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INTRODUCTION

Itiswell established that microbial lifeonly occupies
aminor volumeof soil beinglocalised in hot spotssuch
as the rhizosphere soil (Nannipieri et al., 2003), where
microflorahas a continuous access to aflow of low and
high molecular weight organic substrates derived from
roots. Thisflow, together with specific physical, chemical
and biological factors, can markedly affect microbial
activity and community structure of the rhizosphere soil
(Sorensen, 1997; Brimecombeet al ., 2001). Bothbeneficial
and detrimental interactions occur between microorga-
nisms of rhizosphere soil and plants, and the matter as
been extensively studied as shown by several chapters
and books (Lynch, 1990a; Keister & Creagen, 1991,
Waisel et al., 1991; Brimecombeet al., 2001; Pinton et
al., 2001) on the subject.

Rhizosphere is considered the soil volume
surroundingtherhizoplaneandthetermwasfirstly conied
by Hiltnerin1904 (Brimecombeetal ., 2001). Inhismemory
asuccessful (more than 400 participants) meeting was
organized in Munichin 2004.

Theaim of thisreview isto discuss both composition
and activity of microbia communitiesof rhizospheresoil,
whichareaffectedby rhizodeposition, atermthat includes
all substances released from roots to soil. Type of
compounds released by roots, and systems used to study
therhizosphereeffectwill bealsodiscussed. Sinceitisnot
possibleto preparean exhaustivereview asthecomplexity
and the vastness of the treated matter exceeds the limits
of thisshort contribution, thereview summarisesthemain
topics without a detailed dicussion of the underlying
mechanisms. Relevant reviews are cited more than origi-
nal reports and the reader may consult cited books and
reviews for a better knowledge of the treated matter.

Rhizodeposition and systemstostudy

therhizospher e effect
Rhizodepositionincludesbothlow and high-molecu-

lar weight compounds including monomers such as

glucose and amino acids, polymers such as polysaccha-
ridesand proteins, root debrisand root border cells, root
cap cellsseparated fromtheroot apex during root grwoth
(Hawes& Lin, 1990; Haweset al., 2003). Plantsinvest a
lot of energy in root exudation, which depends on light
intensity, temperature, type of plant, nutritional state of
plants, stressfactors, microbial activity intherhizosphere
and type of soil (for example soil texuture and thus
mechanical impedence). Uren (2007) hascal culated that
50% of the net carbon fixed by plant isdevoted to roots,
15% of the net fixed carbon by plant isrespired by roots
asCO, and 10%:isrel eased asroot debrisincluding border
cells, whereasdiffusatesand secretionsaccounted for less
than 1%. The organic substances released from roots to
therhizospheresoil support higher microbial biomassand
microbial activity intherhizospherethaninthe bulk soil.

Not all compounds released from roots are organic
because roots can al so release proton, oxygen and water.
Root productscanbeclassifiedaccordingtotheir perceived
function in excretions (CO,, bicarbonate ions, H*, elec-
trons, ethylene, etc.) and secretions (mucilage, H*, elec-
trons, enzymes, siderophores, etc.) with theformer being
thought to facilate internal metabolism and the | atter ex-
ternal processes such as nutrients uptake (Uren, 2007).
Protons are excretions when derived from from CO, res-
piration andaresecretionswhenderivedfromorganicacids
and used in nutrient uptake. The root products can also
beclassified according to their chemical properties(com-
position, solubility, stability, volatility, molecular weight,
etc.) and siteof origin. Secretionscanbeclassified accord-
ingtotheir biological activity (chemical signals, phytoal -
exins, phytohormones, ectoenzymes, alleloche-micals,
etc.). Molecular signalsarebeingincreasingly studied due
totheir roleinthe microbial and plant interactions (Perry
etal., 2007). Chemical propertiescan markedly affect the
persistence of root exudates because several processes
(adsorption, biodegradation volatilization, chemical deg-
radation ,etc) caninactivatearoot exudate, whoseactivity
isrelated to the soil volumethrough it diffusesand to its
stability. Low-molecular-weight exudates can difuse to
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alonger distancethan high-mol ecul ar wei ght compounds
but they aremorereadily assimilated by soil microorgan-
isms. Generally the function of root exudates has been
studied by considering the action of asingle compound
without considering the presence of the right set of cir-
cumstances(Uren, 2007). For example, itiswell established
that organic acids such ascitric acid rel eased from roots
play an important role in nutrient uptake (see the great
amounts released from lupin in calacreous soils) and in
theresistanceto Al toxicity (citricandmalicacidrel eased
fromwheat and mai zeroot apex). However, thesestudies
have been gene-rally carried out in pure culture without
considering all processeslisted abovethat caninactivate
the root exudate in soil. There are some evidences that
acombined action of at |east two compounds rel eased
from rootsisinvolved in nutrient acquisition or in mo-
lecular signalling.

