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ABSTRACT 
Calonectria pteridis is one of the most important causal agents of Calonectria leaf blight (CLB) of Eucalyptus spp. in Brazil, which 

is a limiting factor for growth of Eucalyptus plantations. In this study we developed standard procedures for in vitro mass spore production 
and inoculation of C. pteridis for screening plant species and clones for resistance to CLB. The isolates used in this study were identified 
using similarity in DNA sequence to reference strains. Among six media tested, glucose asparagine agar induced the highest sporulation 
production and a significantly enhanced sporulation was found by scraping the aerial mycelium and temporarily submersing the cultures 
in tap water, followed by drying and additional incubation of the culture. We also demonstrated that the severity of CLB on excised leaves 
of two Eucalyptus spp. clones increased significantly when the inoculated leaves were incubated in the dark. The optimal temperature 
for infection was 26ºC when plants were incubated for 48 hours post-inoculation in a mist chamber and then maintained in a greenhouse 
(25ºC±5ºC) for 50 days. This study identifies environmental conditions to improve spore production and inoculation procedures of C. 
pteridis for selection of resistant Eucalyptus spp.
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INTRODUCTION

Calonectria leaf blight (CLB), caused by Calonectria 
pteridis Crous, M.J. Wing. & Alfenas (anamorph = 
Cylindrocladium pteridis Wolf), is one of the major foliar 
diseases of eucalyptus plantations grown in hot and humid 
regions in Brazil (Ferreira et al., 1995; Alfenas et al., 2009). 
Although CLB can also be caused by several Calonectria 
spp. (Chen et al., 2011; Alfenas & Ferreira, 1979), C. pteridis 
is apparently the most common species associated with 
eucalyptus trees in Brazil (Alfenas & Ferreira, 1979, Alfenas 
et al., 1979). Leaf blight lesions caused by C. pteridis are 
initially small (1- to 7-mm diameter), round or elongated, 
and light gray in color progressing to light-brown (Figure 
1) (Ferreira et al., 1995). In highly susceptible genotypes, a 
large surface area of the leaf can become necrotic, followed 
by premature defoliation (Alfenas, 1986; Ferreira et al., 
1995) (Figure 1). Although the total losses caused by CLB 
in eucalyptus plantations has not been precisely quantified, 
it is well accepted that C. pteridis significantly reduces 
plant growth by decreasing photosynthetic area due necrotic 
lesions and heavy defoliation caused by CLB (Alfenas et al., 
2009; Graça et al., 2009). Because of the potential losses 
associated with CLB in eucalyptus plantations, control 
measures are needed to reduce CLB damage on eucalyptus 

trees. Although other control methods have been reported 
(Ferreira et al., 2006; Crous, 2002; Phipps, 1990), the 
planting of resistant genotypes is considered the most effective 
and economic method for disease control in the field (Crous, 
2002; Alfenas et al., 2009). However, C. pteridis typically does 
not sporulate well in culture (Crous & Wingfield, 1994), so it 
has been difficult to produce enough inoculum for resistance 
screening. Thus, simple and efficient procedures are needed for 
routine production of conidial inoculum in sufficient quantities 
to apply in mass selection of resistant genotypes of Eucalyptus 
spp. under controlled conditions. Although recent studies on 
penetration mechanisms and disease assessment of C. pteridis 
have been conducted by Graça et al. (2009), information was 
previously unavailable on the optimal conditions for mass spore 
production and artificial inoculation of this pathogen. Thus, 
the objective of this paper was to develop a standard protocol 
for mass spore production and inoculation of C. pteridis on 
Eucalyptus spp. under controlled environmental conditions to 
facilitate the screening programs for resistance to CLB.

MATERIAL AND METHODS

Isolation and identification of the fungus 
Leaves showing symptoms of blight and soil 

samples were collected in commercial plantations of 
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FIGURE 1 - Leaf blight and defoliation of Eucalyptus spp. caused by Calonectria spp. A,B. Small and rounded 
lesions caused by Calonectria pteridis. C,D. Rounded lesions surrounded by callus, usually containing sporulation 
only at the early stages of infection. E-G. Large lesions induced by other species of Calonectria. H. Defoliation. I. 
Susceptible (front) and resistant (back), Eucalyptus clones to Calonectria spp. leaf blight.
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Eucalyptus grandis × E. urophylla (“urograndis”) hybrid 
clones in Monte Dourado (state of Pará), Açailândia (state 
of Maranhão), and Teresina (state of Piauí), Brazil. 

