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BEES AS POLLINATORS OF FRUIT AND
AND SEED CROPS

By
C. G. Burrrn AND J. STMPSoN

I- INrnooucrrox
It has been showa that a number of important agricultural

crops require the services of insects as pollinators. Whilst this
does not apply to the major crops required {or human consumption,
such as cereals and potatoes, it is particularly important in the case
of the legumes, which play such an essential part in agricultural
economy. Many other crops require insect pollination in order to
produce fruit or seed, of which such horticultural crops as brassicae
and orchard fruits are good examples.

It should also be mentioned tlat many grasses and forest trees,
which rely on wind pollination, are frequently visited by large
numbers of pollen-gathering bees (S},nge, f9 7).

Although adequate data are not yet available, it is probable
that in many pans of Britain today, as a result of irtensive cultiva-
tion, the number of wild polinating insects is insuficient to ensure
firll production. However, the distribution of honeybee colonies
is by no means ideal for ttris purpose, since t}le great majority are
kept in the immediate neighbourhood of large cities and not in those
areas where insect-pollinated crops are extensively grown. This
state of affairs is harmful both to the farmer and to the beekeeper,
whose honey yield suffers as a result of excessive competition Ior
limited supplies oI bee forage. Its rectification is, however, clearly
a matter of organization rather than of research, and the research
worker is more concerned witJ: those cases where, despite the presence
of bees, pollination still remains inadequate.

II. INSUFFICIENT PoLLINATIoN
Many insects, including bees, visit the nectaries o{ flowering

plants in search of food. It has been showa by Wykes (1952c)
that honeybees preler solutions containiag sucrose, glucose and fruc-
tose to solutions oI the same total concentration of any single one
of tlese sugars, The fact that most nectars contain tttese tbree
sugars in major proportions (Wykes, 1952a; 1953a) may, tlerefore,
indicate ar aspect of tJre mutual adaptation between plant and bee.
Wykes (19530) has also found that the removal of nectar from the
nectaries of some plants stimu.lates further secretion an interesting
example of economy on the part of the plant.

In most cases the nectariqs are situated within the flowers them-
selves and, when approaching them, the insects usuaLly effect the
pollination of t}te flowers concemed, Flora.l nectaries are probably
more attractive tlan extra-floral ones, and also the more readilv
found on account of the colours and scents of the flowers. It ha!
been shown by Oettingen-Spielberg (1949) that worker honeybees
searching for new sources of food are particularly attracted to small,
coloured objects. This has been confirmed by Butler (1951), who

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-75 pp 3

168

has also shorrn that bees will alight on such objects much more
readily if suitable scents are also present. Furthermore, he has
shown that bees that have been visiting a crop of scented flowers
for some time will hesitate to enter them if the perfumes of the
individual flowers are experimentally masked with another perfume,
even with one rvhich is normally attractive to bees. This probably
explains the observation of Butler, Finney and Schiele (1943) tltat
many bees are deterred, at least temporarily, from continuing to
visit-flowers when they are sprayed wiih insecti.idat and fungic-idal
mixtures containing scented materials which are not, in themselves,
strongly repellent to bees.

Bees are especialty important as pollinating insects because,
both as larvae and as adults, they are entirely dependent upon nectar
and Dollen for their food, and numerous visits have to be made to
floweis to collect them. The branched hairs on their bodies, which
enable them to collect pollen, also increase their pollhating efEciency.
The honeybee is especially valuable because its colonies contain
thousands of individuals which can readily be moved to those places
where they are required.

