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ABSTRACT 

Difficul ties in pollen transfer have adversely 

affected seed production of hybrid onion (Allium cepa L.) 

in the United states. six onion cultivars were examined 

for differential attractiveness to the honey bee (Apis 

mellifera L.). Honey bees clearly discriminated between 

the onion cuI ti vars in both open plots and caged plots. 

Nectar secretion, nectar sugar concentration, nectar sugar 

composition, nectar potassium content, and flower 

phenology were correlated with honey bee visitation. 

Nectar secretion rates ranged from 0.54 to 0.84 ul 

per floret per day. Onion cultivars also demonstrated 

differential flowering potential. The cultivars produced 

from 176 to 359 flowers per umbel with 32 to 74 umbels per 

30 onions. All onion cultivars examined contained viscous 

nectar with sugar concentrations ranging from 51 to 65% of 

total dissolved solids. Onion nectar was analyzed by gas 

chromatography to determine qualitative sugar differences 

among onion cultivars. All cultivars were hexose dominant 

with an approximately 1:1 fructose:glucose ratio. 

However, fructose was slightly more abundant than glucose. 

xi 



Sucrose was much less abundant than the hexose sugars. 

Atomic absorption spectrophotometry revealed little 

difference in potassium content among the A. cepa 

cultivars. Nectar potassium levels ranged from 5,300 ppm 

to 6,900 ppm. Cultivars with higher nectar potassium 

levels had fewer honey bee visits. 

Two honey bee bioassays were conducted. The first 

bioassay simulated the sugar and potassium composition of 

each onion cultivar. The honey bees selectively foraged 

on simulated nectars with low potassium and high sugar 

concentrations. The second bioassay was designed to test 

honey bee response to "phenolic-rich" solutions. The 

natural compounds tested were dilutions of salt cedar 

(Tamarix pentandra Pall.) honey, almond (Prunus dulcis 

Mill.) honey, and aloe (Aloe littoralis L.) nectar. The 

pure synthetic compounds tested were caffeic acid and 

genestic acid. Generally, honey bees foraged 

preferentially on the lower phenolic concentrations, 

indicating that compounds high in phenolic composition 

inhibit honey bee foraging. 

Finally, seed yields of each of the cultivars were 

compared. Wide variations in yields were correlated with 

honey bee visitation, sugar composition, potassium levels, 

and flower phenology. 
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INTRODUCTION 

Development of Hybrid Onion Seed 

The development of hybrid seed has had a 

significant impact on agricultural development since its 

discovery in 1925 (Jones 1963). A single planting from 

the onion, Allium cepa L. cultivar 'Italian Red' was 

found to be male-sterile with microspore degeneration 

after meiosis resulting in no viable pollen production 

(Monosmith 1928). Further studies on 'Italian Red' 

revealed that of the two types of cytoplasm seen, all 

plants with normal (N) cytoplasm produced functional 

pollen while those with sterile (S) cytoplasm were male

sterile. A recessive gene for male-sterility (ms) also 

was found to influence pollen development when carried in 

plants with sterile cytoplasm, but had no effect when 

carried by plants with normal cytoplasm. consequently, 

the 'Italian Red' male-sterile plants belong to the 

genotype Sms/ms. Plants with (N) genotypes always are 

fertile and may be either NMs/Ms, NMs/ms, or Nms/ms. The 

genetics related to male sterility can be manipulated to 

allow the introduction of more desirable traits into other 

1 
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cultivars by selective breeding (Jones and Clarke 1942, 

1943; Pike 1986). Offspring of the parent plants then 

inherit the dominant and more desirable characteristics. 

Hybrid cultivar development has increased plant 

size, fruit size, uniformity, volume, quality, seedling 

vigor, productivity and resistance to unfavorable 

environmental factors in many crop species (Swarup 1977). 

The quest to develop heartier plants however resulted in a 

new problem. Pollen transfer by honey bees (and other 

potential pollinators) was inadequate to ensure seed set 

and seed yield in species which previously had no problems 

with open-pollinated cultivars. Plant factors affecting 

insect visitation may have changed in the process of 

developing desirable hybrids. Differences caused by male 

sterility (Frankel and Galun 1977, Mesquida and Renard 

1978), morphological abnormalities (Grant 1949), and 

floral cues and rewards (Erickson and Peterson 1979) are 

evident between hybrid seed parents of many crops. These 

changes may have reduced pollinator profitability among 

parental lines. The plant's poor competition with 

surrounding plant species results in reduced pollinator 

visitation, reduced pollen transport, and consequently, 

reduced seed set and yield (Erickson 1983). Examples of 

differential intervarietal pollinator attractiveness 
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include such species as alfalfa (Medicago sativa L.) 

