
Fungal Root Endophytes: 
 

ROOTONIC (Fig 1a) is cultivable on solid (Fig 1b) and liquid semi-synthetic 
media (Fig 1c) and is suitable for large scale multiplication and conversion 
into a commercial agro-biological product. Till date we have treated over 

148 diverse plant species including cereals, legumes, vegetable & 
horticultural crops and medicinal plants. Pronounced growth promotion 

was seen in all the plants tested at a varying level. 
 

 

 

 

 

 

 

Fig 1. ROOTONIC 

Plants of Industrial Importance 

Artemisia annua (Fig. 2): Interaction increased not only the biomass but also the 
Artemisinin (an anti-malaria drug) content. 
 

 

 

 

 

 

 

                                            

Fig. 2 

 

 

 

Fig. 3. Field Trial of Artemisia annua interacted 

with ROOTONIC at Pancmarhi MP India 

Field trials of ROOTONIC interaction with A. annua have demonstrated 
increase in plant biomass as compared to control (Fig 3). The treated 
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plants were greener in colour as compared to the non treated ones. The 
field trial was performed at Madhya Pradesh Government experimental 

farm located at Panchmarhi, MP 
 

Sugarcane  
A filed trial was conducted on tissue culture raised sugarcane plants 

colonized with Rootonic in PAU, Ludhiana. Pronounced growth promotion 
was observed in treated plants as compared to control (Fig 4 and Table 

1a). The ratoon crop had greener architecture and higher sugar content 
in treated plants as compared to control (Fig and Table 1b and 1c). The 

treated plants were more efficient in absorption of required 
micronutrients as compared to control. 

Table1a: Effect of Rootonic inoculation on yield attributing traits and 
yield of sugarcane crop 

 

 
*Brix Value 

 
Table1b: Effect of Rootonic on nutrient acquisition of sugarcane ratoon crop 

Treatments Fe (ppm) Mn ppm) Cu (ppm) Zn (ppm) K (%) P (%) 

Control 202.2 25.0 4.9 1.87 0.24 0.086 

Rootonic 281.4 30.2 10.8 1.31 0.40 0.088 

% Change 39 20 120 - - - 

CD (5%) 47.07 NS 0.88 0.33 NS NS 

 

Table1c: Effect of Rootonic inoculation on yield attributing characters and yield 

of sugarcane ratoon crop 

Treatments 
 

Tiller 
number/ 
clump 
 

Cane 
number/ 
clump 
 

Cane  
height 
(cm) 
 

Cane  
girth 
(cm) 
 

Sugar 
content* 
 

Weight 
per 
clump 
(kg) 

Weight 
per plot 
(kg) 

Control 9.27 
 

8.10 
 

179 
 

2.22 
 

18.35 
 

6.50 
 

122.2 

Rootonic 17.2 
 

15.90 
 

191 
 

2.21 
 

21.40 
 

7.34 
 

138.3 

% Change 85 96 6.7 - 16 - 13 

CD (5%)  
 

2.59 
 

2.51 
 

NS 
 

NS 
 

1.99 
 

NS 
 

2.39 

*Brix Value 

 

Treatments Tiller 
number/ 

clump 

Cane  
number/ 

clump 

Cane  
height 

(cm) 

Cane  
girth 

(cm) 

Sugar 
content* 

Weight 
per 

clump 
(kg) 

Weight 
per 

plot 
(kg) 

Control 6.18 5.10 178 2.18 16.78 4.95 121.9 

Rootonic 8.43 7.72 202 2.15 16.85 5.85 135.3 

% Change 36.4 51.3 13.4 - - - 11.5 

CD (5%)   1.30 0.97 2.48 NS NS NS 3.76 



 

Fig. 4: Effect of Rootonic treatment in sugarcane. 

Fig. 5: Effect of Rootonic treatment in ratoon crop of sugarcane. 

 

 
 

Rootonic Control 

Control 

Dull Light Green Leaves 

Symptoms of Iron Deficiency 

Treated 

Shining Bright Green Leaves 

No Iron Deficiency 



Disease Resistance 
Bottle Gourd plants treated with Rootonic displayed better biocontrol as 

compared to untreated plants (Fig 6). 33 .3 % increase in Yield and 
rReduction in pesticide usage was observed in a trial conducted at 

Balachour, Distt SBS Nagar, Punjab. 
 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Effect of Rootonic inoculation on bottle gourd. The control field is 

yellow in colour as compared treated field, which is green in colour. 
 

In Kinnow, Rootonic treatment resulted in resistance against viral 
infection. The Rootonic treated virus infected plants displayed re-initiation 

of flowering and fruiting as compared to untreated control (Fig 7 ). 
 

Control Treated 



 

Fig 7: Rootonic injected at the root zone helped in recovery of virus infected 

plants plants 

Enhancement of fungal biomass by incubation with nanoparticles:  
Our recent experiments have indicated that inclusion of nanoparticle 

like titanium oxide or Carbon nano tubes considerably enhanced the 
biomass production (Fig 7 and Table 2) 

         

 

 

 

 

 

 

 

 

 

 

Fig 7. Nanoparticle embedded fungal biomass further increase the plant 

growth.  
 

Control Treated 



 

Treatments Fresh Biomass (g/100 ml) Percent increase over control 

Control (ROOTONIC only) 2.98  

TiO2 + ROOTONIC 4.12 38.25 

CNT + ROOTONIC 3.86 29.53 

Ag + ROOTONIC 3.48 16.77 

 

Table 2: Enhancement of ROOTONIC biomass by nanoparticles 

The culture filtrate of ROOTONIC also promotes plant growth and 
development (Fig. 8 a and b) 

 

 

 

 

 

 

 

 

 

Fig. 8a 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8b 



The various multifunctional role of ROOTONIC is outlined below (Fig 9):    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 9. Multifunctional symbiotic fungus ROOTONIC 

Breakthrough Findings 

Although discovered in Thar desert, Rajasthan the fungus has shown cross talks 
with plants growing at highest possible place on earth i.e., the cold desert of Leh. 

The seeds interacted with ROOTONIC led to early seed germination (-18 ºC) and 
enhanced growth at 4-10 ºC as compared to control plants which were stunted 
in appearance (Fig 10). 

