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Etficiens pollination of ihe [lowers of any entomophilous crop requires thar there should
be close dssociation between growers, beekeepers and bees,

The bees are indispenzable and are the most important element of the asociation, and
vnfortmately beekeepers are ol en the mest disruptive element — at least as far as the bees
are concerned.

Pollination is simply an accidental s3de cffect of the activities of bess foraging Tar Tood
for their colomies and the acuvites of growers and  becheepers must be  directed  1wowards
creating and maintaining in the fields and in the hives the coviconmen: thar will provide
the bees with the stronges: sumulus 1w seek and gasher rectar or pollen from abe particular
croq,

Providsd growers and  beckecpers carry our their activities effectively  and  provided of
conrse that weather conditions ase suitable the bees wall fulfil their part in the association
efficiently. for foraging is the result of their insuinetive and therefors unavoidable responses
o stmel they percerve [rom heir environment.

Some [lowers may be pollinated equally well by bees that are seeking either nectar or
pollen. The wvpe of hive management required to provide efficiemt pollication of these crops
15 dalferent from that sequired wheree the flowers of he crep can be pollinated efficiently
anly by bees that visit them Tar the specific purpose of gathering pollen.

The beckeeper's first 1ask must he 1w gain an understanding of the nature of the flowers
al he crop w be pollinated, and of the wype of feraging activity that 33 required for most
etficient pollination,

The number of [oragers returning 1w the hive with pollen from any particolar crop, or
the ameunt of thar pellen appearing in pollen craps s not a wue gude w the wvpe of
Fomaging activity thar will result in the pollination of the crop in gquestion. Moo is it
necessarily any guide to the efficiency of pollinaton of the erop.

Pollen that is brought into the hive mav have been gathered by bees that were actively
seeking pollen, or by bess thar gahersd pollen while wisiung [lowers in search of nectar.
The 1wo wvpes of foraging activity may be readily distinguished by observation of the be-
haviour of the bees on the flowers,

& bee that is foraging Cor nectar may be distingnished by the fact that after alighting
on a fower and lecating the nectary, it extends its tongue ard beging 1o ambibe the meciar.
It remains still for a few seconds and alter taking up all the nectar, flies without hesitation
o ancther and repeats the process,

Mectar collecting bees mast often crawl over ar through <he anthers of lowers 1o reach
the nectaries and their bodies vsually become diswed with pollen. Mos of them disregard
this pallen whick falls from their bodies as they Ty or is removed when they groom them-
selves, [owever, some  bess that are obviously seeking nectar are apparendy siill able 1o
n:kpund o the pu“-::n an their bodies for they pack i o their F"L!l”l.'l'l baskets and thus
seturn 1o the bive with both pallen and nectar, Clearly, the collection of pollen by these
bees is incidensal 1o the coll=etion of pecur,

About 2554 of foragers from any hive are acively secking pollen in response w the
stimulis presented by the brood, Their behaviour s quit: characersic, They do not shaw
any interss in the nectarizs of the flowers they visit, Tor normally they leave the hive with
reserves of honey sufficient w provide the energy required for their flight 10 and from
ihe flowers.
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Afer alighting on the [lower they scrabble actively owver the anthers and sugma, biting
the anthers and pulling them dowa rowards their hnf;cs. This acuvity relemes pollen which
accumulates on the bees’ badfes. ANer thev leave the flower they normally bhover Tor a few
minutes busily scraping the pollen off their bodies and packing it i their pollen baskes,

The wpe of foraging activity that is most likely w lead o elficienmt pollination of any
crop is determined in the first instance by a number of factors that erigimate in the plam
and in the crop.

Flower structure 35 particilacly imparant, for in general, maximum vields of seed and
fruit from entomophilous crops are obtained only when hees are available o wansfer pollen

fraom the anthers — the male parts ol the Howers —, to the sugmas — the female pars
of 1he flowers. H
Where bees must make contact with both anthers and stigma of all flowers they  visiy,

pollinaticn  may be effected by bees secking  either pollen or nectar, Howewer, in some
flowers bess may obtain neciar withom m-.1§.i|1p, contact with anthers o1 stigma, and such
Flowers may be pollinated only by bees thar are actively seeking pallen.