To obtain single-spore cultures, conidial masses 
observed under dissecting microscope were placed in a 
Petri dish (90 mm diameter) containing water agar medium 
[WA; 1.5% (w/v) agar, Vetec]. Immediately following, 2 mL 
sterile distilled water (SDW) were added to the WA plates. 
The SDW was dispersed by hand shaking, and excess of 
water was removed by inverting the Petri dishes. Single 
conidia were selected under a stereoscopic microscope 
(45×), transferred with a sterile surgical needle to another 
Petri dish containing malt extract agar [(2% (w/v) MEA)] 
medium, and incubated at 26oC. 

Single-spore isolates of C. pteridis (LPF059, LPF 
196, LPF 201, LPF 321, LPF 417 and LPF 444) were stored 
in a glycerol solution (10%) at -80°C. Glycerol stocks of the 
isolate LPF059 were grown on potato dextrose agar (PDA; 
Acumedia Manufacturers) medium for 10 days. 

The isolates were initially identified based on 
morphological features (30 measurements were determined 
for each isolate using a Zeiss Axioscope-2 microscope at 
1,000× magnification) grown on synthetic nutrient poor agar 
(SNA) (Nirenburg, 1981) at 26°C, following the protocols of 
Lombard et al. (2009). Isolate identification was confirmed 
by using partial DNA sequences of the β-tubulin (tub2) and 
elongation factor (tef-1α) loci. These fragments of the tub2 
and tef-1α gene region were amplified by using the primers 
and protocols described by Alfenas et al. (2013). The quality 
of sequences was checked by means of Sequence Scanner 
Software v. 1.0 (Applied Biosystems) and edited with the 
software package Seqman from DNAStar Inc.  Sequence 
similarity to GenBank accessions was conducted using the 
Mega BLAST program. Further comparisons utilized the 
Calonectria polyphasic identification system available on-
line (http://www.cbs.knaw.nl/Calonectria/BiolomicsID.asp
x?IdentScenario=CalonectriaID) .

Induction of sporulation on different culture media 
Mycelial plugs (5-mm diameter) were transferred 

to the center of Petri dishes containing 30 mL of the 
following culture media: PDA, oat sucrose agar (OSA; 
Vetec), MEA, SNA, and glucose asparagine agar (GAA), 
prepared as previously described (Dhingra & Sinclair, 
1995). Carnation leaf agar medium (CLA), employed 
in previous taxonomic studies (Crous et al., 1992), was 
used as a reference medium. After 10 days of incubation 
at 24oC±4oC, the aerial mycelium of five plates from each 
medium was scraped with a soft paint brush, the surface of 
the medium rinsed with tap water, and the colonies were 
submersed in tap water for 48 h. Subsequently, the water 
was discarded, the excess moisture removed with gauze, and 
the colonies incubated in the plates with the lids off under 
the same laboratory conditions for 48 h. Five plates for each 
medium that were not scraped (non-scraped) were used as 
controls. For spore quantification, conidial suspensions 

were prepared by adding 50 mL of SDW plus 0.05% (v/v) 
Tween 20 to the culture surface of each treatment. Conidia 
were removed with a sterilized, soft paint brush, and spore 
concentration was determined in a Neubauer chamber. The 
best method for mass spore production was tested for five 
other C. pteridis isolates (LPF 196, LPF 201, LPF 321, LPF 
417 and LPF 444). 

Five plates (replicates) for each treatment (different 
culture media) were arranged in a completely randomized 
design, and the experiment was performed twice. 

Mycelial growth at different temperatures
A 5-mm-diameter mycelial plug of LPF059 was 

transferred to the center of Petri dishes containing 30 mL 
of GAA and the plates were maintained at 5, 10, 15, 20, 25, 
30, 35 or 40°C under a 12-h photoperiod (39 μmol s-1m-2 
fluorescent light intensity, Osram, 20W) in a completely 
randomized design with five replicates per temperature. The 
diameter of the colonies was measured daily for 10 days. 

Infection on Eucalyptus spp. under different light 
conditions 

Fully expanded excised leaves with their petioles 
wrapped in moistened cotton of susceptible clone 9882 
(E. grandis × E. urophylla) and moderately resistant clone 
6021 (E. grandis, from Rio Claro, SP, Brazil) were used in 
this experiment. 

Aliquots of 25 µL with a conidial suspension (1×104 
conidia/mL) of LPF059 were inoculated (deposited) on 
the abaxial surface of each leaf, which was maintained in 
a plastic 11×11×3.5 cm germbox (J. Prolab) at 26°C under 
continuous light (39 μmol s-1m-2, fluorescent light intensity, 
Osram, 20W) or in the dark. 

