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Summary

Four inoculation methods were investigated for
assessing the clonal variation of eucalypts in susceptibil-
ity to bacterial wilt (Ralstonia solanacearum). The
results showed that these inoculation methods obviously
differed in the disease infection process, clonal variation
and clonal mean repeatability in susceptibility of stock
materials inoculated. For each inoculation method, the
clonal effect was consistently significant over the
 assessment period. Root-collar suspension injection
method (RSI) yielded the highest relative clonal varia-
tion (0.67±0.086) and clonal mean repeatability
(0.92±0.038) in both disease infected incidence and
severity at the end of assessment, attributable to the
enhanced genetic variation or low environment effect.

For a given inoculation method, an early assessment
time might exist for maximizing relative clonal varia-
tion or repeatability. It is desirable in breeding to adopt
an inoculation method and/or efficient assessment time
with high clonal variance component, which would in
turn improve the efficiency of clonal screening.

Key words: Eucalypt, Ralstonia solanacearum, bacterial wilt,
inoculation, clonal variation, repeatability.

Introduction

Bacterial wilt caused by R. solanacearum is a common
bacterium disease on eucalypts and many other crop or
wood species (BUDDENHAGEN, 1986; HAYWARD, 1991;
ROUX et al., 2001; OLD et al., 2003; PEGG et al., 2003;
NAIDOO et al., 2011). R. solanacearum is soil-borne, and
affects eucalypt seedlings or cuttings and young trees by
ways of injured roots, stem wounds or through stomata.
Bacterial wilt could easily occur and develop under hot
and wet conditions during typhoon season each year in
the South China (WU and LIANG, 1988; ZHOU et al.,
2008). Affected trees are often scattered throughout
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stands and show wilting, leaf drop, stem death and
reduced growth rate (OLD et al., 2003). In few cases, it
was also observed that bacterial wilt almost destroyed
the whole young stands (LIN et al., 1996; QI, 2002). This
disease is recognized as one of the most significant risks
for commercial investment in eucalypt plantations in
the South China (ZHOU et al., 2008).

Variation in susceptibility to R. solanacearum exists
among eucalypt species as well as varieties or clones
(DIANESE and DRISTIG, 1993; OLD et al., 2003; HUANG et
al., 2008). This is fundamental for screening and breed-
ing eucalypt clones of resistance. Artificial inoculation is
commonly used to test the susceptibility or resistance of
host to a pathogen (ATIBALENTJA and EASTBURN, 1997;
FANG, 1998; SHI et al., 2000). Different pathogen inocula-
tion methods are expected to yield distinct results of dis-
ease infection (DAINESE and DRISTIG, 1993; ATIBALENTJA

and EASTBURN, 1997; SHI et al., 2000; HÜBERLI et al.,
2002; RUZ et al., 2008). However, little effort was made
to investigate the likely difference in key genetic para-
meters in disease infection traits among different inocu-
lation methods, which would affect the effective screen-
ing of resistant clones as for other silvicultural traits
like growth and wood properties (BORRALHO et al., 1992;
ZHANG et al., 2003; ISIK et al., 2005; BALTUNIS and
BRAWNER, 2010). In this study, we employed four inocu-
lation methods to test the susceptibility of eucalypt
clones to bacterial wilt, and to investigate the clonal or
genetic variation under different inoculation methods.

