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It was per chance that I attended Dr. Ajit
Varma's talk on Piriformospora indica
(henceforth referred to as PFSI) and that too
only for the last 15 minutes. Even in that short
time, I could feel the potential of this symbiotic
mycorrhizal fungus. I met him immediately
after the talk. My short question to him was that
if it had all the properties mentioned in the talk
why we have kept it confined only to lab
experiments and limited controlled field trials. Why do we not do
something about it? This short talk led to a revolution, howsoever
minuscule, it may have been.
Soon I arranged a meeting with Sardar Prakash Singh Badal,
Chief Minister of Punjab, Dr. Ajit Varma and myself went for
this meeting. He personally welcomed us. We gave a detailed
presentation about PFSI. His Agriculture Minister and all the senior
officials of department concerned with entire agriculture and forest
sectors, as also representatives of Punjab Agriculture University,
Ludhiana were present. Sardar Badal's reaction was very positive
towards it and he invited us to visit various parts of the state, interact
with the farmers, and organized field trials. He instructed all the
departmental officers concerned to arrange these meetings with the
farmers. During the next few months thereafter we toured
extensively in Punjab. We also gave presentation to Shri P.K.
Dhumal, the then Chief Minister of Himachal Pradesh who similarly
welcomed us and gave suitable instructions to all those, including
Agriculture and Horticulture Ministers for taking necessary action
for field work. He further encouraged us that apart from the lower
areas of state we should carry out trials at higher altitude also.
We gave presentations to Shri Omar Abdullah, Chief Minister of
Jammu & Kashmir and also at many other fora.
That done Dr. Ajit Varma, Dr. Amit C. Kharkwal and myself
extensively toured Punjab and Himachal Pradesh, held meetings
with the farmers, gave them presentations and distributed PFSI for
field trails on a variety of crops.
Our second round of meetings with the farmers was an eye opener,
even for us, about the potential of PFSI. The results had been way
beyond our expectations. Apart from increase in productivity and
improved quality of the produce they discovered many other
positive qualities. One farmer claimed that it had even kept away
the rodents from attacking his Brinjal crop.
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Preface
The final word was from a farmer from Bhogpur, district
Jalandhar, who interrupted the proceedings, got up and
made the sweetest and shorted speech 'Sirs, it is Karishma'.
Rest as they say is history. The information travelled much
faster and wider that we had anticipated. Within a year we
had demand not only from these state but from all over the
country and abroad. One Norwegian MNC dealing with
fertilizers, pesticides etc approached us for joint production
and marketing.
Farmers keep on trying it on more and more crops and
sending us further information about the wonders it can do.
One farmer in Yamuna bed sowed Methi, essentially a winter
crop, in the month of June and made a fortune by being in the
market much in advance of any other. What normally happens
in agriculture sector in years it happened here in months.
PFSI has now been christened as ROOTONIC. The handbook
'Memoirs of Rootonic' is a very good thought on the part of
Dr. Varma. It explains in a simple way all that Rootonic stands
for and can do. I am glad he has avoided unnecessary
technicalities and given it a form which can be easily
understood and followed by technicians as well as by
farmers.
I am sure that the third edition of “Memoirs of Rootonic” will
prove to be of immense help in bringing up the entire
agriculture sector and, God willing, prove to be the long
awaited input which the country has waited for long, since
Green Revolution for quantitative jump in agricultural
production.

K.S. Bains, IAS (Retd.)
Padma Shri
Advisor & Head,
Amity Institute of Training & Development