 
 

 
 
 

 
 

 
 

 
 

 

Fig 10. Cultivated plants at high altitude after ROOTONIC treatment. 
Pronounced growth promotion was seen after interaction as compared 

to control. 
Summary: 

Endophytic root colonization by ROOTONIC confers enhance growth to the host 

plant and provides protection against biotic and abiotic stresses. ROOTONIC 
enhances stress tolerance, confers disease resistance and increases yield in 
many crops. A summary of Rootonic field experiments conducted in various 

locations is given below in Table 3 

Treated    Control    Treated    Control    



S.N Crop Farmer/Office

r Name and 
Place 

Area Yield  

(Quintals/acre) 

% 

Change 

Remarks 

Control Treate

d 

1 Cotton Sardar Prakash 

Singh Badal, 
Vill Badal, 

Distt Muktsar, 
Punjab 

4 

acres 

7.2 6 20.00 The treated plants were healthier 

and were less affected by insects 
and pests as observed by farmer. 

The results were authenticated 
by Dr. Jallore Singh, ADO, 

Lambi 

2 Maize Sardar Gurdev 

Singh, Vill 
Sahouran, 

Distt SAS 
Nagar, Punjab 

1 acre 28 24 16.67 On an average a yield of 14.64 % 

is reported after application of P. 
indica. 

3 Maize Sardar Jasbir 
Singh, Vill 

Sahouran, 
Distt SAS 

Nagar, Punjab 

1 acre 26 23 13.04 Results Authenticated by Dr. 
Rajesh Kumar, ADO 

4 Maize Sardarni Jasbir 
Kaur, Vill 

Sahouran, 
Distt SAS 

Nagar, Punjab 

1 acre 27 24 12.50 Results Authenticated by Dr. 
Rajesh Kumar, ADO 

5 Maize Sardar Avtar 

Singh, Vill 
Mampur, Distt 

SAS Nagar, 
Punjab 

1 acre 25 22 13.64 Results Authenticated by Dr. 

Rajesh Kumar, ADO 



S.N Crop Farmer/Office

r Name and 
Place 

Area Yield  

(Quintals/acre) 

% 

Change 

Remarks 

Control Treate

d 

6 Maize SardarJoginder 

Singh, Vill 
Mampur, Distt 

SAS Nagar, 
Punjab 

1 acre 27 23 17.39 Results Authenticated by Dr. 

Rajesh Kumar, ADO 

7 Maize Sardar Jagtar 
Singh Block 

Nurpur Bedi, 
Distt Ropa 

1 acre 21.03 17.69 18.88 The treatment showed early  
flowering and increased pest  

tolerance. Cultivation performed 
under Rainfed condition. Project 

sponsored by DST SEED 

8 Wheat Shri KS Bains, 

Near Raja 
Sansi Airport 

1 acre 19.68 21.85 11.02 More yield in treated plants 

9 Wheat ADO, Kharar, 

Dist SAS Nagar 

1 acre 18.1 19.4 7.20 Results authenticated by ADO, 

Kharar 

10 Wheat Village 

Mullanpur, 
Distt Ludhiana  

1 acre 18.4 15.4 19.48 Under BIRAC project 

11 Tomato Sardar Resham 
Singh, Vill 

Mukatramwala
, Block 

Sultanpur, 
Distt 

Kapurthala, 
Punjab 

1 acre 250 225 11.11 Growth Better in Treated, 
Pesticide Spray kept constant 



S.N Crop Farmer/Office

r Name and 
Place 

Area Yield  

(Quintals/acre) 

% 

Change 

Remarks 

Control Treate

d 

12 Tomato Sardar Massa 

Singh, Vill 
Mothawalan, 

Block 
Sultanpur, 

Distt 
Kapurthala 

2 

acres 

230 210 9.52 Stem borer and whitefly 

infestation less in treated; 
Pesticide (Midda and Coragen) 

usage reduced by 50 % in 
treated 

13 Egg 
Plant 

Sardar Massa 
Singh, Vill 

Mothawalan, 
Block 

Sultanpur, 
Distt 

Kapurthala 

1 acre 100 50 100.00 Stem borer and whitefly 
infestation 50 % less in treated; 

Pesticide (Midda and Coragen) 
usage reduced by 50 % in 

treated; Fruit quality good in 
treated with no white spot 

14 Muskm

elon 

Sardar 

Gurmail Singh, 
Vill Badali, 

Block Lohian, 
Circle Shakot, 

Distt 
Jalandhar 

1 acre 90 70 28.57 Results Authenticated by 

Horticulture Assistant 

15 Bottle 

Gourd 

Sardar Sohan 

Singh, Vill 
Jatpur, Block 

Balachour, 
Distt S.B.S. 

Nagar 

1 acre 200 150 33.33 Results Authenticated by HDO 



S.N Crop Farmer/Office

r Name and 
Place 

Area Yield  

(Quintals/acre) 

% 

Change 

Remarks 

Control Treate

d 

16 Bottle 

Gourd 

Dr. Sukhvinder 

Singh, Potato 
Seed Farm, 

Kartarpur, 
Distt Amritsar 

1 acre 100 80 25.00 Blight and Aphd attack in 

control; Pesticide spray M-45, 
Metalex reduced by 50% in 

treated; Treated fruit more sweet 
in taste 

17 Pumpk
in 

Dr. Sukhvinder 
Singh, Potato 

Seed Farm, 
Kartarpur, 

Distt Amritsar 

1 acre 80 70 14.29 White fly infestation less in 
treated; Pesticide (M-45) weekly 

spray in treated and every four 
day in control 

18 Onion Dr. Sukhvinder 

Singh, Potato 
Seed Farm, 

Kartarpur, 
Distt Amritsar 

1 acre 6 5 20.00 Only for seed production 

19 Potato Dr. Sukhdev 

Singh, Potato 
Seed Farm 

Dhogri 
(Jalandhar) 

5 

marla 

26.45 21.12 25.24 If the crops will be sown in the 

season i.e. in the first week of 
October then more observations 

can be noted 

20 Turmer
ic 

Pradeep Singh, 
Vill Tapria 

Raniwala, 
Block Sudwa, 

Distt S.B.S. 
Nagar 

1 
kanal 

117 104 12.50 Results Authenticated by HDO 



S.N Crop Farmer/Office

r Name and 
Place 

Area Yield  

(Quintals/acre) 

% 

Change 

Remarks 

Control Treate

d 

21 Pea Sh, Chuhal 

Singh, S/o Sh. 
Batan Singh, 

Vill Simbal 
Majra, Tehsil 

Balachur, 
District, S.B.S. 

Nagar 

1 acre 26 24 8.33 Results authenticated by HDO 

Balachur 

22 Mustar

d 

Sardar Jagtar 

Singh, Block 
Nurpur Bedi, 

Distt Ropa 

1 acre 8.43 5.38 56.69 Alternaria black spot 

 infection was found less in 
reatment as compared to control.  

