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SUMMARY 

A large number of physical and chemical pest control 
methods have been developed up to now in order to 
ensure the effective protection of stored tobacco and 
tobacco products. These methods include the use of fu
migants and insecticides, treatment of baled tobacco in 
cold chambers, monitoring the extent of infestation with 
pheromone traps and, the most important preventive 
measure of all, maintaining a strict programme to ensure 
hygienic storage conditions. To date, very little serious 
consideration has been given to the practical use of bio
logically based insecticides in storage pest control. Com
pared with synthetically-produced pesticides, however, 
they often have the advantage of being significantly less 
toxic to users and the environment, while retaining a 
comparable level of effectiveness on the target organism. 
One reason for this neglect may certainly be found in the 
somewhat higher price of bioinsecticides. Another hurdle 
is presented by the complex mixture of different biologi
cal pesticides, which makes it more difficult to obtain 
official approval for their use in some countries. One 
possible alternative is, for example, the use of Bacillus 
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thuringiensis (B.t.) endotoxin preparations. The insecti
cidal activity of certain B.t. kurstaki or B.t. tenebrionis 
strains against the tobacco moth and cigarette beetle has 
already been sufficiently documented. Recent research 
has also looked at the possibility of using natural sub
stances, such as extracts from the neem tree (Azadirachta 
indica), as storage protectants. Another very promising 
development is based on the autodissemination 
technique, whereby a modified pheromone trap in com
bination with entomopathogenic viruses or fungi could 
help to achieve a dramatic increase in mortality rates in 
stored tobacco pests. The chemical and biological proper
ties of these bioinsecticides will be presented here and 
their advantages and disadvantages as storage protectants 
for tobacco discussed. 

ZUSAMMENFASSUNG 

In der Vergangenheit wtmlen zum wirksamen Schutz 
von gelagenem Tabak und Tabakwaren zahlreiche physi
kalische und chemische BekampfungsmaBnahmen ent
wickelt. Hierzu gehOren der Einsatz von Begasungsmit
teln und Insektiziden, die Behandlung der Tabakballen in 
Kiiltekammern, die Uberwachung der Befallstarke mit 
Pheromonfallen und a1s wichtigste prophylaktische MaB
nahme iiberhaupt, die strikte Einhaltung eines wirksa-
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men Hygieneprogrammes. Insektizide auf biologischer 
Basis fanden bisher fUr eine praktische Anwendung im 
Vorratsschutz nur wenig :Bea.Chtung. Sie bieten jedoch im 
Vergleich zu den synthetisch hergestellten Pestiziden den 
VorteU, einer oftmals wesentlich geringeren Toxizitiit fiir 
den Anwender und die Urn welt, bei ah.nlich hoher Wirk
samkeit fiir den Zielorganismus. Ein Grund hierfiir mag 
sicher in dem etwas hOheren Preis der BiOinsektizide zu 
suchen sein. Andererseits bereitet -auch die komplexe 
Zusammensetzung vieler biologischer Schadlingsbe
kampfungsmittel in manchen L1indern Schwierigkeiten 
bei der Zulassung. Eine mOgliche Alternative bietet sich 
beispielsweise in der Verwendung von Bacillus thuringien· 
sis-Endotoxin Formulierungen an. Die insektizide Akti· 
vit1it bestimmter B. t. kurstaki- bzw. B. t. tenebrionis
Stam.me gegen Tabakmotte und Tabakkafer ist bereits 
ausreichend dokumentiert. Auch Naturstoffe, wie die 
Extrakte des Neem-Baumes-(Azadirachta indica) werden 
neuerdings auf ihre Verwendungsm6glichkeit als Vorrats
schutzmittel iiberpriift. Eine weitere vielversprechende 
Entwicklung basiert auf der Anwendung der 
Autodisseminationstechnik, bei der eine abgewandelte 
Pheromonfalle in Kombination mit insektenpathogenen 
Viren zu einer drastischen ErhOhung der Mortalitiitsraten 
der Vorratsschadlinge des Tabaks beitragen kOnnte. Die 
chemischen und biologischen Eigenschaften dieser Bio
insektizide werden vorgestellt und ihre V or- und Nach
teile bei der Anwendung als Vorratsschutzmittel fiir Ta
bak diskutien. 

RESUME 

Dans le passe de nombreux moyens de lutte physique et 
chimique contre les parasites du tabac et les produits du 
tabac ont ete developpes pour garantir une protection 
effective des stocks. Parmi ceux-ci comptent l'emplois de 
fumigants et d'insecticides; 1e traitement des balles- du 
tabac clans des chambres a froid, la surveillance du degn~ 
d'infection a l'aide de pi~es·de pberomone et, avant 
tout, ce qui est la niesure prophylactique la plus 
importante, le strict respect d'un program d'hygiene 
effectif. Jusqu'a present l'emplois d'insecticides 
biologiques pour la protection des stocks jouait un r8le 
negligeable. Compare aux pesticides synth&iques ceux-ci 
sont souvent considerablement moins too:iques pour 
l'utilisateur et l'environnement mais ils garantissent tout 
de m~me une efficacite comparable a celle des pesticides 
synth6tiques. Une raison pour l'emplois rarissime 
d'insecticides biologiques est sdrement le prix 16gerement 
a eve, mais aussi le melange complexe de constituants qui 
complique l'agrCment de ces insecticides clans quelques 
pays. L'emplois de formulations de 'Bacillus thuringiensis 
endotoxine\est un moyen alternatif possible. L'activit6 
insecticide de certaines souches de B.t. kurstaki ou B.t. 
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tenebrionis contre la mite du tabac et le coleopteres de 
tabac est sufflSalllment documentee. L 'efficacite des pro
duits naturels comme les extraits de l'arbre de neem (Aza
dirachta indica) est 6galement investiguee. Un autre 
d6veloppement prometteur est base sur l'emplois d'une 
technique d'autodissemination. Dans ce cas un piege de 
pheromone modifie et combine avec des virus ou des 
champignons entomopathogCnes pourrait contribuer a 
obtenir une augmentation energique des taux de 
monalitC des parasites des stocks de tabac. Les propri&es 
chimiques _et biologiques de ces bioinsecticides seront 
pr6sent6s et leurs avantages et inconv6nients seront 
discute.. 

