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Abstract 
Half-sib families of ‘elite’ Guadalupe and Cedros Island radiata pine provenances 
identified by Boardman and McGuire (1997) are tested along with routine genetically 
improved seed orchard material and an Australian Capital Territory developed 
Guadalupe hybrid at three sites in the Mid-to-Upper South East of South Australia.  A 
comprehensive assessment of growth and form traits were undertaken at nine years 
of age and results from this assessment forms the basis of this report. 
 
This trial is one of the very few trials in the world to test Guadalupe and Cedros Pinus 
radiata provenance material in low rainfall environments.  The Mexican island P. 
radiata provenances were also tested in a non-limited resources environment which 
is a high (I-II) site quality site (Lewis, Keeves & Leech 1976).  Low rainfall P. radiata 
data in general is scarce, particularly when sourced from regions down to 400-450 
mm mean annual rainfall (MAR).  This trial provides performance information at nine 
years of age in such a region and also provides an indication to the production of 
over 3 000 ha of P. radiata on private land within the Upper South East of South 
Australia north of Comaum. 
 
Assessment of the trial at nine years of age has not identified superior P. radiata 
families for growth and/or form traits from the material tested.  Routine, genetically 
improved P. radiata did not perform better than the Guadalupe and Cedros Island 
half-sib ‘elite’ selections at all sites including the non-limiting resource site of Reedy 
Creek.  Volume production of the routine material was only 75-81% of the top 
performer at each site.  The results of the form assessments indicate that the 
Mexican island’s excellent natural form traits together with ‘elite’ selection and first 
generation crossing produces progeny with form equal to material produced from 
mature breeding programs. 

Background 

Natural range of Pinus radiata 
There are only 5 disjunct populations: three along the central coast of California and 
two on Mexican islands off the coast of Baja California. Before European settlement 
P. radiata would have had a range of about 10 000 ha in mixed coastal forests but 
now occupies ~4 600 ha (Rogers 2004). 
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Figure 1. Map of California, USA and Baja 
California, Mexico showing the five natural 
provenances of Pinus radiata.  From Low & 
Smith (1997). 

 

 
Provenance Forest 

area (ha) 
MAR  
(mm) 

Pan evaporation 
(mm per annum) 

Temperature (mean 
max. hottest/coldest 
month) °C 

Ano Nuevo (Santa Cruz) 600  756 1270 25.1/14.7 
Monterey (Del Monte) 2800  450 1270 22.2/14.7 
Cambria (San Luis Obispo, Poly) 900 540 1400 25.3/16.8 
Cedros Island (San Fernando, 
Ensenada 200 km N. of Cedros Is.) 

130 96 1888 35.2/20.9 

Guadalupe Island (marine garrison, 
S. tip of island.) 

❖ 124 No data 24/19 

 
 
Shown in Table 1 P. radiata spans a significant range of Mean Annual Rainfall 
(MAR). However, it never naturally occurs more than a few kilometres from the 
Pacific Ocean where the cold waters of southward flowing currents result in high 
humidity, moderate temperatures, and summer fogs (Matheson et al. 2007).  The 

Guadalupe and Cedros Island 
sites have the lowest MAR of the 
five provenances.  Mean daily 
temperatures along the 
Californian coastline increase 
towards Mexico, which also 
tends to drive pan evaporation up 
and water availability down. The 
trees on Guadalupe Island occur 
at high altitude (1200 m above 
sea level), which is likely to 
counter this effect to some extent 
(Matheson et al. 2007).  The 
overall interaction of fog drip - 
that can be so significant as to 
form pools (Eldridge 1978) 
together with rainfall, 
temperature and other 
microclimatic and soil physical 
properties is difficult to ascertain 
from the available data. 
However, the island provenances 
are likely to be growing in 
harsher environments than the 
Californian mainland ones 
(Matheson et al. 2007) and 
therefore may have traits that 
give rise to greater drought 
resistance.  

Pinus radiata provenance studies including Mexican island 
material 
Many P. radiata provenance trials which have tested Guadalupe and Cedros 
provenances are documented in scientific literature, (e.g. Burdon et al. 1997; Low & 
Smith 1997; Matziris 1995; Jayawickrama & Balocchi 1993; Burdon et al. 1992; 

❖ On Guadalupe Island, it is more appropriate to measure the pine forest by number of trees (approximately 220) rather 

than area occupied. 

Table 1. Pinus radiata provenance areas and climatic data (Matheson et al. 2007; 
Rogers 2004)  
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Cromer et al. 1982; Shelbourne et al. 1979; Burdon and Bannister 1973).  Over the 
last twenty years the majority of information has come from New Zealand.  Of all the 
studies located in the literature, only one was found to be established in a low rainfall 
environment, Wirrabara, South Australia (Boardman and McGuire 1997) and this 
study was the forerunner to this trial.  Boardman and McGuire (1997) identified ‘elite’ 
families of which some were Guadalupe and Cedros provenances from 250 families 
of all 16 sub-populations of the five P. radiata provenances provided by the 1978 
Eldridge  collection (Eldridge 1978).  With funding from the Natural Heritage Trust, 
the private forestry section of ForestrySA (now a group within PIRSA Forestry) 
utilised seed collected from ‘elite’ Guadalupe and Cedros families and established 
trials on three sites, one on ForestrySA land at Clay Wells, SA and two others in 
cooperation with private landowners at Keilira, SA and Western Flat, SA.    
 

Sites, trial designs and establishment 
Three trial sites were established in August 1997.  Site descriptions are given in 
Table 2. 
 
Table 2. Trial site details. 

Site Locality Trial code Grid 
Reference 
(GDA94) 

Soil* MAR (mmyr
-1

)  
1996-2007** 

Reedy Creek Clay Wells RT 133 A 0427000 
5874000 

Bleached-
Orthic tenosol 

614 

Shepherd’s Hill Keilira RT 133 B 0427500 
5929500 

Bleached-
Orthic tenosol 

459 

Broadview Road Western Flat RT 133 C 0473500 
5955700 

Bleached-
Orthic tenosol 

407 

*Classified to the Australian Soil Classification (Isbell 2002) 
** MAR statisics were obtained from Bureau of Metrology (2010) and are from the closest weather station to trial 
sites.  Shepherd’s Hill: Lucindale – Greenvale 026069 missing 1999.  Reedy Creek: Furner 026086 missing 1999.  
Broadview Rd: Wolseley 025519 missing 2003.  

Seed Sources & Nursery Management  
Seed with Cedros and Guadalupe Island genetic origins was obtained from three 
ForestrySA sources; a rogued provenance trial at Mt Ellen (Wirrabara Forest 
Reserve), a seed orchard at Kuitpo Forest Reserve (Scrimshaw’s) and a clone bank 
at Kuitpo Forest Reserve. The routine genetically improved P. radiata (SO) originated 
from a Southern Tree Breeding Association (STBA) open-pollinated seed orchard. It 
is therefore predominantly based on Monterey provenance with some Ano Nuevo 
genetics.   
 