Failure of bees to *'ork on crops is often explicable by lack ol
nectar or by the presence of nectar which is too dilute to attract
them. Some plants consistently produce nectar which, both in
quantity and quality, is attractive to bees, whilst otlters cauot be
reled upon to do so. Such variations in nectar secretion can usually
be attributed to weather conditions, even to those of the previous
year, through their efiect on carbohydrate accumulation (Wykes,
19520), but may also be afiected by the availability of soil nutrients
(Beutler, 1953). Ryle (1954a, 19546) has investigated the eflect of
fertilizer treatment on nectar secretion in mustard, buckwheat,
apple and red clover. She showed that with apple-trees the mean
quantity of sugar produced per flower rvas sigrificantly increased
by extra potash. In sand-culture experiments with red clover,
niustard and buckwheat, in which the levels of nitrate, phosphate
and potash were varied, any treatment which checked gro*th at
flowering, apart from a shortage of potash, increased the yield of
nectar. However, with the clonal material used in the red-clover
experirnents, it was found that the differences caused by the fertil-
izeis were small in comparison $rith those between clirnes. This
suggests that it may be possible to select strains of red clover
wliich, whilst retaining their preseDt tood vegetative qualities, witl
also have improved nectar-secreting properties.

It is also possible for flowers to contain nectar which is not
available to all pollinating insects. Thus inadequate pollination
of red clover by honeybees can be due to the long corolla-tubes of
the flowers of this plant, which make it difficult, if not impossible,
for the bees to reach the nectar unless it is very plentifirl. The
longer-tongued species oI bumblebees, suclt x Bomb*s agrorum
and B. ruAeratus, are better able to pollinate this plant, but the
short-tongued species, such as B.lerreslris and B.lucorum, are often
actuallv harmful, since, bv biting holes at the bases of the corolla-
tubes, they obtain the nectar without making contact with the
stamens and stisma. and enable honevbees to do likewise. These
facts have recenily been verified by Free (19i2). Ribbands (1951)
has shown that in order to obtain maximum pollinating efficiency
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colonies of honeybees should be placed as close as possible to the
crop, since the imount of foraging in bad weather is considerably
reduced when t}Ie bees have to flv even short distances.

Numerous cases have been retorded of crops which would other-
wise be reasonablv attractive to bees being neglected in favour of
still more attractive crops, which have s6met-imes actually been
weeds. For example, Vansell (194!) has described a case of com-
petition, a multipie case, betrieen the flowers of apple, peach,
irectarine, plum. iour cherry, uinter Nelis pear and Bartlett pear,
in which thi two varieties oi pear were almost completely neglected
by the bees present in favour of the apple and other flowers. Butler
(i945a) ha-i described similar cases of competition between pear
ind hiwtlom, in which the pear blossom ll-as neglected in favour
of the hawthorn, and also between Sreengage and dandelion, in
which the dandelions received the bulk of the bee visits. Hammer
(1949) showed that red clover, even when it was felding nectar
rletl, was liable to be deserted in favour of mustard. Iucerne or carrot.
He Iound that this difficulty could be overcome by providing more
bees than the competing crops could carry.

Bees foragirg ior n"ectar may in some instances be ineffective
as oollinators if the floral structure permits them to reach the nec-
taries without touching the stamins and stigma. Thus some
varieties of apples have long, erect stamens beneath which bees
can crawl to reach the nectaries. In the case of flax many bees
learn to approach the nectaries by thrusting their tontues between
the petali from the back of the flower (Gubin, 1945), in rvhich
behaviour they are possibly encouraged by the fact that flax Petals
are extremely loosely attacbed and perhaps do not provide an
adequate support for a bee (Simpson, l9l9). In the same sort
o{ way nectar:gattrering honeybees rarely accomplish the tripPing
of luci:rne florvirs, which is necessary Ior their pollination, having
learned to obtain the nectar without thrusting their heads into the
corolla-tubes (Tysdal, 1940). Honeybees often take a little time to
leam such irrdg,ilar methotis of obtaining nectar (Butler, 1949), and
Dadant (1951)- has suggested changing the colonies on the croP
regularly to reduce the ef{ects of such learnirg.- Extia-floral nectaries on plants also allow ins€cts to obtain
nectar without efiecting pollination. It is surprising, therefore, that
in some plants, such as the field bean and cotton, such nectaries
are active at ttte time of flowering.

Where it is sufficiently abundant, pollen of itseU may attract
inatins insects. This occurs with a few nectarless plantsnectarless plantspollinating insects. This occurs

Such as foppies. Since pollen-collecting bees almost invariably
pollinate ihi:'flouers u'hicit they visit, m-ost pollia-ating difficultiespollinate ihi'flouers u'hich they visit, m-ost polliaating difficulties
iould be overcome by increasing the number of bees gathering
pollen from the crop. 

