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ABSTRACT

The effects oBacillus thuringiensi¢Bt) Berliner on the termitiasutitermes ehrhardtisoptera, Termitidae)

were evaluated under laboratory conditions. FromtSbibspecies assayiedsivounder controlled conditions

seven were found to be pathogenic in the subspgamsanensishuazhongiensjdrasiliensis colmeri
andkurstaki(less than 72% of mortality), particuladponcheorandroskildiensis(100% mortality at the
seventh day after the bacteria application). The i@ subspeciesooncheorcorresponded to 47x3,0
66.2x10 and 5.1x18cells/ml, at the third, fifth and seventh day, respectively. For the subsps&didiensis

the LGy corresponded to 30.8X¢1@8.4x10and 16.8x16cells/ml, at the third, fifth and seventh day, respectively.

The results show that the two most pathogenic subspecies effectively may be studied with regard to control
the termiteN. ehrhardti

Key words: Bacillus thuringiensisbiological control, entomopathogenic bactefisutitermes
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INTRODUCTION agent is thus the most promising potential candidate to use
against termites.

Termites, social insects present in almost all natural or The largest collections of Bt strains belong to the
disturbed warm terrestrial environments, feed on cellulos@griculture Department of the USAnd to private institutions
Several species play significant ecological roles, recyclirguch asPlant Genetic Systemdycogenand Ecogen(2)
mineral nutrients in soil and participating in the regeneration tftalling approximately 40,000 Bt strains. The existence of 77
disturbed environments. However, several other species genes, that coding for the insecticidal crystal proteins, already
responsible for great damage in forests, crops, pasture ahéracterized was reported by tBacillus Genetic Stock
buildings (6). The complexity of termite biology and behavioCenterin 1999. The new nomenclature of characterized genes
makes it hard to control them (14). The current control methodseding for d-endotoxins ofB. thuringiensisis presented by
are expensive, limited on efficiency and environmentall€rickmoreet al. (7). However until now the identification of
harmful. Hence, it is necessary to search for alternative methdlsthuringiensisstrains containing genes coding for proteins
such as biological control, especially microbial control, to thactive against isopterans has not been reported.
manage termites populations (5). The genudNasutitermegTermitidae, Nasutitermitinae)

Bacillus thuringiensisBerliner, 1915, Bt) is currently comprises more than 40 species, and it is very common in Brazil.
responsible for most of the microbiological control of pesthis termite is found in all habitats and mainly feeds on wood
insects and is used world wide, as both biopesticides (1,16) gdducts (4). ThéNasutitermes ehrhardtbuilds hill-nests
in transgenic plant production (9,10,17). This biological contraausing serious difficulties to crop management and it is an
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important pest of pasture and rice, corn, sugar-cane, peanutTermites that died during bioassays were kept at -18°C and
and eucalyptus crops. The present work aimed at evaluatiwgre later individually crushed and observed under phase
Bacillus thuringiensipathogenicity again®. ehrhardti The contrast microscopy in order to confirm the presencB.of
entomopathogenic effect of 55 strains of this bacterium againistiringiensisin their digestive tract.
the termite was evaluated inyivoassays, initially in screening The results obtained from the different concentrations tested
tests, then the two most pathogenic isolates were bioassajedivo were analyzed using Median Lethal Time {j\Tand
more accurately. Median Lethal Concentration (ls§} obtained from Probit
analysis (11).
MATERIALS AND METHODS

RESULTS AND DISCUSSION
Termites used in the tests were collected from nests located

in the campus of the university (29°47'31"S; 51°09'07"W) inthe From the 55 strains dB. thuringiensistested during
municipality of Sdo Leopoldo and maintained under laboratoscreening assays againbit ehrhardti seven were
conditions. Strains dBt used is the bioassays were obtainedathogenic as followsB. thuringiensissubsp.sooncheon
from the Laboratory of Entomophatogenic Bacteria of th@Bts) and B. thuringiensissubsp.roskildiensis(Btr) with

Institute Pasteur, France (Appendix 1). 100% of mortality, followed byB. thuringiensissubsp.

