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Insect–plant pathogen synergisms for the 
biological control of rangeland weeds

Anthony Caesar1

Summary

Insect–pathogen interactions have remained underutilized and underemphasized until relatively
recently. Some studies have now begun to address this by including searches for plant pathogens and
their interactions as an integral part of biological-control programs at the outset. Similarly, while
climate matching and genetic description of host populations has been incorporated into weed biolog-
ical-control programs, life-table analysis has remained unexploited. The author has expanded the
normal life-table concept to include plant pathogens and, in the case of Euphorbia esula, has demon-
strated the major contribution of two fungi in causing weed mortality. The propensity of a candidate
agent (insect or microbe) to interact should also be considered, and it is recommended that this be a
selection factor for candidate natural enemies. Additionally, survival analysis applied to the target
weed upon exposure to appropriate combinations of insects and pathogens is also recommended to help
assess the potential effectiveness of candidate agents. A protocol is proposed to enable such analyses.
Application of one or both of these recommendations could increase success in classical biological
control of weeds and reduce associated costs and environmental risks.
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Introduction

This paper focuses on some key points presented in a
research article recently published (Caesar 2003). The
purpose of this paper is to emphasize some practical
outcomes the author concluded from that study to have
important implications for how classical biocontrol is
practised to achieve the goal of controlling exotic, inva-
sive, perennial weeds. 

Insect–plant pathogen interactions

Following the initial successes in the annals of weed
biological control as described by pioneering
researchers who foresaw the necessity and utility of
combinations of plant pathogens and insects (Dodd
1940, Wilson 1943) for successful biocontrol,
insect–pathogen interactions remained underutilized
and underemphasized until revived in a concrete way
by Charudattan et al. (1978) and Charudattan (1986),
who described the role that insect/pathogen interactions

can play in the biological control of Eichhornia
crassipes. Since these milestones, there have been
cogent and insightful statements by Hill (1996) and
Cullen (1996), both quoted in a review by Hatcher and
Paul (2001), recognizing the underutilization of
insect–plant pathogen interactions. Some studies have
begun to address this by including searches for plant
pathogens as an integral part of programs at the outset
(Briese et al. 2000, De Clerk-Floate et al. 2000).
Concerning the application of survival analysis to the
field of weed biocontrol, there exists a paradox. While
climate matching and genetic description of host popu-
lations have been borrowed from the field of insect
biocontrol, with little apparent impact on weed biocon-
trol as a science to-date, the comparatively more prom-
inent area of life-table analysis that describes the effects
of natural enemies on the target pest has remained
unexploited. The author has previously lamented the
compartmentalization of plant pathology and ento-
mology from one another as applied to biocontrol of
weeds in practice (Caesar 2000) and in theory. Such
mutual isolation is illustrated by the author having
been, until the writing of this paper, unaware of a long-
standing suggestion by McEvoy et al. (1990) that life-
table analysis should indeed be applied to assessing the
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effects of natural enemies of weeds. The present author
applied two other procedures residing under the rubric
of survival analysis along with life tables: the Kaplan-
Meier and Cox proportional hazards procedures which
are part of many statistical software packages, such as
SAS, SPSS and JMP. This has effectively allowed
expansion beyond the normal life-table concept to
include plant pathogens and assessment of the propen-
sity of a candidate agent (insect or microbe) to interact
as a qualification for candidate natural enemies.

The protocol would proceed as follows: typical
minimal levels of a specific plant pathogen capable of
causing disease would be determined following their
isolation and confirmation of pathogenicity to the target
weed. Such pathogens will usually be found attacking
the target or related species in its native range. Such
pathogens would preferably be found in host tissue
damaged by an identifiable insect. A plant pathogen
shown to aggressively colonize insect-damaged tissue
would be the priority standard, especially if the target
weed is a perennial. Others (e.g. Bellows & Van Drie-
sche 1999) have deemed life-table analyses as most
appropriate for biennial or perennial weeds, an asser-
tion supported by Caesar (2003) who was the first to
use survival analysis to examine the mechanism of
biocontrol of Euphorbia esula/virgata or any perennial
weed. Conversely, such an insect associated with
damage resulting in significant colonization by a plant
pathogen would become a priority candidate agent. The
plant pathogen would be used to infest soil and target
plant species planted in the infested soil. The plants
would be caged and varying numbers of insects would
be applied to the caged plants. Individual plants would
be monitored for time to their death as outlined by
Caesar (2003). Essentially, the protocol would be a test
for a significant, direct interaction leading to specific
levels of mortality. However, plant pathogens found to
act independently of a promising candidate insect
would not be excluded from application of this
protocol. Significant interaction of a candidate insect
and an apparent highly virulent plant pathogen not
associated with damaged tissue could also be deter-
mined. Thus, indirect interactions (Conner et al. 2000)
would be of interest too, especially if the result would
be mortality of the target weed. This protocol would
obviously require more space and time than has been
typically applied in the initial stages of pre-release
studies, but increased regulatory scrutiny and the need
for fewer, more effective agents would favour a more
acute focus on documented impact prior to any further
testing.

Advantages

The use of a testing procedure similar to that outlined
above can reduce the aggregate costs of present
programs. Program costs have been recently estimated
at ~US$600,000/agent (McFadyen 1998). For example,

of the ca. 60 species available for Veratrum album
biocontrol; potential savings are ~US$6,000,000. This
is based on the premise that among this initial number,
two-thirds or ca. 40 species in this case would be elim-
inated due to the lack of a sufficiently narrow host
range, lack of fecundity or due to other factors, and for
example, half the remaining species fail to display a
significant interaction with a plant pathogen leading to
increased mortality and are thus eliminated. Using the
same premise, since ca. 40 insect species are available
as candidates for biocontrol of Phragmites australis,
potential savings are approximately US$3,600,000.
Finally, with an invasive target weed species most
similar to the Euphorbia system, Cardaria draba, of
the ca. 60 insect species available for Cardaria draba
biocontrol, the potential savings are US$6,000,000 or
more. There are other advantages in addition to savings
in costs and time, such as an increase in the success rate
of introduced insect agents, the low rate of which has
often been cited (Crawley, 1990) and which the author
can confirm from examining data on earlier biocontrol
programs. Another potential advantage is the achieve-
ment of “value added” to insect releases: a greater
expectation of impact and a level of impact that adds as
much value as the narrow host range that candidate
agents emerging from such tests must demonstrate
before release against a perennial weed. 
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