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ABSTRACT

Rhizosphere is the region of soil immediately surrounding plant roots.
There are more microorganismsin the rhizhosphere thanin the rhizosphere
free soil. Some microorganismsfound in therhizosphereare, bacteria(e.g.
species of Azotobacter, Rhizobium, Pseudomonas, Bacillus), actino-
mycetes (e.g. species of Actinomyces, Nocardia and Streptomyces), fungi
(e.g. species of Aspergillus, Penicillium, Fusarium, Cladosporium), pro-
tozoan (e.g. species of Entamoeba, Euglena) and viruses (e.g. bacte-
riophage, species of Myxovirus). However, bacteria are the predominant
microorganisms. Plants secrete many compounds into the rhizosphere
which serve as food for the microorganisms, e.g. amino acids, organic
acids, carbohydrates/sugars, nucleic acid derivatives, growth factors, vi-
taminsand mucilage. Microorganismsin return fix nutrients to the plants.
There are several ecological relationships between plant roots and micro-
organismsin therhizosphere e.g. mycorrhizae (fungi and plant root). Sev-
eral relationships exist between microflora of the rhizosphere, thismay be
beneficial (e.g. cometabolism and mutualism) or detrimental (e.g. preda-
tion, amensalism and competition). The factors that affect the microbial
floral of therhizosphere are soil type, moisture, soil amendments/fertiliz-
ers, rhizosphere pH, proximity of root with soil, plant species, age of plant
and root exudates. © 2012 Trade ScienceInc. - INDIA
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Rhizosphere can be defined asthe region of soil
surrounding plant roots®24, it isthe zone of soil sur-
rounding aplant wherethe biology and chemistry of the
soil areinfluenced by therootg®2429, Thisdefinition
encompasses not only the rootsand region of nutrient
uptake by theroots, but extendsinto soilsby action of
root products and the trophic interactionsthat are af-

fected by these products or by rootd®. Thiszoneis
about 1mm away from the root and about 5mm wide,
but hasno distinct edge. Rather, itisan areaof intense
biologica chemica activity influenced by compounds
exuded by theroot and by microorganismsfeeding on
the compound (Www.agric.nsw.au/reader/soil-biology).

Therhizoplaneistheroot epidermisand outer cor-
tex where soil particles, bacteriaand fungal hyphae
adhere“®39, The rhizosphere can be divided into
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endorhizosphere, i.e. theroot itself with associated mi-
croorganisms, therhizoplane, i.e. theroot surfaceand
theectorhizosphere, i.e. thesoil inclosevicinity toroots.
The abundance of microorganismsintherhizosphere
depends on the amount and composition of
rhizodepositswith generdly higher numbersof microbes
near theroot tip, branching pointsand root base™.

MICROBIAL COMMUNITIESIN THE
RHIZOSPHERE

Therhizosphereisacentre of intense biol ogical
activity due to the food supply provided by the root
exudates. Bacteria, actinomycetes, fungi, protozoa,
dimemoulds, algae, nematodes, enchytraeid worms,
earthworms, millipedes, centipedes, insects, mites, snalls,
small animasand soil virusescan befoundintherhizo-
sphere, they compete constantly for water, food and
space? and carry out fundamental processesthat con-
tribute to nutrient cycling, plant growth, and root
health27.

Bacteria

Bacteriaarethe most numerousorganismsinthe
s0il® averaging between 1 x 10° and 1x10° organisms
per gram of rhizosphere soil. Dueto their small mass,
they only account for asmall amount of the biomassof
soil. Many studies indeed suggest that the
Proteobacteria and the Actinobacteria form themost
common of the dominant populations (>1%, usually
much more) found in therhizosphere of many different
plant species*?.

Diverse plant growth promoting rhizobacteria
PGPR strainshave been used successfully for cropin-
oculationg®. These comprisemembersof the bacteria
genera Azospirillum, Bacillus®¥, Pseudomo-
nas®17.281 Rhizobium®23,  Serratia and
Senotrophomonas®.