I . INTRODUCTION 

Wherever tobacco is collected, stored or processed, the 
danger of endemic insect infestation is constantly present. 
The estimated annual loss to the tobacco industry due to 
the worldwide occurrence of this type of pest is 0.7%- 1 
% of the various tobacco varieties held in storage for the 
manufacture of tobacco products (7, 86). In extreme 
cases, the damage incurred can affect as much as 6 % of 
the stored material. The resulting fmancial loss to the 
tobacco industry amounts to some US$ 300 million - a 
huge sum in view of the efforts mounted to protect 
stored tobacco products. Two insect species in particular 
should be mentioned in this context, the cigarette beetle 
(Lasioderma serricorne) and the tobacco moth (Ephestia 
elutella), which, as the two major pests responsible for 
damage tobacco during storage and -processing, play a 
significant role (7, 61, 86). 
The damage caused by the feeding activities of cigarette 
beetle larvae poses the greatest threat here. These not 
only attack every type of dried tobacco but also the 
entire range of commercial products manufactured from 
tobacco, such as cigarettes, cigars, chewing tobacco and 
snuff (27). The worldwide distribution of this insect and 
hs resilience to unfavourable environmental conditions 
and resistance against the toxic effects of many 
insecticides mean that attempts to combat it meet in 
most cases with only limited success (7). The danger that 
a tobacco warehouse recentiy cleared of pests may be 
re-infested by the next consignment of fresh goods or 
through inadequate hygienic measures is ever-present. 
Indications have been found in the tombs of Tut-ankh
amun and Ramses n that the cigarette beetle was known 
as a pest of stored goods more than 3,000 years ago (86). 
Fabricius produced the first scientific account of the 
species in 1792. However, the first reports of damage to 
tobacco attributed to Lasioderma serricorne only 
appeared from 1848 onwards (3). 
The discovery that the tobacco moth Ephestia elutella is 
also a major pest in stored tobacco can be dated to 1915 



(4). The main distribution of the moth is in the temper
ate zone of the Northern Hemisphere. Here, too, the real 
cause of damage is the larva. Adult insects take in no food 
(27). In contrast to the cigarette beetle, the tobacco moth 
does not attack finished tobacco products. The larvae 
prefer Virginia and Orient tobaccos with a high sugar 
content which are low in nicotine. In addition, there is a 
whole range of further insects which can be found occa
sionally in tobacco warehouses, e. g. the larger tobacco 
beetle (Cttorama tabaa), the fungus eating hairy fungus 
beetle (Typhaea stercorea), or the dried foodstuff eating 
drugstore beetle (Stegobium paniceum), but these are of 
merely secondary and minor imponance as tobacco pests 
(86). 

2. PROTECTIVE MEASURES FOR STORED 
GOODS AND INFESTATION CONTROL 

Modem methods for combatting the two major pests 
Lasioderma serricorne and Ephestia elute/la are, based on 
complementary measures to prevent infestation in the 
first place, and to monitor and reduce the insect popula
tions. This so-called •integrated pest management 
programme~ has as its first line of defence the hygienic 
procedures which must be observed, i. e. the immediate 
and thorough removal of tobacco waste and tobacco 
dust, the construction of mechanical barriers to prevent 
or hinder insects from entering through open windows 
or doors, or separate storngefor.newly arrived.shipments 
of tobacco and storing tobacco in different rooms 
according to variety and age, to mention only a few 
control measures. All these are intended to prevent or at 
least significantly retard the spread of these insect pests 
(86). 

2.1 Monitoring infestation by means of pheromone traps 

As an additional flanking measure, this preventive 
programme to reduce infestation is accompanied by 
regular monitoring of the insect population, which 
enables the reproductive cycles of the two pests to be 
quickly and accurately determined. The tobacco industry 
these days favours the pheromone trap. The various 
models of light traps -.rre·as·a·rule-less sensitive and are 
today only rarely used (88). Pheromone traps for tobacco -
moths allow 6.4- 7 times as many moths to be caught as 
with light or adhesive traps (13, 33). Even better trapping 
rates can be achieved with the cigarette beetle in traps on 
a pheromone basis. Compared with conventional 
trapping methods, the use of pheromones yields a 10- 15 
times higher success rate (37). The pheromones used in 
these beetle traps are volatile organic signalling 
substances which in nature are released by the female 
cigarette beetle in order to attract and sexually stimulate 

males. The most effective of these substances has proved 
to be (45, 6S, 7S)-serricornin, which forms the main 
component in the pheromone mixtures used to monitor 
the beetle population, and is available commercially. The 
female tobacco moth similarly secretes a sexual 
pheromone, known as (Z, E) 9, 12-tetradecadien-1-ol 
acetate or ZETA. Here, too, the signalling effect of the 
substance assists the male to locate a sexual partner or 
stimulates the males to mate. Pheromone traps of various 
patterns based on the signal effect of ZETA have been 
built, but have not up to now been used to the same 
extent in the tobacco industry as pheromone traps for 
cigarette beetles. Pheromone traps for Ephestia elutella are 
mainly used in raw tobacco storage plants and in transit 

"'"" (86). 
The use of pheromone preparations in combatting stor
age pests of tobacco has proved to have a number of ad
vantages-for the tobacco industry. Due to the specific 
effect of the signal substance on the male beetles and 
moths, only tobacco pests are attracted. Toxic residues 

· which can frequently be deteeted .. .after treatment with 
conventional insecticides are virtually excluded by the 
use of pheromones. Pheromones are readily biodegra
dable. To date, no development of resistance to these 
compounds has been observed (53). Through the ecologi
cally beneficial use of pheromones to monitor the insect 
population, it is possible to detect any uncontrolled mul
tiplication immediately and take appropriate steps to deal 
with it. The source of infection can be localized and iso

.lated, and the use of conventional insecticides and fumi· 
gants can be kept to a nllnimum. 
Efforts are being undertaken to improve the yield of 
pheromone traps to the point where they go beyond the .. 
pure monitoring function. An interesting new variant is 
represented by the so-called pheromone-baited 
multi-surface trap (14). In this type of trap, additional 
adhesive-coated surfaces are arrayed concentrically 
around a ftxed pheromone source. The pheromone
baited multi-surface trap enables 8.5 times the number of 
cigarette beetles to be caught as with the conventional 
pheromone trap (e.g. Lasiotrap). It remains to be seen 
whether it will prove successful in practical use in 
tobacco warehouses and gain acceptance. However, the 
pheromone traps used up to now only attract the male 
beetles. Ih Order to permit truly effective control, future 
designs should include methods for decimating the 
population of females. The so-called bait compounds 
oould.play a key role here. In these traps attractants (male 
or female pheromones) or food sources are offered 
together with a poison (90). The particular advantage 
offered by baits is that they possess greater attractiveness 
for the insects than other sources in their environment, 
and in addition stimulate oviposition. In contrast to 
conventional insecticides, they are not applied on an 
entire area, but can be used locally without causing any 

33 



contamination to surrounding areas. It remains to be 
seen whether these new methods enable effective control 
of Lasioderma serricorne and Ephestia elute/la. 

2.2 Physical methodsofcontrol 

Among the preventive measures which can contribute to 
the effective control of insect populations are certain 
physical methods, some of which are already used during 
tobacco processing (61, 86, 99}. 
The different stages in the life-cycle of both the cigarette 
beetle and the tobacco moth are susceptible to effects 
from high and low temperatures, and can either be killed 
or their development considerably retarded by these 
means. Setting the temperature at 60°C for five minutes 
during the reconditioning of dried tobacco suffices to 
destroy 75 %- 99 % of all stages of the insects (86). Cold 
treatment of dried tobacco is also employed (50, 80). It 
has been demonstrated experimentally that the various 
stages of Lasioderma serricorne and Ephestia elute/la have 
differing degrees of susceptibility in this respect. The 
larval stage of the tobacco moth is least susceptible to 
cold, being able to suiVive temperatures as low as -18°C 
for several days. One procedure frequently used is to 
freeze raw tobacco at less than -20°C for more than five 
days. Storing tobacco and tobacco products in cold 
conditions at 4 °C for more than 90 days can also lead to 
a significant reduction of infestation (86). The advantage 
of extermination by cold at temperatures between -20°C 
and -30°C is that the procedure is absolutely non-toxic 
and environmentally friendly. The disadvantage lies in 
the long period that the tobacco must remain in the cold 
chamber to guarantee virtually complete extermination 
of the insects. Due to the limited size of a cold chamber, 
only a certain contingent of tobacco can be cold-treated 
at any one time, so that treating the entire contents of a 
storage plant is energy- and time- consuming. 

