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2000; Alfenas et al. 2009), but those that are associated with 
ceratocystis disease symptoms on Eucalyptus spp. are yet to 
be examined in a systematic way. The aim of this study was 
to develop a system for recognising symptoms associated 
with ceratocystis disease in a nursery that produces E. pel-
lita planting stock for commercial plantations.

A proper and precise identification of pathogens is 
crucial for the successful control of diseases. In eucalypt 
nurseries, fungal pathogen infection is often characterized 
by water-soaked lesions on the root or stem, and necrotic, 
discoloured, dry, brown, black or sunken areas on the stem 
(Alfenas et al. 2009; Viljoen et al. 1992). Pathogens from 
fungal groups such as Rhizoctonia solani Kühn., Fusarium 
spp., Pythium spp., Phytophthora cinnamomi Rands, Col-
letrotichum gloeosporoides (Penz.) Penz. & Sacc., Botrytis 
cinerea Pers, and Calonectria spp. are commonly associ-
ated with raising eucalypt planting stock (Alfenas et al. 
2009; Brown and Ferreira 2000; Viljoen et al. 1992; Crous 
et al. 2019), as is Ralstonia solanacearum, a bacterium that 

Introduction

Eucalyptus pellita is propagated through seed, tissue-cul-
ture plantlets, and mini-cuttings. In the nursery, eucalypt 
planting stock is susceptible to pathogens that cause damp-
ing-off, root and stem rot, wilting, and leaf blight or spots 
(Brown and Ferreira 2000). Symptoms typical of some of 
these pathogens have been described (Brown and Ferreira 
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Abstract
Early recognition of symptoms of infection is essential to prevent diseases from spreading through nurseries and into 
planted systems. In plantations, symptoms of Ceratocystis manginecans infection are typically wilt and canker but symp-
toms may differ at the nursery stage and as yet have not been described for Eucalyptus pellita. In this study, disease 
symptoms were recorded over a three-month period in an E. pellita nursery and isolates trapped. Then, to clearly identify 
those relating to ceratocystis disease and any related mortality, two C. manginecans isolates were re-inoculated by either 
spraying or dipping of healthy plantlets raised by tissue culture and mini-cuttings. Many disease symptoms were observed 
in the nursery but only perithecia on the leaves and stems was a clear indication of the presence of a Ceratocystis patho-
gen. Nine pathogenic fungal species, including C. manginecans, were isolated and identified by DNA analysis. Koch’s 
postulates indicated that leaf blight associated with C. manginecans was black-brown in colour, irregular, with uneven 
edges and surrounded by a yellow margin or halo on the upper leaf surface. Mortality following inoculation of plantlets by 
spraying immediately after planting was > 70%; by contrast, mortality of mini-cuttings was < 50% if spraying was done 
just before transplanting but < 20% if done 7 or 14 days after transplanting. Isolate EP313C caused significantly greater 
mortality than isolate EP106C. The research showed that C. manginecans and other pathogens were present in the nursery 
environment and must be identified and managed as part of good nursery practice.
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causes wilting and mortality (Mafia et al. 2012). Abiotic fac-
tors, manifested as sun scald, leaf scorch, poor nutrition, and 
water stress, can also lead to disease development in Euca-
lyptus spp. (Brown and Ferreira 2000).

Determining the causal pathogen by visual inspection of 
symptoms that appear on the leaves and stems can be chal-
lenging, as they are often common to many diseases, as well 
as other factors. For example, Calonectria spp. produce light 
purple to dark brown spots, angular to circular, or irregular, 
depending on the species, host species, and age (Brown and 
Ferreira 2000; Crous et al. 2019; Wang and Chen 2020); Ter-
atosphaeria spp. produce pale green leaf dots on the leaves 
that gradually become yellow, the underside of the leaf may 
be covered in brown-black spores, and other characteristics 
may discriminate the different species (Carnegie et al. 2008; 
Crous et al. 2019; Andjic et al. 2019); Colletotrichum spp. 
cause discrete light brown lesions with a red-purple border 
(Viljoen et al. 1992; Mangwende et al. 2021); Coniella spp. 
cause leaf blight with circular necrotic rings and brown pyc-
nidia along the leaf margin (Park et al. 2000). Water-soaked 
lesions and interveinal necrosis are typical symptoms of the 
disease caused by the bacterium Xanthomonas axonopodis 
(Ferraz et al. 2018). As these diseases are among those that 
infect Eucalyptus species and the symptoms may overlap 
those caused by ceratocystis disease, microscopic examina-
tion is an essential requirement; DNA analysis may also be 
necessary to validate a pathogen’s identity.

