
INTRODUCTION 

Since the 1950s, antibiotics have been used to man-
age specific bacterial diseases affecting high-value 
crops such as fruits, vegetables, and ornamental plants 

(McManus et al., 2002). Antibiotics are defined as 
substances produced by microorganisms that inhibit 
the growth of or kill other microorganisms (Madigan et 
al., 1997). Some microbial compounds with antifungal 
properties-used, for instance, to control rice blast and 
other plant fungal diseases-have also been classified as 
antibiotics (Yamaguchi, 1995).

Regulatory approaches to antibiotic use in agricul-
ture vary globally. Europe enforces strict regulations 
that significantly limit their use in crop production. In 
contrast, the United States permits the application of 
antibiotics such as streptomycin in orchards. In China 
and several Asian countries, antibiotics are widely 

applied in rice and vegetable farming (Batuman et al., 
2024). In South Korea, antibiotics including strepto-
mycin, oxytetracycline, oxolinic acid, and copper com-
pounds are commonly used to control plant diseases 

(Awad et al., 2010).
Oxolinic acid, a quinolone antibiotic that inhibits 

DNA gyrase, has been employed in South Korea since 
2015 to combat fire blight, a bacterial disease affecting 
apple and pear trees (Ham et al., 2022). Streptomycin, 
used since the 1950s to target various plant-pathogenic 
bacteria, is most commonly applied to manage Erwinia 
amylovora, the causative agent of fire blight that infects 
leaves, flowers, and shoots of apple and pear trees (Mc-
Manus et al., 2002). In South Korea, E. amylovora-the 
pathogen responsible for black fire blight-was first 
reported in 1995, and since then, streptomycin has been 
a principal method of disease management in orchards 

(Lee et al., 2023).
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Bacillus species, particularly Bacillus subtilis, have 
emerged as important biological control agents due to 
their antibiotic production and plant growth-promoting 
properties (Shafi et al., 2017). B. subtilis serves as both 
a biofertilizer and a biocontrol agent and is among the 
most widely utilized microbial products in agriculture 

(Wu et al., 2019).
Copper hydroxide is another widely used agricultural 

chemical, applied as a fungicide to control bacterial and 
fungal diseases in crops, trees, and ornamental plants. 
Produced via a chemical reaction between sodium hy-
droxide and copper sulfate, copper hydroxide forms 
fine particles that rapidly release copper ions, offering 
effective protection against pathogens (Rusjan, 2012). In 
South Korea, it is commonly used to protect crops from 
various fungal infections (Um et al., 2021).

Tetracyclines are broad-spectrum antibiotics active 
against bacteria, protozoa, parasites, and fungi, and are 
among the most commonly used in South Korea. Oxy-
tetracycline, in particular, is widely used and is official-
ly registered for agricultural use on crops (Kim et al., 
2023).

In agricultural practice, antibiotics are typically ap-
plied through spraying onto tree canopies or by direct 
trunk injection, especially during the blooming period to 
prevent pathogen infection through flowers (Avila et al., 
2024). Notably, the timing of these applications often 
overlaps with the period when fruit growers introduce 
honey bee colonies for pollination (Lawrence et al., 
2022), potentially exposing pollinators to antibiotics and 
raising concerns about their impact on bee health.

Therefore, the objective of this study was to evaluate 
the acute toxicity of five agricultural antibiotics-oxol-
inic acid, streptomycin, B. subtilis, copper hydroxide, 
and oxytetracycline dihydrate-on honey bees through 
oral and spray bioassays under laboratory conditions.

MATERIALS AND METHODS

1. Honey bees 

To evaluate the acute effects of antibiotics, Apis mel-
lifera workers of similar life stages were collected from 
three healthy colonies maintained at the experimen-
tal apiary of Andong National University. Bees were 
carefully gathered by gently brushing individuals from 

brood frames without emerging bees, minimizing phys-
ical stress or injury. The collected bees were then placed 
in 120×80 mm insect breeding cages (SPL- TDS-ISB-
DJ, Pocheon, South Korea), following the procedure 
outlined by Williams et al. (2013). After collection, the 
bees were transferred to the laboratory and maintained 
under controlled conditions at 25±2°C with 50-60% 
relative humidity.

2. Antibiotics 

The antibiotics were serially diluted in 50% sugar 
syrup from the producer’s recommended concentration 

(Giske et al., 2022) to 10-6 times, with active ingredient 

(a.i.) concentrations of oxolinic acid at 200 mg/L, strep-
tomycin at 100 mg/L, copper hydroxide at 1540 mg/L, 
oxytetracycline dihydrate at 85 mg/L, and B. subtilis at 
5×109 cfu/g, respectively. 

3. Acute oral toxicity 

Honey bees were released into the plastic cages with 
dimensions of 90 mm of bottom diameter×120 mm of 
top diameter ×80 mm in height, with side ventilation 
slots (10 bees per cage) using a small amount of CO2 
for anaesthetization, as detailed by Human et al. (2013), 
and starved for 2 hours in experimental room main-
tained at 25±2°C and 50-60% relative humidity. A 
plastic Kovax Syringe (5 mL) was used as feeder unit 

(Bisrat et al., 2020), containing 2 mL of the prepared 
dose. A 50% sugar solution alone was used as control. 
Afterward, the feeders containing antibiotics were re-
placed with feeders containing only the sugar solution, 
immediately after 2 hours. Each treatment had three 
replications. Bee mortality was observed at 6, 12, 24, 
48 and 72 hours. 

