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ABSTRACT

Numerous species of soil bacteria which flourish in the rhizosphere of plants, but which may
grow in, on, or around plant tissues, stimulate plant growth by a plethora of mechanisms. These
bacteria are collectively known as PGPR (plant growth promoting rhizobacteria).Of the
microorganisms that parasitize on nematodes and reduce nematode populations by antagonistic

behaviour, bacteria hold an important position where some of them have shown great potential
as biocontrol agents. Bacteria destroy nematodes continuously in virtually all soils because of
their constant association with nematodes in the rhizosphere. Although a large number of
bacteria have shown antagonistic effects against nematodes but the most important genera
include Rhizobium (R. leguminosorum), Bradyrhizobium japonicum, Mesorhizobium sp.,
Azorhizobium sp., Pseudomonas (P. fluorescens and P. aeruginosa) and Bacillus (B. subtilis).
Application of some of these bacteria has accorded promosing results. There are several reports
in the literature indicating that PGPR could be proved a boon in sustainable agriculture. Their
beneficial events could be biological control of diseases and pests, plant growth promotion,
increase in crop yields and quality improvement that can take place simultaneously and
sequentially. There is an urgent need to develop some easy to manage technologies for
formulation and mass production of bacteria at a commercial scale for field application.

Key words. PGPR, nematodes, biocontrol.

INTRODUCTION

The rhizosphere is the volume of soil surrounding ander the influence of plant roots, where
rhizoplane comprises of plant root surfaces amahgty adhering soil particles. There are many
species of bacteria which are found in soil regbrte promote plant growth by producing
growth regulators, inducing root exudation and ey the availability of nutrients to plant,
besides controlling soil borne plant pathogens.[3Hle means by which PGPR enhance the
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nutrient status of host plants can be categorinemfive areas: (1) biological nitrogen fixation,
(2) increasing the availability of nutrients in tHazosphere, (3) inducing root surface area, (4)
enhancing other beneficial symbiosis of the hast] €) combination of modes of action. The
roots of leguminous plants are colonized by numentizospherianicroorganisms and which
cause definite influence on the survival and nattaability of seed inoculated rhizobia [90].
Rhizospheric microorganisms may not only influetfoe inoculated rhizobia adversely through
saprophytic competition, but also help them in B@vthrough synergism resulting in an
increase in their nodulation ability and N2 fixiefficiency [77,1]. Several mechanisms such as
alteration in the composition of rhizospheric mamganisms, production of plant signaling
compounds, bacteriocins, siderophores, plant grdwatmones and improving availability of
nutrients by rhizospheric microorganisms have besported for such synergism [105, 49].
Rhizospheric bacterialcommunities however havecieffit systems for uptake and catabolism
of organic compoundspresent in root exudates [123md&wami and Oblisami (1986) [95]
reported the increase in nodules due to inoculajaplication. The nodulation process involves
signal exchange between the host and the bactelamt growth and nodulation by rhizobia are
promoted by certain rhizobacteria [128, 90, 30]e HGPR can influence plant growth directly
through N2 fixation and production of biocontroleags against soil-borne phytopathogens [66,
92, 70, 110, 15]. In fact, biochemical interactiarsd exchanges of signal molecules between
plants and soil microorganisms have been descehddeviewed [99].

In the rhizosphere, bacteria are the most abundaictoorganisms. Rhizobacteria are
rhizosphere competent bacteria that aggressivdgnize plant roots; they are able to multiply
and colonize all the ecological niches found on ribets at all stages of plant growth, in the
presence of a competing microflora [52]. Assocetinitrogen fixing bacteria when they do not
exhibit morphological modification of the host plame considered as PGPR. However, rhizobia
can also behave like PGPR with non-legume plardssame rhizobia are endophytes [3]. PGPR
may induce plant growth promotion by direct or nedi modes of action [19, 67, 126, 47].