Actinomycetes

Actinomycetespopul ation hasbeenidentified asone
of themajor groupsof the soil population*, Thisre-
plenishesthe supply of nutrientsinthesoil andisan
important part of humusformation. Actinomycetesare
numerousandwiddy distributed in soil and arenext to
bacteriain abundance. Sreptomyces have been used
successfully asastrain for cropinocul ations as PGPRE
and areresponsiblefor earthy / musty odor / smell of

freshly ploughed soils (www.agrilnfo.in). Severa spe-
cies of actinomycetes such as Streptomyces,
Acitinomadura, Microbisporal*”# Micromonospora,
Nocardia, Nonomurea and Arthrobacter cupressihave
been i solated from vari ous rhizospherg 835,

Fungi

Both pathogenic and symbiotic fungi associatewith
therhizosphere®. They average between 10° and 10°
organismsper gram of rhizosphere soil. Zygomycetes
and hyphomycetesestablishthemost reedily intherhizo-
sphere because they metabolize simplesugars*®. The
fungal populationsin the rhizosphere and rhizoplane
ranged from 5.0x 10°to 4.5 x 10*cfu/gand 2.0 x 10?
t0 2.0 x 10* cfu/g respectivel y“1.

Many plant pathogensarefungi, but only afew fungi
arepathogens. A specid group of fungi particularly ben-
eficid inagriculturearethose that form amycorrhiza
symbiosiswith plant roots3. Someimportant fungi in
rhizosphere are species of Aspergillug?!, Rhizopus,
Geotrichum, Mucor, Penicillium, Acremoniumi“t,
Curvularia®, Trichodermal?®, Saccharomyces?!,
Rhodotorulal®#1.

Protozoa

Protozoa typically range in size from 25mm to
200mm and are grouped as naked amoebae, testate
amoebae, ciliates, and flagellates based on mode of |o-
comotion. Ingeneral, protozoaare classified assmall
unicelular eukaryoteswith amaximum size of 50um.
Forest soil samplestypically harbour between 1.0 x
10%-1.0x 107 cfu/g. Theimportance of protozoain
terrestrial ecosystemsresultsmainly fromtheir feeding
activities. Thedirect effect rel atesto the enhancement
of nutrient avail ability to plantsby reducing theamount
of nutrientsbound in bacterid tissuewhereasindirect
effectsreateto grazing-mediated shiftsinthecomposi-
tionand activity of microbia communitiess.

Recent findings by, demonstrated an up regula
tion of secondary metabolites of Pseudomonas
fluorescens in the presence of predators. Amoebae
colonizewiththe help of their pseudopodiathe water
film surrounding soil particles, dying roots, organic ma-
terial and reach high densitiesin the rhizosphere of
plantg®4l. At low soil moistureor low food availability
they form res stant cystsawaiting morefavourable con-
ditiong*.
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Viruses

Viruses can aso be found in the rhizosphere of
roots. Virusesare of great importance asthey may in-
fluence the ecology of soil biological communities
through both an ability to transfer genesfrom host to
host and asa potentia cause of microbial mortality.
Conseguently, viruses are magjor players in global
geochemical cycles, influencing theturnover and con-
centration of nutrients and gases. Despitethisimpor-
tancetheareaof soil virology isunderstudied. Themost
abundant virusesin therhizospherearethe bacterioph-
ages. Thisisduetothefact that bacteriacongtitutesthe
largest popul ationintherhizosphere?4,

THE ROLE OFROOT EXUDATESIN RHIZO-
SPHERE INTERACTIONS

Theexudateshave severd functions.
Par asitic plant-host interactions

Root exudatesare essential in the devel opment of
associations between parasitic plantsand their plant
hosts, an association that is negativefor the host and
positivefor the parasite”. Root cellsare under con-
tinual attack from microorganismsand surviveby se-
creting defence proteinsand other antimicrobia chemi-
cag?,

Attract and repe particular microorganisms

Highlevelsof moistureand nutrientsin therhizo-
sphere attract much greater numbers of microorgan-
ismsthan elsewherein the soil. The composition and
pattern of root exudates affect microbial activity and
population numberswhich, inturn, affect other soil or-
ganismsthat sharethisenvironment(?,

Keep the soil around therootsmoist

Exudatesrel eased from rootsat night alow expan-
sion of rootsinto the soil. When transpiration resumes
with daylight, theexudatesbeginto dry out and adhere
tothesoil particlesintherhizosphere. Asthe soil dries
anditshydraulic potentia decreases, exudateslosewar
ter to soil4,