The experiment was conducted in a completely 
randomized design with 10 replications (10 leaves) for 
each treatment (dark or light conditions). To obtain dark 
conditions, boxes were wrapped in aluminum foil. Ten 
leaves treated with SDW and incubated under the same 
conditions served as control.

The incubation period (IP) was evaluated at 6-h 
intervals until 50% of leaves had lesions. The percentage 
of leaf area with lesions was determined at 72 h post-
inoculation and was estimated by capturing images with the 
use of QUANT software (Vale et al., 2003).

Influence of incubation temperature on Eucalyptus spp. 
defoliation 

To determine the influence of incubation temperature 
on infection of rooted cuttings, plants (Eucalyptus clone 
9882) were grown in 6-L, plastic pots containing Mec Plant 
substrate (decomposed pine bark and vermiculite). The 
potted plants were fertilized weekly with 50 mL nutrient 
solution, containing 10 g of Ouro Verde (15:15:20 NPK) 
/L. After 120 days, the plants were spray inoculated with 
a conidial suspension (1×104 conidia/mL) of LPF 059 and 
incubated at 18, 22, 26, 28, and 30 °C for 48 h. Subsequently, 
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the plants were maintained in a greenhouse (25±5ºC) under 
natural day-light photoperiod. After 50 days, the percentage 
of defoliation was assessed on four basal branches as 
previously described by Graça et al. (2009). 

A completely randomized design was used, with 10 
replicate inoculated plants and four non-inoculated plants 
as controls for each temperature tested.

Data analysis
All tests were performed independently at least 

twice. When no significant differences were found among 
the repetitions, a combined analysis of tests was conducted 
to compare treatments.

The statistical software Statistica (StatSoft, Inc) 
was used to analyze the data. Before proceeding with the 
analyses, data from all experiments were tested regarding 
the conditions of homogeneity and normality. Data from the 
sporulation experiment were subjected to ANOVA (analysis 
of variance) and treatment means were compared by using 
the Tukey test (p≤0.05). Data from other experiments 
were analyzed by using ANOVA, and regression models 
were chosen based on the significance of the regression 
coefficients using the “T” test, adopting the 5% level of 
probability in the determination coefficient.

RESULTS

Isolation and identification of the fungal pathogen 
PCR products and resulting sequences of 

approximately 500 bp were generated for the tub2 and tef-
1α gene region. The polyphasic identification performed at 
the on-line Calonectria Database showed that all six isolates 
(LPF 059, LPF 196, LPF 201, LPF 321, LPF 417, and LPF 
444) belonged to Calonectria pteridis with well-supported 
values of similarity (Table 1).

The morphology of the conidial state in culture was 
consistent with that of C. pteridis, having a stipe bearing 
penicillate sporulating branches, stipe extensions measuring 
217-276 μm, with terminal clavate vesicles 3-5 μm diam., 
and producing cylindrical, hyaline, uniseptate macroconidia 
measuring 82-98 μm × 3-5 μm (av. 87×5 μm) (Figure 2). 

Induction of sporulation on different culture media 
Because no significant difference was found between 

the sporulation-induction experiments (P=0.323), a pooled 
analysis of the two independent tests was conducted. A 
significant interaction (P=0.00001) was found among 
culture media and the induction method. All tested media 
except SNA and CLA produced more spores when the aerial 
mycelium was removed and the cultures were temporarily 
submersed in tap water. Using this method, GAA medium 
produced the most conidia, while SNA medium produced 
the least (Table 2). This was confirmed for five other isolates 
of C. pteridis, and significant variation in spore production 
was also found among these isolates (Table 3).

Mycelial growth at different temperatures
Mycelial growth varied significantly with 

temperature. The estimated optimum temperature was 
24.2°C (Figure 3). At 24°C, the colony covered the entire 
plate surface within 10 days of incubation. Only limited 
mycelial growth was obtained at 5°C, and no growth was 
observed at 40°C. However, cultures that were maintained 
at 40°C for 10 days, resumed growth when re-incubated at 
25°C, indicating that 40°C was not lethal .

Infection on Eucalyptus spp. under different light 
conditions

Significant interactions on amount of leaf infection 
between incubation period (IP) and lighting conditions 
(P=0.00002) and between IP and clones (P=0.00062) were 
found. The time required to obtain 50% of infected leaves 
(IP50) was shorter for both clones tested under dark vs. 
continuous light conditions, and the IP50 was shorter for 
clone 9882 (highly susceptible) than clone 6021 (moderately 
resistant) under both conditions (Table 4). For both clones 
tested, the affected leaf area was also higher in the dark 
than in continuous light (Figure 4). However, no significant 
difference (p≤0.43) was observed in the percentage of the 
affected leaf area between the two clones studied at 72 h 
post-inoculation (Figure 4). 

