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1. BACKGROUND

Development of VA Mycorrhiza Inoculum is situated at the

cutting edge of the advances of knowledge on the use of
biofertilizers. Techniques are to be developed and

standardised for mass production of pathogen free

endomycorrhiza. Mycorrhizal fungi being obligatory parasites

differentrms of inoculum are being tried while studying the

effectiveness of the inoculum at host plant level. At

present practical use of the inoculum at nursery and at the

farm level is a bottleneck in transferring this innovative

technology at micro level. Achievements in standardising the

methodology of large scale production, will enable the use of

the technology by small and marginal farmers for increasing

productivity by way of wastelands and marginal productive

lands.

Considering magnitude of problem of low productivity in

agriculture, BAIF has deviced suitable models for appropriate

use of land in rural areas to generate gainful self-

employment and increasing productivity in agriculture. Having

developed an innovative technology of large scale cost

economic production of Rhizobium biofertilizers, its

effective system of packaging and field delivery, BAIF has

now undertaken this project on Development and

Standardisation of technology for mass production of VA

Mycorrhiza Inoculum. Possibilities of the mass production of

the inocula, it's proper handling and distribution of viable

inoculum at farmers level through networking of field force

will support and gave impetous to programme of agro-forestry

wasteland development and energy plantation in rural areas.

Knowledge of the research project will benefit research

workers, field officers and extension workers in the field

enabling establishment of linkages between the laboratory and

the land to overcome practical problems in application of

this technology at farmers level.
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Networking is already been established between organisations

working on basic research, applied research and a Mass

Production Research Centre (MPRC) of VA Mycorrhiza. This

networking will keep abreast of the research work carried out

on various aspects of VA Mycorrhiza in the country and

abroad, through literature, references and research

publications. In this regard communication links are being

established with Research Organisations, Universities and

Autonomous organisations. Mass Production Research Centre

(MPRC) at BAIF seeks to undertake laboratory trials and

thereafter develop a system of mass production of VA

Mycorrhiza inocula which involves culturing the organism in

vitro and in vivo system to characterise beneficial

physiological effect on host plant. Mass Production Research

Centre (MPRC) at BAIF will receive feed back from research

workers in the field with regard to the aspects such as

effective application, economic benefits, practical problems

and corrective measures in wider acceptance of this

technology at grass root level and will use this information

for making improvements at various stages of research and

production of the inocula.



2. METHODOLOGY

Mycorrhizae is a fungus which is associated with the root

system of the higher plants. Spores of the Mycorrhaizae

fungus are either very small and are non-randomly dispersed

in soil, hence it is easy to recover the spores from soil.

In order to isolate mycorrhizal fungus from the soil,

isolation of single spore of the fungus is essential.

There are three major groups of Mycorrhaizae based on

infection, morphology and endophyte taxonomy. The

ecto-mycorrhizae are generally associated with higher

plants, wood-plants. The fungus froia intercellular raycelium

with the root cortex. Ectomycorrhizae are most important in

forest eco-system. They are characterised by fungal

penetration of host cells. There are several types, endo-

mycorrhizae with septate hyphae occurs in the Orchideceae

and Ericaceae family. Endo-mycorrhizae with aseptate hyphae

are the "Phycomycetous" or Vesicular Arbuscular Mycorrhizae

(Mosse 1973, Gerdemann 1975, Sanders, Mosse and Tinker 1975

and Cooke 198.7). Seven genera are engaged in mycorrhizal

interaction - Acaulospora, Gigaspore, Glomus, Scierocystis,

Midicella, Endogone and Enterophosphora. Very little is

known of the life cycle of these organisms mainly because

pure culture methods are not available, hence development

and standardisation of monosporal cultures become prime

importance for culturing the organisms in vitro system or

in vivo to characterise their beneficial physiological

effect on host plant.

2.1 Soil Sample Collection

Soil samples are collected from the field at the

flowering stage of the plant in case of

cultivated crops and at the age of 2-3 years of

plantation in case of agro-forestry species.

3
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Soil samples of about one kg. are collected from

the root zone (rhizosphere) of the plant species

with the help of soil uar at the depth of 10-15

cm. near the root zone.

The soil samples are collected in sterile

polythene bags and brought to the laboratory for

analysis. The samples are kept at ambient

temperature in clearing room and used as per the

need for further analysis.

2.2 Monosporal Culture

There are several methods for isolation of monosporal

cultures from the soil initiating from the seiving of

the material till the identification of the spores.

Several workers in India and Abroad have standardised

the technique of sieViflg and methodology of

monosporal culture techniques. Accordingly with minor

modifications we are examining the possibilities of

application of the methodology in our laboratory.

However, standardisation of the same and developing

acquaintance with the techniques. This will be

applied in our laboratory conditions.

2.2.1 Wet sieving and decanting method

Wet sieving and decanting method as described

by Gerdemann and Nicolson 1963 is followed for

monosporal culture which is a under :

- measured 50 gms. of soil samples

- dissolved the sample in 500 ml. luke warm
water and stired well.

- allowed heavier particles to settle down

- decanted the suspension to 710 mu sive

- passed the uniform suspension through a

series of sieves viz. 250,106, 75 and 53 um
sieve size.



- collected the residues from 250 and 106 mu
sieve for sporocarps and large spores aiT
from 75 and 53 mu sieves for small spores.

after sieving,filteration done through l8mu
nylon mesh and Whatman No. 1 filter papr
to obtain spores of different sizes which
are then picked up with the help of pointed
tooth picks while observing under inverted
microscope.

