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Abstract
Quambalaria shoot blight, caused by the fungus Quambalaria pitereka, is a serious disease affecting 
the expanding eucalypt plantation estate in subtropical and tropical eastern Australia. Trees that are 
severely infected are often multi-stemmed and stunted and infection of young trees may give rise to 
poor form in mature trees. A spotted gum clonal trial provided the opportunity to investigate the 
impact of the disease on tree growth and factors influencing tree architecture (tree form), which 
affects  wood  quality.  We  measured  the  effect  that  Q.  pitereka infection  during  plantation 
establishment (up to 6 months old) has on growth and tree architecture and productivity to age 3 
years.  Our  results  show  that  the  pathogen  has  a  significant  impact  on  trees  at  plantation 
establishment,  which  results  in  a  negative  impact  on  wood  quality,  potentially  reducing 
merchantable  value  at  final  harvest.  Tree  growth  and  form was  significantly  improved  where 
germplasm with low susceptibility to Q. pitereka infection was used.

Introduction
A source of high value logs for sawn timber products is required to replace the declining supplies 
from native forests in subtropical eastern Australia and this has seen the rapid expansion of spotted 
gum plantations in Queensland and northern New South Wales. Spotted gum, including Corymbia 
citriodora subsp. citriodora, C. citriodora subsp. variegata (hereafter referred to as C. variegata), 
C. henryi and  C.  maculata,  is  a  valuable  timber  resource  and is  suitable  for  various  end uses 
(Kynaston  et al. 2001; Boland  et al. 1992). It is a hard and durable timber and is attractive as a 
product for joinery furniture and other high value products. Spotted gum can be used for sawn or 
round timber in engineering works, unseasoned timber in general framing and construction, joinery 
and fencing,  fine  and  outdoor  furniture  and parquetry and turnery.  Studies  have  indicated  that 
plantation grown spotted gum has timber qualities comparable to those derived from native forests 
(Kynaston et al. 2001). However, Quambalaria shoot blight, caused by the fungus  Quambalaria  
pitereka, is a serious disease that threatens the expansion of spotted gum plantations in Australia 
(Simpson 2000; Self et al. 2002; Carnegie 2007b; Pegg et al. 2008).



In order to better understand the impact of Quambalaria shoot blight on plantation development, 
Self et al. (2002) assessed a number of provenances and species in artificially inoculated field trials. 
The impact of infection on growth was found to be a reduction in height increment with increasing 
severity of Q. pitereka infection. Stone et al. (1998) also found that all species and provenances of 
spotted gum used in trial sites in New South Wales suffered repeated infections by  Q. pitereka, 
resulting in a significant loss of height increment and stem form. An increase in apical branching on 
trees  that  had  suffered  from  Quambalaria  shoot  blight  was  also  noted.  In  surveys  of  young 
plantations in NSW, Carnegie (2007b) found that up to 35% of trees were severely damaged by 
Quambalaria shoot blight, but in most cases, older plantations (>5 year old) had small numbers of 
trees with significant damage, suggesting that trees may recover from early infection. However, a 
small number of these older plantations had up to 25% of trees severely, and repeatedly, damaged. 
Trees  that  were  severely  infected  are  often  stunted  and  multi-stemmed  (Carnegie  2007a,  b). 
Although several authors have reported stunted, bushy trees associated with QSB damage (Simpson 
2000;  Carnegie  2007a;  Pegg  et  al.  2008),  the  recovery and impact  on  stem architecture  (stem 
straightness, branch size) has not been quantified.

Spotted  gum breeding  trials  have  been  established  in  Queensland  and  New South  Wales  with 
variability in susceptibility to Q. pitereka identified at the species, provenance and progeny levels. 
Johnson et al. (2009), when assessing a spotted gum provenance and progeny trial in New South 
Wales, indicated that Quambalaria shoot blight had a detrimental effect on growth of young spotted 
gum. Quambalaria shoot blight negatively affected growth, for all individual trees, families, and 
provenances tested. Johnson et al. (2009) also found that families and provenances with high mean 
Quambalaria damage scores, tended to have low mean stem straightness scores and above average 
numbers of forks and ramicorns. Ramicorns are defined as very steep-angled branches, previously 
forming a competing leader, but over-taken by the dominant leader (Johnson et al. 2009). Lan et al. 
(2010)  made similar  observations  when assessing  clonal  spotted  gum trials  indicating  that  tree 
growth traits were strongly negatively correlated with the level of  Q. pitereka infection in young 
trees. Faster growing clonal trees had higher disease tolerance, which was similar to that reported 
by Johnson et al. (2009). However, Lan et al. (2010) did not take into account the effect of infection 
by Q. pitereka on stem architecture. Although Johnson et al. (2009) assessed trees for the presence 
of ramicorns, this was not specifically in relation to Q. pitereka infection.