Ceratocystis disease, like many other diseases (Brown 
and Ferreira 2000; Alfenas et al. 2009), can spread in a vari-
ety of ways into nurseries. Ceratocystis spores can be dis-
seminated through contaminated soil (Marin et al. 2003), 
human transfer from contaminated areas (Roux and Wing-
field 2009; Engelbrecht et al. 2007; Tarigan et al. 2011; Fer-
reira et al. 2013), insect frass transported by wind and rain 
(Souza et al. 2013; Harrington 2007), and nursery practices 
(Ferreira et al. 2013). Water is also an efficient vehicle for 
transferring ceratocystis spores (Grosclaude et al. 1991; 
Vigouroux and Stojadinovic 1990). Consequently, if cera-
tocystis disease is considered a potential disease threat in 
the nursery, a reliable method is required to first identify its 
presence so that systems can be put in place to anticipate 
and mitigate subsequent disease attacks.

To better understand the expression of ceratocystis dis-
ease symptoms in E. pellita in a commercial nursery, this 
study established two separate experiments for recognising 
potential and actual disease symptoms: the first involved 
observation of disease symptoms in the nursery using 
microscopy, and trapping suspected pathogens for DNA 
identification; the second used Ceratocystis manginecans 
isolates for the testing of Koch’s postulates and to clearly 
describe its disease symptoms and pathogenicity. The objec-
tives were to: 1) identify the pathogens that were present 

in a commercial nursery raising E. pellita planting stock; 
(2) confirm that C. manginecans was among the pathogens 
present; and (3) demonstrate the nature of C. manginecans 
disease symptoms on E. pellita in the absence of other fun-
gal pathogens by satisfying Koch’s postulates. The hypoth-
esis tested was that inoculation with C. manginecans will 
cause mortality in E. pellita mini-cuttings and plantlets 
raised by tissue culture.

Materials and methods

Symptom observations

The development of ceratocystis disease symptoms in 
mini-clonal-cuttings of Eucalyptus pellita was observed 
in a nursery belonging to PT Arara Abadi, Sinarmas For-
estry (SMF) in Riau Province, Sumatera, Indonesia. As 
part of standard nursery practice, cuttings are exposed to 
three contrasting environments: a shaded greenhouse (GH) 
for 0–21 day-old cuttings, relative humidity (RH) 81–82%, 
maximum incident light 4300 lx, watering 6.7 ml/m2/min; a 
shaded outdoor area (SA) for 22–28 day-old cuttings, mean 
RH 73–74%, maximum incident light 34,700  lx, watering 
200 ml/m2/min; an open area (OA) for cuttings > 29 days 
old, ambient humidity and incident light, watering 1360 
ml/m2/min. The cuttings in GH were planted in a 75 cm3 
tube that was arranged on a tray with capacity for 96 tubes. 
Just before the cuttings were moved to SA, their heights 
were graded, dead material and debris were removed, and 
the spacing doubled (48 cuttings per tray). In OA, the 
spacing was further increased (33 cuttings per tray). The 
observations were carried out on the then two most com-
monly-grown clones, SMAA7700EP (hereafter referred to 
as clone 77) and SMWK3610EP (clone 361).

In each age class, leaves were inspected for dark blight, 
stems for black lesions, and both for the presence of peri-
thecia. The inspection and tissue sampling were performed 
on sixty-one days over a three-month period. The leaf and 
stem samples were selected randomly from symptomatic 
plants at each nursery stage, and an area between healthy 
and discoloured tissue was chosen for isolation. To test for 
the presence of and to trap the Ceratocystis pathogen, each 
portion of sample was placed onto a wound created on a 
healthy phyllode of A. mangium following its surface sterili-
sation with 70% alcohol (Indrayadi et al., 2023). Four sepa-
rate samples were applied to each phyllode then incubated 
at 28 °C for 7 days (Indrayadi et al., 2023). A total of 65 
phyllodes were used through the inspection period. Myce-
lial morphology and microscopic identification of the spores 
were used to identify and record the fungal growth on the 
phyllode. Each discovered fungus from the phyllode was 
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cultured on Potato Sucrose Agar (PSA) for 5 days and those 
with similar culture appearance were grouped. The identify 
of each group of fungi was validated through DNA analy-
sis. The identified isolates have been deposited in the Indo-
nesian Centre for Biodiversity and Biotechnology (ICBB), 
Bogor except for Ceratocystis manginecans.

DNA analysis

Fungal DNA was extracted using the method developed 
by Izumitsu et al. (2012) and rDNA ITS amplified by PCR 
using the ITS1 and ITS4 primers (White et al. 1990). For 
Ceratocystis species, RPB11 and FG1093 gene regions were 
also amplified (Fourie et al. 2015). The PCR products were 
submitted to 1st BASE (Indonesia) for sequencing (forward 
and reverse); to facilitate identification, the NCBI nucleo-
tide database was searched using the DNA sequences.

