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Abstract

Potassium (K) is the foremost macronutrients for growth of plant, soil
health and fertility. The huge application of NPK chemical fertilizers nega-
tively impacts the economy and is a threat to environmental sustainability.
The rapid depletion of K mineral in soil is due to the application of agro-
chemicals agricultural fields for the production of crops in India. In present
investigation, K-solubilizing microbes (KSM) were isolated and enumerated
from cereal crops growing in Sirmour Himachal Pradesh. A total 125 bacte-
ria were isolated and screened for K- solubilization on Aleksandrov agar
plates and found that 31 bacterial strains exhibited K-solubilization. These
31 K-solubilizing strains of bacteria were additionally screened for other
plant growth promoting (PGP) potential including solubilization of minerals,
production of siderophores, ammonia, hydrogen cyanide and indole acetic
acids. The performance of an efficient K-solubilizer was evaluated for plant
growth promoting ability in pot assay under in vitro conditions. The strain
EU-LWNA-25 positively influenced shoot length, fresh weight, carotenoids
and total sugar content than the full dose, half dose and control. The strain
enhancing physiological and growth parameters was identified by BLASTn
analysis as Pseudomonas gessardii EU-LWNA-25. K-solubilizing plant growth
promoting bacteria could be suitable bioinoculants for Rabi seasonal crops
and overcomes the challenges of sustainable agriculture in K-deficient soil.
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Introduction

Potassium (K), the 7" most abundant, is one of the vital nutrients which is
requisite in large quantity for functioning of cells by all living organisms. It
plays a major role in activation and production of enzymes that are involved
in regulating the photosynthesis rate i.e. adenosine triphosphate and trans-
portation of water and nutrients throughout the plant. The deficient supply
of potassium in plants depressed the translocation of amino acids, calcium
(Ca), magnesium (Mg), nitrates, and phosphates. In soil, the nutrient is pre-
sent in different insoluble forms, majorly fixed forms which cannot be ab-
sorbed by plant systems (1, 2). To fulfill the plant nutrient requirement, po-
tassium fertilizer is being used on a huge level around the globe. The use of
fertilizer also has a harmful impact on the environment and it is necessary
to have a substitute indigenous source of potassium that produces crops in
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a sustainable way. The community of phytomicrobiomes
and soil microbiomes has an ability to influence the fertili-
ty of soil through mineralization and nutrient release (3, 4).

Implification of efficient potassium solubilizing mi-
crobes is one of the possibilities for the improvement of
fertility and health of soil as well as agricultural sustaina-
bility. Efficient potassium solubilizing bacteria (KSB) se-
cretes wide variety of enzymes and organic acids that act
on insoluble form of potassium and convert it into solubil-
ized form which is available to plant. The potassium solu-
bilizing bacteria also produces amino acids, vitamins
which helps in growth promotion. One possible way to
alleviate deficiency of potassium is to use of a KSB that
play major roles in availing the potassium minerals by K-
solubilization through diverse mechanisms like acidolysis,
chelation, complexolysis, exchange reactions and organic
acids production (5, 6). These microbes residing in the rhi-
zospheric region of plants are known as K-solubilizers and
have the capability to augment potassium availability to
plants.

Interactions between microbes and plants occur
through associative, endophytic or symbiotic processes
with the distinct degree of proximity with the surrounding
soil and the roots. PGP soil and rhizospheric bacteria asso-
ciated with plants have capability to promote growth of
plant, enhance crop yield and soil fertility (7). The huge
number of PGP microbial strains which are commercially
used as the adjuncts to agricultural practice, including
Agrobacterium, Azotobacter, Azospirillum, Burkholderia,
Bacillus, Pseudomonas, Paenibacillus, Streptomyces and
Serratia (8). The most significant PGP microbes are Acidi-
thiobacillus  ferrooxidans,  Azospirillum,  Azotobacter,
Burkholderia, Bacillus edaphicus, B. circulans, B. mucilagi-
nosus, B. subtilis, Paenibacillus sp. and Pseudomonas. Plant
growth promoting microbes play an important role in
planting using different plant growth promoting mecha-
nisms of solubilization of micronutrient, biological nitro-
gen fixation, production of siderophores and plant growth
regulators.

