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8. Bound area of research 

Ectomycorrhizal (ECM) fungi represent a functional group of immense importance, 

particularly in temperate forests dominated by coniferous and certain broad-leaved 

species because of their obligate dependence on the ectomycorrhizal fungi for their 

growth and survival under normal as well as stressful conditions. Despite their 

multifarious roles and coniferous forests being dominant vegetation type, very limited 

information exists on the diversity of ectomycorrhizal fungi actually associated with 

different conifer species in the Kashmir Himalayan region. The present project deals 

with documentation of diversity of ectomycorrhizal fungiassociated withdifferent 

conifers in Kashmir Himalayathrough mycorrhizal root tip surveys for morphotyping 

which was complemented by molecular characterization of the ECM using 

Polymerase Chain Reaction (PCR) based methods and their exploitation for successful 

aforestation and reforestation programme through their influence on seedling survival 

and growth. 

While sporocarp surveys have been routinely used to document diversity of 

ectomycorrhizas, but poor correspondence between above ground sporocarp diversity 

and ectomycorrhizas actually associated with roots of host species necessitated root 

sampling for documenting diversity of ectomycorrhizal fungi employing molecular 

methods. This is what was followed in the present project for the first time in Indian 

Himalayan context and a conspectus of ectomycorrhizal fungi actually associated with 

roots of various conifers in Kashmir Himalaya was prepared for utilization of host 

specific mycorrhizal mutualists for successful reforestation and aforestation under 

varied edapho-environmental conditions.  

9. Sub-area of the project 

The project deals with exploitation of ectomycorrhizal symbionts associated with 

conifers growing in Kashmir Himalaya for producing quality planting material to be 

used in afforestation and reforestation programmes for restoring the degraded forest 

ecosystems. To achieve this goal, it is necessary to document the diversity of 

ectomycorrhizal fungi actually associated with coniferous species, namely Abies spp. 

(A. pindrow and A. spectabilis), and Picea smithiana. The ECM fungi growing 

commonly with the host species were identified for optimising their culture conditions 
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necessary for mass inoculum production. Subsequently, the seedlings of the 

aforementioned conifers would be aseptically raised from seeds and then inoculated 

with appropriate inoculum of ECM species to study the effect of in vitro 

mycorrhization on seedling survival and growth.Thisin vitro mycorrhization of conifer 

seedlings has become the essential ingredient of successful reforestation programme 

because anthropogenic activities, like deforestation, urbanization, altered land-use 

pattern, pollution etc., severely impair the ECM diversity in soil which results in 

reduced natural regeneration. 

Present study would pave way for identification and inoculum production of most 

suitable ECM symbionts of dominant conifers of Kashmir Himalayan forests for their 

use in raising seedlings that have high survival rate and increased growth under field 

conditions which is necessary for successful aforestation and reforestation 

programmes.  

10. Approved objectives of the project 

 

a. Diversity of ECM fungi associated with root tips of Abies pindrow, A. 

spectabilis, and Picea smithiana in mono-culture and mixed forest stands and 

also along an altitudinal gradient.  

 

b. Selection of ECM isolates that are commonly associated with the host species 

for pure inoculum production and standardization of conditions for their in 

vitro culture. 

 

c. Evaluation of selected ECM isolates either alone or in consortia on seedling 

survival and growth of target conifer species. 

 

11. Methodology 

Study Species 

The species investigated during the present study included, Abies pindrow, A. 

spectabilis, and Picea smithiana that are constituent elements of the temperate 

coniferous forests in Kashmir Himalaya.  



 

Figure 3: Picea smithiana

when they reach the first needles stage)

 

 

Figure 1: Abies pindrow 

Figure 2: Abies spectabilis 

Picea smithiana (Brown colored ‘cap’ of the scales at the tip of

when they reach the first needles stage) 

5 

 

 

 

‘cap’ of the scales at the tip of the bud 
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Following sampling protocol and methodology was followed to realize the above 

objectives: 

 

(a) Sampling 

ECM root samples were collected from pure coniferous forests consisting of target 

species in different study sites of Kashmir Himalaya for assessment of diversity of 

ECM associated with these host species and were stored at 4°C before 

processing.Roots were gently washed to limit damage to the ectomycorrhizas.Fine 

root tips were carefully sorted from the main roots and processed for isolation of 

fungal DNA. Concurrently, soil samples were also collectedat each of the survey 

siteand were further processed and analyzed for pH, organic carbon, nitrogen, 

phosphorus and potassium. 

 

(b) Morphotyping 

Fine ECM infected root tips (short lateral roots) of the study species were collected 

and then grouped into different morphotypes according to their morphological 

characteristics. Morphotypes were characterized on the basis of their morphology, 

i.e., color, ramification type, systems, size and texture, presence of emanating hyphae 

and rhizomorphs (Agerer and Rambold, 2004-2011). 

 

(c) Molecular characterization 

Molecular characterization of root associated ECM was done by extracting genomic 

DNA from the root tips of the study speciesemploying different protocols. Modified 

CTAB protocol was optimized for the root tip fungal DNA samples. 

Modified CTAB (Cetyl trimethylammonium bromide) method  

DNA was extracted by CTAB (Cetyl trimethylammonium bromide) method from 

different ECM morphotypes of the selected study species by the following modified 

protocol: 
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(i) Mechanical Lysis 

2 to 3 frozen root tips were taken in a 2ml microcentrifuge tube (having flat base). 

This material was crushed using a sterilized and cold Micro Pestle (made of 

polypropylene, designed for crushing material inside a microcentrifuge tube). (Note: 

Liquid nitrogen was not used in this protocol).  

 

(ii) Chemical Lysis 

Immediately 1ml pre-warmed isolation buffer (freshly prepared) was poured in this 

microcentrifuge tube and mixed well. The tissue was homogenized in the buffer. All 

the reagents of the isolation buffer and other required material like microcentrifuge 

tubes, tips etc were autoclaved and then used. Composition of the isolation buffer is 

given in the Table 1: 

Table 1: Composition of isolation buffer 

S. No. Stock 
Working (for  5 

reactions) 

1. CTAB (10%) 1ml 

2. NaCl (5M) 1.4ml 

3. EDTA (0.5M) (pH=8) 0.2ml (200µl) 

4. Tris HCl (1M) (pH=8) 0.5ml (500µl) 

5. β-Mercaptoethanol (2- Mercaptoethanol) (99.0%) 0.005ml (5μl) 

6. Double distilled water 
To make volume upto 
5ml- (like 1.9ml were 
added).  

7. PVP (1%) or powdered – (Optional) - 

 

(iii) Incubation 

The samples were then incubated at 65ºC for one hour (in a water bath) with 

occasional mixing by gentle inversion of the microcentrifuge tubes. 

 

(iv) DNA Purification 

For the purpose of purification, the tubes were centrifuged at 12,000 RPM for 10 

minutes and the supernatant (upper layer) was collected in a fresh microcentrifuge 

tube. The cell debris was discarded along with the tube. 
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(iv-a) Protein Denaturation and Removal step 

Equal amount of Chloroform: Isoamyl alcohol (CI-Mix) (24:1, v/v) was added to 

each tube (Like 500μl CI-Mix was added to 500μl collected supernatant). The 

mixture was emulsified by inversion of tube. The mixture was then centrifuged at 

12,000 RPM for 5 minutes and the upper layer was pipetted out to a fresh tube.  

 

(iv-b) RNA Removal step 

For the removal of RNA, 3-4μl of RNase A (Sigma or Qiagen) were added to the 

tube and the tubes were incubated at 37ºC for one hour (in an incubator or a water 

bath), with occasional mixing by gentle inversion of the tube. Then in order to 

remove RNase, 500μl of Chloroform: Isoamyl alcohol were added and mixed by 

inversion. Then the samples were centrifuged again at 12,000 RPM for 5 minutes. 

The supernatant (upper phase) was collected in a fresh tube. 

 

(v) DNA Precipitation 

The DNA was precipitated in these tubes by adding 750μl (or 2/3rd volume) of ice-

cold Isopropanol. Then the tubes were gently inverted for allowing proper mixing 

and precipitation of DNA. The tubes were kept overnight at -20ºC in a deep freezer. 

Then the samples were centrifuged at 13,000 RPM for 20 minutes. The upper phase 

(most of the supernatant) was discarded and the pellet was collected. 

 

(vi) DNA washing 

The pellet was washed with 200μl of 70% ice-cold ethanol and was centrifuged at 

8000 RPM for 5 minutes. The upper phase was discarded and the pellet was dried in 

an oven at 37ºC in an incubator.  

 

(vii) DNA Pellet Solubilization 

Dried pellet was dissolved in 10-20μl Nuclease-free water. The sample was kept at 

4ºC for an hour or so, for proper DNA solubilisation. Then the sample was stored at -

20ºC until further use.  

This was followed by the amplification of the ITS region using universal fungal 

specific primers. 
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Sanger Sequencing 

The purified PCR products were sent for Sanger sequencing (in both directions with 

respective primers) to Xcelris, Gujarat, India. Each sequence was then separately 

identified by performing individual nucleotide BLAST searches on Gene Bank 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi) and UNITE (https://unite.ut.ee/).The Sanger 

sequencing resulted in the identification of just one fungal species per sample (the 

most abundant one). 

RFLP (Restriction Fragment Length Polymorphism) 

RFLP of the purified PCR ampliconswas performed in order to identify all the 

species in a sample by using commercially available restriction enzyme viz. Hinf I 

(Thermo Fischer) following manufacturer’s protocol. 25µl reaction containing 10µl 

of purified PCR product, 1µl of enzyme, 2.5 µl of buffer and 11.5µl of Milli Q water 

was placed in a 200 µl PCR tubes, spined down and incubated at 37ºC for 3 hours in 

a water bath. Following digestion, the mixtures were run on 2% agarose gel to 

analyze genetic polymorphism among samples and the tubes were stored at -20 °C. 

Based upon RFLP profiles, samples were grouped as polymorphic (which differ only 

marginally) or non-polymorphic which show identical RFLP pattern. Results were 

recorded with digital pictures. 

