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P.H. DAMGAARD, B.M. HANSEN, J.C. PEDERSEN AND J. EILENBERG. 1997. Bacillus 
thuringiensis was isolated from the phylloplane of organically grown cabbage in one field 
during two growth seasons (1992-93). The frequency of B. thuringiensis varied between 
0.02 and 0.67 of the total B. cereus/B. thuringiensis population, with an  average of 0.1 1. 
Characterization of the B. thuringiensis isolates from foliage showed that the  majority 
(64% of  150 isolates) belonged to serovar burstali, had bipyramidal crystals and toxicity 
towards Pieris brassicae and/or  Trichoplusia ni. Other serovars were also found on the 
foliage bu t  occurred at  very low frequencies (one to three isolates of each serovar). Bacillus 
thuringiensis was also isolated from insects associated with the cabbage crop (Pieris rapae 
(Lep.), Delia radicum (Dip.), 3yrphidae ribesii (Dip.) and Aleochara bilineata (Col.)), which 
were collected alive a t  different developmental stages in the same field. Serologically 
these isolates were assigned to the serovars kurstaki, aixawai, tochigiensis, colmeri and 
indiana/colrneri. 

INTRODUCTION 

Bacillus thurzngiensis is a Gram-positive, spore-forming bac- 
terium. It produces characteristic protein inclusions (crystals) 
during sporulation, which, when ingested, are toxic to a 
variety of insects (Federici 1993). 

Bacillus thuringiensis was first isolated from diseased lepi- 
dopterous larvae (Ishiwata 1901; Berliner 1915) and has later 
been isolated during the course of numerous studies on its 
distribution in soil (DeLucca et al. 1981; Ohba and Aizawa 
1986a,b; Martin and Travers 1989). However, only two studies 
have to our knowledge focused on the natural occurrence of 
B. thuringienszs in the phylloplane. Smith and Couche (1991) 
and Ohba (1996) isolated and characterized B. thurzngienszs 
variants from the phylloplane of different plants and proposed 
that B. thuringzensis should be considered part of the common 
leaf microflora of many plants. 

The  objective of the present study was to isolate and 
characterize the naturally occurring population of B. thu- 
ringiensis on the phylloplane of an annual crop (cabbage) 
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during two growing seasons. The characterization included 
serotyping and determination of toxicity towards selected 
lepidopteran insect species. 

MATERIALS AND METHODS 

Sampling 

Cabbage (Brassica oleracea) leaves and insects were sampled 
from an organically grown field in Slangerup, Denmark, dur- 
ing two growth seasons (1992-93). The field had no previous 
history of B. thuringiensis usage. 

Leaf samples, each consisting of one cabbage leaf with no 
signs of physical contact with the soil, were collected from 
different cabbage plants at intervals of 14-21 d from shortly 
after planting until harvest, and placed in plastic bags. Sam- 
ples were stored at - 20°C. 

Samples of live Pieris rapae (Lep.; small white butterfly) 
(larvae), Delia radicum (Dip.; cabbage root fly) (larvae, pupae 
and adults), Syrphidae ribesii (Dip.; hoverfly) (larvae) and 
Aleochara bilineata (Col.; egg-eating rove beetle) (adults) were 
collected with forceps or a sweep-net. The  adults of D. radi- 
cum were incubated separately for up to 14 d after they were 
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collected and 1% ere supplied \I ith food and \iater as described 
b! Eilenberg and Philipsen (1988). 111 other insects nere 
hilled immediatel? after collection b! freezing and stored at 
- 20°C until anal! wd. 

Bacillus thuringiensis isolation 

File g of foliage from each of t no  leaws was aseptically cut 
out and placed together in sterile Stomacher bags with 20ml 
of phosphate-buffered saline (PIIS) (Dulbecco '-4') (Oxoid, 
1,ondon) and blended for three 30-s periods in a Stomacher 80 
Jab-blender (Seward lIedical, Lmdon) at  maximum speed. 

