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Chapter 3 

 
Differences in vegetation composition and plant species identity lead to 

only minor changes in soil-borne microbial communities in a former 

arable field 
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Abstract 

To examine the relationship between plant species composition and microbial community 

diversity and structure, we carried out a molecular analysis of microbial community 

structure and diversity in two field experiments. In the first experiment, we examined 

bacterial community structure in bulk and rhizosphere soils in fields exposed to different 

plant diversity treatments, via a 16S rRNA gene clone library approach. Clear differences 

were observed between bacterial communities of the bulk soil and the rhizosphere, with the 

latter containing lower bacterial diversity. The second experiment focussed on the influence 

of 12 different native grassland plant species on bacterial community size and structure in 

the rhizosphere, as well as the structure of Acidobacteria and Verrucomicrobia community 

structures. In general, bacterial and phylum-specific quantitative PCR and PCR-denaturing 

gradient gel electrophoresis revealed only weak influences of plant species on rhizosphere 

communities. Thus, although plants did exert an influence on microbial species 

composition and diversity, these interactions were not specific and selective enough to lead 

to major impacts of vegetation composition and plant species on below-ground microbial 

communities.  
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Introduction 

Assessments of microbial diversity have revealed soil habitats as being among the most 

biologically diverse on Earth (Curtis et al., 2002; Gans et al., 2005). However, despite their 

documented roles in ecosystem functioning, relatively little is known regarding the forces 

that drive soil-borne microbial community structure and function (Torsvik & Ovreas, 2002), 

partially due to the difficulty of obtaining pure culture representatives of the majority of 

community members (Amann et al., 1995; Hugenholtz et al., 1998; Rondon et al., 1999). 

However, numerous culture-independent strategies, especially those focussing on 16S 

rRNA genes extracted directly from the environment, have recently been employed to gain 

insight into the extent and drivers of soil-borne microbial diversity (Tiedje et al., 1999; 

Torsvik & Ovreas, 2002; Rodriguez-Valera, 2004; Schloss & Handelsman, 2004; Streit & 

Schmitz, 2004).  

Plant-derived substrates, both those actively exuded and those passively dispersed, 

provide the majority of food and energy for soil-borne microbial communities. A number of 

authors have demonstrated that plants can exert a selective force in the rhizosphere, defined 

as the zone of soil adjacent to roots and under root influence, which may result in plant-

specific microbial communities (Miethling et al., 2000; Smalla et al., 2001; Marschner et 

al., 2004). This plant-driven selection, which preferentially stimulates microbial 

populations that are presumably well adapted to the associated rhizosphere, in turn results 

in decreased microbial diversity in this zone (Mavingui et al., 1992; Frey et al., 1997; 

Marilley et al., 1998; Kowalchuk et al., 2002). However, several other studies have 

produced contrasting results, with soil factors tending to be the dominant drivers of 

microbial community structure (Buyer et al., 1999; Dalmastri et al., 1999; Kowalchuk et al., 

2002; de Ridder-Duine et al., 2005). Thus, the extent and nature of plant species influences 

on below-ground microbial communities are not yet clear. Furthermore, due to recent losses 

in plant diversity, and resulting changes in vegetation dynamics, a growing amount of 

research effort has been directed at defining the importance of plant species diversity and 

vegetation composition for ecosystem functioning (Tilman et al., 1997; Van der Putten et 

al., 2000; Loreau et al., 2001) and whether losses in plant diversity influence below-ground 

microbial diversity and function (Stephan et al., 2000; Kowalchuk et al., 2002; Zak et al., 

2003; Carney & Matson, 2006; Bezemer et al., 2006a; Loranger-Merciris et al., 2006). 

Given the relative lack of understanding concerning the relationship between plant 

species composition and diversity on below-ground microbial community structure and 

diversity, our aim was to examine this relationship in two of complementary field studies. 

In the first experiment, we examined the influence of plant species diversity treatments on 

bulk and rhizosphere soil microbial community structure and diversity. To this end, we 

examined microbial communities in a former arable field transformed into fields naturally 

colonized by weeds or sown with high or low diversity seed mixtures (Van der Putten et al., 

2000; http://www.nioo.knaw.nl/CTO/CLUE/CLUE.HTM). Previous results based upon 

bacterial PCR-denaturing gradient gel electrophoresis (DGGE) and restriction fragment 
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length polymorphism (RFLP) analysis of clone libraries at this site suggested rhizosphere 

environments contained lower bacterial diversity than bulk soil, with plant diversity 

treatments having small but detectable effects on community structure (Kowalchuk et al., 

2002). 