(Teuber and Barnes 1979; Teuber et ale 1980), carrot 

(Daucus carota L.) (Erickson 1983), sunflower (Helianthus 

annuus L.) (Sammataro et ale 1983), and soybean (Glycine 

max L.) (Severson and Erickson 1984), 

Low seed yields in onion fields, 

as.well as onion. 

as a result of 

insufficient insect pollination, cause serious economic 

problems for onion seed producers (Waller 1983). 

onion Floral Biology 

The onion flower is perfect, but because the 

anthers shed their pollen grains before the stigma is 

receptive (Jones and Mann 1963), the flower relies on 

insects for pollination (van der Meer and van Bennekom 

1968, Jones and Emsweller 1933, McGregor 1976). Onion is 

a biennial which produces an oval umbel with 50 to 2000 

florets atop an elongated seedstalk. Each floret has six 

stamens arranged in two whorls. A simple style leads to a 

three-celled ovary with two ovules in each cell. The 

anthers of the three inner-whorl stamens open and, one 

after another, shed their pollen before the anthers of the 

outer whorl open. A typical onion flower remains in bloom 

for six days. Most of the pollen is shed wi thin three 

days after flowering begins and is gone before the stigma 

becomes receptive (i.e. days four and five) (Moll 1952, 
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1953). Nectaries at the base of the stamens produce a 30 

to 60% total sugar nectar (Gary et ale 1972, 1977), which 

accumulates between the ovary and the inner stamens 

(McGregor 1976; Jones and Emsweller 1933). Flowering 

begins with only a few flowers opening each day on an 

umbel, but accelerates until at full bloom 50 or more 

flowers may be open on any given day. The flowering of 

all of the stalks may take thirty or more days (McGregor 

1976) . Onion flower pollination may occur as late as 

six days after opening (Moll 1953). Mann and Woodbury 

(1969) stated that onion pollen decreases in viability as 

each flower ages. Ockendon and Gates (1976) found that 

pollen ~s less viable from the flowers that bloom during 

the latter part of the blooming period. 

Pollinators of Onion 

Commercial seed production in insect-pollinated 

plants relies upon the presence and dispersion of large 

numbers of pollinators, usually honey bees, because of 

their ease of management. Because onion nectar is fully 

exposed, it is collected by bees, wasps, fl ies, and 

numerous other insects (Shaw and Bourne 1936; Bohart et 

ale 1970, Caron et ale 1975). Many potential pollinating 

insects are found in blooming onion fields. The most 
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common insect visitor to onion seed fields both naturally 

and by human design, is the honey bee, Apis mellifera L. 

(Nye et ale 1973). Farmers often pay beekeepers to place 

their honey bees adjacent to blooming onion fields in 

order to attain high honey bee populations. The effect of 

honey bee visitation on onion pollination and seed set is 

well documented (McGregor 1976) and is reviewed for other 

hybrid crops (Erickson 1983). Honey bees select among 

onion species and between cuI ti vars (Lederhouse et ale 

1972; Shasha' a et ale 1973; Carlson 1974). They are 

sensitive to both qualitative and quantitative differences 

in floral cues and rewards. Gary et ale (1972, 1977) 

demonstrated that the mean distances honey bees traveled 

to visit carrot and safflower (Carthamnus tinctoris L.) 

was greater than the mean distances honey bees traveled to 

visit the common onion. He concluded that the onion is 

decidedly less attractive to honey bees than are carrot or 

safflower. This discrimination by honey bees has a 

deleterious effect on onion seed production in the united 

states leading to reduced and/or differential seed yields 

between individual onion cultivars (Campbell et ale 1968; 

Carlson 1974). 

Nectar components 

Nectar is the single most important floral reward. 
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It is produced easily and relatively inexpensively by the 

plant. Floral nectar rewards the appropriate flower 

visitors. Different types of flower visitors have 

different taste preferences and different nutrient needs. 

The potential of a plant species for meeting those 

preferences and needs influences the development of a 

mutually beneficial relationship with a particular type of 

pollinator (Baker and Baker 1973, 1982). 

Floral nectar commonly is viewed as just sugar

water; however, an array of other chemicals are found in 

the nectars of various flowering plant;;;. Baker and Baker 

(1975) reviewed research demonstrating the presence in 

nectars of sugars, amino acids, proteins, lipids, organic 

acids, and a variety of other nutritive organic sUbstances 

in very small amounts, as well as alkaloids, glycosides, 

and phenolics, which may have a deterrent effect on some 

nectar feeders. 

The amount of the reward presented to a flower 

visitor is an important factor in determining the behavior 

of that visitor (Heinrich and Raven 1972). The volume and 

concentration of energy income from the floral reward 

must exceed the energy expended by the visitor to find and 

to collect it. This energy income is usually in the form 

of sugars, but in some plant species also may include 
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amino acids, proteins or lipids (Baker and Baker 1983a). 

The question of what sugar levels and nectar 

composi tion are optimal for honey bee attraction is not 

totally resolved. It seems that neither the sucrose/hexose 

ratio, nor any other single factor of nectar sugar 

composition is capable of determining the foraging 

behavior of flower pollinators. 

The largest number of chemical analyses of floral 

nectars deal with sugars. Studies by Percival (1961) and 

Baker and Baker (1979, 1982, 1983b) on a wide variety of 

plants showed that most nectars contain the disaccharide 

sucrose with the monosaccharides glucose and fructose 

present in lesser amounts. The disaccharides maltose and 

melibiose, and the trisaccharides melizitose and raffinose 

are present in smaller quantities. 