Metagenomics (Illumina® MiSeq) 

The fungal ITS2 regions of the DNAs were sequenced using Illumina® MiSeq at the 

GenePath Dx-Helical Bio, Pune. Before sequencing, PCR was performedwith fungal 

specific primers. 

Procedure 

The genomic DNA samples were purified using AMPure XP beads (Agencourt, 

Beckman Coulter). To identify the fungal species from the extracted DNA, specific 

primers [(Horváth-Fungal-ITS86-F) AAGACTCGGCAGCATCTCCA-

GTGAATCATCGAATCTTTGAAC and (White-ITS4-MR) 

GCGATCGTCACTGTTCTCCA-TCCTCCGCTTATTGATATGC)] were used to 

amplify the fungal ITS2 (Internal transcribed spacer) region. The amplified products 
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were analysed using agarose gel electrophoresis. Once amplification was verified, 

the PCR products were used for incorporation of specific barcodes and library 

generation.The individual sample libraries were quantified using a Qubit 

fluorometric assay and normalized based on their concentrations. Thefinal pooled 

library was purified using AMPure XP beads (Agencourt, Beckman Coulter). 

Accurate quantification of the purified final library prior to loading onto the cartridge 

was performed using a qPCR assay. The library was sequenced on an Illumina 

MiSeq next generation sequencer in a shared run using the Illumina V3 2*250 

paired-end sequencing by synthesis chemistry. The resulting .fastq raw read files 

were used for metagenomic analysis.The bioinformatics analysis used all relevant 

publicly available databases for taxonomic assignment, diversity analysis, 

phylogenetic reconstruction, biological insights and graphical visualization of 

quantified fungal groups. The software tool used was'Pathoscope2.0_v0.02' and in 

particular the alignment software/program employed was 'bowtie2-align-s (version 

2.2.6) '. 

 

(d) Scanning Electron Microscope study of mycorrhizal roots 

To observe the external features of ectomycorrhizal roots with scanning electron 

microscope (SEM), we excised tertiary roots of the study species (showing a well-

developed mycorrhizal sheath) and prepared them for SEM study following the 

method of Kinden and Brown, (1975) and Chung et al., (2003). 

The ectomycorrhizal roots collected were rinsed twice in 0.1M sodium phosphate 

buffer solution (pH 7.3) and fixed with 2.5% glutaraldehyde solution at 4°C for 2 

hours, then wash it off with 0.1 M sodium phosphate buffer solution (pH 7.3), and 

fixed the sample again with 1% osmium tetroxide (1% OsO4 in 0.1 M cacodylate 

buffer) with post fixation. Post fixed specimens were rinsed 3 times for 40 minutes in 

0.1M sodium phosphate buffer solution (pH 7.3). Those samples were dehydrated 

with each 50%, 70%, 80%, 90%, 95%, 100% ethanol for 20 minutes. These samples 

were treated with 100% isoamyl acetate for 40 min. After then, they were dried. 

After attaching the carbon tape on aluminium stub, these samples were pasted 
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carefully and coated with gold using a sputter coater and were then observed with 

SEM (Hitachi S-3000H). 

 

(e) In vitro studies on promising ECM isolates 

After proper literature survey, MMN (Modified Melin-Norkrans) medium was 

selected for the culture of the commonly associated ECM species of the target 

conifers.MMN is a standard medium for isolating and maintaining fungal 

cultures.There are many ECM species associated with the selected conifer species, a 

fewof which are specific to eachselected species. Commonly associated and host 

specific ECM species of the target conifers will be selected on the basis of 

abundance and specificity. Only host specific ECM species will be cultured so that 

their effect on the growth and survival of the selected conifers can be assessed. 

Subsequently, sufficient inoculum would be produced for in vitro mycorrhization of 

target host species. 

Seedsof different conifer species were collected and were shade dried. A seed 

germination trial under controlled conditions is underway in the Greenhouse at the 

Kashmir University Botanical Garden (KUBG). 

12. Work Plan 

♣ Selection of field study sites and their characterization (vegetation characteristics 

and soil analysis) 

♣ Survey for collection of roots of conifers 

♣ Morphotyping of ECM roots of selected conifers 

♣ Isolation of DNA from root tips of selected conifers 

♣ Standardization of PCR amplification protocol and amplification of ITS region of  

the fungal rDNA 

♣ Sequencing of DNA and sequence analysis 

♣ In vitro studies on promising ECM isolates 
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13. Salient research achievements as per work plan/objectives covered during 
the year: 

Objectives Achievements 

Field surveys undertaken for 
the collection of root tips of 
conifers (Continued) 

The collection of root tip samples of 

target conifer species was continued from 

the pre-selected 10 study sites.  

Soil samples of the survey sites 
collected and analysed 
(Continued) 

Composite soil samplescollected from 

these study sites and were analyzed. 

Morphotyping of 
ectomycorrhizal roots of 
selected conifers (Continued) 

Different morphotypes of ectomycorrhizal 

roots werecharacterized. 

Extracted DNA from 
mycorrhizal roots (Continued) 

Genomic DNA was extracted from the 

root tips of the selected study species. 

Modified CTAB method was standardized 

for root tip DNA extraction. 

Standardized protocol of PCR 
amplification of ITS  region of 
the fungal rDNA (Continued) 

The selected genomic DNA templates 

from all the sites were used for 

amplification of ITS region using gene 

specific primers. 

Sequencing of PCR products The purified PCR products were sent for 

sequencing. 

Sequence analysis and 
identification of fungal species 

The Sanger sequencing resulted in the 

identification of just one fungal species 

per sample. 

RFLP Trial RFLP technique only reduced sequencing 

effort. 

Metagenomics analysis (Illumina 
MiSeq) 
 

The genomic DNA samples were sent for 

Metagenomics (Illumina MiSeq) and the 

fungi including ECM symbionts actually 

associated with the study species were 

identified. 

Scanning Electron Microscope 
study of mycorrhizal roots  

Scanning electron microscope (SEM) 

study of mycorrhizal roots was carried out 

to observe external features of ECM roots. 



13 
 

In vitro studies on promising 
ECM isolates 

Seeds of conifers were collected and apt 

medium for ECM fungi was selected. This 

study is still underway. 

 

Major Achievements 

♣ In the previous year, we selected the study sites and surveyed those for collection 

of conifer root and soil samples. Fine ECM infected root tips were grouped into 

different morphotypes. This was followed by the molecular characterization of 

root associated ECM fungi by DNA extraction, PCR and Sanger sequencing. 

♣ During the current year, we continued sampling and morphotyping of ECM roots 

of the selected study species. The surface features of the ECM roots were 

observed by SEM. Modified CTAB protocol was optimized for the root tip fungal 

DNA samples. The Sanger sequencing and RFLP were also tried. The genomic 

DNA samples were sent for Metagenomics (Illumina MiSeq) and the fungi 

including ECM symbionts actually associated with the study species were 

identified.Suitable medium for ECM fungi was selected. Conifer seeds were 

collected and a germination trial was carried out. 

 

14. Summary of progress 

ECM root samples of the target conifer species were collected across different study 

sites in the Kashmir Himalaya.The composite soil samples were also collected from 

these study sites and were analyzed for pH, organic carbon, nitrogen, phosphorus and 

potassium by following standard methodology. ECM root samples were gently 

washed and fine ECM infected root tips were grouped into different morphotypes 

according to their morphological characteristics and were further processed for 

isolation of fungal DNA. Based on gross morphological characters, different 

morphotypes were found in association with the study species.Scanning Electron 

Microscope study of mycorrhizal roots was carried out.Molecular characterization of 

root associated ECM was done by extracting genomic DNA (by modified protocol) 

from the root tips of the study species, followed by the amplification of the ITS 

region using universal fungal specific primers. The purified amplified products were 

sent for Sanger sequencing.The Sanger sequencing resulted in the identification of 
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(a) 

Figures 8: Representative gel for fungal genomic DNA loaded on 0.8% Agarose gel.
extracted by (a) 
RNA after RNase treatment)

PCR amplification and analysis

The selected genomic DNA templates from all the sites were used for amplification 

of ITS region using universal fungal specific primers.
 

Sequence analysis and i

The Sanger sequencing result

sample (the most abundant one).
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each PCR reaction, the product

Polymorphisms (RFLPs). This analysis involved

number of restriction enzymes that cleave DNA molecules at specific nucleotide 

sequences. Restriction fragments were

successful restriction digestion, a series of DNA 

(Figure 9). 

     (b)

Representative gel for fungal genomic DNA loaded on 0.8% Agarose gel.
extracted by (a) CTAB method (DNAwith RNA) (b) CTAB
RNA after RNase treatment). 

PCR amplification and analysis 

The selected genomic DNA templates from all the sites were used for amplification 

universal fungal specific primers. 

Sequence analysis and identification of fungal species (SangerSequencing

The Sanger sequencing resulted in the identification of only one fungal species per 

sample (the most abundant one). 

After checking by gel electrophoresis that single intense band was

each PCR reaction, the productswere analyzed by Restriction Fragment Length 

(RFLPs). This analysis involved digestion of PCR products with a 

number of restriction enzymes that cleave DNA molecules at specific nucleotide 

es. Restriction fragments were resolved by gel electrophoresis. After a 

successful restriction digestion, a series of DNA fragments appear

16 

 

Representative gel for fungal genomic DNA loaded on 0.8% Agarose gel. DNA 
CTAB method (without 

The selected genomic DNA templates from all the sites were used for amplification 
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Figure 9: Representative RFLP map of ITS amplicons restriction digested with
Hinf I (Thermo Fischer) 

 

The conifer root samples are environmental samples (Contain mixture of fungi) and 
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sequencing of environmental samples
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Metagenomics (Illumina
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sequenced metagenomes of the samples was successfully completed. Validated 

custom reference libraries were built from the larger NCBI nucleotide database and 

UNITE which facilitated fast, accurate and fungal species level profiling of the 

samples.A tool, Pathoscope was used which has a threshold parameter (parameter
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forward for abundance estimation

>99% identity matches
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enabled by the quantification of assigned taxa 

the extent of the presence of the identified taxa. The maximum abundance 
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Representative RFLP map of ITS amplicons restriction digested with
(Thermo Fischer) showing similarity pattern. 

