Kanak Sirari, Lokender Kashyap, and C.M. Mehta

Abstract

Plants are constantly subjected to biotic and abiotic stress factors, from
their planting time up to the harvesting, transport, storage and consump-
tion of plant products. These stresses exert deleterious harmful effects on
crop health as well as cause huge losses to their production worldwide. To
combat these stress factors, researchers all around the globe are involved
in procuring management practices ranging from traditional genetics and
breeding techniques to present day available novel biotechnological tools.
Use of microorganisms is one such method by which both abiotic and
biotic stress can be tackled in an economical, ecofriendly and successful
manner. Plant growth-promoting rhizobacteria (PGPR) are the bacteria
living in rhizosphere region and promoting plant growth and suppressing
stress components as well. Different microorganisms acquire different
mechanisms to fight with these plant stresses. In this chapter, an effort has
been made to impart the knowledge about the abiotic and biotic stress fac-
tors, their management in an efficient and novel way.
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6.1 Introduction

Stress is a physiological condition caused by
factors that affect the equilibrium process (Gaspar
et al. 2002). The pliability of normal processes
develops reaction to the environmental fluctua-
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cause stress. Stress affects the normal metabolic
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processes resulting in injury, disease or physio-
logical changes. Plants are influenced by differ-
ent environmental stresses like drought, low
temperature, salt, flooding, heat, oxidative stress
and heavy metal toxicity during their cultivation
(Jaleel et al. 2009).

Agriculture is one of the highly unprotected
sectors to climate deviation. Enhanced affect of
abiotic and biotic stresses has evolved as an
important cause for static crop production. There
is considerable evidence of yield reductions of
wheat and paddy in many regions of South Asia
due to enhanced water stress, decreased number
of rainy days and increased air temperature. The
average temperature has increased by 0.57 °C in
the last 100 years in the Indian sub-continent and
it is expected to rise to a maximum of 2.5 °C by
2050 and 5.8 °C by 2100. Also the irrigation
requirement in arid and semi-arid areas is esti-
mated to rise by 10 % with every 1 °C increase in
temperature. Besides high temperature, droughts,
high CO,, increased rainfall, floods, cold and heat
waves, and cyclones are the natural calamities
that result in economic depletion and are conse-
quences of global warming. These factors affect
crops quantitatively and qualitatively and also
put critical pressure on land and water resources
(Grover et al. 2011).

Stresses caused by various environmental fac-
tors including light, UV, temperature extremes,
freezing, drought, salinity, heavy metals and
hypoxia result in substantial crop losses world-
wide (Boyer 1982; Mahaian and Tuteja 2005;
Mittler 2006). These abiotic stresses might
increase in the near future owing to the global
climate change. Plant growth and development is
affected by the various environmental factors
(Wahid et al. 2012). Abiotic stresses, including
temperature, extremes salinity and drought, are
serious intimidation to the sustainability and pro-
ductivity of economic plants. Current climatic
model predicts that global air temperature may
increase by 1.1-6.4 °C with doubling of atmo-
spheric CO, (Kim et al. 2007; Lobell and Field
2007).

Around the world, abiotic and biotic stresses
are largely affecting crop productivity. Due to
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imbalance in environmental conditions, stresses
like drought, rains, floods, heat waves and frost
damages can increase in future. To combat with
these stresses wide range of modification plans
are required. By well-planned use of available
resources and crop improvement practices for
producing better varieties, we can fight with abi-
otic stresses up to some level. But such strate-
gies are time consuming and costly. We should
formulate simple, effective and low-cost bio-
logical methods for managing abiotic stresses.
Microorganisms possess qualities like endur-
ance to extreme conditions, ubiquity, genetic
diversity, relationship with plants and thus can
play a pivotal role in this aspect. Through vari-
ous modes of action like induction of osmopro-
tectants and heat shock proteins etc. in plant
cells, microbes can affect plants’ response to
abiotic stresses. Use of these microorganisms
can diminish plant stresses and they can also be
used as important models for becoming aware
of stress tolerance, adaptation and response
mechanisms that can be transferred into plants
to combat with climate change because of plant
stresses (Grover et al. 2011).

