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ABSTRACT

The novel endophytic fungiPiriformospora
indica has been proveto have vast applications
as plant growth promoter. P. indica
significantly increases plant biomass, flowering
and vyield, nutrient value etc., during its
colonization and proliferatioin the roots of the
host plants.Study plants were chosen to be
Sorghum $orghum bicolgr, Pearl Millet
(Pennisetum glaucum and Finger Millet
(Eleusine coracana Pot cultures ofP. indica
colonized plants were comparddr physical
parameters as rqashoot height, dryand fresh
weight. The P.indica colonized plants have
shown comparatively  higher level of
chlorophyll, protein, phosphate and calcium
content.Enzymic and norenzymic antioxidants
levels werehigher inP.indica colonized plants.
Various méabolites produced by
Piriformospora indicawasanalysed byGC-MS
analysis, depicting many medically important
compounds with anticancer, insecticidal,
nematicida] anti parasitic, antibacterial and
anti-fungal properties Thus the present study
has addel to the proof thatPiriformospora
indica is a highly efficient plant growth
promoting endophytic fungi.
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INTRODUCTION

Piriformospora indica the
mycorrhizae (AM)-like fungus, has been
extensively studied to bmultivable in axenic
cultures, where it forms chlamydospores
asexually [1] The fugus Piriformospora
indica was discovered in the Thar Desert
(1988) from the rhizospheric soil of two
xerophytic plants, namglProsopis juliflora
and Ziziphus nummularidl]. It is the first
symbiotic fungus, whictwas proved to be
inoculated to the rosbof a plans[2,3,4]and
found to have stimulated considerable
attention as they form endophytic
associations with most plantspecies
[22,23] This is of great interest that they
possess plant growAbromoting
characteristics and contribute several other
benefits to their host plants [1,5, 6, 7, 8, 20,
22, 23] P. indicacolonizes the roots, grows
intracellularly, forming pearshaped spores
thatcollectin the roots as well as on the root
surface. The endophytenediatesnutrient
uptake, stimulates growth and seed
production allows plants to survive ifess
water, confers resistance to toxins,
resistance ttieavy metal ions, angromotes
salt stress[1, 13, 14, 15, 17, 19, 21]it
significantly increases plant biomass,
flowering and vyield, nutrient value etc.,
during its colonization and proliferation in
the roots of the host plants. [1,7, 14, 18].

2033

All Rights Reserved © 2014 IJSETR



International Journal of Science, Engineering and Technology Reseeh (IJSETR), Volume 3, Issue 7, July 2014

Piriformospora indica as amycofertilizer

has produced a greater keenness among
mycorrhizologists, due to being easily
culturable, plangrowth enhancer and
inducer. In the present work, the recently
discovered root endophytiangi
Piriformospora indicahas been optimized
andteded forits growth enhancement.

METHODOLOGY
Culture of P.indica

P.indicawas procuredirom the Department
of Microbial technology Amity University,
Noida. The culturevas maintained omill
and Kaefer medium[4]. The cultures were
incubated at 30+2°C imcubabr for a week

Characterization of  Piriformospora
indica:
Morphological characteristics-Fungal

Wet mount technique

Lacto phenol cotton blue technique was
carried to identify the morphological
structure of the fungi. Asmall block of
fungal culture from th surface of agar plate
was taken and placed on a clean glass slide.
A drop of Lacto phenol cotton blue was
added on the block. The cover slip was
placed on the culture block with a gentle
press. The slide wasviewed under
microscope at 45X, to observehet
morphological features of the fungi.

Cultural characteristics

The fungal isolates were inoculated in
different culture media like Nutrient agar,
Malt extract, Malt yeast extract agar,
Sabouraudds DextMY®Pse
Medium, Hill and Kafer medium ad Brain
Heart Infusion agar medium to observe its
colony morphology and various cultural
characteristics.

Optimization of Piriformospora indica
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To optimize the various growth parameters
of the fungus in laboratory conditions,
several physical parametersuch as
TemperatureIncubation timerequired for
optimum growth Heavy metals
concentrations, different salt concentrations,
different carbon sources, nitrogen sources,
vitamin sources angrowthin variousmedia
have been studied.

