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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
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consists of the following parts, under the general title Soil*quality — Sampling of soil invertebra
Hand-sorting and formalin extraction of earthworms

Sampling and extraction of micro-arthropods (Collembola and Acarina)

Sampling and soil extraction of enchytraéids

Sampling, extraction and identification of soil-inhabiting nematodes
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Introduction

This part of ISO 23611 has been drawn up since there is a growing need for the standardization of terrestrial
zoological field methods. Such methods, mainly covering the sampling, extraction and handling of soil
invertebrates, are necessary for the following purposes:
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biological classification ot solls including soil quality assessment L"2L1T71.1Ck;
terrestrial bio-indication and long-term monitoring [81.[101.[13],[24];
evaluation of the effects of chemicals on soil animals (ISO 11268-3).

h for these purposes are gained by standardized methods since they can form the basis for

sions (e.g. whether a given site should be remediated or not). In fact~thé lack of such s
hods is one of the most important reasons why bio-classification and big-assessment in terrest
tats has so far been relatively rarely used in comparison to aquatic sites:

hatodes are an important and major part of the soil fauna. Sdme authors estimate that th
iably the most dominant one of the multicellular organisms (Metazoa) on earth. Nematodes oc

rctic to the tropics and from deep sea sediments to mountain regions. They are active in ever
cient water and organic material. The species diversitytand functional variety are impressive.
commonly known as parasites of animals and plants, but the major part of the nemg
ticipates in decomposition processes by feeding on‘tbacteria and fungi.

natodes occur in high numbers [(5 000 to 1068°000)/kg fresh soil] and with a high (20 to 1

web relations among the nematodes™such as bacterivores, fungivores, herbivores, prg
ivores [271128] These factors make_the group highly suitable as indicators for ecological soil
dardization of methods is urgentlyneeded for comparison and combination of results.

M

he past 100 years, nematology-has developed strongly from the viewpoint of agriculture, adviso
phytosanitary regulations ‘because some terrestrial nematodes cause a lot of damage in
ect to methods, there are-several “schools” in different parts of the world with their own histg
hntages and disadvantages. A comprehensive overview is given by Oostenbrink [14] and Sou
more recently described methods (or variants) are often developed with special interes|

t-parasitic species:

!

¢e Bongers “introduced the Maturity Index, the use of nematodes in bio-indication for soil
based rapidly. Nematodes are now used for ecological soil research and monitoring in several

" the world. Monitoring activities make special demands on methodology, for instance, that a I3
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rsity in almost every soil sample. Moreover, there is a broad ecological spectrum of feeding types and
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ry sampling
crops. With
ry, practical
hey [221,[23],
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oil- samples is processed on a routine basis against reasonable costs. Some of the metho

specific variants described in this document.
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Soil quality — Sampling of soil invertebrates —

Part 4:
Sampling, extraction and identification of soil-inhabiting
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Scope

soils as a prerequisite for using them as bio-indicators (e.g. to assess the quality of a soil as

part of ISO 23611 applies to all terrestrial biotopes in which nematodes occur. The samplin
studies in general is specified in ISO 10381-1.

part of ISO 23611 is not applicable to aquatic nematodes.bécause these nematodes do not p
Filter. Methods for some other soil organism groups such.as earthworms, enchytraeids or coller
bred in other parts of ISO 23611.

nematodes that are characterized by the proposed procedure are all the free-living forms of
d in soil. They include non-plant-feeding nematodes as well as ectoparasitic plant-feeding nen
Hiving stage of endoparasitic nematodes. The quantification of obligate plant-feeding nemato

E Basic information on the ecology of nematodes and their use as bio-indicators can be
bgraphy.

part of 1ISO 23611 does™hot cover the pedological characterization of the site whic
mmendable when sampling soil invertebrates. ISO 10390, ISO 10694, ISO 11272, ISO 11274

11461 and ISO 11465~are more suitable for measuring pH, particle size distribution, C/N rg
on content and watér<holding capacity.

Terms and definitions

the purposes of this document, the following terms and definitions apply.

