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ABSTRACT

Honey bees contribute significantly to the pollination of several crops and the
maintenance of biodiversity. The bee colony's strength and productivity are largely based
on the bees' floral resources, prevailing environmental conditions, and the age and genetic
characteristics of the queen. Artificial queen rearing is the first choice for beekeepers to
produce high-quality and healthy queens, essential for sustaining colony strength and
productivity. Therefore, this study aims to investigate the potential effects of seasons,
substrates, and queen cup materials on larvae acceptance rates, queen emergence rates, and
morphometric traits of queens. The experiments were carried out during the Spring and
Autumn seasons, at the Apiculture Area, Department of Entomology, School of
Agriculture, Lovely Professional University, Phagwara, Punjab, India. The suitable age
larvae (12-24 hours old) for grafting were taken from the chosen mother colonies. Three
queen cell builder colonies were used for artificial queen rearing. Six treatments were
evaluated in total, comprising five different substrate types (priming media) and one
control treatment (dry grafting without substrate). Paraffin wax, beeswax, and plastic queen
cups were used in this study. The Doolittle grafting method was used for queen rearing in
both seasons (Spring and Autumn). The data were analyzed utilizing a two-way analysis

of variance and a t-test using SPSS software (version 22). Duncan’s Multiple Range Test



(DMRT) was utilized to compare and rank the groups. Our findings revealed that the
highest mean larval acceptance (50.00 %), (33.33 %) and queen emergence rates (43.33
%), (33.33 %) were significantly achieved in mixture solutions and apple juice,
respectively, used as the priming media in bee wax cups and plastic cup materials during
the Spring season. Morphometric traits were significantly greater in beewax cups compared
to plastic cups during the Spring season. During the Autumn season, overall larval
acceptance and queen emergence rates were lower compared to Spring. The control group
(dry grafting) showed the highest mean larval acceptance (43.33 %) and queen emergence
rates (26.67 %) in bee wax cups and plastic cup materials. Morphometric traits were also
reduced in Autumn compared to Spring. Comparative impact of grafting folds indicated
that the first grafting fold (04/10/2024) had better larval acceptance and queen emergence
rates (15.83 %, 14.167 %), respectively, during Autumn, while the second grafting fold
(27/03/2024) performed better in queen emergence rates (24.17 %) during Spring.
Comparative impact of grafting bar level indicated that a lower grafting bar level showed
significantly higher larval acceptance (36.67%) and queen emergence (30.00%) in
Autumn. In contrast, there were no significant differences between the grafting bar levels
during the Spring season. Further research is recommended to examine the specific type of
substrates, such as apple juice and properties of beeswax used in the preparation of artificial
queen cups, as these factors may influence larval acceptance, the queen emergence rates,

and morphometric traits.

Keywords: Apis mellifera, seasons, substrates, cup materials, queen rearing, grafting
method, morphometric traits.
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CHAPTER - 1

INTRODUCTION

Honeybees are significant in agricultural production systems (Sharma et al., 2020;
Khalifa et al., 2021). Honey bees directly impact 1/3 of the global food crops, contributing
significantly to the pollination of several crops and the maintenance of biodiversity (Papa
etal., 2022). Beekeeping is essential to exist plans for sustainable agriculture and integrated
rural development programmes (Abrol, 2013). It offers rural populations nutritional,
economic, and ecological security, particularly in developing nations like India
(Chanthayod et al., 2017; Amulen et al., 2019; Abrol, 2023). Moreover, it is an extra
revenue-producing activity (Prodanovi¢ et al., 2024). The South and Southeast Asian areas

are rich in honey bee species and genetic diversity (Anandaraj, 2017).

Honey bees are directly advantageous to humans by producing many crucial bee
products, including royal jelly, honey, propolis, beeswax, pollen, and bee venom etc.
(Pasupuleti et al., 2017; Durazzo et al., 2021) and indirectly help in sustaining biological
variety via hybrid vigor through cross-pollination (Khalifa et al., 2021; Johannsmeier and
Mostert, 2001). Honeybees play an important role in controlled and natural ecosystems by
pollinating flowering plants (Bixby et al., 2020). Therefore, they greatly aid food crop
production: nearly a third of food crop species worldwide increase their yield due to animal

pollination, particularly by bees (Khalifa et al., 2021; Klein et al., 2007).

A perfect community of diligent workers in the honeybee colony plays an important
role in promoting development of colony and ultimately enhancing overall productivity
(Mattiello et al. 2022). The queen bee quality directly influences the disease resistance,
vigor colony, and overall productivity, making the selection and rearing of queens a critical

aspect of successful beekeeping (Hatjina et al., 2014; Ozbakir 2021; Yu et al., 2022).

The bee colony's strength and productivity are largely based on the bees' floral
resources, prevailing environmental conditions, and the age and genetic characteristics of

the queen (Mahbobi et al. 2012; Ozbakir 2021). Therefore, queen rearing is the first choice



for beekeepers to produce high-quality and healthy queens, essential for sustaining colony
strength and productivity. (Guda et al., 2024; Zhong et al., 2024). The most crucial member
of a honeybee colony is the honey bee queen, as she is solely responsible for laying both
fertilized and unfertilized eggs, thereby ensuring the continuity of overlapping generations,
(Winston, 1991; Delaney et al., 2011) and she also secretes pheromones that suppress the
development of ovaries in worker bees and prevent them from rearing new queens (Abou-

Shaara et al., 2021; Carroll et al., 2023).

The queens that have high-quality traits can be raised from superior-performing
colonies to enhance the desirable hereditary traits provided via the mother colonies, as the
queen serves as the primary custodian of the colony’s genetic characteristics (Yu et al.,
2023). However, genetics influence many behavioral traits of the colonies like resistance
to diseases, defensiveness and their enemies, swarming and absconding tendencies, degree
of gentleness, rate of population growth, industriousness, ability to collect honey and
pollen, and many other qualities (Yu et al., 2022; Ozbakir 2021; Hatjina et al., 2014). In
other words, the great performance of a colony of a honeybee is decided by the quality of
the queen, which may be measured through various traits, like ovarioles number, weight,
fecundity rate (eggs number laid per day), size of the spermatheca, and the quality of brood
produced (Kovacic & Puskadija, 2016; Amiri et al., 2017; Facchini et al., 2021; Arslan and
Arslan, 2024). For any activities made on colony growth and for economically successful

beekeeping use of standard and good quality queens is a must (Buchler et al., 2013).

Honeybee queen rearing typically occurs during periods of supersedure, swarming, or
when the existing queen has been mistakenly killed or lost (Biichler et al., 2024; Holmes
et al., 2023; Seeley, 2014). Therefore, adult honey bee workers raise fresh queens from
worker larvae that are below 24 h. old (Gabka et al., 2011; Rehman et al., 2024). However,
one cannot depend on queens raised throughout the swarming season because, first, it
requires constant vigilance and, second, the colonies reared from such queens may have
more swarming instinct, which is generally discouraged; it also limits the selection of
queens from a good colony (Sharma, 2019; Kamboj et al., 2023). In swarming and

supersedure impulse, no beekeepers can know exactly which colony is going to swarm or
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supersedure and if it is known, it is only probable that it may not be in the colonies, which

beekeepers desire to increase (Suryanarayana et al., 1988).

In particular queen cells, honey bee workers rear queens by building up a queen cup
after the queen has placed the egg within (Abbasi et al., 2015). The larvae that are feeding
on royal jelly via the nursing bees develop as queens and come out after ten to eleven days
(Woodward, 2007; Remolina and Hughes, 2008; Kamakura, 2011; Alhosin, 2023). The
royal jelly is the nutritive material for larvae of drones and workers during the first to third
day and is utilized as a sustenance for queen bees during their larval stages (Khan et al.,
2021; Ghosh et al., 2024). Queen bee raising is the most crucial beekeeping process for
rapidly reproducing honeybee colonies (Yu et al., 2022). Each year before the honey flow
season, old queens are substituted to raise honey production (Khan and Ghramh 2022).
New queens are also introduced into colonies in the event of sudden loss due to
transportation, colony manipulation, or attacks by honeybee diseases or enemies (Amiri et
al.,2017; Sharma et al., 2020). The artificial queen raising practice has completely changed
the industry of beekeeping due to, in association with the replacement of natural queen
(supersedure), enabling the timely addition of a young, fresh, and mated queen to a colony,
thereby minimizing the period during which egg-laying and new bee production are
interrupted (Contreras-Martinez et al., 2017; Smilga-Spalvina et al., 2024). On the other
hand, when a queen is naturally superseded via the workers, it typically takes around
twenty-five to thirty days for a fresh queen to be successfully mated, developed, and mature
enough to start egg-laying (Holmes et al., 2023). Ensuring the availability of young, mated
queens for timely requeening necessitates their artificial rearing under controlled
conditions (Contreras-Martinez et al., 2017; Biichler et al., 2024). Recently mated queens
from selected races contribute to preserving the genetic diversity of the colony, enhancing
productivity and overall health, and are generally less likely to initiate swarming compared

to older queens (Yu et al., 2022; Adgaba et al., 2019; Guzman-Novoa, 2007).

A honeybee colony may create a new queen without human involvement as long as
fertilized eggs are available (Buchler et al., 2013). In industrial apiaries, replacing aging

queen bees becomes essential, as their egg-laying capacity declines over time, potentially
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affecting colony productivity (Dhaliwal et al., 2017). The queen typically lays
approximately 50% of her lifetime eggs during her first year, 30% in the second year, and
10% in the third year, with the remaining 10% distributed over the subsequent two years.
(Goodman 2008). There are various conventional methods like the Alley method, Miller
method, Smith method, Hopkin method, and some modern methods like the Doolittle
method, and Karl jenter method of mass queen bee raising (Sharma, 2019). The most
common method for large-scale queen raising followed by commercial queen breeders is
the Doolittle or Larvae Grafting method (Arslan et al., 2021; Gatoria et al., 2004). The
reactions of colonies towards diverse queen-raising procedures are influenced by the
changes in environmental, behavioral, and biological factors (Biichler et al. 2024;

Crailsheim et al., 2013; Nuru, 2012).

The important factors impacting the quality of the queen include raising duration and
grafting techniques (Rafique et al., 2019). Honey bee queen rearing is best performed
during periods of favorable climatic conditions, particularly when temperatures are warm,
drone populations are ample, and the availability of high-quality nectar and pollen is
abundant, thereby ensuring optimal colony productivity and successful mating outcomes
(Guda et al. 2024). Environmental conditions such as relative humidity, temperature, and
source of pollen were found to be crucial factors impacting the quality and acceptance of

artificially raised queens (Adgaba et al., 2019; Tlak and Mutinelli, 2024).

Queen quality may be improved through management methods. Grafting with several
procedures such as wet or dry grafting was investigated for a high rate of queen emergence
and acceptance by utilizing different substrates (priming media) (Adgaba et al., 2019;
Kamel et al., 2013; Buchler et al., 2013). The crucial step in queen rearing involves
transferring a young larva, aged between 12 to 24 hours, from the worker cells into the
specially prepared queen cell cups (Dhaliwal et al., 2017). Cell priming refers to the
practice of placing a drop of priming media into a queen cell cup prior to grafting a larva.
This technique facilitates the grafting process, reduces the risk of larval dehydration and
damage, enhances larval acceptance, and contributes to improved queen quality (Khan et

al., 2021; Sharma et al., 2020; Rafique et al. 2019; Contreras-Martinez et al., 2017).
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The European honeybee (Apis mellifera L.) serves as the foundation of the thriving
apiculture industry globally (Papa et al., 2022). Since it was first introduced in India,
extensive need-based research has been conducted across various domains, including
colony management, bee forage resources, behavioral studies, and disease management in
honey bees (Sharma et al., 2020; Thomas et al., 2002). In India, beekeeping and stock
development have remained ignored (Singh et al., 2007). However, there are opportunities
for the enhancement of several traits of the honey bee by utilizing the selection of superior
bee stock (Maucourt et al., 2020; Maucourt et al., 2021; Morfin et al., 2023). Different A.
mellifera L. strains have been introduced in India (Sharma, 2019). Only A. mellifera
ligustica queen bees survived and were mostly established in India (Atwal and Sharma,

1970).

Globally, beekeepers have conducted practical assessments using various substrates
and queen cell cup materials. However, there is a notable scarcity of studies investigating
the impact of substrates and queen cup materials on acceptance rates of larvae, emergence
rates of queen, and morphometric traits of queens. Additionally, there are inconsistencies
in the results, especially in the impact of the substrates on the grafted larval acceptance and
queen emergence rates. To date, research has primarily focused on substrates such as royal
jelly, distilled water, and their combinations with other compounds, as well as queen cup
materials including beeswax derived from old brood combs, fresh beeswax, and various
wax mixtures (Ebadi & Gary 1980; Macicka 1985; Contreras-Martinez et al., 2017;
Dhaliwal et al. 2017; Rafique et al. 2019; Sharma et al., 2020; Khan et al., 2021; Lashari
et al. 2022; Ustadi et al. 2022; Kamboj et al., 2023). A research gap remains in
standardizing the optimal season for queen rearing. However, a lack of consensus and
standardized guidelines persists in identifying the optimal season that yields the best results
consistently across diverse geographic regions and climatic conditions. Therefore, this
study aims to investigate the potential effects of seasons, substrates, and queen cup
materials on larvae acceptance rates, queen emergence rates, and morphometric traits of

queens.



Taking into account the importance of artificial queen rearing on the larval acceptance
rates, queen emergence rates, and morphometric traits of queens, the current study aims to
investigate of “Evaluation of different substrates and queen cup materials on the artificial
rearing of honey bee queen (4. mellifera) using grafting method”, and divide this goal into

sub-objectives as follows:

1- To standardize optimum season for A. mellifera queen rearing.
2- Effect of different substrates on 4. mellifera queen rearing.
3- Effect of queen cell cup materials on the acceptance of grafted larvae and A.

mellifera queen rearing.



Chapter 2

Review of literature



CHAPTER - 2

REVIEW OF LITERATURE

Colonies exhibiting good performance and high quality are selected for queen rearing,
as they serve as a genetic bank within the colony, playing a vital role in preserving desirable
traits (Kamboj et al., 2023). A queen with undesirable traits can be replaced with another
queen with desirable traits by raising honey bee queens, thus improving the characteristics
of the honey bee colony (Holmes et al., 2023; Amiri et al., 2017). The Doolittle grafting
method is the most commonly employed technique by commercial queen breeders for
rearing (Doolittle, 1889 and Contreras-Martinez et al., 2017). The grafted larva age is
considered a biological factor, cell cups of the queen as a nutritional factor, external factors,
and mechanical factor such as climate, food supply, rearing conditions, and weather that
impact in queen quality (Rehman et al., 2024; Ustadi et al., 2022; Cengiz et al., 2019; Weiss
1983). Artificial queen rearing is a crucial beekeeping procedure, particularly for
commercial beekeepers, as it enables the regular requeening of honey bee colonies to
maintain colony productivity, health, and genetic quality (Ahmat et al.,, 2024 and

Simeunovic et al., 2014).

The literature relating to different factors and elements of the current research entitled
“Evaluation of different substrates and queen cup materials on the artificial rearing of
honey bee queen (4. mellifera) using grafting method” is provided under the following

heads:

2.1. Selection of honeybee colonies for queen bee rearing:

Selection of honeybee colonies is a critical factor in the queen rearing success, as it
includes the biological and economic characteristics of bee colonies, including stores of
honey, stores of pollen, and brood area, all of which help us to know the strength of the
hive (Sharma, 2019).

Multilevel selection, involving the evaluation of both colonies and patrilines, can

significantly enhance artificial selection for hygienic behavior in honeybees. Colonies
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headed by hygienic patrilineal queens exhibit nearly twice the level of hygienic behavior
compared to those headed by non-hygienic patrilineal queens, thereby significantly

improving honeybee breeding programs (Pérez-Sato et al., 2009).

Evaluating colony performance based on factors such as swarming tendency,
gentleness, colony strength, honey production, racial characteristics, extent of capped
brood, cubital index (Ci), the existence of Nosema spp. spores, and hygienic behavior serve
as an effective tool for ranking and selecting colonies in each queen-rearing apiary

(Gregorc and Lokar, 2010).

Swarming was once considered a desirable trait in honey bee colonies several decades
ago; however, in modern apiculture, it is generally regarded as an undesirable characteristic
due to its negative impact on colony productivity and management efficiency (Gregorc,
2005). Evaluating the strength of colonies biannually provides an opportunity to rank
colonies based on their economic potential, aiding in the selection of superior strains for
beekeeping procedures (Pechhacker et al., 1991). The brood production and colony
productivity are directly influenced by the quality and age of the queen bee (Tarpy, 2000).
Evaluating the strength of colonies based on the brood number of combs is an effective

method to identify and select the productive colonies (Gregorc & Lokar, 2010).

Standardized methods for estimating colony strength parameters in Apis mellifera L.
are valuable tools for evaluating colony performance. These methods generally fall into
two primary categories: the objective mode, that involves experiential measurements,
including area (cm?) or weight (mg, g, or kg), and the subjective mode, which depends on
visual assessments made through one or more inspectors. Additionally, a 3rd emerging
mode, computer-assisted digital image analysis, is gaining prominence for its potential to
enhance the accuracy and consistency of colony strength evaluations (Delaplane et al.

2013).

X-ray computed tomography (CT) provides one of the most empirically precise,
comprehensive, and non-invasive techniques for monitoring the honey bees' colony

strength and other social insects, offering detailed internal insights without disrupting
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colony structure (Greco, 2010). Although X-ray computed tomography (CT) represents the
gold standard for non-invasive monitoring of colony strength, its high technical demands

and cost limit its accessibility for most honey bee researchers (Delaplane et al., 2013).

Genetic improvement in honey bee colonies can be achieved by simultaneously
selecting for productivity, health, and hardiness using a selection index within a selection
program, focusing on traits such as honey production, hygienic behavior, Varroa
destructor infestation level, winter weight loss, and spring development (Maucourt et al.,

2020).

Bee breeding primarily focuses on enhancing traits of apicultural significance that
directly influence the beekeeping industry, including reducing defensive behavior,
increasing honey yield, and minimizing swarming tendencies (Biichler et al., 2013; Uzunov

et al., 2017; Kovacic¢ et al., 2020).

Genotype-environment interactions significantly affect bee behavior, productivity, and
survivability, leading to the recommendation of using locally adapted bees, a practice
increasingly recognized as crucial for enhancing bee health and colony survival, especially
in light of recent concerns about honey bee health and colony losses (Costa et al., 2012;

Biichler et al., 2014; Hatjina et al., 2014; Uzunov et al., 2014).

Long-term breeding and selection practices significantly influence bee behavior,
particularly traits such as calmness on the comb, defensiveness, and the tendency to swarm

(Kovaci¢ et al., 2020).

A high-quality queen can be raised from superior-performing colonies to enhance
desirable genetic traits passed on by the mother colony, as the queen serves as the principal
custodian of the colony’s genetic characteristics (Sharma et al., 2020; Kumar and Mall,
2018). Sharma et al. (2020) reported significant differences among colony parameters, viz.
strength of colony (frames numbers with bees), honey stores (g), pollen area (cm?), brood

area (cm?), and prolificness (eggs laid numbers/day).
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The queen bee quality directly influences the benefits derived from a colony, as her
progeny determines key traits such as temperament, productivity, and overall behavior,
which permit beekeepers to strategically manage and enhance colony performance (Kumar,
2018). The quality and development rate of queens are influenced by a different of
environmental factors, including temperature, nutrition, humidity, and the availability of

flora (Mahbobi et al., 2012).

Honeybee colonies can exhibit varying behavioral capabilities in performing essential
tasks such as queen rearing, royal jelly secretion, comb construction, hygienic behavior,
and the production of wax, honey, and propolis (Akongte et al., 2023). The expression of
certain behavioral patterns in honeybee colonies is believed to be regulated by a
combination of instinctual responses and cognitive processes (Gallo and Chittka, 2018).
Furthermore, bees’ capability to understand past experiences enhances their movement
skills (Abramson et al., 2016; Mirwan et al., 2015) and anticipate the outcomes of their
behaviors, thereby improving task performance and adaptability (Webb, 2004). Colonies
with perfect wax production and comb-construction capabilities are better equipped to store
greater quantities of honey and pollen under favorable conditions, such as the presence of
a queen, robust brood rearing, active nectar flow, and temperatures above 15 °C, while also

facilitating efficient communication within the colony (Bogdanov, 2016).

Therefore, to optimize hive product yields and meet various beekeeper objectives,
selecting and breeding colonies with high productive potential is essential, as factors like
queen cell acceptance rate influence royal jelly secretion and colony management affects

overall product output (Akongte et al., 2023).

Khan and Ghramh (2022) reported that the acceptance of queen cells was considerably
higher in hygienic colonies; however, non-hygienic colonies condition was performed
impact on larval acceptance rate according to Akongte et al. (2023). Additionally, Akongte
et al. (2023) found that royal jelly production and the dead brood removal percentage varied
among colonies, indicating distinct behavioral and physiological differences across

honeybee populations.
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Based on the previous studies mentioned above, it can be concluded that the selection
of high-performing and superior-quality colonies plays a crucial role in queen rearing, as
such colonies serve as a genetic bank, preserving and transmitting desirable traits essential

for colony improvement.

2.2. Grafting method in queen bee rearing and other methods:

Queen rearing is a very important factor to improve and increase honey bee products,
as the study of the behavior and nature of honey bee breeding motivated beekeepers to

develop queen rearing techniques to produce high quality queens (Wakjira et al., 2019).

Queen-rearing techniques have been improved to enable apiarists to reproduce high-
quality colonies and to substitute undesirable or aged queens within colonies, thereby
enhancing colony performance and sustainability (Joseph Latshaw, 2011). Artificial queen
rearing enables beekeepers and researchers to economically select desirable genetic stock
while also providing a valuable tool for studying honeybee genetics and behavior (Hamdan,

K. 2010).

However, environmental factors such as the relative humidity, availability of flora, and
temperature were identified as key factors influencing both the larval acceptance rate and

queen quality raised artificially (Adgaba et al., 2019; Biichler et al., 2013).

To ensure better growth of the colonies throughout the year and maximize the monetary
outputs, the beekeepers must rear and provide high-quality queens before the onset of

honey flow season (Kamboj et al., 2023).

Quinby (1854) described a method for requeening queenless colonies through inserting
a comb piece containing small larvae between the hives' combs. However, he did not
advocate this method for regular queen production, as he believed that queens produced
through this method were of inferior quality compared to those reared under the natural
swarming impulse. Variations in the queen cells' positioning on the comb, typically along
the lower edge during swarming or on the sides during supersedure, lead to differences in

the climatic conditions, particularly temperature, which can influence the metabolic
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processes and developmental outcomes of the queen larvae (Lukoschus, 1955 and

Lukoschus, 1956).

Queen bees reared using the grafting method (Doolittle method) exhibit superior traits,
such as greater sealed queen cell lengths, higher emergence weights, larger spermatheca
diameters, and increased spermatozoid counts, compared to those reared using the natural

queen cell method (Kumar, 2018; Abbasi et al., 2015; Dodologlu et al., 2004).

Miller (2006), in "Fifty Years Among the Bees," describes the Miller method for raising
queen cells, which involves cutting wax foundation sheets into a V-shape, placing them in
mother colonies for comb raising, extracting the combs after queen egg-laying, leaving 24
eggs, removing excess eggs, and transferring the marked frames to strong queen-right cell

builder colonies for queen cell development.

Hamdan (2011) described the Hopkins method as a queen rearing technique that
involves removing a frame containing newly hatched larvae or eggs from a selected breeder
queen and placing it in a queenless cell builder colony. Unlike standard placement, the
frame is laid horizontally above the brood nest. In response to queenlessness, nurse bees
are stimulated to feed the larvae generously with royal jelly and initiate queen
development. This method is suitable for producing a limited number of queens. Although
it is possible to rear 20 to 30 or more queens from a single frame, limiting the number to

around 20 is recommended to ensure high-quality queen development.

The Doolittle grafting method is the most commonly employed technique by
commercial queen breeders for rearing (Rehman et al., 2024). It involves transferring a
young larva (< 24 hours old) into artificial queen cell cups (Vung et al., 2018). This method
requires a high level of skill, as it demands accurate identification of the tiny larvae and
careful handling during the grafting process to ensure successful queen development and

avoid rejection by worker bees (Dhaliwal et al., 2017; Wakjira et al., 2019).
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However, novel techniques such as the Karl Jenter and Cup kit queen rearing apparatus
eliminate the need for wax cell cup fabrication and grafting, reducing the risk of larval

injury and simplifying the transfer process to cell builder colonies (Dhaliwal et al., 2019).

