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Abstract

:

Simple Summary


In the present study, the effect of feeding with pollen sources with different protein content on colony performance, wintering ability and in-vitro longevity of colonies that weakened after feeding with pine honey in autumn or that needed to enter the winter period were investigated. The experiment was carried out in 48 colonies divided into six groups as follows: control, syrup, mixed pollen, Cistus creticus pollen (Pink rock-rose), Papaver somniferum pollen (Opium poppy), and commercial bee cake group. The effect of nutritional differences on survival was found to be statistically significant in vitro and this supports the colony results in the natural environment. As a result, P. somniferum pollen is a good preference to be used in feeding colonies in beekeeping, due to its rich nutritional content.




Abstract


Honey bees need pollen and nectar sources to survive in nature. Particularly, having young bees in colonies is vital before wintering, and proper feeding is necessary to achieve this. In the present study, the effect of feeding with pollen sources of different protein content on colony performance, wintering ability and in-vitro longevity of colonies that weakened after feeding with pine honey in autumn, or that needed to enter the winter period, was investigated. The experiment was carried out in 48 colonies divided into six groups as follows: control, syrup, mixed pollen, Cistus creticus pollen (Pink rock-rose), Papaver somniferum pollen (Opium poppy), and commercial bee cake groups. In particular, the P. somniferum pollen group was different (p < 0.01) from the other experiment groups with the number of bee frames (3.44), the area with brood (1184.14 cm2) and the wintering ability of 92.19%. The effect of nutritional differences on survival was found to be statistically significant in vitro and this supports the colony results in the natural environment (p < 0.001). The P. somniferum group has the longest longevity with 23 days. Pollen preferences of honey bees were P. somniferum, C. creticus, and mixed pollen, respectively.
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1. Introduction


The health, longevity, and development of honey bee colonies depend on the availability and quality of nutrients in the hive. Bees need sources of nectar and pollen that consist of carbohydrates, proteins, lipids, and micronutrients, necessary for survival, reproduction, and stress tolerance. Basically, honey bees are provided with all other nutrients, including carbohydrates, from nectar and protein from pollen. Plant populations and productivity in these populations are affected by many factors such as climate change, intensification of agricultural areas, landscape changes and atmospheric pollutants [1,2,3,4,5].



Ghosh et al. (2020) showed that the pollen preference of colonies can vary depending on the protein content of the pollen, and bees prefer floral sources with high nutritional content [6]. Radev et al. (2014) highlight that plant flora changes according to the season, and this affects the colony development [7]. In this study, it has been shown that the protein content of pollen in Greece varies between 13.8–25.0% throughout the season. While bee colonies collecting pollen with an average protein content of 24.35% in the spring can maintain a high level of reproduction and development, it has been reported that the reproduction and development of the colonies slow down when the protein content is 15.57% on average in autumn. It has also been determined that there is an association between the nutritional value of pollen and the development, reproduction, and productivity of bee colonies [7].



In the beekeeping sector, pollen and supplementary feeding with honey are used to prevent hunger and to develop a higher population in bee colonies in spring, by providing for brood formation in autumn and the beginning of winter in the young worker bee population, and in queen and drone breeding, in order to have healthier colonies and prevent loss of bees after using agricultural chemicals in plant production [8,9,10]. Especially, the composition and ratio of nutrients affect the longevity of honey bees [11,12,13].



Seasonal and climatic changes (extreme temperature, precipitation, hail, etc.) during the year cause significant reductions in floral resources [14]. When the natural flora is insufficient, the decrease in the egg-laying level of the queen bee leads to a decrease in the population level in the colony. Malnutrition reduces the survival rate of individuals, causes the end of their life in the larval stage, makes the colony susceptible to disease and causes individuals to leave the colony [4].



Feeding studies have been carried out on honey bees and bumblebees in many countries [10,11,15,16,17,18,19,20,21,22,23]. In addition, based on the effect of these nutrients on colony development, mathematical models have been developed, and future perspectives can be drawn for the colony [24].



