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MAIN RESEARCH AREAS IPR INTRODUC-TION PROCESS

0 1 RESEARCH TRIALS & TESTING

ICROBIAL BIOSTIMULANTS

oliar and root application
Plant growth hormones, abiotic stress tolerance
, yield &quality etc.

02 INNOVATION

IMPROVE TOLLERANCE TO
ABIOTIC STRESS

() 3 RESEARCH & DEVELOPMENT

@ m
IMPROVE NUTRIENT
USE EFFICENCY

PROTECTION
BIOCONTROL 05
New actives for disease & insest control
Induced host defence mechanism
IMPROVE

CROP QUALITY

MO FERTILIZERS
itrient availability-PGPRs
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VALAGRO APPROACH TOWARDS INNOVATIVE SOLUTIONS

* Compliance with Biodiversity Act, 2002, India

* Identification of Novel Microbes

* Development of high through put screening technologies

* |nnovative Process development to demonstrate MOA through OMICS

* Unique Formulation development using novel raw materials-New Actives.
* |P Protection-Patented Technologies

QUALITY CONTROL = MANUFACTURING

IN VITRO PROTOTYPI PRIMARY OPEN FIELD

7 Vala gro
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REGULATORY COMPLIANCE- BIO DIVERSITY ACT, INDIA
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Form |- Access &Benefit Sharing
Form Il- Transfer of research
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COLLECTION OF RHIZOSPHERIC SOIL SAMPLES FROM
DIFFERENT CROPS

Date of .
Strain Code strams Isolation Crop Village

Figure: A-Rhizosphere soil samples of all the crops; B and E- Chilli, C-
Turmeric, D- Onion, F- Cowpea, G- Tomato and I-Garlic from Dharmaram
village, Karimnagar; H-Fenugreek from Shamirpet village, Warangal; }-

Paddy from Kadaverugu village, Warangal and K- diseasgd c@%gro
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Isolation of Soil Microbes by Serial dilution Purification of Soil
Technique Microbes

Sample to

1 ml be counted

Dilution —=
1 mil 1T ml 1T mil 1 mil 1 ml

‘H" M M h1 3
4 ofom o
oy g0

I
1/10 1/100 1/10* 1/10% 1,r1n5 1/10°

(10°") (103 (1073 (107" (107%) (1079
Plate 1-ml samples

g G O =@ DED

17 2 0

Too many colonies colonies colonies colonies
colonies

tocount 159 x 10° = 1.59 x 10°
Plate Dilution Cells (colony-forming
count factor units) per milliliter of Strictly
original sample confidential
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Strain Code

Isolates Crop

Village Number of isolates from different villages

Indrakaran Dharmaram § Komaramvelly
B Mizoram ® Kasipur ¥ Julkal
HYelawarthy #®Kojjaguda ®Mekavanampally
Ramanthapur Cheryal Shamirpet
Kadiri
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THE NEED TO EXPLORE...

The knowledge on the benefits of Microbials is constantly improving
(consistent increase of research papers)...

Less is known about their “mode of action”...
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Generally,
about 2-5% of

Rhizosphere bacerz Plant Growth Promoting
Microbes

Direct plant .
cCt pia Indirect plant growth
growth promotion
prorpot_iOL_, )
Nutrient Solubilization
1.Nitrogen fixation2.Phosphate Plant protection
solubilization Qo . .
_ o _ 1.Antibiotic production 2.Hydrolytic
3.Potassium Mobilization 4.Zinc enzymes production

Solubilization 3.Siderophore production 4.Induced

Phytohormone production Systemic Resistance
1.Auxins 2.Gibberellins 3. Ethylene 4. 5.Exopolysaccharide production
Abscisic acid ) y
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MECHANISM OF P SOLUBILIZATION BY SOIL MICROBES

EPS produced by PSB hold free P rom [0 pm— Indirect dissolution of Ca-P compounds
insoluble phosphate in the medium ' ’ u“ (orzanic P compounds)

