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Cultivated mushroom species of the world, Europe and Hungary  

Author: Anna Szabó 

A large amount of organic byproduct and waste with high lignocellulose content is produced in agriculture, forestry and in the 

food industry. Only 30% of these materials are recycled. Since they are exceptional nutrient sources for mushrooms, one of the 

possible and effective ways of recycling these wastes and byproducts (agricultural and industrial discards) is to use them in 

mushroom cultivation. For example the following materials are suitable for this purpose: grain straw, horse and poultry manure, 

maize stem and cob, paddy, pea and soy straw, sawdust, chip, tealeaf, coffee bean husk etc. 

Besides the nutritional values, many mushroom species have medicinal properties as well. A number of mushroom species are 

cultivated or collected in Asia, which have been used as traditional remedies for hundreds of years. In the past two decades 

people of developed countries have started to show interest in the different uses of medicinal plants and mushrooms. 

Mycotherapy is a fairly new expression for using mushrooms or mushroom products (medicinal mushrooms) as remedies. Some 

cultivated mushrooms (e.g. selenium enriched button mushrooms) are now even considered as functional foods. (The European 

Commission Concerted Action on Functional Food Science in Europe defined functional foods as follows: “a food product can 

only be considered functional if together with the basic nutritional impact it has beneficial effects on one or more functions of the 

human organism thus either improving the general and physical conditions or/and decreasing the risk of the evolution of 

diseases.") 

The main qualities of mushrooms: 

 Mushrooms can serve as protein sources in poverty and hunger stricken countries, where the amount of available 

animal-based proteins is not sufficient; 

 Mushrooms are getting a more and more important role in healthy and vegetarian diets; 

 New mushroom-based supplements and medicinal products can be used for medical purposes; 

 By recycling agricultural, forestry and food industrial byproducts and wastes, mushroom cultivation have a significant 

role in environment protection. 

Mushrooms cultivation started a long time ago, firstly in China. The following table shows the date of first cultivation attempts in 

case of the different mushroom species. Since the beginning, the initial cultivation technologies have developed to those we use 

nowadays. 

The first cultivation attempts of mushroom species (Chang-Miles, 2004) 

Év* Faj neve Év* Faj neve 

600 Auricularia auricula 1982 Dictyophora duplicata 

800 Flammulina velutipes 1982 Hohenbuehelia serotina 

1000 Lentinula edodes (shiitake) 1982 Oudemansiella radicata 

1600 Agaricus bisporus 1983 Armillaria mellea 

1621 Ganoderma spp. 1983 Grifola frondosa 

1700 Volvariella volvacea 1983 Pleurotus sapidus 

1800 Tremella fuciformis 1984 Amanita ceasarea 

1900 Pleurotus ostreatus 1984 Coprinus comatus 

1950 Agrocybe cylindracea 1984 Hericium coralloides 

1958 Pleurotus ferulae 1985 Sparassis crispa 

1958 Pleurotus florida 1985 Tremella mesenterica 

1958 Pholiota nameko 1986 Morchella spp. 

1960 Hericium erinaceum 1987 Lyophyllum ulmarium 
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1961 Agaricus bitorquis 1988 Lentinus tigrinus 

1962 Pleurotus flabellatus 1989 Gloestereum incarnatum 

1969 Pleurotus cystidiosus 1990 Tricholoma lobayense 

1973 Hypsizygus marmoreus 1991 Tricholoma gambosum 

1974 Pleurotus sajor-caju 1991 Tricholoma mongolicum 

1981 Pleurotus citrinopileatus 1997 Cantharellus cibarius 

As shown on Table many species unknown to European people were and are cultivated in the Far East. 

The next table summarizes the current scientific binomial name and English version of most important cultivated mushroom 

species. 

Latin-English mushroom vocabulary 

Scientific name Common name 

Agaricus bisporus button, champignon de Paris, commercial, common, white 

button 

Agaricus bisporus cremini, 

portabella, portobella, 

Agaricus bitorquis spring agaricus, warm-weather button 

Agrocybe aegerita poplar, brown swordbelt 

Armillaria matsutake matsutake 

Auricularia auricula black ear, cloud ear, kikurage, mou er, 

Coprinus comatus lawyer’s wig, shaggy-mane 

Flammulina velutipes Christmas, golden, snow puff, velvet stem, winter, enokitake 

(enoki), 

Ganoderma lucidum ling chi, mannentake, reishi 

Grifolia frondosa hen of the woods, maitake 

Hericium erinaceus bear’ head, choux-fleur, pompom, 

lion’ mane 

Lentinula edodes black, black forest, golden oak, oak tree, shiitake, tung ku 

Lepista nuda blewit, wood blewit 

Morchella esculenta true morel, sponge 

Pholiota nameko nameko 

Pleurotus abalonus abalone 

Pleurotus citrinopileatus tamogitake 

Pleurotus columbinus blue oyster 

Pleurotus cornucopiae golden oyster, horn of plenty, tamogitake 

Pleurotus djamor pink oyster 

Pleurotus eringii king oyster 

Pleurotus ostreatus oyster, pearl oyster, tree oyster, willow, hiratake, shimeji, 

Pleurotus “sajor-caju” Indian oyster, phoenix 

Stropharia rugoso-annulata giant stropharia, king stropharia, 

wine cap 

Tremella fuciformis snow fungus, silver ear, shirokikurage 

Volvariella volvacea paddy straw, straw, fukurotake 

The World mushroom production 

Nowadays 30 mushroom species are cultivated in a large amount around the World. The following 10 of the 30 species give 

95% of total production: 

 37,6% button mushroom (Agaricus bisporus, A. bitorquis), 

 16,8% shiitake (Lentinula edodes), 

 16,3% oyster species (Pleurotus spp.), 

 8,5% jelly ear mushrooms (Auricularia spp.), 
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 6,1% paddy straw mushroom (Volvariella volvacea), 

 4,7% enoki (Flammulina velutipes), 

 ~10% snow fungus (Tremella fuciformis), buna shimeji (Hypsizygus marmoreus), monkey head mushroom (Hericium 

erinaceus) and nameko (Pholiota nameko) together. 

The most important cultivated species are: button mushrooms, shiitake, the different oyster species and the jelly ear and paddy 

straw mushrooms, which were together 90% of world production in 2004 and 87% in 2007. The leading position of button 

mushrooms has not changed since decades, although the total production gets lower percent by percent each year. Button 

mushrooms are cultivated on each continent, in more than 100 countries. In 2011 China was first, USA was second in button 

mushroom cultivation. 90% of shiitake – the species cultivated in the second highest amount – is produced in China. Some 

sources put oyster in second place (and consider jelly ear mushroom production to be more significant than that of button 

mushroom). 

Mushroom sales (including cultivated as well as collected mushrooms and medicinal mushroom products) totaled $40B USD in 

2001. Since the demand for mushrooms grows, many countries (China, India, Vietnam and South Korea) are increasing 

production. 

65% of the total production is sold on the markets of 6 counties: USA, France, Canada, Germany, Great Britain and Italy, at the 

same time the Chinese market is growing as well. Consumers are especially interested in functional foods, which is 

advantageous for medicinal mushroom production. Medicinal mushroom cultivation is spreading, but not yet common in the 

above mentioned countries. That is why they mostly export from the Far East, where these species are traditionally grown. 

Button mushroom cultivation in Europe 

Button mushroom production of most EU countries has increased in the past 15 years. White button mushroom is still preferred, 

but the cream type is getting more and more popular. The highest amount of button mushroom was grown in 2000 (842 050 

tons), but each year this amount gets lower. By 2004, 50 000 tons less button mushroom was produced. The production rates 

dropped even in the Netherlands, but the most significant change happened in France, where in 2005 65 000 tons less button 

mushrooms were grown than in 2000. Most of the French mushrooms (75%) are sold canned, but the demand for canned 

products (e.g. in Germany) decreases, thus causing marketing difficulties. Another reason for the market loss could be that the 

traditional picking method is not suitable for quality production. In France, Italy and in Spain the base of the stem with casing soil 

residues on it is not removed during picking, thus the mushrooms are “dirty”. 

The production decreased in Great Britain and in Ireland as well. Nowadays they import more than they grow. Import 

mushrooms come from Poland instead of Holland. In the past three decades the Netherlands used to be the lead producer in 

Europe until 2011, when Poland took its place. Germany produced lower amounts too, but their import increased dynamically. 

Consumers mainly buy mushrooms from September until the asparagus season and then until summer, when wild grown 

mushrooms are preferred. Mushrooms are only imported to Austria from Hungary and Poland. 

In the past 15 years a drastic improvement of mushroom production took place in Poland and they became number one 

producers of Europe. The mushroom production was 100 000 tons on 120 000 ha in 2000, 180 000 tons on 205 000 ha in 2004, 

200 000 tons in 2005 and 230 000 tons in 2009. The reasons for this change are the lower production costs. Poland exports 

both fresh and processed mushrooms (mainly to Germany). In 2008 28 400 t, in 2009 24 700 t of fresh and 8 100 and 5 500 

tons of canned mushrooms were sold abroad. Another destination of the Polish products are Holland (16 600 in 2008 and 15 

300 in 2009), where the mushrooms mostly get resold. 

Button mushroom and oyster production in Hungary 

In 2011 of the total 25 000 tons of Hungarian production 92-93% was button mushrooms (22 500 t), 6-7% oyster (2 300 t) and 

1% (200 t) other species. 15-20 big and 300 smaller companies were in the mushroom business. 

Apart from the above mentioned species, shaggy mane (Coprinus comatus), king oyster (Pleurotus eryngii), reishi ( Ganoderma 

lucidum), monkey head mushroom (Hericium erinaceus) and enoki (Flammulina velutipes) are grown in larger scale. Although 

they can be found in bigger supermarkets (mainly imported from China and sold at a high price) Hungarian consumers do not 

really know these species. 

90% of the total button mushroom production is white strains, while the cream type is only 8-10%. The latter is mostly exported 

and sold on West European markets. The caps of cream type button mushrooms strains are light to dark brown, the stem is 

usually white. The two categories of cream type mushrooms are Portobello and Crimini (Baby Portobello). Portobello is a 

biologically mature fruiting body, the 10-12 cm sized cap is opened and both the cap and the stem are thick. Crimini is not fully 

mature, smaller than Portobello – that is why it is called Baby Portobello. 

The changes of Hungarian mushroom production in the past ten years are shown on the following graph). The amount of grown 

mushroom decreased with each year since 2000, when production was the highest (38 000 tons). A few years ago a modern 

Dutch-type growing house was built in Ócsa (Bio-Fungi Kft.), where mushrooms are grown in a large quantity and high quality. 

Partly that is the reason why Hungarian production started to increase again in 2010. 



 

Hungarian button mushroom production in 2000-2011 (FruitVeb) 

In Hungary Button mushrooms are grown traditionally in the Budapest area and in the Northwest region of the country. Almost 

half of the total amount is grown around Budapest in traditional limestone cellars and in modern Dutch houses. The most 

important mushroom growing areas of Hungary are shown here 

 

Hungarian mushroom growing areas (FruitVeb, 2010) 

The changes derive from the facts that the profitability gets lower with each year, the Euro-HUF exchange rates fluctuate and 

the demand from the consumers is lower. Ever since the financial crisis consumers – although know the health beneficial effects 

of mushrooms – do not buy as much mushroom products as before. 

Hungarian compost plants in one hand supply Hungarian growers, in the other hand export high amounts into surrounding 

countries. In 2011 ~120 000 tons of compost was produced (from which 40 000 tons was exported mainly to Romania, Croatia, 

Serbia and to Slovakia). 50% of the total compost and substrate amount is sold to Romania. Some companies cannot keep up 

with the demands of the constantly developing technology, for example a large compost plant in Tök has closed recently. 

90% of fresh Hungarian oyster mushroom is exported. In 2011 3 800-4 500 tons from the total 15 000 tons of substrate was 

exported as well. The destination of both the fresh product and the substrate is Romania, Croatia, Serbia and Slovakia. 



 

Hungarian oyster production in 2004-2011 (FruitVeb) 

The substrate plant of Pilze-Nagy Kft. has launched in 2003, in Kecskemét. Pilze-Nagy Kft. is considered to be one of the 

biggest oyster grower and trader and substrate producer companies in Europe. It gives 90% of the total Hungarian substrate 

production (the remaining 10% is made by small growers, who prepare the substrate they need) and 85-90% of Hungarian 

oyster production. The most significant oyster growing area is around Kecskemét. 

Test your knowledge! 

1. Which are the most important mushroom species grown in Hungary (with Latin name)? 

2. What were the most important changes in Hungarian mushroom production in the past decade? 

3. What is the ratio of the different mushroom species grown in Hungary? 

4. Describe the European button mushroom production! 

5. What are the reasons of the Polish mushroom business development? 
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Nutritional values of mushrooms  

Author: Anna Szabó 

Studies of the past decade proved that the nutritional values of cultivated and wild grown mushrooms have been underrated for a long time. 

Researchers found that mushrooms contain just as much if not even more of certain nutrients. About 12.000 macroscopic (fleshy) fungus 

species are known around the World. Macroscopic or fleshy fungi are those species, which have differentiated stem and cap, they are visible 

to the naked eye and can be picked by hands. 3.000 of these species are edible, 700 have some kind of medicinal properties and 1.400 can be 

toxic (micetism or mycotoxicosis). 

Even in the ancient times people knew that mushrooms are valuable not only for their taste, but certain species are medicinal or 

hallucinogenic. Egyptian pharaohs consumed mushrooms. Greeks considered them a source of physical and mental strength. It is not 

surprising that micotherapy (healing with mushrooms) originates in China, since Chinese people were the first to use different species as 

remedies. Now it is getting popular in the western culture as well. 

For a long time only wild grown mushrooms were accessible, since cultivation techniques were not yet developed. After people started 

cultivating the different species, fresh mushrooms (especially button and oyster mushrooms) became available throughout the year, not only 

as foods, but as remedies as well (Jump to medicinal mushrooms). 

Mushrooms as foods 
The water content of cultivated mushrooms is around 85-95%, except for reishi (Ganoderma), which is only 55-60%. Besides the species, 

cultivation technology effects water content too. Mushrooms have low energy, fat and carbohydrate levels. Although numerous essential 

amino acids can be found in mushrooms, their protein level is much lower than of that of the different meat types and is closer to the protein 

content of milk. Mushrooms are rich in dietary fibers and contain chitin, mono- and polysaccharides (e.g. glucans). The vitamin content is 

also worth mentioning, as they are rich in vitamin D, which cannot be found in fruits and vegetables, only in mushrooms, meets and dairy 

products. Different vitamins B can be found in mushrooms too. 1-octen-3-ol and other molecules cause the typical mushroom odour. 

Mushrooms fit in vegetarian diet and can be prepared many ways. We can eat is raw, cooked, grilled, steamed etc. by itself or with meat or 

vegetables. 

  

http://kertesztananyag.hu/modern-mushroom-cultivation-technologies/cultivation-of-medicinal-mushrooms


The advantages and disadvantages of consuming mushrooms 

To demonstrate how important role mushrooms have in human nutrition, we are going to compare certain nutritional values of different 

vegetables and three of the most common mushroom species (button mushroom – Agaricus bisporus; oyster – Pleurotus spp.; shiitake – 

Lentinula edodes) in Hungary. Those minerals are presented, of which mushrooms contain high (potassium, calcium, magnesium, phosphor, 

iron, copper and selenium) or low (sodium) levels. Vitamins B (B2, B3, B5 and B9) levels are also shown. 

Minerals 
Cultivated mushrooms are exceptional sources of minerals. 97-98% of the total mineral content are potassium, calcium, phosphor and 

magnesium, while the remaining 2-3% are micro elements, which are also important part of nutrition. The most significant nutritional values 

are the high potassium and phosphor and low sodium levels. Certain vegetables, meats and fishes have quite high potassium levels, but not as 

high as mushrooms (the only exception is spinach). 

Average sodium, potassium, calcium and magnesium content (mg) of 100 g fresh vegetables and mushrooms 

  Sodium (mg) Potassium (mg) Calcium (mg) Magnesium (mg) 

Vegetables 

cabbage 23,0 216,0 33,0 20,0 

lettuce 16,0 261,0 28,0 19,0 

garlic 100,0 380,0 14,0 50,0 

watermelon 4,9 147,0 19,4 15,0 

celery 100,0 370,0 34,0 60,0 

kohlrabi 26,0 300,0 43,0 24,0 

cauliflower 11,0 175,0 26,0 21,0 

tomato 5,0 240,0 9,0 7,0 

carrot 70,0 360,0 28,0 35,0 

spinach 24,0 526,0 133,0 53,0 

cucumber 7,0 150,0 18,0 16,0 

onion 6,0 180,0 30,0 9,0 

bean 1,0 229,0 32,0 16,0 

pea 8,0 325,0 41,0 42,0 

pepper 4,0 160,0 14,0 12,0 

Mushrooms 

button mushroom 5,0 510,0 8,0 15,0 

oyster 2,0 420,0 7,0 18,0 

shiitake 2,0 305,0 8,0 16,0 

Depending on how the vegetables and mushrooms are processed, their mineral content could change. For example in case of canned 

mushrooms, because of the brine (used for conservation) the calcium, chrome and sodium levels rise. The originally low sodium content of 

the mushroom could rise by 30 (!) folds. At the same time magnesium and potassium levels drop. 

In the past two decades, the possible health benefits of selenium got into the focus of researchers. Meats, fishes and eggs are rich in selenium. 

The majority of vegetables contain only 1,0 µg/100 g or less selenium (except garlic and different mushroom species). Although besides 

selenium, garlic also have high potassium, phosphor and copper levels, but people usually do not consume 100 g of it a day. 



Average phosphorus, iron, copper and selenium content (µg or mg) of 100 g fresh vegetables and mushrooms 

  Phosphorus Iron Copper Selenium 

Vegetables 

cabbage 50,0 0,30 0,016 2,2 

lettuce 31,0 0,39 0,050 0,9 

garlic 140,0 0,20 0,400 27,6 

watermelon 2,0 0,20 0,018 0,4 

celery 88,0 0,40 0,172 0,7 

kohlrabi 67,0 0,70 0,020 0,7 

cauliflower 45,0 0,30 0,016 0,6 

tomato 36,0 0,27 0,025 0,5 

carrot 43,0 0,70 0,044 2,2 

spinach 160,0 2,90 0,156 1,0 

cucumber 36,0 0,40 0,020 0,3 

onion 48,0 0,40 0,175 1,5 

bean 26,0 0,70 0,042 0,6 

pea 110,0 0,90 0,330 1,8 

pepper 33,0 0,40 0,050 0,6 

Mushrooms 

button mushroom 110,0 0,80 0,380 14,0-32,0 

oyster 120,0 1,33 0,240 15,0 

shiitake 112,0 0,60 0,140 5,7 

As Table shows, the selenium content of button mushrooms vary strongly. This is due to the fact that the selenium level of the mushrooms 

depends on the selenium content of the straw (mainly wheat), which is the main ingredient of the mushroom compost. In certain parts of the 

USA, the selenium content of straws was analyzed. They found that those mushrooms were richer in selenium, which were cultivated on 

straw that were grown in selenium-rich soil. It is nowadays common to add selenium to the irrigation water to enrich casing soil, to grow 

mushrooms with high selenium levels. Selenium enriched mushrooms are functional foods. 

Vitamins 
More vitamins B can be found in considerably amount in the three most common cultivated mushrooms. 

Average vitamin B2, B3, B5 and B9 (µg) content of 100 g fresh vegetables and mushrooms 

  Riboflavin (B2) Niacin (B3) Pantothenic acid (B5) Folic acid (B9) 

Vegetables 

cabbage 60 1000 100 43,0 

lettuce 100 500 110 25,0 

garlic 51 400 590 3,0 



watermelon 20 200 700 2,2 

celery 75 400 400 4,4 

kohlrabi 50 300 200 16,0 

cauliflower 100 500 440 34,0 

tomato 60 500 20 37,0 

carrot 50 1500 300 6,4 

spinach 200 1000 110 66,0 

cucumber 50 100 120 14,0 

onion 30 1200 50 6,4 

bean 200 1000 470 41,0 

pea 150 1000 50 13,0 

pepper 30 200 190 13,0 

Mushrooms 

button mushroom 400 4600 1800 45,0 

oyster 340 5200 1290 64,0 

shiitake 270 4000 1500 30,0 

4-5 pieces, approximately 4 cm cap-sized fresh mushrooms are around 100 g, which is one serving of mushrooms. 

Average daily nutrient intake and the amount 100 g mushrooms contain form the recommended daily allowance (RDA) (%) 

Daily average nutrient intake of adults The amount 100 g mushrooms contain from the 

RDA (%) 

sodium (mg/day) 550,0 0,4-0,9 

potassium (mg/day) 2000,0 12,5-25,5 

calcium (mg/day) 1000,0-1200,0 5,5-7,5 

magnesium (mg/day) 300,0-400,0 4,5-5,1 

phosphor (mg/day) 700,0-1250,0 6,5-11,5 

iron (mg/day) 10,0-12,0 11,0-45,0 

copper (mg/day) 1,0-1,5 11,0-30,5 

selenium (µg/day) 30,0-70,0 11,5-65,0 

riboflavin (µg/day) 1200,0-1500,0 20,0-30,0 

niacin (µg/day) 13000-17000 26,5-35,0 

pantothenic acid (µg/day) 6000 21,5-30,0 

folic acid (µg/day) 400 7,5-16,0 

  



Medicinal properties of mushrooms 

Besides their nutritional values wild and cultivated mushrooms are important for the wide range of their medicinal properties. Micotherapy 

(healing with mushrooms) originates from China. The proven medicinal properties of mushrooms are shown in Table. The table includes the 

name of the active ingredient and the mushroom species that contain it. 

Effect Mushroom species Active ingredient 

antibacterial Ganoderma lucidum ganomycin 

fungicide 

Pleurotus pulmonarius anisic aldehyde 

Strobilurus tenacellus strobilurin 

antiviral 

Lentinula edodes polysaccharides 

Ganoderma lucidum ganoderiol F, ganodermatriol 

antioxidants 

Agaricus bisporus ergosterol 

Lentinula edodes 

polyphenols Grifola frondosa 

Pleurotus ostreatus 

antitumor 

Lentinula edodes lentinan, B-D-glucan 

Agaricus subrufescens 

B-D-glucan 

Grifola frondosa 

lowering cholesterol and lipid 

levels 

Lentinula edodes eritadenine 

Ganoderma lucidum ganoderic acid 

Pleurotus ostreatus 

lovastatin 

Pleurotus eryngii 

lowering blood sugar level 

Ganoderma lucidum ganoderane-A, -B 

Agaricus bisporus lectins 

Test your knowledge! 

1. Name at least five proven medicinal properties and the mushroom species, which have those properties! 

2. What are the benefits of mushroom consumption? 

3. What are the dangers of mushroom consumption? 

4. Summarize the vitamin content of mushrooms! 

5. What is micotherapy? 

6. Summarize the sodium and potassium content of mushrooms! 
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Biology of cultivated mushrooms (András Geösel) 

Role and specifications of fungi 

Fungi are heterotrophic (mostly osmotrophic or chilotrophic), aerobic or facultative anaerobic, eukaryotic organisms with well defined nucleus. 

Fungi can either be single-celled or multicellular, mostly with filamentous structures. Their cell walls contain chitin and they reproduce via spores. 

Fungi are considered to be a separate group amongst all living things for a number of reasons. What sets them apart from plants is that fungi do 

not contain any chlorophyll, which is responsible for photosynthesis, thus the absence of chlorophyll is the reason why fungi do not 

photosynthesize. In the course of evolution, fungi, plants and animals developed parallel. The discipline devoted to the study of fungi is mycology 

and the mushroom cultivation is part of the horticultural discipline. 

The biological significance of fungi is quite diverse given their role in the ecosystem and their vigorous enzyme system. Fungi are saprotrophic 

(feed on decomposing organic matter), symbionts (mutually beneficial association of two or more organisms), parasites (the parasite lives and 

feeds on the body of another organism) or even predators (the fungi feed on other fungi) species. 

By the help of cultivated mushrooms, agricultural wastes and byproducts can be transformed into food with high biological value. Medicinal 

mushrooms are proved to be effective against certain human illnesses. Many fungi have antifungal, antibacterial properties. Moreover, numerous 

species have antitumor and immune boosting effects; help reducing blood sugar and cholesterol levels and blood pressure as well. 

Fungi have an important role in improving soil quality (mycoremediation) and soil life, which characteristic can be used for establishing new forests 

or plantations. 

Fungi are able to break down organic or inorganic molecules (even carcinogenic ones) and to accumulate heavy metals (mycofiltration). Due to 

these characteristics of fungi, they can be used in waste and sewage treatment and disposal and in soil remediation processes. In the Far East, 

fungi are also used to neutralize toxic cloth dyes. 

Some species are effective biological pesticides. Pesticides containing Cordyceps or Metarhizium are used against ants and termites. Fungicides 

are available to treat Botrytis, Fusarium and Phytophtora. 

Taxonomy 

Whittaker created the five kingdom taxonomic classification of the world’s biota. He divided living things into the following kingdoms: Monera, 

Protista, Plantae, Animalia and Fungi. 

 

Nowadays it is obvious that fungi is a distinctive class, which is considered to be close to animals, with whom they likely to have a common 

ancestor. Fungi are a polyphyletic group, their taxonomy changes constantly. The current system is shown in next Table. 

Regnum Phylum Classis 

Protozoa Acrasiomycota Acrasiomycetes 



Dictyosteliomycota Dictyosteliomycetes 

Myxomycota Myxomycetes 

  

Protosteliomycetes 

  

Plasmodiophoromycota Plasmodiophoromycetes 

Chromista 

Hyphochytridiomycota Hyphochytridiomycetes 

  

Labyrinthulomycota Labyrinthulomycetes 

Oomycota Oomycetes 

Fungi 

Chytridiomycota Chytridiomycetes 

Zygomycota Trichomycetes 

  

Zygomycetes 

  

Ascomycota Ascomycetes 

  

Basidiomycota  Basidiomycetes 

  

Teliomycetes 

Ustomycetes 

Fungi Imperfecti   

Morphology of cultivated mushrooms 

Cultivated mushrooms produce a mass of hyphae, called mycelium in their vegetative stage. Hyphae are long, tubular, thread-like structures 5-10 

mm in diameter. Only a few fungi groups do not form any hyphae (e. g. slime molds and yeasts). With the help of these structures fungi are able to 

grow into (colonize) different materials (substrates). Mycelium connects to the substrate on a huge surface. It breaks down some of the materials 

in the substrate and in the meantime it absorbs them. Certain ambient conditions cause the mycelium to “thicken” and become dense, which 

ultimately leads to primordia, then fruitbody formation. When the fruitbodies are mature enough, they produce basidiospores, which are part of the 

sexual development phase. 



 

Not every mushroom have all parts shown on that figure. The most important cultivated species only have stems and caps. The role of the stem is 

to transport water and nutrients from the substrate to the cap; and to aid spore disposal by holding the cap (and the spore bearing gills) up high. 

