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Screening for Antifungal Activity of the Pine Extracts 
Against Fusarium circinatum

Myoungju Kim* and Gyu-Yul Shim
Korea Turfgrass Research Institute, Seongnam 463-840, Korea

ABSTRACT. Fusarium circinatum is the causal agent of the pine disease commonly referred to as pitch canker. In
this study, F. circinatum was isolated from the diseased Pinus rigida in the golf courses, Korea. The morphological
characteristics and the molecular features of the isolates were investigated to identify the pathogen. Histone H3 gene
and IGS rDNA region was analyzed and consequently the isolates identified as F. circinatum. All of them have the
same sequences and the mating type was determined as MAT1-1. The inhibitory effect of the methanol extracts from
the disease resistant pine species, Pinus koraiensis and Pinus densiflora and a susceptible species, P. rigida were
evaluated against the isolate, F. circinatum. As a result, the extracts of P. koraiensis and P. densiflora showed higher
antifungal activity than that of the susceptible, P. rigida.
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Introduction

Fusarium subglutinans F. sp. pini (=F. circinatum) is the
casual agent of the pine disease known as pitch canker. Pitch
canker infections are characterized by the exudation of
copious amounts of resin at the site of infection and can
result in mortality of the tree, but most commonly suppress
growth.

Conifers have several resistance mechanisms that repel,
kill, inhibit, or otherwise reduce the success of invading
pathogens. These include both mechanical and chemical
mechanisms that can be present constitutively or that are
induced upon challenge. The highly effective defense strategy
of exuding resin from wound sites is thought to function as a
cleansing mechanism to prevent disease (Phillips and
Croteau, 1999; Davis et al., 2002). Practically, conifer trees
produce a great diversity of compounds, such as an
enormous array of terpenoids and phenolics that may impart
resistance to a variety of microorganisms (Keeling et al.,
2006; Franceschi et al., 1998, 2000, 2005a, 2005b).
Whereas, despite the general effectiveness of this defense
mechanism, F. circinatum can tolerate resin and even
stimulate its production. For that reason, some article
suggested that the resistant pines might employ other
mechanisms of defense in addition to resin production
(Davis et al., 2002). In general, infection of pathogen induce
a number of plant responses, including release and/or

synthesis of pathogenesis-related (PR) proteins as well as
nonprotein defensive chemicals but the cellular sites of these
responses are not well characterized in many systems
(Franceschi et al., 1998). Interesting thing is Douglas fir and
many pine species such as Pinus taeda, Pinus oocarpa and
Pinus patula are relatively resistant to the pitch canker
disease, Radiata or Monterey pine (Pinus radiata) is
considered highly susceptible to the disease with mortality
rates in mature trees (Hodge and Dvorak, 2007; Quesada et al.,
2010). Recently, some research group performed genotyping
of P. taeda to quantify the extent to which genes contribute to
variation in the disease resistance and disease phenotype
(Quesada et al., 2010).

In case of Korea, pitch canker disease was first noticed in
1996 and also the disease resistant species, P. koraiensis and
P. densiflora was reported (Lee at al., 2000). In this study,
we tried to screen the antifungal activity of the tree extracts
from the resistant species, P. rigida and P. koraiensis and the
susceptible species, P. koraiensis to understand the disease
resistance mechanism by identification of antifungal
agent(s).

Materials and Methods

Fungal Isolates

The symptomatic P. rigida trees were collected from the
golf courses located in Gyeonggi and Choungcheong
province, Korea. For isolation of pathogen, small pieces of
the diseased twigs and branches placed on potato dextrose
agar (PDA) plates and cultured at 25oC. For morphological
characterization, the isolates were grown on the synthetic
nutrient-poor agar (SNA) (Nirenberg and O'Donnell, 1998).
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Gene Sequence Analysis