2.3 Insecticides and fumigants 

If the preventive measures taken to ensure proper 
hygienic conditions when storing tobacco prove 
inadequate, the stored material can be seriously 
threatened. It then becomes necessary to take swift and 
effective countermeasures using insecticides or fumigants. 
Widespread use is made of storage protectants on the 
basis of dichlorvoo (DDVP) or pyrethrins, which can be 
used either alone or in combinatiOn. These are usually 
applied as space sprays or as aerosols, but are occasionally 
also sprayed onto surfaces (7, 86}. 
The first insecticides to be used for protecting stored 
tobacco were pyrethrins. This is the collective name for 
naturally insecticidal substances extracted from 
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Chrysanthemum spp, whose lethal effect on the cigarette 
beetle and tobacco moth can be increased by adding a 
synergist such as piperonyl butox.ide. Pyrethrins are still 
in use to this day in the tobacco industry all over the 
world due to their outstanding efficacy against storage 
pests and their relative harmlessness to mammals (7). The 
active principle involved in their effect is based on the 
voltage-dependent blocking of sodium ion channels 
within the cell membranes of the insect neurons {44). 
A similar level of efficacy against pests of stored tobacco 
was achieved by DDVP, first introduced in 1955- 1958. 
Due to its high vapour pressure, DDVP is toxic to the 
respiratory tract, but it is also effective as a contact 
poison and a stomach insecticide (68). DDVP was 
employed against tobacco pests in the USA from 1960 to 
1986. The US tobacco industry then discontinued its use 
in insecticide preparations due to its relatively high 
toxicity for humans and animals and the resulting 
potential risks. 
An important role in the protection of stored tobacco is 
still played by metallic phosphorus compounds which 
release hydrogen phosphide. These fumigants, which 
have been used in the tobacco area since 1959 in the form 
~f aluminium and magnesium phosphide, can penetrate 
deep into the tobacco bales in their volatile form as 
phosphine and, properly used, quickly lead to a 100 % 
certain extermination of all stages of the insects. 
Compounds containing PH3 have a reductive effect on 
S-S bonds which are partly responsible for the formation 
of the tertiary structure in many proteins, and can also 
act with the free SH groups in the active catalytic centres 
of enzymes (77). Important advantages possessed by this 
class of substances in comparison with other storage 
protectants are low cost, less residues, and absolutely no 
impairment of tobacco quality aher fumigation (16, 77). 
Magnesium-based phosphide compounds are approved in 
Germany for use against the cigarette beetle and tobacco 
moth in raw tobaccos (9). The disadvantage of this 
method, however, lies in the rather long treatment 
period of several days. The fumigated tobacco 
storerooms can only be entered after this period has 
elapsed. Furthermore, the high toxicity of hydrogen 
phosphide to humans and the environment requires 
elaborate safety procedures during and after the release of 
the gas, and the use of specially trained personnel. 
Consequently, the authorities and government 
organizations find themselves under increased pressure 
from environmental groups who would like to see the 
use of metallic phosphorus compounds prohibited or at 
least severely curtailed (17). There has further been 
growing evidence over the past few years to suggest that 
cigarette beetles are becoming increasingly resistant to 
fumigan~ containing PH3 (78, 101). In the past, 
phosphine resistance in storage pests has proved to be 
specific to the compound, not extending to related 



hydrides. Since resistant insects absorb only small 
quantities of phosphine compared with susceptible 
strains, active exclusion mechanisms apparently play an 
important role here (76). The uptake and entry of 
hydrogen phosphide into the cell is already delayed by a 
membrane component. At the same time, a slow process 
of oxidation to hypophosphite has been observed. In 
contrast, phosphine transport from the tracheoles into 
the surrounding tissue, where it then very quickly leads 
to disruption of redox systems and the release of free 
radicals, remains unchanged in susceptible insects. 
A possible future substitute is represented by inert gases 
such as carbon dioxide or nitrogen (86, 90, 99). It is well 
known that an atmosphere of 60 % C02 with less than 1 
%. oxygen will destroy tobacco pests. However, the 
period which must be allowed for this to work 
effectively is rather long (ea. 14 days). There is also the 
problem that the carbon dioxide escapes into the 
atmosphere when the storage facility is subsequently 
ventilated. This should be avoided if possible, since the 
increase in atmospheric C02 is regarded as being 
responsible for the greenhouse effect (86). Release of C02 

into the environment can be prevented however by 
equipment for the recovery of carbon dioxide. The use of 
neutral gases in the form of carbon dioxide is permitted 
in Germany to protect stored tobacco in so-called Pex 
and Carvex pressure chambers (9). However, this method 
is seldom used by the tobacco industry today (86). The 
treatment period can be considerably shortened by this 
method, but the small capacity of the chambers Only 
allows treatment of small quantities of tobacco at a time. 
In addition, the treatment of fmished tobacco products 
by the Pex pressure method, cigarettes for instance, could 
lead to damaging the packets. Inert gas atmospheres 
containing 60% C02 are generally just as toxic for 
humans as fumigants containing hydrogen phosphides. 
However, the level of safety is much higher during 
fumigation and degasing with neutral gases; no residues 
of any kind are to be expected, and any threat to the 
surrounding area of the fumigated building can be 
virtually excluded (90). 
The use of nitrogen for protecting stored goods has up to 
now been restricted in Germany to combatting pests of 
cereals stored in gas- tight silo cells. Compared with 
carbon dioxide, fumigation by means of N 2 needs even 
longer treatment periods of 6 to 10 weeks (9). 
The tobacco industry has shown particular interest in 
recent years in storage protectants based on methoprene 
(20, 22). This is a hormone-like agent which induces 
changes in the insect's metamorphosis cycle. Methoprene 
works as an analogue of the insect's juvenile hormone 
farnesol, preventing the larva's development into the 
imago stage. Larvae which come into contact with 
methoprene-treated tobacco or take up the agent 
continue their normal development, but are unable to 

