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Introduction
The growth of saprophytic fungi on surfaces of growing 

media is a major problem for growing media manufacturers. 
Beside the unpleasant appearance of the colloquially called 
‘peat mould’ fungi which is not acceptable to growers or con-
sumers, formation of hydrophobic layers may impede irriga-
tion, competition for nutrients may impair plant growth and 
spores may trigger allergies in susceptible people (Schlechte, 
1997, 1998). However, when sporulation is initiated and co-
nidia occur on the surface it is too late to take any counter-
measures because the mycelium is already widely spread in 
the growing medium (Verhagen, 2010). Thus, methods for an 
early identification of colonization by saprophytic fungi are 
needed. In soil and food sciences mycosterols as ergosterol 
are commonly used for the estimation of fungal biomass in 
various matrices as soils (Zelles et al., 1987), litter (Gessner 
et al., 1991), composts (Gómez-Brandón et al., 2008), corn 
and cereals (Hossain et al., 2015) or grapes (Porep et al., 
2015). The current research aimed to adapt and optimize an 
analytical procedure for determination of ergosterol in peat-
based growing media and organic growing media constitu-
ents. First a review of current literature was done and a pos-
sible analytical procedure was deduced including extraction 

 Summary
During the last decade colonization of peat-based 

growing media by saprophytic fungi such as Peziza 
ostracoderma is of increasing concern. Due to its 
unpleasant appearance and possible harmful effects 
on plants and humans, batches of raw materials with 
a high risk for fungal colonization should be excluded 
from production of growing media. However, no 
suitable method for quantifying fungal biomass 
in growing media constituents exists. In soils and 
cereals ergosterol – a sterol quite specific for fungi – 
is used as indicator for fungal biomass.

The aim of the current research was to adapt 
a method for analysing ergosterol in peat-based 
growing media. Based on a literature review an 
analytical procedure for extraction of ergosterol from 
peat-based growing media, purification of extracts 
and subsequent measurement by HPLC-UV was 
specified. This analytical procedure was validated 
and finally applied to various peat-based growing 
media and peat substitutes as composts or coir pith 
after inoculation with mycelia of Peziza ostracoderma.

After an ultrasonic-assisted extraction with a 
methanol/ethanol mixture and purification with 
n-hexane, ergosterol is measured by HPLC-UV. The 
method has a high repeatability and linearity. Limits 
of detection and quantification of 0.6 mg g-1 and 2.4 
mg g-1, respectively, are quite low. The analysis of 
mixtures from two peat samples in varying ratios 
– one not colonized and one heavily colonized by 
Peziza ostracoderma – indicates that the method is 
a promising approach to quantify intensity of fungal 
colonization. Analysis of various growing media 
constituents and growing media in conditions as 
delivered as well as after inoculation with Peziza 
ostracoderma and subsequent incubation for twelve 
days demonstrated that the method can be used to 
asses fungal colonization of different growing media 
constituents.

The analytical procedure is quite fast and easy 
and has low technical requirements but at the same 
is highly precise. Thus, it is a promising tool for 
assessing the risk of fungal colonization of peat-based 
growing media and growing media constituents.
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Significance of this study
What is already known on this subject?
• Ergosterol is a cell wall compound found in fungi and 

certain microalgae and protozoa but not in bacteria, 
insects or plants. Thus, ergosterol is a commonly 
used indicator of fungal biomass e.g., in food and soil 
sciences. Ergosterol is analysed by HPLC-UV after 
extraction with organic solvents. The extraction 
procedure is done in different ways as refluxing 
microwave digestion or ultrasonic-assisted extraction.

What are the new findings?
• A procedure for analysis of ergosterol in growing 

media was developed. The procedure is very precise 
and has a high repeatability as well as a low limit of 
detection. Furthermore, due to its high throughput 
and low technical requirements the method is suitable 
for routine testing.

What is the expected impact on horticulture?
• Colonization of growing media by saprophytic 

fungi is an increasing problem. The analysis of 
ergosterol might be a valuable tool to assess this risk 
and help growing media manufactures to initiate 
countermeasures before the fungal colonization 
becomes visible.
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of ergosterol, purification of extracts and ergosterol analysis 
by HPLC-UV. The performance of these three steps was eval-
uated and the method was applied to various growing media 
and growing media constituents.