Mincralization of organic P

- H" excretion accompanying
by hactenal enzymes ;

the deercase in pll

H, (H"+ NH,"),
{NH; - N}, H;CO_n HES

> G

Exceretion ol organie acids which chelate mineral .
. . . . Strictly
ions or drop the pH to bring P into solutivn confidential
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- KM
fixati PSB B ZSB
Strain on Strain |(mm| Strain Strain | (m
oy ) (m m)
m)
VMC30/269]| 26.67 [VMC30/232[12.67| VMC30/310 | 17.5 [VMC30/307| 20
vMC30/238| 26 |[vMC30/273] 10 | vMC30/271 [16.33|VMC30/303| 17
VMC30/344| 25 |VvMC30/307| 10 | VMC30/303 | 15.5 [VMC30/310| 16
3\(’)';’_'3%'8 23.33 |VMC30/216| 9.33 | VMC30/270 | 15 [VMC30/198|17.67
VMC30/232| 22.67 [VMC30/304] 8 | VvMC30/307 | 15 |[VMC30/304[15.67
VMC30/216| 22.67 [VMC30/303] 5.5 | vMC30/232 |14.67|VMC30/366| 16
VvMC30/333| 20.67 [vMC30/333] 5 | VvMC30/289 [14.33|vMC30/371| 20
VMC-
VMC30/322| 19.5 | o0 ;| VMC30/340 | 10 | 00 500110.33
VMC-
VMC30/310| 19 30403 | 7.67 | YMC30/198 (19.33f 30 42q| 11
VMC-
VMC30/335| 18 | 35,404 | 11 | vMc30/260 | 12
VMC-
VMC30/307| 165 | 5027 8 | ymc3on72 |16:33
VMC-
VMC30/240| 16.33 | 34395 | g.33 | vMc30/273 | 12
VMC-
VMC30/303| 15 S0/a60 | 8.67 | YMC30/304 |
VMC- VMC- "
30/311 20 30/462 9 | vMC30/359
VMC- -
30/475 9 | VMC30/366
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30/476 | 9 |vMmc3o/369 |12:67
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Ammoni
Strain a
(ppm)

> ax
F

Sideroph

Strain ore
(mm)
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Strain

~ Control VIMC-240  VIMC-243  VIMC-245 VIMC-248  VIMC-251  VIMC-254

S ETET Y TN I8 &
e PN

Control VIMC-258 VIMC-259 VIMC-261 VIMC-262 VIMC-263 VIMC-264

-

! S Y 1 i | VIMC-271
' G a . Starch hydrolysis
20
Amylase -
15 -
e 10
: D
) 5 D
C
(@]
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S N G N QNN i\ CMC degradation
C
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COHW vimcC-243 VIMC-250 VIMC-259 VIMC-265 VIMC-267 VIMC-270 VIMC-272 vimc-274

S wb e e

VIMC-278 VIMC-281 VIMC-284 VIMC-285  VIMC-286 VIMC-287  VIMC-288  VIMC-289

o e -y

Control

Siderophores-Fe
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SCREENING FOR MULTI PGP TRAITS

P- K- Zn- Siderophor IAA
Strain code N-fixation solubilizati solubilizati solubilizatio e productio

on on n production n

iomy "9 oy S o S om %% om o

VMC30/29 10.00 2.11 - - - - 2.67 1.20 32.38
VMC30/46 24.33 4.04 - - 3.00 1.64 6 138.57 2.05
VMC30/55 15.33 2.92 - - 5.67 1.81 18.00 450.00 13.00 1.71
VMC30/61 11.00 238 2.00 1.18 6.00 2.20 18.67 400.00 11.00 1.85
VMC30/166 13.67 2.86 - - - - 6.67 3.30
VMC30/195 24.67 3.64 3.00 1.33 - - 10.00 157.89
VMC30/196 10.33 2.35 9.67 2.38 11.84
VMC30/229 6.67 180 14.67 3.60 12.00 343 8.33 244 18.67 1.88 19.73
VMC30/232 22.67 4.09 12.00 3.11 31.00 4.14 467 1.83 - - 10.97
VMC30/216 22.67 383 400 190 333 181 - - 1467 1.72 10.65
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Internal criteria
fixed for Selection
v N-fixation-
10mm
zone,
v P-solubilization
-5mm,
v K-solubilization-
10mm,
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siderophore-
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MOLECULAR CHARACTERIZATION STUDIES

= il
o

.}f

Rhizospheric S-D-il
High-throughtput sequencing
of amplified 165 rAMNA genes

120

Data processing, quality control
nd analysis using bioinformatic tools MCEI BLAST

xcelris

An Abellon company

130
GAT AAATCTGGTCTTATTTCC

DMA isolation
from sample

Y

(Reference based approach)

(Diversity based approach)

PCR amplification
of bacterial 165 rENA gene

110l

Kingdom

16SrRNA gene
amplification

il 1 73 el e ]

-u—------v-ﬁ--"
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M-1 kb DNA
ladder

1-
VMC30/240
2-VMC30/234
3-VMC30/217
4-VMC30/210
5-VMC30/235
6-VMC30/215
7-VMC30/212
8-VMC30/207
9-
VMC30/198
10-
VMC30/262
11-
VMC30/235
12-
VMC30/263
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NBA APPROVED STRAINS
Taxonomic NCBI NCMR

designation Accessio | Accessio

Nn Nos. n Nos
VMC30/

VMC30/
29

166

vmcso - [ A\ R o vmeso
4% N e | _ 195
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55 -‘: i I ] . : i
/ W o ol i ; ) . I
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Metabolomics

\ L] .-}J.,l,h_t

- | Loy g 2o
- 1 ra e tae
- I . E0)
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Genomics . il

.

