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DET SOM ÄR BRA FÖR MARKEN ÄR BRA FÖR OSS

MARKENS BIODIVERSITET

• Artrikedom

• Funktionell diversitet

• Näringsvävarnas struktur

• Biotisk växelverkan

Förluster leder till sämre ekosystem-

tjänster, flera patogener, mindre mat

och rent vatten
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selected for specific traits.

is a stronger determinant of microbiota composition 

than the soil type25.

The differences and similarities across studies can 

perhaps be best understood by considering the assem-

bly of the rhizosphere microbiota as resulting from a 

hierarchy of events. First, the soil can be considered as a 

microbial seed bank42, and the physico-chemical proper-

ties of the soil, together with biogeographical processes, 

structure this community43. Then, the location where 

plants are grown determines which indigenous biota the 

plant roots are exposed to. Finally, the plant species and 

genotype determine which members of this reservoir of 

microorganisms can grow and thrive in the rhizosphere.

Plant species can strongly influence the composition 

and activity of the rhizosphere microbiota, and differ-

ences in root morphology, as well as in the amount and 

type of rhizodeposits, between plants contribute greatly 

to this species-specific effect 44–49. Specific metabo-

lites released into the rhizosphere can trigger multiple 

responses in different soil microorganisms. For example, 

plant flavonoids can attract not only symbionts, such as 

Bradyrhizobium japonicum, but also pathogens, such 

as Phytophthora sojae. Flavonoids also stimulate myco-

rrhizal spore germination and hyphal branching, and 

influence quorum sensing, as has been shown for the 

flavonoids naringenin from legumes and catechin from 

the medicinal tree Combretum albiflorum50–55. Similarly, 

constitutive secondary defence metabolites, such as 

pyrro lizidine alkaloids, can affect the rhizosphere micro-

biota by favouring resistant or tolerant microorganisms 

or, in some cases, microorganisms that metabolize these 

compounds56.

Not only the plant species but also the cult ivar  

can affect the composition of the rhizosphere micro-

biota41,57–60. Characterization of the microbial commu-

nity in the rhizosphere of three potato cultivars grown 

at two distant field sites revealed that, depending on 

the soil type, 4–9% of the operational taxonomic units 

detected by PhyloChip analysis were dependent on the 

cultivar61. Crop-breeding programmes are typically con-

ducted in monocropping systems under fertile condi-

tions and in the absence of soil-borne pathogens, thus 

minimizing the contribution of the rhizosphere micro-

biome to plant growth and health. In this context, it has 

Box 1 | How do plants inf luence soil propert ies?

The properties of the soil in close vicinity to plant roots are modified by a range of processes occurring during plant 

growth, which in turn affect the rhizosphere microbiota. Roots release low-molecular-mass compounds (that is, sugars, 

amino acids and organic acids), polymerized sugar (that is, mucilage), root border cells and dead root cap cells. These 

rhizodeposits are used as carbon sources by soil microorganisms and represent approximately 25% of the carbon allocated 

to the roots in cereals and grasses151. Rhizodeposits also contain secondary metabolites, such as antimicrobial compounds, 

nematicides and flavonoids78,152, which are involved in establishing symbiosis or in warding off pathogens and pests. Soil 

pH, another important driver of soil microbial communities43,153, can increase or decrease by up to two units in the 

rhizosphere owing to the release and uptake of ions by roots154. Water uptake and root respiration affect soil oxygen 

pressure, thereby influencing microbial respiration. Finally, soil nutrient availability is modified in the rhizosphere by plant 

uptake and by the secretion of chelators, such as phytosiderophores, to sequester metallic micronutrients155.

Disentangling the contribution of these different drivers is complex, as many of the processes are interwoven. In 

addition, the magnitude of the effects of roots on the properties of soil varies with the soil type, plant species and the 

feedback response of the rhizosphere microorganisms present. Characterization of the rhizosphere habitat is challenged 

by spatial and temporal variations of the soil properties along the root in relation to the age and physiological state of the 

plant. To overcome these hurdles, new analytical tools are being developed. For example, non-invasive two-dimensional 

imaging now offers exciting opportunities for quantitative visualization of the dynamics of specific soil properties or 

activities in the rhizosphere (FIG. 4).

Figure 2 | The rhizosphere. The rhizosphere is a narrow zone of soil (a few millimetres wide) that surrounds  and is 

influenced by  plant roots. The schematic shows magnified pictures of the rhizosphere, containing saprophytic and 

symbiotic bacteria and fungi, including arbuscular mycorrhizal fungi (AMF). AMF inset modified, with permission, from 

REF. 158 © (2008) Macmillan Publishers Ltd. All rights reserved.
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SAMARBETE MELLAN OLIKA VÄXTER

FACILITERING DELNING KOMPLEMETERING

KVÄVE  FOSFOR SPÅRÄMNEN MYKORRHIZA
BLADVERKET ROTENS 

ARKITEKTUR

GER ÖKAD EFFEKTIVITET
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VAD GÖR MIKROBERNA I MARKEN?

• Äter: kol-, kväve-, fosforföreningar mm. 

• Andas med eller utan syre

• Smälter maten: enzymer

• Växer

• Vilar,väntar

• Konkurrerar

HUR VET VI ATT DE MÅR BRA?