- mounted the spores in lactophenol on clean
slides and observed under microscope.

2.2.2 Spore inoculation methods

Three methods are followed for monosporal

culture inoculation as described by Subba Rao,

1976

- Gibson tube with Jenson's seedling agar
medium

- Leonard jars with sterile coarse sand and
soil rite

- Plastic cups with sterile soil and soil-
rite.

The methods are detailed below -

Gibson Thbe with Jenson's Seedling Aqar Medium

- Gibson tubes having size 200 mm x 30 mm are
procured.

- Jenson's seedling agar medium is pepared
as per the composition given below.

COMPOSITION ( Jenson 1942)

CaHPO4

K2HPO4

MgSO4, 7H20

Naci

Fecl3

Distilled Water

pH

Ag a r

1gm
0.2 gm

0.2 gin

0.2 gin

0.1 gm

1 Ltr.

7.0

15 gm/l'tre



- The medium is autoclaved at 121°C. tempera-
ture at 15 lbs. pressure for 20 minutes.

- About 30 ml. of the medium is poured in
Gibson tube autoclaved to prepare the
slants.

- Seeds of the host plant species surface
stei±lised with 0.1% Hgcl2 and germinated in
moist chamber.

- These pre-germinated seeds are transferred
aseptically on the slants in Gibson tube.

- Isolated spores were also surface
sterilised with chioramirie T and inoculated
on the slant in the Gibson tube near the
growing tip portion of the root system.

- The assembly of Gibson tubes is incubated
at 28°c temperature in inoculation chamber
to observe the infection.

- Leonard Jar Method

A standard pre-sterilized assembly consisting

of round bottomless screw capped bottle and a

glass jar designed to permit automatic and

continuous water flow to the growing root

system which is used for testin the

infection.

In this method presterilized seed and a spore

is placed on presterilized substrate consiting

of coarse sand and soilrite in 1:1 ratio in

the Leonard Jar.

Nutrient solution of following composition is

filled in the bottom portion of the assembly.



COMPOSITION :

gm/lit

Ca CaC12 2H20 294.1

N Urea 136.1

Fe Fe citrate 6.7

Mg MgSO4 71120 123.3

K K2SO4 87.0

Mn MnSO4 71120 0.338

B H3Bo3 0.247

Zn ZnSO4 71120 0.288

Cu CuSo4 51120 0.100

CO COSO4 7H20 0.056

MO Na2MoO4 21120 0.048

The assembly is kept in incubation

at 28°C, temperature for observation of

the infection.

Plastic Cup Method

- An assembly is prepared consisting of two
plastic cups.

- Inside plastic cup is filled with sterile
soil and soil rite in 3:1 ratio

- Inside plastic cup is provided with

adequate number of small holes on the
bottom to enable proper drainage of water.

- Nutrient solution, composition of which is
detailed above is used for irrigating the
assembly.

- Inoculation and incubation is done in the
similar manner as in Leonard Jar Method.



2.3 Stainj

- Infected roots of different host plant species
are collected and washed thorouçhly in water.

- Cut_ into 1 cm. bits and kept in 10% KOH
Solution.

- Incubated at 90°C for 1 hour.

- Then washed the root bits in water ( for
decolourise the coloured roots in H202).

- Acidified them with 5 N HCL.

- Stained the roots in 0.5% trypan blue in

lactophenol.

- Mounted the root bits in glycerol or lactophenol
on clean microscopic slides.

- Observed for vesicular/arbuscular/hyphae
infection.

2.4 Spore Norpholocica1 Features

In this work spores of different types were isolated

based on their external morphology and inoculated in

to the pot culture on the roots of their respective

host plants, such as Guinea grass, Onion and Jawar.

The spores were identified according to the recent

classification given by Berch in revised synoptic key

of Trappe (1982) which describes seven genera in the

family Endogonaceae as follows

1. Acaulospora Plate 1, Fig a

8

Single blastic spore develops laterally on

hypha below apical swelling, hyphal apex

inflated with maturity of the spore the funnel

shaoed stalk cell collapses, its amorphous

remnants may cling to the spore but often

detach to leave the spore with no sign of its

origin except for a small spore with an

inconspicuous rim.



sporocarp - brown, amorphous to lightly packed

aggregation of spores. Sixteen species of this

genera are presently known.

Endogone Plate 1, Fig. b

Single spore arises from the point of hyphal

union, from the tip of one of the fused hyphae

or between more or less opposed hyphae.

Sporocarp - spore randomly distributed or

found in rows radiating from the base. Sixteen

species of this genus are presently known.

Entrophospora Plate 1, Fig. C.

Single spore formed within hypha below apical

swelling, hyphal apex inflated. As the spore

enlarges, the stalk expands to produce a

second swelling below the inflated terminus.

Wall of spore enclosing structure become

greatly thickened, leaving the spore enclosed

by thick appressed wall. Only two species are

known in this genus.

Gigaspora Plate 1, Fig. d.

Spore attached to bulbus, suspensor like tip

of a hypha. As the spore approaches maturity,

one to several septa are formed below the

suspensor like bulb, which usually remains

attached to the spore and produce one to

several narrow outgrowing hyphae. The spores

are born singly in soil. Presently 24 species

have been described in this genus.
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Glornus Plate 1, Fig. e.

One to several blastic spores develop on

aseptate cylindrical hyphae, sometimes flored

towards the point of attachment. By maturity,

the spore contents are separated from the

attached hypha by a septum or occluaded by

deposits of wall materials. This genus

comprises of 56 species.

Modicella Plate 1, Fig. f.

Many spores are found within a sporangium.

