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ABSTRACT

Seven preparations of natural plant products were used  against Varroa mite infesting honeybee colonies, five of them were applied as powder formulation (mixture of cumin and sugar, mixture of garlic and sugar, mixture of sesame seeds and sugar, mixture of apricot seeds and sugar, and sugar), while the others (extraction of garlic and sugar, and sugar syrup) were applied in liquid formulation. Results showed that dusting the infested bee colonies with powdered mixture of garlic and sugar by the rate of 15 gr. per colony at 12 days intervals resulted in a highest reduction percentage (100%) of mite infestation on both adult bees and brood, while dusting with mixture of cumin and sugar resulted in 76.05 and 60.72% reduction of infestation of the same stages of bees  mentioned above, respectively. However, the lowest reduction percentages (17.78 and 11.50% on bees and brood, respectively) was recorded for treatment with sugar solution. On the other hand, assessment damage of the fallen mite indicated that the highest average percentage (11.12%) of damaged mite was recorded for dusting with mixture of powdered garlic and sugar, in comparison to 0.56 to 6.00% for the other treatments, which means that garlic may have some components triggered the active defense of the treated bees. Counting the dead number of bees after treatments referred  some toxicity of cumin preparation, while other preparation seemed to be safe to bees. Also, determination of brood viability showed that spraying application have some detrimental effect on bee larval viability. The colonies dusted with garlic preparation produced a significant quantity of honey (11.21kg/colony, in average) in comparison to 6.36 to 9.43 kg/colony for the colonies treated with other preparations, with no taste alteration of those honeys.
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INTRODUCTION

The honeybee parasitic mite Varroa distructor Anderson and Trueman (formerly known as Varroa jacobsoni) is the major threat to beekeeping all over the world. It causes weight loss, malformation, and a shortened life span in honeybees and serves as a vector of diseases (Kanga and James, 2002).

Since its appearance as serious pest on western honeybee (Apis mellifera L.), and detecting its infestation in Egypt in 1986 (Emara et al , 1994), it spreads epidemically in most nations, destroying thousands of bee colonies and reducing the honey production to the minimum levels. If the infested bee colonies were left without adequate control measure, bee mortality approaches 100% and the colonies may perished within  few months (Kanga and James, 2002). 

Under this threatening of the bee industry, the war against Varroa was inevitable. Chemical control means were widely used for protection  honeybee colonies, however, the extensive use of these chemicals for more than ten years led to rising three major problems. The first one, is increasing the production cost of the honeybee colonies as result of using these expensive chemicals. The second  is contamination of the bee products with toxic residues of the applied miticides (Kubik et al, 1995, Wallner, 1995, 1997, Bogdanov et al, 1998). The third is the emergence of Varroa mite population having strong resistance to the applied chemicals (Elzen et al, 1999), therefore collapse importance of the mainline chemicals used to combat this mite. Fluvalinate resistance in Varroa mite has been documented in, Italy (Lodesani et al, 1995, Trouiller, 1998), France (Colin et al, 1997), and USA (Baxter et al, 1998, Macedo et al, 2002). Amitraz resistant mite was reported in USA (Elzen et al, 2000), and recently Elzen and Westervelt (2002) found a significant resistance of Varroa mite to comaphos compound in USA.  

Under these circumstances, looking for alternative strategies that are economically cheap, effective, friend to the environment , and safe for human consumption became an urgent need. Returning to the nature and using its natural substances may leads to possession an ideal miticide. The present study was conducted to evaluate efficacy of certain plant products against the parasitic mite Varroa destructor and studying their side effects on the treated honeybee colonies.

MATERIAL AND METHODS

The Tested preparations 

Seven preparations of natural plant products were constituted as follows :-

a- Powdered mixture of cumin (Cuminum cyminum L.) and sugar (CS).

b- Powdered mixture of garlic (Allium sativum L.) and sugar (GS).

c- Powdered mixture of sesame seeds (Sesamum indicum L.) and sugar 

(SSS).

d- Powdered mixture of apricot seeds (Prunus armenica L.) and sugar 

(AS).

e- Powdered sugar (PS).

f- Extraction of garlic and sugar solution (EGS).

g- sugar syrup 1:1 (SS).

