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Abstract

Toxic tolerance study of 1,3-Diazaspiro[4.4]nonane-2,4-dithione of Apis mellifera L. was per-
formed in a laboratory using pollen with different protein content. There is higher toxic tolerance
when bees consumed pollen with higher protein content. The lifespan of bees after application
of the substance varies from 6 h for those which consumed pollen from Chondrilla juncea L. with
12.3 % protein content to 36 h for those which consumed pollen from Cornus sanguinea L. with
27.7 % protein content. When bees consumed pollen with a protein content of more than 21 %,
lived longer. It seems that bees which consumed pollen with a protein content of 14.2 % had a
lower toxic tolerance.
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Introduction

Modern agricultural practices have an
impact on biodiversity, and must be as-
sessed in order to protect wildlife and
increase agriculture production (Norris
2008). Agroecosystems must play a main
role in conserving biodiversity (Fischer et
al. 2006). In the last 60 years, the use of
pesticides increased in agriculture (Tilman
et al. 2001). Use of pesticides leads to di-
rect and indirect effects on the environ-
ment (Woodcock et al. 2016). The amount
and balance of macro- and micronutrients
and secondary metabolites in the diet of
insects affects their condition (Simpson
and Raubenheimer 2012). There is a
connection between insect’s sensitivity to
toxins and the protein:carbohydrate ratio
(Deans et al. 2017). Secondary metab-

olites may increase insect resistance to
various pesticides (Johnson et al. 2012).
This is extremely important for Apis mel-
lifera L., the main pollinator on the Earth
(Hung et al. 2018).

The aim of this study was to investigate
toxic tolerance of beneficial entomofauna
(Apis mellifera L.) depending on protein
content of consumed pollen.

Materials and Methods

A laboratory experiment was performed in
2015. Pollen with established botanical or-
igin and protein content were used: Chon-
drilla juncea L. pollen with protein content
of 12.3 %, Cichorium intybus L. — 14.2 %,
Cornus mas L. — 21.7 %, Pyrus malus
Borkh. — 26.1 % and Cornus sanguinea
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L. — 27.7 % collected from forestry area
Borushtitsa (42°73'38" N and 25°57'29" E)
(Radev 2021). As a toxic agent for bees
1,3-Diazaspiro[4.4]nonane-2,4-dithione
was used in a concentration of 0.01 %.
Five experimental groups were used,
every group consisted of three wood-
en cages 10x10x10 cm. Twenty newly
hatched bees were placed in every cage
and fed on 50 % sugar syrup for three
days. On the fourth day tested substance
was added to the food of all five groups
in a concentration of 0.01 %. Every group
also received 20 mL sugar syrup contain-
ing 2 g of pollen: 1st group received from
C. juncea, 2nd group from C. intybus, 3rd
group from C. mas, 4th group from P. ma-
lus and 5th group from C. sanguinea. The
food was delivered to the cages through
2 mL pipette. The syrup was renewed
daily. The cages were covered and left

at room temperature of 20-21 °C. During
the first 3 days, the bees were monitored
once a day when changing the syrup, on
the 4th day every hour and on the 5th day
every 3 hours.

The results were statistically processed
by Excel and Anova and method of low
significant difference (LSD) at p < 0.05.

Results and Discussion

The results show higher toxic tolerance
of A. mellifera to the applied substance
when consumed pollen with higher pro-
tein content. The lifespan of bees fed on
the substance varies from 6 h for those
which consumed C. juncea pollen with
12.3 % protein content to 36 h for those
which consumed C. sanguinea pollen with
27.7 % protein content (Table 1).

Table 1. Lifespan of bees fed on 1,3-Diazaspiro[4.4]nonane—2,4—dithione 0.01 %
and pollen with different protein content, %.

Period of counting GI’Ol:Ip I, Grou.p I, Grou.p 11, Grou_p v, Grou_p vV,
live bees survived survived survived survived survived

bees bees bees bees bees

Till 1st h 73.0 76.5 100.0 100.0 100.0

Till 2nd h 41.5 56.5 100.0 100.0 100.0

Till 3rd h 21.5 36.5 100.0 100.0 100.0

Till 4th h 2.3 16.5 100.0 100.0 100.0

Till 5th h 11.5 11.5 100.0 100.0 100.0

Till 6th h 0.0 8.5 100.0 100.0 100.0

Till 8th h NF 0.0 96.5 100.0 100.0

Till 10th h NF NF 76.5 81.5 96.5

Till 14th h NF NF 55.0 12.6 88.0

Till 18th h NF NF 21.5 63.0 71.5

Till 24th h NF NF 5.0 30.0 45.0

Till 27th h NF NF 0.0 23.0 23.0

Till 30th h NF NF NF 8.0 15.0

Till 33th h NF NF NF 0.0 11.5

__________ Till 36th h NF NF NF NF 0.0
LSD .0 0.65 0.65 0.69 0.69 0.69

Note: NF — not found.



86 Zh. Radev and Ts. Raycheva

As protein content in pollen increased
lifespan of bees also increased. When
bees consuming pollen with protein
content more than 21 %, lived longer. It
seems that bees which consumed pollen
with protein content up to 14.2 % have
low toxic tolerance. In groups | and Il
the highest mortality was reported by the
3rd h and in groups lll, IV and V a gradual
loss of bees was observed, starting af-
ter 6th h. There is no difference between
groups | and Il (F < F... Anova: Single
factor), as well as between groups llI, IV
and V (F < F_, Anova: Single factor). A
difference was found when comparing
groups | and Il with groups Ill, IV and V
(F > F,,, Anova: Single factor). According
to the obtained results, it is necessary to
conduct field experiments work with bee
hives, as the results may be different from
the laboratory.

In the present study, the effect of pro-
tein content in the pollen on pesticide tox-
icity was considered, taking into account
its positive effect. Wahl and Ulm (1983)
first mentioned that pollen increases the
tolerance of honey bees to pesticides.
Consumption of pollen reduces the sus-
ceptibility of bees to chlorpyrifos com-
pared to bees fed without pollen (Schmehl
et al. 2014). Carrying out research work in
this direction is imperative, having in mind
bee colonies losses worldwide. Barascou
et al. (2021) found a reduction in pesticide
toxicity in honey bees depending on dif-
ferent pollen. Honey bees have been ex-
posed to a number of stressors in recent
years, including pesticides (Goulson et al.
2015).

Conclusions

The protein-rich pollen feeding could
somewhat increase the toxic tolerance

in bees. As protein content in pollen in-
creased lifespan of bees also increased.
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