The conifer root samples are environmental samples (Contain mixture of fungi) and 

technique only reduces sequencing effort.Amongst different techniques 

RFLP, SSCP, DGGE, TGGE, Next Generation Sequencing

sequencing of environmental samples, we selected the advanced Next Generation 

(Metagenomics-Illumina® MiSeq) technique. 

Metagenomics (Illumina® MiSeq) 

The identification and characterization of taxonomic groups 

sequenced metagenomes of the samples was successfully completed. Validated 

custom reference libraries were built from the larger NCBI nucleotide database and 

ated fast, accurate and fungal species level profiling of the 

Pathoscope was used which has a threshold parameter (parameter

nly those sequence alignments with >99% identity will move 

for abundance estimation. So, all the taxa mentioned in our results have 

matches. For further interpretation of the results several graphical 
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identified taxa and their abundance, were created in each sample.
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species. The estimation of absolute abundance of identified fungi within the samples 

uantification of assigned taxa substantiated both

the extent of the presence of the identified taxa. The maximum abundance 
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Representative RFLP map of ITS amplicons restriction digested with enzyme 

The conifer root samples are environmental samples (Contain mixture of fungi) and 

Amongst different techniques 

ration Sequencing for 

, we selected the advanced Next Generation 

The identification and characterization of taxonomic groups (Fungi) within the 

sequenced metagenomes of the samples was successfully completed. Validated 

custom reference libraries were built from the larger NCBI nucleotide database and 

ated fast, accurate and fungal species level profiling of the 

Pathoscope was used which has a threshold parameter (parameter-s, 

alignments with >99% identity will move 

So, all the taxa mentioned in our results have 

For further interpretation of the results several graphical 

representations and plots involving bar plots and circos plots, both displaying the 

created in each sample. 

Abundance is largely the number of raw reads mapped on to the specific reference 

species. The estimation of absolute abundance of identified fungi within the samples 

substantiated both the presence and 

the extent of the presence of the identified taxa. The maximum abundance defines 

the highly enriched fungal species in the sample. A representative Snapshot of 



 

 

Figure 10: A re

Heat Map 

The heat map is one of the most popular methods of presenting the abundance data. 

A heat map is a graphical representation of data where the individual values 

contained in a matrix (abundance) are represented as colors 

the current study, we have represented the abundance of each of the species within 

the samples, graphically on a color scale. The corresponding color scale defining the 

proportionality of intensity of color with that of abundance is 

right. 

Tree Plot 

A phylogenetic tree is an estimate of the relationships among taxa (or sequences) and 

their hypothetical common ancestors. Building a phylogenetic tree requires four 

distinct steps: 

o Identify and acquire a set of 

o Align those sequences (Clustalw)

o Estimate a tree from the aligned sequences. 

methods for estimating phylogenetic trees (Neighbor Joining, UPGMA 

Maximum Parsimony, Bayesian Inference, and Maximum Likeli

the current study, we have implemented Neighbor Joining method. 

We have employed ‘MEGA

the phylogenetic tree map

 

Cladogram 

Circos plot/Cladogram, displaying the identified taxa is given below (Figure 17 and 

18). Within the cladogram, the “branching diagram” represents the evolutionary 

A representative Snapshot of sample and abundance

The heat map is one of the most popular methods of presenting the abundance data. 

A heat map is a graphical representation of data where the individual values 

contained in a matrix (abundance) are represented as colors (Figure

the current study, we have represented the abundance of each of the species within 

the samples, graphically on a color scale. The corresponding color scale defining the 

proportionality of intensity of color with that of abundance is given on the extreme 

A phylogenetic tree is an estimate of the relationships among taxa (or sequences) and 

their hypothetical common ancestors. Building a phylogenetic tree requires four 

Identify and acquire a set of homologous DNA sequences 

Align those sequences (Clustalw) 

Estimate a tree from the aligned sequences. There are several widely used 

methods for estimating phylogenetic trees (Neighbor Joining, UPGMA 

Maximum Parsimony, Bayesian Inference, and Maximum Likeli

the current study, we have implemented Neighbor Joining method. 

MEGA’ (version 7.0.26) to accomplish this process and 

the phylogenetic tree maps (Figures 15 and 16). 

Circos plot/Cladogram, displaying the identified taxa is given below (Figure 17 and 

Within the cladogram, the “branching diagram” represents the evolutionary 

18 

 

and abundance 

The heat map is one of the most popular methods of presenting the abundance data. 

A heat map is a graphical representation of data where the individual values 

gures 13 and 14). In 

the current study, we have represented the abundance of each of the species within 

the samples, graphically on a color scale. The corresponding color scale defining the 

given on the extreme 

A phylogenetic tree is an estimate of the relationships among taxa (or sequences) and 

their hypothetical common ancestors. Building a phylogenetic tree requires four 

There are several widely used 

methods for estimating phylogenetic trees (Neighbor Joining, UPGMA 

Maximum Parsimony, Bayesian Inference, and Maximum Likelihood [ML]). In 

the current study, we have implemented Neighbor Joining method.  

’ (version 7.0.26) to accomplish this process and obtain 

Circos plot/Cladogram, displaying the identified taxa is given below (Figure 17 and 

Within the cladogram, the “branching diagram” represents the evolutionary 
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relationships between the identified microbial species. This graphical representation 

can be broadly understood at three levels, 

 Small circles within each sector, represents individual sub-taxa and the size of 

the small circles/ nodes (with an increasing diameter from centre), represent each 

of the levels kingdom, phylum, class, order, family, genus and species. The tree 

branching, from which these small circles originate, represent the evolutionary 

origins. 

 A specific taxon is represented by alphabets depicting the family level and the 

corresponding description is included in the plot. 

 The external rings are graphical representation of abundance of corresponding 

taxa and sub-taxa. 

 

Abies pindrow 

In A. pindrow samples, 136 fungal taxa were identified (.fastq raw read files 

analysed with UNITE database-Table 2) while as 23 fungal taxa were identified 

(.fastq raw read files analysed with NCBI database and UNITE database-Table 3). 

The fungi characterized by using two databases in the present study included 60 

species and 12 species respectively [Tables 2(b) and 3(b)] with confirmed 

ectomycorrhizal status. Inocybe, Russula, Otidea, Sebacina, Chalara, Tomentella, 

Cenococcum and Wilcoxina are some of the abundantly associated ECM forming 

genera associated with the roots of A. pindrow. The taxonomy and ECM status of all 

the identified taxa is given in the tables below: 
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Table2 (a): Taxonomy and ECM status of root associated fungal taxa of A. pindrow (.fastq raw read files analysed with UNITE 

database). 

S. No. Description of Species (Taxa) Family Phylum ECM/Non-
ECM 

1 Acephala unidentified Helotiales fam Incertae sedis Ascomycota ECM 

2 Acremonium furcatum Hypocreales fam Incertae sedis Ascomycota - 

3 Ascomycota unidentified Unidentified Ascomycota - 

4 Bipolaris cynodontis Pleosporaceae Ascomycota - 

5 Cadophora finlandica Helotiales fam Incertae sedis Ascomycota ECM 

6 Cadophora unidentified Helotiales fam Incertae sedis Ascomycota ECM 

7 Cenococcum geophilum Gloniaceae Ascomycota ECM 

8 Chaetothyriales unidentified Unidentified Ascomycota - 

9 Chalara unidentified Helotiales fam Incertae sedis Ascomycota ECM 

10 Cladophialophora chaetospira Herpotrichiellaceae Ascomycota Saprophytic 

11 Cladophialophora unidentified Herpotrichiellaceae Ascomycota - 

12 Cladosporium halotolerans Cladosporiaceae Ascomycota - 

13 Clavicipitaceae unidentified Clavicipitaceae Ascomycota - 

14 Curvularia trifolii Pleosporaceae Ascomycota Plant Pathogen 

15 Curvularia unidentified Pleosporaceae Ascomycota Plant Pathogen 

16 Dermateaceae unidentified Dermateaceae Ascomycota - 

17 Didymellaceae unidentified Didymellaceae Ascomycota - 

18 Eutypella cryptovalsoidea Diatrypaceae Ascomycota - 

19 Exophiala equina Herpotrichiellaceae Ascomycota - 

20 Exophiala unidentified Herpotrichiellaceae Ascomycota - 

21 Gibberella tricincta Nectriaceae Ascomycota Plant Pathogen 

22 Gymnostellatospora japonica Pseudeurotiaceae Ascomycota - 

23 Helotiales unidentified Unidentified Ascomycota - 

24 Helvella involuta Helvellaceae Ascomycota ECM 

25 Herpotrichia juniperi Melanommataceae Ascomycota - 

26 Herpotrichiellaceae unidentified Herpotrichiellaceae Ascomycota - 

27 Humaria hemisphaerica Pyronemataceae Ascomycota ECM 
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28 Hypocreales unidentified  Unidentified Ascomycota - 