Plants exposed to various climatic factors,
in order to sustain, have developed different
mechanisms (Rejeb et al. 2014). Physiological
changes in plants are due to exposure to many
types of biotic and abiotic stresses (Heil et al.
2002, Swarbrick et al. 2006; Bolton 2009;
Massad et al. 2012) which finally causes reduc-
tion in plant yield (Shao et al. 2008). Abiotic
stress effects plant health and causes heavy
losses. Biotic stress means harmful effects due
to pathogen infection in plants (Strauss and
Zangerl 2002; Maron and Crone 2006; Maron
and Kauffman 2006; Mordecai 2011). Growth
stage of plants (Zhang et al. 2013) and climatic
factors (Liu et al. 2008) play an important role
in plant’s reaction to abiotic and biotic stresses.
Depending on the nature of abiotic stress and
pathogen, defense mechanism gets altered in
plants. Moreover, signaling compounds are
increased when plants are exposed to both abi-
otic and biotic stress simultaneously, e.g.
cross-tolerance.
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6.2  Plant Stress

Plants’ sensitivity towards abiotic and biotic
stresses causes yield loss and plants devise many
kinds of modifications to adapt in stressed condi-
tions (Rejeb et al. 2014).

6.2.1 Abiotic Stresses in Plants

Plants’ exposure to abiotic factors results in abi-
otic stresses reducing crop productivity (Heil and
Bostock 2002) but it also affects ecological dis-
tribution of plants (Chaves et al. 2003). Abiotic
stress examples are fluctuations in water, tem-
perature, soil nutrients, toxic substances, light
and soil texture (Versulues et al. 2006).
Intergovernmental Panel on Climate Change
2012 (IPCC 2012) has predicted that various abi-
otic stresses like temperature extremes, drought,
floods, climatic conditions and land-decline can
cause huge losses in agriculture sector in many
parts of developing countries (Field et al. 2012).

Among the various environmental conditions,
cold, drought and salinity are most severely
affecting plants resulting in heavy economic
losses (Beck et al. 2007). Primary and secondary
stresses are the result of primary and secondary
damages; for example secondary stress and dam-
age caused by ROS (reactive oxygen species,
Allen 1995) is the consequence of electron trans-
port rate fluctuations and the metabolic consumer
activity of the reductive power. Similarly, the sec-
ondary stress occurs from primary stressors such
as cold or excess of light energy (Huner et al.
1998).

The impact of natural and man-made issues
(Eitzinger et al. 2010) can be seen in the form of
average global temperature increase by 2—4 °C at
the last of twenty-first century (IPCC 2007). One
of the important causes of this temperature rise is
the release of green house gases (GHG) (Maraseni
et al. 2009; Smith and Olesen 2010). Due to this
temperature fluctuation, various crops at different
developmental stages are exposed to heat stress
(Watanabe and Kume 2009).

87

6.2.2 Biotic Stresses in Plants

Apart from abiotic stress factors, plants are
exposed to many kinds of pathogens including
fungi, bacteria, viruses and nematodes and herbi-
vores (Atkinson and Urwin 2012). The environ-
mental conditions are likely to affect the habitual
place of pests and pathogens. For instance, dis-
persal of pathogens is increased due to tempera-
ture extremes (Bale et al. 2002; Luck et al. 2011;
Madgwick et al. 2011; Nicol et al. 2011). It is
also reported that abiotic stress factors decrease
the defense potential of plants and induce prone-
ness to pathogen attack (Amtmann et al. 2008;
Goel et al. 2008; Mittler and Blumwald 2010;
Atkinson and Urwin 2012). In coming times, it is
estimated that both abiotic and biotic stresses
alone and in combination will attack crop plants
with more power (Suzuki et al. 2014).