In the present study, we sought to examine the extent to which plant species 

composition and plant community composition influence soil-borne microbial community 

structure and diversity. We hypothesized that selection by plant-derived substrates would 

result in lower diversity in rhizosphere samples as compared with bulk soil. We further 

hypothesized that rhizosphere communities associated with different plant species would 

contain disparate bacterial community structures. Likewise, we expected field treatments 

with different plant community compositions to differ in the bacterial communities 

inhabiting their collective rhizospheres. We hypothesized that no such relationships would 

be detectable for bulk soil communities. In order to test these hypotheses, we performed 

two complementary field experiments. The first experiment involved the systematic and 

detailed study of potential plant diversity treatment effects in the field experiment described 

above via sequence analysis of 16S rRNA gene libraries. The second experiment compared 

bacterial community size and structure in the rhizospheres of 12 native grassland plant 

species (Bezemer et al., 2006b) using quantitative real-time PCR and PCR-DGGE. In 

addition, similar molecular examinations were performed targeting the phyla Acidobacteria 

and Verrucomicrobia. These two representative phyla were chosen due to their high 

densities in these soil habitats and lack of previous knowledge concerning their distribution 

and importance. 

 

Materials and methods 

Environmental samples and DNA extraction 

All field experiments were conducted at a former arable field site located near Ede, the 

Netherlands (52o04’ N, 5o45’ E). This site was first used after the 1995 harvest season as an 

experimental field within the European project entitled Changing Land Usage: 

Enhancement of Biodiversity and Ecosystem Development (CLUE; see 

http://www.nioo.knaw.nl/CTO/CLUE/CLUE.HTM). The soil at the field is a loamy sand; 

detailed soil characterization are provided in van der Putten et al. (2000) and Kowalchuk et 

al. (2002).  

For the establishment of different plant diversity treatments (Experiment 1), the field 

was divided according to a randomized block design into 20 plots (10 m x10 m) with five 

replicates of four treatments: natural colonization by weeds (C), sown with low (L) or high 

(H) seed diversity, and an agricultural field cropped with maize until 1998, followed by 

natural colonization of weeds (M). The high diversity seed mixture contained 15 plant 

species, namely: Agrostis capillaris L., Anthoxanthum odoratum L., Festuca rubra L., 

Phleum pratense L., Poa pratensis L., Lotus corniculatus L., Trifolium arvense L., 

Trifolium dubium L., Trifolium pratense L., Vicia cracca L., Hypericum perforatum L., 
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Hypochaeris radicata L., Linaria vulgaris Mill., Plantago lanceolata L., Tanacetum 

vulgare L.. The low-diversity seed mix comprised a different  subset of four species (two 

grasses, one legume and one other forb) from the H mixture sown to each of the L plots, 

and the plot used in the cloning experiment reported here was sown with P. pratensis, F. 

rubra, V. cracca, and H. radicata. For the construction of 16S rRNA gene libraries, 

rhizosphere (R), and bulk soil (B) samples were collected from a single plot of each 

treatment in August of 2001, following the procedures described by Kowalchuk et al. 

(2002). Rhizosphere soil was defined as the soil adhering to roots after mild shaking. 

Rhizosphere samples were collected from all roots from a given sample, thus yielding 

“collective” rhizosphere samples including the rhizospheres of all plant species present in a 

given experimental plot. Bulk soil was taken from soil remaining after the removal of plant 

material. Diversity treatment plots were allowed to develop without weeding, with annual 

mowing, and a number of studies have examined vegetation dynamics and ecosystem 

development within these plots (e.g. Hedlund et al., 2003; Fukami, et al., 2005; Bezemer & 

van der Putten, 2007). Over time, the plant diversity treatments altered due to immigration 

and emigration of plant species. The natural colonization pots and the high diversity sown 

plots became the most species rich, whereas the plots sown with a low diversity seed 

mixture remain less diverse (Bezemer & van der Putten, 2007). The differences among the 

plant community treatments were mostly characterized by plant species with different trait 

characteristics (Fukami et al., 2005). 

For Experiment 2, twelve different plant species (six forbs, five grasses, one legume) 

that naturally occur within this field were chosen for the sampling of rhizospheres from 

individual plant species. A. capillaris, A. odoratum, B. media L., Festuca ovina L., Achillea 

millefolium L., P. lanceolata, and H. radicata were collected from small plots  (3 m × 3 m) 

sown in monoculture adjacent to the plots used in Experiment 1, with a 5-m buffer between 

these plots and the above experiment and a 1-m buffer between individual plant species 

plots (Bezemer, et al., 2006b). Holcus lanatus L., Senecio jacobaea L., Leucanthemum 

vulgare Lam., T. vulgare, and L. corniculatus L. plants were collected from various 

locations within the borders of the plots described above. 

