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Genetic Improvement for 
Fast Growing Species  

• Increase 
productivity

• Improve quality

• Site/species/clone 
matching

• Sustainable yield

• Increase 
productivity

• Improve quality

• Site/species/clone 
matching

• Sustainable yield

Objectives of
Tree Improvment

Forest tree breeding differs from breeding 
of agricultural crops in several ways 

Forest tree breeding differs from breeding 
of agricultural crops in several ways 

Forest tree breeding
• Subject to inbreeding depressing ‐ inbreeding reduce 
vigor offspring

• Only reached second and third generation
• Many different breeding objectives

Agricultural crops breeding
• Narrow genetic material and inbred line
• Domestication in thousands of generations
• One or more breeding objectives

seed

pollen

Unrelated parent  trees

Outcrossed family (control-
pollinated 
single-pair cross)-good 
performance

Self-fertilised family, 
inbreeding depression of 
yield, poor performance
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Conditions for Production of Inbred Seed

Pollen

Self‐fertilization

Isolated tree
selfed

outcrossedInbreeding depression 
of growth in control‐
crossed progenies of
E. camaldulensis
(Petford) at 30 months 
‐ trial near Gympie, 
Queensland

Land race

Land races develop when exotic trees are introduced in a 
new environment. Genetic changes take place in the 
population of tree over one or more generations of 
selection by natural or human agencies.

The natural provenance origin is of prime importance 
in determining the genetic makeup of a land race, although 
genetic change take place in later generation 

Early , “pre‐scientific” introduction of eucalypts and acacias to 
South and SE Asia

• initial introduction with narrow genetic base, from inferior 
provenance (e.g. seed from only one tree)

• further “genetic bottlenecks” ‐ seed collected from single, 
early‐flowering trees

• one or more generations of “negative selection” (seed 
collected from “easy to collect” trees with low crowns and 
drooping branches)

SABAH

Mission Beach
QUEENSLAND

50,000ha

40,000ha

Early introduction of 
Acacia mangium

to SE Asia
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To develop new plantations superior to their 
predecessors in one or several key economic 
traits. 

unimproved genetically improved

E. camaldulensis: 
natural seed source 
vs local land race

Australian seedlot
(collected from natural
stand, one year younger)

Vietnam land race

Eucalyptus camaldulensis
plantations in Cambodia

Eucalyptus camaldulensis
plantations in Cambodia

Mix of best natural provenances
from northern Queensland, Australia Seed from a commercial dealer in 

Vietnam – same age, nearby

Acacia auriculiformis seed source trial:  
Kuiburi, Thailand (data: RFD)
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Selected progenies from first 
generation seed orchard

Unselected 
Thai landrace

Genetic deterioration of unmanaged land races
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Acacia auriculiformis breeding in Thailand Acacia auriculiformis breeding in Thailand Mean Heights, age 24 months

Trial mean:  5.68 m

Petford Qld.  6.28 m
Kennedy R. Qld. 5.98 m

Indian selections :
E. camaldulensis 5.34 m
E. tereticornis 4.87 m

c.d. (P = 0.05)         0.28 m

E. camaldulensis
Seedling Seed Orchard,
Pudukkottai

Conditions for production of high-quality seed

• Wide genetic base ‐most trees unrelated
• Good cross‐pollination
• Outcrossing between unrelated trees

Pollinators

Outcrossing

Poor‐quality (selfed) seed from low‐frequency, 
non‐synchronous flowering in seed orchards

•Only a few trees flowering
•Trees flowering at different times – not synchronous
•Most seeds result from self-fertilization

Selfing
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Effect of outcrossing rate on growth of orchard progeny: Acacia 
mangium seed orchards in northern Vietnam

(both orchards PNG provenance origin)

PNG – 12% outcrossing PNG – 100% outcrossing

Developing part of a seedling seed orchard 
from a progeny trial
Developing part of a seedling seed orchard 
from a progeny trial

Age 1 year:
5‐tree line plots
of six families

Age 2 years – first thinning
to best 3 trees per plot

Age 3 years

Age 4 years 
– second thinning
to best single tree per plot, remove best tree of poor family 

Age 6 years – collect seed 
after mass flowering has 
occurred after thinning

“Elite” seed from trees of 
best family

Activity cycle  for tree breeding

seed orchards 
or clone hedges

Selection

Breeding 
Population

Base 
Population

Crossing

Planting stock 
for plantations
(seedlings  or 
rooted cuttings) 

Infusion 
Population
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BASE

Plantations

mass

propagation

selection

Tree Improvement Activities

• Strategy and plan
• Clear breeding objectives
• Hierarchy of populations
• Selection and breeding
• Personal and fund

Basic Elements Tree Improvement
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1996 2000 2004 2008 2012 2016 2020

Elite C.P. families
Controlled 
pollination

Clones, including hybrids

SSO ‐ 1

SSO ‐ 2

SSO ‐ 3
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Time 
(years)

100%

Genetic gains from different improvement strategies  

Elite clones of next generation

Clonal Seed 
Orchard

150%

200%

“Conventional” breeding 
with open‐pollinated seed 
production areas

Intensive breeding with 
shortened flowering cycle

Select from 
field trials of
best natural 
provenances

Unmanaged genetic 
resources on farms

Capturing genetic gain through open‐pollinated 
seed orchards, elite controlled crosses and 

clones

Elite control‐
crossed families Elite 

clones

Open‐pollinated 
seed orchard seed

Best natural 
provenance seed 
(wild)

100% 160%120% 140%70%

Inferior
natural 
provenance
or land race Improved

population
mean

Seed Orchard Seed: 15% to 20% Fast Growth 

Gain from First Generation Eucalyptus Breeding

Unimproved Seed

Choosing traits 
for assessment and selection

• survival
• diameter
• height
• stem volume
• bark thickness
• wood density, colour
• timber strength, stiffness
• timber defects
• pulp yield
• fibre length
• stem straightness
• axis persistence/forking
• branch thickness
• branch angle
• pest and disease resistance
• growth stress
• tension wood
• etc?

