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ABSTRACT 

This paper describes the morpho-anatomical details of 1 year old mycorrhizal roots of sal seedlings formed 

after inoculation between the dipterocarp tree Shorea robusta Gaertn. and ectomycorrhizal mushrooms, 

Russula kanadii  Dutta & Acharya, R. cyanoxantha (Schaeff.) Fr. and Lactarius shiwalikensis Kumar & Atri. 

The sporophore and pure culture of each of these mushrooms were identified using morphological characters 

and phylogenetic analysis of the internal transcribed spacer region of nuclear ribosomal DNA (ITS). The 

inocula were prepared using wheat grains for inoculating the germinating Shorea seeds for establishing the 

mycorrhizal association under aseptic conditions. After 3 months following inoculation, the mushroom mycelia 

of the 3 fungal isolates were observed colonizing the roots of Shorea robusta seedlings. The samples of 

mycorrhizal roots of the seedlings were collected after 1 year of growth and subsequently, each one of these 

were studied for their morphology, appearance and structure of mantle and Hartig net.  

Keywords: Sal forests, Himalayas, Artificial synthesis, Ectomycorrhiza, Shorea robusta. 

INTRODUCTION 

In temperate and tropical forest ecosystems, most 

tree species are reported to from ectomycorrhizal 

(EcM) association with diverse species of fungi 

belonging to Phylum Ascomycota and 

Basidiomycota (Kumar and Atri, 2018). These 

fungi are reported to play a crucial role in the 

establishment and growth of forest trees by 

enhancing their nutrient and water acquisition 

(Smith and Read, 2008; Kumar and Atri, 2023), 

and imparting tolerance/resistance against biotic 

and abiotic stresses (Xu et al., 2016; Sebastiana 

et al., 2018; Guo, 2018; Luo et al., 2014). In spite 

of the great diversity and distribution of EcM 

fungi in the temperate and boreal ecosystem, 

diversity and distribution of tropical EcM fungi is 

still poorly known. In India, large area of tropical 

and subtropical ecosystems is mainly dominated 

by ectomycorrhizal trees. For instance, the 

tropical moist deciduous forests of India are 

largely dominated by economically important 

dipterocarp tree Shorea robusta  Gaertn. (sal) 

which represents a major source of commercial 

timber (Singh and Singh, 1992). Plants of S. 

robusta are reported to form obligatory 

ectomycorrhizal association with number of fungi 

(Natarajan et al., 2005; Kumar and Atri, 2018). 

Several species of Basidiomycetous fungi have 

been reported from sal forests as EcM associates 

of Shorea robusta roots based on sporophore 

surveys and putative characterisation of 

ectomycorrhizal roots (Pyasi et al., 2011, 2013; 

Tapwal et al., 2013, 2015; Kumar and Atri, 2019, 

2020a, 2021b). The roots of Shorea robusta are 

reported to be forming putative association with 

the species of Amanita, Asproinocybe, Boletus, 

Inocybe, Pulveroboletus, Russula, Lycoperdon, 

Scleroderma, Lactifluus and Lactarius in natural 

condition (Bakshi 1974; Tapwal et al. 2013; 

Kumar and Atri 2016, 2019, 2020a, 2021a, 

2021b). However, 3 mushrooms, namely Russula 

michiganensis Shaffer., R. amoena Quél. and 

Lycoperdon compactum G. Cunn. were clearly 

confirmed as EcM associates of Shorea robusta 

by synthesizing EcM under field experiment 

(Pyasi et al., 2013; Tapwal et al., 2015). The 

present study investigates the mycorrhizal 

development of Shorea robusta seedlings 

inoculated with 3 fungal species, namely Russula 

kanadii Dutta & Acharya, R. cyanoxantha 

(Schaeff.) Fr. and Lactarius shiwalikensis Kumar 

& Atri. The aim is to explore their role in 

seedling growth and establishment under field 

conditions, addressing the lack of data on 

mycorrhization in sal seedlings. In this paper, the 

morpho-anatomical details of 1 year old 

mycorrhizal roots of sal seedlings formed after 

inoculation has been presented. 



Jitender Kumar* and Narender Singh Atri 

27 

MATERIALS AND METHODS 

Material collection, culturing and mass 

inoculums production of EcM fungi 

Sporocarps of most common putative mycorrhizal 

mushroom associates of Sal were collected from 

the Sirmour district of Himachal Pradesh and 

Dehradun district of Uttarakhand, India. The 

macroscopic and microscopic details were worked 

out as per standard methodology (Singer, 1986; 

Atri et al., 2017) for identification. Fresh and 

tender sporophores of putative EcM agarics were 

used for raising the pure culture. The healthy 

sterilized mushroom tissue slices were inoculated 

into Petri plates and test tube slants containing 

sterilized pre-prepared Modified Melin-Norkrans 

nutrient media (Marx, 1969). The inoculated Petri 

plates and test tubes were then incubated in BOD 

incubator at 26
°
C and observed regularly for the 

appearance of mycelial growth. Repeated sub-

culturing was done to get pure cultures. The 

mycelial inocula of EcM symbionts were prepared 

according to the method of Kannan and Natarajan 

(1988). 

