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ABSTRACT

Many investigators used various dusty materials for the control of Varroa mite in bee colonies. High levels of mite drop have been obtained by sugar dusting adult bees. It was also shown that in dusting adult bees, no sugar particles entered the main spiracles (T2) and their tracheal ducts. In the present study, the impact of powdered sugar dusting on the number of both, capped brood cells and adult bees were studied. During July in a Finnish apiary, similar sugar treatment was applied sequentially to 12 bee colonies at the interval of three, seven, and 14 days. Another 6 colonies were treated with fluvalinate (during the previous autumn) formed the chemically treated control. An additional 6 colonies were left untreated as control colonies. Number of capped- brood and adult bees were recorded during the summer. There were no significant differences among the sugar treated and untreated control groups in both the number of capped brood cells and additional number of adult bees (population growth), 18 days after the start of the experiment. No queen supersedure occurred during July in the colonies under sugar treatment. Data analyses demonstrated that there is no side- effect of dusting on colony development.

INTRODUCTION

Varroasis disease of Apis mellifera is caused by an ectoparasitic mite, Varroa. Due to the sucking structure of the ambulacrum of Varroa destructor Anderson & Trueman [until recently referred to as Varroa jacobsoni Oudemans, (Anderson & Trueman, 2000)], various dusts have been tested for controlling the mite. Attempts have been made to use fine powder of glucose, ground pollen or wheat flour dusted onto the bees on combs for the control of V. destructor (Ramirez, 1987; Shah & Shah, 1988; Ramirez, 1989; Loglio & Pinessi,1991; 1992; 1993; Loglio, 1996). Dust adheres to the ambulacrum of the mite, therefore they fall down to the bottom of the colony and starve to death, as V. destructor is unable to move on the dusty surface (Ramirez & Malavasi, 1991; Ramirez, 1994). Encouraging results have been obtained in the above trials. Fakhimzadeh (2000) tested the control of V. destructor with aerated confectioner sugar (particle size mostly <40 µm) in one and two-story colonies and found significant mite fall due to the treatments. By dusting adult bees with confectioner sugar in a wide mouth jar, a high number of mites (>90 %) was found dislodged from the bees (Macedo & Ellis, 2000; Fakhimzadeh, 2001a). Measuring the impact of dusting on bees and their colony undergoing such treatment is vital. Fakhimzadeh (2001a) under a scanning electron microscope studied the presence of sugar particles in the T2 spiracles and their tracheal ducts from treated adult bees, as a possible side- effect of the dusting. No sugar contamination was detected in them. The impact of CO2 on bees and mites was also studied. In another trial, adult bee samples anaesthetised with CO2 were dusted with powdered sugar in the laboratory. The CO2 revealed its impact starting four days after the treatment when the bee mortality rate increased.(Fakhimzadeh, 2001b) The method of sugar application, direct and air assisted dusting had no significant impact on the mortality of anaesthetised bees. No other report known to the author deals with the side- effects of dusting on queen bees or brood. It was assumed and frequently asked by beekeepers, will the bees rip the capping off the sealed brood and remove the brood because of a sugar covering on the capping? The objective of this study is to investigate the impact of dusting colonies on the development of brood and adult bees. It also reports a rough estimation of the honey gathered by the experimental colonies.

MATERIALS AND METHODS

The studies were conducted at in Helsinki (60°13´N, 25°02´E) during July. Six Apis mellifera colonies that had been treated with fluvalinate the previous autumn were assigned as chemical control treatment (group C.C.). Eighteen colonies were homogenised by bees and brood exchange until mid June. They were then assigned randomly to additional four treatments with 4 and 6 replicates in the three sugar treated and untreated control (group C.), respectively. All sugar treated colonies were treated similarly, with an interval of 3 days (group 3) 7 days (group 7) and 14 days (group 14). The same colonies were used for each treatment and replicate. Replicates were run sequentially. One and two story colonies were divided randomly among the treatments and treated with 10 and 15 g of confectioner sugar, respectively. Later in the season an additional 5 g of sugar was applied per each additional standard Langstroth in each treatment. After routine inspection, colonies were dusted between the frames with the help of a simple blower (Fakhimzadeh, 2000) without separating the frames. After dusting the first hive body, the colony was reassembled to dust the second hive body. The treatments started on second of July and ended 31 of July. So every 3 days, 7 days, and 14 days groups received 9, 5 and 3 sugar treatments, respectively. The confectioner sugar used in this experiment consisted of super-fine ground pure white sucrose without starch or other major additives, prepared by grinding. The mean sugar particle size is 25–40 µm, according to the manufacturer; Finnsugar Ltd., Helsinki, Finland. Fakhimzadeh (2000; 2001a) confirmed the size distribution by examining the sugar under a scanning electron microscope.