This genus is known to form mycorrhizal

association, this has only two species.

Scierocystis Plate 1, Fig. g.

Chlamydospores are formed in sporoccrps as a

single 1crowded layer of erect spores that

surrounds the sides and top of the spore free,

central mass of tightly interwoven hyphae.

Sporocarp may be born singly or fused together

in organic debris or moss at the soil surface.

Eight species are known in this genus.

2.5 Secondary Inoculum

Production of secondary inoculum will be undertaken

in plastic basins of size 0.5 m2x 25 cm deep. These

are the types of containers that can be easily

surface sterilized. They will receive a non-organic

substrate (turface) in which several plants will be

seeded over a layer. the substrate in which the

inoculum is produced, also has some inoculation

potential. Therefore, it might be more practical to

use the whole substrate including the spores with or
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without the root, to prepare a composite inoculum,

which will be decided after successful trials in this

regards. However, initially the substrate used for

the production of the secondary inoculum will be soil

and sand (1:1) which will have to be standardised and

perfected as experiment continues.



3. ACHIEVEMENTS

3.1 Setting up Facilities :

In the mass production of VA Mycorrhiza Incolula,

Laboratory facilities are provided which consists of

following :

- Research and Development for Microbiology work.
- Inoculum Production Unit (construction will be

initiated soon).

- Research and Development Laboratory consists
of following (Annexure - 1).

3.1.1 Clearing Room

Wet sieving of soil samples, collected from
the field, is undertaken in this room. In

order to facilitate isolation of the spores

from the soil samples, wet sieving facilities

are provided which consists of sieves of

different sizes ranging from 710 urn to 45 urn

size, measuring cylinders, beakers, funnels,

balance, working benches, centrifuge, inverted

microscope, nylon mesh No. 35 and 38 etc.

3.1.2 Media Preparation Room

Preparation of nutrient solution and medium

required for growth of the host plant species

and microorganisms, is undertaken in this

room. To facilitate this, the room is well

equipped with chemicals and equipments such as

autoclave, water bath, signie pan balance,

glasswares, etc. Media preparation technique

and procedure is detailed in Methodology.

12
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3.1.3 Staining and Microscopy

To determine colonisation and formation of

vesicles, arbuscules and to determine

infection in the roots, staining of the

infected root segment is essential with

different stains, this staining procedure is

carried out in this room which is provided

with simple, binocular and dissecting type of

microscopes, solutions for staining, DPX

mountent, fixatives, slides, cover slips,

needles etc. Staining procedure details ar

given in the methodology.

3.1.4 Inoculation Room

Inoculation of the spores to host plant

species is done under aseptic conditions in

this room where facilities such as laminar

flow, incubator, working tables, cylinder with

burners are provided and sterile conditions

are strictly observed to prevent entry of

contaminants (Pathogens).

3.1.5 Glass House

Glass House is constructed providing 600

sq.ft. area for conducting pot trials. It is

well equipped with working benches, exhaust

fans, humidifier, temperature control unit,

photometer and irrigation facilities etc.

Airlock area of 48 sq.ft. is also constructed

to maintain aseptic conditions.



3.1.6 Green House

Work is in progress on provision of green

house for undertaking pot trials under

controlled conditions an area of about 400

sq.ft. is provided in the green house

to undertake pot trials.

3.1.7 Pilot Growth room or Production Unit

Initiation of a pilot growth room is

undertaken to determine possibilities of small

scale production of secondary inoculum in

plastic trays. The pilot growth room will

consist of a structure specially prepared

using slotted angle steel material

incorporating arrangements for installation of

fluorescent tubes and incondescent lights to

suffice minimum requirement of 10 K Lux light

intensity for the plant growth. The growth

room will be provided with equipments such as

humidifier, photometer and an air conditioning

unit to maintain optimum conditions of

humidity, light exchange of gases and air

ventilation. Secondary/raass inoculum production

will be undertaken using sterile soil

substrate mixed with standard proportion of

sand. The operation is conducted under

strictly aseptic conditions to avoid

contamination from other pathogen. Supply of
pyrogen free water for irrigation to the

plants will be maintained in the pilot growth

room. Pilot growth unit will be designed in a

room having carpet area of approximately

200 sq.ft.

14



3.1.8 Nursery

A land area comprising of about 10,000 sq.ft.

thoroughly cultivated providing fencing and

irrigation facilities in order to facilitate

cultivation of the host plant specjes as

mother stock to be used in the ongoing

experiments such as grasses, cultivated

crops and agro-forestry species. This will be

used in invitro root infection experimental

trials.

15



4. WORK IN PROGRESS

4.1 Soil Sample Collection :

Soil samples from the root zones (at the depth of 6

inches) of agroforestry plants (approximately 2 years

old) and crop plants (at flowering stage) were

collected in polythene bags from different

agroclimatic zones of Maharashtra (India). VA

Mycorrhizal spores were isolated by wet sieving and

decanting method as described by Gerdemann and

Nicolson (1963). Details of soil samples collected

stating particulars of host species, location, soil

type and date of collection are presented in Annexure

2.

4.2 Monosporal Culture :

Using the three methods of inoculation as described

above, inoculation of the monospores is done to their

respective host plants as presented in Annexure - 2.

4.3 Staining

Staining of the inoculated root segments is done as

per the procedure and on the basis of staining,

observations are made to observe formation of

vesicles and arbuscules in the infected roots.