29 Hysteriales unidentified Unidentified Ascomycota - 

30 Ilyonectria mors-panacis Nectriaceae Ascomycota Soil fungi 

31 Infundichalara microchona Helotiaceae Ascomycota ECM 

32 Infundichalara unidentified Helotiaceae Ascomycota ECM 

33 Knufia peltigerae Trichomeriaceae Ascomycota - 

34 Lecanorales unidentified Unidentified Ascomycota - 

35 Leohumicola unidentified Helotiales fam Incertae sedis Ascomycota - 

36 Leucangium carthusianum Discinaceae Ascomycota - 

37 Meliniomyces unidentified Helotiaceae Ascomycota ECM 

38 Metarhizium carneum Clavicipitaceae Ascomycota - 

39 Metarhizium novozealandicum Clavicipitaceae Ascomycota - 

40 Morchellaceae unidentified Morchellaceae Ascomycota - 

41 Nectria ramulariae Nectriaceae Ascomycota - 

42 Nectriaceae unidentified Nectriaceae Ascomycota - 

43 Oidiodendron chlamydosporicum Myxotrichaceae Ascomycota ECM 

44 Oidiodendron maius Myxotrichaceae Ascomycota ECM 

45 Orbilia unidentified Orbiliaceae Ascomycota - 

46 Orbiliaceae unidentified Orbiliaceae Ascomycota - 

47 Orbiliales unidentified Unidentified Ascomycota - 

48 Otidea alutacea Pyronemataceae Ascomycota ECM 

49 Penicillium jamesonlandense Aspergillaceae Ascomycota - 

50 Penicillium unidentified Aspergillaceae Ascomycota - 

51 Pezicula pruinosa Dermateaceae Ascomycota - 

52 Phialocephala unidentified Vibrisseaceae Ascomycota ECM 

53 Pleosporales unidentified Unidentified Ascomycota - 

54 Pochonia cordycepisociata Clavicipitaceae Ascomycota - 

55 Pseudogymnoascus roseus Pseudeurotiaceae Ascomycota - 

56 Pyronemataceae unidentified Pyronemataceae Ascomycota - 

57 Radulidium subulatum Dothideomycetes fam Incertae sedis Ascomycota - 

58 Rhodoscypha unidentified Pyronemataceae Ascomycota - 

59 Saccharomyces cerevisiae Saccharomycetaceae Ascomycota Yeast 
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60 Saccharomycetales unidentified Unidentified Ascomycota - 

61 Sagenomella verticillata Trichocomaceae Ascomycota - 

62 Sordariomycetes unidentified Unidentified Ascomycota - 

63 Tetracladium marchalianum Helotiaceae Ascomycota - 

64 Tolypocladium tundrense Ophiocordycipitaceae Ascomycota - 

65 Tolypocladium unidentified Ophiocordycipitaceae Ascomycota - 

66 Trichocladium opacum Chaetomiaceae Ascomycota - 

67 Trichoderma harzianum Hypocreaceae Ascomycota Mutualistic 
endophyte 

68 Trichoderma virens Hypocreaceae Ascomycota Mutualistic 
endophyte 

69 Trichophaea unidentified Pyronemataceae Ascomycota ECM 

70 Trichothecium crotocinigenum Hypocreales fam Incertae sedis Ascomycota - 

71 Tuber bomiense Tuberaceae Ascomycota ECM 

72 Tuber unidentified Tuberaceae Ascomycota ECM 

73 Wilcoxina rehmii Pyronemataceae Ascomycota ECM 

74 Xylariales unidentified Unidentified Ascomycota - 

75 Agrocybe erebia Bolbitiaceae Basidiomycota ECM 

76 Amanita battarrae Amanitaceae Basidiomycota ECM 

77 Amanita unidentified Amanitaceae Basidiomycota ECM 

78 Boletus reticuloceps Boletaceae Basidiomycota ECM 

79 Clavulina coralloides Clavulinaceae Basidiomycota ECM 

80 Clavulina unidentified Clavulinaceae Basidiomycota ECM 

81 Clavulinaceae unidentified Clavulinaceae Basidiomycota - 

82 Clitopilus cystidiatus Entolomataceae Basidiomycota Saprophytic 

83 Cortinarius coracis Cortinariaceae Basidiomycota ECM 

84 Cortinarius unidentified Cortinariaceae Basidiomycota ECM 

85 Entoloma sanvitalense Entolomataceae Basidiomycota ECM 

86 Hyphodontia unidentified Schizoporaceae Basidiomycota - 

87 Inocybe bulbosissima Inocybaceae Basidiomycota ECM 

88 Inocybe cincinnata Inocybaceae Basidiomycota ECM 

89 Inocybe nitidiuscula Inocybaceae Basidiomycota ECM 

90 Inocybe rufoalba Inocybaceae Basidiomycota ECM 
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91 Inocybe umbrinella Inocybaceae Basidiomycota ECM 

92 Inocybe unidentified Inocybaceae Basidiomycota ECM 

93 Microbotryomycetes unidentified Unidentified Basidiomycota - 

94 Mycena amicta Tricholomataceae Basidiomycota Saprophytic 

95 Odontia unidentified Thelephoraceae Basidiomycota Non-
mycorrhizal 

96 Phallus impudicus Phallaceae Basidiomycota Saprophytic 

97 Piloderma olivaceum Atheliaceae Basidiomycota ECM 

98 Piloderma unidentified Atheliaceae Basidiomycota ECM 

99 Rhizopogon mohelnensis Rhizopogonaceae Basidiomycota ECM 

100 Rhizopogon unidentified Rhizopogonaceae Basidiomycota ECM 

101 Russula acrifolia Russulaceae Basidiomycota ECM 

102 Russula borealis Russulaceae Basidiomycota ECM 

103 Russula brevipes Russulaceae Basidiomycota ECM 

104 Russula chloroides Russulaceae Basidiomycota ECM 

105 Russula dryadicola Russulaceae Basidiomycota ECM 

106 Russula firmula Russulaceae Basidiomycota ECM 

107 Russula helios Russulaceae Basidiomycota ECM 

108 Russula integriformis Russulaceae Basidiomycota ECM 

109 Russula laeta Russulaceae Basidiomycota ECM 

110 Russula postiana Russulaceae Basidiomycota ECM 

111 Russula risigallina Russulaceae Basidiomycota ECM 

112 Russula rutila Russulaceae Basidiomycota ECM 

113 Russula unidentified Russulaceae Basidiomycota ECM 

114 Saitozyma podzolica Trimorphomycetaceae Basidiomycota - 

115 Sebacina unidentified Sebacinaceae Basidiomycota ECM 

116 Solicoccozyma terrea Piskurozymaceae Basidiomycota ECM 

117 Solicoccozyma terricola Piskurozymaceae Basidiomycota ECM 

118 Thelephora unidentified Thelephoraceae Basidiomycota ECM 

119 Thelephoraceae unidentified Thelephoraceae Basidiomycota - 

120 Tomentell stuposa Thelephoraceae Basidiomycota ECM 

121 Tomentella bryophila Thelephoraceae Basidiomycota ECM 
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122 Tomentella ellisii Thelephoraceae Basidiomycota ECM 

123 Tomentella ferruginea Thelephoraceae Basidiomycota ECM 

124 Tomentella lateritia Thelephoraceae Basidiomycota ECM 

125 Tomentella unidentified Thelephoracea Basidiomycota ECM 

126 Xylodon detriticus Schizoporaceae Basidiomycota Saprophytic 

127 Ramicandelaber unidentified Kickxellaceae Kickxellomycota - 

128 Mortierella alpina Mortierellaceae Mortierellomycota Saprophytic 

129 Mortierella amoeboidea Mortierellaceae Mortierellomycota Saprophytic 

130 Mortierella cystojenkinii Mortierellaceae Mortierellomycota Saprophytic 

131 Mortierella elongata Mortierellaceae Mortierellomycota Saprophytic 

132 Mortierella exigua Mortierellaceae Mortierellomycota Saprophytic 

133 Mortierella fimbricystis Mortierellaceae Mortierellomycota Saprophytic 

134 Mortierella humilis Mortierellaceae Mortierellomycota Saprophytic 

135 Mortierella unidentified Mortierellaceae Mortierellomycota Saprophytic 

136 Fungi unidentified Unidentified Unidentified - 

 
Table 2(b): Ectomycorrhizal fungi associated with roots of A. pindrow 

S. No. Description of Species (Taxa) Family Phylum 

1 Inocybe unidentified Inocybaceae Basidiomycota 

2 Russula postiana Russulaceae Basidiomycota 

3 Otidea alutacea Pyronemataceae Ascomycota 

4 Sebacina unidentified Sebacinaceae Basidiomycota 

5 Chalara unidentified Helotiales fam Incertae sedis Ascomycota 

6 Tomentella unidentified Thelephoracea Basidiomycota 

7 Russula firmula Russulaceae Basidiomycota 

8 Tomentella ferruginea Thelephoraceae Basidiomycota 

9 Russula laeta Russulaceae Basidiomycota 

10 Cenococcum geophilum Gloniaceae Ascomycota 

11 Wilcoxina rehmii Pyronemataceae Ascomycota 

12 Russula risigallina Russulaceae Basidiomycota 

13 Russula dryadicola Russulaceae Basidiomycota 
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14 Cadophora unidentified Helotiales fam Incertae sedis Ascomycota 

15 Meliniomyces unidentified Helotiaceae Ascomycota 

16 Cadophora finlandica Helotiales fam Incertae sedis Ascomycota 

17 Tomentell stuposa Thelephoraceae Basidiomycota 

18 Inocybe umbrinella Inocybaceae Basidiomycota 

19 Piloderma unidentified Atheliaceae Basidiomycota 

20 Clavulina coralloides Clavulinaceae Basidiomycota 

21 Inocybe bulbosissima Inocybaceae Basidiomycota 

22 Clavulina unidentified Clavulinaceae Basidiomycota 

23 Amanita battarrae Amanitaceae Basidiomycota 

24 Russula chloroides Russulaceae Basidiomycota 

25 Oidiodendron chlamydosporicum Myxotrichaceae Ascomycota 

26 Tomentella ellisii Thelephoraceae Basidiomycota 

27 Tomentella bryophila Thelephoraceae Basidiomycota 

28 Humaria hemisphaerica Pyronemataceae Ascomycota 

29 Phialocephala unidentified Vibrisseaceae Ascomycota 

30 Inocybe nitidiuscula Inocybaceae Basidiomycota 

31 Trichophaea unidentified Pyronemataceae Ascomycota 

32 Inocybe cincinnata Inocybaceae Basidiomycota 

33 Russula acrifolia Russulaceae Basidiomycota 

34 Amanita unidentified Amanitaceae Basidiomycota 

35 Helvella involuta Helvellaceae Ascomycota 

36 Infundichalara microchona Helotiaceae Ascomycota 

37 Inocybe rufoalba Inocybaceae Basidiomycota 

38 Russula brevipes Russulaceae Basidiomycota 

39 Piloderma olivaceum Atheliaceae Basidiomycota 

40 Russula integriformis Russulaceae Basidiomycota 

41 Solicoccozyma terrea Piskurozymaceae Basidiomycota 

42 Oidiodendron maius Myxotrichaceae Ascomycota 

43 Tuber bomiense Tuberaceae Ascomycota 

44 Cortinarius unidentified Cortinariaceae Basidiomycota 

45 Cortinarius coracis Cortinariaceae Basidiomycota 
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46 Entoloma sanvitalense Entolomataceae Basidiomycota 