£y,

~N Metabolic profiling
C Pe. | 4,
| I = —= °
%“ N T Ti= = |, /%1/
g Z R

Transcriptomics

~N
_J

Comprehensive
assessment

NG
&o\e&
'ag
S
Proteome or
proteins function

Proteomics

Protein

Peptides

Skl @* A S 8

Protein
identification

strategies )

MS/MS

gg — VMC30/55_Bacillus subtilis
T4 |1 Bacillus subtilis subsp. subtilis_NC_000964.3

66 |L Bacillus amyloliquefaciens DSMT_NC_014551.1
VMC30/166_Bacillus licheniformis

100 L Bacillus licheniformis ATCC 1458_NC_006270.3

VMC30/61_Bacillus amyloliquefaceins
— YMC30/195 Bacillus pumilus

qg [— VMC30/46_Bacillus pumilus

541~ Bacillus pumilus strain SH-B9_NZ_CP011007 1
100 [ VMC30/229_B .oceanisediminis
Bacillus oceanisediminis 2691 NZ CP(0155086.1

g1

100 [VMEHWEE_BaniIIus simplex

Bacillus simplex strain SH-B26_NZ_CP011008.1
T —— VMC30/196_Bacillus megaterium

100 = Bacillus megaterium NBRC 15308 = ATCC 14581_NZ_CP009920.1
100 — VMC30/232_E homaeche
L NZ CP017179.1_Enterobacter hormaechei

002

— g2 r VMC30/216_p.putida
[[P.p.ltida_NCﬂﬂEQ-ﬁ.d
100 |_|_ VMC30/218_P putida
9 |VMC30/209_P putida
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WHOLE GENOME SEQUENCING
New approach for IP Protection

[ OrF
BLAST blast P, putida GB-1
BLAST blast P. purida BIRD.1
| BLAST blast P. putida NBRC 14164
B GC content
B GC skews
B o skew-

P Genomic islands
Antimicrobial molecule

~ biosynthetic genes
=~ - Partial safracin
0 biosynthetic genes

Novel fatty acid
biosynthetic genes

i vy

Pseudomoenas putida W150ct28 l
6,331,075 bp Pyoverdine
biosynthetic genes

Putizolvin biosynthetic
genes

Putative type IV
secretion system
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OMIC Studies

Mathematical modelling
* Data integration
* Predictive models

Gene expression
+ (Meta)transcriptomics
* (Meta)proteomics

Genetic variation
+ Plant root exudates
+ Bacterial metabolism

Metabolic profiling
* Metabolite exchange
+ Bacterial recruitment

Plant growth in
normal rhizosphere

Plant growth in inoculated
rhizosphere

configgri%% @ Val agr 0 :

Where science serves nature



OD@600NnMm
— r
— [ ) wn
1 1 1 ]

o
(g}
|

Growth curve

studies
VMC 30/29

=

.
SR

Logdh

Log0

Log2h Logh

ngsh

Different log intervals

L
o . .
.
s o o
+

Log24h Log30h

logbh Log8h Log16h Log24h Log32h Log40h Log48h

Log48h

VMC 30/195

1.80E+09 1.6
1.60E+09 1.4
1.40E+09 1.2
1.20E+09 1
1.00E+09

8.00E+08 0.8
6.00E+08 0.6
4.00E+08 0.4
2.00E+08 0.2
0.00E+00 0

0 2 3 4 5 6 7 8
- CFU/m| — absorbance
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Growth curve studies of 10 strains at flask level fermentation

Growth curve experiment of efficient strains

2.5
2 —
E m Log O-
[=]
S 1.5 - mlog 4
|G3]
(] mlLog 8
s g
1 4 H Log 24
d i
0.5
M Log 48
O -
WMNIC WMNIC WMNIC WMNIC WMNIC WMNIC WMNIC WMNIC WMNIC WMNIC
30/29 30/46 30/55 30/61 30/166 30/195 30/196 30/216 30/229 30/232

