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Traditional organic farming practices are beneficial but in most of the cases the
science behind it is not well understood. The aim of present study was selection of
grassroots practice from SRISTI database and its validation for crops growth
promotion. Formulation was prepared and studied for their microbial content and
growth. Results showed maximum bacterial population as compared to fungi and
actinomycetes population. Five bacterial isolates showed phosphate solubilizing
activity and these isolates were further studied as bioinoculants for Zea mays L.
growth in pot experiment. Seed bacterization with isolate F7B1 (T4 treatment)
showed maximum plant height (52.44%) and fresh biomass (202.08%) after 15"
days of sowing as compared to other treatments.

Introduction

India has a large informal economy. The
informal sector is viewed as a source of low
technological and labour-intensive
employment and has never been considered
an area of innovative activity. India is the first
country to recognize the innovative ability of
the informal sector and to develop and
support innovations of the Grass roots.
Research on innovative activity at the
grassroots level has been performed mainly
by the scholars involved in the grassroots
innovation (GRI) movement in India.
Sadbhav- SRISTI  Sanshodhan  Natural
Products Laboratory is one of its kinds to
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bridge the gap of informal and formal
knowledge by validation and value addition in
them for product development
(Ustyuzhantseva, 2015). SRISTI has scouted
many practices since 1993 and has a large
database of more than 50,000 grassroots
innovations and traditional knowledge, many
of them are available in public domain for the
benefit of  farmers  (www.sristi.org.;
http://www.sristi.org/hbnew/honeybee_databa

se.php).

Panchagavya, an organic formulation
containing cow dung and cow urine in
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addition to cow milk, ghee and curd, has been
reported as an efficient plant growth stimulant
(Naik and Sreenivasa, 2009). It has been
reported that the Effective Micro Organisms
(EMO) in Panchagavya are the mixed culture
of naturally occurring beneficial microbes:
mostly lactic acid bacteria (Lactobacillus),
yeast (Saccharomyces), Actinomyces
(Streptomyces),  photosynthetic  bacteria
(Rhodopsuedomonas) and certain  fungi
(Aspergillus), which promote the growth and
yield in different crops (Xu, 2001;
Swaminathan et al., 2007). Plant growth
depends on many nutrients and phosphorous
is a limiting macronutrient for plant growth.
Phosphate-Solubilizing  Bacteria improve
plant growth, yield and phosphorus content in

several crops, and may be used as
bioinoculants to  enhance  sustainable
production. The phosphate solubilizing

bacteria may present several plant growth
promotion traits, such as P solubilization (by
acidification or phosphatase production), or
the production of Indole-3-acetic acid (IAA)
and siderophore (Viruel et al., 2014).

The objective of this study was to establish
scientific basis for the grassroots practice
used by the innovator to achieve better growth
and yield of crops. The main objectives were:
(1) Preparation of formulation based on
innovator’s methodology (2) Microbial type
and population study from formulation (3)
Screening of isolate for their phosphate
solubilization property (4) study of phosphate
solubilization positive isolates as
bioinoculants for Zea mays L. growth under
pot experiments.

Materials and Methods

Innovator’s methodology

Mr. Devshankar bhai Purnashankar bhai
Pandya (Innovator) prepares a mixture by

using 20 litres of cow urine, 10 kg of cow
dung, 10 litres buttermilk, 5 kg Jaggery, 5 kg
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soil from Ficus tree and 5 kg of gram flour.
He mix all these ingredients and keep it under
the shadow of Ficus tree for one week for
natural fermentation. Then filter it and uses
the solution with drip irrigation and spray the
solution twice in a week on various crops and
vegetables. We prepared the mixture and kept
in a container for 7 days. Samples were
withdrawn at 0 day and 7" days from the
mixture.

