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Abstract 

In the last decades the cultivation of mushrooms of the genus Pleurotus has spread more and more, raising the problem of 

the disposal of crops waste material. An economically and ecologically advantageous possibility could be that of 

transforming this material into organic vermicompost to be used in agriculture. In the present work the exhausted 

residue (Spent Mushroom Substrate = SMS) of a cultivation of Pleurotus eryngii, P. ostreatus, P. cornucopiae and P. 

nebrodensis was transformed into vermicompost. To evaluate the quality of the vermicompost obtained, the 

nematological community and the artropodofauna were analyzed both of the exhausted material and of the final 

vermicompost with methods and indices typical of the evaluation of the soil quality, as the principles on which these 

methodologies are based make them usable for measuring the quality of any type of substrate. The results obtained in 

these studies showed in the vermicompost the presence of a reacher nematological population and of an 

arthropodofauna greatly adapted to soil life, what indicates that the vermicompost obtained from the exhausted 

substrate of Pleurotus spp. has characteristics suitable for soil enrichment and can therefore be used as soil fertilizer in 

agriculture. 
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Introduction 

The mushrooming activity in Italy represents an ever 
expanding agricultural sector. Of the approximately 
62,000 tons of cultivated mushrooms produced annually, 
8% are mushrooms of the genus Pleurotus (from Italian 
association of mushroom growers). The growth substrate 

of the Pleurotus mushrooms is made of shredded wheat 
straw, enriched with substances with high nitrogen 
content (alfalfa, pollen, etc.). This material is heat treated 
in tunnels or autoclaves, bagged in plastic bags and 
inoculated with mycelium grown in laboratory. At the end 
of the production cycle the exhausted substrate (Spent 
Mushroom Substrate = SMS) must be eliminated from the 
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production premises and properly disposed of. This has 
always been one of the critical aspects of mushroom 
cultivation, resulting in high costs for the companies 
operating in the mushroom sector. The possibility of re-
using this exhausted substrate in productive activities has 
long been the object of sector studies. Several solutions 
have been proposed at this purpose: as building material 
[1], as biomass for the production of energy [2], as soil 
improver by composting or vermicomposting [3]. The re-
use of the SMS would lead to an increase in the 
environmental sustainability of the mushrooming activity 
and to a further possibility of economic development for 
the companies operating in the sector.  

 
Organic soil improvers play an increasingly important 

role in current agriculture. Their properties are now well 
known (enrichment of carbon, enrichment of microbial 
flora, increase in water retention capacity, improvement 
of soil structure, slow release of nutrients, etc.) [4-6]. 

 
The vermicompost represents the result of the 

mesoterm decomposition operated by the earthworm. Its 
own characteristics make it a useful product not only for 
soil fertilization but also for the defense against pests, 
especially phytoparasitic nematodes [7,8]. The soil 
microbial content increases in presence of this type of soil 
improver [9], giving a phyto-stimulant action. In addition, 
a species of entomopathogenic nematode [10] was 
isolated in the vermicompost showing that this substrate 
is also suitable for the survival of species that can be used 
for biological control. 

 
Steel, et al. (2010, 2013) [11,12] have demonstrated 

that nematodes are able to survive in compost as soon as 
the temperature of the composting process drop and that 
the nematological communities vary according to the 
phases of the process and can therefore be used to 
evaluate the maturity of the compost. They also showed 
how the presence of insects is of great importance in the 
succession of the nematological community. The high 
temperatures that develop in a composting process, 
however, create problems for the survival of insects. The 
process of vermicomposing, otherwise, being a mesoterm 
process should allow the survival of both nematodes and 
insects. 