Samples of ten different strains at different time intervals
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Media and Inoculum optimization studies for Bacillus simplex

Microbial count cfu/ml

Wet biomass g/L

NBG MNB BSM TYM

Time
intervals 1% 10% 1% 10% 1% 10% 1% 10%

LogO+ 6.80E+06 | 9.80E+07 | 6.75E+06 | 1.25E+08 | 7.55E4+06 | 1.11E+08 | 9.60E+06 |8.55E+07
Log 8h 4.25E+08 | 6.23E+09 | 5.95E+08 | 4.50E+10 | 2.40E+08 | 3.20E+09 | 5.10E+09 | 2.01E+10
Log 16h | 6.55E+09 | 8.60E+08 | 9.35E+09 | 2.35E+09 | 6.65E+08 | 2.60E+08 | 1.42E+10 | 7.25E+09
Log 24h |2.25E+10 | 3.50E+09 | 3.70E+10 | 6.85E+09 | 4.45E+10 |1.65E+09| 6.30E+10 |4.05E+10
Log 32h | 3.70E+09 | 2.30E+09 | 7.95E+10 | 8.30E+09 | 4.05E+10 | 9.50E+08 | 1.53E+11 |1.00E+10
Log 40h |3.70E+09 | 5.45E+09 | 3.95E+09 | 3.90E+09 | 2.65E+09 | 1.90E+09 | 3.80E+10 | 9.60E+09
Log 48h | 3.70E+09 | 5.45E+09 | 1.00E+09 | 5.00E+08 | 1.65E+09 | 1.40E+09 | 9.50E+08 | 1.00E+09

Wet biomass of Ba:

cillus simplex in different media at different log intervals

W Log 8h

ElLog
16h

I Log
24h

H Log
32h
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v 2 '
T Z\j €.
N \ /(' >
SET UP best conditions for growth T < .
KINETIC parameters s L S l( ‘{.
Medium Depending on strain
Inoculum (L) 1
Medium Volume (L) 9
Temperature (°C) 30
Dissolved Oxygen (%) 80
Stirring (RPM) 110
Air (L/min) 10 lpm

confiﬁterri%% @ Val agr 0®
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VMC 30/196

LN (X/X0)

Yield data need to be confirmed on a bigger scale

Strictly @ V ’ ®
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Large scale fermentation-1 KL
- wacsoe

Date Time Sampling Turbidity pH \éi‘::)r::
(M/D/Y) (H:Mi) (Hr) (OD600) (Cells/ml)

Pre - seed culture

14L seed inoculum

1000 L fermentation

configgri%% @ Va’ agr 0®

Where science serves nature



A

Liguid formulation studies

Formulations Microbial count
0 Days | 30 Days | 60 Days | 90 Days | 120 Days | 180 days
Sucrose 2% 5.20E+09 | 2.35E+07 | 1.05E+07 | 5.50E+06 | 3.05E+06 | 6.50E+06
Glycerol 2% 2.29E+09 | 2.80E+07 | 2.75E+06 | 1.40E+07 | 8.15E+06 | 1.20E+07
Glycerol 10% 3.55E+08 | 3.10E+07 | 2.05E+06 | 6.30E+06 | 5.50E+04 | 1.00E+04
Glycerol 20% 1.00E+09 | 1.40E+07 | 7.00E+06 | 2.00E+04 | 1.45E+04 | 2.15E+04
PVP 2% 2.38E+09|1.11E+08 | 7.90E+07 | 1.06E+09 | 1.52E+08 | 1.74E+08
PEG 2% 1.42E+09 |6.85E+07 | 2.10E+07 | 7.05E+07 | 4.40E+07 | 5.05E+07
Starch 2% 2.30E+09 | 7.95E+07 | 3.05E+07 | 2.40E+08 | 2.13E+08 | 1.12E+08
Buffer solution alone |2.22E+09 | 1.49E+08 | 7.10E+07 | 8.05E+07 | 1.80E+07 | 1.95E+07
Sterile Distilled water | 1.60E+09 (9.80E+07 | 7.80E+07 | 1.39E+09 | 2.72E+09 | 8.85E+08
Culture broth 1.75E+09 | 1.80E+07 | 1.10E+07 | 3.85E+06 | 8.40E+07 | 5.80E+06

Microbial count (CFU/ml)

Shelflife studies of VMC30/195

1.00E+10
1.00E+09
1.00E+08
1.00E+07
1.00E+06 H 0 Days
1.00E+05 = 30 Days
1.00E+04
1.00E+03 60 Days
1.00E+02 90 Days
1.00e+01 = 120 Days
1.00E+00