In the pine honey season in the autumn, due to the lack of pollen sources, colonies are generally weakened after the honey harvest, and it is important to establish the right kind of feeding for wintering to overcome this problem. The present study aims to reveal the benefit of feeding colonies in this situation. This study was carried out to determine the colony performance (number of frames of bees, brood area) and wintering efficiency when feeding the colonies with P. somniferum, C. creticus, and mixed bee pollen in the autumn period. In addition, the effect of in-vitro feeding with these different pollens on the longevity of honey bees was investigated. Additionally, the study aims to contribute to the formation of a price policy according to pollen yield and quality by revealing the effect on pollen quality. In the experiment, sister queens produced in 2020 from Efe Bee (Apis mellifera anatoliaca), which is a registered breed of the Aegean Agricultural Research Institute, were used.




2. Materials and Methods


The study was carried out in the Aegean Agricultural Research Institute apiary (38°33′54″ N 27°3′27″ E) in the Menemen district of Izmir.



Colonies were formed with packaged bees to have similar colonies for the majority of beekeepers. Approximately 1 kg of worker bees represents a population of 7000 workers. Packages can be with or without queens. The package containing the queen contains a fertilized queen, a young worker bee of the desired weight in the cage, and a feed box [25,26]. Colonies were formed from 3 frames (1 honey-pollen, 1 brood comb, 1 swollen empty comb) and a 1 kg package of bees on 14 September 2020. Experimental groups were formed from 6 groups, including 8 colonies in each group as follows: control group, syrup group, C. creticus pollen group, P. somniferum pollen group, mixed pollen group and commercial bee cake group, with a total of 48 colonies. Experimental groups were prepared as a total of 24 bee frames.



In the present study, pollen of P. somniferum, which is an industrial plant, C. creticus pollen as a source of natural flora, mixed spring pollen, and syrup made from sugar beet were used. Mixed pollen was used as received from the manufacturer. The botanical origin of mixed pollen has not been studied. Instead, the nutritional composition of pollen and commercial bee cake used in the groups was determined. The cultivation of P. somniferum was mostly carried out in Afyonkarahisar province in Turkey. Beekeepers show an interest in this region for the development of their colonies and the production of P. somniferum pollen [27]. Pollen samples from producers were stored in a deep freezer until use. Commercial bee cake samples were selected from among the products containing pollen sold in the market. Although the nutritional content of commercial bee cakes does not meet the needs of the honey bee, they can be marketed as high in protein. Fresh pollen was used as a source of protein, and a sugar beet/water mixture was used as a source of carbohydrates for the colonies. To ensure the freshness of the pollen and to observe the consumption and storage rate in the colonies, it was provided according to the consumption status. Pollens were moistened with sugar syrup and given to colonies in the form of meatballs. Feeding was made at the same time and in the same amount. The colonies were fed with a 2:1 sugar-water mixture to form honey stores. The control group was given 1 L of syrup to eliminate the stress of the first day. The first feeding was carried out on the first day of formation of the experimental groups.



The study was planned according to a Completely Randomized Design. To determine the effects of feeding on colony performance between groups, measurements were taken 3 times in autumn and 2 times after wintering (spring). No measurements were made on cold days during the wintering period. The wintering period in the region where the trial colonies are located is between November and February (18 November 2020–17 February 2021).



2.1. Nutrient Analyses


The chemical composition of the pollen and commercial bee cake used in the experimental groups of the project were determined before feeding.



Dry matter (%): The moisture content of the pollen samples was determined by drying the samples with Radwag 50/NH moisture analyzer until they reached a constant weight.



Protein Assay (%): The amount of protein was determined according to the Kjeldahl method. 0.75 g of ground pollen samples were weighed and transferred to incineration tubes. The samples were first digested with sulfuric acid in the presence of a catalyst in the Velp UDK 159 Kjeldahl Nitrogen Protein Determination Device, then the ammonia was collected in a solution with boric acid by steam distillation and the % nitrogen content was calculated by titration with hydrochloric acid. The percentage of nitrogen obtained was multiplied by 5.6 and the amount of protein was determined [28,29,30].



Fat Assay (%): 5 g of ground pollen samples were weighed and, after digestion with hydrochloric acid, fat was extracted using petroleum ether with the Soxhlet extraction method. After the solvent was evaporated in the rotary evaporator, the balloon was brought to a constant weight and the amount of oil was weighed and calculated as a percentage [31,32,33].



Sugar Profile (%): The fructose, glucose, sucrose, turanose and maltose contents of saccharides were analyzed with a HPLC-IR (high-pressure liquid chromatography with refractive index detector) device according to the modified method for pollen (1 g) [34].



