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Annexure-I 
1. Brief report of the project/Highlights of project output (Final Report). 

Initially we would like to express our sincere thanks to Rajiv 

Gandhi Science and Technology Commission, Mumbai and Swami 

Ramanand Teerth Marathwada University Nanded for the sanction of 

this research project. In present project work we are going to isolate the 

effective mycorrhiza from soil of Nanded for its mass production in the 

benefits of farmer community.  

As per the sanction letter from Swami Ramanand Teerth Marathwada 

University Nanded, the project was implemented in the middle of June 

2020. Since from sanction, our project faced two phases of major 

lockdown, therefore we could not work as per our expectations.  After 

normalizing the conditions, we have worked with full speed to achieve the 

objectives of the project.  

Nanded lies between 180 15 ' to 190 55' North latitudes and 770 to 

78025' East longitudes. It covers an area of 10,332 sq km. Nanded District 

lies in the eastern part of Maharashtra state as well as the eastern portion 

of Marathwada region, which corresponds to Aurangabad Division. 

Nanded is the second largest city in Marathwada after Aurangabad. This 

region receives total rain fall 924 mm per year with average relative 

humidity ranging from 22 to 68 %. Nanded is bounded on the North 

by Yavatmal district  of the Vidarbha region, on the Eastern  side  

lies Adilabad, Nirmal, Nizamabad &  Kamareddy district of Telangana

state, and on the South lies Bidar of Karnataka state. Nanded also shares 

its boundaries with Latur on South West, Parbhani and Hingoli districts 

on the West. The area presents undulat ing topography with uneven hills, 

plateau, gentle slopes and valley planes. The Godavari River flows 

through the district. Physiographically, the district can be divided into 2 

major parts, the hilly region on the North and North East and low-lying 

area on the banks of the rivers Godavari, Manjra, Manyad, Penganga. 

The main occupation of peoples of this area is agriculture. Godavari 
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river is the main which irrigate this region along with other rives. 

          

              Map of Nanded Region 

Mycorrhiza: - 

Mycorrhizas are symbiotic relationships between fungi and plant roots.

More than 80% of the species of higher plants have these relationships.

They are as common on crop plants such as cereals, peas, tomatoes, onions, 

apples, strawberry, etc as in wild plant communities, and in several cases 

they have been shown to be important or even essential for healthy plant 

growth and yield.  To a large degree, mycorrhiza is symbiotic/mutualistic

relationships, in which the fungus obtains at least some of its sugars from 

the plant, while the plant benefits from the efficient uptake of mineral 

nutrients or water by the fungal hyphae.  

 They are considered natural bio fertilizers, since they provide the host 

with water, nutrients, and pathogen protection, in exchange for 

photosynthetic products. The process of re-establishing the natural level of 

AMF richness can represent a valid alternative to conventional fertilization 

practices, with a view to sustainable agriculture. The main strategy that can 

be adopted to achieve this goal is the direct re-introduction of AMF 

propagules (inoculum) into a target soil. Since indigenous AMF have been 

demonstrated to be equally or even better performing than commercial or 

culture collection isolates, farmers should be encouraged to autonomously 
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produce their AMF inoculum, starting from native soils. In this regard we 

need to transfer the technology of on field AMF production to farmers 

using their local resources. This makes the bio fertilizat ion technology 

more likely to be affordable for farmers with affordable cost. By keeping 

the similar view in mind the we are working on this project.  

Objectives of the project: Following are the proposed objectives for undertaken 
project  
1. Collection of Soils for Mycorrhizal spores from the fields of Nanded.

2. Identification of Mycorrhizal fungi. 

3. Mass multiplication of selected mycorrhizal fungi on suitable hosts. 

4. Effect of mycorrhizal fungi on Wheat variety developed by Parbhani 

Agriculture University.   

5. Production and popularization of cost effective biofertilizer. 

Steps towards achieving objectives of the project: 

1. Collection of Soils for Mycorrhizal spores from the fields of 

Nanded. 

