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1) Soybean floral ecology and insect pollination.

The cultivated soybean (Glycine max (L.) Merrill) is an herbaceous an-
nual, unknown in the wild, with uncertain ancestry. Most believe that its
origin was in Eastern Asia, probably Northeastern China, where it was first
cultivated about the 11th century B.C. (Probst and Judd, 1973). Like corn,
the soybean may have been selected and bred by ancient man from a more primi-
tive form that was different in growth habit and floral development. Exist-
ing primitive soybeans and the cultivated soybean may be the same species
(Probst and Judd, 1973) or perhaps, the ancestral soybean species has been
lost (R. Bernard, personal communication).

Among the traits that may have been altered through man's selection and
breeding is the soybean's natural pollination syndrome (Rubis, 1970). This
could have occurred because selection of the cultivated soybean out of its
wild parent was likely carried out in agricultural areas relatively free of
insect pollinators. Hence, unwitting selection against bee-pollinated types
in the modern soybean would have been made. Couple this conjecture with num-
erous observations of good crop yields in the apparent absence of bees, and
it is not surprising that many believe that bees cannot influence soybean
yields (see Erickson, 1975a). However, those who hold this view overlook four
key points: 1) that the structure of soybean flowers definitely encourages
bee visitation with concomitant pollination; 2) that bees forage extensively
in soybeans; 3) that, in the past, studies regarding the relative effect of
pollinating insects on soybeans were usually conducted without knowledge of
pollinator populations at the study site(s); and 4) that, in the absence of
an identified wild progenitor, there has been no consideration given to the
pollination of the ancestral parents of the cultivated soybean. Note: We
now know that a related species, Glycine falcata Benth., is insect pollinated
(Anderson et al., 1983).

The subject of honey bee (Apis mellifera L.) foraging on soybeans has
long been immeshed in controversy, and debated publicly for over 50 years
(see Erickson, 1975abc). 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 obser-
vations may, in fact, be accurate, as will become evident.

A somewhat complex picture of interactions between soybean cultivar and
environment seems apparent. At certain locales and under certain circum-
stances, foraging by bees, the principal insect pollinators, on a soybean cul-
tivar may be extensive; at other locales, 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.
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Soybean flowers and honey bees As I and others (Abrams et al., 1978;
Erickson, 1975c, 1976; Erickson and Robins, 1979; Jaycox, 1970; Kettle and
Taylor, 1979; Mason, 1979; Sheppard, 1975) have pointed out, certain culti-
vars of soybeans are more extensively visited by bees and produce greater quan-
tities of nectar and aroma than others. Moreover, since soybean cultivars

are restricted geographically to narrow latitudes based upon rate of matura-
tion, those cultivars known to be preferred by bees in one area may or may not
produce nectar or aroma and, therefore, may not be attractive to bees at

other localities. Hence, when referring to soybeans, one must consider the
specific cultivar involved. Cultivars grown within the range of their maturi-
ty group seem to elicit the most intense bee/flower interactions.

Other factors further contribute to optimal floral development and pol-
linator foraging. Soybeans have long been, and in some areas are still, con-
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 best soy-
bean husbandry practices, such as optimizing plant density and nutrient fer-
tilization, have not always been followed. For example, many farmers do not
follow existing recommendations and adjust their planter to narrower rows for
soybeans after planting corn 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 foraging cues and rewards (Robacker et al., 1982b; Robacker
et al., 1983).

The flower The soybean flower is variable in size; some are long and rela-
tively narrow, while others are short and broad. Petal color ranges from white
through mauve to purple, yet most cultivars possess pigmented flowers. Each
zygomorphic flower has five petals. The standard petal is bound on either side
by a smaller wing petal, while two tightly clasped ventral keel petals par-
tially enclose the sexual column (Carlson, 1973; Erickson and Garment, 1979).

