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N LATE 1978 the North Central

States Bee Research Unit, USDA-
ARS, Madison, WI was the recipient
of a special congressional appropria-
tion in the amount of $100,000 an-
nually for the study of soybean pol-
lination.2 This appropriation was ini-
tially requested by the American Hon-
ey Producers Association whose mem-
bers took the lead in guiding it through
Congress. Because of widespread in-
terest and support, an informal coali-
tion of beekeepers from many states
lent their support in a variety of ways
and assured eventual passage of the
appropriation.

Now, five years later we submit a
progress report to those who supported
this research, and to the American
beekeeping public. For easy reference,
we have provided a complete list of
publications emanating from our soy-
bean/honey bee research with those
which were funded specifically from
the special appropriation indicated by
an asterisk. A narrative summary of
our research on soybean pollination
and honey production follows there
after.
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BACKGROUND

Soybeans, one of the five vital grains
of ancient China (the others being bar-
ley, millet, rice and wheat) are the
major agricultural product of the mod-
ern world. Their importance is re-
flected in the fact that in 1981 more
than 51 million hectares (about 126
million acres) of soybeans were grown
worldwide on an estimated 4 percent
of all agricultural lands. Moreover,
world soybean hectarage has increased
72 percent in the ten years from 1971
through 1980. In the United States,
where they first achieved crop status
in the early 1900’s, soybeans are now
the leading cultivated crop command-
ing up to 25% of the cropland in some
areas. Since the early 1950%, the
United States has committed more
land to soybeans than any other coun-
try and in 1980, harvested over 27 mil-
lion hectares (67 million acres) of soy-
beans; followed by Brazil (8.9 million
hectares) and China (7.3 million hec-
tares). Presently, the United Srates
produces 66% of the total world soy-
bean crop.

The explosion of interest in soybeans
has resulted in a spectacular agricul-
tural growth for countries like the
United States and Brazil. Other coun-
tries will surely follow. The driving
force behind this growth has been the
number and diversity of products de-
rived from this single farm commodity.
Soybean products include those used
for food (e.g. salad and cooking oil,
shortenings, margarine, protein supple-
ments, baby food, artificial meats and
cheeses,, soy sauce, and edible beans);
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for animal and honey bee feed (e.g.
whole and cracked grain, meal, and
finely ground protein supplements);
and in industry {e.g., oils, plastics, re-
sins, paints, varnishes and in products
for chemistry) just to name a few.

The cultivated soybean is an herba-
ceous annual, with uncertain ancestry.
Most believe that its origin was in
Eastern Asia, probably Northeastern
China, where it was first cultivated
about the 1lth Century B.C. Like
corn, the soybean may have been se-
lected and bred by ancient man from
a more primitive form that was dif-
ferent in growth habit and floral de-
velopment, Existing primitive soybeans
and the cultivated soybean may be the
same species or perhaps, the ancestral
soybean species has been lost.

Among the traits that may have been
altered through man’s selection and
breeding is the soybeans’ natural pol-
lination syndrome. This could have oc-
curred because selection of the culti-
vated soybean out of its wild parent
was likely carried out in agricultural
areas relatively free of insect pollina-
tors. Hence, unwitting selection against
bee pollinated types in the modern
soybean would have been made. Cou-
ple this conjecture with numerous ob-
servations of good crop yields in the
apparent absence of bees, and it is not
surprising that many believe that bees
cannot influence soybean yields. How-
ever, those who hold this view over-
look four key points: 1) that the struc-
ture of soybean flowers definitely en-
courages bee visitation with concomi-
tant pollination; 2) that bees forage
extensively in soybeans; 3) that, in the

FIG. 1.

inset to show the nectary and its pesition in the flower.

past, studies regarding the relative ef-
fect of pollinating insects on soybeans
were usually conducted without knowl-
edge of pollinator populations at the
study site(s); and 4) that in the ab-
sence of an identified wild progenitor
there has been no consideration given
to the pollination of the ancestral par-
ents of the cultivated soybean. We do
know that a related species is insect
pollinated.

