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INSECT POLLINATION OF CULTIVATED CROP
PLANTS

By S. E. MCGREGOR

Apiculturist, retired, Agricultural Research Service
Western Region, Tucson, Ariz.

ECONOMICSOF PLANT POLLINATION

Worldwide, more than 3,000 plant species have been used as food, only 300 of which are now widely
grown, and only 12 of which furnish nearly 90 percent of the world's food. These 12 include the grains:
rice, wheat, maize (corn), sorghums, millets, rye, and barley, and potatoes, sweet potatoes, cassavas or

maniocs, bananas, and coconuts (Thurston 1969) 1 The grains are wind-pollinated or self-pollinated,
coconuts are partially wind-pollinated and partially insect pollinated, and the others are propagated
asexually or develop parthenocarpically. However, more than two-thirds of the world's populationisin
Southeast Asiawhere the staple diet isrice. Superficially, it appears that insect-pollination has little effect
on the world's food supply - possibly no more than 1 percent.

Within the United States, which accounts for only about 6 percent of the world's population, about 286
million acres were cultivated in 1969. About 180 million acres were devoted to the wind pollinated or self-
pollinated crops, primarily barley, corn, oats, rice, rye, sorghums and wheat, grass hay crops, sugar beets,
sugar cane, potatoes, sweet potatoes, and tobacco. About 60 million acres were devoted to crops that may
receive some benefit from insect pollination but are largely self-pollinating (beans, cotton, flax, peanuts,
peas, and soybeans). About 40 million acres were devoted to hay crops produced from bee-pollinated
seeds (alfalfa, clovers, lespedezas). About 6 million acres were devoted to producing fruits, vegetables,
and nuts--most of which are dependent upon insect pollination. Table 1 lists the cultivated crop plants,
discussed herein, that are dependent upon or benefited by insect pollination. These plants provide about 15
percent of our diet.

The animal products we consume contribute about an equal amount to our diet. These include beef, pork,
poultry, lamb, and dairy products--derived one way or another from insect-pollinated legumes such as
afafa, clover, lespedeza, and trefoil.

More than half of the world's diet of fats and oils comes from oilseeds--coconuts, cotton, oil palm, olives,
peanuts, rape, soybeans, and sunflower (Guidry 1964). Many of these plants are dependent upon or
benefited by insect pollination. When these sources, the animal and plant products, are considered, it
appears that perhaps one-third of our total diet is dependent, directly or indirectly, upon insect-pollinated
plants.
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In addition, the insect-pollinated legumes have the ability to collect nitrogen from the air, storeit in the
roots, and ultimately leave it to enrich the soil for other plants. Without this beneficial effect, soils not
fertilized by processed minerals would soon be depleted and become economically unproductive.

Another value of pollination liesin its effect on quality and efficiency of crop production. Inadequate
pollination can result not only in reduced yields but also in delayed yield and a high percentage of culls or
inferior fruits. In this connection, Gates (1917) warned the grower that, "he may fertilize, and cultivate the
soil, prune, thin and spray the trees, in aword, he may do all of those things which modern practice
advocates, yet without his pollinating agents, chief among which are the honey bees, to transfer the pollen
from the stamens to the pistil of the blooms, his crop may fail."

With ample pollination, the grower may also be able to set his blooms before frost can damage them, set
his crop before insects attack, and harvest ahead of inclement weather. Earliness of set is an often
overlooked but important phase in the crop economy.

The value of pollination on the succeeding generation of cropsis also frequently overlooked. The value of
hybrid seed is not reflected until the subsequent generation. Vigor of sprouting and emerging from the soil
is often avital factor in the plant's early survival. Other responses to hybrid vigor include earliness of
development, plant health,and greater production of fruit or seed.

1 Theyear initalic after the author's name refers to Literature Cited at the end of each major section.
Signs of Inadequate Pollination

There are numerous ways a grower, with little or no intimate knowledge of the life and habits of
pollinating insects, can measure the effictiveness of the polllination of his crop. He would be wise to
determine these ways in connection with the particul ar

[page 2, 3, 4]

compact clusters of fruits or seeds, and uniform set. For example, adequate pollination is indicated by two
or more muskmelons near the crown or base of the vine, or amajority of the apples developing from the
king, or primary flower, at thetip of the cluster. In awatermelon field, adequate pollination would be
indicated by a high percentage of melons in the number 1 class, that is, symmetrical, completely developed
throughout, and of satisfactory weight.

Ecological Relationships

The value of insect pollination, the only type of pollination upon which man can exert much influence, is
not limited to the cultivated crops. Bohart (1952*)2 pointed out that the most drastic effect of the absence
of pollinating insects would be in uncultivated areas, where, as a result, most soil-holding and soil-
enriching plants would die out. He al'so mentioned that springtime would be bleak indeed without the usual
gay flowers.
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Baker and Hurd (1968) also recognized this important ecological relationship, for they stated that "insect
pollination is still extremely important among the fortes of the grasslands, in the shrub and herb layer of
the temperate forest and in the desert. It remains undiminished in the tropics.”

A simultaneous warning of disaster was recently issued because of our disregard of the importance of
pollination. Abelson (1971) stated, "We have devel oped extraordinarily productive farm crops, but
monoculture and the use of limited strains of plants makes the food supply vulnerable to plant enemies
such as the southern corn leaf blight." He reminded us that plants are constantly involved in complex
chemical warfare not only with pests but also with each other. The slightest weakening may give the
enemy the advantage. Likewise, Harlan (1971) reminded us that " The post-modern era has seen
spectacular increases in yield, and a virtual genetic wipe-out, with whole continents planted to one or afew
related populations. These narrow genetic bases and loss of gene pools are invitations to disaster." Cross-
pollination can be one means of preventing such a disaster. This vulnerability to disaster was enlarged
upon by Horsfall et a. (1972), who cited such examples as the chestnut blight at the turn of the century,
the Bengal famine of Indiain 1943, and the Irish famine of the 1840's.

The somewhat related warning by Tinker (1971) that one plant speciesin 10,000 or 20,000 species faces
extinction isindicative of the growing problem of a continual adequate food supply of the pollinators. That
such changes are actually having an impact on pollinators now was pointed out by Oertel (1966). He
maintained certain colonies of honey bees on scales at Baton Rouge, La., and recorded the gain or lossin
weight throughout the season from 1929 to 1963. His data (table 2) showed that over the years the weight
of the colonies decreased from an average gain of 7 pounds to an average loss of 24 pounds during the
period September to November. This loss, he deduced, was related to weed sprays, better pasture care that
in general reduced the fall honey flow from goldenrod, a reduction in cultivated crops attractive to bees,
along with increased plantings of soybeans that are relatively unattractive, and urbanization. Similar
reports from commercia beekeepers across the continent are common. Oertel (1966) stated that lack of an
adequate fall crop of honey caused the colonies to be less productive the following spring. According to
Wearne et al. (1970), this decreased pasturage was al so associated with bee |osses.

Hawthorn and Pollard (1954,* p. 56) related this detrimental effect on colony condition to our costs of
vegetables when they stated:

In recent years there has been an increasing accumulation of data to indicate that seed yields of insect-pollinated
crops may often be lower than they need be, not because of climate, soil, or cultural factors, but ssmply because the
population of certain insectsislow.

With a planting of many acres there may not be enough insects such as honey beesto visit the millions of flowers
normally present. Even native pollinating insects may be somewhat scarce because the very activity of preparing
and cultivating such alarge area of land may have destroyed some of their nesting places. Finally, to control some
injurious insect the operator may have sprayed the entire planting with an insecticide which has killed many
beneficial insects as well as the harmful ones.

Such action is reflected in the economy of beekeeping, as pointed out by Crane (1972) who stated:
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In many parts of the world beekeeping hangs in the balance and the scales are tipped against the bees and the
beekeepers. . . the very change in land use which now seems to be bringing about the end of beekeeping may lead to
its recognition as an essential part of agriculture, because of itsimportance for crop production.

TABLE 2.--Average gains ( + ) or losses ( - ), in pounds, for colonies (of honey bees) on scales for 5-year
periods between 1929 and 1963, Baton Rouge, La.1

Year s July August Sept enber Cct ober Novenber
1929- 33 +14 -1 -16 +32 -9
1934- 38 +11 -5 - 7.6 +17. 6 - 6
1939-43 +13 -4. 4 -9 +18. 4 - 8
1944- 48 +38 -4 - 8.5 + 2 - 6
1949-53 +38 2+11 - 7.6 + 2.5 -

10

1954-58 +11 -11. 4 -11.2 - 5.3 - 8
1959- 63 +21 -11 -14 - 4 - 6

1 Source: Oertel (1966).

2 A net gain of 50 pounds in August 1950 was responsible for this exception to the usual August losses. An average
net gain of 312 pounds was obtained in 1950: net gains were recorded each month from March to October.

Bruner (1966) studied the purely business aspect of vegetable production in northwest Mexico. He noted
that the weakness of the "Mexican dictatorial-paternalistic method of farm operation™ precluded
obtainment of the best technically trained men and new ideas. Bruner considered the lack of proper
"saturation-pollination” by bees and protection of beneficial insects from pesticides to be two major
reasons for low agricultural production in certain areas. Some larger operations in our country tend to fall
into asimilar category.

Farms are likely to continue to increase in size because of increased efficiency of operations. Blosser
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(1960) showed that the average cost of crop production on 640-acre farms was 9.5 to 15.1 percent less than
on 160-acre farms that were producing the same crops.

Swift3 reported on the impact of a changed pest control program on the insect pollinators and indirectly on
the community. Because of the DDT residue in milk, the California Pest Control Program was changed to
include numerous other insecticides, which were much more toxic to honey beesthan DDT. The impact of
this change was disastrous to the honey bee industry, with 40,000 to 80,000 colonieskilled annually. The
indirect result was that in 1968 the almond growers, who depend upon honey bees for the pollination of
their almond crop, were short at least 26,000 colonies. Swift pointed out that this change to protect the
milk had an unanticipated adverse effect on beekeeping, an industry not associated with the dairy industry,
and thisin turn affected the almond producers, who were still less associated. Swift further pointed out that
California crops, valued at $300 million, were dependent upon insect pollination, primarily by honey bees.

The value of insect-pollinated crops in the United States was reported by Metcalf and Flint (1962) to be
$4.5 billion. Crops dependent upon insect pollination were valued by Levin (1967) at $1 billion, with
additional crops benefited by bee pollination valued at approximately $6 billion. The honey and beeswax
produced were valued at about $45 million. In other words, honey bee colonies are worth roughly 100
times as much to the community as they are to the beekeeper.

The aesthetic value of pollination to ornamentals, wild flowers, and forest and range plantsin terms of
beauty of the landscape is recognized for specific plants (Alcorn et a. 1962, Grant and Grant 1965,
McGregor et al. 1962, and Meeuse 1961*) and in general (Kerner 1896-97*, and Knuth 1906-09*), but it
cannot be measured. Nor can we measure the related ecological value in terms of seeds, fruits, and nuts
produced, which are used as food for various forms of wildlife, but this value, too, is doubtless
considerable.

Pollinators other than honey bees are also extremely valuable although their value is difficult to estimate.
Within recent years, afew insect species have been managed by man for their pollination service. Bohart
(1962*) estimated that the value of the wild bee industry was well over $1 million per year in terms of
expenditures and benefits. It had expanded considerably by 1972. No doubt numerous other unmanaged
and generally unrecognized wild bees exceed Bohart's estimate. He dealt largely with the gregarious
|eafcutter bee (Megachile pacifica Panzer),4 and the equally gregarious akali bee (Nomia melanderi
Cockerell). Bumble bees are excellent, although generally unmanageable, pollinators (Holm 1966).
Unfortunately, in many intensively cultivated areas, they have largely been eliminated.

2 Theyear initalic followed by an asterisk indicates that the publication is cited numerous times, but the complete
citation is given only once in the General Literature Cited, p. 382

3 SWIFT, J. E. UNEXPECTED EFFECTS FROM SUBSTITUTE PEST CONTROL PROGRAMS.

Presented at a symposium on The Biological Impact of Pesticides in the Environment, Oreg. State Univ., Corvallis,
Aug. 18-20,1969,16 pp. 1969. (Mimeographed.)
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4 Formerly known as M. rotundata Fabr. (Holm and Skou 1972).
Commercial Pollination Potentials

In astudy of the beekeeping industry, Anderson (1969) concluded that the decline in the number of
colonies of honey bees from 5.9 million in 1947 to 4.8 in 1966 was attributable to the low rate of return on
the invested capital. Some beekeepers have tried to increase production by moving their colonies from one
honey flow to another, a practice started as early as 1895 (Zierner 1932). At that time, apiariesin
Californiawere moved by wagon from the desert sage and wild buckwhesat to the cultivated lima bean
fields. Today, thousands of colonies are moved hundreds of miles each year to severa different floral
sources. Anderson reported that others have tried to supplement their honey sales through the placement of
their coloniesin fields for pollination, but few could indicate that a profit was made.

If the need for insect pollination isincreasing, one would assume that the number of colonies of honey
bees should also be increasing to help meet this demand. Such is not the case. The number of coloniesin
the United States has been decreasing steadily for more than two decades. Furthermore, in contrast to
earlier recommendations that every farm keep afew colonies of bees (Tyler and Haseman 1915), the
colonies are no longer present on amost every farm. They have either shifted to the suburbs, where they
are operated by hobbyists who have short workweek employment, or they are operated by large-scale
commercial beekeepers. This situation has disturbed the more or less even distribution of pollinators across
the countryside, and even created a serious deficiency in some areas.

In some instances, this lack of an adequate supply is made up by the beekeeper renting colonies to the
grower. An estimated 1 million colonies are rented for pollination of cropsin the United States annually
(there are no concrete figures on the number of such colonies). In some instances, the rental fees are no
greater than those of five decades ago. There are several reasons for such low fees. Thereis almost no
organized use of bees for pollination. Each beekeeper sets his own price. Sometimes the bees are supplied
amost as afavor in exchange for apiary locations throughout the year, or for favorable consideration in
relation to pesticides applied near the bees. The beekeeper may be hesitant to ask for higher fees for fear
another beekeeper might undercut his price or move into his "territory."

Unfortunately, when the beekeeper operates the colonies at alow pollination fee, he triesto make up his
fee elsawhere--a practice that may not be to the best interest of the grower. An inadequate number of
colonies for maximum pollination may be supplied, the colonies may not contain the desired population of
worker bees, or they may not be appropriately managed or distributed throughout the field to be pollinated.

A population of bees necessary for maximum set of fruit or seeds on the crop may be far greater than the
location will support for honey production or colony maintenance.

There appears to be a potential market for many more properly maintained and managed colonies of honey
bees for pollination of present and anticipated crops than can be mobilized. However, the beekeeper is
reluctant to go to the extra expense and labor of moving his colonies into an overstocked area unless he
can collect an adequate fee for his trouble and have some assurance that the colonies will not be damaged
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by pesticides. He frequently finds himself in no position to bargain for these considerations. This points up
the need for an organized pollination service staffed by experts acquainted with the needs and problems of
both the grower and the beekeeper and capable of bargaining fairly for both. (See "Pollination Agreements
and Services.")
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FLOWERING AND FRUITING OF PLANTS

Some basic knowledge of the structure of seed-forming plants, and particularly of the flower, is essential
to visualize the marvel ous contrivances and unique requirements for the union of the sex cells which
giveriseto the viable seed. Although each has a basic pattern, their intricate and diverse modifications
permit plant life in some form to survive over much of the surface of our globe.

The Plant

Roots, stems, leaves, and even flower parts are sometimes concerned with asexual or vegetative
reproduction. Particular sections of different plants are frequently preferable for vegetative reproduction,
for example, the runners or stolons of the strawberry, the tuber of the potato, the bulb of the onion, the
corm of theiris, the nodes or joints of the sugar cane, and the leaf of aviolet. Reproductionin garlic is
by bulbils, sometimes called cloves, that form in the flower head. Bulbils also form in the inflorescence
of some agaves.

Asexual reproduction in plants has certain advantages. The asexual offspring of a plant, usually referred
to as clones, are genetically identical. An example would be cuttings taken from a grapevine, rooted and
used to create an entire orchard of a single clone. The plants would be uniform in appearance, vigor,
flowering time, fruit ripening time, and fruit quality. Asexual reproduction can be made at any time,
even before the plant is mature enough to produce seeds, or with plants such as the sweet potato or sugar
cane that normally set no seed under our climatic conditions.

Asexual reproduction has some disadvantages. If there is a degree of self-sterility in the parent plant, this
cannot be overcome by cross- pollination between the plants unless another compatible cultivar is
interplanted. The use of asexual parts is sometimes bulky or otherwise less convenient than the use of
seeds. Diseases and insects are more likely to be transferred on asexual parts than on seeds. Some plants
cannot be easily or economically reproduced asexually.

Some plants reproduce both asexually and sexually, and both types of reproduction have certain
advantages from the plant standpoint. Sexual reproduction, in which insects or other external agents
sometimes play a part, concerns the development of seed in the flower. The external agent's contribution
depends upon construction of the flower and the compatibility of the flower with its own pollen.

In sexual reproduction, cross-pollination can occur, leading to higher production or quality through more
complete fertilization. It can aso lead to hybrid vigor, or heterosis, from the crossing of two unlike
plants to produce a more vigorous one. Such mixing of genes may also enable future generations to
adapt to different environmental conditions, insuring their survival, asthey have apparently donein the
past (Leppik 19704, b). Almost two centuries ago, after Knight (1799) had studied the effects of self-
fertilization in plants, he concluded that no plant can maintain itself with self-fertilization for an
unlimited number of generations. In afigurative sense, it would seem asif Nature abhors self-
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fertilization and constantly strives ingeniously to achieve cross-pollination within the species. In
numerous plants, selfing is permitted only after all efforts at cross-pollination have failed. Selfing isthe
plants final attempt to survive until favorable opportunity for crossing can occur. Again, figuratively
speaking, Nature orders the plant: "Become fertilized, cross- fertilized if you can, self-fertilized if you
must."”

The Flower

The flower has a simple basic pattern, but with seemingly infinite variations. Typically, the flower (fig.
1) is composed of the sexual organs, protected by delicate colorful petalsthat form atube or crownlike
corolla, and which in turn are supported and partially protected by the usually green, more durable
sepals, collectively called the calyx. The calyx and corolla combined are referred to as the perianth.
There may be leaflike bracts just below the sepals.

The male part (or androecium) of the sexual organs are the stamens, which consist of the hairlike
filaments bearing the pollen-producing anthers on the extremities. At the appropriate time, these anthers
dehisce or split open and disgorge the male element, the numerous microscopic and usually yellow
grains of pollen. The size of pollen grains varies from 4 to 6 microns for the little forget-me- not
(Myosotis sylvatica Hoffm., family Boraginaceae) (Meeuse 1961*) to the relatively gigantic 350-micron
grain of Cymbopetalum odoratissimum Rodr., family Annonaceae (Walker 1971), or the 2,550 by 3.7-
micron tubelike grain of the water-pollinated eel grass (Zostera marina L., family Naiadaceae)
(Wodehouse 1935). The size of the majority of pollen grainsisin the 25- to 50-micron range. (1 micron
= 0.001 mm).

The shape and sculpturing of pollen grainsis even more diverse, and their characteristics are used in the
identification of the plant source of the pollen (Wodehouse 1935, Zander 1935, 1937).

The amount of pollen produced per flower varies from only 32 grainsin the four-o'clock (Mirabilis
jolapa L., family Nyctaginaceae) (Kerner 1897*, v. 4, p. 98), to several spoonfulsin the blossom of the
Abyssinian banana (Musa ensete G. Mdl., family Musaceae) (Pryal 1910).

The female part (or gynoecium) of the flower isthe pistil, consisting of the ovary with one to numerous
ovules and, extending from the ovary, the style with the receptive portion, the stigma, on or near the tip.
The pistil may be composed of one or more carpels. The ovary produces the fruit and the ovules the
seeds.

The fruit on some plants--for example, certain citrus or bananas--may develop without viable seeds.
Some flowers, like that of the coconut, produce only one seed. A watermelon may contain 1,000 seeds.
The extreme example seems to be the orchid (Cyenoches chlorochilon [=C. ventricosum var.
chlorochilon (Klotsch) P. H. Allen] ) with 3,770,000 sporelike seeds only 470 to 560 microns long
(Ames 1946, Marden 1971).
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Typicaly, the ovary, with its style and stigma, occupies the central portion of the flower, which is
surrounded by the stamens.

The size of the flower varies from 1.5 to 2.0 mm for Pilostyles thurberi Gray, family Rafflesiaceae
(Munz and Keck 1959) of Southwestern United States, to 1,000 mm or more for the jungle flower of

Sumatrain the same family (Rafflesia arnoldii R. Br.), which weighs aimost 25 pounds (Kerner 1896*,
v. 1, pp. 202 - 204).

Flower petals vary in color through all shades from black to white, but they are rarely green. They vary
in shape from that of the simple spring beauty (Claytonia virginica L.) to the intricately ornate orchids.

Likewise, flowers vary in aroma from the seemingly odorless pomegranate to the highly aromatic
sweetclover or the repulsive Rafflesia arnoldii.

The stalk or stem on which a cluster of flowers develop isreferred to as the peduncle. In the cluster, the
stalk of an individual flower or floret is called the pedicel. The end of the pedicel on which the flower
parts rest is called the receptacle. Depending upon the arrangement of flowers within the floral cluster or

inflorescence, they may be referred to collectively as a catkin, corymb, head, panicle, raceme, spadix,
spike, or umbel.
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FIGURE 1. - Generalized longitudinal section of a cotton flower (Gossypium spp.), X 2, showing
nectaries, pollen-laden anthers, and growth of a pollen-tube (further enlarged) down the style to the
ovary and into an ovule.

A flower with both pistil and stamens present is called a complete, perfect, or hermaphrodite flower.
Frequently, one or more of the sexual parts will be missing, vestigial, or nonfunctioning. If thisisthe
case with the male elements but the pistil isnormal, the flower isreferred to as pistillate or female. If the
pistil isin any way nonfunctional but the stamens produce viable pollen, the flower isreferred to as
staminate or male. If both pistillate and staminate flowers are on the same plant but distinct from each
other, the plant is said to be monoecious. Corn, with its pollen-producing stamens (the tassel) on the top
of the plant and the pistils and ovaries (silks and grains) several feet below, isacommon example of a
monoecious plant. If some of the flowers are perfect while others on the same plant are unisexual, the
plant is referred to as polygamous. If the two sexes are on separate plants within a species or variety, it is
referred to as dioecious.

In some plants, the stamens mature before the pistil is receptive to pollen. Such plants are referred to as
protandrous. If the pistillate part matures and ceases to be receptive to pollen before the anthers of the
same flower release the pollen, the flower isreferred to as protogynous. Plants that are either
protandrous or protogynous are referred to as dichogamous. The avocado is a dichogamous plant that
has both types of flowers but on different cultivars.

A few plants have complete flowers, some of which never open. The pollen is released directly onto the
stigma within the closed flower and self- fertilization results. Such flowers are referred to as being
fertilized in the bud or cleistogamous flowers. The lemon has both completely normal and cleistogamous
flowers.

Finally, within some species, there are differences in arrangement of the sexual parts, for example, one
flower will have high anthers and alow stigma, whereas other flowers, sometimes in the same cluster
but more often on different plants within the species, will have low anthers and a high stigma. Such
plants are referred to as heterogamous, and such flowers are referred to as pin and thrum types.

Some plants are receptive to their own pollen; however, within the individual flower the pollen becomes
mature either before or after the stigma s receptive. For pollination to take place, the pollen must be
transferred from one blossom to another. In still other plants, their own pollen is unacceptable asis
pollen from other plants of the same variety. Only pollen from another variety of the same or closely
related species will cause set of fruit and seed. The mode of transfer of pollen from one plant to another
or within the flower depends upon the species of plants.

The flower usually opens early in the morning although in some plants (for example, alfalfa, citrus)
opening occurs throughout the day, in others (for example, evening primrose) opening occurs late in the
afternoon to twilight, and in still others (for example, the saguaro cactus) opening occurs during the
night (McGregor et al. 1962). Some (for example, chicory and lettuce) only remain open afew hours,
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some (for example, cotton), from several hours to most of the day; some (for example, avocado), for 2
days; and some (for example, apple), for several days. The maximum time for aflower to remain open is
probably reached in certain orchids which, if not pollinated, remain fresh 70 to 80 days (Kerner 1896*,
v. 1, p. 395).