21

part of 1ISO 23611 specifies a method for sampling and handling free-living-nematodes frofn terrestrial

A habitat for

g design of

ass through
nbolans are

nematodes
atodes and
Hes in roots

ound in the

n is highly
ISO 11277,
tio, organic

nematode
small, non-segmented free-living worm (up to a few millimetres in length) belonging to the class Nematoda

NOTE Nematodes without a soil-inhabiting stage are not included in this context.

2.2

location
study area or plot that is characterized based on the composition of (among others) the nematode fauna
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bulk-sample
composite soil sample made out of many small soil cores to get an impression of the average nematode
composition

2.4

soil sampler
tool to collect soil material in a quick and standardized way

2.5

Oostenbrink elutriator 1)

metal funng
See Figure

2.6
mass slide
Microscopiq

2.7
identificati
determinati

parts, sexual organs, body ratios) with an identification key

2.8
colonizer -
ecological ¢

NOTE )
Non-plant-fe
the Maturity

3 Princ

Nematodes,
an auger (s
homogeneg
its homoge
plastic bag
mixed and
against strg
for at most

NOTE 1 T
of a field with

| with an upward water flow to separate nematodes from larger soil particles

A3.

slide on which 300 to 400 nematodes are mounted for species identification

bn
bn of the species, genus or family of an individual based on morphological characteristics (m

persister (cp) scale
lassification of nematodes, proposed by Bongers [41:[]

[he principle is analogous to the r-K life strategies dufing succession, distinguished in fundamental eco
bding nematode families are classified to one of thé.five cp-groups. This is also the basis for the calculati
ndex.

ple

are collected in soil samplestwith a small cylindrical core (diameter: circa 2 cm; length: 10 cn
ee Figure A.2). For monitering purposes, the soil samples are combined in a bulk-sample fro
us area. The total number‘of samples to be taken depends on the investigated surface area
heity (e.g. pedologys~culture). The individual samples can be gathered in the field in a stan
or plastic bucket. The’combined bulk-sample is too large for direct examination and therefore
subsampled. Inctthe-field and during transport to the laboratory, the soil samples shall be prote
ng fluctuatiorns-in temperature, water-loss and heavy mechanical disturbance. They can be st
our weeks.at4 °C.

'he saimpling method described above is derived from “the Dutch Method” [23] for determining the infest
petato-cyst nematodes, and has been used for many years in several European countries.

buth
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1) Oostenb

rink elutriator is the trade name of a product supplied by firm Eijkelkamp, Giesbeek,

NL

(http://www.eijkelkamp.nl). This information is given for the convenience of users of this International Standard and does

not constitute an endorsement by ISO of the product named. Equivalent products may be used if they can be shown to
lead to the same results.
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The Oostenbrink funnel method is recommended for routine extractions of soil samples, for in
monitoring network. The Oostenbrink method is not the most simple one that can be used

stance in a
under any

circumstance. However, it has several advantages: it is highly standardized and constant in extraction
efficiency. The Oostenbrink wet funnel method combines three basic means that can be used for the
separation of nematodes from soils: washing, sieving, active movement. Therefore, it obtains better results

than any one of the basic methods individually. Further advantages are given below:
relatively large soil samples of any soil type can be treated at once (100 g to 500 g);

clean nematode suspensions;

isolation of most living and active nematodes;
there are many years of experience with enormous amounts of routine soil extractions;
it is used in many places around the world.

After sampling, the nematodes are extracted from the soil using the Oostenbrifik-€lutriator 1) (mo
Figyre A.3 and Annex B). In this technique, an upward current of water separates the nematod
particles and holds them in suspension while the heavier particles sink-t11114L[19L[23] This su
nematodes and small particles passes through three sieves (mesh width: 45 um). The catch is W
the sieves onto a cotton-wool filter (milk filter). The cotton-wool filter is‘mounted on a supporting

pladed in a dish with 100 ml of tap water. For three days, through" their active downwards mo
nenjatodes separate themselves from the debris on the filtef/ Thus, the living nematodes ad
through the filter in a dish with tap water.