The subject of honey bee foraging
on soybeans has long been immeshed
in controversy, and debated publicly
for over 50 years. There are those
who have steadfastly maintained that
bees do visit soybeans to gather nectar
and pollen (and perhaps pollinate
them) while others hold the opposite
view with equal conviction. Both ob-
servations may, in fact, be accurate.

A somewhat complex picture of in-
teractions between soybean cultivar and
environment seems apparent. At cer-
tain locales and under certain circum-
stances foraging by bees on a soybean
cultivar may be extensive; at other lo-
cales, it may be limited or nonexistent.
As a result, floral nectar may or may
not be secreted and bean yield may or
may not be affected.

RESEARCH PROGRESS
SOYBEAN FLOWERS

Certain cultivars of soybeans are
more extensively visited by bees and
produce greater quantities of nectar
and aroma than do others. Moreover,
since soybean cultivars are restricted
geographically to narrow latitudes
based upon rate of maturation, those

Drawings of a soybean flower wth center photograph (magnified 25 times)

Abbreviations are as follows:

an — anther; br — bract; ca — calyx; kp — keel petal; n —nectary; ob — ovary base;
s¢ — staminal column; sp — standard petal; ss — single stamen; tc — tongue channel;

tg — tongue guide; wp — wing petal.
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cultivars known to be preferred }
bees in one area may or may not pro.
duce nectar or aroma and therefop,
may not be attractive to bees at othey
localities. Hence, when referring
soybeans one must consider the Spe.
cific cultivar involved. Cultivars groyy,
within the range of their maturity
group seem to elicit the most inteng,
bee/flower interactions.

Other factors further contribute ¢
optimal floral development and pol.
linator foraging. Soybeans have Igy
been and in some areas are still cop.
sidered a secondary crop, grown only
in deference to other row crops such
as corn and cotton. For this reason,
perhaps more than any other, the begt
soybean husbandry practices such gg
optimizing plant density and nutrient
fertilization have not always been fo).
lowed. For example, many farmers do
not follow existing recommendationg
and adjust their planter to narrowey
rows for soybeans after planting corp
or cotton. And frequently, farmers
plant their best land to other crops
giving their fields of lesser productive
capacity over to the beans. Poor crop
husbandry contributes to reduced bee
visitation due to altered bee foraging
cues and rewards.

The Flower

The soybean flower is variable in
size among varieties: some are long
and relatively narrow while others are
short and broad. Petal color ranges
from white through mauve to purple,
yet most cultivars possess pigmented
flowers. Each zygomorphic (petals are
unequal in size) flower has five petals
(Fig. 1). The standard petal is bound
on either side by a smaller wing petal
while two tightly clasped ventral keel
petals partially enclose the sexual col-
umn.

Previously published depictions and
descriptions of soybean nectaries create
confusion because of their inaccura-
cies. It is quite clear that soybean blos-
soms possess most, if not all, anatom-

ical characteristics of bee-pollinated
flowers including: 1) nectar guides
(both in the wvisible and ultraviolet

spectra), 2) a characteristic aroma
(detectable at higher temperatures, eg.
above 27°C = 80°F), 3) a tongue
channel and guide (for pollinators —
probably bees), and 4) a highly dif-
ferentiated nectary (Fig. 1) that pro-
duces substantial quantities of nectar.
Preliminary data suggest that floral
aromas may inform pollinators of
flower pre-readiness, readiness and
post-readiness for visitation (pollina-
tion) with separate chemical messages:
Further studies are now underway to
identify and bioassay flower volatiles
and to confirm this concept. The
structure of the flower and the ap-
proach behavior of the foraging bee
ensure that bees will contact the sexua
parts of the flower whether gathering
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pectar or pollen. Yet, in cool climates
or during cool weather the flowers of
most soybean cultivars never open (are
cleistogamous) and hence are inacces-
sible to bees.

