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			ABSTRACT

		

		
			Queen is the prime entity of the honeybee colony, which determines the fate of the colony’s productivity. The methods used for rearing honeybees are crucial to their success. This study was conducted in the spring of 2020 and 2021 to examine how queen cell acceptance rates and morphometric features i.e., length and width of head, thorax, wings, and body were affected by grafted larval age. For the rearing of queen bees, one-day-old, two-day-old, and three-day-old larvae were used in 11 starter hives from one breeding hive. The results exhibited a significant influence of grafted larval age on larval acceptance and morphometric features in both years. The highest acceptance rate was observed for one-day-old grafted larvae (81.11% in each study year), whereas the lowest was for three-day-old larvae (6.67% in 2020 and 7.78% in 2021). The highest mean larval acceptance for both of the years was also recorded in one-day-old grafted larvae i.e., 24.31% in the year 2020 and 24.30% in the year 2021. Whereas the lowest was recorded in three-day-old larvae i.e., 2.00% in 2020 and 2.30% in 2021. The highest body weight, head length, head width, thorax length, thorax width, wing length, wing width, and queen body length for both of the years was recorded in one-day-old grafted larvae i.e., 159.20 mg, 3.27 mm, 3.36 mm, 3.91 mm, 4.14 mm, 10.59 mm, 3.45 mm, and 21.33 mm in the year 2020 respectively and 156.90 mg, 3.26 mm, 3.37 mm, 3.96 mm, 4.18 mm, 10.63 mm, 3.50 mm, and 21.03 mm in the year 2021 respectively. Whereas the lowest was recorded in three-day-old larvae in both of the years. It is concluded that one-day-old grafted larvae are suitable for the production of healthier queen bees. These findings can provide direction for attempts to improve the quality of honeybee queens in profitable queen raising, which is necessary for resolving difficulties that are at the root of the increasing number of queen failures in the apiculture industry.
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			INTRODUCTION 

			Pollination is a crucial factor in the agriculture industry and acts as a key framework for crop yield. Bees especially honeybees are the most important ecosystem services provider like pollinators of various fruits (Benachour and Louadi, 2013; Gurmani et al., 2016; Akram et al., 2022), vegetables (Amoako and Yeboah-Gyan, 1990; Negi et al., 2020), and agronomic crops (Rizzardo et al., 2012; Abbasi et al., 2021; Khan and Ghramh, 2021) throughout the world. In each colony of honeybees, a queen is considered the most critical individual (Moore et al., 2015), on which the success of the colony depends (Winston, 1987). Moreover, only the queens have the ability to lay eggs either sterile or fertile, resulting in overlapping generations of brood throughout the year and releasing pheromones that prevent the worker bees from developing new queens (Winston et al., 1981; Delaney et al., 2011). The primary task of the queen is to produce daughter workers for foraging and caring for the brood, eggs, larvae, and pupae, as well as drones for genetic variation among colonies by mating with virgin queens (Delaney et al., 2011; Ozbakır, 2023). One of the most important demands by the colony placed on the queen for nonstop breeding, survival and reproductive output, highlights the relevance of the queen’s wellbeing to the colony’s success. As a healthy queen increases the amount of revenue collected from the selling of additional bees, some hive products (including propolis, honey, and royal jelly), and pollination services, beekeepers prefer to have healthy queens. The failure of the queen can cause the mortality of the honeybee colony (vanEnglesdorp et al., 2010). Therefore, high-quality queen bees are essential for colony productivity and high quantity and quality production of bee hive products (Yu et al., 2022). 

			In beekeeping, the artificial rearing of the queen honeybee is crucial to regularly strengthen the colonies, improve their genetic features, upsurge the number of workers, enhance the production of honey, and reduce swarming tendencies (Adgaba et al., 2019). Nowadays, the population of honeybees is declining due to various biotic and abiotic factors (Stankus, 2008; Panziera et al., 2022). The pathogen, parasites, and Varroa destructors are considered the most important factors linked with poor colony health and responsible for colony losses. Additionally, diseased or lost queens are regarded as one of the most important and main causes of colony losses. Among other factors, the poor queen is the primary and important problem in beekeeping, sometimes leading to colony failure in peak seasons. Notably, commercial progressive beekeepers found that the failure of the queen honeybee is the most crucial factor in colony collapse (Kulhanek et al., 2017). To determine the health of their queens, beekeepers examine the colony and note numerous indicators associated with the queen’s reproductive output. There are several factors that affect the quality production of the queen i.e., grafting of larvae, grafting techniques, number of the grafted larvae, age of the larvae, health of the larvae, hands-on practice of grafter, environmental conditions, and grafting materials (Njeru et al., 2017; Okuyan and Akyol, 2018; Güneşdoğdu and Şekeroğlu, 2020; Yi et al., 2021). So, most beekeepers replace the queens each year because of their importance and colony survival. However, beekeepers observed the failure of the young and newly mated queen into the colonies, but unfortunately, the causes are still unknown.

