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ABSTRACT

In the present study, the persistence of the biological control agent bacteria Bacillus thuringiensis var.
kurstaki (Rebound, Hektas) and Bacillus velezensis QST 713 (Serenade SC, Bayer) on tomato flowers
and Bombus terrestris worker bees was determined after application. This study consists of two parts.
In the first part, these bacterial agents were applied to tomato flowers under greenhouse conditions.
Suspensions prepared at the recommended field dose of each bacterial isolate were applied by
spraying the ten flowering tomato plants under greenhouse conditions. Ten flowers from each treated
tomato plant were collected 24, 48, and 72 hours after application. Surface sterilization was performed
using 70% alcohol on tomato flowers collected from the greenhouse at various observation times.
These flowers were then transferred separately to petri dishes containing Nutrient Agar (NA) and
Sabouraud Dextrose Agar (SDA). In the second part, bacterial agents were applied to B. terrestris
worker bees under laboratory conditions and then transferred to hives under field conditions. The field
dose of each bacterial isolate was applied to 50 B. terrestris workers for 20 seconds (0.5 ml) using a
system capable of spraying at 4 atm pressure. These workers were then transferred to a separate hive
for each bacterial isolate. Re-isolation was carried out by mechanically killing ten worker bees taken
from these hives at the 24, 48" and 72" hours. During the reisolation phase, worker bees were
individually dissected in sterile distilled water after surface sterilization for each observation time. A
drop of haemolymph obtained from the dissected insect was diluted 100 times with sterile water and
then spread on Nutrient Agar. According to the results obtained from the study, it was determined that
B. thuringiensis var. kurstaki and B.velezensis QST 713 were found in both tomato flowers and the
haemolymph of B. terrestris worker bees at 24, 48, and 72 hours after application.
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0z
Calismada biyolojik miicadele etmeni olan bakterilerden Bacillus thuringiensis var. kurstaki (Rebound,

Hektas) ve Bacillus velezensis QST 713 (Serenade SC, Bayer)’in uygulandiktan sonra domates gicekleri
ve B. terrestris ig¢i arillarinda kalicihigi belirlenmistir. Galisma iki kisimdan olugmaktadir. Birinci
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kisimda bu bakteriyel etmenler domates gigeklerine sera kosullarinda uygulanmistir. Sera kosullarinda
10 adet cicekli domates bitkisine her bir bakteri izolatina ait arazi tavsiye dozunda hazirlanmig
siispansiyonlar puskiirtme yontemi ile uygulanmistir. Uygulamadan sonra 24., 48. ve 72. saatlerde
uygulama yapilmis domates bitkilerinden her bir izolat i¢in onar adet gicek toplanmistir. Seradan farkh
gozlem zamanlarinda alinan domates gigeklerine %70’lik alkol ile yiizey sterilizasyonu uygulanmistir.
Daha sonra bu gigekler Besin Agari (NA) ve Sabouraud Dekstroz Agari (SDA) igeren petri kaplarina ayri
ayri aktarilmistir. ikinci kisimda ise, B. terrestris iggi arilarina laboratuvar kosullarinda uygulama
yapildiktan sonra is¢i arilar arazi kosullarinda kovan igerisine aktarilmigtir. Her bir bakteri izolatinin
arazi dozu 50 adet B. terrestris is¢i bireyine 4 atm basingta piiskiirtme yapabilen sistem yardimiyla 20
sn siireyle (0,5 ml) uygulanmistir. Bu is¢i arilar her bir bakteri izolati i¢in ayr birer kovan igerisine
aktariimistir. Bu kovanlardan 24., 48. ve 72. saatlerde alinan onar adet is¢i ari mekanik yontemle
oldiriilerek re-izolasyon gergeklestirilmistir. Re-izolasyon agsamasinda, her bir gézlem zamani igin iggi
arilar ayri ayn yiizey sterilizasyonu yapildiktan sonra steril damitilmis suda disekte edilmistir. Disekte
edilen bocekten elde edilen bir damla hemolenf 100 kez steril su ile seyreltildikten sonra Nutrient
Agar'a yayilmistir. Calismadan elde edilen sonucglara goére; B. thuringiensis var. kurstaki ve B.
velezensis QST 713’in uygulandiktan 24, 48 ve 72 saat sonra hem domates ¢igceklerinde hem de B.
terrestris ig¢i arilarinin hemolenfinde bulundugu saptanmigtir.