In 1990, while holidaying in hot scenic sand dunes of
Jaisalmer area of Rajasthan, I was astonished to see
some very healthy green plants and few of them were
flowering. A number of persons,
artist and camels were seen on
the sand dunes. I was told that
the film shooting is going on, in
which actress Madhuri Dixit was
playing an active role. When the
crowd left the site, with the help
of local people, we dug open the
vicinity of the plants, and after
2-3 meters depth, some wet
sand lumps were observed. The
samples were brought to the
laboratory. Under stereoscopic binocular microscope, we
saw some spores. Efforts were made to culture them on a
nutrient broth. A few spores germinated, which were
transferred at-least ten times to obtain the axenic culture.
Later they were treated with young seedlings and roots were
seen colonized. On careful examination, the colonized
organism was same. In ‘nutshell’, Koch’s Theory of
Recapitulation was confirmed. I was confident that it is a
typical mycorrhiza fungus, however, none accepted the break
through discovery.
In 1997, I was invited by then Director of Max Plank Institute
of Terrestrial Microbiology (MPI), Marburg, Germany,
Prof. RK Thauer to retake up the joint collaborative work with
their scientists. Soon it was confirmed that it is a typical plant
promoting mycorrhiza fungus. The plant growth properties
were patented in Europe and the first scientific
documentation was done in a reputed journal in United
States of America.
Since then the success story started. Several scientists all over
the world conducted a large number of experiments on basic
and applied research. Our data was always reproducible
both in laboratory experiments and field trials. A new family
Sebacinales and the new order Sebacenales were established.
Subsequently another species Piriformospora williansii was
created.
This 'Memoirs' is the outcome of green house experiments
and field trials conducted in North India and extreme cold
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deserts of Leh-Ladakh. The most astonishing part was that
the fungus was screened from the extreme hot deserts which
functioned well in extreme cold deserts. I particularly hope
that this compilation will serve as a useful focal point for
further studies and would render
benefit to the hardcore
agriculturists, horticulturists and
foresters.
It has been the pleasure to
compile the Memoirs, primarily
due to the stimulating
cooperation of colleagues and
students. To name a few, Shri KS
Bains, Dr. Abha Agnihotri, Mr.
Anil Chandra, Dr. K Sowjanya
Sree, Dr. Neeraj Shrivastava, Dr. Jasroop Kaur Aneja,
Mr. Narendra Kumar, Madhunita Bakshi, Monika Arora,
Priyanka Sharma, Neha Chadha, Neha Singh, Manjita
Mishra, Prasun Bandhopadhyay and Divya Kilam. Services
received from Niraj Kumar, Dharmendra Kumar and Ram
Naresh Yadav are to be appreciated.
I am thankful to The Founder President Dr. Ashok K.
Chauhan, Chairperson Dr. Amita Chauhan, President RBEF
and Chancellor AUUP Shri Atul Chauhan, Additional
President Shri Aseem Chauhan, Our Industrial Partner
Shri Ajit Chauhan, The Group Vice Chancellor Maj. Gen.
KJ Singh and Acting Vice Chancellor Dr. Balvinder Shukla for
providing encouragement and support. The positive remarks
received from our colleagues Deputy Vice Chancellor
Lt. Gen. PD Bhargava, Drs. Sunil Saran, AK Shrivastava,
KC Upadhayaya, BB Dhar, BB Singh, VPS Arora, BP Sehgal,
SN Raina and Ashish Verma are duly acknowledged. Special
thanks to Dr Ram Pundir for providing us photographs of the
field trials. Logo was prepared by Diksha Bhola, M.Sc. (MT)
2013-2015 batch which is highly appreciable and also
thanks to Ms. Swati Gupta from M/s Imagic Communications
for designing the book.

Dr. Ajit Varma
Distinguished Scientist & Professor of Eminence
Amity Institute of Microbial Technology

