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ARTICLE  DATA ABSTRACT

Nematodes of Globodera genus are considered one of the most important 
and limiting pests for potato crops, since these pathogens are difficult to 
control and cause losses between 20 and 50% of potato production. The 
study was carried out in Túquerres and Contadero, department of Nariño, 
Colombia. In these areas, cysts were collected by taking soil samples, 
obtaining immature females after observing the roots of potato plants 
and taking photographic records of symptoms in the crop. This study 
was carried out to determine the presence of nemathodes by studying 
their morphological characters such as: stylet´s nodules shape e, stretch 
marks between the vulva and anus, the female color change towards the 
cyst formation, and the relationship between pathogen and host. Cysts 
viability tests were carried out, obtaining active larvae in J2 state. The 
findings confirm Globodera pallida species and no evidence of Globodera 
rostochiensis. There were chlorosis, yellowish spots on the foliage, and 
dwarf plants. The appearance of immature females coincides with the 
phenological stage of flowering, which occurs 90 days after the seeds 
sprouted.

Key words: cyst; Globodera; golden nematode; morphological characters; 
pallida; potato; samplings.

RESUMEN

Los nematodos del género Globodera son considerados una de las 
plagas más importantes y limitantes para el cultivo de papa, ya que estos 
patógenos presentan un difícil control y ocasionan pérdidas entre el 20 
y 50% de la producción. El trabajo se realizó en las zonas de Túquerres 
y Contadero, pertenecientes al departamento de Nariño, Colombia, en 
donde se recolectaron quistes mediante la toma de muestras de suelo y la 
obtención de hembras inmaduras tras la observación de raíces de plantas 
de papa, también se tomaron registros fotográficos de los síntomas 
correspondientes a la presencia del nematodo durante el desarrollo 
fenológico del cultivo. El objetivo principal fue determinar mediante el 
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estudio de caracteres morfológicos como: forma de los nódulos del estilete, estrías entre la vulva y ano y cambio de 
color en la hembra hacia la formación del quiste, la especie presente en las zonas mencionadas y relacionar el ciclo 
biológico del patógeno con el de su hospedero. Se realizaron pruebas de viabilidad de los quistes, obteniendo así 
larvas activas en estado J2. Los resultados evaluados correspondieron a la especie Globodera pallida y no se encontró 
evidencia de la presencia de Globodera rostochiensis en las muestras. En cuanto a los síntomas observados en campo, 
se presentó clorosis, manchas amarillentas en el follaje y plantas de escaso crecimiento. La aparición de hembras 
inmaduras coincide con la etapa fenológica de floración, la cual ocurre a los 90 días después de la emergencia de la 
planta.

Palabras clave: caracteres morfológicos; fenología; Globodera pallida; muestreos; nematodo dorado; papa; quiste.

INTRODUCTION

Potato is one of the main crops in Colombia, 
and growing it is the activity that generates 
the most direct rural employment. Studies by 
Valbuena et al. (2009) determined that potato 
phenological cycle has five stages: The first 
stage refers to the tuber shoot development 
and its emergence on the soil surface. In the 
second stage, the plant vegetative growth 
occurs with the elongation of main and 
secondary stems and leaves; roots and stolons 
growth occurs simultaneously; at this stage, 
the photosynthesis process begins. 

The third stage involves the initial growth of 
the stolon hook and the appearance of the 
flower bud. The fourth stage corresponds to 
tuber cell expansion with accumulation of 
water, nutrients, and carbohydrates: Tubers 
demand the dry matter from the aerial part 
of the plant, and the maximum growth point 
of the foliar area of the plant is reached; 
flowering reaches its fullness. The fifth and 
last stage corresponds to the crop maturation, 
where leaves begin to senescence, turning 
yellow due to decreased photosynthesis rates 
and the gradual accumulation of dry matter 
in tubers. The tuber develops slowly until 
reaching physiological maturity. Later, the 
tuber epidermis fixation is reached.

Potato, like other crops, has a range of 
pathogens such as bacteria (Erwinia sp), 

viruses (PVY, PVX and PYVV), nematodes, and 
pest insects (Premnotrypes vorax and Tecia 
solanivora). This issue affects both the plant 
and its production, causing negative social 
and economic impact (MARD - Ministerio 
de Agricultura y Desarrollo Rural, 2019; 
SIPSA- Sistema de Información de Precios 
y abastecimiento del Sector Agropecuario, 
2013). Among these pathogens, nematodes 
stand out and are considered the most limiting 
pest, especially the cyst formers. Within this 
group, Globodera rostochiensis (Wollenweber) 
Beherens (Nematoda: Heteroderidae) and 
Globodera pallida (Stone) Behrens are the most 
important because their main consequence is 
cyst formation in plant roots (Carreño, 2017; 
Rivas, 2005; Tarazón et al., 2006). 