Using the Karl Jenter and Cupkit systems in queen bee rearing facilitates the larvae
transfer without displacement or injury, as the larvae remain in the same plastic queen cell
cups in which they hatch. This approach significantly simplifies and expedites the queen
rearing process while minimizing the risk of damage to the delicate young larvae (Gatoria

et al., 2004).

Numerous queen-rearing techniques have been developed to enable beekeepers to
propagate superior genetic stock, replace suboptimal or old queens, and establish new

colonies, supporting sustainable and productive apiculture (Kumar, 2018).

Queen bees reared through the grafting method generally exhibit superior performance
compared to those produced from natural queen cells, due to controlled selection of larval
age, genetic lineage, and optimal rearing conditions (Doolittle, 1915; Abrol et al., 2005;
Abbasi et al., 2015).

Kamboj et al., (2023) deployed Doolittle, Miller, Smith, and swarming instinct methods
to mass rear and study the quality traits of 4. mellifera queens. The study showed that the
Doolittle method yielded the highest larval acceptance rate, development of the largest
queen cells, as well as the earliest egg laying. Researcher recorded that queens from the
Doolittle method also had the highest mean body weight (201.75 mg) and the highest sealed
queen cells number and neonate queens per colony. The study identified the Miller method
as the next best alternative. Therefore, the researcher recommended the Doolittle method
as the most suitable approach for the mass rearing high-quality queens in commercial

beekeeping operations.

Based on the previous findings, it can be concluded that queen rearing by the artificial
grafting technique has a notable positive impact on honey yield and development of brood,

while also contributing to reduced mite infestation, lower swarming tendency, and absence
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of absconding behavior compared to queens produced by natural methods. Therefore, the
artificial grafting technique is recommended for beekeepers seeking to achieve optimal

colony performance and productivity (Abbasi et al. 2015).

2.3. Effect of larvae age on queen bee rearing:

The artificial queen-rearing methods used in beekeeping have a positive influence on
the queens’ development for desirable traits, thereby enhancing colony performance,

productivity, and overall apiary management (Rehman et al., 2024).

The honeybee queen quality is determined through various factors, such as the grafted
larvae source, the availability of nutritional resources within the starter and finisher
colonies, the larvae age, the young nurse bees’ population, and the presence or absence of

existing honey bee queens in the colony (Mahbobi et al., 2012 and Morse 1994).

The queen cells' acceptance rate and morphological characteristics in honeybees are
significantly affected by the larval age (Emsen et al., 2003; Lashari, 2025). The optimal
age is between one and two days, when larvae are still actively feeding and have not yet
started to pupate, resulting in higher acceptance rates and morphological characteristics
(Mahbobi et al., 2012; Ozbakir 2021; Vung et al., 2018; Ustadi et al., 2022; Rehman et al.,
2024). These findings are corroborated by Zhong et al. (2024), who reported that queens
raised with one-day-old larvae exhibited significantly superior morphological and
physiological parameters compared to those reared from two-day-old and three-day-old

larvae.

A recent study by Okuyan and Akyol (2018) demonstrated that queen bees can be
reared from larvae up to 3 days old using the grafting method. However, subsequent
research by Zhong et al. (2024) indicated that queen quality declines with increasing larval
age, which is attributed to the reduced duration of the larval stage and limited exposure to
royal jelly, essential for optimal queen development. Furthermore, older larvae spend a
shorter duration in the larval stage and consume less royal jelly, which negatively impacts

their development and results in queens of lower quality (Yi et al., 2020; Zhong et al. 2024).
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The grafted larval age significantly influences the development of honey bee queens,
affecting cephalic volatiles, hind leg size, and ovariole number (Dedej et al., 1998).
Younger larvae grafted for queen rearing tend to develop more queen-like morphological
features, while juvenile hormone (JH) application during larval stages enhances
physiological pathways related to ovary development and metabolism (De Souza et al.,
2019). Each day increase in grafted brood age decreases body weight, size of spermatheca,
the number of ovarioles, and the spermatozoa number in inseminated queens (Woyke,
1971). Nurse bee feeding behavior plays a crucial role in controlling the growth of larvae
and the number of ovarioles through food delivery manipulation at specific larval stages.
Body mass is highly responsive to feeding through the first to fourth instar, while the
number ovarioles is highly affected through the fifth instar (Wang et al., 2014). These
results underscore the intricate interplay among larval age, nutrition, and hormonal factors

in honey bee caste determination and reproductive development.

Research indicates that the age of grafted larvae significantly affects the quality and
characteristics of queen honey bees. Queens reared from younger larvae (1-day-old) are
generally heavier and larger than those from older larvae (2-day-old or 3-day-old) (Vung
et al.,, 2018; Mahbobi et al., 2012; Ozbakir, 2021). These queens also exhibit superior
reproductive potential, including earlier egg-laying, more stored spermatozoa, and longer
lifespans (Vung et al., 2018). Morphological advantages of queens from younger larvae
include larger spermathecae and higher ovariole numbers (Njeru et al. 2017; Ozbakir,
2021). The weight at emergence is positively correlated with various post-emergence
weights and spermatheca size (Kahya et al., 2008). Additionally, queens from younger
larvae positively influence colony growth, including increased worker and drone brood
production (Vung et al., 2018). These findings suggest that using the youngest possible

larvae for queen rearing can improve overall queen quality and colony fitness.

Based on the previous findings, it can be concluded that the larval age at grafting plays
a critical role in producing a high-quality, and healthy queen, whereas does not affect the
larval acceptance rate. Therefore, before the queen rearing artificially should be selected

as the suitable age of larvae for grafting.
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2.4. Effect of season on queen bee rearing:

The honey bee occupies a highly ecologically and economically significant position
among the species of bee within the genus of Apis (Aktiirk et al., 2023). Honey bees get
their essential nutrients from two primary floral resources: pollen, which provides proteins,
lipids, vitamins, and minerals; and nectar, which serves as their main source of

carbohydrates (Vaudo et al., 2015; Nicolson, 2011; Roulston and Cane, 2000).

The season factor plays an important role in artificial queen-rearing, the success of the
larval acceptance rate, and the production of healthy queens (Al-Fattah et al., 2021; Jagdale
et al., 2021; Khan et al., 2021; Shakeel et al., 2020; Taha and Al-Kahtani, 2020; Helaly
2018; Brar et al., 2018; Cengiz et al., 2009; Sahinler and Kaftanoglu 2005).

Honey bee colonies follow an annual cycle, their feeding dependent on the seasonally
available flowering plants. In autumn, the production of brood decreases as the colony
prepares for overwintering, whereas in spring, the development of colonies occurs through
active brood rearing. However, the specifics of this cycle can vary depending on the
geographical location of the colonies, particularly in overwintering activities (DeGrandi-

Hoffman et al., 2021).

Climate change poses a significant threat to honeybee populations, which are crucial
pollinators for agricultural ecosystems and global food security (Le Conte & Navajas,
2008; Reddy et al., 2012; Mahankuda and Tiwari, 2024). Honeybees are responsible for
pollinating approximately 62-73% of cultivated crops worldwide (Reddy et al., 2012;
Fikadu, 2019). Climate change may also lead to mismatches between bee activity and floral

resources, impacting both plant pollination and bee food availability (Reddy et al., 2012).

Variations in patterns of temperature resulting from climate change can hinder the
honey bee’s ability to regulate the internal temperature of the hive, potentially affecting
brood development and overall health of colony (Varshneya et al., 2007; Mishra et al.,
2023).
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Honey bee colonies exhibit seasonal variations in brood rearing and foraging activities
(Chaand et al., 2017). In temperate regions during winter, unfavorable environmental
conditions restrict foraging, compelling colonies to depend on honey reserves accumulated

during the spring and summer months for survival (Villagomez, 2021).

To conserve resources, honey bee colonies typically stop brood raising in most of the
winter (Niirnberger et al., 2018). However, by late winter, they begin actively raising the
colony temperature and initiate brood production in preparation for spring, ensuring a

sufficient workforce is available once foraging resumes (Seeley, 1995).

After the winter season, when food reserves in honey bee colonies are significantly
depleted, bees become highly dependent on spring-blooming plants for nourishment
(Villagomez, 2021). In contrast, many of these early-flowering plants depend on honey
bees as well as other pollinators for successful pollination, creating a mutually beneficial

relationship critical to plant and honey bee colony reproduction (Khalifa et al., 2021).

Environmental conditions play an important role in the success of queen rearing. Key
factors include regulating temperature and humidity, the vitality and safety of queen cells,
and the availability of food resources, such as natural nectar flow or supplemental feeding,

to support the nurse colony (Taha 2014; Biichler et al., 2024).

In tropical and subtropical regions, where bee flora is continuously available,
honeybees forage for nectar and pollen year-round (Taha, 2014). However, their foraging
activity, particularly for pollen, is significantly affected by prevailing weather conditions

and the availability of floral resources (Neupane & Thapa, 2005).

The influence of seasonal pollen nutrients and corresponding bee responses in honey
bee colonies can be attributed to seasonal variations in the nutritional composition of
pollen, as well as genetic factors linked to the specific queen lines utilized (DeGrandi-
Hoffman et al., 2021). These combined factors play a crucial role in determining colony

health, productivity, and brood development throughout the year.
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The rearing season and queens’ origin play a crucial role in determining several quality
parameters of queen bees, including the pre-oviposition period, the volume and length of
queen cells, the queen weight at emergence, acceptance, and spermatozoa stored number
in the spermatheca (Guda et al. 2023; Canverdi et al., 2023; Ko¢ & Karacaoglu, 2011; Al-
ghzawi & Zaitoun, 2008). Honey bee queens can be effectively raised from late March to
late April, with the highest quality queens (Kumar et al., 2013; Shafey et al., 2021). During
this optimal period, queens exhibit higher acceptance rates of grafted larvae, shorter pre-
oviposition periods, and greater mating success (Ko¢ & Karacaoglu, 2004; Hussain et al.,
2020). These findings indicate that both larval acceptance and queen emergence are

strongly affected by the rearing season.

The acceptance rate of virgin queens by experimental honey bee colonies is
significantly higher during the spring season, particularly when nectar flow is abundant
(Moretto et al., 2004; Al-ghzawi & Zaitoun, 2008; Khattaby et al., 2018). This period
provides optimal environmental and nutritional conditions for successful queen rearing.
Therefore, spring is considered the most favorable time for producing high-quality virgin
queens. (Al-ghzawi & Zaitoun 2008 Brar et al., 2018; Amiri et al., 2017; Hussain et al.,
2020; DeGrandi-Hoffman et al., 2021; Ozbakir, 2021; Shafey et al., 2021; Chatha et al.,
2022; Zhang, 2022; Aktiirk et al., 2023; Canverdi et al., 2023; Holmes et al.2023; Biichler
et al., 2024; Rehman et al., 2024).

Moreover, it can be concluded that the season factor plays an important role in artificial
honey bee queen rearing and producing healthy queens. In addition, the climate factors, the
nectar and pollen availability, and the presence of enemies of the honey bee play a very
important in the limiting of foraging activity and honey bees' productivity. The colonies
must be provided with pollen substitutes during periods of scarcity to maintain colony
strength. Therefore, all the findings that are mentioned above highlight the critical
importance of understanding and managing the season factor to reduce the influence of

seasonal dearth periods on the colonies of the honey bee.
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2.5. Effect of substrates (priming media) on queen bee rearing:

Queen rearing of honey bees is a crucial method in beekeeping that ensures high-quality
production queens, which are essential for the bee colonies' health and productivity (Yu et
al., 2022). The queen-rearing success is largely dependent upon the priming media or

substrates utilized during the queen-rearing method (Khan et al. 2021).

Bee colonies are more resilient and productive overall when they have high-quality
queens (Holmes et al., 2023). The process involves rearing queen larvae in controlled
conditions, where the selection of priming media can significantly affect outcomes as that
can either keep the appropriate humidity levels or act as nourishment for the larvae (Emsen

et al., 2003; Contreras-Martinez et al., 2017; Rafique et al., 2019).

The priming media offers the necessary nutrients and generates a medium that is ideal
for the development of queen larvae (Sharma, 2019). The effects of different substrates on
queen rearing have been investigated, including sugar coconut water, syrup, honey
solution, royal jelly, apple nectar, and artificial substrates (Ebadi and Gary, 1980;
Contreras-Martinez et al., 2017; Rafique et al., 2019; Sharma et al., 2020; Khan et al., 2021;
Kamboj et al., 2023). Adgaba et al., (2019) reported that honey bee colonies reared notably
more queens in wet grafting conditions and queenless colonies, compared to those in dry
grafting and queenright conditions. This suggests that both the presence of a queen and the
grafting technique play a critical role in the success of queen rearing. Contreras-Martinez
et al., (2017) demonstrated that using liquid substrates enhances acceptance rates of larvae
and reared queens' quality. Among the tested substrates, apple nectar yielded the highest
larval acceptance rate. Their findings suggest that liquid acidic substrates, particularly
apple nectar, can significantly improve grafted larval acceptance and may serve as an
effective medium to increase queen honey bee production during artificial rearing. Apple
nectar may have exhibited a highly sustained influence compared to other priming media
due to its superior hygroscopic features, attributed to its high sugar content and natural

constituents like pectin found in the fruit pulp and cell walls (Berk, 2016). Additionally,
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this effect might be due to the acidic nature of the substrates, which may enhance larval

acceptance and queen quality during rearing (Contreras-Martinez et al., 2017).

Similarly, Khan et al. (2021), Sharma et al., (2020), and Rafique et al. (2019) found
that using royal jelly as a priming media exhibits better morphological traits, and results in
more healthy and strong queens compared to artificial substitutes. Researchers have
investigated the remarkable physiological properties of royal jelly, highlighting its
composition, which includes amino acids, proteins, lipids, vitamins, and sugars (Fratini et

al., 2016; Maleszka, 2018; Ahmad et al., 2020).

Larval acceptance rates are a critical evaluation in the queen rearing of honey bees,
where the choice of priming media can either increase or decrease larvae acceptance by
worker bees. The queen bee quality, as indicated by her size, weight, and reproductive
capacity, is influenced by the priming media used during rearing (Khan et al., 2021;
Adgaba et al., 2019; Gene et al., 2005). In addition, Ebadi & Gary (1980) demonstrated
that substrates of royal jelly with 10% honey yielded the highest larval acceptance rate
during queen rearing, whereas the lowest acceptance was observed when royal jelly was

mixed with 10% bee-stored pollen.

In conclusion, the selection of priming medium is an important factor in the success
and quality of honey bee queen rearing. High-quality queens are pivotal for the health and
productivity of bee colonies, and choosing suitable priming media can significantly
influence larval acceptance rates and the morphometric traits of queens. Research has
demonstrated that priming media such as apple nectar and royal jelly provide better results
due to their nutrient content and advantageous properties, such as hygroscopicity and
physiological activity. Therefore, improving priming media is critical for enhancing queen-

rearing techniques and ultimately increasing colony resilience and productivity.

2.6. Effect of queen cell cup materials on queen bee rearing:

The queen cup materials are a critical factor affecting the success of queen bee rearing
(Abrol et al., 2005). Different queen cup materials can influence acceptance rates of larvae,

the queen’s development, and the quality and health of the queens (Ustadi et al., 2022).
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This literature review surveys different studies that have investigated the effect of queen
cell cup materials on queen bee rearing. Currently, some research studies the effect of
queen cup materials using materials with different components and proportions to
determine the extent to which they affect the larval acceptance rate and queen emergence
(Ebadi & Gary, 1980; Sharma et al., 2020; Lashari et al., 2022; Ustadi et al., 2022). Thus,
it becomes crucial to determine whether differences occur in the grafted larval acceptance

and the queen's emergence in various queen cup materials.

Several studies have conducted direct comparisons between different cup materials.
Lashari et al., (2022) reported that using uncapping bee wax for preparing the queen cell
cups can significantly increase the larval acceptance rates during queen bee rearing, but
that using fresh comb bee wax does not significantly affect larval acceptance, while using
the brown plastic queen cups decreases the larval acceptance. In contrast, Ebadi & Gary
(1980); Sharma et al., (2020) recorded that the use of old brood comb beeswax as cup
materials provided the highest larval acceptance and emergence of queen rate, while the
lowest in the wax of artificial queen cups during the time that queen pheromone was
existent and that pure paraffin wax cups were completely rejected by the bees according to
Ebadi & Gary (1980), whereas in plastic cups according to Sharma et al., (2020).
Additionally, Ustadi et al., (2022) demonstrated that the use of 50% Apis cerana wax +
50% Apis dorsata wax results in the highest acceptance rate, while the lowest in 100% Apis
cerana wax and 100% Apis dorsata wax. Natural bee wax cups are traditionally used in
queen rearing due to their similarity to the properties of natural bee wax. The bees'

familiarity with the texture and scent of wax is thought to contribute to this preference.

Additionally, plastic cups are commonly used in commercial queen rearing due to their
durability and ease of handling. Dhaliwal et al., (2017) found that plastic cups provide the
maximum emergence rate of the queen by using the Doolittle method. However, some
studies have shown that larval acceptance rates can be lower in plastic cups compared to
wax cups (Ebadi & Gary 1980; Rafique et al., 2019; Sharma et al., 2020; Lashari et al.,
2022). Therefore, the absence of a natural wax scent might be a factor in lower acceptance

rates. Despite this, plastic cups are favored for their cost-effectiveness and reusability.
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In conclusion, the choice of queen cup materials significantly impacts the queen rearing
success. While natural wax cups are often preferred for their high larval acceptance rates
and natural feel, plastic cups offer practical advantages in terms of durability and ease of
handling. Ongoing researches continue to improve queen rearing practices by identifying
queen cell cup materials that enhance both larval acceptance and developmental success.
Overall, beekeepers must consider the specific needs of their colonies and the practical
aspects of their queen rearing procedures when selecting queen cell cup materials. Future
research should focus on further optimizing these materials to enhance larval acceptance

and developmental success.

2.7. Effect of supplementary feeding on queen bee rearing:

Beekeeping is facing recurrent annual colony losses, largely due to the combined
effects of multiple stressors, including pathogens and pesticide exposure (Smith et al.,
2013). However, malnutrition has emerged as a growing concern, exacerbating the impacts
of these other stressors through synergistic interactions (Lopez-Uribe et al., 2020). Poor
nutrition in colonies of honey bee is associated with several sub-lethal effects, including
compromised immune function and heightened vulnerability to diseases and agrochemical
exposure (Di Pasquale et al., 2013; DeGrandi-Hoffman and Chen, 2015; Gong and Diao,
2017; Koch et al., 2017; Tritschler et al., 2017; Dolezal and Toth, 2018; Vodovnik et al.,
2021).

Nectar provides the primary source of carbohydrates for honey bees, whereas pollen is
their exclusive source of lipids, proteins, and essential micronutrients (Brodschneider ang

Crailsheim, 2010; Noordyke and Ellis, 2021).

However, a diverse range of floral sources is essential to fulfill the nutritional
requirements of honey bees, as the nutrient composition of pollen varies significantly
depending on the plant species (Roulston et al., 2000; Roulston and Cane, 2000; Ricigliano
et al., 2022).

The queen bee rearing success is intricately tied to the nutritional status of the colony,

with supplementary feeding playing an important role in enhancing a productivity and
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quality of queen bees (Shadmehr., et al 2023). This literature review explores the impact
of various supplementary feeding methods on queen bee rearing, drawing on recent and

relevant studies.

However, supplementary feeding provides essential nutrients that may be lacking in
the bees' natural foraging environment, especially during periods of dearth (Noordyke and
Ellis, 2021; Lamontagne-Drolet et al., 2019; Mortensen et al., 2019; Mattila and Otis,
2006). This practice ensures that the colony has sufficient resources to rear high-quality
queens. The nutrition of larvae, particularly those destined to become queens, is crucial for

the overall health and development of the colony (Standifer et al., 1980; Taha, 2015).

Researchers have identified several types of supplementary feeds that benefit queen
rearing, including protein supplements, sugar syrups, and pollen substitutes (Sultana et al.,
2024; McMenamin et al., 2023; Khan and Ghramh, 2022; Ullah et al., 2021; Kumar et al.,
2021; Dolasevic et al. 2020; Wijayati et al., 2019; Cengiz et al. 2019; Stevanovic et al.,
2018; Puskadija et al., 2017; Mahfouz, 2016; Amro et al., 2016; Abd ElI-Wahab et al., 2016;
Pande et al., 2015; Gemeda, 2014). Protein supplementation, commonly administered as
pollen patties, is essential as it provides the amino acids necessary for larval development
(Ullah et al., 2021; Jeannerod et al., 2022; Ricigliano et al., 2022). Studies have shown that
colonies receiving protein supplements produce more robust queens with better

reproductive capabilities (Sultana et al., 2024).

Sugar syrups are another common form of supplementary feeding (Pande et al., 2015).
They provide the necessary carbohydrates for energy, enabling worker bees to continue
their foraging and brood-rearing activities even when natural nectar sources are scarce
(Thompson and Drew, 2022). This continuous supply of energy is crucial for maintaining

the colony's strength and health during the queen rearing process (El Ghouizi et al., 2023).

The quality of the queens reared under supplementary feeding diets has been a focal
point of several studies. For instance, Cengiz et al., (2019) demonstrated that colonies
supplemented with protein had queens with significantly higher weights and better-

developed ovaries compared to those that did not receive supplements. Similarly, research
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by Sultana et al., (2024) found that supplementary feeding improved the overall health and

longevity of queens, which are critical factors for colony productivity.

Additionally, the period of supplementary feeding is also playing a critical role.
Feeding during the early spring can stimulate brood rearing and prepare the colony for the
queen rearing season, whereas late-season feeding can help ensure that colonies have
enough resources to support queen production during periods when natural forage is

limited (Mattila and Otis, 2006).

In conclusion, supplementary feeding is a crucial practice in queen bee rearing,
significantly impacting the quality and productivity of reared queens. By providing
essential nutrients, beekeepers can enhance the health and reproductive capabilities of
queens, thereby improving overall colony performance. Future research should continue to
improve feeding practices, focusing on optimizing the composition and timing of

supplements to maximize their benefits while minimizing potential disadvantages.
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CHAPTER - 3

MATERIALS AND METHODS

To achieve the objectives of the study, quantitative method was used, which described
the subject phenomenon of the study and analyzed the data, to reveal significant differences
among the different substrates, queen cell cup materials, and different seasons and the

effects that occur.

3.1. Study area:

The experiments were carried out in between than February to April 2024 (Spring
season) and in between than September to November 2024 (Autumn season) at the
Apiculture Area, Department of Entomology, School of Agriculture, Lovely Professional
University, located in Phagwara, Punjab, India (N 31° 13' 4" — E 75° 46' 10"). The
experimental site is characterized by a semiarid climate under the Koppen climate

classification, with an average annual rainfall of 816 mm and a temperature of 23.2 °C.

) ”‘ A e
l_ * [y o - "
e

-

/LPU Blov K57)

g

‘ ‘ hOO(O’Ag ulluw
'-

Fig. 3.1: Satellite image of study area and location

3.2. Effect of the season on the queen bee rearing:

The first experiment was conducted in the Spring season (between February and April
2024), while the second experiment was conducted in the Autumn season (between

September and November 2024). The objective was to standardize the optimum season for
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A. mellifera queen rearing. All treatments were applied consistently across both seasons,

and the collected data were analyzed comparatively to assess seasonal variations.

3.3. Preparation and Selection of breeder (mother) colony:
Among the top chosen strong colonies, the one colony with gentleness, high

reproduction, and excellent brood raising capacity was used as the breeder colony (Fig.
3.2). The suitable age larvae (12-24 hours old) for grafting were taken from chosen mother
(breeder) colony (Fig. 3.3) (Ustadi et al., 2022). The colony was periodically maintained
through the provision of sugar solution, pollen supplements, and by introducing capped
hygienic worker brood from other colonies within the apiary to support colony strength

and development (Gatoria et al., 2000).