Molecular analysis 

DNA was extracted from 15 days old mycelial 

culture using DNeasy plant mini kit (Qiagen 

GmbH, Hilden, Germany) following the 

manufacturer’s protocol. For identification of 

culture, Internal Transcribed Spacer (ITS) region of 

nuclear ribosomal DNA was amplified using fungal 

specific primer (White et al., 1990). Amplification 

was performed with DNA thermal cycler 

(BIORAD T100 TM). The final PCR product was 

separated by electrophoresis in 1% agarose gel with 

ethidium bromide in TAE (Tris- Acetic acid - 

EDTA) running buffer and then purified using a 

QIA quick gel extraction kit (Qiagen). Sequencing 

reactions were performed on both forward and 

reverse strands of purified product by Sanger 

sequencing on an AB13730X1 DNA analyser 

(applied biosystems, Foster city, California) using 

the same primers. Fungal taxa were identified by 

running BLAST queries in GenBank database 

(www.ncbi.nlm.nih.gov.). The generated sequences 

were deposited to GenBank for accession numbers.  

Artificial synthesis and characterization of 

mycorrhiza 

For artificial inoculation, soil was collected from 

the natural Sal growing area in Shivalik range. Soil 

was cleaned, sieved and then autoclaved so as to 

remove any pathogens/microbes   from it. Seeds 

were collected in the month of June from Asharodi 

range of Sal forest of Dehradun, Uttrakhand, India. 

The polybags (20 x 21 cm
2
) were filled with 

autoclaved soil (2 kg/bag) for each mycorrhizal 

inoculum which were  subsequently inoculated 

with inocula of Russula kanadii, Russula 

cyanoxantha and Lactarius shiwalikensis  (5 g/ 

bag) under single sal seed sown in each bag. For 

morphological characterization, developed 

ectomycorrhizae were observed under a 

stereomicroscope (Magnus MSZ-TR), 

photographed and described by careful examination 

following Agerer (1987- 2012) and Agerer and 

Rambold (2004 - 2024). All the root tips were 

examined for the morphological characters such as 

shape, size, colour, texture, presence/absence of 

rhizomorphs and extra-radical mycelium. The 

confirmation of ectomycorrhizal colonization was 

done by examining the cross sections and 

longitudinal sections of EcM roots (cut manually) 

under a compound microscope and photographed 

under digital microscope (Leica DM4000 B LED) 

so as to study the architecture of the mantle and the 

Hartig net. The colour terminology used is that of 

Kornerup and Wanscher (1978). Chemical colour 

reactions were performed on the mantle layer using 

Cotton Blue, Melzer’s Reagent, Sulphovanillin, 

ferrous sulphate, potassium hydroxide and ethanol. 

RESULTS 

Taxonomic and molecular analysis 

Morphologically 2 species of Russula were 

identified as Russula kanadii (Dutta et al., 2015) 

and R. cyanoxantha (Romagnesi, 1967), whereas 

Lactarius species was describes as Lactarius 

shiwalikensis, which was new to science. To 

validate the taxonomic result, pure culture of both 

Russula species  and sporocarp tissue and pure 

culture of Lactarius species  were further subjected 

to molecular study for identification by sequencing 

the Internal transcribe spacer (ITS) region of their 

genomic DNA. The ITS sequences generated were 

compared with the available sequences in the 

GenBank using the nucleotide BLAST search 

algorithm. Sequence reads were submitted to 

GenBank (www.ncbi.nlm.nih.gov.) with accession 

numbers KY931026, KY931025 for Russula 

kanadii and R. cyanoxantha, respectively, and 

MH635422 (sporophore) and MW466549 (Pure 

culture) for Lactarius shiwalikensis. The dried 

materials of these 3 mushroom species were 
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deposited in the Herbarium of Department of 

Botany, Punjabi University, Patiala under PUN 

numbers 9140, 9119 and, 9172, respectively. 

1. Description of ectomycorrhizae: Russula 

kanadii Dutta & Acharya + Shorea robusta 

Gaertn.                                             Figure 1 and 2 

Morphological characters: Mycorrhizal system 

monopodial pinnate dichotomous-like, occasionally 

simple, with zero to one order of ramification, 2.0-

5.5 mm long; main axes 0.2-0.5 mm in diameter. 

Unramified ends dense, slightly bent to straight, not 

inflated, cylindrical, 1-2 mm in length and 0.2-0.5 

mm in diameter, tips rounded. Surface of 

unramified ends rough; densely short spiny, mostly 

with soil particles, mycorrhizae white to grayish 

brown, unchanging, not secreting latex or any other 

fluid when injured; mantle not transparent, 

hydrophobicity absent, tip shows the same colour 

as rest of the mycorrhizae. Emanating hyphae 

observed, concentrated mostly distally. Cystidia 

present, arising from the bulbous base. Sclerotia 

not observed. 

