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Life Cycle of the Golden Cyst Nematode, Globodera rostochiensis, in
Quebec, Canada

BENJAMIN MIMEE, NATHALIE DAUPHINAIS, AND GUY BÉLAIR

Abstract: In 2006, the golden cyst nematode, Globodera rostochiensis, was discovered in the province of Quebec, Canada. We report
here the life cycle of G. rostochiensis under the climatic conditions of southwestern Quebec. Only one full generation was completed
per year under these latitudes. On susceptible potato cv. Snowden, G. rostochiensis needed a minimum of 579 growing degree units
(GDU) (base 5.98C) to complete its life cycle and the first mature cysts were observed 42 to 63 days after planting (DAP). In soil,
second-stage juveniles (J2) were first observed 14 to 21 DAP, whereas both white females on roots and males in soil appeared
synchronously after 35 to 42 days. The duration of the life cycle was affected by temperature but not by soil type. A second wave of
hatching systematically occurred later in the season and a second generation of males was observed during the 2011 growth season.
No complete second cycle was observed before plant senescence. Climate change and later maturing cultivars/crops could allow the
development of a full second generation in the future.
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Potato is a major industry in Canada with over 150,000
ha planted in 2012, representing a value of more than
$1 billion (Statistics Canada, 2013). Potato cyst nema-
todes (PCN), Globodera rostochiensis (Woll.) and G. pallida
(Stone) are the most important nematode threats to
potato production worldwide (Turner and Evans, 1998).
These nematodes have a remarkable ability to survive
many decades in the absence of a suitable host and are
capable of causing major yield losses (Baldwin and
Mundo-Ocampo, 1991; Brodie et al., 1998). Thus, they
are the subject of strict quarantine regulations in many
countries, including Canada and the United States. Until
recently, PCN presence in Canada was confined on the
island of Vancouver and the province of Newfoundland
and Labrador (Olsen and Mulvey, 1962; Orchard, 1965;
Stone et al., 1977). In 2006, G. rostochiensis was detected
near the town of Saint-Amable in the province ofQu�ebec
(Sun et al., 2007; Mahran et al., 2010). This finding led to
the enforcement of quarantine status on 4,750 ha of land
by the Canadian Food Inspection Agency (CFIA, 2006).

The life cycle of PCN has been extensively described
over the past century from many regions on the globe
(Philis, 1980; Greco et al., 1988; Ren�co, 2007; Ba�ci�c
et al., 2011; Ebrahimi et al., 2014). Under temperate
conditions, a single generation normally occurs during
a growing season. Management of PCN generally im-
plies the combination of several integrated approaches.
Chemical treatments exist, but this option is costly and
not environmentally desirable (Evans et al., 2002).
Crop rotations with nonhost plants can be effective in
preventing PCN multiplication, but cannot be used
alone to obtain a rapid reduction below damaging

threshold or detection levels (Brodie, 1996). Indeed,
PCN had developed a strategy that limits hatch in the
absence of its host, allowing eggs to persist in the soil
for decades in the absence of potato (Evans and Stone,
1977). Several alternative approaches have also been
used, but require a close monitoring of PCN behavior
in a given region of the world to be successful. For ex-
ample, both early harvesting (Webley and Jones, 1981;
Ebrahimi et al., 2014) and trap cropping (Scholte and
Vos, 2000) use susceptible hosts that are harvested or
destroyed before completion of the nematode life cy-
cle; this allows hatching without the formation of new
cysts. Thus, a good knowledge of the life cycle is re-
quired to prevent failure of this method and multipli-
cation of PCN. Among all, the most effective control
method against PCN is through the use of resistant
cultivars. It allows the reduction of populations under
detection levels as long as PCN pathotype in a given field
is susceptible to the resistance gene used (Whitehead
and Turner, 1998). In this study, we present observations
on the life cycle ofG. rostochiensis populations under field
conditions in Qu�ebec, Canada.

