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Extended Abstract

Background: Varroa mite is one of the most important parasites in the honey bee colonies and
the beekeeping industry all over the world. It causes great economic loss to the beekeeping
industry and beekeepers by feeding on the fat body and hemolymph in different developmental
stages of the bees and also by the transmission of pathogenic viral agents. In recent years, the
application of chemical pesticides has led to the occurrence of mite resistance and contamination
of hive products. Plant extracts are considered as a suitable alternative to chemical acaricides for
the Varroa mite control. Therefore, the present study aimed to investigate the acaricidal and
insecticidal activity of extract of Ferola pseudalliacea, Smyrnopsis aucheri, Satureja sahendica
and Prangos ferulacea plants against Varroa mite and its host in the honey bee colonies in the
climatic conditions of Kurdistan province from 2021 to 2023.

Methods: Hangwan, Bilhar, Marzeh Sahandi and Logneh plants were collected from different
regions of Kurdistan province in April and June 2021 and then identified. After separating the
waste materials, the aerial parts of the studied plants were dehumidified and dried separately in
the shade and at room temperature (28 degrees Celsius and relative humidity of 45%) and then
using the device Shredder, their aerial organs were crushed and powdered. The extracts of studied
plants in this research were extracted using a Soxhlet extractor and absolute ethanol solvent. Then,
the chemical compounds of the plants were identified using a gas chromatography device
connected to a mass spectrometer (GC-MS). The present study was conducted in the form of a
factorial experiment based on a completely random basic design with 14 treatments and 5
replications. Before conducting the bioassay experiments, the experimental colonies were
homogenized in terms of queen age, population (adults and brood), and honey storage. Also, the
initial infestation rate of colonies with Varroa mites was evaluated for adult and brood. In the
present study, 70 Langstroth colonies were used, which had a sticky white plastic sheet embedded
in the bottom of each colony. The experimental colonies were treated with 15 ml of 20, 35, and
50% concentrations of the extracts of the mentioned plants at sunset when all the bees were
present in the hive. Every 5 days at 10 am, the plastic sheet was removed from the bottom of all
the colonies and the number of dead bees and mites on them was counted. After removing the
dead bees and mites, a plastic sheet was again placed on the bottom of the colony. In the present
study, the effect of acaricidal activity of different concentrations of each plant extract was
calculated using the instructions of Allam et al. (2003). In the present study, the effect of the
insecticidal activity of different concentrations of each plant extract on the growth rate of the
population (adults and brood) was also evaluated. Finally, the data were analyzed using the GLM
procedure embedded in the statistical software SAS V. 9.4 M6, and the mean comparisons were
done using the least significant difference (LSD) method by this software.

Results: Generally, the results showed that different concentrations of the extracts of all tested
plants showed relatively favorable acaricidal activity to control the Varroa mite in the present
study. Based on the results of statistical analysis, the concentration of 50% of Hengvan and Logne
plant extracts showed the greatest effect on the mortality percentage of Varroa mites in the studied
bee colonies, and their difference is significant compared to other different concentrations of the
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studied plants extract (p<0.01). The results of the effect of insecticidal activity of different
concentrations of the studied plants extract on bees showed that the mortality percentage of
different concentrations of none of the extracts in the experimental treatments was more than nine
percent. GC-MS analysis of plant extracts showed that E-1-propenyl sec-butyl disulfide, Z-1-
propenyl sec-butyl disulfide, n-propenyl sec-butyl disulfide, Guaiol, and B-pinene in F.
pseudalliacea and B- pinene, o- pinene and a -Fenchyl in P. ferulacea were the main chemical
constituents.

Conclusion: Our finding showed that the mortality percentage of different concentrations of
studied plants extract on bees was not more than nine percent in any of the experimental
treatments. Therefore, the concentration of 50% of Hengvan and Logneh plant extracts can be
suggested as a suitable alternative to synthetic acaricides to control the Varroa mite in honey bee
colonies due to its favorable acaricidal activity on mites.
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Table 1. Variance analysis of the effect of the acaricidal activity of the extracts of Hangvan, Mazreh Sahandi, Bilhar,
and Logneh plants on the mortallty percentage of Varroa mite in the studied honey bee colonies

Variations Sources Sum of Squares
Ol yess mbo d;\)l ) Olagyo oo

Mean of Squares P-Value
Slage Siks F b sine Jlats] s

Plants extract
OlS o)lac
Concentrations
e dale
Interaction effects of plants extract x
concentrations 6 2456.36
edale x bl ojlas flie oyl
Number of times of spraying
ui}l_;__a)l‘a.: JLQQ—L‘)‘ Sl
Interaction effects of plants extract
xnumber of times of spraying
slaws x ol ojlas bilite <l 3l 9 28732.06
wibojlas slagle
Interaction effects of concentrations
xnumber of times of spraying
ol ol x aedale flize ol gl 6 7420.33