Biotic stress is a result of damage caused to
the plants by other living organisms including
bacteria, viruses, fungi, parasites, beneficial and
harmful insects and weeds. Plants are under con-
stant assault by biotic agents, including viral,
bacterial and fungal pathogens, parasitic plants
and insect herbivores, with enormous economic
and ecological impact (Pimentel 2002). Biotic
stress affects plant population dynamics and eco-
system nutrient cycling as well. Fungi, insects,
viruses, bacteria and parasitic weeds can cause
enormous loss to crop production (Mehta et al.
2012). The impact of aerial fungal diseases on
crop yield differs with time and cropping areas.
Rusts, downy mildews and powdery mildews are
the major foliar diseases that have deleterious
effects on crop production. For instance, species
belonging to rust fungi can infect grains, e.g.
Puccinia species, like Puccinia graminis on
wheat rust, P. sorghi on maize and forage
legumes; Uromyces species, like U. appendicula-
tus on common bean, lentil and U. vignae on
cowpea. Different methods can be used for man-
aging this disease as resistance sources are not
available (Ramteke et al. 2004).

Root rot, caused by Aphanomyces euteiches,
Rhizoctonia solani, Fusarium solani and wilt,
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caused by many formae speciales of Fusarium
oxysporum are the most critical soil-borne
diseases in pea, chickpea, lentil, fababean and
lupin (Infantino et al. 2006). Damping-off, usu-
ally caused by either Rhizoctonia solani or
Pythium spp., can cause about 80 % of plant
demise (Wang et al. 2003). Fusarium root-rot
(caused by Fusarium spp.) can too result in rigor-
ous seedling fatalities particularly in tomato and
lentils (Hamwieh et al. 2005). The production of
tomato and lentil (Bayaa 1997) is majorly
effected by Fusarium wilt (caused by F. oxyspo-
rum) where leaf chlorosis, wilting and death
occurs at seedling and adult stage of plants.
Similarly, southern stem rot (Sclerotium rolfsii)
and white mold (Sclerotinia sclerotiorum) can
result in seedling and pod rots in warm and cool
climate respectively (Kolkman and Kelly 2003).

The co-evolution of plants and the pathogens
results in development of defense mechanism in
plants. Whenever plants are attacked by patho-
gens they have to balance between their develop-
mental and defense requirements (Zangerl and
Berenbaum 2003; Berger et al. 2007). With
respect to food security, worldwide research
focus is required to develop crops that can give
sustainable yields along with the capability to
survive harsh abiotic (Duque et al. 2013) as well
as biotic stress situations.

6.3  Practices to Mitigate Plant

Stresses

Diverse biotic and abiotic stresses are responsible
for the badly affected production and yield of a
number of crops. Massive financial fatalities are
accountable globally due to these stresses. As
biotic and abiotic stresses are affecting agriculture
adversely, there is need to develop plants that can
tolerate stress with high yields. For stress tolerant
plant production, presently tissue culture based in
vitro selection has been developed as an economic
and effective method. Various substances like
NaCl (for salt tolerance), PEG or mannitol (for
drought tolerance) and pathogen culture filtrate,
phytotoxin or pathogen itself (for disease resis-
tance) are used in culture media for making stress
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tolerant plants. Stimulation of genetic distinction
between cells, tissues or organs in cultured and
regenerated plants is needed for in vitro selection.
The selection of somaclonal variations appearing
in the regenerated plants may be genetically
established and useful in crop improvement. To
endure under strain circumstances plants have
developed numerous biochemical and molecular
mechanisms such as ROS (reaction oxygen
species) creation and elimination in plants (Rai
etal. 2011).

Key for crop improvement is conventional
breeding technologies and appropriate manage-
ment practices. To stimulate stress tolerance in
plants, traditional breeding programs are used to
incorporate good genes of interest from inter
crossing genera and species into the crops
(Purohit et al. 1998).