The mechanisms of plant release are different. The
release of |ow-molecular weight compoundsisapassive
process along the steep concentration gradient existing
between the cytoplasm of root cellsand the soil solution
whereastherel easeof high-molecul ar wei ght compounds
occursthrough vesicletransport (Neumann & Romheld,
2007). However, probably the release of high amounts
of citrate, maleate, oxalate, phytosiderophores, etc., in
responseto toxicant such asAl or in responseto nutrient
deficiencies, is not passive and it may occur in ion-
channels under the control of specific mechanisms, not
yet understood (Neumann & Rdmheld, 2007). Root
exudation is generally confined to apical root zones.
However, root architecture, and thus exudation can
change depending on the nutrional status of plants. For
example, itiswell known that lupin (Lupinusalbus) can
produce cluster roots under P and Fe deficiency (Neu-
mann & ROmheld, 2007). It isalso well established that
low molecular weight exudatesareimmediately available
to microorganisms inhabiting rhizosphere soil and
rhizoplane whereas high-molecular wrigth compounds
aregenerally hydrolysed by hydrolasesin smaller com-
pounds which can be taken up by microbial cells.

Several methodsareavailableto collect and identify
root exudates. They can roughly be divided in methods
based on theimmersion of rootsinto aerated and sterile
trap solutions with collection of root exudates and me-
thods based on the growth of plantsin solid mediasuch
assand or vermiculite(Neumann& Romheld, 2007). The
former methods present as drawbacks the absence of
impedences, which stimulates root exudation, and the
impossibility to detect the source of root exudation. The
drawback of the latter methodsis the adsorption of root
exudatesto solid particles of themedium. Today several
microcosms are available for studying rhizosphere soil
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and most of them are based on the physical separation
of rhizoplane from the adjacent rhizosphere soil; mem-
branes have porous that allow diffussion of root exu-
dates and the penetration of root hairsand hyphaein the
soil compartment; these membranes can be horizontally
or vertically located. These systems are usually called
rhizo-boxes and some of them, such asthe rhizobox set
upby Wenzel etal., (2001), arevery sophisticated all ow-
ing the measurement of the pH, redox potential and soil
moisture with proper microsensors.

The study of the effect of root exudates on activity
and composition of microbia communtiesof rhizosphere
soil can be done under laboratory conditions with
systems that can isolate involved factors. In our la-
boratory we use the system reported by Badalucco &
Kuilman(2001) inwhichthesoil canbepressedtoaprecise
soil density into a plastic ring standing on a Petri dish
covered with aluminium foil. Thetop of soil is covered
withacellulosepaper filter (Whatman41), whichcanbe
wetted with different solutions of root exudates so asto
create a concentration gradient of the root exudate(s)
under study at increasing distance from thefilter paper,
which simulate the rhizosplane. It is possible to sample
soil slices at increasing distance from the filter paper so
asto have an idea of the extent of the rhizosphere effect
In addition, it is possible to study the effect of asingle
or amixture of root exudates, whose amount can reflect
the daily carbon input into rhizosphere.

Effect of plant r ootson thecomposition of microbial
communitiesin therhizospher e soil

