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Commercial pollination is a critical component of integrated orchard management
practice. Obtaining optimal fruit set requires the correct orchard design (selection
and positioning of pollinisers), flower management (pruning and thinning), control
of alternative forage, as well as the proper introduction and usage of adequate

strength honeybee colonies.

Thereislittle published information or scientific data on
the commercial pollination of deciduous fruit cropsin
South Africa. Most practicesare based on experience and
anecdotal evidence. A current DFPT project evaluating
basic principles of pollination isintended to remedy this
situation. This pamphlet should be used only as a
GUIDELINE, to be updated asmor einformation becomes
available.

Pallination is one step in a multi-stage processthat culminates
in the development of seed or fruit, and is the transfer of
pollen from the male anther to the female stigma of the
flower. The agents (pollinators) that bring about this transfer
of pollen are varied and include insects, birds, mammals,
wind, water and gravity. Thetwo most important agents are
insects and wind. Most fruit, seed and berry crops are
dependent to a lesser or greater extent on insects, first and
foremost honeybees, to ensure a fruit or seed set.

What Pollinates Deciduous Fruit Crops in

South Africa?

Insects typically are responsiblefor about 85% of pollination,
and honeybees for about 80% of insect pollination. Honeybees
are highly adapted as successful pollinators with bodies
covered in finely-branched hairs that develop satic electricity
sufficient for the collection of asmany as 40 000 pollengrains
on the body, pollen baskets to collect pollen, and a high
demand for pollen and nectar (Figure 1). Both nectar-gathering

Fig. 1 Honeybees are highly adapted as successful
pollinators

and pollen-gathering honeybees are important for pollination,
the latter more so. Approximately one third of thefoods which
make up our total diet comes directly or indirectly from
honeybee-pollinated crop plants. The va ue of fruit, vegetables
and seeds resulting directly from pollination is about 150
times the vaue of bee products. In South Africathe value
added to crops by the use of honeybeesin paid pollination is
in excess of R4 billion per annum of which amost R2 billion
(Table 1) is from deciduous fruit crops.

Many growers believe that “other pollinators’ are sufficient
for the pollination of their crops. This might well have been
true in days gone by but now insects other than honeybees
play only a supplementary role in pollination. Recent data
indicates that between 94-98% of all insect visitors to
deciduous fruit treesin the Boland were honeybees, and
that honeybees made up more than 98% of actively pollinating
insects. “Natural” pollinators are becoming increasingly scarce
and unimportant, probably dueto increasing habitat destruction
and pesticide load. There are also no other “commercia”
pollinators that can be used in South Africa, such as the
leaf cutter bees or bumblebees. The deciduous fruit industry
is almost totally dependent on a healthy honeybee
population and a viable beekeeping industry.

Why commercial pollination?

Thereis extensive data on dmost al deciduous fruit species
and aultivarsthat indicate that theintroduction of commerdal
honeybeesfor pallination improvesfruit set, fruit weight
and fruit quality. Successful pollination resultsin fertilization
with the fertilised ovule developing into a seed comprising
an embryo (derived from the fusion of one male nucleus with
the femal e egg) and the endosperm. The endosperm nourishes
the embryo during its development but al so has a second and
perhaps more important function, for it secretes hormones
that control the growth of the embryo and the growth and
shape of the fruit and the retention of the developing fruit.
Seed hormones are particularly important in applesand pears,
with inadequate pollination resulting in low seed numbers
causing fruit drop and misshapen fruit. Whileitisnot necessary
to have ten seedsin every fruit, the more seeds produced the
more export quality fruit produced, and the better the
pollination the more seeds that are produced. There is
generally a positive relationship between successful
pollination and: (a) fruit set; (b) percentage of fruit that



Table 1. South African deciduous crops, their economic value, and their pollination requirements. The number of hives introduced and typical
duration needed for pollination will vary for different crop types and different cultivars, as well aswith region, different orchard

designs, management strategies and level of competing forage.

Crop Area |Grossannual | Bee | Beecontribution
plant planted value factor | togrossvalue
(ha) (R million) (%) (R million)
Apple
Mg?us 22379 1279 95 1215
domestica
Apricot
Eifier 4738 % 65 62
armeniaca
Peach/
Neamine | 10927 | 540 65 351
Prunus persica
Pas | 12777|  am 9% 466
communis
Plum, Prune
Prunus 5060 226 90 203
domestica

Padllination requirements

2-4 hivesha. Time/crop: 7-12 days.
Mostly self- |ncompat|ble Compatible polliniser needed.
Nectar and pollen good.