Scales on the cap surface are not common, especially on oyster mushrooms. On button mushrooms, they mostly only form in case of inadequate 

ambient conditions (e.g. low humidity). 

There are various types of hymenial tramas: lamellar (e.g. button and oyster mushrooms), tubular (e.g. Ganoderma spp.) and toothed (e.g. 

hedgehog mushroom). The basidiospores are formed by the basidia on the gills. 

 

Lamellar trama 

 

Tubular trama of reishi 

Spores are not used in cultivation; in fact, spore spread should be avoided (see oyster cultivation). The color and size of the stem is characteristic 

in case of each mushroom species. Oysters have shorter, while button mushrooms have 10-15 cm long stems. Not every species have volvas or 

rings (remains of the partial veils) or their stems, but these features have an important role in the identification of wild grown species. 

Lifestyles and life cycles of mushrooms 

Based on their lifestyles mushrooms can either be saprotrophic, parasite or symbiotic species. 

Saprotrophic species feed on decaying organic materials, which is an important characteristic in mushroom cultivation. These types of 

mushrooms have extracellular enzyme systems, which breaks down the cellulose content of the substrate. Wood-destroying mushrooms have the 



strongest enzymes. One group of these species are the white-decay (or white-rot) fungi (e.g. shiitake and oyster mushrooms), which, by breaking 

down cellulose and lignin, cause the substrate to lose color and eventually turn whitish. The other group is the brown-decay fungi, which cannot 

break down lignin, only cellulose, thus the substrate turns darker by the passing of time. 

Parasite species grow on organisms (mostly on animals or plants, but in some cases even on other fungi) that are still alive. They feed in/on the 

host, taking the necessary nutrients from it. The two species can live together for several years before the host dies. Many fungi belong to this 

group. They cause health-related problems, but there is a cultivated species amongst parasite fungi as well (reishi). 

A symbiotic connection between two species (fungi and plants or animals) is beneficial for both parties, and it is quite common in the nature. 

There are many important species amongst symbiotic fungi: e.g. truffles, chanterelles and bolete. There is no assured cultivation method for these 

species yet. 

 Lifecycle of basidiomycetes 

In the nature, the primary generative hyphae (developed from the basidiospores) fuse. This process is called anastomosis, cytogamy, 

somatogamy or plasmogamy. The fusion of the two, genetically different nuclei happens only after plasmogamy is completed and the basidia are 

formed. Secondary hyphae are the result of the fusion of two primary hyphae. Secondary hyphae are generally dicaryotic. The two nuclei divide 

simultaneously by clamp connection. 

Clamp connection (red and green circles represent the genetically different nuclei) 

In mushroom cultivation and in spawn production only the secondary hyphae are used. This intensively growing type of hyphae colonizes the 

substrate. This is called the vegetative stage of a mushroom’s life-cycle. Various effects (climatic, enzymatic etc.) and the expression of certain 

genes initiate fruitbody formation. Primordia, or otherwise known pinheads starts to form. The pinheads grow, evolve and differentiate, which leads 

to the development of fruitbodies. 

The hymenium (spore-bearing tissue layer), where the basidium forms, is found in the fruitbodies. Nuclei fuse in the basidium, than start to divide. 

The first division of the nuclei is meiotic, which results in four haploid nuclei in the form of four basidiospores on the basidia. These spores are the 

source of the following vegetative cycle. 

Besides spores, fungi have another way of reproduction. The vegetative mycelia can break into smaller pieces and spread. The slightly modified 

“life-cycle” of cultivated mushrooms is shown here. 

Development of cultivated basidiomycetes 

The vegetative mycelia of the cultivated mushroom get into the compost or substrate in the form of spawn (LINK). The mycelia originating from the 

spawn grow into and colonize the material. Then the growers change the ambient conditions, which results in the initialization of the generative 

stage and the forming of fruitbodies. In cultivation, it is important to provide optimal environment (water content, humidity, CO2 level, temperature, 

light etc.) for the mushrooms. Cultivated species require different ambient conditions in their vegetative (colonization) and generative (initialization 

and development of fruitbodies) stage, thus it is equally important to have both the expertise and properly conditioned mushroom houses. 

The main actions that lead to the initialization of the generative stage and fruitbody formation are the following: lowering the temperature, 

modifying humidity, lowering CO2 level, increasing light intensity and altering the water and nutrient content of the substrate. A change in single 

one of these conditions could be sufficient for fruitbody initialization, but in mushroom production it is more common to modify more than one. A 

common “combination” is to lower the temperature and at the same time to intensify air flow in order to ensure lower CO2 level. 

Taxonomy of cultivated mushrooms 

A number of species with various characteristics belong to the kingdom of fungi. Only a small group of these species are edible and therefore 

significant to us. The estimated number of fungi is around 500.000-1.000.000, of which as few as 10-15% (about 90.000 species) is currently 

known to us. This includes micro- and macroscopic fungi as well. 

Edible mushrooms belong to the kingdom of fungi (Regnum Fungi), in which two phyla have species that can potentially be cultivated. Ascomycota 

or sac fungi have their spores (usually eight together) in a special sac-like structure called ascus. This phylum includes single-celled and 

filamentous fungi, which have glucan, mannan and chitin in their cell walls. One of the most important subjects of biotechnology and food industry 

researches is Saccharomyces cerevisiae (a yeast species) is also a member of the Ascomycota phylum. 

Most of the cultivated species belong to the group (phylum) of Basidiomycota fungi. Their cell walls contain chitin; they have septate hyphae and 

basidia that bear basidiospores. 

The most important Basidiomycota species are the button mushrooms (Agaricus spp.), the oysters (Pleurotus spp.) and the shiitake ( Lentinula 

edodes). Other medicinal mushrooms, such as shaggy mane, sheathed woodtuft, enoki, black poplar mushroom, reishi and Jew’s ear also belong 

to this phylum. The next table shows the most important cultivated species with their current taxonomical data. 

Taxonomy, English and Latin names of the most important cultivated mushroom species (source: Mycobank) 

Check yourself! 

1. What lifestyles do mushrooms have? 

2. What is the definition of “fungi”? 

3. What are the characteristics of plant, animal and fungal cells? 

4. What are the 10 most important cultivated species (with Latin names and taxonomy)? 

5. What causes (which conditions) the vegetative stage to switch into generative? 



6. Characterize the saprotrophic lifestyle! 
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Spawn production  

Author: András Geösel, PhD 

Spawn in mushroom production 

Spawn making and using is an asexual method of propagation in mushroom growing. Spawn is some kind of a carrier colonized by the 

mycelia of the mushroom, which is added to the mushroom compost or substrate. Spawn is prepared by a number of commercial spawn 

manufactures. 

Nowadays three types of carriers (material colonized by the mycelia) are available for mushroom production: 

 Grain (barley, triticale, wheat, millet etc.). The grain is steam-sterilized and inoculated with mycelia. 

       

Millet spawn in commercial bag and under microscope 

  Plug (small pieces of wood or plugs). The plugs are steamed or cooked, than colonized by mycelia. 

 

Plug spawn colonized by mycelia 

 Synthetic or quick spawn (organic and inorganic materials), which is the most modern method of spawn production. Traditional 

spawns have a high carbohydrate level, which is in favour of Trichoderma infections that cause significant damage in mushroom 

growing. To lower the carbohydrate level, spawn producers started to use partly inorganic materials (Fig 4). Synthetic spawn contains 

more mycelia than any other types, thus smaller amount is enough for the same amount of compost. Experience show that by using 

synthetic spawn, colonization takes less time, thus the production cycle becomes shorter. 



   

Synthetic spawn under microscope 

A short overview of the history of spawn making helps us better understand the reasons that lead to the making of these types of spawns, 

which are nowadays commonly used. 

Short history of spawn making  

(by Francisco Arqueros) 

1894: Constantin and Matruchot were able to achieve a controlled germination of spores from mushroom tissue and spores. This mycelium, 

known as 'pure culture', was then inoculated in sterilised horse manure. This substance was bottled and left to settle until the mycelium 

colonised the sterilised horse manure. Later, growers bought this substance, in theory free of disease. The final product (planting material) 

sold to growers as mushroom spawn. 

1902: Ferguson, (in USA) published a description of the conditions in which a controlled germination of spores and the growth of mycelium 

could be achieved. 

1903: Louis F. Lambert established the Lambert's pure culture spawn in Minnesota, since 1907 the Lambert's Company was marketing at 

least seven different pure strains of Agaricus bisporus. 

1905: Ferguson and Dugger started pure mycelia culture from mushroom ‟tissue‟ 

1932: James W. Sinden patented grain spawn preparation protocol. 

The current variety of white Agaricus bisporus, commonly found in supermarket shelves world-wide, comes from a single cluster of white 

mushrooms that was found in a bed of cream (brown) mushrooms in 1926. Until then all mushrooms had been brown. As with the 

mushrooms growing spontaneously in spent compost from melon beds in seventeenth century France, these white mushrooms appeared 

unexpectedly. 

Nowadays the commercial spawn for companies are prepared by multinational companies. The laboratory background and breeding potential 

requires many investments, therefore the small entrepreneurs should have special cultivars or low-scale techniques for benefit production. 

The mushroom production business today use the traditional grain spawn for 80 years, recently new carrier are under development. The 

advantages of grain spawn (easy to mix into substrate, can store for long period, adequate for almost all mushroom species, etc.) must be 

present in any other spawn types for safe and short cropping circle. 

Preparation of spawn 

The mycelia of most mushroom species are able to colonize different grains, that is why they are together suited for spawn making. Mainly 

grain based spawn is used in modern mushroom production. 

Steps of spawn making are the following: 

 a clean (contains nothing else – other mycelia, bacteria etc. – but the mycelia of the mushroom) mycelial culture is made and 

maintained on sterile substrate; 

 mother spawn is made from the mycelial culture; 

 carrier (intermediate spawn) is made from the mother spawn; 

 commercial spawn is made from intermediate spawn. 

Strains are maintained, then inoculated to petri-dishes and at last the mycelia are transferred onto steam-sterilized grain. 



The grain is usually rye (Secale cereale ) or millet (Panicum sp.), or sometimes wheat ( Triticum sp.), sorghum (Sorghum sp.) or bristle grass 

(Setaria sp.). Similarly to commercial seeds, the quality regulations for grains used for spawn are strict. The grain has to be clean, uniform, 

free of fungicides, soil, pests and weed seeds. Toxins produced by mould inhibits mycelial growth of cultivated mushrooms, thus the grain 

has to be completely mould free. 

Spawn manufactures store the grain in special silos. The steps of grain processing are the following: 

 storing 

 cooking 

 adjusting pH 

 filling of heat-resistant bottles (small scale spawn production) or bags (large scale spawn production) 

 sterilization 

 cooling for inoculation 

 inoculation 

 colonization 

 pre-cooling 

 storing and transporting 

The stored grain is washed a few times to remove broken seeds, dust and soil. The washed grain is then soaked and cooked. During the 15-30 

minute long boiling the grain is stirred. At the end, the seeds become soft, their inside lose their white colour and become transparent. The 

grain is left in the cooking water for 10-25 minutes to for water absorption to complete. If the grain is not cooked enough, they absorb less 

water, thus the colonization will be slower. If overcooked, the seeds stick together, which makes it hard to loosen them up and later to fill. 

The grain is then cooled, gypsum (CaSO 4) and limestone (CaCO3) is added (to loosen the seeds up) and the pH in adjusted to 7,4. 

 

Perforated bags filled with grain ready for sterilization 

In smaller spawn manufactures the next step is to fill the grain into heat-resistant bottles or bags (with special air vent perforations), which 

are then put into an autoclave. Sterilization is done in 2 hours, on 121 ˚C, in overpressure. The autoclaves of spawn manufactures are 

specially designed: they have two doors – one on the “contaminated” side, where the material is filled into the machine and one on the 

“sterile” side, where the sterilized material is taken out (and then mycelia is added). Intermediate spawn (made from mother spawn the same 

way commercial spawn is made) is added to the sterile material. The bags or bottles are opened, intermediate spawn is added than mixed and 

the bags or bottles are re-sealed. 

http://www.plantsystematics.org/imgs/ws1/sq/Poaceae_Secale_cereale_26331.html
http://www.plantsystematics.org/imgs/ws1/r/Poaceae_Panicum_miliaceum_26327.html


 

The process of spawn making in smaller manufactures 

In commercial/large scale spawn manufactures cooking, pH adjusting and sterilizing is done in the same steel tank. The sterilized and cooled 

grain is then mixed with the mother spawn itself, and then filled into bags under sterile circumstances. This method requires less manual 

handling and the risk of infestation is lower. 

 

The process of spawn making in commercial manufactures 

Colonization (spawn run) is similar in both cases. The bottles or bags are stored in clean rooms with filtered air. In case of button mushroom 

spawn production, the temperature has to be around 25˚C, otherwise span run will not be homogenous. Since mycelia needs oxygen and 

emits carbon dioxide, the bags cannot be completely sealed. In order to provide gas exchange, the bags are perforated, but to prevent 

infection, the perforations are covered by a special filter. As mycelial development produces heat, perforations are also necessary to prevent 



overheating. The bottles and bags are shaken on the 5-10 th day after inoculation, to help homogenous spawn run. At the same time, each 

bottle and bag is checked for any sign of infection. Spawn run is completed in 14-20 days in case of most mushroom species. 

 

The stages of the 17 days spawn run  

The colonized bags are stored on +2˚C. On this temperature, white button mushroom spawn can be stored for 8-10 months, while cream 

type‟s for only a shorter period. To prevent overheating the spawn has to be kept on +2˚C during storing and transporting as well. If the 

spawn overheats, it becomes acid (the pH lowers), releases a liquid, becomes smelly and no longer can be used for spawning. That is why 

commercial spawn manufactures continuously monitor the entire process of spawn making from the point the grain enters until the ready 

spawn is sold and shipped, thus ensuring high quality. 

Quality criteria of spawns 

Mushroom producers usually do not have to deal with the spawn directly, since it is added to the compost in the compost plants and arrive to 

the grower only as a component of phase II. or phase III. compost. 

Some growers prepare spawn themselves in small scale, or buy spawn and add it to the compost or substrate. This case the grower has to be 

aware of the most important quality criteria of spawns, which are the following: 

 Each grain should be covered with mycelia. If colonization of the mycelia of the cultivated mushroom is not complete, other 

(competing) pathogens or fungi could gain access and take over the grain. 

 Colonization has to be homogenous. Fluffy mycelium or stomas are signs of inadequate handling (absence of fresh air) during 

spawn production, and results in lower yield. 

 Fresh spawn is white or light-grey, but never brown, which is a sign of over aging. 

 Wet, shiny, slimy spots are usually caused by bacterial infection. This case the spawn should not be used for mushroom growing. 

 Green or black spots are signs of molds. These bags should not even be opened, to prevent spores to escape and spread. 

 When opening the bags, the typical mushroom odour should be smelled. Any other, unpleasant smell is a sign of overheated 

spawn. 

Maintenance of varieties and breeding 

Since the procedures and techniques of mushroom breeding and hybridization exceed the purposes of this curriculum, only the basic, most 

important information are presented. 

Preparation of monospore and multispore cultures are classical breeding methods. Monospore cultures can be started from spores of 

fruitbodies, by inoculation of primer hyphae, which is followed by anastomosis. 



Multispore cultures are prepared by using spores of two fruitbodies. The spores are mixed in sterile water then spread on media. The near 

hyphae clamp by each other and the hetero-karyons are then inoculated and selected on media. The selected strains are tested in growing 

experiments. 

By the development of molecular biology creates new ways in mushroom breeding. Besides the traditional methods, new techniques were 

introduced to the breeding of button mushroom first, then to other mushroom species as well. These methods (e.g. isozyme analysis; RFLP, 

AFLP and SCAR analysis) can be used for identification and characterization of the already existing strains. Other techniques (e.g. somatic 

hybridization, gene introduction) are used for creating new strains. 

By 2010 the gene sequencing of Agaricus bisporus was finished (http://genome.jgi-

psf.org/Agabi_varbisH97_2/Agabi_varbisH97_2.home.html ) and is now available for further gene-based breeding purposes. Although it 

would be possible to make GMO varieties, unlike in case of arable crops, GMO mushrooms are not likely appear in cultivation. 

  

Test your knowledge! 

1. What is mushroom spawn? 

2. What kind of spawns do we use? 

3. What are the steps of spawn production? 

4. What are the advantages of the synthetic spawn? 

5. What are the quality criteria of spawns? 
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Preparation of compost and uses of spent mushroom compost  

Author: Anna Szabó 

Cultivation of button mushrooms (Agaricus bisporus) started in France, in the 17th century. The royal gardeners were the first to notice that 

mushrooms grow in the hotbeds which are “heated” by wheat straw-horse manure compost. This elementary (and since then superseded) 

technology spread firstly in France (the abandoned tunnels of quarries in Paris), than in Europe and the whole World. From all the cultivated 

mushrooms buttons have the most developed and detailed cultivation technology, and they are cultivated in the largest scale. Unlike most 

mushroom species, button mushrooms form only two basidiospores on their basidia (e.g. other Agaricus species have four). 

Steps of button mushroom cultivation 

The development of button mushrooms and other mushroom species which form fruitbodies, consists of two stages: 1. vegetative growth 

(mycelia development) and 2. generative growth (forming of fruitbodies). These naturally occurring sequences are present during cultivation 

as well: the mycelia on the spawn first colonizes the compost, than following casing (and temperature and CO2 level changes) it finishes 

vegetative growth and starts forming fruitbodies (generative growth). 

In modern mushroom cultivation the next steps/phases follow each other: 

 Phase I.: mixing of the ingredients (straw, chicken and horse manure, water and gypsum) and starting aerobic fermentation. 

  Phase II.: (tunnel composting): in modern compost plants finishing the compost takes place in insulated tunnels. By the end of 

the process, following spawning the compost is ready for button mushroom cultivation, as it is an adequate nutrient source for the 

mushroom, it is suited for the growth of button mushroom to the exclusion of other fungi and bacteria, it is free of pests and pathogens 

and no longer contains harmful amount of ammonia. Phase II. compost is spawned but not yet colonized by the mycelia. This type of 

compost can either be sold to growers (who will then wait for spawn run) or it can be moved into a spawn run tunnel, where the 

conditions are ideal for mycelia growth and the whole Phase II. compost pile will be colonized in 14-16 days. 

 Phase III. compost: a compost already colonized by the mycelia and ready for casing. The costs of the approx. 2 week period 

(while following spawn run Phase II. compost turns into Phase III.) considerably increase the value, thus the price of Phase III. compost 

is higher. In spite of the higher price, growers prefer Phase III. compost, as instead of waiting for the 2 weeks period of spawn run, they 

can immediately start casing and growing (and can have more production cycles a year). Besides, some growers do not have the most 

modern production systems and technologies and it is sometimes difficult to them to ensure ideal conditions (temperature, humidity and 

adequate amount of fresh air) for spawn run. In Hungary, only 10% of the total compost amount was sold in II. phase in 2011, the other 

90% was Phase III. compost. 

  Phase IV. compost: Phase III. compost is cased and the spawn is allowed to colonize the casing layer before the compost is sold 

to growers and delivered to the growing units. Even pins/pinheads (pinhead: the first developmental stage, initials of a fruitbody, when 

the cap and stem cannot be distinguished) or more mature little mushrooms are visible on the surface of the casing. Phase IV. compost is 

produced mainly in Holland, Germany and Belgium. 

  Phase V.: cropping. The fruitbody initials grow until they reach a harvestable size. 18 to 20 days after casing normal (3-5 cm cap 

diameter) sized button mushrooms can be picked for 3-5 days (1st flush). Button mushrooms grow in flushes: picking periods are 

followed by a few days, when no mushrooms can be picked, than this cycle repeats as long as the compost contains enough nutrients for 

the mushrooms to grow. In Hungary usually 2-3(-4) flushes are picked in one growing cycle. Waiting for more flushes is not economic, 

as by each flush the quantity and quality of the mushrooms decrease, and at the same time the amount of pathogens and pests increases. 



 

Preparation of compost 

Button mushrooms are heterotroph life forms (they use carbon sources prepared by photosynthesizing plants). Button mushrooms are grown 

on compost, which is an adequate nutrient source for the mushroom; it is homogenous but not sterile (!). Two of the main ingredients have 

always been straw and horse manure since button mushroom cultivation started. Horse breeding decreased throughout the centuries and 

nowadays it is available in a much lower amount than before, but is it still used for compost preparation. Button mushroom needs water, 

carbon source, nitrogen source, minerals and vitamins to grow. 

  

Ingredients of the mushrooms compost 



In Hungary wheat straw (and sometimes corn stem), chicken and horse manure, gypsum, water and supplements with high nitrogen content 

are the main ingredients of the button mushroom compost. Vitamin sources are the raw materials themselves and those microorganisms, 

which get into the compost during the production process. 

Straw of wheat and other grains 
Straw serves as a carbon source, since it contains cellulose and hemicellulose. The quality and quantity of the straw determines the water 

absorbing and retaining capacity of the compost. While in Europe wheat straw is used almost exquisitely, in other countries corn cob, hay, 

grass and other plant parts are also used for compost preparation. 

 

Straw bale waiting for composting 

In each country, the main carbon source in the mushroom compost is that straw (or another part of the plant), which is available in the 

biggest amount. With its structure and availability in both quantity and price, wheat straw is an optimal compost ingredient. Paddy straw has 

almost the same characteristics as wheat straw. Barley and oat can be used to, but their thinner and softer straw (although absorbs water more 

quickly) lose structure earlier. The quality of the whet straw is influenced by many things: the weather conditions the growing period, the 

variety and the use of fertilizers, fungicides and insecticides. Although plant protection products degrade during composting, but in some 

cases they were detectable even in the mushrooms themselves, which were grown on their compost. Wheat straw should be stored for a few 

months to weaken the wax layer on the straws, which interfere with water absorption during the composting process. 

Horse manure 
Wheat straw based horse manure was used for mushroom growing from the 17th to the 20th century. It was the most convenient and the 

cheapest material for this purpose. The quality of the horse manure is highly variable. It consists of the urine and waste of the horse mixed 

with some straw. The quality is influenced by the type and quantity of feeding and straw and by the storage time and circumstances of the 

manure. It is very important not to use horse manure that is stored longer than a week. 

Chicken manure 
Chicken manure is the nitrogen source in the compost, as it consists of 3,5-4% nitrogen, 30-40% water and 12-14% ash. Carbamide, 

ammonium nitrate and other materials with high protein content can be used as well. Sawdust and chips are used for bedding, thus the 

manure of broiler chickens is relatively dry and can be homogenized and mixed easily into the compost. Broiler chicken manure has quite 

balanced quality and is available regularly. 

Gypsum 
Gypsum (CaSO4) was used for balancing pH, but nowadays is important for its positive effect on compost structure. 



 

Water 
Water is essential for the mushrooms, since their fruitbodies contain 88-91% water. During the composting process, water is absorbed by the 

straw, so the aerobic fermentation (composting) commences as a result of the growth and reproduction of microorganisms, which occur 

naturally in the ingredients. 

 

Wetting the wheat straw 

Each kilograms of mushroom requires 2 liters of water, 1 of which is responsible for nutrient transport and one is needed for evaporation. 

Preparation of compost 

Mushroom compost develops as the chemical nature of the raw ingredients is converted by the activity of microorganisms, heat and some 

heat-releasing chemical reactions. These events result is a food source most suited for the growth of the mushroom to the exclusion of other 

fungi and bacteria. By the end of the process, the nutrients of the raw materials (wheat straw, horse manure etc.) convert into forms available 

for the mushroom. Compost preparation takes place in special, mostly automated compost plants. Although composting methods can differ in 

each plant, the basic theory and ingredient are the same. 

Phase I. 
Composting is initiated by mixing and wetting the ingredients. Usually the wheat straw and manure are together put through a compost 

turner while being watered. Then supplement and gypsum are spread all over the pile and put through the turner again. Piles are made, which 

are than regularly turned. The piles are 1,6-1,8 m high and as long as it convenient for the size of the plant and the capacity of the machines, 

workers and space. 



 

Compost pile in Holland 

In the wet mixture, the number of bacteria and microscopic fungi grow and they start to degrade the raw materials. Some microbes degrade 

carbohydrates, while others hydrolyze cellulose, which produce carbon dioxide. For example, among many others the following microbe 

types are present during the composting process: 

 Ammonifying bacteria: they produce ammonium by breaking down organic nitrogen compounds under aerobic or anaerobic 

circumstances. 

 Nitrifying bacteria: they convert most of the ammonia into nitrites than nitrates, which is later assimilated by the mushroom. 

 Denitrifying bacteria: they reduce some of the nitrate into nitrite than elemental nitrogen. 

The microbe activity results a rise in temperature and the wax coating of the straw starts to degrade, the straw softens and start to absorb 

water. Usually 5-5,5 tons of water is added to 1 ton of mixture to reach the optimal water content by the end of phase I. 

The temperature is around 20 ˚C at the beginning, but start to rise as soon as microbe activity and degradation of raw materials increase. It 

takes 2-3 days for the pile to heat up to the desired 78-80 ˚C. The temperature is monitored carefully in many points (inside and on the 

surface too) of the pile. Since the temperature varies in the different parts of the pile, it is needed to be mixed and turned regularly (usually 

on the 3rd, 5 th, 6th and 7th days). Turning is also necessary to avoid anaerobic conditions and to help equal watering. Too much turning has a 

negative effect on the compost structure. 

 

Turning and mixing of the compost 

Phase I. takes 10-14 days to complete, depending on weather conditions and the quality of raw materials. During the first phase of 

composting, the wet pile of ingredient has a very strong, unpleasant odour, for which sulphur compounds (e.g. dimethyl sulfide and hydrogen 

sulfide) are responsible. These compounds are highly pollutant and should be neutralized before they get into the air. The first phase 

normally is not indoor, but in Holland (because of strict environmental regulations) an indoor technology had to be developed. 

Phase I compost filling into tunnel 

Three versions of phase I. composting are common: 

Outdoor composting: Traditional method, where the ingredients are mixed and wetted outside in piles. 



Semi-indoor composting: The wetted and mixed ingredients are not put in piles outside, but placed on concrete floor or in long, 5,5 m high, 

6 m wide opened tunnels or bunkers and force aerated through nozzles or spigots (little holes, perforations) in the floor. The holes are 25-40 

cm far from each other. The temperature is constantly monitored through thermometers (around 6-8 in each tunnel); the system is almost 

fully automated. The compost pile is around 5-6 m wide and 3-4 m high. It has to be placed loosely on the floor to avoid anaerobic areas. Air 

is forced through the pile with high (5000-6000 Pa) pressure. Temperature starts rising and reaches 75-80 ˚C in 24 hours, which is than kept 

for 3 days. The whole pile is then moved into another tunnel or bunker, where the whole three day procedure is repeated. This is the last 

stage of the first phase. 