Ash Content (%): The pollen sample was weighed with porcelain crucibles and burned in the Nabertherm 5/11 muffle furnace device at 600 °C until it reached a constant weight; the residue was weighed, and the ash content was calculated as a percentage [29].



Antioxidant Capacity: The antioxidant capacity was determined as a percentage by measuring the antioxidant substance analysis with DPPH at 517 nm using the radical scavenging method in pollen [35].




2.2. Colony Performance Parameters


No measurements were made during the wintering period due to the season. Therefore, a total of 5 measurements were made for not less than 21 days. Measurement data are given in the results section. The worker bee completes its life expectancy in 21 days (3 days egg, 6 days larva, 12 days pupa). Then the honey bee is a foraging bee. Therefore, our measurements were made after 21 days.



The number of Bee Frames were calculated as the number of frames completely covered with adult bees. For this, the total amount of bees and the number of frames with bees were calculated in all hives (with a 3000 bees/frame calculation) by counting every 21 days [36,37].



The Brood Area: Every 21 days open and closed brood frames and open and closed brood areas were calculated with the Puchta method formula S = 3.14 × A/2 × a/2 (S: area; A: long axis of the ellipse; a: short axis of the ellipse) [36,37,38].



Wintering ability (%): Calculated as the percentage difference between the number of bee frames in winter (November) and the number of frames with bees coming out of winter (early March) [39].




2.3. Preference for Pollen Used in Feeding


The preference of pollen for honey bees was carried out on nine colonies except for the experiment with 1.5–2.5 bed frames. Honey bees prefer pollen sources to meet their protein needs, which are the most important of their vital needs. To determine the pollen preference of the bees, 30 g of each P. somniferum, C. creticus and mixed pollen were weighed and given to the colonies except to the experimental group in October 2020. Pollen containers were weighed at the 5th hour, 16th hour, 24th hour and 48th hour to determine the amount of consumed pollen.




2.4. The Effect of Feeding Groups on In Vitro Longevity of Honey bees


In the laboratory study, a total of 5 cages as syrup + water (control), C. creticus + syrup + water, P. somniferum + syrup + water, mixed pollen + syrup + water, and commercial bee cake + syrup + water, were used. The syrup is made by dissolving crystal beet sugar in water at a ratio of 1:1. Boiled potable water was used. The cages had 14 cm × 13 cm dimensions and a volume of 1.5 L [40]. The wide part of the cages was turned upside down 4 cm above the ground, and 4 ventilation holes with a diameter of 2 cm were drilled on the sides of the cage. 15 mL falcon tubes were placed into the holes drilled from the upper part, then a feeding hole was opened from the 5 mL level on top of the cages. A total of 250 1-day-old worker bees, 50 of which were in each experimental group, were placed in the experimental cages. The honey bees were kept in a dark incubator set at 35 °C temperature and 70% humidity throughout the experiment, and the dead bees in the cages were counted every day [11,40,41].




2.5. Statistical Analysis


One-way ANOVA was applied, since these data satisfy the assumptions of normal distribution, to determine the difference between the number of bee frames and the brood area measurements, which are among the colony performance parameters, according to the feeding groups. Statistical analysis of wintering ability measurements, which were normally distributed by applying the reverse transformation, were applied according to feeding groups. Multiple comparisons of the bee frame number, brood area averages and overwintering ability in the feeding groups were carried out using the Duncan test. On the other hand, the statistical difference between the pollen consumption preferences of honey bees and the pollen preferences according to time were analyzed with the Kruskal Wallis test. The differences between the means of these groups were examined with the Dunn-Bonferroni multiple comparison test. These analyses were done with IBM SPSS v25. The results of the longevity of bees were subjected to the Log-rank (Mantel-Cox) test of survival analysis in the Graphpad Prism 7 statistical program, and the statistical difference between the groups was investigated [11,41].





3. Results


The chemical composition of the commercial bee cake and pollen types used in the experiment was determined (Table 1).



Feeding studies were carried out considering the nectar sources, climatic conditions, and wintering conditions in the region where the colonies are located. The syrup (14 L), pollen, and commercial bee cake (1350 g) were given to the groups between 14 September 2020–24 February 2021 during the experiments.



The measurements time for colony performance in the experiment and the number of colonies in each group at each measurement are given in Table 2. During the study, no colony loss was observed apart from in the experimental group fed with P. somniferum pollen.



