gears: Insect Pollination Of Cultivated Crop Plants

| nsect Pollination Of Cultivated Crop Plants
by S.E. McGregor, USDA
Originally published 1976

The First and Only Virtual Beekeeping Book Updated Continously.
Additionslisted by crop and date.

Introduction: Economics of Plant Pollination
Flowering and Fruiting of Plants
Hybrid Vigor in Plants and its Relationship to Insect Pollination
Wild Bees and Wild Bee Culture
Wild Flowers and Crop Pollination
Pesticides in Relation to Beekeeping and Crop Pollination
Pollination Agreements and Services

Alphabetical Listing of Crops Dependent upon or Benefited by Insect Pollination

Acerola
Chapter 1. Alfafa

Chapter 2: Almonds

Chapter 31 Clover&  cyAPTER CONTENTS

Relatives

. Alske Clover . Persian Clover

. Arrowleaf Clover . Red Clover

. Ball Clover . Rose Clover

. Berseem Clover . Strawberry Clover

. Black Medic/Y ellow Trefail . Subterranean

. Cider Milkvetch Clover

. Clovers, General . Sweet Clover

. Crimson Clover . Sweet Vetch

. Crownvetch . Trefoil

. Lespedeza . Vetch

. Peanut - White Clover
- Zigzag Clover

file:/l/E)/Jason/book/index.html (1 of 4) [1/21/2009 3:45:07 PM]


http://gears.tucson.ars.ag.gov/

gears: Insect Pollination Of Cultivated Crop Plants

Chapter 4: Legumes
&
Relatives

Chapter 5: Tree
Fruits &
Nuts &
Exotic
Fruits &
Nuts

Chapter Contents

. Beans
Broad Beans and Field Beans

Cowpea

Kidneyvetch
Kudzu

LimaBeans

Chapter Contents

Apple

Apricot
Avocado

Cacao
Cashew
Cherry
Chestnut
Citrus
Coconut
Crabapple
Durian “edated:
Date

Fig

Litchi uedated:

file:/l/E)/Jason/book/index.html (2 of 4) [1/21/2009 3:45:07 PM]

. Lubines

. Mung Bean, Green or Golden

Gram

. Pigeonpea
. Sainfoin

. Scarlet Runner Bean

. Soybean

Macadamia
Mango

Mangosteen “#dated:
Neem “edated!

Oil Pam

Olive

Papaw

Papaya

Passionfruit

Peach and Nectarine
Pear

Persimmon
Plum and Prune

Pomegranate
Quince

Rambutan “edated:




gears: Insect Pollination Of Cultivated Crop Plants

Chapter 6: Common
V egetables
for Seed

& Fruit

Chapter 7: Small
Fruits &
Brambles

Chapter Contents

« Artichoke and Cardoon
. Asparagus

. Balsam Pear

. Beet

. Broccali

. Brussels Sprouts

. Carrot

. Cauliflower

. Celeriac

. Cole Crops
. Coriander

« Cucumber and Gherkins

. Eggplant
. Endive

Chapter Contents

. Blackberry

. Blueberry
« Chinese Gooseberry

. Coffee

. Cranberry
. Currant

. Gooseberry
. Grapes, Raisins and Currents
. Guava

file:/l/E)/Jason/book/index.html (3 of 4) [1/21/2009 3:45:07 PM]

Leek

L ettuce
Muskmelon
Okra
Onion

Parsnip

Pepper, Green
Pumpkin and Squash
Radish

Tomato

Turnip and Rutabaga

V egetable Sponge
Watermelon and Cirton
Welsh, or Spring Onion
White Flowered Gourd
White Gourd

« Huckleberry
. Jujube, Tsao, or Chinese Date

. Kenaf

. Kolanut

. Loguat

. Raspberry
. Strawberry




gears: Insect Pollination Of Cultivated Crop Plants

Chapter 8: Misc.
Garden
Plants,
Foods,
Flowers
& Herbs

Chapter 9: Crop
Plants and
Exotic
Plants

Chapter Contents

« Chervil

Dill

Drug Plants
Fennel
Herbs
Lavender

Parsley

Chapter Contents

Anise

Black Pepper, White Pepper

Buckwheat
Carambola
Caraway
Cardamon
Cardoon
Cherimoya
Clove
Cotton
Crotalaria

Feijoa
Flax

Mamey Sapote
Mustard

file:///E)/Jason/book/index.html (4 of 4) [1/21/2009 3:45:07 PM]

Niger
Nutmeqg and Mace
Pimento or Allspice

Pyrethrum

Rape

Safflower

Sesame

Sisal and Henequen
Sunflower

Tea

Tephrosia

Tung
Vanilla

Vernonia

White Sapote




file:///E}/Jason/book/econ.html

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

file:///E|/Jason/book/flower.html (7 of 16) [1/21/2009 3:45:13 PM]



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

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
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(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
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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.
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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
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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.
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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

file:/I/E)/ Jason/book/pollagree.html (6 of 7) [1/21/2009 3:45:24 PM]



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

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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Chapter 1: Alfalfa

Chapter 1: Alfalfa

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 a
farm value approaching $2 billion in 1969. One-half million acres were also devoted to
the production of over 100 millions pounds of afalfa 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.

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, athough 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 afalfa, 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 a. (1959), Taylor et al.
(1959), Bolton (1962), and Jones and Pomeroy (1962).

Plant:

Alfalfaisaperennia 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 terminates in araceme 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 alfalfa planted in 36-
inch rows, the plants 12 inches apart in the row. This spacing would require only afew
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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 alfalfaweevil 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 mgjor 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.

[gfx] FIGURE 31. - Origin, history, and breeding methods used in developing Ranger (A
136), awilt-resistant alfalfa cultivar. (Reproduced from Kehr 1959.)

| nflor escence;

The I/2-inch-long florets begin opening at the base of the 1-to 4- inch-long alfalfaraceme.
A week isusually 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 sexua 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 corollavaries from purple or violet through various shades of blue, green,
yellow, or cream, to white. A scale for visually classifying alfalfa flower color was
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proposed by Barnes (1972).

The sexual column is normally nonfunctional, unlessit is released from the keel. Once
released ("tripped"), it does not return to its former position within the keel like the
column in most other legumes. After release, if successful fertilization occurs, the ovules
in the ovary begin to develop, and atightly curled pod results. The number of curls,
varying from oneto 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 sexua 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; Zaleski 1956). The column is released
when the bee, in searching for nectar or pollen, inserts its proboscis into 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 istripped, the pollen is dusted upon the bee and is then carried to another
afafaflower. At the same time, pollen brought from another flower is accidentally
rubbed upon the stigma and cross- pollination results. In the field, less than 1 percent of
the self-tripped flowers produce seed, and most nontripped flowers fail to do so (Cooper
and Brink 1940, Tysdal 1946), although from time to time workers - for example, Carlson
(1930) - have reported seed set from nontripped flowers.

[gfx] FIGURE 32. - Alfafaflower 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

devel oping 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 a big 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 alarge number of open
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florets but few if any seed pods.
Honey Yield, Nectar Secretion, And Pollen Production:

Vansell (1941 ) showed that some alfalfa 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 al. 1971, Loper
1972). The significance of these compounds in honey bee behavior is under investigation.
Loper et a. (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 attractivenessto
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 alfalfa 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 dfalfaiscut for hay just as flowering starts, asis normally practiced, the beekeeper
getslittle or no afalfa honey. If the crop is left 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. As ageneral rule, one strong colony per acre
of seed alfalfa 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 alfalfa upon which to forage, the
colony strength diminishes rapidly. Alfalfa pollen is relished by many other species of
bees including the genera of Bombus, Halictus, Megachile, Melissodes, and Nomia.
Numerous observers have reported that honey bees collect alfalfa pollen more freely in the
Southwestern and Western States than in the Northeastern States. But 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, thisindicates a
potential of 5,000 pounds of seed per acre. Pedersen et al. (1956) showed that 46.7 percent
of the flowers can produce pods, indicating that aton of seed per acreis possible.
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Pollination Requiremtents:

As previously stated, the alfalfaflower 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 a second after the stigmais released from the keel, and before
it imbeds itself against the standard petal. Tysdal et al. (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 glass into 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 devices including 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 flowersto trip
and the cloth would hold the pollen in the air around the plants so that when tripping
occurred the stigmawould come in contact with the pollen. None of these methods proved
to be of practical value in increasing seed production, even though Lejeune and Olson
(1940) had shown that artificially tripped flowers set afew more seed than nontripped
Oones.

Of particular significance pertaining to selfed plants was the test by Tysdal et al. (1942)
that showed that production of forage from self- pollinated plants decreased rapidly in a
few generations to about athird of the former capability. This was further verified by
Wilsie (1958). Thisinformation 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 afalfa 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 produce only cross-
pollinated seed. Lovell (1924) then prophetically stated: "They can be disproven only by
statistical investigations in which it shall be shown that the honey bee trips alarge number
of flowers. . . in regions where afalfa produces alarge seed crop, and isfreely visited by
bees for nectar." This test was conducted more than two decades later (Utah Agr. Expt.
Sta. 1950).
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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
afafafield in Kansas, supplied with honey bees, produced twice as much seed as a
similar 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 leaf cutter bee or bumble bee
beneficial but honey bees of no value in tripping afalfaflowers. 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 alfalfa fields they must be valuable pollinators."

Gray (1925) was apparently the first to study the effect of caging flowering alfalfa plants
to exclude pollinating insects, and he showed that doing so reduced seed yields. In a
limited way, Megee and Kelty (1932) and Dwyer and Allman (1933), al'so 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 afalfa
freely. 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 generally.”
Jackman (1940) discounted the honey bee, but Pellett (1941) suggested that five colonies
of honey bees per acre might produce afull crop of alfalfa seed. Stephens (1942) also
indicated that honey bees were of value, and Rudnev (1941) showed that stimulative
feeding of colonies caused some increase in storage of pollen by coloniesin the vicinity of
afalfa Stimulative feeding has since been largely abandoned as impractical. Knowles
(1943) discounted the value of honey bees but gave credit to leafcutter bees; however, the
same year, Hollowell (1943) concluded that increasing honey beesin the alfalfafield
"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:

Before 1946, honey bees were attributed a minor role in the production of alfalfa seed,
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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 flowersin
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
leaf cutter bees (Megachile spp.). Honey bees collecting pollen from alfalfawere
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 foragersin 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 suffers little from competition with other plants for visits
from nectar collectors. It isnot 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 (19533, b; 1958) showed that nectar secretion of afalfainfluenced its
seed production. When large numbers of honey bees are concentrated on alfalfafields,
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 alfalfagrownin
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 his
review 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 Californiato 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 alfafafields to obtain honey crops.
Reports on the value of such honey bees to alfalfa were 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 asfive
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
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beekeeper.

Vansdll (1951 ) showed the value of a high concentration of honey beesin fields. In 1947,
a95-acrefield at Knights Landing, Calif., had 275 colonies distributed in small groups
within the field (2.9 colonies per acre), and the grower harvested 560 pounds of recleaned
seed. A 200-acrefield 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, Cdlif., 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 colonies in 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 especialy heavy set was obtained from plants within 100 yards of the colonies." With
the grower obtaining 150 or more pounds of afalfa 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 alarge 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
bees for 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 alfalfawere understood. It also 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 al. 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 afalfafields
became an accepted practice in the early 1950's (Townsend et al. 1956) and has continued
to the present. This practice is responsible for producing the bulk of the alfalfa seed (Doull
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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.

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 a. 1960, Kropacova 1964). Levin and Glowska-K onopacka
(1963) showed that increasing the numbers of coloniesin the groupsin 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 1/10-mile intervalsin 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 almost
half a century ago. At that time, the beekeeper expected his coloniesto improvein
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 alfalfa seed 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 afalfa
has also been reported by scores of researchers (Bohart 1947, 1952*,1958b; Bohart and
Knowlton 19523, 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
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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 alfalfa fields. Recent studies,
however (Bohart 1958a, 1962b), have shown that at |east two species of wild bees, the
alkali bee and the leafcutter bee, can also be transported and manipulated for the
pollination of alfalfaon acommercia 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 a. (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 bees in pollinating afalfa. Their primary motive in visiting the flowersis to collect
pollen to provision the nest for their young, and they show a preference for alfalfa pollen.
By contrast, the honey bee, if given achoice, visits the alfalfaflower 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 al. 1960). Once established, a
favorable 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
areinstinctively gregarious, that is, they nest close together, sometimes with as many as
100 nest entrances per square foot. The foraging range of the alkali beeis similar to that of
the honey bee. This beeis much lesslikely 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 adesired 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 |eafcutter bees do not forage as far
afield as honey bees, so the boards must be distributed at close intervalsin the alfalfa
field. The bees are not aggressive and can be handled without protection from stings.
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L eafcutter bees, like honey bees, can be transported and established wherever desired and
are quite effective as pollinators of alfalfaaslong 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. Leafcutter bees, again like alkali bees, forage freely on alfalfa
pollen, with which they provision their nests. They require nesting holes of a rather
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 containers in the field where the adults can emerge at the nesting site when
desired. Leafcutter 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 afalfa.

In the pollination of alfalfa, honey bees, |eafcutter 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-quality seed. The mgjority of the western alfalfa seed producers now
use either honey bees, leafcutter bees, akali 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 pupaein cells) or with
the cellsintact in the prepared holes in boards. The grower usually prepares his own akali
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 leafcutter bee nests, or
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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 alfalfa,
or 2,000 female alkali 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 pollinators in the field. 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 alter 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 all 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 akali bees are used, an equivalent of about 40 ft2 of awell- populated nesting site
should be provided per acre of alfalfa. 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 1 to 5 gallons of pupae should be placed for emergence, and nesting holes should
be supplied on each 4 acres of afafa. The nesting areas should be protected from hot sun,
rain or irrigation water, parasites, and predators. There should be one female leafcutter per

5yd” of alfalfaflowers (Bohart 1967).

More on Alfalfa Pollination

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

LITERATURE CITED:
ATCHER, L. C.
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ALMOND
Prunus amygdalus Batsch, family Rosaceae

Almond production in the United Statesis limited almost exclusively to California, which
produces more than one-third of the world supply of almonds (Anonymous 1969b). In
1971, 169,000 acres of bearing trees were reported.

The average annual production in the United States for 1958-68 was 740 pounds of meat
(the edible portion of the fruit) per acre, ranging from 568.5 to 944.4 |b/acre (Anonymous
1969a). The 1970 farm value of the crop was $80.1 million.

Plant:

The deciduous almond resembles the peach in its general size, manner of growth,
blossoms, and leaves. The blossoms, however, appear earlier in the spring than peach
blossoms, usually before the leaves develop. The fruit also resembles the peach in
structure, the thin leathery inedible hull (mesocarp) corresponding to the flesh of the
peach (Kester 1969). This hull splits at maturity, revealing the usually thin shell with its
edible kernel (meat) inside. Thus, we eat the flesh of the peach and discard the pit and
enclosed kernel, while the hull of the almond is discarded and the kernel of thenut is
eaten. This may be consumed raw, roasted, or toasted, whole or sliced, alone, or in candy,
confections, or prepared dishes.

An amond tree may remain in production 50 years or more. The trees are usually planted
20 to 30 feet apart. Because of the self- incompatibility of commercial cultivars, the
orchards are usually planted with two rows of the main cultivar and one of the pollenizer
cultivars. Almonds prosper where summer temperatures are hot and dry, but they require
chilling during dormancy, with a minimum of freezing weather after mid-February.
Immature fruit may be killed at 31deg F. During flowering, fair weather with daytime
temperatures above 57 deg is essential to permit flight of pollinating insects. For these
reasons, the areain the United States where almonds can be successfully grown is limited
primarily to the Sacramento and San Joaquin Valleys of California

‘Nonpareil' is planted more than any other cultivar and accounts for more than half of the
almond production. The 'Kapareil’, developed and deriving its name from the 'Eureka’ and
the 'Nonpareil’, is agood pollenizer for the ‘Nonpareil' (Kester et al. 1963). The
‘Nonpareil' shell isthin (shelling 60 to 70 percent meat), and the nuts ripen in late August
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or early September. The 'Texas or 'Texas Prolific' is the second most important cultivar. It
shells only 40 to 45 percent meat, blooms several daysto 1 week after 'Nonpareil,' and
ripensin late September or October. Other cultivars include the following (Griggs 1970*,
p. 186):

Early
1.X.L., 10 '‘Jordanol o', 'Ne Plus Ultra, 'Peerless.

Mid-season
'‘Cressey’, 'Davey’, 'Drake, 'Kapareil', 'Merced', 'Nonpareil', 'Norman', 'Paxman’, 'Price
Cluster', 'Profuse’, 'Vesta.

Late
‘Ballico’, 'Butte', 'Emerald’, 'Empire’, 'Mission' (‘Texas), 'Ripon', 'Ruby’, "Thompson',
‘Tioga, 'Wawonal', 'Y osemite'.

Very Late
‘Tardy Nonpareil.'

10"Jordanolo', '1.X.L.', and 'Drake' are no longer being planted, but there are significant acreages
of bearing trees of these cultibvars.

I nflor escence:

The 1- to 11/2-inch almond flower has a single pistil with two ovules (fig. 35). One or
both of the ovules may develop into fruits, however, a"double" is not desired in
commercial production. The ovary isin afloral cup formed by the green bracts, the five
pinkish petals, and the 10 to 30 stamens. Nectar is secreted within the cup. The pollen,
which is not windblown, is produced on the anthers that loosely surround the stigma. The
abundant flowers open from late January to late March (Vansell and Griggs 1952*,
Vansell and DeOng 1925), but primarily from mid-February to mid-March. The crop is
harvested in the fall.

Honey bees visit the flowers eagerly for both nectar and pollen.Honey produced from
amondsis of poor quality and when harvested from the hive is used in the bakery trade. It
isusually left in the hive as feed for the bees. The nectar and pollen stimulate honey bee
brood-rearing. Nectar foragers are active on amonds throughout the day if weather
permits, but pollen foragers are most active during midday. The honey bee is the primary
insect visitor to aimond flowers.

[gfx] FIGURE 35. - Longitudinal section of ‘Mission' (Texas) almond flower, x 6.
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Pollination Requirements:

The amond flower is self-incompatible. A pollen tube of aflower of the same tree, the
same cultivar, and sometimes of certain other cultivars, will not grow down the style
(Kester 1969). Hatch (1886) noted that trees of the 'Languedoc’ cultivar near seedling trees
of other parentages always produced heavier crops than when in solid blocks. According
to Griggs and Iwakiri (1964), al aimond cultivars grown in California require cross-
pollination to produce a crop. These authors also stated that under weather conditions
favorable for honey bee flight the individual flower is most receptive to cross-pollination
the day following opening and remains decreasingly receptive the next 3 or 4 days.
Flowers not cross-pollinated shed in about a month (Kester and Griggs 1 959a). A few
pairs of almond cultivars are cross-incompatible. If agrower wants to grow these, he
should plant at least one other cultivar as a pollenizer (Griggs 1970*).

A profitable ailmond crop depends upon the cross-pollination of practically all flowers.
The grower wants the heaviest possible set of almonds, because there is no fruit-thinning
problem and nuts with small kernels are in greatest demand (Griggs 1953*). (By
comparison, 5 percent of the blossoms on an apple tree can produce an economic yield.)
The failure of any almond flowers to be cross-pollinated reduces yield by just that much.
Only the bees that carry pollen from aflower of one cultivar to another receptive flower
contribute to fruit-set. Not all flowers set, and several must be cross-pollinated for every
almond expected (Kester 1958). To obtain a maximum crop of almonds, essentially 100
percent of the flowers must be cross-pollinated (Kester and Griggs 1959b). The bee
population should therefore be sufficiently heavy that repeated visits to every flower occur
and the bees must "shop around;" that is, they should not only visit many flowers on one
tree but also must visit between cultivars to obtain their loads of nectar and pollen. In this
way, the pollen is spread from one tree to another to the maximum extent.

Pollinators:

The honey bee is practically the only pollinating insect of economic importance on
almonds, and growers throughout the world have been urged to useit (Ferreresin Mexico,
1947; Gagnard in Algeria, 1954; Griggsin California, 1970* ; Muttoo in India, 1950;
Purdie and Winn in Australia, 1964, 1965). The importance of a heavy honey bee
population cannot be overemphasized. Almond blossoming occurs when days are short
and cool, other pollinators are absent, and the honey bee colonies are frequently in their
weakest condition of the year. The weather is most likely to be unsettled, and
temperatures often restrict bee activity to 1 to 3 hours at midday.

Although only 1 grain of pollen is theoretically necessary to set an amond fruit (Tufts
1919), the pollen must come from another compatible cultivar at just the right time. Bees
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often visit scores of blossoms on atree before moving to another if nectar or pollenis
plentiful, yet maximum transfer of the pollen between appropriate treesis necessary. This
calls for a heavy bee concentration on the trees. An orchard with a bee population that
permits the colonies to store surplus almond honey would be questionably low for
maximum pollination and maximum almond production. The more abeeisforced to
"shop around" between trees to acquire aload of food, the more effective it becomes as a
pollenizer of amonds.

As pointed out by Brittain (1933), the adjoining acreages can influence forager
effectiveness, so that the area within one-half mile or so, and not only the orchard alone,
must be considered the unit when calculating the pollinator force necessary for the
orchard.

Most amond growers recognize that cross-pollination by beesis essential, and they make
some effort to provide this service to the flowers. Frequently, too few colonies are
obtained, they are not sufficiently populousin field bees, they are not properly distributed
for maximum efficiency in visiting all flowers, or the bees become damaged by pesticides
before their services on the crop are completed. Sometimes, only afew weak colonies
near the orchard are depended upon to set the amond crop rather than the adequate
number of populous colonies distributed uniformly throughout the orchard. Frequently,
"bargain prices' are paid for truck loads of 100 or more colonies unloaded in one easily
accessible place (for the beekeeper), and where the bees have a choice of other than
almond flowers to visit.

Sometimes, the grower is unable to locate an uncommitted beekeeper or one who wantsto
supply bees. Such a situation was recognized in 1970 when growers were told
(Anonymous 1970) that bees were scarce due to pesticide |osses and the reluctance of
beekeepers to supply bees for pollination. The growers were further told that the situation
was likely to continue; therefore, they should consider contracts for 1971 and even future
years to assure themselves of bees.

The most serious problems appear to be (1) the low rental fee which is established largely
by the beekeeping industry itself, (2) colonies of inadequate strength, and (3) colonies not
strategically placed or properly serviced to provide adequate pollination. The beekeeper
tends to feel that higher pollination fees would only invite competition by other
beekeepers. He therefore charges little if any more than the $5 to $10 recommended 40
years ago (Phillips 1930). The statistics indicate that there are not sufficient mobile
coloniesin Californiaor in nearby adjoining states to satisfactorily pollinate the current
almond orchards.

Pollination Recommendations and Pr actices:
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The literature on almond pollination leaves no doubt about the need for an ample supply
of beesto pollinate the flowers. There is no other choice than to have honey bees perform
this task. The question is one of quantificationNhow many bees?

Vansell and Griggs (1952*) recommended that there be either one pollenizer row of trees
for every three rows of the main variety, or two rows of pollenizer trees for each two of
the main variety. Then they recommended that two to three strong colonies of honey bees
be used per acre. Woodrow (1932), Purdie and Winn (1964), and Sheesley and Poduska
(19704, b, c) showed that strong colonies were much more effective than weak ones,
particularly at lower temperatures, such as those likely to occur during almond blossom
time.

Griggs et a. (1952*) counted 20 to 30 bees on each of two almond trees caged with a
colony of honey bees. The weather was favorable for bee activity at the time the counts
were made. Griggs and Iwakiri (1960) counted 150 to 200 bees per tree in the open, which
they considered fair to good bee activity. There were seven colonies per acre (half of them
were weak, half were strong) supplied to the orchard in which the counts were made.

The studies indicate that at least two to three strong colonies per acre may be required for
maximum production of almonds. The colonies should be distributed within the orchard in
small groups one-tenth mile apart. Each colony should have at least 800 in2 of brood and
acluster of beesthat covers most of the frames in atwo-story deep-frame hive. The
colonies should be in the orchard at the beginning of flowering and should remain until
flowering on the main cultivar has ended.

Whether more colonies per acre or closer placement of the groups of colonies within the
field will result in greater net increase to the grower has not been determined. In the San
Joaguin Valley of California, acommonly held ideais that almond production at bloom
time can be increased more with less investment by having adequate bees than with any
other expenditure, all other factors being equal. In general, this would indicate that not
enough colonies are being used for maximum production of almonds.
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ALSIKE CLOVER1!
Trifolium hybridum L., family Leguminosae

Alsike clover has been an important summer legume in north central and Northeastern
United States; however, it is being replaced by afalfa. A small amount of seed is
produced in the Pacific Northwest. Most of the seed that we use comes from Canada. In
1969, we imported 3,715,000 pounds, most of which was probably used in mixed pasture
planting.

11 See "Clovers General, " p. 158.
Plant:

Alsike clover isaperennial but usually grows as a biennial, and in some situations it
behaves as an annual. It isintermediate in size between white and red clover. Many
smooth stems, bearing smooth trifoliate leaves, arise from its crown. The noncreeping
stems may grow to aheight of 5 feet but usually reach about 2 feet. They bear flower
heads along their entire length, the youngest always toward the top. It isagood hay,
pasture, and green manure crop, and like other legumes, it improves the soil and
contributes to reduced soil erosion.

I nflor escence:

The flower head of alsike clover is made up of many florets and is similar to the more
common white clover, although there may be four times as many heads per square yard as
are normally found on white clover. The florets on some heads are pink, on others they are
white, and on some they are both pink and white. This variation in flower color led to an
earlier belief that alsike was a cross between red and white clover, hence the scientific
name hybridum.

A floret will produce two to three seeds. Flower heads with 100 seeds indicate a good seed
crop. The flowers are quite attractive to bees, especially honey bees, for the nectar and
pollen. Pellett (1923) stated that some beekeepers estimated that alsike clover might
produce 500 pounds of honey per acre in good seasons. This seems abnormally high but
Indicates the importance beekeepers attach to this crop as a source of honey. Holmes
(1960) noted that boron favorably influenced nectar secretion in asike clover, but
apparently thisinformation has not been used to increase seed production.
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Pollination Requirements:

The florets are largely self-incompatible so they must receive pollen from another plant to
produce seed (Pieters and Hollowell 1937). In Ohio, Dunham (1939) showed that three
cultivars set only 0.4 to 5.5 seeds per head when selfed, 3.4 seeds per head when wind
pollinated, and 120 to 125 seeds per head in a cage with bees. Open plots had 2.6 to 90.4
seeds per head. He calculated that the seed yielding capacity of afield with 1,000 heads
per square yard, averaging 50 seeds per head, would be 350 pounds per acre, 90 seeds per
head would produce 625 Ib/acre and with 120 seeds per head the yield would be 825 b/
acre.

In Oregon, Scullen (1956*) reported 5.1 seeds per head where bees were excluded but
69.2 seeds per head where bees had access to them. (About 500 |b/acre, according to
Dunham'’s (1939) method of calculation.) Oregon averages 300 to 415 |b/acre, but
occasiona phenomenal yields of 1,000 |b/acre are obtained. The overall United States
average is about 140 Ib/acre (Wheeler and Hill 1957*). Evidently, seed production in most
areas could be significantly increased with adequate pollination.

Pollinators:

Few detailed studies have been made on the insect pollinators of alsike clover. Megee and
Kelty (1932) concluded that the honey bee was an effective pollinator on alsike clover in
Michigan. Dunham (1957) studied alsike clover seed setting for a number of yearsin an
area of Ohio where intensive farming was practiced. He found that native bees set only 1.5
to 3 percent of the seeds. Valle (1960) reported that in Finland the honey bee was a much
more important pollinator of alsike clover than bumble bees. According to Pankiw and
Elliott (1959), the honey bee isthe primary pollinator of alsike clover in western Canada.
They found that fields with higher populations of pollinators matured earlier aswell as
produced more seed. Harrison et al. (1945) concluded that honey bees were essential to
alsike clover in Michigan. Tucker et al. (1958) reported that honey bees comprised 93 to
99 percent of the pollinating insects on asike clover in Minnesota. Smith (1960) stated
that honey bees represent 83 percent of the total pollinator population on alsike fields in
southern Ontario.