Materials and Methods

Stock species and clones

The stock materials used in the inoculation experi-
ment included the following species or hybrids: Eucalyp-
tus urophylla S.T. Blake, E. grandis W. Hill ex Maiden,
E. wetarensis L.D. Pryor, E. camaldulensis Dehnh,
E. tereticornis Smith, E. uropphylla S.T. Blake x
E. grandis W. Hill ex Maiden, E. grandis W. Hill ex
Maiden x E. urophylla S.T. Blake, E. grandis W. Hill ex
Maiden x E. tereticornis Smith, E. urophylla S.T. Blake
x E. camaldulensis Dehnh, and E. saligna Smith x
E. exerta F.V. Muell. These species and/or hybrids have
been identified for developing short-rotation (5–7 years)
commercial plantations in the South China (QI, 2002;
WEI, 2012). Two kinds of clonal materials were used in
this study, i.e. well-acclimated and uniform tube
(3.1 x 13 cm) cuttings about 4 months old and 25 cm in
height, and semi-lignified shoots of 1 year old pot-raised
hedge plants. The rooted tube cuttings, qualified for
field planting, went through a full nursery culture
process of rooting and growing under conditions of con-
trolled rooting hormone, sunlight, temperature, mois-
ture and nutrition, and acclimation or hardening under
conditions of natural sunlight, no-fertilizing and mini-
mum water; the semi-lignified shoots of the hedge
plants were “standardized” materials for production of
rooted cuttings (QI, 2002). As we did not have a balance
structure among species and the pedigree information
for the hybrids, we treated all species clones as cultivat-
ed varieties. In addition, all the clonal varieties included
were early exclusively selected for growth purpose. Con-

sidering this fact and possibly no phenotypic and genetic
correlation between eucalypt growth and bacterial wilt
(GAN et al., 2004), we cautiously assumed that these
varieties were randomly sampled in terms of bacterial
wilt susceptibility or resistance.

Pathogen and inoculum preparation

A single pathogen isolate was used, which in an early
study was found most virulent among 11 isolates origi-
nating from the main planting regions of eucalypts in
the South China (LUO et al., 2013). The purified
pathogen isolate with distilled water was maintained at
4°C in refrigerator. Before inoculation, the pathogen
was cultured and propagated on a BPY medium (beef
extract 3.8 g, peptone 5.0 g, yeast extract 3.0 g, sugar
20 g, agar 15 g, K2HPO4 2.0 g, KH2PO4 0.5 g,
MgSO4H2O 0.25 g, distilled water 1,000 ml, pH = 7.0) at
30°C for 36 hr, and diluted with distilled water as 
the inoculum (suspension) with a concentration of
3 x 108 cells/ml. This concentration or similarity was
found appropriate for inoculation experiment of eucalypt
bacterial wilt in some early studies (DIANESE and
DRISTIG, 1993; GAN et al., 2004; HUANG et al., 2008; LUO

et al., 2013).

Inoculation

Four pathogen inoculation methods were considered
in the experiment:

1) Cutting suspension irrigation (CSI): The rooted cut-
tings with soil were carefully pulled out from the tube
containers (3.1 x 13 cm), replanted in larger plastic bag
containers (6 x 15 cm) by filling sterile soil substrate (a
mixture of 30% yellow earth and 70% dry peat moss in
volume) around (trimmed the dead roots growing out of
bottom of the containers before replanting if necessary),
and fully irrigated with inoculum suspension in the
morning once a day for the first three days in a row.
Minor injury might occur to some hair roots during the
replanting. The inoculated cuttings were kept moist for
the first three days and regularly irrigated with clean
water from the fourth day, as required. This method was
similar to the conventional pathogen inoculation (FANG,
1998; SHI et al., 2000).

2) Bare-root cutting suspension culture (BSC): The
cuttings were carefully pulled out from the plastic tubes,
the soil was carefully washed away, the roots were
trimmed to 1.0 cm from the taproot axis and 5 cm from
the root collar, and the root-trimmed cuttings were cul-
tured in the 100 ml beakers (52 x 72 mm) filled with the
inoculum suspension. From the fourth day, clean water
was properly added if necessary.

3) Root-collar suspension injection (RSI): Before inocu-
lation, the plastic tube cuttings were fully sprayed with
clean water. The inoculum suspension was well injected
with a sterile injector at the root-collar of each cutting
once a day for the first three days in a row. The inoculat-
ed cuttings were regularly irrigated with clean water as
required.

4) Shoot suspension culture (SSC): The uniform semi-
lignified shoots with a length of about 30 cm were first
collected from the pot-raised hedge plants, and were
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then trimmed to a length of 22 cm. Leaves at lower part
(about 8 cm length) were removed. The trimmed shoots
were cultured in glass tubes filled with the inoculum
suspension. From the fourth day, clean water was prop-
erly added if necessary. This method or equivalent was
early adopted for quick testing and screening of resis-
tant or susceptible eucalypt varieties (WANG et al., 2011;
LUO et al., 2013).