 

Figure 1: Russula kanadii + Shorea robusta: a-b, 

Mycorrhizal system; c, Surface view of unramified 

end showing cystidia (arrow) on outer mantle; d, 

Cross section of ectomycorrhizal root showing mantle 

(M); e, Longitudinal section of ectomycorrhizae  

showing mantle (M) and radially elongated epidermal 

cell (EC)  with Hartig net (HN); f, Longitudinal 

section of root tip showing plectenchymatous  mantle 

(M). Scale bar: a-b=1 mm. 

 

Figure 2:  Russula kanadii + Shorea robusta: A, 

Mantle; B, Cystidial elements; C, Root tip mantle; 

D, Emanating hyphae. 

Anatomical characters of mantle in plan view: 

Mantle thickness 29-32 (36) µm, distinct, hyphae 

of both mantle layers colorless, differentiated into 

outer mantle layer and inner mantle layer. Outer 

mantle layer 24-29 µm, plectenchymatous, 

compactly arranged, representing type D pattern 

(Agerer, 1987-2012; Agerer and Rambold, 2004-

2024); hyphal cells 8-22 µm tangentially and 4.0-

8.0 µm radially, compactly arranged, smooth, 

hyaline, septate, thin walled (0.5 µm), not 

constricted at septa, clampless; septa as thick as 

hyphal wall. Inner mantle layer 5.0-7.0 µm, 

composed of interlocking irregular 

pseudoparenchyma representing type K pattern 

(Agerer, 1987-2012; Agerer and Rambold, 2004-

2024), mantle layer transitional type in some parts, 

clear hyphal arrangement is observed, hyphal cells 

colourless, hyaline, thin walled, variable in shape 

measuring 3.0-6.5 µm tangentially and 3.0-6.5 µm 

radially, diameter of hyphal cells decreases from 

outer to inner side. 
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Anatomical characters of emanating elements: 

Emanating hyphae 2.5-6.5 µm, thick walled (1 

µm), septate, not constricted at the septa, without 

clamps, septa as thick as hyphal wall (up to 1 µm). 

Cystidia 89-146 × 3-6 µm, present on the outer 

mantle layer, most distinct and often frequent 

exhibiting type1pattern (Agerer, 1987-2012; 

Agerer and Rambold, 2004-2024), subcylindrical to 

awl-shaped with almost acute apex and swollen or 

rounded base (Agerer, 1987-2012; Agerer and 

Rambold, 2004-2024), hyaline, smooth, thick 

walled (up to 1 µm),  aseptate  without clamps. 

Anatomical characters in longitudinal section: 

Mantle 24-37 µm, differentiated into outer and 

inner mantle layer. Outer mantle layer 24-30 µm, 

more or less plectenchymatous, compact, 

representing type D pattern (Agerer, 1987-2012; 

Agerer and Rambold, 2004-2024), hyphal cells 5-

20 µm tangentially and 5-8 µm radially, without 

any content and clamp connection. Inner mantle 

layer 5-7 µm, pseudoparenchymatous; hyphal cells 

3.0-6.5 µm tangentially and 3-5 µm radially. Hartig 

net one cell deep, palmetti type with one row of 3-7 

µm radially and 3.5 µm tangentially, roundish to 

cylindrical hyphal cells and is restricted to the 

anticlinal walls of the cortex cells (paraepidermal). 

Root tip  mantle up to 81.5 µm different from rest 

of the mantle, more or less plectenchymatous,  

having 3.3-4.0 µm   interwoven, septate, hyaline 

hyphal cells, hyphae rather irregularly arranged and 

no special pattern discernible representing type B 

(Agerer, 1987-2012; Agerer and Rambold, 2004-

2024). Hartig net also paraepidermal at very root 

tip with one row of roundish cells measuring 3.3-

9.8 µm tangentially 3.3-4.9 µm radially. Hartig net 

cells have larger diameter at root tip as compared to 

rest of the Hartig net. Epidermal cells radially 

elongated to increase the area available for the 

Hartig net, 29.0-40.7 × 8.0-9.8 µm, tangentially 

oval to elliptic or cylindrical, and oriented 

obliquely. Tannin cells not observed. 

Colour reactions with different reagents: FeSO4: 

n. r. (no reaction); Sulphovanillin: brown; Ethanol 

(70%): n. r.; KOH (10%): n. r.; Acetic acid: n. r.; 

Melzer: light yellow; Cotton blue: hyphae dark 

blue. 

2. Description of ectomycorrhizae: Russula 

cyanoxantha (Schaff.) Fr. + Shorea robusta 

Gaertn.                                             Figure 3 and 4 

Morphological characters: Mycorrhizal system 

mostly simple to monopodial pinnate, up to 7 mm 

long; main axes 0.2-0.4 mm in diameter. 

Unramified ends shiny, straight, rarely bent, 

cylindrical, 0.8-3.0 mm in length and 0.2-0.4 mm 

in diameter, tips rounded. Surface of unramified 

ends not smooth, densely short-spiny, at some 

places covered with soil particle, white  to silvery 

brown, unchanging, not secreting latex or any other 

fluid when injured; mantle not transparent, mantle 

hydrophobicity absent; tip shows the same colour 

as rest of the mycorrhiza. Rhizomorphs not 

observed. Emanating hyphae frequent, not 

specifically distributed. Cystidia present. Sclerotia 

not observed. 