Anahtar kelimeler: Entomopatojen, Spor canliligi, Biyokontrol etmeni, Bombus arisi

GENISLETILMiS OZET

Amag: Bu calisma kapsaminda ortli alti Gretim
alanlarinda domates uretiminde ekonomik kayiplara
neden olan zararli ve hastalik etmenlerine karsi
kullanilan B. thuringiensis var. kurstaki ve B.
velezensis QST 713’Un gigek ve bu gicekleri ziyaret
eden ve maruziyet yasayabilecek tarlaci is¢i arilar
Uzerinde canh kalma gucuUnin belirlenmesi
hedeflenmistir.

Gere¢ ve Yontem: Calismada biyolojik kontrol
etmeni olan bakterilerden 16000 1U/mg Bacillus
thuringiensis var. kurstaki (Rebound, Hektas) ve %
1.34 Bacillus velezensis QST 713 (Serenade SC,
Bayer) kullaniimistir. Bombus terrestris kolonileri
Ozel bir firmadan temin edilmis ve bu kolonilerden
deneylerde yer alan bireylerin yetistiricilikleri ile ilgili
uygulamalar Aricihk Arastirma ve Uygulama
Laboratuvarinda (Ilsparta Uygulamali  Bilimler
Universitesi, Ziraat Fakiiltesi, Zootekni BSlimii) 27-
28 °C ve oransal nemi %50-60 olan bombus arisi
yetistirme  kabinlerinde  gergeklestiriimistir.  Bu
calisma sera ve agik arazi kosullarinda olmak Uzere
iki asamadan olusmaktadir. Sera kosullarinda
yetistirilen  domates  bitkileri  ¢i¢eklendiginde
Rebound (150 g /100 L su) ve Serenade (1400 mL
/da) arazi tavsiye dozunda hazirlanmis ve
sUspansiyonlar gicekli domates bitkilerine ptskirtme
yéntemi ile uygulanmistir. Her bir biyopestisit icin
onar adet bitkiye ayri ayri uygulama yapilmigtir.
Uygulamadan sonra 24., 48. ve 72. saatlerde
bakteriyel biyopestisitlerin uygulandiktan sonra
kalicihginin  belilenmesi amaciyla uygulama
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yapillmis domates bitkilerinden her bir biyopestisit
icin onar adet cicek toplanmistir. Her bir gdzlem
zamani igin alinan domates cicekleri %70 alkol
icinde yulzeysel sterilizasyonu yapilarak ve alkol
kalintilarini gidermek icin U¢ kez steril su ile
yikanmistir. Daha sonra sirasiyla Nutrient agar (NA)
ve Sabouraud Dextrose Agar (SDA) igeren petrilere
ayri ayri inokule edilmistir. Calismanin ikinci
asamasinda, her bir biyopestisit 50 adet B. terrestris
isci bireyine 4 atm basingta puskurtme yapabilen
sistem yardimiyla 20 sn siireyle (0,5 ml) uygulanarak
uygulama yapilan bireyler ayri ticari kovanlara
aktariimistir. Uygulama yapilmis bireylerin yer aldigi
Bombus kovanlarinin agik arazi (alan) kosullarinda
kalmasi saglanmistir. Bu kovanlardan 24., 48. ve 72.
saatlerde onar adet isci ari alinarak mekanik
yontemle Olmesi saglandiktan sonra re-izolasyon
protokold uygulanmistir.

Bulgular ve Sonug: Seranade ve Rebound adl
bakteri icerikli ticari biyo-preparatlarin uygulandiklar
ortamlarindaki canliliklari incelenmis ve her iki
biyopestisitin uygulanmalarinin ardindan 72. saate
kadar domates ciceklerinde ve dogrudan Uzerine
uygulandiklari isci arilarin hemolenfinde bakterilere
ait sporlarin canhligini koruduklari saptanmistir.
Elde edilen sonuglarin, tarimsal Gretim kosullarinda
cevre dostu, surdurdlebilir ve kalintt problemi
olusturmayan ydntemlerin uygulamadaki etkililiginin
ortaya cikarilmasi yoninde katkilar saglayacagi
distnulmektedir.
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INTRODUCTION