Brief literature review on analysis of ergosterol
First Seitz et al. (1977) proposed a method for analysis 

of ergosterol in grains. After extracting with methanol, the 
centrifuged extracts were saponificated with alcoholic po-
tassium hydroxide (KOH) solution. Saponification was done 
to liberate esterified ergosterol derivatives. This method was 
slightly modified for the analysis of soils by Grant and West 
(1986) but incorporated the same work steps. As shown by 
Newell et al. (1988), Martin et al. (1990), Gessner et al. (1991) 
and Djajakirana et al. (1996) saponification seems not to be 
really necessary, especially if higher sample-to-solvent ratios 
are used (Djajakirana et al., 1996). Furthermore, Ruzicka et 
al. (1995, 2000) and Villares et al. (2012) demonstrated that 
ergosterol can also be liberated from hyphae by ultrasonica-
tion. The effectiveness of physical disruption of mycelium to 
extract ergosterol from arable soils was confirmed by Gong 
et al. (2001) and De Ridder-Duine et al. (2006). Other ap-
proaches for extraction were microwave-assisted extraction 
(Young, 1995) or supercritical fluid extraction (Young and 
Games, 1993). As solvents methanol, ethanol or mixtures 
of methanol and ethanol are commonly used. However, effi-
ciency of solvents differs between fungal species but none of 
them is clearly preferable (Padgett and Posey, 1993).

Purification of extracts is either done by liquid-liquid-ex-
traction using nonpolar solvents, e.g., pentane, petroleum 
ether, dichloromethane, n-hexane or cyclohexane (Beni et 
al., 2014) or by solid phase extraction (Gessner and Schmitt, 
1996). Indeed, both methods contain some pitfalls which 
possibly lead to an underestimation of fungal biomass (Gess-
ner et al., 1991; Gessner and Schmitt, 1996). But as shown by 
these authors, a complete recovery of ergosterol from alco-
holic extracts can be obtained with both techniques and all 
solvents.

Analysis of ergosterol is mostly done by HPLC-UV at a 
detection wavelength of 282 nm (Beni et al., 2014). As sta-
tionary phase, a C18 reverse phase column is often used with 
methanol as mobile phase (Beni et al., 2014). However, Zill 
et al. (1988) reported a shorter retention time and fewer 

impurities interfering with UV detection when using a Si60 
column as stationary and n-hexane/propan-2-ol as mobile 
phase.

Analytical procedure deduced from literature review
Because the method has to be suitable for routine test-

ing particular emphasis was placed on speed, easy handling 
and low technical requirements but with simultaneously 
high analytical performance. Thus, the ultrasonic-assisted 
extraction (UAE) methods described by Ruzicka et al. (1995) 
and Villares et al. (2012) were used as a basis. In contrast 
to these methods extraction was not done on a mass but on 
a volume base as bulk density between growing media con-
stituents can vary widely. Because no sample preparation (in 
particular no crushing) was done, a relatively large volume 
of 100 mL moist growing medium – based on bulk density 
according to VDLUFA (2012) – was extracted with 200 mL 
of a methanol/ethanol (80/20 v/v) mixture (Ruzicka et al., 
1995). Assuming a dry bulk density of 100 g L-1 for peat 
based growing media this gave a relative wide sample-to-sol-
vent ratio of 1:20 compared to 1:4 as originally used by Grant 
and West (1986). UAE was done in a cooled ultrasonic bath 
for 30 min as described by Villares et al. (2012). After a few 
minutes of settlement and warming to ambient tempera-
ture, a 10 mL aliquot of the alcoholic extract was taken and 
liquid-liquid-extraction (LLE) with n-hexane/propan-2-ol 
(98/2 v/v) was done (3 × 10 mL in a separatory funnel) as 
described by Zill et al. (1988). The three n-hexane/propan-
2-ol aliquots were pooled, filtered through a 45 µm syringe 
filter and used for HPLC analysis with a Si60 column as sta-
tionary and the same n-hexane/propan-2-ol mixture which 
was used for purification as mobile phase (Zill et al., 1988).  
Retention time of about three minutes was determined using 
ergosterol standard solutions and samples spiked with er-
gosterol, respectively. Methanol and ethanol were of analyti-
cal grade, n-hexane and propan-2-ol of HPLC grade, ergoster-
ol standard was purchased from Sigma Aldrich. A summary 
of the method is given in Table 1.