4.4 Results

In the present investigation yAM fungi were found to

be well distributed in both the samples of cultivated

as well as agroforestry soils. More number of spores

were found in cultivated soils than in the agroforestry

soils. This is an agreement of earlier findings

(Mosse and Bowen, 1968 Schenck and Kinloch, 1980;

Sparling and Tinker, 1978).

16
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The most abundant endophyte recorded were lomus

fasciculatum (Plate II, Fig. a,b,c,d,); Glomus macrocarpum

(Plate III, Fig. e,f) Glomus Mossae (Plate IV,Fig.g,h,i,j),

Glomus Sp.(Plate i, Fig.k,l,m) Giqaspora marqarita (Plate

Fig. n,o,p); Giqaspora Sp. (Plate V, Fig. q,r,& s) and

Acaulospora Sp. These species were found to be dominant in

both agroforestry as well as cultivated crops. The details

of the different Mycorrhizal species and their hosts are

given in table No. 2.

TABLE - 2

Isolated VAM Strains from their respective host plants.

mossae and Glomus species were inoculated under aseptic

conditions to 30 days old onion seedlings in plastic trays

containing 3 times sterilised soil for the purpose of

secondary inoculum production. Further studies regarding

secondary mass production is in progress.

S.No. NAME OF VAM SPECIES HOST

1. Glomus fasciculatum Urid, Raintree and Onion

2. G. macrocarpum Raintree, Sunflower

3. G. mossae Onion, Shisam

4. Glomus Spp. Glyricidia, Onion

5. Giqaspora, margarita Raintree, Ramkathi babul

6. Giqaspora Sp. Pithecelobium, Sorghum,
Soyabean

7. Acaulospora Sp. Australian babul, Maize

Some of the species mentioned in Table No.2 namely Glomus



EXPLANATION OF FIGURE

PLATE -I

Sporangium of Modicella

Zygospore of Endoqone

Azygospore of Acaulospora with its

lateral vesicle.

Chiamydospore of Giqaspora with bulbous

subtending hyphal attachment.

A sporocarp of Scierocystis with central

plexes of sterile hypha.

Chiamydospore of Glomus

Dumbell shaped spore of Entrophosphora with

attached vesicle.



PLATE - II

/

Glomus fasciculatum infection of Urid

(Vigna mungo) roots

Single chiamydospore attached with

hyphae (X 100)

Whole Spore (X 250)

A Chiamydospore showing oil globules,

vacuoles and walls (X 400).

External hyphae on the root surface

showing entry point (X 40)



PLATE NO. I



PLATE - III

Glomus macrocarpum infection of subflower

(Helianthus annus) roots

Sporocarp of Glomus macricarpum (X 100)

Attached spores of Glomus macrocarpum (X 250)



Plate No.2

IA



Plate No.3



PLATE - IV

/

C. Extramatricular chiamydospore cx 100)

Single chiamydospore (X 400)

Vesicles formation in the root tissue (x 100)

Vesicles and Arbuscules formation in the

root tissue (X 250)



Plate No.4



PLATE - V

Giqaspora Spp., infection of Acacia nilotica

roots

An intact spore showing the laterally

attached bulbous suspensor like cell (X 250)

Whole spore (X 400)

VAN infection inside the root cortex (X 250)
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P1te No.5



PLATE - VI

Glomus spp., infection of Glyricidia sepium roots

N. Hyphae attached with external

chiamydospores (X 100)

0. Chiamydospores of Glomus sp. with wrinkled

outer surface (X 400)

P. Vesicles and Arbuscules formation in the

cleared root tissue (X 250).
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Plate No.6



PLATE - VII

Gigaspora margarita infection of

Samania saman roots.

An intact spore showing the laterally attached

bulbous suspenser like cell (X 250)

Whole spore (X 400)

VAN infection inside the root cortex (X 100)



QI.

3

Plate No.7
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4.5 Pot Experiments :

The pot experiments are conducted using inocula

received from sources abroad and also with the

strains isolated from our own experiments. Details

of the experiment mentioning organisms, host plants

and treatments are as follows

Glomus fasciculatum : Onion - France

Glomus mossae : Onion - France

Glomus Spp. Root - Hawaii (USA)
Substrate

The cultures are inoculated to their respective host

plant species in earthen pots and maintained for

observations on growth prameters, in the green house.

EXPERIMENT NO. 1

Crop : Onion (Allium cepa)

Variety : Nasik Red

Date of 1.2.1989
planting

Season : Rabbi (1988-89)

Objectives

To determine effect of Inoculation of three

VAM cultures on the growth of onion.

To observe multiplication of the yAM cultures.

a) Desiqn of experiment

Completely Randomised Design (CRD)



Soil

The soil collected from the institutions farm

of Wagholi region (Awhalwadi), Dist-Pune, is

deficient in phosphorus 3.3 ppm. olsen P and

pH 7.50) and had an indigenous mycorrhizal

chiamydospore population of 58 spores / 50 ml.

and is used for the pot culture experiment.

Pot fillings :

Earthen pots 30 cm diameter is filled with

sterile soil ( @ 8 Kg./ pot ).

Fertilizer appliction

Dose of fertilizer applied in the expriment

on the basis of the weight of the soil

calculating as per the standard recommended

dose of 100 kg N/ha for onion crop.

19

b) Experimental details

This experiment is conducted using sterile

soil and three different VA-Mycorrhizal

cultures consisting of four treatments which

were replicated three times.

Treatment Details

TREATMENT NO. NAME OF THE TREATMENT

1 Glomus mossae

2 Glomus fasciculatum

3 Glomus sp.

4 Control
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Accordingly nitrogen is applied in the form of

urea @ 776 mg/pot into split doses comprising

50% at the time of transplanting and the rest

at month of the transplanting.