Influence of Pseudomonas species

Of the various rhizospheric bacteri®seudomonas sp. are aggressive colonizers of the
rhizosphere of various crop plants (Schroth andddek, 1982) and have a broad spectrum of
antagonistic activity against plant pathogens [82, 58]. The antibiotic produced by
Pseudomonas fluorescens was found to control damping-off of cotton seedéircaused byR.
solani [22]. Among Pseudomonas speciesPseudomonas aeruginosa, a plant growth promoting
rhizobacterium has been found to be an effectieedsitrol agent of root pathogens [57, 105].
Septoria tritici (Mycosphaerella graminicola) was suppressed B aeruginosa strain leci [38].
Fuhrman and Wollum (1989) [62] reported that cocidation of siderophore producing
pseudomonads with mixtures of the competBrgdyrhizobium typically enhanced nodulation
by Bradyrhizobium japonicum strain USDA 110. For many pseudomonads, productibn
metabolites such as antibiotics, siderophores aydtogen cyanide (HCN) is the primary
mechanism of biocontrol [34Pseudomonas fluorescens CHAO isolated and intensively studied
by the group of G. Défago in Switzerland producedesal bioactive compounds (antibiotics,
siderophores, HCN, indole acetic acid) giving iteoof the broadest spectra of potential
biocontrol and growth promoting mechanisms of knoWGPR [34]. Many strains of
pseudomonads can indirectly protect the plantsnbdyding systemic resistance against various
pests and diseases [76, 119, 51]. The beneficfactebn plant shoot dry mass was more
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pronounced with HCNproducingPseudomonas strain [9]. PGPR including phosphate-
solubilizing bacteria and biocontrol agerPseudomonads possess many traits that make them
well suited as biocontrol and growth-promoting agdB1]. These include the ability to (i) grow
rapidlyin vitro and to be mass produced; (ii) rapidly utilize saed root exudates; (iii) colonize
and multiply in the rhizosphere and spermosphewr@mments and in the interior of the plant;
(iv) produce a wide spectrum of bioactive metaleslifi.e., antibiotics, siderophores, volatiles,
and growth promoting substances); (v) compete aggrely with other microorganisms; and
(vi) adapt to environmental stresses. In additigggeudomonads are responsible for the natural
suppressiveness of some soils to soil borne patisoffg8]. ThePseudomonas bacteria were
inoculated into the rhizosphere and remained dpasaparated from the pathogen that was
inoculated on the above ground plant parts, eititerthe stem [100] or on the leaf surface [48].

Pseudomonas species

All species and strains #fseudomonas are Gram negative rods. Exceptions to this clasgitn
have recently been discovered Rseudomonas biofilms. A significant number of cells can
produce exopolysaccharides known as biofilms [&&icretion of exopolysaccharides such as
alginate makes it difficult for Pseudomonads topbagocytosed by mammalian white blood
cells [71]. Exopolysaccharide production also cbuotes to surface colonising biofilms which
are difficult to remove from preparation surface.

Growth of Pseudomonads on spoiling foods can gémesa“fruity odour”. Pseudomonas
aeruginosa is a highly relevant opportunistic human pathogéme of the most worrying
characteristics oP. aeruginosa is its low antibiotic susceptibility. Certain membeof the
Pseudomonas genus have been applied directly to soils as a efgyeventing the growth or
establishment of crop pathogens. This practicen@wa as biocontrol. The biocontrol properties
of P. fluorescens strains CHAO or Pf-5 are currently best understaithough it is not clear
exactly how the plant growth promoting propertiédsPo fluorescens are activated. Theories
include that the bacteria might induce systemicstasce in the host plant. So it can better resist
attack by the pathogens, the bacteria might oufpebdenother (pathogenic) soil microbes, e.g., by
siderophores giving a competitive advantage atesuging for iron; the bacteria might produce
compounds antagonistic to other soil microbes, saglphenazine type antibiotics or HCN.
There is an experimental evidence to support athe$e theories, in certain conditions, a good
review of the topic is written by Haas and Defag@05. Some members of gerfeseudomonas

are able to metabolise chemical pollutants in tmérenment, and as a result can be used for
bioremediation.P. alcaligenes, can degrade polycyclic aromatic hydrocarbons .[8gcteria
make excellent biosorbents because of their higfasel volume ratios and a high content of
potentially active chemosorption sites such ashtee acid in their cell wall that contains
chemical compounds with sites capable of passigetyuestering metals. Different genera of
bacteria Pseudomonas, Bacillus and Micrococcus etc., have been reported as efficient lead
reducers.

