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ABSTRACT

Bioinoculant studies focusing on plant-microbe association hold immense importance for research in field of
agriculture and plant science. Such plant-microbe associations are amongst the most complex and beneficial
partnerships in nature. Research focused to explore favourable host-microbe relationship requires a
contamination free, non-interceptive and easily manageable system where these interactions can be studied
in real-time. Also a provision for efficient sample recovery to support a variety of analyses would be a definite
advantage. The manuscript proposes a new multi-potential plant bioassay abbreviated “ASURE” inspired by
hydroponics. ASURE is a robust system, providing a workable solution to challenges faced during in-vitro
microcosm studies. Significance of this system is its plant growth supporting design, facilitating comparative
assessment of PGPM treatment benefits to host plant while providing a closer real-time view of plant microbe
association.

e ASURE serves as a testing tool to pre-determine the efficiency of various plant friendly microbes to develop
them as future bioinoculants.

o ASURE accommodates 16 individual samples in a 12 x 12 cm space, ensures homogenous micro environment
and facilitates continuous and undisturbed (real-time) monitoring of root and shoot growth.

e ASURE enables efficient sample recovery with zero loss during harvesting and no interception from substrate.

© 2019 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Specification Table

Subject Area: Agricultural and Biological Sciences

More specific subject area: Environmental Microbiology

Method name: ASURE

Name and reference of Tube-in-tube method

original method: Mishra, N., Sundari, S.K,, 2017. A “six-step-strategy” to evaluate competence of plant growth

promoting microbial consortia. Curr. Sci. 113, 63-70. https://doi.org/10.18520/cs/v113/i01/63-
70

Resource availability: All information included in the article.

No additional resource requirement (software/hardware) No additional data.

Method details
Background

In order to identify most beneficial plant microbe combinations, researchers conduct host
inoculation studies by treating selected host plants with a variety of PGPM and assess their efficiency.
These efficacy studies were generally carried out in 3 different ways (a) in-vitro seed germination
assays (paper towel method, water agar, moist cotton based) (b) in-vitro agar slants, plastic pouches or
tray assays of max 1 week duration and (c) pot trials extending between 1-3 months in polyhouse/
greenhouse [1-10]. Based on results from above suggested methods, few studies further proceed to
field trials and propose successful PGPM isolates as probable bio-fertilizer/biopesticide/bioinoculant.
Existing systems for in-vitro studies face challenges in maintaining homogeneity, microbial inoculum
stability, managing large number of replicates and optimizing microbe’s colonization efficiency.
Moreover, method dependent variations crop at multiple stages viz.,, in maintaining sterile/semi-
sterile conditions, choice of soil/soil-like/agar/liquid substrate, feasibility to manage ample number of
replicates for every treatment, sample loss during harvest (particularly using soil/soil like substrate),
wide variation in period of incubation (ranging from 3 days to 3 months @ method used) and so on.
Such dissimilarities bring about considerable disparity in data which makes comparative assessment
and interpretation between different studies impractical and may at-times lead to false/biased
interpretations. Table 1 is a concise representation where all the positive attributes of ASURE are
presented in comparison to other plant bioassays periodically employed to evaluate inoculation
benefits of PGP microbes.

Design improvisation for bioinoculant studies

Present method is a leap ahead of earlier published research from author’s laboratory [16] where
PGP indicative parameters were studied in a tube-in-tube system exclusively for bacterial (PGPR)
inoculation. While tube-in-tube was appropriate for short term studies, it presented certain
difficulties. For fast growing hosts like Sorghum or Vigna, the maximum period of incubation can be up
to 10 days in tube-in-tube method, beyond which growing roots would face space limitation for
proper growth. Moreover, tube-in-tube can hold one plantlet per setup. As every treatment had to be
replicated to a minimum of 9 replicates, as many number of setups have to be added, increasing
chances for inter-replicate variability of in-vitro micro-environment in individual tubes. In tube-in-
tube setup, the lower edge of the tailored eppendorf touches the bottom of the outer test tube
presenting two difficulties: a) addition of more substrate causes submergence of the seed, which in
turn limits the substrate volume and caps the incubation period to 10 days max., depending on plant
host used and b) the emerging roots in tube-in-tube setup have to nudge the lower end of the
eppendorf to emerge and establish which may cause injury in young and delicate secondary roots.
ASURE circumvents all these issues. ASURE holds 16 replicates for single treatment ensuring inter-
replicate homogeneity while providing ample room for the growing roots for extended incubation
period (Table 1).
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Table 1

Positive attributes of ASURE over other plant bioassays.