1-2,5 hivesha Time/crop: 10-14 days.
Largely self-compatible, but pollen transfer by pollinator necessary.
Some cultivars self-incompatible, requiring compatible polliniser.
Nectar and pollen far.

1-2,5 hivesha Time/crop: 10-14 days.
Largely self-compatible, but pollen transfer by pollinator necessary.
Some cultivars salf-incompatible, requiring compatible polliniser.
Nectar and pollen farr.

3-8 hivegha Time/crop: 7-14 days.
Mostly sdlf-incompatible. Compatible polliniser needed.
Nectar very poor but good pollen.

3-12 hivedha Time/crop: 10-14 days.
Mostly sdf-incompatible. Compeatible polliniser needed.
Nectar vaue varies with cultivar, and poor pollen source.

donot drop; (c) effectiveness of chemical thinning; (d) fruit
size; (e) fruit shape; and (f) fruit quality and shelf-life.

Honeybee Behaviour

Some basi ¢ principlesregarding honeybee foraging behaviour
are important in optimizing the performance of honeybee
colonies in commercial pollination. Foremost among these
is that honeybees forage on flowers only for areward of
pollen and/or nectar; pollination is a fortuitous consequence
of theforaging. Honeybees are able to detect minor differences
in the sugar concentration present in nectar, and in the protein
content in pollen, and for the most part will for age on the
most rewarding resource available. Nectar in apples and
plums s relatively poor in both sugar content and quarntity,
with normally only enough nectar to sustain coloniesand not
enough for ahoney surplus. Apple and plum nectar levels are
inferior to those of common weeds such as Cape Weed
(Gousblom) and Wild Radish (Ramenas). Pear flowers have
extremely poor nectar, both in sugar content and quantity,
and are not very attractive to foraging honeybees. All of
apples, plums and pears have pollen that is readily collected

by honeybees, but is not as attractive as that of common
weeds. It is because the reward provided by deciduous
fruit cropsis lessthan that of common weeds that the
practice of introducing naive bees (colonies introduced
during blossom) has become standard in commer cial
pollination. The rationale is that by introducing honeybee
colonieswhen target cropsare aready 20% or morein bloom,
that thiswill result in foragers working on theinferior-quality
target crop for anumber of days at least while other foragers
locate better quality forage crops, to which the foragers will
then switch. Recent resultsindicate that bees might not switch
asreadily as thought, and if confirmed, these practices (i.e.
the use of naive bees) might need to be reviewed.

Notwithstanding the ability of honeybees to assess forage
quaity andtorgpidly direct foragersto morefruitful resources,
individual honeybee foragers are remarkably flower constant
and area constant. At any one time the field force of a
honeybee colony will demonstrate a preference for a number
of forage species, but individual foragers will tend to work
only on asingle forage species until that forage type becomes

Terminol ogy

Padllination transfer of pollen from anther to sigma.
Pallinator the agent that transfers pollen, e.g. honeybee.
Fertilization

Sdf-pollination

Cross-pallination

fusion of male and fema e gametes inside the embryo sac; takes place only after successful pollination.
transfer of pollen, by way of a pollinator, within a flower, or to another flower on the same plant, or
from one plant to another of the same cultivar.

transfer of pollen from one flower to another on a different plant of the same species, or to another

flower of adifferent cultivar or different breeding line.

Sdf-compatible
needed for pollen transfer.
Sdf-fruitful
Sdf-incompatible
cross-cultivar pollination.
Palliniser
Cross-compatible
they are cultivars with compatible pollen.
Cultivar

fertilization and resultant fruit or seed set with own pollen (same cultivar). Bees are neverthe ess still
Examples are some old pear, apple and cherry cultivars.
acultivar that sets and matures acommercial crop of fruit or seed, either with itsown pollen or parthenocarpically.
no fruit or seed set with self-pollination; inter-planted pollinizers with compatible pollen are needed for
Most modern apple, pear and plum cultivars are self-incompatible.
male parent or pollen source for pollination of self-incompatible cultivars.

cultivars that set a commercial crop when two or more are properly inter-planted for cross-pallination;

from cultivated variety, i.e. crop plants and ornamenta s selected or bred by man.



unavailable or unrewarding, and will only “switch off” this
forageif markedly better forage becomes available. Individud
honeybee foragers will also tend to work in a small forage
area of about 10m?, returning to the same tree or to adjacent
ones on successive foraging trips. Thisalso meansthat in
the repeated use of the same colonies for pollination,
colonies should be moved a minimum of 3km, to prevent
foragers returning to the old colony position.