4. Spray toxicity

Honey bees (10 bees per group) were anesthetized 
using a small amount of CO2 and placed onto a Petri 
dish (15 cm in diameter). The bees were then sprayed 
10 times from a distance of 15 cm using a 600 mL hand 
sprayer (KOMAX G600, Sansoo Co., LTD, Korea) con-
taining the antibiotic solution. After spraying, the bees 
transferred into the plastic cages with feeders containing 
only a sugar solution. Each treatment had three replica-
tions. Bee mortality was observed at 6, 12, 24, 48 and 
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72 hours after spraying.

5. Statistical analysis

The median lethal concentration (LC50) values for 72 
hours post-exposure to antibiotic were calculated using 
Probit analysis in SPSS version 16. Assuming a daily 
feeding amount of 35 μL (Laurino et al., 2011), the 
cumulative median lethal dose (LD50) for repeated treat-
ments was determined based on the corresponding LC50 
values. A volume of 1.575 mg/bee was used to estimate 
the LD50 from the corresponding LC50 value in the spray 
bioassay (Zhu et al., 2015).

RESULTS

Honey bees were subjected to acute oral and spray 

bioassays using six serial concentrations of five com-
monly used agricultural antibiotics (Table 1), starting 
from the recommended field concentration.

The results of the toxicity assessments are summa-
rized in Table 2 for both oral and spray exposure routes. 
In the oral bioassay, four antibiotics-oxolinic acid, 
streptomycin, Bacillus subtilis, and oxytetracycline 
dihydrate-were found to be non-toxic to honey bees, 
with LD50 values exceeding 50 μg/bee. In contrast, cop-
per hydroxide demonstrated moderate toxicity, with an 
LD50 of 9.5 μg/bee after 72 hours of exposure (Table 2).

In the spray bioassays, all tested antibiotics-includ-
ing copper hydroxide-exhibited low toxicity. Honey 
bee mortality remained below 10% across all tested 
concentrations, and LD50 values were greater than 50 
μg/bee, indicating minimal risk from dermal exposure.

In the case of copper hydroxide, Fig. 2 illustrates a 

Table 1. Percentage of active ingredient, type of commercial formulation, field recommended concentration, dilution factor, and mode of 
action of tested antibiotics

Antibiotics a.ia (%) Class Mode of action Formulation Recommended conc. 
(mg/L)

Oxolinic acid 20 Fungicide DNA topoisomerase type II WP 1000

Streptomycin 20 Bactericide Amino Acid/Protein Synthesis WP 500

Bacillus subtilis 5 × 109 cfu/g Microbial 
fungicide

Destroy pathogen germ tubes 
and pathogen membranes WPb 1000

Copper hydroxide 77 Fungicide Nonspecific denaturing of 
proteins and cell leakage WP 2000

Oxytetracycline dihydrate 34
Antibiotic, 
Fungicide, 
bactericide

Inhibit bacterial protein synthesis WGc 250

aActive ingredient, bWettable powder, cWater dispersible granule

Table 2. Lethal dose (LD50 in μg/bee) of antibiotics to honey bees via oral and spray bioassays at 72 hours, with reference LD50 values  

(Rf.LD) from the literature

Antibiotic Spray toxicity Oral toxicity Rf.LD References

Oxolinic acid >100 >100 >20 Lewis et al., 2016

Streptomycin >50 >50 >100 Benfenati et al., 2011; Ludvigsen et al., 2018

Bacillus subtilis  >1000 >1000 >100,000 US Environmental Protection Agency, 2006;  
Dedej et al., 2004

Copper hydroxide >50     9.5 >40 Benfenati et al., 2011; Lewis et al., 2016

Oxytetracycline dihydrate >100 >100 >100 Benfenati et al., 2011
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clear contrast in honey bee mortality between oral and 
spray exposure routes. Oral exposure at the highest con-
centration (1540 mg/L) led to mortality rates exceeding 
80% at both 48 and 72 hours (Fig. 2a). In comparison, 
spray exposure at the same concentration resulted in 
less than 10% mortality (Fig. 2b). Statistical analysis 
confirmed a significant difference in mortality between 
the oral and spray bioassays at 1540 mg/L (p<0.0001), 
highlighting the critical role of exposure route in deter-
mining toxicity. 

DISCUSSION

This study assessed the acute toxicity of five agricul-

tural antibiotics-oxolinic acid, streptomycin, Bacillus 
subtilis, copper hydroxide, and oxytetracycline dihy-
drate-on honey bees using oral and spray bioassays, 
with serial dilutions prepared from recommended field 
concentrations. The results revealed significant differ-
ences in toxicity profiles, with copper hydroxide exhib-
iting notably higher oral toxicity, while the other four 
compounds showed no adverse effects under the test 
conditions.

