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 1.2

Auricularia 
800-900 Flammulina velutipes  600  auricula 

  Volvariella volvacaea  Letinula edodes 



 1800  1700, 1000  Tremella fuciformis 

 (1638-1715) 



 1880  80 



 .1
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 (Alice in wonderland) 



 1958  30  12 

 1958  6 


 1.4
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(Agaricus bisporus)  
(Pleurotus sojar-caju)  

(Volvariella volvaceae)  

 Mycophagy  1.5




 (Fungivory) 








 (Mycophagy) 











 Fungivores 




 1.6




Scientific Name  Common Name  

Agaricus bisporus   .1

A. bitorquis  .2

Pleurotus spp   Oyster Mushroom  .3

Volvariella volvacea and V.ssp.  


 .4

Lentinula edodes Shiitake Mushroom .5

Calocybe indica White Milky Mushroom  .6

Auricularia polytricha  Rat's ear  Wood ear 


.7

Stropharia rugosaannulata Garden Gaint/Brown Cap Mushroom .8

Pholiota nameko Nameko Mushroom  .9
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Scientific Name  Common Name  

Agaricus compestris 
(Field mushroom meadow mushroom) 

.1

Agaricus bisporus (Button Mushroom)  .2

Agaricus arvensis (Horse Mushroom)  .3

Amanita phalloides (Death cap)  
 .4

Armillaria mellea (Oak Mushroom)  .5

Morchella esculenta (Morel or Sponge) 


 .6

Pholiota nameko (Nameko)  .7

Pleurocybella porrigens (Angel's wings) 




.8

Pleurotus sajor-caju (Oyster mushroom)   .9

Volvariella volvaceae 
(Paddy straw mushroom) 

.10

Bovista various (Puff ball)  .11

Auricularia polytricha (Wood ear Mushroom)  .12

Lentinula edodes (Shittake mushroom) 



 .13

Lycoperdon various (Puff ball)  .14

Cordyceps militaris (Cordyceps) 
 .15

Gonoderma lucidum (Reishi)  .16

Shaggy mane (Coprinus)  .17

Calocybe indica (Milk mushroom)  .18

Flammulina velutipes (Winter mushroom)  .19

Agrocy beaegerita (Black poplar mushroom)  .20

Coprinus lagopus (Ink caps)  .21
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Tremella fuciformis (Silver ear)  .22

Dictyophora duplicata (Bamboo sprouts)  .23

Pleurotus eryngii (Kabul dhingri)   .24

Agaricus bitorquis 
(Summer white button mushroom) 

.25

Learning Outcomes  1.7















 Amanita Muscaria 






 80 


 Agaricus 
 






Volvariella  Pleurotus Volvaceae  Agaricus bisporus 
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 volvaceae
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Key Words  1.8

 






 Pileus 




Model Examination Questions  1.9

Short Answer Type Questions  1.9.1

 1
 2
 3
 4
 5

Long Answer Type Questions  1.9.2

 1
 2
 3
 4
 5

Suggessted Books  1.10
1.   Handbook on Mushrooms by Nita Bahl

2.   Mushroom: Production and Processing Technolodgy 

      by V. N. Pathak, Nagendra Yadav and Maneesha Gaur

3.   Mushrooms: Cultivation, Marketing and Consumption

      Editors: Manjit Singh, Bhuvnesh Vijay, Shwet Kamal, G. C. Wakchaure

4.    Mushroom for Livelihood by Vijay Khader
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Introduction 2.0

 'Agaricus'  Agaricus compestris 


 Agaricus bisporus 
 Rhizomorphs  



 Hyphae 



 
 



 








 Gills  600300 




 
 Hymenium  Sub hymenium  Hymenium  Trama 

 Basidiopores  




 Spores  



 Span stage 






 
 Gills 

 
 Species 

 Gills 





 Agaricales 
 Meiosis  KaryogamyPlasmogamy 

 Selection 
 Hybridisation
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Objectives  2.1


 

 
 
 
 
 

(Morphology of Mushrooms)   
 2.2

 'Agaricos'  (Agaricus campestris) 
  

Saprophytc 


 


 Agaricus bisporus  


 2.2.1



 (Mycelium) 






Primary mycelium 



 (1)

Secondary mycelium 







 (2)

Tertiary mycelium 







 (3)

Primary mycelium 



 2.2.2

 (Hyphal cells) 



 
 


 







 (Monokaryotic mycelium) 


























 (Dolipore) 

(rhizomorphs)  


 (Hyphae) 







 




(Basidiocarp)  
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 2.3

(Stipe)  





 5-7 

 (Pileus) 







 (Velum)  (Annulus) 








 (Gills)  600 300 

(2.3B)  (2.3A) 

2.3A

2.3B
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 Gill 


 2.4

 (Hymenium) 



















 (Trama) 
(2.4) 

 2.4.1

 

 







 (Sterile)  (Psedoparenchyma)

















 2.4.2

 Hypothecium  



































 2.4.3




 (Palaside)  (Fertile) 




















 

 


 (Haploid)  
 

 (Paraphyses) 





(Karyogamy)  (Diploid) 
 (Haploid) 



 (Diploid cells) 








 

 (distal)  
 (-)  (+) 

 

 (Sterigmata)

 


 (2.4)   (Basidiospore)  


 

 


 (germ tube)  


 (-)  (+) 
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2.4

Modes of Gill attachment and Shapes of Mushroom Caps2.4A

 2.5

 Spores  

 Gills 
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 Primary Mycelium
















 









 Spores 

2.5 
 Substrate 








 Spawn stage  Substrate  Hyphae 


 Fruiting Stage 
 Gills  Gills 
 Diploid  Basidium  Basidia  


 H a p l o i d  

 M e i o s i s 
 Basidia  Spores  Basidiophores

 2.5

 2.6
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2.4A 

 cap  .1

 Gills .2

 Spores .3

 Spore Print  .4

 cap 
 Spores

 Gills  Spores  242 
 gills 

 



 genus  gills

 gills 


 Compost 

 2.7


 Genus 

 Lepiota  species  Genus 
 Amatoxin  Amanita

 6030 
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amanita  1
 muscaria

 2
 3
 4
 6

 7

 2.8

 Basidiomycetes  Agaricales 
 Meiosis  Karyogamy  Cytoplasm  Plasmogamy

 Haploid 






 basidiospores 









 Self sterile  Self fertile  Basidiospores

 90  10  Basidiomycetes 


 Volvariella 



Agaricus  basidiospores 
 heterothallism  homothallism  bisporus




Mushrooms Sexual Pattern

Agaricus bisporous Secondary homothallism

Agaricus bitorquis Unifactorial heterothallism

Pleurotus ostreatus Bifactorial heterothallism
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Volvariella volvaceae Primary homothalism

Lentinula edodes Bifactorial homothallism

Auricularia polytricha Bifactorial heterothallism







 Heterothallic

 AB factors  Unifactorial  A Factor 

 Line Improvement  bifactorial

Line Improvement 2.8.1

 Lines  Varieties  





Selection 
Tissue Culture MonosporeMultispore  Lines 

 Hybridization 









Agricus  Volvariella volvaceaeHomothallic species  Monospores

 Heterothallic species  Tissue cultureMultispores  bisporus

 hybridization  Heterothallic species 

 Breeding  lines  Progeny 
Hybridisation or Crossbreeding

 hybrids  Monospore cultures 
 breeding stock  Heterothallic species  hybrids 


Monospore or Single Spore Selection

 



 cultures  Monospore Cultures

 Variability 
Agaricus bisporus 
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 2.9

 2.9.1


Pleurotus   50 lux  Spawn stage  Shiitake 
 12  12  Volvariella volvacea  10 lux


 2.9.2


Lentinula edodesFlammulunia velutipsAgaricus bitorquis 

 Pholiota nameko  Pleurotus floridaPleurotus ostreatus




Mushroom   Optimum range (oC)

 Vegetative  Fructification

Agaricus bitorquis 30 25

Auricularia Spp 20-34 12-30

Flammulina velutipes 22-25 8-15

Lentinula edodes 22-27 15-20

Pholiota nameko 22-26 5-20

Pleurotus eryngii 20-30 20-22

Pleurotus flabellatus 25-30 22-26

Pleurotus florida 30 25

Pleurotus Sajor caju 25-32 25

Tremella fuciformis 20-25 20-27

Volvariella volvaceae 20-25 28-32

 Flammulina velutipes 
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 2.9.3

 Saw dust  55-68%Lentinula edodes

 Moisture  70 
70  65-70Volvariella volvacea 


 2.9.4

 Agaricus bisporus 
 0.06 to 4.9%  PileusFlammulina velutipes 

 Stipes  Pleurotus 

Learning Outcomes  2.10

 Agaricus compestris 









 
 Bisporus

 600300 







 gills 
 Span Stage 







gills 





 Agaricales 
 Selection  Meiosis  KaryogamyPlasmogamy 

 Hybridisation 
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Keywords  2.11