Determination of extracellular enzyme
formation by P.indica

To resolve the extracellular enzyme
produced by P.indica, various enzyme
activity such as amlyolytic activity, cellulase
activity, proteolytic activity, laccace activity
and lipolytic activity were performedl0,
21].

Germination studies

In the present study, tissue culture technique
has been used for studying the ability of
Piriformospora indica in predetermined
conditions to check the plant growth
promoting  abilty of the  fungal
endosymbiont and for this study the I
varieties of Sorghum, Pearl Millet
(Pennisetum glaucumand Finger Millet
(Eleusine coracaneseeds were used for the
growth determination.

The selected seeds of the test plants were
surfacesterilized with sterile distilled water
for three times ahrinsed in 0.1% HgGlfor
about 1 min and finally washed for three
times with sterile distilled watefl1,2] to
eliminate the naturally occurring surface
microorganism. The Murashige and Skoog
medium was prepared and dispensed in
sterile petriplates. Aftersolidification the
sarface r sterilived! seedy, were aseptically
transferred tMurashige and Skoog medium
[12] and the plates were incubated at room
temperature in presence of light, to observe
the germination of plantlet in tissue culture
media.
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Pot culture studies fresh and dry weight, total protein
estimation and increase irchlorophyll
In pot study, the seeds of chosen plants were  higmentation phosphate contéen calcium
allowed to germinate by inoculating  content, enzymic and non enzymic
P.ndica on a hard substratum which  gptioxidantswere measuredhe parameters

contains sand and soil in 3:1 ratibhe soil were compared with the values in control
was autoclaved thrice on alternate days and pjants,

air dried. Riverbed sand was soaked @6

HCl overnight and then washed under RESULTS AND DISCUSSION
running tap water until the pH has reached

near neutrality (pH & as stadardized in Piriformospora  indica cultures  were

the present study) [8]This sterile soil has obtained from Dr. Var ma
been used as substratum in pots. Pots were pepartment of Mioobial Biotechnology,

also surfacesterilized by 70% ethanol én  Amity University, Noida, India. The culture

mixture and the fungal inoculum $izbeen of Hill and Kafer and in this medium the

added in the volume as varlying  growth pattern has been showfig 1). P.

content that is filled in the pot. The fungal shaped chlamydospores at fiya hyphae

soil o as to enhance even distribution of the  45x (Fig 2).

fungal inoculum in the soil in potEqual
number of surface sterilized seeds was sown
and also in sterile soil for control plants
(without addition ofP. indica)The pot study
experiments were carried out in conted|
conditions.

Root Colonization by fungus -
Microscopic Observation

Roots of randomly chosen plants were
washed thoroughly in running tap water, cut
into about 1-cm pieces, transferred to 10%
KOH, boiled for 10 minthen acidified with

1 M HCI for 10 min, and finally stained with Fig 2

0.02% of Trypan blue in lactophenol

overnight [9, 11]. Samples were destained  Fig 1- Colonies ofPiriformospora indicaon
with lactic acid:glycerol:water solution in  Hill & Kafer medium

the ratio of 14:1:1(Volumetric ratio)The Fig 2-Fungal culture showing hyphae with
stained root samples were observed under Spores on Fungal mount technique
microscope.

Estimation of plant growth The cultual characteristics of thP. indica
was determined in different types of
For assessment gflantgrowth promotion of medium showed puffed white chalky

endosymbiotic sorghum, pearl millet and Powdery appearance with the pointed tip at
finger millet plants;shoot and root length,
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the centre of the each colony in the different
medium (Fig 3)

Malt yeast extract agar MYP agar

Hill & K afer agar

Fig 3- Growth ofPiriformospora indicaon
different medium

Optimization of Piriformospora indica

The cultures were revived and optimized to
grow in laboratory conditions. P. indica
showed optimum growth at a temperature of
27°C and dry weight of 1.2 g/I, the optimum
incubation time for the initiation of growth
was found to be 8ays and it was also noted
that the maximum level of growth was
obtained on the 33day and dry weight of
0.48g/5ml, Hill and Kafer medium have

all the other nutrient media which showed a
maximum growth of 0.66gf8l dry weight.