Bacillus species

Bacillus subtilis is a ubiquitous, saprophytic soil bacterium whishthought to contribute to
nutrient cycling due to its ability to produce adeivariety of enzymes. It has been used for
industrial production of proteases, amylases, a&iids and chemical$. subtilis strain QST713
has natural fungicidal activity, and is employeddsocontrol agent.
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Influence of Bacillus species

Bacillus subtilis has shown antagonistic activity towarésisarium solani in vitro [121].
Schonbicket al., (1980) [42] isolated 8. subtilis strain whose metabolites are able to induce
systemic resistance against powdery mildew on Ba8emilarly, Bacillus spp. Have been tested
on a wide variety of plant species for their apitid control diseases [103Bacillus spp. are able

to form endospores that allow them to survive fgteeded periods of time under adverse
environmental conditions. Some members of the grang diazotrophs, anB. subtilis was
isolated from the rhizosphere of a range of plaaicges at a concentration as high as 107 per
gram of rhizosphere soil [5Bacillus subtilis also synthesizes an antifungal antibiotic inhilgtin
Fusarium oxysporumf. sp.ciceris, the agent of fusarial wilt in chickpea [16].

Rhizobium species

Lentil has inherent capacity to fix atmosphericrogen in association withRhizobium
leguminosarum and generally gives poor response to inoculatidh fecause of the build up of
rhizobial population in the soils. The favourablfeet of PGPRs oncompetitiveness of inoculum
rhizobia was probably due to better survival ofcumated Rhizobium sp. in rhizosphere in
presence of PGPRs as reported for Urd bean rhiZzokgalture medium [53] and for chickpea
rhizobia in soil condition [49]Rhizobium spp. invade the root hairs of mungbean and result i
the formation of nodules, where free air nitrogefixed. These bacteria, although present in soll
vary in number, effectiveness in nodulation andogn fixation [40]. Inoculation of mungbean
with rhizobium spp. increased plant height, leaf area, photosynthrate and dry matter
production [10].

Soil inhabiting bacteria developing nitrogen-fixisgmbiosis with legumes are classically named
rhizobia and currently include more than 50 spedissibuted in the geneRhizobium, Ensifer,
Mesorhizobium, Azorhizobium, and Bradyrhizobium [39]. During Rhizobium—legume
interaction, rhizobia induce nodule formation i ttoot system of host legume hgd factors.
The rhizobia inside the nodules then convert ngrognto ammonia for uptake by host plants,
while legumes provide nutrients to rhizobia [S6ppAcation of PSB as inoculant in green gram
has also been reported to increase the nodule marabd nodule dry biomass [4]. Siddigual.
(2006) [59] reported the effect of rhizobium to tiyeeater colonization and siderophores
production. This genus shows high potential in segging the root knot nematodes which
interfere with the host finding processes of thenawdes.Rhizobium helped the plants in
growth enhancement by fixing atmospheric nitrogesrereffectively, as a result the nitrogen
content in seeds increased substantially with sjes# increase in protein content. Effect of
Rhizobium inoculation was more pronounced on histidine, isoinie; threonine, valine and total
amino acid in black gram [80Rhizobium also has favourable effect on carbohydrate content.
Since sulphur is a constituent of sulphur contgnamino acids (methionine, cystine and
cysteine), rhizobium application increased the amaf these amino acids and protein in black
gram grains and also helped in the metabolism dfodeydrates which increased sugar content in
seeds. The Rhizobium-legume symbiosis is the masniging plant bacterium association so
far known. InoculatedRhizobium sp. strains often fail to compete with indigenobngabia and

do not increase nodulation [45].
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Mechanism

Direct mechanisms include the production of stirtariabacterial volatiles and phytohormones,
lowering of the ethylene level in plants, improveref the plant nutrient status (liberation of
phosphates and micronutrients from insoluble s@jro®n-symbiotic nitrogen fixation) and
stimulation of disease-resistance mechanisms (gdl&ystemic resistance). Indirect effects
originate for example when PGPR act like biocontgents reducing diseases, when they
stimulate other beneficial symbioses, or when {w®fect the plant by degrading xenobiotics in
inhibitory contaminated soils [23]. Exposure to B@PR triggers a defence response by the crop
as if attacked by pathogenic organisms. Sideropghpreduced by some PGPR scavenge heavy
metal micronutrients in the rhizosphere (e.g. irgtgrving pathogenic organisms of proper
nutrition to mount an attack of the crop. Plantsnomnly excrete soluble organic compounds
(chelators and phytosiderophores) which binds Fam8 helps to maintain it in solution.
Chelators deliver the Fe+3 to the root surface wheiis reduced to Fe+2 and immediately
absorbed [91].Antibiotic producing PGPR releasesymmunds that prevent the growth of the
pathogens. In the plant-beneficial rhizosphere draoh Pseudomonas fluorescens CHAO, the
GacS/GacA system is essential for the productioramtibiotic compounds and hence for
biological control of root-pathogenic fungi. Theffdrential expression of three small RNAs
facilitated the fine tuning of GacS/A-controlledligaopulation density-dependent regulation in
P. fluorescens [37]. Early studies on PGPR focussed more on biosdgontrol of plant diseases
than on growth promotion, and involved bacteriae lfkuorescentPseudomonas and Bacillus
subtilis that are antagonistic to soil-borne plant pathodé8p