'This 
can be done by increasing the total bee

population in the district. About one colony of bees per acre ispopulation in the About one colony of bees per acre is
the pollination of croDs where nectar-isrially sufEcient to ensure the pollination of crops where nectar-

gatheiers are the effective agents (Hutson, 1926), but advantages
[ave been shown in increasing this number to three to four per
acre in the case of red clover, from which the bees often obtain
insuficient nectar (Hammer, 1950), and to five per acre with lucerne,
where nectar-gatherers do not pollinate the flowers (Dadant, l95l).

Many morl individuals are usually necessary to gather the
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nectar required by a colony of honeybees tllan are requLed to collect
its pollen. It follows, therefore, that if the population of honey-
bees in any given area is increased, until the number oI pollen-
gathering bees is sufficient to pollinate a given crop, tlre colonies
used are unlikely to give a satisfactory retun of honey and may
even require to be fed. The economics of ttris system of ensuring
pollination in any particular instance should, therefore, be care{ully
examined. The females of many solitary bees, for example Mega-
chile sp., arc mailly concerned with pollen collection when foraging,
and are, tierefore, probably more useful as pollinators of crops
such as lucerne (Franklin, l95l), from which honeybees can obtain
nectar without efiecting pollination. Attempts have already
been made in America to propatate Notnia mclaruIeri for this pur-
pose (Menke, 1952) ; otherwise this possible method oI solving the
problem appears to have received little attention.

The possibility of varying the proportion of pollen to nectar
loads collected by honeybee colonies has been considered. There
is some evidence that this can be done by creating a pollen shortage
in the hive by using a pollen trap to remove pollen from the legs
of returning foragers (Hirschfelder, l95l; Lindauer, 1952). Most
traps, however, remove only about 20 per cent of the loads of pollen
brought in by bees, and although a trap which removes as much as
75 per cent has been produced at Rothamsted, the obstruction
which it causes reduces the foraging level of t}le colony excessively.
Unless this difficulty ca-n be overcome, it seems improbable tlat
potlen trapping will prove to be useful in this respect. Pollen
collection may also be increased by adding to the amount of brood
in the colony, but this, too, involves considerable beekeeping
difficulties.

III. CRoss-PoLLrNATroi,r

Many plants of considerable economic importance are wholly
or partially self-sterile, or possess mechanisms which hinder self-
pollination. It is important, ttrerefore, that pollinating ircects
should carrj, pollen from plant to plant.

Individual honeybees do not forase over the whole of the area
*ithin flight range" of their hive, bu"t tend to return continually
to a small part of this area (MUller, f882). This type oI behaviour
is also showa by other insects (Minderhoud, l95I), and may well be
a characteristic of foraging animals in general. Individual bees
also frequently restrict their activities, at least for a time, to the
flowers of one of several available species of plants (Aristotle).

It is obviously desirable that the {oraging areas of individual
honeybees sbould be large where the transference of pollen between
trees, often between widely separated trees (as in orchards inter-
planted with compatible varieties), is necessary; and that they
should be small where transfer of pollen between adjacent plots, as
when growing seed of compatible varieties of brassicae, must be
avoided.