Previously published depictions and descriptions of soybean nectaries
create confusion because of their inaccuracies. It is quite clear that soy-
bean blossoms possess most, if not all, anatomical characteristics of bee-
pollinated (anthophilous) flowers, including: 1) nectar guides (both in the
visible and ultraviolet spectra); 2) a characteristic aroma (detectable at
higher temperatures, e.g., above 27°C); 3) a tongue channel and guide (for
pollinators -- probably bees); and 4) a highly differentiated discoidal nec-
tary (Erickson and Garment, 1979) that produces substantial quantities of nec-
tar. 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 (Robacker et al., 1982a). Further
studies are now underway to identify and bicassay flower volatiles and to
confirm this concept. The structure of the flower and the approach behavior
of the foraging bee ensure that bees will contact the sexual parts of the
flower whether gathering nectar or pollen (Erickson and Garment, 1979). Yet,
in cool climates or during cool weather, the flowers of most soybean cultivars
are cleistogamous and, hence, are inaccessible to bees,

Two to 35 flowers are borne in racemes at the nodes of the stem and
branches (Carlson, 1973). They first open at the base of the raceme and then
open progressively upwards. Each soybean flower is open for only a single day
(E. Erickson et al., unpublished data; Severson, 1983), but from one to 13 may
be open simultaneously on a raceme depending upon the cultivar (Erickson,
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1975a). When the leaf canopy is moved aside and several flowers are open
simultaneously on each raceme, floriferous cultivars appear quite showy. The
number of flowers produced per hectare is highly variable among cultivars.
Sheppard et al. (1979) estimated a range of 1.3 to 4.1 million flowers per ha
per day in Illinois. Generally, soybeans do not compete well with other leg-
umes for the attention of bees, due to the relative numbers of flowers per hec-
tare; other legumes, such as alfalfa and clover, may have up to 10 times the
number of flowers per ha and greater numbers of flowers per cluster. A soy-
bean 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 (Erickson and Garment,
1979). Each flower of most cultivars 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 (Erick-
son, 1975c; Severson, 1983). We see similar variability among cultivars in
nectar production and attractiveness to bees in both southern and northern re-
gions of the U.S.

In the central United States, soybean nectar production and bee visita-
tion occur between 0900 and 1500 h 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 flowers having as much as 0.5
microliters (Erickson, 1975c; Severson, unpublished data).

Several workers have examined soybean nectar and reported a mean nectar
sugar content of 37.0 to 45.0% (Erickson, 1975bc; Jaycox, 1970). Kettle and
Taylor (1979) reported a 39.5% sugar concentration for the cultivar 'Forest'
in Kansas. Severson (1983) found that the total carbohydrate content in soy-
bean nectar varied from 301 to 1354 ug/ul of nectar and from 15 to 134 ug per
flower. Floral sugar concentration increased but volume decreased with time
of day and temperature. Sugar ratios (i.e., fructose/glucose/sucrose) differ
among soybean cultivars, as well as with time of day within a cultivar (Sever-
son, 1983). Severson (1983) noted no differences in carbohydrate content be-
tween purple and white flowered cultivars. Nectar production from flower to
flower appeared to be most consistent in volume and carbohydrate content (Erick-
son, 1975c) among white flowered cultivars; hence, white flowered cultivars
were judged more attractive than purple flowered cultivars. But, later work
by Mason (1979) and Severson (1983) seems to dispel this notion.

Sheppard (1975) and Sheppard et al. (1979) reported a mean sugar concentra-
tion of 39.9% (range 13.0 to 60.0%) for nectars of four soybean cultivars as
taken from the honey stomachs of bees. Here, differences in sugar content
among sampling dates varied as much as that among cultivars and fields. 0'Keefe
Van Der Linden (1981) reported sugar concentration in the stomachs of honey
bees foraging soybeans in Iowa to be 28.0% (range 20.0-33.0%) in 1979 and 51.0%
(range 38.0-63.0%) in 1980.

Pollen Honey bee collection of soybean pollen is highly variable as is a
cultivar's ability to produce quantities of pollen. Some cultivars produce
twice as much pollen as others (Palmer et al., 1978). Erickson (1975abc) and
others (see Erickson, 1975a) have noted that little soybean pollen may be
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gathered by bees in some areas. However, I (personal observation) and Jaycox
(1970) determined that soybean pollen comprised over 50% of the total quantity
of pollens gathered by many bee colonies in Arkansas and Missouri and T1li-
nois. Soybean pollen pellets taken from the corbiculae of foraging bees are
easily recognized by their grey-brown color, small size, and compaction.