Inoculum preparation

Ceratocystis isolates EP106C, isolated from a plantation 
of clone 77, and isolate EP313C that was isolated from the 
nursery producing this clone, were grown on PSA in Petri 
dishes. The PSA was prepared by boiling 200 g of potato 
to produce 1 L of broth, adding 20 g agar and 20 g sucrose, 
and then autoclaving for 20 min at 121° C. The spores of 
C. manginecans were collected by scraping 14-day-old cul-
tures with a spatula then adding 10 mL sterile water and 0.2 
ml Tween 80 to make a spore suspension. Total spore con-
centration of ascospores, aleurioconidia, and doliform and 
cylindrical conidia, was determined using a Neubauer Hae-
mocytometer. The inoculum was diluted to 1 × 102 spores/
µl. For the other fungal isolates, mycelial inoculum was 
prepared from 10-day-old cultures using a 3-mm diameter 
cork borer.

Re-inoculation

Fungi isolated from diseased plants in the nursery were re-
inoculated into mini-cuttings of E. pellita clone 77. Spore 
suspensions of Ceratocystis isolates were sprayed onto 
seven-day-old cuttings. Five isolates of the other pathogens 
were re-inoculated onto the leaves of one-month-old cut-
tings of the same material by first making a wound with a 
sterile needle, placing agar plug inoculum onto the wound, 
and then sealing it with tape. After one week, disease symp-
toms were documented and the pathogen re-isolated to con-
firm Koch’s postulates.

Media preparation

For each mini-cutting and rooted plantlet, cocopeat and rice 
husk mixed in a 2:1 ratio was filled into a 75 cm3 polytube; a 
planting hole for the mini-cuttings was created in the centre 
of the tube. Before transplanting, fungicide containing the 
active ingredient Propineb® was applied to the media at a 
concentration of 0.5 g per L of water. 3 g granular Agrimore 
® (29-10-10  N:P:K) dissolved in 1  L water was applied 
twice weekly.

Plant materials for re-inoculation

Two types of material were used, rooted plantlets of clone 
77 from tissue culture and clonal cuttings harvested from 
mother plants of clones 77 and 361. For the latter, a cutting 
that consisted of four pairs of leaves was excised from the 
mother plant; the 4th pair was removed entirely as was 2/3 
of the 3rd and 2nd pair using sharp scissors before planting. 
This is standard nursery practice and is done to reduce water 
loss from the cuttings (Saya et al. 2008).

Inoculation

Experiment 1  The rooted plantlets were gently removed 
from the agar using tap water before inoculating and plant-
ing in a polytube. The first treatment involved inoculating 
a 1 ml spore suspension from a C. manginecans isolate 
into the planting hole and also dipping the plant into the 
liquid inoculum before planting. For the second treatment, 
the inoculum was sprayed directly onto the plantlet after 
planting; the control treatment was sprayed with sterilised 
water. There were ten plants with six replications in each 
treatment.

Experiment 2  Mini-cuttings of clones 77 and 361 were 
used. For the first treatment, a spore suspension of C. mang-
inecans was sprayed onto the cuttings just before planting 
(S-0D); for the second and third treatment it was sprayed at 
seven (S-7D) and 14 (S-14D) days after planting, respec-
tively; a control received no inoculum. There were eight 
cuttings with six replications in each treatment.

Plants in both experiments were monitored for 12 weeks. 
The analysis of variance of plant mortality was tested using 
PROC GLM of the SAS statistical software (SAS Institute, 
North Carolina) and the overall F-test significant at the 
α = 0.05 was examined using Fisher’s LSD.

1 3

627



H. Indrayadi et al.

the upper side of emerging leaves (Fig. 1d). The most cru-
cial indicator was perithecia on the edge of a leaf (Fig. 1e). 
Irregular black-brown blight on old leaves of the OA mini-
cuttings was also considered a potential ceratocystis disease 
symptom (Fig. 1f).

The potential presence of Ceratocystis manginecans 
based on morphological and microscopic identification was 
observed on 12 of the 61 days the cuttings were inspected. 
Fungal isolations were attempted on those 12 days and 266 
isolates obtained (Table 1). Isolates were grouped into 14 
morphological groups and the rDNA ITS sequenced from 
a representative for each group to assist in identification 
(Table  2). Ceratocystis manginecans was confirmed by 

Results

Potential ceratocystis disease symptoms in the 
nursery

Disease symptoms on the E. pellita mini-cuttings were hard 
to distinguish in the nursery; the following were consid-
ered indicative of ceratocystis disease. A common symptom 
was the appearance of black lesions (Fig. 1a) and clusters 
of perithecia (Fig.  1b) along the internode (Fig.  1a) or at 
the leaf base (Fig. 1b). A second symptom was an irregu-
lar black-brown blight that developed from the cut surface 
where 2/3 of the leaf had been removed (Fig. 1c) and on 

Table 1  Fungal isolates obtained from plants with suspected ceratocystis disease symptoms in the E. pellita nursery
Fungi Clone Sample Nursery area