Influence of the temperature of incubation on defoliation 
of eucalyptus 

Defoliation of Eucalyptus spp. due to C. pteridis 
varied significantly with temperature (Figure 5). The 
estimated optimum temperature was 26ºC. No defoliation 
occurred on the control plants at temperatures below 30oC. 
However, more than 34% defoliation occurred on non-
inoculated plants at 30oC in both experiment replications, 
indicating that this high temperature could contribute to 
defoliation of the evaluated clones.

DISCUSSION

Sequences of the tub2 and tef-1α loci and the 
morphological features of the anamorph allowed us to 
identify the fungal isolates as C. pteridis. Calonectria 

Isolates1 Host/substrate Place Similarity (%)2

LPF 059 Eucalyptus sp. Pará/ Brazil 99.21
LPF 196 Eucalyptus sp. Pará/ Brazil 99.21
LPF 201 Eucalyptus sp. Maranhão/Brazil 99.11
LPF 321 Soil Pará/ Brazil 99.59
LPF 417 Eucalyptus sp. Pará/ Brazil 99.59
LPF 444 Soil Piauí/Brazil 99.59

TABLE 1 - List of Calonectria isolates, substrate, origin, and 
DNA sequence similarity to C. pteridis culture CBS111871

1LPF, Cultures of the “Laboratório de Patologia Florestal”, DFP-UFV, 
Brazil. 
2Similarity of partial DNA sequences of the β-tubulin (tub2) and 
elongation factor (tef-1α) using polyphasic identification at on-line 
Calonectria Database website.
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FIGURE 2 - Reproductive structures of the anamorph phase of Calonectria pteridis. A,B. Macroconidiophore containing a typical clavate 
vesicle. C-E. Typical clavate vesicles. F,G. Macroconidiophores. H. Phialides and I-K. Uniseptate macroconidia. Scale bars: A, B = 30 
µm; C, D, E, G, H, J, K = 10 µm; and F, I = 20 µm.

leaf blight, caused by C. pteridis, is among the most 
predominant foliar diseases in eucalyptus plantations and 
causes significant growth losses, especially in tropical 
and subtropical regions such as Brazil (Ferreira et al, 
1995). Other species, such as C. parasiticum, C. morganii, 
C. ovata, C. ilicicola, and C. kyotensis, also have been 
associated with defoliation in eucalyptus plantations (Chen 
et al., 2011; Alfenas et al., 1979). Defoliation of trees 

reduces the photosynthetic leaf surface and consequently 
reduces canopy development, which can also foster 
increased weed competition and further decrease eucalyptus 
growth. Planting of genotypes that are resistant to CLB is 
considered the most practical method to limit CLB impacts 
(Crous, 2002; Alfenas et al, 2009). However, selection of 
resistant genotypes requires high volumes of concentrated 
spore suspensions. The availability of inoculum is a primary 
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Culture media1 Scraped
culture2

Non-scraped
culture

GAA 18.193 Aa 0.56 Ba
PDA 13.16 Ab 0.05 Ba
OSA 8.92 Ac 0.03 Ba
MEA 3.12 Ad 0.16 Ba
CLA 0.01 Ad 1.10 Aa
SNA 0.00 Ad 1.50 Aa

Isolate Scraped2

culture
Non-scraped

culture
LPF 196 24.80 Abc 0.00 Bb
LPF 201 54.27 Aa 0.12 Bab
LPF 321 52.75 Aa 0.47 Ba
LPF 417 27.27 Ab 0.02 Bab
LPF 444 7.17 Ac 0.02 Bab
LPF 059 59.20 Aa 0.02 Bab

TABLE 2 - Conidial production of Calonectria pteridis in different 
culture media with and without disturbance of the mycelia in 
culture

1GAA, glucose asparagine agar; PDA, potato dextrose agar; OSA, oat 
sucrose agar; MEA, malt extract agar; CLA, carnation leaf agar; SNA, 
synthetic nutrient agar.
2Fungal cultures with mycelial scraping followed by submersion in tap 
water for 48 h. Values correspond to the average number of conidia/
mL (x104). Means followed by the same upper case letter within each 
row and lower case letter in each column are not significantly different 
(Tukey’s test, p≤0. 05).

