
Open Access Library Journal 
2025, Volume 12, e14411 

ISSN Online: 2333-9721 
ISSN Print: 2333-9705 

 

DOI: 10.4236/oalib.1114411  Nov. 5, 2025 1 Open Access Library Journal 
 

 
 
 

Queen Bee (Apis mellifera L.) Production Using 
Grafting Method and Non-Grafting System 

Carlos Castellanos-Zacarías1, Álvaro Domínguez-Rebolledo2, Roberto Zamora-Bustillos1,  
Jorge Vivas-Rodríguez2, Juan Baeza-Rodríguez2, Julio Ramón-Ugalde1, Henry Loeza-Concha3* 

1TecNM—Conkal Technological Institute, Conkal, Yucatán, México 
2National Institute of Forestry, Agricultural, and Livestock Research (INIFAP), Mocochá Experimental Field, Mocochá, Yucatán,  
México 
3Postgraduates College, Campeche Campus, Sihochac, Champotón, Campeche, México 

 
 
 

Abstract 
Currently, most beekeepers replace queens artificially by employing selection 
and genetic improvement through methods (grafting) or systems (non-graft-
ing) to achieve higher yield and productivity in colonies. However, there is a 
lack of information regarding the acceptance and oviposition rates of queens 
reared by both methods in the tropical region. The study aimed to evaluate the 
effect of queen bee rearing methods, non-grafting (Nicot), and grafting (Doo-
little) on the reproductive phenotypic characteristics of Apis mellifera L. A 
completely randomized design was used to evaluate six colonies with two rear-
ing methods for queen bee production with three replicates per method from 
October to December 2024. Colonies were supplemented with 1 L of sugar 
syrup and 50 g of a protein supplement in paste form. The results showed that 
the Doolittle method was superior (P < 0.001) in larval acceptance (90 % vs. 
70 %), queen cell size (20 mm vs. 19 mm), emerged queens (80 % vs. 45 %), 
weight (195 mg vs. 180 mg) and laying (677 eggs vs. 441 eggs), compared to the 
Nicot system (70%; 19 mm; 45%; 180 mg; 441 eggs, respectively). In conclu-
sion, the Doolittle method proved more effective in queen bee rearing, opti-
mizing parameters such as weight and larval acceptance. These findings under-
score the importance of adapting beekeeping strategies to environmental con-
ditions, including implementing supplemental feeding to ensure productivity 
and quality in queen bee rearing. 
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1. Introduction 

Honeybee colonies (Apis mellifera) rear queen bees in response to specific conditions, 
such as replacing an aging queen or when the queen exhibits poor performance, 
whether due to infertility, poor mating, low egg-laying rates, or the development of a 
reproductive swarm [1]. The mated queen gradually decreases egg-laying after her 
first productive year, making queen replacement essential to prevent colony loss [2]. 

Regardless of the method used, queen bee rearing can be affected by environ-
mental factors [3]. These conditions influence the diversity and abundance of 
flowering species [4], impacting the flow of nectar and pollen that bees collect and 
store in the hive. Food scarcity contributes to the reduction of the colony popula-
tion [5]-[7]. In the case of queen rearing, this situation affects the acceptance and 
development of queen cells, factors that will directly influence the development 
and reproductive behavior of the queens. 

Currently, many beekeepers are turning to the use of improved biological material 
for queen rearing [8], which is primarily reproduced through two methods: the graft-
ing method, known as the Doolittle method, and the non-grafting method, referred 
to as the Nicot system. The Doolittle method involves manually transferring larvae 
less than 24 hours old into artificial queen cells, which are then placed in a frame 
inside an initiator hive, allowing the worker bees to continue their development [9]. 

On the other hand, the Nicot system, introduced recently, uses a modular plas-
tic box designed for the queen to lay eggs directly into the artificial queen cells, 
thus eliminating the need for manual grafting [10]. Given the increasing use of 
the Nicot system, analyzing its performance under different environmental con-
ditions and management practices is pertinent. This would allow for optimizing 
its application in modern beekeeping, contributing to the sustainability and produc-
tivity of Apis mellifera colonies. 

In addition, energetic and protein-based supplemental feeding plays a key role in 
queen rearing, especially during periods of low flowering. Previous studies [5] [7] 
have shown that supplementation with sugar syrup and protein patties ensures an 
adequate supply of essential nutrients, promoting optimal queen development. 