Cultivation performed under 
Rainfed condition. Project 

sponsored by DST SEED 

23 Guar Distt 
Hanumangarh 

1 acre 3.5 3 16.67 Results authenticated by M/s 
Sunita Hydrocolloids Pvt Ltd. 
Jodhpur Rajasthan 

24 Paddy Village 
Mullanpur, 

Distt 
Ludhiana,  

1 acre 19.5 16.8 16.07 Under BIRAC project 



S.N Crop Farmer/Office

r Name and 
Place 

Area Yield  

(Quintals/acre) 

% 

Change 

Remarks 

Control Treate

d 

25 Linseed Sardar Jagtar 

Singh, Block 
Nurpur Bedi, 

Distt Ropa 

1 acre 5.78 3.47 66.57 Seeds of treated were more 

healthy and had a more 
prominent coloration. Early 

flowering was observed in the 
treated crops. 



 

Our group has isolated a novel axenically cultivated plant promoting root 

endophyte fungus Talaromyces albobiverticillius (Fig 11, formerly known 

as T. purpureogenus) (HNB9). The fungus has shown various PGPR (Plant 

Growth Promoting Rhizosperic Microbes) properties like Phosphate, Zinc, 

Iron and Silica solubilization and auxin production (Fig 12 a and b). Our 

preliminary work in lab, greenhouse and farmers field has shown 

promising results in terms of plant growth promotion and tolerance to 

biotic and abiotic stresses. The fungal mycelia also secrete a unique red 

coloured pigments in the medium which may have many industrial and 

commercial value. HNB9 is found to be endophytic as it colonizes a variety 

of plants and exhibit plant promoting property in the early experiments 

conducted on oilseeds, cereals and vegetables. 

 

Fig 11: Talaromyces albobiverticillius HNB9 cultivated in PDA medium 

 

 

 

 

 

 

 

 

 

 

 

Fig12a: Various PGPRs attributes of HNB9. 

Zn solubilization P solubilization Si solubilization Fe solubilization 



 Fig12b: Auxin production by HNB9. 

 
The fungus is non-toxic in nature as it tested negative for mycotoxin 

producing test in creatine sucrose agar medium (Fig 13). 
 

 

 

 

 

 

 

 

 

Fig 13: No growth of HNB9 on creatine sucrose agar medium.  

The fungus is non toxic to plants as enumerated by seedling toxicity 

test (Fig 14a). Studies performed under in vitro and greenhouse 

conditions have shown growth promotion of plants (Fig 14 a, b and 

c) with profuse rooting.  
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Fig 14: (a) Seedlings growing well on fungal mat without any inhibition 
of growth. (b) Shoot and Root growth promotion in okra in treated as 

compared to control. (c) Shoot and Root growth promotion in maize in 
treated as compared to control. 
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Upon interaction with seed, seedlings or standing plants, the fungal 
spores enters the root, colonize it and sends the fine hyphae outwards 

(Fig 15 a and b) and live symbiotically and helps in acquisition of 
various minerals and root growth by producing auxin a plant growth 

hormone. 

 
 Fig 15: Treated: (a) Small thread like mycelia emerging from the roots; 

(b) spores and mycelia; Control:  No mycelia emerging from the roots 

In a microplot trial three wheat varieties treated with HNB9 showed 

significant increase in grains per year, thousand grain weight, grain 
yield, straw yield and hunger index as compared to control (Table 4 and 

5). 
 

Table 4:  Effect of inoculation of HNB9 on growth  of different wheat cultivars. 
 

 

Treatments Days to Effective 

Tillers/m2 

Plant 

Height 
(cms) 

 Ear 

Length 
(cms) 

50% 
Flowering 

100% Flowering  

 Inoculations (I) 

Control (No 
Inoculation) 

98.0 149.0 307.1 88.4  10.3 

HNB9 97.7 149.4 320.4 87.0  10.2 

CD (p=0.05) NS NS NS NS  NS 

 Varieties (V) 

Unnat PBW 
343 

103.3 150.5 311.8 91.7  10.4 

Unnat PBW 

550 

92.8 147.0 302.8 79.7  10.6 

HD 3086 95.7 150.0 325.9 92.2  10.0 

CD (p=0.05) 2.16 1.02 NS 2.21  NS 

 
 

a Treated Control b 



Table 5:  Effect of inoculation of HNB9 on yield and yield attributes of 
different  wheat cultivars. 

Treatments Grains per 

ear 

Thousand 

Grain wt. (g) 

Grain 

Yield 
(q/ha) 

Straw 

Yield 
(q/ha) 

Harvest 

Index 

Inoculations (I) 

Control (No 

Inoculation) 

47.96 42.69 53.69 80.15 0.40 

HNB9 55.11 45.28 60.65 81.63 0.43 

CD (p=0.05) 5.09 1.13 5.36 NS NS 

Varieties (V) 

Unnat PBW 343 52.60 45.42 56.94 77.93 0.42 

Unnat PBW 550 59.45 41.96 58.48 71.95 0.45 

HD 3086 46.77 45.74 61.30 88.68 0.41 

CD (p=0.05) 3.21 1.67 3.25 5.43 0.024 

 

In a farmer field trial sugarcane variety COO 118 treatment with HNB9 
resulted in 15% yield enhancement in treated (490 qt/acre) as 

compared to control (425 qt/acre) (Fig 16). 
  

 

 

 

 

 

 

 

 

 

Fig 16: Sugarcane field trial conducted at farmer’s field. 
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In a farmer field trial rice variety PB1121 treatment with HNB9 resulted 

in 33% yield enhancement in treated (20 qt/acre) as compared to control 

(15 qt/acre) (Fig 17). 

 

 

 

 

 

 

 

 

 

 
Fig 17: Rice field trial conducted at farmers field. 
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26th December 2011 

  

CERTIFICATE 

  

  

It is certified that in Village Badal, at the farm of Sardar Prakash Singh Badal, 5 acres of cotton, variety 

OM 3028, was cultivated as “control” and another 5 acres, treated with Piriformospora indica (PSFI). 

Shri. Roop Singh, was Field In-charge and Observer. In the control (non-treated fields) the yield was 6 

quintiles per acre and in the fields treated with PFSI, the yield was 7.20 quintiles per acre. 

  

  

  

Sd, For 

  

Dr. Jallore Singh 

Agriculture Developmetn Officer 

Gidharbaha, Distt. Mukhtsar        
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27 November 2012 
 

Letter of Appreciation 

 
Sunita Hydrocolloids Pvt. Ltd. in association with Dr. Amit C Kharkwal, 

Assistant Professor, Amity Institute of Microbial Technology, 

Amity University conducted a trial of beneficial fungus on guar crop in 

the month of July 2012 at dist. Hanumangarh, Rajasthan. Total area of 

sowing was one bigha for treated guar seeds with beneficial fungus 

and one bigha for control. It was observed that- 

1. Germination in treated guar seeds was more in comparison to 

untreated one. 