Two to 35 flowers are borne in ra-
cemes (clusters) at the nodes of the
stem and branches. They first open at
the base of the raceme and then open
progressively upwards. Each soybean
flower is open for only a single day but
from one to 13 may be open simulta-
neously on a raceme, depending upon
the cultivar. When the leaf canopy is
moved aside multiflowered cultivars
appear quite showy. The number of
{lowers produced per hectare is highly
variable among cultivars. A soybean
field is usually in bloom for 4 to 6
weeks and in agricultural areas where
early and late adapted cultivars bloom
in succession, a 6-9 week flowering pe-
riod ensues.

Nectar

Soybean blossoms have functional
nectaries. Each flower of most culti-
vars produces only slightly less nectar
than alfalfa in northern regions. Sugar
concentrations in soybean nectars are
5-10% higher than those of alfalfa
when growing conditions are favorable.
We see similar variability among cul-
tivars in nectar production and attrac-
tiveness to bees in both southern and
northern regions of the United States.

In the central United States soybean
nectar producuon, and bee visitation,
occur between 0900 and 1500 h (9:00
am-3:00 pm) each day. Peaks in these
activities, like the time of day when
the flower is first fully open, may vary
depending upon the cultivar and local
weather conditions. Soybean nectar
volume per flower, greatest in warmer
climates, varies significantly among
cultivars ranging from none to 0.2
microliters per flower, with some flow-
ers having as much as 0.5 microliters
(Note: the honey stomach of a worker
honey bee holds 35-50 microliters.).

We and others have examined soy-
bean nectar and reported a mean nec-
tar sugar content of 37.0 to 45.0 per-
cent. In Missouri and Arkansas, the
total carbohydrate content in soybean
nectar varied from 301 to 1354 micro-
grams per microliter of nectar and
from 15 to 134 micrograms per flower.
Floral sugar concentration increased,
but volume decreased with time of day
and temperature. Nectar sugar ratios
(le. fructose:glycose:sucrose content)
differ among soybean cultivars as well
as with time of day within a cultivar.
We noted no differences in carbohy-
drate content between purple and
white flowered cultivars. Earlier in
Wisconsin, nectar production from
flower to flower appeared to be most
consistent in volume and carbohydrate
content among white flowered culti-
vars, hence, white flowered cultivars
were judged more attractive than pur-
ple cvs. But, later work in Missouri
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FIG. 2. Honey bee gathering

seems to dispel this notion.

Pollen

Honey bee collection of soybean pol-
len is highly variable as is a cultivar’s
ability to produce quantities of pollen.
Little soybean pollen may be gathered
by bees in some areas. However, soy-
bean pollen may comprise over 50%
of the total quantity of pollens gath-
ered by many bee colonies. Soybean
pollen pellets taken from the corbi-
culae of foraging bees are easily rec-
ognized by their grey-brown color,
small size and compaction.

SOYBEAN HONEY PRODUCTION

Many species of bees, including hon-
ey bees (Fig. 2), forage soybeans for
nectar and pollen. Honey bee popula-
tions may exceed a density of 1 bee
per meter (= 3-3 ft) of row during
peak foraging. Working in cooperation
with others, we reported 29 additional
species of bees that forage soybeans in
three regions of the United States. The
pollination contributions of, or benefits
to bees other than honey bees foraging
soybeans are unknown.

Beekeepers, particularly those in the
central and southern United States,
have been obtaining substantial yields
(70 to 90 kg = 150 to 200 lbs per
colony) of light amber honey from
soybeans for decades. In so doing they
have identified those agricultural lands
where ample soybean honey produc-
tion can be expected as well as those
areas that are of unreliable or nonex-
istent productivity. There is little doubt
that many beekeepers unknowingly har-
vest large quantities of soybean honey.
Often, soybeans are not exploited by
beekeepers for the production of this
honey which has a distinctive aroma
and flavor and is easily identified with
experience.

Nectar production in soybeans as in

nectar from a soybean flower.

other plants is dependent in part upon
weather. During cool periods mature
flowers remain partially or fully closed
and have no nectar. In 1973 1 was
able to observe that plants in more
northern climates (e.g. Wisconsin) re-
quired 3 days to recover the ability to
produce nectar, following a period of
cool weather even though subsequent
flowers were open each day. The quan-
tity of nectar produced per flower fol-
lowing cool weather usually will not
reach the level that was present dur-
ing the preceding favorable period.
Temperawres above 22-24°C (= 72-
75°F) are required to ensure soybean
nectar production.