47 Russula helios Russulaceae Basidiomycota 

48 Solicoccozyma terricola Piskurozymaceae Basidiomycota 

49 Tuber unidentified Tuberaceae Ascomycota 

50 Agrocybe erebia Bolbitiaceae Basidiomycota 

51 Russula borealis Russulaceae Basidiomycota 

52 Russula unidentified Russulaceae Basidiomycota 

53 Acephala unidentified Helotiales fam Incertae sedis Ascomycota 

54 Infundichalara unidentified Helotiaceae Ascomycota 

55 Boletus reticuloceps Boletaceae Basidiomycota 

56 Rhizopogon mohelnensis Rhizopogonaceae Basidiomycota 

57 Rhizopogon unidentified Rhizopogonaceae Basidiomycota 

58 Russula rutila Russulaceae Basidiomycota 

59 Thelephora unidentified Thelephoraceae Basidiomycota 

60 Tomentella lateritia Thelephoraceae Basidiomycota 

 

Table3 (a): Taxonomy and ECM status of root associated fungal taxa of A. pindrow (.fastq raw read files analysed with NCBI 

database and UNITE database). 

S. No. Description of Species (Taxa) Family Phylum 
ECM/Non-

ECM 

1. Uncultured fungus Undefined Fungi Fungi undefined - 

2. Russula uncultured Russulaceae Basidiomycota ECM 

3. Otidea smithii Pyronematacea Ascomycota ECM 

4. Sebacina uncultured Sebacinaceae Basidiomycota ECM 

5. Uncultured Thelephoraceae Thelephoraceae Basidiomycota - 

6. Uncultured Pyronemataceae Pyronemataceae Ascomycota - 

7. Inocybe uncultured Cortinariaceae Basidiomycota ECM 

8. Eutypella parasitica Diatrypaceae Ascomycota - 
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9. Leucangium carthusianum Helvellaceae Ascomycota - 

10. Clavulina uncultured Clavulinaceae Basidiomycota ECM 

11. Pseudotomentella uncultured Thelephoraceae Basidiomycota ECM 

12. Ascomycota unidentified Unidentified Ascomycota - 

13. Pleosporales unidentified Unidentified Ascomycota - 

14. Hyphodontia uncultured Corticiaceae Basidiomycota - 

15. Undefined vouchered mycorrhizae (Humaira) Pyronemataceae Ascomycota ECM 

16 Trichophaea sp. 1 ZWG-2011 Pyronemataceae Ascomycota ECM 

17 Helvella lacunosa Helvellaceae Ascomycota ECM 

18. Clitopilus prunulus Entolomatace Basidiomycota Saprophytic 

19. Cenococcum uncultured Gloniaceae Ascomycota ECM 

20. Dactylellina cionopaga Orbiliaceae Ascomycota - 

21 Amanita vaginata Amanitaceae Basidiomycota ECM 

22. Massarina sp. MA 4789 Massarinace Ascomycota - 

23. Morchella sp. Mel-23 Morchellaceae Ascomycota ECM 

 
 

Table 3(b): Ectomycorrhizal fungi associated with roots of A. pindrow 

S. No. Description of Species (Taxa) Family Phylum 

1 Russula uncultured Russulaceae Basidiomycota 

2 Otidea smithii Pyronematacea Ascomycota 

3 Sebacina uncultured Sebacinaceae Basidiomycota 

4 Inocybe uncultured Cortinariaceae Basidiomycota 

5 Clavulina uncultured Clavulinaceae Basidiomycota 

6 Pseudotomentella uncultured Thelephoraceae Basidiomycota 

7 Undefined vouchered mycorrhizae (Humaira) Pyronemataceae Ascomycota 

8 Trichophaea sp. 1 ZWG-2011 Pyronemataceae Ascomycota 
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9 Helvella lacunosa Helvellaceae Ascomycota 

10 Cenococcum uncultured Gloniaceae Ascomycota 

11 Amanita vaginata Amanitaceae Basidiomycota 

12 Morchella sp. Mel-23 Morchellaceae Ascomycota 

 

P. smithiana 

In P. smithiana, 265 fungal taxa were identified (.fastq raw read files analysed with UNITE database-Table4) while as33 fungal taxa 

were identified (.fastq raw read files analysed with NCBI database and UNITE database-Table5). The fungi characterized by using two 

databases in the present study included species58 and 9 species respectively [Tables 4(b) and 5(b)] with confirmed ectomycorrhizal 

status. Russula, Tuber, Trichophaea, Thelephora, Inocybe, Sebacina and Cadophora are some of the abundantly associated ECM 

forming genera associated with the roots of P. smithiana.The taxonomy and ECM status of all the identified taxa is given in the tables 

below: 

Table4 (a): Taxonomy and ECM status of root associated fungal taxa of P. smithiana(.fastq raw read files analysed with UNITE 

database). 

S. No. Description of Species (Taxa) Family Phylum ECM/Non-ECM 

1 Acephala unidentified Helotiales fam Incertae sedis Ascomycota ECM 

2 Acidothrix acidophila Amplistromataceae Ascomycota - 

3 Acremonium nepalense Hypocreales fam Incertae sedis Ascomycota - 

4 Alatospora acuminata Leotiaceae Ascomycota - 

5 Alternaria brassicae Pleosporaceae Ascomycota - 

6 Aschersonia hypocreoidea Clavicipitaceae Ascomycota - 

7 Ascomycota unidentified Unidentified Ascomycota - 

8 Aspergillus multicolor Aspergillaceae Ascomycota - 

9 Aspergillus purpureus Aspergillaceae Ascomycota - 

10 Aspergillus unguis Aspergillaceae Ascomycota - 

11 Bionectriaceae unidentified Bionectriaceae Ascomycota - 
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12 Bipolaris sacchari Pleosporaceae Ascomycota - 

13 Cadophora luteo-olivacea Helotiales fam Incertae sedis Ascomycota ECM 

14 Cadophora unidentified Helotiales fam Incertae sedis Ascomycota ECM 

15 Calcarisporium arbuscula Nectriaceae Ascomycota - 

16 Candelaria fibrosa Candelariaceae Ascomycota - 

17 Candida athensensis Saccharomycetales fam Incertae sedis Ascomycota - 

18 Candida sinolaborantium Saccharomycetales fam Incertae sedis Ascomycota - 

19 Capnodiales unidentified Unidentified Ascomycota - 

20 Cenococcum geophilum Gloniaceae Ascomycota ECM 

21 Chaetomiaceae unidentified Chaetomiaceae Ascomycota - 

22 Chaetomidium gallecicum Chaetomiaceae Ascomycota - 

23 Chaetomium homopilatum Chaetomiaceae Ascomycota - 

24 Chaetomium unidentified Chaetomiaceae Ascomycota - 

25 Chaetopsina fulva Nectriaceae Ascomycota - 

26 Chaetothyriales unidentified Unidentified Ascomycota - 

27 Chalara holubovae Helotiales fam Incertae sedis Ascomycota ECM/Saprophytic 

28 Chalara unidentified Helotiales fam Incertae sedis Ascomycota ECM/Saprophytic 

29 Chlorociboria duriligna Chlorociboria Ascomycota - 

30 Choiromyces alveolatus Tuberaceae Ascomycota ECM 

31 Cistella acuum Hyaloscyphaceae Ascomycota - 

32 Cistella unidentified Hyaloscyphaceae Ascomycota - 

33 Cladophialophora unidentified Herpotrichiellaceae Ascomycota Saprophytic 

34 Cladosporium delicatulum Cladosporiaceae Ascomycota - 

35 Cladosporium flabelliforme Cladosporiaceae Ascomycota - 

36 Cladosporium fusiforme Cladosporiaceae Ascomycota - 

37 Clavicipitaceae unidentified Clavicipitaceae Ascomycota - 

38 Clonostachys intermedia Bionectriaceae Ascomycota - 

39 Clonostachys rosea Bionectriaceae Ascomycota - 

40 Clonostachys unidentified Bionectriaceae Ascomycota - 

41 Colletotrichum dematium Glomerellaceae Ascomycota - 

42 Colletotrichum pisi Glomerellaceae Ascomycota - 

43 Corallomycetella elegans Nectriaceae Ascomycota - 
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44 Cyanonectria buxi Nectriaceae Ascomycota - 