Fig. 3.2: Breeder (mother) colony Fig. 3.3: Suitable age larvae (12-24 hours old)

3.4. Preparation of queen cell builder colonies:

Three queen cell builder colonies maintained in Langstroth beehives were prepared via
dequeening a honey bee colony (Fig. 3.4). Each colony was standardized to contain four
frames of emerging capped brood (Fig. 3.5), two frames with honey and pollen (Fig. 3.6),
three grafting frames (Fig. 3.7), and one feeder frame (Fig. 3.8). The adult bee population
in each colony occupied both sides of six frames, indicating that all colonies were strong
and healthy (Delaplane et al., 2013). The comb arrangement of the cell builder colony was
described below as per Gatoria et al., 2004 and McKinley, 1963 with some modifications
as F-HP-B-GF-B-GF-B-GF-B-HP (Alshogari and Raut, 2024 patent).
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Where,

B - Emerging capped brood comb (Fig. 3.5).
HP- Honey and pollen comb (Fig. 3.6).

GF- Grafting frames (Fig. 3.7).

F- Feeder frame (Fig. 3.8).

Fig. 3.5: Four frames of emerging

Fig. 3.4: Three Langstroth beehives capped brood

brood chambers

Fig. 3.6: Two frames with honey and pollen Fig. 3.7: Three grafting frames

W

Fig. 3.8: One feeder frame

These conditions were preserved throughout the experiment by regularly transferring
frames from strong, healthy colonies to ensure uniform colony strength. In addition, every
colony received supplementary feeding consisting of 0.5 liter of 50 % sugar syrup (1 sugar:

1 water) (Fig. 3.9) and a protein supplement 50 grams (Fig. 3.10) consisting of low-fat
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soybean flour 70%, pollen 20%, and honey 10% (Fig. 3.11) where that amount of honey
we pour on the ingredients until get a cohesive patty. The protein supplement and the syrup

were given weekly to each cell builder colony.

Fig. 3.11: Honey, Pollen, Low-fat soybean flour.

3.5. Preparation of priming media (substrates):

Before grafting the larvae, approximately (5 pL) of the priming media was carefully
dispensed into the base of each queen cup using a micropipette (Fig. 3.12). Six treatments
were evaluated in total, comprising five different substrate types (priming media) and one
control treatment (dry grafting without substrate). The treatments are apple juice (B
Natural®, India) (S1), commercial royal jelly (enriched with honey) (Sz), sugar syrup (1
sugar : 1 distilled water) (S3), honey solution (1 honey : 1 distilled water) (S4), mixture
solution (apple juice, commercial royal jelly (enriched with honey), sugar syrup, honey
solution) (1:1:1:1) (Ss), and control (dry grafting without substrate) (Se) (Fig. 3.13). The
royal jelly utilized in the study was commercial (enriched with honey) and was used at
100% undiluted. The sugar and honey were taken from the apiary, and the apple juice from

a grocery store.
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Young larva Little drop
(12-24 hours old) (around 5 pL)

Micropipette
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Fig. 3.13: Different substrates (priming media)

3.6. Preparation of queen cell cup materials:

Paraffin wax, bee wax, and plastic queen cups were used in this study (9 mm diameter
and 10 mm height) (Fig. 3.14). Light-colored beeswax and paraffin wax were utilized to
construct artificial queen cups (Fig. 3.14 A, B). Additionally, brown-colored plastic queen
cups of the same diameter were purchased from an online market (Fig. 3.14 C). The silicone
mold method was used, as a silicone mold was made by using liquid silicon to prepare bee
wax and paraffin wax cups (Fig. 3.15 A, B). The cups were carefully removed from the
silicone mold by gently twisting them using the thumb and index finger (Fig. 3.15 B, C).
These cups were installed on a cell cup holder. The cell cup holder gets pushed on the cell

bar holder. The cell bar holder was installed onto a wooden cell bar using nails onto a
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grafting frame. Each frame contained two removable wooden cell bars, with ten queen cell

cups affixed to each bar (Fig. 3.16).

A. Bee wax B. Paraffin wax C. Plastic queen cups

Fig. 3.14: Queen cup materials

]

—

Liquid silicone

A. Preparation of silicone mold using liquid silicone
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C. Bee wax and paraffin wax queen cups ready for use

Fig. 3.15: Preparation of queen cell cups for artificial queen rearing using a silicone mold
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Cell cup Queen Cups
holder

Cell bar

Two removable
wooden cell bars

Fig. 3.16: Install the queen cups on the bars of the grafting frames

3.7. Grafting method:

Before one day of priming with the substrates, three grafting frames that have the queen
cups were inserted into queenless cell builder colony for polishing (Fig. 3.17) (Khan et al.,
2021; Ustadi et al., 2022; Biichler et al., 2024). After priming with the substrates (excluding
the control treatment), each queen cup was grafted with a <24-hour-old larva collected
from the comb of a breeder (mother) colony utilizing a plastic grafting tool. The larvae
were transferred along with a small amount of royal jelly from the comb (Fig. 3.18). The
same source colony was utilized for larval collection during each grafting session to ensure
uniformity and minimize genetic and developmental variability. As groups of ten queen
cups (replications) were utilized for each treatment during each grafting session, 60 queen
cups were employed across all treatments (Fig. 3.19). These 60 queen cups were fixed onto
three grafting frame bars and inserted into one cell builder colony. Grafting was performed
in each of the three cell builder colonies, with 60 larvae grafted per colony, resulting in 180
grafted larvae (Fig. 3.19). Three queen cell cup materials were used in the experimental
grafting (bee wax, paraffin wax, and plastic queen cups) (Fig. 3.20). Larval acceptance or
rejection was verified and recorded three days after grafting (Fig. 3.21 A) (Ma et al., 2022;
Khan et al., 2021), whereas the emerged queens number was recorded eleven to twelve

days, after grafting (Fig. 3.21 C). The larvae acceptance and queen emergence percentage
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of the grafted larvae were calculated with the data that were collected as per the following
formula (Sharma et al., 2020):

p . . _ Number of larvae accepted % 100
ercentage of acceptance = Total number of larvae grafted

p . _ Number of queens emerged 100
ercentage of emergence = Total number of larvae grafted

Before polishing After polishing

Fig. 3.17: Queen cups polishing

Plastic grafting
tool

Young larva
(12-24 hours old)

Fig. 3.18: Doolittle grafting method
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10 Cups
. 10Cups | 6 Treatments (60 cups) . Introduce (60 cups) into
10 Cups installed on the bars of each queen cell builder
- 3 grafting frames. colony
-1 10 Cups
]
23 10 Cups

queen cell builder colonies (Langstroth beehives brood chambers )

A SRR \'

. plastic cups

Total 60 grafting larvae per colony
Y

Total all replications = 60 % 3 queen cell builder colonies = 180 grafting larvae (replications)

Fig. 3.19: Systematic representation of artificial queen rearing by grafting methods

a

Bee wax cups Paraffinwax cups  Plastic queen cups

Fig. 3.20: Queen cell cup materials

A. Accepted larvae B. Sealed queen cell C. Emerged queens

Fig. 3.21: Acceptance of larvae and emerged queens

35



3.8. Effect of grafting folds on acceptance and emergence rate of the A. mellifera L.
queens:

Grafting was carried out at three different folds during two separate seasons (Spring
and Autumn 2024). Grafting fold was divided into three parts: (First grafting on
24/03/2024), (Second grafting on 27/03/2024), and (Third grafting on 25/04/2024) in the
Spring season, whereas in the Autumn season was divided into three parts also: (First
grafting on 04/10/2024), (Second grafting on 07/10/2024), and (Third grafting on
11/10/2024).

3.9. Effect of grafting bar level on acceptance and emergence rate of the A. mellifera
L. queens:

The grafting frame was divided into two levels (Up and Down). The up-level bar and

the down-level bar were split into two parts. Ten replications of each substrate were used

five in each level (Fig. 3.22), (Fig. 3.23).

For example, in the case of apple juice (S1) and commercial royal jelly enriched with
honey (S>), the up-level bar consisted of two parts “(Si-1, S1-2, S1-3, S14, S1-5, and Sz.1, S22,
S2.3, Sz-4, S25)” in the case of beeswax (Fig. 3.22-1), whereas in the plastic cups “(Si-, Si-
7, S1-8, S1-9, S1-10, and Sz.6, S2.7, S2:8, S29, S2-10)” (Fig. 3.23-1),. The down-level bar consisted

of two parts “(Si-, Si-7, Si8, Si9, Si-10, and Sz, S2-7, S28, S2-9, S2-10)” in the case of

beeswax (Fig. 3.22-1), whereas in the plastic cups “(Si-1, Si-2, Si1-3, S1-4, Si1-5, and S».1, S22,
S233, S2.4, Sz-5) (Fig. 3.23-1)”.
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Fig. 3.23: Grafting frames in plastic cups

3.10. Morphometric measures of virgin queens:

Measuring was carried out immediately after the newly emerged queen bees, then the
morphometric data were collected and recorded the length of sealed queen cell, the length
of the virgin queen, and weight of virgin queen at emergence (Fig. 3.24 A, B, C) (Mattiello
et al., 2022). The length of sealed queen cells was recorded by measuring the distance from

the base of the queen cup to the tip of the queen cell (Fig. 3.24 A). The length of the virgin
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queen was recorded by measuring the distance from the front of the head (excluding
antennae) to the end of the abdomen (excluding the sting) using the ruler or digital vernier
calliper (Mitutyo®) (Fig. 3.24 B, C). The weight of virgin queen at emergence was recorded
using a weighing balance (Wensar®) with a maximum capacity of 1000g (Fig. 3.24 D). All
the measurements were taken in millimeters and milligrams. The morphological images
were captured using 200x lens (APL-MS002BK) fixed on the phone camera (Samsung
Galaxy Note 10+). The samples were preserved in ethanol 70% and submitted to the
Entomology lab, LPU.

<+— Tip of the queen cell
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' «— Base of the queen cup

B. Measure the length of the virgin queen C. Digital vernier calliper
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D. Measure the weight of the virgin queen
Fig. 3.24: Morphometric measures of the virgin queens

3.11. Statistical analysis:

The data were analyzed utilizing a two-way analysis of variance to evaluate the effects
of queen cup materials and different substrates. A significance level of 0.05 was applied
for all statistical tests, and Duncan’s Multiple Range Test (DMRT) was utilized to compare
and rank the groups. The effects of substrates on acceptance rate and emergence rate were
performed using ANOVA using SPSS software (version 22). The morphometric data
within the queen cup materials (bee wax cups and plastic cups) were performed the t-test

however, paraffin wax cups not considered due to non-preference by the bees.
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CHAPTER - 4

RESULTS AND DISCUSSION

Experimental findings and their interpretations on the topic “Evaluation of Different
Substrates and Queen Cup Materials on the Artificial Rearing of Honey Bee Queen
(Apis mellifera Linnaeus) Using Grafting Method” are given in this chapter concerning
main and interaction effects. This chapter shows and discusses the impact of seasons,
substrates, and queen cup materials on larvae acceptance rates, queen emergence rates, and
morphometric traits of queens. Furthermore, a deliberate effort has been made to apply
pertinent scientific arguments from the literature to show how the experimental results

correspond to the associated cause and effect.

4.1. Effect of substrates and queen cup materials on artificial queen rearing during

Spring season 2024:

4.1.1. Larval acceptance rates of queen A. mellifera L. during Spring season (2024):

The acceptance rate of queen larvae is an initial indicator of queen-rearing success. The
data was recorded 72 hours after grafting, where the larval acceptance rates in different
substrates and cup materials were recorded as statistically highest (90%) in mixture
solution as priming media and plastic cups as queen cup materials compared to the various
substrates. However, the statistically highest larval acceptance rates were observed in the
treatment mixture solution (60%) followed by sugar syrup (60%), apple juice (50%),
commercial royal jelly (enriched with honey) (50%), honey solution (10%), and control
(dry grafting) (10%) respectively in bee wax cups. The statistical highest larval acceptance
rates were observed in the plastic cups in the mixture solution (90%), followed by apple
juice (50%), control (dry grafting) (50%), honey solution (40%), sugar syrup (30%), and
commercial royal jelly (enriched with honey) (0%), respectively. However, the paraffin

wax cups were not accepted at all (Table 4.1, Fig. 4.1, 4.2, 4.3).

Moreover, our findings revealed that the highest mean larval acceptance rates were

significantly achieved in mixture solutions (50.00 %) and apple juice (33.33 %) used as the
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priming media in bee wax cups and plastic cup materials. In contrast, no larvae were

accepted in paraffin wax queen cups.

Therefore, the apple juice as a sole priming media will enhance the larval acceptance
rates and finally, the queen emergence because of the acidic nature of the priming media
(Contreras-Martinez et al., 2017). This demonstrates that substrates, such as the mixture
solution and apple juice used as priming media and bees wax and plastic cups used as queen
cups, contribute to increasing the larval acceptance rates and thus improving the artificial
queen rearing success. Using different substrates for grafting larvae plays an important role
in enhancing larval acceptance rates, as they influence the suitability of the grafting
environment (Kamboj et al., 2023; Khan et al., 2021; Sharma et al., 2020; Rafique et al.,
2019; Adgaba et al., 2019). This might be due to their nutrient content and advantageous
properties, such as hygroscopicity and physiological activity.

Additionally, queen cup materials are also a critically important factor for artificial
queen rearing. However, bee wax and plastic cups had a significantly higher mean
acceptance rate of queen larvae observed in our research (40.00 %) and (43.33 %),
respectively. Furthermore, no significant differences were found in beeswax and plastic
queen cups in the mean larval acceptance rates. Therefore, the bee wax and plastic cups
functioned equally well in the mixture solution and apple juice. A similar result was
observed that the maximum acceptance rate of queen larvae obtained from bee wax cups
(Ebadi & Gary 1980; Rafique et al., 2019; Sharma et al., 2020; Lashari et al., 2022; Kamboj
et al., 2023). The research findings align with the observations reported by Dhaliwal et al.
(2017), who recorded highest larval acceptance rates in plastic queen cups when employing
the Doolittle grafting method. None of the larvae were accepted in paraffin wax queen cups
in the different substrates were used. The possible clarification for this finding may be due
to the smell of paraffin wax and its artificial properties. The findings were consistent with

the research conducted by Ebadi & Gary in 1980.
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Table 4.1: Effect of different substrates and queen cup materials on larval acceptance
rates of queen A. mellifera L. during Spring season in 2024

Cup materials

Acceptance rates (%)

Mean
Substrates Beewax cups | Paraffin wax cups | Plastic cups
Apple juice 50.0 0.0 50.0 33.33%
Commercial royal jelly
(enriched with honey) 500 0.0 00 16.66
Sugar syrup 60.0 0.0 30.0 30.00°
Honey solution 10.0 0.0 40.0 16.66°
Mixture solution 60.0 0.0 90.0 50.00°
Control (dry grafting) 10.0 0.0 50.0 20.00°
Mean 40.00° 0.00° 43.33°
Factors Fvalue Pvalue Df
Cup materials (C) 25691 0.000%* o)
Substrates (S) 3.698 0.003%* 5
CxS8 3.404 0.000%* 10

aSimilar letter marked by common letters are not significant according to Duncan’s
Multiple Range Test. Number of replications 10 in each substrate.
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Acceptance rates % in Spring season (2024)
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Fig. 4.2: Acceptance rates of queen larvae A. mellifera L during Spring season 2024 in

Bee wax cups
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Fig. 4.3: Acceptance rates of queen larvae A. mellifera L during Spring season 2024 in

Plastic cups

4.1.2. Queen emergence rates of A. mellifera L. during Spring season (2024):

The emergence rate of the queens is a crucial indicator of their development and success
of queen rearing. The data was recorded eleven to twelve days after grafting, where the
emergence rate of queen in different substrates and queen cup materials was recorded as
statistically highest (90%) in mixture solution as priming media and plastic cups as queen
cup materials compared to the various substrates. However, the statistically maximum
queen emergence rates were recorded in the apple juice (50%), followed by mixture
solution (40%), commercial royal jelly (enriched with honey) (40%), sugar syrup (40%),
control (dry grafting) (10%), and honey solution (0%) respectively in bee wax cups. The
statistical highest emergence rates of queen were observed in plastic cups in the mixture
solution (90%) followed by apple juice (50%), control (dry grafting) (50%), sugar syrup
(30%), honey solution (30%), and commercial royal jelly (enriched with honey) (0%)
respectively. However, the paraffin wax cups have no emerged at all (Table 4.2, Fig. 4.4,

4.5, 4.6).
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Furthermore, our findings revealed that the highest mean emergence rate of the queens
was significantly achieved in mixture solutions (43.33 %) and apple juice (33.33 %) used
as the priming media in plastic cups. In contrast, no queens emerged in paraffin wax queen
cups. On the other hand, significant differences were found between the beeswax and
plastic cups in queen emergence rates, with the highest mean emergence rate of queens in
plastic cups (41.66 %). The findings were consistent with the study carried out by Dhaliwal
et al., in 2017. None of the queens emerged in paraffin wax queen cups in the different
substrates that were used. The findings were consistent with the research conducted by
Ebadi & Gary in 1980. Several studies have explored the impact of different queen cup
materials and their compositions on the acceptance of larvae and the queen emergence
rates. Researchers have investigated how varying components and proportions influence
these parameters (Ebadi & Gary, 1980; Sharma et al., 2020; Lashari et al., 2022; Ustadi et
al., 2022). The findings suggest that both the choice of substrate and queen cup material

can play a crucial role in successful queen bee rearing.

Table 4.2: Effect of different substrates and queen cup materials on the queen emergence

rates of A. mellifera L. after successful grafting during Spring season in 2024

Cup materials Emergence rates (%)
‘ Mean
Substrates Beewax cups | Paraffin wax cups | Plastic cups
Apple juice 50.0 0.0 50.0 33.33%
Commercial royal jelly
be
(enriched with honey) 40.0 00 00 13.33
Sugar syrup 40.0 0.0 30.0 23.33%
Honey solution 0.0 0.0 30.0 10.00°
Mixture solution 40.0 0.0 90.0 43.332
Control (dry grafting) 10.0 0.0 50.0 20.00%
Mean 30.0° 0.00° 41.66°
Factors Fvalue Pvalue Df
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Cup materials (C) 21.296 0.000%* )

Substrates (S) 3.628 0.004%* 5

CxS 3.167 0.001%* 10

aSimilar letter marked by common letters are not significant according to Duncan’s
Multiple Range Test. Number of replications 10 in each substrate.

Emergence rates % in Spring season (2024)
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Fig. 4.4: Emergence rates of queen 4. mellifera L. during Spring season (2024)
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Fig. 4.6: Emergence rates of queen A. mellifera L during Spring season 2024 in Plastic cups

4.2. Morphometric measures of artificial queen rearing during Spring season (2024):

The morphometric traits of the length of sealed queen cell, the length of the virgin
queen, and virgin queen's weight at emergence are important morphometric criteria for

quality queen selection (Alqarni et al., 2013 Masry et al., 2015; Metorima et al., 2015;
Mattiello et al., 2022).

47



4.2.1. Morphometric measures of length of sealed queen cells during Spring season

(2024):

The length of the sealed queen cells is one of the critical morphometric traits to
determine the health and quality of queens. The data was recorded before the queen bee's
emergence, where the length of sealed queen cells in different substrates and queen cup
materials was reported as statistically highest (29.20 mm) in apple juice as priming media
and bee wax cups as queen cup materials compared to the various substrates. However, the
statistically maximum length of sealed queen cells was recorded in the apple juice (29.20
mm), followed by commercial royal jelly (enriched with honey) (29 mm), sugar syrup
(27.33 mm), mixture solution (26.75 mm), control (dry grafting) (26.50 mm), and honey
solution (no emerged) respectively in bee wax cups. In the plastic cups, the statistically
maximum length of sealed queen cells was recorded in the control (dry grafting) (20.60
mm), followed by the apple juice (20 mm), honey solution (19.75 mm), sugar syrup (19.67
mm), mixture solution (19.00 mm), and commercial royal jelly (enriched with honey) (no
emerged) respectively. However, the paraffin wax cups were not accepted at all (Table 4.3,

Fig. 4.7).

In other words, our findings demonstrated that the longest length of the sealed queen
cells was significantly achieved in apple juice (29.20 mm) used as the priming media in
bee wax cups, while no queens emerged in paraffin wax queen cups. The reason for this
observation might be attributed to the odor of paraffin wax and its synthetic characteristics.
However, highly significant differences were recorded among the substrates, between the
cup materials, and between the substrates and queen cup materials. This might be due to
the acidic nature of the substrates (Contreras-Martinez et al., 2017), and the similar

properties of bee wax to natural bee wax, which is made from honeybee comb.

Sealed queen cells length may be varied due to the artificial diet provided to the cell
builder colony, which workers influence the wax production in the hive. Along with
primary feed, i.e., royal jelly, which affects the larvae's development, nutritional

requirement, and genetic variation. The morphometric variation in the queen's body parts
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may significantly vary due to the availability of pollen quality, as it affects the

hypopharyngeal gland in nurse bees, which are crucial for royal jelly production (Di

Pasquale et al., 2016; Corby-Harris & Snyder, 2018; Abdel-Rahman et al., 2021).

Table 4.3: Effect of different substrates and queen cup materials on the morphometric

traits of length of sealed queen cells during Spring season in 2024

Cup materials Length of the sealed queen cells (mm= SE)
Substrates Bee wax cups Plastic cups t test Pvatue
Apple juice 2020+ 1.32 20.00+ 0.32 6.782 0.000%*
Commercial royal jelly
kk
(enriched with honey) 20.00 + 1.22 NE 23.678 0.000
Sugar syrup 27.33 +0.99 19.67 £ 0.67 6.429 0.000%*
Honey solution NE 19.75 + 0.95 20.867 0.000%*
Mixture solution 26.75 £ 0.85 19.00 £ 0.35 7.43 0.002%%*
Control (dry grafting) | 26.50 + 1.50 20.60 + 0.60 3.652 0.119N8
Factors Fvalue Pvalue
Substrates (S) 93.45 0.000%*
Cup materials (C) 178.13 0.000%**
SxC 159.32 0.000%*

‘%> significant level at 0.01, “*’ significant level at 0.05, ‘SE’ standard error of three
replicated value and ‘NS’ non-significant, “NE” no emerged.

49




Length of sealed queen cells (mm) in Spring season 2024

20.00 19.67 19.75 19.00 2060
0.00 0.00

Length

APPLE JUICE COMMERCIAL  SUGAR SYRUP HONEY SOLUTION  MIXTURE CONTROL (DRY
ROYAL JELLY SOLUTION GRAFTING)
(ENRICHED WITH
HONEY)

M Bee wax cup Plastic cup

Fig. 4.7: Morphometric measures of length of sealed queen cells during Spring season 2024

4.2.2. Morphometric measures of length of virgin queen during Spring season 2024:

The length of the virgin queen is one of the critical morphometric traits to determine
the health and quality of queens. The data was recorded after the queen bee's emergence,
where the length of the virgin queen in different substrates and queen cup materials was
recorded as statistically highest (18.95 mm) in apple juice as priming media and bee wax
cups as queen cup materials compared to the various substrates. However, the statistically
maximum length of the virgin queen was recorded in apple juice (18.95 mm), followed by
commercial royal jelly (enriched with honey) (18.83 mm), mixture solution (18.63 mm),
control (dry grafting) (18.50 mm), sugar syrup (18.48 mm), and honey solution (no
emerged) respectively in bee wax cups. In the plastic cups, the statistically maximum
length of the virgin queen was recorded in the apple juice (17.45 mm) followed by mixture
solution (17.38 mm), control (dry grafting) (17.09 mm), sugar syrup (16.18 mm), honey
solution (16.05 mm), and commercial royal jelly (enriched with honey) (no emerged)

respectively. However, the paraffin wax cups were not accepted at all (Table 4.4, Fig. 4.8).
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Moreover, our findings revealed that the highest length of the virgin queen was
significantly achieved in apple juice (18.95 mm) used as the priming media in bee wax
cups, while no queens emerged in paraffin wax queen cups. However, highly significant
differences were recorded among the substrates, between the cup materials, and between
the substrates and queen cup materials. Therefore, apple juice as the substrate affected the
morphometric traits of queens because of the acidic nature of the substrate (Contreras-

Martinez et al., 2017).

In addition, beeswax cups, as queen cup materials, performed significantly better than
plastic cups due to their properties, which are similar to natural bee wax, which is made
from honeybee comb. Similar findings are reported in the previous study (Rafique et al.,
2019; Sharma et al., 2020; Lashari et al., 2022; Kamboj et al., 2023; Abou-Shaara et al.,
2024).