Potassium solubilizing PGP attributes has been re-
ported by worldwide researchers and several microbial
strains belongs to different genera, such as Acidothiobacil-
lus, Bacillus, Burkholderia and Pseudomonas, which have
capability to mineralize potassium inaccessible form from
K-bearing minerals in soil (9-13). The potassium solubiliz-
ing fungi (KSF) strains namely, Apergillus niger and A. terre-
us sorted out from potassium rich soil samples are ob-
served to increase fertility of soil (14-16). Moreover, KSB
have ability to mineralize rock potassium, such as illite,
micas and ortho classes (feldspar), also through excretion
and chelate production of silicon ions or organic acids to
bring the potassium into solution (17). Certain groups of
microorganisms are well recognized to solubilize potassic
minerals into soluble form which could be utilized by the
plants (18).

In general, PGP microbes assist the growth of plants
by direct or indirect mechanism of action. The direct
mechanism promotes plant growth either by supplying

nutrients (N, P, Fe, and Zn) or regulating the levels of phy-
tohormones like auxin, cytokinin, gibberellins and eth-
ylene), whereas indirect action mechanisms decreases the
various pathogens and its deleterious effects. Now various
microbial species like potassium solubilizing microorgan-
isms (KSM) are widely used as a worthy substitute of chem-
ically synthesized fertilizer. The present investigation deals
with study of potassium solubilizing bacteria (KSB) sorted
out from Baru Sahib, Himachal Pradesh and their role in
promotion of plant growth.

Materials and Methods
Sample sites and sampling

The sample were collected from Valley of Divine Peace,
Baru Sahib, 30.7537° N, 77.2965° E, which is located in a
remote corner of Sirmour district, Himachal Pradesh, In-
dia. The soil samples were collected from crops such as
Amaranthus, barley, buckwheat, finger millet, foxtail mil-
let, maize, oats, pearl millet and wheat growing at Baru
Sahib in sterile labeled polythene bags and processes im-
mediately.

Isolation and enumeration of microbes

The plant allied rhizospheric microbes were sorted out and
enumerated using different culture media such as nutrient
agar, trypticase soya agar, soil extract agar, King’s B agar,
rose Bengal agar and potato dextrose agar. The culturable
microbes were sorted out from root associated soil
through enrichment technique. Once the microbes were
isolated, the colonies were purified on respective growth
media and obtained single distinct colonies of bacteria
were preserved for future use.

Screening of bacteria for PGP traits

All obtained microbial isolates were screened for K-
solubilization on modified Aleksandrov agar media supple-
mented with insoluble K-alumina silicate as per the stand-
ard method of Hu, Chen (19). The selected K-solubilizers
isolates were screened for other PGP attributes such as
phosphorus solubilization on Pikovskaya agar medium
using three various insoluble phosphorus sources i.e. apa-
tite, rock phosphate and tricalcium phosphate (20), zinc
solubilization on nutrient agar supplemented with 1%
each of zinc phosphate, zinc oxide and zinc sulphide (21),
siderophores production on chrome azurol-S agar, indole
acetic acid (IAA), ammonia and hydrogen cyanide (HCN)
according to standard method of (22)

Identification of selected KSB and phylogenetic analysis

Genomic DNA of efficient K-solubilizers was extracted by
the modified method of as described (23). The 16S rRNA
gene of isolated DNA samples was amplified using set pri-
mers pA and pH to obtain approximately 1500-bp frag-
ment. The PCR amplification was carried out as described
earlier (23). The amplified PCR products of selective iso-
lates were purified with a QIA quick purification kit
(Qiagen). The identity of bacteria was determined by simi-
larity percentage (>97%) available at the GenBank data-
base using BLASTn. The phylogenetic tree was constructed
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to know the taxonomical affiliation of bacteria using neigh-
bor joining (NJ) method in the program MEGA 4.0.2. (24).

Evaluation of selected KSM for plant growth promotion

A pot experiment was designed to evaluate the effect of the
potential and efficient potassium solubilizing bacterial
strains on growth of barley in glass house in non-sterile soil.
LW-NA-25 was inoculated in culture media and incubated at
30 °C for 24 hr in incubator shaker. Bacterized seed of bar-
ley were sown in plastic pots (30 cmx30 cmx26 cm) contain-
ing 4 kg unsterile soil. The pots were watered according to
the need.

Determination of growth and physiological parameters

Various growth parameters were assayed including root/
shoot lengths and fresh/dry weight. The content of chloro-
phyll and carotenoid was determined by the method of
Lichtenthaler (25). In 80% acetone fresh leaves of barley
were homogenized and OD was taken at respective wave-
length and the concentration of total chlorophyll and carot-
enoids in leaf was calculated through the following equa-
tion.