45 Cylindrocladiella cymbiformis Nectriaceae Ascomycota - 

46 Cylindrodendrum unidentified Nectriaceae Ascomycota - 

47 Dactylonectria macrodidyma Nectriaceae Ascomycota - 

48 Dermateaceae unidentified Dermateaceae Ascomycota - 

49 Dothideomycetes unidentified Unidentified Ascomycota - 

50 Drechmeria coniospora Ophiocordycipitaceae Ascomycota - 

51 Exophiala equina Herpotrichiellaceae Ascomycota - 

52 Exophiala unidentified Herpotrichiellaceae Ascomycota - 

53 Fissuroma aggregata Aigialaceae Ascomycota - 

54 Fusarium cyanostomum Nectriaceae Ascomycota - 

55 Fusarium solani Nectriaceae Ascomycota - 

56 Fusarium unidentified Nectriaceae Ascomycota - 

57 Fusicolla merismoides Nectriaceae Ascomycota - 

58 Geomyces unidentified Pseudeurotiaceae Ascomycota - 

59 Gibberella avenacea Nectriaceae Ascomycota Plant Pathogen 

60 Gibberella tricincta Nectriaceae Ascomycota Plant Pathogen 

61 Gymnostellatospora japonica Pseudeurotiaceae Ascomycota - 

62 Halokirschsteiniothelia maritima Mytilinidiales fam Incertae sedis Ascomycota - 

63 Helicodendron websteri Helotiaceae Ascomycota ECM/Saprophytic 

64 Helotiaceae unidentified Helotiaceae Ascomycota - 

65 Helotiales unidentified Unidentified Ascomycota - 

66 Helvella panormitana Helvellaceae Ascomycota ECM 

67 Helvella unidentified Helvellaceae Ascomycota ECM 

68 Herpotrichiellaceae unidentified Herpotrichiellaceae Ascomycota - 

69 Hirsutella vermicola Ophiocordycipitaceae Ascomycota - 

70 Humaria hemisphaerica Pyronemataceae Ascomycota ECM 

71 Humicola nigrescens Chaetomiaceae Ascomycota - 

72 Humicola phialophoroides Chaetomiaceae Ascomycota - 

73 Hyaloscyphaceae unidentified Hyaloscyphaceae Ascomycota - 

74 Hydnotrya cerebriformis Discinaceae Ascomycota ECM 

75 Hymenoscyphus kathiae Helotiaceae Ascomycota ECM 
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76 Hymenoscyphus unidentified Helotiaceae Ascomycota ECM 

77 Hypocreales unidentified Unidentified Ascomycota - 

78 Ilyonectria destructans Nectriaceae Ascomycota Soil fungi 

79 Ilyonectria macrodidyma Nectriaceae Ascomycota Soil fungi 

80 Ilyonectria mors-panacis Nectriaceae Ascomycota Soil fungi 

81 Ilyonectria palmarum Nectriaceae Ascomycota Soil fungi 

82 Infundichalara microchona Helotiaceae Ascomycota ECM/Saprophytic 

83 Infundichalara unidentified Helotiaceae Ascomycota ECM/Saprophytic 

84 Lasiosphaeriaceae unidentified Lasiosphaeriaceae Ascomycota - 

85 Lecanicillium unidentified Cordycipitaceae Ascomycota - 

86 Lecanorales unidentified Unidentified Ascomycota - 

87 Leotiomycetes unidentified Unidentified Ascomycota - 

88 Leptosphaeria unidentified Leptosphaeriaceae Ascomycota - 

89 Leucangium carthusianum Discinaceae Ascomycota - 

90 Lindgomyces ingoldianus Lindgomycetaceae Ascomycota - 

91 Lobaria yunnanensis Lobariaceae Ascomycota - 

92 Lophodermium indianum Rhytismataceae Ascomycota - 

93 Lophodermium piceae Rhytismataceae Ascomycota - 

94 Metarhizium carneum Clavicipitaceae Ascomycota - 

95 Metarhizium marquandii Clavicipitaceae Ascomycota - 

96 Metarhizium unidentified Clavicipitaceae Ascomycota - 

97 Meyerozyma guilliermondii Debaryomycetaceae Ascomycota - 

98 Microglossum unidentified Helotiales fam Incertae sedis Ascomycota - 

99 Mycosphaerella tassiana Mycosphaerellaceae Ascomycota - 

100 Myrothecium roridum Stachybotryaceae Ascomycota - 

101 Nectria ramulariae Nectriaceae Ascomycota - 

102 Nectria unidentified Nectriaceae Ascomycota - 

103 Nectriaceae unidentified Nectriaceae Ascomycota - 

104 Neobarya parasitica Clavicipitaceae Ascomycota - 

105 Neonectria unidentified Nectriaceae Ascomycota - 

106 Oidiodendron truncatum Myxotrichaceae Ascomycota ECM 

107 Orbiliales unidentified Unidentified Ascomycota - 
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108 Otidea alutacea Pyronemataceae Ascomycota ECM 

109 Parauncinula septata Erysiphaceae Ascomycota - 

110 Penicillium bialowiezense Aspergillaceae Ascomycota - 

111 Penicillium jamesonlandense Aspergillaceae Ascomycota - 

112 Penicillium neocrassum Aspergillaceae Ascomycota - 

113 Phialocephala fortinii Vibrisseaceae Ascomycota ECM 

114 Phialocephala unidentified Vibrisseaceae Ascomycota ECM 

115 Plectosphaerella alismatis Plectosphaerellaceae Ascomycota - 

116 Pleosporales unidentified Unidentified Ascomycota - 

117 Pseudeurotium hygrophilum Pseudeurotiaceae Ascomycota - 

118 Pseudocercospora mapelanensis Mycosphaerellaceae Ascomycota - 

119 Pseudocosmospora vilior Nectriaceae Ascomycota - 

120 Pseudogymnoascus roseus Pseudeurotiaceae Ascomycota - 

121 Pyrenochaeta unidentified Cucurbitariaceae Ascomycota - 

122 Rachicladosporium unidentified Cladosporiaceae Ascomycota - 

123 Rhexocercosporidium panacis Helotiales fam Incertae sedis Ascomycota - 

124 Rhodoscypha unidentified Pyronemataceae Ascomycota - 

125 Schizothecium unidentified Lasiosphaeriaceae Ascomycota - 

126 Sordariales unidentified Unidentified Ascomycota - 

127 Sordariomycetes unidentified Unidentified Ascomycota - 

128 Sordariomycetes-Branch06 
unidentified 

Unidentified Ascomycota - 

129 Stachybotryaceae unidentified Stachybotryaceae Ascomycota - 

130 Stylonectria norvegica Nectriaceae Ascomycota - 

131 Stylonectria wegeliniana Nectriaceae Ascomycota - 

132 Teloschistes flavicans Teloschistaceae Ascomycota - 

133 Tetracladium marchalianum Helotiaceae Ascomycota - 

134 Tetracladium unidentified Helotiaceae Ascomycota - 

135 Thelonectria veuillotiana Nectriaceae Ascomycota - 

136 Thielavia antarctica Chaetomiaceae Ascomycota - 

137 Tolypocladium ophioglossoides Ophiocordycipitaceae Ascomycota - 

138 Tolypocladium unidentified Ophiocordycipitaceae Ascomycota - 
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139 Trichocladium opacum Chaetomiaceae Ascomycota - 

140 Trichoderma mienum Hypocreaceae Ascomycota Mutualistic 
endophyte 

141 Trichoderma oblongisporum Hypocreaceae Ascomycota Mutualistic 
endophyte 

142 Trichoderma semiorbis Hypocreaceae Ascomycota Mutualistic 
endophyte 

143 Trichoderma unidentified Hypocreaceae Ascomycota Mutualistic 
endophyte 

144 Trichophaea unidentified Pyronemataceae Ascomycota ECM 

145 Tuber bomiense Tuberaceae Ascomycota ECM 

146 Tuber maculatum Tuberaceae Ascomycota ECM 

147 Tuber mexiusanum Tuberaceae Ascomycota ECM 

148 Tuber unidentified Tuberaceae Ascomycota ECM 

149 Tuber whetstonense Tuberaceae Ascomycota ECM 

150 Umbilicaria unidentified Umbilicariaceae Ascomycota - 

151 Venturia carpophila Venturiaceae Ascomycota - 

152 Venturia unidentified Venturiaceae Ascomycota - 

153 Venturiaceae unidentified Venturiaceae Ascomycota - 

154 Verticillium leptobactrum Plectosphaerellaceae Ascomycota - 

155 Volucrispora graminea Helotiales fam Incertae sedis Ascomycota - 

156 Volutella ciliata Nectriaceae Ascomycota - 

157 Volutella unidentified Nectriaceae Ascomycota - 

158 Wilcoxina unidentified Pyronemataceae Ascomycota ECM 

159 Xenopolyscytalum pinea Helotiales fam Incertae sedis Ascomycota ECM/Saprophytic 

160 Xenopolyscytalum unidentified Helotiales fam Incertae sedis Ascomycota ECM/Saprophytic 

161 Xylariales nidentified Unidentified Ascomycota - 

162 Agaricales unidentified Unidentified Basidiomycota - 

163 Agaricomycetes unidentified Agaricomycetes Basidiomycota - 

164 Amanita pseudovaginata Amanitacea Basidiomycota ECM 

165 Amauroderma aurantiacum Ganodermataceae Basidiomycota Saprophytic 

166 Apiotrichum gracile Trichosporonaceae Basidiomycota Yeast 

167 Atheliaceae unidentified Atheliaceae Basidiomycota - 
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168 Boletaceae unidentified Boletaceae Basidiomycota - 

169 Bourdotia unidentified Hyaloriaceae Basidiomycota - 

170 Clavariaceae unidentified Clavariaceae Basidiomycota - 

171 Clavulina coralloides Clavulinaceae Basidiomycota ECM 

172 Clavulina unidentified Clavulinaceae Basidiomycota ECM 

173 Cryptococcus unidentified Tremellaceae Basidiomycota - 

174 Cystofilobasidium infirmominiatum Cystofilobasidiaceae Basidiomycota - 

175 Cystolepiota hetieri Agaricaceae Basidiomycota - 

176 Echinoderma asperum Agaricaceae Basidiomycota - 

177 Flagelloscypha unidentified Tricholomataceae Basidiomycota - 

178 Hydropus unidentified Tricholomataceae Basidiomycota - 

179 Hygrophorus pustulatus Hygrophoraceae Basidiomycota ECM 

180 Hyphodontia heterocystidiata Schizoporaceae Basidiomycota - 

181 Hyphodontia unidentified Schizoporaceae Basidiomycota - 

182 Infundibulicybe mediterranea Tricholomataceae Basidiomycota Saprophytic 

183 Infundibulicybe unidentified Tricholomataceae Basidiomycota - 

184 Inocybaceae unidentified Inocybaceae Basidiomycota - 

185 Inocybe aeruginascens Inocybaceae Basidiomycota ECM 

186 Inocybe fuscidula Inocybaceae Basidiomycota ECM 

187 Inocybe glabrescens Inocybaceae Basidiomycota ECM 

188 Inocybe grammopodia Inocybaceae Basidiomycota ECM 

189 Inocybe griseolilacina Inocybaceae Basidiomycota ECM 

190 Inocybe hystrix Inocybaceae Basidiomycota ECM 

191 Inocybe leptospermi Inocybaceae Basidiomycota ECM 

192 Inocybe nitidiuscula Inocybaceae Basidiomycota ECM 

193 Inocybe unidentified Inocybaceae Basidiomycota ECM 

194 Lactifluus unidentified Russulaceae Basidiomycota - 

195 Leucosporidium krtinense Leucosporidiaceae Basidiomycota - 

196 Malassezia globosa Malasseziaceae Basidiomycota Yeast like Fungus 

197 Malassezia restricta Malasseziaceae Basidiomycota Yeast like Fungus 

198 Malassezia unidentified Malasseziaceae Basidiomycota Yeast like Fungus 

199 Marasmius brunneoaurantiacus Marasmiaceae Basidiomycota Saprophytic 
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200 Megasporoporiella lacerata Meruliaceae Basidiomycota - 