The powdered preparations of CS, GS, SSS, and As were each constituted from one part of the tested products to four parts of sugar, while preparations of EGS was obtained through squeezing fresh garlic lobes and mixed with sugar solution (1:1) by the same rate above mentioned. The powder preparations were used through dusting, while the liquid preparations were applied as spraying. The application dosages of the tested preparations were 5,10 and 15 gr./colony. Treatments were periodically done at three different periods, 12,24, and 36 days. Each treatment repeated three times over the study period (108 days) which started from 1st January to 18 April 2002 (before honey flow in Minia region).Treatment were often achieved before sunset, where most population of the colonies were existed in their hives. 

The experimental bees

One hundred ninety eight colonies of the first hybrid Carniolan honeybee (Apis mellifera carnica) having approximately equal strength (7 combs covered with bees) and housed in Langstroth hives were selected among colonies of a private apiary in kom El Loof village, Minia region, Minia, Egypt. Selection of the experimental colonies based on presence of natural Varroa infestation on the adult bees and brood. The experimental colonies were divided into three major groups, sixty six colonies each. Each major group was specified for one of the different rates of applications (at 12, 24 and 36 days intervals). The colonies of each major groups were redivided to seven minor groups having nine colonies each ,plus one minor group consists of three colonies acted as control set.

The colonies of each minor group were redivided to three sets, three colonies each. Each set of these colonies was specified for treatment with one of the different dosages (5,10 and 15 gr./colony) of one of the tested preparations. The experimental colonies were subjected under different observations as follows :-

Efficacy of the of tested products

Infestation level of Varroa mites on adult bees and brood of the experimental colonies was recorded once before treatment and then at 12 days intervals till the end of study (after 108 days). Determination of mite infestation on live bees was done through randomly collection of about 50 bees / colony in a gar partially filled with water and few drops of liquid soap. The collected bees were shaken for 30 seconds, then filtered through muslin (8 to 12 mesh/inch) to remove the bees, and the adult mites were estimated and average mite infestation was determined  (Komeill, 1988). Also brood infestation was determined at the same time of examination of the adult bees, where one hundred of sealed brood cells per colony were uncapped and their pupae were picked up to examine for the presence of mite and the average percentages of infestation  were calculated (Marcangeli et al, 1992). The reduction percentages was calculated from the collected data through applying Henderson and Tilton equation (Henderson and Tilton, 1955) and then general average of reduction through full study period was estimated.

Counting and examination of the Varroa mite dropped on the bottom boards

The dead Varroa mites dropped on the hive’s bottom boards of the treated colonies were collected at three days intervals. The fresh collected mites were counted and carefully examined for injuries (single or double hollow on dorsal shield, amputation of one or more legs) by using a dissecting microscope (Medilux-12, Kyowa, Japan) at x 40 magnification. The accumulated number of the dead mites over the period of study and percentages of damaged mites were calculated, then averages of both measurements were estimated.

Mortality of the treated bees and viability of their brood

During determination of the number of dead mites fallen on boards of the treated colonies, the dead bees were also collected and counted.  However assessment of brood viability of the experimental colonies was performed through estimation the percentage of eggs, larvae, pupae reached to the next stage from a particular area of the eggs recently laid in the same day of application. Eggs viability were determined through marking an area of laid eggs (100 cells) of each experimental hive using transparent sheet (Hassan and Aly, 1998). Four days later the marked area of the combs was inspected for counting the number of hatched larvae and the average percentage of egg hatching was calculated. After more five days, the same area of the open brood (larvae) measured to determine the percentage of larvae reached to the pupal stage (larval viability), then 13 day later the same marked area of sealed brood was inspected to counting the empty cells for estimation the percentages of pupae emerged to adults (pupal viability). 

Honey production

At the end of honey flow which extended from May to August, 2002, the capped honey combs of each experimental colony were weighted before and after extraction of their honey, the difference between the two weights represented the produced honey. Average honey production of the colonies received a particular dosage of each application was determined 

The obtained data of different treatments were subjected to one way analysis of variance and comparison among different means was achieved based on the least significant range (Duncan range) according to method of Mead et al (1993).

