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Introduction

The pin nematode Paratylenchus bukowinensis 
Micoletzky, 1922 belongs to the group of  ecto-
parasitic nematodes. Many, if  not most, ecto-
parasites found in vegetable crops are ignored 
and are usually not considered to be of  economic 
relevance. However, under favourable condi-
tions, P. bukowinensis can cause severe damage 
on host plants of  the families Apiaceae and Bras-
sicaceae, such as celery, carrot and cabbage 
(Brzeski, 1991; Schmidt et al., 2020). Members 
of  the genus Paratylenchus are one of  the smallest 
plant parasitic nematodes affecting agricultural 
crops. Fully grown adult stages of  P. bukowinensis 
hardly reach 500 μm in length. Since P. bukowin-
ensis is often considered of  little relevance, many 
laboratories do not score this species as a prob-
lem when analysing nematode suspensions for 
plant parasites of  economic importance. A fur-
ther aspect complicating its detection is the fact 
that males and fourth-stage juveniles, the latter 
being the most common stage found in soil 
samples during winter, do not exhibit typical 
tylenchid stylets. Instead, the stylet is reduced 
and hardly visible. This explains why those spe-
cimens are often missed during routine analysis. 
Overall we believe that P. bukowinensis is one of  
the most underestimated plant parasitic nematodes 

in practical agriculture. Thus, it is time to face 
those limitations and increase the awareness of  
the importance of  P. bukowinensis in the nemat-
ology community as a severe pathogen.

Economic importance

As for other ectoparasitic nematodes, strong data 
on economic damage caused by P. bukowinensis 
are scarce. Damage by P. bukowinensis is especially 
pronounced on crops, where the root or tuber 
represents the harvested produce, such as for 
celery, carrot or parsley (Ghaderi, 2019). While 
high nematode numbers early in the season will 
affect plant establishment, high numbers later 
in the season will reduce plant growth, yield 
and, even more importantly, yield quality due to 
the induction of  root necrosis, root or tuber 
 deformation or excessive formation of  lateral 
roots. For celery, the tolerance limit, i.e. when 
plant growth first starts to be affected, is about 
70 nematodes/100 ml soil and the minimum 
yield at high infestation is about 60% of  that of  
non-infested treatments (Brzeski, 1975).

Economic losses can vary greatly depend-
ing on nematode infestation level, host plant 
species and climatic conditions. Yield reductions 
in the range of  5–10% usually pass unnoticed by 
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the farmer. With increasing infestation levels 
(above 70 nematodes/100 ml soil) yield losses 
increase, and under extreme conditions, complete 
loss of  the crop can occur. As mentioned above, 
economic damage is most severe on tuber or root 
crops, whereas on leaf  crops, such as cabbage or 
rapeseed, P. bukowinensis hardly causes any visible 
damage and only slightly reduces plant fresh 
weight (Brzeski, 1971). For example, on cabbage, 
even though the nematode reduces the size of  
the produce, the cabbage itself  is still of  good 
quality and can be marketed. Therefore, the eco-
nomic loss is minimal to the grower.

Host range

The host range of  P. bukowinensis covers species 
of  Apiaceae and Brassicaceae. Good to moderate 
hosts are carrot, rapeseed, fodder radish, turnip, 
celery, fennel and parsley, depending on cultivar 
(Brzeski, 1976, 1991; Schmidt et al., 2020). We 
suspect parsnip is also a host but we found no 
data for this crop, which again is a problem over-
looked. Vetch, belonging to the Fabaceae family, 
seems to be a poor host. All other plants are non-
hosts, such as white clover, red clover, subterra-
nean clover, crimson clover, Egyptian clover, 
Persian clover, common sainfoin, winter wheat, 
barley, maize, teff, black oat, naked oat, sugar 
beet, tomato, lettuce and onion (Schmidt et al., 
2020; J. Hallmann, personal communication).

Distribution

Paratylenchus bukowinensis was first described 
based on a single female from a sandy meadow 
in Romania and named after the Bukowina re-
gion in the north of  the country. Because of  in-
sufficient morphological information the nema-
tode was re-described by Loof  and Oostenbrink 
(1968). It is a temperate species and mainly dis-
tributed within Europe. It has been described 
from Bulgaria, Croatia, Czech Republic, Estonia, 
Germany, Lithuania, Poland, Romania, Russia 
and Slovakia (Ghaderi et  al., 2016). It is also 
known to occur in the Netherlands and Belgium 
(L. Molendijk, personal communication). Out-
side Europe it has been reported from Uzbeki-
stan, Belorussia, Georgia, Iran and the USA. 

Paratylenchus bukowinensis mainly occurs in ar-
able and horticultural soils where it is supported 
by short rotations. It is rarely found in meadow 
and pasture soils (Ghaderi et al., 2016). The fa-
voured soil types range from light sandy to 
heavy clay soils (L. Molendijk, personal commu-
nication). A survey of  plant parasitic nema-
todes in organic farming in Germany in the 
early 2000s detected Paratylenchus spp. in about 
56% of  246 field sites, with P. bukowinensis 
being the second most abundant species after 
P. projectus (Hallmann et  al., 2007). Although 
population data are missing, according to farm-
ers and advisers, P. bukowinensis causes damage 
and is widespread in most of  the intensively 
cropped horticultural regions in Germany and 
the Netherlands. It can only be assumed that 
this also applies to other regions in Europe with 
similar cropping conditions.