P.indica culture showed more resistance to
Nickel and Lead when compared to that of
Zinc and Cadmium, this proves that only
minimal amount of Heavy metal tolerance
has been observed Riindica culture.The
culture showed a reduced growdnen the
concentration of heavy metal and salt was
increased but there was still a viability of the
culture observed at lowest concentration of
heavy metals and salt used for the present
study, which shows that they are tolerant to
heavy metals and saltress may be at more
lower concentrations which has to be
explored

The fungal culture has the ability to grow in
the high concentration of glucose in which,
the dry weight was higher in the
concentration of 5% and the poor carbon
source was straw, in thig shows less
amount of dry weight when compared to
other carbon sources, has ability to grow in
the high concentration of peptone in which,
the dry weight was higher in the
concentration of 1% and lesser growth was
observed when nitrogen source was aasei
and also has the ability to grow in the high
concentration of nicotinamide in which, the
dry weight was higher in the concentration
of 1% and the poor growth was observed
when vitamin source was riboflavin, it
shows less amount of dry weight when
compard to other vitamin sources.

Determination of extracellular enzyme
production by P.indica

The extracellular enzyme activity produced
by Piriformospora indica culture were
studied and found to be amylolytic,
cellulase, laccase and lipolytic activity
which weae positive. Proteolytic activitwas
not positive for the fungi and the results

shown to demonstrate better growth among \vere shown (Fig 4).
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growth rate was excellent irP.indica
colonized plants in pot culture

Amylolytic activity

Proteolytic activity

Lipolytic activity

Fig 4 Enzyme production by
Piriformospora indica

Germination and Pot culture studies

Germination studies of P. indica in MS Finger milletplant

medium  have  shown  considerable

advancement in growth compared to control ~ Fig 5& Germination studies on the study
plant (Fig 5a. & 5b and Table 1).Pot plant in plates

culture studies have also revealed better
plant growth promotion which is evidenced
by comparing the physical parameters of
endosymbiotic plant with the control plant
(Fig 6). In all the three types of plants the
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Pearl milletplant Sorghum plant Finger milletplant

Fig 5b Germination studies on the study plant in bottles

Table :Shows the difference in germination between the inoculated and uninoqulktes!

Study Day of germination Measurement of germination
S.No Plants in cm
P.indica Control P.indica Control
Inoculated Inoculated

1  Sorghum 2" day 3%ay 0.6 0.4

2 Pearl 4" day 5"day 0.3 0.05
Millet

3 Finger 2" day 4thday 0.4 0.15
millet

Control

Sorghum plant Pearl millet plant Finger millet plant

Fig 6- Pot culture studies in the study plants
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Microscopic Observation of Root excellent growth, and gain in weight and
Colonization by Fungus length when compared to that of control
plants in pot studies and their differences
have been shown ifable 2a &2band Fig
8a & 8b.

The sténed rat samples werelserved under
light microscope (100X). The colonization of
root by P. indicain the study plants has been
shown in Plate 6, Figure 4.1%is shows the
difference between the.indicacolonized study
plants with that of control plasit Table 2a Fresh and Dry weight of plants
studied withPiriformospora indica

Plants Sorghum Pearl millet Finger millet

Fresh  Dry Fresh Dry Fresh  Dry
weight weight weight weight weight weight
ingms ingms ingms ingms ingms ingms

Control 5.06 1.92 3.45 1.05 4.23 0.93

1 plants
5 P.indica 7.94 2.53 55 1.85 6.09 1.34
colonized
plants
Table 2b Shoot and Root length of plants
studied withPiriformospora indica
_ _ Plants  Sorghum Pearl millet Finger millet
Controlroot Pi colonizedroot Shoot Root Shoot Root Shoot Root
. . length length  length  length length length
Fig 7_' Root St_am'ng of .the St_UdY_ plants incms incms incms incms incms incms
showing SEM picture of Pi colonization Control
1 plants 34 35 26 2.8 30 3.1
Estimation of physical parameters Pindica 49 46 32 37 43 4.2

colonized

The colonization of the studylants ? plants

by P.indica has ledto its increased growth.