Therefore, the objective of this study was to evaluate the effect of queen-rearing 
methods, the non-grafting system (Nicot), and the grafting method (Doolittle) on 
the reproductive phenotypic characteristics of Apis mellifera S. 

2. Materials and Methods 
2.1. Study Site 

The study was conducted at the apiary of the Mocochá Experimental Field, be-
longing to the National Institute of Forestry, Agricultural and Livestock Research 
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(INIFAP). The experimental site is located at kilometer 25 of the old Mérida-
Motul highway, at 21˚06'18"N and 89˚27'12"W, with an altitude of 9 m above sea 
level [11]. Meteorological data for the study period (October-December 2024) 
were obtained from the National Water Commission (Comision Nacional del 
Agua CNA) database for the Yucatán Peninsula. Data were sourced from the Mo-
cochá meteorological station, located at the experimental site. Mean monthly tem-
perature, relative humidity, and total precipitation are summarized in Table 1. 
Floral-resource availability was assessed weekly by recording the number of bloom-
ing plant species within a 500 m radius around the apiary. 

 
Table 1. Floral species recorded and environmental conditions during the scarcity flower-
ing period (October-December 2024). 

Family Species 

Asteraceae Ipomoea crinicalyx 

Convolvulaceae Jacquemontia pentantha 

Leguminosae Mimosa bahamensis 

Verbenaceae Lantana camara 

Environmental Parameters October November December 

Mean Temperature (˚C) 25.5 24 24 

Maximum Temperature (˚C) 30 29 29 

Minimum Temperature (˚C) 21 19 19 

Mean Relative Humidity (%) 65 70 75 

Monthly Precipitation (mm) 100 50 25 

2.2. Ethics Committee Approval 

The honey bees used for the experiments in this manuscript are the property of 
INIFAP. They were treated and cared for by professional personnel, following 
good management and sustainable production practices established in the Official 
Mexican Standard NOM002-SAG/GAN-2016. 

2.3. Experimental Colonies 

For both rearing methods, three colonies housed in 8-frame Langstroth nucleus 
hives from a hybrid genetic line (a cross between African and European bees) were 
used. In each method, 48 queens were reared. During the study period, each col-
ony received 1 L of sugar syrup and 50 g of a protein supplement in paste form, 
composed of 20% pollen and 80% brewer’s yeast [12]. This was administered dur-
ing September and October, the time of year when the availability of food sources 
in the field is lowest. 

2.4. Experimental Design 

A completely randomized design was implemented with three colonies per rear-
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ing method (six colonies in total). Although several larvae and queens were pro-
duced within each colony (approximately 16 grafted larvae and up to 48 queens 
in total), these individuals represent pseudo-replicates nested within each source 
colony. Consequently, the experimental unit for statistical comparison was the 
colony (n = 3 per method). 

2.5. Selection of Biological Material 

The brood used for both treatments was obtained from a single mother queen, 
selected according to the methodology described by García et al. (2013) [9]. This 
procedure included the evaluation of her population strength, foraging behavior 
(number of bees returning with pollen per minute), defensive behavior (number 
of stingers left on a piece of cloth exposed at the hive entrance for one minute), 
hygienic behavior (amount of capped brood removed from the comb within 24 
hours), and the number of queen cells that reached the capping stage. 

2.6. Doolittle Method 

The queens were reared using the larval grafting method described by Dhaliwal et 
al. (2019) [13]. The procedure involved extracting larvae between 12 and 24 hours 
old from the brood comb and placing them into plastic queen cell cups. Each cell 
cup was pretreated with a droplet of royal jelly. Twenty-four hours before grafting, 
the cell cups were introduced into the starter colony for cleaning and acclimatiza-
tion to the colony’s specific odor. The cell cup bar (containing the cell cups) was 
secured into a grafting frame, which was then placed into an orphaned hive. The 
starter colony was composed of three combs: one of capped brood, one of honey, 
and one of pollen. The grafting frame with the cell cup bar was positioned in the 
center of the colony to ensure optimal temperature and humidity conditions for 
queen development. 