6.3.1 Management Strategies

to Reduce Abiotic Stress

Plants react to temperature changes at cellular,
tissue and organ levels. The main survival
responses to high temperature stress are photo-
synthetic acclimation to heat stress, production
and buildup of primary and secondary metabo-
lites, generation of stress proteins. Heat shock
protein (hsp) genes, dehydrins (dhn), senescence-
associated (sag) genes, stay green (sgr) genes are
expressed in reaction to heat stress. Plants exhibit
various adaptations like preservation of mem-
brane strength, scavenging of ROS, production of
enzymatic and non-enzymatic antioxidants and
amendment of companionable solutes against
heat stress. Mass screening and morphological
and biochemical markers-assisted selection, rec-
ognition, and mapping of QTLs conferring heat
resistance, conventional and molecular breeding,
and exogenous use of osmoprotectants and stress-
signaling agents can be used for heat tolerance
in plants (Wahid et al. 2012). To overcome pH
stress, it is significant to alter the nutrient acces-
sibility as well as the soil properties to modify the
pH of the soil. For example, pH of soil can be
neutralized by addition of lime (calcium or mag-
nesium carbonate) (Mehta et al. 2012).
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In plants, drought stress causes changes like
leaf size decrease, stems expansion and root
propagation, disturbs plant water relations and
reduces water-use effectiveness. CO, assimila-
tion by leaves is decreased by closing of sto-
mata, membrane spoilage and disturbed action
of enzymes like those of CO, fixation and ade-
nosine triphosphate synthesis. Plants exhibit a
variety of mechanisms to endure drought stress,
such as shortened water loss by amplified dif-
fusive resistance, improved water uptake with
plentiful and deep root systems and its efficient
use, and smaller and tender leaves to lessen the
transpirational loss. Nutrients are also helpful in
this aspect, like potassium ions in osmotic regu-
lation, silicon for improved root endodermal
silicification and cell water equilibrium
enhancement. Plant growth regulators like sali-
cylic acid, auxins, gibberrellins, cytokinin and
abscisic acid can also adjust the plant reaction
towards drought. Enzymes like polyamines,
citrulline behave as antioxidants and lessen the
undesirable effects of water scarcity. Drought-
responsive genes and transcription factors like
dehydration-responsive element-binding gene,
aquaporin, late embryogenesis abundant pro-
teins and dehydrins have been reported. Mass
screening and breeding, marker-assisted selec-
tion and exogenous application of hormones
and osmoprotectants to seed or plants are the
methods for overcoming the problem of drought
stress (Farooq et al. 2009).

6.3.2 Management Strategies
to Reduce Biotic Stress

In biological control, antagonistic microbes are
employed to improve plant healthiness.
Persistent demonstration of connections
amongst the plant, the pathogen, the biocontrol
agent, the microbial population on and in the
region of the plant, and the physical surround-
ings is exhibited through disease inhibition by
biocontrol agents. The use of biocontrol agents
such as bacteria viz., Pseudomonas and Bacillus
and the fungi Trichoderma symbolize an array
of existence approaches and means of disease
inhibition.
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To diminish the biotic stress, biotechnological
advances are also used. Many molecular marker-
related methods have been used for managing
biotic  stresses like Random  Amplified
Polymorphic DNA (RAPD), Restriction Fragment
Length Polymorphism (RFLP), Amplified
Fragment Length Polymorphism (AFLP), and
Simple Sequence Repeat (SSR). Because of these,
genetic maps for several species were recognized
in which impending resistance and/or tolerance
loci or QTLs have been located. This also pro-
vides knowledge about the number, chromosomal
location and individual or interactive effects of the
QTLs involved that strengthens the genetic man-
agement of specific resistance and/or tolerance in
many crops. These areas of expertise have recog-
nized precise molecular markers, which may pos-
sibly be used in breeding plan through
Marker-Assisted Selection (MAS) to augment
biotic stress tolerance. Diers (2004) used the
MAS for the breeding of resistant soybean to cyst
nematode and similar markers have also been
used by Mutlu et al. (2005), Yang et al. (2002) and
Yang et al. (2004) for the resistance of pinto bean
to common bacterial blight, resistant of narrow-
leafed lupin (Lupinus angustifolius L.) to pho-
mopsis stem blight and anthracnose. Besides, the
gene pyramiding strategy aided by MAS can be a
proficient technique when resistance is bestowed
by single gene and/or easily conquered by novel
pathogen races (Mehta et al. 2012).

Plant growth-promoting bacteria (PGPB) can
encourage plant growth either directly or indi-
rectly. Inhibition of plant disease (bioprotection),
better nutrient accessibility (biofertilization), or
construction of phytohormones (biostimulation)
are numerous diverse strategies for promoting
plant production (Saharan and Nehra 2011).