All Guadalupe and Cedros Island genetically based material were grown at the 
ForestrySA Kuitpo Nursery located south of Adelaide, South Australia as open rooted 
seedlings.  Due to availability of material, the routine P. radiata seedlings were 
produced at a different nursery; Virginia Nursery located north of Adelaide, South 
Australia and were containerised stock.  

Mt Ellen provenance trial – Wirrabara (EM53W) 

The Mt Ellen provenance trial, referred to as the Wirrabara Forest Reserve 
provenance trial (WFRPT), was established in 1980.  It is a collection of 250 families 
from all 16 sub-populations of the five P. radiata provenances provided by the 
Eldridge 1978 collection (Boardman & McGuire 1997). The trial has been rogued, 
with at least one tree retained per family in most cases. Seed used in this current trial 
was collected from ‘plus’ families. Pollen sources may include trees from all 
provenances within the trial and pollen from external sources of unknown quality. The 
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seed obtained from this source is therefore described as open pollinated (half-sib), 
(OP). 

Scrimshaw’s Seed Orchard 

Scrimshaw’s seed orchard, referred to as the Kuitpo Forest Reserve seed orchard 
(KFRSO), contains cuttings from plus trees in the Mt Ellen provenance trial.  The 
orchard is pollen buffered and contains only select quality material. The seed 
obtained from this source is therefore described as open pollinated (half-sib) seed 
orchard (OPSO). 

Kuitpo Forest Reserve Clone Bank 

Kuitpo Forest Reserve clone bank (KFRCB) contains cuttings taken from plus trees 
of the Mt Ellen provenance trial. An individual from KFRCB which is Australian 
Capital Territory (ACT) improved material crossed with material from Guadalupe 
Island was also included in the trial.  The seed obtained from KFRCB is open 
pollinated and is therefore described as ‘open pollinated (half-sib) seed orchard’ 
(OPSO). 
 
Due to an uneven number of seedlings per family, not all families could be placed on 
all of the three sites.  A summary of the seed sources used and assignation of plants 
to experiments is given in Table 3. 
 

 
Peg 
Code 

Provenance 
(female parent) 

Family 
Code 

Source*  Reedy Creek 
RT 133 A 

Shepherd’s Hill 
RT 133 B 

Broadview Rd 
RT 133 C 

1 Monterey 
(+Ano Nuevo)  

SO STBA  80 80 80 

2 Guadalupe  4G WFRPT (OP) 80 80 80 

3 Guadalupe  26G WFRPT (OP) 80 80 80 

4 Guadalupe  67G WFRPT (OP) 80 80 80 

5 Guadalupe  67G KFRSO (OPSO) - 80 80 

6 Guadalupe  102G WFRPT (OP) 80 80 80 

7 Guadalupe  109G WFRPT (OP) - 80 80 

8 Guadalupe  110G WFRPT (OP) - 80 80 

9 Guadalupe  110G KFRSO (OPSO) 80 80 80 

10 Guadalupe  147G KFRSO (OPSO) - 80 80 

11 Guadalupe  147G WFRPT (OP) - 80 80 

12 Guadalupe  167G WFRPT (OP) 80 80 80 

13 Guadalupe x 
ACT 

GxACT KFRCB (OPSO) 80 80 80 

14 Cedros  49E WFRPT (OP) 80 80 80 

15 Cedros  126E KFRSO (OPSO) - 30 - 

16 Cedros  130E KFRSO (OPSO) - 30 - 

17 Cedros  130E WFRPT (OP) 80 80 - 

18 Cedros  153E WFRPT (OP) - 80 - 

Subtotals (of 3340 plants) 800 1420 1120 

Subtotals (families) 10 18 14 

*STBA - Southern Tree Breeding Association; WFRPT - Wirrabara Forest Reserve provenance trial; 
KFRSO - Kuitpo Forest Reserve seed orchard; KFRCB - Kuitpo Forest Reserve clone bank.  

Trial Design 
Randomised Complete Block (RCB) designs were used at all sites. The number of 
plots, trees per plot and blocks per experiment vary from site to site due to seedling 

Table 3. Seed source data and assignation of seedlings to experiments. 
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availability (Table 4). The RCB design was selected for ease of analysis using 
Analysis of Variance (ANOVA) single factor.  A trial design error resulted in no 
buffering on the perimeter plots of the trial sites.  To compensate an inner core of 
trees in these perimeter plots was used for analysis. 
 
Table 4. Trial Design summary.  
Stratum Reedy Creek 

RT 133 A 
Shepherd’s Hill 

RT 133 B* 
Broadview Rd 

RT 133 C 

Blocks 2 4 4 
Plots per block 10 16 14 

Trees per plot 40 20 20 
*1.5 plots (20 tree plot and 10 tree plot) of KFRSO 126E (Peg code 15) and KFRSO 130E (Peg code 
16) were also included at Shepherd’s Hill.  

Establishment 
The sites were prepared using standard South Australian forestry practices.  
Herbicide was applied pre-plant, and in the second year at eleven months after 
planting.  All sites were cultivated.  Reedy Creek was mounded, due to the potential 
of waterlogging and the Shepherd’s Hill and Broadview Rd sites were ripped to a 
depth of at least 30 cm.  All sites were planted in August 1997 with a stocking of 
1600 stems per hectare (SPH) (2.5 m between rows by 2.5 m within row spacing).  A 
magnesium deficiency was identified in 1999 at the Broadview Rd site. To correct the 
deficiency fertilizer was applied at a rate of 0.5 tonnes ha-1 (10:3:6:18 + Cu, Zn, Mo, 
Mn, Fe, 0.2 Mg).  

Assessments 

A comprehensive assessment was undertaken at approximately nine years of age 
(November-December 2006) assessing growth and form traits.  This report will focus 
on that assessment.   
 
Trait assessments included:   

o survival  
o diameter at breast height over bark (DBH)  
o predominant height (PDH) 
o volume  
o bark thickness  
o malformation  
o branch cluster frequency  
o branch diameter  
o branch angle     

 
Previous growth assessments; survival, DBH and height were undertaken at ages  
three, five and seven years. 

Survival 

Survival was calculated as plot mean survival at year nine.       

Diameter at breast height, over bark (DBH) 

Breast height is defined as 1.3 m above ground.  Where more than one stem was 
found at breast height, and where secondary stems were more than half the diameter 
of the largest stem, they were recorded as additional stems and their diameters 
recorded (cm).  For trees with multiple stems an equivalent DBH was calculated 
using the formula: 
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Basal Area per hectare 

This was calculated by summing the contribution of each tree in a plot and expressed 
as m2ha-1: 
 
BA/ha = Σ π x (DBH/200)2 

Predominant height 

Predominant height (PDH) was defined as the mean of the tallest 75 stems (m) per 
hectare within each plot.  Height was measured from ground level to the highest point 
of the live tree crown.   