Pankiw and Elliott (1959) stated that honey bees are excellent pollinators of alsike clover
and that they visited the florets at the rate of 18.7 per minute, as compared to 20.0 per
minute for leafcutter bees, and 28.6 per minute for bumble bees. Fischer (1954) reported
that honey bees will leave alsike for sweetclover. Wahlin (1962) observed that when
widespread cultivation of oil plants occurred in the red and alsike clover seed growing
area of Sweden, the bees visited these crops, which resulted in areduced clover seed
harvest.
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Holdawav et al. (1957) in three observations over 2 years obtained yields of 15, 20, and 20
pounds of seed per acre without insect pollination; 102, 207, and 368 |b/acre with insect
pollination, no harmful insect control and no fertilizer added; and 685, 691, and 808
pounds of seed per acre with pollination, harmful insect control, and the addition of
phosphorus and potash fertilizers. They recommended at |east two colonies per acre, the
colonies placed at the edge of the field.

Studies have established that the honey bee is the primary insect pollinator of alsike clover
and its activity accounts for the bulk of the seed produced. Evidently, seed production of
this crop can be significantly increased over current commercial averagesif honey bees
are present in adequate numbers.

Pollination Recommendations and Pr actices:

Pankiw and Elliott (1959) recommended one colony of honey bees per acre of alsike
clover for fields of 50 acres or more but up to three colonies per acre for smaller fields.
They obtained about 375 pounds of seed per acre with a bee population of about three-
quarters of abee per square yard. Smith (1960) recommended two to three colonies per
acre with the colonies placed in or closeto the field. Holdaway et al. (1957) recommended
at least two colonies per acre. Tucker et al. (1958) concluded that seed yields were
increased about 260 |b/acre for each colony per acre. They calculated that one bee per 3
yd2 set 175 pounds of seed per acre, but one bee per square yard set 800 pounds of seed
per acre. The number of colonies per acre necessary to provide the one bee per square
yard was not indicated.

Dunham (1938) thought that the number of colonies necessary to provide maximum
pollination of alsike might be so great it would make the renting of bees prohibitive. No
study has been made to determine this factor. The dataindicate, however, that the alsike
seed grower can afford to and should obtain several colonies per acre at current colony
rental prices (see "Pollination Agreements and Services").
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ARROWLEAF CLOVER12
Trifolium vesiculosum Savi, family Leguminosae

Arrowleaf clover isawinter annual clover adapted to well-drained soils in most areas of
coastal Georgiato Mississippi whereit isgrown on alimited scale.

Plant:

Arrowleaf clover may grow 20 to 28 inches tall with stemsto 40 incheslong. Although it
is later in maturity and produces less during the winter and early spring, it exceeds
crimson clover in annual forage yield. There are several cultivarsincluding

'‘Amclo’ (Beaty et al. 1963), 'Y uchi' (Hoveland 1967), and 'Meechee' (Knight et al. 1969).
The'Yuchi' cv. is productive for 2 months longer in the spring than crimson clover,
tolerant to drought, and resistant to the alfalfa weevil and the cloverhead weevil
(Hoveland et al. 1969). It is not adapted to alkaline soils.

I nflor escence:

The white flower head, which turns to pink and then purple, is conical, 2 inches or more
long by 1 1/4 inches across, and consists of 50 to 170 florets. Each floret is capable of
producing two to three seeds. The Y uchi' cv. flowers from May to July (Hoveland et al.
1969). Seed yields of 100 to 500 Ib/acre have been reported.

Pollination Requirements:
Hoveland et al. (1969) stated that bees are essentia for pollinating arrowleaf clover.
Pollinators:

Apparently, honey bees are good pollinators of arrowleaf clover, just asthey are for many
other clovers.

Pollination Recommendations:

According to Hoveland et al. (1969), one colony of honey beesis recommended per acre,
but no data are given to support this recommendation.
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12 See "Clovers, General," p. 158.
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BALL CLOVER
Trifolium nigrescens Viv., family Leguminosae

Plant:

Ball clover is areseeding, annual, hollow-stem, creeping legume that does not root at the
nodes. It reaches 18 to 36 inches high, and resembles Persian clover. It isgrown to a
minor degree in the Gulf Coast States and has been grown as far north as Maryland and as
far inland as Missouri.

14 See "Clovers, General," p. 158.
I nflor escence:

The flowers are smaller than those of white clover, highly fragrant, and highly attractive
to bees. The flower heads have an average of 38 florets. Ball clover blooms over a period
of 7 to 8 weeks and has a high density of blooms (840/yd2 ). Perkins (1961) counted 2,285
full to partly open florets per square yard. He also

(1960) recorded 840 mature flower heads per square yard, compared with 315 white
clover and 300 crimson clover heads.

Ball clover is an excellent honey plant, and bees show a strong preference for it over other
true clovers. Other bees are also attracted to it.

Pollination Requirements:

Weaver and Weihing (1960) obtained more than 100 times as much seed from caged plots
with bees as from plots caged to exclude bees. They concluded that pollinating insects are
necessary for seed production. Perkins (1961) stated that Oball clover is self-fertile but,
like crimson, pollinators increase seed yields.O His observations indicated that because of
its attractiveness to honey bees there should be little trouble in getting beesto visit the
flowers. The desired visits per unit of flowers for maximum seed production are unknown.

Pollination Recomendations and Practices:

There are no recommendations for the use of pollinating insects on ball clover, nor isthere
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an indication that growers take steps to utilize such insect activity to obtain maximum
seed production.
LITERATURE CITED:

PERKINS, G.
1960. BALL CLOVER, TRIFOLIUM NIGRESCENS. Gleanings Bee Cult. 88: 684-685,
701.

1961a. MORE ABOUT BALL CLOVER. Gleanings Bee Cult. 89: 92, 123.

1961b. BALL CLOVER - LOOKS PROMISING FOR A SOUTHERN BEE
PASTURE Gleanings Bee Cult. 89: 614-615.

WEAVER, N., and WEIHING R. M
1960. POLLINATION OF SEVERAL CLOVERSBY HONEY BEES. Agron. Jour. 52:
183-185.

file:///E}/Jason/book/chap3/ball.html (2 of 2) [1/21/2009 3:45:35 PM]



Chapter 3: Clover and Some Relatives

Chapter 3: Clover and Some Relatives

BERSEEM CLOVER16
Trifolium alexandrinum L., family Leguminosae

Berseem, or Egyptian clover, isalittle-known legume in the United States. It isgrown to a
small extent in southern California, Arizona, Texas, and in other States near the Gulf of
Mexico where freezing rarely occurs (Wheeler and Hill 1957*). Temperatures below 25;

F are frequently fatal to berseem plants (Bashaw and Riewe 1955).

16 See "Clovers, General," p. 158
Plant:

Berseem is an erect, 18- to 36-inch, nonreseeding, cool-season, hollow-stem, annual
clover, recognizable by itstypical cloverlike appearance (Kretschmer 1964). It is a heavy
forage producer and grows extremely fast in the mild winter areas. It is grown primarily
for its succulent, high-quality forage, which cattle prefer over alfalfa. Hassanein (1953)
considered berseem to be the most important forage crop in Egypt. It grows from October
to May but produces forage principally from December to March. Seed yields vary from
150 to 500 Ib/acre (Wheeler and Hill 1957*).

I nflor escence:

The round to oblong yellowish heads, similar in size and structure to white clover heads,
appear shortly after the first of the year. The florets (fig. 50) form one seed each. Berseem
is highly attractive to bees, which visit it avidly for nectar and pollen. It sets seed
abundantly, more than 70 per head, if pollinating insects are present (Narayanan et al.
1961). Unlike alfalfa, the most vigorous berseem plants set the most seed (Kennedy and
Mackie 1925).

Pollination Requirements:

For such aminor crop, the pollination of berseem is quite well established. Chowdhury et
al. (1966) stated that it is self-compatible, but tripping is essential for seed set. They stated
that wind was an important pollinating agent but presented no data to support this
statement. Shamel (1905) reported that bees are absolutely necessary for pollination. This
has been verified with caged and open plots by Hassanein (1953), Latif (1956), and
Narayanan et a. (1961). The reports leave little doubt that insect pollination is absolutely
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necessary for profitable seed production. Narayanan et al. (1961) obtained from 19.58 to
70.54 seeds per head of open pollinated berseem plants but only 0.27 to 0.64 seed per
head where insects were excluded by 16-mesh wire gauze cages.

Pollinators:

Honey bees are the primary pollinators of berseem. They collect both nectar and pollen
(Narayanan et al. 1961).

Pollination Recomendations and Practices:

There are no recommendations on the use of insect pollinators on berseem. Considering
its flowering characteristics, the absolute necessity of bees in its pollination, and the time
of year it blooms, the equivalent of two to four bees per square yard should be sufficient
to set a maximum crop of seed.
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BLACK MEDIC OR YELLOW TREFOIL
Medicago lupulina L., family Leguminosae

Black medic or yellow trefoil, a near relative of alfalfa and burclover, iswidely distributed
in the South but is seldom abundant in one location.

Plant:

The annual or biennial plant that reseeds readily has slender, finely pubescent,
procumbent stems from a few inches to two feet long, with hairy leaflets /4 to 3/4 inch
long. It isan introduced yellow-flowered European legume that has escaped in waste
places throughout the country (Graham 1941* , Martin and Leonard 1949*).

I nflor escence:

Black medic bears small, bright-yellow flowers in dense heads, 1/2 inch or lessin length.
The mechanism of the small (2 mm) flower issimilar to that of afafa. Aninsect visit
causes the sexual column to trip, but, unlike the alfalfa sexual column, it does not return to
its original position in the keel when the pressure is removed.

Pollination Requirements:

Bohart (1960*) stated that black medic is self-fertile and self- pollinating and thus has no
need for pollinating insects.

Knuth (1908*, p. 279 - 280) also stated that automatic self- pollination takes place readily,
but that it isfar less productive than cross-pollination. Apparently, like ball and crimson
clover, black medic will set seed in selfed flowers, but more seeds will set if crossing
occurs. Todd (1957*) listed black medic as a crop whose seed production isincreased by
bees.

Hartwig (1953) stated that florets were more likely to be fertilized if visited by insects.
Pollinators:

Honey bees are the chief visitors to black medic flowers. They visit afew flowers on an
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inflorescence then move to other inflorescences, thereby increasing possible crossing.
Many other bees are of some value as pollinators.

Pollination Recommendations and Pr actices:

No recommendations have been made for use of insect pollinators on black medic;
however, the meager data available indicate that many bees are needed for maximum seed
production.
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CIDER MILKVETCH
Astragalus cider L., family Leguminosae

Cider milkvetch offers possibilities as a good pasture crop in the irrigated and dryland
areasin the Great Plains and Western States. Apparently, it is not grown commercially,
although Hafenrichter et al. (1968) considered it superior to afalfa. Townsend (1970)
pointed out that there is a scanty information on this crop.

Plant:

Cider milkvetch isaperennial legume, 2 to 3 feet tall, that spreads by rhizomes. In growth
characteristic, it varies from decumbent to prostrate. Like most of the members of
Astragalus, it iswell adapted to arid conditions (Bleak 1969). Although little work has
been done on Astragalus spp., it is known that some species are useful honey plants,
whereas other species are poisonous to bees and livestock (McKee and Pieters 1 937).

I nflor escence:

Thetypica papilionaceous flowers of yellow or purple arein axillary racemes or heads
with many ovules. At Fort Collins, Colo., flowering occurs during June and July
(Townsend 1970).

Pollination Requirements:

Townsend (1971a) reported good seed-set on open-pollinated cicer milkvetch plants at
Fort Collins but obtained no seed from 1,400 non- manipulated florets on plantsin a
growth chamber (1971b). Those that were manipul ated set 5.29 seeds per raceme, whereas
the open-pollinated racemes set 100 to 300 seeds each. In personal communication (1971),
Townsend stated that in his opinion little seed would be set on A. cicer in the field without
insect pollinators.

The Gifu (Japan) Agricultural Experiment Station (1954) conducted a test on the value of
honey bees in the pollination and seed setting of a species referred to as A. sinensis. Seed
production in cages where bees were excluded was only about 70 Ib/acre; in cages with
honey bees it was amost doubled, 130 Ib/acre, and in open plots, 980 Ib/acre. The reason
for the great difference between caged and open plots was likely due to the cage effect.
The relation between the pollination requirements of A. cicer and A. sinensisis not clear.
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If A. cicer developsinto acrop of importance, its need for and importance of insect
pollination should be established.

Pollinators:

Honey bees appear to be satisfactory pollinators of A. sinensis. Their value on A. cicer is
unknown but should be determined.

Pollination Recommendations and Pr actices:
None.
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CLOVERS, GENERAL
Family Leguminosae

Numerous species of plantsin different genera of the family Leguminosae are called
clover. They have certain characteristics in common. The leaf is normally composed of
three leaflets. The papilionaceous (butterfly-like) or pealike floret of the flower head
consists of alarge dorsal standard petal, two lateral wing petals, and two lower keel petals.
It usually has 10 stamens, one of which is free and the other nine united, that form atube
enclosing the long ovary. The flower trips exposing the stigma, which returnsto its
original position after pressure on the petalsis removed. The plants have the ability to take
nitrogen from the air and, by Rhizobium fixation, store it within nodules on the roots. This
contributes to the value of the plant to the soil. The plants provide excellent forage for
livestock, and they help in erosion control. Many of the species are good sources of honey
and pollen for bees.

The United States Government considers legume crops so important that in 1946, when
seed stocks were in short supply, Congress appropriated funds to encourage the harvesting
of seeds of these crops (Johnson and Loomer 1948).

The hay crop from clover and clover mixtures in 1969 was harvested from slightly more
than 13 million acres.

There are about 250 species of Trifolium, the True Clovers, but only four make up the
bulk of the acreage. They are alsike clover (T. hybridum L.), crimson clover (T.
incarnatumL.), red clover (T. pratense L.), and white clover (T. repensL.).

There are about 20 species of Méelilotus, the sweetclovers, but only three species make up
the bulk of the acreage. They are biennial yellow sweetclover (M. officinalis (L.) Lam.),
biennial white sweetclover (M. alba Desr.), the annual white subspecies (M. a. var. annua
Coe), and yellow annual sourclover or sour sweetclover (M. indica (L.) All.).

There are about 65 species of Medicago, some species of which are referred to as clover,
for example, the burclovers, two species of which are important. They are toothed
burclover (M. hispida Gaertn.) and spotted burclover (M. arabica Huds.). Alfalfa (M.
sativa L.) isthe most important species.

There are 16 species of Alysicarpus, or Alyce clover, which is not a True Clover, but none
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are of great economic importance.

There are about 70 species of Lespedeza or bush clover, severa of which are of economic
importance.

Weaver and Welhing (1960) concluded, with limited cage tests, that pollinating insects
were essential for adequate seed production of the experimental species Trifolium
isthmocar pum Brot., T. michelianum Savi, T. pallidum Waldst. & Kit., and T.
xerocephalum Fenzl.

A memorandum to USDA cooperators, from R. C. Leffel (USDA, Clover Investigations,
1971), listed the following cultivars of clover available for agronomic evaluation: Cluster
clover (T. glomeratumL.), Kuraclover (T. ambiguum Bieb.), Lappa clover (T. lappaceum
L.), Large Hop clover (T. campestre Schreb.), Small Hop clover (T. dubium Sibth.), and
Striate clover (T. striatumL.). Leffel mentioned that other species may also be present in
agronomists' test plots, but none are currently grown commercially. Their pollination
requirements are unknown but should definitely be evaluated by the agronomists along
with their other characteristics, if release of the speciesfor commercial production appears
likely.

The important species of these different genera that are known to be dependent upon or
benefited by insect pollination are discussed as separate crops herein.
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CRIMSON CLOVER?26
TrifoliumincarnatumL., family Leguminosae

Crimson clover is an important and colorful winter annual legume in the South and is
grown to some extent on the Pacific coast, where winters are mild. It isalso grownin
some Northern States as a summer annual. Alabama, Georgia, and Tennessee, in that
order, were the leading producers of crimson clover seed, but most of it is now produced
in Oregon. More than 2.5 million pounds were produced in 1970.

Compared to other clovers, crimson clover is aheavy producer of seed. Yields of 300 to
600 pounds per acre are common, and yields of 1,000 to 1,200 pounds have been obtained
(Wheeler and Hill 1957*).

26 Sea"Clovers, General ."
Plant:

Crimson clover grows erect to about 2 feet tall, and is easily recognized by its crimson
flowers that are about 2 incheslong by 1 inch wide. It resembles red clover, but its leaves
have a more rounded tip, and both the stems and |eaves have more hair on them than does
red clover. It isusually sown and develops a crown of growth in the fall. In the spring,
fresh stems form, then terminate in the long, pointed flower head. Flowering in the South
occursin April. The seeds develop, then with the coming of summer weather, the plant
dies.

The plant iswidely used as forage, pasture, green manure, and an erosion control plant. It

has the advantage of producing large quantities of seed that can be, easily harvested and
planted without the use of expensive equipment (Hollowell 1938).

| nflor escence:

The 65 to 125 crimson florets that make up the colorful crimson clover head are typically
Trifolium and roughly 5/8 inch long by 1/8 inch wide. Weaver and Ford (1953) recorded
96 florets per flower head and estimated roughly 2 million flower heads per acre. Amos
(1950) estimated 200 million florets per acre.

Knight and Green (1957) stated that although honey bees are attracted to crimson clover
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they have difficulty in forcing their mouth parts into the floret. The bee trips the floret
whether nectar or pollen is collected. Knight (1969) found that an apetal ous male-sterile
selection was unattractive to bees.

Girardeau (1958), Lovell (1926), and Pellett (1947*) rated crimson clover high as a honey
plant. The quality of honey produced is excellent. Girardeau (1954) stated that when bees
forage on crimson clover they do not crowd their broodnest with honey. Girardeau (I 958)
observed that bees collected nectar from crimson clover primarily in the mornings and
pollen in the afternoons. Thisis exceptional because most plants that attract bees for
pollen do so in the forenoons. The pollen is collected in large amounts and this, also, is
unusual for leguminous plants. Girardeau (1958) also noticed that cells filled with crimson
clover pollen were scattered throughout the honey storage area instead of being
concentrated around the broodnest, and that colonies foraging on this crop swarmed
excessively. No reasons were determined for these behavioria differences.

Pollination Requirements:

The crimson clover floret is self-fertile but is not self-tripping (USDA 1967), therefore
pollinating insects are required for profitable seed production (Pieters and Hollowell
1934). The flower is easily tripped. After tripping and release of pressure on the keel petal
by the bee, the staminal column returnsto its original position. No data have been
obtained on the value of repeated bee visitsto afloret. If the floret is pollinated, it withers
within aday's time; but if not pollinated, it will remain fresh-looking for about 2 weeks.
This characteristic contributes to the flower-garden appearance of a poorly pollinated field
and the dull appearance of awell-pollinated field (Knight and Green 1957).

Pollinators:

There seems little doubt that honey bees are the primary pollinators of crimson clover.
Knight and Green (1957) stated that wild bees, such as bumble bees, do not pollinate
much crimson clover. They accredited wind and rain with 13 to 20 percent of the
pollination in the open. Scullen (1956*) observed that the flowers were attractive to
bumbl e bees and some species of wild beesin Oregon, but in general he indicated that
they alone were insufficient. Girardeau (1958) found that because of the early flowering
of crimson clover in the spring in Georgia, few bees other than honey bees were activein
the field. Beckham and Girardeau (1954) reported that about 2 percent of the beesin the
field were bumble bees, the rest honey bees.

Weaver and Ford (1953) stated that virtually all of the pollination seemed to have been
performed by honey bees. Blake (1955) reported that pods containing seeds and seed
yields were always higher near apiaries. Hollowell (1947) stated that bees were effective
as tripping agents and in the transfer of pollen from flower to flower, with a consequent
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increase in the number of seeds per head. Wheeler and Hill (1957*) stated that placing
colonies of bees near fields has increased yields in some cases up to 1,000 to 1,200 |b/
acre.

The effect of honey bees as pollinators has aso been established with cage tests. Amos
(1950,1951) obtained only 2.64 g of seed from 50 crimson clover heads caged under 2-,
4-, or 16-mesh per inch screen to exclude various types of bees, but harvested 6.36 g per
50 heads exposed to one colony of honey bees per acre. Scullen (1956*) obtained five
seeds per head excluded from bees, but 69 seeds per head available to bees. Beckham and
Girardeau (1954) harvested 130 |b/acre from caged plots but 491 Ib/acre from open fields
supplied with one colony per acre. Blake (1958) obtained 1,019 Ib/acre with three colonies
per acre and best agronomic practices, again of more than 800 pounds over production
where bees were excluded. Killinger and Haynie (1952) harvested only 3 |b/acre in cages
where bees were excluded, 64 Ib/acre from cages with bees, and 105 |b/acre from open
plots. Weaver and Ford (1953) harvested 59 |b/acre from cages where bees were excluded,
233 |b/acre from bee cages, and 297 Ib/acre in open plots. (Eight colonies of bees were
one-half mile from the 4-acre experimental plot.)

Johnson and Nettles (1953) obtained 37 pounds of seed per acre in caged plots but 375 |b/

acre in the open field where there were 2.5 colonies of honey bees per acre. Vansell 27
reported that he obtained 5.08 seeds per head on caged crimson clover plotsin Oregon and
69.2 seeds per head in the open field. He stated that a 144-acre field in Hanford, Calif.,
supplied with three colonies of honey bees per acre produced 1,100 pounds of seed per
acre.

27 \VANSELL, G. H. POLLINATION STUDIES. U.S. Dept. Agr., Pacific States Bee Cult. Field
Lab., Davis, Calif., First Quart. Rpt. of Prog., p. 17. 1952. [ Processed.]

Pollination Recommendations and Pr actices:

The need for honey bees as pollinators in the production of crimson clover seed isfirmly
established. The number of beesrequired islessfirm. In Texas, Weaver and Ford (1953)
calculated that one colony of honey bees per acre should be sufficient to saturate any field
of crimson clover, providing there was not too much competition from other sources of
pollen and nectar. Pedersen et a. (1961) and Girardeau (1958) also recommended one
colony per acre. Killinger and Haynie (1952) recommended one colony per acre, but they
stated that some increase in seed production was obtained with up to five colonies per
acre. Blake (1958) recommended two colonies per acre in Alabama, and, when three
colonies per acre were used, the exceptionally good yield of 1,019 Ib/acre was obtained.
Hollowell and Knight (1962) recommended the placement of the colonies of honey bees
in or adjacent to the field, and they stated that, with good clover stands and good
pollination, yields of 1,000 to 1,200 pounds of seed per acre could be obtained.
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Weaver and Ford (1953) stated, "The clover itself gives areliable indication of whether
there are adequate numbers of pollinating insects in the field. When the blossoms are not
pollinated they remain open for about 2 weeks before they wither. Blossoms which are
pollinated, however, wither within aday. In the cages from which all insects are excluded,
the blossoms open in successive whorls from the bottom, and remain open until the entire
flower head is a solid mass of beautiful open florets. When adequate pollinating insects
are present, however, thereis a narrow whorl of open blossoms with buds above and
withered flowers below. A field with some pollinating insects, but in inadequate numbers,
has an "intermediate, or rather spotted appearance.”

Knight and Green (1957) stated that close proximity of afield to honey bee colonies does
not guarantee good pollination because of possible competition by other plants. They
offered a much better method of estimating pollinator populations - bee visitors on the
clover flowers. They believed that from two to three bees per 100 flower heads was an
adequate population for good pollination. The counts should be made between 10 am. and
3 p.m., on awarm day with the clover in full bloom. They warned that " Since the peak of
blooming and pollination is so short, it is often too late to get more bees when their need is
discovered and the counts may be of value only for the next year." The grower might be
wise to assure himself of ahigher bee population in the field before peak bloom to insure
adequate pollination at that time. By doing this, his field would never become a flower
garden but would yield the maximum crop of seed.
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CROWNVETCH
Coronillavaria L., family Leguminosae

Plant:

Crownvetch is a spreading, long-lived, winter-hardy, drought- tolerant, herbaceous
legume with angular stems that grow to a height of 2 to 3 feet during the blooming period,
after which the plant forms a dense mat about afoot deep. It will grow at fertility levels so
low that few other plants will normally survive. Its principal useisfor erosion control, soil
building, and ground cover (Hawk 1955, Musser et al. 1954, Richardson and Diseker
1963, and Richardson et al. 1963). It is especially valuable for holding banks along
highways. The stand improves with age and gradually chokes out other weeds. It isalso
used for its ornamental value on steep banks and hillsides (Grau 1962). The plant can be
established from seeds or crowns (Wheeler and Hill 1957*).

I nflor escence:

Crownvetch produces attractive rose, white, or pinkish-white flowers from June to
September. The inflorescence is a contracted raceme, and its flowers are a source of both
nectar and pollen, which bees gather. The nectar is not secreted in the usual place but on
the outside of the fleshy calyx, where it is sought out by bees (Muller 1883*). They alight
upon the petals in the normal manner and probe with their proboscis between the bases of
the petals to the outside of the flower for the nectar on the calyx (Knuth 1908*, p. 313,
and Muller 1883*). Anderson (1958) stated that the honey bee has to learn how to trip
crownvetch blossoms to obtain pollen, the primary attractiveness of the flowers, and,
incidentally, to pollinate the blossoms.

The bee straddles the lower section of the flower with its head facing the center of the
blossom; then with its two rear legs, the bee pushes the two sides of the blossom outward.
This pressure causes the cup of the flower to shorten and the anthers and stigmato snap
out where the pollen is available to the bee, and the stigma is exposed to pollination.
Anderson also stated (personal correspondence, 1970) that bees have been known to
starve on large acreages of crownvetch located in wooded areas of Pennsylvania

Coronilla, meaning "little crown," is derived from the 202 characteristic crownlike shape
of the cluster of blossoms. The specific name, varia, refersto variationsin flower color as
well as growth habits (Ruffner and Hall 1963).
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Pollination Requirements:

Knuth (1908*, p. 313) indicated that crownvetch might not be self- pollinating. However,
Todd (1957*) listed it aslargely self-pollinated. Grace and Grau (1952) talked of the
problem of low seed yields but did not mention pollination. Cope and Rawlings (1970)
stated that it is almost completely cross-pollinated, and Al-Tikrity (1969) stated that it is
entirely dependent upon insect pollination. Anderson (1958) showed that plants caged to
exclude bees produced no seed, while similar plants caged with honey bees produced
seed. He stated that aflower head consists of 12 fingerlets with 10 potential seedsin each
fingerlet or 120 seeds per head. Eighty seeds per head is considered a good set. In the cage
with bees, he obtained only 10 seeds per head, and in the open with few bees present he
obtained 18 seeds. He attributed part of the low seed set in the cages to reduced light, but
proved that crowavetch is self-sterile and that honey bees can and do pollinate it.

The following year, Anderson (1959) used plastic cages and more bees, and obtained 21.1
seeds per head in the cage and 24.6 seeds per head in the open despite the fact that
weather was far |ess favorable for pollinator activity the second season. He also made
repeated counts of pollinating insects in 8- by 50-foot plots, and recorded an average of 14
honey bees and 1.6 bumble bees. Other bees were negligible. Bumble bees visited 2.4
times as many blosoms per minute as did honey bees.