Pierk u ~ p c  lar\ iie \\ere placed in sterile Stomacher bags 
with x-arl-ing amounts of PBS, depending on the number of 
specimens used, and blended as the leal-es. ,411 other insects 
were homogenized in a glass tissue grinder (Dual]) (Kebo 
I,ab, Denmark) with i-ari-ing amounts of PBS, depending on 
the species and the number of specimens used. 

Leaf extracts and insect homogenates \\ere centrifuged (25 
min, 10"C, +3OOg), and the resulting pellets \\ere suspended 
in 1-5 ml of PBS and heat-treated (.30 min at 65OC) (Smith 
and Couchc 1991). Tenfold serial dilutions of the suspensions 
were plated on T3 sporulation agar (Travers rt ( i f .  1987) and 
incubated at 30°C for 24 h. Colonies haI-ing a rugose and 'ice- 
cr! stal' appearance and a diameter > 2 mm were selected and 
subcultured on T3 until sporulation. Isolates \\-ere examined 
for the formation of parasporal inclusion bodies (crytals) in 
the sp(ir:ingiurn of sporulation cells using a phase-contrast 
microscope. Colonies \\ ith parasporal inclusion bodies were 
assigned to B. h ~ i r i g w i r s i s ,  isolates that did not produce 
parasporal inclusion bodies were classified as B. cerciis' (>lea- 
do\w r t  ,//. 1002; Ohba and Aratake 1994). 

H serotyping 

Referencc H antisem of the .i8 currentl!. recognized serovars 
of R. / h / / r iq r r r r s i s  \\ere obtained from the Pasteur Institute. 
.4n agglutination test bctwccn the 58 different antisera and 
flagella produced by the B. tlrul-ingirnsis isolates was per- 
formed as described b\- de Rarjac (1981). 

Flagella (11) scrotying and insecticidal actkit! tests \\-ere 
performed with 110 randomly selected isolates from 1992 and 
with all isolates from 1993, a total of 1.50 isolates. 

Qualitative toxicity tests of the isolates 

Bcic.il/us thi~l-~t i~~I~~iz .w isolates were tested for per 0s insecticidal 
activity against larwe of Prrm brassiuie (Lep.; large white 
butterfly) and Trrthplitsiir tri (Lep.; cabbage looper). Bacteria 
11 ere propagated in 20 ml of Thporulation medium which 
\ \ a s  incubated for .5 d a t  30°C on a rotar!- shaker and used 
clirectl! ;is test suspension. 

Tests of insecticidal actkit! against larvae of P. hrassimr 

were performed as previously described (Damgaard et al. 
1996) using an agar-based artificial diet (David and Gardiner 
1965) 

Larvae of T. ni were fed an insect wheat germ diet (Sigma, 
USA), supplemented with 10 g I - '  of Vanderzant Mixture 
(Sigma, USA) and 3.2g kg--' p-aminobenzoic acid (Sigma, 
USA). Molten diet medium was poured into Petri dishes 
(diam. 5 . 5  cm) and allowed to set and surface-dry. Then 367 
111 of B. thuringirnsis test suspension was spread and allowed 
to surface-dry. Ten L& larvae were added to each Petri 
dish. Every isolate was tested in duplicates. The  bioassay 
preparations were incubated at 27"C, with a 12:12 (1ight:dark) 
photoperiod. The  number of live larvae was counted after 
5 d (Abdel-Hameed and Landen 1994). 

The mortality of each isolate was corrected for the control 
rate of mortality in each assay by- using Abbott's formula 
(-4bbott 1925). Isolates were considered toxic if they caused 
800.6 or more corrected mortality in a bioassay. 