Intuitively, the most vigorous plants
given optimal plant husbandry should
produce the greatest quantities of nec-
tar. Since most of the basic compo-
nents of nectar, including sugars, are
products of photosynthesis, the health-
iest plant receiving the maximum
amount of light and grown in the most
suitable soil is likely to be the greatest
producer of flowers with quality nec-
tar and aroma and thus be the most
attractive to foraging bees. Other re-
searchers have shown that soybean seed
yields are sensitive to the presence and
availability of certain soil nutrients, soil
pH, (a pH level of 6.0-6.5 is consid-
ered optimum) and soil moisture, as
well as sunlight. Optimal soil pH and
soil fertility are vital to the physiolog-
ical well-being of the plant, as well as
its ability to produce flowers, nectar
and aroma and probably its response
to bee pollination.

Soil texture, too, is important since
it affects nutrient retention, soil mois-
ture availability, and root penetration.
In southern Missouri, others have
shown that sandy, coarse loamy, and
coarse silty soils provide the least
amount of available water to the plant
followed by the clayey soils; the fine
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loamy and fine silty soils supply the
greatest amount. Moisture stress re-
duces photosynthesis as well as flower-
ing and pod filling. Coarse soils are
readily leached and so are usually acid
and low in fertility. Fertility can be
restored to these lands, but unless good
crop husbandry is practiced, our stud-
ies show that nectar secretion and re-
sultant honey production is likely to
be poor (10-20 kg = 22-44 pounds
per colony). Heavier soils are less acid,
more fertile, and retain their produc-
tivity partly because they are difficult
to till. As a result, crop yields are
usually high (2.6-4.3 kl/ha = 30-50
bu/acre), and our experience has
shown high soybean honey yields (90
kg = 200 lbs. per colony) can also be
expected. Similarly, nectar secretion in
various other plant species has been
shown to be adversely affected by low
soil moisture availability, low soil nu-
trient availability, and low pH. Nectar
secretion is generally low on soils with
either too much or too little drainage
(Table 1).

Our data from studies conducted in
a controlled environment facility dem-
onstrate that plant/flower characteris-
tics, indicating greater plant vigor,
were optimal at the intermediate day
and night air temperatures (28 and 22-
26°C = 82.5 and 72-79°F), the higher
soil temperature (28-32°C = 82.5-
90°F), and the higher (175 ppm) and
lower (15 ppm) soil concentration of
nitrogen (N) and phosphorous (P),
respectively. Bioassays showed that
honey bees preferentially visiicd soy-
beans that had more flowers which
produced greater quantities of nectar.
The predominant environmental fac-
tors contributing to attractiveness of
soybeans to bees were moderate and
high air temperature and high and low
soil concentration of N and P, respec-
tively.

BEE POLLINATION
OF SOYBEANS

Soybeans are classified as self-fertile
and automatically self-pollinating. It is
said that pollination may occur before
the blossom opens. Moreover, large
numbers of fertilized and unfertilized
flowers (more than 759, in some cul-
tivars) drop off the plant and do not
set seed. Thus, it would appear that
soybeans normally set a full comple-
ment of seed and therefore have little
biological need for insect pollination
among cultivars and hence little need
for the kind of floral development
characteristic of insect pollinated
plants. Indeed, many argue that such
is the case. Others of us believe some
ourcrossing would be beneficial. The
question is; how much interfloral pol-
len transfer both within and between
cultivars occurs naturally?

One must now wonder whether the
earlier observation that soybeans self-
pollinate before the flower opens may
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Table 1. Honey production in relation to seil conditions.

Soil pH.

Low Honey Production High Honey Productjo,
13.5 kg (30 Ibs) per colony 90 kg (200 1bs) per colony
below 5 above 6
low high

Fertility
Structure

Water holding
capacity. . .