Method of Inoculation

Inoculation of the yAM fungi is done placing

the spores in such a way to enable contact of

the root system with the spore for

colonisation at a depth of 2 cm. Uninoculated

seedlings served as a control.

Irrigation

The pots were provided adequate irrigation at

week by intervals upto harvesting stage.

Plant protection measures

Infestation of the plants with Alternaria

blight disease and thrips, was controlled with

the application of 0.05% malathion 50 EC+O.2%

Blitox 50 WP.

Collection of Vasicular - Arbuscular
Mycorrhizal (yAM) Spores

yAM spores were isolated from the inoculated

onion pots after 60 days of transplanting by

wet sieving and decanting technique as

prescribed by Gardemann and Nicolson (1963).
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VA-Mycorrhizal infections in onion roots

The plant sample obtained from the pot culture

experiment were observed for the VAN

infections in the roots by root slide

technique as described by Nicolson, (1960).

Percentage of VAN root Colonization was

calculated using staining method given by

Phillips and Hayman (1970) and formulae given

below.

% VAN colonization

No. of VAN positive segments
x 100

Plant height is recorded
from the ground level 'to
the tip of the leaves on
the 60th day of the
transpiantating.

Number of The total number of leaves
leaves per plant is recorded on

the 60th day of the
transplanting.

Estimation of VAN spores

VA mycorrhizal infections in onion roots.

Total No.of segments scored

k) Observations

1. Plant height
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RESULTS : TABLE - 1 - Plant height in cm.at 60th day
after transplanting.

TREATMENT R-1 R-II R-III MEAN
NO.

The results were found to be significant.

At 60th day maximum height was recorded in

inoculation with treatment No.3,Glomus ,(34.89 cm)

then treatment No. 2 Glomus fasciculatum,( 31.66 cm)

and without inoculation shown reduction plant height,

i.e. treatment No. 4 Control,(28.00 cm).

TABLE - 2 - Number of leaves per plant at 60th day

after transplanting.

TREATMENT R-1 R-II R-III MEAN
NO.

The results were found to be significant.

1 34.5 30.67 30.33 31.83

2 38.66 26.33 30.00 31.66

3 33.00 37.33 34.33 34.89

4 25.33 30.00 28.67 28.00

1 21.33 18.67 20.33 20.11

2 16.67 15.67 20.00 17.45

3 15.50 27.67 24.50 22.56

4 13.33 11.67 14.67 13.22
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At 60th day with treatment No. 3, Glomus Sp. produced

maximum number of leaves (22.56) followed by

inoculation with treatment No.1 Glomus mossae (20.11)

then treatment No. 2 Glomus fasciculatum (17.45) and

without inoculation shown reduction in the number of

leves in treatment No. 4 Control (13.22).

TABLE - 3 - Number of extramatrical chiamydospores
calculated in 50 ml. of onion soil.

TREATMENT R-I R-II R-III MEAN
NO.

The results of the extramatrical chlamydospores count

recorded after 60th day transplanting and presented

in Table 3 were found to be significant.

In general, it was observed that significantly higher

chlamydospore count was recorded in treatment No.3

Glomus Sp. (273.33) followed by inoculation with

treatment No. 1 Glomus mossae (245) then treatment

No.2 Glomus fasciculatum (230.67) and without

inoculation shown less chlamydospore count in

treatment No. 4 Control (94.33).

1 250 248 237 245

2 232 235 225 230.67

3 280 275 265 273.33

4 100 90 93 94.33
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TABLE - 4 - VA-Mycorrhizal percent infection as
influenced by different treatments after
60th day transpiantating of onion crop(%).

TREATMENT R-I R-II R-III MEAN(%)
NO.

The results of yAM infection in the root tissues

recorded in Table 4 were found to be significant.

In general, it was observed that significantly higher

yAM infection was recorded in treatment No.3 Glomus

Sp (91.67) followed by treatment No.1 Glomus mossae

(85) then treatment No. 2 Glomus fasciculatum shown

fungal infection only in root tissue (80.67) and

without inoculation treatment No. 4 shown less

infection than inoculation (49.33).

EXPERIMENT NO. 2

Crop Guinea grass (Panicum maxinum)

Variety Hamell

Date of : 2.2.1989.
Planting

Season : Rabbi (1988-89).

1 82 88 85 85

2 85 79 78 80.67

3 92 94 89 91.67

4 50 48 50 49.33



Obj ectives

To determine effect of inoculation of Acaulospora

Sp., and Glomus mossae on growth and 'P' uptake

of guinea grass in sterilized and unsterilized

soil.

To observe multiplication of the VAN culture.

Desiqn of experiments -

Completely Randomised Block Design (CRBD).

Experimental details

This experiment is conducted using sterile and

unsterile soil and four VA-Mycorrhizal fungus

consisting of ten treatments which were

replicated four times.

Treatment Details
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Sterile Soil

Unsterile Soil

Sterile Soil

Unsterile Soil

Sterile Soil

Unsterile Soil

Sterile Soil

Unsterile Soil

Sterile Soil

Unsterile Soil

TREATMENT NANE OF THE TREATMENT
NOS VA M FUNGI

1 Acaulospora Sp

2 Acaulospora Sp.

3 Gigaspora qilmori

4 Giqaspora qilmori

5 Gigaspora marqarita

6 Gigaspora margarita

7 Glomus mossae

8 Glomus mossae

9 Control

10 Control



Soil

The soil collected from the institutions farms

of Wagholi region of Pune district, is deficient

in phosphorus (3.4 PPM available P, pH 7.1) and

had indigenous mycorrhizal population of 73/50 ml

which is used for the pot culture experiment.