2. After few days of germination, plants with treatment were 

having larger, greener and shiny leaves. 

3. Fruiting was earlier in treated plants; pods are longer in size. 

4. Around 16% increment was observed in the yield of the guar 

crop which was treated with beneficial fungus.  

We look forward to have association with Amity University for the next 

year sowing of guar and planning to conduct one commercial trial with 

beneficial fungus on guar crop in 100 bigha land.  

 

 

 

Dr. B.R. Sharma,  
Senior Manager-QARD  

 



Enclosure 7 
Technology Transfer Agreements of AIMT, AUUP 
 

S.No. Technology Date  Company 

1 

A Plant growth promoting formulation of 
Piriformospora Indica and Azotobacter 
chroococcum with talcum powder 
(Strains of Piriformospora indica) 

17.08.2016 Sinon Inc, Taiwan 

2 

A Plant growth promoting formulation of 
Piriformospora Indica and Azotobacter 
chroococcum with talcum powder 
(Strains of Piriformospora indica) 

08.12.2018 
Sai Bio Organic, 
Moga, Punjab 

3 

A Plant growth promoting formulation of 
Piriformospora Indica and Azotobacter 
chroococcum with talcum powder 
(Strains of Piriformospora indica) 

7.02.2020 

 
 
 
SOM Phytopharma 
(India) Ltd, 
Hyderabad 

4 

A Plant growth promoting formulation of 
Piriformospora Indica and Azotobacter 
chroococcum with talcum powder 
(Strains of Piriformospora indica) 

8.04.2021 

 
 
 
 
Sri BioAesthetics Pvt 
Ltd, Hyderabad 
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Editorial 
 
 

Dear Readers  
 
 Famous scientist Louis Pasteur had said that even the death will be 
incomplete without the presence of fungi. So is the importance of the fungi in 
human life. The Microorganisms have unbreakable linkage parallel to human 
life, with fungi even more prominent in viable-microbial processes associated 
with human. In agriculture also its importance is in tune with the thoughts of 
Louis Pasteur. It has an extended role in nutrient cycle and their availability to 
the plants. From solubilization to mobilization, absorption to transportation and 
itself being the source of nutrient, fungi has multifarious role in nutrition 
transmission between soil and plants. A number of mechanisms involving the 
role of fungi have been explained by scientists. Yet there are many ones to be 
explained to harvest its desired effect to meet the burgeoning requirements. A 
number of genus and species are still to be identified which certainly 
contribute in nutrient management but has no recognition. This issue in first 
paper reports new invention in mycorrhizal developments. Hope this 
pragmatic approach would help in efficient use of mycorrhizal cultures to 
obtain better yields and also would explore new dimensions in ongoing 
quests.    
 

Certain microorganisms may become antagonistic to fellow microbes 
limiting their population in a given medium. Therefore assessment of the 
behavior of composite microbes in a given medium has remained an 
interesting subject. In this series the microorganisms of nutrient importance 
have a great scope of their mapping in various forms and conditions in both 
isolated and coexisting situations to obtain the target results. In the second 
paper of the issue authors have shown the way for effective use of microbes 
in combination.  It is high time, the manufacturing sector adopt and promote 
such technologies so that their benefit can be reaped by the end users. 

 
The permanent columns and features of the issue are accomplished 

with maximum latest inputs of relevant field. Hope the issue turns useful to its 
readers to their maximum satisfactions. We pay sincere thanks to authors of 
papers and valued readers for their continued interest attached with us. 
 
 
Ravinder Kumar 
Editor and Assistant Director 
RCOF, Bangaluru 
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Piriformospora indica: The Model Microbe for 
Organic Green Revolution 
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Introduction 
The most complex area within the soil 
environment is the region of soil surrounding 
a plant root known as the “rhizosphere” or 
more appropriately “mycorrhizosphere”. The 
region differs from the surrounding soil in 
many physico-chemical factors and this soil 
along with the rhizoplane (i.e., the root 
surface) is colonized by a wide range of 
microorganisms representing the site with 
the highest microbial biomass and activity. It 
is here that interaction between plants and 
microorganisms are most intense, variable 
and mostly symbiotic. Nitrogen fixing root-
nodule bacteria (Rhizobium), actinomycetes 
(Frankia) and mycorrhizal associations are 
some of the best studied examples of 
symbiosis.  
 
The Background  
Mycorrhiza refers to associations or 
symbioses between plants and fungi that 
colonizes the cortical tissue of roots during 
periods of active plant growth. Generally, 
these symbioses are often characterized by 
bi-directional exchange of plant-produced 
carbon (photosynthates) to the fungus and 
fungal-acquired nutrients to the plant thereby 
providing a critical linkage between the plant 
root and soil called arbuscules (Fig.1A, see 
inside of back cover, p-25).  The term 
mycorrhiza (modern Latin of Greek words 
mykes + fungi, rhiza + root) which literally 
means “fungus-root” was first applied to 
fungus-tree associations described in 1885 
by the German forest pathologist A.B. Frank 
(Fig. 1B see inside of back cover, p-25). 
About 90 per cent land plants, no matter 
where they grow are mycorrhized. The 
benefits accorded to the plants from 

mycorrhizal symbioses can be characterized 
agronomically by increased growth, yield, 
providing regulation against biotic and 
abiotic stress and ecologically by improved 
fitness (i.e., reproductive ability).  
 
Fig. 2 (inside of back cover, p-25) shows 
typical view of diverse mycorrhizal spores 
and they survive in the soil many years 
under adverse conditions. The key functions 
of AM symbiosis can be summarized as 
follows: (1) improving rooting and plant 
establishment, (2) enhancing plant tolerance 
to stresses, (3) improving nutrient cycling, 
and (4) enhancing plant community diversity. 
Besides, they are helpful in increased 
photosynthesis efficiency, increased water 
conducting capacity, enhanced nutrient 
uptake, enhanced plant tolerance to 
environmental stresses including drought, 
cold, salinity and pollution, providing 
protection from harmful soil borne 
pathogens, changing the supply of mineral 
nutrients from soil thereby modifying soil 
fertility, mycorrhizosphere and aggregation 
of soil particles and in promoting growth, 
fitness and conservation of endangered 
plants.  
 