201 Meira argovae Brachybasidiaceae Basidiomycota - 

202 Meira unidentified Brachybasidiaceae Basidiomycota - 

203 Membranomyces unidentified Clavulinaceae Basidiomycota ECM 

204 Mycena maurella Tricholomataceae Basidiomycota Saprophytic 

205 Mycena speirea Tricholomataceae Basidiomycota Saprophytic 

206 Mycena unidentified Tricholomataceae Basidiomycota Saprophytic 

207 Mycenaceae unidentified Mycenaceae Basidiomycota - 

208 Odontia ferruginea Thelephoraceae Basidiomycota Non-mycorrhizal 

209 Odontia fibrosa Thelephoraceae Basidiomycota Non-mycorrhizal 

210 Parasola plicatilis Psathyrellaceae Basidiomycota - 

211 Peniophora unidentified Peniophoraceae Basidiomycota - 

212 Piloderma lanatum Atheliaceae Basidiomycota ECM 

213 Piloderma unidentified Atheliaceae Basidiomycota ECM 

214 Polyporales unidentified Unidentified Basidiomycota - 

215 Pterula unidentified Pterulaceae Basidiomycota - 

216 Robbauera albescens Robbaueraceae Basidiomycota - 

217 Russula borealis Russulaceae Basidiomycota ECM 

218 Russula brevipes Russulaceae Basidiomycota ECM 

219 Russula chloroides Russulaceae Basidiomycota ECM 

220 Russula crustosa Russulaceae Basidiomycota ECM 

221 Russula delica Russulaceae Basidiomycota ECM 

222 Russula firmula Russulaceae Basidiomycota ECM 

223 Russula intermedia Russulaceae Basidiomycota ECM 

224 Russula olivacea Russulaceae Basidiomycota ECM 

225 Russula patouillardii Russulaceae Basidiomycota ECM 

226 Russula seperina Russulaceae Basidiomycota ECM 

227 Russula unidentified Russulaceae Basidiomycota ECM 

228 Saitozyma podzolica Trimorphomycetaceae Basidiomycota - 

229 Sebacina candida Sebacinaceae Basidiomycota ECM 

230 Sebacina incrustans Sebacinaceae Basidiomycota ECM 

231 Sebacina unidentified Sebacinaceae Basidiomycota ECM 
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232 Solicoccozyma terricola Piskurozymaceae Basidiomycota - 

233 Sporidiobolales unidentified Unidentified Basidiomycota - 

234 Thelephora digitata Thelephoraceae Basidiomycota ECM 

235 Thelephora unidentified Thelephoraceae Basidiomycota ECM 

236 Thelephoraceae unidentified Thelephoraceae Basidiomycota - 

237 Tomentella atroarenicolor Thelephoraceae Basidiomycota ECM 

238 Tomentella lateritia Thelephoraceae Basidiomycota ECM 

239 Tomentella stuposa Thelephoraceae Basidiomycota ECM 

240 Tomentella stuposa Thelephoraceae Basidiomycota ECM 

241 Trechisporales unidentified Unidentified Basidiomycota - 

242 Tremellales unidentified Unidentified Basidiomycota - 

243 Tricholomataceae unidentified Tricholomataceae Basidiomycota - 

244 Trichosporon unidentified Trichosporonaceae Basidiomycota - 

245 Uromycladium robinsonii Pileolariaceae Basidiomycota Rust Fungi 

246 Xylodon nespori Schizoporaceae Basidiomycota - 

247 Chytridiomycota unidentified Unidentified Chytridiomycota - 

248 Operculomyces laminatus Rhizophydiales fam Incertae sedis Chytridiomycota - 

249 Septoglomus turnauae Glomeraceae Glomeromycota - 

250 Ramicandelaber unidentified Kickxellaceae Kickxellomycota - 

251 Mortierella alpina Mortierellaceae Mortierellomycota Saprophytic 

252 Mortierella elongata Mortierellaceae Mortierellomycota Saprophytic 

253 Mortierella exigua Mortierellaceae Mortierellomycota Saprophytic 

254 Mortierella fimbricystis Mortierellaceae Mortierellomycota Saprophytic 

255 Mortierella gamsii Mortierellaceae Mortierellomycota Saprophytic 

256 Mortierella globalpina Mortierellaceae Mortierellomycota Saprophytic 

257 Mortierella hyalina Mortierellaceae Mortierellomycota Saprophytic 

258 Mortierella minutissima Mortierellaceae Mortierellomycota Saprophytic 

259 Mortierella rishikesha Mortierellaceae Mortierellomycota Saprophytic 

260 Mortierella unidentified Mortierellaceae Mortierellomycota Saprophytic 

261 Mortierella_hyalina Mortierellaceae Mortierellomycota Saprophytic 

262 Mortierella unidentified Mortierellaceae Mortierellomycota Saprophytic 

263 Mortierellaceae unidentified Mortierellaceae Mortierellomycota - 
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264 Cercozoa unidentified Unidentified Rhizaria-Cercozoa - 

265 Fungi unidentified Unidentified Unidentified - 

 

Table 4(b): Ectomycorrhizal fungi associated with roots of P. smithiana 

S. No. Description of Species (Taxa) Family Phylum 

1 Russula brevipes Russulaceae Basidiomycota 

2 Tuber bomiense Tuberaceae Ascomycota 

3 Trichophaea unidentified Pyronemataceae Ascomycota 

4 Thelephora unidentified Thelephoraceae Basidiomycota 

5 Inocybe unidentified Inocybaceae Basidiomycota 

6 Sebacina unidentified Sebacinaceae Basidiomycota 

7 Russula unidentified Russulaceae Basidiomycota 

8 Tuber unidentified Tuberaceae Ascomycota 

9 Cadophora unidentified Helotiales fam Incertae sedis Ascomycota 

10 Inocybe aeruginascens Inocybaceae Basidiomycota 

11 Cenococcum geophilum Gloniaceae Ascomycota 

12 Phialocephala unidentified Vibrisseaceae Ascomycota 

13 Clavulina unidentified Clavulinaceae Basidiomycota 

14 Hygrophorus pustulatus Hygrophoraceae Basidiomycota 

15 Hydnotrya cerebriformis Discinaceae Ascomycota 

16 Helvella unidentified Helvellaceae Ascomycota 

17 Inocybe griseolilacina Inocybaceae Basidiomycota 

18 Acephala unidentified Helotiales fam Incertae sedis Ascomycota 

19 Piloderma unidentified Atheliaceae Basidiomycota 

20 Sebacina incrustans Sebacinaceae Basidiomycota 

21 Russula firmula Russulaceae Basidiomycota 

22 Tomentella stuposa Thelephoraceae Basidiomycota 

23 Humaria hemisphaerica Pyronemataceae Ascomycota 

24 Membranomyces unidentified Clavulinaceae Basidiomycota 

25 Otidea alutacea Pyronemataceae Ascomycota 

26 Tomentella atroarenicolor Thelephoraceae Basidiomycota 
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27 Russula chloroides Russulaceae Basidiomycota 

28 Choiromyces alveolatus Tuberaceae Ascomycota 

29 Tuber mexiusanum Tuberaceae Ascomycota 

30 Tuber whetstonense Tuberaceae Ascomycota 

31 Inocybe hystrix Inocybaceae Basidiomycota 

32 Hymenoscyphus kathiae Helotiaceae Ascomycota 

33 Phialocephala fortinii Vibrisseaceae Ascomycota 

34 Piloderma lanatum Atheliaceae Basidiomycota 

35 Russula borealis Russulaceae Basidiomycota 

36 Russula crustosa Russulaceae Basidiomycota 

37 Tomentella lateritia Thelephoraceae Basidiomycota 

38 Cadophora luteo-olivacea Helotiales fam Incertae sedis Ascomycota 

39 Hymenoscyphus unidentified Helotiaceae Ascomycota 

40 Oidiodendron truncatum Myxotrichaceae Ascomycota 

41 Tuber maculatum Tuberaceae Ascomycota 

42 Amanita pseudovaginata Amanitacea Basidiomycota 

43 Clavulina coralloides Clavulinaceae Basidiomycota 

44 Russula delica Russulaceae Basidiomycota 

45 Russula intermedia Russulaceae Basidiomycota 

46 Russula seperina Russulaceae Basidiomycota 

47 Helvella panormitana Helvellaceae Ascomycota 

48 Wilcoxina unidentified Pyronemataceae Ascomycota 

49 Inocybe fuscidula Inocybaceae Basidiomycota 

50 Inocybe glabrescens Inocybaceae Basidiomycota 

51 Inocybe grammopodia Inocybaceae Basidiomycota 

52 Inocybe leptospermi Inocybaceae Basidiomycota 

53 Inocybe nitidiuscula Inocybaceae Basidiomycota 

54 Russula olivacea Russulaceae Basidiomycota 

55 Russula patouillardii Russulaceae Basidiomycota 

56 Sebacina candida Sebacinaceae Basidiomycota 

57 Thelephora digitata Thelephoraceae Basidiomycota 

58 Tomentella stuposa Thelephoraceae Basidiomycota 
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Table5 (a): Taxonomy and ECM status of root associated fungal taxa of P. smithiana (.fastq raw read files analysed with NCBI 

database and UNITE database). 