It is now a common method and used in most compost plants (in Hungary as well). 

Indoor composting: The compost is treated just like in case of the semi-indoor version, only the tunnels and bunkers are completely closed, 

so no unfiltered air or gas could escape. 

   

Semi-indoor bunker and indoor tunnel composting 

The timing and quality of semi-indoor or indoor composting is not as easily influenced by weather conditions as it is of outdoor composting. 

Another advantage is that harmful gases can be ran through filters, so pollution and odours can be reduced. At the end of phase I. the water 

content of the compost is 70-76%, the total nitrogen content is 2,2-2,6%, the pH is 7,2-7,4 and the C-N ratio is 18-20 to 1. The compost has a 

chocolate brown colour and a strong smell of ammonia. 

Phase II. 
One of the most important purposes of phase II. composting is pasteurization, which is necessary to kill any of insects (eggs, larvae or 

adults), nematodes, fungi (mycelia or spores), or other pests, that are present is the compost after phase I. The other purpose is to condition 

the compost and to remove the ammonia that formed during phase I. composting. Furthermore, homogeneity of the phase I. compost is never 

perfect, parts are always found that have lower temperature and contain pests and pathogens. During phase II. composting, the temperature of 

the entire pile gets equalized. 

 

Filling of the tunnels by conveyer belt 

The most modern way of phase II. composting takes place in special insulated tunnels with perforated floors, where the bulk compost is 

filled with special care for density and compression (it should allow gas exchange, since ammonia and CO2 will be replaced by outside air). 

These tunnels can completely tolerate high temperatures and low pH (ammonia). Before bulk composting became common, compost used to 



be filled in boxes, wooden trays of beds, the trays or boxes were stacked on each other and moved into special, environmentally controlled 

phase II. rooms. The advantage of bulk composting compared to the traditional ways is that it takes place in the composting plant and not in 

the production area, thus it does not take up place from growing. 

Phase II. composting is a controlled, temperature-dependent, ecological process using air to maintain the compost in a temperature range best 

suited for microorganisms to grow and reproduce. The growth of these thermophilic organisms (thermophilic= high temperature or even heat 

is needed for the organism) depends on the availability of carbohydrates and nitrogen (activity of the different microbes are shown on Fig 8.). 

These microbes are important, as they produce nutrients (or serve as nutrients themselves) in the compost, which are favorable for 

mushrooms but for other organisms not. 

 

Activity of living organism during composting, depending on temperature 

In case of tunnel composting, for the pasteurization to be the most effective the compost goes through a series of processes and stages while 

the following temperature changes and time periods are kept in the tunnels: 

1. Filling: With special care for density and compression, phase I. compost is filled into the insulated tunnels with perforated floors. 

2. Equalization: The temperature of the phase I. compost pile is equalized. 

3. Heating (to peak heat): The compost is heated to 57-59˚C in 8-12 hours (1-1,5˚C/hour). This temperature is called the peak heat. The 

temperature will not get higher than this, since during the composting process the materials are not sterilized, only pasteurized, which means 

a lower temperature level. 

4. Peak heat: The compost temperature is kept on 57-59˚C for 6-12 hours. 

5. Slow cooling: The compost is cooled to 46-49˚C in 6-8 hours (1-1,5˚C/hour). 

6. Conditioning: It lasts for 3-5 days, during which the temperature is 46-49˚C. 

7. Cooling for spawning: The compost has to be cooled under 30˚C before spawn is added, as higher temperature would harm (or even 

destroy) the mycelia. It takes 14-24 hours to cool the compost from 46-49˚C below 30˚C. 



  

Theoretical steps of compost heat-treatment 

When pasteurization is finished, phase II. compost is transferred out of the tunnels. During this process, spawn is being added and mixed 

into the finished compost. Spawn is steam-sterilized grain colonized by the mycelium of the mushroom and is used to “seed” the compost. 

Grains are initial points of mycelium growth (see chapter 5 – LINK 5. fejezet). Usually 0,8-1,4 liters of spawn is added to 100 kg compost. 

Spawn is distributed on the compost and mixed by a special spawning machine with tines or small finger-like devices along the conveyer 

belt, on which compost is being moved out the tunnels. In addition, the grains themselves become supplemental nutrient. 

Another method it when instead of mycelia covered grain (traditional spawn) is used for spawning, but phase III. compost. Since phase III. 

compost is already colonized, it acts like a normal spawn and served as the source of mycelia, just like the grain. This special type is called 

phase II½. compost. It was prepared in Hungary as well, but nowadays is not common anymore. 

Adding supplements to the compost with the spawn increases the yield (by 3-10 kg/m2). Supplements have high protein and/or lipid content, 

which is has a positive effect on the growth of the mycelia. Nowadays supplements are mostly soy-based materials, but corn flour, dried 

potato protein, peanut flour, meat and bone meal were used as well. Precautions need to be taken as supplemented compost can easily 

overheat. Excessive heating and the nutrient content is favorable not only for the cultivated mushroom, but for competitor fungi (especially 

the most dangerous molds such as Trichoderma aggressivum f. aggressivum and f. europaeum) as well. Today, several commercial 

supplements are available that can be used at spawning or at casing to stimulate mushroom yield. 

In modern plants, from the pasteurization tunnels finished and spawned compost is transferred to bulk spawn run tunnels. The disadvantage 

of this method is that it increases the risk of infestation or unwanted pathogens and pests, thus higher level of sanitation is required. Phase II. 

compost can be sold directly to growers, who take it to their production rooms and have the compost colonized by the mycelia at the same 

room the cropping will take place. The risk of infestation is lower this way, but the 2 week long colonization takes up valuable space, which 

otherwise (by buying phase III. = bulk spawn run compost) could be utilized by cropping compost. 

Tunnel phase II. composting coupled by bulk spawn run is a more automated and mechanized process that results a more uniform compost 

than any other technology. At the end of phase II. composting the water content is 65-70%. The compost has dark colour, it is easily torn and 

do not stick to the hand and most importantly it does not smell like ammonia at all. The quality is always checked in a laboratory and 

registered for quality control. In case of complains (or even law suits) they are helpful deciding whether problems during cultivation derive 

from compost quality or production errors. 

 Th

e different compost types: Phase I., II., III. and IV. 



Phase III. 

Phase III. compost is colonized by the mycelia of the cultivated mushroom. Nowadays spawn run takes place in the compost plants in bulk 

spawn run tunnels, during which phase II. turns into phase III. (It can happen in the production area as well, if the grower buys phase II. 

compost). In 2011 90% of the total compost production was sold in 3rd phase in Hungary. Following casing, phase III. compost is ready for 

cropping. 

Hygiene is especially important in and around the spawn run tunnels, and everywhere phase II. compost is moved through from the 

pasteurization tunnels to the spawn run tunnels. The tunnels and equipment (machines and protective clothing worn by workers) are 

previously sterilized, the air is filtered. Overpressure in the tunnel and working area prevents infestation after sterilization. 

Phase II. compost is placed into the spawn run tunnels (which are basically are the same type of tunnels used for pasteurization in phase II. 

composting) in 3,0-3,5 m high piles. The process starts by equalizing the temperature and heating the compost up to 25-27˚C, which is held 

throughout the entire 14-16 days of colonization. Oxygen and CO2 levels and temperature are monitored, registered continuously and 

controlled if necessary. 

Advantages of using phase III. compost: 

 The grower saves 14-16 days time, which means a 20% shorter growing cycle (thus more cycles “fit” in a year). The costs of the 

2 weeks spawn run are not on the grower. 

 20% more compost can be placed in the production area than in case of growing on phase II. compost. 

 Hygiene is usually better in compost plants during colonization, thus the risk of infestation is lower. 

 Phase III. compost spends shorter time in the production area, this way pests (especially mushroom flies – Sciaridae) don not 

have that much time to reproduce. 

 Growers do not have to worry about the circumstances of spawn run: whether in the end quality will be good enough for 

successful growing or not. The quality of bulk spawn run phase III. compost is uniform and ensured. 

 Higher yield can be picked from the same production area size in a year. 

Disadvantages of using phase III. compost: 

 The price of phase III, compost is higher than of phase II. 

 The crop appears at the same time (one flush is picked for a shorter period, but more mushrooms are picked by one picking), 

which makes organization of work more difficult. 

 Phase III. is more easily to overheat than phase II. compost. 

At the end of phase III., compost can be filled into plastic (polyethylene) bags, which are then transported in cellars or mushroom houses, 

where the cropping will take place. Probable temperature changes (in the summer: overheating; in the winter: freezing of the peripheral bags) 

of the compost has to be taken into account during transportation of phase III. compost. In the summer, the 25-27˚C compost could easily 

overheat if transported long term without air-conditioning. Above 30˚C mycelia suffers damage. 24-48 hours after arrival the bags have to be 

cased (with usually 4-5 cm thick casing). 

  

Bag, block and bulk compost forms transferring 

The most modern method is when compost is sold bulk, and then transferred to Dutch-type growing houses with special, air-conditioned 

trucks. A machine fills the compost into shelves of the Dutch-houses directly from the trucks. Another machine at the same time puts casing 

on the freshly filled shelves. 

Button mushroom compost production and growing 

Use of spent mushroom compost 

Post-crop mushroom compost (also called as spent mushroom compost in case of button mushroom and spent substrate in case of shiitake 

and oyster mushroom) is a material left over after the crop has been terminated. It consists of compost and casing (basically peat moss) with 

mycelia in them. It is not waste, since it has many valuable nutrients and a very good structure, which makes it a valued product in 

horticultural industry. (The possible uses of spent mushroom compost are in the focus of many researches in the USA. Information is 

available on the following link - SMS_Brochure.pdf és Spent_Mushroom_Substrate.pdf). Spent composts are long time used in gardens or 



nurseries that are close to mushroom growing facilities. Mineral and nutrition contents of some post-crop mushroom composts are shown on 

next table. 

Mineral and nutrition contents of some post-crop mushroom composts 

Minerals and nutrients Dry matter (%) 

calcium 2,21 2,02 2,46 

potassium 4,84 6,21 5,38 

magnesium 0,74 0,66 0,65 

natrium 0,19 0,19 0,23 

iron 0,17 0,15 0,06 

aluminum 0,25 0,25 0,14 

ammonia-nitrogen 0,04 0,05 0,06 

total nitrogen 2,89 2,39 2,55 

salinity (EC) (mS/cm) 14,0 11,4 12,2 

water content 67,7 64,4 69,6 

pH 6,5 6,5 6,2 

The positive effects of spent composts and substrates on the quality and nutritional composition of soils. 

 The humus content increases. 

 Spent composts increase the water absorption of light soils. 

 The soil structure improves, heavy soils loosen up and buffer capacity grows. 

 The microbe activity increases. 

 Yield could improve. 

 Could be used for mulching, which is bots beneficial for the nutrient and water content of the soil. 

Since salinity of post-crop composts is quite high, using them in sensitive vegetable (e.g. lettuce and pepper) production is not recommended. 

Due to environmental regulations, disposal of these materials raises issues. They can be composted again, which is a long (2 years) process 

and results a valuable product with a structure similar to peat moss. Mixed with real peat, the material can be used as casing. Another 

possible use is to burn spent compost in thermal power stations. The disadvantage is that the material still contains around 60% water and has 

a high ash level. 

 

The structure of spent compost after two years of “composting” 

Spent composts and substrates require special handling, as they are sources of pests and parasites and if left close to the production area, 

could endanger the next cycle. Since only two chemicals are allowed against pests and pathogens in mushroom production, there are hardly 

any residues left in spent mushroom composts. The most modern method is applied in Dutch-type mushroom houses, where after the last 

flush, the growing room is closed off and the whole room is pasteurized with steam. This final pasteurization is designed to destroy any pests 

that may be present in the compost or casing, thus minimizing the likelihood of infesting the next crop. 



Test your knowledge! 

1. What are the ingredients of button mushroom compost? 

2. What are the steps of composting? 

3. What is the difference between phase II. and phase III. composts? 

4. How can we use spent mushroom composts and substrates? 
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Button mushroom (Agaricus bisporus) cultivation  

Author: Anna Szabó 

Commercially available compost 

Depending on the mushroom growing house types, growers can either buy bagged or bulk composts. Those who produce on one level 

(mainly in cellars) usually buy polyethylene bags, each containing 15-20 kg of phase II. or III. compost. The size of the bag is usually 40 cm 

in diameter and 25-35 cm height. Some growers have special shelves in their mushroom houses, where they use bags to grow on multiple 

levels. 

Compost can also be bought in blocks. Blocks are filled with 18-22 kg of phase II. or 16-18 kg of phase III. compost and have rectangular 

shape. They are put on the shelves of the mushroom houses next to each other, thus creating an almost steady surface. The size of one block 

is usually 50x35x17 cm. 

 

Variable compost forms for different cultivation systems 

For growing in Dutch-type houses, bulk compost is purchased. A special (air-conditioned) truck transports the bulk compost all the way into 

the growing area. A machine fills the compost directly from the trucks into the multiple level shelves. 

Mushroom growing facilities 

Button mushroom can be grown in different kinds of facilities as long as the ambient conditions can be regulated according to the 

developmental stage of the mushroom. The most important conditions that have to be controlled are temperature, humidity, fresh air and CO2 

level. Unlike most other cultivated mushroom species, buttons do not require light during the growing period. On the contrary: white button 

mushrooms turn slightly brown, cream-coloured if grown in light, which not preferable by consumers. 

Limestone cellars 
In Hungary, 45% of total button mushroom production is grown on polyethylene bags in limestone cellars. One advantage of cellars is if the 

slab is thick enough (around 10 m), the temperature does not fluctuate easily. Unfortunately, in most cases slab thickness is only 4 meters, 

thus the temperature depends more on the outside weather conditions. 

Another important element is the height of the growing area. Sufficient chamber volume helps providing the required 25-27˚C compost 

temperature with lower costs. The most unfortunate disadvantage of cellars is the low utilization rate. Growing takes place on one level and it 

is hard to use the different machines for transportation and manipulation of materials and products. Air-conditioning systems and equipments 

of the small cellars are not as effective as in larger growing rooms, which impact not only production management and work organization, 

but the mushroom quality as well. 

Although nowadays growers are required to provide the trader with the formerly agreed amount of product at a certain time, which is not 

easy in case of cellar production, but small scale growers (especially family enterprises) will continue to use this traditional method of 

growing. 



  

Button mushroom growing in limestone cellars  

The difficulties of cellar growing (in Hungarian) 

Agricultural buildings 
In the past decades, button mushroom cultivation has been started in many unused agricultural buildings (such as cowsheds, pig holdings and 

poultry houses) after proper insulation and air-conditioning system was installed. 

Transportation and handling of materials are easier than in cellars. Also, cultivation can take place on multiple levels by using shelve 

systems. 

 

Button mushroom growing in agricultural buildings 

Mushroom houses or tents 
Nowadays mushroom growing in tents is quite common. Usually blocked compost is used and placed on 2-3(-4) levels of special shelves. By 

proper air-conditioning, production is possible throughout the entire year. The trusses are steel tubes 4-5 m in radius. The tents are usually 40 

m long (any longer would make air-conditioning difficult). The truss is covered by two layers of plastic with 10-20 cm thick glass wool in 

between. In order to minimize radiation, UV net is laid on the outside and black plastic covers the inside of the tent. Concrete flooring is 

easier to clean and aids effective transportation and handling. 



 

Button mushroom growing in mushroom tents 

Dutch-type mushroom houses 
This type of buildings is the most modern facilities used for mushroom growing. Since construction costs are rather high, the most effective 

growing methods (using phase III. compost and highly automated air-conditioning, irrigation etc. systems) are preferable for economic 

reasons. With 6 rooms (plus packing and storing rooms and social facilities) continuous production can be realized. Each room has two shelf 

systems with 6 levels, respectively. The bottoms of the shelves are made of aluminum, the frame and the posts are steel. The structure and 

stability of the frame is especially important, since it is the guide of the machines and equipments used for irrigation, casing, picking etc. 134 

cm wide, 18-27 high compost layers can be put on the shelves. The use-surface of one room can be as big as 518 m2 or more. Since one 

cropping cycle is approx. 6 weeks long, 8-8,5 cycles can be fitted into a year. Expanding the production area is done by adding more rooms 

to the facility. 

 

Button mushroom growing in Dutch-type mushroom houses 

Mushroom growing from the beginning 

  

Mushroom growing on phase II. compost 

Phase II. compost have to transported from the compost plant to the grower in a clean, preferably closed vehicle the shortest possible time. 

Overheating may occur during transportation in the summer, which damages the spawn. The risk of winter transportation is the opposite: the 

spawn and compost could freeze in the peripheral bags. Spawn run and cropping is influenced by the conditions of transportation. 



  

The steps of cropping in case of phase II. compost 

Filling 
(Since phase II. compost is not used in Dutch-type mushroom houses, only the cellar and tent growing is presented here.) 

Before the bags or blocks are carried and put in, the growing room, growing area has to be cleaned and disinfected. The bags can be arranged 

various ways, depending on the size and type of the rooms. A “bed” is usually not wider than 120 cm, so the pickers could reach the bags 

from both sides of the bed. 60-70 cm is left between the beds in one level or between the shelves in multiple level growing (Fig 7). Season 

also influences how the beds and rows are formed. In winter the bags are put closer to each other, using their own heat to keep optimal 

temperature in the room, while in the summer space have to be left between the bags to prevent overheating. The blocs are usually placed 

next to each other on the shelves, thus creating a continuous surface. 

Approximately 100 kg (around 5 bags or 4 blocs) compost is put on 1 m2 in one level growing. In shelf systems more bags or blocks fit on 1 

m 2, this way the use-surface is bigger, cultivation is more effective and economic. 

The weight of the bags are equalized, the bags are shaped (and if necessary compressed) in order to aid fast and uniform spawn run. By the 

end, each bags have to be the same height (35-40 cm in the winter and 28-30 cm in the summer), so casing will be homogenous and equal. 

 

Beds of bags in cellar cultivation 

Right after they get in the room the openings of the bags are folded, only a 5-6 cm rim is left (which will be later filled with casing). The 

bags (in beds) are then covered by plastic or paper, so the compost will not lose moisture, an optimal CO2 level can be provided for the 

mycelia to grow and the compost is protected against pests. Both plastic and paper covers can only used once, in one growing cycle for 

sanitary reasons. The blocs are opened after they are put on the shelves. One side of the plastic cover is cut off (only a 5-6 cm rim is left). 

During filling, the room temperature should be between 18 and 20˚C in the summer and 22-24˚C in the winter, while the compost 

temperature (core temperature in the middle of the bags and blocks) is 25-27˚C. 

Spawn run 
The optimal temperature for most button mushroom strains is 25-27˚C during spawn run. Higher temperature (above 30˚C) damages or even 

kills the mycelia. Lower than optimal temperature result is uneven spawn run and yield loss, or in case of extremely low temperature (below 

20˚C) mycelial damage. Both room and compost temperature has to monitored and registered continuously together with humidity, which is 

optimal between 95-100% during spawn run. In order to prevent water loss in the compost, the passages and covers are irrigated and 

humidifiers are used. The optimal CO2 level is around 5000-6000 ppm. 

3-4 days after the bags are placed in the rooms, the compost around the spawn starts to turn white/light grey, which shows that the mycelia 

started to grow into the compost from the grain (spawn). The duration of spawn run depends on the quality of the compost, the amount of 

spawn used and the temperature and other ambient conditions. Spawn run is usually finished in 14-16 days. 

When the mycelia completely colonized the substrate (the spawn run is finished), the compost is considered to be phase III. compost. The 

next step is casing. From this point, with minor exceptions, the growing process is the same in all types of facilities, in cellars, mushroom 

tents and in Dutch-type houses as well. 



Casing 
When the spawn run is finished (phase III. compost), casing soil is applied on the surface of the bags, blocks or the bulk compost. Without 

casing button mushrooms do not form fruitbodies (or only a few), since casing: 

 is the water source for the growing fruitbodies; 

 prevents drying of the compost; 

 helps keeping humidity in the growing room; 

 prevents CO2 to escape the compost, which is important for mycelial growth; 

 provides low osmotic pressure; 

 acts as a buffer between the compost and the air, which is important especially in case of sudden temperature changes; 

 protects the compost against pests and diseases. 

In Europe casing soil consists of 80-90% peat moss and 10-20% industrial lime from sugar refinery. 

A high quality casing material has good water absorption and retaining capacity, low nutrient and sodium content and low conductivity. 

Casing soil contains bacteria, most importantly Pseudomonas putida, which promotes mycelium run in the casing and affects the forming of 

fruitbodies. If the casing soil is sterilized, a commercial bacteria solution (containing P. putida) has to be added. 

One of the most important roles of casing soil is that (unlike the compost) it can be irrigated and it is the water source of the developing 

mushrooms. If the quality is good, the casing will not lose structure because of continuous irrigation during cropping. Low quality casing 

becomes dense with time and loses the optimal air-moisture rate. The 7-7,5 pH is good for the button mushroom, but not preferred by 

competitive fungi species that grow better in a slightly acidic substrate. 

Casing soils have to be free of pests and pathogens. That is why some growers disinfect the material with formaldehyde. 

 

Casing by hand in cellar cultivation (before-after) 

The colonized compost is covered with 4-6 cm casing. To achieve uniform cropping, the casing layer has to be equal on each bag. If the 

surface is flat, the fruitbodies are more likely to appear at the same time (which is preferable when the mushroom is picked by machine). 

Uneven surface result in longer flush (the mushrooms do not grow together and can be picked for a longer period), which is good for 

handpicking. 

For prevention, “plant” protection products can be added to the first irrigation following casing. Sporgon 50 WP (3 g/m2) against pathogens, 

Dimilin 25 WP (4 g/m2) against mushroom fly larvae or Nemacel and Nemasys-M (biological insecticides) can be used in Hungary. 

  

The steps of cropping in case of phase III. compost 

  

CAC-ing 
CAC-ing means “Compost Added at Casing” and is done by mixing colonized (phase III.) compost or casing inoculum into the casing soil. 

By using CAC-ing there is no need for ruffling, which shortens the time between casing and cropping (the first flush appears usually 2-5 

days earlier), and manual work can be speared in cellars and tents. Shorter schedules enable more cultivation cycles per year. CAC-ing also 

gives a higher yield. 

Another reason for using CAC-ing is that growers are increasingly using heavier casing soil. This results in less mushrooms, but a higher 

individual piece weight. Heavy casing soils can however often have highly compacted structures. Adding mycelium lightens the casing soil 

structure, and creates more constant evaporation. 

Another reason for cac-ing is the development of stronger mycelium - if the watering schedule is adapted. If less but stronger mycelium 

develops, there will be fewer pinheads - but they will grow into better quality mushrooms. 



Casing spawn can be bought from spawn manufactures. It is a material with similar characteristics to casing soil and colonized by mycelia 

(the same strain that the compost contains). Mixing 30 l/100-150 m2 casing spawn in the casing soil speeds up colonization and the first 

mushrooms can be picked on the 16-18th day. 

„CAC-ing inoculum‟ can also be used. This is a type of spawn with the added advantage of being pure and pathogen-free. Inoculum is also 

easy to weigh and mix in with the casing soil. 

Many growers spare the cost of casing spawn and use phase III. compost. The advantage of this solution is the risk that it could contain 

competitors (especially Trichoderma species). If the compost is infested, but no symptoms are visible yet, the grower could easily spread the 

disease himself during CAC-ing. 

During spawn run is the casing (= case-run), its temperature has to be at least 22˚C, the compost 25˚C and 95-100% humidity is optimal (Fig 

10). 

 

The surface of a bag following CAC-ing (the colonized compost is visible in the casing soil) 

Mushroom farm visit in Warwick 

Incubation 
The process of the colonization of the casing soil by mycelia (from the compost, from compost or casing spawn added at casing) is called 

incubation. This is a very sensitive part of the cropping cycle and irrigation has to be done by special care because of the growing mycelia. 

The mycelial growth affects the yield as well as the quality of the mushrooms. Intensive irrigation (2-3 l/m2) is started 3-4 days after casing. 

In a few days the mycelia grows into the casing soil from the compost. When the mycelium is mature enough and the ambient conditions are 

changed to promote fruitbody forming, primordia (pinheads) appear on the surface of the casing. In the nature button mushrooms grow in 

groups (several fruitbodies grow from the “same base”) not individually, which is not favorable is growing, because the mushrooms are 

squeezed together and the caps deform (and become less attractive to the consumer). Moreover picking is difficult, since the mushrooms in 

the group are not the same size and not picked at the same time. If the picker is not careful enough, by removing the biggest mushrooms, they 

can easily damage the smaller ones, which will than go to waste. To prevent fruitbody forming in groups, the casing soil is ruffled on the 6-

9th day after casing (when two thirds of the casing layer is colonized by the mycelia), which causes the mycelia to “break” and results in 

individual frutibody forming, uniform size and distinctive flushes. Naturally, with CAC-ing ruffling is not necessary. 

Ruffling is done manually in cellars and tents. The casing is piled in the middle of the bag, then mixed and turned carefully and spread again 

on the surface of the compost. Ruffling is mechanized in Dutch-type houses, although in most cases in can be spared by CAC-ing 

If a second fungicide treatment is necessary, it has to be done at the last irrigation before ruffling. Irrigation has to be suspended from the day 

before ruffling until 2-3 days after it, to let the mycelia regenerate. 

At ruffling, the compost temperature is 25-27°C, relative humidity is 95% and the CO2 level is 5000-6000 ppm. More fresh air is necessary 

from the 8-11th day after casing. Pinheads (primordia – initial fruitbodies) appear 3-6 days later and can be picked 3-6 days after. 

Button mushroom cultivation at the DOFE Ltd. (Dunavarsány, Hungary) 

Cropping 
Ambient conditions are modified after ruffling. The compost temperature is lowered (by adding fresh air), until it reaches 18-20°C. The CO2 

level is also reduced (from 5000-6000 to 1200-1800 ppm). Relative humidity is adjusted to 92% from the initial 95%. Changing these three 

conditions together promote fruitbody forming: it forces the vegetative mycelia to step into the generative phase and produce primordia. 

Monitoring and registering the ambient conditions aid preventing errors during cropping. This can either be done manually on paper or 

automated by a computer. 



 

Mushroom cultivation notice with compost- and air temperature and technological steps 

If growers would like to pick bigger (but less) mushrooms in the first flush, they lower the temperature (and humidity and CO2 level) in 4 

days. If they prefer more, but smaller mushrooms, the cooling has to be shorter by 2 days. Pinheads appear 11-13 days after casing. The stem 

and cap are still not be distinguished in next developmental stage (peahead). Only in the button phase can the stem and the cap told apart. 

Fruitbodies should not be watered until they pass pinhead phase. The amount of water added in this stage influences yield. From the number 

of pinheads the probable yield can be estimated, which is important, since the water added on each m2 has to be the same amount as the yield 

expected in kg. The airflow should be adjusted, so the surface of the mushrooms could dry quickly to prevent fungal diseases. Fruitbodies 

should not be irrigated from 2 days before picking. 