Materials and methods
Performance parameters of the HPLC measurement 

were computed from repeated measures of seven point 
calibrations (0-0.1-0.2-0.5-1-2-4 mg L-1) and independent 

Table 1.  Summary of the analytical procedure.

Step of the analytical 
procedure Description

Extraction -  100 mL moist sample according to bulk density (VDLUFA, 2012);
-  Adding of 200 mL methanol/ethanol (80/20 v/v);
-  Ultrasonication for 30 min in cooled water bath;
-  Settlement and rewarming to ambient temperature.

Purification /Separation -  Aliquot of 10 mL of the alcoholic extract;
-  3 times repeated LLE of extract aliquot in a separatory funnel with 10 mL n-hexane/propan-2-ol (98/2 v/v);
-  Pooling of the three n-hexane/propan-2-ol aliquots;
-  Filtration through 45 µm syringe filter.

HPLC-UV measurement -  Detection wavelength: 282 nm;
-  Mobile phase: n-hexane/propan-2-ol (98/2 v/v);
-  Flow rate: 1.5 mL min-1;
-  Stationary phase:
    - LiChroCart 4-4 pre-column, Lichrospher Si60/5 µm;
    - Hibar column 250 x 4.6 mm,  Lichrospher Si60/5 µm;
    - Without column oven;
-  Retention time: about 3 min.
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control samples (1 mg L-1) at ten dates over a period of three 
months. For the calculation of the limit of detection (LOD) 
and the limit of quantification (LOQ) the method proposed 
by Hubaux and Vos (1970) with a 99% confidence interval 
was used. Linearity, repeatability and stability of the HPLC 
system were determined according to de Backer et al. (2009).

Recovery rate of the UAE as well as of the purification step 
was ascertained by spiking samples before and after UAE. 
Within these experiments also the need for saponification 
was tested. Furthermore, two mixing experiments with a peat 
sample low and a second one high in ergosterol were done. 
In the first experiment only peat was used. In the second 
experiment 30% vol. green waste compost was added to all 
peat mixtures. The analytical values of the different mixtures 

were calculated from the ergosterol content of the two pure 
samples and the mixing ratios. 

Repeatability of the entire analytical procedure was 
determined by stepwise repeated analysis of a peat sample 
with visible mycelium of Peziza ostracoderma. The sample 
was homogenized thoroughly and divided in six sub-samples 
(n = 6). These sub-samples were extracted by UAE. Of two sub-
samples, four 10 mL aliquots of alcoholic extracts were taken 
and ergosterol was separated with n-hexane/propan-2-ol 
(n = 8). All samples were measured in one run. Additionally, 
two n-hexane/propan-2-ol aliquots from different alcoholic 
extracts were measured four times each (n = 8).

The fitness-of-purpose of the procedure (Tavernies et al., 
2004a, 2004b) for estimating risk of fungal colonization – 

Table 2.  Classification of decomposition degree, geographical origin, peat type, surrounding vegetation, land use before use 
as peat extraction site, date of harvest and depth of extraction of the 32 peat samples (n/a = information is not available).

Class of 
decomposi-
tion degree 

Peat
No. Origin Peat type Surrounding vegetation Land use before 

peat extraction

Peat harvest
Depth (m) RemarksSeason Year

Slightly P1 Estonia Milled peat Peat lands/forest None V-VII 2011 2
P2 Germany Block peat Forest (birch/pine) Forest IV-X 2009 1.6
P3 Ireland Block peat Forest None VI-VIII 2011 n/a
P4 Latvia Block peat Peat lands None VI-VIII 2011 2.0 - 10
P5 Latvia Milled peat Peat lands None IV-X 2011 1.5
P6 Russia Block peat Peat lands None VI-VIII 2011 n/a
P7 Sweden Block peat Forest (birch) None VI-VIII 2010 n/a
P8 n/a Block peat n/a n/a n/a n/a n/a
P9 n/a n/a Peat lands None n/a n/a n/a
P10 n/a n/a n/a n/a n/a n/a n/a