Our findings demonstrated that oxolinic acid, strepto-
mycin, B. subtilis, and oxytetracycline dihydrate were 
non-toxic to honey bees in both oral and contact spray 
bioassays. All exhibited LD50 values exceeding 100 
μg/bee (Table 2), consistent with prior studies and data 
from the EPA Pesticide Ecotoxicity Database. Specif-
ically, oxolinic acid (Lewis et al., 2016), streptomycin 

(Ludvigsen et al., 2018), B. subtilis (Dedej et al., 2004), 
and oxytetracycline dihydrate have all been previously 
reported to exhibit low toxicity to honey bees. Accord-
ing to the U.S. Environmental Protection Agency (USE-
PA) classification, substances with LD50 values greater 
than 11 μg/bee are considered non-toxic (Fitzpatrick et 
al., 2017). Thus, these antibiotics pose minimal acute 
risk to pollinators at recommended concentrations.

However, while acute toxicity may be low, the long-
term and sublethal effects of these substances, particu-
larly on honey bee physiology and microbiota, remain 
important areas for further study (Hladun et al., 2015). 
Streptomycin, for example, has been shown to disrupt 
gut microbial communities, potentially compromising 
immune function and increasing vulnerability to patho-
gens (Ludvigsen et al., 2018). Such disruptions can neg-

Fig. 1. Log concentration lines of the mortality of bees to antibi-
otics (oxolinic acid, streptomycin, B. subtilis and oxytetracycline 
dehydrate).

Fig. 2. Mortality (%) of honey bees exposed to copper hydroxide at serial concentrations in (a) oral and (b) spray toxicity assays, recorded 
at 24, 48, and 72 hours post-exposure.

(a)	 (b)
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atively impact honey bee nutrition, energy metabolism, 
and overall colony health.

In contrast, copper hydroxide, when administered 
orally at the recommended concentration of 1540 mg/L, 
caused over 80% mortality within 48 to 72 hours, with 
an LD50 of 9.5 μg/bee after 72 hours-classifying it as 
moderately toxic by USEPA standards. Copper-based 
compounds are widely used in South Korean apple and 
pear orchards to manage bacterial diseases such as fire 
blight caused by Erwinia amylovora. Ryu et al. (2023) 
reported that copper hydroxide at 2000 ppm was highly 
effective against fire blight in apples, yet the toxicity 
risk to honey bees at these concentrations raises con-
cerns (Glavan et al., 2024).

Copper hydroxide (Cu(OH)2) functions through the 
release of copper ions (Cu2+), which possess antimicro-
bial properties (Sinisi et al., 2018; Burandt et al., 2024). 
New formulations of copper compounds are partially 
systemic, increasing the risk of accumulation in plant 
tissues. In apples, repeated applications can lead to cop-
per concentrations in flowers and fruits that exceed the 
EU maximum residue limit of 5 mg/kg (Kurnik et al., 
2012). For instance, in Switzerland, seasonal applica-
tions elevated copper residues to 15 mg/kg (Kurnik et 
al., 2012), while in vivo studies have shown that copper 
can accumulate in foraging bees, reaching levels as 
high as 22.6 mg/kg (Roman, 2010). Notably, copper 
accumulation in bee tissues has been linked to reduced 
brain dopamine levels (Nisbet et al., 2018), which could 
impair cognitive functions.

Chronic exposure to copper has been associated with 
a range of detrimental effects on honey bee health. High 
concentrations can reduce lifespan, impair reproduction, 
and hinder hive maintenance behaviors (Burden, 2016; 
Di et al., 2016; Nikolić et al., 2019). Di et al. (2016) 
observed that copper exposure delayed larval develop-
ment, reduced pupal weights, and decreased survival 
rates in a dose-dependent manner. Additionally, it affect-
ed feeding behavior and led to metal accumulation in 
both larvae and adult bees. Nikolić et al. (2019) further 
reported reduced activity of glutathione S-transferase, a 
key detoxification enzyme, under high copper exposure.

In contrast, the spray bioassay revealed mortality 
below 10% for copper hydroxide, indicating relative-
ly low toxicity via contact exposure. The statistically 
significant difference between oral and spray bioassay 

outcomes (p<0.0001) underscores the importance of 
exposure route in determining risk. While ingestion of 
copper residues via nectar or water appears highly haz-
ardous, dermal contact under typical field conditions 
may pose less immediate threat. Nonetheless, even at 
environmentally relevant concentrations, copper has 
been shown to impair appetitive learning and reduce 
long-term memory in honey bees (Monchanin et al., 
2021), which could affect foraging efficiency and colo-
ny survival.

These findings highlight the need for careful manage-
ment of antibiotic application in agriculture, particularly 
for compounds like copper hydroxide that exhibit high 
oral toxicity. Strategies such as restricting application 
during peak foraging periods, adjusting timing relative 
to bloom, and developing pollinator-safe formulations 
should be considered. Additionally, future studies 
should explore chronic toxicity, sublethal behavioral ef-
fects, and impacts on bee microbiota to fully assess the 
ecological consequences of agricultural antibiotic use.
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