These pathogens have a rounded, elongated 
or filiform shape; they are microscopic in 
size and live mainly in soil and water (Jalata, 
1986). They present differences between 
species in terms of their morphological 
characters such as the stylet nodules’ shape 
and stretch marks between the vulva and 
anus. In addition, they present a marked 
sexual dimorphism that implies differences 
in the external physiognomy such as color, 
shape, and size between females and males 
(Brodie, 1996; Greco and Crozzoli, 1995). 

Desgarennes et al. (2006) and Perry (1986) 
states that this nematode species shows a 
close synchrony with the biological cycle of 
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its host. The reason is that the stimulus to 
reach the juvenile state J2 inside the egg is 
driven by radical potato exudates. When 
hatching and due to their natural openings, 
vulva and neck, potato exudates look for the 
root to infect it and feed themselves (Beltrán, 
2016; Carrión and Rojas, 2013). It should be 
noted that the J2 stage has a survival period 
of around 3-7 days outside the host (Bates et 
al., 2002).

Once in the root elongation zone, they 
penetrate through the growth structures, 
heading towards the xylem, where they feed 
and remain for two or more additional molts 
(Franco, 1986). The female is permanently 
puncturing the adjacent cells of the syncytium 
with the stylet (Franco, 1986), until her 
development is complete in about 10 days, 
reaching her adult form. It is estimated that 
one biological cycle is generated per growing 
season (Fullaondo, 1999). 

Given that the root is generally the most 
affected part, the main symptoms are plant 
dwarfism, foliar development stunting, 
and thin and sparse stems. Additionally, it 
is possible to observe cysts adhered to the 
absorbent roots of the plant and also some 
yellowing (Franco and González, 2011). It 
is considered the most unwilling pest, since 
they are the most damaging, recalcitrant, 
and cosmopolitan potato pest (Greco, 1993; 
Piedra et al., 2008). Globodera can cause a 
yield reduction between 20% and 50% when 
their population reaches between 16 and 
32 eggs / g soil (Greco and Moreno, 1992) 
or when there is no manifestation of aerial 
symptoms, the estimated losses are 15% 
(Carrión and Rojas, 2013; Franco, 1986). With 
an average density of 50 nematodes per 100 
cubic centimeters in soil and 5 nematodes 
per 5 grams in roots, the nematode can cause 

yield losses of up to 50% (Vera and Oliva, 
2013).

Regarding the nematode distribution, 
G. rostochiensis species was detected in 
Germany in 1881 (Greco and Crozzoli, 1995). 
Then it spread to other European countries 
and other continents (Massae, 1913). In the 
United States, G. rostochiensis was detected in 
Long Island, New York in 1983 (Organization 
European et Mediterranean Plant Protection 
[OEPP], 2017; Organismo Internacional 
Regional de Sanidad Agropecuaria [OIRSA], 
2015). In South America, both species have 
been found in Bolivia and Venezuela, but only 
G. rostochiensis predominates; conversely, in 
Ecuador and Peru only G. pallida has been 
found (Nieto, 1976). 

Nieto et al. (1971) cite a survey administered 
by the Colombian Agricultural Institute 
(ICA). This indicated that the highlands of 
Nariño were highly infested (Baeza, 1972). In 
1975, Colombia and The Netherlands signed 
an agreement focused on recognition and 
distribution of the potato cyst nematode, 
pathotypes determination, evaluation, and 
selection of resistant and tolerant varieties. 
Despite these investigations, in Colombia, no 
potato resistant varieties have been observed 
(Guerrero, 2012). For instance, potato 
varieties such as andigenic (Solanum phureja 
and S. andigenum) and those bred by the ICA 
(Crossings with S. tuberosum) are susceptible 
to this nematode (Dees et al., 1980).

This study was carried out to identify the 
nematode species of the genus Globodera 
in Túquerres and Contadero, department 
of Nariño, Colombia. The research focused 
on observing morphological character of 
juveniles and the color change in females. 
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The dynamics between the crop and the 
pathogen were taken into account, including 
symptom expression during the development 
of the research work. Based on the evidence, 
Globodera was considered as a pest of 
economic importance. 