Bombus terrestris L. (Hymenoptera: Apidae) is
native to temperate Eurasia and has spread
worldwide since the 1800s. The spread of this
species accelerated in the 1980s, when bees were
artificially reared in Europe and provided
commercially for greenhouse pollination services
(Dafni 2010, Goulson et al. 2015). Under
greenhouse conditions, bumblebees are more
effective pollinators than other species for many
Solanaceae plants, including tomatoes, eggplants,
hot peppers, and bell peppers. This is attributed to
their buzz-pollinating behavior, larger body surface
area, more hair, and tolerance to abiotic conditions
such as low temperature and light (Kraus et al. 2011,
Zhang et al. 2022). B. terrestris is also an effective
pollinator of many crops, particularly greenhouse
crops, and is widely utilized commercially (Zhou et
al. 2024). Given the well-documented role of
synthetic pesticides in decimating pollinator
populations worldwide (Brittain et al. 2010,
Ndakidemi et al. 2016, Sponsler et al. 2019), the
adoption of more sustainable strategies, such as
biological control and integrated pest management
(IPM) approaches in plant protection practices, has
gained prominence. However, IPM strategies are not
always clearly ‘pollinator-friendly’, and a new
approach described as ‘integrated pest and
pollinator management’ (IPPM) has recently been
introduced. IPPM encompasses all strategies that
minimize negative impacts on pollinators while
promoting synergy between crop pollination, pest
control practices, and ecosystem services (Cappa et
al. 2022, Egan et al. 2020).

Ensuring the sustainability of agroecosystems
during agricultural production has become an
important issue worldwide. Therefore, the need to
identify and develop biopesticides that can protect
crops against harmful organisms while being both
cost-effective  and environmentally friendly is
noteworthy. In the development of biocontrol agents,
entomopathogenic  microorganisms  play an
important role as environmentally friendly
biopesticides and are considered an alternative to
synthetic pesticides (Soumia et al. 2021). Declining
pollinator populations are expected to increase in
many world regions due to the higher Total Applied
Toxicity (TAT) of newer-generation pesticides.
These increased toxicities have been attributed to
the use of insecticides such as pyrethrins and
neonicotinoids (Basu et al. 2024, Schulz et al. 2021).

Since synthetic pesticides play a significant role in
the decline of pollinator populations worldwide, there
is growing interest in using biopesticides for more
sustainable pest management. These biological
control agents are generally considered safe for non-
target species such as pollinators. (Cappa et al.
2022). Bacterial biopesticides based on B.
thrungiensis, B. velezensis (formerly B.
amyloliquefaciens), and their toxins are widely used
for the biological control of insect pests and fungal
diseases (Cappa et al. 2022). The intensive use of
plant protection products containing the B.
velezensis strain QST 713 in various crops has
raised concerns about the safety of these products
for non-target pollinators (Sabo et al. 2020).

The biopesticide exposure of bees in their habitats is
almost always expected to be lower than the
recommended maximum land-use dose of the
applied pesticide. Additionally, it is thought that bees
will experience shorter-term exposure to bacterial
biopesticides, such as B. thuringiensis, compared to
those of other chemical origins due to factors like
temperature, humidity, and UV radiation (D’urso et
al. 2017). It is reported that temperature negatively
affects the spore viability and activity of biological
control bacteria, thus leading to a decrease in the
expected pesticide activity (Ignoffo 1992, Krebs et al.
1998). Bacillus velezensis is known to have
antagonistic effects against various fungal
phytopathogens (Abdalla et al. 2014, Jangir et al.
2019, Morsy et al. 2009). Fusarium oxysporum f. sp.
lycopersici, also known as fusarium wilt in tomato,
causes significant yield losses. Bacillus velezensis
EPCO16 has been reported to produce volatile
compounds that effectively inhibit the growth of F.
oxysporum f. sp., reducing mycelial development of
the pathogen by 46.04% (Ramyabharathi and
Raguchander 2014).