Table 4.4: Effect of different substrates and queen cup materials on the morphometric

traits of length of the virgin queen during Spring season in 2024

Cup materials Length of the virgin queen (mm= SE)
Substrates Bee wax cups Plastic cups t test Pvaue
Apple juice 18.95+0.12 17.45 +0.87 1.72 0.161NS
Commercial royal jelly
sk
(enriched with honey) 18.83 £ 0.53 NE 35.23 0.000
Sugar syrup 18.48 +0.47 16.18 £ 0.33 4.01 0.016*
Honey solution NE 16.05+1.13 14.23 0.000%*
Mixture solution 18.63 £ 0.82 1738 £ 1.14 1.09 0.338NS
Control (dry grafting) | 1850+ 0.05 17.09 + 0.08 14.95 0.004%*
Factors Fvalue Pvalue
Substrates (S) 132.59 0.000%*
Cup materials (C) 20.25 0.000%*
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SxC 187.36 0.000%*

“#%> significant level at 0.01, “*’ significant level at 0.05, ‘SE’ standard error of three
replicated value and ‘NS’ non-significant, “NE” no emerged.
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Fig. 4.8: Morphometric measures of length of the virgin queen during Spring season 2024

4.2.3. Morphometric measures of virgin queen's weight at emergence during Spring

season 2024:

The virgin queen's weight at emergence plays a critical role in determining
morphometric traits that determine the health and quality of queens. It is also a vital
physiological characteristic for the queen's growth. The data was recorded immediately
after the queen bee's emergence, where the virgin queen's weight at emergence in different
substrates and queen cup materials was recorded as statistically highest (258 mg) in apple
juice as priming media and bee wax cups as queen cup materials compared to the various
substrates. However, the statistically maximum virgin queen's weight at emergence was
recorded in the apple juice (258 mg), followed by commercial royal jelly (enriched with
honey) (255 mg), sugar syrup (232.5 mg), control (dry grafting) (220 mg), mixture solution

(215 mg), and honey solution (not accepted) respectively in bee wax cups. In the plastic

52




cups, the statistically maximum virgin queen's weight at emergence was recorded in the
apple juice (256 mg), followed by mixture solution (212.22 mg), sugar syrup (206.67 mg),
control (dry grafting) (194 mg), honey solution (190 mg), and commercial royal jelly
(enriched with honey) (not accepted) respectively. However, the paraffin wax cups were

not accepted at all (Table 4.5, Fig. 4.9).

Furthermore, our findings revealed that the highest virgin queen's weight at emergence
was significantly achieved in apple juice (258 mg) used as the priming media in bee wax
cups, while no queens emerged in paraffin wax queen cups. However, highly significant
differences were reported among the substrates and between the substrates and queen cup
materials, while no significant differences were found between the cup materials. Apple
juice was noted to have a significant impact due to the acidic nature of the substrate

(Contreras-Martinez et al., 2017).

The heavier weights of the virgin queen may vary due to the influence of the availability
of honeybee floral resources, temperature, and relative humidity (Rehman et al., 2024;
Zhang, 2022; Chatha et al., 2022; Abd Al-Fattah et al., 2021; Niirnberger et al., 2018;
Doeke et al., 2015). A queen weight greater than 290 mg is considered a criterion for queen
quality, and similar findings were reported in previous research (Akyol et al., 2008; Kahya
et al., 2008; De Souza et al., 2013; Arslan et al., 2021; Kamboj et al., 2023; Arslan and
Arslan, 2024). The weights of virgin queen at the emergence were categorized by quality
into three quality groups i.e. light (<190 mg), medium (190-200 mg), and heavy (>210
mg) (Akyol et al., 2008; Hatjina et al., 2014; Arslan et al., 2021; Arslan and Arslan, 2024).
The heavier queens are more successful than the lighter-weight queens when introduced
into the hives to achieve a high level of social status (Tarpy and Mayer, 2009; De Souza et
al., 2013). One study reported 79.23% success for heavy queens compared to lower rates
for medium and light queens (Masry et al., 2015). Newly emerged honeybee queens
experience gradual weight loss, losing 1-2 mg per day due to water loss (Harano et al.,
2007; Skowronek et al., 2004), as the added weight quantitatively reduces the number of
flights (Hayworth et al., 2009).
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Table 4.5: Effect of different substrates and queen cup materials on the morphometric

traits of virgin queen's weight at emergence during Spring season in 2024

Cup materials

Virgin queen's weight at emergence (mg+ SE)

Substrates Bee wax cups Plastic cups t test Pvatue
Apple juice 258.0+£22.89 | 256.0+18.60 0.68 0.948NS
Commercial royal jelly
(enriched with honey) 255.0 + 36.63 NE 6.962 0.000%**
Sugar syrup 232.5+16.52 | 206.67 + 17.64 1.069 0.337NS
Honey solution 0.00 + 0.00 190.0 + 5.77 32.909 0.000%*
Mixture solution 215.0+25.33 | 212.22+13.41 0.097 0.927N8
Control (dry grafting) | 220.0 + 20.00 194.0 + 14.35 1.056 0.395N8
Factors Fvalue Pvalue
Substrates (S) 19.07 0.000%*
Cup materials (C) 758 0.118NS
SxC 22.99 0.000%*

‘%> significant level at 0.01, “*’ significant level at 0.05, ‘SE’ standard error of three

replicated value and ‘NS’ non-significant, “NE” no emerged.
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Fig. 4.9: Morphometric measures of virgin queen's weight at emergence during Spring
season 2024

4.3. Effect of substrates and queen cup materials on artificial queen rearing during

Autumn season 2024:

4.3.1. Larval acceptance rates of queen A. mellifera L. during Autumn season (2024):

The acceptance rate of queen larvae is an initial indicator of queen-rearing success. The
data was recorded 72 hours after grafting, where the larval acceptance rates in different
substrates and queen cup materials were recorded as statistically highest (80%) in control
(dry grafting) as priming media and plastic cups as queen cup materials compared to the
various substrates. However, the statistically highest larval acceptance rates were observed
in the control (dry grafting) (50%), followed by commercial royal jelly (enriched with
honey) (30%), apple juice (20%), mixture solution (20%), sugar syrup (20%), and honey
solution (0%) respectively in bee wax cups. The statistical highest larval acceptance rates
were observed in the plastic cups in the control (dry grafting) (80%), followed by apple
juice (30%), mixture solution (30), commercial royal jelly (enriched with honey) (20%),
sugar syrup (20%), and honey solution (10%) respectively. However, the paraffin wax cups

were not accepted at all (Table 4.6, Fig. 4.10, 4.11, 4.12).
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Moreover, our findings revealed that the highest mean larval acceptance rates were
significantly achieved in control (dry grafting) (43.33 %) used as the priming media in bee
wax cups and plastic cup materials. In contrast, no larvae were accepted in paraffin wax
queen cups. However, plastic cups had a significantly higher mean acceptance rate of
queen larvae observed in our research (31.67 %). Furthermore, significant differences were
found between the beeswax and plastic cups in the mean larval acceptance rates (23.33 %),

(31.67 %), respectively.

The findings of this research align with the observations reported by Dhaliwal et al.
(2017), who recorded the highest larval acceptance rates in plastic queen cups when
employing the Doolittle grafting method. None of the larvae were accepted in paraffin wax
queen cups in the different substrates were used. The findings were consistent with the

research conducted by Ebadi & Gary in 1980.

Table 4.6: Effect of different substrates and queen cup materials on larval acceptance

rates of queen larvae A. mellifera L. during Autumn season in 2024

Cup materials Acceptance rates (%)
o st Mean
Substrates Beewax cups | Paraffin wax cups | Plastic cups
Apple juice 20.0 0.0 30.0 16.67°
Commercial royal jelly
b
(enriched with honey) 30.0 0.0 20.0 16.67
Sugar syrup 20.0 0.0 20.0 13.33%
Honey solution 0.0 0.0 10.0 3.33b
Mixture solution 20.0 0.0 30.0 16.67°
Control (dry grafting) 50.0 0.0 80.0 43332
Mean 23.33% 0.00P 31.67°
Factors Fvalue Pvalue Df
Cup materials (C) 13.279 0.000%* o)
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Substrates (S) 4.353 0.001** 5

CxS 1.451 0.163NS 10

iSimilar letter marked by common letters are not significant according to Duncan's
Multiple Range Test. Number of replications 10 in each substrate.

Acceptance rates % in Autumn season 2024
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Fig. 4.10: Acceptance rates of queen larvae 4. mellifera L. during Autumn season (2024)
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Fig. 4.11: Acceptance rates of queen larvae 4. mellifera L during Autumn season 2024 in
Bee wax cups
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Fig. 4.12: Acceptance rates of queen larvae 4. mellifera L during Autumn season 2024 in

Plastic cups

4.3.2. Queen emergence rates of A. mellifera L. during Autumn season (2024):

The emergence rate of the queens is a crucial indicator of their development and success
of queen rearing. The data was recorded eleven to twelve days after grafting, where the
emergence rate of queen in different substrates and queen cup materials was recorded as
statistically highest (40%) in control (dry grafting) as priming media and bee wax cups and
plastic cups as queen cup materials compared to the various substrates. However, the
statistically maximum queen emergence rate was recorded in the control (dry grafting)
(40%) followed by commercial royal jelly (enriched with honey) (30%), apple juice (20%),
mixture solution (20%), sugar syrup (20%), honey solution (0%) respectively in bee wax
cups. The statistical highest emergence of queen rates was observed in plastic cups in the
control (dry grafting) (40%) followed by mixture solution (30%), apple juice (20%),
commercial royal jelly (enriched with honey) (20%), sugar syrup (20%), and honey
solution (0%) respectively. However, the paraffin wax cups were not accepted at all (Table

4.7, Fig. 4.13, 4.14, 4.15).
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Furthermore, our findings revealed that the highest mean emergence rate of the queens
was significantly achieved in control (dry grafting) (26.67 %) used as the priming media
in bee wax and plastic cups. In contrast, no queens emerged in paraffin wax queen cups.
On the other hand, no significant differences were recorded in the mean queen emergence
rates between the bee wax and plastic cups. None of the queens emerged in paraffin wax
queen cups in the different substrates that were used. The findings were consistent with the
research conducted by Ebadi & Gary in 1980. In addition, highly significant differences
were observed among the queen cup materials, while there were no significant differences
among the substrates and between the queen cup materials and the substrates in the

emergence rate of queens.

Table 4.7: Effect of different substrates and queen cup materials on the queen emergence

rates of A. mellifera L. after successful grafting during Autumn season in 2024

Cup materials Emergence rates (%)
B Paraffin wax Plasti Mean
Substrates cewax cups cups astic cups
Apple juice 20.0 0.0 20.0 13.33%®
Commercial royal jelly
ab
(enriched with honey) 30.0 0.0 20.0 16.67
Sugar syrup 20.0 0.0 20.0 13.33%
Honey solution 0.0 0.0 0.0 0.00°
Mixture solution 20.0 0.0 30.0 16.67°
Control (dry grafting) 40.0 0.0 40.0 26.67°
Mean 21.67° 0.00° 21.67*
Factors Fvalue Pvalue Df
Cup materials (C) 8224 0.000%* o)
Substrates (S) 1.947 0.090NS 5
CxS 0.574 0.833 NS 10

aSimilar letter marked by common letters are not significant according to Duncan's
Multiple Range Test. Number of replications 10 in each substrate.
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Fig. 4.13: Emergence rates of queen 4. mellifera L. during Autumn season (2024)
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Fig. 4.14: Emergence rates of queen 4. mellifera L during Autumn season 2024 in Bee wax cups
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Fig. 4.15: Emergence rates of queen 4. mellifera L during Autumn season 2024 in Plastic cups

4.4. Morphometric measures of artificial queen rearing during Autumn season

(2024):

The morphometric traits of the length of sealed queen cell, the length of virgin queen,
and the virgin queen's weight at emergence are important morphometric criteria for quality
queen selection (Algarni et al., 2013; Masry et al., 2015; Metorima et al., 2015; Mattiello
et al., 2022).

4.4.1. Morphometric measures of length of sealed queen cells during Autumn season
(2024):

The length of the sealed queen cells is one of the critical morphometric traits to
determine the health and quality of queens. The data was recorded before the queen bee's
emergence, where the length of sealed queen cells in different substrates and queen cup
materials was recorded as statistically highest (30.44 mm) in apple juice as priming media
and bee wax cups as queen cup materials compared to the various substrates. However, the

statistically maximum length of sealed queen cells was recorded in the apple juice (30.44
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mm), followed by sugar syrup (30.32 mm), mixture solution (30.03 mm), commercial royal
jelly (enriched with honey) (28.13 mm), control (dry grafting) (28.13 mm), and honey
solution (no emerged) respectively in bee wax cups. In the plastic cups, the statistically
maximum length of sealed queen cells was recorded in the control (dry grafting) (19.41
mm), followed by the mixture solution (19.16 mm), sugar syrup (17.66 mm), apple juice
(16.75 mm), commercial royal jelly (enriched with honey) (16.56 mm), and honey solution
(no emerged) respectively. However, the paraffin wax cups were not accepted at all (Table

4.8, Fig. 4.16).

In other words, our findings demonstrated that the longest length of the sealed queen
cells was significantly achieved in apple juice (30.44 mm) used as the priming media in
bee wax cups, while no queens emerged in paraffin wax queen cups. In contrast, no queens
emerged when using the honey solution at all. However, highly significant differences were
reported among the substrates, between the cup materials, and between the substrates and
queen cup materials. This might be due to the acidic nature of the substrates (Contreras-
Martinez et al., 2017), and the similar properties of bee wax to natural bee wax, which is

made from honeybee comb.

Sealed queen cell length may be varied due to the artificial diet provided to the cell
builder colony, which workers influence the wax production in the hive. Along with
primary feed, i.e., royal jelly, which affects the larvae's development, nutritional
requirement, and genetic variation. The morphometric variation in the queen's body parts
may significantly vary due to the availability of pollen quality, as it affects the
hypopharyngeal gland in nurse bees, which are crucial for royal jelly production (Di

Pasquale et al., 2016; Corby-Harris & Snyder, 2018; Abdel-Rahman et al., 2021).
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Table 4.8: Effect of different substrates and queen cup materials on the morphometric

traits of length of sealed queen cell during Autumn season in 2024

Cup materials Length of the sealed queen cells (mm= SE)
Substrates Bee wax cups Plastic cups t test Paue
Apple juice 30.44+0.56 16.75+0.15 23.350 0.0027**
Commercial royal jelly
*%
(enriched with honey) 28.13+0.63 16.56+0.17 17.79 0.002
Sugar syrup 30.32+0.67 17.66+0.94 10.944 0.008**
Honey solution NE NE NE NE
Mixture solution 30.03+0.70 19.16:0.422 13.30 0.009%**
Control (dry grafting) |  28.13+0.60 19.410.49 11.165 0.000%*
Factors Fvalue Pvalue
Substrates (S) 338.164 0.000%*
Cup materials (C) 546.222 0.000%**
SxC 21.433 0.000%*

‘4% significant level at 0.01, “*” significant level at 0.05, ‘SE’ standard error of three
replicated value and ‘NS’ non-significant, “NE” no emerged.
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Length of sealed queen cells (mm) in Autumn season 2024
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Fig. 4.16: Morphometric measures of length of sealed queen cells during Autumn season (2024)

4.4.2. Morphometric measures of length of virgin queen during Autumn season
(2024):

The length of the virgin queen is one of the critical morphometric traits to determine
the health and quality of queens. The data was recorded after the queen bee's emergence,
where the length of virgin queen in different substrates and queen cup materials was
recorded as statistically highest (18.88 mm) in sugar syrup as priming media and bee wax
cups as queen cup materials compared to the various substrates. However, the statistically
maximum length of virgin queen was recorded in sugar syrup (18.88 mm), followed by
apple juice (18.45 mm), commercial royal jelly (enriched with honey) (17.73 mm), mixture
solution (17.65 mm), control (dry grafting) (17.63 mm), and honey solution (no emerged)
respectively in bee wax cups. In the plastic cups, the statistically maximum length of the
virgin queen was recorded in the mixture solution (17.78 mm), followed by control (dry
grafting) (17.41 mm), commercial royal jelly (enriched with honey) (17.16 mm), sugar
syrup (17.16 mm), apple juice (16.63 mm), and honey solution (no emerged) respectively.

However, the paraffin wax cups were not accepted at all (Table 4.9, Fig. 4.17).
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Moreover, our findings revealed that the highest length of the virgin queen was
significantly achieved in the sugar syrup (18.88 mm) and apple juice (18.45 mm) used as
the priming media in bee wax cups, while no queens emerged in paraffin wax queen cups.
In contrast, no queens emerged when using the honey solution at all. However, there were
highly significant differences among the substrates and between the substrates and queen
cup materials, while there were significant differences between the cup materials.
Therefore, apple juice as the substrate affected the morphometric traits of queens because

of the acidic nature of the substrate (Contreras-Martinez et al., 2017).

In addition, beeswax cups, as queen cup materials, performed significantly better than
plastic cups due to their properties, which are similar to natural bee wax, which is made
from honeybee comb. Similar findings are reported in the previous study (Rafique et al.,
2019; Sharma et al., 2020; Lashari et al., 2022; Kamboj et al. 2023; Abou-Shaara et al.,
2024).

Table 4.9: Effect of different substrates and queen cup materials on the morphometric

traits of length of virgin queen during Autumn season in 2024

Cup materials Length of virgin queen (mm= SE)
Substrates Bee wax cups Plastic cups t test Pvatue
Apple juice 18.45+0.97 16.63+0.42 1.714 0.229NS
Commercial royal jelly
NS
(enriched with honey) 17.73+0.50 17.16+0.07 1.130 0.372
Sugar syrup 18.88+1.02 17.16+0.13 1.664 0.238NS
Honey solution NE NE NE NE
Mixture solution 17.65+0.02 17.78+0.22 0.551 0.636NS
Control (dry grafting) 17.63+0.19 17.41+0.38 0.531 0.614NS
Factors Fvalue Pvalue
Substrates (S) 391.802 0.000%*
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Cup materials (C) 5.451 0.031%*

SxC 1.149 0.000%*

“#*° significant level at 0.01, “*’ significant level at 0.05, ‘SE’ standard error of three
replicated value and ‘NS’ non-significant, “NE” no emerged.
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Fig. 4.17: Morphometric measures of length of the virgin queen during Autumn season (2024)

4.4.3. Morphometric measures of virgin queen's weight at emergence during Autumn
season (2024):

The virgin queen's weight at emergence plays a critical role in determining
morphometric traits that determine the health and quality of queens. It is also a vital
physiological characteristic for the queen's growth. The data was recorded immediately
after the queen bee's emergence, where the virgin queen's weight at emergence in different
substrates and queen cup materials was recorded as statistically highest (175 mg) in apple
juice and sugar syrup as priming media and bee wax cups as queen cup materials compared
to the various substrates. However, the statistically maximum virgin queen's weight at
emergence was recorded in the apple juice (175 mg), followed by sugar syrup (175 mg),
mixture solution (155 mg), control (dry grafting) (135 mg), commercial royal jelly

(enriched with honey) (123.3 mg), and honey solution (no emerged) respectively in bee
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wax cups. In the plastic cups, the statistically maximum virgin queen's weight at emergence
was recorded in the apple juice (145 mg), followed by sugar syrup (125 mg), commercial
royal jelly (enriched with honey) (115 mg), control (dry grafting) (107.5 mg), mixture
solution (103 mm), and honey solution (no emerged) respectively. However, the paraffin

wax cups were not accepted at all (Table 4.10, Fig. 4.18).

Furthermore, our findings revealed that the highest virgin queen's weight at emergence
was significantly achieved in apple juice (175.0 mg) and sugar syrup (175.0 mg) used as
the priming media in bee wax cups, while no queens emerged in paraffin wax queen cups.
In contrast, no queens emerged when using the honey solution at all. However, highly
significant differences were found among the substrates and between the cup materials,
while no significant differences were observed between the substrates and queen cup
materials. Apple juice was noted to have a significant impact due to the acidic nature of

the substrate (Contreras-Martinez et al., 2017).

Table 4.10: Effect of different substrates and queen cup materials on the morphometric

traits of virgin queen's weight at emergence during Autumn season in 2024

Cup materials Virgin queen's weight at emergence (mg+ SE)
Substrates Bee wax cups Plastic cups t test Pyatue
Apple juice 175.0£15.0 145.0£15.0 1.414 0.293NS
Commercial royal jelly
. . 3+14. 045, : 63308
(enriched with honey) 123.3+14.53 115.0+£5.0 0.542 0.633
Sugar syrup 175.0+£25.0 125.0+£5.0 1.961 0.189NS
Honey solution NE NE NE NE
Mixture solution 155.0+5.0 103.0+6.67 6.200 0.009**
Control (dry grafting) 135.0£6.45 107.5+8.54 2.569 0.045*
Factors Fyalue Pvalue
Substrates (S) 28.785 0.000%**

67




Cup materials (C) 10.170 0.005**

SxC 0.673 0.649NS

2

“#*° significant level at 0.01, “*’ significant level at 0.05, ‘SE’ standard error of three
replicated value and ‘NS’ non-significant, “NE” no emerged.

Virgin queen's weight at emergence (mg) in Autumn season 2024

145.0
— 125.0
: 103.0 107.5
0.0 0.0

weight

APPLEJUICE  COMMERCIAL  SUGAR SYRUP HONEY MIXTURE CONTROL (DRY
ROYAL JELLY SOLUTION SOLUTION GRAFTING)
(ENRICHED WITH
HONEY)

® Bee wax cups Plastic cups

Fig. 4.18: Morphometric measures of virgin queen's weight at emergence during Autumn
Season (2024)

4.5. Comparative impact of seasons, substrates, and queen cup materials on larvae
acceptance, queen emergence rates, and morphometric traits of 4. mellifera L.

queens:

The larval acceptance, queen emergence rates, and morphometric measures of A.
mellifera L. queens were significantly higher in the Spring season compared to the Autumn
season (Fig. 4.19). These observations are closely consistent with the findings made by
(Al-ghzawi & Zaitoun 2008; Amiri et al., 2017; DeGrandi-Hoffman et al., 2021; Shafey et
al., 2021; Ozbakir, 2021; Chatha et al., 2022; Zhang, 2022; Aktiirk et al., 2023; Canverdi
et al., 2023; Holmes et al.2023; Biichler et al., 2024; Rehman et al., 2024). However,

significant differences were recorded between the Spring and Autumn seasons (Table
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4.11), (Fig. 4.19). The possible reasons for the present findings may be because of the
optimal temperature and relative humidity ranges, favorable seasonal conditions, peak
forage seasons, and floral abundance resources. Therefore, the warmer months typically
provide more favorable foraging opportunities, resulting in increased larval feeding and

enhanced queen development (DeGrandi-Hoffman et al., 2021).

The larval acceptance and queen emergence rates showed no significant difference
between bee wax and plastic cups (Table 4.11), (Fig. 4.20). However, the morphometric
measures of queens were significantly higher in bee wax cups compared to plastic cups
(Table 4.11). Similar results were observed in the high morphometric traits of queens
achieved from bee wax cups (Rafique et al., 2019, Kamboj et al., 2023). The reason for
this might be due to their similar properties to natural bee wax, which is made from
honeybee comb. The queen emergence and larval acceptance rates were significantly
higher in the mixture solution when used as a primer (Fig. 4.21). The morphometric
measures of queens were significantly higher in the apple juice because of the acidic nature
of the substrate (Table 4.11), (Fig. 4.21) and the present result was supported by Contreras-
Martinez et al., 2017.

There were no significant differences found in the seasons and queen cup materials.
Highly significant differences were reported in the seasons and substrates in the larval
acceptance rates and the length of the virgin queen (Table 4.11). Highly significant
differences were recorded in the queen cup materials and the substrates in morphometric
measures of 4. mellifera L. queens. Significant differences were found in the queen cup
materials and the substrates in the larval acceptance rates (Table 4.11). No significant
differences were reported in the queen cup materials and the substrates in the queen
emergence rates. However, no significant differences were recorded among the seasons,
queen cup materials, and substrates in the larval acceptance, queen emergence rates, and
the length of the sealed queen cells. Highly significant differences were observed among
the seasons, queen cup materials, and substrates in the length and weight of the virgin queen

(Table 4.11).
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Seasonal influences play an important role in honey bee success (Apis mellifera) queen
rearing, affecting the quality and morphometric traits of the queens (Chatha et al., 2022;
Zhang, 2022). Previous research has shown that the queen rearing success is highly
dependent on optimal temperature and relative humidity ranges, floral abundance, and
colony strength (Chatha et al., 2022). Additionally, colonies under favorable seasonal
conditions are likely to produce queens with more desirable morphometric traits, including
larger body size and heavier weight, which are associated with reproductive health and
colony performance (Amiri et al., 2017; Aktiirk et al., 2023). However, research indicates
that queen rearing by grafting gives better results during peak forage seasons than during

periods when floral resources are scarce (Rehman et al., 2024).