Butler (1943) described honeybees restricting their foraging on a
crop to areas of 5 yards or less in diameter, and the existence of
foraging areas of similar size was deduced by Crane and Mather
(f943) from a study of the distances necessary for isolation between
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crops of different varieties of radish. It was pointed out by Butler
(1943) that bees foraging in such small areas tannot be resp,onsible
for cross-pollination in orchards, ald, since the necessary transler
of pollen between trees does occur, he postulated (1954D) the exist-
ence of an additional " wandering " population of bees. He con-
sidered that these were probably mainly young bees which had not
yet found satisfactory foraging areas. It was known, however,
that bees tend to extend their foraging areas and to wander x'hen
ttre crop on which they have been foraging begins to fail. Thus in
an experimental field, which extended over a considerable area, in
which artificial flowers (dishes oi symp) were spaced 20 yards
apart from one another, Butler, Jefiree and Kalmus (1943) found
that honeybees which were accustomed to collect food from par-
ticular dishes moved elsewhere when the supply of slrup in these
dishes failed, but, nevertheless, returred from time to time to these
dishes and examined them. If the supply of syrup was subse-
quently replenished and maintained, the bees rvould often be found
tb have eirlarged their original foraging areas to include several
dishes, some of which thet visited only occasionally. Similarly,
Ribbands (1949) found that honeybees that $'ere gathering pollen
from Shirley Poppies spread their activities over a greater number
of flower-heads as the supply of pollen became exhausted. From
this and other observations with difierent crops he came to the
conclusion that the size of a honeybee's foraging area is liable to
continuous change, and is dependent at any given moment on the
extent to which she is satisfied with the return for her foraging
activitv. Since von Frisch (1934) has shown that such satisfaction
is related to the previous foraging experience oI a bee, it is probable
that as difierent bees have had difierent experiences they are liable
to be variously satisfied, and Ribbands (1949) has concluded that
one is likely to find a wide range of sizes o{ foraging areas amongst
any population of honeybees workirg on any crop at any given time.
Thus both Butler and Ribbands agree that the sizes oI the foraging
areas of individual bees vary from time to time, but explain this
ohenomenon il difierent wavs.' Butler (1945) supposed'that the proportion of " wandering "
bees could be raised by increasing the density ol bees on the croP,
but Ribbands (1953) has concluded that the efiect of competition on
the sizes of foraging areas is unpredictable Jrom the available
evidence. This pr:oblem, which clearly has an important bearing on
orchard pollination, still remains to be solved experimentally-

IV. TsB Drnrcuxc oF HoNEYBEES To CRoPS

Von Frisch's (1925) discovery that successful foragers are able to
communicate the scent of tlle flowers lrom which they have been
gathering food to other bees has led to attemPts to diect honey-
6ees to crops which need to be pollinated. The method used has
been to feed s],rup, containing the scents of the flowers of the crops
requiring to be pollinated, to colonies of bees.

- 
Foragers thtt are seeking food are attracted to flowers by their

movement (WolI, 1937) and by their colour and scent (Butler,
l95l). Ribbands (lgag) has demonstrated that when a honeybee
knows of more t]lan one source of Iood she appears to select t}Ie best
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of tlese 1t any given time, and von Frisch (1946) has sho\Mn that
she is able to communicate to other membirs oi her colony the
positions of any of these sources.

Close observations suggest ttlat colonies oI honeybees possess
very efiectiye methods of flnding and exploiting th6 best-of t}le
crops within their foraging rangi, so that alth6ugh it mieht be
possible to mislead them into pollinating one of the poorer crops, no
increase in honel yield could resu.lt fiom this procedure. -How-

eve-r a colony's rieihods of firding the best crops'available do not,
in Jact, app€ar to be as efiective as one might eipect ttrem to be, as
it has been noted that colonies in the same apiiry will frequeatly
collect the bulk of their food from very difierent 

- 
sou.ces (SyaS;,

1947). It has also been shown that iolonies of bees ttrai 
-hive

been moved to a heather area before t}te heather flowers have
opened, and have commenced to forage on other kinds of flowers,
have failed to transfer their activities to the much more abundant
heather flowers when these beca.me available (Moore-Ede, l94Z).
It seems possible, therefore, that when colonies of bees are directed
to crops-to pollinate them their honey yields may occasionally be
increased.

In early practical experiments to dfuect bees to crops Russian
workers, such as Veprikov (1936). claim to have obtiined con-
siderable increases in the nurnber of bees visiting the experimental
crops and in the amount of seed produced. However, late; investisa-
tions by von Frisch (19a7) produced less defrnite results; in -his

experiments the number of honeybees foraging on the experimental
crops appear almost invariably to have been increased, but the
figures obtained for set of seed, and for seed yield at harvest, are less
satisfactory. . On crops other than red clovei increased honey yields
(allowance being made for the sugar fed) were obtained. In ih-e case
of red clover, however, the effects on honey yield were not sigaificant,
This suggests that although von Frisch wis successful in -<lirectins
the beei'io red clover, the-y were unable to oUtain anv more nect#
from these {lowers than they would have done from others.