Directly these bacteria can regulate function-
ing of plants by mimicking production of plant
hormones or those that make minerals and nitro-
gen further obtainable in the soil, e.g. the legumi-
nous symbionts Rhizobium (Hirsch and Kapulnik
1998; Saharan and Nehra 2011). The siderophore
production or volatiles (2, 3-butanediol and acet-
oin) or different antibiotic compounds, or induc-
tion of plant-mediated induced systemic
resistance (ISR) are the indirect proponent of
plant growth (Saharan and Nehra 2011).
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6.3.3 Role and Mechanism
of Microbes to Reduce/
Conquer the Stress

Productivity of agricultural crops as well as the
microbial activity in soil is being hampered by
these stresses. The change in climatic conditions
such as prolonged drought, intense rains, flood-
ing, high temperatures, frost and low tempera-
tures, which are expected to escalate in future,
will significantly affect plants and soil microor-
ganisms. The different stress factors have a sig-
nificant influence over the performance of
microorganisms. Mycorrhizal and/or endophytic
fungi can interact with many plant species and
thereby significantly contribute to the adaptation
of these plants to a number of environmental
stresses (Rodriguez et al. 2008). These condi-
tions include drought, heat, pathogens, herbi-
vores, or limiting nutrients.

Extensive research has been carried out on
occurrence and functional diversity of agricultur-
ally important microbes in stressed environments
as reviewed by several authors (Grahm 1992;
Venkateswarlu et al. 2008). The occurrence of
Rhizobium, Bradyrhizobium,  Azotobacter,
Azospirillum, Pseudomonas and Bacillus has
been reported from desert ecosystems, acid soils,
saline and alkaline areas and highly eroded hill
slopes of India (Tilak et al. 2005; Selvakumar
etal.2009; Upadhyay etal.2009). Microorganisms
could play an important role in adaptation strate-
gies and increase of tolerance to abiotic stresses
in agricultural plants. The impact of abiotic
stresses (drought, low temperature, salinity, metal
toxicity, and high temperatures) on plants can be
minimized through the production of exopoly-
saccharates and biofilm formation by plant
growth-promoting rhizobacteria (PGPR) which
remain associated with plant roots. Different
mechanisms like induction of osmoprotectors
and heat shock proteins are mediated through
their rhizospheric microorganisms when plants
are exposed to stress conditions.

A variety of mechanisms have been proposed
behind microbial elicited stress tolerance in
plants (Table 6.1). The production of indole ace-
tic acid, gibberellins and some unknown determi-
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nants by PGPR helps to increase the root length,
root surface area number of root tips, leading to
enhanced uptake of nutrients resulting in
improved plant health under stress conditions
(Egamberdieva and Kucharova 2009). In addition
to this, PGPRs also help to enhance plant growth
under saline conditions (Glick et al. 1997,
Yildirim and Taylor 2005; Barassi et al. 2006).

The synthesis of cytokinin and antioxidants by
the strains of PGPR can cause the building up of
abscissic acid (ABA) and decomposition of reac-
tive oxygen species (ROS). Oxidative stress toler-
ance has been found associated with the enhanced
level of antioxidant enzymes (Stajner et al. 1997).
There is effect of ethylene on different processes
of plants and ethylene synthesis in plants is depen-
dent on environmental factors and on various
biotic and abiotic stresses (Hardoim et al. 2008).
In the biosynthetic pathway of ethylene,
S-adenosylmethionine (S-AdoMet) is converted
by 1-aminocyclopropane-1-carboxylate synthase
(ACS) to l-aminocyclopropane-1-carboxylate
(ACC), the immediate precursor of ethylene. The
plant hormone such as ethylene which endoge-
nously regulates plant homeostasis under stress
conditions results in reduced root and shoots
growth. Plants supplemented with nitrogen and
energy are also prevented from harmful ethylene
effect, improved plant stress due to the degenera-
tion of ACC by ACC deaminase enzyme pro-
duced from bacterial cells (Glick 2007). Saleem
et al. (2007) have reviewed the role of PGPR con-
taining ACC deaminase, in stress agriculture.
Inoculation with ACC deaminase containing bac-
teria induces longer roots which might be helpful
in the uptake of relatively more water from deep
soil under drought stress conditions, thus increas-
ing water-use efficiency of the plants under
drought conditions (Zahir et al. 2008).