Other Methods

In vitro Petri plates
(Horizontal/vertical)
based method

In vitro Tubes/bottles/
flasks based assays

In vivo Pot experiments

In vitro Hydroponics

Base Method

In-vitro Tube-in-
tube

Proposed Method
ASURE

Space for
experimental
setup-shelf/floor
area

Media and quality
control

Level of
complexity

a).9-12 cm/plate-
horizontal

12.5x12.5 x 1.5cm/
plate-Vertical
b).Accommodates
mostly 1 or at the max 2
replicates [ plate/
treatment.

a).Agar based media.
Aseptic conditions
maintained.

b).Not possible to
replenish growth
media.

c).Not suitable for long
term studies. As
incubation proceeds,
use of agar media may
give rise to unequal
accumulation of media
components and
growth metabolites.

a).Setup is simple but
becomes laborious to
accommodate
individual units for
every replicate,
particularly when large
numbers of treatments
are involved.

b).Results obtained will
be very basic, as actual
impact of plant microbe

a).1.3 cm x 10 cm; tube
1.6 cmx 15 cm; tube
2.0cmx 15 cm tube
b).Accommodates 1
replicate/tube/
treatment.

a).Either liquid or semi
solid agar media
employed.

b). Though media
replenishment possible
where liquid media is
used.

c).It may prove to be
laborious to deal tube/
flask by flask
individually and
excessive handling may
invite contamination.

a).Comparatively
laborious and difficult
to handle large number
of treatments

a).6-12 inches/pot;
15.24 cm x 30.48 cm/
pot
b).Accommodates 1
replicate/pot/
treatment.

a).Pre sterilized soil/
soil like substrate used.
No aseptic condition
during incubation. Risk
of nutrient loss due to
leaching.

b).Possibility to provide
additional nutrients /
media during watering.
c).Might invite
contamination due to
extraneous microbes,
which in turn prey
upon media &
nutrients.

a).Very laborious and
require regular
watering and leachate
management.

b).Study can be
extended even upto 4
months giving
advanced plant growth
data

c). Risk of incidence of
pests during incubation

a).10.7 cm x 10.7 x 5cm
per unit/treatment
b).Accommodates 1-15
replicates/ unit/
treatment.

a).Aseptic conditions
maintained
throughout
b).Replenishment of
media is possible
c).Higher chances of
contamination
through water/air
pipes

a).Very laborious and
require regular
watering

a).2.0cmx 15cm
per unit per
treatment

b).
Accommodates 1
replicate [tube/
treatment.

a).Liquid media
used. Aseptic
conditions
maintained
throughout.
b).No media
replenishment
done.

c). Zero
possibility of
contamination

a).Comparatively
laborious and
difficult to handle
large number of
treatments

a).12cm x 12 cm per
unit/treatment
b).Accommodates 16
replicates/ unit/
treatment.

c).Provides maximum
space economy.

a).Aseptic conditions
maintained
throughout. b).Media
replenishment can be
done as needed with
minimal intrusion.

c). No contamination
issues

d).Liquid condition
increases accessibility
of nutrients to all
replicates during
incubation.

a).Extremely easy to
manoeuvre and
practically hassle free
set up.
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Table 1 (Continued)

Other Methods

In vitro Petri plates
(Horizontal/vertical)
based method

In vitro Tubes/bottles/
flasks based assays

In vivo Pot experiments

In vitro Hydroponics

Base Method

In-vitro Tube-in-
tube

Proposed Method
ASURE

Uniformity

Duration of
experimentation

Speed to Harvest

Growth

parameters
studied

association mostly
emerges over a period
of maturation.
a).Non-uniform in
terms of substrate and
its microbial inoculum
distribution

b).Leaves room for
chances of variation
amongst sample
replicates within a
specific treatment. c).
Non-uniformity of
micro-environment
cannot be ruled out.

Diverse incubation
periods: 3/5/7 days.

a).Rapid recovery but
data obtained has
limited significance. b).
Sample loss takes place
during harvest.

Dry weight

Root growth

Seed vigour testing,
Germination
percentage calculation.

a).Non-uniform in
terms of substrate and
microbial inoculum
distribution (upon use
of solid media)
b).Leaves room for
chances of variation
amongst sample
replicates within a
specific treatment.
c).Non-uniformity of
micro-environment
cannot be ruled out.

Diverse incubation
periods ranging from as
little as 3 days up to 15
days in rare conditions.
a). Moderate time for
harvest.

b).Chances of sample
loss (for solid media)
during harvest.