In summary: Relatively few foragers from any colony will be
active on the relatively poor quality deciduous fruit crop but
those that there arewill not readily leave. If they do, however,
they will not easily return. All efforts at management to
improve commercial pollination should bear these principles
in mind.

Pollination Principles

Making arrangementsfor insect pollination is standard practice
in the growing of many crops. Scientific information on the
management practices to be followed is very limited and is
largely based on experience and anecdotal evidence.
Furthermore, there is very little local information available
and most data is from temperate regions. The following are
the suggested best management practices for commercial
pollination in deciduousfruit orchards in South Africa, based
on available information, and with the objective of optimal
delivery of the correct pollen to the target crop.

When: It has generally been considered best practice to
introduce honeybee colonies at 20-30% blossom. However,
because flowers are often most receptive on the day that they
open and are often only receptive for 2-3 days, and because
recent data indicates that colonies require at least 24 hours
to settle down and resume normal foraging after introduction,
it isrecommended that colonies be introduced at 10%
blossom. Thereis also no valuein keeping honeybee colonies
inthe orchard for longer than is needed, and colonies should
be removed as soon as possible after full bloom, and by
30% petal drop at the latest.

Where: Conventional wisdom is that honeybee colonies
should be placed in the full sun or semi-shade, protected
from thewind, and placed on stands of some sort to keep
them off the damp ground. Recent data suggests that this
is less important than previoudy imagined. Common-sense
should prevail. In extremely cold conditions, bees should be
placed in thefull sun; under very hot conditions, in the shade.
Semi-shade isprobably best for non-extreme conditions The
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Fig.2 The typeof hive material, and size of colony entrance, are
most i mportant

site should aways be dry and out of the prevailing wind. It
isapparent that intra-hive conditions, in particular ventilation,
will have a significant impact on foraging rates. The type of
hive materid used (marine-ply, pine) and size of the colony
entrance are most important (Figure 2). A poorly ventilated
or overly insulated hive might hive difficulty keeping cool
in the heat of the day, resulting in bees clustering outside the
hive to keep cool, and this reduces foraging rates. Similarly
for overly ventilated or under-insulated hives during the early
morning or evenings. The condition and type of hives used
should be considered in deter mining the optimum position
to placethe hives. Also take into account the movement of
people, animals, vehicles and the planned spray programme
in the placement of colonies.

It is recommended that colonies should be placed singly or
in small groups of 2/3 colonies, and evenly distributed
around the orchard. Where possible, col onies should be placed
near poallinizers, to facilitate cross-pollination. Col onies
should be placed at the end of rows of trees, particularly
with hedgerow systems, as bees forage down rows and are
10-30 times more likely to move to the next treein the
row than to move between rows. Where possible, place
colonies away from the immediate edge of the orchard, as
this helpsin the dispersal of foragers throughout the orchard.
Colonies, however, should be placed no further than 100m
of the target crop as the numbers of foragers decreases
rapidly with distance, especially in bad weather, and there
should not be windbreaks between the col onies and the target
crop. If rows are greater than 100m in length, coloniesshould
be placed at both ends.

How: Honeybee colonies should be introduced at night
whenever possible, or in bad weather conditions when no or
aminimum of bees areforaging, and with traveling screens
or other means of adequate ventilation to prevent over-
heating and to allow colonies to settle down and resume
foraging as quickly as possible. Each time a colony is moved
there are forager losses and a decrease in the strength of the
colony and it is recommended that colonies are used not
morethan threetimesfor deciduous fruit pollination during
a season.