Moreover, queens reared during seasons rich in forage resources show higher
morphometric traits, which leads to their reproductive success and longevity in the colonies
(Ozbakir, 2021; Shafey et al., 2021; Holmes et al.2023; Canverdi et al., 2023; Biichler et
al., 2024). The substrates in queen cups are crucial for development of queen larvae and
the queen rearing success. The different grafting techniques, such as dry and wet grafting,
affect the larval acceptance, queen emergence rates, and morphometric traits of the queens
(Gatoria et al., 2004; Biichler et al., 2013; Kamel et al., 2013; Adgaba et al., 2019; Kamboj
et al., 2023). Additionally, the queen cup materials play a very important role in artificial
queen rearing (Dhaliwal et al. 2017; Rafique et al. 2019; Sharma et al., 2020; Khan et al.,
2021; Lashari et al. 2022).
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Table 4.11: Comparative impact of seasons, substrates, and queen cup materials on larval acceptance, queen emergence rates, and

morphometric traits of A. mellifera L. queens

Parameters Acceptance rates Emergence Length of sealed Length of virgin Weight of virgin
0 (1)
Factors (%) rates (%) queen cells (mm) queen (mm) queen (mg)
Seasons
Spring 41.70% 35.80* 20.26% 14.65% 189.46%
Autumn 27.50° 21.70° 15.84° 14.48? 113.174°
Fvalue (1,207) 6.277 6.543 (1,44) 6.987 1,29)0.069 1,30)54.435
Pvatue 0.013* 0.011* 0.011* 0.795N8 0.000**
Cup materials
Bee wax cups 31.70% 25.80% 21.62° 15.15% 167.154%
Plastic cups 37.50% 31.70* 14.48° 14.08° 135.481°
Fvalue (1,207) 1.064 1.109 (1,44) 18.243 1,29 15.89 1,30)9.616
Pvalue 0.303 0.293N8 0.000** 0.000%* 0.004**
Substrates
Apple juice 37.50¢ 35.00 20.53¢ 17.93 228.00°
Commercial royal
jelly (enriched with 25.00" 22.50% 17.28° 16.00° 156.66°
honey)
Sugar syrup 32.50%° 27.50% 20.08? 17.61? 192.00°
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Honey solution 15.00¢ 7.50° 5.17° 8.02¢ 95.00¢
Mixture solution 50.00° 45.00° 21.62° 17.88° 171.81%
Control (dry
. 47.50* 35.00% 23.60°2 17.702 152.00¢
grafting)
Fralue 5,207) 3.723 3.627 (5,44) 10.846 5,29 202.12 (5,30) 16.972
Pvalue 0.003** 0.004** 0.000** 0.000** 0.000**
Interaction between factors
Factors Fvalue P value F value Pvalue F value Pvalue Fvalue P value Fvalue P value
Seasons x Cup
. 0.195 | 0.659N8 1.109 | 0.293NS 0.030 0.863N8 2.266 0.143N8 0.145 0.706NS
materials
Seasons X
4348 | 0.001** 2.033 | 0.075NS 2.281 0.063N8 48.844 | 0.000%** 1.801 0.143N8
Substrates
Cup materialsx
3.097 0.010%* 2.142 | 0.062N8 7.669 0.000** 58.229 | 0.000%** 6.650 0.000**
Substrates
Seasons x Cup
materialsx 0.873 | 0.500NS 1.164 | 0.328NS 2.091 0.084NS 55.355 | 0.000** 7.185 0.000**
Substrates

aSimilar letter marked by common letters are not significant according to Duncan's Multiple Range Test, ‘**’ significant level at 0.01,

“*> significant level at 0.05, ‘SE’ standard error of three replicated value and ‘NS’ non-significant.
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Seasons

ACCEPTANCE RATE EMERGENCE RATE LENGTH OF SEALEDLENGTH OF VIRGIN WEIGHT OF VIRGIN
(%) (%) QUEEN CELL (MM)  QUEEN (MM) QUEEN (MG)

m Spring W Autumn

Fig. 4.19: Comparative impact of seasons on larval acceptance, queen emergence rates, and

morphometric traits of A. mellifera L. queens

Cup materials

ACCEPTANCE EMERGENCE LENGTH OF LENGTH OF WEIGHT OF
RATE (%) RATE (%) SEALED QUEEN VIRGIN QUEEN VIRGIN QUEEN
CELL (MM) (MM) (MG)

® Bee wax cups ™ Plastic cups

Fig. 4.20: Comparative impact of cup materials on larval acceptance, queen emergence rates,

and morphometric traits of 4. mellifera L. queens

73



250.00

200.00
o 150.00
-
o
=
o
s 100.00
a
50.00
ACCEPTANCE EMERGENCE RATE  LENGTH OF LENGTH OF WEIGHT OF
RATE (%) (%) SEALED QUEEN  VIRGIN QUEEN  VIRGIN QUEEN
CELL (MM) (MMm) (MG)
u Apple juice Commercial royal jelly (Enriched with Honey)
Sugar syrup Honey solution
Mixture solution Control (dry grafting)

Fig. 4.21: Comparative impact of substrates on larval acceptance, queen emergence rates,
and morphometric traits of 4. mellifera L. queens

4.6. Comparative impact of grafting folds on larval acceptance and queen emergence

rates of the A. mellifera L.:

The larval acceptance and queen emergence rates were significantly higher in plastic cups
compared to the bee wax cups during the Spring season (Table 4.12), (Fig. 4.22). The findings
of the present study are consistent with those recorded by Dhaliwal et al., (2017), who observed
the highest larval acceptance rates in plastic cups when employing the Doolittle grafting
method. No significant differences were found in the queen cup materials during the Autumn
season (Fig. 4.23). No significant differences were observed in the larval acceptance rates
among the substrates in Spring season, with the highest larval acceptance rates in apple juice
(31.67 %) (Table 4.12), (Fig. 4.24). The results of the present study agreed with those reported
by Contreras-Martinez et al. (2017), which might be attributed to the substrate's acidic
characteristics. On the other hand, significant differences were reported in the queen
emergence rates among the substrates during the Spring season, with the highest emergence

rate of queens in apple juice (25.00 %) (Table 4.12), (Fig. 4.24). The larval acceptance rates
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demonstrated highly significant differences among the substrates, while no significant
differences were observed in the queen emergence rates during the Autumn season (Fig. 4.25).

This might be due to the unfavorable conditions and floral scarcity.

The larval acceptance rates demonstrated no significant difference among the grafting folds
(First, Second, and Third) (Table 4.12), (Fig. 4.26), (Fig. 4.27). However, the emergence rate
of queens showed highly significant differences among the grafting folds, with the highest
emergence rate of queens in the second fold (24.17 %) during the Spring season (Table 4.12),
(Fig. 4.26). This might be due to floral abundance and changes in weather conditions, such as
temperature and relative humidity. The larval acceptance and queen emergence rates showed
highly significant differences among the grafting folds (First, Second, and Third), with the
highest larval acceptance and queen emergence rates in the first fold (15.83 %, 14.167 %),
respectively, during the Autumn season (Table 4.12), (Fig. 4.26), (Fig. 4.27).

No significant differences were recorded between the queen cup materials and the
substrates in the larval acceptance and queen emergence rates during the Spring and Autumn
seasons. Highly significant differences were found between the queen cup materials and
grafting folds in the larval acceptance rates during the Spring season (Table 4.12). However,
no significant differences were found in the queen emergence rates during the Spring season.
No significant differences were found between the queen cup materials and grafting folds in
the larval acceptance and queen emergence rate during the Autumn season. Highly significant
differences were observed between the substrates and grafting folds in the larval acceptance
and queen emergence rate during the Spring season (Table 4.12). There was no significant
difference observed in the larval acceptance and queen emergence rates during the Autumn
season. This might be due to the variation in the environmental conditions between the Spring
and Autumn seasons. Significant differences were reported among the queen cup materials,
substrates, and grafting folds in the larval acceptance and queen emergence rates during the
Spring season. No significant differences were observed in the larval acceptance and queen

emergence rates during the Autumn season (Table 4.12).
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Table 4.12: Comparative impact of grafting folds on larvae acceptance and queen emergence rates of the 4. mellifera L.

Seasons Spring season Autumn season
Parameters Acceptance rates Emergence rates Acceptance rates Emergence rates
Factors (%) (%) (%) (%)
Cup materials
Bee wax cups 15.56° 11.67° 7.78% 7.22°
Plastic cups 28.33% 20.56° 10.56* 7.228
Fvalue 1,324) 10.510 6.031 0.875 0.000
Pvalue 0.001** 0.015* 0.350N° 1.00NS
Substrates
Apple juice 31.67° 25.00° 8.33° 6.67%
Commercial royal jelly (enriched with
honey) 21.67% 15.00% 8.33° 8.33%
Sugar syrup 23.33% 16.67% 6.67° 6.67%
Honey solution 13.33b 5.00° 1.67° 0.0°
Mixture solution 26.67% 21.67% 8.33° 8.33%
Control (dry grafting) 15.00° 13.33% 21.67° 13.33%
Fvalue 5, 324) 2.070 2.469 3.341 1.698
Pvalue 0.069N° 0.033* 0.006** 0.135M
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Grafting folds

First 16.67 12.50° 15.83¢ 14.167°
Second 25.832 24.17° 5.83P 5.00°
Third 23.33% 11.67° 5.83b 2.50°
Fvalue 2, 324 1.927 4971 5.043 6.920

Pvatue 0.147N8 0.007** 0.007** 0.001%*

Interaction between factors

Factors

Fvalue Pvalue Fvalue Pvalue Fvalue Pvalue Fvalue Pvalue
Cup materials x Substrates (s, 324) 1.699 | 0.137N5 | 0.0942 | 0.454™ | 0371 | 0.868™ | 0.102 | 0.992\8
Cup materials x Grafting folds (2,324) 9.914 | 0.00%* | 2285 | 0.103N | 1.821 | 0.164™ | 0.892 | 0.411N8
Substrates x Grafting folds (i0,324) 4240 | 0.00%* | 2.992 | 0.001** | 0.756 | 0.671N5 | 1.163 | 0.315™S

Cup materials x Substrates x Grafting

2.166 0.020* 2.116 0.023* 1.317 | 0.220M8 0.841 0.590N
folds (10, 324)

aSimilar letter marked by common letters are not significant according to Duncan's Multiple Range Test, ‘**’ significant level at 0.01,

“*” significant level at 0.05, ‘SE’ standard error of ten replicated value and ‘NS’ non-significant.
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Cup materials

BEE WAX CUPS PLASTIC CUPS
 Acceptance rate (%) = Emergence rate (%)

Fig. 4.22: Comparative impact of cup materials on larvae acceptance and queen emergence

rates of the 4. mellifera L. during Spring season

Cup materials

BEE WAX CUPS PLASTIC CUPS

® Acceptance rate (%) = Emergence rate (%)

Fig. 4.23: Comparative impact of cup materials on larvae acceptance and queen emergence

rates of the 4. mellifera L. during Autumn season
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Substrates

APPLE JUICE COMMERCIAL SUGAR SYRUP HONEY MIXTURE CONTROL (DRY
ROYAL JELLY SOLUTION SOLUTION GRAFTING)
(ENRICHED WITH
HONEY)
® Acceptance rate (%) = Emergence rate (%)

Fig. 4.24: Comparative impact of substrates on larvae acceptance and queen emergence rates

of the A. mellifera L. during Spring season

Substrates

ﬂ 0.00

APPLE JUICE COMMERCIAL SUGAR SYRUP HONEY MIXTURE  CONTROL (DRY
ROYAL JELLY SOLUTION SOLUTION GRAFTING)
(ENRICHED WITH
HONEY)

® Acceptance rate (%) = Emergence rate (%)

Fig. 4.25: Comparative impact of substrates on larvae acceptance and queen emergence rates

of the A. mellifera L. during Autumn season
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Grafting folds

FIRST SECOND THIRD

® Acceptance rate (%) = Emergence rate (%)

Fig. 4.26: Comparative impact of grafting folds on larvae acceptance and queen emergence

rates of the 4. mellifera L. during Spring season

Grafting folds

FIRST SECOND THIRD

® Acceptance rate (%) = Emergence rate (%)

Fig. 4.27: Comparative impact of grafting folds on larvae acceptance and queen emergence

rates of the 4. mellifera L. during Autumn season

4.7. Comparative impact of grafting bar level on larvae acceptance and queen emergence

rates of the A. mellifera L.:

No significant differences were observed between the beewax and plastic cups in the
acceptance larvae and emergence of queen rates during the Spring and Autumn seasons (Table

4.13). Highly significant differences were observed in the larval acceptance and queen
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emergence rates among the substrates, with the maximum larval acceptance and queen
emergence rates in the mixture solution (75.00 %, 65.00 %), respectively, during the Spring
season (Table 4.13). On the other hand, highly significant differences were reported in the
larval acceptance rates among the substrates. No significant differences were observed in the

queen emergence rates among the substrates during the Autumn season (Table 4.13).

No significant differences were found between the grafting bar level (up and down levels)
in the larval acceptance and queen emergence rates during the Spring season (Fig. 4.28). In
contrast, significant differences were observed in the larval acceptance (36.67%) and queen
emergence rates (30.00%) during the Autumn season (Table 4.13), (Fig. 4.29). Significant
differences were observed between the queen cup materials and the substrates in the larval
acceptance and queen emergence rates during the Spring season. In contrast, no significant

differences were observed during the Autumn season (Table 4.13).

No significant differences were found between the queen cup materials and grafting bar
level in the larval acceptance and queen emergence rates during the Spring and Autumn
seasons (Table 4.13). No significant differences were observed between the substrates and
grafting bar level in the larval acceptance and queen emergence rate during the Spring and
Autumn seasons. No significant differences were observed among the queen cup materials,
substrates, and grafting bar level in the larval acceptance and queen emergence rates during
the Spring and Autumn seasons (Table 4.13). Therefore, the larval acceptance and queen
emergence rates are not affected by the grafting bar level during both the Spring and Autumn

s€asons.

The comparative impact of grafting bar level on larvae acceptance and queen emergence
rate of the A. mellifera L. was not discussed because no literature review was available;

therefore, these findings were not discussed.
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Table 4.13: Comparative impact of grafting bar level on larvae acceptance and queen emergence rates of the 4. mellifera L.

Seasons Spring season Autumn season
Parameters Acceptance rates Emergence rates Acceptance rates Emergence rates
Factors (%) (%) (%) ()
Cup materials
Bee wax cups 41.67° 31.672 23.33% 21.667°
Plastic cups 43.332 41.67 31.67° 21.667°
Falue 1, 96) 0.039 1.500 1.220 0.000
Pvalue 0.843N5 0.224N5 0.272N8 1.000NS
Substrates
Apple juice 50.00% 50.00% 25.00° 20.00%
Commercial royal jelly
(enriched with honey) 25.00° 20.00 25.00° 25.00°
Sugar syrup 45.00% 35.00° 20.00° 20.00%
Honey solution 25 00° 15.00° 5.00° 0.66°
Mixture solution 75.002 65.00? 25.00P 25.00%
Control (dry grafting) 35.00° 35.0020 65.00° 40.00°
Fvalue (5, 96) 3.365 3.467 4.654 2.051
Pvalue 0.008%* 0.006** 0.001%** 0.078N°
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Grafting bar level

Up 43.33¢% 31.667% 18.33° 13.33°
Down 41.667* 41.667% 36.67% 30.00*
Fvalue 1, 96) 0.039 1.500 5.902 5.128
Pvalue 0.843NS 0.224N8 0.017* 0.026*

Interaction between factors

Factors Fvalue Pvalue Fvatue Pvaltue Fvalue Pvaltue Fvalue Pvalue

Cup materials x Substrates s,96) | 2,863 0.019%* 2.700 0.025% 0.517 0.763NS 0.123 0.987NS

Cup materials % Grafting bar

1 0.039 0.843NS 0.667 0.416NS 0.439 0.509N8 0.821 0.367"8
evel (1, 96)

Substrates x Grafting bar level

5.9 1.357 0.247N8 0.900 0.484N8 0.751 0.587"8 0.574 0.719N8

Cup materials x Substrates x

. 0.792 0.558N° 0.867 0.507™% 1.376 0.240N° 1.928 0.097™%
Grafting bar level (s, 9¢)

aSimilar letter marked by common letters are not significant according to Duncan's Multiple Range Test, ‘**’ significant level at 0.01,

“*> significant level at 0.05, ‘SE’ standard error of five replicated value and ‘NS’ non-significant.
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Grafting bar level

up DOWN
m Acceptance rate (%) » Emergence rate (%)

Fig. 4.28: Comparative impact of grafting bar level on larvae acceptance and queen

emergence rates of the A. mellifera L. during Spring season

Grafting bar level

up DOWN

H Acceptance rate (%) = Emergence rate (%)

Fig. 4.29: Comparative impact of grafting bar level on larvae acceptance and queen

emergence rates of the A. mellifera L. during Autumn season
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4.8. Behavior of honey bee workers during queen-rearing using the Doolittle grafting

method in different processes:

During the queen-rearing process using the Doolittle grafting method, distinct
behavioral responses were observed among the worker bees. Worker bees diligently
prepared queen cups by thoroughly polishing them with wax and secretions, ensuring a
clean and smooth surface that encourages larval development (Fig. 4.30). In other words,
a significant number of queen cups were polished by worker bees, indicating their
acceptance of the provided queen cells and readiness for queen rearing. The polishing
process resulted in a high percentage of queen cups with the characteristic smooth, polished

surface (Fig. 4.30).

A. Before polishing B. After polishing
Fig. 4.30: Polishing process

Immediately after grafting, nurse bees exhibited heightened attention to the introduced
larvae. Within the first few hours, a significant aggregation of nurse bees around the grafted
queen cups was evident, indicating active inspection and acceptance behavior (Fig. 4.31).
This initial clustering behavior is critical, as it reflects the colony’s assessment of larval
quality and environmental readiness for queen rearing. Acceptance of grafted larvae was
marked by the substrates with apple juice and mixture solution (33.33%) and (50%) during
the spring season, respectively, which began within 2-3 days of grafting in most colonies,

signifying the success of grafting.
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Fig. 4.31: Significant agrein of nurse bee‘s-érunc‘i the :g;;ftéd’heen cups
Worker bees displayed highly organized provisioning behavior, characterized by the
frequent deposition of royal jelly into the artificial queen cups (Fig. 4.32). The intensity
and frequency of royal jelly feeding increased significantly between 12 to 24 hours post-
grafting, corresponding with the period of most active larval development. This
provisioning behavior reflects the colony’s prioritization of queen development, as larvae
destined to become queens require abundant and sustained royal jelly feeding. Differences
in provisioning intensity were also linked to environmental factors and colony strength,

suggesting that worker responsiveness is modulated by colony condition.

[

Fig. 4.32: Frequent deposition of royal jelly into the artificial queen cups
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In addition to feeding behavior, workers demonstrated robust queen cell maintenance
activities. Continuous inspection, cleaning, and repair of the artificial queen cups were
observed throughout the rearing period (Fig. 4.33). This maintenance ensures hygienic
conditions and structural integrity of the developing queen cells, which are critical for
successful pupation. Moreover, guarding behavior by older workers around the queen cells
was recorded, particularly after the capping stage, indicating a protective response during

the vulnerable pupal stage (Fig. 4.34).

The behavioral patterns of inspection, feeding, maintenance, and selection are vital to
the success of the grafting process and provide insights into the colony’s intrinsic capacity

to evaluate and rear replacement queens under controlled interventions.

Fig. 4.33: Queen cell maintenance activities, inspection, cleaning, and repair of the
artificial queen cups
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Fig. 4.34: Guarding behavior by older workers around the queen cells
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Chapter 5
Summary and Conclusions



CHAPTER - 5

SUMMARY AND CONCLUSIONS

The research investigated the “Evaluation of Different Substrates and Queen Cup
Materials on the Artificial Rearing of Honey Bee Queen (Apis mellifera Linnaeus)
Using Grafting Method” in between than February to April 2024 (Spring season) and in
between than September to November 2024 (Autumn season) at the Apiculture Area,
Department of Entomology, School of Agriculture, Lovely Professional University,

Phagwara, Punjab, India.

The Doolittle grafting method was used to conduct the experiment. Larvae aged 24 —
48 hours were selected from a strong and gentle breeder colony to use for grafting. Three
queenless Langstroth hives were prepared as queen cell builder colonies for grafting.
Before grafting, queen cups were primed with five different substrates: apple juice (S1),
commercial royal jelly (enriched with honey) (S2), sugar syrup (S3), honey solution (Ss4),
and a mixture of all four (Ss). control (dry grafting method) (Se).

Three types of queen cups (beeswax, paraffin wax, and plastic cups) were used. Wax
cups were prepared using a silicone mold method, while plastic cups were commercially
purchased. A total of 180 larvae were grafted for all treatments, distributed across three
cell builder colonies. Larval acceptance was recorded after three days, and queen

emergence was assessed 11-12 days post-grafting.

Grafting was performed three different folds each season, Spring (24/03/2024,
27/03/2024, 25/04/2024) and Autumn (04/10/2024, 07/10/2024, 11/10/2024). Each
grafting frame had two levels (upper and lower bars). Ten replications of each substrate
were divided evenly between the two levels. Measurements of sealed queen cells length,
virgin queen length, and virgin queen's weight at emergence were taken using a digital

vernier calliper and a weighing balance.
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5.1. Concluding remark:

» In Spring, queen larval acceptance and queen emergence rates were significantly
influenced by both the substrate and cup materials used. The mean larval
acceptance rates were highest with the mixture solution substrate (50.00%) and
plastic cups (43.33%), while paraffin wax cups recorded no acceptance. Similarly,
the mean queen emergence rates were highest with the mixture solution substrate
(43.33%) and plastic cups (41.66%). Morphometric traits such as the length of
sealed queen cells and length of virgin queens were significantly greater in bee wax
cups compared to plastic cups. Queens reared in bee wax cups also had higher
weights at emergence, although differences were often statistically non-significant
except for certain substrates like the honey solution.

» During the Autumn season, overall mean larval acceptance and queen emergence
rates were lower compared to Spring. The control group (dry grafting) showed the
highest mean larval acceptance (43.33%) and queen emergence (26.67%).
Morphometric measurements, including the length of sealed queen cells and queen
weight at emergence, were also reduced in Autumn compared to Spring. However,
bee wax cups consistently produced queens with better morphometric traits than
plastic cups.

» Comparative seasonal analysis indicated that queen rearing performance was
significantly better in Spring than in Autumn. Spring queens had higher mean larval
acceptance (41.70%), queen emergence (35.80%), longer sealed queen cells (20.26
mm), and greater queen weight at emergence (189.46 mg). However, there was no
significant seasonal difference in the length of virgin queens.

» Comparative impact of grafting folds indicated that the first grafting fold had better
larval acceptance and queen emergence in Autumn, while the second grafting fold
performed better in Spring.

» Comparative impact of grafting bar level indicated that a lower grafting bar level

showed significantly higher larval acceptance (36.67%) and queen emergence
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(30%) in Autumn. In contrast, there were no significant differences between the
grafting bar level (up and down levels) during the Spring season.
» Apple juice and mixture solution substrates encouraged faster and higher mean

larval acceptance rates (33.33% and 50%, respectively, during Spring).

5.2. Future scope:

» The current investigation offers valuable insights into the effect of different
seasons, substrates, and queen cup materials on larval acceptance, the queen
emergence rates, and morphometric traits.

» Further research is recommended to evaluate these additional variables and develop
more refined protocols for efficient and sustainable queen production.

» Future research should focus on specific substrates, such as apple juice, and conduct
studies to determine the ideal concentration for high-quality queen rearing and its
consequences in various agroclimatic zones.

» Further research is recommended to examine the specific type and properties of
beeswax used in the preparation of artificial queen cups, as this factor may

influence larval acceptance, the queen emergence rates, and morphometric traits.

