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1.1 Introduction: The Purpose of Sampling

The main drive for sampling is to know what is in there, ‘there’ being the matrix that one is interested in. 
This can vary from water, soil, wood, turf or bark, to any part of plants (seeds, stems, leaves, bulbs, etc.), as 
long as it concerns the plant-parasitic nematodes. When animal-parasitic nematodes are involved, the matrix 
will be parts of the infected animal, and when we look into entomopathogenic nematodes, soil and the para-
sitized insects will be the point of attention for sampling.

Nematodes can be present in various parts of plants or at various depths in the soil, depending on the 
circumstances and the life stage. This means that one should be aware of these possibilities when collecting 
samples. When soil is too wet, it is better to wait until the soil has reduced to field capacity. The same is true 
for when the soil is too dry. Nematodes need water and in dry conditions the nematodes will move to deeper 
soil layers. In general, soil samples can best be taken when the soil is moist. Some life stages are immobile 
and can only be found in the plant roots, whereas other stages can be found in the soil. This means that 
samples should be taken from the proper matrix at the appropriate time, taking into account the develop-
mental stages the nematodes might be in. All the above-mentioned aspects should be kept in mind when 
sampling for nematodes.

In this chapter, the purpose of sampling, sampling techniques and, related to this, the sampling tools, and 
the handling and storage of the samples before processing of plant-parasitic and entomopathogenic nema-
todes will be discussed. Some protocols will be described in detail as examples.

1.2 Sampling Strategies

1.2.1 Diagnostic sampling

Plant-parasitic nematodes are generally not visible to the naked eye and the symptoms they produce are often 
attributed to fungi, viruses, bacteria, other pests or poor soil conditions, including a deficiency or excess of 
nutrients. As nematode damage can easily be overlooked, it is very important to sample plants and/or soil for 
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nematodes when growth is unexpectedly poor or when symptoms cannot clearly be attributed to other causes. 
This type of sampling is called diagnostic sampling, as the reasons for poor growth of plants or trees need to 
be determined. In these situations a sample from the poorly growing plant/tree should be compared with a 
sample from a healthy one. When possible, a soil, leaf or root sample from the middle of the poorly growing 
patch of plants should be taken. For poorly growing trees samples from roots, leaves/needles or borings from 
trunks may be necessary. For comparison, a sample should also be taken from a healthy-looking plant/tree and/or 
the soil beneath it. In addition, when the patch of poor growth is clearly visible, it is wise to take a soil sample 
from the transition area (the area between healthy and poorly growing plants). Where plants are dead, no 
sample should be taken from that area or the dead plants as the nematode population is likely to have decreased 
markedly under these circumstances. The sample should then be taken from the less vigorous plants. In all situ-
ations, the nematodes have to be extracted from the plants/trees and soil using the appropriate technique: nema-
todes can be found in different parts of plants such as the roots, leaves and growing tips, and each matrix needs 
its own extraction method to separate the nematodes from the tissue or soil (see Viaene et al., Chapter 2, this 
volume). If possible, roots should either be included in the sample or taken separately; about 25–100 g, taken 
at random, should be sufficient, the lower weight being suitable for vegetables or citrus, whilst the higher weight 
being more applicable to plants with large roots such as banana. If stems and/or leaves appear to be attacked 
by nematodes, affected material can be removed and placed in polythene bags. Such samples should be kept 
separate from soil and/or root samples. To avoid misinterpretation, comparison of the nematodes found in the 
different situations can help determine whether nematodes in general or specific species/genera are involved.