RESULTS 

Isolation of B. thuringiensis from cabbage 

.4 total of 281 B. thuringicnsis isolates were obtained in 1992, 
and 40 in 1993, although four times as many samples were 
examined in 1993 as in 1992 (Table 1). The frequency of B. 
thiriqiensi.f among the total B. thuringzensi.dB. wwus popu- 
lation was 0.1 1 in average, ranging from 0.02 to 0.67 over the 
t\vo-!-ear sampling period. The  high B. thirringienszs index 
found in 1992 was due to specific samples collected on three 
occasions (May, September and October). These samples had 
an average B. thuringiensi5 index of 0.50. The other samples 
from 1992 were found to be as low in the relative B. thu- 
rirzgirnsis abundance as the samples collected in 1993 

Serotyping of B. thuringiensis isolates from cabbage 

Serotyping showed that 11 1 of the 150 selected isolates could 
be assigned to 12 different serovars, whereas 31 were untyp- 
able by the reference antisera used and eight did not produce 
flagella (Table 2). The  predominant serovar was kurstaki 
(64oiO) which was found on all sampling dates. The  other 11 
serowrs were relatively rare and no more than three isolates 
of each type were found (Table 2). 

Parasporal inclusion morphology and insecticidal 
activity of isolates from cabbage 

3licroscopic examination of the isolates revealed three dif- 
ferent types of crystal morphologies: hipyramidal of various 
sizes, spherical and others (including amorphous crystals). 

The isolates were tested against larvae of the two lepi- 
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Table 1 Isolation of Bncillus thuringiensis from cabbage foliage (1992-1993), Slangerup, Denmark 

Month of sampling 

Number of samples 
Number of with B. Number of Bncillus 
samples analysed thuringzenxzs colonies examined 

June, 1992 
July, 1992 
August, 1992 
September, 1992 
October, 1992 
July, 1993 
August, 1993 

2 2 163 
4 3 189 
3 3 21 1 
7 7 465 
2 2 122 

18 7 684 
27 10 937 

B. thuringirn.\rs 
indcxt 

0.49 
0.03 
0.06 
0.22 
0.67 
0.03 
0.02 

Total 63 34 2771 32 1 (150) 0.11 

*Number of strains randomly selected for further characterization (serotyping/bioassays). 
-f Index = Number of B. thuringiensis/total number of B. thuringiensi.s+ B. cereus. 

Table 2 Flagella (H) serotyping of Bacillus thuringiensis isolated from cabbage foliage (1 992-1993), Slangerup, Denmark 
~~ ~~ 

Number of isolates 

Flagellar (H) serotype 

Dateofsampling 3a,3b, 3c 3a,3d, 3e 5a, 5c 14 21 21/5a, 5c 21/15 23 26 27/12 34 38 UTY NF Total 

June, 1992 
July, 1992 
August, 1992 
September, 1992 
October, 1992 
July, 1993 
August, 1993 

Total 

~- 

28 28 
3 2 5 

11 2 13 
27 1 1 3 1 1 9  43 
19 2 21 
6 1 1  6 4  18 
2 2 1 1 14 2 22 

96 1 1 3 2 1  2 1 1 1  1 1 31 8 150 

UTY, Untypable by reference H antisera against serotypes 1-45; NF, not flagellated. 
3a, 3b, 3c: kurstaki; 3a, 3d, 3e:fitkuoknemis; 5a, 5c: canadensis; 14: israelensis; 21: colrneri; 21/5a, 5c: colmeri/canadensis; 21/15: 
colmeri/dakota; 23: japonensis; 26: silo; 27/ 12: mexicanensis/thompsoni; 34: konkukian; 38: oswaldocruzi. 

dopteran species, P. brassicae and T. ni. Among the 100 
isolates with bipyramidal crystals, 95 were active against both 
insects (Table 3) .  Among the 50 isolates with spherical crys- 
tals or crystals with other shapes, only seven showed some 
activity against the lepidopteran test larvae. Of the 102 isolates 
showing lepidopteran activity, 96 were active against both 
test insects. 

From the 96 isolates belonging to serovar kurstaki, 92 were 
active against the test larvae. The serovar coImeri/dakota 
(expressed by one isolate) was the only serovar besides the 
kurstaki to show activity against the test larvae. Of the 39 

isolates categorized as either untypable or not flagellated, nine 
showed activity against the test larvae. 