There are many more characters that flowers possess, essential for botanistsin plant identification, but
which do not contribute directly to plant pollination and are not included here.

Nectaries and Nectar Secretion

Flowers frequently have one or more nectaries, although nectaries are rarely mentioned in botanical
descriptions of plants. Nectaries vary in size from microscopic to the 11-inch nectary of the orchid
(Angraecum sesguipedale Thou.) (Darwin 1877*). The nectary is most often located within the flower,
usually at the base of the sexual column inside the circle of petals. In cotton, however, thereisa
nectariferous ring just outside the base of the petals on the inner base of the calyx. Nectaries are also
found outside the flower, on the stem or leaves. Nectar secretion within the flower usually starts about
the time the flower opens and ceases soon after fertilization. Secretion of nectar on the stems and leaves
is not influenced directly by flowering and may continue for several weeks.

The amount of nectar secreted varies from infinitesimal in numerous species to more than an ouncein
the orchid Coryanthes spp. (Kerner 1897*, u. 2, p. 172) and in Protea mellifera Thunb., which nativesin
Africareportedly remove and drink (Langstroth 1913 and Holmes 1963). Nichol (1952) reported that the
nectar of the Agave parryi Engelm. flower stalk was gathered by Indians in the Southwest and used as a
sirup. Numerous bee specialists have calculated the amount of nectar produced in the flowers of various
crops. For example, McGregor and Todd (1952*) calculated that the cantal oupe flowerson 1 acre
produced 1.7 pounds of nectar in 1 day, whereas alfalfaflowers on 1 acre produced 238 poundsin 1 day.

Pollination and Fertilization

Certain words associated with pollination are frequently, but sometimes incorrectly, used. For example,
aplant may be spoken of as self-fertile or self-compatible if it can produce fruit without the need for the
transfer of pollen to it from another cultivar so that no interplanting of cultivarsis necessary. Such a
plant may not necessarily be self- pollinating. An external agent, such as the wind or insects, may be
necessary to transfer the pollen from the anthers to the stigma within the flower or between flowers on
the same plant. If the plant is not receptive to its own pollen, it is self-sterile. Even self-pollinating plants
are frequently benefited by cross-pollination, the transfer of pollen from one flower to another. They
may also benefit from having the pollen more thoroughly transferred and distributed over the stigma at
the most receptive period. A plant is cross-compatibleif it can normally be pollinated with pollen of
another cultivar, but it is cross-incompatibleif it is not receptive to pollen of certain cultivars.

Horticulturists have sometimes based their decision on the pollination requirements of a cultivar by
bagging one or afew branches of the cultivar. If the set of fruit within the bag was somewhat
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comparable to that of open branches they concluded that the cultivar was self-fertile. In such atest, a 5-
to 15-percent difference would most likely not be detected, yet such a difference could be of great
economic importance to the grower of the crop.

When the stigma is receptive to pollen, it is coated with a colorless, relatively tasteless stigmatic fluid. If
viable, compatible pollen comes in contact with this moist stigma, it adheres, germinates, and sends a
pollen tube bearing the tube nucleus and the two sperm nuclei down through the style into the ovary and,
finally, into one of the ovules. Fertilization follows this pollination process by the sexual union of one of
the two sperm nuclel of the pollen grain and the egg nucleus of the ovule to form the fertilized egg or
zygote. Through this process of sexual union, aviable seed isformed that is capable of producing
another complete plant.

In general, the sooner pollination can occur after aflower opens the greater the likelihood that
fertilization of the ovule and seed development will occur. Astime elapses, the pollen may belost to
insect foragers, wind, gravity, or damage by heat, moisture, or drying out. Also, processes may set in
that result in the shedding of the fruit.

Unlike asexual reproduction, which produces a plant basically identical to its parent plant, in fertilization
following pollination each nucleus bears the genes of the plant from which it was derived; therefore,
when they are combined the seed may not produce another plant exactly like that of either parent. For
example, if the strawberry breeder is not satisfied with the type of plants he is obtaining asexually, he
can transfer pollen from another variety to the stigma of an individual floret of the strawberry blossom
of different selections, then save the particular seed that devel ops from that union to grow and be tested
as amature plant, which he studies for new and improved varieties. There is no way a breeder can
forecast which cross will have improved qualities.

The manner of sexual reproduction is one of the plant's most interesting characteristics. In some
instances, the likelihood of successful reproduction and survival of the plant species through centuries of
time seems extremely remote. For example, the yucca plant of the Southwest depends for its survival on
a particular species of tiny moth that visits the blossoms (fig. 2) at night, collects the pollen from the
anthers, and transfers it to a depression in the tip of the stigma. After the pollen is packed into place, the
moth lays a single egg on the side of the ovary. The pollen germinates, sends pollen tubes down through
the style to the ovary, and fertilizes the ovules. About the time the ovules begin to form seeds, the larva
hatches from the egg, burrows into the ovary, and begins to feed on the devel oping seeds, but it never
consumes al of them. Some seeds survive, drop to the ground, and eventually produce new plants. The
larva aso reaches full size before the seeds mature. It burrows through the side of the seed pod, drops to
the ground to pupate in the soil, and emerges as an adult the next year to pollinate new yucca flowers.
Each is entirely dependent on the other for survival of the species (Riley 1878). Thisis an example of
sexual reproduction brought about through insect pollination. The elimination of either thisinsect or this
plant could result in the disappearance of the other.
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[ofx] FIGURE 2.-- Longitudinal section to the bananayucca, X1. A, Tip of stigma, X9; cross section of
the ovary, X7.

In other plants, the insect merely needs to crawl across the anthers and stigma of a flower to transfer
pollen and cause fruit to set. In the cantaloupe, the pollen needs to be transferred only 1 or 2 mm to
produce afruit. If this transfer is not made, fruit is not produced. In the saguaro, or giant cactus of the
Southwest, pollen must be transferred from the flower of one plant to aflower on another saguaro plant,
sometimes several hundred meters away (Alcorn et al. 1961). In the incompatible fruit tree varieties,
pollen must be transferred to them from the row or tree producing compatible pollen.

If the ovary is divided into segments or locules, the styles and stigmas are also made up of
corresponding lobes, carpels, or segments. When a pollen grain falls on one carpel, the pollen tube
usually grows down it into its connecting locule of the ovary and fertilizes an ovule to form a seed. If for
example, pollen failsto land on one of the three to five lobes of the cotton flower stigma, the
corresponding locule or lock of the developing fruit will contain no seed - and consequently no lint that
forms on a seed. Because each locule may contain about 10 ovules, at least 10 pollen tubes must safely
penetrate them for compl ete development (Arutionova 1940). The watermelon may have 1,000 ovulesin
its three locules. This means that at least 1,000 pollen grains must land appropriately distributed on the
three lobes, at the proper period of receptivity, if a perfectly formed melon isto develop. Because al
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pollen grains may not be fertile, or may not land at the appropriate time, many more than 1,000 should
be desired by the grower. Mann (1943) observed that afew watermelon pollen tubes crossed from one
carpel to another, because the watermelon has no stylar canal within a carpel. However, where the pollen
was not well distributed over all the lobes, the fruit was frequently asymmetrical, especialy at the
blossom end. In most instances, pollen tube growth is limited to the carpel on which it originated.

The rate of pollen tube growth depends upon its compatibility with the style. In some cases, the flower is
not receptive to its own pollen but is receptive to pollen from other plants of the same cultivar (for
example, alfalfa). In other instances, the pollen must come from another compatible cultivar (for
example, numerous cultivars of apples). Frequently, when the plant is receptive to its own pollen the
tube growth rate isless rapid than that of foreign pollen.

In many plant species, as soon as fertilization occurs the stigma and style wither and the petals begin to
fade in color and close. As an example, the alfalfa floret wilts within afew hours after pollination but
may remain fresh more than aweek if not pollinated. Some flowers close at night and reopen the
following day, repeating this process for up to several days (McGregor and Alcorn 1959), but usually
when the flower closesit never reopens. It either sheds or its fertilization stimulates fruit devel opment.

The Fruit

Not all fruits develop simply as aresult of ovule fertilization. In afew plants, the ovary will enlarge into
a"fruit" without the stimulation of pollen. Such fruit development isreferred to as parthenocarpic
development. Parthenocarpic fruits are usually seedless, although not all seedless fruit arise
parthenocarpically. For example, fertilization of the ovule may be necessary to prevent shedding even
though the ovule may later disintegrate. Certain hormonal sprays will cause some plants to set seedless
parthenocarpic fruit.

Some citrus fruits are polyembryonic with one fertilized embryo and sometimes several other non-
fertilized embryos that are stimulated to develop adventitiously within the same ovule. Thisisreferred to
as apomyctic development or apomyxis.

The matured ovary, along with its contents and other structures intimately associated with it, is called
the fruit. The fruit may be as varied as a grain of wheat, awalnut, an apple, a strawberry, or a
watermelon. Fleshy fruits can be divided into types such as a berry, adrupe or stone fruit, or a pome
fruit. A berry isdefined as afruit with a fleshy pericarp or ovary wall, surrounding one or more seeds.
The grape, tomato, or watermelon can therefore be classed as berries. A pome fruit has afleshy part
surrounding a papery core. The apple isa common pome fruit. A drupe or stone fruit is one-seeded with
afleshy outer part and a stony inner part. The amond, cherry, olive, and peach are stone fruits.

The strawberry is an aggregate fruit type, with each pistil developing into atiny achene, and the entire
mass, including the enlarged fleshy receptacle, developing as a unit. In the raspberry, the pistil develops
into adrupelet. The receptacle of the raspberry does not enlarge, and upon harvesting of the ripe fruit it
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Is not removed from the plant. This leaves the well-known hollow space in the raspberry.
Development of the Knowledge of Plant Pollination

The transfer of the male sex cellsto the female portion of the flower, and the fusion of the cellsin the
ovuleisacritical period in the life of a plant. In the manipulation of pollinating agents, man contributes
to the efficiency of thisfusion and to the insurance that the plant will be productive of fruit or seedsto
his benefit.

The basic principle of sex differentiation in plants may have been known as early as 1500 B.C. Goor
(1967) stated that the Hebrews learned the value and art of date pollination from Egyptian and
Babylonian experts. An Assyrian architectural relief of that period shows two divine creatures, each
presumably holding a male date inflorescence over afemale inflorescence (Faegri and van der Fijl
1966*). Kerner (1897*, v. 5, p. 655) stated, "When we consider that from time immemorial, Chinese and
Japanese gardeners have produced asters, camellias, chrysanthemums, peonies, pinks, and roses, of
which the mgjority are the results of crossing, we may assume with certainty that the practice of dusting
flowers of one species with pollen of another speciesfirst came into use in those countries." Werkenthin
(1922) quotes the Arabic writer, Kazwini, who died about 682 A.D., as saying that the date is the only
treethat is artificially fertilized. Growers of dates today use this method to assure a set of datesin their
groves (see "Dates"). However, if thisindicated a recognition of sex in plants, the idea was not carried
over to other plants. It was not until 1682 that a botanist, Nehemias Grew, stated that pollen must reach
the stigmato insure the development of seeds. Apparently, however, he assumed that the stamens of a
flower shed their pollen directly onto the stigma of the same flower (Dowden 1964).

In 1694, Rudol ph Jacob Camerarius published aletter, "De sexu plantarum epistole’ (Werkenthin 1922,
Grant 1949), in which he stated that based upon his experiments there are two different parts of the
flower, the stamens and the pistil, and that they must work together to produce ripe seed. He concluded
that these two parts represented true sexual organs (Faegri and van der Pijl 1966*). Actually, these had
been recognized, and even the union of the two sexes was reported on centuries earlier by the Greek
philosopher, Theophrastus (300 B.C.), "The Father of Botany" (Dzhaparidze 1 967).

In 1750, Arthur Dobbs, communicated to the Royal Society of London that the pollen was the male
element which, after falling upon the stigma, was capable of fertilizing the ovary. He further concluded
that the pollen must come from its own species (Grant 1949). Watson (1751 ) reported that he
transported date pollen 20 miles and pollinated a previously fruitlesstree. In 1761, Koelreuter who is
usually regarded as the discoverer of sexuality in plants, concluded that bees are agents in the transfer of
pollen from the male to the femal e elements of the flower (Grant 1949). He was the first to cross-
pollinate and produce a hybrid between two plant species (Sinnott 1946). In 1763, Arena also wrote
rather fully on the subject of cross-pollination in plants and noted that it was carried out by insects (Lutz
1918).

Sprengel (1793), however, was the first to really explore sex in plants, the important part played by
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pollinating insects, and the significance of cross-pollination in plant life. Hiswork stimulated future
work on sex in plants and the part played by insects. Thomas Andrew Knight (1799) showed the value
of cross-pollination between plants and hybrid vigor: ". . . nature intended that a sexual intercourse
should take place between neighboring plants of the same species." He noted that the location of the
pollen within the blossom was". . . generally well adapted to place it on the bodies of insects; and the
villous coat of the numerous family of bees, is not lesswell calculated to carry it." The value of cross-
pollination was later supported by Herbert (1837).

Not until 1830, however, was the observation made by Amici on the formation of the pollen tube and its
passage down the style and into the ovule. This was soon followed by recognition of the fact that thereis
sexual fusion between gametes in the ovule (Sinnott 1946).

It was left for Darwin (1889*) to prove conclusively and to dramatize the importance of pollination in
perpetuation and vigor maintenance of the plant species. He studied scores of species, using both hand
and insects to pollinate the plants on which he measured the value and significance of cross-pollination.
Much of the work on plant pollination since histime is based upon the theories he promulgated. Little
has been added to the knowledge of pollination requirements of some plant species since hiswork was
published.

Thefirst contribution of great importance on pollination from the United States was the discovery by
Waite (1895) of self-sterility in pears and the need for insect-transfer of pollen between varieties. This
initiated a new wave of interest particularly in fruit pollination, although many contributions on the
value of pollination had already appeared (Crane 1876, Hutchinson 1886, Muller 1883*), and the
various apicultural journals were beginning to extoll the virtues of the honey bee as the best pollinating
agent. Benton (1896) recommended ". . . 4 or 5 well-populated hives of honey bees for every hundred
large apple trees, the hives to be placed in or near the orchard.” The renting of colonies for orchard
pollination service had its beginnings the first decade of this century (Beuhne 1909, Stricker 1971).

The acute need that developed for legume seed during World War Il stimulated our Congress to
establish the USDA Legume Seed Research Laboratory at Logan, Utah. The combined efforts at this
laboratory established the value of honey bees in the pollination of afalfafor seed production (Utah
Agr. Expt. Sta. 1950). As aresult, several hundred thousand colonies of honey bees are currently being
used to pollinate this crop alone.

The latest stage of development in the management of pollinating insects in production of cropsisthe
large-scale use of wild bees, primarily the gregarious ground-nesting alkali bee (Nomia melanderi
Cockerell) and the equally gregarious tube-nesting leafcutter bee (Megachile pacifica Panzer) (Bohart
1972, Stephen 1959). (See "Wild Bees.")

Some other sources of information on pollination should be mentioned. Clements and Long (1923)
spoke in general terms about pollination of numerous plant species. Hooper (1921), Hutson (1926),
Kenoyer (1916), and Wellington et al. (1929) discussed the pollination of several specific crops, and
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Farrar (1931) became concerned about the strength of colonies of honey bees used for pollination. Other
smaller but key papers published in the United States include those by Bohart (1960*), Bohart and Todd
(1961*), Eckert (1959*), Hambleton (1944), Todd and McGregor (1960), and Vansell and Griggs
(1952*). Some broad spectrum publications in other countries include: (Australia) Gale (1897);
(England) Butler and Simpson (1953), and Free (1960); (India) Krishnamurthi and Madhava Rao
(1963); (Italy) Giordani (1952); (Jamaica) Chapman (1964*), and Purseglove (1968*); and (Russia)
Krishchunas and Gubin (1956*), Gubin and Khalifman (1958), and Kasiev (1964).

For up-to-date knowledge and completeness, none of these surpasses the recent excellent publication by
Free (1970*). He dealt thoroughly with the pollination needs and the management of pollinating insects
to supply those needs for each family of plants he considered to be benefited by such pollination.
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HYBRID VIGOR IN PLANTSAND ITSRELATIONSHIPTO
INSECT POLLINATION

Hybrid vigor, or heterosis, describes the increased vigor of plants or other organisms when compared
with parents that were unlike in one or more inherited characters. Although thereis no single, fully
acceptable genetic definition of hybrid vigor (Ashton 1949), it may be observed in the offspring in terms
of increased size, uniformity, volume, quality in earliness, or resistance to unfavorable environmental
factors.

Plant breeders express the degree of hybrid vigor of an agronomic character in different ways; the
percentage increase over the best parent, over the midparent or average of the two parents, or over the
best commercial cultivar in the area. The way the breeder chooses to express the hybrid vigor
determines the percentage. For example, a cotton selection or line'A" may produce 800 pounds of lint
per acre, and line 'B' may produce 1,000 |b/acre. When crossed, the offspring or Fl (first filial

generation) produces 1,200 Ib/acre. The best commercial cultivar in the area also produces 1,200 |b/acre.
Depending upon which way the breeder chooses to express the hybrid vigor, it may be 33 percent (over
the midparent), 20 percent (over the best parent), or O percent (over the best commercial cultivar based
onyield, but because the F1 or hybrid between 'A' and 'B' setsits crop of cotton on the stalk 3 weeks

earlier than the commercial cultivar, thereby reducing irrigation and harvesting costs and insect pest
problems, the hybrid is preferred. This undefinable earliness factor and, likewise, other intangible factors
not measurable by yield alone may be ascribed to heterosis or hybrid vigor.

Neither hybrid vigor nor its qualities can ever be predicted. They can only be established or proven
through testing of the F1 for each parental combination. Hybrid vigor cannot be maintained at its

maximum because it starts reducing with the first generation in which self-pollination may occur. For
maximum vigor, it must be created anew each season. The potential use of hybrid vigor in plantsis
always tantalizing to the breeder because it promises a new plateau of productivity. The problem s, first,
the finding of this factor then, second, the development of a method of utilizing it economically under
commercial conditions. In contrast to hybrid vigor, the inbreeding of a normally cross-pollinated plant
not only resultsin an isolation of biotypes but also in aloss of vigor of theindividua plant (Hawthorn
and Pollard 1954*), which can make it more susceptible to unfavorable environmental factors. The
inbreeding effects on anormally cross-pollinated plant are roughly the opposite of hybrid vigor.

The classic example of the use of hybrid vigor in plantsisin hybrid corn production. The monoecious
characteristic of corn makesit asimple plant for use in this manner because the male part, the tassel, and
the female part, the ear, are widely separated on the plant, and, more importantly, the pollen is
transported by wind. The only steps necessary after an appropriate cross is decided upon isto alternately
plant rows of the two parental selections, then mechanically remove the tassels on one of the rows
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before flowering begins. Pollen may then be carried by the wind from the row with its tassels intact to
the silks of the ears of the detasseled row. All of the grain produced on the detasseled row will be hybrid
seed, and, likewise, the grain on the pollen-producing row will provide inbred seed for the next
production season.

Unfortunately, in most other plants, the male and female parts are intimately associated within the same
flower (complete flower) rather than being separated asin corn. When the male parts cannot be removed
with dexterity, other means are explored for fertilizing the flowers of a plant with the desired pollen.
One method is to use a self-incompatible parent with a suitable combiner. In incompatibility, which is
widespread among plant families (Lewis 1949), the pollen and the ovules of both plants are
independently functional, but because of some incompatibility between the maternal tissue and the
pollen tube development, the pollen nuclei fail to unite with the egg nucleus and thus complete
fertilization (Allard 1960). If plants possessing the genetic mechanism based on incompatibility are wind
pollinated or anemophilous, the only action required to produce a hybrid is to interplant rows of the two
cultivars and all the seed will be F1 . If they are insect pollinated or entomophilous, arrangements must

be made to have sufficient pollinating insects available to transfer the pollen. If pollen falls upon the
stigmas of flowers of its own maternal origin, no fertilization occurs. If it falls upon compatible flowers,
a hybrid results.

Male Sterility

Within recent years, a ssimple method has been found for obtaining 100 percent cross-pollination on a
large scale in plants that normally have both sexes within the same flower. The method utilizes
biological emasculation of the plants, in which the pollen grain either failsto develop or is not viable.
Such plants are referred to as being male-sterile. Male sterility of some form has been found in many
crops, and breeders are always on the alert for such plants among their selections. Male-sterile plants
appear unexpectedly even in long-established commercial cultivars.

Two types of male sterility have recently become economically significant, and are used by plant
breeders: cytoplasmic male sterility and genetic male sterility (Duvick 1967). In the former, sterility is
carried in or influenced by the cytoplasm. In the latter, it is carried in or influenced by the germ plasm of
the nucleus, which contains the genes or hereditary characters. Because of their importance and
relationship to insect pollination, they are discussed below in some detail.

Cytoplasm isthe material of acell that is transmitted from parent to offspring only through the egg, or
the maternal side, independent of the cell nucleus. Characters influenced by the cytoplasm respond the
same as in the female parent. Cytoplasmic male sterility is, therefore, carried through the maternal side
of the line. The genes present in the nucleus are derived from both parents; therefore, genetic male
sterility isinfluenced by both parents.

One explanation of cytoplasmic male sterility (used as ateaching device by L. S. Stith, personal
correspondence, 1972) isshown in fig. 3 and is similar to the explanation given by Briggs and Knowles

file:///E}/ Jason/book/hybrid.html (2 of 8) [1/21/2009 3:45:15 PM]



file:///E|/ Jason/book/hybrid.html

(1967). Here the ovule of the milo group (female) of Sorghumvulgare L. [=S. bicolor (L.) Moench] is
fertilized with pollen from the kafir group (male) of the same species. The cytoplasm and half of the
genesin the nucleus are thus from the milo (female) and half of the genes are from kafir (male) in the
F, . However, in the presence of the milo cytoplasm, the kafir genes produce sterility and approximately

50 percent of the F Lae mal e-sterile. When these male-steriles are backcrossed to kafir, a higher ratio of

sterile- fertile plants appear. Likewise, by the sixth backcross generation, near complete male sterility
(99 percent) is established. Fertility can be restored at any time by reversing the mating and
backcrossing the sterile plants to milo.

MOLECULAR BIOLOGY THEORY PARTICULATE THEORY
mio § karim o miLo 9 kaFIR o

S K. . bR B gt
ATERILITY STEMALITY

[gfX] FIGURE 3.--Probable inheritance of cytoplasmic male sterility in the Milo (M. male) group of Sorghum
vulgare L. [=S bicolor (L.) Moench.] when its ovuleisfertilized by the sperm in pollen of the Kafir (K. female)
group. Explanation: op= operon or operator gene--a genetic unit consisting of adjacent genes that function
together under the joint control of an enhancer and/or a repressor factor: bc= backcross. Ratios indicate probable
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proportion of fertile to sterile genes. (After L.S. Stith, personal commun., 1972.)

The teaching device may |leave something to be desired as an explanation for plant breeders or
geneticists, but it does visually demonstrate incompatibility between nucleus genes (represented by a
sguare) and plasma genes (represented by acircle). An explanation based on the DNA-RNA concept is
simple and easily understood if one assumes that the Operon and structural genes controlling sterility are
not identical in the milo and kafir group. By continual backcrossing to kafir, sterility isincreased but
fertility isrestored when the plant is backcrossed to the milo group. The DNA-RNA molecular system
simply explains partial sterility because DNA may be carried in organelles in the cytoplasm.

Cytoplasmic male sterility, therefore, is concerned with the incompatibility between factors in the
cytoplasm of the cell and the genes of the nucleus.

Genetic sterility isthat form involving only the genes in the nucleus of the cell, independent of the
cytoplasm. The gene contribution is from both parents, with male sterility being the result of
homozygous recessive genes or factors.

The cytoplasmic-genetic male sterility isthe result of an interaction between the genetic and cytoplasmic
systems. Under this system of male sterility, the double recessive genes (ms ms) in the nucleus produce
fertile progeny (F) in normal cytoplasm but produce sterile progeny (S) when acting in a cytoplasm that
has undergone change (Briggs and Knowles 1967).