 

Figure 3: Russula cyanoxantha + Shorea robusta: 

a-b, Mycorrhizal system; c-d, Cross section of 

ectomycorrhizal root showing mantle (M) and 

Hartig net (HN); e, Longitudinal section of 

ectomycorrhizae  showing  mantle (M) and radially 

elongated epidermal cell  with Hartig net (HN);  f, 

Longitudinal section of root tip showing 

plectenchymatous  mantle (M) and Hartig net 

(HN). Scale bar a-b=1 mm. 
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Figure 4: Russula cyanoxantha + Shorea robusta: 

A, mantle; B, Cystidial elements; C, Emanating 

hyphae. 

Anatomical characters of mantle in plan view: 

Mantle thickness 27-35 (41) µm, differentiated into 

outer mantle layer and inner mantle layer. Outer 

mantle layer 21-25 µm, plectenchymatous, 

compactly arranged, representing type D pattern 

(Agerer, 1987-2012; Agerer and Rambold, 2004-

2024); hyphal cells 5-16 µm tangentially and 3-9 

µm radially, compactly arranged, smooth, hyaline, 

septate, thin walled (0.5 µm), not constricted at 

septa, clampless, septa as thick as hyphal wall. 

Inner mantle layer 8-11 µm, 

pseudoparenchymatous representing type K pattern 

(Agerer, 1987-2012; Agerer and Rambold, 2004-

2021), hyphal cells colourless, hyaline, thin walled, 

variable in shape measuring 3-10 µm tangentially 

and 3.0-6.5 µm radially. 

Anatomical characters of emanating elements: 

Rhizomorphs absent. Emanating hyphae 3-5 µm, 

thin walled (0.8 µm), septate, not constricted at the 

septa, without clamps, septa as thick as hyphal wall 

(up to 0.8 µm). Cystidia 52-114 × 3.0-6.5 µm, 

present on the outer mantle layer, the most distinct 

and often infrequent and exhibiting type1 pattern 

(Agerer, 1987-2012; Agerer and Rambold, 2004-

2024), awl-shaped with almost acute apex and 

swollen or bean shaped base showing type A 

pattern (Agerer, 1987-2012; Agerer and Rambold, 

2004-2024), hyaline, smooth, thick walled (up to 

1.5 µm),  aseptate  without clamps. 

Anatomical characters in longitudinal section: 

Mantle 28-32 (40) µm, differentiated into outer and 

inner mantle layer. Outer mantle layer 23-25 µm, 

more or less plectenchymatous, compact, 

representing type D pattern (Agerer, 1987-2012; 

Agerer and Rambold, 2004-2024), hyphal cells 5-

16 µm tangentially and 3-8 µm radially, without 

any content and clamp connections. Inner mantle 

layer 5-7 µm, pseudoparenchymatous; hyphal cells 

3-6 µm tangentially and 3-5 µm radially. Hartig net 

one cell deep, the Hartig net palmetti type with one 

row of 3-7 µm radially and 1.6-3.5 µm tangentially, 

roundish to cylindrical hyphal cells and is restricted 

to the anticlinal walls of the cortex cells 

(paraepidermal). Root tip  mantle up to 52 µm 

different from rest of the mantle, more or less 

plectenchymatous,  having 3-4 µm   interwoven, 

septate, hyaline hyphal cells, hyphae rather 

irregularly arranged and no special pattern 

discernible representing type B pattern (Agerer, 

1987-2012; Agerer and Rambold, 2004-2024). 

Hartig net also paraepidermal at very root tip with 

one row of roundish cells measuring 3-9 µm 

tangentially 3-5 µm radially. Epidermal cells 

become radially elongated, 16-23 × 9-16 µm, 

tangentially oval to elliptic or cylindrical, and 

oriented obliquely. Tannin cells not observed. 

Colour reactions with different reagents: FeSO4: 

n. r. (no reaction); Sulphovanillin: brown; Ethanol 

(70%): n. r.; KOH (10%): n. r.; Acetic acid: n. r.; 

Melzer: light yellow; Cotton blue: hyphal cell wall 

dark blue. 

3. Description of ectomycorrhizae: Lactarius 

shiwalikensis Kumar & Atri + Shorea robusta 

Gaertn.                                             Figure 5 and 6 

Morphological characters: Mycorrhizal system 

mostly simple, if ramified then monopodial- 

pinnate with 0-1 order of ramification, up to 4 mm 

long. Main axes 0.2-0.3 mm in diameter. 

Unramified ends slightly bent to straight, 0.7-2.5 

mm in length and 0.1-0.2 mm in diameter; tips 
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rounded. Surface of unramified ends smooth, with 

no soil particles attached, reddish brown (8E8) to 

light brown (5D8), including the tip colour. 

Rhizomorphs present, scanty, connected to mantle 

at restricted point. Extraradical hyphae present on 

the surface. Cystidia not reported. Sclerotia 

lacking. 