Isolation of microorganisms from mixture

Sample was studied for their microbial type
and population. Serial dilution techniques
were used for the isolation of bacteria, fungi
and actinomycetes in their standard respective
media. Bacteria was isolated in Petri plate
containing nutrient agar medium, fungi in
petriplate containing potato dextrose agar
medium) and Actinomycetes in Petri plate
containing actinomycetes isolation agar
medium. Numbers of colonies obtained on all
these agar plates were counted and their
colony characteristics were recorded (Pandya
etal., 2014).

Screening of isolates for
solubilizing activity

phosphate

All isolates from 0 day and after 7 days of
natural fermentation were screened for their
phosphate solubilizing activity on
Pikovskaya’s agar medium (Pikovskaya,
1948). The plates were incubated at 28°C for
3-5 days. After incubation the phosphate
solubilizing microorganisms were selected
based on the area of zone of clearing around
the colonies.

Staining and non staining (KOH) method
for determination of gram reactions of
bacteria

The direct observation of selected isolates
was served as the first characterization
comprising the size, shape, margin, elevation,
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opacity, and pigmentation on nutrient agar
medium (Zinniel et al., 2002). Each isolate
was subjected to Gram stain and 3% KOH
test for determination of gram reactions
(Suslow et al., 1982).

Effect of PSB isolates on growth promotion
of Zea mays L. under pot experiments Seed
bacterization

Maize seeds were washed five times with
sterilized distilled water. Seeds were coated
with 1% carboxymethyl cellulose (CMC) as
adhesive. Then, seeds were treated with
bacterial cultures for 30 min. Each bacterial
strain  was inoculated in 150 ml flask
containing 60 ml of pikovskaya’s broth
medium and incubated at 28 + 1°C for three
days. An optical density of 0.5 recorded at A
535 nm was achieved by dilution to maintain
uniform cell density (10%-10° CFU/mI)
(Gholami et al., 2009).

Seed germination

A daily record was maintained of seed that
had emerged out of the surface of soil was
kept. Recording of germination was
continuing for 7 days. Under germination
parameters: daily total, cumulative total,
cumulative germination percentage, peak
value, germination speed, germination
percentage and germination capacity were
calculated (Abdul-Baki and Anderson, 1973).

Study of biomass enhancement after 15™
DAS (Days after Sowing)

Treatments included: (T1) Water control (T2)
1% CMC (T3) FOB1 (T4) F7B1 (T5) F7B3
and (T6) F7B5 and (T7) F7B8 respectively.
The experiment was set in a randomized
block design (RBD) and three replicates were
taken for each set of the experiment.
Irrigation was carried out every day with
distilled water. Three plants were randomly
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selected from each treatment and the mean of
two plants was used as one replication. Plant
height (cm) and fresh biomass (g) of each
plant were recorded after 15" DAS (Tank and
Saraf, 2008).

Statistical analysis

All experiential data were calculated for
Means and standards error by using Microsoft
(MS) excel.

Results and Discussion

Microbial diversity from 0 and 7" day of
formulation

Total 16 bacterial colonies were isolated from
0™ day of formulation. Among 16 bacterial
isolates, 10 bacterial isolates showed the
pigmentation of different colors (Table 1).
Maximum numbers of colonies were observed
for FOB15 (10 colonies) followed by FOB14
(6 colonies) and FOB11 (5 colonies). After 7
days of formulation, microbial diversity was
studied for microbial count. Eight bacterial
isolates were obtained (Table 1). Total four
types of fungal colonies were observed at O™
day of formulation. The total counts of fungal
isolates were 5x10* CFU/mI. After 7" days of
formulation, sample was withdrawn and
studied for diversity of fungal isolates on
PDA plates. Only one type of fungal colony
was observed having1x10® CFU/mI (Table 2).
Two types of actinomycetes were recorded on
0" day of formulation having 1.3x10°
CFU/mI. After 7" days of formulation, total
five types of actinomycetes were observed
having 1.6x10° CFU/ml (Table 2).