 CapPileusMyceliumAgaricus

Model Examination Questions  2.12

Short Answer Type Questions  2.12.1

 1
 2
 3
 4

 Species  5

Long Answer Type Questions  2.12.2

 gills  1
 

 Basidiocarp 2
 Hybridisation  Selection  3

 4
 5

Suggessted Books  2.13

1.   Handbook on Mushrooms by Nita Bahl

2.   Mushroom: Production and Processing Technolodgy 

      by V. N. Pathak, Nagendra Yadav and Maneesha Gaur

3.   Mushrooms: Cultivation, Marketing and Consumption

      Editors: Manjit Singh, Bhuvnesh Vijay, Shwet Kamal, G. C. Wakchaure

4.    Mushroom for Livelihood by Vijay Khader
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Nutritional Value of Mushroom 
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 3.2
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Introduction 3.0





 Myco meat 

Objectives  3.1





Protein  3.2

 27-35% 
 1976 




 Agaricus bisporus

 Name of Amino Acid  
2.40

1.90

3.14

0.18

7.06

1.20

0.64

1.28

2.16

1.62

0.39

(Alanine)  
(Arginine) 

(Aspartic Acid)  
(Cystein) 








(Glutamic Acid)  
(Glycine)  

(Histidine)  





(Isoleucine)  

(Leucine)  
(Lysine)  

(Methionine)  
 





.1

.2

.3

.4

.5

.6

.7

.8

.9

.10

.11
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1.55

2.50

1.89

1.48

3.94

0.78

1.63

(Phenylalanine)  





(Proline)  
(Serine)  

(Threonine)  
(Tryptophan)  

(Tryosine)  
(Valine)  

.12

.13

.14

.15

.16

.17

.18

 (Trytophan and Lysine amino acids) 






 Pantothenic acid  


 3.3

  


K Na Fe P Ca 
4762

3793

Nd

3455

Ndb

837

61

378

0.2

15.2

8.5

17.1

1429

1348

476

677

23

33

98

71

    







 


Data presented as milligram of Minerals per 100g dry weight

 3.4


 (fats) 
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 3.5

 Panthothenic acid  


 B Vitamin 
Riboflamin or B-2  


Folate or B-9 

Thiamine or B-1 
Panthothenic acid or B-5 

Niacin or B-3 
 B  RBC  


 D 






 3.6




     
12.9 9.6 0.1 87.6 42 Beetroot 
15.1 5.5 0.2 92.7 24 

18.4 5.3 0.2 92.4 24 
28.8 4.9 0.2 91.7 25 
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21.6 7.7 0.2 93.4 18 Celery 
26.1 17.7 0.4 74.3 98 Green Beans 
7.6 19.1 0.1 73.8 83 

26.9 4.4 0.3 91.1 16 





 3.7


 96  

 21.1 
 3.0 
 3.1 
 2.9 
 0.5 
 8.6










 82.6 

 305 
 4.8 
 0.5 

 305 
 8.9









 2.0 
 0.2 
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 16.3 
 16.6 
 3.5 

 Gluten 
 Cholestrol

 3.8




Crude 
Fibre


Fat


Protein


Ash


Moisture


Mushroom

1.09 0.19 3.94 1.25 89.95 Agaricus bisporus

0.86 0.18 3.3 1.09 91.0 Lepiota sp

1.08 0.65 2.78 0.97 90.0 Pleurotus sp

- - 2.15 - 92.5 Pleurotus ostreatus

1.13 0.22 4.1 0.81 91.3 Termitomyces sp

1.57 0.25 3.9 1.10 90.4 Volvariella displasia

1.38 0.74 4.98 1.46 88.4 Volvariella volvacea

Learning Outcomes  3.9


 27-35% 
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 Lysine  Tryptophan 




 Fats 








Keywords  3.10



Model Examination Questions  3.11

Short Answer Type Questions  3.11.1

 1
 2
 3
 4
 5

Long Answer Type Questions  3.11.2

 1
 2

 Vitamin B  3
 4
 5
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Suggessted Books  3.12

1.   Handbook on Mushrooms by Nita Bahl

2.   Mushroom: Production and Processing Technolodgy 

      by V. N. Pathak, Nagendra Yadav and Maneesha Gaur

3.   Mushrooms: Cultivation, Marketing and Consumption

      Editors: Manjit Singh, Bhuvnesh Vijay, Shwet Kamal, G. C. Wakchaure

4.    Mushroom for Livelihood by Vijay Khader
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4 



 4.0

 4.1

 4.2

 4.2.1

 4.2.2


 4.2.3

 4.2.4






 4.2.5

 4.2.6

 4.2.7

 4.2.8

Nutraceuticals 



 4.3

 4.3.1

 4.3.2

Lipids 4.3.3

Phenolic Compounds 4.3.4
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Ganoderma  4.4

Huitlacoche 4.4.1

Trametes versicolor 4.4.2

 4.5

 4.6

 4.7

Introduction 4.0




  
 GlycoproteinTri-terpenoidsPolysacharides 













Objectives  4.1




 4.2





Polyporus officinalis  



 


Coprinus comatus 
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Grifola frondosa  


Amanita muscaria  


Volvariella volvacea 
(Lentinus) 


 Gonoderma  Schizophyllum 




 Mushrooms  Compounds  Medicinal Properties

Lentinula edodes Eritadenine Lentinan 
A. bisporous Lectins 
P. sajor caju Lovastain 
G. frondosa Polysaccharide 

Auricularia auricula Acidic Polysaccharide 
Flammulina velutipen Ergothioneine 

Trametes versicolor Polysaccharide-k 
Cordyceps sinensis Cordycepin 





 4.2.1


Cancer 4.2.2

 Selenium 


 (Anti oxidants) 



 (Mineral) 
 (Tumor)  (Selenium) 



 (detoxify) 
 (Vitamin D) 
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(DNA)  (Folate) 
 


Diabetes 

 4.2.3


 I 

 II 

Heart Health  4.2.4

 (Fibre)  



 (High Blood Pressure)

Immunity 




 4.2.5

 (Immunity)  (Selenium) 









 






 beta-glucans  Immune system 





 Minerals

Weight management  4.2.6

 
 (Bulking agent)  

 




 (appetite)  (Satiety)  (Chitin) 






 (Overall calories) 


 (Calories)  (fat) 
 "Functional foods"

 4.2.7

 anti oxidants  Polysaccharides 
Flammulina  Ergothioneine  Anti-aging 

 Agaricus bisporus  velutipen
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 4.2.8

 Probiotic  Oligosaccharide  Fibre 


 Metabolites 
 




 Mycelia 




 

Nutraceuticals 



 4.3

 Bioactive 


 Secondary metabolites 


Acids 
Terpenoids 

Polyphenols  



Alkaloids 
Lactones 

Sterols 

46



Metal Chelating agents







Vitamins 
Sesquiterpenes

Nucleotide analogs

 B-gulcans 


Boletus aereus   Lactarius hatsudakeTricholoma matsutake 









 antitumour
 126 


 4.3.1

 antitumor 
 sucrosemannitolmannose glucosefructosearabinosefucose  Xylose rhamnose

 trehalose  maltose

 100  / 

Mashroom


Fructose


Mannitol


Sucrose


Trehalose


Agaricus bisporus 0.03 5.6 nd 0.16

Lentinus edodes 0.69 10.01 nd 3.38

Pleurotus ostreatus 0.01 0.54 nd 4.42

Pleurotus eryngii
Dry powder formulations

0.03 0.60 0.03 8.01

Agaricus blazei 0.27 60.89 nd 5.74
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 Neutral 




 antitumor 


 stress 


 B-Glucons 
 B-glucous 

 B-Glucans 




 B-glucans 







 Immunity 



 Toxins 




 4.3.2

  bioactive protein 
antimicrobial proteinsribosome inactivating proteinlectins  peptides 

 laccases  ribonucleases

 non-immuno protein  Lectins






 Lectins  Lectins







Lipids 4.3.3

 Poly unsaturated fatty acids 
 Sterols  ergosterol


 fatty acids 
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Fatty acids contents of some edible mashroom (g/100gram fresh out)

Mushroom Palmitic (C16:0) Stearic (C18:0) Oleic (C18:0)

Agaricus bisporus 11.9 3.1 2.3

Lentinus edodes 10.3 1.6 12.3

Pleurotus ostreatus 11.2 1.6 12.3

Pleurotus eryngii

Dry powder formulation

12.8 1.7

Agaricus blazei 11.38 2.8 1.85

 Tocopherols

 Linoleic acid  degenerative 


Phenolic Compounds 4.3.4

 Complex polymer  

 Secondary metabolites 





anti  anti-allergenic 
 anti thrombotic 



 anti microbial  anti inflammatory  atherogenic

 

 Vasodilator  cardioprotective

 degenerative disorders 
 3.0mg/g  0.9  flavonoid 



 1-6mg/g 

 4.4

 Mushroom of ImmortalityGanoderma





 Ganoderma 
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 20 
 Ganoderma




  Hepatitis  Leukomia

 Ganoderma






 1
 2
 3
 4
 5

Huitlacoche 4.4.1

 huitlacoche  U.maydis 
 galls  Mexico 




 antimutagenic 
Trametes Versicolor 4.4.2

  Coriolus versicolor 


 Grifola frondosa 1
 Cardyceps militaris 2
 Cardyceps sinensis 3
 Antrodia cinnamomea 4

 Fatty liver  Panellus serotinus 5
 Flammulina velutipes 6
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 Auricularia sp 7