The quantity and qualicy ol nectar and pollen produced by any crop and the case with
which hees may collect them determine the profitabiliy of the crop as a source af food
foe boes, Thess are  thesefore important Tactors alfectmg the efficiency of pollination and
the ability of any crap w compete with aliernative sources of necar and pollen.

Ouality of nectar in werms of this discussion means basically the amount of sugars in
the mectar, Tlaneybess exhibit o prelerence for necrar containing more than 2059 of sugars,
and the higher the sogar concentration the more profitable will be the tlowers as a source
al nectar, A few plants preduce nectars with a very low concentration of sugars, and are
puor compeiitors for visity by necrar-collecting bees.

In peneral, when able w0 choose betwesn sources of nectar, bees will prefer the one from
which they can gather a full load of nectar n the shortest tme, Thus they prefer craps
in which individual lowers produce cemparatively large amounts of nectar, or that have
an abundance of flowers. For example, olovers, which normally  produce nectar comaining
30 o 40%, sugars, and which may have several million flowers per acre, are very surang
n for wisis by nectar-collecting bees, even though the amount of oectar produced

competin
per flower s comparanvely small,

The guality and quantity of pollen  are also imporant, Quality is determined by the
strength of the stimuelos that the pollen presems wothe bees, [or bees secking pollen are
induced oo alight on (lowers and to scrabble for  pollen by stimuli pressnted by certain
chemicals in the pollen. Pollens of different plants vary in the amouns of theee chemicals
they contain, and thus i the strength of the stmalus they present o pollen eolleciars,

Both the abundance and concentzation of nectar are subject 1o considerable [uernation
during any ane day, and from day 1w day, The threshald temperaiure for nectar secretion
— that i, the lowest temperature at which the flowers will begin to secrete nectar — and
the wemperaere above which nectar secrenion stops, are wually specilic for individual specics
or varieties ol ;JLLr'.lh, ard in i.']'li'!l'lj.'.,l"-'ﬂl'-'ll.‘ weather nestar secretion of some owers [loctnates
with temperatire, Trrespective of temperature, bowever, nectar secretion s always reduced
in dull cloudy weather. The amaunt and concentration of nectar secreted is also influenced
by the meistuze level and surrient swatus of the soil, by ammespheric pressure and humidicy,
and by wind and rain. .

The quality and quantiiy of pollen produced by the flowers of any plant may also vary,
s that the atstractivensss of the flowers o pollen-collecting bees alse varies, Little is known
af the causes of these variations, but there s evidence to suggest that 10 5 assaciated  with
the state of growth af the plam., For instance, it appears that lucerne plants bat are pro-
ducing fresh wegeative growth following rain or excessive irrigation may produce a high
propurtion of infertile pollen grains

Thus the attractiveness of any crop will vary at differsmt umes during the day, from day
ta day, and ar different stages of fowering, and it is nor uncommen w find adjacent crops
al the same plant exhibiting different levels of auractiveness o honeybees.

Growers” efforts may affect the amovnts of pectar and pollen produced by the [lowers
and chus will affzer the astractivencss of the craop to bess, For example, most irrigared sewd
crops appear 10 be more attractive 1o bees and to produce better yields of seed when they
are subjected 10 some degree of moisture stress before and during eacly flowering,
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In some casss soil mutrient stratus alfects nectar secretion as for example in clovers which
often benefit Trom application of potassum feriliser,

The distnbuzion of pollenizer varieties §s important with many orchard fruits. Individual
foragers usually confine their activities 1w relatvely small foraging areas, and pollenizer
varieties must be so poaced that bees will regularly move between these trees and the main
varisly,

Co-operation between growers and beckeepers to identify the main competing flora may
also lead 1o improved pollination. In some instances, flowering may be delayed 1w avoid
the warst effects of competiion while in archards it may be helpfcl w mow the ground
cover and so. remove weed flowers that are often important competitor sources of pollen.