selected

Phosphate  solubilization

isolates

by

All isolates were screened for their phosphate
solubilizing activity on Pikovskaya’s agar
medium. Results shows that all the five



Int.J.Curr.Microbiol.App.Sci (2017) 6(4): 501-510

isolates were P solubilizer and they showed
clear zone after 3 days of incubation at 30 + 2
C. Maximum zone was observed in isolate
F7B1 (16+0.1 mm). Significant zones were
also recorded in F7B3 (13.3+ 0.057mm),
F7B5 (12.7+0.05mm), FOB1 (12+0.057 mm)
and F7B8 (11+0.1 mm) after 72 hour of
incubation (Table 3).

The preliminary screening for identification
of PSB (Phosphate solubilizing bacteria)
confirmed by using Caz (PO4), as sole P
source in screening media. The production of
clear zones is due to the microbes’ ability to
solubilize the insoluble tricalcium phosphate
or hydroxyapatite present in the medium (Liu
et al., 2015). Results indicated that significant
bacterial growth or P solubilization halo
zones surrounding bacterial colonies appeared
only on plates with Caz (PO4),, which was in
agreement with the reports of Barroso and
Nahas (2005), and Son et al., (2006). A large
number ofbacteria including species of
Pseudomonas, Azospirillum, Azotobacter,
Klebsiella, Enterobacter, Alcaligenes,
Arthrobacter, Burkholderia, Bacillus,
Rhizobium and Serratia have been reported to
solubilize phosphate (Kumar et al., 2012).

Gram staining and KOH test

On the basis of phosphate solubilizing
activity, only five isolates were selected for
further studies. All five cultures were
identified as Gram positive by Gram staining
as well as KOH test (Table 4).

Pot experiments

Seed germination analysis

Daily record of seed germination was carried
out for all treatments (Table 5). Maximum
germination was recorded by T4 (90%)
followed by T5 (80%), T6 (70%), T7 (70%)
and T3 (60%) as compared to water control
(T1). The maximum cumulative germination
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percentage i.e. 30.71% was recorded on 7"
day of germination. The highest germination
peak value (7.15) and germination speed (10)
was recorded on 2" day of germination and
later it was decreased. The highest
germination capacity was recorded by T4 and
T5 (90%) and least was recorded by T1 (40%)
respectively. Similar improvement of seed
germination parameters by bacteria has been
reported by Jha and Saraf, (2011). They
observed that effect of bacterial inoculants on
Jatropha seed germination at 28" DAS under
pot experiments. Gholami et al., (2009) also
reported effect of rhizobacteria on
germination, seedling growth and yield of
maize under pot experiments. They performed
seed germination assay by paper towel
method. Filter treatment with biofertilizers
showed 37% of higher germination as
compared to control reported by Bakonyi et
al., (2013). Similarly, Abiala et al., (2015)
reported inoculation of maize seeds with
bacterial isolates resulted in >95% maize seed
germination and significantly enhanced
radicle and plumule length.

Effect of bioinoculants
growth parameters

on vegetative

Maximum plant height was found in T4
(52.44%) followed by T6 (34.14%) and T7
(23.56%) in comparison with control (T1)
respectively. Maximum increase in fresh
biomass was observed in plants treated with
treatment T4 (202.08%) followed by T6
(164.58%) and T7 (147.92%) in comparison
with control (T1) respectively. The lowest
increased fresh biomass was recorded by T8
(141.672%). T2 treatment showed higher
plant height (16.76%) and fresh biomass
(102.08%) as compared to control (T1)
respectively (Fig. 1). Similarly, Hussain et al.,
(2011) reported that rhizobacterial inoculants
significantly increased maize plant height
(16%), root length (11%), shoot dry weight
(42%), root dry weight (29%) and grain yield
(33%) over uninoculated control.
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Table.1 Morphological and cultural characteristics of bacterial diversity from mixture

Sr. Type No. Morphology of Bacteria Dilution Code CFU/ml  Average
No  of of  Size Shape Margin Elevation Opacity Consiste Pigmentati CFU/ml
colon colon ncy on
y y