Henson (1963) compared seed production from bagged flowers tripped by hand, rolled, or
untouched. The tripped flowers set twice as many seed as the rolled flowers and eight
times as many as the untouched flowers. He showed that tripping increased seed
production, but even this was low compared to the set obtained by Anderson (1959) when
bees were used. Al-Tikrity (1969) reported 150 to 466 |b/acre.

Pollinators:

The observations by Anderson (1958,1959) showed that although crownvetch is not a
good source of nectar for honey bees, they are its primary pollinators. Bumble bees visit
2.4 times as many blossoms per minute, but because of the scarcity of these bees they are
far less effective and important than honey bees.

Pollination Recommendations and Pr actices:

Because it requires cross-pollination by insects, and because it is not overly attractive asa
nectar source, probably alarge number of colonies per acre would be required to provide a
heavy bee population within the field. Anderson (1959), with 18 colonies of honey bees
on 90 acres of crownvetch, obtained only 14 bees per 400 ft2Nabout one-third bee per
square yard and 24.6 seeds per blossom head (80 seeds per head is considered a good set).
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Thiswould indicate that many more bees were needed, probably more than one per square
yard, or more than one colony for each acre of crownvetch.

Al-Tikrity et a. (1970) suggested that three to four colonies per acre, arranged singly or in
groups in rows 200 to 240 yards apart, would provide maximum pollination and result in
high seed yields. Later, Al- Tikrity et al. (1972) suggested the moving of honey bees at the
start of bloom, then additional colonies as blooming progressed. Sharp (1964) noted that
when a good seed crop is being set, the field has a brownish cast. This could be an
important factor in judging the effectiveness of the pollinating insects and possible needs
for an increase in pollinator population.
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LESPEDEZA
Lespedeza spp., family Leguminosae

Lespedezais a crop of magjor importance in southeastern United States. Roughly 164,000
acres were grown for seed production in 1970, producing 36.8 million pounds of seed,
valued at $5.2 million. Slightly more than 2 million tons of hay, valued at approximately
$50 million, were produced in 1968, the last year the USDA Agricultural Statistics
reported on the acreage of this crop.

Lespedezais grown for hay and pasture, soil improvement, erosion control, seed, and its
benefit to wildlife (game birds and deer).

Two types of lespedeza are grown - annual and perennial. The annuals, which are the most
important (McKee 1948),include 'Common' and '‘Kobe' (L. striata (Thunb.) H. and A.) and
'‘Korean' (L. stipulacea Maxim.) (Elrod 1954). The most common perennial is'Sericea (L.
cuneata (Dum.) G. Don) also known as shrub lespedeza (fig. 121). Three other perennia
or shrub lespedezas, grown to alimited extent, are L. bicolor Turcz., L. intermedia (Wats.)
Britt., and L. japonica Bailey.

[gfx] FIGURE 121. - Dense growth of 'Serica’ |espedeza, which provides forage and cover
for wildlife.

Plant:

The lespedezas are recognized by the small trifoliate leaves, 1/4 to 1/2 inch long, the
individual flowers, and the one-seeded jointless pods. The annual |espedezas are often
confused with hop clover although there are important differences. Hop clover seeds
germinate in the fall, and the plants stay green throughout the winter and then die in early
summer. Lespedeza seeds germinate in the spring, and the plants grow slowly until about
the time hop clover dies. Also, the flowers differ in color (Essary 1921, Kinney and
Kenney 1925). The plants are slightly spreading to erect, depending upon the thickness of
the stem, and from afew inches to several feet tall, depending upon the species. The
annuals grow to a height of 5 to 36 inches, depending upon soil moisture and fertility. The
bush lespedezas reach 5 to 7 feet. At maturity, the leaves on Korean lespedeza turn
forward so the branch tip resembles a cone (McKee 1940). In general, the growth habits of
the annual lespedezas are like alfalfa (Pieters 1939a). 'K orean' |lespedeza flowers are borne
at the end of the branch, ‘Common' flowers are borne al along the stem.
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L espedezas are drought-resistant, warm-weather plants. The hay contains less moisture
when cut than afalfa or clover, and can often be removed from the field after 1 day
(Wheeler 1950). McKee and Pieters (1937) stated that only one species, L. striata, has
been long known to agriculture.

Many cultivars of lespedeza exist. Probably the most extensively grown cvs. are: 'Kobe,
Teen. 76', 'Harbin', 'Rowan’, 'Summit’, and 'lowa Six' (Henson and Cope 1969). Seed
production is limited to the southern part of the lespedezaregion.

If seed isto be produced, one very early cutting of hay may be removed first, then 100 to
400 pounds of seed are harvested although as much as 1,500 pounds have been harvested
(McKee 1940). If grown only for hay, about 1.5 tons per acre are harvested.

I nflor escence:

The flowers of the lespedezas are of two types: petaliferous (or chasmogamous) and
apetalous (or cleistogamous). In the latter, the petals never unfold, so the flower has the
appearance of remaining in the bud stage and in which only self-fertilization takes place
(Pieters 1934). This characteristic, first noted by Torrey and Gray (1840, pp. 366 - 369),
has been studied by various workers. In each type of flower, the ovary has only one ovule.
The petaliferous flower is similar to the pea flower - small (/4 to 1/2 inch) with blue to
purple petals. The flowers are conspicuous in the shrubby species (fig. 122) but are
Inconspicuous in most of the herbaceous perennials or annuals (McKee 1948). The
apetalous flowers are all inconspicuous.

Hanson (1953a) stated that anthesis or opening of the petaliferous flower occurred from 7
to 10 am. The flower is open most of the day, closes before night, and generally does not
reopen. In these flowers, the filaments of the nine stamens are fused throughout most of
their length. The style extends beyond the anthers, permitting cross-pollination. In the
apetalous flowers, the style is J-shaped (Clewell 1964), so that the stigma touches one or
more anthers and selfing can occur. Hanson (1953b) stated that the ovary is receptive to
fertilization 1 or 2 days before anthesis.

Nectar is apparently secreted at the base of the corollain the petaliferous flowers because
bees visit them freely for both nectar and pollen (Mooers and Ogden 1935, Van Haltern
1936, Graetz 1951, Stitt 1946).

The reason for the development of the two kinds of flowers on lespedeza is unknown.
Hanson (1943) concluded that temperature is a strong factor because most of the flowers
were apetalous on plants grown at 70deg F, but were petaliferous on plants grown at
80deg. He was of the opinion that other factors also had an effect. There seemsto be no
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information indicating that bees ever visit the apetal ous flowers.
[gfx] FIGURE 122. - Flowering branch of bush lespedeza (Lespedeza bicolor).
Pollination Requirements:

Bohart (1960*) reviewed the pollination of the forage legumes and stated that the effect of
insect pollinators on seed yields of annual |espedeza has apparently never been
investigated. McKee and Hyland (1941) also indicated that there was no information on
natural crossing in lespedeza. Thereis, however, some information on the influence of
Insect pollination on some of the species.

Stitt (1946) recorded 61.4 to 80.9 percent (average, 70.4 percent) cross-pollination in
‘Sericea which he attributed to the abundant activity of bees. Graetz (1951) showed that L.
bicolor, L. japonica, and L. intermedia must be insect pollinated to produce a good seed
crop. He stated that 'Sericea’ has some flowers that depend on insects and others that self.
Donnelly (1955) showed that offspring of 'Sericea petaliferous flowers produced 25
percent more dry herbage and 40 percent more seeds than the self-pollinated apetalous
flowers.

Cope (19664, b) showed that some 'Sericea flowers are cross- pollinated by bees and
proposed a breeding program of several consecutive generations of inter-crossing for more
productive plants. Although he did not go into detail about bee populations on the plants,
he noted that 1963 was a poor seed production year for lespedeza, and, correspondingly,
the percent crossing was the lowest in years. He recognized the need for bees and
conjectured that the "natural bee population” was no longer sufficient to maintain the high
level of crossing reported for 'Sericea two decades ago. He did not consider
supplementing the local population by bringing honey bee coloniesinto the area.

Pieters (1939b) stated that L. striata and L. stipulacea are believed to be self-pollinated.
There the matter seems to have rested without further study.

The answer may lie in the fact that honey bees are not strongly attracted to these species
(Pellett 1947*), and beekeepers make no effort to place their colonies near lespedeza
fields. How the bees might act on the flowers under saturation distribution of colonies,
such asis used in the pollination of alfalfa and some other crops, is unknown. The data
indicate that floral visitation could be obtained on annual lespedezasif this were
sufficiently desired. A study of the beneficial effect of bees on seed production of this
crop would be most interesting and is needed.

Pollinators:
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Graetz (1951) gave credit to the honey bees for setting the seed obtained in histest on L.
bicolor, japonica, and intermedia, but noted that when the honey bees were moved away
bumble bees freely visited the flowers. Mooers and Ogden (1935) stated that bees
(presumably honey bees) visited the flowers of 'Sericea’ for nectar. Cope (19663, b)
referred to the "bees' and the "natural bee population," possibly referring to wild bees on
'Sericea. Stitt (1946) spoke of "natural crossing” and of usually abundant bees on
‘Sericed. Van Haltern (1936) stated that "bees' visited 'Sericed, L. bicolor, and L.
virginica (L.) Britt., and, because he was writing in a beekeeping journal, he doubtless
was referring to honey bees.

Beekeepers have generally observed that the lespedezas are scant producers of surplus
honey. 'Korean' is rated as the best of the major species, L. bicolor and L. cyrtobotray
Miq. are always attractive, although not grown on alarge scale anywhere, and 'Kobe' and
'Sericed are visited at times. Abernathy (1937) stated that |espedeza honey comes largely
from 'Korean' with possibly a small amount from 'Common'. Derrenbacker (1936)
concluded that bees get little honey from 'Korean'. Pellett (1939, 1952), Taylor (1935),
Underhill (1946), and Watson (1938) considered lespedeza only a minor honey plant. Big
differences were frequently observed in the populations of the bees on the crop. These
differences were associated largely with climate, but location also seemed to be involved.

The evidence indicates that if heavy populations of bees were desired on the commercial
lespedezas for pollination purposes they could probably be obtained if honey bee colonies
were concentrated in or around the fields. However, the beekeeper would not be
compensated for such action in honey storage by the colonies.

Pollination Recommendations and Pr actices;

The only recommendation for the use of honey bees on lespedeza was by Graetz (1951)
who recommended a minimum of one colony per acre in connection with L. bicolor,
japonica, and intermedia. Because the perennials appeared to be more attractive species to
bees than 'Sericea, it would appear that if honey bees were used on 'Sericea a higher
concentration would be desired. The specific need or value, if any, of bees on ‘Common’
and 'Koreant lespedezas should be explored.
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PEANUT
Arachis hypogaea L ., family Leguminosae

Peanuts are also known as goobers, groundnuts, and pincers. Approximately 1.5 million
acres were planted to peanutsin 1969, and the value of the crop was $311.3 million. This
frost-sensitive plant is grown in the southeastern and southern States, primarily for its
seed, the peanut, which is a pea and not atrue nut. The foliage is sometimes used for
livestock feed.

Standard \Wing

Stignna
Keeal
Filarment

Anther

Sterle anther .\ \\*ﬁ\._li |

Style
Staminal
tube

Figure 146. - Longitudinal section of peamut floswer, x5

Plant:

The peanut plant is an erect to spreading branched annual, 10 to 20 inchestall, that is
cultivated in rows about 1 1/2 to 3 feet apart. The seeds are planted in the spring after all
danger of frost is past, and the crop is usually harvested before frost in early fall. The plant
has a primary taproot with weak |aterals that permit easy removal of the entire plant from
the soil. The leaves have four leaflets, 1 1/2 to 2 1/2 inches long. The seeds develop just
below the surface of the soil, but they are attached to the branches near the base of the
plant.

| nflor escence:
Thefirst flowers appear near the base of each branch, 4 to 6 weeks after planting.

Flowering continues along the branch for 6 weeks or more. The peanut flower is yellowish
and about one-half inch in size. There may be one to severa flowersin an inflorescence
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on the plant, but only one opens on one day, and there is an interval of one to several days
between the opening of successive flowers. Smith (1950) stated that the peanut flower has
arecurved beaked keedl, with two petals fused along the dorsal edges to the apex but open
ventrally at the base. There is a club-shaped stigma on a tortuous style extending beyond
the eight functional and two sterile stamens (fig. 146).

The flower opens at sunup and pollen shedding occurs at once, the pollen accumulating
between the anthers and stigma. Fertilization occurs 8 to 9 hours after pollination (Oakes
1958). After pollination, the flower fades (Beattie and Beattie 1943), and the ovary
elongates to become the peg, which pushes into the soil (fig. 147). In 7 to 10 weeks, the
peg matures into the reticulated pod of one to five edible seeds separated by slight
constrictions (Gregory et a. 1951).

The value of peanut flowers to beesis not clear. Apparently, there is no functional nectary
within the flower although some references indicate (erroneously) that bees collect peanut
nectar (Graham 1941*, Pellett 1947*). Pollen is collected by honey bees although peanut
plants are not considered to be a major pollen source by beekeepers.

[gfx] FIGURE 146.- Longitudinal section of peanut flower, x 5.
FIGURE 147.- Flower and pegs of a peanut plant.

Pollination Requirements:

There is no doubt that peanuts are largely self-fertilized. The question is whether an
increase in the set of seed is caused by cross-pollination. Some selections have a structure
that impedes selfing and facilitates cross-pollination by bees. Reed (1924) reported that
cross-pollination between cultivars occurs. Kushman and Beattie (1946) and Balhuis
(1951) reported finding hybrids in peanuts. Stokes and Hull (1930) pointed out that the
stigma of the mature flower " . . . usually lies buried among the dehisced anthersin the
tightly closed keel petal so that self-fertilization is assured except for visitation by
insects." Srinivasalu and Chandrasekaran (1958) noted that varietal differences exist for
cross- pollination in relation to the protrusion of the stigma out of the keel. Leuck and
Hammons (1969) reported that two cultivars have a structure in the flower that impedes
self-pollination but which facilitates cross- pollination by bees. Leuck and Hammons
(1965a) obtained no hybrids from caged plants but got a significant number from plants
not caged. Later, they (1965b) reported that at least 80 percent of the peanut flowersin the
open were actually tripped for pollen by bees.

Girardeau and Leuck (1967) showed that caged flowers not manipulated in any way
produced 4 to 11 percent fewer fruits than hand flexed or water-drip manipulated flowers.
Also, their open plots produced a significant 6 to 11 percent more than plots caged to
exclude bees. Culp et al. (1968) recorded differencesin the amount of crossing that
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occurred in different areas and in different cultivars but made no mention of the relation of
pollinating insects to these differences. Shibuya et al. (1955) associated one-seededness
with insufficient pollen on the stigma.

Pollinators:

There seems to be no doubt that the peanut flowe may be cross- pollinated and that
crossing is primarily by bees. Hammons and L euck (1966) showed that thrips are vectors
of peanut pollen but that halictid bees were the principal visitors to peanut flowers at
Tifton, Georgia. Hammons (1963), at the same location, noted that Lasioglossum,
Megachile, Bombus, and Apis species worked peanut flowers. Hammons et al. (1963) and
Leuck and Hammons (1969) added Anthidium and Melissodes speciesto the list of visitors
but gave major credit for cross-pollination to species of halictids and megachilids. Diwan
and Salvi (1965) stated that Apis cerana generally ignored peanut flowers, but Heide
(1923) stated that the flowers were visited "actively and persistently" by A. cerana, and
that A. cerana visited the flowers from 7 to 9 p.m. Gibbons and Tattersfield (1969)
reported that A. m. adansonii, Nomia spp., and Megachile spp. visited the flowersin the
Malawi area of Africa.

Leuck and Hammons (1965b) stated, "We conservatively estimate that in 1964, at least 80
percent of the peanut flowers were actually tripped for pollen each day by species of the
combined bee complex." Unfortunately, they gave no indication of the bee population
density, floral visitation, or bees per unit of flowers that provided this tripping. Hammons
et a. (1963) noted that the halictids and megachilids were most abundant during the cool
morning hours when most efficient pollination of peanuts occurs, whereas honey bee
activity was spread over the day. No consideration was given to changing the degree of
honey bee visitation by concentrating their numbersin the area.

If the 6 to 11 percent increase, which Girardeau and Leuck (1967) attributed to bee
pollination, can be consistently obtained, it is of sufficient importance that consideration
should be given to building up the bee population of large peanut plantings. This could be
done by "saturation pollination” with honey beesif their use could be proven practical.
Pollination Recommendations and Practices:

None.
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PERSIAN CLOVER 31
Trifolium resupinatum L., family Leguminosae

31 See"Clovers, General ."

Persian clover is an annual legume adapted to the heavy low-lying soils of the Southern
States from Tennessee southward. It is grown for pasture, for hay, and as a green manure
crop. The area, volume, or value of production is not large as compared to other clovers.
Not too much has been published on this plant (USDA 1960).

Plant:

The seeds are planted in the fall, and a rosette of leavesis formed during the winter. When
spring comes, the upright stems appear and grow rapidly to 8 to 24 inches. They flower
and produce seeds in late spring or early summer, then the entire plant dies - somewhat
earlier in the season than white clover. The stems do not root at the nodes or creep on the
surface, as do many other species of Trifolium, but because they are hollow they lodge
badly. Once established, reseeding is unnecessary as seeds are produced in abundance,
many of which shatter.

| nflor escence;

The heads are small, pink to light purple, and somewhat flat. They are about the size of
those of wild or small white clover and are borne in the leaf axils on 1/2 to 2-inch stems.
Honey bees work Persian clover flowers for nectar and pollen (Hollowell 1943). Weaver
and Weihing (1960) stated that plants reaching full bloom about April 15 on the gulf coast
of Texas still had a considerable amount of bloom on May 7. The flowers of one cultivar
were fairly attractive to bees, whereas those of another were seldom visited.

Pollination Requirements:

Lancaster (1949) indicated that Persian clover is not dependent on bees. Hollowell (1943)
stated that the flowers are self-fertile and self- pollinating, but honey bees work the
flowers for nectar and pollen and undoubtedly help in increasing seed production. Weaver
and Weihing (1960) also stated that Persian clover does not require insect pollination, but
their caged plots that included bees yielded about nine times as much seed as plots caged
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without bees. Wheeler and Hill (1967*) aso indicated that bees increase seed production.
The degree of help is not clear, but the small amount of data available indicate that bees
are highly beneficial and that they should be used if maximum seed production is desired.

Pollinators:

The meager evidence available indicates that honey bees are the principal pollinators of
Persian clover. Weaver and Weihing (1960) stated that Persian clover yielded "little nectar
per blossom, but the bees foraged from the individual florets very rapidly,” which helped
to compensate for the small amount of nectar.

Pollination Recommendations and Pr actices:

The number of colonies per acre or bees per square yard of Persian clover to provide
maximum benefit has not been determined. The desired concentration of beesis probably
similar to that for crimson clover.
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RED CLOVER 33
Trifolium pratense L., family Leguminosae

Red clover is ahighly important forage legume, although much of the acreage formerly in
red clover has been diverted to alfalfagrowing. The acreage in red clover seed production
has dropped from over 2 [/2 million acresin 1950 to about 1/2 million acres per year for
1967-71.

The principal seed-growing areaisthe Central and North
Central States, although highest per acre production isin the
Western States. In 1969, production in the four Western
States, California, Idaho, Oregon, and Washington, ranged
from 305 to 410 pounds per acre, with Oregon fourth in total
production of clean seed. Michigan (5.5 millions pounds),
Indiana (5.2 million pounds), and Illinois (5 million pounds)
lead in total seed produced. These seven States produced
more than half of the 43.9 million pounds.

E. A. Hollowell (personal commun., 1971) expressed the
belief that red clover will be used more in the future than it
isat present. This, he believed, was because farmers had
concentrated on production of high- priced corn and soybean
=——————— crops and had long neglected a crop rotation program to
replenish the soil. He believed that with the inevitable return to such a program, red clover
will regain its popularity.

Red clover is a short-life herbaceous perennia plant that grows to a height of 15 to 36
inches. It is easily recognized by its fine leafy stems, itstrifoliate leaves, and rose-pink
oval flower heads that are 1 to 1 1/2 inches in diameter (fig. 168). When the crop is
harvested for hay, the plants are cut during early bloom. If seed is desired, the plants are
usually left after afirst cutting, until all of the seed heads are mature.

33 See "Clovers, Genera ."
[gfx] FIGURE 168. - Red clover blossoms.
| nflor escence:
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The compact flower head, borne on the tip of the branch or stem, is made up of 55 to 275
florets (Williams 1930), which open over a period of 6 to 8 days from the base toward the
top (Pammel and King 1911). An acre of red clover in full bloom will have an estimated
300 million florets (Hollowell and Tysdal 1948). (There are 250,000 or more seeds per
pound.) Depending on the vigor of the plant, the floret may be 1/4 to /2 inch long (7.5 to
12.4 mm) but only 1/12 inch in diameter (1.6 to 2.5 mm) (Akerberg 1953, Dennis and
Haas 1967b). Within the ovary of the floret are two ovules, but rarely more than one
develops. Dijkstra (1969) showed that when two-seededness occurred it had no influence
on total seed yield. The staminal column, with its 10 stamens and the slightly longer
stigma, extends to the mouth of the corollatube, but is enclosed within the keel petals.
When the bee exerts pressure with its head on the keel petals, the stigma and the anthers
are excerted or "tripped" and come in contact with the bee, usually on the posterior part of
the head (Woodrow 1952b ). When the pressure is removed the staminal column returns to
its former position within the keel, but can be tripped repeatedly.

Nectar is secreted at the base of the corolla
tube but only extends 1.35 to 1.47 mm up
the tube. Tetraploid red clover produces Bee head N\ Y
more nectar per floret than diploid, but
because of the longer corollatube the nectar 2,
is no more accessible to the honey bee o) L Anther
(Dennis and Haas 1967b), which has a E Antennae

"tongue" or proboscis length of only 5.90 to

6.25 mm (McGregor 1938). Thus, only with

the shortest corollatube (7.5 mm) filled to Proboscis
the highest (1.5 mm) would the 5.90 to 6.25 of tongue
mm honey bee tongue reach the red clover
nectar. Hawkins (1969) stated that the honey
bee can reach to a depth of 7 mm in the
corollatube. Dennis and Haas (1967b) stated
that the honey beeis able to push its head
about 1.4 mm into the corolla tube thereby
increasing the effective length of the tongue
(fig. 169). It iswell known that the corolla
tube of late-season red clover isusually
much shorter than at the first flowering.
Although surplus red clover honey
production is uncommon, beekeepers Figure 169. - Bee head (enlarged) with proboscis
frequently report that bees work red clover extended into red dowver bloom.

late in the season. Holm (1972) caused a

reduction in corollatube length by spraying the plants with a growth retarding chemical.
Thisresulted in a higher frequency of honey bee visits and increased seed production on

Bee thorax

MEal ———
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the treated plants.

Bukhareva (1960) showed that nectar secretion was influenced by plant nutrients. Plots
treated with 8 0z boron and 3 oz ammonium molybdate showed a 53 percent increase in
nectar secretion, 7 to 11 percent increase in sugar concentration, 17 to 32 percent increase
in bee visitation, and 14 to 15 percent increase in seed production. Killinger and Haynie
(1961) associated lack of boron with low seed yields in Florida. Unfortunately, too little
attention has been paid to the influence of soil nutrients on floral attractiveness of red
clover aswell as on many other plants.

MacVicar et a. (1952) obtained no benefit from spraying plots with dilute honey to attract
honey bees, and, in general, the baiting of bees into the field has not proven practical in
the United States.

Hawkins (1969) showed that the corollavaried considerably in length, and he believed
that the development of either short corolla strains of red clover or long-tongued bees
might be feasible. He also believed that breeding clover cultivars with more nectar would
contribute to better pollination. Akerberg et a. (1966) found that, in general, the corolla
tubes were shorter towards southern Europe than to the north, an indication that location
of growth might influence bee visitation.

There seems to be no question that some species of bumble bees can reach the red clover
nectar with ease. Under certain conditions, all species of bumble bees and honey bees can
reach the nectar (Bond 1968, Bond and Fyfe 1968).

Woodrow (1962a) concluded that the "depth of the red clover corollain relation to the
length of the honey bee's tongue appears to be unimportant to mechanics of the pollination
act," because the tongue plays no part in the transfer of pollen. The question then becomes
one of the degree of visitation by the honey bee if it were not rewarded with nectar.
Woodrow (1952a) believed that most of the honey bee visitsto red clover were for pollen,
although some bees collected nectar also. Bond (1968) showed that tetraploid red clover
produced more nectar than related diploid cultivars, but the nectar was lower in the corolla
tube and more difficult for honey bees to reach.

Specific races of honey bees have been mentioned by various writers as being better
pollinators of red clover than other races (Alpatov 1946, 1948; Smaragdova 1956; and
Hammer 1950). There is no agreement as to which race is superior in this regard, and no
recent attempt has been made to breed such a bee. In the late 1890's, beekeepers made
attempts to select superior red clover honey-producing bees but failed. However, Stahlin
and Bommer (1958) concluded that breeding clover to suit the bees would be more
profitable than breeding bees to fit the clover. Starling et al. (1950) concluded that short
corollas alone offered no advantage for increased seed production.
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Woodrow (1952b) described in detail the method the honey bee follows in pollinating red
clover. He stated that the length of the tongue of the bee need be no handicap in
pollination of this flower because the sexual parts of the flower are at the tips, and the
bee's tongue is not used in transferring pollen from flower to flower.

[gfx] FIGURE 169. - Bee head (enlarged) with proboscis extended into red clover bloom.
Pollination Requirements:

The pollination of red clover has probably been more extensively studied than that of any
other plant, not only in the United States but also in many other countries. Excellent
reviews have been made by Bohart (1957, 1960 *), Dennis and Haas (19673, b), Free
(1970*), Gubin (1947), Stahlin and Bommer (1958), and Umaerus and Akerberg (1959).
The discussion on red clover pollination by Free (1970*) is extensive and thorough.
Krishchunas and Gubin (1956) also devoted about 25 pages of their book to this crop.

Self-sterility in red clover has been known since Darwin (1889*) showed that caged plants
would not set seed unless they were cross- pollinated. The pollen must come from another
plant if commercial production of seed is anticipated (Williams 1931, Westgate and Coe
1916). Martin (1913) demonstrated that self-pollen tubes penetrated the style toward the
ovary more slowly than foreign pollen (from another red clover plant). Whether or not this
time factor is critical has not been demonstrated, but the floret must be pollinated within 2
to 4 days after it opens (Free 1965, Umaerus and Akerberg 1959). The appearance of the
flower headsis a strong clue to the adequacy of pollination. If pollination does not occur,
the florets remain turgid, the head is soon covered with the colorful florets, and the field
takes on aflower-garden appearance.

If pollination is adequate, an individual head in flower will have the lower florets
pollinated and wilted, with the position of the florets changed from upright to drooping,
the color changed from rose-pink to rusty brown, those in the center of the head attractive
to pollinators, and the uppermost ones still in the bud stage (Woodrow 1952a). When this
situation exists, the field takes on a greenish-brown cast. Naturally, the seed-grower
should strive for this situation and should be concerned if the field has the flower-garden
appearance.

Pollinators:

The relative value of the pollinating insects on red clover has been debated for decades.
Many references attest to the value of bumble bees. Others support honey bees, and some
support other genera of bees. Hawkins (1962a) found a correlation between bumble bee
populations and red clover seed production in England 2 years out of 3, but no correlation
between honey bees and seed production. He (1962b) proposed that an organization be
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formed to make annual counts of bumble bees, similar to bird counts, to stimulate public
interest in these insects. Bird (1944) aso considered bumble bees much more important
than honey bees.

Lindhart (1911) concluded that honey bees occasionally aid in red clover pollination. This
evaluation of honey bees has consistently increased over the yearsin many subsequent
papers. For example, Anderson and Wood (1944) obtained one seed per head of red clover
where bees were excluded but 56 seeds per head where honey bees were caged on the
plants.