One factor (clone) experiment design with multi-repli-
cates was adopted for each inoculation method. In the
experiment, four inoculation methods were separately
applied to test 20 clones each with 6 replicates (cutting
or shoots). The same set of 20 clones were tested with
three inoculation methods (CSI, BSC and RSI), of which
8 clones along with other 12 clones were tested with
SSC. Therefore, there were totally 32 clones included in
the experiment.

The inoculation work was carried out in the morning
of the 9th and the next two days of August 2006. All inoc-
ulated cuttings by using CSI and RSI were placed into
greenhouse with day-time temperature more than 30°C
and relative humidity more than 70%. The inoculated
materials by using BSC and SSC, respectively, were
kept in lab with day-time temperature more than 28°C
(LUO et al., 2013). The inoculated materials were main-
tained under the conditions as described above over a
period by the end of which a stable disease symptom
was reached.

Disease symptom assessment

Disease severity (DS) was rated for each cutting or
shoot on a scale of 0 to 4 (Table 1). Disease development
was assessed on a daily basis for BSC and SSC, but
daily for the first 10 days and at 2-day interval from the
10th day for CSI and RSI after inoculation. The assess-
ment was completed on the 26th, 11th, 26th and 10th day,
respectively, for CSI, BSC, RSI and SSC. Based on the
disease severity scores recorded, the disease incidence
(DI) was obtained by converting all the infected scores to
1 and the healthy scores to 0.

Statistical analysis

By using the GLM procedure of SAS software (SAS
INSTITUTE INC., 1992), ANOVAs were carried out to
examine the clonal effect and variation in susceptibility
traits, i.e. disease severity (DS) and infected incidence

(DI), of eucalypts to bacterial wilt for each inoculation
method under the model:

Yij = µ + Ci + eij, (1)

where Yij = the observed value, µ = the mean value of all
clones tested, Ci = the clone effect, eij = the residue. The
original and transformed values (�Yij) of DS and DI
were compared in analysis, which turned out the same
or similar conclusions. Therefore, we adopted the
 original score or value for both traits throughout the
paper.

For a given trait, the clonal ramet based repeatability
(RR), which is identical to the intra-class correlation (t),
and its standard error [Se(RR) or Se(t)] were calculated
using the following equations (BECKER, 1992; BALTUNIS

and BRAWNER, 2010),

and (2)

(3)

where �2
C = the clone variance component, �2

E = the
within-clone error, n = the clone number, and s = the
number of ramets (i.e. cuttings or shoots) per clone. The
clonal mean based repeatability (RC) and standard error
[Se(RC)] were estimated as follows (WRIGHT, 1976;
ZHANG et al., 2003; ISIK et al., 2005; BALTUNIS and
BRAWNER, 2010):

(4)

(5)

Obviously, RR and RC, as well as their standard errors,
are closely related to each other. Both parameters could
well represent the clonal or genetic (additive plus non-
additive) variation (BORRALHO et al., 1992; GAN et al.,
2004). On the other hand, RC could directly be used to
predict genetic gain from clonal selection (BORRALHO et
al., 1992; ZHANG et al., 2003; ISIK et al., 2005). In addi-
tion, we also calculated the simple correlation among
four inoculation methods by use of the least-squared
means in DI or DS of common clones obtained from
ANOVAs (SAS INSTITUTE INC., 1992). 

Table 1. – Criteria for rating the disease severity of bacterial wilt after inocula-
tion. 
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Results and Discussion

Wilt symptom development

Wilting symptom on the infected cuttings or shoots
first appeared on the tips of few leaves or shoots and
then expanded to the whole (all leaves) cuttings or
shoots. As the disease developed, brown and dark discol-
oration might be observed on the wounds of shoots or
roots (WANG et al., 2011). The overall mean infected inci-
dence (DI) and disease severity (DS) were plotted against
days after pathogen inoculation for each inoculation
method, with the significance tests indicated for the cor-
responding clone effects (Figure 1). These results well
exhibited the disease development process, expected dis-
tinction among inoculation methods, and consistent
variation among eucalypt clones tested during the dis-
ease development (DIANESE and DRISTIG, 1993; SHI et al.,
2000; HÜBERLI et al., 2002; HUANG et al., 2008; RUZ et al.,

2008; WANG et al., 2011). They could provide a good
opportunity to examine the clonal variation associated
with specific inoculation method.