complete the metamorphosis from the pupal stage into 
adulthood and die. By suppressing development into 
reproductively viable cigarette beetles and tobacco 
moths, the life cycle of the pests is interrupted, thus 
providing effective protection of the stored tobacco (7, 
20, 86). Methoprene has been used by the US tobacco 
industry for pest control in tobacco storage since the end 
of the seventies. The experience gained here shows that a 
concentration of 5 ppm is sufficient to guarantee effective 
control of cigarette beetles and tobacco moths and 
long-term protection of stored tobacco for more than 
two years. At these concentrations, there is also no 
negative effect of any kind on the aroma and taste of 
finished products made from this tobacco (7, 20). 
Formulations containing methoprene such as Kabat and 
Dianex have meanwhile been approved for use for the 
protection of stored tobacco in many countries all over 
the world. Intensive efforts have been going on for some 
years now to obtain such approval in Germany. Up to 
now, however, the Biologische Bundesanstalt fiir Land
und Forstwirtschaft <Federal Office for Agricultural 
and Forestry Biology> has not yet given permission to 
register these commercially produced methoprene-based 
products for pest control in stored tobacco. Due to the 
excellent results achieved with methoprene in destroying 
insects even at low concentrations and its minimal 
toxicity for humans and the environment, this insect 
growth regulator would seem to be eminently suitable 
for the control of the cigarette beetle and the tobacco 
moth. It is however a disadvantage that the death of the 
insects only occurs after weeks or even months have 
passed, at the point when the larvae, which continue to 
feed on tobacco during this time, pupate (27). First 
reports have also begun coming in concerning the 
development of methoprene resistance in Drosophila 
melanogaster strains fed under laboratory conditions on a 
diet containing methoprene together with a mutagenic 
agent (98). 

3. Biological pesticides as alternative storage 
protectants 

When we attempt to weigh the pros and conS of the 
insecticides used in tobacco storage, it becomes clear that, 
with the exception of methoprene, every active substance 
used for this purpose entails a greater or lesser toxic 
potential risk to humans and the environment (cf Tab 1). 
During the last few years, public debate on pesticide use 
has revolved more and more around the criteria of low 
toxicity for humans and the ecology and a continuing 
reduction of the quantities applied (53). This has led to a 
situation where in Europe, the USA and many other 
couittries a determined effort is being made to replace 
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Table""!. 
Acute LD50 values of some Insecticides to mice and rats 

Insecticide Application, Organism 
LD50 (mg X kg '1) 

Pyrethrins oral, rat 584-900 

Dichl01vos oral, rat 56-60 

Methoprene oral, rat 34.600 

Neem-extract (Azadirachtin) oral, rat > 5.000 

B. thuringiensis {Dipel) oral, mouse 10.000 

B. thuringlensls (Thuringlensin) parenteral, mouse 13. 18 

conventional synthetic insecticides increasingly by highly 
effective and ecologically beneficial biological pesticides 
(44, 56). A further important factor which lends urgency 
to the search for new classes of insecticidal substances is, 
as mentioned above, the development of resistance 
already observed in tobacco pests to many of the 
pesticides hitherto used in storage protection, __ 'fhe 
properties required of such compounds would be the 
highest possible degree of specificity against the insect 
pests occurring in tobacco storage, little or no 
ecologically harmful effects or effects on humans and 
other organisms from the active substance involved or its 
derivates, biodegradability into non-toxic metabolites, no 
alteration to the aroma and taste of the tobacco due to 
possible residues which may occur, and a competitive 
price level. 
Intensive research into natural substances and biological 
organisms over recent years has demonstrated that they 
may prove a good source of bioinsecticides, and that 
several of them indeed have nothing to fear from a 
comparison with conventional synthetic pesticides (28, 
29, 30, 42). 
In the following, I would like to present a number of 
prOmising bioinsecticides which could be an alternative 
to the protectants used up to now, and will discuss details 
of their possible use for the control of the cigarette beetle 
and the tobacco moth. 

3.1 Endotoxins from Bacillus thuringiensis (B. tJ 

moment. These are peptides with a highly specific 
insecticidal effect, which are found as visible crystalline 
deposits in the interior of B.t. species. Surprisingly 
enough, the discovery of this bacterium and its first use 
as an insecticide can be dated back to the first half of this 
century. The first preparations with this bacterium 
intended for commercial use were tested in France at the 
end of the thirties (23). The higher costs of manufacture 
compared with the synthetic insecticides in use at that 

· ;time and, the. selective_ effect of Bacillus thuringiensis. 
toxins combined to prevent an early use of these 
biopesticides. Today, this is the most often used 
microbial insecticide, with a market share of 90% and an 
annual turnover in excess of US $ 125 millions (26, 91). 
Serious commercial use of B. t. preparations began in the 
fifties. They were employed as biological pesticides for 
the control of caterpillars in forestry and in agriculture 
(85). Until well into the seventies, only the insecticidal 
effect of Bacillus thuringiensis on the larvae of the 
lepidoptera was known. This type of insecticide is 
synthesized among others from the variety B.t. kurstaki 
and is available commercially as Dipel, Biobit, Thuricide 
or Delfin (10). In 1977, a new variety, B.t. israelernis, 
which was toxic to the larvae of diptera, was isolated by 
GOLDBERG and MARGAUT (35). These substances, too, 
are marketed as Vectobac (24). In 1983, KRIEG et al. 
discovered a new strain which had insecticidal effects on 
leaf beetle larvae (54). This new variety was named B.t. 
tenebrionis and is used under the name Trident or 
Novod6i, ·mainly to control the Colorado beetle 
(Leptinotarsa decemlineata) {10, 17). In the meantime, 

The endotoxins isolated from Bacillus thuringiensis are formulations based on Bacillus thuringiensis are even in 
among the most interesting bioinsecticides known at the- .. -,,. use in:tobacco.cultivation in.the USA for the control of 
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many tobacco pests (e. g. Heliothis virescens, Manduca 
sexta) with good results (71). In Germany, Bacillus 
thuringiensis-based insecticides are not used on tobacco 
fields, but are approved for the control of many insect 
pests in arable farming, market gardening and vineyards 
as well as in forestry (10). 
The toxic effect of this Gram-positive ground-dwelling 
bacterium on insect pests derives from its ability to 
synthesize special proteins known as endotoxins, which 
are deposited in the interior of the bacterial cell as 
crystalline inclusions during sporulation (38). These 
protein crystals have been found to account for more 
than 30 % of the dry weight of the spores. When ingested 
by certain insects, they dl~solve'in·the digestive tract of 
the pests and cause irreV-ersible damage to the cells of the 
gut epithelia. This results in complete destruction of the 
digestive tract over the following24 to48 hours, leading 
to the death of the insect ·(23, 24! 38). The protein 
crystals contained in Bacillus thuringiensis possess a 
highly specific ins~~ticidal activity which can be 
employed with good effect against the laryae and imago 
stages of Iepidoptera, diptera and coleoptera. In the 
meantime, additional endotoxins have been isolated 
which can be used to combat animal ectoparasites, 
endoparasitic protozoa and also nematodes (1, 24, 65). 
The numerous subspecies of B. t. can contain crystal 
proteins of varying composition. Merely the examination 
of the natural microflora of stored tobacco led to the 
isolation of a total of 78 strains of B.t., which could be 
identified a~d. characteri~ed ~q:miing . .to. their differing 
parasporal crystal morphology (48). 
Most of the protein crystals are plasmid~coded protoxins 
with a molecu·lar.w.eight,of .. approx •.. 135;000;{2..38}.lf,Jor .... 
instance, the protoxins of variety B.t. kurstaki enter the 
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Figure 1. 