Cropping 
The lengths of the cropping period depend on the temperature, the cultivated species, the quality of the materials (especially the compost, 

casing soil and spawn) and the purpose of production (e.g. fresh or canned mushroom). In order to ensure gas exchange and evaporation, the 

temperature has to be different in the compost (20°C) and in the room (18°C). 600-1800 ppm (0,06-0,18%) CO2 is optimal during cropping, 

which can be adjusted by intensifying air-flow. Relative humidity has to be 90-92% during cropping. Low humidity accompanied by intense 

air-flow could lead to the drying of the mycelia. Moreover the surface of the fruitbodies could dry and flake and the mushrooms themselves 

lose weight. Too high humidity (above 95%) inhibits evaporation, which cause the mycelia to stay in vegetative state and continue growing 

on the surface of the casing instead of forming fruitbodies. 

Flushes 
Fruitbodies of most cultivated species (like button mushrooms) appear in flushes during cropping. It means that the fruitbodies develop and 

mature together and they can be picked at the same time (mushrooms are usually picked not it biological but economical maturity). One flush 

is around 4-5 days long – mushrooms are picked during this time. Then for 5-6 days (before the second flush) only a few fruitbodies can be 

picked, they are able to grow to very big („grilled-mushroom‟ size). The third flush starts 8-9 days later. The first flush gives the highest 

quality and 40-45% of the total yield. Another 41-45% is picked in the second flush, while only 5-10% in the third. Growers usually start a 

new cycle when the third flush is finished, since neither the quality nor the quantity is sufficient after that. 

In Hungary the base of the button mushroom‟s stem (covered with casing soil particulates) is removed during picking. The mushrooms are 

put in boxes of different sizes. The fruitbodies are clean, free of any stains, casing soil and discoloration. The categories of button 

mushrooms are based on their cap size. In Europe the 2-4 cm buttons are preferred, while Hungarian consumers like the bigger size (5-6 cm). 

Another category is the fully matured button mushroom with opened gills (Jump to chapter 13; EU standards for mushroom). 

Intermediate flush 
Some growers prefer picking mushrooms between the flushes too (intermediate flushes), especially in Hungary, where bigger buttons are 

preferred. Letting fruitbodies to grow between flushes means extra yield, but it also delays the forming of the next flush and elongates it. 

When the first flush is over, the compost temperature lowers, which sets back mycelial regeneration. To aid mycelial growth the room 

temperature is adjusted a bit higher. 

Picking 
Button mushrooms are mostly picked not it biological but economical maturity, when the cap is still closed and the quills are not seen. 

Depending on the demand of the consumers, buttons are usually packed in paper or plastic boxes (holding 0,25 to 1 kg mushroom). Picking 

has to be done with special care. What makes it difficult is that the fruitbodies are not the same size and cannot be picked at once. The 

mushrooms have to be picked carefully, so no damage is caused to those left on the surface for further maturing. 

The picker holds the mushroom in one hand, while cutting the base of the stem with a knife in the other hand. The quality of the knife is very 

important. Pickers use special knives with curved blades and pointy end. The mushrooms should only be touched with fingertips, since any 

pressure or touch causes discoloration on the clean white surface of the mushrooms. Each mushroom is touched – but only once (picked, 

http://kertesztananyag.hu/modern-mushroom-cultivation-technologies/picking-and-packing-of-cultivated-mushrooms-mushroom-products
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2004:325:0023:0029:EN:PDF


stem cut and placed into a box with one hand). An average of 15-20 kg mushroom is picked by one person in an hour in a cellar, while 

almost 50% higher in a Dutch-type house. 

Button mushroom picking 

While picking the mushrooms, the workers check all bags and shelves looking for signs of infestation or pests. The daily work always starts 

in rooms with first flush; from here the workers go to second and third flushes to pick. This way the risk of spreading diseases in minimized. 

In Hungary 32-34(-36) kg button mushroom can be picked from 100 kg phase III. compost but it is also possible to pick 40-45 kg in several 

crop. 

Crop termination 
Spent or used compost is the material that is left after cropping. In consists of compost, casing soil and mycelia of the cultivated species. 

When removing it from the growing area, the grower has to be careful and minimize the possibility of spreading diseases. After the spent 

material is taken out, the floors of the cellars are swept or washed then sterilized together with the shelves and equipment. 

In Dutch-type houses the rooms are closed and cooked or steamed out together with the spent substrate, so the compost is not removed 

before the cleaning process starts. The vents are closed and thermometers are placed in the compost to make sure that the whole material 

reaches 70°C (for 12 hours). Naturally the cost of this process is high, but the damage deriving from inefficient sanitation is even higher. 

After steaming the material, it is removed from the growing area. Then the surfaces, shelves and walls are washed. Metal and concrete 

surfaces are easier to clean. 

If post-crop handling is not done carefully, spores and mycelia of pathogenic fungi, bacteria or eggs or larvae of pests could survive in cracks 

and corners of the room or on the surface of the shelves and equipment and could infest the next cycle.Only after complete cleaning and 

disinfecting can the next cycle start. 

Test your knowledge! 

1. What are the steps of growing in case of phase II. compost? 

2. What are the advantages and disadvantages of cellar cultivation? 

3. What is a Dutch-type mushroom house? 

4. What is ruffling? 

5. Why do we use casing in button mushroom cultivation? 

6. What ambient conditions are adjusted to promote fruitbody forming? 

7. What is intermediate flush? 
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Pests and diseases in button mushroom cultivation  

  

Author: András Geösel 

A number of diseases caused by viruses, bacteria and different microscopic fungi can occur in mushroom cultivation. The larvae of pests 

(such as Phoridae and Sciaridae species) cause direct damage by feeding on the mycelia and the fruitbodies, but by carrying and spreading 

the pathogens and other pests, they have an indirect role as well. 

Hygiene in mushroom growing requires special attention and careful execution for more reasons. In one hand, cultivated mushrooms are 

often consumed raw or unprocessed, which increases the risk of foodborne contaminations. In the other hand, the growing cycle of 

mushrooms is very short (the whole cultivation cycle is as short as 4-5 weeks, while a button mushroom fruitbody gets ready to be picked in 

4-6 days). Since the pathogens are becoming resistant to the chemical products, the emphasis has to be put on prevention rather than 

treatment. 

Viral diseases 

Viral diseases of cultivated mushrooms (mycoviruses) can cause huge yield losses. The two most important viruses are the La France 

Isometric Virus (LIV) or La France disease and the Mushroom Virus (MVX). It is assumed that viruses have long time been present in the 

Hungarian mushroom cultivation as well, only their detection and identification was impossible without modern technology. In Hungary, the 

first double strained RNA molecules (which indicate the presence of the MVX virus) were found in 2000 by immunoblotting and RT-PCR 

analysis. The identification of viruses was earlier difficult, since it can only be done in laboratories using modern PCR methods. From the 

two most common viruses, one causes significant damage in button mushroom cultivation. Other virus diseases occur in oyster and shiitake 

cultivation, but they have not yet been detected in Hungary. 

La France Isometric Virus (LIV) 

Symptoms 

The disease causes yield loss, but usually no other symptoms can be seen. The shape and size of the matured fruitbodies are the same (only 

their amount is much less), but the pinheads develop differently (their stem elongates and the cap is undersized, which symptoms are similar 

to that caused by high CO 2 level). The caps open and discharge the spores earlier than usual. A dark brown discoloration appears in the 

middle of the fruitbody and the stem often gets soggy. 

Prevention 

Since hybrid strains are used in cultivation, the virus appears less often. After the symptoms are detected no treatment is effective, thus 

prevention must be in focus. The first thing to do is to keep the growing area, the surfaces, tools and equipment and the clothes of the 

workers clean (or even sterile). Fruitbodies showing any symptoms should be removed from the growing area to prevent spore dispersal, 

since spores are virus vectors. In order to minimize the spore count in the air, the ventilation systems of the growing houses should be 

equipped with HEPA filters. The floors have to be carefully cleaned and sterilized if possible. Before removing the spent compost from the 

growing house, the material should be cooked out to prevent cross-infestation of other growing areas. Nowadays the La France disease 

occurs quite rarely. 

  

Mushroom Virus X (MVX) 

Symptoms 

The virus was first detected in button mushroom cultivation in England, in the mid 1990‟s and it spread rapidly throughout Europe. The first 

symptom is that the colonization of the compost by mycelium is not complete, the mycelial growth in the virus infected areas is altogether 

slower and the forming pinheads are irregular. Other symptoms of the MVX: 

 longer and protracted flushes, 

 earlier spore spread, 

 glassy or brownish spots on the fruitbody, 

 distortion of the stem and the cap, 

 significant yield loss and less first class mushroom. 

Prevention and treatment 

Since no chemical product is effective against viruses, prevention is highly important. Spores are vectors of viruses, thus their spreading 

should be minimized (by removing the over matured fruitbodies and equipping the ventilation system with HEPA filters). Other vectors are 



mushroom flies, which transport not only viruses but also spores and mycelia of pathogens. The virus was detected in Hungary as well. By 

burning the infested compost and quickly sterilizing the growing area, the spreading of the virus was successfully blocked (so far). In case 

the above mentioned symptoms occur, immediate laboratory analysis is necessary to prove the presence of the virus. 

Preventive actions against viruses 

In the growing area: 

 Casing soil should be stored in regularly cleaned, sanitized rooms. 

 Hygiene during casing is not only important because of viruses, but for the prevention of other diseases. 

 Post crop cooking out of the growing room is effective against viruses as well. 

 Filtering the air of the growing area helps minimizing spore spread. 

 Keeping the picking equipment, machines and clothes of the pickers clean and sterile is important. 

During compost preparation: 

 The spawning machine should be sterilized before using. Overpressure in the spawning area helps keeping spores (and pests) 

away from the compost. 

 High efficiency filters have an important role not only in the growing house but in the compost plant as well. 

 The surfaces and the walls of the rooms, as well as all equipment and machinery have to be properly sanitized. 

  

Bacterial diseases 

Amongst many bacterial diseases (e.g. Pseudomonas gingeri – ginger blotch disease and Pseudomonas agarici – drippy grill) of cultivated 

mushrooms, Pseudomonas tolaasii (bacterial blotch) is the most common. 

  

Bacterial blotch disease 
Pathogen: Pseudomonas tolaasii 

Symptoms 

This pathogen can cause symptoms on both the white and cream type button mushrooms, in each developmental stage (from pinning to 

picking). On the surface of the caps 1-2 mm, shiny, yellowish-brown or brownish-black spots with distinct margins appear. Later on the spots 

form blotches and spread on the cap surface all the way down to the stem. Unlike in case of dry bubble disease, the blotches never sink into 

the tissue. 

   

Symptoms of bacterial blotch disease on button mushroom 

  

Biology of the pathogen 

The bacterium lives in the casing soil (since it occurs in peat moss in nature), in the limestone and in the beet potash too. It can also be found 

in the waste resulted by picking and also on the necrotized pinheads. The bacterium is spread by spores, mushroom flies, mites, by the hands 

and tools of the pickers and even by the water used for irrigation. The ambient conditions (especially the high humidity) of a growing house 

are ideal for bacteria. 

 



Occurrence of blotch disease and scaling in relation of air-flow and humidity 

The number of bacteria in the casing soil grows rapidly. When the bacteria count reaches 106 in 1 g of casing (which happens quickly on 

20˚C or above), the symptoms of the infection can be detected within a few hours. The spreading of the bacterium is especially fast is the 

surface of the pinheads or matured fruitbodies are moisture or even wet. The toxin produced by the pathogen dissolves the mushroom cells, 

which is why, as a defense mechanism, the mycelia start to produce enzymes that cause the brownish coloration of the spots and blotches. If 

a bacterium infested fruitbody left together with the healthy ones after picking, the disease could spread even in the +2˚C cooler, lowering 

the quality of the product. 

Sources and spreading of the disease 

The sources of the bacterium are the infested casing soil and the dust, which gets into and settles on the surfaces of the growing area. In some 

cases, although the bacteria can be found in the casing soil, they do not cause any symptoms. So far it has not been explained which 

conditions induce the disease, but it is proven, that too high temperature together with high (above 85%) relative humidity during cropping 

increase the risk of infestation. Moreover, if the surface of the fruitbodies cannot dry within 2-3 hours after irrigation, the spreading of the 

disease throughout the growing room is going to be very quick. 

Prevention and treatment 

Pseudomonas tolaasii is usually present in each growing room. Although prevention is not really an option, the possible damage can be 

minimized by some sanitary actions. 

 The prime source of the disease is the casing soil. That is why the mixing of its ingredients (peat moss, limestone, beet potash 

etc.) should be done in a clean, closed area under hygienic conditions. 

 In growing houses where the disease frequently occurs, the growers steam (cook out) the casing soil, which in one hand has high 

costs, and additionally destroys the useful micro organisms (e.g. Pseudomonas putida) that are later on needed for spawn run and 

fruitbody formation. This case P. putida has to be added to the mixture before casing. 

 Sudden temperature changes have to be avoided, as it causes drops forming on the surface of the fruitbodies. That is why the 

mushrooms should be dried by proper air-flow after irrigation too. 

 Evaporation of the mushrooms depends on compost and air temperatures, on relative humidity and air-flow. Inadequate air-flow 

together with high humidity lowers the intensity of evaporation and is in favor of the spreading of the bacteria. On the other hand, in the 

air-flow is too intense and the humidity is lower than optimal, scales appear on the fruitbodies. 

 No bactericides can be used in mushroom cultivation and there aren‟t any Pseudomonas-resistant cultivars available for button 

mushroom growing. 

It has to be well-known, that bacterial symptoms are always an indicator of poorly-managed cultivation technology. 

  

Pathogenic fungi 

There are two types of pathogenic fungi, which cause yield loss in button mushroom cultivation: competitor and parasitic species. 

Competitor fungi compete with the mycelium of the cultivated mushroom for nutrients and water in the compost and in the casing soil. These 

species are also called indicator moulds, as their occurrence indicates problems with the substrate (low quality ingredients, inadequate heat 

treatment, low quality casing soil etc.). If these species appear in the compost or casing soil during spawn run, no effective treatment is 

available, thus the emphasis has to be put on prevention. Due to recent innovations, the development of new techniques in compost 

preparation and applying more effective hygienic actions in the growing houses, the diseases caused by pathogenic fungi in mushroom 

growing are less likely to occur. 

Parasite moulds are more common than competitors. They also compete for the nutrients, but at the same time cause so much damage in the 

mycelia of the cultivated mushroom that many times the colonization cannot be completed. 

A number of Trichoderma species can be isolated from the compost, casing and the fruitbody, such as T. koningii, T. viride and T. 

harzianum. A common characteristic of these species is that they all produce a high number of spores in different shades of green. The 

species causing the most significant problems and yield loss in mushroom cultivation is the Trichoderma aggressivum. 

Green mould 
Pathogen: Trichoderma aggressivum f. europaeum Samuels et W. Gams 

Trichoderma aggressivum f. aggressivum Samuels et. W. Gams 

Green mould causes the most damage in phase III. composts. Since the majority (around 90%) of mushroom growers use phase III. compost, 

these species are one of the most significant pathogens in mushroom cultivation. T. aggressivum produces toxins, which damage the 

mycelium of the cultivated mushrooms. The optimal temperature is 22-26˚C for the pathogen (the different biotypes prefer even higher 

temperatures). The mould is white at the beginning, but as soon as the spores start to discharge (in 2-4 days), it turns green. 

Trichoderma can get into the compost in the plant, during spawning or bulk heat treatment. If infestation happens during the spawning of the 

compost, the yield loss is likely to be 100%. As the mycelia of the pathogen is white (just like the mycelia of the cultivated mushroom), 



spore spread is the first stage when the disease can be detected (because of the green spore color). This usually happens after the compost left 

the plant and got to the grower. 

In many cases, the pathogen starts feeding on the spawn freshly mixed to the compost, because it is the most nutrient rich ingredient, creating 

the false impression that the spawn was the source of the disease. During phase III. compost is transported to the grower, the temperature can 

easily get above 28˚C, which is in favor of Trichoderma mycelial growth. Supplementation (added during spawning) also increases the risk 

of infestation, as the nutrient rich substrate is optimal for the pathogen. 

Symptoms 

Continuous, usually round patches appear first in the compost, than on the surface of the casing soil. The patches turn green within a few 

days. Mites, such as Pygmephorus mesembrinae and P. priscus feed on the spores of Trichoderma species. If these mites are present in the 

growing room, the compost is infested by Trichoderma for sure, even if no green patches are visible. 

Trichoderma can also cause symptoms on the fruitbody: a number of light-brown or grey spots of 5 mm size, with no distinct margins appear 

on the stem and the cap. The symptoms of the fruitbody can be mistaken to that of the cobweb mould disease. The pathogen survives on the 

moisture, unsterilized surfaces (e.g. tools and wooden equipment) and is easily spread amongst growers by wrappings, boxes etc. The source 

of infection can also be residues left on the surface of the compost after picking. 

   

Symptoms of Trichoderma aggressivum on the casing soil 

  

Prevention and treatment 

 Prevention starts at the compost plant. The only effective action is to prevent the spores of the pathogen getting into the compost 

and surviving the heat treatment. Trichoderma spores cannot survive the heat peak (57-58˚C), but only if the ammonia level is at least 

450 ppm. The mushroom compost is most likely to get infested during the cooling period (that follows the heat treatment), at spawning 

and in the first week of spawn run. That is why spawning has to be most sanitary procedure of compost preparation; the conveyor belt, 

the tools and machinery have to be thoroughly sterilized before spawning and the air has to be filtered. Formaldehyde can be used for 

sterilization. 

 Transportation of the compost (bulk compost or bags and sacs, especially phase III. compost) has to be done by special care, so 

the temperature does not get too low or too high. Also the vehicles have to be cleaned and sanitized previous to loading. 

 At the end of a crop in Dutch-type houses, the whole room (including the shelves filled with spent substrate and casing soil) has 

to be cooked out with 65-70˚C steam for at least 9-12 hours. This way the spores will not survive in the gaps of the shelves and on the 

surfaces. In cellar cultivation and in mushroom tents cooking out is not an option. In these types of facilities chemicals (formaldehyde, 

Virocid) have to be used. 

 Another important thing to do in the growing area is to prevent vectors (especially mites) entering, for example by applying filters 

on the ventilation system. 

 The clothes of the pickers have to be changed, washed or steamed for 30 minutes daily. All the equipment used for picking 

(knives, boxes, buckets, trays, stands etc.) have to be sterilized each day. 

Besides green mould, the other three most important diseases of the button mushroom caused by microscopic fungi are the dry bubble 

disease, the wet bubble disease and the cobweb mould. These pathogens occur in every mushroom producing country; only the scale of the 

damage caused by them is different. 

  

Dry bubble disease 
Pathogen: Lecanicillium fungicola (Preuss) Zare & W. Gams 



Although the pathogen was renamed as part of the Lecanicillium genus in 2008, it is still referred to as Verticillium fungicola (Preuss), which 

is the previous and widely known name. The pathogen appears quite regularly and causes serious yield losses in every type of button 

mushroom cultivation. Many strains ofLecanicillium fungicola are known, in Europe the Lecanicillium fungicola var. fungicola (previously 

known as Verticillium fungicola var. fungicola) is the most common. 

Symptoms 

Unlike the Mycogone perniciosa (wet bubble disease), Lecanicillium fungicola var. fungicola causes various symptoms on the button 

mushroom. These symptoms can occur any time during the cropping cycle depending on the spore count, season, type of growing house, 

quality of the casing soil and cultivated strain etc. 

  

  

Symptoms of dry bubble disease on button mushroom (spots and “bubbles”) 

If the infestation occurs in the early stage of fruitbody development, 20 mm sized undifferentiated masses (“bubbles”) form. In case of wet 

bubble disease, this size could be 100 mm or even bigger. Fruitbodies showing symptoms and healthy ones can grow even next to each other. 

If the fruitbody gets infected in a later stage of development, the deformation is usually uneven: a part of the cap or the stem or both suffers 

distortion. A thin, whitish-grayish layer of mycelium covers the surface of the infested fruitbodies, under which the mushroom tissue gets 

discolored and has a dry touch. 

The disease could also cause spots on the surface of the caps. The 10-20 mm spots are initially light grayish-blue, then turn brown and the 

middle of the spot soaks, creating a crater-like form. The spots then get covered by smooth grayish mould, which is the sign of spore spread. 

The caps shrink, the spots dry and get cracked. The spots caused by Lecanicillium often get mistaken to those of caused by bacterial diseases, 

but while the spots of dry bubble disease dry eventually, the bacterial ones remain shiny because of the ooze produced by the bacteria. The 

infected fruitbodies develop in 8-10 days (either in groups or alone), they are always dry and do not have any unpleasant smell. 

  

Biology of the pathogen 

Lecanicillium species have sticky conidiospores. Unlike the spores of Mycogone, Lecanicillium conidia stick together and also covered by a 

layer of ooze, which aids sticking to dust, pests, tools and other vectors. The spore-group often start to develop wherever they stick (in the 

cracks of the floor or the gaps of the shelves), from where they are transported by water during irrigation or by the tools and equipment. 

Some pests feed on the mycelium and spores of Lecanicillium but some of the spores do not get digested and start developing from the 

excrement. Other pests (e.g. Sciaridae and Phoridae mushroom flies) carry the spores on the bodies. The spores can also get into the growing 

area by infested vehicles, boxes clothes or even by visitors. Neither the Lecanicillium, nor the Mycogone can survive in the compost or grow 

through the casing soil, thus the cultivated mushroom gets infected when the spores of the pathogens get close or next to their developing 

mycelia. Lecanicillium spores are mainly spread by irrigation and picking. 

If the dry bubble disease is detected in the first flush, it is likely that the third flush is going to be completely infected. 



    

Spreading of the dry bubble disease on an Irish mushroom farm (Piasecka et al., 2011) 

  

Wet bubble disease 
Pathogen: Mycogone perniciosa (Magnus) Delacr. 

Besides the dry bubble disease, wet bubble disease is one of the most important diseases of button mushrooms that cause significant yield 

losses. Another species, Mycogone rosea infests wild grown button mushrooms. 

  

Symptoms 

The principal symptoms are the “bubbles”, which are deformed, undifferentiated fruitbodies. The bubbles may appear in the first flush (or 

even 1-2 days earlier) and could reach the size of 100-140 mm. The surface of the bubble is smooth and white at first, but turns brown within 

a few days. Besides the mould, drops form on the surface as well, which are small and yellowish at the beginning, then grow and turn brown. 

The drops are produced by bacteria living on the mould. The bubble is soft and has a very unpleasant smell. 

   

Symptoms of wet bubble disease on button mushroom 

The bubbles appear 10-14 days after the mycelium of the cultivated mushroom gets infected. The initial symptoms are small, white spots of 

thick, fluffy mycelia, which eventually turn brown. In rare cases, wart-like bumps can be observed on the surface of the caps. 

Biology of the pathogen 

Mycogone perniciosa has two types of spores: conidia (one cell, short lifespan and thin cellular wall) and chlamydospore (thick cellular wall, 

long lifespan – 3-8 years!). Although conidia are light and can be transported by the wind, both forms are more likely to spread by water 

(irrigation). The pathogen lives in the soil, thus the primary source of infection is the casing soil. The casing material often gets infected 

before getting into the growing house, this case the symptoms appear as early as during the first flush. The pathogen cannot be found in the 

compost but can survive in the growing area (in the cracks and gaps or on the equipment and tools). Once the pathogen infests the culture, it 

is spread by irrigation easily. Although the spores are not sticky (unlike in case of Lecanicillium), Mycogone spores can be spread by the 

clothes or the tools of pickers all around the farm. 



Prevention of the dry and wet bubble diseases 

 Boxes used for picking can be sources of infections if they are taken into the growing room without sterilizing. 

 The primary source is the casing soil. The room where the casing material is kept and handled has to be thoroughly cleaned and 

sanitized. The tools used in the room should not be used elsewhere. A foot dip (for shoe sterilizing) has to be placed in the door (just like 

in every room where cropping takes place), and everyone have to step into it before entering the rooms. 

 The casing material can be heat treated but never sterilized. The optimal heat treatment lasts 30 minutes on 60˚C, during which 

the number of pathogens lower but the useful microorganisms survive. The chemical disinfection is also could have a good results. 

 The fruitbodies showing symptoms have to be picked first thing the day and removed from the growing area in closed plastic 

bags. Common salt is poured on the bubbles and then removed while wearing gloves or using paper towel. Irrigation should only be 

started after all infected fruitbodies are removed from the room. 

 For prevention (but not for treatment) Sporgon 50 WP (3 g/m2) can be used at casing, at the first irrigation following casing and at 

the last irrigation before ruffling in 1.5 g/m2 dose. 

  

Cobweb disease 
Pathogen: Cladobotryum dendroides (Bull) W. Gams et Hooz., syn. Dactylium dendroides, telemorph syn. Hypomyces rosellus (Alb. & 

Schwein.) Tul. & C. Tul. 

Cobweb disease is common in button mushroom cultivation. Prevention is getting less effective since the pathogen has developed resistance 

against the active agent benzimidazole and getting resistant to Sporgon 50 WP as well. The disease spreads fast and causes severe yield loss. 

It infests each developmental stage, but most cases appears during the middle or end on the cropping cycle. The most damage is caused when 

the infection happens during or before casing and the symptoms appear in the first flush. 

Symptoms 

The name of the disease derives from the main symptom, which is quite distinctive: the cobweb-like mycelium covers the fruitbodies and the 

surface of the casing soil. 1-2 days later the fine mycelium becomes thicker, more veil-like and turns pink. The cobweb appears on the 

surface of the casing only if it is already colonized by the mycelia of the cultivated mushroom. High amounts of spores appear on the round, 

thick mycelium patches. The infected, mycelia covered fruitbodies later shrink and turn brown. The cap deforms, the gills thicken and in 10-

12 hours the fruitbody leans down and starts to decay. The smell is unpleasant and strong. 

Dark or light brown colored spots may appear on the surface of the caps. These spots look similar to those caused by Trichoderma. The spots 

grow together with the cap, until it covers the whole cap and part of the gills. The mushrooms start to rotten under the mycelium cover. 

  

Symptoms of the cobweb disease on the fruitbodies and the surface of the casing soil 

Biology of the pathogen 

The optimal conditions for the pathogen are 25˚C, 90-95% relative humidity and pH 5-6. The asexual spores of the fungi are the 2 (or more) 

celled conidia. The conidia are transported by the air-flow, water and vectors, such as mushroom flies or even by the pickers. Unlike the 

spores of Lecanicillium, Dactylium spores are not sticky. Smaller pieces of mycelia could be transported just like the spores. 