The three major sugars present in nectars are 

sucrose, glucose, and fructose, all of which are 

acceptable to bees. Wykes (1952a,b) determined that honey 

bees prefer a balanced nectar, consisting of equal amounts 

of sucrose, glucose, and fructose. Percival (1961) stated 

that balanced nectars are uncommon in nature. Waller 

(1972) disputed Wykes' claim that honey bees prefer 

balanced nectar. Waller's experiments showed that honey 

bees prefer a sucrose-rich liquid, but will collect nectar 
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that is hexose dominant. Waller (1974) found onion nectar 

to be hexose dominant with 53 to 56% fructose, 40 to 43% 

glucose, and only 4% sucrose. Waller (1972) conducted 

bioassay tests to evaluate honey bee response to sugar 

solutions with various fructose, glucose, and sucrose 

ratios. Honey bees preferentially foraged for pure 

sucrose, however, they also showed good acceptance of 

mixtures containing equal parts fructose and glucose. 

Therefore, it seems that the ratio of sugars in onion 

nectar should not inhibit honey bees from collecting it. 

Barker and Lehner (1974a,b) demonstrated that starved 

honey bees would load their crops with sucrose, glucose, 

and fructose when each was offered singly, but that a 

mixture of sucrose with a hexose sugar caused even greater 

loading. The overall conclusion is that honey bees prefer 

a sucrose-rich nectar, but they do not demand it. 

Furgala et ale (1958) studied nectar sugar 

composition in several leguminous crops. They found 

variation in sugar type, both within and between species. 

Percival (1961), in her study of 899 species of flowering 

plants, found significant variation among samples of the 

same species in only 61 species. Baker and Baker (1983b) 

found a high degree of consistency, both in sucrose/hexose 

ratio and in glucose/fructose ratio among the species 
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Gelemium sempervirens L. (Loganiaceae), Agoseris gauce 

Hook. (Asteraceae) and Trifolium repens L. (Fabaceae). 

Cultivated material from several sources of T. repens gave 

some suggestion of interpopulation differentiation. 

As stated, in addition to the nutritional 

sUbstances in nectar (i.e. sugar) other organic substances 

may have a deterrent or detrimental effect on potential 

insect visitors. Clinch et al. (1972) determined that 

alkaloids in the nectar of Sophora microphylla Ai t. 

(Fabaceae) are harmful to honey bees. Phenolic substances 

are another group of chemicals which may protect nectar 

from inefficient pollinators. Phenolic compounds may have 

coevolved with certain insects who are able to effectively 

metabolize the compounds and thus are able to efficiently 

pollinate the plant. 

Baker and Baker (1983a,b) identified the presence 

of phenolic compounds in the nectars of 333 out of 850 

species tested, suggesting that phenolic compounds in 

nectars are widespread. Phenolic substances need further 

examination and closer identification before the wide 

range of biological effects they might have can be 

appreciated. Phenolic compounds might serve several plant 

functions. Their fluorescent nature may serve as a visual 

cue to insects (Thorp et al. 1975). Phenolics may render 
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carbohydrates and/or amino acids non-metabolizable and 

therefore nutritionally unavf."..ilable for non-pollinating 

insects, or they may impart bad taste (sour or bitter) to 

nectar for non-pollinators and acceptable taste 

(phagostimulants) for coevolved pollinators. Phenolics may 

serve as an anti-microbial agent, preventing microbes from 

competing for the carbohydrates in nectar. Finally, 

phenolics may simply serve as secondary plant metabolites 

shunted into the nectar as a form of excretion, although 

this is unlikely, due to its energy cost (Baker 1977, 

Levin 1971). 

Other non-sugar constituents of nectars influence 

the preferences of foragers (Baker and Baker 1976). 

Waller et ale (1972), for example, found that high 

potassium content in onion nectar reduced honey bee 

visitation. Waller (1972) demonstrated in bioassay tests 

that honey bee attractiveness is inversely proportional to 

the potassium content of the sugar solution. Furthermore, 

Waller determined that onion nectar is loaded with 

potassium and concluded that these high potassium levels 

are the primary factor limiting successful honey bee 

pollination on onions. Minor constituents of nectar may 

directly affect foraging and pollination. Shuel (1970) 

and Baker and Baker (1983a) further emphasize the 
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necessity for basic biological data on nectar chemistry. 

The other maj or floral reward is pollen. Onion 

pollen often is brushed off and discarded by foraging 

honey bees (Benedek and Gaal 1972, Williams and Free 

1974). Onion pollen collection is usually incidental, as 

honey bees are principally nectar collectors when visiting 

onion flowers. 

objectives 

Levin (1983, 1986) estimates that honey bees 

pollinate crops whose total agricultural value may exceed 

20 billion dollars annually. In most cropping systems the 

honey bee is the most efficient pollinator of the targeted 

crop. Although the honey bee is the primary pollinator 

of onion, it often avoids fields of flowering onions, 

foraging preferentially on other more attractive blooming 

plant species. This neglect of onion has led to sporadic 

onion seed yields. Much of the blame for the lack of 

pollination has been placed on the development of hybrid 

seed. Onion breeders may have inadvertently decreased 

onion attractiveness to the honey bee while breeding for 

other desirable traits. 

A great need exists to determine the relative 

attractiveness of various onion cultivars to foraging 
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honey bees while investigating the factors responsible for 

honey bee avoidance. The large number of variables in the 

pollination system preclude simultaneous measurement 

during honey bee activity. 