Forests NSW have focused on development of clonal seed orchards using superior trees selected 
from provenance and progeny trials. During the course of the last ten years, trials of C. variegata 
have been established on multiple sites to enable selection of clones (Smith et al. 2007). Four sites 
were planted with a total of 69 clones selected from families within New South Wales spotted gum 
provenances. A subset of 33 clones was then selected for further assessment based on height, stem 
diameter, Quambalaria tolerance and Crown Damage Index (CDI, Stone et al. 2003). Nine of the 
best performing clones were selected from these trials for pilot scale production. Access to this 
material allowed us to assess these nine clones for growth, form and susceptibility to Q. pitereka at 
6  months  (establishment  phase),  two years  and three  years,  and to  evaluate  the  impact  of  the 
disease. The overall objective of our study was to determine the influence  Q. pitereka infection 
during the early establishment phase has on the development of trees as the plantation ages. The 
specific research questions we sought to address were: (1) whether there are differences in levels of 
susceptibility to  Q. pitereka within and among clones (2) whether there is a correlation between 
levels  of  foliage  infection and severity of  green  stem and apical  stem infection,  (3)  whether  a 
relationship exists between the level of susceptibility at 6 months, and tree growth and form two 
and three years after plantation establishment, and further quantify the influence of infection on 
stem architecture over time.

Identifying resistance to  Q. pitereka within spotted gum species is crucial for the development of 
plantation hardwoods in Australia. Quantifying the gains of identifying resistance to Q. pitereka is 



yet to be demonstrated and is paramount to steer tree breeding strategies towards development of 
more resistant lines. In addition, quantification is important to enable optimization of the selection 
process to improve resistance to Q. pitereka.

Methods
A trial including nine clones of C. variegata was established in 2006 at Grafton in northern New 
South Wales using a 25 tree randomised block design with four replicates per treatment. Incidence 
and severity of  Quambalaria pitereka infection was assessed under conditions optimal for repeat 
infection and high inoculum levels. The trial was established in close proximity to native spotted 
gum forests  during  a  period  of  above  average  rainfall.  Quambalaria  pitereka symptoms  were 
identified on mature trees and seedlings in the understory of the surrounding native spotted gum 
trees. Prior to assessment, a transect study was conducted to determine whether infection by  Q. 
pitereka was evenly spread throughout the trial. Plants for each clone were produced from micro-
propagation of archived cultures developed by Forests NSW (Lan et al. 2010). These nine clones 
were  derived  from  33  clones  selected  for  growth  and  resistance  to  Q.  pitereka in  four  trials 
established in NSW in 2003.

Infection during establishment

To determine the difference in levels of susceptibility among clones, assessments for incidence and 
severity on new shoots and expanding foliage were conducted 6 months after planting. Incidence (I) 
was calculated as a percentage of new shoots and immature, expanding foliage showing visible 
signs of Quambalaria shoot blight, and severity (S) the percentage of total area of infected new 
shoots and immature, expanding foliage. In addition, the incidence of juvenile green stems infected 
with Q. pitereka was recorded and an apical infection rating applied to determine the influence of 
infection on maintenance of apical dominance. In the latter case a rating score of 1=no infection by 
Q. pitereka;  2=minor lesion development on the apical  stem and shoots;  3=multiple lesions on 
apical stem; 4=entire apical stem covered in lesions; 5=apical stem killed, was applied.