			Some of the morphological characters i.e., length and width of head, thorax and wings and body weight are crucial in adult insects (Fischer and Maul, 1991; Gilley et al., 2003; Kahya et al., 2008) and among these, few have been found positively correlated with the fecundity or reproductive success of honeybee queen (Woyke, 1971; Nelson and Gary, 1983). Moreover, Kaftanolu et al. (1988) reported that the genotype, nutritional parameters, raising practices, time of rearing, grafted larval age, and grafted larval quantity in each cell builder colony (starter colony); all have an influence on the quality production of queen bees. Beekeepers who want to produce queen bees can easily change the amount and age of grafted larvae. They can produce the maximum superior quality queen bees by using the right quantity of grafted larvae. The quality of the queen bee will decrease if there are more grafted larvae than the optimum (Korkmaz, 2005). It has been reported that the age of the grafted larvae has the greatest impact on the quality of queen bees (Woyke, 1967; Vaziritabar and Esmaeilzade, 2018). It has been found that queen honeybees can be produced from up to three-day-old larvae (Mahbobi et al., 2012); however, this method is not always successful because the quality of queen bees declines as the age of grafted larvae increases. Mahbobi et al. (2012) found that queen bees produced from one-day-old grafted larvae are heavier than queen bees produced from two and three-days-old grafted larvae, similarly, queen bees produced from two-day-old grafted larvae are heavier than those produced from three-day-old grafted larvae. The age of the grafted larvae also has a significant influence on the acceptance rate of the queen bee cell (Okuyan and Akyol, 2018). 

			The influence of grafted larval age on the acceptance rate and morphometric properties of queen honeybees has been the subject of a significant amount of research that has been published on a worldwide basis (Mahbobi et al., 2012, 2014; Njeru et al., 2017; Okuyan and Akyol, 2018; Vaziritabar and Esmaeilzade, 2018). The literature is little or scarce from Pakistan. The current experiment was designed to measure how different morphometric characteristics (head length, head width, thorax length, thorax width, wing length, wing width, queen weight, and length) and larval acceptability after grafting were affected by the age of the grafted larvae. 

			MATERIALS AND METHODS

			The experiment was carried out during the queen breeding season of the year 2020 and year 2021 at the Honeybee Research Institute (HBRI: 33°40’31”N 73°07’34”E; 508 m above sea level), National Agricultural Research Centre (NARC), Islamabad, Pakistan. In this experiment, one breeding colony of exotic honeybee Apis mellifera ligustica was used, headed by freshly reared queen from the grafting technique. For queen rearing through cup grafting method (Rafique et al., 2019), nine cell starter hives were used. As primer substrate, fresh royal jelly was used during larvae grafting that was obtained from the newly developed queen cells. To anesthetize reared queen bees, CO2 gas at the rate of two bubbles per second for one minute was provided for easy measurement of the physical parameters of the queens (Khan et al., 2022). For measuring the morphometric characteristics i.e., head width, head length, thorax width, thorax length, wing width, wing length, and body length of queen, a digital vernier caliper with sensitivity of 0.01 mm was used.

			 

			Queen rearing

			During the process of rearing queens, the breeder queen bee was removed from the breeding hive and placed in a queen isolator with a capacity of one frame. This allowed the queen rearing hive to receive larvae that were exactly one, two, and three days old. Frames in the queen isolator were replaced with new frames daily for three consecutive days. All frames were labeled with dates to indicate their period in the isolator. About 270 young larvae of worker bees (90 larvae per distinct age) were taken and grafted into nine grafting frames (30 larvae each). Ten larvae of each age (treatment) in each grafting frame were used randomly with nine replicated grafting frames. Ten larvae of each age were placed on a single bar in the grafting frame and properly tagged on each bar. Overall, nine cell builder five frame nucleus colonies (with two feed frames at 1st and 5th position, two sealed worker brood frames at 2nd and 4th position, grafted frame at 3rd position in the middle, and 2 to 3 frame worker nurse bees were shaken) were prepared two h prior to grafting process with closed gate for 24 to 48 h (Al-Fattah et al., 2011). On 3rd day, the acceptance was recorded for each age of grafted larvae. On 8th, 9th, and 10th days of grafting (respectively kept for distinct ages of grafted larvae), matured queen cells were removed from the grafting bar/frame and shifted individually in queen nursery cages along with 2-3 nurse bees having 10-gram candy (1:4, Honey: Sugar powder). On 12th day, after the emergence of queens, these queen nursery cages were shifted to queen rearing laboratory for the evaluation of morphometric characteristics. 

			Data recording

			All queens were anesthetized with CO2 at two bubbles/second for one minute for easy measurement of the physical parameters of the queens without damaging them (Okuyan and Akyol, 2018; Khan et al., 2022). Initially, their body weight (hatching weight in mg) immediately after anesthetizing was weighed through digital balance at 0.01g sensitive scale (Model: HOCHOICE - HC6002X; China) followed by other parameters including body length, head length and width, thorax length and width, wings length and width (in mm) measured with a digital vernier caliper at 0.01 mm sensitive scale (Model: Ahead-09- 154A, China). After 72 h of grafting, larvae acceptance were calculated by using the formula (Okuyan and Akyol, 2018).
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			Statistical analysis

			To compare the means, one-way analysis of variance (ANOVA) with post-hoc Duncan’s multiple range test was used by using a computer-based statistical software SPSS version 26. Graphs were prepared on sigma plot version 16.0.

			RESULTS

			Larval acceptance

			Table 1 shows a significant effect (p< 0.05) of grafted larval age on larval acceptance throughout the queen-raising seasons in 2020 and 2021. The highest acceptance rate was observed for one-day-old grafted larvae (81.11% in each study year), followed by two-day-old larvae (34.44% in 2020 and 40.00% in 2021) and three-day-old larvae (6.67% in 2020 and 7.78% in 2021) (Fig. 1).