The molecular characteristics of the isolates were
determined by the analysis of IGS rDNA, histone H3 gene
and mating type gene. The genomic DNA was extracted as
described at Jacobson and Gordon (1990). Mating type was
determined by the PCR amplification of the mating type
genes using the specific primers GcHMG1, GcHMG2,
MAT1p2 and MAT1p3 according to the previous articles
(Covert et al., 1999; Wolfgang et al., 2004). The PCR
amplification of IGS rDNA and histone H3 gene was
performed by the specific primers (Garbelotto et al., 2008;
Steenkamp et al., 1999; Glass and Donaldson, 1995). Each
50 µl of the PCR mixture contained 1 × reaction buffer,
200 µM of each dNTP, 10 pmol of each primer, 0.5 unit of
HotStart Taq polymerase (Takara and 1 µl template DNA.
After denaturing at 92oC for 1 min, the reaction was
thermocycled 35 times (30s at 92oC, 30s at 63oC, 30s at 72oC)
extended for 5 min at 72oC. For amplification of IGS rDNA
and histon H3 gene, initial denaturation at 94oC for 4 min,
followed by 33 cycles of 30s at 94oC, 30s at 55oC, 30s at 72oC
and a final step of 10 min at 72oC.

Collection and Extraction of Wood sample

The twigs and branches of two conifers, P. koraiensis, P.
densiflora and P. rigida were collected from the golf courses
in Gyeonggi province in October 2009. These samples
(500 g) without leaves were cut as 0.5 cm3 cube and air dried
for two days. Each sample was extracted in 1 L of 99%
methanol for three days and filtered. The methanol extracts
were concentrated in vacuo rotary evaporator and air dried
to give a final yield of 10 ml.

Bioassay

The growth inhibitory activity was tested against F.
circinatum isolated from P. densiflora, P. koraiensis and P.
rigida. These fungi were pre-incubated on potato dextrose
agar plate at 25oC for one week. For bioassay the 6 mm
paper disks impregnated with the extracts in 1 ml/disk and
4 ml/disk concentration followed by drying. Methanol was
used as a control. The paper disks were applied to the Petri
dishes and 7 ml of PDA media poured into the dishes to
cover the paper disks. The agar plugs of the culture were
inoculated to the center of the test plates and incubated for 5
days at 25oC. When the fungi of the control plate grew to the
edges of the plates, the fungal growth inhibition rate was
calculated by measurement of radial growth of hyphae on
the test medium. This estimation of antifungal activities was
carried out in triplicate and the results were averaged. The
antifungal activity (AFA) was determined as follows (Mori
et al., 1995, 1997). AFA(%) = 100 × (GC - GT)/GC, where
GC and GT indicate radial growth on the control medium
without extract and test medium with extracts, respectively.

Results and Discussion

Isolation and Characterization of the Pathogen

From the diseased P. rigida, 21 isolates were obtained and
analyzed by their morphology and molecular characteristics.
The morphological characteristics typical for F. circinatum
were appeared on PDA media. In details, the aerial
mycelium was almost white and purple at the center of the
colonies. Sporulation starting early in the aerial mycelium
and the coiled sterile hyphae was observed. They showed
the microconidia aggregated in false heads and 3 septated
macroconidia (Fig. 1).

PCR amplification using the IGS rDNA specific primers,
histone H3 gene and the primers specific for the identification
of the mating alleles was performed. As a result, all isolates
were identified as F. circinatum belonging to MAT1-1
(accession no. AF194868) (Fig. 2), which is more virulent

Fig. 1. The morphological charactristics of the isolates, F.
circinatum. (A) Septated macroconidia (arrow head) and (B)
microconida from false heads (arrow). Scale bars=10 µm.
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than other mating type, MAT2-2 (Perez-Sierra et al., 2007).
According to the reports there are two genotypes of F.
circinatum and they have two types of mating genes in
Korea. Mostly, the isolates of the middle part of Korea have
genetically different type of strain from that of south area. In
this study we isolated the pathogen in the middle area,
Gyeonggi and Choungcheong province, it could be explained
the genetically same isolates.