Aftdr extraction, the nematodes are counted in 2 x10% of the 100 ml suspension, then cg
pregerved and mounted on mass slides. Finally, at least 150 individuals or a fixed percentage
nunber in the sample is identified under the microscope.

Mature nematodes can be identified to specie§ level. However, populations in the soil are often dq
juvdniles and the genera level of taxonomy.js.a practical (but less sensitive) way of distinction.

Altefnative extraction methods such ‘as the Seinhorst elutriator ['9 or Baermann funnel (Anne»
useful under special circumstances, but are not recommended as general procedures b
Oogtenbrink elutriator is robust;easy to operate and usually quantitatively superior to most other
As an alternative, centrifugation techniques are most suitable.

NOT
the f

E 2  This part of ISO-23611 is not applicable for aquatic nematodes because these nematodes do not
ilter. Special centrifagation techniques are available for sediment samples.

NOT
pOsS
juve

E 3 Determination with a light microscope is based on morphological characteristics. In some ca
ible to recegnize the specimen on species level, e.g. juveniles. With a new technique based on D
hiles can‘besidentified to species level. This new technique is expected to become operational within seve

del 1) (see
bs from soil
spension of
ashed from
sieve and is
ement, the
tively crawl

ncentrated,
of the total

minated by

C) can be
pcause the
techniques.

pass through

Bes, it is not
NA analysis,
ral years.

4 'Reagents
41 Formalin [formaldehyde solution, 6 % (volume fraction)].
4.2 Paraffin, with melting point near 60 °C.

5 Apparatus

Use standard laboratory equipment and the following.
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5.1 Sampling

5.1.1 Soil sampler, of an open, closed or split-tube type.

EXAMPLE Grass plot sampler (diameter: 23 mm) or soil auger (Figures A.2 and A.3); commercially available.
5.1.2 Plastic bucket (collection of soil samples in the field).

5.1.3 Plastic container, for mixing of the bulk-sample.

5.1.4 Sieve, with 8 mm apertures.

51.5 CoLted bags or plastic bags or glass vessels (transport and storage).

5.1.6 Penmanent marker or pre-printed labels.

5.2 Extraction

5.2.1 Beaker, of capacity 100 ml to 250 ml.

5.2.2 Balance, able to weigh 1 kg to 25 kg, for weighing the total sample mass.
5.2.3 Oostenbrink elutriator 1) (see also Annex B).

5.2.4 Thiee sieves, with 45 um apertures and 30 cm diameters.
5.2.5 One sieve, with 250 um apertures and a 10 cm diameter:

5.2.6 Plapstic bowl, of capacity circa 2 I.

5.2.7 Clamping ring.

5.2.8 Exfraction sieve, with 1 000 um apertures and 16 cm diameter.
5.2.9 Milk- or cotton-wool filters.

5.2.10 Shallow trays (Petri dishes).on special extraction dishes.

5.2.11 Glgss vessel, of capacity) 100 ml, with a screw-cap.

5.3 Counting

5.3.1 Dissecting'microscope, 10x to 50x magnification.

5.3.2 Srr1all counting dish with grid or glass slide with grid.

NOTE Counting dishes in several sizes and different grids are available from the manufacturers of laboratory
equipment. They can also be made out of small plastic Petri dishes by scratching a grid on the bottom with a needle.

5.3.3 Simple hand counting device.

5.3.4 Aquarium pump, for mixing nematode suspensions.
5.3.5 Pipette (drop glass), with adjustable volume.

5.3.6 Handling needle.

5.3.7 Bottle, of volume 100 ml.

4 © 1SO 2007 — All rights reserved
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5.4 Fixation and preparation of mass slides

5.4.1 Water jet pump, for concentration of suspension.
5.4.2 Glass slides, 50 mm x 76 mm.

5.4.3 Cover glasses, 45 mm x 45 mm.

5.4.4 Electric heating plate.

5.4.

5.5| Identification

5.5/1 Microscope, magnification 400x to 1 000x.