SMAA7700EP SMWK3610EP Leaf Stem GH SA OA
C. manginecans 14 4 15 3 6 4 8
Other fungi 147 101 194 54 97 70 81

Fig. 1  Symptoms appearing on plants in the nursery sampled for fungal 
isolation: (a) dark blight originating at a node and developing along the 
internode – red arrow; (b) perithecia developing on the node; (c) irreg-
ular blight symptom starting from the cut edge of leaves; (d) irregular 

brown-black blight on upper side of emerging leaves; (e) perithecium 
neck (yellow arrow) developing on edge of infected leaf, (f) symptoms 
on old leaves in the nursery open area (OA).
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was otherwise similar to that based on sequence similarity, 
the latter was more specific to species level and provided a 
more up-to-date taxonomy. Besides C. manginecans, eight 
pathogenic fungal species were identified. One species of 
Clonostachys was also isolated and the other fungi were 
from the ubiquitous genera Penicillium, Aspergillus, and 
Talaromyces.

sequencing of the rDNA ITS, RPBII and FG1093 regions. 
It was present in all the nursery stages, and more common 
in leaf than stem samples and in clone 77 than clone 361 
(Table 2).

Sequences of the rDNA ITS had over 99% similarity to 
named isolates listed in NCBI for 12 of the morphologically 
delineated groups, with 88–90% matches for the remain-
ing two groups (Table 2). A Diaporthe sp. and Chaetomella 
raphigera were the two linked only through molecular 
identification. Although the morphological identification 

Table 2  Identification, based on morphological characters and rDNA ITS sequence data, of fungal isolates from nursery plants showing symptoms 
of suspected ceratocystis infection
Isolate code/ 
ICBB code

Morphologi-
cal ID

BLAST search result Consensus ID GenBank 
accession

EP328C/ 
ICBB10015

Cylindrocla-
dium sp.

Over 99% similarity to a variety of Calonectria species, including type isolates 
of C. papillata (KY653267.1), C. sulawesiensis, C. humicola and C. cerciana.

Calonectria sp. OR553243

EP340C/ 
ICBB10016

Fusarium sp. Sequence noisy but highest match (87%) to Fusarium oxysporum MW800341.1 
and 85–87% similarity to type isolates from a range of other Fusarium species

Fusarium sp. Not 
submitted

EP353C/ 
ICBB10017

Colletotri-
chum sp.

Over 99% sequence similarity to type isolates of many species of Colleto-
trichum, including C. siamense (JX010171.1), C. ti, C. clidemiae and C. 
aeschynomenes.

Colletotrichum 
sp.

OR553247

EP344C/ 
ICBB10018

Unidentified Sequence similarity of 99% to an unidentified Diaporthe sp. (KY790595) and 
95–97% similarity to the type strains of multiple Diaporthe spp., including D. 
sackstonii, D. miriciae, D. novem, D. tulliensis.

Diaporthe sp. OR553248

EP341C/ 
ICBB10019

Coniella sp. Noisy sequence but highest match (91%) is to Coniella eucalyptigena, 
(NR_137983.1) with 85–90% similarity to other Coniella spp.

Coniella sp. Not 
submitted

EP350C/ 
ICBB10020

Fusarium sp. Sequence similarity of 99% to type isolates of a range of Fusarium species, 
including F. venettenii (MH855494.1), F. regulare, F. neerlandicum, and F. lirio-
dendri, with up to 98% sequence identity with many other Fusarium species.

Fusarium sp. OR553244

EP349C/ 
ICBB 10021

Unidentified Over 99% sequence similarity to several Chaetomella species and 95% similar-
ity to type isolate of C. zambiensis (NR_156280).

Chaetomella sp. OR553245

EP347C/ 
ICBB10022

Pestalotiop-
sis sp.

Sequence identical to type isolate of Pseudopestalotiopsis avicenniae 
(NR_147541.1) and over 99% similarity to type isolates of five other Pestaloti-
opsis species.

Pseudopesta-
lotiopsis aff. 
avicenniae

OR553251

EP351C/ 
ICBB10023

Penicillium 
sp.

Sequence similarity of 99.3% to type isolate of Talaromyces aurantiacus 
(MH857871.1) and 98.7% to type isolate of T. fusiformis.

Talaromyces aff. 
aurantiacus.

OR553253

EP348C/ 
ICBB10024

Penicillium 
sp.

Sequence similarity of 98–99% to type isolates from many species of Talaromy-
ces, including T. beijingensis, (NR_172251).

Talaromyces sp. OR553252

EP357C/ 
Not 
submitted

Aspergillus 
sp.

Sequence identical to type isolates of Aspergillus oryzae and A. flavus and 99% 
similar to many other Aspergillus spp.

Aspergillus aff. 
oryzae.

OR553249

EP345C/ 
ICBB10025

Penicillium 
sp.