It iswell established that the number of microorga-
nismsishigherinrhizospherethanbulk soil (Brimecombe,
2001) and this has been assessed by plate counts or the
Most Probable Number analysis; however, both techni-
guesonly determine 1-10% of thetotal microflorainhabi-
tingsoil (Torsvik etal., 1996; Bakken, 1997; Johnsenetal .,
2001). Theuseof techniques based on phospholipid fatty
acidanalysis(PLFA) and extraction of nucleicacidsfrom
soil has allowed to determine the unculturable microor-
ganisms (Johnsen et al., 2001; Lynch et al., 2004). The
PLFA technique is based on extraction, fractionation,
methylation and chromatography of the phospholipid
component and it can estimate gross changesin commu-
nity structure(Lynchetal ., 2004). Usually theuseof PLFA
technique has detected differences in the composition of
microbial communties when rhizosphere and bulk soils
werecompared. Compositionof microbial communtiesof
rhizosphere soil under Populus grandidentata differed
from those of the bulk soil but they were not affected by
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elevated atmospheric CO, (Zak etal ., 1996). Both PLFA
analysisand plate countswere ableto detect differences
intheabundance of Gram-negative bacteriabetweenthe
rhizosphere of two wheat cultivars (Diab El Arab et al.,
2004). Generally Gram-negative bacteriaare stimulated
by rhizodeposition wheras Gram-positive bacteria are
inhibited (Steer & Harris, 2000; Soderberg et al., 2004;
Johansen & Olsson, 2005). The use of molecular tecnhi-
ques, based on the extraction, purification and characte-
rization of nucleic acids from soil, can allow a better
resolutionof microbial diversity thanthePL FA technique
(Johnsenetal.,2001; Nannipieri etal.,2003; Lynchetal.,
2004). Both denaturing gradient gel electrophoresis
(DGGE) andterminal restrictionfragmentlength(T-RFLP)
have the most used to study rhizosphere-microbe inter-
actions. They are generally based on sequences differ-
ences of the conservative genes coding for riboso-mal
RNA(rRNA), the so called rDNA; these genes are am-
plified by polymerasechainreaction (PCR) using specific
primersand the ampliconsare separated by DGGE or T-
RFLP(Johnsenetal.,2001; Lynchetal.,2004). It hasbeen
shownthat thestructureof microbial communitiesinhab-
iting rhizosphere soil can be affected by root architec-
ture, root age and plant age (Gomes et al., 2001; Kuske
etal.,2002; Marschner etal., 2002; Nicol etal., 2003) but
the complex interaction between soil type, plant species
and root zone location probably is the main factor
(Marschner et al., 2001). The type of soil management
aswell asthetype of fertilization can aso beimportant.
The composition of eubacterial community of rhizo-
sphere of conventionally managed cotinuous corn was
similar to that of thelight fraction, which includes plant
debris, but differed with respect tothat of heavy fraction,
whichincludesmineral particlesandtheassociated humic
fractions, of bulk soil (Blackwood & Paul, 2003). Both T-
RFLP and DGGE fingerprintings of PCR-amplified 16
rDNA did no show any difference between the compo-
sition of bacterial communities of rhizosphere and that
of rhizoplane, wherethe effect of rhizodepositon should
bemore pronounced (Nunan et al., 2005). Higher diver-
sity of functional genes suche as amoA and nifH genes
was present in rhizosphere than bulk soil (Brioneset al.,
2003; Cocking 2003). Itisobviousthat many factors(root
architecture, root age, perturbation, stability of soil mi-
croflora, etc.) can interfere with the effects of plant spe-
cies on the composition of microbial communities of
rhizospheresoil. Inaddition, soil microfloraappearsvery
stable, since changes due to perturbations are transitory
(Nannipieri etal.,2003). Thustheplant effect canbemore
easily studied in young soils without a stable microbial
community. Bardgett and Walker (2004) studied theeffect
of colonizer plant specieson microbia growth and com-
position on recently deglaciated terrain in south-east

Alaska by analysing PLFA. Bacterial biomass was in-
creased by Rhacomi-trium, Alnus and Equisetum and
fungal biomassby Rha-comitriumand Alnuswithrespect
to bare soil.

Animportant experiment concernedtheeffect of plant
propertiesversus soil characteristicsin determining the
composition of bacterial communities (analysed by
DGGE) of therhizospheresoil wasconductedwith Carex
arenaria (de Ridder-Duine et al., 2005). This non-
mycorrhizal plant specieswas chosen so asto eliminate
the confounding factor represented by different levels
of mycorrhizal colonization and it was grown in 10
different siteswith soils presenting different properties.
It was observed that the diversity of a particular
rhizosphere community was more similar to that of the
bulk soil community of the same site rather than to that
of rhizos-phere communities from other sites.