Moderately P11 Finland Milled peat Forest None VI-VIII 2011 0,3

P12 Germany Block peat Grassland Grassland VIII 2011 1.0 - 2.0 Self-
heated

P13 Germany Block peat Forest (birch) Forest X n/a n/a
P14 Germany Block peat Grassland/arable land Grassland VIII 2011 2.2
P15 Germany Block peat Grassland/scrub None VIII 2010 3
P16 Germany Milled peat Grassland/peat lands/forest None VI-VIII 2011 0.8
P17 Germany Milled peat Peat lands None VIII 2011 4
P18 Lithuania Block peat Peat lands None IV-X 2009 1.2
P19 Lithuania Milled peat n/a n/a VI-VII 2012 n/a
P20 n/a Block peat Forest/peat lands Forest/none n/a n/a n/a
P21 Germany Block peat Forest/grassland/arable land Forest/grassland n/a n/a n/a

Strongly P22 Germany Block peat n/a n/a n/a n/a n/a
P23 Germany Excavated peat Drained peat lands None n/a 2006 2.5 Frozen
P24 Germany Milled peat Peat lands None n/a 2011 2.5
P25 Germany Milled peat Grassland/arable land Grassland n/a n/a n/a Steamed
P26 Germany Milled peat Peat lands None n/a n/a 1.5
P27 Germany Milled peat Peat lands None n/a 2011 1.5
P28 Germany Milled peat Grassland/arable land Grassland n/a n/a n/a
P29 Germany Milled peat Grassland/peat lands Grassland n/a n/a 1.5
P30 Germany Milled peat Grassland/arable land Grassland n/a n/a 0.9
P31 Ireland Milled peat Peat lands None VI-VIII 2011 n/a
P32 Lithuania Excavated peat Arable land/drained peat lands None VI-VIII 2011 > 5.0 Frozen
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including inoculation and incubation with mycelia of Peziza 
ostracoderma and subsequent analysis of ergosterol content 
as indicator for fungal biomass – was tested for in total 87 
growing media samples. These 87 samples embraced 32 
peat samples, four green waste composts (GWC), four bark 
composts (BC), two coir piths (CP), one wood fibre (WF) 
and 44 mixtures of peat and one of the named substitutes. 
The peat samples from peat extraction sites across Europe 
were provided between February and July 2012 by various 
growing media manufactures and ranged from slightly 
decomposed white peats to strongly decomposed, frozen 
black peats. Details to origin, extraction processes, previous 
land use and surrounding vegetation of the extraction sites 
are given in Table 2. Degree of decomposition was visually 
rated according to colour (from light brown to black) and 
percentage of undecomposed plant residue (DIN 15040). The 
32 samples were sorted by degree of decomposition and due 
to be evenly distributed over the entire range, divided into 
three equal-size classes: slightly, moderately and strongly 
decomposed ones.

The tested peat substitutes were also delivered from 
various growing media manufactures and fulfil the respective 
criteria of German quality assurance for growing media and 
growing media constituents. The mixing ratio of peat and one 
of these peat substitutes was 70/30 by volume based on the 
bulk density (VDLUFA, 2012) of the individual components.

All samples were limed to a pH (CaCl2) of 5.5 to 6 and 
fertilized to 200 mg N, 75 mg P, 200 mg K and 25 mg Mg per 
litre. If initial pH was above 6.0 or nutrient levels exceed 
the given values no further action was taken. Samples were 
wetted to a moisture level appropriate for microbiological 
growth (VDLUFA, 2012) and 100 mL of the prepared 
sample were filled in 500 mL jars and gently pressed with 
a stamp. In total seven jars per sample were prepared and 
inoculated with a 10 mm agar disc containing mycelia of 
Peziza ostracoderma. Afterwards the jars were sealed to 
avoid water loss and placed in an incubator at 25°C in dark. 
After a 12 days incubation period ergosterol content of each 
jar was analysed. Analogous to the stability test of nitrogen 
balance (VDLUFA, 2012) the entire incubated samples were 
transferred to the extraction vessels. 