Sequence similarity of 99.5% to type strains of Penicillium mariae-crucis 
(MH861584.1, MH861585.1), 95–99% similarity to type strains of multiple 
other Penicillium species

Penicillium sp. OR553246

EP352C/ 
IC10026BB

Gliocladium 
sp.

Over 99% similarity to type isolates from Clonostachys rosea f. catenulata 
(NR_165993.1), C. solani f. nigrovirens and Hypomyces corticiicola. Over 90% 
similarity to type isolates of multiple Clonostachys spp.

Clonostachys 
sp.

OR553250

EP106C/ 
ICBB9999 
& EP313C

Ceratocystis 
sp.

RPBII and tef1 (Ep106C only) sequences identical to ex-type isolate of C. 
manginecans (KJ601620.1, EF433317.1,), ITS sequence identical to ex-type 
isolate of C. acaciivora, syn. C. manginecans (EU588656.1), ribosomal protein 
coding region FG1093 in Ep106C identical to that from ex-type isolate of C. 
manginecans (KJ601698), while Ep313C differed by a single nucleotide transi-
tion from T to C.

Ceratocystis 
manginecans

RPBII - 
ON023587, 
ON023588
tef1 
- OM779105
ITS - 
OM780184, 
OM780185
FG1093 - 
OM779110, 
OM779111
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in pathogenicity tests) as C. manginecans. The sequenced 
gene regions, RPBII and FG1093, of both isolates were 
identical to those of an ex-type isolate of C. manginecans, 
CMW13851. The ITS sequences were identical to the ex-
type isolate of C. acaciivora, subsequently synonymised 
with C. manginecans (Fourie et al. 2015).

Dipping vs. spraying inoculum

The percentage of rooted E. pellita plantlets that survived 
after being inoculated with Ceratocystis isolates through 
dipping was not significantly different from the control. 
However, plant mortality following spraying the inoculum 
was significantly greater than from dipping (Fig.  3). Iso-
late EP313C appeared to be more aggressive than isolate 
EP106C, though the differences in both treatments were not 
statistically significant. Mortalities occurred only in the first 
month after inoculation, and the remaining plants remained 
healthy until age 12 weeks.

The survival rate of E. pellita mini-cuttings sprayed 
with inoculum before planting was significantly lower than 
when inoculum was applied 7 or 14 days later. (Fig. 4A). 
Isolate EP313C caused significantly greater mortality than 
isolate EP106C (Fig.  4B). The mortality of clone 77 was 

Symptoms following re-inoculation

The six pathogenic fungi examined were associated with 
different forms of blight on the leaves of E. pellita (Fig. 2). 
The blight caused by C. manginecans was characterised by 
an irregular shape with uneven edges and a black-brown 
colour, surrounded by a yellow margin or halo on the upper 
leaf surface (Fig. 2b) and a watery patch on the lower leaf 
surface (Fig.  2c). Clusters of perithecia with their asco-
spores (Fig. 2d, yellow arrow) were mainly on the edge of 
the leaves and this was the main feature that distinguished 
ceratocystis disease symptoms from those of the other re-
inoculated fungi. Stem rot on the node or leaf base was also 
produced by C. manginecans. (Fig.  2e). Leaf infections 
spread rapidly to the stem, resulting in death of the entire 
plant. The symptoms expressed by the other fungi were a 
light-dark brown irregular or concentric blight without the 
presence of a halo and wilting of the plant.

DNA analysis

DNA sequencing confirmed the identity of isolates EP106C 
(isolated from plantation tree and used in pathogenicity tests) 
and EP313C (isolated from nursery plantlets and also used 

Fig. 2  Symptoms produced following re-inoculation with C. mangin-
ecans and five of the eight other pathogens isolated from the nursery 
samples: (a-e) C. manginecans disease symptoms on leaves and stem; 

and leaf diseases caused by: (f) Colletotrichum siamense; (g) Fusar-
ium sp.; (h) Diaporthe sp.; (i), Coniella eucalyptigena; (j) Calonectria 
cerciana
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rooted plantlets (Fig. 5a - red arrow) and decaying leaves 
of the mini-cuttings (Fig.  5b - red arrow) and produced 
ascospores on the cut edges of the leaves (Fig. 5b - green 
arrow). Recognisable symptoms developed on the leaves: 
an irregular and elliptical blight with uneven edges, and a 
black-brown centre surrounded by a yellow margin or halo 
(Fig.  5c, d). There were no clear differences between the 
abaxial and adaxial leaf surfaces at early stages of infection.

significantly greater than that of clone 361 (Fig. 4C), and 
the mortality of clone 77 inoculated with isolate EP313C 
was greater than for the other three isolate × clone combina-
tions (Fig. 4D). Eight weeks after spraying, no new necrotic 
symptoms developed.

