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Abstract

Industrialization and rapid population growth, especially after the second half of the
twentieth century, have also revealed significant environmental problems in the world.
The consistent and alarming increase in the human population has again threatened the
world’s food security. It is becoming increasingly clear that conventional agricultural prac-
tices cannot sustain the production base, a healthy plant-soil system, for too long. There
is a growing worldwide demand for compatible environmentally friendly techniques in
agriculture, capable of providing adequate nourishment for the increasing human pop-
ulation and of improving the quality and quantity of certain agricultural products. For
these reasons, the application of beneficial microorganisms is an important alternative to
some of the traditional agricultural techniques which very often severely alter the agro-
ecosystem balance and cause serious damage to health. Beneficial microorganisms can
play a key role in this major challenge, as they fulfill important ecosystem functions for
plants and soil. Utilization of these microorganisms affects plant’s growth and yield in
a positive way. Besides, their favorable effects on root growth help plants to deal with
both biotic and abiotic stress factors. PGPR and mycorrhizae can influence higher plants
response to abiotic stresses such as drought and salinity through different mechanisms.

Keywords: bio-fertilizers, PGPR, mycorrhizae, vegetable, abiotic stress, salinity,
drought

1. Introduction

No matter chemical fertilizers or manures, using fertilizers for the purpose of improving the
fertility of the soil and the productivity of the crops have caused that the biogeochemical
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cycles in the nature have been affected negatively [1, 2], and the nutrients (specifically nitro-
gen (N) and phosphorus (P) were run off, which ultimately caused degradation in the envi-
ronment [3, 4]. There are several underlying reasons for this situation some of which are the
low use-effectiveness of fertilizers and the constant long-term use. Although there are damag-
ing environmental effects, it is expected that the total fertilizer amounts that are used in the
whole world will increase in future due to the ever-increasing world population, because
there appears a need for producing more food by applying intensive agriculture, which neces-
sitates a great amount of fertilizers [5, 6].

There are two objectives in modern horticulture that contradict with each other: the need
to provide food for ever-rising population of the world; and the need for minimizing the
damage done to the environment, which can affect horticulture in a negative way [7]. In
this respect, horticultural industry and scientists face a major sustainability challenge [8].
In the past 10 years time period, there were some innovations in the field of technology
to improve the sustainability of the production systems by reducing the use of chemicals.
“Biostimulants” have been proposed as an effective tool in this context. As a result of the
efforts made to reduce the harmful effects of fertilizers, plant growth promoting rhizobac-
teria (PGPR) and/or arbuscular mycorrhizae fungi (AMF) have been proposed as comple-
ments for fertilizers. “Plant biostimulants contain substance(s) and/or microorganisms
whose function when applied to plants or to rhizosphere is to stimulate natural processes
to enhance nutrient uptake, effectiveness, tolerance to abiotic stress, and crop quality, with
no direct action on pests.”

The rhizosphere is a soil volume under the effect of plant roots. Hiltner [9] defined “rhizo-
sphere” as a maximum microbial activity zone. The microbial population that exists in this
medium is different from the population that surrounds it because of the root exudates, which
act as nutrition source for microbial growth [10]. The microorganisms may exist in the rhizo-
sphere, rhizoplane, root tissue, and/or in a specialized root structure that is named “nodule.”
Among the plant, soil, and microorganisms that exist in the soil medium, significant interac-
tions were reported [11]. These significant interactions can be beneficial, neutral, and/or harm-
ful, and may affect growth of plants [12-14]. Usually there are bacteria, algae, fungi, protozoa,
and actinomycetes in the microorganisms that colonize in the roots of plants. Evidence has
been presented about the enhancement of plant growth and development by applying these
microbial populations [15-19]. Bacterial population, i.e., fungi include a significant portion
of soil rhizosphere microflora and affect plant growth. The togetherness of fungi and plant
roots (mycorrhizae), which is symbiotic life, enhances the root surface area, and this enables
the plant to absorb water and nutrients from big soil volume in a more efficient manner. Two
mycorrhizae (ecto- and endo-mycorrhizae) types were reported in a few plant species. The
mycorrhizae increase the availability of the nutrients and water, and in addition, protect the
plant from some abiotic stresses [20, 21].

Agriculture is influenced greatly by the climate change; especially agriculture in tropical
areas face increased stress because of natural and anthropogenic factors. In some major crops,
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increased abiotic and biotic stress is a major cause for productivity stagnation. It has been
considered as a big difficulty to develop efficacious, low-cost, and easy-to-apply methods in
abiotic stress management. Many studies have been conducted throughout the world for the
purpose of developing tactics to deal with abiotic stress. In such studies, developing species
that are tolerant to heat and drought, changing crop cultivation times, resource management,
etc., were applied [22]. Many newly introduced technologies are cost-effective. Some studies
conducted recently have reported that microorganisms could help crops fight against abiotic
stress. It has long been recognized that microorganisms have effects on plant growth, nutri-
ent management, and disease control. Some useful microorganisms invade the rhizosphere/
endorhizosphere of plants. They enhance plants via some direct-indirect mechanisms [23].
In addition to these, the role of microbes in biotic and abiotic stress management has been
focused on more in recent times. Soil supports plant growth through complex and dynamic
systems. Plant growth and development are affected by some stresses which are major con-
straints for sustainable agricultural production in the soil environment. Biotic stresses include
plant pathogens and pests (viruses, bacteria, fungi, insects, and nematodes). Abiotic stresses
are salinity, drought, flooding, heavy metals, temperature, gases, and deficiency of nutrients
or excessive nutrients. Abiotic stresses cause yield reduction, and their intensity changes
according to the soil types and plant factors. Imbalance in hormones and nutritive elements,
physiological disorders (epinasty, abscission, and senescence), and susceptibleness to dis-
eases are some of the general impacts of these stresses [24-28].

2. Beneficial microorganisms against stress conditions PGPR and
mycorrhiza

2.1. Plant growth promoting rhizobacteria (PGPR)

Plant growth promoting rhizobacteria (PGPR) are useful bacteria that act on some soil types and
facilitate that plants grow and develop in (in)direct ways. In a direct way, fixed nitrogen, phy-
tohormones, iron isolated by bacterial siderophores, i.e., iron-carriers, and phosphate in soluble
form are given to plants. In an indirect way, phytopathogens (biocontrol) are avoided resulting
in plant growth enhancement. Such functions are performed by PGPR through several enzymes
(like bacterial 1-aminocyclopropane-1-carboxylate (ACC) deaminase) stimulating physiologi-
cal changes at molecular level. ACC has an important effect on ethylene regulation, which is
a plant hormone, resulting in modified plant growth and development. Bacterial strains with
ACC deaminase may eliminate negative effects caused by stress and mediated by ethylene.

It was reported that there was ACC deaminase in some Gram-negative microbial bacteria, Gram-
positive bacteria, rhizobia, endophytes, and fungi. It was investigated in some species of plant
growth enhancing bacteria (Agrobacterium genomovars and Azospirillum lipoferum, Alcaligenes
and Bacillus, Burkholderia, Enterobacter, Methylobacterium fujisawaense, Pseudomonas, Ralstonia
solanacearum, Rhizobium, Rhodococcus, and Sinorhizobium meliloti, and Variovorax paradoxus).
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The ACC of the root is metabolized into a-ketobutyrate and ammonia by the ACC deami-
nase. It also checks the ethylene production. If this process did not occur in this way, the
growth of the plant would be inhibited via some mechanisms. If plants are treated with bac-
teria that have ACC deaminase, it is possible that they have extensive root growth because of
less amounts of ethylene. In this way, plants may resist several stress sources. In recent years,
using PGPR with ACC deaminase activity, to improve the growth of plants under stress and
normal conditions, has been dealt with researchers as an interesting and new field. Also, cul-
tivars’ genetic manipulation with genes that express this enzyme has been dealt with recently
by several authors. For this reason, focus must be laid on the further parts of this manuscript
on late developments in this field of biotechnology.

Data on biosynthetic pathways of ethylene production in plants enabled us to elucidate the
mechanisms by which plants regulate the endogenous ethylene level for their normal growth.
It has been demonstrated that S-adenosylmethionine or ACC-degrading enzymes decrease
ethylene levels in an efficient manner without changing plant physiology. For this purpose,
researchers investigated some enzymes that aid to decrease ethylene levels in plants. In this
respect, S-adenosylmethionine (SAM) hydrolase and SAM decarboxylase were examined
less with regards to ethylene regulation in plants. ACC synthase and oxidase were examined
more with several plants.

The ACC deaminase, which is a pyridoxal 5-phosphate (PLP)-dependent polymeric enzyme,
was first investigated in a soil bacteria species Pseudomonas sp. strain. Bashan et al. [29]
described structure for ACC deaminase and provided an understanding about the working
of sole pyridoxal-5-phosphate that depends on cyclopropane ring-opening reactions of this
enzyme in Pseudomonas sp. It was reported in [30] that there was a wide range (>100-fold) in
ACC deaminase activity level in various organisms which show high ACC deaminase activity
and typically bind to some plants. In this group, there are rhizosphere, phyllosphere organ-
isms, and endophytes, which may behave as a sink-like structure for ACC that appear as a
result of stress in plants. In addition, the abovementioned show little preference for one plant
over another. However, the organisms that express low deaminase may only bind to some
plants. They may also be expressed solely in some tissues; and do not reduce the level of eth-
ylene in plants; but, they prevent a localized increase in the levels of ethylene. Glick reported
that there are some rhizobia and ACC deaminases.

Glick et al. [31] investigated the model of PGPR which includes ACC deaminase. They exam-
ined how a bacterial ACC deaminase with a low relation to ACC could cope with plant
enzymes and ACC oxidase that has high relation with the same substrate resulting in a reduc-
tion of endogenous ethylene concentration of a plant. They claimed that biological activity of
PGPR was related with ACC deaminase ACC oxidase amounts. In order for PGPR to decrease
ethylene levels in plants, the level of the ACC deaminase must be minimum from 100- to 1000-
fold bigger than ACC oxidase level. For this to happen, the ACC oxidase expression must not
be induced.

Indole-3-acetic acid (IAA) is synthesized and excreted by PGPR. IAA is adsorbed by the
surface or roots of the seeds of plants by tryptophan and some molecules in seeds or root
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exudates. Plants take up some IAAs that are synthesized recently, and IAAs may stimulate
the cell proliferation and elongation of plants. In addition, SAM is converted into ACC by
enzyme ACC synthetase stimulated by IAA. In the model of Glick et al., an important deal
of ACC can be exuded from the roots or seeds of plants. It may also be taken up by soil
microbes. It is also possible that it is hydrolyzed by vital microbial enzyme ACC deami-
nase to produce ammonia and «a-ketobutyrate. This process causes that the ACC amount is
reduced outside plants. In addition, the balance between internal-external ACC is kept stable
via the exudation of more ACC into the rhizosphere. Soil microbial communities with ACC
deaminase activity cause that plants biosynthesize more ACC than the plant could need and
arouse ACC exudation from plant roots. Meanwhile, they will also provide microorganisms
with nitrogen (ACC). As a result, microorganism with ACC deaminase growth is enhanced
near roots of the plants. In this way, the ACC level is reduced in plants, and also, the ethyl-
ene (stress hormone) biosynthesis is inhibited. In some studies, PGPR inoculation with ACC
deaminase was shown to change the endogenous ethylene levels, which ultimately lead to
variations in plant growth.