 This is primitive part of the research in which we have given field 

visits to different area nearby Nanded region for the collection of soil 

samples. Different locations that we have visited includes Sonkhed, 

Loha, Kandhar, Naigaon, Mukhed, Ardhapur, Hadgaon, Dharmabad, 

Himayatnagar, Biloli, Kinwat etc. the field visits were made in the 

months of October, November, December, January, February and 

March. The rhizosporic soil sample were collected in polythene bags 

and brought to laboratory for the isolation of mycorrhizal spores. 
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Field Visits for Collection of Soil Samples 
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Field Visits for Collection of Soil Samples 
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Field Visits for Collection of Soil Samples 
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   Field Visits for Collection and Collected Samples 
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Isolation of Mycorrhizal Spores: 

 In laboratory isolation of mycorrhizal spore was done as per method 

described by Gerdemann and Nicolson (1963). Hundred gram of soil 

sample was weighed and thoroughly mixed with water 500 ml by stirring 

with the glass rod. The mixture was allowed to stand till soil particles 

settled down. The suspension was then passed through series of sieves 

stacked in descending order of their mesh sizes viz. 500 to 45µm from top 

to bottom. This procedure was repeated for three to four times.  The 

contents of sieves were washed with the running tap water and washings 

were collected in a separate dish for each sieves. Collected contents in 

each dish were observed for presence of Mycorrhiza spores under the 

stereo zoom Microscope CZM-6. 

 

    

Isolation of Mycorrhizal Spores as per method Described by 

Gerdemann and Nicolson (1963). 
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Isolation of Mycorrhizal Spores as per method Described by 
Gerdemann and Nicolson (1963). 
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Isolation and observation of Mycorrhizal Spores as per method 
Described by Gerdemann and Nicolson (1963). 

Identification of Mycorrhizal Spores:

Mycorrhizal spores isolated from soil samples were collected separately 

on the basis of their morphological features like colour, shape, hyphal 

attachments etc. Intact as well as broken spores were isolated using 

capillary tube and hydraulic micropipette (1.0 to 50 microliter) and 

mounted on microscopic slides using lacto glycerol and observed by 

putting cover slip over it using Labomed make binocular microscope.

Each spore was photographed through Camera. Identification of AM 

species was done using manual given by Schenk and Perez (1990), by 

referring dedicated research papers in the field of mycorrhiza and also by 

using authentic web resources available on mycorrhiza specific web link 

INVAM worksheet (http://invam.caf.wvu.edu).  
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Observation of Mycorrhizal Spores under Labomed Binocular 
Microscope for their identification. 

Measurement of Mycorrhizal Spore: 
Measurement of each spore is important because it gives 

additional clues for identification of spores. We know that identification 

of mycorrhizal spores can be done by observing characters like colour, 

shape, hyphal attachments etc. Measured size like diameter of each 

spore provides additional data for identification. Measurement of each

spore is taken by using standard micrometric procedure. All the spores 

are measures under the magnificat ion of 10x X 10x. In this procedure 

one monocular microscope was calibrated by using ocular and stage 

micrometer. The calibration factor was determined. The value of 

calibration factor was later multiplied with the occupied divisions of 

ocular micrometer by the mycorrhizal spore.  
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Monocular Microscope with stage and ocular micrometer 

used in measurement of mycorrhiza spore 
 

Identified Spores: Mycorrhizal spores observed and identified in the current 
study are presented in following table. 

Sr. 
No Name of Spore Image Diameter 

 

1 Acalosopra 
dilatata 

 

 

2 Acalospora 
niclosonii 

 

 

  

3 Acaulospora 
foveata 

 

 

262   
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4 Acaulospora 
lacunose 

 

 

105   

5 Acaulospora 
tuberculata

 

 

130   

6 Glomus 
fecundisporum 

 

 

177   

7 
Glomus lacteum 

 

 

193   

8 Scutellospora 
biornata 

 

 

210   

9 Glomus 
versiformae 

 

 

110   
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10 
Glomus intradices 

 

 

187   

11 Glomus 
halonatum. 

 

 

153   

12 Gigaspra 
margarita 

 

 

365   

 

13 

 

Pascispora 
scintillans 

 

 

226   

14 Glomus 
aggregatum 

 

 

96   

15 Glomus 
fascuculatum 

 

 

125   
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16 Glomus. 
macrocarpum

 

 

115   

17 
Glomus deserticola 

 

 

160   

18 Acaulospora 
morrowiae 

 

 

90   

19 
Glomus mosseae 

 

 

 

20 Acaulospora 
kitinensis 

 

 