?

??

?
?

Setting Breeding Objectives
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Economic importance
Easy to measure
Genetically variable ?

Selection Traits
Four populations in tree improvement
• base population ‐ a large, genetically 

unimproved sample of the natural gene pool of the 
species

• breeding population ‐many selected individuals 
from the base population are improved through 
successive cycles of selection, breeding and testing

• propagation population ‐ a subset of the 
breeding population used for producing large 
quantities of genetically improved seed or 
vegetative propagules

• wood‐producing plantations ‐ use genetically‐
improved material for production forestry

Base
Population

Breeding Population Propagation Population Plantation                
Populationmain population

open‐pollinated progeny trials

1996
thin

Generation 3
2004 100 90

Generation 2
1998

Aust.  Thai

Seed
Orchard
1

Seed
Orchard
2

2002
thin

Generation 1
1991

1997

2003

2009

2008
thin

50 50

Seed 
Orchard 
3

260 families from first 
breeding population

150

305 Australian + 10 Thai families

Other Asian 
programs

Improvement strategy for Eucalyptus camaldulensis in 
Thailand ‐medium intensity

Figure 1.  Breeding program for Eucalyptus camaldulensis in Thailand
- progress to date  

Base 
Population

Breeding
Population

Propagation
Population

Plantation 
Forests

Natural 
Stands

in 
Australia bulk seedlots from Petford provenance

SSOs x 3

Year

1986

1991- 92

2002

Clonal testing & 
mass propagation

305 families 
from

32 provenances
1st generation 

provenance-progeny
trials X 4

Seed Stands, 
various locations

2nd generation 
progeny trial  X 1
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Genetic improvement strategy for 
Grevillea robusta in Africa

Select the best tree from each 
of 20 best families 

Genetic resource stand at Malava, Kenya 
91 families from Australian 
natural provenances

Grafted clonal seed 
orchard 
of 20 clones 
High genetic gain, no 
inbreeding

35 35

Economic gain of clonal plantations • Low intensity
– identify best provenances, establish seed production areas of best 

provenances
• Medium intensity 

– maintain family pedigrees in breeding populations, controlled 
pollination? vegetative propagation?

• High intensity
– controlled pollination
– advanced selection methods (index selection, BLUP)
– multiple breeding populations?
– aim for clonal forestry
– use biotechnology (pedigree control, marker‐assisted selection?)
– only justified for very large planting programs

Low, medium and high intensity improvement programs 
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Low intensity, low cost improvement 
strategyProvenance Trials

144 trees per provenance in a trial 
(3 repl. x 36‐tree plots)

5 ha PRS
5000 trees

5 ha PRS
5000 trees

5 ha PRS 
5000 trees

Identify best provenance in trial ‐
selectively thin PRS to convert to 
unpedigreed seed production area

Provenance Resource Stands ‐
Established at same time as 
Provenance Trial

Low Intensity Improvement ProgramLow Intensity Improvement Program

• Establish stands with a mix of 50‐
100 unrelated seed parents from 
many sources 

• Start at close spacing to allow 
heavy and early selective thinning

• Produce seed of somewhat 
improved quality

• Outstanding individuals may be 
used for clonal forestry after field 
testing

Intensive management of clone banks for 
controlled pollination

Use of paclobutrazol to induce early, prolific flowering
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Intensive breeding programIntensive breeding program

Rapid development  of elite 
clones: “fast‐track” strategy 

(quick but expensive!)

Clone trials at 
multiple sites

Capture and cross 
elite, unrelated trees 
in clone bank

seeds

20+ seedlings
per cross

24 rooted
cuttings
per seedling

x
Fails to

propagate2004

2008

2009

Cuttings from seedlings 

2002

Assess trials

Release best clones for operational propagation and planting

2005 ☑☑ ☑

BREEDING OF 
ACACIA 
HYBRIDS : 

Reciprocal recurrent 
selection of pure-
species individuals 
based on their general 
hybridising ability

Aa Am

F1

Aa Am

F1

Aa Am

Year

2002

2011

2006

Acacia 
auriculiformis
breeding 

Acacia 
mangium
breeding 

Each generation, best hybridisers
of the two pure species are 
crossed to produce new 
generations of pure-species 
breeding populations, and new 
generation of F1 interspecific
hybrids 

Test and
mass-propagate
best hybrid clones 

Test and
mass-propagate
best hybrid clones 

Blue arrows show 
information on hybrid 
performance of pure-species 
parents being used to select 
the best trees for next 
generation for pure-species 
breeding
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Eucalyptus breeding for wood 

quality 

Eucalyptus breeding for wood 

quality 
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68
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