Effect of bacteria with AM fungi

Bacteria associated to mycorrhizal fungi adhertutmal spores and hyphal structures and thus
spread to the rhizosphere [118]. Bianciottoal. (2004) [117] observed strong evidence of a
vertical transmission of endobacteria through théd #ingus vegetative generation. However,

antagonistic effects are often reported in the AMdi-PGPR interactions. Positive interactions

often result in plant growth improvement.

A dynamic role performed by PGPR in plant nutritisrby transforming nutrients in soils that
are beneficial to plant growth through a procedtedabiogeochemical cycling, and directly
transporting these nutrients to the plant [79].SEhmicrobes determine the nutrient pool of soils
and facilitate the growth and development of pla®§s An eco-friendly approach recently
advocated to enhance the crop production is theoliS85PR as bio-inoculants. The PGPR is
known to facilitate the plant growth through N-fikan; solubilization of insoluble phosphorus
(P); production of compounds like siderophores,tphgrmones, antibiotics, and antifungal
metabolites; and induced systemic resistance [Blodg PGPR, phosphate solubilizing bacteria
(PSB) supply P to the plants [2]. In this regardmerous PSB have successfully been used as
commercial biofertilizer in sustained agricultupabduction systems [89, 6].

Induced systemic resistance regarding nematode

In induce systemic resistance is induced dependipgn the type of genus. Regarding,
fluorescent Pseudomonads, Wescott and Kluepfel 0)19214] showed that all these
Rhizobacteria, Bacillus and Pseudomonas bacterial sp. inhibited egg hatching whereas it can
produce exotoxic compounds as a result of cellodatabolism, and also can affect nematode
juveniles. This antagonistic effect agaimt incognita is due to the permeability changes of
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juveniles cuticle which is characterized by itseséive permeability and this effect is more
pronounced with molting inside eggs. The environtmeot only influences the growth and
longevity of nodule inducing bacteroid, but alse goroduction and behavior of nodules and
development of host plant and product [8]. The @pal effect of M. incognita race-1 was
suppression of plant growth and adverse effecteenfatode was reduced in the presence of
Bradyrhizobium as reported earlier [14, 129]. Nematode infestatieosreased the number of
nodules on primary and secondary roots. Nodule®@rasionally found on galls as reported by
Hussey and Barker (1976) [104] and Raut (1980) J[1M&ature females, juveniles and egg
masses were also detected in nodules as reportati biyal. [84].