The pattern of colony growth is quantified by measuring the number of capped- brood cells in a colony (Allen & Jeffree, 1956; Winston, 1981) or by taking a census of a colony’s population of adult worker bees (Jeffree, 1955). In this study the number of capped- brood of each colony were recorded before (26th June), during (19th July) and after (26th August) the treatment period. In addition the number of adult bees was recorded on 26th June and 19th July for evaluation of the colony growth or decline by subtracting the two values in each colony of the experimental treatment. Total honey gained by each colony was also recorded roughly on 26th August (end of season in Finland). The number of capped- brood cells was estimated using double- sampling method described by Rogers et al. (1983). In this method, every frame must be lifted out for visual estimates of the percentage of the total area covered by capped- brood cells. The standard Longsthrod frame provides ca. 20 x 42 cm (ca. 8 x 16¾ inches) for cell construction on each side. The total number of cells is estimated to be ca. 3484 per side (Jeffree, 1951; Rogers et al. 1983). One side of a frame in each colony was photographed (by video camera) for the exact count of the actual number of capped- brood cells. In this way a correction factor was established to compliment the estimated number of capped- brood as described by Rogers et al. (1983) and practised by many investigators (e.g. Fries et al. 1991).

The strength of colonies was evaluated from the number of bee gates covered by bees, each hive body was examined from above and below. The number of covered bee gates divided by 2 indicated the number of occupied comb by bees (Fries et al. 1991). Since each standard Langstroth covered by one layer of bees holds approximately 1900 bees (Kauffeld, 1975) adult bee population was calculated. In this investigation, the strength of colonies was estimated before inspecting the combs.

Additionally the total honey gained by the colony was recorded for each replicate. Each frame with honey was weighed in the field to determine approximate amount of the honey. That included the honey within the frames with the occupancy of brood. The weights of bees, brood and empty combs were ignored. Placing strong paper on the floor of the hive facilitated the removal of fallen sugar particles. The paper was covered by a wooden wired frame as large as the hive floor, leaving ca. 0.6 cm (ca. ¼ inch) between the wired frame and paper (USDA 1987; Herbert et al. 1989; Pettis & Shimanuki, 1999). According to Pettis & Shimanuki (1999), capped- brood area was significantly greater in colonies with mesh bottom boards compared to colonies on normal bottom boards. This increase in brood is perhaps due to increased ventilation (Pettis & Shimanuki, 1999). In the present study the mesh bottom boards were used in all the treatments. The colonies were queen right and had all stages of brood at the start of the experiment. The colonies were checked weekly to ensure their general health. As the amount of brood in bee colonies varies at different time of the season (Ruttner, 1988), the brood quantities of each treatment are comparable at each collecting date.

The data of each colony were used in the calculation of the mean for each experimental treatment. Multiple means were compared with one-way ANOVA by SPSS computer program version 8. The total number of the capped- brood cells in a colony was used in the analysis. Bee population growth was calculated by subtracting the number of adult bees in a colony on 26th June from the adult bees on 19th July. All replicates of brood and bees recorded in 26th June and 19th July (which show the impact of sugar dusting) in sugar treated colonies were used in the analysis of population growth and number of capped- brood. Frequent queen loss in three colonies in control treatments resulted in considerable loss of brood and honey in these colonies. Only these three colonies were omitted in the analysis of brood (19th July) and average honey collected by these colonies. They were one and two colonies in untreated (group C) and chemical control (group C.C.), respectively. Two sugar treated colonies (group 7) had lost their queen two weeks after the last sugar treatment and the amount of their honey were intact or even more than other colonies due to queen loss. The population of adult bees was considerably reduced in another colony in untreated control (19th July) due to Varroa or unknown reason, but omitted in the analysis. This was the only colony that was omitted in the analysis of bee population growth.