3.1. Colony Performance


A statistically significant difference was found between the feeding groups in terms of the bee frame numbers and area with brood (p < 0.01). Statistically, the highest performance was obtained in P. somniferum and C. creticus pollen groups throughout the experiment (p < 0.01). In terms of the bee frame numbers, the control group showed the lowest performance due to the periodic lack of pollen and nectar sources (Table 3). In the research that started on 14 September 2020, five measurements were made and average colony performances according to these measurements are shown in Figure 1 and Figure 2. In addition, the distribution of wintering ability is given in Figure 3. Performance results as of 14 September 2020 show the effect of given nutrient sources due to the lack of pollen source. In October, the arrival of pollen traces from the flora accelerated the foraging activity of the honey bees, and this situation protected the colony development by contributing to the syrup and commercial bee cake feeding (intensive carbohydrate) with protein sources (Figure 1).



There were statistically significant differences between the groups in terms of brood area (p < 0.01). P. somniferum pollen group had the highest value in terms of brood area development. C. creticus, mixed pollen and commercial bee cake groups showed statistically similar brood development (Table 4, Figure 2). The control group, on the other hand, showed the lowest brood development with an average area of 463.98 cm2.



It was determined that there were statistically significant differences between the wintering ability measurements of experimental groups (p < 0.01). The best wintering ability was determined in the P. somniferum pollen group at 92.19%, whereas the control group had the lowest result at 51.07% (Table 5). As the colonies fed with pollen enter the wintering period with young worker bees depending on the development, this seems to increase the wintering ability of the colony (Figure 3).




3.2. Preference for Pollen Used in Feeding of Honey Bee Colonies


In this study, pollen preferences of nine colonies with different strengths were tested using three different pollen sources and calculating the consumed pollen in October when the natural pollen source is limited. The least preferred pollen was mixed pollen, while P. somniferum (24.8 g) and C. creticus (25 g) pollens were the most preferred (p < 0.01) (Table 6).



This reveals that the difference in pollen preferences in the first five hours is statistically higher than in the other periods. It was seen that the difference in pollen preferences decreases as time increases (Table 7).




3.3. The Effect of Feeding Honey Bees on Their In-Vitro Longevity


The effect of nutritional differences on lifespan was found to be statistically significant (p < 0.001). According to the Log-rank (Mantel-Cox) test in the survival analysis, X2: 70.91 was found. The average lifespan of the worker bees in the cages fed with Sugar Syrup, C. creticus, P. somniferum, Mixed Pollen and Bee Cake was found to be 14 days, 20 days, 23 days, 14.5 days, and 16.5 days, respectively (Figure 4). According to the survival analysis results, the lifespan of the bees in the sugar syrup-fed group was found to be significantly lower than the lifespan of the bees in the C. creticus, P. somniferum and Bee Cake groups (p < 0.001).



In paired comparisons, the effect of feeding worker bees with C. creticus and P. somniferum pollen on their lifespan was found insignificant, statistically (p > 0.05). Similarly, the differences between the effect of feeding mixed pollen and P. somniferum pollen, between mixed pollen and bee cake and between sugar syrup and mixed pollen on lifespan were found to be non-significant (p > 0.05).





4. Discussion


The evaluation of the study shows that pollen nutrition should be an important food for maintaining the lifespan of bee colonies [42]. In our study, general averages of bee frame numbers indicate that the best feeding groups are the P. somniferum and C. creticus pollen groups (p < 0.01). In addition, the best group in terms of brood area is provided with P. somniferum pollen feeding. The third measurement was performed close to wintering, and it was observed that there was no difference between the groups since the colony development stopped (i.e., the queen does not lay eggs).



In previous studies, it has been demonstrated that feeding honey bees with protein-rich nutrients increases the number of brood areas and bee frames and that honey bees are healthier [1,10,43,44]. It has been reported that feeding honey bees with pea flour, which has a high protein content, causes an increase in the brood area, the bee frame number, and in honey yield [43]. Among the groups fed mixed spring pollen, commercial bee cake, honey, and sugar syrup, the pollens group was significant in terms of the bee frame number, brood area, and pollen storage area (p < 0.05); no statistical difference was found between the groups in terms of wintering ability [10]. In our study, in accordance with previous studies, it was determined that there was a significant difference between the experimental groups in terms of the number of bee frames and the brood area.