Several chemicals (aminoethoxyvinylglycine (AVG), aminooxyacetic acid (AOA), and 1-meth-
ylcyclopropene (1-MCP)) were used to reduce the ethylene level in plants. They were also
used to change the sensitivity to ethylene during fruit ripening and flower wilting. In many
situations, these chemical substances are not cheap, not easily obtained, and are harmful for
the environment. Using PGPR in a natural soil and plant environment is more economical
and feasible and is more economical friendly because PGPR includes ACC deaminase activ-
ity. In addition, it has also some other advantages like the ACC deaminase trait being more
common in some PGPR species that are native to rhizosphere and have a wide variety of
survival potential in rhizosphere and rhizoplane. Moreover, PGPR has some other aspects
(such as auxins, gibberellins, cytokines, and/or polyamines syntheses contributing directly to
plant growth). These features cause that the selection of PGPR with ACC deaminase is more
reliable than other alternatives.

2.2. Mycorrhizae

AMF were first described in the last years of nineteenth century. Albert Bernard Frank described
the symbiotic associations between the plant roots and the fungi (mycorrhizae). Mycorrhizae
means “fungal root.” This association’s basic principle is the nutrients taken up from the soil
are exchanged with sugar. Lots of microorganisms form symbiosis with plants ranging on a
continuous scale from parasitic to mutualistic. A typical example of these widespread mutu-
alistic symbioses is the arbuscular mycorrhiza formed between AMF and vascular flowering
plants [32]. Many scientists and mycologists researched the relations (associations) between
mycorrhizae and the plants biology and their inoculation methods. This relation includes
the structure of the root and mycorrhizal inoculation. Mycorrhizae are complex symbioses
and the fungi produce some structures in the root. Quantification of the structures (hyphae,
arbuscules, and vesicles) was standardized by the method suggested by Hungria and Vargas
[33]. An arbuscular mycorrhiza has three important elements; the root, the fungal elements
between the cells of the root and an extraradical mycelium in soil [34]. The most common type
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of mycorrhizae is the arbuscular mycorrhiza occurring in about 90% of plant species infected
with mycorrhiza. The most common type of mycorrhizae is the arbuscular mycorrhiza occur-
ring in about 90% of plant species infected with mycorrhiza, approximately 83% of dicotyle-
dons, 79% of monocot, and 100% of gymosperms. Most crop plants form mycorrhizae with the
exception of the Brassicaceae (e.g., mustard, cabbage, and canola) and Chenopodiaceae (e.g.,
sugar beets and spinach).

AM fungi consists approximately 160 species belonging to three families. Glomaceae,
Gigasporaceae, and Acaulosporaceae. More than 6000 fungal species can form mycorrhizae
with about 240,000 plant species. AMF plants own bigger extraradical hyphae formation and
soil aggregation. They enhance tilth and excrete hydrophobic protein called “glomalin.” AMF
produce more stress-resistant plants during production and for landscape, they reduce the
pesticide usage, they increase the more drought and nutrient tolerant plants in landscape, and
they potentially higher transplanting success and faster establishment. A symbiotic associa-
tion formed by fungi with roots, exchanging for functioning as an extended root system, the
fungi receives carbonhydrates from the host plant [35].

Arbuscular mycorrhizae fungi (AMF), which are useful organisms, have a significant role
in performance and nutrition with plant mineral intake capacity [36]. AMF symbiosis is
especially significant in improving the immobile uptake and indissoluble phosphate ions
in soil with the interactions with bi/trivalent cations (especially Ca*, Fe**, and AI** [37, 38].
The main function in this mutualism is the capacity of AMF in developing external hyphae
networks that may extend the surface area (up to 40 times) and the explorable soil volume
for nutrient intake [39] by producing enzymes and/or excreting organic substances [40].
AMF can excrete phosphatases to hydrolyze phosphate from organic P-compounds [41-43],
which enhance productivity under harsh conditions (deficiency of phosphorus; [44]). The
extraradical hyphae are considered significant in terms of intake of ammonium, immobile
micronutrients (Cu and Zn), and some mineral cations coming from the soil (K*, Ca*, Mg*,
and Fe ) [45, 46]. It was demonstrated that AMF enhance plant nutrition (biofertilizers),
and interferes with the phytohormone balance of the plants, which in turn affects devel-
opment of plant (bioregulators) and alleviates the influence of the environmental stresses
(bioprotectors). This increases the biomass and yield, and causes shifts in some quality
parameters [47].

The horticultural products have high phytochemical elements (carotenoids, flavonoids,
and polyphenols) and therefore meet the desires of consumers and authors with their
health/benefit influences [48]. Furthermore, AMF also bring tolerance to drought [49, 50]
and salinity [51, 52], nutrient deficiency, heavy metal contamination [53] and in adverse
soil pH [54, 55].

The AMF life cycle begins with asymbiotic stage (germination of the asexual chlamydospores).
This depends on several physical factors (temperature and humidity). AMF retract the cyto-
plasm without the presence of a plant and turn to the dormant phase because they are obligate
biotrophs. However, near the roots of the plants, the presymbiotic phase begins with the rami-
fication of the primary germ tube [56]. Root exudates [57] and specific metabolites (strigolac-
tones) may also induce this [58]. When there is a physical contact with the surface of the root, the
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fungi build up hyphopodia (appressoria) on the surface. On the other hand, a particular mycor-
rhizae-specific process occurs in epidermal cells underlying hyphopodia in the plant side. They
constitute the pre-penetration apparatus, which is a transient intracellular structure used by the
fungi to enter the root [59]. Fungal hyphae host the roots of the plant, firstly, between/through
cells with linear/simple-coiled hyphae [60], and then build up high-branch hyphal structures
that resemble a tree in plant cell apoplast (the arbuscules which gave the name). Gramineae
members form vesicles rich in lipid as storage organs [61]. Parallel to the colonization of the
root, fungi examines the soil around with its hyphae with which they uptake nutrients, interact
with other microorganisms, and colonize roots of nearby plants of the same (or different) spe-
cies. In this way, plants and their AM fungi are interrelated with each other in a network of roots
and hyphae [62, 63]. They can exchange nutrients [64] or signals [65] in this way. Eventually,
new chlamydospores are created in the extraradicular mycelium. The cycle of life is ended in
this way.

3. The most effective environmental stress factors: salinity and
drought

3.1. Salinity stress

Under saline conditions, the changes in soil-water potential cause that plant water intake is
reduced as well as the nutritional and hormonal imbalance. In these conditions, proline, gly-
cine betaine, trehalose, polyols, and similar organic solutes accumulate in the body of the plant
to preserve the plant from the stress-induced effects with osmotic adjustment, with limiting
water loss and diluting the toxic ion concentration [66, 68]. Such an accumulation makes it pos-
sible for the plant to maintain osmotic potential for improved water intake. For instance, pro-
line accumulation preserves the plant by adjusting osmotic pressure and by stabilizing many
functional units (e.g., complex II of the electron transport system, proteins, and enzymes [69,
70]. There are two mechanisms in which high-concentration soluble salts influence microbes:
osmotic effect and specific ion effect. Osmotic potential (more negative) is increased by soluble
salts and draws water out of the cells, which in turn, may kill microbes and roots via plasmoly-
sis. Because of the low osmotic potential, it becomes more difficult for roots and microbes to
eliminate water from the soil [71]. Plants, as well as microbes, can adapt to low osmotic poten-
tial through accumulating osmolytes. However, osmolyte synthesis necessitates large amounts
of energy, which in turn, results in reduced growth and activity [72, 73]. Certain ions, includ-
ing Na*, CI, and HCO?, are toxic for some plants when they are at high-concentrations [74]. In
some previous studies, it was reported that salinity decreases microbial activity and microbial
biomass and changes the structure of the microbial community [75-79]. The microbial biomass
is decreased by salinity. The reason for this is that osmotic stress causes drying and cell lysis
[80-86]. In previous studies, it was also reported that soil respiration was reduced with the
increase in the soil EC [87-89]. Gerhardson [90] reported that soil respiration was decreased
by more than 50% at EC1:5Z5.0 dS m1. However, according to Glick [91], soil respiration was
not correlated at a statistically significant level with EC. However, they also reported that as
EC increased, the metabolic quotient (respiration per unit biomass) also increased.
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Microorganisms can adapt to/tolerate stress salinity stress by accumulating osmolytes [91-95].
Among the main organic osmolytes, there are proline and glycine betaine; and among the
common inorganic solutes, there are potassium cations, which are used as osmolytes accu-
mulated by saline-tolerant microbes [96]. However, high amount of energy is necessary for
the synthesis of organic osmolytes [97, 98]. Inorganic salts accumulation (as osmolytes) may
be toxic, and for this reason, it is limited to halophytic microbes which developed saline-tol-
erant enzymes to survive in highly saline medium. Fungi have a tendency for being more
sensitive to salt stress than bacteria [99-102]. In this respect, the rate of bacteria/fungi may
be increased in saline soils. When compared to nonsaline soils, salinity-tolerance differences
among microbes cause those changes that appear in the structure of the community [103, 104].

3.1.1. PGPR help plants tolerate salinity stress

Salt stress enhances endogenous ethylene production in plants and mostly serves as a stress
hormone. Probably decreasing the ethylene induced by salinity via any mechanism might
reduce the negative effect of salt on the growth of plants. According to recent studies, plants
inoculated with PGPR with ACC deaminase could cope with salinity stress with a normal
growth pattern. According to Mayak et al. [105], Achromobacter piechaudii, which had ACC
deaminase activity, increased fresh-dry weight of tomato seedlings at a great deal when
grown in with NaCl salt (up to 172 mM). These bacteria decreased the ethylene production
in tomato seedlings, and this situation would be stimulated if the seedlings were subjected
to increased saline conditions. On the other hand, the sodium level in the plant could not
be reduced, and phosphorus and potassium intake was increased. This situation may have
enhanced the activation of the events that helped the relief of the side effects of the salt on
the growth of the plants. In addition, these bacteria increased the water-use efficiency (WUE)
under saline conditions. They also aided in relieving salt suppression of photosynthesis.
According to Saravanakumar and Samiyappan [106], Pseudomonas fluorescens strain TDK1 that
had ACC deaminase activity increased saline resistance of the groundnut plants. The strain
also increased the yield when compared with Pseudomonas strain inoculation that lacked ACC
deaminase activity. Glick et al. [107] verified that ACC deaminase bacteria provided plants
with salt tolerance because they lower the salt-induced stress ethylene synthesis and enhance
canola growth under saline conditions. We also saw similar results in maize under saline
stress as a reaction to the inoculation with ACC deaminase PGPR. The results of research on
the physiological effects of some vegetable species related to the benefits of PGPR in salt stress
conditions are presented in Table 1.