The volatiles emitted by PGPR, down-regulate
hktl (High Affinity K* Transporter 1) expression
in roots but upregulates it in shoots, orchestring
lower Na* levels and recirculation of Na* in the
whole plant under salt conditions (Zhang et al.
2008). By synthesis of the metabolite 2R,
3R-butanediol, the inoculation of Pseudomonas
chlororaphis O6 in Arabidopsis thaliana roots
resulted in increased abiotic and biotic stress tol-
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Table 6.1 Mechanism shown by microorganisms against abiotic stress tolerance in crop plants

Organism

Pantoea agglomerans

Paenibacillus polymyxa

Rhizobium sp.

Pseudomonas putida,
Enterobacter cloacae, P.
putida

PGPR

Azospirillum sp.
Achromobacter piechaudii
Variovorax paradoxus
Piriformaspora indica
AM Fungi

B. amylolequifaciens, B.
insolitus, Microbacterium
sp., P. syringae
Paraphaeosphaeria
quadriseptata

Scytonema

Burkholderia phytofirmans

PsIN

AM fungi &
Bradyrhizobium

Brome mosaic virus
Methylobacterium oryzae,
Burkholderia sp.
Pseudomonas fluorescens

P. putida

P. polymyxa and Rhizobium
tropici

Pseudomonas sp.

Pseudomonas mendocina
and Glomus intraradices

Crop

Wheat
Arabiodopsis
Sunflower

Tomato

Chickpea
Wheat
Tomato
Pea
Barley
Sorghum

Wheat

Arabiodopsis
Rice
Grapevine

Dragon blood

Rice
Tomato
Groundnut
Canola

Common
bean

Pea

Lettuce

Type of stress
Drought
Drought
Drought

Flooding

Metal toxicity
Drought

Salt, drought
Drought

Salinity
Drought, salinity

Salinity

Drought
Coastal salinity
Low temperature

Flooding

Drought
Ni & Cd toxicity
Salinity
Low temperature

Drought

Drought

Drought

Mechanism
Rhizosphere soil
aggregation through
EPS

Induction of stress
resistant gene ERD 15
Soil aggregation
through EPS
Synthesis of
ACC-deaminase

Sequestration of metal
ions

Improved Water
relations

Synthesis of
ACC-deaminase

Synthesis of
ACC-deaminase
Elevated antioxidative
capacity

Improved Water
relation

Restricted Na* influx

Induction of HSP

Gibberellic acid &
extra cellular products

Synthesis of
ACC-deaminase

Development of adv.
roots, aerenchyma and
hyper trophied
lenticels

Unknown

Reduced uptake and
translocation
Synthesis of
ACC-deaminase
Synthesis of
ACC-deaminase
Change in hormone
balance and stomatal
conductance
Decreased ethylene
production
Improved antioxidant
status

References
Amellal et al. (1998)

Timmusk and
Wagner (1999)

Alami et al. (2000)

Grichko and Glick
(2001)

Gupta et al. (2004)
Creus et al. (2004)
Mayak et al. (2004a)
Dodd et al. (2005)
Waller et al. (2005)
Cho et al. (2006)

Ashraf et al. (2004)

McLellan et al.
(2007)

Rodriguez et al.
(2006)

Ait Bakra et al.
(2006)

Fougnies et al.
(2007)

Marquez et al.
(2007)

Madhaiyan et al.
(2007)

Saravanakumar and
Samiyappan (2007)
Chang et al. (2007)

Figueiredo et al.
(2008)

Arshad et al. (2008)
Kohler et al. (2008)

(continued)
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Table 6.1 (continued)

Organism Crop Type of stress
Pseudomonas sp. AMK-P6 | Sorghum Heat
Pseudomonas putida P45 Sunflower Drought
Bacillus megaterium and Trifolium Drought
Glomus sp.