Volume  

Volume per hectare (m3ha-1) was calculated using the formula: 
 
Volume = BA/ha x PDH x 0.35 

Bark Thickness 

At Reedy Creek (RT 133 A) diameter at breast height under bark (DBHUB) was 
measured from a sample of trees that were marked for removal at the upcoming 
scheduled first thinning harvest within the trial.  Three randomly selected trees per 
plot were measured after stripping a band of bark away at breast height.  Bark 
thickness (mm) was then calculated as: 
 
Bark Thickness = DBH - DBHUB x 10 
 
Bark thickness was assessed at Shepherds Hill (RT 133 B) and Broadview Rd (RT 
133 C) with the use of a bark gauge.  Similar to DBHUB measurements at Reedy 
Creek three randomly selected trees per plot were measured.  Four bark gauge 
measurements were taken at breast height around each tree and they were 
averaged to determine the bark thickness.  

Malformation 

Malformation is an assessment that incorporates branching, forking, vertical stem 
deflection and damage to give an overall malformation score.  Each stem was 
assessed using Figure 2 and given a score of 1-9.  

Branch cluster frequency 

The number of branch clusters formed annually for the first three years of growth was 
assessed using Figure 3 giving each tree a multi-nodal rating of 1-9. 

Branch diameter 

Average and maximum branch diameters (mm) were recorded from observations of 
the first three metres of each stem. 

Branch angle  

Average and maximum branch angles from vertical (degrees) were recorded from 
observations of the first three metres of each stem at Reedy Creek (RT 133 A) and 
Broadview Rd (RT 133 C).  Shepherds Hill (RT 133 B) was not assessed. 



-7- 

 

 

 
 
 
Figure 3.  Branch Cluster Frequency rating system. 

 

 

Figure 2.  Malformation rating system. 
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Data Analysis 

Trial data from each trial site were screened for errors and analysed separately.  The 
trials were analysed for each trait using single-factor ANOVA to compare family 
means.  When the probability of differences were significant, determined as P  ≤ 
0.05, Tukey tests were undertaken to determine which sample means were 
significantly different from one another (Fowler et.al. (1999).  

Results 

Survival 

Survival was high at all sites despite an observed dry year at establishment in 1997.  
Reedy Creek received 534 mm (BOM site no. 026086), Shepherd’s Hill 437 mm 
(BOM site no. 026069) and Broadview Rd received 338 mm (BOM site 025519) 
(Bureau of Metrology 2010).  Survival after one year was maintained at all sites up to 
the five-year assessment when survival averaged 94% at Reedy Creek, 94% at 
Shepherd’s Hill and 91% at Broadview Rd (Table 5).  Very few trees died between 
the five-year and nine-year assessments at Reedy Creek and Broadview Rd.  
Survival decreased at Shepherds Hill from an overall site average of 94% to 88% 
(Table 5).  No significant differences in survival between families were found at the 
five year assessment (Bush, McCrea & Underdown unpublished) or at the nine year 
assessment at each of three sites: Reedy Creek (P=0.397), Shepherd’s Hill 
(P=0.100), Broadview Rd (P=0.456).     
 
Table 5.  Survival at five and nine years of age. 
Peg 
Code 

Provenance 
(female parent) 

Family 
Code 

Source*  Reedy Creek 
RT 133 A 

Shepherd’s Hill 
RT 133 B 

Broadview Rd 
RT 133 C 

 5 
years 

9 
years 

5 years 9 years 5 years 9 years 

1 Monterey 
(+Ano Nuevo) 

SO STBA  95% 95% 85% 84% 86% 86% 

2 Guadalupe  4G WFRPT (OP) 88% 88% 86% 58% 88% 86% 

3 Guadalupe  26G WFRPT (OP) 98% 93% 84% 76% 99% 96% 

4 Guadalupe  67G WFRPT (OP) 95% 95% 99% 93% 100% 100% 

5 Guadalupe  67G KFRSO (OPSO) - - 98% 95% 87% 87% 

6 Guadalupe  102G WFRPT (OP) 100% 95% 96% 90% 86% 86% 

7 Guadalupe  109G WFRPT (OP) - - 96% 94% 96% 95% 

8 Guadalupe  110G WFRPT (OP) - - 98% 96% 90% 90% 

9 Guadalupe  110G KFRSO (OPSO) 98% 98% 98% 96% 88% 88% 

10 Guadalupe  147G KFRSO (OPSO) - - 95% 84% 95% 94% 

11 Guadalupe  147G WFRPT (OP) - - 100% 81% 90% 90% 

12 Guadalupe  167G WFRPT (OP) 98% 95% 91% 88% 83% 81% 

13 Guadalupe x 
ACT 

GxACT KFRCB (OPSO) 100% 98% 93% 93% 91% 91% 

14 Cedros  49E WFRPT (OP) 88% 85% 95% 94% 94% 94% 

15 Cedros  126E KFRSO (OPSO) - - 98% 98% - - 

16 Cedros  130E KFRSO (OPSO) - - 90% 90% - - 

17 Cedros  130E WFRPT (OP) 85% 85% 91% 76% - - 

18 Cedros  153E WFRPT (OP) - - 95% 91% - - 

Site Survival 94% 93% 94% 88% 91% 90% 

*STBA - Southern Tree Breeding Association; WFRPT - Wirrabara Forest Reserve provenance trial; 
KFRSO - Kuitpo Forest Reserve seed orchard; KFRCB - Kuitpo Forest Reserve clone bank.  
 
As can be seen in Figure 4, the tree losses recorded at Shepherd’s Hill the nine year 
assessment were most likely a result of localised environmental effects at the site 
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with all the dead and sick trees at the trial site confined to a small area.  The analysis 
between families confirmed this (P=0.100).  Figure 5 shows a photo taken in 
December 2006 of a section of the effected area. 
 
Figure 4.  Plot layout at Shepherds Hill illustrating tree sickness and death at the 9 year 
assessment.  Red crosses indicate individual trees that were sick or dead.  

 
 
From a simple visual assessment no 
symptoms were discovered that could be 
attributed to the deaths.  There was 
foliage loss, which seemed to begin from 
the tops of the crowns where crowns 
thinned and needles were shorter.  
Deaths were attributed to drought 
conditions that had also resulted in 
nutrient deficiencies.  In 2006 the nearby 
Bureau Of Meteorology weather station 
Greenvale – Lucindale (026069) recorded 
only 275 mm compared to 519 mm mean 
average rainfall (MAR) over the 40 years 
(1969-) of records at the station (Bureau 
of Metrology 2010).  Other areas of the 
sandy rise on which the trial is located has 
limestone outcrops and although soil 
depth wasn’t investigated within the death 
area this suggests that there may be a 
limestone vein running under the affected 
area. Such an impenetrable layer would 
compound the drought by further reducing 
the trees ability to access moisture.   
 
There were also a few trees killed at Shepherd’s Hill on the trial perimeter by deer 
ringbarking.  This was not reflected in the results because only an inner core of trees 
was used for analysis of perimeter plots. 