3.1.2. Inducing salinity stress tolerance through inoculation of mycorrhizae

The symbiosis of AM has increased the resilience of the host plants to saline stress, maybe
with bigger consistency than to drought stress. Compared to uninoculated controls, growth
in saline soils was increased by the inoculation with Glomus spp., and with AM plants that
had increased phosphate and decreased Na* concentrations in shoots [112, 113]. AM coloniza-
tion in maize enhanced the salt resistance [114], and in mung bean [115] and in clover [116].
The AM influence had a correlation with enhanced osmoregulation/accumulation of proline.
The inoculation of AM also enhanced NaCl resistance in tomato with extent of enhancement
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References Used plant growth promoting Vegetable Stress Result
rhizobacteria (PGPR) species factor
[108] N-52/1, N-17/3, FE-43, F-21/3, 637  Cucumber Salinity FE-43 increased yield 11%.
Ca, MfdCal
[109] Azotobacter spp., Azotobacter Carrot Salinity Azotobacter spp. significantly
chroococum, Azotobacter vinelandii, increased phenolic content,
Bacillus polymyxa antioxidant activity, total sugar and

soluble solid content.

[110] Agrobacterium rubi (strain A16), Mint Salinity Root length was observed better in
Burkholderia gladii (strain BA7), the cuttings were treated with BA7,
Pseudomonas putida (strain BAS), A16 and M3 compared to the other
Bacillus subtilus (strain OSU142) treatments. Mint cuttings inoculated
Bacillus megatorium (strain M3) with M3 had more dry matter content
than control and the other treatments.
[111] N 52/1, N 17/3, Fe 43, F 21/3, 637 Pepper Salinity 637 C and N 17/3 in bacteria have
Ca demonstrated positive results in

practice. Both increased yield,
nutrient element uptake and stem
diameter.

Table 1. Summary of reported physiologic effects of plant growth promoting rhizobacteria (PGPR) under salinity stress
conditions on different vegetables.

regarding the saline sensitivity of the cultivar [117]. AM enhancement of saline resistance was
generally related with AM-related increase in P acquisition and plant growth in cucumber
[118]. Gigaspora margarita colonization enhanced stomatal conductance in sorghum in drought
stress in saline soils and also improved the survival dual-stress rates. Evelin et al. [19] inves-
tigated whether tomato (“Zhongzha” 105) with F. mosseae could increase its salt tolerance.
They reported that mycorrhization facilitated salt-related reduction of growth and fruit yield,
and also determined that the P and K concentrations were higher and Na concentration was
lower in AMF in non-AMF tomato in 0, 50, and 100 mM NaCl. They also claimed that an
improvement of the ROS-scavenging enzymes (such as superoxide dismutase (SOD), catalase
(CAT), peroxidase (POD), and ascorbate peroxidase (APX)) in leaves of salt-affected and con-
trol treatment accompanied AMF colonization.

Compared to non-mycorrhizae plants, the bigger antioxidant enzyme activity in plants inoc-
ulated with AMF was related with the lower lipid peroxidation accumulation, which indi-
cates lower oxidative harm in the mycorrhized plants. In a similar manner, Habibzadeh et al.
[119] reported that enhancement in tolerance to saline stress (“Behta” and “Piazar”) of the
tomato inoculated with R. intraradices was associated with a higher P, K, and Ca intake and
with lower Na toxicity. The net photosynthesis enhanced mycorrhization through increas-
ing stomatal conductance and protecting PSII [120]. It was claimed that the increased sink
strength of AMF roots was the reason for the mycorrhizae promotion of stomatal conductance
[121]. Furthermore, in [122], it was reported that the P, Cu, Fe and Zn accumulation was
high in inoculated (F. mosseae) than in non-inoculated tomato plants in control and medium
salinity groups. However, the Na concentration in the shoot was low in mycorrhized plants,
which confirms that the tolerance of the plant to salt stress is enhanced by AMF coloniza-
tion. Authors [123-125] reported that mycorrhizae pepper (“11B 14” and “California Wonder



74

Physical Methods for Stimulation of Plant and Mushroom Development

3007), inoculated with Rhizophagus clarum and R. intraradices, had bigger biomass in shoots at
different saline concentrations when compared to non-inoculated plants. In non-mycorrhizae
plants, the lowest crop performance was reported to be associated with higher Na and lower
N, P, K concentrations in leaf tissue and also with high leaf electrolyte leakage, but the effect
of the saline stress on pepper shoot biomass varies among different fungi species at a sig-
nificant level [126]. Cheng et al. [127] reported that inoculation with AMF (R. intraradices)
might help to beat saline stress in zucchini-squash (Cucurbita pepo L. “Tempra”), which is
a significant greenhouse vegetable. Enhanced nutrition (higher K and lower Na concentra-
tions in leaf tissue) and the leaf water status might have helped plants to translocate minerals
and assimilate to the sink, and alleviate the effects of saline stress on fruit production [128].
It was reported that onion (Allium cepa L.) and basil (Ocimum basilicum L.) inoculated with
AMF could relieve deleterious influences of soil/water saline stress on the yield and growth
of crop [129, 130]. About the leafy vegetables, in [131], it was reported that the DAOM 197198
isolate of R. intraradices might be accepted as a potential AMF candidate since it stimulated
the growth of lettuce under two different saline concentrations. This influence was considered
to be linked with higher leaf relative water content and lower ABA in roots, which show that
AMF plants are less strained than nonmycorrhizal plants by saline conditions, which enables
them to accumulate less ABA. Furthermore, in saline conditions, AM symbiosis improved
the LsPIP1 expression, which involved in the transcellular water-flow regulation. A gene
expression of this magnitude might contribute to regulate the root-water permeability to
tolerate the osmotic stress caused by saline conditions better [132]. Hildebrandt et al. [133]
reported in their study that AMF R. irregularis alleviated the deleterious influences of saline
stress in lettuce (“Romana”) by changing the hormonal profiles (higher strigolactone pro-
duction) and affecting plant physiology in a positive manner, which allows lettuce to grow
better under harsh conditions. Gadkar and Rillig [134] reported that AMF (G. iranicum var.
tenuihypharum sp. nova) could alleviate the negative influence of irrigation with high saline
water on physiological parameters (photosynthesis and stomatal conductance) in lettuce. The
results of research on the physiological effects of some vegetable species related to the benefits
of mycorrhizae in salt stress conditions are presented in Table 2.

3.2. Drought

Climate change is defined as the changes observed over many years in the average state of
the climate regardless of its cause. Today’s climate change depends on the greenhouse effect
of gases released to the atmosphere due to fossil fuels, improper land use, deforestation, and
industrial development, but it is not caused by natural factors, as it has been since the forma-
tion of the world. The primary effect of this change, in which the direct human factor plays a
role, is the increase in mean surface temperatures, in other words global warming. Modeling
efforts to understand global climate change predicts that the average global warming will
increase by 1-3.5°C by 2100 and that there will be regional extreme temperatures, floods, and
widespread and severe droughts all over the world. Drought is related to the amount of water
that can be taken by the roots during the growth period of the plant which is added to the
field rather than the total amount of rainfall that occurs throughout the year. Plants that are
experiencing water deficiency during the growing period face with significant losses in terms
of development and especially yield [143, 144]. Measures should be taken as soon as possible
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Reference  Used mycorrhizae Vegetable Stress Result
type species species factor
[135] Glomus clarum Pepper Salinity Activity of catalase (CAT), glutathione reductase

(POD), and ascorbate peroxidase (APX) in leaves of
plants treated with mycorrhizae increased. Leaf water
potential and osmotic potential has increased. Pepper
plants inoculated with mycorrhizal fungi showed the
highest chlorophyll content and leaf area in saline
conditions. The interaction between mycorrhizal fungi
and plants occur higher photosynthesis activities

and transpiration rates pursuing with stomatal

conductivity.
[136] Glomus deserticola  Spinach Salinity Glomus deserticola increases K/Na ratio up to 54%.
[137] Glomus Tomato MDX levels have increased in plants treated with
fasciculatum G. fasciculatum.
[138] Glomus occultum Pepper Increase in hormone levels of pepper plants with
G. occultum
[139] Glomus Cucumber G. fasciculatum caused important changes in the plant
fasciculatum enzyme levels.
[140] Glomus mosseae Pepper G. mosseae significantly increased yield and nutrient

element uptake according to control.
[141] Glomus mosseae Radish Caused important changes in the plant enzyme levels.

[142] Glomus mosseae Mint More ACC deaminase has been detected in plants
treated with G. mosseae.

Table 2. Summary of reported physiologic effects of mycorrhizae under salinity stress conditions on different vegetables.

to mitigate the effects of agricultural drought, since the available water resources are limited
and the occupancy rate of these reserves is predicted to decrease rapidly due to the global
warming-related rainfall and especially the decrease in the amount of snowfall that feeds
groundwater resources. Although plant varieties belong to the same species, they may differ
in their tolerance to drought.

Plants can adapt their growth and development mechanisms in such a way that they are least
likely to be affected from environmental changes, and even adapt to environmental condi-
tions when they grow in the same climatic conditions for long periods of time. Drought is one
of the abiotic stress conditions which mostly affects the growth and development of plants
[145]. Water constitutes 50% of the fresh weight of the trees and 89-90% of the other plants
[146]. Plant growth is affected considerably in arid conditions. This effect in growth depends
on the length of time the water stress is experienced. In the early stages of arid conditions, the
plant slows elongation and triggers root development to reach more water. On the other hand,
if arid conditions last long enough to cause damage to the plant, both stem and root growth
will stop, leaf area and number of leaves will decrease, and even some leaves turn yellow.
The decline in plant growth is due to the division of cells in the shoot and root meristems and
the arrest of expansion of the cells. The disruption of cell division or enlargement is directly
related to the decrease in the rate of photosynthesis due to water insufficiency [147]. When
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the plants are exposed to drought stress, the water balance between the tissues is disturbed.
In case of stress, cell growth is negatively affected by the loss of turgor, so the cells remain
small. The decrease in cell growth also affects the synthesis of the cell wall. While protein and
chlorophyll are adversely affected, it is observed that the seeds lose their germination abil-
ity [148-150]. Photosynthesis and respiration slow down and stop. Decrease in cell growth
causes the leaves to shrink and the production of photosynthesis to decrease further [151].
Water deficiency causes the formation of various reactive oxygen derivatives (ROD) such as
superoxide radical (O,"), hydrogen peroxide (H,0,), hydroxyl radicals (OH) and superoxide
radical (O,") [152]. ROD damages membrane lipids, nucleic acids, proteins, chlorophyll, and
macromolecules in the cell. The effect of free oxygen radicals on the cell membrane depends
on lipid peroxidation. Lipid peroxidation, which leads to cell membrane destruction, pro-
duces malondialdehyde (MDA) as a result of several reaction steps. Drought stress also has
an important effect on enzyme activity and enzyme amount in plants. In addition, the amount
of abscisic acid is 40 times higher in the leaves, while in other organs including the root, this
increase is less. Abscisic acid prevents the transpiration of water by closing the stomata [153].