91



Bibliography



BIBLIOGRAPHY

Abbasi, K. H., Shafig, M., Ahmad, K. J., Razzaq, A., Saleem, M., & Ullah, M. A. (2015).
Performance of larval grafted queen vs queen produced through natural method in

Apis mellifera. J. Entomo. Zootech. Stud, 3(2), 47-49.

Abd Al-Fattah, M. A., El-Kady, H. A., & Abd Al-Hady, N. (2021). Effect of introducing
larval queen cell Numbers and rearing season on certain developmental features and
wet weight of commercially produced queens Under Damietta conditions (North
Egypt). Journal of Plant Protection and Pathology, 12(3), 177-183.
https://doi.org/10.21608/jppp.2021.153277

Abd El-Wahab, T. E., Ghania, A. M. M., & Zidan, E. W. (2016). Assessment a new pollen
supplement diet for honey bee colonies and their effects on some biological

activities. International Journal of Agricultural Technology, 12(1), 55-62.

Abdel-Rahman, M. F., Sayed, R. Q., Moustafa, A. M., & Mahbob, M. A. E. M. (2021). The
Effect of An Alternative Diet Fermented by Bee Bread Microorganisms on
Hypopharyngeal Glands Development and Acini Size of Honey Bee Workers, (4pis
mellifera L.). Egyptian Academic Journal of Biological Sciences. A, Entomology,
14(1), 227-241. https://doi.org/10.21608/eajbsa.2021.160352

Abou-Shaara, H. F., Adgaba, N., & Al-Ghamdi, A. A. (2021). Current knowledge about
behaviors of honey bee queens with highlighting of the importance future studies.
The Journal of Basic and Applied Zoology, 82, 1-7. https://doi.org/10.1186/s41936-
021-00234-x

Abramson, C. 1., Dinges, C. W., & Wells, H. (2016). Operant conditioning in honey bees
(Apis mellifera L.): The cap pushing response. PLoS One, 11(9), €0162347.
https://doi.org/10.1371/journal.pone.0162347

92


https://doi.org/10.21608/JPPP.2021.153277
https://doi.org/10.21608/EAJBSA.2021.160352
https://doi.org/10.1186/s41936-021-00234-x
https://doi.org/10.1186/s41936-021-00234-x
https://doi.org/10.1371/journal.pone.0162347

Abrol, D. P. (2013). Beekeeping: A compressive guide to bees and beekeeping. Scientific

Publications.

Abrol, D. P. (2023). Beekeeping for sustainable economic development of India: challenges
and opportunities. Journal of the Indian Institute of Science, 103(4), 997-1017.
https://doi.org/10.1007/s41745-023-00374-9

Abrol, D. P., Bhagat, R. M., & Sharma, D. (2005). Mass rearing of Apis cerana F. queen.
Journal of Asia-Pacific Entomology, 8(3), 309-317. https://doi.org/10.1016/S1226-
8615(08)60251-4

Adgaba, N., Al-Ghamdi, A., Tadesse, Y., Alsarhan, R., Single, A., Mohammed, S. E., &
Khan, K. A. (2019). The responses of Apis mellifera jemenitica to different artificial

queen rearing techniques. Saudi journal of biological sciences, 26(7), 1649-1654.
https://doi.org/10.1016/].51bs.2018.08.028

Ahmad, S., Campos, M. G., Fratini, F., Altaye, S. Z., & Li, J. (2020). New insights into the
biological and pharmaceutical properties of royal jelly. International journal of

molecular sciences, 21(2), 382. https://doi.org/10.3390/ijms21020382

Ahmat, B., Yang, T., Ma, C., & Zong, C. (2024). Increased Mass-Rearing of Queens in
High Royal-Jelly-Producing Honey Bee Colonies (Apis mellifera ligustica)
Generates Smaller Queens with Comparable Fecundity. Agriculture, 14(2), 264.
https://doi.org/10.3390/agriculture14020264

Akongte, P. N., Park, B. S, Jo, Y. Y., Kim, D. W., Kim, K. M., Oh, D. G., & Choi, Y. S.
(2023). Field evaluation of honeybee colonies (Apis mellifera L.) for selecting

breeding  lines.  Journal  of  Asia-Pacific ~ Entomology, 102101.
https://doi.org/10.1016/j.aspen.2023.102101

Aktiirk, S., Sekeroglu, A., Okuyan, S., Akdeniz, G., Arici, Y. K., Solmaz, S., Cakici, N.,
Sansar, S., & Alparslan, S. (2023). The investigation of quality features of Turkish

93


https://doi.org/10.1007/s41745-023-00374-9
https://doi.org/10.1016/S1226-8615(08)60251-4
https://doi.org/10.1016/S1226-8615(08)60251-4
https://doi.org/10.1016/j.sjbs.2018.08.028
https://doi.org/10.3390/ijms21020382
https://doi.org/10.3390/agriculture14020264
https://doi.org/10.1016/j.aspen.2023.102101

commercial honey bee queens (4pis mellifera L.) in different seasons. Pakistan

Journal of Agricultural Sciences, 60(2). https://doi.org/10.21162/PAKJAS/23.37

Akyol, E., Yeninar, H., & Kaftanoglu, O. (2008). Live weight of queen honey bees (Apis
mellifera L.) predicts reproductive characteristics. Journal of the Kansas

Entomological Society, 81(2), 92-100. https://doi.org/10.2317/JKES-705.13.1

Al-Fattah, A., El-Kady, H. A., & Al-Hady, A. (2021). Effect of Introducing Larval Queen
Cell Numbers and Rearing Season on Certain Developmental Features and Wet
Weight of Commercially Produced Queens under Damietta Conditions (North
Egypt). Journal of Plant Protection and Pathology, 12(3), 177-183.
https://dx.doi.org/10.21608/jppp.2021.153277

Al-ghzawi, A. A. M., & Zaitoun, S. (2008). Origin and rearing season of honeybee queens
affect some of their physiological and reproductive characteristics. Entomological

Research, 38(2), 139-148. https://doi.org/10.1111/1.1748-5967.2008.00151.x

Alhosin, M. (2023). Epigenetics Mechanisms of Honeybees: Secrets of Royal Jelly.
Epigenetics Insights, 16, 25168657231213717.
https://doi.org/10.1177/25168657231213717

Alqgarni, A. S., Balhareth, H. M., & Owayss, A. A. (2013). Queen morphometric and
reproductive characters of Apis mellifera jemenitica, a native honey bee to Saudi

Arabia. Bulletin of Insectology, 66(2): 239-244.

Amiri, E., Strand, M. K., Rueppell, O., & Tarpy, D. R. (2017). Queen quality and the impact
of honey bee diseases on queen health: potential for interactions between two major

threats to colony health. Insects, 8(2), 48. https://doi.org/10.3390/insects8020048

Amro, A., Omar, M., & Al-Ghamdi, A. (2016). Influence of different proteinaceous diets

on consumption, brood rearing, and honey bee quality parameters under isolation

94


https://doi.org/10.21162/PAKJAS/23.37
https://doi.org/10.2317/JKES-705.13.1
https://dx.doi.org/10.21608/jppp.2021.153277
https://doi.org/10.1111/j.1748-5967.2008.00151.x
https://doi.org/10.1177/25168657231213717
https://doi.org/10.3390/insects8020048

conditions. Turkish Journal of Veterinary & Animal Sciences, 40(4), 468-475.
https://doi.org/10.3906/vet-1507-28

Amulen, D. R., D’Haese, M., D'Haene, E., Okwee Acai, J., Agea, J. G., Smagghe, G., &
Cross, P. (2019). Estimating the potential of beekeeping to alleviate household
poverty in rural Uganda. PloS one, 14(3), e0214113.
https://doi.org/10.1371/journal.pone.0214113

Anandaraj, K. (2017). Studies on the role of selective breeding and queen rearing techniques
in the production of tolerant strain in Apis cerana indica.

http://hdl.handle.net/10603/229175

Arslan, S., & Arslan, H. S. (2024). Determination of the Effect of Live Weight on Various
Quality Parameters of Commercially Reared Queens (4pis mellifera L.) in Turkey.
Polish Journal of  Environmental Studies, 33(6), 6047-6054.
https://doi.org/10.15244.com/pjoes/184636

Arslan, S., Cengiz, M. M., Giil, A., & Sayed, S. (2021). Evaluation of the standards
compliance of the queen bees reared in the Mediterranean region in Turkey. Saudi
Journal of Biological Sciences, 28(5), 2686-2691.
https://doi.org/10.1016/j.sjbs.2021.03.009

Atwal, A. S., & Sharma, O. P. (1970). a. Brood rearing activity of the Italian honey bee Apis
mellifera L. in the Punjab plains at Ludhiana. /ndian Bee J, 32, 62-67.

Berk, Z. (2016). Citrus fruit processing. Amsterdam: Academic Press.

Bixby, M., Hoover, S. E., McCallum, R., Ibrahim, A., Ovinge, L., Olmstead, S., Pernal, S.
F., Zayed, A., Foster, L. J., & Guarna, M. M. (2020). Honey bee queen production:
Canadian costing case study and profitability analysis. Journal of Economic

Entomology, 113(4), 1618-1627. https://doi.org/10.1101/2020.01.14.906461

Bogdanov, S. (2016). Beeswax. Beeswax book. Bee Prod. Sci, 2-10.

95


https://doi.org/10.3906/vet-1507-28
https://doi.org/10.1371/journal.pone.0214113
http://hdl.handle.net/10603/229175
https://doi.org/10.15244.com/pjoes/184636
https://doi.org/10.1016/j.sjbs.2021.03.009
https://doi.org/10.1101/2020.01.14.906461

Brar, A. S., Sharma, H. K., & Rana, K. (2018). Colony strength and food reserves of Apis
mellifera L. under stationary and migratory beekeeping in Himachal Pradesh India.

Journal of Entomology and Zoology Studies, 6(5), 1156-1159.

Brodschneider, R., & Crailsheim, K. (2010). Nutrition and health in honey bees. Apidologie,
41(3), 278-294. https://doi.org/10.1051/apido/2010012

Biichler, R., Andonov, S., Bernstein, R., Bienefeld, K., Costa, C., Du, M., Gabel, M., Given,
K., Hatjina, F., Harpur, B.A., Hoppe, A., Kezic, N., Kovaci¢, M., Kryger, P.,
Mondet, F., Spivak, M., Uzunov, A., Wegener, J. & Wilde, J. (2024). Standard
methods for rearing and selection of Apis mellifera queens 2.0. Journal of

Apicultural Research, 1-57. https://doi.org/10.1080/00218839.2023.2295180

Biichler, R., Andonov, S., Bienefeld, K., Costa, C., Hatjina, F., Kezic, N., Kryger, P.,
Spivak, M., Uzunov, A. & Wilde, J. (2013). Standard methods for rearing and
selection of Apis mellifera queens. Journal of Apicultural Research, 52(1), 1-30.
https://doi.org/10.3896/IBRA.1.52.1.07

Biichler, R., Costa, C., Hatjina, F., Andonov, S., Meixner, M. D., Conte, Y. L., Uzunov, A.,
Berg, S., Bienkowska, M., Bouga, M., Drazic, M., & Wilde, J. (2014). The influence
of genetic origin and its interaction with environmental effects on the survival of
Apis mellifera L. colonies in Europe. Journal of Apicultural Research, 53(2), 205-
214. https://doi.org/10.3896/IBRA.1.53.2.03

Canverdi, N., Ozbakir, G. O., Cankaya, S., Duman, M., Kayaboynu, U., Yilmaz, F., Ese, H.
and Giinbey, B. (2023). The effects of altitude and rearing period on some
characteristics of honey bee queens, Apis mellifera caucasica Gorbachev, 1916
(Hymenoptera: Apidae). Turkish Journal of Entomology, 47(3), 295-306.
https://doi.org/10.16970/entoted. 1207868

Canverdi, N., Ozbakir, G.O., Cankaya, S., Duman, M., Kayaboynu, U., Yilmaz, F., Ese, H.
& Giinbey, B. (2023). The effects of altitude and rearing period on some

96


https://doi.org/10.1051/apido/2010012
https://doi.org/10.1080/00218839.2023.2295180
https://doi.org/10.3896/IBRA.1.52.1.07
https://doi.org/10.3896/IBRA.1.53.2.03
https://doi.org/10.16970/entoted.1207868

characteristics of honey bee queens, Apis mellifera caucasica Gorbachev, 1916
(Hymenoptera: Apidae). Turkish Journal of Entomology, 47(3), 295-306.
https://doi.org/10.16970/entoted. 1207868

Carroll, M. J., Brown, N. J., Ruetz, Z., Ricigliano, V. A., & Anderson, K. E. (2023). Honey
bee retinue workers respond similarly to queens despite seasonal differences in
Queen Mandibular Pheromone (QMP) signaling. Plos one, 18(9), €0291710.
https://doi.org/10.1371/journal.pone.0291710

Cengiz, M., Emsen, B., & Dodologlu, A. (2009). Some characteristics of queenbees (4pis
mellifera L.) rearing in queenright and queenless colonies. Journal of Animal and

Veterinary Advances, 8(6), 1083-1085. ISSN: 1680-5593

Cengiz, M., Yazici, K., & 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 Veteriner Fakultesi

Dergisi, 25. http://doi.org/10.9775/kvfd.2019.21998

Chaand, D., Sharma, D., Ganai, S. A., Norboo, T., & Sharma, S. (2017). Effect of colony
strength on colony build up and foraging activity of Apis mellifera L. Journal of
Entomology and Zoology Studies, 5(6), 1369-1373.

Chanthayod, S., Zhang, W., & Chen, J. (2017). People’s perceptions of the benefits of
natural beekeeping and its positive outcomes for forest conservation: a case study in
Northern Lao PDR. Tropical Conservation Science, 10, 1940082917697260.
https://doi.org/10.1177/1940082917697260

Chatha, A. M. M., Naz, S., & Danabas, D. (2022). Effects of environmental factors on the
physiology and development of honey bees. Abasyn Journal of Life Sciences, 5(2),
33-51. https://doi.org/10.34091/AJLS.5.2.5

97


https://doi.org/10.16970/entoted.1207868
https://doi.org/10.1371/journal.pone.0291710
http://doi.org/10.9775/kvfd.2019.21998
https://doi.org/10.1177/1940082917697260
https://doi.org/10.34091/AJLS.5.2.5

Contreras-Martinez, C. A., Contreras-Escarefio, F., Macias-Macias, J. O., Tapia-Gonzalez,
J. M., Petukhova, T., & Guzman-Novoa, E. (2017). Effect of Different Substrates
on the Acceptance of Grafted Larvae in Commercial Honey Bee (Apis Mellifera)
Queen Rearing. Journal of apicultural  science, 61(2), 245-251.
http://dx.doi.org/10.1515/jas-2017-0019

Corby-Harris, V., & Snyder, L. A. (2018). Measuring hypopharyngeal gland acinus size in
honey bee (Apis mellifera) workers. Journal of visualized experiments: JoVE, (139),
58261. https://doi.org/10.3791/58261

Costa, C., Lodesani, M., & Bienefeld, K. (2012). Differences in colony phenotypes across
different origins and locations: evidence for genotype by environment interactions
in the Italian honeybee (Apis mellifera ligustica)?. Apidologie, 43(6), 634-642.
https://doi.org/10.1007/s13592-012-0138-9

Crailsheim, K., Brodschneider, R., Aupinel, P., Behrens, D., Genersch, E., Vollmann, J., &
Riessberger-Gall¢, U. (2013). Standard methods for artificial rearing of Apis
mellifera  larvae. Journal of  Apicultural  Research, 52(1), 1-16.
http://dx.doi.org/10.3896/IBRA.1.52.1.05

De Souza, D. A., Bezzera-Laure, M. A. F., Francoy, T. M., & Gongalves, L. S. (2013).
Experimental evaluation of the reproductive quality of Africanized queen bees (4Apis
mellifera) on the basis of body weight at emergence. Genetics and Molecular

Research, 12(4), 5382-5391. https://doi.org/10.4238/2013.November.7.13

De Souza, D. A., Hartfelder, K. H., & 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). Journal of Economic Entomology,

112(5), 2030-2039. https://doi.org/10.1093/jee/toz148

Dedej, S., Hartfelder, K., Aumeier, P., Rosenkranz, P., & Engels, W. (1998). Caste

determination is a sequential process: effect of larval age at grafting on ovariole

98


http://dx.doi.org/10.1515/jas-2017-0019
https://doi.org/10.3791/58261
https://doi.org/10.1007/s13592-012-0138-9
http://dx.doi.org/10.3896/IBRA.1.52.1.05
https://doi.org/10.4238/2013.November.7.13
https://doi.org/10.1093/jee/toz148

number, hind leg size and cephalic volatiles in the honey bee (Apis mellifera
carnica). Journal of  Apicultural Research, 37(3), 183-190.
https://doi.org/10.1080/00218839.1998.11100970

DeGrandi-Hoffman, G., & Chen, Y. (2015). Nutrition, immunity and viral infections in
honey bees. Current opinion in insect science, 10, 170-176.

https://doi.org/10.1016/j.c01s.2015.05.007

DeGrandi-Hoffman, G., Corby-Harris, V., Carroll, M., Toth, A.L., Gage, S., Watkins
deJong, E., Graham, H., Chambers, M., Meador, C., & Obernesser, B. (2021). The
importance of time and place: nutrient composition and utilization of seasonal
pollens by European honey bees (Apis mellifera L.). Insects, 12(3), 235.
https://doi.org/10.3390/insects 12030235

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

Delaplane, K. S., Van Der Steen, J., & Guzman-Novoa, E. (2013). Standard methods for
estimating strength parameters of Apis mellifera colonies. Journal of Apicultural

Research, 52(1), 1-12. http://dx.doi.org/10.3896/IBRA.1.52.1.03

Dhaliwal, N. K., Singh, J., & Chhuneja, P. K. (2017). Comparative evaluation of Doolittle,
Cupkit and Karl Jenter techniques for rearing Apis mellifera Linnaeus queen bees
during breeding season. Journal of Applied and Natural Science, 9(3), 1658-1661.
https://doi.org/10.31018/jans.v9i3.1417

Dhaliwal, N. K., Singh, J., & Chhuneja, P. K. (2019). Comparative evaluation of mass queen
bee rearing techniques for Apis mellifera (Hymenoptera: Apidae) in autumn season.

Journal of Entomology and Zoology Studies.

99


https://doi.org/10.1080/00218839.1998.11100970
https://doi.org/10.1016/j.cois.2015.05.007
https://doi.org/10.3390/insects12030235
http://dx.doi.org/10.1051/apido/2010027
http://dx.doi.org/10.3896/IBRA.1.52.1.03
https://doi.org/10.31018/jans.v9i3.1417

Di Pasquale, G., Alaux, C., Conte, Y., Le Odoux, J., Pioz, M., Vaissi¢re, B. E., Belzunces,
L. P., & Decourtye A. (2016). Variations in the availability of pollen resources affect
honey bee health. PLoS One. 11(9):1-15. https://doi/10.1371/journal.pone.0162818

Di Pasquale, G., Salignon, M., Le Conte, Y., Belzunces, L. P., Decourtye, A., Kretzschmar,
A., Suchail, S., Brunet, J. L., & Alaux, C. (2013). Influence of pollen nutrition on
honey bee health: do pollen quality and diversity matter?. PloS one, §(8), €72016.
https://doi.org/10.1371/journal.pone.0072016

Dodologlu, A., Emsen, B., & Gene, F. (2004). Comparison of some characteristics of queen
honey bees (Apis mellifera L.) reared by using Doolittle method and natural queen
cells.  Journal of  Applied  Animal  Research,  26(2), 113-115.
https://doi.org/10.1080/09712119.2004.9706518

Doeke, M. A., Frazier, M., & Grozinger, C. M. (2015). Overwintering honey bees: biology
and management. Current opinion in insect science, 10, 185-193.

https://doi.org/10.1016/j.c01s.2015.05.014

Dolasevic, S., Stevanovic, J., Aleksic, N., Glavinic, U., Deletic, N., Mladenovic, M., &
Stanimirovic, Z. (2020). The effect of diet types on some quality characteristics of

artificially reared Apis mellifera queens. Journal of Apicultural Research, 59(1),
115-123. https://doi.org/10.1080/00218839.2019.1673965

Dolezal, A. G., & Toth, A. L. (2018). Feedbacks between nutrition and disease in honey bee
health. Current Opinion in Insect Science, 26, 114-119.
https://doi.org/10.1016/1.c01s.2018.02.006

Doolittle GM. 1889. Scientific Queen Rearing. Thomas G Newman and Sons, Ills, Chicago.
132p.

100


https://doi/10.1371/journal.pone.0162818
https://doi.org/10.1371/journal.pone.0072016
https://doi.org/10.1080/09712119.2004.9706518
https://doi.org/10.1016/j.cois.2015.05.014
https://doi.org/10.1080/00218839.2019.1673965
https://doi.org/10.1016/j.cois.2018.02.006

Doolittle, G. M. (1915). Scientific queen-rearing as practically applied: being a method by
which the best of queen-bees are reared in perfect accord with nature's ways (p. 126).

Hamilton, IL: American Bee Journal.

Durazzo, A., Lucarini, M., Plutino, M., Lucini, L., Aromolo, R., Martinelli, E., Souto, E.
B., Santini, A., & Pignatti, G. (2021). Bee products: A representation of biodiversity,
sustainability, and health. Life, 11(9), 970. https://doi.org/10.3390/1ife11090970

Ebadi, R., & Gary, N. E. (1980). Acceptance by honeybee colonies of larvae in artificial
queen cells. Journal of  Apicultural  Research, 19(2), 127-132.
https://doi.org/10.1080/00218839.1980.11100011

El Ghouizi, A., Bakour, M., Laaroussi, H., Ousaaid, D., El Menyiy, N., Hano, C., & Lyoussi,
B. (2023). Bee pollen as functional food: Insights into its composition and
therapeutic properties. Antioxidants, 12(3), 557.
https://doi.org/10.3390/antiox12030557

El-Din, H. A. E. S. (1999). Biological and ecological studies on rearing honeybee (Apis
mellifera L.) for commercial queens production. Honeybee Sci, 20(3), 127-130.

Emsen, B., Dodologlu, A., & Gene, F. (2003). Effect of larvae age and grafting method on
the larvae accepted rate and height of sealed queen cell (Apis mellifera L.). Journal
of Applied Animal Research, 24(2), 201-206.
https://doi.org/10.1080/09712119.2003.9706457

Facchini, E., De lorio, M. G., Turri, F., Pizzi, F., Laurino, D., Porporato, M., Rizzi, R. &
Pagnacco, G. (2021). Investigating genetic and phenotypic variability of queen bees:
Morphological ~ and  reproductive  traits.  Animals,  11(11), 3054.
https://doi.org/10.3390/anil 1113054

101


https://doi.org/10.3390/life11090970
https://doi.org/10.1080/00218839.1980.11100011
https://doi.org/10.3390/antiox12030557
https://doi.org/10.1080/09712119.2003.9706457
https://doi.org/10.3390/ani11113054

Fikadu, Z. (2019). The contribution of managed honey bees to crop pollination, food
security, and economic stability: Case of Ethiopia. The Open Agriculture Journal,

13(1). https://doi.org/10.2174/1874331501913010175

Fratini, F., Cilia, G., Mancini, S., & Felicioli, A. (2016). Royal Jelly: An ancient remedy
with remarkable antibacterial properties. Microbiological research, 192, 130-141.
https://doi.org/10.1016/j.micres.2016.06.007

Fratini, F., Cilia, G., Mancini, S., & Felicioli, A. (2016). Royal Jelly: An ancient remedy
with remarkable antibacterial properties. Microbiological research, 192, 130-141.

https://doi.org/10.1016/j.micres.2016.06.007

Gabka, J., Ochnio, M., Kaminski, Z., & Madras-Majewska, B. (2011). Effect of age of eggs
used for rearing honey bee queens on the number of received queen cells. Journal

of Apicultural Science, 55, 47-53.

Gallo, V., & Chittka, L. (2018). Cognitive aspects of comb-building in the honeybee? Front.
Psychol. 9, 900-909. https://doi.org/10.3389/fpsyg.2018.00900

Gatoria G. S., Aulakh R. K., Chhuneja P. K., Singh B., & Kamaldeep. (2004). Evaluation
of queen cup-kit apparatus for mass rearing of Apis mellifera L. queen bees.

International Journal of Insect Science, 10(3),101- 103.