RESULTS AND DISCUSSION

1. Efficacy of the tested products

Results of Table 1 showed that treating the infested colonies at 12 days intervals by the rate of 15 gr./colony of GS preparation recorded a highest reduction percentage (100%) of mite infestation on adult bees, followed by EGS(92.27%) at the same dosage with no significant difference between them.Decreasing application dosage to 10 gr./colony,  the reduction percentage reduced to 83.50 and 68.08% for both preparations  mentioned above, respectively. However treatment with rate of 5 gr. per colony by EGS, GS, PS, AS, CS, SSS and SS resulted in 77.06 , 72.66 , 45.48 , 40.91 , 34.45 , 32.06 and 17.78% reduction of mite infestation, respectively. The same trend was noticed for reduction of brood infestation, the highest reduction of infestation could be obtained with treatment with GS preparation (100%) which surpass the efficacy of the other preparations that ranged between 11.50 to 78.41%.

 Extended the period between treatments to 24 days (Table 2), using GS preparation also greatly helped in reducing Varroa infestation levels, its efficacy reached to 100% reduction of infestation on the adult bees when treated by dosage of 15 gr./colony, decreased to 75.78% with treatment by the rate of 10 gr./colony. Treatment with the other preparations resulted in reduction of the bee infestation ranged between 21.62% to 81.37%. However, treatment at 24 days intervals caused reduction percentage of brood infestation ranged from 1.28% with treatment by 5gr./colony of SS to 66.65% with treatment by GS (10 gr./colony).

When the tested preparations were applied every 36 days (Table 3) the general reduction percentages of mite infestation on both adult bees and brood was decreased. The highest reduction (74.93%) of bee infestation  was recorded for application of 10 gr./colony of GS preparation, while the lowest one (15.59%) was associated using dosage 5 gr./colony of SS preparation. At the same time reduction of brood infestations of the treated colonies ranged between 1.28%  with application 5 gr./colony of PS preparation to 61.67% with application of 15 gr./colony of EGS preparation.

In light of the obtained results, there are three clear observations, the first one was that amongst the tested products, garlic preparation seem to have a marked efficacy on mites either those infested  bees or brood, while sesame preparation did not show a considerable potency against these mites. This is in agreement with results of Adams (2002) who mentioned that with using garlic powder on infested honeybee colonies, there was very few mites and mite populations never reach economic threshold over many years. In this context, addition of powdered sugar to any of the tested substance seems to support its efficacy against Varroa mite because powdered sugar apparently has a small size and gets lodged in the claws / paws of the mites, so, it makes hard for Varroa to hang on the bees or on the frame. This interpretion may agree with Chiesa (1991) who reported that stirring a confectioners, sugar to thymol seemed to enhance both effectiveness and rate of mite fall.

The second observation was, dusting application was more effective than spraying method for the same substance which may attribute the nature of dusting which often lead to a proper and wide distribution of the applied substance besides its stimulation for the bees to clean themselves.

The third observation was related to the percentages of reduction of the mite, where suppression of the mite infestation on brood was always less than those of adult bees which may indicate to the topical efficacy and short lasting of most of the tested substances, therefore, repetition of the treatments at a short period are required.

2. Counting and examination of the fallen mites

Although the number of the fallen mite of the colonies treated with any dosage of garlic preparation occupied the first rank amongst the other preparations, while treatment with sugar syrup resulted in dropping the lowest number of the infested mites, it is hard to decide that is a real indicator to the efficacy of a particular treatment, because the it depends on the original mite infestation. However assessment of damaged mites may help for understanding the real mode of action of the tested substances. According to the results tabulated in Tables 1,2 and 3 the number of damaged mites dropped from the colonies treated with garlic preparation increased with increasing the applied dosage at a short period intervals (ranged from 13-17%) which differed significantly than all other preparations. 