• Mångsidig näring

• Lagom fukt 

• Lagom syre

Bakterier och svampar har skilda nischer
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FÖR ATT BEDÖMA HUR DE MÅR MÄTER VI

OLIKA PARAMETRAR 

KEMISK OCH FYSIKALISK BEDÖMNING AV DERAS MILJÖ

• Visuell bedömning

• Strukturen

• Vattenhållningskapacitet

• Mullhalten

• pH

• Halten av näringsämnen (kol, kväve, fosfor, kalium, övriga) 

• Elektrisk ledningsförmåga

MÄTNING AV DERAS AKTIVITET, MÄNGD OCH IDENTITET 

• Markandning (koldioxid)

• Kvävetransformationer (nitrat, ammonium, lustgas)

• Biomassa

• Genetisk identitet (bakterier, svampar)

• Enzymatiska reaktioner

• Innehåll av olika funktionella gener
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BAKTERIEISOLAT PÅ SKÅLAR

GENOMGÅR ENZYMTEST
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KVÄVETS KRETSLOPP – BAKTERIERS LIVSVERK

MINERALISERING

KVÄVEFIXERING

NITRIFIKATION

DENITRIFIKATION

KRETSLOPPET DRIVS HELT AV BAKTERIER
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An illustration of the N budget in crop production and resulting N species 

released to the environment.

KVÄVEBUDGETEN VID VÄXTODLING                                      
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KVÄVEFIXERING I DET FINLÄNDSKA 

JORDBRUKET: BALJVÄXTER
klöverarter, lucern, ärt, bondböna, lupin

- Ympning av utsäde

- Optimering av odlingsteknik

(samodling,växelbruk)

- Minimering av utsläpp

(växthusgaser)
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RHIZOBIERNA HAR TVÅ LIV:

15Kristina Lindström: De fantastiska rhizobierna

ENERGIN KOMMER FRÅN SOLEN

NITROGENAS

BALJVÄXTERNAS KVÄVEFIXERING ÄGER RUM I RHIZOBIUM-

BAKTERIER I ROTKNÖLARNA

RHIZOBIER I MARKEN 

GER UPPHOV TILL ROTKNÖLAR

OCH TRÄNGER IN I VÄXTEN

A
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BALJVÄXT

(Galega)

GRÄS

(Bromus)

BALJVÄXT + GRÄSBART TRÄDA

UTSLÄPP AV LUSTGAS, N2O
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HUR IDENTIFIERAS MARKENS MIKROBER? 
- MED HJÄLP AV DERAS GENER
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BIOREMEDIERING AV
OLJEFÖRORENAD JORD

Förändringar i bakteriernas biomassa och  

diversitet i förhållande till oljekoncentration, 

miljöparametrar, skörd och 

provtagningstidpunkt

IDÉ: OLJEÄTANDE BAKTERIER

I MARKEN UTNYTTJAS

PROVTAGNING
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Abstract

We investigated bacterial community dynamics in response to used motor oil contamination and perennial crop cultivation by

16S rRNA gene amplicon sequencing in a 4-year field study. Actinobacteria, Proteobacteria, Chloroflexi, Acidobacteria, and

Gemmatimonadeteswere themajor bacterial phyla, and Rhodococcuswas themost abundant genus. Initially, oil contamination

decreased the overall bacterial diversity. Actinobacteria, Betaproteobacteria, and Gammaproteobacteria were sensitive to oil

contamination, exhibiting clear succession with time. However, bacterial communities changed over time, regardless of oil

contamination and crop cultivation. The abundance difference of most OTUs between oil-contaminated and non-contaminated

plots remained the same in later sampling years after the initial abundance difference induced by oil spike. The abundances of

three oil-favored actinobacteria (Lysinimonas, Microbacteriaceae, and Marmoricola) and one betaproteobacterium

(Aquabacterium) changed in different manner over time in oil-contaminated and non-contaminated soil. We propose that these

taxa are potential bio-indicators for monitoring recovery from motor oil contamination in boreal soil. The effect of crop culti-

vation on bacterial communities became significant only after the crops achieved stable growth, likely associated with plant

material decomposition by Bacteroidetes, Armatimonadetes and Fibrobacteres.

Keywords Soil microbiome . Hydrocarbon contamination . Bioremediation . Perennial crop cultivation . 16S rRNA gene

ampliconsequencing . Temporal abundancechange

Introduction

Soil pollution by petroleum hydrocarbons (PHCs) origi-

nating from crude oil or refined petroleum products poses

a significant threat to the environment. In particular, used

motor oil that contains high concentrations of aliphatics,

polycyclic aromatic hydrocarbons (PAHs), and heavy

metals (e.g., lead, zinc, chromium, barium, and arsenic)

contributes to chronic hazards including carcinogenicity

(Dominguez-Rosado et al. 2004; Vazquez-Duhalt 1989).

Microorganisms can degrade PHCs and utilize them as

carbon and energy sources in a natural attenuation pro-

cess. Nitrogen is frequently a limi ting factor in oi l-

contaminated soils (Wenzel 2009). Thus, the nitrogen-

fixing legume-rhizobium symbiosis has potential to assist

in the biodegradation of PHCs (Dominguez-Rosado and

Pichtel 2004). The cultivation of oil-tolerant perennial le-

gumes holds promise for accelerated oil degradation with

additional bonus of biomass for bioenergy production.

Fodder galega (Galega orientalis Lam.), a perennial for-

age legume, and smooth brome (Bromus inermis L.), a
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