Antifungal Effect of the Pine Extract

The pitch canker disease occurred on P. rigida severely in
Korea, but otherwise P. koraiensis and P. densiflora was
reported as resistant species against disease (Lee et al.,
2000). In this study, we tried to analyze the antifungal
activity of the tree extracts from the disease resistant and the

susceptible pine species. The methanolic extracts from P.
rigida, P. koraiensis and P. densiflora were tested against F.
circinatum to analyze of antifungal activity.

The mycelial growth on the paper disk that impregnated
with the concentrated methanolic pine extract was measured
and compared with the control (methanol treated paper
disk). Antifungal activity was calculated by measurement of
diameter of the 5 days cultured hyphae on the test plates. As
shown in figure 3 and 4, the methanolic extracts inhibited
growth of the test fungus to varying degree. Based on the
data, all the extracts showed a certain degree of inhibition on
the growth of F. circinatum, among the extracts, P. koraiensis
and P. densiflora were more effective than that of P. rigida.
Particularly, the extract of P. koraiensis showed considerable
growth inhibition at higher concentration. This result suggest
that the extracts from the pitch canker resistant species, P.
koraiensis and P. densiflora have better antifungal activities
than that of the susceptible species, P. rigida against F.
circinatum. This might indicate the presence of more
selective antifungal agent(s) in the extracts from the disease
resistant species. 

The variation of antifungal activity of the tree extracts
could be due to the different regulation of some antifungal
substances in defense mechanism of each species. And also,
pine species in general exhibit high levels of nucleotide
variation and low linkage disequilibrium (LD) (Brown et al.,
2004). It might be one of the reasons for the different level
of antifungal activity of the extracts.

Recently, we got some fractions from the extracts using
the different solvents and analyzed their antifungal activity to
identify antifungal agents (data not shown). More researches
need to clarify the resistance mechanism of pitch canker
disease and it could be useful data for the disease control.

Fig. 2. PCR product of mating type genes amplified by the
specific primers for Mat1-2 and Mat1-1. Lanes 1-5 indicate the
Mat1-2 PCR products and lanes 6-10 indicate Mat1-1 PCR
products of the representative isolates from the golf courses.

Fig. 3. Growth of F. circinatum on the test plates. The extracts from each species were treated on the paper disks and methanol was
used in the control plate. 1 ml and 4 ml denote the amount of treated extracts on the paper disk.
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Fig. 4. Antifungal activity (AFA) of three wood extracts
against F. circinatum. Results with 1 ml/disk and 4 ml/disk
concentration are given by grey and black bar, respectively. 
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Fusarium circinatum 에 대한 소나무류 추출물의 항균력 검정

김명주*·심규열

한국잔디연구소

요 약: Fusarium circinatum은 소나무류에 푸사리움 가지마름병을 유발하는 병원균으로 알려져 있다. 본 연구에

서는 골프장의 리기다소나무로부터 병원균을 분리하였으며, 이들의 형태적인 특성을 관찰하고 분자생물학적인 방

법을 이용하여 동정한 결과 F. circinatum 임을 확인하였다. 특히 histone H3 유전자와 IGS rDNA의 염기서열을 분

석한 결과 분리된 균들의 염기서열은 동일하였으며, 유성생식(mating)에 관여하는 유전자를 분석한 결과 모두

MAT1-1 유형임을 확인하였다. 또한 푸사리움 가지마름병에 대한 감수성 수종인 리기다소나무를 비롯하여 저항성

수종인 잣나무와 소나무의 메탄올 추출물을 만들어 이들의 병원균에 대한 항균력을 검정하였다. 그 결과 저항성

수종인 잣나무와 소나무의 추출물에서 리기다소나무 보다 높은 항균력을 확인 하였다.

주요어: F. circinatum, 수목 추출물, 푸사리움 가지마름병, 항균력