The pathogen lives in the soil and infests wild grown mushroom species as well. The primary source of the disease is the soil surrounding the 

mushroom farms, the casing soil, the air (which contains pieces of mycelia or spores) and the pickers themselves. The disease appears 

usually at the second or third flush. Unlike Lecanicillium and Mycogone, this pathogen can grow into the casing soil and even into the 

compost, thus the substrate can also be the source of infection. Irrigation and high humidity together with insufficient air-flow aids the rapid 

spreading of the disease, since the surface of the caps cannot dry in time. 

Prevention and treatment 

The infected fruitbodies and the mycelia patches are covered with moisture paper towels and then salt is poured over them. This way the 

spores cannot discharge and spread the disease. Sporgon 50 WP can be used as a preventive action. 



   

Cobweb and wet bubble disease infected fruitbodies covered with paper towels and salt 

Pests 

The pests causing the most problems in mushroom cultivation belong to the Diptera order, to the families Sciaridae, Phoridae and 

Cecidomyidae. The primary damage is done by the larvae, which feed on the mycelia, while the secondary damage is due to the fact that 

adults spread eggs of other pests, mycelia and spores of pathogenic fungi and microorganisms, such as bacteria and viruses on their bodies. 

  

Mushroom flies 
Lycoriella solani Winnertz, L. inguenua /Dufour/, L. auripila /Winnertz/, Bradysia brunnipes Meig 

The most significant pests of button mushroom cultivation. In nature they can be found feeding on wild grown mushrooms, living in 

composts, manure and decaying wood, from where the adults find their way into the mushroom farms. 

The larvae 

The larvae feed on the mycelia in the compost and the casing. The infested parts of the compost and the casing soil are moisture, smell bad 

and only weakly colonized by the mycelium. The females lay eggs in the not yet spawned or colonized compost. The first larvae appear in 

the first flush and feed on the base of the fruitbodies, where they eat away the mycelia, which causes the mushrooms to stop growing, turn 

brown and get slimy. The mature larvae bore through the stem (and sometimes the cap) of the bigger fruitbodies. The tunnels created by the 

pest are filled with the faecal matter of the feeding larvae, which cannot be seen from the outside (only when the mushrooms are cut in half).  

  

Fruitbodies damaged by larvae of Sciarid flies 

The adult 

By spreading a number of diseases (and sometimes even other pests), adult mushroom flies cause secondary damage in mushroom 

cultivation. Unlike Phorid species, Sciarid flies clean themselves rarely. The mites get on them (as many as 30 mites at the same time), and 

get transported by the flies. Additionally, bacteria can be found on the mites, thus not only the pests, but the microorganisms are carried by 

the flies as well. Sciarid flies have an important role in spreading the spores of the dry bubble disease (Lecanicillium fungicola). 

The anatomy and biology of the pests 

The mature larvae are 8-12 mm long maggots, which have distinctive chewing mouthparts on their shiny black heads. 2 generations can 

develop, if the females lay eggs around spawning. 



  

Sciarid larvae with the characteristic shiny, black head 

The adults are 3-4 mm black flies with long, thin antennae which are held characteristically (in 45˚). 

 

Sciarid fly with the quite distinguishable antennae 

The female lay 140-170 eggs in the not yet colonized compost or in the casing soil (during cropping, even on the surface of the fruitbodies). 

The eggs can either be found one by one or in groups (10-15 pieces). On 24˚C the pest reaches adult state in 18-22 days. The temperature is 

above 24˚C during colonization, thus the larvae could appear as soon as the first flush begins. During cropping the development from egg to 

adult takes more time (35-38 days), as the temperature is lower, only 18˚C. The more larvae and adults are present, the more crop loss can be 

expected. Sciarids, in contrast to Phorid species which are seasonal pests, usually stay on the farm throughout the whole year. 

  

Prevention and treatment 

Chemicals or biological products are available against mushroom flies. Adequate production method and strict sanitary actions are essential 

in prevention. 

 Once the compost is colonized, the females do not lay eggs there (since the growing mycelia inhibit larval development), thus the 

most important thing is to prevent flies getting near the phase II. compost. That is why the rooms where colonization takes place are 

overpressure. In less modern mushroom houses the doors, windows and ventilation ducts have to be covered with screens. 

 Grower using phase II. compost should cover the bags or sacs with paper or plastic sheets after placing them on the floor or on the 

shelves. This way the female flies cannot lay eggs into the compost (only on the covering material). The covers should only be used 

once. 

 Any type of waste has to be removed from the surroundings of the growing area. The spent substrate cannot be left on the farm. 

 Dimilin 25 WP (active ingredient: diflubenzuron) can be used against larvae as prevention. It can be added to the water following 

the first irrigation in 4 g/m2 dose. 

 The biological product (Nemacel, Nemasys-M) used against mushroom flies contains the eelworm species Steinernema feltiae 

and is also effective. 

 Sticky traps can catch a large number of flies. Electric traps are not as effective, since the flies avoid light. 

  

Phorid (hump-backed) flies (Megaselia halterata, M. nigra) 
Phorid flies are common all over the world. They feed on decaying and composting organic materials, wastes. Since Phorid flies reproduce 

quickly, they can cause serious problems short after appearing in the crop. The flies can fly long distances (10 km in 24 hours). That is why 

disposing of the spent compost has to be done by special care. Phorids are seasonal pests, as they only appear from spring until autumn. 

Although the descriptions of Megaselia halterata and M. nigra are similar, there are differences between the feeding of the two species. M. 

halterata larvae feed solely on mycelium in the compost or in the casing soil, but do not bore into the fruitbodies, whereas M. nigra larvae 

tunnel the mushroom tissue right after emerging. 

  



Megaselia halterata 

The larvae are rarely seen, since feed in the compost or in the casing. The adults can be found easily especially in summer and early-autumn. 

These flies are one of the most effective vectors of the dry bubble disease (Lecanicillium fungicola), as they can carry hundreds of spores on 

their bodies (in spite of the fact that they clean themselves more often than Sciarid flies). Nowadays the indirect damage caused by the 

disease spreading adults is more significant than of that of the larvae. 

Phorid flies are small (2-3 mm) hump-backed pests with practically inconspicuous antennae. The larvae are cream white, 1-6 mm long 

legless maggots with a pointy head and a blunt rear end. Unlike in case of Sciarids, Phorid flies do not have black heads. The female lays 

around 50 eggs near the mycelium. After that they live (and spread diseases) for weeks. Phorids do not fly below 13˚C, which explains why 

they are not infesting the farm from the surroundings during winter. 

Phorid fly with the characteristic hump back 

  

Megaselia nigra 

M. nigra feed on both wild grown and cultivated mushrooms. The female lays eggs on the casing next to the developing fruitbodies or 

directly on the mushrooms, so food is instantly available for the emerging larvae. As a result of larvae activity, the fruitbodies get completely 

tunneled (both stem and cap) and finally the collapse. After a serious infection nothing is left on the surface but a mass of mushroom tissue, 

faecal matter and a group of larvae. Sciarids never bore into the cap, while Phorids tunnel through the entire fruitbody. M. nigra is slightly 

bigger and darker than M. halterata, otherwise they look the same. One female is capable of laying 500 eggs, 20 at a time and 40 within 12 

hours. Larvae emerge in 3 days (on 18˚C), feed for 5 days before turning into pupa. On 24˚C the insect develop from egg to adult in 13-14 

days and lives for 36 days. Since females prefer laying eggs on surfaces that get natural light, the occurrence of the pest is more likely in 

tents (and not in cellars or artificially lid Dutch-type houses). 

Prevention and treatment 

Just like in case of all pests (and diseases) prevention is first. The females can smell mycelia, start to look for it and try to get into the 

growing area. This can be prevented by thoroughly covering the openings with screens. 

 Every used material (plastic or paper covers, bags and especially the spent compost) have to removed and transported far from the 

farm, since they contain the pest (in different developmental stages), which can infest new crops. 

 Electric traps should be used, since the flies prefer light. Yellow sticky traps are also effective in catching flies. 

 Since the larvae hid in the mushrooms and do not come to the surface, the only opportunity to use chemicals against them is to 

add Dimilin 25 WP (4 g/m 2) to the first irrigation as prevention. 

 The biological products containing eelworms are not effective against Phorids. 

  

Cecid flies (Heteropeza pygmaea, Mycophila speyeri) 
Heteropeza pygmaea and Mycophila speyeri are the most common Cecid flies. The larvae of H. pygmaea are white and they occurred more 

frequently in button mushroom cultures in Hungary, while the other species have orange colored larvae and can be found mainly in oyster 

cultivation. 

The unusual reproduction method of Cecid‟s is called paedogenesis, where the larvae do not turn pupa (then adult), but they become 

„mother-larvae‟ and give birth to 12-20 daughter larvae. The mother larva reaches 3-4 mm in 6 days and by the end of its development, 

contains 1 mm sized embryos. The reproduction rate is so high that one handful of casing soil could contain 18 000 larvae in different 

developmental stage. Near the end of the cropping cycle (around the 3rd wave) the mycelium in the compost and in the casing starts to age. 

This time the maggots turn into adult-larvae, then pupa and finally adults emerge. In this period the flies can be caught by electric traps, 

which attract thousands and thousands of them. 

The sources of infection are usually the peat and organic wastes. The larvae suck the mycelial cell content, damage the developing 

mycelium, which slows colonization and cause the pinheads to die. The larvae usually are only detected by the time they caused significant 

mycelium damage. H. pygmaea larvae appear after irrigation. The swarm out of the beds/bags, congregate on the surface of the mushrooms 

and the casing soil, or on the shelves and bags and move like “waves” in writhing mass. The larvae feed on the middle part of the fruitbody 

(where the stem and the cap meets) and on the gills. Many bacteria can be found on their bodies, which then (as secondary damage) cause 

brown, discolored stripes to form on the stem and the gills. 

The tiny (approximately 1 mm) yellowish adults can rarely be seen because of the specific reproduction of the pest. Depending on the 

developmental stage, the daughter larvae are around 1-3 mm long. The young larvae are always moving. If the amount of food is insufficient 

for the large number of larvae, they move to the surface of the casing and stick together in a big (30 mm) mass. This is the stage when they 

become clearly noticeable and they can easily be spread throughout the whole growing area. 

Prevention and treatment 

 The sticky larvae are easily spread by clothes and equipment, thus these materials have to be washed, sterilized or changed 

regularly. Workers should proceed with the daily work from the newest crop towards the oldest, so that the infections are not spread. 



 Peak heat during compost preparation and cooking-out by the end of crop are effective against Cecids. 

 Spent substrate has to be removed from the farm. 

 Casing materials should be stored and handled in clean, closed rooms. 

  

Eelworms (Nematoda) 
The source of nematode infections are usually the organic materials used for compost preparation and mushroom growing, such as horse and 

chicken manure, wheat straw and casing soil, but an infection can also derive from unhygienic conditions (waste and dust in the growing area 

or in the compost plant). Eelworm populations grow quickly, this way they can cause serious damage in a short period of time. 

Eelworms are 0.8-1 mm long, transparent worms which prefer moisture conditions. There are two types of nematodes: saprophytes and 

parasites. Both cause problems in mushroom production. Thorough heat treatment (on 55˚C for 6 hours) during compost preparation prevents 

infestation from the compost, but the casing material still can be the source of eelworms. Due to advanced hygienic actions nowadays 

nematodes are not as significant pests as they used to be a few decades ago, that is why no detailed description is given. The following 

table includes the most important species and the damage caused by them. 

The most important eelworm genuses in mushroom production 

Saprophyte Parasite 

Caenorhabditis elegans (Rhabditida) Ditylenchus myceliophagus (Tylenchida) 

Acrobeloides apiculatus (Rhabditida) Pseudhalenchus spp. (Tylenchida) 

Cephalobus spp. (Rhabditida) Aphelenchoides agarici (Aphelenchida) 

Diplogaster spp. (Rhabditida) Aphelenchoides composticola (Aphelenchida) 

Rhabditis spp. (Rhabditida) Aphelenchoides myceliophagus (Aphelenchida) 

  Aphelenchoides neocomposticola (Aphelenchida) 

  

  

Symptoms of nematode infection in the compost and the eelworm itself under microscope 

  

Mites (Acari) 
There are three types of mites in mushroom production: parasites, saprophytes and predators. Parasites feed on organic material, which in 

case of mushroom production is the mycelium. Usually the feeding of the pest does not cause the host to die, only when the infection is 

serious. As a result of the feeding of predator mites, the preys die. Saprophytes need decayed (and other) organic materials. 

These tiny, spider-like pests are present in the compost and in the casing too. Phase I. compost could contain a very high number of mites, 

which is one of the reasons why a thorough heat treatment with an efficient peak-heat is necessary for prevention. Since they are virtually 

invisible to the naked eye, their presence can be left undetected for long. Just like nematode infections, nowadays mite infections are not as 

common as they used to be. The only exceptions are the red pepper mite species (Pygmephorus spp.). Red pepper mites are not primary 



pests, but since they feed on spores of Trichoderma species, their presence indicates mould infection (even before the typical green colonies 

become visible). 

  

Pygmephorus mites on green mould infected button mushroom culture 

  

Yellow garden slug (Lymax flavus) 
Slugs prefer moisture environment. It is most likely to appear in cellar cultivation. (That explains why it is a more significant pest in Hungary 

than in Europe: cellar cultivation is more typical here than anywhere else). The slugs feed on each part of the fruitbody. It not only bites out 

pieces of the mushroom, but at the same time leaves its slime on the surface. There are chemicals available against slugs (e. g. Delicia). Next 

to the walls and on the floor, common salt can be poured. The pests are attracted by beer, yeast or wet clothes. By placing traps filled with 

these materials, growers can keep slugs away from the mushrooms. 

  

Hygiene in mushroom production 

Currently there are only two synthetic active agents allowed here in mushroom production (diflubenzuron and prochloraz-Mn). There is 

another product, which contains nematodes and is used efficiently against Sciarid flies, but is quite expensive. Growers will not be able to 

use the above mentioned chemicals for long, since in many cases resistance or tolerance evolved. Using non-authorized plant protection 

products in mushroom cultures is forbidden. If any residue can be detected in the mushroom, the producer can get financial penalty. 

In modern (Dutch-type) mushroom houses these chemicals are not necessary, if the hygiene requirements are followed properly. In Hungary, 

only a smaller part of mushrooms are produced in Dutch-type houses, while most mushrooms are grown in cellars or tents. 

Good hygienic practice starts at the beginning: the establishment of the mushroom farm. The farm has to be far from organic waste deposits 

and landfills, and from forests that can serve as constant source of pests. The farms have to be equipped with changing rooms and social 

facilities such as washrooms, thus the personal hygiene of the workers can be kept on a proper level. The workers have to be equipped with 

protective clothing. The strict rules of using chemicals (e.g. formaldehyde) have to be followed carefully. 

It is proven that most diseases are spread by the workers throughout the farms. Hygiene has to be taken into account during the organization 

of work: e.g. picking should be started in rooms with cultures that are in the earliest stage of development and then proceed to the older 

cultures. 

Mats have to be placed at each entrance. The size of the mat should not allow the workers to go around or overstep them. The mats have to 

be soaked with a contact plant protection product. 

Spent compost has to be removed from the farm. It should not let to get into contact with the new compost. Following the removal of the 

substrate and any remaining organic material (e.g. casing, waste), the room has to be cleaned and all surfaces have to be treated with contact 

products. 

The above mentioned steps are only parts of the hygienic actions required for economical mushroom production. It is worth to spend on 

preventive actions (cleaning, disinfecting) as hygienic conditions enable more effective, high quality mushroom production. 

  

Check your knowledge! 



1. Describe the symptoms of dry bubble disease! 

2. What are the preventive actions of bubble diseases? 

3. Describe the symptoms of mushroom flies! 

4. What are the lifestyles of mites? 

5. What are the preventive actions of Trichoderma? 

6. Describe the cobweb disease! 

7. Give at least five examples of improving hygiene! 
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Oyster mushroom cultivation  

 Author: Anna Szabó 

Substrate 

Oyster mushrooms (Pleurotus spp.) are so called white rot mushrooms, which means that they are able to degrade not only hemicelluloses 

and cellulose but lignin as well, therefore many agricultural byproducts and wastes (e.g. stems, leafs, peels, corn cob, wood chip, sawdust, 

trunk etc.) can be used as substrates in oyster cultivation. Oysters require more carbon and less nitrogen in the substrate than button 

mushrooms. The C:N rate of wheat straw is 100:1, which is good for oysters. In extensive oyster cultivation trunks are used as substrates. 

Various materials (depending on the agriculture of a country and availability) can be used as substrate ingredients in intensive cultivation. In 

Hungary, wheat straw is the main ingredient, while in other countries byproducts of cotton cultivation and sugar production, different grains 

etc are used. Every material has to be free of diseases and pests, it has to be dry and healthy and originate from biologically mature plants. 

Any plant protection treatment and fertilization could influence the quality of the plant part, which could later become substrate. 

Video: Oyster mushroom cultivation in the Netherlands 

  

The supplementation used in button mushroom composts does not have the same positive effect if added to oyster substrates (See chapter 6). 

This derives from the fact that oysters are more sensitive to molds and other competitive fungi, which prefer nutrient rich substrates. Another 

problem caused by supplementation is that in summer a nutrient rich material could easily overheat, which leads to mycelium damage. 

Substrate producers are trying to find new products to supplement with (e.g. ChampFood “O”). These products are usually soy-based with an 

average 40% protein content and other ingredients that are not well-known. 

Substrate preparation 
Oyster mushrooms are cultivated on a specially manufactured material called substrate. Although it has the same role as the compost in 

button mushroom cultivation, their production process is not the same. Substrate is prepared by either with or without heat treatment. 

In modern oyster mushroom cultivation technologies no substrates without some type of heat treatment are used. In extensive technologies 

trunks, logs, corn stem or cob or even wheat straw can be substrates of oyster mushrooms without any kind of sterilization or pasteurization, 

but in case of these materials the risk of diseases is high and the quality of the product is low. 

Substrate preparation with heat treatment 

In intensive oyster cultivation the ingredients of the growing media (substrate) are heat treated. The purpose of the heat treatment in substrate 

preparation is to reduce the number of competitive organisms, pests (eggs and larvae, eelworms or mites) and pathogens (spores and mycelia 

of different bacteria or fungi), to ensure optimal conditions for the mycelial development of the cultivated mushroom. There are more heat 

treatment technologies that are used nowadays in substrate preparation, for example sterilization, dry heat treatment or wet heat treatment. 

Sterilization 

The materials (corn cob, rice or wheat bran, sawdust etc.) are sterilized in high pressure and temperature to eliminate (not just reduce) the 

competitive organisms. Since not only the harmful organisms die, but also those agents that aid oyster mycelial growth, the material is more 

susceptible for infestations during the growing cycle. This method is used mainly in Eastern-Asia, but not common in Europe because of its 

high energy cost. 

Dry heat treatment – xerotherm technology 

Dry heat treatment is a common substrate preparation method in Hungary. First the wheat straw is ground to 1-3 cm pieces (this way the 

water absorption of the straw improves). Then the dry straw is filled into insulated chambers, where steam is added during a 60 minutes 

period. After the heat treatment material is not moisture enough (and the temperature is too high for spawning). That is why following heat 

treatment the straw is put on a conveyor belt and watered (until 65-75% water content) and cooled (less than 30˚C). Then spawn is added, 

which is (similar to button mushroom spawn) grain colonized by the mycelia of the oyster mushroom. The grain is usually millet, rye or 

wheat. 3-5 liter spawn is added to 100 kg substrate, than mixed and filled into perforated bags. 

During watering on the conveyor belt, mould spores could get into the substrate. A few years ago the standard procedure was to add 

fungicides, but nowadays they are not allowed anymore, so hygiene became especially important. The rooms, tools, equipment and clothes 

are cleaned and sterilized for prevention. 

Steps of substrate preparation with dry heat treatment 

http://kertesztananyag.hu/modern-mushroom-cultivation-technologies/button-mushroom-agaricus-bisporus-cultivation


Wet heat treatment  

Wet heat treatment (or otherwise known as fermentation or pasteurization) is the most common substrate preparation method in Hungary. It 

is more similar to the process of compost making. Unlike in case of the above presented dry technology, the wheat straw is watered (right 

after grounding) before heat treatment. The moisture content has to reach 70% before the straw is treated with steam. 

Steps of substrate preparation with wet heat treatment 

The material is than filled into heat treatment tunnels (just like the ones used in compost plants) and heated up first to 60-70˚C. On this 

temperature, in approx. 6 hours the competitive organisms die. This is followed by a 48 hour long conditioning on 50˚C, during which the 

useful microflora (that ensures protection against pathogens in the substrate) forms. Fresh has to be added in order to prevent anaerobic 

conditions. After the material is cooled, spawn is added and finally perforated bags are filled the substrate. 

Substrate preparation by the Pilze-Nagy Ltd., Hungary 

The largest producer (Pilze-Nagy Ltd.) in Hungary prepares substrate by wet heat treatment. Here another step (pre-fermentation) is added 

prior to the process. After grounding the straw, it is watered, piled up and occasionally turned for 3-7 days, during which pre-fermentation 

(breaking down of materials and heating up) commences. Only after this step is the material filled into the heat treating tunnels, where (due 

to the heat produced during pre-fermentation) no additional heating is necessary to reach the desirable 60-70˚C (which makes the procedure 

more cost effective). Finally the substrate is cooled by fresh air, then spawned and filled into bags. 

  

Grounding, watering and pre-fermentation of the wheat straw 

Other heat treatments  

Substrate can be prepared by soaking in 60-80˚C water for 30-60 minutes, this way heating and raising moisture content is done at once. The 

disadvantage of this method is that although it lowers the number of pathogens, but in not efficient enough against pests. Another method is 

to soak the straw in cold water for days. This is used mainly in Eastern-Asia, but not in Europe. Besides the above mentioned technologies, 

no other methods are used in Hungary for commercial substrate preparation. Some other ways of substrate making are used by small scale 

growers, but usually only for their own purposes. 

Oyster cultivation 

Extensive cultivation 
Oyster mushrooms used to be cultivated on wood, on trunks or logs. The substrate was never heat treated and cultivation took place outside. 

Nowadays this technology is called extensive cultivation and only done by small scale growers or by houses as a hobby. Wood of many 

species is suitable for the oyster mushroom, for example: beech (Fagus spp.), chestnut (Castanea spp.), maple (Acer spp.), hornbeam (Celtis 

spp.), poplar (Populus spp.), birch (Betula spp.), willow (Salix spp.) or walnut ( Juglans spp.), apple (Malus spp.) and pear (Pyrus spp.). Oak 

(Quercus spp.) and acacia (Robinia spp.) as well as pine species are not recommended. 

Both the trunks and the logs of the above mentioned species can be used as long as the wood is healthy, free of tinder and its moisture level is 

at least 50%. The wood is cut into 30-40x20-30 cm pieces. Spawning can be done from spring until fall, since the optimal temperature for 

spawn run is 25-27˚C. Spawn is put into holes drilled multiple places in the wood, or in rare cases spread over the surface. The holes then 

sealed with wax, in order to prevent drying. 



 

Trunk prepared for spawning 

After spawning to ensure humidity and moisture conditions the wood has to be covered with plastic and soil. During spawn run the wood can 

either be left outside or taken into a cellar etc. Spawn run takes around 3-12 months to complete. By the end, the wood has a definite 

mushroom odor and the mycelia are visible on the surface. The logs and trunks are then taken outside and to ensure proper moisture content 

they are placed into the ground, so only the top third is visible. If the weather is dry, watering the area around the trunks and logs is 

necessary. Cropping starts in fall, when the night temperature is below 5-10˚C. Oyster mushroom is ready to pick in 5-6 days after the 

primordia appears. Cropping continues until the first winter frosts and starts again in the spring. 

On softwood oyster grows for 3-4, while on hardwood for 4-5 years long. By the end of the 3-5 years period, the oyster breaks down the 

wood (which then falls apart). Although the costs of extensive oyster cultivation are relative low, the spawn run period is long and the yield 

is unsteady, so only small scale growers and families use this technology. 

Intensive cultivation  
Growing good quality and high quantity oyster mushroom can only be done by intensive technologies on heat treated substrate in modern 

growing houses. The principles of intensive oyster mushroom cultivation were developed based on the work of Hungarian researchers in the 

1970‟s. 

Growing area, equipment 

Oyster mushroom can be grown in cellars, in no longer used agricultural buildings and in special mushroom growing tents or houses. 

  

Oyster cultivation in mushroom tents (Pilze-Nagy Ltd.) 



 

Agricultural building prepared and disinfected for oyster growing (Pilze-Nagy Ltd.) 

 

Semi-intensive oyster cultivation in a mushroom house 

Like in case of button mushroom cultivation one of the most important requirement is that the ambient conditions (temperature, humidity, 

CO2 level) of the growing area could be adjusted through the cropping period. The rooms are usually heated by hot water running through 

pipes placed on the floor, or sometimes hot, humid air is ventilated. Compared to heating, cooling the rooms is more difficult to manage. For 

this purpose a so called humypad is used, which is a panel placed in one end of the growing room. Cold water is poured on the top, which 

then soaks through the entire panel. Through this wet surface a ventilator placed on the opposite end of the room sucks the humid, cooled air 

into the room. This equipment not only lowers the temperature, but ensures 75-85% relative humidity. Occasionally additional watering of 

the ground is necessary and humidifiers are used. When adding fresh air, it is important that the flow should be around 6-8 cm/second. 

Unlike button mushrooms, oysters require light (200-400 lux for around 8 hours a day) during cropping, otherwise the fruitbodies deform 

(the stem elongates and the caps get smaller) and the color changes. 

Another requirement is sanitation. The growers have to be able to effectively clean and sterilize the growing area. Since no chemicals are 

allowed in oyster cultivation, the only option is prevention and following strict sanitary regulations. 

Filling and spawn run 

Before taking the substrate into the growing rooms, cleaning and sterilizing the surfaces and the equipment have to be done. The blocks can 

either be put where the cropping will be done, or put into rooms (spawn run rooms), where spawn run will complete and then moved to their 

final places. In spawn run rooms the bags are usually placed close to each other on the floor or on shelves. 



 

Spawn run on shelves 

The mycelial growth produces heat in the blocks, so if placed close together, the blocks heat each other and it is easier to ensure the optimal 

temperature (18-22˚C in the air and 25-27˚C in the substrate). In summer more space has to be left between the blocks in order to prevent 

overheating, or else (when the temperature gets higher than 30˚C) the mycelium gets damaged or dies. Thermometers have to be placed in 

the substrate for monitoring. Since the blocks are perforated, the substrate could dry if the air is not humid enough. That is why humidifiers 

have to operate and the floor has to be watered. 

Spawn run is done in 2-3 weeks, depending on the temperature and how the blocks were filled with substrate (thick or loose). If the substrate 

is too loose, the mycelial growth is slower, since the mycelia have to grow through air between the wheat straw pieces. Additionally, a space 

forms between the substrate and the plastic, and instead of growing through the perforations, fruitbodies will appear under the plastic, not on 

the surface of the block. By the end of spawn run, the blocks become white. 