Chla (mg g_lFW) =12.25A663— 2.79A615

Chlb (mg g_lFW) =21.50A645 — 5.10As63

Chla+b =T7.15A663 + 18.71A¢ss

1000 A470 - 1.82 Chla - 85.02 Chlb
198

Cxrc=

Total soluble sugar (TSS) content of barley was de-
termined by the standard method (26). Fresh leaves of bar-
ley were crushed in the 95% ethyl alcohol and alcoholic
extract was reacted with freshly prepared anthrone rea-
gent. The extract was incubated at 100 °C for 10 min and
absorbance was determined at 625 nm. The concentration
of TSS was calculated using the standard curve of glucose
and expressed in pg/g FW. Leaf phenolics and flavonoid
contents were determined.

Results
Isolation, screening and identification of bacteria

A total of 125 bacterial strains were sorted out from several
cereal crops grown in the Baru Sahib, Himachal Pradesh
and maintained. Noteworthy variations were observed
among bacterial population in each sample on various
growth media (Table 1). CFU ranges from 0.02- 2.69x107 in
different growth media. Among the media used, nutrient
agar supported highest diversity followed by King’s B agar
from maize and Amaranthus respectively. Among 125 bac-
terial strains, 31 bacterial strains were found to be exhibit-
ing the K-solubilizing attributes on insoluble K-alumina
silicate. All K-solubilizing isolates were further screened for
other PGP attributes and found 61% and 35% as P and Zn
solubilizer respectively, whereas 74% produced sidero-
phores, 61% ammonia and 58% produced HCN and IAA
(Table 2). The selected K-solubilizing strain EU-LWNA-25
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EU-LWNA-25 (MN294518)

&4 | Pseudomonas gessardii (KT382252)
Pseudomonas cedrina (MK737341)
Pseudomonas fluorescens (AB680974)
Pseudomonas synxantha (NR 113583)

96 fol Pseudomonas libanensis (NR 024901)

90 y Pseudomonas azotoformans (LC130640)
Pseudomonas marginalis (KC465355)
Pseudomonas reactans (GQ354529)
Pseudomonas paralactis (NR 156987)
Pseudomonas lactis (KP756926)

70 1 Pseudomonas poae (KF054938)

92 Pseudomonas palleroniana (NR 029050)
Pseudomonas tolaasii (MK351576)
Pseudomonas lurida (AJ581999)

Pseudomonas antarctica (HG518622)
Pseudomonas arsenicoxydans (FN645213)
Pseudomonas chlororaphis (KT695809)
Pseudomonas rhodesiae (KT695839)
Pseudomonas denitrificans (LC007966)
Pseudomonas extremaustralis (LT617886)
Pseudomonas veronii (AB056120)

Pseudomonas orientalis (MW631985)
Pseudomonas trivialis (AJ492831)

Pseudomonas simiae (AJ936933)
Pseudomonas putida (HF545843)

&6 1 Pseudomonas allii (LC548098)

— Pseudomonas brenneri (AM933521)

Pseudomonas citronellolis (AM088480)

; Pseudomonas aeruginosa (F/972538)

0.005

100

Fig. 1. Phylogenetic tree showing the relationship among 07 potassium solubil-
izing bacterial isolates, 16S rRNA gene sequences with reference sequences
obtained through BLAST analysis. The trees were constructed using Neighbor
joining with algorithm using MEGA 4 software (45).

showed 99% similarity to Pseudomonas gessardii whose
phylogenetic tree was constructed using available data-
bases.

Evaluation of selected KSM for plant growth promotion

The selected K-solubilizer namely, P. gessardii EU-LWNA-25
was used for evaluating PGP of barley crop by pot assay
under in vitro conditions (Fig. 1).

Determination of growth and physiological parameters

K-solubilizer, P. gessardii EU-LWNA-25 increases the
growth parameter shoot length, root length and fresh
weight (Fig. 2 and 3). The increase in shoot length was
2.2, 1.4 and 1.3 folds higher as compare to full dose,
half of chemical fertilizer and untreated control respec-
tively. The root length of EU-LWNA-25 treated plant was
1.1 fold higher as compare to control, but as compare
to full and half dose of fertilizer was lower. EU-LWNA-25
significantly increases 1.4, 1.9 and 1.4 folds higher fresh
weight of the plant in comparison with control, half and
full dose of chemical fertilizer. The dry weight of EU-
LWNA-25 treated plant was 1.6 fold higher as compare
to chemical fertilizer both full and half dose. The chlo-
rophyll content of EU-LWNA-25 treated plant was 1.9
and 1.5 fold higher in comparison with half dose of po-
tassium fertilizer dose and untreated control plant, re-
spectively (Fig. 4a). The content of carotenoids signifi-
cantly 1.5, 3.0 and 2.7 fold higher as compare to potas-
sium chemical full dose, half dose and untreated con-
trol respectively (Fig. 4b). The sugar content was 1.1
and 1.3 fold higher in plant treated with EU-LWNA-25 as
compare to full and half dose of chemical fertilizer (Fig.
4c). The EU-LWNA-25 doesn’t increase phenolics con-
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Table 1. Total viable count of rhizospheric microbes from different cereals and pseudo cereals growing in Divine Valley of Baru Sahib

