Response of rhizosphere microbial communities
to legume inoculation
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Microbes in soil

To describe microbial
communities in soils —
the biggest challenge of
21st century

Only 1% of
microbes can
be easily
isolated

One gram of soil
harbors more
than 100 000

different species
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From potentials to functions

Microbial potentials
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Microbial functions
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-responsible N use in agriculture is key to sustainability
Nitro gen cyc le -economic and environmental considerations dictate that
we must exploit biological alternatives
-proportion of biologically fixed N can be significantly

Fertilization enhanced by legume inoculation with efficient rhizobial
Plant exudates strains
Deposition
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The effect of Sinorhizobium meliloti efficiency on nitrogen
transformations in soil and plant
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h Propotion of

biologically
fixed N

Rhizobial
strains

High
competition
in the soil
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Objective

* to evaluate the influe i ion with different indigenous
S. meliloti j cycle processes ithe rhi a_and on
well as theicompetitive abilities in the soil

lant growth promotion,
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* a pot experiment was carried out under controlled conditions using two
factors (3 x 3) on the basis of a completely randomized block design with four

replications

* the factors in the experiment were :
1. indigenous S. meliloti strains exhibiting different efficiency

2. three different alfalfa development stages

3 2 8 6 5 1 7 4 9
6 4 1 9 8 3 7 2 5
4 8 6 3 9 2 1 5 7
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Denitrification Nitrogen fixation

Nitrates are reduced to nitrogen gas, The first step in the synthesis of virtually all
returning nitrogen to the air and completing nitrogenous compounds.
the cycle. Nitrogen gas is fixed into forms other organisms can
use.
NO,NZO,N2
atmos pheric
{g_asel:lus}
nitrogen o
LJ.\ :
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denitrification o . organic matter( HH3z)
u;:ntakaejc‘r minElrplake gqr;:nigarili?l?:t;?lgnm
NO, eI —— N, —ea e e — N, ™
nitrate nitrite ammonium
N Ieachin/ \

Ammonification

The decomposers, certain soil bacteria

and fungi, break down proteins in dead
organisms and animal wastes releasing
ammonium ions which can be converted to
other nitrogen compounds.

Nitrification

Nitrification is a two-step process. Ammonia or ammonium
ions are oxidized first to nitrites and then to nitrates,

which is the form most usable by plants.
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Rhizosphere Samples (roots + adhering soil)

,

DNAextraction
Griffiths et al,, 2000

l

DNA

l

Quantification of functional
genes involved in nitrogen
cycling using real-time PCR
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»Nitrogen fixation

nitrogenase reduction
nifH

»Nitrification
ammonia oxidation
amoA (AOB + AOA)

»Denitrification
nitrite reduction
mrS+ nirk

nitrous oxide reduction
nos.

aaaaaaaaaaaaaaaaaaaaaaaaaaaa

FA
University of Zagreb & 3
Faculty of Agriculture L«l



e except...
functional genes encoding the enzymes catalyzing processes in the nitrogen cycle
(nitrification, denitrification and nitrogen fixation) in the rhizosphere

For each sampling the following traits were measured:

* NH,* and NO; conc. in rhizosphere

e N and C content — plant

e Chlorophyll content in plant

e dry matter and green mass yield -plant
e N/C content — microbial biomass

e Nmin — soil

¢ N/C content — soil (DON/DOC)
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e except...
functional genes encoding the enzymes catalyzing processes in the nitrogen cycle
(nitrification, denitrification and nitrogen fixation) in the rhizosphere

e the ability of both S. meliloti strains used for nodulation to compete with
indigenous population in the soil was determined by checking their presence
in the nodules of alfalfa
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Gene abundances of nitrogen fixers

nifH copies g rhizosphere soil
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* abundance of nifH genes increased in all treatments towards T2 and amounted up to 3.7

¥ 108 copies g-1 dw soil

* At T3, the effect of the more efficient OS6 strain was very prominent, revealing a

significantly higher abundance of nifH genes in the rhizosphere compared with S26 and C
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Gene abundances of ammonia oxidizers (AOA, AOB) |
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» oxidation of the ammonia to nitrite is obviously mainly performed due to bacterial activity

¢ in T3 the maximum values were obtained from treatments inoculated with strain S. meliloti
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Gene abundances of nitrite reducers
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* the nirK copy numbers dominated over nirS by factor 10 in all treatments at T2 and T3,
except treatment OS6 at the late flowering stage
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Green mass yield —plant (Mg, / 8)

C 0s6 S26 N\

T1 0.9375 d 1.202 d 1.085 d 1.075 ¢

T2 1367 ¢ 14.65 ¢ 1378 ¢ 14.03 b

T3 42,67 b 56.43 a 43.76 b 4762 a

x 19.09 b 24.09 a 19% \__/
—_— ——
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Proportion of microbial populations involved in
the N cycle

T T2

onirk+nirs anirk+nirs
BEnifH EnifH
OamoA OamoA

N - fixation

Anoxic conditions; mostly in close

Nitrification assotiation with plants (requires large
amounts of energy)