This study was designed to: (1) establish the 

relative attractiveness of six onion cuI ti vars to honey 

bees, (2) identify the seed yield potential of the six 

cultivars, (3) identify key floral factors such as; 

flowering phenology, nectar volume, sugar concentration, 

and nectar composition responsible for honey bee 

visitation in both attractive and non-attractive 

cuI ti vars, and ( 4) determine the effects of key nectar 

components, such as sugars and phenolics, by bioassaying 

mixtures simulating natural floral materials. 

Data resulting from this research will provide a 

basic understanding of intraspecific differences between 

six selected onion cultivars. Furthermore, it should alert 

plant breeders about possible negative consequences of 

embarking on a selective breeding program. They must not 

overlook the importance of maintaining breeding lines that 

attract potential pollinators when selecting for desirable 

horticultural traits. 



MATERIALS & METHODS 

Experimental Area 

This study was conducted at the University of 

Arizona Campus Agricultural center, Tucson, Arizona. 

Onions examined included the A. cepa cultivars 'TEG (Texas 

Early Grano) 1015Y', 'Grano', 'Creole', 'Bermuda', and 

'TEG 502 prr (pink root resistant)' and the amphidiploid 

onion A. cepa X (A. fistulosum X A. cepa) 'Delta Giant'. 

The open plots were arranged in a split-split plot design 

with four blocks. A block consisted of 30 onion bulbs 

planted along a 7. 6-meter-Iong row. The six onion 

cuI ti vars were the main effect and the date and time of 

honey bee visitation were sub-effects. When the onion 

cultivars were at or near peak bloom on 16 April 1987, 

twelve honey bee colonies were placed adjacent to the 0.33 

hectare experimental area. Honey bee foragers were 

counted by walking along each row and recording honey bees 

on umbels. Honey bees were counted every 2 hours from 

10:00 to 16:00 hr on 17, 20, 22, and 24 April 1987. 

Plots for the caged experiment were adj acent to 

those used in the open plot. The caged plot experiment 

13 
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was arranged in a split-split plot design with four 

blocks. A block consisted of 15 onion bulbs planted along 

a 1.8-meter-Iong row. The six onion cuI ti vars were the 

main effect and the date and time of honey bee visitation 

were the sub-effects. The cage consisted of a 14 X 18 

mesh-per-inch SaranR screen placed over a 7.3 X 10.9 X 1.8 

meter steel frame (McGregor and Pierce 1977). A five-frame 

honey bee colony was placed in the cage after bloom 

commenced. Honey bee foragers were counted by walking 

along each row and recording honey bees on umbels. Honey 

bee foragers were counted every 2 hours from 10: 00 to 

16:00 hr on 17, 20, 22, and 24 April 1987. 

Honey bee visitation data between cultivars within 

the open and caged plots were analyzed by analysis of 

variance (ANOVA).. Significant ANOVA F-values indicated 

differences in honey bee attraction among the onion 

cultivars. Tukey's multiple mean comparison test (SAS 

1985) was used to determine between which cuI tivars 

significant differences occurred (Steel and Torrie 1980). 

Nectar Analysis 

A paper bag was placed over randomly selected onion 

umbels of each cuI ti var in the open plot to prevent 

insects from foraging. Nectar was collected in 2 -ul 

micropipettes from the bagged flowers the following day 
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(i.e. 24 hours later). Samples were frozen and maintained 

in a freezer (-22oC) until analyzed for sugar composition. 

A second sample was analyzed in the field at the time of 

collection for nectar volume and sugar concentration (% 

TDS). Sugar concentration was measured by placing 0.5 ul 

of nectar on a Bellingham & Stanley 40 to 85% Sugar Hand 

Refractometer and recording percent of total dissolved 

solids (TDS). Nectar volume was determined in constant 

bore micropipettes by measuring the length of the nectar 

column removed from individual flowers. 

Qualitative analysis for sugar composition was done 

by gas chromatography. Five samples of 2 ul each were 

mixed with internal standard (meso-Inositol R dissolved 

in 80% (v/v) ethanol in distilled H20, and then dried 

under N2 at 75 0 C in Reacti VialsR (Pierce Chemical 

Company, Rockford, IL). Trimethylsilyl derivatives 

(Sweeley et al. 1963) of the sugars vlere formed by 

addition of 40 ul of trimethylsilylimidazol (TMSI) in 

pyridine. Vials were capped, shaken, and heated at 75 0 C 

for 10 to 15 minutes, then samples (0.5 ul) were injected 

into the gas chromatograph (Varian Model 3700) equipped 

with a flame ionization detector and a 6 m x 2 mm column 

packed with OV17 on 80/100 mesh Gas-Chrom QR (Applied 

Sciences, state College, PAl. Carrier gas was N2 at 30 
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ml/min. Temperature was programmed from 1400 C (after a 

3-min hold) to 2400 C (at 1-min hold) at 100 C/min. Peak 

areas were measured electronically with a Shimadzu CR1AR 

recording integrator. 