2.7. Nicot System 

For queen-rearing non-grafting, the system described by Büchler et al. (2013) [10] 
was used. The queen cell cups were placed in a cassette attached to a comb frame, 
which was introduced into the mother colony for cleaning and odor familiariza-
tion over 24 hours. After this period, the queen was located and confined to the 
cassette to acclimate and initiate egg-laying into the cell cups. Following 48 hours 
of queen introduction, the presence of eggs was verified. If eggs were observed, 
the queen was released, and the cage was removed to access the cell cups contain-
ing larvae (12 - 24 hours old if hatched). These cell cups were then secured into a 
frame with a grafting bar, which was introduced into an orphaned hive containing 
one comb of capped brood, one comb of honey, one comb of pollen, and the graft-
ing frame holding the cell cups. 

2.8. Measurement of Queen Rearing Parameters 

Standardized rearing protocols described by Abou-Shaara et al. (2024) [14] were 
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followed to evaluate larval acceptance, queen cell size, queen emergence, and 
queen weight at emergence. 

2.8.1. Acceptance Percentage 
The accepted cell cups were counted 72 hours after the queen cell cups were in-
troduced into the starter colony. 

2.8.2. Queen Cell Size 
The size of the queen cells was measured using a millimeter ruler. The data ob-
tained were used to calculate each method's percentage of emerged queens. 

2.8.3. Queen Weight 
Upon emergence, the queens were weighed using a digital scale and classified ac-
cording to the criteria proposed by Akyol et al. (2008) [15]. The three classification 
categories were: light (<190 mg), medium (190 - 200 mg), and heavy (>200 mg). 

2.8.4. Egg-Laying Estimation 
After emergence, queens were introduced into nucleus colonies for natural mat-
ing. Among all emerged queens, 20 successfully initiated oviposition (Doolittle = 
12; Nicot = 8). For the detailed egg-count analysis, six laying queens were selected 
three per rearing method, one from each breeder colony to ensure balanced rep-
resentation of source colonies. Mating success was confirmed by observing con-
tinuous egg-laying for seven consecutive days after introduction, a criterion widely 
accepted as a reliable indicator of successful mating in Apis mellifera. Egg counts 
were performed following the method described by Delaplane et al. (2013) [16], 
using an acetate sheet divided into 5 × 5 cm quadrants placed over the brood comb 
to record the number of eggs laid per day. The remaining laying queens were do-
nated to local beekeepers in Mocochá, Yucatán, to strengthen colonies and pro-
mote sustainable apicultural practices in the region. 

2.9. Statistical Analysis 

Differences between methods were determined using Student’s t-test applied to 
the colony means (n = 3 per method). The reported means and standard errors 
represent the average performance per colony, ensuring statistical independence 
among observations. Percentage variables (larval acceptance and queen emer-
gence) were arcsine-square-root transformed before to analysis in order to stabi-
lize variances. Normality of transformed variables was assessed using the Shapiro-
Wilk test, and homogeneity of variances was tested with Levene’s test. When as-
sumptions were not met, results were verified using Mann-Whitney U tests, yield-
ing consistent results. The values presented in Table 2 correspond to untrans-
formed means ± SE for ease of interpretation. Statistical significance was consid-
ered as follows: ns = non-significant; * = P < 0.05; ** = P < 0.01; *** = P < 0.001. 

3. Results 

The Doolittle method demonstrated significant superiority (P < 0.001) in larval  
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Table 2. Comparison of the Doolittle Method and Nicot System on queen bee rearing pa-
rameters during scarcity flowering season (Mean ± SE). 

Parameters 

Queen Rearing Method 
Significance 

Level Doolittle Method 
(N = 48) 

Nicot System 
(N = 48) 

Larvae acceptance (72 h) 43 ± 2.10a 34 ± 3.20b *** 

Real cell size (mm) 20 ± 3.25 19 ± 2.80 ns 

Emerged Queens 34 ± 3.14a 15 ± 2.90b *** 

Weight (mg) 195 ± 3.40a 180 ± 2.20b *** 

 (N = 3) (N = 3)  

Egg-laying 677 ± 7.00a 441 ± 6.00b *** 

a,bDifferent superscript letters within the same row indicate significant differences between 
the grafting method (Doolittle) and the non-grafting system (Nicot) (***P < 0.001). 

 
acceptance at 72 hours, with a 90% acceptance rate (43 queens). Of these, 80% 
emerged from the cells (34 queens), with an average weight of 195 mg, classifying 
them as medium quality. Additionally, the average egg-laying capacity was 677 eggs 
in 24 hours. In contrast, the Nicot system showed lower acceptance (P < 0.001), with 
a 70% acceptance rate (34 queens). Of these, 45% emerged (15 queens), with an av-
erage weight of 180 mg, classifying them as low quality, and an egg-laying capacity 
of 441 eggs in 24 hours. Regarding queen cell size, no significant differences were 
found between the two methods. 

