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Abstract 

This thesis explores the use of multivariate models in a tree breeding program with 

emphasis in radiata pine. It considers the development of breeding objectives, the 

efficiency of various strategies for subsampling trees to assess wood properties, and the 

analysis and exploitation of longitudinal data. 

A model for a vertically integrated production system is developed - comprising forest 

production, pulp mill and sawmill - and evaluated for Chilean production and 

economic circumstances in each of three silvicultural regimes. The traits in the 

breeding objectives were volume at harvest age (m3/ha) and average basic wood density 

(kg/m3). Economic values for each trait were calculated as the difference in discounted 

profit for a unit marginal increase of volume or density. The obj ectives for different 

silvicultural regimes were similar, and a single objective - with relative weights 1 :  1 .47 

- appears to provide more economic gain than the use of special ist objectives. 

Various subsampling schemes for wood property traits in progeny tests were studied 

through simulation in terms of reliability of estimates of genetic parameters, prediction 

of breeding values and expected genetic gains. Subsampling is subject to the Law of 

Diminishing returns, and measuring more than 1 5  trees per family did not provide large 

gains in accuracy of genetic parameters or in prediction of expected gain. 

A unified view of multivariate analysis with longitudinal data from progeny trials is 

presented using a tree model. Several statistical models to deal with covariance 

structures are specified, the relationship between full multivariate analysis and random 

regression models is demonstrated, and model selection techniques are presented. 

Different models are compared for repeated assessments of basic wood density (kg/m3). 

These models are further developed including additional random effects (block and 

plot) with an application to height (m) data using a Chilean radiata pine progeny test. 

Covariance structures reduce the risk of non-positive definite additive genetic matrices, 

while reducing computational demands for the analyses and providing a description of 

the genetic control of a trait over time. 



Longitudinal data were used to predict breeding values close to rotation age, usmg 

either mass or combined selection. The method was tested under three covariance 

models and two breeding delays (time between selection and propagation of sufficient 

offspring for planting), to determine the best age - or combination of ages - for 

selection purposes. A combination of family information and repeated assessments 

provided the highest genetic gains. 
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We do not receive wisdom, we must discover it by ourselves, 

after a journey through the wilderness, which no one else can 

make for us, which no one can spare us, jor our wisdom is the 

point of view from which we come at last to regard the world. 

-Marcel Proust 

The journey is the destination. 

-Anonymous 

There is no intellectual exercise that is not ultimately useless. 

-Jorge Luis Borges 

Dedicated to Marcela, for the love that sustains my days, Maite and Lucho 

for their support and love, and two precious souls, Haydee and Igor, 

who are always with me wherever I am. 



Acknowledgements 

Dorian Garrick gave me both the ultimate blessing and curse: complete freedom to 

explore all topics and approaches I wanted. Although at times I used to think @#%& 

and /\%@#, I am really grateful for the learning experience. Mike Carson always 

provided useful general knowledge and background of tree breeding programs, as well 

as reassurance in difficult times. Thank you both for all the suggestions and advice. 

I was very lucky to work with Rowland Burdon and Arthur Gilmour as co-authors in  

some of the chapters. Additionally, Rowland read and made comments for almost every 

chapter of the thesis. Both provided me with many opportunities to learn from their 

experience, new insights and numerous drafts to work on! Thank you both for your 

patience and sense of humour. 

People at the New Zealand Forest Research Institute, Rotorua, provided help and 

comments at different stages of this work. Many thanks to Sue Carson (now a private 

consultant), Luis Gea, Keith Jayawickrama (now working in USA), Paul Jefferson, John 

Lee, Tony Shelboume and Charles Sorensson (now with Fletcher Challenge). Special 

kudos goes to Luis Gea (a.k.a. Luigi), who helped me since before I arrived in New 

Zealand. He also provided me with lodging for every single trip to Rotorua. Many 

thanks for your help, advice, food, wine, etc. Thanks to John Lee for lending me his 

cycle workshop to sleep in. 

My roommates provided a very supportive and fun environment for my work. It was 

great to share these years with Paul Charteris, Alastair Currie, Satish Kumar, Nicohis 

L6pez-ViIIalobos, Fiona Mil ler, Richard Spelman and Claudia Ugarte. Many thanks to 

my friend Sarah Leberman and people at 'City Rock' for all the rock climbing together. 

Thanks to my friends on the phone and emaiI: Cristian Estades (USA and Chile) and 

Ramy Alzamora (Chile). Many thanks to Frank Spirek and Diane Ensminger (Ogden, 

Utah, USA) for their friendship. They all helped me -maybe in vane- to keep my 

mental health while working on this thesis. 

My PhD studies were funded by a New Zealand Official Development Assistance 

(NZ OD A) Scholarship and by a New Zealand Forest Research Institute (NZFRI) 

v 



Stipend. Margaret Smillie at Massey' s  International Student Office was an excellent 

scholarship administrator. I am grateful for her help during my studies. 

My career has been influenced by the work of several people, who have been dealing 

with tree breeding programs since long before I started. The work done by Tim White, 

Tony Shelbourne, Rowland Burdon, Nuno Borralho and Steen Magnussen has been a 

constant source of inspiration. Tony Shelbourne is in part responsible for me being in 

New Zealand: thank you Tony. 

And most of all, my infinite thanks to Marcela, who had more than her fair share of 

work during these last four years. 

Eres mi luna, eres mi sol, 

mi dulze de mango, que dulzor. 

-Alma Rosa 

Post data: Many thanks to Nuno Borralho (RAIZ, Portugal), Dorian Garrick (Massey 

University, New Zealand) and Dave lohnson (Livestock Improvement Corporation, 

New Zealand) for providing very positive feedback when reviewing the thesis. Allain 

Scott (IV ABS, Massey University) helped me with the intricacies of submitting the final 

version of this thesis from overseas. 

May 2000 

vi 



Table of contents 

Abstract 

Acknowledgements IV 

CHAPTER ONE: General introduction 1 

CHAPTER TWO: Breeding objectives for three silvicultural regimes of 9 

radiata pine 

CHAPTER THREE: Effect of univariate sUbsampling on the efficiency of 3 3  

bivariate parameter estimation and selection using half-

sib progeny tests 

CHAPTER FOUR: Analysis of longitudinal data: some multivariate 5 5  

approaches 

CHAPrER FIVE: Variance modelling of longitudinal height data from a 85  

Pinus radiata progeny test 

CHAPTER SIX: Optimising early selection using longitudinal data 1 1 1  

CHAPTER SEVEN: General discussion 1 3 1 

CURRICULUM VITAE 143 

vii 