 

Figure 5: Lactarius shiwalikensis + Shorea 

robusta: a-b, Mycorrhizal system; c-d, Cross 

section of ectomycorrhizal root showing mantle 

(M) and Hartig net (HN); e, Longitudinal section of 

ectomycorrhizae  showing  mantle (M) and radially 

elongated epidermal cell with Hartig net (HN); f, 

Longitudinal section of root tip showing 

plectenchymatous  outer mantle with leticifers (L). 

Scale bar a-b=1 mm. 

 

Figure 6: Lactarius shiwalikensis + Shorea 

robusta: A, Mantle; B, Rhizomorphs; C, Root tip 

mantle. 

Anatomical characters of mantle in plan view: 

Mantle thickness 32.6-39.0 µm, differentiated into 

outer mantle layer and inner mantle layer. Outer 

mantle layer 18-24 µm, pseudoparenchymatous, 

with no hyphal net on the surface, representing type 

K (Agerer, 1987-2012; Agerer and Rambold, 2004-

2024); hyphal cells 5.0-24.5 µm tangentially and 5-

13 µm radially in diameter, irregularly shaped 

polygonal to rounded, colourless, smooth, septate, 

thin walled (0.5 µm), clampless, septa as thick as 

hyphal wall; laticifers lacking in the outer mantle 

layer. Inner mantle layer 10-16 µm, 

plectenchymatous and heterogenous, in some parts 

bundles of hyphae growing in parallel manner, 

representing type F pattern (Agerer, 1987-2012; 

Agerer and Rambold, 2004-2024); hyphae 1.6-3.0 

µm, thin walled (0.5 µm), septate, septa as thick as 

hyphal wall, not constricted; hyphal cells rounded 

to oval, 1.6-8.0 µm tangentially and 1.6-3.0 µm 

radially; laticifers with dark brown granular content 

present in the inner mantle layer, scanty and quite 

thick, septate, thick walled, not constricted; clamps 

not observed. 
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Anatomical characters of emanating elements: 

Rhizomorph present, white to light brown, covered 

with soil particle at some places; 12-24 µm thick, 

rough, hyphae 5-8 µm, margin smooth with very 

scanty emanating hyphae, denser arrangement with 

inflated hyphal cells (type E), some hyphae with 

prominent ampullate protrusions located medially 

or distally, hyphae much constricted at the septa, 

peripheral hyphae compact and curled to twisted in 

others, all the hyphae clampless and thin walled, 

nodia not observed. Emanating hyphae 1.6-4.0 µm, 

septate, colourless, hyaline, smooth, thin walled 

and form irregular interwoven network over the 

surface, septa as thick as hyphal wall, constriction 

at the septa common. Cystidia absent. 

Anatomical characters in longitudinal section: 

Mantle 24-30 µm thick, outer mantle layer 13-19 

µm, pseudoparenchymatous, representing type K 

pattern (Agerer, 1987-2012; Agerer and Rambold, 

2004-2024); hyphae 1.6-3.3 µm in diameter, hyphal 

cells 1.6-4.0 µm tangentially and 1.6-5.0 µm 

radially, roundish or more elongated. Inner mantle 

layer 9.8-16.0 µm, heterogenous or more or less 

plectenchymatous. Laticifers present in the inner 

mantle layer, 2-4 µm, septate, thin walled (0.8 µm), 

not constricted. Clamps not observed. Root tip 

mantle distinct from rest of the mantle, 48-58 µm, 

more or less plectenchymatous, compact, single 

element difficult to measure; hyphae rather 

irregularly arranged representing type B pattern and 

no special pattern is discernible (Agerer, 1987-

2012; Agerer and Rambold, 2004-2024). Hartig net 

paraepidermal at the tip with one row of roundish 

to elongated cells measuring 5-11 µm tangentially 

and 1.6-3.0 µm radially, thin walled. 

Colour reactions with different reagents: FeSO4: 

n. r. (no reaction); Ethanol (70%): n. r.; KOH 

(10%): n. r.; Sulphovanillin: Laticifers turn dark 

blue; Acetic acid: n.r.; Cotton blue: walls blue; 

Melzer: dark brown. 

DISCUSSION 

The mere occurrence of fruiting body in vicinity 

with host plant could not be taken as a proof for 

mycorrhizal association and only synthesis 

experiments under controlled condition can furnish 

the conclusive proof (Melin, 1936; Kumar and Atri, 

2023). Mycorrhizal synthesis experiments are 

reported to be very useful so as to determine the 

potential fungus - plant host compatibility (Àgueda 

et al., 2008).  In the recent years, the study 

undertaken by Kumar and Atri (2023) on selection 

of efficient ectomycorrhizal fungi for improved 

growth, biomass and nutrient uptake of Shorea 

robusta seedlings clearly confirms the 

compatibility of S. robusta with Russula kanadii, 

Russula cyanoxantha and Lactarius shiwalikensis. 

The mycorrhizal relationship of these 3 species was 

established with Shorea robusta for the first time 

(Kumar and Atri, 2023). Earlier Russula 

michiganesis, Russula amoena and Lycoperdon 

compactum was investigated for the establishment 

of mycorrhiza with Shorea robusta by Pyasi et al. 

(2013) and Tapwal et al. (2015).  

