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Bacterial communities associated with a flea 
beetle used for the biological control of the 

perennial weed Euphorbia esula/virgata

Anthony Caesar1 and R. J. Kremer2

Summary

Using insects principally to control invasive exotic plant species has left 30–50 per cent of all treated
sites without impact 10–15 years after insect release. To understand factors possibly affecting the docu-
mented need for synergistic interaction of the insects with plant pathogens to cause rapid weed
mortality, predominant bacteria associated with the flea beetle Aphthona flava, released to control
Euphorbia esula/virgata in western North America, were isolated and identified by analysis of
extracted fatty acid methyl esters (GC-FAME). Two Euphorbia-infested sites with differing levels of
impact, 8–10 years after insect release, were sampled. One exhibited rapid, sweeping declines in
Euphorbia density (Knudsen Creek) and the other showed little effect on weed density despite fairly
high Aphthona populations (Cottonwood). Predominant colony types from 20 live Aphthona adults
from each site were isolated by serial dilution and plating on 0.3 % tryptic soy broth agar and KB agar.
Predominant colony types were selected from each medium and further streaked onto both media. The
predominant colony types from each adult were further cultured for the GC-FAME protocol. Using
identification confidence levels of at least 0.650, at the Knudsen Creek site, seven of 20 colonies were
Bacillus cereus, four were coryneform species: Cellulomonas, Corynebacterium, Arthrobacter and
Microbacterium and others species identified were Bacillus thuringiensis, Pseudomonas putida, and
Burkholderia cepacia. Many of these species are known to produce pectinase or cellulase or are low-
level plant pathogens. Species from the Cottonwood site were more diverse, including some associated
with biocontrol of soilborne plant pathogens: Stenotrophomonas maltophilia, Pseudomonas chlorora-
phis and P. putida. 

Keywords: Aphthona, insect–pathogen interactions, flea beetle, pathogenic bacteria, 
Euphorbia esula/virgata.

Introduction
There has been an increasing interest in insect–path-
ogen interactions (Caesar 2000, Hatcher & Paul 2001)
and recognition of the role of such interactions in
biocontrol confirmed by recent studies (Martin & Dale
2001, Caesar 2003). The hypothesis addressed in this
work is whether the degree of biocontrol activity of the
flea beetle Aphthona flava on the perennial invasive

prairie plant, Euphorbia esula L. (leafy spurge), is asso-
ciated with traits within members of the bacterial
community vectored by the beetle. As shown in
previous studies, the Aphthona beetle typically insti-
gates a synergistic interaction with soil-borne plant
pathogens such as Fusarium spp., Rhizoctonia spp. and
Pythium spp., which leads to successful biocontrol of E.
esula (Caesar 2000, 2003). The larvae of the flea beetle
injure roots of plants by feeding, providing paths of
ingress by plant pathogenic fungi.

The initial thrust of the work was to examine bacte-
rial isolates for hydrolytic enzyme production to deter-
mine whether there were trends in enzyme spectra
among isolates from beetles recovered at a successful
biocontrol site at Knudson Creek, Theodore Roosevelt
National Park, North Dakota, USA versus isolates from
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a less-successful release site (referred to as Cotton-
wood). Hydrolytic enzymes were chosen as the traits of
interest because of their potential for increasing plant
tissue damage as well as conversely acting against soil-
borne pathogens through lysis of fungal hyphae.

Another objective of the study was to assess bacte-
rial isolates for hydrolytic enzyme production to deter-
mine whether certain isolates vectored by the flea
beetle might be minor pathogens. Previous studies by
Kremer have documented deleterious rhizobacteria that
can damage E. esula (Kremer & Kennedy 1996).

Materials and methods

Hydrolytic enzyme activities were tested using
published methods. Filter sterilized solutions of 0.25%
p-nitrophenyl ß-D-glucopyranoside (pNBG) (Sigma
Chemical Co., St Louis MO) (Fahey & Hayward 1983)
and 0.25% p-nitrophenyl ß-D mannopyranoside
(pNMP) (Sigma Chemical Co., St Louis MO), in pH 7
phosphate buffer were dispensed into sterile 96-well
microtitre dishes to give 150–200 µL per well. Bacterial
isolates were seeded into the wells and plates were
wrapped loosely, but thoroughly, with plastic wrap and
incubated at 20°C for 10–14 days. At this time, wells
that were yellow due to release of the p-nitrophenyl,
indicating enzyme activity for the respective isolate,
were scored as positive, while similar wells that
remained colourless were scored as negative. Because
the pNBG method is not optimal for testing ß-glucosi-
dase activity of fluorescent Pseudomonas spp., another
test was used which detects the hydrolysis of 0.1%
methylumbelliferyl ß-D-glucoside (MUG) by use of
long-wave ultraviolet light (Santos et al. 1979). To
further assay the hydrolytic enzyme’s versatility of the
isolates, additional tests were conducted on the
following substrates: 0.1% 4-methylumbelliferyl N-
acetyl ß-D glucosamine (Chitin is a homopolymer of N-
acetyl-glucosamine) and 0.1% 4-methylumbelliferyl
N-acetyl ß-D glucosaminide.