Mean diameter at breast height, over bark (DBH) 

The production at Reedy Creek is superior to the other two trial sites, with trees at 
Reedy Creek averaging 20 cm DBH compared to Shepherd’s Hill; 15.6 cm and 

Figure 5. Photo taken December 2006 
at Shepherd’s Hill of dead and dying 
trees within the trial 
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Broadview Rd; 14.9 cm (Figure 6).  This productivity difference between Reedy 
Creek and the other two trial sites is seen in all growth assessment results.  
 
No significant differences between half-sib families were determined at Reedy Creek 
(P=0.288) or Shepherd’s Hill (P=0.565), but differences were identified at Broadview 
Rd (P=0.0003). 
 
At Broadview Rd, half-sib families 4G (Peg code 2), 110G from WFRPT (Peg code 8) 
and 110G from KFRSO (Peg code 9) were determined to have significantly larger 
mean DBH than half-sib families 49E (Peg codes 14) and 109G (Peg code 7) (Figure 
6).  Half-sib families 4G, 110G from WFRPT and 110G from KFRSO are all 
Guadalupe half-sub families with 110G produced from identical female parents 
located at different locations.  49E is the only Cedros half-sib family tested at the 
Broadview site.  The routine P. radiata seed stock (Peg code 1), mean DBH was only 
14.3 cm compared to the top performers 4G (16.1 cm), 110G from WFRPT (16.1 cm) 
and 110G from KFRSO (15.7 cm) but the difference was not deemed significant 
(Figure 6).       
 
Figure 6.  Mean tree DBHOB (cm) at 9 years of age at Reedy Creek (solid), Shepherds 
Hill (stipple) and Broadview Rd (horizontal stripe).  Bars indicate half test T statistic for 
graphical interpretation. 
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Basal Area per hectare 

Mean basal area was 53.4 m2ha-1 at Reedy Creek, 27.5 m2ha-1 at Shepherds Hill and 
29.9 m2ha-1 at Broadview Rd.  When comparing mean plot basal area between half-
sib families at each of the sites, a significant difference was identified at Shepherd’s 
Hill (P=0.008) but not at Reedy Creek (P=0.082) or Broadview Rd (P=0.169).  
 
Family 102G (Peg code 6) at Shepherd’s Hill, with a mean BA of 34.0 m2ha-1 was 
found to be significantly greater than half-sib family 126E (Peg code 15), which had a 
BA of 19.6 m2ha-1 (Figure 7).  Family 126E is one of five Cedros half-sub families 
tested at the site.  Another Cedros half-sib, 130E from KFRSO (Peg code 16) 
performed well at the same site (BA = 33.8 m2ha-1).  Due to a high T statistic resulting 
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from being replicated only twice at the site, 130E from KFRSO did not have a 
significantly greater BA than half-sib family 126E.  
 
Figure 7.  Mean BA (m

2
ha

-1
) at 9 years of age at Reedy Creek (solid), Shepherds Hill 

(stipple) and Broadview Rd (horizontal stripe).  Bars indicate half test T statistic for 
graphical interpretation. 

0

10

20

30

40

50

60

70

80

90

Family Peg Code

B
A

 (
m

3
/h

a
)

 1             2             3              4           5           6            7          8          9          10        11         12           13            14       15    16     17     18

 
 
The top performers at Reedy Creek were half-sib families 67G (Peg code 4) and 
110G from KFRSO (Peg code 9) with BA of 65.9 m2ha-1 and 63.7 m2ha-1 respectively.  
These half-sib families were not deemed to be significantly greater than 26G (Peg 
code 3) or 49E (Peg code 14) with BA of 47.6 m2ha-1 and 45.9 m2ha-1 (Figure 7).  
These half-sib families were the only ones with a BA below 50 m2ha-1 at the site but 
with only two replications a high test T statistic value returned no significant 
differences. 
 
Routine P. radiata, peg code 1 was not a high performer at any of the sites: Reedy 
Creek 52.6 m2ha-1 (67G=65.9 m2ha-1), Shepherds Hill 26.6 m2ha-1 (102G=34.1 m2ha-

1) and Broadview Rd 22.1 m2ha-1 (26G=30.5 m2ha-1) (Figure 8), but was deemed not 
to be significantly different to any half-sib family tested. 

Predominant height 

Mean predominant height (PDH) varied between the three sites.  Reedy Creek had 
an average PDH of 18.2 m, Shepherds Hill; 13.8 m and Broadview Rd; 12.9 m.  
Through analysis, a significant difference between half-sib families was identified at 
Broadview Rd (P=0.028) but not at Reedy Creek (P=0.081) or Shepherd’s Hill 
(P=0.441). 
 
At Broadview Rd half-sib family 67G (Peg code 5) had a significantly greater PDH 
than the routine P. radiata, peg code 1.  Half-sib family 67G had a mean PDH of 13.4 
m, while routine P. radiata PDH was 12.2 m (Figure 8).     
 
Routine P. radiata was not a high performer at Reedy Creek; 17.7 m (102G=19.5 m) 
or Shepherd’s Hill; 13.2 m (147G=14.4 m) but was not deemed to be significantly 
different to any other half-sib families tested at these two sites.  
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Figure 8.  Mean predominant height (m) at 9 years of age at Reedy Creek (solid), 
Shepherds Hill (stipple) and Broadview Rd (horizontal stripe).  Bars indicate half test T 
statistic for graphical interpretation. 
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Volume  

Volume production varied between the three sites.  Reedy Creek had a mean volume 
of 341.9 m3ha-1, Shepherd’s Hill; 133.2 m3ha-1 and Broadview Rd; 116.7 m3ha-1.  At 
9.25 years of age Reedy Creek has a mean annual increment (MAI) of 36 m3ha-1yr-1 
Shepherd’s Hill; 15 m3ha-1yr-1 and Broadview Rd; 12 m3ha-1yr-1.  Significant 
differences between half-sib families were identified at Reedy Creek (P=0.035) and 
Shepherd’s Hill (P=0.042) but not at Broadview Rd (P=0.106). 
 
At Reedy Creek half-sib family 67G (Peg code 4) with a mean volume of 438.7 m3ha-

1 was identified as having significantly higher mean volume than a Cedros half-sib 
family 49E (Peg code 14): 273.7 m3ha-1 (Figure 9).  The other Cedros half-sib family 
tested at Reedy Creek, 130E from WFRPT (Peg code 17), had the second lowest 
mean volume of 301.0 m3ha-1, but was not deemed to be significantly different from 
any other half-sib families at the site.  Half-sib family 110G from KFRSO (Peg code 
9) was the only other half-sib family other than 67G to have a mean volume over 400 
m3ha-1 at Reedy Creek (406.6 m3ha-1)(Figure 9). 
 