The bees Many species of bees, including honey bees, forage soybeans for
nectar and pollen. Honey bee populations may exceed a density of 1 bee per
meter of row during peak foraging (Erickson, 1975c). Sheppard et al. (1979)
found that Caucasian bees gathered a greater percentage of soybean pollen (0-
54% by day) than did Carniolan and Italian bees. Rust et al. (1980) reported
29 additional species of bees that forage soybeans in three regions of the
United States. They reported further that others had identified several spe-
cies of bees foraging on soybeans: Missouri, seven species; North Carolina,
six species; Indiana, three species. The contributions of bees other than
honey bees to soybean yields are unknown.

Soybean honey production Beekeepers, particularly those in the central and
southern United States, have been obtaining substantial yields (70-90 kilograms
per colony) of light amber honey from soybeans for decades (Erickson, 1975a;
Warren, 1983). 1In so doing, they have identified those agricultural lands
where ample soybean honey production can be expected, as well as those areas
that are of unreliable or nonexistent productivity (Erickson and Robins, 1979).
There is little doubt that many beekeepers unknowingly harvest large quanti-
ties of soybean honey. For example, O'KeefeVan Der Linden (1981) found soy-
bean pollen in 15 of 15 honey samples taken from eight Iowa counties in 1979,
and in 46 of 48 samples from 35 Iowa counties in 1980. Only samples from the
northeast corner of the state failed to show soybean pollen in the stomach
contents of bees., 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 (Erickson, 1975abc).

Nectar production in soybeans, as in other plants, is dependent in part
upon weather (Erickson, 1975c; Severson, 1983). During cool periods, mature
flowers remain partially or fully closed and have no nectar. In 1973, I was
able to observe that plants in more northern climates (e.g., Wisconsin) re-
quired three days to recover the ability to produce nectar following a period
of cool weather, even though the flowers were open each day. The quantity of
nectar produced per flower following cool weather usually will not reach the
level that was present during the preceding favorable period. Temperatures
above 22-24°C are required to insure nectar production (Erickson, 1975bc).

Intuitively, the most vigorous plants given optimal plant husbandry
should produce the greatest quantities of nectar. Since most of the basic com-
ponents of nectar, including sugars, are products of photosynthesis, the health-
iest plant receiving the maximum amount of light and grown in the most suit-
able soil is likely to be the greatest producer of flowers with quality nec-
tar and aroma and, thus, the most attractive to foraging bees (Erickson and
Robins, 1979; Robacker et al., 1982ab; Robacker et al., 1983; Shuel, 1975).
Soybean seed yields are sensitive to the presence and availability of certain
so0il nutrients, soil pH (a pH level of 6.0-6.5 is considered optimum), and soil
moisture, as well as sunlight. For example, soybean yields are significantly
reduced when a crop is grown on acid soils that have a pH level below 6.0.

Soil nutrient availability (particularly phosphorus and potassium) is reduced
with increasing soil acidity. Various soil micronutrients are similarly af-
fected. At low pH, potassium, phosphorus, calcium, and boron interact with
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one another, inducing deficiencies. Thus, optimal soil pH and soil fertili-
ty are vital to the physiological well-being of the plant (Erickson and Robins,
1979), its ability to produce flowers, nectar and aroma (Robacker et al.,
1982a; Robacker et al., 1983) and, probably, its yield response to bee polli-
nation.

Soil texture, too, is important to soybeans, since it affects nutrient
retention, soil moisture availability, and root penetration. In southern
Missouri, sandy, coarse loamy, and coarse silty soils provide the least amount
of available water to the plant followed by the clayey soils; the fine loamy
and fine silty soils supply the greatest amount. Moisture stress reduces pho-
tosynthesis as well as flowering and pod filling. Coarse soils are readily
leached, and so are usually acid and low in fertility (Erickson and Robins,
1979). Fertility can be restored to these lands, but, unless good crop hus-
bandry is practiced, nectar secretion and resultant honey production is like-
ly to be poor (10-20 kg per colony). Heavier soils are less acid, more fer-
tile, and retain their productivity partly because they are difficult to till.
As a result, crop yields are usually high (2.6-4.3 kl/ha), and our experience
has shown that high soybean honey yields (90 kg per colony) also can be ex-
pected. Nectar secretion in various other plant species has been shown to be
adversely affected by low soil moisture availability, low soil nutrient avail-
ability, and low pH. Nectar secretion is generally low on soils with either
too much or too little drainage (Erickson and Robins, 1979; Severson, 1983).