The number of studies concerning the diversity of
fungal communities by molecular techniques in the
rhizosphere soil islower than that on bacterial diversity
because molecular tools for fungi has been devol oped
later. Analysisof onfungal communitiesby DGGE of 18S
rDNA amplified by anuniversal primer showedarhizos-
phereeffect of twomaizecultivarsgrownintropical soils
and plant growth devel opment wasmoreimportant than
cultivartype(Gomesetal., 2003). Cloningandsequencin-
g of thedominant bandsshowed adominanceof members
of Ascomycetes and Pleosporales families in young
maize plants and a dominance of Ascomycetes and
basidiomycetous yeast in the rhizosphere of senescent
plants.

Effectsof single compounds of root exudates on the
compositionof microbial communitiesof rhizospheresail
have been studied by using the system reported by Ba-
dalucco and Kuikman (2001). Composition of bacterial
communitiesasdetermined by DGGE profilesweretem-
porarily affected by oxalic acid or glutamic acid but not
by glucose (Falchini etal., 2003). A mixtureof root exu-
dates compounds was al so effectivein affecting micro-
bial diversity as determined by ribosomal intergenic
spacer analysis (Baudoin et al., 2003).

Effect of plant rootson theactivity of microbial
communities of therhizospher e soil

Nannipieri et al. (2003) havereported that microbial
activity can be evaluated in soil by measuring different
parameters. Of courseitisnot possibletolist hereall bi-
bliography concerningtheeffectsof plant rootsonthese
different parameters due to the limited space of this
contribution. It will be only discussed the bibliography
relative to respiration and enzyme activities of rhizos-
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phere soil because these two parameters have been the
most used. Inaddition, problemsininterpretingtheeffect
of root exudates and environmental conditions on these
two parameters as well as the relative methodol ogical
problems are representative of problems of any measu-
rement of microbial activity and of interpretation of the
relative data.

Soil respiration. Usually respiration of rhizosphere
soil is higher than respiration of bulk soil because, in
addition to microbial respiration of soil organic C there
is the contribution of root respiration and microbial
decomposition of rhizodeposition. Separation between
root respiration and CO, evol ution from rhizosphere soil
ismethodologically difficult. Chengetal. (1993) estimated
that root respiration and microbial respiration of rhizos-
phere soil accounted for 40 and 60% of the overall respi-
ration, respectively. They distinguished the contributions
of thesetwo processesto rhizosphererespiration after soil
saturation with unlabelled glucose before the *C pulse-
labelling of plant shoots so as to eliminate the use of la-
beled substrates released from roots by soil microorgan-
isms. Kuzyakov (2002) suggested that microbial respi-
ration accounted for 50-60% of the total plant-induced
respi-ration. Usually, microbial respirationintherhizo-
sphere sail is highly dependent on climatic conditions,
nutrient availability and root exudation, which isitself
controlled by the rate of photosynthesis during light
periods(Kim& Verma, 1992). Theamount of solubleand
availableorganic C but not of concentration of insoluble
C can immediately stimulate microbial activity in the
rhizosphere soil (Vaéet al., 2005).

Falchini etal., (2003) monitored thediffusion of 4C-
labelledglucose, oxdicacid, or glutamicacidintosoil from
afilter placed on the surface of asandy loam soil. Gluta-
mateshowed ahigher mineralizationthanglucoseduring
thefirst 3d, whereasthemineralizationof oxalicacid sho-
wed a3 dlag phase. Both glutamateand glucoseaddition
caused apositivepriming effect. Several hypotheseshave
been proposed to interpret positive priming effects.
According to Fontaine et al., (2003) addition of easily
available organic C can stimulate the growth of r-
strategists and the successive growth of k-strategistsis
responsible of the degradation of recalcitrant organic
matter. Another hypothesi sexplainsthepositivepriming
effect asduetotheincreasedturnover of nativemicrobial
biomass(Chander and Joergensen 2001; DeNobili etal.,
2001) whereasK uzyakov etal ., (2000) suggested that the
activation of soil microorganisms by the addition of the
easily available organic C, increases enzyme synthesis
with higher degradation of soil organic matter. Thereal
and apparent priming effects caused by the addition of
BN labelled fertilizershave been discussed by Jenkinson
etal., (1985).
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EnzymeactivitiesEnzymeactivity isgenerally higher
in rhizosphere than in bulk soil, as aresult of a greater
microbial activity sustained by root exudates or due to
thereleaseof enzymesfromroots(Badalucco& Kuikman,
2001). Theovera enzyme activity of therhizosphere as
well asbulk soil can depend onenzymeslocalizedinroot
cells, root remains, microbial cells, microbial cell debris,
microfaunal cellsand therelated cell debris, free extra-
cellular enzymes or enzymes adsorbed or inglobated in
soil particles. Ultracytochemical techniques have been
used with electron microscopy to localize enzymesin
electron-transparent components of soil such as micro-
bial and root extracellular polysaccharides, fragmentsof
cellswallsand microbia membranesbut thesetechniques
cannot be applied in regions of soil with naturally elec-
tron-denseparticlessuchasminerals(Ladd et al ., 1996).
Thus, acid phosphatase has been detected in roots,
mycorrhizae, soil microbial cellsandfragmentsof micro-
bial membranesas small as7x 20 nm, but not associated
to clay particlesin soil.