Flowers of all plants are receptive 1o pallen for restricted periods, and even though many
(lowers may remain apen for 7 days or more, most flowers must be pollinated within a
dav or two of opening. Thus for example delays of one or two days with Delicious apple
produce fruis set of ooly 274 and 118, respectively while with almonds virtvally no nots
are set if pollinaten is delaved for four days after the flowers have opened.

Thiz has several implications for she bheekeeper. Tt means that there should oot be any
delav i placing hives in the coop once flowermg has started, and it means that there must
always he enough foragers working in the crop 1w eosure rapid pollination of all flowers
ance they bave opened. It alsa has partcular implicasions in the pollinaton of crops that
flowrer in spring when the weather mayv be cool and changeable, In such weather conditions
bees tend o fn:'.raj_:c close 1o their hives, and so the hives should be dih‘Plﬂf‘:’lEd i small EIOUPRS
throvgheut the archard.

The management of colonies for pallination has smporiant effects an sheir efficiency as

podlination units .

The behaviour of honeybees is influenced by their reactions 1o what may be called
“peward no reward™ siwations, 15 any activity fails 1w produce a Freward”, they even-
wally stap responding 1w the stimulus thar elicies the activity, For example, when storage
space in the hive is filled with pollen and honey, incoming bees are urdable w dispose of
the food they carry, and evenally cease foraging, )

Mapagement of colonies wsed for pollination must be such as to cosure that this situation
does not arise and that there is always sufficient comb space for storage of all the pollen
and neciar the bees can gather. It is never possible to forecast vields of nectar and it s
alwavs advisable to start off with ane mare super than is thought necessary. Routine mana-
gement must include examinations of storage space and if necessary the removal of surplus
heney or she proviaen of additienal supers.

Colonies used for pollination af ecrops thar sequire the activities of nectar collecting bees
should be as strons as is possible. IF the crop has a shart flowering peried, linde harm will
he done if brood rearing is resiricied. In fact this will improve pollination for with less
braod there 15 a weaker stimulus oo |_1|.'|'||.|,l|'|. collection and a 1'|i.|'.1\]1.::|.' 'P.’-:I'p-:'ll"l.;flll of bess will
gather nectar.

However, where the crop has a long flowering period, the need o maimain the optimum
force of mectar-collecting bees must be balanced against the need 1o maintain colony strength.
In general, with these crops it is necessary to inspect the braod-nest regularly and 1o ensure
that the gueen has plesty of roem in which 1w lay egps.

Colonies that are w pollinate crops needing the activities of pollen-collecing bees require
careful and regular attention w maintain the cptimum rare of brood rearing and w easure
thar, it possble, they seffer a continuing mild shortage of poellen, The proportion of bees
that seck pollen is directly related 1w the amount of breod w be fed and in broad terms,
the management required for these colonies must include the regular removal from the brood-
nest of combs coniaining honey and  excessive amounts of pollen, so that the quesn may

maintain a high rate of oviposition.

[ some cases — partieulasly in spring — brood rearing is inhibised by a lack of necar,
and it is often beneficial o feed the colonies with thin syrup or even o give them sticky
combs,

Finally, some brief comments on the type of pollination activity thar is likely w provide
most efficient 'pl_:-'_]in,-a_‘.:.n[] of some crops grown in Australia.