Roots were separated and shaken to remove adhering soil. Roots were confirmed as 

originating from the given target plant species, and root pieces with their remaining 

adhering soil were cut and taken as a combined sample of rhizosphere and root surface 

(rhizoplane), further referred to as rhizosphere samples. Bulk soil was defined as a mixture 

of soils, free of roots, from the area where these 12 plant species were harvested. DNA was 

isolated from rhizosphere and bulk soil samples (250 mg wet weight) using the Ultra 

Clean™ DNA Isolation kit according to the manufacturer's specifications (MoBio 

Laboratories, Solana Beach, CA, USA). 
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Cloning and sequencing 

Universal bacterial primers pA and 1492r (Edwards et al., 1989) were used to 

amplify nearly complete 16S rRNA genes from bulk soil and rhizosphere samples from 

plots C, L, H and M. PCR products of appropriate size (c. 1500 bp) were purified using a 

PCR purification kit (Qiagen, Venlo, The Netherlands). Purified DNA was cloned into the 

pGEM-T vector (Promega, Leiden, the Netherlands) and transformed into Escherichia coli 

JM109 competent cells as per the manufacturer’s protocol. We randomly selected 96 clones 

from each sample for sequencing sequenced using the M13 forward and T7 reverse vector-

specific primers. 

 

Sequence analysis of the clone libraries 

Putative chimerical sequences were identified using both BELLOPHERON 

(Huber et al., 2004) and CHIMERA CHECK (Cole et al., 2005). Chimeras identified in 

both analyses were removed as well as sequences identified as having non-bacterial origins. 

After sequence quality checks, the sizes of libraries were as follows: CB=72 clones; CR=69 

clones; HB=72 clones; HR=57 clones; LB=72 clones; LR=68 clones; MB=72 clones; 

MR=63 clones. The M treatment was not suitable for comparisons of vegetation impacts on 

microbial communities due to its complex history, and was therefore excluded from 

individual libraries comparisons. The taxonomic hierarchy of the sequences in each of the 

library was determined using the RDP classifier tool with confidence levels of 50 % - 80 % 

(Cole et al., 2005). Libraries were also compared in pairs using RDP Library Comparing 

Tool. Comparison was performed on phylum level (for Proteobacteria on phylum and class 

level) with a confidence level of 50%. For further analyses, sequences were aligned using 

Clustal X interface (Thompson et al., 1997) and then adjusted manually. Using BIOEDIT 

(Hall, 1999), a similarity matrix was calculated and subsequently transformed to a 

presence-absence matrix. For the construction of the presence-absence matrix of sequence 

alignments and the estimation of species richness, operational taxonomic units (OTU) were 

defined at the 97 % sequence identity level. 

Similarities between libraries were calculated using the Steinhaus similarity matrix and 

further used for principal coordinate analysis (PCoA), using P. Legendre’s R package 

(Casgrain & Legendre, 2001). 

 

Species richness estimation and diversity 

All species richness and diversity index estimations were performed with 

EstimateS (Colwell, 2005). Each sequence was treated as a separate sample. One hundred 

randomizations were conducted for each test. From all groups poor-quality sequences and 

chimeras were removed. The same number of clones for pooled rhizosphere and bulk soil 

libraries analysis was used (256 sequences). For that analysis, sequences from plant-

specific libraries were also included. Diversity coverage was estimated by dividing the 

number of observed OTUs by species richness (Chao1). One-way ANOVA was used to 
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determine significance of differences between average coverage of bulk libraries and 

rhizosphere library using the STATISTICA 7 package. The comparison of coverage was 

based on post hoc analysis using Tukey’s HSD test.  

 

Bacterial PCR-DGGE 

For Acidobacteria and Verrucomicrobia community analyses from the 12 selected 

plant species described above, semi-nested PCR procedures were used. In the first step, the 

specific forward primers Acd31F or Ver53F were used for Acidobacteria- or 

Verrucomicrobia- specific amplification (Stevenson et al., 2004), respectively, in 

combination with the universal bacterial reverse primer 1378r (Heuer et al., 1997). 

Amplified fragments were used as template in the second PCR with rimers 968f-GC and 

1378r (Heuer et al., 1997) to amplify the V6-V8 region of 16S rRNA gene. All DGGE 

analyses used a D-Code Universal Mutation Detection System (Bio-Rad, Hercules, CA). 

The denaturating gradient was from 45 to 65% of the denaturant (100% denaturant is 

defined as 7 M urea and 40% (v/v) formamide). DGGE was performed with 0.5 × TAE 

buffer at 60oC (1 x TAE = 40 mM Tri-acetate, 20 mM sodium acetate, 1 mM EDTA, pH 

8.0). Electrophoresis was performed at voltage of 200 V for 15 min. followed by 60 V for 

an additional 16 h. Electrophoresis gels were stained with ethidium bromide and digital 

images captured using an ImaGo apparatus (Gentaur, Brussels, Belgium) upon UV 

transillumination. Three replicates from each of the 12 plant-specific rhizosphere samples 

were analyzed. DGGE profiles were compared using Pearson’s index, and dendrogram 

construction was performed using the Image Master Elite Database program (version 4.20) 

(Amersham Bioscience, Rosendaal, the Netherlands).  