In this work the exhausted residue of a cultivation of 
Pleurotus eryngii, P. ostreatus, P. cornucopiae and P. 
nebrodensis was transformed into vermicompost. To 
assess the quality of the final vermicompost compared to 
that of the SMS, their nematofauna and arthropodofauna 
were studied. The composition of the nematological 
community was analyzed by means of the Maturity Index 

(MI) [13] which is based on the r-k strategies of nematode 
families , the analysis of the trophic groups [14,15] and 
the analysis of the functional groups [16]. The 
composition of the arthropodofauna was evaluated using 
the soil biological quality index QBS-ar [17,18]. QBS-ar is 
based on a qualitative survey carried out on arthropods 
belonging to the edaphic mesofauna present in a soil 
sample. The sampled animals are grouped with respect to 
their biological forms that are the set of convergent 
morphological characters which they commonly possess 
and which make them more suitable to the soil life, and 
therefore more susceptible to disturbance. Each biological 
form is assigned an index EMI (Ecomorphological Index) 
ranging from 1 to 20 which characterizes the different 
biological forms and the adaptation degree of the animal 
to the soil life. 
 

Materials and methods 

Vermicomposting Process 

This operation required 120 days at the end of which 
the vermicompost was made. 
To realize the experimental litter, an excavation of 
200x100 cm in size and 20 cm deep was carried out; it 
was covered with a plastic film above which the 
exhausted substrate (Figure 1) of the following types was 
placed: 
- No. 2 blocks of P. ostreatus, HS 35 strain, produced by Az. 

Agri. Mola Mendola Villalba CL 
- No. 2 blocks of P. cornucopiae, Produced by Az. Agri. 

Mola Mendola Villalba CL 
- No. 2 blocks of P. eringi strain D +, produced by Az. Agri. 

De Biasi Castellaneta TA 
- No. 2 blocks of P. nebrodensis, produced by Az. Agri. De 

Biasi Castellaneta TA  
 
 

 

Figure 1: Start of the vermicomposting process. 
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Finally, an inoculum of 4 kg of mature vermicompost 
litter from an active farm was added, containing 
specimens of Californian red earthworms (Lombricus 
rubellus), all covered with a non-woven fabric mulch. 

 
The substrate bedding thus created was kept 

constantly humid and mixed regularly every 30 days for 
the entire duration of the experiment. 

 
At the end of the aforementioned period (Figure 2) the 

mixture was sieved, with a 1 cm mesh screen, separating 
the litter residues and the earthworms from the 
vermicompost (Figure 3). 

 
 

 

Figure 2: Mature vermicompost. 
 
 
 

 

Figure 3: Screening of the vermicomposting litter. 
 
 

The vermicompost obtained was stored in micro-
perforated plastic bags protected from direct light. 
 

Study of Nematode Fauna 

Samples of both substrates were obtained by means of 
a prismatic-rectangular soil corer measuring cm 5x5x25 
till reaching a volume of 625 cc. The nematodes were 
extracted using the Baermann funnel method for wildlife 
and the animals were collected with a needle, fixed with 
4% formalin and transferred into glycerine according to 
the De Grisse method (1969) [19]. All the nematodes 
sampled were mounted in slides and observed with an 
optical microscope. Each specimen was identified at the 
genus level, and the results obtained were used to study 
the community composition. 
 

Study of Arthropod Fauna 

Samples of both substrates were obtained by means of 
a soil corer measuring cm 10x10x10 till reaching a 
volume of 1000 cc. 

 
The samples were placed in a Berlese funnel for a 

period of 10 days for the extraction of the arthropods. 
 
At the end of this period, the arthropods extracted 

were observed under the stereo microscope, identified 
and divided into the various groups to which the value of 
EMI was attributed and the QBS-ar was calculated. 
 

Results  

The analysis of the nematode fauna (Table 1) indicates 
a greater biodiversity at genus level in the vermicompost 
compared to the SMS, although in both cases the 
composition is almost entirely constituted by bacterial-
feeding cp-1 nematodes, r strategists and typical 
colonizers. Such composition is typical of highly enriched 
soils (EI = 100 for SMS and 99.85 for vermicompost) but 
with a poor structure. A beginning of colonization by 
fungal-feeding nematodes in the vermicompost 
determines a Basal index (BI) of 1.15 against a BI = 0 of 
the SMS. The maturity index (MI), which is 1 in the SMS, 
scarcely tends to rise (1.01) in the vermicompost due to 
the slight increase in the cp2 groups (Tables 2 and 3). 

