
I. ASYMBIOTIC

STAGE

MYCORRHIZAL FERTILIZER



 Mutualistic association between plant roots and fungi,  both organisms benefit 
from the  associations.

 The fungus receives carbohydrates  (sugars) and growth factors from the  
plant, which in turn receives many  benefits, including increased nutrient  
absorption.

 In this association, the fungus takes  over the role of the plant’s root hairs  
and Acts as an extension of the root  systems.

 Mycorrhizae are highly evolved,  mutualistic 
associations between soil  fungi and plant roots. It 
is commonly  known as root fungi.

 This asoociation are members of the  fungus 
kingdom (Basidomycetes,  Ascomycetes and 
Zygomycetes) and  most vascular plants.

 Host plant receives mineral nutrients  while the 
fungus photosynthetically  derived carbon 
compounds from the  plants.

 In absence of host roots, the VAM fungi remain in 
soil as spores, which germinate near host roots 
and colonize there..
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 Mycorrhizas are commonly divided  into ectomycorrhizas (extracellular)and 
endomycorrhizas (Intracellular).

 The two types are differentiated by  the fact that the hyphae of

 ectomycorrhizal fungi do not penetrate individual cells within 
the root

 endomycorrhizal fungi penetrate the cell wall and  invaginate
the cell membrane.

 Mycorrhizas are variable and have  been further classified as arbuscular (endomycorrhiza),  
ericoid (endo), arbutoid (ectomycorrhiza), monotropoid (ecto), and orchid  (endo) mycorrhizas.

 Arbuscular mycorrhizas, or AM (formerly  known as vesicular-arbuscular mycorrhizas,  or VAM), 
are mycorrhizas whose hyphae enter into the plant cells, producing  structures that are either 
balloon-like  (vesicles) or dichotomously branching  invaginations (arbuscules).

 Ectomycorrhizas, or EcM, are typically  formed between the roots of around 10% of  plant 
families, mostly woody plants  including the birch, dipterocarp, eucalyptus,  oak, pine families, 
and  fungi belonging to the Basidiomycota and Ascomycota.

 Some EcM fungi, such as many Leccinum  and Suillus, are symbiotic with only one  particular 
genus of plant, while other fungi,  such as the Amanita, are generalists that  form mycorrhizas 
with many different  plants.



I. ASYMBIOTIC

STAGE
• Fungi exist as multi-nucleated round shaped resting spores.

• Fungi uses its triglyceride, glycogen reserves.

• Under suitable water, temp. conditions-

Spores germinate & nuclei from the spore move into the  extending mycelium.

• If host root absent- growth ceases (2-4 weeks)

II. SYMBIOTIC STAGE
• Begins with the colonization of hyphae with  compatible root.

• After attachment-

i. Appresorium formed (fungus enters in cortex).

i. Formation of specialized structures- inter- & intra- cellular hyphae, coils, arbuscules.







Endomycorrhizae Ectomycorrhizae

Generally fungi produce its typical  

structures, vescicles and arbuscules

inside the root system.

Fungi produce majority of its  

structure outside the root system.

Commonly associated with  

agricultural, horticultural and  

tropical trees.

Commonly associated with trans  

temperate forest tree roots.

Have a loose network of hyphae in  

the soil and an extensive growth  

within the cortex cells of the plants.

Form a complete mantle or sheath  

over the surface of the rot and  

hyphae grows out into the soil.

Cannot be cultured on artificial  

media.

Can be cultured on artificial media.

Doesn’t cause morphological  

changes in roots.

Cause morphological changes in  

roots.