Studies conducted in a controlled-environment facility demonstrated that
plant/flower characteristics, indicating greater plant vigor, were optimal at
the intermediate day and night air temperatures (28 and 22-26°C), the higher
soil temperature (28-32°C), and the higher (175 ppm) and lower (15 ppm) soil
concentration of nitrogen (N) and phosphorus (P), respectively. Bioassays
showed that honey bees preferentially visited soybeans that had more flowers
which produced greater quantities of nectar (Robacker and Erickson, 1984).

The predominant environmental factors contributing to attractiveness of soy-
beans to bees were moderate and high air temperature and high and low soil con-
centration of N and P, respectively (Robacker et al., 1983).

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 (Carlson, 1973). Moreover, large numbers of fertilized and
unfertilized flowers (more than 75% in some cultivars) drop off the plant and
do not set seed (Carlson, 1973). Thus, it would appear that soybeans normally
set a full complement 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 disagree. Even though the soybean
retains a high level of heterosis because it is a disomic polyploid, some out-
crossing would be beneficial. The question is: How much interfloral pollen
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 have involved a misunderstanding of
cleistogamy and the fact that soybean blossoms are open for only a single day.
Recently, Robacker et al. (1982a), working in a controlled environment, found
that only 33% of the 'Mitchell' soybean flowers examined were completely self-
pollinated 3.5 hours after the onset of photophase; 587 were self-pollinated
6.5 hrs after the photophase began. These results suggest that early in the
day soybeans exercise a cross-pollination strategy that is followed by a self-
pollination strategy later in the day. Follow-up field studies are now needed



157

to examine this aspect of floral development under field conditions. If cor-
roborated, we should expect that the temporalization of these strategies may
vary with the cultivar's relative abundance of pollen (Palmer et al., 1978)
and with other factors as well.

Cross pollination Various workers have estimated natural cross pollination
at from less than 0.5% to 35% (see Caviness, 1970; Erickson, 1975ab; Koelling
et al., 1981; Sadanaga and Grindeland, 1981) with outcrossing most evident
among lines in which pollination occurs the morning the flower opens (see also
Robacker et al., 1982a). Note: See later section on hybrid soybeans for ad-
ditional evidence of natural cross-pollination.

Qutcrossing rates are a real measure of specific field circumstance, but
one can neither consider them to be a measure of overall bee visitation nor
a measure of pollination within a soybean genotype. While distance between
pollen and seed parent and other factors have been shown to be related to out-
crossing rates (Carter et al., 1983a; Nelson and Bernard, 1979), the primary
limiting factors are undoubtedly the number of bees present and the level of
fidelity to a single genotype practiced by individual bees. These must be de-
termined, then bee pollination both within and between genotypes must be mea-
sured to ascertain the net result of pollinator activity.

Unfortunately, the true meaning of rates of outcrossing in insect-pol-
linated plant species has been misinterpreted by many people. Foraging honey
bees normally discriminate among and retain a fidelity to a single floral
source. And, so, just as honey bees discriminate among plant species, so do
they often discriminate among cultivars or genotypes that differ in foraging
cues (e.g., flower color and aroma) or reward within a species (see Erickson,
1983). This is true for soybeans (Severson, 1983). Outcrossing in soybeans
is most frequently monitored between white and purple flowered cultivars
(color differences that bees readily discriminate between) due to ease of
evaluation based upon seedling hypocotyl color (e.g., Burton and Carter, 1983;
Carter et al., 1983b). The fact that intraspecific crossing is usually low,
when measured in this fashion, is hardly surprising given the well-known flo-
ral constancy of foraging bees. Apiculturalists would be surprised if it were
otherwise!