3.2.1. Inducing drought stress tolerance through inoculation of PGPR

Drought affects almost every climatic region in the world and more than half of it is prone
to drought each year. Drought limits the growth and the production of crops as one of the
most important stresses. The response to drought by plants is at cellular and molecular level.
Drought stimulates the ethylene production in the tissues of plants as it is the case in some
other environmental factors and also causes abnormal growth in plants. According to [154],
ACC deaminase PGPR Achromobacter piechaudii ARVS8 increases the fresh-dry weights in
tomato and pepper seedlings at a great deal under transient water stress. Also, these bacteria
decreased the ethylene production in tomato seedlings under water stress. In water stress, the
bacteria had no effects on the water content of plants, and enhanced the recovery of plants
if irrigation was started again. It is interesting that when bacteria were given to the tomato
plants, the plant growth continued under water stress and also when irrigation was started
again. Giri et al. [155] investigated the physiological response of peas (Pisum sativum L.) to
inoculation with ACC deaminase bacteria Variovorax paradoxus 5C-2 in moisture stress and
watering conditions. Bacterial effects were more obvious and consistent in controlled soil dry-
ing process (moisture stress conditions). In trials that had short time periods, it was seen that
ACC deaminase bacteria had positive influences on root-shoot biomass, leaf area, and plant
transpiration. In trials that had long time periods, it was seen that the plants that were inocu-
lated with ACC deaminase bacteria produced more seed yields (25-41%), seed numbers, and
seed nitrogen accumulations than the plants that were uninoculated. In addition to these, the
inoculation caused that the nodulation in pea plants under drought was restored to unin-
oculated plant levels that were well-watered. In recent years, similar results were reported.
According to the recent reports, the inoculation with ACC deaminase bacteria eliminated
the influences of water stress on growth, yield, and ripening of Pisum sativum L.—although
partly —pot and field experiments. The results of the physiological effects of some studies
related to the benefits of PGPRs on vegetables in drought stress are given in Table 3.
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References Used plant growth promoting Vegetable  Stress Result
rhizobacteria (PGPR) species factor

[156] 52/1 and E43, 21/3F, 17/3 N, Tomato Drought 21/3F, 21/3 + 637 Ca and 17/3 N bacteria
E43 F, 637Ca, MFD Cal, 52/1, races applications had positive effects on
21/3 +637Ca, 52/1 Zeatin yield and yield components of tomato.

[157] Agrobacterium rubi, Pseudomonas Garlic Drought Bacillus subtilis caused important changes
putida, Pseudomonas fluorescens, in the plant enzyme levels.

Pantoea agglomerans, Bacillus
subtilis, Bacillus megaterium

[158] Bacillus megaterium TV-3D, Broccoli Drought PGPR treatments increased seedling
Bacillus megaterium TV-91C, length, stem diameter, leaf area, and
Pantoea agglomerans RK- 92 and leaf dry matter at ratios of 7.85%,
Bacillus megaterium KBA-10 42.56%, 18.12% and 41.98%, respectively,

compared to the control. Except for Na,
the mineral element content was also
increased with PGPR treatments.

[159] Bacillus megaterium var. Tomato Drought Plant growth, total and marketable yield
phosphaticum increased by Bacillus megaterium var.
phosphaticum.

Table 3. Summary of reported physiologic effects of plant growth promoting rhizobacteria (PGPR) under drought stress
conditions on different vegetables.

3.2.2. Drought stress tolerance through mycorrhizae

Arbuscular mycorrhizae (AM) symbiosis is associated with enhancing the resistance to water
and drought stress despite the change of plant physiology and the expression of plant genes
[120, 160]. It was reported in previous studies that AM-related increase in drought tolerance
involved increased dehydration and dehydration tolerance [161]. AM fungi inoculation was
able to reduce the leaf content of malondialdehyde and soluble protein and improve the activ-
ities of superoxide dismutase (SOD), peroxidase (POD), and catalase (CAT), which resulted in
enhanced osmotic adjustment and drought tolerance of mycorrhizae citrus-grafting seedlings
[162]. Inoculation of Glomus versiforme in citrus plants enhanced the osmotic adjustment of the
plant in drought stress via improved levels of non-structural carbohydrates, K(*), Ca(*), and
Mg(*"), which resulted in improvement of drought tolerance [163].

It was reported that the role of abscisic acid (ABA) was behind the AM-related stress response
in plants [164]. When exogenous ABA was added, the ABA content was improved in shoots
of non-AM plants, concomitant with the expression of the stress marker genes Lsp5cs and
Lslea and the gene Lsnced. However, when exogenous ABA was added, the ABA content in
AM shoots decreased, and this addition did not cause more improvement of the expression.
Co-inoculation of lettuce with PGPR Pseudomonas mendocina and G. intraradices or G. mosseae
improved an antioxidative catalase in serious drought, which shows that they might be used
in inoculants to relieve the oxidative harm [165]. A 14-3-3 protein encoding gene from Glomus
intraradices growing in vitro and subjected to drought stress was identified [166]. The role of
these proteins regulating the signaling pathways and effector proteins was claimed to impart
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the protection to the host plants against drought stress. Glutathione and ascorbate have a
significant effect in conferring the protection and maintaining metabolic function of plants in
water deficit conditions.

AMEF are known to have an efficacious and sustainable mechanism. With this mechanism,
tolerance to drought is enhanced in vegetables [167, 168]. AMF cause changes in the roots of
plants, especially in length, density, diameter, and number of lateral roots [169]. Improved
root structure in mycorrhizae plants allows the extraradical hyphae to extend beyond deple-
tion zones of plant rhizosphere, which makes the water and low-mobile nutrient intake (P,
Zn, and Cu) more efficiently under water stress [170].

The AM symbiosis effectiveness in improving drought tolerance was also investigated in veg-
etables. Open-field tomato (Solanum lycopersicum L.) inoculated with AMF (R. intraradices)
influenced the agronomical and physiological responses of exposure in different drought
intensities [171]. Compared to non-inoculated ones, the fruit yield of inoculated plants in
severe-moderate-mild drought stresses was high at a statistically significant level by 25, 23,
and 16%, respectively. It was reported in this study that high crop performance in inoculated
plants was associated with better nutritional status (higher N and P) in connection with the
maintenance of leaf water status. Ikiz et al. [172] confirmed this effect on tomato. They showed
that the colonization of processing tomato “Regal 87-5” plants by F. mosseae and G. versiforme
might increase marketable yield by 20% and 32%, respectively, when compared with those of
non-inoculated plants under mild-heavy drought stress. Greenhouse melon (Cucumis melo L.
“Zhongmi 3”) plants (inoculated with three Glomus species: G. versiforme and R. intraradices
and, especially, F. mosseae) showed higher tolerance to drought stress than non-inoculated
plants. This situation was determined in plant heights, root lengths, biomass production, and
net photosynthetic rates [173]. They claimed that the increase in drought tolerance and bet-
ter crop performance might be associated with the antioxidant enzyme production (SOD,
POD, and CAT) and the soluble sugar accumulation by AM symbiosis. Lucy et al. [174] exam-
ined the mechanisms which affected the relief of drought by a mixture of Glomus spp. from
Mexico ZAC-19 (G. albidium, G. claroides, and G. diaphanum) in Chile ancho pepper (C. annuum
L. San Luis). They reported that ZAC-19 had the potential to be incorporated into Chile pep-
per transplant systems to relieve the harmful effect of drought in open-field production in
Mexico, which was shown by high root-to-shoot rate and leaf water potential. In a similar
manner, in [175] it was reported that drought enhanced bigger extraradical hyphae develop-
ment of G. deserticola in bell pepper, and as a result, a high water intake, when compared to
non-mycorrhizae plants. It was also reported that AMF symbiosis enhanced lettuce (Lactuca
sativa L. “Romana”) tolerance to drought and recovery. This enhancement was achieved via
the modification of the plant physiology and the expression of plants genes [176, 177]. Lettuce,
which was inoculated with the AMF R. intraradices, gave high root hydraulic conductivity and
low transpiration in drought, when it was compared with non-inoculated plants. Authors
[178, 179] also emphasized that the plants inoculated with AMF could regulate their abscisic
acid (ABA) concentrations in a better and quicker manner than non-inoculated plants, which
allows a better balance between leaf transpiration-root water movement in drought stress and
recovery [180, 181]. It was reported that inoculation with AMF enhanced WUE in watermelon
[182], which shows that AMF improved water intake and resulted in the host plant making
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Reference = Used mycorrhizae  Vegetable species Stress Result

type species factor

[185] Glomus mosseae Muskmelon Drought K/Na ratio has increased in several plant
tissues.

[186] Glomus mosseae Watermelon Water use efficiency, Leaf water content and

leaf osmotic potential has increased.

[187, 188] Glomus mosseae Lettuce Endogenous auxin and cytokinin levels are
increased in the presence of G. mosseae.

[189] Glomus occultum Cabbage Yield and quality increased with mycorrhizae.

[190] Glomus fasciculatum  Lettuce L-arabinose (L Ara), ribose (Rib); D-xylose (D
Xyl), L-xylose (L Xyl), adonitol (Ado), beta-
methyl-D-xyloside (Mdx) levels increased.

[191] Glomus mosseae Aubergine Water use efficiency, Leaf water content and
leaf osmotic potential has increased.

[192] Glomus caledonium  Pepper Activity of superoxide dismutase (SOD),
catalase (CAT), peroxidase (POD), and
ascorbate peroxidase (APX) in leaves of plants
treated with Glomus increased.

[193] Glomus mosseae Melon Water-use efficiency, leaf water content, and
leaf osmotic potential has increased.

Table 4. Summary of reported physiologic effects of mycorrhizae under drought stress conditions on different vegetables.

use of water in a more efficacious manner [183]. This was associated with the mechanisms that
could increase transpiration and stomatal conductance [184], and also improve the availabil-
ity of the nutrients [183]. The results of the physiological effects of some studies related to the
benefits of mycorrhizae on vegetables in drought stress are given in Table 4.

4. Conclusion

Today, the utilization of natural resources in agriculture comes to the forefront because of
improving environmental awareness. The evaluation of the use of natural resources, such as
mycorrhiza and a cleaner environment, is important both for economic reasons. Resources are
often used as a source of plant nutrition in hydroponics. Given the chemical, the use of mycor-
rhiza in agriculture is very important in soil. Particularly with the use of mycorrhiza, the
use of chemical fertilizers especially consisting phosphorus, can be reduced. As a conclusion,
mycorrhizae are important for the growth of agricultural crops as well as healthy ecosystem
functions. Many benefits of mycorrhizal symbiosis can be enhanced by changing agricultural
practices which may decrease colonization and mycorrhizal abundance [194].

Hydraheaded stress caused by biotic and abiotic reasons is threatening modern agriculture.
Several stress types explained in this chapter emphasize ethylene biosynthesis, which prevents
plant growth by some tools at molecular level. In this chapter, for the purpose of regulating
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the plant ethylene, application of PGPR with ACC deaminase is crucial. Several roles of
PGPR in saline conditions, in drought, waterlogging, biocontrol, temperature and nutritional
stresses and in cut-flower industry and nodulation in legumes were not investigated in detail
by researchers. In commercial terms, applying PGPR with ACC deaminase in agriculture
may be useful. It may also be an important progress to obtain sustainable crop production
and conservation. Because of several drawbacks, genetic modification of plant species is not
probable (for example, proprietary rights, trade agreements among countries for genetically
modified (GM) crops, and due to the limitations in DNA recombinant technology in some
areas in the world). Because of all these reasons, using PGPR with ACC deaminase activity
and similar innovations may be a cost-effective and environment-friendly way for sustainable
agriculture.

