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Abstract

In the present study, attempts were made to Analyze the effect of 3 Phosphate solubilizing bacteria (PSB)
recovered from forest ecosystem of Pantnagar, India on wheat plant vigor. For this, a pot trial in a
Completely Randomized Design (CRD) with a superior wheat genotype (CBW 38) was carried out in
glass house conditions. The response was measured in terms of two soil enzyme activities e.g. fluorescein
di acetate (FDA) hydrolysis and alkaline phosphatase (AP). Plant health was measured in form of plant
vigor parameters (shoot length, root length, shoot fresh weight, root fresh weight and grain yield). All
three PSB strains showed positive for phosphorous and zinc solubilization activity as well as FDA and
AP enzyme activities. During pot trial it was also observed that PSB strains promoted development of
wheat plant thereby enhancing the crop yield. Among the three PSB strain, Pseudomonas putida-P3 was
found to be most effective and show maximum phosphate (3.4 cm); zinc (3.0 cm) and inorganic
phosphate (72.48 pgmL-1) solubilisation index with a drop of pH to 4.6 along with maximum FDA (78.6)
and AP (62.6) ugmL-*h? activity. All these parameters lead to increase in crop yield from. 24 Kgha
(under uninoculated conditions) to 2.4 Kgha* in P3 inoculated crop. Therefore Pseudomonas putida-P3
could be developed as potential bioinoculant.

Keywords: Genotype, soil enzyme, grain yield and completely randomized design (CRD)

Introduction

Phosphorus (P) is considered as one of the essential macronutrient and part of important
structural element such as nucleic acid (DNA and RNA) and adenosine tri phosphate (ATP)
which is considered as energy currency of cell. P is also involved in regulating protein
sysnthesis and energy transfer. In plants P plays very important role in root development and
thus improves yields of crops . Soil deficient in P limits the plant growth and causes
reduction of upto 15% in crop yield 8. The main cause P deficiency in plants is due to its
unavailability in soil as plants takes up P in form of primary (H,POs) and secondary
orthophosphate (HPO42) and their retention in soil is so high that most of the time they are
unavailable to plants. To address soil P unavailability in soil input of inorganic fertilizer in soil
either alone or in combination increases which up to some extent increase crop growth and
productivity but with passing time P use efficiency (PUE) of crops is reduces significantly due
to fixation of P into soil cations. For example, P fertilizers rapidly react with some divalent
cations such as iron (Fe), aluminium (Al) and calcium (Ca) to form insoluble mineral form of
P [, Hence to improve PUE in terms of crop yield and nutrient uptake remains a big
challenge. Considering this, the role of promising phosphate soubilizing microorganisms
(PSM) in mitigating soil p unavailability becomes very prominent. PSB posses the potential to
solubilize immobilized form of inorganic or organic P into most available form to plants in an
eco-friendly manner. PSM inoculation is reported to enhanced mineralization or solubilization
of immobilized P in soil ['81, About 1-50% of bacterial and 0.1-0.5% of fungal communities
posses p solubilization potential ™). Amongst PSM major group of phosphate solubilizing
bacteria (PSB) includes Agrobacterium spp., Pseudomonas spp., Azotobacter, Bacillus
circulans, Bradyrhizobium, Burkholderia, Erwinia, Kushneria, Paenibacillus, Ralstonia,
Rhizobium, Rhodococcus, Serratia, Salmonella, Sinomonas, and Thiobacillus [*& 23, PSB
group like Rhizobium and Pseudomonas when use individually or in combination reported to
increase P solubilization rate which resulted in higher crop yield 7], One of the most
important mechanisms that is involved in P solubilization is proton (H*) extrusion which cause
lowering of pH in an environment. Acidification of the medium via H* extrusion involves
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mineralization of both organic and inorganic form of P by
alkaline or acid phoshatase activity [,

Wheat (Triticum aestivum L.) is the world’s most important
cereal crop which contributes about 30% of protein and 45%
of energy in human diet and also an important livestock feed
(231 Wheat production in India rise to 110 million tons from
100 in year 2021 and is expected to rise above 110 million
tons as the population increase and thus to meet wheat
demand with growing population without compromising soil
health role of PSB as biofertilizers in agricultural systems
provides a better alternative then regular inorganic fertilizer.
There are studies reporting increase in wheat production upon
inoculation of phosphate solubilizing Bacillus, Pseudomonas,
and Streptomyces [%1. Promising PSB strain when used in
combination with commercially available inorganic P results
in higher grain yield e.g. 27% as compared to inorganic P
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when applied alone in wheat plants %], Keeping this in mind
we aim to maximize wheat development via using PSB strain
which were isolated from Dalbergia sissoo Roxb. Forest
ecosystem in a pot trial experiment. After comprehensive
statistical analysis we further planned them to use in field
conditions.

