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ABSTRACT

Plant growth promoting bacteria (PGPR) have been found to be highly beneficial for plants as they help
defend against fungal diseases commonly found in soil. They play an important role in plant growth,
health and productivity. They increase seedling tolerance to drought, high temperatures, toxic heavy metals,
high or low pH and even extreme soil acidity. The use of PGPR has proven to be an environmentally best
way to increase the crop yield by facilitating plant growth through either a direct or indirect mechanism.
Tea is grown all over the Assam and cultivated in major areas where chemical fertilizers are used. So, the
use of PGPR can minimise the application of chemical fertilizer for the production of organic tea. This
review highlights the future research works which are needed in many areas of Assam by the use of beneficial
strains of PGPR to reduce the use of pesticide for commercial production of organic tea for healthy
consumption by the people at large.
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Introduction

The plant growth promoting bacteria (PGPR) are
very much favorable for plants. This bacteria helps
to defend plants against many diseases that are
mostly fungal diseases borne in soil. Presently very
high amount of pesticides are used in plant. PGPR
have been found to be highly beneficial for plants as
they help defend against fungal diseases commonly
found in soil. These bacteria colonize the rhizophere
of plants and stimulate plant growth through vari-
ous mechanisms as defined by Kloepper and
Schroth (1978).

The overuse of chemical fertilizers and pesticides

in crop production has become a significant problem
that threatens the environment and human health
(Kumar et al., 2017). Studies have shown that the use
of chemical fertilizers can increase yields by approxi-
mately 50%, but this comes at the expense of ignor-
ing the biological potential of roots and the rhizo-
sphere (Meena et al., 2017). PGPR can help increase
plant nutritional status and reduce the need for pes-
ticides (Pérez-Montaño et al., 2013; Aloo et al., 2019).

PGPR use two mechanisms to promote plant
growth :direct and indirect .Direct mechanisms in-
clude the production of Phytohormones (Cassán et
al., 2009) such as auxins (Khalid et al., 2004b);
siderophores (Yu et al., 2019); phosphorous
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solubilisation (Krey et al., 2013), or nitrogen-fixing
(Riggs et al., 2001). Indirect mechanisms are related
to biocontrol, such as antagonistic activity against
phytopathogenic microorganism (Bashan and
Holguin, 1997; Ahmad et al., 2016; Khatoon et al.,
2020). Additionally, the massive use of nitrogen and
phosphorus fertilizers is harmful to soil microorgan-
isms affects soil fertility, and pollutes the environ-
ment. Thus, the use of PGPR is an urgent need to
maintain high productivity while minimizing envi-
ronmental impact (Youssef et al., 2014; Slepetiene et
al., 2020).

PGPR in Rice

Rice (Oryza sativa) is a crucial cereal crop in India
that belongs to the family Grmineae. Asia is the larg-
est producer of rice, with India, Bangladesh, china
and Pakistan being the major contributors. In many
states of India, rice is the primary source of carbohy-
drates, and irrigated lowland rice accounts for over
75% of rice production (Ram et al., 2003; Yuan et al.,
2021).

However, the availability of irrigation water is
threatened by global water shortage, which nega-
tively effects crop growth and productivity (Cai et
al., 2020). PGPR could play a vital role in alleviating
the negative effects to drought stress on plant. Re-
search has shown that the application of PGPR im-
proves rice growth traits, including shoot length,
tiller number, panicle number and shoot dry weight.

Rice plants treated with PGPR showed a  significant
increase in these parameters compared to untreated
plants (Ahuja et al., 2010; Shekoofa and Sinclair et al.,
2018). Moreover, the combined application of PGPR
and irrigation at 100% ETc recorded the best growth
parameters, while the treatment I80×

-PGPR showed
the lowest values of growth parameters. Therefore,
the application of PGPR could be a promoting strat-
egy to increase rice yield productivity and cope with
the water shortage crisis. However, further research
is needed to investigate the response of rice plants to
combined PGPR with deficit irrigation regimes syn-
chronized with salt-affected soils (Abd et al., 2022).

PGPR in Sugarcane

PGPR have been found to play a crucial role in en-
hancing salt stress tolerance in sugarcane plants.
Sugarcane  is a valuable cash crop grown world-
wide but its sessile nature makes it vulnerable to
salinity stress. High salt concentrations cause toxic-
ity and symptoms that directly affect its physiologi-
cal and metabolic processes, as well as its nutritional
value, leading to reduced growth (Gomati et al.,
2014; Khan et al., 2018). Although the mechanism of
PGPR and Nitric oxide in facilitating salt stress tol-
erance in sugarcane plants is yet to be fully investi-
gated, recent studies have explored the use of salt-
tolerant PGPR from the sugarcane rhizophere to
mitigate salt  stress on sugarcane plants (Sharma et
al., 2021).

Table 1. Effect of integrative deficit drip irrigation and plant growth promoting rhizobacteria on growth characteris-
tics of rice plants grown under saline soil for (SI) 2017 and (SII) 2018 seasons (Abd et al., 2022).