Learning Outcomes  4.5















Keywords  4.6

 Nutraceuticals 
 




Model Examination Questions  4.7

Short Answer Type Questions  4.7.1

 1
 2

?  3
 4

 Ganoderma 5

Long Answer Type Questions  4.7.2

 Huitlacoche 1
 2
 3
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 4
 5
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2 

 5 
 Oyster  

 6 
 Calocybe indica 


 7 

 Paddy straw Mushroom 8 
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5 



 5.0

 5.1

  5.2

 5.2.1

 5.2.2

 5.2.3

 5.2.4

 5.2.5

 5.2.6

Pasteurization 5.2.7

Spawing  5.2.8

Casing 



 5.2.9

Cropping and Harvesting  5.2.10

 5.3

 5.4

 5.5

 5.6
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Introduction 5.0

 Agricus bisporus 
 40% 




 Canning  




 Compost 

 Cans  21 


Objectives  5.1


 







(Agarcicus bisporus)   5.2

 



 (Spawn)  

 

 5.2.1

 (Mycelia)  



 (Straw) 

55






 




 (Sterlize)  15 lb 









 25oC 
 (Grain spawn)  (Mycelia)  




 5.2.2


Compost preparation  (1)

Spawning  (3)

Casing  



(3)

Cropping and Harvesting   (4)

Canning  (5)

Compost Preparation   5.2.3





 Composting  
 (Medium) 

 (Poultry manure) 


 15 12 
 (Pasteurization)

 5.2.4

 (Cemented floor) 
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Natural compost  
Synthetic compost  

Natural Compost  5.2.5


 3  (Poultry manure)  110  100 

 (fermentation) 
25 


 5.2.5

(IARI 
 1982) 


 250 Wheat straw  

 20  8
 25 Wheat Bran  
 4  

Ammonium sulphate or calcium ammonium nitrate

 3 Urea  
 20 Gypsum




 


 




 (26th)  (22th)  (18th)  (14th)  (10th)  (5th) 
 (Spawning) 
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 (IIHR) 









 I 
 300  Wheat straw   

 6)

 400  Paddy straw    
 9   

Ammonium sulphate or calcium ammonium nitrate

 9  Super phosphate   
 4  Urea  
 30  Wheat Bran   
 12   Gypsum  




 
 10  Calcium carbonate   

(Cotton  6kg 
 



 seed meal)


 2  

 150  Paddy straw  
 150  Maize stalks  
 9  Ammonium sulphate  
 9  Super phosphate  
 4  Urea   
 50  Rice Bran  
 12  Gypsum  
 10  Calcium carbonate 
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 5  Cotton seed meal  
  

 26,25,22, 19, 16, 13, 10, 6, 0 

 3  
 430  Horse manure  
 250  Wheat straw  
 100  Poultry manure  
 30  Brewer's grain  
 7  Urea   
 20  Gypsum  

4 
 300  Wheat straw  
 120  Poultry manure  
 20.6  Rice Bran  
 22  Brewer's grain  
 6  Urea   
 10  Gypsum  
 6  Urea  
 5  Cotton seed meal  

5 
 1000  Wheat straw  
 400  Poultry manure  
 72  Brewer's grain  
 14.5  Urea   
 30  Gypsum  
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Pasteurization  5.2.7

 (Aerobic fermentation) 











 (Insulated room)  60oC52 

 (Ventilators)  (Trays) 
2  54oC52 

 62oC 58  4 


Spawning  5.2.8










 20 15 





 20+2oC  80% 70%  (Relative humidity)

 'Span run stage' 
Casing  




 5.2.9

 (Pasteurized soil) 



 (Spawning)  
(Pin heads)  8 

 16+2oC 


Cropping and Harvesting  5.2.10

(Casing  

 80% 70  21 

(Clockise and anti  soil) 

 clockwise) 




What is Casing?    
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 10 7  Flushes  'Flush" 
 9 8  15 10 


What is Flush  

 Flush  
 10 7 




Formulation of compost Raw material

 Composting

 Preparation of beds in trays

 Spawning

   Spawn running

   



Casing

   Harvesting
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   Packing

  Marketing

 

Fresh Canned

 5.3

 Agaricus bisporus

 1
14-18oC  22-25oC  Mycelium

 Spawn 
 Spawn

 Moisture  2


 beds 
 3


 0.10-0.15%  Co2 
 4

 Mycelium  Spawn

 1
 mould  Mycelium2

 5.3.1
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 Casing soil  1
 2

 beds  3
 20oC  4

 5
 6
 7
 8

Learning Outcomes  5.4




 Spawn 
Marketing  CasingSpawning  Compost 

Keywords  5.5

MarkettingPacking  Casing 

Model Examination Questions  5.6

Short Answer Type Questions  5.6.1

 1
 2
 3
 4
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 IIHR 5

Long Answer Type Questions  5.6.2

 1
 Casing 2

 Pasterization 3
 4
 5

Suggessted Books  5.7

1.   Handbook on Mushrooms by Nita Bahl

2.   Mushroom: Production and Processing Technolodgy 

      by V. N. Pathak, Nagendra Yadav and Maneesha Gaur

3.   Mushrooms: Cultivation, Marketing and Consumption

      Editors: Manjit Singh, Bhuvnesh Vijay, Shwet Kamal, G. C. Wakchaure

4.    Mushroom for Livelihood by Vijay Khader



64



6 
Cultivatioin of Oyster Mushroom  




 6.0

 6.1

 
 6.2

 
 6.3

Varieties  
 6.4

Cultivation  6.5

 6.5.1

 Substrate   6.5.2

 6.5.2.1

 6.5.2.2

Chemical Sterlization 6.6

Composting or Fermentation 6.7

Substrate Supplementation 6.7.1

Spawning  6.8

 6.9

Incubation 6.9.1
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 6.9.2

 6.9.3

 6.10

 6.11

 6.12

Introduction 6.0

 'Pleuro'  Pleurotus  Oyster Mushroom  





 Shell

 25  


 
 88% 





Objectives  6.1

 Species  Oyster Mushroom  


 Cropping  Spawning  


 
 6.2
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 Varieties  
 


 Compost  

 


 
 

   80-100  
 

 
 400-500 

 500-700  45-60 

 
 6.3

 Basidiocarps  


Pileus  
Stipe  
Gills  




 Spores 
Primary  48-96 

 Secondary mycelium  Mycelium

Oyster Mushroom Varieties  
 




 6.4

 P.nidiformis  P.olearius  Varieties  


 25  species  38 


 


 P.floridaP.flabellatus P.ostreatus

P.sajor caju, p. sapidus, p. cystidiosus
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P. eryugii, P.fossulatus, P. opuntiae

P. cornucopiae, P.yuccae, P.platypus

P.djamor, P.tuber-regium, P.australis

P.purpureo-olivaceus, P.populinus, P.levis

P.columbinus, P.membranaceus

Cultivation  6.5

 


 Spawn 1
 Substrate   2

Spawning  3
 4

 6.5.1

 Pleurotus sp  Spawn  


 Spawn  25-30 







 10-15  Culture






 Substrate 6.5.2

 
 Agricultural waste 
  hemicellulose









 Lignin  Cellulose

 Agro-wastes  
  moulds 

 baggage  Cotton 
 dehulled cobs 

 
 Lignin  Cellulose 

 Cellulose

 Substrate
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  Saprophytic 





 Pleurotus


Steam Pasteurization  6.5.2.1

Pasterization room 
 58-62oC

 3-5  Spawn 
Hot Water treatment  6.5.2.2

 30-45  65-70oC  5-10cm  








Sterlization  6.6

 Penicillium   AspergillusTrichoderma  






 mycellium 









 16-18  500ppm  37.5ppmCarbendazim50%wp 
 DMR 











 10-12  90drum 

 Formaldehyde 125ml (37-40%)  Bavistin 7.5g

 15-18 








   


 1000-2000 

 Till method 

 20p.s.i  


69



Composting or Fermentation 6.7

 Substrate 
 Stubbles  Legumes 

 


 1%  0.5-1%  5-6cm  
 Compost 


 0.5%  Superphosphate 1% 

 Spawning  Compost 
Substrate Supplementation   6.7.1

 0.5-0.8%  
Substrate  Soybean cake  Bran 

 14-1625ppm Carbendazim (250ml in 10litre water)  3-6% 
 

Spawning  6.8

 20-30) Spawn 
 






 2-3%   Fumigated
 1510  60x45cm 

 










Crop Management  6.9

Incubation 6.9.1

 10-30oC   Mycelium  Shelves 
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 22-26oC 




 Fruit body induction 6.9.2










Temperature 

Species  20-30oC  






 Species  


 16-30oC  10-20oC 


P. 
P.sajor-caju   P.sapidusP.flabellatus  P.eryngii   P.floridaostreatus


Relative Humidity 

  RH 75-85%  Species  



 Exhaust fan 

 Bleaching Powder 0.05% 
 Co2 

 Co2  Ventilators 
 Co2 




 cap  200lux  1218
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 pH 




 6.0-7.0 pH 










 6.9.3

 Harvesting 





 Moisture  2-4% 


 





 Niacin

Learning Outcomes  6.10

 