Soybean yield increases Recently, studies have shown that bees may increase
soybean yields by as much as 20% (or more) for plots caged with bees vs. caged
without bees. Erickson (1975a) demonstrated a yield increase of 13,9% for

the cultivar 'Corsoy' in 1971 and 5.2% and 16.3% for 'Hark' in 1972 and 1973

in Wisconsin. In the Mississippi Delta, Erickson et al. (1978) obtained a
combined yield differential of 21.6% 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 set, since seeds per pod and weight per seed did not
vary. C. E. Mason (unpublished data), in Delaware, obtained three-year yield
increases in cages with bees of 7.8%, 2.2%, and 15.8% for the cultivar
'Williams' and 16.0%, 2.7%, and 14.3% for the cultivar 'Essex' in 1978-80,
respectively (data for the years 1978 and 1980 are significant at the 5%
level). Kettle and Taylor (1979) obtained yield increases of 5.1%, 19.9%,

and 36.0% (X = 20 percent -- significant at the 5% level for pooled result),
respectively, at each of three study sites in Kansas for the cultivar 'For-
rest'. A second cultivar, 'Woodworth', grown at yet another site, had a
yield differential of 10% (significant at the 2% level). In Brazil, Juliano
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(1976) noted a significant increase in both the number of pods and weight of
total seed (37.9% and 40.17%, respectively) in open plots versus plots caged
to exclude pollinators. In Italy, Pinzauti and Frediani (1981) obtained
yield differentials in excess of 100%, in both seeds and pods, with bee pol-
lination on two cultivars ('Grangeneuve' and 'Hei-iee-Jin'). Unfortunately,
they, like Juliano, caged only the plot without bees and, thus, failed to
evaluate the effect of the cage which, on soybeans, can be great (Erickson
et al., 1978). Hence, while their conclusions may be correct, their excep-
tional results are likely due in part to the effect of the cage.

In open field trials in Arkansas and Missouri, Erickson et al. (1978) ob-
tained significant yield differences between that side of the field near the
apiary versus the far side of the field. These data compare favorably with
those of Abrams et al. (1978): both data sets show a high yield near the bees
(5-15 m from the apiary), a still higher yield at 20-35 m and then a progres-
sive decline at greater distances from the colonies (Table 1). Similar pat-
terns are common in other insect-pollinated crops.

Table 1.

Distance a b
PR Average number of seeds per sample kg/ha
apiary Arkansas Missouri Indiana

5-15 meters 785 a° 836 a 2654 a
20-35 839 a 931 a 2719 a
50-65 619 b 776 a 2473 a
85-100 630 b 529 b 2350 a
115-150 594 b - 2350 a

3Each sample consisted of all seeds from 10 plants.
PCombined field data (Abrams, 1977).

“Within columns, values followed by different letters are significantly
different at the .05 level.

In other studies, soybean yield differences due to bees have not been
observed. E. H. Erickson and E. S. Oplinger (unpublished data) were unable
to show significant yield differences in five cultivars ('Hark', Williams,
'I11ini', 'Wayne' and 'Mukden') over three years, although caged treatments
with bees were usually slightly above those caged without, in total beans and
pods. Some cultivars during some years did show a significant difference in
numbers of beans per pod. These studies were conducted in an area in south-
ern Wisconsin on land of higher productivity than the earlier trials (Erickson,
1975a) with Corsoy and Hark. Sheppard et al. (1979) were unable to demon-
strate significant yield differences in open field studies in Illinois of
'Amsoy' and Williams, although their data show a slight trend of yield decline
(similar to those in Table 1) with increasing distance from the apiary for
Williams.
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Soybean cultivars are often identified as being determinant (cease vege-
tative growth before beginning to flower) or indeterminant (flower while con-
tinuing to grow). In reality, all soybeans are indeterminant, but individ-
ual cultivars vary in their tendency towards determinancy with later maturity
group cultivars tending to be more determinant (R. Bernard, personal communi-
cation). Even so, unlike Sheppard(1975), Sheppard et al. (1979) and Mason
(1979), I have yet to discern differences in foraging by bees or yield re-
sponse resulting from bee pollination that can be explained based upon level
of determinancy at flowering.