S. No. Description of Species (Taxa) Family Phylum ECM/Non-
ECM 

1. Uncultured fungus Undefined Fungi Undefined Fungi - 

2. Russula brevipes Russulaceae Basidiomycota ECM 

3. Undefined uncultured Basidiomycota Undefined Basidiomycota - 

4. Pleurotopsis uncultured Tricholomataceae Basidiomycota - 

5. Uncultured Agaricales Undefined Basidiomycota - 

6. Hyphodontia uncultured Corticiaceae Basidiomycota - 

7. Uncultured Ascomycota Undefined Ascomycota - 

8. Uncultured Pezizales Undefined Ascomycota - 

9. Slooffia cresolica Chrysozymaceae Basidiomycota - 

10. Undefined fungal sp. mh2199.3 Undefined Undefined Fungi - 

11. Leucangium carthusianum Helvellaceae Ascomycota - 

12. Thelephora unidentified Thelephoraceae Basidiomycota ECM 

13. Helvella unidentified Helvellaceae Ascomycota ECM 

14. Chaetothyriales unidentified Unidentified Ascomycota - 

15. Ascomycota unidentified Unidentified Ascomycota - 

16 Pyronemataceae undefined sp. SB117 Pyronemataceae Ascomycota - 

17 Metarhizium marquandii Clavicipitaceae Ascomycota - 

18. Protoventuria uncultured Venturiaceae Ascomycota - 

19. Lecanicillium sp. KYK00305 Cordycipitaceae Ascomycota - 

20. Lecanicillium sp. KYK00214 Cordycipitaceae Ascomycota - 

21 Glomeromycota uncultured Unidentified Mucoromycota - 

22. Parasola plicatilis Psathyrellaceae Basidiomycota Saprophytic 
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23. Operculomyces laminatus Rhizophydiales fam 
Incertae sedis 

Chytridiomycota - 

24. Otidea smithii Pyronemataceae Ascomycota ECM 

25. Meira unidentified Brachybasidiaceae Basidiomycota Endophyte 

26. Undefined uncultured Humaria Pyronemataceae Ascomycota ECM 

27. Undefined vouchered mycorrhizae (Humaira) Pyronemataceae Ascomycota ECM 

28. Volutella ciliata Nectriaceae Ascomycota - 

29. Clavulina uncultured Cantharellales Basidiomycota ECM 

30. Lepiota acutesquamosa Agaricaceae Basidiomycota Saprophytic 

31. Echinoderma asperum Agaricaceae Basidiomycota - 

32. Piloderma unidentified Atheliaceae Basidiomycota ECM 

33. Tuber sp. B199 Tuberaceae Ascomycota ECM 

 

Table 5(b): Ectomycorrhizal fungi associated with roots of P. smithiana 

S. No. Description of Species (Taxa) Family Phylum 

1 Russula brevipes Russulaceae Basidiomycota 

2 Thelephora unidentified Thelephoraceae Basidiomycota 

3 Helvella unidentified Helvellaceae Ascomycota 

4 Otidea smithii Pyronemataceae Ascomycota 

5 Undefined uncultured Humaria Pyronemataceae Ascomycota 

6 Undefined vouchered mycorrhizae (Humaira) Pyronemataceae Ascomycota 

7 Clavulina uncultured Cantharellales Basidiomycota 

8 Piloderma unidentified Atheliaceae Basidiomycota 

9 Tuber sp. B199 Tuberaceae Ascomycota 
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(a)       (b)      (c) 

 

Figure 11: Bar plots of root associated fungal taxa of A. pindrow (a) Phylum level (b) Family level (Data analysed by NCBI and 
UNITE) (c) Family level (Data analysed by UNITE) 
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 (a)       (b)      (c) 

 

Figure 12: Bar plots of root associated fungal taxa of P. smithiana (a) Phylum level (b) Family level (Data analysed by NCBI and 
UNITE) (c) Family level (Data analysed by UNITE
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Figure 13(a): Heat maps displaying the abundance of identified root associated fungal taxa of 
A. pindrow-Analysis done with UNITE
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Figure 13(b): Heat maps displaying the abundance of identified root associated fungal taxa of A. pindrow-Analysis done with NCBI 
and UNITE
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Figure 14(a): Heat map displaying the abundance of identified root associated fungal taxa of P. 
smithiana-Analysis done with UNITE
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Figure 14(b): Heat map displaying the abundance of identified root associated fungal taxa of P. smithiana-Analysis done with NCBI 
and UNITE



47 
 

 

 

Figure 15(a): Tree plot displaying phylogenetic relationship of identified root associated fungal 
taxa of A. pindrow-Analysis done with UNITE
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Figure 15(b): Tree plot displaying phylogenetic relationship of identified root associated fungal taxa of A. pindrow-Analysis done 
with NCBI and UNITE
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Figure 16(a): Tree plot displaying phylogenetic relationship of identified root associated fungal 
taxa of P. smithiana-Analysis done with UNITE
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Figure 16(b): Tree plot displaying phylogenetic relationship of identified root associated fungal taxa of P. smithiana-Analysis done 
with NCBI and UNITE  



 

Figure 17(a): Cladograms displaying the identified root associated fungal taxa of : Cladograms displaying the identified root associated fungal taxa of A. pindrow-Analysis done with UNITE
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Analysis done with UNITE 



 

Figure 17(b): Cladograms displaying the identified root associated fungal taxa of Figure 17(b): Cladograms displaying the identified root associated fungal taxa of A. pindrow-Analysis done with NCBI and UNITE
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alysis done with NCBI and UNITE 



 

Figure 18(a): Cladograms displaying the identified root associated fungal taxa of : Cladograms displaying the identified root associated fungal taxa of P. smithiana-Analysis done with UNITE
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Analysis done with UNITE 



 

Figure 18(b): Cladograms displaying the identified root associated fungal taxa of Figure 18(b): Cladograms displaying the identified root associated fungal taxa of P. smithiana-An
UNITE 
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Analysis done with NCBI and 



 

(d) Scanning Electron Microscope study 

External features of tertiary ectomycorrhizal roots 

observed with scanning electron microscope. 

attached to be many hyphae during the development of ectomycorrhizal roots 

(figure 19). These ectomycorrhizal hyphae fuses to form mycelia which

further fuses to form the tissue called mantle in the epidermal layer of root. 

Figure 19: External features of ectomycorrhizal roots
 

(e) In vitro studies on promising ECM isolates

MMN (Modified Melin

commonly associated ECM species of the target conifers. 

underway.A trial of germination was carried out, under controlled conditions 

in Greenhouse at the Kashmir University Botanical Garden (KUBG). The 

seeds are responding well

Figure 20: Seeds with wing, 

seedlings

) Scanning Electron Microscope study of mycorrhizal roots

xternal features of tertiary ectomycorrhizal roots of the study species were 

observed with scanning electron microscope. The surfaces of these tips were 

attached to be many hyphae during the development of ectomycorrhizal roots 

). These ectomycorrhizal hyphae fuses to form mycelia which

further fuses to form the tissue called mantle in the epidermal layer of root. 

External features of ectomycorrhizal roots of study species

studies on promising ECM isolates 

Modified Melin-Norkrans) medium was selected for the culture of the 

commonly associated ECM species of the target conifers. Work is currently 

A trial of germination was carried out, under controlled conditions 

in Greenhouse at the Kashmir University Botanical Garden (KUBG). The 

seeds are responding well (Figure 20). 

with wing, sterilized seeds, germinated and transplanted

seedlings of selected species 
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of mycorrhizal roots 

the study species were 

The surfaces of these tips were 

attached to be many hyphae during the development of ectomycorrhizal roots 

). These ectomycorrhizal hyphae fuses to form mycelia which 

further fuses to form the tissue called mantle in the epidermal layer of root.  

 

of study species 

medium was selected for the culture of the 

Work is currently 

A trial of germination was carried out, under controlled conditions 

in Greenhouse at the Kashmir University Botanical Garden (KUBG). The 

 

ransplanted 
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16. Innovations 
 

 First attempt: For the first time in Indian Himalayan context, a conspectus of 

ectomycorrhizal fungi actually associated with roots of various conifers in 

Kashmir Himalaya was prepared for utilization of host specific mycorrhizal 

mutualists for successful reforestation and aforestation under varied edapho-

environmental conditions. 

 Morphotyping and Phylotyping: Majority of studies in Kashmir Himalaya 

are based on sporocarp analysis while as the present study is the first study of 

its kind and is based on morphological, anatomical and molecular analysis 

(phylotyping) of root tips for characterization of ECM. 

 Conspicuous to Inconspicuous: It will help in the identification of those 

ECM fungi which do not form conspicuous fruiting bodies but are there in 

symbiotic association with the roots of the selected conifer species. 

 Integrates well the programmes of the State Forest Department: This 

study is different from those already undertaken in the sense that ECM species 

actually associated with conifers would be utilized to improve seedling 

survival and growth under field conditions. Though world over such a strategy 

is employed but in India, in general, and J&K, in particular, such procedures 

and practices have not been employed. Thus, the present study integrates well 

with the activities, plans and programmes of the State Forest Department 

which has nurseries at many places in the State but lack expertise in 

identification of ECM symbionts, their culture and in vitro mycorrhization of 

seedlings. This in vitro mycorrhization of conifer seedlings has become the 

essential ingredient of successful reforestation programme because 

anthropogenic activities, like deforestation, urbanization, altered land-use 

pattern, pollution etc., severely impair the ECM diversity in soil which results 

in reduced natural regeneration. 
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17. Research work which remains to be done under the project referring 

to objectives to be covered 

Work element Remarks 

♣ In vitro studies on promising ECM isolates To be 
continued 

♣ Seed collection and raising of seedlings in nursery To be 
undertaken 

♣ Inoculum production To be 
undertaken 

♣ In vitro mycorrhization of seedlings and their field 
performance in terms of survival and growth. 

To be 
undertaken 
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