Due to the growth promotional activities in

the study plants when compared to- un
inoculated plants, plants inoculated with
P.indicashowed greater increase in root and

shoot length and increase in freahd dry

weight. In all the three plants the
endosymbiont colonized plants have shown
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Fig 8a Shoot length of the Pi colonized
study plants with control plants

Sorghum plant Finger milletplant

Pearl milletplant

Fig 8b Root length of the Pi colonized
study plantsvith control plants

The P.indica colonized plants have
shown comparatively higher chlorophyll
content when compared to that of control
plants which indicates th#&.indicahelps to
enhance the chlorophyll production in the
plants there is net gain in tat protein
content inP. indicacolonized plants which
might help for the various plant growth
promoting and protecting characteristics of
the fungus that has been demonstrated
earlier. The proteins were further
characterized by NativBAGE to determine
the difference in molecular weight of the
proteins present . indica colonized and
control plants when compared to control
plants there is net gain in total phosphate
content inP. indicacolonized plants which
might help fordiverse regulatory, structai
and energy transfer roldbe various plant
growth promoting and protecting
characteristics of the fungus increasing
amount of calcium content present in
P.indica colonized plant when compared to
that of control plants which helps for the
plant growh promotional and building
activities

P.indica colonized plants showed
increasing level of ascorbic acid which helps
in protecting the plants and also helps in
plant growth  promoting  properties
increased praline content gvhich helps the
plants to growunder stress conditions and
also helps in plant growth promoter
increased reduced glutathione contehich
favours the plafntffungal association and
increases resistance to the pathogen and
also promotes plant growth, inceeal level
of catalase conténwvhich responsible for
preventing and neutralizing the free radical
induced damages on tissud@#is result has
been shown (Table 3).
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Table 3- Biochemical, Enzymic andchon-enzymic antioxidant studies on Pi colonized plants

S.No Estimations Sorghum plant Pearl millet plant Finger millet plant
Control plant Pi colonized Control plant Pi colonized Control plant  Pi colonized
plant plant plant
1 Chlorophyll _ _ _ _ _ _
content 1.42 gftissue 2.11 gltissue 0.86 gltissue 1.33 gltissue 1.27 gltisue 2.06 gltissue
2 Protein content 0.7mgl/g 0.9 mg/g 0.2 mg/g 0.5 mg/g 0.4 mg/g 0.7 mg/g
3 Phosphate content  7.5ug/tissue 10 pgltissue 3.5 pgltissue 5 pgltissue 5 pgltissue 8.5 ugltissue
4 Calcium content 180mg/g 220 mg/g 120 mg/g 170 mg/g 150 mg/g 190 mg/g
5 Non enzymic
aantioxidants
0.46mg/g 0.6 mg/g 0.32 mg/g 0.42 mg/g 0.36 mg/g 0.48 mg/g
Ascorbic acid
6 Proline 11.08umoles/g  15.93 umoles 5.19umoles /g 919umoles/g  9.35 umoles /g 13.16 pmoles
of tissue /g of tissue of tissue of tissue of tissue /g of tissue
Enzymic 0.48mg/g 0.72 mg/g 0.36 mg/g 0.6 mg/g 0.24 mg/g 0.48 mg/g
antioxidants
7
Reduced
glutathione
8 Catalase 860units/ml of 1220 units/ml 503 units/ml of 719 units/ml of 647 units/ml 1000 units/ml
extract of extract extract extract of extract of extract

Gas Liquid Chromatography-Mass Spectrometry

Piriformospora indicawas subjected to gas liquid chromatography mass spectrometry analysis.
The identification of compounds is based the peak area, molecular weight and molecular
formula. Peak area is directly proportional to quantity of the compound present in the culture.
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The GCGMS results shows the various metabolites produced by the fungi, there are many
medically important congunds that have been referred to showlaaterial, antfungal, anti
parasitic, antcancer, insecticidal, nematicidal properties etc., shown in the Table 4. This study
gives a better understanding of the protective effect that it confers on its hostaghinst
invading pathogenic organisms. The components may further be analyzed to establish a better
understanding about these secondary metabolites produced by the fungi.
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