
meio, indicam que ganhos genéticos poder ser obtidos
para crescimento, e a reducdo de problemas - fitossanitdrios
e, eliminagdo de caracteristicas morfolGgicas indesejdveis,
que sdo comuns s procedéncias M.P.R., quande plantadas
nesse ambiente. Esses ganhos genéticos poderiam ser
esperados nas futuras geragies derivadas de populacBes com
a base genética origindria do teste de progénie.

PROGENY TESTING OF Pinus caribaea
VAR hondurensis IN THE
NORTHERN TERRITORY OF AUSTRALIA

Summary

Seadling stock, derived from open—pollinated seed frem Queensland and
Tiji parent trees of the M.P.R. provenance of Pinus caribaeca, have demonstrated
considerable genetic variabllity when grown under Borthern Territory conditions.
Results of assessments of a progeny trial at age 2.5 and 3.5 years indicate that
useful gains in growth and a reduction in the incidence of health problems and
jundesirable morphological characters, which are common in the M.P.R.
provenance when grown in this environment, could be expected in futuXe generations
[derived from the genetic base developed from progeny testing.

TEST DE DESCENDANCE DE Pinus caribaea
VAR hondurensis AU
NORT D’AUSTRALIE

Resume

Un stack de semis provenant de graines obtenues gprés
pollinisatjon libre entre parents sélectionnés de haukte gualitd des
Fidjis et du Queensliand, d'une provenance M.P.R, do Pinus Carabaea,
o montré une grande voriabilité génétique, quand on leg fait pausser
dans les canditions climatiques du'worthern Tercitory d'Australie”.

5

Les résultals d'un test de descendonce faib

1*ge de 2 ans et demi et
3 ans et dend, indiguest que des gains Linportonts en croissance et
une réduction des maledies, ainsique des caractéristiques morphole-

L]

giques indécirables, contratrement te qui se passe courownent quand
doy semis de provensnve MLPLA. poussent dons cet environnement.

Ces gaing pourraient ftre envisogs pour les géndrations A venir Qi
provienaenl de ls base génstique développde d purtir de ce test de

dancenduice.,

INTRODUCTION

The first small planting of P. caribaea in the Bortherrn Territory (N.T.)
in 1965 was followed by a program of provenance teating, the results of
which have been reported (Craciun 1978, Brigden and Gibaon, 1980). These
indicated those provenances likely to prove most productiwe in this region.
However, almost all of the locai plantations established to 1979 {approximately
1500 ha.) are M.P.R. provenance which raaks high in productivity but has a high
incidence of foxtails, die-back and needle-less shoots.

Sufficient material of other provenances upen which to develop an
improvement program is not yet available. There is, however, considerable
-genetic variability within the M.P.R. material and early vesults in current
progeny tests indicate that useful gains could be achieved in a relatively
short time. The availability of improved seed (and clenal waterlal) from
the advanced Queensland and Fiji improvement programs will be invaluable in
achieving the goals of the Northern Territory program.

Progeny testing commenced in 1972 When a small trial containing
families from Queensland and Fiji was established (Nikles ot al, 1977).
The trial reported here was established in December 1375. While a
majer chjective of the trial is to contribute to the development of a
breeding base for future generations, the trial is sufficiently replicated to
allow for superimposed thinning and fertilizer treatments which may improve
praduction of viable seed and reduce the incidence and severity of the
undesirable characters evident in local plantations.

The trial is located on Melville Island at approximately 130°41°E,
11°40'§ at an elevation of 85 m asl. The climate is distinctly monsoonal with
the average annual precipitation of 1500 mm falllng from Octoker to April
and a mear-rainless period from May to September

MATERIALS AND METHODS

The trial tests 100 'families' which in¢ludes a 'local' collection of
plantation quality seaed and a 'control' from British Honduras., The seed
sources were Queensland Department of Forestry (courtesy of Dr. Wikles)
~73 families (including failed seed lot) and Fiji {courtesy of Fiji Pine
Commission) -18 families.

Seed was tray sown on sand and pricked out into clear polythena tubes
2.5 cm top diameter X 17 cm deep. A gramular ¥PK fertilizex mixz at 1 g per
application was added by hand at fortnightly intervals during the nursery
phase, Sowing was made in June/July 1975 and planting completed in mid
December 1975. A pocket application of 150 ¢ of NPX (12-5.2-16.6) per
tree was made at planting and a further 150 g per tree was applisd at 1 year.
Spacing was 3 m ¥ 3 m (1100 s.p.ha.).

The design comprises 60 blecks each contailning 100 singla tree plots
with a different randomization of families in each hleock. - The blocks are
contiguous except whexe separated by windrows and this design ia replicated
on two sites. One of these replications has been subjected to thinning and
added nutrient treatments and this replication is reviewed here.

After planting, the site was kept reascnably
hand pulling of Acacia spp. seedling Yegenezation
of planting followed by a disc harrowing at age 1 year. A disc harrow knock-
down of hcacia spp. regrowth followed by a basal bark treatment of inter-tree
regrowth with 245-T Ester &0 in diesel was carried out prior to measurement.,
thinning and nutrient application at age 2.5 years.

clean of regrowth by
during the wet season

The planting site is generally flat and carriad Eucapypt forest to
25 m with a moderately dense understorey of Livistona palm, Grewillea spp.,
Acacia spp., etc. The soil is a lateritic red earth to approximately one
metre overlaying a gravelly clay and has geod internal dralnage.

Assessment schedule to June 1979 is as follows:

Yoar Age Ht. Dbhob Bark thickness Haalth Acceptability
1975 Q X

1976 c.5 b4

19737 1.5 X b3

1978 2,5 5

1979 3.5 X X X X

The 'Acceptability' assessment was designed as a subjective method for
selecting families with a standard of straightness, relative vigour, health ang
other gqualities which would allow their retention in the thimnning operatian.
Characters assesed wera:

Straightness - major defects

Vigour -~ relative to surrounding stem neithar co-dominant nor
dominant

Health - presence of major symptoms such as fasciation,
die-back or dead needles on actively growing areas of
the crown

Hultiple - presence

stems

Foxtail - presance

Ramicorns - presence

Branching - excessively small angle or excessively large branches

in proporticn to the stem
Trees with none of the above defects were classified as acceptable.

The 'Health' assessment was subjective and examined each tree in
close detail using 27 categories including general health, needle length,
nzedle ¢olour and density, die-back, terminal shoot dominance and fasciation.
The assessment will be repeated in June 198l and the zesults of both assessments
will then be computer analysed to determine changes that may have occurrad
over the period and the influence of thinning and fertilizing.

Following the assessment in June 1979, thiz+ty blocks {(as twoe non-
contiguous groups of 15 blecks) were thinned to 30% of original stocking
i,e, 550 s.p.ha. retained. Initially it was propoded to rgtain only
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stems of families which contained 40% or batter of acceptable individuals
However, when it came to selection in the field it was found that teo

many unaceceptable stems from high ranking families would be retained and
many high guality stems from the lower ranking families would be removed.

Tt was therefore decided to select for retention on an individual tree basis,

Fertilizer treatments were applied in MNovember, following thinning, to
coincide with commencement of the wet season, ©On a per tree basis the
treatments were:

1. nil

2. 400 g superphosphate

3. (2) + 80 g urea + 40 g ZnSo,

4. {3) + 40 g Boron + 40 g b‘.mSt:)"I + 20 g CuSu4

5. (4} + 1 g NaEHoo4 + 50 g KZSo4 + 50 g MqSo4

The treatments were applied individually as a surface ring application
to each tree. Fertilizer levels were randomized within the groups of
thinned and unthinped blocks: hence each group of blocks contained 3
repeats of each of the fertilizer lewvels,

It is intended to assess the following characters in June 1981:
dbheb, ht., bark thickness, count of females, estimate of males, health
{as described above}, wood density, form factor {dob @ 3 m) and foliar
sampling will he ¢arried out to measure uptake of clements applied.

RESULTS

Table 1 lists the best and poorest 20% of families, ranked according
to 1972 height and with the overall ranking for 1976 and 1877 measures.
also included are dbhob at 1979 {with overall ranking) and acceptability
assesstent results.

The percentage incidence of characters for all stems assessed was
as follows: branching (3}, foxtailing (14}, health {5), multiple stems 7,
straightness (6}, vigour (21} and acceptable stems (42).

Table IT lists the top and lowest 20% of families according to ranking
for ‘*acceptable' stems.

DISCUSSION

Although the assessments have been made at an early age, it could
reasenably be expected that those families presently ranking highly in
vigour will continue to de sc. It is also expected that the branching and

TABLE TT
P. CARIBAEA PROGENY TEST - 1378
AGE 2.5 YEARS

ACCEPTABILITY ASSESSMENT

Best 20% Foorest 20%

Family Acceptable Ranking Family Acceptable Ranking
CH2-55R 77 1 CH4~-118(Q) 32 aL

pL2 T2 2 CH1-112 (0} 32 B2 x
CHE-20 (0} 64 3+ CH1-105 {0} 31 83
CHX-109(0) 64 4 CHE-221{0) 30 B4 x
CHA~E6R 63 5 CH4-74 {0} 30 a5
CH4~53R [ 3 T1% 30- 86
CH4-46 (0} 6L 7+ c20%* 30 a7
HHG 53 8 CHA-12) (0} 23 88
CHL-63R 60 9 CH4-76 (0} 28 89
LT L 58 10 CHE-30 (0} 27 au
CH4-54R1278 58 11 CH1- 38R a7 91
2CR4-108 (0} 57 12 + CHE-6 (0} 27 92 x
CHA~1.24 (0} 57 13 + local 26 9
CHA-J {0} 57 14 + CH4-127(0} 26 94 x
CHA-111 (O} 57 15 N3* 26 95
CH7-56R 56 16 CHA- 43R 26 96
Dl3= 536 17 CHE-18 {0} 25 a7
CH{-BR 56 18 + CHE-4 (0} 22 28
CHE-31(0) 55 19 WH13* 21 99 x
CH4-59R 55 20 CH4-111 {0} 13 100 =

* Piji families in top 20 for height @ 1979

in lowast 20 in height € 1379

+ occurring
X ocourring

** Are families from Queensland selections estahlished in a Fijian clomal orchard
comprising Fijian and Quemsland selections.

TABLE I
p. Caribaea Progeny Test - 1979 Measurement - Agé@ .5 years Acgeptability Asseasment 1978 - Age 2.5 years
Fanily Ht Rank Dbhob Rank Branch Foxtail Health HMult. Ramic Str. Vig. Accept.
{m) i) ‘77 '79 (em) % * % % b % *
CH6-23(0) 7.09 i 2 1 9.99 9 8] 32 2 19 2 9 3 49
CH4+3 (0) 6.94 2 4 2 10.35 4 ¢ 12 2 10 5 14 7 57
CHE-14 (0O} 6.87 37 24 3 9.54 33 5 24 2 9 7 3 15 51
2CH4-108 {0} ©.85 7 55 4 10.54 2 3 5 7 17 3 3 22 S7
CHG6-B (0) 6.83 3 11 5 10.02 ? Q 35 5 8 15 5 12 27
CH6-20(0) 6.73 56 40 & 9.58 31 Q 12 2 12 7 7 10 o4
CH6-4 (O} €.71 15 18 7 9.96 0 10 34 10 46 10 12 14 22
CH4-24R 6.7 23 ] 8 9.83 14 Q 15 4 20 7 7 11 50
CH4-93(0) 6.70 29 39 9 9.61 29 0 17 0 19 9 12 10 51
CH4-97 (0) 5.69 4 3 1¢ 9.81 16 0 12 e 21 7 10 16 50
CH4-46 (0) 65.68 & 9 11 10.64 1 0 7 2 13 5 11 11 61
CHA4~46R §5.68 5 7 12 10.35 3 0 El 0 14 5 17 14 53
CH6-17 {0) 6.63 11 16 13 9. 54 32 2 12 2 22 10 3 12 51
N3 6,58 20 38 14 2.10 51 4 48 4 17 4 13 22 26
CB4-124 (0) 6,58 27 30 15 .78 19 2 16 2 14 7 3 5 57
CHA-92 (0) 6.57° 52 36 16 .66 22 2 20 o 22 3 3 15 53
CHE-7(O) 6.57 33 32 17 9.22 45 o] 24 2 10 4] 2 13 48
CH4-BR .55 10 5 18 2.06 54 2 2 7 25 9 2 9 56
CH&-22R 6.55 6 27 1e ©.85 23 2 14 s 30 11 7 i6 37
CH4~-HR 6.52 16 8 20 9.92 11 5 21 9 14 7 5 16 47
CH&~-11 (O} 5.83 82 98 81 8.37 94 2 14 5 22 9 T2 34 36
CHE-19 (0} 5.82 57 48 82 8.62 87 0 10 15 18 2 3 3z 43
olz 5.81 19 89 23 3.12 49 0 6 6 11 11 a 17 72
CH4-52R 5.72 60 64 84 8.41 93 7 4 2 18 11 4 27 42
CH2-4]1R 5.77 86 91 a5 2.58 88 4 19 2 26 4 2 26 37
CH4-DR 5,75 71 75 86 8.86 73 5 9 g 21 9 7 32 34
CH6-16(0) 5.75 25 37 a7 9.15 48 2 3 7 27 3 3 35 35
CH6-29 (R} 5.73 38 69 -} 9. 46 38 0 3 4 14 2 7 29 52
CH6-22 (0} 5.71 95 99 89 8.26 98 2 23 3 20 9 S 36 30
NHl13 5.6%2 89 94 90 8.77 78 2 7 9 45 13 9 36 21
CHE~S0R 5.68 66 66 91 9.05 57 4 2 4 16 7 7 30 51
CH4~-87 (0) 5.66 97 97 92 8.20 99 3 10 2 26 10 2 33 33
CH4-P {O) 5.63 74 52 93 8.92 68 4 7 9 16 4 7 35 46
CHE-28 (0} 5.62 94 92 94 5.33 97 2 ¢] 2 9 9 5 41 41
CH1-112(0) 5.61 92 a6 95 8.48 9l 2 11 ¢ 21 K 4 43 3z
CH4-111(0) 5.60 83 &7 96 8.50 20 9 20 27 36 15 3 36 13
CH4-12710) 5.56 48 a7 97 9.01 62 3 7 12 28 5 5 47 26
CH1-1R 5.53 93 .95 98 B8.92 69 3 7 2 20 2 5 i3 40
CH1-38R 5.52 8l 86 99 8.35 96 6 6 8 11 4 11 44 36
CE&~6(0) 5.47 78 79 100 8.7 81 3 0 6 27 6 15 44 27
L.s.D~ 0,38 0.56
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straightness traits will not alter greatly. The unstable traits ake
foxtailing, health defects (die-back, fasciation and needle-less shoots
,particularly}, multiple stems and ramicorns since it has been observed that
thess defects can develop at any time in the life of a tree. It is
suggested that with the M.P.R. provenance growing in this region, these
defects are under strong environmental influence (Brigden and Gibson, 1980}
and as the data presanted here illustrates, a genetic control operates also.
.There ars indicationg that a fertilizer and supplementary trace @lement
-application may reduce the incidence and severity of these defecks and the
- superimposed fertilizer treatment may give more positive evidence of this
{unpublished datal.

The results of this trial have already been put to practical
application in that a request has been made to the Queensland Department of
Forestry to provide more seed of the top ranking families {in terms of
-acceptable stoms} for routine planting.

Immediately following the detailed assessment planned for June
1981, the thinned blocks will be further thimned to 275 s.p.ha. Selection
will again be on an individual tree basis. All blacks will than be pruned
to 2.5 m. Future assessments will be at 2 or 3 year intervals.

With the commencement of the second stage of the "provenance/Progeny
Trials of Pinus caribaea and P. cogarpa" sponsored by the Commonwealth
Forestry Institute at Oxford, it is planned to introduce as much seed as
possible of the provensnces most suited to this region (Brigden and Gibson,
1980), It is proposed to canvas other collaberators in this program for
scions from their best clones in those provenances to enable the rapid
build-ug of a breeding base, Clonal materjal from N.T. stands is readily
avallable.

A further 120 families of M.P.R. origin supplied by.{ueensland Department
of Forestry under their co-operative progeny study program were planted out on
Melville Island in Japuary 1680. BApproximately B00C seedlings were involved
and the families came from Fiii, Wew Caledonia, Congo, Queensland and the H.T.

The present genetic base of M.P.R. provenance will possibly be combined
with the Guanaja and Rio Coco material, as it becomes available.
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GRCNING

AlLFORQUIA DE RAMOS ADULTOS DE
Pinus caribaea VAR hondurensis NO
TERRITORIO NORTE DA AUSTRALIA

L.. G. Brigden
Division of Forest Research, CSIRO
AUSTRALIA

Resumo

Em enxertos de Pinus caribaea de oito anos de idade,
pertencentes a clones de drvores “'plus’’ adultas, foi aplicada
a elforquia com sucesso, durante todo o ano, na localidade
de Darwin, territdric norte.

A sobrevivéncia no campo, das piantas resultantes foi
muito alta. O desenvolvimento das raizes e da protagdo dos
“ramets”, um ano 2pds o plantio fol comparével ao
desenvolvimento das plantas de 2 anos de idade, derivadas de
mudas produzidas em viveiro, por semeadura.

MARCOTTING OF MATURE
Pinus caribaea VAR hondurensis iN THE
NORTHERN TERRITORY OF AUSTRALIA

Summary

Eight-year-old grafted plants of Pinus garibaed belonging ta clenes
of mature plus trees have been Fu}.ly max t the
year near Daxrwin in the Northerm Territory. The sn:\rs.vn!. i.n tha field
nf the resuwlting plants was very high. Root and sheoot development of
the ramets one year after outplanting was comparable with that of a two-
year-old seedling tree.

MARCOTTAGE DE TIGES ADULTES DE
Pinus caribaea VAR hondurensis
AU NORT D'AUSTRALIE

Resume
Au cours de L'année, pris de Darwin dans le Nerthern
territory, on o marcotté avec succéds des tiges greffées de

Yinusé caribaea Morslet, 8gés de 8 ans, provenant de clones

d'abres d*4lite ocdultes. Lo pourcentage de plants survivants issus
de ces morcottiss est trés &levé. Un on aprés la mise en place,
le dévaloppement de la racine et des rejets des romets est

comparcblis & celul d'une tige de 2 ans provenant de groines.
INTRODUCTION

As part of the tree improvament program for Pinus capibaea var.
hondurensis in the Northern Territory grafted clone banks were started
in January 1977. Rootstock-scion incompatability has been evident, and
has caused the loss of 10% of the plants within two ysars of planting.
Serious losses of ramets, or even whole clones, would be avoided by
using self-rooted plants, but neither a satisfactory technique for the
striking of cuttings, particularly from mature trees, nor techniques of
plant tissue culture are avaiiable for P. caribaea. Barnes (1974}
considered that marcotting fair layering} in the tops of plus trees had '
practical difficultias and that the morphelogical position and nutrient
status of this material would reduce success. Hig approach, therefore,
was to marcott grafted potted plants at the base of the scion in the
callus tissue at the graft union, and subsequently to deep-plant the
entire rootstock and rooted scion. Neither Kedharnath and Dhaundiyal
(1963) who worked with an i8-year-old tree, nor Lowery (1978), who used
2-yeaxr-old trzes, reported the survival and growth of their marcotts in
the field. Lowery emphasised the importance of using woody shoote, and
¥edharnath and Dhaundiyal found that the use of one~year-old shoats on
the mature trees was unsucceasful. Slee et al. (1970) found that, if
the marcott was covered to redvce bird damage, rooted plants could be
ebtained, but root develcmment appeared to be relatively poor and the
method hag not been adopted in practice in Quesnsland {Slee and Hikles,
pers. comm,) N

The purpose of this paper is to describe marcotting of mature-age
material throughout thé year, bo report the survival of the marcetts in
 the Ffield and to uompafe the subsequent developmant of successful
marcotts with that of a seed_ling kree.

The work wag carrisd out in grafted clone banks on Melville Island
and near Darwin, The climate of the region L& distinctly menaconal with
the average annual precipitation of 1500 mm falling from October to
April, and a near-rainiess period from May to September. Under these
conditions Pinus caribaea grows continucusly, although the rate is
reduced during the dry season.

MATERIALS AND METHODS

Marcoktts were applied under both wet and dry esason conditions
{(Table 1} te shoots of two-year-old seedling trees and two- and eight-
year-old grafta of scions from mature ortets ('old grafte'). The eight- -
year-old grafts were 15 m tall and the marcotts were applieé In the top
two wetres @f the crown.

Each marcott was appiied to an actively growing branch or the
leader at a point where the underxbark diameter was preferably 7-10 mm.
The bark was removed completaly for a distance of two to three centimetres
and a proprietary rooting powder {Serdlx 3, containing indole-3-butyric
acid) applied liberally to the exposed cut surface at the dietal end of
the ringbarked section.

A tube of clear flexible plastic film 17 om long x 10 cm wide (when
flat} ® 0.1 mm gauge was slipped over the shoot and the lower end tied
80 that the mid section of the tube aligned with the zing barked section
of the shoot. Moist peat moss was then packed into the tube and the top
end tied tightly with plastic-covered copper wire ties, The upper tie
was loosened later as the branch above the marcott grew in diametar,

A quantity of a proprietory reoting solution (10 ml of 1% ‘Pormula 20°)
was injected into the medium of some of the marcotts made in September
1977, six weeks after they had been made. The solution contained vitamins
Bl' 52 and BS' niacin, indole acetic acid and napthalene acetic acid.

Following their severence from their ortets, the marcetts were
potted into a 30:50 coarse sand-peat mix without added nutrients and
held under 72% shade ¥Yor 3 to 6 weeks before baing moved into fuil
sunlight, wher 10 g of an WPX {12:5.2:16.6) fertiliser mix was applied
to the soil surface in the pots.
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Field establishment was carrled out during the wet season mentha.
The planting site was & red sandy loam, One hundred and fifty grams of
an NPK (12:%.2:16.6) fertiliser mix was applied in a hole beside the
tree at planting.

In March 1579, one marcott from a seedling tree, one marxcott from
an 'old graft' both outplanted in January-February 1978, and one secdling
tree {the most vigorous awailable in its age class) planted rearby in
Novemkexy 1976 in a routine plantation were carefully dug up to compare
root development.

RESULTS

was
of
of

When slender young growth {less than 7 mm DUB or one year old)
used, death of the shoot cocurred within three weeks of applicat%on
the marcott. EBxcluding those marcotts on such shocots the fraction

. marcotts which were successful at the time of removal from the tree

ranged from 38% and 67% (Table l}. The major causes uﬁ failure Ue.re
breaking off {which was later avoided by supporting the marcott with )
ties to other branches) and death while on the tree. On only onie occasion
{March 1978, Table 1} were losses attributable to damage caused to the
covers by birds or insects.

‘Table 1. Marcotts applied and ceuses of failure
Month and Age and Number of Fraction Losses**
year of type* of marcotts .alive and
applicaticn  ortet attemptad with roots
when Fraction Condition,
severed cause
(%} (%)

Jan. 1977 1.5 y.o.graf¢ 9 56 44 a2

Sept.1977 2 v.o. graft 18# 30 28 al
i3 b2
23 cz

1844 28 24 a3

pal b2
27 c2

Sept.1977 2 ¥.o. seed- 128 67 33 az

lings .

Dec. 1877 B y.o0. grafts 21 38 38 al
14 a2
10 cl

Jan. 1977 1.9 v.o.grafts 24 62 3B al

Mar. 1877 2 y.o. grafts 6l 45 31 b4

) ) ’ 24 bl

May 1978 9 v.0. grafts 92 62 13 a2
25 bs

Aug. 1978 2.3 v.o.grafts 151 65 7 al
18 bl
10 a2

* all grafts were with scions from mature-age ortets on seedling rootstocks

**Key to code:

Conditicn a

Cause 1 broken off; 2

damaged; 5

no callus; b = callus but no roots; c

died in situ; 3
removed from tree prematurely for ancother trial

callus with roots

undexsize; 4 covers

# with a 10 ml injection of 'Formula 20' in the medium & weeks after marcotting

##Without "Formula 207 injection

¥ Includes 3% still on tree alive at time of assesament

Table 2. Shoot and root development of two marcott trees and a seedling tree

Plant type Month Height at Height Diam.# Tap root Major lateral roots
in the planting Feb, 79 Feb.79 "
field Length* Tapex No. Length of Taper of
longest* longest#
{m) (m} (1m) (m} (rnn) (m) (mm)

Marcott from -
seedling tree 12 0.45 2,40 55 0.73 12 to 5 23 G.72 10 to 5
Marcott from
"old graft' 12 0.38 1.74 37 0.83 10 to 2 16 G.50 5 to 2
Seedling tree 28 0.20 2.42 70 0.67 27 to 2 10 0.95 13 to &

# Overbark at ground lavel
* To point of break

+ The figures are the diameters at the large end and the small end
The latter point was determined by the point at which the root broke when the plant was excavated
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Excavated root systems from -

Marcott of two-year-old seedling
tree ’

2. Marcott of mature-age trese

3. Two-year-old seedling. Fusion
of major roots is a reflection
of crowding in the nursery
container

Although generally the marcotting medium was re-wetted during the
dry seagon, some marcotts which were migsed during the re-wetting
operation had good rocts in the dry medium and were succesafully potted.
Free moisture was not detrimental. The use of "Formula 20' appreciably
improved the sucgess rate but the result on this one occasion can be no
more than an indication of pessible value.

Success at the potting stage, E£ollowing severance from the ortet,
was directly related to the development of the root system at time of
severence. Pflate 1 shows a well develaped root system at time of

severence from tha ortet and Plate 2 shows the same marcott 2 months
after potting. Almost all the potted marcotts, which were planted in
the field, hava grown well: three from seedling trees and nine from 'old
grafts' wers cutplanted in wet season of 1977-78 and sixty from ‘old
grafts' in 1978-79. The only twa deaths have been caused by accidents.

The constriction of the stem by the upper tie, which is commen ly
reported in work on marcotting, was exparienced (Plate 2) but was found
not to be detrimental to growth in the field Quring the period of
observation.
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The dimensions of the stems and major roots, of the specimens which
wers dug up (Table 2} indicate that root development of the marcotts
compared favourably with that of the longer-established seedling tree,

DISCUSSION

Marcotting can circumvent the serious problem of rootstock-scion
incompatibility of P. caribaea. The major Factor limiting successful
marcotting in the tops of tall trees apart from the difficulty of access
is breakage of the shoots (December 1977, Table 1) which can be avoided
by using supports (May 1378 Table 1). However, the routine use of such
tall trees is somewhat impracticable. The necessity to support the
shoots and the unsuitability of slender young choots confirma results of
Slee {19701, and Kedbarnath and Dhaundiyal {1963) and Lowery {1978}
tespectively. Bo upper limit to the size of suitable shoots has been
determined.

HWhile damage to the plastic tubes by birds or other c¢reatures was
not a major cause of concern in the tyials reported here, it would be a
worthwhile precaution to apply calico covers (Slee et al. 1970). The
use of aluminium foll for covers, as reported by Lowery (1978), has been
tried on a small scale and has advantages in ease of application.

Root development. and aerial growth of the marcetts after establishment
in the field is satisfactory {¢f Barmes 1574 and Hiklem and Slee, pers.
cotwi.) and wind firmness appears to be satisfactory.

A subjective assessment of the marcotts from the oldest 'old graftg"
and seedlings indicates that the branches of the formey will be shorter
and less dense than those on the latter, which i similar in development
to a seedling tree.
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MELHORAMENTO GENETICO DE
Pinus caribaea VAR hondurensis,
NA REPUBLICA POPULAR DO CONGO

J. C. Delwaulle, P. Koyo et F. N'Tsiba
Centre Technique Forestier Tropical
CONGO

Resumo

Pinus caribaea foi introduzido na Repiblica Popular
do Congo em 1959,

A espécie revelou bos adaptagid 3s condigSes
ecolddicas locais,

Seu bom comportamentc em solos argilosos e
arenosos, ocupados por savanas, fez com que fosse conduzidc
um amplo programa de melhoramento genético para eia, .

Um programa de propagacdo-vegetativa por estaguia,
foi iniciado em 1976. Os resultados obtidos sio satisfatérios.
A técnica de enraizamento de estacas estd quase definida.

Nos préximos anos sera possivel estabelecer as
primeiras plantagdes clonais de Pinus caribaea var.
‘hondurensis.

- THE GENETIC IMPROVEMENT.OF

Pinus caribaea VAR hondurensis IN THE
PEOPLE’S REPUBLIC OF THE CONGO

Summary

Pinus caribaca was first introduced fn People's Republie ol Congo
i L[959, -

The species revealed a good adaptation to local, ccological cona
ditions,

Its good performances on sandy amd clayey savannas led Forest .
Researcl to underiake a wide gencric Improvement programme of this species-

A vegetative propegation prograome by cuttings bepae kn 1976, The
registered results are satisfactory, The cutting techinique L5 slmost
-decterminated,

In the coming years, Forest Rescarch will -be able to escablish the
first clonal plantations ¢f Pinus caribaca var, hondurensis,

L'AMELIORATION GENETIQUE DE
Pinus caribaea V' AR hondurensis EN
REPUBLIQUE POPULAIRE DU CONGO

Resume

La premidre intreduction réussie de Pinus caribaea, en
Républigue Populaire du Congo, remonte & 195%. L'espice présente une

banne aedaptation oux conditions écologiques locales.

Ces bons résultats sur les sols subleux et argileux de
savanc ont conduit in statien de recherches forestidzes & entreprendre

un important programme d'emélicoration génétique de cetle espéce,

Un programme de multiplication végétative par bouturage

a commencd on 1974, Les résultats obtenus sont satisfalsants.

Lo technique ¢e bouturage cst presgu'au peint, Dansg les
vnndag 4 venir, la stelion de recherche sera sn mesure d'entreprendre

leg premilres plinlations clonales de Plous earihbaca.

- INTRODUCTION

La prawlére introduction réussie de Pinus caribaca au Conge
reuente & 1959, Les introductions ultérisures (1960 4 1963) nous ont
montré que Ylespbce était bien adaptée aux conditions écologiques
locales,

Crest pourquoel, aprés cebibe premidére phase, de nombrousea
provenances ont &té introduites ot un progremme d'amélioration géndtique
{séloctiong dtarbres +, création de vergers & gralnes, pollinisavion
contréilée) a été largument entamé.

Flus récgmment le C.T.F.T. Congo a lancé un programme de
multiplication végétative par bouturage qui devrait déboucher
prechainement sur des applications pratiques nais qui se heurte encore
4 un certain nombre de probldmes, notamment a celui du rajeunissement
des arbres -,

~ ESSALS PROVEMANCES

Les introductions de 1960-1963 nous ont permis de réaliser
les premiérs boisements de Ping ot 1a ¢roissance de ceux-ci a étd rdgue
Liérement suivie, A l'houre actuelle :

= sur sols sableux, profonds, pauvres, de la »=égien de Pointe~
Noire, .la production eat de L'¢rdre de 10 & 15 mj_fha/an.




w sur sels argileux, riches, d¢ la vallée du Niari, ia
prodiction st de 1'ordre de 25 3 30 m /ha/an,

Pinus caribaea var, hondurensis est done adapté et présente
une croissance satisfalsante.

De nombreuses provenances ont alors été introduites, notameont
en 1971, 1972 lessal international} et 1979. Ces provenances sont
originaires de : .

BELIZE {5 pro.}, GUATEMALA (t pro.} HONDURAS ‘{14 pro.} et HICARAGUA
{10 pro.}.

Les provenances c¢Stidres du NICARAGUA semblent les plus

premetleuses, tant du pelnt de vue production (Puerto Cabezas,
Alamicamba) qu’au polnt de vue forume _(Karawalal.

~ SELECTION D?ARBRES + - VERGERS A GRAINES

Danz le but d'établir des vergera d graines, 75 arbres
furent sélactionnés en 196B-1969 duns les plantations existantes dont
1'Age s'échelonnait entre 2 vt 8 ans. A partir de ces premiéres sélec-
tions, deux wergerg A graines furent mis en place (Pointe-loirc ot

Malolei.

Des tests de descendances, effectués depuis 1972 (récelte sur
1cs ortets ou dans les vergers 3 gralnes) nous ont permis d'appréeler

le génotypas <'une partiz de ces 75 arbres.

Clest alnsi, qu'en 1979, en fonction de 1'état des srtets at
de leur descendance, libre ou contrSide, noua avons retenu, 17 arbres -
parmi cetbe sélection précoce,

Des séloctiony ultérieures furent efiectuces dans des
plantations &gdes de dix ans ce 1977 a 1679 et aept nouygaux arbres -
furent cheisia en 1577 parmi ces sélections portant & 24 le numbre
de nos arbreo +,

Paralldlement nous avons introduit, depuis 1974, des
descendances dlarbros + originalres du Quesnsland, do Fidli eb de
Houvelle Talédonic ainsi due des arbees isaus de pollinisationu

contrdlées réalisées au Jueensland (Dr. HIKLES).

Ce nouveau matéricl d'élite, ainsi gue les stlectionn i\o
effectuer en 1981 ot 1982 paral les essals prevenances 1571 et 972
deyraient nous pormettra dlobtenir un nombre d'arbres + relativenent
irportant nous permatbant la mise en place do vergers 3 graines plus

pertforrants que leg premiers.

Nous mottrens par aflleurs en place, fin 1280, un essul
international portant sur la comparaison de 113 descendances difféa

rentes,

Eafin,dana le cadre du prolet de conservation da
resgources forestidres {FAQ-PHUE), nous sommes intervenus, avec
1t0ffice Congolaiz den Feréta, dans lu wise en place de parcelles
conservateires des provenances suivantes

K25 Poptun
X106 Alamicamba
K124 Los Limonpoa,

« POLLINISATION CONTHOLEE

Les premiires pollinlsations contrdlées ont été réalisées
au Conge en 1970 ; elles ont parmis de mettre on placc des tasts
dialléles a partir de 1972.

Cartainsg croisemonts ont montré une excellsnte apbtitude
apécifique 8 la combipaison. Il en va ca particulier du c¢roisement
HB1 x HY16 qui we révile Gtre lc mellleur {(vigueur, homogéndité, forme
des individus, finesme et angle d'insertion des branches).

A partir de 1980 nous essaierons de nouvesux croilzements
en incluant comme source de pollen les nouvelles adlections, certains
phénotypes prometteurs des pravenances Alamicamba, Karawala et Puerto
Cabezas ainsi Que, le cas écheant, du pollen obtenu auprés d'autres

cenbrod do recherches.

- BOUTYRAGE DU PIN

Si corbaing caractéres anatomiques ou morpholopgiques du Pin
des Carafbes présentent une bonne héritabilité, il nten var pas de mme
pour d'autras caractéres, notamment la production, Par ailleours il vy a
rarement corrélation entre les caractéres anatomigues, morpholopiques

{finesse des branches) et les caractdres de productivité.
La nultiplication végétative permet la reproductivn des individus

exceptionnals présentant une telle corrélation et nous zvons donc tenté

de mebtre au point une bechnique de bouturage de cetie enpéco,

1 = Tochnique de  pouturage

Depuls les premiéres expérimentations de 1976=1477, la
techniqus a rapidement évoluéd et nous considérons qu'elle ost achuelle-
nent presqutau polnt

- Récolta du matériel sur des sujets jeunds @ nos pares multi-
plicatifs sont recépés & 1'dge de deux ans, en début de gaison des pluies;
en plusieurs récoltes successives (8-3 10 récoltew}, ils peuvent deaner

environ 400 boutures par pisd et par an.

~ Le matériel récolté est constitué de jsunes pousses, induibes

4 partir des brachyblaates, avant l'apparition des poeudophylles.

~ Ceg jeunes pousses sont traitées par une volution antirfon.
glque {benomyl] et leur base est trempéc dans une solution d'hormon:
& 0,1% d'aIB. :

- Ilz sont mls en placo dans des petits centeneura {fertil.pot}
remplis d'un gubatrat filtrant (sable) ot miz en pléce sous chassla,

- Ces chassis sont arrosés au brumiscur de meniére a maintenir
autour des boutures tme atmosphére ayant un beux drhunddité voisin de

100%,

~ La sevrage a lleu loraque les racines sont apparsntes,
bord de pot ; vers 1 mois dans les meilleures conditions.

— Les plants sont alors transplantés dans des pots conbenant
de la terre mycorhizée avec adjour i 1'ombro ot passage progresiif de

1'arrosags au pulvérisateur i 1'arrosnge au Jet.

Nous parvenons, avac cette technijue, sur du matériel de
2 angss 4 un tauwr de repriss d'au molns 50%.

Nous roterons que les bouturss obtepues par cette méthode
depuis $975 présentent un comportement analogue a celui de plapts
issus de samis,

2 » Le rajeunissement

Hetre technique de bouturage ne donne de pésultats
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sablsfalsants qu'avec du matériel jeune (moine de 5 ans) et ne peut
don¢ étre utilisée pour la multiplication végétative des arbres ¢, Ii
faut donc, en ce qui les concerne, passer par une phase de rajeunisse-
nent, ‘

Nous avons, pour cala, expérimentd plusieurs méthodes :

~ Le recépage des cimes d'arbres 8gés doane des résultata
decevants. Le bouturage des rejebs est tids difficile et les rares

poubures obtenues ne présentent guére de caracbéres juvéniles,

- Le rajeupissement par greffe, tallle ot bouturage combinés
aboubit .et‘!‘ectivement & un rajounissemeat mais L'apbitude au Louturaga
Vdes rejets induits est trés fugace : nous avons ainsi ph ebbenir. en
1978, des boutures de T arbres +.