Author details

Ozlem Altuntas* and Ibrahim Kutalmis Kutsal
*Address all correspondence to: ozlem.altuntas@inonu.edu.tr

Faculty of Agriculture, Department of Horticulture, Inonu University, Malatya, Turkey

References

[1] Perrott KW, Sarathchandra SU, Dow BW. Seasonal and fertilizer effects on the organic
cycle and microbial biomass in a hill country soil under pasture. Australian Journal of
Soil Research. 1992;30:383-394

[2] Steinshamn H, Thuen E, Bleken MA, Brenge UT, Ekerholt G, Yri C. Utilization of nitro-
gen (N) and phosphorus (P) in an organic dairy farming system in Norway. Agriculture,
Ecosystems & Environment. 2004;104(3):509-522

[3] Tilman D. The greening of the green revolution. Nature. 1998;396:211-212

[4] Gyaneshwar P, Kumar GN, Parekh L], Poole PS. Role of soil microorganisms in improv-
ing P nutrition of plants. Plant and Soil. 2002;245:83-93

[5] Vitousek PM, Mooney HA, Lubchenco J, Melillo JM. Human domination of Earth's eco-
systems. Science. 1997;277(5325):494-499

[6] Frink CR, Waggoner PE, Ausubel JH. Nitrogen fertilizer: Retrospect and prospect.
Proceedings of the National Academy of Sciences of the United States of America.
1999;96:1175-1180

[7] Duhamel M, Vandenkoornhuyse P. Sustainable agriculture: Possible trajectories from
mutualistic symbiosis and plant neodomestication. Trends in Plant Science. 2013;18
(11):597-600



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Use of Some Bacteria and Mycorrhizae as Biofertilizers in Vegetable Growing and Beneficial...
http://dx.doi.org/10.5772/intechopen.76186

Owen D, Williams AP, Griffith GW, Withers PJA. Use of commercial bio-inoculants to
increase agricultural production through improved phosphrous acquisition. Applied
Soil Ecology. 2015;86:41-54

Hiltner L. Uber neuere Erfahrungen und Probleme auf dem Gebiete der Bodenbak-
teriologie unter besonderer Berticksichtigung der Griindiingung und Brache. Arbeiten
der Deutschen Landwirtschaftlichen Gesellschaft. 1904;98:59-78

Burdman S, Jurkevitch E, Okon Y. Recent advances in the use of plant growth promoting
rhizobacteria (PGPR) in agriculture. Microbial Interactions in Agriculture and Forestry.
2000;11:229-250

Antoun H, Prévost D. Ecology of plant growth promoting rhizobacteria. In: PGPR:
Biocontrol and Biofertilization. Dordrecht: Springer; 2005. pp. 1-38

Adesemoye AQO, Kloepper JW. Plant-microbes interactions in enhanced fertilizer-use
efficiency. Applied Microbiology and Biotechnology. 2009;85(1):1-12

Ahmad MN, Mokhtar MN, Baharuddin AS, Hock LS, Ali SRA, Abd-Aziz S, Rahman NAA,
Hassan MA. Changes in physicochemical and microbial community during co-com-

posting of oil palm frond with palm oil mill effluent anaerobic sludge. BioResources.
2011;6(4):4762-4780

Lau JA, Lennon JT. Evolutionary ecology of plant-microbe interactions: Soil microbial
structure alters selection on plant traits. New Phytologist. 2011;192(1):215-224

Bhattacharyya PN, Jha DK. Plant growth-promoting rhizobacteria (PGPR): Emergence
in agriculture. World Journal of Microbiology and Biotechnology. 2012;28(4):1327-1350

Gray EJ, Smith DL. Intracellular and extracellular PGPR: Commonalities and distinc-
tions in the plant-bacterium signaling processes. Soil Biology and Biochemistry. 2005;
37(3):395-412

Hayat R, Ali S, Amara U, Khalid R, Ahmed I. Soil beneficial bacteria and their role in
plant growth promotion: A review. Annals of Microbiology. 2010;60(4):579-598

Saharan BS, Nehra V. Plant growth promoting rhizobacteria: A critical review. Life
Sciences and Medicine Research. 2011;21(1):30

Evelin H, Kapoor R, Giri B. Arbuscular mycorrhizal fungi in alleviation of salt stress: A
review. Annals of Botany. 2009;104(7):1263-1280

Miransari M. Contribution of arbuscular mycorrhizal symbiosis to plant growth under
different types of soil stress. Plant Biology. 2010;12(4):563-569

Venkateswarlu B, Shanker AK. Climate change and agriculture: Adaptation and mitiga-
tion stategies. Indian Journal of Agronomy. 2009;54(2):226

Saxena KB, Kumar RV, Srivastava N, Shiying B. A cytoplasmic-nuclear male-sterility
system derived from a cross between Cajanus cajanifolius and Cajanus cajan. Euphytica.
2005;145(3):289-294

81



82

Physical Methods for Stimulation of Plant and Mushroom Development

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]
[33]

[34]

[35]

[36]

[37]

Ashraf MY, Wu L. Breeding for salinity tolerance in plants. Critical Reviews in Plant
Sciences. 1994;13(1):17-42

El-1klil Y, Karrou M, Benichou M. Salt stress effect on epinasty in relation to ethylene
production and water relations in tomato. Agronomie. 2000;20(4):399-406

Nadeem S, Akbar NS. Influence of heat and mass transfer on the peristaltic flow of a
Johnson Segalman fluid in a vertical asymmetric channel with induced MHD. Journal of
the Taiwan Institute of Chemical Engineers. 2011;42(1):58-66

Niu X, Bressan RA, Hasegawa PM, Pardo JM. Ion homeostasis in NaCl stress environ-
ments. Plant Physiology. 1995;109(3):735

Adesemoye AO, Torbert HA, Kloepper JW. Enhanced plant nutrient use efficiency with
PGPR and AMF in an integrated nutrient management system. Canadian Journal of
Microbiology. 2008;54:876-886

Adesemoye AQO, Torbert HA, Kloepper JW. Plant growth promoting rhizobacteria allow
reduced application rates of chemical fertilizers. Microbial Ecology. 2009;58(4):921-929

Bashan Y, Holguin G, de Bashan LE. Azospirillum—plant relationships: Physiological,
molecular, agricultural, and environmental advances (1997-2003). Canadian Journal of
Microbiology. 2004;50:521-577

Bonfante P. Plants, mycorrhizal fungi, and endobacteria: A dialog among cells and
genomes. The Biological Bulletin. 2003;204:215-220

Glick BR, Penrose DM, Li J. A model for the lowering of plant ethylene concentrations
by plant growth-promoting bacteria. Journal of Theoretical Biology. 1998;190(1):63-68

Fisher RF, Long SR. Rhizobium-plant signal exchange. Nature. 1992;357:655-660

Hungria M, Vargas MAT. Environmental factors affecting N2 fixation in grain legumes
in the tropics, with an emphasis on Brazil. Field Crops Research. 2000;65:151-164

Gruhn P, Goletti F, Yudelman M. Integrated nutrient management, soil fertility, and
sustainable agriculture: current issues and future challenges. Food, Agriculture, and the
Environment. Discussion paper 32. Washington, DC: International Food Policy Research
Institute; 2000. pp. 15-16

Ikiz O. The effects of mycorrhiza on soilless pepper cultivation. [PhD thesis]. Code
Number: 730. Adana, Turkey: Department of Horticulture, Institute of Natural and
Applied Sciences, University of Cukurova; 2003

Jarecki MK, Parkin TB, Chan ASK, Hatfield JL, Jones R. Greenhouse gas emissions from
two soils receiving nitrogen fertilizer and swine manure slurry. Journal of Environmental
Quality. 2008;37:1432-1438

Kacar B, Katkat B, Ozturk S. Plant Physiology. Ankara, Turkey: Nobel Publishing
Distribution. 2006



[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

Use of Some Bacteria and Mycorrhizae as Biofertilizers in Vegetable Growing and Beneficial...
http://dx.doi.org/10.5772/intechopen.76186

Kloepper JW, Schroth MN. Plant growth-promoting rhizobacteria on radishes. In:
Station de Pathologie Vegetale et Phyto-Bacteriologie, Editor. Proceedings of the 4th
International Conference on Plant Pathogenic Bacteria. Vol. II. Tours: Gilbert-Clarey;
1978. pp 879-882

Lewis JA, Papavizas GC. Biocontrol of plant diseases: The approach for tomorrow. Crop
Protection. 1991;10:95-105

Okon Y. Azospirillum/Plant Associations. Boca Raton, Florida: CRC Press; 1994

Ogunseitan O. Microbial diversity: Form and function in prokaryotes. Blackwell science
Itd., Massachusetts, USA, 2005. p. 142

Ohno T, Griffin TS, Liebman M, porter GA (2005) chemical characterization of soil phos-
phorus and organic matter in different cropping systems in Maine, USA. Agriculture,
Ecosystems & Environment 105:625-634

Weller DM. Pseudomonas biocontrol agents of soilborne pathogens: Looking back over
30 years. Phytopathology. 2007;97:250-256

Jetiyanon K, Fowler WD, Kloepper JW. Broad-spectrum protection against several
pathogens by PGPR mixtures under field conditions. Plant Disease. 2003;87:1390-1394

Mantelin S, Touraine B. Plant growth-promoting bacteria and nitrate availability: Impacts
on root development and nitrate uptake. Journal of Experimental Botany. 2004;55:27-34

Peix A, Rivas-Boyero AA, Mateos PF, Rodriguez-Barrueco C, Martinez-Molina E,
Velazquez E. Growth promotion of chickpea and barley by a phosphate solubiliz-
ing strain of Mesorhizobium mediterraneum under growth chamber conditions. Soil
Biology and Biochemistry. 2001;33:103-110

Stewart LI, Hamel C, Hogue R, Moutoglis P. Response of strawberry to inoculation with
arbuscular myccorrhizal fungi under very high soil phosphorus conditions. Mycorrhiza.
2005;15:612-619

Turner NC, Blum A, Cakir M, Steduto P, Tuberosa R, Young N. Strategies to increase the
yield and yield stability of crops under drought — Are we making progress? Functional
Plant Biology. 2014;41:1199-1206

Tuberosa R. Phenotyping for drought tolerance of crops in the genomics era. Frontiers in
Physiology. 2012;3:Article 347

Zengin FK. The effects of some heavy metals on the pigment content of the bean seedlings
(Phaseolus vulgaris L. cv. Strike). KSU Science and Engineering Journal. 2007;10(2):164-172

Zabetakis I. Enhancement of flavor biosynthesis from straw- berry (Fragaria x anan-
assa) callus cultures by Methylobacterium species. Plant Cell Tissue Organ Culture.
1997;50:179-183

83



84

Physical Methods for Stimulation of Plant and Mushroom Development

[52]

[53]

[54]
[55]

[56]

[57]

[58]
[59]

[60]

[61]

[62]

[63]

[64]

[65]

Amir HG, Shamsuddin ZH, Halimi MS, Marziah M, Ramlan MF. Enhancement in nutri-
ent accumulation and growth of oil palm seedlings caused by PGPR under field nursery
conditions. Communications in Soil Science and Plant Analysis. 2005;36:2059-2066

Barassi CA, Ayrault G, Creus CM, Sueldo RJ], Sobrero MT. Seed inoculation with
Azospirillum mitigates NaCl effects on lettuce. Scientia Horticulturae. 2006;109:8-14

Bruehl GW. Soil-Borne Plant Pathogens. New York: Macmillan; 1987

Compant S, Duffy B, Nowak ], Clément C, Barka EA. Use of plant growth-promoting
bacteria for biocontrol of plant diseases: Principles, mechanisms of action, and future
prospects. Applied and Environmental Microbiology. 2005;71:4951-4959

