Journal of Pharmacognosy and Phytochemistry 2019; 8(6): 1442-1446

Journal of Pharmacognosy and Phytochemistry

D i
:

Plarma s
and
D Phxtochemisiry

Available online at www.phytojournal.com

E-ISSN: 2278-4136
P-ISSN: 2349-8234

JPP 2019; 8(6): 1442-1446
Received: 13-09-2019
Accepted: 15-10-2019

Shuba AC

Ph.D. Scholar, Department of
Seed Science and Technology,
College of Agriculture, UAS,
Dharwad, Karnataka, India

Shivsharanappa S Patil

Ph.D. Scholar, Department of
Seed Science and Technology,
College of Agriculture, UAS,
Dharwad, Karnataka, India

Rajeshwari MC

Ph.D. Scholar, Department of
Seed Science and Technology,
College of Agriculture, UAS,
Dharwad, Karnataka, India

Corresponding Author:

Shuba AC

Ph.D. Scholar, Department of
Seed Science and Technology,
College of Agriculture, UAS,
Dharwad, Karnataka, India

Seed priming with endophytes: A novel approach
for future prospects

Shuba AC, Shivsharanappa S Patil and Rajeshwari MC

Abstract

In the current scenario of climate change, numerous strategies have been employed in the area of
sustainable agriculture or plant science to generate plants which can withstand various types of biotic and
abiotic stresses. Seed priming has been developed as a crucial method to germinate the seed or increase
plants resistance against various biotic and abiotic stresses. Seed priming with microbial inoculum,
termed as ‘bio-priming’, involves the application of beneficial microbes, such as bacteria, fungi and
actinomycetes to seed that enhance the germination, vigour, protection from diseases and pests leading to
increase in yield. Seed priming with the use of endophytic microbial strains appears as more beneficial or
stable than rhizospheric microbial strains due to better colonization adaptability and suitability under
biotic and abiotic stress conditions. Microbial endophytes are symbionts dwelling within plant tissues
without appearance of disease symptoms on host plant and have been recently investigated for their plant
growth-promoting properties and their beneficial functions associated with plant responses under salinity,
drought, temperature, heavy metal stress, and nutrient stress through different mechanisms and also
provide protection from diseases and pests.
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Introduction

The improved quality of seed to fulfill the higher demand of agriculture has been recognized
as a major challenge globally. In this aspect, improving the germination, vigour and health of
seed through ‘seed priming’ is a sustainable approach to enhance yields and performance of
plants (McDonald 2000) %71, It has been broadly mentioned that priming of seeds mitigates the
adverse impact of various biotic such (phytopathogens, plant diseases; Van Hulten et al.,
2006) %1, and abiotic (drought, salinity, flooding) stress factors, that affect the physiology and
metabolism of plants via different mechanisms (Kausar and Ashraf 2003; Basra et al., 2005;
Kumar et al., 2016) [21.2.23],

Seed bio-priming involves the integration of beneficial microbes including bacteria, fungi and
actinomycetes for improved plant growth and development. Nature harbors a large diversity of
microbial communities, among them endophytes have received increasing attention worldwide
because of their promising hidden potential against various biotic and abiotic stress factors,
and also their potential applications in growth promotion of plants via modulating growth
hormones, nutrient availability, siderophore production, etc. Priming has been supposed to
induce cellular metabolic processes, hence exposure to any detrimental environmental factors
would allow them to respond rapidly and nullify the stresses in an effective manner as
compared to non-primed seeds.

What are endophytes?

The term “endophyte” is derived from the Greek word “endon” means “within” and “phyte”
means “plant” so the term includes all organisms that, during a variable period of their life,
symptomlessly colonise the living internal tissues of their hosts (Stone et al., 2000) 39,
Different parts of plants were used for isolation of microbial endophytes such as meristem,
scale primordia, resin ducts (Pirttila et al., 2003) B, leaf segments with midrib and roots (Hata
etal., 2002) 2, |eaf blade, stem, petiole, bark, and buds (Pirttila et al., 2008) [,