RESULTS AND DISCUSSION

There were no significant differences among the experimental treatments in the total number of capped- brood cells in colonies before (F = 1.515, df = 4, P = 0.237), and after (F = 0.481, df = 4, P = 0.749) the experimental period. Significant differences were found among the treatments in the total number of capped- brood cells estimated on 19th July (F = 3.203, df = 4, P < 0.04). However, by omitting the chemical control treatment, no significant differences were found in the number of capped- brood cells (F = 1.967, df = 3, P = 0.168), figure 1.  No significant differences were found among treatments in the adult bee population growth which was estimated 18 days after the start of the experiment (F = 0.553, df = 4, P = 0.699). The chemical control group and group 7 both had significantly higher bee population at the start of the experiment than the rest of the treatments (F =

7.629, df = 4, P < 0.001) figure 2.
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Figure 1: Brood development (X% SE) in colonies dusted by sugar during July every 3, 7 and 14
days, untreated control and chemical control. *, different at P < 0.05. The dates indicate day of
the measurement of the number of capped brood cells.
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Figure 2: Adult bee population in colonies treated, during July by powdery sugar at 3, 7 and 14
day intervals, untreated control (C1) and chemical control (C. C). Vertical lines represent SE. The
26" June shows mean number of adult bees in cach experimental group on that date. The
growth = number of adult bees on 19" July - number of adult bees on 26" June in the same
summer. Mean honey gained by the colonies (square) in kg £ min. max was estimated roughly at

the time of harvest. * , different at P < 0.05.




No queen loss occurred in sugar treated colonies during the treatment period. In group 7 (7 days) two colonies lost their queen two weeks after the last sugar treatment. However, this loss may not be due to the sugar treatment, as no queen loss occurred within group 3, which was more frequently treated (i.e. every 3 days).

Average honey gained by the colonies of each group is shown in figure 2. As July is the month for honey flow in Finland, considerable loss of honey occurred in the three queenless colonies in control treatments. They killed their new introduced queens as well for unknown reason. These colonies were omitted in the calculation of average honey in colonies. Reduced amount of honey in group 3 was perhaps due to stress formation of opening the colonies every three days.

The results suggest that powdered sugar treatment as described does not have any obvious side effect on the capped brood nor the growth of the bee population. These results are in agreement with other studies in which wheat flour was dusted to colonies frequently for the control of Varroa mite and they did not observe any side- effect on brood or bees development (Ramirez 1989; Shah & Shah 1988; Loglio & Pinessi 1991;1993; 1996; Fakhimzadeh 2000). Loglio & Pinessi (1992) applied wheat flour to experimental colonies with the help of an agricultural duster and observed no side- effect on the colony development. Sugar treatment does not cause queen loss or queen supersedure even if the treatment is applied as frequently as every three days for a period of one month.

ACKNOWLEDGEMENTS

This study was financed by the Foundation of August Johannes and Aino Tiura for Agricultural research and also Finnish Cultural Foundation. I thank Heikki Hokkanen, Pekka Borg , Ilkka Teräs and Marion Ellis for their useful comments on the manuscript. I wish to thank Ali Soltanpour, Hany Youssef, Farah Mire and Veli-Matti Väänänen for their laboratory and field assistance. I thank Kenneth Hann for his comments on the text.

REFERENCES

Allen, M. D.; Jeffree, E. P. (1956) The influence of stored pollen and of colony size on the brood rearing of honeybees. Annals of Applied Biology 44: 649–656.
Anderson, D.; Trueman, J. W. H. (2000) Varroa jacobsoni (Acari: Varroidae) is more than one species. Exp. Appl. Acarology 24: 165–189.

Fakhimzadeh, K. (2000) Potential of super-fine ground, plain white sugar dusting

as an ecological tool for the control of Varroasis in the honey bee (Apis mellifera).