Soybean yield .

coarse (sandy)

0.9-2.2 kl/ha
(10-25 bu/acre)

relatively fine (loamy)

low high
2.6-4.3 kl/ha
(30-50 bu/acre)

have involved a misunderstanding of
cleistogamy and the fact that soybean
blossoms are open for only a single
day. Ouwr studies in the controlled en-
vironment found that only thirty-three
percent of the ‘Mitchell’ soybean flow-
ers examined were completely self-pol-
linated 3.5 hours after the onset of
photophase (artificial dawn): fifty-
eight percent were self-pollinated 6.5
hrs after the photophase began. These
results suggest that early in the day
soybeans exercise a cross-pollination
strategy which is followed by a self-
pollination strategy later in the day.
Follow-up field studies are now needed
to examine this aspect of floral devel-
opment under field conditions. If cor-
roborated, we should expect that the
timing of these strategies may vary
with the cultivar’s relative abundance
of pollen and with other factors as
well.

Our studies have shown that bees
may increase soybean yields by as much
as 20 percent for plots caged with bees
vs caged without bees. I demonstrated
a vyield increase of 13.9 percent for
the cultivar ‘Corsoy’ in 1971 and 5.2
and 16.3 percent for ‘Hark’ in 1972
and 1973 in Wisconsin. In the Mis-
sippi Delta, we obtained a combined
yield differential of 21.6 percent on
the cultivar ‘Pickett’ at two study sites
in Arkansas and Missouri in 1975.
Here significant differences in the
numbers of filled and empty pods were
also noted. These differences were at-
tributed to increased pod sel since
seeds pod and weight per seed did
not vary. These results have since
been corroborated by scientists work-
ing elsewhere in the United States and
abroad.

In open field trials in Arkansas and
Missouri, we obtained significant yield
differences between that side of the
field near the apiary versus the far side
of the field. These data compare fa-
vorably with subsequent data sets: All
show a high yield near the bees (5-
15 m 16.5-50 ft from the apiary), a
still higher yield at 20-35 m (= 65.5-
115 ft) and then 'a progressive decline
at greater distances from the colonies
(Table 2). Similar patterns are com-
mon in other insect pollinated crops.

In other studies soybean yield dif-
ferences due to bees have not been
noted. We were unable to show sig-
nificant yield differences in five culti-
vars (‘Hark,” ‘Williams,” ‘Illini,” “Wayne’

Average number of
seeds per sample*

Table 2.

Distance from

apiary Arkansas  Missourj
5-15 meters 785a** 836a
(16.5-50 ft)
20-35 .. 839a 931a
(65.6-115 ft)
50-65 619b 776a
(164-213 f)
85-100 . 630b 529b
(279-328 ft)
115-150 594b

(377-492 ft)

" Each sample consisted of all seeds from 10 planis

** Within columns, values followed by different ler-
ters are significantly different at the .05 level,

and ‘Mukden’) over three years al-
though caged treatments with bees usu-
ally slightly above those caged without
in total beans and pods. Some cultivars
during some years did show a signifi-
cant difference in numbers of beans
per pod. These studies were conducted
in an area in southern Wisconsin on
land of much higher productivity than
the earlier trials with ‘Corsoy’ -and
‘Hark.’

Soybean cultivars are often identified
as being determinant (cease vegetative
growth before beginning to flower) or
indeterminant (flower while continuing
to growth. In reality all soybeans are
indeterminant, but individual cultivars
vary in their tendency towards deter-
minancy, with later maturity group
cultivars tending to be more determi-
nant. I have yet to discern differences
in foraging by bees or yield response
resulting from bee pollination that can
be explained based upon level of de-
terminancy at flowering.

HYBRID SOYBEANS

The development of hybrid soybeans
is a topic of interest both for beekeep-
ers and plant breeders as well as oth-
ers in agriculture. Substantial interest
was generated after the discovery of
genetic male sterility in soybeans. Oth-
ers have attempted and are working
to produce soybean hybrids. The pres-
ent status of hybrid soybeans is un-
certain as genetic male sterility pre-
sents some difficult problems if it is t©
be considered for commercial develop-
ment of hybrids. Other forms of male
sterility better suited for commercial-
ization are yet unknown in soybeans
Once male sterility is discovered, M-
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adequate pollination will likely be a
major factors limiting the production
of hybrid soybeans just as it has lim-
ited hybrid production in other crops.