For estimation of fitness-of-purpose the expanded mea-
surement uncertainty (eMU) was calculated by means of 
regression analysis of standard deviations versus mean val-
ues (Munzert et al., 2007). The eMU was compared to the 
range of ergosterol content in growing media.

Results and discussion

Performance parameters of the HPLC measurement
Figure 1 shows the scatter plot of nominal ergosterol 

values vs. peak area unit of calibration and control samples 
respectively measured at ten dates over a three month period. 
The 99% confidence interval gave a LOD for ergosterol of 0.04 
mg L-1 and a LOQ of 0.13 mg L-1. These values are comparable 
to LOD and LOQ of the reverse phase method (Young, 1995; 
Beni et al., 2014). Under the given extraction and purification 
conditions LOD and LOQ were about 0.6 and 2.4 µg g-1 dry 
mass. Indeed, Anderson et al. (1994) reached a six fold lower 
LOD for peaty soils, but due to evaporation to dryness of 
purified extracts and subsequent redissolution, their method 
is much more elaborate. The coefficient of determination 
(R²) for each of the ten independent calibrations was above 
0.999, so the method is highly linear in the range between 
0 and 4 mg L-1. Even if the ten calibrations were evaluated 
combined R² was 0.998. Beside of linearity this also reveals 
the high long term stability of the HPLC system. The ten-time 
measuring of the control sample with a nominal value of 1 
mg L-1 gave a mean of 1.01 and a standard deviation of 0.04 
mg L-1 (RSD = 3.9%). High linearity, long term stability and 
repeatability of ergosterol determination by HPLC UV were 
also reported by others (e.g., Zelles et al., 1987; Anderson et 
al., 1994; Tardieu et al., 2007).

Recovery rate and repeatability of the extraction and 
purification steps

At three dates in total nine peat samples with varying er-
gosterol contents were spiked before the UAE with ergoster-
ol standard solutions (0.4, 0.8 and 2.4 mg L-1, respectively). 
Analysis of these samples gave recovery rates of 98 ± 8%. This 
is consistent with recovery rates of 102 ± 8% for six samples, 
where the alcoholic extract was spiked after samples were 

Figure 1.  Peak area units of HPLC-UV 
analysis vs. nominal values of calibration 
and control standards measured ten 
times over a 3-month period (solid line 
marks the regression line for the ten-
times repeated measurement).
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FIGURE 1.  Peak area units of HPLC-UV analysis vs. nominal values of calibration and control standards measured 
ten times over a 3-month period (solid line marks the regression line for the ten-times repeated measurement). 
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taken out of the ultrasonic bath. Furthermore, mycelia of 
two of the most common saprophytic fungi found in grow-
ing media (Peziza ostracoderma and Athelia turficola) were 
cultivated on agar plates and after plates were covered by 
mycelia entire plates were taken and ergosterol was extract-
ed by UAE as described above. Afterwards, one aliquot was 
taken, purified and analysed for ergosterol directly. A second 
aliquot was additionally saponified with alcoholic KOH as 
mentioned in the original method by Seitz et al. (1977). The 
results indicate no compelling reason for the saponification 
step (data not shown). The complete recovery of ergoster-
ol from the alcoholic extract by three-time separation with 
n-hexane/propan-2-ol was further confirmed by the analysis 
of samples, where no ergosterol was found in fourth n-hex-
ane/propan-2-ol aliquots. Complete recovery of spiked er-
gosterol is also reported by Newell et al. (1988), Eash et al. 
(1996) and Beni et al. (2014). 

Furthermore, the entire analytical procedure has a very 
high repeatability (Figure 2). Relative standard deviation for 
the repeated measurement of real samples is 4.0% which is 
similar to RSD of the repeated control samples. Unsurpris-
ingly, the RSD slightly increases with each analytical step. But 
even for the entire analytical procedure including UAE with 
methanol/ethanol, purification/separation with n-hexane/
propan-2-ol and HPLC measurement RSD was below 5%. 
Thus, repeatability of our simplified method is comparable 
to more complex one (Beni et al., 2014).