The cytoplasmic-genetic male sterility system differs from cytoplasmic male sterility in that the
offspring of the male-sterile plants may be male-fertile when crossed with certain selections that merely
change the cytoplasm. Again, based on the molecular theory, the male sterility becomes a function of the
DNA code in the nucleus of one parent being unable to activate the RNA system in the cytoplasm of the
other parent.

Jones and Davis (1944) were the first ones to report the use of male sterility in the production of a
commercial crop (onion seed), and they used the cytoplasmic-genetic system. After finding a male-
sterile 'Italian Red' onion, which was propagated by its bulbils until the system could be understood,
crosses and repeated backcrosses were made between the 'Italian Red' and a 'Crystal Wax' cultivar until
the sterility was transferred to that commercially desirable cultivar.

The breeding research revealed two types of cytoplasm--fertile (F) and sterile (S). Those plants that had
the (F) factor produced viable pollen, those with (S) cytoplasm did not. When arestorer gene (R ) was
introduced from the male parent, the dominant gene (Ms or Rf) action produced fertile progeny, thus
both genetic and cytoplasmic inheritance were involved. In commercial production of onions, 4 to 12
rows are planted with amale- sterile type for each one to two rows of male-fertiles (fig. 4), and they
must both flower at the same time. Bees transfer the pollen to the male-sterile heads, and the hybrid seed
IS produced on these heads. The male-fertile flowers may be destroyed or harvested separately after
pollination is completed. The seed that is harvested, being hybrid, produces an onion superior both in
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yield and flavor.

[gfx] PN-3741 FIGURE 4.--Hybrid onion seed production. Note the 2 pollinator rows (center, with larger flower
heads), which supply pollen for 6 male- sterile rows ( 3 on each side) to produce the cross-pollinated onion seed.

Future Possibilities and Problemsin the Use of Bees
to Pollinate Male-Sterile Cropsto Utilize Hybrid Vigor

The utilization of hybrid vigor is enticing. For example, its use was estimated to increase the yield per
acre of corn by 35 percent (Jenkins 1936). In cotton, Stith (1970) estimated that production might be
increased 20 to 25 percent by use of hybrid vigor, which he estimated would be worth $275 million per
year to our growers, or the same annual production could be obtained from 20 percent less acreage. He
believed this would result in no additional expense to the grower except for the increased harvest cost.
Corniswind pollinated but insects, primarily honey bees, would be required to cross- pollinate cotton.

Kinman (1970) reported the discovery of afertility restoration gene for cytoplasmic sterility in
sunflowers. This, he believed, was the final step required in the development of hybrid sunflowers. In
personal correspondence, Kinman indicated that this male sterility and its restorer in sunflowers could
result in doubled production of current cultivars. The effect of such an increase in production and
potential profits on the future of this crop in the United States is unpredictable but will doubtless be
great. Bees would be required to transfer this pollen from the fertile to the male-sterile plants.

Hybrid onions now command the bulk of the onion market. Growers use honey bees amost exclusively
in transferring the pollen of the fertile plants to the male-sterile ones. Because there is no pollen for the
bee to collect on the male-sterile plants, it visits the blossoms only to collect nectar. Onion growers
frequently complain that honey bees are reluctant to visit the male-sterile flowers solely for the nectar.
To produce hybrid seed, the flowers on the male-sterile onion row must be visited by nectar-seeking,
pollen-coated bees that have previously visited the fertile rows.

The above discussion illustrates the need to consider the attractiveness of the plant to nectar- and pollen-
collecting insects during the process of developing a male-sterile plant. It must be recognized that bees
may visit aflower for its pollen, its nectar, or both, and in male-sterile plants only nectar is available.
Bee breeders have made selections of bees that show preference for alfalfa pollen (see"Alfafa'), but no
sel ections have appeared that show preference for nectar. The plant breeder might approach the problem
from another angle--by selecting plants that produce more nectar or, at least, more attractive nectar for
the bees. Cooperative work between bee and plant specialistsin this area may prove valuable.

Caviness (1970) stated that hybrid soybeans as acommercial crop was intriguing, but he doubted that it
would ever materialize because the flowers were small and unattractive to bees, and had other
discouraging characteristics, including the sparsity of nectar and pollen and the relative conceal ment of
the flowers by the foilage. Male sterility has, however, been found (see " Soybeans") in soybeans. Also,
other breeders are looking for ways to utilize hybrid vigor in this $2 billion crop because the potential
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profits are great with only a minor increase in production. The primary problem seems to be the relative
unattractiveness to bees. Already there are leads in that area. Some plants show greater attractiveness
than others.

The discovery of astrain of beans highly attractive to bees or the development of away to attract beesto
the flowers could almost assure utilization of hybrid vigor in this crop. Thisis an example of acrop on
which cooperative research between bee specialists and plant specialists can no doubt make advances of
benefit to both.

Rubis (1970) indicated that hybrid safflower was feasible based on differential separation of male and
female parts, which he called functional male sterility. In this crop, the male-sterile plant produces
pollen on the anthers inside the anther tube. The anthers release the pollen only after the style has
elongated and pushed the stigma beyond reach of the anthers. Bees visit these flowers freely for nectar,
bringing pollen from stigmas that have pushed pollen before them and out of the anther tube. In their
collection of the nectar, they may also transfer pollen from the anther tube to the stigma of the same
flower.

Davis and Greenblatt (1967) have reported the discovery of cytoplasmic male sterility in alfafawith a
restorer gene. Hybrid alfalfais produced on alimited scale now, and the discovery of cytoplasmic male
sterility may greatly enhance the use of hybrid vigor in thisimportant crop. Because alfalfaisa
perennial crop, the male-sterile plants could be used for several seasons.

Foster (1967) reported that hybrid muskmelons produced twice as much fruit as the commercial lines.
Foster (1968) reported the discovery of male sterility in muskmelons. The plants are entomophilous and
are freely visited by bees for nectar, so the future commercial use of male sterility and hybrid vigor in
melons is bright.

Nieuwhof (1969, p. 231 ) stated that genetic male sterility had been found in Brussels sprouts,
cauliflower, and sprouting broccoli, but alaborious task of thinning would be required to remove the
(roughly 50 percent) male-fertile plants. He doubted that commercial utilization of hybrid vigor in this
group was likely. Other breeders are searching for cytoplasmic male sterility in these crops through
which complete sterility might be obtained. The cole crops and numerous other vegetable crops are
Insect pollinated.

An economical way of producing hybrid tomato seed is highly desirable. The few beesthat visit current
cultivars of tomatoes do so only to collect pollen. A male-sterile strain would therefore be of no interest
to such bees. Possibly some of the primitive species of thisfamily group produce nectar. If such a
species could be found and this characteristic transferred to a commercial male-sterile cultivar, it would
then attract the insect pollinators, and insect cross-pollination could be achieved. Here again,
cooperative research between exploratory botanists, plant breeders, and entomol ogists might be
productive to the public.
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Regardless of the type of male sterility--incompatibility, or cytoplasmic, genetic, cytoplasmic-genetic, or
functional sterility--if insect activity isinvolved, specialists should cooperate to utilize all factorsin the
development of more productive crops.
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WILD BEESAND WILD BEE CULTURE

A brief review of the classification of insects and their relatives may help the reader to understand the
scope and magnitude of those insects referred to by the general term "wild bees."

All known animal organisms have been arbitrarily classified by specialistsinto phyla, classes, orders,
families, genera, and species, with some subdivisions in between. For example, the phylum Arthropoda
contains numerous classes including the Insecta, which is divided into numerous orders, one of which is
the Hymenoptera, which in turn is divided into superfamilies, one of which isthe Apoidea (bees). Wild
Bees

The Apoidea of America north of Mexico have been classified in different ways by different specialists,
but Stephen et al. (1968) classified them into the seven familieslisted on this page. Also listed are the
more important generain each family.

There are about 19,000 described species of beesin theworld (Linsley 1958). At least 5,000 species of
bees are in North America (Bohart 1952*), and, with the exception of one species, Apis mellifera L., the
domestic honey bee, all of them are grouped under the general term "wild bees.”

Family . Important genera

Short-tongued bees:

Andrenidaea Andrena, Panurginus, Perdita, Pseudopanurginus Colletidae Colletes, Hylaeus Halictidae
Agapostemon, Dufournea, Halictus, Nomia Melittidae Hesperapis, Melitta L ong-tongued bees:
Anthophoridae Anthophora, Melissodes, Nomada, Xylocopa A pidae Apis, Bombus, Euglossa,
Melipona, Trigona Megachilidae Anthidium, Lithurgus, Megachile, Osmia

1 Two relatively obscure families, Fideliidae and Oxaeidae, are omitted.

Only to a limited extent has man learned how to manipulate afew speciesin afew genera of wild bees.
He can construct nesting sites and transport immature |eaf cutter bees (Megachile pacifica) (see
"Leafcutter Bees') and alkali bees (Nomia melanderi) (see "Alkali Bees"). These bees are used in large-
scale pollination of legume crops in the Western States.

Numerous species of the genera Melipona and Trigona are induced to nest in prepared domiciles, such
as hollowed-out gourds, hollow tree sections, or manufactured hives, from which afew ouncesto afew
pounds of honey may be harvested. Some of these colonies are also placed near crops needing
pollination (see " Stingless Bees and Méliponiculture™).

Slight progress has been made in inducing numerous species of bumble bees (Bombus spp.) to nest in
specially prepared boxes or nests that can be transported to fields to be pollinated (see "Bumble Bees").
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Osmia bees (Osmia spp.) can be induced to nest in bamboo canes, which are then transported to fields to
be pollinated (see "Osmia Bees").

Logs of softwood, in which carpenter bees (Xylocopa spp.) can construct nest tunnels, are provided near
plantings of passionfruit (Passiflora spp.) to encourage these bees to nest near and pollinate the flowers
(see " Carpenter Bees").

Other steps mentioned by Bohart (1971), which may have actually increased the wild bee populations at
least in the eastern half of the United States, include:

1. Opening up of forested areas, which created more favorable conditions for bees.
2. Paving highways, which concentrated moisture along roadsides.

3. Introduction of "weeds" upon which the bees forage.

4. Growing numerous crops upon which the bees forage.

5. Bringing desert areas into bloom (with irrigation).

Plantings on which wild bees may forage or reproduce, are also made and protected from fires, floods,
overgrazing, or insecticide exposure.

Otherwise, little is known about manipulation of the thousands of other species of wild bees,

Numerous species of wild bees, however, can be found almost anywhere plants grow, for example, the
Melissodes bees (Melissodes spp.) in cottonfields (Butler et a. 1960). Wild bees doubtless provide, in
the aggregate, millions of dollars to the economy of agriculture. Their value to range, forests, fields, and
ornamental flowersisimpossible to measure, but it should not be overlooked. The demonstrated value of
the few species over which man has learned to exercise some control is sufficient to support the claim
that this group of largely overlooked insectsis an essential segment of our agriculture as well as our
general ecological environment. As such, more intensive study should be made of the various species to
determine the practicability of their preservation, culture, and use on various insect-pollinated crops.

Although ants, beetles, butterflies, moths, and many other groups of insects contribute to the pollination
of plants, Apoidea are of greatest interest and by far the most important as pollinators, especialy in
temperate regions.

The families of Apoidea have plumose or branched hairs at least on the top of the thorax, the first joint
of the hind tars is enlarged, and they provide their young with a diet of nectar and pollen. Thisis even
true of the "cuckoo bees' (several generain various families), which lay their eggs in the nests of other
bees. Male bees have 13 segments in the antennae; the females, 12.

The sting (a modified ovipositor) of the female or the exposed genitalia of the male readily identify the
sex of theindividual. Apoidea may be solitary, gregarious, or social.
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A solitary speciesisone in which the female prepares and provisions the cell, deposits the egg, and then
sedlsthe cell completely unassisted. More than one cell may be constructed, but only one at atime. After
the cell is sealed, no further attention is given it, and the adult may die within afew days.

Gregarious bees are solitary individuals that endeavor to nest in close proximity to each other. The akali
bee (Nomia melanderi) belongs to this category. It builds individual nestsin the ground--as many as 100
nests per square foot of sail.

Social beeslive together in a society and have divided duties. The queen is the sole or primary egg-
laying individual. Her active lifeis relatively prolonged, and she maintains contact with at least some of
her adult offspring. Ants, bees, wasps, and termites include species with the most highly developed
Insect societies.

The time of day that wild bees forage differs with the species involved. Those that feed only at dawn are
referred to as matinal bees. Crepuscular bees feed both at dawn and near dusk. A few species are
nocturnal in their foraging, but the great majority feed when the sun is shining, because that is when the
majority of the flowers are open (Linsley 1960).

The distance that the different species of wild bees may forage must vary enormoudly. Janzen (1971)
reported that an individual Euplusia surinamensis (L.) returned to its nest from a distance of 23 km (14.3
miles). He calculated that another individual flew as much as 24.4 km (15.2 miles) to and from the
foraging area. By comparison, the alkali bee (Nomia melanderi) may forage 4 or 5 miles from its nesting
site (Stephen 1959); whereas the alfalfaleafcutter bee (Megachile pacifica) usually forages within only a
few hundred feet of the nest (Bohart 1962b).

Visitation to plants by wild beesis highly variable. Some species visit many different families of plants,
othersvisit only afew closely related families, and still others visit only a single species or closely
related species. In different instances, each type of activity would be advantageous.

Wild Bee Culture
ALKALI BEES

The akali bee (Nomia melanderi Cockerell) has been known for many years to be a highly efficient and
effective pollinator of afalfa, particularly in the area north and west of Utah. It isahighly gregarious
solitary bee that nests in large numbers in saline soils with a silt loam or fine sandy |loam texture.

The culture and utilization of this bee has been studied and promoted over the last two decades,
particularly by Bohart (1952*, 1958, 1967, 1970a1970b, 1972), Menke (1952a, 1954), Stephen (1965),
and Stephen and Evans (1960). Much of the material presented herein was devel oped by these men.
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Life history and habits.--Alkali bees are nearly aslarge as honey bees. They are black, with iridescent
copper-green stripes across the abdomen (fig. 22A). The male bee has much larger antennae than the
female. Being gregarious, alkali bees may construct 100,000 or more nests in an area 40 by 50 feet.
Nesting sites with an estimated 200,000 nests have been reported (Bohart 1952*). The nest (fig. 22B), a
10 mm (0.4 inch) vertical tunnel, may extend 10 inches below the surface but isusually only 3to 5
inches deep (Frick et al. 1960). There may be 15 to 20 cells usually arranged in a single comb-shaped
cluster. Each cell isan oval cavity, dightly larger than the main tunnel, about one-half inch long, lined
first with soil and then with awaterproof transparent liquid applied with the bee's glossa. Each cell is
provisioned with a 1.5- to 2-mm oval pollen ball, made up of 8 to 10 bee loads of pollen mixed with
nectar. The soil removed from the tunnel is dumped at the tunnel entrance to form a conical mound 2 to
3 inches across.

The adult bees emerge from late June to late July, depending upon the location and season. The males
appear afew days ahead of the females. Before emergence, each bee is confined to its natal cell for 3
days as an egg, 8 days as agrowing larva, 10 months as afull grown dormant larva, 2 weeks as a pupa,
and several days as a hardening, maturing adult (fig. 22C). During the approximate 1 month of her
active adult life, the female constructs, provisions, and lays an egg in each of 15 to 20 cells.

Mating occurs during the 3 days the entrance tunnel is under construction, usually during the first day.
The males patrol back and forth over the nesting site, and they will mate with any number of females;
however, they rarely bother a mated female after she becomes actively engaged in constructing the nest
(Stephen 1959).

About the third day after construction starts, the first cell is completed. Pollen is then collected and
formed into apellet in the cell, an egg islaid on the pollen, and the cell isimmediately sealed by a spira
ceiling and a soil plug. Then work is begun on the next cell, and no further attention is paid to the last
one. Thereafter, the daily routine consists of fashioning another cell off the main tunnel, providing it
with a pollen ball, depositing the egg and sealing the cell. About one cell is completed each day (Bohart
and Cross 1955). Usually only one nest is prepared and provisioned by afemale. Thereisusually only
one generation ayear in the intermountain States, but in California two and sometimes three generations
appear from May to September.

[gfx] FIGURE 22.- The alkali bee. A, Adult; B, nesting site; C, cells excavated to show immature stages.

Food sources and feeding characteristics.--Alfalfa nectar and pollen constitute the primary source of
food for most female alkali bees. They visit afew other plant species, for example, clovers, mint, onions,
Russian thistle, salt cedar, and sweetclovers. In alfalfa seed producing areas, however, most of the nests
are provisioned with nectar-moistened pollen balls derived from alfalfa.

While foraging, alkali bees do not trip the alfalfa blossoms as rapidly as do the |eafcutter bees, but
amost every blossom they visit is tripped. Because of the large number of flowers the females visit, they
become highly effective. Bohart (1952*) stated that two large nesting sitesin Utah, one of which had an
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estimated 200,000 nesting females, "provided good pollination for the alfalfa-seed fields within aradius
of at least 2 miles." The males visit flowers for nectar only and only occasionally trip the flowers.

Alkali bee nesting sites or " beds" .--Within recent years, research by Bohart (1958), Bohart and

Knowlton (1952), Frick et a. (1960), Fronk ° 'Stephen (1959, 1960), and Stephen and Evans (1960) has
resulted in the development of a dependable method of preparing and stocking nesting sites or bee beds
for the alkali bee. Such beds can now be prepared and stocked successfully in areas where this bee had
not previously occurred.

There are certain basic requirements of an acceptable bed. It must have a moisture supply capable of
rising to the surface. This usually requires a hardpan layer afoot or more below a porous soil that tends
to hold the moisture and permits its movement from the source of supply to the surface. Conditions
should permit rapid drainage of surface water. The underlayer should range in texture from asilt loam to
a sandy loam with no more than 7 percent clay-size particles. The surface should be firm but not have a
hard crust. If some salt does not appear on the surface, about 1 pound of salt per square foot of surface
should be raked into the first 2 inches. This seals the surface layer and thus slows down evaporation.

The bed should be kept relatively free of weeds. It should not be flooded during the active bee season or
excessively disturbed by livestock or vehicles.

When bee beds are constructed by alfalfa seed growers, about 3 feet of soil isremoved from the selected
site. The flat-bottomed excavation is then lined with 0.006-inch plastic film. The excavation is backfilled
with an inch of soil, a10-inch layer of gravel, and 2 feet of appropriate soil. Salt is usually added to the
surface as mentioned above. Water can be supplied through a piece of tile that extends from the gravel
bed to severa inches above the surface.

The size of the bee bed may be determined by the size of the plastic sheet. Bohart (1952*) indicated that
an acre of bee bed might be sufficient for 100 acres of alfalfa, but conditions vary so much that the only
safe recommendation seems to be to have as many bees as the forage will support.

After the bed is prepared, alkali bees may find and migrate to it if other beds are within amile or so. At
greater distances, the bees must be brought in. One-cubic-foot blocks of undisturbed soil from
established bee beds may be transferred and imbedded at the new site during the winter while the bees
are in the resting stage (Stephen 1965). The bees can also be transferred as dormant larvae in individual
containers (Bohart 1958). Generally, attempts at transferring adults have not been successful.

Diseases and enemies.--Numerous diseases, pests, and other enemies inflict damage on alkali bees.
Bohart (1952*) mentioned insects, including ambush bugs, bee flies, chalcids, clerid beetles, conopid
flies, cuckoo bees, meloid beetles, robber flies, tiger beetles, velvet ants, and wasps. Crab spiders are
also a problem, but mites, although present, are of little consequence (Cross and Bohart 1969).
Vertebrate enemies include birds that feed on the adults and mice and skunks, which usually feed on the
larvae. Bacterial and fungal diseases may suddenly strike and seriously diminish the population of a bee
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bed. Trampling of the nesting sites by livestock, traffic by vehicles, unwise use of pesticides, and
flooding during the active bee season can also reduce populations or destroy the site.

Possibilities and limitations.--There is little doubt that where populous alkali bee beds occur the bees of
these beds pollinate afalfain a highly efficient manner and contribute to the production of bumper seed
crops (Menke 1952b). According to Bohart (1970b), a 3,000 ft2 bee bed cost about $600 to build and
stock in 1970. Stephen (1965) stated that awell- populated, 1,500 ft2 bed should provide adequate
pollination for about 40 acres of seed alfalfa. At the same rate, the 3,000 ft2 bed should take care of 80
acres for several seasons. At current honey bee colony rental rates, alkali bees would be much more
economical than honey bees.

Alkali bees also have some strong limitations. Their services are confined to areas of the West where
rainfall, particularly during the active season, is unlikely. The beds cannot be transported; therefore, the
crop to be pollinated must be planted near the bed. The bed must be planned and constructed many
months before its pollination service is expected. Finally, a bee bed may be lost--quickly and easily--to
flooding, predators, parasites, diseases, or pesticides and other agricultural practices.

° FRONK, W. D. INCREASING ALKALI BEES FOR POLLINATION. Wyo. Agr. Expt. Sta. Mimeo. Cir. 184,

7pp. 1963,
LEAFCUTTER BEES

Life History and Habits.--The alfalfaleafcutter bee (M egachile pacifica Panzer) is arelative newcomer
to America, although there are many other leafcutter bees here. Hurd and Michener (1955) listed 124
speciesin California alone. Bohart (1962b) stated that M. pacificawas found "about 30 yearsago " in
the vicinity of Washington, D.C., possibly brought over from eastern Europe or western Asia. It spread
rapidly across the Northern States to the Pacific coast. Bohart (1972) stated that "it occupies roughly the
northern three-fourths of the contiguous United States." In many areas, the alfalfaleafcutter bee became
the most important pollinator of alfafa (fig. 23).

Asits name implies, this highly gregarious solitary bee linesits nests with circular sections cut from
afafaleaves (Stephen 1961), although it will cut sections from petals of large ornamental flowers. The
nests are in hollow tubes or tiny holes above ground (fig. 24). The charcoal-gray adult bee is only
dlightly larger than a housefly.

[gfx] PN-3759 FIGURE 23. - Alfalfa leafcutter bee collecting pollen from alfalfa.
FIGURE 24.- Alfalfaleafcutter bee nests in opened nesting tubes.

The female bee emerges from May to July (depending upon location), mates, and immediately searches
out a nesting hole. She prefers atube or tunnel into which she can barely fit (five thirty-seconds of an
inch) but will accept a somewhat larger one if necessary. When one is found, she begins the construction
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of acel init. She buildsthefirst cell at the base of the tube, using freshly cut oblong pieces of |eaves.
This cell isthen filled about half full with a mixture of pollen and nectar. An egg is placed on the food,
and the cdll is capped with circular pieces of leaf. Another cell isimmediately started directly above the
first one, and the processis repeated until the tube is nearly filled with cells. After the final cell is sealed
with alarge number of circular leaf pieces, another tube is begun if pollen and nectar continue to be
available.

A female may live 2 months and lay 30 or 40 eggs during her lifetime. About two out of three adults that
emerge from the cells will be males. A theoretical increase of about tenfold per generation is possible if
ample nesting holes are available and the bees are somewhat protected; however, Bohart (1962b) stated
that afivefold increase from year to year is probably optimistic. Thereis usually a partial second
generation that may overlap the first, which would enlarge the expected increase.

The eggs hatch in 2 or 3 days, and the larvae feed on the food in the cell. Larval development is
completed in about 2 weeks, and some individuals continue development and emerge as adults about 23
to 25 days after the egg was laid. Others remain without further development as larvae until the next
year when they complete their development and emerge as adults.

The males emerge about 5 days before the females. As soon as the female emerges she mates, and
although the males may mate many times, the females mate only once (Hobbs 1967).

L eafcutter bees (as well as alkali bees) can be handled in almost complete safety. The female has a sting
but rarely usesit and then it causes only dlight pain. This enables an unskilled worker to handle these
bees with assurance of safety, even when thousands are flying about.

