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Oral toxicity of bacterial toxins against thrips species 
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The oral toxicity of excretion products of several Photorhabdus and Xenorhabdus strains was tested 
on two thrips species: Frankliniella occidentalis and Thrips tabaci. Out of 46 Photorhabdus isolates and 
6 Xenorhabdus isolates only 6 North American P. temperata isolates were toxic to the thrips 
species. After 7 days of drinking from P. temperata supernatant a mortality of 90% could be reached. 
Thrips were also killed after sucking from leaves covered with the toxins. Possibilities of using P. 
temperata in the control of thrips will be discussed. 
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Thrips species like Frankliniella occidentalis (western flower thrips) and Thrips tabaci (onion 
thrips) are a serious pest on ornamental and vegetable crops (Lewis 1997). Growers frequently use 
insecticides to control thrips in their crops, but increased tolerance or even resistance to the 
chemical compounds will necessitate a search for other control methods (Brødsgaard 1994). 
Recently Bowen et al. (1998) discovered insecticidal toxins from the bacterium Photorhabdus. 
These toxins are excreted by the bacterium and are orally toxic to several insect species. 

The aim of this study is to test whether toxins from Photorhabdus and, closely related, 
Xenorhabdus strains show oral toxicity to thrips species. 

MATERIAL AND METHODS 

Maintenance of insect and bacterial cultures 
A rearing of F. occidentalis was maintained on potted, flowering chrysanthemum plants, of the 
susceptible cultivar ‘Sunny Regan’ in a greenhouse at 25°C, 70% RH and 16 h light. A rearing of 
T. tabaci was maintained in jars with pieces of leek leaves at 20°C and 16 h light. 

Table 1 lists the origin of the Photorhabdus and Xenorhabdus strains used in this study. All P. 
temperata PWX strains were kindly provided to us by Drs. A. Fodor and E. Szalas. Other strains 
were isolated from the haemocoel of Galleria mellonella larvae infected by the associated 
nematodes. All strains where maintained on Lab Lemco agar (Oxoid) at 25°C in the dark. 

Bioassays 
The oral toxicity of Photorhabdus and Xenorhabdus strains was tested in a drink-test and in a 
spray-test. The drink-test was done in a small Murai cage (Loomans & Murai 1997). Ten female 
thrips were placed in a small Perspex Murai cage (Ø 40 mm, h 30 mm) with a small amount of 
pollen as extra food source. The cage was closed with a double layer of parafilm with the test 
solution between the layers (±200 µl). Each treatment consisted of five replicates. 

In the drink-tests with F. occidentalis every two or three days the parafilm sandwich was 
renewed and mortality and egg production was checked. Incubation at 25°C and 16 h light. In the 
drink-tests with T. tabaci the trips were checked for mortality after two days and then transferred 
to a piece of leek on water agar (1.5%) in a small Petri dish (5 cm). The dish was closed using 
clingfilm. Incubation at 20°C and 16 h light. 

All strains were tested once against F. occidentalis. The four most toxic strains (Figs. 1 and 2) 
were tested three times against both thrips species. 

For the spray-test leaf-disks (∅ 4 cm) were cut from bean leaves and put on an agar layer in a 
5 cm Petri dish. Dishes were sprayed with the test solution in a Potter tower, 2.84 ml/cm2, and left 
to dry for 10-15 min. Ten female thrips (F. occidentalis) were put on the disks and the dish was 
covered with clingfilm. Incubation at 25°C and 16 hrs light. After 2, 4 and 6 days thrips mortality 
was checked. Each treatment consisted of five replicates. The test was repeated three times. 
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To prepare the test solution liquid cultures of the bacteria were prepared by inoculating a 
single colony into 30 ml nutrient broth (0.8% Lab Lemco Broth, Oxoid), shaken at 210 rpm for 
three days at 25°C in the dark. The cultures were centrifuged for 20 min. at 4000 rpm. The 
supernatant was sterilised over a 0.2 µm filter and 0.4% Sugarbait (concentrated sugar solution, 
Brinkman) was added. As control solutions, water and Lab Lemco Broth (LLB), both with 0.4% 
Sugarbait, were used. 