 25 
 Spawning  

 


 pH 

Keywords  6.11
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Model Examination Questions  6.12

Short Answer Type Questions  6.12.1

 
 1
  2
 3
  4

 Composting or Fermentation 5

Long Answer Type Questions  6.12.2

 Sterlisation  1
 Pasturisation  2
 Species  

 3
 

 4
 5

Suggessted Books  6.13

1.   Handbook on Mushrooms by Nita Bahl

2.   Mushroom: Production and Processing Technolodgy 

      by V. N. Pathak, Nagendra Yadav and Maneesha Gaur

3.   Mushrooms: Cultivation, Marketing and Consumption

      Editors: Manjit Singh, Bhuvnesh Vijay, Shwet Kamal, G. C. Wakchaure
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7 
Shiitake Mushroom Cultivation 





 Calocybe indica 


 7.0

 7.1





 7.2

 7.2.1

 7.2.2

Sterlisation 7.2.3

Spawning  7.2.4

Fruiting  7.2.5

Harvesting  7.2.6

 



 7.3

 7.3.1

 Calocybe indica 7.4

  7.4.1

Pasteurization 7.4.2

 7.4.3
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Casing 7.4.4

Harvesting 7.4.5

 7.4.6

 7.5

 7.6

 7.7

Introduction 7.0

 Shiitake Mushroom  

 Lentinula edodes

 Agaricus bisporus


 

 1983-84  




 Milky mushroom  Calocybe indica 




Objectives  7.1







 Calocybe indica 





 7.2







 Spawn 7.2.1
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 Saw dust 


65%.........  a

15%.......... 
20%......... 
65%......... 

78%.........  b

1%......... 

20%........ 
1%......... 

65%......... 

 800.......  c

 200...... 
 30...... 

 4...... 
 6...... 
2...... 

 Formulae 



 substrate  Polypropylene bags 
autoclave  Inoculation hole 

 Mycelium 



 20.p.s.i

 24+-2oC  30  Inoculation 
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Synthetic Log Cultivation  7.2.2


  .1

 maple 
 Oak  

 tuni  Poplar 


80%  1
20% 
65% 

89.8%  2
10% 

0.2% 
60% 
80%  3




 60:40
10% Millet 
10% 

32.8%  4
34.2% 

2.7-5.2% 
1.4-2.6% 
0.2-0.3% 

59-62% 
 40 cobs  5
 10 
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 12.5 
 1 
 15









 20 
 6

 50 bagasse
 20 
 1.5 

 15 
 15 
 10












50%  7
20% 
19% 
20% 
  1 
 80  8
 20 
1.3% 
1.5% 
0.2% 
0.5% 


 5.5-6.0  pH  Gypsum   60-65% 




78



Sterlisation  7.2.3

 Polypropylene  1.5-2kg  
 

20mm  15mm  Inoculation







 Adhesive tape 

 Autoclave  22 psi  Sterlisation

Spawning  7.2.4

 @ 3%  Cotton plugs 





 23-25oC  20 









 8060 





 Inoculation  






 Mycelia 









Fruiting  7.2.5

Cold water treatment 


Harvesting  7.2.6

 


 15-30%  

 


 7.3

 Logs 





 189  Logs 
 / 
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 44-55%  logs 
 25-45  5.5  4.5 pH  20%




 20-30cm 
 14-20 oC  5-30oC 









  Logs 
 7.3.1






 flat 







 128 
 RH 60-70% 







 15-20oC  


 RH 80-90% 

 4030 


 Calocybe indica 7.4

 Milky mushroom  Calocybe Indica
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  7.4.1

 



Pasteurization  7.4.2

 Pasteurization

80-90oC 
 40 

 65oC 


autoclave   Sterlisation 
 sterlise15psi

 
 Sterlisation 

 formalin 500ppm  Bavistin 75ppm

 7.4.3

 4-5%  


 80% - RH  25-35oC 
 casing  20 






casing 7.4.4

 Coir pith  25%  +75% 







 casing

 casing  43  Casing  FYM 
 Casing  
 RH 80-90%  30-35oC  casing  Sterlise 
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Harvesting  7.4.5

 casing 

















 7.4.6


 80-85% 

Learning Outcomes  7.5





 Lentinula edodes

 
 


 


 Calocybe indica 





Keywords  7.6

 Calocybe indica 



 Lentinula edodes

 

Model Examination Questions  7.7

Short Answer Type Questions  7.7.1





 1




  2

   Sterlisation 



 3
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 Logs  

 4

 Pasteurization   Milky Mushroom 5

Long Answer Type Questions  7.7.2

 casing  Milky Mushroom 1




 2

 Pasteurization  3
 casing 



 4
 5

Suggessted Books  7.8
1.   Handbook on Mushrooms by Nita Bahl

2.   Mushroom: Production and Processing Technolodgy 

      by V. N. Pathak, Nagendra Yadav and Maneesha Gaur
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 Calocybe indica  

83



8 
 Paddy Straw Mushroom


 8.0

 8.1




 8.2

Nutritional Value  8.3

 8.4

 8.4.1

Improved Cage Cultivation 8.4.2

Outdoor Method 8.4.3

Indoor Method 8.4.4

 8.5

Harvesting 8.5.1

 8.5.2

 8.6

 8.7

 8.8
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Introduction 8.0

 Paddy Straw Mushroom 
 1932-35  1822 

 Species  19  1940 


V. esculenta( Mars) Sing 
V. displasia (Berk and Br.) Sing 
V. volvacea (Bull Ex. Fr.) Sing 



Objectives  8.1

 Paddy straw Mushroom 
Outdoor Cage Method 




 Indoor method  method






 8.2

 Wrapper  'Volva'  Volvariella 
 Primordia 

 elongation  egg








 volva  1

 Stipe  2
 155 


 Pileus 


 3


85



 Cap 


 Gills  4








Nutritive Value  8.3




 100  

 90.40 

 0.25 
 3.90 
 1.87 
 1.10 

 0.10 

 0.32 
 1.70 
 5.6 
 0.14 

 0.61  


 2.40 
 18.00 

 Maturity  Fat 


 Lentinula edodesAgaricus bisporus 
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 (Agaricus, Lentinula & Paddy straw) 
 Lysine 

 Methionine  IsoleucineLeucine 


mg/100g  mg/100g protein  

3.5 Leucine 
5.5 Isoleucine 
6.8 Valine 
1.1 Tryptophane 

4.3 Lysine 




2.1 Histadine 

2.9 Phenyl Alanine 





4.2 Threonine 

4.1 Arginine 

0.9 Methionine
 





 8.4

 8.4.1


 0.75-1kg  

 12-18 
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 1512  

 redgram  

 150  Spawn  500  4030 








 

 30-35oC  80-85%

 80%  28-32oC 



 


 20  


  


 




 60x60x120cm60x60x60cm100x100x100cm  

 60x40x30cm  80x80x10cm  Box  

  20cm 
 CaCo3 (2%) Solution

 5cm  Spawning 
 Incubation  75%  38oC35 

mist   75-85% RH  28-30oC 
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90cmx15cm





Spawn     
500g/bed 2.51.5 5% 150g/bed




32-34oC







 


Improved Cage Cultivation 8.4.2


 60  .1

 2 Spawn bottle  .2

1mx50cmx25cm1 Cages  .3

 1001 Drum .4

4 






 .5

3 Binding Thread  .6

 1 Rose can  .7

 250  2-78 






 .8

250ml  1  .9
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  .10

 1 Chopper  .11

1  .12


Cage  10  25cm  


 3020  

 2%  Cage  
 

 6  









 0.2% Dithane-Z 78Malathion 0.1%  Cages  


 30oC  

 Spawn run 







 
 1510  Pin heads   







 


 Egg stage 
 flush  

Out door method 8.4.3




 Plat form  
 45x10cm  

 CaCo3 (2%) Solution  

90



 
 
 





 20cm  
 


 Mushroom pinheads  

 Out door 


 40cm x 10cm

CaCo3


  

 Spawn 








 32-40oC










28-30oC 
RH 80% 
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Indoor Method 8.4.4

 Indoor method


Substrate   1

 Cotton waste  Cotton 
 hemi-Cellulose  Cellulose  cotton waste 

 waste

Compost prepration 2
 Cotton ginning mill waste  

x 1.5m  5%  
 1.5m 
  1.5%

Bedding and Pasteurization

 105  Shelves  Composting 
Cotton  128  
65oC  60-62oC  waste

 50oC  24-36  Pasteurization 
 Spawing  35oC  

Spawning 
 0.4%  1.5%  compost 

Cotton  34oC32 





 waste


 Fluorescent light 







pinhead 
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RH 80%  30oC 

 Fluoroscent light 


 8.5

Harvesting  8.5.1

Button  Volva 
harvesting  egg stage  Stage

 109  
 3010 

 8.5.2









 


 Pasteurization  Contaminants  
 Compost 

 








 
fruiting  Poor ventilation  

 bodies

 Co2  


Learning Outcomes  8.6

 Paddy straw mushroom 
  Lysine 

 indoor method  outdoor methodCage Method 
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Keywords  8.7