Environmental data (Table 1) indicated that mean monthly temperature 
ranged from 24.0˚C to 25.5˚C, mean relative humidity from 65% to 75%, and total 
monthly precipitation decreased from 100 mm in October to 25 mm in December, 
consistent with the scarcity flowering season. Floral surveys during this period 
recorded low floral abundance, dominated by Ipomoea crinicalyx, Jacquemontia 
pentantha, Mimosa bahamensis, and Lantana camara, which together represent 
the principal pollen and nectar sources available under nutritionally restrictive 
tropical conditions. 

Environmental data correspond to mean monthly values corresponding to the 
scarcity flowering season characterized by stable warm temperatures, decreasing 
relative humidity, and declining precipitation. 

4. Discussion 

The data obtained on larval acceptance are similar to those reported by Simbaña-
Chorlango (2015) [17], where the Doolittle method showed superior larval ac-
ceptance at 72 hours and higher emergence rates compared to the Miller and dou-
ble-grafting methods in Apis mellifera bees. Similarly, Dodologlu et al. (2004) [18] 
observed that the Doolittle method achieved a larval acceptance rate of 95%. Like-
wise, Cengiz et al. (2019) [19] demonstrated that the Doolittle method, combined 
with supplemental feeding, increased larval acceptance up to 82%. However, 
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Dhaliwal et al. (2017) [20] reported higher larval acceptance with the Nicot system 
than the Jenter and Doolittle methods during autumn (September to November). 

Regarding queen cell size, Arias-Lagos (2019) mentions that the Nicot system 
produced larger queen cells compared to the Doolittle method. However, these 
results differ from those obtained in this study, where no significant differences 
were observed between the two methods. This discrepancy could be attributed to 
the specific characteristics of the predominant bees in the region, in this case, Af-
ricanized bees (Apis mellifera scutellata hybrids). These bees exhibit morpholog-
ical and physiological differences compared to European bees (Apis mellifera 
ligustica or carnica) evaluated in previous studies, which may influence queen cell 
development and explain the lack of differences observed here. On the other hand, 
Dodologlu et al. (2004) [18] reported that with the Doolittle method, queen cells 
were longer (24.8 mm) compared to those naturally developed by bees (19.47 mm). 

The weight values were similar to those reported by Akyol et al. (2008) [15], 
who, when applying the grafting method, obtained queens with an average weight 
of 192 mg, classifying them as regular quality. However, these values differ from 
those reported by Güler et al. (1999) [21], who registered an average weight of 177 
mg in Apis mellifera anatoliaca and 150 mg in Apis mellifera caucasica. On the 
other hand, Arias-Lagos (2019) [22] reported a higher weight in queens reared 
using the Nicot system compared to the Doolittle method. 

Regarding egg-laying performance, no previous studies were found to indicate 
the percentage associated with the different queen-rearing methods. 

The results of this study reveal significant differences that underscore the need 
to optimize and adapt the established parameters for queen rearing. Currently, 
these standards are primarily based on studies conducted with European bees. 
However, the characteristics used to classify them by quality differ markedly from 
those of the Africanized bees predominant in the region, highlighting the im-
portance of adjusting these parameters to local conditions. 

Inadequate temperatures during queen rearing cause a metabolic imbalance by 
disrupting pupal thermogenesis and energy metabolism, which physiologically re-
duces mitochondrial respiratory efficiency and the synthesis of key structural pro-
teins [23]. This compromises the development of the ovary and glandular system, 
resulting in queens with lower body mass, diminished lipid reserves, and reduced 
sperm viability [24] [25], which leads to loss of fertility [26]. 

This challenge is severely exacerbated by nutritional stress. Floral scarcity and 
the low availability of plants rich in pollen and nectar impose an energetic and 
protein restriction on the colony [27]. This reduces the quantity and quality of the 
lipids and proteins that nurse bees can destinate to the royal jelly [28], and conse-
quently, to the feeding of the queen larvae. This nutritional deficit during the pu-
pal stage intensifies the energy trade-off towards immediate survival rather than 
reproduction, collectively further reducing the reproductive efficiency and lon-
gevity of the queens, thereby gravely compromising colony stability [29]. 