Isolates of Bt were grown on Glicosated Usual medium (8)unnanensigBty) with 71.4%,B. thuringiensissubsp.
at 28°C and 180 rpm. For each isolate, after bacterial lysis theazhongiensigBth) with 57.1%,B. thuringiensissubsp.
mixture containing spores, crystals and vegetative cells wasasiliensis(Btb) with 52.3% B. thuringiensisubspcolmeri
centrifuged at 5,000 rpm for 15min. The concentrate was diluté8itc) with 42.85% andB. thuringiensisubspkurstaki(Btk)
in phosphate buffgiNaH.PQO,.H,O, 0.1 M) pH 6.0 added with with 28.57% of mortality at the seventh day after the treatment
PMSF (phenylmethylsulfonyl) and centrifuged again at 5,008pplication.
rpm for 15min. The pellet was suspended in phosphate buffer References dacillus thuringiensigctive against termites
added with NaCl 0.1 M and kept on ice for 5min. Then, it waare scarce and there is little available data. The toxic effects of
centrifuged at 5,000 rpm, the pellet suspended in phosph8teagainst several termites species have been verified, but the
buffer pH 7.5 and centrifuged at 5,000 rpm for 30 minutes. Tiseibspecies which were used are not mentioned by the authors
obtained pellet was diluted in MILLI-QJ9. (6).

Bioassays consisted of two steps. Initially, 55 strains were There is a group of many subspecie8othuringiensis
tested in pre-selective assays in order to select isolates agaastve against lepidopterans (3,12), and more restricted
the termiteN. ehrhardti Then the LG was determined for the groups also against dipterans and coleopterans (3,13). From
pathogenic strains. The suspensions from isolateB. of the 52 subspecies Bt tested againSpodoptera frugiperda
thuringiensisused in initial screening assays consisted d¢f epidoptera, Noctuidad)y Hernandez (12B. thuringiensis
vegetative cells, spores and crystals. From each suspension 280sp.kurstaki was pathogenic, whil®. thuringiensis
ul were applied to cellulose portionisl cnt, which were offered subsp.colmeri presented a low activity against to this fall
to the termites as food source. After evaporation of excemsmyworm. However, our results show that the subspecies
humidity, the cellulose portions were individually placed in acryliB. thuringiensisubspkurstakiandB. thuringiensisubsp.
plates with six chambers of 5.5 cm diameter. In each chamber telmeri caused, respectively, 28.57% and 42.85% of mortality
insects were placed. Per treatment three chambers were use®y. ehrhardti
totaling 30 insects for each isolate. As control distilled water was Still considering the available data on the effect8of
used instead d8. thuringiensisstrains on cellulose portions. thuringiensisagainst other insect orders, bioassays were

Screening assays were kept in a Biological Oxygen Demaodnducted by Caetarmd al.(3) with 41B. thuringiensistrains
chamber, at 28°C + 1°C, approximately 70% RH, in darknesgjainstAnticarsia gemmataligLepidoptera, Noctuidae),
Insect mortality was recorded daily until the seventh day aft8podoptera frugiperdand Tenebrio molitor(Coleoptera,
the bioassay ouset. Tenebrionidae), resulting in one isolate pathogenic to these

For the LG, determination of the isolatesBfthuringiensis three insects, four t&. gemmatali@nd T. molitor, one toS.
subspsooncheorand subsproskildiensisthe concentrations frugiperdaandT. molitor, eight toA. gemmataliseight toT.
used were ¥01C, 1¢, 10 and 18cells/ml, totaling six treatments, molitor and one t&. frugiperdawhile 18 did not cause mortality
including the control. The method for treatment was the sarteethe tested insects. These results show that there are wide
as used in the screening assays, but each treatment consiiféetences in the specificity among isolates, also individual
of 60 individuals, totaling 360 termites per isolate tested. Tleolates are active against many different insect orders, including
distribution and evaluation followed the same parametelsoptera. Our work has added another isopteran species
described above. susceptible to seveldt subspecies.
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The isolatesB. thuringiensissubsp.sooncheorandB. Table 2.Median Lethal Time (L) of the termiteNasutitermes
thuringiensissubsp.roskildiensis which caused 100% ehrhardtitreated withBacillus thuringiensisn laboratory.
mortality during the pre-selective assays, were used Suspension (1x) LTs* Confidence i .
determine the L&. On the third, fifth and seventh days, the (1x)cells/ml  (days) interval (days) Line equation