1 Bl 1 S R E F Opaque Buttery Cream 1000 FOB1 10000 2 x 10°
2 B2 1 S R E F Opaque  Viscus Yellow 1000 FOB2 10000

3 B3 1 B R E F Opaque Dry Nil 1000 FOB3 10000

4 B4 2 S R E F Opaque Dry L. brown 1000 FOB4 20000

5 B5 1 S R E F Opaque Dry Nil 1000 FOB5 10000

6 B6 1 B R E F Opaque  Moist L. brown 1000 FOB6 10000

7 B7 1 S R E Ef Opaque  Moist Nil 1000 FOB7 10000

8 B8 4 S R E F Trans. Moist L.brown 1000 FOB8 40000

9 B9 1 S El E F Trans. Dry Nil 1000 FOB9 10000

10 B10 1 S R E F Trans. Moist L. brown 1000 FOB10 10000

11 B11 5 S R E F Trans. Moist L. brown 1000 FOB11 50000

12 Bl12 3 S R E Ef Trans. Moist L. brown 1000 FOB12 30000

13 B13 1 B El U Ef Opaque Dry L. brown 10000 FOB13 100000

14 Bl4 6 S R E F Opaque  Moist L. yellow 10000 FOB14 600000

15 B15 10 S R E F Trans. Moist Nil 10000 FOB15 100000

16 B16 1 S R E Ef Opaque  Moist Nil 100000 FOB16 1000000

Morphological characteristics of bacteria at 7" day of formulation

1 Bl 1 B I Lobate Flat Opaque Dry Nil 100000 F7B1 1000000 2 x 10*
2 B2 2 S R Entire Flat Opaque Dry Yellow 10000 F7B2 200000

3 B3 1 B R Entire Flat Opaque  Moist Nil 100000 F7B3 1000000

4 B4 2 S R Erose Flat Opaque  Moist  Shinecream 1000 F7B4 20000

5 B5 2 S R Entire Flat Opaque Dry Nil 1000 F7B5 20000

6 B6 1 B I Entire Flat Opaque Dry Nil 1000 F7B6 10000

7 B7 1 M R Entire Flat Opaque Dry L.brown 10000  F7B7 100000

8 B8 7 S R Entire Flat Opaque Buttery Nil 1000 F7B8 70000

Note: S= small, B=big, R=round, E=entire, F=flat, Ef= effused, Trans= Transparent, L= Light
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Table.2 Morphological and cultural characteristics of fungi and actinomycetes from mixture

Time  Type No. Size Shape Margin Pigmentation Spore  Code Diluti CFU Avera
Interva  of of Diffusion ~ Mycelium on ge
I Colon colon in media CFU/
y y ml
0™ day F1 1 Small Round Filamentous D. brown L. pink L.pink FOF1 1000 10000 5x 10°
F2 2 Small Round Entire L. yellow Nil Nil FOF2 1000 2000
F3 1 Small Round Entire L. brown Nil Nil FOF3 1000 10000
F4 1 M Round Entire Yellow Nil Brown FOF4 1000 10000
day F1 1 Big  Irreqular  Repand Yellow L. blue L.blue F7F1 100 1000 1x10°
Morphological and cultural characteristics of Actinomycetes
Time Type No. Size Shape Margin Pigmentation Other  Code Diluti CFU Avera
Interva  of of Diffusion Colony  characteri on ge
| Colon colon in media color stics CFU/
y y ml
0"day Al 13 Small  Punctiof Entire L. brown Nil - FOA1 100 1300 1.3x
orm 10?
A2 3 M Round Entire L. brown Nil - FOA2 10 300
7" day Al 2 Big Round Entire D. brown Nil - F7A1 100 2000 1.6x
A2 2 M Round Entire D. brown Nil - F7A2 100 2000 10°
A3 1 M Round Entire D. brown Nil - F7A3 100 1000
A4 1 Small Round Entire D. brown L.brown - F7A4 100 1000
A5 1 Big Round Entire L. brown Nil - F7A5 1000 10000