Limitations. This study entails certain experimental constraints that should be 
acknowledged. The limited number of colonies (three per rearing method) re-
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duces the statistical power to detect subtle differences and may restrict extrapola-
tion to broader apicultural contexts. However, this design was intentionally stand-
ardized to minimize environmental and genetic variability, thereby allowing a 
controlled comparison between rearing techniques under homogeneous manage-
ment conditions. 

The study period, corresponding to the scarcity flowering season, provided a 
relevant ecological context for evaluating queen rearing under nutritionally chal-
lenging conditions typical of tropical apiculture. Nevertheless, the results should 
be interpreted within this specific seasonal and regional framework, as resource 
availability and climatic fluctuations may modulate larval acceptance and queen 
performance. Future research should replicate the experiment with a greater num-
ber of colonies, diverse genetic lines, and across different flowering periods to 
confirm the robustness and generality of the observed patterns. 

5. Conclusion 

Based on the results obtained, the Doolittle method ensured precise control in 
queen rearing, producing queens with optimal weight and high larval acceptance. 
In contrast, the Nicot system, which is more practical for mass queen production, 
prioritizes quantity over quality. Furthermore, confining the queen in a restricted 
space may induce stress, potentially leading to multiple egg-laying within the cells 
and complicating the uniformity of the process. 

Acknowledgements and Funding 

We are grateful to the National Institute of Forestry, Agricultural, and Livestock 
Research (INIFAP), Mocochá Experimental Field, for the facilities provided to 
carry out this research. This work was funded by SECIHTI through the “Frontier 
Science” project CF-2023-G-142. 

Conflicts of Interest 

The authors declare no conflicts of interest. 

References 
[1] Blacquière, T. and Panziera, D. (2018) A Plea for Use of Honey Bees’ Natural Resili-

ence in Beekeeping. Bee World, 95, 34-38.   
https://doi.org/10.1080/0005772x.2018.1430999  

[2] Kulhanek, K., Steinhauer, N., Rennich, K., Caron, D.M., Sagili, R.R., Pettis, J.S., et al. 
(2017) A National Survey of Managed Honey Bee 2015-2016 Annual Colony Losses 
in the USA. Journal of Apicultural Research, 56, 328-340.  
https://doi.org/10.1080/00218839.2017.1344496  

[3] Büchler, R., Costa, C., Hatjina, F., Andonov, S., Meixner, M.D., Conte, Y.L., et al. 
(2014) The Influence of Genetic Origin and Its Interaction with Environmental Ef-
fects on the Survival of Apis mellifera L. Colonies in Europe. Journal of Apicultural 
Research, 53, 205-214. https://doi.org/10.3896/ibra.1.53.2.03  

[4] Giannini, T.C., Cordeiro, G.D., Freitas, B.M., Saraiva, A.M. and Imperatriz-Fonseca, 

https://doi.org/10.4236/oalib.1114411
https://doi.org/10.1080/0005772x.2018.1430999
https://doi.org/10.1080/00218839.2017.1344496
https://doi.org/10.3896/ibra.1.53.2.03


C. Castellanos-Zacarías et al. 
 

 

DOI: 10.4236/oalib.1114411 9 Open Access Library Journal 
 

V.L. (2015) The Dependence of Crops for Pollinators and the Economic Value of 
Pollination in Brazil. Journal of Economic Entomology, 108, 849-857.  
https://doi.org/10.1093/jee/tov093  

[5] 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). 
Journal of Apicultural Science, 56, 93-98.  
https://doi.org/10.2478/v10289-012-0010-1  

[6] Contreras-Martinez, C.A., Contreras-Escareño, F., Macias-Macias, J.O., Tapia-Gon-
zalez, J.M., Petukhova, T. and Guzman-Novoa, E. (2017) Effect of Different Sub-
strates on the Acceptance of Grafted Larvae in Commercial Honey Bee (Apis mellif-
era) Queen Rearing. Journal of Apicultural Science, 61, 245-251.  
https://doi.org/10.1515/jas-2017-0019  

[7] Khan, K.A., Ghramh, H.A., Ahmad, Z., El-Niweiri, M.A.A. and Ahamed Moham-
med, M.E. (2021) Queen Cells Acceptance Rate and Royal Jelly Production in Worker 
Honey Bees of Two Apis mellifera Races. PLOS ONE, 16, e0248593.  
https://doi.org/10.1371/journal.pone.0248593  