Dry weight

Root growth

Seed vigour testing,
Germination
percentage calculation
Secondary metabolites
and plant growth
regulators study.

a).Heterogeneous. Risk
of formation of nutrient
pockets inaccessible for
growing roots/
microbes.
b).Intra-replicate
variability within
treatments is high c).
Non-uniformity of
micro-environment.
Hence large number of
replicates to be studied
for viable data
interpretation.

3 weeks (In-vitro)

3 months to complete
season (In-vivo).

a).Delayed harvest due
to extended period of
incubation. b).High
chances of sample loss
during harvest.

RL, SL, DW, Chlorophyll
content and protein,
Root shoot ratio

@ Seasonal studies:
branching, flowering
and yield.

a).Uniform both in
terms of media and
micro-environment

15 days for
bioinoculant studies.

a).Moderate time for
harvest

b).Zero sample loss at
the time of harvest.

RL, SL, DW,
Chlorophyll content
and protein.

a).Uniform in
terms of nutrient
availability
through media
and micro-
environment.
b).Risk of inter-
replicate
variability

Max.10 days for
bioinoculant
studies.

a).Moderate time
for harvest.
b).Harvesting is
laborious due to
the setup

Dry weight

Root growth
testing,
Secondary
metabolites and
plant growth
regulators study.

a).Uniform and
homogenous setup.
b).No inter-replicate
variability.

¢).No variation of
micro- environment
among sample
replicates.

Minimum 2 weeks
extendable as per
experiment
requirement.

a).Rapid recovery
b).Zero sample loss at
the time of harvest.

RL,SL, DW, Chlorophyll
content, protein, SEM
analysis, Secondary
metabolites and plant
growth regulators
study

589001 (020Z) Z XSPOYIdN /D 33 ADPDX



Applicability as
pre-
determinative
tool for
bioinoculant
studies

References

a).Economical but short
term and hence require
further experimental
proof to determine PGP
isolates capabilities.

[11]

a).Economical but
require frequent plant
transfer to fresh media
for extended
bioinoculant studies.

[12,13]

a).Costly, laborious,
time consuming,
requires special
infrastructure like
green-house/ poly-
house.

b).Not suitable for root
architecture studies.

[2,14]

a).Very Costlier
compared to other
system as each setup
can hold mostly
single or limited
treatments. b).
Requires specific
infrastructure
/equipment,
electrical supply.

[15]

a).Economical
but require
frequent plant
transfer to fresh
media for
extended
bioinoculant
studies.

[17]

a).Aseptic, Simple,
Uniform, Rapid
Economical (ASURE).
b).Suitable for root

architecture studies. c).

Applicability for
bacteria, consortia and
fungal bioinoculant
studies including
media optimization
studies, stress
resistance studies,
pollutant degradation
studies, Secondary
metabolites and
hormone
quantification studies.
Current Article
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a

Cc

a) Image of 1.5 ml eppendorf b) Trimming eppendorf as shown c) Customised eppendorf used in
experiment

Fig. 1. Customizing eppendorf for ASURE experimental setup.
a) Top view of box lid b) Drill specific size apertures using soldering iron c) final look of the box lid with equally spaced apertures
to hold eppendorf tubes.

Media used in the study were: Hoagland media (Himedia, India), minimal media (MNM) as defined by
Rozo et al. [17] and Plant microbe bioassay (PMB) medium developed in laboratory.PMB contained
CaCl,.2H,0, NaCl, MgS0,4.7H,0, KH,PO4, FeCl3 (NH,4),HPO,4 and sodium citrate. Concentration of salts
CaCl,.2H,0 and FeS04.7H,0 was modified from MNM to 0.05 g/l and 0.001 g/I respectively, to avoid
precipitation of salts. Technical grade monocrotophos (36% pure) used in the study was procured from
Jai Shree Rasayan Udyog Ltd., Nathupur, Haryana. Carboxyl methyl cellulose (Himedia) was used for
seed bio priming during fungal treatment. Other materials used for the experiment included
commercial microwaveable plastic boxes and autoclaved eppendorf tubes.

Reagents and media

ASURE setup preparation

1 To design a customised ASURE setup for the experiment, take a microwaveable rectangular plastic
box.

2 Trim the eppendorf tube (1.5 ml) at two places as shown in Fig. 1.

3 Drill equal sized apertures on the lid of the plastic box using soldering iron to hold a total of 16
eppendorfs. Schematic representing process for customizing the box lid is shown in Fig. 2.
Note: Take Ample care to maintain equal diameter of the apertures and uniform spacing between
apertures.

a b c

a) Top view of box lid b) Drill specific size apertures using soldering iron c) final look of the box lid
with equally spaced apertures to hold eppendorf tubes

Fig. 2. Customising top lid of the box for ASURE setup.
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4 Position customised eppendorfs in the apertures avoiding any air spaces. Wrap the entire setup in
autoclavable bag and then autoclave.