Obtain nutrients

Theexudateshelp roots adsorb and storeionsfor
plant use. For ingtance, flavonoidsinlegumerootsacti-
vate Rhizobium meliloti genes responsible for root

nodul ation that enablethe plant rootsto obtain nitrogen
fromtheair. Exudates enablethetransfer of up to 20%
of dl photosyntheticaly fixed carbonto therhizosphere.
Exudates may a so berespons blefor encouraging ve-
sicular arbuscular mycorrhizaethat coloniserootsand
send out milesof thread-like hyphaeinto the sail, in-
creasing the surface areaand distance covered by the
roots and taking up nutrientsfor the plant?4. Besides,
root exudates makes organic acids, phosphorus,
phytosi derophores and micronutrient availablefor the
rhizosphere™. Organic acids can act asmetal chelators
intherhizosphere, but arethought to have moreimpor-
tant effectson phosphorusavail ability than on micronu-
trient avail ability. Phosphorus, likeiron, isoftenrela-
tively dbundant insoils, but in unavailableforms. In par-
ticular, phosphorusisoften bound ininsolubleferric,
auminum, and calcium phosphates, especialy in soils
with high pH. Organic acidssuch ascitric, maic, and
oxdicacid canform complexeswith theironor alumi-
num inferric and auminum phosphates, thusreleasing
plant-available phosphatesinto the soil. Organic acids
may a so increase phosphorusavailability by blocking
phosphorusabsorption steson soil particlesor by form-
ing complexeswith cationson soil mineral surfaces.
Severd plantsincreaseorganic acid rhizosecretion sub-
gantialy in responseto phosphorusdeficiencies, includ-
ing Lupinus alba (whitelupine), Brassica hapus, and
Medicago satival,

Changethechemical propertiesof thesoil around
theroots

Therhizosphereenvironment generdly hasalower
pH, lower oxygen and higher carbon dioxide concen-
trations. However, exudates can makethesoil inthe
rhizospheremoreacid or dkaline, depending on nutri-
entsrootsaretaking from the soil. For example, when
aplant takesup nitrogen asammoniumit rel eases hy-
drogenionswhichwill maketherhizogpheremoreacid.

When a plant takes up nitrogen as nitrate, it re-
leases hydroxyl ionswhich maketherhizospheremore
akaline, Thisaction doesn’t usually affect the bulk pH
of thesoil but isimportant for thesmall organismsthat
liveintherhizosphere because many soil organismsdo
not movefarinthesoil?,

Sabilize soil aggregatesaround theroots
Sticky mucilage secreted from continuously grow-



274

Rhizosphere microbial communities: A review

RRBS, 6(10) 2012

RBVIBW o
ingroot cap cdlsisbdieved todter surrounding soil?4,
I nhibit thegrowth of competing plant species

Pant rootsarein continua communicationwith sur-
rounding root systemsand quickly recogniseand pre-
vent the presence of invading rootsthrough chemical
messengers. Thisprocessisknown asallelopathy. In
agricultureit can bebeneficial when crop plantspre-
vent weedsfrom growing nearby; or detrimental when
theweed plants prevent crops growing4.

RHIZOSPHERE ECOLOGICAL
RELATIONSHIP

Between plant root and microor ganisms

Microorganismspresent intherhizogphereplay im-
portant rolesin ecological fitness of their plant host.
Important microbial processes that are expected to
occur intherhizosphereinclude pathogenesisand its
counterpart, plant protection/growth promotion, aswell
astheproduction of antibiotics, geochemica cycling of
minera sand plant colonization. Somemicrobesdirectly
interact with plantsin amutually beneficial manner
whereas others colonize the plant only for their own
benefit. Inaddition, microbescanindirectly affect plants
by drastically dtering their environments. Understand-
ing the complex nature of plant-microbe interactions
can potentially offer new strategiesto enhance plant
productivity inanenvironmentally friendly mannert®2,
Many pathogenic organisms, bacteriaaswell asfungi,
have coevolved with plantsand show ahigh degree of
host specificity!.

Plants secrete metabolitesto defend themselves
against soil-borne pathogens, which can adversely af-
fect plant growth and fitness, but alsoto establish mu-
tuaistic associationswith beneficia soil microorgan-
ismgl, Plant-microbeinteractions may thus be con-
sidered beneficial, neutral, or harmful to the plant, de-
pending on the specific microorganismsand plantsin-
volved and ontheprevailing environmenta conditiong®.
Some of thesere ationships are discussed below;