 

Q-PCR 

For 16S rRNA gene copy quantification in the rhizophere of the 12 selected plant 

species, standards of known amounts of DNA were created. For this purpose, 16S rRNA 

genes from an environmental sample were amplified by PCR using primers pA-F and 

1492R and cloned into pGEM-T vector (Promega, Leiden, the Netherlands). Appropriate 

cloned inserts (i.e. belonging to the desired target group) were reamplified using primers 

SP6 and T7, and PCR products were purified using the QIA-quick PCR purification kit 

(Qiagen, Venlo, The Netherlands). DNA standard curves were created by producing a 

dilution series from 102 to 108 copies µl-1. For amplification of 16S rRNA gene fragments 

from Acidobacteria, Verrucomicrobia and from total bacteria, we used the following primer 

pairs: Acid31/Eub518, Ver51/Eub518 and Eub338/Eub518, respectively (Fierer et al., 

2005). Each 25 µL reaction contained 5 µl of template, 12.5 µl of ABsolute QPCR SYBR 

green 2 x reaction mix (AbGgene, Epsom, UK), 0.25 µL of each primer (30 µM), and 2.5 

µl bovine serum albumin (BSA; 10mg ml -1). All mixes were made using a CAS-1200 

pipetting robot (Corbett Research, Sydney, Australia). PCR conditions were described by 

Fierer et al. (2005) with the modification of annealing temperature in the case of 



Vegetation composition has minor impact on soil-borne microorganisms 

 45 

Verrucomicrobia to 60oC. PCR amplification and product quantification were performed 

using the Rotor-Gene 3000 (Corbett Research, Sydney, Australia). 16S rRNA gene copies 

were quantified against the standard curve using ROTOR-GENE 6 software (Corbett 

Research, Sydney, Australia).  

 

Statistical analysis of Q-PCR  

Statistical analyses of Q-PCR data were performed using the STATISTICA 7 

package. Normal distribution and homogeneity of variance were verified by testing 

residuals after model fit. One-way ANOVA was used to determine significance of 

differences between all soil samples. The comparison of soil samples was based on post hoc 

analysis using Tukey HSD. We used the Kruskal-Wallis test in the case of acidobacterial 

16S rRNA gene quantification and relative acidobacterial 16S rRNA gene abundance 

estimations. 

 

Nucleotide sequence accession numbers 

All 16S rRNA gene sequences described in this study have been deposited in the 

GenBank. Accession numbers for the sequences covering the 5’ end of the 16S rRNA gene 

are EF605615-EF606151, and sequences covering the 3’ end of the 16S rRNA gene are 

EF606152-EF606689.  

 

Results 

Plant diversity treatment experiment (Experiment 1)  

Effects on bacterial community structure.  

16S rRNA gene libraries were constructed from soil samples of former arable 

fields naturally colonized or sown with high- or low-diversity seed mixtures. From each 

field, both rhizosphere and bulk soil samples were examined. Using the RDP Classifier 

(Cole et al., 2005), the resulting sequences were placed into a taxonomic hierarchy. The 

relative abundances of the main phyla, as determined for the 50% confidence level, are 

presented in Figure 1. The most dominant bacterial groups detected using this taxonomic 

analysis were the Betaproteobacteria, Alphaproteobacteria, Bacteroides and Acidobacteria. 

These four taxa accounted for more than half of all sequences, varying between 55.6% for 

HR and 71.4% for LB soil.  
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Figure 1. 16S rRNA gene clone library compositions at the phylum level (class level for Proteobacteria) using the 

RDP Classifier tool with a 50% confidence level. The y-axis represents the abundance (%) of each taxon within a 

given library. CB, bulk soil 16S rRNA gene library from the field naturally colonized by crops (no. of clones = 

72); HB, bulk soil library from the field with high (no. of clones = 72) and LB with low plant diversity (no. of 

clones = 72); CR, rhizosphere library from the field naturally colonized by crops (no. of clones = 69); HR, 

rhizosphere library from the field with high (no. of clones = 57) and LR with low plant diversity (no. of clones = 

68). 

 

 

Using taxonomic affiliations at the family level and above, as predicted by the RDP 

Classifier, we performed pairwise library comparisons (Table 1). A number of significant 

differences were observed in the distributions of the various taxa across the different plant 

diversity treatments and upon comparisons of bulk vs. rhizosphere soils. The main 

differences were observed in the abundance of members of the phylum Proteobacteria, 

especially within the Alpha- and Betaproteobacteria, and the Acidobacteria. In general, 

representatives of the Betaproteobacteria, especially from the order Burkholderiales, were 

more abundant in the rhizosphere samples, whereas Alphaproteobacteria and Acidobacteria 

were more abundant in the bulk soil samples. 