Influence of susceptibility on tree form over time

To  determine  the  effect  of  susceptibility  to  Q.  pitereka on  tree  form,  assessments  were  also 
conducted on the same trees as above at two and three years after plantation establishment. Tree 
form was rated where 1=apically dominant, no evidence of stem death due to Q. pitereka infection; 
2=double leader due to infection; 3=multiple leaders resulting from infection, light levels of foliage 
infection present; 4=shrub like appearance due to infection of all stems, light to moderate levels of 
foliage infection; 5=shrub like appearance due to infection of all stems and with all shoots and 
stems heavily infected  and 6=tree  killed  due to  infection  (Pegg  et  al.  2010).  The influence  of 
foliage, stem and apical infection at the time of establishment on tree form was also examined. The 
influence  of  susceptibility  on  tree  growth  To  determine  the  importance  of  susceptibility  to  Q. 
pitereka on tree growth, clones were assessed for height and diameter at breast height (1.3 m) three 
years after planting. On trees with multiple stems, the tallest was measured. On trees forking below 
1.3 m height, the stem with apical dominance was measured.

Impact on stem architecture

In order  to  assess  the influence of disease on stem architecture (and the benefit  of identifying 
germplasm with  low susceptibility to  Q. pitereka),  stem straightness,  branch thickness  and the 
frequency of ramicorns was assessed three years after planting. Stem straightness was based on the 
number of “kinks” in the main stem from tree base to apex where a score of 1=no kinks; 2=a single  
kink; 3=2–3 kinks and 4=more than 3 kinks in the main stem. Branch thickness was also scored 



using a 1–4 rating scale where 1=thin evenly distributed branches along main stem; 2=majority of 
branches  thin  with  some  level  of  clumping  along  the  main  stem;  3=clumping  of  branches  of 
moderate thickness; 4=clumping of branches of substantial thickness. The number of ramicorns per 
tree was also assessed as an indicator of frequency of loss of apical dominance during tree growth.

Analysis

Normality of the data was assessed using an equality of variance F test. All proportion data, which 
were not normally distributed, were Arcsine square root transformed prior to analysis using ANOVA 
and compared using Fisher’s PLD post hoc test  (Statview®).  Back-converted data were used to 
present data graphically. Correlations to determine the interdependence of disease levels, growth 
and stem architecture were conducted. Bonferroni correction was applied for multiple comparisons.

Results
The  transect  evaluation  showed  that  symptoms  of  Q.  pitereka infection  were  present  evenly 
throughout the trial site. No significant differences in infection were found between replicates of the 
same clone based on the initial 6 month assessment (Fig. 1). No other significant pests, diseases or 
nutritional disorders were observed within the trial during the period of assessment.

Infection during establishment

Susceptibility to  Q. pitereka differed significantly between clones of spotted gum when assessing 
incidence  (F8,27=9.9;  P<0.0001)  and severity  (F8,27=17.1;  P<0.0001)  of  foliage  infection  and 
incidence of stem infection (F8,27=9.8; P<0.0001) six months after plantation establishment (Fig. 
2). Significant differences in the level of apical infection caused by Q. pitereka were identified on 
the different spotted gum clones assessed (F8,27=16.2; P<0.0001) (Fig. 3). Spotted gum clone 6 had 
a significantly lower level  of apical infection than all  other  clones (clone 2,  P=0.002; clone 1, 
P=0.0009; clones 10, 8, 4, 5 and 9, P<0.0001) except clone 3 (P=0.2).

Susceptibility ranking

Based on the incidence and severity of foliage infection, incidence of stem infection and level of 
apical infection, clones were ranked as having low, moderate or high levels of disease susceptibility. 
Clone  6  was  the  least  susceptible  with  the  lowest  incidence  and  severity  of  foliage  and stem 
infection (Fig. 2). Clones 1, 3, 8 and 10 showed moderate levels of susceptibility to Q. pitereka and 
clones 4, 5 and 9 were highly susceptible (Table 1).

Influence of susceptibility on tree form over time

Significant differences were identified between clone form at two (F8,27=82.7; P<0.0001) and three 
(F8,27=30.2;  P<0.0001)  years  after  planting  (Fig.  4).  Symptoms of  Q. pitereka infection  were 
detected on trees at two years of age but not on three year old trees. The least susceptible clone 
(clone 6) was least affected by disease and remained apically dominant. Clones 4, 5 and 9, suffering 
high  levels  of  disease  during  establishment,  lacked  apical  dominance  and  had  a  shrub  like 
appearance (Fig.  4).  Clone 8 had poor  apical  form two years  after  planting and had the worst 
recorded stem form score three years after planting. Clone 10 was rated as a multi-branching tree 
with poor  apical  dominance  two years  after  planting,  but  showed evidence of  improved apical 
dominance three years after planting.