Broadly classified into
• Ectomycorrhiza (EcM)

• Endomycorrhiza (AM / VAM)

• Ectendomycorrhiza

• Monotropo id mycorrhiza

• Arbutoid mycorrhiza

• Orchid mycorrhiza

• Ericoid mycorrhiza



Mycorrhiza Host range Types of relationship

Ectomycorrhiza Gymnosperms and Angiosperms
Sheath, intercellular  hyphae

Endomycorrhiza (VAM) All groups of plant kingdom
Coiled intracellular hyphae, vesicle and

arbuscules present

Ectendomycorrhiza Gymnosperms and Angiosperms Sheath optional, inter and intracellular hyphae

Monotropoid mycorrhiza Very restricted, Monotropaceae
Sheath, inter and coiled intracellular hyphae

Arbutoid mycorrhiza Very restricted, Ericales
Sheath, inter and coiled intracellular hyphae

Orchid mycorrhiza, Restricted, Orchidaceae
Only coiled intracellular hyphae

Ericoid mycorrhiza Very restricted, Ericales

No sheath, no intercellular  hyphae, 

long,

coiled



• Wood wide web‘ (www)—Dr. Suzanne 

Simard (1997). It is the underground 

network of microbes that connects... 

Millions of species of fungi and bacteria 

swap nutrients between soil and the roots 

of trees, forming a vast, 

interconnected web of organisms 

throughout the woods.

• Research has shown that beneath every 

forest and wood there is a complex 

underground web of roots, fungi and 

bacteria helping to connect trees and 

plants to one another.

• In the past few years, researchers have 

demonstrated that plants connected to 

the wood-wide web can exchange more 

than just nutrients. When broad bean 

plants come under attack by aphids, they 

release chemicals that not only repel their 

attackers, but also attract wasps that prey 

on the aphids.





The MMN medium presented the following composition (g.L-1): glucose 10.0; 

malt extract 3.0; CaCl2 0.05; NaCl 0.025; (NH4)2PO4 0.25; KH2PO4 0.50; 

MgSO4.

•Inoculum production using basidiospore, chopped sporocarp, sclerortia, 

fragmented mycorrhizal root, etc.

•MycoRhiz – Commercial formulation….Mycelial inoculum of Pisolithus 

tinctorius. In an vermiculite / peat substrate.

•For biofertilizer production , grow Pisolithus tinctorius in solid culture of 

MMN medium at 25deg C for 2-3 eeeks and then transfer agar pieces to 

liquid MMN medium for mass culture.

•Solid substrate Fermentor: Steam sterilization of vermiculite, liquid MMN, 

vermiculite, carbohydrate and nitrogen source at 80deg C…..

•Cool and inoculate with Pisolithus tinctorius.

•MYCOBEADS….. Hydrogel beads of Laccaria, Discolea, etc, EcM species

ECTOMYCORRHIZA BIOFERTILIZER









Isolate spores of VAM from soil by Wet Sieving and Decantation technique and use as 

starter culture.







1. Tank for mass

multiplication of

AM

2. Sprinkling of water in  

tank with vermiculite

3. Making of furrows to  

sow maize seeds

Method of production

a. In vivo culture
• AM fungi are grown on roots of green house plants and 

chopped  mycorrhizal roots, often mixed with growth media 

containing  hyphae and spores, are used as source of 

inoculum.

• Soil could be replaced by inert substances such as 

vermiculite,  perlite, sand or a mixture of these for crude 

inoculum  production.



Method of production

4. Sowing the  

seeds in furrows

5. View of the maize  

sown AM pit
6. Vermiculite  

contained raised AM  

infected maize plants

•



Mass production of VAM



b. In vitro/ axenic culture techniques

i) Solution culture

ii) Aeroponic culture

iii) Root organ culture

• Involves growing infected roots in aqueous medium enriched with  mineral nutrients required for 

the growth of the roots under  controlled biotic and abiotic conditions.

Involves applying a fine mist of nutrient solutions to colonized roots  for AM fungal inoculum 

production.

• Use of a modified agar medium (MS rooting medium)/ liquid medium for creation of

increased amount of roots from callus tissue and these roots are infected by AM spores or

by surface sterilized root bits obtained from mycorrhizal plant.












