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Abstract

Introduction: Varroa mites are among the most significant parasites affecting honey bee colonies and the global
beekeeping industry, causing substantial economic losses. These mites feed on the bees' fat bodies and hemolymph
at various developmental stages and also spread pathogenic viruses. The recent use of chemical pesticides has
resulted in mite resistance and contamination of hive products. Plant extracts are emerging as viable alternatives
to chemical acaricides for controlling Varroa mites. This study aims to explore the acaricidal and insecticidal
properties of extracts from Ferula assa-foetida, Thymus vulgaris, Rheum persicum, Achillea millefolium, and
Euphorbia serrata against Varroa mites and their host bees in the honey bee colonies under the climatic conditions
of Kurdistan province of Iran from 2022 to 2024.

Materials and methods: In April and June 2022, plants including F. assa-foetida, T. vulgaris, R. persicum, A.
millefolium, and E. serrata were collected from various regions in Kermanshah province and subsequently
identified. After removing waste materials, the aerial parts of these plants were dehumidified and dried separately
in the shade at room temperature (28°C with 45% relative humidity). Using a shredder, the aerial parts were then
crushed into powder. The plant extracts were obtained using a Soxhlet extractor with absolute ethanol as the
solvent. Chemical compounds were identified through gas chromatography-mass spectrometry (GC-MS). This
study was designed as a factorial experiment (6x2) based on a completely randomized design with 12 treatments
and five replications. Before bioassay experiments, the experimental bee colonies were standardized regarding
queen age, population (adults and brood), and honey storage. The initial infestation of colonies with Varroa mites
was assessed in both adults and brood. Sixty Langstroth colonies were used, each with a sticky white plastic sheet
at the bottom. The colonies were treated at sunset with 15 ml of plant extracts at 20% and 40% concentrations
when all bees were present. Every five days at 10 am, plastic sheets were removed to count dead bees and mites,
after which the sheets were replaced. The acaricidal activity of different plant extract concentrations was evaluated
using a well-known and recommended method. The impact of these extracts on the insecticidal activity concerning
the population growth rate (adults and brood) was also assessed. Data analysis was performed using the GLM
procedure in SAS 9.4, and mean comparisons were conducted using the Tukey method for least significant
differences.
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Results and discussion: The study results indicated that varying concentrations of plant extracts demonstrated
favorable acaricidal activity in controlling the Varroa mite. Statistical analysis revealed that a 40% concentration
of F. assa-foetida extract had the most significant impact on the mortality rate of Varroa mites in bee colonies,
showing a statistically significant difference from other tested concentrations (P<0.01). Additionally, the
insecticidal effect on bees showed that none of the extract concentrations resulted in a mortality rate exceeding
eight percent in the experimental treatments. GC-MS analysis identified E-1-propenyl sec-butyl disulfide, Z-1-
propenyl sec-butyl disulfide, n-propenyl sec-butyl disulfide, Guaiol, and B-pinene as the primary chemical
constituents in F. assa-foetida.

Conclusions: The findings of this study indicated that the mortality rate of bees exposed to various concentrations
of plant extracts did not exceed eight percent in any of the experimental treatments. Consequently, a 40%
concentration of F. assa-foetida plant extract is recommended as an effective alternative to synthetic acaricides
for controlling Varroa mites in honey bee colonies, owing to its favorable acaricidal properties.
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Fig. 1. Extracted extract (original solution) of the studied plants using a Soxhlet device
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Fig. 3. Honey bee colonies studied in the present study
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Table 1. Variance analysis of the acaricidal activity effect of the extracts of F. assa-foetida, T. vulgaris, R.

persicum, A. millefolium, and E. serrata plants on the mortality percentage of Varroa mite in the studied honey
bee colonies

Source of variation df Sum of squares Mean squares F P-value
A 5 186313.58 37262.72 886.50 0.0001
B 1 20011.41 2012.35 476.08 0.0001
AxB 5 6028.55 1205.71 28.68 0.0001
C 3 160556.36 35.518.79 1273.23 0.0001
AxC 15 28235.85 1882.39 44.78 0.0001
BxC 3 4333.13 1444.38 34.36 0.0001
AxBxC 15 5549.58 369.79 8.80 0.0001

A: Plants extract; B: Concentrations; A X B: Interaction effects of plants extract x concentrations; C: Number of times of
spraying; A x C: Interaction effects of plants extract xnumber of times of spraying; B x C: Interaction effects of concentrations
xnumber of times of spraying; A x B x C: Interaction effects of plants extractx concentrations xnumber of times of spraying
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Table 2. Mean comparison of acaricidal activity effect of the extracts of F. assa-foetida, T. vulgaris, R. persicum,
A. millefolium, and E. serrata plants on the percentage of Varroa mite deaths in studied bee colonies (Mean +

SE)
Plants extract Concentrations I Numbzer of times of spra3y ng 7
F. assa-foetida 20 71.2 £ 1.46° 54.6 +£0.93° 38.60 + 1.36°F 28.00 + 1
' 40 84.60 £ 0.87° 64 +1.81° 46.60 + 0.93% 35.60 + 1.03¢f
T vulgaris 20 43.40 + 1.33¢f 32+ 1.22% 24.60 £ 1.21¢ 15.00 + 0.711{'
) 40 60.80 + 1.93¢ 48 £0.71¢ 30.80 + 0.86 22.25 +1.25M
R. persicum 20 34.80 +2.85% 24.60 + 1.57¢ 17.80 + 2.03 7.00 = 1k )
' 40 43 £ 1.64%f 35.60+1.21¢F 2630+ 1.57¢" 16.60 + 1.08Y
A millefolium 20 31.20+2.01% 22.4 +1.03¢" 11.60 + 0.93(3:k 940+ 1.081'“‘
’ ' 40 46.60 + 1.36 32.8+ 1.58% 19.00 + 1.31 13.25 + 1.05%
E. serrata 20 4820 + 1.28 31.6+1.08% 23.60 + 0.98¢" 17.80 + 1.24i
40 72.20 + 1.32° 52.20 + 1.24¢ 40.20 + 4.89° 33.83 £ 0.79%
Control (positive)* 87.60 £5.19° 68.80 + 7.60° 49.40 + 7.47° 38.20 + 3.80°f
Control (negative) 2.00 £ 0.55 2.00+0.71 2.20 + 0.49 2.00 + 0.95