digestive tract of the Iepidoptera larvae, the crystals 
dissolve in the alkaline medium of the gut and cleave into 
the effectively toxic fragments which have a molecular 
weight of 60,000 - 70,000, due to the protease effect of the 
insect's digestive enzymes (2). For endotoxins from B.t. 
tenebrionis effective against coleoptera, in contrast, the 
optimum pH ( < 4) is in the acid range (25). However, 
the B.t. tenebrionis protein is also soluble at high pH(> 
10) (1). The activated toxins interact with the epithelial 
cells of the insect's gut if the appropriate receptors are 
present in the cell membranes (93). Apart from their 
specific effect on Iepidoptera, diptera or coleoptera, most 
of the endotoxins possess, as far as is ·known, five 
conservative amino acid domains which presumably 
contain the components toxic to insects belonging to the 
orders described above (2, 38, 59). In addition, part of the 
toxiprotein is a highly variable amino acid sequence 
which is assumed to be involved in binding the protein 
to the epithelial cells of the insect's gut. This explains the 
high insect specificity of the various endotoxin classes ( 2, 
25, 59). These macromolecules only have a toxic effect on 
organisms in which the proteins are soluble in the gut, 
and which show specific structures for the binding of a 
special endotoxin. 
When endotoxins are bound to or directly incorporated 
into the membrane of the gut cells, small non-specific 
pores of 0.5 - 1 nm size are induced, leading to dissipation 
of the transport systems. Due to a rapid outflow of 
smaller molecules followed by an uncontrolled inflow of 

- ions and water, the osmotic equilibrium of the cell is 
seriously disturbed. The cells swell up·· and lyse, thus 
destroying the insect's gut (23, 38). As the endotoxins 
develop· their insecticidal effeet· as a feeding poison rather 
than by contact, other insect pests such as aphids or the 

Chemical structure of azadlrachtln, an active Ingredient from the seeds of the neem tree Azsd/rschts lnd/ca. 
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whitefly remain unharmed. The same is true for other 
invertebrates or vertebrates, which are not affected by 
the activity of crystal proteins in any way. 

In general, more than one specific crystal protein is 
synthesized from the varieties of Bacillm thuringiensis. 
The majority of B.t. spores contain a mixture of protein 
crystals from the products of closely related genes (2, 83). 
Certain B.t. varieties, such as BaciUus thuringiensis 
israelensis also produce so-called exotoxins, which are 
however not found as crystalline inclusions in the spore 
bodies, but are released externally. As in contrast to 
endotoxins, fi.exotoxin (Thuringiensin) has a toxic effect 
on vertebrates (see Table 1), the use of Thuringiensin in 
plant protection/storage protection appears to be far 
more problematic-than the use of endotoxins (49). Since 
endotoxins are not known to have any toxic, 
carcinogenic, mutagenic or teratogenic effects on 
mammals, venebrates or on the environment (19, 23, 56), 
the EPA saw absolutely no reason to set maximum 
residue limits for the use of endotoxins (23). The various 
insecticide-producing strains of Bacillus thuringiensis, 
especially the varieties kurstaki, israelensis and tenebrionis, 
are easy to culture in large quantities in a number of 
simple and inexpensive media. Culture is usually carried 
out in large tanks. At the end of the growth period the 
cells break up, releasing large amounts of spores and 
crystal proteins into the culture medium (32). These 
spores and crystal proteins form the active component of 
the B.t. preparations available on the market, which are 
applied on crops for pest -control. However, the 
instability of endotoxins causes specific problems when 
used on field crops. The fact that the active substances 
decompose within one to four days after application of 
the preparation often makes it necessary to repeat the 
treatment during a vegetation period (32, 94). It should 
be borne in mind that these substances are proteins 
which, as high-energy substrates, are a nutritive source 
for other organisms and are thus subject to a natural rate 
of decomposition. Another major factor which impairs 
the persistence of the crystal proteins is sunlight (72). 
Therefore considerable efforts have been made in recent 
years to transfer the plasmid-coded endotoxin genes of 
the bacterium into tobacco and other crops to enable 
them to synthesize the endotoxins themselves. It proved 
possible to express these transferred genes in the plant 
and, after uptake of plant material by the larvae, this led 
to the extermination of the pests (6, 30, 94, 97). By this 
procedure, endotoxin enrichment of 3 • 5 % of soluble 
total protein was achieved (64). This opens up a wide 
range of new options for combatting tobacco pests. It is 
conceivable that in the near future tobacco plants capable 
of protecting themselves by synthesizing biological 
pesticides such as endotoxins will be grown, so that 
treatment of the plant with pesticides will no longer be 
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Di-n-propyl disulphide 

n-Propyl-trans-1-propenyl disulphide 

n-Propyl-cis·1·propenyl disulphide 

Flgure2. 
Chemical structures of the principal volatile 
organosulphur compounds Isolated from neem oil. 

necessary. Here too, nature sets certain boundaries: if one 
and the same insecticide is constantly used, the insect 
pests are able to develop resistance which enables them to 
detoxify the active substance. This undesirable ability of 
the insects to adapt to the endotoxins of Bacillus 
thuringiensis has already been obse!Ved in laboratory 
tests with Heliothis virescens (26). A solution to the 
problem can be offered by a temporarily controlled 
expression of B.t. endotoxin genes in transgenic tobacco 
(97), or by incorporating chimeric genes into plants 
which produce a combination of endotoxins with 
differing effective specificity (26, 95). The development 
of resistance against the effect of the B.t. toxin should be 
considerably hampered by these measures. 

The question arises whether the proteins from the 
various strains of Bacillus thuringiensis which have a toxic 
effect on insects could also be used for the protection of 
stored tobacco and tobacco products. 

B. t. formulations derived from kurstaki and tenehrionis 
varieties are known to be effective in the control of the 
tobacco moth and the cigarette beetle. In USA, the use of 
Dipel has been recommended for some time to prevent 
damage through Ephestia elutella (71), while a method for 
the control of cigarene beetles using B.t. tenebrionis has 



been registered under Patent Specification No. EP 0448 
220A1 since 1991 (21). Therefore, in view of their 
selective effect on beede and moth, their 
above-mentioned low toxicity on other organisms, and 
since they are readily biodegradable, B.t. preparations are 
a very promising alternative to the conventional 
protectants for stored products. However, such a 
procedure would involve certain problems due precisely 
to this low persistence of the crystal proteins, which last 
only a few days when applied to field crops, so that 
repeated application of the B.t. products would be 
necessary for stored tobacco. Fortunately, endotoxins are 
much more stable on dried tobacco, and still exhibit 
sufficient insecticidal potential even three months after 
application (21). These biological preparations can be 
given further improved persistence characteristics by 
using crystal protein inclusions distributed by Mycogen 
Corporation. The production of these endotoxins which 
decompose slowly (7 to 10 days stable on field crops) is 
based on the principle of transferring endotoxin genes 
from Bacillus thuringiensis into the non-pathogenic 
bacterium Pseudomonas jluorescens (1, 32). Pseudomonas 
jluorescens cells which synthesize endotoxins themselves 

as a result of this effect are killed before they release 
endotoxins, and their membranes used for the protection 
of the sensitive protein crystals (24, 32, 72). At present, 
no published data are available which illustrate an 
adequate stability of endotoxins during the processing of 
raw tobacco. 