Sucrose Glycerol Glycerol Glycerol PVP 2% PEG 2% Starch 2% Buffer Sterile  Culture = 180 days

2% 2% 10% 20% solution Distilled broth

Liquid Formulations

alone

water

Microbial count CFU/ml

1.00E+12
1.00E+11
1.00E+10
1.00E+09
1.00E+08
1.00E+07
1.00E+06
1.00E+05
1.00E+04
1.00E+03
1.00E+02
1.00E+01
1.00E+00

Shelf life studies of VMC30/232

2% Glycerol

Culture
broth

Buffer
solution +
broth (1:1)

2% PEG

Liquid Formulations

Stabilizers tested

Buffer solution

g/L
Sucrose 2%
Glycerol 2% NaCl  ----- 8
Glycerol 10% KH,PO, ----- 2
Glycerol 20% [((o! R — 2
PVP 2% Na,HPO, ----- 2
PEG 2% pH - 6.9
Starch 2%
Buffer solution
Sterile Distilled water
Culture broth

Strictly

confidential

m 30days

W 60days
90 days

m 120 days
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High-throughput, multi-spectrum image analysis to detect morphometric and
physiological parameters

* UV (fluorescence): to analyze the
photosynthetic efficiency

Phenomics * Visible - RGB: morphology,

architecture, digital biomass,
green and yellow index

* NIR (Near Infra-Red): plant water !
content e ®

OUTCOME [] Phenotype characterization of nutritional, hydrological, physiological state of plants

High throughput
Image analysis

In-house HTS phenomic system for model plants

confiﬁterri%g @ Val agr 0$
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High-throughput, multi-spectrum image analysis to detect morphometric and
physiological parameters

Phenomics

High throughput
Image analysis

https://www.youtube.com/watch?v=xj3-r9sjyZM

In collaboration with ALISA,
Metapontum

confiﬁterri%% @ Val agr 0®
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https://www.youtube.com/watch?v=xj3-r9sJyZM

PRIMARY
SOREENING Controlled On Field

environment testing
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MYCORRHIZA-NOVEL FORMULATION

PROTOTYPING

REALIZATION
OF THE BEST

PROTOTYPES

Spore count by _
Testing wet sieving Testing on Root

. method and ' - -
Different sorghum by Soill colonisation

! microscopic S
formulations T application
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MYCORRHIZA
Mycorrhizae: HOW IT WORKS

1. The spores of mycorrhizal fungi germinate after receiving the chemical signal from the roots

2. Endomycorrhizal Fungi colonize the intercellular spaces of roots
3. The Arbuscular Mycorrhizal Fungi (AMF) disseminate through the growth of hyphae inside the roots and soil

Myc Factors Fungal hyphaa

w In'r | ) Penetration (\r\g
fﬁ? |III ..’: A

pay

Arbuscules

“ ﬁ: c—.J’J'-_--:} I|' ;-f
o u| o o]
o o r *ﬂ o 9N o I’:
o] 4] 0 & o o +
%‘\ o1 o o o o X [+
Plant Root Cell Cell Nucleus {Source: G. Oldroyd)
Endomycorrhizae: <th Endomycorrhizaa: Endomycarthizasa:
magnification of . datailad magnification of
structures Arbuzoulas

B (Photo: M.
Amaranthus)

sporas
ovoid (vasiclas)

and branghad
{Arbusculas)
{Phota: J. Daacon)

(Phato: . Bécard] |
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Treatments (45 Average | Average | plant wet
DAT) Root Shoot |biomass/p
length length lant
F1(A)-250
spores/g 8.00 23.67 0.84
F1(B)-166
spores/g 12.00 27.33 0.56
F1(C)-100
spores/g 16.00 37.00 1.80
F2(A)-300
spores/g 9.67 15.33 0.96
F2(B)-200
spores/g 8.33 17.67 1.24
F2 (C) -150
spores/g 18.00 47.00 2.14
% of % of
% of Arbuscule spore ||
Treatmen | colonizat | colonizatio | colonizati Spore
ts ion n on count [
F1(C)-100 o |
spores/g 100% >8.00 32 163 B
F2 (C) ||
-150 100% 66.00
spores/g 40 779
F2(D)
-120 100% 57.00
spBdssy ropt biomass opserved in F2(D)120 ZPpore/gm corii@0ed tg
S aeoRIERIEtdr 4510AMos, 29 0N 7 0N% 15
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