 

 

 

 

 



Vegetation composition has minor impact on soil-borne microorganisms 

 47 

 

Table 1. Comparison of clone libraries at the Phylum, Class, Order and Family levels.  

 Clone library 

Clone  

library 
CB HB LB CR HR 

      

HB 

Proteobacteria* 

Alphaproteobacteria** 

Rhizobiales* 

        

LB 

Acidobacteria* 

Acidobacteria* 

Acidobacteriales* 

Acidobacteriaceae* 

Proteobacteria* 

none       

CR 
Alphaproteobacteria* 

Betaproteobacteria* 
none 

Proteobacteria* 

Betaproteobacteria* 

Comamonadaceae* 

Acidobacteria** 

Acidobacteria** 

Acidobacteriales** 

Acidobacteriaceae** 

    

HR Proteobacteria* none none 

Proteobacteria* 

Betaproteobacteria** 

Burkholderiales** 

Comamonadaceae* 

Incetae sedis 5* 

  

LR none 
Alphaproteobacteria* 

Rhizobiales* 

Acidobacteria* 

Acidobacteria* 

Acidobacteriales* 

Acidobacteriaceae* 

Betaproteobacteria*** 

Burkholderiales*** 

Comamonadaceae** 

none 

CB, natural colonization-bulk soil; LB, low diversity-bulk soil; HB, high diversity-bulk soil; CR, natural 

colonization-rhizosphere; LR, low diversity-rhizosphere; HR, high diversity-rhizosphere.  

* P<0.01, ** P<0.001, *** P<0.0001. Identity was determined using the RDP Classifier tool with a bootstrap 

value of  50%. 

 

 

Although the above conclusions are based upon a 50% confidence limit in the RDP 

Classifier, most of the observed trends were also found using a more stringent 80% 

confidence limit (Table 2). Using the 80% confidence level, a large fraction of the 

recovered sequences remained unclassified, and the percentage of unclassified sequences 

tended to be higher in bulk soil samples, ranging from 29% in the CB sample to 36% in the 

LB soil. Lowering the confidence level resulted in classifying most of the unknown 

sequences into the phylum Acidobacteria. These tentative affiliations were supported by 

phylogenetic analyses, which placed all predicted Acidobacteria sequences firmly within 

established Acidobacteria sequence clusters (Hugenholtz et al., 1998) (data not shown).  

Comparisons of phylum distribution between the summed rhizosphere vs. bulk 

libraries, examined at different RDP classifier confidence levels, showed significant 

differences for the Planctomycetes, Verrucomicrobia and Acidobacteria (Table 2). The 

former two phyla tended to be more represented in the rhizosphere samples (5% vs 0.8% 
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and 3.1% vs. 0.4%, respectively), whereas Acidobacteria-like sequences tended to be more 

represented in bulk soil samples (10.5% vs. 19.5%).  

Based on the Steinhaus similarity matrix of family level identifications, PCoA revealed 

a clear separation between rhizosphere and bulk soil samples. Both groups could be 

observed along the first axis of the ordination plot, which explained 42.7% of the observed 

variation (Figure 2).  

 

 

Table 2. Phylum-level (for Proteobacteria also on the class level) pair-wise differences between additive bulk soil 

vs. additive rhizosphere clone libraries. 

Bulk soil versus rhizosphere 

80% 70% 60% 50% 

Planctomycetes * Planctomycetes * Planctomycetes * Planctomycetes* 

Verrucomicrobia* Verrucomicrobia* Verrucomicrobia* Verrucomicrobia* 

   Acidobacteria* 

Comparison of pooled [natural colonization (C), low-diversity (L), high-diversity (H) and continued monoculture 

(M) libraries] rhizosphere vs. bulk soil libraries was performed using the RDP tool with the default threshold from 

50% to 80%. In total, bulk soil and rhizosphere libraries each contained 256 clones.  

P<0.01. 
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Figure 2. PCoA based on Steinhaus similarity between 16S rRNA gene libraries from soil samples. Libraries were 

derived from former arable fields undergoing natural colonization, CR = rhizosphere (69 clones) and CB = bulk 

(72 clones); subjected to a low plant diversity sowing treatment, LR = rhizosphere (68 clones) and LB = bulk (72 

clones); and subjected to a high plant diversity sowing treatment, HR = rhizosphere (57 clones) and HB = bulk (72 

clones). 
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Effects on bacterial diversity.  

