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Abstract- The ideal methodolegy that can be used for
rendering resistance to plants against various stressful
situations is priming. In priming, physiological state of seeds
can be changed by treatitg with various priming agents like
water, chemical and biological organisms. Various
microorganisms including plant growth promoting bacteria
and fungi are successfully used for bio-priming in plants.
Because of the eco-friendly nature of bio-priming, it becomes
an apt method that can be practiced for the future for stress
alleviation in crops. It imparts both abiotic and biotic stress
tolerance in plants. Agriculture sector has been dramatically
depending on the chemical pesticides and fungicides for
eradicate pathogenic attacks. Bio-priming is a promising
strategy for imparting various biotic/ablotic stresses thus
paving way for the removal of chemicals from crop protection,

introduction - The incipient object of an agricultural sector is
the better establishment of crop in a cost-effective method.
For many years rescarches have been investigating to
improve the crop production for achieving sufficient food for
the future generations (Singh et al 2016.). Abiotic stress
remains the greatest constrain to crop production worldwide.
It has been projected that more than 50% of yield reduction is
the direct result of abiotic stresses. Biotic stress is another

1



LR

struggle to plant, it includes attack of various pathogens sucl
a5 viruses, bacteria, fungi, nematodes and herbivores These
pathogens directly deprive their nutrients of its hoses, and
that can lead to death luEFEﬂﬁﬁu:ﬁE:nEE-
stress by its own defense mechanlsms (Yadav et al, 2020). Tq
reduce the pathogenic attack in crops, the farmers alwagy
&___q__._ pesticides and fungicides over the past decades. So, it
is the need of the day 1o find a blologlcal remedial systom
gainst soll borne pathogens, an effective alternative counter
to pesticides, through that to increase the crop production

without compromising the environmental dynamics (El-
Mohamedy and Alla 2013), |

Implementing priming © agricalture s the best
method to improve our crop praductivity, Priming s a pre-
sowing technique which will tmpart physiologicsl changes
before germination in seeds [Mahmood and Kataoka, 2018). 1t
enhances the capability of plants 1o produce different
metabolites which are decisive in their FITEsS management (o
impart immunity to them against & wide specorum of
environmental challenges (Farook et al. 2008 Capanngly,
2010 Jafar et al. 2012; lisha and Puthur 2015}, Its effects ars
stronger and faster when compared to othor miethpds
(Thiehaut et al. 2019). The differont seed priming methods
Include  hydropriming, osmopriming,  chemical priming
hormonal priming, biological priming redox priming and
solid matrix priming sic. Several priming sgents can be used
for this such as, water, various chemicals, synthetic
compounds, radioactive rays and biological orgatisms [fixha
et al. 2013; Thomas and Puthur 2020). Although, the efficacy
of priming agent may vary accarding to the crop and strss
(Jisha et al. 2013; Sen et al. 2021), This article is deals with
the efficacy of biopriming on biotic stress management
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Bio-priming

In 1990, Callan coined the term “bio-priming’. Seed
bio-priming is the pre germination technigue in which seeds
are undergoing two combined processes, firstly hydration of
seeds and secondly inaculation with biological agents (Devika
and Rakshit, 2021). It enhances the capability of plants to
produce dilferent metabolites which are decisive in their
stress management (Capanoglu, 2010), So. the plants will abie
o put up with the stressful environment (Habu et al 2014;
Fornejo el il 2014, Meena et al. 20135, jisha and Puthur, 2008;
Meenn el al. 2016). Blopriming ks recently used as a nature
friendly remedial method for eliminate soil borne and seed
borne pathogens. (El-Mohamedy ot al. 2015). Theough bio-
priming. plants gain many benefits through changes in the
biochemical and physiological processes, leading to iInduced
systemic resistance and help to maintain the soll texture
(Berendson etal 2012; Pathak stal 2016)

Methods of bio-priming

Fig. 1: Bio-priming procedure
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Inoculum blended with 1:1 (v/v) of 2% carbosymethyl
cellulose and 1% Tween 20 and soaked the maize seeds for
one hour, Another report in tomato showed that In order to
maintain the uniform coating of bio-priming agent on seed
surface, molst vermiculite with the formulation of P
fluorescens and T. harzignum were effective (Rajaput et al
2019), Guler (2016) done the inoculation of Trichoderma
atroviride [TalDZ20G] on the maize seeds (Zeo moys Lo RX
929Z) in the appropriate microbisl suspension and Incubated
for around th, Arabidopsis seeds inoculsted with bacterfal
suspension Pseudomunns PS01 (106 CFU/mi) by Chu et al
{2019}, Ral et al, [2019) performed bio-priming with
suspension of T. viride and conidia suspension of P
fluorescence for two hours. The precedure of biopriming s
representad in Fig 1.