MATERIALS AND METHODS

Location. Sampling was carried out in two 
locations: “Igua” village, municipality of 
Túquerres, Nariño, Colombia, at 01°04′10″ 
North latitude and 77°35′37″ West longitude, 
at 2988 m a.s.l. and “Loma de Yaez” village, 
municipality of Contadero, at 0°55’34″ NL 
and 77°32’28″ WL, at 2950 m a.s.l. with 
temperature ranging between 12 and 18°C.

Experimental area. The experimental 
lots with cyst nematode background were 
918m2. Two seeds per site of potato Diacol 
Capiro variety, susceptible to the nematode, 
were sown. The experimental units were 
homogenously managed.

Sampling. 27 200-gram sub-samples were 
collected in a zig-zag pattern. It has been 
proved that the bigger the number of sub-
samples, the greater the accuracy of the 
results (Centro International de Mejora de 
Maíz y Trigo - CIMMYT, 2007 and Instituto 
Internacional de Agricultura - IITA, 2007).

The samples were mixed and homogenized to 
obtain a composite sample of the whole plot. 
100g of composite sample were used for the 
subsequent procedure.

To get nematode females, 90 days after 
sprouting (flowering stage), the roots of 27 
randomly selected plants were examined. 

Variables evaluated

Description of symptoms. During the 
crop season, a general monitoring of the 
symptomatology was carried out.

Cyst Extraction from soil. The sieving 
method (sieve No. 30) and the Baermann 
funnel were used. This method consists 
in suspending the soil sample (100g), in a 
1000cc volumetric balloon (Zumeta, 2016). 
The suspension is transferred to the funnel, 
previously covered with filter paper, where 
cysts are attached. Dry samples were observed 
with a stereoscopic microscope (Figure 1).

Figure 1. Globodera spp, nematode cysts.
Source: self-made.

Female extraction. Immature female 
samples were taken from the root area and 
individually removed with help of forceps.

Petri dish viability test. This test was 
carried out in order to verify the level of 
cyst viability by using 27 Petri dishes. Each 
dish contained 10 cysts suspended in water 
obtained by drainage after potato crop 
irrigation. According to Valverde (2011), the 
root exudate produces the necessary stimulus 
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for the hatching of the J2 larva. The cysts were 
under observation until they hatched. In a 
complementary way, cysts were randomly 
sampled and placed between two glass 
plates in order to press them and break 
them to observe the eggs and larvae inside 
them.
 
Finding juveniles. Juveniles emerged 
from the simulated natural hatching in the 
laboratory were used for their identification. 
The process consisted in transferring the 
larva to a slide in a drop of distilled water, 
relaxing the specimen through the use of 
heat. When it no longer showed movement, 
it was observed in the microscope at 40x. 
For this procedure, 10 juveniles were used.

Identification of the genus Globodera 
spp. by morphological characters. 
The taxonomic keys used for the species 
identification were at the genus and 
species level based on morphological 
characteristics.
Characteristics were analyzed at cyst level. 
Nematode J2 larvae and immature females 
were preserved in glyceri for subsequent 
procedures in the laboratory. The plates 
with the juveniles were observed at 40x. 

The characters observed were a change in 
the female’s color, the shape of the basal 
nodule of the stylet, and the shape of the 
stretch marks between the anus and the 
edge of the fenestra. The preparation of 
perineal cuts of the females was carried out 
by cutting the head of the female. Then all 
the contained eggs were removed, washing 

the tissue and making parallel cuts on the 
edges of the body. The aim was to be able 
to stretch the tissue and observe the stretch 
marks between the anus and the vulva 
(Greco, 1993; Sañudo et al., 2003). For 
this test, 20 females were cut to verify the 
information.

Relationship of the potato crop phenology 
with the biological cycle of the nematode. 
Based on the literature reviewed and the 
observation of the potato phenological cycle 
in both areas, the purpose was to relate, in 
a general way, the nematode life cycle with 
the development of the crop. The aim was 
to determine which phenological stage is 
more susceptible to the nematode attack.