Colonization of endophytes

Endophytic fungi insert through the hyphae and enter the kernels in the seeds of plant cells that
come below vertical transmission. A variant was detected in horizontal and vertical
transmission of the endophyte species invading the host plant cells (Tintjer et al., 2008) 2,
The endophytic fungal species transmits horizontally by sexual spores or asexually between
different plants in community or a population (Tadych et al., 2014) #4,
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The microbial community such as bacteria, algae, fungi, and
actinomycetes colonizes the host plant roots (Saharan and
Nehra 2011; Prashar et al., 2014) B* 31 Among microbial
population found in the rhizosphere, actinobacteria are
considered the second most abundant microorganisms, and
they comprise more than 30% of the total microorganisms in
the soil (Glick 2014) [*31. Endophytes are transmitted between
the soil rhizhosphere across the seeds. They spread quickly
between endo-rhizosphere through the lateral root junction
instigated through microbial phyto-pathogens or nematode
(Chi et al., 2005) [, Also, bacterial endophytes can enter their
host plant roots through spaces between root hairs and
epidermal cells (Hardoim et al., 2008) [8],

Endophytic fungal strains

The most common endophytic fungi isolated and identified
from numerous plants are Alternaria infectoria, Aspergillus
sp., Penicillium sp., Colletotrichum musae, Colletotrichum
gloeosporioides, Nigrospora oryzae, Phomopsis sp.,
Nigrospora sphaerica, Guignardia sp., Cordana musae,
Rhizoctonia sp., species of Phialocephala sphaeroides,
Xylaria (Wilson et al., 2004) 7, P. chrysogenum Pc_25, A.
alternata Aa_27, and Sterile hyphae Sh 26 (Fouda et al.,
2015) [19. On the other hand, endophytic P. chrysogenum
Pc 25 was mediated biosynthesis of ZnO nanoparticles
(Fouda et al., 2019) 22,

Endophytic bacterial strains

In addition, various endophytic bacterial strains were isolated
from economically important plant species. Several of the
novel endophytic bacterial species belong to the Arthrobacter
spp., Actinobacter spp., Aeromonas spp., Enterobacter spp.,
Agrobacterium spp., Alcaligenes spp., Bacillus spp.,
Flavobacterium spp., Azospirillum spp., Azotobacter spp.,
Pseudomonas spp., Burkholderia spp., Beijerinckia spp.,
Enterobacter spp., Flavobacterium spp., Erwinia spp.,
Rhizobium spp., and Serratia spp. were characterized and
identified (Gray and Smith 2005) [*61. In the last periods, other
endophytic  actinobacteria ~ such  as  Streptomyces,
Amycolatopsis, Nocardia, Microbispora, Micromonospora,
and Streptomyces capillispiralis Ca-1 have been positively
isolated from different plant species (Shi et al., 2009;
Ruanpanun et al., 2010; Hassan et al., 2018) [36: 33,29,

Bacterial endophytes are consistently reported present in the root,
stem, leaf, fruit and tuber tissues of a wide range of agricultural,
horticultural and forest species are given below.

Endophytes Plant species
Azorhizobium caulinodans Rice
Bradyrhizobium japonicum Rice

Gluconacetobacter sp. Sorghum
Diazotrophicus sp. Sugarcane
Enterobacter sakazakii Soybean
Microbacterium testaceum Maize
Rhizobium radiobacter Carrot
Citrobacter sp. Banana
Methylobacteruim mesophililuim Citrus
Enterobacter asburiae Sweet potato

Biocontrol of phytopathogens by endophytic bacteria
Endophytes as biocontrol agents

Bacteria from the phylloplane have provided some biological
disease control. Unfortunately, most of these biocontrol
agents have not fulfilled their initial promise, their failure
usually being attributed to poor rhizosphere competence and
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the difficulties associated with the instability of bacterial
biocontrol agents in long term culture (Schroth et al., 1984;
Weller, 1988) 81, However, intimate relationship between
endophytic bacteria and their hosts make them natural
candidates for selection as biocontrol agents (Chen et al.,
1995) €],

Mechanism of biocontrol

The mechanism by which endophytes can act as biocontrol
agents include the production of antifungal or antibacterial
agents (Lambert et al., 1987) 24, siderophore production
(Kloepper et al., 1980) 2, nutrient competition (Lockwood,
1990; Kloepper et al., 1980) [, niche exclusion and
indirectly through the induction of systemic acquired host
resistance or immunity (Chen et al.,, 1995; Tuzun and
Kloepper, 1994) & 44, Thus bacteria that enhance emergence
and promote growth in the face of pathogen attack may show
no apparent benefit in the absence of that disease pressure.