Material and Methods

Isolation and screening of PSB

Four PSB strains were retrieved from Department of
Microbiology culture collection, G.B.Pant University of
Agriculture & Technology, Pantnagar. These strains were
previously recoveerd from Dalbergia sissoo forest ecosystem
from Pantnagar (29°3°0"°N latitude and 79°31°0” E
longitude) regions of Uttarakhand !, List of treatments given
below in Table 1.

Table 1: Details of PSB strains with mentioned code that used in pot trial along with their accession number

S. No. PSB treatments used in pots NCBI Gen Bank Accession no.
1 Pseudomonas hunanensis- P1 MG966346
2 Pseudomonas putida- P3 MG966348
3 Pseudomonas plecoglossicida- P4 MG966349

Qualitative estimation of phosphorous

Qualitative estimation of P was taken by measuring phosphate
soulubilizing index (PSI) of 3 PSB. Spotting was done on
pikovaskya agar (Hi-Media) plates by taking loop full of
active cultures of 3 PSB strain in which tri calcium phosphate
(TCP) serves as inorganic P source and PSI was measured by
the formulae.

[= Total diameter (Colony diameter + halozone diameter)

diameter of colony

Qualitative Zinc (Zn) estimation of PSB

Qualitative Zn solubilizing potential of 3 PSB strain was done
by spotting loop full of active culture of 3 PSB strain onto Zn
solubilizing agar (Hi-Media) plates in which zinc oxide e.g.
ZnO serve as a inorganic Zn source and dextrose act as
carbon source. Qualitative Zn potential response was
measured as Zinc solubilizing index (ZSlI)

- Total diameter (Colony diameter + halozone diameter)

diameter of colony

Quantitative estimation of phosphorous

Quantitative test of 3 PSB strain was done to measure how
much P released in the medium during solubilization of
inorganic P via acidification. For this 3 PSB strains were
inoculated in National Botanical Research Institute’s
Phosphate (NBRIP) broth medium in which tri-calcium
phosphate (TCP) serve as inorganic P source. pH of the
medium was adjusted to 7.0 = 0.1 prior to sterilization. PSB
strains were inoculated in NBRIP broth medium and kept at
25 +2° C with shaking speed of 120 rpm in incubator shaker

for 4-5 days. After attaining log phase bacterial cultures were
subjected to centrifuge at 4000 rpm for 10 min at 5 °C to
obtain cell free supernatants. Standard P solution (100 pgmL-
1y was prepared by dissolving 0.429g of KH,PO, in one litre
of distilled water (TDW) and solution was further diluted to
get concentration of 15, 45, 60, 90 and 100 pgmL™*
absorbance (640 nm) was plotted against standard P solution
for plotting standard curve. Soluble P was then measured as
reduced phosphomolybdic acid (blue color). To calculate
amount of P released, graph was plotted against absorbance
(640 nm) and concentration KH,PO, standard solution Bl. The
pH of NBRIP medium was also monitored at 5 days post
inoculation DPI through pH meter.

Pot Experiment

Pot experiment with 3 PSB strain was used against wheat
genotype (CBW 38) planted in glass house condition
relatively at controlled condition e.g. at temperature (18-35°
C) and humidity (40-80%.) with completely randomized
block design (CRD) having 3 replicates per treatment.
Uninoculated treatment serves as control (C). Each pot was
filled with 2-3 kg of sterilized soil and was added in
combination with recommended dose fertilizer (RDF) of NPK
e.g. Nitrogen (N-80Kgha™), Phosphorous (P-40Kgha) and
Potassium (K-40Kgha). Plant sampling was done at 45 and
60 days after transplanting (DAP) and plants samples were
analyzed for plant vigor parameters which include shoot
length (SL), root length (RL), shoot fresh weight (SFW), root
fresh weight (RFW) and grain yield (GY). Soil samples were
also analyzed for two analyze soil enzyme activity, i)
fluorescein di acetate hydrolysis (FDA) and ii) soil alkaline
phosphatase activity (AP).