Symptoms of damage

Symptoms are best seen on susceptible root 
crops. For example, parsley and carrot roots and 
tubers are shorter, deformed or forked. Carrot 
roots show rusty brown root tips. Celery roots 
react to nematode infestation by producing lat-
eral roots. Extensive root branching will result in 
a dense root mass, a so-called root beard. On car-
rot and celery, root necrosis (Fig. 43.1) is com-
monly observed and might eventually destroy 
the whole root system (Brzeski, 1976). An ex-
ample of  this is shown in Fig. 43.2, where the 

Fig. 43.1. Root necrosis on carrot caused by 
Paratylenchus bukowinensis. Photograph courtesy 
of Wageningen University & Research, Field Crops.
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right celery plant is heavily retarded in growth. On 
carrot, initial densities of  200 P. bukowinensis/100 ml 
soil already cause severe stunting of  the shoots 
(Fig. 43.3) and root deformation below ground. 
Compared to below-ground symptoms, above-
ground symptoms are non-specific and best char-
acterized by stunting and delayed maturity. Early 
signs of  nematode infestation are a heterogenous 
stand (Fig. 43.4) or the inability of  a crop to react 
to fertilizer applications with improved plant 
growth due to a damaged root system.

Biology and life cycle

Brzeski (1976) noted that females, second- and 
third-stage juveniles (J2 and J3) of  P. bukowinensis, 
the only stages that feed, are found feeding mainly 
on the epidermal cells and sometimes on cells two 
layers deeper in the root parenchyma of  parsley 
and cabbage. The fourth-stage juveniles (J4), have 
a thin, short stylet and a reduced pharynx and do 
not feed. The root diffusates stimulate the moult-
ing of  J4 to adults, although some moulting oc-
curs in the spring in the absence of  root exudates. 
Population increases of  700% in one season on 
parsley are not uncommon (Brzeski et al., 1976).

The length of  the P. bukowinensis stylet allows 
the nematode to feed on cells up to few layers deep 
into the root parenchyma. Once feeding is finished, 
the nematode retracts the stylet from the root cell 
and moves to the next suitable feeding site. As a re-
sult of  the feeding, the plant cell collapses. While 
the damage of  single collapsed plant cells can be 
easily compensated by the plant, feeding of  several 
hundred or even thousands by the often high soil 
populations results in destruction of  large amounts 
of  root tissue and thus economic damage.

Temperature

At soil temperatures around 20°C, one gener-
ation of  P. bukowinensis is completed in 3–4 

Fig. 43.2. Root damage on celery caused by 
Paratylenchus bukowinensis (right) in comparison 
to a non-infested plant (left). Photograph courtesy 
of Wageningen University & Research, Field Crops.

Fig. 43.3. Effect of 0, 200 or 2000 Paratylenchus bukowinensis per 100 ml soil on the shoot and root 
growth of carrot 11 weeks after planting. Photograph courtesy of Julius Kühn Institute.
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weeks (Brzeski, 1976; Schmidt et al., 2020). This 
is calculated as a temperature sum of  370–400 
degree days assuming 8°C as base temperature 
for nematode activity. Due to the short life cycle 
and high reproduction potential of  females, 
P.  bukowinensis can build up high population 
densities within a short cropping season. Final 
population densities in a well-established crop 
can exceed 20,000 specimen/100 ml soil at har-
vest time. Reproduction of  P. bukowinensis stud-
ied under greenhouse conditions showed that 
inoculation of  fodder radish and rapeseed with 
745 nematodes/100 ml soil lead to a population 
increase to 18,007 and 38,367 nematodes/100 
ml soil, respectively, after 9 weeks (J. Hallmann, 
personal communication). This translates to a 
reproduction factor of  180 for fodder radish and 
380 for rapeseed, respectively.

Natural decline

According to Brzeski (1991), the natural decline 
of  P. bukowinensis reached 75% in the first year 
and 91% in the second year following the growth 
of  non-host crops such as onion and tomato. 
However, several individuals were still able to 
survive even 2 years in the absence of  a host 
plant. This shows that most probably J4 stage 
juveniles are capable of  withstanding cold and 

dry periods. Population dynamics in the absence 
of  a host plant were also studied under con-
trolled conditions in the greenhouse at room 
temperature of  approximately 20°C (Hallmann, 
unpublished data). The population density of  
P. bukowinensis decreased from 305 individ-
uals/100 ml soil to 182 individuals/100 ml soil 
after 14 weeks, which relates to an overall popu-
lation decline of  40%. This was less than the 
60% decline observed for Meloidogyne hapla 
tested in parallel. Overall, this illustrates that 
population decline rates are species specific and 
that in the case of  P. bukowinensis, the presence 
of  the ‘survival stage’ J4 might have contributed 
to a better survival of  this species and a lower 
population decline when compared with M. hap-
la. In general, natural decline under field condi-
tions is expected to be highly variable due to the 
many physical and biological parameters that 
affect nematode dynamics.