ASURE method

1 Carefully handpick healthy seeds of host plant (Sorghum variety RV]-1862 used in present study) for
uniformity, remove any damaged/infected seeds before soaking in luke warm water, overnight.

2 Perform surface sterilization of pre-soaked seeds as given in Mishra & Sundari [16].

3 Place sterilized seeds on 0.25% water agar using sterile forceps and incubate for 2 days.

Note: Cover the petriplate with brown paper to maintain dark condition for seed germination and
monitor seed growth periodically.

4 Prepare microbial inoculum (MI)/bioinoculant (bacteria/fungi) as per the desired objective of the
experiment.

Note 1: Microbial inoculum, containing ~108 cells/ml saline was used.
Note 2: Saline recommended for MI preparation to avoid reminiscence of other media salts.

5 Treat the germinated seeds of host plant with respective MI in pre-sterilised conical flask and
incubate at 30 °C with occasional shaking for ~1 h.

6 After seed dressing, place the MI coated seeds in pre-sterilized, tailored eppendorf as shown in
Fig. 1. Similarly sterile saline treated (MI untreated) seeds can be placed in a different box for
control.

7 Add 300 ml of respective media to the box ensuring that its level touches the lower tip of tailored
eppendorf.

Note: MI suspension can also be added at the time of initiating incubation.

8 Wrap the lower portion of the box with aluminium foil (to provide dark condition to growing roots)

and then incubate the entire setup for 15 days.

Note 1: Incubation period can be varied as per requirement.

Note 2: For extended incubation (>15 days) replenishment of media can be easily done under
aseptic conditions without hampering plant growth.

9 Post incubation, harvest plants and analyse for PGP indicative parameters such as root length (RL),
shoot length (SL), dry weight (DW), chlorophyll (Chl) content, carotenoids (Car) and total protein
content. Results from the analyses can be tabulated (Table 2 and Fig. 3).

Media optimization for “ASURE”

Media optimization studies were conducted to check the most appropriate medium to support
plant growth and bacterial growth simultaneously in the given conditions. Rhizobacterial isolate RB3
used as bacterial inoculum, hereon referred to as BI. Five different media treatments namely:
Hoagland with BI (H + BI) and without BI (H); '/, strength Hoagland with BI ('}, H + BI) and without Bl
(Y, H); !> strength Minimal media with BI ('}, MNM + BI) and without BI (!}, MNM); Full strength PMB

Table 2

Impact of microbial treatment on studied plant growth parameters.
Parameters Studied Control Host + BI
Root length (cm) 3.97°+0.15 9.93°+0.4
Shoot length (cm) 6.137+0.11 8.0°+0.1
Dry weight (mg) 20%+0.002 30°+0.0002
Chl a (mg/gm FW) 0.591°+0.003 0.817°+0.0013
Chl b (mg/gm FW) 0.234°+0.0054 0.2723°+0.0016
Total Chl (mg/gm FW) 0.829°+0.008 1.090°+0.002
Carotenoids (mg/gm FW) 0.266°+0.0014 0.304"+0.014
Total Protein (mg/gm FW) 0.956°+0.006 2.14°+0.005

FW = fresh weight; Standard deviation (SD) is mentioned with a sign + in the table for all the samples; * ® shows significant
difference (p value < 0.01); 2® shows difference but non-significant.
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Seeds of Host plant soaked overnight in luke warm sterile water

l

Seeds Sterilization: 1% solution of mercuric chloride for ~ 30 sec—»rinsing with sterile wat
—s rinsing with 95% ethanol twice —. 7-8 consecutive rinse with sterile water — see
placed on 0.25% water agar petriplate plate(120 mm) for germination

Microbial treatment: Germinated seedlings, treated with bacteria (BI)/ fungi (FI) culture for
an hour at RT.

BI/FI treated seeds were then placed in experimental setup: named as “ASURE

Germinated seeds 1ml of BI/FI added
300ml media added to (BIFT treated, in root zone and
customised untreated) placed in whole setup
experimental setup trimmed eppendorf wrapped with foil
“ASURE” (plumule facing

upwards)

Incubation
carried out for 12
days m PTC
room

Post harvest analysis:
RL., SL. DW. Total
protein, Chl, Car and
SEM

Fig. 3. Quick overview of steps to be followed for placing Plant bioassay: “ASURE”.

with BI (PMB 2X + BI) and without BI (PMB 2X); !/, strength PMB with BI (PMB + BI) and without BI
(PMB) were placed. Seed dressing and experimental box setup were done as explained in ASURE setup.
Incubation was carried out for 10 days. Post harvest analysis included evaluation of plant growth (total
plant biomass) and bacterial growth (cfu/ml).