Outdoor  cage  


indoor method  method

Model Examination Questions  8.8

Short Answer Type Questions  8.8.1

 
 1

 2
 Cage method  3

 Outdoor method  4
 Indoor Method  5

Long Answer Type Questions  8.8.2

 1
 Cage Cultivation 2
 Outdoor cultivation 3

 4
 5

Suggessted Books  8.9
1.   Handbook on Mushrooms by Nita Bahl

2.   Mushroom: Production and Processing Technolodgy 

      by V. N. Pathak, Nagendra Yadav and Maneesha Gaur
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      Editors: Manjit Singh, Bhuvnesh Vijay, Shwet Kamal, G. C. Wakchaure
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3 

 9 
 10 
 11 

Spent Mushroom Substrate (SMS) 12 
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9 
Diseases of Mushroom 


 9.0

 9.1

 9.2






 9.2.1

Cob web disease 9.2.2

 9.2.3

  9.2.4

Green moulds 9.2.5

Brown plaster mould 9.2.6

FalseTruffle 9.2.7

Olive green mould 9.2.8

Yellow mould 9.2.9

Ink Cap 9.2.10

Cinnamon mould 9.2.11

Lips stick mould 9.2.12

White plator mould 9.2.13
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Lilliputia mould 9.2.14

Pink mould 9.2.15

 9.3

Bacterial blotch 9.3.1

Ginger Bacterial blotch 9.3.2

Drippy gill 9.3.3

 9.4

 9.5

 9.6

 9.7

Introduction 9.0

 
 composting 




 cap  casing

 


 
 




 Die back 

Objectives  9.1













Diseases of Mushroom  9.2

 (Casing soil) 
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 9.2.1


Cow web disease   

Mycogone disease  
Verticellum disease   

Green moulds  

Cob web disease  9.2.2

 (Soft decay or soft mildew disease) 




 Casing soil 








Doctylium dendroides 

 





 (Dithane Z-78) 78 






 0.2%  





 9.2.3

 'Web bubble disease'  (Bubble disease) 


 (White mould) 









 (Casing soil)  



 



 (formaline)  2% 

Verticellium disease   9.2.4




Verticellium fungicola 
 Dithane Z-78 
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Green moulds  9.2.5

  Trichoderma  v i r ide   
 Pasteurization  (Spawning) 






Trichoderma viride 

 Dithane Z-78 


Brown Plaster Mould  9.2.6









 20%  28-30oC 


Papulaspora byssina 

  4% 
 (0.05 - 01%)  (Spraying)  (Bavistin)  (Formalin) 

False Truffle  9.2.7

 (Casing soil) 







Diehliomyces microsporus  : 
 




 Pasteurize 

 





 



 Sterlize  




 26-27oC 

 (Formalin 2%) 
Olive Green Mould  9.2.8
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Chaetomium olivaceum 
 60oC 

 Dithane - Z  78 (0.2%)  (Benlate 0.5%)  


 (Thiram 0.2%) 


Yellow Mould  9.2.9

 (Moulds) 





 (Toxins) 
 




 (Blitox 0.04%)   (Benomoyl 0.05%) 

Ink Cap : Weed Mushroom, Ink Weed  9.2.10

 








Coprinus atramentarius   :  

 



 






 



 Coprinus 

Cinnamon Mould   9.2.11





 




 (Cinnamon) 

Chromelasporium fulva 
Dithane Z-79  (Casing soil) 

 @0.25% 

Lipstick Mould  9.2.12




Sporendonema purpurescens  
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 Pasteurization  






White plater mould  9.2.13

 50cm  (Casing soil) 


Scopulariopsis fimicola   : 
 (Gypsum) 


 (formalin 2%)  (Benomyl 0.1%) 


Lilliputia mould


 9.2.14




Gliocladium prolificum  
 Dithane 2-79 @ 20ppm 

Pink Mould  9.2.15






 (Casing soil)
Cephalothecium roseum  : 

 Thiram or Captan (0.05%)  (Casing soil)  






 9.3

Bacterial blotch 
 9.3.1

 (Bacterial spot disease)  Brown blotch 
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Psuedonomas flourescence   : 
 




 Casing 
 (50 ppm chlorinated water) 

Ginger Bacterial Blotch  9.3.2


 1 - 2mm 

Psuedomonas gingeri  : 
 Terramycin 9mg/square foot 


 Bleaching powder(100%) 

 Streptomycin (200ppm) 

Drippy gill  9.3.3

 (Flies)  (Gills) 


Psuedomonas agarici  
 (Blotch) 

Virus Diseases  9.4

'Law 
(Nair 1972)  (Die back)  

 France disease'







 


 

 




 

 (Pin heads)  


 70oC  

Na2Co3  4% Sodium pentachloro phenate  (Trays)  
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 0.5-1%

 (Formaldehyde solution)  4%  

Learning Outcomes  9.5

 14 










Keywords  9.6






 Control measures  Symptoms  Pathogen 

 9.7

Short Answer Type Questions  9.7.1

 cob web disease  1
 Verticellum  Mycogone 2

 Yellow mould  Olive green mould 3

 4

 Viral disease 5

Long Answer Type Questions  9.7.2

 Bacterial blotch disease 1
 Brown plaster mould disease 2






 3
 Pink mould disease  Lipstick mould 4
 Cinnamon mould disease  Ink cap 5
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10 
Insect Pests of Mushroom 

 10.0

 10.1

Mushroom Flies 10.2

Sciarids Flies 10.2.1

Phorids 10.2.2

Cecids 10.2.3

Mites 10.3

Spring Tails 10.4

Nematodes 10.5

 10.6

 10.7

 10.8

 10.9
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Introduction 10.0




Mushroom flies  
Mushroom mites  

Spring tail  
Nematodes  

 Co2 


Objectives  10.1


 



Mushroom flies  10.2

Cecid  
 Phorids  Sciarid 

Venation 
  Larva 

 Vectors 
Sciarids flies  10.2.1

   antennae 
 (Spores) 

 (Larvae) 
 (Mycelium) 




(Tunnels)  (Caps) 
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 (Honey comb) 


 

Lycoriella fenestralis .1

Bradysia coprophila .2

L. mali .3

L. agarici .4

Sciara pulla .5

Sciardis flies 

Phorids  10.2.2

 (Manure flies)  (Phorids) 


 

 (Mycelium) 





 (Spawn) 


Megaselia nigra .1

M. agarici .2

M. borista .3

M. halterata .4

Cecids  10.2.3

 Gall gnats (Cecid flies) 
 2mm  (Orange) 

gills 
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 Heteropeza pygmaea 
 M. barnesi  Mycophila speyeri 

 (Compost) 


 (Nitrogenous material) 


Control Measures 
 .1

Diazinon/  (Pasteurization)  (Sterlization)  (Casing soil)  .2

 (0.003%)  Lindane

Spawn  (0.05%)  (Nuvan)  (Malathion)  .3

 (0.05%)  



 Casing 

 






 @ 1.0gai/m2 Fenthion FenitrothionChlorfenvinphos  

 .4

 



 (Casing)  (Spawning) 

(Mites)  10.3 

 Tyrophagus putresentine 
 (Mycelium) 









 (Pinhead) 









 (Spawn)   
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Mites 
 Pasteurization  (Casing soil) 

 Implements 
Control Measures 

 (Pasterurization)  (Casing soil)  .1

 (Mushroom house)  .2


 Diazinon @1.5 - 2.0 ml/10 litres of water   .3

 0.02% (Kelthane)  Platform  





 Kelthane (0.01%)  .4

Spring tails 


   10.4

 (Oyster)  
 Lepidocyrtus cyaneus 
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 (1mm)  Shiitake mushroom

 (Active) 








 (Fruiting bodies) 
  (Mycelium) 

 Sterlization  (Casing soil) 


 Control Measures 
 .1

 Pasteurization  (Casing soil)  .2

 (0.05%)  .3

Mushroom Springtails

Nematodes  10.5


 (100%) 









(Animal  (Plant parasites)  Saprophagous predaceous Myceliophogus

Saprophagus 













Myceliophagus  parasites)
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 Predaceous forms 
 saprophagous nematodes  myceliphagous 

 (Stylet) 














 









 (Mouth part) 


Ditylenchus myceliophagous .1

Aphelenchoides agarici .2

A. composticola .3

A. myceliophagus .4





 Panagrolaimus  Rhabditis  (Saprophytic)  
 




  (Toxins) 


 Symptoms 





 Myceliophagous nematodes

 (Patches) 


 Casing soil 



Mushroom Nematode
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Control Measures 

 .1


 58 - 59oC  .2

 65oC  6 5  (Casing soil)  .3


 .4

 (80oC)  .5

 Arthrobotrytrys spp 


 .6



 (Biological control)

 (Moderately resistant)  K-32  A. biotorquis  .7

 P. Sajor-caju 

 (rotation) 

Abiotic Disorders of Mushrooms  10.6

 Stroma formation 
 (Casing soil) 







 Co2 


 Rose Comb 
 (Gills)  (Caps) 

 Coal tar 
Long stem Mushrooms 
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 Co2 


Cracked Mushroom 


 



 (Sheets)  




  85-95% 


 Formaldehyde 

Hard Gill or open Gill
 

 (Gills) 
 'Hard gill"  Open veil 

Veils 
 Gills 

Early opening of Mushroom 
 (Casing soil)  22oC 


Leaker/Weepers/Stinkers 

 "Weepers" 
 Casing  'Leakers' 