The majority of recovered clones represented unique OTU’s at the 97% sequence 

identity level, and total library coverage tended to be low. Species richness was compared 

between the six individual libraries, as well as between pooled rhizosphere and bulk soil 

libraries (Table 3). Although we deemed the M treatment not suitable for comparisons of 

vegetation impacts on microbial communities due to its complex history (see ‘Material and 

Methods’), the fact that these were handled in an identical fashion to other libraries allowed 

us to include these data in total comparisons between rhizosphere and bulk soil samples. 

Between 53 (HR) and 67 (HB) OTUs were identified among all screened clones from 

individual libraries (Table 3). In pair-wise comparisons between rhizosphere and bulk soils, 

bulk soil samples contained a significantly higher 16S rRNA gene diversity, as reflected in 

the lower OTU coverage in the bulk soil, as well as higher Chao1 richness estimations (P= 

0.03). Pooled rhizosphere and bulk libraries (in total 256 sequences for each soil 

compartment) showed no difference in total diversity, with 198 (rhizosphere) vs. 209 (bulk) 

OTUs detected per soil compartment, and Chao1 richness estimations of 866 (± 179) and 

804 (± 158), respectively. 

 

Table 3. Comparison of all screened clones for each library including number of screened clones, number of 

identified different OTUs, estimated diversity (Shannon diversity index), estimated OTUs richness (Chao1 index) 

and estimated diversity coverage.  

Coverage was estimated by dividing the number of observed OTUs by estimated species richness (Chao1) x 100. 

CB, natural colonization-bulk soil; LB, low- diversity bulk soil; HB, high-diversity bulk soil; CR, natural 

colonization rhizosphere; LR, low-diversity rhizosphere; HR, high-diversity rhizosphere; B, total bulk soil clones; 

R, total rhizosphere clones. 

 

 

 

 

Sample No. of clones No. of OTUs 
Diversity 

(Shannon Index) 

Species richness 

(Chao 1) 
Coverage (%) 

      

LB 70 65  2018 ± 766 3.2% 

LR 67 63  405 ± 140 15.6% 

HB 70 67  1107 ± 410 6.1% 

HR 57 53  288 ± 103 18.4% 

CB 70 66  717 ± 259 9.2% 

CR 69 56  498 ± 190 11.2% 

Average B 70 66  1281 6.1% 

Average R 64 57  397 15.1% 

R 256 198 4.67 ± 0.06 866 ± 179 22.9% 

B 256 209 4.79 ± 0.05 804 ± 158 26.0% 
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Comparison of rhizosphere bacterial communities from different plant species 

(Experiment 2) 

Effects on bacterial community structure. 

 The bacterial community profiles of 12 different late-successional plant species 

yielded highly consistent banding patterns across all samples, regardless of soil 

compartment or plant species, although the H. radicata rhizosphere pattern did yield a 

conspicuous unique band (see Appendix Figure A1). Cluster analysis of bacterial PCR-

DGGE banding patterns did not show any large differences between samples with respect 

to plant species or soil compartment (data not shown). 

To gain further insight into these potential plant species effects on rhizosphere bacteria, 

phylum-specific profiling strategies were applied, for the Acidobacteria and 

Verrucomicrobia. These phyla were chosen due to their widespread occurrence in soil 

systems (Hugenholtz et al., 1998) and the fact that their distributions were observed to 

relate to bulk vs. rhizosphere soil compartment distinctions (Table 2). Some differences 

were observed for Acidobacteria profiles, although these were generally confined to 

differences in the intensities of the detected bands, with most bands occurring across all 

samples (see Appendix Figure A2). For all samples examined, Verrucomicrobia banding 

patterns were dominated by two strong bands (see Appendix Figure A3). In total, only 

minor differences were observed in bacterial rhizosphere communities in response to 

different plant species, and this appeared to be the case both for total bacterial communities, 

as well as within the phyla Acidobacteria and Verrucomicrobia.   

 

Effects on community size. 

ANOVA analyses were carried out on Q-PCR data targeting 16S rRNA gene 

abundances for total bacteria, as well as members of the phyla Acidobacteria and 

Verrucomicrobia. These analyses showed significant differences (P <0.001) between 

different soil samples (rhizosphere from some specific plant species vs. bulk soil; Table 4).  

 

Table 4. Univariate tests for significance from ANOVA analysis for five bacteria quantification experiments. 