Application of “ASURE” to study tolerance towards organic pollutant

The organic pollutant used in the present study was pesticide monocrotophos at concentration
300 ppm. The study included two treatments: stressed plant (host + pesticide MCP), stressed plant
treated with BI (Plant+MCP +BI) and a healthy plant as control. Seed treatment with BI was
performed as mentioned in methodology section. 300 ml of PMB media was used for all the
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Table 3

Growth parameters recorded on applying ASURE for bioremediation studies.
Parameters Studied Healthy Control Stressed plant Stressed plant + Bl
Root length (cm) 3.97°+0.15 3.133%+0.15 3.9679+0.052
Shoot length (cm) 6.13°+0.11 2.067°+0.12 1.960+0.057
Dry weight (ng) 20°+0.002 13°+0.001 30°+0.001
Chl a (mg/gm FW) 0.591°+0.003 0.234+0.006 0.866°+0.004
Chl b (mg/gm FW) 0.234°4+0.0054 0.057°+0.002 0.2722+0.007
Total Chl (mg/gm FW) 0.829°+0.008 0.289°+0.006 1.137°4+0.010
Carotenoids (mg/gm FW) 0.266°+0.0014 0.104°+0.002 0.341°4+0.007

Control = Untreated/ pesticide stressed control, Standard deviation (SD) with a sign +is mentioned in the table; *  shows
significant difference (p value < 0.01).

treatments. Post incubation (15 days), samples were harvested and plant growth parameters namely:
SL, RL, DW, Chlorophyll (Chl) and Carotenoids were studied and results presented in Table 3.

Statistical analysis

Student t-test was performed to calculate significant difference (at p value <0.01) between
untreated control and microbe treated samples. Microsoft office Excel (MS) 2013 software was used
for the purposes.

Method validation

“ASURE” as a pre-determinative tool

“ASURE” bioassay was performed to evaluate plant growth promotion ability of rhizobacterial
isolate RB3 (BI) with host plant Sorghum (variety RV]-1862). Parameters indicative of growth were
compared and contrasted between BI inoculated and un-inoculated host plant in ASURE setup. As
evident from Table 2, Bl inoculated host has recorded increment in each and every growth parameter
studied.

Based on measured growth parameters, host plant treated with Bl showed enhanced shoot length
(30.4%), root length (115.9%) and over all biomass (48.17%) as compared to untreated control (Fig. 4b,
c). There was also a substantial increase in branching for BI treated roots (Fig. 5). BI inoculation
resulted in 32% increase in total Chlorophyll (39% 1 in Chl a and 23% 7in Chl b) and 14% 1 in Carotenoids
as compared to control. Protein content showed a phenomenal increase (110%) as compared to un-
inoculated control. Total plant protein is a reflection of overall plant growth and thus such an increase
in total protein content confirms the positive benefits accrued due to inoculation with BI. Earlier

N g 3 y

a) ASURE setup; b) Untreated control; c¢) Bl inoculated host; d) FI treated host plant

Fig. 4. Impact of bioinoculant on host plant growth applying ASURE setup.
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a) Control root architecture; b) BI treated root architecture

Fig. 5. Sorghum root branching and architecture in BI untreated and BI treated host.

studies that targeted plant growth with PGP inoculation have also concentrated on these
five parameters as reliable parameters for comparing the efficiency of one treatment over the other
[3-5,11,18].

Post harvest SEM image of BI inoculated host plant root presents a clear evidence of a healthy
association between sorghum and rhizobacterial isolate RB3 (Fig. 6a). Such an association between
PGPM and host plant is known to uphold several benefits such as biocontrol, rhizoremediation and
exchange of growth supporting metabolites including growth hormones [19].

ASURE can also be easily replicated to check upon inoculation benefits using different isolates
simultaneously. ASURE would function as a most reliable tool for screening and selection of any
number of isolates in most economical and scientifically verifiable manner yielding statistically viable
growth data in as little as two weeks’ time. ASURE precisely fits the role of ‘a pre-determinative’ tool
before proceeding for large scale greenhouse trails with potential PGPR candidates that can be
developed as bioinoculants in future.

Applications of ASURE: Impact of different media on host and microbe

ASURE can also be applied for media optimization studies and studies targeted towards checking
the effect of abiotic/biotic stress on plants and impact of PGPR as bioinoculant on host plant under
stress. Authors attempted such a study and presented the outcome in Fig. 7.