The higher suppressive effects of these selectettetim Pseudomonas, Bacillus and
Micrococcus) againstM. incognita may be attributed to the distinctive propertieshafse genera.
As concerningd. thuringiensis, it is known that this bacterium produces chityicl enzyme i.e.,
chitinase which is responsible for degrading chitiesent in the walls of the nematode egg and
the egg masses, so this bacterium is known asohjtic bacterium [101]. It is important to
remember the above effect of the volatile nematicidroducts of genu®acillus against
juveniles and egg masses [125]. Reital., (2002) [82] showed that lipopolysaccharides, LPS
(lipid A) which is defined as an integral part tetouter membrane of the cell, which can be
extracted from bacterial cultures has an antagoragfent against nematodes. Eiral., (2005)
[74] mentioned that culture filtrate of rhizobaaten is heat stable and resistant to extreme pH
values, which suggested that the antibiotic rathan protein might be responsible for the
nematicidal activity. Induced resistance is a stétenhanced defensive capacity developed by a
plant reacting to specific biotic or chemical stimF6]. Research groups induced systemic
resistance (ISR) is a mode of action of plant ghopriomoting rhizobacteria (PGPR), especially
fluorescent Pseudomonads, in suppressing disease [100, 48]. The Netherlaadsl J. W.
Kloepper in Auburn, AL, discovered independentlgttinduced systemic resistance is a mode of
action of plant growth promoting rhizobacteria, esplly fluorescent pseudomonads, in
suppressing diseases [100, 48]. By ensuring spagpharation between theseudomonas
bacteria and the pathogen on the root system, $t deamonstrated that ISR is also effective
against root infecting pathogens [81, 115]. ISPh&notypically similar to systemic acquired
resistance (SAR) that is triggered by nectrotirgzipathogens in that disease caused by a
challenging pathogen is reduced. Accumulation bégé acid in the plant is required for SAR
[75]. Improving the effectiveness of biological ¢an by fluorescenPseudomonas spp. may be
established by using combination of strains thavehaifferent mechanisms of disease
suppression, such as competition for iron and K3} [Also for plant growth promotinBacillus
spp. mechanisms of ISR have been studied [68].eBattproduction of the volatile 2, 3-
butanediol is the trigger dacillus mediated ISR irArabidopsis. Bacillus sp. produces large,
spreading, grey white colonies with irregular masgiA unique characteristic of this bacterium
is its ability to produce endospores, when envirental conditions are stressful. Although most
species oBacillus are harmful saprophytes, two species \Bz.thuringiensis andB. cereus are
considered medically significarBacillus thuringiensis is a plant growth promoting bacterium
which produces bacteriocin compounds [41]. Bankwld Adebanjo (1998) [112] reported that
soils inoculated withB. subtilis andB. cereus reduced seedling infection and that the efficacy of
antagonists increased with increase in dose. Lsmizymes are known to be produced By
cereus [107], these enzymes and other antibiotics produmeB. cereus have been reported to
have antagonistic effects on some microbes [85].
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Application of bacteria either as seed dressingasr soil drench has shown significant

suppressive effects on root infecting pathogenkeguminous and non-leguminous plants [109].
Moreover, it is known that the LPS, lipid A is andetoxin that is released from bacterial cell

membrane after their death [50]. Application of FRGRas also been extended to remediate
contaminated soil enabling the plants to grow urglgsh conditions [124]. Many soil bacteria

and especially rhizosphere bacteria can stimulktet growth through a number of direct and

indirect pathways.

Bioremediation

Metal contamination of soil has an important begrim PGPR functions. Metal homeostasis
resistance in bacteria is often maintained by sscatgon, active efflux, reduced uptake,
detoxification and synthesis of binding protein ,[98]. In some cases, a few mechanisms may
also co-exist. Strain Psd was able to resist Ccarl Zn and thus could be able to survive for
carrying out its PGPR functions in soil containliigh concentration of these metal ions.

Phosphate solubilization by strain Psd is anotheportant property as non-availability of
phosphate can be grown limiting for plants. StrBsd could solubilize minerals, source of
complex phosphate as well as release phosphate drganic sources via two phosphatase
enzymes. Mineral phosphate solubilization in baateccurs by production of organic acids and
organic phosphate release is aided by acid andireiahosphatases [54]. The complete genome
sequence analysis dP. fluorescens Pf-5 and detailed molecular genetic analysis Rof
fluorescens CHAO has firmly established the biocontrol capaiedi and its regulation [108,
111]. Phosphate solubilizing bacteria are commorthm rhizosphere [24] and secretion of
organic acids and phosphatase are common meth&atibfating the conversion of insoluble
forms of P to plant available forms [73]. The salizhtion of P in the rhizosphere is the most
common mode of action implicated in PGPR that iaseenutrient availability to host plants [7].
More importantly, increases in root length and matface area are sometimes reported [17, 86,
46, 18, 72]. Falliket al., 1994 [36] reported that inoculation of maize hwihzospirillum
brasilense resulted in a proliferation of root sawhich could have dramatic effects on
increasing root suface area.

Hormones production by PGPR

PGPR produce phytohormones that are believed telated to their ability to stimulate plant
growth. Indole-3-acetic acid is a phytohormone Wwhgknown to be involved in root initiation,
cell division, and cell enlargement [43]. This home is very commonly produced by PGPR
[93]. Most commonly, 1AA-producing PGPR are belidvi®d increase root growth and root
length, resulting in greater root surface area twhénables the plant to access more nutrients
from soil. Cytokinins are a class of phytohormondsch are known to promote cell divisions,
cell enlargement, and tissue expansion in certé&antarts [43]. Cytokinin is produced by
Pseudomonas fluorescens isolating from the rhizosphere of the soybean [&lbberellins are a
class of phytohormones most commonly associated mibdifying plant morphology by the
extension of plant tissue, particularly stem tispt@. Evidence of GA production by PGPR is
rare, however, Gutierrez-Maneebal. (2000) [44] provide evidence that four differéotms of
GA are produced byBacillus pumilus and B. licheniformis. Ethylene is the only gaseous
phytohormone. It is also known as the wounding larenbecause its production in the plant can
be induced by physical or chemical perturbatioplaht tissues [43]. Glickt al. 2003 [15] put
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forward the theory that the mode of action of sd#@&PR was the production of 1-carboxylate
deaminase, an enzyme which could cleave ACC, thmenimte precursor to ethylene in the
biosynthetic pathway for ethylene in plant. Thensling pathway that is activated in this case
depends on ethylene but is independent of SA andigifaling [21]. It would be interesting to