Butler (1941), Vale (1959), and Valle et al. (1960) after thorough studies gave credit to
both honey bees and bumble bees. The other genera of bees that have been mentioned, but
in general considered of little importance, include Andrena (Benoit et al. 1948), Eucera
(Yamada and Ebara 1952), Halictus (Maurizio and Pinter 1961), Megachile (Akerberg et
al. 1966), Melissodes (Folsom 1922), Osmia (Maurizio and Pinter 1961, Akerberg et al.
1966), Psithyrus (Sculler 1930), and Tetralonia [ Synhalonia] (Folsom 1922).

Dennis and Haas (1967b) also observed the action of bumble bees on red clover and
learned that Bombus terrestris (L.), with a short (6.8 mm) tongue, obtained red clover
nectar only by cutting a hole in the base of the corollatube. B. lapidarius (L.), with an 8-
mm tongue, collected nectar normally from diploid red clover. B. distinguendus F.
Morawitz, with an 8.8-mm tongue, and B. hortorum (L.) (11.1 mm) were more frequent
on tetraploid red clover.

Bohart (1957) and van Laere and Martens (1962) concluded that bumble bees, except for a
few nectar-thieving species, areideal pollinators of red clover although their populations
are unpredictable and usually insufficient to adequately pollinate al the blossomsin a
large field. Bohart (1957) considered honey bees satisfactory if they are sufficiently
concentrated in the area and the competing pollen and nectar sources are kept at a
minimum. In Canada, Peterson et al. (1960) also concluded that honey bees were best. In
Russia, Gubin (1947) considered bumble bees to be the best pollinators of red clover on a
bee-for-bee basis but that overall they provided only 3.5 percent of the pollination service.
The value of honey bees was expressed by Hopkins (18963, b), Pieters (1924), and Stapel
(1934) and demonstrated by Richmond (1932), Dunham (1932, 19394, b, c¢), and
Armstrong and Jamieson (19404, b).

Bumble bees were considered of such importance that they were transported from
England and established in New Zealand for the express purpose of pollinating red clover
(Belt 1876, Hopkins 1914). However, Forster and Hadfield (1958) showed that 35
colonies of honey bees placed adjacent to a 10-acre field of Montgomery red clover in
New Zealand provided 77 percent of the pollinating insectsin 1954 and 89 percent in
1955. They stated that thiswas afair cross-section of pollinator activity on red clover
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crops in South Canterbury. Morrison (1961) found inconsistencies over the years between
the efficiency of honey bees and bumble beesin New Zealand and considered both groups
of value. Hills (1941), Palmer-Jones et a. (1966), and Palmer-Jones (1967) considered
honey bees of greater value than bumble bees. Bond and Fyfe (1968) showed that seed
production in a cage with one strong colony of bees was more than twice that in a cage
with aweak colony.

Hollowell (1932) proposed the introduction of additional honey bee colonies into clover
fields to increase seed production. This action has now become a common practice.
Walstrom et al. (19514, b) proposed 400- to 600-foot intervals as an economical distance
between groups of colonies used for red clover pollination. Jamieson (1955) showed that
only 63 Ib/acre of seed were obtained with local wild bees, but 307 Ib/acre were obtained
with two colonies of honey bees per acre.

The production of red clover seed is directly proportional to pollinator activity. Everly
(1950) associated reduced native pollinators with decreased seed yieldsin Indiana, and
stated that red-clover pollen- collecting honey bees were effective in setting a good crop
of seed. Walstrom et al. (1951a, b) showed that seed production decreased 6.4 Ib/acre with
each 100 feet of distance from the apiary. Walstrom (1958) showed that differencesin
seed yields at 100-foot intervals from apiary sites were significant at the 1-percent level of
probability. Zivov and Skvorcov (1951) also showed that seed production decreased with
increased distance: 246 Ib/acre when the field was only 0.5 km from the bee source, 158
Ib/acre at 1 to 1.5 km, and only 90 Ib/acre beyond 1.5 km. Jamieson (1956) obtained 307
Ib/acre with two colonies per acre but only 63 Ib/acre when honey bees were not provided.
Thomas (1961) and Braun et al. (1963) obtained similar results.

The dataleave little doubt that if bumble bees are not sufficiently abundant (and they
usually are not), their services can be supplemented and seed production stabilized by the
use of honey bees. Other pollinators are of little significance.

Pollination Recommendations and Pr actices:

Hogborg (1966) considered pollinators in terms of "positive bee pollinating units,” and
calculated that adequate pollination would be given by 20,000 units per hectare (using the
value of 2.5 units for one bumble bee). This amounts to about one bumble bee or two
nectar-collecting honey bees per square yard. Akerberg (1947) calculated that 1,100

bumble bees per hectare (about 0.1 bee/yd2 ) were sufficient to produce 300 kg alfalfa
seed per hectare (about 300 Ib/acre). These estimates are below the amounts specified in
the formula of Stanley Roadfeldt (McGregor 1966) of one honey bee per 4 yd2 per minute
equals 300 pounds red clover seed, or one bee per square yard per minute equals 700
pounds red clover seed.
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Dennis and Haas (1967a) used a numerical rating on the values of bees on diploid red
clover, based on the bees working speed, as follows:

[gfx] fix table:

N o USSP 1.0 Short-tongued
BOMDUS ......cveiiecee e 1.5 Long-tongued

BOMDUS........coeiiieeee e 2.5 However, their remanipulated data gave
the following values. Nectar-collecting honey bee ... 1.0 Pollen
-collecting honey bee .......cccocoveeeeve e 1.3 Nectar-collecting bumble

DEE ..o 1.6 Pollen-collecting bumble

DEE ..o, 1.9

By this method, they considered pollen-collecting, long-tongued bumble bees to be about
twice as efficient as honey bees.

The pollination recommendations for red clover revolve around bumble bees and honey
bees. The presence of bumble bees can be encouraged by providing them with domiciles,
by protecting them from pesticides (rye and Medler 1964, Hobbs 1967, Holm 1966), and
by planting off-season flowering plants to provide nectar and pollen. Honey bee colonies
can be transported and placed in or adjacent to red clover fieldsin any number desired and
when desired. Thisis amore dependable practice than "encouraging” the bumble bees.

In most cases, the number of colonies of honey bees that has been recommended per acre
has ranged from one to three, but afew recommendations have mentioned four, five, six,
and up to 10 colonies per acre. Some urge that the colonies be placed adjacent to thefield,
others recommend that the colonies be placed within the field in groups of 10 or more 100
to 400 yards apart. Some recommendations stress bees per square yard, the number of
bees ranging from 1 to 18. The use of strong coloniesisurged. E. A. Hollowell (personal
commun., 1971) stated that two bees per square foot (18 per square yard) should set an
abundant seed crop. This may require the use of several strong colonies per acre.

If visitation in the field is adequate, the field will have a rusty- brown hue instead of the
rose-colored flower-garden appearance. The number of colonies of honey bees per acre
necessary to provide this visitation will vary with condition of the colonies, placement
pattern, climate, crop, and competing plants. The important point to remember is that there
should be sufficient bees on the flowers to keep the florets tripped as rapidly as they
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ROSE CLOVER34
Trifolium hirtum All., family Leguminosae

Rose clover is grown primarily in California, whereit is used for seeding brush burns,
cleared brushland, and dryland pasture. It will grow in dry "sterile" fields, on slopes,
sandy steppes, or roadsides, and in waste places. Cattle and sheep, aswell as such wildlife
as deer, doves, and quail feed upon it even when it is completely dried up (Arkley et al.
1955, Holland 1964, Love and Sumner 1952, Williams et a. 1957).

34 See"Clovers, General ."
Plant:

Rose clover is areseeding annual winter legume. The leaflets usually have a small reddish
mark near or slightly above the center (Strang and Broue 1958). The leaf stalks are 1/2
inch to 2 inches long. The seeds germinate with the first substantial fall rain and the plant
grows slowly as arosette of leaves until late winter. Then, as spring temperaturesrise, it
grows rapidly into an upright many-branched plant 3 to 18 inchestall. It blooms and sets
seed in May. The plant then becomes dry and casts its seeds, which ripen 4 to 6 weeks
after flowering starts. The seeds remain dormant in the soil until fall rains begin (Bailey
1966, Williams and Leonard 1959). Rose clover provides a high-quality forage pasture
under awide variety of climatic conditionsin California. Plantings succeed in areas with
aslittle as 10 inches of rainfall. Foliage of rose clover is much less profuse than most
other clovers. It has the ability to produce some seeds under extremely unfavorable
conditions (fig. 170).

[gfx] FIGURE 170. - Rose clover in bloom.
| nflor escence:

The pink flower head of rose clover is spherical, about three- quarters of an inch across,
and profusely covered with stiff white hairs. These blossoms are highly attractive to bees
for both nectar and pollen. When afloret isvisited by a bee, the stamina column
protrudes, then withdraws after the bee departs. From four to six bees per square yard
have been seen on this plant. There is one seed per floret, and there are 40 florets per head.
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Pollination Requirements:

Bohart (1960*) stated, "In California, honey bees are sometimes placed by fields of rose
clover to ensure pollination, but apparently the practice is not based on any known
requirement.” Thiswould indicate that experience may have convinced growers that,
despite lack of experimental evidence, bee pollination is beneficial to this crop. The
subject should be explored and the true pollination requirement of thisimportant western
forage determined.

Pollinators:

Evidence indicates that honey bees can be satisfactory pollinators of rose clover.
Pollination Recommendations and Practices There are no recommendations for the use of
pollinating insects on rose clover, although the reference by Bohart (1960*) indicates that
growers believe they obtain some benefit from bee pollination.
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STRAWBERRY CLOVER#
Trifolium fragiferumL., family Leguminosae

Strawberry clover is grown to alimited degree as a pasture plant in moist and alkaline
soilsin the west coast States and the northern Great Plains (Graham 1941 *, Davies 1
962).

41 See "Clovers, General ."
Plant:

Strawberry clover is aperennial low-growing plant with creeping stems that root at the
node to spread vegetatively as well as by seeds. The plant is difficult to distinguish from
white clover when not in bloom. In maturity, the seeds are pressed closely to the ground
making harvesting difficult. Tiver (1954) stated that strawberry clover in South Australia
isaprolific seed producer, which yields up to 250 pounds of seed per acre.

I nflor escence:

The flower heads are round, pink to white, and resemble a strawberry, hence the name of
the plant. The blooms appear earlier than those of white clover. There may be 35 to 60
florets per head. Only one seed formsin afloret. Asthe seeds mature, the head takes on
the appearance of aballoon. The flowers are extremely attractive to bees for both nectar
and pollen.

Pollination Requirements:

Johnson (1951) and Williams (1931) considered strawberry clover self-fertile. Hollowell
(1939) also stated that the flowers are self- fertile, that crossing between flowersis not
necessary, but that honey bees assist in the transfer of pollen to the stigmas. Davis and

Y oung (1966) stated that most specimens from the Mediterranean area were completely
self-sterile, but as the plant spread northward it was conditioned by its environment,
probably lack of pollinating insects, to evolve into a self-fertile plant. Morley (1963)
stated that the flowers are not self-pollinating and are largely self-incompatible. He stated,
"It isdifficult to understand how strawberry clover has been regarded as self- pollinating
for so long. Seeds are expensive but shouldn't be if adequate honey bees are provided.” He
harvested only 0.25 seed per flower where bees were infrequent, but 0.70 per flower
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where bees were plentiful. Tiver (1954) considered honey beesimportant in increasing
seed yields. Hollowell (1960) also noted that seed yields were increased if honey bee
colonies were adjacent to the field. Todd (1957*) listed strawberry clover in the group of
plants " Seed production increased by Bees."

Peterson et al. (1962) stated that common strawberry clover is self-fertile, but bees help to
move the pollen to the stigma. 'Saline' strawberry clover, however, is self-sterile and will
not set seed without cross-pollination. In this case, bee activity is essential for seed
production.

Wright (1964) made a study of the pollination requirements of strawberry clover using
material from Australiaand New Zealand. He studied 66 clones and learned that most of
them were self-incompatible but that some set arelatively high percentage of seed
autogamously; however, they set more seed if they were cross-pollinated. He also found
that self-pollinated plants were less vigorous. He considered strawberry clover a cross-
pollinated species and found a high correlation between set of seeds from hand and bee
pollination.

Pollinators:
Honey bees seem to be the primary pollinators.
Pollination Recommendations and Practices:

Morley (1963) spoke of providing adequate honey bees for high seed yields. Hollowell
(1939) stated that placing colonies of honey bees adjacent to flowering fields is necessary,
but he did not indicate the number of hives per acre needed.
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SUBTERRANEAN CLOVER#42
Trifolium subterraneum L., family Leguminosae

42 See "Clovers, General ."
Plant:

Subterranean clover isalow, pliant, running, reseeding, annual legume, with short
seedstalks that carry clusters of three to four small creamy to pinkish flowers. It will grow
on soil with fertility so low white clover will not thrive. As awinter annual in both
Southern and Northern Hemispheres, subterranean clover blooms and sets seed in spring
or early summer. The seed is dormant until fall, at which time it germinates. The plant
name is derived from the fruiting characteristics. The seed head is made up of a cluster of
forked hairs or bristles turned back around the seed pods. The ripening seed head turns
downward, and the forked hairs help to bury many of the heads in the soil, somewhat like
a peanut, but about half of the heads remain above ground (Lancaster 1949, Smith 1948).

I nflor escence:

The flower is made up of three to seven, usually four, perfect, papilionate, usually white,
florets. The ovary of each floret contains two ovules, but usually only one develops
(Morley 1961). Y ates (1957) found that above-ground seeds were poorer in quality than
those that devel oped below the ground surface. Howell (1960) stated that this clover can
be distinguished from other annual species in Western United States by its non-
involucrate head of fertile flowers that become abruptly deflexed on their very short
pedicel after they open. At that time, numerous sterile flowers develop, enclosing the
fertile onesin the burrlike cluster.

Pollination Requirements:

Todd (1957*) placed subterranean clover in the group of plants considered to be largely
self-pollinated. A reference by Knuth (1908*, p. 297) that the flowers "are capable of self-
fertilization, though perhaps they do not always do this," |eaves some doubt that
maximum seed production results from selfing. Morley (1961) considered the species self-
fertilizing but with occasional hybridization by outcrossing. How insects can get to the
flowers, which are likely to be covered by the plant's leaves, is not explained. More study
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on this plant should be made to determine if it is benefited by visitation from pollinating
Insects.

Pollinators:

Morley (1961 ) stated that he had observed honey bees working the flowers, but only after
fertilization would have taken place. However, he did not exclude them entirely as a cause
of hybridization.

Pollination Recommendations and Practices:
None.
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SWEET VETCH
Hedysarum coronarium L., family Leguminosae

Sweetvetch, sulfa, French honeysuckle, or Spanish sainfoin succeeds fairly well ina
number of places where it has been tried experimentally in the United States (McKee and
Pieters 1937), but it is of no significance economically. The plants are sometimes
confused with some species of Astragalus, but differ by having jointed pods, gland-dotted
leaves, and squarish-tipped flowers. It isrelished by all classes of livestock. In southern
Europe, it is used as a hay and soil-improvement crop.

Plant:

Swesetvetch is aperennial or biennial legume plant growing to 4 feet tall, with deep-red,
fragrant flowers producing flat jointed pods of four or more ovules. It has pinnate leaves
and deep roots (Graham 1941*) and yields an excellent honey.

I nflor escence:

The|/2 to 3/4-inch-long flowers, which resemble those of scarlet runner beans, develop in
crowded axillary racemes on long peduncles. Knuth (1908*, pp. 317-318) stated that when
abee visits the flower the stigma and 10 anthers protrude from the keel and press against
the ventral surface of the bee.

Pollination Requirements:

The stigma projects beyond the anthers, so it isfirst to emerge when pressure of the beeis
applied to the flower, thus cross-pollination is assure and self-pollination is rendered
difficult.

Sacchi (1950) found that plants caged to exclude bees set practically no seed, but plants
exposed to bees set good crops in proportion to the bee population in the area and visitors
to the flowers. Honey bees were the primary visitors. His data indicate that this crop is
dependent upon insect pollinators for adequate seed set.

Pollinators:
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No tests have been conducted on the relative value of different pollinators to sweetvetch;
however, honey bees work the plant sufficiently to obtain a honey crop. This indicates that
they probably would be effective pollinators.

Pollination Recommendations and Practices:

None.

LITERATURE CITED:
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TREFOIL
Lotus spp., family Leguminosae

Three species of birdsfoot trefoil are of agronomic importance in the United States. They
are broadleaf trefoil (L. corniculatusL.), narrowleaf trefoil (L. tenuis Waldst. & Kit. ex
Willd.), and big trefoil (L. uligznosus Schk.) (Seaney and Henson 1970). Some experts
disagree in the classification of the various species and cultivars of the genus Lotus (Gist
1960, Howell 1948, Levy 1918, MacDonald 1944, McKee and Schoth 1941, Seaney and
Henson 1970, Wheeler and Hill 1957*).

In the United States, birdsfoot trefoil is grown for hay and permanent pasture, primarily in
the New England States and western Oregon, and to alimited extent in several other
Central and Northern States. Practically all big trefoil seed is produced in Oregon.
According to Seaney and Henson (1970), over 2 million acres of trefoil were grownin
1967, and potentially the crop can produce 600 to 1,000 pounds seed per acre.

Plant:

Trefoil isaperennial plant that has an extensive root system with a strong taproot. It is
therefore more drought-resistant than many other legumes. If conditions are unfavorable,
the plant may grow only afew inchestall, but if favorable it may produce 100 or more
stems and reach a height of 3 feet. It isthe only legume with five leaflets, which consist of
atermina and two opposite lateral ones at the apex and two opposite leaflets at the base of
the leaf petiole (fig. 186) (Hughes 1951).

The plant shape varies greatly between cultivars (Peterson et a. 1953). Some plants tend
to grow upright (hay types), and some tend to be low or prostrate growing (pasture types).

Ten or more seed are produced in acylindrical pod an inch or more long. Several seed
pods are attached to the stem at a single point, and toward maturity they spread apart on a
lateral plane giving the appearance of abird's foot. The pods dehisce or pop open on
maturity and the seeds are scattered. A nondehiscent type of plant would greatly increase
the volume of seed harvested.

[gfx] FIGURE 186. - Broadleaf birdsfoot trefoil showing flowers, pods, and leaves.

I nflor escence:
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Trefoil flowers are borne in an umber or cluster at the end of a short flowering stem,
somewhat like sweet peas. Big trefoil usually has 8 to 12 flowersin a cluster or umber,
and it has vigorous underground stems or spreading rhizomes. Broadleaf and narrowleaf
trefoils have only five (rarely six to seven) flowers in the umber, and they do not have
spreading rhizomes. The flowers of narrowleaf trefoil are smaller than those of broadleaf.
They are bright yellow to orange, about one-half inch broad, and shaped much like the
garden pea but much smaller. Knuth (1908*, pp. 300- 304) stated that the nectar is
secreted in the usual place, at the base of the staminal column, and is sought after by
numerous insects. He stated that the 10 anthers dehisce before the flower opens, then they
shrivel. Then five of the filaments become club shaped and elongate to form a pistonlike
action that pushes the dehisced pollen forward into the keel tip.

When the insect exerts pressure on the petals, the thickened filaments push a quantity of
pollen out the keel opening. As the pressure increases, the stigma also protrudes and
becomes exposed so that either self- or cross-pollination may take place. The former,
however, islargely ineffective. When the pressure is removed, the parts return to their
original position. The pollen is extruded in aribbonlike somewhat pasty mass, and when
contact is made it adheres to the underside of the bee. As further pressure causes the
stigmato emerge, it also contacts the same area of the body of the insect, which may be
coated with pollen obtained from other blossoms, and cross-pollination can result (Watson
1963). Release of pollen may result from as many as 10 bee visits. Flowers not visited by
bees remain open 8 to 10 days, but visitation by bees (and probably fertilization of the
stigma) reduce this period to less than 4 days.

Trefoil ishighly attractive to bees for its nectar and pollen. When foraging on trefoil is
extensive, colonies frequently build up rapidly and then swarm (Anonymous 1959).

Vansell46 reported that honey bees were extremely active on trefoil blossoms, collecting
both nectar and pollen, although "little nectar could be seen in the 2 large pit-like
nectaries." He noted six bees per square yard mainly collecting trefoil pollen. Pellett
(1944) considered broadleaf birdsfoot trefoil in lowa more attractive to bees than
sweetclover. Trefoil produces a superb honey, although on a national scale the amount
produced annually is not great.

46 VANSELL, G. H. [BIRDSFOOT TREFOIL.] U. S. Dep. Agr., Pacific States Bee Culture Field
Lab., Davis, Cdlif. First Quart. Rpt., p. 8. 1952.

Pollination Requirements:

The rather thorough study of the pollination of the trefoils by numerous workers (Bader
and Anderson 1962, MacDonald 1944, Miller and Amos 1965, Miri and Bubar 1966,
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M orse47 1958, Silow 1931) leaves little doubt that these plants require insect pollination
for commercial production of seed. The flower is so constructed that pollen is released
before the flower opens (Seaney and Henson 1970), and self-pollination appears feasible.
MacDonald (1944) showed that single plants of L. corniculatus enclosed with "sterile"
bees produced 100-percent fertilized florets, which proved that the plant was self-fertile.
However, plants from which bees were excluded produced no fertilized ovules, which
proved that the florets were incapable of fertilizing themselves without the aid of an
outside agency. Other workers concluded that trefoils are only partially self-fertile. In any
event, they are not self- fertilizing. MacDonald (1944) also showed that about twice as
many flowers were fertilized with pollen from other plants of the same species as with
pollen of the same plant. Even if individual trefoil plants are self- fertile, they benefit from
cross-pollination between plants within the species.

47 MORSE, R. A. THE POLLINATION OF BIRDSFOOT TREFOIL. 119 pp. 1955.
[Unpublished diss. submitted to Cornell Univ., partial fulfillment for Ph.D. degree, Cornell Univ.,
New York.]

Pollinators:

Bees are the only insects that pollinate the trefoils to an appreciable degree (Bader and

Anderson 1962, MacDonald 1944, M orse48, Peterson et al. 1953, Vansel I49 ). Honey bees
and bumble bees account for the big majority of the bee visitors, and of these the honey

bee is predominant (Morse S0 ). Although Bohart (1960*) recorded higher populations of
wild bees than honey bees on plots of trefoil in Utah, Bader and Anderson (1962)
concluded that pollen-collecting honey bees were better pollinators of L. corniculatus than
were nectar collectors in that the former set 7.00 seeds per pod, whereas the latter set only
4.92 per pod. (A pod can have 10 or more seeds.) Miller and Amos (1965) concluded that
about two-thirds of all trefoil flowers set as many seeds from one honey bee visit asif five

or six visits had been permitted. Morse (1958)51 stated that dlightly less than one honey
bee per square yard of flowering trefoil was a sufficient pollinator population in New

York. Vansell52 observed six bees per square yard in California, but the significance of
this bee population in terms of seed production is unknown.

Miller (1969) noted that clones differ in cross-compatibility to the extent that some
crosses set very few seeds. If this condition exists under field conditions, and it could
quite logically do so, such across- visit would require an additional bee visit from amore
acceptable clone if seed isto be set. To that extent, heavy visitation might be desirable.

Because of the tendency of the seeds to set over a period of several weeks and to shatter
when they become ripe, the harvesting of large crops of seed is difficult. McKee and
Schoth (1941) stated that 100 pounds of clean seed per acre was usual. MacDonald (1944)
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reported the production of 22 growers averaged only 46 pounds. Howell (1948) reported
an average of 127 Ib/acre in Oregon. Tremblay (1962) reported 99 and 139 |b/acrein
Vermont for 1958 and 1959. (Incidentally, he reported that the cost of bees for trefoil
pollination ranged from $0.04 to $3.56 (average, $1.16) per acre.) Anderson (1956) found
that |east shattering and maximum seed was obtained if harvest occurred when the
maximum number of pods were light green to light brown. Peacock and Wilsie (1957)
showed that shattering was reduced by 17 percent in one cycle of plant selection, and they
believed that nonshattering plants might be devel oped.

48 See footnote 47.
49 See footnote 46.
S0 See footnote 47.
51 See footnote 47, p. 362.
52 See footnote 46, p. 362.

Pollination Recommendations and Pr actices:

Morse (1958) was of the opinion that in central New Y ork - where apiaries of 25 to 50
colonies were about 2 miles apart (one colony per 50 to 100 acres) - sufficient bees were
in the area and moving colonies into the area for pollination of trefoil would be of little or
no value. He was probably giving more consideration to honey production than pollination
of trefoil, or he gave considerable credit to local wild bees. Wheeler and Hill (1957*)
stated that insect pollination appeared to be essential for seed production of big trefail, but
iIf the supply of local bees was not adequate additional honey bees should be added. Eckert
(1959*) recommended one strong colony per acre of trefoil. He stated that colonies of
bees interchanged between trefoil and alfalfa reportedly gave excellent service. Smith
(1960) recommended two to three colonies of honey bees per acre of trefoil, the colonies
placed in or closeto thefield.

The number of bee visitors per unit area of the crop should be considered when
determining the adequacy of the population. Morse 53 considered one bee per square yard

adequate, although Vansel I54 observed as many as six bees per square yard. The grower
wants to set the maximum seed crop in as short a period as possible. It would appear then
that he should strive for the bee population that would accomplish this. If that population
IS not present, additional colonies should be brought in until it is reached. This may
require more than the one colony indicated by Morse or the two to three colonies
recommended by Smith (1960).

53 See footnote 47, p. 362.
54 See footnote 46, p. 362.
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VETCH
Vicia spp., family Leguminosae

The various species and cultivars of the genus vicia are grown for forage production, soil
Improvement, erosion control, and food for wildlife. The beans of some species are used
as human food (Herman 1960, McKee 1948, McKee and Schoth 1934, Schoth and Hyslop
1925). Wheedler and Hill (1957*) listed 10 species, Gunn (1971) listed 11 species, and
Heywood and Ball (1968) listed seven species, as being the more important ones;
however, the pollination requirements of some of these species are unknown. The species
on which there is pollination information include the following:

[gfx] fix small table:

Scientific name Common name V. angustifolia L. Narrowleaf vetch V. benghalensis L
Purple vetch Scientific name Common name V. dasycarpa Ten. Woollypod vetch, or
smooth vetch V pannonica Crantz Hungarian vetch V. sativa L. Common vetch, or spring
vetch V villosa Roth Hairy vetch, woolly vetch, or winter vetch

Another important species (V. faba L. ) isdiscussed under "Broad Beans and Field
Beans."

The areas of production are primarily in the Pacific Northwest, Midwest, South, and
Southwest. About a quarter of amillion acres are devoted to vetch growing. The economic
valueis difficult to determine, but it doubtless runs into many millions of dollars.

Plant:

The vetches are generally partly-viny to weak-stemmed with
leaves that usually terminate in tendrils and stemsthat are 2 to
5 feet or more in length, depending on the species and the
condition under which they are grown. They are among the
best of the legumesin their ability to be productive in low
fertility or acid soils. They are often seeded with grain, the
stalks of which support the vetch vines. The common vetches
are annuals, except for hairy vetch, which may be either
annual or biennial. All of the common agricultural species are
viny.
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| nflor escence:

The vetch inflorescence is usually araceme that bears few to

many solitary light-blue to dark-purple or lavender flowers. The flower, like that of most
legumes, has the sexua column enclosed in the keel petal. If the column remains closed,
only self-pollination can result (if the style and pollen are compatible). If the column is
freed, or tripped, and the stigma comes in contact with pollen from other flowers, cross-
pollination can occur. Some species benefit by tripping even if cross- pollination does not
occur. Repeated visitation to the flower by pollinating insects also increases
productiveness in some species. The flower must be tripped if bees are to collect pollen
fromit.