The disadvantage of spawn run done in a different room than cropping, is that by the end of colonization the blocks have to be moved one 

additional time (manpower and plus work hours) and the cropping starts a few days later. 

Cropping 

Following the 2-3 weeks of colonization, the mycelia in the substrate is left for 7-10 days to strengthen and to prepare for starting the 

generative developmental stage after vegetative growth. By the end of this period primordia appears in the perforations of the block. From 

this point the blocks should not be moved or else the mycelia get damaged and the fruitbody formation is set back. 

 

Primordia of oyster mushroom 

In this 7-10 day period, to promote cropping the substrate temperature is lowered from 25-27˚C to 18˚C, while the relative humidity is kept 

around 90-95˚C to prevent the substrate to dry. If the CO2 level is higher than 1000 ppm, the stems of the fruitbodies elongate and the caps 

get smaller. As soon as cropping starts, the substrate temperature has to lowered to 10-17˚C. The optimal relative humidity is 75-80%. 



During the growing of the fruitbodies the culture needs more fresh air, but the flow should not be too fast and should not hit the blocks 

directly, or else it damages the fruitbodies. Oyster mushrooms need light for fruitbody formation, approx. 1000-1500 lux a day. 

 

Block during cropping 

Picking and packing 

Most hybrid oyster varieties used nowadays for cultivation need 5-7 days to get the size suitable for picking, when the edge of the cap is not 

yet straight and the flesh is fresh rather than tough. When the fruitbodies are over matured, spores appear and cover the blocks. Oyster spores 

are allergenic, they cause coughing, fewer and flu-like symptoms, thus pickers have to be equipped with protective masks. One of the targets 

of breeding new varieties is to find sporeless strains. The first sporeless hybrids have been tested in cultivation. Results show that both the 

yield and the quality are lower than of those of the traditional strains. Like button mushrooms, oysters are picked manually as well. With a 

slight twist, the whole fruitbody is removed in one piece from the perforation. Any residue has to be removed, or else secondary bacterial and 

fungal diseases could occur. 

Oyster mushroom in the growing room and in the kitchen (in Hungarian) 

The substrate from the base of the fruitbody is removed (cut) before packing. Oyster mushrooms are sold in one piece or separated to 

individual fruitbodies. When sold individually, a short (2-3 cm long) stem is left, the rest is waste. Before packing, the mushroom is pre-

cooled on 10˚C, than stored on 2˚C. 

After picking, to facilitate mycelia regeneration and to induce the next flush, the temperature is set on 25-27˚C for a week. Then by lowering 

the temperature, increasing relative humidity and adding more fresh air, the next flush is induced. In intensive cultivation the first flush is 60-

70%of the total yield, so usually only two flushes are picked. A cropping cycle is 1,5-2 months long. 21-23 kg oyster mushroom can be 

picked from 100 kg substrate. 

When cropping is over, the blocks are removed from the growing area and the rooms are cleaned and sterilized. The most commonly used 

hybrid strains (HK35, P80, Photios, Ikaros) can be cultivated throughout the entire year. Some of them tolerate higher of lower temperatures, 

so by the rotation of the different strains a whole year long cropping is ensured even in less modern growing facilities. 

Test your knowledge! 

1. What are the differences between the dry and the wet heat treatments of the oyster substrate? 

2. What are the main steps of oyster cultivation? 

3. How is oyster mushroom picked? 

4. What kinds of substrate preparation methods are used? 

5. What are the optimal conditions for the spawn run of oyster mushroom? 
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Shiitake cultivation  

Author: András Geösel, PhD 

  

The shiitake mushroom and its medicinal effects 

  

The mushroom species shiitake (Lentinula edodes (Berk.) Pegler) belongs to phylum Basidiomycetes, classis Agaricales into family 

Marasmiaceae (http://www.mycobank.org/BioloMICS.aspx?Table=Mycobank&Rec=29869&Fields=All). 

  

 
  

The cap is convex with diameter 6-15 cm, dark-brown coloured, covered by squamous particle of veil. The length of stipe is 3-5 cm with 

filamentous structure, the cultivated ones are usually curved. Hymenium is not covered by velum, both the cap‟s flesh and spores are white. 

The vegetative mycelium on synthetic media is also whitish, depending the cultivars dense and later changes into yellowish-brownish colour. 

The name ‟shiitake‟ is derived from words ‟shii‟ and ‟take‟. ‟Shii‟ is the Japanese name of an evergreen tree, Castanopsis cuspidata which is 

an Asian tropical beech (Fagaceae) while ‟take‟ means mushroom. Shiitake is a common species in East-Asia, by feeding behavior is a 

white-rot fungus. The first written report about shiitake dates back more than 3000 years. The mushroom has a valuable and complex content 

and is popular in traditional eastern medicine. Shiitake has a very distinct and characeteristic odour, because of a presence a cyclic 

organosulfur compound molecule, lenthionine but many other alcoholic compounds are present as well. The taste of mushroom is very 

similar to garlic and intensity of it increasing by drying. 

  

  

  

The 3-dimension model of lenthionine 

  

The cultivation technologies are grouped by extensive and intensive methods. The extensive growing of shiitake is more than thousands 

years old. Nowadays the amount of cultivated shiitake is at 1-2 places on the list of cultivated species. The rapid jump in shiitake production 

was observed in China, where between 1985 and 1995 the amount of shiitake got ten times higher than before. Today China is the biggest 

http://www.mycobank.org/BioloMICS.aspx?Table=Mycobank&Rec=29869&Fields=All
http://kertesztananyag.hu/modern-mushroom-cultivation-technologies/biology-of-cultivated-mushrooms


producer and exporter of fresh and dries shiitake products. The advantage of this species is highlighted by its long storage potential: in fridge 

the quality will be the same for 1-2 weeks without any damage. Mushroom fruit bodies are having two distinct appearances, depending on 

cultivation technology. In Europe the dongu (winter type shiitake) is the major type, where the surface of cap is intact and has brown colour. 

The huagu (or shiitake flower) is the result of alternating temperature and air humidity during fruiting, therefore cap has bursts and a bit 

lighter colour. The price of huagu is much higher in East-Asia. 

  

   

  

Dongu and huagu types shiitake fruit bodies 

  

Almost endless collection of different strains and cultivars can be found on mycelia stocks from shiitake and causes problems for growers. 

Distinction between cultivars can be done by optimal temperature in fruiting stage. Higher temperature optimum results more thin cap flesh 

and worst storage conditions, its suggested in warmer climatic zone. For north and central European cultivation the intermediate cultivars are 

adequate. The best quality can achieved by cold-tolerant strains, that are having dark brown colour and fleshy cap. 

  

Shiitake strains air temperature requirements during fruiting 

  

Cold tolerant strains 8-12 °C 

Intermediate strains 10-20 °C 

Warm tolerant strains 20-25 °C 

Strains with high tolerance in temperature 5-35 °C 

  

Besides of fresh consumption many products can be found on market from shiitake. The most common products are dried , powdered and 

capsule form of mushrooms but widely used as tee or ingredient of medicinal goods. 

  

           

In food industry the shiitake is used for flavouring and is present in creams as well. Mushroom extraction by water or alcohol can be also 

found on market and a company is making beer as well from shiitake. 

  



   

  

The medicinal importance of shiitake is well known for millennia and used in everyday practice in traditional eastern medicine today. 

Consumption of mushroom extracts is suggested in colds, pneumonia, headache but some literature data can be found about its positive 

effect in high blood pressure and sugar level by reducing them. The fermented mycelia (without traditional cultivation) are also in focal point 

of researchers. The in vitro or in vivo mycelia had positive effect on several skin diseases and was effective against rheumatic disorder and in 

autoimmunity. 

  

Antitumor activity 

In recent decades many researchers examined different extracts of shiitake on tumour cells, and the water extracts were effective in several 

cases. Sarcoma disease in mouse was tested, and the water soluble polysaccharide fractions and a protein complex from shiitake could inhibit 

the growing of tumour cells. The alcohol soluble fractions of shiitake are also having similar effects: the antitumor activity is related to 

enhancing immune system of the host and usually have no direct effect on tumour cells. Cytotoxic and cytostatic influence on human 

mammary adenocarcinoma was noticed by mushroom extract. A supplementary consumption of mushroom might be suggested at 

regeneration after a surgical intervention or traumatic affair. 

  

Antiviral activity 

Water and alcoholic extract of shiitake fruit bodies and spores were tested against HIV (Human Immunodeficiency Virus), influenza and 

herpes simplex virus. The antiviral effect was confirmed in most cases by activating hosts interferon. The interferons are proteins secreted by 

host and increase activity of macrophages. Large amount of a bioactive polysaccharide, lentinan could be detect from shiitake mushroom. In 

a test pure extract of lentinan could not inhibited the HIV while a complex with sulphur was effective. 

  

Extensive cultivation technology 

  

Extensive shiitake cultivation technologies are common by using non heat-treated substrate and usually are operating under open-air 

conditions. The cultivation could keep by this way 3-6 years. The extensive methods are copying the natural processes except to speed up 

and create more stable cultivation, the mycelia inoculated by artificial techniques. Cheap woodchips or plug spawn are used to inoculate 

wood logs. The wood log techniques are quite popular is Asia where the weather and substrate conditions are optimal for shiitake and good 

quality mushroom can harvest at reasonable price. In Europe the inoculated log techniques still stays in hobby gardens because just few 

mushrooms appears. The first notice about this method can dated back to Chinese Empire, where Wu San Kwung ripped up woods in forest 

and wind travelled spores onto them. In the XIX. century spore-suspension was used to inoculate wood log, while in XX. century the usage 

of spawn spread out. 

  

How to grow shiitake at home? 

  

The success of extensive cultivation needs a good quality wood substrate, like beech (Fagus sp.), oak (Quercus sp.), hornbeam (Carpinus 

sp.) but gives good results on poplar, white birch or maple and hard wood as well (chestnut, alder, ash). Wattle, pine and nut trees are usually 

not preferred by shiitake mycelia. The chips or sawdust from those latter might be used in intensive technologies with mixing other 

ingredients. The optimal cuttings the logs are at winter dormancy with water content around 50%. The logs should cut to 0,8-1,2 m long with 

intact bark to keep moisture in log and the optimal diameter of those are between 8-20 cm. 

  

Optimal spawning time (inoculation with mycelia) depending on weather conditions and literature data. From mycelia growing point of view 

at our climate spawning at spring looks the optimum, because the hyphae colonizes the log till winter and cold temperature will not harm the 

mycelia. Dried logs could water content could raise back by soaking in water for 24-48 hours. Using plug spawn as inoculums is a cheap 

and reliable method. Holes on logs should open by drill at 10-15 cm distance from each other, exactly in the same size as plug spawn 

diameter. Than push the spawn into the holes and try to put 15-20 plug on a 1 m long log that is necessary for colonization. Mycelia could 

colonize the log quickly by longitudinal axis due to fibrovascular bundle while radial colonization needs longer time because of digestion 

http://kertesztananyag.hu/modern-mushroom-cultivation-technologies/spawn-production


cellulose and lignin. Wood chip spawn might be used for inoculation but needs more attention during spawning. All the mentioned methods 

require closing (by wax, plastic, adhesive tape) after inoculation to avoid mycelia drying and contamination. 

  

During spawn run (colonization) should focus on optimal conditions for mycelia growing (temperature around 24-28 °C, humidity around 

50-70 %, water content of log) and less optimal for pathogens. Using extensive methods the logs are simple placed on shady places without 

direct sunlight. To raise humidity around wood logs plastic cover or shielding is widely used. White mycelia around inoculation is a sign of 

successful spawning and activity of shiitake hyphae. Green mould at wood surface usually do not contaminate the inside of logs and are just 

present at surface: diminish it be airing. To speed up colonization place the logs into spawn run room, plastic tunnel or cave where the 

alternating weather could eliminate. The spawn run usually needs 6-18 months depending on substrate, temperature and shiitake cultivar. 

After spawn run mycelia needs incubation time for fruiting. Stand up the logs and leave space for fruit bodies around them. In natural 

conditions mushrooms are forming at spring and autumn, and could have better yield after soaking in cold water for 2-3 days. 10-14 days 

after watering primordia are forming and ready to harvest in 7-10 days. After picking the logs should have „rest‟ for 2-3 months while no 

mushrooms are raising. By soaking logs 2-3 flushes can harvested in a season for 2-6 years, the total yield may achieve 15-25 % of log 

weight. 

  

Intensive cultivation technology 

  

Since XX. century intensive cultivation technologies are present in mushroom production. In Asia sawdust and woodchips was used as 

substrate for shiitake, and at years 1930 Europe had taken effort for developing similar techniques. The cultivation protocols used nowadays 

were established at 1970. The major ingredients of shiitake substrate is sawdust or woodchips mixed with supplements. The duration of a 

crop with intensive technologies reduced to 2-6 months and yield are much bigger compared to extensive methods. Two different substrate 

preparation protocols are present in practice: heat treatment or sterilized. 

  

 Shiitake cultivation from substrate till mushroom 

  

Sterilized substrate 

Major technological steps by sterilizing the subsrate: 

 mixing ingredients and adding water 

 filling the bags, bottles with substrate 

 sterilization in autoclave 

 spawning 

 spawn-run, incubation and fruiting 

The mass of substrate should be sawdust or woodchips derived from tree species like extensive methods. Particles from wood should be at 

similar in size around 2-4 mm, clean and free from dust because too small particle result poor aeration and slow colonization. Several recipes 

suggest straw adding to substrate that results good structure and better spawn-run. 

  

Home made straw cutting machine 

  

To increase nitrogen concentration in substrate additives or supplements are necessary for shorter crop. The local agricultural by-products, 

like cooked wheat, bran, semolina, soybean, corncob etc. are usually proper supplements in Europe. In other continent rice-bran, coffee pulp, 

sugarcane bagasse are mixed into substrate. Hungarian results showed that artificial supplements - that are used in white button mushroom 

cultivation - raise the yield on straw. The ratio of supplements is depending on wood or straw quality, season of year (less at summer, more 

at winter) and composition of the additives. In general, the amount of supplements is around 5-25% but the growers are not so open to tell 

their recipes and using their own protocols. The supplements reduce the spawn-run time and have positive effect on yield, but the quality of 

mushrooms is not so definite and the risk of contamination is also higher. Shiitake mycelia secrets digestive enzymes a bit less activity and 

amount than oyster, therefore the total crop is usually take longer time. The optimal carbon:nitrogen (C:N) ratio by shiitake is 25:1 during 

spawn-run, but for fruiting the amount of carbon should concentrate and achieve 35-40:1 C:N rate. Carbon is originated from cellulose, 

lignin and other simplex and complex carbohydrates present in straw or wood explorated by mycelia. A higher nitrogen concentration 

reduces the spawn-run time, but results poor quality fruit bodies. During mixing the substrate 1-2% gypsum or calcium-carbonate should add 

to raise pH level and have better structure. After weighting the ingredients a blender or concrete mixer could use. 

  



    

  

Substrate blender 

  

Before or during mixing water is added to the substrate until it reaches 60-65%. Less water results slow spawn-run and poor yield, in 

addition, the artificial watering has some trouble because of the presence of hydrophobins in substrate. To the wet substrate the gypsum or 

calcium-carbonate could be added (adding calcium-carbonate to adjust pH is suggested by many literatures, while others state, it “slows” the 

hyphae). The optimal pH value range for shiitake is variable by recipes. The vegetative mycelia on synthetic media grows properly on pH=3-

7. For filling bags pH=5,5-6,5 seems optimal and the digestion and excreted acids move this range to acidic, and for fruiting pH=3,5-4,5 is 

the optimal. 

Than 1-3 kg substrate is filled into polypropylene or polyethylene bags, while several farms using plastic bottles for holding substrate. The 

bags should have a breathable path or a mouth closed with paper or other „breathable‟ material for gas-changes. The substrates should be 

autoclaved immediately after filling to prevent fermentation. The slow colonization speed of shiitake needs substrate that is absolutely free 

from any competitive fungus or bacteria. Depending on sizes of substrates 2-4 hours long sterilization is necessary at 121-128 °C. 

After cooling below 30 °C in a laminar box or a pressurized room inoculation by grain or plug spawn is next technological step. 

 
  

Grain spawn on millet and plug spawn colonized by shiitake 

  

The advantage of grain spawn is deriving from two fact: to mix it into media is quite simple and could serve as supplements. Long plug 

spawn was used for years, but heterogeneous colonization was the result. The amount of grain spawn is around 1-5% depending of substrate 

and supplements. If contamination appears on surface the all bag/bottle should remove from spawn-run. The substrate preparation by 

sterilization needs proper machines and the costs are extreme high, therefore the usage of it is limited for only several growers. 

  

Substrate preparation by pasteurization 

The researchers are taking many efforts to find cheap methods for preparing shiitake substrate. Protocols from oyster substrate preparation 

(dry and wet heat-treatment) are under process to introduce in shiitake cultivation. The ingredients are mainly similar as sterilization process, 

woodchips, sawdust and straw are the major parts while supplements is not necessary in every routine. After mixing the raw materials 

pasteurization is the next step of technology. The length and temperature differs by each recipe, between 65-100 °C for 4-24 hour can be 

found in literature. The pasteurization will not inactivate all pathogens, especially infection of green mould (Trichoderma sp.) risk is high. 

High nitrogen concentration serves fast spread of green mould. After the heat treatment the spawning of substrate by grain is common (5-10 

% net weight), from hygienic point of view it would suggest to spawn in pressurized conditions. The spawned substrate than filled into bags, 

that might be bigger than sterile technology (because of less supplement ratio, the temperature will not raise as high as possible) therefore 5-

20 kg bags can prepared. Bags could be perforate before filling for gas exchange and give the necessary amount of O2 for intensively 

growing shiitake hyphae. 

  

Cultivation of shiitake 



Shiitake crop is usually takes longer time than other mushrooms and requires patient from grower. From spawn-run till pinning the mycelia 

develop, that should known for successful cultivation. After spawning the exo-enzymes from mycelia digest the organic matter of substrate 

and the white mycelia colonize the substrate. In this phase bags, bottles should place on shelves or floors in growing room. 

  

 
  

Shiitake spawn-run in a mushroom cave 

  

After spawn-run the bags change colour and will have bright whitish colour than get harder structure. In the hardening stage – that includes 

several changes - the mycelia adsorbs and accumulate nutrient necessary for fruiting: 

 At substrate‟s surface thin, whitish mycelia cover layer develop. 

 The outer mycelia will more hard and small bumps appear at surface. That bumps can develop into fruit bodies, but many of them 

will never grow. 

 In pigmentation phase the whitish mycelia changes into brownish colour, the bags should open in this stage. The increasing 

concentration of fresh air has positive influence on colour. 

 The surface of substrate gets more hard, dry structure and even dark colour, therefore the plastic bag can completely remove from 

substrate. The bags inside usually contains 70-75 % water that is optimal for fruiting. 

 At the end of „ripening‟ the mycelia utilizes the nutrient and primordial develop into fruit bodies. Certainly, the mentioned stages 

are not clearly separated phases, it is a biological process. 

Shiitake cultivation in Hungary (in Hungarian) 

  

The required environmental conditions are different at each cultivation steps, but many discrepancy can found in literature. It is in 

conjunction with every authors and growers at spawn run the substrate temperature should be around 25-27 °C. The relative humidity is not 

so important, because mycelia is within the bag and loose not too much water therefore 50-90 % is enough with low aeration. During spawn 

run light is not necessary, the CO2 in bags can be above than 5.000-15.000 ppm. Alternating day-night temperature and higher CO2 

concentration can help bump formation. The colour changes can done in bags or without bags – the differences is depending from growers. 

For having nice primordia formation 20-25 °C in bags with 70-80 % humidity and lower carbon-dioxide (2.000-3.000 ppm) level is 

necessary. The early bag opening may have abnormal fruit body formation, while later may cause less mushroom. Spawn run duration is 

usually 3-6 weeks, the induction could be also 3-6 weeks. According to several growers fruiting can achieved on 50-100 days after spawning. 

At fruiting bags are placed in place with moderately controlled environmental conditions. 

  



  

  

Hanged substrate in fruit body development phase 

  

Appearance the number of primordia may raise by changes in environment. Mainly one factor is enough for fruiting, but usage more than 

one increase number of small mushrooms: 

 lower temperature, or higher deviation between day and night temperature 

 watering the surface of soaking the blocks 

 alternating humidity 

 decreasing CO2 level (below 1.500 ppm) 

 physical shock (shaking, patting, watering inside of block 

  

 
  

Watering shiitake in fruiting by pushing hose into the block (outer layer of substrate do not adsorb enough water before first flush) 

  

In fruit body development phase air temperature should keep at 16-18 °C, while humidity around 80-90 %. For having good quality 

mushrooms and cap-stalk formation, since primordia stage 1000 lux light is also necessary, that might in cave achieve by artificial light. If 

CO2 level raises above 1.000 ppm cap remain small and stalk elongate. Several growers soaking block before first flush, while others just 

after. The substrates browned within bag usually do not require soaking, because there is enough water capacity in substrate. After cooling 

the primordia develops onto picking stage in 5-10 days if light and temperature is satisfactory. The optimal temperature is related to cultivars, 

but in general lower temperature results better quality and longer storage potential, while cause slow development. Picking by hand is 

obligatory, by a firm twist from substrate until the mushroom cap is not completely flat. Never cut the mushroom from the substrate in first 

flush because it opens an entry for diseases. The lower stalk part of picked mushroom should cut by a knife. After first flush mycelia needs 2-

3 weeks „dormancy‟ for preparing second flush. For induction soaking in water for several hours or use hose to irrigate inside the blocks. 5-

10 days after watering the second flush is coming that are ready for harvest within a week. During two or three flushes 20-25 kg fresh 

mushroom might be picked from 100 kg substrate, usually the first yield is the top (around 50-80 % from total). Freshly picked mushroom 



can be stored in a fridge for several weeks and easy to transport. The most simple processing form of mushroom is slicing and drying and sell 

it as natural flavour or create powder from it. 

  

Test your knowledge! 

1. What kind of fruit body forms of shiitake are known? 

2. What are the major technological steps of cultivation? 

3. What are the substrate preparation methods? 

4. Describe the extensive methods of shiitake growing! 

5. What are the common ingredients of intensively grown shiitake substrates? 

6. Set out at least five shiitake products! 
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Cultivation of medicinal mushrooms  

Author: András Geösel 

It is not easy to give a correct definition of “medicinal mushrooms”. Certain sources apply this term on species (or their extracts) that are 

used for medical use. The phrase medical use itself is hard to define, since plants and mushrooms have been present in the traditional eastern 

medicine for more than thousand years. In wider sense, those mushrooms are medicinal mushrooms, which have positive effect on health. 

All the species described in this lesson are part of this group. Another common (but just as problematic) expression is “exotic mushrooms”. 

Basically all species aside from button and oyster mushrooms can be viewed as exotic in Hungary. While Jew‟s ear or jelly ear is mentioned 

amongst exotic species, in China it is common, just like shiitake. 

In this lesson 5 species will be introduced. These species are cultivated in a small scale in Hungary and belong to the group of medicinal 

mushrooms. The mushrooms are now available mainly in processed forms (dried, capsule or tee) for the consumers, who are getting more 

and more interested in these species. The medicinal properties of the species are described in traditional therapeutic methods and or even 

tested on tissue cultures, animals and in some cases on humans. Only those properties are mentioned, which previously have been proven and 

documented by scientific methods. 

Ink cap/shaggy mane 

Latin name: Coprinus comatus (O.F. Müll.) Pers. 

Current taxonomic lineage: 

 order: Agaricales 

 family: Coprinaceae 

 genus: Coprinus 

Shaggy mane is a common species in Hungary and is present worldwide. It is picked from spring till autumn. It has a typical shape, and its 

taste is excellent – quite characteristic, so the dried mushrooms can be used as spice. Both the English and the Hungarian name have the 

world “ink” in it. It derives from the fact that the biologically matured (and economically overmatured) fruitbodies go through autolysis, 

which results in the forming of an ink-like fluid and in the end, the liquefying of the mushroom itself. The fruitbodies can only be stored 

cooled, for 2-3 days. 

 

The cap is elongated, egg-shaped, 8-15 cm long, 3-5 cm wide. The cap is covered with wooly scales, of which the “shaggy” word refers to in 

the English name. The stem is fibrous and 5-10 cm long. The Latin name of the genus refers to “manure”, which is an indication that the 

species mainly grows on nutrient rich areas. Only a few producers grow shaggy ink cap. The spawn is available and the cultivation of the 

species is quite easy. 

 Medicinal properties 

In traditional medicine, the species is used in case of digestive and bowel problems. Studies suggest that the aqueous extract of the 

mushroom can be effective in estrogen independent breast cancer treatment. A protein extracted from the mushroom, interfere with the 

development of pancreatic cancer cells. The mushroom significantly lovers the blood sugar level. Long term consumption of the mushroom 



causes the glucose content of the blood plasma to drop by a third. Analysis of the species showed that the vanadium content is quite high and 

the vanadium salts can function as analogues of insulin. Another study suggests that the mycelium of the mushroom is effective against 

nematodes, since it contains “spikes”, which penetrate the cuticle of the pests and then the dead nematodes are degraded by the mycelium. 

Production 

Due to the short storability of the mushroom, the production is done in lower scale. Composts used for the cultivation of other species (e.g. 

wheat straw and chicken manure-based composts or synthetic composts, dry or wet heat treated substrates or supplemented saw dust) are 

sufficient for the shaggy ink cap as well. Since this species prefers substrates with higher nitrogen content, it is not as sensitive as the button 

mushroom to the ammonia residues of the compost, and it can be cultivated on poorly prepared, lower quality composts. 

   

Shaggy ink cap bags after picking and premium quality fruitbodies 

The cultivation is quite similar to the technology used for button mushroom cultivation, only the shaggy ink cap needs a certain amount of 

light. 1-2% spawn is mixed into the compost. The opening of the bags are folded back or covered with paper during spawn run, which takes 

2-3 weeks to finish on 25˚C. By the end of spawn run, the color of the compost gets a bit lighter. The compost is then covered with 4-5 cm of 

good quality casing. During the incubation period the temperature is around 20˚C. The casing soil has to be irrigated at this point, if it has not 

been watered before casing. To induce fruitbody formation, the temperature is lowered below 20˚C to an optimal 12-15˚C. Higher 

temperature causes quick development but lower quality. 

  

C. comatus cultivational parameters 

  
Compost 

temperature (°C) 
Humidity (%) Duration (days) CO2 (ppm) 

Spawn run 21-27 95-100 12-14 5-20.000 

Pinning 16-21 95-100 12-15 500-1.000 

Fruiting 18-24 80-90 5-7 500-1.000 

Shaggy mane needs light in fruiting, just like shiitake and oyster mushrooms. Due to quick fruitbody development, the timing of the picking 

is essential. Only the closed caps are suitable for selling. The mushrooms have to be taken into cold storage immediately. The autolysis of the 

frutibodies can be slowed down by cooling, but it can even be stopped by scalding (pre-cooking). 