Perithecia of C. manginecans developed on the plants 
after the spraying treatment in both experiments. Perithecia 
of C. manginecans developed on the decaying stems of the 

Fig. 4  The survival rate of 
E. pellita mini-cuttings eight 
weeks after spraying with C. 
manginecans inoculum; (A) 
Effect of inoculation timing, (B) 
Comparison of two ceratocystis 
isolates, (C) Comparison of two 
eucalyptus clones, (D) Clone by 
isolate interaction. Note: control 
without spraying pathogen inocu-
lum excluded from the analysis 
because of 100% survival

 

Fig. 3  Plant survival after inocu-
lating E. pellita plantlets using 
two methods of application and 
two isolates of C. manginecans
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observed that include the presence of perithecia, this should 
be taken as a sign that control measures are immediately 
required, and if there is any uncertainty, molecular identifi-
cation should be sought.

Of the total number of isolations made from suspected 
ceratocystis disease symptoms in the nursery, less than 
10% were C. manginecans. This comparatively low level 
indicates a low inoculum load entering and/or its low estab-
lishment in this E. pellita nursery. Alternatively, the leaf 
blight symptoms associated with the other pathogens may 
have masked signs of ceratocystis infection. For example, 
symptoms of Fusarium, Colletotrichum and Calonectria are 
more pronounced on the leaves of many plant species (Man-
gwende et al. 2021; Okungbowa and Shittu 2012; Rodrigues 
et al. 2014; Li et al. 2017). Chaetomella raphigera as well 
as C. eucalyptigena cause leaf spot on Eucalyptus species 
(Crous et al. 2019; Cao et al. 2021). Colletotrichum sie-
mense can attack the leaves of Capsicum annuum (Silva et 
al. 2019); and Pseudopestalotiopsis theae those of Camellia 
sinensis and Phoenix dactylifera (date palm) (Maharach-
chikumbura et al. 2014; Tao et al. 2020), plant species that 
are grown in areas surrounding the nursery. Although these 
fungal species are not known to attack mature Eucalyptus 
species, these diseases may have entered the nursery due to 
the proximity of these other hosts. As these other pathogens 
were associated with mortality of the E. pellita cuttings, it is 
necessary to investigate not only the origin of the C. mang-
inecans inoculum but also that of other potential pathogens 
as part of good nursery practice.

Discussion

Nine pathogenic fungal species, including Ceratocystis 
manginecans, were isolated from the E. pellita nursery, 
and symptoms that appeared associated with ceratocystis 
disease were identified. We focussed on C. manginecans as 
this disease is increasingly impacting eucalypt plantations 
in Indonesia (Indrayadi et al., 2023) as well as elsewhere 
(Trang et al. 2022; Ferreira et al. 2013; Roux et al. 2020).

The most reliable symptom of C. manginecans was the 
emergence on both leaves and stems of perithecia, a char-
acteristic often associated with advanced development 
of Ascomycota fungi (Trail 2007). One of the eight other 
pathogens found, Coniella eucalyptigena is another asco-
mycete that produces perithecia and causes concentric ring 
leaf blight in eucalypts (Silva et al. 2020b; Alvarez et al. 
2016). It was more challenging to identify the causal agent 
from the other symptoms of the different diseases present, 
particularly the leaf blight, based solely on a visual inspec-
tion. For example, even though the Koch’s postulates’ find-
ings indicated that an irregular black-brown blight with a 
surrounding halo is a symptom of ceratocystis disease, it 
was first necessary to isolate from the perithecia to make 
an accurate diagnosis. Black-brown blight caused by other 
ceratocystis diseases can also be seen on other species, for 
example those on the genus Syngonium caused by Cerato-
cystis fimbriata (Dhakal 2018). It is also possible for other 
pathogenic fungi such as some of those identified in the 
nursery, to randomly develop halos (Alfenas et al. 2009). 
Thus, when the typical symptoms of C. manginecans are 

Fig. 5  Symptoms caused by C. manginecans in the reinoculation 
experiments: perithecia on decaying plantlets (a) and leaves (b) (red 
arrows); sticky ascospore mass emerging from perithecium on the 

edge of cut leaf (green arrow) and perithecia (red arrows) (b); irregu-
lar black-brown blight with surrounding halo (c); blight symptoms on 
plants in tray (d); symptomless controls (e)
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risk of mortality from spraying plantlets compared to dip-
ping highlights the problem of above-ground contamination 
when managing nurseries for C. manginecans. Neverthe-
less, in spite of the application of Propineb® to the media 
at transplanting, C. manginecans still caused unacceptable 
levels of mortality. The lack of mortality one month after 
inoculation may relate to the pathogen’s inability to adapt 
and infect more mature, intact plant tissues as well as the 
activation of the plant defence system as the plantlets grow 
(Lapin and Van den Ackerveken 2013).

