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Chapter No. 7

Bees perform a very important service for farmers and backyard 
growers: they pollinate flowers and thus contribute to crop 
production. This ecological service is not the result of a “selfless 
act” on the part of the bee, but in reality is driven by the food 
demands of the voracious bee larvae that wait back in the hive 
and by the flower’s need for pollen exchange to produce fruits 
and seeds.

Pollen is one of two rewards offered by flowers to insect 
visitors. Pollen is essential for brood rearing in solitary and 
social bees (Leonhardt and Blüthgen, 2012). Pollen provides 
the protein, lipids, and essential amino acids needed for the 
developing larvae (Seeley, 1995). In honey- bees older foragers 
specialize in the task of collecting pollen. 

Pollen is collected on the hairs of the bees when they visit 
flowers. The bees then groom themselves and pack the pollen 
onto specialized leg structures called “corbicula” or “pollen 
basket.”

When a bee visits flowers, pollen is gathered passively on their 
body hairs, then the bee grooms herself and packs the pollen 
in her specialized transporting pollen baskets. Bees sometimes 
do this grooming in mid air right after they finish feeding on a 
flower.

Pollen brought to the hive and stored in the honeycomb is called 
“bee bread”. The foraging bees add salivary chemicals to the 
pollen, thus changing its make-up slightly.  Younger workers, 
called nurse bees, consume the bee bread and manufacture 
larval food in specialized glands inside their heads called 
“hypopharyngeal glands.”

The diet of the young bee larvae changes as they age, but all 
baby babies require pollen to grow. The very young developing 
larvae are fed “royal jelly” directly by the nurse bees. Larvae 
meant to develop into workers are switched to “worker jelly,”
a mixture of hypopharyingeal products, honey, and pollen, as 
they approach the pupation stage (Barchuk et al., 2007). Larvae 
destined to become queens are fed a diet richer in protein than 
their sisters that will become worker bees. All bees, however, 
are dependent on pollen for development from egg to adult, 
consequently colony strength and size is strongly dependent on 
pollen availability.

Individual Forager 
Decisions and Colony 
Health Correlates Pollen as Bee Food

Honeybee Diet
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Social bees tend to visit a variety of flowers to provide for their 
young. Among the possible reasons for a wide diet breadth is that 
single pollen sources may be deficient in one or more nutrients 
or may not provide adequate protein levels needed for larval 
development. Consequently, variety is, literally, the spice of
life for colonial bees. In practice, however, managed honeybee 
colonies are often used to pollinate large-scale field of mono- 
crop plantings. How colonies respond to this reduction  in pollen 
diversity reflects the internal tension between individuals and 
colony goals.

Although the honeybee colony as a whole benefits from the 
workers collecting a large diversity of pollen types, individual 
forager bees tend to respond to the quantity and proximity of the 
available resourcesand utilize the common species closest to the 
hive more intensively, at least  temporarily.

This tendency to use common flowering plants that occur near 
the nest allows the individual bee to reduce foraging costs. Each 
single bee is concerned about the amount of time and energy
invested in her own foraging trips, so they choose to visit the 
source that is abundant and easy to get to. These individual 
choices made by worker bees allow the colony to send out 
thousands of bees that will track and exploit effectively different 
plant species as they come into bloom in a natural ecosystem.

Large-scale agriculture relies on the tendency of individual bees 
to prefer “the abundant and the nearby” by placing them in a 
blooming field of a specific crop. Each individual forager will 
most likely find that the most abundant flower is a crop
flower and select them as their individual choice. However, crop 
pollination, especially in large mono-cropping plantings exposes 
bees to a large reduction in pollen diversity that may impact their 
health. Possible solutions to this problem are the addition of 
border crops or cover crops that add floral diversity to the fields
(see the chapter on Farming for Bees for more details).

