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Rhizosphere bacterial communities  
associated with insect root herbivory of an 

invasive plant, Euphorbia esula/virgata

A.J. Caesar1 and T. Caesar-Ton That2

Summary

The invasive perennial plant of Eurasian origin, Euphorbia esula/virgata, has been successfully con-
trolled over large areas in North America with a synergism between larvae of Aphthona spp. and 
soilborne plant pathogens. However, a multitude of sites is not yet under control. Studies are needed 
on how flea beetle root herbivory may alter the microbial ecology of the rhizosphere of E. esula/vir-
gata and how the resulting rhizosphere community may affect the synergism. Studies were under-
taken at Theodore Roosevelt National Park from 2001 to 2003 to identify the predominant culturable 
prokaryotic species found in the rhizospheres of E. esula/virgata. The hypothesis was that distinct 
rhizosphere communities of E. esula/virgata would be associated with root herbivory by the flea 
beetle Aphthona compared with rhizospheres of E. esula/virgata from stands without insect presence. 
Stands with and without resident populations of Aphthona spp. were assayed by spiral plating root 
washes of E. esula/virgata and selecting colonies from the most dilute portion of the spiral (deemed as 
predominant). Gas chromatographic analysis of fatty acid methyl ester was performed on the resulting 
pure cultures to identify the isolates and further characterize community structures using principal 
component analysis. Pseudomonas syringae van Hall, Pseudomonas cichorii (Swingle) Stapp, Er-
winia chrysanthemii Burkholder, all plant pathogens, were associated exclusively with herbivory by  
Aphthona flea beetles. Conversely, Variovorax Willems et al. 1991 and Aquaspirillum Hylemon  
et al. 1973 spp. were a greater proportion of predominant species from roots without Aphthona present. 
There were also differences in the occurrence of the root pathogen antagonistic Pantoea agglomerans 
Gavini et al. 1989 and Stenotrophomonas maltophilia (Hugh 1981) Palleroni and Bradbury 1993.

Keywords:  synergism, trophic interactions, plant pathogens, soilborne, microbial  
ecology.

Introduction
Biological control of plant species of Eurasian origin 
that are invasive in North American has resulted in con-
siderable success in reducing population densities of 
several species. One such success concerns the deep-
rooted perennial Euphorbia esula/virgata, regarded as 
a fully achieved case of biological control of an inva-
sive plant species. However, the proportion of impacted  
sites amongst all infested locations has remained at ca 
33% (Caesar, 2003; Kalischuk et al., 2004; Hodur et 
al., 2006). Successful biological control of leafy spurge, 

characterized by rapid reductions in stand density, is 
caused by insect/plant pathogen synergisms (Caesar, 
2003). Given that the mechanisms driving the success-
ful biological control include soilborne microbes such as 
plant pathogenic Fusarium spp. Link ex Gray, Rhizocto-
nia solani Kuhn and other fungi, possible explanations 
for the prevalence of unimpacted sites, despite establish-
ment of insect root herbivores, may also be microbial in 
nature. This aspect has not been investigated previously. 
It has been increasingly accepted within the field of 
biological control that microbial interactions are a con-
siderable, significant factor in the biological control of 
invasive plants (Bacher et al., 2002; Lym and Carlson, 
2002; Sing et al., 2005; Butler et al., 2006). This com-
plements a large body of literature showing that exotic 
plant invasion is both affected by and affects the soil mi-
crobial ecology (Belnap and Phillips, 2001; Ehrenfeld  
et al., 2001; Ehrenfeld, 2003; Kourtev et al., 2002, 2003), 
including effects on plant succession (Van der Putten  
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et al., 1993; Bever et al., 1997). There are also indica-
tions that the process of biological control with root her-
bivore and soilborne microbes, which can be viewed as 
an accelerated form of negative feedback (Caesar, 2005), 
may affect patterns of succession following E. esula/vir-
gata (Butler et al., 2006). These documented interactions 
between plants and soil microbes and amongst plants, 
root herbivores and microbial synergists thus have great 
implications for biological control, plant succession and 
restoration of native plant communities. Several ques-
tions arise from this body of findings. Concerning the ef-
fects of biological control, these include the following:

Is there any as sociation between insect (Aphthona 
spp.) damage to roots of E. esula/virgata and pre-
dominant culturable prokaryote species? Is the lack 
of stand reduction despite the establishment of in-
sect root herbivores as biological control agents 
attributable to microbial factors other than plant 
pathogens?
What alternatives are available when large numbers 
of infestations remain unaffected by the most suc-
cessful agents and can the percentage of impacted 
sites be increased through microbial means?
How is microbial negative feedback (the accumu-
lation of deleterious microbes in response to indi-
vidual plant species), shown in a number of cases 
with invasive plants, manifested in the predominant 
microbial species that occur in response to insect 
damage?