Source of variation Shoot length Tillers no. Panicles no Shoot dry
(cm) plant”1 plant”1 weight (g)

Season NS NS NS NS
(SI) 2017 53.44 ± 1.20a 1.92 ± 0.23a 1.79 ± 0.15a 3.45±0.33a
(SII) 2018 53.66 ± 0.99a 1.95 ± 0.23a 1.77 ± 0.21a 3.47 ± 0.43a
Irrigation ** * ** **
FI 55.62 ± 1.20a 2.04 ± 0.32a 1.88 ± 0.23a 3.84 ± 0.45a
DI 51.49 ± 0.89b 1.83 ± 0.54b 1.67 ± 0.30b 3.08 ± 0.32b
PGPR ** * ** **
“PGPR 51.16 ± 0.88b 1.80 ± 0.31b 1.63 ± 0.29b 3.01 ± 0.28b
+PGPR 51.16 ± 0.88b 2.07 ± 0.33a 1.93 ± 0.31a 3.91 ± 0.43a
I×PGPR ** * ** **
I 100×

”PGPR 53.04 ± 1.40b 1.88 ± 0.41b 1.7 1± 0.25b 3.38 ± 0.31b
I 80×

--PGPR 49.28 ± 1.21c 1.72 ± 0.21c 1.54 ± 0.43b 2.65 ± 0.41c
I 100×

+PGPR 58.20 ± 0.42a 2.21 ± 0.33a 2.05 ± 0.21a 4.31 ± 0.59a
I 100×

+PGPR 53.69±0.98b 1.94 ± 0.23b 1.81 ± 0.40b 3.51 ± 0.36b

***Respectively, differences at p0.05 and p0.01 probability level, ns indicates no significant difference. Means followed
by the same letter in each column are not significantly different according to the LSD test (p<0.05).
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In a study, sugarcane plants were grown in the
presence or absence of PGPR Paraburkholderia sp.
SOS3 under a hybrid chemical organic fertilisation
regime. After one year of growth, the plants were
harvested, leaving the root system intact (Paungfoo-
Lonhienne et al., 2020). The remaining plants were
grown second year without addition of PGPR; the
results showed a significant improvement in cane
and sugar yields for plants that were treated with
PGPR mediated systematic abiotic stress  tolerance
in plants and encourages the use of microorganisms
(Chanyarat et al., 2021).

PGPR in vegetables

PGPR have emerged as a promising alternative to
synthetic fertilizers and pesticides in vegetables are
crucial for food and nutrient security, providing an
inexpensive source of energy, nutrient, vitamins and
minerals for good health (Schreinemachers et al.,
2018).

However, conventional agricultural practices that
rely on synthetic chemicals have adverse effects on
human, animals, and the environment .In this con-
text, PGPR offer a potential solution to these prob-
lems (Choudhary et al., 2018; Aloo et al., 2019). A
better  understanding of the plant-growth  promo-
tion activity of PGPR is likely to enhance  the pro-
duction of safe, fresh and high quality vegetables
while reducing chemical inputs in different agro-
nomic setups (Méndez-Bravo et al., 2018). Overall,
the use of PGPR as a vital component s of soil fertil-
ity, plant growth promotion and antagonistic effects
against phytopathogens through a wide variety of
mechanisms in the rhizosphere in crucial for sus-
tainable vegetable production (Sharma et al., 2017;
Parewa et al., 2018). The most potential and widely
reported PGPR genera associated with Solanaceous
vegetable crops induce Pseudomonas, Bacillus, Azoto-
bacter etc. (Gupta et al., 2017). Direct mechanisms
involve various processes such as phosphate,
solubilisation, nitrogen fixation, production of
siderophore, HCN, ammonia, vitamins and phyto-
hormones. Indirect mechanisms include ACC
deaminase activity production of antibiotics, hydro-
lytic enzymes (Mekonnen et al., 2021).

PGPR in Tea

PGPR have been found to be beneficial in tea culti-
vation by enhancing the build-up of PGPR, the
physical and biochemical responses of tea plants to
environmental stress are improved, resulting in in-

creased immune resistance (Choudhary et al., 2007;
Kumar et al., 2018).

Tea is an economically significant crop in the
north-eastern part of India and primarily grown in
the regions north-eastern zone (Bhattacharyya et al.,
2020). Rhizoshere of tea plant composed of a meta-
bolically functional PGPR; which have utilized as a
biofertilizers (Chakraborty et al., 2015; Dutta et al.,
2015). The application of PGPR has been found to
promote plant growth promoting root development,
root hair formation, and lateral root length (Yaºar et
al., 2021). Azospirillum and PSB  are two types of bac-
teria that help to maintain plant growth and work as
a PGPR in tea plant nutrition (Tennakoon et al.,
2021). However, repeated cultivation of tea in the
same field have been found to damage some benefi-
cial soil bacteriaincluding Acidobacteriaceae,
Burkholderiaceae, Rhodanobacteraceae, and
Sphingomonadaceae Pseudomonas, Rhodanobacter,
Bradyrhizobium, Mycobacterium, and Sphingomonas
(Li et al., 2016; Arafat et al., 2017; Shen et al., 2021).
So, the application of PGPR inoculum will play a
very effective role for the commercial production as
well as cultivation of tea plants which are mostly
grown in Assam.

Conclusion

PGPR are one type of bacteria which helps to re-
duced fungal diseases in plant. In this case, the bac-
teria colonized the rhizophere of plant and helps
plant to grow in different mechanism. Now a days,
huge amount of pesticide use for tea crop produc-
tion. But, PGPR can helps to provide nutritional
value in crop and also to reduce the use of pesticides
especially in the tea plant cultivation. It’s a natural
process, if we use PGPR in future for plant growth
and development then it should be beneficial for
plant and environment also. Thus, future research
work is needed in many areas of Assam to use the
beneficial strains of PGPR to reduce the use of pes-
ticide for commercial production of organic tea for
healthy consumption by the people of this region.
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