Nectar isusually secreted inside the corolla, sometimes on the outside of the base of the
corolla. In many species, including at least V. sativa, angustifolia, and pannonica, nectar
Is also secreted in a nectary located on the leaf stipule (Knuth 1908*, p. 320; Herman
1960). Normally, when a bee visits the vetch flower for pollen or floral nectar, it settles on
the wing petals, then forces its proboscis or "tongue" down the corolla. The pressure
depresses the keel petal and forces the hairy style and pollen-laden anthers out. The pollen
Is thus shed onto the stigma, and some of it rubs off onto the bee, which then carriesit to
other flowers, resulting in cross-pollination. However, Weaver (1956b) stated that bees
sometimes collect nectar from the side of the corolla without depressing the keel petal.
Common and hairy vetches are an important source of excellent quality honey, and the
production is usually sufficient for the storage of surplus quantities for the beekeeper.
Hairy vetch is erratic, however, in its nectar production and attractiveness to pollinating
insects (Alex et a. 1950). Common vetch produces athick stipular nectar, which is more
attractive to the bees than the floral nectar (Sculler 1956*).

Hungarian vetch has the reputation of supplying nectar in larger quantities for alonger
period than any other cultivated plant (Schoth 1923).

Pollination Requirements:

Not too much is known about the pollination requirements of the different species and
cultivars of Vicia. McKee and Pieters (1937) stated that "so far asis known the vetches are
close-pollinated, and seldom if ever does crossing take place." However, there is no longer
doubt that seed production of some speciesis greatly increased with bees. Alex et al.
(1950), Bieberdorf (1952, 1954), Coe (1949), Mlyniec (1962), Mlyniec and Wojtowski
(1962), Pritsch (1966), von Schelhorn (1942), Scullen (1956*), Thomas (1950), Weaver
(1954, 19564, b, 1957), and Wojtowski and Mlyniec (1964) have shown that production of
hairy vetch (V. villosa) is greatly increased by bee visitation. Svetsugo and K obayashi
(1952) stated that fertilization of V. villosa isimpossible when the plant isisolated from
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insects. Whether some of these workers considered the smooth- stemmed V. dasycarpa as
asubspecies of V. villosa is not clear, but apparently the pollination requirements of the
two are the same. Von Schelhorn (1946) concluded that Carniolian honey bees were
superior to other beesin his area as pollinators of hairy vetch. Todd (1957*) listed both
hairy and purple vetch in the group of plants that produced more seed as a result of insect
pollination. He also stated that the brush arrangement of the vetch tripping mechanism,
required repeated insect visits for thorough pollination. He listed common Hungarian and
narrowleaf vetches as largely selfed plants. Scullen (1956*) stated that bees seldom visit
Hungarian or the Willamette strain of common vetch, and that any pollination is probably
done by bumble bees or other native bees. Scullen made no mention of the value of insect
pollination or whether floral visitation might be increased with heavier bee populations
than was used by beekeepers for honey production.

McKee and Schoth (1925) stated that common vetch is self- pollinated, however, Schoth
(USDA 1942) later submitted the following list of vetches as benefited by insect
pollination: V. villosa, V. benghalensis, V. pannonica, and V. sativa. In the revised (USDA
1946) edition, only V. villosa and V. pannonica were listed as benefited by bees.

Knuth (1908*, p. 325) stated that V. sativa anthers dehisce in the bud so that automatic
self-pollination isinevitable. However, he noted that the flowers were visited by
pollinating insects. Further, on the same page, he stated that the flower mechanism of V.
angustifolia agrees with that of V. sativa, which would indicate that this speciesis capable
of producing self-pollinated seeds. These flowers were visited by honey bees and other
pollinating insects.

In summary, therefore, the data indicate that hairy vetch (V. villosa) is greatly benefited by
insect pollination, and that this probably applies equally to woollypod (smooth) vetch (V.
dasycarpa). Purple, common, Hungarian, and narrowleaf vetches may be benefited by
Insect visitation either in increased seed production during the current year or the ability to
produce at the maximum potential in future years, although the literature is scant in this
area.

The pollination requirement of all of the species of vetch grown in the United Statesis
badly in need of clarification. Like many other of our agricultural crops and cultivars, the
problem offers an excellent opportunity for plant scientists to conduct experiments likely
to yield data of considerable economic importance to our agriculture.

Pollinators:

Honey bees are the primary pollinators of hairy and smooth vetch (fig. 192). This has been
established quite positively by von Schelhorn (1946), Weaver (19564, b, 1957, 1965), and
others. Thereislittle information on the floral visitors of other species. Scullen (1956*)
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stated that hairy vetch was worked freely by bumble bees and that they assisted in its
pollination. He also stated that any pollination of Hungarian vetch was probably done by
bumbl e bees or other native bees, but they seldom visit the flowers of the 'Willamette' cv.
of common vetch. Where large- scale production of vetch seed is practiced in the United
States, honey bees are used as a commercial practice. Alex et al. (1950) observed that
fields with no colonies of bees within 2 miles produced 410 pounds seed per acre and
fields with 0.1 to 1.0 colonies per acre within amile produced 713 Ib/acre; whereas fields
with 1.5 to 3.0 colonies per acre within one-half mile produced 1,277 Ib/acre. From these
and other observations, they concluded that the bee saturation point had not been
determined for hairy vetch.

[gfx] FIGURE 192. - Honey bee collecting nectar from vetch flowers.
Pollination Recommendations and Practices:

There are few recommendations on the pollination of vetch. Alex et al. (1951)
conservatively concluded that more than one colony of honey bees per acre increases
hairy vetch seed production. Weaver (1954) stated that severa colonies per acre were
necessary for maximum pollination of hairy vetch but that the use of more than one
colony per acre "might not be economical." Later, Weaver (1956a) estimated that one
strong colony could provide adequate pollination for 3 to 5 acres.

The dataindicate that, because repeated visits to individual flowers are desired and
because the vetches are not always overly attractive to bees, arelatively heavy bee
population on the crop is desired. Thus, the several colonies per acre previously
mentioned seems to be a more realistic recommendation than the one colony per several
acres.

Of particular interest were the results of Drayner (1956), which showed that on continued
inbreeding the ability to set selfed seed was progressively lost, but on hybridization self-
fertility was restored. Thisis an area of benefit from pollination that has been largely
overlooked and illustrates the value of bee pollination to such crops as vetches, which are
considered to be self-fertile and even self-fertilizing. The results showed that the use of
pollinating insects would be profitable and should be recommended for such self-fertile
crops as the vetches.
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WHITE CLOVER®®
Trifoliumrepens L., family Leguminosae

White clover consists of three general types - large, primarily 'Lading’; intermediate; and
small.

About 16,000 acres were devoted to production of 'Ladino’ clover seed in Californiain
1969. Production of seed of the intermediate and small types came from about 10,000
acres, 4,000 acres of which werein Louisiana, and the remainder in Idaho and Oregon.
‘Ladino' seed production was 305 |b/acre; intermediate and small types, 105 Ib/acrein
Louisiana; and 300 Ib/acre in the |daho-Oregon area (Henderson et al. 1969). California
and Oregon are the leading States in production of ‘Ladino’ clover seed; Idaho leadsin
production of the other types.

95 See "Clovers, Genera ."
Plant:

White clover is alow-growing, shallow-rooted legume that spreads by creeping stems that
root at the nodes (fig. 193). By the end of the second year, the runners of a single plant

have formed adense mat 2 to 3 ft2 with a height of 3 to 24 inches depending upon types
and cultivars (Eby 1941). White clover is a short-lived perennial in the Northern States,
but in the South it is often used as a winter annual (Wheeler 1960). The crop may be
seeded with grasses, but sometimes a pure stand is maintained. It is usually grazed by
livestock until the grower is ready for a seed crop to be produced.

[gfx] FIGURE 193. - Individual ‘Ladino’ clover plant in bloom.
| nflor escence:

The globose, white flower head consists of 50 to 250 (average of 100) florets. Each floret
may produce seven but averages about 2.5 seeds (Dunavan 1962, 1953, Dessureaux 1950,
Green 1957, Vansell 1951). When a high number of ovulesis present, high seed setting
resultsif pollination is adequate (Dessureaux 1951). About 10 florets open daily on a
head.
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Within the floret, nectar is secreted on the inner side of the base of the staminal tube. The
calyx isonly 3 mm long so the nectar is easily reached by most nectar-collecting bees.
The wing petals are fused with the keel on either side so that both move simultaneously
when the kedl petal is depressed by abee visit. This pressure is sufficient to expose the
staminal tube, and it touches the underside of the bee. After the bee departs, the staminal
tube returnsto its original position. When the bee goes to the next flower, the pollenis
transferred to its stigma and crossing results. The stigma extends beyond the anthers so
selfing is not possible (Knuth 1908*, pp. 284-298).

The intermediate and small types of white clover constitute probably the most important
honey producing crop in the United States, and provide also a good source of pollen for
the bees. Vansell (1951) and others have indicated that 'Ladino’ clover is a poor nectar
source and that most of the bee visitorsto 'Ladino’ flowers were collecting pollen. Oertel
(1961) reported that on 'Louisiana’ white clover some bees were collecting nectar, some
were collecting pollen, and others collecting both. Johnson and Wear (1967) stated that
boron caused an increase in the number of seeds of white clover per head. Possible
reasons suggested for this increase included increased bee activity and increased number
of flowers. Smith and Johnson (1969) observed no increased bee visitation to treated
plantsin bloom but concluded that boron is necessary for nectar production, which
indirectly influences pollination and subsequent seed production.

Pollination Requirements:

Since Darwin's (1889*) original experiment, various workers have shown that white
clover islargely to completely self-incompatible. Hollowell (1936) pointed out that this
means that pollen must be transported from plant to plant rather than between florets on a
plant; thus, the yield of seed depends on the number of flowers and the cross- pollination
between plants. Dunavan (1952, 1953) obtained |ess than three seeds per head in cages
where bees were excluded, but 90 seeds with bees present. Williams (1931) obtained 5.8
seeds per head from selfed plants. Palmer-Jones et a. (1962) got no seed set in cages that
excluded bees. Weaver (1957a) harvested 12 Ib/acre in cages with bees excluded and 82
Ib/acre with bees present. Vansell (1951) likewise obtained no seeds from bagged 'L adino'
clover heads, but open heads visited by bees produced an average of 247.6 seeds each.
Most of the pods contained 2 or 3 seeds. Martin (1930), Erith (1924), and Williams (1931)
noted that self- pollination rarely takes place. Atwood (1941a, 1942) found that self-
compatibility varied with plants. Atwood (1941b) associated this variation with
cytological interference zones on the stigma and in the style.

Vansdll (1951) stated that no 'Ladino’ florets opened before 9:30 a.m. and few before 11 a.
m. The length of time that florets are capable of being pollinated after they open has not
been determined, although Wheeler and Hill (1957*) stated that the floret should be
tripped the day it opens.
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Florets that are not visited by bees will stay open and fresh looking for a week or longer,
but when they are pollinated they wilt within afew hours (Weaver 19573, b). The grower
can determine the degree of white clover pollination by examining the flower head. When
pollination is progressing satisfactorily, the head will have wilted florets at the base, buds
toward the apex, and no more than a dozen fresh open florets in between.

Pollinators:

The honey bee is the most important pollinator of white clover. The plant is highly
attractive to bees (‘Ladino’ much less so than the intermediate or small types), and bees are
likely to be found visiting the flowers to some extent wherever the plants are grown
(Atwood 1943).

Bohart (1960*) stated that wild bees are apparently a negligible factor in white clover
pollination under commercial conditions; nevertheless, Osmia, Halictus, Tetralonia
[Synhalonia], and Bombus are especially fond of white clover blossoms. He stated: "It is
probable that there is no shortage of wild pollinators in small seed fields adjacent to good
territory for wild bees." Pedersen et a. (1961) stated that bumble bees and many other
wild bees were useful.

Honey bees can be moved to white clover fields when desired in whatever numbers
desired for pollination (fig. 194). This permits greater dependability than is permitted with
wild bees.

[gfx] FIGURE 194. - One of severa rows of honey bee colonies distributed uniformly
across a'Ladino' clover seed field.

Pollination Recommendations and Pr actices:

Harrison et al. (1945) recommended that white clover seed fields should not be more than
2 miles from a beeyard and preferably less than 1 mile. Lancaster (1949) recommended
one colony per acre of clover within 1.5 miles. Green (1956,1957) indicated that one
colony per 15 to 20 acres was sufficient. Forster (1966) stated that clover within about a
mile of a concentration of one colony per 8 acres received ample visits. Weaver (1957a)
concluded that under ideal conditions one strong colony should be able to visit al the
blossoms open on any day on sightly more than 3 acres of the best stand of clover.
Hollowell (personal commun., 1971) stated that these recommendations were far too low.
Hollowell (1936) recommended colonies of honey bees in the immediate vicinity of
clover- seed producing fields, but later (1942) recommended that colonies be adjacent to
thefields.

Oertel (1943) first recommended one or two colonies per acre, then later (1954)
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recommended not |ess than one strong colony per acre, but still later (1961) he considered
one colony per 3 acres if there was no plant competition for the bees. Paddock (1946)
concluded that for every 10 acres, five to ten colonies should be provided. Owen (1953),
Lyle (1944), and Eckert (1959*), recommended one colony per acre. They defined a
strong colony as one having not less than seven combs of brood and enough bees to cover
at least 15 framesin atwo-story hive. Wheeler and Hill (1957*), Osterli and Miller
(1951), and Miller et a. (1952) recommended one to one and a half colonies per acre.
Pedersen et al. (1961) recommended one or two strong colonies per acre. Scullen (1956*)
stated that one colony per acre will supply about one bee per square yard but that two bees
per square yard were needed, and, if there were more than 127 blooms per square yard,
even more bees were needed. Smith (1953) recommended two to three colonies per acre.
Smith et a. (1971) recommended one colony per acre. Bohart (1960*) concluded, "The
guestion of the number of colonies per acre (or bees per square yard) for maximum white
clover seed production has not been resolved, in spite of the fact that nectar and pollen
collectors are apparently about equal in pollinating efficiency, and competition of other
plantsis not as severe as with many crops."

The best criteriafor adequate pollination is either the appearance of the crop or the
activity of the bees on it. Weaver's (1957b) statement that flower heads with a hand of
withered florets around the base, a band of buds at the top, with a narrow band of open
florets in between, affords a satisfactory guide, as does the need expressed by Scullen
(1956*) for two or more trees per square yard of flowers. The number of colonies required
to provide this population could conceivably vary with every field. The flower evaluation
method can be made at any time of day. Bee counts must be made when weather
conditions permit beesto fly.
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ZIGZAG CLOVER?®6
Trifolium medium L., family Leguminosae

Zigzag clover is of little or no economic importance in the United States. Wheeler and
Hill (1957*) stated that if seed were available it might become one of our good pasture
legumes for our moist cool climates. It grows primarily as an escape plant in infertile soil
or waste placesin northeastern United States.

55 See "Clovers, Generdl."
Plant:

Zigzag clover is a stout perennial up to 18 inchestall with stems that grow in zigzag
fashion, hence the mane. It spreads by seeds and by rhizomes on underground stems.

| nflor escence;

The flower head and flower mechanism are similar to red clover, but the flowers are of a
brighter, deep red-purple. Nectar secretion is about the same asin red clover (Robertson
and Armstrong 1964). The heads average about 37 florets and set 14 to 21 seeds per head
iIf properly pollinated. The floret has two ovules but produces only one seed.

Pollination Requirements:

Robertson and Armstrong (1964) believed that the long corolla tube precluded pollination
by honey bees, but that bumble bees were most important, with seed setting directly
proportional to the frequency of bumble bee visits. Townsend (1967) made detailed
studies in Colorado on the self- and cross-incompatibility of this crop. He bagged heads to
exclude pollinators and found that of 42 noninbred bagged plants tested all were highly
self-incompatible, 36 did not set a single seed under selfing, and the seed set for the
remaining six ranged from only 0.25 to 1.25 seeds per head versus 14 to 21 in open-
pollinated heads. He believed that the poor seed production of zigzag clover may be due
to preference of pollinators for other plants. Keim (1957) compared production of plants
caged with honey bees with open plots near honey bee colonies and concluded that
differencesin seed set of various clones were due to genetic differences and to bee
preference.
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Pollinators:

Knuth (1908*, p. 293) reported that honey bees as well as Andrena, Bombus, Colletes,
Halictus, Megachile, and Psithyrus bees, visited the flowers. Robertson and Armstrong
(1964) recorded 97 percent bumble bee, 2 percent honey bee, and 1 percent other bee
visitors. Keim (1957) considered honey bees quite important.

Pollination Recommendations and Practices:
None.
LITERATURE CITED:
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BEAN15
Phaseolus vulgaris L., family Leguminosae

The common bean includes the edible fresh, and processed, green snap, green-shelled, and
dry beans. In 1969, about 1,872,000 acres were devoted to the many types and scores of
cultivars of beans, which had afarm value of more than $243 million. Fresh snap beans
are primarily produced in Florida and along the eastern seaboard; processed beans, in New
Y ork, Oregon, and California, and along the eastern seaboard. Dry beans are produced in
two main areas, in the West (Idaho, Colorado, and New Mexico) and in north central U.S.
(in and around Michigan).

15 See also: "Broad Bean and Field Bean," pp.117; "LimaBean," p. 244; and " Scarlet Runner
Bean," p. 332.

Plant:

The vast mgjority of P. vulgaris cultivars are bush type annuals that reach a height of
about 2 1/2 feet and are grown in rows about 3 feet apart. The leaves are dense, heart-
shaped, and 3 to 6 incheslong. The fruit is apod, straight or sightly curved, 4 to 8 inches
long, with a prominent beak. The seeds may be white to red, brown speckled, or blue-
black; globular to oblong; and from I/4 to 1 inch long. Pods may contain from oneto a
dozen seeds.

| nflor escence;

The bean flower is of the typical legume shape; usually whitish, but may be tinged to deep
violet, purple, or red; and is1/2 to 3/4 inch long. The keel is prolonged in a spirally twisted
beak. The style follows the spirals of the keel. There are the usual 10 stamens, the upper
one free while the other nine are united into a tube enclosing the long ovary and part of
the style. The blooms are loosely scattered along a 2- to 3-inch rachis (stem). They usually
open between 7 and 8 am., and never close. The corolla sheds after afew days. The
anthers dehisce the evening of the day before the flower opens (Jones and Rosa 1928*).
Welinstein (1926) reported that many pollen grains germinate in the anther, but whether
such pollen plays a part in fertilization is unknown. Knuth (1908*, p. 339) stated that
although the anthers surround the style and the pollen is released before the flower opens,
the pollen does not get onto the stigma before tripping occurs. When pressure, for
example, the weight of alarge bee, is applied to the wing petals, the style, with pollen
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adhering to the brush of hairs on it, projects from the tip of the keel. When pressureis
released, the style retracts into the keel, sometimes |eaving some pollen exposed.

When the stigmaisfirst exposed, it isfree of pollen, and may touch a pollen-coated bee
during its brief period of exposure. If this happens, cross-pollination can occur. Asthe
stigmaretracts into the keel, it comes in contact with the pollen released by the anthers
and selfing may also occur. Bean breeders state that beans excluded from insect visitors
set afull complement of pods and seeds, although there seems to be no data on the relative
time interval required for isolated plants and for bee-visited plants to accomplish this,

Pollination Requirements:

Bean breeders state that they plant different lines and cultivars alongside each other
without fear of cross-pollination, indicating very reliable self-pollination. The flowers of
most bean cultivars are capable of self-pollination athough cross-pollination can and does
occur to varying degrees, depending upon the cultivar and the pollinator population
(Hawthorn and Pollard 1954* , Mackie and Smith 1935, Barrons 1939). Much of the
research on bean pollination has been concerned only with the impact of the cross-
pollination on varietal seed contamination, not on quantity or quality of fruit set. Rutger
and Beckham (1970) stated that P. vualgarisis primarily a selfing species, but studies of
controlled insect pollination are needed. Free (1966) concluded that the pollination
requirements of different species of beans could not be predicted so they must be studied
individually. Thorough studies on the possible benefits of maximum pollinator activity on
the various types and cultivars would appear to be highly worthwile.

Darwin (1857) noted that the movement of the pistil by the bee would appear to aid in the
fertilization of the flower by its own pollen. When he tested this effect, he found that
flowers not disturbed in any way set no seed, but flowers manipulated by the wing petals
set a great number of seeds. From this, he deduced that "if every bee in Britain were
destroyed, we should not again see a pod on our kidney beans." Just what species or
cultivar he dealt with is not clear.

Knuth ( 1908 *, p. 339) stated that the anthers surround the style and shed their pollen
upon it, but the stigma s never dusted until the keel is depressed. Then the style, with its
pollen-covered brush, springs out of the opening. If the stigmais touched by the bee,
coated with pollen from other plants, before being contacted by its own pollen, cross-
pollination results. However, Taylor ( 1919) stated that the flowers are entirely self-fertile
asis abundantly proved by their productiveness when grown in greenhouses where bees
are not present. Y et, he stated that they can be cross-fertilized by bees, although the
percentage of crossing is not great. Mackie and Smith (1935) and Barrons (1939)
indicated that cross- pollination may amount to more than 8 percent. The pollinator
population associated with the crossing was never measured.
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Jones and Rosa (1928*) stated that because the stigma and the anthers are enclosed within
the kedl, insects reach them only with difficulty; however, visitation occurs and crossing
results. They considered the- amount negligible. They also stated that selfing occurs freely
when flowers are enclosed. Kristofferson (1921) reported O to 1.4 percent crossing, and
Emerson (1904), 0 to 10 percent crossing. Free (1966) working with 'Processor’ cv. of P.
vulgaris concluded that "honey bees are unlikely to have much effect on the yield." His
data, however, showed that the plantsin the cages with bees produced 21 percent more
seed weight, with 6 percent more pod weight than plants from which bees were excluded.

Beans are visited only sparingly by honey bees, and beekeepers do not consider this crop
of significance as a source of nectar or pollen. What the visitation or its effect on beans
might be under a high concentration of beesis unknown, but the information would be of
interest and possibly of considerable value to bean growers.

Pollinators:

Mommers (1971 ) studied the pollination of beans grown under glass and concluded that
bees do not influence development of P. vulgaris.

Diwan and Salvi (1965) stated that beansin India are eagerly visited by Apis dorsata, A.
florea, and Trigona spp., but the flowers are generally ignored by A. cerana. Those who
have studied the problem agree that bumble bees and honey bees are the most frequent
visitors to bean flowers in the United States. Darwin (1858) and Palmer (1967) indicated
that bees are of benefit to beans, but the kind of bean they referred to is not clear. The data
indicate that, if pollinating insects are of benefit, the bumble bee is the best pollinator.
Honey bees are apparently next in importance. The latter can be increased in numbers
where desired. They visit the blossom for both pollen and nectar. The exact effect on the
flower or value to the different cultivars of P. vulgaris has not been well established.

Pollination Recommendations and Pr actices:

There are no recommendations on the use of bees as pollinators of beans. In fact bean
breeders, knowing the plants will set fruit in greenhouses where bees are excluded, feel
that pollinating insects are entirely unnecessary. On the other hand, some growers"liketo
see bees around,” believing that their activity resultsin fuller pods. For such an important
crop, more precise information should be obtained on its pollination requirements, and the
possible value of pollinating insects. The effect of saturation pollination, as practiced on
other crops, might be effective.

LITERATURE CITED:
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BROAD BEAN AND FELD BEAN18
Viciafaba L., family Leguminosae

Broad bean and field bean, also known as faba, fava, horse, spring (pigeon), tick, and
windsor beans (Robinson 1968), are relatively unimportant in the United States, but they
are important in England, parts of western Europe, and Australia. Yields vary
considerably for these crops. Hawthorn and Pollard (1954*) stated that broad beans
yielded an average of 1,300 to 1,700 Ib/acre in England. Bond et al. (1966) reported yields
of about 700 Ib/acre. Scriven et a. (1961) reported field bean yields of 4,520 kilograms
per hectare (3,978 |b/acre). Watts and Marshall (1961) reported yields of 3,377 kg/ha
(2,971 Ib/acre) from plots caged with bees as compared to yields of 2,687 kg/ha (2,365 |b/
acre) on plots caged to exclude bees.

18 See also: "Bean," p. 100; "LimaBean," p. 244; "Scarlet Runner Bean," p. 332 and "Vetch," p.
369.

Plant:

Broad bean and field bean are coarse, erect, smooth-stemmed annuals, 2 to 6 feet tall, with
pods 2 to 10 inches long, producing two to four flat brown seeds1/2 inch to 1 /2 inches
across. They are cool-season crops, tolerant to light frost, that are planted in the fall in
areas of mild winter climate or in early spring in areas of cold winters.

Extrafloral nectaries are on the underside of the stipules, the small leaflike parts at the
base of the leaf. Koreshkov (1967) showed that these nectaries function throughout the
vegetative period of the plant, and that repeated removal of the nectar stimulates further
production.

I nflor escence:

There are two to four white, blotched, deep maroon or blackish- violet flowers, each an
inch or more across in clusters at the base of the leaf. Free (1970*) stated that a normal
field bean plant has 50 to 80 flowers, bul alarge proportion of these flowers or the young
pods shed - 86.7 percent according to Kambol (1969). Sope, (1952) stated that less than a
dozen pods per plant are harvested, although isolated plants may set over 60 pods. He
concluded that this heavier set on the exposed plant was associated with better insect
pollination Rowlands (1960) recorded an average of 24 percent sel in the open but only
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7.3 percent set in the glass house He concluded that some plants are highly self-sterile and
some cross better than others. Free (1970*) stated that the amount and concentration of
field bean floral nectar was relatively low, so the flowers are not overly attractive to nectar
collecting insects.

In discussing the field bean inflorescence, nectar secretion, and bee visitation, Free
(1970*) stated that bee visitors to extra-floral nectaries were more numerous at midday,
whereas those visiting the flowers were most numerous from 2 to 4 p.m., when pollen was
available. He concluded that pollen was more attractive to bees than the floral nectar.

Pollination Requirements:

The pollination of broad bean and field bean was studied by Free (1966) who concluded
that insect pollination greatly increased production of broad beans but had little effect on
production of field beans. Later, Free (1970*) concluded that the pollination requirements
of broad bean and field bean were similar although inadequate pollination limited seed
production in broad beans more so than in field beans. Darwin (1889*) showed that 17
broad bean plants covered with a net to exclude pollinators produced only 40 seeds,
whereas 17 exposed plants produced 135 seeds.

Probably the most important observation concerning the pollination of field bean was that
by Drayner (1956,1959) and confirmed in more elaborate detail by Bond and Fyfe (1962)
who showed that continued inbreeding causes a progressive loss in the ability of the plant
to set selfed seed, but upon hybridization (cross-pollination) this ability isrestored. This
means that the plant can survive several generations (not indefinitely) without cross-
pollination although production continually decreases. A similar situation apparently
exists in many other so-called self-pollinated crops; continued inbreeding leads inevitably
to elimination of the strain.

Holden and Bond (1960) concluded that 30 to 40 percent cross- pollination may represent
an equilibrium point in a balanced breeding system in which the cross-pollinated third of
the flowers self and the selfed flowers produce one-third selfed and one-third crossed
seed. Such a system, they concluded, would be self-perpetuating, yielding one-third cross-
breds and two-thirds inbreds each generation. They also observed that the pollenisin
contact with the stigma 24 hours before the flower opens, therefore the cross-breds are
capable of selfing.