Amer. Bee J. 140: 487–491.

Fakhimzadeh, K. (2001a) Effectiveness of confectioner sugar dusting to knock down

Varroa destructor from adult honey bees in laboratory trials. Apidologie 32, 139-148.

Fakhimzadeh, K. (2001b) Acute Impact on the honey bee (Apis mellifera) after treatment with powdered sugar and CO2 for the control of  Varroa destructor. Amer. Bee J. 141: 817-820.

Fries, I.; Aarhus, A.; Hansen, H.; Korpela, S. (1991) Development of early infestations by the mite Varroa jacobsoni in honey-bee (Apis mellifera) colonies in cold climates. Experimental & Applied Acarology 11: 205–214.

Herbert, E. W.; Witherell, P. C.; Bruce, W. A.; Shimanuki, H. (1989)

Evaluation of six methods of detecting Varroa mites in beehives, including the

experimental use of acaricidal smokes containing fluvalinate or amitraz. Amer. Bee

J. 129: 605–608.

Jeffree, (1951), sited by Rogers et al. (1983), without farther details.

Jeffree, E. P. (1955) Observations on the decline and growth of honey bee colonies.

Journal of Economic Entomology 48: 723–726.

Kauffeld, N. (1975) Overwintering of colonies with restricted and unrestricted

brood rearing in Louisiana. Amer. Bee J. 115: 480–481, 490.

Loglio, G. (1996) Isolamento di varroe vive e vitali e loro moltiplicazione. Apicolt.

mod. 87: 17–24.

Loglio, G.; Pinessi, E. (1991) Impiego della farina di frumento per la lotta

ecologica contro la varroasi. Apicolt. mod. 82: 185–192.

Loglio, G.; Pinessi, E. (1992) Impiego di un soffiatore nella lotta ecologica contro

la varroasi. Apicolt. mod. 83: 169–174.

Loglio, G.; Pinessi, E. (1993) Impiego della farina di frumento per valutare i livelli

di infestazione da varroa. Apicolt. mod. 84; 105–109.

Macedo, P. A.; Ellis, M. D. (2000) Detecting and assessing Varroa mite infestations

by using powdered sugar to dislodge mites. Amer. Bee J. 140: 906. (Abstract).

Pettis, J. S.; Shimanuki, H. (1999) A hive modification to reduce Varroa
populations. Amer. Bee J. 139: 471–473.

Ramirez, B. W. (1987) VII Brazil Congress: the latest on Varroa jacobsoni. News

letter for beekeepers in tropical and subtropical countries. 10: 11.

Ramirez, B. W. (1989) Can Varroa mite be controlled with “dust”? Apiacta 24: 3–6

Ramirez, B. W. (1994) Conformation of the ambulacrum of Varroa jacobsoni Oud.

and mite control with dusts. Amer. Bee J. 134: 835. (Abstract).

Ramirez, B. W.; Malavasi, G. J. (1991) Conformation of the ambulacrum of

Varroa jacobsoni Oudemans (Mesostigmata: Varroidae): A grasping structure.

Internat. J. Acarol. 17: 169–173.

Rogers, L. E.; Gilbert, R. O.; Burgett, M. (1983) Sampling honeybee colonies

for brood production: A double sampling technique. J. Apic. Res. 22: 232–241.

Ruttner, F. (1988) Breeding techniques and selection for breeding of the honeybee.

The British Isles Bee Breeders Association. Translated by Ashleigh and Eric Milner

to English. 151 pp.

Shah, F. A.; Shah, T. A. (1988) Tropilaelaps clareae, a serious pest of honey bees;

Flour dusting controls of Varroa disease. Amer. Bee J. 128: 27.

USDA, (1987) Varroa jacobsoni - Detection techniques. Amer. Bee J. 127: 755–757.

Winston, M. L. (1981) Seasonal patterns of brood rearing and worker longevity in

colonies of Africanized honey bee (Hymenoptera: Apidae) in South America.

Journal of the Kansas Entomological Society 53: 157–165.

















































PAGE  