TABLE 3 - Number of conidia (x 104) produced by different 
Calonectria pteridis isolates on scraped and non-scraped cultures 
grown on glucose asparagine agar1

1Means followed by the same upper case letter within each row and 
lower case letter in column are not significantly different (Tukey’s 
test, p≤0.05). 
2Fungal cultures with scraped mycelium following submersion in tap 
water for 48 h.

FIGURE 3 - Mycelial diameter growth of Calonectria pteridis in 
glucose asparagine agar medium under different temperatures, at 
10 days after incubation.

Clone Condition IP 50 (h)1

9882 Light 12
Dark 6

6021 Light 18
Dark 12

TABLE 4 - Mean incubation period (IP) of Calonectria pteridis 
inoculated on excised leaves of two eucalyptus clones (9882 = 
E. grandis × E. urophylla and 6021 = E. grandis) and incubated 
under light or dark conditions

1The time in hours required to reach 50% of disease incidence in 
detached leaves.

FIGURE 4 - Percentage of leaf area infected by Calonectria 
pteridis on two hybrid Eucalyptus clones 9882 (E. grandis × E. 
urophylla) and 6021 (E. grandis) incubated under light or dark 
conditions at 72 hours post-inoculation. Mean values of 10 
replicates and the standard deviation are indicated.

limiting factor for these resistance-screening programs. Our 
data demonstrate that temperature plays a significant role 
for C. pteridis growth, which concurs with recent reports 
for other Calonectria species (Poltronieri et al., 2011; Vitale 
et al., 2012). Variation in spore yield on different culture 
media is perhaps attributable to differences in the carbon 
and nitrogen sources within the media tested. Barnett and 
Hunter (1978) studied the sporulation of several Calonectria 
(= Cylindrocladium) species in culture and observed that 
culture media containing organic sources of nitrogen were 
more favorable for sporulation than inorganic sources. 
According to our findings, GAA medium induced the 
highest spore production by C. pteridis. In contrast, CLA 
and SNA, which are the most commonly used media for 
morphological (shape and dimensions of vesicle, number 
of septa and size of conidia) and mating type studies (Crous 
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FIGURE 5 - Percentage of defoliation in the third basal branches 
of eucalyptus plants observed 50 days after inoculation with 
Calonectria pteridis. 

et al., 1992; Crous et al., 1998), were not suitable for mass 
production of C. pteridis spores.

The mycelial scraping method described in this 
paper resulted in higher spore production than the non-
scraping, independent of the isolate tested. The significantly 
enhanced sporulation by scraping the aerial mycelium and 
flooding, followed by drying and additional incubation, 
could be a stress-induced response or due to the elimination 
of potential water-soluble inhibitors of sporulation, as was 
previously found for Alternaria solani (Ludwig et al., 1962; 
Prasad et al., 1973). 

Because temperature, light, and inoculum density 
can be quite variable under natural conditions in the field, 
our inoculation procedures under controlled conditions 
allow more precision for screening for resistance. This study 
demonstrates that severity of CLB caused by C. pteridis is 
significantly influenced by the temperature, which concurs 
with studies on other Calonectria species (Alfenas et 
al.,1979; Poltronieri et al., 2011). Because intraspecific 
variability for heat sensitivity could occur within C. pteridis, 
as observed with  other Calonectria species (Vitale et al., 
2012), further studies are needed to confirm heat-sensitivity 
results for diverse isolates of C. pteridis. Our results show 
that inoculated plants should be incubated for 48 hours post-
inoculation at approximately 26°C under mist-irrigation, 
preferably in the dark to maximize disease development 
according to the protocol suggested by Graça et al. (2009). 

In a survey to assess the impact of Calonectria 
defoliation of Eucalyptus spp. in the Tucuruí-PA region in 
Brazil, Krügner et al. (1990) observed that CLB severity 
was higher during the season when the average temperature 
was 27.4°C, which also reflects the estimated optimum 
temperature found in our studies for C. pteridis. In Monte 
Dourado-PA region of Brazil, where severe eucalyptus 
defoliation caused by C. pteridis periodically occurs (A. 

Alfenas, unpublished observations), the average temperature 
is 26.5°C and average rainfall is 2.368 mm, which are 
favorable conditions for development of this disease. For 
planting in regions with such favorable environments for 
Calonectria infection, Eucalyptus genotypes should be 
rigorously evaluated for CLB resistance under controlled 
conditions. This study provides essential information for 
optimizing mass spore production by C. pteridis and optimal 
environmental conditions for efficient CLB-resistance 
screening of Eucalyptus genotypes. 
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