- Yon_ Frisch (19.17) pointed out that dtecting bees to crops {rom
w-hich the-y-. cannot obtain nectar is not likely toiesult in mudh addi-
tional pollination of the crop. He, therelore, suggested that in
slch cases it might be possible, and more profitabld,-to attempt to
dAect pollen-gathering 6ees to the crop rath'er than neciar-gath6rers,
by feeding syrup scented with the -pollen 

of its flowersi Unfor-
tunately, experiments at Rothamsted to direct bees to red-clover
crops, by feeding red-clover pollen in s1rup, have produced no evi-
dence that the pioportion of irollen gatJiered from r'ed+lover flowers
can be increased by such treatment.

Von Frisch (f9a7) also showed that it is more effective to feed
scented slmrp to bees outside the hive than inside. Some un-
published observations by Butler suggest that this may be due to the
very much greater tendency of bees ibat have collecied food in the
light to perform recruiting dances, and also that intermittent
feeding is likely to be mori efiective t}ran continuous feedine. as
most of the dances are performed by the fust few bees whichirisit
the feeder
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V. UsE or Ho\EYBEES AS PoLLTNAToRS rN PARTTCULAR hisrANcES

(a) Orchard ?ouination
Bittain el al. (1933) have pointed out ttrat the number of colonies

of honeybees required to yield the necessary proportion of bees to
flowers il an orchard depends on many {actors, including, of course,
the area of the orchard and also the amount of bee forage, otier ttran
that provided by the fruit-trees, available in and around the orchard.
Butler (1948) iecommended that a group of colonies should be
placed in the centre of each 16-20 acres or orchard. Although the
i,atidity ot the suggestion that this method of placing the c5lonies
increases the degree o{ competition between the bees and also
increases their tendency to wander from tree to tree, and thus to
effect cross-pollination, has not yet been adequately demonstrated,
there is no doubt that it possesses certain advantages. By keeping
the colonies away from t-be edges of the orcbards it probably reduces
the tendency of the bees to forage outside them, and further it
enables the grower to determine, over a period of time, the number
o{ colonies of a given strength necessary to produce an adequate
set oI fruit, sincell an insufrcient force of bees is present the set of
fruit fa.lls ofi at some distance from the hives, and when an even set
of fruit has been obtained throughout an orchard the force of bees
is probably correct (Butler, 1942). Grouping of ttre colonies to-
gether is also advantageous to management both by the beekeeper
and the grower. In spite of Ribbalds' (1951) observations of the
large diriinution of foiaging in bad weaiher with increased flying
disiance, it is unlikely that the method of locating colonies sug-
gested by Butler (1948) will result in any serious diminution of
foraging activity, since tbe radius of a circle of an area of 20 acres,
in th=e ctntre of which it has been suggested that the colonies should
be placed, is only 176 yards. Larger groupings, however, are
undesirable.

(b) Pollinalion in confined sPaces

Colonies of honeybees are sometimes used to cross-pollinate such
crops as peaches in |lass-houses (Thompson, 1940). Unfortunately,
horiever, although h-oneybees have been found to be very satisfactory
for such purposes, and to save rnuch manual labour, the condition
of the colonies used tends to deteriorate very rapidly and tle forag-
ing force to diminish during the fust few days of confinement to
th; house, on account of many of the bees dying in attempts to
escape. However, the young bees which reptace the origiral
foragers show a much reduced tendency to behave in this way.

Receotlv colourless nylon screen-cages have been found useful
in work on'the pollinatioir of red cloveiand otber croPs, as well as
Ior work on the breeding of brassica varieties. It has been found
at Rothamsted tlat bees behave well in these cages and that normal
plant gror*th is maintained 'within them. Indeed it- seems probable
that this tl4)e of cage may prove exkemely valuable in plant
breeding.
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