Achromobacter piechaudii Tomato Salt
Azospirillum Maize Salt
Arthrobacter sp., Bacillus Pepper Osmotic stress
Sp.

Bacillus polymyxa, Maize Nutrient
Mycobacterium phlei, deficiency

Mechanism
Induction of heat
shock proteins and
improved plant
biochemical status
Improved soil
aggregation due to
EPS production
IAA and proline
production
ACC-deaminase
Amino acid and
proline production
TAA and proline
production
Improved nutrient
uptake
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References
Ali et al. (2009)

Sandhya et al.
(2009a, b)

Marulanda et al.
(2007)

Mayak et al. (2004b)
Hamdia et al. (2004)

Sziderics et al.
(2007)

Egamberdiyeva
(2007)

Pseudomonas alcaligenes

erance. Studies with Arabidopsis mutant lines
indicated that induced drought tolerance requires
salicylic acid (SA), ethylene and jasmonic acid-
signaling pathways (Cho et al. 2008).
Arbuscular mycorrhizal (AM) fungi alleviate
the effects of drought and salinity stresses through
osmoregulation and proline accumulation. AM
symbiosis plays an important role in increasing
the plant resistance against water deficit and
drought stress through the alteration of plant
physiology and the expression of plant genes
(Subramanian and Charest 1998; Ruiz-Lozano
and Azcon 2000). There are reports of
AM-induced increases in drought tolerance,
involving both increased dehydration and dehy-
dration tolerance (Allen and Boosalis 1983). The
role of abscissic acid (ABA) had been suggested
behind AM-mediated stress response of plants
(Aroca et al. 2008). In non-AM plants, it was
observed that ABA content in the shoots increased
as well as there was more expression of certain
stress marker genes by the use of external source
of ABA. However in AM plants such use of exo-
genic ABA reduced the ABA content in their
shoots and did not result in increased expression
of stress genes. Co-inoculation of lettuce with
PGPR Pseudomonas mendocina and G. intrara-

dices or G. mosseae augmented an antioxidative
catalase under severe drought conditions, sug-
gesting that they could be used in inoculants to
alleviate the oxidative damage (Kohler et al.
2008).

6.4 Advantages of Microbes
over Other Practices

A group of beneficial microbes has been reported
by the various/different researchers from differ-
ent agro ecosystem in the past. Some of these
microbes are playing an important role in stimu-
lating the plant growth and increasing the crop
yields during adverse environmental conditions.
Plant growth-promoting bacteria (PGPB) are
able to promote the plant growth, production and
nutrient availability through various mechanisms.
For example, certain bacteria can cause elevation
of plant growth by increasing nutrient uptake
from soil or by production of some substances
similar to plant hormones. The PGPR can affect
plant growth and development in direct, indirect
or collective manner (Joseph et al. 2007; Yasmin
et al. 2007). For instance, few PGPR are known
to alleviate growth of Arabidopsis thaliana by
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exudation of compounds like 2, 3-butanediol and
acetoin (Ryu et al. 2003). The inoculation of
diazotroph bacteria in cotton resulted in promo-
tion of the seed cotton yield, plant height and
population of soil microorganisms (Anjum et al.
2007). Similarly in apple, it has been found that
the strength and quality of rooting is increased
due to collective use of IBA, bacteria and carbo-
hydrates (Karakurt et al. 2009).

Many bacteria present in rhizoplane are able to
utilize root exudates efficiently. Increased fertil-
izer use efficiency and lower fertilizer rates can be
achieved by using PGPRs alone or in combination
with AMF (Adesemoye et al. 2009). In rice,
increased growth was observed with the inocula-
tion of PGPR isolates (Ashrafuzzaman et al.
2009). In chickpea also, better development and
production occurred due to the use of PGPRs as
biofertilizers (Rokhzadi et al. 2008). There are two
different kinds (direct and indirect) of effect of
PGPR on plant growth. Directly PGPR can make
available their synthesized products to the plant or
they can help plants in taking up nutrients (Glick
1995). Indirectly PGPR can reduce or block the
attack of harmful plant pathogens and thus enhance
the growth of plants. Bacteria like Pseudomonas
fluorescens and P. putida produce siderophores,
which bind iron and facilitate its transport from the
environment into the microbial cell (Fig. 6.1).