Similarly, reinoculation by spraying caused significant 
though lower (< 50%) levels of mortality in mini-cuttings 
but only if the treatment was applied just before planting. 
Fungal infections caused by Ceratocystis spp. mainly occur 
through wounds (Harrington 2013), and those created by 
cutting the leaves and that at the base of the cutting may have 
acted as portals for disease entry. The substantial reduction 
in mortality if the reinoculation was delayed for 7 days may 
be linked to healing of these wounded tissues. Ceratocystis 
pathogens are hemibiotrophs that require living plant tis-
sue for their early establishment (Sun et al. 2020), and like 
the majority of diseases that are usually found in the early 
stages of growth in eucalypt nurseries, can induce damp-
ing off disease (Alfenas et al. 2009). Given that mortality 
of eucalypts during their propagation in nurseries is a major 
cause of economic loss (Brown and Ferreira 2000; Alfenas 
et al. 2009), more attention needs to be given to managing 
the consequences of creating artificially wounded tissue.

Within a species, the level of aggressiveness of patho-
gen isolates may be influenced by their origin (Harrington 
et al. 2011). Although originating from the same Eucalyp-
tus clone, 77, isolate EP313C was isolated from plants in 
the nursery whereas isolate EP106C was obtained from an 
infected plantation tree. The higher aggressiveness of iso-
late EP313C suggests that it was better adapted to the nurs-
ery environment than isolate EP106C because this was its 
source of isolation (Engelbrecht et al. 2007; Valdetaro et al. 
2019). This finding implies that the origin, habitat, and the 
clone of the host from which an isolate was obtained might 
all influence the aggressiveness of a C. manginecans isolate.

Clone 361 was consistently more tolerant to C. mangin-
ecans than clone 77. In commercial plantations established 
to clone 361 from the same nursery stock there have been 
no reports to date of ceratocystis disease symptoms and C. 
manginecans has not been isolated from natural wounding 
(Sagitarianto F. personal comm.). Eucalyptus spp. express 
contrasting levels of tolerance to ceratocystis disease infec-
tion (Silva et al. 2020a), and E.  pellita is considered one 
of the more disease-tolerant (Guimarães et al. 2010). How-
ever, within a eucalypt species, different levels of tolerance 
are found (Zauza and Alfenas 2004). This experiment has 
shown this to be the case for E. pellita and that inoculation 

Based on the low number of ceratocystis isolations made, 
the level of infection was similar in each of the three nursery 
environments. The very high humidity levels and very low 
incident light are expected to be the main factors support-
ing the emergence of ceratocystis disease in the greenhouse 
environment (Stahr and Quesada-Ocampo 2020). The low 
rate of infection following transfer to the shaded outdoor 
environment would have been assisted by the removal of 
dead plants and other dead and decaying material prior to 
transfer (Galanti and Lutgen 2021; Ferreira et al. 2013), as 
spores released from perithecia are easily spread by routine 
activities in nurseries (Ferreira et al. 2013). In addition, the 
increased spacing between plants and the lower humidities 
and higher light levels would also decrease the risk of infec-
tion. Full exposure to the natural environment and a fur-
ther increase in spacing may have further restricted disease 
development in the open environment. Such an interpreta-
tion still requires some qualification: the low numbers in 
the greenhouse and shaded outdoor environments may also 
have been linked to a failure to recognise cryptic symptoms 
of ceratocystis disease such as internal stem lesions. The rel-
ative contributions of contamination from the surrounding 
environment and nursery management remain unknown. 
More than 500 different species of pathogenic fungi com-
monly infect leaves of Eucalyptus spp. (Crous et al. 2019). 
This study has shown that several fungal species present in 
Indonesia can infect E. pellita mini-cuttings, pointing to a 
requirement for continual disease monitoring and control as 
part of nursery practice.

A mycoparasitic fungus was identified among the iso-
lates, indicating a potential role of biological control in the 
nursery. Clonostachys rosea is available as a commercial 
product for controlling diseases like damping-off and stem-
rot though it has not been tested against C. manginecans 
(Thambugala et al. 2020). Diaporthe spp. have been shown 
to produce antagonistic antibacterial compounds (Tanapi-
chatsakul et al. 2018), however it appears that endophytic 
Diaporthe spp. pose more of a risk of becoming diseases 
in woody plants (Gomes et al. 2013; Crous and Wingfield 
2018). Hence, it is necessary to further investigate the 
potential pathogenicity of these antagonists before consid-
ering their use as biological control agents in reducing the 
threat of C. manginecans in E. pellita nurseries.