137   

21 
Acaulospora laevis

 

 

156   
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22 Acaulospora 
koskei 

 

 

120   

23 Acaulospora 
mellea 

 

 

94   

24 Aculospora 
spinosa 

 

 

174   

25 Diversispora 
globifera 

 

 

 

26 Entrophospora 
infrequens 

 

 

121   
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27 
Gigaspora albida 

 

274   

28 Glomus 
ambisporum 

 

 

96   

29 Glomus 
flavisporum

 

135   

30 
Glomus pansihalos

 

 

142   

31 
Glomus constritum

 

 

153   
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32 Diversispora 
epigaea 

 

 

 

122   

33 Scutellispora 
calospora  

 

114   

34
Glomus clarum 

 

 

167   

35 Acaulospora  
scrobiculata

 

 

136   

Pure culturing of AM spore for mass multiplication:  

Almost 35 different mycorrhizal fungal spores were identified in present 

study. Among all Glomus mosseae was found to very common in all 

sample studied. Therefore, by considering its common occurrence in 

diversified habitats we decided to pure culture multiply the same on 

different herbaceous host as per method described by Gerdemann

(1963) in glass funnel. The mycorrhizal spores were collected by wet 

sieving and decantation method. Later spores of Glomus mosseae are 
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picked by hydraulic micropipette in a small watch glass. The spores 

were surface sterilized by washing for three to four times with sterile 

distilled water using small brush under stereo zoom microscope. All the 

required material were properly sterilized using autoclave. Cotton plug 

was fixed in the neck of big sized funnel. The funnel is filled with 

mixture of soil and sand in 1:1 ratio and is warped with aluminum foil 

and sterilized for 45 min at 1210C and 15 lbs pressure. The surface 

sterilized spores are transferred in the center of funnel by making little 

whole using micropipette. In the whole later added 4-5 surface sterilized

and washed seeds of Maize, Bajara, and Tomato. After that funnel were 

kept on conical flask containing sterile distilled water. Later on after 

emergence of seedlings the tiny plants were transferred to the pot 

containing sterilized sand:soil mixture. After four weeks the roots were 

observed for colonization. In the present experiment all the selected 

plants showed colonization of mycorrhizal spores.  

 

 
            Funnel Culture Experiments for Pure Culture of Glomus mosseae 
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Funnel Culture Experiments for Pure Culture of Glomus mosseae 
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Transfer of Content of funnel culture in to pots: 

After six to seven days of seedling growth in funnel culture, the content 

was later transferred in to pots containing mixture of sand and soil for 

further establishment of mycorrhiza in root.

                 

                
                  Funnel Culture Experiments growth of Maize and Bajara Seeds 
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          Transfer of Funnel content of maize seedling and roots in pot 
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Experimental Set up for culturing of Glomus 
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Root Colonization Experiments: 
 

After four weeks of growth in pots the root colonization experiments 

were performed. The grown plants of Maize, Bajara and Tomato were 

uprooted from pots. Roots were cutted in to small pieces of about 1.00 

cm length.  Fine roots were fixed in the formalin acetic acid alcohol 

solution (90:5:5) after washing thoroughly to determine the root 

infection. Roots were autoclaved in KOH solution for 45 minutes (10 

per cent), cleaned in distilled water and neutralized with HCl (2 per cent) 

and stained in lacto phenol, trypan blue (0.05 per cent). The stained root 

segments were placed clean glass slide and observed under stereo zoom 

and binocular microscope (Labomed make). The observed root 

segments of all these plants were shown positive mycorrhizal 

colonization for Glomus mosseae. The root segments showed presence 

of vesicle, arbuscule and many filaments of coenocytic mycelium. 

Because of positive colonization of these plants by Mycorrhiza, these 

host plants can be used for mass mult iplicat ion purpose. 

     

Uprooting of Namely Maize, Bajara and Tomato Roots 
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Root Cuttings of Maize, Tomato and Bajara Roots
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Observed vesicles in Tomato Root 

 
Vesicle and Mycelium in Tomato Root 

 
Mycelial Growth on Tomato roots 
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Vesicles in Maize Roots

 
Maize Root Colonization: Coenocytic Mycelium, Arbuscule.