Pot fillings

Earthen pots of 30 cm. diameter, were filled with

steam sterilized and unsterlised soil.(@ 8 Kg/Pot)

Fertilizer doses

Dose of fertilizer per pot were worked out on

surface area basis with the recommended doses

100 Kg. N/ha for guinea grass. Nitrogen dose is

applied in the form of urea (776 mg urea/pot).

Method of inoculation

Inoculation of each VAM fungus (Acaulospora Sp.,

Gigaspora Sp., and Glomus Sp.) is applied

@ 100 gm./pot by placing it in soil at a depth of

2 cm.

Irrigation

The pots are lightly irrigated with tap water

subseqneutly at every week upto the harvesting

stage.

Observations
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Plant height is recorded from the ground level to

the tip of the leaves at 40 days after

transplanting.
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RESULTS : TABLE - 1 - Plant height in cm. at 40th day
after transplanting.

- = Not survived

The results of the height of the plants recorded at

the 40th day after transplanting are presented in

Table - 1.

At 40th day maximum height was recorded in the

treatment of sterilized soil with Glomus mossae

inoculation (78.50 cm) followed by Acaulospora Sp.

(76.75 cm), Giqaspora qilmori (74.50 cm) and

Giqaspora marqarita (60.75 cm) and in unsterilized

soil the treatment of Glomus mossae showed maximum

height i.e. (45.50 cm) followed by inoculation with

Acaulospora Sp. (44.50 cm), Gigaspora gilmori

(35.00 cm) and Gigaspora margarita (31.00 cm) whereas

in control using sterilized soil the plant height was

recorded 50.50 cm and in unsterilized soil with

control it showed a height of 30.25 cm.

MEAN

76,75

44.50

74.50

35.00

60 . 75

ci

78.50

45.50

50.50

TREATMENT
NOS.

R-I R-II R-III R-IV

1 90 67 85 65

2 47 65 66 -

3 72 75 65 86

4 - 65 - 83

5 64 58 49 72

6 43 - - 52

7 120 64 67 63

8 42 36 46 58

9 26 53 56 67

10 - 41 40 40
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It was observed that the highest plant height was

recorded in sterilized soil with inoculation of yAM

cultures than in the unsterilized soil with the

inoculation of VAN cultures.

The treatment using sterilized soil with Glomus

mossae inoculation was found to be significantly

superior over all other treatments followed by

Acaulospora Sp., Gigaspora Sp.

In general all inoculations in sterilized soil

produced cignificantly more plant hei-jht ranging from

50.50 to 78.50 cm. over their uriinoculated control.

Further results with regards to the infection

cob ization and other parameters of plant growths

are availed.

EXPERIMENT NO. 3

PLASTIC CUP METHOD FOR MONOSPORAL CULTURE

Agro-forestry Species

Date of planting

Season

Seeds Sterilization

IN GROWTH CHAMBER

Gliricidia sepium)

Gliricidia sepium

10.2.89.

Rabbi

The seeds of Gliricidia
sepium were surface
sterIiizci with 0.1%
Hgcl and washed
thoroughly giving three
times successive change
of sterile distilled
water to remove the
corrosive sublimate of
Hgcl2



Soil :

Red laterite soil + coarse sand (1:1) sterilized at

120°C temperature for 1 hr. in Autoclave. PH of the

soil was recorded which is 7.50.

Plastic cups were surface sterilized with spirit.

Objectives :

To determine the effect of four selected VAN

fungus on the growth of the plant.

To undertake multipliction of the culture for

further experiments.

Design of experiment

Completely Randornised Design (CRD)

Experimental details

This experiment is conducted in plastic cups

using sterile soil and four VAN cultures consist-

ing of five treatments which were replicated

three times.

Treatment Details
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1 Seed + Glomus mossae (W)

2 Seed + Giqaspora qilmori (X)

3 Seed + Giqaspora marqarita (Y)

4 Seed + Acaulospora Sp. (Z)

5 Control (Seed ) (co)

TREATMENT NAME OF THE TREATMENT
NOS.
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Method of Inoculation

Each yAM fungus was placed under the pregerminated

seeds in the soil at a depth of 2 cm. Here

uninoculated seed served as control.

Observation

Plant height is recorded from the ground level to the

tip of the plant on 45th and 75th day after planting.

Table - 1 - Plant height in cm. at the 45th after
planting.

The results of the height of plants were recorded on

the 34th day after planting and are presented in

Table - 1. The results were found to be significant.

At 45th day maximum height was recorded in treatment

No. 1 and 3 which was inoculated with Glomus mossae

(15.67 cm) and Gigaspora margarita (15.67)

respectively followed by inoculation with treatment

No.4 inoculation with Acaulospora Sp. (15.33) and

treatment No. 2 Giqaspora qilmori (15.00 cm). Whereas

in treatment No.5, which was a control plant height

was recorded at 12.67 cm which is the lowest among

all the treatments.

1 14 18 15 15.67

2 16 15 14 15.00

3 17 15 15 15.67

4 16 16 14 15.33

5 11 14 13 12.67

TREATMENT R-I R-II R-III MEAN

NO.



PLATE - VIII

EXPERIMENT NO. 1 Comparison of growth - promoting

effects of three species of VA

mycorrhizal fungi on Onion seedlings.

From Left to Right Control. Glomus

sp. G. mossae. G. flisciculatum.