			 

			Table I. Aptness of grafted larval age 72 h after grafting on acceptance during 2020 and 2021 queen-raising seasons.

			
				
					
					
					
				
				
					
							
							Age of grafted larvae

						
							
							Larval acceptance 

						
					

					
							
							2020 (N=30)

						
							
							2021 (N=30)

						
					

					
							
							One day

						
							
							24.3 ± 1.2a

						
							
							24.3 ± 0.88a

						
					

					
							
							Two days 

						
							
							10.3 ± 0.8b

						
							
							12.0 ± 0.57b

						
					

					
							
							Three days 

						
							
							2.0 ± 0.57c

						
							
							2.3 ± 0.88c

						
					

					
							
							Results of one-way ANOVA

						
					

					
							
							F-value

						
							
							9.49

						
							
							6.02

						
					

					
							
							DF

						
							
							5

						
							
							5

						
					

					
							
							P-value

						
							
							<0.0001

						
							
							0.001
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			Fig. 1. Comparison of larval acceptance affected by age of grafted larvae 72 h after grafting during 2020 and 2021 queen-raising seasons.

			Morphometric characteristics

			There was a statistically significant difference between one day old, two days old, and three days old grafted larvae in terms of body weight of the queen, head width, head length, thorax width, thorax length, wing width, wing length, and body length of the queens during the year 2020. Similarly, in the year 2021, a statistically significant difference was also found between one day old, two days old, and three days old grafted larvae in terms of body weight of queen, head width, head length, thorax width, thorax length, wing width, wing length, and body length of the queens (Table II). 

			In the years 2020 and 2021, the higher queen weight was recorded for one day old grafted larvae (159.20 mg and 156.90 mg, respectively), whereas the lowest was for three-day-old grafted larvae (112.35 mg and 107.10 mg, respectively) (Table II, Fig. 2A). Similar trends were also recorded in all the studied morphometric characteristics. The maximum head width during the years 2020 and 2021 was recorded for one day old grafted larvae (3.36 mm and 3.37 mm, respectively), whereas the minimum for three-day-old larvae (1.90 mm and 1.85 mm, respectively) (Table II, Fig. 2B). In the years 2020 and 2021, the maximum head length was recorded for one-day-old grafted larvae (3.27 mm and 3.26 mm, respectively) whereas the lowest was for three-day-old grafted larvae (2.48 mm and 2.35 mm, respectively) (Table II, Fig. 2C). The maximum thorax width during the years 2020 and 2021 was recorded for one-day-old grafted larvae (4.14 mm and 4.18 mm, respectively) whereas the minimum for three-day-old larvae (2.10 mm and 1.81 mm, respectively) (Table II, Fig. 2D). In the years 2020 and 2021, the maximum thorax length was recorded for one-day-old grafted larvae (3.91 mm and 3.96 mm, respectively), whereas the lowest was for three-day-old grafted larvae (1.70 mm and 1.70 mm, respectively) (Table II, Fig. 2E). 
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			Fig. 2. Body weight (A), head width (B), head length (C), thorax width (D), thorax length (E), wing width (F), wing length (G), body length (H) of queens produced from three different ages of grafted larvae during 2020 and 2021.

			Table II. Morphometric characteristics of Apis mellifera queens affected by age of grafted larvae.

			
				
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Morphological characteristics

						
							
							One day old

						
							
							
							Two days old

						
							
							
							Three days old

						
							
							p-value

						
					

					
							
							2020

						
							
							2021

						
							
							2020

						
							
							2021

						
							
							2020

						
							
							2021

						
					

					
							
							W (mg)

						
							
							159.20±5.20a

						
							
							156.90±4.50a

						
							
							
							127.23±2.29b

						
							
							126.60±1.89b

						
							
							
							112.35±2.76c

						
							
							107.10±1.49c

						
							
							≤0.0001 (2020)

							≤0.0001 (2021)

						
					

					
							
							HW (mm)

						
							
							3.36±0.08a

						
							
							3.37±0.10a

						
							
							
							2.71±0.07b

						
							
							2.70±0.07b

						
							
							
							1.90±0.04c

						
							
							1.85±0.05c

						
							
							≤0.0001 (2020)

							≤0.0001 (2021)

						
					

					
							
							HL (mm)

						
							
							3.27±0.59a

						
							
							3.26±0.05a

						
							
							
							2.78±0.11b

						
							
							2.68±0.10b

						
							
							
							2.48±0.07b

						
							
							2.35±0.03c

						
							
							≤0.0001 (2020)

							≤0.0001 (2021)

						
					

					
							
							TW (mm)

						
							
							4.14±0.07a

						
							
							4.18±0.07a

						
							
							
							2.61±0.07b

						
							
							2.61±0.07b

						
							
							
							2.10±0.20c

						
							
							1.81±0.01c

						
							
							≤0.0001 (2020)

							≤0.0001 (2021)

						
					

					
							
							TL (mm)

						
							
							3.91±0.08a

						
							
							3.96±0.07a

						
							
							
							2.56±0.14b

						
							
							2.66±0.18b

						
							
							
							1.70±0.05c

						
							
							1.70±0.63c

						
							
							≤0.0001 (2020)