- Le rajeunissement par greffe, marcottage et bouturage
combinés : nous venons de réussir les premidree marcoties dlarbres +
ot nous espérons que la phase "marcotbes" nous poreetira d'obtenir un
rajeunissenant plus durable gque la phass "greffe',

Les boutures d'arbres fgés obtenues er 1579 ont 4té placdées en
pere multiplicatif, Hous ignorons pour 1'lnstant si elles ont effecti-
venent regagné toutes les potentialités d'un jeune plant et si elles
se dboutureront aisément a 1'dge de deux ans,

3 - Utilisation pratique du bouturage

Trois voies sont actuellement explorédss :
~ Si le rajounissement de nos arbres + @st effectif ¢lebt-A-dire s
183 bouturgs actucllement réussies expriment blen toutes les poteie
tizlitéa de Llorist, nous pourrons, 3 l'aide des parcs multiplicatifs,
réaliser des plantations clonales diextension,
- La gélection récurrente qui conslste & garder 3 1'8tat Juvénile des
copies végétatives de planta isaus de semis en abtendant que caux-cl
aupriment toutes leurs potentialités est une voie relativement lourde
demandent des rioyens assez importants, Aussi ne 1'avong nous utilisé, &
ce Jour, que aur dea sélections précoces effectudas sur des plants issus
de pollinisations contr8lées d'origine Queensland : las ramets ont &td
obtenus par bouturage de rejebs apriés raecépage de branches basses.
- Les meilleures pollinisations contrlées obtenues au Conge nrésentont
des caractérss exceptionnels : dbs 1578 nous en avons réscrvé des plants
potir des parcs multiplicatifs.

~ CONCLUSIGH

Le Congo dispose, pour l'amélioration génétiqus de Plpuy
caribaes var. Wwndurensls d'un matériel impertant constitué par des
carbred +, des vergers & gralnes, de nombreuses provenances, des pollini-
sations contrdléas et d'assez vastas plantations d'extenaion.

La nise on place de nouveaux vorgers a graines devrait aboutir
& la production de produits de qualité nettement supérisure i ceux
actuellesent utilisés.

Parallélement; la technique de bouturage va nous psrmetire,
a partir de parcs multiplicatifs existants, de mettre en place des plantaw
tiona de ¢lones sdlectionnds.
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Resumo

As procedéncias de Micardgua, Belize, Guanaja e
Limones de Honduras sio as de crescimento mais rdpido
nos testes de procedéncias instalades em 1971 2 1972, em
S. Pedro. Pretende-se fazer uma avaliagdo geral em 1980,
Povoamentos para conservacio genética e seleco foram
instalados envolvendo algumas das melhores procedéncias.

Técnicas de enxertia estdo sendo desenvolvidas e os
resuitados experimentais da estaquia sdo promissores.

A frutificago é deficiente. A reproducio sexuada é
portantc um dos principais problemas a ser resolvido.

CondicSes ecolégicas boss para producio de sementes
estio sendo procuradas.

Um pomar clonal de sementes foi instalado baseado
am drvores "'plus’’ selecionadas em I'Anguededou em
povoamentos de algumas procedéncias de Honduras.

Novas drvores fenotipicamente superiores serdo selecionadas
nas melhores procedéncias.
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Pinus caribaea
GENETIC IMPROVEMENT
IN IVORY COAST

Semmary

Provenancssg from Nicaramua, Halize and Guanajse, bimones
from Honduras are the fzategt wrowers in the loeal and the
international wrovenamnce trials planted in 1971 and 1972, 1%
ig intended to cerry ont a senersl asaessment in 1980.

. Congervation - gelection stands have heen eshablished with some
of the best prowvenances.

Grafting $echnizs are developed and the results of
experimentations on cutting are promiszing.

M™e fructification is deficient. The sexual reproductign ia
therefore one of the main ~roblem fto be resoclve. Good seeding
gites are investigated.

A clonal seed orcherd is eatablished with plus trees
gelected in 1'Anguededow in stands ¢f gome Honduras provenances.
New phenotyrically sunerior %raes from the beat provensnces
will be azalected.

L'AMELIORATION DE
Pinus caribaea
EN COTE D’IVOIRE

Resume

Les wrovenances du Hicara-na et de Beline sont avec
Cuanaje et Limones dv Honduras, lrs plus vigoursuaes dans les
asseis de provenances installdes en 1971 et 1972 & Sen Pedro.
Les provenznces fe ces easnzia Teront hientds 1'objat A'une
dveluation complate. Das narcelles conservatoires de certaine
bonmes provenarnces ond nu Btre constitudes. .

Te =reffaca est mig au ~oint at len rdsuwtats des esseis de
vouturase sont ancouraresants.

Du fait de 1l'insuffisance de Fruetificatiom, la revroduction
sexude conatitue 1l'un des nrobléres lea vlus imnoriants &
yégoudre. La recherche de sites favorables est envisagde.

Un verser & ~raines exnérimsntal egt conatitué & -partir de
phénotypes sélectionnés 2 1'Ansuddddon dans les nrovehances du
Honduraes, De nouvelles sélactions sont en cours dana les
meillsuras provenances des easaig de San Pedro.

INTRODUCTTON

LTintér&t de Pinus caribaea pour les reboisgmenis papebiers
en C8te d'Iveire est roconru & la suite des essais d'introduc—
tion réalinés de 1965 & 1967 avee différentes espieés de Pina
tronicaux et subtronicaux.

Les troisg variétds ont 84é testdes mals seule le varidté
hondurensisg pgésente une bonne adaptation et uns.productiyltg de
prés de 350 md & 12 ens. L'espdce présente une grande variabilité
géographique qui permet dlespérer une amélipration subdantielle
de la production par voie génétigque. Clest 1'objectif du
programme mis en Toute an 1974=T5, que cette nots abords dana ses
grandes lignes st A travers les $ravaux réalisés dens les 5
premiéres snnées.

ESSATIS DE PROYENANCES

Deux essais de provenances dondt un essnai internationel,
sont mis en plece en 1971 et 1972 4 San Pedro. Les caractéris—
tiques du site d'installation, lesg dispogitifs adoptéa, de
n8me que leg réasultats des lers inventaires ont fait 1l'abjet
d'une note (Piabaté, 1977).

Les inventaires récents (voir tableaux I et II en annexe)
confirment la supérioritéd au niveau de la croissance des
provenances Alamicanba, Karawala, Santa Clara du Niceragua,
Guanejr et Bl Limenes du Honduras. [l ¥ a par ailleurs
ralentissement de la croizsance de Portun {fustemzla) aud
n'apparait plus dana le grours de tAte. Rio Coco (n® 181 et
K 22 Nicaregua) qui occupe wne bonne pogition dans le classe-
ment du ier essal, s une mauveise croissance dans le 28, T1
faut enfih noter l'apperition de Aifférences significaFives
entre les nrovenances de Cuba et du Bshamas.

Dans un cadre international, en collaboration avec le
¢ F I, leg provenances de 1l'sssei international sont dvaluédes
en 1950 au niveau de la croiszence, de 1a forme des arbres, de
la fructifica%ien et de 1a nualité du bois.

Un 3k essai comprenant 17 provensnces dont 11 nouvelles
{7 du Honduras et 4 du Nicarerua) est mis en place en 1979 &
1tAngmiédédon A partir de graines fournies par le GTFT Nogent.
Nows disposons dégormais d'un nombre relativement impor=-
tant de provensnces de la varidété hondurensis, la misux adaptée
et la plus verformente des 3 variétés toutes représentées dsns
nos essals de provenances de Pinus caribaea.

Au vu des résultats de croissance dans les essais, 8,5 he
de parcelles congervatoires de provenancaes du Guatemala et du
Congo (Loandjili) ont &té constituds en 1975 st 1976, En 1971,
22 ha de parcelles asont eréds dana le cadve du Projet FAO/
PN U E de conmervation des reasources génétiques Porestibres.
Cette mesure de conservation vorte sur Poptun (Guatemals) et
ia trés intéressante provenancs de Almicamba (Nicaragua).

MULTTIPLICATION VEGETATIVE

Greffare

Ls sreffe en fente terminale, la greffe nar arnroche dite en
bouteille, et la greffe nar plecace ont étd expérimentées lors
des essels préliminaires de greffage réalinds en 1974. Des taux
de réussite masez encourageants (20 & 35 %) ont £té obtenus
avec lea deux premiers types nui ont été reprig en 1975-1977
pour le greffege en vue de la consbitution d'un verger ¥ prainea
de clones. Les résultats gont les suivante 3

\"Date de 1371975 VS/75 YA/ VBT T TR/ CIITT G /TT
! greffare! ! 1 T t t
IXTianitas! VI

i (F) 1

i T
LT BTG 25,9 | 48

32,9 25,6

Les taux de réussites moyens sur 1'ensemble des sériss, sont
les sulvants, au niveau des clonss fizés de 9 & 12 ang

" Nombre "de "1
| Plomes 1 1 1 7 1
#1112 [16,1-20,6121-30 131,9-40,6]

Il ¥ a un affet glone en pertie déierminé par la vigueur et 1'état
végétatif des greffons et des norte—preffes,

Bouturaeas

11 s'a~it de rousger A ltanracinemont dag boutures
provenant de brachyblastes dont le développement a 8té induit
par 1a taills deg nlants.

Les lers essais ont é4é réalisés en 1977-78 & vartir de
boutures provenant dlortets &rés de 18 et 28 mois. Sommairement,
aprds 2 mois de bouturage, on obtient:

~ 66 % d'enracinements sous chfssis (avec des boutures
provenant de plants Agda de 18 moia),

= Jusqu'a 35 % d'enracinements sous brouillard continu de
jour et 22 % d'enracinenents sous chfssis. Les boutures
proviennent alorg d'ortets Agés de 28 mois,

Sous brouillard les boutures nrement une teinte vert-
ple; elles connaisgent une dévitalisation qui affecte
défavorablement le renrise aprés repiguage.

Des prénarations hormonales & base A'AIR (0,4 %) stimulent
1tinithtion des racines ganas semble-t-il affester notablement
les taux d'enracinsments.

\

Ltemélicration de ces résultats nasse var une meilleure
connalasances du matériel véxétal 4 laguelle contribuent les
eggaia en cours qui sont orientés vers :

- 1a recherche du niveaun de développament optimum des boutures
= lg recherche des péricdes les vlus faverablss au bouburace

~ 1'étude du comportement de boutures provenant dtorists
ggés do 2,5 ena, 4,5 ana, 5,5 et §,5 ans.

Lea résultats nc sont pas encore dispohibles. On neut
néanmoina observer nue les ortets fAgzds de 5 ens et plus
produleent un metdrisl vev apte & 1'smracinemert. Lea 1fres
tentatives de bouturare de brachyblastes provenant ge plants
greffés se gont soldées nar des 4checs. fela soulisne la
complexité de 1'opération, ponrtant indigpensahle, du
rajeunissement Atur 6l matdrial, '

REPRCDIC

<
te
v
&
=

LT oW 3

Les fruetifications dun Pirus caribaea sont Taibles et

irrégulitres 2 1'aangudédédon (letitude 059 22'H lorgitnde 040
07" U altitude 40m). o
Des parcelles & wvoeosilon zemencldee  ont done 4% crédes dans

la résion de San Pedro dont le climet moins humide, com-
portant des saisons sidches marnuédas, était A rrior: plus
Tavorabhle. Tl s'arit principalemant de : :
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- 8,5 na de parcelles conservatoires constituées &
Sagsandre en 1975 et 19076,

~ 22 ha de parcelles créeds & Sem Pedro {Binié) an 1977
dans le cadrq du Projet FAD/PWUE de conservation des
ressources geénétigues forestidres,

- 1,5 ha de verger & graines de clones & San Pedro en

(1977} .

L'éloignement latitudinal est grand entre nos statione
d'introduction (4°45' et 5° 22'N) et les régions Alorimine
des provenances de Pinus caribaea (entre 122 58'N et 17900'N).
Conséquemment les varietions de températurss moyennes
mensuelles st de 1a durée du jour dont les effete ont été
étudiés par Blee {1977) sont insuffisantes A }'Anguddédoun et
B Ban Pedro pour &tre favorables A une borne fructification.

L'étude de la fructification sera poursuivie dens le cadre
de petites parcelles inastalldes dans 12 stations de forfts
denses gempervirentes ou semi-décidues. Elle permettrae de
choisir les sitesa les nius faverableg A une fructification
masaive.

SELECTTON ITDIVIDUELLE

Les phénotypes sflectionnés sont dominants et nortent de bons
caractires de forme {rectitude du ft, absence de fotrches,
finepss et grand an2le d'insertion des branches).

Le base des 1bres sélections est conmtituée de parcelles de
1'Anguédédou créées avee des sraines du Honduras (provenance
inconnua). 24 srbres + sont done sélectionnés en 1974 a 1tAge
de 11 st 32 ana.

La 2% campagne de sélection lancée en 1978 a nour cadre les

espais de Pinus caribaea de Ssn Pedro Agée de nlua de 7 ang.
Au total 6% arbres aont présélectionndsa’:

~ dans les provenances leg plus vigoureuses des essals de
provenances (1971 et 1972).

- dang les nercelles diverses constituédes avec des provenances
du Nicaragua, de Belize et la provenance artificielle du
Cono.

Les caractéristicues du bois seront désormais prises en
compte et permettront d'owdrer nos sédlections dans le double
hut de la nroduction 4e bois Ae vlte A nanjer et de hois
d'oeuvre.

Les sélections & venir porteront sur :

~ 240 ha de peuplements constituéa par la.Société de
Reboisements(la SODEFOR} & partir de provenances de
Belize et du Suatemala.

- 30 ha de marcelles connervatoires des proveanances
Alemicambe (Miearreun) et Pontun (fuatemala),

¥ERGERS A GRAITNES

A 1'intériour du périmétre nanetier, les varistions des
conditions climatiques et édaghigues pont faivles. On pevt done
attendre du mntériel {adlectionné) des perfermences consisntes
dtune station 4 l'rutre. Dansg cas conditions, un verger &
sraines B ¢ congtitué rour lers reboisements vanetiers. D'gutres
vergers pourraient ftre envisazés nour 1a production-de beis
d'oeuvre si l'entitude nressentie chez 1e Pinus caribaes se
confirme.

Le verzer & graines exnérimental est mis en nlace de 1977
& 1979 A San Pedro et comrrend 74 ¢lones, chacun reprégenté
ar 20 remets. Un dispositif en blocs complets randomigés
Faulkmer, p. 27) est adopté. Tl eat constitué de 20 bloos
de 24 plants & 5m x Am d4'écartement.

Ce verger pourraii entrer an vroduction dang .3 ou 4 ansg éu
les conditione stationnelles le permettent sinon, un nouveau
verger devrs fire ¢réé dans un site plus favorable & 1a
fructification.

CONCTUSIONS

L'inpuffisance de fructification compromet adrieusement la
bonne exécution du programme congu pour 1'amélioration par veie
gexude de Pinug caribaes var. hondurensis. Eile conatitue une
hypothdque qui devra 84re levée en priorité par une identification
de localitéds faverables nour la production de graines.

abordée A
comnlbte de
nrovenances, la
nag

Ltétude de 1a varisbilité infraspdeifique ost
vertir de trois essals renfermant une ramme assez
provenances. Blle vise indépendamment du choix de
cornsissance des principsux caractéres portéds per
porulations., .

Le matériel en reproduction est sélactionné localement; il
sere complété nar une immortation sélective de matériel
envisagée dang le cadre d'échonges avec dtoutres orraniames,

L'usilisation du bouturage powr l'ajnélioration par voie
végdtetive pourrait &tre avantzgensemont envisasée une foim
régolu le nrobléme de la réjuvénilisation. .

ANWEXE TABLEAU T : Essai de provenanges 1971

T o T ME ST T T T e 1975 1 Tenvier TOB5
ANe Heuteur{m) I|N® Hauteur(m) !N® Cire. {em) IN® Cire, (om) !
] s ] 2,93 3377 e, -1
1168 1,33 "e4 2,79 f189 32, 119t 54,9 !
1190 1,27 "9z 2,74 1154 32,0 1189 54,8 !
1200 1,23 1168 2,70 1190 31,8 1199 54,7 !
1192 1,20 1200 2,69 153 31,6 1154 54,3 !
1153 1,20 1153 2,68 1193 31,4 1193 53,5 !
1154 1,181i] 16D 2,68 1200 31,3 1200 53,14 !
"My 1,16 191 2,66 1191 31,2 1190 52,2 !
1198 1,09 1193 2,58 1199 30,4 1168 52,1 !
1193 1,01 1199 2,42 1158 30,0 1152 52,0 !
1152 1,00 1452 2,29 1162 28,7 1153 81,5 1
1197 . 0,61 1397 1,38 ‘1197 22,4 1197 46,0 |1
1151 0,53 1951 1,40 1151 20,1 1151 40,4 11
tPrda (5 %) ! Teat Tukey— 1 Test Tukey- | Pest Tokey- !
I =0,21 1 Hartley 1 Hartley 1 Hartley £
t 1Dif.8ignif.5 % 1Dif.aignif. S4IDif.giemif.5 %!
TABLEAU IT : Essai intermational provenances 1972

! Wars™ 15973 T Tévricr 1975 H Sept. 1979
1N®  Heuteur (dm 1N® Hauteur (m} IN® Qire. {cm) 1
by enme 0] TR20 40 K26 55,817 - 1
129 82,9 K61 4,08 K53 58,3 !
K61 80,8 %19 1,98 X214 52,1 '
K456 76,6 1Ke9 3,95 IX61  B1,6 1
K24 15,3 fK33 3,92 1X19 51,4 t
1K54 15,0 fE66 3,83 K56 51,3 !
1K60 74,7 K54 3,83 160 51,3 !
tK19 T4,6 'K24 3,83 1316 5%,2 1
tE53 73,9 K58 3,75 1K$8 51,1 {
IK58 T2, 1316 3,74 K54 50,6 !
1K6% 71,5 IK&0 3,63 K57 50,4 !
1316 69,2 1K65 3,56 K29 50,1 !
{K57 68,8 1K57 3,53 1168 60,1 !
1252 62,9 K18 3,44 1262 49,9 !
K18 61,6 | 1262 3,22 IK58 43,6 i
tKa2 56,1 | K22 3,0 1K65% 48,5 !
K64 51,2 | K64 2,95 1K64 48,4 | !
1168 45,8 1168 2,93 1K22 47,4 Col
126/7Y 24,2 124/71 1,93 t24/7% 41,9 1
1392 22,6 118/71 1,76 118411 40,9 A
nasm oee 1302 1,75 ! H
! Ppds (5 %) 1 Ppds (5 %) I Teat Tukey !
1 = 9,9 om ! = 43,2 t Hartley '
1 i I1Dif.aimif, 5 % !
Provenances : Andros (Bahamas) : n® 151, .302; Belize :

1152, 154, 199, 200 ; Byfield {Queensland) : n® 314;

Guanaje (Honduras) ; n® 192; Poptun {Guatemaia) :-n® 153
180 ; Alamicamba (Nicaraguaﬁ : 189; Rio Cooo (Nicaraguas:
n® 191 ; Slilma Sie (Nicarggum) : n® 168; Loandjili
{Congo) : n® 193, 252 ; Cubz n® 1§7.
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Pinus caribaea - PROGRESS0S £EM
TESTES INTERNACIONAIS DE PROCEDENCIA
AOS SEIS ANOS E MEIO, NA NIGERIA

L. C. Egenti
Forestry Research Institute of Nigeria
NIGERIA

Resumo

Aos 6 anos e meio as procedéncias diferiram em seu
vigor nas trés locatidades. As diferencas entre localidades
parecem ser os fatores que mais influenciaram os padr&es de
crescimento nesse estdgio, As técnicas culturais adotadas nos
estdglos iniciais dos experimentos nas trés localidades,
também influenciaram os padrBes de cre.cimento e a
sobrevivéncia das proced&ncias. A localidade de 1badan vem
mantende methor crescimento do que as outras duas.
Algumas das procedéneias ndc apresentaram bom
comportamento, e o ndmeio de individuos com frutificagio
aumentou, embora as sementes ndo tivessem chegado a
germinar. Planos futuros envolvam a selegdo de 4rvores
“plus'’ das melhores procedéncias, visando a instalagdo de
pomares clonais de sementes,

Pinus caribaea — PROGRESS IN
INTERNATIONAL PROVENANCE TRIALS AT
AGE SIX AND HALF YEARS IN NIGERIA

Summary

At the aga’of €% years, provenances differsd in vigour at %he
shroo pikas. Sita differences appeared to bs the major factor
tafiuencing growth patterns a¥ this stage. The cultural technigues

dopted at the three Sites parsicularly at the sarly sbages slso
nflusrcad growth patterns and survival of provenances. - The Ibadan
pi¥e continued to support Detter growth than the osher two aites.
[dome of the provenances did parform well and ¥he pumber of frulting

ﬁndiviﬂua]a have lunoreassd aithough seeds falled to seminatu.i’lanf_i
lare ahend to seleok plus trees from khe best provensnces for the

jostablishnent of c¢lonal seed orchards.

Pinus caribaca — PROGRES DANS LES TESTS
INTERNATIONAUX DE PROVENANCES A
L’AGE DE SIX ANS ET DEMI, EN NIGERIA

Resume

A six ans et demi, le taux de vigueur des prouenancas
varie sur les 3 stations. Les différences entre les sites semblent
#tre le Facteur le plus important qui influence, A ce stade, les
comportements de croissance. Les techniques culturales, adaptées sur
chaque station,influcncent aussi, particuligrement & ce premier stade,
les comportements de croissance et le taux de survivence des prove-
nances. Ls station d'lbadan continve de favoriser une meilleure
croissonce que les deux autrss sites. Certaines provensnces ont
donné d'excellents résulbats et le nombre des sujebs arrivent a
fructification a augmentd, Cependant, los scmenees produites ne germent
pas. Un a préwu de sélectionner les erbres d'élile des meilleures '

provenances pour constituer des vergers groiniers 4 partir de clones.

Iasroduction

The background of esarly introductlon of 2L5ﬁg Bpp. in Nigeris
in 1954, and the introduction of Yinus caribaea Morelst in 1965 mnd
1966 in Nigeria have beon dascribad Dy the aubhor (see Wiklens et al.
4978). Also desoribad was the pressat trial, its estsblimbment in
4973 and i%s nansgamen¥; the results obtainad At the ages of 6, 22
and 42 mentha,

In the pressat papsr, the 1esults obtained {ollovinﬁ the assesn-
ment made ak age 64 yeaars ore descrided. For s descripkion of the
1iat of provananoes repredentad, the sitas in which the trial was
antab%#uhag in Nigeria, and the planting design usad, asse Nikles st
al. 978

‘\eluctiun and bresding work

Although meleotion and bresding work hnve no¥ started in the trial
#stablishad-ad three locations ip Niperia, plane are ahead to selsck
beat provenancss of Iinue saribsea fron esch location, This will be
followed by the selection of plus $rses from the bsch provemanosa ak sach
locatien. Clonal ssed orchards will bHe sotabliszhed through grafting
of solon smaterials ob¥alned from pluas frees.

Table 1 Survivel Fox-tniling and frul%ing {in percentages) of F.
caribaea at the age of b)k years
Provenance IBADAHN UZAIRUE ENUGU ~ HGWO
Sur- |Fox~ fruis-{Bur- |jFox- fruff~ [Bur- [Fox- Fruit-
vival | teiling | " ing jvival |talling ing fwvivel [tailipg.| ing

K22 Nicaragua, Rio Cosco 79. - 10,2 | 23 - 4.3 13 - -
K6l Honduras Rap.

Potosi 70.6 - 24,5 | 41 - 5.6 26 - 3
K23 Honduras Rep. Brus n.p. n.p. n.p. | 30 - 4 24t - -
K61 Nicaragua, Banta

Clara 75 - 12.8 28.6 - 5 N.P. Del D.Pe.
K28 Guatemala, Poptun a5 - 10 33 - 8 20.8 - 6 2
K24 Hopduras Rep. Gunnja | 72.9 - 15 n.pe D.Ps NP 17.6 - 3 -1
E53 Nicaragus, XKarawale N.pa 0.7. NaDe NaPa n.Ts n.p. 5.6 - 20 ,:fi
K57 Honduras Rep., Culmi | 79.2 | - 25 22,4 - 15 3.2 - o,
E18 Nicargua, Kuakil 88.8 - 40 NePo D.p. n.p. | -9 NP NP g
K20 Nicaragus,Alamicanba B80.B - 35 44,6 - 20 23.2 - 15 L]
K64 Belize, Santos 71.2 - 18 22 - 12 21.6 - 30 o
K58 Honduras Rep,, Brus 7.6 - 28 N.pa TP NV, 0.,De RaPs N.Ps 1

(same as K23}
2%/71 Cuba Batey M.Pe NePa N.P« T4 - 6.3 NuPa n.p. D.Pa 3
2578 {non-C.F.1. sesed) n.p. nap. n.p. | 24,8 - 17.2 | n.p. n.p. n.p. 2
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Asaspament Of Trial 4% Age Bdix And Half Yenrs

The trial astablishaed in 1973 at Eougu-figwo, Ibadan and Urairus all

in scuthern Nigeria wus asasegsed for tho fourth %ime in December, 1979
at the age of ©f years. Uets in respect of height, girth, survivel,
tox—tutl%ng and fruiting were oollected and analyred.

Resulta
Helght prowtht

Bignificant alfferonces at 1% lovel in haight growth between
provenancss satabllshed at baugu-Hgwoe cccurred. However, at Ibadan and

Urairuve sites, variation in helgh% growth wae aignificant at the 5% level.
Provanances varled aigaificsantly at the 1% lovel batween the thrse altes.

Girth growth

Enugu-ligwe site is the only =site Ln which varletion in girth growth

vetween provenances was not algnificant. Thia wag slso %bhe caes at

the age of 42 months, At Ibadan and Urairue, varietion in girth growth
wag significant a% the 5% level. Variation in girth growth betwesn the
three eitens wap significant at the 5% level.

Teble 2
Ranking of provenances sk each glte rt the agse
of &% years

IBADAN BITE

. Mean Prove~ | Mean
Provenanaa height nance girth
B (e=)

K58 {ease as E23) Hondurss
Rep., Brue 7493 K60 36,00
K60 Hondurss Rap. Potosl 7.78 K55 35,40
E18 Hicaragua, Ruakil 7.73 57 34%.10
K61 Nicaragua, Sanka Clara 7.68 K24 34,06
K20 Nicarsgua, Alamicamba 7.60 X18 33.80
K57 Honduras Rep., Culmi 7.59 K20 Bl.80
K29 Guateznla, Foptun 7.55 K61 33,30
K24 Honduras Rep., Gunaja 7.40 k29 3330
KE4 Bellzs, Santce 7.27 ¥64 32.90
K22 Riceragua, Hio Coco 7.21 Xz22 31,20

UZAIRUE SITE

61 Rioaragua, Santa Clare 6.82 K&1 28.20
K29 Gumtemalsn, Foptun 6.38 x&57 21.80
X597 Honduras Rep., Culmi S5 K60 21.40
¥60 Honduras Rep., Potosi 5.32 K29 21.00
K20 Hicaragus, Alamicanba 5.29 K20 20.00

E23 (pame as K58) Honduras
Rep., Brua 4,94 x23 193.60
K64 Belize, Santos 4.09 K22 19,10
23/71 Guba Bakey .96 K64 17.30
2578 {non-C.F.1. BSeed} .87 2578 16,60
K22 Nicaragur, Rio Cokeo £.5% 23/71 15.64

ENUGU - NGWO

Frovenance nelenk | nanse | gieen

{m (am)

K20 Nisarsgus, Alamicsnba 5.02 Eed 28.60
K60 Honduras Rep., Potkoasl 4,68 K20 28.5%0
X29 Guatemals, Poptun 4,43 K23 27..80
¥23% Honduras Mep., Brus 4,32 K22 26.80
K53 Kicaragus, Karawala 4,29 £29 26,30
K24 Hopdurans Rep., Gunaja 4.4C X53 25.70
K22 Nicasragua, Ric Coco 2.96 K24 24.90
K57 Hondurss Rep., Culmi 3.73 25/ 24,30
23/91 Cuba Batey 3.51 K57 24,10
K64 Bélize, San¥cs 3.17 K64 23,40

Survival, Fox-%ailing and Fruiting:

Tabls 1 ahows tha figurea {in percentoges} recorded for survival,
fox-talling and frulting at the age of 64 ysars. Compured with flgures
presentad at age 42 months (ses Hikles gt al, 1978) the survival amd
fox-tailing bava not chrnged much. Howsever, the number of lndividusl
provensnces Iruiting st esoh site bas inorornad. Few sasds collected
Iailed %¥¢ gerrminate. Tha reenon for ths joas in viability la pey
known though 1t appenrs the conss wers collected very late. durvival
figures wers poor at Emugu-Ngwo snd Urzelrua.

lerformancs of prowenAnges

Toble 2 shows the ranking of the provenances ot anoh locetion
according to their mean helght and wmean glrth. A% Enugu-ligwe wean
eight ranged from 3.17 = to 5.02 m and mean girth from 23.4 om to
20.6 em. A% Ibadan nean height rangsd from 7.21 m to 7.93 m &nd mean
girth from 31.20 cm to 3G.0 cm. A% Uralrue ‘mean helght run%ed from
3.53 m to 6,83 » and mean girth from S5.64 cm to 28.26 [.1-1% ha Ibaden
site was best in vigour followed by Uesirus and Bpugu-Ngwe, lowaver,
Enugu-ligwo bad batter pirth growth than Urairua. E?ta differencas
appear to he a major facter influeroing growth differances at this stege
rather than the sced sources of the provensnces. AL . age 6¥ years, the’
following provepances have rerformed wall.

K20 Nicarague, Alamjicuamba
K60 Honduras Kep., lotosi
Ibadan site
K58 Honduras Rep.. Brus (same as K23)
K60 Hornduras Rep., Fotosi
K18 Riearngua, Kuskil
Ugairus sitg:

E61 Wicarague, Santa Clara
K29 Guatemals, Poptun

Beferenceas

Yikies, D.G., J. Burley and K.D, Barnes (1975).
lrogress And Iroblems of Genekic Improve-
mant of Tropicel Forest Yrees. Dapt. of
For. C,.F.1. Oxford.
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Pinus oocarpa — PROGRESSOS EM TESTES
INTERNACIONALIS DE PROCEDENCIAS ADS
SETE ANOS E MEIO NA NIGERIA

L. C. Egenti

Forestry Research Institute of Nigeria
NIGERIA

Resumo

VariagBes nos padrdes de crescimento, entre
procedéncias, relatadas nas idades 6, 18 e 54 mesas,
continuam a existir aos 7 anos e meio. As procedéncias
indicadas como as melhores em vigor, aos 54 meses, foram
suplantadas por novas, aos 7 anos € meio, A localidade de
|badan continua a manter methor crescimento do Pinus
cocarpa do que a localidade Enugu — Nguo. Tat fato pode ser
atribuide nac =6 a diferencas entre localidades, como
também as operacdes culturais aplicadas em tbadan, Algumas
procedéncias comportam-se bem em ambas locatidades. A
sobrevivéncia foi geralmente baixa, e erm particular para a
localidade de Enugu — Ngue, onde os danos causados pelo
togo afetaram os estdgios iniciais do experimento. :
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Pinus oocarpa — PROGRESS IN
INTERNATIONAL PROVENANCE TRIALS AT
AGE SEVEN AND HALF YEARS IN NIGERIA

Summary

Variatfons in growch patterns betwcen pravensances repocted at ages
6, LB and 54 months continpe to show at the age of 7.3 ycars.
Provenances rcpovted to be the best at 54 months in vigour were averctaken
by new provenances at age 7.3 years. The lbadan site continue to favour
better growth of Pinus occarpa than the Enugu-Ngwo site and chis could be
priributed net only to site differences bub also to cultural operaticns
available at Ibadan. Some of the provenances performed well at both
sites. Survival Figures were generally poor particularly st the Enupu-
Ngwo site duc to fire hazards at the initial scages.

Pinus vocarpa — PROGRES DANS LES TESTS
INTERNATIHONAUX DE PROVENANCES,
L’AGE DE SEPT ANS ET DEMI, EN NIGERIA
Resume

Les variations de comportement au cours de la croissance

_dvs différentes provenances signalées & 1*age de 6, 1B et 58 mois sant

toujours epperentes & 7 ang et demi. lLes provenances les plus
vigoureuses b 54 mois sont dépassées A 7 ans et demi par d'autres

ATOVCNaNCESs.

Le site d'Ibadan continue de Favoriser unc meikleure
croissance chez le Pinus oocarpa que le site d'Enugu-Ngwo, ce qui
peut s'expliguer par les différences gue présentent les deux stations,
mais aussi ¥ 1'action béndfique des opdrations culturales pratiquées
d Ibadan. Eertaines'pruvenances donnent des résultats également boms

dans len deux stations.

Au stade initinl, le nombre des menquonts est générolement

important, notamuent & Enugu-Ngwo ; il est d0 ou hwesard des feux couranls,

Insroduction

During the 1577 Joints TUFRO Workshor, $2,02-08 und 52.03-01,
Drisbene, Austraiis, the initinl rosults of Tipug goearps internatien-
al provennnce %risl in Nigeria ware prosented and latsr the results
appaarsd in he Trocsedings of the Worlsbop (aea "Irogrens ind Iroblems
of Genotic Improvement of Trapleal Foresk Tress," edited by 2.G,
Niklea, J. Durley mzd R.D. Burnas, 1998}, Resulte presented include
those obtainad at the sges of 6, 18 and T4 nonths. 7The background of
jinus gogurpa introduction to Jes Flateau in 1954, and intreduction
%o vouthorn Nigeria througk the international pravenance trial in

972 were given. In addibicn the desoription of the sites, plonting
depign, ond the manngemen® of oetablished trials wore presentad.

Ip the pregent yaper the results obtalned ak the sge of acven and
half years are given.
Ipovenangen repregentad

The list of provenancos# rorrasentnod which appeured in Nikles at sl
(1978) .ars all still in the trial. Ses Nikles at al. (1978) for
detalled deseription of provensmces including the Latitude and
Longitude, altituds mean annuel rainfall nnd 80il cheracteristics.
Seloction and breeding work
. He provenance hus been selectud nnd rsplicated to other nites
;nd ne pfua tress from individual rrovenances huve been selectesd for
vegetative propagation. Mrosding work hns pot atartad. Howevar,
'sniucticn of pine plus trocs frow other pine plantationn in northern
Wigerin was done rocently and grafts ware mnda, Flang are ahand to
‘patabliah clomal seed orchards 1 differont parts of the country wsing

the grafted scion materialn,

Hoanwblle prelimipary plana ore being worked out for future
selection of plua tress from best provenancss at aach slte from
whers sclon matarials will be obtainsd fur the sotting up of
olonal sesd orohurds of Pluus pocarps Scheide io southern
Higeria,

iosopsmant At Ags Beven Apd Hulf Yeore

The trials aatsblighud at Enugu-Ngwo 1in Anam?ra State nnd
a% ibadun in Oyo State in 1972 wou sgeesned for the fourth
tire in Degamber, 1979 at tha nge of seven and hall years. Pata
for haight, girth, survival and fox-tailing wore collacted.
Aftar tha mnalyeis of data, provenancoes wara ranked asccording
to their performence at ench location.

Results

¥arinations in helght and girth ;ithin locations

A% Enugu-Ngwo, variations in height and girth betweon
provununcss were found %o be significent at the 1% lovel and

the anme applled %o the .Ibadan aite.

Yurintions in heigbt sand girkh batwesn locgntions.

The provenances varied significantly at the 3% leval betuween
the two locations in height and girth. Eu general, lbadan glte had
wors trees of eudh provenance in good vigeur than the fnugu-Ngwo
site. Sise differonces oppear to bo an fmpurtunt fuctoru§3flucncing
the rerformance of Pinus arpa in southern Nigeria rather than the
sood source of provannnceg%%sfléubla 2).

Survivel and fox-tailimg

Thase are pregentsd in Table 1. The survival parcentages at
both siten are low as & result of high mortality., Nortusllty wae
higher at Enugu«Bgwo than at Ibadan,

ianking of provenances at ouch lgcation

The provenances parformunce at each location basod on mpan
tolght and mean girth is presentsd on Table 2. 4t lbadan site, the
provenances maan helght ranged frox 6.18 @ to 7.61 m and glrih from
28.65 ¢z to 38,33 cm. ~t Fnugu-Kgwo, the mean helghb ranged from
3.5 %o 5.87m and girth from 15,22 cum to 35.04 ca.