Mycorrhizae

Mycorrhizae are mutuali stic symbioses between
fungi and plant roots. About 90% of all plant species
harbour thistypeof symbiont, which arein genera con-
Sdered asbeneficid. However, themutualistic charac-
ter of the symbiosis may depend on the conditions, so

that the benefit can beunilateral in somecases. There
aresevera typesof mycorrhizae, the most important
for crop plantsbeing the arbuscular mycorrhizae, where
thefunga partner isazygomycete, member of theor-
der Glomales. Thesefungi arenot cultivablein theab-
sence of plant roots. In most cases, the symbiosisis
mutualistic, the plant bringing organic compoundsas
carbon and an energy source to the fungus, whereas
thelatter, throughitsmycdium extendinginthesurround-
ing soil, takesup water and mineralsand transfersthem
totheroot. They are particularly important in ortho-
phosphate-deficient soils. However, fungd partnerscan
a so bestow other advantagesto their host, like protec-
tionaganst root parasites They dsodlow nutrient trans-
fersbetween different plants harbouring common myc-
orrhizae, e.g. in prairie ecosystems. In this manner,
mycorrhiza plants may out compete non-mycorrhizal
plants by forming successful guilds sharing the same
mycorrhiza partners. Recently, it was shown that bac-
terid populationscan beassociated withmycorrhization,
and hel p establishment and functioning of the symbio-
sis. Mycorrhizal root exudates and the cell membrane
isthemain physiological control of heavy metasinto
theplant root cell unit®2,

Themutualistic symbiontsof nitrogen fixing bac-
teria

Symbiotic nitrogen fixationisawell-known pro-
cessexclusively driven by bacteria, theonly organisms
possess ng the key enzyme nitrogenase, whi ch specifi-
cally reducesatmospheric nitrogento ammoniain the
symbioticroot nodules??. Thebacteriaresponsiblebe-
long to the genera Rhizobium, Sinorhizobium,
Bradyr hi zobi um, Mesor hizobium, and Azor hizobium,
collectively termed rhizobia. Thesignaling processes
evolutionary history® and, particularly, themolecular
agpectsdetermining host specificity intherhizobia—le-
gume symbiosis have been reviewed recently. Other
bacteria (actinomycetes) of the genus Frankiaform
nodulesontheroot of ‘actinorrhizal’ plant species, which
areof great ecological importance. Thegeneticsand
genomicsof their root symbiosisisamatter of current
attention®,

Plant growth promoting Rhizobacteria (PGPR) in-
teraction with plants

Plant growth-promoting rhizobacteriaarethusfree-
living, soil-borne bacteriawhich when applied to seeds/
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soils or crops, enhance the growth of the plant di-
rectly by providing nutrientsto plantsor indirectly by
reducing the damage from soil-borne plant patho-
geng21%1, M echanismsof biologica control by which
rhizobacteriacan promote plant growth indirectly, i.e.,
by reducingtheleve of disease, includeantibiosis, in-
duction of systemic resistance, and competition for
nutrients and niches?!. Beneficial, root colonizing,
rhizosphere bacteria, the PGPR (plant growth pro-
moting rhizobacteria), are defined by threeintrinsic
characteristics: (i) they must be ableto colonizethe
root (ii) they must survive and multiply in microhabi-
tats associated with the root surface, in competition
with other microbiota, at |east for thetime needed to
expresstheir plant growth promotion/protection ac-
tivitiesand (iii) they must promote plant growthz337,
Examplesof direct plant growth promotion include
(a) biofertilization, (b) stimulation of root growth, (c)
rhizoremediation, and (d) plant stress control !,

Among microorganismsin therhizosphere

Direct interactions occurring between membersof
different microbid typesoften result inthe promotion
of key processes benefiting plant growth and health. It
isobviousthat al interactionstaking placeintherhizo-
sphereare, at least indirectly, plant-mediated. How-
ever, thissectionwill ded withdirect microbe-microbe
interactionsthemsalves, with the plant asa ‘supporting
actor’ in the rhizosphere. There are different ways of
microbia and microbid interactionsintherhizosphere,
some of these interaction may bebeneficial or detri-
mental.