Fig. 1. Replicated block layout of a clonal spotted gum trial in Grafton, northern New South Wales 
indicating mean  Q. pitereka incidence levels on spotted gum clones. Mac =  C. maculata mixed 
provenance replicated part of the experimental design but not included in this study.



Table 1. Susceptibility ranking of clones based on disease severity rating assessments conducted six 
months after planting.

Fig. 2. Incidence and severity levels of Q. pitereka infection on spotted gum foliage and incidence 
of stem infection recorded six months after plantation establishment.

Influence of susceptibility on tree growth

Susceptibility to Q. pitereka influenced tree growth with height (F8,27=36.9; P<0.0001) and stem 
diameter (F8,27=8.3; P<0.0001) differences significant between clones having different levels of 
susceptibility. Tree height (Figs. 5 and 6) was significantly greater on the least susceptible clone in 
comparison to clones rated as moderately and highly susceptible (P<0.0001).  Of all  the clones, 
clone 2 was the shortest, despite being only moderately susceptible during initial assessments. Stem 
form ratings two and three years after planting indicated that this clone was affected by Q. pitereka 
more seriously over time, in comparison to other clones.

Stem diameter  on  the  least  susceptible  clone  (clone  6;  Fig.  7),  was  significantly  greater  than 
moderately  and  highly  susceptible  clones  (Clones  4,  3,  P=0.002;  clone  1,  P=0.001;  clone  8, 
P=0.0001; clones 5, 9 and 2, P<0.0001) with the exception of clone 10 (P=0.2). Clone 4, a clone 
with poor apical form and one of the shortest clones, had the fourth largest stem diameter based on 



rankings.

Fig. 3. Quambalaria pitereka infection on apical stems six months after plantation establishment on 
spotted gum clones.

Fig. 4. The impact of Q. pitereka on tree form two and three years after plantation establishment.



Fig.  5. Tree  heights  of  spotted  clones  measured  three  years  after  plantation  establishment  to 
determine the influence of host susceptibility and infection by Q. pitereka on tree growth.

Fig. 6. Infection of establishing spotted gum seedlings by Q. pitereka results in a significant impact 
on  tree  growth  and form.  (a)  Differences  in  levels  of  susceptibility  to  Q. pitereka resulted  in 
significantly different growth rates with the least susceptible clone (background) maintaining apical 
dominance  in  comparison  to  highly  susceptible  clones  which  have  a  shrub  like  growth  habit 
(foreground). Kinks in the stems (b,c,d) on some trees were initiated in the tree base and often bent 
in different directions.

Impact of infection on stem architecture

Stem straightness

The number  of  kinks  in  the  main  stems of  clones  was  significantly higher  in  clones  showing 
moderate or high levels of susceptibility to  Q. pitereka at the time of establishment (F8,27=11.9; 
P<0.0001). Clone 6, the least susceptible clone, had significantly fewer stem kinks (Figs. 6 and 8)  
than moderately and highly susceptible clones (P<0.0001). Clone 10 was the next best clone, but 
still had a mean score greater than two, indicating at least one kink per stem, significantly more than 



clone 6 (P=0.0002). The most susceptible clones (9, 4 and 5) had the greatest number of kinks per 
stem with mean score above three (Fig. 8).

Fig. 7. Tree diameter measured three years after plantation establishment as an indicator of tree 
growth and the influence of host susceptibility to Q. pitereka.

Fig. 8. The impact of Quambalaria pitereka on stem straightness and the influence of differences in 
disease susceptibility measured three years after plantation establishment.

Branch frequency and thickness

Branch frequency and thickness increased with increasing susceptibility to Q. pitereka. There were 



significant differences between clones with low, moderate and high levels of susceptibility to  Q. 
pitereka (F8,27=4.4;  P=0.002)  (Fig.  9).  Branch  thickness  was  lowest  on  clone  6  as  was  the 
frequency of branches on the lower stem (Fig. 10). Highly susceptible clones had comparatively 
thick branches, often forming in clumps and at short intervals along the lower part of the stem (Fig.  
10).

Fig. 9. The thickness and frequency of branches assessed on different spotted gum clones three 
years after establishment.

Fig. 10. Branch size and frequency increased significantly with increasing levels of  Q. pitereka 
infection. The least susceptible clone 6 had thin, infrequent branches (a) in comparison to more 
susceptible clones which had frequent branches which were comparatively thicker. The incidence of 
ramicorns increased with increasing severity of infection by Q. pitereka. Ramicorns were present in 
lower (c) and upper (d) parts of the tree indicating different times when there was a lack of apical 
dominance and likely death of the apical shoot due to infection by Q. pitereka.