Clearing of coloured substrates on agar media
during incubation at 20°C for 10–14 days was used in
tests to indicate xylanase (Biely et al. 1985) or ß-1,4-
glucanase (Scott & Schekman 1980) activity of
isolates, respectively. Substrates were 0.2% remazol
brilliant blue xylan (4-O-methyl-D-glucurono-D-xylan
dyed with remazol brilliant blue R) (Biely et al. 1985)
and 0.2% Ostazin brilliant red–hydroxyethylcellulose
(hydroxyethylcellulose dyed with ostazin brilliant red
H-3B) (both Sigma Chemical Co., St. Louis, MO),
respectively, in 2YT medium (Sipat et al. 1987) with
1.5% agar. Tests for polygalacturonase (Hankin &
Lacy 1984) and cellulase (Barros et al. 1987) were
according to published methods.

Bacterial identifications were based on gas chroma-
tographic analysis of whole cell fatty acid methyl esters
with the commercial MIDI system (MIDI, Delaware,

USA). Isolates with a similarity index of at least 0.650
were considered to be identified.

Isolates were also assessed for in vitro antibiosis
against two soil-borne fungal pathogens of E. esula: a
Pythium spp. isolate and an isolate of Rhizoctonia
solani. Bacteria were streaked near the edge of Petri
dishes containing 0.3% tryptic soy agar, and immedi-
ately thereafter agar plugs taken from colony margins
of one of the fungi were placed at the opposite side of
plates. Plates with these bacterial/fungal pairings were
incubated at 20°C and examined for zones of inhibition
after 36 hrs. Degree of inhibition was scored as –, +,
++, +++ based on 0, ≤ 1 cm, >1–2 cm and ≥ 3 cm-wide
zones of inhibition, respectively.

Results and discussion

This study identified and described some selected
phenotypic traits of bacteria isolated from adults of the
E. esula biocontrol agent Aphthona associated with
sites showing significant reductions in stand density
following the release of the flea beetle and sites where
the impact of the beetle was much less. There was a
slightly greater extent of hydrolytic enzyme production
by predominant bacteria at the highly successful
Knudson Creek biocontrol site, compared to the
Cottonwood site (Table 1). In vitro antibiosis of the
bacteria against Rhizoctonia solani and Pythium spp.
was not a helpful trait in distinguishing the two sets of
isolates, since the bacteria from the successful site
showed a greater overall degree of in vitro antibiosis.
Interestingly, cellulase production was quite common
throughout both groups, but eight of nine strains with
the heaviest expression (data not shown) were from the
Cottonwood site, the less successful one. This raises the
question of whether, in the milieu of the plant/microbe/
insect interaction, the intensity of hydrolytic enzyme
production by bacteria might inhibit plant pathogens by
allowing them to successfully compete with fungi in the
colonisation of plant tissue and utilisation of leaked
complex carbohydrates made available by the insect
damage. If competition for nutrients between fungi and
bacteria is the effective mechanism explaining the static
nature of the plant three-part interaction resulting in a
failure to control the weed despite long-term establish-
ment of Aphthona, then this might be reflected in lower
populations of the pathogen synergists in the rhizo-
sphere soil of Euphorbia.

We consider the relevance of describing bacterial
communities of adult flea beetles to be based on two
premises: 1) that the bacteria carried by the flea beetles
may be active participants in the phyllosphere and/or
rhizosphere once they are carried passively to the plant,
and 2) that the bacteria found on the insects may repre-
sent species that predominate in the host plant/insect
system. A further possibility is that these bacteria are
endemic to the insect or to the plant leaf surface, root
zone or perhaps vascular system. The possibility of
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bacteria and other microbes affecting herbivory in some
way is not without precedent and could lead to some
important contributions to a fuller picture of biocontrol
ecology. That the ecology of classical weed biocontrol
is justifiably receiving greater attention seems evident
by many contributions to these proceedings. 

Upcoming studies of the individual tripartite interac-
tions among individual isolates, the flea beetle and E.
esula will determine what each array of observed traits
might confer on the outcome of interactions with the
flea beetle and its host. 
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Knudson Creek site

Pseudomonas putida 102 ++ + + + + + + + + – –
Bacillus cereus 103 ++ – + – – – – – – – +
B. cereus 104 NT NT – – – – +
Arthrobacter oxydans 113 – – – – – – – – – – +
Bacillus thuringiensis 124 ++ + – – + – – + – – +
B. cereus 129 ++ + – – + + + – – +
B. cereus 154 ++ + – – + + + + – – +
Burkholderia cepacia ++ ++ – – – – – – – – +
Corynebacterium acquaticum – – – – – – – – – – –
Cellumonas turbata – – – – – – – – – – +
B. cereus 216 NT NT – – + – + + – – –
Microbacterium liquefaciens +++ ++ – – + – – + – – +

Cottonwood Creek site

Brevibacterium iodinium – – + + + + + + + – +
Paenibacillus glucoanalyticus – – – – – – – – + – +
Pseudomonas chlororaphis ++ – + – – + – + + + +
Ochrobactrum anthropi NT NT + – – – – – – – –
Bacillus thuringiensis kurstakii + + – – – – – + – – +
Bacillus cereus ++ + – – + – + – – – –
Pseudomonas putida – – – – – – – – – – –
Pseudomonas chlororaphis ++ – – – – – – – – – +
Stenotrophomonas maltophilia – – – – – – – – + – –
No match ++ – + – – – – + – – +
No match – + – – + – – – – – –
No match – + – – – – – + – – –

a For in vitro antibiosis tests, degree of inhibition was scored as: (–) = no inhibition; (+) = ≤ 1 cm-wide zone of inhibition; (++) = >1–2 cm-wide zone
of inhibition; (+++) = ≥ 3 cm-wide zones of inhibition. NT = Not tested.

b  For all other tests (–) = trait absent; (+) = trait present; NT = Not tested.
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