Fig. 7 reveals that Hoagland’s did not support microbial growth to the same extent as PMB media.
Similarly between PMB and PMB 2X, plant growth was surely better with PMB though bacterial
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Fig. 6. SEM images of sorghum and BI association using (a) ASURE verses (b) Tube-in-Tube method [16].

growth did not show marked difference. PMB fared well both in terms of supporting plant growth (DW

values) and microbial growth (cfu/ml), thus becoming the chosen media in all our plant bioassay
studies.

Applying ASURE to determine protective effect of Rhizobacteria under pesticide stress conditions

On comparing untreated, unchallenged healthy control with MCP stressed plant it can be
understood that pesticide strongly affects plant growth. Of all the parameters studied, maximum
deleterious impact seen on total plant biomass (35%) and total chlorophyll (65.13%). On the other hand,
BI treatment affectively restored plant growth despite presence of pesticide stress resulting in
maximum increase in total plant biomass (130%) and total chlorophyll (292%). Earlier studies too have
shown negative correlation between plant growth vs. organic pollutant stress and positive impact of
PGPR treatment [6,20,21]. During in-vitro pesticide degradation studies, risk of exposure to harmful
pesticides exists while working with high dosages of pesticides involving, large number of treatments.

Host/ Bacterial Growth
3 %8
—
\

a5 5 HCFU (10°7)

10 =DW-C (mg)

s b =DW-BI(mg)
0 L
H

CFU (10°7)
PMB(ZX)
PMB (X)

Different Media Composition

Fig. 7. Graph showing effect of different media composition on total plant biomass and BI.
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Table 4

Impact of FI treatment on Plant growth.
Parameters Control FI
Shoot length (cm) 5.90+0.12 6.36 +£0.124
Root length (cm) 4.05+0.09 5.86 +0.04
Dry weight (mg) 19.0+0.10 19.1+0.14

By applying ASURE the exposure risk can be reduced manifold. This is amongst most beneficial aspects
of proposed system “ASURE” when working with toxic pollutants including pesticides.

Applying ASURE for PGP studies with fungal inoculum

ASURE setup was further applied to observe growth promoting effect of fungal inoculum (FI) on
host plants. This attempt was made to check the feasibility of utilizing Bl optimised ASURE setup for FI
based studies. Fungal isolate used in the study was a laboratory strain of Trichoderma species.

FI treatment (12th day) has positively impacted Sorghum showing 44.69% 1 in root growth and 7.8%
1in shoot length (Table 4) as compared to un-inoculated control. FI favored development of secondary
and tertiary roots (increased branching and profuse root architecture similar to Bl treatment in Fig. 5).
Though dry weight of FI treated plants is higher than untreated control, the difference was not
statistically significant. Fig. 4(d) depicts FI treated host plant from ASURE setup. Enhanced root
branching due to PGP treatment was also observed in earlier studies and attributed to biostimulation
by fungal strains [14,16,22,23].

Sorghum root
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SEM images of FI association with hosts Sorghum (a, b) and Vigna (c, d) roots at different magnification

Fig. 8. SEM micrograph showing association between the host (Sorghum and Vigna) and fungi (FI).
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Fig. 8(a, b) provides a closer view of FI treated host roots (Sorghum). Image proclaims aggressive
colonization of fungus by 12% day, reflecting heavy sporulation all along the roots. In similar lines
ASURE was further applied to another host plant (Vigna) along with same fungal inoculum. Fig. 8(c, d)
is a loud display of strong association between Trichoderma and roots of Vigna. The experimental
results provide ample confidence to claim that ASURE can be used with a wide choice of variables/
treatments, multiple hosts and different microbes.

Acknowledgements

Authors would like to acknowledge Department of Biotechnology (DBT), Ministry of Science and
Technology, New Delhi India, (BT/PR21299/BCE/8/1402/2016) and Jaypee Institute of Information
Technology for their financial and infrastructure support respectively.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the online version, at doi:https://doi.
org/10.1016/j.mex.2019.09.037.

References

[1] R.Remans, S. Beebe, M. Blair, G. Manrique, E. Tovar, I. Rao, A. Croonenborghs, R. Torres-Gutierrez, M. EI-Howeity, J. Michiels,
J. Vanderleyden, Physiological and genetic analysis of root responsiveness to auxin-producing plant growth-promoting
bacteria in common bean (Phaseolus vulgaris L.), Plant Soil 302 (2008) 149-161, doi:http://dx.doi.org/10.1007/s11104-007-
9462-7.