Hybrid soybeans The development of hybrid soybeans is a topic of interest
both for beekeepers and plant breeders, as well as others in agriculture
(Erickson, 1979). Substantial interest was generated after Brim and Young
(1971) reported the discovery of genetic male sterility in soybeans. Bradner
(1977) attempted to produce hybrids using a genetic characteristic for open
flowers that would enhance outcrossing. It was suggested that hybrid soybeans
would be available in five to ten years. The present status of hybrid soybeans
is uncertain, as genetic male sterility presents some difficult problems if

it is to be considered for development of commercial hybrids and the work in-
itiated by Bradner is not progressing as expected. Cytoplasmic male sterility
in soybeans is as vet unknown.

Some studies have shown that there may be a relatively high level of
cross pollination (62%) in at least one genetic male-sterile soybean (Sadanaga
and Grindeland, 1981). Koelling et al. (1981) found a significant increase
in seed set on male-sterile soybeans caged with bees versus caged without
bees (honey bees, 39 seeds per plant; alfalfa leafcutter bees, 40 seeds per
plant; no bees, 3 seeds per plant). Similarly, Nelson and Bernard (1979) ob-
tained fewer than 10 seeds per plant at 15 m from the pollen parent to more
than 70 seeds per plant at 1.5 m in studies to determine the relationship of
distance from pollen source to pollination of male-sterile soybeans. In these
studies, the male-sterile plants produced an average of 27 seeds per plant —--
far less than the normal production of 70 to 100 + seeds per plant (Erickson,
1975a; Erickson et al., 1978). Again, these data must be interpreted careful-
ly considering the discriminative foraging behavior of bees discussed earlier.
Inadequate pollination is a major factor limiting the production of hybrid soy-
beans (Nelson and Bernard, 1984), just as it has limited hybrid production in
other crops (Erickson, 1983).

Whether hybrid soybeans will become a commercial reality remains to be
seen. Some researchers feel that it is just a matter of time; others think
it unlikely that hybridization will ever become sufficiently practical for
commercial seed production. Certainly, hybridization would contribute sub-
stantially to the research programs of plant breeders by reducing the neces-
sity for hand-crossing and for obtaining large-scale outcrossing for recur-
rent selection (Burton and Carter, 1983; Carter et al., 1983a). Meanwhile,
forthcoming soybean flower-pollinator data will enhance our knowledge of the
pollination ecology of entomophilous plants. If hybrid soybeans become a
reality, plant breeders must pay strict attention to floral characteristics
and include selection for pollinator cues and rewards to ensure floral com-
patability between seed parents in their breeding programs (see Erickson,
1983; Rubis, 1970). Also, they should carefully evaluate grossly abnormal
flower mutants (see Erickson et al., 1982ab; Johns and Palmer, 1982) in the
light of pollinator requirements.
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Conclusions The data presented indicate that bees produce substan-
tial 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 the issue appear equally valid. Only intransigence and imprecise descrip-
tions of circumstances predisposing each conclusion can be faulted. Regard-
less of opinions to the contrary, many soybean growers continue to encourage
beekeepers to locate apiaries near their fields and report increased yields
with bees present.

Differences in soybean honey production and soybean yield due to bee
pollination seem attributable in part to heritability factors and geoecology.
Interpretation of all bee/soybean data suggest that greatest honey yields oc-
cur on the most productive soils in warm climates, while soybean yield increases
resulting from insect pollination have been highest on poorer soils. Further
research is needed to clarify these hypotheses. Some cultivars are more at-
tractive to pollinators 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/flow-
er interactions for each agricultural zone. Perhaps, as new knowledge is de-
veloped, new avenues can be pursued to maximize soybean yields for growers and
honey yields for beekeepers.

Acknowledgements

I wish to thank B. J. Erickson for her special encouragement and advice
and E. T. Gritton, D. C. Robacker, and D. W. Severson for their many helpful
suggestions in the development of this manuscript.