These results could draw attention to two important points. The first one is, garlic seems to have some active components affecting Varroa mites, directly through creation an environment not favorable to the activity of  mites, or indirectly through stimulation the positive grooming behavior of the infested bees which contributed of elimination of the parasites. The second one is that the Carniolan honeybees genetically have a character of the active defense but it may  just need a trigger in order to be performed. These conclusions may support the early findings of Wallner (1989,1990,1991,1992) who  postulated the presence of active defense mechanisms of the Carniolan bees based on his observation of mites with damaged legs and cuticle of the idiosoma. Then, Ruttner (1991) and Ruttner and Hanel (1992)  confirmed this phenomenon. 

The present results also are in agreement with the results of Moosbeckhofer (1992) who found that out of 8452 mites naturally fallen from the infested Carniolan bees 1601 (18.9%) showed injuries. Furthermore, Taber (1995) confirmed presence of those genes responsible on active defense in Apis mellifera.

3. Mortality of the treated bees and viability of the brood

Counting the total number of the dead bees of the experimental colonies indicated that bees mortality in most treatments were in a very low levels, except in colonies treated with CS preparation, the numbers of dead bees were relatively high. It ranged between 8.00 to 13.00 bees/colony which differed significantly than those dead numbers with other preparations (Table 1). The general means of the dead number of bees of different treatments (Table 4) also referred to somewhat toxicity of cumin preparation to honeybees which recorded 11.87 bees/colony, in comparison to 1.67 to 3.03 bees/colony for those colonies received the other treatments. 

 Concerning viability of the brood of the experimental colonies, egg hatching of egge was  not affect by any of the applied preparations, where  percentages of hatching satistically did not differ significantly among different treatments including control set (Tables 1,2 and 3). The general average percentages of hatching ranged between 87.78 to 95.15% (Table 4). 

Also, there was no significant differences among larvae of the colonies dusted with any of the tested preparations, while spraying application negatively effected the viability of larvae of the treated colonies. The percentage of larvae of the colonies sprayed with EGS or SS which reached to the pupal stage ranged between 65.11 to 83.33% (Table 1). The same trend almost was recorded with treatment at 24 and 36 days (Tables 2and 3).

The possible cause for decreasing larval viability with spraying application may attribute to increasing humidity levels within the treated hives, which may create a favorable environment for growing certain diseases such chalkbrood  or stone brood . This explanation may coincide with opinions of many researchers, Wille (1975) reported that a high humidity is responsible for appearance of diseases like chalkbrood disease, and Morris (1985)  mentioned that if the brood area become warm and moist that is ideal conditions for growth of molds and funguses. Also, Herbert et al (1987) stated that excessive hive moisture one of the most causes encourage growing diseases.

Similar trend was noticed when pupal viability were taken into consideration.The percentages of the pupae developed to adults in the colonies treated through spraying decreased significantly than those pupae of the colonies treated through dusting either at 12 or 24 days intervals (Table 1 and 2). However spraying the tested preparations at long period intervals (36 days) did not affect the viability of pupae of the treated colonies which did not differ significantly than other treatments.

4. Honey production

The data in Table 1 showed that the highest rate (12.33 kg/colony) of honey was produced by those colonies treated with 15 gr. of GS/colony at 12 days intervals, followed by those colonies treated by 10 gr. of CS/colony (12.08 kg/colony). However, production of those colonies treated with the GS preparation by the dosage of 10gr./colony at the same period intervals occupied the third rank (12.00kg/colony). A general view on honey production of the all experimental colonies (Table 4) referred to the high yield of the colonies dusted with GS (11.21 kg/colony), followed by those colonies sprayed with the same preparation. While the lowest yield (6.40 kg/colony) was recorded for those colonies treated with SSS preparations, in comparison to 5.90 kg/colony for untreated colonies. Increasing honey production for the colonies treated with GS preparation may correlate to suppression of mite infestation which may positively reflected on health and strength of the treated colonies, therefore, increasing their ability to collect more nectar and making honey.

In regard to the taste of the produced honeys, although no chemical analysis were conducted on the honey, but by means of organoleptic assay, honey extracted from treated and untreated colonies sited in the same area were found to be indistinguishable. 