Gatoria G. S., Chhuneja P. K., Singh J., & Singh B. (2004). Mass queen bee rearing in Apis
mellifera Linnaeus. Indian Bee journal, 66(1-2), 41-51.

Gatoria, G. S., Aulakh, R. K., Chhuneja, P. K., Baljit Singh, B. S., & Kamaldeep, K. (2004).
Evaluation of queen cup-kit apparatus for mass rearing of Apis mellifera Linn. queen

bees. Insect Environment, 10(3), 101-103.

Gatoria, G. S., Singh, B., & Singh, L. (2000). Effect of diameter of queen cell cups on mass
rearing of Apis mellifera L. queen bees. Indian Bee Journal, 62(1,2), 59-61.

102


https://doi.org/10.2174/1874331501913010175
https://doi.org/10.1016/j.micres.2016.06.007
https://doi.org/10.1016/j.micres.2016.06.007
https://doi.org/10.3389/fpsyg.2018.00900

Gatoria, R. S., Chhuneja, P. K., Singh, J., & Singh, B. (2004). Mass queen bee rearing in
Apis mellifera L. Indian Bee Journal, 66(1&2), 41-50.

Gemeda, T. K. (2014). Testing the effect of dearth period supplementary feeding of
honeybee (Apis mellifera) on brood development and honey production.

International Journal of Advanced Research, 2(11), 319-324.

Gene, F. (1997). The basic beekeeping. College of Agriculture, Ataturk University,

Erzurum, 188.

Genger, H. V., Shah, S. Q., & Firatli, C. (2000). Effects of supplemental feeding of queen
rearing colonies and larval age on the acceptance of grafted larvae and queen traits.
Pakistan Journal of Biological Sciences (Pakistan).

https://doi.org/10.3923/pibs.2000.1319.1322

Gene, F., Emsen, B., & Dodologlu, A. (2005). Effects of rearing period and grafting method
on the queen bee rearing. Journal of Applied Animal Research, 27(1), 45-48.
https://doi.org/10.1080/09712119.2005.9706535

Ghosh, S., Jang, H., Sun, S., & Jung, C. (2024). Nutrient Composition and Quality
Assessment of Royal Jelly Samples Relative to Feed Supplements. Foods, 13(12),
1942. https://doi.org/10.3390/foods13121942

Gomez, K. A., & Gomez, A. A. (1986). Statistical procedures for agricultural research.
John Wiley and Sons, Inc., New York, 1984, 680 pp.

Gong, Y., & Diao, Q. (2017). Current knowledge of detoxification mechanisms of
xenobiotic in honey bees. Ecotoxicology, 26(1), 1-12.
https://doi.org/10.1007/s10646-016-1742-7

Goodman, R. (2008). Raising Queen Honey Bees. Agriculture Notes, ID: AG1194. State of
Victoria, De-partment of Primary Industries. ISSN 1329-8062.

103


https://doi.org/10.3923/pjbs.2000.1319.1322
https://doi.org/10.1080/09712119.2005.9706535
https://doi.org/10.3390/foods13121942
https://doi.org/10.1007/s10646-016-1742-7

Greco, M. K. (2010). Imaging techniques for improved bee management. ALP science.

Gregorc, A. (2005). Vzreja &ebeljih matic (Apis mellifera carnica). Zirovnica—Cebelarska

zveza Zgornje Gorenjske, 48.

Gregorc, A., & Lokar, V. (2010). Selection criteria in an apiary of Carniolan honey bee
(Apis mellifera carnica) colonies for queen rearing. Journal of Central European

Agriculture. http://dx.doi.org/10.5513/JCEA01/11.4.848

Guda, A. Z. G., Elshemy, A. A. E., & El-Enany, Y. E. (2023). Effect of Rearing Season on
Queen and the Reproduction of Apis mellifera carnica and: honeybee queens
reproductive characters. Indian  Journal  of  Entomology, 1-5.

https://doi.org/10.55446/1JE.2023.885

Guda, A. Z. G., Elshemy, A. A. E., & El-Enany, Y. E. (2024). Effect of Rearing Season on
Queen and the Reproduction of Apis mellifera carnica and A mellifera ligustica.

Indian Journal of Entomology, 1-5. https://doi.org/10.55446/1JE.2023.885

Guzman-Novoa, E. (2007). Elemental genetics and breeding for the honeybee. University
of Guelph.

Hamdan, K. (2010). Rearing Honeybee Queens. Apeldoores Bee world; 87:4.

Hamdan, K. (2011). How to raise a queen bee by the Hopkins method. Bee World, 88(1),
11-13. https://doi.org/10.1080/0005772X.2011.11417387

Harano, K. 1., Sasaki, M., & Sasaki, K. (2007). Effects of reproductive state on rhythmicity,
locomotor activity and body weight in European honeybee, Apis mellifera

(Hymenoptera, Apini) queens. Sociobiology, 50(1).

Hatjina, F., Bienkowska, M., Charistos, L., Chlebo, R., Costa, C., Drazi¢, M. M., Filipi, J.,
Gregorc, A., Ivanova, E. N., Kezi¢, N., Kopernicky, J., & Wilde, J. (2014). A review

of methods used in some European countries for assessing the quality of honey bee

104


http://dx.doi.org/10.5513/JCEA01/11.4.848
https://doi.org/10.55446/IJE.2023.885
https://doi.org/10.55446/IJE.2023.885
https://doi.org/10.1080/0005772X.2011.11417387

queens through their physical characters and the performance of their colonies.
Journal of Apicultural Research, 53(3), 337-363.
https://doi.org/10.3896/IBRA.1.53.3.02

Hatjina, F., Costa, C., Biichler, R., Uzunov, A., Drazic, M., Filipi, J., Charistos, L.,
Ruottinen, L., Andonov, S., Meixner, M. D., Bienkowska, M., & Kezic, N. (2014).
Population dynamics of European honey bee genotypes under different
environmental conditions. Journal of Apicultural Research, 53(2), 233-247.
https://doi.org/10.3896/IBRA.1.53.2.05

Hayworth, M. K., Johnson, N. G., Wilhelm, M. E., Gove, R. P., Metheny, J. D., & Rueppell,
0. (2009). Added weights lead to reduced flight behavior and mating success in
polyandrous honey bee queens (Apis mellifera). Ethology, 115(7), 698-706.
https://doi.org/10.1111/].1439-0310.2009.01655.x

Helaly, K. (2018). Study of some factors affecting the production of royal jelly under Kafr
El Shaikh governorate conditions (Doctoral dissertation, PhD. Thesis, Fac. Agric.,
Al-Azhar Univ., 198p).

Holmes, L. A., Kearns, J. D., Ovinge, L. P., Wolf Veiga, P., & Hoover, S. E. (2023).
Requeening queenright honey bee colonies with queen cells in honey supers.

Journal of Insect Science, 23(5), 20. https://doi.org/10.1093/jisesa/iead091

Holmes, L. A., Ovinge, L. P., Kearns, J. D., Ibrahim, A., Wolf Veiga, P., Guarna, M. M.,
Pernal, S. F., & Hoover, S. E. (2023). Queen quality, performance, and winter

survival of imported and domestic honey bee queen stocks. Scientific Reports, 13(1),

17273. https://doi.org/10.1038/s41598-023-44298-x

Hussain, A. R. E., Abied, M. K., Abo Laban, G. F., & Badwy, A. 1. (2020). Effect of
different seasons on the royal jelly production under Nasr City conditions—Cairo-

Egypt. Egyptian Academic Journal of Biological Sciences. A, Entomology, 13(3),
197-205. https://dx.doi.org/10.21608/eajbsa.2020.110603

105


https://doi.org/10.3896/IBRA.1.53.3.02
https://doi.org/10.3896/IBRA.1.53.2.05
https://doi.org/10.1111/j.1439-0310.2009.01655.x
https://doi.org/10.1093/jisesa/iead091
https://doi.org/10.1038/s41598-023-44298-x
https://dx.doi.org/10.21608/eajbsa.2020.110603

Jagdale, Y. D., Mahale, S. V., Zohra, B., Nayik, G. A., Dar, A. H., Khan, K. A., Abdi, G. &
Karabagias, 1. K. (2021). Nutritional profile and potential health benefits of super
foods: a review. Sustainability, 13(16), 9240. https://doi.org/10.3390/sul3169240

Jeannerod, L., Carlier, A., Schatz, B., Daise, C., Richel, A., Agnan, Y., Baude, M., &
Jacquemart, A. L. (2022). Some bee-pollinated plants provide nutritionally

incomplete pollen amino acid resources to their pollinators. PLoS One, 17(8),

€0269992. https://doi.org/10.1371/journal.pone.0269992

Johannsmeier, M. F., & Mostert, A. J. N. (2001). South African nectar and pollen flora.
Beekeeping in South Africa, 3, 127-148.

Joseph, L. (2011) Queen Rearing Basics. Latshaw Apiaries LLC. Harlem Road. New
Albany. OH 430541614.855.9065.

Kaftanoglu, O., & Kumova, U. (1992). A study on the effects on rearing seasons on the
quality of queen honeybees (Apis mellifera L.) raised under Cukurova region

conditions. Turk. J. Vet. Anim. Sci, 16, 569-577.

Kahya, Y., Genger, H. V., & 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. Journal of  Apicultural Research, 47(2), 118-125.
http://dx.doi.org/10.1080/00218839.2008.11101437

Kamakura, M. (2011). Royalactin induces queen differentiation in honeybees. Nature,

473(7348), 478-483. https://doi.org/10.1038/nature10093

Kamboj, R., Sharma, S. K., Rathee, M., & Rao, N. (2023). Comparative Quality Traits of
Apis mellifera L. Queens Raised through Standard Queen Rearing Methods in the
Spring Breeding Season. [International Journal of Environment and Climate

Change, 13(11), 1668-1678. https://doi.org/10.9734/ijecc/2023/v13i1113322

106


https://doi.org/10.3390/su13169240
https://doi.org/10.1371/journal.pone.0269992
http://dx.doi.org/10.1080/00218839.2008.11101437
https://doi.org/10.1038/nature10093
https://doi.org/10.9734/ijecc/2023/v13i113322

Kamel, S. M., Osman, M. A. M., Mahmoud, M. F., Mohamed, K. M., & Abd Allah, S. M.
(2013). Morphometric study of newly emerged unmated queens of honey bee Apis
mellifera L. in Ismailia Governorate, Egypt. Arthropods, 2(2), 80-88.

Khalifa, S. A., Elshafiey, E. H., Shetaia, A. A., El-Wahed, A. A. A., Algethami, A. F.,
Musharraf, S. G., AlAjmi, M. F., Zhao, C., Masry, S. H. D., Abdel-Daim, M. M.,
Halabi, M. F., Kai G., Al Naggar Y., Bishr M., Diab M. A. M., & El-Seedi H. R.
(2021). Overview of bee pollination and its economic value for crop production.

Insects, 12(8), 688 https://doi.org/10.3390/insects 12080688

Khan, K. A., & Ghramh, H. A. (2022). Evaluation of queen cell acceptance and royal jelly
production between hygienic and non-hygienic honey bee (4pis mellifera) colonies.

PloS one, 17(3), €0266145. https://doi.org/10.1371/journal.pone.0266145

Khan, K. A., & Ghramh, H. A. (2022). Nutritional efficacy of different diets supplemented
with microalga Arthrospira platensis (spirulina) in honey bees (Apis mellifera).
Journal of  King Saud University-Science, 34(2), 101819.
https://doi.org/10.1016/].jksus.2021.101819

Khan, K. A., Ghramh, H. A., Ahmad, Z., EI-Niweiri, M. A., & Ahamed Mohammed, M. E.
(2021). Queen cells acceptance rate and royal jelly production in worker honey bees
of two  Apis  mellifera  races. PloS ome, 16(4), e0248593.
https://doi.org/10.1371/journal.pone.0248593

Khattaby, M. A., Yousif, S. 1., Helaly, W. M., & Sanad, R. E. (2018). Factors affecting
acceptance and mating success of honeybee virgin queens, Apis mellifera L. Zagazig
Journal of Agricultural Research, 45(4), 1283-1289.
https://doi.org/10.21608/zjar.2018.48573

Klein, A. M., Vaissiere, B. E., Cane, J. H., Steffan-Dewenter, 1., Cunningham, S. A.,
Kremen, C., & Tscharntke, T. (2007). Importance of pollinators in changing

107


https://doi.org/10.3390/insects12080688
https://doi.org/10.1371/journal.pone.0266145
https://doi.org/10.1016/j.jksus.2021.101819
https://doi.org/10.1371/journal.pone.0248593
https://doi.org/10.21608/zjar.2018.48573

landscapes for world crops. Proceedings of the royal society B: biological sciences,

274(1608), 303-313. https://doi.org/10.1098/rspb.2006.3721

Koc, A. U., & Karacaoglu, M. (2004). Effects of rearing season on the
quality of queen honeybees (A4pis mellifera L.) raised under the
conditions of  Aegean  Region.  Mellifera, 4(7),  2-5, 34-37.
https://eurekamag.com/research/004/137/004137115.php

Kog, A. U., & Karacaoglu, M. (2011). Effects of queen rearing period on reproductive
features of Italian (Apis mellifera ligustica), Caucasian (4pis mellifera caucasica),
and Aegean ecotype of Anatolian honey bee (Apis mellifera anatoliaca) queens.
Turkish  Journal of Veterinary & Animal Sciences, 35(4), 271-276.
https://doi.org/10.3906/vet-1007-375

Koch, H., Brown, M. J., & Stevenson, P. C. (2017). The role of disease in bee foraging
ecology. Current opinion in insect science, 21, 60-67.

https://doi.org/10.1016/j.c0is.2017.05.008

Kovacic, M., & Puskadija, Z. (2016). Effect of queen cell preparation on larvae acceptance
in starter honeybee colonies. In Proceedings of 5th International Conference" Valis

Aurea" focus on research and innovation (pp. 229-233).

Kovaci¢, M., Puskadija, Z., Drazi¢, M. M., Uzunov, A., Meixner, M. D., & Biichler, R.
(2020). Effects of selection and local adaptation on resilience and economic
suitability in Apis mellifera carnica. Apidologie, 51(6), 1062-1073.
https://doi.org/10.1007/s13592-020-00783-0

Kumar, M., Abrol, D. P., Sharma, D., Vikram, U. S., & Singh, A. K. (2021). Impact of
artificial diets on performance of Apis mellifera colonies during dearth periods.

Journal of Entomology and Zoology Studies, 9(3), 404-409.

108


https://doi.org/10.1098/rspb.2006.3721
https://eurekamag.com/research/004/137/004137115.php
https://doi.org/10.3906/vet-1007-375
https://doi.org/10.1016/j.cois.2017.05.008
https://doi.org/10.1007/s13592-020-00783-0

Kumar, N. (2018). Evaluation of larval grafted queen and natural reared queen of Italian
honey bees (Apis mellifera L.). Journal of Pharmacognosy and Phytochemistry,
7(1S), 3181-3183.

Kumar, R., & Mall, P. (2018). Important traits for the selection of honey bee (4pis mellifera
L.) colonies. J. Entomol, 6, 906-909.

Kumar, R., Rajput, G. S., Mishra, R. C., & Agrawal, O. P. (2013). A study on assessment
of duration of dearth period for Honey bees in Haryana, India. Munis Entomology
& Zoology, 8(1), 434-437.

Lamontagne-Drolet, M., Samson-Robert, O., Giovenazzo, P., & Fournier, V. (2019). The
impacts of two protein supplements on commercial honey bee (4Apis mellifera L.)
colonies. Journal of  Apicultural Research, 58(5), 800-813.
https://doi.org/10.1080/00218839.2019.1644938

Lashari, M. A., Ahmed, A. M., Aljedani, D. M., Khoso, F. N., Mahmood, R., Rafique, M.
K., Ghramh, H. A., Akram, W., Ahmad, S., Hussain, S., & Khan, K. A. (2025).
Grafted Larval Age as a Factor Affecting Honeybee (Apis mellifera) Queen Cell
Acceptance and Morphometric Characteristics. Pakistan Journal of Zoology, 57(3),
1073. https://doi.org/10.17582/journal.pjz/20231105074710

Lashari, M. A., Ghramh, H. A., Ahmed, A. M., Mahmood, R., Rafique, M. K., Ahmad, S.,
AL-Shehri, B. M., Mohammed, M. E. A., & Khan, K. A. (2022). Aptness of diverse
queen cup materials for larval graft acceptance and queen bee emergence in
managed honey bee (Apis mellifera) colonies. Journal of King Saud University-
Science, 34(4), 102043. https://doi.org/10.1016/].jksus.2022.102043

Le Conte, Y., & Navajas, M. (2008). Climate change: impact on honey bee populations and
diseases. Revue Scientifique et Technique-Olffice International des Epizooties, 27(2),
499-510. https://doi.org/10.20506/RST.27.2.1819

109


https://doi.org/10.1080/00218839.2019.1644938
https://doi.org/10.17582/journal.pjz/20231105074710
https://doi.org/10.1016/j.jksus.2022.102043
https://doi.org/10.20506/RST.27.2.1819

Lopez-Uribe, M. M., Ricigliano, V. A., & Simone-Finstrom, M. (2020). Defining pollinator
health: a holistic approach based on ecological, genetic, and physiological factors.
Annual Review of Animal Biosciences, 8(1), 269-294.
https://doi.org/10.1146/annurev-animal-020518-115045

Lukoschus, F. (1955). Stoffwechselvorgéinge wihrend der Entwicklung von Konigin und
Arbeiterin und ihre mogliche Bedeutung fiir die kiinstliche Aufzucht von

Koniginnen. Z. Bienenforsch., 3(2), 40-45.

Lukoschus, F. (1956). Stoffwechselstimulierende hormone als Ursache des Verhaltens der
Honigbiene bei der Aufzucht von Geschlechtstieren. Insectes sociaux, 3, 185-193.

https://doi.org/10.1007/BF02230678

Ma, C., Ahmat, B., & Li, J. (2022). Effect of queen cell numbers on royal jelly production
and quality. Current Research in Food Science, 5, 1818-1825.
https://doi.org/10.1016/].crfs.2022.10.014

Macicka, M. (1985). The effect of several factors on the acceptance of larvae and on queen

weight. Zeszyty Naukowe, 29, 73-80.

Mahankuda, B., & Tiwari, R. (2024). Impact of Climate Change on Honeybees and Crop
Production. In Adapting to Climate Change in Agriculture-Theories and Practices:
Approaches for Adapting to Climate Change in Agriculture in India (pp. 211-224).
Cham: Springer Nature Switzerland. https://doi.org/10.1007/978-3-031-28142-6_8

Mahbobi, A., Farshineh-Adl, M., Woyke, J., & 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(1), 93. https://doi.org/10.2478/v10289-012-
0010-1

110


https://doi.org/10.1146/annurev-animal-020518-115045
https://doi.org/10.1007/BF02230678
https://doi.org/10.1016/j.crfs.2022.10.014
https://doi.org/10.1007/978-3-031-28142-6_8
https://doi.org/10.2478/v10289-012-0010-1
https://doi.org/10.2478/v10289-012-0010-1

Mahfouz, H. M. (2016). Impact of Winter Feeding with Some Protein Pollen Supplement
Diets on the Biological Activities of Honeybees. Journal of Plant Protection and

Pathology, 7(5), 307-310. https://dx.doi.org/10.21608/jppp.2016.50556

Maleszka, R. (2018). Beyond Royalactin and a master inducer explanation of phenotypic
plasticity in  honey  bees. Communications  biology, (1), 8.

https://doi.org/10.1038/s42003-017-0004-4

Masry, S. H., Abd ElI-Wahab, T. E., & Hassona, N. M. (2015). Origin, weight at emergence
of virgin honey bee queens and its effect on acceptance during introduction.
Academic Journal of Entomology, 8(4), 174-182.
https://doi.org/10.5829/idosi.aje.2015.8.4.96198

Mattiello, S., Rizzi, R., Cattaneo, M., Martino, P. A., & Mortarino, M. (2022). Effect of
queen cell size on morphometric characteristics of queen honey bees (Apis mellifera
ligustica).  [ltalian  Journal  of  Animal  Science,  21(1), 532-538.
https://doi.org/10.1080/1828051X.2022.2043790

Mattila, H. R., & Otis, G. W. (2006). Influence of pollen diet in spring on development of
honey bee (Hymenoptera: Apidae) colonies. Journal of economic entomology,

99(3), 604-613. https://doi.org/10.1093/jee/99.3.604

Maucourt, S., Fortin, F., Robert, C., & Giovenazzo, P. (2020). Genetic parameters of honey
bee colonies traits in a Canadian selection program. [Insects, 11(9), 587.

https://doi.org/10.3390/insects11090587

Maucourt, S., Fortin, F., Robert, C., & Giovenazzo, P. (2021). Genetic progress achieved
during 10 years of selective breeding for honeybee traits of interest to the beekeeping

industry. Agriculture, 11(6), 535. https://doi.org/10.3390/agriculture1 1060535

McKinley, W. M. (1963). Grafting-how it is done. Glean Bee Cult, 91, 404-409.

111


https://dx.doi.org/10.21608/jppp.2016.50556
https://doi.org/10.1038/s42003-017-0004-4
https://doi.org/10.5829/idosi.aje.2015.8.4.96198
https://doi.org/10.1080/1828051X.2022.2043790
https://doi.org/10.1093/jee/99.3.604
https://doi.org/10.3390/insects11090587
https://doi.org/10.3390/agriculture11060535

McMenamin, A., Weiss, M., Meikle, W., & Ricigliano, V. (2023). Efficacy of a microalgal
feed additive in commercial honey bee colonies used for crop pollination. ACS
Agricultural Science & Technology, 3(9), 748-759.
https://doi.org/10.1021/acsagscitech.3c¢00082

Metorima, F. N., Costa-Maia, F. M., Halak, A. L., Parpinelli, R. S., & Toledo, V. D. A. A.
D. (2015). Morphometric measurements of Africanized honeybee queens kept in an
incubator or in queen banking. Acta Scientiarum. Animal Sciences, 37, 91-96.

https://doi.org/10.4025/actascianimsci.v37i1.24006

Miller, C. C. (2006). Fifty years among the bees. Courier Corporation.

Mirwan, H. B., Mason, G. J., & Kevan, P. G. (2015). Complex operant learning by worker
bumblebees (Bombus impatiens): detour behaviour and use of colours as
discriminative stimuli. Insectes sociaux, 62, 365-3717.

https://doi.org/10.1007/s00040-015-0414-6

Mishra, M., Bhunia, P., Shubham., Sen, R., Bhunia, R., Gulia, J., Mondal, T., Zidane, Z.,
Saha, T., Chacko, A., Raj, R., Vyshak, S., & Kaushal, L. (2023). The Impact of
Weather Change on Honey Bee Populations and Disease. Journal of Advanced

Zoology, 44(S-7), 180-190. https://doi.org/10.17762/jaz.v44iS7.2755

Moretto, G., Guerra, J. C. V., Kalvelage, H., & Espindola, E. (2004). Maternal influence on
the acceptance of virgin queens introduced into Africanized honey bee (Apis

mellifera) colonies. Genet. Mol. Res, 3(3), 441-445.