Mycorrhizas synthesized artificially were examined 

microscopically so as to determine whether 

interspecific characteristics of Sal EcM 

corresponded to a particular mycorrhizal 

morphotype. As mycorrhizal morphology within a 

species/isolate may vary with substrate and other 

external environmental conditions, the descriptions 

reported were based exclusively on mycorrhizas 

developed under controlled condition. The inner 

tissues of ectomycorrhizas, i.e. the Hartig net 

structure, are important for the Intercellular 

symbiosis of the mycorrhiza. In particular, it is the 

key characteristic determining plant-fungus 

specificity (Kumar and Atri, 2018). In the present 

study, mycorrhizas formed under controlled 

condition had the characteristics of their respective 

fungal genera. Shorea robusta seedlings inoculated 

with inocula of these 3 EcM mushrooms resulted in 

well-developed fungal sheath and Hartig net 

mycelium colonizing the intercellular spaces, 

features characteristic of ectomycorrhizas. All the 3 

artificially synthesized EcM share some 

macroscopic characteristics, but they are clearly 

different on some other features. EcM roots 

associated with Russula kanadii were white to 

grayish brown while those with Russula 

cyanoxantha were white to silvery brown. EcM 

roots associated with Lactarius shiwalikensis were 

red to reddish brown, similar to the colour of the 

sporophore. Mycorrhizal system was mostly 

monopodial pinnate in all the artificially 

synthesized EcM. Surface of unramified end was 

not smooth, but densely short-spiny in both Russula 

species, while it was smooth to cottony in 

Lactarius EcM. In all the 3 EcM, fungal hyphae 

were noticed neatly penetrating the intercellular 

spaces in epidermal layer, forming para-epidermal 

Hartig net, a typical sign of angiosperm type of 

EcM associations. The morpho-anatomical 

characters of Russula cyanoxantha EcM 
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documented in the present study were almost 

similar to those obtained under natural condition 

with few differences in size of mycorrhizal system 

and thickness of mantle layer (Kumar and Atri, 

2020b). In artificially synthesized ECM of R. 

cyanoxantha, silvery brown mycorrhizal system 

were not recorded as observed in natural EcM and 

surface of unramified end was loosely short spiny. 

EcM of Lactarius shiwalikensis had well-

developed fungal sheaths and extraradical 

mycelium, including rhizomorphs. They were thus 

comparable to naturally formed mycorrhizas 

reported from other plants (Agerer, 1995; Agerer, 

1987-2012). Lactarius shiwalikensis mycorrhizas 

were opaque and matte due to well-developed 

gelatinous material, similar to that reported for 

other Lactarius spp. EcM (Agerer, 1995). Latex 

and any other secretion was altogether absent 

from both the EcMs of Russula. Ectomycorrhizae 

of both Russula species examined in the present 

samples are well characterized by the presence of 

plectenchymatous outer mantle layer with 

numerous cystidia which is quite common in the 

EcM association of various Russula species with 

Shorea leprosula (Lee et al., 1997) and S. robusta 

(Bakshi, 1974; Kumar and Atri, 2016; 2019). 

Present study describes for the first time the 

ectomycorrhizae synthesized between Lactarius 

shiwalikensis and the dipterocarp species Shorea 

robusta. To date, no description of 

ectomycorrhizae formed by S. robusta in 

association with Lactarius sp. is available. Most 

of the features of EcM synthesized presently 

resembles to those described for mycorrhiza 

formed by Lactarius cistophilus Bon &Trimbach 

with Cistus sp. (Comandini, 2006) from Sardinia, 

Italy, however emanating hyphae and 

rhizomorphs were observed in the present 

collection which were not reported in EcM of 

Lactarius cistophilus. The Lactarius mycorrhiza 

described here agrees in general with the 

description of Lactarius-type mycorrhiza pointed 

by Hutchinson (1999), in particular, the presence 

of laticiferous hyphae in the inner layer of the 

mantle. These anatomical features are similar to 

those in other Lactarius species such as L. 

deliciosus (L.:Fr.) SF Gray (Kernaghan et al., 

1997) and L. deterrimus Gröger (Agerer, 1986). 

Similarly, the colour between fruit bodies and 

mycorrhizal system seems to be a consistent 

feature in Lactarius mycorrhiza, as observed in 

the present study. 

CONCLUSION 

The results of the present investigations undertaken 

clearly suggest that Russula kanadii, Russula 

cyanoxantha and Lactarius shiwalikensis are the 

EcM associates of Shorea robusta. For optimising 

the production of Shorea robusta in nursery, 

inoculation of the Sal seedlings with the mycelia of 

these tested mushrooms can be safely 

recommended. In addition, the use of these selected 

EcM fungi can be an effective and more 

environment friendly approach to Sal nursery 

growers.  

ACKNOWLEDGEMENTS  

We sincerely acknowledge the support from the 

Head Department of Botany, Punjabi University, 

Patiala, Punjab, in the form of laboratory facilities 

where the complete work presented in this article 

was undertaken. The author Jitender Kumar 

acknowledges the financial assistance in the form 

of J.R.F and S.R.F from Council of Scientific and 

Industrial Research, New Delhi.  