In summary:

● Determine the poorly growing patch of plants/trees based on symptoms.
● Sample the soil from the centre of the poorly growing patch (but not under dead plants) using an auger or 

coring device, small trowel or a narrow-bladed shovel. A minimum of 500 g of soil should be taken.
● Take a complete plant sample from the centre of the patch of poor growth (but not a dead plant/tree).
● Repeat the above for the seemingly healthy situation and for the transition area when this is visible.
● Make sure that each sample is put into a (polyethylene) bag with label attached or inside and fill in all the 

necessary information to trace the sample back to its origin, e.g. sampling date, location (GPS coordi-
nates), crop and cultivar plant species, name of sample taker, name of owner of crop/farmer, a reference 
number (when more samples are taken on one site). If possible, include details of the previous crop, soil 
type, treatments and other relevant information.

● If it is suspected that the pine wood nematode, Bursaphelenchus xylophilus, might play a role, wood from 
the trunk should be collected. See Section 1.7 for more detail and the sampling protocol.

1.2.2 Sampling for detection

When sampling for detection the question is usually ‘Are nematodes present in the field?’. When the objective 
is to detect the nematode in situations where the nematodes should not be present (see Section 1.3), sampling 
is similar to that for density estimates but the intensity of the sampling will be greater, related to the required 
detection level and the known distribution of the nematodes in the sampling unit. Sampling units might be 
soil samples, bulbs, plants or part of plants such as roots or growth tip.

Depending on the nematode groups likely to be responsible for the damage, the sampling depth may be very 
important. Nematodes are very mobile and avoid dry conditions. For virus vector nematodes, such as the genera 
Longidorus, Xiphinema and Trichodorus, Brown and Boag (1997) described the vertical distribution of these 
virus vectors as varying from 0 to 180 cm in depth. As these nematodes can be found deep in the soil, an auger 
of at least 40 cm depth should be used to collect soil samples. When the soil is too dry, in sub-tropical and tropi-
cal areas or in summer in temperate regions, the nematodes will have moved to deeper soil layers (even up to 
100 cm depth) and soil sampling will become very difficult using a standard auger. In these situations a trowel 
can be used to remove the dry soil until the moist soil is reached and then take a soil sample. In general, a soil 
sample taken at ploughing depth should be sufficient in most cases in annual crops. In perennial and tree crops, 
soil sampling should take place as near to the root system as possible as Padusaini et al. (2006) already showed 
that the presence of the root system is the determinant factor in the vertical distribution of the nematodes.
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Much current guidance suggests that when sampling for sedentary nematodes, such as cyst nematodes, 
cores should be taken to a depth of 15 cm, but there is little evidence to support this. Research by Been and 
Schomaker (2013) in The Netherlands examined the distribution of potato cyst nematode (PCN) cysts within 
a vertical plane and they concluded that there was a uniform distribution of cysts within the top 25 cm of 
the soil profile, both directly after harvest and after cultivation. Boag and Neilson (1994) concluded that 
sampling at any depth within the top 20 to 25 cm is suitable. Apart from changing the volume of soil col-
lected, changing the size of the corer has minimal impact on changing the accuracy of the population estima-
tion (Been and Schomaker, 2013).

1.2.3 Sampling for density estimates

When the question is ‘Which nematodes and how many nematodes are present in the field?’, especially for 
advisory purposes, it is important to estimate the density of the damaging nematodes. In these situations the 
soil sample should be representative of the area for which information is needed; this means that the sample 
should be taken in a representative way over the whole of the area and at the appropriate time. In most situ-
ations a soil sample should be taken, but in some situations bulbs, tubers or plants might be sampled as well.

For soil sampling, knowledge of the distribution pattern and biology of the nematodes is essential. The 
density of nematodes fluctuates depending on the life cycle and the host stage. For example, for advisory 
purposes in arable crops, sampling when maximum population densities are reached, often at the end of the 
growing season after harvest, may reduce the level of error associated with sampling. However, as crop dam-
age is likely to be greatest at the highest population levels, sampling before planting a host crop is generally 
a necessity for making decisions on how best to protect the crop. For perennial hosts, sampling should be 
conducted during the active growing period, being the rainy season in tropical areas and springtime and 
summer in temperate areas (Coyne et al., 2014).