Endophytes act as inducers of systemically acquired
resistance

Plant possesses a variety of latent defense mechanisms
conferring quantitative protection against a broad range of
microorganisms. These mechanisms become systemically
activated following exposure to stress or infection by
phytopathogens or other microorganisms (Sticher et al., 1997)
(381, Endophytic bacteria have been implicated in such induced
protection responses, and some plant defense strategies can
involve endophyte mediated de novo synthesis of structural
compounds and fungitoxic metabolites at sites of attempted
fungal penetration. Sturz et al., (1999) “° demonstrated that
in certain communities of endophytic bacteria defence against
pathogens may be related to bacterial adaptation to location
within a host and may be tissue type and tissue site specific.
Smith and Metraux (1991) 71 showed that pre-inoculation
with Pseudomonas syringae pv syringae of the first true leaf
in the rice plants induced a systemic resistance to Pyricularia
oryzae suggesting that the response is elicited by the initial
inoculation that cross protects the plant against subsequent
infections. Cameron et al., (1994) ™ induced systemic
acquired resistance against virulent pathogens in Arabidopsis
thaliana by pressure infiltrating Pseudomonas syringae pv.
tomato into one leaf.

Application of root endophytic fungi Piriformospora indica
belonging to class basidiomycetes in order to enhance the
disease resistance, tolerance to salinity stress and increase in
grain productivity of barley (Hordeum wvulgare L) is
documented (Waller et al., 2005) 6, Endophyte mediated
induction of disease resistance was observed to be systemic in
nature. The improved defense responses were demonstrated to
result from the enhanced antioxidative behavior conferred by
ascorbate-glutathione cycle, leading to increase in grain
productivity. The fresh shoot weight of four-week-old
endophyte infested barley was recorded to be 1.65 fold higher
compared to the control group. The grain yield increase for
two different barley cultivars i.e. ‘Annabell’ and ‘Ingrid’ was
found to be 11 and 5.5%, respectively and was attributed
mainly to the rise in number of ears per plant. Thus, the
increase in shoot fresh weight was directly correlated with the
increase in grain yield. Interestingly, the endophyte was also
capable of enhancing grain yield in soil systems receiving
high nitrogen input. The easy in vitro cultivation of the
Piriformospora indica without the requirement of host cells
suggests the effective utilization of fungus for improving the
resistance against plant diseases and enhanced grain yield.
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Induction of seedling growth in the wheat by inoculation with
plant growth promoting endophytic bacterium Bacillus
subtilis strain 11BM was documented (Egorshina et al., 2012)
120, The inoculation with endophyte was found effective in
increasing root and shoot weight as compared to control sets.
Wheat seeds treated with endophyte spores culminated into
the transient rise of hormonal status of IAA and IBA in the
seedlings of root as well as shoot. The considerable alteration
in wheat plant hormones was considered as a prime
mechanism responsible for induced seedling growth.

Endophytes to combat abiotic stress environments

The introduction of beneficial bacteria can improve the plant
performance under stress environments enhancing yields
(Bensalim et al., 1998) Bl In plant bacterial coculture, plant
growth promotion reported increases in plant height
(Chanway et al., 1994) P, root and shoot biomass (Pillay and
Nowak, 1997) 9 tuber production, lignification of xylem
vessels (Frommel et al., 1991) %1 and root nodule formation.

Bacterized plantlets grown in vitro were found to be greener
and had elevated levels of cytokinins (Lazarovits and Nowak,
1997) 1, Levels of phenylalanine ammonia lyase (PAL) and
free phenolics were also higher in bacterized plantlets and
both are linked to induced plant resistance responses to
adverse abiotic stresses and phytopathogen attack (Richards,
1997) B2, The overall effect of a more vigorous plant is
increased drought resistance and reduced transplanting shock
(Lazarovits and Nowak, 1997) [ The bacterium
Pseudomonas strain PsJN improves stomata function in
bacterized in vitro plantlets similar to those of green house-
hardened transplants. Improvement of water relations under
osmotic stress have also been recorded in wheat seedlings
cocultured with Azospirillum brasiliense strain SP245 (Creus
et al., 1998) . It has been theorized that the responses of
plants to abiotic and biotic stresses are dependent on
chemoperception  systems - signal recognition and
transduction modulated by microbial substances produced by
endophytes (Harmon, 1997) 1. Thus, the development of
new methods of microbial culture may eventually help to
establish more stable and mutually beneficial associations
between plants and endophytic bacteria.

