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Entomopathogenic nematodes (Rhabditida: 
Steinemematidae and Heterorhabditidae) are 
insect pathogens that offer good potential as 
biological control agents for foliar and soil 
dwelling pests. Many species can be applied at the 
infective juvenile (IJ) stage often in 'tank-mix' 
with conventional pesticides (Alumai & Grewal , 
2004). Steinemematid nematodes have been used 
successfully for the control of dipteran pests in 
mushrooms, glasshouses and nurseries (Jess & 
Bingham, 2004), and also foliar applications of 
nematodes including Steinernema carpocapsae 
(Wesier) and S. feltiae (Filipjev) (Nematoda: 
Steinemematidae) have been shown to offer 
various levels of control of several invertebrate 
pests including sweetpotato whitefly Bemisia tabaci 
(Gennadius) (Homoptera: Aleyrodidae); the 
leafminer Liriomyza huidobrensis (Blanchard) 
(Diptera: Agromyzidae); and diamondback moth 
larvae Piute/la xylostella (Linnaeus) (Lepidoptera: 
Plutellidae) (Cuthbertson et al. , 2003a; Schroer & 
Ehlers, 2005). 

In an investigation of alternative non-chemical 
means of B. tabaci control involving 
entomopathogenic nematodes, S. feltiae has shown 
good potential, with second instar B. tabaci being 
the immature life stage most susceptible to 
infection (Cuthbertson et al., 2003a). Host plant 
effects are known to impact on nematode activity 
and S. feltiae has been shown to be less effective 
on verbena plants compared with tomato plants 
(Cuthbertson et al. , 2003a). However, under 
optimal environmental conditions S. feltiae can 
achieve good control of B. tabaci instars 
(Cuthbertson et al., 2007). Steinernema feltiae can 
also be applied both simultaneously or in 
sequential application with chemical insecticides 

(buprofezin 30 ml/100 1 water; nicotine 500 ml/5 I 
water; imidacloprid 0.2 g 1-1 water; teflubenzuron 
500 ml/I 000 1 water) used for control of B. tabaci 
(Cuthbertson et al., 2003b ), facilitating inclusion 
in both Integrated Pest Management (1PM) or 
resistance management strategies. Bemisia tabaci 
resistance to many chemical pesticides has been 
recorded (Prabhaker et al., 1985), necessitating the 
investigation and development of alternative 
methods of control. Steinernema carpocapsae is 
known to be effective against a range of pests and, 
in some instances, is thought to be more effective 
than S. feltiae at infecting larval stages of pests, but 
this requires independent testing. The aim of this 
study is therefore to broaden the development of 
effective foliar applied biological agents against B. 
tabaci by determining the efficacy of S. 
carpocapsae against B. tabaci on a commercially 
important host plant within the UK, verbena. 

Experimental insects. Nematodes were obtained 
as Capsanem (Koppert Biological Systems (UK) 
Ltd.). Bemisia tabaci were cultured following the 
method of Cuthbertson et al. (2003a) under 
quarantine conditions in perspex cages on 
Poinsettia (Euphorbia pulcherrima c.v. Lila ink) at 
23± 1 °C and a 16:8 h light:dark (L : D) regime 
with an artificial dawn and dusk. 

Infestation of plant material. Following the 
methods of Cuthbertson et al. (2003a, b; 2007), 
plants were divided into four groups ( one for each 
instar stage with 12 plants in each group). For 
each group, four clip cages were positioned on 
individual leaves of each plant ( Verbena hybrida cv. 
Quartz Scarlet) . Two male and five female B. tabaci 
were added to each cage and incubated for 48 h at 
25±1 °C , 65% relative huniidity (r.h.) and a 16:8 h 
L : D regime to allow egg laying. After this period 
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Fig. 1. The susceptibility of the immature stages of Bemisia tabaci to the entomopathogenic nematode 
Steinernema carpocapsae (10,000 IJ ml- 1) on verbena plants at 20±1°C, 85% r.h . and 12:12 L:D. Bars are standard 
error (±SEM) of the mean. Means with the same letter are not significantly different at P<0.05. 

the adults were removed and the leaves labelled. 
Each group of plants was incubated in a controlled 
environment cabinet under the above conditions 
for the required period of time (ranging from 1-3 
weeks) to reach the appropriate instar (Butler et 
al., 1983). At 25°C it took approximately 7 days 
for first instar to develop through, 12 days for 
second instar, 15 days for third instar and finally 
21 days for fourth instar development. This 
allowed all four stadia to be available for 
experimental use on the same treatment date 
(Cuthbertson et al., 2003a). 