While the beneficial effect of pollen availability on bee health is well known, the impact of quality and diversity of pollen diets on bee health is unknown. In a conducted study, it was determined that both nurse bee physiology and parasite tolerance were affected by pollen quality [1]. It was determined that pollen diet diversity did not affect nurse bee physiology and healthy bee survival. In addition, bees fed with the poly-floral pollen blend lived significantly longer than bees provided with Cistus, Erica and Castanea pollen, with no significant difference in bees provided with Rubus pollen. Researchers have also reported that the quality and diversity of pollen (in a specific context) can shape bee physiology [1]. Particularly, it was expected that the poly-floral mixed pollen used in our study would give better results, but it was left behind after the P. somniferum and C. creticus pollen. Here, it has been determined that there is a problem with the freshness of the mixed pollen, and in the consumption study P. somniferum and C. creticus pollens were preferred over the mixed pollen.



Bees can use their preferences according to food quality (high protein/high lipid). In a study carried out using bumblebees, it has been demonstrated by both field and laboratory studies that pollen sources with high protein and lipid concentrations are preferred [45].



Feeding, especially in periods when floral resources are weak or absent, helps to guarantee the future of the colonies. In our study, colony growth parameters gave significantly more positive results in the experimental groups fed with pollen. Moustafa et al. (2018), showed positive correlations between supplementary feeding at different periods and both the size of the bee population and the brood rearing activity. It has been determined that bee colonies fed with supplemental nutrition at different periods have significantly more bee and brood efficiency compared with unfed control colonies [46]. Taha et al. (2015), recommended feeding the colonies with pollen in spring and summer in order to improve the activities of honey bee colonies, maintain the strength of the colonies and increase productivity [47]. Studies were conducted on a pollen substitute formulated for easy home preparation. The results of this study are applicable to honey bee colonies placed in greenhouses where pollen deficiency negatively affects bee longevity, brood rearing and pollination efficacy [48]. Tawfik et al. (2020) showed that supplementary feeding (artificial diet cake + sucrose syrup supplemented with vitamin C) for different periods (feeding for 12, 15 and 18 weeks) has a positive effect on colony development, protein content and antioxidant system in newly emerged workers investigated from October to March for two consecutive beekeeping seasons. The results revealed that there was a marked increase in colony growth parameters (sealed brood areas and adult bee population sizes) in colonies provided with a supplemental diet for different periods compared with control colonies. In addition, a significant improvement in the antioxidant system was reported in bee colonies given a supplemental diet for 18 weeks compared with other treatments and controls [49]. In cases where the flora is insufficient, the quality of supplementary feeding affects the development and strength of the colony [50]. In the study conducted by Ahmed et al. (2021), it was determined that feeding with pollen substituted diet increased the number of bee frames and brood area, while it was determined that the consumption amount was higher compared with the control [50]. Contrary to our findings, Mortensen et al. (2019) reported that there is no change depending on the presence and source of protein [51]. It is also reported that the protein supplements given to colonies during the winter period cannot reduce the winter loss [2].



Feeding with pollen, which is a source of protein and mineral material before wintering, positively affects the wintering ability and helps the development of the colony (especially in early spring). It has been observed that the bees in the pollen group are more lively, healthy, and active as in the experiment described by DeGrandi-Hoffman et al. (2016) [2]. In our study, while the best wintering ability was detected in the P. somniferum pollen group with 92.19% (p < 0.01), other pollen groups followed the P. somniferum group. In a study, it was reported that honey bee colonies fed with natural forage had lower pathogen loads and emerged vigorously from winter compared with those fed with protein supplements [2]. Studies have shown that feeding in the fall increases the protein and fat reserves of honey bees in their bodies [44,52]. In another study, it was shown that feeding with two different pollen types and water during the pine honey season (in autumn) provides 80% better wintering ability [53]. In our study, the wintering ability of the group fed with sugar syrup was low. In support of our findings, Frizzera et al. (2020) provided convincing evidence that homemade sugar syrups can mask several potential adverse side effects that may impair normal survival for bees. These adverse effects are directed towards the possible formation of hydroxy-methyl-furfural (HMF) at high doses and the formation of other compounds whose acidity and identity have not been studied so far [54].