 
 
 
Table 1. Origin of Photorhabdus and Xenorhabdus strains used in this study and their oral toxicity to F. 
occidentalis 

Bacterial strain Associated nematode species Original place of isolation Oral toxicity to thrips(1) 

P. temperata PE87.3 H. megidis  The Netherlands -- 
P. temperata PF85 H. megidis  The Netherlands -- 
P. temperata Pjun H. megidis The Netherlands -- 
P. temperata PNB87 H. megidis The Netherlands -- + 
P. temperata PB87.1 H. megidis The Netherlands -- 
P. temperata PNH1 H. megidis The Netherlands -- + 
P. temperata PW79 H. megidis The Netherlands -- 
P. temperata PFr H. megidis The Netherlands -- 
P. temperata PH92.1 H. megidis The Netherlands -- 
P. temperata PL81 H. megidis The Netherlands -- 
P. temperata PHi93 H. megidis The Netherlands -- 
P. temperata PA93 H. megidis The Netherlands -- 
P. temperata PH94 H. megidis The Netherlands -- + 
P. temperata PS94 H. megidis Belgium -- 
P. temperata P211 H. megidis UK -- 
P. temperata PPB H. megidis Poland -- 
P. temperata PK6 H. megidis Germany -- 
P. temperata PSH H. megidis Germany -- 
P. temperata PK122 H. megidis Ireland -- 
P. temperata PM145 H. megidis Ireland -- 
P. temperata PK3 H. megidis Norway -- 
P. temperata Pmeg H. megidis Canada ++ 
P. temperata PWX1 ?(2) Wisconsin, USA -- 
P. temperata PWX2 ? Wisconsin, USA -- 
P. temperata PWX3 ? Wisconsin, USA -- 
P. temperata PWX5 ? Wisconsin, USA -- 
P. temperata PWX6 ? Wisconsin, USA -- 
P. temperata PWX8 ? Wisconsin, USA -- 
P. temperata PWX8hyper ? Wisconsin, USA -- 
P. temperata PWX9 ? Wisconsin, USA ++ 
P. temperata PWX9hyper ? Wisconsin, USA ++ 
P. temperata PWX10 ? Wisconsin, USA ++ 
P. temperata PWX11 ? Wisconsin, USA ++ 
P. temperata PWX12 ? Wisconsin, USA ++ 
P. temperata PWX13 ? Wisconsin, USA -- + 
P. temperata PWX15 ? Wisconsin, USA -- 
P. temperata Pbac H. bacteriophora Australia -- 
P. luminescens Pmol H. bacteriophora Russia -- 
P. luminescens P2 H. bacteriophora Israel -- + 
P. luminescens P4 H. bacteriophora Israel -- 
P. luminescens PP88 H. bacteriophora  USA -- 
P. luminescens Psie H. bacteriophora Poland -- 
P. luminescens P23 H. bacteriophora Italy -- 
P. luminescens PNJ H. bacteriophora New Jersey, USA -- 
P. luminescens PDa1 H. bacteriophora Germany -- 
Photorhabdus sp. H. marelatus  -- 
X. poinarii S. glaseri #236  -- 
X. nematophilus  S. carpocapsae 703  -- 
X. nematophilus S. carpocapsae Biosys  -- 
X. nematophilus S. carpocapsae mexicana N2  -- 
X. nematophilus S. affinis  -- 
Xenorhabdus sp. S. riobrave  -- + 
(1) -- = no thrips mortality, -- + = mortality < 50%, ++ = mortality > 50% after 7 days 
(2) ?= nematode species was not identified 
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Statistical analysis 
For the mortality data, expressed as binomial counts, a binomial distribution is assumed. The 
fraction p = x/n with x, the number of death and n, the total number of thrips in a cage, are 
analyzed using a generalized linear model (GLM). The model is: logit(p) = f(replications, toxin). 

The reproduction rate (rr) was calculated as the number of eggs during the observed time 
interval divided by the number of living thrips and was expressed as the average rate per day. The 
reproduction rate is analysed according to an incomplete blockdesign with treatments toxin and 
number of days, e.g. the period of time that thrips were being exposed to the toxin. 

Both models were fitted using the statistical software package GenStat (2002). 

RESULTS 
Frankliniella occidentalis survives very well in a Murai cage with sugar-water. The parafilm 
sandwich serves as an artificial leaf from which the thrips suck. T. tabaci, however, could not 
survive for 7 days on only sugar-water (results not shown). Therefore these thrips were transferred 
to a piece of leek after 2 days drinking from the toxin solution. 

Forty-six Photorhabdus strains and six Xenorhabdus strains where tested for toxicity against 
F. occidentalis (Table 1). Only toxins from six P. temperata strains caused high mortality of F. 
occidentalis, 79 to 93% after 7 days (Table 1, Fig. 1). Five other P. temperata strains, one P. 
luminescens strain and one Xenorhabdus sp. strain caused only low mortality (less than 50%). 

The strains that caused high mortality against F. occidentalis in the drink-test also worked well 
against T. tabaci (Fig. 2). Even after only two days of drinking from the toxin solution 66 to 81% 
of the thrips died after 7 days. Also in the spray-test an effect of the Photorhabdus toxins could be 
seen. After 7 days thrips mortality was 55 to 59% (Fig. 4). The toxins also affected the fecundity 
of F. occidentalis. Already after 1 day the reproduction rate (number of eggs per living thrips) of 
the thrips drinking from toxins is much lower than that of the control (Fig. 3). 