Another problem involved in the protection of stored 
tobacco using B. t. arises from the fact that both Dipel 
and Novodor would have to be applied simultaneously 
in order to control both the cigarette beede and the 
tobacco moth. The use of new B.t. varieties which 
synthesize larvicidal endotoxins against species of cole
optera and Iepidoptera possibly represents a more elegant 
solution (15, 65, 92). In this connection, Foil- a product 
which has been on sale for some time - should be 
mentioned here. The active ingredient of this product is 
a transgenic B. t. strain with two different plasmids, one· 
of which causes the specificity to coleoptera while the 
other is coding for endotoxins against Iepidoptera (23): 
Such a combined preparation might be a useful means to 
simultaneously achieve successful control of the tobacco 
moth and the cigarette beede. 

Azadlrachtin skeleton: Deesterified (1 ,3-dideacylated) 

Ecdysterone (20-hydroxyecdysone) 

Figure 3. 
Stereostructural relatloshlp between azadlrachtln and ecdysterone. For maximum Insecticidal activity of 
azadlrachtln free hydroxyl groups are essential. 
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3.2 Neem preparations and their possible uses 

There is no doubt that the extracts and oils of the neem 
tree (Azadirachta indica) take pride of place among the 
known natural substances with insecticidal effects. The 
origins of the neem tree are to be found on the Indian 
subcontinent. Today it is also cultivated in South-East 
Asia, Australia, Central and South America as well as in 
some parts of USA. This plant contains highly effective 
insecticidal substances which at the same time have little 
or no toxic effect on the environment. The seeds of the 
olive-like fruit, in particular, yield numerous compounds 
with insecticidal properties («). Complex triterpenoid 
compounds, called limonoids, have been found to be the 
biologically most active constituents of the neem seeds. 
They include the tetranortriterpenoid azadirachtin, a 
highly insecticidal compound, which is found at 
concentrations of 1.5 - 6.2 g/kg neem seeds (63) 
(Figure 1). Azadirachtins are a class of compounds of 
which more than 16 isomeric structures have been iden
tified. The predominant tetranortriterpenoid is 
azadirachtin A (75). These bioactive substances are 
generally obtained from the neem seeds in the form of 
alcoholic extracts (18). 
Another product derived from the seeds is an oil with a 
garlic-like odour and a high content of sulphur 
compounds (43, 57). To date, 22 volatile organosulphur 
compounds have been identified in neem oil. As has been 
demonstrated, the major volatile constituents are di
n-propyl disulphide, n-propyl-trans -1-propenyl disul
phide and n-propyl-cis-1-propenyl disulphide (Figure 2). 
In biotests, di-n-propyl disulphide has also been found to 
have Iarvicidal properties when used against the larvae of 
Heliothis virescens (LCso: 1,000 ppm) (5). The repellent 
effect of the neem tree, as exemplified by the desert 
locust, may be partly due to the constituents of the 
plant's leaves and seeds which contain sulphur. 
But the effective principle which, in fact, makes the neem 
seed constituents, especially azadirachtins, potentially so 
valuable as plant protectants is the impairment and 
inhibition of insect metamorphosis at extremely low 
doses, rather than their antifeeding properties (18, 44, 
65). Azadirachtins do not kill the insect immediately. 
However, if taken up by an insect, they alter growth and 
development. Thus, a large number of insect larvae 
treated with azadirachtin do not undergo normal 
moulting and die before reaching reproductive maturity 
or develop into sterile adult insects (89). Azadirachtins 
are similar in structure to the insect hormone ecdysone 
which is essential for moulting (Figure 3}. It is known 
that azadirachtin, as an ecdysteroid analogue, blocks the 
ecdysone receptors in the insect's brain, thereby 
triggering disturbances of the hormonal balance. In 
addition, impairment of other organic functions has been 
observed. Neem constituents inhibit the biosynthesis of 
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chitin, which forms an integral part of the insect's 
exoskeleton, or decrease gut motility (34, 43, 44, 65). 
This broad range of different bioeffects on insect pests 
clearly shows why more than 300 insect species including 
Iepidoptera, coleoptera and nematodes have been found 
to be susceptible to the constituents of neem seeds (36, 
79). A comparison of the insecticidal potential of various 
natural substances such as pyrethrin, kryocide, rotenone, 
ryania, sabadilla and _aZ~Irachtins with respect to their 
effect on Heliothis virescens shows that the application of 
neem compounds leads to mortality rates in the larval 
population of the tobacco budworm which are among 
the highest achieved by any insecticide (100). In addition, 
due to the numerous interactions of neem compounds 
with the insect organism, there is far less likelihood of a 
resistance developing to the active substances. Thus, no 
resistance to neem insecticides has been reported to date 
for the known insect pests of cultivated plants, even -
though the neem tree has been used for centuries by the 
Indian population to protect field crops and stored 
foodstuffs, as well as for medicinal purposes in the 
treatment of all manner of ailments and diseases (44, 46, 
84). 
If wheat, barley, rice, sugar-cane, tomatoes or tobacco are 
sprayed with water containing neem extract, the plants 
are systemically protected against pests for several weeks 
(46, 63). Experiments have also been carried out using 
neem oil to inhibit sucker growth in tobacco cultivation. 
Emulsions containing 30 % neem oil proved to be very 
effective in inhibiting sucker growth (8, 73), while at the 
same time neither crop yield nor tobacco quality were 
found to be impaired. As shown by studies of MURTIIY 
and NAGARAJAN using Bidi-tobaccos, neem oil 
preparations can also be used for controlling parasitic 
plants, such as Orobanche cernua (55). 
Neem preparations play a major role in storage 
protection. Neem leaves are strewn around in many 
Indian homes to discourage storage pests and parasites. 
Meanwhile, neem prod~cts are also known to protect 
maize, peas, millet, rice and also grain against pest 
infestation after harvesting (60, 89). However, neem 
preparations are rarely used by industry in storage 
protection. This may be partly attributable to the 
organoleptic propenies of the neem formulations which 
are commercially available currently, and to their 
varying degree of efficacy against storage pests (5, 90). As 
can already be seen from the numerous descriptions of 
possible uses of neem oils and extracts, the use of neem
based plant or storage protectants is unlikely to involve 
any risks or problems for more highly developed 
organisms or the environment. Animal experiments have 
shown an LDso of more than 5 g/kg in rats after oral 
uptake of a solution containing 3% azadirachtin (fah 1). 
Neem products did not,show·~_ucigeriic activity in the 
Ames Test (44, 81). In view of the relatively low toxicity 