At the Ibadan site ths following provensnces ap}ear at age 7h
yoars to be rerforming wollt
K16 lHendurno, Agun Fria
K34 Guutennla, Bucoral
K47 Guptemula, San Jcae
K45 Nicorngua, 3iguatepeque
K6 Honduras, Zapotillo

Tdaple 1

Survival and fox-bajili at age Qara
AR POPCENYAZNS

ERUGY - RGWO IBADAYN
Provenance Bur- | fox- Provenansce Sur- | Fox-
vival |¥ailing vivael |tailing
K4 FEilcaragua, K1 Nicaregua,
Csmealias 14 Kil T Camellas 40 ¥l
E9 Guatemala, E6 Honduras,
Canas 34 " Zapotille 46 "
E10 Guatemala, K7 Honduras,
ma 30 " Ban Marcos 40 "
K11 Guatemala,
Conacas¥a 13 " K11 Gua¥emals,
Connoaske 51.2 4
K15 Hondures K16 Hondures
Haraguiso 27.2 " Agua Pria 32.2 3
K2¢ Hicaragua, K20 Nicaragua
Alamicamba 20.8 " Alamicamba 54 Hil
K29 Guaktemsala, K34 Guatemsls
Poptun 4 " Buonral %9,2 .
K31 Niecoragua, K35 Honduras,
Junquillo 14.4 " Angelea 17.6 "
K54 Guntemala, K%6 Honduras,
Bucaral 13 " Zamorano 42 k
K35 Honduras K42 Hicaragus
i Zamorano 22 * Yugul #0.8 H
E42 Nicaragua, K42 Nicaragus
Yucul 24 » Lagunili 50.8 "
E43 Hiceragua, K44 Nicara
Lagunilla q2 " Hafaalg“n' 44,8 3
K45 Honduras, 45 Honduras
8iguatepaque 30 " Biguntepeque | 56 Ril
749 Belize, K47 Guakomala
H%, Pine Ridge 29 " Ban Jose 28.8 »
GO0 Guatepals K48 Guatemala
(non CFI saed)] 25 " Fuehuetenange | %1 5
HOD Belize {(non K49 Belize
CF1 gesd) 10,4 n tt. Pine Ridgd 50.4 Hil
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Tabls 2

DHante
i

glrbh

1BADAN SITE
Provenance HMean Provensncd  Mean
height girth
(v {cm)
¥16 Hondurus, Agus Fria .61 K16 E8,.%3
K34 Guutomala, Bucaral 7.58 K47 37.54
K47 Quatesmala San Jasg' 7.10 K45 37.02
K45 Niowragua, Sigusterague 7.99 K35 35.87
K35 Honduraa, Angeles 7.02 Kal 3%.77
B6  Honduras, Zapotillo 7.02 1 x5.44
K4 Micuragus, Canmelias 6.96 K42 35.36
E42 Nicaragua, Yucul 6.89 - X6 35,91
K11 Guatemela, Conacaste 6.81 K11 34,21
K44 Nicarague, Refael 6.75 ®7 55.48
K49 Belize, Mt. Pine R% 6.7 X34 5%5.28
K20 hicaragua, Alamicar 6.54 kag 32.8>
K7 Honduras, Sen Fare .50 K36 37.49
X43 Nicaragua, Leguni 6.20 Kag 29.62
K36 Hondures, Zamora 6.20 | Kae 29.113
K48 Guntonsla, Hueh 6.18 K&y 28.63
ENUGU-NGEYO SITE
Provenande Voon | Provenance | Mean
height glrth
(@) (em)
K34 Guatonala, Bugaral 5.87 K34 35.04
E29 (umtemaia, loptun 5.78 K20 22.26
€1 Nicarsgua, Cemslias 4,96 %1 %0.82
K10 Guatenala, Lima R.Qé wasn 3021
¥11 Guatomala, Conucaste .9 GO0 28,27
K36 Hondurag, Zeworano g..87 K36 27.05
H00 Bsliso {non CP1 Saad) 4,85 HOO 26.11
K20 Nicaragua, Alamicamba 4,84 K42 26.0%
45 Nicaragua, Siguatejaque 4,52 X29 25.98
K43 Nicaragua, Legunilla 4,29 Ri3 23.78
GO0 Guuatomala (non CF1 Sead) 4,2% 10 23,12
k15 Hondures, Maraquito 4.6 Kg ‘25,40
K42 Nicaragua, Yucul 4.03 K11 24,29
K9 CGuatemala, Canas 3.098 heit] 20.46
K31 Hicaragua, Junquille %.9% K31 18,63
®4% Belize, Mt. Pine Ridgo 3,57 K15 16.23

K1  Nicarngus, Camslias
KA2 Nicorsgus, Yucul
{t?aprenra K16 in particularly odapted to Ibadan eite and

80 alac is

At sthe Lhugu~lgwe aite, tha fellowlng provenances are doing
well:
K34 Guatemala,
k29 Guutomala,
K1 Kicaraguo,
K10 Guatemala, Lima
¥11 Guatemala, Conacante
The provenance, L34 s partiocularly adapted to Eaugu-Ngwo slte at this
aga,

Constoncy of provensnce Lierfornmance

The performance of the jrovenances at both oites is wvery
variable. Iln the assorament of 1976 December, which appomred in
Nikles gt pi (1978}, the following provensnces wers mestioned to be
very good in vigour st Ybadua aite ab the age of 4§ years {54 meuntha).

X48 Guatemalas, Huehustonango

Bucaryl
Yoptun
Cumelian

¥41 Guatomula, Conncaste

K7 Honduran Republic, Gan Harcos

K42 Hicaragua, Yucul
At Enugu-lgwo site thae following ware ulso suild to be good and sultable:

Guatosale, Cunas

£36 Mondurne ﬁep., Zatorano

45 Belize, Hy, Pins Ridpge
A comparimun of this information at nge 44 yeara with the one alrsady
glven at age 7 yesra shows tha% provonsnoss which were said to be
good a%t age 44 are not the asme ones whiob have anarpgad 48 beat at
both aites at age 7% yoars.

Refterences

Nikles, U. G., ¢. Burley and R, D. Barnes (4978).
Progresa ind Problems of Genekic
Improvenent of Tropical Forest Traes.,
Dept. of For. C, ¥, I. Oxtord.
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INVESTIGAGOES PRELIMINARES EM
RELACAQ A VARIACAQ E INTERAGOES
PROCEDENCIA x AMBIENTE EM Pinus caribaes
MOR. VAR, hondurensis BARR. E GOLF. EM
TESTES INTERNACIONAIS DE PROCEDENCIAS
IMPLANTADOS EM QUEENSLAND

R. L. Eisemann, D. G. Nikles and R. S. Newton
Department of Forestry
AUSTRALIA

Resumo

0s dados de um conjunts de testes de procedén-—
cias s3¢ relatados e discutidos, 05 efeitcs dos sitios, aduba
gdo, procedéncias, e a importincia das interagSes procedéncia

x ambiente nas plantagﬁes do litoral de Queensland foram estu-

dados para crescimento e gualldade do tronce nas idades de § %
6 % anos.

fo-
Respostas &
adubagdo foram também observadas em 3 ensaios, mas houve pouca

Diferengas nc crescimento das procedéncias
ram notadas em sete dos 10 engajos implantados.
eviddneia das interagbes procedéncias x adubagdo. © crescimen
to variou significativamente entre sltios, mas houve pouca evi
déncia das Lnteragdes procedéncia x sltio, todavia ela fol no-
tada em um sub-conjunto de ensales envelvendo uma grande ampli
tude de sltics.
relativamente pequena, e as correlagdes entre sitios geralmen-

A variagdo assodlada com estas interagoes foi
te indicaram gue a classificagao das proced@nclas em fungdo des
sitios ndo foi alterada substancialmente.

As procedéncias diferiram aos 6 anos de
na retiddo do tronco para todos os sitlos.
déncias litorineas foram mais retas do gue a madia geral.

idade,
Em geral as proce-
Di-
ferengas entre proced€ncias foram tamb@m observadas em relagio
3 incidéncia de "fox-taill", tortwosidade, inclinagBes devidas
ao vento, blfurcagles, ramificag@es espiraladas e resisténcia
ao vento,

Nenhuma procedéncia fol superior para todas
caracterlsticas, e as diferengas entre as procedéncias
res classificadas foram geralmente pequenas,

ag
melho-
As procedéncias
de Karawala, Guanaja, Poptun, Culme, Brus Lagoon e Santa Clara
geralmente crescem melhor; as procedéncias de Melinda,
tos,

San-
Ric Coce apresentaram crescimento inferior. As procedén-
clas litordneas (Karawala, Alamicamba, Brus Lagoon, ’ Pinar,
Kuakuil e Melinda) geralmente apresentaram melhor do
tronco. Nenhuma procedéncia competiu com a testemunha genéti-

ca melhorada para cresclmento e retidio do tronco.

retiddo

Varias prg
cedéncias litorineas aparentam ter potencial para serem inclui

das no programa de melhoramento genético em Queensliand.
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PRELIMINARY INVESTIGATIONS OF
VARIATION AND PROVENANCE —
ENVIRONMENTAL INTERACTIONS IN
Pinus caribaea MOR. VAR, hondurensis
BARR. AND GOLF. IN

QUEENSLAND PLANTING TRIALS
Summary

Data for a comprehensive set of plantings of the
international provenance trials are reported and discussed.
The effects of sites, fertilizers and provenances and the
importance of provenance-environmental interactions in coastal
Queensland plantations are investigated for growth and stem
quality characteristics at 5%-6% years of age.

Differences in the growth of provenances were indicated
in sevep out of 10 trials. Responses to fertilizer were also
observed in three trials, but there was little evidence of
provenance-fertilizer interactions. Growth varied greatly
across sites, but there was little evidence of provepance-site
interactions, although they were indicated in one subset of
trials covering a broad range of sites. However, variation
associated with these interactions was relatively small, and
corzrelations between sites generally indicated that the ranking
of provenances across sites was nob altered substantially.

provenances differed in stem straightness at all sites
at 6§ years of age. In general, coastal provenances were
straighter on average, Differences between provenances were
also observed in incidence of foxtailing, wind-kinking,
forking, ramicorn-branching and wind-resistance,

¥o single provenance was superior in all respecks, and
differences among top-ranking provenances were generally small.
Provenances from HRarawala, Guanaja, Poptun, Culmi, Brus Lagoon
and Santa Clara generally grew well, but sources from Melinda,
Santos and Rio Co¢o were poor. <Coastal provenances (Karawala,
Alamicamba, Brus Lagoon, Pinar, Kuakuil and Melinda) generally
showed best stem skraightness. WMo provenance matched a
genetically~improved control for growth or stem straightness,
Several coastal provenances appear to have potential for
inclusion in the Queensland breeding programme.

ENQUETES PRELIMINAIRES PAR RAPPORT A
LA VARIATION ET AUX ACTIONS
RECIPROQUES PROVENANCES -
ENVIRONNEMENT DANS LE Pinus caribaca
MOR. VAR. hondurensis BARR. ET GOLF. DANS
DES TESTS INTERNATIONAUX DE

PROVENANCES IMPLANTES A QUEENSLAND
Resume

11 est question ici d'un compte-rendu et d*une discussion
pectant sur les données obtenues d partir d'un cnuﬁmble complet de
plontations, effectuées su titre des essais interpationaux de provenances.
On étudie, iei, 1'influence du site, des engrais et des provenances
dons les plantations cotibres du Qucenslsnd, ainsi que 1'importsnce des
interactions provenances-milieu d'introduction, sur la eroissance et

les coaractéristiques de qualité des tiges entre 5 ans % et 6 ans %.

Dans 7 des 10 essais effectuds, on a trouvé des différences
de croissonce parmi les provenances. On o découvert tris peu dfinteractions

évidentes provenance-engrais lors des 3 essais entrepris 4 cet effet.

Le taux de croissance verie sensiblement d'un site & 1'sutre
mais il est peu probable qu'® y ait des inkerférences au niveau
provenonce - site et cels maigré le fait qu'on en ait observd les signes
dans un sous-groupe d'essais portant sur un large éventail de sites. La
variotion de creissunce due & ces interactiens étalt cependant relative-
ment faible car des comparaisons entre les sites n'ont pas montré de
différences fondamentales parmi les classificatiens de provenances d'un
gite 4 1'sutre.

A 1*4ge de 6 ans, les provenances diffeérent. Quant 4 lo

Table 1. Details of multi-site provenance trlals of P. caribses var, hondurensis esvablished
in GQueensland, Australia in 1973
Itam bDetails
Site Cardwell Kenpedy Clemant Pinnacle Ayfiald Filictt Tuan Beecburrum
. R
gite 1 Site 2 §ikel Site 2 buee
Identifler can KES oLz PIR *Is BYR bYs ERR TUs BER
code
L{;;,“"“ 18%15: 18%10" 13900 2115 21915 22050+ 22%50° 25005 25%40° 27990
Hlavation 15 3 3 e 238 30 10 10 18 15
Soil ced qleyad sand/ deep yellow- qleyed lateritic gleyed podsol yleyod latveltle
group pedaolic Glay alluvium sand brown podsolic podsollc podsolic poduolic podoolle
podsalla
Hatural tall tald medium medium tall kall low med Lum tow kall
vegetation eucalypt tea~tree eucalypt eucalypt eucalypt eucalypt tea-tree eudalypt kea-trou cucalypt
site sloping flat Elat aloping Elat well- poor Ly=- Elat flat {flat
Lype well- poor ly- well~ well- pook Ly- dcalned drained well- poerly- well-
drained drained drained drained drained dralned dratned dralned
Annual 2030 7167 1131 1109 1109 1692 1697 1071 1334 1584
catnfall {(mm}
Length of
dey acaaon/— 5 H 6 s 5 4 4 g 2 2
{months}
:11““"9 /1 2/73 /73 4/ /1 1/73 1771 3/73 3/73 373
ate
Site plough mound rip rip rip pleugh plough rip plough plough
preparation deain mound mound plough mound
dratn drain
spacing im} 2.7 &% 2.4 2,7 x 2,4 2.7 Kk 2.4 2.7 x 2.4 2.7 x 2.4 2.7 x 2.4 2.7 4 1.4 2.7 % 2.4 2.7k 2.4 3.6 0x).0
rertilizerld g
Fertilizer Mg i1} MlEZH Hy{2) Hg i} Mg {2 Mail) H1(2) Mpl2) Mp(2) Mg " (9}
treatments Mpi2 Myt2) My 2 ML) My My f2) My t2)
Mg (2} My t2) Mg (2} Mg 12y
Humbes of 17 17 14 12 12 18 17 12 12 13
entrles
54 year data
mean height R.BY 3 8.13 B.55% 7.67 .32 8.25 7.92 8.3 6.68 9.44
im} (B&B]‘:’w (8.10} 18.55) (7.63) (7.29) 18.33} (7.9 (8.28) (6.67) 549
mean d.b.h. 12,33 3 11,82 12.75 10,34 10.27 12,29 11.86 12.72 10,65 14.97
{em) (12.35)"— {31.86) (2.7 (0.3 (10,21} (k2.22) {L1.82) {12.70) (10,62} {15.0M
A
Humber of wonths with rainfall less than 60 mm .
£ Hg = Hily M, = Superphosphate (P, Ca, 5 at 60, 44, 4 kg/ha); M3 = Hy plus N, K, Mg, S at 47, L3, 1}, 73 kg/ba)

Hy = My plus Cu, 2o, B, Mo, Ko at 4, 4, 4, 6, L kg/ha

&2 Bracketed value id the mean for set of 11 entrics comman to all triale
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Table 2, Petails of provenances of 'p

. caribaea var. hondurensis established

in multi~site trials in Queensland in 1973

Identifiec {ollection site

Site Collection
codei— Rumberd2

Humber of replications in Queensland l:ri..':ls‘f-l

CAR KEE CLR PIR PIS BYR BRYS ERR TUS BER

KUh Kuakuil, Hicaragua PCL
KAR Karawala, Nicactagua PC2
ALA Alamicamba, Nitaragua PC3
PIN Pinar, Nicaragua BCa
RIO Rio Coco, Nicaragua FCH
BiRY bBrus Lagoon, Honduras BCY
GUA Guanaja, Honduras BCB
POP Popkun, Guatemala PCE
BRI Los Briones, Honduras PCL2
LIM Los Limones, Kondugas PCL3
CuL Culmi, Honduras PFCl4
POT Potosi, Honduras BCLY
SCL Santa Clara, Wicaragua PCZ1
SaN Santos Pine Ridge, Delize pcis
MPR Mountain Pine Ridge, Belize BC20
MEL Melinda, Belize PC23
139 Byflield, Australia pC22
125 Byfield, Rustralia PC22

L Site . identifiers as glven in Table 1,

£2 Codes given by Greaves [1978),

3
at this location in 1969,

8

Quee¢nsland seed batch number.

K16 5 6 & - - 5 & - ~ H
K18 5 [ & 2 2 5 ¢ 4 5
K20 5 [ 4 2 2 5 [] 4 ] 5
{K21 5 5 - - - - - - - -
{KS2 - - - - & 6 - - -
K22 5 & 4 2 2 § 3 q 4 5
K58 5 6 4 2 2 Fl € q 4 5
K24 5 6 4 2z 2 s 4 4 5
K29 5 [] 4 2 2 5 6 4 4 5
K54 5. - - - - 5 - - - -
K56 5- [ 4 - - 4 [ - -
KS? s 6§ 4 2 2 5 6 4 4 -
KEQ 5 [ 4 2 2 5 [ 4 4 5
K6 L 5 ] 4 2 2 5 [ 4 4 5
e
K65 5 6 = - -~ 5 § = - =
66 T q 2 2 5 [] q 4 5
Riaunii - 6 - - - 5 6 - - 5
RIZSP“:i 5 [ (] 2 2 5 ] 4 4 5

Queensland seed batch number Eor seed ex NewCaledonia originally from a French collection

rectitude du fOt, sur tous les sites, on @ remarqué, d'une fagon géndrale,
que les provenances d'origine cobitre avoient en moyenne plus de
rectitude. On a observé également, parmi les provenances, des diffé-
rences concornunt I'hypertrophie terminale, les déformations du 1Ot
dues au vent, les Oobts fourchus, les branches dévides por le vent et la
résistance efficace au vent,

Rucune provenance ne s'est montrée supérieure aux nutres
sous lous les aspects et les différences entre les nleilAleureu prevenances
n'étaicnt géndéralement pas tris importanten, les pravenoinces du
Karawaln, Guanaja, Poptun, Culai, Brus lagoon et Santa clara onk,
dans 1'ensenble, une bonne creissance alors que celles de
Melindi, Santos el Rio coco sont de mauvaisc venue. Les provenonces
d'origine edtitre (Karawsla, Alemicamba, Urus legoon, Piner,
Kuakuil et Melindu) oni généralement une meilleure rectitude de Fot,
Augune pravenonce nfs présenté une amélioration génétique sensible
de croissanca ou de rectiftude du oL, )

Plusieurs provenances d'origine c6tidre semblent &kre
sulfisemment intdérousontes pour faire partie du programme d*omélic-

ratien de Queensland.

INTRODUCTIOGHN

Provenances of Pinws caribaea Mor. var. hondurensis Barr.
and Golf. are being evaluated under a wide range of environmental
conditions in coastal Queensland as part of the international
series of provenance trials coordinated by the Cammonweal?h
Forestry Institute, Oxford. It is considered that Fhe trial
environments sample a major proportion of those available for
or being planted with P. caribaea var. hondurensis in
Queensland.

These multi-environment trials have several objectives.
One major aim is to investigate differences betwe@n.provenancgs
in productivity and agaptation to Queensland conditicns, and in
particular to determine the extent of provenance-environmental
interactions, This information will assist in choosing the
best provenances for future breeding use, an@ in defining an
appropriate breeding strategy for incorporating such material
into the Queensland programme. This paper reports some early
results of these trials.

MATERTAL A N D METHODS

Ten trials, all in coastal Queensland, were establishgd in
the field early in 1973, Their localities are documented in
Table 1. The trial sites range in latitude from 1895 to 27°s,

and all are subject to periodic, destructive cyclonic winds,
The trials sample a range of edaphie¢ conditions including well-
drained and poorly-drained soils of varying fertility status.
Combinations of three fertilizer treatments were applied in
seven of the trials to give a total of 21 site-fertilizer
environments (Table l}. HWikles {1978) provides further details
about the design, estazblishment and management of these trials.

A total of 16 provenances, @rawn principally from the
Kemp collections of 1970-71 (Greaves 1978), and two Queensland
contrel seedlots derived from the Belize Mountain Pine Ridge
brovenance werg established with a varying number of entries
in each trial. The entries in each trial are detailed conpre-
hensively in Table 2.

The trials were measured annually until 1976 (age 3%
years). These resuits have been summarized by Nikles (1978},
All tr@als were remeasured in the cool, dry season of 1978 at
approximately S5k years of age., The diameter at 1.3 m {d.b.h.}
and height of the interior 25 trees of each plot were recorded
in each trial, apart from the Beerburrum trial where all ten
trees of each plot were measured. 1In additien three trials
were subjected to a standardized comprehensive assessment
developed by an officer of the Commonwealth Forestry Institute
with local assistance in early 1979 {age & years) (Barnes,
Gibson ang Pardey 1980). These ware the trials identified as
CAR, BYR and BER in Table 2. To supplement this, four of the
rgmazning trials (KES, BYS, ERR and TUS) were assessed in
nid-1979 (age 6% years) for straightness (1-5 scaite), presence
of stem kinks, forks, and ramicorns and the incidence of
‘foxtailing® (branch-free lengths of stem in excess of 2% m) .
Three of the trials were also assessed for wind resistance
(1-4 scale) at 6% years (KBS) or 7% Years (BYR and BYS). The
respits presented or discussed in this paper are restricted to .
the traits d.b.h,, height, a derived volume index, straightness
and incidence of foxtailing.

For the 5% year data plot means were obtained for d.b.h.
and height, and a volume index calculated for each plot by using
these means in the eguation

Volume = 2.47281 (d.b.h.}2 height.

hnalyses of variance of this index, along with plot mean d.b.h,
and height were conducted on the data from individual trials.
Variation within plots based on data from individual trees was
not obtained in these analyses, and Provenance means were
estimated from unweighted piot means. In twoe trials {CAR and BYR)
the single replicate of the fertilizer treatment Mg was not
included in the apalysis of variance.

Analyses of variance of data from the assessments made in
cooperation with the CFI, Oxford were at the individual tree
level where appropriate, as were those for the supplemental
assessments at 6% years.

Ta investigate provenance-site interactions, the data
were pooled across trials to give several balanced arrays of
Provenances and sites, and analyses of variance were conducted
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Provenance meansﬁl for 5.5 yr DBH {cms) ranked within each of 10 sites in Queensland

Table 1.
2 . .
LARS—= KES CLK PIR PIS BYR BYS ERR TUS BER
L35 1314 125 12.97 GUa  13.93 125 10.95 125 1l.16 125 14.67 125 12.78 125 13,862 ALA 11.36 SCL 16.121
BRI 13,07 GUA 12,51 SCL  13.41 KAR 10.485 GUa 11.13 GUA  13.96 POP 12.78 Gua 13,31 CUL 11,00 125 15.88
POP  12.81 CUL  12.46 125 13.31 POP  10.85 POT 11.13 BRI 13.47 MPR  12.48 EOT 12.98 125 10.96 POP  15.81
POT 12,81 MPR  12.44 POP 13,12 POT 10.82 cuL  10.%2 POF  13.35 130 12.28 UL 12.91 FOT 10.%0 GUA  15.65
ALR 12,77 RIO 12.33 KAR 12.97 SCL 10.69 POP  10.64 CUL  13.27 CUEL  12.2B ALA 12.85 POP 106,76 POT 15.50
KAR 12.72 BRU 12.13 FOT 12,86 CUL  10.60 SCL 10,56 SCL 13.13 POT 11.98 SCL 12.72 SCL 10,86 BRU 15.12
MPR  12.86 POP 22,10 CUL  12.73 RIG 10.39 BRU 10.44 ALA  13.08 BRU 1l.96 HEL  12.70 Gua  10.64 KAR 14,99
SCL lz.51 5CL 12.01 BRy 12.67 GUA 10,18 HEL 9.97 130 13.0% SCL 11.89 KAR 12,66 MEL 10.63 130 1a,71
MEL 12.20 KAR 11.97 LM’ 12,62 ALR 9,98 RIC 9.61 MPR  12.99 Gua  11.87 POP 12.63 BRU 10.48 ALA 14,49
KUA  1Z.1% KUA  il.8l RUA  12.45 MEL 9.75 SAN 9.25 POT 12.90 KAR  11.65 BRU 12.50 KAR 10.20 RIC 14.34
PIN 12.12 PIN 1l.68 MEL 12.40 SAN 9.52 ALA 9.23 BRU 12.60 Xya 11,51 RIO 12.19 RIO 10.10 KUA  14.08
CUL  l2.06 130 11.67 SAN 12.26 BRU 9.49 KAR 9.20 PIN 12.51 LIM  11.%0Q SAN  1l.354 SaN  10.0%9 SAN  14.07
GUA  12.03 ALA 11,37 ALA  11.93 RIQ 12.51 MEL 11.37 MEL 13.74
BRU 11,92 SAN  11.23 PIN 11.82 KAR 12.44 ALA  11.32
LIM 11.72 MEL  10.93 SAN  L2.19 RIO 11.22
SAN  11.19 POT 10.79 MEL 12.14 SAW  1ll.l8
RIO 11.17 LIM  10.49 KUA  12.14 PIN  Ll.1l2
LIM 11.83
1 2 12.73 10,34 10.27 12,30 11.84 12.72 10.565 14.57
1.44 1.67 .38 2,20 1.14 ¢.82 0.72 1.16 ¢.77
10.5 9.0 6,0 9.7 6.1 6.9 4,3 1.5 4,0
ﬁl?‘ i : ' : . .
eans are based on numbers of replications per site as given in Table 2,

2 Site and provenance identifiers as given in Tables ) and 2.

to test for the cccurrence of provenance-site interactions,
Consistency in the ranking of provenances across sites for
individual traits was examined by calculating pairwise correl-
ations between sites using the set of provenance means common
to each pair of sites.

RESULTS

Indivw

ANWED DISCUSESION
idual Triales

pifferences in the growth of provenances were apparent
in seven of the 10 trials. These are documented in Table 3
and Table 4 for d.b.h. and height respectively. Provenance
means for volume index are not tabulated because it is thought
the estimates may be rather imprecise for such small trees of
diverse provenances., However, these data have been analysed
and used in the correlation studies. The trials of lowest
productivity (PIR, PIS and TUS) failed to differentiate the
responses of provenances clearly although for the Pinnacle
trials (PIR and PIS) this was partly a function of insvfficient
replicatien. Differences in height growth generally were most
strongly expressed, judging from the relative sizes of the mean
squares obtained in the analyses of variance. Mo clear pattecn
of the influence of sites in discriminating among provenances
was apparent, except that low productivity at a site generally
limited the expression of the potential of provenances.

Significant responses to fertilizer were obtained for
d.b.h., height and velume index in the two trials at Byfield
(BYR and BYS) and for height at Clemant (CLR}. There was
littie indication of provenance-fertilizer interactions for
growth, apart from their cccurrence at Clemant. In this trial

they occurred for d.b.h,., height and volume index and were

mainly attributable to marked positive growth responses to
fertilizer My for the coastal Karawala (EAR} and Alamicamba
{RLA} provenances, and a cotresponding negative response for
the Los Limones {LIM) upland provenance. The cause of this
interaction is unknown, but is regarded as unimportant since
the weight of evidence from the other trials suggests a lack
of such interactions in general.

Provenances differed in stem straightness in all trials
assessed at age 6-6Y% years {Table 5). Coastal provenances were
straighter on average, and had a higher proportion of trees rat-
ing weli for stem straightness. Differences among provenances
were also present in some trials for incidence of wind kinks,
ramicorn brahching and forking. 1In three trials,differences
among provenances for wind-resistance were also apparent, with
ceastal provenances generally more resistant. This aspect is
documented fully by Wikles, Spidy, Rider, Eisemann, Newton and
Matthews-Frederick (1980). Incidence of foxtailing also varied
among provenances, and was prevalent in the most productive trials
{Table 6), particularly at Beerburrum (BER} and Elliott River
(ERR) . In general coastal provenances had a higher incidence of
‘foxtailing although Guanaja (GUA), Melinda (MEL) and Santos (SAN)
tended te have an average or lower incidence.

Across Sites

The wide variation in growth across sites {Table 1}
provides the opportunity to investjgate the occurrence of
provenance-site interactions. Analyses of variance Ffor
several subsets of provenances and sites are presented in
Table 7. These indicate little evidence of provenance-gite
interactions for growth across the four most extensive trials

Table 4, Provenance meansﬁl for 5.5 yr height (m

ranked within each of 10 sites in Queensland

CRRQ KES CLR PIR PIS YR BYS ERR TUS BER

125 9.53 BRU 9.10 BRU 9.09 POP 8.19 125 7.99 KAR 10,02 125 8.49 ALA .39 ALA 7.43 SCL 10.02

KAR 9.47 125 9.064 125 9.03 125 8.10 . BRU 7.71 125 9.56 BRU B.¢2 125 8.80 125 7.05 bRy 9.89

ALA 9.40 HPR 8.64 Gua 8.89 CuL 8,11 CUL 7.89 GUA $.06 MPR B.24 BRUY B8.68 cuL 6.84 125 9.84

PIN g4 RIO 8.3% SCL B.84 SCL 7.86 POT 7.66 ALR %.02 KAR 8.1¢6 KAR B.43 PQT 6.78 KAR 9.79

BRU 9.12 PIN B.55 CuL 8.69 KAR 1.79 GUA 7.59 BRU 9.0Q0 POP 8.15 cuL B8.43 5CL 6.75 GUA 9.69

MPR F.11 cuL B.54 KAR 8.67 ALA 7.0 poP 7.57 POP 8.94 cuL 8.12 GUA .42 MEL 6.74 ALA 9.56

5CL 3.04 KAR B.33 KUA 8.67 POT 7.68 MEL 7.47 CUL - 8.92 ALA 8.0) 5CL 8.35  GUA 6.73 POP 9.51

POR 5.02 Kua 8.32 rop 8.61 RIO 7.58 SCL 7.44 i30 8.88 KUA 7.986 FOP 8.4 BRU 6,66 POT 9.40

BRI 8,98 GUA 8.26 POT 4,52 GUA 7.53 RIG 7.01 MPR 8.80 PIN 7.94 PQT 8.26 KAR 6.56 RIQ 9.32

KUA 8.92 SCL 8.12 LIM .29 MEL 7.47 KAR 6.89 PoT 8.69 Gua 7.51 RIO T.%4 EBOP 6.52 110 g.23

POT 8.8¢ _ POP 6.11 RIOC 8.27 BRU 7.31 ALA 6.64 PIN f.6% SCL 7.81 MEL 7.91 RIO 6,40 Kua 8.0%

cuL 8.74 ALA 8.0% ALA 8.20 SAN 6.69 SAN 6.17 RIO .60 POT 7.19 SAN 7.04 SAN 5.73 HEL 8.7%

MEL 8.683 139 B.04 MEL B.08 SCL 8.51 RIO 1.76 SAN a.61

GuA 8.59 MEL 7.26 SAN 7.88 KUA 8.46 130 779

LIM 8.21 POT 7.16 SAN 8.31 MEL 7.64

RIO 8.1l LIM '.'.1(_) MEL 8.29 LIM 7.4%

ShN 7.74 SAN - 7.00 BRI B.16 SAN 7-14

LIM 7.87

MEAN  B.86 8,13 .58 7,67 731 8,76 .30 .68 347
LSD &.05 Q.74 1.13 1.46 1,10 1.49 0.78 0.48 0.57 Q.71 0.58

VLY 5.8 12.0 2.9 6.5 9.3 6.2 5.2 1,7 7.2 1.8

£ e . ;

eans are based on numbers of replications per site as given in Table 2.

2 .. .
a Site and provenance identifiers as given in Tables 1 and 2.
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N . . . . . 2
Table 5. Provenance meansli for stem straightness score ranked within each of 7 sites in Queenslandé—

Cnnéa KES BYR BYS ERR TUS BER
125 14.865 135 2,30 125 10.13 125 2.22 125 1.55% MEL 2.03 KUA B.38
PIN 11.56 BRU 1.86 MEL 9.72 Kua 2.16 MEL 1,89 KAR 1.890 125 8.07
MEL 10.41 PIN 1.86 Kua  B,07 PIN 2.12 KAR 1,78 125 1.89 ALA  5.32
KUA 10,29 KUA  1.84 BRU  7.97 RIO 2,08 BRU 1.75 RIO 1.85 MEL 5,20
ALR §.46 130 1.82 SAN 7.80 BRU 1.98 SAN  1.74 BRU 1.84 KAR 5,15
KAR §.09 RIG 1.67 RIO 7.05 KAR 1.92 ALh 1.6% ALA  L.77 RIO 5.00
BRI §.06 KAR 1.66 ALA 7.01 SAN 1.92 SCL 1.61 SAN 1.73 GURA  4.65
BRI B.97 POP 1,59 KAR 6,95 MEL 1.B3 RIC 1.6l GUA .66 BRU  4.62
SCL 8.72 ALA 1.58 PIN 6.92 ALA 1,88 CUL 1,60 POP 1.66 130 4.34
FOP 8.46 MEL 1,55 130 5.73 POP  1.77 TPOP  1.48 5CL 1,63 5CL  4.22
RIO 8.29 MPR  1.54 GUA 5.36 13¢ 1.76 GUR 1.42 POT 1.52 SAN  4.22
LIv 8.28 Gua  1.51 POP 5.36 GuA 1.74 POT 1.32 CUL 1.48 FOP 3.98
MPR  8.14 UL 1.50 MPR 5.09 cuoL 1.4 POT 2.88
GUA  6.97 SCL 1,49 LIM  4.72 MPR 1,74
CUL  6.94 SAN 1.46 CUL  4.07 SCL 1,70
SAN  5.08 LIM  1.40 SCL  3.85 LIM 1,56
POT  4.91 poT 1.27 BRI  3.73 BOT 1,49

POT 3.67
MEAN 8.78 1.67 6.29 1.88 1.65 1.75 5.08
LSD 0.05 2.07 0.23 1.98 0.19 .33 0.17 1.78

& Means are based on numbers of replications per site as given in Table 2.

KEZCAR, BYR and BER sites were assessed at 6.0 years using CFI, Oxford scoring system:
KES, BYS, ERR and TUS sites were asbessed at 6.5 years using Queensland Forestry scoring system.

2 Site and provenance identifiers as given in Tables 1 and 2.

{subset I} at Cardwell, Kennedy and Byfield. Extending the
range of sites to include trials at Elliott River and Tuan
"{subset II) did not result in provenance-site interactions,
but inclusion of data for the Clemant and Beerburrum trials
(subset IV) gave evidence of provenance-site interactions for
d.b.h., height and volume index (Table 7). However, variation
attributable to provenance~site interacticns appeared small in
relation to variation among provenances, based on a comparison
of components of variance estimated from the mean sguares in
Table 7, Correlations between pairs of sites are presented in
sTable 8. These are generally positive in sign and appreciable
"in magnitude for all traits and indicate that the rankings of
provenances were not altered substantially across sites. This
was particuelarly 50 for the gualitative traits stem straightpess
and incidence of foxtailing, for which correlations were
predominantly greater than 0.6. These data suggested that

provenance-site interactions were generally unimpertant in
considering the performance of provenances across sites.
indication, coupled with the lack of provenance-fertilizer
interactions, suggested that provenance-environmental inter-~
actions in general aré not a significant factor in the adaptation
of provenances of P. caribaea var. bondurensis to Queensland
conditions. This should reduce the complexity of choosing
apprepriate provenances for breeding, although these findings
need reappraisal as these trials mature,

This

. NG single natural provenance was superior across all
sites, but differences in growth among top-ranking provenances
were génerally small at 5% years of age. Provenances from
Karawala, Guanaja, Poptun, Culmi, Brus Lagoon and Santa Clara
generally grew best and were comparable {(Tables 3 and 4.
Those from Melinda, Santos and Riec Coco ranked relatively

Table 6. Provenance meansZl for percentage of foxtails ranked within
each of 7 sites in Queensland/Z

cnnl®

KES BYR BYS ERR T0S BER

BRU 49 BRU 3§ PIN 32 BRU 35 BRU 35 RID 41 KAR 51
PIN 41 RIC 32 RIO 32 RICG 31 RIO 54 ALA 37 ALK 48
CALA 33 FIN 28 BRU 26 ALA 20 RLAE 52 POT 31 BRU 4B
RIO 33 KAR 27 CuL 23 FIN 30 KAR 28 BRU 30 RIC 46
KAR 30 ALA 24 ALA 20 KAR 28 POP 45 MEL 29 FOP 43
BRN 25 Kua 21 EAN 20 Kya 25 SN 39 PoP 24 KUA 41
Kua 24 CuL 20 KAR 19 SAN 24 cuL 31 KAR 22 HEL 35
MER 23 MPR 19 BOP 19 POP 23 POT 24 <oL 20 130 32
GUA 21 SAN 17 MPR 1B MPR 23 125 23 sSmaN 19 GUA 29
BPOP 18 MEL 16 KUA 15 cuL 22 Gua 22 GUA 17 SCL 26
POT 17 Gua 16 8CL 15 FOT 20 MEL 21 5CL 17 125 26
CuL 15 POP 15 GUa 12 GUAR 1% SCL 19 125 17 SAN 24
5CL 15 SCL 12 POT 12 MEL 17 POT 22
125 15 120 14 125 9 130 12

MEL. 13 125 9 MEL B SCL 12

BRI a PCT S 130 8 125 1l

LIM 6 L1 5 LIM 1 LIM 4

BRI ]
Mean 23 1% 16 21 36 25 36

P43 Means are based op numbers of replications per site as given in Table 2

2 CAR, BYR and BER sites were assessed at 6.0 years using CFI, Ox[or§
system, KES, BYS, ERR and TUS sites were assessed at. 6.5 years using
Queensland Forestry system.