Endophytic bacterial species equipped with plant growth
promoting traits may induce tolerance to salt stress by
modulating the morphological, physiological and biochemical
characteristics of plants (Mahmood et al., 2016) [?,
suggesting their utilization in crop enhancement under stress
conditions. Priming of seeds from two barley genotypes
(Haider-93 and Frontier-87) with endophytic bacterial strain
Enterobacter spp. FD17 was performed to elucidate the role
of biopriming in alleviation of salt stress (Tabassum et al.,
2018) 31, Seed priming was helpful in improving grain yield,
photosynthetic pigments, soluble protein accumulation,
membrane stability and osmolyte concentration. The
increased osmolyte concentration under salinity stress may be
the outcome of endophyte induced enhanced expression of
genes governing the synthesis of osmolyets (Miotto-Vilanova
et al., 2016) [ Moreover, the bacterially synthesized
osmolytes may act in synergistic fashion with plant produced
osmolytes to enhance the tolerance against the salinity stress
(Dimkpa et al., 2009) Pl In conclusion, endophytic bacterial
association was positively associated with seedlings
biochemical and physiological attributes under salinity stress.

Effect of inoculation of two different endophytic bacterial
strains namely, Burkholderia phytofirmans (PsJN) and
Enterobacter sp. (FD17) in combination with biochar has
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been performed to alleviate the negative consequences of
salinity stress in maize (Akhtar et al., 2015) ™ by reducing
the absorption of sodium ions in xylem or by maintaining the
nutrient balance of plant system. The better activity (in terms
of reducing sodium ion uptake) in biochar added soil was
recorded for Enterobacter sp. (FD17) as compared to
Burkholderia phytofirmans (PsJN). Such improvements in
plant physiological processes under saline environment could
be employed for enhancing the crop productivity in a
sustainable manner.

The endophytic fungus Piriformospora indica induced
alternation in plant metabolites under drought stress was
recently elucidated (Ghaffari et al., 2019) 1. The barley
seedlings primed with endophyte cell suspension under mild
drought stress was presented to have changes in abundance of
total 145 plant proteins in contrast to 104 in untreated
seedlings. On the other hand, under severe drought stress
environment, plant proteins showing considerable changes in
their abundance were recorded as 144 and 462, respectively
for endophyte treated and untreated ones. The plant proteins
showing changes were related to primary plant metabolic
activities and documented to be involved in alleviating the
negative effects imposed by oxidative stress under drought.
Root colonization by endophytic fungi was associated with
enhanced biological functions of photosynthetic machinery
and electron transport pathway, in addition to induced build
up of proteins with protective role in different biological
processes including energy production, primary metabolic
pathways and autophagy. Resource redistribution in host cells
along with maintenance of water channels (aquaporins) in
endophyte inoculated plants as the effective mechanisms to
cope up with the detrimental consequences of drought stress
could be considered for managing agricultural productivity
under changing environmental conditions.

Future perspective

The application of beneficial endophytes to enhance plant
performance under natural environmental conditions is of
immense importance in the area of agricultural sciences.
Since, impacts imparted by endophytic microbes used for
seed priming is greatly influenced by host plant as well as
prevailing environmental conditions, critical investigations
under field conditions should be performed to harness the
potential of seed primed with endophytes in crop productivity
enhancement.

The interactive effects of other priming techniques with
endophytic microbe based bio-priming could provide better
outcomes for the management of crop productivity. More
studies under field conditions for widely distributed
endophytic arbuscular mycorrhizal and other endophytic fungi
could provide novel and beneficial approaches to combat the
problem of reduced crop productivity imposed by abiotic and
biotic stresses.

The search for newer endophytic bacterial and fungal species
would provide many opportunities for different plant species.
Moreover, the application of nitrogen fixing endophytic
bacteria for seed priming have potential to enhance the seed
characteristics in terms of seed vigor, germination rate and
overall crop productivity under changing environmental
conditions.