[8] Adgaba, N., Al-Ghamdi, A., Tadesse, Y., Alsarhan, R., Single, A., Mohammed, S.E., 
et al. (2019) The Responses of Apis mellifera Jemenitica to Different Artificial Queen 
Rearing Techniques. Saudi Journal of Biological Sciences, 26, 1649-1654.  
https://doi.org/10.1016/j.sjbs.2018.08.028  

[9] Garcia, R.C., Oliveira, N.T.E.D., Camargo, S.C., Pires, B.G., Oliveira, C.A.L.D., 
Teixeira, R.D.A., et al. (2013) Honey and Propolis Production, Hygiene and Defense 
Behaviors of Two Generations of Africanized Honey Bees. Scientia Agricola, 70, 74-
81. https://doi.org/10.1590/s0103-90162013000200003  

[10] Büchler, R., Andonov, S., Bienefeld, K., Costa, C., Hatjina, F., Kezic, N., et al. (2013) 
Standard Methods for Rearing and Selection of Apis mellifera Queens. Journal of 
Apicultural Research, 52, 1-30. https://doi.org/10.3896/ibra.1.52.1.07 

[11] INEGI (2017) Anuario estadístico y geográfico de Yucatán.  

[12] Somerville, D. (2000) Honey Bee Nutrition and Supplementary Feeding. NSW Agri-
culture, 8, 1-8. 

[13] Dhaliwal, N., Singh, J. and Chhuneja, P. (2019) Comparative Evaluation of Mass 
Queen Bee Rearing Techniques for Apis mellifera (Hymenoptera: Apidae) in autumn 
Season. Journal of Entomology and Zoology Studies, 7, 1062-1065. 

[14] Abou-Shaara, H., Mehrparvar, S., Read, Q.D., Chen, J. and Amiri, E. (2024) Impact 
of Commercial Plastic Queen Cell Cups on Rearing Success and Development of 
Honey Bee Queens. Journal of Apicultural Research, 64, 1074-1084.  
https://doi.org/10.1080/00218839.2024.2418682  

[15] Akyol, E., Yeninar, H. and Kaftanoglu, O. (2008) Live Weight of Queen Honey Bees 
(Apis mellifera L.) Predicts Reproductive Characteristics. Journal of the Kansas En-
tomological Society, 81, 92-100. https://doi.org/10.2317/jkes-705.13.1  

[16] Delaplane, K.S., van der Steen, J. and Guzman-Novoa, E. (2013) Standard Methods 
for Estimating Strength Parameters of Apis mellifera Colonies. Journal of Apicultural 
Research, 52, 1-12.  

[17] Simbaña-Chorlango, H. (2015) Evaluación de tres métodos de reproducción de abejas 
reinas de la especie (Apis mellífera) en el cantón Pedro Moncayo. Tesis Doctoral, 
Universidad Politécnica Salesiana sede Quito-Ecuador. 

[18] Dodologlu, A., Emsen, B. and Gene, F. (2004) Comparison of Some Characteristics 
of Queen Honey Bees (Apis mellifera L.) Reared by Using Doolittle Method and Nat-

https://doi.org/10.4236/oalib.1114411
https://doi.org/10.1093/jee/tov093
https://doi.org/10.2478/v10289-012-0010-1
https://doi.org/10.1515/jas-2017-0019
https://doi.org/10.1371/journal.pone.0248593
https://doi.org/10.1016/j.sjbs.2018.08.028
https://doi.org/10.1590/s0103-90162013000200003
https://doi.org/10.3896/ibra.1.52.1.07
https://doi.org/10.1080/00218839.2024.2418682
https://doi.org/10.2317/jkes-705.13.1


C. Castellanos-Zacarías et al. 
 

 

DOI: 10.4236/oalib.1114411 10 Open Access Library Journal 
 

ural Queen Cells. Journal of Applied Animal Research, 26, 113-115.  
https://doi.org/10.1080/09712119.2004.9706518 

[19] Cengiz, M.M., Yazici, K. and Arslan, S. (2019) The Effect of the Supplemental Feeding 
of Queen Rearing Colonies on the Reproductive Characteristics of Queen Bees (Apis 
mellifera L.) Reared from Egg and Different Old of Larvae. Kafkas Universitesi Veter-
iner Fakultesi Dergisi, 25, 849-855.  