MATERIAL AND METHODS

From 2009 to 2012, two naturally infested fields with
G. rostochiensis were cultivated with susceptible potato
cv. Snowden on two quarantine experimental sites,
one on a sandy soil (89% sand, 6% silt, and 6% clay)
(Saint-Amable; 45839944.810N 73816924.520O) and
a second on a muck soil (75% organic content) (Saint-
Dominique; 4583597.310N 7285494.080O). At each site,
16 potato tubers on three rows with 30-cm spacing be-
tween plants and rows were sown in eight 1-3 2-m plots
bordered with wooden planks. Tubers were planted on
15 May 2009, 12 May 2010, 18 May 2011, and 23 May
2012 in Saint-Amable and 14 May 2009, 13 May 2010,
19 May 2011, and 25 May 2012 in Saint-Dominique.
Plants were fertilized according to the recommendations of
the ‘‘Centre de r�ef�erence en agriculture et agroalimentaire
du Qu�ebec’’ (Reference Guide fertilization 1st edition,
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2003). Before planting and each week following plant-
ing, soil samples were collected from 12 evenly distrib-
uted points within the plot to a depth of 20 cm using
a hand trowel. After drying, 300 cm3 of soil was measured
for each composite sample and used for cyst extraction
using the Fenwick can procedure (Fenwick, 1940). For
each sample, cysts were recovered on amilk filter (KenAG
BREAK PROOF D-547) and enumerated visually under
stereoscopic microscope. Egg viability was assessed on
recovered cysts (maximum 50 cysts) deposited in a 1.5-ml
microtube containing 1 ml of tap water. Using a pellet
pestle, the cysts were ruptured, and the entire content was
deposited in a counting dish for observation under an
inverted microscope. Egg viability was determined visually
based on the internalmorphology of both living and dead
eggs and juveniles (EPPO, 2013).

Three weeks after planting and weekly thereafter, one
potato plant per plot was removed using a shovel and
a sample of soil clinging to roots was collected from the
harvested plant. To determine the number of second-stage
juveniles (J2) and males, a 100-ml subsample of soil per
plot was extracted using the Baermann pan (Townshend,
1963). The potato root system was dipped in a pail filled
with clean water to remove adhering soil and then stored
in plastic bag containing amoist paper towel. The number
of white females (immature) and brown cysts (mature) on
the entire root systemof 16 plants (8 plants from each site)
was determined using a 310-power lens.

In order to standardize the nematode counts be-
tween plots, locations, and years, all counts (J2, male,
and white female) were expressed as a ratio of abun-
dance by dividing each count by initial number of viable
eggs in a given plot. Soil temperature at 15-cm depth
and precipitation were monitored hourly on both lo-
cations using HOBO H8 Pro Series and HOBO Rain
gauge RG3-M data loggers, respectively. Growing de-
gree units accumulation after plantation were also cal-
culated using the basal temperature of 5.98C proposed
by Mugni�ery (1978) and are presented in Fig. 1.

RESULTS

Soil temperature and precipitation: The average daily soil
temperatures are shown in Fig. 2. Overall, Saint-Amable
was 1.08C 6 0.18C warmer than Saint-Dominique. In
Saint-Amable, the GDU at plant senescence, 134 DAP,
ranged from 1,590 (2009) to 2,005 (2012) with an av-
erage of 1,837 GDU (Table 1). In Saint-Dominique, the
GDU ranged from 1,539 (2009) to 1,845 (2012) with an
average of 1,757 GDU. Across experimental locations,
the 2012 growing season was warmer than the three
other years with higher temperatures during the spring
and early summer (Fig. 2). The 2011 growth season was
characterized by higher than average midsummer
temperatures. The 2009 growth season was the coolest
with 1,590 and 1,539 GDU in Saint-Amable and Saint-
Dominique, respectively, whereas the 2010 season had

an average of 1,819 and 1,759 GDU in Saint-Amable
and Saint-Dominique, respectively.
Cumulative rainfall (in millimeters) at both locations

for all the four years is also presented in Fig. 2. The
2011 growth season received the most precipitation
with over 500 mm from planting to plant senescence
mostly occurring late in the season. The 2012 growth
season received the lowest amount of precipitation with
approximately 350 mm at both sites.
Life cycle analysis: The initial population densities of G.

rostochiensis ranged from 5 to 110 and 2 to 315 viable
eggs/gram of soil at Saint-Amable and Saint-Dominique,
respectively (Table 2). Potato shoots emerged a week
after planting in each year.
The first second-stage juveniles were found in soil 14

to 28 DAP and required a minimum of 122 GDU to
occur (Table 1). In the years when potatoes were
planted early (2009 and 2010), the presence of J2 in soil
was delayed (Fig. 3). A second peak of J2 was recorded
annually on both sites, generally smaller than the first
peak in a 1:2 proportion (Fig. 3). However, in 2011, the
second peak of J2 in Saint-Dominique was found to be
three times the size of the first one and also bimodal in
shape (Fig. 3).
Males were detected in soil 35 to 42 DAP and required

a minimum of 299 GDU (Table 1). Generally, a single
peak of males was observed at both sites (Fig. 4). In