 64%  'Stinkers' 
 (Casing soil) 

Brown Discoluration 
 (Pin heads) 


 Oyster 

 (Pileus) 


 (Stipe) 
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Learning Outcomes  10.7

 
 Co2 



Keywords  10.8


 Co2

Model Examination Questions  10.9

Short Answer Type Questions  10.9.1

 1
 Cecids 2

 3
 Nematodes  4

 Abiotic Disorders  5

Long Answer Type Questions  10.9.2

 1
 2

 mites  3
 4



 5
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Amanita phalloides  11.2
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Amanita muscaria    11.3

 (Fly agaric) 
 Fly agaric  (Syrup) 

 (Toad stool) 
 Ibotenic acid  (Muscimol) 
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(Saddle Fungus) Gyromitra esculenta   11.4

 "False Morel" 
 (Gryomitri) 



Russula emetica  

 11.5

 Emetica  'Vomiting Russula'  'Sickener' 
 (Muscarin) 

Stropharia semiglobata  11.6

  dung round head mushroom 


 E n t o l o m a  s i n u a t u m  
 Panaeolus spp  E. Lividum 

Mushroom Poisoning  11.7

 bufotenin  Amanita citrina  



 Clitocybe nuda   .1

Amanita phalloides   .2

Coprinus atramentarium   .3

Early Morel Verpa bohemica   .4

Paxillus  .5
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involutus

 .6

Honey mushroom Armillaria mellea  

 11.8


Gastro - intestinial type 















 (1)

  
Russula emetica 

 Entoloma lividum  Lactarius torminusus
Chlorophyllum type  (2)


A. virosa  Amanita phalloides 


Nerve-affecting Type  (3)


'Atropin'  antidote  (Coma) 

 Inocybe infelix Amanita muscaria 
Blood dissolving type  (4)


 Gryomitra esculenta  

Cerebral type  (5)


 Panaeolus 
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 11.9


Sl.

No.

Scientific

Name

Common

Name

Poisonous

Substance

Poisoning

Potential

Type of

Poisoning

Identification Habitat

1 Amanita
phalloides

Death
angel

Two toxic
principles
have been
characteri-
zed. One

is
'Amaniita
hemolysin'
which is

heat liable
and other

is Amanita
toxin

which is a
complex

of
L-amanite
b-amanitine

and
Phalloidin

Deadly
poisonous

Cholerifom Vary in
colour, in

the manner
in which

the volva is
ruptured
and the

surface of
items.

Presence of
volva and

ring is
consistant
feature of
the genus

It occurs
commonly
in wood,
groves,
mixed
confers

and
hardwood
from july

to October

2 A. virosa Destroying
angel

-do- Deadly
poisonous

Choleriform It is usually
much larger
than others.
Very much
like A.verna
but differ in

elevated
almost

unbonate
center of

cap and in
the free

conditions
of the volva

-do-

120



3 A. verna Destroying

angel

-do- Deadly

poisonous

Choleriform This is pure

white large

species

with

prominent

death cap

enclosing

the base of

stalk very

closely.

It occurs

in hard

wood and

mixed

forests

during

wet

season

(July -

September)

4 A. muscaria Fly agaric Muscarin

and 

Mycoatro-

pine

Poisonous Nerve

affecting

Easily

identified

on account

of its scaly

cap, often

brilliantly

coloured,

its large

ring and

volva on its

bulb like

base

It occurs

on road

sides

rocky

mountain

and open

forests of

conifers

and hard

wood

(July-Sept)

5 Amanita

pantherina

Panther

Amanita

Muscarin

and

Mycoatro-

pine

Poisonous Nerve

affecting

The warts

on the cap

are well

formed and

whitish to

cream.  The

narrow,

often in

rolled collar

like volva

are

distinguishing

characters.

It grows

generally

scattered

to

gregarious

under

conifers

and hard

wood

from June

to October
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6 Clitocybe
illudens

Jack-My-
Lantern

Muscarin
type

Mildly
poisonous

Nerve
affecting

The
clustered
habit of
growth,
yellow
orange

colour of
fruit bodies
crowded,
narrow,

decurrent
gills and

stalk
tapered to
the base.

Fresh fruit
body emits

light in
darkness

It grows
from July
to October

in large
cluster at
the base

of
decaying

stem.

7 Inocybe
infida and

I.infeli

Unfortunate
inocybe

Muscarin Slightly
dangerous

Nerve
affecting

In mature
state the

cap is
innately
silky or

fibrillose
scaly.

It grows
from May
to August
in mossy
grounds

8 Lactarius

torminorus

Milky Cap Not

characterized

but

substance

is easily

destroyed

by heat

Mildly

poisonous

Gastero

interstinal

This

species has

an inviting

appearance,

coral pink

tint, woody

margin,

zoned

surface and

peppery

taste.

It is found

growing

in woody

forests or

on rotton

logs in

wet

summer

from July

to

October.
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9 Russula
emetica

Pungent
Russula

Muscarin Slightly
poisonous

Gastero
intestinal

The fungus
can easily

be
recognized
at maturity
by its slate
green gills.

Volva is
lacking

It is found
growing
in woody
forests on

rotton
logs in

wet
summer

from July
to

October.

10 Lepiota
molybdites

-- Not 
characteri-

zed

Slightly
poisonous

Gastero
intestinal

The cuticle
peals off
readily

from the
cap

exposing
the faint red
surface of

flesh
immediately
underneath

it.

It is found
growing

in
pasteurs

and grassy
areas

common
during
June to

Sept. and
often
forms
large

circles

11 Gyomitra
esculenta

False
Morel

Malvalic
acid

Contradic-
tory

Blood
dissolving

The cap is
not

regularly
pitted as in

case of
Morchella
with which
it is oftenly
confused.
The cap is

less
irregular
like the

convolutions
of the bran

It is
abundant

in the
coniferous

forests
and

fungus
fruits in
spring
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12 Panaeolus

companu-

latus

Black

spored

mushroom

Not

characterized

Slightly

poisonous

Cerebral Spotted

gills and

long narrow

stems are

important

characteristics

of the group

Common

in dung or

rich

grassy

manured

grounds

from May

to

October.

13 Psilocybe

species

Psychotro-

phic fungi

Psilocybin

and

Psilocin

Some times

deadly

Cerebral The margin

of the cap

in fresh

specimens

is

occasionally

striatulate,

cap broad,

thin,

companulate

or convex,

glaborous

brown to

redish

brown

when moist,

paler when

dry

Common

in tufts,

among

fallen

leaves or

on and

about the

base of

tree from

June to

October
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12 
Spent Mushroom Substrate (SMS) 
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 NPK  SMS
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 SMS 




 .2 Reclamation  .1

 .4  .3

 .6  .5

 Biogas .8  .7
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 .10  .9

Reclamation of Soil  12.3.1

 SMS 
 pH 

 SMS 
 12.3.2

 SMS

 12.3.3

 SMS 

 SMS  SMS  SMS 

 SMS 
 SMS  Ascorbic acid 


 400200100  SMS 

Cash  SMS 
 crops

Bioremediation  12.3.4


 SMS 

 SMS  Microbes 
  SMS  Actinomycetes 

 Bulk 

 12.3.5

 decompose 







 actinomycetes  SMS
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 SMS  Pathogens 
  Root knot 





 Cochliboulus carbonum 



 Apple scabe


 12.3.6

flush  
 1%  12%  SMS  





Feed  SMS12.3.7

 Feed  Cellulose  SMS  


 SMS  
 30  Feed 

Biogas Production  12.3.8

 SMS  


 sludge  biogas plant 
 SMS  casing


Integrated Use  SMS12.3.9


 SMS  

 
 Agricultural waste 

 SMS 

 casing  Sludge 
 decompose  SMS 
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 SMS

 

 


 
 SMS

SMS 





 Sludge   

 SMS 12.3.10

 vermicompost  SMS  SMS 
 2015  SMS  

 Vermicompost

 FYM  SMS  Worms  SMS

 vermicomposting 
 Mines  SMS

 Steam boilers  Briquettes 
anaerobic  SMS  casing material 

 casing  casing material  condition

 calcium carbonate 1.0% 
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SMS 

   Vermicomposting Biomann  

Bioremediation

  Sludge 





Recycling of SMS
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 SMS 
Lentinula edodes Valvariella 

volvaceae

Plenrotus spp. Agaricus

bisporus



- Yes - Yes 

- - - Yes 
- Yes - Yes 

Yes Yes Yes Yes 
- - - Yes 
- - Yes - 

Yes Yes Yes Yes 

- Yes Yes - 
- Yes Yes Yes  Biolors

- Yes - Yes 
- Yes Yes Yes Vermicomposting
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 Paste 
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 chips

(HIMALAYAN VIAGARA)  14.2
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 dough 
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50 

20 
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5  
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8.3 

Nuggets  14.3.3
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 Nuggets 
 Nuggets

 Nuggets 
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 15.4

 73% 
 16%  


 Controlled condition 

 1  94676 


 15.5


Agaricus bisporus) - white button mushroom  .1

Pleurotus spp mushroom (Oyster  
 .2

Volvariella volvaceae Paddy straw  .3

Calocybe indica (milky)  .4

Lentinula edodes (Shiitake) 