CFU per g of soil on different media (x107)

Samples

NA KB TSA T:A LB RBA
Amaranthus 1.06 1.95 0.95 0.43 0.57 0.02
Barley 0.55 0.65 1.25 0.25 0.55 0.12
Buckwheat 0.63 0.77 1.03 0.28 0.70 0.05
Finger millet 0.82 1.03 0.41 0.44 0.56 0.05
Fox tail millet 0.76 0.60 0.60 0.46 1.20 0.04
Maize 2.69 2.25 1.95 0.70 1.07 0.15
Oats 0.45 0.85 1.11 0.12 0.58 0.15
Pearl millet 0.73 1.46 0.65 0.22 1.07 0.04
Wheat 0.65 1.25 1.30 0.14 0.45 0.18

NA-Nutrient agar, KB-King’s B agar, TSA-Tryptic soy agar, MDM-Modified Dobereiner medium, LB-Luria Bertani media, RBA-Rose Bengal agar, JA-Jensen Agar

Table 2. Plant growth promotion attributes of K-solubilizing bacteria

K-solubilizers P Zn Sid HCN NH; 1AA
EU-A1SJ1 + + - + + +
EU-A1SN1 + - + - + +
EU-A1SNL1 + - + + - +
EU-A2RJ1 + - + + + +
EU-A2RK2 + - + - - -
EU-A2RNL1 + + + + + +
EU-A2RT3A2 + + - + + +
EU-A2SB1 + + = = N N
EU-A2SK1 + + + + - +
EU-A2SN1 + N = = N N
EU-A2SNL2 + - + = N N
EU-A2SNL3 - + - - - -
EU-A2ST.R1 + + + - - +
EU-A3SNL1 - - + - - -
EU-B1SB1 - + - + + -
EU-B2RK1 - - + + + +
EU-B2RK2 + - + + + +
EU-B2RN1 + - + + + +
EU-B2SNL1 + + + - + +
EU-B2ST3.1 - - - + + +
EU-B3RT3.1 + - + - + +
EU-B3SK2 + - + - - -
EU-B3SN2 - - + + + -
EU-B3SN4 - - + + + -
EU-B3ST3.1 - - + - + -
EU-B3ST3.1 - - + - - -
EU-C1RNL1 - - + + + -
EU-C2RK2 - - + + + +
EU-C2SN1 - - - + + +
EU-LWNA-25* + + + + + +
EU-LWNA-38 + + + + - +

*Pseudomonas gessardii EU-LWNA-25, P-Phosphate, Zn-Zinc, Sid-Siderophores, HCN-Hydrogen cyanide, NHs-Ammonia, IAA- Indole acetic acid

tent, whereas the culture significantly increased flavo- Discussion
noids content by 1.0, 1.1 and 1.0 fold as compare to full
dose, half dose of potassium fertilizer and untreated
control respectively (Fig. 4d and e).

Over the years, various types of chemically synthesized fer-
tilizers have been applied in the agricultural fields to fulfill
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Growth Parameters
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the nutrient requirement of plants and to increase the crop
productivity. Urea, diammonium phosphate and potash as
a source of important macronutrient nitrogen, phosphorus
and potassium respectively are the three main chemical
fertilizers which were being frequently used from the past

Fig. 3. The effect of KSB on the growth parameters barley (a) Pseudomonas
gessardii LW-NA-25 (b) K-100% (c) K-50% (d) Control

five decades. The application of chemical based products
have conquently affects the quality of the soil. Currently, in
many parts of the world, chemically based fertilizers have
been known to be accumulate in the soil as a pollutant that
leads to the decrease of soil biodiversity as well. Many stud-
ies around the globe have been published that have con-
cluded microbes as an alternative fertilizer. Microbial bio-

fertilizer of various nutrients have been known and potassi-
um is one of the nutrients.