Fig. 11. The number of ramicorns on spotted gum clones was assessed three years after plantation 
establishment.

Ramicorns

The number of ramicorns per tree increased with increasing susceptibility to Q. pitereka. Significant 
differences  in the number of  ramicorns was identified when comparing clones having different 
levels of susceptibility to  Q. pitereka (F8,27=7.1; P<0.0001) (Figs. 10 and 11). Clone 6, with the 
lowest  susceptibility  to  Q.  pitereka,  had  significantly  fewer  ramicorns  per  stem than  all  other 
moderately  and  highly  susceptible  clones  (clones  3,  P=0.002;  clone  1,  P=0.0005;  clone  10, 
P=0.0009; clone 2, P=0.0003; clones 9, 8, 4, 5, P<0.0001).

Relationships between infections during establishment and growth and form parameters

There was a very strong correlation between incidence of foliage infection and severity (Spearman’s 
Rank Correlation Coefficient {rho}=0.9; P<0.0001) as well as incidence of stem infection (rho=0.6; 
P<0.001)  and apical  infection  (rho=0.7;  P<0.0001)  (Bonferroni  correction  was  used;  P=0.005). 
Similarly,  a  strong  correlation  was  identified  between  severity  of  foliage  infection  and  stem 
incidence (rho)=0.7; P<0.0001) and apical infection (rho=0.8; P<0.0001).

There was a strong interdependence between disease incidence and severity of foliage infection and 
tree form two (rho=0.8; P<0.0001) and three years (rho=0.7, 0.6; P<0.0001) after planting. Similar 
co-relationships were found with incidence of stem infection (rho=0.7, 0.6, P<0.0001) and apical 
infection (rho=0.8, 0.6; P<0.0001, P=0.0001).

A strong negative correlation was found between tree height and incidence (rho= −0.7; P<0.0001) 
and severity (rho=−0.6; P=0.0002) of foliage infection.  The corelationship with tree height and 
incidence  of  stem infection  (rho=  −0.5;  P=0.002)  and  severity  of  apical  infection  (rho=  −0.5; 
P=0.001)  was  not  as  strongly  correlated.  The  co-relationship  between  disease  levels  at 
establishment and DBH was weak.

There were significant co-relations between disease levels at establishment (6 months) and stem 
straightness, branch frequency and thickness, and the number of ramicorns in older trees (3 years 



old).  Stem straightness  and the number of  ramicorns  were  strongly correlated  to  the  incidence 
(rho=0.7;  P<0.0001)  and  severity  (rho=0.7;  P<0.0001)  of  foliage  infection.  A strong  positive 
correlation was identified between apical infection levels and stem straightness (rho=0.5; P=0.001), 
branch thickness (rho=0.6; P=0.0001) and the number or ramicorns (rho=0.6; P<0.0001).

Discussion
The results of this study show significant differences among clones in their susceptibility to  Q. 
pitereka for  all  parameters  assessed.  In  the  absence  of  any other  significant  pests,  diseases  or 
nutritional disorders, growth was significantly reduced in trees showing moderate to high levels of 
susceptibility to  Q. pitereka.  There was also good evidence to show that  the disease results  in 
serious damage to tree form and stem architecture, which will significantly impact on value and 
quality of plantation-grown timber. Increases in the number of stem kinks, branch frequency and 
angle was correlated with increasing levels of infection at establishment. These factors will impact 
negatively on production through reduced wood quality.

Our study clearly shows that infection soon after planting can have lasting effects on tree form and 
architecture. While our results suggest that tree form improves over time, moderately and highly 
susceptible  clones  continued  to  lack  apical  dominance.  It  has  previously  been  suggested  that 
susceptibility  to  Q.  pitereka may  decline  as  trees  age  and  that  this  results  in  a  subsequent 
improvement in form. Carnegie (2007b) reported that, in most cases, older plantations (>5 year old) 
had  fewer  trees  with  significant  damage  than  younger  plantations.  Carnegie  (2007b)  did  not, 
however, assess tree form, only identified trees with severe and obvious QSB damage.