investigate the capacity of plant growth promotitfsgudomonas spp. to produce 2, 3-butanediol

and its possible involvement in ISR. Identificatioh bacterial traits that are involved in ISR

relies on time consuming bioassay in which supprassf disease symptoms and population
dynamics of the pathogen are used as parameters.

Mass production of Pseudomonas and Bacillus species

Most of the biocontrol agents have varied perforoeaim different environmental conditions.
Some of these variabilities have been attributeddiféerences in physical and chemical
properties found in natural environments where @bl agents are applied [78, 12]. The
growth medium used to produce these agents, hasf@upd effect on them and their products.
Mass production of biocontrol agents has beconozasfof research and industrial development
in the search for alternatives to chemical postvéwstr treatments [102, 122]. The accurate
incorporation of nutrients has improved the biomassluction of BAs, but unexpectedly did not
enhance [94] or even decrease the biocontrol effi{@b].

On a large scale, the medium should allow a maximancentration of biomass and the active
products to be produced at a low price [64]. Rettagn of the environmental factors that
regulate the growth and biocontrol efficacy of gotaist bacteria is an essential step towards
advancing the level and reliability of their biotat potential [13].

Commercial production

Commercial production of disease suppressivenstrai bacteria such &% fluorescens andB.
subtilis as biocontrol agents in postharvest diseases emjuow cost and high biomass
production while maintaining their biocontrol efiicy [35]. Yeast extract as a nitrogen source
supports rapid growth and higher cell yields in @llthe strains as compared to urea. Yeast
extract contains amino acids and peptides, watebkovitamins and carbohydrates [55, 120],
which make it an excellent substrate for many naoganisms [116]. Costa et al., (2001) [35]
and Dharani-Aiyer (2004) [96] showed that yeastamttwas the best organic nitrogen source for
antagonist bacteria. Nohata and Kurane (1997) [t@@$idered yeast extract to be too expensive
for an industrial process, so it should preferabdyreplaced by a cheaper industrial product
having similar growth characteristics, that shduéddetermined in a economic and technological
study. Molasses showed good yield efficacy in bstitains Pseudomonas fluorescens and
Bacillus subtilis), which may account for the high biomass obtaifmetause the combination of
yeast extract and commercial sucrose also gave fimgth growth of bacteria. However, a
combination of molasses and urea decreased bagereth. Lunaet al., (2002) [20] and Costa
et al., (2001) [35] showed that a molasses based meudiaynbe used for production of bacterial
Bas. Apparently a C: N :: 1:1 ratio produces optigrawth for bacteria of two different genera
(Pseudomonas and Bacillus) and this may hold true for other genera. The pHEnotherimportant
parameter for bacterial growth. As a general pplec{29] bacterial growth decreases at more
acidic pH values. These observations are in acocslavith the results of Coseh al., (2001)
[35] and Fuchs et al., (1990). Antagonist bactetiah asP. fluorescens and B. subtilis can be
produced in different media, using various N angdddrces, while maintaining the efficacy of

26
Scholars Research Library



Ambreen Akhtar et al J. Nat. Prod. Plant Resour., 2012, 2 (1):19-31

BAs (Biocontrol agents). By-products such as ma@ssean serve as an economic culture
medium, as suggested by the encouraging resul@nebt with the present results. Future
research will concentrate on optimizing growth dbods and possible incorporation of other
nutrients into formulations to obtain an even highiemass.

Future prospects

New insights are certain to be gained from the négepublished genomic sequence f
fluorescens Pf-5, which already has revealed biosynthetic paterfor many previously
undetected compounds likely to contribute to thealrantifungal activity of this strain [61].
Perhaps the greatest remaining challenge faétsgudomonas biocontrol researchs the
development of new formulations.
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