4

MESSAGE
from Hon'ble Founder President
Dr. Ashok K. Chauhan
Soil is our ecological capital and erosion is robbing us of
it. It took the earth nearly 400 million years to clothe itself
with soil which forms the base on which land plants
originated, flourished and provided shelter and sustenance to a wide range of
microbes, plants and animals. In the course of evolution, a perfect harmony was
achieved between the flora and fauna of this planet with the undisturbed soil system
providing an ideal and sustainable environment. The productive soil environment
began to change with the origin of agriculture about 9-10 thousand years ago in
which tillage of land became an essential component for cultivation of crop plants.
The soil with its micro-flora was marked by an abundance of essential nutrients which
began to deplete due to their mining by crop plants and loss of top fertile soil. If the
top soil is eroded, the seeds do not take roots and, if the soil is not remedied suitably,
degradation of land sets in. The prevailing domain of modern agriculture presents a
common global scenario: farmers spray pesticides and herbicides, spread artificial
fertilizer, and irrigate the land in dry weather as a routine, plough, plant and harvest
with machinery run on fossil fuel. It is estimated that we are losing on an average two
to eight tonnes of topsoil per year from one acre of ploughed land. It is believed that
the earth has already lost one-third of its hardest earned asset, the topsoil in the last
one millennium and if urgent steps are not taken, we may lose a very heavy chunk of
the fertile upper layer by the end of this century.
‘Rootonic’- The Magic Fungus Piriformospora indica was discovered by Prof. (Dr.) Ajit
Varma way back in 1990. Since then he and a large number of scientists all over the
world have made serious endeavors to understand its physiology, biochemistry and
biotechnological applications. Several patents have been filed and granted. It is high
time that the fungus is commercialized for the benefit of the society, particularly the
cultivators, farmers, horticulturists and foresters.
Amity University Uttar Pradesh is proud to bring out a memoir on this fungus which
highlights the importance of the unique microorganism at a glance. I am more than
confident that through this book, the message for better crop production and
sustainable soil fertility would benefit the cultivators, not only from India, but also at
the global level.

Dr. Ashok K. Chauhan
Founder President
Ritnand Balved Education Foundation (RBEF)
(Sponsoring Body of Amity Universities)
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Letter from Dr. AK Yadav

MESSAGE
from Acting Vice Chancellor
Prof. (Dr.) Balvinder Shukla
The modern scientific research has reached to a level
which has created a lot of interest in the study of
mycorrhiza. This knowledge has resulted into the
awareness of the bio scientist that the productivity of plants and quality of leaves,
flowers, fruits and seeds are determined by the activities of root systems and their
associated physical, chemical and biological environment. As a result of which the
symbiotic fungi have become important subjects of tests to evaluate some of the
new opportunities being developed in microbial biotechnology. Though the use of
fungi is old to stabilize eroded soils and forests but, the novelty in recent years has
given increased recognition, that biological processes can be manipulated
genetically. These researches have opened up numerous unexplored
opportunities for the optimization of plant productivity in both managed and
natural ecosystems, with minimum damage to the environment. These “memoirs”
documented herein, contain the current state of knowledge and theories on the
structure, function, molecular biology and biotechnological applications of
symbiotic fungi. It will thus be of great interest to a diverse researchers and
instructors, especially biologists, biochemists, agronomists, foresters,
horticulturists and associated scientists in varied disciplines.
Prof. Ajit Varma who has been an architect of the ‘Fungi - Piriformospora indica
(The Magic Fungus -“Rootonic”) way back in 1990, and has filed several patents in
this area of research. And now it is high time to commercialize this fungus for the
benefits of the society in general and cultivators, farmers, horticulturists and
foresters in particular.
Amity University Uttar Pradesh is proud to bring out “Memoirs” on this fungus
which gives the importance of this unique micro-organism at a glance. I am
confident that this book will be beneficial to the Indian Cultivators, and may be to
the world at large as well.

Prof. (Dr.) Balvinder Shukla
Acting Vice Chancellor
Amity University Uttar Pradesh, India
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Introduction

a

On uprooting a plant, a bulk amount of soil (mud)
remains adhered to the rooting system (Fig 1a).
They contain diverse
microorganisms like
bacteria; fungi and
actinomycetes. On
washing the mud,
clean beautiful root
architecture is seen
(Fig. 1b). The root
b
system of all the land
Fig. 1: Rhizosphere of plant system
a) Pre-washed; b) Washed
plants are colonized
by a special group of
fungi named as mycorrhiza. They produce spores of
diverse shape, size and colour, either singly or in
aggregates (Fig. 2).

They promote plant growth, enhance the active
ingredient, increase seed production and protect plants
against disease. One of the most characteristic features
is the production of arbuscules into the living cortical
cell (Fig. 3). Although this group of fungus (Arbuscular
Mycorrhizas) was discovered by German scientist,
Prof. KB Frank way back in 1885, their biotechnological
applications could not be exploited to the level they
deserve because they cannot be cultured in the absence
of living root system. Spores / fungal hyphae do not
multiply on detaching the living root system.