In addition to a reduction in pollen diversity, agricultural systems 
expose bees to a large number of pesticides in the nectar and 
pollen they collect from the crops. Pesticides are used worldwide 
to protect important crops from insect pests and diseases; 
unfortunately, some of these chemicals can be problematic
for pollinators. Research has shown that some chemicals 
have neurological effects in bees leading to disorientation 
and navigation problems, as well interfering with the learning 
behavior of bees (Belzunces et al., 2012; Schenider et al, 
2012, Henry et al., 2012). Intact cognitive and flying abilities 
are indispensable for individual workers to successfully seek 
food and return to the hive. Farm and garden owners can help 
by selecting “softer” chemicals, and/or reducing the use of 
pesticides, and in this way improving the micro-habitat from 
which bees collect food.

Beekeepers and farmers should be aware that when colonies 
encounter pollen shortages they will decline in strength and 
become more susceptible to diseases and parasites. Maintaining 
a relative constant source of food and water for the bees is highly 
recommended, and in some cases feeding the colonies may be
necessary (see Feeding your Colonies below). Understanding the 
types of plants that bees are using and the relative contribution of 
each plant to the bee’s diet is crucial to help us make management 
decisions for our gardens and farms. We know that we can 
“please” bees by planting many types of herbs, such as basil, 
mint, and oregano, etc…, and letting the plants go to flower. A 
little “benign neglect” is also beneficial in the garden. We know 
that some native Hawaiian plants make good bee forage; options 
to consider include, Ohia, Naupaka, some of the native “ice 
plants” such as Akulikuli, and other indigenous ground covers 
such as Akia and Eluehe.

Pollen forager on a cucurbit plant (above left) and hive frame with pollen (right) showing stored pollen (top left corner of the image), 
open brood (bee larvae center), and capped brood (pupating brood), bottom right.

What the Colony Wants
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To provide  pollinators with the nectar and pollen they require it’s 
important to understand  that not all flowers are equally profitable 
nutritionally, to bees and other insect pollinators.  Flower 
structure may restrict access to the nectar to some pollinators, 
for example long corolla flowers, such as Pentas, may produce 
copious nectar but are too deep for the short tongues of bees 
and hover flies. In this case, butterflies with their long tongues 
can reach the nectar while the short tongue pollinators may only 
collect pollen.  Some common ornamentals maybe very colorful 
and attractive to us, but are meant to be pollinated by birds and 
provide little food for insect pollinators. This is the case for 
bromeliads, birds of paradise, and ginger plants.  Although maybe 
a little disappointing for the tropical plant lover, it’s possible to 
incorporate bee friendlier flowers by adding either potted plants 
or planting shorter species between the taller ones that already 
exist. Creating “strata” or layers in a garden can increase visual 
appeal and allows for greater floral diversity in a small space.

Gardeners should also be aware of another complication, which 
is particularly serious for the conservation of native forests in 
Hawaii. Exotics, which are loved by pollinators, may become 
invasive species and spread to native ecosystems. Lantana and 
False heather (also known as Hawaiian Heather) have diminutive 
flowers that are loved by many pollinators. Unfortunately, these 
two ornamentals are considered invasive. Another example is 
wedelia, a popular ground cover that also ranks very high in the 
list of invasive species. 

Luckily, there are an number of native Hawaiian plants that can 
attract pollinators, these include hardy species such as Ohi’a 
lehua, Naupaka and Ilima.  There are also many local nurseries 
that sell these particular species and many more, which can be 
easily incorporated to the urban landscape.

Edible gardens
For backyard growers interested in more than an herb garden there 
are a number of crop plants that provide ample resources for their 
insect visitors. Plants in the melon family (Cucurbitaceae) such 
as pumpkins and watermelons, are bee dependent and require 
adequate bee visitation to produce fruits. Buckwheat is an example 
of a cover crop that brings nutrients to the soil while providing 
forage to many different kinds of pollinators, including honeybees. 

Many herb species are also great forage for pollinators, especially 
honeybees. Mint, sage, rosemary, oregano, and thyme are a few 
of the many plants that can be used to attract pollinators. Many 
of these herbs belong to the Lamiaceae family, and tend to have 
long spikes of small flowers (called inflorescences). These spikes 
produce flowers of a period of several days and the bees learn that 
resources are available and keep re-visiting the patch in search of 
the new bloom

Choosing suitable forage plants:
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Chapter No. 8

Honey

How honey is made

Sweet Facts About Honey

Bees make honey from the flower nectar they collect. Nectar plays an important role as a reward for pollinators, including honeybees, but 
nectar is expensive for the plant to make. Consequently, most bee flowers have nectars that only contain 20 to 25% sugar concentration, 
the equivalent of a frozen yogurt or a light ice cream, which is much less sweet than the honey we have come to enjoy. 