Autorophic process
T3 Comparable low number of functional

Low number of functional guilds, but well distrubuted among

guilds (AOA and AOB) procaryotes
anirk-+nirs
EnifH
OamoA
Denitrifcation
Redox process
High number of functional
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Paper was published in Environmental Microbiology........
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Influence of different Sinorhizobium meliloti inocula
on abundance of genes involved in nitrogen
transformations in the rhizosphere of alfalfa

(Medicago sativa L.)
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Summary

Inculation of lsguminous seeds wih selected mizo-
blal stralrs 18 practised In agrculture to amallorats
the plant yleid by enhanced raot nodulatien and nitro-
gen uplake of the plant. However, sffective symbilosls
between legumes and rhizebla doss not only depend
on the capacity of nitragen flxatlon but alss on the
entire nitragen mover Inthe Fizosphere, We Inves-
figated the Influence of ssed Inocculation with teo
Indigenous Sinorhizobium meliioti stralme exhibiing
differart efficiency concerning plant growth promo-
tion on nitragen tumover processes In the rhizo-
sphers during the growth of alfalfa. Quantification of
slx target genes (bacterlal smod. mirk nirks nosZ,
nitH and archasal amod) wihin the nitrogen cyela
was performed In thizosphers samples before noduls
tarmation, at bud development and at the late Tiower-
Ing etage. The resulis clearly demonstrated that effec-
tiveness of thizoblal Inocula le related 1o abundancs
of nitH ganes In the late fowenng phass of alfaifa,
Mareover, other genes Involved In nirogen tumover
had been affectad by the Inocula, &.g. higher numbers
of amod coples were observed during flowering
when the mare efteetive strain had besn Inoculated,
However, the respective gens abundances difered
overall to a greater extent between the thres plant

Feoahvod 31 May 2008, accopied 13 August, 2008, *For oOmsapan-
dance. E-mal khuo@agrhn Tal, (+385) 12 3 034; Faoe (4365 12
203 881,

© 2008 The Authors

development stages than betwsen the Inoculation
warans.

Introduction

In sustainable agrculburs, biokgcal M; fMEation B oan
Impertant patasy of nifogen Input Ink agricuiural sols
beskes the appliation of organk: and minersl rtizers
iShama ef &, 2005a; Rceenbleth and  Martinez-
RoMmert, 2006, 10 his respsct, cullvation of Egumes i of
great Importance dus to the symbkels with niregen-fing
tacteria. The perennlal legumes Medicsgs s50vs (alfalia),
a majar herbal protain soures for llvesiook, Is requenty
FUAT N ecokgically bessd agiculiie [Bradic of &,
2008 being ablke 1o M up K 180 kg M her per saasan
(Vance, 1980) Moreover, cullivation of alfalfa may
Improve the soll quality by Incraasing the organk: matter
content, porcelty, struchura, waber holdng capacity, recy-
oing rutrsnts, and s preventing sol sfoelon, lsaching
of nurlents ard bEaking deease DUlKD-up and wesd
problems of grass-ype ciops (Bruulssma and Chrkstie,
19e7; Campbsl o &, 1994; Omirekl eial, 1994; Entz
efal, 1995, Shamma efsl, 2006a). The =0l bactsium
Shormizebivm melicti (also known a3 Ensiier mediod) |2
abke o IWe In symblosks with alfalia In it intraceliular
spacs korming ol nadules (van Fhi and Vandsilsyden,
1965, Gordon efaf, 2003),

Incculation of kgume cops with rhizobla has besn
whlely usad In agriculurd systams B Improve lsgums
productity In e flsld. Howsver, commerdsily avalabls
rhizcbial ncculants often fal o become established In
solls With Indigencus rhizobial popuatons [Harmann
efal, 1988y In this respect, the sakection of more sffec-
tive and highly compslitive 5. maiol strains for alfalla
Inoculation ke necessary (Skora ef &L, 1997 It i gener-
ally accepted hat Indigencus populations are bettsr
adaphed b Er srvrenment ard TS capable of forming
a mire effecthe symblosls than commeancial Inoculants
Ieolaked from a dstant o unrelabed soll typs (Gandse
efal, 1999, Bradic & &0, 2002, Bradic and coleaiues
(2008, for exampls, Investigaled e symblodc sliechive-
nessof 12 Indgencus Croatian 5. meiiod siralng, Le. thalr
ablity to Improve he M supply of he plant and hencs 1o

Jeurral compilaiion & 2008 Society for Applied Micrebiokegy and Blackwal Publishing Lid
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Conclusions

e According to our hypothesis, the inoculation of alfalfa seeds with different S.
meliloti strains altered not only the abundance of nifH genes in the rhizosphere, but
also the abundance of further functional genes of microbes involved in nitrogen

cycling

e Similarly, the positive effect of inoculation with a highly effective strain was
confirmed in most of the investigated parameters related to the plant

* The plant development stages had, as aspected, a great impact on the gene
abundance patterns as well as on the studied parameters of the plant itself
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Conclusions
* increasing awareness of the importance of soil microbiology in agriculture will
assure that microbiological parameters become a vital component of future soil

analysis and diagnosis
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