of neem constituents for vertebrates, the US 
Environmental Protection Agency EP A decided to 
register Margosan-0 C:W R Grace & Co) as the first 
neem-based insecticide in the USA in 1989. In 1993, 
Azatin (Agri Dyne Technologies Inc) containing 3 % 
azadirachtin was registered for the first time for use on 
food plants. In Germany, too, attempts have meanwhile 
been made by Trifolio-M GmbH to obtain approval for 
neem-based pesticides. Neem Azal-T IS, a product 
containing azadirachtin A at a concentration of 1 %, was 
developed by this company to combat pests in fruit and 
potato growing and in forestry (52). 
Attempts have recently been made to produce azadir
achtin, the major active substance of neem, by preparing 
A~irachta indica cell cultures (96). However, as the 
yield of neem constituents in the callus culture is still too 
low, the industrial use -of this -method may not be 
realized in the near future. 
In view of the remarkable properties of neem extracts 
and the fact that they appear to involve no toxicological 
risk to man and the environmen,t,.the importance of tests 

to establish the suitability of these biological insecticides 
for the control of cigarette beetles and tobacco moths is 
undeniable. In this context, the first studies- carried out 
by RIEMENSBERGER - have now been concluded and 
documented in the form of a thesis (84). 
Tests of neem extracts, neem oils and extracts of Melia 
volkensii, a relative of the neem tree, to determine their 
efficacy on the lat:v.al.stages.of the two major pests. of 
stored tobacco revealed a high insecticidal activity of the 
neem extracts .containing _azadirach.tin. A.comparison. 
with methoprene, used as a storage protectant in some 
countries, clearly shows that the neem·extract-has a lethal · 
effect on the larvae of the tobacco moth at lower dosage 
and kills the larval stages of both the cigarette beetle and 
the tobacco moth more rapidly than the juvenile 
hormone analogue metboprene. In contrast to 
methoprene, application of neem extracts prevents the 
insect from developing through further larval stages (84). 

In view of these results, there is reason to believe that the 
highly effective insecticidal properties of the neem tree 
constituents can also be exploited in the protection of 
stored tobacco and tobacco products. However, a major 
problem remains, namely the odour components typical 
of neem extracts, which thus far have made their use in 
the storage protection of tobacco appear d~ubtful. 
In field studies by jOSHI et al., application of neem seed 
kernel suspensions on Virginia tobacco at concentrations 
of 0.5 %, 0.75 %and 1 % as protectant against Spodoptera 
litura did not show any adverse effects either on the yield 
or on the chemical or physical quality characteristics of 
the tobacco (47). However, in organoleptic tests of 
neem-treated tobacco specimens, neem concentrations of 
0.75 % and 1 % were found to alter the taste of the 

smoke. The addition of antioxidants to the insecticidal 
formulation might help to suppress the garlic-like odour 
of neem. Unfortunately, the mask of antioxidant 
substances may be removed during pyrolysis of the 
tobacco, so that the odour-intensive sulphur compounds 
of neem again become apparent. Complete removal of 
the sulphurous components from the neem extract 
would therefore be a better solution. Thus, Neem 
Azal-T/S is the first commercially available neem 
preparation in which these undesirable constituents have 
been successfully removed by means of a special patented 
extraction methOd, resulting in a product which is for 
the most pan odour-free. Future studies should attempt 
to determine whether such a formulation, after 
modification for special use in storage protection, is also 
suited for the control of tobacco pests. 

3.3 Possible uses of entomopathogenic viruses in storage 
protection 

'the use of entomopathogenic viruses, such as the family 
of the Baculoviridae, has also met with increasing interest 
as an alternative to conventional pesticides (23, 39). 
Compared with other biological and synthetic plant 
protectants, these entomopathogens often have the 
advantage of high selectivity and specificity, since they 
generally infect only one host species {31). Viruses which 
have insects as hosts are found in numerous virus 
families. With the exception of baculoviruses, however, 
many of the. other families are known·to include viruses 
which may attack vertebrates or even mammals, 
including humans {58). 
Therefore I would like to confine myself in the following 
to the description and characterization of this special 
group of viruses, panicularly since the entomopatho
genic properties of these species have been most 
thoroughly studied and may possibly have a role to play 
in future storage protection. The baculoviruses are 
double-stranded DNA viruses which are pathogenic for 
certain arthropods (e. g. larvae of Iepidoptera, coleoptera 
etc). According to their structure, they fall into two 
genera, namely the Nucleopolyhedroviruses (NPV) and 
Granuloviruses (GV) {12, 58). Baculoviruses which are 
already used in pest control belong to the Nucleo
polyhedroviruses (23). Infection by baculoviruses usually 
occurs orally. The process of infection begins after 
uptake with the dissolution of the protective protein 
coat, the polyhedron. Due to the strongly alkaline pH of 
the insect's midgut, nucleocapsids (virions) are released 
and taken up by the epithelial cells of the gut and 
transported to the nucleus. During the following 
replication of the viral genom a second viral-genOtype is 
produced, a so-called budded virus, which spreads from 
the site of the infection into the surrounding tissue. In 