Nectar samples from the five blooming A. cepa 

cul tivars were collected and analyzed for potassium 

content in 2-ul micropipettes on 20 April 1986. All 

samples were immediately frozen and maintained in a 

freezer at -22 0 C. until analysis. On 20 March 1987 the 2-

ul samples each were diluted to 5 ml with 1000 ppm sodium 

chloride (NaCl) solution. Potassium content was 

determined by atomic absorption spectrophotometry. A 

Perkin-Elmer Model 5000 double-beam atomic absorption 

spectrophotometer was used with an Fe hollow cathode lamp 

run at 30mA, 266.5-nm wavelength and 1.4 nm bandwidth. A 

premix design 10-cm titanium single-slot burner head was 

used with acetylene fuel, 10 psig inlet pressure, 2.4 

l/min flow rate, air oxidant, 60 psig inlet pressure, 

and 19 l/min flow rate. The absorbance was displayed (4X 

scale expansion) as the mean of three readings with a 2.0 

second integration time. The signal was recorded on a 

Model 056 strip-chart recorder at 2 mV full-scale. 

Data were analyzed for statistical significance by 

ANOVA to determine whether differences between cul ti vars 
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existed. Tukey' s multiple mean comparison test was 

conducted to determine which cultivars were significantly 

different (Steel and Torrie 1980). 

Sugar & Potassium Bioassays 

A honey bee bioassay test was conducted on 2 

February 1988 in a 8.5 X 6.7 X 3.0 meter greenhouse (24 oC, 

45% RH) at the Carl Hayden Bee Research Center, Tucson, 

Arizona. Two honey bee colonies were used as sources of 

honey bees trained to forage from artificial flower 

feeders (Waller 1972). 

six feeders similar to those described by Inouye 

and Waller (1984) were presented simultaneously to the 

honey bees in each test (Figure 1). A feeder consisted of 

seven O. 9-ml vials held together with a rubber band and 

covered by a 3-mm thick blue plastic disc (3.6 cm 

diameter) with a 1-mm opening over each of the six 

peripheral vials. Test solution (0.5 ml) was placed in 

each of the peripheral vials and honey bees had access to 

the solution through pieces of 20-ul disposable micropipet 

that extended from the bottom of each vial to 2 rom above 

the plastic top. 

six different simulated onion "nectars" were 

formulated using previously determined fructose, glucose, 



Figure 1. 
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Artificial flower feeder with hardware cloth 
cone. 



19 

sucrose, and potassium data to represent each of the six 

onion cuI tivars. Because my 1986 experiment did not 

include 'Delta Giant', the Allium cepa X (A. fistulosum X 

A. cepa) cross, potassium concentration data obtained by 

Waller (1974) for an A. fistulosum X A. cepa cross was 

used. 

The six different artificial onion nectars were 

placed randomly within each artificial flower. Each 

artificial flower was evenly spaced around a circular 

table which was mechanically rotated (two 

revolutions/min) to prevent the honey bees from 

establishing a position effect. Honey bees were allowed 

to forage on a artificial flower until one of the six 

vials was emptied. Collection amounts for the remaining 

solutions was measured with a 1-cm3 disposable syringe. 

The honey bees easily recruited to the artificial 

flowers, but bees discriminated poorly among the test 

solutions when the density of foragers exceeded one or two 

honey bees per artificial flower. To maintain an optimal 

forager density, individual artificial flowers were 

covered with hardware cloth cones (Figure 1) after two 

bees began foraging on individual flowers. Honey bees 

that had imbibed to satiation could leave through the top 

of the cone, the cones were then raised to admit 
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additional foragers. 

All six of the artificial onion nectars were 

presented simultaneously to the foraging honey bees. Each 

of the six artificial flowers in a test contained one vial 

with each of the six artificial nectars. The experiment 

was replicated in five trials of six artificial flowers. 

Data were analyzed for statistical significance by 

ANOVA to determine whether honey bee preferences between 

the artificial onion nectars existed. Significant ANOVA F 

values indicated differences between the treatments. 

Significant differences between the nectars were 

determined using a Tukey's multiple mean comparison test 

(Steel and Torrie 1980). 

Phenolic Bioassay 

Phenolic feeding experiments were conducted from 10 

October 1987 to 7 February 1988 in a 8.5 X 6.7 X 3.0 meter 

greenhouse (24oC, 60% RH) at the Carl Hayden Bee Research 

center, Tucson, Arizona. Two honey bee colonies were used 

as a source of honey bees trained to forage from 

artificial flower feeders identical to those described in 

the sugar/potassium bioassay. 

The two purified phenolic compounds tested were 

genestic acid (2,5 dihydroxybenzoic acid) (Sigma Chemical 
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Co.) and caffeic acid (3,4 dihydroxycinnamic acid 97%) 

(Aldrich Chemical Co. Inc.). Each of the substances were 

dissolved in 30% (mass:mass) sucrose:water solution. The 

highest concentration used (stock solution) for each 

compound was determined by the maximum solubility limits 

of the compounds (Weast 1982). Lower concentrations used 

were serial dilutions from the stock solution. 

dilutions are presented in Table 8. 

These 

Each compound was presented to the honey bees in 

five concentrations accompanied by a 30% sucrose control. 

Each of the six artificial flowers in a test contained a 

vial with a different one of the five concentrations and a 

30% sucrose control. Individual compounds were replicated 

in five trials. 