The number of cores, the amount of soil, the grid pattern and the direction of sampling are all factors 
influencing the accuracy of the resulting estimate of the population density (Duncan and Phillips, 2009). 
Many approaches to sampling can be found in the literature (e.g. McSorley, 1982; Prot and Ferris, 1992; Been 
and Schomaker, 2013). A pragmatic approach to sampling is to find an optimal balance between the quantity 
of material collected, the number of sampling points and the cost of processing those samples. Factors to be 
taken into consideration include the financial benefits of knowing the nematode population density in terms 
of likely loss of yield and the reliability of the diagnostic method. Computer programs have been developed 
for this purpose such as SAMPLE, which was developed to evaluate existing, and create new, sampling meth-
ods for the detection of infestation foci of the potato cyst nematodes Globodera rostochiensis and G. pallida 
(see Been and Schomaker (2000) for more details). Another approach is the advice that Coyne et al. (2014) 
give in their practical field and laboratory guide for all soil sampling situations: take 10 to 50 cores/subsamples 
to form a composite sample from each hectare of soil. Table 1.1, taken from the operational guidelines of the 
Advisory Services for Nematode Pests (Stirling et al., 2002), contains useful information for determining how 
to sample in various situations.

In the case of plant or plant products, the number of plants and the place they are taken from are impor-
tant for the accuracy of the density estimate. The greater the number of sampling units taken for analysis, 
the more accurate will be the estimate.

In summary:

● Determine the area of the survey requirements or research object.
● Determine the nematode species of the required survey. In some cases all nematode species are of interest.
● Depending on the life cycle of the nematode, decide to take a soil sample, a plant and/or root sample or 

both.
● Take a composite soil sample by taking cores while walking in a systematic pattern over the area of inter-

est. Take as many cores as possible, as more cores means more accuracy; however, this should be balanced 
by the available time, resources and requested accuracy.

● Take as many units as feasible to form a composite sample of the part(s) of plants the nematodes will be 
in; however, this should be balanced as above.
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Table 1.1. Issues to be considered when collecting predictive samples for nematodes in different field situations. (Modified from Stirling et al., 2002.)

Previously  
uncropped sites Annual arable crops

Perennial crops 
and pastures

Vegetables and 
annual ornamentals

Perennial  
horticultural crops

Perennial  
horticultural crops Turf

To detect nematodes 
that might affect the 
crop to be planted.

Preplant sampling to 
determine whether 
nematodes may cause 
problems in the next 
crop.

Sampling 
established crops 
to determine 
whether 
nematodes 
should be 
controlled.

Preplant sampling to 
determine whether 
control measures are 
needed in the next  
crop.

Preplant sampling to 
determine whether 
nematodes may 
cause problems 
after replanting.

Sampling an established 
crop to determine 
whether nematodes 
are causing economic 
damage and 
nematicide treatment 
is warranted.

Sampling to 
determine 
whether 
nematodes 
are causing 
economic 
damage.

Sample intensively 
and use appropriate 
extraction 
procedures 
as nematode 
populations are 
likely to be low and 
difficult to detect.

Sample near 
vegetation rather 
than in bare soil.

Ensure that the 
sample is 
representative of 
the plant species 
present (i.e. sample 
all weeds, grasses, 
shrubs and trees).

If trees are present, 
which might host 
economically 
important 
nematodes, ensure 
some cores are 
taken from the root 
zone.

Collect samples at 
least 2 months 
before planting 
to allow time to 
bioassay soil for 
specific nematodes.

Are economically 
important nematodes 
likely to be present? 
The host status of 
the previous crop is a 
useful guide.

Sample well in advance 
of planting to allow 
time for bioassays 
(e.g. 3–4 months 
for cereal cyst 
nematodes).