Soil microbes release extracellular enzymes for the
initial degradation of high molecular weight substrates
suchascellulose, chitinandlignin, and mineraliseorganic
compoundstomineral N, P, Sand other elements. Enzy-
mes attached to the outer surface of microbial cells, the
ectoenzymes, can a so carry out the hydrolysis of high-
molecular weight substrates (Burns, 1982; Nannipieri,
1994). In additionto extracellular enzymes, activeintra-
cellular enzymes can be also bereleased after cellslysis
and remain active in the extracellular soil environment
insofar asthey do not require cofactorsfor their activity,
extracellular pH and temperature are not denaturing and
abiotic inactivation or proteolytic degradation does not
occur (Nannipieri, 1994). Sorption by soil colloids may
protect an enzymefrom microbial degradation or chemi-
cal hydrolysisand the enzyme can retain its activity if it
is not denaturated and its active site is available to the
substrates (Nannipieri, 1994).

Most extracellular enzymeshaveal ow mobility insoil
duetotheir molecular sizeand chargecharacteristics, and
thusany secreted enzymemust operate closeto the point
of secretion and its substrate must be able to diffuse
towardsiit.

Inasoil-plant (wheat) microcosm, bacterial numbers,
protozoan numbers, histidinase and casein hydrolysing
activity were monitored after 21 and 33 days of plant
growth (Badaluccoet al., 1996). Microbial numbersand
enzyme activitieswere higher in therhizospherethanin
thebulk soil; thecl oser tothesoil-root interface, thehigher
thenumbersand theenzymeactivities(Badaluccoet al .,
1996). It was hypothesised that bacteria were the main
source of histidinase, whereas protease activity was
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suggested to be produced by bacteria, protozoaand root
hairs.

Tarafdar and Jungk (1987) carried out avery interes-
ting study on the relationship between enzyme activity
of soil and nutrient cycling in the rhizosphere. They
sampled a silt loam soil at different distances from the
rhizoplane of either clover (Trifoliumalexandrinum, 10
daysold) or wheat (Triticumaestivum, 15 daysold) and
found that the total P and organic P contents decreased
in the rhizosphere soil, whereas the inorganic P content
increased in the vicinity of the rhizoplane. Such an in-
creasewas probably dueto theincrease of both acid and
alkalinephosphataseactivitiesintherhizospheresoil and
it paralleled the increase in both fungal and bacterial
counts, suggesting a probable microbial origin of both
enzymes in the rhizosphere soil. Both phosphatase ac-
tivities increased with plant age, probably as the result
of theincreasein microbial biomassand/or theincrease
intotal root surface. BacillusamyloliquefaciensFZB45,
a plant-growth-promoting rhizobacterium, stimulated
growth of mai ze seedlingsunder phosphatelimitationin
the presence of phytate whereas a phytase-negative
mutant strain FZB45/M 2 did not stimulate plant growth
(Idriss et al., 2002). However, the plant origin of phos-
phatase as of any enzyme of the rhizosphere soil cannot
beexcluded becausepl ant-borneenzymecanberel eased
in the rhizosphere (Tarafdar & Jungk, 1987). Indeed,
transgenic N. tabacum (tobacco) or Arabidopsis
thaliana, which expressed constitutively (3-propeller
phytasefrom Bacillussubtilis(168phyA), secreted extra-
cellular phytasein much higher amountsthan therespec-
tive wild-type plants and were capabl e of using sodium
phytateasthesolePsource(Lungetal.,2005). Similarly,
transgenic Arabidopsis thaliana with phytase gene
(phyA) from Aspergillus niger was capable of taking up
P from arange of organic phosphorus substrates added
toagar under sterileconditions(Richardsonetal ., 2001).
However, transgenic TrifoliumsubterraneumL constitu-
tively expressing a phytase gene (phyA) from Aspergil-
lus niger was capable of exuding phytase and taking up
more P than wild-type plant when grown in agar with
phytate, but it was not successful when it wasgrown in
soil (Georgeetal., 2004), probably becauseplant-exuded
phytase was adsorbed by soil colloids and/or degraded
by soil pro-tease (George et al., 2005).