Fig. 3: Anatomy of the root indicating
the arbuscule, vesicle and spores.
Note: the extra matrical hyphae in
the soil and the root cortex

8

Fig. 2: Spores of Arbuscular
Mycorrhiza Fungi
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What is ‘Rootonic’?
Piriformospora indica was discovered by Prof. (Dr.) Ajit
Varma and his colleagues from Thar Deserts of Western
India in 1992 from the root system of several xerophytic
plants. Way back in 1997, the properties of the fungus
were patented in Germany (European Patent Office,
Muenchen, Germany. Patent No. 97121440.8–2105,
Nov. 1998). So far, more than 148 plants have been
interacted with the fungus and data were documented.
The results are positive. Subsequently a new family
Sebacinaceae and new order Sebacinales were
erected. In 2011 another species, P. williamsii was
reported. Test plants were members of Bryophytes,
Pteridophytes, Gymnosperms and Angiosperms (both
mono-dicots), including orchids. This is very unique
symbiotic fungus which not only promotes plant growth
but also has multifunctional activities (Fig. 4).

1998

2013

Fig. 4: Functional characteristics
of fungus
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Aneura pinguis L., Cicer
arietinum, Adhatoda vasica
L., Aristolochia elegans,
Daucus carota L., Arachis
hypogaea (groundnut or
peanut), Petroselinum crispum
L., Medicago sativa, Centella
asiatica, Glycyrrhiza glabra,
Cuminum cyminum, Abrus
precatorius L., Foeniculum
vulgare, Mimosa pudica,
Carum capticum, Vigna

Table 1: Performance of Rootonic trial on vegetables
and other crop plants in Punjab

Crop

Place

% Change

Remarks

Enhancement

Cotton

Muktsar

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, Punjab

Maize

SAS Nagar

16.67

On an average a yield of
14.64 % is reported after
application of Rootonic

Maize

SAS Nagar

13.04

Results Authenticated by
Dr. Rajesh Kumar, ADO

Maize

SAS Nagar

12.50

Results Authenticated by
Dr. Rajesh Kumar, ADO

Maize

SAS Nagar

13.64

Results Authenticated by
Dr. Rajesh Kumar, ADO

Maize

SAS Nagar

17.39

Results Authenticated by
Dr. Rajesh Kumar, ADO

Wheat

Amritsar

3.57

Results Authenticated CAO

Wheat

Bathinda

1.71

Results Authenticated CAO

Wheat

Faridkot

3.36

Results Authenticated CAO

Wheat

Fatehgarhsahib 4.61

Results Authenticated CAO

Wheat

Ferozpur

2.19

Results Authenticated CAO

Wheat

Hoshiarpur

5.05

Results Authenticated CAO

Wheat

Jalandhar

1.51

Results Authenticated CAO
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Crop

Place

% Change

Remarks

Enhancement

Wheat

Mansa

2.27

Results Authenticated CAO

Wheat

Sangrur

8.76

Results Authenticated CAO

Wheat

Muktsar

5.46

Results Authenticated CAO

Rice

Hoshiarpur

7.0

Results Authenticated ADO

Tomato

Kapurthala

11.11

Growth better in treated,
pesticide spray kept constant

Tomato

Kapurthala

9.52

Stem borer and whitefly
infestation less in treated;
Pesticide (Midda and
Coragen) usage reduced by
50 % in treated

Brinjal

Kapurthala

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

28.57

Results Authenticated by
Horticulture Assistant

Bottle Gourd SBS Nagar

33.33

Results Authenticated by HDO

Bottle Gourd Kartarpur

25.00

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

Pumpkin

Kartarpur

14.29

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

Onion

Kartarpur

20.00

Only for seed production

Wheat

Amritsar

11.02

Higher yield per acre & higher
100 seed weight as compared
to control

unguiculata, Coriandrum sativum, Glycyrrhiza glabra,
Artemisia annua L., Acacia catechu, Spilanthes calva,
Nilotica, Stevia rebaudiana, Prosopis chilensis Stuntz sys.,
P. juliflora, Calendula officinalis, Arnica spp. etc. are the
plants with which Rootonic interacted positively.