How many: It makes little senseto have hard and fast rules
as regards the numbers of honeybee colonies needed for the
pollination of a particular crop, as the numbers of foragers
needed is influenced by the cultivar type, the age of the trees,
by the weather and by loca conditions. There is little hard
data on the number of colonies needed, or the direct impact
of increasing colony numbers, and most recommendations
are based on experience and assumptions. The critical factor
isthe numbers of blossomsin the orchard, and ensuring that
sufficient honeybeeforager sare present for multiplevisits
to each flower. Standard recommendations regarding the
numbers of colonies needed are presented in Table 1, but it
should be remembered that the more colonies present the
more foragers there are available, and it is better for a crop
to betoo heavy thantoo light.

Waves: It is recommended that difficult cultivars such as
‘ Packham'’s Triumph'’ receive two waves of honeybee col onies
for pollination, thefirst a 10-20% blossom and the second
at 60-70% blossom and no morethan 7 days|ater. Therationde
isthat the “naive foragers’ of thefirst wave will work on the
pear blossoms for only afew days and will then “ switch-off”



and begin working on more attractive adternative foragein
the vicinity. Hence the second wave, to introduce a second
set of naive foragersto prolong the foraging on the pears.
The value of sequentia colony introductions is presently
being carefully researched, and it is clear that honeybee
foragers do not abandon pear blossoms as readily as was
supposed. Results regarding the use of two waves in pear
pollination obtained during the 2004 and 2005 seasons have
been somewhat contradictory to established principles, and
if confirmed, these practices might need to be revised.

Competitive forage: Many weeds common in orchards, such
as the Cape Weed (Gousblom), “bloublommetjies” (Echium)
and Wild Radish (Ramenas), are highly attractiveto honeybees
and offer better rewards than do deciduous fruit flowers,
especially pear blossom. These weeds as well as any other
attractive bee forage should be removed to prevent them
drawing foraging bees away from the target crop. Recent data
suggeststhat itis not critically important that ALL aternative
forage be removed because some foragers attend to the fruit
blossoms even in presence of more attractive alternatives.
Excessive dternative forage will present a problem, however,
and alternative forage should be removed as far asis
feasible. Chemical control of weeds can be practiced before
blossom time, but thereafter mechanica control should be
used.

Pesticides: In any discussion on the impact of pesticide
application on honeybees during commercial pollination two
factors should be remembered. Namely, that deciduous fruit
flowers are relatively unattractive to honeybees and secondly,
that honeybee foragers discouraged from foraging in an
orchard because of the application of a pesticide will not
readily return after they have “locked onto” an dternative
forage source. It followsthat whileit is accepted that modern
agriculture requires pest contral, it is probable that all pesticide
applications immediately before or during blossom time
are disadvantageous to the bees used for pollination, or to
the pollination process. Great care should be taken in the
choice of pesticides, and in the decision to spray, and the
guestion should aso be asked: ISTHISABSOLUTELY
NECESSARY DURING BLOSSOM TIME? If pesticide
applications are unavoidable, use the least toxic or repellant
pesticide or formulation available, and apply at night and
away from the honeybee colonies to have as little effect as
possible. Try not to spray anything in the first 3 days after
the introduction of honeybees, and do not keep coloniesin
orchards longer than necessary.

Different classes of pesticides have differing effects on
honeybees and on pollination. All pesticides have been
classified as either harmless to honeybees, moderately
harmful to honeybees, or extremely har mful to honeybees
If there is uncertainty of the bee hazard classification of a
remedy the registration holder of such remedy should be
contacted. Products extremely toxic to foraging honeybees
may cause a knockdown of foragersin the orchard, or mass
mortality at the colonies. Large numbers of dead bees on the
orchard floor, or large numbers of crawling bees around the
colony entrance, are almost always the result of pesticide
poisoning. The use of insect growth regulators or
microencapsul ated insecticides may be equally deleterious
to honeybees, andin dl casesthe use of such harmful products
should not take place until honeybee colonies have been
removed from the vicinity. Moderately harmful pesticides

will typically cause some mortality in the colonieswhich will
normally disappear after 24 hours, and can be used without
removing the colonies from the orchard. Application should
be at night to lessen the effect.

Products often regarded as harmless to honeybees (e.g.
herbicides, fungicides, foliar sprays) may have arepellency
effect, retarding the entry of foraging bees into the orchard
and resulting in them failing to return. Practically anything
can havearepdlent effect on foraging bees even the spraying
of water. Although the honeybee col oni es are seldom negatively
affected by repellency, the result of repellency is a decrease
in pollination efficacy and a reduction in fruit set.