Food sources and feeding characteristics.--The afalfa leaf cutter bee derivesits food and nesting
material primarily from alfalfa; however, it will forage on sweetclovers (Melilotus spp.), white clover
(Trifoliumrepens L.), some of the wild mints (Mentha spp.), and afew other species. Goplen (1970)
reported that this bee preferred purple alfalfa flowers to yellow flowers to a degree that influenced pod
and seed set. The effect of this preference in commercial seed production has not been determined.

The adult does not forage at temperatures below 70 deg F (Hobbs 1967). The female visits flower after
flower in rapid succession, tripping almost every flower visited, 11 to 15 per minute. She forages no
farther from her nest than necessary, usually within the field where the nest islocated, and most often
within afew hundred feet of the nest. The male visits flowers for nectar only and seldom trips a flower.
Hobbs (1967) stated that alfalfafields can be thoroughly pollinated in 3 weeks with about 40,000
females per acre. Klostermeyer (1964) indicated that at least 2,000 females per acre were necessary for
each 500 pounds of clean afalfa seed produced. Other figures fall between these extremes.

Rearing and utilization.--The tendency of the alfalfaleafcutter bee to nest in individual tubesin close
proximity to hundreds of other nesting femal es enables man to use this bee to a highly profitable and
satisfactory degreein the pollination of alfalfafields. Growers have been rapidly adopting this bee since
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1958 when a Utah grower began making thousands of nesting holes around his outbuildings so the bees
could increase their population. Methods of rearing and manipulation have also changed as the
widespread value of these bees has become accepted.

Special "bee boards"' have been prepared for rearing these bees - 4-inch by 4-inch timbers about 4 feet
long with closely spaced holes three- sixteenths of an inch in diameter bored 3.5 inches deep (fig. 25).
These bee boards, with about 2,000 holes filled with |eafcutter bee nests sold for about $40 (Bohart
1972). The boards became so useful and sought after in alfalfa seed fields of the Pacific Northwest that
bee board "rustling" became a problem until growers began branding their boards for easy identification.

Some growers used packets of 7/32-inch soda straws cut into 4.5- inch lengths for their bee boards. The
bases were dipped in paraffin, and the pieces were packed into small open-ended cartons.

Hobbs (1964, 1965) stated that straws less than seven thirty-seconds of an inch produced more male
bees but that about equal numbers of males and females emerged from larger straws. He was convinced
that al tubes should be at least 7/32 - inch in diameter.

Grooved laminated boards composed of wood, particle board, or polystyrene plastic can be clamped
together to form nesting holes or tunnels but, most important, they can be taken apart, so that the cells
can be examined for dead, diseased, or parasitized ones and the healthy ones removed and concentrated
for winter storage or shipment. Bohart (1972) stated that the price for 10,000 healthy cells (1 American
gallon) was $100.

Hobbs6 reported that polystyrene grooved boards were being manufactured and used in Canada. He
stated that they were more readily accepted by the bees and that bees using them worked longer hours
than bees in wood boards. The machine-made polystyrene boards, being exactly alike in shape, could be
easily assembled or put through the cell stripper, adevice for removing the cells from the grooves. A
polystyrene board filled with cells weighs 13 pounds as compared to 45 pounds for the cell-filled wood
boards. However, the polystyrene materia is delicate and must be handled carefully. Also, mice will
chew the material to get to the cells. Finally, the cells sometimes mold because moisture given off by the
pupais not absorbed by the plastic. Plastic blocks with tunnels, plastic straws, and corrugated paper are
also used to alimited extent.

6 HOBBS, G. A. FURTHER INFORMATION ON ALFALFA LEAFCUTTER BEEKEEPING. 9pp. canada

Agr. Res. Sta,, Lethbridge. 1969. (mimeographed.)

Winter storage.--The cells can be left outside during the winter, but mortality for various reasonsis
high. For best results, they should be stored in adry, cool place, about 30 deg to 40 deg F., then
incubated the following spring to cause emergence as adults when desired. They can be stored in the bee
boards just as they are brought from the field or they can be removed from the grooves of laminated
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boards by the cell stripper. Storage in the bee boards increases the difficulty of controlling diseases,
parasites, and predators but storage in loose cells increases the dangers of parasitism if no control
measures are taken.

About 3 weeks before alfalfais due to begin flowering, the cells are placed in trays in a storage room
such as that described by Wilson (1968) where the temperature is held at 85 deg F. and the relative
humidity, from 50 to 75 percent. There should be one cell for each tunnel to be used at the nesting site.
About one-half of the adults will be males and some of the females will perish, but each surviving
female should be expected to fill two or three nests. Pans of water with lights (preferably ultraviolet)
shining on them should be placed beneath the trays. The parasitic chalcids and dermestids should
emerge first, and, being attracted to the lights, they drown in the water (Waters 1966). The males begin
to emerge severa days before the females. The females should be removed to the field about the 21st
day after they are placed in incubation.

[ofx] FIGURE 25.- Alfalfaleafcutter bee nests and shelters. (Note use of brands on nesting boards to
discourage theft.) A, Stationary shelter; B, portable shelter; C, stationary shelter with wire screen to
protect nests form birds.

Usage and handling of nests and shelters.--Size and shape of shelters vary greatly. Some are no more
than 4 by 4 by 4 feet, others are the size of a one-room dwelling. Johansen et al. (1969) suggested the
nesting area be 4 by 8 feet in size and the shelters be 140 yards apart, with about 20,000 filled nest
tunnels at the start of the season.

Bohart and Knowlton (1967) gave the following specifications for a good shelter; it should-
1. Protect the nesting material against high-angle rays of the sun when the weather is hot.

2. Have an easterly exposure.

3. Afford some shelter from wind and rain.

4. Provide good ventilation.

5. Be large enough to be conspicuous for the bees and have plenty of nesting holes. (Y ellow apparently
Increases conspicuousness, but black, green, and blue are most attractive for nesting.)

6. Be placed 2 1/2 feet or more above ground.
7. Be built so that covers may be added for protection against birds or pesticides.

In addition--
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. Shelters should be distributed in the field at the rate of one shelter with 10,000 nesting females
for each 5 acres of afalfa.

. Soil around the sesting site should be bare so that incoming bees may light on it and absorb heat
before entering the nest.

. Ants near the nest should be controlled with a nonresidual insecticide, but the bees should be
protected from this or other pesticides. Chicken wire should cover the front or openings to
exclude bee-eating birds.

. Aboveal, shelters should be able to withstand wind that is likely to occur when they arein use.

. Shelters should be movable by winch, fork, rollers, or trailer.

. Land beneath the shelters should not be irrigated because the water may cool down the shelter, or
the bees may fall into it and drown.

. When the first bees begin to emerge, the tray should be closed and taken to the field. There it
should be opened just wide enough for the bees to escape but not enough for mice to enter. The
bee boards should be in place in the shelter before the bees are rel eased.

. 1T 10,000 females are to be released at a shelter and the average bee board has 2,000 holes, there
should be about 15 bee boards at each shelter.

Diseases and enemies.--When the alfalfa leafcutter bee began to increase in population, it seemed to
have no important diseases, pests, or parasites. Within a decade, however, scores of natural enemies had
appeared, some of which were serious. The tiny parasitic wasp (Sapyga pumila Cresson) first mentioned
by Torchio (1963) as a potential threat was verified by Torchio (1970) as causing a high percentage (6.9
to 65.3 percent) of the cells to be parasitized. Torchio (1972) recommended trapping for satisfactory
control of thiswasp. Some degree of control has been devised for the other insect enemies. Birds can be
screened away from the nests with chicken wire, and rodent control measures can protect the bees and
their nesting materials from mice.

I nsecticides sprayed over neighboring property are unlikely to be a problem, but if the afalfafield is
treated they can be serious. Alfalfaleaf material used in the nest can be toxic if treated with persistent
Insecticides even before the blooms appear or the bees emerge. Confining the bees for protection from
pesticides is a poor solution but moving the bee boards at night to a cool dark place for aday or two may
be feasible.

Possibilities and limitations.--There are many advantages in the use of alfalfaleafcutter bees. They
perform excellently in the pollination of afalfa. They can be handled safely without fear of the stings by
the operator or the neighbors. They multiply rapidly. They forage primarily only in the field to which
they are supplied. They can be transported easily and economically in the immature stage, in which most
of the year is spent. They do not require constant nurture and manipulation like the honey bee requires.
They can be supplied to any field where desired (fig. 26) unlike the alkali bee that isin a permanent
nesting site. Their useis so practical and different that they now constitute a new entomological industry
(Bohart 1970b), and Bohart (1970a) urged honey beekeepers to become |eafcutter beekeepers. The use
of leafcutter bees can be combined with honey bee pollination. Williams (1968) listed 15 dealers who
were marketing drilled boards in Idaho and Washington, and three who were marketing grooved
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laminated boards, one each in California, Oregon, and Utah.

There are some limitations to the bee. It is of economic value to few other plants besides alfalfa. Its
usage has not been successfully adapted to the arid Southwest. A similar bee (M. concinna Smith) in the
Southwest (Butler and Wargo 1963) seems to be less gregarious, although Butler and Ritchie (1965)
indicated that it might be reared artificially on bee- collected pollen and sugar sirup. Because of the
newness of the |leafcutter bee as a commercial pollinator, little is known about its diseases, parasites, and
enemies and their long-term effect on it. For its use to be successful, a devoted |eafcutter beekeeper
would be required to look after its welfare. Where this bee has been successfully used, the alfalfa seed
growers have harvested bounteous seed crops, and, unless unforeseen disaster strikes, itsuseislikely to
increase.

PN-37 63 FIGURE 26.--Alfalfaleafcutter bee sheltersin alfalfafield.
STINGLESSBEESAND MELIPONICULTURE

Members of the Apidae subfamily Meliponinae or "stingless bees" are social insects. Some species have
clusters of as many as 80,000 individuals, other species, less than 100. The two important genera are
Melipona and Trigona. They do not occur in the United States but are present and of economic
significance in Mexico as well as Central and South America. Trigona spp. also occursin Africa,
Southern Asia, and Australia. They are mentioned here because of their widespread distribution over the
tropical and subtropical areas of the world, their value in the pollination of many crops, and their long-
time culture for the production of honey and "wax".

These bees have been studied taxonomically by Schwarz (1948) and behaviorally by several men,
especially by Nogueira-Neto (19483, b, 1950, 1951), Nogueira-Neto and Sakagami (1966), Kerr (1946,
1948, 1951), Sakagami (1966), Sakagami and Oniki (1963), Sakagami and Zucchi (1967), and Zucchi
et a. (1967). Meliponiculture was reviewed and discussed from the practical standpoint by Ordetx and
Perez (Ch. 5: 45-55 1966). The following discussion is drawn largely from the above references.

The females possess weak or vestigial stingers but are unable to inflict pain with them, hence the term
"stingless bees." Some species have mandibles sufficiently strong to inflict amild bite or to pull hairs, or
they may crawl into the ears or nostrils of the intruders. Others emit a caustic liquid from the mouth that,
in contact with the skin, causes intense irritation. Most species, however, are not bothersome to man, and
he may safely manipulate them with ease, even to having his face within inches of a Trigona nest
containing many thousands of individuals.

Stingless bees were kept by man centuries before the arrival of Columbus or the common honey bee
(Bennett 1964). Some species produce an acceptably delectable honey, as much as half a gallon per
colony per year. Others produce less desirable, thin (35 percent moisture versus half that amount in our
domestic honeys), strongly acid honeys. One species (Trigona (Lestrimellita) limao Smith) produces a
honey used to induce vomiting (Bennett 1965). The most common species used in miliponicultureis
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Melipona beechii Bennett.

When the wax is secreted from the glands on the abdomen of stingless beesit is similar in appearance to
that of Apis mellifera, but it isthen mixed with propolis and the product, called cerumen or Campeche
wax, ismore or less black. Cerumen is used for waterproofing on farms and in villages, in ink and
lithography, and in other restricted ways.

Originally, the colonies were kept in gourds, tree trunks, or similar cavities, but an improved hive has
been developed that permits easy manipulation and transportation of these bees (fig. 27). Thishiveis
about a cubic foot in volume--sufficient for the 3,000 to 5,000 bees in an M. beechii cluster. If necessary,
additional space can be added for larger clusters. A nest of Trigona clavipes (F.) in ahollow tree,
sketched to scale by Sakagami and Zucchi (1967), was 8 by 8 by 50 inches and had aworker bee
population that "apparently exceeded several tens of thousands." It contained "at least 20" horizontal
brood combs separated from the collection of pollen and honeypots. The size of hive acceptable to a
colony of this size was not given.

Life histories and habits.--The size of stingless bees varies from 2 to 14.5 mm. Trigona duckei Frieseis
the smallest species of stingless bee known; Melipona interrupta Latrielle isthe largest. M. beechii is
dlightly smaller than Apis mellifera. The colors of the different species vary from black to brown, red,
orange, yellow, and white.

The nest entrance is frequently reduced to permit only asingle bee to enter at atime. The nest may be
covered by a membranous wax and propolis network, which envelops and protects the nest and brood.
There may be a single or multiple layer of brood--the individual cells vertical in some species, horizontal
in others --or the cells may be in a cluster like grapes. Some species use the brood cells only once, then
they are destroyed and reconstructed. The honey and pollen are not stored in the brood comb but in
irregular cells outside of the broodnest.

The queens of Trigona are reared in queen cells, similar to those of Apis mellifera. Melipona queens
develop in cells that externally seem to be no different from those that produce drones and workers,
usually one queen to three to six workers. The workers of Melipona fill the cell with food before the egg
is deposited. Each colony has a single sovereign queen but tolerates numerous virgins. A 4,000 worker
bee population of M. beechii may have 50 virgin queens living harmoniously with the mother queen.
Mating occursin the air.

Advantages of stingless bees as pollinators.

. Stingless bees do not sting, therefore they are not a hazard to man or animals nearby.

. They collect and utilize considerable nectar and pollen throughout most of the year, therefore,
numerous flowers must be visited and pollinated.

« They can be manipulated in hives like honey bees.

. Thehivesare small, easily handled, and relatively inexpensive.
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. Thecolony isunlikely to become hopelessly queenless.
« The byproducts of honey and cerumen are usable.

Disadvantages of stingless bees.

. Stingless bees cannot tolerate cold weather, therefore, they are limited to the tropical and
subtropical regions.

. The byproducts are produced only in small quantities, and they are less desirable than those of
the honey bee.

[ofx] 27.- Stingless bees. A, nest inaa constructed hive; B, closeup of nest showing bees, brood, and
honey storage area.

OTHER IMPORTANT BEES

Bumble bees.--There are dozens of species of bumble bees (Bombus) in the United States. Most of them
are excellent pollinators of awide variety of crops (fig. 28), although in some plant species they cut a
hole in the base of the corollaand "rob" the nectar without effecting pollination.

Bumble bees start each spring in a new nest. A mated female, that overwintered in solitary hibernation,
finds a suitable nest site in the spring, possibly an abandoned mousenest in a ditchbank or brush pile.

A wax cdll is constructed and stocked with a mixture of pollen and nectar, upon which severa eggs are
laid. Soon the smaller sterile females (workers) emerge, and the nest is enlarged (fig. 29). These workers
relieve the queen of all duties except egg laying, and colonial life emerges. During the summer, the
colony grows and becomes more complex. Toward fall, males and sexually mature females develop and
mate. Soon thereafter, the mated females abandon the nest and go into solitary hibernation, and the
males and immature females die off (Medler and Carney 1963).

The size of the nest varies with species of Bombus as well as with forage available. Michener and
LaBerge (1954) listed the contents of alarge B. medius Cresson nest in Mexico as follows:

1 queen

O males

800 workers (sexually immature femal es)

28 eggs 126 immature stage

804 empty cocoons

1,227 cocoons filled with honey

23 pollen potsfilled with pollen

27 empty pollen pots

They concluded that the queen had produced 2,183 offspring by June 21, when the nest was examined.
Most nests have far less than this number. Holm (1960) recorded from 31 to 930 total cellsin colonies of
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Bombusterrestris (L.), and from 41 to 600 in B. lapidarius (L.), at the end of the season. However,
Westbury (1971) concluded that colonies are normally unlikely to exceed 400 adults with only 20 to 30
workers present at any one time.

Medler (1958) believed that bumble bees would soon be successfully managed, and suggested that
"bombiculturists’ be trained to culture and manage bumble bees for pollination. Because of the potential
importance of these bees as pollinatorsif they could be managed, many research workers both before
and since have studied them.

Bumble bees can be induced to occupy manmade nests or hives, such as the 6-inch cube hive used by
Hobbs (1966) and hives, cans, or tile used by Fye and Medler (1954) and others. They can also be
induced to live, mate, nest, and hibernate in greenhouses to a degree that they can be useful as
pollinators of small plots (Pedersen and Bohart 1950). Holm (1966) reported that 31 species have been
colonized. Unfortunately, their culture is considerably hampered by their nest abandonment each fall.
This characteristic prohibits the maintenance of colonies, such asis the case with honey bees or
Meliponinag; storage of immature stages as with leafcutter bees, or even maintenance of the immature
stagesin the area, as with the alkali bees.

Bumble bees are further hampered by diseases and parasites; predators such as mice, skunks, badgers
and birds, and man-created problems such as pesticides and the destruction of nesting sites. Their
usefulness under natural conditions can be increased by the individual grower or the community where
their services are desired. They can be "encouraged” in an area by providing nests and nesting areas for
them. Their enemies can be controlled and consideration can be given in the use of herbicides and
insecticides. Crops can be planted or wild flowers encouraged on which they can forage during periods
when food might otherwise be unavailable.

[gfX] FIGURE 28.- Bumble bee collecting nectar from awildflower (Colutea arborescensL.)
FIGURE 29.- Nest of Bumble bee. A, honey pots; B, pollen cell; C, egg baskets or cocoons; D, young
brood in wax cells.

Carpenter bees.--The carpenter bees (Xylocopa spp.) have not been cultured in atrue sense although
their nesting in certain areas has been encouraged by placement of soft timbersin which they can
construct nesting tunnels (see "Passion Fruit"). Because of their large size (almost an inch in length and
about half aswide), they resemble large bumble bees but do not have a true pollen basket on the hind
leg. They are usually metallic black.

The bees are solitary but numerous ones may be attracted to soft timber in which they can tunnel. This
tunnel may be 1 foot long or longer and about one-half inch wide. There may be numerous cells
separated by partitions formed by chips of wood cemented together. About 30 to 31 days are required
for development from egg to adult.

Because of their lack of gregariousness, these bees are only of limited value where appropriate nesting

file:/I/E|/Jason/book/wildbee.html (14 of 22) [1/21/2009 3:45:19 PM]



file:///E|/ Jason/book/wil dbee.html

timbers can be provided. They also have a strong tendency to cut holes in the bases of flowers that have
long slender corollatubes.

Osmia bees.--Bohart (1972) reviewed the information on Osmia pollination. He stated that O. cornifrons
(Rad.) has been successfully managed for apple pollination since 1958 in northern and central Honshu,
Japan. The bees are captured away from fields or orchards treated with insecticide, taken to the orchard,
and released at the time of apple bloom. The bees nest in bamboo and hollow reeds placed by the
growers on shaded platformsin or near the apple orchards. These bees usually begin to fly about 2
weeks before apples come into bloom. They fly at temperatures as low as 45 deg F., some 20 deg below
that at which honey beesfly.

Levin ( 195 7) induced O. lignaris Say to nest in specially prepared tubes, 3/8 by 4 by 6 inches, bored in
lumber. Levin and Haydak (1957) were able to rear the same species on bee-collected pollen but not as
efficiently as on Osmia-collected pollen.

Free and Williams (1970) showed that O. rufa (L.) tended to be gregarious and could be induced to nest
in drinking (soda) straws. It showed a preference for Rubus spp. and other specific plants, indicating that
it could be used to advantage.

Introduction of Foreign Pollinators

When acrop is transferred from one area to another, there is always the possibility that the native
pollinating agent might be left behind. It might be interesting to ponder over the number of instances a
new crop hasfailed in an area merely because the proper pollinating agent did not accompany the crop.
The need for the transfer of bumble beesto New Zealand for pollination of the new crop (to that
country) (see "Red Clover") is an example. Also, the effect of the accidentally introduced leafcutter bee
into the United States on alfalfa seed production can show the importance of bringing in an improved
pollinating agent.

The laborious hand pollination of cacao (see "Cacao") may be duein part to the transfer of this plant
without including its pollinating agent or agents. The possibility of increased production or quality of
hybrid tomatoes might be considerably enhanced if one of the wild bees of Peru that visit tomato flowers
could be successfully brought to this country and cultured. Hurd et al. (1971) and Michelbacher (1968)
pointed out the possibilities for increased yield and quality of cucurbitsin many areasif some of the
sgquash bees were introduced.

Bohart (1962a) considered the possible value and problems associated with introduction of foreign
pollinators and stressed the need for knowing the habits of a pollinator before its importation is made.
Some dangers that might and should be avoided are introduction of (1) unwanted arthropod diseases,
parasites, and predators; (2) insects with undesirable characteristics, such as stinging or biting people or
destroying flowers; or (3) insects that molest or dispossess efficient native pollinators.
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There seems to be ample opportunity for reward in exploration of other countries for superior
pollinators. For example, if hybrid soybeans materialize through use of male sterility, what might be
found in the way of an efficient pollinator in the Orient from whence soybeans came?

The accidental release of the African honey bee in Brazil, with its associated problems, illustrates the
need for caution at all stages in the importation of a new species.

Literature Cited

BENNETT, C. F., JR.
1964. Stingless BEEKEEPING IN WESTERN MEXICO. Geog. Rev. 51(1): 85 - 92.

1965. BEEKEEPING WITH STINGLESS BEES IN WESTERN PANAMA. Bee World 46: 23-
24,

BOHART, G. E.
1958. TRANSFER AND ESTABLISHMENT OF THE ALKALI BEE. In 10th Alfalfa Impr. Conf.,
Ithaca, N.Y ., July 28-30, 4 pp.

1962a. INTRODUCTION OF FOREIGN POLLINATORS, PROSPECTS AND PROBLEMS. In
1st Internatl. Symposium on Pollination Proc., Copenhagen, Aug. 1960. Commun. 7, Swedish Seed
Growers Assn., pp. 181-188.

1962b. HOW TO MANAGE THE LEAF-CUTTING BEE FOR ALFALFA POLLINATION.
Utah Agr. Expt. Sta. Cir. 144, 7 pp.

1967. MANAGEMENT OF WILD BEES. In Beekeeping in the United States, U.S. Dept. Agr.,
Agr. Handb. 335, pp. 109-118.

1970a. SHOULD BEEKEEPERS KEEP WILD BEES FOR POLLINATION? Amer. Bee Jour.
110: 137.

1970b. COMMERCIAL PRODUCTION AND MANAGEMENT OF WILD BEES--A NEW
ENTOMOLOGICAL INDUSTRY'. Ent. Soc. Amer. Bul. 16(1): 8 - 9.

1971. MANAGEMENT OF HABITATS FOR WILD BEES. Tall Timbers Conf. on Ecological
Animal Control by Habitat Management, Feb. 25-27, Tall Timbers Research Station, Tallahassee, Fla.
Proc. 2: 253-266.

1972. MANAGEMENT OF WILD BEES FOR THE POLLINATION OF CROPS. Ann. Rev. Ent.
17: 287-312.

file:///E}/ Jason/book/wil dbee.html (16 of 22) [1/21/2009 3:45:19 PM]



file:///E|/ Jason/book/wil dbee.html

and CROSS, E. A.
1955. TIME RELATIONSHIPSIN THE NEST CONSTRUCTION AND LIFE CYCLE OF THE
ALKALI BEE. Ann. Ent. Soc. Amer. 48: 403-406.

and KNOWLTON, G. F.
1952. WILD BEES FOR POLLINATION OF THE ALFALFA SEED CROP IN UTAH. Utah Agr. Ext.
Serv. Fact Sheet 8, leaflet.

and KNOWLTON, G. F.
1967. MANAGING THE ALFALFA LEAFCUTTER BEE FOR HIGHER ALFALFA SEED YIELDS.
Utah Agr. Ext. Serv. Ext. Leaflet 104, rev.