For sampling root-knot 
nematodes directly 
after harvest is an 
ideal time as densities 
are highest and thus 
detection is better. 
For potato cyst 
nematodes, defining 
sampling time is less 
essential, as the 
detection unit (cysts) 
are less vulnerable to 
decrease quickly.

Since large areas are 
involved, cost is an 
important factor. 
Consider whether it is 
possible to sample only 
areas where nematode 
problems are most likely.

If there is 
variability in 
crop growth, 
sample poor 
patches 
separately from 
healthy areas.

Collect both root 
and soil.

Observe roots 
for symptoms 
of nematode 
damage.

For deep rooted 
crops ensure 
that some 
samples are 
taken at depths 
where most 
roots occur.

Collect a 
composite 
sample of no 
fewer than 20 
cores.

Consider making 
observations at the 
end of the previous 
crop. For nematodes 
such as root-knot 
nematodes, the 
amount of galling 
provides an indication 
of the distribution or 
density of nematodes 
and their likely impact 
on the next crop.

Nematode populations 
decline in fallow 
soil. Since preplant 
nematode densities 
may be low, sampling 
and extraction 
procedures must be 
adequate to detect low 
numbers of potentially 
important nematodes.

Collect samples early 
to allow time for 
bioassays (e.g. 
2 months before 
planting for root-knot 
nematodes).

Limit sampling units 
to about 0.5 ha and 
collect no fewer than 
20 cores per sample.

Previous cropping 
history will 
provide a good 
indication of the 
nematodes likely 
to be present in a 
replant situation.

If the previous 
crop was trees 
or vines, collect 
samples of old 
roots that may 
still be harbouring 
plant-parasitic 
nematodes.

Where plants are 
to be planted 
in virgin soil, 
there may be a 
greater chance 
of introducing 
nematodes on 
machinery or 
planting material 
rather than in 
the virgin soil. 
There is no point 
in sampling 
for nematodes 
unless such 
issues are 
addressed.

Sample should be 
collected in the root 
zone of the crop.

For some crops 
roots rather than 
soil may give a 
more appropriate 
sample.

Limit sampling units 
to no more than 
0.5 ha and ensure 
samples consist of 
a minimum of 20 
subsamples.

For burrowing 
nematodes on 
banana, a root 
disease index may 
be more useful 
than a nematode 
count.

In some crops, 
samples should be 
collected at specific 
growth stages. 
For example, on 
pineapple samples 
should be collected 
12 months after 
planting and at 
crop harvest.

Areas of poor 
or uneven 
growth should 
be sampled 
separately from 
healthy areas.

Collect samples 
from within the 
root zone (0–15 
cm depth).

Use a thin corer 
(less than 10 
mm diam.) and 
collect many 
small cores 
rather than a 
few larger cores 
(e.g. at least 20 
small cores per 
golf or bowling 
green).
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A summary of the aspects to be considered when sampling for plant-parasitic nematodes in various field and 
crop situations is given in Table 1.1, modified from Stirling et al. (2002).

1.3 Sampling in Relation to Phytosanitary Requirements

Countries have often their own phytosanitary regulations resulting in specific requirements for ensuring the 
pest-free trade products, for example, Canada and USA (for PCN only) (United States Department of 
Agriculture, 2014) and South Australia (Walker, n.d.).

The requirements relating to nematodes can vary between growing conditions that should be free of plant-
parasitic nematode(s) (‘nematode free’; soil should be tested or be known to be free of the required species 
before sowing; or specific nematodes are known to be absent in a country), to yielded products that should 
be nematode free based on inspection of these products. The latter can be performed by analysis or visual 
inspection. Host–nematode combinations form a long list and many combinations will only be checked visu-
ally. As visual inspection often overlooks nematodes, because of their size and often not causing specific 
symptoms, prescribed sampling and analysis of products or soil is often a requisite of the trading product.