The flowers of all clovers may be pollinared equally well by bees thar visic them 10
collect either nectar or pollen, The anthers and stigma are enclosed in the keel petals, and
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are exposed when a bee alights on the flower. As the bee pushes her tengue o bead inte
the throat of the (lower, the anthers and sigma are pressed against the undesside of the
bee's head, and pollination occurs, The anthers and sugma rewurn o their poston in the
kel perals when the hee leaves,

Clover flowers are net ideally seited for bess thar are actively secking pollen, Tor they
carmmot complecs the full rerabbling bebaviour pattern, However, seme bees exhibl modilied
larelegs over the anthers o release

pollen gahering behaviour tn which they scrape thels
the 'p';.ll.]{.'l'l.

The most efficient pallination of clovers will be achieved with strang  colonies managed
for maximum honey productien.

Many of the wvarieties of frair rees grown in Auvstralin difer from these grown in ather
countrise, Varietal differences in flower scrccwre influsnce the tepe of foraging  activity
most lhely o lead 1o effectve pollination, and since information on flower stroctuee G5 ot
readly available, it is possible 10 speak only in broad generalisations.

Polinaton of orchard fruits s vnusual in that the prower does net always reguire polli-
nation of the maximum pumber of flowers. In the case of apples, pears, peaches and apricots,
lar example, a commercial crop may be obtained if 1C w1584 of [lowess ser Froin, while
for cherries and almonds pellination of all flowers s required.

Pears provide the main problem in orchard pollination, for with nectar usvally containing
less than 2004 sugars, they compete very poorly for nectar colleciors, Pollicaton of pears
is best achisved by bees actively seeking pollen, Unfortunately, it appears thar pears may
also ke poor compeiees with aliernative sources of polen. In face the evidence uggesis
that Truit trees often compere relatively poorly with aliernative sources of pollen, especially
with ground flora, which normally MNowers profusely ar the same time as froic orees,

The evidence available suggess that most effecive pollimaion of orchard Truits may be
achieved with colonies managed 1w produce o maximum simulus for pollen collection, but
there is roam for research oo this aspect of pollination.

Lxcerse poellination is 2 contnuing problem in Avsiralia, Bees may obtain nectar withou
pollinating  the flowers and nectar eollectors in general pollinae only 1 10 294 of he
flawess they wisit, whereas bees seching pollen will wip and pollinate vp o 9884 of he
flowers they vis, Unforonately lucerne is a poor competitor Tor pollen eollecting bees,
The pollin presents a relavively weal simulus, e [owers are difficolt for bees o warlk
and produce relpively small amounts of pollen, Beso vields of lucerne seed are produce
in conditions in which there is minimal cempetition for pollen, where the weather is fine,
dey and ho, and where henevber colonies are carelully managed o maintain a high rae
of oviposiven and a conunual shormage of pollen, There are few areas in which this com-
Binatien of conditions accurs with any regularicy.

The flowerheads of senflowers consist of a large number of small florets with hoth anthers
and stigma Tising abowe the corolla wbe s that any bee alighting om the flowerhzad i
search of nectar will poliinae the [orets. Bees appear 1o wisit sunflowers mainly 1w obtaln
nectar and hives prepared for maximum honey  production are lkely 1o be most efficien
pollinators of suntlowers.

The {lowers of vilreed rape compete swongly as sources of nectar, for they produce relati-
vely large quantives of nectar with a high concemration of sugass, The available evidence
Sugpests that bess do not normally wvisit oilseed rape 5]>|:L'i.rit'ﬂ|]}' 1o |.1.:lthtr ]'J:ll:t'rl and  hives
maraged for maximem honey production are prebably bese suied far pollination of this crap,

[r averseas coumtiies particularly in USA — new meshods of culmring crops and parci-
cularly the use of male serile hvbrids are creating increased pressure for elficient pollinacion
services, Up 1o the present, Auvstralian prowers have not vsed these new techniques, and do
not usdally Tace major problems of pollination, since wild swarms of honeybees often account
for & high proportion of foraging bees in their orchards and crops,

Hawever, the oeed Tor higher vields and lower costs of production per pound of seed
or fruit will chapge 1his in tme, and the Ausiralian beckeeping indusiry will need 10 im-
prove L1 services o growers to meet these needs,
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