							≤0.0001 (2021)

						
					

					
							
							WW (mm)

						
							
							3.45±0.13a

						
							
							3.50±0.11a

						
							
							
							2.41±0.10b

						
							
							2.41±0.10b

						
							
							
							1.90±0.15c

						
							
							1.83±0.02c

						
							
							≤0.0001 (2020)

							≤0.0001 (2021)

						
					

					
							
							WL (mm)

						
							
							10.59±0.18a

						
							
							10.63±0.16a

						
							
							
							9.11±0.22b

						
							
							9.33±0.26b

						
							
							
							5.73±0.35c

						
							
							5.25±0.03c

						
							
							≤0.0001 (2020)

							≤0.0001 (2021)

						
					

					
							
							QBL (mm)

						
							
							21.33±0.35a

						
							
							21.03±0.29a

						
							
							
							17.35±0.46b

						
							
							16.86±0.33b

						
							
							
							12.61±0.53c

						
							
							13.06±0.22c

						
							
							≤0.0001 (2020)

							≤0.0001 (2021)

						
					

				
			

			W, weight; HW, head width; HL, head length; TW, thorax width; TL, thorax length; WW, wing width; WL, wing length; QBL, queen body length.

			The maximum wing width during the years 2020 and 2021 was recorded for one day old grafted larvae (3.45 mm and 3.50 mm, respectively), whereas the minimum for three days old larvae (1.90 mm and 1.83 mm, respectively) (Table II, Fig. 2F). In the years 2020 and 2021, the maximum wing length was recorded for one day old grafted larvae (10.59 mm and 10.63 mm, respectively), whereas the lowest was for three days old grafted larvae (5.73 mm and 5.25 mm, respectively) (Table II, Fig. 2G). In the years 2020 and 2021, the higher queen body length was recorded for one day old grafted larvae (21.33 mm and 21.23 mm, respectively), whereas the lowest was for three days old grafted larvae (12.61 mm and 13.06 mm, respectively) (Table II, Fig. 2H).

			DISCUSSION

			The ability to get a high queen cell acceptance rate is the most important factor in effective queen raising. Queen cell acceptance depends on several factors i.e., rearing methods, rearing sequence, developmental stage, strength and quality of the nurse colonies, the absence and presence of the queen in the rearing colony, grafted larval age, nurse bees age in rearing colonies, period of the queen-less stage, and number of grafted larval cells (Snelgrove, 1949; Ruttner, 1983). In the present study, the highest acceptance rate was observed for one day old grafted larvae (81.11% in each study year) followed by two days old and three days old larvae. Contrarily, Okuyan and Akyol (2018) reported the highest acceptance rate in the season of summer (June and July) for the two days old grafted larvae (85.1%) whereas the lowest for one day old grafted larvae (81.2%). These differences might be due to subspecies differences, and climatic conditions. Rearing seasons have a great influence on the acceptance rate of queen-grafted cells (Koç and Karacaoglu, 2004).

			For both commercially effective beekeeping and a good honeybee output, the quality of the queens is essential. A queen’s physical attributes, including weight, thorax and head breadth, ovariole count, spermathecal size, and amount of stored spermatozoa, are measured to assess the quality of the queen. High-quality queens tend to have higher performance characteristics than low-quality queens, including resilience to disease, good brood pattern, high grooming and hygienic behavior, low swarming tendency, and high yield of bee products (Hatjina et al., 2014; Mattiello et al., 2022). Several factors have been reported that strongly influence the queen weight like rearing season, grafted larval age, supplemental feeding and density of bees in starter hive, and genetic variations (Mirza et al., 1967; Gencer et al., 2000; Emsen et al., 2004; Mahbobi et al., 2012, 2014). Additionally, previous studies reported that the queens from different diet conditions had significantly different sperm counts in their spermatheca, body size, and weight (Delaney et al., 2011; Tarpy et al., 2012). In the current study, the higher queen weight was recorded for one day old grafted larvae (159.20 mg in 2020 and 156.90 mg in 2021), whereas the lowest was for three days old grafted larvae. Several studies have also reported similar findings. Gencer et al. (2000) found that the emerged queens from one day old grafted larvae (166.6 mg) were heavier than those that emerged from two-day-old grafted larvae (160.8 mg). Moreover, these heavier queens produced more brood area than lighter queens. But, colonies under nutritional stress such as pollen and amino acids will badly affect brood production. If the queens were produced under nutrient stress conditions, the poor brood pattern is likely the most relevant cause of unhealthy queens.

			Moreover, Okuyan and Akyol (2018) reported the highest queen weight (173.59 mg) in one day old grafted larvae, whereas the lowest was in three days old grafted larvae (158.69 mg). Queens reared from one day old grafted larvae were heavier in weight (158.83 mg) with superior quality than queens reared from two and three days old grafted larvae (Mahbobi et al., 2012). Previous research found a positive association between the body weight of emerging queens and numerous characteristics of their reproductive organs. These characteristics include the number of ovarioles, the diameter of the spermatheca, and the amount of spermatozoa that are stored (Hatjina et al., 2014; Arslan et al., 2021).