Morfin, N., Harpur, B. A., De la Mora, A., & Guzman-Novoa, E. (2023). Breeding honey
bees (Apis mellifera L.) for low and high Varroa destructor population growth: Gene
expression of bees performing grooming behavior. Frontiers in Insect Science, 3,

951447. https://doi.org/10.3389/finsc.2023.951447

112


https://doi.org/10.1021/acsagscitech.3c00082
https://doi.org/10.4025/ACTASCIANIMSCI.V37I1.24006
https://doi.org/10.1007/s00040-015-0414-6
https://doi.org/10.17762/jaz.v44iS7.2755
https://doi.org/10.3389/finsc.2023.951447

Morse, R.A., (1994). Rearing Queen Honeybees. Bd. Wicwas Press, Cheshire, Ct; USA, pp.
64-72

Mortensen, A. N., Jack, C. J., Bustamante, T. A., Schmehl, D. R., & Ellis, J. D. (2019).
Effects of supplemental pollen feeding on honey bee (Hymenoptera: Apidae) colony
strength and Nosema spp. infection. Journal of Economic Entomology, 112(1), 60-
66. https://doi.org/10.1093/jee/toy341

Neupane, K. R., & Thapa, R. B. (2005). Pollen collection and brood production by
honeybees (Apis mellifera L.) under Chitwan condition of Nepal. Journal of the
Institute  of  Agriculture  and  Animal  Science, 26, 143-148.
http://dx.doi.org/10.3126/jiaas.v26i0.667

Nicolson, S. W. (2011). Bee food: the chemistry and nutritional value of nectar, pollen and
mixtures of the two. African Zoology, 46(2), 197-204.
https://doi.org/10.1080/15627020.2011.11407495

Njeru, L. K., Raina, S. K., Kutima, H. L., Salifu, D., Cham, D. T., Kimani, J. N. A. A., &
Muli, E. M. (2017). Effect of larval age and supplemental feeding on morphometrics
and oviposition in honey bee Apis mellifera scutellata queens. Journal of Apicultural

Research, 56(3), 183-189. https://doi.org/10.1080/00218839.2017.1307714

Noordyke, E. R., & Ellis, J. D. (2021). Reviewing the efficacy of pollen substitutes as a
management tool for improving the health and productivity of western honey bee
(Apis mellifera) colonies. Frontiers in Sustainable Food Systems, 5, 772897.
https://doi.org/10.3389/fsufs.2021.772897

Niirnberger, F., Hirtel, S., & Steffan-Dewenter, 1. (2018). The influence of temperature and
photoperiod on the timing of brood onset in hibernating honey bee colonies. PeerJ

6, e4801. https://doi.org/10.7717/peeri.4801

113


https://doi.org/10.1093/jee/toy341
http://dx.doi.org/10.3126/jiaas.v26i0.667
https://doi.org/10.1080/15627020.2011.11407495
https://doi.org/10.1080/00218839.2017.1307714
https://doi.org/10.3389/fsufs.2021.772897
https://doi.org/10.7717/peerj.4801

Nuru, A. (2012). Suitable honeybee colony multiplication technique using intermediate top-
bar hives. In Proceedings of the 3rd International Conference on Apitrade Africa

26th—30th Sept.

Okuyan, S., & 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. Turkish
Journal of Agriculture-Food Science and Technology, 6(11), 1556-1561.
https://doi.org/10.24925/turjaf.v6i11.1556-1561.1955

Okuyan, S., & 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. Turkish
Journal of Agriculture-Food Science and Technology, 6(11), 1556-1561.
https://doi.org/10.24925/turjaf.v6111.1556-1561.1955

Ozbakir, G. O. (2021). Effects of rearing method on some morphological and reproductive
organ characteristics of queen honey bees (Apis mellifera L.). Med. Weter, 77(2),
89-94. https://dx.doi.org/10.21521/mw.6496

Pande, R., Karnatak, A. K., & Pandey, N. (2015). Development of nectar supplement for
dearth period management of honey bees (Apis mellifera Linnaeus) colonies in

foothills of Shivalik range of Himalayas. The bioscan, 10(4), 1599-1603.

Papa, G., Maier, R., Durazzo, A., Lucarini, M., Karabagias, [.K., Plutino, M., Bianchetto,
E., Aromolo, R., Pignatti, G., Ambrogio, A., Pellecchia, M., & Negri, I. (2022). The
honey bee Apis mellifera: An insect at the interface between human and ecosystem

health. Biology, 11(2), 233. https://doi.org/10.3390/biology 11020233

Pasupuleti, V. R., Sammugam, L., Ramesh, N., & Gan, S. H. (2017). Honey, propolis, and
royal jelly: a comprehensive review of their biological actions and health benefits.
Oxidative  medicine  and  cellular  longevity, 2017(1), 1259510.
https://doi.org/10.1155/2017/1259510

114


https://doi.org/10.24925/turjaf.v6i11.1556-1561.1955
https://doi.org/10.24925/turjaf.v6i11.1556-1561.1955
https://dx.doi.org/10.21521/mw.6496
https://doi.org/10.3390/biology11020233
https://doi.org/10.1155/2017/1259510

Pechhacker, H., Leichtfried, W., & William, A. (1991). Leistungspriifung bei der
Honigbiene. Bienenvater, 112, 182-184.

Pérez-Sato, J. A., Chaline, N., Martin, S. J., Hughes, W. O. H., & Ratnieks, F. L. (2009).
Multi-level selection for hygienic behaviour in honeybees. Heredity, 102(6), 609-
615. https://doi.org/10.1038/hdy.2009.20

Prodanovi¢, R., Brki¢, 1., Solesa, K., Ljubojevi¢ Peli¢, D., Peli¢, M., Bursi¢, V., & Vapa
Tankosi¢, J. (2024). Beekeeping as a tool for sustainable rural development. Journal
of Agronomy Technology and Engineering Management 7(2), 1054-1066
http://dx.doi.org/10.55817/IXVM2800

Puskadija, Z., Spiljak, L., & Kovaci¢, M. (2017). Late winter feeding stimulates rapid spring
development of carniolan honey bee colonies (Apis mellifera carnica).

Poljoprivreda, 23(2), 73-76. https://doi.org/10.18047/poljo.23.2.11

Quinby, M. (1854). Mysteries of Bee-keeping Explained: Being a Complete Analysis of the
Whole Subject... Createspace Independent Publishing Platform.

Rafique, M. K., Mahmood, R., Qadir, Z. A., Bodlah, 1., & Shaheen, F. A. (2019). Effects of
Rearing Interlude and Grafting Technique on Honeybee Apis mellifera L. Queen
under Field Conditions. Pakistan Journal of Zoology, 51(6), 2369-2372.
http://dx.doi.org/10.17582/journal.pjz/2019.51.6.sc1

Ratnieks, F. L., & Nowogrodzki, R. (1988). Small-scale queen rearing by beekeepers in the
Northeast. https://hdl.handle.net/1813/3273

Reddy, P. V., Verghese, A., & Rajan, V. V. (2012). Potential impact of climate change on
honeybees (Apis spp.) and their pollination services. Pest Management in

Horticultural Ecosystems, 18(2), 121-127.

Rehman, N. U., Anjum, S. L., Qureshi, N. A., Khan, M. H., Albasher, G., Kaleem, M., &
Kamal, A. (2024). The effect of larval age, and wet and dry grafting, on the rearing

115


https://doi.org/10.1038/hdy.2009.20
http://dx.doi.org/10.55817/IXVM2800
https://doi.org/10.18047/poljo.23.2.11
http://dx.doi.org/10.17582/journal.pjz/2019.51.6.sc1
https://hdl.handle.net/1813/3273

of queen bees using the Doolittle grafting method. Entomological Research, 54(1),
€12700. https://doi.org/10.1111/1748-5967.12700

Remolina, S. C., & Hughes, K. A. (2008). Evolution and mechanisms of long life and high
fertility in queen honey bees. Age, 30, 177-185. https://doi.org/10.1007/s11357-008-
9061-4

Ricigliano, V. A., Williams, S. T., & Oliver, R. (2022). Effects of different artificial diets
on commercial honey bee colony performance, health biomarkers, and gut
microbiota. BMC veterinary research, 18(1), 52. https://doi.org/10.1186/s12917-
022-03151-5

Roulston, T. A. H., & Cane, J. H. (2000). Pollen nutritional content and digestibility for
animals. Plant Systematics and Evolution, 222, 187-2009.
https://doi.org/10.1007/BF00984102

Roulston, T. A. H., Cane, J. H., & Buchmann, S. L. (2000). What governs protein content
of pollen: pollinator preferences, pollen—pistil interactions, or phylogeny?.
Ecological ~ monographs,  70(4), 617-643.  https://doi.org/10.1890/0012-
9615(2000)070[0617:WGPCOP]2.0.CO:2

Sahinler, N., & Kaftanoglu, O. (2005). The effects of season and honeybee (Apis mellifera
L.) genotype on acceptance rates and royal jelly production. Turkish Journal of
Veterinary & Animal Sciences, 29(2), 499-503.
https://journals.tubitak.gov.tr/veterinary/vol29/iss2/46

Seeley, T. (2014). Honeybee Ecology: A Study of Adaptation in Social Life. Princeton:
Princeton University Press. https://doi.org/10.1515/9781400857876

Seeley, T. D. (1995). The wisdom of the hive: The social physiology of honey bee colonies
(295 pp.). Harvard University Press.

116


https://doi.org/10.1111/1748-5967.12700
https://doi.org/10.1007/s11357-008-9061-4
https://doi.org/10.1007/s11357-008-9061-4
https://doi.org/10.1186/s12917-022-03151-5
https://doi.org/10.1186/s12917-022-03151-5
https://doi.org/10.1007/BF00984102
https://doi.org/10.1890/0012-9615(2000)070%5b0617:WGPCOP%5d2.0.CO;2
https://doi.org/10.1890/0012-9615(2000)070%5b0617:WGPCOP%5d2.0.CO;2
https://journals.tubitak.gov.tr/veterinary/vol29/iss2/46
https://doi.org/10.1515/9781400857876

Shadmehr, S., Chamani, M., Tajabadi, N., Sadeghi, A. A., & Seidavi, A. (2023). Effect of
dietary supplement on the reproductive traits, products and behavioral
characteristics of the European honey bee (4pis mellifera). Journal of Apicultural

Research, 1-9. https://doi.org/10.1080/00218839.2023.2293574

Shafey, A. S., Shebl, M. A., Mahmoud, M. F., & Kamel, S. M. (2021). Evaluation of Colony
Parameters for Queen Rearing under Arid Ecosystem Conditions. Journal of Applied

Plant Protection, 10(1), 69-76.

Shakeel, M., Ahmad, S., Ali, H., Al-Kahtani, S. N., Ghramh, H. A., & Khan, K. A. (2020).
Seasonal impact and comparative analysis of hypopharyngeal glands in worker and
forager honey bees of two different species: Apis mellifera and A. cerana. Fresenius

Environmental Bulletin, 29(10), 9024-9030.

Sharma, A. (2019) Studies on queen rearing in Apis mellifera . under Mid—Hill conditions
of Himachal Pradesh (Doctoral dissertation, UHF, NAUNI).

Sharma, A., Rana, K., & Sharma, H. K. (2020). Selection of Apis mellifera L. Colonies for
Quality Queen Rearing. International Journal of Current Microbiology and Applied
Science, 9(01), 2407-2414. https://doi.org/10.20546/ijcmas.2020.901.274

Sharma, A., Rana, K., Sharma, H. K., & Sharma, A. (2020). Evaluation of priming media
and queen cup material on larval graft acceptance and queen emergence in Apis
mellifera L. Journal of Entomology and Zoology Studies, 8(4), 1089-97.
https://doi.org/10.22271/j.ent0.2020.v8.14q.7268

Simeunovic, P., Stevanovic, J., Cirkovic, D., Radojicic, S., Lakic, N., Stanisic, L., &
Stanimirovic, Z. (2014). Nosema ceranae and queen age influence the reproduction
and productivity of the honey bee colony. Journal of Apicultural Research, 53(5),
545-554. https://doi.org/10.3896/IBRA.1.53.5.09

117


https://doi.org/10.1080/00218839.2023.2293574
https://doi.org/10.20546/ijcmas.2020.901.274
https://doi.org/10.22271/j.ento.2020.v8.i4q.7268
https://doi.org/10.3896/IBRA.1.53.5.09

Singh, B., Gatoria, G. S., & Chhuneja, P. K. (2007). Selection of best performing Apis

Mellifera colonies for stock improvement programme. Indian Bee Journal, 69, 1-7.

Skowronek, W., Biefikowska, M., & Kruk, C. (2004). Changes in body weight of honey bee

queens during their maturation. Journal of Apicultural Science, 48(2), 61-68.

Smilga-Spalvina, A., Spalvins, K., & Veidenbergs, 1. (2024). Field study: Factors
influencing virgin queen bee acceptance rate in Apis mellifera colonies. Czech

Journal of Animal Science, 69(4), 155-164 https://doi.org/10.17221/22/2024-CJAS

Smith, K. M., Loh, E. H., Rostal, M. K., Zambrana-Torrelio, C. M., Mendiola, L., & Daszak,
P. (2013). Pathogens, pests, and economics: drivers of honey bee colony declines

and losses. EcoHealth, 10, 434-445. https://doi.org/10.1007/s10393-013-0870-2

Snelgrove LE (ed). (1966). Queen Rearing. 3rd ed. Snelgrove Bleadon, Somerset, Landon.
344p.

Standifer, L. N., McCaughey, W. F., Dixon, S. E., Gilliam, M., & Loper, G. M. (1980).
Biochemistry and microbiology of pollen collected by honey bees (Apis mellifera
L.) from almond, Prunus dulcis. II. Protein, amino acids and enzymes. Apidologie,

11(2), 163-171. https://doi.org/10.1051/apido:19800206

Stevanovic, J., Stanimirovic, Z., Simeunovic, P., Lakic, N., Radovic, 1., Sokovic, M., &
Griensven, L. J. V. (2018). The effect of Agaricus brasiliensis extract
supplementation on honey bee colonies. Anais da Academia Brasileira de Ciéncias,

90, 219-229. https://doi.org/10.1590/0001-3765201820150182

Sultana, N., Reza, M. E., Alam, M. N., Siddiquee, M. N. A., Islam, M. S., Rahman, M. A.,
Sayed, M. A. & Rahman, M. M. (2024). Evaluating the efficiency of supplementary
feeding as a management strategy for enhancing honeybee (Apis mellifera L.) colony
growth and productivity. Frontiers in Bee Science, 2, 1386799.
https://doi.org/10.3389/frbee.2024.1386799

118


https://doi.org/10.17221/22/2024-CJAS
https://doi.org/10.1007/s10393-013-0870-2
https://doi.org/10.1051/apido:19800206
https://doi.org/10.1590/0001-3765201820150182
https://doi.org/10.3389/frbee.2024.1386799

Suryanarayan M. C., Rao M.G., & Rao S. K. (1988). Queen rearing technique. Indian Bee
Journal 50:48-51.

Taha, E. K. A. (2014). Seasonal variation of foraging activity, pollen collection and growth
of honeybee colonies in Al-Ahsa, Saudi Arabia. Bulletin of the Entomological
Society of Egypt, 91, 163-175.

Taha, E. K. A. (2015). Chemical composition and amounts of mineral elements in
honeybee-collected pollen in relation to botanical origin. Journal of Apicultural

Science, 59(1), 75-81. https://doi.org/10.1515/jas-2015-0008

Taha, E. K. A., & Al-Kahtani, S. N. (2020). The relationship between comb age and
performance of honey bee (Apis mellifera) colonies. Saudi Journal of Biological

Sciences, 27(1), 30-34. https://doi.org/10.1016/].51bs.2019.04.005

Tarpy, D. R., & Mayer, M. K. (2009). The effects of size and reproductive quality on the
outcomes of duels between honey bee queens (Apis mellifera L.). Ethology Ecology
& Evolution, 21(2), 147-153. https://doi.org/10.1080/08927014.2009.9522503

Tarpy, D. R., Hatch, S., & Fletcher, D. J. (2000). The influence of queen age and quality
during queen replacement in honeybee colonies. Animal behaviour, 59(1), 97-101.

https://doi.org/10.1006/anbe.1999.1311

Thomas, D., Pal, N., & Rao, K. S. (2002). Bee management and productivity of Indian
honeybees. Apiacta, 3, 1-5.

Thompson, K., & Drew, B. T. (2022). Supplemental feeds and foraged corn grain dust: a
comparison of the number of days survived in vitro by young adult honey bees (Apis
mellifera). Journal of Apicultural Research, 61(1), 1-8.
https://doi.org/10.1080/00218839.2021.1962113

119


https://doi.org/10.1515/jas-2015-0008
https://doi.org/10.1016/j.sjbs.2019.04.005
https://doi.org/10.1080/08927014.2009.9522503
https://doi.org/10.1006/anbe.1999.1311
https://doi.org/10.1080/00218839.2021.1962113

Tlak Gajger, 1., & Mutinelli, F. (2024). Impact of Environmental Factors and Management
Practices on Bee Health. Insects, 15(12), 996.
https://doi.org/10.3390/insects 15120996

Topal, E., Margaoan, R., Bay, V., Takma, C., Yiicel, B., Oskay, D., Diiz, G., Acar, S., &
Kosoglu, M. (2022). The effect of supplementary feeding with different pollens in
autumn on colony development under natural environment and in vitro lifespan of

honey bees. Insects, 13(7), 588. https://doi.org/10.3390/insects 13070588

Tritschler, M., Vollmann, J. J., Yafiez, O., Chejanovsky, N., Crailsheim, K., & Neumann,
P. (2017). Protein nutrition governs within-host race of honey bee pathogens.

Scientific reports, 7(1), 14988. https://doi.org/10.1038/s41598-017-15358-w

Ullah, A., Shahzad, M. F., Igbal, J., & Baloch, M. S. (2021). Nutritional effects of
supplementary diets on brood d/evelopment, biological activities and honey
production of Apis mellifera L. Saudi Journal of Biological Sciences, 28(12), 6861-
6868. https://doi.org/10.1016/1.5jbs.2021.07.067

Ustadi, U., Ikhsan, N., Junus, M., & Suyadi, S. (2022). Improving the larvae acceptance rate
and morphometric characteristics of queen Apis cerana javana by grafting larvae at
different ages. Biodiversitas Journal of Biological Diversity, 23(1).
https://doi.org/10.13057/biodiv/d230121

Ustadi, U., Suyadi, S., Ikhsan, N., Radiati, L. E., Sjofjan, O., Susilo, A., & Batoro, D. (2022,
April). The Difference Queen Cup Materials on the Acceptance Grafted Larvae and
Wing Morphometrics in Apis cerana Queen Rearing. In 6th International Seminar
of Animal Nutrition and Feed Science (ISANFS 2021) (pp. 254-258). Atlantis Press.
https://doi.org/10.2991/absr.k.220401.051

Uzunov, A., Brascamp, E. W., & Biichler, R. (2017). The basic concept of honey bee
breeding programs. Bee World, 94(3), 84-87.
https://doi.org/10.1080/0005772X.2017.1345427

120


https://doi.org/10.3390/insects15120996
https://doi.org/10.3390/insects13070588
https://doi.org/10.1038/s41598-017-15358-w
https://doi.org/10.1016/j.sjbs.2021.07.067
https://doi.org/10.13057/biodiv/d230121
https://doi.org/10.2991/absr.k.220401.051
https://doi.org/10.1080/0005772X.2017.1345427

Uzunov, A., Costa, C., Panasiuk, B., Meixner, M., Kryger, P., Hatjina, F., Bouga, M.,
Andonov, S., Bienkowska, M., Conte, Y. L., Wilde, J., & Biichler, R. (2014).
Swarming, defensive and hygienic behaviour in honey bee colonies of different
genetic origin in a pan-European experiment. Journal of Apicultural Research,

53(2), 248-260. https://doi.org/10.3896/IBRA.1.53.2.06

Varshneya, 1., Pandey, A. K., & Rathore, R. R. S. (2007). Effect of weather parameters on
brood development of European honey bee, Apis mellifera Linn. in different seasons.

Journal of Entomological Research, 31(4), 347-354.

Vaudo, A. D., Tooker, J. F., Grozinger, C. M., & Patch, H. M. (2015). Bee nutrition and
floral resource restoration. Current opinion in insect science, 10, 133-141.

https://doi.org/10.1016/j.c01s.2015.05.008

Vaziritabar, S., & 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. Journal of Entomology and

Zoology Studies, 6(3), 683-692.

Villagomez, G. N., Niirnberger, F., Requier, F., Schiele, S., & Steffan-Dewenter, 1. (2021).
Effects of temperature and photoperiod on the seasonal timing of Western honey bee
colonies and an early spring flowering plant. Ecology and Evolution, 11(12), 7834-
7849. https://doi.org/10.1002/ece3.7616

Vodovnik, C., Borshagovski, A. M., Hakala, S. M., Leponiemi, M., & Freitak, D. (2021).
Coeffects of diet and neonicotinoid exposure on honeybee mobility and food choice.

Apidologie, 52, 658-667. https://doi.org/10.1007/s13592-021-00853-x

Vung, N. N., Kim, I., Lee, M. Y., Kim, H. K., Kim, D. W., Woo, S. O., & Choi, Y. S. (2018).
Effects of larval grafted age for artificial queen-rearing on queen reproductive
potential and growth of Apis cerana colony. Journal of Apiculture, 33(4), 261-268.
https://doi.org/10.17519/apiculture.2018.11.33.4.261

121


https://doi.org/10.3896/IBRA.1.53.2.06
https://doi.org/10.1016/j.cois.2015.05.008
https://doi.org/10.1002/ece3.7616
https://doi.org/10.1007/s13592-021-00853-x
https://doi.org/10.17519/apiculture.2018.11.33.4.261

Wakjira, K., Negera, T., Dabela, S., & Alemu, T. (2019). Comparing responses of local
honeybees (Apis mellifera L.) to Karl Jenter and Doolittle grafting queen rearing
methods. International Journal of Animal Science and Technology, 3(3), 42-47.
http://dx.doi.org/10.11648/j.ijast.20190303.11

Wang, Y., Kaftanoglu, O., Fondrk, M. K., & Page Jr, R. E. (2014). Nurse bee behaviour
manipulates worker honeybee (Apis mellifera L.) reproductive development. Animal

behaviour, 92, 253-261. https://doi.org/10.1016/j.anbehav.2014.02.012

Webb, B. (2004). Neural mechanisms for prediction: do insects have forward models?.

Trends in neurosciences, 27(5), 278-282. https://doi.org/10.1016/1.tins.2004.03.004

Weiss, K., (1983). The Influence of Rearing Conditions on Queen Development. In: Queen
Rearing: Biological Basis and Technical Instruction, Ruttner, F. (Ed.). Apimondia
Publishing House, Bucharest, pp: 83-148.

Wijayati, N., Hardjono, D. S., Rahmawati, M., & Kurniawati, A. (2019). Formulation of
winged bean seeds as pollen substitute for outgrowth of honey bees (Apis mellifera
L). In Journal of Physics: Conference Series (Vol. 1321, No. 2, p. 022040). IOP
Publishing. https://doi.org/10.1088/1742-6596/1321/2/022040

Winston, M. L. (1991). The biology of the honey bee. Harvard University Press, England.
P-276.

Woodward, D. (2007). Queen bee: Biology, rearing and breeding. Balclutha; New Zealand.
137 pp.

Woyke, J. (1971). Correlations between the age at which honeybee brood was grafted,
characteristics of the resultant queens, and results of insemination. Journal of
apicultural research, 10(1), 45-55.
https://doi.org/10.1080/00218839.1971.11099669

122


http://dx.doi.org/10.11648/j.ijast.20190303.11
https://doi.org/10.1016/j.anbehav.2014.02.012
https://doi.org/10.1016/j.tins.2004.03.004
https://doi.org/10.1088/1742-6596/1321/2/022040
https://doi.org/10.1080/00218839.1971.11099669

Yi, Y., Liu, Y. B., Barron, A. B., & Zeng, Z. J. (2020). Transcriptomic, morphological, and
developmental comparison of adult honey bee queens (Apis mellifera) reared from
eggs or worker larvae of differing ages. Journal of Economic Entomology, 113(6),

2581-2587. https://doi.org/10.1093/jee/toaal 88

Yu, L., He, X., Shi, X., Yan, W., & Wu, X. (2023). Honey bee maternal effects improve
worker performance and reproductive ability in offspring. Frontiers in Cell and

Developmental Biology, 11, 1156923. https://doi.org/10.3389/fcell.2023.1156923

Yu, L., Shi, X., He, X., Zeng, Z., Yan, W., & Wu, X. (2022). High-quality queens produce
high-quality offspring queens. Insects, 13(5), 486.
https://doi.org/10.3390/insects 13050486

Zhadanova, T. S. (1967, August). Influence of nest temperature on quality of queens
produced artificially. In XXI. Internatioinal Apicultural Congress, Romania (pp.
245-249).

Zhang, Z. (2022). Seasonal Honey Bee Colony Performance and Health in Hawai'i

(Doctoral dissertation, University of Hawai'i at Manoa).

Zhong, W. L., Ding, G. L., Yuan, C. Y., Huang, J. X., & Feng, M. (2024). Honey bee (4pis
cerana) queen rearing methods influence queen morphological characteristics and
reproductive  related  gene  expression.  Apidologie,  55(4), 1-13.
https://doi.org/10.1007/s13592-024-01083-7

123


https://doi.org/10.1093/jee/toaa188
https://doi.org/10.3389/fcell.2023.1156923
https://doi.org/10.3390/insects13050486
https://doi.org/10.1007/s13592-024-01083-7