REFERENCES 

Agerer, R. 1986. Studies on ectomycorrhizae III. 

Mycorrhizae formed by four fungi in the 

genera Lactarius and Russula on spruce. 

Mycotaxon, 27:1-59; doi: 

10.2307/3807591. 

Agerer, R. 1987-2012. Colour atlas of 

ectomycorrhizae. 1
st
-15

th
 Ed. Einhorn 

Verlag. Schwäbisch Gmünd, Germany.  

Agerer, R. and Rambold, G. 2004-2024. DEEMY-

An Information System for 

Characterization and Determination of 

Ectomycorrhizae. www.deemy.de - 

München, Germany. Accessed 2 July 2024. 

Agerer, R. 1995. Anatomical characteristics of 

identified ectomycorrhizas: an attempt 

towards a natural classification. In: 

Mycorrhiza: structure, function, molecular 

biology and biotechnology (Eds.:Varma, 

A.K. and Hock, B.), Springer, Berlin, 

pp.685-734. 

Atri, N.S., Kaur, M., Sharma, S. 2017. 

Characterization of Lamellate Mushrooms-

An Appraisal. In: Developments in Fungal 

Biology and Applied Mycology (Eds.: 

Satyanarayana, T., Deshmukh, S. and Johri, 

B.), Springer, Singapore, pp.471-500. 



Morpho-anatomical Details of One Year Old Mycorrhizal Roots of Sal Seedlings formed after Inoculation with Indigenous 

Species of Russula and Lactarius from Indian Shivaliks 

34 

Àgueda, B., Parladé, J., Fernández-Toirán, L.M., et 

al., 2008. Mycorrhizal synthesis between 

Boletus edulis species complex and 

rockroses (Cistus sp.). Mycorrhiza, 18:443-

449; doi: 10.1007/s00572-008-0192-3. 

Bakshi, B.K. 1974. Mycorrhiza and its role in 

forestry, Forest Research Institute, Dehradun 

pp. 89 [Project report–PL 480]. 

Comandini, O., Contu, M., Rinaldi, A.C.  2006. An 

overview of Cistus ectomycorrhizal fungi. 

Mycorrhiza,16:381-395; doi: 10.1007/s0057 

2-006-0047-8. 

Dutta, A.K., Paloi, S., Pradhan, P., et al., 2015 A 

new species of Russula (Russulaceae) from 

India based on morphological and molecular 

(ITS sequence) data. Turkish Journal of 

Botany, 39:850-856; doi: 10.3906/bot-1407-

1. 

Guo, L.D. 2018. Presidential address: recent 

advance of mycorrhizal research in China. 

Mycology, 9:1-6; doi: 10.1080/21501203. 

2018.1437838. 

Hutchinson, L.J. 1999. Lactarius. In: 

Ectomycorrhizal fungi. Key genera in profile 

(Eds.: Chambers, S.M. and Cairney, 

J.W.G.), Springer Verlag, Berlin Heidelberg 

New York, pp.269-285. 

Kannan, K. and Natarajan, K. 1988.  In-vitro 

synthesis of ectomycorrhizae of Pinus 

patula with Amanita muscaria. Current 

Science, 57:338-340.  

Kernaghan, G., Currah, R.S., Bayer, R.J. 1997. 

Russulaceous ectomycorrhiza of Abies 

lasiocarpa and Picea engelmanii. Canadian 

Journal of Botany, 75:1843-1850; doi: 

10.1139/b97-896. 

Kornerup, A. and Wanscher, J.H. 1978. Methuen 

Handbook of Colours (3
rd

 Ed.). Eyre 

Methuen, London, 252p. 

Kumar, J. and Atri, N.S. 2016. Characterisation of 

ectomycorrhiza of Russula and  Lactifluus 

(Russulaceae) associated with Shorea 

robusta from Indian Shiwaliks. Nova 

Hedwigia, 103:501-513; doi: 10.1127/nova 

_hedwigia/2016/0368. 

Kumar, J. and Atri, N.S. 2018. Studies on 

Ectomycorrhiza: An Appraisal. The 

Botanical Review, 84:108-155; doi: 

10.1007/s12229-017-9196-z. 

Kumar, J. and Atri, N.S. 2019. Characterization 

and identification of ectomycorrhizae of 

Russula (Russulaceae: Basidiomycota) 

associated with Shorea robusta.  Journal of 

Tropical Forest Science, 31:114-124; doi: 

10.26525/jtfs2019.31.1.114124. 

Kumar, J. and Atri, N.S. 2020a. New records of 

lamellate mushrooms associated with Sal 

from Shiwaliks, India. Kavaka 54:30-37; 

doi: 10.36460/Kavaka/54/2020/30-37. 

Kumar, J. and Atri, N.S. 2020b. Ectomycorrhizal 

biology of Shorea robusta roots in 

association with Russula Pers. from 

foothills of Himalayas, India. Annals of 

Plant Science, 9(4):3798-3811; doi: 

10.21746/aps.2020.9.4.3. 