The identification and transfer of endophytic fungal and
bacterial species genes responsible for crop improvement
such as disease resistance and stress tolerance genes would be
helpful in simultaneous improvement of seed quality and
enhancement in agricultural productivity. In this context, the
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findings that the resistance genes harbored by uncultivable
endophytes give a potential avenue for application in plant
disease management. Further, the detailed investigations of
improved plant disease resistance under the influence of
microbial endophytes would help to unveil the precise
molecular mechanisms of host protection.

Conclusion

Application of endophytes for seed priming has several
promising potentials in the field of seed technology and
agricultural productivity. Available evidence has shown the
positive influence of priming on seed quality, seedling
growth, crop productivity even under stress conditions.
Priming with endophytes has also shown increases in disease
resistance, and tolerance to numbers of biotic and abiotic
stresses. Few studies regarding the combined application of
endophyte based priming with other priming methods like
osmo-priming and  hydro-priming may have more
conspicuous impacts on plant performance under natural
environmental conditions as compared to those manifested by
bio-priming alone.

Endophytes can be used as alternative strategies to plants that
adapted to many stresses like drought, salinity, temperature,
nutrient stress, and heavy metals. Further studies of
endophytes will provide a better understanding of their
relationship with host plant and maximize its utilization as
promoters of plant growth as well as its ability to protect the
plant from many harmful factors.

References

1. Akhtar SS, Andersen MN, Naveed M, Zahir ZA, Liu F.
Interactive effect of biochar and plant growth-promoting
bacterial endophytes on ameliorating salinity stress in
maize. Funct Plant Biol. 2015; 42:770-781.

2. Basra SMA, Afzal I, Anwar S, Shafique M, Hag A,
Majeed K. Effect of different seed invigoration
techniques on wheat (Triticum aestivum L.) seeds sown
under saline and nonsaline conditions. J. Seed Technol.
2005; 28:36-45.

3. Bensalim S, Nowak J, Asiedu S. A plant growth
promoting rhizobacterium and temperature effects on
performance of 18 clones of potato. Am. J. Potato Res.
1998; 75:145-152.

4. Cameron RK, Dixon RA, Lamb CJ. Biologically induced
systemic acquired resistance in Arabidopsis thaliana.
Plant J. 1994; 5:715-725.

5. Chanway CP, Shishido M, Holl FB. Root endophytic and
rhizosphere plant growth promoting rhizobacteria for
conifer seedlings. In: Improving Plant Productivity with
Rhizosphere Bacteria. Proc. of 3rd.Int. Workshop PGPR,
Ryder, M. H., Stephens, P. M. and Bowen G. D., Eds.,
CSIRO Div. Soils. Adelaide, Australia, 1994, 72-74p.

6. Chen C, Bauske EM, Musson G, Rodriguez-Kéabana R,
Kloepper JW. Biological control of Fusarium wilt on
cotton by use of endophytic bacteria. Biol. Control. 1995;
5:83-91.

7. Chi F, Shen S, Cheng H, Jing Y, Yanni Y, Dazzo F.
Ascending migration of endophytic rhizobia, from roots
to leaves, inside rice plants and assessment of benefits to
rice growth physiology. Appl. Environ. Microbiol. 2005;
71:7271-7278.

8. Creus CM, Sueldo RJ, Barassi CA. Water relations in
Azospirillum-inoculated wheat seedlings under osmotic
stress. Can. J. Bot. 1998; 76:238-244.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

~ 1445~

http://www.phytojournal.com

Dimkpa C, Weinand T, Asch F. Plant-rhizobacteria
interactions alleviate abiotic stress conditions. Plant Cell
Environ. 2009; 32:1682-1694.

Egorshina AA, Khairullin RM, Sakhabutdinova AR,
Luk’yantsev MA. Involvement of phytohormones in the
development of interaction between wheat seedlings and
endophytic Bacillus subtilis strain 11BM. Russ. J Plant
Physl. 2012; 59:134-140.

Fouda AH, Hassan SE, Eid AM, Ewais EE.
Biotechnological applications of fungal endophytes
associated with medicinal plant Asclepias sinaica
(Bioss.). Ann. Agric. Sci. 2015; 60:95-104.