B. thuringiensis isolated from insects 

Insects from the three orders, Lepidoptera, Diptera and 
Coleoptera, were sampled alive and B. thuringiensis occurred 
in all sampled insect species. A total of 47 B. thuringiensis 
isolates were recovered from 40 insect samples analysed. One 
collection of 13 P. rapae larvae was examined individually. In 
this group, B. thuringiensis was found in four ofthe individuals 
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Table 3 Morphology of parasporal inclusion bod!- and qualitative insecticidal activity of Bncillia thuringiensis isolated from cabbage 
foliage (1992--1993), Slangerup, Denmark 

Kumber of isolates toxic to* 

3lorpholopy of parasporal Triciiopliisi(i tti and/or Neither T. ni nor 
Serovar inclusion bod! Sumber  of isolates tested P h i s  brtissic.nr P. hmssicae 

kirr.s/iiki Bip! ramidal 

Other? Bipvramidal, spherical and others 
UTT Bipyramidal 

Spherical 

Spherical 
Other 

Spherical 
Other 

I F  Bipyramidal 

Total 

9 .i 
1 

15 

27 
2 
1 
h 
1 

1 .iO 

7 

92 

1 
2 
3 

1 
1 

102 

3 
1 

14 
0 

22 
2 
0 
5 
1 

48 

at an average B. tlrrrringirrrsrs index of 0.03. In a sample of 
m e n  1'. bimsiine l a rue  a B. thi~ringitiisis index of 0.98 was 
found. A similarly high index of 0.70 occurred in a sample of 
.y. I-zhrstr larue. Loner indiccs from 0.02 to 0.13 were found 
in other samples of insects examined (D.  rrzrfrcum and .-i. 
P i h a  trr ). 

A s  on foliage, the most frequent sero\-ar in the 1-arious 
insects collected was ktrrsrrrki. In the insects associated with 
the phylloplane of'cabbage (larwe of P. riiptir and 5'. ribtsii), 
the serours krirsfcrki and rdmeri were found. The  serovar 
kiirstaki 15 as also documented in all insects examined except 
for pupae of D. rrrifirxiir and adults of -4. bilitierrtrr. .-I11 the 
kurstiikr isolates had bipvramidal crytals and were active 
against both lepidopteran test larrae (Table 4). 

X I  the coliectcd adults of D. rmiicittn \\ere naturall!- 
infected with the fungus Sfrorigioe//stw itistrans. Direct exam- 
ination by light microscop! of the infected abdomen of one 
fly revealed man!- spores and crystals of B. thrin,+eirsis. The 
isolate \\as serot! ped to o k r i ~ o i  and testing against P. hms- 
sic-tic and T. ni did not reveal any toxicit!- (Table 4). 

DISCUSSION 

This stud?- is the first evidence that B. thuriiigtensis is naturall!- 
present on the foliage of an annual crop (cabbage) through 
an extended period of time (trio growing seasons). rt stud!- 
by Smith and Couche (1991) showed that B. tliuringierisk can 
be readill- isolated from the phylloplane of many deciduous 
and conifcr trees, and a recent study by Ohba (1996) showed 

that it could also be isolated from mulberry leaves. No pre- 
vious studies haw, how-ever, included the factor of time to 
account for variation in the natural population density of B. 
t f i  ii ritigieiisis. 

Ohba (1996) found an average B. thuringiensis index of 0.03 
from anal>-sing 25 mulberry leaves, but in addition a single 
leaf could have an index of up to 0.45. Both observations are 
in good accordance with our findings of a low average index 
over the two year period and significantly high frequencies 
on specific occasions. 

The observed differences in serovar distribution between 
the two groning seasons might be attributed to the very 
different climatic conditions between the summers of the two 
years. In 1992 the summer was hot and had less precipitation 
than the summer of 1993, which was cold and rainy. This 
also influenced the insect populations. Significantly greater 
damage to cabbage crops due to P. rapue, P. brussicae and 
,Uuinestr(i brassicae was found in 1992 than in 1993. 