			The age of the grafted larvae greatly influences the morphological characteristics of queen bees; these morphological characteristics play a key role in the reproductive success or fertility of queen bees (Delaney et al., 2011). It has been found that the heavy-weight and superior queen bees have greater spermathecae and number of sperm in them as compared to light-weight queens (Akyol et al., 2008). In the present study, the queen’s morphological characteristics, i.e., the body weight of the queen, head width, head length, thorax width, thorax length, wing width, wing length, and body length, were greatly affected by the age of grafted larvae. The majority of the studies have reported the significant effect of grafted larval age on morphological characteristics mostly on body weight and body length (Gencer et al., 2000; Mahbobi et al., 2012; Njeru et al., 2017; Okuyan and Akyol, 2018; De Souza et al., 2019). Queens produced from worker larvae older than one day are morphologically more identical to workers than queens produced from young larvae. Moreover, queens produced from older grafted larvae generally have smaller reproductive structures (Woyke, 1971).

			Additional research could be carried out in the future to corroborate the findings of this study by gathering data from queens raised in cups of various diameters and determining the exterior and interior morphological characteristics of bee queens.

			CONCLUSIONS

			The acceptance rate and morphological characteristics of grafted queen bees in this experiment were significantly affected by the age of grafted larvae. The queens produced from one-day-old grafted larvae are higher in acceptance rate, greater body weight, body length, head length and width, thorax length and width, and wing length and width than the two and three days old larvae. Therefore, grafting one day old larvae is strongly recommended for queen-rearing to rear superior-quality honeybee queens. From a more practical edge perception, these findings can provide guidance in efforts to improve honeybee queen quality in profitable queen rearing to resolve issues underlying the increased status of queen failures in the apiculture of Pakistan. For future research, the possible physiological or hormonal factors that affect queen morphological characteristics must be examined.

			ACKNOWLEDGMENT 

			This study was supported by the Agricultural Linkages Program and the Honey Bee Research Institute (HBRI), NARC, Pakistan Agricultural Research Council (PARC) through the project “Superior Quality Honeybee Queen Production through Non-Traditional Techniques” with Grant No. ALP NR-047. The authors also extend their appreciation to the Research Center for Advanced Materials Science (RCAMS) at King Khalid University, Abha, Saudi Arabia for funding this study through a project number RCAMS/KKU/011-23.

			Funding

			Research Center for Advanced Materials Science (RCAMS) at King Khalid University, Abha, Saudi Arabia for funding this study through a project number RCAMS/KKU/011-23.

			Ethical statement

			Not applicable.

			Statement of conflict of interest

			The authors have declared no conflict of interest.

			REFERENCES

			Abbasi, K.H., Jamal, M., Ahmad, S., Ghramh, H.A., Khanum, S., Khan, K.A. and Zulfiqar, B., 2021. Standardization of managed honey bee (Apis mellifera) hives for pollination of sunflower (Helianthus annuus) crop. J. King Saud Univ. Sci., 33: 101608. https://doi.org/10.1016/j.jksus.2021.101608

			Adgaba, N., Al-Ghamdi, A., Tadesse, Y., Alsarhan, R., Single, A., Mohammed, S.E. and Khan, K.A., 2019. The responses of Apis mellifera jemenitica to different artificial queen rearing techniques. Saudi J. biol. Sci., 26: 1649-1654. https://doi.org/10.1016/j.sjbs.2018.08.028

			Akram, W., Sajjad, A., Ali, M., Ahmad, A., Ali, I., Saddiq, B. and Aqueel, M.A., 2022. Comparative effectiveness of wild bee pollination on the post-harvest characteristics of Grewia asiatica (Malvaceae). J. Asia Pac. Ent., 25: 101958. https://doi.org/10.1016/j.aspen.2022.101958

			Akyol, E., Yeninar, H. and Kaftanoglu, O., 2008. Live weight of queen honey bees (Apis mellifera L.) predicts reproductive characteristics. J. Kansas entomol. Soc., 81: 92-100. https://doi.org/10.2317/JKES-705.13.1

			Al-Fattah, A., Mazeed, A.M. and Al-Hady, A., 2011. Quality and quantity of honeybee queens as affected by the number and distribution of queen cells within queen rearing colonies. J. Apicult. Sci., 55.

			Amoako, J. and Yeboah-Gyan, K., 1990. Insect pollination of three solanaceous vegetable crops in ghana with special reference to the role of African honey bee (Apis mellifera adansonii) for fruit set. VI Int. Symp. Pollinat., 288: 255-259. https://doi.org/10.17660/ActaHortic.1991.288.38

			Arslan, S., Cengiz, M.M., Gül, A. and Sayed, S., 2021. Evaluation of the standards compliance of the queen bees reared in the Mediterranean region in Turkey. Saudi J. biol. Sci., 28: 2686–2691. https://doi.org/10.1016/j.sjbs.2021.03.009

			Benachour, K. and Louadi, K., 2013. Inventory of insect visitors, foraging behaviour and pollination efficiency of honeybees (Apis mellifera L.) (Hymenpoptera: Apidae) on plum (Prunus salicina Lindl.) (Rosaceae) in the Constantine area, Algeria. Afr. Entomol., 21: 354-361. https://doi.org/10.4001/003.021.0227

			De Souza, D.A., Hartfelder, K.H. and Tarpy, D.R., 2019. Effects of larval age at grafting and juvenile hormone on morphometry and reproductive quality parameters of in vitro reared honey bees (Hymenoptera: Apidae). J. econ. Ent., 112: 2030-2039. https://doi.org/10.1093/jee/toz148

			Delaney, D.A., Keller, J.J., Caren, J.R. and Tarpy, D.R., 2011. The physical, insemination, and reproductive quality of honey bee queens (Apis mellifera L.). Apidologie, 42: 1-13. https://doi.org/10.1051/apido/2010027

			Emsen, B., Dodologlu, A. and Genc, A., 2004. Relationship between larval age and characteristics of queen honey bees (Apis mellifera L.) after single and double grafting. Proc. 1st Eur. Conf. Apidol., 66.