Three fina factors should be considered with regards to
pesticide applications. Firstly, remember your neighbour .
The application of atoxic pesticide may result in honeybee
mortality in neighbouring orchards or properties, even if the
ool onies from the target orchard have been removed. Secondly,
remember that successful pollination is the result of co-
operation between grower and beekeeper, who should be
informed timeously and in detail about all pesticide
applications. Finally, be aware that spraying before and after
bee introduction may cause damage to “ natural” pollinators
and beneficials, reducing future pollination potential.

Pollinisers; Asamost al modern cultivars of deciduous fruit
are self-incompatible, having the correct pollinisersin an
orchard is critically important in setting an economic crop.
Themost criticd factor in the choiceof cultivar isoverlapping
flowering time; if anything, the polliniser should finish
flowering just before the main cultivar finishes. As cultivars
can vary greatly in terms of nectar quality and quantity, itis
also important that the polliniser and the main cultivar are
dmilarly attractive to honeybees, to facilitate cross pollination.
The best planting pattern of the pollinisersin the orchard
hasbeen the subject of much debate and is presently being
researched, but as yet there is insufficient data to deliver
definitive answers, particularly with the hedgerow systems
now being used. What is clear, however, is the tremendous
local effect of pollinisers on fruit set. John Free (1962)
demongtrated that thefruit set on the near-side of trees adjacent
to a polliniser was far greater than the fruit set on the far-side
of the same trees (Figure 3), proving that even asmall increase
in distancefrom the polliniser resultsin adgnificant decrease

2.8 § 3.6
24 18 5.2
3.6 8.8 14.4 5.6
9.6 2 5.6
6.4 7 3.6

Fig. 3 The average percentage of fruit set in Cox appleswith a
Worcester polliniser (from Free 1962)



in fruit set. Similar results were obtained by Anderson (1985)
in South Africawith fruit set on the near-side of the polliniser
being 22% greater than that on the far-sde. As distance from
the polliniser is obviously critically important in fruit set
pollinisers should be evenly distributed in the orchard as far
as possible, and as abundant asis economically feasible. For
orchards with insufficient or poorly positioned pollinisers,
the only short-term solution is increasing the numbers of
pollinators (honeybees) in the orchard during blossom. The
extremely significant impact of distance from the polliniser
on fruit set and the difficulty in providing sufficient pollinisers
in an orchard suggest, however, that emphasis should be
placed in developing more effective long-term methods in
distributing polliniser pollen throughout the orchard.

A Joint Venture

First and foremost, it should be remembered that successful
commercial pollination requires co-operation between
beekeeper and grower. Each has responsibilitiesand duties,
and successful pollination depends on both parties. It is
incumbent on a beekeeper to provide honeybee colonies for
commercia pollination that are of a certain standard, and that
will deliver the quality of service expected by the grower. It
isadvisable that the grower and the beekeeper have awritten
contract specifying the minimum colony sandar dsallowable
and procedures for colony inspection, aswell asother factors
such as time of ddivery, notification periods, allowable
pesticide applications and liahility in case of default. An
example of a pollination contract is available of the DFPT
website. Itisalso recommended that the grower requires the
beekeeper to be aregistered member of the South African
Bee Industry Organization (SABIO) and subject to that
organization’'s codes of conduct, not only interms of pallination
standards but also with respect to in-hive pesticide gpplications
and general environmental accountability.

The responsihilities of growers and beekeepers are listed in
Table 2. The hives to be used for pollination should be
specifically and properly prepared by the beekeeper for that
purpose. That means that the colonies should be equalized in
strength, old frames removed and replace with new ones,
surplus stored honey and pollen removed, and if necessary,
the queen stimulated to begin laying by stimulatory feeding.
For optimum pollination returns, colonies should be in a
growth phase when introduced into orchards. The guiding

principlesfor growersis at all times avoid practices that are
harmful to honeybees and other pollinators, to do everything
possible to increase the attractiveness of the target crop to
pollinators, and to facilitate the successful introduction into
the orchards of honeybee colonies by beekeepers. Growers
should remember that beekeepers are normally introducing
honeybee colonies through the night during polli nation season,
and are seldom able to visit all farms before pollination to
ensure the best sites for their bees, nor visit farmsto protect
or manipulate their coloniesto counter any problems that
arise.