EXPERIMENT NO. 2 Pot trial conducted with Guinea

grass (Hamell) in sterile and

unsterile soil using different VA

mycorrhizal cultures in the

greenhouse.

EXPERIMENT NO. 3 Comparison of growth - promoting

effects of four species of VA

mycorrhizal fungi.

Left to Right : Control. Glomus

mossae. Gigaspora gilmori. G.

margarita and Acaulospora spp.



Experiment No.2

xperimeflt No.3

Plate No.8

AP...Z.

£(p. 3.
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Further results on parameters of plant growth,

infection in the root and colonization are awaited.

4.6 Nursery

Cultivation of host plant species such as grasses,

cultivated crop and agro-forestry species is

undertaken in the nursery. Detail plan of the nursery

showing cultivation of host plant species and their

source of collection is presented in Annexures-34.

5. Net Working :

In order to update information on research work

carried out on various aspects of VA Mycorrhizae in

the country and abroad, literature, references on the

subject are invited from various sources in the

country and abroad.

Bibliography and Directory of the research

publications with detailed literature hunt is in

progress from within the country and aborad.

Information and communication links are being

established from different research Institutions,

Universities and Autonomous Organisations within the

country and abroad to update knowledge in the areas

of VA Mycorrhizal Research.

A Coordination meeting was organised at TERI, New

Delhi to discuss progress of the research work

undertaken and to have interaction of views between

the project leaders. Dr. S.N. Singh participated in

the meeting on behalf of BAIF. Mr. K. Oka, incharge

forestry programmes of South Asia were also present

in the meeting.
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An article entitled " VA mycorrhizae Mass Production

Research Centre" is submitted to TERI, New Delhi, for

publication in the quarterly News letter. The article

has been published in the quarterly issue of

mycorrhizae news for the month of April, 1989.

We have also received a manuscript of Mycorrhizae

round table, held in JNU New Delhi, comprising the

details of the map presented during the First Asian

Conference on Mycorrhizae during May 1987. BAIF has

also participated in the conference presenting paper

on mass production technology.

Dr. V.P. Rao, Mycorrhizal Research Scientist and

Mr. S.D. Patil, Agronomist, visited Mhatma Phule

Agricultural University, Rahuri, Dist-Ahmednagar,

in the month of October 1988. Dr. S.K. Ruikar, Head.

Dept. of Plant Pathology and Agri. Microbiology,

Dr. B.K. Konde, Microbiologist and Prof. P.V. Wani,

took them around their laboratory, glasshouse and

greenhouse, They had very useful discussions

regarding isolation of VA mycorrhiza and their

suitable host plants. etc. They collected many

references from the University library on

VA-mycorrhiza and also collected the different

varieties of Guinea, Anjan grass, Rhodes grass,

Paspalum sp. etc. for our own germ plasm collection
purpose.
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6. ACTION PLAN FOR APRIL 1989 TO MARCH 1990.

6.1 Monosporal Culture

6.1.1 Collection of soil samples from the different

agro-climatic zone. Representing, cultivated

land, wasteland, forest land and problem

soils of Maharashtra and other states.

6.1.2 Isolation and identification of spores of VA

Mycorrhizal species will be undertaken by the

trained technician as per the methods detailed

in this report.

6.1.3 Germ plasm collection from field areas for

different crops with which VA Mycorrhizal

association is reported. This is primarily

from area of cultivated crops, forestry

species and tree species of economic

importance.

6.1.4 Preservation of the germ plasm and

multiplication in the nursery.

6.1.5 Maintenance of germ plasm in the nursery as

mother stock with due care for

inter-cultivation, fertilization and

irrigation.

6.1.6 Maintenance and preservation of the

monosporal cultures identified from the soil

samples under aseptic conditions to prevent

entry of other organisms.
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.6.2 Primary Multiplication :

6.2.1 Preparation of primary cultures in glass or

plastic containers filled with sterilised

substrate and nutrient solution.

6.2.2 Transferring aseptically produced seedling to

the containers.

6.2.3 Provision of adequate light intensity for

growth of the plant.

6.2.4 Application of quality control measures before

preparing secondary inoculum.

6.3 Secondary Inoculum :

6.3.1 Secondary inoculums are prepared in plastic

or concrete basins which can be easily

sterilised.

6.3.2 Plants will be seeded in the containers using

non-organism substrate.

6.3.3 Composite inoculum will be prepared using

whole substrate including the spores with or

without the roots.

.3.4 Inoculum will be stored in a cold room to

increase its viability.

6.4 Mass Production will be undertaken in large size

(3 x 1 x 2.25 meter) basins using secondary inoculum.
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6.4.1 Testing of growth condition with the use of

inoculum will be undertaken in nursery when

adequate inoculum of some species will be

available.

6.4.2 Forms of inoculuins to be delivered for field

use will depend on the substrate and its

viable handling

Infected root segments free of substrate.

Infected roots with substrate infected

soil and Tissue Culture.

Tissue Culture.

are some of the forms proposed. Experiments

will be conducted keeping in view the

practical application and viable handling of

the inoculurn.

6.5 Handling and Preservation :

According to forms of inoculum obtained, trials will

be conducted to determine proper method of

conservation of the inoculum. One possible avenue is

freeze drying.
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ANNEXURE - I

MICROBIOLOGY LABORATORY

2

iF
4

-- WAY --

WIDE COVERED CORRIDOR.

SCIENTIST ROOM.

PILOT PRODUCTION UNIT.

CLEARING AND MEDIA PREPARATION ROOM.

STAINING AND MICROSCOPY.