Despite numerous researches the fungus 
cannot be cultured in the laboratory 
condition in the absence of living root 
system. Arbuscular mycorrhizal fungi (AMF) 
are obligate symbionts and do not grow in 
the absence of living host. Despite the 
significant importance of the AMF to soil 
health and plant productivity, their 
biotechnological applications could not be 
exploited to the level they deserve due to 
this particular factor. 
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A Silver Lining in Mycorrhizal Research- 
Novel Discovery 
Authors have discovered a new and novel 
cultivable mycorrhizal fungus and named it 
as Piriformospora indica (Fig 3 see inside of 
back cover, p-25). It is cultivable on 
synthetic media and is suitable for large 
scale multiplication and conversion into a 
commercial agro-biological product. Till date 
authors have found positive impact of the 
fungus on the diverse group of plants, 
including agriculture, horticulture, 
arboriculture, floriculture crops including 
medicinal plants. Experiments were 
performed in tissue culture laboratory, green 
house, under field trials in the cultivator 
fields in National Capital Region (NCR), 
Haryana, Himachal Pradesh and 
Uttarakhand. 
 
Biotechnological Applications  
Mutualistic interactions between microbes 
and agro-forestry, horticultural and medicinal 
plants have been attractive for many years, 
since mutualists can improve the growth, 
biomass and seed production on poor soil 
with little input of chemical fertilizers and 
pesticides. P. indica is strong candidates for 
supporting the mass scale production of 
cereals, medicinal plants and flori-
horticulture. They also combat virus and 
fungal pathogens.  

Case Studies 
I. Economic Importance 
Sugar Cane: P. indica, increased the 
survival rate of micro-propagated sugarcane 
plantlets when inoculated at hardening stage 
(Fig. 4, see inside of back cover p-25). P. 
indica increased root and shoot dry weight of 
the plants by increasing water and nutrient 
uptake thereby making them healthier and 
hence increased their survival rate in the 
glasshouse and field. The increase in 
survival rates by 10% is of much significance 
and thus P. indica can be commercially 
exploited for bio-hardening of micro-
propagated sugarcane plantlets to boost the 
sugarcane industry. 
 
Sugarcane variety CoJ 83 and CoJ 88 were 
treated with P. indica. There was significant 
increase in tiller number (36%), cane 
number (51%), cane height (13%) and cane 
yield (10%) as compared to control. In the 
second crop (ratoon crop), iron deficiency 
was observed in the untreated plants. The 
treated plants also exhibited increased iron 
(39%) and copper (120%) acquisition (Table 
1). Significantly higher tiller numbers (85%), 
cane numbers (96%), cane yield (13%) and 
sugar content (17%) was also observed 
(Table 2). 

Table 1. Effect of P. indica on nutrient acquisition of sugarcane ratoon crop 
 

Treatments Fe (ppm) Mn ppm) Cu (ppm) Zn (ppm) K (%) P (%) 
Control 202.2 25.0 4.9 1.87 0.24 0.086 
P. indica 281.4 30.2 10.8 1.31 0.40 0.088 
CD (5%) 47.07 NS 0.88 0.33 NS NS 
 

Table 2. Effect of P. indica inoculation on yield attributing characters and yield of 
sugarcane ratoon crop 

Treatments 
 

Tiller 
number/ 
clump 
 

Cane 
number/ 
clump 
 

Cane  
height 
(cm) 
 

Cane  
girth 
(cm) 
 

Sugar 
content* 
 

Weight 
per 
clump 
(kg) 

Weight 
per plot 
(kg) 

Control 9.27 8.10 179 2.22 18.35 6.50 122.2 

P. indica 17.2 15.90 191 2.21 21.40 7.34 138.3 

CD (5%)  2.59 2.51 NS NS 1.99 NS 2.39 

*Brix Value 
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Zea mays: The experiments were 
conducted to study the role of 
Piriformospora indica in maize (Zea mays L) 
var PMH-1. The results suggest that 
inoculation of P. indica works efficiently 
especially in P-deficient soil and helps in P 
acquisition in P-deficient soils. It may be 
used as a potential biofertilizer in the areas 
where the soil is either phosphorus deficient 
or the areas where the practice of under 
application of phosphorus fertilizer is 
prevalent among the resource poor and 
marginal farmers. 
 
P. indica Accelerates the Early Profuse 
Flowering in a large number of plants of 
economic importance. Typical examples in 
Tobacco, Brassica and the medicinal plant 
Coleus (see Fig. 5a, b and c): 

Piriformospora indica a Boon for 
Pharmaceutical Industries 
Authors have found P. indica’s intense 
interaction with a large number of medicinal 
plants like Bacopa monniera (Brahmi), 
Artemisia annua (Sweet wormwood), 
Azadirachta indica (Neem), Tridex 
procumbans (Coat Buttons), Abrus 
precatorius (Rosary Pea), Coleus forskohlii 
(Makandi), Ocimum sanctum (Tulsi), Stevia 
rebaudiana (Sweet Leaf), Chlorophytum 
borivilianum (Safed Musli), Withania 
somnifera (Ashwagandha), Spilanthes calva 
and Adhatoda vasica increasing their 
biomass and their active ingredients. Table 3 
gives the name of medicinal plant with which 
P. indica has positively interacted. 

 
Table  3. Medicinal plants and its active ingredients 
Medicinal Plants  Common name Active Ingredients  
Bacopa monniera  Brahmi Bacosides 
Coleus forskohlii Makandi and Mayani Forskolin 
Withania 
somnifera 

Ashwagandha, Indian 
ginseng 

Tropine, cuscohygrine, withanolides 

Adhatoda vasica Malabar nut Vasicine, vasicol 
Tridax 
procumbens 

Ghamra , Coat buttons and 
tridax daisy 

 

Podophyllum 
hexandrum 

Himalayan May apple picropodophyllin, 
podophyllotoxin, quercetin 

Spilanthes calva  ‘toothache plant’ or ‘virus 
blocker’ 

spilanthol 

Abrus precatorius Wild Liquorice abrin, abraline, choline, precatorine, 
abricin, abridin 

Chlorophytum 
borivilianum 

safed musli saponins and alkaloids are the source 
of its aphrodisiac properties 

Ocimum sanctum  Holy Basil tannins, alkaloids and volatile oil 
(eugenol, ursolic acid, rosmarinic acid, 
thymol) 

Artemisia annua Sweet Wormwood, Sweet 
Annie 

artemisinin 

Stevia rebaudiana Sweet Leaf, Sugar Leaf, stevioside and rebaudioside 
Linum album White Flax podophyllotoxin and 6-

methoxypodophyllotoxin 
Trigonella foenum 
graecum 

Fenugreek Saponins (diosgenin, yamogenin, 
gitogenin, tigogenin) 

Curcuma longa Turmeric Curcumin 
Azadirachta indica Margosa Tree, Neem nimbin, nimbinene, azadirachtin, 

azadirachtol, azadirachnol 
Foeniculum 
vulgare 

Fennel Essential oil (a-pinene, myrcene, 
fenchone, limonene) 

Solanum nigrum Black Night Shade, Makoy solanine 
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Some case studies on medicinal plants 
Bacopa monniera: Bacopa a well-known 
memory booster is a classic brain and 
nervine tonic known as "Brahmi" in 
Ayurveda that benefits both the mind and 
improve the intellect and consciousness. 
The interaction of the fungus P. indica with 
Bacopa plant resulted in an unprecedented 
increase in the plant biomass, 
photosynthetic pigments, metabolic 
regulators and active ingredients like 
antioxidant and bacosides many fold 
(unpublished data). 
 