Notes: M= Medium; L= Light, D= Dark
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Table.3 Phosphate solubilization after 72h of incubation on Pikovskaya’s agar medium

Sr. No. Name of Isolates Phosphate solubilization (mm)

1 FOB1 12+0.057

2 F7B1 16+0.1

3 F7B3 13.3+ 0.057
4 F7B5 12.7+ 0.05
5 F7B8 11+0.1

Note: All data were in triplicates and calculated as Mean+ SD.

Table.4 Results of Gram staining and KOH test analysis

Sr. No. Sample code Gram stain KOH Test
1. FOB1 Gram positive Gram positive
2. F7B1 Gram positive Gram positive
3. F7B3 Gram positive Gram positive
4. F7B5 Gram positive Gram positive
5. F7B8 Gram positive Gram positive

Figure.l Effect of PSB strains on vegetative growth parameters of Zea mays L. after15™ DAS
under pot experiments (T1= Water control, T2= 1% CMC, T3= FOB1+ CMC, T4= F7B1+CMC,
T5=F7B3+CMC, T6= F7TB5+CMC, T7= F7B8+CMC). Data for each treatment are the mean of

three observations+SE (Standard Error)
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Table.5 Daily germination count of the Zea mays L. seeds and calculation of germination parameters (T1: Water control; T2: 1%
CMC; T3: FOB1; T4: F7B1; T5:F7B3; T6:F7B5; T7: F7B8), CG% (Cumulative germination percentage).

Day Treatments (T)/Replicates (R) Daily Cumulat CG (%) Peak  Germin
T1 T2 T3 T4 T5 T6 T7 Total  ive Total Value  ation
RL RZ RI RZ RI R2 RL Rz RL RZ RL RZ RL Rz (@D (€D Speed

1 0 0 0 0 0

d o o 0 0 0O O O O 0 0O 0 0 0 O

n

2 1 o 1 2 1 0 3 3 1 2 1 2 1 2 X 20 1429 715 10

rd

3 o o o o o 1 1 1 3 1 2 0o 2 o0 9 292071 630

t

4 1 0 1 0 1 0 0O 1 0 0 0 2 0 2 8 87 2643 661

th

5h o 1 0 1 0 2 0 0 0 1 0 0 0 O 5 42 30 6

t

6 o 0o 0 0 0 1 6 ©0 0 o0 o0 0 o o 1 43 3071 5.2 0.17

th

! o o 0 0 0O O O O 0 0O 0 0 0 O - - - - -
Tol 5 1 2 3 2 4 4 5 4 4 3 4 3 4 B - - - -
Germinati

on (%) 30 50 60 90 80 70 70 . i i i i
Germinati

on 40 60 60 90 90 80 80 . . . : :
capacity

(%)
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Viruel et al., (2014) have reported that
Pseudomonas tolaasii EXb strain stimulated
seedling emergence (8%), shoot length (19%),
grain yield (44%), 1000-grain weight (18%),
total dry biomass (32%) and P content (56%)
of maize plants. Hameeda et al., (2008)
observed that increase in maize plant biomass
(dry weight) was 99% with EB 67 (Serratia

marcescens) and 94% with CDB 35
(Pseudomonas  sp.) under  glasshouse
conditions.

In conclusion this study highlighted the
cultivable natural microbial population from
Ficus tree soil as per the method of grassroots
practiced by Devshankar bhai Purnashankar
bhai Pandya. The results of this study showed
the natural enrichment of microbe from Ficus
tree soil which was having phosphate
solubilization activity. Out of five phosphate
solubilization positive isolates, isolate F7B1
and F7B3 showed maximum %rovvth
enhancement of Zea mays L. after 15" DAS
of treatment in pot experiment.
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