Almond mushroom/Almond portobello/Royal Sun Agaricus 

Latin: Agaricus subrufescens Peck. (syn. A. bazei Murr., syn. A. brasiliensis Wass.) 

Current taxonomic lineage: 

 order: Agaricales 

 family: Agaricaceae 

 genus: Agaricus 

A. subrufescens is common in the tropical and subtropical areas of South-America and Asia, but it is also native in California. The species 

does not occur in the nature in Europe. A. subrufescens prefers nutrient and nitrogen rich areas. The 7-25 cm cap of the mushroom is round 

and cream-colored at first, but flattens and become chocolate-brown by time. The stem is usually 5-11 cm long, 1,5-3,5 cm in diameter, 

straight and white. The stem turns yellow if cut with a knife during picking. The immature gills are white and covered by a partial veil. The 

mature gills and spores are chocolate-brown colored. The fruitbodies grow one by one or in groups. The mushroom has an intense, 

characteristic almond odor and taste. 



Medicinal properties 

The species has long been used for relieving the effects of physical and mental stress, for boosting the immune system, for lowering the 

blood sugar level and preventing osteoporosis. It could be used for treating diabetes and gastric ulcer. It contains a high level of ergosterol, 

which is the previtamin of vitamin D. Since the extract of the mushroom is proved to be effective on mice cells, against the bacteria 

Streptococcus pneumoniae, it likely that the same effect can be achieved in human trials. Most trials are aimed at the tumor inhibitory effect 

of the mushroom extract. The mushroom contains high levels of 1,3 and 1,6 glucans as well. These polysaccharide-type compounds form 

complexes with proteins. They can be effective against viruses and promote white blood cell formation. The mushroom increases apoptosis 

(programmed cell death) in the tumor cells. In clinical trial, on cell cultures and in animal experiments the effect of the mushroom on 

different tumor types has been studied. In case of 12 cancer types (e.g. skin, liver, lung and colon cancer and sarcoma) on cell cultures and 

animals A. subrufescens was proved to be effective. 

  

Mark Watch presents the medicinal effects of the species and the recently bred hybrid 

Cultivation 

A. subrufescens is a secondary saprobiont species, which means that it can only feed on materials that are already completely or partially 

degraded by microorganisms. It can be grown on either compost or sterilized saw dust based substrates. There is a very important difference 

between the cultivation of button mushrooms and A. subrufescens: the latter needs light for fruitbody formation. During the cropping period 

A. subrufescens needs compost temperature as high as 25˚C at day and 20˚C at night. One of the most important factors in successful 

cultivation is the quality of the substrate. The pH has to be set on 7.5 in the compost and 7.5-8 in the casing material. The fermented, chicken 

manure-based compost used for button mushroom cultivation is suitable for A. subrufescens growing as well. The optimal moisture content is 

55-60% at the end of phase II. Casing is done 14-20 days after spawning and it a critical step of the cultivation process. The water holding 

capacity of the casing soil has to be very well. Due to higher temperatures during cropping, the evaporation is more intense, this species 

require more water than the button mushroom. More frequent irrigation could cause structure destruction (the top layer could harden), thus 

the quality of the casing applied 5-6 cm thick has to be outstanding. Experience shows that following the incubation period, no ruffling is 

necessary, moreover it only causes setback in mycelium growth, which could result in the loss of the first flush. For initiating fruitbody 

formation, the temperature is lowered, but turned back on during cropping. 85-90% relative humidity is optimal during the formation and 

growing of the fruitbodies. One flush lasts for a week, and 10-15 days pass between flushes. It is quite common to only have two flushes, 

since by the end of the second flush the structure of the casing degrades drastically. According to growing experiments, with a high quality 

casing soil three flushes can be achieved, which means a 10-12 kg yield on 100 kg compost. 

 

Slightly overmatured A. subrufescens fruitbodies 

Recommended ambient conditions of A. subrufescens cultivation 

  Compost 

temperature (°C) 

Humidity (%) Duration (days) CO2 (ppm) 

Spawn run 25-26 90-95 12-17 5-10.000 

Case run 24-25 90-92 8-12 2.000-5.000 

Pinning 21-24 85-90 8-12 <1.000 

Fruiting 23-25 85-90 4 -8 <1.000 

Picking is done manually just like in case of button mushrooms (Jump to 6. lesson). The casing soil residues are cut off from the base of the 

stem and the mushrooms are put into cold storage immediately. The cut ends turn yellow and the discoloration intensifies during storage. 

http://kertesztananyag.hu/modern-mushroom-cultivation-technologies/button-mushroom-agaricus-bisporus-cultivation


That is one of the reasons why the mushroom can only be stored for a few days. This explains why the mushroom is rather marketed in 

powdered, capsule or dried form. It has been experienced that – due to the higher temperature required by the species – although Hungarian 

cold cellars are not suitable for the cultivation of A. subrufescens, but the tents and the mushroom houses are. 

A. subrufescens is getting more and more popular in Europe: the Dutch company, Prime Champ won an innovation price for their 

improvements on the cultivation technology of the species on the Fruit Logistica show 2011. 

A. subrufescens cultivation in California (button mushroom compost preparation is also shown on the video)  

   

Nameko 

Latin: Pholiota nameko (T. Ito) S. Ito & S. Imai 

Current taxonomic lineage: 

 order: Agaricales 

 family: Stropharicaceae 

 genus: Pholiota 

Nameko originates from Japan and Asia, where it is one of the mushroom species cultivated in the largest scale (besides shiitake – Lentinula 

edodes and enoki – Flammulina velutipes). It can be found in cool, humid mountainous areas in the nature, where it grows mainly in groups. 

There are only a few edible species in the genus, since most of them have sticky, slimy surfaces. The stickiness goes away during cooking, 

while the consistence and the sweet, slightly nut-like taste remains. The cap is light yellowish brown; the gills are white at the beginning but 

turn brown during maturing. Nowadays the mushroom is available in Hungary as well. The spawn can also be bought, but only a few 

growers cultivate nameko in Hungary. Since the vegetative mycelium requires high relative humidity, the temperature needs to be quite low 

for fruitbody formation. 

Medicinal properties 

There are only few data available on the medicinal properties of the species, but some health beneficial effects have been proven. Frequent 

consumption lowers the blood lipid level; it boosts the immune system and has anti-inflammatory effects as well. Due to Chinese 

experiments, the polysaccharides isolated from nameko increase immune response and the functioning of the thyroid gland. Animal tests 

proved that it is effective in cases of bacterial infections and against sarcoma. 

Cultivation 

In Asia nameko is cultivated extensively on the trunks of deciduous trees. In intensive cultivation a mixture of sawdust, wood chip and wheat 

meal serves as substrate. Hungarian experiments showed that dry heat treated wheat straw and corn-cob can be used as well. The sawdust of 

any species suffice: nameko is one of the rare species that can grow even on pines. Only a 10-20% of supplement is necessary, more nitrogen 

is not needed. The moisture content of the substrate should be higher (75-80%) than in case of other cultivated mushrooms, since nameko 

requires more water. The substrate can also be sterilized or pasteurized. Following heat treatment 10-15% of spawn is added to the substrate 

and mixed thoroughly. The material is then filled into 2-3 kg plastic bags or bottles, which are then placed on shelves or on the ground of the 

cultivation area. The substrate is colonized in 2-3 weeks, on which point the plastic is removed from the top of the blocks. 

 

Nameko bags ready for cropping 

http://www.primechamp.com/index.php?id=primechamp&L=1&tx_ttnews%5btt_news%5d=19&cHash=d38334543e263d2cb963d36d7985bb0e


Since nameko prefers lower temperatures, the substrate has to be cooled down to 10-14˚C. The smaller the bags are, the easier and cheaper is 

to cool the material down. 

The cropping of nameko on a speeded-up video 

Recommended ambient conditions of nameko cultivation 

  
Substrate 

temperature (°C) 

Humidity (%) Duration (days) CO2 (ppm) 

Spawn run 24-29 95-100 12-15 >5.000 

Pinning 10-15 98-100 7-10 500-1.000 

Fruiting 13-18 90-95 5-8 500-1.000 

After the primordia appeared, the temperature can be set on a higher level (14-18˚C in the substrate) in order to aid the growth of the 

fruitbodies. To avoid deformations caused by high CO2 level, fresh air is added continuously. The mushroom requires light during cropping. 

Fruitbodies with long stems are preferred in the Far East. 

 

Nameko mushroom ready for picking (for the European market) 

 

Nameko mushrooms how the Chinese market prefers (with elongated stem) 

Since the mushroom requires high water content in the substrate, the blocks are soaked after the first flush. Usually two flushes are picked, 

which means an average 10-12 kg yield on 100 kg substrate. 

Reishi 

Latin: Ganoderma lucidum (Curt.: Fr.) Karst 

Current taxonomic lineage: 



 order: Polyporales 

 family: Ganodermataceae 

 genus: Ganoderma 

Reishi is the most well documented medicinal mushroom. It is known and used in traditional Chinese therapy for thousands of years. The 

Chinese name of the mushroom is “ling zhi”, which means “the plant of immortality”. In the age of the Chinese emperors, only the most 

privileged were allowed to consume this mushroom. The mushroom cannot be consumed raw because of the highly bitter taste. Most 

compounds that cause the unpleasant taste degrade when boiling water is added, but the characteristic bitterness remains. To soften the taste, 

usually ginger or ginseng is added. The mushroom does not have to be dried in order to be stored. That and the shiny, bright red surface is 

the reason why it is an ideal material for flower arrangements. 

 

Flower arrangement with reishi and other tinder species 

Members of the Ganoderma genus are mostly white rot species. They grow on both deciduous and pine trees. They have strong enzymes, 

which break down lignin, thus these species can be used for bioremediation purposes and in the paper industry as well. Some species degrade 

even toxic paints, which is why the textile industry uses them. There are more than 300 members of the genus, which makes the taxonomic 

lineage hard to follow. There are 6 species native in the Carpathian Basin (e.g. G. adspersum, G. cupreolaccata, G. applanatum etc.) all of 

which have significant medicinal properties. G. lucidum can be found quite often on oaks in Hungary. 

Sándor Gyöngyösi introduces the species in the tv show Gazdakör (in Hungarian) 

There are two fruitbody shapes of the species: kidney and antler. The kidney-shaped mushrooms are 5-15 cm, but the size varies. High CO2 

level causes longer stems. The color of the cap and the stem is red. On the edge of the cap, a white or yellowish zone can be found. The 

surface of the cap is very, while that of the stem is moderately shiny. 



   

Kidney-shaped fruitbody 

Medicinal properties 

Similar to the above described medicinal mushrooms, the health beneficial properties of reishi have long been known. That explains why it is 

a vital part of the Chinese, traditional and preventive therapy. The below mentioned effects are all been proved by animal testing. 

The extract of reishi contains mainly polysaccharide molecules, which can inhibit the reproduction of the herpes virus. It is used as part of 

viral treatments. Another proven effect is that reishi helps preventing pancreatic ulcers. Other compounds lower the blood sugar and 

cholesterol level, thus increasing oxygen uptake and improving the functioning of the cardiovascular system. The antitumor effect of the 

mushroom has been described in the 1970s. Similar to A. subrufescens, reishi contains ß-glucans, which has antitumor properties. Long using 

of products of the mushroom (powder, capsule, and tea) do not cause any side effects. As supplementary treatment in cancer therapy, reishi 

products could help in easing symptoms of the side effects. 

Cultivation 

Most cultivation technology descriptions refer to the growing of G. lucidum. (It is hard to tell the difference between the members of the 

Ganoderma genus, so the technology can be applied in case of other species too). Reishi is a facultative parasite. The fresh fruitbody is not 

consumed. The health beneficial compounds can be found in the vegetative mycelium as well, and it can be extracted after sterile 

fermentation. Traditional cultivation can be done by using wood, bottles or bags. 

In the Far East extensive cultivation is still quite common. The trunks are inoculated by plug or other spawn. Spawn run and cropping takes 

place outdoors. The growing cycle is long, but the quality of the mushroom is very good. Some producers first sterilize the trunks and place 

them into breathing bags in order to minimize the chance of infections and to boost spawn run and to shorten the growing cycle by 50-60 

days. 

Multi-level reishi cultivation in tents (in Chinese) 

For intensive cultivation in bottles or bags a substrate is prepared. The ingredients and the production process are similar to the one described 

earlier at the cultivation of shiitake and nameko. There are many substrate recipes available. The main ingredients (80-95%) are saw dust and 

wood chip of different trees. 1-15% supplementation (cornmeal, wheat meal, oatmeal or soy bean meal) is added. If more supplements are 

added, extra cost have to be taken into account. The risk of infection enhances, although spawn run completes faster. 

After the supplements are added, the water content has to be set to 65-70%. The pH is set between 5.5 and 7.2 by mixing calcium carbonate 

or gypsum into the wet material. The substrate is then filled into smaller (1-3 kg) heat resistant bottles or bags. The bags are sealed by 

welding or cotton plugs, while the bottles are closed with caps. This step is followed by cooling and spawning under aseptic circumstances 

(in laminar boxes). In order to achieve uniform spawn run, the spawn should be mixed into the substrate thoroughly. Another but not as 

common technique is to spawn the pasteurized or sterilized material pervious to filling. 

Depending on the rate of the spawn and substrate temperature, spawn run is completed in 10-18 days in clean rooms, on shelves. Since this 

species need a higher amount of oxygen for fruitbody formation, the bags and bottles have to be opened as soon as the spawn run is finished. 

At the same time, both the ambient and substrate temperatures have to be lowered. In order to prevent the substrate to dry, the humidity 

should be kept on a high level. In case of reishi, no casing or irrigation is necessary. The water content of the substrate should be enough for 

the first flush. The forming of primordia is slower than in case of other species. 



   

Antler or horn shaped fruitbodies in intensive development stage 

According to some authors it is terminated in pinhead stage, whether the fruitbodies are going to be antler/horn or kidney shaped. Higher 

CO2 level is in favor of antler shaped, while lower CO2 result in kidney shaped mushrooms. 

   

Elongated fruitbodies due to dark and high CO2 level 

Besides CO2, genetic background affects the morphology of the fruitbodies as well. In the nature, only kidney shaped mushrooms can be 

found. 

Recommended ambient parameters for growing G. lucidum 

  
Substrate 

temperature (°C) 

Humidity (%) Duration (days) CO2 (ppm) 

Spawn run 30 90-95 10-18 <50.000 

Pinning 20-25 85-95 14-28 2.000-20.000 

Fruiting 20-22 80-85 30-150 <2.000 

Following crop initiation, it could take months for the fruitbodies to develop. Although high humidity is not a basic requirement in this stage, 

it definitely affects the quality of the product. Since this mushroom needs light, lamps are necessary. 

In Far East Ganoderma farms, bottles and bags are laid on top of each other, forming high and tens of meters long walls. This case the 

fruitbodies appear at the opening of the bags and bottles. 

Intensive Ganoderma production in wall-like system 

Mushrooms are picked when they are completely developed and stopped growing. The sing of this stage is the darkening of the originally 

white zone at the margin of the cap. The fruitbodies are carefully but firmly twisted and removed from the surface of the substrate. No 

additional drying is necessary, since the fruitbodies contain a very low level of water. Although many growers have 2-3 flushes, in Hungary 



it is rare. Following the first flush, a soaking of the substrate in water helps improving the moisture level, but it also increases the risk of a 

Trichoderma infection. Irrigating the substrate during cropping might be a safer solution. The yield varies between an average 10-20 kg on 

100 kg substrate. It might seem low, but the fact, that reishi fruitbodies contain much less water than button or oyster mushrooms, has also 

needed to be taken into account. 

Monkey head mushroom 

Latin: Hericium erinaceus (Bull.) Pers. 

Current taxonomic lineage: 

 order: Russulales 

 family: Hericiaceae 

 genus: Hericium 

Hericium is a parasite-saprophyte species. It is not very common and is endangered. The fruitbody is white or yellowish and hollowed. The 

surface is covered by 2-5 cm long spikes hanging down, after which the species got its name. The mature fruitbody is 10-30 cm in diameter. 

The flesh of the juvenile fruitbody is white, soft and a bit fibrous, but the overmatured mushrooms become yellowish and tough. The odor 

and taste of the species are not too characteristic. 

It is collected in the Far East, but – due to the well developed and relatively easy technology – it is cultivated as well. In Middle Europe it 

grows from September until November in the nature in the mountainous regions. Hericium is a parasite-saprophyte fungus: it can be found 

mainly on dead or living, but weakened oak, beech and hornbeam. After the tree is completely damaged, the mushroom continues to live on 

the decaying material as a saprophyte. As a white-rot mushroom, it can degrade the cellulose, hemicellulose and lignin found in the wood. 

Medicinal properties 

Traditionally it is used for abdominal and bowel problems. Some descriptions mention anticancer and immunmodulant effects as well. 

Hericeone and erinacine are the two aromatic molecules responsible for the antibacterial and nematocide properties of the fungus. Fresh 

fruitbodies can rarely be found on the European markets. Capsules are available and used in China and in Far East. 

Cultivation 

Some strains of Hericium forms fruitbodies even on petri dishes filled with substrate. These strains are more likely to perform better in vitro, 

in cultivation. The productivity is lower in case of those strains that develop more aerial hyphae. On the Far East Hericium is cultivated 

extensively on trunks in larger scale. In Hungary, the extensive technology is not recommended. The substrate has to be pasteurized or 

sterilized. The sawdust of beech, hornbeam or oak, along with ground wheat straw are ideal substrates, while pine, willow and locust cannot 

be used. Colonization of pure sawdust substrates is slow, it can even take months, that is why some kind of supplementation is necessary. 

Grits, cornmeal, or grains can be used for this purpose in 5-15% (dry weight). Another solution is to add more spawn to the substrate, which 

case the grain (colonized by the mycelium) will act like a supplement. The moisture content of the material than has to be adjusted to 60-

70%. The optimal pH is 6. 

The substrate is then filled into bags or bottles (each containing 1-3 kg), which are then sealed and sterilized in autoclave. After the substrate 

cooled, under sterile conditions spawn (grain or sawdust) is added and mixed thoroughly, than the bags or bottles are closed. The optimal 

temperature for colonization is 25˚C. The process is completed within 3 weeks in a clean, air-conditioned room. Each bottle and bag has 

filters on them, which allows gas exchange, so the developing mycelium can get fresh air without losing moisture. 

Recommended ambient conditions of monkey head mushroom 

  
Substrate 

temperature (°C) 

Humidity (%) Duration (days) CO2 (ppm) 

Spawn run 22-26 70-90 12-20 5.000-40.000 

Pinning 10-16 90-95 5-7 500-700 

Fruiting 18-24 90-95 5-10 500-1.000 

The color of the colonized mixture becomes lighter, but unlike in case of shiitake, where the substrate gets harder, the structure of the 

Hericium substrate does not change. The next step is to cool the mixture down and to open the caps or seals of the bottles or to perforate the 

bags. Due to temperature change the fruitbodies start to form within a few days. Hericium fruitbodies need light during development. 



 

Cellar Hericium cultivation in plastic bags in Budafok, Hungary 

The primordia are similar to cauliflowers and can be picked within a week. On 20˚C the fruitbodies develop optimally, but on 25˚C they 

become yellowish and might be dry, which results in a lower quality. 

 

Ready to pick fruitbodies on plastic bags, placed in a glasshouse 

The spikes are visible and white on good quality fruitbodies. The mushroom quickly overmatures and turns yellowish. The mushrooms 

(formed either in the opening of a bottle or on a perforation of a bag) are carefully separated from the substrate, then they are packed and sold 

fresh or dried. Every residue has to be removed from the bags and bottles in order to prevent secondary infections. Some producers soak the 

substrate after the first flush, while others just leave it to rest before the second flush. The yield is 20-50% of the weight of the fresh, 

supplemented substrate. 

Check your knowledge! 

1. Which materials are recommended for shaggy mane cultivation? 

2. What are the medicinal properties of the almond mushroom? 

3. What types of fruitbodies does reishi have? 

4. What are the ingredients of the nameko substrate? 

5. What are the recommended temperatures in shaggy mane cultivation? 
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Mycorrhizal fungi  

Author: András Geösel 

Mycorrhiza is a symbiotic association between two organisms: fungi and plants. Mycorrhizal associations between the mycelia and the root 

of the plants are generally mutual. The two types of mycorrhizas: endo- and ectomycorrhiza. From the mushroom industry and mushroom 

consumption point of view, ectomycorrhizas are more important. The association between fungi and plants was first discovered in the XIX. 

century and by now it became one of the most significant research field of mycology. These connections are so common in the nature that 

nowadays a plant without a fungi partner is considered to be a peculiarity. 

Fungi partners can either be sac fungi (Ascomycota) or basidiomycota species, many of them are valuable edible mushrooms. Some species 

of the Basidiomycota division (Boletus spp., Xerocomus spp., Leccinium spp., Suillus spp. and the chanterelle – Cantharellus cibarius) are 

highly symbiotic, which means that, unlike button mushrooms or oysters, we are yet unable to cultivate these species. The highest amount of 

information and practical experience is available in case of truffles. Truffles are hypogeic ascomycetes fungi. They are ectomycorrhizas and 

associate with pine trees and other (mainly woody) plants. Because of their characteristic flavor, aroma and odor, truffles have been 

important elements of gastronomy for centuries. As they are sold on a very high price on the market, average consumers usually cannot even 

afford these unique fungi. 

Arbuscular mycorrhiza formation 

Mycorrhiza research resulted in important, practical information. Forestry trees planted with mycorrhizal fungi on their roots are more likely 

to survive and develop dynamically. These forests are more drought resistant and tolerate soils with lower nutrient content. More and more 

mycorrhizal trees are used all over the world. Most of them are inoculated with truffles. 

Mycorrhizal association 

Mycorrhiza-like formations were found on fossils originating from the Devonian period. According to a group of scientists, mycorrhizal 

associations made possible that the first plants could colonize land. This special type of connection between plants and fungi proved to be 

persistent throughout evolution. By the help of the symbiotic association, the “world wide web” evolved: all woody plants of the vegetation 

are connected by the hyphae of mycorrhizal fungi. Throughout this connection, trees are able to exchange nutrients. 

Plant-fungi nutrient and water exchange 

There are two types of mycorrhizas: the vesicular-arbuscular mycorrhiza (VAM) and the ectomycorrhiza (EcM). 

The vesicular-arbuscular mycorrhiza (VAM) 
The vesicular-arbuscular mycorrhiza is an endomycorrhizal association, which means that the hyphae enter into the plant cell and grow 

intracellularly. This type of mycorrhiza produces structures that are either balloon-like (vesicles) or dichotomously branching invaginations 

(arbuscules). The fungal hyphae do not in fact penetrate the protoplast (i.e. the interior of the cell), but invaginate the cell membrane. The 

structure of the arbuscules greatly increases the contact surface area between the hyphae and the cell cytoplasm to facilitate the transfer of 

nutrients between them. 

VAM symbiosis developed prior to ectomycorrhizal associations, and it can be found in 80-90% of the plant families. The fungi that form 

VAM are typically hypogeic species, they usually do not have any fruitbodies and they belong to a few families. Horticultural companies use 

VAM forming Glomus species to produce soil conditioning formulas. These products improve soil life by facilitating nutrient transport, thus 

boosting yields of horticultural crops. 



 

Top half: root without mycorrhiza. Bottom half, left: ectomycorrhizal association. Bottom half, right: endomycorrhizal association 

http://permitools.wikispaces.com/file/view/mystery+mycorrhizae+and+plants.pdf 

Ectomycorrhiza 
Ectomycorrhizas, or EcM, are typically formed between the roots of woody plants and fungi belonging to the phyla Basidiomycota and 

Ascomycota. Unlike in case of VAM, the hyphae of EcM do not penetrate the plant cell. It only forms a so called “Hartig net” intracellularly. 

This is the active surface of the ectomycorrhizal system and this is where transport processes take place. The dense net of ectomycorrhizas 

covers the root tip like a cape. In some cases hyphae form root-like rhizomorphas. The color and structure of the ectomycorrhiza covering the 

root are important information for taxonomical classification. The mycelium of the ectomycorrhizal fungi usually inoculates 10-15 cm soil 

around the root. The exoenzymes and acids produced by the mycelia degrade nutrients, and then the hyphae utilize the macro- and 

microelements, which are transported to the surface where mineral exchange takes place. 

 

Ectomycorrhized root tip and the mycelia around it 

Mycorrhizal association could break if the plant suffers some kind of a stress (drought, herbicide, high temperature etc.), this case the vital 

hyphae of the fungi withdraws. Extreme nitrate and phosphorous level could also result in the same effect. Lifecycle of the EcM fungi is 

mainly haploid. 

The lifecycle of Tuber magnatum is shown as an example. The ascus (1) forms in the mature fruitbody (modified apothecium) (6), which 

could take years to develop. The ascospores sprout (2), this primer mycelia colonize the root tip and form the ectomycorrhiza (3). Since 

numerous fungi have mycorrhiza, these formations can be found inside the plant. Mycelia of the mycorrhiza and of the intracellular space 

grow into the soil (4), and – through a less-known sexual process (probably ascogamy) – dicaryotic hyphae are formed. At the end of the 

reproductive process, the heterokaryotic hyphae (which produce spores) are surrounded by vegetative heterokaryotic hyphae. The mature 

fruitbodies (ascocarp) develop from the ascus and the sterile hyphae. 

 



The lifecycle of Tuber magnatum 

The mycelia colonize the soil during the spring period. In case of T. melanosporum, the primordia forms in May and June, but the truffles 

themselves only develop in August. Due to the intense growth of the fruitbody, cracks appear on the soil surface. The truffles mature by 

winter. As the lifecycle shows, EcM fungi have an independent lifestyle phase besides the symbiotic phase. As saprophytism is not really an 

option for EcM fungi, these species do not, or only moderately grow in sterile cultures (e. g. tissue cultures). The ratio of the independent 

phase depends on the species. 

Fungi, like T. melanosporum, are obligatory associates of plants, since they cannot synthesize certain enzymes, and they need nutrients from 

the partner. Because of this characteristic of mycorrhizal fungi (the fact that they need plant associates to form fruitbodies), we are not able to 

cultivate them with intensive technology. The common grain-based spawn cannot be used in case of mycorrhizal fungi, thus some other kind 

of propagation is needed. 

The succession of the mycorrhizal fungal community of forests is similar to that of any plants. Young and old woods and those with different 

kind of trees do not have the same fungal species. Inoculation of woody associates with fungi species more typical in young forests (e. g. 

truffles) had better results, than those cases, when fungi associates of older forests (e. g. boletus or Caesar's mushroom) were used for 

inoculation and the fungi quickly disappeared from the roots of the trees. Another problem is that the spores of certain species can stay 

dormant for many years or even for decades. 