 
Rhabditis Fictor Ditylenchus Cuticularia Filenchus Butlerius Seinura Diploscapter 

SMS 309 2 1 
     

Vermicompost 
 

124 
 

342 6 20 3 9 

Table 1: Nematode specimens per genus present in the two substrates. 
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SMS cp-1 cp-2 

Ba 99,68  

Pl  0,32 

Ba = bacterial-feeding; Pl = plant-feeding 
Table 2: Functional diagram with combinations of 
nematode feeding groups and life-history characteristics 
of SMS (Bongers and Bongers, 1998) [16]. Groups are 
calculated in %. 
 

Vermicompost cp-1 cp-2 

Ba 98,21  

Pl  1,19 

Fu  0,59 

Ba = bacterial-feeding; Pl = plant-feeding; Fu = fungal-
feeding 
Table 3: Functional diagram with combinations of 
nematode feeding groups and life-history characteristics 
of vermicompost (Bongers and Bongers, 1998) [16]. 
Groups are expressed in %. 
 

The study of the arthropod fauna and the relative 
application of the QBS-ar index in the SMS and in the 
vermicompost (Tables 4 and 5, Figure 4) showed in the 
two artificial microenvironments a significant variation in 
the fauna composition and in the soil quality index. The 
QBS-ar increases from 41 up to 101, a value found in 
many natural soils. In the SMS there is prevalence of flying 
insects and of their larvae (Diptera, Coleoptera, 
Tysanoptera, Hemiptera, Hymenoptera). The groups 
present in this sample showed little adaptation and poor 
links with the hypogeal life, and therefore they are not 
useful to improve soil formation and fertility.  

 
In the vermicompost sample, instead, forms highly 

adapted to the edaphic environment largely prevail. All 
groups present, with the exception of adult Diptera, were 
assigned an EMI value of 20. Among them there are 
typically predatory groups of animals (Chilopoda and 
Pseudoscorpiones) with a high value of adaptation to the 
soil life. The faunal differences of the two samples show 
the process of transformation of the SMS into 
vermicompost with a colonization of the substrate by 
groups strongly adapted to the edaphic environment and 
the differences in value of QBS-ar clearly highlight a 
maturation of the substratum.  
 
 
 

Taxa EMI 

Formycidae 5 

Diptera 1 

Diptera larvae 10 

Coleoptera 1 

Coleoptera larvae 10 

Tysanoptera 1 

Hymenoptera 1 

Acarina 20 

Collembola 1 

Hemyptera 1 

QBS-ar 41 

Table 4: Taxa present in SMS, their EMI and QBS-ar of the 
sample. 
 

Taxa EMI 
Diptera 1 

Coleoptera 20 
Acarina 20 

Collembola 20 
Chilopoda 20 

Pseudoscorpiones 20 
QBS-ar 101 

Table 5: Taxa present in mature vermicompost, their EMI 
and QBS-ar of the sample. 
 

 

 

Figure 4: EMI groups in the two substrates. 
 
 

Conclusions 

The results of the two ecological analyses based on the 
faunistic composition of the two substrates agree in 
demonstrating the neat improvement of the quality of the 
vermicompost obtained from the treatment of exhausted 
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substratum of fungal cultivations of the genus Pleurotus in 
respect to that of the original SMS. The fauna population 
of the mature compost shows that it has all the 
characteristics, both biological and structural, such as to 
make it a good agricultural fertilizer, already containing 
the biodiversity necessary for the formation of fertile soil. 
What is more, this fact can be turned into an economically 
advantageous investment, since a material that requires 
costs to be disposed of can otherwise be transformed into 
a source of income rather easily. The use of indices such 
as QBS-ar, which has been used so far to evaluate soil 
quality, and the study of the nematological community, 
even though less clearly of the former analysis, have 
shown to be suitable also for the evaluation of substrates 
different from soil, having given consistent answers in the 
present study. 
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