 
                      Vesicle in Maize Root 
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Bajara roots Vesicle and Mycelium 

 
Arbuscules in Bajara Root 

 
 Vesicle in Bajara root 
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Vesicle in Bajara root 

Experimental Set up toward mass Multiplication of Mycorrhizal Culture:

Once it is clear form earlier experimental set up that the host plants like 

Maize, Bajara and Tomato plants are showing positive root colonization 

for Glomus mosseae, then further we have designed experimental set up 

for successive root trap cultures for mass multiplication of mycorrhizae 

James Dsouza (2019) and Stutz, J. C., & Morton, J. B. (1996).  Rhizosporic

soil and roots segments of Maize, Bajara and Tomato from earlier 

rounds of respective experiments are collected. Roots are chopped / cut 

into pieces (1 cm), and placed at a depth of 5 to 8 cm in 16 no potter 

containing sterilized soil. Surface sterilized seed of Maize, Bajara and 

Tomato were densely added in the pots. The pots were kept in green 

house and watered regularly. After two months of growth in pots 

suddenly watering were stopped and the potters are subjected for 

starvation. Adverse condit ion will develop sporulation in the potter.  
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        Root Trap Culture Experiments on Maize, Bajara and Tomato. 



34 

 
 

             

   Root Trap Culture Experiments on Maize, Bajara and Tomato. 

Mycorrhizal spore content obtained from the root trap culture 

experiments were used to study its effect on wheat seeds. Wheat is one 

of the commonly growing crop specially in winter season by the farmers 

of this region. Therefore, we have selected this crop to study effect of 

prepared root trap culture contents on the growth and yield of wheat. 

Surface sterilized wheat seeds were taken in 16 no potter containing sun 

dried soil. In this experiments we are using simple sterilized soil. The 

soil sterilization was done by exposing/drying soil to sun light for 

successive five to six days only. We are keeping this technology very 

simple so that other farmers can use it in their own field.  About 100 gm 
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of root trap culture containing mycorrhizal spore were added in the 

potter containing twenty to twenty-five wheat seeds. The potters were 

kept in green house and watered regularly. The growth characteristics 

like height, length of head, number of grain per head were monitored in 

between control and mycorrhizal spore added potter.  
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Growth of Wheat seedlings in control and mycorrhizal spore 
applied potter. 

In the photograph we can easily observe difference in growth vigor. 

(Left side Potter is of Control and Right side is of Bio fertilizer applied). 

As mentioned earlier the growth parameters like height, Length of head 

and number of seeds per head were compared with control and fertilizer 

applied wheat plant. 



37 

Table 1: Effect of Mycorrhizal treatment on growth of Wheat Plant
 

 
Total Plants 

Studied 

(20 Plants) 

Height of 

Plant (in cm) 

Length of Head 

(in cm) 

Number of 

Seeds per  Head 

1 105 15 70 

2 103 16 72 

3 95 12 65 

4 98 13 70 

5 101 13 70 

6 97 14 69 

7 98 12 67 

8 94 13 62 

9 102 15 74 

10 97 12 71 

11 96 13 67 

  12 99 14 66 

13 93 12 62 

14 99 13 65 

15 96 14 71 

16 102 14 70 

17 101 13 69 

18 97 12 68 

19 102 13 69 

20 95 13 71 

Mean 98.5 13.3 68.4 
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Fig: Photographs showing mycorrhiza bio fertilizer treated wheat 

plant, head and Wheat grains 
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Table 2: Effect of Non-Mycorrhizal treatment on growth of Wheat 

Plant (Control) 

 
Total Plants 

Studied

(20 Plants) 

Height of 

Plant (in cm)

Length of 

Head (in cm)

Number of 

Seeds per Head.

1 55 10 45 

2 45 10 42 

3 42 09 35 

4 56 10 42 

5 50 12 43 

6 51 11 44 

7 52 10 43 

8 54 13 41 

9 55 12 42 

10 58 12 45 

11 60 13 45 

  12 64 12 43 

13 60 13 43 

14 61 11 41 

15 67 13 42 

16 64 13 50 

17 59 12 49 

18 58 11 48 

19 61 12 49 

20 70 13 42 

Mean 57.1 11.6 43.7 
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Fig: Photographs showing non-mycorrhizal treated wheat plant, 

head and Wheat grains (Control) 
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The results of effect of mycorrhizal bio fertilizer on growth of wheat

plant are shown in above table no. 1 and 2.  The growth parameters like 

height, Length of head and number of seeds per head were compared.