The effectiveness of different strains of B. velezensis
against this pathogen has been supported by

numerous studies (Jangira et al. 2018,
Ramyabharathi and Raguchander 2014,
Shanmugam and Kanoujia 2011). Bacillus

thuringiensis var. kurstaki is a safe biopesticide for
controlling Tuta absoluta, one of the most significant
pests affecting tomatoes (Alsaedi et al. 2017,
Dog@anlar et al. 2015, Topakgi and Kegeci 2017).
Furthermore, significant reductions in the population
of this pest and resulting yield losses have been
achieved with Bt formulations in Spain (Alsaedi et al.
2017, Gonzalez-Cabrera et al. 2011). In this study,
the viability of B. thuringiensis var. kurstaki and B.
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velezensis QST 713, which are used to control
diseases and pests that cause economic losses in
tomato greenhouses, was evaluated on tomato
flowers and worker bees that may be exposed to
these flowers.

MATERIALS AND METHODS

In this study, Bacillus thuringiensis var. kurstaki
(16000 IU / mg, 150 g /100 L water/ da) (Rebound®,
Hektas) and Bacillus velezensis QST 713 (1x10° cfu
/ mL, 1400 mL/ da) (Serenade® SC, Bayer) were
used as biological control agents. Bombus terrestris
colonies were obtained from a private company that
commercially produces and markets them. The
practices related to the breeding of the individuals
included in the experiments from these colonies
were carried out in bumble bee rearing cabins with a
temperature of 27-28 °C and a relative humidity of
50-60% in the Beekeeping Research and
Application Laboratory in the Department of Animal
Science, Faculty of Agriculture, Isparta University of
Applied Sciences.

Application of Biopesticide to Tomato Plants

Tomato plants were grown in the greenhouse of the
Plant Protection Department of Isparta University of
Applied Sciences. When the tomato plants grown
under greenhouse conditions bloomed, Rebound
(150 g/100 L water) and Serenade (1400 mL/da)
suspensions were prepared at the recommended
field dose and applied to the flowering tomato plants
using spraying. For each biopesticide, bacterial
suspensions were applied to ten randomly selected
tomato plants in full bloom. To determine the
persistence of bacterial biopesticides after
application, ten flowers/each representing a different
biopesticide, were randomly distributed among the
appropriate  numbers of tomato plants in the
greenhouse and collected at 24, 48, and 72 hours
after application. Tomato flowers were randomly
collected from the greenhouse for each observation
time, superficially sterilized in 70% alcohol in the
laboratory, and then washed three times with sterile
water. Then, they were inoculated separately into
petri dishes containing Nutrient agar (NA) and
Sabouraud Dextrose Agar (SDA), respectively. The
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inoculated NA medium was incubated at 37 °C for
48 hours, and the SDA medium was incubated at 25
°C for 48 hours (Basit et al. 2014).

Application of Biopesticide on Bombus terrestris

At this stage of the study, the bacterial suspension
of each biopesticide was sprayed onto 50 B.
terrestris workers at 4 atm for 20 seconds (0.5 mL).
The bacterial suspension-treated worker bees were
then transferred to field-maintained commercial
hives for both biopesticides (one hive each). Ten
worker bees were randomly removed from these
hives 24, 48, and 72 hours after the treatment. A re-
isolation protocol was followed, ensuring that these
worker bees were mechanically killed.. According to
this protocol, these worker bees were transferred
individually to Falcon (50 mL) tubes containing 70%
ethanol and gently shaken for 3 minutes. These
worker bees were then washed three times with
sterile distilled water (Kuzina et al. 2001, Yaman et
al. 2002). According to this protocol, these worker
bees were transferred individually to Falcon tubes
(50 mL) containing 70% ethanol and gently shaken
for 3 minutes. These worker bees were then washed
three times with sterile distilled water (Kuzina et al.
2001, Yaman et al. 2002). One drop (50 uL) of
haemolymph was collected from each dissected
worker bee in sterile distilled water. This
haemolymph was diluted 100-fold with sterile water
and inoculated into NA and SDA. These media
prepared for bacterial growth were incubated at 25-
36°C for 24-48 hours (Thiery and Frachon, 1997).
Methylene blue staining was used to visualize the
bacteria under a microscope (Benzina et al. 2017,
Larpent 1997, Singleton 2005)..