Application of nematode. All four stadia (first, 
second, third and fourth instar larvae) of B. tabaci 
were subjected to a nematode suspension (10,000 
S. carpocapsae IJ ml- 1 with 0.02% the non-ionic 
wetting agent Agral (Syngenta Crop Protection 
Ltd., UK; active ingredient: alkyl phenol ethylene 
oxide). Treatments were applied to run-off using a 
Hozelock Polyspray 20 hand held sprayer 
(Hozelock Ltd., Aylesbury, UK) with a cone 
nozzle (Cuthbertson et al., 2003a). Treatments 
resulted in approximately 160 S. carpocapsae 11 per 
cm2 of leaf area. Control plants were subjected to 
either a water control or water and Agral mix 
(0.02%) solution. There were four nematode 
treated, four water and Agral mix treated, and four 
water treated control plants for each instar ( 12 
plants in total). Following treatment, the host 
plants were placed back into an environmental 
chamber while still wet and maintained at 20± 1 °C, 
85% r.h. for 10 h and a 12: 12 h L: D regime. After 
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72 h, counts of dead individuals ( determined both 
by no larvae movement and the presence of 
nematodes in the larvae; Cuthbertson et al., 2003a) 
per infested leaf ( 4 leaves per plant) were recorded. 
Analysis of Variance (AN OVA) was performed for 
the data in the open source statistical programme 
R. ANOVA, a general technique, is used to test 
hypothesis concerning means when there are 
several populations. 

There was significantly higher mortality of B. 
tabaci on nematode treated plants than either the 
water or water and Agral controls (F = 213.53; df 
= 1,126; P<0.001) (Fig. I). Instars 2-4 were sig
nificantly more susceptible than the first instar to 
nematode infection (F = 291.92; df = 1,62; 
P<0.001). There was no significant difference 
between susceptibility of the second and third 
instars (F = 0.06; df = 1,30; P = 0.81 ). Mortality 
of nematode treated first instar larvae was no 
greater than that recorded for the controls (F = 
2.49; df = 1,30; P = 0.13). 

Successful 1PM strategies not only rely upon 
knowledge of the biology and feeding behaviour of 
a given control agent (Cuthbertson et al., 2003c) 
but also on the most susceptible stage of the pest 
to target. This study has demonstrated that S. 
carpocapsae can significantly reduce B. tabaci 
populations on verbena foliage with the second 
and third instar stages proving most susceptible to 
infection. This result is similar to that obtained for 
S. feltiae on tomato and slightly higher for that 
recorded on verbena foliage (Cuthbertson et al., 2003a) 



and for the fungus Lecanicillium muscarium (Petch) 
against B. tabaci on tomato and verbena foliage 
(Cuthbertson et al., 2005a). Thus, S. carpocapsae offers 
the potential for development as the third biological 
agent in the IPM strategy for B. tabaci. 

It has been well documented that susceptibility 
of insects to control agents generally declines with 
increases in insect size (Petersen & Willis, 1970). 
In the current study this is reversed. The first 
instar is not openly susceptible to nematode 
infection. The explanation for this may simply be 
that the first instar larval mouth and anal openings 
are too small for the nematodes to enter. A similar 
conclusion was reported by Gaugler & Molloy 
( 1981) who investigated the instar susceptibility of 
Simulium vittatum Zetterstedt (Diptera: Simuliidae) 
to Neoaplectana carpocapsae (Weiser). 

Different plant species affect the impact of 
some pathogens; for ·example, the impact of foliar 
applied entomopathogenic viruses (Rossiter, 1987), 
fungi (Hare & Andreadis, 1983) and bacteria (Feir 
et al., 1985) is reduced by some plant species. 
With regard to nematodes, Head et al. (2004) 
found that plants such as poinsettia, whose leaves 
bear relatively few hairs and have waxy surfaces, 
resulted in a lower activity of entomopathogenic 
nematodes against B. tabaci than when they are 
applied to plants such as tomato, cucumber, 
chrysanthemum or verbena under sub-optimal 
conditions. However, when applied under optimal 
environmental conditions for nematode activity no 
host plant effects are apparent (Cuthbertson et al., 
2007). Also, in the development of non-chemical 
control measures against Thrips pa/mi Karny 
(Thysanoptera: Thripidae ), Cuthbertson et al. 
(2005b) found no difference in t.he efficacy of S. 
feltiae when applied to either cucumber or 
chrysanthemum foliage. 

Further research is currently underway to de
termine if S. carpocapsae can be applied simulta
neously or in sequential application with chemical 
insecticides commonly used for B. tabaci .. control , 
as has been shown for S. feltiae (Cuthbertson et 
al., 2003b). Should S. carpocapsae also show 
compatibility with such chemicals, a ·further 
biological control component will be added to the 
IPM strategy for the control of B. tabaci. 

We thank Koppert Biological Systems (UK) 
Ltd. for supplying the nematodes used in this study 
and Mr. Richard Natt (CSL Horticultural 
Manager) and his team for the provision of plant 
material. The work was funded by Plant Health 
Division, Defra. Bemisia tabaci were held under 
quarantine license number: PHL 251 B/5328 
(02/2006) Amended (04/2006). 
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