The results obtained shows significant difference in height, length of 

head and number of seeds. The average height of wheat plant in fertilizer 

applied pots were more i.e. 98.5 cm as compared to non-applied pots i.e. 

57.1 cm. The average   length of head were found to be 13.3 cm as 

compared to 11.6 cm in control. Similarly, average number of seeds in 

fertilizer treated plants were found to be higher i.e. 68.4 seeds per head 

as compared to average in control plants i.e. 43.7 seeds per head. Overall 

these obtained results shows that mycorrhizal spore application to crop 

plants increases its productivity. In case of our in-vitro study, height, 

length of head and number of seeds per plants were found to be greater

as compared to control plants. From this study we conclude that the 

mycorrhizal bio fertilizer prepared in the current research project is more 

effective in increasing productivity of wheat plant. In this regards we 

needs to perform some more field studies to obtain more and more data 

in support to the bio fertilizer prepared.   

Root Colonization Studies on Wheat Roots: 
In order to increase growth and productivity of crop, the applied 

mycorrhizal spores needs to colonize wheat roots. Therefore, root

colonization studies were performed to see colonization of AM fungus 

on wheat roots. Wheat roots from the potter were cutted in to small pieces 

of about 1.00 cm length. Fine roots were fixed in the formalin acetic acid 

alcohol solution (90:5:5) after washing thoroughly, roots were 

autoclaved in KOH solution for 45 minutes (10 per cent), cleaned in 

distilled water and neutralized with HCl (2 per cent) and stained in lacto

phenol trypan blue (0.05 per cent). The stained root segments were 

placed on clean glass slide and observed under stereo zoom and binocular 

microscope (Labomed make). The observed root segments have shown 

positive mycorrhizal colonization for AM fungus. The root segments 
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showed presence of vesicle, arbuscule and many filaments of coenocytic 

mycelium. The positive colonization of AM fungus on wheat root 

segments might be responsible for increased in absorption and 

productivity of crop.  
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Root Colonization on wheat roots showing coenocytic mycelium, 

Vesicle and Arbuscule 
 

Mass Multiplication of Mycorrhizal Culture for production of cost 
effective Bio fertilizer: 

For mass production of mycorrhizal bio fertilizer three host plants 

namely Maize, Bajara and Tomato are used in green house experiments.

Root trap culture experiments were conducted using these plants as per 

the experiments designed by James Dsouza (2019) and Stutz, J. C., & 

Morton, J. B. (1996).  The inoculum of mycorrhizal spores were obtained 

from rhizosporic soil and roots segments of Maize, Bajara and Tomato 

from earlier rounds of experiments are used for root trap culture 

multiplications. Roots are chopped / cut into pieces (1 cm), and placed 

at a depth of 5 to 8 cm in 16 no potter containing sterilized soil. Surface 

sterilized seed of Maize, Bajara and Tomato were densely added in the 

pots. The pots were kept in green house and watered regularly. After 

two months of growth in pots suddenly watering were stopped and the 

potters are subjected for starvation. Adverse condition given at the end 

will develop maximum number of spores in the potter.  
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Experimental set up of root trap culture for Mass production of 

Mycorrhiza Biofertilizer in Green House 

Harvesting of Root Trap Content, Processing and Packing for 
distribution to farmers. 

 After two months of growth in green house, the content of potter 

having mass of soil, root biomass were taken out. The soil content and 

root segments were chopped in to small pieces. The content thus 

obtained was then sieved using stainless steel sieve to obtain uniform 

soil particles. Obtained sieved soil content were later mixed with 
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vermicompost material in the ratio of (3:1). It is said that vermicompost 

maintains good status and longitivity of mycorrhizal spores in storage 

condition. Thus prepared mass of bio fertilizer containing mycorrhizal 

spores (Approximately 400 to 500 per 100gm) were weighed 750 gm, 

using electronic balance; packed and sealed using a sealing machine, in

polythene bags. These bags containing mycorrhizal bio fertilizer were 

distributed to farmers by organizing a special workshop sponsored by 

SRTMUN and RGSTC Mumbai. 
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Mycorrhizal Bio fertilizer Preparation from mass of root trap 

culture and its packing in to Polythene bags  
(Each bag Contains 750-gram Bio-fertilizer) 
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Report of Workshop on 
Mycorrhizal Bio fertilizer for Farmers 

One-day workshop sponsored by Swami Ramanand Teerth 

Marathwada University Nanded and Rajiv Gandhi Science and 

Technology Commission Mumbai for farmers was organized by 

Department of Botany, Microbiology and Biotechnology at N.E.S. 