From the foregoing results, it could be concluded that:-

· Dusting application not only reflected in a consistently higher effectiveness of the applied substance but also in a great enhancement its activity without  undesirable side effects.

· Our bees, hybrids of Apis mellifera carnica, posses a mechanisms of active defense but need stimulation to be acted.

· Still nature has many treasures not discovered yet, such as garlic which can be considered as a strong candidate of natural product for developing novel varroacide in an IPM program.
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Table 1 : Effect of certain plant products on both the parasitic mite, Varroa destructor and the host, honeybee stages, treated  at 12 days intervals

Treatments
Dosage (gr)
Infestation % before treatment
Infestation % after treatment
Reduction % of infestation
No. of dead fallen varroa mite
% of damaged

 varroa 

individuals 
No. of dead bees
Viability of the bee brood (%)
Honey production

(kg/colony)



On adult bees
On brood
On adult bees
On brood
On adult bees
On brood



Eggs
Larvae
Pupae


Powdered mixture of cumin and sugar
5
4.67
3.67
2.67
1.00
34.45
67.84
85.00
3.00
8.00
93.00
92.00
94.33
11.00


10
6.00
2.33
2.67
1.67
48.82
15.42
98.00
3.33
8.00
94.00
90.00
94.00
12.08


15
5.33
6.67
1.11
2.22
76.05
60.72
140.00
6.00
13.33
95.67
87.67
95.67
11.67

Powdered mixture of garlic and sugar
5
4.67
3.33
1.11
1.00
72.66
64.56
152.33
13.00
2.33
95.00
88.00
94.00
11.33


10
4.67
2.33
0.67
0.67
83.50
66.06
182.67
12.00
3.00
94.33
88.33
93.33
12.00


15
6.00
4.00
0.00
0.00
100.00
100.00
300.00
17.00
3.33
94.00
84.67
92.67
12.33

Powdered mixture of sesame seeds and sugar
5
7.33
2.33
4.33
1.33
32.06
32.64
154.33
0.00
2.00
94.00
85.67
93.67
7.00


10
8.00
2.00
4.00
1.67
42.50
1.47
221.00
2.00
3.00
96.00
84.33
94.00
6.33


15
9.33
4.67
5.33
2.11
34.30
46.68
214.33
0.00
2.00
97.33
88.00
95.33
7.08

Powdered mixture of apricote seeds and sugar
5
8.00
3.33
4.11
1.11
40.91
60.66
206.22
0.00
1.00
93.67
88.00
94.00
8.33


10
6.00
4.00
3.67
1.00
29.65
70.50
152.00
1.00
6.00
97.00
86.00
93.67
6.33


15
7.33
6.67
4.22
1.22
33.79
78.41
162.33
1.00
2.00
94.00
85.00
94.33
7.00

Powdered sugar
5
8.67
2.33
4.11
1.33
45.48
32.64
173.00
0.00
0.00
92.67
84.33
97.67
8.00


10
6.67
2.00
4.33
1.11
25.34
34.51
98.00
0.00
2.00
94.00
86.00
92.67
6.33


15
8.00
3.33
4.67
1.22
32.86
56.76
163.67
0.67
1.00
94.00
85.00
93.00
7.25

Extraction of garlic and sugar solution 
5
6.67
2.00
1.33
1.00
77.06
41.00
224.00
6.00
2.00
93.33
83.33
85.00
10.00


10
4.00
5.33
1.11
2.00
68.08
55.72
162.33
9.00
1.00
94.00
71.67
84.33
10.67


15
8.67
3.33
0.67
1.00
92.27
64.56
322.33
8.00
2.33
95.00
65.11
86.00
11.33

Sugar syrup 
5
9.33
2.33
6.67
1.67
17.78
15.42
36.22
0.00
0.67
93.00
67.67
84.67
6.33


10
7.33
2.67
5.44
2.00
14.65
11.61
41.00
0.67
3.00
92.67
74.00
88.33
7.00


15
9.33
4.00
6.67
3.00
17.78
11.50
51.33
0.00
2.00
97.00
75.67
86.67
6.50

No treatment (control)
5.00
4.33
4.33
3.67
-
-
16.33
0.67
2.00
96.33
89.00
94.00
6.00

L. s. r at 5%
-
-
-
-
12.63
17.02
23.19
5.07
3.46
NS 
12.22
5.18
4.30

NS : not significant .