Table 2: Details of PSB treatments with mentioned dose of inorganic NPK fertilizers

S. No. PSB treatments
1 Pseudomonas hunanensis- P1 + (N-80 Kgha'/P-40 Kgha'/K-40 Kgha)
2 Pseudomonas putida- P3 + (N-80 Kgha*/P-40 Kgha'/K-40 Kgha'')
3 Pseudomonas plecoglossicida- P4 + (N-80 Kghat/P-40 Kgha'/K-40 Kgha)
4 Uninoculated control-C + (N-80 Kgha'/P-40 Kgha'/K-40 Kgha't)
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Seeds collection and sterilization

Seeds of superior wheat genotypes e.g. CBW 38 were
collected from Seed Processing Center (SPC), G.B. Pant
University of agriculture & Technology, Pantnagar followed
by sterilization using sodium hypochlorite (NaOCI),
ethanol(C,HsOH) and mercuric chloride (HgCl,). Seed
sterilization proceed in 3 stage, i) the seeds were pre sterilized
with NaOCI solution for 3 min and then further washed for 4-
5 times with autoclaved distilled water, ii) In second stage,
pre sterilized seed was rinsed with ethanol (95%) for 1 min,
iii) in final stage the seed was sterilized with 0.1% HgCl;
solution for 2 min, followed by 8-10 washings with
autoclaved DW 4],

Seed bacterization

Seeds of CBW 38 genotype was bacterized with microbial
inoculum by dipping 10g of seeds in three separate 50 mL
flask containing log phase (1x108 cellsmL™) culture of 3 PSB
strain containing 1% carboxy methyl cellulose (CMC)
followed by 30 min of shaking at 28+2° C for 4h. Seeds
dipped in sterilized distilled water without PSB strain was
served as a control (6],

Soil enzyme assays

Two soil enzyme activities e.g. FDA and AP were done.
Fluorescein di-acetate (FDA) hydrolysis activity was assessed
to measure total microbial activity in soil and was done
according to method /1. For FDA, 1 g of moist soil was taken
in 50 mL flask further mixed with 1 mL of FDA solution and
15 mL of phosphate buffer. The flasks were then shaken for
20 min on rotary shaker at room temperature after which 10
mL of acetone (CH3COCHj3) was added for extraction. Finally
absorbance (Ao) of filtered samples were measured at 490 nm.
Soil AP activity was done to evaluate how much P was
released due to phosphatese activity which convert insoluble
inorganic P in soil to available P of bacteria and was done
according to method 4. For AP 1 g of soil was placed in a 50
mL flask, to which 4 mL of Modified Universal Buffer
(MUB), 1 ml of p- nitrophenyl phosphate (PNPP) and 0.25
mL of toluene was added and incubated at 37 °C for 1 h.
Finally 1 mL of 0.5M calcium chloride (CaCl,) and 4 mL of
0.5M sodium hydroxide (NaOH) were added. Suspension was
thoroughly mixed and further filtered and finally Ao was taken
at 400nm.

Estimation of chlorophyll and carotenoid content

Chlorophyll and carotenoid estimation was done to estimate
the effect of PSB on nitrogen (N) uptake in wheat plants. Test
tubes were filled with 10 mL of di methyl sulfooxide DMSO
followed by addition of 50 mg of leaves in DMSO further test
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tubes were kept at water bath for 3 h at 60° C until the leaves
turned colorless. Finally Ao of leaf extract was measured at
663nm and 645nm using a spectrophotometer after keeping
leaf extract at room temperature for 1 h.

To calculate chlorophyll a, b and total chlorophyll following
formulae were used [

(127xA,, +802xA_.)
1000 W

=V

Chlorophyll a (mg/g) =

229 X A T 802X Ag)
1000 % W

Chlorophyll b (mg/g) =

(20.2x A, +8.02x A,) =V
1000 = W

Total chlorophyll (mg/g) =

Carotenoid content leaf sample was estimated with above
procedure only difference was that in this Ao of leaf extract
was measured at 480nm 1,

[(A4so +0.11 X Age,- 0.638 x A645] <\
1000 x W

Carotenoid (mg/g) =

Where, W= weight of leaf sample and V= volume of leaf
extract.

Statistical analysis

Principal component analysis (PCA) analysis was performed
two reasons i) to determine the most influenced agronomic
variable after PSB inoculation. Analysis of variance
(ANOVA) was done to find overlap of significance amongst
three PSB strain.