Beneficial interaction
Mutualism

An exampleistheinteraction between PGPR and
Rhizobia. Symbiotic nitrogen fixationinlegumesisac-
complished by Rhizobiainsideroot nodules. Thispro-
cessisdependent on the efficiency of the Rhizobium
straininvolved and onitscompetitivenessfor nodula
tion againgt indigenous soil Rhizobia, andisinfluenced
by environmental factors. Increasing symbiatic nitro-
genfixationisrational sincelegumecropsareanim-
portant source of protein and areenvironmentally safe,
avoidingtheuseof nitrogenfertilizers. Rhizobid strain
selection and legume breeding are conventional ap-
proachesto improvethisprocessand, morerecently;
mol ecular approaches havedemonstrated their poten-

tial. The exploitation of PGPR in combination with
Rhizobiuma so congtitutesaninteresting dternativeto
improvenitrogen fixation. Themechanismsinvolvedin
thebeneficia interaction Azospirillum-Rhizobiumwith
clovershavereceived considerableworld-wide atten-
tion. However, negative effects of Azospirillum on
nodulation of clover have a so been reported®,

Cometabolism

Cometabolismisdefined asthe simultaneous deg-
radation of two compounds, in which the degradation
of the second compound (the secondary substrate)
depends on the presence of the first compound (the
primary substrate). For example, in the process of me-
tabolizing methane, propane or ssimple sugars, some
bacteria, such as Pseudomonas stutzeri OX1, can
degrade hazardous chlorinated solvents, such astetra-
chloroethylene and trichloroethylene, that they would
otherwise be unableto attack. They dothisby produc-
ing the methane monooxygenase, enzyme whichis
known to degrade some pollutants, such aschlorinated
solvents, viacometabolism. Cometabolismisthusused
asan gpproach to biological degradation of hazardous
solvents.

Another exampleisMycobacteriumvaccae, which
usesan enzymeto oxidize propane. Accidentally, this
enzyme also oxidizes, at no additional cost for M.
vaccae, cyclohexaneinto cyclohexanol. Thus, cyclo-
hexaneis co-metabolized in the presence of propane.
Thisallowsfor the commensa growth of Pseudomo-
nas on cyclohexane. The latter can metabolize
cyclohexanol, but not cyclohexane®.

Detrimental inter actions
Predation

Predation describesabiol ogicd interaction where
apredator (an organism that is hunting) feedson its
prey (theorganismthat is attacked). Predatorsmay or
may not kill their prey prior to feeding onthem, but the
act of predation often resultsin the desth of itsprey and
theeventud absorption of theprey’s tissue through con-
sumption. Other categoriesof consumption are her-
bivory (eating partsof plants) and detritivory, the con-
sumption of dead organic materia (detritus). All these
consumption categoriesfall under the rubric of con-
sumer-resource systemd?yl. |t can often bedifficult to
separate varioustypes of feeding behaviors. For ex-
ample, some parasitic speciesprey onahost organism
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andthenlay their eggsonit for their offspringtofeed on
it whileit continuesto live or onitsdecaying corpse
after it hasdied. Thekey characteristic of predation
however isthe predator’s direct impact on the prey
population. Ontheother hand, detritivoressimply eat
dead organic material arising from the decay of dead
individualsand have no direct impact on the““donor”
organism(s). A typical example of predationisproto-
zoafeeding on bacteriaand small fungi™.
Amensalism

Amensdismisareationshipinwhichaproduct of
one organism hasanegative effect on another organ-
ism*., Itisspecificdly apopulationinteractioninwhich
one organism isharmed, whilethe other isneither af-
fected nor benefited. Usualy thisoccurswhenoneor-
ganism exudes achemica compound aspart of itsnor-
mal metabolism that isdetrimenta to another organism.
Penicilliumisacommon example; Penicilliumsecretes
penicillin, achemical that killsbacterid*®!.
Competition

Competition can be defined asaninteraction be-
tween organismsor species, inwhich thefitnessof one
islowered by the presence of another. Limited supply
of at least oneresource (such asfood, water, and terri-
tory) used by both usually fecilitatesthistype of inter-
action, although the competition may also exist over
other ‘amenities’, such as females for reproduction (in
case of male organisms of the same species)®. Com-
petition isone of many interacting biotic and abiotic
factorsthat affect community structure. Competition
among members of the same speciesisknown asin-
traspecific competition, whilecompetition betweenin-
dividuasof different speciesisknown asinterspecific
competition. The magnitude of competition therefore
dependson many factorsintherhizosphere. According
tothecompetitiveexcusion principle, pecieslesssuited
to compete for resources should either adapt or die
outfel.

