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Integrated management of pine wilt disease in Troia
Gestão integrada da doença da murchidão do pinheiro em Troia
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A B S T R A C T 

Troia is a sandy peninsula covered mainly by maritime pine, Pinus pinaster, forest which has suffered since 1999 the 
impact of pine wilt disease caused by the pinewood nematode Bursaphelenchus xylophilus. The nematode is dispersed 
by the insect vector Monochamus galloprovincialis. Over the years, intensive management of the forests involved annual 
sanitary felling of dead and wilted pines, the placement of baited traps to capture flying insects, and the preventive 
inoculation of pines with a nematicide/insecticide by micro-injection. These measures have been effective in the control 
of pine wilt disease and in the decrease of the insect pest populations.

Keywords: bark beetles, Bursaphelenchus xylophilus, Monochamus galloprovincialis, pest control, pinewood nematode.

R E S U M O

O coberto vegetal da península de Troia é dominado pelo pinheiro bravo, Pinus pinaster, que, desde 1999, tem sofrido 
o impacte da doença da murchidão do pinheiro causada pelo nemátode da madeira do pinheiro Bursaphelenchus 
xylophilus. O nemátode é transportado e disperso pelo inseto vetor Monochamus galloprovincialis. Desde 2001, a gestão 
do coberto florestal envolveu o corte sanitário anual de pinheiros sintomáticos ou mortos, a colocação de armadilhas 
para captura de insetos em voo e a micro-injeção com nematicida/inseticida. Estas medidas revelaram-se efetivas no 
controlo desta doença e na diminuição das populações do vetor e dos outros agentes de declínio do pinhal tais como 
os insetos sub-corticais escolitídeos.

Palavras-chave: Bursaphelenchus xylophilus, controlo de pragas, escolitídeos, Monochamus galloprovincialis, nemátode da 
madeira do pinheiro.

Troia is an important touristic resort located in 
the south bank of the Sado River, near the city of 
Setúbal. The forest is dominated by maritime pine 
(Pinus pinaster) and stone pine (Pinus pinea), with 
a prevailing age of ≈50 years, covering an area of 
around 300 ha in a sandy peninsula with extremely 
poor soils. The forest is affected by pine wilt disease 
(PWD), caused by the pinewood nematode (PWN), 
Bursaphelenchus xylophilus, that was detected in 
1999 in nearby Setúbal peninsula (Mota et al., 1999). 
The pinewood nematode is endemic to North 
America, but has been accidentally introduced 
into Japan, China, Korea and Taiwan, through the 
international trade of infected wood (Futai, 2013). 

In Portugal, B. xylophilus is dispersed from tree 
to tree by an insect vector, the pine sawyer, 

Monochamus galloprovincialis (Coleoptera; Ceramby-
cidae), during its flight period from May to October. 
Monochamus beetles do not breed on healthy trees 
and are attracted only to stressed, dying or recently 
killed trees. Therefore, pines affected by the PWN 
are suitable breeding hosts for the insect (Naves 
et al., 2016). 

The significant pine mortality in Troia, caused 
by B. xylophilus, concerned local managers on the 
long-term sustainability of pine forests. In 2000, 
INIAV and the SONAE group (responsible for 
Troia’s development), began cooperating on the 
management of local pine forests. This lead to 
the development of a locally-adapted strategy to 
manage and control the PWN, its vector and other 
agents of forest decline. The key actions involved: 
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I – Annual survey of pine mortality and implemen-
tation of sanitary feelins, focusing on the elimina-
tion of wood material with diameter below 20 cm;

II – Control the populations of the insect vector 
M. galloprovincialis and of other agents of forest 
decline during flight periods;

III – Preventive inoculation of healthy pine trees 
with the nematicide/insecticide emamectin 
benzoate.

The survey and quantification of wilted and 
dead trees (Action I) has been conducted yearly, 
with the geo-referencing and characterisation of 
pines according to their dimension, symptoms 
and presence of biotic agents. Sanitary felling is 
implemented during the winter and early Spring 
months, when the pines are dead or show conspic-
uous wilting symptoms and the insect vector 
(larvae or pupae) is inside the host.

Great effort is made to assure the total removal of 
the cut-waste material – branches and upper trunk, 
which can support both populations of the nema-
tode and the vector, and therefore has the highest 
risk of spreading the PWD. In order to kill the 
immature stages of M. galloprovincialis, this mate-
rial must be removed from the forest or shredded 
to sections smaller than 3 cm. There is no need to 
remove, destroy or fumigate the stumps of nema-
tode-infected trees, since the insect vector is not 
found there. 

To assess the presence of the PWN, the nematodes 
are extracted from wood samples collected from 
fallen trees using the tray method (Whitehead & 
Hemming, 1965) and identified by morphological 
and/or molecular techniques (Fonseca et al., 2015). 

In the first year (2000), a total of 4.226 dead 
pines, that included the accumulated mortality 
of previous years, were identified and felled. 
The results of the identification of the nematodes 
present in the samples collected revealed that the 
majority of the pines (85%) were infected with B. 
xylophilus, being the most important mortality 
agent. In subsequent seasons, the number of dead 
pines decreased significantly, and in 2003/2004 a 
total of 644 pines were cut, representing approxi-
mately two pines/ha. Following the severe drought 

of 2005-2007, there was an outbreak of pine proces-
sionary moth (Thaumetopoea pityocampa) and bark 
beetles responsible for the increasing mortality to 
more than one thousand trees/year. 