The three natural compounds tested were aloe (Aloe 

littoralis L.) nectar, almond (Prunus dulcis Mill.) honey 

and salt cedar (Tamarix pentandra Poll.) honey. Due to 

high sugar concentration each compound was diluted with 

distilled water until a 30% total dissolved sugars (TDS) 

concentration was achieved (as measured with a 0-50% 

Bellingham & Stanley Sugar Hand Refractometer). This 

concentration then was considered the 100% stock solution 

from which the serial dilutions were formulated. These 

serial dilutions are presented in Table 9. 
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Each compound was presented to the honey bees in 

five concentrations ranging from 12.5% to 100% stock 

solution. The concentrations of each test compound used 

were dissolved in the 30% sucrose solution. Each of the 

six feeders (replicates) in a test contained a vial with a 

different one of the five concentrations and a 30% sucrose 

control. 

trials. 

Individual compounds were replicated in five 

Data were analyzed for statistical significance by 

ANOVA to determine whether honey bee preferences between 

the phenolic compounds existed. Significant ANOVA F 

values indicated differences between treatments. 

Significant differences between concentrations were 

determiJ'led using a Tukey's multiple mean comparison test 

(Steel and Torrie 1980). 

Flower Phenology and Weath~r 

A bloom curve for each cuI ti var was deri ved by 

counting the number of open florets from 40 randomly 

selected umbels every other day throughout the blooming 

period. Twenty of the forty umbels were selected from the 

open plots and twenty from the caged plots. 

Pollen traps (Waller 1980) were placed beneath 

three of the honey bee colonies on 17 April 1987. Pollen 

trap samples were collected on 24 April 1987 and taken 
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back to the laboratory for identification. One hundred 

pollen pellets were randomly selected from each of the 

three samples. The samples were placed on a glass slide 

emersed in oil and sight identified using a bright field 

microscope. 

Meteorological data was recorded electronically 

using an omnidataR EL-824-GP weather station. Hourly 

temperature (oe) , solar radiation (KW/m2), and wind speed 

(mph) were recorded and averaged from 10: 00 to 16: 00 hr 

each day honey bee visitation data was collected. 

Seed yields 

The forty umbels of each cultivar used for the 

flower phenology counts were randomly selected and tagged 

at the first stage of flowering from both the open plots 

and caged plots. At harvest, data on the total number of 

seeds per umbel, total weight of seed per umbel, and 

individual seed weight was collected. Furthermore, 30 

individual florets were randomly selected from each of the 

20 umbels and counts were made of the total number of 

effective florets (i.e. those that did not abort) as well 

as the mean number of seeds per floret. 

statistically significant differences among the 

cultivars (within the caged and open plots) were 
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determined by ANOVA. The Waller-Duncan k-ratio test (SAS 

1985) was used to determine where the significant 

differences occurred. Data comparing seed yields between 

the cage and open experiments were analyzed by a Student's 

t test (Steel and Torrie 1980). 



RESULTS 

Honey Bee Visitation 

Honey bee foraging preferences among onion 

cuI ti vars are presented in Table 1. The analysis of 

variance tables for both the open and caged tests are 

presented in appendices A-F along with a Tukey's mean 

multiple comparison test for each of the significant 

interactions . Visitation was greater in the cage (5.2 

bees/1.8-meter plot) than in the open plots (2.8 bees/7.6-

meter plot). In the open plots 'Grano' and 'Delta Giant' 

attracted the most foraging honey bees with an average of 

4.3 and 4.0 visits per plot, respectively, and 'Creole' 

and 'TEG 502 prr' attracted the fewest foraging honey 

bees, each with an average of 1.2 bees per plot. In the 

caged plots 'Grano', 'creole', and 'Delta Giant' attracted 

the most foraging honey bees averaging 9.5, 6.1, and 6.0 

bees per plot, respectively, and 'TEG 1015Y' and 'TEG 502 

prr' attracted the fewest foraging caged honey bees with 

an average of 2.7 and 2.9 bees per plot, respectively. 
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Table 1. Average number of honey bee foragers in an open and 
a caged plot onion experiment in Tucson, AZ 1987. 

Open plots Caged plots 
No. bees/7.6 m plot No. bees/1.8 m plot 

Cultivar mean (±SE)a mean (±SE)a 

'Grano' 4.3 (0.4) a 9.5 (0.5) a 

'Delta Giant' 4.0 (0.3) ab 6.0 (0.7) b 

'Bermuda' 3.3 (0.3) bc 4.0 (0.2) c 

'TEG 1015Y' 2.8 (0.3) c 2.7 (0.2) d 

'Creole' 1.2 (0.2) d 6.1 (0.4) b 

'TEG 502 prr' 1.2 (0.1) d 2.9 (0.3) cd 

Grand Mean 2.8 (0.1) 5.2 (0.2) 

aMeans within columns followed by the same letter are 
not significantly different (Tukey's multiple mean comparison 
test, P < 0.05). 

r-.J 
0\ 
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Nectar Analysis 

Due to the constraints imposed by a cage, all 

comparisons in reference to honey bee visitation, unless 

otherwise indicated, refer to honey bee visitation in the 

open plots. 

Mean nectar volume per flower (Table 2) varied 

significantly (P < 0.05) among cultivars from 0.54 ul 

('Creole') to 0.84 ul ('Delta Giant' and 'TEG 1015Y'). 

'Grano' and 'Delta Giant', which were visited the most by 

honey bees, 4.3 and 4.0 bees per experimental unit, 

respectively, were among the cultivars which produced the 

highest daily nectar reward. 'TEG 502 prr', 'Bermuda' and 

'Creole' produced less nectar and were visited relatively 

less by the honey bees. 