Biology of truffles 

The fruitbody of truffles (ascocarp) have spores inside them. Species are differentiated for example by the color and the pattern of their 

surface. According to some experts, the intense odor of truffles is caused by the decaying bacteria under the outer layer (peridium) of the 

fruitbody. The mycorrhizal association does not only affect the tree partner itself, but also other plants around it: in many cases, plants 

around the colonized trees almost completely disappear: the area appears burnt (truffle burn). It is not yet clear, what causes this 

phenomenon. One theory is that the mycelium parasites the surrounding plants or it produces some kind of molecules with herbicide effect. 

Another explanation is that the mycelium-plant root complex absorbs most of the water and nutrients from the soil, this way other 

(competitor) species cannot survive. 

Various biological and ecological factors affect the appearance of the first fruitbodies, but it usually concurs with the first fruiting of the 

mycorrhizal tree. The fruitbodies are then ready to pick in 2-3 years after the truffle burn appears. The truffles can be collected for decades 

(or even until the tree dies), if the environment is optimal for the tree associate (e. g. soil type, moisture content, pH, pests, herbicides, 

fungicides etc). Generally, EcM fungi have a positive effect on the vitality of their tree associates in the early stage of the symbiosis (after 

planting), as the water and nutrient absorption is more intense in case of mycorrhizal trees than those without fungal partners. Due to certain 

research data, in some cases, this positive effect on vitality cannot be observed. Later on, the fungi could switch to saprotrophic life cycle and 

they could start degrading old or dead tree roots. 

The most important indigenous species of the Carpathian Basin 

In the following chapter, those (potentially valuable) truffle species are presented, which have already been included in Hungarian researches 

with practical results. Summer, winter and sweet truffles are quite common in Hungary. 6-7 thousand tons are picked each year. The smooth 

black truffle is also presented below, although it has lower gastronomical value and is not as important from the cultivation point of view as 

other truffles. 

Summer (burgundy) truffle – Tuber aestivum Vittad. (= Tuber unicantum 

Chat.) 
Although they were considered to be distinctive, molecular analysis proved that summer and burgundy truffles are the same species. The 

differences in odor, taste or spore shape are due to environmental factors. Summer truffles are collected from May to August, while 

burgundy truffles are picked in October and November. 



 

Summer truffle is common all throughout Europe, except for areas with heavy and frequent rains, heavy soils and neutral pH. The size of the 

fruitbodies varies between 2 and 9 cm, but a 1 kg sized truffle has also been found. Lighter (sandy) soils result in round truffles, while 

elsewhere amorphous, brown or black fruitbodies with scales form. The scales are polygonal, with a sunken part in the middle. The odor of 

the ripen truffles are similar to that of cooked corn. Summer truffles have a number of host plants, for example: oak (Quercus), nut 

(Coryllus), hornbeam (Carpinus) or beech (Fagus), but they can also associate with pines, poplars and chestnut. 

Winter truffle / Black winter truffle – Tuber brumale Vittad. 
The distribution and of T. melanosporum and T. brumale are similar. Although winter truffle prefers heavier, nutrient rich soils with low lime 

content, it can tolerate less optimal environments as well. The host plants are also the same in case of the two species. 

 

The fruitbody is round or amorphous. The black (or sometimes brownish-red) scales are 1-3 mm in diameter and they can easily be removed 

by washing. The flesh is white or grayish. The mature truffle has a strong, distinctive odor similar to that of muscatel wine. In Hungary, 

winter truffles are picked from October until March. Since it easily associates with the host plants, using this species for inoculating young 

plantations is quite cost effective. In Hungary, winter truffle plantations have established with nut and oak associates. 

White desert truffle / Sweet truffle / Sand truffle – Mattirolomyces 

terfezioides /Mattir./ E. Fischer 
White desert truffle is found in the sandy areas of the Carpathian Basin, where the lime content is lower but the soil is nutrient rich. In 

Hungary, it can be picked from August till November. The white-grayish fruitbody is round, 1-12 cm in size, with a usually smooth or 

sometimes cracked surface. The flesh is light colored, pinkish with fine white lines. Raw white desert truffle is poisonous, but after heat 

treatment (for example cooking) it becomes edible. Due to the sweet taste, it can be used as an ingredient of desserts. 

Garlic truffle / Smooth black truffle – Tuber macrosporum Vitt. 

This truffle species is quite common in most parts of Europe, except for the Mediterranean region. It prefers forests with higher moisture 

level. The truffle can be picked from September till January. In Hungary this species can be found mainly in the northern mountainous 

regions, but it also grows in certain (mostly southern) parts of the Great Plain. The fruitbodies are usually walnut-sized and the color is dark 

brownish or black. The surface of the truffle is covered by warts. The grayish-brown flesh is tough. Garlic truffles have lower culinary value, 



because of the slight garlic smell of the fruitbody. Besides, even the younger truffles are firm. This species is not as important from the 

cultivation point of view. 

Besides the above mentioned species growing in Hungary, there are other truffles that can be found on the market and are included in 

cultivation experiments and research in Europe. For example the white truffle (Tuber magnatum Vittad.) is one of the most valuable and 

expensive truffles, which can be found in the forests of the Istria peninsula. Great attempts have been made to find a successful cultivation 

technique for this species, but so far the plantations have very low (if any) yields. 

The black or Périgord truffle (Tuber melanosporum Vittad.) is found in the Mediterranean regions of Europe. It has a strong, characteristic 

aroma, which is not favorable for all consumers, besides it is slightly bitter and has a long aftertaste. Both the cultivated and collected truffles 

are sold on a high price on the world market under the name black truffle. The cultivation of this species dates back to almost two centuries, 

which explains why have black truffles been planted in the largest scale and why is it the most well-known amongst truffles. Since the 

mycelia of black truffles can easily be damaged by low temperatures, in Central-Eastern Europe, the cultivation has a higher risk due to cold 

winters. 

The whitish truffle (Tuber borchii Vittad.) is a tolerant species with white peridium. It is popular especially in Italy, which is why the first 

plantation was established here. The young fruitbodies taste very good; both the odor and the aroma resemble garlic. It forms mycorrhizal 

association in an early stage, thus it can be cultivated successfully in plantations. 

Cultivation of mycorrhizal fungi 

The cultivation technologies of various truffle species are slightly different. It is quite common for species of the same genus to have 

different needs regarding substrate and ambient conditions for cultivation. The specific and detailed growing technologies of truffles are 

available in many sources, thus this chapter contains only the basic steps and information on how to establish a plantation. 

Truffle growing has a great tradition in France. J. Talon planted the acorns of truffle “producing” oaks in areas where truffles were found, 

then removed the seedlings, which after a couple of years started to “produce” truffles. This method spread quickly, but nowadays it is 

considered more of a traditional, but not a very modern technology. 

By using more intensive technologies, the plantation yields earlier, but at the same time other mycorrhizal species could appear, with which 

for example the black truffles cannot compete. That is why various factors (e. g. species, plant partner, soil type, area of production) have to 

be taken into consideration when developing a cultivation technology for a truffle species. 

Preparation of the production area  
The soil of the production area should contain a low number of EcM or species with poor competitive ability. Assessment of the flora of the 

area and molecular biology methods also aids evaluation and identification of mycorrhizal fungi present in the soil, which is crucially 

important information in planning. In order to prevent EcM contamination, areas with mycorrhizal plants should be avoided. Meadows, 

grasses, vines and fruit trees are generally arbuscular mycorrhizal associates. The presence of Acer, Fraxinus and Juglans species and 

members of the Rosaceae family do not influence mycorrhizal fungi composition of a production area. Planting young trees to replace older 

ones is not recommended due to the high number of mycorrhizal (and potentially competitive) species, which can be lowered by 3-5 years of 

intensive cultivation. 

The previously intensively cultivated areas with high nutrient (especially nitrogen and potassium) and organic matter content are not 

sufficient for mycorrhizal fungi. Different truffle species need various water amounts. Those species that require higher water content is the 

soil, should be grown in cool valleys or along rivers. Swampy or too dry areas with low humus content are not recommended for establishing 

plantations. Summer truffles prefer harder soils or those with higher lime and humus level, but at the same time lower phosphor and 

potassium content. 

In case of nutrient rich soils, lower yields can be expected, if fruitbodies even form. Active soil life contributes to the successful 

establishment of a new plantation, thus any kind of soil preparation should be done with special care. 

Preparation of seedlings 
The quality of the inoculated seedlings is a crucial point. New cultivation technologies and developments made significantly higher yields 

possible. The centers of truffle research in Europe are France and Italy. Due to practical experience, they could provide us with most of the 

modern technologies and a number of new developments. The first inoculated truffle seedling was produced in France, by INRA (Institut 

National de la Recherche Agronomique), in 1970. A few years later both their black and summer truffle plantations started producing 

truffles. 

Until now, three main types of inoculated seedlings were used: 

 the seedlings are planted in plots in the originally truffle producing area, where the soil was sterilized and re-inoculated, 

 the seedling are grown in Melfert-pots filled with artificial substrate, 

 the seedlings are planted in special containers, which prohibit the spiraling of roots. 

  



Preparing seedlings for inoculation starts with the sowing of the seeds or planting of the vegetative plant parts. Using treated seeds have the 

advantage of being completely EcM free. Another (and cheaper) method is to sow nuts or acorns, which have been soaked into a suspension 

containing truffle spores. This case mycorrhiza formation is unsure and the process is not really predictable. 

At the beginning, clones of the trees or micropropagated seedlings were used. The high costs and long acclimatization period are the 

disadvantages of this method, but it is also true that these kinds of plants are completely free from infections. Researchers are continuing to 

use these seedlings, but only for the purposes of experiments and not for cultivation. 

For starting intensive plantations, certified seedlings planted in containers should be used. Using those types of seedlings, which do not have 

any soil or contained covering or protecting their roots, is not recommended, due to risk of contamination or the likely loss of mycorrhiza. 

Inoculated seedlings are produced by specialized companies with well equipped glass houses or modern plastic houses. The substrate used 

for filling the containers is often a mixture of soil from a truffle producing area and perlite or sand. Mycorrhized seedling producers use other 

peat or perlite based soil mixtures, containing for example vermiculite or gypsum, but the recipes and ingredients are kept secret for obvious 

reasons. The substrate is sterilized entirely or partially to eliminate contaminating fungi. 

The seedlings can be mycorrhized / inoculated by various methods: 

 the seeds can be soaked in spore suspension, 

 dried and ground truffles or spores can be mixed into the substrate, 

 the seedling can be irrigated by spores mixed into water, 

 the roots of the seedlings can be dipped into spore suspension, 

 the micropropagated seedlings can be inoculated by vegetative mycelia. 

For the purposes of making spore suspension, the fruitbodies are first picked, examined (to check the species), then their surfaces are 

cleaned. The truffles are often cut in half in order to be able to find any sign of contamination, to aid identification of the species and to make 

sure that the spores are mature. To prevent secondary infestation, any pieces that are damaged by insects are removed and not used for 

making the spore suspension. The selected and cleaned truffles are than ground in sterile water. The suspension works properly only if the 

seedlings are carefully isolated. The purpose of isolation (e. g. placing the seedlings on tables or stands and not on the ground) is to keep 

EcM fungi away, which could contaminate the seedlings and interfere with the establishment of the mycorrhizal association. 

Mycorrhization is completed within 5-6 months under optimal ambient conditions. Excessive watering and fertilization should be avoided. In 

Hungary, the quality control and certification of mycorrhized seedlings is done by NFCSO (National Food Chain Safety Office). During their 

evaluation, not only the presence and the amount of the mycorrhizal partner on the root of the seedling are checked, but the general condition 

of the plant is examined as well. 

Establishing a new plantation 
For mycorrhization, those truffle species should be used that already grow in the area, which means that the partners are more likely to be fit 

into the ecological system of the land. In Hungary, oak, hazelnut, beech and hornbeam are the most adequate and therefore the most 

commonly used species. Usually 800-2000 certified seedlings are planted on 1 hectare. The higher number is used in case of summer truffles, 

which form fruitbodies if the canopies of the trees become closed. A lower number of seedlings is sufficient is the plantation is irrigated. 

The trees are planted traditionally in the autumn or early spring. In order to avoid loss of the mycorrhizal fungi on the roots, the trees are 

irrigated with special care after they are placed into the ground. For further protection, the seedlings are surrounded by fences one-by-one to 

keep wild animals away. 

In the first couple years, the focus has to be put on preserving the condition of the young trees and aiding root development. Irrigation should 

be done frequently but in smaller amounts. The soil should be loosened around the trees and weeds have to be removed either manually or by 

using herbicides. Fungicides are to be avoided, or only certain contact plant protection products should be used. The pruning of the trees 

should be done in a way it is optimal for the truffle species. 

Under optimal conditions, the plantation could produce fruitbodies in the 3rd-4th year, but it is more likely to get the first truffles 8-10 years 

after planting the mycorrhized trees. The truffles are found by specially trained dogs. Picking a truffle has to be done carefully. Only the fully 

mature fruitbodies can be collected and after the truffles are removed, the remaining holes in the ground should be covered over. 



 

Certification of truffle hunter dogs 

Depending on the species, truffles can be stored fresh, dried or frozen. Creams, desserts and other foods containing truffles are premium 

products. Recipes of the different truffle specialties can be found in numerous books and other sources. Results of different European truffle 

researches have already been brought into effect in Hungary. Multi-centralized Hungarian research projects also contribute to the extension 

of truffle production. High quality mycorrhized seedlings are produced by Hungarian companies as well. Following careful planning, these 

trees can successfully be used for establishing new plantations. The formerly intensively cultivated areas are suitable for afforestation. This 

type of utilization of agricultural lands could aid revenue production of the countryside. 

Check your knowledge!  

1. Describe the lifecycle of Tuber magnatum! 

2. Which are the most important truffle species of Central Europe? 

3. What are the main aspects of establishing a new plantation? 

4. What are the differences between VAM and EcM associations? 

5. Give a short description of picking truffles! 
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Picking and packing of cultivated mushrooms, mushroom products  

Authors: Júlia Győrfi, András Geösel 

Picking of button mushrooms 

Cultivated mushrooms contain 90-92% water and they do not have any evaporation regulating systems like for example plants. Ensuring that 

cultivated mushrooms get to the consumers in high quality starts at picking and assorting. Since mushrooms are very sensitive, delicate 

products, they have to be handled carefully, and should only be touched once during picking.    

           

Picking of button mushrooms. Removing the base of the stem 

Anywhere a fruitbody is touched, a brownish spot appears 1-2 days later. Pickers (who in Central Europe are mostly women) need training to 

learn how to handle mushroom with the most possible care, since the quality of picking could determine the quality of the final product. One 

type of damage is caused if the mushrooms are squeezed or touched more than once, the other type is when by removing the fruitbody, 

pickers damage the young, still developing mushroom initials, which then die. 

 

Secondary infestation of fruitbody initials damaged during previous picking 

Mushrooms are picked, assorted and packed in one step, at the same time to minimize handling. The mushrooms are either placed into plastic 

boxes of different sizes following assorting by size, or they are put into bigger paper containers without classification. Depending on 

preference, the boxes or containers can hold mushroom between 100 and 500 g. In order to shorten the process, pickers usually pick only one 

size (one category), this way assortment do not take any extra time. 



 

  

Picking in a Dutch type mushroom house. The different types of boxes and containers available for traders 

Picking is generally done manually, although there are special machines available. These machines are used only in Dutch type houses, 

where “uniform” mushrooms can be grown, and the difference in fruitbody maturity of the same flush is only minimal. For manual picking 

producers prefer longer flushes. Spawn producers provide special strains for machine picking, which have longer and tougher stems. A 

higher than optimal CO2 level further aids longer stems to form. 

Button mushroom picking machine 

The quality of mushrooms deteriorates quickly. Besides picking, the way of packing and transportation also influence how long the product 

can be stored and kept fresh. An unbroken cold chain has high costs, but is essential in mushroom production. 

Mushrooms cannot be kept together with any kind of vegetables or fruits in the same cold store; neither should they be shipped together in 

refrigerator vehicles. The reason for that is the fact that sensory characteristics of mushrooms alter after they were stored together with e. g. 

onions, pears or apples, while the storability shortens as well in case of mushrooms. 

Quality grades of button mushrooms 

There are certain quality standards of button mushrooms in Hungary and in the EU. These standards have to be applied for each type (cream 

or white) of button mushrooms sold fresh on the market. For food industrial purposes (canning, drying or cold storage) other regulations are 

in force. 

In most cases, with special knifes pickers cut the base of the stem (which is contaminated by casing soil residues) during picking. There are 

mushrooms available on the market (e.g. in France and Spain) which are not cut, and still have the full stem with the casing residues on them, 

but it is not a common product. For 25 years, only cut and clean mushrooms can get to the consumers in Hungary. 

The cut ends have to be smooth and perpendicular to the stem. 

Fresh button mushrooms are marketed in the following developmental stages: 

 closed cap – the cap is completely closed, the gills are not visible 

 slightly opened cap – the cap is thinner, but a veil is still visible between the cap and the stem 

 partially opened cap – the cap is opened, but its edge is still curved downwards 

 opened cap – the cap is completely opened and straight 

  

In each stage, the regulations and quality standards are the same. The mushrooms have to be: 

 healthy – no sign of infections, the cut surface of the stem is not brown; 

 clean – no contamination (with the exception of casing soil residues) or foreign matter; 

 fresh looking – especially in case of open cap fruitbodies the gills have to have a color typical for the strain 

 free of pests and pathogens; 

 dry; 

 free of foreign tastes and odor. 

There are three quality grades of fresh button mushrooms in the EU: Extra, 1st class and 2nd class. The categories differ in color, shape and 

cleanliness. For example: the presence of casing soil residues or watery stem is only accepted in case of 2nd class mushrooms. 



          

“Extra” button mushrooms packed in paper boxes and 2nd class mushrooms in plastic boxes 

Categorizing by size is done by measuring the cap diameter. The smallest category in case of closed, slightly and partially opened caps is 15 

mm, while opened cap mushrooms (grill mushrooms) have to be at least 20 mm, although practice shows that 2 cm opened cap mushrooms 

can neither be produced nor marketed. It is more common to grow muck bigger, 10 cm in diameter grill mushrooms. 

Size categories of closed, slightly and partially opened cap mushrooms 

Cap diameter 

Maximal length of stalk 

Size Category 

small 15-45 mm 

Half of the cap‟s diameter medium 30-65 mm 

large above 50 mm 

Size categories of closed cap mushrooms 

Cap diameter 

Maximal length of stalk 

Size Category 

small 20-55 mm 

2/3 part of the cap‟s diameter 

large above 50 mm 

Each box or tray has to contain uniform products: mushrooms of the same color, developmental stage, condition, quality and size. The 

packages have to contain the same amount (weight) of mushrooms. Cream type and white button mushrooms can be mixed and put together 

in the same box, but only if their quality is the same. Fruitbodies on the top have to be in the same condition as those on the bottom of the 

pack (and therefore not visible until the pack is opened and all the mushrooms are taken out). 

The package should provide proper protection for the mushrooms. Each material that comes into contact with the product should be new, 

clean and should not alter the quality of the mushrooms. Using stamps or stickers on the packs are allowed, but only if the ink and glue do 

not contain any harmful ingredients. 

The following data have to be shown on each pack and container: 

 the name of the product; 

 the name of the trader and packer; 

 place of origin; 

 expiry date. 



The picked mushroom has to get into cold storage within 3-4 hours. Cooling and packing are one of the most significant expenditures in case 

of fresh mushroom production. The temperature of mushrooms that get out of the growing room after picking is around 16-18˚C, which has 

to be lowered to +2˚C in 20-80 minutes. Since the fruitbodies do not have any evaporation system, cooling has to be done with special 

attention to optimal relative humidity. In order to prevent water (and weight) loss in the mushrooms, the recommended humidity level is 

94%. First the freshly picked mushrooms are cooled down to 8˚C in 15-20 minutes, which followed by further cooling to +2˚C, what the 

optimal storage temperature is. The mushrooms are kept in the main cold store on +2˚C, in 92% relative humidity until packing is done. 

In the packing area, mushrooms are placed into boxes or trays, weighed, then wrapped. The smaller boxes are then put into containers. 

Special packs or baskets of mixed mushrooms (cream type and white button mushrooms, oysters or shiitake are put together in a box with a 

bit of parsley for decoration) are also prepared. 

The ambient conditions in the packing area are regulated as well. The air temperature is 10-12˚C and the relative humidity is 55-60%. Any 

other values would result in condensate forming inside the polyethylene used for wrapping, which could cause bacterial infections 

(Pseudomonas tolasii) on the surface of the mushrooms in 2-3 days. The containers are then loaded into refrigerated vehicles. The cooling 

chain should never brake, or else the products warms up and condensate forms. 

Packing button mushrooms in small scale: weighing, equalizing, quality check, packing, wrapping and labeling 

Packing button mushrooms in large scale 

For quality control, the temperature is monitored, adjusted and recorded in the refrigerated vehicles during the entire transportation period. In 

case of a well-organized system, the fresh product should get to the consumer within 24 hours, and then it can be cold stored for 6-7 days. 

Quality regulations of fresh oyster mushrooms 

Oyster mushrooms are picked manually. After removing the mushroom from the bags, pickers cut the base of the fruitbodies, which is 

contaminated with substrate residues. Oysters are picked before they become fully matured, thus they can be kept in a better quality. Another 

reason for not waiting until the mushrooms mature is that cultivated hybrid oysters produce excessive amount of spores, which cause allergic 

reactions. By using “Spoppo”, which is an oyster strain with a low spore count, this problem can be avoided. 

Quality standards of oyster mushrooms: 

 the cap should have a color typical of the strain, 

 the edge of the cap have to tilt slightly downwards, it should not be cracked and should not contain any spore residues on the 

surface, 

 there cannot be any signs of bacterial infections or damage caused by pests on the fruitbodies, 

 the mushrooms should not be contaminated by any kind of foreign matters, straw residues, soil or dust. 

Quality grades and packing 

Oyster fruitbodies are sold either together or separated. 

Whole fruitbodies should have: 

 almost all of the stem, which holds the fruitbodies together, 

 caps with an average at least 4 cm in diameter (but some can be smaller or bigger), 

 stems that are not too long. 



 

Whole oyster mushrooms in plastic container for inland markets 

The individual fruitbodies can also be separated and sold sorted by size (diameter). This case the stem is cut shorter and same sized caps are 

placed together in paper or plastic boxes or on trays. 

Individual fruitbodies should: 

 have stems no longer than 1-3 cm, 

 be placed with same sized (from 5 to 10 cm) caps together. 

 

Individual oyster caps packed in paper box 

The stems that were removed during the process are sold for making soup mixes. This latter type of oyster has higher price, since they are 

kitchen ready and do not require additional cleaning (with the exception of washing). The costs of picking, packing and storing are the same 

as presented in case of button mushrooms. 

Quality regulations of shiitake 

Shiitake fruitbodies have to be picked before the edge of the cap straightens. Similar to button mushrooms, shiitake is removed from the 

substrate block by a gentle twist, and then the base of the stem is cut by a sharp knife. First grade shiitake have 60-80 cm caps maximum, 

while the stem is not longer than 20 mm. Each type of packing (box or tray) should contain mushrooms in the same size. Shiitake can be 



stored longer than button or oyster mushrooms and they tolerate transportation better. Dried shiitake is exported into Europe and other parts 

of the world from the Far East. Fresh shiitake is produced then sold locally. 

 

Fresh shiitake mushrooms placed in a plastic box 

Processed mushroom products 

Not only the fresh, but the different types of processed mushroom products are popular amongst consumers as well. One of the products sold 

in the highest amount are sliced mushrooms. 

 

Mushroom slicing machine 

The mushrooms are washed, sliced and packed by a special machine. Strict regulations are in effect, since producing sliced mushrooms is a 

type of food production. Nowadays slicing machines are used in Hungary as well, as selling these kinds of products also contribute to the 

extension of the market. (Another solution is to provide products with value added – so called functional foods –, such as vitamin D enriched 

mushrooms.) 



Preservation 
As mentioned earlier, mushrooms are sensitive products and cannot be stored for longer than one week. Mushrooms are no longer just 

seasonal products (like most vegetables and fruits), but can be bought any time of the year. Although fresh mushrooms are available, canned 

or preserved products have their fair share from the market at all time. Not only hotels, restaurants and caterers need canned mushrooms, but 

average consumers as well. 

 

Preserved mushroom in a 10 kg bag 

The main mushrooms preservation methods are the following: 

 freezing 

 canning 

 drying. 

Mushrooms are often dried and sold whole, sliced or chopped, and even powdered. Powdered mushroom are ingredients of soup mixes, pates 

and creams or sold as spice (e. g. boletus). One (quite expensive) way of drying mushroom is lyophilization. Lyophilized mushrooms keep 

their original color, odor and taste better than those that have been dried by traditional methods. 

Mushrooms can be preserved by pickling, salting, lactic fermentation and marination. Traditional methods include preservation in fat and by 

smoking. The latter adds a characteristic taste to the product and because of the loose structure of the mushroom smoking process does not 

take long time to complete. Frozen mushroom products are also popular amongst consumers. Depending on the preparation processes prior to 

freezing (slicing, chopping, spicing etc.), these types of products are mostly kitchen ready. Another direction of mushroom preservation is to 

use them as special ingredient to products which normally do not contain mushrooms. Mushroom flavored chocolates, coffees and vinegar 

can be bought in the shops of bigger supermarket chains. 

Mushroom based medicinal products have to be mentioned here as well. Many types of pills, powders or extracts of various medicinal 

mushrooms are available all around the world. Since experiments proved the positive effects on dermatological problems (sunburn, burn, 

aging), mushrooms are used in creams and other cosmetic products. Mushrooms are not only consumed, but they are also used for decorative 

purposes (Ganoderma species in floral arrangements) and as materials of clothes or hats (popular in Mid-Europe and Transylvania). 

Due to various ways to preserve mushrooms, both wild grown and cultivated mushrooms are available for the consumers any time of the 

year. 

Canning process 
In Hungary, mainly those mushrooms are used for canning that have lower quality and cannot be sold fresh. Due to expensive manual work 

(mainly picking), producing for the canning industry is not cost effective, and is only done in certain West European farms, where the 

mushrooms are picked by machines. The canning process of mushrooms is shown here. 



 

Draft of the mushroom canning process 

The fruitbodies are washed first, and then they are pre-cooked or pre-steamed. Next the mushrooms are sorted and graded if necessary. 

Mushrooms are placed into cans or jars sliced or whole, then the cans or jars are filled with water, which usually contains salt and sometimes 

different spices. After closing them, the product is preserved by heat treatment. 

Since these procedures are special types of food production, strict regulations are applied. The processes are monitored, the conditions 

(temperature, time etc.) are registered and samples are taken at many points for chemical and microbiological examinations. A tour of a 

Polish canned mushroom company is available on the following link. 

Check your knowledge! 

1. What are the steps of mushroom preserving? 

2. What quality grades of button mushrooms do you know? 

3. Describe the “Extra” quality grade of button mushrooms! 

4. What kind of processed mushroom products do you know? 

5. Give a short description of mushroom picking! 
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