Although an ANOVA single factor analysis determined a significant difference 
between half-sib families at the 95% confidence level at Shepherd’s Hill (P=0.042), 
the more sensitive Tukey test used to distinguish the difference indicated none were 
evident. This was because of half-sib family 126E (Peg code 15) had a large test T 
statistic value of 84 due to it being replicated only twice at the site.  Family 126E 
mean volume was 86.0 m3ha-1, approximately half the volume of the top performers 
110G from WFRPT (Peg code 8); 166.3 m3ha-1 and 102G (Peg code 6); 165.2 m3ha-

1. 
 
Routine P. radiata (Peg code 1) was not a high performer at any of the trial sites.  
Reedy Creek; 324m3ha-1 (67G=438.7m3ha-1), Shepherd’s Hill; 123.0 m3ha-1 (110G 
from WFRPT=166.3m3ha-1) and Broadview Rd; 97.6 m3ha-1 (26G=136.9 m3ha-1), but 
was not deemed to be significantly different to any of the half-sib families tested. 
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Figure 9.  Mean volume (m

3
ha

-1
) at 9 years of age at Reedy Creek (solid), Shepherds Hill 

(stipple) and Broadview Rd (horizontal stripe).  Bars indicate half test T statistic for 
graphical interpretation.   
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Bark Thickness 

Bark thickness varied between sites.  The average bark thickness at Reedy Creek 
was 4.41 mm, Shepherd’s Hill was 5.79 mm and Broadview Rd had the thickest bark, 
with a mean of 7.91 mm (Table 6). 
 
There was a wide range of bark thickness at each of the trial sites:  Reedy Creek 
(3.08-6.58 mm), Shepherd’s Hill (5.08-7.58 mm) and Broadview Rd (6.83-9.08 
mm)(Table 6).  Through analysis no significant differences between half-sib families 
were detected at any of the three trial sites: Reedy Creek (P=0.290), Shepherd’s Hill 
(P=0.452) and Broadview Rd (P=0.452).  Variance was high for many of the half-sib 
families, which would have had a large influence on the analysis’ results. 
 

Routine P. radiata had the thickest bark at Reedy Creek (6.58 mm) and Shepherd’s 
Hill (7.58 mm) and equal thickest at Broadview Rd (9.08 mm) with half sib family 
110G (Peg code 8) (Table 6) but analysis deemed that its bark was not significantly 
thicker than any of the half-sib families tested. 
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Table 6.  Mean bark thickness and variance (mm).   
Peg 
Code 

Provenance 
(female parent) 

Family 
Code 

Source*  Reedy Creek 
RT 133 A 

Shepherd’s Hill 
RT 133 B 

Broadview Rd 
RT 133 C 

 Mean Variance Mean Variance Mean Variance 

1 Monterey 
(+Ano Nuevo) 

SO STBA  6.58 6.125 7.58 0.99 9.08 2.40 

2 Guadalupe  4G WFRPT (OP) 4.08 0.014 6.08 1.58 8.08 2.40 

3 Guadalupe  26G WFRPT (OP) 3.41 1.68 5.83 0.41 7.00 0.81 

4 Guadalupe  67G WFRPT (OP) 4.58 1.68 5.42 0.69 7.42 1.81 

5 Guadalupe  67G KFRSO (OPSO) - - 5.92 1.21 8.00 0.44 

6 Guadalupe  102G WFRPT (OP) 3.92 0.12 5.67 0.52 7.42 2.92 

7 Guadalupe  109G WFRPT (OP) - - 5.17 0.33 6.83 1.81 

8 Guadalupe  110G WFRPT (OP) - - 5.75 0.84 9.08 4.02 

9 Guadalupe  110G KFRSO (OPSO) 5 0 5.83 2.5 8.83 6.85 

10 Guadalupe  147G KFRSO (OPSO) - - 5.5 0.33 7.42 0.92 

11 Guadalupe  147G WFRPT (OP) - - 5.58 0.69 7.50 0.18 

12 Guadalupe  167G WFRPT (OP) 3.08 0.35 5.58 1.80 8.50 0.18 

13 Guadalupe x 
ACT 

GxACT KFRCB (OPSO) 4.5 0.5 6.00 0.22 7.42 2.62 

14 Cedros  49E WFRPT (OP) 4.75 1.12 5.08 1.43 8.17 2.41 

15 Cedros  126E KFRSO (OPSO) - - 5.83 1.39 - - 

16 Cedros  130E KFRSO (OPSO) - - 6.17 0.50 - - 

17 Cedros  130E WFRPT (OP) 4.17 1.39 5.33 0.37 - - 

18 Cedros  153E WFRPT (OP) - - 5.83 1.07 - - 

Site Mean 4.41  5.79  7.91  

*STBA - Southern Tree Breeding Association; WFRPT - Wirrabara Forest Reserve provenance trial; 
KFRSO - Kuitpo Forest Reserve seed orchard; KFRCB - Kuitpo Forest Reserve clone bank.  

Malformation 

On average, Shepherd’s Hill (7.5) had the highest malformation score (indicating 
better form) followed by Reedy Creek (6.7) and then Broadview Rd (6.3).  
Malformation varied little between the material tested at the trial sites.  No significant 
differences between half-sib families were identified at either of the two sites: Reedy 
Creek (P=0.691) and Broadview Rd (P=0.070) but an ANOVA single factor analysis 
identified a significant difference at Shepherd’s Hill (P=0.015).   
 
To distinguish the difference at Shepherd’s Hill the more sensitive Tukey test used 
indicated that there were no significant differences evident. The calculated test T 
statistic value was high for all half-sib families (≥2.07), but was highest for half-sib 
family 130E from KFRSO (Peg code 16) which had a T value of 2.93.  Therefore 
even with the highest mean malformation score of 8.3, the T value determined that 
130E sourced from KFRSO was not significantly greater than even the lowest score 
of 6.1 for half-sib family 153E (Peg code 18) (Figure 10).    
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Figure 10.  Malformation score at 9 years of age at Reedy Creek (solid), Shepherds Hill 
(stipple) and Broadview Rd (horizontal stripe).  Bars indicate half test T statistic for 
graphical interpretation.  
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Branch cluster frequency 

Reedy Creek achieved a higher mean multi-nodal rating (5.0) than Shepherd’s Hill 
(3.0) and Broadview Rd (3.1), which had similar ratings for the Branch Cluster 
Frequency assessment (Figure 11). 
 
Figure 11.  Mean Branch Cluster Frequency score at 9 years of age at Reedy Creek 
(solid), Shepherds Hill (stipple) and Broadview Rd (horizontal stripe).  Bars indicate 
half test T statistic for graphical interpretation.   
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A significant difference between half-sib families for the branch cluster frequency 
assessment was identified at Shepherd’s Hill (P=0.011), but not at Reedy Creek 
(P=0.098) or Broadview Rd (P=0.692). 
 