One of the major quarantine nematodes worldwide is PCN. For seed potatoes many requirements are put 
in place before the tubers are allowed to go into trade. In the European Union (EU) a specific control directive 
is active, prescribing sampling of the soil before planting (Anonymous, 2007). EPPO (European and 
Mediterranean Plant Protection Organization) has protocols describing tests for potatoes before trading is 
allowed among many other products and the IPPC (International Plant Protection Convention) gives guide-
lines on sampling of consignments in general (Anonymous, 2008).

Southey (1978) stated that nematodes, especially soil-inhabiting species, are almost impossible to detect by 
visual inspection procedures. With nematodes, it is rarely feasible to carry out diagnostic work on anything 
more than the smallest fraction of the whole crop or field. Therefore, negative diagnostic results should be 
treated with caution and should be viewed as providing a clear indication that the nematode population is 
below detection level. This is particularly relevant when the same nematode species are prevalent within local 
production systems. The desired detection limit determines the amount of sampling units to be taken, which 
means that in extreme situations the whole area, or all of the plants, has to be examined to be sure. In practice 
‘a rule of thumb’ will often be applied and 60 units per ha or consignment will be taken.

1.4 Soil Sampling for Endoparasitic Nematodes

Nematodes that have an endoparasitic stage can be found in the plant/roots at certain times in their develop-
ment. Most endoparasitic species can be found in the soil and the plant/roots, the numbers can change 
depending on the developmental stage of both host and nematode. It is therefore important to know when 
to sample and which matrix to sample for these nematodes, as for instance if sampling of soil takes place 
when the nematodes are all inside the plants, results might be misinterpreted.

As Ditylenchus dipsaci can be found more easily in the product, inspections during the growing season for 
symptoms on the leaves or sampling the product at maturity are easier than sampling the soil for the presence 
of nematodes, as these nematodes are highly aggregated in the plant and plant products, whereas in the soil 
they can be very low in density and therefore difficult to find using soil sampling.

Root-knot nematodes (Meloidogyne spp.) spend most of their life cycle inside roots; only the second-stage 
juveniles and males (when present) can be found in the soil. A detailed description for sampling Meloidogyne spp. 
is provided by Duncan and Phillips (2009). When soil sampling takes place during the growing season, the num-
bers can be easily underestimated. When soil sampling takes place after harvest, most eggs and juveniles will be 
associated with root particles present in the soil sample. Underestimation of the density is easily achieved when 
using the wrong extraction method (den Nijs and van den Berg, 2013) as a number the juveniles are still present 
in the roots and eggs are lost during the extraction process. Incubation is one way of solving this problem.

Radopholus similis, the so-called burrowing nematode, is an example of an endoparasitic nematode, an 
important pest to citrus, banana and plantains. It is restricted to tropical regions and causes the toppling 
disease in banana; it should be sampled by taking roots. For citrus trees the sample should consist of more 
roots from near the surface (>100 g) than a smaller amount from roots deeper in the soil (Shokoohi and 
Duncan, 2018); for banana both the finer and heavy roots should be sampled (Coyne et al., 2014).
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1.5 Soil Sampling for Ectoparasitic Nematodes

Ectoparasitic nematodes are relatively easy to sample as their life cycle takes place solely in the soil and 
therefore all stages can be found in the soil. To determine the presence of ectoparasitic nematodes it should 
suffice to take a soil sample from the area under investigation, taking into account the moisture level of the 
soil, as this will influence the depth the sample should be taken (see Section 1.2.2). The size of the nematodes 
dictates the size of the auger to be used (see Section 1.8) and the aim of the sampling dictates the sampling 
strategy (see Section 1.1).