Each figure represents mean of three replications. L. s. r : Least significant range (Duncan range) .

Table 2 : Effect of certain plant products on both the parasitic mite, Varroa destructor and the host, honeybee stages, treated at 24 days intervals .

Treatments
Dosage (gr)
Infestation % before treatment
Infestation % after treatment
Reduction % of infestation
No. of dead fallen varroa mite
% of damaged

 varroa 

individuals 
No. of dead bees
Viability of the bee brood %
Honey production

(kg/colony)



On adult bees
On brood
On adult bees
On brood
On adult bees
On brood



Eggs
Larvae
Pupae


Powdered mixture of cumin and sugar
5
6.00
3.33
4.00
2.00
42.00
30.93
87.33
6.00
14.00
94.00
84.00
94.22
8.00


10
6.00
3.00
4.33
1.67
37.21
35.98
65.33
3.67
11.33
93.33
82.33
96.33
6.33


15
4.00
2.00
2.00
1.67
56.50
3.97
75.00
6.00
15.33
92.00
87.00
97.67
7.80

Powdered mixture of garlic and sugar
5
4.00
2.33
1.33
0.67
71.07
66.65
116.33
9.33
2.00
94.00
86.00
94.67
10.00


10
6.00
2.33
1.67
0.67
75.78
66.65
250.67
12.11
3.33
97.00
86.00
92.00
11.60


15
2.67
2.00
0.00
0.67
100.00
61.47
240.33
12.00
2.67
94.00
82.00
93.22
10.33

Powdered mixture of sesame seeds and sugar
5
3.33
2.00
3.00
1.67
21.62
42.50
27.00
2.67
3.00
96.00
84.00
98.67
6.00


10
4.00
1.67
2.00
1.00
56.50
31.37
111.00
0.00
4.33
94.00
86.00
94.22
5.33


15
4.00
1.00
3.00
0.67
34.75
22.95
76.00
0.00
2.67
93.00
89.00
90.67
6.00

Powdered mixture of apricote seeds and sugar
5
4.67
2.00
2.67
1.00
50.25
42.50
97.33
1.33
3.00
97.00
80.00
92.33
7.00


10
4.00
3.00
2.00
2.00
56.50
23.33
146.33
3.00
5.33
94.00
86.33
94.00
7.60


15
5.33
4.67
2.67
3.00
56.41
26.12
201.00
0.00
2.33
95.00
85.00
92.00
6.33

Powdered sugar
5
4.67
2.00
2.00
1.67
62.74
3.97
206.00
0.00
1.33
92.00
86.00
93.00
7.33


10
3.33
2.67
3.00
2.00
21.62
13.85
18.00
1.33
3.33
94.00
84.00
94.33
6.00


15
3.33
2.00
3.00
1.33
21.62
23.52
26.67
0.00
1.67
93.00
82.00
95.00
7.00

Extraction of garlic and sugar solution 
5
6.00
2.33
2.33
1.67
66.21
17.57
270.33
6.00
2.00
92.00
74.00
86.33
8.33


10
4.67
2.33
1.00
1.67
81.37
17.57
301.00
6.33
3.00
94.00
72.00
84.22
10.90


15
6.00
2.00
2.33
1.33
66.21
23.52
198.22
6.00
1.00
91.00
76.00
86.67
11.00

Sugar syrup 
5
4.00
2.33
3.00
2.00
34.75
1.28
26.00
0.00
2.00
96.00
70.33
82.33
7.00


10
5.33
1.67
4.00
1.33
34.70
8.41
18.67
2.00
3.33
92.00
75.67
81.67
7.33


15
2.67
1.33
2.00
1.11
34.83
4.02
14.33
0.00
1.67
93.00
74.00
87.00
6.88

No treatment (control)
4.33
2.67
5.00
2.33
-
-
12.33
1.22
2.33
94.00
76.00
88.33
6.08

L. s. r at 5%

-
-
-
13.64
18.04
28.33
4.36
4.32
NS 
13.26
4.89
4.07

NS : not significant .