Taxonomic Position
P. indica, a basidiomycete, resembles in many aspects to
Arbuscular Mycorrhizal Fungi (AMF) which, however, belongs
to new family Sebacinaceae and new order Sebacinales
Glomeromycota. In contrast to AMF, P. indica can grow
axenically. Similar to AMF, this fungus promotes plant growth,
increases resistance of colonized plants against fungal
pathogens, tolerance to abiotic stress and shows further
benefit to plants. It not only alters the secondary metabolites
of many plants of economic importance but also promotes
overall growth and seed production. In contrast to AMF
P. indica colonizes A. thaliana, a model plant for which a
multitude of well characterized mutants is available.
P. indica genome is assembled into 1,884 scaffolds (size: 1
kb; N50: 51.83 kb) containing 2,359 contigs with an
average read coverage of 22 and a genome size of 24.97
Mb. The estimated DNA content of P. indica nuclei ranges
from 15.3 to 21.3 Mb. To assess the genome completeness
of P. indica a BLAST search was performed with highly
conserved core genes present in higher eukaryotes. A genetic
transformation system is established using a fragment of the
TEF promoter region for construction of vectors carrying the
selectable marker hygromycin B phosphotransferase. It is
already shown that P. indica can be stably transformed by
random genomic integration of foreign DNA and that it
possesses a relative small genome as compared to other
members of the Basidiomycota.

*ADO- Agriculture Development Officer; CAO- Chief Agriculture Officer;
HDO- Horticulture Development Officer
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Cultivation and
Morphological Characteristics
The fungus has very simple morphology containing hyphae
and pear shaped large spores (Fig. 5).

The fungus can be cultivated on simple defined medium both
in solid and liquid broth. Optimum conditions for growth are
temperature 27°C ± 2, pH 6.8, carbon engery 1.5% glucose.
Incubation is done on the rotatory shaker (120 rpm). Best
growth is obtained after 7 days incubation where colonies
can be large or small (Fig. 6).

Plant Promotion
Typical pear
shaped
spore

Rootonic promotes the plants of forestry, horticulture and
agriculture importance (Figs. 7-9).

Fluorescent
spore

Fig. 5: A view of the morphology of the fungus indicating pear
shaped spores. A view of the SEM of the spore (left)

Fig. 7: The
interaction of
Rootonic on Pinus
species grown in
the rocky sand
in Cyprus
Control

Rootonic

Fig. 8: The positive
influence of
Rootonic on Potato
grown in the
farmers' field
of Punjab.
Note: the enlarged
shining tubers
Fig. 6: The fungal colony incubated on
rotatory shaker at 27°C
14
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Interaction with Plants used as Spices
Rootonic

Control

Control

Rootonic

Fig. 9: The positive influence of Rootonic on Sugarcane (Saccharum
officinarum) grown in the farmers' field in Punjab.
Note: In the ratoon crop plants not receiving the fungus turned yellow
indicating the iron deficiency. In contrast, leaves were dark green where
fungus was applied. It was found that this fungus transports iron.
Almost 16 % increase was recorded in sugar contents (Table 2)

Table 2: The value addition in the sugarcane as a result
of interaction with fungus
Iron (ppm)

Control

202.2

18.35

Sugar (°Bx*)

Rootonic

281.4

21.4

Fig. 11: Co-cultivation with Curcuma longa (haldi) in Punjab fields.
Note: Control had yellow leaves

Table 3: Interaction with Curcuma longa (haldi)
Parameters

Percent increase
over control

Volatile Oil

21.09

Curcumin

19.00

Rhizome Yield

12.69

Control

Rootonic

* ° Bx (degree Brix) is the sugar content of an aqueous solution.
One degree Brix is 1 gram of sucrose in 100 grams of solution.