The transformation from nectar to honey is a process that takes place mostly inside the hive. 
Bees collect the light nectar from flowers and carry it to the colony in a special honey sac 
inside their bodies. This honey sac is not connected to their stomachs, but is a special organ 
in which nectar begins its transformation into honey. It is in the honey sac that the bee adds 
special enzymes to the nectar. 

Once in the hive, the forager bee will pass on its nectar to a house bee which will then continue 
to transform the nectar into honey. The bee will extrude a little droplet of nectar and let it air 
dry. The warmth of the nest and the fanning of the bee’s wings help the nectar dry out. As 
water is lost the relative sugar concentration increases and the nectar becomes sweeter. This 
sweeter nectar is now called “unripe honey.” It has a high water content and the bees store it 
in open wax cells to dry over time until it becomes “ripe honey.” Once the bees consider the 
honey to be ripe, they seal the cells with a wax cover. “Ripe honey” contains about 80% sugar, 
which is the equivalent sugar concentration of dry fruits.

Beekeepers harvest excess honey stored by bees. Only capped honey is taken to ensure the highest sugar concentration and the lowest 
water content. If unripe honey is harvested it will begin to ferment over time. The  low  water  content  of  honey  is  what  determines 
its ability to remain fresh and not spoil.

Nectar

Ripe Honey

Capped Cells

Unripe Honey
Unripe Honey

Capped Cells

Bees make honey from the flower nectar they collect. Nectar plays an important role as a reward for pollinators, including honeybees, 
but nectar is expensive for the plant to make. Consequently, most bee flowers have nectar that  contain only 20 to 25% sugar 
concentration, the equivalent of a frozen yogurt or a light ice cream, which is much less sweet than the honey we enjoy on our 
morning toast. 

The transformation from nectar to honey is a process that takes place mostly inside the hive. 
Bees collect the light (what is light nectar?) nectar from flowers and carry it to the colony in 
a special honey sac inside their bodies. This honey sac is not connected to their stomachs but 
is a special organ in which nectar begins its transformation into honey. It is in the honey sac 
that the bee adds special enzymes to the nectar.

Once in the hive, the forager bee will pass on its nectar to a house bee, which will then 
continue to transform the nectar into honey. The bee will extrude a droplet of nectar and let it 
air dry. The warmth of the nest and the fanning of the bee’s wings help the nectar dry out. As 
water is lost, the relative sugar concentration increases, and the nectar becomes
sweeter. This sweeter nectar is now called “unripe honey.” It has a high water content, and 
the bees store it in open wax cells to dry over time until it becomes “ripe honey.” Once 
the bees consider the honey to be ripe, they seal the cells with a wax cover. “Ripe honey” 
contains about 80% sugar, which is the equivalent sugar concentration of dry fruits.

Beekeepers harvest excess honey stored by bees. Only capped honey is taken to ensure the highest sugar concentration and the lowest 
water content. If unripe honey is harvested it will begin to ferment over time. The low water content of honey is what determines its 
ability to remain fresh and not spoil.

How honey is made

Sweet Facts About Honey

Bees make honey from the flower nectar they collect. Nectar plays an important role as a reward for pollinators, including honeybees, but 
nectar is expensive for the plant to make. Consequently, most bee flowers have nectars that only contain 20 to 25% sugar concentration, 
the equivalent of a frozen yogurt or a light ice cream, which is much less sweet than the honey we have come to enjoy. 

The transformation from nectar to honey is a process that takes place mostly inside the hive. 
Bees collect the light nectar from flowers and carry it to the colony in a special honey sac 
inside their bodies. This honey sac is not connected to their stomachs, but is a special organ 
in which nectar begins its transformation into honey. It is in the honey sac that the bee adds 
special enzymes to the nectar. 