RESULTS

In this study, the life span of commercial
biopreparations  containing  bacteria, called
Seranade and Rebound, was examined in the
environments where they were applied, and it was
determined that the spores of the bacteria contained
in them maintained their viability in tomato flowers
and in worker bees to which they were directly
applied until the 72" hour after the application of
both biopesticides (Table 1).
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Table 1. Development status of biological control agent bacteria in the environment and the organisms where they were
applied

Developmental status of the applied environment and organism
Observation Bacillus thuringiensis Bacillus velezensis QST  Temperature (°C)-

Hours var. kurstaki 713 Humidity (%)
worker tomato worker tomato flower  Greenhouse  Field
bee flower bee
24th ° ° ° ° 28.8-69 26-53
48th ° ° ° ° 25.8-74 25-55
72nd ° ° ° ° 26.5-76 20-76
e: Bacterial growth is present
It was obtained from tomato flowers (60 flowers) ranging from 25.8 to 28.8 °C and humidity levels of
collected in a tomato greenhouse at temperatures 69-76% (Figures 1, 2, 3).

Figure 1. Growth of Gram +ve bacterium of Bacillus thuringiensis var kurstaki and Gram +ve bacterium of Bacillus
velezensis QST 713 in tomato flowers sampled 24 hours after application.

Bacillus velezensis QST 713- NA

= Bacillus thuringiensis var. kurstaki - NA illus thuringiensis var. kurstaki -SDA

Figure 2. Growth of Gram +ve bacterium of Bacillus thuringiensis var kurstaki and Gram +ve bacterium of Bacillus
velezensis QST 713 in tomato flowers sampled 48 hours after application.
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acillus thuringiensis var. kurstaki - NA Bacillus thuringiensis var. kurstaki -SDA

Figure 3. Growth of Gram +ve bacterium of Bacillus thuringiensis var kurstaki and Gram +ve bacterium of Bacillus
velezensis QST 713 in tomato flowers sampled 72 hours after application.

Bacterial isolates were re-isolated from the each bacterial isolate in the field, under temperature
haemolymph obtained from all samples taken from conditions of 20-26 °C and humidity levels of 53-76%
B. terrestris worker bees kept in separate hives for (Figure 4).

3

Bacillus velezensis QST 713- NA

Bacillus velezensis QST 713- NA " Bacillus thuringiensis var. kurstaki - NA

Figure 4. Growth of Gram +ve bacterium of Bacillus thuringiensis var kurstaki and Gram +ve bacterium of Bacillus
velezensis QST 713 in the haemolymph of Bombus terrestris worker bees taken 24, 48, and 72 hours after application
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It was determined that both bacterial isolates
remained on flowers and B. terrestris workers until
the 72" hour (Table 1).

Bacillus thl;ringienSis var. kurstaki - Spores

Spores and vegetative cells of B. velezensis QST
713 and B. thuringiensis var. kurstaki re-isolated
from worker bees are given in Figure 5.
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Figure 5. Spores and vegetative cells of Gram +ve bacterium of Bacillus velezensis QST 713 and Gram +ve bacterium
of Bacillus thuringiensis var. kurstaki re-isolated from Bombus terrestris worker bees

DISCUSSION

All classes of biopesticides are known to cause less
harmful effects on pollinator species, in addition to
their direct toxicity. The current risk assessment
approach is inadequate to accurately assess the
potential adverse effects of these control agents on
pollinators (Cappa et al. 2022). Exposure to B.
amyloliquefaciens caused high mortality and
reduced colony growth in B. terrestris after several
weeks (Mommaerts et al. 2009b). The lethal or
sublethal effects of Bt-derived Cry proteins (Cry1Ab
and Cry1Ac) on B. terrestris were not determined

Uludag Aricilik Dergisi —

(Babendreier et al. 2008, Morandin and Winston
2003). In addition, worker bee weights, pollen
consumption, colony size, brood size, and the
number of sexual bees produced were not affected
by exposure (Babendreier et al. 2008). Commercial
formulations based on different isolates of B.
thuringiensis subsp. Bt. kurstaki (Btk) and Bt subsp.
aizawai (Bta) are the most preferred biopesticides in
organic and conventional agriculture to control
Lepidoptera larvae (Bravo et al. 2011).