 
 

Figure 1. Oral toxicity of Photorhabdus temperata toxins to Frankliniella occidentalis. Thrips where 
exposed to the toxin for 7 days. (a): values with the same letter do not differ significantly after 7 days. 
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Figure 2. Oral toxicity of Photorhabdus temperata toxins to Thrips tabaci. Thrips where exposed to the 
toxin for 2 days and then transferred to leak leaves. (a): values with the same letter do not differ significantly 
after 7 days. 

 

 
Figure 3. Effect of Photorhabdus temperata toxins on the reproduction rate (number of eggs per living 
thrips) of Frankliniella occidentalis. (a): values with the same letter do not differ significantly. 
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Figure 4. Mortality of Frankliniella occidentalis after sucking from leaves sprayed with Photorhabdus 
temperata toxins. 

 

DISCUSSION 
From all the Photorhabdus and Xenorhabdus strains tested only a few of the P. temperata strains 
from north America showed high oral toxicity to thrips. Although the purified toxin was not tested, 
thrips mortality is probably caused by toxins like the Tc toxins described by Bowen et al. (1998). 
These toxins are proteins, excreted by the bacteria. In our tests supernatant loses toxicity to thrips 
after heating to 70°C or addition of proteinase K (results not shown), suggesting that toxicity is 
caused by a protein. Why only the north American P. temperata strains and not the European P. 
temperata strains cause toxicity is not clear. It could be that the European strains do not carry (all) 
the toxin genes or that these genes are not expressed. Another possibility is that the strains do not 
produce enough toxins to kill thrips or a different type of toxin that is not toxic to thrips or that the 
toxins are not excreted. Xenorhabdus nematophilus also produces toxins, partly similar to Tc 
toxins (ffrench-Constant & Bowen 2000). However, the X. nematophilus strains tested here did not 
show toxicity to thrips. 

In the drink-test the mortality of T. tabaci is less than that of F. occidentalis (66 to 82 versus 
85 to 93% respectively after 7 days). However, F. occidentalis has been drinking from the toxins 
for 7 days while T. tabaci has only been drinking for 2 days, so this cannot be compared. Mortality 
of both thrips species could even be higher when purified toxin is used instead of the whole 
supernatant. 

The results from the spray-test show that F. occidentalis can take up toxins when sucking from 
a leaf sprayed with toxins. Each time a thrips puts its stylet in the leaf it has to go through this 
toxin layer. Mortality is not as high as in a drink-test (max 58% compared to 93%) but this could 
be improved when purified toxin is used instead of the whole supernatant. 

The fecundity of F. occidentalis is also influenced by the supernatant (Fig. 3). The 
reproduction rate is reduced by LLB medium without bacterial excretion products, so there is a 
factor in the medium itself that reduces egg production. However, medium with bacterial excretion 
products reduces egg production significantly more so there is also a bacterial factor involved. 
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During the whole period the reproduction rate of thrips drinking from the toxins is significantly 
lower, starting already after one day. 

This shows that the toxin has a double effect for the control of thrips: not only does it kill 
thrips directly but it also reduces the next generation of thrips by reducing the reproduction rate in 
a very early stage. 

How can we use these oral toxins for the control of thrips? 
Since thrips is a sucking insect it was expected that it would be difficult to let them take up toxins 
that work orally. However, the spray-test shows that spraying toxins on the leaves is good way of 
getting the toxins in the trips. Even if the thrips do not take up enough toxins to get 100% 
mortality, the extra effect that the toxins have on the reproduction rate will give a reduced 
population in the next generation. The combined effect of mortality and reduction of fecundity 
might be enough for the control of thrips in the field. This will be checked in future research. 

Photorhabdus bacteria are produced in large fermentors for the production of 
entomopathogenic nematodes (Friedman 1990). In this production the medium with excretion 
products of the bacteria is a waste product. When toxin-producing bacteria are used for the 
production of entomopathogenic nematodes this ‘waste product’, which includes the toxins, can 
now be used as an insecticide. This means that one production will give two bio-insecticides, 
entomopathogenic nematodes and Photorhabdus toxins, which decreases the production costs of 
both products. 

Another possibility of using these toxins for thrips control is in transgenic plants. Like with 
Bacillus thuringiensis (Bt) toxins, it should be possible to create transgenic plants expressing 
Photorhabdus toxins. When thrips suck from these plants and take up the toxin they will be killed. 
In Europe most countries are not in favour of transgenic plants. However, in the USA where 
transgenic plants carrying the Bt toxin are used, this might be a viable alternative. 
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