£ Site and provenance identifiers as{given in Tables 1 and 2.

Table 7. Combined analyses of variance for d.b.h., height and velume index
at 5% years across cites and provenances for different subsets of
provenances,. fertilizers and sites: Subset I - 16 provenances
across d trials CAR, KES, BYR and BYS/l; Subset 11 - 12 proven-
ances acrese 6 trisls CAR, KES, BYR, BYS, ERR and Tusdi;

Subset I1II - 1l provenances across 7 trials CAR, KES, BYR, BYS,
ERR, TUS and BERﬁég Subset IV - 11 provenances across § trials
CRR, KES, BYR, BYS, CL®R, BRR, TUS and BE
Source of Mean sguares
subset variation as 3
d,b.h. (em) height (m) volume index {dm
I Sites (5) 3 36.560 26.130% Not available
Reps/sites 12 22.943%%*% 11 288**x
Provenances (P} 15 4.,600%%* 3,160%*
PxE Lk 2.828 0.450
Error 180 @.807 0.439
11 sites {5} 5 39,237 33.723% 2033,0%
Reps/sites 18 15,9984 T.934%%% F24LTREE
Provenances (P} 11 5.385% %% 4. 4124%% 33L.5%4%
Px8s S5 0.722 0.428 35.6
Error 198 ‘0,621 2,347 3z.0
TIT Sites (S} 6 G6.242% % 40.506%* 5496, 5h**
Reps/sites 21 13.297kw4 [0 A 609, 1h%%
Provenanges (P) in0 T.441%* 5.3T3x*s G994, GEEw
Px8 60 0.796 0.417 46.6%
Error 216 0.620 0.308 32,5
ha's Sites (S) 7 67,0405 %% 30,756%F% 4112, 6%%%
Reps/sites 24 5,086 ** 2.757%4 31g.ThEx
Provenances {P) 10 B.2BD*%* 5.9288%% 595, TEAk
B x5 ki 0.914q¢ 0.442% 56.5%
Etror 240 0.654 ¢.203 38.2

a4 My and M, fertilizer levels only

L2y and My fertilizmer levels at CAR, KES, BYR, 5YS and TUS: My and M, at

ERR
2 A5 for Subset IT plus 4 of 5 replications at BER
4 M1 and Mg fertilizer levels at CAR, BYR and TUS; My and My at KES and

BYS; Mg and ¥, at CLR and ERR, and 4 of 5 replications at BER

66




poorly, as did provenances from Kuakuil, Pinar and Los Limonas.
The Alamicamba provenance.was also slightly less vigorous than
other top-ranking provenances. Mountain Pine Ridge provenance,
the source of ipitial Queensland seed introductions, was
included in four trials (Table 2} and was comparable in growth
to Lhe best provenances. A genetically-improved population
(125), derived from Mountain Pine Ridge provenance in the
Queensland programme and jincluded as a control inm all 10 trials,
generally out-grew all other provenances.

Coastal provenances (Karawala, Alamicamba, Brus Lagoon,
Pinar, Kuakuil and Melinda) generally showed better stem
straightness across sites (Table 5). However, coastal sources
such as Brus Lagoon, Karawala and Rio Coco also exhibited
- greatest incidence of undesirable foxtailing (Table 6). The
genetically-improved population (125) ranked first for stem
straightness at four and second at the other three trizal sites.
The mainland coastal provenances and 125 were superiocr to
inland provepances in windfirmness at the three sites where this
trait was assessed (Nikles et al.l1%80),

The genetically-improved population 125 was top-ranking
or nearly so for all traits at all sites and was thus the
highest-yielding and best-quality material in the trials
overall. It bhad been developed as a synthetic variety in
Queensland during the 1960s through selecting parents (within
a large population equivalent to provenance MPR of the present
trials} and establishing them in a clonal seed producticn area.
The same improved population is represented in the international
trials in several other countries, and observations by one of
the authors {Dr D.G. Nikles} in 1977, 1978 and 1980 showed that
it maintains its superiority especially in stem quality at
almost all test sites., This stability of superior performance
of 125 across many sites further suggests that provenance-
environmental interactions are of minor importance,

It iz believed that the substantial genetic gain
demonstrated in these trials by the difference between
provenance MPR and population 125 could also be achieved
through selection within large populations of one or more
of the better natural provepances, particularly such
promising mainland coastal provenances as Brus Lagoon and
Karawala which were egual to MPR in growth but significantly

superior in stem straightness and wind-firmness,

It appears, therefore, that there are a number of options
for future breeding strategy with P. caribaea var,. hondurensis
in Queensland, These options would include advanced-generation
breeding within the already-improved populations of MPR
provenance, intensive selection within large populations of the
better mainiand coastal provenances, or combining superior
genotypes from a range of desirable provenances.

conNCLUSIOCUNS

Early results from these multi-site trials of provenances
of Pinus caribaea var. hondurensis indicate that few proven-
ances are outstanding in all respects. However, a few of the
coastal provenances appear to have a higher frequency of gene
complexes conditioning straightness and wind-resistance in
combination with acceptable vigours “Differences betwean such
provenances are generally small, and it appears that introduction
of the bestof these into the Queensland breeding programme
provides a means for broadening the genetic base of the variety
in Queensland, and possibly of obtaining extra gains in stem
quality.

satisfactory adaptability to most Queensland growing conditions
can be made. This should simplify the breeding procedures
required to incorporate new provenance material into existing
breeding popuiations. The best means for achieving this may be
to undertake intensive selectiocn within large plantation
populations of desirable provenances, followed by inter-crosaing
with the best local genotypes Lo intrograess desirable genes into
current breeding populations of MPR provenance as quickly as
possible. L
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Pairwiae Interclass cocgelation couificients for d.b.Db., height, volume index, stem straightness and ingidence

Table 0.
af [oxtalling, among 10 provenance tcials at ages 5%, & or 6% years, based on the wubset of 1t to 17
provenances common te cach pale of rrials
’.l'rl.)ld KU CLA PIR P15 [Thg:0 BYs ERE ™S [LEMCY
e o, 2282 0,58 6.64 0,47 0,64 .69 0.80 5,68 0,64
a.40 0.60 BN T 0,48 u.74 0.86 0,91 8.77 [
o206 2 0.461{14) 0.65(12) 0.3 (121 0.82¢171 0,67 {16} 0.78{12) 0.60(12) v el
[ N1 - : - - 3,60 o.70 0.72 6.53 0,00
0.51 - - - 9,81 8,89 0,82 4,50 0,68
LS 0.31 0,15 0.36 071 8,50 9,37 -0.04 4,50
2.15 0,48 a.45 o.71 0.8% u.68 0.17 0,69
2,50(14) G.40¢12) 9,33{12) 0.70(17} 0.64¢17) 9.51{12) ©.11{12} 0.54(13
- - - ¢.68 0,81 0.58 0.54 0.76
- - - o.84 0.92 9.84 0,54 - .92
oL 0.45 0,70 0,58 0,55 0.61 o.14 g.81
0.52 0,78 0,63 9,80 0.0 9.31 ¢.81
0.44(12) 0.74(k2) a,67(14) 0,874} 0.62(12) Q.16112) D.ELY)
vin 0.42 2,57 v.62 0.54 0,25 0.68
0.6 0.67 e, 9,69 0.82 064
0, 4912} 0.83112) 0.69{12) . 0,53(12} 0.37(12) 0,63 {LL
PIS ¢, 13 0.76 .69 0,42 0.75
o.34 0.65 0.56 0.45 0,52
0.50(12) 0.74112 0.85(12 9.37(12) 0.63{11}
6.70 8,81 0.58 o.72
e 0.78 0.76 0,45 u.72
0,75(17) 0.83 (12} 0,49 {12) 0.72(13
0,82 0.86 0.8% g.10
0.82 0.82 0.4% 0.61
0.62 G.43 0,73
oS 0,50 (3] 0.77
0.72(12) §,42(12) 0.72¢13
0,78 e.74 Q.85
0.93 0.64 0.77
0.68 0.60
S
o 0.8 Q.83
0.75{121 0.67(11)
2.77 0.7
0.5% 0.84
0.33
TUS 0.54
2,34011)
9.66
9.54
& 5ite identifier as glvan in Tabla L.

2 :
2 Caccelatlong in the ocder d.b.h., helght, volume index, stem &stralghtnesa and incidence of foxtalling

£ yumber of pravenances on which the corcelation is baaed,
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The general lack of provepnance-environmental interactions
for this exotic material suggests that choices of provenances with
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AVALIACAO DA VARIACAQ E DAS
INTERAGCOES FAMILIA x AMBIENTE EM
TESTES DE PROGENIE DE Pinus caribaea MOR.
VAR. hondurensis BARR. E GOLF,,
IMPLANTADOS EM VARIOS

SITIOS DE QUEENSLAND, AUSTRALIA

R. L. Eisemann and D. G. Nikles
Department of Forestry
AUSTRALIA

Resumo

A variagio e as interagbes familia x smbiente
para populagdes constituidas por famliias seleclonadas de Pi-
nus carfbaea var, hondurensds, vegetando como espécie exdtica
va-

de
testes de progénie, um de famIlias de meios irm3os, aas 7 1/2

no litoral de Queensland, estdo sob estudo em ensaios em
rios sitios. Os resultados encontrados para duas sdries
anos, & oubre de irmdcs germancs, acs 4 1/2 anos, sio examina
dos visando dogumentar os efeltos dos sltios, adubagdes, fami-
Os
resultados das duas séries de testes de progénies implantados
em F1jl e no Territdrio Norte da Australia, foram

lias e a importdncia das interagdes familia x ambiente,

considera-
im-
No estudc das progénies de poliniza

dos conjuntamente com as séries dos de polinizaglc livre
rlantados em Queensland,
¢3o livre encontravam-se

crescimento e retidac do

diferengas geralmente amplas,
tronco, entre sitics e famllias
As interagtes fam{lia

em
am
sitio
contribuiram

todos os testes implantados, =
também ocorreram, mas estes efeitos geralmente
com mencs de 50% da variaqio entre familias (em média para os
sitios).

sItics, geralmente indicam boas assoclagbes entre o comporta-

Correlagdes entre médias das famllias para pares de

rento da familia, o gque determina gue a classificagdc das fa-
nilias seja relativamente consistente entre os sltics. Estas

correlagbes foram mais fortes para DAP e volume do. gue para

itura. Porém, famillas e sItios parecem interagir mails sig-
nificativamente para DAP e volume do gue para altura, Os va-
lores das correlagfes entre sitios para estes trés caracte-

res, foram levemente inferiores quando os resultados dos tegw

tes de Queensland foram correlacionades com aqueles de Fijl
e Territdrio Norte.
Op resultados para os testes de Lrmios germa-

nos indicaram grandes diferengas em crescimento entre famili-

as e sitios. BAs respostas das fam{lias & adubagic foram ob-

soarvadas, mas estas dapenderam do sitio, Nico houve evidéncis
familia x

das interag¢Ses familia x adubagho.
sitio foram observadas para D.A.P., altura e volume, mas a va

28 interagdes
riéncia das interacSes familia x sitio fol geralmente, em mé-—
dia, menor que. 50% da varidncia entre familias nos sftios en-
volvidos, Correlacdes entre pares de localidades para
trés caracteristicas foram geralmente fortes.

estas
Este fato con-
duz & conclusdo de gue as interacdes familia x sitio nio alte
raram Eubstanéialmente a classifiéacéo das familias de'um ei-
tio para o outro., Comparacdes entre'os resultados dos testes
de polinizacac livre e de irmios germancs sugerem que a magni
tude das Interacdes familia x sitio foram simlliares em ambos
estudos. ’

25 indicagdes preliminares destes testes multd
-sitios, s3o de que as inieracées fam{lia x ambiente nie sdo
um fator significative dentro éas diferengas entre familiaé,
para toda a amplitude de sitios e/ou tratos cultu;éis. Essa
concluséo, tem implicacdes para a estratiégia do melhoramento
¢ para produgdc de sementes. Elas ndo dio suporte significa-
tivo para a regionalizagic do prograﬁa de melhoramento em Que
ensland; e elas também sﬁgerem gue 0s pomares de sementes po-
dem ser compostos com o objetivo de suprir uma grande amplitu
de de sitios, Os resultados indicam, também, que 05 progra -
nmag de melhoramento utilizande material genétice local e de
intercimbio internacional, pelo menocs ao nivel de famflias de
polinizagdo livre, podem ser incluidos, sem o risco Ge perdas
sérias no.comportamento do material através da perda de adap-

tagdo,

AN EVALUATION OF VARIATION AND
FAMILY — ENVIRONMENTAL INTERACTIONS
INMULTI—SITE PROGENY TESTS OF Pinus
caribaea MOR. VAR. hondurensis BARR. AND
GOLF. IN QUEENSLAND, AUSTRALIA

Summary N

VYariation and family~envirormental) interactions for populations of

selected families of Pinus caribaea var. hondurensis grown as an exotic

plantation species in coastal Queensland are under investigation in muiti-

site trials. Results for two series of progeny tests, one of open-pelilinated

families at 71/2 years of age, and the other of fuli-sib families at

4112 years of age, are examined to document the effects os sites, fertilisers

and families and the importance of family-environmental interactions. Results

for triais established in Fiji and the Northern Territory of Australia in
conjunctions with the open-pollinated series in Queensland are alse considered.

In the open-pollinated study, there werc generally large differences
in growth and stem straightness between sites and families in-all tests
Famity-site interactions also accurred, but these effects generally accounted
for substantially less than 50 per cent of the variation among families onaverage

across sites. Correlations of family meane for pairs of sites
generally indicated good associations of family perfommance
and implied that the Taoking of families was relatively
consistent across sites. These correlations were stronger
for d.b.h, and velume than for height. However, families
and sites did not appear te¢ interact more strongly for
keight than for d.b.h., and volume. The magnitude of
correlaticns between sites for these three traits were only
slightly reduced when the results of Queenslend trials were
correlated with those of comparable trials in Fiji and the
Northern Territory.

Results for the full-sib study also indicated large
differences in growth between families and sites. Responses
of families to fertiliser were cobserved, but thece depended
on the site. There was no evidence of family-fertiliser
interactions. PRamily-site interactions were observed for
d.b.he, height and volume, but the variance of family-site
interactions was generally less thao 50 per cent of the
variance among families on average acToss sites. Correlstions
among pairs of sites for these three traits were generally
strong. This implied that family-site interactions were not
substantially altering the ranking of families from site to
site. Comparison of resulits from the open-pollinated and
full-sib progeny tests suggested that the extent of femily-
§ite interactions was similar in both studies,

The early indications from these multi-site tests are
that family-environmental interactions are not a dominant
feature of differences between families across a range of
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sites and/or cultural regimes., These findings have
implicaticns for breeding strategy and seed production. N
They do not strongly support regionnlisation of the Queenslang
treeding programme, and they alsc suggest that seed orchards
which cater for a breoad range of sites, climatically and
edaphically, cap be composed. The results also indicate .
that breeding programmes utilising locally and some internation-
ally exchanged genetic material can be adopted, at least for
open-pollinated families, without suffering serious losses of
performance through lack of. adaptation.

EVALUATION DE LA VARIATION ET DES
ACTIONS RECIPROCQUES {(FAMILLE —
ENVIRONNEMENT} DANS DES TESTS DE
PROGENITURE DE Pinus caribaea MOR. VAR.
hondurensis BARR. ET GOLF.,

IMPLANTES EN PLUSIEURS SITES

DE QUEENSLAND, AUSTRALIE

Resume

Dans plusicurs essais en différents milieux,-on a entrepris
des recherches sur lo variation et les interactions, vuridté - miliecu
pour des pepulations de voriétds sélectionndes dv Pinus cacibeen,
var., hondurensis, poussoni en tant qu'espices exotiques sur la
cote du Quecnslond, Les résultats de 2 séries d'essais de descendunice
portant }'une sur des varidtds A ﬁollinisation libre a 1'age de
7 ans %, et lfautre sur des veriétds consanguires b 1'8ge de 4 ans 4,
naus permettent d'examiner les effebs du lieu d'implaniation, des
engrais et des variélds, ainsi que 1'lmportance des interactions
variété - milicu.

Les résupltats des premiers essais enktrepris aux Fidjis et

dang le Northern Territory en Australie, conjeintement avec les
séries » pollinisation libre du Queensland, sonk auvssi pris en
considération.

INTRCDUCTION

Breeding work with Pinus caribaea Mor. war. hondurensis
Barr. and Golf. {(Pch), which began in Queensland in 1955, has
escalated rapidly over the last decade in response to a rapid -

increase in the planting rate of this variety. This has
resuited in a vigorous, diversified progremme of *ree improve-
ment which aims to evolve genetically broadly-based populations
of Pch better adapted and higher yielding under Queensland
conditions. Evaluating provenances and families is a major
component ¢f this programme, and at present this has multiple
objectives which serve both to implement current breeding

plans and to refine those plansa.

In developing a breeding and seed preduchion plan and in
svaluating breeding populations, basie questions arise about
the role of genotype-environment interactions. Their occurrence,
which reflects differences in the adaptation of heterogenecus
genetic material 5o variable environmental conditions, may
influence the way in which better-adapted material is sought
through breeding and seed orchards are desiguned. In particular,
documentation of family-environmental interactions is important
btecause selected individual clones {genotypes) generally are not
used directly in reforestation but mated in some fashion for
either commercial seed production or development of the breeding
population. To achieve this, it is imperative that the
performance of families be evaluated across a representative
sample of envircnments,

Multi-site testing of progeny has been undertaken on a
large scale in Queensland since 1972 to investigate variation
in breeding populations and to assess the importance of
farily-eavircnmental interactions for both half- and full-sib
families. The aim is to acquire essential information eon
family-environmental interactions and the adaptation of breeding
populations, particularly in relation to eavironmental variation
across sites, for use in evelving seed orchards attuned to
specific productive requirements, in refining breeding objectives,
and in rationalizing progeny-testing itself.. In some instances,
the scope is broader, with the Queensland trials forming part of
an international cooperative investigation of Pch (Nikles and
Hewton 1980). Such cogperative, albeit infoymal, ventures are
a first attempt at exploring the question of family-environmental
interactions on a continental or even global basis,

Nikles, Haydock and Ratcliff (1978) reported results for the
growth of open-pollinated famjlies of Pch at 4% years of age in
a8 seriss of progeny trials in Queensland, Fijl and the Northern
Territory of Australia, and included an apalysis of family-
environmental interactions for 16 families across 6 sites using
Joint regression analysis (Freeman and Perkins, 1971). They
found that such interactions occcurred, bubt were small relative
to differences among lamilies across sites. This paper presents
some further results for two series of progeny tests in Pch, one
consisting mainly of open-pollinated families, part of which was
considered by Nikles et al. (1978), and the other of full-sib

Table 1. Detsils of multi-site open~pollinated progeny trials of P. caribaea var. hondurensis
sstablished in Gueensland, Australia in 1972.
Bite Cardwell (site 1) cardwell (site 2) Byfield £lliett Tuan
River
Hateriardd Set A Set B Set A Bet B Ges A Set B Bet (A+B}  Seb (A+B)
Triol CRA CRB CSA €SB Bra BRB ERR TUS
Latitude (°5) 182151 18°15° 18%15¢ 48%15 22%50+ 229501 25%051 25%u0¢
Elevation (m) 30 30 6 6 50 30 30 8
edoolic oy podoolic  lateritic latoritic granitic granitie latoritice gleyed
Sot group Eroy pocee froy ® podaolic podooiie colluvial colluvial podsolic podsolie
Natural dary dry sclerophyll pclerophyll  wet wat ary wallum
vﬁgctutiou secierophyll aclerophyll gclarephyll sclerophyll sclerophyll
Annual 0 2030 bl 1637 1471 1478
rainfall {mn} 2030 2030 2030 . 3 97
3ite Lype almest flat, well-drained almost {lat, svampy elight slope, well-drained ﬂ:&;ﬂen- :aggi;g.
Flanting date /72 2/72 2/72 2/72 1/72 4/72 4/72 3/72
Bite P ti 1 1oy high hi double double double mounding
ite Prepacation | plough pLovgh mounding mounding dise diac plough
Spaclng (@) 33 x 3.0 3.3 x 2.0 3.3 X 3.0 3.3 % 3.0 Tu% X 3.0 3.3 X 3.0 3.3 x 3.0 2.6 X 2.7
Number ¢f 1 50 20
sntrisa a4 y& 2 54 50 5#
7% gear data
moan height {=) 1318 11.91 11430 Ge31 12453 11.86 8.19 10,04
° B (13e1u)(2 (12:56) (10:59) (9ai5) (12:3%) (12,58) (Ba) (5.86)
oV 5.0 6.0 5.9 747 6.8 7.8 ) 5.6
mean dubeh,(cm} 17451 16.29 15,28 13.61 19 o115 18,89 13,55 14,95
(17.45) (16,18} (14.89) {13.70) (19.46) (19.50) {13.59) (14.,66)
V% 6.8 T2 8.0 8.7 5.9 7.9 7.4 7.3

£l ot number as given by ¥ikles (1973)

22 Bracketed valus s the mean {or the set of 5 entries common to all trdlals

6

9




Table 2. Details of milti-site full-sib progeny trials of P. caribaes ver. bondurensis
establisbed in Queensland, Australis in 1373
locality Cardwell Byfield Elliott River Tuan
Trial CR o5 BR ER s
e 8°151 18°151 220501 25%05 25%00
}D.E:g.tion a5 g %0 20 18
Soil Red Outwash Red Lateritic Gleyed
Group podsolic sand pedsolic pisclic podsolic
Hatural Tall Tail Tail Tail Low
Vegetation eucalypt tca-tr:ee_ eucalypt eucalypt eucelyrt
Annual
Rainfall 2122 2122 3705 1071 1314
(zm) - !
Bite type sloping, flat, slight slope, . flat, almost flat
well—drained sWwampy well-drained drained BWampy
Flenting 373 3/73 1773 ) 375
Bite plough rip plough plough plough
Preparation plough 1 mound
mound
| Breelee 3.3 % 3.0 2.7 % 3.6 3.3 x 3.0 3.3 x 3.0 3.6 % 2.7
rersitiserll | oy, my, Mys Moy gy My s My My
L, Hy Hye My Moy My Moy My gy My
thmber of
Pamilies bad b 64 &0 %9
44 year data
mean height {m) R 6.32 8,40 4,65 SeB%
(7.38)2 (6-20) (8:33) (4265) (5.57)
[+1'y3 5.3 6.4 5.8 £.6 6.3
cean d.b.befem)| 9.64 10,32 15.16 7.92 10.36
{(11.49) (10.17) {14.99) {7.90) {(10.37)
{957 5.9 6.5 S5 7.2 6.6

4 Hy = Fil; M, - Buperphosphate (P, Ca, B at &0, 44, 4 kp/ha);

My = K, plus R, & at 47, 58 kg/he;

H} = M, plus ¥, K, Mg, B =t 47, 113, 11, 73 W!

m-ﬁapluscu,Zn.B,Pm.I‘ioat#,lé,ﬂ,G,‘lkg/ha

2 Value in breckets is the mean for the set of 3% entries ecommon to sll triele

femilies, Doth established on a broad range of sites in coastal
Queensland. The effect of sites, Tertilizers and fsmilies are
documented, the ilmportance of family-enviroamental interactions
is investigated, snd scme implications of the results are
discussed.

MATERIAL ANDP MHETHODS

Cpen-pollinated Progeny Btudy

Nikles (1973) reporfed the establishment of a series of
open-pollinated progeny trials in Queensland, in conjunction
with trials in F1ji end the Northern Territory of Australia,
Some early results of these trials have been reported elsewhere
(Nikles et al, 1978). Seedlots were obtained from ramets in
clenal b s in Queensland, and from selected ortets in
Queensland and Fiji. The series of trimls established in the
field in Queensland in early 1992 involved 76 entries concisting
of 24 ramet seedlobs, 46 ortet seedlots (Queensland 37, Fiji 93,
2 full-sib families and 3 broadly-based control seedlots. The
entries were divided into two sets {Nikles 1973), Set A
consisted of ramet-derived open-pollinated families plus several
‘standard check entries, and Set B comprised ortet-derived open-
pellinated families plus ptandard check entries.

Ten trials were planted at six sites in Queensland, but
two triais on a poorly-drained site at Byfield were devastated
by cyclone in January, 1976 and have been abandoned., The
eight remaining trials are listed and briefly described in
Table 1. AlY were established as randomized complete block
designs with 48 replications of single tree plots with a
varying nuaber of entries per trial (Tadle 7)., The blocks
in each trial were stratified further into groups of six to
provide an alternative randomized block design comprising 8
replications ef 6-tree plots with the trees of each plot
arranged non-contiguously.

A1l trials were measured in the cool, dry seasons of 1976
and 1979 at 4% and 7% years of age approximately. Beight and

diameter at breast height (d.b.k.} 0f all living trees were
recorded, and trees were also assessed in 1979 for stem
straightness (1-5 scale of increasing straightaness) and other
traits including windfirmness, incidence of foxtailing, forking
and other branching characteristics. Basal area over bark of
each tree was computed and also an estimate of tree volume under
bark using the equation ’ .

Volume = 2.47281 . (d.b.b.)” . height.

Analyses of variance of unweighted plot means (Yates,
1934) were conducted on the data from individuwal trials,
based on a nominal plot size of & trees. An estimate of the
average variance among trees within plots, adjusted by the
harmonic mean of the number of trees per plet was appended
to the main analysis, Family means were estimated from
unweighted plot means.

A similar approach was adopted for dombined analyses
across trials and/or sites. To cope with imbalance in the set
of entries across trials, analyses of variance were conducted
on & nuwker of balanced subsets of trials te test for the
occurrence of family-site interactions. Consideration of all
pairwise combinations of sites to extract maximuw information
on interactions was not feasible and analyses were limited to
a few subsets of data covering the range of sites. Components
of variance were estimated from these analyses by equating
mean squares to their expectations under a model of random
effects and solwing the resulting sets of simultaneous
equations. Pairwise correlations of trials for individual
traits based on'the set of family means common to each pair
of trials were also calculabed to quantify the nature of
interactions of families and sites. Data from the trial at
Nausori Highlands, Fiji and at Aumpty Dooc-in the Northern
Territery were also included in these correlation studies.

Full~sibd Frogeny Study

A set of control-poliinated progenies obtained by cressing
superior pareat trees o some or all of a group of female
testers were accumulated in a crossing programme in Queensland
in the pericd 1967-1970. These progenies were established in
multi-site trials in Queenmslend in 1973 over approximately the
samg range of sites as was used for the open—pollinated study.
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~to give a split-plot arrangement of fertilizers and families
‘in each trial,

‘pollinated families and .controis were established in six

A total of 63 full-sib families from 20 parents, 6 open~

trials in an experimental desipn similar to that used for-the
open~pollinated progeny trials, except that four fertilizer
trsatments were supesrimposed across the blocking structure

Cne trial at Byfield was destroyed by cyclone
i%h 1976. Details of the remaining trials are shown in Table 2.
Beight and d.b.h. were measured in 1977 at 4% years of age.
Tree volume under bark was also calculated using the equation
given eariier. Analysis of these data paraileled that .
undertaken for the opem-pollinated study. Ceorrelations between
frials were based upon the 35 entries common to all five trials,

RES5ULTS AND pIBCUSSTON

Individual Trials
Open—pollinated progeny study

An indication of the growth of Pch in the open—pollipated
trials is given by the trial means for d.b.h. and height in
Table 1. Data for the set of 5 entries cemmon to all tm:als
ig shown alsec to compensate for possible effects of warying
pumbers of entries per trizl., The productivity of these trials
is quite variable, with height growth ranging {rom about & m
st Flliott River to 13 m at Cardwell. Comparative data from
the Nausori Highlands, Fiji trial at age © years showed a mean
height of dominant trees greater than 13 m and a &.b.h. greater
than 20 cn (Wilcox, unpublished data) while data at age 6f years
from the two Northern Territory trials at Humpty Doo and
Melwille Isiand showed mean height growth of about 7 m and 7O m
respectively (Brigden, unpublished data).

Despite the range of productivitj exhibited in the
Queensland trials, they are not a totally representative sample
of planting sites in Queensland. In particular, there was a

. lack of sampling of vary swampy sites, particularly at lowen

latitudes. Therefore, envircenmental variation associated with
changes in edaphic cenditions across sites was probsbly somewhab
less than that normally expected in multi-site testing in
Queensland. The coefficients of variation in Table 4 indicate
that relative microsite variation was comparable in all trials
and not excessive for the growth traits. i

Analysis of variance results for d.b.h., height, volume and
straightness for individual trials are shown in Table 3.
Transformation of data for volume was indicated in some trials
to stabilize error variances, but this was not done.  Differences
among entries were higbly significant for all four traits in all
trials, clearly demonstrating the presence of substantial genetic
variance among both ramet- and ortet-derived open-pollinated
families. Family differences were well-expressed in all trials,
and the ranking cof parental breeding values afforded by these
tests has already been used to assist in choosing clones of high
breeding value for inclusion in a series of new seed orchards.
Much more genetic information is available from these trials,
but it canuct be presented here, ' )

. _The range of family means was dependent on the trial, with
trials of higher productivity at Byfield for example, exhibiting
the largest range of entry means (Table 3), while less productive
sites showed smaller differences among famlly means. All trials
however, provided similar discrimination among families for
growth and form, judging from the ratic of mean squares for
entries and error for the four traits in Table 3. This may
be influenced somewhat by the verying number of ertries in each
trial, but in part it appears to Tesult from a positive assoc-
iation between the range of family mesns in a trial, and the
within-trial variation (Table 3). These changes in the range

Table 3, Analysis of variance for d.h,-h., height, volume and stem stralghtness
data at 7% years of age from eignt open—pollinated progeny trials In

coastal Queensliand.

Trait
- T
Trial Sou: f valume (p~) straightness
Qa o on d.b.h. (em) neight (m} s e 163) teore [3-93
ar MS af HS ar S af ¥s
Blocks (B 7 11,083 7 9,05k 7T 3.EABaRr T O.36gwes
Eh?:i:s((i)l) 23 1z,61Even 23 1,927 23 7.827+*% 2% 0.320ees
ExB 161 1.431 161 0,431 161 0.272 161 Q0,070+
CHA Trees/plots 930 1.334 930 0.476 530 0.250 930  0.05h
Range of entry 34,1-19.1 10,5-14,0 0.0720-0,1317 1.8-2.5
means
Biocks (B) 7 13,576 7 19.256%se 7 3.960%es 7 O.b16ees
Entries (E) 33 6,936 33 1,450%e 3% 0.95z* 33 0,306+
Ex B 251 1.369 31 0,507 531 0.153 251 0.087
CRB Trees/plots 125 1.32 1258 ©.521 1258 0.206 1288 0.073
Range of entry 14,5-18,2 10,9-12.8 0.0623-6,1089 1.6-2.5
DEenns
Blocks (B) 7 164, 329%%s 7 183,725%4% T 25.367%e 7 2,007+
Entries (E) 23 9.h5aves 23 2izldess 23 1.239a%s 23 D.390mee
ExB 161 A.6E7 163 0.k32 163 0.209 161 0.098
C5A Trees/plots 878  1.538 878  0.533 878 ©0.221 g78  0.084
Range of entry 12.7-17.2 40,0-12,3 0.0541-0,1016 1,6-2.3
means X
Blocks (B 7 81.903%s 7 68.6267%% 7 A, ibhgeer 7 D.511ees
51?:'5:5((%) 33 6,634 nes 33 1,653 33 Y-SRI 33 0, 226m%a
Ex B 235 1.392 231 0.513 231 0.107 23 0.055
C5h Trees/plots 1267 1.575 1267 0,610 1267 0.130 1267 0,047
Range of entry 11.5-15.5 B.1=10.1 0,0326-0,0852 1,5-2.2
means
Blocks (B) 7 6.008%s 7 S.781% 7 2.385%es 7 0673w
Entries (E) 29 9.13geee 25 2T 29 1.555wee 2% 0,923~
BRA ExB 203 1.799 203 0,723 203  0.h16 205 0,17
Trees/plots 1072 1.674 1072 0.749 1072 0.398 964 0,180
Range of entry - " . . .
fange 17.1-20.9 11.1-13.4 0.0926-0,1479 2.3-0,0
Blocks (B} 7 22,981 %% 7 44, Lh04 e 7 B, 523 7 3, 1024
Entries (E) 53 10.0LEes+ 53 3.35kese 53 2.0a3res 51 0,679+
ExB 371 2.237 371 D.BAD 371 0.ehb 370/2 ©.190
BR3 Trees/plots 179 2,482 1779 0.842 1779 0.423 1592 6,185
Range of eatry - - LG
means 14,5 2175 8,1=13,0 0.0615-0.1555 1.9-3.3
Blocks (B) 7 19.h23ees 7 11.370%w 7 1,70h%ss 70,9825
: Entries (E) 49 bo13zwes 49 0.GEIwee 49 0.203%es LY O.4hoees
_— Ex B w3 1.004 343 0,277 345 ©.051 343 0,078
Trees/plots 1728 1.0%2 1723 0.z81 1728 ©.055 1610 0081
Range of entry 12.1-15.0 7.3-9.0 0.0302-0.0517 1,9-2.3
WEANS
Blocks {B) 7 19.684eer 7 11,085%% 7 2.583%e% 7 Q.122%
Entries {E) 19 h.su7ees 19 1,009 15 0,379 29 Q.331wes
Tus Ex B 133 1.197 113 0.320 433 0.090 133 0.058
Trees/plots 73 1.084 732 0.299 731 0.087 716 0.084
Range of entry 13.6-16.3 9.5-10.8 0.0473-0.0727 1.1-1.8

means

+ Mnemonic identifiers for trials as given in Table 1.
Une missin— value,
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Table 4, Analyses of variance £or debeha

fuli-pib pregeny trials in coast

and neight data at 4% years of age from five
a8l Queensland

. 2rialdd
Bource of '
E varistion R & BR R =
¥ af HS ar MS af MB af Ms daf jx 33
Blooks 7 4B.5H8% 7?7 59.168%** ? ZaO45r e 7 34.4G90ew 7 6346400
O ke 53 7.890°°* | ‘53  9,078%s 63 B.249%*e 37 3.226%°e 38 3.006°%°
_‘: Exyor 371 0484 71 0,448 441 C.652 259 0.406 266 Qo460
;1 Trees/plots 2112 4.288 2127 0.406 2172 0.756 M0 0.433 1576 1,057
<|Rangs of ety mesns| 9.6~ 3 8.1 = 12,6 12,9 = 17.4 5e8 = 9.5 941 - M.
mm 7 33.425%%" 7 2B.563%** 7 é.050"‘ 7 10.056°%° 7 18,989
3 Entrien 53 Re242%0° 53 1941700 63 Tel1402e 37 Q.804%** 38 0,8900°
& Errox 371 0,163 371 0,168 441 0.235 259 0,054 266 Ca12%
i E Trear/plotn 22 0.425 2127 0,152 2173 G.233 1490 0e111 1576 0.34%6
Rl.ﬂ.sﬂ of Eﬂt‘r] Heans 6.1 = 8.4 5-2 - 7-3 7ol - 902 5-9 - 5.2 502 - 6-?
-4 Fnesmonie ldentifisrs for triele as given in Table 2
of family mecans also suggest the presence of family-site height, Variance smong these full-sib families at each site

interactionse

Full-sib progeny study

Trial means for height and d.b.h. in Table 2 indicate
that growth in the full-sib progeny trials compares favourably
with that of the series of open~pollinated trials at the same
age (Nikles et zl. 1978). The range of sites sampled is alse
comparable (Tables 1 and 2}, but included one additional swampy
site. Growth differences among sites are large and indicate
the diverse levels of production under which the families in
this study have been tested. Despite these large differences
in preductivity, the coefficients of variation in Table 2 show
that relative microsite variation is accepfable in size and
similar in &11 trials, and that the productivity of a site .
ig not a factor which critically affects stabistical efficiency
in preogeny-testing.

Analyses of variance for d.b.h. and height for the Live
full-sib progeny frials are shown in Table 4. Fertilizer
effects are not considered becsuse their inclusion in a
combined snslysis with entries provided only insensitive
tests for fertilizer differences and block-fertilizer
interactions. The result-is that fertilizer effects are
part of the variation among blocks in Table 4, and an
entry-fertilizer interaction source of variation is not
included.

Separate aneiyses of fertilizer effects suggested that
there were variable responses to fertilizer treatments, masked
somewhat by within-site variation, but indicative of a response
to phosphorus at EFlliott River, to nifrogen at Tuan, and to
potassium and trace elements on the swampy site at Cardwell.
Feliar sampling has baen undertaken to investigate these
effects fully. .