In practice, reapplication of these products is
recommended at intervals of 3-8 days due to the
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sensitivity of toxin crystals or spores to abiotic
conditions such as UV (EFSA Biohaz Panel (EFSA
Panel on Biological Hazards) 2016). Therefore,
during field activities, bumblebees may be exposed
to these biopesticides and may carry Bt-
contaminated nectar and pollen to the colony.
Pesticide formulations contain different compounds
to protect spores and toxin crystals, especially in
biopreparations (Brar et al. 2006). Previous studies
have reported that Btk can still be detected on the
leaf surface 72 hours after application (Bizzarri and
Bishop, 2008, Raymond et al. 2010). The conditions
inside the bee hive are quite different from those in
the field, with no greater UV effect on spores and/or
products, and no high humidity conditions (Alkassab
et al. 2022). In the current study, it was determined
that both B. velezensis QST 713 and B. thuringiensis
var. kurstaki survived in tomato flowers for up to 72
hours under greenhouse conditions. Recently, the
distribution of Bt spores within the colony was
evaluated after an artificial in-hive feeding
experiment, and it was found that Bt was present at
different concentrations for 2-3 weeks (Steinigeweg
et al. 2021).

Although the widespread use of Bt-based plant
protection products has been approved worldwide,
few studies show the persistence of Bt spores after
applying Bt-containing microbial control agents in
the environment. These plant protection products
are considered to have low persistence on leaves
under field conditions, where the half-life of viable Bt
spores is assumed to be between a few hours and
up to 2 days (Pinnock et al. 1971, Ignoffo and Garcia
1978, Pedersen et al. 1995, Haddad et al. 2005). It
is reported that the rapid degradation of Bt spores is
associated with various abiotic factors, including UV
radiation, temperature, and humidity (Dunkle and
Shasha 1989, Ignoffo et al. 1974, Khorramvatan et
al. 2014, Sansinenea et al. 2015).

Sunlight is probably the most important
environmental factor that can negatively affect the
persistence of entomopathogenic bacteria and
commercial microbial pesticides. Temperatures
ranging from approximately 10 to 40 °C, which are
common in most agricultural ecosystems, generally
do not adversely affect entomopathogens. It was
reported that when B. thuringiensis was exposed to
natural sunlight, spore viability decreased by up to
80% in 1 day, and its insecticidal activity varied
between 1 and 5 days (Ignoffo 1992). In general, Btk
loses 50% of its insecticidal activity within 1-3 days
and has been reported to have longer residual
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activity (10 days) (Surgeoner and Farkas 1990). This
enables repeated and targeted applications to
manage pest populations, potentially reducing
exposure time for non-target organisms (Young
2023). The lethal and sublethal effects of biological
control agents of bacterial origin on non-target
organisms, such as B. terrestris, have been
supported by numerous studies (Cappa et al. 2022,
Demirézer et al. 2023, Malone et al. 2007,
Mommaerts et al. 2009a,b, Mommaerts et al. 2010,
Ramanaidu and Cutler 2013).

Within the scope of this study, it was determined that
bacterial preparations maintained their viability in B.
terrestris worker bees exposed to bacterial
preparations for up to 72 hours in the hive
environment under field conditions. In addition, since
bacterial preparations are used as pollinators in
tomato greenhouses, considering that they feed on
nectar in tomato flowers, the persistence of these
bacteria in tomato flowers was investigated for up to
72 hours. It was determined that both bacterial
control agents were present in tomato flowers taken
from the greenhouse environment and B. terrestris
workers taken from the hive environment 72 hours
after the application.

Conclusion

While the persistence of these bacterial factors in
greenhouse production areas under controlled
conditions is desired to increase the effect of these
bacterial factors on the target harmful organisms by
remaining on the plant, the possibility of exposure of
non-target B. terrestris worker bees that will visit
these plants is one of the undesirable situations,
considering that it may negatively affect the
beneficial organism and harm pollination. It is
thought that the obtained results will contribute to the
effectiveness of environmentally friendly,
sustainable, and residue-free methods in agricultural
production conditions. It is believed that determining
the effects of these plant protection products on non-
target organisms will be an important resource in
their safe use in practice when biological pesticides
are preferred as an alternative to chemical
pesticides.
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