5.5.2 Ocular micrometer indicator.

5.5.8 Identification keys [3].

5.5.4 Standard form, to list the identification results.

6 |Procedure

6.1| General

For|quality assurance, each sample shall be given@,unique code from the moment it is taken in th

codg (label) shall stay with the sample during -all' the processing and analysis steps. Standard
fornm(s) should be used to follow the routing of the samples and collection of analysis results. Thes
may be combined in a spreadsheet or database file for further calculations and statistical testing.

6.2 Sampling
Wh
plot
It is

e the density and diversity\of soil nematodes are the highest in the top 10 cm of the mineral {
sampler (5.1.1) with a 10~.cm or 15 cm long sampling-tube is appropriate for most biomonitorin
recommended to use ‘a_¢losed tube with a fixed length and diameter.

EXAMPLE 1 A grass/plot sampler consists of a stainless steel gouge auger (available in different
congisting of a steelauger pipe, a collecting bucket (5.1.2) and a stick with a steel handle. Because of the cor
the pipe, the sample is easily pushed toward the collecting bucket when the next sample is taken. The sar
congtant and, §oil‘cores can be collected easily over a large area (see Figure A.1). This device can be U
situgtions.

-4:2007(E)

e field. This
(electronic)
e basic data

5oil, a grass
J purposes.

dimensions)
ical shape of
nple depth is
sed in many

AMBLE 2
avaitable—r—diffe
material can be lost m

Alternatively, a soil auger can be used as a simple, cheap and quick working device

)

ore easily (see Figure A.2

EXAMPLE 3 When accurate separation of soil layers is required, a split-tube sampler can be used. T
device needs more handling time and is less suited for large numbers of samples and large areas (see Figure

Augers are
e is that soil

his sampling
A.2).

Samples from deeper layers can be taken with an auger to avoid excessive soil compression, or special
split-tube samplers (see Figure A.2). Organic or litter material can be included in the samples, but it increases
the numbers of nematodes found, sometimes considerably. Organic layers may be sampled independently. In
this case, a wider split-tube corer (5 cm to 10 cm) is preferred in order to separate the organic horizons from
the mineral material. Small amounts of litter can also be treated in an Oostenbrink elutriator 1) (5.2.3) to

extract the nematodes. Extraction efficiency can be enhanced by soaking and blending the organic
parts [161.118],

© 1SO 2007 — All rights reserved
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When a representative sample is required from a specific type of ecosystem, a typical area of at least 0,5 ha,
and preferably 1 ha, shall be selected. It is recommended to select an area which is (more or less)
homogeneous in terms of soil properties, vegetation and soil-use. The studied surface is reported as part of
the location information. As a rule of thumb, 100 soil cores shall be combined from 1 ha. For smaller areas
(e.g. 100 m2), circa 25 cores are sufficient to get an impression of the average nematode composition and to
collect enough soil material. A denser sampling pattern results in a higher accuracy in the estimation of
nematode abundance and species composition. However, there is a trade-off with the amount of subsample
that is finally analysed from the homogenized bulk soil sample. So, a very large bulk-sample does not give
more information because only a small part is analysed and homogenization cannot be completely perfect.
Three hundred samples with a grass plot sampler (diameter 23 mm) are recommended as a maximum for a
composite bulk-sample. In a biomonitoring programme, the sample density per surface area should preferably

be equal in

The sampli
practical to
consists of

area. Samp

The collect
laboratory,
cores throu

all locations. The mass of the bulk-sample and the number of soil cores in it need to be known.

hg plan may be regular (grid), according to a pattern or random. For larger locations;)iis n
walk a zigzag pattern and take arbitrary samples along this route. In the case that.a locg
different parcels, the number of soil samples shall be distributed over the parcels.based on

ed bulk-sample is homogenized in a plastic container (5.1.3). This can-be’done in the fiel
Hepending on the most practical way of working and transport. Mixingstarts with crumbling of
hbh a 8 mm aperture sieve (5.1.4). Subsequently, the soil is gently mixed until the mass is unit

les from very atypical parts of the location such as ditches, tracks or pathways shall be avoided.