Control

F. solani

Rootonic

Bio-Zinc

Fig. 10: Effect of Rootonic, Bio-Zinc, F. solani and different
combination treatments on growth parameters of
P. glaucum plants at 60 days after sowing
16

Fig. 12: Interaction of
Ocimum basilicum with Rootonic
enhanced the growth

The yield of Rootonic treated
fields enhanced by 12.69%.
An overall increase of 32.6
quintal/hectare. In India 1
quintal (100 kg) of normal
rhizome costs (in wholesale
market)a sum of Rs 500.00
(US $ 10.00). Based on rough
calculation, a farmer can
earn an extra amount of
Rs 16,000.00 (a sum of US $
280.00) per hectare. There is a
strong possibility that the
healthy, shiny looking rhizome
with enhanced secondary
metabolites may fetch a better
price.
17

Interaction of Plants of
Economic Importance

Fig. 15 : Interaction
of Rootonic with
Mango.
Note: Early flowering
and fruiting.
New leaves appeared
much earlier in
treated plants

In a field trial with Guar seeds at Rajasthan, Rootonic
Control
showed the positive results which were confirmed by Sunita
Hydrocolloids Ltd. Guar is an important commercial crop in
India. Percentage increase was about 12% after treatment with
Rootonic (Fig. 13)

Fig. 16 : Treatment
of Rootonic with
Litchee resulted in
early flowering and
fruiting (right).
In control plants,
the delay of 2-3
weeks was noted.

In a pot experiment with Bajra, greener leaves were observed
after 40 days of treatment. (Fig. 14)

Interaction with Cereals
Trials in farmers field at Ambala and Yamuna bed in New Delhi on wheat
and paddy respectively, resulted a positive response.
Fig. 17 :
Co-cultivation of
Rootonic with Wheat
(Left) and Paddy
(Right) showed
the positive effect.
Fig. 13 : Interaction of Rootonic
with Cyamposis sp. (a) Afield experiment.
A plant with fruiting bodies (b) seeds
c) endosperm d) Gum powder

Fig. 14 : Rootonic treated
Bajra leaves were greener
and taller compared to control

Co-cultivation with Fruits
Mango and Litchee were interacted with Rootonic and showed
the early fruiting. The leaves of both the trees were greener
compared to control (Fig. 15).
18

Note: the treated
plants were taller
in both the cereals

Table 4 : Percentage yield enhancement of wheat after co-cultivation
with Rootonic over control and different doses of chemical fertilizers.
Chemical Fertilizer
Percentage yield enhancement over control

100%

75%

25%

35

23

27

Recent trial conducted on wheat (variety PB 2967) in Amritsar lead to an
enhancement of 11.02% increase in yield per acre and 3.24% increase in
100 seed weight.
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Value Addition to Plants
of Pharmaceutical Importance
Rootonic was interacted
with a large number of
medicinal plants like
Spilanthus calva,
Artemisia annua, Tridax
procumbens, Abrus
precatoriu, Bacopa
monnieri, Coleus
forskohlii, A dhatoda
vasica, Withania
somnifera, Chlorophytum
tuberosum, Foeniculum
vulgare, Linum album,
Podophyllum sp., and
many more both in the
laboratory and field
conditions. Interestingly
besides plant promotion,
the active ingredients like
curcumin, artemisnin,
podophyllotoxin and
bacoside were enhanced
leading to value addition
to medicinal plants.
Control

Control

Rootonic

Fig. 18: Interaction of Aloe vera
increased the shoot and root length
Control

P. indica

Fig. 21: A view of the glands storing the oil (artemisinin) in the apical leaves
Control

P. indica

Fig. 22: Interaction
with Bacopa monniera
led to vigorous growth
and 3.5 fold increase
in the bacoside

Fig. 19: Co-cultivation of
Artemisia annua in plant tissue
culture laboratory
P. indica

Fig. 20: Field trial of Artemisia annua in Central India.
Note: dark green leaves in the plants treated with
Rootonic. The artemisinin content was increased by
1.6 fold as compared to control
20

Glandular secretary trichome
of Artemsia annual

Fig. 23: Chemical
structure of the
bacoside
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Fig. 24: Interaction
of Ephedra ciliata
led to enhanced
growth of treated
plants.
Note: Ephedra
sp. is used for the
treatment of cough,
cold, hay fever and
Rootonic asthama

Control

Fig. 25 Interaction with Chlorophytum borivilianum
(safed musli) in field trial

Rootonic Rejuvenates Fruiting
Kinnow (Citrus reticulata) plant was introduced in India
in recent past. A vigorous fruiting was recorded.
After a lapse of some years, flowering and fruiting
considerably dropped in an orchard in Punjab. Addition
of inoculum near the root led to nearly normal fruiting
(Fig. 27).