INOCULATION ROOM

I

3

65



DETATLS OF SOIL SAMPLE COLLECTION

ANNEXURE - II

S. No. HOST LOCATION SOIL TYPE pH DATE OF

COLT.FCTION

1. Onion Awhalwadi (Pune) Sandy loam 7.20 10.10.88

2. Maize -do- -do- 7.43 22.10.88

3. Jawar -do- -do-. 7.09 22.10.88

4. Paddy -do- -do- 7.15 21.10.88

5. Cowpea -do- -do- 7.25 24.10.88

6. Finger millet -do- -do- 7.32 28.10.88

7. Soyabean -do- -do- 7.40 28.10.88

8. Moong -do- -do- 7.21 27.10.88

9. Kuithi -do- -do- 7.20 27.10.88

10. Australian Babul Yawal (Jalgaon) Black Cotton 7.40 17.11.88

11. Ramkathi Babu.1. -do- -do- 7.41 17.11.88

12. Karanj -do- -do- 7.43 17.11.88

13. Subabul BAIF Lab, Wagholl Sandy Loam 7.22 1,20,23 &

31. 10. 88

14. Vilayati Babul Yawal (Jalgaon) Black Cotton 7.40 17.11.88

15. Shirish Yawal (Jalgaon) Black Cotton 7.38 21.12.88

16. Ramkathi Babul Devachi Uruli Clay loam 7.85 21.12.88
(Pune)

17. Australian Babul Jejuri (Pune) Black Cotton 7.31 21.12.88

18. Gum Arabic tree Devachi Uruli Clay loam 7.34 21.12.88
(Pune)

19. Karanj Saswad (Pune) Medium black 7.76 21.12.88

20. Shisam Saswad (Pune) Rocky land 7.21 21.12.88

21. Agastha Saswad (Pune) Medium black 7.30 21.12.88

22. Raintree Jejuri (Pune) Black Cotton 8.63 21.12.88

23. Shevari Devachi Uruli Clay loam 7.12 21.12.88
(Pune)

24. Glyricidia Jejuri (Pune) Black cotton 7.35 21.12.88

25. Vilayati Chinch Morgaon (Pune) Black cotton 7.70 21.12.88

26. Jowar Jejuri (Pune) Black cotton 7.33 21.12.88

27. Tomato Saswad (Pune) Lateri te - 21.12.88

28. Sunflower Devachi Uruli Clay loam 7.05 21.12.88
(Pune)



S.No. HOST LOCATION SOIL TYPE pH DATE OF
COLLECTION

29. Guar Devachi Uruli Clay loam - 21.12.88

(Pune)

30. Onion -do- -do- - 21.12.88

31. Gram Saswad (Pune) Late rite 7.52 21.12.88

32. Chilli Morgaon (Pune) Black cotton - 21.12.88

33. Agastha (Hadga) BAIF Wagholi Sandy loam 7.3 02.01.89

34. Vilayati Chinch -do-- -do- 7.7 04.01.89

35. Jawar -do- (Nursery) Red Laterite 7.7 06.01.89
(Light)

36. Maize -do- -do- 7.3 16.01.89

37. Anjan Grass -do- -do- 7.5 16.01.89

38. Rhodes grass -do- -do- 7.6 17.01.89

39. Gum Arabic tree -do- Sandy loam 7.6 23.01.89

40. Ramkathi Babul -do- Sandy loam 7.8 27.01.89

41. Shirish -do- (Nursery) Red laterite 7.7 01.02.89
(Light)

42. Australian babul -do---do- -do- 7.3 04.02.89

43. Gram -do--do- -do- 7.5 04.02.89

44. Sunflower -do--do- -do- 7.5 09.02.89

45. Carrot -do--do- -do- 7.5 10.02.89

46. Tradescantia Agr.College, Pune Clay loam 7.2 01.03.89

47. Guinea grass BAIF Wagholi Red Laterite 7.6 03.03.89
PGG - 1 (Nursery) (Light)

48. Guinea Grass -do- -do- 7.2 04.03.89
PGG - 13

49. Guinea Grass -do- -do- 7.4 04.03.89
TNGG - 2

50. Merigold -do- -do- 7.6 12.03.89

51. Bhendi Wadjai Clay loam 7.2 20.03.89

52 Berseem Wad jai Clay loam 7.6 21.03.89

53. Chilli Wad jai Clay loam 7.3 21.03.89
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ANNEXURE - III

NURSERY - LAYOUT

-- WAY

ROAD

17

18

19

20

0

31 24

32 25

33 26

34 27

WATER CHANNEL

35 28 21

1

14

36 29 22 15

37 30 23 16



* PGG - Punjab Guinea Grass

TNGG - Tamil Nadu Guinea Grass

ANNEXURE - IV

NURSERY - PRODUCTION LAYOUT (1988 - 89)

Sr.

No.

01.

CROP IPLANT SPECIES

Guinea grass (PGG & TNGG)*

PLOT NOS.

1 to 7,11,12 & 13

02. Rhodea grass 8

03.

04.

Anjan Grass

Paspalum SPP

9,

10

14 &

& 16

15

05.

06.

Onion

Carrot

20,

19

24 &

& 22

40

07. Chilli 21

08. Sunflower 25

09. Maize 27

10. Groundnut 28 & 29

11. Pithcelobiuni dulce 30

12. Samania saman 31

13. Acacia nilotica 32

14. Dalbergia sisoo 33

15. Acacia auriculiformis 34

16. Sesbania grandiflora 37

17. Glyricidia sepium 38

18. Albizia lebbek 39

19. Marigold 41
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