Experiment Factor d.f. F P 

Relative Verrucomicrobia abundance Plant species 12 9.74 < 0.001 

Relative Acidobacteria abundance  12 4.39 < 0.001 

Total (16S rRNA gene copies per g soil  12 3.67 < 0.001 

 

 

However, the total number of 16S rRNA gene copies was generally rather similar 

for most of the soil samples tested (Figure 3A). The highest number of copies was detected 

in the rhizosphere of B. media, and this sample differed significantly from the samples 

collected from the rhizospheres of L. corniculatus and L. vulgare, where 16S rRNA gene 

copy numbers were lowest. The proportions of the bacterial community that could be 
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attributed to the phyla Acidobacteria and Verrucomicrobia, as based upon 16S rRNA gene 

copy detection, also varied between different soils samples (Figure 3B and 3C, 

respectively). Acidobacteria, which have been observed to be highly abundant in soils, 

accounted for between 7% and 30% of the total bacterial signal, from the L. corniculatus 

rhizosphere and bulk soil samples, respectively. Although the highest Acidobacteria 16S 

rRNA gene content was observed in the bulk soil, the overall abundance of Acidobacteria 

gene copies was not statistically different from most rhizosphere soils tested. 

Verrucomicrobia represented from 2% of the total signal in the case of L. corniculatus to 

8% in the case of T. vulgare. 
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Figure 3. Abundance of total bacterial (A) 16S rRNA copy numbers for the rhizosphere of each of 12 plant 

species as estimated by Q-PCR assays, and the relative abundance of Acidobacteria (B) and Verrucomicrobia (C) 

expressed as a proportion of the total estimated eubacterial 16S rRNA gene copy number. Error bars represent the 

SEs of the mean for each of three replicates. Letters within a graph refer to significantly (P < 0.05) different 

averages based upon a Tukey’s HSD test and Kruskal-Wallis test in the cases of acidobacterial 16S rRNA gene 

quantification and relative acidobacterial 16S rRNA gene abundance. 
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Discussion 

Plant diversity treatment experiment (Experiment 1) 

Numerous studies have addressed the influence of plant species diversity and plant 

community composition on ecosystem productivity, resilience and development (Tilman et 

al., 1997; Van der Putten et al., 2000; Loreau et al., 2001). Implicit in such studies is that 

below-ground communities, and their feedback to above-ground vegetation, are also 

affected by vegetation treatments. However, this hypothesized relationship between plant 

communities and below-ground microbial community structure and diversity has rarely 

been addressed (Waldrop et al., 2006).  

Contrary to our hypothesis that below-ground bacterial community structure and 

diversity would be influenced by plant diversity treatments, we found no such relationship 

as determined by 16S rRNA gene clone libraries. We did observe an influence of plants on 

microbial diversity, as diversity in the rhizosphere was lower than observed for bulk soil 

samples. However, this ‘rhizosphere effect’ was independent of the plant diversity 

treatment. In this study, we examined mixed rhizosphere samples associated with all the 

plant species present in a given field. We hypothesized that the increased habitat 

heterogeneity associated with more diverse collective rhizosphere samples (i.e. derived 

from the natural colonization or high-diversity sowing treatments) would result in an 

increased number of microbial niches and therefore higher bacterial diversity. This 

hypothesis was clearly not supported. Although bacterial diversity was significantly lower 

in rhizosphere samples, pooled rhizosphere and bulk libraries, combining all field 

treatments, yielded similar levels of total bacterial diversity. The lower apparent overlap of 

OTUs across rhizosphere samples, exemplified by the more additive nature of the 

diversities recovered in the separate R libraries, would suggest that the rhizosphere libraries 

were more disparate than bulk soil libraries. This disparity was however, not clearly 

detected via family-level library comparisons or PCR-DGGE profiling approaches (see 

below). 

When comparing the compositions of the 16S rRNA gene libraries recovered from our 

field experimental plots, the relation to the plant (i.e. rhizosphere vs. bulk soil) appeared to 

be a greater determinant of bacterial community structure than the plant diversity treatment 

(Figure 2). Also, when comparing the distribution of family-level taxa and higher, the most 

significant differences were seen for rhizosphere vs. bulk soil library comparisons (Table 1). 

While some differences were observed between plant diversity treatments, the most 

pronounced trends with respect to Planctomyces, Acidobacteria and Verrucomicrobia held 

across the comparison of pooled rhizosphere vs. bulk soil libraries (Table 2). The 

Acidobacteria in particular were highly represented in bulk soil libraries, which is 

consistent with recent observations by Sanguin et al. (2006).  

Thus, also with respect to bacterial community structure, the soil compartment 

appeared to be of far more importance than vegetation composition. In a previous RFLP 

analysis of bacterial 16S rRNA gene libraries, Kowalchuk et al. (2002) found a similar 
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distinction between rhizosphere vs. bulk soil samples, in terms of both diversity as well as 

community structure determined by bacterial PCR-DGGE. However, this previous 

examination, which used these same fields at a younger stage of development, also found a 

modest plant diversity treatment effect on diversity and community structure. These 

differences might be attributed to the coarse method of OTU determination in this previous 

study or might indeed reflect changes that have occurred in the 4 years between these two 

studies (Fukami et al., 2005).  