&i}l_)'_o)l.a.c
Interaction effects of plants extractx
concentrations xnumber of times of
spraying
bedale x blS o)las flie oyl

u“’b o)las OI“) lasi x

3 55712.13

2 35649.30

3 262605.42

18 7315.73

15570.71 212.31 0.0001

17824.65 203.79 0.0001

409.39 4.68 0.0002

87535.14 1000.78 0.0001

3192.45 36.50 0.0001

1236.72 14.14 0.0382

406.42 4.65 0.004

o S )3 Tg)ly S Sl o> g5y 45858l 5yl i 850 (5Kl BLS ojlac iSAS b il Sl dliio Y Joun

LSD gy (bl adlllas 3)90 Juus )5

Table 2. Comparison of means of effect acaricidal activity of the extracts of Hangvan, Mazreh Sahandi, Bilhar, and
Logneh plants on the percentage of Varroa mite deaths in studied bee colonies based on the LSD method

(Mean + LSD)

Number of times of spraying

Plants extract Concentrations T
s exte centrt : ol gl 4
Hangvan 20% 67.2 % 1.467 426+ 0.927 356+ 1.36% 27+ L0
35% 75.6 + 0.87° 51+ 1.81¢ 40.6 + 0,921 326+ 1,020
oy 50 % 87.4+15 69.2 + 1,597 52+ 2.02¢ 41.6+1.07
Viazreh Sahandi 20% 514+ 1367 39.6 +1.36° 2541200 16.4£0.92
o =al 35% 60.8 + 1.28 ¢ 416+ 1,289 32+ 1,010 24.4+107"
SR 02y 50 % 67 .6+ 0.92% 44.4 +1.86% 378+182% 27.6 +2.50"
Sithar 20% 572+ 101% 26.6 11077 384+ 1.66° 22.2 £0.86
b 35% 65.8 +1.01¢ 51.8 + 1.88% 30+ 114 24 £0.7"
50 % 70+0.7% 57 + 1750 43.8 +2.08° 26.2 £2,63"
Loanch 20% 64.4 £1.32 4362002 3B L1510 2561530
o 3 35% 69.4 + 0.92% 48+ 1.14° 30.2+1.86 7 28.4+143"
50 % 84.8 + 3,01 55.8 + 2.03% 462+1.77°¢ 37.6 + 203
Control (positive
(w()p L ) 91.6 +9.18° 76.8 + 5.99° 56.4 + 5,60 % 49.2+3.49°
Control (negati
Or‘(g‘.f)”ig‘gve) 2:+054¢ 2£0.7 2.2+ 0.48" 2+094

xxMeans with at least one letter in common have no significant difference at the 5% probability level based on the LSD test.

** Pasitive control (Apistan anti-Varroa mite strip), negative control (water)
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Table 3. Variance analysis of the effect of the insecticidal activity of the extracts of Hangvan, Mazreh Sahandi, Bilhar,
and Logneh plants on the mortality percentage of Varroa mite in the studied honey bee colonies

Variations Sources df Sum of Squares Mean of Squares P-Value
s e Sl 4 Cloye gguse Sloye xSk P i Juis) g
Plants extract
R 3 245.7 81.9 36.93 0.0001
Concentrations
beble 2 1373.23 686.61 309.59 0.0001
Interaction effects of plants extract x concentrations
el x ol ojlae lize il 6 64.2 10.7 4.82 0.0001
Number of times of spraying
tboylas (slaglo; s 3 68.67 22.89 10.32 0.0001
Interaction effects of plants extract xnumber of times of
; spraying 9 1334 14.82 6.68 0.0001
tbolas sblej sl (lalS o)lac lite el
Interaction effects of concentrations xnumber of times of
) spraying 6 30.16 5.02 2.27 0.0382
ilejlas slaglo sl x aclale blite il gl
Interaction effects of plants extractx concentrations xnumber
of times of spraying 18 86.8 4.82 2.17 0.004
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Table 4. Comparison of means of effect the insecticidal activity of the extracts of Hangvan, Mazreh Sahandi, Bilhar,
and Logneh plants on the percentage of Varroa mite deaths in studied bee colonies based on the LSD method

(Mean + LSD)

Number of times of spraying

b s cslale; olaa Con(L:fntra.tlons PIa\L:thf extrae.l::t
cbld gl o)
4 3 2 1
1+0.31" 3 +0.70m"opd 1.4 +0.50p% 3.2 +0.37'mnop 20 % Hangvan
4+ 0,70 3.2 +0.58 mnop 5.2 + 0.80Mk 6.6 + 0.92¢fo" 35% JoSin
8.9 +0.67° 7.2 +0.73%f0 7.2 +0.66%0 8.7 + 0.80* 50 % ©
0.8+0.37" 0.4 +0.24° 0.6 £ 0.25° 0.6 £ 0.24° 20 % Mazreh Sahandi
1.8 +0.37"pars 1+0.31" 1.2+0.379 3 + 0.44'mnopq 35 % g o
4.8 + 0.86"K 3.6 + 0501 4.6 +0.671 6.2 + 0.58¢oN 50 % ¢ ”
1+0.31" 0.6 £0.24° 0.8+0.37" 0.5+0.24° 20 % Bilhar
1.4 +0.24p4 1.6 + 0.50°p"s 2.6 £ 0.67Mnopars 1+0.31" 35% ol
6 + 0.9470h 7.4 + 0,81 8.8 + 1,392 7.6 + 1.020%f 50 %
1+0.7° 0.6 +0.20" 1.4 +0.24p% 3.6 + 0.92KImn 20 % Logneh
1.4 +0.24P%s 0.8 £ 0.24° 0.8 £ 0.24° 8+ 1,73 bode 35%
5.4 + 1.69" 1.4 +1.39p% 1.4 +1.39p% 8.8 +0.87% 50 % RN
Control (positive)
1.6 + 0.40°Pd's 1.4 +0.50P% 1.4 +0.74p0s 2.6 + 0.81mnopar (cate) 20l
Control (negative)
0.4 +0.24° 1.6 + 0.81°prs 1.2+0.379 0.4 £0.24° . W
(i) 2