Diaz-Zorita M, Balina RM, Fernandez-Canigia M, Perticari A. Field inoculation of
wheat (Triticum aestivum L.) and corn (Zea mays L.) with Azospirillum brasilense in the
Pampas region, Argentina. In: 22nd Latin-American Conference on Rhizobiology and
1st Brazilian Conference on Biological Nitrogen Fixation (RELAR). Rio de Janeiro, Brazil.
2004. p. 125

Groppa MD, Zawoznik MS, Tomaro ML. Effect of co-inoculation with Bradyrhizobium
japonicum and Azospirillum brasilense on soybean plants. European Journal of Soil Biology.
1998;34:75-80

Jones DL, Hinsinger P. The rhizosphere: Complex by design. Plant and Soil. 2008;312:1-6

Ma J, Li XL, Xu H, Han Y, Cai ZC, Yagi K. Effects of nitrogen fertilizer and wheat straw
application on CH4 and N2O emissions from a paddy rice field. Australian Journal of
Soil Research. 2007;45:359-367

Rabalais NN, Turner RE, Wiseman Jr W], Dortch Q. Consequences of the 1993 Mississippi
River flood in the Gulf of Mexico. Regulated Rivers: Research and Management.
1998;14:161-177

Tawaraya K, Naito M, Wagatsuma T. Solubilization of insoluble inorganic phosphate
by hyphal exudates of arbuscular mycorrhizal fungi. Journal of Plant Nutrition.
2006;29:657-665

Vessey JK. Plant growth promoting rhizobacteria as biofertilizers. Plant and Soil.
2003;255:571-586

Zimmermann P. Root-secreted phosphomonoesterases mobilizing phosphorus from the
rhizosphere: A molecular physiological study in Solanum tuberosum. PhD dissertation
submitted to the Swiss Federal Institute of Technology, Zurich. 2003

Anjum SA, Xie X, Wang L, Saleem MF, Man C, Lei W. Morphological, physiological
and biochemical responses of plants to drought stres. African Journal of Agricultural
Research. 2011;6:2026-2032

Beringer JE. Plant-microbe interactions. In: Silver S, editor. Biotechnology: Potentials
and Limitations. Berlin: Springer; 1986. pp. 259-273



[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

Use of Some Bacteria and Mycorrhizae as Biofertilizers in Vegetable Growing and Beneficial...
http://dx.doi.org/10.5772/intechopen.76186

Dardanelli MS, Angelini ], Fabra A. A calcium dependent rhizobia surface protein is
involved in the peanut crack entry infection process. Canadian Journal of Microbiology.
2003;49:399-405

Farooq M, Wahid A, Kobayashi N, Fujita D, Basra SMA. Plant dorught stress: Effects,
mechanisms and management. Agronomy for Sustainable Development. 2009;29:185-212

Mannion AM. Future trends in agriculture: The role of agriculture. Outlook on
Agriculture. 1998;27:219-224

Ruiz-Lozano JM, Bonfante P. Identification of putative P- transporter operon in the
genome of a Burkholderia strain living inside the arbuscular mycorrhizal fungus
Gigaspora margarite. Journal of Bacteriology. 1999;181:4106-4109

Viator RP, Kovar JL, Hallmark WB. Gypsum and compost effects on sugarcane root
growth, yield, and plant nutrients. Agronomy Journal. 2002;94:1332-1336

Zapata F, Axmann H. 32P isotopic techniques for evaluating the agronomic effectiveness
of rock phosphate materials. Fertility Research. 1995;41:189-195

Bakker PAHM, Pieterse CM]J, van Loon LC. Induced systemic resistance by fluorescent
Pseudomonas spp. Phytopathology. 2007;97:239-243

Bodelier PLE, Wijlhuizen AG, Blom CWPM, Laanbroek H]J. Effects of photoperiod on
growth of and denitrification by Pseudomonas chlororaphis in the root zone of Glyceria
maxima, studied in a gnotobiotic microcosm. Plant and Soil. 1997;190:91-103

Carletti SM, Llorente BE, Rodriguez Caceres EA, Tandecarz JS. Jojoba inoculation with
Azospirillum brasilense stimulates in vitro root formation. Plant Tissue Culture and
Biotechnology. 1998;4:165-174

Correa OS, Montecchia MS, Berti MF, Fernandez Ferrari MC, Pucheu NL, Kerber NL,
Garcia AF. Bacillus amyloliquefaciens BNM122, a potential microbial biocontrol agent
applied on soybean seeds, causes a minor impact on rhizosphere and soil microbial com-
munities. Applied Soil Ecology. 2009;41:185-194

Dobbelaere S, Croonenborghs A, Thys A, Ptacek D, Vanderleyden ], Dutto P, Labandera-
Gonzalez C, Caballero-Mellado J, Aguirre JF, Kapulnik Y, Brener S, Burdman S, Kadouri
D, Sarig S, Okon Y. Response of agronomically important crops to inoculation with
Azospirillum. Australian Journal of Plant Physiology. 2001;28:871-879

Giineri Bagc1 E. Oxidative stress due to drought in chickpea varieties physiological and
biochemical determination by parameters [PhD thesis]. Ankara: Ankara University
Institute of Science. 2010. 403 p

Lichtenthaler HK, Wellburn AR. Determinations of total careteonids and chloro-
phylls a and b of leaf extracts in different solvents. Biochemical Society Transactions.
1983,11:591-592

Mittler R. Abiotic stress, the field environment and stress combination. Trends in Plant
Science. 2006;11:15-19

85



86

Physical Methods for Stimulation of Plant and Mushroom Development

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

Rodriguez H, Fraga R. Phosphate solubilizing bacteria and their role in plant growth
promotion. Biotechnology Advances. 1999;17:319-339

Ueda T, Suga Y, Yahiro N, Matsuguchi T. Remarkable N2- fixing bacterial diversity
detected in rice roots by molecular evolutionary analysis of nifH gene sequences. Journal
of Bacteriology. 1995;177:1414-1417

Yang J, Kloepper JW, Ryu C-M. Rhizosphere bacteria help plants tolerate abiotic stress.
Trends Plant Science. 2009;14:1-4

Barea JM, Andrade G, Bianciotto V, Dowling D, Lohrke S, Bonfante P, O'Gara F, Azcon-
Anguilar C. Impact on arbuscular mycorrhiza formation of pseudomonas strains
used as inoculants for biocontrol of soil-borne fungal plant pathogens. Applied and
Environmental Microbiology. 1998;64:2304-2307

Atkinson D, Watson CA. The beneficial rhizosphere: A dynamic entity. Applied Soil
Ecology. 2000;15:99-104

Amira MS, Qados A. Effect of salt stress on plant growth and metabolism of bean plant
Vicia faba (L.). Journal of The Saudi Society of Agricultural Sciences. 2011;10:7-15

Dardanelli MS, Manyani H, Gonzalez-Barroso S, Rodriguez-Carvajal MA, Gil-Serrano
AM, Espuny MR, Lopez-Baena FJ, Bellogin RA, Megias M, Ollero F]. Effect of the pres-
ence of the plant growth promoting rhizobacterium (PGPR) Chryseobacterium balustinum
Aur9 and salt stress in the pattern of flavonoids exuded by soybean roots. Plant and Soil.
2009;328:483-493

Shaharoona B, Naveed M, Arshad M, Zahir ZA. Fertilizer- dependent efficiency of pseu-
domonads for improving growth, yield, and nutrient use efficiency of wheat (Triticum
aestivum L.). Applied Microbiology and Biotechnology. 2008;79:147-155

Larraburu EE, Carletti SM, Rodriguez Caceres EA, Llorente BE. Micropropagation of
Photinia employing rhizobacteria to promote root development. Plant Cell Reports.
2007;26:711-717

Ottman M]J, Pope NV. Nitrogen fertilizer movement in the soil as influenced by
nitrogen rate and timing in irrigated wheat. Soil Science Society of America Journal.
2000;64:1883-1892

Gerhardson B. Biological substitutes for pesticides. Trends in Biotechnology. 2002;20:
338-343

Glick BR. The enhancement of plant growth by free-living bacteria. Canadian Journal of
Microbiology. 1995;41:109-117

Doran JW, Sarrantonio M, Liebig MA. Soil health and sustainability. Advances in
Agronomy. 1996;56:2-54

Figueiredo VB, Buritya HA, Martinez CR, Chanway CP. Alleviation of drought stress
in the common bean (Phaseolus vulgaris L.) by co-inoculation with Paenibacillus polymyxa
and Rhizobium tropici. Applied Soil Ecology. 2008;40:182-188



[96]

[97]

[98]

[99]

[100]
[101]

[102]

[103]

[104]

[105]

[106]

[107]

Use of Some Bacteria and Mycorrhizae as Biofertilizers in Vegetable Growing and Beneficial...
http://dx.doi.org/10.5772/intechopen.76186

Fravel DR. Commercialization and implementation of biocontrol. Annual Review of
Phytopathology. 2005;43:337-359

Caballero-Mellado ], Onofre-Lemus J, Estrada-de los Santos P, Martinez-Aguilar L. The
tomato rhizosphere, an environment rich in nitrogen-fixing Burkholderia species with

capabilities of interest for agriculture and bioremediation. Applied and Environmental
Microbiology. 2007;73:5308-5319

Cassan F, Perrig D, Sgroy V, Masciarelli O, Penna C, Luna V. Azospirillum brasilense Az39
and Bradyrhizobium japonicum E109, inoculated singly or in combination, promote seed
germination and early seedling growth in corn (Zea mays L.) and soybean (Glycine maxL.).
European Journal of Soil Biology. 2009;45:28-35

Dardanelli MS, Fernandez FJ, Espuny MR, Rodriguez MA, Soria ME, Gil Serrano AM,
Okon Y, Megias M. Effect of Azospirillum brasilense coinoculated with Rhizobium on
Phaseolus vulgaris flavonoids and nod factor production under salt stress. Soil Biology
and Biochemistry. 2008;40:2713-2721

Lugtenberg BJJ, Dekkers LC. What makes pseudomonas bacteria rhizosphere compe-
tent? Environmental Microbiology. 1999;1:9-13

Kloepper JW, Rodriguez-Kabana R, Zehnder GW, Murphy JF, Sikora E, Fernandez
C. Plant root-bacterial interactions in biological control of soilborne diseases and
potential extension to systemic and foliar diseases. Australasian Plant Pathology.
1999;28:21-26

Lynch JM, Whipps JM. Substrate flow in the rhizosphere. Plant and Soil. 1990;129:1-10

Rowarth JS. Nutrient and moisture inputs for grass seed yield: An invited review.
Journal of Applied Seed Production. 1997;15:103-110

Long DH, Lee EN, TeBeest DO. Effect of nitrogen fertilization on disease progress of
rice blast on susceptible and resistant cultivars. Plant Disease. 2000;84:403-409

Martinez-Viveros O, Jorquera MA, Crowley DE, Gajardo G, Mora ML. Mechanisms and
practical considerations involved in plant growth promotion by rhizobacteria. Journal
of Soil Science and Plant Nutrition. 2010;10:293-319

Nadeem SM, Zahir ZA, Naveed M, Ashraf M. Microbial ACC-deaminase: Prospects
and applications for inducing salt tolerance in plants. Critical Reviews in Plant Sciences.
2010;29:360-393

Mayak S, Tirosh T, Glick BR. Plant growth-promoting bacteria that confer resistance to
water stress in tomatoes and peppers. Plant Science. 2004;166(2):525-530