The good repeatability and the complete recovery rates 
were also confirmed in the two mixing experiments (Fig-
ure 3). In both cases analysed values of mixtures lie close 
to those calculated from the values of the two pure samples 
each. Combining both experiments relative mean deviation 
between calculated and measured values is 6.3%.

Suitability of the analytical procedure
The average ergosterol contents after incubation ranged 

from 0 to 60 µg g-1 (Figure 4). The highest contents were 
found in slightly decomposed peats, coir piths, wood fiber 
and mixtures of these, respectively. The strong colonization 
of slightly decomposed peats is in agreement to practical 
experience reports of Belke (1996), who observed rapid 
growth of Peziza ostracoderma on stock piles of freshly 
harvested young peat. The intensive colonization of the three 
pure materials as well as the mixtures thereof is probably 
related to their high amounts of acid hydrolysable carbon 
pools, in particular hemi-cellulose and cellulose (Abad et al., 
2002; Montagne et al., 2015; Meinken et al., 2017), which 
are readily accessible for Peziza (Domsch, 1960; Eicker and 
Van Greuning, 1989; Coetzee and Eicker, 1991). The overall 
lower fungal growth on stronger decomposed peats might 
be due to increasing degradation of readily accessible carbon 
pools during aging which results in a relative enrichment 
of more recalcitrant carbon compounds (Waksman and 
Stevens, 1928; Meinken et al., 2017). The same may apply 
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Figure 2.  Repeatability of each 
step of the analytical procedure by 
multiple analysis of a peat sample 
visibly colonized by Peziza 
ostracoderma (numbers in 
brackets indicate number of 
repetitions per step; error bars 
indicate standard deviations). 
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FIGURE 3.  Analysed vs. calculated ergosterol content of mixtures with different ratios of a peat low and one high in 
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for bark and green waste composts. Although Carlile (2001) 
presumed high amounts of saprophytic fungi in these 
composted materials, Annabi et al. (2007) and Gómez-
Brandón et al. (2008) showed a decrease of ergosterol 
content during the maturing process of various composts. 
Although easily decomposable carbon was available in the 
mixture of peat with composted materials, these mixtures 
were only colonized sparsely. This indicates an additionally 
suppressive effect of composted materials against Peziza 
ostracoderma, which is probably related to their diverse 
microbial community of actinomycetes, bacteria and 
fungi. Similar to some soil-borne pathogenic fungi – for 
those a competition based suppressive effect of compost 
is well documented (Termorshuizen et al., 2006) – Peziza 
ostracoderma is competitively weak (Pugh and Van Emden, 
1969; Bollen, 1974). As shown by Wohanka et al. (2010) also 
different peats can be suppressive to soil-borne pathogens. 
Thus, suppressive effects might also be reasonable for the 

poor colonization of some slightly decomposed pure peats.
The fitness-for-purpose of the entire procedure – 

inoculation, incubation and analysis of ergosterol – was 
deduced from the seven replications of the experiment. As 
can be seen in Figure 5, a steep increase of relative standard 
deviation occurred if ergosterol values decrease below 10 
µg g-1. Although high in ergosterol the wood fibre sample 
had an extraordinary high rSD of 74%. Calculating the 
expanded measurement uncertainty (eMU) by the linear 
regression approach proposed by Munzert et al. (2007) gave 
a very big Cook’s D of 3.3 for this sample which classifies it 
as influential outlier (Cook and Weisberg, 1982). A second 
regression without the wood fibre sample has a considerable 
higher R2 of 0.48 compared to 0.03 for the first run. The curve 
of the calculated eMU is marked as dashed line in Figure 5. 
The mentioned steep rise of the regression line below an 
ergosterol content of about 10 µg g-1 indicates the LOD of 
the entire method (Munzert et al., 2007) which is about four 

Figure 4.  Amounts of ergosterol in limed and fertilized peat, peat substitutes and various mixtures of peat and peat substitutes 
after inoculation with Peziza ostracoderma and incubation for 12 days (large points indicate mean values and asterisks values 
of each single sample; numbers in brackets indicate number of samples).
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FIGURE 4.  Amounts of ergosterol in limed and fertilized peat, peat substitutes and various mixtures of peat and 
peat substitutes after inoculation with Peziza	ostracoderma and incubation for 12 days (large points indicate mean 
values and asterisks values of each single sample; numbers in brackets indicate number of samples). 
 