Kumar, J. and Atri, N.S. 2021a. Morphology and 

phylogeny of one new species of Lactarius 

(Family Russulaceae) associated with 

Shorea from the foothills of Himalayas, 

India. Nova Hedwigia, 112:413-427; doi: 

10.1127/nova_hedwigia/2021/0621. 

Kumar, J. and Atri, N.S. 2021b. Characterisation 

and identification of ectomycorrhizae 

formed by the species of Asproinocybe 

(Tricholomataceae) and Inocybe 

(Inocybaceae) with the roots of the tropical 

sal tree Shorea robusta (Dipterocarpaceae). 

Ukrainian Botanical Journal, 78(2):112-

122; doi: 10.15407/ ukrbotj78.02.112. 

Kumar, J. and Atri, N.S.  2023. Selection of 

efficient ectomycorrhizal fungi for 

improved growth, Biomass and nutrient 

uptake of Shorea robusta seedling. Nordic 

journal of Botany, 12: e04024; doi: 

10.1111/njb.04024. 

Luo, Z.B., Wua, Ch., Zhang, Ch., et al., 2014. The 

role of ectomycorrhizas in heavy metal 

stress tolerance of host plants. 

Environmental and Experimental Botany, 

108:47-62; doi: 10.1016/j.envexpbot.2013. 

10.018. 

Marx, D.H. 1969. The influence of ectotrophic 

mycorrhizal fungi on the resistance of pine 

roots to pathogenic infections. I. 

Antagonism of mycorrhizal fungi to root 

pathogenic fungi and soil bacteria. 

Phytopathology, 59:153-163. 

https://doi.org/10.26525/jtfs2019.31.1.114124
https://doi.org/10.26525/jtfs2019.31.1.114124
https://doi.org/10.1127/nova_hedwigia/2021/0621
https://doi.org/10.1127/nova_hedwigia/2021/0621
https://doi.org/10.1111/njb.04024
https://doi.org/10.1111/njb.04024


Jitender Kumar* and Narender Singh Atri 

35 

Melin, E. 1936. Methoden der experimentellen 

Untersuchung mykotropher 

Pflanzen.Handb. Bioi.Arbeitsmethod. Abt. 

XI, 4:1015-1108. 

Natarajan, K., Senthilrasu, G., Kumaresan, V., et 

al., 2005. Diversity in Ectomycorrhizal 

fungi of a dipterocarp forest in Western 

Ghats. Current Science, 88(12):1893-1895. 

Pyasi, A., Soni, K.K., Verma, R.K. 2011. 

Dominant occurrence of ectomycorrhizal 

colonizer Astraeus hygrometricus of sal 

(Shorea robusta) in forest of Jharsuguda 

Orissa. Journal of Mycology and Plant 

Pathology, 41(2):222-225. 

Pyasi, A., Soni, K.K., Verma, R.K. 2013. Effect 

of ectomycorrhizae on growth and 

establishment of Sal (Shorea robusta) 

seedlings in central India. Bioscience, 5:44-

49; doi: 10.13057/nusbiosci/n050107. 

Sebastiana, M., da Silva, A.B., Matos, A.R., et al., 

2018. Ectomycorrhizal inoculation with 

Pisolithus tinctorius reduces stress induced 

by drought in cork oak. Mycorrhiza, 28(3): 

247-258; doi: 10.1007/s00572-018-0823-2. 

Romagnesi, H. 1967.  Les Russules d´ Europe et 

de 1´ Afrique du Nord. Bordas. Paris, 998 

p. 

Singer, R. 1986. The Agaricales in Modern 

Taxonomy (4
th

 Ed.). Sven Koeiltz Scientific 

Books, Germany, 981p. 

Singh, J.S. and Singh, S.P. 1992. Forests of 

Himalaya: Structure, Functioning and 

Impact of Man. Gyanodaya Prakashan, Naini 

Tal, India, 294p. 

Smith, S.E. and Read, D.J. 2008. Mycorrhizal 

symbiosis (3
rd

 Ed.). Academic Press, New 

York, 787 p. 

Tapwal, A., Kumar, R., Pandey, S.  2013. Diversity 

and frequency of macrofungi associated with 

wet ever green tropical forest in Assam, 

India. Biodiversitas, 14(2):73-78; doi: 

10.13057/biodiv/d140 204. 

Tapwal, A., Kumar, R., Borah, D. 2015. Effect of 

mycorrhizal inoculations on the growth of 

Shorea robusta seedlings. Nusantara 

bioscience, 7:1-5; doi: 10.13057/ 

nusbiosci/n070101. 

White, T.J., Bruns, T., Lee, S., et al., 1990. 

Amplification and direct sequencing of 

fungal ribosomal RNA genes for 

phylogenetics. In: PCR Protocols: a guide to 

methods and applications (Eds.: Innis, M.A., 

Gelfand, J.D., Sninsky, H.J., et al.). 

Academic Press, New York, pp.315-322. 

Xu, H., Navarro-Ródenas, A., Cooke, J.E.K., et al., 

2016. Transcript profiling of aquaporins 

during basidiocarp development in Laccaria 

bicolor ectomycorrhizal with Picea glauca. 

Mycorrhiza, 26:19-31; doi: 10.1007/ 

s00572-015-0643-6. 