BUTLER, G.D.,JR.,,and RITCHIE, P. L., JR.
1965. ADDITIONAL BIOLOGICAL NOTES ON MEGACHILE CONCINNA SMITH IN ARIZONA.
Pan-Pacific Ent. 41: 153-157.

and WARGO, M. J.
1963. BIOLOGICAL NOTES ON MEGACHILE CONCINNA SMITH IN ARIZONA. Pan-Pecific Ent.
39: 201-206.

TODD, F. E.,, McCGREGOR, S. E., and WERNER, F. G.
1960. MELISSODES BEES IN ARIZONA COTTON FIELDS. Ariz. Agr. Expt. Sta. Tech. Bul. 139,11

Pp.

CROSS, E A., and BOHART, G. E.
1969. PHORETIC BEHAVIOR OF FOUR SPECIES OF ALKALI BEE MITESASINFLUENCED BY
SEASON AND HOST SEX. Kans. Ent. Soc. Jour. 42: 195 - 219.

FREE, J. B., and WILLIAMS, I. H.
1970. PRELIMINARY INVESTIGATIONS ON THE OCCUPATION OF ARTIFICIAL NESTSBY
OSMIA RUFA L. (HYMENOPTERA, MEGACHILIDAE). Jour. Appl. Ecol. 7: 559-566.

FRICK, K. E., POTTER, H., and WEAVER, H
1960. DEVELOPMENT AND MAINTENANCE OF ALKALI BEE NESTING SITES. Wash. Agr.
Expt. Sta. Cir. 366, 10 pp.

FYE,R. E.,, and MEDLER, J. T.
1954. FIELD DOMICILES FOR BUMBLEBEES. Jour. Econ. Ent. 47: 672-676.

GOPLEN, B. P.
1970. ALFALFA FLOWER COLOR PREFERENCE SHOWN BY LEAF-CUTTERS. Forage Notes 16
(1): 16 - 17.

file:///E}/ Jason/book/wildbee.html (17 of 22) [1/21/2009 3:45:19 PM]



file:///E|/ Jason/book/wil dbee.html

HOBBS, G. A
1964. IMPORTING AND MANAGING THE ALFALFA LEAFCUTTER BEE. Canada Dept. Agr.
Pub. 1209, 8 pp.

1965. IMPORTING AND MANAGING THE ALFALFA LEAFCUTTER BEE. Canada Dept.
Agr. Pub. 1209, 11 pp.

1966. THE MANAGEMENT OF BUMBLE BEES FOR POLLINATION. In 2d Internatl.
Symposium on Pollination, London, 1964. Bee World 47 (suppl): 141-143.

1967. DOMESTICATION OF ALFALFA LEAF-CUTTER BEES. Canada Dept. Agr. Pub. 1313,
19 pp.

HOLM S. N.

1960. EXPERIMENTS ON THE DOMESTICATION OF BUMBLE-BEES (BOMBUS LATR.) IN
PARTICULAR B. LAPIDARIUSL. AND B. TERRESTRISL. Roy. Vet. Agr. Col Y earbook,
Copenhagen, pp. 1-19.

1966. THE UTILIZATION AND MANAGEMENT OF BUMBLE BEES FOR RED CLOVER
AND ALFALFA SEED PRODUCTION. Ann. Rev. Ent. 11: 155 - 182.

HURD, P. D., JR., and MICHENER, C. D. 1955. THE MEGACHILINE BEES OF CALIFORNIA.
Calif. Insect Survey Bul. 3, University of California Press, Berkeley, 247 pp.

LINSLEY, E. G.,and WHITAKER, T. W.
1971. SQUASH AND GOURD BEES (PEPONAPIS, XENOGLOSSA) AND THE ORIGIN OF THE
CULTIVATED CUCURBITA. Evolution 25(1): 218-234.

JANZEN. D. H.
1971. EUGLOSSINE BEES AS LONG-DISTANCE POLLINATORS OF TROPICAL PLANTS.
Science 171: 203 - 205.

JOHANSEN, C. A., KLOSTERMEYER, E. C., EVES, J. D., and GERBER, H. S.
1969. SUGGESTIONS FOR ALFALFA LEAFCUTTER BEE MANAGEMENT. Wash Coop. Ext.
Serv. EM 2775, rev., 8 pp.

KERR W. E. 1946. [FORMATION OF THE CASTESIN THE GENUS MELIPONA (ILLIGER
1806).] Anais da Escola Superior de AgriculturaLuiz de Queiroz", Univ. Sao Paulo 3: 299-312. [In
Portuguese; English abstract, pp. 309-311.]

file:///E}/ Jason/book/wil dbee.html (18 of 22) [1/21/2009 3:45:19 PM]



file:///E|/ Jason/book/wil dbee.html

1948. [STUDIES OF THE GENERA OF MELIPONA.] Anais da Escola Superior de Agricultura
"Luiz de Queiroz", Univ. Sao Paulo 5: 181-276. [In Portuguese; English summary, pp. 254-265.]

1951. [BASISFOR THE GENETICAL STUDIES OF THE POPULATIONS OF TWO
HYMENOPTERA IN GENERAL AND TWO SPECIES OF APINAE IN PARTICULAR. Anaisda
Escola Superior de AgriculturaLuiz de Queiroz", Univ. Sao Paulo 8: 219-354. [ In Portuguese; English
summary, pp. 336 - 342. ]

KLOSTERMEYER, E. C.
1964. USING ALKALI AND LEAFCUTTER BEES TO POLLINATE ALFALFA. Wash Agr. Expt.
Sta. Cir. 442, 8 pp.

LEVIN, M. D.
1957. ARTIFICIAL NESTING BURROWS FOR OSMIA LIGNARIA SAY'. Jour. Econ. Ent. 50: 506 -
507.

and HAYDAK, M. H. 1957. COMPARATIVE VALUE OF DIFFERENT POLLENSIN THE
NUTRITION OF OSMIA LIGNARIA. Bee World 38: 221 - 226.

LINSLEY E. G.
1958. THE ECOLOGY OF SOLITARY BEES. Hilgardia 27: 543 - 599.

1960. OBSERVATIONS ON SOME MATINAL BEESAT FLOWERS OF CUCURBITA,
IPOMOEA, AND DATURA IN DESERT AREAS OF NEW MEXICO AND SOUTHEASTERN
ARIZONA N.Y. Ent. Soc. Jour. 68: 13-20.

MEDLER, J. T.
1958. PRINCIPLES AND METHODS FOR THE UTILIZATION OF BUMBLEBEES IN CROSS-
POLLINATION OF CROPS In 10th Internatl. Cong. Ent. Proc., Montreal, Aug. 17-23, 973-981.

and CARNEY, D. W.
1963. BUMBLEBEES OF WISCONSIN. Wis. Agr. Expt. Sta. Res. Bul. 240, 47 pp.

MENKE, H. F. 1952a. ALKALI BEE HELPS SET SEED RECORDS. Crops and Soils 4(8): 16-17.

1952b. A SIX-MILLION DOLLAR NATIVE BEE IN WASHINGTON STATE. Amer. Bee Jour.
92: 334 - 335.

1954, INSECT POLLINATION IN RELATION TO ALFALFA SEED PRODUCTION IN
WASHINGTON. Wash. Agr. Expt. Sta. Bul. 555, 24 pp.

MICHELBACHER, A. E., HURD, P. D., JR., and LINSLEY, E. G.

file:///E}/ Jason/book/wil dbee.html (19 of 22) [1/21/2009 3:45:19 PM]



file:///E|/ Jason/book/wil dbee.html

1968. THE FEASIBILITY OF INTRODUCING SQUASH BEES (PEPONAPIS AND XENOGLOSSA)
INTO THE OLD WORLD. Bee World 49: 159-167.

MICHENER, C. D., and LABERGE, W. E.
1954. A LARGE BOMBUS NEST FROM MEXICO. Psyche 61: 63-67.

NOGUEIRA-NETO, P.

1948a. [BIONOMIC NOTES ON MELIPONINS (HY MENOPTERA, APOIDEA) |I. ON THE
VENTILATION OF NESTSAND RELATED STRUCTURES. | Rev. Brasil. de Biol. 8: 465-488. [In
Portuguese; English abs., pp. 485 - 487.]

1948b. [BIONOMIC NOTES ON MELIPONINS (HYMENOPTERA, APOIDEA) II. ON
PILLAGE.] Papaeis Avulsos, Department of Zoology, Secretary of Agriculture, Sao Paulo, Brazil 9: 13-
32. [In Portuguese; English abs., pp. 29-30.]

1950. [BIONOMIC NOTES ON MELIPONINS (HY MENOPTERA, APOIDEA) IV. MIXED
COLONIES AND RELATED QUESTIONS.] Rev. de Ent. 8: 305 - 367. [ In Portuguese; English abs.,
pp. 364-367. |

1951. STINGLESS BEES AND THEIR STUDY . Bee World 32: 73-76.

and SAKAGAMI, S. E.
1966. NEST STRUCTURE OF A SUBTERRANEAN STINGLESS BEE--GEOTRIGONA
MOMBUCA SMITH (MELIPONINAE, APIDAE, HYMENOPTERA). Acad. Brasil. de Cien. 38: 186-
194.

ORDETX, G. S,, and PEREZ, D. E.
1966. [BEEKEEPING IN THE TROPICS.] Bartolome Trucco, Mexico City. 412 pp. [In spanish.]

PEDERSEN, M. W., and BOHART, G. E.
1950. USING BUMBLEBEESIN CAGESAS POLLINATORS FOR SMALL SEED PLOTS. Agron.
Jour. 42: 523.

SAKAGAMI, S. E.

1966. TECHNIQUES FOR THE OBSERVATION OF BEHAVIOUR AND SOCIAL
ORGANIZATION OF STINGLESS BEESBY USING A SPECIAL HIVE. Papeis Avulsos (Sao Paulo,
Brazil) 19: 151-162.

and ONIKI, Y.
1963. BEHAVIOR STUDIES OF THE STINGLESS BEES, WITH SPECIAL REFERENCE TO THE
OVIPOSITION PROCESS. I. MELIPONA COMPRESSIPES MANAOSENSIS SCHWARZ. Jour. Fac.
Sci. Hokkaido Univ. Ser. 6, Zool. 15: 300-318, Sapporo, Japan.

file:///E}/ Jason/book/wil dbee.html (20 of 22) [1/21/2009 3:45:19 PM]



file:///E|/ Jason/book/wil dbee.html

and ZUCCHI, R.
1967. BEHAVIOR STUDIES OF THE STINGLESS BEES, WITH SPECIAL REFERENCE TO THE
OVIPOSITION PROCESS. IV. TRIGONA (TETRAGONA) CLAVIPES. Jour. Fac. Sci. Hokkaido
Univ. Ser. 6, Zool. 16: 292 - 313, Sapporo, Japan.

SCHWARZ, H. F.
1948. STINGLESS BEES (MELIPONINAE) OF THE WESTERN HEMISPHERE. Amer. Mus. Nat.
Hist. Bul. 90: 1 - 546.

STEPHEN, W. P.
1959. MAINTAINING ALKALI BEES FOR ALFALFA SEED PRODUCTION. Oreg. Agr. Expt. Sta
Bul. 568, 23 pp.

STEPHEN, W. P.
1960. ARTIFICIAL BEE BEDS FOR THE PROPAGATION OF THE ALKALI BEE. NOMIA
MELANDERI. Jour. Econ. Ent. 53: 1025 - 1030.

1961. ARTIFICIAL NESTING SITES FOR THE PROPAGATION OF THE LEAF-CUTTER
BEE, MEGACHILE (EUTRICHARAEA). Jour. Econ. Ent. 54: 989 - 993.

1965. ARTIFICIAL BEDS FOR ALKALI BEE PROPAGATION. Oreg. Agr. Expt. Sta. Bul. 598,
20 pp.

and EVANSD. D.
1960. STUDIESIN THE ALKALI BEE (NOMIA MELANDERI CKLL.). Oreg. Agr. Expt. Sta. Tech.
Bul. 52, 39 pp.

BOHART, G. E., and TORCHIO, P. E.
1969. THE BIOLOGY AND EXTERNAL MORPHOLOGY OF BEES, WITH A SYNOPSIS OF THE
GENERA OF NORTHWESTERN AMERICA. Oreg. Agr. Expt. Sta,, 140 pp.

TORCHIO, P. E.
1963. A CHALCID WASP PARASITE OF THE ALFALFA LEAF-CUTTING BEE. Utah Agr. Expt.
Sta., Farm and Home Sci. 24: 70-71.

1970. THE BIOLOGY OF SAPYGA PUMILA CRESSON AND ITSIMPORTANCE ASA
PARASITE OF THE ALFALFA LEAFCUTTER BEE MEGACHILE ROTUNDATA (FABRICIUS).
In The Indispensable Pollinators, Ark. Agr. Ext. Serv. Misc. Pub. 127, pp. 84-88.

WATERS, N. D.
1966. PARASITES, PREDATORS AND NEST DESTROY ERS OF THE ALFALFA LEAFCUTTER

file:/I/E|/Jason/book/wildbee.html (21 of 22) [1/21/2009 3:45:19 PM]



file:///E|/ Jason/book/wil dbee.html

BEE. Idaho Agr. Expt. Sta. Cur. Inform. Ser. 25, 4 pp.

1972. SAPY GA PUMILA CRESSON, A PARASITE OF MEGACHILE ROTUNDATA (F.)
(HYMENOPTERA: SAPYGIDAE; MEGACHILIDAE). I: BIOLOGY AND DESCRIPTION OF
IMMATURE STAGES. Melanderia (Wash. State Ent. Soc.) 10: 1-30.

WESTBURY J.
1971 BUMBLE BEES AS POLLINATORS: LIMITING FACTORS. Amer. Bee Jour. 111: 342, 345.

WILLIAMS, E. L.
1968. BOARDS FOR LEAFCUTTING BEESIN THE INLAND WEST. Idaho Forestry, Wildlife and
Range Expt. Sta. Note 10, 4 pp.

WILSON, E. B.
1968. LEAFCUTTING BEE STORAGE. Wash. Coop. Ext. Serv. EM 2909, 5 pp.

ZUCCHI, R., KERR, W. E., BEIG, D., and others.
1967. RECENT ADVANCESIN STINGLESS BEESBEHAVIOR. In 214t Internatl. Apic. Cong. Proc.,
College Park, Md., Aug., pp. 494 - 495.

file:/I/E|/Jason/book/wildbee.html (22 of 22) [1/21/2009 3:45:19 PM]



file:///E|/ Jason/book/wil dflower.html

WILD FLOWERSAND CROP POLLINATION

Countless wild flowers are considered of little overall economic significance, even after admitting that
the landscape would indeed be drab without them. However, in addition to their beauty they prevent
erosion of the soil, and provide seeds, nuts, and fruit for wildlife. For example, Knott (1950) stated that
10 of the most heavily used species of noncultivated plants providing food for quail and pheasant were
found in the following plant families: Amaranthaceae, Gramineae, Leguminosae, Polygonaceae, and
Rosaceae. The first two families are basically anemophilous, but the others are entomophilous. Manning
(1943) and Y eager (1937) also listed numerous forest plants dependent upon or benefited by insect
pollination for production of fruits, nuts, or seeds - a goodly percentage of which make up the diets of
squirrels, bears, and raccoons (Knott 1950).

Hassan (1972) reported that parasitic hymenoptera utilize pollen and nectar of wild flowers. He stated
that the populations of these insects are highest in crops near these food sources, and he inferred that an
ample supply of nectar and pollen increased their longevity and productiveness.

Equally significant is another often overlooked part that wild flowers play in the ecological relationship
of an area. Their nectar and pollen provide the continual supply of vital food needed by insect
pollinators. In turn, the insects serve as pollinating agents for numerous species of these plants (seetable
3), and contribute to their survival and genetic prosperity. Darwin (1889*) recognized the significance of
this bee-- flower relationship and mentioned bees on at least 87 different pages and pollinating insects
even more often. More present day "Darwins' are needed to proclaim the relationship of the whole
ecologica environment to the pollination of our numerous commercia crops.

Wildflowers are of great importance to the grower of cultivated crops benefited by insect pollination.
The abundance of hisfruit crop in the spring may be strongly affected by nearby wildflowers of the
previous fall that supplied nectar and pollen on which the local bees overwintered. A melon or cranberry
crop may be aprofit or loss, depending on the volume of previous inconspicuous wildflowers on which
wild bee populations might increase.

The major nectar and pollen sources are well known to the beekeeping fraternity. Numerous books and
State experiment station bulletins have been written primarily for beekeepers listing plants from which
honey bees are known to obtain surplus honey crops or from which the bees collect sufficient nectar and
pollen to affect a material increase in the colony population. Regardless of the area that might be
considered, if the pollinating insects had at their disposal only the nectar and pollen plants that have
been listed in such publications, these insects would be unable to prosper. For them to attain prosperity
and contribute to the pollination of commercial crops, there needs to be an almost daily source of many
flowering plants throughout the growing season.

Thisrelationship isrevealed in avery dramatic way in the production of ailmonds in California. Almonds
bloom early in the calendar year (January to April) when there are few native insects present to pollinate
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this crop. The amond growers have come to depend largely upon honey bees for this task. Too often,
the honey bee colonies that are used do not have a strong population of bees. One of the primary reasons
Is that the colonies were deprived of an adequate source of nectar and pollen from fall wildflowers.
Unless the colonies can find plants in bloom throughout the fall months from which they can continually
collect fresh pollen and nectar, the number of larvae that can be fed is small and the colony is unable to
reach adequate strength. Then, even if afood supply becomes available in the early spring, the colony
population is inadequate to collect large amounts. Thus, once the colony becomes weak it has difficulty
taking advantage of the short flowering period of plants.

Ornamentals are seldom present in sufficient abundance in rural areasto be of material significance to
the pollinating insects. Bees are more fortunate near urban or suburban areas where a somewhat
continuous although meager supply is usually available. In return for this food supply, pollinators
contribute to the beauty of numerous ornamentals by enabling them to set fruit or seed that enhance their
attractiveness. The pollinators also service vegetable gardens and nearby farm crops and contribute to
the commercial production of ornamental flower seeds, which is a business in excess of $1 million.

Table 3 lists some of the wildflowers and ornamental s dependent upon or benefited by insect pollination.
There are doubtless hundreds of others.

Wildflowers that produce pollen and nectar for the pollinating insects need not be, and often are not, eye-
catchingly attractive. For example, the flowers of American holly (Ilex opaca Ait., family

Aquifoliaceae) are scarcely noticeable to us, but they are highly attractive to honey bees. The flowers of
numerous grasses are largely unnoticed yet they may be an excellent source of pollen. Puncture vine
(TribulusterrestrisL. ) is adetested prostrate weed of the Southwest, but itstiny, pale-yellow flowers
are an excellent source of nectar and pollen for bees. The pollen from flowers of the willow trees (Salix
spp.) is equally as valuable as that from the more noticeabl e pestiferous dandelions (Taraxacum
officinale Weber).

Numerous studies on the nutritional value of pollens have shown they are quite different chemically
(Standifer 1966, Todd and Bretherick 1942). They influence length of life and development of adult
worker honey bees (Standifer 1967) and also influence hypopharyngeal glands that supply broodfood of
developing larvae (Standifer et al. 1970). Because of these and probably other nutritional differencesin
pollens, it appears that the pollinating insects benefit from foraging on avariety of plants. This has never
been proven by tests, but beekeepers generally agree that their colonies become most populousin areas
where mixed wildflowers are most numerous.

Asapractical application, a grower who desires colonies of honey bees of maximum strength for the
pollination of his crop would want them to have been foraging previously in an area with the greatest
possible mixture of flowers. Usually, cultivated crops do not provide as great a mixture of flowers as can
be found in wasteland. The grower who does not arrange for colonies of honey beesto be placed in or
near hisfield for their use as pollinators should be particularly interested in having wildflowers on or
near hisfarm to support the wild bees and other pollinating insects.
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[gfx] TABLE 3.--Some wild flowers and ornamental s dependent upon insect pollination for seed
production
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PESTICIDESIN RELATION TO BEEKEEPING AND CROP
POLLINATION

The poisoning of bees by pesticidesis amajor problem affecting the efficiency of bees not only in the
production of honey but also in crop pollination (fig. 30). This problem is not limited to the United
States but occursin all other countries that have highly developed agriculture. The problem is complex
with many ramifications, frequently interwoven with emotion. The greater part of the problem is
associated with insecticides applied to cultivated crops--cotton, fruits, vegetables, grains, and legumes.
Damage al so results from treatment of forests and rangelands, and even suburban areas, for the control
of pests of man and animals.

By nature, honey bees from a colony visit flowers over an area of several square miles. The intensity of
vigitation in any one part of the areais determined by the relative attractiveness of the flowers. The
extent of damage to the colony by a pesticide application isinfluenced not only by the relative toxicity
of the material, the number and methods of application, the time of day, and the weather conditions, but
also by the number of bees from the colony visiting the flowersin the treated area, the type of food
(nectar or pollen) they are collecting, the type of flowers the food is collected from, the season of the
year the damage occurs, and even the influence of forage available to the bees for weeks before and after
the application.

Wild bees are also damaged by pesticides. Poisoning may result from contaminated food as well asfrom
florets, leaves, soil, or other material used by the bees in nesting. The toxicity of a specific insecticide to
honey bees and wild beesis not always the same, and even among wild bees some materials are more
toxic to one species than to another.

The problem of bee poisoning is one of long standing, as pointed out by Shaw (1941) and Todd and
McGregor (1952). It became unusually severe in connection with the use of arsenical sprayson fruitin
the early part of this century. Thisresulted in the enactment of legislation in several States, which
prohibited the spraying of the trees while they were in bloom. The legislation was beneficial to both the
beekeeper and the grower, because of the need for the bees to pollinate the fruit blossoms as well as for
the protection of the bees. The legislation alleviated but did not eliminate the damage because of the
flowering habits of fruit trees. Some of them blossom earlier than others or stay in blossom longer.
When insecticides are applied to safe trees (those that no longer have open flowers), the material drifts
to and contaminates nearby flowers (Mclndoo and Demuth 1926).

There was another surge of damages when ground and air machines began large-scale applications of
calcium arsenate on cotton and other crops (Hawes and Eisenberg 1947) during the 1920's. These
applications increased in volume during the 1930's and into the early 1940's, causing great damage to
beekeeping (Bertholf and Pilson 1941, Butler et al. 1943, Eckert and Allinger 1935,1936).
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This damage subsided during the mid-1940's when growers shifted from the use of arsenicalsto DDT
(McGregor and Vorhies 1947, McGregor et al. 1947). However, with the development of other
chlorinated hydrocarbons, phosphates, and carbamates, the problem increased to an even higher
intensity, and considerable study was devoted to the problem (Anderson and Tuft 1952; Anderson and
Atkins 1958, 1967, 1968; Anderson et al. 1964; Pamer- Jones and Forster 1958; Todd and McGregor
1961; Weaver 1950,1951).

Severity further increased to the point of disaster for many beekeepersin the late 1960's when usage of
DDT and some other chlorinated hydrocarbons was decreased sharply by legislation as a reaction to
public concern, and they were replaced in the mgjority of instances by the more toxic phosphates and
carbamates.

The effect of an insecticide application may not be confined to damage to the pollinators of a distant
crop or elimination of pollinators for the target crop. Another previously overlooked factor associated
with the pesticide may be that it can detract from the plants' productiveness. Beekeepers frequently
comment that they believe the pesticide influences the plant itself detrimentally from the bee forage
standpoint. This belief has recently received some experimental support. Sedivy (1970) reported that

only 10.5 percent of pollen grains germinated after they were dusted with Melipax ! as compared to 62.1
percent in the control pollen. When the pollen grains were treated with 0.3 percent Fribal emulsion,
another apparently toxaphenelike compound, only 28.2 percent germinated as compared to 81.5 percent
of the control pollen. None of the grains treated with 0.7 percent Fribal emulsion germinated as
compared to 79.0 percent of the control.

Gentile et al. (1971) reported that the insecticide naled, at only 100 ppm, completely inhibited
germination of both tomato and petunia pollen. They also reported that azinphosmethyl, DDT,
dichlorvos, dicofol, endosulfan, and Gardona R caused reduction in pollen germination and/or pollen
tube elongation. Carbaryl and methomyl had little or no deleterious effect on pollen, and xylene was
noninjurious.

The separation of the toxic or repelling effect of the presence of the insecticide on the plant from the
possible less attractiveness of affected pollen is difficult, but the idea merits further examination, both
from the effect of pesticides on the plants and on the pollinating insects.