1.6 Sampling for Entomopathogenic Nematodes from Soil  
Samples: Isolation and Baiting Techniques

Entomopathogenic nematodes (EPN) of the families Steinernematidae and Heterorhabditidae are soil-dwelling 
antagonists of insects. Several species are used commercially in biological control of pest insects in cryptic 
environments (Grewal et al., 2005). The only free-living stage is the infective dauer juvenile (DJ), which 
invades insects through natural openings or intersegmental membranes. Once inside the haemolymph. 
Steinernema and Heterorhabditis DJ release symbiotic bacteria of the genera Xenorhabdus or Photorhabdus, 
respectively, which cause the death of the host within 1–3 days. Approximately 2 weeks after invasion the 
new-generation DJ exit the cadaver. In the soil environment the cadavers decay rapidly.

Isolation of EPN can have different objectives. Usually, surveys are conducted to find EPN species in a 
country or certain environments (Stock and Hunt, 2005). Another reason is to understand population 
dynamics or monitor survival of EPN after application (Susurluk and Ehlers, 2008). To gain a better under-
standing of EPN populations and their biocontrol potential, a reliable detection method is needed. Several 
methods for detection are available. A live bait method, the so-called Galleria mellonella (Lepidoptera: 
Pyralidae) baiting method, is most commonly used (Bedding and Akhurst, 1975). The advantage of this 
method is that it is simple and selective towards EPN and provides information on the general occurrence of 
a species. It can also be used to estimate the distribution in a field by assessment of positive soil samples 
within a specific area. Galleria mellonella is highly susceptible and most EPN species can be trapped with 
this lepidopteran insect (Sturhan and Mráček, 2000).

The disadvantage of the baiting method is that information on the population density is not provided. 
To extract nematodes from soil, the Baermann funnel extraction or centrifugal flotation method are also 
used (Kaya and Stock, 1997). The quality of data increases with the number of samples per area, which 
restricts these approaches because of limited available resources or time. As the distribution of EPN 
populations depends on the distribution of host insects, which is most often highly patchy, the distribu-
tion of EPN in a field follows the same pattern. Unless evenly applied by man, nematode populations are 
highly aggregated (Campbell et al., 1998; Taylor, 1999; Spiridonov et al., 2007), which results in a high 
uncertainty of population size estimates. Our methodological potential to monitor a population density 
of EPN is thus very limited. If the significance of EPN in a food web is studied, this limitation is a major 
drawback. In biological control, the EPN density is certainly also of major interest; however, for the 
purpose of estimating the biocontrol potential, the percentage of positive soil samples within an area 
infested with a pest insect population can provide a good indication for the probability of successful 
control.

1.6.1 Baiting method

If a sampling is conducted to isolate new strains of EPN or survey the occurrence of EPN, then the sampling 
method does not follow a specific scheme and single samples can be combined. Larger soil samples of 
approximately 250 g are recommended. If the percentage of positive samples within an area is required, 
smaller samples are recommended. The following rules should be considered:

● Soil sampling:
 Taking samples (50–250 g) close to plant roots increases probability for success.
 Clean instrument between taking each sample.
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 Collect soil from at least 10 cm depth and deeper.
 Place each sample in a plastic bag or box.
 Keep at 4–15°C during transportation or storage in the laboratory.
 Do not store longer than 2 days before baiting.
 If necessary, record soil characteristics and vegetation.

● Insect baiting technique:
 Transfer sample into a hard plastic container.
 Moisten soil sample if dry to facilitate EPN movement.
 Add two to five insect larvae, such as G. mellonella, Tenebrio molitor or other bait insect.
 Close container and turn upside down.
 Keep at room temperature. If nematode species active at low temperature are targeted, incubate  

at 10°C.
 Remove dead insects after 5 days.
 Second addition of insects sometimes increases success of isolation.