xMeans with at least one letter in common have no significant difference at the 5% probability level based on the LSD test
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** Pasitive control (Apistan anti-Varroa mite strip), negative control (water)
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Table 5. The results of the chemical compounds of Hengwan plant extract in the present study

Percentage Retention indices Components @lyS 5 NO o Lo
Joyd Mk pasls i
0.08 581 Kohlenmonoxid 1
0.05 623 Diatomic nitrogen 2
0.11 668 1,1,3-Triethoxypropane 3
0.13 702 1.2,3-Dihydroxypropanal 4
1.69 761 a-pinene 5
0.13 777 3,4-Dimethylthiophene 6
0.07 803 5,5-Dimethylpyrazolidin3-one 7
0.11 833 3-methyl Nonane 8
0.99 861 (5E)-4,4-Dimethyl-5-octenal 9
157 917 2-Dimethyl(prop-2-enyl) silyloxydodecane 10
10.69 925 B-pinene 11
0.59 928 Tricyclene 12
0.76 959 Hexadecane 13
1.86 983 Myrcene 14
0.58 989 a-copaene 15
0.61 995 4-acorenol 16
0.12 999 Decane 17
0.67 1002 a-terpinolene 18
0.95 1003 a-ohellandrene 19
1.54 1029 Limonene 20
1.6 1042 Z-B-Ocimene 21
0.52 1052 E-B-Ocimene 22
1.06 1067 Epicubebol 23
0.1 1071 a-terpinene 24
0.58 1112 3-methyl Nonane 25
1.58 1113 2-methylene 26
0.59 1211 Di-sec-butyl-disulfide 27
0.21 1232 Thymol-methyl-ether 28
15.54 1244 n-propenyl sec-butyl disulfide 29
17.37 1249 Z-1-propeny! sec-butyl disulfide 30
25.38 1251 E-1-propenyl sec-butyl disulfide 31
1.45 1260 Carvacrol 32
0.19 1392 €-3-Tetradecene 33
0.94 1452 Selin-4, 7(11)-diene 34
0.63 1454 a-Humulene 35
0.57 1520 Cadina-4-diene 36
0.44 1537 B-Himachalene 37
0.58 1558 8-Cadinene 38
0.12 1579 Spathulenol 39
0.29 1603 Hexadecane 40
11.99 1642 Guaiol 41

b adlls )3 4iaS g olS ojlas plend CLS ¥ @l -7 Joi>
Table 6. The results of the chemical compounds of Logneh plant extract in the present study

Percentage Retention indices Componentsclus 3 o leus NO
loyd Gl padls
1.01 620 p—Menta-1,38-triene 1
0.43 668 Diisopropyl(propoxy)silane 2
7.28 699 Decane 3
3.50 8002 6.2,6-Dimethyl 2,7-octadiene 4
4,78 837 1-1sopropyl-2-(1-isopropylvinyl) cyclopropane 5
0.35 955 Camphene 6
2.20 865 Ascaridole epoxide 7
4.68 963 Methylpent-4-enylamine 8
16.8 939 o— pinene 9
17.91 981 B— pinene 10
0.61 1005 B —Phellandrene 11
0.12 1017 3.3—Carene 12
0.18 1065 vy —Terpinene 13
0.34 1085 Cyclopropaneoctanoic acid 14
4.86 1086 Butyl 9-decenoate 15
3.44 1154 Z, Z-8,10-Hexadecadien-1-ol 16
2.25 1168 p—Mentha-1,5-dien-8-ol 17
1.1 1169 3-Cyclohexen-1-ol 18
0.43 1174 N-Methyl-2-hydroxytyramine 19
0.58 1185 p-Cymen-8-ol 20
11.24 1195 . terpineol 21
145 1239 o.—Fenchyl 22
0.68 1389 B —Cubebene 23
3.19 1468 o —Humulene 24
0.38 1552 o —Calacorene 25
0.42 1562 Phenol 26
0.84 1595 salvial-4(14)-en-1-one 27
112 1769 B—Costol 28
0.59 1871 2-Pentadecanone 29
7.54 2152 Osthole 30
13.21 2811 Squalene 31
0.26 2824 1,4-Dioxazpiro [4.5] decane 32
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