At Shepherd’s Hill, the Cedros half-sib family 49E (Peg code 14) was identified as 
having a higher multi-nodal rating than all other material tested, except for family 
126E (Peg code 15) and family 130E (Peg code 16) (Figure 11).  Variability was low 
at this site between half-sib families, which explains how 49E with a mean multi-
nodal rating 3.19 was found to be significantly higher than the second highest rating 
of 3.06 for family 167G (Peg code 12).  Half-sib families 126E and 153E both having 
a multi-nodal rating of 3.00 at Shepherd’s Hill were deemed not to be significantly 
different from any other material tested due to both only being replicated twice which 
increased the test T statistic value to 0.232 for both half-sib families from 0.164 for all 
other material tested. 

Branch diameter 

Branch diameter – average 
Site average branch diameter varied between trial sites: Reedy Creek (35.5 mm), 
Shepherd’s Hill (22.7 mm) and Broadview Rd (28.2 mm).   Although average branch 
diameters seem much larger at Reedy Creek, as a percentage of DBH they are 
similar to Broadview Rd (Table 7).  
 
Table 7.  Average site branch diameter (mm) in relation to DBH (cm) as a percentage. 

Site DBH (cm) Branch diameter 
 Average (mm) 

Percentage 

Reedy Creek       RT133 A 20.0 35.5 17.7% 

Shepherd’s Hill   RT 133 B 15.6 22.7 14.5% 

Broadview Rd     RT 133 C 14.9 28.2 18.9% 

 
Significant differences between half-sib families were identified at Broadview Rd 
(P=2.11x10-5) and Shepherd’s Hill (P=0.043), but not at Reedy Creek (P=0.222).  
 
Figure 12.  Average branch diameter (mm) at 9 years of age at Reedy Creek (solid), Shepherds 
Hill (stipple) and Broadview Rd (horizontal stripe).  Bars indicate half test T statistic for graphical 
interpretation.   
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To distinguish differences at Shepherd’s Hill the more sensitive Tukey test was used.  
The test deemed that there were no significant differences evident with T statistic 
values in the range of 9.5-13.5. 
 
At the Broadview Rd trial site routine P. radiata (Peg code 1) and half-sib family 109E 
(Peg code 7) were found to have significantly smaller average branch diameters than 
half-sib families 110G from KFRSO (Peg code 9), 67G (peg code 5), 147G (Peg 
code 10) and 4G (Peg code 2) (Figure 12).  Half-sib families 49E (Peg code 14) and 
167G (Peg code 12) were also found have significantly smaller average branch 
diameters than half-sib family 4G (Peg code 2) (Figure 12). 
 

Branch diameter – maximum 
Site maximum branch diameter varied between trial sites: Reedy Creek (55.4 mm), 
Shepherd’s Hill (39.2 mm) and Broadview Rd (41.1 mm).  Significant differences 
between half-sib families were identified at Broadview Rd (P=0.004) but not at 
Shepherd’s Hill (P=0.285) or Reedy Creek (P=0.274). 
 
At Broadview Rd routine P. radiata (Peg code 1) and half-sib family 109E (Peg code 
7) with diameters of 34.2 and 35.0 mm were found to have significantly smaller 
maximum diameter branches than half-sib family 4G (Peg code 2) with a maximum 
branch diameter of 48.3 mm (Figure 13). 
 
Figure 13.  Maximum branch diameter (mm) at 9 years of age at Reedy Creek (solid), 
Shepherds Hill (stipple) and Broadview Rd (horizontal stripe).  Bars indicate half test T 
statistic for graphical interpretation.   
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Branch angle (Reedy Creek and Broadview Rd only) 

Branch angle – average 
Reedy Creek had an average branch angle of 49.2º, while at Broadview Rd the 
average was 54.5º.  The range of average branch angle was from 54.4º, 4G (Peg 
code 2) to 45.7º, GxACT (Peg code 13) at Reedy Creek and 60º, 49E (Peg code 14) 
to 52.4º, 110G from KFRSO (Peg code 9) at Broadview Rd.   
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No Significant differences were identified at Reedy Creek (P=0.249) or Broadview Rd 
(P=0.538). 
 

Branch angle – maximum 
The average maximum branch angle (steepest) at Reedy Creek was 31.1º and at 
Broadview Rd was 54.5º.  The range of average branch angle was from 37.2º, 130E 
(Peg code 17) to 27.0º, GxACT (Peg code 13) at Reedy Creek and 42.7º, 49E (Peg 
code 14) to 33.8º, 102G (Peg code 9) at Broadview Rd.    
 
There were no significant differences identified at Reedy Creek (P=0.357) or at 
Broadview Rd (P=0.287). 

Discussion 
 
Growth Performance 
The dataset from this trial provides growth performance information for a range of 
site qualities (Lewis, Keeves & Leech 1976) from a high site quality location, Clay 
Wells (Reedy Creek) where resources are not limited, to low rainfall sites at Western 
Flat (Broadview Rd) and Keilira (Shepherd’s Hill).  The importance of this data is 
enhanced when considering low rainfall P. radiata growth data is scarce, as most 
plantings are in commercial growing regions with MAR of over 650 mmyr-1 (Matheson 
et al. 2007).  Almost all P. radiata provenance trials are planted in higher rainfall sites 
with only one trial located in a low rainfall environment found in the literature; 
Boardman and McGuire (1997) which was planted in the Mid North of South Australia 
with a MAR of 660 mmyr-1.  This is approximately 40% greater rainfall than 
Broadview Rd and Shepherd’s Hill have received since the trials were established.   
 
At the low rainfall sites of this trial, growth rates are good (Broadview Rd: 12 m3ha-1yr-

1, Shepherd’s Hill: 15 m3ha-1yr-1) considering MAR of less than 460 mmyr-1 at both 
sites.  There is a resource of over 3 000 ha of P. radiata on private land within the 
low rainfall Upper South East of South Australia north of Comaum (ForestrySA 2002) 
with the vast majority of a similar age to the trial plantings.  This trial’s dataset gives 
an indication on the potential performance of this resource.  The unknown is P. 
radiata performance over a full rotation in this region and whether it can produce 
merchantable timber over an acceptable timeframe.  There are a few small 
windbreak and small block plantings that are over twenty years old within the region 
but no growth data is available.   
 
Larger trees require greater quantities of resources particularly water.  If unavailable, 
drought stress can result in death, and/or attack by pests such as the five-spined 
bark beetle (Ips grandicollis).  This pest is well established in other low rainfall areas 
such as the Mid North of South Australia and has cause significant damage in recent 
years (ForestrySA 2009).  Five-spined bark beetle infestations have recently been 
observed in plantations in the Upper South East of SA and could be a significant 
issue into the future.  Active management via thinning to reduce stress and 
maintaining health is essential in reducing the risk of drought and pest induced 
deaths and to produce merchantable timber.         
 
Looking at the provenance and/or family level it is hard to identify obvious high (or 
poor) performers for growth traits in the trial.  There were few significant differences 
identified, and in most cases it was found that only the top performer or two were 
significantly greater than the lowest.  Without considering analysis significance, the 
two 110G families performed well, being among the top few families for each growth 
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trait (mean DBH, BA, PDH, Volume) at each trial site (Figures 6-9).  Other families 
among the better performers were other Guadalupe families 67G and 102G (Figures 
6-9).  Analysis has not identified these simple observations.  With higher trial 
replication, analysis may have identified the statistically higher performing families.          
 