Once in the hive, the forager bee will pass on its nectar to a house bee which will then continue 
to transform the nectar into honey. The bee will extrude a little droplet of nectar and let it air 
dry. The warmth of the nest and the fanning of the bee’s wings help the nectar dry out. As 
water is lost the relative sugar concentration increases and the nectar becomes sweeter. This 
sweeter nectar is now called “unripe honey.” It has a high water content and the bees store it 
in open wax cells to dry over time until it becomes “ripe honey.” Once the bees consider the 
honey to be ripe, they seal the cells with a wax cover. “Ripe honey” contains about 80% sugar, 
which is the equivalent sugar concentration of dry fruits.

Beekeepers harvest excess honey stored by bees. Only capped honey is taken to ensure the highest sugar concentration and the lowest 
water content. If unripe honey is harvested it will begin to ferment over time. The  low  water  content  of  honey  is  what  determines 
its ability to remain fresh and not spoil.
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Medicinal and nutritional
benefits of honey

Antibacterial properties of honey

Other Health Benefits of Honey

Nutritional Value of Honey

The healing aspects of honey have been recorded since ancient times. The first reference to honey as a drug and an ointment comes 
from a Sumerian tablet written around 2000 years BC. Honey has long been used for treating wounds and has only recently been 
rediscovered by Western medicine.

A series of natural factors contribute to the antibacterial properties of honey:

1 - Honey contains hydrogen peroxide which is formed by combining 
enzymes added by the bees and the sugars found in nectar. Hydrogen 
peroxide is a commonly used commercial antiseptic. This compound can 
be found naturally in the human body and may signal the immune system 
to converge on a site and initiate healing.

2 - The acidity of honey (somewhere between 3.52 to 4.5 on the pH scale) 
is similar to that of tomato juice or black coffee and tends to inhibit the 
growth of disease-causing bacteria.

3 - The high sugar content of honey tends to draw water away from the 
microorganisms infecting a wound, thus reducing their chance to grow 
and multiply.

The antibacterial properties of honey vary depending on the floral 
resources from which it was made, consequently, doctors tend to use 
what is called “medical grade honey.” Manuka and Tualang honey have 
been praised for their high levels of antibacterial potency.
Many types of honey have strong medicinal potential, especially when treating cases of antibiotic-resistant bacteria, and as a
healing agent in burn cases. In addition, oral consumption of honey also appears to have a positive effect in treating diarrhea 
caused by bacterial infection.

Antioxidant capacity of honey: Honey contains variable amounts of chemical compounds, including flavonoids, phenolic acids, and 
enzymes, all of which reduce the oxidative processes in foods and provide health benefits.

Antimutagenic, antitumor, and skin healing properties of honey: The healing properties of honey are being studied in small mammals 
and in-vitro experiments, and the results are encouraging. Honey from several floral sources including acacia, Christmas berry, and 
buckwheat, to name a few, showed evidence of anti-mutagenic action and anti-tumor effects in tissues under laboratory conditions.

The carbohydrates, which constitute the bulk of honey, make 
an excellent energy source. The sugars in honey tend to have a 
low to medium Glycemic Index; the body processes these sugars 
quickly and they tend not to increase blood sugar levels as much 
when compared to equivalent doses of processed sugars.

A word of caution: infants under one year of age should not 
be fed honey. The digestive system of very young children is 
not well equipped to deal with the spores of the bacteria that 
cause botulism. These spores can be found in soil, dust, some 

home-canned foods, and occasionally in honey. Consequently, 
in order to reduce the risk of exposure it is recommended to 
wait until a child is over 1 year of age before introducing honey 
into their diet. Research, however, indicates that there is no 
risk of transmitting botulism via breast milk, even if the mother 
consumes honey.
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Tropical Beekeeping

Introduction to
The development of this book was made possible by the generous support of a Western SARE grant. 

(Proposal titled  “Pollinator Use and Management: Training in Sustainable Practices for Ag Professionals”)

This manual, although still in beta, already embodies our goal of providing a locally relevant and 
practical reference book for beginning beekeepers and farmers. We will continue to expand and 

improve the contents of the manual. Updates will be posted online at our UH website:

www.uhbeeproject.com

In addition, WSARE also supported the creation a website for beginning beekeepers:

www.hawaiipollinator.com
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