In our experiment, it was determined that the pollen source that most affected the lifespan of the honey bees in the incubator was the P. somniferum pollen, and the average lifespan of the bees fed with this pollen was found to be 23 days. In the other groups, the lifespan was 20 days in the C. creticus group, 14.5 days in the mixed pollen group, 16.5 days in the commercial bee cake group, and 14 days in the sugar syrup group. The effect of nutritional differences on lifespan was found to be statistically significant (p < 0.001) (Survival analyzing Log-rank (Mantel-Cox) test statistic X2: 70.91). Our findings showed that pollen- and syrup-fed bee groups lived longer than syrup-only groups. In other studies, it is seen that different feeding patterns affect the lifespan. There are differences in incubator conditions (temperature/humidity) in some of the studies [12,13,55,56]. In a study that supports our findings, the difference between the groups according to the average lifespan was statistically significant in the trial which was formed in an incubator at 35 °C and 70% humidity with energy and protein-rich replacement feeds. Accordingly, the average of the group fed with pollen and honey replacer feeds was 25.25 days, the average of the group fed with pollen and honey was 18.47 days, and the average of the group fed only honey replacer was 15.36 days [11]. In a study conducted under different laboratory conditions (32 ± 1 °C and 65 ± 5% humidity) with different protein sources, a lifespan of 21–27 days was determined [13]. In another study, it was revealed that feeding with different food sources had different effects on the digestive system of bees (especially in the epithelial layer of the middle stomach). The feeding of bees with honey has no harmful effects on the mid-intestinal epithelial layer, and the intestinal content ensures complete digestion and maximum nutrient utilization. It was determined that the use of brewer’s yeast and malt damaged the gastric epithelial layer and showed differences depending on the nutrient source. The most severe damage to the epithelial layer was found in bees fed with acidic invert syrup. Regarding the effect of different feeds on the life of bees, a positive effect on the lifespan of bees has been reported after feeding with honey (27 days), enzyme invert syrup (23.74 days), whereas acidic invert syrup (12 days), brewer’s yeast and malt shortens the lifespan. According to the results, natural pollen, honey, or invert syrup with enzymes should be used in honey bee feeding [57]. In another study, it has been reported that antibiotic applications in beekeeping shorten the life span of the honey bee while feeding with pollen extends the life span and makes a positive contribution [55]. In a study conducted by Yang, it has been revealed that the number of bees placed in the cages used in laboratory studies affects their life span. Increasing the number of bees in the cage from 50 to 200 shortened the 21 day lifespan from 95 to 88.9%. One of the reasons for this is the increased cage pollution and beeswax production in the cages with more bees [58].




5. Conclusions


As a result, the honey bee must be fed at a balanced and adequate level, as with all living things. Malnutrition can lead to decreased immunity, increased stress, shortened lifespan, and colony loss. Pollen is needed for the continuity of brooding activities and the development of the young population in the colony. Pollen consumption before wintering increases the resistance of the colony during wintering and at the same time accelerates development in spring. In particular, fresh and residue-free pollen is a must for healthy bees and healthy production. In our study, it is seen that especially P. somniferum and C. creticus pollen provide a significant improvement in performance in colony development. More studies are needed to determine the nutritional components of different pollen sources and to use these pollens in colony nutrition in order to support the healthy development of the colony. Especially knowing the nutritional structure of pollen will contribute to the formation of the price policy according to the quality of these products produced as an economic gain.
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Figure 1. Bee frame numbers according to measurements in feeding groups. 
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Figure 2. Brood area measurements of different feeding groups. 
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Figure 3. Wintering ability of different feeding groups represented as average (%) and se. 
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Figure 4. The Effect of Feeding with Sugar Syrup, C. creticus, P. somniferum, Mixed Pollen and Bee Cake on Lifespan of Honey bees. 
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Table 1. Chemical Composition of Commercial Bee Cake and Pollen Used in the Experiment.
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	Commercial Bee Cake
	C. creticus Pollen
	Mixed Pollen
	P. somniferum Pollen





	Moisture %
	2.03
	18.4
	18.1
	21.5



	Ash %
	0.3
	1.6
	1.7
	2.2



	Antioxidant capacity % (DPPH)
	ND
	80.3
	77.2
	88.0



	Carbohydrate Profile
	
	
	
	