Artemisia annua: Artemisinin (an anti-
malaria drug) has shown very strong 
potential as a non-conventional antimalarial 
drug and recommended by WHO in 
combination therapies as one of the 
ingredients for the treatment of drug 
resistant and cerebral malaria. Several 
attempts have been made for the selection 
and breeding of high-yielding strains of A. 
annua plant resulting in significantly 
increased production of artemisinin (1.1%), 
but still far behind to meet the demands of 
market. Hence, to increase artemisinin 
content in Artemisia annua plant the most 
feasible alternative for the commercial 
production of this compound is to facilitate 
interaction of live cells of Artemisia annua 
with symbiotic fungus P. indica.  
 
Spilanthes calva: Spilanthes calva, 
commonly known as toothache plant or virus 
blocker, is well known for enhancing 
immunity. Because of its high medicinal 
value, it is costly and there is much demand 
of this plant in the market. This plant has 
antiageing properties and cures various 
diseases of tooth and gums including 
pyorrhoea. It is antimicrobial in nature and 
economically very useful as tooth powder, 
which is prepared from this plant. Its leaves 
stimulate salivation, which is due to the 
presence of an active chemical spilanthol. 
The influence of P. indica on the antifungal 
principle of S. calva, was studied. Antifungal 
efficacy was shown by aqueous and 
petroleum ether extracts of S. calva against 

Fusarium oxysporum and Trichophyton 
mentagrophytes. The petroleum ether 
extract of S. calva was more effective than 
the aqueous extract in inoculated as well as 
uninoculated plants. The antifungal activity 
of the plant was enhanced due to the 
increase in spilanthol content after 
inoculation of P. indica. 
 
Safed musli: Scientifically known as 
Chlorophytum borivilianum, is endowed with 
Rasayana (antiageing and 
immunoboosting), Balya (performance-
boosting) and Vrishya (aphrodisiac) 
properties to keep one young and healthy 
with a well-tuned body for better handling of 
stress. Phytochemicals like saponins, 
carbohydrate and proteins are present in the 
root. They are normally used to maintain the 
equilibrium of all the systems of the body 
and keep the “Body-Mind-Soul Complex” in 
a state of harmony. Biotization of 
Chlorophytum borivilianum with P. indica 
and Pseudomonas fluorescens increased 
resistance of plants to biotic and abiotic 
stresses at the time of transplantation thus 
protect them from ‘transplantation shock’.  
 
Culture filtrate of P. indica Promotes 
Growth 
The culture filtrate of this fungus has been 
treated with various seeds like Bengal gram, 
rajma, wheat, mustard etc. It has been 
shown this fungus is capable of enhancing 
early seed germination, plant growth and 
yield like biomass. 
 
Authors have conducted large scale field 
trials in vegetable crops, cereals, sugarcane, 
horticultural plants etc. in states of Punjab, 
Himachal Pradesh and Delhi NCR. In 
general 10-40% increase in plant 
productivity was observed with concomitant 
reduction of pesticide usage in the treated 
plants (Table 4). 
 
P. indica is considered a magic fungus 
which promotes plant productivity at various 
agro climatic conditions. At the same time it 
obviates the pathogenesis. 
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Table 4. Performance of Piriformospora indica Trial on Vegetables and other Crop 
plants in Punjab. 
Crop Place Yield in Q/ha % 

change 
Remarks 

  
Cotton Muktsar 6 7.2 20.00 The treated plants were healthier and 

were less affected by insects and 
pests as observed by farmer. The 
results were authenticated by Dr. 
Jallore Singh, ADO, Lambi 

Maize SAS Nagar 24 28 16.67 On an average a yield of 14.64 % is 
reported after application of P. indica. 

Maize SAS Nagar 23 26 13.04 Results Authenticated by Dr. Rajesh 
Kumar, ADO 

Maize SAS Nagar 24 27 12.50 Results Authenticated by Dr. Rajesh 
Kumar, ADO 

Maize SAS Nagar 22 25 13.64 Results Authenticated by Dr. Rajesh 
Kumar, ADO 

Maize SAS Nagar 23 27 17.39 Results Authenticated by Dr. Rajesh 
Kumar, ADO 

Wheat Amritsar 14 14.5 3.57 Results Authenticated CAO 
Wheat Bathinda 18.72 19.04 1.71 Results Authenticated CAO 
Wheat Faridkot 19.04 19.68 3.36 Results Authenticated CAO 
Wheat Fatehgarhsahib 18.66 19.52 4.61 Results Authenticated CAO 
Wheat Ferozpur 18.25 18.65 2.19 Results Authenticated CAO 
Wheat Hoshiarpur 19.8 20.8 5.05 Results Authenticated CAO 
Wheat Jallandhar  17.93 18.2 1.51 Results Authenticated CAO 
Wheat Mansa 17.6 18 2.27 Results Authenticated CAO 
Wheat Sangrur 18.61 20.24 8.76 Results Authenticated CAO 
Wheat Tarn Taran 17.01 17.32 1.82 Results Authenticated CAO 
Wheat Muktsar 18.5 19.51 5.46 Results Authenticated CAO 
Tomato Kapurthala 225 250 11.11 Growth Better in Treated, Pesticide 

Spray kept constant 
Tomato Kapurthala 210 230 9.52 Stem borer and whitefly infestation 

less in treated; Pesticide (Midda and 
Coragen) usage reduced by 50 % in 
treated 

Egg Plant Kapurthala 50 100 100.00 Stem borer and whitefly infestation 
50 % less in treated; Pesticide (Midda 
and Coragen) usage reduced by 
50 % in treated; Fruit quality good in 
treated with no white spot 