nost
tion
heir

H or
the
orm

in colour an
from clay s¢
it and shou
final choice
for the entir|

d consistency. Mixing and preparation of the sample can take morethan an hour for bulk-sam
ils or densely rooted top soils. However, this step is essential to‘all the analyses that are base
d be given enough attention. Coarse organic material, rootshahd stones shall be removed.
for details of working shall be specified in the field sampling-protocol, and again shall be unif
e biomonitoring programme.

ples
j on
The
orm

When the 4
by several s
labelled pl3

one
ina
for

ulk-sample is homogenized, circa one litre is taken‘out for further examination. This can be @
poonfuls from different parts of the bulk to obtain.a representative subsample. Put the sample
stic bag or glass vessel (5.1.5). At this point,(dnore subsamples can be taken from the bulk

other biotic
The storag
not be opti
appropriate
the tropics)

6.3 Extraction

Mix the soil
soil. Weigh
soil sample
sample for

Prepare the

Specific wa
way to use
larger dime

and abiotic analyses. Soil samples for nematode analysis shall be stored at 4 °C prior to extrag
period should be kept as short as possible, four weeks at the maximum. This temperature
al for all nematodes (e.g. Aphelenchoididae, Anguinidae; see Reference [39]). In any case,
temperature shall be checked beforehand when sampling outside of the holarctic region (e.

(sub)sample from the field again before extraction and fill a beaker (5.2.1) with 100 ml to 250 1
the sample in orderto convert the results to a fresh-weight basis. In another sub-part of the s
measure the soil humidity to express final density as a unit of soil dry-weight. Store the remai
hbiotic analysis;-tnless material was collected separately in the field from the same bulk-sampl

ter flow-speeds depend on the type of funnel used. A detailed description of the apparatus and
itis“given in Reference [23] and Reference [1]. The latest version of the Oostenbrink funnel

tion.
may
the
. in

nl of
hme
ning

D

-

Oostenbrink elutriator (5.2.3). Put the sample in the top sieve and wash the soil in the elutriator.

the
has

hsions and is fully automated (see Figure A.5). It is suited for routine extraction of large numbe

s of

samples. The soil sample is washed into the funnel through the top sieve. When the funnel is filled by the
upward stream of water, the nematodes are separated from the heavier soil particles.

NOTE 1 If for whatever reason an Oostenbrink elutriator is not available, the Baermann funnel/tray method can be an
alternative. Details concerning its use are given in Annex C.

Unplug the funnel when the water has reached the edge and catch the water flow on a pile of three sieves
with 45 uym pore size (5.2.4). An additional top sieve (5.2.5) can be mounted on the three sieves (5.2.4) to
catch large nematodes that do not pass the final cotton-wool filter step. This sieve (5.2.5) shall be placed
directly in an extraction disk (shallow tray filled with water) (5.2.10) and stored in a cabinet for three days. At
higher ambient temperatures, the cabinet should be humidified and kept away from heat sources. The sieves
(5.2.4) are rinsed with a gentle stream of water which is caught in a plastic bowl (5.2.6). The suspension with
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the nematodes can be set aside for 15 min to 30 min, during which time the nematodes settle to the bottom. It
has the advantage that the supernatant water in the plastic bowl can be poured out more quickly. Pour the
content of the bowl over a double filter [e.g. cotton-wool (milk)] (5.2.9), which is clipped onto an extraction
sieve (5.2.8) with a clamping ring (5.2.7). Place the extraction sieve (5.2.8) with debris in an extraction dish
(5.2.10). The active nematodes in the debris crawl through the filter (5.2.9) in the extraction dish (5.2.10) with
100 ml of tap water during a period of three days. It is important that the filter (5.2.9) stays in contact with the
water in the extraction dish (5.2.10). If necessary, add tap water during the three-day period. After three days,
both the 250 um pore size sieve (5.2.5) and the sieve with cotton-wool filters (5.2.9) are removed and the
content of the extraction dishes (5.2.10) can be poured into a glass vessel of 100 ml (5.2.11). Label the

vessels with the correct sample codes. Subsequently, the nematodes can be counted.