Each figure represents mean of three replications .

L. s. r : Least significant range (Duncan range) .

Table 3 : Effect of certain plant products on both the parasitic mite, Varroa destructor and the host, honeybee stages, treated  at 36 days intervals .

Treatments
Dosage (gr)
Infestation % before treatment
Infestation % after treatment
Reduction % of infestation
No. of dead fallen varroa mite
% of damaged

 varroa 

individuals 
No. of dead bees
Viability of the bee brood %
Honey production

(kg/colony)



On adult bees
On brood
On adult bees
On brood
On adult bees
On brood



Egges
Larvae
Pupae


Powdered mixture of cumin and sugar
5
4.67
2.33
1.67
1.67
67.10
17.57
115.33
1.67
11.00
94.00
84.33
94.00
7.00


10
5.33
1.00
2.00
0.67
65.47
22.95
150.67
0.00
9.67
96.33
86.33
93.33
6.33


15
6.00
2.67
2.33
1.67
64.27
28.07
204.00
3.00
16.22
97.00
84.00
94.33
8.00

Powdered mixture of garlic and sugar
5
4.00
2.00
1.33
1.00
69.41
42.50
153.00
6.33
3.67
98.00
82.67
96.00
10.33


10
3.67
1.67
1.00
1.00
74.93
31.13
111.00
9.00
3.00
95.33
90.67
96.00
11.00


15
4.67
2.00
1.33
1.00
73.79
42.50
97.33
9.33
4.00
94.67
86.33
94.33
12.00

Powdered mixture of sesame seeds and sugar
5
6.00
3.00
5.00
2.00
23.33
23.33
41.33
0.00
2.67
92.22
84.67
96.33
7.00


10
6.67
3.33
4.00
2.00
44.82
30.93
53.67
0.00
3.00
97.33
85.00
94.00
6.24


15
7.00
3.00
5.33
2.33
29.94
10.68
60.33
1.33
3.33
98.00
84.00
92.00
6.63

Powdered mixture of apricote seeds and sugar
5
4.33
2.33
2.00
2.00
57.50
1.28
100.67
1.33
2.67
97.33
86.00
94.67
6.81


10
3.67
1.67
2.33
1.33
41.59
8.41
44.33
3.67
2.00
94.33
90.67
98.00
7.21


15
4.00
2.00
1.67
1.00
61.59
42.50
114.00
1.33
3.33
98.67
86.00
97.33
6.27

Powdered sugar
5
5.67
2.33
4.00
2.00
35.09
1.28
46.00
0.00
3.00
94.33
88.00
98.33
7.64


10
5.00
2.00
2.33
1.67
57.12
3.97
67.33
0.00
2.00
97.00
86.67
92.00
5.33


15
4.33
1.67
2.67
1.00
43.27
31.13
114.00
3.11
1.67
93.00
87.00
94.33
6.00

Extraction of garlic and sugar solute 
5
4.67
1.33
1.67
1.00
67.10
13.53
160.33
3.67
0.00
94.00
72.33
87.67
7.33


10
5.00
1.67
2.00
1.00
63.20
31.13
173.00
6.00
2.00
97.33
76.00
90.67
7.33


15
6.33
3.00
2.00
1.00
70.93
61.67
194.00
3.00
3.33
90.67
74.00
93.00
8.00

Sugar syrup 
5
4.00
2.00
3.67
1.67
15.59
3.97
18.33
3.11
1.00
94.33
80.33
94.11
5.42


10
3.67
1.67
2.67
1.33
33.06
8.41
16.00
0.00
2.33
95.00
70.67
92.22
6.23


15
4.67
1.33
3.67
1.00
27.70
13.53
11.67
0.00
2.33
96.11
75.33
94.00
5.64

No treatment 
4.33
2.67
4.67
2.33
-
-
10.67
1.00
3.00
93.22
83.00
95.00
5.62

L. s. r at 5%
-
-
-
-
14.32
16.56
32.61
5.72
4.08
NS
11.80
NS
4.12

NS : not significant .