Results
Quialitative estimation of P
Three PSB strains (Pseudomonas hunanensis- P1,

Pseudomonas putida- P3 and Pseudomonas plecoglossicida-
P4) were tested positive on pikovaskia agar plates and the
response was measured in PSI. Highest PSI was observed in
P3 (3.4 cm), followed by P1 (2.8 cm) and P4 (2.78 cm)
respectively (Fig.1).

Qualitative estimation of Zn

Three PSB strains (Pseudomonas hunanensis- P1,
Pseudomonas putida- P3 and Pseudomonas plecoglossicida-
P4) were also tested positive on Zn agar plates and the
response was measured in ZSI. Highest ZSI was observed in
P3 (3 cm), followed by P4 (2.64 cm) and P1 (2.52 cm)
respectively (Fig.1).

Fig 1: PSB strain showing P solubilization (a) and Zn solubilization strain (b) showing positive halozone formation around the colony

~1831 ™


http://www.thepharmajournal.com/

The Pharma Innovation Journal

P-quantification of inorganic P

The release of soluble P in the NBRI-BPB medium was
highest in Pseudomonas putida- P3 (74.6 pgmL™) followed
by Pseudomonas hunanensis- P1 (72.48 ugmL?) and
Pseudomonas  plecoglossicida- P4  (70.48  pgmL™)

http://www.thepharmajournal.com

respectively. It was also observed that 3 PSB strain also
acidified the medium which may be due to H* extrusion as a
result of which pH of the medium decreased from pH 7 to 4.6.
Highest drop of pH was observed in P3 (4.6) followed by P1
(4.8) and P4 (4.92) (Fig. 2).

754

~ ~ ~
N w N
1 1 1

~
N
1

Soluble P concentration (ugmL'1)
3

704

; 495

-4.90

-4.85

-4.80

F4.75

(pH)

F4.70

- 4.65

- 4.60

P1

(Treatments)

: 4.55
P4

Fig 2: Quantitative estimation of PSB strain in NBRIP broth medium with drop of pH

Growth promoting effect of PSB inoculation on wheat

Plant agronomic parameters of wheat genotypes (CBW 38)
were monitored at 45 and 60 days post inoculation (DPI).
PSB inoculation positively influenced overall plant vigor of
wheat plants (Fig. 3). Overall there was 1-2 fold increase in
agronomic parameters. Highest plant vigor parameters was
observed in Pseudomonas putida- P3 (SL-32cm, RL-12.4cm,
SFW-0.36g, RFW-0.18g, GY-2.4 Kgha?) followed by

Pseudomonas hunanensis- P1 (SL-30.8cm, RL-12cm, SFW-
0.32g, RFW-0.12g, GY-2.1 Kgha?') and Pseudomonas
plecoglossicida-P4  (SL-30cm, RL-11.4cm, SFW-0.31g,
RFW-0.14g, GY-1.96 Kgha) respectively which was found
to be much higher than uninoculated control (C) in which SL-
22.4 cm, RL-5.6 cm, SFW-0.18g RFW- 0.88g and GY-1.24
Kgha* respectively (Fig 3).

T T T T 14
35 L ISL{em)
CTl6Y(Kgha')
. #— RL{cm)
30 T — 12
T
25 \
\
" \ 10 N
7 5
\ S
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\
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6
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0 - . 4
P3 P1 P4 c
(Treatments)

P4

P1 -

P3 -

SFW

|||||||||

0.45).400.350.300.25).200.150.100.05p 0

T T T
0.2 0.3 0.4
RFW

T
0.1

Fig 3: Pot trial of PSB strain in CBW 38 wheat genotype plant a), agronomic plant parameter variation in terms of SL, RL and GY b), and SFW
and RFW of PSB treated wheat plants c)
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Soil enzymes analysis

Soil enzyme activity is considered as a marker for soil health.
Rhizospheric soil was assessed for FDA and AP to evaluate
the impact of PSB inoculation on soil health. Overall, there
was a positive impact of inoculation of 3 PSB on soil health
as compared to uninoculated control (C). Highest FDA and
AP was observed in Pseudomonas putida- P3 in which FDA
and AP was found to be 78.6ugmL*h? and 62.6 ugmLh+

http://www.thepharmajournal.com

respectively followed by Pseudomonas hunanensis- P1 (FDA-
72.6 pgmLtht and AP-58.4 pgmL=*h?) and Pseudomonas
plecoglossicida- P4 (FDA-68.36 pgmL*h' and AP-56.4
pugmL-tht) respectively. Uninoculated PSB wheat plants serve
as control which have significantly lower FDA (58 pgmLh)
and AP (44.6 ugmL™h?) as compared to PSB treated strains