Using the model rhizosphere system described by
Badaluccoand Kuikman (2001), Renellaetal., (2005) re-
ported that different root exudates were mineralized to
different extentsand had different stimulatory effectson
microbial growth and on hydrolase activities, mostly lo-
calizedintherhizospherezone. Therapidincreaseinthe
alkaline phosphatase activity could be considered as an

indirect evidence of theimportant role of rhizo-bacteria
in the synthesis of this enzyme in the rhizosphere
(Tarafdar & Jungk, 1987).

M easurements of enzyme activities have been used
to study the effect of transgenic plants on soil meta-
bolism. Both dehydrogenase and alkaline phosphatase
activities of soil sampled from transgenic alfalfa,
regardless of association with recombinant nitrogenfi-
xingsoil Snorhizobiummeliloti, weresignificantly lower
thanthoseof soil sampledfrom parental alfalfa(Donegan
etal., 1999).

Enzymeactivitiesof rhizospheresoil havebeenmea-
sured to assessthe perturbation resulting from the intro-
duction of genetically modified microorganismsin the
ecosystem (Naseby & Lynch, 1998). Theinoculation of
wheat seeds with a genetically modified strain of Pseu-
domonas fluorescens increased urease and chitobiosi-
dase activities of rhizosphere soil at 0-20 cm depth and
decreased alkaline phosphatase but not acid phospha-
tase activity (Naseby & Lynch, 1997). Thereductionin
alkaline phosphatase activity was attributed to adispla-
cement of the rhizosphere communities producing the
enzyme. Opposite changesinthe measured enzymeacti-
vities were observed when inocul ation of wheat seeds
withthegenetically modified P. fluorescenswascarried
outinthepresenceof amixtureof urea, chitinandglycero-
phosphate (Naseby & Lynch, 1997).

P. fluorescens F113, which naturally produces the
antifungal 2,4-diacetylphloroglucinol (DAPG) and is
marked with alacZY gene cassette, increased alkaline
phosphatase, phosphodiesterase and arylsulfatase
activities of pea rhizosphere whereas the other inocula
reduced enzyme activities compared to the control
(without bacterial inoculum) (Naseby & Lynch, 1998). It
was suggested that increases in enzyme activities were
caused by the production of DAPG, which decreased the
available inorganic phosphate and sulphate in the rhi-
zospherebeingthesynthesi sof theseenzymescontrolled
by these nutrients (Naseby et al., 1998). However, an
oppositetrend wasfound for acid phos-phatase activity,
whichismostly of plant origin, contrarily totheprimarily
microbially-determined alkaline phosphatase activity.
Therefore, acid phosphatase activity is more dependent
upon the nutritional status of the plant. The presence of
theF113 strainwasassociated with low -gal actosidase,
[3-glucosidase, N-acetylglucosaminidase activities and
probably this behaviour depended on the increase in
availableC. Ontheother hand, no effectson enzymeacti-
vities were observed when Pseudomonas fluorescens
F113waspresentintherhizosphereof field-grownsugar
beet (Naseby et al., 1998). It was concluded that theim-
pact of variousgenetically modified Pseudomonasonthe
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rhizosphere popul ations and functions depended on the
nature of the genetic modification (Naseby & Lynch,
1998).

The potentialities of enzymes produced by rhizos-
phere microorganisms, including genetically modified
microorganisms, in bioremediation and biocontrol of
pests and diseases have been discussed by Naseby &
Lynch(2002).

