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$2.3 16S rRNA partial gene sequencing of PAB19

The bacterial isolate PAB19 was grown overnight in nutrient broth at 28°C. Subse-
quently, genomic DNA was extracted and the target gene was amplified by PCR. For mo-
lecular characterization, the 165 rRNA gene was amplified by PCR using universal pri-
mers 785F (5-GGA TTA GAT ACC CTG GTA -3') and 907R (5'-CCG TCA ATTCMTTT
RAG TTT-3'). Amplification conditions were as follows: (i) 94 °C for 5 min, (ii) 35 cycles
of 94°C for 30 s (denaturation), (iii) 55.6°C for 45 s (annealing), (iv) 72°C for 1.5 min (elon-
gation), and (v) a final elongation step at 72°C for 10 min. Amplicon production was con-
firmed by running 1.2% agarose gel electrophoresis and visualizing the product using
ethidium bromide (EtBr) and captured in the Gel Documentation system (Gel Doc™ XRS
+ Imaging System). The 165 rRNA gene sequence analysis of the PCR amplified product
was done by Macrogen Inc. (Seoul, South Korea) using the online tool BLASTn
(https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch). The sequences for
tree preparation were downloaded in FASTA format, aligned by Clustal W in MEGA 7.0
and a phylogenetic tree was constructed using the Neighbour-joining method in MEGA
7.0 (https://www.megasoftware.net).

$2.4 Plant growth regulating (PGR) substances released by Enterobacter sp./L. adecar-
boxylata PAB19 under different levels of water stress

52.4.2 Bioassay of siderophore production

The PGPR isolates were spot inoculated on 0-15% PEG supplemented universal
chrome azurol S (CAS) agar plates and incubated at 28+2 °C to produce an orange color
zone (halo) around bacterial colonies. Furthermore, siderophore levels were quantita-
tively evaluated by growing bacteria in PEG amended iron (Fe) free succinate liquid me-
dium, as suggested by Barbhaiya and Rao [1]. Siderophore production was estimated us-
ing the universal chrome azurol liquid assay [2]. Siderophore units were calculated as

follows:
A ofreference (Ar)—A of test (As)

A of reference (Ar) x 100
where Ar = Absorbance of un-inoculated media and CAS solution

As = Absorbance of the test sample (culture supernatant and CAS solution).
By cultivating the Enterobacter sp./L. adecarboxylata PAB19 in Modi medium (K2HPOs
0.05%; MgSOs 0.04%; NaCl 0.01%; mannitol 1.0%; glutamine 0.1%; NH4sNOs 0.1%), the

% Siderophore unit =
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production of phenolate siderophore (SA and 2, 3-DHBA) was quantified. Bacterial cells
were added to Modi medium and cultured for 5 days. After incubation, the culture broth
was centrifuged at 8000 rpm, and the concentrations of catechol-type phenolates salicylic
acid and 2, 3-dihydroxybenzoic acid in the supernatant were measured using a version of
Hathway's ferric chloride-ferricyanide reagent. In brief, ethyl acetate extract was made by
extracting 20 mL of supernatant twice with an equivalent amount of solvent (ethyl acetate)
at pH 2.0. Hathway’s reagent was prepared by adding one mL of 0.1 M ferric chloride in
0.1 N HCl to 100 mL of distilled water, and to this, 1 mL of 0.1 M potassium ferricyanide
was added [3]. For detection, an equal volume of Hathway’s reagent and sample were
mixed, and absorbance was measured at 560 nm for SA and 700 nm for dihydroxy phenols
using sodium salicylate and 2, 3-DHBA as a standards, respectively.

52.4.3 ACC deaminase activity

The ACC deaminase (EC 4.1.99.4) secreted by L. adecarboylata PAB19 was detected by
spot inoculation using DF salts minimal medium [4] containing 3.0 mM of ACC as N
source. Plates containing DF medium without ACC and with (NH4)2SO4 (0.2% w/v) served
as negative and positive controls, respectively. Plates were incubated for 72 h at 28+2°C.
Plates containing DF medium and (NHa4)2504 (0.2% w/v) with or without ACC served as
positive and negative and controls, respectively, and were examined daily for bacterial
growth. Mesorhizobium LMS-1 containing pRKACC plasmid [5] was used as a positive
control. ACC deaminase secreted by PAB19 in a liquid medium supplemented with dif-
ferent concentrations of PEG was extracted as suggested by Honma and Shimomura [6]
and Penrose and Glick [7]. The quantity of a-ketobutyrate generated due to ACC deami-
nase activity was measured spectrophotometrically against a standard a-ketobutyrate
curve. ACC deaminase activity is presented as the quantity of a-ketobutyrate released/mg
of protein/h. Experiments were conducted independently three times.

$2.5 Biofilm formation and alginate production by PAB19 strain

Biofilm formation in microtiter plates in the presence or absence of PEG was assessed
as described by O’Toole [8] using 1% crystal violet (CV). CV-stained biofilms were treated
with 75% ethanol and absorbances were measured at 595 nm using a microtiter plate
reader (Thermo Scientific Multiskan EX, UK) to determine the amount of dye retained.
Controls grown without PEG were processed in a similar manner. Experiments were per-
formed independently three times using five wells per determination.