-

90

(Fig 4).
B FDA
B AP

P3 P1

./ |
80
70 -
—~60-
= 50-
_EJ -
mdﬂ-_
=
‘-\.:-'30-
20
10 7
o - -
i -
T L T L] T T T 1

(Treatments)

P4 c

Fig 4: FDA and AP soil enzyme activities of PSB treated soil along with untreated control (C)

Chlorophyll estimation

Chlorophyll and cartenoid content in plantsis durectly linked
to amount of nitrogen (N) present in plant sample. PSB
inoculation on treated wheat plants promotes the average
chlorophyll a, b total chlorophyll and carotenoid content
wheat genotype CBW 38. Maximum chlorophyll a (2.6
mg/g), b (0.04 mg/g), total chlorophyll (2.32 mg/g) and
carotenoid (0.5 mg/g) found respectively was observed in P3

PSB inoculated wheat plants followed by P1 and P4 which
were significantly higher as compared to uninoculated PSB
wheat plants which serve as control where chlorophyll a (2
mg/g), b (0.03 mg/g), total chlorophyll (1.9 mg/g) and
carotenoid (0.55 mg/g) found respectively. These results in
addition to Phosphorous mobilization, PSB inoculation also
promotes N content in wheat genotypes (Fig. 5).

A B chia
I chib
3.0 B Ton!
=3 cartenoid|
2.5
2.0 4
'21.5-
E
1.0~
0.5 I | il il J i J
0.0 + T T T T T T T <
P3 P1 P4 C
(Treatments)

Fig 5: Chlorophyll a, b, total chlorophyll and cartenoid of wheat treated with PSB strain and uninoculated PSB control (C)

Discussion
As P is most important limiting factor in agriculture crop

production, solubilization of inorganic and organic P in soil
via PSB provides a effective strategy to release unavailable P
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in the soil to most available form of P to plants. Thus PSB can
be used alone or in combination with inorganic commercially
available chemical fertilizers to reduce input dosage of
fertilizers. The present study was aimed to establish the role
of PSB as potential agent for improving soil health and wheat
plant vigor. All 3 PSB strain show positive qualitative
phosphate and zinc solubilizng potential in which maximum P
and Zn solubilization was observed in P3 (Fig 1). Quantitative
P concentration was also highest in P3 (74.6 pgmL™)
accompanied with drop of pH 4.6 and it may be due to H*
extrusion which is one of the key mechanisms of inorganic P
solubilization bacteria . In pot trial inoculation of PSB
promotes wheat plant vigor parameters (Fig 3) as compared to
uninoculated control. Maximum response was observed in P3
followed by P4 and P1 respectively. Average GY was highest
in P3 strain e.g. 2.4 Kgha* which is significantly higher than
uninoculated control (C) where GY was found to be 1.24
Kgha. Our study results have been supported by studies in
which PSB bacteria belonging to genus Pseudomonas notably
improved GY up to 20-60% respectively in wheat plants [,
Promising PSB strain when use in combination with
commercially available inorganic P results in higher GY upto
27% as compared to inorganic P when applied alone in wheat
plants 3. Two soil enzyme activities (FDA and AP) were
done after harvesting of plants and there was a substantial
increase in both FDA and AP soil enzyme activities in soil
treated with PSB strains as compared to untreated soil which
serve as control (Fig 4). FDA represents total microbial
activity present in the soil and an increase in FDA activity
could stimulates AP activity . Increase in AP activity
promotes solubilization of unavailable organic form of P to
most available inorganic P form thus mobilize P pool form
soil to plants which in turn promotes plant vigor in wheat.
This theory has been supported by previous study in which an
increase in wheat biomass was observed when soil was
treated with bacteria that promoted soil AP activity “1.
Average chlorophyll a, b, total chlorophyll and carotenoid
increase were observed in PSB inoculated wheat plants.
Maximum response was observed in P3 which was higher as
as compared to uninoculated wheat plant e.g. controls plants.
Chlorophyll content increase indicates that addition of PSB
does not solubilize inorganic P in soil but it also promotes N
content in plants as chlorophyll and carotenoid concentration
directly correlates with N content present in wheat plants X1,
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