How does insect damage to roots of the invasive 
perennial E. esula/virgata affect the structure of 
prokaryotic microbial communities compared 
with roots of plants from populations with little 
or no insect presence?
Do the predominant or prevailing culturable bac-
teria and actinomycetes from the rhizospheres of 
populations of E. esula/virgata with insect ac-
tivity act as antagonists to plant pathogens or as 
low-level plant pathogens?

No previous study has sought to examine effects of 
root herbivory on the prokaryotic rhizosphere commu-
nity in relation to biological control of the plant host. 
Thus, the objectives of this study were to assess com-
munities of culturable prokaryotes associated with rhi-
zospheres of E. esula/virgata at sites with heavy flea 
beetle activity and compare with such communities oc-
curring at locations with no detectable insect activity. 
We sought to examine and discuss the implications of 
any trends that the presence of specific bacteria might 
be indicative of. For example, the presence of certain 
Erwinia spp. would be indicative of soft rot. We hy-
pothesized that prokaryotic rhizosphere communities 
from populations of the invasive plant E. esula/virgata 
that were damaged by larvae of the flea beetles Aph-
thona nigriscutis Foudras and/or A. lacertosa (Rosen-
hauer) would exhibit considerable distinctions from 
rhizosphere microbial communities associated with 

1.

2.

3.

a.

b.

populations without Aphthona flea beetle activity. It 
was surmised that identification of prokaryotes present 
in the highest numbers would be of critical interest to 
elucidate their possible role and mode of action in rela-
tion to biological control.

Previous studies by the senior author have shown 
the effects of fungi that were found in insect-damaged 
root tissue of such invasive species as E. esula/virgata, 
Acroptilon repens (L.) DC and Centaurea maculosa 
Lam. But few previous studies have attempted to iden-
tify prominent or predominant members of the pro-
karyotic microflora in response to exotic plant invasion 
and establishment.

Materials and methods
Sites within the Theodore Roosevelt National Park in 
North Dakota, United States, with infestations of E. 
esula/virgata under observation since 1992 were se-
lected for sampling based on the presence or absence of 
adult flea beetles on the stand, the former status being 
an indicator of larval attack on the roots earlier in the 
season, as confirmed by examining roots in work pre-
liminary and subsequent to the work described herein. 
Five plants within each sampled stand, which ranged in 
size from, were selected haphazardly for rhizosphere 
soil samples but were usually 0.5–1 m from the edge of 
a given stand. Stands ranged in size from 0.2 to 1.2 ha. 
Three soil cores of 20 cm in diameter to a depth of ca 
15 cm containing roots of leafy spurge were taken from 
around each of the plants. In the laboratory, spurge 
roots were identified, removed from soil cores and 
transferred to plastic bags (90 × 160 mm; Intersciences 
Laboratories, Weymouth, MA) containing 9 ml of pH 7 
phosphate buffer and subjected to 1 minute of agitation 
with a Stomacher 80 (Seward Medical, London, UK). 
Soil suspensions were plated on 0.3% tryptic soy broth 
agar (TSBA) medium in triplicate using a spiral plater 
(Don Whitley Scientific, West Yorkshire, UK). A spiral 
plating method to serially dilute rhizosphere soil was 
used to afford a non-random means of selecting colo-
nies from the most dilute portion of the spiral. Plates 
were incubated at 20–28°C for 3–5 days. Five bacterial 
colonies found at the end of each spiral were collected 
from each plate and thus represented the predominant 
E. esula/virgata rhizosphere bacteria for each sampled 
site (Caesar-TonThat et al., 2007). For identification of 
isolates, fatty acid methyl ester (FAME) profiles were 
obtained. FAME profiles are routinely used to identify 
genera, species and strains of bacteria (Cavigelli et al., 
1995; Ibekwe and Kennedy, 1999). In our case, FAMEs 
were used both as the basis of identification of isolates 
and further afforded the analysis of intraspecific differ-
ences amongst isolates or amongst unidentified isolates 
with similar taxonomic affinities. FAMEs were obtained 
by saponification, methylation and extraction follow-
ing the MIDI system (Microbial Identification System; 
Microbial ID, Newark, NJ). MIDI Microbial Identifi-
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cation Software (Sherlock TSBA50 Library; Microbial 
ID) was used to identify the isolates. Stenotrophomonas 
maltophilia (ATCC 13637) was used as a reference. 
Only strains with a similarity index (SIM) of 0.300 
were considered a good match (Siciliano and Germida, 
1999; Oka et al., 2000). Non-matched isolates were 
considered conclusively analysed if the percentage of 
their named peaks was >85%, although they were not 
assigned identification because of lack of information 
in MIDI Aerobic Bacteria Library TSBA50. Therefore, 
they were included in all analyses. The FAME struc-
tural classes were categorized into saturated straight-
chain fatty acids, branched straight-chain fatty acids, 
monounsaturated fatty acids and hydroxyl fatty acids. 
These classes were used as indicators for particular 
groups of microorganisms (Zelles et al., 1992; Larkin, 
2003). The proportion of fatty acid structural classes 
(expressed in percentage of total fatty acids) were com-
bined from bacterial isolates belonging to a same spe-
cies or to the same genus (in the case of Pseudomonas 
spp.), and mean values were compared amongst the 
groups of species. Principal component analysis (PCA) 
was performed on community FAME data from differ-
ent treatments (locations with or without insects). The 
FAME profiles of bacterial isolates were compared by 
PCA using JMP v6 (SAS, Cary, NC)