[2] E.P. Rodrigues, L.S. Rodrigues, A.L.M. De Oliveira, V.L.D. Baldani, K.R.D.S. Teixeira, S. Urquiaga, V.M. Reis, Azospirillum
amazonense inoculation: effects on growth, yield and N; fixation of rice (Oryza sativa L.), Plant Soil 302 (2008) 249-261,
doi:http://dx.doi.org/10.1007/s11104-007-9476-1.

[3] A. Gholami, S. Shahsavani, S. Nezarat, The effect of Plant Growth Promoting Rhizobacteria (PGPR) on germination, seedling
growth and yield of maize, Int. J. Biol. Biomol. Agric. Food Biotechnol. Eng. 3 (2009) 9-14, doi:http://dx.doi.org/10.5281/
zenodo.1083385.

[4] A.C. Om, A.H.A. Ghazali, C.L. Keng, Z. Ishak, Microbial inoculation improves growth of oil palm plants (Elaeis guineensis
Jacq.), Trop. Life Sci. Res. 20 (2009) 71-77.

[5] M. Ahemad, M.S. Khan, Pseudomonas aeuroginosa strain PS1 enhances growth parameters of green gram [Vigna radiata (L.)
Wilczek] in insecticide-stressed soils, J. Pestic. Sci. 84 (2011) 123-131, doi:http://dx.doi.org/10.1007/s10340-010-0335-0.

[6] M. Nie, Y. Wang, J. Yu, M. Xiao, L. Jiang, ]. Yang, C. Fang, J. Chen, B. Li, Understanding plant-microbe interactions for
phytoremediation of petroleum-polluted soil, PLoS One 6 (2011) 1-8, doi:http://dx.doi.org/10.1371/journal.pone.0017961.

[7] K. Choure, R.C. Dubey, Development of plant growth promoting microbial consortium based on interaction studies to
reduce wilt incidence in Cajanus cajan L. Var. Manak, World J. Agric. Sci. 8 (2012) 118-128, doi:http://dx.doi.org/10.5829/
idosi.mejsr.2012.12.11.7.

[8] M. Heidari, Effects of water stress and inoculation with plant growth promoting rhizobacteria (PGPR) on antioxidant status
and photosynthetic pigments in basil (Ocimum basilicum L.), J. Saudi Soc. Agric. Sci. 11 (2012) 57-61, doi:http://dx.doi.org/
10.1016/j.jssas.2011.09.001.

[9] M.K. Malviya, A. Sharma, A. Pandey, K. Rinu, P. Sati, L.M.S. Palni, Bacillus subtilis NRRL B-30408: a potential inoculant for
crops grown under rainfed conditions in the mountains, J. Soil Sci. Plant Nutr. 12 (2012) 1-13, doi:http://dx.doi.org/
10.4067/S0718-95162012005000034.

[10] S. Islam, A.M. Akanda, A. Prova, M.T. Islam, M.M. Hossain, Isolation and identification of plant growth promoting
rhizobacteria from cucumber rhizosphere and their effect on plant growth promotion and disease suppression, Front.
Microbiol. 6 (2016) 1-12, doi:http://dx.doi.org/10.3389/fmicbh.2015.01360.

[11] V. Singh, R.S. Upadhyay, B.K. Sarma, H.B. Singh, Trichoderma asperellum spore dose depended modulation of plant growth
in vegetable crops, Microbiol. Res. 193 (2016) 74-86, doi:http://dx.doi.org/10.1016/j.micres.2016.09.002.

[12] C. Rothmann, The Production of Plant Growth Enhancers by Trichoderma species, (2016) . https://scholar.ufs.ac.za/xmlui/
handle/11660/4039.

[13] A. Sofo, G. Tataranni, C. Xiloyannis, B. Dichio, A. Scopa, Direct effects of Trichoderma harzianum strain T-22 on
micropropagated shoots of GiSeLa6 ® (Prunus cerasus x Prunus canescens) rootstock, Environ. Exp. Bot. 76 (2012) 33-38,
doi:http://dx.doi.org/10.1016/j.envexpbot.2011.10.006.

[14] RX.Li, F. Cai, G. Pang, Q.R. Shen, R. Li, W. Chen, Solubilisation of phosphate and micronutrients by Trichoderma harzianum
and its relationship with the promotion of tomato plant growth, PLoS One 10 (2015) 1-16, doi:http://dx.doi.org/10.1371/
journal.pone.0130081.

[15] I Yedidia, A.K. Srivastva, Y. Kapulnik, I. Chet, Effect of Trichoderma harzianum on microelement concentrations and
increased growth of cucumber plants, Plant Soil 235 (2001) 235-242, doi:http://dx.doi.org/10.1023/A:1011990013955.