NOTE 2

equ

NOT
moti
nem
of né

NOT

Other filter material than a cotton-wool filter is acceptable as long as it has been shown that
| those of cotton wool with respect to nematode extraction (i.e. no change in pore size after absorption, of]

E 3  This method allows the user to extract only mobile forms. Therefore, the count does not take intg
pnless forms (eggs, dead organisms in the soil). This type of extraction does not give the exact'value of t
atodes (at any stage of development) at the time of the extraction. Centrifugation allows the extraction of
bmatodes, but this method can also destroy nematodes.

E4 A period of three days is recommended for the last extraction phase. Ingthis step, the cotton-wo|

supporting sieve) are placed in a shallow dish with 100 ml tap water. Experimental results show that

nem
are
peri
nem

6.4

Befi
sani
sus
add

atodes crawl out during the first 24 h, 73 % after two days, and 82 % are caught after three days [2%]. Th
pased on a comparison with the nematodes found after seven days.,Far) practical reasons, a standd
d of three days is chosen. A longer extraction time has the disadvanteges that the water in the dishes
atodes can die, and eggs present in the debris possibly hatch.

Counting

bre counting, combine the contents of the two vessels (5.2.11) containing the nematodes fr
ple. Wait at least 2h to be sure that the nematodes have sunk to the bottom. Cong
bensions (decanting or suction) so that suspensions fit in one 100-ml bottle (5.3.7 or 5.2.11). If
tap water to the vessel until it contains exactly 100 ml. Mix the suspension with air (5.3.4

(3 min to 5 min). Immediately afterwards take‘out 10 ml mixed suspension with a pipette (5.3.5) ar

cou
(5.3
diffe
sha
nun
in t

(5.37

The
pip€
100
nen
sus

hting dish (5.3.2). Do this in duplicate(_Count the number (5.3.3) of nematodes under a stereqg
1) while moving the counting dishy'slowly around. The result of the two counts shall be

rence. Otherwise, the suspension was probably not homogenous enough and the counting
| be repeated. Note the number of nematodes in each counting dish on a standard form. T]
ber of the duplicate count;'scaled up to 100 ml suspension, is the estimation of the nematode
he extracted amount (volume or weight) of soil. Put the counted subsample back in the 1
)- Next, the nematodes shall be heat killed and fixed with formalin (4.1).

volume of thessuspension in the vessels and the volume of the mixed suspension taken
tte for counting-depend on the density of the nematodes in the vessels. Although a suspensio
ml and the amount taken out for counting (10 ml) work well in most cases, this can be changec
atodes frem the soil sample should be counted if the nematode density is very low, while
pbension.may include already too many nematode individuals if the original density in the soil is

ts properties
water).

account the
he number of
all the forms

bl filters (in a
59 % of the
ese numbers
rd extraction
evaporates,

bm one soil
entrate the
necessary,
thoroughly
dputitina
microscope
within 10 %
procedure
he average
abundance
DO-ml bottle

but with the
h volume of
1. Almost all
only 1 % of
very high.

WA

pid danger

from |nhalat|on or sk|n exposure (such as wearlng gloves and handllng the samples in a fume
cupboard). According to the “Material Safety Data Sheet” for formaldehyde 37 % solution as published
by producing companies, the compound is a skin sensitizer and is considered to be a carcinogen
(humans: limited evidence; animals: sufficient evidence). It is notified in industrialized countries and
is allowed for scientific use.

6.5 Fixation and preparation of mass slides

If recently counted, let the nematodes sink to the bottom of the vessel for several hours. Meanwhile, the
suspension may be kept in a refrigerator at 4 °C. Concentrate the suspension until about 5 mm of water is left
in the vessel. This can be done with a small pipette (5.3.5) connected to a (water flow) vacuum pump (5.4.1).
A piece of plankton gauze (10 um pore size) stretched over the opening of the pipette prevents the loss of
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nematodes. Add circa 10 ml of boiling water to the concentrated sample to kill and stretch the nematodes. Add
circa 30 ml formalin (4.1) to preserve the sample. The sample can then be kept for a reasonably long period
(i.e. several months) and mass slides can be prepared for species identification.