For alginate production, cells were grown in a liquid medium containing different
concentrations of PEG. An equal volume of isopropanol was added to supernatants ob-
tained by centrifugation and filtration, and allowed to stand for 24 h at room temperature.
The deacetylated alginate precipitate formed was collected by centrifugation for 10 min at
10,000 rpm, washed with graded concentrations of ethanol (70%), dried, and suspended
in 1 mL of distilled water (DW). Aliquots (100 uL) of this suspension were placed in fresh
tubes and the volume was made up to 1 mL with Milli-Q water. Fresh carbazole reagent
(30 puL) was added to this suspension followed by 1 mL of borate sulfuric acid solution (10
mM) and mixed. The mixture was left at room temperature for 15 min and absorbance
was read at 500 nm against a reagent blank. Amounts of alginate were expressed as pg/mg
of wet biomass [9].

52.6.4 Determination of photosynthetic pigment levels

Photosynthetic pigment (Chl a, Chl b, total chlorophyll, and carotenoids) levels in
fresh foliage of bio-inoculated and PEG-treated V. radiata plants were measured as de-
scribed by Arnon [10]. The pigments were extracted from fresh leaves by macerating in
80% acetone. Chlorophyll and carotenoid contents in extracts were determined by UV
visible spectrophotometry (UV-2450, Shimadzu, Tokyo, Japan). Total photosynthetic pig-
ment (Chl a, Chl b, and total chlorophyll) levels were calculated as follows:
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mg chl a/g tissue = 12.7 (Aees) —2.69 (Aess) xV/1000xW

mg chl b/g tissue =22.9 (Asss) — 4.68 (Aees) xV/1000xW

mg total chl/g tissue =20.2 (Asss) +8.02 (Asss) xV/1000xW

Carotenoid contents were determined as suggested by Krik and Allen [11] using:
Carotenoids (mg/g tissue) = (A4so) +0.114 (Ase3) — 0.638 (Asss)

Where, AA = absorbance at the specified wavelength A (nm); V= final volume of chlo-
rophyll extracted in 80% acetone, and W= fresh weight of the tissue extract.

52.6.4 Symbiotic attributes

Symbiotic attributes in PAB19 inoculated and PEG-treated V. radiata plants were as-
sayed at 50 and 80 DAS. To estimate LHb contents, nodules were crushed with a mortar
and pestle in 5 mL of phosphate buffer (pH=7.4) and then filtered through two layers of
cheesecloth. Turbid reddish-brown filtrates were clarified by centrifugation at 10,000 g for
30 min. Supernatants were diluted to 10 mL with phosphate buffer (pH=7.4). Each extract
was divided equally into two glass tubes (5 mL/tube) and an equal amount of alkaline
pyridine reagent was added to each tube. Hemachrome absorbance was read at 556 and
539 nm
after adding a few crystals of potassium hexacyanoferrate (KsFeCNs) or sodium dithionite
(Na25:204), respectively. LHb contents were calculated using the formula:

LHb content (mM) = [Asse-Asz9] x 2D/23.4

Where D = initial dilution

S2.6.5.1.1 Proline estimation

Proline contents in the fresh foliage of Enterobacter sp./L. adecarboxylata PAB19 inocu-
lated or un-inoculated V. radiata plants cultivated with or without PEG were determined
as described by Bates et al. [12]. Briefly, 1.0 gm leaf samples were homogenized with 5 mL
of 3% (w/v) aqueous sulfosalicylic acid (CzHsOsS). The resulting homogenates were fil-
tered through Whatman No.2 filter paper, centrifuged at 8,000 rpm for 20 min, and 2 mL
aliquots were treated with acid ninhydrin (2 mL) and glacial acetic acid (2 mL) at 80°C for
one hour when the reaction was terminated in an ice bath. The colored complex that
formed was extracted using 4 mL toluene and absorbances were measured at 520 nm.
Proline standards were prepared by dissolving proline in 3% (w/v) sulfosalicylic acid.

S2.6.5.1.2 Estimation of thiboarbituric-acid reactive substances (TBARS)

Lipid peroxidation (estimation of TBARS) in PAB19 inoculated and PEG treated leaf
tissues of V. radiata were measured as malondialdehyde (MDA) as described earlier [13].
For the assay, 500 mg of fresh foliage was homogenized with 10 mL of tri-chloroacetic acid
(TCA; 5% w/v) in an ice bath. After centrifugation (12000 xg, 4°C, 20 min). Equal volumes
of supernatant and thiobarbituric acid (TBA; 0.67% w/v) (Hi-Media Pvt. Ltd. India) were
mixed in clean, acid rinsed glass tubes and then heated at 100°C in a water bath for 30
min when reactions were terminated by transferring the tubes to an ice-bath. After cen-
trifugation (10000 xg, 4°C, 10 min) the optical densities of supernatants were recorded at
wavelengths (A) of 450, 532, and 600 nm. MDA levels were calculated using the following
equation using a molar extinction coefficient of 155 mM~ cm™.