Although in successive years tree mortality 
remained high, the results from the wood samples 
from 2006 onwards revealed a new reality: the 
PWN was now responsible for only ≈20% of the 
tree mortality. In the following years, annual 
mortality stabilised to approximately 300 pines/
year, which corresponds to about one dead tree/
ha, with a PWN-infection rate consistently below 
20% (Figure 1). 

Along with the elimination of the nematode and 
destruction of the insect-infected trees, the moni-
toring and control of the insect vector and other 
forest decline agents (Action II) are done with the 
placement of traps baited with attractants. Each 
year, 20 to 30 Lindgreen multi-funnel traps are 
placed ≈150 m apart in high-mortality areas, to 
capture the flying insects from May to October. 
Until 2010, traps were baited with pine volatiles 
(α-pinene and ethanol) and bark beetle pheromones 
(ipsdienol, ipsenol and methyl-butenol) (Pajares 
et al., 2004; Bonifácio et al., 2012). From 2011, the 
lure was replaced by “Galloprotect 2D“, a commer-
cial product that includes “monochamol”, the sex 
pheromone (active substance: 2-undecyloxy-1-eth-
anol), which is highly attractive for Monochamus 
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Figure 1 - Evolution of the number of wilted and dead pine 
trees (Pinus pinaster) felled annually in Troia 
(larger figure) and variation of the infection rate by 
the pinewood nematode (PWN) Bursaphelenchus 
xylophilus (smaller figure). 
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insects (Ibeas et al., 2008), resulting in significant 
increase in captures (100-150 insects/year). 

Taking advantage of the generalised sanitary 
decline of the forest cover, bark beetle outbreaks 
were noticed from 2006 onwards, with heavy 
attacks by Orthotomicus erosus and Ips sexdentatus. 
Both species have multiple annual generations and 
were ignored by the control measures that were 
focused on the PWN and its vector. The sanitary 
strategy developed for Troia had to be adjusted 
to these new threats, and so an intense trapping 
effort with bark beetle sex pheromones and sani-
tary felling of attacked trees throughout the year 
was implemented. 

Several thousands of O. erosus and I. sexdentatus 
were captured yearly, contributing to control 
their populations. Other important local pests, 
subjected to annual trapping efforts, are the pine 
processionary moth, which causes extensive defo-
liation, and the pine shoot beetle Tomicus destruens, 
an aggressive species causing tree mortality to 
both maritime and stone pines. Unfortunately, 
there are no effective methods to control this pest 
and, although with limited success, the felling and 
destruction of recently-attacked pines remains the 
only method of limiting T. destruens populations. 
All wilted and dead P. pinea, numbering 64 trees, 
have been felled and sampled for the presence of 
PWN, but the nematode was never found on the 
surveyed trees, confirming the status of stone pine 
as being tolerant/resistant to B. xylophilus, and 
T. destruens being the primary cause of mortality.

Over the years it was also observed that the 
mortality caused by PWN and bark beetles is not 
homogeneous in Troia, with contrasting areas with 
good sanitary conditions and others with consider-
able pine mortality, year after year, which is appar-
ently related to differences in the density and age 
of the trees. Pinewood nematodes mainly affect 
the larger and older trees, while the younger and 
smaller trees (with diameters below 15-20 cm) are 
mostly killed by bark beetles, frequently following 
heavy defoliation by the pine processionary moth.

Another management approach tested is the 
preventive inoculation of healthy pines with 
the nematicide/insecticide emamectin benzoate 
(Action III), using a pressurised micro-injection 

technique. The substance is introduced directly 
into the vascular system of the tree through small 
holes made in the lower trunk, with safety plugs 
inserted to prevent spillage. Once injected, the 
product circulates slowly through the vascular 
system of the tree, granting protection against the 
PWN and other agents for several years (Sousa 
et al., 2013). This preventive treatment can only 
be applied to healthy pines, as declining and 
symptomatic trees do not effectively translocate 
the product through the trunk and canopy. This 
technique was applied in Troia ś golf course, in 
2011, with the inoculation of 183 large adult pines. 
Following treatments, local mortality decreased 
significantly, providing evidence of the success of 
this technique. 

Overall, it can be conclude that currently the PWD 
has very low incidence in Troia ś maritime pine 
forests, confirming that management and control 
measures are effective when applied with accu-
racy and timely. Nevertheless, in the absence of 
an active management of the pest populations, the 
disease incidence will likely increase and cause 
high mortality to the pine forests, once again. 

Troia ś success benefits from being a peninsula 
with a confined and relatively small-forested area, 
but the strategy developed and implemented can 
be adapted and replicated to larger-forested areas 
with a similar expected success. Overall, Troia 
represents an ongoing case-study which demon-
strates that it is possible to preserve a healthy pine 
forest in an area where the PWN has been present 
for almost 20 years.
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