Without considering analysis significance there are Cedros families in the lower 
quartile of families for each growth trait (mean DBH, BA, PDH, Volume) (Figures 6-9) 
at each site, but significance was only found for BA at Shepherd’s Hill: family 126E < 
102G (Figure 7), Mean DBH at Broadview Rd: 49E < 4G, 110G (both sources) 
(Figure 6) and Volume at Reedy Creek; 49E < 67G from WFRPT (Figure 9).  To 
confuse the picture, the Cedros family 130E from KFRSO is one of the top 
performers for BA (Figure 7), mean DBH (Figure 6) and volume (Figure 9) at 
Shepherd’s Hill and the same family sourced from WFRPT is the third highest 
performer for PDH (Figure 8) although according to ANOVA and Tukey tests there 
are no significant differences between them and the majority of the other families 
tested.   
 
Cedros has been found to be among the poorest for growth in other provenance 
trials, ranked below all other provenances including Guadalupe (Burdon et al. 1997; 
Matziris 1995; Jayawickrama & Balocchi 1993; Burdon et al. 1992). This seems to 
verify the observations, although most of these trials were on higher rainfall sites.  
Boardman and McGuire (1997) identified some Cedros families to be among the 
‘elite’ families, but there were few compared to families from the other provenances.  
The half-sibs of these ‘elite’ Cedros and Guadalupe families identified in Boardman 
and McGuire (1997) were used in this trial.  It may be the case that 49E and 126E 
are just within the bottom ranked families within this ‘elite’ selection.  No definitive 
statement can be made from the trial results; as not all families were tested across all 
sites, family performance was not consistent and high data variation resulted in few 
significant differences.    
 
The most important result, in regards to growth, was the lack of superiority of the 
routine, genetically improved P. radiata.  It was not identified as superior at either the 
high site quality Reedy Creek or low rainfall sites of Shepherd’s Hill and Broadview 
Rd (Figures 6-9).  This may have been expected at the low rainfall sites where the 
limit in available moisture may have brought the routine material ‘back to the pack’, 
but this does not explain the results from Reedy Creek.  Not only was the routine 
material not significantly better, although not significantly worse, it was often in the 
third to forth quartile for growth traits of families at each site and it was found to be 
significantly shorter than the top performer for PDH at Broadview Rd.  At Reedy 
Creek routine P. radiata achieved an average volume of 324 m3ha-1.  This is 
approximately 25% lower volume than the top performing 67G sourced from WFRPT 
with 439 m3ha-1 (Figure 9).  At Shepherd’s Hill the routine material was also 25% 
lower in volume than family 110G from WFRPT (123 m3ha-1: 166 m3ha-1) and 29% 
lower in volume than 26G at Broadview Rd (98 m3ha-1: 137 m3ha-1) (Figure 9).  The 
quality of the routine material, is in doubt with these observations, but also indicate 
that there is potential for material bred from Guadalupe and Cedros after only an 
initial ‘elite’ selection and first generation crossing.  Further testing with greater 
replication would be necessary to determine whether routine genetically improved P. 
radiata is in fact superior to half-sib Guadalupe and Cedros families, although tree 
breeders would state without hesitation that it is.           
 
Bark thickness variation was high across most families and all trial sites.  Routine P. 
radiata had the thickest bark across all sites but was not found to be significantly 
thicker (Table 4).  Other trials have identified differences in bark thickness across 
provenances, with Matziris (1995) and Burdon & Bannister (1973) finding a negative 
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correlation between bark thickness and latitude, with provenances located further 
north having thinner bark.  The Mexican islands; Guadalupe and Cedros have been 
found to be the exception to the rule and have the thinnest bark of all P. radiata 
populations.  Burdon, Bannister and Low (1992) determined from a provenance trial 
in New Zealand that at age twelve years Guadalupe and Cedros Island P. radiata 
had 70% thinner bark than Monterey and New Zealand land races, and that visually 
by this age all mainland provenances bark was strongly fissured while the island 
populations were still quite smooth.  Matziris (1995) reported that at age eight years 
Guadalupe and Cedros had bark of only 2.77 and 2.71 mm respectively while 
Monterey bark was 4.19 mm in a trial in Greece.  All the reports mentioned above 
stated that growth rate and DBH variability has an effect upon bark thickness, but 
when taken into account there were still obvious thickness differences between P. 
radiata populations.   
 
The highly variable bark thicknesses from this trial could be due to: the small sample 
size; the method used at Shepherd’s Hill and Broadview Rd: bark gauge; and in the 
case of the half-sibs the potential high variability within families due to variation in the 
male parent pollinators.  The thickness of bark of the Guadalupe and Cedros material 
tested in the trial, which range from about 4-8 mm (Table 4) confirms that all the 
material are half-sibs, but also that the majority of their male parents are thicker 
barked mainland populations.  Therefore these half-sibs have an intermediate bark 
thickness.  Variability was also high for the routine P. radiata material at Reedy Creek 
(Table 4) where the accurate method of taking an under bark measurement was 
used.  Factors such as the small sample size, low replication and inherent genetic 
variability (although smaller than between provenances) within the improved genetic 
pool that it was derived from, could explain the result.       
 
Table 8.  Example of the difference in bark thickness’ effect upon tree volume using a 
cone formula.   
Origin DBH (mm) Bark Thickness (mm) DBHUB (mm) Height (m) Volume (m3) 

‘Routine’ 
Monterey  
(+Ano Nuevo) 

150 7 136 15 0.0726 
(87%) 

Guadalupe 150 2.1 146 15 0.0834 

 
The difference in bark thickness between routine, Monterey based P. radiata and 
Guadalupe is important when comparing timber production.  For example, using two 
trees of identical DBH and height, which is similar to those located at Broadview Rd 
or Shepherd’s Hill results in a difference of 13% in volume in Table 8 using Burdon, 
Bannister and Low (1992) findings that Guadalupe trees has 70% thinner bark than 
Monterey/Ano Nuevo based trees.  This difference is quite significant and needs to 
be considered when comparing volume figures based upon over bark diameter 
measurements and should be taken into account when considering the results of this 
trial.     
 
Form 
The results from this trial do not identify families that have superior form traits.  
Results were inconsistent across sites and variability was low between families.  
Significant differences were only identified for branch diameter at Broadview Rd 
where 109G and routine P. radiata were found to have significantly smaller average 
branch diameter than 4G, 147G, 67G from KFRSO and 110G from KFRSO (Figure 
12) and 4G for maximum branch diameter.  Interestingly the Genetically improved 
routine P. radiata was not found to be superior to that of the other families tested for 
the assessments; malformation, branch cluster frequency and branch angle and as 
mentioned above, only for branch diameter at Broadview Rd, not at either Reedy 
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Creek or Shepherd’s Hill.  Further, branch diameter for all families at all sites is within 
an acceptable range to meet structural sawlog specifications.   
 