The value of hybrids or cross-pollinated plants within the cultivar as shown by Bond
(1968), isin their ability to self in the absence of bees, whereas inbreds would not set
seed. However, Rowlands (1958) showed that only 2.3 percent of flowers set if they were
not tripped or manipulated, whereas 12.4 percent set if they were gently hand manipulated
but not tripped. Thisindicated that insects or the elements can influence the set of fruit
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without actually crossing the flowers. His open-pollinated flowers set 23.1 percent,
showing that cross-pollination was more beneficial than mere manipulation.

Free (1966) showed that plants caged with bees produced about twice as many seeds as
similar plants caged without bees. Scriven et a. (1961), Cooper (1966), Mart'yanova
(1967), National Agricultural Advisory Service (1964, 1967), and Oschmann (1957)
showed similar results. Fyfe and Bailey (1951) reported about 30 percent cross-
fertilization of field bean in eastern England. Hua (1943) reported an average of 32.9
percent cross-pollination over a 3-year period in China

The grower wants the plant to set its crop of seeds as soon as possible and to produce as
much as possible. Bees can contribute in this respect. Wafa and |brahim (1960) excluded
insects from some plants by use of cages and included bees in other cages over plants. At
harvest time, the bee cage had ceased flowering and most of its pods were ripe. The plants
from the cages without bees had many green pods when the cages were removed. This
showed that bee pollination accelerated the rate of set of bean pods. Hanna and Lawes
(1967) showed that the percentage of crossing was higher on the lower nodes (51 percent
below, 33 percent at upper ones), showing that the plant strives first for cross-pollination
then for survival.

Pollinators:

Bond and Hawkins (1967) and Free (1962) have studied the behavior of bees on field
bean. Free (1962) concluded that the activity of the honey bees may vary. They may visit
only the extrafloral nectaries, they may visit only the holes cut in the bases of the corollas
by bumble bees, or they may visit the corollafor nectar and pollen. Only in the latter case
are the bees of value to the beans as a pollinating agent. Bond and Hawkins (1967) placed
two colonies by an acre of field bean, and the bees collected sizeable amounts of pollen.
However, these workers concluded that bumble bees were primarily responsible for the
cross-pollination that occurred. Wafa and Ibrahim (1960) concluded that the carpenter
bee, Xylocopa aestuans (L.), was the most important wild pollinating insect in the Gaza
region. Free (1959) concluded that better visitation to the bean flowers resulted when the
honey bee colonies were moved to the crop after it started to flower.

Watts and Marshall (1961) showed about 26 percent increase in seed production due to
the presence of bees. They also showed the value of beesin setting the seed early. In their
plots caged with bees and aso in their open plots, they found an average of nine, nine, and
two pods, respectively on the bottom, mid- and top portion of the plant, but in the no-bee
cage three, five, and four pods were in the same areas.

Free (1970*) concluded that only insects with long tongues could reach the nectar in the
bean flower and that honey bees and short-tongued bumble bees that enter the flower
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probably obtain only pollen most of the time. However, some bumble bee species with
short tongues, male carpenter bees (Xylocopa aestuans), and certain ants (Cataglyphis
bicolor (F.)) bite holesin the base of the corollaand "rob" the nectar without contributing
to pollination. Honey bees do not make holes, but they will rob nectar from holes made by
other insects.

Pollination Recommendations and Pr actices:

Allen and Scriven (1957) concluded that one colony of honey bees per acre should give
adequate coverage of field beans, but that most of the work by these insects resulted in
self-pollination. In this respect, honey bees are no different from bumble bees.
Brandenburg (1961 ) reported that the placement of colonies on the bean plots doubled the
yield of seed. He suggested the bringing in of a new group of bees every 7 to 14 days.

Riedel and Wort (1960) studied set of podsin relation to their location on the plant and
concluded that uniform set along the body of the plant was an indication of inadequate
pollination.

Because bees collect pollen from beans mostly between 2 and 4 p.m., a study of the
degree of collection might be used to determine the degree of pollination anticipated. For
example, agrower might observe the number of bees per unit of flowers, then, later, the
set of beans along the stalk, and, finally, the volume of seed harvested. In thisway, he
could determine the bee population needed for maximum production of both broad bean
and field bean. This information should be determined experimentally also.
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COWPEA
Vigna sinensis Savi (L.) ex Hassk., family Leguminosae

The cowpeas inculde the blackeyes, cream, crowders, purplehull, and some other less
common types. They are grown primarily in the South and in California. Production of
cowpeas decreased from 899,000 acres in 1954 to 93,000 acres in 1967 when the USDA
ceased including the crop in the annual Agricultural Statisti report. The farm value aso
decreased from $8,600,000 in 1954 to $3,150,000 in 1967.

. Standard

.‘itaminal fube
Figure 97, - Longibedinal saction of Badeye cowpea flower, 17

Plant:

Cowpeas may be prostrate, erect, or climbing to about 3 feet. They are sensitive to cold
and are killed by frost, but are tolerant to heat and drought conditions. The seeds are
planted after all danger of frost is past. The plants flower in midsummer, and the seeds or
forage are harvested before frost. The trifoliate leaves, 2 to 5 inches across, form a dense
canopy that covers the ground. The seeds are in slender pods 8 to 10 inches long with
eight to 20 seeds,vary in size (2 to 12 mm), shape (globular to kidney shaped), texture
(smooth or wrinkled), and color (white, green, buff, red, brown, or black; and are
variously speckled, mottled, blotched, or eyed). The type of cultivar grown depends upon
whether it is to be used to produce forage, green pods, or the dry seeds as a pulse crop.

I nflor escence:
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The inflorescence consists of two to eight whitish, yellowish, or violet papilionaceous
flowersin pairs crowded together on the tip of a slender peducle or stem, 1 inchto 6
inches long. The 3/4- to 1-inch flower has a bent style, bearded on the inner curve
immediately below the oblique stigma, and uniform anthers in two fused groups around
the style (fig. 97).

The flower has asingle ovary with eight to 20 ovules. Extrafloral nectaries are |ocated at
the base of the corolla. Whether floral nectar is secreted is not clear, but most likely itis.

The flower is attractive to bumble bees and various other insects that forage upon both the
nectar and pollen.

[gfX]
FIGURE 97. - Longitudinal section of blackeye cowpea flower, x 7.

Pollination Requirements:

Purseglove (1968*) stated that the flowers open early in the morning and close before
noon of the same day. Warnock and Hagedorn (1954) stated that the stigmais receptive
only one day at 68 deg to 72 deg F but slightly longer at 60 deg. Robbins (1931 ) stated
that the cowpeais capable of self-fertilization, and thisis probably the common
occurrence, although the flowers are often visited by honey bees or bumble bees, attracted
chicfly by the extrafloral nectar. However, Warnock and Hagedorn (1964), after detailed
study of the stigma of the cowpea, learned that receptivity islimited to only the very tip of
the stigma, which in appearance somewhat resembles the sensitive end of the trunk of the
elephant. They also found that from 14 pollinations made in the greenhouse, 59 seeds set
when pollen was placed on the end of the stigma but only seven set when pollen was
rubbed on the style. It was interesting that they never got more than an average of 5.4
seeds per pollination when pods normally produce eight to 20 seeds, which would indicate
that their method was not as efficient as the natural method.

Pollinators:

Purseglove (1968*) stated that a heavy insect is required to depress the wings of the
flower and expose the stamens and stigma. The pollen is sticky and heavy, indicating that
the plant is not wind-pollinated (Mackie 1946). Cross-pollination seems to be associated
with areas where bumble bees are numerous. Mackie and Smith (1935) stated that bumble
bees are the primary pollinators.

The actual value of frequent visitation by pollinating insects to blossoms of cowpeas has
not been determined; however, the study by Warnock and Hagedorn (1954) would
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indicate that such activity is beneficial in increasing the number of pod set, the number of
seeds per pod, or both.

A male-sterile mutant cowpea has been reported (Sen and Bhowal 1962). It has not been
utilized in hybrid seed production, but if such a mutant were used, since cowpeas are not
wind pollinated, insects large enough to operate the floral mechanism would be required
to carry pollen from fertile to male-sterile plants.

Pollination Recommendations and Practices:
There are no recommendations for the use of pollinating insects on cowpess.
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KIDNEYVETCH
Anthyllisvulneraria L., family Leguminosae

Kidneyvetch, also known as sand clover or wound-wart, is not grown to any appreciable
extent in this country.

Plant:

Kidneyvetch is a deep-rooted perennial herb about afoot tall. It isaforage plant of some
value on poor, light, sandy soil of the more northern latitudes (Graham 1941*).

I nflor escence:

The yellow to deep red flower heads are attractive to bees for both their nectar and pollen.
The stigma and stamen are enclosed in the sheath of the keel petal. The pressure of abee
visiting the flower squeezes out a string of pollen from the opening in the keel petal.
When the pressure is removed, the tips of the anthers return to their former position, and,
when pressure is renewed, fresh pollen masses are extruded. At alater stage, the stigma
elongates and also projects through the cleft.

Pollination Requirements:

Even though surrounded by its own pollen grains, the stigmais unreceptive to them. After
the pollen is carried away or no longer viable, the stigma becomes receptive to pollen
brought from other flowers. Thus, it is an entirely cross-pollinated plant (Knuth 1908*, pp.
297-298; Todd 1957*; Muller 1833*, pp. 172-173).

Pollinators:
Bees are primary pollinators of kidneyvetch.
Pollination Recommendations and Practices:

None.
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KUDzU
Pueraria thunbergiana S. & Z. Benth. [=P. lobata (Willd.) Ohwi], family Leguminosae

Kudzu is aperennial, coarse, rapid-growing, long-lived twining plant. It is grown in the
southeastern States for forage, pasture, soil improvement, and erosion control. Two
decades ago, 300,000 acres were planted to kudzu in this area (Wheeler 1950). It is most
frequently used along roadsides for erosion control (fig. 119). Interest in kudzu has
decreased in recent years, probably because the speciesis not tolerant to grazing, and
because its tendency to spread and crowd out other plants makes it undesirable in many
places.

[gfx] FIGURE 119. - Kudzu, growing upon a steep slope, controls erosion and affords
grazing for cattle.

Plant:

Kudzu has roundish trifoliate leaves, 2 to 4 inches across, and runners that may reach 60
feet in length. These runners frequently engulf large standing dead trees. Kudzu can be
established by seeds, cuttings, or young transplants. The crowns of old plants will
transplant, but their size and bulk limit their use. For this reason, seeds are preferred. Its
propagation has been somewhat handicapped because of its poor seed setting ability
(Dabadghao 1949).

I nflor escence:

Kudzu flowers are purple to reddish, and are produced in relative abundance in some areas
and on some vines (fig. 120), but many that open will wilt and shed. Turner (I 959) stated
that flowering is unknown in Texas. Mes (1953) stated that in Africa flowering occurs
during the second season, and the flowers produce a sweet aroma. E. A. Hollowell
(personal commun., 1971) stated that the plant must climb before it flowers. Wheeler

( 1950) stated that large purple flowers are produced in relative abundance, and precede
the clusters of densely hairy pods, which are about 2 inches long and with usually few or
no seed. Tabor (1942) noted that more seed set on old vines. Dabadghao (1949) also
studied seed setting and recorded the appearance of flowers at 3 years of plant age. Mes
(1953) stated that ripening required 21/2 to 3 months after the flower opened and that
pollen was on the stigmas of some of the flowers that shed. Mes (1953) also noted that
fruit setting took place at intervals on all inflorescences simultaneoudly, followed by a
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general period of flower shedding. He stated that when the wings and keel are depressed
by the weight of a bee, the style, stigma, and anthers emerge through the gap at the tip of
the keel; when the weight is removed they recede into the keel. The stigmatic surfaceis
dlightly above the top of the anthers. The stamens are all the same length. Pollen is shed
when the flower opens.

[gfx] FIGURE 120. - Kudzu vine with flower clusters.
Pollination Requirements:

Wheeler and Hill (1957*) noted that three to five seeds per pod frequently mature, but
there may be as many as 12. Mes (1953) caged a number of inflorescences and all flowers
shed; he concluded that cross- pollination is necessary. Wheeler and Hill (1957*)
concluded that away will eventually be found to produce seed commercially, then the
demand will increase. It would seem that if a method can be found to properly handle the
pollination of this crop, then increased seed production will result.

Pollinators:

Bees are the only insects mentioned as pollinators of kudzu.

Pollination Recommendations and Practices:

Although planting seed is preferable to setting young plants or cuttings, the scarcity of
seeds precludes this. An appropriate bee population might enable seed production to be
practical, but no such usage has been developed. No recommendation currently exists on
the use of insect pollinators on this crop.
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LIMA BEANS
Phaseolus lunatus L., family Leguminosae

In 1970, 70,630 acres of lima beans were grown for processing. The crop was valued at
$14.5 million. USDA Agricultural Statistics no longer reports the fresh market acreage.

Plant:

The magjority of the acreage is devoted to the bush type of lima beans, an annual with a
somewhat woody stem and determinate type of growth, about 2 feet high. The vining,
climbing, or pole type may grow to 10 feet and has indeterminate flowering habits, so that
fruit is continually produced as long as climatic conditions favor plant growth. With
determinate types, most of the inflorescences develop about the same time, which results
inamore or less uniform set of fruit. In fact, satisfactory yields are dependent upon
obtaining a"capacity set" of pods (fig. 124) during the first 2 weeks of the blossoming
period (Hawthorn and Pollard 1954*). Lima beans require along growing season, but
without excessively high temperatures, such asis found along the coast of southern
Cdiforniaand in Delaware.

[gfx] FIGURE 124. - Lima bean pods.

— Standard

. Calyx “ Ovule —Staminal ube

W Mectar

Figure 125. - Longitudinal section of 'Murphy” lima bean, 7.
Imset shows tip of keel and stigma protreding, enlarged.
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I nflor escence:

The white or cream-colored, legume-type flower of the lima bean is borne at the end of a
pedicel on a 2- to 4-inch-long raceme. Usually, only a small percentage of the flowers on
araceme set. Various reasons for this failure have been given, including high temperature
and low humidity (Cordner 1933), improper soil moisture (Lambeth 1950), and
inadequate pollination (Amos 1943). In the flower itself, the keel is elongated into a
spirally twisting beak. The style, which follows the spirals of the keel, isalso twisted. It is
bearded below the stigma (fig. 125). Knuth (1908*, pp. 339 - 340) stated that the stigma,
and a portion of the spirally twisted style with pollen adhering to the brush of hairs,
projects from the tip of the keel petal when thisis depressed and returns again when the
pressure is removed. The anthers surround the style and shed their pollen upon it, but the
stigmais never dusted before it is exserted. If the stigmais pollinated by the insect visitor
before it istouched by its own pollen, cross-pollination can result.

Anthesis occurs between 7 and 8 am. The flower never closes, but the corollais shed after
afew days. Nectar is secreted at the base of the corolla and is the source of afine quality
honey. Bees also visit the plant for its pollen. Nectar secretion seems to be greatest when
plants first come into bloom, and it remains intense for about a week - then tapers off.

[gfx] FIGURE 125. - Longitudinal section of ‘Murphy' lima bean, x 7. Inset shows tip of
keel and stigma protruding, enlarged.

Pollination Requirements:

Magruder and Wester (1942) caged plants and concluded, without taking data, that set of
pods on most families under the cloth was as good as, if not better than, on uncovered
plants. However, Amos (1943) caged plots to exclude bees, and compared production with
plots that were shaded, but otherwise left open to bee visitation. He reported about a 30
percent increase in yield due to the presence of bees. He stated that 30 colonies were
within 1 mile of the test plots, but the acreage of beansin bloom was not given. Because
the observations were made in an area of commercial lima bean production, there could
have been hundreds of acres of beans and the honey bee colony per acre ratio could have
been quite low. The increase was in numbers of pods, beans per pod, and total weight of
beans. He gave no indication as to the pollinator density in the field.

Wester and Jorgensen (1951) found hybrid vigor in al lima bean crosses tested, with
production exceeding the best parent in all cases. They stated that a high percentage of
crossing was needed. Others have noted that this occurs naturally in some areas now
(Magruder and Wester 1940, Barrons 1939, Welch and Grimball 1951, Magruder 1948).

Allard (1954) caged plants with and without bees to obtain a measurement of bee activity
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in terms of hybrid beans produced. He obtained 2.38 percent hybrids from caged plants
visited by bees, and 1.06 percent in cages from which bees were excluded. In open plots
dusted with DDT, he obtained 0.21 percent hybrids; but in other plots not dusted, he
obtained 1.48 percent hybrids. These experiences and observations indicate that the lima
bean, like other beans, is capable of self- pollination but cross-pollination can and does
occur. The amount of crossing and its value seem to depend upon the number and species
of insect pollinators present or the degree of insect visitation to the crop.

Boswell (1961) stated that the lima bean does not benefit from the intervention of insects;
however, other works are not in compl ete agreement.

Pollinators:

Allard (1954) gave thrips credit for the cross-pollination he obtained. In the light of other
research on lima beans, as well as on thrips as pollinators, his data are quite open to
guestion. Incidentally, Mackie and Smith (1935) also gave thrips credit for cross-
pollinating beans. Jones and Rosa (1928*) noted that honey bees, bumble bees, and other
insects visit the flowers and cause cross-pollination.

Vansell and Reinhardt (1948) compared production from caged and open plots and also
from areas of high and low general bee activity throughout the flowering period. They
noted that 34.4 percent of the flowers set in the area where bee activity was high and
continuous, but only 5 to 22 percent set where insecticides were applied. Because of the
Insecticide applications, most of the colonies were moved away during part of the
flowering period, resulting in low pollinator activity. In fact, they recorded one bee per
yard of row before the evacuation of the colonies began, but only one bee per 33 yards of
row afterwards. Y et even with this low bee activity, they reported a greater yield in both
number and weight of beans from open than from the caged plants. Wester and Jorgensen
(1950) stated that bumble bees and honey bees were responsible for most of the l[ima bean
crossing in the field. Anderson (1959) reported that lima bean plants caged with bees set
more beans during early blooming period, and the beans were larger than in cages where
bees were excluded. He reported that bees visited lima beans in abundance.

Pollination Recommendations and Pr actices:

Despite the rather promising results on the value of ample insect pollination on the
increased production of lima beans by Amos (1943) and Vansell and Reinhardt (1948) and
the intriguing study by Drayner (1956) on the value of cross-pollination to increased
production of subsequent crops, there has been no follow-up. Beekeepers move their bees
to lima bean fields to obtain honey crops, and some growers encourage placement of
apiariesin the vicinity of their crops, because they fedl that the bees "help." The number

of pollinators supplied to cropsin this manner is probably not sufficient for maximum
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activity on the blossoms. The use of bees as pollinators of lima beans is not recommended
by the States in which these crops are grown, nor are there data to indicate the appropriate
pollinator population desired for maximum production. Studies leading to such a
recommendation are needed. In the interim, the meager data available would indicate that
growers would materially benefit if they arranged for placement of numerous coloniesin
and adjacent to their limabean fields at flowering time and took steps to protect these
pollinators from harmful pesticides
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LUPINES
Lupinus angustifolius L., family Leguminosae

Blue lupines are grown for grazing, soil improvement, and cover, primarily in southern
Georgia and northern Florida. Two decades ago, more than amillion acres of lupines were
grown. Since then, the acreage has dropped sharply and so have the number of species
because of virusinfection of the plants. Presently, some 300,000 to 400,000 acres of blue
lupines are grown mostly for forage or in citrus groves (Edwardson 1963; J. R.
Edwardson, personal commun., 1971).

Plant:

Blue lupines usually have upright branches, 1 to 4 feet tall, with nitrogen-fixing
Rhizabium nodules on the roots, as occurs with most other legumes. The stems are
relatively coarse. The seeds are relatively large, and the flowers are in large terminal or
lateral racemes. The leaves may consist of 5to 11 leaflets arising at acommon point. The
dense foliage will provide as much as 40,000 pounds of green manure per acre (McKee
1948).

I nflor escence:

The flower cluster isa 6- to 12-inch upright raceme, and each floret isl/2to 1 inchin size.
The petals may be shades of blue, purple, or pink. They are supposed to be nectarless but
fragrant (Knuth 1908*, pp. 271 - 272; Edwardson et al. 1963), although Pellett (1947*)
stated that some lupines are honey plants. The blue lupineis not a honey plant, but the
pollen is attractive to bees.

The anthers dehisce before the flower opens, and after they release the pollen they shrivel,
leaving the pollen in the hollow cone of the flower. When insects visit the flower, their
weight causes the stamens to extrude pollen through the opening in the keel, ahead of the
stigma, where pollen- carrying insects can effect crossing. Automatic self-pollination does
not occur (Knuth 1908*, pp. 271 - 272). To protect the bee visitors, Edwardson et al.
(1963) recommended the use of insecticides only when the bees were not visiting the
plants.

Pollination Requirements:
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McKee et a. (1946) and McKee and Ritchey (1947) stated that most flowers of blue,
white, and yellow lupines are self-fertilized, but some crossing within (but not between)
species occurs. Julen and Akerberg (1948) stated that even in some plant species
considered to be self- fertilizing, seed setting isimproved by insect visits This applies
particularly to yellow lupine.

Kozin (1967) found that visits by honey bees substantially increased the number of pods
set in three of five cultivars, the length of pod in 7 of 13 cultivars, the number of seed in
al cultivars tested but three, and the weight of seed for all cultivars but two. The visits
also increased the germination qualities of the seed Wallace et a. (1954) quoted Troll
(1948) as saying that cross-pollination is always more frequent in yellow lupine than blue
and that the extent varies with the distance to the nearest apiary. They showed practically
no hybrids resulted from bee activity on blue lupines but 19.9 percent from plants of
yellow lupine, both oi which were only a quarter of a mile from an apiary They aso noted
that honey bees work the sweet yellow lupines. Forbes et a. (1971) concluded that blue
lupine is highly self-compatible, and fully capable of self-poll) nation in closed flowers
independent of insect pollination. However, their data show that both 'Rancher’ and '65G-
251" selections produced more seed when there was no barrier to pollinating insects than
when either poultry wire of 2.5 cm mesh or fine screen enclosed the plants. This would
indicate that insects have a beneficial effect.

Pollinators:

Kozin (1967) showed that honey bees represented 83 percent, bumble bees 9.6 percent,
and other insects 7.4 percent of the visitors to "fodder" lupine. He further noted that 56.5
percent of the bees collected pollen and inserted their proboscis into the flower. Leuck et
al (1968) also considered the honey bee to be the most important pollinator on blue lupine.
Forbes et al (1971) considered neither bumble bees nor thrips of consequence and
attributed the range of crossing the observed (from O to 12.0 percent) to known honey bee
population densities.

The honey bee, then appears to be the primary floravisitor. Kozin (1967) recommended
that honey bees be widely used for increasing the seed crop of lupines, but the species of
lupinesinvolved was not given. Thorp (1957*) listed white, yellow, and blue lupines
under the heading " Seed Production Increased by Bees." Horovit and Thorp (1970)
considered the bumbl e bee to be better than the honey bee in the pollination of L. nanus
Dougl.

Pollination Recommendations and Pr actices:

None.
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MUNG BEAN, GREEN OR GOLDEN GRAM
Phaseolus aureus Roxb., family Leguminosae

At one time the mung bean was a crop of considerable importance. Martin and Leonard
(1949*) stated that in 1945 110,000 acres were grown in Oklahoma.

In 1967, when records on this crop were discontinued, 34,000 acres were harvested,
yielding 400 pounds seed per acre, for which a price of only 0.06 cents per pound was
obtained. Mung bean is an important crop in India where it rates as the most wholesome
among the pulses. The beans are boiled and eaten whole, parched and ground into flour,
eaten green as avegetable, or used for bean sprouts (Y ohe and Poehlman 1971). The crop
Isalso grown for hay, green manure, and as a cover crop (Purseglove 1968*).

Plant:

The mung bean is an erect or suberect, deep-rooted, many-branched, rather hairy, annua
herb 1 1/2 to 5 feet tall. The gray, black, or brownish pods, 2 to 4 inches long, may
contain 10 to 15 small, round, usually green but sometimes yellow or blackish seed.

I nflor escence:

The inflorescence is an axillary raceme, with 10 to 25 pale-yellow flowers, 1 1/2to 2 cm
long, and clustered at the top. Pollen is shed the afternoon before the flower opens the
following morning. The flower fades the same afternoon. Only about half of the flowers
(64 percent) open to permit possible cross-pollination.

Pollination Requirements:

Purseglove stated, "The flowers are fully self-fertile when bagged and almost entirely self-
pollinated." However, van Rheenen (1964) stated that when he aternated varietiesin the
row, he obtained 2.8 to 3 percent crossing.

Pollinators:

There seems to be no information on the pollinators involved.
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Pollination Recommendations and Practices:

None.
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PIGEONPEA
Cajanus cajan (L.) Millsp., family Leguminosae

The pigeonpea or cgjan is adapted to the tropics and subtropics where it is one of the most
valuable legumes. It is cultivated as an annual for both forage and its edible beans, which
are produced in abundance (Graham 1941*). It is common in India, Hawaii, and Puerto
Rico and has been tried extensively in Florida and some other southern stations on an
experimental basis but is not grown commercially within the continental United States
(McKee and Pieters 1937). Killinger (1969) conducted tests with 'Norman' cv. in Florida
and concluded that it shows promise as a seed, hay, cover, grazing, or windbreak crop.

Plant:

Pigeonpea is a pubescent, many-branched shrub (but cultivated as an annual), 4 to 10 feet
or more tall, with yellow or orange papilionaceous flowers that produce brown, hairy,
four- to seven-seeded, long-beaked pods, 2 to 3 inches long by 1/2 inch thick.

I nflor escence:

The 1 1/2 to 5-inch terminal and/or axillary raceme bears several flowers that resemble the
common sweet pea in shape, but the color isyellow, red, or yellow-purple with a
brownish back. The filaments elongate in the bud, and pollen is shed the day before the
flower opens. Whether actual pollination of the stigma occurs before the flower opensis
not clear. The mgjority of the flowers open between 1 am. and 3 p.m., and often remain
open for only about 6 hours (Purseglove 1968*). Bees visit the flowers in great numbers
(Wilsie and Takahashi 1934), but whether they do so to collect pollen, nectar, or both has
not been reported.

Pollination Requirements:

Krauss (1932) and Wilsie and Takahashi (1934) considered the pigeon peato be a
normally self-pollinated species. However, a high degree of cross- pollination, ranging
from 5 to 40 percent, has been observed (Wilsie and Takahashi 1934, Purseglove 1968*,
Matta and Dave 1931, Krauss 1927, Shaw 1932, Abrams 1967).

There is no information on the need for pollinating agents in the production of seeds.
Apparently, seeds can be produced when insects are excluded from the flowers (Abrams

file:///E|/Jason/book/chapd/pig.html (1 of 3) [1/21/2009 3:45:54 PM]



Chapter 4: Legumes and Some Relatives

1967), but whether production by plants where pollinating insects are excluded is equal to
open pollinated plants has not been determined.

Pollinators:

Abrams (1967) stated that bees visit the flowersin large numbers. He also indicated that
thrips might be of some significance. Purseglove (1968*) stated that the flowers are
visited by "bees and other insects,” and Wilsie and Takahashi (1934) stated that bees visit
the flowersin great numbers. These references indicate that, if insect pollination is
beneficial in pigeonpea seed production, there should be no problem in building up ahigh
bee population on the crop.

There is no proven value of pollinating insects to pigeonpeas, even though the evidence
Indicates these insects might be of value.

Pollination Recommendations and Pr actices:
None.
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SAINFOIN
Onobrychis viciifolia Scop, family Leguminosae

Sainfoin is sometimes called esparcet or holy clover. The crop islimited to afew acres
grown in Montana

Plant:

Sainfoin is a perennia with a deep taproot and stout erect stems arising from a many-
branched crown. Some plantings in Montana are 60 years old and still used for pasture
(Dubbs 1967). The plant may grow from 15 to 40 inches high. It requires asoil rich in
lime. Because it can withstand temperatures as low as -40 deg F., it can grow in the
coldest parts of the country.