Saravanakumar D, Samiyappan R. ACC deaminase from Pseudomonas fluorescens
mediated saline resistance in groundnut (Arachis hypogea) plants. Journal of Applied
Microbiology. 2007;102(5):1283-1292

Glick BR, Todorovic B, Czarny ], Cheng Z, Duan ], McConkey B. Promotion of
plant growth by bacterial ACC deaminase. Critical Reviews in Plant Sciences. 2007;
26(5-6):227-242

87



88

Physical Methods for Stimulation of Plant and Mushroom Development

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

Seymen M, Turkmen O, Dursun A, Donmez MF, Paksoy M. Effects of bacterium
inoculation on yield and yield components of cucumber (Cucumis sativus). Bulletin of
University of Agricultural Sciences and veterinary medicine Cluj-Napoca. Horticulture.
2010;67(1):274-277

Esringu A, Kotan R, Bayram F, Ekinci M, Yildirim E, Nadaroglu H, Katircioglu H. Effect
of different bacterial bio - formulation applications on plant growth parameters. Yield

and Enzyme Levels in Garlic Growing. Journal of Nevsehir Science and Technology.
2016;5:214-227. DOI: 10.17100/nevbiltek.211001

Kumari T, Lee SM, Kang SH, Chen S, Yang C. Ternary solar cells with a mixed face-
on and edge-on orientation enable an unprecedented efficiency of 12.1%. Energy &
Environmental Science. 2017;10(1):258-265

Mena-Violante HG, Olalde-Portugal V. Alteration of tomato fruit quality by root inocu-
lation with plant growth-promoting rhizobacteria (PGPR): Bacillus subtilis BEB-13bs.
Scientia Horticulturae. 2007;113(1):103-106

Nadeem SM, Hussain I, Naveed M, Ashgar HN, Zahir ZA, Arshad M. Performance of
plant growth promoting rhizobacteria containing ACC-deaminase activity for improv-

ing growth of maize under salt-stressed conditions. Pakistan Journal of Agricultural
Sciences. 2006;43:114-121

Khan AG, Kuek C, Chaudhry TM, Khoo CS, Hayes WJ. Role of plants, mycorrhizae
and phytochelators in heavy metal contaminated land remediation. Chemosphere.
2000;41:197-207

Juniper S, Abbott LK. Soil salinity delays germination and limits growth of hyphae
from propagules of arbuscular mycorrhizal fungi. Mycorrhiza. 2006;16:371-379

Gamalero E, Trotta A, Massa N, Copetta A, Martinotti MG, Berta G. Impact of two fluo-
rescent pseudomonads and an arbuscular mycorrhizal fungus on tomato plant growth,
root architecture and P acquisition. Mycorrhiza. 2004;14:185-192

Fu Q, Liu C, Ding N, Lin Y, Guo B. Ameliorative effects of inoculation with the plant
growth-promoting rhizobacterium Pseudomonas sp. DW1 on growth of eggplant
(Solanum melongena L.) seedlings under salt stress. Agricultural Water Management.
2010;97(12):1994-2000

Bouhmouch I, Souad-Moubhsine B, Brhada F, Aurag J. Influence of host cultivars and
rhizobium species on the growth and symbiotic performance of Phaseolus vulgaris
under salt stress. Journal of Plant Physiology. 2005;162:1103-1113

Corkidi L, Allen EB, Merhaut D, Allen MF, Downer ], Bohn J, et al. Assessing the infec-
tivity of commercial mycorrhizal inoculants in plant nursery conditions. Journal of
Environmental Horticulture. 2004;22:149-154

Habibzadeh'Y, Pirzad A, Zardashti MR, Jalilian J, Eini O. Effects of arbuscular mycorrhi-
zal fungi on seed and protein yield under water-deficit stress in mung bean. Agronomy
Journal. 2012;105:79-84



[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

Use of Some Bacteria and Mycorrhizae as Biofertilizers in Vegetable Growing and Beneficial...
http://dx.doi.org/10.5772/intechopen.76186

Meyer JR, Linderman RG. Response of subterranean clover to dual inoculation with
vesicular-arbuscular mycorrhizal fungi and a plant growth-promoting bacterium,
pseudomonas putida. Soil Biology & Biochemistry. 1986;18:185-190

Luhova L, Lebeda A, Kutrova E, Hedererova D, Pec P. Peroxidase, catalase, amine oxi-
dase and acid phosphatase activities in Pisum sativum during infection with Fusarium
oxysporum and F. solani. Biologia Plantarum. 2006;50:675-682

Marulanda A, Barea JM, Azcon R. Stimulation of plant growth and drought tolerance by
native microorganisms (AM fungi and bacteria) from dry environments: Mechanisms
related to bacterial effectiveness. Journal of Plant Growth Regulation. 2009;28:115-124

Phillips RP, Finzi AC, Bernhardt ES. Enhanced root exudation induces microbial feed-
backs to N cycling in a pine forest under long-term CO, fumigation. Ecology Letters.
2011;14:187-194

Ping L, Boland W. Signals from the underground, bacterial volatiles promote growth
Arabidopsis. Trends in Plant Sciences. 2004;9:263-266

Heidari M, Mousavinik SM, Golpayegani A. Plant growth promoting rhizobacte-
ria (PGPR) effect on physiological parameters and mineral uptake in basil (Ociumum
basilicum 1.) under water stress. ARPN Journal of Agricultural and Biological Science.
2011;6:6-11

Farahani A, Lebaschi H, Hussein M, Shiranirad AH, Valadabadi AR, Daneshian J.
Effects of arbuscular mycorrhizal fungi, different levels of phosphorus and drought
stress on water use efficiency, relative water content and proline accumulation rate of
Coriander (Coriandrum sativum L.). Journal of Medicinal Plant Research. 2008;2:125-131

Cheng Z, Park E, Glick BR. 1-Aminocyclopropane-1-carboxylate (ACC) deaminase
from Pseudomonas putida UW4 facilitates the growth of canola in the presence of salt.
Canadian Journal of Microbiology. 2007;53:912-918

Abdel Latef AA, Chaoxing H. Arbuscular mycorrhizal influence on growth, photosyn-
thetic pigments, osmotic adjustment and oxidative stress in tomato plants subjected to
low temperature stress. Acta Physiologiae Plantarum. 2010;33:1217-1225

Banat IM, Franzetti A, Gandolfi I, Bestetti G, Martinotti MG, Fracchia L, et al. Microbial
biosurfactants production, applications and future potential. Applied Microbiology
and Biotechnology. 2010;87:427-444

Belimov AA, Dodd IC, Safronova VI, Davies W]. ACC deaminase-containing rhizobac-
teria improve vegetative development and yield of potato plants grown under water-
limited conditions. Aspects of Applied Biology. 2009;98:163-169

Bharadwaj DP, Lundquist PO, Alstrom S. Carbon nanomaterial from tea leaves as an
anode in lithium secondary batteries. Asian Journal of Experimental Sciences. 2008;
22:89-93

89



90

Physical Methods for Stimulation of Plant and Mushroom Development

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

Finlay RD. Ecological aspects of mycorrhizal symbiosis with special emphasis on the
functional diversity of interactions involving the extraradical mycelium. Journal of
Experimental Botany. 2007;59:1115-1126

Hildebrandt U, Kaldorf M, Bothe H. The zinc violet and its colonization by arbuscular
mycorrhizal fungi. Journal of Plant Physiology. 1999;154:709-717

Gadkar V, Rillig MC. The arbuscular mycorrhizal fungal protein glomalin is a putative
homolog of heat shock protein 60. FEMS Microbiology Letters. 2006;263:93-101

Altuntas, O, Dasgan HY, Akhoundnejad Y. Effect of Arbuscular Mycorrhizal Interactions
on Physiological Aspects and Productivity of Capsicum annuum. 2017. (Unpressed)

Vierheilig H, Alt M, Mohr U, Boller T, Wiemken A. Ethylene biosynthesis and activities
of chitinase and £3-1, 3-glucanase in the roots of host and non-host plants of vesicular-
arbuscular mycorrhizal fungi after inoculation with Glomus mosseae. Journal of Plant
Physiology. 1994;143(3):337-343

Rodriguez Y, Pérez E, Solorzano E, Meneses AR, Fernandez F. Peroxidase and polyphe-
noloxidase activities in tomato roots inoculated with Glomus clarum or Glomus fascicula-
tum. Cultivos Tropicales. 2001;22(1):11-16

Kaya C, Ashraf M, Sonmez O, Aydemir S, Tuna AL, Cullu MA. The influence of
Arbuscular mycorrhizal colonization on key growth parameters and fruit yield of pep-
per plants grown at high salinity. Scientia Horticulturae. 2009;121:1-6

Christensen H, Jakobsen I. Reduction of bacterial growth by a vesicular-arbuscular
mycorrhizal fungus in the rhizosphere of cucumber (Cucumis sativus L.). Biology and
Fertility of Soils. 1993;15(4):253-258

Latef AAHA, Chaoxing H. Does inoculation with Glomus mosseae improve salt toler-
ance in pepper plants? Journal of Plant Growth Regulation. 2014;33(3):644-653

Barea JM, Azcon-Aguilar C. Production of plant growth-regulating substances by the
vesicular-arbuscular mycorrhizal fungus Glomus mosseae. Applied and Environmental
Microbiology. 1982;43(4):810-813

Cabello M, Irrazabal G, Bucsinszky AM, Saparrat M, Schalamuk S. Effect of an arbus-
cular mycorrhizal fungus, Glomus mosseae, and a rock-phosphate-solubilizing fungus,

Penicillium thomii, on Mentha piperita growth in a soilless medium. Journal of Basic
Microbiology. 2005;45(3):182-189

Gonsalves V, Nayak S, Nazareth S. Halophilic fungi in a polyhaline estuarine habitat.
Journal of Yeast and Fungal Research. 2012;3:30-36

Javaid A. Role of arbuscular mycorrhizal fungi in nitrogen fixation in legumes. In: Khan
MS, Zaidi A, Musarrat ], editors. Microbes for Legumes Improvement. Wein: Springer-
Verlag; 2010

Eliasson L, Bertell G, Bolander E. Inhibitory action of auxin on root elongation not
mediated by ethylene. Plant Physiology. 1989;91:310-314



[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

Use of Some Bacteria and Mycorrhizae as Biofertilizers in Vegetable Growing and Beneficial...
http://dx.doi.org/10.5772/intechopen.76186

Beneduzi A, Ambrosini A, Passaglia LMP. Plant growth-promoting rhizobacteria
(PGPR): Their potential as antagonists and biocontrol agents. Genetics and Molecular
Biology. 2012;35:1044-1051

Benabdellah K, Abbas Y, Abourouh M, Aroca R, Azcon R. Influence of two bacterial
isolates from degraded and non-degraded soils and arbuscular mycorrhizae fungi
isolated from semi-arid zone on the growth of Trifolium repens under drought condi-

tions: Mechanisms related to bacterial effectiveness. European Journal of Soil Biology.
2011;47:303-309

Chen L, Dodd IC, Theobald JC, Belimov AA, Davies WJ. The rhizobacterium Variovorax
paradoxus 5C-2, containing ACC deaminase, promotes growth and development of

Arabidopsis thaliana via an ethylene-dependent pathway. Journal of Experimental
Botany. 2013;64:1565-1573