A11 the collected adults of D. radicum were naturally 
infected with the fungus Strongwellsca custruns. This fungus 
is characterized by the production of openings on the ventral 
surface of the host abdomen from which the spores are dis- 
charged. When the fungus grows in the host it digests the 
abdominal organs and infects the nervous system (Batko and 
U'eiser 1965; Humber 1976). The  combination of the holes 
in the abdomen and digestion of the organs provides a possible 
means for the entrance of B. thuringiensis spores through the 
holes, and proliferation of spores in the mixed contents of 
dissolved organs and food eaten by the insect. 
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Table 4 Flagella (H) serotyping and qualitative insecticidal activity of Bacillus thuringiensis isolated from different insects sampled 
from a cabbage field (1992-1993), Slangerup, Denmark 

~~ ~ ~ 

Actiwtp against" 
Number of B thuringzenszs 

Year Insect species Stage Serovar isolates Trachoplusaa nz Pserzs brassitar 

1992 Pzens rapae (Lep.) 

Delza radtcum (Dip.) 

D. rudicum 

1993 P. rupae 

D. rudicuni 
5'yrphidae ribesii (Dip.) 

Larvae 

Pupae 

Adults1 

Larvae 

Larvae 
Larvae 

Aleochum bilineata (Col.) Adults 

kurstaki 
NF 
tochigiensis 
UTY 
NF 
kurstaki 
aizawai 
UTY 

kurstaki 
UTY 
NF 
kurstaki 
kurstaki 
colmeri 
UTY 
NF 
indium/ colmeri 

5 
1 
2 
5 
2 
1 
1 
6 

11 
2 
2 
1 
2 
1 
2 
2 
1 

+ 
+ 
- 

+/-1. 
- 

+ 
- 
- 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
- 

+ 
+ 
- 

+/- t  
__ 

+ 
- 
- 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
- 

' > 80'X) corrected mortality. 

1 Collected adults were all naturally infected with the fungus Strongwellsea castruns at the time of field collection 
UTY, Untypable by reference H antisera against serotypes 145; NF, not flagellated. 

Some isolates had activity against both insects and some had not. 

We have previously shown (Pedersen et al. 1995) that 
spores of B. thuringiensis serovar kurstaki can readily be dis- 
persed from soil to the lower leaves of cabbage plants. There- 
fore it could be expected that this population would not 
differ from that normally found in soil. The relatively high 
proportion of isolates from the phylloplane with lepidopteran 
activity both in this study and in that of Smith and Couche 
(1991) is in contrast to the findings of most surveys on the 
natural occurrence of B. thuringiensis in soil, which have 
shown 'non-toxic' strains to be the most common types (Ohba 
and Aizawa 1986b; Hastowo et a/. 1992; Ohba and Aratake 
1994). The serotyping of our isolates showed that the majority 
of the isolates belonged to serovar kurstaki. Isolation of B. 
thuringienszs from soil has shown it to contain a very diverse 
population of serovars, but never with a frequency of serovar 
kurstaki above 50% (DeLucca et al. 1981; Rongsen et al. 
1990; Ohba and Aratake 1994). 

The high frequency of lepidopteran-active serovar kurstaki 
isolates found on foliage in this study indicates that the popu- 
lation of B. thuringiensis on phylloplane is different from that 
normally found in soil. It is therefore likely that the phyllo- 
plane population is not exclusively the result of transfer of 

soil bacteria to the foliage. Apparently some kind of propa- 
gation and selection of the B. thurzngiensis population takes 
place on the phylloplane. Further research will be needed to 
elucidate the possibility for B. thurzngzensis to germinate and 
proliferate on the phylloplane. Another potentially important 
factor for proliferation is leaf-eating insects. On cabbage that 
includes many lepidopteran species and, in this study, they 
were found to contain the same serovar (kurstaki) as the 
predominant one. Epizootics caused by naturally occurring 
B. thuringiensis strains are almost never encountered in nature. 
We hypothesize that insects living on the phjlloplane can 
support an enzootic population of B. thuringiensls strains 
active against the predominant insect species present on the 
same phylloplane. 
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