I nflor escence:

The pinkish or rose-colored flowers occur on terminal, erect, close racemes at the top of
the plant, giving afield in flower a delicate rose color. The flower mechanismis
essentially like that of white clover or sweetclover. The weight of a bee on the flower
causes the stigma and anthers to protrude from the kedl, then return after the weight is
removed. The stigma projects beyond the anthers so that cross-pollination is assured
should the bee visit occur. Lateral access to the nectar in the flower by the beeis
impossible. The calyx tubeisonly 2 to 3 mm deep, so most melliferous insects can reach
the nectar and pollen. The style becomes more and more erect as anthesis progresses, and
ultimately projects 1 to 1 1/2 mm beyond the cleft in the keel (Knuth 1908*, p. 319).
Tereshchenko (1949) stated that flowers may open throughout the day but mostly in the
morning. They usually remain open only 1 day. Flowering begins at the base of the
raceme and takes 2 to 3 weeks to reach the tip. The seed develops in a one-seeded pod.

Sainfoin blossoms secrete nectar excessively and are highly attractive to pollinating
Insects, particularly honey bees. Pollen is also produced in abundance. Dubbs (1968)
stated that 20 hives placed on 4.78 acres was insufficient for bee saturation. An estimated
ninetenths of all bee visitors were honey bees.

Graham (1941*), Madoc (1934), Alfonsus (1929), Dubbs (1967), and Pellett (1947*)
reported that sainfoin honey is of the finest quality. Kropacova (1969) calculated the total
quantity of nectar sugar produced as 32.8 to 130.3 kg/ha or 29 to 155 Ib/acre.
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Pollination Requirements:

Bosca and Hejja (1963) stated that self-fertility of the plants ranged from zero to 37
percent. They also found that inbred plants produced only 70 percent as many stems and
weighed only 73 percent as much as crossed plants. Knuth (1908*, pp. 318-319) indicated
that cross- pollination of sainfoin flowers was required because automatic self- pollination
does not occur. Kropacova (1969) found that seed production of exposed plants was 10 to
25 times as great as that from plants caged to exclude bee visitors (caged plants yielded

9.75 g/m?), whereas plants exposed to bees yielded 179.13 g/m?). Sainfoin seed
production is primarily dependent upon bee pollination. The most effective time for bees
to visit sainfoin flowers has not been determined, nor has the effect of bee pollination on
the appearance of the flower. Flowers of many other species of plants begin to fade or wilt
shortly after they are pollinated.

Tereshchenko (1949) caged plants to exclude bees and obtained only 3.2 percent set of
blooms (3.2 g seed) compared to 42.7 percent set (49.2 g seed) of those not caged. He also
found a high negative correlation between distance from the apiary and seed set.

Pollinators:

The honey bee is doubtless the most populous of insect visitors to sainfoin flowers. Pellett
(1947*) stated that he saw 100 bees on sainfoin for each 10 on white clover, a plant
considered highly attractive to bees. Honey bees begin visiting the flowers quite early in
the morning and continue to visit them throughout the entire day.

Pollination Recommendations and Pr actices:

Kropacova (1969) recommended two to three colonies of honey bees per hectare (about
one colony per acre) located close to the field. This seems rather low when we consider
Dubbs' (1968) statement that 20 colonies placed on a 4.78-acre seed field were insufficient
for bee saturation. He calculated that two to three colonies per acre would provide five or
six visitsto every sainfoin flower. This would appear to be low, thus more colonies may
be required.
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SCARLET RUNNER BEAN
Phaseolus coccineus L., family Leguminosae

The scarlet runner bean, or runner bean, native to Mexico or Central America (Graham
1941*) and of major importance in parts of Europe, is of minor importance in the United
States, where it is sometimes called the Oregon lima bean.

Plant:

The roots of the slender, twining scarlet runner bean are tuberous and live for several
years, but frost kills the aerial part; therefore, it is an annual plant above the ground, but a
perennial beneath (Kooistra 1968). The plant may grow to aheight of 10 to 15 feet if
staked, but when grown commercially the crop is not staked. It is harvested by the same
method used in harvesting lima beans, with yields of 1,200 to 1,500 Ib/acre of seed
(Hawthorn and Pollard 1954*).

I nflor escence:

The showy blossoms are borne on long racemes. They are attractive to various species of
bees for both nectar and pollen. Darwin (1874) showed that the blossom is ingeniously
contrived to insure that insect visitation resultsin pollination. Thisis brought about by a
pair of nectar holes at the base of the staminal tube, almost covered by aflap on one
stamen. When the bee forces this flap aside, it rubs across the staminal column and
transfers pollen from anthers to stigma.

Pollination Requirements:

Darwin (1889*) covered scarlet runner beans to exclude pollinating insects and obtained
only one-eighth and one-third as many beans as were obtained from open plants. In a
more elaborate experiment, Free (1966) caged scarlet runner beans with and without
honey bees to determine the need for insect pollination. Plants caged with bees set 1,479 g
of pods per plant, compared with 180 g per plant where bees were excluded. Other factors
varied correspondingly: Pods per plant, 96:11; grams of seed per plant, 356:50; number of
seeds, 206: 30; and seeds per pod, 3.9 in bee cages compared to 2.7 in cages where bees
were excluded. Only the mean weight per seed was unchanged. The pods in the cages
without bees could not be harvested until later in the season than those in the bee cages.
Tedoradze (1959) obtained similar benefits from bees.
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Mommers (1971) studied the pollination of runner beans under glass and reported that
bees had no effect on production of beans. He concluded that varietal differences
influenced the results obtained by Free (1966), and that this accounted for the differences
reported.

Pollinators:

Henslow (1878) showed that bumble bees pollinated scarlet runner beans. Free and Racey
(1968) showed that honey bees were as useful as bumble bees in pollination of scarlet
runner beans grown in glass houses, athough Free (1968) found that individual bumble
bees worked faster and visited more flowers per plant than did honey bees. Bumble bees
often pierce ahole in the base of the flower and steal the nectar without contributing to
pollination. Subsequently, honey bees visit this hole and again pollination is bypassed
(Jany 1950).

Pollination Recommendations and Pr actices:

Blackwall (1964) said that adequate pollination is amust for early yields and that lack of
insect pollination is the most important single cause for low yield of beans. Blackwall also
stated that where lack of pollination is arecurrent problem, it may be worthwhile to hire
colonies of honey bees to supplement the local pollinator population. She recommended
that beekeepers supply small, rapidly expanding colonies, which have a high need for
pollen.

Free (1966) stated that because honey bees are clearly effective in pollinating scarlet
runner beans, their use should increase yields where pollination is a limiting factor.
However, he did not make a recommendation to growers on the use of honey bees as
pollinators of this crop. The evidence indicates, however, that if the grower wantsto
obtain maximum yields and harvest the seeds as early as possible, he should have a high
pollinator population in hisfield, particularly during early flowering.

LITERATURE CITED:

BLACKWALL, F.L.C.
1964. RUNNER BEANS: ADEQUATE POLLINATION ISA MUST FOR EARLY
YIELDS. Grower 61: 1272-1273.

DARWIN, F.
1874. BEES VISITING FLOWERS. Nature 9: 189-190.

FREE, J. B.

file:///E|/Jason/book/chap4/scarlet.html (2 of 3) [1/21/2009 3:45:56 PM]



Chapter 4: Legumes and Some Relatives

1966. THE POLLINATION OF THE BEANS PHASEOLUS MULTIFLORUS AND
PHASEOLUS VULGARISBY HONEYBEES. Jour. Apic. Res. 5: 87-91.

1968. THE BEHAVIOUR OF BEES VISITING RUNNER BEANS
(PHASEOLUS MULTIFLORUS). Jour. Appl. Ecoal. 5: 631-638.

and RACEY. P. A.
1968. THE POLLINATION OF RUNNER BEANS (PHASEOLUS MULTIFLORUS) IN
A GLASSHOUSE. Jour. Apic. Res. 7: 67-609.

HENSLOW, G.
1878. THE FERTILIZATION OF THE SCARLET RUNNER BEAN BY BUMBLE-
BEES. Gard. Chron., n.s., 10: 561.

JANY, E.
1950. [THE PIERCING OF SCARLET RUNNER FLOWERS BY BUMBLE BEES|]
Ztschr. f. Angew. Ent. 32(2): 172-183. [In German.] AA-45/54.

KOOISTRA, E.

1968. SELECTION IN RUNNER BEANS (PHASEOLUS CONCINNUS) WITH
SPECIAL REFERENCE TO THE USE OF TUBEROUS ROOTS. Euphytica17: 183-
189.

MOMMERS, J.
1971. [THE POLLINATION OF BEANS PHASEOLUS UNDER GLASS.] Maandschr.
v. de Bijent. 73(5): 79-80. [In Dutch English summary.]

TEDORADZE, S. G.

1959. [THE ROLE OF BEES IN THE SHAPE-FORMING PROCESS OF [SCARLET
RUNNER] BEANS UNDER GEORGIAN CONDITIONS.] Pchelovodstvo 36(9): 40-42.
[In Russian.]

file:///E}/ Jason/book/chapd/scarlet.html (3 of 3) [1/21/2009 3:45:56 PM]



Chapter 4: Legumes and Some Relatives
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SOYBEAN
Glycine max (L.) Merr., family Leguminosae

Soybeans comprise the most important oilseed crop grown in the United States.
Approximately 41 million acres of soybeans were grown with afarm value of $2.6 hillion.
The crop iswidely grown in all areas except New England and the West. The primary
reason for growing the crop is for the beans, which are processed to obtain oil and a high
protein meal.

Standard
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Figure 174, - Longitudinal section of soybean flovwer, x25.

Plant:

The soybean is a bushy, upright, annual, summer legume, 1 to 4 feet tall, with dense,
alternate, and usually trifoliate oval leaves 2 to 4 inches across. The plant is not frost
resistant so it must be grown after spring frosts are past and have time for the seeds to
mature before the first fall frost. Many selections or cultivars are bred for production
under different daylength or other environmental conditions. They range in maturity from
75 to 200 days. There are hundreds of selections under test; however, only 17 cultivars

make up 88 percent of the acreage in the 14 major producing States.40

The seeds are borne, oneto five (usually two or three) to apod (Weiss 1949), the 3to 15
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pods are in a cluster on the short seed stalk in the rachis or base of the leaf. A productive
plant may have as many as 100 seed clusters. The seeds are mechanically harvested after
the plant sheds its leaves as it matures.

40 UNITED STATES DEPARTMENT OF AGRICULTURE. Highlights of U.S. Crop Report as
of November 1, 1971. U.S. Dept. Agr. Crop Prod. CrPr 2-2, 33 pp. 1971.

I nflor escence:

There may be from 1 to 35 purple or white florets, three-eighths of an inch long, on each
short raceme or flower cluster. A single plant may bear as many as 800 florets, but may
set only 13 to 57 percent (van Shaik and Probst 1958). The floret has the characteristics
and shape of many other legume flowers - alarge standard petal, two small wing petals,
and a keel petal that encloses the staminal column (fig. 174). The calyx isrelatively large
in proportion to the flower or even to the calyx of other legumes. Each floret is capable of
producing a bean pod. Southern grown cultivars stop growing when flowering begins.
Flowering usually continues for 4 to 6 weeks. There may be one-half million florets per
acre. There are no extrafloral nectaries (Jaycox 1970).

Soybean flowers attract relatively few bees (Blickenstaff and Huggans 1962); however,
bees do visit the flowers for both pollen and nectar. The anthers dehisce before the flower
opens so that the stigmaisin contact with and receptive to the pollen on the anthers.
Pollination and fertilization is usually accomplished before the flower opens. Beekeepers
in some areas frequently report honey crops from soybeans ( Hambleton 1936, Jaycox
1970, Pellett 1947*). Beekeepers in other areas report that bees never visit the flowers, or
if they do no honey is obtained.

[gfx] FIGURE 174. - Longitudinal section of soybean flower, x 25.
Pollination Requirements:

The soybean is considered to be self-fertile and not benefited by insect pollination (Morse
and Cartter 1937, Rubis 1970). Although there is no experimental evidence to support
them, some soybean growers in Arkansas have indicated that bees increase production of
beans, and they encourage the presence of apiaries near their fields. Tests with plants
caged to exclude bees have shown no decrease in production over exposed plots
(Woodhouse and Taylor 1913, Milum 1940, Piper and Morse 1910). Culter (1934)
obtained an estimated 5 percent cross-pollination in open plots surrounded by 36-inch
cheesecloth fences with an apiary nearby. Gordienko (1960) used honey bees in cages
with two cultivars of soybeans. He fed the bees a scented sirup to stimulate the floral
visitation and obtained 29 percent hybrids on one cultivar and 44 percent on the other.
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Various tests have been conducted to determine the amount of cross-pollination that
occurred at different locations, but the agents responsible for the crossing obtained were
usually not determined, possibly because the tests were conducted by agronomists who
did not consider themselves qualified to record these observations (Caviness 1966,1970;
Caviness et a. 1970; Garber and Odland 1926; Woodworth 1922).

Weber et al. (1970) stated that, for ahighly self-fertilizing species such as soybeans, two
requirements must be met for successful production of hybrid seed. First, there must be
heterosis (or an increase in production, or some other beneficial effect, of the cross over
the best parent), and there must be an economical, large-scale method of producing the
hybrids. Brim and Y oung (1971) have reported that male sterility, although not
cytoplasmic, has been found and that 99 percent of the seed set on the male-sterile plants
was due to cross-pollination; however, the total seed set was extremely low.

Veatch (1930) showed that hybrid soybeans out-yielded the average parent variety up to
95.9 percent and the higher parent variety up to 71.5 percent. Weiss et a. (1947) showed a
range of 14.2 to 71.3 percent heterosis over the best parent in the greenhouse, and 5.9 to
38.6 percent increase over the best parent in the field. Weiss (1949) showed an increase of
19.6 to 117 percent increase of the hybrid over the best parent. Wentz and Stewart (1924)
showed increases of 60 to 397 percent. Weber et a. (1970) showed an average for all tests
of the hybrids over the best parents of 13.4 percent.

Mention might be made that the increased yields for hybrids are al based upon a
relatively low number of widely spaced plants. Because of the problemsin making a
sufficient number of hand pollinations to satisfactorily evaluate Fl's in a normal-type

planting, essentially no such studies have been conducted. The extremely large increases
that have been reported are assumed to be partly aresult of the extra space allotted to the
plants.

Bradner (1969) stated that al of the breeding components have been described for the
production of hybrid soybean seeds, except that a suitable pollen vector has not been
found, although the honey bee "looks encouraging.” Piper and Morse (1923) noted that
soybean flowers were "much visited by bees.” They also noted that three of their varieties,
when in full flower at Jackson, Tenn., were very fragrant - the odor suggesting that of
lilacs. Although they gave no indication that these varieties were more attractive to bees
than other varieties, the information indicates that cultivars might be selected with aroma
or attractiveness that when incorporated in a hybrid seed program might efficiently attract
pollinating insects. Because of the potential value of hybrid soybeans, the breeders might
watch for selections that show attractiveness to bees.

Pollinators:
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Little attention has been paid to the prevalence of pollinating insects on soybeans. Jaycox
(1970) reported only seven honey bees per 100 yards of row, but he gave no indication as
to number of honey bee colonies and the acres of soybeansin the area. Blickenstaff and
Huggans (1962) recorded only one honey bee, three leafcutter bees, and nine halictids in
25,346 individual insects collected on soybeans with a sweepnet, but this is a poor method
for determining pollinator populations in dense foliage such as soybeans. Culter (1934)
and Gordienko (1960) showed that honey bee populations can be built up on soybeans.
Beard and Knowles (1971 ) showed that crossing at different locationsin California
varied: 10 percent at Five Points, 1 to 5 percent at Davis, and O to 7 percent at Shafter. No
studies have been made on the value of concentrating the gregarious types of wild bees on
soybeans, although such insects might prove to be more efficient than honey bees.

Woodworth (1932) indicated that thrips and honey bees might be responsible for some
transfer of pollen; however, Caviness (1970) showed that thrips are uneffective as
pollinators of soybeans, but that honey bees were repsonsible for 7.7 percent crossing.

Pollination Recommendations and Pr actices:

There are no recommendations for the use of beesin pollination of soybeans. The subject
IS reviewed, however, because of the interest in hybrid soybeans and the possibility of
using pollinating insects in hybrid soybean production.
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APPLE
Malus sylvestris Mill., family Rosaceae

In 1969, about 6.7 billion pounds of apples, valued at $274.4 million, were produced in the United States. In the six
States where amost two- thirds of the entire crop was produced, the volume, in million pounds, was: Washington, 1,675;
New Y ork, 855; Michigan, 720; California, 540; Pennsylvania, 525; and Virginia, 472.

Hedrick (1938*) stated that 4,000 to 5,000 cultivars of apples were described, but Henderson et al. (1969) showed that
fewer than two dozen cultivars account for 95 percent of the total crop. The leading cultivar is'Delicious, which accounts
for 30 percent of the total production. ‘Golden Delicious ranks second and accounts for 13 percent. Other leading cultivars
and their percentages of the total crop are: ‘Mclntosh’, 10 percent; 'Rome Beauty', 8 percent; ‘Jonathan’, 6 percent; and
"York Imperid’, 5 percent.

Plant:

The apple tree may reach a height of 40 feet or more; however, for various cultural reasons, commercial apple growers

keep their trees of standard rootstock less than half that high. Trees on the recently developed dwarf (fig. 37) and

semidwarf rootstock (Tydeman 1955) in the newer orchards and replants may be less than 10 feet. This development of
dwarf applesis so changing apple production that much of the older information on culture, pollination, and harvest of this
crop may no longer be applicable. An example of the difference in the size and planting rate of apple treesisgivenintable 7.

Many of the older trees were spaced 40 by 40 feet (27 per acre) and took 25 years to reach their maximum production of
500 bushels ( a bushel weighs about 44 pounds) per acre (Anonymous 1969). Snyder (1968) reported production of 113 to
377 bu/acre on 21 farms observed in western New Y ork, where the number of trees ranged from 70 to 182 and averaged 91
per acre. Kelly ( n.d.) reported 313 bu/acre on 18 farmsin Pennsylvania, where over 50 percent of the trees were

standard cultivars,. Henderson et al. (1969) reported an agerage of 592 bu/acre for California.

By using dwarf apple trees, the growers can have as many as 1,000 trees per acre, and expect a maximum production of
900 bushelsin 6 years on 'Jonathan' trees, or as much as 1,300 bu/acre on ‘Golden Delicious (Anonymous 1971). The
smaller trees yield more per acre, reach maximum production at a much earlier age, are more easily pruned and sprayed,
and the fruit is much more accessible for thinning and harvesting (Shoemaker and Teskey 1959, Gaylord 1965).

Norton (1971) considered the density of the trees per acre as follows: Low 75 to 150 trees; medium, 200 to 300 trees; high,
400 to 800 trees; ultra-high, 1,000 or more trees.

[ofx] FIGURE 37. - Dwarf appletreein blossom.

TABLE 7. - Difference in the size and planting rate of appletre&s1
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tree
I nflor escence;

The apple flower cluster, made up of about six flowers, is produced on a 1- to 3-year-old woody shoot, 1/2 inch to 2
inches long, called a spur. The clusters are usually found at the tip of the spur in the axils of leaves, and are formed the
previous summer (Bradford 1915, Latimer 1933). The primary or "king" bud opens first, and usually produces the
choicest fruit. If the king bloom fails, the lateral blooms, which open a day or more later, can also produce fruit.

Howlett (1926a) showed, however, that the lateral flowers are much more likely to shed, making the preservation of the
king bud still more important. The five pinkish-white petals of the 1- to 1 1/2-inch broad and pleasantly scented blossom
(fig. 38) shed afew days after they open, but the five green sepals persist in adried shriveled state in the blossom end of
the mature fruit.

The five stigmas, which unite into a common style that leads to the ovary, are surrounded by 20 to 25 erect pollen-
bearing stamens. Nectar is secreted between the bases of the stamens and the style.

The ovary isdivided into five compartments, each containing two ovules (four in the case of the cultivar 'Northern Spy") so
that 10 (or 20 in 'Northern Spy") seeds may develop (Goff 1899, 1901).

The apple flower produces both nectar and pollen in abundance, more nectar than most of our other deciduous fruit

trees produce (Smith and Bradt 1967*). Apple pollen and nectar are eagerly collected by honey bees, and are

important contributors to spring buildup in honey bee colonies. Colonies usually arrive in the orchard low on stores

and relatively weak, the period of bloom is short, and frequently the weather is unfavorable for bee activity. This prevents
the storage of surplus honey, so that apple honey on the market is rare. The amount that the bees are able to collect isleft in
the hive for food reserves.

The average blossoming period for applesis about 9 days. Cool weather lengthens and warm or dry windy weather
shortens this period (Morris 1921). Bee activity on apples during the day is usually greatest about 9 a.m. (Brittain
1933). Although numerous blossoms appear on the apple tree, a set of only 5 percent will produce afair apple crop
(McDaniels and Heinicke 1929, Brittain 1935).

[ofx] FIGURE 38. - Longitudinal section of '‘Delicious apple blossom x 6.
Pallination Requirements:

The pollination of apples has been of interest since Cooke (1745) stated that the “farina" (pollen) of one apple tree
influenced the fruit of another. Eventually, Wicks (1918) showed that foreign pollen does not bestow a benefit to the fruit
in either size, shape, color, or quality. The pollen stimulates devel opment of the seed, which in turn produces an auxin
that stimulates adjoining tissue to develop. Of course, the pollen influences the offspring that develops from the seed.

Thefertilization of every ovulein the ovary is not essential to fruit development, but the larger the number fertilized the
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greater the likelihood that the fruit will succeed in the competition for the plant's nutrients and remain on the tree until

harvest (Brittain 1933, Tydeman 1943). Usually, the more seeds that develop in the apple, the larger it is (Murneek

and Schowengert 1935). About six or seven seeds are necessary for good fruit set (Hartman and Howlett 19S4). Some

apple selections set seedless fruit without pollination, but no commercial cultivar has this characteristic (Chan and Cain 1967).

The research by Waite (1895, 1899) produced the first concrete evidence that apples and other pomaceous fruits benefit
from the interplanting of and cross-pollination between cultivars, and that pollinating insects are essential for transferring
the pollen between compatible cultivars. This research led scores of other scientists to study the pollination requirements
of apples, both in the United States and abroad. These studies have been reviewed by Hutson (1926), Brittain (1933), and
Free (1960, 1970*), who aso conducted research on the subject.

Griggs (1970*) stated that all apple cultivars are self-incompatible to some degree. Some set no fruit at all when self-
pollinated; others set various proportions of acommercial crop under favorable conditions. He also stated that the
self-fuitfulness of an individual cultivar may vary in different parts of the country, but apple specialists generally agree that
no apple cultivar is sufficiently self-fertile to be dependably productive when planted alone. The grower, then, has no
choice except to interplant. His problem is to find the most satisfactory and profitable combination of cultivars to produce
his crop.

Studies, in particular by Brittain (1933), Burrell and Parker (1931), Latimer (1931), MacDaniels and Heinecke (1929),
and Overholser (1927), proved that interplanting of cultivars was necessary, but that al cultivars were not equally
compatible. The best pollenizer cultivar is one that has the most compatible pollen, and it blooms at the same time as the
main cultivar. Although numerous studies have been made on the pollination of apples, we may not have full information
on these points for all major cultivarsin all apple-growing regions.

In selecting appropriate cultivars for interplanting, the grower should choose those that flower at the same time. Way

(1971) showed that, at least in New Y ork, flowering of early, midseason, and late cultivars generally overlaps sufficiently

for their use as pollinators of any commercial cultivar. In the southern section of the apple-growing regions, this

difference between cultivarsincreases, and an overlapping of flowering datesisless likely to occur. Thisincreases

the importance of selecting cultivars that flower at the appropriate time. Compatible cultivars should, of course, also be chosen.

The importance of compatibility of cultivars, even when they flower at the right time, was shown by Overholser (1927).

The cultivar 'Newtown' set 51.5 percent of its blossoms when cross-pollinated with 'Bellflower' (under atent enclosing a
colony of honey bees, which, presumably, provided maximum cross-pollination), but '‘Bellflower' set only 4.3 percent of

its flowers that were cross-pollinated with ‘Newtown'.

Frost:

The damaging effect of frost is sometimes blamed for poor yields, when, actually, the problem is inadequate cross-
pollination. However, blossoms that have been pollinated are believed to be less susceptible to frost damage than
nonpollinated ones. The grower should strive, therefore, to get the flowers pollinated as soon as possible after they open.
Thisincreased effort to get the flowers pollinated may result in excessive set of fruit some seasons, but excess fruit can
be thinned. There is no way to put fruit on the tree after flowering has ceased. As Rom (1970) stated, "Pollination is
without question the most critical event in the yearly production cycle [of apples]."
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Problemswith I nter planting for Cross-Pollination:

In one planting pattern that has been used, every third treein every third row is a pollenizer. This places every tree of the
main cultivar next to a pollenizer. This plan was satisfactory, from both the pollination and the harvesting standpoint,
with standard cultivars and separated trees.

In high-density orchards, the trees within the row frequently form a hedge. If pollenizers are planted within the row, the
pickers or picking machines fail to separate the fruit from the two cultivars, which may be necessary for the packaging
of uniform fruit. If the pollenizer trees are planted on separate rows, the bees, being inclined to forage only within the
row rather than to cross the intervening space between rows, become ineffective.

In an attempt to solve this problem, some growers are seeking a small pyramidal crabapple selection that might serve within
the row as a pollenizer, occupying little space, furnishing compatible pollen for the main cultivar, yet producing fruit
unlikely to be harvested with that of the main cultivar. This should be a satisfactory solution, if the flowers are

equally attractive, so that the bees will forage indiscriminately between flowers.

Beekeeper Problemswith Dwarf Trees:

Beekeepers who provide colonies for the pollination of apples claim that the narrow spacing between rows of dwarf apple
trees creates a maneuvering problem for large vehicles used in transporting bee colonies. Some beekeepers deliver the
colonies to the edge of the orchard; then the grower, using aforklift or other small vehicle, distributes the colonies within
the orchard.

Pollinators:

The need for an appropriate agent to transfer poller from one self- incompatible cultivar to another was established by
Waite (1895, 1899), although growers had associated insect pollination with increased production for years.

Wind has been suggested and disproved at various times as a possible agent in the transfer of apple pollen (Lewis and
Vincent 1909, Free 1966). It is no longer considered of significance for thistask.

Various wild bees have been mentioned as important pollinators of apples, including the genera Andrena, Bombus,

Halictus, and Osmia (Brittain 1933,1936; Free 1964; Glukhov 1955; Hutson 1926; Kitamura and Maeta 1969; L oken

1958; Phillips 1933; Horticultural Education Association 1967). Some wild bees, for, example Osmia, visit flowers at

lower temperatures than do honey bees. At times and in some areas, wild bees are sufficiently abundant to set an apple crop.
In general however, wild bees cannot be depended upon to adequately pollinate the blossoms of a commercia apple orchard
in the United States.

Honey bees are easily handled, and they can be concentrated within the orchard the degree desired. As aresult,
commercial apple growers have come to depend upon the honey bee as their apple pollinating agent.

The precise method of utilizing honey bees on apples for maximum economic production is less well defined than
the appropriate agent. Free and Spencer-Booth (1963) showed that bees were consistently fewer between groups of

nine colonies in the center of 9-acre blocks but not when they were in groups of four or singly at one colony per acre.
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The strength, placement, and manipulation of colonies, the effects of competing plants, soil, and weather, and other factors
both within the colony and in the environment contribute to the effectiveness of honey bees.