			Fischer, F. and Maul, V., 1991. Untersuchungen zu aufzuchtbedingten königinnenmerkmalen. Aninquiry into the characteristics of queens depending on queen rearing. Apidologie, 22: 444-446. 

			Gençer, H.V., Shah, S.Q. and Firatli, C., 2000. Effects of supplemental feeding of queen rearing colonies and larval age on the acceptance of grafted larvae and queen traits. Pak. J. biol. Sci. (Pakistan), 3: 1319-1322. https://doi.org/10.3923/pjbs.2000.1319.1322

			Gilley, D.C., Tarpy, D.R. and Land, B.B., 2003. Effect of queen quality on interactions between workers and dueling queens in honeybee (Apis mellifera L.) colonies. Behav. Ecol. Sociobiol., 55: 190-196. https://doi.org/10.1007/s00265-003-0708-y

			Güneşdoğdu, M. and Şekeroğlu, A., 2020. Factors affecting queen bee quality. Turk. J. Agric. Fd. Sci. Technol., 8(Special Issue 1): 197-202. https://doi.org/10.24925/turjaf.v8isp1.197-202.4095

			Gurmani, H.T.W., Jaleel, W., Saeed, S., Gurmani, A.R., Saeed, Q., Naqqash, M.N. and Aine, Q.U., 2016. The pollination potential of Apis cerana Feb., Apis mellifera L. (Hymenoptera; Apidae) on yield of apricot (Prunus armeniaca). PeerJ. Preprints, 4: e2396v1. https://doi.org/10.7287/peerj.preprints.2396v1

			Hatjina, F., Bieńkowska, M., Charistos, L., Chlebo, R., Costa, C., Dražić, M.M., Filipi, J., Gregorc, A., Ivanova, E.N., Kezić, N., Kopernicky, J., Kryger, P., Lodesani, M., Lokar, V., Mladenovic, M., Panasiuk, B., Petrov, P.P., Rasic, S., Skerl, M.I.S., Vejsnaes, F. and Wilde, J., 2014. A review of methods used in some European countries for assessing the quality of honey bee queens through their physical characters and the performance of their colonies. J. Apicult. Res., 53: 337–363. https://doi.org/10.3896/IBRA.1.53.3.02

			Kaftanoğlu, O., Düzenli, A. and Kumova, U., 1988. A study on determination of the effects of queen rearing season on queen quality under Çukurova region conditions. Turk. J. Vet. Anim. Sci., 16: 567-577. 

			Kahya, Y., Gençer, H.V. and Woyke, J., 2008. Weight at emergence of honey bee (Apis mellifera caucasica) queens and its effect on live weights at the pre and post mating periods. J. Apicult. Res., 47: 118-125. https://doi.org/10.1080/00218839.2008.11101437

			Khan, K.A. and Ghramh, H.A., 2021. Pollen source preferences and pollination efficacy of honey bee, Apis mellifera (Apidae: Hymenoptera) on Brassica napus crop. J. King Saud Univ. Sci., 33: 101487. https://doi.org/10.1016/j.jksus.2021.101487

			Khan, K.A., Rafique, M.K., Lashari, M.A., Iqbal, A., Mahmood, R., Ahmed, A.M. and Ghramh, H.A., 2022. Instrumental insemination: A nontraditional technique to produce superior quality honey bee (Apis mellifera) queens. J. King Saud Univ. Sci., 34: 102077. https://doi.org/10.1016/j.jksus.2022.102077

			Koç, A.U. and Karacaoglu, M., 2004. Effects of rearing season on the quality of queen honeybees (Apis Mellifera L.) raised under the conditions of Aegean region. Mellifera. 4: 34-37.

			Korkmaz, A., 2005. Ana Ari Yetiştiriciliği. Turkish Ministry of Agriculture, Samsun. 

			Kulhanek, K., Steinhauer, N., Rennich, K., Caron, D.M., Sagili, R.R., Pettis, J.S. and vanEngelsdorp, D., 2017. A national survey of managed honey bee 2015–2016 annual colony losses in the USA. J. Apicult. Res., 56: 328-340. https://doi.org/10.1080/00218839.2017.1344496

			Mahbobi, A., Farshineh-Adl, M., Woyke, J. and Abbasi, S., 2012. Effects of the age of grafted larvae and the effects of supplemental feeding on some morphological characteristics of Iranian queen honey bees (Apis mellifera meda Skorikov, 1929). J. Apicult. Sci., 56: 93-97. https://doi.org/10.2478/v10289-012-0010-1

			Mahbobi, A., Woyke, J., Abbasi, S., Farshineh-Adl, M. and Malakzadegan, A., 2014. The effects of age of grafted larvae and of supplemental feeding on performance of Iranian honey bee colonies (Apis mellifera meda). J. Apicult. Sci., 58: 113-117. https://doi.org/10.2478/jas-2014-0011

			Mattiello, S., Rizzi, R., Cattaneo, M., Martino, P.A. and Mortarino, M., 2022. Effect of queen cell size on morphometric characteristics of queen honey bees (Apis mellifera ligustica). Ital. J. Anim. Sci., 21: 532-538. https://doi.org/10.1080/1828051X.2022.2043790

			Mirza, E., Dragan, M. and Sherbanescu, S., 1967. Seasonal variability in the weight of emerging queens. 21st Int. Apicult. Cong. Apimondia, pp. 269-273.