I'n addition to assisting the beekeeper in the delivery of quality
pollination services, the grower needs to consider aids to
pollination so as to further improve the service. Many
pollination enhancement methods have been tried, mostly
with little success. Growers should also reflect that there is
only so much that can be done in terms of manipul ating
honeybees to improve pollination, and other efforts need to
be made to achieve long-term improvements.

> Bouquets, grafts and pollinisersin pots. All should be
regarded as emergency measures and at present are not
recommended on a large scale.

> The application of bee attractants or bee lures. Many
products have been developed and applied to flowering
orchardsin an effort to make orchards more attractive to
honeybees and to improve pollination and fruit set. Scented
sprays, designed to “ direct” foragersto aparticular blossom
type, uniformly failed to deliver any increase in forager
numbers, nor any increase in fruit set. Carbohydrate
based sprays, such as honey or fruit juice dramatically
increase the numbers of foragersin the orchard, creating
the impression of improved pallination, but generaly do
not increase the numbers of foragers on the blossom and
normally result in asmall decrease in fruit production.
Pheromonebased sprays are also unproven. At present
all bee attractants should beregarded as essentially
ineffective.

> Pollen inserts have been developed that are placed on
hive entrances so that al departing foragers are covered
in polliniser pollen, thus ensuring that every forager isan
effective pollinator. Despite some positive results, the use
of these devices has been beset by logigtical difficulties,
and they have not reached widespread acceptance.

Table 2. Respons hilities of beekeepers & growers.

FOR THE BEEKEEPER

> Colonies in standard Langstroth brood chambers, preferably
with a minimum of 8 frames of bees and 4 frames of brood,
of which 2 frames should be open brood.

> If necessary, beekeepers are expected to feed their colonies
dilute sugar water before pollination to stimul ate queen laying
and brood production. The presence of open brood in colonies
increases the demand for pollen, and hence stimulates pollen
foraging and improves pollination and fruit set.

> Anactive, laying queen, indicated by the presence of open brood.

> Essentidly disease-free with a maximum of 5 varroa mites
per 100 bees sampled and with no more than traces of
European Foulbrood or Chakbrood.

> Removd of excess stored pollen and honey in the brood chamber.

> Introduced with a traveling screen or other ventilation, in
leak-proof hives.

> Placement and removal of hives as agreed.

> Rapid response to any reported problems.

FOR THE GROWER

Prepare and maintain good access roadsto the orchards, alowing
the coloniesto beintroduced at night with aminimum of problems.
Prepare good hive sites for the beekeeper in the sun or semi-
shade, protected from prevailing winds, and with standsto protect
the colonies from the cold and damp.

Give the beekeeper advance war ning as far as possible as to
when the colonies will berequired, and the numbers of colonies
that will be needed, and early reporting of any problems.
Ensurethereiswater within 250m of the colonies, and control ants
& other pegsthat might atack and disrupt the honeybee colonies.
Eliminate alternative forage as far as possible to direct the
honeybees to the target crop (weed control).

Use pesticides as spar ingly as possible, dways using the least
harmful pesticide or formulation, and always notify the beekeeper
asto what will be used.

Enough and correct pollinizers and correct orchard design.
Security of hives.



They are presently being researched to determine their
true potential.

> Many serious pollination problemsare the result of nectar
and pollen rewards in deciduous fruit cultivars being of
limited reward, and long-term solutions need to focus on
the breeding of cultivars that are more attractive to
honeybees and other pollinators, so as to enhance
pollination.

Finally, it is an unfortunate truth that in many cases a grower
attemptsto accommodate pollination requirementsonly when
the orchard isalmost in bloom, and that there are few growers
that consider pollination requirements during orchard design.
It is often impossible to adequately site honeybee colonies
for pollination given the structure of many present orchards.
To improve the situation growers should consider where to
place honeybee colonies and where to have pollinisers right
from the outset, and plan accordingly.