RESULTS AND DISCUSSION

Symptoms. During the crop cycle, similar 
symptoms were observed in both locations 
despite the difference in temperature 
between them. The most common symptoms 
were chlorosis, premature wilting, and 
yellowish spots on the foliage (Figure 2). 
In general, there were plants with reduced 
growth, distributed in patches and wilting 
on warm days (Figure 3). These findings 
agree with symptoms described by Tovar 
(2006), who claims that these symptoms can 
be confused with nutritional deficiencies in 
addition to having delayed flowering. Similar 
symptoms were described by Franco (1986), 
Godoy et al. (2013) and NPDRS - National 
Plant Disease Recovery System (2013).
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The root system deterioration was evident, 
expressed in fewer roots and scarce absorbent 
hairs, a symptom clearly observed in Loma 
de Yaéz - Contadero (Figure 4). In Igua 
-Túquerres, immature females were found 
along main and some secondary roots (Figure 
5). As reported by Carreño (2017), the roots 
reveal the presence of small spherical bodies 

a.                               b.
Location: Túquerres - Igua.

Figure 2. a) Premature wilting of plants; b) Partial yellowing of plants. 

Location: Contadero.
Figure 3. Patches of dwarf potato plants.

measuring between 0.5 and 1mm in diameter 
and are white, yellow, or brown in color. They 
can be seen as necklace beads. This sign causes 
a shortage of tubers, which generates a low 
yield. Furthermore, Agrios (1988) indicates 
that, added to the typical damages caused by 
the pest, these also provide the entry points 
for other pathogens.
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Cyst extraction from soil. Populations 
showed a non-uniform spatial distribution 
in both localities, since symptoms were 
observed in foci or patches. According to 
Verdejo (2009), this is due to nematodes 
in the soil form foci or aggregates and their 
main dispersal mechanism is passive. That 
is, mediated by machinery, tools, or infected 
plant structures although nematodes can 
travel short distances by themselves.

Location: Igua-Túquerres.
Figure 4. Immature females at the root, found in field. 

Figure 5. Immature females at the root, under a stereomicroscope. (40X)

In the areas where this study took place, air 
temperature oscillated from 6 to 12ºC for 
Túquerres and 18ºC for Contadero. This 
difference caused a dissimilarity in the number 
of cysts found. These ranged from 443 to 588 in 
Túquerres and 147 to 200 in Contadero. This 
is mainly due to the fact that Globodera pallida 
is more sensitive to high temperatures. For 
instance, it multiplies rapidly at temperatures 
of 13 to 14°C (Franco and Gonzales, 1992), a 
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range present in Túquerres. In Contadero, a 
rotation with non-host nematode crops such 
as corn and peas was carried out; this is the 
opposite case to what happened in Túquerres, 
where the potato monoculture is the only one 
that has been established.

Female extraction. For the case of the town 
of Túquerres the evaluation carried out at 
90 days showed the presence of immature 
females. The opposite case for Contadero 
area, where the females presence in the root 
was hardly observed. This is probably due to 
the difference in temperatures in the areas 
evaluated, since the nematodes of the species 
G. pallida develop more efficiently at a lower 
temperature, as stated by Franco and Gonzales 
(1992). In addition, González and Phillips 
(1996) state that cysts display desynchrony 
at the time of hatching due to unfavorable 
environmental conditions (quiescence) or 
endogenous factors (diapause). The diapause 
can disappear due to environment changes 
that become favorable or when endogenous 
factors allow the nematode to respond to 
stimuli released by the host.

Viability tests. The hatching of the cysts 
occurred, on average, on the fifth day. Oval 
eggs (Figure 6 and Figure 7) and vermiform 
larvae in movement, which correspond to the 
J2 state (Figure 8), were observed. 

Figure 7. Unhatched eggs. 40X

Figura 8. Larva in J2 state. 40x

Identification of the species Globodera 
pallida. Results of the taxonomic key used 
for genus (Luc, 1988) and species (Mulvey, 
1959) indicate that the predominant species 
is Globodera pallida.

During the samplings, the color of females 
change in both localities, turning from white 
to brown in approximately 30 days. This 
information is in line with that provided by 
Egunjobi (1968). The researcher reported 
that in Europe, some populations of the 
cyst nematode were differentiated by the 

Figure 6. Viable cyst with eggs and 
larvae in J1 state. 40x.



   105    

UNIVERSIDAD DE NARIÑO  e-ISSN 2256-2273     Rev. Cienc. Agr. Junuary - June 2021  Volume 38(1): 97 - 110                             

Betancourth et al.-Identificación de nematodos del género Globodera

sequence in coloration during the female 
development towards the cyst formation, in 
which all mature females reached a brown 
color. Females went through a golden-yellow 
phase, and in other populations, variations of 
white and cream color were observed. In this 
way, the female maturation state, in which 
they change from white to yellow to later 
become brown cysts, belong to the species 
Globodera rostochiensis. Meanwhile, females 
that change from white to brown directly 
during their maturation were considered 
Globodera pallida (OEPP, 2017). In the 
sampled study area, the immature females 
turned from white to brown directly.