Muskmelon Jalandhar 70 90 28.57 Results Authenticated by Horticulture 
Assistant 

Bottle 
Gourd 

SBS Nagar 150 200 33.33 Results Authenticated by HDO 

Bottle 
Gourd 

Kartarpur,  
Amritsar 

80 100 25.00 Blight and Aphd attack in control; 
Pesticide spray M-45, Metalex 
reduced by 50% in treated; Treated 
fruit more sweet in taste 

Pumpkin Kartarpur,  
Amritsar 

70 80 14.29 White fly infestation less in treated; 
Pesticide (M-45) weekly spray in 
treated and every four day in control 

Onion Kartarpur 
Amritsar 

5 6. 20.00 Only for seed production 
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Burkholderia a New  biofertiliser for Improvement in 
Cereal Productivity 

 
Biofertilizers are rhizosphere microorganisms inoculated to reduce the need for N or P fertilizer 
application and maximize plant growth and nutrition, resulting in greater grain yield and N or P 
content. A study was carried out to evaluate the effectiveness of diazotrophic bacteria isolated 
from the rhizosphere of wheat in Victoria, Australia and results are presented in the form of a 
thesis. This thesis shows that N2 fixing Burkholderia species have great potential as biofertilizers 
on wheat productivity. The thesis is divided into 5 chapters with first chapter being introduction. 
 
In Chapter 2, strains of bacteria were isolated from wheat-growing soils in main Victoria wheat belt 
at Horsham and Birchip in North West Victoria. Strains were identified as Burkholderia spp. by 
their closest matches in the 16S DNA and by morphology and physiology. 
 
In Chapter 3, one selected strain from each of Birchip and Horsham were used to inoculate wheat 
in a pot trial in a glasshouse during winter-spring. Soil was collected on site from wheat fields. 
Pots were inoculated with these strains to evaluate the effects of Burkholderia inoculum as 
Biofertilizer on the plant growth and yield. Different nitrogen sources (urea 46% N and ammonium 
sulphate 21% N) were used as fertilizer at one of four levels (0, 50, 100 and 150 kg N/ ha).  
 
In Chapter 4, field-grown wheat was inoculated with the same strains of Burkholderia. Three 
experiments were carried out in plots at two sites, dry land and irrigated fields at Horsham and a 
dry land field at Birchip, during the winter wheat season of 2006, to evaluate the effect of 
Burkholderia species inoculum and different types of nitrogen source at one of four levels of 
added N (0, 50, 100 and 150 kg N/ha) on wheat growth and yield. The effects of both bacterial 
inoculation and N fertiliser on growth promotion and grain yield were observed. Grain %N as well 
as total N content in grain per area in the Horsham irrigated field increased with increasing N 
fertiliser levels up to 100 kg N/ha. 
 
In Chapter 5, acetylene reduction (ARA) activity was measured in the pots for both inoculated and 
un-inoculated plants at various growth stages and populations of nitrogen-fixing bacteria 
associated with the wheat roots and bulk soil were measured in addition to biomass and N content 
of plants and grain. Molecular tracing using specific primers showed that the inoculum was 
present only in inoculated treatments. Up to 60% of the increased N content of the grain in 
inoculated plants was potentially derived from nitrogen fixed by the inoculum in the rhizosphere. 
 
It was concluded that the most significant result due to inoculation was the consistent maximal 
increase of N content in grain in inoculated treatments with ammonium sulphate fertilizer at 100 kg 
N/ha. Inoculation with Burkholderia consistently increased %N in wheat grain, with the potential 
benefit of decreasing the production cost and reducing use of chemical fertilizers. 

(Source - Ben Mahmud, M 2008, Effect of Burkholderia as biofertiliser on cereal productivity, PhD 
Thesis, School of Applied Sciences, RMIT University) 
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Research Projects on Novel Fungal Root Endophytes 

  
SN
  

Name of the Principal 
Investigator(s)   

Title of the project  Funding 
Agency  
  
  

Total 
Approved 
Budget (Rs.)  

Sanction Order 
No.  

Date of 
Sanction  

Duration 
(Status)  

1.  Dr. Amit C Kharkwal  Development of Bioformulation 
Based on Novel Root Endophyte 
Talaromyces purpureogenus 
HNB9 for Plant Growth 
Promotion and Biocontrol of 
Fusarium spp.  

DBT  28.578 lakhs  BT/ATGC/127/SP4
2382/2021  

03-05-2023  2 Years 
(Ongoing)  

2.  Dr. Naveen Chandra 
Joshi  

Phosphate controls the fate of 
root meristems to regulate root 
system architecture  
in plants  

DST/SERB-
SRG  

26.108 lakhs  SRG/2020/00223
7  

24-1-2020  2 years 
(Ongoing)  

3.  Dr. Neeraj 
Shrivastava  

Synergistic impact of symbiotic 
fungus Piriformsopora indica 
and PGPRs in promoting Stevia 
rebaudiana growth and its 
secondary metabolites  

CSIR  23 Lakhs  60(0121)/20/EMR
-II  

17-09-2020  3 years 
(Ongoing)  

4.  Dr. Ajit Varma  Training of Rajasthan rural 
women on use of biofertilizer 
for crop productivity 
enhancement  

DSIR – 
TDUPW 
Scheme  

33.53341 
lakhs  
  
Amity = Rs. 15 
lakhs  
  
AFRI Rs. = 
18.53 lakhs  
  

DSIR/TDUPW/124
/2017-18  

12-12-2018  
  
Grants 
received 
date  

18 months 
(Completed)  

5.  Dr. Swati Tripathi  Investigation of molecular 
mechanism of Piriformospora 
indica interaction and bio-
protection in the ‘Patho-system 
tomato-fusarium  

SERB - DST  24.5256 lakhs  ECR/2017/000697
  

29-05-2017  3 years 
(Completed)  

6.  Dr. Ajit Varma  
  

To understand the mechanism 
of Zinc Oxide Nanorods on 
fungus and plant productivity  

DST (Nano 
Mission)  

42.59688  
lakhs  

SR/NM/NB-
1039/2016  

06-03-2017  3 years 
(Completed)  

7.  Dr. Ajit Varma  
  

Biofortification of Wheat and 
Maize with Zinc and Iron Using 
Endophytic Microorganisms  

NASF - ICAR  143.8029 
Lakh  
AUUP = 
91.2296 lakhs  

NASF/Mn-
5019/2016-17  

27-02-2017  3 years 
(Completed)  

8.  Prof. Dr. Ajit Varma / 
Dr. Amit C Kharkwal  

Funds for Improvement of S&T 
Infrastructure in Universities & 
Higher Educational Institutions 
– FIST Program 2014   
  

DST FIST  Rs 110 lakhs  FT/12/02(96)/14/
1128  

21-11-14  5 years  
(Completed)  

9.  Dr. Manoj Nath  
  

Investigating the effect of 
Piriformospora indica on root 
architecture and growth 
response of salt tolerant and 
susceptible rice varieties under 
salinity stress  

SERB – DST  45.19 lakhs  ECR/2016/000653
  

20-02-2017  3 years (To be 
Transferred)  

10
.  