Interactions with other nematodes 
and pathogens

Unfortunately, little is known about the inter-
action of  P. bukowinensis with other plant patho-
gens. It can only be assumed that wounding of  
the root by the nematode would foster infest-
ation by secondary pathogens in a similar way 

Fig. 43.4. Celery field infested with Paratylenchus bukowinensis showing a heterogenous stand and poor 
growth of the plants. Photograph courtesy of Wageningen University & Research, Field Crops.
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as reported for other plant nematode inter-
actions. For example, unpublished reports indi-
cate that P. bukowinensis might make carrots 
more vulnerable for infestation by Alternaria 
dauci, Rhizoctonia violaceae and bacterial patho-
gens, but solid data are missing.

Recommended integrated nematode 
management (INM)

The problem of  INM with this nematode is not the 
availability of  methods of  nematode control but 
the detection and identification of  the nematode. 
Quite interestingly, the specificity of  root symp-
toms on celery and carrot caused by P. bukowinensis 
make them good indicator plants. Thus, farmers 
can easily perform their own biotest for the pres-
ence of  P. bukowinensis by collecting soil from the 
field, filling it in pots, buckets or plastic bags, and 
then growing celery or carrots followed by examin-
ation for root symptoms two months later. In many 
countries routine laboratories provide the service 
of  sampling and diagnostics. Once identified, P. bu-
kowinensis can easily be controlled by crop rotation. 
It is only important to avoid crops belonging to the 
families Apiaceae and Brassicaceae. Without a 
food source, P. bukowinensis densities will decline by 
about 40–50% within 3 months. The longer the 
period without a host plant, the better the decline. 
However, care needs be taken to also control weeds 
of  those plants in susceptible plant families as they 
can build a green bridge from one crop to the next. 
Caution also has to be taken when Brassicaceae 
green manure crops are grown within a rotation. 
They often do not show any symptoms of  damage, 
not even at high reproduction rates of  P. bukowin-
ensis. Fodder radish, for instance, is highly tolerant 
to this nematode (Schmidt et al., 2020). As is to be 
expected, farmers look at a healthy fodder crop and 
assume its use led to a healthy soil, being unaware 
of  the high P. bukowinensis densities that have built 
up. If  a highly susceptible crop like those men-
tioned above is grown afterwards, complete crop 
failure could occur.

Future research requirements

We have to move away from just looking at one 
plant–one nematode interrelationship and focus 

more on the soil ecosystem. For example, in un-
disturbed ecosystems, such as grasslands and 
forest regions, well-buffered soils do not allow se-
vere plant damage by plant parasitic nematodes. 
We need to elucidate the main mechanisms re-
sponsible for the buffer capacity of  soil and how 
we can restore those mechanisms by agronomic 
practices. This would, of  course, also require a 
change in how the crops are grown with a move 
away from monoculturing.

Remote sensing technology needs to be fur-
ther developed for early detection of  plant dam-
age by P. bukowinensis. Future molecular-based 
diagnostic tools need development that allow 
faster and more accurate detection and popula-
tion density estimation that can be coupled with 
decision support systems that instantly inform 
the farmer of  a problem and give him informa-
tion on management options.

Outlook: anticipating future  
developments

Firstly, it is expected that global warming will 
result in a shorter life cycle of  P. bukowinensis 
and thus a higher reproduction rate per year. 
Secondly, the need to ensure food security on a 
global scale will enhance production intensity. 
Thirdly, economic pressure will force farmers to 
concentrate on fewer crops. The first two events 
will result in more root biomass per area and 
thus better food conditions for the nematode. 
The third event becomes relevant if  the farm 
specialization is based on host plants for P. bu-
kowinensis. All three phenomena are expected 
to increase nematode numbers and thus dam-
age unless other measures develop that react 
counter wise, like enhanced resilience of  soil 
biodiversity as mentioned above. Paratylenchus 
bukowinensis is not only a herbivorous organism 
feeding on plant roots, but it also poses a food 
source for other soil-dwelling organisms and 
antagonists. This raises the question if  and how 
those natural control forces can be used for 
nematode management that in the end would 
lead to a truly sustainable system. One such ap-
proach is seen in modern farming practices that 
rely on minimum tillage. Minimum tillage in-
creases the soil organic matter content of  the 
soil, stimulates soil biodiversity and improves 
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soil health by increasing the antagonistic poten-
tial in a soil. Data demonstrating these effects 
from field studies are not always that convin-
cing. However, should a highly diverse soil eco-
system be established under minimum tillage, 
plant parasitic nematodes would be at a disad-
vantage, while at the same time crop tolerance to 
withstand nematode damage would be improved. 

In the end, farmers need objective information 
to be able to make the difference between facts 
and fantasy. Science should be transparent and 
make a clear distinction between what is still a 
hypothesis and what are solid and proven meas-
ures that can be taken to economically improve 
soil resilience reducing the impact of  plant 
parasitic nematodes.
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