Leaf or shoot drooping was first observed at day 6, 2, 4
and 1 after inoculation by using CSI, BSC, RSI and
SSC, respectively. Subsequently, both DI and DS
increased rapidly for BSC, RSI and SSC, but slowly for
CSI. DI approximately approached maximum at day 16,
7, 18 and 7, and DS at day 20, 8, 24, and 9, for CSI, BSC,
RSI and SSC, respectively, after pathogen inoculation.
Obviously, BSC, RSI and SSC had higher DI and DS
than CSI that was more or less similar to a real field sit-
uation, e.g. wilt infection in nursery or newly planting
sites (LIN et al., 1996; HUANG et al., 2008; LUO et al.,
2013). In terms of the infection process norm and period,
BSC and SSC were similar while RSI was relatively
close to CSI. At the end of assessment, RSI resulted in
the highest DI and DS (0.60 and 2.4), followed in order

Figure 1. – Average disease infected incidence (DI) and severity (DS) against
days after inoculation for four inoculation methods. The letters associated
with the average values indicated the significance level of the test of the
 difference among clones: –, not available; n, P>0.05; a, 0.01<P≤0.05; 
b, 0.001<P≤0.01; c, 0.0001<P≤0.001; d, P≤0.0001.

Wei et. al.·Silvae Genetica (2014) 63-1/2, 24-31

DOI:10.1515/sg-2014-0004 
edited by Thünen Institute of Forest Genetics



 28

by SSC (0.54 and 2.2), BSC (0.35 and 1.4) and CSI (0.18
and 0.7) (Figure 1; Table 2).

Clonal variation

Except for no or low infection at the initial stage, the
clones tested significantly differed in DI and DS no mat-
ter which inoculation method was used (Figure 1; Table
3). The result indicated a high degree of variation
among eucalypt clones and/or species tested (DIANESE

and DRISTIG, 1993; OLD et al., 2003; GAN et al., 2004;
HUANG et al., 2008). In general, the significance level of
the test of the difference in DI and DS steadily increased
with days after inoculation when using CSI and RSI,
but showed a confusing pattern under BSC and SSC. By
using BSC, the clones differed in both DI and DS with
P<0.001 at day 2 and P<0.0001 at day 3, and then
gradually downgraded to P=0.012. By using SSC, the
clones differed in DI and DS with P<0.0001 for the first
5 and 7 days respectively, and with P<0.01, much weak
but still significant, for the rest of assessment.

Clonal ramet based repeatability (RR) or intra-class
correlation (t) measured the fraction of the clonal or
genetic variation in the total phenotypic variation
(BECKER, 1992; BALTUNIS and BRAWNER, 2010), which
was presented against days after inoculation for each
inoculation method in Figure 2. RR in DI and DS for CSI
and RSI were initially low, rapidly increased within 10
to 14 days, and subsequently reached a stable value till
the end of assessment. Changing in another pattern, RR
in DI and DS for BSC and SSC increased from a relative-
ly high value at the beginning, reached a peak the next
day, and then quickly dropped to values significantly
lower than those for CSI and RSI. Difference between
BSC and SSC was small. The changing pattern of inocu-
lation methods might imply the complicated role in the
infection process of the external conditions including the
imposed physiological status (in-vitro culture, tissue
injury, vigour etc.) of materials, culture environment
and their interaction, besides the genetic aspect of mate-
rials.

At the end of assessment, RR in both DI and DS
 converged at the same value for all inoculation methods
because the cuttings or shoots inoculated either
 survived or died. RSI yielded the highest RR
(0.67±0.085), followed in order by CSI (0.45±0.106),
SSC (0.22±0.096) and BSC (0.15±0.088). This ranking
was not fully in consistent with that based on DI or DS
values (Figure 1). It seemed that RSI had relatively
lower standard error of RR as well as RC (Table 2) than
other inoculation methods. For each inoculation method,
a specific early day appeared with the highest RR in
both DI and DS (Figure 2), which probably better
revealed genetic or clonal variation during the disease
development. In other word, the genetic or clonal effect
might be relatively enhanced or the environment effect
lowered at a specific time.