MDA level (1 mol/L) = 6.45x% (Axss2 - Aneoo) - 0.56 x Axaso
where A = Absorbance

52.6.6 Determination of antioxidant enzyme activities

Foliage was crushed in 4 mL of enzyme extraction buffer [(50 mM phosphate buffer
(pH=7.8)] containing ImM EDTA and 2% (w/v) polyvinylpyrrolidone (PVP). For GPX
(E.C. 1.11.1.7), foliage tissues (100 mg) were homogenized in tris buffer and centrifuged
at 12,000 rpm for 20 min. at 4 °C. The reaction mixture (3 mL) consisted of 100 mM phos-
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phate buffer (pH=7.0), 0.1 mM EDTA and 20 mM H2O:. The reaction was initiated by add-
ing 100 uL of enzyme extract. An increase in the absorbance at 470 nm due to the for-
mation of tetra guaiacol (e =26.6 mM* cm™?) was recorded and GPX activity was expressed
as 1 mol mg protein” min.

S2.6.6.1 Catalase (CAT)

CAT activities were measured as described by Beer and Sizer (1952) with minor mod-
ifications. The reaction mixture (3 mL) consisted of 100 mM phosphate buffer (pH=7.0),
0.1 mM EDTA, and 20 mM H20, and the reaction was initiated by adding 100 pL of the
enzyme extract. Decrease in H2O2 absorbance were monitored at 240 nm and CAT activi-
ties were quantified using the molar extinction coefficient of H>O2 (36 mol cm-).

52.6.6.2 Superoxide dismutase (SOD)

SOD activities were assessed using the ability of SOD to inhibit the photochemical
reduction in nitro-blue tetrazolium (NBT) [14]. To a reaction mixture of 3.0 mL [containing
13 mM methionine (0.1 mL), 50 mM NaHCOs (0.1 mL), 25 mM NBT (0.1 mL), 0.1 mM
EDTA (0.1 mL), 50 mM buffer (2.3 mL) and 0.2 mL of enzyme extract] 2 mM riboflavin
was added. The mixture was exposed to 15 W fluorescent tubes for 10 min and then incu-
bated for 20 min in the dark. Absorbance was then measured at 560 nm.

52.6.6.3 Glutathione reductase (GR)

Enzyme extract (0.2 mL) was added to a 2.8 mL of a reaction mixture containing
buffer (30 mM GSSG, 0.8 mM NADPH, and 1% BSA). Absorbances were measured 3 min
later at 340 nm [15]. Enzyme activities were expressed as pumol of ascorbate oxidized min-
1 o-1

g1 DW.

§2.7 Rhizosphere/rhizoplane colonization by Enterobacter sp./L. adecarboxylata under
water stress conditions

The root colonization efficiency of PAB19 strain Enterobacter sp./L. adecarboxylata was
determined in the presence/absence of PEG-6000. Roots were rinsed with DDW and PBS,
and colonization was initially checked by scanning electron microscopy as described by
Shahid et al. [16]. Colonization of roots (expressed as CFU g of root material) exposed to
various concentrations of PEG was assessed at 50 and 80 DAS. For enumeration, rhizo-
sphere soil tightly adhered to root surfaces was collected at 50 and 80 DAS and serially
diluted into normal saline solution (NSS). Soil suspension (100 pL) from each dilution was
spread on NA plates containing 30 pg/mL of rifampicin [17]. For rhizoplane colonization,
1 g of roots was rinsed with distilled water three times in a sterile Petri dish and roots
were macerated and diluted in NSS. A 100 uL of the suspension was spread plated on NA
plates. Plates were incubated for 48 h at 28+2°C and CFUs/g of soil were determined by
counting.
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15% PEG + 10% PEG + 5% PEG + 2% PEG + 0% PEG+
PAB19 strain PAB19 strain PAB19 strain PAB19 strain PAB19 strain

Figure S1. Representative pictures of bio-inoculated V. radiata plants with drought-tolerating Enterobacter sp./L. adecarbox-
ylata PAB19 growing with 2%, 5%, 10%, and 15% PEG solution in the soil.
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Figure S2. Impacts of PAB19 on yield parameters; pod number (A), pod yield (B), seed number (C), seed yield (D), and
protein content (E) of V. radiata cultivated in the presence of different levels of water stress (2%, 5%, 10% and 15% PEG-
6000) under green-house conditions. Bar diagrams represent the mean values of three replicates. Mean values followed
by different letters are significantly different (P <0.05) as determined by the DMRT test.
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Figure S3. Colonization of the root surfaces of V. radiata by Enterobacter sp./L. adecarboxylata strain PAB19. Rhizoplane and

rhizosphere colonization in the presence of different levels of PEG at two different seeding stages (50 and 80 DAS). Mean
values followed by different letters are significantly different (P < 0.05) as determined by the DMRT.
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