Control

Rootonic

Fig. 27: Formulated cultures were placed in the vicinity of plant
roots. After 6 months, fruiting was regained near normal

Co-cultivation Promotes
Early Flowering
Control

Rootonic

Fig. 26: A field trial of Spilanthes calva (akkalkara) in central India
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This fungus possesses unique characteristic feature of
promoting early flowering in plants tested viz., tobacco,
Coleus, Brassica, bottle guard and cotton (Figs. 28-30).
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Control

Nicotina
tobaccum

Rootonic acts as a Bioprotectant

Rootonic

The fungus has suppressed the growth of a large
number of pathogens like Geaumannomyces graminis,
Alternaria sp., Colletotrichum falcatum, Fusarium
oxysporum, F. udum, Rhizoctonia bataticola, R. solani,
Sclerotinum rolfsii, Verticillium sp and many more.

180 days

Coleus
forskohlii

120 days

Fig. 28: Co-cultivation of tobacco and Coleus with Rootonic
Control

Rootonic

Lageneria
indica

Control

Gossypium
herbaceum

Fig. 29: Co-cultivation of sponge gourd and cotton

Rootonic

Fig. 31: The field trial on bottle gourd has greatly suppressed
the infestation by plant pathogens including viruses (upper);
a magnified view of the same (lower)

Protection against Insects
Spinach

Fig. 30: Interaction with
Brassica napus.
Note: Treated plants
produced early pods
and seed settings

Control
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Control

Rootonic

Fig. 32: Fungus treated
plants did not receive
insect infection

Cabbage

Rootonic
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Interaction with Flowering Plants

Cultivation of orchids is an expensive proposition.
They produce million of tiny seeds, characteristically,
99% do not germinate, transforming into fully grown
and mature plants unless they establish contact with
mycorrhiza like fungus.

Interaction with Energy Plants
Control

Rootonic interacts with energy plants like Jatropha and
Populus. The positive influence is observed (Figs. 34-36).

Rootonic

Jatropha seeds obtained from AFRI (Jodhpur)

Fig. 33: Interaction with Marigold
Note: Control plant with folded leaf due to mite infestation;
no such symptoms were observed on treated plants

Challenges for the Cultivation
of Orchids
Control

Rootonic
Photographed after 14 days

Fig. 35: Interaction of Jatropha showed early seed germination

Control

Fig. 34: Seeds infested by fungus (upper); infested seedlings
attained mature growth and produced flowers (lower)
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Rootonic

Fig. 36: Fungus treated plants had
shown better growth in Jatropha

Control

Rootonic

Fig. 37: Co-cultivation with Populus,
showed positive influence
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Culture Filtrate as
the Liquid Biofertilizer

Culture Filtrate Impact
on Seed Germination

One of the unique features of the fungus is that the
culture filtrate also acts as an excellent source for plant
promotion. In an independent experiment, the fungus
was grown in broth. After 10 days the biomass was
removed. The culture filtrate caused early seed
germination and flowering (Figs. 38-42).

Control
Biomass
Batch Culture

After 2 days

Fig. 39: Interaction of Phaseolus vulgaris (rajma) with P. indica

Filtration

Fig. 38: Separation of P. indica biomass and
culture filterate
Culture filtrate

The fungus biomass secretes some unknown chemicals
which stimulated early seeds germination, better plant
growth and early flowering. They also alter the pathway
to improve the secondary metabolites. Obviously, a
promising liquid biofertilizer.
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Fig. 40: Co-cultivation
of Brassica oleracea
(broccoli) with P. indica
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Plant Growth

Unique Features

Fig. 41: Interaction of maize (upper)
and cabbage (lower) with P. indica

The scientists from Amity University had conducted field
trials in north, central India and in extreme
cold deserts like Leh-Ladakh. The performance was
significantly high in Rootonic
treatments. P. indica cultures were
mixed with frozen Leh soil
(temperature -30°C). All the fifteen
Varieties of seeds germinated within
12-25 days at such extreme low
temperature (Table 5). In contrast
not a single seed broke the
Fig. 43: Germinated seedlings dormancy in absence of the fungus
of Cichorium endivia
at this low temperature.
Uninoculated seeds germinated at the later date when
temperature was high. The germinated seedlings were
transferred to macro-plots. Treated seedlings attained
the full growth and imparted better productivity than the
controls (Fig. 44). Fungus propagules did not survive in
harsh cold conditions for the next seasons.