LCs, for B. thuringiensisubspsooncheonvas achieved with 10 1467 245-8789 Y =085x+232
suspensions bearing 4.70 X, 62 x 10and 5.14 x 10cells/ml, 105 11.84 490-2857 Y =1.46x+ 0.53
respectively. FoB. thuringiensisubsproskildiensighe LG, 106 962 4.94-18.70 Y =1.54x +0.41
was obtained with 308x10l84x 10and 168x1T.t:eIIs/mI, 107 838 3.30-21.26 Y =0.9x +2.38
respectively (Table 1). 108 423 3.65 476 Y =435x+238

The Median Lethal Time (Table 2) Br thuringiensisubsp.

sooncheorand B. thuringiensissubsp.roskildiensis varies -, é .
according to the concentrations, being inversely proportion § % 105 12.17°3.88-38.10 yi L.14x +1.48
to the concentration. The time for the two subspecies are simi & = 186 6;9 ‘1"4(2)_1(1)'?)? y:é'isxig‘gi
but surprisingly the time for the increasing concentrations a £ § 727 1.70-31. y=047x+3.

S : o . S 5~ 107 6.80 4.42-1044 y=1.45x+0.88
not significantly different statistically due to the wide = g,

) 4 . 2 108 454 1.07- 5.00 y=5.53x-9.69

overlapping confidence intervals. St

Khan et al. (15) isolatedB. thuringiensisfrom naturally
infected nymphs of the termitfiditermes beesontcausing
high mortality ofHeterotermes indicolavhen the bacteria was
used against it.

Thuricide-HP (SandozR. thuringiensisubspkurstakjwas ~ Figure 1. Mortality of the termitéNasutitermes ehrhardtaused
tested by Kharet al. (14) againsMicrocerotermes championi by seven strains d8acillus thuringiensisunder laboratory
andB. beesonto determine the mean lethal doses and timegonditions.

The authors found differences in the mean lethal doses and ti>% g
for these two termites, indicating differences in the specificit_g\i 20
The results, compared with those obtained in this study, indici> 80 1

*

(o]

0 insects per treatment.

that the strains. thuringiensissubsp.sooncheorandB. g 70 7=

thuringiensissubsp.roskildiensistested againgl. ehrhardti o 60 =

were more pathogenic thdh thuringiensissubsp.kurstaki E 28 '_§ —

used againgtl. championiandB. beesoniThis is based on the {-"j 30 —=

suspension used by Khahal.who emploied 1 mlof 16 x 20 © 20 =

cells/ml, while in the maximum tested concentration against g 10 = %

. . . O . ‘ . £ 8 i
ehrhardti(1 x 1@ cells/ml) only 250 ml were inoculated, while the Bir Bty Btc Bth Btb Btk

median lethal time for this concentration were 4.23 dayB for Bts ] It -
thuringiensissubsp.sooncheonand 4.54 days foB. Bacillus thuringiensis subspecies
thuringiensissubsp.roskildiensis (Bts) B. thuringiensisubspsooncheon(Btr) B. thuringiensis

The pathogenicity oB. thuringiensisagainsiN. ehrhardti subsp. oskildiensis (Bty) B. thuringiensissubsp.
was confirmed by presence of its cells under microscopennanensis(Btc) B. thuringiensissubsp.colmeri (Bth) B.
observation of mixed termitgsits, at the third, fifth and sevenththuringiensissubsp.huazhongiensis(Btb) B. thuringiensis
days after the treatment application. subsp.brasiliensis (Btk) B. thuringiensissubsp.kurstaki

Table 1.Median Lethal Concentration (ls€ of Bacillus thuringiensistrains used against the termitasutitermes ehrhardti

Isolate Time (days) LCso (cells/ml) Confidence interval (cells/ml) Line equation
B. thuringiensis subs 3 470 x 109 39x 106-2.40x 1010 y=0.12x +4.09
séoncheoi p: 5 6.62 x 107 2.0x 105-2.14x 1010 y=0.13x +4.24
7 5.14x 10° 1.54x105-1.82 x 10° y=0.31x +3.85

B, thurineiensis sub 3 3.08 x 10° 1.24x105-7.63 x 107 y=0.24x +3.91
e SUDSPp- 5 484x 107 0.28 x 106 — 8.22 x 108 y=0.11x +4.35
7 1.68 x 105 4.19x 104-5.79 x 103 y =0.29x + 4.06

* 60 insects per treatment.
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