A comparison can also be drawn between Q. pitereka and the eucalypt rust fungus Puccinia psidii 
that causes serious damage to young trees, with damage diminishing as trees increase in height 
(Glen et al. 2007). Like Q. pitereka, infection of young, growing shoots and leaves by P. psidii can 
cause  shoot  death,  defoliation  and death  of  young trees.  Infection  by  P.  psidii has  resulted  in 
reduced growth and poor form in eucalypt plantation seedlings, and loss of almost entire plantings 
(Coutinho et al. 1998; Glen et al. 2007). However, unlike Quambalaria shoot blight, eucalypt trees 
escape infection by P. psidii as they grow, with trees greater than 3–4 m generally not showing any 
symptoms  (Zauza  et  al.  2010).  In  contrast,  Quambalaria  pitereka has  been  identified  causing 
foliage blight and stem cankers on mature spotted gum trees in native forests and amenity plantings 
(Simpson 2000; Pegg et al. 2008). It is, therefore, highly likely that trees showing high levels of 
susceptibility  at  establishment  will  continue  to  be  infected  and  show  evidence  of  poor  apical 
dominance and large lateral branches.

Disease symptoms continued to appear on two year old trees but were absent at three years of age.  
In addition to changes in host susceptibility over time, climatic conditions also influence disease 
severity and impact. The late onset of the wet season, rather than a change in host susceptibility,  
may be the reason disease was not observed in the third year of our trials. Rainfall levels during the 
normally wet months of November and December, the time of assessment, were low (Bureau of 
Meteorology 2010) and not conducive to disease development (Pegg et al. 2009). The presence of 
ramicorns in different positions up the stems of the more susceptible clones is perhaps a useful 
indicator  of  the  number  of  Q. pitereka infection  events.  This  is  because  ramicorns  provide  an 
indication of a loss of apical dominance and the likely death of the apical shoot due to infection by 
Q. pitereka (Johnson et al. 2009).

Infection  by  Q.  pitereka on  foliage  during  plantation  establishment  reduced  tree  growth 
significantly. Infection of immature foliage, new shoots and juvenile stems resulted in a significant 
reduction of photosynthetic area and loss of foliage due to premature senescence over time. The 
effects  of  defoliation  on  trees  is  primarily  due  to  a  reduction  in  carbohydrate  production  and 



increased demand for carbohydrate reserves to re-foliate (Kozlowski 1969), resulting in a reduction 
in tree growth. In this  regard,  the crown is  the source of wood-building carbohydrates and the 
quality and type of crown has a significant impact on the amount and quality of wood produced 
(Punches  2004).  Economic  returns  from plantations  are  also  sensitive  to  delays  in  harvest  age 
caused by slower than projected growth (Candy and Gerrand 1997). New foliage has been shown to 
have the highest levels of photosynthetic activity (Ericsson 1978; Troeng and Linder 1982) and, as 
Q. pitereka damages these leaves as well as killing the new shoots, then the impact of this disease  
on growth is likely to be higher than an agent that just damages leaves. In this respect Q. pitereka 
not only slows the growth of trees, but it impacts negatively on wood quality through repeated 
damage to the foliage.

Stem diameter  was  also  significantly reduced  with  increased  levels  of  foliage  infection  by  Q. 
pitereka as seedlings established. These results are similar to those of Milgate  et al. (2005) who 
followed  the  effects  of  a  disease  outbreak  on  E.  globulus caused  by  Teratosphaeria 
(Mycosphaerella) nubilosa and showed that damage had a significantly deleterious impact on tree 
growth. In that study, the top 10% of families showing elevated disease resistance had a greater 
mean DBH than the trial mean. Milgate et al. (2005) suggested that a large component of this gain 
was  due  to  disease  resistance.  Likewise,  selection  of  Q.  pitereka resistant  germplasm  and 
subsequent development of seed orchards using this material offers the potential for rapid gains in 
productivity as the actual yield is  brought  closer to the yield potential  already present in  these 
clones.