[16] N. Mishra, S.K. Sundari, A “six-step-strategy” to evaluate competence of plant growth promoting microbial consortia, Curr.
Sci. 113 (2017) 63-70, doi:http://dx.doi.org/10.18520/cs/v113/i01/63-70.

[17] ]J.C. Rozo, J.S. Nieves, D.U. Vélez, L.M. Chacén, Characterization of carbofuran degrading bacteria obtained from potato
cultivated soils with different pesticide, Rev. Fac. Nal. Agr. Medellin 66 (2013) 6899-6908.


https://doi.org/10.1016/j.mex.2019.09.037
https://doi.org/10.1016/j.mex.2019.09.037
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0005
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0005
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0005
http://dx.doi.org/10.1007/s11104-007-9462-7
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0010
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0010
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0010
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0015
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0015
http://dx.doi.org/10.5281/zenodo.1083385
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0020
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0020
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0025
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0025
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0030
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0030
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0035
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0035
http://dx.doi.org/10.5829/idosi.mejsr.2012.12.11.7
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0040
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0040
http://dx.doi.org/10.1016/j.jssas.2011.09.001
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0045
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0045
http://dx.doi.org/10.4067/S0718-95162012005000034
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0050
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0050
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0050
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0055
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0055
https://scholar.ufs.ac.za/xmlui/handle/11660/4039
https://scholar.ufs.ac.za/xmlui/handle/11660/4039
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0065
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0065
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0065
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0070
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0070
http://dx.doi.org/10.1371/journal.pone.0130081
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0075
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0075
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0080
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0080
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0085
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0085

14 P. Yadav et al./MethodsX 7 (2020) 100685

[18] V. Nihorimbere, M. Ongena, M. Smargiassi, P. Thonart, Beneficial effect of the rhizosphere microbial community for plant
growth and health, Biotechnol. Agron. Soc. Environ. 15 (2011) 327-337.

[19] R.de Souza, A. Ambrosini, L.M.P. Passaglia, Plant growth-promoting bacteria as inoculants in agricultural soils, Genet. Mol.
Biol. 38 (2015) 401-419, doi:http://dx.doi.org/10.1590/S1415-475738420150053.

[20] S.A. Tiyagi, S. Ajaz, M.F. Azam, Effect of some pesticides on plant growth, root nodulation and chlorophyll content of
chickpea, Arch. Agron. Soil Sci. 50 (2004) 529-533, doi:http://dx.doi.org/10.1080/03650340410001729735.

[21] S. Akbar, S. Sultan, Soil bacteria showing a potential of chlorpyrifos degradation and plant growth enhancement, Braz. J.
Microbiol. 47 (2016) 563-570, doi:http://dx.doi.org/10.1016/j.bjm.2016.04.009.

[22] J. Vacheron, G. Desbrosses, M.-L. Bouffaud, B. Touraine, Y. Moénne-Loccoz, D. Muller, L. Legendre, F. Wisniewski-Dyé, C.
Prigent-Combaret, Plant growth-promoting rhizobacteria and root system functioning, Front. Plant Sci. 4 (2013) 1-19, doi:
http://dx.doi.org/10.3389/fpls.2013.00356.

[23] A. Singh, B.K. Sarma, H.B. Singh, R.S. Upadhyay, Trichoderma: a silent worker of plant rhizosphere, Biotechnology and
Biology of Trichoderma, Elsevier, 2014, pp. 533-542, doi:http://dx.doi.org/10.1016/B978-0-444-59576-8.00040-0.


http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0090
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0090
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0095
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0095
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0100
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0100
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0105
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0105
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0110
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0110
http://dx.doi.org/10.3389/fpls.2013.00356
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0115
http://refhub.elsevier.com/S2215-0161(19)30261-4/sbref0115

	``ASURE´´: A multi-potential plant bioassay as a pre-determinative microbial efficiency testing tool for bioinoculant studies
	Method details
	Background
	Design improvisation for bioinoculant studies
	Reagents and media
	ASURE setup preparation
	ASURE method

	Media optimization for ``ASURE´´
	Application of ``ASURE´´ to study tolerance towards organic pollutant
	Statistical analysis
	Method validation
	``ASURE´´ as a pre-determinative tool
	Applications of ASURE: Impact of different media on host and microbe
	Applying ASURE to determine protective effect of Rhizobacteria under pesticide stress conditions
	Applying ASURE for PGP studies with fungal inoculum
	Acknowledgements


	Appendix A Supplementary data
	References