● Harvest of DJ from cadavers:
 Put a filter paper into a 5 cm diam. Petri dish.
 Transfer cadavers onto the filter paper.
 Put Petri dish into a 9 cm diam. dish.
 Fill 9 cm dish with tap water just to cover the bottom.
 Cover the large dish with a lid.
 After approximately 10 days the DJ emerge from the cadaver and migrate from the filter paper into 

the tap water in the larger dish (Fig. 1.1).
 Pour water with DJ into a beaker and fill with fresh tap water.
 Let nematodes settle to the bottom of the beaker and decant water.
 Repeat washing steps.
 Cleaning of DJ suspension can also be done over a 50 μm mesh sieve.
 Store DJ at 4–15°C (depending on species) in culture bottles with a minimum of water.
 Use polystyrene tissue culture flasks with canted neck and ventilation cap for storage.
 Storage in Ringer’s solution (7.5 g NaCl, 0.35 g KCl, 0.21 g CaCl2×2 H2O in 1000 ml water) prolongs 

shelf life.

The baiting method is also described by Orozco et al. (2004), including a video with detailed 
explanations.

The baiting method can also be performed in situ in the field to isolate new EPN strains or to monitor 
persistence of EPN after application. A 10 ml tube (Fig. 1.2) filled with soil and insect larvae is buried 5 cm 
deep into the soil. A small plant can also be added. The bottom of the tube is closed with a 50 μm plankton 

Large Petri dish with cover

Small Petri dish lined with filter paper
and insect cadaver on top

Water

Fig. 1.1. Harvest of dauer juveniles (DJ) of entomopathogenic nematodes from insect cadavers. DJ emerge from the 
cadaver and migrate from the filter paper into the water in the larger Petri dish.
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sieve, so nematodes can easily enter from the bottom, but insects cannot escape. After 7–10 days these tubes 
are removed and insects can be checked for nematode infestation. Tubes are easily located because of the red 
lid sticking out 5 cm above the soil surface.

1.7 Examples of Sampling Protocols for Pine Wood Nematodes  
and Potato Cyst Nematodes

1.7.1 Sampling for B. xylophilus

Detection of B. xylophilus is difficult in healthy trees. To enhance the chances of finding the nematodes it is 
recommended to use a risk-based sampling and focus on susceptible trees with a high risk, such as weakened 
trees caused by forest fire or pathogens other than PWN, as these trees are preferred by the beetle vector, 
Monochamus spp., for oviposition and hence the possibility of nematode transfer. In the warmer climates, 
searching for trees with symptoms of PWN is possible (EFSA, 2012). Sampling can take place from standing 
and cut trees, in sawmills and timber yards, or in imported wood, wooden products and solid wood packag-
ing material. Alternatively, the vectors can be monitored by specific insect traps for the presence of the PWN. 
All actions need different sampling approaches, described in detail by Schröder et al. (2009).

If it is suspected that B. xylophilus might be present, wood from a standing tree should be collected as 
follows:

● Before sampling the trunk, the bark must be removed to avoid contamination.
● Use a drilling machine with bits of at least 17 mm (the diameter is not critical but the heat at drilling is 

and smaller drills may generate more heat).

Lid with
aeration holes

Plant

Bait insect

Soil

2.8 cm

100 μm mesh net

Falcon tube
50 ml

1.2 cm

9 cm

Fig. 1.2. Plastic tube for in situ baiting of entomopathogenic nematodes (Bart Vandenbossche, e-nema GmbH, 
Germany, unpublished).
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● Drill slowly to avoid heat development and drill to a depth of up to 4 cm.
● The total amount of wood sampled from the whole tree should be up to at least 60 g, but preferably 

100–300 g.
● At each site, sample at least one tree, but preferably five trees; this depends on the number of weakened 

or dead trees available.
● Avoid cross contamination between samples from different sites by sterilizing the drill/extraction instru-

ments with alcohol and using a mini burner.

1.7.2 Sampling for G. rostochiensis and G. pallida

In the EU, the detection limit for G. rostochiensis and G. pallida is set as a 95% chance of finding 1 cyst in 
a 1500 cm3 soil sample comprised of 100 cores taken in a rectangular pattern from a 1 ha field containing 
a hypothetical population of 3.8 million cysts based on the distribution pattern of foci with known length 
and width gradients (Anonymous, 2007). An extensive analysis on sampling for cyst nematodes can be found 
in Pickup et al. (2018).