Prof. Dr Ajit Varma  
Dr. Neeraj 
Shrivastava  
Dr Sangeeta Singh & 
Dr P.S Chauhan (AFRI)  

Value addition to plants of 
agricultural and horticultural 
importance by application of 
consortium of root fungal 
endophyte and nitrogen fixing 
prokaryote – Azotobacter spp  

DST- SEED  18.64 lakhs  
  
9.81 lakhs 
(Amity)  
  

SEED/TIASN/ASAR
-001/2012(G)  

06-05-15  2 years  
(completed)  

11
.  

Dr. Amit C Kharkwal  Mediation of Root Endophytes 
for Sustainable Agriculture and 

DST (SARTHI)  7.5284 lakhs  SEED/SARTHI/PU
N/08/2012/G  

30-09-15  2 years 11 
months  
(completed)  
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Forestry in Kandi Region of 
Punjab  

12
.  

Mr. Ajit Chauhan, 
Director, Krauter 
Healthcare Ltd  
Dr. Ajit Varma  
Dr. Amit C Kharkwal  

Pilot Scale Production of Plant 
Promoting Fungus  
Piriformospora indica: A step 
forward towards 
Commercialization  

SBIRI  40 lakhs  
  
20 Lakhs 
(Amity)  

BT/SBIRI-
1161/SBIRI-22/13  

05-12-14  3 years  
(Completed)  

13
.  

Dr. Ajit Varma  Interaction of Nano-embedded 
Piriformospora indica with the 
plant of medicinal importance, 
Brasicca oleracea var. Botrytis 
(Broccoli)  
  

BIRAC,   
DBT  

32.50  lakhs  
  

SR/FST/LSI-
590/2014  

26-08-14  2 years  
(Complete)  

14
.  

Dr. Aparajita Das  Effect of root endosymbiotic 
fungus Piriformospora    indica 
and selected AMF (Arbuscular 
Mycorrhiza Fungus) on growth 
and biological control against 
Fusarium wilt of Tomato and 
Spinach   

SERB-DST   
  

12.80 lakhs   
  

  12.08.13  
  

3 years  
(Complete)  
   
  

15
.  

Dr. Ajit Varma (AUUP)  
Dr. KK Pal, Directorate 
of Groundnut 
Research, Junagarh  
Dr. Devidayal, CAZRI, 
Regional Research 
Station, Kukma, Bhuj  

Unravelling biochemical and 
molecular basis of bacterial and 
fungal endo-symbiosis for 
management of abiotic stresses 
in plants  

ICAR  Rs. 249.26 
lakhs  
AUUP =   
Rs 
71,97,190/-  

  24.05.11  5 years 
(Complete)  

16
.  

Dr. Ajit Varma (PI)  
Dr. Amit C Kharkwal 
(Co-PI)  
Dr. Ram Prasad (Co-
PI)  

Studies on Enhancement of Soil 
Genesis and Fertility by 
Microbes in Degraded Land in 
Semi Arid and Middle Hill 
Conditions  
  

Life Sc 
Research 
Board, DRDO  

23.73360 
lakhs  

  22.03.12  3 years  
(Complete)  

17
.  

Dr. Ajit Varma (AUUP)  
Dr. Debabrat Baishya 
(Institute of Science & 
Technology, Guwahati 
University)  

Value addition and in-vitro 
induction of active principle in 
Artemisia annua and Tinospora 
cordifolia after co-cultivation 
with microbial consortium  

DBT (Under 
DBT’s 
Twinning 
Program for 
NE)  

Rs. 42.53 
lakhs  
AUUP = Rs 
17,50,000/-  
  

  08.03.11  2 years 
(Complete)  

18
.  

Prof. Dr. Ajit Varma 
(AIMT-AUUP); Prof. 
Dr. K.C. Upadhyaya 
(AIB-AUUP); Prof. Dr. 
P.K. Yadava (JNU)  
  
  
  

Molecular Studies on 
Interaction of Piriformospora 
indica and Rhizobacteria (jointly 
with JNU)  

DBT  Rs. 69.23 
lakhs  
AUUP = Rs 
27.76 lakh   

  13.11.09  3 years 
(complete)  

19
.  

Dr. Ajit Varma  Proteomics of Excessive 
Production of Artemisinin from 
high yielding varieties of 
Artemisia annua co-cultivated 
with a novel symbiotic fungus  
  

DRDE (DRDO) 
– Gwalior  

Rs. 14.87 
lakhs  

  18.10.10  2 years 
(Completed)  

20
.  

Dr. Ajit Varma  Growth analysis of value 
addition of some cultivated 
plants on interaction with 
multifunctional symbiotic 
fungus Piriformospora indica  

DIHAR, Leh 
(DRDO), 
Ministry of 
Defence  

Rs. 9.91 lakhs    06.03.09  2 years 
(Completed)  
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21
.  

Dr. Amit C Kharkwal  Phytoremediation of saline soils 
by novel Arbuscular mycorrhiza-
like-fungus for value addition 
and growth promotion of 
selected medicinal plants  

Ministry of 
Environment 
& Forests  
  

Rs. 29.8418   
lakhs  

  11.11.08  3 years 
(Completed)  

22
.  

Dr. Ajit Varma  Exploring the role of 
Piriformospora indica as 
bioweedicide and value 
addition to Naga Chilli of North 
East India  

DRL (DRDO), 
Tezpur 
(Assam), 
Ministry of 
Defence  

Rs. 9.996 
lakhs  

  19.03.09  2 years  
(Completed)  

23
.  

Dr. Shwet Kamal / Dr. 
Sangeeta Mehta 
DasGupta   

Interaction of Microfungi and 
Rhizobacteria for enhancement 
of Biomass and Secondary 
Metabolitics of Bacopa 
monniera for Therapetically 
Valueable Agent  

CSIR  Rs. 18.53 
lakhs  

  14.11.05  3 years 
(Completed)  

24
.  

Dr. Ajit Varma (AUUP), 
Dr. S.B. Chincholkar 
(North Maharasthra 
University, India); Dr. 
G.K. Podila (US)  

Expression of microbial iron 
chelators in fungus and wheat: 
A solution to global iron 
deficiency (Indo-US 
Collaborative Project)  

DST-NSF  Rs. 2 lakhs    19.10.06  3 years 
(Completed)  

 