APPLICATIONSOFTHE RHIZOSPHERE

Phytoremediation (plant-assi sted bioremediation)
refersto the use of plantsto stabilise/immobilise con-
taminantsin soilsor sediments, to remove organic pol-
|utantsviamicrobid degradationintheplant rhizogohere
or by metabolising them after uptakein plant organs, to

volatilisesomemetalsand metalloidsby theformation
of volatilecompounds by theaction of rhizospheremi-
croorganismsor after uptakein plant organs, or to ex-
tract metd Ymetaloidsviauptakein harvestable plant
parts, i.e. typically shootg*47,
Phytoremediationisgenerdly consdered asanen-
vironmentaly friendly, gentlemanagement option for pol-
luted soil asit uses solar-driven biological processesto
treat the pollutant. Phytoremedi ation gppearsattractive
becausein contrast to most other remediation technolo-
gies, itisnotinvasiveand, in principle, deliversintact,
biologically active soil. The process involved in
phytoremediation isdescribed bel ow:
Phytostabilisation (and immobilisation) isacontain-
ment processus ng plants-often in combination with soil
additivesto assist plant install ation-to mechanically
gabilising thesteand reducing pollutant transfer to other
ecosystem compartmentsand thefood chain,
Phytoextractionisaremova processtaking advan-
tage of theunusual ability of some plantsto (hyper-)
accumulate metalmetaloidsintheir shoots;
Phytovolatilisation/rhizovolatilisationisaremova
processwhich involvesemploying metabolic capabili-
tiesof plantsand associated rhizosphere microorgan-
ismstotransform pollutantsinto volatilecompoundsthat
arereleased to theatmosphere;
Phytodegradation/rhizodegradationreferstotheuse
of metabolic capabilitiesof plantsand rhizospheremi-
croorganismsto degrade organic pollutantg 4647,

FACTORSAFFECTINGMICROBIAL FLORA
OF THERHIZOSPHERE

Rhizogpheremicrobia communitiescan beregarded
asasubset of thesoil microbial community, therefore
they too areinfluenced by soil chemica and physicd
properties?”2% and consequently, changes microbial
community structures in rhizosphere can affect the
plantl*,

Soil typeand itsmoisture

Ingenerd, microbid activity and populationishigh
intherhizosphereregion of the plantsgrownin sandy
soilsand least inthe high humussoils, and rhizosphere
organismsaremorewhen the soil moistureislow. Thus,
therhizosphere effect ismorein the sandy soilswith
low moisture content(”2819,
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Soil amendmentsand fertilizers

Crop residues, anima manureand chemicd fertil-
izersappliedtothesoil cause no appreciableeffect on
thequantitativeor qualitative differencesinthemicrof-
loraof rhizosphere. Ingenerd, thecharacter of vegeta:
tionismoreimportant than thefertility leve of thesoil7.

RhizospherepH

Respiration by therhizospheremicrofloramay leed
to thechangein soil rhizosphere pH. If theactivity and
population of the rhizosphere microfloraismore, then
the pH of rhizosphereregionislower thanthat of sur-
rounding soil or non-rhizosphere soil. Rhizosphere ef -
fect for bacteriaand protozoaismorein dightly alka-
linesoil and for that of fungi ismoreinacidic soil§%.

Proximity of root with soil

Soil samplestaken progressively closer totheroot
system haveincreasingly greater popul ation of bacte-
ria, and actinomycetes and decreaseswith thedistance
and depth from the root system. Rhizosphere effect
declinesharply withincreas ng distance between plant
root and soi .

Plant species

Different plant gpeciesinhabit often somewhat vari-
ablemicrofloraintherhizosphereregion. Thequalita
tiveand quantitativedifferencesareattributedto varia-
tionsintherooting habits, tissue composition and ex-
cretion productg?”:,

Ageof plant

Theageof plant also ater therhizosphere microf-
loraand thestage of plant maturity control sthe magni-
tude of rhizosphere effect and degree of responseto
gpecific microorganisms. Therhizogpheremicroflorain-
creasesin number with the age of the plant and reach-
ing at peak during flowering whichisthemost active
period of plant growth and metabolism. Hence, the
rhizosphere effect wasfound to be more at thetime of
flowering thaninthe seedling or full maturity stage of
the plantg?"%

Root exudates

Oneof themost important factorsresponsiblefor
rhizosphereeffect istheavailability of agreet variety of
organic substances at the root region by way of root
exudates/excretiong162427:30],

> Revjew
CONCLUSION

Therhizosphericcommunity iscomplex andismade
up of amyriad of organismsand plants secretions. The
activitiesof microorganismsintherhizosphereislikea
two edged sword playing severd ecologica roleswhich
could bedetrimental and a so beneficid.
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