Clonal mean based repeatability

Closely related to the intra-class correlation or clonal
ramet based repeatability, the clonal mean based
repeatability (RC) varied in a similar pattern but with
higher value over time as indicated in Figure 2. In gen-
eral, RC ranged from moderate for BSC and SSC to high
for CSI and RSI. At the final assessment of four inocula-
tion methods, RSI yielded the highest RC for both DI and
DS, followed in order by CSI, SSC and BSC (Table 2). In
the phenotypic expression of clonal materials, the genet-
ic variance component includes additive and non-addi-
tive effects (BORRALHO et al., 1992; ZHANG et al., 2003;
ISIK et al., 2005). As both additive and non-additive gene
actions were suggested important for bacterial wilt
resistance (NETO et al., 2002; GAN et al., 2004), the
enhanced clonal variation or high clonal mean repeata-
bility could be efficiently utilized to select and deploy
resistant clones in practice.

If an early assessment was preferred, CSI and RSI
were found roughly at day 18 and 12, respectively, to
have high RC that was the same as or similar to that at
the final assessment (referred to Figure 2). In contrast,
BSC and SSC yielded maximum RC in DI and DS at day

Table 2. – Mean value, clonal mean repeatability and their standard errors (in
parenthesis) of the disease infected incidence and severity at final and early
assessment with maximum RC for four inoculation methods.
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2 or 3, which were however much higher than those at
the final assessment, greatly narrowing their difference
with other two inoculation methods (Table 2). Therefore,
an efficient inoculation method should simultaneously
accelerate the infection process of disease (Figure 1) and
favour a better and earlier expression of genetic effect
(Figure 2). The high clonal mean repeatability was
achieved through enhanced genetic variance or low envi-
ronment effect (ERICSSON, 1997).
Although RSI was superior in detecting the disease

infection of bacterial wilt and the expression of genetic

effect, it seemed that the level of disease infection (DI
and DS) was not clearly related to the relative genetic
variation (RC). In comparison to other inoculation meth-
ods, CSI had a much low DI and DS but still high RC in
both traits (Tables 2 and 3; Figures 1 and 2). Both BSC
and SSC had significantly lower DI and DS but maxi-
mum and much higher RC at day 2 or 3 than at the final
assessment (day 10 and 11). The superiority of RSI
might be attributed to the fine control of the environ-
ment effect (ERICSSON, 1997) during the puncturing inoc-
ulation.

Table 3. – Clone means, overall mean and their standard errors (in parenthesis) of the disease
incidence (DI) and severity (DS) of infected bacterial wilt at final assessment for four inoculation
methods.
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Correlation between inoculation methods

Simple correlation between two inoculation methods
was essentially the same or equivalent for both disease
infection traits (DI and DS) at the final assessment. All
infected cuttings or shoots finally had either 0 or 1 for
DI, and correspondingly 0 or 4 for DS. Based on the
least-squared means in DI or DS of common clones
included, the pair correlation was calculated, which was
similar to the genetically expressed interaction in the
disease infection traits between two inoculation
 methods or Type-B genetic correlation (BURDON, 1977;
JOHNSON, 1997; ZHANG et al., 2003; BALTUNIS and BRAWN-
ER, 2010).

Except for between CSI and SSC, all inoculation
methods were significantly positively correlated to each
other (Table 4). The exception without significant corre-
lation was probably caused by the large error associated
with the small sample size, i.e. 8 common clones shared
by CSI and SSC. BSC had strong relationship with RSI
(P<0.0001) and CSI (P=0.006), while other correlations

were significant at level of P<0.05. SSC had significant
correlation with BSC and RSI at level of P<0.05, proba-
bly attributable to the relatively similar physiological
status of materials inoculated. Similar relationship
among four inoculation methods could be found when
the maximum RC at the early assessment was consid-
ered. In contrast to the difference in the disease infec-
tion process and clonal variation described above among
inoculation methods (Figures 1 and 2; Tables 2 and 3),
the correlation analysis confirmed the similarity, effec-
tiveness and relative efficiency of four inoculation
 methods in testing the susceptibility or resistance of
eucalypts to bacterial wilt, revealing the genotypic
expression, and screening potentially resistant clones
(SHI et al., 2000; HUANG et al., 2008). 