Factors impacting on wood quality were significantly greater in trees showingmoderate to high 
levels of  Q. pitereka infection during plantation establishment. While tree growth measurements 
suggested some recovery from infection (eg. clone 10), the number of kinks in the stems, branch 
thickness and number of ramicorns was significantly greater than on trees with low susceptibility to 
infection (eg. clone 6). Wood of the greatest commercial value comes from the straight main stem 
of the tree (Bootle 2005) and this is where there is the greatest proportion of mature wood relative  
to juvenile wood is found (Punches 2004; Bootle 2005). While three years is not a long period to 
fully determine the potential for tree recovery from a growth perspective, the impact of Q. pitereka 
infection on the lower part or butt end of the tree is already obvious at that time. Stem straightness, 
branch  thickness/frequency  and  the  presence  of  ramicorns  have  the  potential  to  significantly 
downgrade  the  quality  of  the  timber.  As  most  of  the  current  plantings  in  Australia  have  been 
established for use as saw-logs, this will have a significant bearing on the profitability of spotted 
gum plantings if control measures for Q. pitereka are not implemented.

Kinks in the stems in the lower half of trees were in significantly greater number in clones classed 
as moderately or highly susceptible to  Q. pitereka. While internal sawing studies are required to 
confirm wood quality  issues,  large  numbers  of  kinks  will  be  associated  with  greater  levels  of 
reaction wood with subsequent  downgrading of timber  quality.  The presence of reaction wood, 
formed within trees to straighten the stem, results in reduced wood quality as the timber is weaker, 
prone to shrinkage and often has a different colour (Haygreen and Bowyer 1982; Punches 2004; 
Bootle 2005). All clones exhibiting moderate to high levels of susceptibility to  Q. pitereka had 
greater than two kinks per stem, suggesting a potentially significant downgrade in timber quality 
and therefore plantation value.

Branch thickness and frequency as well as the number and size of ramicorns in the lower stem were 
significantly  greater  in  moderately  and  highly  susceptible  clones.  Size  and  number  of  large 
branches, as well as vitality, is known to influence wood quality and cost of production through the 
persistence of knots and increased susceptibility to decay (Nielsen and Gerrand 1999). Knots and 
knot-related defects  are  the major  causes  of  timber  degrade in  solid  wood eucalypt  plantations 
(Yang and Waugh 1996; Washusen et al. 2000). Studies of  E. nitens (Gerrand et al. 1997) and E. 



regnans (Glass  et  al.  1989)  have shown infection by decay fungi  through pruned branch stubs 
increases with increasing branch size. The significance of branch size and decay levels have not 
been studied for spotted gum species. Current plantation management programs also differ between 
states with Queensland pruning spotted gum and New South Wales opting not to do so. However, 
Nicholas (1992) suggests that branch diameter was important in both pruned and unpruned eucalypt 
stems with respect to decay.

Decay is not the only issue that influences stem quality affected by branches and branch knots. If  
pruning is required, then the cost of this action increases with increasing branch size and frequency, 
with wounds taking longer to overgrow on larger branches (Smith et al. 2006). In addition to this, 
larger branch knots result in greater levels of degrade in the final product (Alcorn et al. 2008). The 
frequency of ramicorns was also reduced when susceptibility to  Q. pitereka was low. Ramicorns 
typically form as a result of infection and death of the apical shoot caused by  Q. pitereka. The 
frequency, size and angle of these ramicorns will have a significant impact on wood quality. More 
acutely angled branches, or ramicorns in this case, have the potential to increase the sectional area 
of  knots  and  knot  defects  in  comparison  to  branches  forming  along  the  stem at  lesser  angles 
(Henskens et al. 2001; Alcorn et al. 2007). Acutely angled branches have been shown to delay the 
branch shedding and stub ejection processes and they delay the production of clear-wood, which 
reduces  wood quality (Alcorn  et  al.  2007).  This  would suggest  that  even if  spotted gum trees 
recover from loss of apical dominance and reduced growth rate due to infection by Q. pitereka at 
establishment, the influence of infection on branch size will continually affect management and 
timber grading.

Increased susceptibility of spotted gum to Q. pitereka infection has the potential not only to impact 
on establishment of seedlings, but also to reduce the value of the timber at harvest. While trees do 
not necessarily die from infection, their growth and form continue be affected, particularly those 
that show high levels of susceptibility. Results of this study and previous research (Johnson et al. 
2009; Lan  et al. 2010) show that growth traits and stem architecture are strongly correlated with 
disease susceptibility. Thus, improvements through the selection of  Q. pitereka resistance would 
enhance spotted gum productivity for both saw-log and pulping operations. Continuing to measure 
trees  in  the  trial  used  in  the  present  study will  provide  opportunities  to  study aspects  of  tree 
recovery and should be coupled with sawing studies to quantify the impact of this disease on wood 
quality.
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