Potassium is a major micronutrients for plants that
influences growth, development and quality of grain. It also
plays significant role in uptake and transporatation of nutri-
ents and synthesizes of cells and biomolecules like en-
zymes, proteins, starch and vitamins. Potassium is also one
of the limiting nutrients as the present insoluble form of
potassium is cannot be utilized by the plants. The PGPMs
use is an effective approach that could replace the use of
agro-chemical. There are many reports on the potassium
solubilizing microbes possessing other PGP attributes (27-
30). KSMs play an important role in K solubilization and
mobilization in plants and help in different activities such
as metabolism of energy, synthesis of starch, nitrate reduc-
tion, photosynthesis and degradation of sugar (31).

In the present study barley inoculated is P. gessardii
EU-LWNA-25 showed an increase shoot length, root length
and fresh weight biomass. Pseudomonas gessardii, a Gram-
negative, rod shaped and fluorescent bacterium that signif-
icantly proven as efficient enhancer of the plant barley has
also been reported earlier as an efficient PGP bacteria un-
der heavy metals stress conditions. In a report, P. gessardii
was reported for enhancing sunflower growth parameters
and lead tolerance ability of plants (32). In another report,
this particular bacterium was reported as phosphorus solu-
bilizer (33). Many studies have also confirmed that PGPMs
increase the growth parameters. In a report, a promising K
solubilizing bacterium, Paenibacillus glucanolyticus ob-
tained from the rhizospheric region of blackpepper was
significantly improved plant growth and K uptake (34). In
another report, Bacillus megaterium isolated from Iranian
soil was reported as an efficient KSB. This strain has also
been reported for enhancing the soluble K content in
in vitro condition as compared to control (35).

In a report, Burkholderia cepacia was suggested as
potential potassium solubilizing and mobilizing bacteria.

Plant Science Today, ISSN 2348-1900 (online)
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Fig. 4. The effect of potential KSB on growth of barley in term of (a) chlorophylls contents (b) carotenoids (c) total soluble sugar content (d).

The inoculation of this strain in the tobacco seedling has
been known to enhance the growth by increasing the up-
take of potassium and nitrogen (36). In a similar report,
Frateuria aurantia was reported as a potential solubilizer of
K and it also promotes the tobacco plant growth after inoc-
ulation as compared to control (37). Pseudomonas azotofor-
mans was also reported for efficient solubilizer of K miner-
als. This strain was also reported for degrading the pollu-
tion and rejuvenating land for agriculture benefits (38). In
another report, three bacterial strains identified as Entero-
bacter sp., Pantoea ananatis and Rahnella aquatilis, were
reported for solubilizing both K and P mineral via organic
acid production. All these strains individually enhanced the
plant growth, biomass, height, diameter, leaf area of rice
seedling (39). Agrobacterium tumefaciens was recognized as
a pronounced K mineral solubilizer. The inoculation of this
strain on maize plants also enhanced nutrient assimilation

and plant growth (40).

In another report, Burkholderia sp. was isolated from
rhizospheric soil of Mikania micrantha was reported as effi-
cient solubilizer of potassium (41). A strain of KSM identi-
fied as Bacillus pseudomycoides promoted the uptake of
potassium in the plants of tea by increasing the availability
of K-mineral in the soil treated with mica waste (42). In a
similar report, bacterial strain namely, Acinetobacter pittii,
Cupriavidus oxalaticus, Ochrobactrum cicero and Rhizobium
pusense were reported as a potential solubilizer of K and its
inoculation improved in paddy plant enhanced the length
of shoot, fresh and dry weight and content in chlorophyll
under saline conditions (43). In another report, two bacteri-
al species belonging to genera Burkholderia i.e. B. licheni-
formis and B. cenocepacia were reported as efficient K-
solubilizers. The inoculation of these strains in tomato

https://plantsciencetoday.online


https://plantsciencetoday.online

plants, increases its growth parameters like leaf area, both
root and shoot length and K content as well (44). K-
solubilizer with PGP ability have been exploited as agricul-
tural agents for cereal crops under suitable inoculants for
low temperature season, crops grown in regions like alpine,
sub-alpine, high altitude regions and low temperature are-
as and used in the mitigation of K-deficient soils .

Conclusion

In conclusion, the utility of such K solubilizing/mobilizing
strains in different agro-ecological systems is enormous
when considering the unique the climatic conditions and
crop growing situations of the different agricultural sys-
tems. The potential of the KSB to promote plant growth in
barley requires further evaluation and validation under in
vivo conditions before its use as bio-inoculants in the differ-
ent agro-ecosystems. The selection of native functional
PGP microbes is a required step for reducing the energy use
intensive chemical fertilisers. The strain reported in this
study may be considered as a future candidate for promo-
tion as bio- inoculants, due to its multiple PGP abilities
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