	Fructose %
	4.1
	18.1
	18.6
	19.4



	Glucose %
	4.4
	14.0
	14.7
	14.0



	Sucrose %
	41.6
	1.4
	0.4
	0.3



	Turanose %
	0.0
	0.9
	0.5
	0.5



	Maltose %
	1.8
	0.6
	0.7
	0.8



	Trehalose %
	0.0
	0.0
	0.0
	0.0



	Isomaltose %
	0.0
	0.1
	0.0
	0.0



	Erlose %
	0.0
	0.0
	0.0
	0.0



	Melezitose %
	0.0
	0.1
	0.0
	0.0



	Maltotriose %
	0.5
	0.0
	0.0
	0.1



	Fructose + Glucose
	8.5
	32.1
	33.3
	33.4



	Fructose/Glucose
	0.92
	1.29
	1.27
	1.39



	Protein%
	0.2
	14.3
	18.5
	21.5



	Fat %
	0.1
	6.0
	6.8
	3.6







ND: non-detected.













[image: Table] 





Table 2. Measurement period and numbers of the studied colony.
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Colony Numbers of the Groups




	

	
Measurement

	
Control

	
Syrup

	
Commercial Bee Cake

	
P. somniferum Pollen

	
C. creticus Pollen

	
Mixed Pollen






	
1

	
5 October 2020

	
7

	
8

	
8

	
8

	
8

	
8




	
2

	
28 October 2020

	
7

	
7

	
8

	
8

	
8

	
8




	
3

	
18 November 2020

	
7

	
6

	
8

	
8

	
8

	
8




	
4

	
17 February 2021

	
4

	
6

	
7

	
8

	
8

	
7




	
5

	
10 March 2021

	
4

	
6

	
7

	
8

	
7

	
7
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Table 3. The number of bee frames in each feeding group.
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	Feeding Groups
	n
	Average
	Std Err





	P. somniferum
	40
	3.44
	0.13 a



	C. creticus
	39
	3.12
	0.12 a,b



	Mixed pollen
	38
	2.97
	0.15 b



	Commercial Bee Cake
	38
	2.93
	0.16 b



	Syrup
	32
	2.73
	0.16 b



	Control
	29
	2.19
	0.15 c







Different superscript letters denote significant differences (p < 0.05).
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Table 4. Brood area measurements of feeding groups (cm2).
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	Feeding Groups
	n
	Average
	Std Err





	P. somniferum
	40
	1184.14
	105.83 a



	C. creticus
	39
	1044.35
	95.55 a,b



	Mixed pollen
	38
	918.94
	99.07 a,b



	Commercial Bee Cake
	38
	860.39
	86.77 a,b



	Syrup
	32
	842.00
	113.23 b



	Control
	29
	463.98
	58.39 c







Different superscript letters denote significant differences (p < 0.05).
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Table 5. Wintering ability of feeding groups (%).
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	Feeding Groups
	n
	Average
	Std Err





	P. somniferum
	8
	92.19
	2.99 a



	C. creticus
	8
	80.21
	5.15 a,b



	Mixed pollen
	7
	79.96
	7.77 a,b



	Commercial Bee Cake
	6
	72.02
	8.94 a,b



	Syrup
	7
	67.86
	7.30 a,b



	Control
	4
	51.07
	4.06 b







Different superscript letters denote significant differences (p < 0.05).
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Table 6. Preference for pollen.






Table 6. Preference for pollen.





	

	
n

	
Mean Rank

	
Mean

	
Std. Dev

	
p-Value






	
P. somniferum

	
36

	
44.94 b

	
24.58

	
2.77

	
0.01




	
C. creticus

	
36

	
48.86 b

	
25.00

	
3.16




	
Mixed pollen

	
36

	
69.69 a

	
27.36

	
2.53








Different superscript letters denote significant differences (p < 0.05).
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Table 7. Pollen preference differences over time.
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Time (hour)

	
n

	
Mean Rank

	
Mean

	
Std. Dev

	
p-Value






	
5

	
27

	
77.09 a

	
28.15

	
2.46

	
<0.001




	
16

	
27

	
51.76 b

	
25.37

	
2.75




	
24

	
27

	
47.06 b

	
24.81

	
2.94




	
48

	
27

	
42.09 b

	
24.26

	
2.67








Different superscript letters denote significant differences (p < 0.05).
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