Assessing Pollination

Growers are alway's concerned about the quality of honeybee
colonies introduced for pollination, and wondering if they
aredelivering the service required of them. Common questions
are, “how many bees should there be on my trees’ and “how
many foragers should there be from each colony?” As with
the question as to how many colonies of bees should be
introduced per hectare, there are no right answers to these
guestions as they areintrinsicaly linked to weather, local
conditions and the forage available to the bees, aswell asto
the quality of the colonies. Nonetheless, assessing the
performance of honeybee colonies introduced for
pollination as well asthe success of pollination should be
apart of agrowers quality control.

« If there are insufficient bees departing from the colonies,
the problem is probably due to the colonies themselves.
They may be sited badly, preventing normal foraging, or
may be of insuffident qudity. Note that bee activity normally
ceases or is much reduced below 15°C. Dead bees around
the colony will normally indicateif the absence of foraging
has been caused by apesticide application.

+ |f there are sufficient bees departing from the colonies, but
insufficient bees on the target trees, this means either that
the target trees are insufficiently attractive, or that there is
too much alternative forage available, or that some
application is keeping the bees out of the orchard. None
of these are the fault of the beekeeper or the colonies.

+ |f there are sufficient bees departing from the colonies, and
sufficient bees on the target crop, but inadequate fruit set
and an insufficient number of seedsin most fruit, then once
again the problem is not related to the bees but more likely
to weather conditions, nutrients, or pollinisers.

A guideline of what can be expected from honeybee colonies
during pollination, in all cases in good weather conditions
(around 25°C) and at 10h00, is asfollows:

+ Foraging rate: 120 foragers departing the colony in a
2 minute period is an acceptable average.

« Beesper tree: 6 bees per tree at any one moment in time
is acceptable for apples and plums, and 3 bees per tree is
acceptable for pears (in all cases, mature trees).

« Acceptablefertilization: 8 seedsper fruit is the objective
for gpples and pears, with 6 seeds per fruit being acceptable.

Pollination of crops under cover
Small but increasing volumes of deciduous fruit crops are

produced under cover, primarily apples but a so some plums,
and mostly under shade netting. The reasons for the use of
netting isto prevent damage from hail or rain, or to prevent
sunburn of the fruit while improving fruit colour. While the
use of shade nets does not provide pollinators (bees) with the
scale of problems caused by tunnels or other enclosures, they
can cause some problems to foraging bees and result in
foragers becoming disoriented and causing bee losses. Good
rules of thumb to follow are:

1) Havethe shade net as high as possible; the lower the net,
the bigger the problem for foraging bees.

2) Do not have nooks and crannies and gables and foldsin
the shade net, which will result in foraging bees being
trapped. Rather have the net in a single plane.

3) Beehivesshould be placed outside the orchards, and not
under the shade netting.

Other factors influencing pollination
Foragers departing from honeybee colonies introduced for
pollination may visit every flower in the orchard, may indeed
visit each flower twenty times or more, and yet there may be
very poor pollination and very poor fruit set. Thisis because
thereare many factorsthat influencethe success of pollination
other than the presence of sufficient honeybees. Foremost of
these is the weather; bees and other pollinators need good
weather to affect optimum pollination. Rain can wash away
pollen, winds can dry out nectar, and rain and cold can prevent
pollinators from flying. In addition, low temperatures can
retard pollen tube growth, preventing the germination of
the seed. When dll is said and done, with al the multitude of
factors that can affect successful pollination, favourable
weather is the single most important, with probably only one
single day of perfect weather needed for the setting of an
adequate crop, especialy for apples and pears, and assuming
that all other pre-conditions (such as the sufficient of the
correct polliniser) have been met.

There are many other factors that may influence pollination
and fruit set and all need to be considered in successful crop
production. Among others are:

> Nectar quality affects the attractiveness of flowersand
the visitation rate by pollinators, and can often be
influenced by trace e ements such as potassum, and even
by the amount of irrigation received.

> The nutritional state of the trees, which dictate the
numbers of flowers produced, the quality of the flowers,
as well as the pollen supply. Only good flowers will
produce good fruit.

> Poor pruning which can prevent light reaching side
branches, limiting the numbers of pollinators reaching
these branches, and decreasing pollination.

> Some fungicides can Kill pollen and retard pollination.

> Crop loadsof previousyears.

