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Specific scope

This standard provides a protocol for the monitoring of fungal
BCAs in the soil using cultivation techniques and selective media.

Specific approval and amendment

First approved in January 2005.

Introduction

The persistence of fungal BCA progagules in the soil is a pre-
requisite for successful control when the fungus is applied to the soil
before the crop is sown (Vanninen et al. 2000).

Likewise, for a comprehensive environmental risk assessment of
fungal biocontrol agents it is important to have knowledge on their
establishment potential and their persistence in the environment
(van Lenteren et al. 2003).

This RAFBCA Standard provides a method for the quantifica-
tion of fungal biocontrol agents in the soil and thereby enables the
generation of important data for the risk assessment and the efficacy
evaluation of a product.

Overview of procedure

A precondition for a reliable quantification of fungal BCAs in
the soil is the collection of representative soil samples. These soil
samples are suspended in an extraction solution. A dilution series of
each extract is prepared and each dilutions is plated on selective
media. After incubation of the dilution plates the number of fungal
colonies formed by the BCA is counted and the amount of BCA per
gram soil dry weight is calculated.
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Soil sampling

Entomopathogenic fungi have been described to appear in clus-
ters and form conidial pellets in the soil (Callot et al. 1996). Thus, it
is necessary to obtain representative soil samples by pooling a num-
ber of soil cores from across the whole trial site. The classical sam-
pling method used for the physical-chemical characterisation of soils
(Oehlinger 1986) is appropriate also for the analysis of fungal and
bacterial densities (Strasser 1995).

Use a soil corer (minimum core diameter 1 cm) to sample the soil
down to a depth of 30 cm in agricultural fields (10 cm in pastures
and meadows). If soil conditions do not allow sampling to the
recommended depths, the actually reached depth is recorded.

Split soil cores into segments representing the 0-10 cm and
10-30 cm soil layers to obtain information on the depth distribution
of the BCA (the size of the segments may be varied depending on the
type of field sampled).

At least 40 soil cores per hectare, but not less than 15 soil cores
per sampled field or treated area, should be taken. Cores pooled in a
sealable inert plastic bag for each depth layer.

Sample preparation and storage

Dry soil samples at room temperature for 1-2 days, pass through
a 2 mm mesh sieve, and mix thoroughly. If sieved samples are not
processed immediately they should be stored for no longer than
2 months at 4 °C.

Determination of soil dry weight

After air drying and sieving take three sub-samples of 5 g from
each homogenously mixed soil sample and place each sub-sample in
a dry, pre-weighed glass petri dish (P). Record the exact amount of
soil added to each petri dish (Sairdry) and dry soil in petri dish at
108 °C for 24 h.

After drying allow to cool down in a desiccator and weigh petri
dishes with dry soil (P+Sovendry). Use the following formula for the
calculation of the ratio (r) between air-dried and oven-dried soil.

T —
(P + Sovendry) - P

This ratio is later used as correction factor for the calculation of
fungal BCA per gram soil dry weight.
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Dilution plating

Extraction

Take three subsamples of 10 g from each homogenously mixed
soil sample and place each subsample in a sterilised 100 mL Erlen-
meyer flask (wide neck). Record the exact amount of soil added to
each Erlenmeyer flask.

Add 40 mL of sterile Tween" 80 Solution 0.1% (w/v) to each
flask and shake at 150 rpm for 30 min at 25 C on a horizontal sha-
ker. Then place flasks into an ultrasonic bath for 30 seconds.

Dilution series

Immediately prior to use shake Erlenmeyer flask for 60 s and
then allow to stand for another 30 seconds. Prepare a 1:5 of the soil
suspension by pipetting 1 mL from that liquid surface into 4 mL of
sterile TweenK 80 solution in a glass test tube.

Mix thoroughly on a vortex mixer, and for a second dilution
step, transfer 1 mL of this suspension to another test tube containing
4 mL TweenK 80 solution.

The original soil suspension together with the first two dilutions
allow a detection of approximately 5 x 102-1.5 x 105 colony forming
units (cfu) of BCA per gram soil. If a higher density of BCA is
expected, repeat the dilution process to obtain further dilutions.

Plating and incubation

Inoculate 4 BCA-selective or semi-selective agar plates (see
Annex II) with 50 (.iL of each of the prepared soil suspensions (ori-
ginal soil suspension in Erlenmeyer flasks as well as the dilutions
thereof) and spread evenly with a Drigalski spatula.