*kMeans with at least one common letter have no significant differences (P>0.01). * Positive and negative controls are Apistan
anti-Varroa mite strip and water, respectively.
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Table 3. Variance analysis of the insecticidal activity effect the studied plant extracts on the mortality percentage
of Varroa mite in the studied honey bee colonies

Sources of variation df Sum of squares Mean squares F P-value
A 5 3061.05 612.21 171.83 0.0001
B 1 404.90 401.14 113.64 0.0001
AxB 5 462.68 92.54 25.97 0.0001
C 3 22.50 7.50 2.11 0.1004
AxC 15 52.81 3.52 0.99 0.47
BxC 3 17.42 5.80 1.63 0.18
AxBxC 15 44.11 2.94 0.83 0.65

A: Plants extract; B: Concentrations; A X B: Interaction effects of plants extract x concentrations; C: Number of times of
spraying; A x C: Interaction effects of plants extract xnumber of times of spraying; B x C: Interaction effects of concentrations
xnumber of times of spraying; A x B x C: Interaction effects of plants extractx concentrations xnumber of times of spraying
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Table 4. Mean comparison of insecticides activity effect of the studied plant extracts on the percentage of Varroa
mite deaths in studied bee colonies (Mean + SE)

Number of times of spraying

Plants extract Concentrations I D 3 7
- 20 320= 0378 140+051%™  300= 1718 1,00 0,320
F. assafoetida 40 6.60 + 0.93% 520+ 080"  320+058K0  4.00=0.71he
T vulgaris 20 0.80 & 0,37mmol 020+ 0.2° 0.60 = 0,400 0,60 = 0.24mm0
: 40 120+ 0.58%m0 1,00+ 0.32%ml .80+ 037"m (.50 + 0.29"m°
R persicum 20 0404024  1.00+032%ml  (80+0.58m .60+ 024"
: 40 0.80+£020m  0.60%040™°  040+040° 124+ 0750k
4. millefolium 20 0.80+0.37°m0  120+0.58%m ] 00+0.775ml (.40 0,24
: 40 1,00+ 0.550%mol 0,60+ 0240 0.60 4+ 0.40"° 100+ 0.450kmel
 serrata 20 6.80 = 0.97% 720+ 037 6.60 £ 0.93% 6.20 = 1.24%¢
40 830 = 0.84° 780+ 121% 7.0+ 1.39% 6.5 +2.23%
Control (positive) 260+ 0.817m1 140+ 075%™ 140+ 0517%m 1,60 0.40kmo
Control (negative) 0404024 120+ 037%ml  ]60+0.81kml (4% 0,24m

#°Means with at least one common letter have no significant differences (P>0.01). * Positive and negative controls are Apistan anti-

Varroa mite strip and water, respectively.
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Table 5. The results of the chemical compounds of F. assa-foetida plant extract in the present study

S0y g ST

g Slidd S pioe Gulgtus 5l dlae By
ryardy (lws S b sl 5 655l bjeel

No Components Retention indices Percentage
1 Kohlenmonoxid 581 0.08
2 Diatomic nitrogen 623 0.05
3 1,1,3-Triethoxypropane 668 0.11
4 1.2,3-Dihydroxypropanal 702 0.13
5 a-pinene 761 1.69
6 3,4-Dimethylthiophene 777 0.13
7 5,5-Dimethylpyrazolidin3-one 803 0.07
8 3-methyl Nonane 833 0.11
9 (5E)-4,4-Dimethyl-5-octenal 861 0.99
10 2-Dimethyl(prop-2-enyl)silyloxydodecane 917 1.57
11 p-pinene 925 10.69
12 Tricyclene 928 0.59
13 Hexadecane 959 0.76
14 Myrcene 983 1.86
15 a-copaene 989 0.58
16 a-acorenol 995 0.61
17 Decane 999 0.12
18 a-terpinolene 1002 0.67
19 a-ohellandrene 1003 0.95
20 Limonene 1029 1.54
21 Z-B-Ocimene 1042 1.6
22 E-B-Ocimene 1052 0.52
23 Epicubebol 1067 1.06
24 a-terpinene 1071 0.1
25 3-methyl Nonane 1112 0.58
26 2-methylene 1113 1.58
27 Di-sec-butyl-disulfide 1211 0.59
28 Thymol-methyl-ether 1232 0.21
29 n-propenyl sec-butyl disulfide 1244 15.54
30 Z-1-propenyl sec-butyl disulfide 1249 17.37
31 E-1-propenyl sec-butyl disulfide 1251 25.38
32 Carvacrol 1260 1.45
33 €-3-Tetradecene 1392 0.19
34 Selin-4, 7(11)-diene 1452 0.94
35 a-Humulene 1454 0.63
36 Cadina-4-diene 1520 0.57
37 B-Himachalene 1537 0.44
38 8-Cadinene 1558 0.58
39 Spathulenol 1579 0.12
40 Hexadecane 1603 0.29
41 Guaiol 1642 11.99
&l o i
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