Concentrate the sample again before the preparation of mass slides. Prepare the slides (5.4.2) by adding a
small paraffin square (ridge) (4.2) with a heated stamp (5.4.5). Press the stamp briefly on the paraffin so that it
can melt and stick to the stamp. Then put the stamp on the glass slide. Make two slides for every sample. Add
two drops of (shaken) suspension to each slide. Put a cover glass (5.4.3) over the paraffin square of circa
40 mm by 40 mm and the nematodes in the drops of fixative. Heat the slide on a hot plate (5.4.4) to 65 °C so
that the paraffin melts again. Remove the slides directly otherwise the nematodes can be damaged. The
paraffin becomes solid and the nematodes are mounted in the slides. Mark the slides with the number of the

sample an

NOTE 1

A or B. The slides can be stored for several months.

[he selection of the fixation method depends on the objective of the study. For a taxonomic~descri

tion,

holotypes arf prepared by dehydration of the animals followed by a transfer to anhydrous glycerol (48] For“monit bring
purposes, heat fixation and temporal mounts (weeks to several months) as described above are,enough and| are
practically fepsible.

6.6 Identification

The A and B slides (see 6.5) of the same sample are analysed, if possible, by different persons. Use a |ight
microscope| (5.5.1) for identification. Special optic techniques like interference contrast (5.5.2) can be usefjl to
make struc{ures visible. In each slide, 75 specimens are identified, using a nematode identification key (5.5.3).

Alternativel
constant le

Write down
female or j
Other stan
publications
morphologi
(dauerlarva

Results of {
the original

7 Data

The results
database p
surface are
number of
amount of
colonizer —
Index [41.15]

, a constant fraction (%) of the total number in the sample can_be identified in order to maint3
el of identification-resolution.

the taxon name (family, genus or species name) of each specimen and characterize it as a m
Ivenile. The identification keys in Reference [3] caver most of the European free-living speq
Hard works are the books of Reference [2] and Reference [21]. For a few groups, spe
shall be used in order to identify the species.duveniles without fully grown sex-organs and o
L structures can only be identified to génus level in most of the cases. Resting st
b) are counted as a separate group.
he identifications and proportions between taxa are used to estimate the numbers per specie
soil sample. Calculations can be.performed in a spreadsheet computer program.

hssessment

of nematode counts” and identifications are stored in an electronic database (spreadshedq
rogram). The basic’data of the analyses are converted to unit of soil fresh-weight, dry-weight
b (dm?2 or m2)/The “per unit area” values can be calculated from the diameter of the soil core
cores in the bulk-sample, the total weight of the bulk-sample and the weight of the extra
soil. Taxon composition is assigned to feeding groups according to Reference [27]. Use
persister (cp) scale for ecological characterization (see Reference [5]). After this, the Mat
And. proportions of feeding groups can be calculated beside standard diversity indices.

in a

ale,
ies.
cific
ther
ges

s in

t or
and
the
cted
the
Lirity

The following measurement endpoints can be used for the bio-classification of a soil, as well as the evaluation
of effects of chemical or anthropogenic stress:

total abundance;
number of species;

number of species in feeding groups and cp-classes;
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— ratio of bacterial and fungal feeding groups (NCR-ratio):

B

NCR:W

where
NCR is the nematode channel ratio;

B is the fraction bacterial feeding;

F is the fraction fungal feeding;
— |Maturity Index.

The| total number of nematodes and taxonomic diversity gives a first (rough) indication of the ecological
conflition of a soil type. Enrichment (eutrophication) can be recognized by hjglhnumbers, often with the
donjinance of a few opportunistic species. Pollution and very harsh abiotic conditions cause loy nematode
abuhdance, but can coincide with a diverse fauna.

The| Maturity Index, proportion of cp-classes and feeding groups give *good insight into progesses and
distyrbance in the soil ecosystem. Bacterial and fungal dominated-deeomposition routes in the [soil can be
recggnized as well as mature soil ecosystems and excessive™tnanuring or nutrient exhaustion. These
integrated indicators are more stable and robust due to the highér'level of organization that is reprgsented.