Conclusions

Four inoculation methods investigated highly differed
in the disease infection process, incidence and severity,

Figure 2. – Clonal variation expressed as clonal ramet based repeatability (RR) of
disease infected incidence (DI) and severity (DS) against days after inoculation
for four inoculation methods tested.

a df=18; b df=6.

Table 4. – Correlation coefficients (above diagonal) with significant test 
(P, below diagonal) among four inoculation methods for the disease infected
incidence (DI) or severity (DS) at the final assessment (same for both DI and DS).
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and the corresponding clonal variation or clonal mean
repeatability. The difference in detecting the clonal vari-
ation among inoculation methods were reduced when an
efficient early assessment was considered. The differ-
ence also indicated the possibility of developing efficient
inoculation method with relatively enhanced genetic
variation or low environment effect in eucalypt bacterial
wilt. This conclusion may be generalized to all quantita-
tive traits in genetic testing where reduced environment
effect is expected to relatively increase the genetic varia-
tion or the accuracy of breeding value prediction. Four
inoculation methods were also significantly correlated,
implying that they were all effective in testing the sus-
ceptibility or resistance of eucalypts to bacterial wilt,
and revealing the genotypic expression of the relevant
traits.

Among four inoculation methods, the relative clonal
variation in susceptibility of eucalypts to bacterial wilt
varied but was consistently significant over the whole
infection process of pathogen inoculated. An efficient
early assessment could be found to obtain high or maxi-
mum clonal variation or clonal mean repeatability. The
enhanced clonal variation would benefit the improve-
ment of eucalypts resistance to bacterial wilt. With rela-
tively uniform or controllable inoculation operation,
root-collar suspension injection (RSI) yielded the highest
clonal variation or clonal mean repeatability with less
biased estimates (low standard errors), overwhelmingly
superior to other three inoculation methods tested. Nev-
ertheless, further investigation is required to explore
other efficient inoculation methods, and to improve the
efficiency of existing efficient methods from other
aspects such as host materials, pathogen inoculum,
environmental conditions, etc.

References

ATIBALENTJA, N. and D. M. EASTBURN (1997): Evaluation
of inoculation methods for screening horseradish culti-
vars for resistance to Verticillium dahliae. Plant Dis-
ease 81: 356–362.

BALTUNIS, B. S. and J. T. BRAWNER (2010): Clonal stability
in Pinus radiata across New Zealand and Australia.
I. Growth and form traits. New Forests 40: 305–322.

BECKER, W. A. (1992): Manual of Quantitative Genetics,
5th edition. Academic Enterprises, Pullman, WA.

BORRALHO, N. M. G., I. M. ALMEIDA and P. P. COTTERILL

(1992): Genetic control of growth of young Eucalyptus
globulus clones in Portugal. Silvae Genetica 41:
100–105.

BUDDENHAGEN, I. W. (1986): Bacterial wilt revisited. pp.
126–143. In: “Bacterial Wilt Disease in Asia and the
South Pacific”, Proc of an International Workshop, 8–10
October 1985, Los Banos, Philippines, edited by G. J.
PERSLEY, ACIAR Proc 13. 

BURDON, R. D. (1977): Genetic correlations as a concept
for studying genotype-environment interaction in forest
tree breeding. Silvae Genetica 26: 168–175.

DIANESE, J. C. and M. C. G. DRISTIG (1993): Screening
Eucalyptus selections for resistance to bacterial wilt
caused by Pseudomonas solanacearum. pp. 206–210. In:
“Bacterial wilt”, edited by A. C. HAYWARD and G. L.
HARTMAN, ACIAR Proc 45.

ERICSSON, T. (1997): Enhanced heritabilities and best
liner unbiased predictors through appropriate blocking
of progeny trials. Canadian Journal of Forest Research
27: 2097–2101.