 .5

 96% 
 Milky mushroom

 

 7% 


 Cottage Industry  


Other Mushroom 
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Auricularia spp .1

Ganoderma lucidum (Reshi mushroom) .2

Hypsizygus tessellatus .3

2016  15.6

    
  

129782 10650 3184 21272 94676 
0 8.20 2.45 16 73 

 16%  
 73% 

 18000   
  12%  14%

 2016  12%
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 1
Table-1: Mushroom Production in India during 2016 (ICAR-DMR, Solan Official Data) 

(Production in Metric Ton)

States Button

Mushroom

Oyster

Mushroom

Milky

Mushroom

Other

Mushrooms

Total 

Andhra Pradesh 3000 500 15 0 3515

Arunachal Pradesh 20 5 0 1 26

Assam 20 100 5 0 125

Bihar 950 1500 150 0 2600

Chhattisgarh 20 200 35 89 344

Delhi 3000 50 20 0 3070

Goa 4200 20 0 0 4220

Gujarat 10000 1200 0 0 11200

Haryana 15000 50 50 0 15100

Himachal Pradesh 9000 110 30 10 9150

Jammu and Kashmi 565 15 50 0 630

Jharkhand 200 20 0 0 220

Karnataka 700 320 160 0 1180

Kerala 0 500 300 0 800

Maharashtra 10000 2000 50 0 12050

Madhya Pradesh 10 5 0 0 15

Manipur 0 10 0 50 60

Meghalaya 25 2 0 0 27

Mizoram 0 50 0 0 50

Nagaland 0 75 0 250 325

Odisha 126 6310 0 9550 15986

Punjab 16000 2000 0 0 18000
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Rajasthan 100 1000 0 200 1300

Sikkim 1 2 0 0 3

Tamil Nadu 6500 2000 1500 0 10000

Tripura 0 100 0 0 100

Uttarakhand 8189 1228 819 0 10236

Uttar Pradesh 7000 100 0 0 7100

West Bengal 50 1500 0 500 2050

Andaman & Nicobar 0 300 0 0 300

Total 94676 21272 3184 10650 129782




 43% 
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 2Table 

Table 2: Some of the Medium to Large Scale Button Mushroom Production Units in India:

S.No. Name of the mushroom unit Location Production

Capacity

1 M/s. Himalaya International Pvt. Ltd. Vadnagar, Gujarat 10000 TPA

2 M/s. Agro Dutch Mushrooms Pvt. Ltd. Chandigarh 8000 TPA

3 M/s. Himalya International Pvt. Ltd. Paonta Sahib 4000 TPA

4 M/s. Zuari Agro Farm Goa 4000 TPA

5 M/s. Tirupati Balaji Agro Products Pvt. Ltd. Baramati, Pune 3000 TPA

6 M/s. Flex Foods Pvt. Ltd. Dehradun, Uttarakhand 2600 TPA

7 M/s. Weikfield Foods Pvt. Ltd. Haveli, Pune 2250 TPA

8 M/s. Welkins Overseas Pvt. Ltd. Roorke, Uttarakhand 500 TPA

9 M/s. Vikas Mushroom Farm Solan, Himachal

Pradesh

500 TPA

10 M/s. Kulakarni Farm Fresh Belgam, Karnataka 350 TPA

*TPA - Tons Per Annum

 15.7

 0.30  1965-2015 
 3.41

 2016-17  4  3 
 5165.75





 976.24  Preserved 

 Private Sector 


 95%  Processed 
 1% 
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Table 3: Export of white mushrooms from India in dried form 

(Value in Rs. Lacs; quantity in quintals) 

2014-15 2015-16  2016-17

Country Qty Value Qty Value Qty Value

Germany 37.55 876.67 53.54 1159.53 67.37 1481.75

France 9.11 1383.21 6.72 736.31 3.55 354.84

Hong Kong 0 0 0.63 86.14 1.57 141.53

United States 6.46 176.19 6.33 159.57 4.79 108.82

Israel 0.12 2.98 1.24 32.5 0.73 19.56

Switzerland 4.77 942.64 0.36 53.18 0.09 10.01

Canada 6.65 149.09 0 0 0 0

China P Rp 2.88 399.12 1.68 223.9 0 0

Russia 0 0 1.64 18.75 0 0

Sweden 0.08 13.43 0.05 4.86 0 0

Total 67.62 3943.33 72.19 2474.74 78.1 2116.51

(Value in Rs. Lacs; quality in quntals)

Table 4: Export of white Button Mushroom in preserved from  

2014-15 2015-16  2016-17

Country Qty Value Qty Value Qty Value

Switzerland 193.21 3830.19 188.56 2629.55 207.27 2333.70

Franch 263.93 3965.12 315.84 3578.44 263.59 2215.37

United States 3.9 67.27 381 149.87 442.16 226.63

Germany 23.3 258.44 55.26 312.2 27.9 134.06

China P Rp 94.81 1448.89 15.59 202.28 22.5 122.94

Hong Kong 19.65 4.97 2 26.85 8.6 83.21
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Spain 0 0 0 0 2.5 25.24

Japan 0.48 11.94 0.72 15.05 0.72 15.3

Sweden 1.4 24.7 3.2 37.25 1 9.3

Canada 190 35.74 0 0 0 0

Mexico 40.28 51.05 0 0 0 0

UK 1.5 32.19 0 0 0 0

Unspecified 0 0 2.84 43.01 0 0

Total 832.46 9730.53 965.01 6994.50 976.24 5165.75

Source: DGCIS Annual Report 
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 agro waste  620 
 agro waste 


 briquettes  Vermicompost 
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18588786  2016  12256511  2010  FAO 

5  5 
Table 5: Global mushroom production 2010 - 2016 (tonnes)

Country 2010 2011 2012 2013 2014 2015 2016

China 4826000 5658972 6527965 7068102 7591140 8026152 7786368

Italy 684401 761858 1016886 604525 600114 594835 683620

USA 359469 390902 402904 408157 432100 429562 419630

Netherlands 266000 304000 307000 323000 310000 310000 300000

Polands 230000 220000 228300 237069 245747 252944 260140

Spain 133000 146100 147440 149700 149854 218795 197010

Canada 78452 84202 137597 132448 134545 118642 133935

France 1193,73 115696 116602 104461 108671 101135 101949

United Kingdom 69300 70740 78580 85484 94857 103197 99813

Ireland 54500 57700 69600 67700 69600 72200 70000
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India 40600 40600 30000 17000 28000 33699 2992

Republic of Korea 26250 24787 26000 26771 26860 26292 26158

All Other 5369166 6227659 7094714 7665730 8216306 8659997 8480171

Total Production 12256511 14103216 16183588 16890147 18007794 18947450 18588786

Source: FAO, FAOSTAT Production database.

Note: Data also include truffles which are included for a small share of total production

 USA 
 1%  50  42
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 Consumption  10 
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 15.11

 1985 


 FAO  2007  UK 
 69726  1,05,186  Canned 
 405112  32757  67058  USA 

 18392  18496  20623  15349 

Consumption  15.12

 11.62  1.62 
 4030  2.30  1.49

2007 
 Canned  Fresh  
3.01 0.20 2.81 UK 
4.46 0.69 3.77 

11.62 0.00 11.62 

2.47 1.20 1.27 
1.62 0.06 1.56 
2.72 0.14 2.58 
3.11 0.00 3.11 
6.10 0.05 6.05 
0.35 0.00 0.35 
1.49 0.22 1.27 USA

2.30 0.59 1.71 
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0.86 0.26 0.60 

0.04 0.00 0.04 
Source: 2007 World Population data sheet Population reference bureae 1975, connectiont

Ave., Nw Washington DC-2009, USA

 15.13

 UK 


       2007  
    

171168 99552 384 72000 UK 

39958 33876 36918 43000 
190569 34161 83592 240000 

104615 54168 4553 55000 
92600 9835 3135 85900 
159145 37158 3013 125000 
140840 1688 848 140000 
13396 1213 147817 160000 

Source: Table 50 - World mushroom and truffles: Production, 1961-2007, Table 51a-World

Mushroom and truffles, Export Volume, 1970-2007, Table 54-A world mushroom and truffle,

Import volume 1970-2007, UN, FAO, FAO Stat (08/31/2009)
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Learning Outcomes  15.14


 Directorate of Mushroom Research2008 

 16%  
 73% 

 

 Paddy Straw mushroom 


 USA 
 1%  95% 







 12,256,511  2010 

42%  1,85,88,786  2016 
 USA 



Keywords  15.15




Model Examination Questions  15.16

Short Answer Type Questions  15.16.1

 1
 2
 3
 4
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 5

Long Answer Type Questions  15.16.2

 1
 SMS 2

 3
 4

 Per Capita Consumption  5

Suggessted Books  15.17

1.   Handbook on Mushrooms by Nita Bahl

2.   Mushroom: Production and Processing Technolodgy 

      by V. N. Pathak, Nagendra Yadav and Maneesha Gaur

3.   Mushrooms: Cultivation, Marketing and Consumption

      Editors: Manjit Singh, Bhuvnesh Vijay, Shwet Kamal, G. C. Wakchaure

4.    Mushroom for Livelihood by Vijay Khader
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16 


 Mushroom Research Organisation in India


 16.0

 16.1

 16.2

 16.2.1

 16.2.2

 16.2.3

Germ Plasm  16.2.4

Training Programmes  16.3

Entrepreneurs Training Centre 16.3.1

KVK Scientists / SMS Training 16.3.2

 16.3.3

 16.3.4

Sponsored Training Programmes 16.3.5

 16.3.6

 16.4
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Certificate in Mushroom Training 16.5