The main problem in interpreting the meaning of
enzymeactivitiesinsoil are: i) thecurrent enzymeassays
measure the potential rather the real enzyme activity
because the conditions of incubation assays are based
onoptimal pH and temperaturevalues, optimal substrate
concentrations, presence of abuffer and shaking of soil
dlurries; of coursethe conditionsfor enzymesin situ are
muchdifferentfromthoseusedintheassay (Burns, 1982;
Nannipieri etal., 2002; Gianfreda& Ruggiero, 2006) and
ii) the current enzyme assays do not distinguish among
different enzymescontributingtothemeasuredtotal enzy-
meactivity (Burns, 1982; Nannipieri, 1994; Nannipieri et
al., 2002; Gianfreda& Ruggiero, 2006). It hasbeen sug-
gested that enzymes can be present in soil in different
locations, asintracel lular enzymesin active, resting, and
dead cellsaswell asin cell debrisand as extracellular
enzymes in the soil solution, adsorbed by inorganic
colloids or associated in various ways with humic mol-
ecules(Nannipieri etal., 2002). It would beimportant to
determine the intracellular enzyme activity of active
microbial cellssoastoobtain meaningful informationon
themicrobial functional diversity (Nannipieri etal., 2002).
Several methods have been proposed to distinguish the
extracellular stabilized enzyme activity (activity dueto
enzyme adsorbed or englobated in soil colloids) from
intracellular enzyme activity but all of these have disad-
vantages (Nannipieri et al., 2002). As discussed above,
the situation is more complex in the rhizospherethanin
bulk soil, duetothepresenceof activeand still intact root
cellsdetached fromtheroots, of mycorrhizal cellsstrictly
linkedtorootsandactivebacterial, fungal andfaunal cells.
All these cells present abroad arrays of active enzymes.

CONCLUSIONS

M easurements of microbial activities by classical
assays (for example, by measuring enzyme activities)
combined with mesurements based on molecuar
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technigeus can improve our knowledge on rhizosphere
processes and conduct to a better understanding of the
meaning of measurements of microbial activity in soil.
Sludge application to a pasture soil increased chitinase
activity but decreased the diversity of chitinases contri-
buting tothemeasured enzymeactivity with prevailence
of actinobacterium-like chitinase sequences, as deter-
mined by theanalysisof clonelibrariesconstructed from
18subgroup A chitinases, amplified by usingcommunity
DNA extracted from soil and analysed by restriction
fragment length polymorphism (Metcalfe et al., 2002).

Studiesongeneexpressionintherhizospheresoil can
permit a better understanding of processes such as
biological control, stimulationof microbial activtiy by root
exudates, competition between microorganisms and
roots for nutrients, moecular colloquia between micro-
organisms, between roots and between roots and micro-
organisms. Techniquesfor extractingand characterising
MRNA fromsoil arenow available(Nannipieri etal., 2003)
whereas soil proteomicistill initsinfancy, evenif the
relative methodological problems and the potential
applications have been discussed (Nannipieri, 2006;
Ogunseitan, 2006). An advancement in linking between
functional activity to community structure has been
obtained by applying stable isotope probe (SIP) to soil
(Radajewski etal., 2000; Manefield et al., 2006). A ccor-
dingtoManefieldetal., (2006) it can be morerewarding
to uselabelled root exudate compounds and monitoring
microorganisms of rhizosphere soil involved in the
assimilation of the target compound by the use of any
Sl Ptechnique, thanto pul sethewhol e seedlingsand then
monitoring labelled nucleic acids or PLFA of microor-
ganisms of rhizosphere metabolising the labelled root
exudates.

Reporter technol ogy has been used to assess several
functions in the rhizosphere soil including gene epre-
ssion even at the single cell level (Sorensen & Nybroe,
2006). Theeverincreasingknowledgeof thepromoter and
regulator geneal ongwiththerefinement of reporter gene
insertion techniques will allow using the reporter gene
technique for monitoring induction, expression and
regulation of virtually any gene in the rhizosphere. In
addition, also in this case the methodological impro-
vement of thetechniquewill allow designing new reporter
bacteriatorespondto specificroot exudates, asit already
occursfor specificsignal involvedinmolecular colloquia
(Serensen & Nybroe, 2006) .
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