Fouda A, Abdel-Maksoud G, Abdel-Rahman MA, Salem
SS, Hassan SE, El-Sadany MA. Eco-friendly approach
utilizing green synthesized nanoparticles for paper
conservation against  microbes involved in
biodeterioration of archaeological manuscript. Int.
Biodeterior Biodegrad. 2019; 142:160-169.

Frommel MI, Nowak J, Lazarovits G. Growth
enhancement and developmental modifications of in vitro
grown potato (Solanum tuberosum ssp. tuberosum) as
affected by a nonfluorescent Pseudomonas sp. Plant
Physiol. 1991; 96:928-936.

Ghaffari MR, Mirzaei M, Ghabooli M, Khatabi B, Wu Y,
Zabet-Moghaddam M et al. Root endophytic fungus
Piriformospora indica improves drought stress adaptation
in barley by metabolic and proteomic reprogramming.
Environ. Exp. Bot. 2019; 157:197-210.

Glick BR. Bacteria with ACC deaminase can promote
plant growth and help to feed the world. Microbiol. Res.
2014; 169(1):30-39.

Gray EJ, Smith DL. Intracellular and extracellular PGPR:
commonalities and distinctions in the plant-bacterium
signaling processes. Soil Biol. Biochem. 2005; 37:395-
412.

Harmon AC. The calcium connection. Trends Plant Sci.
1997; 2:121-122.

Hardoim PR, Overbeek LS, Elsas JD. Properties of
bacterial endophytes and their proposed role in plant
growth. Trends Microbiol. 2008; 16:463-471.

Hassan SE, Salem SS, Fouda A, Awad MA, El-Gamal
MS, Abdo AM. New approach for antimicrobial activity
and bio-control of various pathogens by biosynthesized
copper nanoparticles using endophytic actinomycetes. J.
Radiat. Res. Appl. Sci. 2018; 11:262-270.

Hata K, Atari R, Sone K. Isolation of endophytic fungi
from leaves of Pasania edulis and their within-leaf
distributions. Mycoscience. 2002; 43(5):369-373

Kausar A, Ashraf M. Alleviation of salt stress in pearl
millet (Pennisetum glaucum (L.) R. Br.) through seed
treatments. Agronomie. 2003; 23:227-234.

Kloepper JW, Leong J, Teintze M, Schroth MN.
Enhanced plant growth by siderophores produced by
plant growth-promoting rhizobacteria. Nature. 1980;
286:885-886.

Kumar M, Pant B, Mondal S, Bose B. Hydro and halo
priming: influenced germination responses in wheat Var-
HUW-468 under heavy metal stress. Acta. Physiol. Plant.
2016; 38:217.

Lambert B, Leyns F, Van Rooyen L, Gosselé F, Papon Y,
Swings J. Rhizobacteria of maize and their fungal
activities. Appl. Environ. Microbiol. 1987; 53:1866-
1871.


http://www.phytojournal.com/

Journal of Pharmacognosy and Phytochemistry

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

Lazarovits G, Nowak J. Rhizobacteria for improvement
of plant growth and establishment. Hort science. 1997,
32:188-192.

Mahmood A, Turgay OC, Farooq M, Hayat R. Seed
biopriming with plant growth promoting rhizobacteria: a
review. FEMS Microbiol Ecol. 2016; 92:8.

McDonald MB. Seed priming. In: Black M, Bewley JD
(eds) Seed technology and its biological basis. Sheffield
Academic Press, Sheffield, 2000, 287-325.
Miotto-Vilanova L, Jacquard C, Courteaux B, Wortham
L, Michel J, Clément C et al. Burkholderia phytofirmans
PsIN confers grapevine resistance against Botrytis
cinerea via a direct antimicrobial effect combined with a
better resource mobilization. Front Plant Sci. 2016;
7:1236.

Pillay VJ, Nowak J. Inoculum density, temperature and
genotype effects on in vitro growth promotion and
epiphytic and endophytic colonization of tomato
(Lycopersicon esculentum L.) seedlings inoculated with a
pseudomonad bacterium. Can. J. Microbiol. 1997
43:354-361.

Pirttila AM, Pospiech H, Laukkanen H, Myllyla R,
Hohtola A. Two endophytic fungi in different tissues of
Scots pine buds (Pinus sylvestris L.). Microb. Ecol. 2003;
45(1):53-62.