Family-fertilizer interactions for d.b.h. and height
growth were not apparent in these trials, zpart from some
inconclusive indications of their cceurrence at Ellictt River.
Therefore the evidence suggests that the growth responses of
the full-sib families under test have been consistent to age
4% years across the range of fertilizer treatments employed.
This implies that selection to expleit differences in the
response of families to fertilizer cught teo be straight-
forward, and that thers is 1ittle scope or need to develop
complex breeding or selecticn objectives aimed at developing
populations betfer-adapted to a range of putritional conditions,
However, these are preliminary results and must be treated
cautiously, because they have yet to be consolidated with
Toliar sampling data, and & closer investigation of site-
fertilizer relationships and edaphic conditions in relation
to the growth of families.

The analyses in Table # indicate significant differences
among families for growtk in all trials. The differences are
substantial as shown by the range of means for d.bo.h. and

was generally substantially greater Than that for entries in
the open-pollinated trials on comparable sites at the same age,
despite the much narrower range of parents and the different
family structure invelved in the full-sidb study. Therefore,
there appears to be ample epportunity for effective selection
for growih ameng full-sib families in Pch.

The less productive sites, Elliott River_and Tuan,
constricted the range of entry means (Table 43, with the
result thal they discriminated less clearly among families
far d.b.h. relative to the three more productive sites,

This relative lack of diserimination was less distinct For
heipght, however. In contrast to the lack of family-
fertilizer interactions, these changes in the ranges of means
are indicative of family-site interactions.

Aeross sites

Cpen-pellinated progeny study

Estimates of the components of varisnce for sites, entries,
and entry-site interactions for several subsets of entries and
sites are presented in Mable 5. Apart from those for sites, the
estimates are generally greater than twice their standard 8TTOTS,
suggesting that they are adeguately precise. The component for
entries ig significantly different from zero for all traits in
all four subsets, indicating the existence of substantial genetic
variance among half-sib families on average across sites. The
component for sites shows much the same pattern, but is much
larger than that for entries, although it is imprecisely
estimated. Notable is the substantial variation in stem
straightness across sites, despite a standard procedure of
assessmenty

The entry-site interaction
different from zero in all four
in ong subset for height and in two subsets for stem straight-
ness {Table 5). Therefore, the evidenmce from these trials is
that femily.site interactions among open—pollinated families are
oecurring for beth growth and form, However, the size of these
interactions, expressed as a ratio of composents in Table 5, is
small in relation to differences among families on average
across sites. The proportions in Table 5 indicate that the
interaction component is usually less then 30 per cent of the
entry component for d.b.h,, height and stem straightness and
gz-z;ﬁ% 50 per cent for volume, apart from subset IIT for

&=} .

component is sippificantly
subsets for d.b.h. and volune,

These- data imply that family-site interactions are not
a dopinant feature of differences in the patterns of response
of families across Bites and the ranking of familiesz for
perfommance should be reasonably consistent across sites,
The correlations between selected pairs of sites im Table &
confirm this. For pairs of Queensland trials, these are
generally strong and positive. For d.b.h. and stem straight-

72



ness all are greater than 0.5, while for volume only 3
correlations fall below this level. Correlations for height
are more variable, with relatively weaker assoclations between
trials at southern sites (Elliott River and Tuan)_and trials at
northern sites (Cardwell and Byfield). The relatively large
rativc of variance components for height in subset III of

Table % reflects this also. Although the reason for higher
interaction in this subset of sites is unclear from these
results because only a subset of trials shows the lack of
association, 3%t appeaxs that the weakest correlations for
height are associated with largest differences in site
preductivity measured by height growth. _However, level of
site productivity =ppears too broad a criterion for classifying
the jnteractive Behaviour of families and sites because some |
correlations in Table 6 are stronger than expected on this basis.
Furtherwore, the interpretatlion of the correlations in Table 6
is complicated by the different number of entries in each trial.
Talues of rank correlations for all traits generally paralieled
the interclass correlaticns in Table 6. Hewever, the overall
levels of correlation among sites do not preclude substantial
re-ranking of particular entries across sites. Although this
aspect requires detailed investigation, it is not considered
further here.

Of additienal interest are the correlations befweon trials
in Queensland, the MNorthern Territory and Fiji in Table &.
These are all positive, and generally reflect the mapnitude
of correlations among the Queensland trials. The correlations
with the Fiji trial in particular are comparable for d.b.h. and
voliume, and only slightly reduced for helght. As was indicated
by Nikles et al. (1978), family-site interactions at 4% years
of age were not sufficient to negate the benefits of transferring
Queensland material to Fiji, Subseguent results at age 6 years
for the Piji trial {Wilcox, unpublished data) confirm this.
The correlabions in Table 6 imply in addition that the bebter
material in Queensland should also perform best in Fiji. The
iower corrvelation for height between the Queensland and Fijian
trials indicates greater reactivity in the ranking of families
for heigh$t growth across sites compared with d.b.h. and volume
and parallels results Irom the Queensland trials slone. Further
investigation of these data is needed before any substantial
reasons for this can be advanced.

Full-sib progeny study

Estimates of the components of variance for sites, entries,
snd entry-site interactions for two subsets of entries and sites

for d.b.h., height and volume are presented in Table 7. - The
standard errors of the components for entries and entry-site
interactions are small in relation to the estimates indicating
that these components are precisely estimated, and both’
components are significantly different from zero for a1l three
traits in both subsets. Therefore, substantial genetic variance
ampng full-sib families is expressed on average across sites,
and the occurrence of family-site interactions is also indicated.
However, the variance attributable to the latter as a proportion
of the variance among entries is generally less than one-half,
This implies that family-site interactions sre not disruptive in
the rapking of families across sites. The correlations in Table
& strengthen this suggestion with generally sirong associations
for growth across sites, Thus these resulis parallel those for
the open-pollinated study.

Two agpects require comment in comparing the results
presented here for the open-pollinated and full-sib progeny
studies. Firstly, their entries differ in genetic struciure.
More genetic differences are present within open-pollinated
families, and this may result in greater divergence of perform-
ance of individual genotypes and condition more genotype-site
interactions within families than for full-sib families.
Therefore, performance at the open-pollinated family level
bkas greater potential fqr both diversity of genotypic
performance and populational buffering through averaging of
the perfermance of individual genotypes within families.

This should reduce family-site interactions more in open-
pollinated families than in full-sid families, Thic contention
is difficult to establish from data presented here, but
rreliminary comparison of 4% year results from both studies
suggests that family-site interaction variances are larger for
the full-sib study. However, further investigation is required
to consolidate this point,

Secondly, the genetic diversity of entries in the full~sib
study is more limited because they relate to a tetal of only 20
select parents with 10 of these involved in over 80 per cent of
the entries, whereas the entries in the open-pollinated study
are much more diverse in origin. Presumably this restrictien
of diversity in the full-sib study will govern the extent of
differences in perfermance among full-sib families, and
particularly differences in their patterns of performance
across sites. Because the assesseent of family-site
interactions is both family- and site-specilic, such
restriction of the genetic diversity of families may limit
the extbent of family-site interacticns in the full-sib study.

Table 5, Components of varisnce and their standard errors for sites, entries and entry-site intersctiona fop growth
and form traits at 7% years for a series of open-pollinated progeny trials, estimated for different subsata

of entries and sites:
entTies across trials CRB, CSB, BRB and ERR;

{i) Subset I - 33 entries across triais C(R2, CSB and BRB}

(i1) Bubset I ~ 2

(iii) Subset III -~ 21 entries across trials CRA, CBA, BRA

and ERR: (iv) Subset IV = 20 entries across trials ERR and TUS.
Variance components
Bubset Sou;ce of : :
variation dob.h. (em) height (m) volume (m3) 3 gtraightness
: {component x 107) (score 1-5)
Sitea (8) D777 + GaSUSHEH 2.225 + 1.676°° 14113 & 0,808%%¢ 0,157 + Da143%%°
r Entries (E) 0.545 + 0,158%+* DM + 0.035%%* 0,071 + 0.021%%* 0,030 + D.00B®4*
Entries x Bites 0.109 4 0,055°* 0.018 + 0.016 0.023 4 0,070%** 0,002 + 0,003
Ex 85 (%) 20.0 1642 32,4 6a7
Sites (8) 6.858 & 4,408°"" 3,572 + 24329°** 10161 & 0,748%** 0e210 + 0.136°%°
Entries (E) 0599 4+ Ca194** 0104 + 0,035*** Cl.064 + 0,023°°° 04023 4+ 0.008%¢*
a Fotries x Sites 0,173 + 0,054°* 0,007 3 0,013 0.024 + 0.008**¢ 0,006 + 0.003°°
Ex 5/p (o) 1849 6a? 3745 26,1
Sites (5) Ba7AB + G,410°** B.BA0 » B.A03%* 14356 + 0,885%°" 0456 & 0,291009
Eotries (E) 0,567 & 0.197%° 0.085 + 0.035°°° Cu078 + 0,029*** 0oO45 + DaO1E*"®
111 Entries x Sites 0.158 & 0,062°° 0,061 & 0.021%%* 0040 & 0,013%4% 0012 & D.004°2°
EX8/5 27.9 718 5143 2647
Sites (5) 04763 + 0,702** 1,583 + 1.33a%%° 0,162 + 0,1440% 0.001 + 0,002
Entries (E) 0,312 + 0.139°* 0.052 + 0.026%" 0.017 + 0.009** 0.036 + D.013%¢*
v Entries x Sites £.102 + 0.076° 0.016 + Q.07 0.010 s 0.006%* 0,002 + 0,003
Ex S5 (0 32,7 3048 5846 5.3
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fable 6. Pairwise intercless correlation ccefficients for d.b.he.,
height, wolume and stem straightness ameng 10 open—
pollinated progeny triels {eight in Queensland aged 7%
years, oce at Humpty Doo, Northern Territory £HTD§ aged
&% years, and one at Nausori Righlands, Piji (PIJ) eged
& years), based on the subset of entries common to each

ga‘ir of ;.ria:l.a for &1l pairs with more than 10 entries

OXmOTN o

'Ix-les@- Ng:;;,eir Corf‘ela.tmn coefficient
dabahe height volume straightness

CHA end Sk 24 0.82%"*  0.73*** 0,78 0. ipss
CEA and BRA 24 0.B0%* O 5k " 0. 75*** Q.56+
CEA and EER - 0.59**  0.03 0.kt 0.66%*
CRA and' TUS “H 0.67"* 0uki3 _0.5'?' 0.51
CRB mnd CSB 34 0.69%**%  Q.B4" 0,74 *+* 0.72%**
CRB and BRB 33 0.60***  0.52%**  0,59"** [M- Ll
CEB and FRR 2% 0.73%**  0,70"** 0.73"*" 0.57**
B and TUE 2 Q.79 0.48 0.69° 0.68°
€54 and ERA 2% 0.72%%*  0.72°*  0.69"** 0.70%*"
€84 and ERR 24 0.53* 040 Q.35 QaGBYe
O34 and U8 14 0,65 £.55* Q.Eh" 0.56*
CSB and BERB 33 0.63*** O.06* Q.60+ Q.62
CSB and ERR 24 0.76***  CuB3*** Q.75+ 0.50*
CSB and TUS 12 Q. 76** 0.52 0,72 0.61"
BERA and ERR 23 0.58%* .29 0.54" 0.86°**
RRA and PUS % 0.66* 0,19 053 C.73°"
ERB and ERR 32 0.53"" 0.39* 0.53** 0.4G
BEB and TUS R4 063" 0,47 C.47 0.64%
ERR and TUS 20 [ 5 0.50* C.50" 0,80
CEL and ETD 11 - - 0,32 -
CHB snd HTD 20 - - 0.50* -
C54 apnd ETD | 11 - - 0.39 -
€EB and HTD 20 - - 0.62%* -
BEk and BID 13 - - 0.22 -
ERE and ETD 29 - - [ -
EER and HTD 29 - - 0.37* -
TW end HID 1M - - 048 .
CER ang ¥IJ 23 0.63** 0.36 0,57+ -
CS8B and FIJ 23 0.61** 0433 0.56% -
‘BEB and FIJ 25 0,58 0,34 0.56%* -
and FIJ 24 o.n2* 0.17 0.30 -
ETD and ¥FIJ 23 - - D.62** -

£ Mpemonic identifiers for trisls as given in Table 1.

Evaluation of provenances of Pch over a similar range of
sites (Eisemann, Nikles and Rewton ’_3980) gave results comparable
with those given here. There was little evidence of provenance-
fertilizer interactions, and although provenance-site
interactions occurred for growth at 5% years of age, these
were small in magnitude relative %o variation among provenances
on average across sites, paralle}ipg results obtained here for
oper—pollinated and full-sib families.

CCNCLUSIONS AND IMPLICATIONS
Tke general irdications from these studies are that
family-environmental interacticns, although identifiable, are .

not & critical influence on the growth of Pch. This implies
that families relatively well-adapted to a broad rengs of sites
and/or cultural conditions can be identified in both open—
pollinated and full-sid studies.

Although these are preliminary findings and may alter
somewhat in the light of further information from analyses
yet to be done and additional data from subsequent jnvestig-
ations, some implications are as follows:

(a) Family-enviromment interactions do not appear
important encugh to warrant any subdivision into Preeding or
seed production zones, given a breeding strategy aimed at
producing an improved synthetic variety from general combining
ability orchards for the establishment of plantations. Use
of such a bulk variety would also be expected to negate
interactions through populational buffering enhanced beyond
that of individval families, so that the influence of
interactions would be minimized.

(b) The extent of family-environmental interactions, at
least for open~pollinated families, dees not preclude local
and international exchanges of gensetic material as & useful
breeding technigue for upgrading local PrOgrammes.

(¢} Yo clear indication of an appropriate testing
strategy in relation to the selection of Lest envircnments
is yet appavent.- More productive sites generally give
better resolution of family differences, but multi-site
testing is required to elucidate patterns of performance
where interactions occur,

(d) These investigations do not indicate unequivocall
8 desirable pattern of response for Tamilies under varying
environmental conditions. Because family-envirommental
interactions cccur, several optioms which expleit patterns
of family response differently are available both Tor
development of the breeding population and commercial seed
production, These differ in the use they meke of populationail
buffering in responding to environmentsl change. For example,
seed production may involve general combining ability orchards
composed of broadly-adapted clones, diversion of seed of
particular families to specified sites or orchards specifically
rroducing seed for particular sites.

¥

(&) Purther work is necessary to determine the role of
famjily-environmental interactions at later age and to consolidate
the current investigation. In particular, examination of
Turther sets of families over the broadest possible range of
sites and determination of the influence of interactions on
the form and quality of trees is reguired. Further studies
along these lines are already in progress.
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Table 7. Components of veriance and their standard errors for sites, entries and entry-site
interactions for d.b.h., height and volume at #3% years for a series of five fgll—
sib progeny trials, estlmated for different subsets of entries and sites:

{i) Subset I ~ 35 entries common to all trials; <{ii) Subset II - 48 entries
across trials CR, CS and DA,
Variance components
Subset Source of debaha (em) neight (m) volume {(m?)
- veriation {component x 103)
Sites (S) 6.602 + 3.880*** 1,962 + 1.162%** Ca229 + 0u134%**
Entries (E) 0.591 4 Qo494 ** 0146 + 0.037*** Ca.0M4 + 0.004%
z Pntrics x Sites 0.139 4 0,0244%* 0.040 + 0,007*** 0,008 + 0.001%%+
Ex 55 (%) 23.5 274 57,1
Bites (8) 6119 + 5,069*** 1.088 + 0.805*7* 0.254 + 0.182%**
Entriea (E) 0,806 1 0.474*4* 0.176 + 0.0397** 0,025 # 0,006%**
i Entries x Sites 0,099 + 0.024+%+ 0,033 + 0,008*** 0,006 + 0.00174*
E X S/g (g 12,3 1848 26,0
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Table 8, Fairwise interclass correlation coefficients for
d.b.h., height and volume at 4} years among live
full-sib progeny trials in coastal Queensland,
based on the set of 35 entries common to all trials

priarfd o8 oR B TS
Q. /2 0.80 0.72 0.75
CR 0.89 C.74 0.75 Q.81
0. 78 0.69 0.71
Q. Q.78 Q.78
03] 0.65 0.79 Q.80
G.82 0.71 Q.71
0. 74 0.79
BR 0.59 Q.64
0.70 0.70
Q.80
ER 0.81
Q.76

Y} Moemonie identifiers for trials as given in Table 2

/2

Correlation coefficients in the oxder d.b.h,, height
and volume; all coefficients significant at the
0.001 level
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TESTES DE PROCEDENCIAS
DE Pinus caribaea MORELET,
EM BELIZE
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Resumo

Dez procedéncias/variedades geogréficas de Pinus
caribaga Morelet, incluindo testernunhas locais, foram

‘plantadas em ensaios com repetigbes em duas locatidades,
no ano de 1975 (uma localidade contém, também, uma
variedade australiana methorada). A sobrevivéncia avaliada
em 1980, varicu de 63a 97% emum local ede 78 a

93% em outro. Os dados equivalentes de altura média
variaramde 1,363 2,30 m, ¢ 3,60 a 5,28 m, nas
respectivas localidades.

As tendéncias ainda ndo sdo definidas, e é possivel
que a ampla variacdo inter e intra procedéncia, na altura das
plantas, no estdgio inicial-das plantagBes, pode ter mascarado
qualguer tendéncia que o comportamenta posterior poderia
ter mostrado.

A continuidade dos experimentos é necessdria para se
saber se tais tendéncias tornar-se-fo mais evidentes,

Pinus caribaea MORELET
PROVENANCE TRIALS IN BELIZE

Summary

Ten proveuances/gesgraphio varleticas of Pinus carib Horslet
insluding local ¢ontrols were planted in replicatoed trisls oo tus
altes in 1975 {ono site also suntained an Australian jsproved varietyl.
gurvival as measured in 1UB0 varied from 63 %o O7% at one cite and 78
to 93% at the other. kquivalent aean height figures varisd trowm 1,36
to 2.3 o und J.50 to 5,28 m at the rospestive mites,

Trenus ure by no means olear and it Ls pessible that the wide
iptor= and intra= provenwige range of aeedling heights at the initial
plantation wtuge auy have waskod any tondendiss which subseguent per=
formance could have showt. 4 continustion of the trial is therafore
necossary in order for such tendencies to bocoms more evident,

TESTS DE PROVENANCE
DE Pinus caribaea MORELET
ABELIZE

Resume

Au ceours d'essais avec répétition, on a planté sept
provenances de Cordia alliodora {RUIZ et PAWEN) CHAM., sur
2 parcelles, Sur l'une des parcelles on a obtenu un % de
survivants de 47 & 84 %, et sur l'sutre de 43 3 6% X. Les mesures
en hauteur 12 mois aprés la plantetion atteigneient respeelivement
de 0,61 & G,20 m, et 0,55 2 0,81 mbtres.

La provenance londurasz a eu une meilleure croissance
dans l'un des sites sculement, alors que les 2 provenances
Nicaraguan ont présenté un ¥ dlevd de survivants sur les 2

parcelles,

Antroduction

Pinug ourlbags Korelet cosura naturakly in parts of Central
Amgrice and certain Laribbean imlands, having a latitudinel range from
277 256' ¥ in the northern Bahamas t8 137 13' ¥ near Biuoﬂ.-lsn on the
Atluntle cosst of Nicarggua und a longitudinal range from 717 40' M
on Cafcow lelands to B0 283' ¥ at Poptun in Uuatewala,

Threae varietios of Pinus garibagu Morelot ars now recognizad,
ip the northera part of ite rangs, in the Bahamas and Caigos talanda,
Pinug caribusa var bahascnels is the variety occurring. in veatern
Cuba and the pearby Isle of Pinem V. garibags var sarjbaes, the typi-
cal varfety, is foundy and in sainland Central Amserica and the pear—
by island of Guanaja it im clsssified me Pinus garlbasa var hondurensis.

lo Uelize, Finug garibaes var hondurensia is found naturally
ecourrlag in two aobes, 0 the coastal plain where before exploitation
and the 1961 hurrioane the total njuu el high and wadiuve quality aites
vas sutisaiod not to srzesed 31 Ka” {Lamb, 1973}, pine cooura ou alluvial
sands and gravels as lsolated pioe stands and pine mavanna intérspersed
with beltm of hardwood forest, {Uo lountali Fine didge whers the totsl
area of pine [o¥est ia about 647 Km i caribasa var hondurenmi
6gcurs together with Pinug oocurpe Schisda i gravite = derived MII..
of which the mout widespread is clussified as Pinol coarss aandy clay
loam (Wright et al., 1989),

Conslderable ioturomt in finus carlbees as an sxotie plastation
specias os e result of proulse in earlier trials has been showm by
vurious countries} in Yueenslsnd, dustralia, for example plots of
dountaip Pine Rid,e oripin vap hondurohsis established scon after 1047
guve sufftgleutly goud rusulta for provenance trials of a wider specles
ranze to Le dndtiwted in 1935 {Nikles X973).

Iu 1971 the ¥AU Panel of sxperts on Foreat lUone kesguroes listed
B. guribaen os beln; ocune of the epocles of firat priorlty for recomnaigu-
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Table la Dotalils of #fuus cardbaes provenancaes

Local Sead ifean sunual

idant, lot ho. © Altitude precipitstion

Now {CFE number) Country Provenance Latitude Long: tude (a} (i)

BZ-48 Bit 20 Australia  Qoeonslond e~ 23%s 150% 50, 30 1700

’ proved
BZ-54 DIEA54 Balise Hountain Pins 17 36% 300 1631
idge

8764 L5774 eilwe Molinda Foreat 17%5 K 8%y 1w =256
{Kiu?) Heserve

BZ-45 16/74 Bellxe Silver Crevi 16%¢0tn  88°z5 Fed iy 2207
(K108}

BZ~E66 17/74 beline lag Louitas 16°30'w  us®3sen 30 =398
(Kiup)

BZG7 U 7206 Bahasee . 24%30'N 78%0y 3 1666

82-68 5¢ 7281  Cuba Cajulbaaa 22%0'8 #3%a - 1523

bA-6Y 37/71 Hondueas  Cubwsd 15%0a N 85%37°, SUO~GU 1325
(K57}

BZ-70 28/70 Hondures  Guanaja Lsland 16%27 1 855414 SO~3U 2300
(K24)

BE=71 29/ Guatemala Poptun 16" 00N an2sry 00 1600
(K23)

BE.72 6/74 Nicuragus Alsmfcamba 13%34% 5 84?17y 25 280G
(Kiug)

+ ot recorded

ance and collection und the Commuawenlti Poreatry inatitute, Oxford
assumed responnibility Yor = prograume of range-wide provensice seed
collections. Leading on frow theoe collections 3 series of internam
tlonal provensnce trials has been loitinted by the CF1 in cooperstion
with various countries {nciuding Helice, ia vrder to give uwore procise
inforwation on the performance of the species both within +nd outside
ita patursl range.

Tais paper describes progress «nd perforasnce up o date of two
teplicated provenance trials established in Helize in 1478, one ut
Hountain Pine Ridge, and the oiher at Melinds Foreut Reserve, in the
coestal plain.

Provensnces

batuils of lhe provenances and geograpnic variecties are given in
Table 1. wWne of the provenances is of Hountain Plae Ridge vrigin wng
another of Helinda Forest Heserve (coastal plain} origin; both were
included for compariacn, ;

Y¥ursery triak sitea and experimental desiyn

Secds wers sown at the beginning of the dry sesson {(Jenuary and
February}) in lines spaced 5 ca. #part in beda, and cavered lightly with
sandy pine soil, Beds were shuded, Three weekas after sowing seedlings

¥able 2, Yotaills of Pinus ceribava proveaunce trial sites

Iris) sits At-33

Trial sito MR-G2

Holinds Forest Uesorve

Locationt Hountain Pine Ridge
Latituda: 17° o1t i

Lohgi tude: 88% Ba' u

Altitudet 330 n

Site conditions:

Sodlt

Hoan annual
precipitutiont

Table 3,

Proviously natural Pinus

caribasa, burnt in 1674,
fxponed flat ridge tope

Pinol sandy olay (B2}
(¥right, 1950} humua
deatroyed by burning.

1631 mm.

HMonthly rainfall distribution

17° o1t B

08° qut ¥

0 m

Pinus caribaes forcst and
orohard savanna {brokaen

pine ridge) burnt in Hay
1975 o6 glope from SH-HE.

Puleton lasmy send aud
Silkgrans silty clay (wright,
1999)e HNumus destroyad by
burning.

420 ma,

Total

Site AR~12
{Mountaln
Ploe Ridge)

Silte MRE=52
{Helinda)

117 43 67 72 B8l

142 77 45 &Y 111 277

172 143 149 Z44

237 20 98 13

248 284 203 230 a8y 146 2148
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were trausplanted into polythene pots measuriog 15 ca. by 11.5 cm, {when Asgessnents were czrried out in March 1976, Harch 1977 and Hay 1980
full} which were filled with Lloamy clay topsoil and shuded. Seedlings for trial AE-12 [Mountain Pine Hidge] and October 1975, Uctober 1976,
were root pruned and hardened by the end 6f the nursery perivd, Watering Soptember 1577 el June 1980 for MA-62 (Helinda Forest Weservel.
was carried out daily and no fertilizers wers applied. .
Replicated trials were planted in September {(HR-62) and Novemaer Results
(4K~12) 1575 on two sites, detnils of which wre given in Table 2,
Heun wonthly rainfall figures #re given in Talle 3, Heasurenents of height growtn and wortality ur¢ suamarized in Table 4.
Randomized block designs were used in both trials. At Melinda Asazisrpents ol Lhe;e results is complicated by the wide range in
{trial HH-G2) eleven provenances are replicuted five tiwes, euch plot seedling huights {bLeth inter- and intra- provenance) shewn at the tine of
containing 49 {7 x 7) trees at Z.44 m spacing. At Houatwin Pine Ridge plunting out. For instance at the time of first measurement of trial
{trial AE-12) ten provenancea are replicated four times each plot con- Mu-62 (Helinda Forent Reserve) one mouth after planting out, wean prove-
tainiag 49 (7 x 7) trees at 2.44 a spacing. nance heights {table 4B) varied {rom 13 om {Buhanas) to 27 ca,
. (Auatralia).  Intra-provevance sscdling heights worsover rangod
Mainienance anu assessaeat froa 8 cM. te 43 ems {provensnce D068, repilcats K) wnd tlile ia
by no mesns an Lsclated example. Data for trial AR=12 is lacking
Cleaning was carried out in Pebruary iy76, Sspteaber 1976, August in thia respect as no =measuramenta wore carried out until after 12
1977 wnd May 1988 at the Helinda site und in March 1978 and June 1340 montha Ao the fieldf howevor the indicntiona from {irat sessuresents
at the poorer Heuntain Piae Ridge aite. are that a simsilar situsation aloo exiutod hera,
Teble 4. Height growth and mortality, Pinus caribaes Morelst
Provenance iriale at two sites, Belize
A Mountsin Pine Ridge (Trial no. AE=13
Loeal Beod lot no, Hean height Mean survival (% of
ident. (CFY nusber) L m) original planted) |
number Country of erigin 1878 1877 1880 1876 | 1077 | 1080
-84 B2=54 Helize .22 | 0.0 2,00 70 63 83
Hr=64 15/74 (Klu?) Beliae .22 [ .4 1.6 8¢ 84 a2
17 2% 1. 16/74 (X108} Rellze 0.30 | 0.03 1.97 95 26 a9
BL=06 17/74 {(KLuD) Beline 0e23 V50 1,88 83 a2 77
67 60 7200 Bahamas 0,13 | U.51 1.63 a3 80 80
BZ-68 58 7201 Cuba 0u10 0.38 l.36 28 1 3
B2-69 37/71 (KB7} Houduras 0.25 0.58 1,81 100 89 a7
BZTU 28/70 (K24) Monduras 0e25 | 0.72 2405 09 99 97
BZ=71 28/70 (K25} {ivatemals Ge27 | G0 212 23 92 89
BZ-72 6/74 (K106) Nicaragus 0.37 0.81 e T 83 88 86
Be Melinda Forvsi Reserve (Trisl no, MR-82
Looal Yaed lot no, Mean height Mean survival (% of
ident. {CFI nunber) (m) sriginal planted)
aunhbay Country of origin 1078 1276 1077 1880 1975 11976 | 1977} 1880
#a-48 Bt 30 Auatralla 0,37 Q.89 1.8¢ 4,80 100 28 8?7 23
Bi=34 | Bu=84 Pelise O.u0 0,99 2.04 | Be2d wo | 98 26 89
B4-64 | 13/74 (K1v?) Beline B.30 0a73 1.68 | 4,62 99 | v8 98 84
B4-85 16/74 (K108) Beliae 0,23 Ue?8 1,85 4,57 ob 1] 95 89
B2-86 | 17/74 {K1uY) Belize 0.22 (VA1 1o88 | 5,10 98 | 90 03 1)
887 | 66 7200 Buhosas 0.3 ©VoG2 1246 | 3.9¢ e | 96 04 47
BZ-68 58 7291 Cuba Q.15 073 1ed3 3y 30 a9 90 1] 78
Bi=G0 I?/71 (K57) Hondures 023 0.0 1,68 L P H] 48 L5 ] 04 82
B4=-70 28/70 (K24) Hondurue 8,21 Ue78 1oG2 4o 65 99 on 83 84
BZ-71 | 28/70 (K2B) Guatemola V.24 V.41 1.80 | 4458 100 | w7 06 8l
B4=72 6/74 {KiUG) Nicaragua Ga 1D 082 LuB892 | 4,30 99 | 06 98 87
J
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Without knowing what prociwe offect this wide variation in
scvedling initial height ceuecd to mortulity and haight growth it
would ba oiaslending te take 1080 helghi and survival fizurss in
Tablo 4 at their faco valua,

In ths Mountain Pine Ridge triel (ne. AE-12) for inetanca the
Mountain Pine Ridge provenmnce (Bi-54) sppears te have the lowost
survival of ali provonances and even height growth im not apparently
At good me for Honduras (B2~74), Quatemals (Bi=71), or Nicarapum
{B£=73).  Cubm (B4=08) and Bahamas (B4~67) have low haiyht growth bat
initial meodling hojghte wers almo low, judging by the 1976 mean heifhtas

Bimilarly in the Melknda Foremt llascrve trial {(MR=62} tho low
hedght growtha of {uba and BahnRes as seagurod in 1880 may heve been
affaeted by the low initial heights as sessured In 1078, The beat
height growth (and guod survival) shown by the Hountain Pine Hidge
provenanos is also possibly & reflection of ite earlicr height advantage.

Y¥rends ars thersfore atill wnclear and further sessurssents are
required in order to show up tendencies which may hees been maskod by
the unfertunste variation tn initisl heighis.
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ALGUNS PROBLEMAS ESTATISTICOS E
BIOLOGICOS ENCONTRADOS NA
INTERPRETACAC DE ALGUNS TESTES DE
PROCEDENCIAS DE Pinus caribaea

E. R. Fatkenhagen
U. A. A. A. N, Saltillo, Coah
MEXICO

Resumo

Sete problemas estatisticos e/ou bioldgicos,
encontrades guando da andlise & interpretacio de trés testes
de procedéncias de Pinus caribaea, com repeticBes, e seis
testes sem repetigSes, instalados na Africa do Sul sio
discutidos neste trabalho.

Concluiu-se que para Pinus caribaea, nas condicdes
da Africa do Sul, as correlacbes com o lugar de origem ndo
deveriam ser interpretadas antes de que uma série de
medi¢Bes, envolvendo vérios anos, seja disponivel, ou se
semente para uma localidade do teste esses dados sejam
disponiveis; a interagio pracedéncia por bloca, realmente
existe, especialmente para altura média, porém os
componentes da varidncia deveriam ser para estimar sua
importéngia reai; o erro de amostragem foi o mais
importante fator na explicayfio da variacio total das
caracteristicas de crescimento; a interagio procedéncia
focalidade foi detectada para a altura, mas ndo paraa.
producdo velumétrica; os resultados dos testes de Duncan
variam com as caracter(sticas de crescimento, anos
de medigdo, localidades e que somente para a idade de
exploragdo ou a metade da idade de rotagio, os tested de
Duncan deveriam ser usados para selegdo, e que a produgio
volumétrica total, ou pelo menos o volume da drvore deveria
ser empregado nesse trabalho,

No entanto, apesar desses problemas, a anatise de
regressdo maltipla demonstra que & possivel a sele¢lio aos B
anos de idade. Ensaios sem repeticdes sfo de valor duvidoso,
exceto quando utilizados para selegfio de 4rvoras.

Em virtude do tipo de crescimento (sem periodo de
paralisacio} do Pinus caribaea Marelet, os ensaios deveriam

ser medidos na mesma idade, e as caracteristicas poderiam
interagir com as idades das medigbes,

As propriedades da madeira deveriam ser selecionadas
em fungdo das regifes, como conseqiiéncia da forte
interagdo procedéncia x localidade em todas as propriedades
da madeira estudadas, especialmente aguelas ligadas a
resisténcia.

SOME STATISTICAL AND BIOLOGICAL
PROBLEMS ENCOUNTERED IN
INTERPRETING SOME PROVENANCE
TRIALS OF Pinus caribaca

Summary
Seven statistical and/or biological problems encountered - -
when analyzing and interpreting three replicated and six unrepli-
cated provenance trials of P. canibaea in South Africa are discn-
ssed. It is concluded ‘that in the South Africa conditions and for
P. caadlbaea, the correlations with place of origin should not be
interpreted before several years of measurement are available and
if one test site is only availazble, that provenance by bleck in--
teractions do exist, especially for average height, but that com-
ponents of variance should be calculated to estimate theirt Teal -
importance, that sampling error was the most important factor in
explaining total variation of growth traits, that provenance by -
site interaction was detected for height but not for volume pro--
duction, that Duncan's tests results vary with growth traits, - -
vears of measurcement and test sites and that only at age of explo
itation or at mid rotation, the Duncan's tests (*} should be used
for selectien and that total volume production or at least tree -

volune should be used for selection.

However, im spite pf these problems, multiple regression ana
lyzes show that selection at age 8 years, is possible. Unreplica
ted trials are of douwbtful value, except as source of single tree
selection.  Because of the type of growth {without do;manc;*pe- -
.riod) of the Caribbean pine the trials should be measured at the
same age and the growth traits may intereract with years of mea-

Surements.

Wood properties should be selected on a regional basis be--
cause of strong site by provenance interactions for all the wood
properties studied especially the strength properties.

QUELQUES PROBLEMES STATISTIQUES
ET BIOLOGIQUES RENCONTRES DANS
L'INTERPRETATION DE QUELQUES TESTS
DE PROVENANCES DE Pinus caribaca

Resume

En Afrique dv Sud, on o exominé 7 problémes statistiques
et/ou blologlques rencontrés lors de l'analyse et de 1'Interpré-
totlon de 3 essais de provenonce répdtés dy Pinus catibaceq Morelet
et de 4 esseis non répétés

On en a concly que, pour ce qui est des conditions
¢cologlques de Y'Afrique du Sud, et pour la Pinus caribacaMorelet,
ducune interprétation ne peut &tre envisagée quant aux correla-~
tions avec le liew d'origine, tant qu'un relevé des mensuretions
pertont sur plusicurs onnées ne serait pos disponible ;
que les erreurs d'échantillonnage expliquaient en grande partle
les variations des coroctéristiques de crolssance 7 quel'influence
du liev sur la provenonce n'était perceptible que pour lo. houteur e
nen pas pour lu production en volume ; que le résultats des tests

de DUNCAN varlaient selon les caractéristiques de croissance,

(*) In fact, the Duncan's test should, for selection purposes, -
be abandoned and replaced by some ranking and selection test

(Falkenhagen, 1879).

78



les années de mesuroge et les lfeux d'essals ; que ces tests ne
devraient &tre utilisés pour lo sélection qu'd l'ége d'explolta-
bilité ou & mi-révolution, et que le volume total de la pro-
duction ou,tocut av mofns, le volume paz arbre devrait étre

utilisé pour la séleciion.

Malge# ces problames, cependonit, des. analyses muliiples
de régresslons montrent qu'une sélection & J'dge de & ans est

possible.

Les essais non répétés n'eont pas en sol wne grande

voleyr, sauf comme sowvrce de délection d'erbres pris séparément.

te Pinus caribaea ayont un type de croissance porti-
culier (sans période de dormance), les essois devroient éire
Imenés % des fges semblebles et une cction réciprogue peut se
prodyire entre les coractéristiques de crolssonce et les

années de.mesurage.

11 seroit bon de sélectionner les carcctéristigues

du bols par réglon, en rolson d'une forte Influence de lo réglon
sur les caractéristliques des bois étydlés, pour chague provenonce,
spécislement 2n ce qul concerne lex garactéristiques de

résistance.