Each figure represents mean of three replications .

L. s. r : Least significant range (Duncan range) .

Table 4 : The general average of reduction percentages of mite infestation on adult bees and brood, number of dead 

Varroa mite, percentage of damaged mites, number of dead bees, brood viability, and honey production 

per colony of the treated honeybee colonies with certain plant products .

Treatments
Application at (day)
Reduction of infestation %
Total number of dead Varroa mites
% of damaged

 varroa mites
Total no. of dead bees
Brood viability (%)
Honey production

(kg/colony)



On adult bees
On brood



Eggs
Larvae
Pupae




Mean 
G. mean
Mean 
G. mean
Mean 
G. mean
Mean 
G. mean
Mean 
G. mean
Mean 
G. mean
Mean 
G. mean
Mean 
G. mean
Mean 
G. mean

Powdered mixture of cumin and sugar
12
41.62
50.82
47.98
31.48
107.66
113.40
4.11
3.63


9.78
11.87
94.22
94.37
89.89
86.40
94.66
94.87
4.58
6.36


24
45.23

23.62

75.88

5.22

13.55

93.11

84.44

96.07

7.38



36
65.61

22.86

156.66

1.55

12.30

95.78

84.88

93.88

7.11


Powdered mixture of garlic and sugar
12
81.38
78.79
76.87
60.20
211.66
178.18
14.00
11.12


2.88
3.03
94.44
95.15
87.00
86.08
93.33
94.02
11.88
11.21


24
82.28

64.92

202.44

11.14

2.67

95.00

84.67

93.30

10.64



36
72.71

38.71

120.44

8.22

3.56

96.00

86.56

95.44

11.11


Powdered mixture of sesame seeds and sugar
12
36.28
35.53
26.93
26.94
196.55
106.55
0.67
0.67
2.33
2.89
95.77
91.55
86.00
85.63
94.33
94.32
6.80
6.40


24
37.62

32.27

71.33

0.89

3.33

94.33

86.33

94.52

5.78



36
32.69

21.64

51.77

0.44

3.00

84.56

84.56

94.11

6.62


Powdered mixture of apricote seeds and sugar
12
34.78
47.57
69.85
39.28
173.51
91.35
0.67
1.40
3.00
3.07
94.89
92.59
86.33
85.89
94.00
94.48
7.22
6.99


24
54.38

30.62

14.22

1.44

3.55

95.33

83.77

92.78

6.98



36
53.56

17.39

86.33

2.11

2.67

87.56

87.56

96.67

6.76


Powdered sugar
12
34.56
38.36
41.30
22.40
144.89
101.40
0.22
0.56
1.00
1.67
93.55
91.26
85.11
85.44
94.44
94.48
7.19
6.76


24
35.38

13.78

83.55

0.44

1.78

93.00

84.00

94.11

6.78



36
45.16

12.12

75.77

1.03

2.22

87.22

87.22

94.89

6.32


Extraction of garlic and sugar solution  
12
79.13
72.48
53.76
36.25
236.22
222.83
7.67
6.00
1.78
1.85
94.11
86.85
73.37
73.83
85.11
87.10
10.67
9.43


24
71.26

19.55

256.51

6.11

2.00

92.33

74.00

85.74

10.08



36
67.07

35.44

175.77

4.22

1.78

74.11

74.11

90.45

7.55


Sugar syrup
12
16.73
25.64
12.84
8.68
42.85
25.94
0.22
0.64
2.56
2.26
94.22
87.78
72.44
73.73
87.55
84.89
6.61
6.41


24
34.76

4.57

19.66

0.67

2.33

93.67

73.33

83.67

7.07



36
25.45

8.63

15.33

1.03

1.89

75.44

75.44

93.44

5.56


No treatment (control)
12
-

-
10.67
16.33
13.11
0.67
0.96
2.00
2.44
96.33
91.11
89.00
82.67
94.00
92.44
6.00
5.90


24
-

-

12.33

1.22

2.33

94.00

76.00

88.33

6.08



36
-

-

10.67

1.00

3.00

83.00

83.00

95.00

5.62
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