Fig. 42: Interaction
of sunflower with
P. indica

Control
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P. indica

Fig. 44: Seedlings germinated at low temperature transferred to
macronutrients had matured faster than those receiving the fungus
(upper untreated control; lower Rootonic treated)
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Table 5: Leh-Ladakh natural frozen soils were mixed
with fungus. The day temperature was 4°C and night
temperature was -18°C. Seeds receiving fungus germinated
even at such low temperature
Note: The fungus was isolated from arid desert of Rajasthan
(temperature +40°C). It is very unique microorganism that
works on extreme climatic conditions
Hosts

Days after

% Increase

Cabbage

25

100

Endive

25

100

Swisschord (Palak)

25

100

Swisschord (Red)

25

100

Radish – 100% (25 days)

25

100

Onion

25

100

Carrot

21

84

Cauliflower

21

84

Beetroot

20

80

Peas

15

60

Snowpea

12
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The Secret of Plant Promotion,Value
Addition and Early Flowering!!!
Fungus interactions are characterized by a more
efficient nutrient uptake from the soil due to a better
hyphal penetration into the soil compared to the
penetration of the thicker root hairs. The plant delivers
phosphor-assimilates to the fungus. Mycorrhizal
associated, plants acquire phosphate from the extensive
network of fine extra radical hyphae of fungus, which
extend beyond root depletion zones to mine new
regions of the soil. Several studies have indicated
that the interaction alters the pathway for nitrogen
metabolism whereby transferring more nitrogen
nutrients to the plants. Preliminary studies indicate that
P. indica influences the sulphate reduction leading to
formation of sulphur proteins and glutathione contents.
This in turn, influences the resistance against water
deficiency and drought. The supply of the fungus with
carbon (C) sources, and the faster growth of colonized
plants require the breakdown of starch which is
deposited in the root amyloplasts. Thus, it is not
surprising that one of the major starch degrading
enzymes, the glucan-water dikinase is activated by the
fungus.
The fungus regulates the uptake and transportation of
important macronutrients like iron, zinc, manganese,
copper etc. Interaction of plants results in synthesis of
important phytohormones.
The cumulative effect of macro-micronutrients and
phytohormones influences the plant metabolism-the
value addition, early flowering and plant growth.
Massive proliferation of useful rhizospheric
microorganisms sustains soil fertility (Organic Farming).
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Step forward towards
Commercialization
To enhance the usage so that the benefits of the fungus
are used by common farmer, it was formulated with
magnesium sulphite which acts as a carrier. For this,
2% (w/w) formulation served as effective and stable
carrier. On an average the colony forming unit (CFU)
9
count was maintained as 10 and moisture 20%.
The protocol for formulation is given in Fig. 45.

Fig. 45: Steps for the preparation of formulation
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Protocol for Seed Treatment

Seeds

Fig. 46: Protocol for seed treatment
35

Table 6: Quantity of formulation required for the seed
treatment
Crops

Seed Treatment
(gm/acre)

Tomato, Chillies, Brinjal, Capsicum, Cabbage,
Cauliflower

25.00

Muskmelon, Watermelon, Long Melon,
Cucumber, Bottle Gourd, Bitter Gourd, Sponge
Gourd, Round Melon

50.00

Sunflower, Ladies Finger, Onion, Spinach,
Fenugreek, Mustard, Cotton

100.00

Maize, Paddy and Millets (Barley, Pearlmillet,
Sorghum)

300.00

Pulses (Gram, Pea, Lentil, Mungbean, Uradbean,
Pigeonpea, Cowpea, Soyabean)

500.00

Potato, Wheat, Sugarcane
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