Science College Nanded. The main purpose of workshop was to 

distribute the prepared mycorrhizal bio fertilizer to farmers and to give 

orientation about production of technique of similar type of bio fertilizer 

at their own farm without any cost or at low cost. Around 65 to 70 

farmers have participated for the workshop. The programme was 

inaugurated by well-known mycorrhizal scientist and key note speaker

Prof R. M. Mulani former Director School of Life Sciences, and Ex-

Registrar  Swami Ramanand Teerth Marathwada University, Nanded.  

While giving key note address Prof R. M. Mulani told about the 

importance of mycorrhiza in sustainable agriculture. He has also given a 

brief orientation about production and large scale culturing of  

mycorrhizal bio fertilizer in the farm itself. The organizing secretary  Dr. 

D. M. Jadhav has given information to farmers about the use of prepared 

mycorrhizal bio fertilizer under the SRTMUN-RGSTC sanctioned

project. During workshop Principal and President of programme  Prof. 

D. U. Gawai  assured farmers about availability of college research 

laboratories and facilities to solve problems of farmers of this region. 

Head of Department Prof. B. D. Gachande also guided and appealed 

farmers to participates such programmes organized by the department in 

future. Dr. V. R. Marathe conducted the entire programme  very nicely 

and Dr. P.G. Paul expressed vote of thanks. Other faculty members Dr. 

A. T. Shinde, Dr. Mrs. P.S. Borkar, Dr. V. B. Chavan, Mr. Sunil Darne, 

Mr. Sachin Shinde, Mr. Rukamaji More, Mr. Pankaj Hingmere, Project 

assistant Mr. Sandeep Kanshette, other departmental staff including Mr. 

B. K. Satare, Mr. Bhagwan Deshmukh have helped for successful 

conduction of workshop. 



53 

Feedback from farmers were taken, farmers have expressed their 

happiness about the organization of programme by the department, 

finally the workshop was concluded by serving lunch to all farmer 

participants.  

 
 

 

Registration of Farmers for Workshop on Mycorrhizal Bio 
fertilizer 
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Inauguration of Farmers Workshop on Mycorrhiza Bio fertilizer By 

the hands of Chief Guest and Key note Speaker Prof. R. M. Mulani 

and Principal Dr. D. U. Gawai along with Vice Principal Dr. D. D. 

Pawar, Head of Department Prof B. D. Gachande, Governing 

Council Member Dr. A. T. Shinde, Organizing Secretary Dr. D. M. 

Jadhav and one representative  Farmer Mr. Govind Marotirao 

Hulsure 
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Felicitation of Chief Guest Prof. R. M. Mulani, President of 
Programme Principal Prof. D. U. Gawai and Farmer Mr. Govind 

Marotirao Hulsure 
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Inauguration and Release of Mycorrhiza Bio fertilizer By the hands 

of Chief Guest Prof. R. M. Mulani and Principal Dr. D. U. Gawai 

along with Vice Principal Dr. D. D. Pawar, Head of Department Prof 

B. D. Gachande, G.C. Member Dr. A. T. Shinde, Organizing 

Secretary Dr. D. M. Jadhav and Farmer Mr. Govind  Hulsure 
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Key Note Address by Prof. R. M. Mulani, Presidential Address by 
Principal Prof. D. U. Gawai and Guidance to farmers by  

Head of Department Prof. B. D. Gachande. 
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Instruction regarding use of Mycorrhiza Bio fertilizer was given by 
Organizing Secretary Dr. D. M. Jadhav; The programme was 

nicely coordinated and conducted by Dr. V. R. Marathe and finally 
vote of thanks were expressed by Dr. P.G. Paul. 
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Distribution of Prepared Mycorrhiza Bio fertilizer to Farmers  
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Expression of Positive Feedback by two representative farmers 



61 

Active participation of farmers in workshop and A group photo of all farmers 
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