 16.6

DMR, Solan 16.7

All India Coordinate Research Project on Mushroom 16.8

 16.9

 16.10

 16.11

Introduction 16.0


 2008  DMR 


 DMR 

 All India Coordinate Project on Mushroom 
 Training  DMR  9  23 




Objectives  16.1




 16.2

(DMR)  
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 1983  (Mushroom city of India) 



 16.2.1

 Directorate of Mushroom Research  


 (Germ Plasm)  
 (Varieties)  

 (Development)  
 (Abiotic stresses)  (Biotic stresses) 


 
 
 


 16.2.2


 (Centre of Excellence)  

 (Germ plasm)  
 (Coordination)  

 (Research)  (Education)  
 (Extension) 

 16.2.3

Agarcicus  (Strains) 
 NCS 102  NCS101, NCS-100 (Strains)  bisporus 
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Agaricus  (Summer white button mushroom) 
 NCB-13  NCB-6  bitorquis 




(Germ Plasm)   16.2.4

  (Crop) 
 (Solan) 

 (610) 

Training Programmes  16.3

 DMR




Entrepreneurs Training Course16.3.1




KVK Scientists / SMS Training16.3.2




 16.3.3




 16.3.4
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Sponsored Training Course16.3.5

 Solan 


 DMR 
 16.3.6



Online Training Programme  16.4

 Online  IIHR  DMR

 Spawn 
 

 



Value 
 added products

 Farm layout  Mushroom form 



 Certificate  digital books 


 IIHR  DMR

Certificate in Mushroom Cultivation 16.5
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 Spawn  
 Casing Beds 

 
 

 Harvesting  
Marketing  

 16.6

Prof. Jayashankar Telangana State Agricultural University, Hyderabad
 Cultivation Unit 



 DMR 16.7

 DMR Solan  37  

Production  Productivity 


 types  DMR 

 types 
 breeding

 

 (Post harvest technology  

 DMR 

 
 DMR 
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All India Coordinated Research Projection Mushroom (AICRPM) 16.8

9  Coordinating centre 23  AICRPM 
 27  Cooperating centres

 Survey  
 types  
 germ plasm 

 
 Prodcuts 

 adaptability  
 

 DMR  AICRPM

List of all India Coordinated Research Projects 

Indian Coucil of Agricultural Research (ICAR) Institute Based Centres 
1. ICAR Research Complex for NEH Region 

Division of Plant Pathology, ICAR, Research Complex, 

Umiam, Meghalaya - 793 103, Phone: 0364-357649

2. ICAR Research Complex for Eastern Region

ICAR-RCER Research Centre, 

Ranchi - 834010 (Jharkhand)

3. CIARI, Port Blair

Division of Field Crop Improvement and Protection, 

Central Island Agricultural Research Institute 

Port Blair, A&N Island - 744101

4. IIHR Bangalore 

ICAR-Indian Institute of Horticultural Research, 

Hessaragatta, Bangalore - 560089
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5. Sikkim

ICAR Sikkim Centre, 

Tadong, Gangtok - 737102

6. Arunachal Pradesh

ICAR Research Complex for NEH Region,

Arunachal Pradesh Centre, Basar-791101, 

7. Nagaland

ICAR Research Complex for NEH Region,

Nagaland Centre, Jharnapani, 

Medziphema, Nagaland-797106, 

8. Mizoram

Crop Protection Division, 

ICAR-Research Complext for North Eastern Hill Region 

Mizoram Centre, Kolasib-796081, Mizoram

9. Tripura

ICAR Research Complex for NEH Region

Tripura Centre, Lembucherra West, Tripura-799210

10. Manipur

ICAR, Research Complex for NEH Region

Manipur Centre, Lamphapat

Imphal - 795004, Manipura

State Agricultural University (SAU) Based Centres 

1. Tamil Nadu Agricultural University, Coimbatore

Centre for Plant Protection Studies, Tamil Nadu Agricultural University, 

Coimbatore-641003, Tamil Nadu

2. Punjab Agricultural University (PAU) (TNAU), Ludhiana

Department of Basic Sciences & Humanities, 

Punjab Agricultural University, Ludhiana-141 004 Punjab, 
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3. Mahatma Phule Krishi Vidhyapeeth (MPKV), Pune

AICRP - Mushroom, Pune College of Agriculture, 

MPKV, Pune-411005, Maharastra

4. GB Pant University of Agriculture & Technology (GBPUA&T), Pantnagar

G.B. Pant University of Agriculture & Technology, 

Pantnagar - 263145, Uttarakhand

5. Krishi Vishwa Vidyalaya

Krishak Nagar, Raipur - 492 012, Madhaya Pradesh. 

6. Kerala Agricultural University, Vellayani

Kerala Agricultural University 

Vellayani, Kerala

7. M P University of Agriculture & Technology (MPUAT), Udaipur 

College of Agriculture, M.P. University of Agriculture & Technology, 

Udaipur-313001

8. CSS Haryana Agricultural University (CSSHAU), Hisar

CCS Haryana Agricultural University, 

Hisar-125001
 

9. Orissa University of Agricultural & Technology (OUAT), Bhuvaneshwar

Dept. of Plant Pathology, College of Agriculture

Orissa University of AGriculture and Technology, 

Bhubaneshwar-751003

10. Rajindra Agricultural University (RAU) 

PUSA, Samastipur

11. Central Agricultural University, Pasighat

Dept. of Plant Pathology, College of Horticulture & Forestry

Central Agircultural University, Pasighat-791102, Arunachal Pradesh,

12. Haryana Agro Industries Corporation Agro Research & Development Centre 
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Murthal Haryana Agro Industries Corporation Agro R&D Centre, 

Opp. Engineering College, Murthal-131027, 

Sonepat Haryana e-mail: haicrnd@gmail.com

13. Chaudhary Sarwan Kumar Himachal Pradesh Krishi Vishvavidhyala 

(CSKHPKV) Palampur,

Mushroom Centre, Department of Plant Pathology

CSKHPKV, Palampur-176002, Himachal Pradesh

Cooperating Centres

1. YSP University of Horticulture & Forestry (YSPUHF)

Department of Plant Pathology, 

Dr. Y.S. Parma University of Horticulture & Forestry

Nauni-173230, Solan Himachal Pradesh 

2. Vivekanand Parvatiya Krishi Anusandhan Sansthan (VPKAS, Almora)

ICAR-Vivekanand Parvatiya Krishi Anusandhan Sansthan, 

Almora-263106, Uttarakhand

3. Sher-e-Kashmir University of Agricultural Sciences & Technology (SKUAST)

Mushroom Research & Training Centre, Division of Plant Pathology, 

SKUAST, Shalimar, Srinagar-181102 Jammu & Kashmir
 

4. Sher-e-Kashmir University of AGricultural Sciences & Technoogy (SKUAST) 

Division of Plant Pathology, Faculty of Agriculture, 

SKUAST-J, Main Campus Chatha, Jammu-180005, Jammu & Kashmir

5. ASSAM Agricultural University (AAU), Jorhat

Deptt. of Plant Pathology, Assam Agricultural University, 

Jorhat-785013, Assam 

6. Sardar Vallabbhai Patel University of Agriculture & Technology (SVBPUA&T) 

Department of Plant Pathology, SVBPUA&T, 

Meerat-250110, Uttar Pradesh
 

7. Faculty of Agriculture, BCKVV
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Mohanpur-741252, West Bengal, 

8. Sardar Krushinagar Dantiwala Agricultural University (SDAU), Gujrat

Department of Plant Pathology, SD Agricultural University

Sardar Krushinagar-3875506, Gujrat, 

9. Acharya NG Ranga Agricultural University (ANGRAU), Hyderabad

Deptt. of Plant Pathology, SV Agriculture College, 

Tirupati-517502, Andhra Pradesh 

Learning Outcomes  16.9

 DMR 


 DMR 


23   DMR 
 9 
 




 DMR



Keywords  16.10

 AICRPM  



 DMR

Model Examination Questions  16.11

Short Answer Type Questions  16.11.1

 1
 DMR 2
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 Online 3
 DMR 4

 AICRPM 5

Long Answer Type Questions  16.11.2

 DMR 1
 Certificate in Mushroom Cultivation 2

 AICRPM 3
 DMR 4
 DMR 5

Suggessted Books  16.12

1.   Handbook on Mushrooms by Nita Bahl

2.   Mushroom: Production and Processing Technolodgy 

      by V. N. Pathak, Nagendra Yadav and Maneesha Gaur

3.   Mushrooms: Cultivation, Marketing and Consumption

      Editors: Manjit Singh, Bhuvnesh Vijay, Shwet Kamal, G. C. Wakchaure

4.    Mushroom for Livelihood by Vijay Khader
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