Rio-priming agents and its encounter to biotic stress
Flant growth-promaoting rhizobacteria

Blo-priming Is an efficient scheme for disease
mansgement since It guards seeds from sollfseed borne
pathogens (Debharma and Das 2017). Many bacteria
rontribute their service to plant growth promotion. so called
Plant  Growth-Promoting Rhizobacteria [PGPR). These
bacteria are foulul to be eficient in their catabolic versasiity,
excellent root colonizing ability and can produce a number of
metabblites that help the plant to thrive against various
ahiotic and biotic stresses. Pseudomonas fluorescens primed
swiet corn seeds showed resistance against in the damping
olf caused by Pyehium witimum [Callan, 1990), and pear! millet
showed tolerance against the downy mildew disease caused
by the fungus Scleroxpora germinicala. Similarly in sunflower,
priming with P. oeruginose PF23 under saline conditions,
showad Increased  growth and  resistance  against
Macrophomina phaseoiing the causative agent of charenal rot
disease in sunflower (Teward, 2014)
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of organisms below and above the ground (Jung 2013
dal biocontrol agent and It can inhjhi

Trichodermit 15 3 poten

the pathogenic enzyme that helps them to invade inte the hos

plant. Diredt ffect of Trichadermad on plants is the inductiog
tothe plants, Itcan cantrol & wide ranpe

of systemic resistance
of pathogens for Ins@nce, fungl, comycetes, bacteria, and
ed resistance (Harman, 2006}, All of these

virus by induc
offects, they compete with the pathogen for nutrition which iy

necessary for the pathogen growth (Harman, 2006; Haque el
4l 2012; Moena et al. 2015), Furthermore, Trichoderma can
synthesize fungal elicitors [Woo et al. 20006) there by activate
pthylene and jasmonate pathways (Djonovic et al. 2007;

Shoresh et al 2005),
Trichoderma harzionwm Is the maost  potential

bislogical control agent used to eradicate the soil borne, soed
borne and foliar diseases in broad range (Ferrigo. 2014), It
also synthesizes antifungal compounds [Vinale et al 2008]
Resesrchers analyzed the systemic resistance of maize plants
which were primed with Trichodermn hurghanum TZ22 against
Fusarium verticilloides that is the causative organism of ear
and kernel rot in maize. They confirmed that strain 72215 4
potent biological control agent against fungal pathogen
(Ferrigo, 2014). . harzianum plus potassium salt treatment
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induces a high decline of root rot disease in green bean (El-
Mohamedy et al. 2015). Djonavic (2007) found that the rmatze
plants primed with T. wirens showed resisiance against
Collectatrichum  gramicole. T, bamatum can reduce the
damping off in peas infected by Pythiom spp and It Is also
reported to be a true biocontrol agent becausa it attacks and
control both: prthium and Rhigactonia solani, the causative
sranism ol damping off in pea (Chet and Baker 1981). jenson
et al (2002} tested the biocantrel activity of Clonostochyt
rosea [isalate IK726) spores in ‘barley seeds and found that it
had a high bincantrol (»80% disease reduction] efficiency
apainst seedling blight coused hy seed-bome Bipoluris
aarakiniang, Moreover, € roset also showred very bincontrol
efficacy against seed born Altarnaria radicing and A. davel In
carrot seeds [lenson, 2004), Table 1 fepresents the various
hippriming researches carried out in different plants.

Tahie 1: Dilferent organisms used for bio-priming and its
effect on various pathogens >
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‘Defense priming’ travels to subséquent generation

Memory 15 ey source to sdaptation and survival amidst of
wnfavorrable circumstances (Batusks ot ol 2018). Mants pick
lip the change in the environment and activate come agmal
trafsduction that inltdates some modification In the genome
for the parteular adaptation (Thichaut et al. Z019) These
modifications are called epigenetic modifications and it may
transier in to the next generations (Boyko, 2008). Epigenetic
variations are affecting the phonorype of the pamcular
organism, even though 1t Is nat ascoclated with the genetic
variption [LAmlie and Hiurle 2017; Schmid et al 2018;
Thiebaut ¢t al 2019), The process of formation of new
phenotypes as a result of eavironmental changes can be
conected to the epigenstic memory In ‘defense priming’
[Kinoshita and Sek 201 4; Pastor et ol 2013) which regulates
the response of plints to a pathogen attack In defense
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