1.8 Sampling Tools

Many sampling tools are available such as augers, knives, hand trowels or spades (Fig. 1.3); the purpose of 
sampling influences the choice of sampling tool (Coyne et al., 2014). For detection and density estimate 
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Fig. 1.3. Sampling tools; 1 to 9 are various sizes of augers. 1, 1.0 cm diam., 25 cm length; 2, 1.3 cm diam., 25 cm 
length; 3, 1.5 cm diam., 25 cm length; 4, 1.2 cm diam., 40 cm length; 5, 2.0 cm diam., 25 cm length; 6, 2.0 cm 
diam., 25 cm length; 7, 2.0 cm diam., 15 cm length; 8, 3.0 cm diam., 100 cm length; 9, 1.5 cm diam., 60 cm length; 
10, 1.0 cm diam., 6 cm length; 11, 2.0 cm diam., 5 cm length. 8 and 9 are special augers for sampling potato cyst 
nematodes; 12 and 13 are tools for removing soil from augers; and 14 to 17 are small shovels and trowels in various 
sizes for taking soil and plant samples.
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purposes, soil sampling can best be performed using an auger. The size of the nematodes influences the proper 
choice of the width of the auger: free-living stages of plant-parasitic nematodes can best be sampled using a 
15–22 mm diameter auger; when sampling for virus vector nematodes, such as Longidorus and Xiphinema, 
an auger with a minimum diameter of 20 mm is best in order to avoid damaging these larger nematodes while 
sampling. The auger or corer should have a blade length of 20–40 cm. For cyst nematodes some other devices 
have been developed, such as the ‘cheese-sampler’ (UK), with a half-cylindrical blade 20–30 cm long and 
20–25 mm wide, or the ‘Dutch spoon’ (automated or by hand), when the depth of the sampling is less impor-
tant. The depth of the sampling depends on the nematode species and the circumstances, but in general a 
depth of 20 cm should be enough with a maximum of ploughing depth; when soil cultivation has taken place, 
cysts can be sampled from up to 5 cm.

1.9 Handling and Storage of Samples

Nematodes are very sensitive due to their small size and absence of skeleton, and when samples are treated 
incorrectly the nematodes can be damaged or die. It is extremely important that after sampling and before 
extraction the samples are taken care of properly. If immediate despatch or processing is impossible it is 
necessary to protect the samples from cold (keep above 4°C) or heat (keep below 27°C), drying out, anaero-
bic conditions and rough handling as these have a negative effect on the nematodes in the samples (Shurtleff 
and Averre, 2000). Be aware that nematodes from relatively hot environments can suffer chilling injury 
(Coyne et al., 2014). All samples sent abroad should be via airmail and include the necessary documentation 
to clear customs. Transport should preferably take place in an insulated cool box and storage of the samples 
should be in a refrigerator (4–10°C, depending on the sampling environment) for processing within 2 weeks. 
For some soil samples, storage time can be extended to 3 to 6 months with only a slight decrease in nematode 
numbers depending on the species (e.g. numbers of Meloidogyne hapla decreased but numbers of 
Pratylenchus, Paratylenchus and Tylenchorynchus stayed the same (de Bruin, 1985)).

Samples should always be traceable to the place of sampling, being the field, the lot, the plant/tree. It is of 
utmost importance that all relevant information is noted and that a label is attached to the sample for rec-
ognition. Paper labels should be attached on the outside of the plastic bag, plastic labels could be placed 
inside the bag. Alternatively, information can be written on the plastic bag. All the necessary information such 
as sampling date, location and GPS coordinates, crop and cultivar plant species, name of sample taker, name 
of owner of crop/farmer, a reference number (when more samples are taken on one site), if possible, the previ-
ous crop, soil type, treatments and other relevant information should be noted.
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