FIG. 1. Growing degree units (base 5.98C) accumulated after
planting of potato at A. Saint-Amable, Quebec, Canada. B. Saint-
Dominique, Quebec, Canada.
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proportion, there were three to six times fewer males
than J2 in soil. In 2011, the number of males in soil was
particularly abundant in Saint-Dominique and a sec-
ond peak was recorded but smaller in a 1:6 proportion
(Fig. 4). A 55 days delay between the first observations
of males and the second peak was measured that same
year.

The first white females appeared 28 to 42 DAP and
required a minimum of 299 GDU (Table 1). In 2009,
the coolest season, white females were delayed by 1 and
2weeks in Saint-Amable and Saint-Dominique, respectively,
when compared to the three other years (Fig. 5). In 2012,

the warmest season, the first white females were re-
corded 28 DAP and 357 GDU in Saint-Dominique
(Table 1). Mature cysts were observed 42 to 63 DAP;
a minimum of 579 GDU were required for complete
development (Table 1).

DISCUSSION

Based on these observations, one full generation of
G. rostochiensis per year was recorded at both locations
in Quebec. These observations are in line with the
general consensus that one generation occurs during

FIG. 2. Average soil temperature at 15-cm depth and cumulative rainfall from planting for both fields: Saint-Amable and Saint-Dominique,
Quebec, Canada.

TABLE 1. Number of growing degree units using a base of 5.98C (GDU5.9) accumulated in soil (15 cm) after potato planting until the
observation of different developmental stages of Globodera rostochiensis in St-Amable and Saint-Dominique, Quebec, Canada.

Developmental stage
2009 2010 2011 2012

(soil type) GDU5.9 DAP GDU5.9 DAP GDU5.9 DAP GDU5.9 DAP

J2 (Saint-Amable) 190 28 237 21 213 21 267 21
J2 (Saint-Dominique) 122 21 224 21 122 14 161 14
Male (Saint-Amable) 329 42 394 35 391 35 501 35
Male (Saint-Dominique) 299 42 375 35 369 35 466 35
Female (Saint-Amable) 329 42 394 35 391 35 501 35
Female (Saint-Dominique) 299 42 375 35 369 35 357 28
Cyst (Saint-Amable) 616 63 585 49 618 49 718 49
Cyst (Saint-Dominique) 579 63 648 56 633 56 583 42

DAP = days after planting.
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a growing season under temperate climate (Morris,
1971; Evans and Stone, 1977; Greco et al., 1988; Ba�ci�c,
2011). The length of the life cycle differed between
years and was influenced by heat accumulation. The
minimum number of GDU required for completion of
the life cycle was found to be 579. In comparison,
Ebrahimi et al. (2014) reported a minimum of 401
GDU and 62 DAP for the same species but on a differ-
ent cultivar in Belgium. This lower number of GDU
could be explained by their use of sprouted seeds,
which provided a head start to potato plants. Heat ac-
cumulation was faster under our conditions in Quebec
and the life cycle was completed 42 DAP during the
warmest year (2012). This finding is similar with the
observations of Jones and Parrott (1969) who com-
pared different years and planting dates and found that
the development of G. rostochiensis is controlled more by
the rate of heat accumulation than by temperatures
except when extreme.

We found that there was a minimum duration re-
quired for each developmental stage, regardless of the
temperature. A minimum of 7 weeks was required be-
fore the observation of fully mature cysts. In the same
manner, a minimum of 14 days was needed before any
significant increase of J2 in soil after planting. In ad-
dition, a minimum of 14 days was required between the
presence of J2 in soil and the appearance of the first
white females and a minimum of 28 days was required
between J2 in soil and the first mature cysts.
Soil temperature has been shown to have a signifi-

cant impact on the hatching of PCN (Robinson et al.,
1987; Kaczmarek et al., 2014). Optimum hatch of G.
rostochiensis occurred between 158C and 278Cbut hatching
was delayed at temperatures above 258C (Kaczmarek
et al., 2014). Based on the work of Kaczmarek et al.
(2014), it is likely that increases in soil temperatures as-
sociated with climate change will increase hatching for G.
rostochiensis in climates such as that found in Quebec.
In 2009, potatoes were planted early (15 May) be-

cause of a warm spring but temperature fell soon after
and remained low for a few weeks. This delayed the first
observation of J2 in soil to 28 DAP. In comparison,
potatoes were planted at the same time in 2010 (12 May)
and J2 were observed after only 21 days which is
similar to years with later planting dates. This was also
observed by Jones and Parrott (1969) who stated that
the time required for egg hatch and invasion of the

TABLE 2. Average number of initial viable eggs (range) in
Saint-Amable and Saint-Dominique, Quebec, Canada.