Smith and Bradt (1967*) mentioned, as had various others before them, that when the honey bee visits an apple blossom
for nectar its proboscis is sometimes inserted at the base of the stamens, |eaving the anthers and stigma untouched (fig.
39B). When thisis done, little pollination occurs. By contrast, the larger bumble bee clambers over the anthers and
stigma when foraging and cannot help but transfer pollen from flower to flower. Preston (1949) found that bees visited
one cultivar four times as frequently as another. He associated this difference in visitation to the accessibility of nectar in
the flowers. The filaments of the 'Delicious apple arein anarrow upright cluster, more so, according to Roberts (1945),
than other cultivars. This permits the bee to aight on the petal, insert its proboscis between the upright filaments, and
collect nectar without touching the stigma. For this reason, he recommended that more colonies be used to pollinate
'‘Delicious' than would be needed on other cultivars. When honey bees are collecting apple pollen, their pollinating
efficiency on applesis much greater than when they are collecting nectar.

Beekeepers also mention that dwarf trees have more blooms per acre than trees on standard rootstock; therefore, more bees
are needed on the dwarf plantings.

Griggs (1970*) stated that growers who previously worried about overpollination now favor it, knowing that no adeguate
set can be otherwise obtained. Then, when there istoo much fruit set, they thin with chemical sprays to the desired set of
fruit, which prevents alternate bearing.

Viable, compatible pollen has been distributed by hand, airplane, or other mechanical means, even by pollen

dispensers attached to the entrance of beehives (Bullock and Snyder 1946, Corner et al. 1964, Jaycox 1971, Snyder

1946). When pollen is applied by any of these methods, the grower expects the pollinating insect to pick up the pollen

and redistribute it to flowers that were not directly applied with the pollen. Since insects are thus required, the grower
would generally get more satisfactory pollination if he would utilize more pollinating insects. A study of pollen tube growth
in relation to marginal temperatures (which frequently stimulate growers to use artificial means of pollination) would be

of interest. If the tube does not grow at such temperatures, the grower would be wasting his investment in these methods.

[ofx] PN-3768 FIGURE 39. -honey bee on apple blossom. A, collecting nectar; B, collecting pollen.
Pollination Recommendations and Practices:

There are no recommendations for use of wild bees on applesin the United States, but scores of papers have recommended
the use of honey bees. These recommendations have changed considerably since Doolittle (1893) first suggested that
apiaries of 100 colonies should be placed every few miles. The recommended placement of the colonies now is near

or distributed within the orchard (fig. 40), and the recommended number of colonies has increased. These have varied from
(2) one colony per 2 to 4 acres (Hooper 1913, Howlett 1926b, Kelty 1929, Kurrenoi 1969, Luce and Morris 1928, West
1912); to (2) one colony per acre (Brittain 1933, Griggs 1953*, Hutson 1926, Jaycox 1968, Lundie 1927, Phillips 1930,
Philp and Vansell 1932); to (3) two or more colonies per acre (Benson 1896, Burrell and MacDaniel 1930, Rom 1970).

Many of the recommendations are based more on grower experience with use of bees than precise experimental results.
The recommendations stress "strong” colonies, but the growers often leave colony strength to the discretion of the beekeeper.
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Woodrow (1933, 1934) and Gooderham (1950) showed that populous colonies of honey bees were much more effective

in apple pollination than weaker ones, and overwintered colonies superior to packages of bees. MacDaniels (1929)

supported the value of strong colonies particularly in the ability of such colonies to effectively pollinate an orchard when only
afew hours of weather were favorable for bee flight.

Even the appropriate number of bees per blossom has not been established with certainty; however, Palmer Jones and
Clinch (1968) indicated that there should be one bee for each 1,000 blossoms. Petkov and Panov (1967) reported that
the percentage of 'Jonathan' flowers that set increased with bee visits up to six visits per flower. They also associated
larger fruit with increased numbers of bee visits.

The effectiveness of the bee is determined by the cross-visits it makes between compatible varieties. If the visits are confined
to one variety they are not effective. Repeated cross-pollination of the flowers must occur to produce the optimum set. If
asufficiently large bee population is created, it superimposes over the fixed population a number of wandering bees.

These wanderers consist of afew old bees driven on by competition and a larger number of young bees that have not

yet become fixed to any particular area of the crop. These wanderers, which are forced to "shop around" from tree to tree

to obtain their load of food, are the most valuable to the grower.

When temperatures are marginal for bee flight, beestend to visit only the blossoms that are near the hive, and al'so

those blossoms on the warm or leeward side of the tree. This preferential visitation can be substantially overcome by the use
of strong healthy colonies and by thorough distribution of the coloniesin the orchard. If the weather is fair and calm and

the temperatures range into the seventies or above, a single group of colonies might adequately pollinate an orchard of

many acresin asingle day. With cold, cloudy, or windy days, the bees are likely to visit only trees within afew hundred feet
of the hives.

The grower should expect the best but prepare for the worst. This includes providing plenty of strong colonies,
appropriately distributed for getting ample pollination and a maximum harvest of highest quality fruit even under
unfavorable conditions.

[gfx] FIGURE 40.- Honey bee coloniesin apple orchard.
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APRICOT
Prunus armenica L., family Rosaceae

Apricots are produced primarily in California. In 1969, 223,000 tons were produced as
compared with 3,050 tons in Washington and 4,500 tons in Utah. The estimated value of
the total 1969 apricot crop was $33.5 million.

Plant:

In appearance, the apricot tree, fruit, and flower seem to be somewhat intermediate
between the plum and the peach. The tree may be larger than a plum tree but spreads like
the peach. The flowers are usually white like plum flowers, but they are not bornein
clusters. The pit is smooth, somewhat like that of the plum but broader, flatter, and more
winged, and intermediate in size between that of the peach and plum (fig. 41). Thefruitis
peach shaped (Cullinan 1937).

I nflor escence:

The white flower is borne either singly or doubly at a node on very short stems. There are
about 30 stamens with one pistil, again like both the plum and the peach (fig. 42). The
flowers are attractive to bees for both pollen and nectar. The cultivars of apricots were
discussed by Coe (1934) and Hesse (1952).

[gfx] FIGURE 42.- Longitudinal section of 'Royal’ apricot flower, x 6.
Pollination Requirements:

The literature on pollination of apricots is meager an not in complete agreement. Cook and
Green (1894 reported that the best set of fruit was obtained from bagged flowers, with the
next best from flowers in bags with honey bees, and the lowest set in the open. They did
not comment on the activity of the bees either in the bags or on the open flowers. Cullinan
(1937) stated that the apricot is self-fruitful. He did not indicate whether he meant the
flowers would pollinate themselves or that they would set only if pollinated with their

own pollen. Jusubov (1957) reported that some cultivars were self-fertile and some were
completely self-sterile. Kostina

(1966) also found variation in degrees of fertility between cultivars. When Schultz (1948)
bagged flowers on different cultivars, he reported good sets on ‘Blenheim’, 'Royal’,
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‘Tilton', and 'Wenatchee Moorpark'. Schultz (1948) and Griggs (1970*) identified two
self- incompatible cvs., 'Perfection’ and 'Riland’. Slate (1970) stated that some cultivars are
self-unfruitful. Luce and Morris (1928) stated that visits to blossoms by insects "seem to
increase the set of fruit even in larger blocks of asingle variety." Corner et a. (1964)
reported that half of the Canadian cultivars were self-sterile. Hootman (1935) stated . . .
even self-fertile varieties produce better crops when interplanting is practiced.”

The rather meager data indicate that some apricot cultivars must be cross-pollinated and
other cultivars are benefited by cross-pollination.

[gfx] FIGURE 41. - Harvesting apricots from fruit-laden tree.
Pollinators:

There seems to be little question as to which pollinating agents are effective on apricots.
Jorgensen and Drage (1953) stated that wind is not an effective pollinating agent. Instead,
they said that the sticky pollen needs the help of insectsto carry it from the stamens to the
stigma. Murneek (1937) aso concluded that, whether a cultivar is self-sterile or self-
fertile, insects are equally necessary for proper pollination and setting of fruit.

The chief pollinators are bees. Stark (1944) stated: " Other insects may be responsible for
the pollination of an occasional flower but would not begin to do the job for acommercial
crop of fruit."

These observations and statements show that insect pollination is required on self-sterile
cultivarsand is at least beneficial to the self- fertile cultivars. Honey bees are the primary
pollinating agents.

Pollination Recommendations and Practices:

The available literature indicates that the apricot, like the peach and nectarine, depends
upon pollinating insects to set acommercia crop on al cultivars. A heavy population of
bees may be unnecessary, but they should be distributed throughout the orchard. Thus,
since the bees are required but not in large numbers, the recommendation by Corner et al.
(1964) of a colony of honey bees per acre would seem adequate, providing the colonies
were distributed in small groups in the orchard.
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AVOCADO
Persea americana Mill., family Lauraceae

The avocado is grown primarily in California, to alesser extent in Florida, and on only a
few acresin Hawaii, Puerto Rico, and southern Texas. Crop production in 1970 amounted
to 83,400 tons valued at $30 million. California produced 64,600 tons and Florida
produced 18,800 tons.

On mature trees, about 2 tons of fruit per acre are harvested, although productive orchards
will yield 3to 6 tons. Y ear-to-year production varies, depending upon many factors, but a
year of high production is frequently followed by ayear of low production. Weather has a
strong impact upon production. Prolonged cool weather, subfreezing weather, low
humidity, strong winds at flowering time, or tornadoes can all result in low set of fruit and
low production. The most critical effect of temperature occurs during flowering.

Plant:

The avocado isatropical evergreen, upright shrub or tree that grows to 60 feet high, but
usually between 15 and 30 feet in height (fig. 46). Its dark green leaves are 4 to 10 inches
long and 2 to 3 inches wide. The plant may exhibit two or more growth flushes during the
year in contrast to the single growth period of most deciduous plants. It may flower in
summer or in winter, and may have aflowering period lasting 6 months. It is less tolerant
of cold than lemons or navel oranges and prefers high humidity and calm weather. The
fruit, which can remain on the tree for several months after maturity, is a nutritious, fresh
food rich in oil and high in calories and vitamin E. A few seedling dooryard trees are
estimated to be 100 years old, but commercial treeslast about 35 years (Goodall et al.
1970).

Hundreds of cultivars have been tried in the United States, but about two dozen are of
commercial importance (Rowland 1970).

The cv. 'Fuerte' has for years provided the bulk of the avocado crop (Bergh et al. 1966,
Rock and Platt 1968, Rowland 1970). Its fruit weighs 8 to 16 ounces and contains 18 to 28
percent oil. It is cold resistant and ripens over along period - December to May. By
comparison, the Florida cv., 'Pollock’, weighs 30 to 50 ounces and containsonly 3to 5
percent oil. The 'Haas' cv. is second in importance to 'Fuerte.' Its fruit weighsonly 6 to 12
ounces. Other important California cvs. include the 'Bacon', 'Zutano', 'Rincon’, ‘Nabal’,
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'‘McArthur', 'Anaheim’, 'Carlsbad’, 'Dickinson’, and 'Puebla’. In Florida, the most important
cultivarsinclude 'Booth 8, 'Lula, '‘Booth 7', "Waldin', 'Pollock’, end 'Hickson' (Rowland
1970).

Avocados can be grown from seed, but the plants are usually propagated by grafting. They
are set in the grove 20 to 40 feet apart depending upon whether the type of growth is
spreading or upright. Sometimes they are set at 15 to 20 feet with the aternate plants
removed after afew years. Older orchards with spreading trees may have as few as 40
trees per acre. Orchards with upright trees may have 150 trees per acre. About 90 trees per
acreis average (Lee and Burns 1967). Fruit bearing begins at 3 to 6 years of age and may
continue for 50 or more years.

The honey bee is attracted to the plant for both the nectar and the pollen, although citrus,
mustard, and many other plants that flower at the same time as avocado are much more
attractive to bees than are avocado flowers. Pellett (1926, 1947*) reported that bees collect
only a small amount of avocado honey. Vansell (1931) stated that avocados are visited
moderately by bees for nectar and pollen. In general beekeepers consider the plant as a
source of buildup for their bees rather than as a source of surplus honey.

[gfx] FIGURE 46. - Avocado orchard in bloom.
FIGURE 47. - Closeup of avocado treein full bloom.

| nflor escence;

A full-grown avocado tree may bear a million flowers in a season, the flowers occurring
in panicles of severe dozen to several hundred on the ends of the numerous branches
(Robinson and Savage 1926) (fig. 47).

The relatively inconspicuous blossom is about one half inch in both width and depth.
Three sepals and three similar-appearing green petals make up the perianth. The single
pistil has a simple, bulbous, smooth ovary and a somewhat elongated style terminated by a
dightly enlarged stigma. There are nine stamens inserted in two whorls. The inner whorl
consists of three stamens, with three prominent, orange, nectar-producing staminodes
(sterile or abortive stamens) alternating between them. Opposite each stamen and
staminode of the inner whorl is one of the six stamens of the outer whorl. Thereis an
orange nectary, slightly smaller than the staminode, on each side of each outer stamen.

The flower opens twice, on subsequent days or in two stages (fig. 48). In stage 1, the first
day, the petals separate and bend outward. The stigma is whitish, fresh, and receptive to
pollination (Hodgson 1930), but the stamens, bent out at right angles to the pistil, release
no pollen. Some nectar appears on the staminodes. After afew hours, the flower closes.
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In stage 2, the second day, the flower opens again. Thistime, nectar on the six true
nectaries is secreted more profusely than occurred on the staminodes. The pistil is
shriveled and dark and no longer receptive. The stamens are longer and larger, the inner
three overtopping the stigma but facing away from it, and the outer stamens at about a 45
deg angle from the style and facing it, and both sets releasing sticky clumps of pollen.
Each stamen has four pollen sacs, the valves of which hinge at the top.

When the flower closes the second day, it never reopens. It istherefore, structurally
bisexual but functionally unisexual. This dichogamous condition was first noticed by
Nirody (1922) and enlarged upon by Stout and Savage (1925) and Peterson (19554, b,
1956).

The unusual part about the avocado flower isthat in some cultivars stage 1 occursin the
morning of the first day and stage 2 in the afternoon of the second day. These cultivars are
referred to astype A. In other cultivars, referred to as type B, stage 1 occursin the
afternoon, and stage 2 occurs the following morning. If cultivars of both types are
interplanted within the same orchard, pollen should always be available when the stigmas
are receptive (Stout 1932, Robinson 1930, 1933, Ward 1933, Bergh and Gustafson 1958,
Bergh and Garber 1964). At least one cv., 'Collinson’, produces no pollen; therefore, it is
incapable of setting fruit unless pollen istransferred to it from other cultivars that release
pollen when its stigmas are receptive (Anonymous 1930).

If the temperature istoo low, some flowers, for example, those on the 'Fuerte’ cv., may fail
to open in the femal e stage, making fruit set impossible. On the other hand, hot weather
and low humidity are not conduciveto fruit set. Also, too much disturbance of the flowers
by wind can cause shedding. A mild climate with calm humid days is best for the flower.

Bergh (1968) showed that trees set more fruit when there are flowers of different avocado
cultivars nearby. This may not be true for al cultivars or al years, but such effects have
been thoroughly demonstrated. For example, he showed that the 'Fuerte’ and the
‘MacArthur', which are considered to be self-fertile, increased production as much as 50
percent when exposed to pollen of other interplanted cultivars.

Avocado flowering may extend from one to several months depending upon conditions
affecting fruit setting. A sufficient supply of pollinating agents will tend to shorten the
period of flowering. The number of flowers that may set fruit has been variously estimated
by different people. Purseglove (1968*) stated that only onein 5,000 flowers produces a
fruit. Gustafson and Bergh (1966) considered that a set of less than 1 percent of the
flowersisusually sufficient for agood fruit crop. Chandler (1958*) stated that flower
clusters containing 1,000 or more flowers may be found on a branch less than afoot long
In space enough for no more than two fruit. He stated that less than one flower in 500 on a
'Fuerte' tree set fruit. If atree produces a million flowers and there are 90 trees per acre, 90
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million flowers should be produced. If one flower in 5,000 produces afruit that weighs 12
ounces, the grower should harvest 18,000 fruits, or over 6 tons per acre. That thisis
seldom done is agood indication that only asmall fraction of 1 percent of the flowers
produce fruit.

FIGURE 48. - Longitudinal section of ‘fuerte’ avocado flower, x 18. A, Stage 1. stigma
receptive, but stamens bent outward and anthers not dehisced; B, stage 2, the second day,
with stigma no longer receptive, but stamens upright and anthers dehisced.

Pollination Requirements:

Peterson (1955b) showed that the pistillate stage, or stage 1, of the 'Rincon' cv. was open
for 3 hours 40 minutes, the maximum time in which pollination of this cultivar could take
place. He showed that the flower was incapable of selfing because first flowering began at
7:25 am. and ended by 11 am.; whereas the second stage of the 2-day-old flower did not
begin until 11 am., by which time the current-day stigma had withered and was no longer
receptive. In the 'Zutano' cv., stage 1 extended from 2:50 p.m. to 6:20 p.m., and stage 2
(the next morning) from 8:40 am. until after 11 am. Therefore, when the flowers of type
A, for example, 'Rincon’ cv., are receptive to pollination, the pollen is being shed by
flowers of type B, for example,'’Zutano' cv.. and when flowers of the 'Rincon' are shedding
pollen, flowers of the 'Zutano' are receptive to pollination. This condition is considered by
horticulturists to be highly fluid and influenced by the cultivars involved and various
environmental conditions.

Peterson (1955a) showed that at |east the 'Zutano' and the 'Haas' cvs. were capable of
setting fruit when isolated from other cultivarsif honey bees were present in abundance.
He caged four individual trees, two of each cultivar with one tree of each group in a cage
with honey bees during the flowering period. When flowering was over, the bees and
cages were removed and the fruit counted. The results concerning the treatment and fruit
produced were as follows:

Whether the pollen was carried over on the bees from the normal time of anther opening
until the time of stigma receptivity, whether the opening phases overlapped, or whether
the bees forced open the anthers when the stigma was still receptive was not determined,
but in any event the effect of the bees was striking.

The evidenceis clear that avocados must be insect-pollinated, and that production is best
when varieties are interplanted. Bees usually transfer avocado pollen no greater distance
than two avocado rows (Bergh 1961). The varieties should intermesh in their blooming
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dates so that pollen is available on one cultivar when the stigmas on another are receptive,
and vectors should be available to move the pollen to the receptive stigmas. Maximum set
can only be achieved through adequate provision for cross-pollination - the interplanting
of appropriate flowering types and the availability of adequate pollinating agents (Bergh
1969).

Pollinators:

Various pollinating agents visit the avocado flowers for nectar and pollen. These include
the honey bee, various species of wild bees, wasps, flies, and hummingbirds (Chapman
1964*).

The consensus of various research workers who have studied the flowering and fruiting of
the avocado is that only honey bees are sufficiently abundant on the blossoms at all times
to set satisfactory crops of fruit (Clark 1923,1924; Clark and Clark 1926; Boyden 1930;
Traub et al. 1941; Lemmerts 1942; Lesley and Bringhurst 1951; Winslow and Enderud
1955; Lecomte 1961; Popenoe 1963).

Many observers have noted that a bee tends to visit asingle tree and thus fails to afford
the cross-pollination desired. This can occur when the trees are separated by some
distance, for example, when they are small or spaced too far apart (Bergh 1966). It also
occurs when there is an insufficiency of beesin relation to the number of blooms
available.

When the flowers per bee ratio islow, the bees are required to visit many flowersto
obtain aload of food and their efficiency as cross-pollinating agents is increased. Ruehle
(1958) stated that good crops are set consistently in groves a considerable distance from
any bee hives hut that the presence of trees would increase production. Wolfe et al. (1942,
1946) stated that it is quite possible that a hive of bees per acre with sets of fivein the
middle of each 5-acre tract would materially increase production. Popenoe (1963) stated
that honey bees are probably necessary for good pollination unless there is an abundance
of wild beesin the area.

In an excellent survey of the reasons for low yield of avocadosin California, Bergh (1967)
unequivocally stated: "Practically every avocado fruit set means that a honey bee
transferred pollen to that flower from some other flower. Gravity or wind may act, but
they are so rare they can be ignored by the practical avocado grower.” Further on, he
stated, "At the present time the California avocado industry is dependent upon the honey
bee. The greater the bee population, the more likely the bees are to travel from flower to
flower and so make the best of such inter-flower overlap in male and femal e stages as may
be present. Thisis probably the chief source of avocado set in California.”
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Pollination Recommendations and Practices:

Peterson (1955a) stated that there was no evidence that addition of beesto the "natural
population of wild bees and other large insects’ would increase fruit set. He gave no
indication as to the population of wild bees honey bees, or other large insects present on
the trees. Wolfenbarger (1954) showed that honey bees were more abundant within 375
feet of a 64-colony apiary than at more remote distances, and more avocados were
harvested per tree within 250 feet of the apiary than at a distance of 1,000 feet. Wolfe et
a. (1946) and Ruehle (1958) recommended that one colony of bees per acre be used with
five colonies set in the middle of each 5-acre tract. Stout (1923) recommended providing
"bees in abundance" and control of other plants in the area that might attract the bees.
LeComte (1961) suggested one colony per acre. Stout (1933) went even further by stating
that one hive per acre for other fruit is satisfactory, but the flowering habits of the avocado
make it desirable to employ more than one hive per acre to supply the honey beesin
abundance.

Bergh (1967) stated that the average California avocado grower would have better crops if
he would use more honey bees. He recommended that growers use two to three strong
colonies per acre, the colonies placed in groups no more than one-quarter mile apart with
0.1 mile being preferable.

Bergh (1967) made the following recommendations: (1) Place hives or have them placed
by the beekeeper after the avocados begin blooming so the bees will "get the avocado
habit" right away; (2) place hivesin the groveif possible, at least avoid locations where
the bees must fly past citrus or other attractive pasturage; (3) control other blooms, such as
mustard; (4) avoid use of insecticides during the blooming season, (5) and for cross-
pollination, interplant types A and B to increase production 50 to 150 percent.

Thus, after careful study of the research by these scientists, one must conclude that for
commercial production of avocados bees are essential, that honey bees are the primary
pollinators, and that two to three colonies per acre should be used, the colonies placed
within or alongside the groves, and that steps should be taken to insure protection of the
bees and discouragement of associated plants attractive to them.

The majority of avocado growers only passively encourage the keeping of beesin the area
of their groves. Few if any actively contract for the bees or pay any type of pollination fee
to insure the presence of adequate numbers. Many of them know that beekeepers usually
move the colonies to the avocado growing areas to obtain nectar and pollen for buildup of
the colonies. The bee population the beekeeper desires on the flowers for colony buildup,
however, isfar short of the population needed for maximum avocado pollination.
Colonies vary enormously in strength and pollination effectiveness. Also, unless
contracted for, the colonies may be transported to avocados when forest, range, or desert
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conditions are unfavorable for beekeeping, but may be placed elsewhere at avocado
flowering time if the other florais more favorable. For dependable pollination and
maximum avocado fruit set, the grower should see that his trees are amply supplied with
strong colonies of honey bees.
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CACAO
Theobroma cacao L., family Sterculiaceae

Cocoais the processed product derived from the beans of the cacao plant.

World production of cocoa exceeds a million tons, with Ghana producing 429,000 tons;
Nigeria, 201,000 tons; Ivory Coast, 105,000 tons; Cameroon, 73,000 tons; Brazil, 94,000
tons; and Equador, 35,000 tons, with other countries of North and South America, Africa,
Asia, and Oceania producing the balance. Of this amount, the United States consumes 25
percent; Germany, 13 percent; United Kingdom, 10 percent; and the Netherlands, 9
percent ( Purseglove 1968*). Europe, as awhole, takes over 50 percent and the American
countries, about 40 percent of the entire crop.

Plant:

The evergreen cacao tree grows 15 to 25 feet primarily between latitudes 10 deg N to 10
deg S, usually below 1,000 feet in altitude, and in areas with a monthly average rainfall of
about 4 inches. Various cultivars, propagated by seed, are grown. The oblong or oval fruit
(fig. 58), commonly called apod, is 4 to 12 inches long, and green when immature, but
may be yellow, red, purple, or green when ripe. It contains afrom 20 to 60 reddish-brown
beans 3/4to 1/2 by 1/2 to 1 inch in size, usually arranged in five rows (fig. 59). Pods are
produced throughout the year, but the main harvest usually begins at the end of the wet
season and may extend for 3 months. From 7 to 14 pods will produce a pound of dry
beans. Y eilds range from 200 to 3,000 pounds dry beans per acre, but 600 Ib/acreis
considdered a good yield (Purseglove 1968).

I nflor escence:

The cacao flowers arise in groups directly from old wood of the main stem or older
branches at points which were originally leaf axils (fig. 60). Each flower has five
prominent pink sepals, five smaller yellowish petals, each of which forms a pouch, an
outer whorl of five staminodes, and an inner whorl of five double stamens, each stamen
bearing up to four anthers. The staminodes are about as tall to twice astall as the upright
style and form a"fence" around the style. The stamens are curled so that the anthers
develop inside the petal pouches. The ovary consists of five united carpels each having
four to 12 locules, and one style that has several linear stigmatic lobes (van Hall 1932).
According to Cheeseman (1932) and Urquhart (1961), the flower produces no nectar and
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has no discernible scent. However, Stejskal (1969) stated that there are two types of
microscopic nectaries, ( 1) the cylindrical multicellular ones, 60 to 450 micronsin size,
on the pedicels, sepals, and ovaries, and (2) the conical unicellar ones 20 to 25 micronsin
size, located on the "guide lines' of the petals and on the staminodia. He showed that they
secrete nectar, which has an odor that attracts male mosquitoes and | epidopterous insects.

The flower opens about dawn, and the anthers dehisce just before sunrise. The stigmais
usually pollinated 2 to 3 hours later but is receptive from sunrise to sunset of the day of
opening (Cheeseman 1932). The stigma.is receptive to pollen along its whole length, and
not merely at the apex asin most flowers. If the flower is not pollinated, it usually sheds
the following day (Sumner 1962). Pollination before noon is best (Chats 1953).

[gfX]
FIGURE 58.- Maturing cacao fruit on the tree.

FIGURE 59.- Ripe cacao fruit opened to show the beans.
FIGURE 60.- Cacao flower cluster growing on the trunk of the tree, showing the open
flower, aflower ready to open, and asmall fruit.

Pollination Requirements:

Although the full story of cacao pollination is not yet known, there seems little doubt that
the flower is not self-pollinating, as flowers bagged to exclude insects invariably shed
(Gnanaratnam 1954). Also, some plants are self-incompatible but set fruit well if
pollinated with pollen from compatible trees (Chats 1953, Cope 1958, Knight and Rogers
1955). The method of the transfer of the pollen in nature is the somewhat questionable
factor. The sticky pollenis not carried by the wind. Furthermore, it is produced and
released in the petal pouches where wind is unlikely to disturb it (Cobley 1966*,
Gnanaratnam 1954). Glendenning (1962) noted that pollen found on a stigma was usually
from more than one flower, but the amount of foreign pollen depended on proximity to
other plants. Little pollen seemed to move more than a couple of trees distance.

Pollinators:

Thereis genera belief that small insects are the primary pollinating agents of cacao, but
no general agreement as to which insects are responsible. Numerous authorities credit
midges, especially Forcipomyia quasiingrami Macfie and Lasiohela nana Macfie
(Barroga 1964, Chatt 1953, Fontanilla-Barroga 1965, Macfie 1944, Saunders 1959,
Toxopeus 1969). Others credit ants (Crematogaster spp.), aphids (Aphis gossypii Glover
and Toxoptera spp.), thrips (Frankliniella parvula Hood), and unidentified wild bees
(Billes 1941; Cope 1940; Harland 1925a, b; Hernandez 1966; Jones 1912; Muntzing 1947;
Posnette 1942a, b, 1944, 1950; Posnette and Entwistle 1957; Urquhart 1961; V oelcker
1940).
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