FANG, Z.-D. (1998): Methodology for Plant Pathology, 3rd

edition. China Agricultural Press, Beijing.
GAN, S., M. LI, F. LI, K. WU, J. WU and J. BAI (2004):
Genetic analysis of growth and susceptibility to bacteri-
al wilt (Ralstonia solanacearum) in Eucalyptus by inter-
specific factorial crossing. Silvae Genetica 53: 254–258.

HAYWARD, A. C. (1991): Biology and epidemiology of bacte-
rial wilt caused by Pseudomonas solanacearum. Annual
Review of Phytopathology 29: 65–87.

HUANG, J.-S., X.-M. CHEN, Y.-M. WU and Z. ZHANG (2008):
Study on the selection of Eucalyptus urophylla clones of
disease resistance. Guangxi Forestry Science 37: 4–7.

HÜBERLI, D., I. C. TOMMERUP, M. C. CALVER, I. J.
COLQUHOUN and G. E. ST J. HARDY (2002): Temperature
and inoculation method influence disease phenotypes
and mortality of Eucalyptus marginata clonal lines
inoculated with Phytophthora cinnamomi. Australian
Plant Pathology 31: 107–118.

ISIK, F., B. GOLDFARB, A. LEBUDE, B. LI and S. MCKEAND

(2005): Predicted genetic gains and testing efficiency
from two loblolly pine clonal trials. Canadian Journal of
Forest Research 35: 1754–1766.

JOHNSON, G. R. (1997): Site-to-site genetic correlations
and their implications on breeding zone size and opti-
mum number of progeny test sites for coastal Douglas-
fir. Silvae Genetica 48: 280–285.

LIN, X., X. LIN, G. WU, X. LI, J. CAI and S. XU (1996): The
epidemic law of bacterial wilt in Eucalyptus. Journal of
Central-South Forestry University 16: 49–55.

LUO, Z., R.-P. WEI and B. FANG (2013): Colonial growth
and virulence through solution culture inoculation of
juvenile shoot of eucalypt bacterial wilt pathogens with
distinct origins. Guangxi Forestry Science 42: 1–7, 13.

NAIDOO, S., J. FOUCHÉ-WEICH, P. LAW, K. DENBY, Y. MARCO

and F. K. BERGER (2011): A Eucalyptus bacterial wilt iso-
late from South Africa is pathogenic on Arabidopsis and
manipulates host defences. Forest Pathology 41:
101–113.

NETO, A. F. L., M. A. SILVEIRA, R. M. SOUZA, S. R.
NOGUEIRA and C. M. G. ANDRÉ (2002): Inheritance of
bacterial wilt resistance in tomato plants cropped in
naturally infested soils of the state of Tocantins. Crop
Breeding and Applied Biotechnology 2: 25–32.

OLD, K. M., M. J. WINGFIELD and Z. Q. YUAN (2003): A
Manual of Diseases of Eucalypts in South-East Asia.
Australian Centre for International Agricultural
Research (ACIAR), Canberra, Australia, Center for
International Forestry Research (CIFOR), Bogor,
Indonesia.

PEGG, G., B. BROWN and M. IVORY (2003): Eucalypt dis-
eases in hardwood plantations in Queensland. Hard-
woods Queensland Report No. 16. Forestry Research,
Agency for Food and Fibre Sciences, DPI.

QI, S. (2002): Eucalyptus in China, 2nd edition. China
Forestry Publishing House, Beijing.

ROUX, J., T. A. COUTINHO, D. M. BYABASHAIJA and M. J.
WINGFIELD (2001): Diseases of plantation Eucalyptus in
Uganda. South African Journal of Science 97: 16–18.

RUZ, L., C. MORAGREGA and E. MONTESINOS (2008): Evalua-
tion of four whole-plant inoculation methods to analyze
the pathogenicity of Erwinia amylovora under quaran-
tine conditions. International Microbiology 11: 111–119.

Wei et. al.·Silvae Genetica (2014) 63-1/2, 24-31

DOI:10.1515/sg-2014-0004 
edited by Thünen Institute of Forest Genetics