Although each experimental unit consisted of 30 

onion plants, some of the cuI ti vars produced more 

flowering stalks per experimental unit than others, thus 

increasing their potential for nectar production (Table 

2) . The cultivars showed variability in daily flower 

production (32 to 74 flowers/umbel/day) and in total 

flower production (7,314 to 28,867/day) (Table 2). Onion 

flowers bloom over a six day period, however they only 

secrete nectar the last three days of bloom, or 50% of the 

time. The maximum calculated nectar per day can be 



Table 2. Nectar and flower production of each onion cultivar grown in 
Tucson, AZ 1987. 

Nectar Volume 
(ul/flower/day) 

Ave. no. 
flowers/ 
umbel/day 

Cultivar n mean (±SE)a 
No. 

umbels b mean (±SE)c 
Total 

flowers d 
Max. calculated 
nectar (ul)/daye 

'Delta Giant' 172 0.84 (0.04) a 230 31.8 (3.4) 7314 3072 

'TEG 1015Y' 73 0.84 (0.04) a 205 54.4 (2.9) 11152 4684 

'Grano' 91 0.71 (0.03) ab 359 53.6 (3.0) 19242 6831 

'TEG 502 prr' 59 0.65 (0.04) bc 176 44.8 (3.1) 7885 2562 

'Bermuda' 74 0.60 (0.04) bc 388 74.4 (2.8) 28867 8660 

'Creole' 89 0.54 (0.02) c 187 41.5 (3.0) 7761 2096 

aMeans within columns followed by the same letter are not significantly 
different (Tukey's multiple mean comparison test, p < 0.05). 

bNumber of umbels produced from the 120 onions planted in the open-plot 
experiment. 

cThe flower counts from the open and caged-plots were pooled (n=80). 

dNumber of umbels X average number of flowers per umbel per day. 

eNectar volume per day X total flowers blooming X 0.50. 

tv 
00 
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estimated by multiplying nectar volume per day X total 

flowers blooming X 0.50. The total estimated nectar 

production ranged from 2,096 to 8,660 ul/day. 'Bermuda' 

produced the most flowers and greatest total nectar yield, 

yet was only moderately visited by foraging honey bees. 

'Grano', the most attractive cuI ti var for honey bees, 

produced voluminous amounts of nectar (6,831 

ul/day/experimental unit). 'Delta Giant', the other 

highly visited cultivar, produced relatively little nectar 

(3,072 ul/day/experimental unit). 'Creole' and'TEG 502 

prr', the least visited cultivars, also produced the least 

nectar. 

Nectar sugar concentration (% TDS) measurements 

(Table 3) were significantly (P < 0.05) different among 

some onion cultivars. Sugar concentration ranged from 51 

to 65% TDS. Nectar from 'Delta Giant' and 'Bermuda' was 

significantly less concentrated than nectar of other 

cultivars. These two cultivars were also among those most 

heavily visited by honey bees (Table 1). 

Nectar sugar composition of all the onion cultivars 

showed hexose dominance, as demonstrated by low 

sucrose/fructose+glucose (S/F+G) ratios (Table 4). 

Fructose was the most abundant sugar in all cuI tivars 

except 'Bermuda', which contained more glucose. The 



Table 3. Onion nectar sugar concentration (% TDS) 
of each cultivar. 

Sugar (% TDS) 

Cultivar n mean (±SE)a 

'TEG 502 prr' 20 65.4 (o.a) a 

'Creole' 22 64.1 (1.6) a 

'Grano' 20 63.1 (1.7) a 

'TEG 1015Y' 20 59.4 (1.0) a 

'Bermuda' 20 52.7 (7.1) b 

'Delta Giant' 35 51.5 (7.9) b 

30 

aMeans within columns followed by the same letter are 
not significantly different (Tukey's multiple mean 
comparison test, p < 0.05). 



Table 4. Onion nectar carbohydrate composition of each cultivar. 

Total 
Fructoseab Glucose Sucrose Carbohydrate 
(ug/ul) (ug/ul) (ug/ul) (ug/ul) S 

Cultivar mean (±SE) mean (±SE) mean (±SE) mean (±SE) F:G:Sc F+G 

'TEG 502 prr' 206.5 (15.9)a 188.8 (12.9)a 23.7 (4.2) b 418.9 (31.8)ab 1:.9:.1 0 .11 

'Creole' 205.8 {6.1)a 168.4 {0.7)ab 15.6 (1.8) b 389.7 (4.2)ab 1:.8:.1 0 .06 

'Delta Giant' 190.6 (6.6)ab 182.1 {6.2)ab 63.1 (4.0) a 435.7 (11.9)a 1:1:.3 0 .15 

'Bermuda' 163.5 (11.4)ab 171.3 (21.5)ab 26.2 (9.5) b 361.0 (39.7)ab 1:1:.2 0 .10 

'Grano' 146.2 (13.8)b 134.0 {13.1)ab 38.1 (2.9) ab 318.3 (25.2)ab 1:.9:.3 0 .16 

'TEG 1015Y' 141.8 (13.8)b 128.8 (12.1)b 31.7 (9.1) b 302.4 (31.8)b 1:.9:.2 0 .11 

a n=5. 

bMeans within columns followed by the same letter are not 
significantly different (Tukey's multiple mean comparison 
test, p <"0.05). 

cFructose: glucose: sucrose. 

d Total carbohydrate (ug/ul) * volume (ul/flower/day). 