Inoculation of tissue-cultured E. pellita plantlets by 
spraying with a spore suspension of C. manginecans caused 
significant levels of mortality (> 70%) in plantlets, but inoc-
ulation by dipping plantlets into the spore suspension was 
less effective. Tissue culture is frequently utilised for large-
scale propagation of mother plants (Hussain et al. 2012); 
however, because plantlets are relatively small and succu-
lent, and need to acclimatise to nursery conditions, they are 
highly susceptible to diseases (Dale et al. 2008). The greater 
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Schizoparme. Stud Mycol 85:1–34. https://doi.org/10.1016/j.
simyco.2016.09.001

Andjic V, Carnegie AJ, Pegg GS, Hardy GESJ, Maxwell A, Crous PW, 
Pérez C, Wingfield MJ, Burgess TI (2019) 23 years of research 
on Teratosphaeria leaf blight of Eucalyptus. For Ecol Manag 
443:19–27. https://doi.org/10.1016/j.foreco.2019.04.013

Brown BN, Ferreira F (2000) Disease during propagation of eucalypts. 
In: Keane PJ, Kile GA, Podger FD, Brown BN (eds) Disease and 
pathogens of eucalypts. CSIRO Publishing, Collingwood Vic, 
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Luo J-T, Yang X-B (2021) First report of Chaetomella raphig-
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in China. J Plant Pathol 103(1):403–403. https://doi.org/10.1007/
s42161-020-00737-6

Carnegie A, Lawson S, Smith T, Pegg G, Stone C, McDonald J (2008) 
Healthy hardwoods: a field guide to pests, diseases and nutritional 
disorders in subtropical hardwoods. Forest and Wood Products 
Australia, Victoria

Crous PW, Wingfield MJ (2018) Fungi infecting woody plants: emerg-
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Dale A, Hughes BR, Donnelly D (2008) The role of micropropaga-
tion in producing specific pathogen-tested plants. HortScience 
43(1):74–77

De Silva DD, Groenewald JZ, Crous PW, Ades PK, Nasruddin A, 
Mongkolporn O, Taylor PWJ (2019) Identification, prevalence 
and pathogenicity of Colletotrichum species causing anthracnose 
of Capsicum annuum in Asia. IMA Fungus 10(1):1–32. https://
doi.org/10.1186/s43008-019-0001-y

Dhakal U (2018) Survey for Ceratocystis Fimbriata on Syngonium 
species. Host range test and molecular characterization of the iso-
lates collected. University of Hawai’i at Manoa, Hawai’i, United 
States

Engelbrecht CJ, Harrington TC, Alfenas AC (2007) Ceratocystis wilt 
of Cacao—A disease of increasing importance. Phytopathology 
97(12):1648–1649

Ferraz HGM, Badel JL, da Silva Guimaraes LM, Reis BP, Totola MR, 
Goncalves RC, Alfenas AC (2018) Xanthomonas axonopodis pv. 
Eucalyptorum pv. nov. causing bacterial leaf blight on Eucalypt 
in Brazil. Plant Pathol J 34(4):269–285. https://doi.org/10.5423/
PPJ.OA.01.2018.0014

Ferreira MA, Harrington TC, Gongora-Canul CC, Mafia RG, Zauza 
EAV, Alfenas AC (2013) Spatial-temporal patterns of ceratocystis 
wilt in Eucalyptus plantations in Brazil. Forest Pathol 43(2):153–
164. https://doi.org/10.1111/efp.12013

Fourie A, Wingfield MJ, Wingfield BD, Barnes I (2015) Molecu-
lar markers delimit cryptic species in Ceratocystis sensu 
stricto. Mycological Progress 11:1020. https://doi.org/10.1007/
s11557-014-1020-0

Galanti R, Lutgen H (2021) Greenhouse and Nursery Sanitation Tools, 
Equipment, Workers, and Visitors. The College of Tropical Agri-
culture and Human Resources (CTAHR) https://www.ctahr.
hawaii.edu/site/Info.aspx. Accessed 18 June 2022

Gomes RR, Glienke C, Videira SI, Lombard L, Groenewald JZ, Crous 
PW (2013) Diaporthe: a genus of endophytic, saprobic and plant 
pathogenic fungi. Persoonia 31:1–41. https://doi.org/10.3767/00
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by spraying shoots may offer a reliable method of screening 
for disease tolerance to C. manginecans, similar to the use 
of phyllode inoculation as a rapid, preliminary test for toler-
ance of A. mangium to ceratocystis (Nasution et al. 2022).

This study has shown that inoculation of nursery plants 
of E. pellita with C. manginecans results in mortality, 
clearly demonstrating that this disease must be managed in 
a nursery setting. Several pathogens, including C. mangin-
ecans were isolated from the nursery, but common and over-
lapping symptoms meant that DNA analysis was required 
for their correct identification. Re-inoculation experiments 
indicated that airborne sources of inoculum may lead to 
greater mortality than soil-borne sources, particularly if fun-
gicides are used in potting media. While mini-cuttings can 
quickly become less vulnerable to disease entry, managing 
artificial wounding to reduce disease susceptibility must be 
addressed. In addition, the mix of pathogens and the com-
plexity of the factors that drive disease development, show 
that comprehensive control for all diseases which embraces 
sanitation, fungicides and antagonists, is potentially required 
in nurseries raising E. pellita.
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