The cuticular stretch mark between the anus 
and the fenestra are more or less parallel, with 
an average number of 13 ± 4; the distance 
between the anus and the fenestra is 59.2 ± 
18.7 µm and the length of the fenestra 24.7 
± 4µm, characteristic features of G. pallida, as 
stated by Greco and Crozzoli (1995) (Figure 
9). On the other hand, G. rostochiensis has 
crossed stretch marks and an average number 
of 18 ± 3 (Greco, 1993).

Figure 9. Perianal cut with stretch marks between 
the vulva and the anus. The photograph on the left 
corresponds to Contadero.

Obtaining juveniles. In the fifth day, the 
shape of the larvae was clearly observed 
under the microscope. Their basal nodules 
are directed forward, a characteristic used 
for the species distinction (Figure 10). As 
reported by Franco (1981) and Rivas (2005), 
G. pallida has a stylet with basal nodules 
pointing forward, and G. rostochiensis has a 
stylet with basal nodules pointing backwards.

a) Source: International Regional Organization for Plant and Animal Health (OIRSA); 
b) Source: Self-made.

 
Figure 10. Direction of basal nodules of the stylet projected forward. 

a.                                b.
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Relation between phenology and crop. 
Desgarennes et al. (2006) and Perry (1986) 
consider that there is a close synchrony 
between the crop phenology and the 
biological cycle of the nematode, since 
the main factor for them to hatch is found 
in the host root exudates. Allccahuaman 
(2017) states that inside the cyst, the larvae 
can go through a resting phase, in which 
their hatching or emergence capacity is 
diminished or interrupted depending on the 
environmental conditions: temperature (> 
30-35ºC remain inactive), illumination (at 
constant illumination there is no rest), and 
host absence.

Once they find the ideal conditions, a change 
occurs in the cuticle permeability inside 
the egg. This allows the juveniles to absorb 
enough water and initiate their metabolism. 
Juveniles hatch by repeatedly puncturing the 
egg cuticle with their stylet and emerging 
from the cyst in J2 state through its natural 
openings: vulva and neck (Beltrán, 2016; 
Desgarennes et al., 2006). Based on the 
above, it is estimated that the beginning of 
the nematode cycle begins 20 days after 
the sowing. That is the moment when root 
growth occurs, a stage that corresponds to 
growth state II (active growth of roots and 
leaves) (Carrión and Rojas, 2013; Molina et 
al., 2004). It is important to highlight that 
the J2 state of the nematode corresponds to 
the invasive one and the only susceptible to 
nematicides (Paucar, 2016).

J2 penetrates the root near the growth point, 
moves inwards, cutting the cell walls with its 
stylet, and remains there for two more molts 
(Rivas, 2005). Nematodes cannot survive for 
more than 7 days without finding a host. Sex 
is defined in the third state (Paucar 2016). 

Females stay in the root until they become a 
cyst, while males leave the root and survive 
only 10 days. During that time period, males 
fertilize females (Coto, 2005; Rivas, 2005).

The appearance of immature females 
coincided with the flowering stage. At that 
point, the sample was taken in the study plots, 
confirming what was stated by Desgarennes 
et al. (2006) and Perry (1986). They also point 
out that the life cycle for G. pallida ranges 
from 90 to 100 days, thus occurring only 
one biological cycle per growing season. The 
findings are in line with the results obtained 
by Caicedo and Canal (1980) who carried out 
similar studies in the department of Nariño.

In the development of this research, 
performance tests were not administered 
since there was no healthy comparator; 
however, plants showed scarce tuberization, 
which would affect the total yield.

CONCLUSIONS

From the morphological characters analyzed, 
the presence of Globodera pallida is 
confirmed in both localities, and the existence 
of Globodera rostochiensis is not reported in 
Túquerres and Contadero areas.

Temperature was an important factor, since 
it regulates the population dynamics of the 
nematode as evidenced in Igua (Túquerres), 
where a greater number of cysts were found 
compared to Loma de Yaéz (Contadero).

Conflict of interest: The authors declare that 
there is no conflict of interest.
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