References

Abrams, R. I. 1977. The effect of honey bee and alfalfa leafcutter bee visi-
tations on three soybean cultivars. M.S. thesis. Purdue University.

Abrams, R. I., C. R. Edwards and T. Harris. 1978. Yields and cross-pollina-
tion of soybeans as affected by honey bees and alfalfa leafcutting bees.

Am, Bee J. 118:555, 556, 558.

Anderson, J. M., T. E. Carter, Jr., B. A. Martin and J. W. Burton. 1983.
Seed set on G. falcata and a proposal to use msy male sterility in its
hybridization with G. max. Soybean Genet. Newsl. 10:87-89.

Bradner, N. 1977. Program for development of commercial soybean hybrids.
Talk presented at the Soybean Breeders Conference in St. Louis. February

225 19%7 s

Brim, C. A. and M. F. Young. 1971. Inheritance of male-sterile character in
soybeans. Crop Sci. 11:564-567.

Burton, J. W. and T. E. Carter, Jr. 1983. A method for production of experi-
mental quantities of hybrid soybean seed. Crop Sci. 23:388-390.

Carlson, J. B. 1973. Morphology. Pp. 17-95 in B. E. Caldwell, ed.
Soybeans, improvement, production, and uses. Amer. Soc. Agron., Madison,

WI, Agron. Ser. No. 16.

Carter, T. EB., Jr.s J: W, Burton and M. F. Young: - 1983b. An efflcient
method for transferring genetic male sterility to soybean lines. Crop
Sci. 23:387-388.



161

Carter, T. E., Jr., J. W. Burton and E. B. Huie, Jr. 1983a. Implications of
seed set on ms_ ms, male-sterile plants in Raleigh. Soybean Genet. Newsl.

Caviness, C. E. 1970. Cross-pollination in the soybean. Pp. 33-36 in The
indispensable pollinators. 9th Pollination Conference Rep. Ark. Agr. Exp.

Stn. Misc. Publ.

Erickson, E. H. 1975a. Effect of honey bees on yield of three soybean cul-
tivars. Crop Sci. 15:84-86.

Erickson, E. H. 1975b. Honey bees and soybeans. Am. Bee J. 115:351-333,
372

Erickson, E. H. 1975c. Variability of floral characteristics influences
honey bee visitation to soybean blossom. Crop Sci. 15:767-771.

Erickson, E. H. 1976. Bee pollination of soybeans. Proceedings of the
Sixth Soybean Seed Res. Conf. pp. 46-49.

Erickson, E. H., G. A. Berger, J. G. Shannon and J. M. Robins. 1978. Honey
bee pollination increases soybean yields in the Mississippi Delta region
of Arkansas and Missouri. J. Econ. Entomol. 71:601-603.

Erickson, E. H. 1979. The status of hybrid soybeans. Proc. IVth Int. Symp.
on Pollination, Md. Agric. Exp. Stn. Spec. Misc. Publ. 1:25-28.

Erickson, E. H. and M. B. Garment. 1979. Soya-bean flowers: Nectary ultra-
structure, nectar guides, and orientation on the flower by foraging honey-
bees. J. Apic. Res. 18:3-11.

Erickson, E. H. and J. M. Robins. 1979. Honey from soybeans: The influ-
ence of soil conditions. Am. Bee J. 119:444, 445, 448-450.

Erickson, E. H., M. B. Garment and C. E. Peterson. 1982, Structure of cyto-
plasmic male-sterile and fertile carrot flowers. J. Amer. Soc. Hort.
Sci. 107:698-706.

Erickson, E. H. 1983. Pollination of entomophilous hybrid seed parents.
Pp. 493-535 in C. E. Jones and R. J. Little, eds. Handbook of experimental
pollination biology. Van Nostrand Reinhold.

Jaycox, E. R. 1970. Ecological relationships between honey bees and soy-
beans. Am. Bee J. 110:306-307, 343-345, 383-385.

Johns, C. W. and R. G. Palmer. 1982. Floral development of a flower-struc-
ture mutant in soybeans, Glycine max (L.) Merr. (Leguminosae). Am. J.
Bot. 69:829-842.