			Moore, P.A., Wilson, M.E. and Skinner, J.A., 2015. Honey bee queens: Evaluating the most important colony member Bee-Health, https://bee-health.extension.org/honey-bee-queens-evaluating-the-most-important-colony-member/

			Negi, N., Sharma, A., Chadha, S., Sharma, P.C., Sharma, P., Thakur, M. and Kaur, M., 2020. Role of pollinators in vegetable seed production. J. Ent. Zool. Stud., 8: 417-422.

			Nelson, D.L. and Gary, N.E., 1983. Honey productivity of honey bee Apis mellifera colonies in relation to body weight attractiveness and fecundity of the queen. J. Apicult. Res., 22: 209-213. https://doi.org/10.1080/00218839.1983.11100589

			Njeru, L.K., Raina, S.K., Kutima, H.L., Salifu, D., Cham, D.T., Kimani, J.N.A.A. and Muli, E.M., 2017. Effect of larval age and supplemental feeding on morphometrics and oviposition in honey bee Apis mellifera scutellata queens. J. Apicult. Res., 56: 183-189. https://doi.org/10.1080/00218839.2017.1307714

			Okuyan, S. and Akyol, E., 2018. The effects of age and number of grafted larvae on some physical characteristics of queen bees and acceptance rate of queen bee cell. Turk. J. Agric. Food Sci. Technol., 6: 1556-1561. https://doi.org/10.24925/turjaf.v6i11.1556-1561.1955

			Ozbakır, G.O., 2023. The relationship between the internal and external morphological parameters of honeybee queens (Hymenoptera: Apidae) and the determination of morphological variation. South Afr. J. Anim. Sci., 53: 17-27. https://doi.org/10.4314/sajas.v53i1.03

			Panziera, D., Requier, F., Chantawannakul, P., Pirk, C.W. and Blacquière, T., 2022. The diversity decline in wild and managed honey bee populations urges for an integrated conservation approach. Front. Ecol. Evolut., 10: 767950. https://doi.org/10.3389/fevo.2022.767950

			Rafique, M.K., Mahmood, R., Qadir, Z.A., Bodlah, I. and Shaheen, F.A., 2019. Effects of rearing interlude and grafting technique on honeybee Apis mellifera L. queen under field conditions. Pakistan J. Zool., 51: 2369-2372. https://doi.org/10.17582/journal.pjz/2019.51.6.sc1

			Rizzardo, R.A., Milfont, M.O., Silva, E. and Freitas, B.M., 2012. Apis mellifera pollination improves agronomic productivity of anemophilous castor bean (Ricinus communis). Anais Acad. Brasil. Ciências, 84: 1137-1145. https://doi.org/10.1590/S0001-37652012005000057

			Ruttner, F., 1983. Queen rearing: Biological basis and technical instruction. Apimondia Publishing House, Bucharest, Romania, pp. 09554-20830.

			Snelgrove, L.E., 1949. Queen Rearing London, UK: Purnell and Sons Ltd. 

			Stankus, T., 2008. A review and bibliography of the literature of honey bee colony collapse disorder: A poorly understood epidemic that clearly threatens the successful pollination of billions of dollars of crops in America. J. Agric. Fd. Inf., 9: 115-143. https://doi.org/10.1080/10496500802173939

			Tarpy, D.R., Keller, J.J., Caren, J.R. and Delaney, D.A., 2012. Assessing the mating health of commercial honey bee queens. J. econ. Ent., 105: 20-25. https://doi.org/10.1603/EC11276

			vanEngelsdorp, D., Hayes, J., Underwood, R.M. and Pettis, J.S., 2010. A survey of honey bee colony losses in the United States, fall 2008 to spring 2009. J. Apicult. Res., 49: 7-14. https://doi.org/10.3896/IBRA.1.49.1.03

			Vaziritabar, S. and Esmaeilzade, S.M., 2018. Preliminary attempts to rear larvae of the Iranian honeybee (Apis mellifera meda) colony and effect of different factors on graft acceptance in honeybee colonies in Karaj apiary. J. Ent. Zool. Stud., 6: 683-692.

			Winston, M.L., Dropkin, J.A. and Taylor, O.R., 1981. Demography and life history characteristics of two honey bee races (Apis mellifera). Oecologia, 48: 407-413. https://doi.org/10.1007/BF00346502

			Winston, M.L., 1987. The biology of the honey bee. Harvard University Press.

			Woyke, J., 1967. Rearing conditions and number of sperms reaching the queens spermatheca. Proc. XXI Int. Cong. Apimondia, pp. 232-234.