1. INTRODUCTION.

In 1957, the South African Department of Ferestry sponsored
an extensive survey of the natural range of P{aus canlbaca and -
the collection of sced from 11 populations of this pine as well
as from one population of P. efflofidi vaa. densa in Florida (U-
SA) and two pepulations of P. gocaapa. These 14 provenances we-
re used to establish three replicated and six unreplicated trials
The growth
of these provenances and the wood properties of three of them at

in the Transvaal and Zululand, South Africa, in 1959.

ape 16 to 17 years have been studied aad repoerted on recently --
(Faikenhagen, 1979).

TABLE 1. Name and geographical co-ordinates of the prove-

nances studied.

‘Abbreviation  Code Name Latitude Lonmpitude Altitude
(°,1/108) (°,1/100)  (m)
fa) P. canibaea provenances
Stlr 1 Stann Creck, Br. Honduras® 17,60 88,34 15
SaBa Santa Barbara, Honduras 14,80 88,30 450
MPR 3 Mpountain Pine Ridge, 17,00 88,87 400
8r. Honduras
Cub 4 Pinar del Rio, Cuba 22,22 83,81 350
KProv S New Providence, Bzhamas 25,04 77,33 6
RPt 6 Riding Peint, Grand Rahama 26,67 78,50 &
HPR-R 7 Dlountain Pine Ridge 17,00 88,87 400
(rough tones)
MPR-S 8 Mountain Pine Ridge 17,00 gg,87 400
. {smooth concs)
Guat 12 Poptun, Gnatemala 16,37 89,41 457
Hond 15 Guanaja, Honduras 16,42 85,91 50
Nic 14  Leimes, Nicaragua 14,66 83,70 105
(b} Other pine specics pro-
venances.,
Goc 1 7 g P. cocarpa (Honduras) 18,12 88,73 6060
Dens 10 F. effiotdd var. densa 26,50 81,88 10
(USA)
Ell t1 P, efflotfii (local sead) - - -
Qoc 2 15 P. ovearpa Br. Honduras 17,00 BE,87 500

% British Henduras is now known as Relize.

Tt is proposed here to discuss some biclogical and statisti
cal problems that 1 met while I was writing my report,

Z. MATERIALS AND METHQDS.

The basic data wsed in this paper come from the publication
aiready mentioned (Falkenhagen, 1879 and from unpublished data -
and statistical analyzes),

Table 1 presents the name and geographical coordinates of -
the provenances.

"3. RESULTS.

3.1. Instability of the correlations with latitude, jongitude
and altitude of place of origin of the provenances.

1t was clear that the cerrelation coefficients of the growth
traits studied (basically, average height (HT), diameter at breast
height (DBH), tree velume, stand volume and total volume produc--
tion (TVP) changed with year of measurements, with growth traits,
sometimes disappearing totally: furthermore, the stability of the
It
was at Wilgeboom in the Eastern Transvaal, that the correlations

coefficients was different according to the trial considered.

were the rarest, with, for instance, 1 height significantly corre
lated out of 8 possible, .i.e. one year presenting a correlation
put of 8 years possible, 3 DBH out of 6, etc.

Tabte IT shows, without possible statistical comparisons of
the percentages, the proportions of years showing significant co-
rrelations for some traits measured. It is obvious that Mpate --
and Wilgeboon present the most unstable and the teast significant
coefficients, while, Klein Australi¥ shows significant correla- -
There --

are no ready explanations for this instability, sampling error --

tions each vear of measurement except for stand volume.
varying from yvar to year is not probable because the d¢ifficulty
of measuring accurately, height, for instance, should increase --
with age of the stands, and there is no pattera in appearance of
the significant correlations; more probably, there is some inter-
action between years of measurement and provenances. 1t must be
aiso noted that two other pine species were used to calculate the
correlations for Wiigeboom and that the coefficients of correla--
tion must be very large to be significant because af the small --
number of provenances. Finally, Mpate is the most tropical of --
the three sites studied and is considered the most suitable for -

P. caribaeq.

These interactions have been studied by Maugé, and his asso
ciates {1976} in progeny trials of Pinus pinastern and their impli

cation for selection outlined.

Thus the typé of growth of P, carnibaca {continuous or with-
out latent or preleonged dormant period, under most ecoleogical con
ditions} may influence the results of one particular year of meaT
suremnents,

Finally the coefficients can change in size with time. - -
Therefore, the Caribbean pine sheould be measured for several - -
years before using the corvelation with place of origin and some
interaction year of measurement by provenance and provenance by-
trial should be expected, affecting the size of the correlation-
coefficients-althoush the sign did not change-at least whea the -
number of provenances is not large.

What remained stable was the

tendency for height, volume, etc. to decline with increasing lati
tude of place of origin, and to increase with longitude of place
of erigin at any trial studied.

3.2. Instability of prevenance by bleck interactions.

When plot subsampling existed, many block by provenance in-
teractions were detected for HT and D.B,H. At Mpate these inter--

actions were detected for all years, at Wilgeboon, for some years.
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TABLE 1T,

Proportions of the years showing significant correlation coe-
fficients for some traits measured at three trials in South -
Africa,
T R I A L 8§
MPATE ] WTLGEROOM | KLETN AUSTRALICG
Total mmber of !
years of measurement ? 8 7
Degrees of freedon of
the coefficient & 8 i
Height 2/7 = 0,28 cocfficients 1/8 = 0,125 _— 3/6 = 0.5 coefficients
declining declining,
Digmeter 476 = 0,667 coellicients 3/6 = 0,5 coefficients 6/6 = 1.00coelficients
Incressing deciining constant
Standing volume 2/3 = 0,667 — 2/6 = 0,333 —_— /6 = 0.0 ———
Tree volume 0/6 = 0,000 —_ 4/6 = 0,667coeflicients 6/6 = 1,00coefficients
consiant constant
Total volume pro- non applicable ——. 6 = 0,167 5/5 = 1,00 wore or less
duction constant,
Average proportion 0,405 0,358 0.7a0

However, as percentage of the total variance, the interaction - -
effects axplained only a smail fraction of the total variation: -
at Wilgeboonm it varied between 4 and 23% and was the highest for
HT.

of total variance accounted for between 1,3 and 3,3% of the total

At Kledin Australi#, the intevacrion variances, in percentage
variation and was therefore negligible. In all three trials, sam
pling error was always the largest componenti of variance (80 to -
90%).
existed, the Duncan’s tests were slightly biased.

the years when tree interactions for HT and DBH
Study of the
rankings of the provenance on a block basis has shown that the --

Therefore

four blocks could be grouped into two sets.

Therefore it scems clear, that in P. casaibaea height growth
can be very sensitive to smali micro-enviromental! but also to year
ly and regional climatic variation. The trial of Wilgeboom (in a.

intermediate, temperate region) presents the hiphest interactions.

ltowever, it is deubtful if these interactions, within trial,
have practical consequences in a sclection program, in South Afri

can ecological conditions. But their existence must he kept in -

mind.

Moreover,
died in detail

tien area.

the growth pattern of P. canibaea should bLe stu- -
in different ecological regions of its distribu- -

3.3. Instability in the vesults of the Duncan's tests.

At all three trials, not only the ranking of the provenan--
ces changed somewhat from year to year of measurements bur the --

subsets af non significantly different provenances changed zlse.

As an example, we can take the evolution of the Duncan's tes
ts with time for average tree height at Hpate (Table IT1).

You can see the blurring of the distinction between the - -
three varietics except for the variety caadbaca: Cub remains al--
ways the smallest proverance. The change in rank of the bahamen-
s5is provemance Rpt {Riding point). As mentioned before, large --
sampling errors have affected the height measurements throughout
the years. Because of the weak or inexistant correlations between
average height and DBH, in P. canibaea provenances, the ranking -
in tree volume and stand volume is different from that of the se-
parate traits. The evolution for stand volume after thining at -

Mpate provides another example (Table IV).

Tt must be noted that however unstable is HT, HT ‘has less in

fluence on tree volume and stand vejume than DBH,

TABLE T1I. Lvolutien of the rankinps of the provenances and of the
Duncan's tests ( 0,05) with time for average height

Onily height before thinning is presented,

} Ranks in de
creasing order of magnitude.

Year 1861 1963 1965 19607 19569 1972 1975
RPt RMPR-Ry MPR-Ry MPR |- MPR~SI MPR I— RPt _
MPR-S MPR MPR MPR-R MPR MPR-S SaBa
MPR-R RPt Nic LPR-5 MPR-R Nic Stlr
Nic Nic NProv || Stlr Pt Hond MPR
PR NProv [ MPR-5*| RPt Nic Saha Hend
NProv MPR-S¢ * Hond Nic Stlr Stlr Nic
SaBa Stlr Stlt NProv NProv +PR-R MPR-R
Stlr ]: Hond RPt Hond Saka Cub Cub
l{ond SaBa SaBa J-SaBa -4 Homd RPt MPR-S
b b cub Cub o sprov Lwprov 1
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T AN DATES "OF  MEASUREMENTS
FICURE ?: Diameter growth of eight provenance of P{uw caribaea at Mpate .
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FIGURE 3: Helght grewth of Pims caribaea, P gfliottil{ and P. gocarps
provenance at Wilgeboom.
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FIGURE 4:Diemeter growth of Pinud caribaga, P.elbiottii and P.oocarpa
provenance at Wilgeboom.
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FIGURE 5:

FIGURE 6: Height growth of Pinus canibaeca provemances at Klein Anstralie.
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FIGURE 7: Diameter growth of Pinus cwbaea provenances at Klej.n P.ustralle.
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FIGURE 8: Total volure preduction of Pimus caribaea provenance
Klein Australie.
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1V, Evolution of the ranking of the provenances and of the
rasults of the Duncan's tests {«=0,05) with time for -
stand velume after thinming.

TABLE

Year 1969 1972 1975
MPR-S HPR-S RPt
MPR MPR SaBa
StCr Hond Hond
MPR-R StCr MPR
Hond Nic Nic
Nie SaBa 5tCr
SaBa MPR-R J, MPR-R
RPt I Cub NProv
NProv NProv MPR-5
Cub RPt Cub

Thus it is advisable to use average tree volume or better total volume produc-
tion as criterion for selection. Multiple correlation and regression analysis
indicated also that DBl and HT ought to he considered jointly if early sclec--
.tion is to be contemplated.

At Wilgeboom, the rankings for HT changed somewhat for 1961
to 1968, remained fairly stable (rom 1968 to 1972, changed in 1974
The

aecan

to become more similar in 1976 to those of preceding years.
The P.
pa provenance varied in rank, but staved mainly in the upper class
of provenances. In D.R,H, two groups of provenances could ke
distinguished: the continental provenances (variety lendurensds}
with the largest DBH, aad the Caribbean islands provenances of P.
caribaece, gecarpa § eflieitil van, den-
40 provenances, The local P. elliotiidl
provenance was well separated from the other provenances and al--

shortest provenances remained the P. effioiiil ones.

indistinguishable from P.
with the smallest D.B.H,

the distinction of the
The
same picture was true for the Klein Australi®’ trial, but the dis-

ways the smallest. In volume preduction,

two groups of provenances was more blurred than for D.B.H.

tinction between the contineatal and the Caribbean island prave- -
Thus,
be concluded that, at least in P. caadibaea, the results of the --

nances was more constant that at the other trials. it can

Duncan's tests can vary from year to year, without apparent stabi
lization and also somewhat from trial to trial, It is probable -
that the provenances of P. canibaea have their pe;uliar growth --
curve but also their rate of growth change with yearly variation
in ecological facters and with regionmal ecolegical variatiom. Ex
cluding varying sampling error, and interaction component, the --
Duncan's tests for one year of measurements, should net be inter-
preted too rigidly and enly late measurements. {at 15 - 20 years)

should be used for selection although, multiple regression shows

that it is possible to select the best provenances at age 8.

3.4. Evolution of a few gprowth characteristics with time.

In relation with the eveolutien eor instability of the Duncan's
tests, the graphical evelution of average HT, D,B.H, and total --
volume production (TVP) should be considered,

The figures 1, %, 3, 4, 5, 6, 7, and 8 shew this evolution
for the three trials. At Mpate only HT and D.B.H. could be ple--
tted. At Mpate, HT shows the most the change in ranking with the
variety bahamensis first confounded with the provenmances of the
variety hondurensis, to be distinctly shorter from age 9 then to
have RPt jumping at age 16 in the first position. Only, Cub (the
variety caxibaea) rvemained constantly and significantly shorter -
in D.E.I.,
continental provenances and the Caribbean islands provenances is

except in 1975, at age 16. the contrast between the

constapt except in 1975 with RPt abnormally large,

At Wilgeboom, in height, only the P, efflottd{ provenances,
remained constantly and significantly shorter, with Cub (variety
canibaea) the shorter of the P. cardlbaea provenances but not sig
nificantly se. The P.
from the other provenances of P. caribaea. In D.B.H. from age 9,

cocanpe provenance remained indistinct --

three groups of provenances could be distinguisked, more or less
statistically, the group of the variety hondurensis, the group -
af the Caribbean islands provenances, of P, goearpa and P. - -
effiottifvan. densa and the group of one provenance of P
Lt{{ (local seed of South Africa
larger.

ellfiv-
) the first group being the --

In total volume production,
but statistically, therc was much
P. effioftid {Fig. 5).

the same tendency could be seen
cverlap, except for the local

At Klein Australi¥, in height, although the relative posi-
tion of the continental and Caribbean islands provenances remai-
in
D.B.H, and total volume production the contrast was more .striking

ned constant, statistically the two groups overlapped much.

and constant,
3.5. Use of the unreplicated trials.

The use of the unreplicated trials was disappointing. Is -
it worth the money and effort to establish and maintain these --
trials,
ctively by calculating correlations between average plot values

I den't know. Perhaps not.I tried to énalyse_them obje-
of one replicated trial and singie plet values, but because of -
the very small number of provenances common to the trials, only
very high correlation could be detected. Because of lack of --
replications, no conclusion could be drawn for the trials vhere
as additional sour-

there was no correlation detected. Except,

Fé for selection, these trials azre of doubtful value.

3.6. Statistical comparison of the three replicated trinls.

As P. candbaea is a pine with continuous growth, it is absa

lutely necessary to measure the trials at the same age, in months
Except for HT, no significant interaction provenance by trial was

detected.

Statistical atudv of the wood properties of three selected
Ez{_)\'ennnces.

3.7,

It mist be noted that for guasi all the wood properties --
studied (40 in tatal} provenance by trial interactions were de--
‘tected. It was mest noticeable for the strength properties, with
probably some very important effect. Therefore it scems that --
the selection of the provenances of P. caribaea, in contrast - -
with the growth characteristics, for wood properties, should be
done a regional basis.
It is to be noted that probably for pulp and

paper properties, interactions exist although ne statistical evi-

For further details see the publicarion
already mentioned,

dence is available.
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FLORESCIMENTO E PRODUCAO DE
SEMENTES DE Pinus caribaea VAR, hondurensis
(RESULTADOS DE UMA PESQUISA MUNDIAL)

C. M. Gallegos

Central and South American Species
International Paper Company

U.S. A,

Resumo

. 05 resultadeos de uma pesquisa mundial em rela-
tdo ao. "florescimento" e produgdo de Pirus candibaca var. hondu
'aén&i&, indicam gue as condi¢Ses ambientais 5timas Para o cres
cimento reprodutivo situasse entre as latitudes de 3° a 27° N
e 9% a 277 3,
altas altitudes entre as latitudes de 18° a 27% w e 18° a 27
5, onde a espécie apresenta florescimento reduzido e pouca  ou
nenhuma produgac de sementes. Em adigdo, as zonasg altas
as latitudes 90 N e 9° 5 do equador pafecem ter climas que fa-
vorecem a produgdo de sementes vifveis. Abaixo de 27° N =Y
27° 5 o crescimento reprodutivo & altamente reduzido, provavel

ExcegSes a estas hipdteses sho aparentemente as
o

entre

mente devido a modificacBes abruptas da tamperatura e as gea-
das de inverno,

FLOWERING AND SEED PRODUCTION OF

Pinus caribaca VAR. hondurensis

(RESULTS OF A WORLDWIDE SURVEY)

Summary

The results from a werldwide syrvey concerning the "flowering" and seed
production of Pinus earibaea var. hondurensis indicate that the optimue °
environmental conditions for 5eproductive growth of this tree lie between 9
to 27°0 latitude and 9% to 27°5 laritede, Exceptions to this hypothesis are

—
“apparectly high elevations between 18° to 27°H latitude and 18° to 2793
latitude where these trees exhibit reduced "flowering" and littie or no seéd
production. In addition, tropical highland zones bectween 9°H and 995 of the
equator appear Lo have climates which faver the production of viable sced.
Beyand 27°H and 27°8 latitude, reproductive growth is greatly reduced, prohably!
due to-abxupt temwperature changes and winter freezing.

FLORAISON ET PRODUCTION DE GRAINES
DE Pinus caribaea VAR. hondurensis
(RESULTATS D’'UNE RECHERCHE MONDIALE)

Resume

tes résultats diune étude mondiale entreprise sur 1a
floraizon &t la preduction de groines du Pinus caribaea,
var. hondurensis, indiquent gue les cenditions optimum de milieu
pour la production de graines, sc trouvent dons des 2ones allant
de 9° b 27° de latitude Mord, et de 92 a 27° de latitude Sud.

Des régions montugneuses situdes entre 18° et 27° de
latitude Sud semblent laive exception 3 cette hypotiwdse cor on a
constaté une diminution de lo florsison de ceg arbres, aningi que
trés peu ou pas de production de gruines. Ds plus, on a remarqué
que les ?ones tropicales d'allilikle siludes entre 9° Sud et 9° Nord
par rapport 3 1'Cquatewr, jJouissaient de elimats Tovorables 3 la
A dield dq 27¢ Nord eb 270 Suwd, la

production de graines cst sensiblenwnt réduile; probublement &

production de grainea vichles.

cautie des changenenls brutaux the Lompéralure et aox gels e

T hiurer,

INTRODUCTILON

BDuring the International Unien of Forest Research Organization (IUFRO)
Woxiing Parcty $2.03.)1 meeting, held in Brisbane, Avstralla, in April, 1977,
the importance of Pinus caribaea var. hondurensis {PCH} as a plantacion speciles
in the tropics and subtropies was discussed at great length. The discourse
regarding increased utilizarilen of this spec®es also brought te light the dLffi-
culties involved in acquiring.the amowunts of seed needed toestablish plantations,

The author would like to exzpress his gratitude to Dp, D. G. Nikles and Dr.
J. M. Ficlding of the Queensiland Departmont of Forastry, plus Dr. B. J.
Zobal and Dr. W. D. Miller of North Caroling State tintversity, for their
kelp in developing the questiomnaire used in this study, and for providing
the nemes and addrasses of any of the people who suppiied the information
on which this paper is based.

Tahle 1. "Flowering™ and Seed Production of Pinus
caribaea var, hondurenata for Various
Countries I[n AFRICA
FPresence af

Flowering/ Plantatiocn Latitude- Elevation

Country Seed Yiabiiity Ape {Yra} Ciimate Type** Longltude {m)
B.R. of the Congs Yes/Yes(2) 7-8 Am (Monacon Forest) 4%45'8-11%54"'E 30
Ivory Coast Yes/No 7 Am (Evergreen Seasonal Forest) 4% 518-6%38'2 100
Yes/No 11-12 A (Evergreen Seaaonsl Forest) 5%02'0-4%01 ' 25
Kenya Yes/Yea () 21 A {Monsoon Forest) 4°11°8-39%28'8 394
Higeria Yea/Yes 17 Troplcal Highlands . 9”50'“-8530'1-: 1130
Yes/Yen 10 Aw [Seasonally and Periodlcally 1037 ' 0-7%17'E 00

Dry (Savanmah)

Rep. of Sa. Africa Yes/No 12(5.0.)%  Cua (Temperate Dry Winter & dot Summer) 28°218-32%19'0 47
khodesia Ho/Mo 15 Cws (Temperate Dry Winter & Hot Sunmer) 18%40'5-32%50' 900-1 100
Yes/Ho 5(5.0.)% Cuws (Temperare Dry Winter & liot Sunmer) 18°%41"'5-32°535 ' 698
No/No 9 Cwe (fenpurate Dry Winter & hor Summer) 18%40'5-32%40°E 700- 300
YesfNo 3(5.0.)*% 8ah (Subtrapical Steepe} 20021'5—32"20'E 448
Tanzanta Yes/Yeu 15 Am {Monsocon Forest} 6°53'5-38°55'E 80
Yos/Yus 14-17 am {Honsoon Forest) 2°91'5-33%3'E 1280
Yes/Ho 18-19 A {Mansoon Forest) 19%7'5-39%1218 . 870
Yes/Ho 20 Am {Evergreen Seasonzl Faresi) 2030‘5-32300'1! 1230
Ugande Yus/Yeas 17 Tropieal Highlands 0%03'0-12"28'8 1135
Zabia Ho/No . Am (Monsoon Farest) 12%5'5-28%10'E 1300

* 8.0, = Seed Orchard
*k aflLer Roppen




plus the apparent lLack of flowering and seed producticm chat accurs when PCH is There is a large amcunC of physiographic variaticn within the native range
planted as an eaotic, particularxly in the low lacitude tropics (Slee, 1978a and fof Caribbean pine, and climate varies from croplcal and subtrapical to cropical
1978b). Because of this situatlon, it was agréad at the meeting that the authot]highland conditions as a result of this topographic diversity. Therefore, it
would distribuce a questlonnaire ro varicus parcies throughout the world, who seems logical that knowladge about the natural distribution of rthis species, and
are engaged in groving Caribbean pine, to determine vhot environments are most the eqvirenmental oczurring within cthis reglem, should provide some insighc into
suitable for cone and seed producticn in this species. The other vavietles of the elimatic requirements for cone and szed productien.

this tree (f.e., Pinus cartbaea var. bahamenstis and Pinus cariicea vor ezribaed
were not included in this scudy because of the telatively lesser ilmportance of

thase varieties for plantation establishment. HETHODS

The natural distribution of PCH extends from 18%04'Y iasritude in nertherm

Belize to 12203'N latitude at Blue Flelds, Nicaragua (Lamb, 1973). The longi- i In February, 1978, and again duriag lJuly. 1978, the i‘*..nus ceripoea Var.
tuedinal range is from 80°253'W at foprun, Guatemala, to 89°25'W near Puerto noncwrensgis “Flowering and Seed Produccion Questiommaire’ {Appendix 1{-:)\: wasg :ﬁi:\t
Cabezas, Nicaragua. The alcitudinal discribution varies from sea level to to 7% diifevent parties locaced in 34 countri.es throughout the woxld, eu::::; fi.
1,000 m in Belize and to semewhai lewer alritudes in Bonduras and Nicaragua. 63 (8BX) responses were received frowm 32 (94%) countzies. Of_these, ‘]S E-w 260
The northernmost limit of Caribbean pine occurs in Grand Bzhama and Great the questiomalres chat were recutned yielled usable information cencerniag
Abaco, where P. caridaea var. bahamensis (PCB) is Eowmd ar 27°25'¥ latitude. slantaticens and 5 seed orchards {Tables 1-3).

Appendix 1. Pimus caribaea (var. hongurensiz) "Tlowering” and Seed Produciion Questionnaire.
IUFRO Working Parey §2.03.1 {Breeding Tropical and Subtropical Species).

L. The Plantation

Name: Laticude: Longitude: aleitude{m:

Provenance (soutce of seeds): Year Planted:

2. The Climate
Type of Climace {check one):

Wet tropical lowlands (Af) *
(rain fores:) :

Tropical lowlands with short 4Ty seascn {Am)
{evergteen seascnal forest) .

Tropical lowlands with marked dry season (Am)
(mensoen forast)

Seascnal and periodically dzy {Aw)
{savannah) H

Humid subtropical lowlands (ca)
Tropical highiands H

Montnly rainfall distribustion (if available):

J £ M A M3 J s 4] N b Year
Rainfail {um)
3. TIhe Seeding
Period of female f{lewar productiom:
{a} Produced during a particular period? Month:
ib) Producad throughout the year?
(e} Not xzncun
Period of poilen production:
(a} Produced during a particular period? Meoach:
{b) Produced rhroughout the year?
(¢) Hot knowm
D0 cones contain seed? Yes No
" Saed Viabilicy: (a) Yost of sesd viable? {b) Most of seed emprv? .
{c) Half of seed empcy and half of sesd full?
(d) ¥cot known
Seed ?yoduczion and Dualitv for Past Several Years:
Avg. Nc. Seed wWeight
Seed Cones aAvg. Mo, No. Yiabilicy of Seed
Year Sor ha. Seeds/cone Sesds/ kg, (2 (kz./ha)
1877
1576
1973
1374
1573
Respondent
Hame: Signacture:

Officisl Title:
Qtganization: Date:

Address:

*Refess to Koeppen Climatic Slassfificarion Svstem.
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Teble 2. Pinus varibaea var. hondurensis “Flowering"
and Seed Production Information for Varlous
Counrries und Locations In AUSTRALIA/OCEANIA
and ASEA
Presence of
Flowering/ Plaptation Latitude/ Elevarion
Country Seed Viability Age {¥rs.) Climate Type*¥ Longitude (m)
Australis (1) Yes/Yes 411 Am {Evergreen Seasonal Forest) 18°15'5-146°00'E 7
Yes/Yes C1p-18 Am {Lvergreen Seasonal Forest) 2295015-150%45'F 50
Yeu/Yes 14-18 Ca (Humid Subtroplcal Lowlands) 27°00'5-153°00"'E 30
Ausiralla (2) Yes/Yes 12 Am (Monsoon Forest} 12°28'5-131%5'% 60
Yes/Yes 13 Am (Monsoon Forest} 11°25'5-130°40'E 50
- FLii Yes/Yes 5-6 {5.0.) *  Am (Monsoon Forest) 17°35'5-17732 ' 35
1ndia Yes/No 6-10 Cwa (Monsoon with Dry Wincer & Hot Summer) 30019'N—78002'E 750
Indonesia Yes/to 1-5 Af (Wet Tropical Lowliands} ‘0030'S~11}'000E 50
(East Katimantan)
Malaysia Yes/No 7 Anm (Evergreen Seasonal Forest)} 5%10'N-116°15E 350
Yes/tio 17 An {Evergreen Seasonal Forest) 6958 " N-106"40'E 760
Mew Zealand No/Ho 23 Cfb {(Tenperare with Ceol Long Summer} 35915'5-174903'F £92
Papua MNew Gulnea Yesu fYes 1-8 Tropical Highlands 7211'5—1-‘;6239'[‘2 145
Yes/Yes 16-11 Tropical Highlands 7059‘3—-146034'E 1333
Yes/Yes 8-11 Am-Aw [Iropical Monscon Forest— 6 08'S-146"11'E 300
(Savannah) ]
Philippines Yes/Ne -8 Af (Wet Tropical Lowlands) 12%45'8-126°00'% 600
Thailand Yes/? 7 Tropleal Highlands 18%10°8-98°28'E a00
Yeo/Yos 13 Am {Monsoon Forest) 15925'8-104953'E 130
*Yes/No i3 Tropical Highlands 18%09 "H-98727 'L 1095
* 5. 0, = Seed Orchard
L

Sratistical Fvaluatiom

The data which was requested in the guestionnaire {Appendix 1) included
specific Information concerninz the gquantity of seed production and its quali
However, very few of the individuals who responded were abie to provide cthese
facta. Because of this, and the resulrting data limitations, 1t was impossible
to derive meaningful vesults from conventional analysis of variance {(ANOVA)
regression and correlatfcen snalyses procedures. The approsch ultimately used
to evaluate these data was a one-vay analysis of varlance between the dependent
variables {presence of flovering and seed viabiliry} and the varieus independent
variables including latitude, longitude, elevation, ageclimate and precipirarion,
plus time of flowering and poliipation, In addition, non-parametric analyses for
evaluating discribution-free populatlons (Snedecor and Chochran, 1972) were used
for addictional comparisons of these cue-way evaluations between the dependent
and independent varisbles. :

The final data were anazlyzed on anI3Y 370/158 computer using the Statistical
Analysis :'System {5AS) NPARIWAY procedure {Blair, er al., 1579}. In additifon, Che
SAS CHART procedure was used to develop plotted supplemenzal comparisions af chig
information.

RESULTS

Informition derived from the one-wayaNovAshowed that presence of "flewering'
in Pinus cartbaegvar hondurensts 1s closely assoclated to latitude and elevation.
The relation of “flowering” to elevarion was found to be significant at che 96.99
Jevel, and this vesult was borme out by the Chi-square analysis,wvhich wassignifi-
cant at the 95.9% level. The relationship of “flowering'te lacicude was slighuly
lower, being signiffcant at the 93.7% level. However, the Chi-square test showed
this association to be significant at cthe §6.0% Level.

Production of viable seed, on the other hand, was found to be wore closely
linked with the month of the year when "flowering' and pollination eecur. The
level of significance for viabiliry fn relacion to the time of female primordia
intriacion was 98.6% and 96.9% for the time of pollination. The Chi-squaretests
for the relation of "flowering” and pollination toseed viability were significant
respectively at the 97.3% and 92.7% levels.

Examinacion of the plotred dara iadicaces that, when 2. cartheen var.
hondurensis is grown as an exotric , Lt will “flower,” huc ir will gemerally nst
produce viable seeds at low elevations and low latitudes {i.e., betwean 99N and
9°5). This condition holds true for the Ivory Coast (Table 1}, [ndonesia, amnd
Malaysia (Table 2}, plus Surinam, French Guiana and Nocthern Brazil {Table 3).

revealed that, although seed germination does occur, the production of viahle
seed Iz quite low for these three plantations.

The dara also show that trees planted ar high elevaticns In the kow latituds
tropics will produce good quantities of wlable seed, which 1s an exception tothel
assumption scated above.lt should be noted thac the locations In Uganda (Takle 1
and Rew Guinea {Table 2), where this phenomsnon eccurs, are found in Tropical
Eighland envirouments. Because of this occurrence,it Seems apparent chat nighar
elevations in the tropics have ameliorating éffects on climate (notably
temperature}, which favors the “flowering" aud seed production of PCH.

The mnat favorable latitudes for reproductive growth of PCH appedr to lie
between 99N to 27°N and 905 to 27°S. This theory is appareatly borme cut by
the informacion obrained for Australia (‘fable 2), Brazil and Venezuela (Table 3).
Furthermsre, the natursl distribution for PCB extends to 27%25'N latitude, which
indicares chat beyend this Iimit {u the northern hemisphere reproducticn of
Caribbean pine 1s limited by unfavorable climatic conditions,

Apparencly higher elevaticus within 1B°S to 279§ latitude and 18%W to 270N
latitude do not have envircnments that ate conducive to seed production., Plan—
tations and seed orchatds of PCH in Rhodesia {Table 1L}, Thalland {Table 2) and
Brazil (Table 3) exhibic "Flower" productlion, but litrle or no viable seed Is
produced ac these higher elevatlons. It is 1nterest1n§ ee note that wichin the
native range, PCH dees gat occur further north than 18%04°% latitude, which
might imply that ambient conditions at higher elevations limit reproduction and
thereby the northward dissemination of this varfegy.

Beyond 27%W and 2795 latitude, "flowering" of PCH is reduced or absenc (e.g.,
Tndia, Bew Zealand, the Republic of South Africa, and Argentina), and there is
apparently ne production of viahle seed. This phencmencon is comparable to what
is observed ar the northern limits of the natural distribution of PCE on Grand
Bahama {27°25'N latitude), where the northward dispersion af chis variery appears
to be limived by physical barriers (i.e., the Caribbean Sea) and possibly
climacic conditions. In addition, experimental intreducticns of PCH and 0.
caribaca var. bohamensis near Punta Gorda, Florida (27%55'W-82902'W latirude)
have shown that sudden changes in temperature and occasional wintetr freezing
severely limit "flowering" and seed production of the specles (Nikles, 1966;
Squillace, Mikles and Sayler, 1977).

CONCLUSTIOUNS

Despite che limirtations placed on statistical evaluations by the data, there
4are certain pracciral deductions which can be derived from this investigation. In
terms of seed orchard establishmeat, it appears that the best conditions for good

Inirial evaluaticn of data obtained from the Democratic Republic of the Congo,
Kenya and Tanzania (Table 1) indicaced chat these chree loecarisns could be
exceptions zo this hypethesis; however, closer examination of this information

seed production in Plrus zardibaes var. hondursnsis occur at lower alevactions (below
300m-900m)  at the wid-lacitudes {becween °N~277Y and 9°5-2795). There are
certain indications that in che trepical low latitudes (between 99N and 9°5), some

geed can be oroduced in orchards that are located ar elevations exceeding 300a.
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Table 3. The Production of "Flowers" and Seed of
Plaun caribaca var. hondurensis for Variocus
Countries and Locations 1n TATIN AMERLCA

Presence of

Flowering/ Plantarfon Laticude/ Elevation

Lounlry Seed Viability Age (¥rs) Glimate Type** : Longitude {m}
Avgentina Yes/No 3-18 v (Troplcal Savannah) 27°%40'5-26%30"w 0
Brazil (1) Yes/Yes 18 Aw (Tropical Savannah) 21251'5—6?202‘“ 600
brazll (2) Yes/to 5 An {Monsoeon Forest) 13000'5—35030'H 45
Brazil (3) Yes/? t-3 Am {Evergreen Seasonal Foresat) 12000'5—38000'1»! &0
Brazil (4) Yes/Yes =15 Cwa (Monsoen, Dry Winter and Het Summer) 22720548500 1070

2-3{5,0.,}*
Brazll (5) Yea/No 1-8 Af (Rain Porest) 0%40's-5233'W 35
Brazii {6) Yes/Yes 10 AF (Rain Forest) 19024'5—40004'14 30
. Yes/No 10 Tropical Highlands 19 37'S'—&3°l3'N 826
Brazil (7) Yes/Yes 4-8(2) Ga (Humid Subtropical Lowlands) 2730548 30'W 50
Brazil (8) Yes/Yes 17 Cwa (Monsoon with Dry Wincer and Hot 22722849 44'W 500
Summer) o o

Yea/Yes 17 Cwa {Monsoon w/Dry Winter & Hot Summer) 21040'5—47049‘14 550
Yes/Yes 17 Cwa (Monsoon w/Dry Winter & Hot Summar) 22718847 13'W 600
Costa Rica Yes/Yes 18 Am (Evergreen Seasonal Forest) 9°53'n-83°28'w ) . 502
Frencl Guiana Yes/Ho §-15 Af (Raipn Forest)} SEOS'N—SSgDD'W 10
Yes/No 1t Af (Raln Forest 4752 N~-52720'W 4]
Fuerto Rico Yes/fes 12 Ca (Humid Subtropical Lowlands) 1822!'N-67212'W 150
Yes/Yes 16 Ca (Humid Subrrepical Lowlands}) 18009'N~65050'W 110
Yes/Yes 16 Troplcal Highlanda 18012'N—66035'W 820
Yes/Yes 16 Ca () 18 21'N-65 49'W 480
Surinam Yes/No 6~10 Af {Rain VForest) SDDS'N-—SSDDO'W 200
Trinidad & Tobago Yes/Yes 13-16 Am {Evergreen Seasonal Forest) ) 10302‘N—60§30'W 50
Yes/Yes 13-16 Am (Evergreen Seasonal Foresr) 11 21'R-6156'W 30
Venzuala Yes/Yes 7-1z Am {Evergreen Seasonal Forest} 9240'5—63210'5} 90
Yes/Yes 1-9 Au (fropical Savannah} 8040'S~620b2'w 28
Yes/? 1-5 Aw (Tropical Savannah} 902'5-6316'W 40

:ﬁ §5.0. = Seed Orchard
" Afrer Koppen

assoclated with time of “flowering” and pollination. This indiecates that climates
with distinct seasonal variaziens faver the productidn of qualicy seed, buc

weacher conditions at high elevacions in the low latitude tropics ate usually

quite uniform throughcur the vear., The data also demonscrate that seed pmdl;ction
and viability are generally quita low at higher latirudes (more than 279% and 27°5) |
Indications are that, whilec certain lower elevatiens way be productive, it would
probably not be desirable to escabiish a PCH seed orchard beyond the 27° latirudinal
boundary.

Theae conclusions are based primarily on climatic variables, and they do
oot take into account lmportant characteristics auch as seil physical properties,
soil ferrility, level of orchard management and other variables that must be

to emphasize the Importance of maintaining accurate "flowering" and seed production
recerds plus accurate and contioucus weather records. This information is crivical
nat only for the day~to-day management of a seed orchard, but it will alsc provide
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SITUACAQ DO TESTE INTERNACIONAL
DE PROCEDENCIA DE PROCEDENCIAS
MEXICANAS DE Pinus nocarpa, 1980

A. Greaves

Department of Forestry —
Commonwealth Forestry Institute —
Oxford University

ENGLAND

Resumo

Foram distribuidas para 14 paises, sementes de
‘pracedéncia mexicana de Pinus oocarpe Shiede, visando a
instalacdo do teste internacional de procedéncia. Esse taste
estd sob a coordenagdo conjunta do Instituto Nacional de
fnvestigaciones Forestales, México, e do Commonwealth
Forestry Institute, Inglaterra.

STATUS OF THE INTERNATIONAL
PROVENANCE TRIAL OF MEXICAN
Pinus oocarpa PROVENANCES, 1980

Summary

Seed Cor the interpational provenance trial of Mexican Pinusg
cocarpa Schiede provenances was distributed te 14 countries. This
trial is under the j}oint coordipation of the Instituto Naclonal de
Investigaciones Forestales, Mexicc, and the Commonwealth Forestry
Institute, U.K.