Prashar P, Kapoor N, Sachdeva S. Rhizosphere: its
structure, bacterial diversity and significance. Rev.
Environ. Sci. Biotechnol. 2014; 13(1):63-77.

Richards J. Induced Resistance Responses in Potato
Inoculated in vitro with a Plant Growth-Promoting
Pseudomonad. M.Sc. thesis, Dalhousie University,
Halifax, NS, Canada, 1997.

Ruanpanun P, Tangchitsomkid N, Hyde KD, Lumyong S.
Actinomycetes and fungi isolated from plant-parasitic
nematode infested soils: screening of the effective
biocontrol potential, indole-3-acetic acid and siderophore

production. World J. Microbiol Biotechnol. 2010;
26:1569-1578.

Saharan BS, Nehra V. Plant growth promoting
rhizobacteria: a critical review. Life Sci. Med. Res. 2011;
21(1):30-37.

Schroth MN, Becker JO. Concepts of ecological and
physiological activities of rhizobacteria related to

biological control and plant growth promotion. In:
Biological Control of Soil-borne Plant Pathogens.
Hornby, D., Ed., CAB International, Wallingford, Oxon,
UK, 1990, 389-414p.

Shi Y, Lou KC. Promotion of plant growth by
phytohormone-producing endophytic microbes of sugar
beet. Biol Fertil Soils. 2009; 45:645-653

Smith JA, Métraux JP. Pseudomonas syringae pv.
Syringae induces systemic resistance to Pyricularia
oryzae in rice. Physiol. Mol. Plant Pathol. 1991; 39:451-
461.

Sticher L, Mauch-Mani B, Métraux JP. Systemic
acquired resistance. Annu. Rev. Phytopathol. 1997;
35:235-270.

Stone JK, Bacon CW, White JF, Jr. An overview of
endophytic microbes: endophytism defined. Pages 3-29
in C. W. Bacon and J. F. White, editors, 2000.

Sturz AV, Christie BR, Matheson BG, Arsenault WJ,
Buchanan NA. Endophytic bacterial communities in the
periderm of potato tubers and their potential to improve
resistance to soil-borne plant pathogens. Plant Pathol.
1999; 48:360-369.

41,

42,

43.

44,

45,

46.

47.

48.

~ 1446~

http://www.phytojournal.com

Tadych M, Bergen M, White JF. Epichloé spp. associated
with grasses: new insights on life cycles, dissemination
and evolution. Mycologia. 2014; 106(2):181-201.

Tintjer T, Leuchtmann A, Clay K. Variation in horizontal
and vertical transmission of the endophyte Epichloé elymi
infecting the grass Elymus hystrix. New Phytol. 2008;
179(1):236-246.

Tabassum T, Ahmad R, Faroog M, Basra SMA.
Improving Salt Tolerance in Barley by Osmopriming and
Biopriming. Int. J. Agric. Biol. 2018; 20:2455-2464.
Tuzun S, Kloepper JW. Induced systemic resistance by
plant growth promoting rhizobacteria. In: Improving
Plant Productivity with Rhizosphere Bacteria. Proc. of
3rd. Int. Work. PGPR. Ryder, M. H., Stephens, P. M.,
and Bowen, G. D., Eds., CSIRO Div. Soils, Adelaide,
Australia, 1994, 104-109p.

Van Hulten M, Pelser M, Van Loon LC, Pieterse CM,
Ton J. Costs and benefits of priming for defense in
Arabidopsis. Proc. Nat. Acad. Sci. 2006; 03:5602-5607.
Waller F, Achatz B, Baltruschat H, Fodor J, Becker K,
Fischer M et al. The endophytic fungus Piriformospora
indica reprograms barley to salt stress tolerance, disease
resistance, and higher yield. Proc. Natl. Acad. Sci. USA.
2005; 102:13386-13391.

Wilson BJ, Addy HD, Tsuneda A, Hambleton S, Currah
RS. Phialocephala sphaeroides sp. nov., a new species
among the dark septate endophytes from a boreal wetland
in Canada. Can. J. Bot. 2004; 82:607-617.

Weller DM. Biological control of soilborne plant
pathogens in the rhizosphere with bacteria. Ann. Rev.
Phytopathol. 1988; 26:379-407.


http://www.phytojournal.com/