Incubate plates at a temperature suitable for the tested BCA (for
instance 25 C and 60 % RH for Metarhizium spp. and Beauveria
spp.) until colonies become clearly visible (check growth at least
every two days).

Counting of colonies

At the end of the incubation period, record the number of colo-
nies on each plate. It is important that the person responsible for the
counting of colonies has been properly trained for this task, because
the identification of BCA colonies based on their morphology
requires some experience, especially, if the medium used is not suf-
ficiently selective.
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Analysis of results

Only use the dilution plates with the number of colonies ranging
between 20-100 as more colonies per plate may result in reciprocal
inhibition.

For each counted plate calculate the number of colony forming
units per gram soil dry weight (cfudry soil) for each counted plate
using the formula

Soilflask 1
Cfudry soU =

(40 + Soil flask) R

where Soilflask is the soil in grams, placed in the Erlenmeyer flask in
gram, d is the dilution rate of the soil suspension (i.e. 1 for undiluted,
5 for the first dilution of 1:5, etc.), r is the weight ratio between air-
dry and ovendry soil as described above, and R is the recovery rate
determined as described in Annex I.

The median value of all replicates of one soil sample is then
calculated and reported together with the 25% and 75% quartiles.
The calculation of mean values is only permissible if data is nor-
mally distributed in all samples.
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ANNEX I: Determination of recovery rate

To get accurate information on the BCA density in the soil it is
necessary to determine what precentage of the BCA in the soil can be
detected with the method described in this RAFBCA Standard. The
recovery rate of a specific BCA from soil is determined as follows.

Prepare a spore suspension by washing off spores from a surface
culture of the BCA with Tween " 80 solution.

Determine spore viability in the suspension as described in
RAFBCA Standard Appendix A. Quality control of fungal biocontrol
agents (Laengle et at. 2005).

Prepare 10 mL of a spore suspension containing 10() viable
spores per mL. Add 10 mL of this suspension to 100 g of oven-dried,
BCA-free soil, thereby inoculating the soil with 10r' spores per gram
dry weight.

Blend material as homogenously as possible. This can, for
instance, be done by manually blending in a plastic bag followed by
placing the inoculated soil in a 250 mL flask on an overhead shaker
for 1 hour.

Analyse the inoculated soil for its BCA content as described in
this RAFBCA Standard.

Compare results (c/uinocuiated soil) with the expected number of
105 cfu per gram soil dry weight using a One-Sample t-Test. If no
significant difference is detected the recovery rate (R) is set at 1, if a
significant difference is detected then calculate the recovery rate as
follows:

_ £]LLinoculated soil

This rate is then used as shown in the formula for the calcula-
tion of the BCA density per gram soil dry weight (cfudry M)1i). Addi-
tionally, the recovery rate has to be reported along with the results of
the BCA monitoring in the soil samples.

ANNEX II: Media

The recipe for the preparation of selective media for Beauveria
spp. (Strasser et al., 1996) is listed in the following paragraph and
may be used as basis for the development of selective media for other
entomopathogenic fungi. For instance, the addition of 20 g L"1 glu-
cose will make the medium more suitable for the growth of Metar-
hizium spp.
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Beauveria-selective Sabouraud-2%-Glucose Agar

30 g Sabouraud-2%-Glucose-Bouillon
(MERCK 108339.0500)
15 g Agar
1 L deionised water

Sterilise for 20 min at 121 C, 1.2 bar. The medium has a clear
yellowish appearance after sterilisation. If the medium turns dark
brown it has been overheated and has to be disposed. After auto-
claving, the medium is supplemented with Cycloheximide (70 mg
L"1), Streptomycin (100 mg L"1), Tetracycline (50 mg L"1) and Dodine
(100 mg I/1). The antimicrobials are added as an adequate sterile
filtered stock solution, except for Dodine, which is dissolved in
1.5 mL ethanol 96 % (v/v) and then added to the medium. Make sure
that the temperature of the agar is in the range o f 5 0 C - 6 0 C when
the stock solution is added.

0.1 % (w/v) Tween® 80 solution

Dissolve 1 g of TweenR 80 in deionised water and sterilise for
20 min at 121 °C, 1.2 bar. The solution has a milky appearance after
autoclaving and will become clear when cooling down.
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