 

Effects of plant species on soil-borne microbial community size and structure 

(Experiment 2) 

As no clear effects of plant diversity treatments could be observed in the 

comparisons of collective rhizosphere samples, we decided to examine the impacts of 

individual plant species. However, in the comparison of rhizosphere bacterial community 

profiles across 12 typical grassland plant species belonging to several plant functional 

groups, we observed little influence of plant species. Given the relatively low resolution of 

such broad bacterial analyses, we opted to zoom in on two phyla that appeared to be 

influenced by soil compartment in the clone library experiment, namely the Acidobacteria 

and Verrucomicrobia. Similar to total bacterial analyses, we again found little evidence of 

plant species effects. Q-PCR results designed to estimate the relative abundance of bacteria, 

as well as these two specific phyla, also revealed few plant species-specific trends. In 

support of the trends observed in the clone library experiment, Q-PCR results also tended to 

show a larger proportion of Acidobacteria in bulk soil, with a reverse trend observed for 

Verrucomicrobia. 

 

Lack of detectable vegetation effects on bacterial communities in the rhizosphere  

In both of the experiments, plant species composition appeared to have little effect 

on the diversity, structure or size of associated rhizosphere bacterial communities. These 

results contrast with the findings of other studies of agricultural fields that have examined 

the role of vegetation composition on microbial communities, where strong plant species 

effects were observed (Miethling et al., 2000; Smalla et al., 2001; Marschner et al., 2004). 

One explanation for this discrepancy could be that we also harvested bulk soil in our 

rhizosphere sampling efforts. This explanation can be discounted, however, as similar 

community analyses performed on independently recovered rhizoplane samples yielded 

essentially the same results (data not shown).  

In addition to plant species effects, soil history has also been demonstrated to have an 

important influence on the structuring of rhizosphere communities in grassland ecosystems 

(Kent & Triplett, 2002). The field site used in our experiments was taken out of agricultural 

production after the autumn harvest in 1995, prior to its use in a block design experiment to 

examine the impact of high- and low-diversity sowing treatments vs. natural colonization 

and continued monoculture production on ecosystem development (Van der Putten et al., 
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2000). These treatments have resulted in highly disparate vegetations, with subsequent 

influence on plant colonization and gastropod diversity (Bezemer et al., 2006a; Dedov et al., 

2006; Bezemer & van der Putten, 2007). However, these ecosystem developments have had 

little detectable effect on broad-scale assessments of associated microbial and soil 

properties (Maly et al., 2000; Kowalchuk et al., 2002). Our observations are consistent with 

Buckley and Schmidt (2003), who found that a field history of intensive agriculture was 

clearly visible within microbial community properties, even 9 years after stopping 

production. In their study, microbial communities from soils that had never been cultivated 

were clearly different, and fields required in excess of 45 years posttillage to approach 

microbial community structures more indicative of the nonagricultural controls. Similarly, 

Van der Wal et al. (2006) observed that the microbial community structure of fields taken 

out of production for over 30 years did not resemble those of target field soils supporting 

heather vegetation. Also Garbeva et al. (2006) observed that microbial community structure 

of fields that had been taken out of production 4 years earlier remained highly similar to 

fields still under active cultivation.  

Although some studies have revealed clear selection of plant-specific rhizosphere 

communities (Germida et al., 1998; Smalla et al., 2001; Kowalchuk et al., 2002; Costa et 

al., 2006), other authors have failed to detect such relationships. For instance, Buyer et al. 

(1999) did not observe differences in the microbial communities of the rhizospheres of 

different plant species (corn, cucumber, radish, soybean, and sunflower) growing in the 

same soil (Buyer et al., 1999). Also, de Ridder-Duine et al. (2005) observed that soil 

characteristics were more important than the rhizosphere effect across numerous soils 

vegetated by Carex arenaria. Several explanations have been raised as to why it might be 

the case that some soils are less predisposed to revealing rhizosphere effects, or more prone 

to retaining their agricultural histories. Ulrich et al. (2006) recently stressed the importance 

of soil parent material in determining the shape of microbial community structure. There 

have also been several studies suggesting the importance of soil physical and chemical 

characteristics such as texture (Groffman et al., 1996; Johnson et al., 2003) or moisture 

(Lundquist et al., 1999; Schimel et al., 1999) as the main determining factors of bacterial 

community structure. 

In the present study, no detectable changes in soil-borne microbial diversity and 

community structure were observed in response to the different imposed vegetation 

treatments. Although plant roots do, in general, influence microbial community 

composition and diversity in the adjacent soil compartment (i.e. rhizosphere), the associated 

field-history of intensive agricultural practice or dominant soil physico-chemical factors 

may subdue the level of plantspecies effects. 
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