Kngwledge about the soil-inhabiting nematodes has emerged to such a level that habitat-respopse models
can|be made for the chance of occurrence in relation to.abioétic factors [13. In the near future, it will|be possible
to yse this for prognostic purposes. However, these ecological applications are based on sysfematic and
religble monitoring data. Field observations contain-a*Certain amount of natural variation. The levell of variation
in an ecosystem-type depends on temporal .and geographical factors and human influencg. For bio-
classification, it is important to know the variance around the ecological characteristic. Thereforg, sufficient
replicates of a certain habitat type (10 to.20) should be present in a monitoring system, if negessary with
geopraphical/geological categories or differentiation. The definition of ecological indicator values i an original
or undisturbed situation opens the possibility of ecological soil quality assessment.

8 |[Study report
Thel study report shall inelude the following information:

a) |reference to this part of ISO 23611 (i.e. ISO 23611-4);
b) |full description of the experiment design and procedures (extraction method, e.g. Oostenbrink felutriator);

c) |description and characterization of the study site (especially soil properties);

d) [sampling method with specification of corer type, number of samples, and sampled area;

e) description of the sampling conditions, including date and duration of sampling in the field and climatic
parameters, e.g. air temperature;

f)  details of fixation and preservation of the biological material;

g) values recalculated to different units (fresh-weight, dry-weight and area);
h) discussion of the results;

i) spreadsheet or database file with raw data and calculations;

j) all information, including measured raw data and all problems which might have occurred during all
phases of the study.
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Annex A
(informative)

Figures of equipment and methods for nematological research

NOTE f

NOTE Augers are still generally used in soil science and sampling of agricultural soils.

Figure A.2 — Soil auger (top) and split-tube corer
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Figure A.3 —Oostenbrink el@tor 1) (model Il

Figure A.4 — Extraction sieve with filters, clamping ring and dish
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Figure AJ5 — Automated Oostenbrink funnel for routine analysis (left), extractionsieves with filters
(middle) and rack with extraction dishes (right)

Figure A6~ Counting (left) and identifying nematodes in a laboratory

References|[14], [22}.and [23] give several schematic drawings and measurements of the apparatus (see plso
Figures B.] and_"B:2). On the basis of this information, it can be built at an engineering workshop.
Reference [|1] also describes the stepwise use of the Oostenbrink funnel in a manual for practical work in
nematologyl 1

The Oostenbrink elutriator 1) is also commercially available. It is not a standard product in the catalogue, but is
built to order as a complete set. Separate parts are also available. The elutriator can be ordered on article
number AA.65.21.31.1.

Cotton-wool filters are, for instance, available from NIFA INSTRUMENTEN B.V., Leeuwarden, the
Netherlands.2)

2) This information is given for the convenience of users of this document and does not constitute an endorsement by
ISO of this product. Equivalent products may be used if they can be shown to lead to the same results.
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Annex B
(informative)

Information about the availability of the Oostenbrink elutriator

Dimensions in centimetres
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NOTE Drawing based on Reference [22].

Figure B.1 — Drawing showing the dimensions of the Oostenbrink elutriator )
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10
A 4

Key
1 sample ¢f moist sail 9 rubber plug which can be removed for flushing the
2 1-mm top sieve apparatus
3 flotation pppdrafus 10 nest of sieves
4 funnel pipe;with baffle plate 11 rubber plug of the outlet
5 nozzle, of about 700 mi/min of water 12 water level at start
6 upward water current coming from a reservoir tank near 13 plastic gauge glass

the ceiling of the room and adjusted through a turbo 14 water level when the nozzle (5) is closed and the

meter upward current is adjusted to 400 ml/min
7 insertion pipe with perforated tip 15 water level when plug (11) is pulled out
8 neck of the apparatus where the nematodes are

stemmed
NOTE 1 Detail X is shown for large samples. NOTE 2 Drawing based on Reference [14].

Detail X @ shows an apparatus for normal samples.

Figure B.2 — Flotation apparatus lll (extraction of active nematodes from soil)
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