Jahromi F, Aroca R, Porcel R, Ruiz-Lozano JM. Influence of salinity on the in vitro devel-
opment of Glomus intraradices and on the in vivo physiological and molecular responses
of mycorrhizal lettuce plants. Microbial Ecology. 2008;55:45-53

Artursson V, Finlay RD, Jansson JK. Interactions between arbuscular mycorrhizal
fungi and bacteria and their potential for stimulating plant growth. Environmental
Microbiology. 2006;8:1-10

Asghari HR. Vesicular-arbuscular (VA) mycorrhizae improve salinity tolerance in
pre-inoculation subterranean clover (Trifolium subterraneum) seedlings. International
Journal of Plant Production. 2008;2:243-256

Ashraf M. Breeding for salinity tolerance in plants. Critical Reviews in Plant Sciences.
1994;13:17-42

Giri B, Kapoor R, Mukerji KG. Effect of the arbuscular mycorrhizae Glomus fasciculatum
and G. macrocarpum on the growth and nutrient content of Cassia siamea in a semi-arid
Indian wasteland soil. New Forests. 2005;29:63-73

Giri B, Kapoor R, Mukerji KG. Influence of arbuscular mycorrhizal fungi and salinity
on growth, biomass, and mineral nutrition of Acacia auriculiformis. Biology and Fertility
of Soils. 2003;38:170-175

Giri B, Kapoor R, Agarwal L, Mukerji KG. Pre-inoculation with arbuscular mycorrhizae
helps Acacia auriculiformis grow in degraded Indian wasteland soil. Communications in
Soil Science and Plant Analysis. 2004;35:193-204

Shirmardi M, Savaghebi GR, Khavazi K, Akbarzadeh A, Farahbakhsh M, Rejali F, et al.
Effect of microbial inoculants on uptake of nutrient elements in two cultivars of sun-
flower (Helianthus annuus L.) in saline soils. Notulae Scientia Biologicae. 2010;2:57-66

Saharan BS, Nehra V. Plant growth promoting rhizobacteria: A critical review. Life
Sciences and Medicine Research (LSMR). 2011;21:1-30

Ruiz-Lozano JM, Aroca R. Host response to osmotic stresses: Stomatal behaviour
and water use efficiency of arbuscular mycorrhizal plants. In: Koltai H, Kapulnik Y,

91



92

Physical Methods for Stimulation of Plant and Mushroom Development

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

[169]

editors. Arbuscular Mycorrhizas: Physiology and Function. Netherlands: Springer; 2010.
pp- 239-256

Zolfaghari M, Nazeri V, Sefidkon F, Rejali F. Effect of arbuscular mycorrhizal fungi on
plant growth and essential oil content and composition of Ocimum basilicum L. Iranian
Journal of Plant Physiology. 2013;3:643-650

Porcel R, Ruiz-Lozano JM. Arbuscular mycorrhizal influence on leaf water potential,
solute accumulation, and oxidative stress in soybean plants subjected to drought stress.
Journal of Experimental Botany. 2004;55:1743-1750

McKeon TA, Fernandez-Maculet JC, Yang SF. Biosynthesis and metabolism of ethylene.
In: Davies PJ, editor. Plant Hormones Physiology, Biochemistry and Molecular Biology.
Dordrecht, Netherlands: Kluwer Academic Publishers; 1995. pp. 118-139

Gaspar T, Penel C, Hadege D, Greppin H. Biochemical, molecular and physiological
aspects of plant peroxidases. In: Lobarzewski J, Greppin H, Penel C, Gaspar T, edi-
tors. Plant Peroxidases. Geneva: Imprimerie Nationale, University of Geneva; 1991.
pp- 249-280

Jasper DA, Abbot LK, Robson AD. The effect of soil disturbance on vesicular-arbus-
cular mycorrhizal fungi in soils from different vegetation type. The New Phytologist.
1991;118:471-476

Egberongbe HO, Akintokun AK, Babalola OO, Bankole MO. The effect of Glomus mosseae
and Trichoderma harzianum on proximate analysis of soybean (Glycine max (L.) Merrill.)

seed grown in sterilized and unsterilised soil. Journal of Agricultural Extension and
Rural Development. 2010;2:54-58

Bethlenfalvay GJ, Schiiepp H. Arbuscular mycorrhizas and agrosystem stability. In:
Gianinazzi S, Schiiepp H, editors. Impact of Arbuscular Mycorrhizas on Sustainable
Agriculture and Natural Ecosystems. Basel: Birkhauser; 1994. pp. 117-131

Denton B.. Advances in phytoremediation of heavy metals using plant growth promot-
ing bacteria and fungi. MMG445 Basic Biotechnology. 2007;3:1-5

del Rio LA, Sandalio LM, Altomare DA, Zilinskas BA. Mitochondrial and peroxisomal
manganese superoxide dismutase: Differential expression during leaf senescence.
Journal of Experimental Botany. 2003;54:923-933

Mehraban A, Vazan S, Naroui MR, Ardakany AR. Effect of vesicular-arbuscular
mycorrhiza (VAM) on yield of sorghum cultivars. Journal of Food, Agriculture and
Environment. 2009;7:461-463

Pamp SJ, Tolker-Nielsen T. Multiple roles of biosurfactants in structural biofilm devel-
opment by Pseudomonas aeruginosa. Journal of Bacteriology. 2007;189:2531-2539. DOI:
10.1128/]JB.01515-06



[170]

[171]

[172]

[173]

[174]

[175]

[176]

[177]

[178]

[179]

[180]

[181]

[182]

Use of Some Bacteria and Mycorrhizae as Biofertilizers in Vegetable Growing and Beneficial...
http://dx.doi.org/10.5772/intechopen.76186

Qurashi AW, Sabri AN. Bacterial exopolysaccharide and biofilm formation stimu-

late chickpea growth and soil aggregation under salt stress. Brazilian Journal of
Microbiology. 2012;43:1183-1191. DOI: 10.1590/51517-83822012000300046

Suslow TV, Schroth MN. Role of deleterious rhizobacteria as minor pathogens in reduc-
ing crop growth. Phytopathology. 1982;72:111-115

Ikiz O, Abak K, Dasgan HY, Ortas I. Effects of mycorrhizal inoculation in soilless cul-
ture on pepper plant growth. Acta Horticulturae. 2006;2(807):533-541

Giri B, Kapoor R, Mukerji KG. Improved tolerance of Acacia nilotica to salt stress by
arbuscular mycorrhiza, Glomus fasciculatum may be partly related to elevated K/Na
ratios in root and shoot tissues. Microbial Ecology. 2007;54:753-760

Lucy M, Reed E, Glick BR. Application of free living plant growth promoting rhizobac-
teria. Anton de Leeuw. 2004;86:1-25

Kothari SK, Marschner H, George E. Effects of VA mycorrhial fungig and rhizosphere
organisms on root and shoot morphology, growth and water relation in maize. New
Phytologist. 1990;116:303-311

Kotan R, Fikrettin S, Erkol D, Cafer E. Biological control of the potato dry rot caused by
Fusarium species using PGPR strains. Biological Control. 2009;50:194-198

McArther DA]J, Knowles NR. Influence of VAM and phosphorus nutrition on growth,
development and mineral nutrition of potato. Plant Physiology. 1993;102:771-782

Saravanakumar D, Harish S, Loganathan M, Vivekananthan R, Rajendran L, Ragu-
chander T, et al. Rhizobacterial bioformulation for the effective management of
Macrophomina root rot in mung bean. Archives of Phytopathology and Plant Protection.
2007;40:323-337

Alizadeh H, Behboudi K, Ahmadzadeh M, Javan-Nikkhah M, Zamioudis C, Pieterse
CMyJ, et al. Induced systemic resistance in cucumber and Arabidopsis thaliana by the

combination of Trichoderma harzianum Tr6 and Pseudomonas sp. Ps14. Biological Control.
2013;65:14-23

Ait Barka E, Nowak ], Clement C. Enhancement of chilling resistance of inoculated
grapevine plantlets with a plant growth-promoting rhizobacterium, Burkholderia phyto-
firmans strain Ps]N. Applied and Environmental Microbiology. 2006;72:7246-7252

Abak K, Dasgan HY, Rehber Y, Ortas I. Effect of vesicular arbuscular mycorrhizas on
plant growth of soilless grown muskmelon. Acta Horticulturae®. In: IV International
Symposium on Cucurbits. Vol. 871. 2009. pp. 301-306

Jiao H, Chen Y, Lin X, Liu R. Diversity of arbuscular mycorrhizal fungi in greenhouse
soils continuously planted to watermelon in North China. Mycorrhiza. 2011;21(8):681

93



94

Physical Methods for Stimulation of Plant and Mushroom Development

[183]

[184]

[185]

[186]

[187]

[188]

[189]

[190]

[191]

[192]

[193]

[194]

Ruiz-Lozano JM, Azcon R, Gomez M. Alleviation of salt stress by arbuscular-mycorrhi-
zal Glomus species in Lactuca sativa plants. Physiologia Plantarum. 1996;98(4):767-772

Nelson R, Achar PN. Stimulation of growth and nutrient uptake by VAM fungi in
Brassica oleracea var. capitata. Biologia Plantarum. 2001;44(2):277-281

Turrini A, Sbrana C, Nuti MP, Pietrangeli BM, Giovannetti M. Development of a model
system to assess the impact of genetically modified corn and aubergine plants on arbus-
cular mycorrhizal fungi. Plant and Soil. 2005;266(1-2):69-75

Ortas I, Sari N, Akpinar C, Yetisir H. Screening mycorrhiza species for plant growth,
P and Zn uptake in pepper seedling grown under greenhouse conditions. Scientia
Horticulturae. 2011;128(2):92-98

Huang Z, Zou Z, He C, He Z, Zhang Z, Li ]. Physiological and photosynthetic responses
of melon (Cucumis melo L.) seedlings to three Glomus species under water deficit. Plant
and Soil. 2011;339(1-2):391-399

Varga SS, Koranyi P, Preininger E, Gyurjan I. Artificial associations between Daucus
and nitrogen-fixing Azotobacter cells in vitro. Physiologia Plantarum. 1994;90(4):786-790

Auge RM. Water relations, drought and vesicular-arbuscular mycorrhizal symbiosis.
My-corrhiza. 2001;11:3-42

Cho K, Toler H, Lee J, Ownley B, Stutz JC, Moore JL, et al. Mycorrhizal symbiosis and
response of sorghum plants to combined drought and salinity stresses. Journal of Plant
Physiology. 2006;163:517-528

Berreck M, Haselwandter K. Effect of the arbuscular mycorrhizal symbiosis upon
uptake of caesium and other cations by plants. Mycorrhiza. 2001;10:275-280

Sannazzaro Al, Ruiz OA, Alberto EO, Menendez AB. Alleviation of salt stress in Lotus
glaber by Glomus intraradices. Plant and Soil. 2006;285:279-287

Seymen M, Turkmen O, Dursun A, Paksoy M. Effects of bacteria inoculation on yield,
yield components and mineral contents of tomato. Journal of Selcuk Agriculture and
Food Science. 2015;28(2):52-57

del Amor FM, Cuadra-Crespo P. Plant growth-promoting bacteria as a tool to improve
salinity tolerance in sweet pepper. Functional Plant Biology. 2012;39(1):82-90