41 



the later stages of the infection cycle, the viral progeny is 
again enclosed by the polyhedron: after the death of the 
larva and decay of the carcass it is again released into the 
environment as NPV. The time required to kill an insect 
may vary from days to weeks, depending on the 
temperature, of the viral dosis taken up, the age of the 
insect, and the susceptibility of the host to the specific 
viral species (12). During this time the insect continues to 
take up food. Most baculoviruses are highly host-specific · 
and generally confined to infesting only one specific 
insect species or closely related members. A small 
number of the NPV possess a somewhat lower host 
specificity enabling these types of viruses to be used for a 
broader range of applications. Thus baculoviruses, for 
example, which were originally isolated from Autographa 
californica (AcNPV) are capable of infecting more than 
40 Lepidoptera species, including Heliothis virescens (39, 
69). Baculoviruses have already been widely used in 
agriculture as well as in tobacco cultivation for the 
control of Heliothis and Spodoptera pests, particularly in 
Central and South America, India, Africa and South-East 
Asia (23). A point very much in their favour is that they 
do not involve any risk either to the environment, or to 
mammals and plants. In addition, there is no danger of 
residues after application, since they decompose easily 
outdoors as a natural part of biocoenosis (31, 39). 
So far, the high host-specificity as well as the prolonged 
extermination time for the insects have proved an 
obstacle to the wider acceptance of these new 
insecticides. For some time now, efforts have therefore 
increasingly been directed towards selectively expanding 
the spectrum of baculovirus hosts or enhancing the 
insecticidal efficacy of the viruses (12, 39, 67). 
Recombination of the baculovirus genom has already 
speeded up the time in which the insects are destroyed by 
30 % to 40 %. The introduction of a foreign gene which 
codes for a protein with insecticidal properties can 
improve efficacy. Positive results were also achieved for 
genetically modified viruses with an additional gene 
sequence for a regulatory protein which interferes with 
the physiological processes in insect metamorphosis (39). 
The range of hosts can be expanded by eliminating 
certain baculovirus genes. Thus, when using AcNPV 
after removal of the p35 gene, a higher susceptibility to 
infection and apoptosis was observed in insects which 
had so far not been susceptible to the virus (67). 
In view of these remarkable proPerties of entomo
pathogenic viruses, particularly BaculO'Viridae, the 
question naturally arises as to ·whether these biological 
pesticides might not be suitable for controlling the two 
major pests of stored tobacco. 
The use of these pesticides would presuppose that 
particular strains of viruses possess a specific pathogenic 
activity against Lasioderma serricorne and Ephestia 
elute/la; another prerequisite would be that a technique 
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of application is used which affords inexpensive but 
effective control of the cigarette beetle and tobacco 
moth. Can we really assume that these two basic 
requirements for the use of entomopathogenic viruses in 
storage protection have already been fulfilled? 
Early in the nineties, several articles were published by 
the University of Kentucky and USDA-ARS describing 
special strategies for HelWthis virescem control using 
baculoviruses in greenhouse and open field environments 
(45, 69, 70). The method of budworm control which was 
applied in the earlier studies was based on the principle of 
autodissemination, a method which IGNOFFO had 
already proposed in 1978 as an alternative to common 
control strategies (41). In order to attract male H. 
virescens moths, JACK.SON as well as NORDIN et al. used 
special pheromone traps in their studies: the insects were 
neither immobilized nor killed in these traps, but escaped 
after crossing a powder formulation consisting of 
AcNPV. During mating, the virus- contaminated male 
transmits AcNPV powder to the female. If subsequent 
oviposition by the female takes place, the egg surface will 
be contaminated by the viruses. When the larvae emerge, 
they eat parts of the chorion. The amount of viruses 
ingested is sufficient to cause a fatal infection in the 
young insects (45). 
In field tests, however, the results obtained with this new 
control strategy failed to meet expectations. Thus only 
10 % of the larvae which emerged were found to have a 
fatal infection with AcNPV under test conditions (45). 
According to the authors, this is attributable to physical 
factors (sensitivity of the baculoviruses to pH, UV 
radiation). Another reason is that under natural 
conditions the free migration of the insects would also 
have to be taken into account. 
Logically, the use of such a control strategy in a system 
which is largely enclosed- such as a tobacco storehouse
could be expected to produce considerably higher 
mortality rates for the pests. The autodissemination 
technique would have the advantage that the pesticidal 
agent - the virus particle - would not have to be applied 
to the tobacco, but would be concentrated in small 
portions in special pheromone traps. Direct application 
of entomopathogenic viruses to stored tobacco would be 
unacceptable simply for economic reasons, since large
scale virus production is still extremely material- and 
cost- intensive (31). 
In contrast to the type of pheromone trap used so far for 
I...asWderma senicorne and Ephestia elute/la, which permits 
only monitoring of the male insect population, 
combined use of pheromone and virus particles might 
lead to a considerable disturbance of the whole life cycle 
of the two tobacco pests. However, no studies dealing 
with the autodissemination technique have appeared to 
date. This may very well be due to the fact that only 
scanty evidence of a pathogenic effect of viruses on the 



two pests of stored tobacco has hitherto been obtained. 
With regard to Ephestia elutella, only a weak 
pathogenicity was found in certain NPV strains (40, 51), 
whereas for the tobacco beetle, no positive study results 
have been published to date. Therefore, in view of the 
lack of sufficient data, the search for pathogenic virus 
strains to control Lasioderma serricorne and Ephestia 
elutella should be intensified. Even at this stage it is 
possible to say that the entomopathogenic viruses will be 
of major importance in pest control. By using specific 
virus strains in combination with a modified pheromone 
trap, the enormous insecticidal potential of these 
nucleoproteins could also be exploited in the control of 
cigarette beetles and tobacco moths. 

4. CONCLUSIONS 

Endotoxins from Bacillus thuringiensis, the extracts of the 
neem tree or entomopathogenic viruses, such as the 
Baculoviridae, are clearly not the only alternatives which 
could play a key role in the protection of stored tobacco. 
It is highly probable that other natural substances or 
microorganisms which are suited for this purpose will be 
discovered in the next few years. For example, extracts 
from Azadirachta excelsa containing Marrangin
Azadirachtin compounds may already be such an 
alternative. Compared with the active substances of the 
neem tree, extracts from Azadirachta excelsa showed a 
considerably stronger bioactivity on the larvae of the 
Mexican bean weevil (Epilachna varivestis) (87).1t would 
be worth investigating whether this is not also true for 
the pests of stored tobacco. Further development of 
allelo-chemicals (e. g. pheromones, kairomones) could 
also help to appreciably improve trapping rates. The 
so-called •Kombidispenser" as developed by Trifolio 
GmbH, which allow simultaneous trapping of male 
cigarette beetles and male tobacco moths, may be seen as 
a first step towards this aim, although this new type of 
trap still does not afford really effective control of 
Lasioderma serric:orne and Ephestia elutella. A modified 
trap using pheromones in combination with the 
insecticidal properties of entomopathogenic viruses, as in 
the autodissemination technique described above, could 
indeed lead to a breakthrough in this area. However, the 
NPV which are known to date exert only a weak 
pathogenic effect on E. elutella. The seai-ch for more 
host-specific infectious viruses for cigarette beetles and 
tobacco moths should therefore be intensified. In 
addition, it may perhaps be possible to increase the 
pathogenic efficacy for E. elutella through genetic 
modification of the virus genom. Such extensions or 
improvements of host specificity have been carried out 
successfully for other insect species in the past (12, 67, 
74). Finally, the idea of speeding up the extermination 

process and increasing the mortality rates of the insect 
larvae by transferring B.t. endotoxin or scorpion toxin 
genes into the virus genom is also worth considering (12, 
82). Whereas, after virus infection, the expression of 
neurotoxin genes from scorpions or mites in the host 
contributed to a definite increase in pathogenicity, such 
an effect has not been observed so far with recombinant 
viruses which transferred a B.t. gene (62, 66, 82). 
Furthermore, the infectiosity and efficacy of specific 
entomopathogenic fungi in applications to the storage 
pests Plodia interpunctella and Ephestia kuehniella have 
already been documented (11); they could also play a 
future role in the control of the cigarette beetle and 
tobacco moth. Here too, the autodissemination 
technique would be a useful strategy for control. In 
contrast to entomopathogenic viruses, the use of entomo
pathogenic fungi would have the advantage that the 
intake of insecticidal particles is not necessary. Mere 
contact with the fungus spores is sufficient to infect the 
insect fatally. 
In future, the range of possible uses of biological 
pesticides will certainly continue to expand in storage 
protection as well, and thereby complement or even 
entirely oust the traditional synthetic insecticides. How
ever, this review does not claim to give an exhaustive 
survey or description of all bioinsecticides that may be 
used for the protection of stored tobacco in future. The 
organisms and natural substances referred to above 
merdy represent some examples of the different 
strategies of biological pest control (entomopathogenic 
viruses, fungi and bacteria, natural substances). They do, 
however, typify some of the most promising 
developments, despite the fact that their potential as 
storage pesticides still requires careful examination. It 
should be pointed out that the use of even biological 
insecticides is only possible in the context of an 
integrated pest management system. Satisfactory 
prOtection of stored tobacco against pest infestation can 
only be guaranteed in future by a variety of 
complementary measures. 
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