Juliano, J. C. 1976. Entomophilous pollination of soybeans. Congresso
Brasileiro de Apicultura 4:235-239.

Kettle, W. D. and 0. R. Taylor. 1979. Ecological interactions of honey bees
and soybeans. J. Kans. Entomol. Soc. 52:549 (Abstract).

Koelling, P. D., W. J. Kenworthy and D. M. Caron. 1981. Pollination of male-
sterile soybeans in caged plots. Crop Sci. 21:559-561,

Mason, C. E. 1979. Honey bee foraging activity on soybeans in Delaware.
Proc. IVth Int. Symp. on Pollination, Md. Agric. Exp. Stn. Spec. Misc.
Publ. 1:117-122,



162

Nelson, R. L. and R. L. Bernard. 1979. Pollen movement to male sterile
soybeans in southern Illinois. Soybean Genet. Newsl. 6:100-103.

Nelson, R. L. and R. L. Bernard. 1984, Production and performance of hybrid
soybeans. Crop Sci. 24:549-553.

O'Keefe Van Der Linden, J. 1981. Soybean honey production in Iowa. Am. Bee
J. 1212723-725, 731.

Palmer, R. G., M. C. Albertsen and H. Heer. 1978. Pollen production in
soybeans with respect to genotype, environment, and stamen position.
Euphytica 27:427-433.

Pinzauti, M. and D. Frediani. 1981. TImportance of bee pollination on soy-
bean production. Apic. Mod. 71:155-160.

Probst, A. H. and R. W. Judd. 1973. Origin, U.S. history and development,
and world distribution. Pp. 1-16 in B. E. Caldwell, ed. Soybeans: Im-
provement, production and uses. Amer. Soc. Agron., Madison, WI, Agron.
Ser. No. 16.

Robacker, D. C., P. K. Flottum and E. H. Erickson. 1982a. The role of flow-
er aroma in soybean pollination energetics. Proceed. Tenth Pollination
Conf., Carbondale, IL, pp. 1-8.

Robacker, D. C., P. K. Flottum, D. Sammataro and E. H. Erickson. 1982b.
Why soybeans attract honey bees. Am. Bee J. 122:481-484, 518, 519.

Robacker, D. C., P. K. Flottum and E. H. Erickson. 1983. Effects of cli-
matic and edaphic factors on soybean flowers and on the subsequent attrac-
tiveness of the plants to honey bees. Field Crops Res. 6:267-278.

Robacker, D. C. and E. H. Erickson, Jr. 1984. A bioassay for comparing at-
tractiveness of plants to honeybees. (In preparation)

Rubis, D. D. 1970. Breeding insect pollinated crops. Pp. 19-24 in The in-
dispensable pollinators. 9th Pollination Conference Rep. Ark. Agr. Exp.
Stn. Misc. Publ.

Rust, R. W., C. E. Mason and E. H. Erickson. 1980. Wild bees on soybeans,
Glycine max. Environ. Entomol. 9:230-232,

Sadanaga, K. and R. Grindeland. 1981. Natural cross-pollination in diploid
and autotetraploid soybeans. Crop Sci. 21:503-506.

Severson, D. W. 1983. Honey bees and soybeans: Analyses of floral chemis-
try relating to foraging preferences. Ph.D. thesis. University of Wiscon-
sin, Madison, WI. 129 pp.

Sheppard, W. S. 1975. Relationships between honey bees and soybeans. M.S.
thesis. University of Illinois, Urbana-Champaign, IL. 37 pp.

Sheppard, W. S., E. R. Jaycox and S. G. Parise. 1979. Selection and manage-
ment of honey bees for pollination of soybeans. Proc. IVth Int. Symp.
on Pollination, Md. Agric. Exp. Sta. Spec. Misc. Publ. 1:123-130.

Shuel, R. W. 1975. The production of nectar. In the Hive and the Honey
Bee. Dadant & Sons (ed), Dadant & Sons, Hamilton, IL. pp. 265-282,

Warren, L. 0. 1983. Seasonal flow pattern for honey production in north-
east Arkansas. Arkansas Farm Res. Nov.-Dec. 8 pp.

E. H. Erickson, USDA