! According to J. R. Hanson (personal commun., 1972), Melipax is a toxaphenelike chlorinated camphene, which
on bioassy shows about 40 percent less activity than U. S.-made toxaphene.

Intensity of Damage to Bees by Pesticides

Numerous surveys have been made to determine the extent of the losses of bees from pesticides. Levin
(1970) stated that some 500,000 colonies were killed or damaged in the United Statesin 1967, of which

file:///E|/Jason/book/pesticide.html (2 of 15) [1/21/2009 3:45:22 PM]



file:///E|/Jason/book/pesticide.html

70,000 were in Arizona and 76,000 in California. Swift (1969) stated that losses in Californiain 1968
were even greater--83,000 colonies. Wearne et al. (1970) and Barnes (1972) concluded that the major
problem confronting the beekeeping industry was bee |osses due to pesticides--with which thereislittle
disagreement by the beekeeping industry. All indications point to an annual loss by the industry in the
neighborhood of 10 percent caused by pesticides alone. Few industries can tolerate such losses and
survive. The effect of these losses on the adequacy of crop pollination is unknown.

[gfx] PN-3766, FIGURE 30.- Honey bees killed by insecticides.
CropsInvolved

Wherever pesticides are applied to plants there is a possibility of damage to bees. Because of the volume
of insecticides used on cotton and because of the plant's attractiveness to bees over along period, this
crop doubtless holds first rank in the poisoning of bees. The spraying of fruit, particularly apples, but
also apricots, cherries, citrus, nectarines, peaches, pears, plums, and prunes, causes serious losses. After
the use of DDT on sweet corn was discontinued, the other materials applied on this crop caused serious
damage to bees. Increased use of pesticides on soybeans, arelatively new poisoning hazard, is causing
increased damage to bees. The treatment of numerous vegetables also causes severe losses in restricted
areas.

Control and eradication programs on specific crops or areas, for example, the cereal leaf beetle or the
pink bollworm control program, frequently cause unexpected and large | osses because of the
concentration of material in the areas involved. Grasshopper control programs on rangelands (Levin et
a. 1968), gypsymoth control programs in forests, nuisance mosguito abatement programs in moist
wastelands, or even suburban areas, and specific mosguito or fly eradication programs, as well as certain
herbicides and defoliants (Palmer-Jones 1960), cause the greatest |osses (Martin 1970).

Pesticides Involved - Basic Types and Classes
INSECTICIDES
I nsecticides affect bees in one or more ways as stomach poisons, as contact materials, and as fumigants.
Arsenicals are typical stomach poisons, pyrethrum isatypical contact insecticide, and hydrogen
cyanide, paradichlorobenzene, and carbon disulfide are examples of fumigants.
Botanicals.--Only a small amount of our insecticides are derived from plants. These sources are cube,
derris, nicotine, pyrethrins, ryania, sabadilla, and tephrosia. The bulk of this material isused in
households and gardens, and, because of its inaccessibility to bees or the relatively minute amount used,
it presents no hazards to pollinating insects. Sabadilla dust is sometimes used on citrus where it can

create a bee poisoning problem.

Occasionally, bees are poisoned by feeding on nectar or pollen of certain plants, for example, California
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buckeye (Aesculus californica (Spach) Nutt.), locoweed (Astragalus spp.), or mountain laurel (Kalmia
latifolia L.). Reaction of the bees to these plant poisons can usually be differentiated from those caused
by most pesticides.

I norganics.--These pesticides include arsenicals, fluorides, mercury compounds, and sulfur. The method
and limited use of the mercury compounds precludes their presenting a hazard to bees. Elemental sulfur
alone or when used with other insecticides in the field, presents only a dlight repelling action, although
fumes from burning sulfur are highly toxic to insects. Fluorides are rarely used on alarge scale and
present no problem. In certain sections of Europe, fluoride compounds from smelters frequently cause
bee damage. Whenever arsenicals are used they pose a serious threat to bees.

Organics.--The chlorinated hydrocarbons, organophosphates, and carbamates vary in their toxicity to
bees from relatively nonhazardous to highly hazardous, depending upon the individual material or
combination of materials.

Pathogens:. bacteria, protozoans, and viruses.--None of these that are currently recommended or that
have been tested for biological control pose a hazard to bees (Cantwell et a. 1972).

DEFOLIANTS, DESICCANTS, AND HERBICIDES

Most tests have shown this class of materials to be nonhazardous to bees, except for their removal of the
food source from the plant; however, Morton et al. (1972) reported that paraguat, MAA, MSMA,
DSMA, hexaflurate, and cacodylic acid were extremely toxic when fed to newly emerged worker honey
bees at 100 and 1,000 ppm concentrations. Although newly emerged bees do not forage away from the
hive, they consume food that others bring in. MSMA, paraquat, and cacodylic acid were also highly
toxic when sprayed onto older beesin small cages (Moffett et al. 1972).

DILUENTS, SYNERGISTS, AND ACTIVATORS

Thereislittle information on the influence of these agents on the toxicity of the primary pesticides on
honey bees. Possibly different interpretations of the effects of certain pesticides may have been
associated with the materials with which they were applied.

FUNGICIDES

As used, the copper compounds, mercury compounds, pentachlorophenol, sulfur, and zineb have caused
no trouble to bees.

SEX LURES, ATTRACTANTS, AND OTHER HORMONES

These usually cause no problemsto bees, and their use near beesis generally welcomed. Occasionadly, a
few honey bees and bumble bees have been found in traps containing Japanese beetle lures (Hamilton et
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a. 1970).
BIOLOGICAL CONTROL AGENTS (PARASITIC AND PREDATORY INSECTS)

Beekeepers would welcome biological control of harmful insects on crops because the control agents
likely to be used would prey on the specific insects without harming bees. This would permit bees to
forage with safety and effectively pollinate the crop.

How Poisoning of Honey Bees Occurs

The majority of poisoning occurs when the beeisin the process of collecting nectar and pollen. In the
stomach-poison types of material, the bee is poisoned when the materia isingested with the nectar or
pollen. The food may also be transported to the hive where it is fed to and poisons other bees. With
some quick-acting poisons, the bee may die in the field. With others, it may return to die in the hive or
crawl from the entrance and die nearby. The poisonous material may be obtained from the treated field
or it may have drifted from unattractive plants, such as young lettuce or tomatoes, onto attractive plants
in bloom such as alfalfa, melons, or flowering weeds.

Bees are also believed to get poison from imbibing water in the form of dew on the plants or from
watering places within the treated area, but thereislittle data to support this.

In the case of nerve-type poisons such as parathion, the bees could easily become poisoned while flying
through or over the area while the material in its gaseous formisin theair.

During extremely high temperature, a colony can experience severe lossif the water supply is cut off for
only afew hours. If the water supply were so located that the water carriers became poisoned in flight,
the colony could suffer both directly in the loss of the water carriers and indirectly from lack of water,
even though the pesticide were applied to atotally unattractive crop.

Pesticides applied to plants may get into the nectar directly or reach it indirectly by moving from the
treated parts through the plant system (Jaycox 1964, King 1964). The likelihood of bees being killed in
economic numbers by the latter method (Johansen et al. 1957) with currently recommended materialsis
extremely small, and the likelihood of such materials reaching the public in marketable honey isindeed
remote.

The various materials can and frequently do reach the hive in pollen that can cause serious poisoning
when fed to the developing brood. Pollen gathering is aso reduced when the plants are treated (Todd
and Reed 1969). This reduction in turn reduces brood production and colony strength.

SYMPTOMS OF BEE POISONING

Theindividual bee.--Beesreact differently to the effect of different insecticides. The symptoms of
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arsenic poisoning are very pronounced. In the early stages, adult bees become sluggish and soon neglect
their duties, so the brood apparently dies of starvation; later, their abdomens become greatly swollen,
being filled with a yellowish watery liquid, still later, the legs and wings become paralyzed; and, finally,
the bees die in a state of coma. By contrast, the symptoms of bees affected by DDT were described by
McGregor and Vorhies (1947): "They acted asif cold, lighting on leaves, twigs, or lumps of soil,
selecting warm spots, and generally sitting motionless unless disturbed. Sometimes they fell from these
perches, then revived and departed slowly, as a cold bee does, or in rapid erratic flight to alight again a
few yards away. In crawling they were much slower than arsenic poisoned bees. After becoming unable
to crawl they would be helpless, sometimes for hours if protected from direct sun. They often lay on
their backs or sides making feeble movement with legs or antennae.”

Other materials affect bees other ways. When bees are exposed to the insecticide BHC, for example,
they are much more inclined to sting.

The cluster.--Usually, the first noticeable effect of insecticide poisoning on the colony is recently dead
or dying bees on the ground near the hive entrance, athough thisis not always the case. If poisoning is
severe, the affected or dead bees will accumulate on the floor of the hive faster than the normal bees can
remove them.

Flight from the entrance decreases and fresh nectar can no longer be shaken from the brood combs. As
the cluster population decreases, its size and the concentration of bees within it also decreases. The
brood is gradually abandoned, the smaller larvae begin to die, and many of the larger larvae crawl from
their cells and fall to the floor of the hive before they die. The sealed brood beginsto die and as it does
so the color of the capped cells becomes darker.

Asthe cluster continues to diminish and become disorganized, the combs in colonies exposed to the hot
sun begin to melt. Soon the liquid honey begins to ooze from the hive entrance and spreads among the
dead bees on the ground. Frequently, the last individual to die is the queen. Wax moths quickly discover
the deserted colony, lay their eggs within it, and the developing larvae soon riddle and destroy the
remaining combs.

Bees frequently store contaminated pollen in the combs, for example, pollen collected from corn sprayed
with carbaryl. This contaminated pollen remains toxic for months, even in combs removed from
weakened or destroyed colonies. If such pollen-filled combs are placed on nonpoisoned colonies, the
pollen may cause serious poisoning to the young larvae to which it is fed.

Poisoning may result in complete destruction or the colony may be weakened to varying degrees. If itis
exposed to asingle application that does not destroy it, the field force may be lost, but if it hasalarge
amount of brood emerging its apparent recovery is rapid. More severe poisoning may prevent rapid
buildup, and the colony may go into winter without adequate reserves of food or young bees. Such
colonies may die or survive the winter in such aweakened condition as to be of no value for much of the
following year.
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The grower is sometimes confused when he istold that colonies have been damaged by pesticides yet he
sees apparently normal bees entering and leaving the hive entrance. He may be influenced by the fact
that young bees take their orientation or "play” flight near the entrance before they reach the foraging
age. This can give an impression of great activity when no food is being stored. Also, the difference
between colony survival and a surplus honey crop may be the loss of only afew thousand bees, which
only an experienced beekeeper can detect.

DIFFICULTY IN ESTABLISHING DEGREE OR PROOF OF DAMAGE

Beekeepers sometimes want to establish that the bees have been damaged by a pesticide, or establish the
degree of such damage. To do so is extremely difficult, even if the colony is completely destroyed.

If destruction occurs just before a honey flow no honey is stored, and all the labor and expense of care
and maintenance of the colony at its appropriate strength in anticipation of the flow islost. Destruction a
few weeks later might leave the hive with considerable stores of honey that could be salvaged.

If the colony is not completely destroyed, again the time of damage influences the degree of |oss.
Removal of afew thousand field bees from a strong colony cannot usually be detected by the average
beekeeper, yet thisloss just before a honey flow may result in no surplus honey storage for the
beekeeper. The same loss a few weeks later might have no economic significance on current production.
It could, however, affect the overwintering ability of the colony.

Honey bees, like range cattle, need not be under daily surveillance by the owner. In both cases, the
owner knows the critical periodsin the life and growth of each, and observations and management are
timed accordingly. Manipulating honey bee colonies daily is detrimental. The beekeeper knows through
experience when honey flows are expected. He manipulates the colony to its magjor strength at the
appropriate time, gives it the anticipated storage area needed, then leaves it undisturbed, sometimesfor a
few days, at other times for several weeks.

For these reasons, the beekeeper may not know when the bees are damaged. If only the predominant
field force is destroyed, and there is no accumulation of dead bees at the entrance, the number of house
bees remains relatively constant. An examination of the colony by an expert beekeeper might fail to
detect the loss of bees. Only if he knows the normal rate of honey storage for this particular time and
location, and recognizes that normal storage has ceased, can the effect be recognized.

Determining the source of the pesticide is even more difficult. If more than one field istreated on the
known day of damage, or if numerous fields in the area are receiving periodic treatments, the beekeeper
frequently has no way of determining in which area the bees are foraging and the source of damaging
material.

If there is only one major source of nectar in the area (and only the experienced beekeeper can determine
this), and if only one field from which this nectar is derived is treated on the day the bees show serious
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poisoning symptoms, the deduction can be drawn that the particular field is the source of damage.
CHEMICAL ANALYSIS

The bees, themselves, are more frequently affected than are either the nectar or the pollen. An
identification of the material on or in the bees, if identical with the material known to be applied to the
field, isastrong inference as to the source of the material. However, many pesticides break down
rapidly when exposed to the elements or the samples taken by the beekeeper for analysis are otherwise
not properly handled.

For chemical identification, the sample for analysis should be collected immediately after exposure and
kept frozen until analyzed. Even with these precautions, the analysis may not reveal the identity of the
material.

Thereisno Federal |aboratory equipped for routine analysis of bee samples for all pesticide residues.
Some State experiment stations are equipped to determine certain residues. Some commercial
laboratories analyze for residues for afee. If analysis of the bees is desired, the analyst should be
consulted before the sample is submitted to determine if the analysis can be conducted, and the best
method for taking the samples.

SUGGESTIONS FOR REDUCING BEE LOSSES

Grower action.--Because of the value of bees to agriculture as pollinators, the grower should become
well informed about them and about the relative damage of different pesticides to them. Thiswill help
him to take practical steps to avoid damage to bees. The grower can take numerous steps to prevent or
aleviate thisdamage. It isin hisinterest that this be done.

The grower can prevent the treatment of many plants when they are in bloom, or he can arrange for the
treatment to be made at the time of day or period in the plant's growth when the bees are not visiting it.
He can aso have the material applied in the form or manner that would cause the least damage. He can
choose between materials that vary in toxicity to bees and use the one least toxic.

Control methods other than the use of harmful chemicals can also be considered by the grower. These
methods include biological, cultural, and integrated control as well as the use of field sanitation, crop
rotation, and resistant varieties. These offer the greatest safety to bees. Their use, as compared to the
broad spectrum insecticides, would permit maximum use of bees as pollinators.

Finally, the grower can become acquainted with the beekeepers and the apiary locations in his area.
Then when the use of materials highly toxic to beesis anticipated, he can notify the beekeeper so that
protective steps may be considered.

Beekeeper action.--If the apiary is a permanent one, the beekeeper should let nearby growers know
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where it islocated. If thisisimpractical, the beekeeper's name, address, and tel egphone number should be
prominently posted in the apiary so that it can be obtained without danger of bee stings. Registered
brands on the hivesis another way of establishing ownership. Thisisuseful only if the brand is known
locally by officials who can release such information.

Beekeepers frequently state that the only solution to the bee poison problem is to go out of business.
Usually, moving colonies to escape damage from pesticides is equally unsatisfactory. The reluctance of
beekeepers to move an apiary is frequently not understood and treated as recal citrance on his part. With
the best knowledge and care, the colonies at times are likely to be completely destroyed if certain
insecticide material is to be applied to a nearby crop. When such is the case and removal of the colonies
IS the only recourse, why is the beekeeper hesitant to move or why does he sometimes leave the colonies
in the area? A considerable amount of beekeeping knowledge isinvolved in his decision.

The colonies may contain new combs filled with honey that will break under vibration by the truck that
hauls them over rough roads. Should this occur, the bees in the cluster will be drowned by the honey and
the combs lost.

Dependable safe alternate locations are difficult to find. Furthermore, maintaining such locations,
including aroad to them, rental, shade, and other factors make them expensive insurance.

No beekeeper can determine the value of a bee location merely by looking at it. Each must be proven by
test as to its productiveness, safety, and dependability. When a beekeeper moves an apiary to a new
location, he must become acquainted with a new ecological environment, including flora, fauna, soil,
geography, water, rainfall, wind directions, velocity, and scores of other interrelated factors. When the
colonies are moved to the new location, therefore, they may suffer from lack of water or from flooding,
the colonies may become overgrown with weeds or shrubs, or suffer from lack of shade. The plants may
not yield an adequate source of food and the colonies starve, or they may yield at an unsuspected time
and cause excessive swarming and the colonies deteriorate.

If the beekeeper does not move, he should become acquainted with the cropsin the area, the pesticides
recommended, and the period of the year when the pests are likely to require control measures. He
should also be acquainted with the relative toxicity of the pesticide materials so that if heis notified of a
pending treatment he can anticipate the outcome.

The colonies should be kept in the best condition practical, because a strong broodnest will provide
rapid replacement of field bees. Shade for colonies under hot weather conditions has proven quite
beneficial (Owens 1959). An ample supply of clean unpolluted water should be nearby so the colony
will not suffer for lack of it if many of the field bees are destroyed. There should be ample space within
the hive for normal growth and expansion. The colony should be headed by a young, vigorous queen so
that maximum broodrearing will be maintained, with the food supply and colony strength permitting.

When the beekeeper knows in advance that a short-residual but highly toxic insecticide is to be applied
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shortly after dawn on a nearby crop, the colonies may be confined until the danger of the pesticideis
past (Jaycox 1963). One method of confinement when the temperature is high isto cover the colonies
before dawn with ablanket of burlap. This should be kept moist (Owens and Benson 1962) aslong as
the bees are confined. If the temperature is not high, the bee colony entrance may be blocked before
flight begins, then opened as soon as danger of the insecticide is past.

Even when the colonies are not moved, something may occur that alleviates or prevents insecticide
damage. The grower may decide that treatment is unnecessary or at the last minute he may be prevented
by weather or other factors from applying the material. The bees may fail to visit the field, or the
damage suffered may be less severe than anticipated. Subsequent honey production may counteract the
damage. Frequently, a beekeeper moves, only to have the colonies destroyed by pesticides in the new
location.

Because of all of these factors, many beekeepers realize that moving is as much a gamble as remaining
near the pesticide-treated area.

State or Federal action.--The 91st Congress enacted provisions for indemnification payments to
beekeepers for losses sustained from pesticides (U.S. Congress 1970). A major problem in carrying out
the purposes of this bill concerned the just and adequate compensation for losses sustained and the
establishment of acceptable proof of degree of such loss. Because thereis little reciprocal benefit from
indemnification payments, this would not appear to be along-term satisfactory solution to the bee
poison problem.

Research on bees and their relationship to pollination is beneficial to both the beekeeper and the grower.
The new knowledge may concern the bee itself, including its behavior, breeding, management, or
nutrition, or it may concern the value of the bee to the crops. In either instance, the new information is
permanent and beneficial to both groups.

The information on the relative danger of pesticides to bees and on the value of the bees to the crops can
be released to growers and beekeepers at opportune moments when it is of most usefulness. In addition,

grower- beekeeper meetings can be sponsored in which each learns of the problems of the other and the

need for cooperation.

Relative Poisoning Hazard of Pesticidesto Bees

Hundreds of pesticides have been tested as dusts or sprays for their relative degree of hazard to bees.
These tests have been summarized on numerous occasions but recently by Anderson and Atkins (1968),

Anderson et al. (1971), Atkins et al. (1970), and Johansen (1969). Table 4, 8 taken from Anderson et al.
(1971), shows the relative toxicity of numerous materials determined by laboratory and field studies.
The hazards to wild bees through poisoning of the leaves used for nest building (Waller 1969) as well as
through their food or contact was summarized by Johansen (1969) and is presented in table 5.
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Additional studies on effect of herbicides by Moffett et al. (1972) showed that cacodylic acid, MSMA,
and paraguat were highly toxic when sprayed on honey beesin small cages. When fed to newly emerged
worker bees, the following materials were relatively nontoxic: 2-chloroethyl-phosphonic acid; 2,3,6-
TBA; 2,4-D; 2,4-DB; 2,4,5-T; chloramben; dalapon; dicamba; EPTC; Ethrel R; picloram; and silvex.
The following were extremely toxic at concentrations of 100 parts per million by weight: cacodylic acid,
DSMA, hexaflurate, MAA, MSMA, and paraquat.

These herbicide tests have shown that some materials considered safe by the previously mentioned short-
term cage tests with dust were indeed highly toxic when tested by other methods. They aso indicate that
the toxicity of materials cannot be predicted and that the toxicity may vary according to methods of
application and other factors.

8 Tables4 and 5 are reprinted essentially as they appeared in their original form.
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POLLINATION AGREEMENTSAND SERVICES

Various kinds of agreements have been used in renting bees for pollination. Some have been verbal, others written. The
written ones have varied in length from a brief paragraph to several pages. Too frequently, a pollination agreement ends in
dissatisfaction, to the detriment of both the grower and beekeeper, because of some condition not clearly agreed upon in
advance. One reason for such misunderstandings may be that conditions peculiar to the use of bees in a pollination program
are not usually encountered by either grower or beekeeper in other agricultural or apicultural practices.

Because of these and numerous other reasons that may arise, involving legal considerations as well as good-neighbor policy,
an explicit agreement should be insisted upon by the participants when bees are rented to pollinate a crop. The agreement is
more likely to be satisfactory if it is drawn from the experience and knowledge of numerous growers and beekeepers who
have used bees to pollinate crops. Legal experts with knowledge of the value and limitation of specific items proposed for the
agreement should also be consulted.

Sometimes a written agreement is no stronger than the party's word, because no penalty for breaking the agreement is
included. For example, one agreement that has been used merely stated:

"I, (beekeeper's name), agreeto supply __ colonies of beesto (grower's name) to pollinate __ acres of (crop) for the year .
| (grower's name), agree to pay (beekeeper'sname) $ __ per colony for colonies of honey bees to pollinate my (crop) for the
year." (Date), (Beekeeper's signature), (Grower's signature).

In this agreement, neither the grower nor the beekeeper is adequately protected. There is no penalty if the beekeeper failsto
deliver the colonies, delivers inadequate colonies, fails to take adequate care of the colonies while they are being used in the
pollination program, or fails to remove them at the time desired by the grower. Thereis no indication as to what steps the
beekeeper might take in caring for the colonies or even if he has the rights of entry upon the premises to care for them. There
is no indication that the grower is obligated in any way to take steps to protect the colonies from pesticides or other harmful
farm practices. Nor isthere a penalty for delay in payment or nonpayment of fees, and no agreed-upon recourse for the
beekeeper in case of default by the grower.

Such an agreement usually leads to later misunderstanding between the parties involved. More lengthy agreements have been
used that covered many obligations of both parties, including changes of plans because of environmental conditions and acts
of God.

Regardless of the type or the length of agreement used, unlessit protects both parties and includes enforceable penalties for
breach of contract, it isunlikely to be satisfactory.

Factors That Should Be Covered for a Satisfactory Pollination Agreement
IDENTIFICATION OF PARTICIPANTS

The general terms of the agreement should be indicated in a preamble, including the date, the landowner or grower and his
address, the owner or operator of the bees or their agent and his address, and the crop involved and its location. If special
beekeeping or farming terms are used, which are not clearly understood by all partiesinvolved, a glossary should be
included. Some agreements require signatures in the presence of a notary public or witness.

RENTAL PRICE

The rental price for the colonies should be specified. If the rental payment is to be made by cash or check, the time, place,
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and method of delivery of the payment should be stipulated. If payment consists of a portion of the pollinated crop, the
amount and quality of the product should be clearly stated. In addition, the responsibility for delivery of the portion of the
pollinated crop to the beekeeper or designated place of storage should be specified. If costs of containers, transportation,
storage, or special treatment of the crop is involved, the agreement should specify who pays such costs.

TIME OF DELIVERY OF THE COLONIES

The date of delivery of the bees should be specified or amutually satisfactory arrangement made for notifying the beekeeper
when they are desired. (For some crops adelay of afew days may result in complete failure of the beesto pollinate the crop.
For other crops a staggered rate of delivery, as growth and flowering progresses, may be desired.) The exact method of
notification should be specified. The penalty for late delivery should also be specified.