SITUATION DU TEST INTERNATIONAUX
DE PROVENANCE DES PROVENANCES
MEXICAINES DE Pinus oocarpa, 1980

Resume
L.es graines du Pipus pucarpa d'ovigine mexicaine,
deslinges aux essals de provenance internationaux,ont ébé lourmics

3 14 poys.

L'ensemble des essais est coordonng & la fois par
LUINSTITUT NATIONAL DES RECHERCHES TORESTIERES DE MEXICO et par
1'INSTETUT FORESTIER DY COMMONWEALTH BU ROYAUME UNI.

INTRODUCTION

The exploration, evaluation and conservation of the genetle
reaguroes of Pinus ODOArDA Schiede has been assigned first priority
statua in the Global Programie for Improved Use of Forest Genetlc
Resources {FAQ, 19¥7)}, The internaticnal provenmance trial of Central
American F. ogcarpa provenances has made & signiricant contribution
to the programme (Kemp, 1972; Greaves and Keamp, 1978; Greaves, 1979;
1980a; 1980b) but thi=z trial ias concerned with less than one third of
the species' natural latitudinal distribution.

During recent years the Instituto Haclonal de Investigaclonea
Forestales (INIF), Mexico, has made provenance seed collections in
the central part of the apeciea' range {(FRO, 1977). In 1679 these
were distributed for an international provenance trial of Mexican P.
oocarpa provenances in which INIF is responsible for coordinating the
experiments in Latin America whilst the Commonwealth Forestry
Inatitute (CFI) coordinates the work throughout Africa and Asia.

PROVENANCE SEED COLLECTIONS

fwenty seven P. oocarpa seed collections from sites between

Appendix I

SEED COLLECTIONS OF MEXICAN PINUS DOCARPA PROVENANCES

Site No. Collector's No. Site Latitude Longltude Altitude {m)
PO g INIF353 Valle de Brave 19214 '8 100°07T'W 1,870
PO 99 INIF367 La Trinitaria 16%15'H 92°03'W 1,450
POI00 INIF3T8 Mazamitla 19°58 0 103°06'W 1,720
PO101 INIF3T9 Tzararacua 19%25'N  102°02'W 1,400
PCI02 INIF392 Palos Altos 19°25'H 103" 35'W 1,508
P3103 INIF398 Yalle ge Brave 19° 14 'K 100°07'W 1,860
PO10% INIF399 El Llano 19°15'H 100" 25 1,760
PO105 INIFL1T Matanguaran 19°$8'H  102°09'W 1,560
PO106 INIFLE Ziracuaretire 19°18'H  102*09'W 1,500
FO107 INIFLBY Los Sabinos 19%13'H 101°45'W 1,710
PO108 THIFUGO Los Kegroa 19°13'H 101°45'W 1,710
PO10% INIF502 El Duraznc 19°22'F  102°L1 W
20110 TRIF534 La Codicia 16°65'K  92°07'W
PO INIFS35 La Florida 16°551K 92753'W
PO112 IRIF554 Chinaneca 20°45'K 98*39'wW 1,550
FO1t3 INIF55%5 Cafeles 17*16'R 96°30'Y 860
PO11Y IKIF556 Buena Vista 17e15'N 993t 710
$O11S INIFSB2 Los Pinos Ranch  16°ED'R 93°US'W 750
POTIE INIFS5TS El Derazno 15°2T'8  W2°05°W 1,600
POAIT IHIFSB6 El Sanibal 16°50'8 92°55'W +, 180
PO1T18 INIF587 San Francisco 16719'N G1°59'W 1,560
POT19 THIF588 ia Cascada Ranch 16°50'N  93°50'W 940
PO120 INIF596 San Cristobal 16°50'N 32°36°W 2,220
PO121 INIF5$S Clenega de Leon  16°US'N  §3°u5*W 1,100
PO122 INIF604 Santa Rita TE6%0T'N G2°00°'W 17640
PO123 INIFB0G Toliman 15%16'N 92*20'W
PO12Y INXFE2T Temasoaltepec 1875T'N  100%05°W 1,650

latitudes 15° and 21°K were made available by INIF {see Appendix 1).
Special attentlon was given to sampling the stands in Chiapas as it
vas in this region that Mertenson agquired the fast-growing Jitotil
provenance on behalf of the East African Agriculture and Forestry
Reaearch Organisation {Greaves and Dyson, 1977).

Four of the most promising Central American provenances were
contributed by the CFI s0 that reaults from both series of
internztional trials may be compared.

SEED DISTRIBUTION AND EXPERIMENTAL DESIGK

Seed allocations were made to 14 countries (see Appendix II}.
Each allocation comprised 16 Mexican and U Central American
provenances.

It was recommended that the individual provenance trials should
consist of all 20 provenances lald out in a randomised complete block
design with 5 replicatfons. This well-tried and robust design has
proved to be very satiafactory for provenance trials of tropleal
pines. Rectangular lattice designs with six replications were offered
as alternztives for triala that were to be established where there
was pronounced site variattion.

The advised plot size was 49 trees (7 x 7 rows) at 3 m spacing
with the outside row used as a boundary and the asaessments confined
te the inner 25 trees (5 X 5 rows). The wide spacing delays the onaet
of competition and accentuates differences in crown form. The plot
slze 1z sufficient for thinning to be carried out without reducing
the number of trees tc an unacoeptably low level thus prolonging the
useful life of the trial.

INTERNATTONAL COOPERATION

Aszegsment data have not yet been published, but the CFI in
cooperation with INIF will collate information as it becomes
available on behalf of the international provenance trial

+ ecllaboraters, thus laelilitating the rapid evaluation of the

provenances,

Appendix IT

COUNTRIES PARTICTPATING IN TRE INTERNATIONAL PROVENANGE
TRIAL OF MEXICAM P. COCARPA PROVENANCES.

Australla, Brazil, Cameroun, China, Ecuador, Chana, Honduras, Nepal, Nigeria,
South Africz, Tanzanla, Thailand, Uganda, Venezuela.
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TESTE DE PROCEDENCIAS DE
Pinus pseudostrobus, HONDURAS —
RESULTADOS AOS 31 MESES

D. Houkal
Escuela Nacional de Ciencias Forestales
HONDURAS

Resumo

0s resultados de um ensalo aos 31 meses, (26 me
ses no campo), comparando 15 procedancias de Pinus psoudosihro-
bus e uma procedéncia de Pinus ¢ocaapd sac apreseintados. Una
tentativa de divisdo fol feita na regido Central de Cuatemala,
separando as populagbes de P. péeudostrobus em dols grupos ta-
0 grupo de procedéncias extendendo-~

 Micaragua,

xondmicos bem diferentes.
-ge da area Central da Guatemala para Nordeste da
caracteriza-se como © grupo gue cresce mals rapido do gue [}
grupo gue se extende da area Central da Guatemala para o Norte

do México.

pentro do Grupo da Amdrica Central nenhum pa-
drdo de variagac geografica na altura das arvores, acsdl meses,
foi detectado, multo embora diferengas entre estas procedén-
clas, com relagio a altura meédia, foram significantes. A unica
fonte de sementes de P, pogearpa cresceu significantemente me-
nos gue gqualguer outra das procedéncias de P, pseudodirobus da

hmérica Central.

Pinus pseudostrobus
PROVENANCE TRIAL, HONDURAS —
31 MONTH RESULTS

Summary

The results of a 31 month old trial (26 months in the Field) comparing 15
provenances of Pi{rus pieudosfrobus and one provenance of Pinus ococanpa are
reported. A tentative division was made In céntral Guatematra separating the
P. pseudostrobus population iato two distinct taxonomic groups. The group of
provenances extending from central Guatemala to northeastern Hicaragua as a
whole grew much Faster than did the group which extends from central Guatemals
to northern Mexico, Within the Central American group, no pattern of geographic
variation in 31 month heights was noted although differences among these prove-
nances with respect to mean heights were significant, The single P. oocatpa
seed source grew significantly slower than any of the Central American P. pbeudos
Frobus provenances. B

TEST DE PROVENANCES DE
Pinus pseudostrobus, HONDURAS —
RESULTATS APRES 31 MOIS

Resume
Les rdésultats 4'un esaei apris 31 mois, {26 mois
sur le champ), ¢omparent 15 provenances ds Plnue posudostrobus et

une provenancs des Pinus Oocerpa sont préasentés. Une tentative de

division & ét4 faite dang la région centrale du Guatemala, en eépa
rant les populaticons de P. pssudostrobus en deux groupes taxonomi-
ques bien différants. Le yroupe de provensnces gfétendant de la ré
gion esntrale du Guatemnia vers ls Hord-sst de Wicaragua, eat oa-

ractérisé comme ls grovpe qui orolt plue vite que le groups a'dten

dant de 1s rdgion centrale du Fuatemala vers le Nerd du Méxique.

Dane le groupe de 1'Amérigue Centrale aucun modidle
4e variation gdographique 4&ns la hauteur des arbres, & 31 mois, a

été remarqué, bien que les différences par rapport & la hauteur moy

enne, ont dtd aignifimntes sntre ces provensnces. la seule sourcs de
grainesa de P. Cocarpes a grandi remarquablement moine que n'imporie

quelle mRutrs provenance ds F. pseudogtrobus de 1tAmérique Centruala.

INTRODUCT I ON

Pinus paeudosBrobus Lindl. ranges from narthern Mexico to northeastern
Nicaragua (Critchfield and Little, 1966). Within Honduras and most of Central
American, it is normally restricted to eievations above 1,100 m and forms a se-
ries of disjunct populations. It grows much faster than either P{mus oocanpa
Schiede of Pinus caribaea var. hondunensis Barret and Golfari on its natural
sites due o their higher moisture and deep, fertile soils. Although the wood
quality of P. pseudostrobus is inferior to that to the other two pines’, it is
commercially logged, especially when found mixed with P. cocarpa.

In tate 1376, a set of provenance seed sources was sent to the FAQ forestry
project (PHUD/FAO/HOHD 73/511) in Tegucigalpa by the Commonwealth Forestry lnsti-
tute (CF}). Responsibility for these trials was subsequentiy turned over to the
National Forest Tree improvement Program in Siguatepsque. In late 1977, two prov
enance trials were established on twe widely differing sites within Ronduras
This paper reports the 11 month results of one of these trials.

HATERIALS AND HETHODS

Table ! lists the provenance seed sources included in this trial.

1 .
Unpublished results of the author.
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TABLE 1. PROVENANCE SEED SOURCES

1.0. Species Country Latitude Longitude Elevation Contributor
n

HP-1 Pinus pseudostnobus Mexico 23,1B°H 99,00 2,000 INTF

He-i " " " 17.33°N 97.67°W 2,000 "

HP-5 " " u 19.50°K  102,10° 1,634 i

KP-6 " " " 16, 48°F  97.08°W 2,200 '

MP-§ " " " 19.12°K  97.62° 2,400 '

GP-1 " " Guatemala 14,72°N  90.67°W 1,800 o

GP-2 " " " 14,83° 91,08 2,200 '

HP-1 o " Honduras  14,03°N  87.08°W 1.600 '

HP-2 " " " 14,80°0  87.50°W 1,200 '

HP-3 " " " 15.00°H  87.10°W 1,300 !

HP-4 " " i $h,17°8  B6.5B°W 1,250 !

HP-5 " " " £3.60°0  BE.5H°W 1,075 "

HP-6 " " " 14.87°N  88.82°W 1,100 "

HP-7 " " " 14.22°N  B6.67°W 1,200 Bco.Sem. &%

Ho-y Pinus coearpa " 14.50°0  85.00°W 1,200

NP1 Piws pseudostrobus Micaragua 13.25°N  86,18°W 1,300 cFl

* Instituto Nacional de Investigaciones Forestales, Coyoacidn, México, B. C.

**Banco de Semillas, ESNACIFOR, Siguatepeque, Herduras, €, A,

Seeds were sown in the experimental nursery at ESNACIFOR on the 2bhth -
25th of June, 1977. Conditions and results of the nursery phase were presented
in an earlier paper (Moukal, 1980), so will not be discussed here. However, it
should be menticned that the P, socatps seed!ings were not included in the
original nursery trial, but were the product of an additional sowing wich did
receive a similar treatmant,

A planting site was selected in the central part of Honduras at approxi-
mately T4.83°N longitude and §7.58°W latitude. The area is located at 1300 m
elevation and was covered by a pure P. pieudostrobus stand. It was cleaned,
burned and fenced in Gct-Nov, of i977.

secdlings were transplanteu to the field in Dec, of 1977. A randomized
complete block design using 5 blocks with plots of 36 plants {6 x 6) was
employed. The area has been cleamed 5 times to date to reduce weed competi=
tion, Height measurements were taken to the cearest centimeter on alt trees
on Dec. 1977, Dec. 1978 and Feb. 1980; 6, 18 and 31 months foilowing sowing,
respectively.

RESULTS

Field Surviva?l

Overall survival for the trial dropped from more than 99% following 1
month in the Field to 73,52 after 32 months to 70% after 26 months. Survivai
percentages ar 26 months vary greatly among proveiances with the Mexican
sources generally showing much fower vatues (Table 2},

TABLE 2. FI£LD SURVIVAL/PROVEKANCE AT 26 MONTHS

Provenance Surviva! Provenance Survival
MP-1 693 HP-2 81z
HP-4 521 HP-3 75%
HP-5 603 HP-3 7%
HP-6 15% HF-5 45y
mP-3 59% HP-6 - 8ok
GP-1 79% HP -7 7%
GP-2 733 HE-1 67%
HP=1 75% NP-1 Jug

Three major factors are responsible for mortatity., First, a small per-
centage of plants {223} were lost to insects such as the leafcutter ant which
abound in the area. Secondly, the pericdic cleaning of the plot with machetes
has taken a heavy toll. Just prior to the latest height measurements in Feb,
of 1980, the area was cleaned leaving 3% of the trees damages and over 1% dead.
It is probable that during the prior 4 cleanings when the trees wese much
smaller, accidental cutting of trees would have been much greater. Therefore,
it is estimated that 10% of the trees were killed during cleaning. S$ince
adequate moisture seems Lo be present year around, the greatest cause of mor-
tality appears to be competition with the surrounding vegetation. Growth of

the underbrush on this site Is rapid and even though P. peudestrobus is a re-
latively shade tolerant pine, prolenged shade or dessication following rapid
remaval of shade (ie. during cleaning) can couse significant loses. A simptle
corretation coefficient comparing 31 month old average provenance heights with
the surviva! percentages in Table 2 was calculated at 0.74%* {tabylar r = 0.623,
p=.99 with 14 df), which also suggests that the slower growing provenances
suffer increased mortality because they are more severely affected by the
competitive factor,

Height Growth

Large differences exist among the provemances in terms of their 31 moanth
average heights {Table 3). A!t Honduran sources of P. pseundos taobus and the
one Nicaraguan source are similar and range from 2.5 to 3.0 meters average
height, while the Guatemalan and Mexican sources are significantty shorter,
ranging from 0.7 to 2.1 meters. The single P. nocdapa source is inferior to
ali the Honduran P, péeudosinobus sources.

TABLE 3. MEAN PROVENANCE HEIGHTS (cm)

Heights

Provenance - Mo,
X 5 obs.

MP-1 71.4 29.9 125
MP-4 80.6 36.8 gh
MP-5 109.0 48.3 108
MP-§ 86.5 381 63
MP-8 64.6 26,1 107
GP-3 215.0 77.2 142
GPeZ 137.0 59,1 132
HP=1 275.5 78.6 135

__.fpelgnrs

Provenance - Heighes No.
X 5 obs,

HP-2 259.4 82.¢ 126
HP-3 302.4 75.2 135
HP-4 277.6 844 128
HP-5 294.6 75.1 153
HP-4 268.3 79.6 155
Hp-7 251,13 93.6 120
H0-1 165.0 72.9 121
NP -1 245,2 8o.4 134

A two-way analysis of variance was conducted using plot mean heights. The
talculated F value for treatment effects of G4.2 [s highly significant {tabular
F = 2.35 for 15/60 ¢f at 39% level) showing that real differences do exist among
provenance heights (Table 4).

TABLE 4. ANALYSIS OF VARIANCE OF 31 MONTH HE IGHT

Source df 3 ms f
Treatments 15 598972 39931 ER]
Biocks 4 1578 394

Error 60 54147 902

Total 79 654657

Subsequent ly, the new Ducan's multiple range test (DHR)} was conducted in
order to compare paired mean provenance heights. At the 953 confidence level,
provenances HP-3 to KP-2 do not signifigantly differ and in factar al! of the
first nine provenances are related. However, this First group is signifigantly
greater in mean height as compared with the fina! six provenances [HO-1 to HP-B).

TABLE 5. DHR OF PROVENANGE 31 MONTH MEAN KE!GHTS

Prov. HP-3 HP-5 HP-4 HP~1 HP-§ HP-2 HP-7 NP-1

GP~1 HO-1 GP-2 MP-5 MP-L MP-6 HP-1 HP-B

:;i“ 302 295 278 275 268 259 251 zUg
Groupings

215 165 137 108 91 86 71 65
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A simple correlation analysls was conducted comparing 31 month Pinus
paeudostrobus provenance mean heights versus 18 and 6 month mean heights
Values of r were calculated to be 0.85%%% and 0.99%*% (tabular r = 0.641 at 99%
tevel with 13 df) respectively For & and 18 month comparisons indicating a
considerable positive relationship between sarly growth rates.

Geographic Variation

An attempt was made to examine geographic patterns of varfation within the
Pinus paeudostncbus population, Correlation analysis of 31 month mean provenace
heights versus their altitude, latitude and fongitude yielded r values of
-0.85%, -0,92% and -0.60% {tabular r-= 0.51h at 95%-level with i3 df) respec-
tively. Apparently, strong geographic variation patterns exist. However,
recent findings by Mittak and Perry (1979) and others seem to show that two
distinct taxonomic entities may be involved in this study. According to these
general guidelines the 15 P. pseudestrobus provenances were divided into two
groups. Group A consists of all the Honduras, Micaraguan and the GP-1 Guate-~
malan sources white Group B consists of 2]l the Mexican and the (P-2 Guatama-
lan sources. Simple correlation analysis were then conducted again comparing
31 month mean provenance heights with altitude, latitude and langitude with
the following results:

Group A Group B
Height vs altitude = -0,59 Height vs. altitude = -n.28
Keight vs latitude = -0.31 . Height vs latitude = -0,87
“Helght vs longitude = -0.58 Hefght vs longltude = -0,51

{tabular r = 0.666 level, 7 df) {tabular r = 0.811 95% level, 4 df)

Hore of the calculated r values are significant, suggesting that the prisr
stgnificant geographic trend is simply a by-product of the fact that two
distinct taxons are included in the trial.

Visual examination of the trial at 3t months revealed marked general mor-
phological differences between the Group A and Group B provenances. Group A
depicts the narmal P. pasudosfrobus phenotype found in Henduras which produces
a symmetrical crown of fine branches with fine buds and covered by Tong, thin
needles which tend to droop. Group B, on the othar hand, has a long, thick,
branchless jeader and buds which are much thicker and longer coarser needlas
than these of Group A.

CORCLUSTORNS

0f prime importance to this study and related studies around the warld,

is the fact that two separate taxonomic groups are probably involved. A re-
rcent paper by Mittak and Perry {1979) suggests a new classification for the

P. pseudostrobus - Pinus fenulfolia complex and states that the southern extent
for P, paeudostrchus is Central! Guatemala. Both the height growth and survi-
wval data greseated in this paper show a distinct division between provenances

in {entral Guatemala which is confirmed by field cbservations of the trial,

it is therefore concluded that the Hexican and Guatemalan GP-2 provenances
‘respresent one taxenomic group, while all Honduran, Nicaraguan and the Guate-
matan GP-1 provenances represent a distinctly different taxonomic group.

With the aforementioned concept in mind, this study has demonstrated very
little variation among provenances from the Central American P, pseudosirobud
pepulation. Frem the disjunct nature of the geographlc distribution of this
pine throughout Central America, it might be expected that both random genetic
drift and geretic [solation would have combined to <reate a highly variable
population. However, orly initial growth rate was examined In this case and
greater variation may be ancountered when more cryptic characters are examined
an nature trees. Of practical importance is the concept that it appears that
2 large number of dffferent seed sources can be planted In this particular
slte.

Fimally, this trial has shown that P. oocarpa {s greatly inferior teo
P. pseudostnobus with respect to 31 month height growth on this site. Almost
a two fold difference exisls between the average height of the tallest Pinud
paeudostrobus provenance and the one P. cocarpa source. The same P, pocarpa
seed source i% included in several cother provenance trials in Honduras which
are located on natural P. cocahpa sites. 1t is, however, growind considerably
faster on the present site.
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PRODUCAQ DE CONES
E SEMENTES DE
Pinus oocarpa

D. Houkal
Escuela Nacional de Ciencias Forestales
HONDURAS

Resumo

Em duas populagdes naturais localizadas em
Honduras, o Pinus oocarpa Schiede produziu em média
35,8 sementes vidveis/cone. A eficiéncia da producdo de
sementes [produgic atual/producio potencial de sementes

- vidveis} é relativamente alta, 25,5%, enquanto que a

produgdo de sementes nde vidveis & baixa 33,3%,
evidenciando baixos niveis de endogamia e eficiente
polinizagdo.

Observou-se em média 80% de mortalidade dos
conideos durante as primeiras seis semanas apds a
polinizagdo. Uma vez gue a polinizagio é adequada e ndo
existe evidéncia externa cle danos, a perda parece ser devida 3
competicdo entre conideos e/ou entre conideocs e
crescimento vegetativo primério.

Foram registrades periodos de fiorescimento variando

amplamente entre arvores da mesma populagio, significando

que o melhorista deverd selecionar intensamente para
conseguir homogeneidade nesta caracteristica.

CONE AND SEED
PRODUCTION OF
Pinus nocarpa

Summary

In twe natural stands in Honduras, P{nus gocarpa Schiede produced an
average of 35.8 filled seeds/cone. Seed efficiency (actual/potential full
seed production) is relatively high,25.5%, while empty seed production is low,
33.3%, suggesting sufficient pollination and low levels of inbreeding.

An average B0% mortality of conelets was observed during the firast six
weeks following pollination. Since poliination is adequate and no external
evidence of damage was noted, the loss appears to be due to competition bet-
waen conelets and/or between conelets and primary vegetative growth.

Flowering times were found to vary greatly among trees of the same stand,
signifying that the breeder will need to select heavily for homogeniety in
this characteristic.

PRODUCTION DE CONES
ET DE GRAINES
DE Pinus pocarpa

Resume

Dans deux peuplements nzturels, au Honduras, le
Pinus gocarpa, SCHIEDEC, produit, en moyenne, 35,8% de cones
remplis de graines. La productivité en cones de ce type sst
relativement élevde @ 25,5%, tandis que la productien de cénes
vides de graines n'est que de 33,3%. On peut donc censidérer
que le taux de pollinisation est satisfaisant et que ceux de la

consanguinité qunt faibles.

La mortalité des infrutescences (conelets), durant les
six premitres semaines qui ont suivi la pollinisation, a été

d'environ 80 %,
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Puisque la pollinisation est satisfaisante et qu'aucune
fvidence de dommage externc n'o été constatée, il semble que cette
mortalité est due & la compétition qui existe entre les infru-
tescences aingi gu'h lao concurrence entre infrutescences et pousses

de jeunesse.

On o observé que la période de (loraisen est brds
irrégulidre d*un arbre &4 1'autre du méme peuplement. Pour obtenir
une certaine howogéndilé de cette caractéristigque, le généticien

devra faire une sélection rigoureuse.

ITNTRODUCTIONW

Pinus eocarpa Schiede is the most important timber txee in Honduras and
is developing inte a widely utilized species throughout the tropics and sub-
tropies. The forest tree improvement program begun in Honduras in 1977 has
as its majer goal the production of commercial guantities of genetically im-
proved seed of this species for use in expanding naticnal reforestation pro-
grams. Very little information concerning seed yields from P. cocanpd seed
orchards is as yet available., Therefore, cobservaticns made on cone and seed
production of trees in natural forests will provide useful initial informa-
tion.

Two important problems concerning seed production of P. gocatpa have heen
identified in Honduras. The first of thess is a relatively low average full
sead yield per cone following extraction, estimated to be 181, Hudsen (1980)
observed a very low full seed fall following two years of seed trapping in

were composed of relatively dense stands
adequate production of cones, it is be-
lieved that the low full gseed fall was due to a lew seed production per cone.
The second problem concerns a high level of conelet drop or abortion in natu-
rally occuring stands. From several years of field observations and a con-
trollelled pollination program, the author estimates that more than 80% of
the developing conelets drap during the first & weeks follewing anthesis.
For a larxge range of pine specles, Sweet (1975) reported a 40% average drop
of flowers following pollination.

natural stands. Since these plots
of mature trees which exiibited an

Three separate studies conducted over the past few years are here report-
ed which will hopefully help to c¢larify these two problems.

MATERTALS AND METHODS

Phenclogy of Flowering

From Nov. 20th to Jan 24th 1976/77, a study to identify the flowering
patterns of P. ococahpn was gconducted within a relatively homogensous natural
stanrd in the Hational Forestry School's Forest in Siguatepeque. 15 well
spaced, dominant trees were identified with a single observation point being
asigned to each. Observations were made every 5 to 12 days at the same time
of day with the aid of 16 x 50 power binoculars. The relative abundance of
receptive female and dehiscing male strobili were subjectively guantified
for each tree, Two trees were eliminated early because of foor visibility.

Contrelled Pollination

In Nov. to Dec. of 1978, as part of a controlled .pollination program,
six crosses of P. occarpa x P. oocanpd were made oh three well spaced traes
Individual flowers ware pollinated op two consesutive days. A local mixed
pollen source was used and pollen quality was insured by periodic germina-
tion test. A bag and brush pollination technique was employed.

Cone Analysis

In early 1980, 50 cones from each of two natural stands of P, cocarpa,
over S0km apart, were systematically sampled from commercial collections
(ie. 1-2 cones/sack)., The ¢ones were subjected to a analysis similaf to
that describe by Bramlett, et. al, (1976) with the follewing data being re-
corded for each cone:

1} Number of developed seed cxtracted following drying 'in an oven at

106°F for 24 hrs.
2} Hunber of £illed seed from {1}
; 3) Humber of developed seed yielded following complete cone dissection.
4) Number of filled seed from (3
5) Total number of scales
&} Number of fertile scales

RESULTS

Phenolegy of Flowering

hmong the ohserved trees, pollen fall began on 4 trees prior to Nov.
20th, reached its peak arpund Dec. 14th and ended between Jan. 13th apd
24 th, Receptive female strobili first appeared in two trees on Deec. Tth,
attained maximum abundance betwaen the 22nd and 28th of Dec. and terminated
sometime after Jan 24th. Comparison of the twe sets of data shows that pollen
dispersal begins with some anticipation to female receptivity, a normal pat-
tern in pines. However, it also appears that in the latter part of the flow-
ering season a considerable number of receptive females are emerging while
the pollen source is greatly diminishing, suggesting a possibility of
inadequate pellination.

On any individual tres, pollen dispersal again began before female
strobili receptivity. During the height of female flower receptivity far
any tree however, large quantities of pollen were still being released from
the same trees. This, coupled with the proximity of the two types of flow-
ers in the crown and on the same branch,could cause a large degree of natural
inbreeding.

Of the 13 trees examiped, two trees produced very few male flowers while
three produced few, if any, female flowers. Two trees terminated pollen
production by Dec, 7th, while one did not reach abundant production of re-
ceptive females until Jan 10th., It appears that P. 0ncarpm varies greatly
in flower perjedicity.

Contrelled Pollination

All six conelets aborted during the first six weeks following pollination.
Ho evidence of insect or pathogen infestation was noted.

Cone Analysis

Table 1 reports the results of the cone analysis.
TABLE 1. CONE AFALYSIS
Extracted seed Retained seed Scales

Total Filled Total Filled Total Filled

x s % s % s P s % s x Y
Site I  37.5 23,5 24,1 7.1 19,9 18,7 12,6 13,6 147.7 18.9 B1,3 12.5
Site II 40.2 22.1 23.5 18.7 9.9 10.1 5.5 4.0 148,1 19,1 59,4 10.8
Mean 38,8 22.8 26.8 17.9 14.9 4.4 9.0 9.8 1.6

147.9 19.¢  70.2

Persanal conmunication (Marcus Robbins, Techpical Advisor, Banco de Semillas,
ESNACIFOR, Siguatepeque, Honduras).

The average total filled seed yield was 35.8 seeds/cone for P. 00Carpd as
compared with Pinud eléloflil and P{nus taeda which yielded 27 and 37 filled
seed/cone respectively in seed orchards (calculated from Bramlett, 1974}, The
average seed potential, calculated as 2 times the average nunber of fertile
scales, is 140.6 for P. vocaxpa while the seed afficiency, calculated as the
total number of filled seed/seed potential, was found to be 25.5%. Bramlett
(1974) found a 14% and 19% seed efficiency for Pinud echinara and Pinus vingé-
riana respectively in natural stands, indicating a relatively high seed
efficiency for P. cocarpa. An empty seed vield of 33,3% was obtained which
is relatively low when compared with estimates of from 40% to 60% for pines
(Bramlett, 1974).

CONCLUSIOHNES

P. o0carpa produced a relatively high average production per cone of 15.8
filled seed while maintaining a low average percentage of empty seed of 33.3%.
This suggests that adequate pollipation is ocurring in the natural stands and
that ovule abertion is also low. It alsc suggests that a low amount of natural
inbreeding ocecurrs even though flowering time and flower position would tend
to show the opposite.

P, ococanpa shows a 80% conelet abortion rate in natural stands during the
first six weeks following pollination. Differences between pollen shedding
and female stobili receptivity suggest that insufficient pollinization may be
a primary cause, but the limited contrelled pollination program and the high
full seed/cone yield suggest otherwise. Wo insect predation was noted on the
aborted conelets, although this czn be difficult to determine. On the other
hand, very active primary growth cccures at the same time as early conelet
development. It has been noted that competition between developing flowams
and between developing flowers and vegatative shoots is an important causal
factor in conelet drop (Sweet, 1975): The evidence presented bhave tends to
favor this explanation.

Ohservaticns made on flowering demonstrated a high deqree of variation
between indivudual trees within the same stand as to the timing of male and
Female flower production., This does not create problems of insufficient
pollinaticn within these same stands as indicated by the high seed efficiency.
However, serious problems may arise in seed orchards where few clones or
families are utilized. Therefore, it will be of prime importance for the
geneticist working with P. 00canpa to select breeding material which shows
similar flewering patternsa.
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Resumo

Este trabalho destina~se a avallar as varia-—
;oes devido As proced8ncias, e identificar as procedénclas pe
ténciais para plantacées lecals e estabelecimento do programa,
Foram comparadas as.héxas de crescimento entre procedéncias.
Foram também discutidas as taxas de crescimento do ensalo e
da parcela mais antiga. .Quatro procedéncias foram jdentifica

das como potenclais para o programa de plantagdes lecais.

RESULTS OF 5 AND HALF YEAR OLD
INTERNATIONAL PROVENANCE TRIAL OF
Pinus caribaea VAR. hondurensis

AT BUKIT TAPAH FOREST RESERVE,
PENINSUALAR MALAYSIA

Summary

This paper is to evaluate the provenance variations, and te identify

potential provenances for local piantation establishment programme. Growth

rates between provenances were comparods. Growth rates between the trial

and the older established plot were also discussed. Four provenances were

identified as the potential provenance for local plantation programmo.

RESULTAT DUTEST INTERNATIONAL DE
PROVENANCE DE Pinus caribaesa VAR.
hondurensis, A L'AGE DE CINQ ANS ET DEMI,
A LA RESERVE FORESTIERE DE BUKIT
TAPAH, MALASIE PENINSULAIRE

Resume

Cette étude a pour but d'évaluer les variations de prove-
nances et d'identifier les provenmances gui cenviennent 2 1'détablissement

d'un progeomue de plantation local. Les taux de croissance des diffé-

In preparation.

rentes provenances ont éié caomparés. Les tuux de croissance de ces
essnis et ceux de plsceaux plus sncians font l'objet d'ure discussicn,
GQuatre provenances sont retenucs pour &tre utilisdes dans le progromme

local de plantation.

Introduction

The introduction of Pinua garibaea Mor. in Peninsular Malaysia (then
Halaya) extenda back to 1936. This spocias has been grown under various
ecological conditions all over the country. Its performance hay been
evaluated by a number of authors both foreign and local. Some of the important
references are Barnard et. al. (1957}, Mitchell {1962), Vincent et. al {1965},
Freezaillah (1966}, Franson (1970}, Sheikh {1970, 1971} and Carmeen & Chew

(1974},

Among the tropical pines extensively tried in Peninsular Malaysia, Pinus

caribaea, var, hondurensis is most favoured. Beside of its fast initial growth
(Freezailkah, 1965}, this
variety was found to have & considerable potential to produce viable =eceds

(Fa0, 1963}, The first harvest of Pinus caribasa van hondurensis was reported

‘in 1979 {Razali & Ng, 1979).

and its ability to compete with Imperata cylindrica

In 1972, the Malaysian Forestry Depsrtment participated in the interﬁutiona1§

provenance tyail of Pinus caribaea var, hondurensis with the cooperation of the

Cormonwealth Foreatry Institute. The purposes of this study are to evaluate
provenance variations and to identify the most potential provenances for local

plantation establishment programme.

Haterials and methoda

o iao AR Ae s

Plant materiala

The seeds used in the provenance atudy were obtained from Central America
through Commenwealth Forestry Institute. The description of seed origins is

given in Table I,

Table I - Description of seed origins of Pipus caribaea var hondurensis

included in the international provenance trail at Bukit Tapah

Forest Reserve, Peninsular Malaysia.

Seed Lot Mean annual

Locatity He. Longitude Latituda Altitude Rainfall
o (mem}
Alamicamba, Nicaragua 22/90 84 171w 13° 3N 20 - 30 2610
Rioc Coco, Micaragua 2h/70 830 55'w  14° L5'N 50 -100 " 2863
Brus Lagcon, Honduras 27/70 A4 Lotw  15% 45N 10 2840
Guana ja, Honduras 28/70 850 shiy 169 27'N 50 -100 2380
Poptun, Guatemala 26/70 892 25'w 160 21'N 500 1688
Santa Clara, Nicaragus L5/71 BAO 12%w 130 48N 700 1818
Potori, Honduras Lo/71 889 25'w  15° 20'N  &00-700 1205

Mountain Pine Ridge,

Belize Lh/7r 88° 551w 179 OO'N 400 2064
+ Andros, Bahamas £9(7295) 780 O7'w  2b° 53'N 10 MN.A
++ Caya La Mula, Cuba 22/71 83% 48'w 227 32'N 130 N.4
Melinda, Belize /71 880 20fw 172 OL'H 10 - i5 2137
{++4+ Pusblo Caido, 0/70 B899 18w 139 12'N 80G N. A

Guetamala

+ Pinus caribaea van bahamensis
++ FPinus caribaea van caribaea

Pinus oocarpa
Not avajilable, -

et

M. A

Description of triai site

The trial site is located in the central weatern paat of Peninsular
Maleysia, at Bukit Tapah Forest Reserve, The description of trial site is

given in Table 2.
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Volume MoAW I

e “Burvival Height Diametar
rovenance Percentage {m) (em} {cu.m/na)  {cu.m/ha)
+ Andros 91 (8) 9.73(11) 12.65(11} 95.50(11) 17,36{11}
Table 2: Description of the trial site of the international provenance ++ Caya La Mula B4 (11} 8.81{(12) 11,96(12) 56.37(12} 10.25(12)
traii of Pinus caribaea var, hondurenais, at Bukit Tapah Forest HMeiinaa 83 (12) 11.53 (1) 14.80 {3} 139.20 (2} 25.31 (2)
Reserve, Peninsular Malaysia. +++ Pueblo Caido 93 {6) 11.23 (4) 13.50 (B) 123,31 (7) =22.41 (7}
Overall Mean 91.7 10.68 13.85 117,11 21.3
Locality @ Bukit Tapah Forest Reserve, Peninaular Malaysia + FPinus caribaea var bahamensis
Longitude + 101° 18/E 4+ Pinus caribaea var, caribasa
Latitude ! 40 20N +++  Pinus gocarpa
Altitade 5 549 m Figure in bracket denotes ranking
Parent Meterial : Granitie

Soil type : Sandy clay loam

Soil Series : Rengam series
Mean annual rainfall : 2435 mm
Mean annual maximum temperature: 23.5°C

Mean annual minimum temperature & 14.4°C

Climatic data ace means over peried of 1973 - 1978

Experimental design and establishment

Ten-month old potted seedlings of Pinus caribaea var. hondurensis from

nine sced sources, raised at the Forest Rescarch Institute Nursery were
transplanted inte the field in August 1973. The experiment was plented in

iattice design with throe replications,
The experimental unit (plet) comprises of thirty-six seedlings at

2.hm by Z.4m spacing. Pinus caeribaea var. bahamensis {rom Andros, Pinus

caribana var, caribaea from Caya La Mula and Pinus gccarpa from Pusblo Caide

were included in the trial as controls,

Field sampling

8ince the establishment of the trial yearly survival count, height and
diameter measuremenis were carried cut. In Febuary 1979 botl the parametric
and non-parametric traita measurement and assescment were carried out by the

Commonwealth Forestry Inatitutea.