The objectives of the present study were to elucidate 
the bacterial community structure associated with in-
sect herbivory of an exotic, invasive species. Previous 
studies have focused on key soilborne fungi that are as-
sociated with herbivory that have been attributed with 
causing biological control of invasive plants (Caesar, 
2003).

Although there have been studies on above-ground 
herbivory and soil biodiversity, on the effects of in-
vasive species on soil microbial community structure 
and on the effects of above-ground herbivory on plant 
invasion (Maron and Vila, 2001), few studies have ex-
amined the effects of root herbivory and rhizosphere 
microbial community structure. The epicenter of inva-
siveness may be the rhizosphere interactions amongst 
plants, microbes and root herbivores. Understanding 
the effects of specific soil biota can be useful to make 
predictions about the relative importance of soil organ-
isms in the invasion process, the rate at which stand 
reductions occur and the likelihood of successful resto-
ration of native plant communities following success-
ful biological control.

The approach taken here of focusing on culturable 
bacteria is justified on several grounds. Many, if not 
most of the important parameters that relate to soil and 
plant health, such as nitrogen cycling, mineralization 
and soil structure (aggregation, porosity for water hold-
ing capacity and respiration), can at present be linked 
exclusively to culturable soil bacteria. Of the soil 
microbes known to contribute to such important soil 
processes as the control of plant diseases, insects and 
weed pests; beneficial symbiotic associations between 

bacteria and plants; the recycling of plant nutrients; 
and the maintenance of soil structure, all are cultur-
able microbes (Caesar-TonThat et al., 2007). Although 
other species clearly may also play prominent roles in 
soil biology, the development of tools for assessing the 
phenotypes and thus the functional role(s) of such mi-
crobes is still at a nascent stage (Liu et al., 2006). Also, 
sheer numbers of organisms are a likely indicator of 
key roles they play in any ecological realm, thus isola-
tion and study of the bacterial species present at the 
highest population levels (which we have deemed pre-
dominant) should be the point of departure in assessing 
the significance of rhizosphere community composi-
tion in relation to insect herbivory or herbicide applica-
tion, for example.

Results and discussion
There were large differences in the composition of 
the predominant Gram-negative rhizosphere bacteria 
based on the presence or absence of the root-attacking 
(as larvae) species A. nigriscutis and A. lacertosa, in 
each of the 3 years of this study (Figs. 1–4 and Tables 
1–3). Particularly striking were the percent differences, 
based on the presence or absence of the insects, of such 
plant pathogenic species as Pseudomonas syringae van 
Hall, Pseudomonas cichorii (Swingle) Stapp and Er-
winia chrysanthemi, Burkholder, all found either ex-
clusively or with greater frequency in rhizospheres of 
E. esula/virgata with Aphthona spp. present.