Enough time after notification to permit orderly scheduling of colony delivery should be required. Weekends and periods
requiring overtime pay of employees should be considered. The parties should remember that if weather is the predominant
factor in theinitiation of flowering, it islikely to affect al fields under pollination agreement of the beekeeper. The
beekeeper should therefore schedule no more colonies than he can deliver in an anticipated alloted time.

NUMBER OF COLONIES

The number of coloniesto be used per acre of a specific crop and the acreage should be stated. The contract may designate
"colony equivaents,” if the bees are rented on the basis of size of cluster or area of the broodnest. By this method, 90
populous or 110 weaker colonies may be equivalent to 100 colonies of a specified strength. Payment on the basis of colony
equivalents should encourage the delivery of colonies of adequate strength. This method of payment would require rather
close examination of the colonies by a qualified person. If this method of determining the numbers of coloniesisto be used,
the details should be expressed in the agreement.

STRENGTH OF COLONIES

Honey bee colony populations can vary from afew hundred to about 100,000 bees, the cluster size from afew cubic inches

to a cubic foot or more, and the brood area from none to about 2,000 in2. For these reasons, the agreement should specify the
colony strength. This might be in square inches of sealed brood, square inches of total brood (eggs, larvae, and pupage), or
cluster size at certain approximate outdoor temperatures. The cluster size might be described as covering a specified number
of combs or filling of specific size chambers or "supers' of the hive.

The grower should require permission to examine the colonies or have them examined to determine if they qualify for the
standards agreed upon.

The beekeeper should attempt to deliver only colonies that meet these standards. He should require incentive payments for
colonies that exceed the requirements if penalties are imposed for those that fail to reach the requirements.

If the grower examines the colonies to determine their strength, the beekeeper should require that such examination be made
in away that is not detrimental to the hives or their contents. The method of examining the colonies should be agreed upon in
advance. The tolerance permitted on standards for colony strength should be specified.

PLACEMENT OF THE COLONIES

The locations for the colonies should be specified precisely, so that no confusion will arise when the laden vehicle arrives at
the location during the night. If the colonies are to be distributed in the field or orchard, the distance between locations and
the approximate number of colonies per location should be stated. The colonies should be placed as nearly as possible where
the grower desires them, but so that they can be maintained and operated normally. If only a portion of the colonies are to be
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delivered at atime, the number and rate of delivery should be specified. Locations should be designated where they are
accessible to the beekeeper or his vehicles from time of placement until removal. The locations should be so designated that
farm employees, the public, and domestic animals are unlikely to be stung by the bees.

OPERATION AND MAINTENANCE OF COLONIES

The grower should allow access to the colonies by the beekeeper so that they can be maintained in optimum condition for
pollination of the crop. The beekeeper should make every effort to keep them in this condition. This may require feeding of
the coloniesif stores are low, or removing excess honey so there is storage space for nectar and pollen. The beekeeper may
need to add extra space as the colony expands. This requires expert care of the colonies by the beekeeper. If the colonies are
more than about half a mile from awater supply, the beekeeper should arrange with the grower in advance to provide water.
He might explain to the grower that considerable time is required by the bees in collecting water; therefore, the nearer the
supply, the more time the bees have to pollinate the crop.

The beekeeper should be prudent in entering upon the property of the grower to service the bees. He should also manage
them prudently to minimize the danger of stings.

PROTECTION OF COLONIESFROM PESTICIDE APPLICATIONSAND OTHER FARM PRACTICES

The agreement should explicitly state the pesticide program likely to be in effect at the time the crop is to be pollinated, on
the grower's property and, to the best of his ability, on nearby property. The grower should determine in advanceif a
pesticide application is likely to be needed, its probable effect on the bees and their pollinating efficiency, and the liability if
damage to the bees occurs.

The time and method of notifying the beekeeper before application of the pesticide and the penalty for damage to the
colonies should also be specified.

In the event of bee kill and the two parties cannot agree as to its extent, the agreement should specify that each shall select an
arbiter and that these two shall select athird party. This three-man team will then examine the colonies and determine the
extent of loss within a specified time.

REMOVAL OF THE COLONIES

The failure of the beekeeper to remove the colonies after the crop has been sufficiently pollinated is often frustrating to the
grower who wants to spray, cultivate, or harvest the crop. For afew crops, an excessive set of fruit can create a thinning
problem. The agreement should therefore specify the time and conditions of removal of the colonies, the time and method of
notification of the beekeeper, and the penalties for the failure to remove the colonies within a specified time.

The agreement should also specify under what conditions the colonies may be removed for protection from pesticides. If the
colonies are to be returned to the field after such removal, the cost of removal and return should be specified, along with the
time and method of paying this cost.

Fregquent misunderstandings arise over the need for the bees to be returned to the crop after their premature removal. This
removal date, in relation to the progress of the crop, can seldom be predetermined. The agreement should, therefore, indicate
who makes the final decision in this situation.

PROTECTION FROM STINGSAND ASSOCIATED LIABILITIES

Although the colonies should be so placed that stings are unlikely to occur to the innocent, the agreement should specify who
isliablein the event trouble arises over stings. Such incidents can arise as aresult of the manipulating of the colonies by the
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beekeeper, the disturbance of the colonies by certain farm operations, or by the molesting of the colonies by outsiders.
PAYMENT OF POLLINATION FEES

Most of the problems with pollination agreements arise over the payments. The agreement should, therefore, be explicit in
stating how, when, where, and under what conditions payment is made. If the colonies, when delivered, failed to comply
with a specified standard and deductions influence the payments, the agreement should specify when and how such
deductions are calculated and how they influence the payments.

The agreement should also specify penalties for defaulting on payments, including such costs of collection as legal fees,
interest, and damages.

PENALTIESAND REWARDS

Both the grower and the beekeeper should strive to adhere to the terms of the agreement; however, no agreement islikely to
be binding without penalties and rewards. The agreement should specify the rewards, such as discounts, if any, for prompt
payment of fees, credit for colonies that exceed the standards set, or bonuses for crop production that exceeds specified
amounts.

Penalties should also be specified. Those against the beekeeper might cover late delivery or early removal of the colonies,
failure to remove the colonies within specified dates, inadequate colony strength, inadequate colony care, or lack of prudence
in relation to activities on the grower's premises. Penalties against the grower might include interest on delayed payment of
pollination fees and expenses for collecting the fees, including legal action, cost of collection agencies, or other expenses, or
damage to the colonies or hives by imprudent action of the grower or his employees while the colonies are on his premises.

Availability and Open Lines of Communication

The beekeeper should be available by phone in the event the grower needs to contact him about the bees, their services,
protection, delivery, or removal. Likewise, the grower should be available in the event something occurs concerning
delivery, removal, or protection of the bees while on the grower's premises.

The grower and the beekeeper or agent should agree on the bee sites or locations when the agreement is signed. These sites
must be accessible when the bees arrive. Frequently, the truck loaded with the bees arrives late at night. If agateislocked, a
road or driveway changed, afield plowed or irrigated so that the site isinaccessible, and the driver is unacquainted with the
farm layout, valuable time is lost and the beekeeper's schedule is disrupted. Disturbing the grower or learning that heis
unavailable for deciding upon an alternate site may cause delay and ill will.

Colony Strength and Price Rates

Colonies are sometimes rented on a flat-rate basis with little regard to their condition, although popul ous colonies supply
more bees to the field, and their bees also tend to fly at lower temperatures than bees in weaker colonies (Todd and Reed
1970).

Farrar (1929) proposed a price adjustment based on the number of frames covered by the cluster when the temperature was
in the range of 60 deg to 65 deg F. He proposed that with the then current price of $5 for a cluster that covered five- to six-
frames, there should be areduction of $1.25 for each frame less than five, and $1 additional for each frame above six that
was covered with bees.

By this method, a cluster covering only four frames would rent for $3.75 and three frames, for only $2.50. Those with seven
frames would rent for $6, eight frames for $7,10 frames for $9, and 13 or more for $12.
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The defect in this proposal was that the incentive to have stronger colonies was not sufficiently great. A morerealistic
stimulus for supplying stronger colonies might be based on one of the following equivalent scales:

Cluster Frames with Sealed Proposed comparative Size brood brood price
Square inches dollars 2

100 0.50 4 2 200 3.00 6 3 300 5.50 8 4 400 8.00

105500 10.50 12 6 600 13.00 14 7 700 15.50 16 8 800 18.00 18 9 900 20.50 20 10 1,000 23.00
1 Frames of bees.

By using such a scale, the beekeeper would have an incentive to unite his weak colonies or otherwise provide stronger ones.
Such ascaleis supported by data of Sheesley and Poduska (1970). They showed (table 6) that colonies with eight or more
frames covered on both sides with bees collected more than two and one-half times as much aimond pollen (and presumably
pollinated the almond flowers in the process) as colonies with only four or five frames covered with bees, and more than four
times as much pollen as colonies with only three frames covered with bees.

In thisway, a standard for colony strength may be used, but the price of the unit should fluctuate. The beekeeper should
consider costs and other expenses when considering and establishing the price for his colonies. Factors that will enter into
this price cost will include the length of time the crop will be in bloom, the distance that the bees must be hauled to the crop,
the relative danger of pesticide damage while the bees are on the crop, and the time of flowering in relation to the major
honey flowsin his area.

Instead, the beekeeper is frequently more inclined to set the price for the colonies below the expense of supplying them. Too
frequently, he fears that better pollination fees will attract competition into the area, and the locations will be lost or
decreased in value. The price is set with "his eye on the honey can" rather than his consideration of maximum pollination
service to the grower.

Both the beekeeper and the grower would benefit if cutrate prices were not used. If the beekeeper isto stay in business and
provide optimum service, he must be adequately reimbursed. Failing to do this, he eventually must abandon the pollination
business, wherupon the grower suffers. Probably the best way this can be achieved is through independent contractors who
can determine adequate fees and appropriate strength and numbers of colonies for the crop then enforce these requirements
for the betterment of both groups.

TABLE 6.--Average weight of pollen collected by colonies of 5 population strength groups, expressed as per centage of group
3 (Sheedley and Poduska, 1970)

Experimental colony group Group 2 Group 3 Group 4 Group 5 colony (O-2 (3 (4-5 (6-7 (8 + group frames) frames) frames)
frames frames) Percent Percent Percent Percent
Percent 1962 2 6.2 63.9 100 199.1 286.9 1970 35.2 42.4 100 164.7 292.4 1970 4 16.0 54.1 100 148.6 305.9

1 The equivalent number of frames covered on both sides with bees.
2 6-day collection from 113 colonies.
37-day collection from 143 colonies.

4 10-day collection from 99 colonies. his consideration of maximum pollination service to the grower.

file:/I/E)/ Jason/book/pollagree.html (5 of 7) [1/21/2009 3:45:24 PM]



file:/I/E)/ Jason/book/pollagree.html

Qualifications of a Stable Pollination Service
INDUSTRY REPRESENTATION

A pollination service that expects to continue on alarge scale over along period must be equally interested in the welfare of
the grower and the beekeeper. It should be directed by both crop and bee specialists. Unless both industries are represented
and have equal statusin directing the program, it is doomed to failure.

The crop specialist should strive to obtain the pollination service that will result in maximum economic crop production.

The bee specialist should strive to obtain fees for the beekeeper who supplies the pollination service sufficient to profitably
maintain the colonies, equipment, and help in providing the grower service.

Each specialist should have equal expression in determining the services the grower needs and the fees that the beekeeper
receives. Each should see that the contracts are so written that both parties are legally protected and that the responsibilities
of each party isclearly and explicitly delineated.

SCOPE

A pollination service organization that includes alarge number of growers and beekeepers should be more stable and likely
to continue to function, if managed properly, than one with a smaller number of members. Like alarge insurance company, it
should survive individual or local failures or adversities that affect the crops, the bees, or both.

Because of the costs and other logistic problems associated with moving honey bee colonies long distances, the contracts and
services would, from the economy standpoint, tend to be regional in scope. For example, the area of operation of an
individual beekeeper is based largely on the distance he can move atruckload of bees during the night, with a possible
extension into the cooler part of the next morning-- some 300 to 600 miles.

Some States have regulations prohibiting transportation of coloniesinto the State, entry fee for the transported colonies, or
control of the location of the colonies after they enter the State. Most States require a certificate of inspection indicating that
the colonies are apparently free of contagious or infectious diseases (Michael 1967). From the crop pollination standpoint,
these regulations, important in the control of bee diseases, can hamper but will not prevent large-scale use of coloniesin a
pollination program.

METHOD OF OPERATION

A large-scale pollination program would lend itself well to computerization, although field men would be required to "sell”
the service by making the contracts with the growers, mapping the locations for the bees, insuring colony quality control, and
providing other grower and beekeeper protective measures. For example, the various grower and beekeeper locations could
be fed into the computer, along with dates bees might be needed and when they are available. Then the computer could,
without bias, determine the nearest or most logical beekeeper available for pollination of a specific crop. If the beekeeper
could not comply, the computer could immediately indicate the most logical second choice. Such a program might be
national or even international in scope, subject to existing laws and regulations, with regiona and local headquarters for the
field men who make personal contact with the growers and beekeepers. Its size would permit greatest flexibility in the use of
bees on different crops in the different areas. This could benefit both parties.

In summary, the pollination agreement should be as compl ete as possible so that both the grower and the beekeeper are
protected. Agreements between individual growers and beekeepers can be satisfactory. A pollination service encompassing
numerous growers and beekeepers, and administered by agents equally concerned with the welfare of both groups, offersthe
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possibility of greater and continual stability.
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CROPSDEPENDENT UPON OR BENEFITED BY
INSECT POLLINATION

ACEROLA
Malpighia glabra L., family Malpighiaceae

Acerola, also known as Barbados cherry or West Indian cherry, is grown to aminor extent in the frost-
free regions of Floridaand in Hawaii, primarily in home gardens (Miller et a. 1965). This plant is most
noted for the extremely high ascorbic acid (vitamin C) content of its fruit, with 10 to 40 mg/g of edible
fruit, far more than any other known fruit. By comparison, the other rich sources of vitamin C are rose
hips (Rosa rugosa Thunb.) with 17 mg/g of edible matter, mirobalan (Phyllanthus emblica L.) with 8 mg/
g, and guava (Psidium guajava L.) with 3 mg/g of edible matter (Asenjo and Freire de Guzman 1946,
Moscoso 1956). One fruit the size of alarge sweet cherry can furnish aman's daily requirement of this
vitamin (Ledin 1958). The fruit, whichisaso rich iniron, is used in sherbet, ice cream, and jelly
(Mortensen and Bullard 1968) and baby foods, fruit nectars, and soft drinks (Arostegui and Pennock
1956). The juiceretainsits cherry-red color and flavor if it is processed and frozen immediately. The
development of a chemical method of producing vitamin C has reduced the need for acerola.

Plant

Acerolaisashrub or small treeto 15 feet tall, with thick spreading branches and conspicuous raised
white lenticels or "breathing pores” in its bark. The plants are set 6 to 15 feet apart and bear when about
2 yearsold. Thefruit is light orange to dark red, three lobed, soft, thin skinned, and juicy and looks
somewhat like a small, rather flat tomato. It ripens 3 to 4 weeks after flowering. Some fruits are swest,
whereas others may be tart. They may be borne singly or in clusters of two or three. The fruit usually has
three rather large seeds. If the fruit is picked daily, yields of up to 26 tons/acre may be obtained (Ledin
1958). Most plants are harvested three or four times a year but some may bear six or seven crops ayear
(Arostegui and Pennock 1956).

I nflor escence

The 3/4- to 1-inch red, pink rose, or white flowers are produced in great abundance. They occur in a
forked cluster in the leaf axil, appearing in 25-day cyclesfrom April or May to late fall. There are five
petals, one of which isfan-shaped and larger than the others. The 10 erect stamens are shorter than the
petals and slightly shorter than the style. Two of the stamens are thicker and have longer filaments than
the others. Three styles point outward with the stigmatic area on the inner angle. Nectar is secreted at the
base of the anthers. Ledin (1958) stated that the flowers were attractive to honey bees, although Y amane
and Nakasone (1961a) considered them relatively unattractive. Whether the attractive factor was for
nectar or pollen or both was not determined.
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Pollination Requirements

When Y amane and Nakasone (1961a) excluded pollinators, they obtained 1.3 to 11.5 percent fruit set.
When they hand self-pollinated flowers, they obtained 6.7 to 55.1 percent set. When they hand cross-
pollinated flowers, they obtained 6.7 to 74.1 percent set. Their overall average set of fruit from the selfed
flowers was 2.3 percent; open pollination, 26.3 percent and hand cross-pollinated flowers, 51.7 percent.
They concluded that the basic cause of low fruit set was lack of adequate pollination. Miyashita et al.
(1964) also concluded that although anther dehiscence is affected by weather, the absence of cross-
pollination, but not pollen failure, contributed to poor fruit set. Plants propagated from seed generally
produce a variable population. The pollination requirements of acerola are, therefore, not too well
understood, but apparently cross-pollination is essential for the highest percentage of fruit set.

Pollinators

Y amane and Nakasone (1961a,b) concluded that wind is not an effective pollinating agent of acerola,
but that insects are effective. Mortensen and Bullard (1968*) stated that inadequate pollination by
specific insects or wind was the primary cause of poor fruit set in Hawaii. Ledin (1958) stated that
acerolais attractive to bees. Y amane and Nakasone (1961a) stated that honey bees and syrphid flies
(Eristalisagrorum (F.)) were the only insects readily visible, but when plantings of 30 to 40 trees were
in full bloom they attracted fewer than a dozen of each of the two insects. Honey bee colonies were
moved to within 50 feet of the plants, but the number of floral visitors or fruit set was not increased "to
any great degree." Chapman (I 964*), probably referring to the test by Y amane and Nakasone (1961a),
also stated that placement of beehives near the plants was of little value. The relative attractiveness of
other plantsto bees in the area was not mentioned. There has reportedly been no particular pollination
problem on the small acreage of acerolain Florida where honey bees as well as other pollinating insects
are quite abundant.

Anthony Raw (Personal commun. 1977) stated that in Jamaica a heavy fruit set resulted from visits by
Centris, whose foraging females work very rapidly, so exremely low populations effect adequate
pollination.

The meager data indicate that insects are the effective pollinating agents of acerola, but the most
effective species remain undetermined.

Pollination Recommendations and Practices

There are no recommendations on the pollination of this crop, and no steps are taken by growers to use
the services of pollinating insects. If the acreage isincreased or concentrated where few pollinating
Insects are available, a problem of low fruit setting could develop unless growers arrange for honey bee
coloniesto be placed nearby.
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ALFALFA

Medicago sativa L., family Leguminosae

Alfalfa, also known as lucerne in many other countries, is the most important forage crop in the United
States, accounting for about half of all the hay produced. More than 27 million acres, mostly in the
North Central States, produced 3 tons of hay per acre with afarm value approaching $2 billion in 1969.
One-half million acres were also devoted to the production of over 100 millions pounds of alfalfa seed.
The seed crop, valued at $40 million, was produced in many States but about three- fourths of it came
from 11 Western States. Californialed in seed production with 96,000 acres and 33 million pounds of
seed. Washington and Idaho each produced about 14 million pounds.
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Because of the worldwide importance of alfalfa and the unique relationship of its flower structure to its
pollination requirements, hundreds of papers have been written that deal with its pollination, probably
more than for any other crop. Citing all of these papers here is both unnecessary and impractical. For
that reason, the majority of the citationsin this publication are written in English, although excellent
research on alfalfa has been conducted in many foreign countries, and the results have been published in
German, Japanese, Russian, Swedish, and other languages. Some of the key papers that deal with the
history, culture, and development of alfalfa, listed chronologically, include: Brand and Westgate (1909),
Oakley and Westover (1922), Stewart (1926), Carlson (1932), Westover (1946), Tysdal and Westover
(1949), Graber (1950), Pedersen et al. (1959), Taylor et a. (1959), Bolton (1962), and Jones and
Pomeroy (1962).

Plant

Alfafaisaperennial herbaceous legume that grows from a semiwoody base or crown. The crown sends
up many thin, but succulent, leafy multibranched stems 2 to 4 feet high; each stem terminatesin a
raceme or cluster of 10 to 100 purple, white, or greenish-yellow florets.

When dfalfais grown for hay the seed is usually drilled or broadcast at the rate of about 10 to 20 Ib/
acre, and the plants are clipped when the field is in about one-tenth bloom. When grown for seed it is
usually planted in rows at the rate of only about 1 Ib/acre. Jones and Pomeroy (1962) stated that highest
seed yields are obtained from afalfa planted in 36-inch rows, the plants 12 inches apart in the row. This
spacing would require only afew ounces of seed per acre. Frequently, the crop is planted for hay, then
climatic, agronomic, or economic conditions cause the grower to leave the crop uncut to develop seed,
which usually resultsin low seed yield. Stands thicker than 100,000 plants per acre are excessive for
seed production (Pedersen et al. 1959). The highest yields can be expected from sparse stands that
flower during the warmest part of the season, but other factors also affect seed production. Proper
agronomic care, sufficient pollination, freedom from harmful insects and diseases, and proper seed-
harvesting methods are equally important.

The great demand for alfalfa and other legume seed in the early 1940's, encouraged by a Congressional
subsidy for such seed (Enlow 1944), stimulated interest in both increased production of seed and in new
cultivars adapted to particular areas and conditions. This interest led to studies on insect pollination and
plant breeding and culminated in the development of improved cultivars (Kehr 1959, Hanson et al.
1964b) and stabilized methods of seed production. Search continues for early high-yielding (hay)
cultivars resistant to the afalfaweevil and other pests and diseases.

There are many hardy, semihardy, and nonhardy cultivars of alfalfa; some are certified ( by State
agencies), others are proprietary (owned exclusively by private firms), and still others are uncertified.
The major cultivars, their history and qualities, were reviewed in detail by Hanson et al. (1960). The
breeding that goes into a synthetic cultivar (typical of many crops) isillustrated in the sketch of the wilt-
resistant cultivar A- 136 by Kehr (1959) shown in figure 31.
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[gfX] FIGURE 31. - Origin, history, and breeding methods used in developing Ranger (A 136), awilt-
resistant alfalfa cultivar. (Reproduced from Kehr 1959.)

I nflor escence

The I/2-inch-long florets begin opening at the base of the 1-to 4- inch-long alfalfaraceme. A week is
usually required for the opening to proceed from the base to the tip of araceme. A floret may open at
any time of day and remains open for about aweek if not pollinated, but wilts within afew hours after
pollination.

The corolla consists of the standard petal, sometimes considered to be the landing support for bees, two
smaller wing petals, and two fused petals called the kedl (fig. 32). The keel encloses, under considerable
tension, the sexual column, which terminates in the stigma and 10 anthers. The details of the floral
characteristics and their modifications were discussed by Graumann and Hanson (1954), Larkin and
Graumann (1954), Nielsen (1962), and Pankiw and Bolton (1965).

The color of the corolla varies from purple or violet through various shades of blue, green, yellow, or
cream, to white. A scale for visually classifying alfalfaflower color was proposed by Barnes (1972).

The sexua column is normally nonfunctional, unless it is released from the keel. Once released
("tripped"), it does not return to its former position within the kedl like the column in most other
legumes. After release, if successful fertilization occurs, the ovulesin the ovary begin to develop, and a
tightly curled pod results. The number of curls, varying from one to five, is determined by the number of
ovules that develop into mature seeds. A pod may have a dozen seeds but usually it has fewer, the
number depending at least partly on the degree of pollen compatibility. The pod matures and is ready for
harvest about a month after pollination.

TRIPPING

The release of the sexual column is a phenomenon that has been known for many years. Henslow (1867)
described the tripping process, but Cockerell (1899) was apparently the first to use the term "tripping.”
After much study and observation (Piper et al. 1914, Brink and Cooper 1936), and also much
controversy (Carlson 1928, Coffman 1922, Whornham 1936, Pengelly 1953), tripping was proven
necessary for profitable seed production (Armstrong and White 1935; Tysdal 1940, 1946; Zaeski 1956).
The column is released when the bee, in searching for nectar or pollen, insertsits proboscisinto the
flower throat and exerts pressure upon the keel petal, causing it to separate (fig. 33). Upon release, the
column strikes the standard petal, sometimes striking the underside of the head of the bee first, at times
with such force that the bee can extricate its head only after a struggle. When the flower is tripped, the
pollen is dusted upon the bee and is then carried to another alfalfa flower. At the same time, pollen
brought from another flower is accidentally rubbed upon the stigma and cross- pollination results. In the
field, lessthan 1 percent of the self-tripped flowers produce seed, and most nontripped flowersfail to do
so (Cooper and Brink 1940, Tysdal 1946), although from time to time workers - for example, Carlson
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(1930) - have reported seed set from nontripped flowers.