Sites

Year Saint-Amable Saint-Dominique

2009 33 (16–50) 94 (45–180)
2010 53 (24–110) 154 (91–315)
2011 18 (5–30) 14 (2–39)
2012 34 (13–54) 102 (37–202)

FIG. 3. Occurrence of Globodera rostochiensis second-stage juvenile (J2)
at A. Saint-Amable, Quebec, Canada. B. Saint-Dominique, Quebec,
Canada. Each point represents the average (n = 8) of the ratios of abun-
dance of J2 divided by initial number of viable eggs per gram of soil.

FIG. 4. Occurrence of Globodera rostochiensis males in soil at A.
Saint-Amable, Quebec, Canada. B. Saint-Dominique, Quebec,
Canada. Each point represents the average (n = 8) of the ratios of
abundance of males divided by initial number of viable eggs per gram
of soil.
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roots by J2 was longer when planting occurred early
compared to late. At the opposite, the time lapse be-
tween the presence of J2 in soil and the apparition of
the first females on roots was not influenced by tem-
perature, probably because of more ‘‘temperate’’ con-
ditions inside the roots. In this study, it appears that
development of G. rostochiensis was not affected by soil
type. Although the effect of soil type per se on the life
cycle is not documented, no significant effect on the
population decline of both G. rostochiensis and G. pallida
in different soil types has been reported (Turner, 1996).

A second wave of J2 occurred late in the season at
both locations during all years. This event has been
previously described to occur elsewhere (Greco et al.,
1988; Renco, 2007). In 2011, this event was particularly
important in Saint-Dominique. It was interesting to
notice that the plots selected that year harbored the
lowest G. rostochiensis population densities and also
provided a higher multiplication rate compared to
other years, similarly to previous report (Jones and
Parrott, 1969). When adding the J2 abundance ratio
recorded that year, the total number of J2 recovered
from the soil surpassed by one to three times the initial
number of viable eggs recorded that spring. Thus, these
observations would support the hypothesis that hatch-
ing of newly laid eggs could occur before undergoing
dormancy. The results obtained by Jim�enez-P�erez et al.
(2009) also suggest that diapause is not obligatory for

G. rostochiensis and that at least a small proportion of the
eggs from the first generation can hatch directly. Blok
et al. (2011) also observed hatching of newly formed
eggs along with an incomplete second generation. In
our experiments, the second appearance of J2 was not
followed by a second wave of cysts due to the absence of
small feeding roots on the senescing potato plants.
However, a second occurrence of males in soil was re-
corded in 2011 at Saint-Dominique 21 days after the
second wave of J2 was observed. This indicates that
a second generation of G. rostochiensis could be possible
if later maturing cultivars were used. It would be in-
teresting to observe the development of G. rostochiensis
on other host crop such as tomato which is able to grow
later in the season depending on the frost-free period.
In Italy, when growing the late-maturing potato cv.
Majectic, a second generation of G. rostochiensis has
been reported (Greco et al., 1988).

Our results provide insight into the importance on
a good knowledge of the life of G. rostochiensis when
cultural practice such as trap cropping is used for the
management. The trap cropping technique relies on
triggering PCN egg hatch with root exudates and by
destroying the plants before any nematode reproduction
occurs. When relying on a resistant potato cultivar, it was
demonstrated that 2 or 3 years of trapping was needed to
decrease populations below detectable levels in Quebec
(unpubl. data). Unfortunately, the availability of re-
sistant potato seeds remains very limited in Canada.
Thus, the proper timing for destroying a susceptible
potato cultivar when making use of a trap cropping will
be much more critical to avoid increasing nematode
populations. From our results, first white females were
recorded between 28 and 42 DAP depending mainly on
the number of GDU accumulated after planting. Ideally,
the trapping crop should be destroyed at the appearance
of the white females for maximum efficacy.
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