Bacteria such as Stenotrophomonas spp. Palleroni 
and Bradbury 1993, Pseudomonas chlororaphis Guig-
nard and Sauvageau 1894 and Pantoea agglomerans 
Gavini et al. 1989, with implications for possibly pro-
tecting the plant from the more lethal fungal root in-
fections (which are operative as a key factor for rapid 
E. esula/virgata stand mortality), were present in both 
Aphthona-populated sites and sites lacking the flea 
beetle. However, S. maltophilia (Hugh, 1981) Pal-
leroni and Bradbury 1993 was consistently found as a 
predominant species with much greater frequency in 
Aphthona-populated sites. These sites remained static 
in regard to stand density throughout the interval of 
the study (data not shown). Despite apparent insect  
damage-based stimulation of overall microbial biomass, 
Stenotrophomonas spp., well-known as antagonistic to 
plant pathogens, was most favored. There were also 
Gram-positive bacteria that have shown a capacity in 
combination with insects to reduce biomass of E. esula/
virgata (Caesar and Kremer, 2008). Spurge infestations 
with both of these characteristics have persisted well 
after other infestations of E. esula/virgata have been 
dramatically reduced in density at TRNP. This may in-
dicate that the complexity of the microbial community 
may contribute to pre-empting or antagonizing the in-
sect/plant pathogen synergisms that cause more rapid 
stand reductions in biological control of this highly  
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aggressive, deep-rooted perennial invasive plant. Per-
taining to complexity, some studies have indicated that 
soil microbial complexity is associated with control of 
the soilborne plant pathogen Rhizoctonia solani (Gar-
beva et al., 2006), and others have found no such as-
sociation per se (Hiddink et al., 2005). Neither study 

could identify specific components of the respective 
communities, so it is difficult to assess the underlying 
basis for the differing findings. Thus, our approach,  
although not as comprehensive as culture-independent  
methods of assessing the entire community nonetheless 
permits the identification of culturable species occurring  

Figure 2. PCA of the rhizosphere community structure of predominant bacteria in relation 
to herbivory by Aphthona spp. Cumulative data from stands of four sites: (○) two 
sites with and (×) two sites without the insect, 2002.

Figure 1. PCA of the rhizosphere community structure of predominant bacteria in relation 
to herbivory by Aphthona spp. Cumulative data from stands of four sites: (●) two 
sites with and (×) two sites without the insect, 2001. 
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Figure 3. PCA of the rhizosphere community structure of predominant bacteria in relation 
to herbivory by Aphthona spp. Cumulative data from stands of four sites: (□) two 
sites with and (×) two sites without the insect, 2003.

Figure 4. PCA of the rhizosphere community structure of predominant bacteria in relation 
to herbivory by Aphthona spp. Cumulative data from stands of four sites: (●) two 
sites with and (×) two sites without the insect, 2003. The ellipses indicate pseu-
domonad and enteric groupings, wherein some groupings were nearly exclusive 
to rhizospheres of stands without Aphthona (enterics and Pseudomonas chloro-
raphis), whereas other groupings were mixed but with some evident phenotypic 
distinctions and differences in numbers (pseudomonads).
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at the highest population levels in the rhizospheres of 
E. esula/virgata. We propose that complexity within 
such functional groups as those that contain pathogen- 
antagonistic or plant-beneficial strains, rather than over-
all diversity, may be more pertinent to such analyses. 
Previous studies have indicated that cultural methods 
track the results obtained through culture-independent 
methods (Garbeva et al., 2006).

Work by others suggests that biological control in-
sects themselves may not be the prime factors in bio-

logical control-based stand reductions (Larson and 
Grace, 2004), indicating that soil microbes have a great 
effect on whether biological control ultimately results 
in stand reductions or in a static state of target species 
density. The alterations in soil microbial community 
structure also have strong implications for the possibil-
ity of restoration of native plant communities. Analyses  
of Gram-positive rhizosphere bacterial communities, 
which contain isolates shown to cause 28–65% reduc-
tions in the biomass of E. esula/virgata (Caesar and 
Kremer, 2008) associated with Aphthona spp. herbiv-
ory were the subject of a companion study intended to 
be published separately.
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