Whether hybrid soybeans will be-
come a commercial reality remains to
be seen. Some researchers feel that it
is just a matter of time; others think
it unlikely. Certainly hybridization
would contribute substantially to the
research programs of plant breeders
by reducing the necessity for hand
crossing and for obtaining large-scale
outcrossing for recurrent selection.
Meanwhile, our soybean flower-pollina-
tor data will facilitate the development
of soybean hybrids. Public and private
soybean breeders are currently using
our research results. If hybrid soybeans
become a reality, plant breeders must
pay strict attention to floral character-
istics and include selection for pollina-
tor cues and rewards to ensure floral
compatability between seed parents in
their breeding programs.

CONCLUSIONS

Our data indicate that bees produce
substantial honey crops from soybeans
and may increase soybean yields in
some fields/localities, but not in others.
Hence, the convictions of those on both
sides of these issues appear equally
valid. Regardless of opinions to the
contrary, many soybean growers con-
tinue to encourage beekeepers to lo-
cate apiaries near their fields and re-
port increased yields with bees present.

Differences in soybean honey pro-
duction and soybean yield due to bee
pollination seem attributable in part to
heritability factors and to environment.
Interpretation of all bee-soybean data
suggest that greatest honey vyields oc-
cur on the most productive soils in
warm climates, while soybean yield in-
creases resulting from insect pollination
have been highest on poorer soils. Fur-
ther research is needed to clarify these
hypotheses. Some cultivars are more
attractive to bees than others. Many
cultivars have yet to be studied in this
regard. Bees rarely visit soybeans in
geographical areas with low median
temperatures because soybean flowers
do not open or produce nectar and
aroma in these areas. Studies are
needed to ascertain the nature of bee/
flower interactions for each agricultural
zone. As new knowledge is developed,
new avenues can be pursued to maxi-
mize soybean yields for growers and
honey yields for beekeepers.

Our studies are continuing,
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5000 frames . .................. 18¢
Add 1g for 9%" or 7Y, commaercial or budget frames.
SUPERS L L T R
100 Select 500 Select 100 Commerclal 500 Com’i 100 Budget

£ 3.95 3.79 3.40 3.35 2.89
T 3.2 3.10 299 2.69 -
B e e 275 2.50 2.25 2.15 1.75
5L ; 275 2.50 2.20 215 1.60

Call for price on 1000+ supers

@ We manufacture 8 frame equipment, custom orders on request.

® Mfg. of both pine & cedar lids, bottoms. Call for current prices.

® We stock a large supply of bulk nails for frame and boxes.

® Lowest Prices Anywhere

PROMOTE HONEY DURING THE HCLIDAY SEASON

Make more on your honey - sell it by the oz.

Honey Cart Planter Box Unpainted 1-9 $2.30

10+ $2.10
Comes assembled, holds two four-ounce honey Finished 3.30

1ars (not included). Emptly may be used as a planter, child's toy or

calchall. Comes unpainted.

Recipe Boxes - Unpainted 1-9 $2.75 [ ————

10+ $2.50 ] FICHT NOSEMA
L * WITH
Finished 3.95 Nosem-X
This accurate reproduction of a bee hive (Bicyclohexylammontum

holds your tavorite recipes. Also ideal Fumagillin)
for gifts or for sale in your honey house.
Made of pine wood. Comes assembled and unpainted.

Available unassembled.

Nosem-X {3 a water
soludble form of the
antlbiotic fumaglilin
and 19 effective for
the prevention of
nosema {n honey bees.
9y arem . . . $35,00
12 - 9% gram $53.00
24 -~ 9% gram .$50.00
48 - 94 gram .$48.00

Authentic European Hand-Crafted Skeps
wt. 10 1b, U.P.S.

$49.95

779