There are noticeable across-site differences for some of the form traits assessed.  In 
particular, Reedy Creek site had greater branch diameters (Figures 12-13) and had 
higher multi-nodal ratings (Figure 11).  Both of these observations can be explained 
by the superior productivity of the Reedy Creek site compared to Shepherd’s Hill and 
Broadview Rd.  When comparing branch diameter across sites it is interesting that 
while trees at Reedy Creek have numerically larger branches, when they are 
compared to DBH, the ratio is similar to Broadview Rd, and only 3.2% greater than 
Shepherd’s Hill (Table 7).  Branch diameters although larger at Reedy Creek, are an 
acceptable size to meet structural sawlog specifications.  Branch cluster frequency is 
partially genetic but P. radiata will produce greater branch clusters, number of 
branches within a cluster and foliage, when located at a site with a greater availability 
of resources than where they are limiting.  This highlights the importance of 
comparing material within a site before across sites comparisons are completed.       
 
All half-sib Guadalupe and Cedros families tested have performed well in regards to 
form, and equal that of routine P. radiata.  This is a surprising result especially when 
considering the good growth trait results.  Factors that may explain the high 
performance of the half-sib Guadalupe and Cedros material include: (i) good inherent 
form traits from the Guadalupe and Cedros Island provenances, (ii) minimal breeding 
of ‘elite’ selection Guadalupe/Cedros material has resulted in trees of good form and 
(iii) poor quality routine P. radiata material.  It may also be that environment played a 
role, although this is dismissed as the results from the high site quality Reedy Creek 
do not support this idea that resource limitations resulted in improved form.  The 
island provenances of Guadalupe and Cedros have reported naturally good form 
(Burdon et al. 1997; Low & Smith 1997; Matziris 1995; Jayawickrama & Balocchi 
1993; Burdon et al. 1992).  Inferior growth rate of the island provenances has been 
offered as a partial factor, especially for Cedros, but after taking this into account, 
Cedros and particularly Guadalupe provenances are generally accepted as having a 
natural advantage for superior form compared to other natural provenances.  This 
natural trait of the island provenances along with an ‘elite’ selection and first 
generation crossing with other ‘elite’ material (WFRPT and KFRSO) and potentially 
improved routine P. radiata (WFRPT) has possibly led to the excellent form for all 
island half-sibs, equal to the routine P. radiata tested.  This result highlights and 
strengthens the form advantages of Guadalupe and Cedros Island material for P. 
radiata breeding programs.      
 
Nursery production 
An additional variable that needs comment is that the material tested was produced 
in more than one nursery.  All half-sibs were raised and grown in the ForestrySA 
Kuitpo Nursery located south of Adelaide, South Australia.  The routine P. radiata 
was produced at the Virginia Nursery located north of Adelaide, South Australia.  
Growing conditions may have differed between the nurseries and lead to differences 
in performance.  However, if differences in nursery practice did affect performance in 
the field, it would be short lived and should have dissipated by the nine year 
assessment.  
 
Observed advantages of Cedros & Guadalupe provenances from other studies 
Previous studies have found the island provenances, particularly Guadalupe have 
advantages regarding form: stem straightness, forking, branch habit and butt 
straightness (Burdon et al. 1997; Low & Smith 1997;Jayawickrama & Balocchi 1993; 
Burdon et al. 1992), which the results of this study seem to agree with.  Both island 
provenances have also been reported to have timber with a higher basic density 
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compared to the other mainland provenances.  Burdon, Bannister and Low (1992) 
found the island populations have 10% higher density within the corewood zone.  For 
these two advantages alone, Burdon, Bannister and Low (1992) believe Guadalupe 
should be included in all breeding programs, because without even selecting for the 
trait, F1 hybrids will result in 5% gain in corewood density and lower stem sinuosity.  
Other observed advantages include early maturation and extended dormancy 
combined with larger sealed buds of both island provenances which result in higher 
frost tolerance (Matziris 1995; Burdon, Bannister and Low 1992), Guadalupe has 
deeper rooting (Burdon and Bannister 1973) which could provide advantages for 
surviving drought conditions and high levels of exposure. Guadalupe has been found 
to be adaptive to high productivity sites (Low and Smith 1997) demonstrating good 
form on such sites.  Shelbourne et al. (1979) found Guadalupe to be easy to 
transplant; high survival and lower planting shock, and resistance to some pests and 
diseases.  Guadalupe has a high and Cedros a moderate resistance to western gull 
rust (Endocronartium harknessii) (Old et al. 1986) and the Cedros provenance has 
been found to have resistance to the five spined bark beetle (Ips grandicolis) 
(Boardman and McGuire 1997), although it has a low tolerance to Dothistroma 
needle blight (Dothistroma pinii) which is only an issue in high rainfall, humid sites 
(Burdon, Bannister and Low 1992). 

Conclusion 
This trial is one of the very few reported trials in the world to test Guadalupe and 
Cedros P. radiata provenance material in low rainfall environments.  The Mexican 
island P. radiata provenances were also tested in a non-limited resources 
environment of a high (I-II) site quality site (Lewis, Keeves & Leech 1976).  Low 
rainfall P. radiata data in general is scarce, particularly from regions down to 400-450 
mm.  This trial provides performance information at nine years in such a region and 
also provides an indication to the production of over 3 000 ha of P. radiata on private 
land within the Upper South East of South Australia, north of Comaum. 
 
Assessment of the trial at nine years of age has not identified superior P. radiata 
families for growth and/or form traits from the material tested.  The routine, 
genetically improved P. radiata did not perform significantly better than the 
Guadalupe and Cedros Island half-sib ‘elite’ selections at any site including the non-
limiting resources site of Reedy Creek.  Volume production of the routine material 
was 75-81% of the top performer at each site.  The results of the form assessments 
indicate that the Mexican island’s excellent natural form traits together with an ‘elite’ 
selection and first generation crossing produces progeny with form equal to material 
produced from mature breeding programs. 
 
The highly variable results from the bark thickness assessment are an indication that 
many of individuals within the trials are half-sibs with mainland provenance male 
parents. 
 
Later age assessments of this trial may identify superior families within this ‘elite’ 
selection and/or at least provide performance data of trees in maturing stands which, 
overtime, will require larger quantities of resources, particularly water on the low 
rainfall sites.  It is recommended that the trial sites are assessed again prior to a 
second commercial thinning or equivalent age.  Broadview Rd is the only one of the 
three sites that has not had a commercial first thinning and it is also recommended 
that this be undertaken or non-commercially thinned if the trial is to be continued and 
assessed in the future.   
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Further provenance trials in low rainfall sites or at the margins of commercial regions 
may be warranted due to climate change resulting in regions receiving lower rainfall.  
Low rainfall tolerant families, which are capable of performing in these environments, 
need to be identified for P. radiata.  If further trials are established full-sib families 
should be used, trial designs should include increased replication and sufficient 
buffers included.           
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