More information

Valuable information on the practical management of

honeybees for the pollination of deciduous fruit crops may

be found in the following books and on the following websites:

- Beekeeping in South Africa, 3rd Edition, 2001, edited by
M F Johannsmeier

- Insect Pallination of Crops, 2nd Edition, 1993, John B Free

- Insect Pollination of Cultivated Crop Plants, 1976,
S E McGregor, available in full and for free at
http://bee.airoot.com/beeculture/book/index.html

- The pollination Home Page at http://pollinator.com/
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Design & Plan for
Proper Pollination
(Orchard Design)

Establish Good
Communication

Acquire Good
Bees

Optimize the Number
of Pollinators

Optimizethe Placement
of the Hives

Direct the Beesonto the
Target Crop

Protect the
Bees

Manage the Pallination

Pallination Check Ligt: Principles and Actions

The correct pollinizers should be planted in the rows and as abundantly asis economically vigble
Hive site placement and road access at night should be planned during orchard design & layout
Spray programmes shoul d be sorted out and planned before each season starts

Develop amutually beneficia relationship with a reputabl e and knowledgeable beekeeper
Use awritten pollination contract
Ensure spray supervisors adhere to the spray programme and communicate changes sufficiently beforehand

Use only hedthy & vibrant honeybee colonies, and don't overuse col onies (no more than three times each)
Hives should be properly managed for pollination and prepared / designed for adequate ventilation

Hives should be transported with care, never moved less than 3 km at atime, and not moved once placed
Use the correct number of colonies as recommended for each crop & cultivar

Introduce colonies in good time according to orchard-specific circumstances (allow 1 day to settle down)
Consider using more colonies per shift and/or waves of coloniesin difficult pollination circumstances

Placein the sun or semi-shade and protected from wind and damp
Distribute colonies evenly around the orchard, singly or in small groups
Place close to target crop, within 100 m, at row ends and not inside the orchard

Consider the repel lency of pesticides and try not spray anything just before or just after introducing col onies
Remove excess alternative forage from the near vicinity where possible

Never introduce colonies before sufficient flowers (at least 10%) are open on the target crop

Manage the execution of the previously planned spray programme meticul ously

Spray only when necessary, after notifying the beekeeper, and using the safest method & product possible
Take other flowering orchards, your neighbour's actions and other natura pollinators & beneficiasinto account

Monitor the bee activity at the hives, in the orchard and in adjacent orchards or fields regularly
Take weather conditionsinto account

Process . N X
Contact the beekeeper immediately in case of asuspected problem
Pollinantion Management: Scale unit = days (typical)
100 XX X X X X X X X X
90 X X X|X x X X X X X X
89 X X X X|x x x X X X X
70 X X X X x|x x x X X X
0 BLOSSOM 60 X X X X x x|x x X X X
50 X X X X x x x|x x x X
DEVELOPMENT 40 X X X X x x x XxX|x x x
30 X X X X x x x x x|x x
20 X X X X x x x x x x|x
10 X XX X x x x X X X X
1 | BLOSSOM % 0 2 5 10 15]20 30 40 50 60 70 80 90 95 96|97 97 98 98 98 99 99 99 99
2 | BLOSSOM FALL % 5 10115 20 30 40 50 60 70 80 90
3 | EARLY BALLOONS -4 -3
4 | BEE VISITS -1 0|11 2 3 4 5 6 7 8 9 10011 12 13 14 15 16 17
5 | ALTERNATIVE FORAGERISK -4 -3 2 -1 0| 1
6 | NEW BLOSSOMS 1101112, 3,4/ 5 6|7, 8 9,10 1112 13
7 | CROSS POLLINATION NEEDED 1.2 3 4 5 6 7 8 9 10
8 | POLLINATION WINDOW 12 3 4 5 6 7 8 9 10
9 | BEES IN / BEES OUT 9 10 11 12
10 NO CHEMICALS - REPELLENCY -3 .I . 3
11| SAFE CHEMICALS ONLY IIIIII-.
12| CHEMICALS - AT NIGHT ONLY 13 14 15 16 17
13| CHEMICALS - WITH CARE -4 1819

For more information, contact Mike Allsopp, Honeybee Section, ARC Flant Protection Research Ingtitute.

Td 021 887 4690 Fax 021 883 3285 e-mail alsoppm@earc.agric.za

or the Western Cape Bee Indusgtry Assodation (WCBA) Tel / Fax 021 971 1022 e-mail wcbha@telkomsa.net

ARC -« LNR
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