D FIGURE 32. - Alfalfaflower longitudinal section, x 20.
FIGURE 33.- Tripped Alfafafloret and pollen- ladden honey bee.

FIELD APPEARANCE AND SEED SET

When the flowers are tripped as rapidly as they open, racemes can be found with developing seed pods
on the lower part, acirclet of one to four open florets in the middle and unopen buds toward the tip.
Growers sometimes refer to this as the crop going "from bud to curl,” and associate it with the likelihood
of abig seed crop. This condition was incorrectly interpreted by Whornham (1936) who believed that
the flowers were self- pollinated without coming into flower. Such afield has a brownish cast, in
contrast to fields with a"flower-garden” appearance, where each raceme has a large number of open
florets but few if any seed pods.

HONEY YIELD, NECTAR SECRETION, AND POLLEN PRODUCTION

Vansell (1941 ) showed that some afalfa cultivars yield more honey than others. Loper and Waller
(1970) showed that when severa clonal lines of alfalfawere presented in bouquets to honey bees, the
bees consistently showed preference for certain ones. Several terpenoid compounds have been identified
in alfalfavarieties (Loper et a. 1971, Loper 1972). The significance of these compounds in honey bee
behavior is under investigation. Loper et al. (1971) identified one of the aromatic compounds as
ocimene. Itstrue significance in bee attractiveness has not been determined. If an attractant factor can be
isolated, its use in the breeding and selection for cultivars with greater attractiveness to pollinators could
become quite important.

Alfalfa produces alarge amount of nectar, which is highly attractive to many species of bees, and from
which honey bees produce excellent crops of high quality honey. Kropacova (1963) estimated that
afalfa produces 416 to 1,933 pounds of nectar per acre. McGregor and Todd (1952*) estimated that 54
to 238 pounds of nectar per acre were produced during a peak flowering day.

When alfalfais cut for hay just as flowering starts, asis normally practiced, the beekeeper gets little or
no alfalfahoney. If the crop isleft to produce seed, the amount of nectar available to a colony depends
upon the plant density, the competition from other bees, and other environmental and agronomic factors.
Asageneral rule, one strong colony per acre of seed afalfa should store 50 to 100 pounds honey. When
the colonies are in the area at the rate of three per acre they may store little or no surplus honey.

Alfalfaisapoor source of pollen for honey bees. Usually they will collect it only when no other source
Is available. When honey bees have only afalfa upon which to forage, the colony strength diminishes
rapidly. Alfalfa pollen isrelished by many other species of bees including the genera of Bombus,
Halictus, Megachile, Melissodes, and Nomia. Numerous observers have reported that honey bees collect
alfafapollen more freely in the Southwestern and Western States than in the Northeastern States. But
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whether the higher visitation rate is due to condition of the alfalfa plants, lack of pollen producing
competing plants, or both conditions has never been resolved.

Tysdal (1946) estimated that 2 billion flowers per acre of alfalfa were produced in Nebraska. Lesins
(1950) calculated that about 200 million flowers per acre were capable of setting pods. At five seeds per
pod and 220,000 seeds per pound, this indicates a potential of 5,000 pounds of seed per acre. Pedersen et
a. (1956) showed that 46.7 percent of the flowers can produce pods, indicating that a ton of seed per
acreispossible.

Pollination Requirements

As previoudly stated, the alfalfa flower must be tripped if seed is produced. Furthermore, if cross-
pollination occurs, the stigma must come into contact with pollen from another plant during the fraction
of asecond after the stigmais released from the keel, and before it imbeds itself against the standard
petal. Tysdal et a. (1942) and Jones and Olson (1943) showed that cross-pollinated flowers not only set
more pods than selfed flowers, but they also set more seeds per pod. Moriyaet a. (1956) showed that
the highest percentage of pods developed from flowers that were pollinated the first day after they
opened.

When the rays of the sun are focused through a magnifying glassinto aflower, it will trip almost
instantly. Also, rough treatment of the flower, for example by a strong wind, will cause some flowers to
trip during the warmer part of the day. Knowing this, various growers and researchers have tried heat
and other mechanical devicesincluding the dragging of arope, wire, chain, brush, or roller across the
plants to increase the number of flowerstripped (Carlson 1930, Goff 1953, Koperzinskii 1949, Pharis
and Unrau 1953). One grower employed a helicopter to fly, afew feet above the plants each afternoon,
dragging a broad cloth behind. He hoped the downdraft would cause the flowers to trip and the cloth
would hold the pollen in the air around the plants so that when tripping occurred the stigma would come
in contact with the pollen. None of these methods proved to be of practical value in increasing seed
production, even though L eune and Olson (1940) had shown that artificially tripped flowers set afew
more seed than nontripped ones.

Of particular significance pertaining to selfed plants was the test by Tysdal et a. (1942) that showed that
production of forage from self- pollinated plants decreased rapidly in afew generations to about athird
of the former capability. Thiswas further verified by Wilsie (1958). This information means that even if
self-pollinated seed could be produced in large amounts, such seed is undesirable for planting use, either
for forage or seed production.

Bushice and Wilsie (1966) and numerous others have looked for self- tripping or easily tripped strains,
but because of the rapid degeneration of such lines none have been or are likely to become acceptable
cultivars. Stevenson and Bolton (1947) left little doubt that self-tripping or self- fertile alfalfa plants are
undesirable as a source of breeding material for improving the yield of alfalfa seed. The grower should,
therefore, always obtain his planting seed from fields in which every effort possible was made to
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produce only cross-pollinated seed. Lovell (1924) then prophetically stated: "They can be disproven
only by statistical investigationsin which it shall be shown that the honey bee trips alarge number of
flowers. . . inregions where alfalfa produces alarge seed crop, and is freely visited by bees for nectar."
This test was conducted more than two decades later (Utah Agr. Expt. Sta. 1950).

Even with the need for tripping and cross-pollination established, lack of agreement continues as to the
best pollinating agent. Hunter (1899) covered blossoms with cheesecloth and found that no seed were
produced. He examined pods one-half mile from an apiary and found 5.6 plump seeds per pod as
compared to 3.3 shriveled seeds per pod in afield 25 miles away where there were no honey bees.
Cockerell (1899) stated that an afalfafield in Kansas, supplied with honey bees, produced twice as
much seed as asimilar field without bees, and the pods were larger. Aicher (1917) gave some credit to
wind and various bees, but Hay (1925) concluded that the honey bee was of no practical valuein alfalfa
seed production. Carlson (1935, 1946) and Carlson and Stewart (1931) associated good seed crops only
with low populations of harmful insects. Gray (1925), Engelbert (1931), and Sladen (1918) considered
the leafcutter bee or bumble bee beneficial but honey bees of no valuein tripping alfalfaflowers. Lovell
(1924) agreed with Sladen (1918), stating: "These facts [that honey bees are ineffective] cannot be
controverted by hasty assertions of over-ardent defenders of the honey bee who think that because they
are often numerous in afafafields they must be valuable pollinators.”

Gray (1925) was apparently the first to study the effect of caging flowering afalfa plants to exclude
pollinating insects, and he showed that doing so reduced seed yields. In alimited way, Megee and Kelty
(1932) and Dwyer and Allman (1933), also using cages, showed that honey bees are effective
pollinators. An editorial note (Bowman 1934) stated, without supporting data, that good seed crops
usually result when honey bees work alfalfafreely. Vansell (1928) stated: "The matter of pollination of
alfalfa seed crop [in California] does not bother the alfalfa grower, particularly because bee men are
anxious to concentrate their bees about alfalfafields. The set of seed seems satisfactory generaly.”
Jackman (1940) discounted the honey bee, but Pellett (1941) suggested that five colonies of honey bees
per acre might produce afull crop of afalfaseed. Stephens (1942) also indicated that honey bees were
of value, and Rudnev (1941) showed that stimulative feeding of colonies caused someincreasein
storage of pollen by coloniesin the vicinity of alfalfa. Stimulative feeding has since been largely
abandoned as impractical. Knowles (1943) discounted the value of honey bees but gave credit to

|eaf cutter bees; however, the same year, Hollowell (1943) concluded that increasing honey beesin the
afalfafield "may be of considerable value."

Eventually, wind, self-tripping, or the setting of seed without tripping were less frequently mentioned as
pollinating agents of alfalfa, and the controversy settled down to the relative merits of honey bees and
wild bees.

Pollinators

HONEY BEES
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Before 1946, honey bees were attributed a minor role in the production of alfalfa seed, however, studies
by means of pollen traps (Hare and Vansell 1946) established that under certain conditions honey bees
collect large quantities of alfalfa pollen. Vansell and Todd (1946, 1947) showed that honey bees have an
essential role in seed production. The flowers on plants they caged to exclude bees failed to trip or set
seed, whereas flowers in cages with bees or in the open set seed abundantly. These men concluded that
in Utah the most important alfalfa pollinating bees were honey bees, alkali bees (Nomia spp.), and

|eaf cutter bees (Megachile spp.). Honey bees collecting pollen from alfalfa were differentiated from
nectar-collecting bees, which frequently take nectar from the flower without tripping it. Tucker (1956)
showed that bees "learn” to avoid tripping flowers but trip 7 to 85 percent of them during the learning
process. This points up the importance of having a preponderance of new foragers in the colonies used
for alfalfa pollination.

Bohart et a. (Utah Agr. Expt. Sta. 1950) stated: "Alfalfa under most conditionsis an attractive source of
nectar and sufferslittle from competition with other plants for visits from nectar collectors. It is not an
attractive source of pollen, however, and pollen collectors are apt to neglect it in favor of better sources.
Consequently in alfalfafields nectar collectors nearly always outnumber pollen collectors, in some areas
by more than 100 to 1." Pedersen (1953a, b; 1958) showed that nectar secretion of alfalfainfluenced its
seed production. When large numbers of honey bees are concentrated on alfalfa fields, however, the
competing pollen in the area may be exhausted so the bees resort to alfalfa pollen from lack of choice.
Thiswas proven in a seed production test on alfalfa grown in replicated open plots and cages of the type
designed by Pedersen et al. (1950). In some of the cages, bees were excluded; in others, a colony of
honey bees was present (Utah Agr. Expt. Sta. 1950). In this test, with harmful insects controlled by use
of DDT, the cages without bees produced only 14 Ib/acre, whereas similar cages with bees produced a
maximum of 1,018 Ib/acre. This, incidentally, was the experiment to prove the value of honey bees that
was specifically called for decades earlier by Lovell (1924) after hisreview of the literature failed to
support claims of ardent beekeepers that honey bees increase production of alfalfa seed.

This experiment (Utah Agr. Expt. Sta. 1950) also presented data showing that colonies transported from
Cdliforniato Utah alfalfafields for honey production affected Utah seed production. A correlation (that
was highly significant statistically) was calculated between the number of colonies of honey bees
transported into Utah and the alfalfa seed yields per acrein that State. It showed that high seed yields
occurred in years when large numbers of colonies were moved in and low seed yields when few colonies
arrived.

Before 1947, the beekeeper placed colonies near alfalfafields to obtain honey crops. Reports on the
value of such honey beesto alfalfawere generally unfavorable. Pellett (1941 ) hinted that there was a
difference in operating colonies for honey production and for seed production and that probably more
seed could be obtained if as many as five colonies per acre were used, but no data were given to support
the statement. He also recognized that such a colony concentration would produce no surplus honey for
the beekeeper.

Vansell (1951 ) showed the value of a high concentration of honey beesin fields. In 1947, a 95-acre
field at Knights Landing, Calif., had 275 colonies distributed in small groups within the field (2.9
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colonies per acre), and the grower harvested 560 pounds of recleaned seed. A 200-acre field at Ryer
Island, Calif., had three colonies of honey bees per acre placed around the field, and the yield of seed
was 550 pounds per acre. In 1949, six colonies per acre were distributed throughout a 132-acre field at
Davis, Calif., and the grower harvested 1,120 pounds per acre of thresher-run seed.

According to Whitcombe (1955), in 1948 an alfalfa seed grower at Hemet, Calif., paid a beekeeper
$1.40 per colony to place 275 coloniesin small groups on three roadways across a 95-acre field. The
grower harvested 540 pounds of recleaned seed per acre. The colonies showed no gain in weight while
in the alfalfafields. Previously, beekeepers had paid afalfa growers (usually with a 60-pound can of
honey) for the privilege of setting an apiary near the alfalfafield. The grower at Hemet paid the
beekeeper to place the colonies in the field, a gamble that made history in legume seed production
although it caused a financial loss to the beekeeper.

These and other convincing data presented by Vansell (1951) proved that alfalfa seed production could
be stabilized by using honey bees distributed within the field. He stated, "An especially heavy set was
obtained from plants within 100 yards of the colonies.” With the grower obtaining 150 or more pounds
of alfalfa seed per acre from the service of each bee colony and with the colonies producing little honey
for the beekeeper under such conditions, Vansell (1951) concluded: "For pollination service requiring a
large number of colonies the seed grower should pay the beekeeper [an amount] at least equal to that
[obtainable] from a good honey crop.” Todd (1951) urged similar compensation for the services of the
bees.

With this basic information, growers and beekeepers cooperated in the rental and use of beesfor alfalfa
seed production, and the seed industry was stabilized to the benefit of both. Also, dependable use of
honey bees made possible the production of various selections and cultivars, which were confined to the
breeder's shelf before the insect pollination requirements of afalfawere understood. It aso opened the
door to the development of hybrid alfalfa, and in thisregard it shows the importance of attemptsto find
cultivars attractive to bees or special afalfa-pollinating strains of bees (Boren et al. 1962; Cale 1970,
1971; Clement 1965; Hanson et a. 1964a, Pedersen and Todd 1949; Nye and Mackensen 1965,1968a, b;
1970; Mackensen and Nye 1966,1969).

The rental and placing of many thousands of colonies of honey beesin alfalfafields became an accepted
practice in the early 1950's (Townsend et al. 1956) and has continued to the present. This practiceis
responsible for producing the bulk of the alfalfa seed (Doull 1967).

Jones (1958) reported that about 75,000 colonies were used per year on legumesin Californiafrom 1942
to 1947, but by 1956 the number had risen to 400,000 colonies. Experience and experiments proved that
large numbers of colonies distributed uniformly throughout the field produced satisfactory seed crops
even though only nectar collecting bees were active in the field (Akerberg and Lesins 1947, 1949;
Bieberdorf 1949; Bohart 1957; Linsley and MacSwain 1947, McMahon 1954; Pedersen 1962; and many
others). The maximum economic number of bees was never established.
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That nectar-collecting bees were contributing to pollination was attested to by the fact that alfalfa pollen
was found in the proboscis fossae of such honey bees (Vansell 1955, Grinfeld 1956, Furgala et al. 1960,
Kropacova 1964). Levin and Glowska-K onopacka (1963) showed that increasing the numbers of
coloniesin the groups in the field caused the bees to forage closer to their own hives. Todd (1957*)
urged that this type of behavior be exploited by uniformly distributing groups of colonies at 1/|0-mile
intervals in the field and creating the competition necessary to force the bees to "shop around” within
their foraging area (fig. 34).

The afalfa pollination fees established by beekeepersin the early 1950's and carried over into the 1970's
were not too different from fees for pollination of other crops paid ailmost half a century ago. At that
time, the beekeeper expected his colonies to improve in population or stores while pollinating the crop.
Under present agricultural conditions, colonies frequently deteriorate to such an extent that no surplus
honey is stored, the population of the coloniesis reduced, and some colonies fail to survive the winter.

Unless beekeepers establish fees commensurate with their operating costs, or unless the use of pesticides
on or near afafaseed fieldsis replaced by some form of biological control, the prospects of a continued
supply of an adequate number of strong honey bee colonies for maximum alfalfa seed set are gloomy to
say the least. See "Pesticides and Beekeeping."

[gfx] FIGURE 34. - One of many groups of honey bee colonies placed in large fields of alfalfagrown
for seed.

WILD BEES

The value of wild bees - numerous species in numerous locations - as pollinators of alfalfa has also been
reported by scores of researchers (Bohart 1947, 1952*,1958b; Bohart and Knowlton 1952a, b; Burton et
al. 1964; Crandall and Tate 1947; Hobbs 1956; Hobbs and Lilly 1954; Medler 1957; Menke 19523, b,
1954; Pengelly 1958; Stephen 1955, 1959; Tysdal and Westover 1937; Utah Agr. Expt. Sta. 1950;
Wilson 1968). (Also see "Wild Bees and Wild Bee Culture.") An advantage suggested for honey bees
over the various wild bees, so far as planned pollination is concerned, is that honey bee colonies can be
transported when desired, and in appropriate numbers, to the afalfafields. Recent studies, however
(Bohart 1958a, 1962b), have shown that at |east two species of wild bees, the akali bee and the
|eafcutter bee, can also be transported and manipulated for the pollination of alfalfaon a commercial
scale, and they do an excellent pollination job in some areas. Much credit for our knowledge of these
two bees must be attributed to Bohart (1947, 1950, 1952*, 1958b,1962b,1967,1970), Bohart et al.
(1955), Hobbs (1956, 1962,1964, 1965,1967), Hobbs and Lilly (1954), Menke (19523, b, 1954), Stephen
(1955, 1961, 1962, 1965), and Utah Agricultural Experiment Station (1950). Bohart (1962a) stated that
there might also be other pollinating insects, in foreign countries, superior to any indigenous species and
that they might warrant our importing.

Both alkali bees and |eafcutter bees are far more efficient, on a bee for bee basis, than honey beesin
pollinating afalfa. Their primary motive in visiting the flowersis to collect pollen to provision the nest
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for their young, and they show a preference for alfalfa pollen. By contrast, the honey bee, if given a
choice, visits the alfalfa flower to collect nectar, which it must have in great abundance to survive, but
will visit some other flowers for pollen.

The alkali bee will nest in highly alkaline areas on which little or no plant growth occurs. Growers can
prepare such areas for nesting sites (Frick et a. 1960). Once established, afavorable site may produce
enormous populations - as many as 200,000 nests. Although each female builds her own nest in which
she may rear about 5 to 20 offspring, the bees are instinctively gregarious; that is, they nest close
together, sometimes with as many as 100 nest entrances per square foot. The foraging range of the alkali
beeissimilar to that of the honey bee. This bee is much less likely to sting people or domestic animals
than is the honey bee. It overwinters in the immature stage.

The disadvantage of the alkali bee is that the nesting sites require ayear or so to become established, and
they cannot be transported from field to field. A special area must be maintained for them (Bohart
195& ). Also, because they are affected by the elements, they may not emerge at the right time to
pollinate a desired crop. They may be destroyed by flooding, cultivation, pesticides, parasites, predators,
or diseases.

The leafcutter bee is also gregarious, but prefers to nest above ground in holes about three-sixteenths
inch wide by 2 to 4 inches deep. To utilize this bee, the grower prepares such holes in boards (Stephen
1961, 1962) and places the boards where these bees are abundant and active. The holes are soon filled
with nests. The immature bees can then be transported in the boards to other areas as desired. The

|eaf cutter bees do not forage as far afield as honey bees, so the boards must be distributed at close
intervalsin the alfalfafield. The bees are not aggressive and can be handled without protection from
stings.

L eafcutter bees, like honey bees, can be transported and established wherever desired and are quite
effective as pollinators of alfalfa aslong as the weather conditions are favorable during their active
period. After this short active period, the adults die. The immature stages can be stored under
refrigeration, then placed in incubation to permit the adults to emerge when desired. L eafcutter bees,
again like alkali bees, forage freely on afalfa pollen, with which they provision their nests. They require
nesting holes of arather specific size and depth and, because these insects are gregarious, many
hundreds of nesting holes are more conducive than afew to their nesting in an area. Current methods
utilize "nesting boards," timbers about 4 inches by 4 inches by 4 feet, with about 2,000 holes, 1/4 inch
by 3 1/2 inches deep, although some boards are fabricated with grooves (Nye and Bohart 1964) that,
properly placed, form holes. When these boards are disassembled, the individual |eafcutter bee nests can
be removed, handled in bulk, and placed in containersin the field where the adults can emerge at the
nesting site when desired. L eafcutter bees forage primarily within afew hundred feet of the nest,
therefore, are more likely to be of service not only in the field but in the part of the field where they
emerge. Their useis quite likely to increase because of their ease of handling, safety from the standpoint
of stings, and efficiency as pollinators of alfalfa
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In the pollination of alfalfa, honey bees, leafcutter bees, and alkali bees, alone or in any combination, are
of great value. The grower who desires maximum seed production should utilize the best combination of
these bees and the best information available concerning them. He should keep in mind, however, that
the location of his particular field and general area may determine the proper bee or combination of bees
most suitable for him. This decision can only be made if he has a thorough knowledge of the bees, the
crop, and the environment.

Pollination Recommendations and Practices

The afalfaflower must be tripped and cross-pollinated by insects for maximum production of high-
guality seed. The majority of the western alfalfa seed producers now use either honey bees, |eafcutter
bees, alkali bees, or some combination of the three. Honey bees are usually rented from beekeepers.
L eafcutter bees are usually purchased in the pupal stage, either in bulk (1 U.S. gallon contains about
10,000 pupae in cells) or with the cells intact in the prepared holesin boards. The grower usually
prepares his own alkali bee bed and caresfor it as a perennial holding.

Recommended rates for usage of honey bees vary from 1 to 10 colonies per acre. Jones 9 recommended
two colonies per acre, plus one colony for each additional 100 pounds of seed expected in excess of 250
to 500 pounds. Later, Jones (1958) recommended a colony concentration that would provide two to
seven nectar collectors per square yard. Todd and Crawford (1962) recommended that they be
distributed about 0.1 mile apart in the field. Most growers use two to four colonies. From 2,000 to 3,000
|eaf cutter bee nests, or 10,000 individual leafcutter bees have been recommended, with a bee shelter and
nests on each 4 acres. A well- populated alkali bee bed, 30 by 50 feet for each 40 acres of afalfa, or
2,000 female akali bee visitors per acre is recommended. The data supporting these recommendations
are surprisingly meager.

Many factors influence the degree to which the grower follows these recommendations. Also, many
variables influence the effectiveness of the pollinatorsin thefield. Asaresult, one field may be
adequately pollinated while another, in which the grower tried to follow the same recommended
treatment, may suffer from lack of adequate pollinator activity. Such factors as competing plants,
pesticides, adverse weather, bee diseases, strength of colony (of honey bees), and agronomic
manipulations can ater effectiveness of the pollinators.

When the grower elects to use honey bees, each colony should have a minimum of 800 in2 of healthy
brood in al stages and sufficient bees to blanket 15 to 20 combs (Todd and Reed 1970). There should be
three to six honey bees per square yard of flowering alfalfa during the more active part of the day, to
provide maximum pollination to every bloom. This may mean some colonies should be moved into the
field at the beginning of flowering and augment their numbers as flowering progresses. Water for the
bees should be within one-quarter mile of any colony, and shade should be provided in warmer areas.

When alkali bees are used, an equivalent of about 40 ft2 of awell- populated nesting site should be
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provided per acre of afalfa. The nesting site should be protected from flooding, exposure to pesticides,
trampling by livestock, or damage by predators and parasites. In the field, there should be about one bee
for each square yard of blooming alfalfa.

When leafcutter bees are used, from one to five boards, bearing about 2,000 nest-filled holes, or 1to 5
gallons of pupae should be placed for emergence, and nesting holes should be supplied on each 4 acres
of alfalfa. The nesting areas should be protected from hot sun, rain or irrigation water, parasites, and

predators. There should be one female |leafcutter per 5 yd2 of alfalfaflowers (Bohart 1967).

9 JONES, L. G. FACTORS IN ALFALFA SEED PRODUCTION, INCLUDING WEED CONTROL. Div.
Agron., Univ. cdlif., Davis. File 3.21, 3.061, 5 pp. 1949. [Processed.]
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