Statistical analysis

The compilation and analysis of data were carried out by the Cemmormwealth
Forestry Institute. Bixteen traits have analysed on individual tree basis and

thirty-seven traits by plot means.

Results and discussion

Table 3 shows a considerable difference in the performance of different
prevenances. In term of survival, Brus Lagoon maintained a 100% survival while
Melinda suffered the most mortality, 17%. Among the nine provenances of Pinus

caribaea var. hondurpnsis included in the trial, the volume production (under

bark) per hectere ranges from 143.09 cu.m/ha (Santa Clara) te 95.95 cu.m/ha
{Ric Coce) while their mean annual increment (volume under bark} ranges from
26,01 cu,m/ha to 17.62 cu.m/he., a difference of about 1.5 times, For height
ang diameter growth, they ranges from 11.6m {Melinda) to-9.7m {Mountain Pine

Ridge} and from 15:1 em(Mountain Pine Ridge)to 13.2 cm {Brus Lagoon)respectively,

Table 3: Aversge survival percentage, height, diameter, volume (under
bark} and mean annuel increment {under bark) of Pinus caribaca
var. hondurensis prevenances at age of 5% vears old.

Survival, Height Diamater Volume M. AT
Frovenance Percentage {m) (cm) (cu.m/ha)  (euam/ha)
Alamjcamba 95 (4) 11,34 (2) 14,16 (5) 135.70 (3) 24.67 (3)
Rio Coco 92 {7) 10,06 (10) 13,45 (9)  26.95(10) 17.62(10)
Brus Lagoon 100 (1) 10.73 (7} 12.19(10} 123.97 {6) 22.5k (6)
Guanaja gh {5} 10,51 (9} 15.01 (2) 118,78 {8) 21,59 (&)
Poplun g7 {2} 11.26 (3} 13.77 (7)) 126,24 (5) 22,95 (5}
Potosi 85 (10} 10.67 (8) 14.00 (6) 173.92 (9) 20.71 (9}
Santa Clara 96 (3) 11,38 (5) 14.63 (&) 163.09 (1} 26.01 (1)
Mountain Pine Ridge 90 (9) 11.03 (&) 15.05 (1) 132.24 (4L} 2h.04 (L)

caribaga var, hondurensis indicate that there are variations in the performance

The analysis of variance in Table %4, shows that there are significant
differences in the performance of different provenances, but mainly among the
qualitative traits, describing stem form and branching habits, Thaugh there are
obvicus differences in volume production and M.A,I., statistically thedifferences
are not significant. The probable reasons are due to the inadequate number of
replications and considerable heterogencily of site within replications (Da:ﬂas,

1979}, Alarge tree to tree varintions within seed source werc also observeds

Table 4: Analysis of vartance of seme of the traits in the international
provenance trial of Pinus caribaes var, hondurensis at age of

5K year old.

Source of varia-
Tren

tions Prevenance Replication Reszidual

Trait

Yolume uub./ha 1.50 ns{5.04)  8,99%*{36.35) - (54.61) -

M.A L. w.b./ha 1.50 ns{9.04 8.99°*(36,35) - {(54,61) -
Total height 2,83 ¢ (7,673 16.18%°7(15.90) 2.55*++(8,32) -(48.11)
Diameter (b.h} 3a0h* (b7} 1B.47e* (10,16) l.34ns {(1.77) -(83.34)
Stem straightness 13,7050+ {21.7k) 11,78°*4(2.45) 0.550s (0.00) -{85.B2)
Branch angle 4.12%* (50.99) 0.4%ns (0.00} - (49.01) -

MNeedleless shoot

frequency hobLrr {59,56) 0.92ns {0.00) - (46.46)

Figure inbracket denotes coefficient of variation

In term of stem straightness, among the vary  hondurgnais, Alamicamba

has the straighter bole and the poorest is Potosi, Melinds has the highest
needleless shoot occurence while Rio Coco, Brus Lagoon and Guanaja have no

needleless shoot.

Comparing the performance between species and varities included in the
trail, there are significant differences observed. In torm of volume production
and M.A.I., Pinus gocarpa is slightly inferior to var, hondurensis, but var.

Lahamensis and var. caribmea are far below the var. hondurensis, In term of hole

atraightness var. caribaca is the bsst.This confirmed the finding made hy Nikles
gt. al. (1973) that var, garibaca was the straightest pahulntiun followed by var.
bahamensis and¢ var, hondurensis. Relatively there were little dieback observed
in the trial. This is because of the location of the rlot on a higher altitude
and experincing a lower temperature.Slee gt. al (15%76) suggested that dieback is

due to high femperature and its sccurcnce decreases with altitude.

Comparing the growth performances of the internatienal trial with the older|
established plots in Peninsular Malaysia, it seems thot the trial perform bottor.
This may be due to the betier site quality on which the trial is lecated (Rengam
soil series), and altitudinal sffect. <Carmesn and Chew (1974} found out that
excellent pine growth can be Gepected on Rengam soil series, a soil suitable for
agriculture. Froezaillah (1966), found that growth is equally vigorous at
elevations of about 400m as that obtained in the lowlands.The oversll M.A.Iof the
trail (21.3 cu.m/ha} iseabout 1.2 times higher than the M.A.T. (17.6 cuem/hal
of a 7 year old plot am a similar seil series i.e Rengam scil series, but at a
lower elevation. With other plots {8 year old) on a different sail series, Gajak
Mati and Sungai Buloh, the overell trial M.A.I‘exceed by 3.6 times and 1.3 times

respectively.
Conclusion

The results of the 5% year old international provenance trial of Pinus

of different provenances. Some of this variations are mainly due to genetics,

94




These variations are large enough to warrant selection of the fast growing
provenances, The tree te tree variations within the seed source gives a
considerable benefits. in tree improvement programme in the selection of plus
trees within the populations.,

It may be concluded have that the most promising provenances are Santa Clara,

Melinda, Alamicamba and Mountain Pine Ridge.
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Ectomycorrhizas EM PINHEIROS
TROPICAIS DE BAIXA ALTITUDE
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Resumo

Uma breve abordagem é feita da anatomia e das
fungdes dos funges micorrizidos dos pinheiros, sequida por

uma revisdo das associagfes micorrizidas, para os quatro
pinheiros tropicais, de baixa attitude, mais utilizados em
populagdes naturais e cultivadas, Os dados encontrados
sugerem que a ecologia e a fisiologia das micorrizas desses
pinus sdo muite complexas, especialmente nas florestas
naturais. Evidéncias experimentais, em outros pinheiros, tém
demonstrado que um fungo particular podae variar na sua
efetividade como micorriza associade a outro, ou cam um
determinado hospedeiro ou mesmo em condigBes
particulares. O trabalho descreve como a micorriza pode ser
manipulacla, para se tirar vantagens dessas variapdes, e
fornece conclusdes através de uma discussdo breve dos
progressos efetuados no C.F.L., nesse setor.

Ectomycorrhizas OF LOWLAND
TROPICAL PINES

Summary

A brief account is given of the znatomy and function ¢f pine
ectomycorrhizas, followed by a review of the mycorrthizal associations of
the four mest widely-planted lowland tropical plnes in both natural and
cultivated stands. The available data suggest that the ecology and
phystolegy of the mycorrhizas of theae plees are very complex, especially
in the natutral forests.

Experimental evidence f£rom other pines has showa that particular
fungi very In thelr effectivensss as mycorrhizal partners, either with
a particular host, or under particular conditlons. The paper describes
how mycorrhlzas may be manipulated to take advantage of these variations
and concludes by discussing brilefly the work Iln progress at the C.F,I.
on thia tople,

Ectomycorrhizas DANS DES PINS
TROPICAUX DE BASSE ALTITUDE

Resume

Aprés un bref apergu de 1'anatomie et de la bioclogic des
ectomycorrhizes du pin ,1'autour falt Ia revue des associations de
mycorrhizes des 4 espices de pins tropicoux de basse altitude les
plus largement plantés, dfaprés les observatiens faites dans les
peuploments naturcls et les plentations. D'aprés les donndes obtenues
1'¢écologic et lu physiologie des mycorrhizes de ces pins sont trés

complexes, particulisrement duns les Formabians naturelles.

L'expérimentation monlre b 1'dvidence chez d'autres

eophees de pins gue cerleing chanpignons présentenl une variabilité

duns leur role de partenaire-sysbhion comue micorrhize, soit en

fonclion d'un 1OLe pacticulier, soit par rapporl & des conditions

: particulidres. Celle étuds indique comesnt agiv sur les mycorrhizes

pour tirer nwsotage e ven variations et, en conclusion, examine,
Lridyeasnt Iez Lravoux cn cours sur co poinl & Plnstityt fovestice

du CommonwesLh gt Osford,

INTRODUCTIOHN

Most pines occur naturzlly in the North Temperate cone or che
equable high altitude reglous of the subtropical and tropical zones
(Critchfield and Little, 1966}, with very few belng well adapted fovr growth
in the lowland tropics. The latter include Pious kesiya Royle ex Gord.
and P. merkugii Jungh, and de Yriese from S.E. Asia and adjacent islands;

P. cavibaez Mor. (2 varieties), B. gubensis Grisenb., P. occidentalis Sw.
and P. tropicalis Mor, from the Caribbesan islands; and P. it [
varicky) and P. oocarpa from Central America. They occur naturaily in

tropical savanna areas with poor acidic soils 2nd subhumid/humid climaces
wlhich are liable to severe seasonal fires. More rarely they are [ouad
on mnore fcrfilc er elkaline scils, or under perhumid climates.

The mycorrhizal association of fungl with plaet voorfs is common in
Angiosperms, occurring on most plants grown in the wild, with two types of
major importance fo foresters, Firstly, there are the endomycorrhlzas which
predeminate on herbaceous plants acd many trees, especizlly those of the
tropics, and which are formed by varfous fungi of the Endoponaceae, and
secondly there are the ectomycorrhizas which ocecur particulacly on trees in
temperdfe regions and which ars formed by various Ascomycete and Basidiu-
mycete fungi. ALl pines form the latter type of assoclation aod aru wore
or less dependent on Lt under natural conditions.

This paper reviews the infarmaticn concerning mycorrhizas of iuvwland
tropleal pineg, cheir functions, the pessibilities For their dellberace
manipuluation, and briefly the work being undertaken at rhe Commonwealth
Forestry Institute on this sublject,
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ECTOHYCORRHATIZAS OF YROPICAL PINES

The anatomy aond fumnction
of ectomycorrhizas

Ectumycorrhizas are specialized roots formed by the symbiotic assoe-
iation of a host plant with & fungus. In the case of pines these siructures
are in the form of modifjed roots which tend to become swollen and more or
less branched in a dichotomous manner, and which lose their capacity for
zontinual lengitudinal growth and their ability to produce toot halrs, The
host root becomes enveloped In & continuous sheath of fungal hyphae, which
.may cause it to appear brightly coleuced, and which ofcen produces abundant
hyphae extending well tnto the soil, Typically the fungus also produces
a network of hyphae (Hartig net) between the cortex cells of the host root,
In some cases this net may be wery shallow, or the sheath may be very thin.

Ectomycorrhizas assist plants with relatively poor root systems,
such as pines, te grow better in poor solls by providing an extensive net-
work of fungzl hyphae in the soil surrounding the roots, thus enabling the
plant to exploit the nutrients and water from a greater soil volume
{Harley, 1969), The fungal hyphae may aiso be able to compete more favour-
.ably with other plants and soil organisme for rhe available nuctvients in a
particular soll, In addition the sheath acts &5 a storage organ for
nutrients, such as phosphates, In habitata with periedic nutrient avail-
ability {Harley, 1969}, and as a barrier to infection by pathogens which
normally Lnfecr fine roots {(Marx, 1969%).

. In return the host passes to the fungus large quantities of organic
carbon compounds forwed during photosynthesis (Harley, i969).

Infection of new host roota takes place by means ¢f hyphae from
exiating active mycorrhizas of the same or neighbouring plants, or from
dormant propagules, such as basldiosperes, present in the soil. Eeto-
mycorrhizas are fsirly long-lived and caneasily overwinter and become
rejuvenated when soil temperatures rise; however they mey be killed by
high temperatures and drought, In the latter case the fungl may aestivate
as mycelium inside the lerger roocts of the host or as dormant propagules
in the soil.

The natural plne forests of the troples have received little atten-
tion from mycologists and very few studles of their mycorchizal assovlations
have been attempted. Some coliecticns of terrestrial macrumycete fungl have
been made, but few recorda have been ccllated with respect to host trec
species, These are usually documented in herbarivo records or taxenomlic
literature under their fungal Ldentity and are difflecult to trace using
their plant associste ma & reference source. These deflciencies are due,
at least partly, to the complaxity of tropical ecosystewd and the LaXu-
nomic problems ancountevsd with macrafungl £rom cthese regiens.

A search of the lLiterature for records of mycorrhizal fungl from
natural forests of iowland tropical pines has ylelded two records of a
Suillus sp. with P, merkusii in Indenesia (Palm, 1930; Singer and Morello,
1960}, one record of Pisolithus tinctoriusg with B. kesiya in the Philip-
pines (Marx, 1977}, but no records for the other pines listed on page 2.

The paucity of such records does not reflect a scateity of cerrestrial

fungi in these forests because a large variety of funpi were found by the
author during two forays to the pine forests of Central America and the
Bahamas in 1976. More than 50 species were found in forests of P. caribaea
vat. hondurensgis, more than 30 in forests of P. gpcarpa, and at least 10

in the forests of E. caribaea var. bahawensis. Preliminary identities for
many of these fungi have been listed by Ivery (1980), but several have since
been redetermined by specialist taxonomists. The limited datu available
‘from these forays suggests that a few of the fungi may be specific o parti-
cular Pinus spp. or to particular site cenditions.

No one has studied the natural mycorrhizas of these ploes in much
detail, however, it was neted, during the above forays, Lhat several
wyeorrhizal types can often be discerned in close proximity to each other
on the roots of P, caribaea and P. gocavpa. This suggests rhat the ccalogy
of wycorrhizas in these mixed age forests is Llikely to be very complex.

al associalbions
tropical pines

Many general reports have been published concerming smycorrhizas of
pines in tropical countries, but few give details of rhe host species,
mycorrhiza morphology, or associated fumgi. llowever, 21 fungi (Table 1)
have been implicated as mycorrhiza formers with tropical pimes under
cultivation {Cheudhry, 1978; Ekwebelam, 1977, Ivory, 1975; Ivory, 1980;
Lackham, 1972; Mavrx, 1977; Mikola, 157CG; Momoh and Ghadegesin, 1975;

Paim, 1930; Rawlings, 1951; Redhead, 1968 and Thoen, 1974). Several of
these fungi have net been completely identified and others may he mis-
idenrified, Some other reecords quoted in the literature have been dis-
regarded because of uncevtainties regarding the identity of the hust species

Table 1 Terrestrial macrofungi associuted with culrivated tropical pinus

Amanita sychnopyramis
Amanita sp.

Boletus pernanus
Coltriciu cinnamonea
Inocybe lanuginella
Inocyhe sp
Pisolithus tinctoerius
Porpliyrellus sp.
Rhizopogon Iuteolus
Rhizopogon nigrescens
Rhlzopugon roseolus
Rhizepogon villosus
Rhizopogon sp.
Russula brevipes
Scisroderma cltrinum
Scleroderma geaster
Suillus granulatus
Suillua ap.
Thelephora terrestris
Tylopilua sapp

=

R i RS S N E Rl X C W
s

1 = P, caribaea 2 = P. kesiya 3 = P. merkusii 4 = F. oocarpa

Several of these and other fungi have been used to synthesize mycorrhizag
on ofe or vther of these pines under laboratory conditions. Most fungi
appear to be non-specific with regard te their host under these artifical
conditions, although some evidence of specificity has been nuted with a [ew

species In recent Isboratury studies eacried out by the author

Possibilicties for the
o ectomycorrhizal

manipulacrion
assoceiations

Trappe (14977}, in a review of this subject, states that much evidenes
has been sccumulated in cecent years which suggests that all fungus species,
or ccotypes within u gpecies, can differ in their effectivenfss as mycorr-
hizal partners with partleular host species or ecotypes, especially when they
are subjected to stross caused By enviropmenctal copditions, AL the same Lime
techniques have been developed which epable the grewer to produce seedling
trees with mycorrhizas formed by specifle scrains of fungi, In cheary it
is possible to produce trees with wycorrhizas adapted o any given
situation, but in practice, too Little is known sbout the vcology and
physiology of mycorrhizas for this te be actained.

¥e conciudes that ipoculation with particular fungi may prove to be
widely sffective, but that the velative merits of any proposed systea will
ultimately depend as much on the practical limitacions of the procedure as
on the benefits it providee te the foreater.

8 arc the

Resgearch res
1 try Tenstitute

o P
Commonwe & o

1
th F
Research on the mycorrhizas of tropical pines was begun in 1976 and
has led to the collection of sporocarps of 78 putative mycorrhizal
symbionts from natural forests of P, caribaea and P. occarpa. Thirty-one
of thege have been Fully identified, resulting in the determination of
9 new taxa.

Pute cultures were obtained from sporccarps of 24 fungi, &nd from
1 mycorrhizal raot collections. Mogc are still meintained ac C.F.I. in
cold storage, and many have been used to synthesize mycerrhizas on labor-
atory seedlings of P. cerlbaed (15 spp.}, P. oocarpa (13 spp.) and
F. merkusii (7 spp.}. Some differences in host specificity betweea the
Centrsl American pines and P. merkusli have been noted.

Cooperdtive studies are In progrese wilh research officers in
Antigua, Ghans, Xenye and Zambia to develop looculatlon techniques suitable
for troplezl pilnes and to test the resulting pine/fungus asseciatioms for
cutplanting ability and subsequent growth.

CONCLUSIORNS

The ecology and physioclogy of the mycetrhizas of tropical pines have
received little attentlon until vecently, however, the limited infomation
avaflable suggests that the situation is very complex in the natural forest,
but somewhat simpler in even-aged plantations and rurseries. Some evidence,
from work on other trees, suggests that Inoculation of seedling stock with
certain strains of fungl way be beneficial for particular hest species or
for particular environmental conditions. At present this information is
insufficient for the sensible selection of desirable fungi, and techniques
are not yet suitable for use with the majority of myeorrhizal fungi.
Programmwes of research, such as that in progress at C.F.I. may help to
overcome these problems,
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Resumo

m teste de progénie a partir de &rvores selectonadas em populagdes da
Mustrdlia foi instalado em Agudos-SP, utilizando-se como testemunhas prage
nies de Arvores -selecionadas em poputacBes do Brasil & um lote comercial pr;
veniente da Guatemala, O delineamento estatistico utilizade foi o Latic;
com 64 tratamentes e 4 repetigdes, com parcelas lineares de & plantas,

0s resultados, cbtidos aos dois anos de {dade, mostram variaches geng-
ticas entre progénies para alturs de plantas, ocorrdhcia de "Fox-Tail® e 5o
brevivEncia, porEm ndo parz ocerrincia de bifurcagles. MNio se detectou va-
riagdes genfticas significativas entre as progdnies derivadas da Austrilia
e do Brasil,

A partir da andlise de varidncia foram obtidas as varilncias genéticas
@ ndo gengticas para altura de plantas, possitilitando a estimativa do coe-
ficiente de herdabilidade no sentido restrito (0,36) e do coeficiente de va
riagdo genftica (6,74%) para as condicBes do ensaio. -

HALF-SIB PROGENY TRIAL OF Pinus caribaea
VAR. hondurensis BARR. AND GOLF., FROM
SELECTED SUPERIOR

TREES QOF AUSTRALIAN POPULATIONS

Summary

A progeny trial of plus trees of Pinus canfbaea var. honduwrensis selected
ofi population from Australia were established in Agudos-SP. A sample of
progenies from population of Casa Branca - 5P (Brazil) and acommercial seed
Tot were utilized as controls, The lattice design was utilized involving
64 treatments and four replications, with a lirear plots of 6 plants.

The results of progeny trial are showing, at the mge of two  years,
genetic variation among progenies for height, fox-tail ocurrence and failure
percent but ne for double leaders, There was not significant difference
for the performance between progenies selected from population of Australia
and Brazil,

From the analys{s of variance, genetic and environmental variances for
tree height were cbtained, wich permited an estimativé of narrow sense
heritability (0,36) and the genetic coeficient of variaton (6,74%),

TEST DE DESCENDANCE DE "DEMI-FRERES”
DE Pinus caribaea VAR. hondurensis BARR. ET
GOLF., D'’ARBRES D'ELITE SELECTIONNES
DANS DES POPULATIONS D'AUSTRALIE

Resume

On a mis en place, 4 Agubos - 5P (Brdsil), une expéri-
mentation sur la descondonce o'orbres d'élite de Pinus coribaea,
var. hondurensis, sélectionnds duns unc population se krouvant en
Australie, Qn a ukilisd comme contrdle , un dchantillon de
deseendants issus d'une population de Casa Branca - SP {Brédsil), et
an lot de gralnes trouvées dans le comnerce, Le protocole en laktice {en Lreiil:
utilisé prévoit 64 troitements et 4 rdpsdtitions avee des placenux

linéaires de € plants .

Les résultats de ce test de descendance moatrent, qu'h
1'dge de 2 ans, il existe des variations géndtiques permi les
descendants, pour divers pourcentages pour ce qui concerne la
hauteur des tiges, l'apparition.d'unc hypertrophie termiriale des
tiges et les fractures, mais on n'a pas constabé de pousses apicoles
doubles. On n'a pas obscrvé de différences significatives de dévelop-
pement entre les descendants sélectionnés des populations sustraliennes

et brésilienncs.

Les répercussions des varisnces génétigues et dues au
milieu sur la hauteur des tiges furent obtenues a partir d'une
analyse de variance qui a permis une estimation de 1'héritabilité, au
sens limité du tevme, de 0,36 et un coefficient géndtique de variation
de 6,74 . -

INTRODUGKD

A ccoperagdo internacional tem sido bastante importante para um melhor
desenvelvimento dos programas de melhoramento com espécies florestais, pois
tem possibilitado o enriquecimento da base genBtica das populaghes locais,
atravEs da injeg3c de nova variabilidade, principalmente com a utilizagdo
de sementes provenientes de Frvores selecionadas em outros pa¥ses, A wtili
2agdo de tal procedimento tem tambEm passibilitade a aferigZo do valor da;
populagles bases locais, assim como a checagem da eficidneia da selegio exe
cutada,

0 teste de progénie de polinizagio Tivre, apesar das desvantagens e
restrigles que o mesmo apresenta, £ considerado ainda, sequndo ~ SEEGEOURNE
e COCKREN (1969), o mEtodo mais baratc e atrative, e vem sendo utilizado

com bastante frequéncia, principalmente nos programas fniciais de melhora-
mento,

Para ums estimativs ampia e sem restricbes dos componentes de  varidn-
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cis gendtica, conforme coloca VENCOVSKY (1869), uma condigEo €
tanto os individuos aparentados que constituem o material experimental, co-

essencialy

mo o5 da populagBo base, devem ser ndo endocruzados,

Segunde WAMKCONG et alii (1966), ot efeitos de interacdo de gengtipos
e ambientes n¥o t8m side considerades na matoria des trabalhos, sende ' nor-
malmente incluTdos na componente gen€tica, superestimando as estimativas

de herdabilidades,

0 presente trabalho tem por objetivo estudar o comportamento da varia-
¢io gendtica entre progdnies de Pinus canibaea var. hondwiensis obtidas de
irvores selecionadas em populacfes da Austr@iia, visande o seu possivelapro
veitaments no pregrama de melhoramento que vem sendo desenvolvide com a es-
pécie no Brasil.

MATERIAL E METODO

Latice
e parcelas Tingares de 6 plantas, fol instalado
na regiio de Agudos - SP, em dreas da Companhia Agro-Florestal Monte Alegre,
situada a ums latitude de 22¢20'S, longitude de 4B050'W e altitude de 550
metros,

0 ensaio envoivendo 64 fratamentos, segundo o delineamente em
(8 x B),com 4 repetigdes

0s tratamentos constaram de 41 proyénies de polinizaco livre origina-
das de Grvores selecionadas de Pinus canibaes var, hondunensis Barr, et Golf,
{"ortets"},
pagadas em Pomares de Sementes {'ramets"), provenientes de populagles
Australia,

15 progénies de polinizagdc livre de rvores selecionadas epro
da
Foram incluidas no ensaip uma amostra de cinco progEnies de po-
JinizacZa livre de Arvores selecionadas em uma populagso da espdcie situada
ne municipio de Casa Branca - 5P, além de uma testemunha comercial, repeti-
da trés vezes, proveniente da Guatemala,

RESULTADOS E CONCLUSDES

Os resultados da avaliagio preliminar efetuada aos dols anos de 1dade
para os diferentes tratamentos sZo apresentades na Tabela 1,

Tabela 1. Dados de médias para os diferentes tipos de progénies, aos dois
anos de idade, para as caracterJsticas: altura de plantas (m,
porcentagem de falhas (% F), porcentagem de "fox-tail" (2 FT) e
porcentagem de bifurcagio (% BIF).
10CAL: Agudes - SP

Parametros F v
P 9

Progénies CE A ] S

Procedancias {m) Progénies

Byfield Area

- "ortet" 3,33 5,15 23,08 1301 2]

- “ramet” 3,27 2,72 25,74 1,12 15

Kennady /Cardwell (Inghand) .

- "ortet” 3,21 8,34 27,43 13,2 13

Beerburrum Area

- "ortet" 3,38 517 18,71 13,86 7

Casa Branca - Brasil )

- "ortet" 3,34 1,09 20,82 12,24 5

Guatemala

- comercial 3.7 9.1 30,72 13,35 -

Media Geral 3,28 6,93 25,58 12,83 -

0s dados obtidos para crescimento de plantas na localidade de Agudos-SP
" podem ser comparades aos obtidos em outros dois locais ensafados, Romaria

(MG) e Teixeira de Freitas {BA), & mesms idade de avaliacdo {2 anos).

Tabela 2. Dados de midias para os diferentes tipos de progénies e testemu-
nhas, aos 2 anos de idade, para as ceracterTsticas de altura de
plaantas (H} e porcentagem de falhas (%F).

LOCAIS:1 Romaria (Lat. 18930°, iong, 47920°, alt, 80O m) e Tei~
xeira de Freitas {Lat, 17¢45', Long. 39932', Alt, 50 m),
LOCATS
R Teixeira Freitas{BA} Romaria (MG
Procedéncias Tipo idade = 2 anos idade = 2 anos
Material 9 n?
progEnies H{m) %F  pregénies H{m} %F
Byfteld Area ortet % 250 1,0 17 240 3,0
{Rustralia)
Byfield Area ramet 1725 0 0 2,3 3,0
(Australia}
Kennedy/Cordwell  oeop 5 248 0 7 2,38 1,0
{Australia)
Beerburrum Area ortet 4 2,66 Q 2 2,35 O
{Australia)
Casa Branca ortet 5 2,54 1] 3 2.5 6,0
{Brasil}
Guatemala comercial - 2,57 ] - 1,93 39,0

Neste est3gic da experimentagdo, cs dades coletades nos trés locais re
velam ums mesma tendéncia, com pequenas diferengas enfre os diversos tipos
de progénies, mostrando, principalmente, a pouca diferenciagio entre as pro
génies da Austrilia e do Brasil. 0 tocal Agudos dpresentou maior crescimen
to comparativamente aos outros dois locais.

0s vesultados da anilise de vari3ncia em latice para crescimente em'al
tura e ocorrencia de "fox-tail", no local Agudos, sdo apresentades na Taber
1a 3.

Tabela 3, Resultados da anilise de variBncia em latice (64 tratamentos) pa
ra altura de plantas (H) e porcentagem de “fox-tail” no local A-
gudos - SP.

c . RESULTADOS DA ANAYA

eracterTsticas Teste F EficiEncia Coeficiente de
MEdia Tratamentos do latice variagdo %

Altura de 3,28 1,58%% 104,6 12,82

plantas (m}

rox-Tail" {¥) 22,01 t,E5% 100.8 48,44

* significativo ac nivel de 5% de probabilidade

** gignificativo a0 nivel de 1% de probabilidade

05 resultados da anlise.de.variincia em latice revelam a. existéncia

de variagBes genBticas entre os tratamentos e uma pequena eficidncia do Ta-
tice, para as duas caracteristicas analisadas, @ coeficiente de  wvariagdo
experimental revelou-se bastante alto para "fox-tail”, provavelmente devi-
do 3 forma de avaliagho subjetiva para essa caracteristica,

De acorde com SNYDER (1866}, a anZlise de varidncia pode ser efetuada
segunde o esquema de blocos ao acaso quande & eficiéncia do latice E infe-
rior 2 110%, 05 resultados dz andlise em blocos ao ataso sf0 apresentados
na Tabela &, desdobrando-se os tratamentos nos diferentes fipos de progé-
nies e testemunhas,
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Tabela 4. Resultados da anilise de variSncia em blocos a0 acaso, para altu pertenciam a uma mesma populagdo, ¢ que pode ndo ser verdadeiro, fssa esti

ra de plantas e porcentagem de "fox-taf}" (4FT}, 'envolvendo as mativa, no entanto, apesar dessas restrigBes, se presta para que  tenhamos
diferentes progénies (Mortets") e testemunhas. nog3e da variabilidade do material e do sew potencial para melhoramento,
Tratamentos VALORES DE F DA ANAVA BIBLIOGRAFTA CITADA
(Progenies) Altura % Fox-Tai}l
NAMKOONG, &, et alif, 1966, Heritability and gain conceits for evaluating
Byfield Area 3,11+ 2,17** breeding system such as seedling orchards., Silvae Genetica 15:76-84,
Kernedy/Cardwell 0,62 1,82* SHELBOURNE, C, J. A, ¢ P, R. M. COCKREN, 1969, Progeny and Clonal Test
design for Mew Zeatand’s Tree Breeding Programs. Mew Zealand For, Res,
Beerburrum Area 0N T3 Inst. Tree Improv, Rep. n§ 41,
Testemunhas 0,95 1,34
SNYDER, E, B,, 1966, Lattice and Compact Family Block in Ferest Genetics,
Entre grupes 1,32 1,76 Iny Jofat Proceedings, SECOND GENETICS WORKSHOP OF THE SOCIETY OF AMERICAN
FORESTERS and the Seventh Lake States Forest Tree Improvement conference,
Tratamentos 1,76% 1,78% p. 12-7,
Coeficiente de 12,1 62,9 VENCOVSKY, R,, 1969, GenBtica Quantitativa, ‘In::Kerr, W. E. {org,}). Me-
Variagdo (%) lhoramento e GenEtica, 5§30 Pauio, EDUSP e EdicGes Melhoramentos,

*  gignificancia ac nivel de 5% de probabilidade

** gignificincia ao nivel de 1% de probabilidade

0s resultados da anilise de varidncia, desdobrando-se o5 tratamentos
nas diferentes procedéncias das progénies e testemunhas, mostram variagBes
gendticas entre progénies de Byfield para altura de plantas e entre progée-
nies de Byfield o Kennedy/Cardwell para ocorréncia de "fox~tail", K3o se
detectou variagbes entre grupos, mostrando uniformidade para os diferentes

materiais e testemunhas.

A estimagdo do coeficiente de herdabilidade a partir dos componentes
de variancia da anilise de varidncia foi efetuada para altura de plantas,
cujos resultades estdo expressos na Tabela 5,

TESTE DE PROCEDENCIA DE
Pinus oocarpa SCHIEDE
EM CAMPOS DE SABAH

Tablea 5, Estimativas de vari3ncia entre progénies (G'ZP). da herdabilidade | T.C. Keong
aplea > e : o i LN
ntido restrite (h do coeficiente de variagdo enetica
ro se rite (h%) g20 9 Forest Research Centre, Sandakan, Sabah
(C¥g%] para altura de plantas a partir de 41 progénies [ortets) MALAYSIA
da Austrilia,
Resumo
rz . P Um teste de procedéncias de Pinus oocarpa, Schiede,
caract, P s(e?p) h 9 com 4 procedéncias de P. oocarpa e uma de P, caribaea
var, hondurensis Goif. e Barr,, foi instalado em Sook, em
Nitura 00496 0,003 0,3 6,74 janeira de 197_3. For§m feitas medicGes anuais de attura
e circunferéncia das drvores,
) Apds 7 anos foram medidos os seguintes pardmetros:
: ) . retiddo do tronco, caracter(sticas morfolégicas,
s(ci"ap) = desvio padriic da varidncia entre proyénies crescimento em “foxtail”’, sobrevivéncia e caracter(sticas
dos ramos,
Determinou-se que as procedéncias Yukul e Nit. Pine
Ridge sdo superiores em circunferéncia e crescimento em
altura. Ndo hé diferencas significativas na retidjo do tronco,
) _ nas caracteristicas morfoldgicas, “foxtail”, comprimento
A estimativa da veridncia emtre progénies e do desvio padric dessa es- e ndmerc de ramos. Mas as procedéncias MT. Pine Ridge
timativa mostra 2 precisio para esse parmetro, A estimativa da herdabili- 18m, geralmente, maior didmetro dos ramos,
dade, equivalente a 0,36, revela boas perspectivas parz a selegdo dentro do
' PROVENANCE TRIAL OF

ensaio, 0 que 8 corroborado palc relativamente alto coeficiente de variagio

gengtica (6,74%), Pinus oocarpa SCHIEDE

IN GRASSLAND OF SABAH

A estimativa da herdabilidade obtida a partir da an3lise da variincia,
pressupde a exist@ncia da velaglic de meins-irmios para as progénies, AlBm Summary

disso, foi considerado que as 41 progdnies de polinizagZo aberta ["ortets") A provenance trial of P. oocarpa. Schiede with 4
provenances of P. gocarpa and one provenance of P. cari-
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baea var. hendurensis Golf. and Barr, was established at

Soole in January 1973,

Annual assessments of height and girth were made.
At year 7, paramcters such as stem straightness, morpho-
logical characteristic, foxtailing, survival and branch

characteristics wore assessed,

Tt was found that the Yukul and Mt. Pine Ridge
provenances are superior in girth and height growth,
There is no significant differences in stem straightness,
morphological characteristic, foxtailing, branch length
and branch number, BDut the Mt. Pine Ridge provenance

goenerally Las lLaibger branch diameber

TEST DE PROVENANCE DE
Pinus oocarpa SCHIEDE, A SABAH

Resume

bn essai de provenonce de Pinus oocarpa Schiede
comportant 4 provenonces de Pinus ococaipa et yne prevenance
de Pinus Caaibaea de ta vorlété hondurensis Barr. et Golf.
a &t& mis en place & Sook, en Janvier 1973,

On o procédé & des mensurotlions annuelles de
havteur et de circonférence. Au cours de la 72me année
.on o foit des observations sulvantes v rectitude de la tlge,
coractéristiques morphologiques, hypertrophie terminole et

caractéristiques et survivonce des branches.

On o constaté que les provenonces Yukul et Mt.
Pine Ridge é¢toient supérieures quont & leur croissonce en
hovtevr et en diométre. Por contre, en n'e pas trouvé de
différences notobles en ce qui concerne la drolture -des
tiges, las carocléristiques morphologlques, I'hypertrophie
terminale, lo longueur des branches, ainsi que leur nombre,
Cependent, lo provenonce Mt. Plne Ridge présante, en générol;

un diomdtre de bronches plus lmportant

1. Introduclion

In Sabal, Pinus oocarpa Schiede was introduced in
1683, The fivst bafich of seeds was of Guatemala origin.
Shim {1970)- reported that the growth of the species is

comparable te P. caribaea var. hendurensis Barr. and Golf,

Lut its form appears. to be better with less incidence of
foxtailing. lowever, the natural distribution of P.
ggcarpa covers a wide range in Central America and Mexico.
Provenance trials are necessary to determine with seed
sources give the optinum results under the conditiens in

Sabah,

2. Provenance Kepresented

Four provenances of P. gocarpa and one provenance

of P. caribaea var. hondurensis were represented, Seed

was supplied by the Commonwealth Forestry Institute,
Oxford in 1972,
.sources; additional information an them is given by
Greaves (1970},

Table A gives some details of the seed

3. site
Logatiaon 1 Book
Longitude 1 116° 1718
Latitude 59 gg
Mean yearly
Rainfall i 2158 m.

Mean
Monthly: J F M A M J J A 15 Q N b
Ruinfall:234 157 97

Mean yearly
Temperature : 28°C
Soil t  Red/yellow podzolic soil on raised
alluvium.

Previous

Vegetation ! faperata eylindrica, Pteridium
aquilitem var. esculentum,
Eugenia spp., Nepenthes spp.,
Lycopedium spp.
4. . Desiugn

The design used is a randomised complete block
witlh § replications. Each plot has 11 x 11 rows of trees,

The-spacing is at 3 x 3 .

5. Establislment and Management

The seed were sown in heds in March 1972 and seed-
lings transplanted into 10 x 18 cm. 