   

Figure  5.  Relative standard devia-
tion vs. ergosterol content after in-
cubation (n = 7); the dashed line in-
dicates the calculated extended 
measurement uncertainty (marked 
triangle removed as outlier).
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FIGURE	 	5.  Ergosterol content after incubation vs. relative standard deviation of ergosterol analysis (n=7); the 
dashed line indicates the calculated extended measurement uncertainty (marked triangle removed as outlier). 
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times higher than the LOD of extraction and HPLC analysis of 
ergosterol alone. Above an ergosterol content of 10 µg g-1 the 
relative eMU is about 10 to 15%. So the ergosterol content 
after incubation can be easily classified in at least five risk 
levels: low (< 15 µg g-1), moderately (15–30 µg g-1), medium 
(30–45 µg g-1), elevated (45–60 µg g-1) and high (> 60 µg g-1), 
whereby only few growing media might be incorrectly placed 
in the nearest neighbouring category.

Conclusions
Overall the results show that analysis of ergosterol with 

the presented analytical technique, alone or combined with 
incubation experiments, might be a valuable tool to assess 
the risk of colonization of growing media by saprophytic 
fungi. The analytical technique is quite easy-to-handle, fast 
and has low technical requirements and at the same time 
repeatability, precision and sensitivity are rather high. Thus, 
it seems to be suitable for routine testing in different fields. 
Firstly, analysis of ergosterol alone might be a promising 
approach to determine intensity of fungal colonization of 
raw materials before use. This is of particular importance for 
raw materials as slightly decomposed peats or uncomposted 
cellulose-rich growing media constituents, which bear a 
high risk for fungal colonization (Figure 4). Observations 
from the field suggest that already stacks of unprocessed 
peat can be intensively colonized by saprophytic fungi 
(Belke, 1996). Also other high risk materials as freshly 
produced wood fibre or coir pith might be rapidly colonized 
in growing media producing facilities, because most of the 
saprophytic fungi found in growing media are spread easily 
to the air (Singh and Singh, 2012). Consequently, regular 
monitoring of ergosterol content of raw materials can 
help producers to avoid problems at the customers’ side 
(Schlechte, 1997, 1998). Secondly, combining incubation 
experiments and ergosterol analysis might be helpful for 
growing media manufactures to find mixtures with a low risk 
of colonization by saprophytic fungi. Thirdly, this approach 
might be used in quality assurance of growing media, 
comparable to incubation experiments for assessment of 
stability of nitrogen balance (GGS/RAL, 2012). However, 
before the method could be integrated in quality assurance 
some more effort is necessary to standardize the inoculants, 
which probably is the most critical factor in microbiological 
testing (Tabka et al., 1995; Vazquez-Rodriguez et al., 2000). 
Uniformity of inoculants already was problematic during 
the current research, as it is indicated by the several times 
higher measurement uncertainty of the entire procedure 
(incubation and ergosterol analysis) compared to ergosterol 
analysis alone. Besides that, all three scopes of application 
need some further research to establish reliable thresholds 
for ergosterol in raw materials and ready-to-use growing 
media. In particular these thresholds have to be correlated 
to visible sporulation on the surface of growing media 
under practical conditions in the greenhouse, which is the 
major problem caused by saprophytic fungi (Schlechte, 
1997). Furthermore, current research activities with Peziza 
ostracoderma need to be extended to fungi of other common 
species as Leucocoprinus, Athelia or Trichoderma (Schlechte 
and Schmilewski, 2010). As ergosterol is the most common 
sterol of Ascomyceta and Basidomyceta (Wallander et al., 
2013) it should be also a reliable parameter to estimate 
intensity of colonization by these fungi. However, it must 
be noted that ergosterol-to-biomass ratio varies widely 
between different fungal species and is influenced by growth 
conditions or nutrient source (Bermingham et al., 1995), so 

that intensity of colonization can be quite different at the 
same level of ergosterol. Thus, setting of a single ergosterol 
threshold might be difficult.
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