			Woyke, J., 1971. Correlations between the age at which honeybee brood was grafted, characteristics of the resultant queens, and results of insemination. J. Apicult. Res., 10: 45-55. https://doi.org/10.1080/00218839.1971.11099669

			Yi, Y., Liu, Y.B., Barron, A.B. and Zeng, Z.J., 2021. Effects of commercial queen rearing methods on queen fecundity and genome methylation. Apidologie, 52: 282-291. https://doi.org/10.1007/s13592-020-00817-7

			Yu, L., Shi, X., He, X., Zeng, Z., Yan, W. and Wu, X., 2022. High-quality queens produce high-quality offspring queens. Insects, 13: 486. https://doi.org/10.3390/insects13050486

		

	OEBPS/image/Image54864298.png
Accepted larvae
Rate of accepted larvae (RAL) = — " x 100
Total grafted larvae





OEBPS/image/Image54864301.jpg
Percent larval acceptance

90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00

SLIL g1 11 OYecar 2020 OYear 2021

40.00

Onc-day-old larvac Two-day-old larvac Three-day-old larvac
Agc of grafted honcybee larvac





OEBPS/image/Open_Access_logo_black.png





OEBPS/image/1.png
Pakistan J. Zool., vol. 57(3), pp 1073-1081, 2025

Grafted Larval Age as a Factor Affecting

Honeybee (Apis mellifera) Queen Cell Acceptance

and Morphometric Characteristics

Muhammad Akbar Lashari> Agha Mushtaque Ahmed" Dalal M. Aljedani’, Fahad Nazir
Rashid Mahmood?, Muhammad Khalid Rafique®, Hamed A. Ghramh**%’, Waseem Akram

Saboor Ahmad3, Sabir Hussain’ and Khalid Ali Khan*5%10*

!Department of Entomology, Faculty of Crop Protection, Sindh Agriculture University, Tando
Jam, Sindh, Pakistan.

’Department of Biological Sciences, College of Science, University of Jeddah, Jeddah.
3Honey Bee Research Institute, National Agricultural Research Centre, Islamabad, Pakistan
“Research Center for Advanced Materials Science, King Khalid University, P.O. Box 9004,
Abha 61413, Saudi Arabia.

*Center of Bee Research and its Products, King Khalid University, P.O. Box 9004, Abha
61413, Saudi Arabia.

SUnit of Bee Research and Honey Production, Faculty of Science, King Khalid University,
PO. Box 9004, Abha 61413, Saudi Arabia.

"Biology Department, Faculty of Science, King Khalid University, P.O. Box 9004, Abha
61413, Saudi Arabia.

8State Key Laboratory of Resource Insects, The Institute of Apicultural Research, Chinese
Academy of Agricultural Sciences, Beijing 100093, China

°Insect Pest Management Program, Institute of Plant and Environmental Protection,
National Agricultural Research Center, Islamabad, Pakistan

" Applied College, King Khalid University, P.O. Box 9004, Abha 61413, Saudi Arabia.

ABSTRACT

Queen is the prime entity of the honeybee colony, which determines the fate of the colony’s productivity. The
methods used for rearing honeybees are crucial to their success. This study was conducted in the spring of 2020
and 2021 to examine how queen cell acceptance rates and morphometric features i.e., length and width of head,
thorax, wings, and body were affected by grafted larval age. For the rearing of queen bees, one-day-old, two-
day-old, and three-day-old larvae were used in 11 starter hives from one breeding hive. The results exhibited
a significant influence of grafted larval age on larval acceptance and morphometric features in both years. The
highest acceptance rate was observed for one-day-old grafted larvae (81.11% in each study year), whereas the
lowest was for three-day-old larvae (6.67% in 2020 and 7.78% in 2021). The highest mean larval acceptance for
both of the years was also recorded in one-day-old grafted larvae i.e., 24.31% in the year 2020 and 24.30% in
the year 2021. Whereas the lowest was recorded in three-day-old larvae i.e., 2.00% in 2020 and 2.30% in 2021.
The highest body weight, head length, head width, thorax length, thorax width, wing length, wing width, and
queen body length for both of the years was recorded in one-day-old grafted larvae i.e., 159.20 mg, 3.27 mm,
3.36 mm, 3.91 mm, 4.14 mm, 10.59 mm, 3.45 mm, and 21.33 mm in the year 2020 respectively and 156.90
mg, 3.26 mm, 3.37 mm, 3.96 mm, 4.18 mm, 10.63 mm, 3.50 mm, and 21.03 mm in the year 2021 respectively.
Whereas the lowest was recorded in three-day-old larvae in both of the years. It is concluded that one-day-old
grafted larvae are suitable for the production of healthier queen bees. These findings can provide direction for
attempts to improve the quality of honeybee queens in profitable queen raising, which is necessary for resolving
difficulties that are at the root of the increasing number of queen failures in the apiculture industry.
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INTRODUCTION

Pollination is a crucial factor in the agriculture industry
and acts as a key framework for crop yield. Bees
especially honeybees are the most important ecosystem
services provider like pollinators of various fruits
(Benachour and Louadi, 2013; Gurmani et al., 2016;

Akram et al., 2022), vegetables (Amoako and Yeboah-
Gyan, 1990; Negi et al., 2020), and agronomic crops
(Rizzardo et al., 2012; Abbasi et al., 2021; Khan and
Ghramh, 2021) throughout the world. In each colony
of honeybees, a queen is considered the most critical
individual (Moore et al., 2015), on which the success of
the colony depends (Winston, 1987). Moreover, only the
queens have the ability to lay eggs either sterile or fertile,
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