[20] Dhaliwal, N.K., Singh, J. and Chhuneja, P.K. (2017) Comparative Evaluation of Doo-
little, Cupkit and Karl Jenter Techniques for Rearing Apis mellifera Linnaeus Queen 
Bees during Breeding Season. Journal of Applied and Natural Science, 9, 1658-1661.  
https://doi.org/10.31018/jans.v9i3.1417 

[21] Güler, A., Korkmaz, A. and Kaftanoğlu, O. (1999) Reproductive Characteristics of 
Turkish Honeybee (Apis mellifera L.) Genotypes. Hayvansal Üretim, 39, 113-119. 

[22] Arias Lagos, L.S. (2019) Evaluación y selección del comportamiento higiénico, 
defensividad y métodos de cría de reinas (Apis mellifera) en el Pacífico Central de Costa 
Rica Tesis de maestría, Centro de Investigaciones Apícolas Tropicales (CINAT), 
Universidad Nacional. Heredia, Costa Rica. 

[23] Kovalskyi, I., Kovalska, L., Druzhbiak, A., Kovalchuk, I., Boyko, A., Zhmur, V., et al. 
(2024) Ontogenesis of Honey Bees (Apis mellifera) under the Influence of Tempera-
ture Stress. Regulatory Mechanisms in Biosystems, 15, 300-305.  
https://doi.org/10.15421/022443  

[24] McAfee, A., Tarpy, D.R. and Foster, L.J. (2021) Queen Honey Bees Exhibit Variable 
Resilience to Temperature Stress. PLOS ONE, 16, e0255381.  
https://doi.org/10.1371/journal.pone.0255381  

[25] Chuda-Mickiewicz, B. and Samborski, J. (2015) The Quality of Honey Bee Queens 
from Queen Cells Incubated at Different Temperatures. Acta Scientiarum Polonorum 
Zootechnica, 14, 25-32. 

[26] McAfee, A., Chapman, A., Higo, H., Underwood, R., Milone, J., Foster, L.J., et al. 
(2020) Vulnerability of Honey Bee Queens to Heat-Induced Loss of Fertility. Nature 
Sustainability, 3, 367-376. https://doi.org/10.1038/s41893-020-0493-x  

[27] Vaudo, A.D., Tooker, J.F., Grozinger, C.M. and Patch, H.M. (2015) Bee Nutrition and 
Floral Resource Restoration. Current Opinion in Insect Science, 10, 133-141.  
https://doi.org/10.1016/j.cois.2015.05.008  

[28] Lau, P., Lesne, P., Payne, A.N., Garcia, C., Gomez, J., Behmer, S.T., et al. (2025) Do 
Not Compromise: Nurse Honeybees Practice Strict Protein-Lipid Regulation. iSci-
ence, 28, Article 112895. https://doi.org/10.1016/j.isci.2025.112895  

[29] Walton, A., Dolezal, A.G., Bakken, M.A. and Toth, A.L. (2018) Hungry for the Queen: 
Honeybee Nutritional Environment Affects Worker Pheromone Response in a Life 
Stage‐Dependent Manner. Functional Ecology, 32, 2699-2706.  
https://doi.org/10.1111/1365-2435.13222  

 
 

https://doi.org/10.4236/oalib.1114411
https://doi.org/10.1080/09712119.2004.9706518
https://doi.org/10.31018/jans.v9i3.1417
https://doi.org/10.15421/022443
https://doi.org/10.1371/journal.pone.0255381
https://doi.org/10.1038/s41893-020-0493-x
https://doi.org/10.1016/j.cois.2015.05.008
https://doi.org/10.1016/j.isci.2025.112895
https://doi.org/10.1111/1365-2435.13222

	Queen Bee (Apis mellifera L.) Production Using Grafting Method and Non-Grafting System
	Abstract
	Subject Areas
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Study Site
	2.2. Ethics Committee Approval
	2.3. Experimental Colonies
	2.4. Experimental Design
	2.5. Selection of Biological Material
	2.6. Doolittle Method
	2.7. Nicot System
	2.8. Measurement of Queen Rearing Parameters
	2.8.1. Acceptance Percentage
	2.8.2. Queen Cell Size
	2.8.3. Queen Weight
	2.8.4. Egg-Laying Estimation

	2.9. Statistical Analysis

	3. Results
	4. Discussion
	5. Conclusion
	Acknowledgements and Funding
	Conflicts of Interest
	References