Rice (Oryza sativa) is one of the important
crops grown globally and specially in Asian con-
tinent as noted by Kumar et al. (2011). For the
proper growth and development of rice, there is
more need of nitrogen (Sahrawat 2000). In
Vietnam, rise in growth rate and production of
rice was observed with the use of PGPR-based
commercial product BioGro (Nguyen et al. 2003;
Nguyen 2008). Similarly in India, the commer-
cial PGPR formulation Ecomonas was found to
decrease the incidence of rice sheath blight
caused by the fungus Rhizoctonia solani over the
control treatment by 37.7 % and a significant
increase in yield was also noticed. In chickpea an
increase in plant height, dry weight, number of
pods and nutrient content was reported by the
inoculation of vesicular arbuscular mycorrhizal
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fungi (Glomus G. fasciculatum,
Acaulospora laevis and Gigaspora gilmorei) in
India (Kumar et al. 2009).

In another study, to access the role of PGPRs
on nutrient uptake two rhizospheric Pseudomonas
spp. were taken and their bioassociative effect
with root nodulating symbiotic nitrogen fixer
Rhizobium leguminosarum-PR1 on plant growth
and nutrients uptake by lentil (Lens culinaris L.),
was studied under greenhouse conditions. In
Pseudomonas treated plants, more vigorous veg-
etative growth with increase in nodulation, leg-
hemoglobin content, physiologically available
iron, total iron, chlorophyll content, P uptake and
N uptake was observed. Co-inoculation of
Pseudomonas with R. leguminosarum recorded
maximum increase in the nodulation, leg-
hemoglobin content, total iron, total chlorophyll
content, N uptake and P uptake over the plants
treated with R. leguminosarum alone suggesting
a strong synergistic relationship between
Pseudomonas sp. and R. leguminosarum (Mishra
et al. 2011).

In another experiment, Methylobacterium
oryzae and three AMF were evaluated for nutri-
ent uptake on red pepper (Capsicum annum L.).
The co-inoculation of M. oryzae and AMF sig-
nificantly increased various plant growth param-
eters like root and shoot length, fresh and dry
weight and chlorophyll content compared to
uninoculated controls. Also nitrogen and phos-
phorus content of the plants increased; in addi-
tion, Zn, Cu, Fe and Mn content of the inoculated
plants also increased by almost 1.5 times that of
uninoculated control in most of the inoculation
treatments. The results obtained suggest that
apart from affecting plant growth and nutrient
uptake individually, microorganisms can also
form mutualistic relationships thereby benefiting
the plant (Kim et al. 2010).

Therefore in natural systems, plant pathogens
co-exist with host plants and other
microorganisms; also biological control entails
any reduction in the incidence and severity of the
pathogen achieved through any biological
mechanism.
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Fig. 6.1 Direct and indirect (plant-mediated) effects of rhizosphere- and plant-associated organisms on interactions
between Pseudomonas fluorescens and host plant defenses (Adopted from Hol et al. 2013)

6.5 Conclusion
Successful management of plant stress requires a
complex range of interactions. Understanding
these interactlions between plants and microbes
through different molecular and biochemical
techniques will improve their stress management
mechanism. Application of genetic analysis to
microorganisms involved in stress management
has resulted in significant advancement in
understanding the microbial metabolites and
regulatory genes involved in stress management.
Ecological analyses have begun to describe the
responses of microbial communities towards
introduction of biocontrol agents. The integrated
use of genetic, molecular and ecological approaches
will form the basis for significant future advances
in stress management research.

The development of stress tolerant crop variet-
ies is a time-consuming effort, while microbial

inoculation to manage stresses in plants could be
a more economical and ecofriendly alternative
which would be available in shorter time dura-
tion. In the future intensive research is required
on field evaluation and application of potential
microorganisms. Increasing concerns over envi-
ronmental issues gives microbial biocontrol an
exciting perspective. Therefore, by the applica-
tion of naturally occurring soil microbes instead
of deleterious chemicals can give a very promis-
ing substitute for plant stress management.
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