Estimated 
carbohydrate/ 
flower/day 

{ug)d 

272.3 

210.4 

366.0 

216.6 

226.0 

254.0 

w 
...... 
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fructose content varied from 142 ug/ul ('TEG 1015Y') to 

207 ug/ul ('TEG 502 prr'). Glucose was almost as abundant 

as fructose as exhibited by the near 1:1, fructose:glucose 

ratio (Table 4). Glucose content ranged from 129 ug/ul 

('TEG 1015Y') to 189 ug/ul ('TEG 502 prr'). Sucrose was 

the least abundant sugar present in all instances. 

Sucrose content ranged from 16 ug/ul ('Creole') to 63 

ug/ul ('Delta Giant'). The two cultivars with the highest 

S/ F+G ratios (' Del ta Giant' and ' Grano' ) were most 

attractive to honey bees. Conversely, the cultivar with 

the lowest S/F+G ratio ('Creole') was least attractive. 

Total nectar carbohydrate content (Table 4) ranged 

from 302 ug/ul ('TEG 1015Y') to 436 ug/ul ('Delta Giant'). 

Only 'Delta Giant' and 'TEG 502 prr' had a total 

carbohydrate content over 400 ug/ul. Interestingly, 

, Del ta Giant' was 

cultivars, while 

attractive. 

one of the most honey bee-attracti ve 

'TEG 502 prr' was among the least 

The amount of sugar available in each flower is 

dependent on nectar volume and total carbohydrates 

(ug/ul). Total daily carbohydrate production per flower 

ranged from 210 ug ('Creole') to 366 ug ('Delta Giant'). 

Potassium Analysis 

Potassium concentrations from five common onion 
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nectars ranged from 5,347 ppm ('TEG 502 prr') to 6,914 ppm 

('TEG 1015Y') (Table 5). Overall, few significant 

differences occurred in potassium concentrations among the 

onion cultivars examined. Only 'TEG 502 prr' and 'TEG 

1015Y' contained significantly different potassium 

concentrations. Three of the cultivars 'Creole', 'Grano', 

and 'Bermuda', possessed similar potassium concentrations 

of 6,340, 5,929, and 5,927 ppm, respectively. 

Sugar and Potassium Bioassays 

Simulated onion nectars formulated using known 

fructose, glucose, sucrose, and potassium levels of each 

onion cultivar are given in Table 6. Bioassay results for 

honey bee selection among these artificial nectars are 

shown in Table 7. Formulated "nectar" of 'Delta Giant', 

the A. cepa X (A. fistulosum X 8. cepa) cross, clearly was 

preferred over that of the five cultivars of common onion. 

The honey bees consumed two to four times as much 'Delta 

Giant' "nectar" as any of the 8. cepa simulated nectars as 

indicated by the honey bee preference ratios (i. e. the 

total amount consumed divided by the amount of 'Delta 

Giant' consumed) (Table 7). Interestingly, 'Delta Giant' 

possessed the lowest potassium content (1,269 ppm), and 

the highest carbohydrate reward (435.7 ug/ul) of all 



Table 5. Onion nectar potassium concentration of 
each cultivar. 

Cultivar 

'TEG 1015Y' 

'Creole' 

'Grano' 

'Bermuda' 

'TEG 502 prr' 

Potassium content (ppm)a 
n mean (±SE) 

11 

11 

11 

11 

11 

6914 (428) a 

6340 (217) ab 

5929 (314) ab 

5927 (479) ab 

5347 (203) b 

aMeans within columns followed by the same letter 
are not significantly different (Tukey's 
multiple mean comparison test, P < 0.05). 
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Table 6. A summary of the com~onents of the artificial 
onion nectars tested • 

CuLtivar a 
Fructose 
(ug/uL) 

GLucose 
(ug/uL) 

Sucrose 
(ug/uL) 

TotaL 
Carbohydrate 

(ug/ul) 
Potassium Level b 

(ppm) 

'TEG 502 prr' 206.5 188.8 23.7 418.9 

'CreoLe' 205.8 168.4 15.6 389.7 

'DeLta Giant' 190.6 182. 1 63.1 435.7 

'Bermuda' 163.5 171 .3 26.2 361.0 

'Grano' 146.2 134.0 38.1 318.3 

'TEG 1015Y' 141 .8 128.8 31.7 302.4 

aThe fructose, glucose, and sucrose levels listed for each 
cultivar was combined and mixed in 100 ml distilled water. 

b The potassium content of 'Delta Giant' was taken from data 
obtained by Waller (1972). 

5347 

6340 

1269 

5927 

5929 

6914 

w 
01 



Table 7. Honey bee collection rates of the artificial onion 
nectars (maximum possible was 0.5 ml). 

Cultivar n 
Amt. consumed (ml)a 

mean (±SE) Preference Ratiob 

'Delta Giant' 30 0.39 (0.04) a 1.00 

'TEG 502 prr' 30 0.21 (0.03) b 0.54 

'Creole' 30 0.16 (0.02) bc 0.41 

'Bermuda' 30 0.13 (0.02) bc 0.33 

'TEG 1015Y' 30 0.10 (0.01) c 0.26 

'Grano' 30 0.09 (0.01) c 0.23 

aMeans within columns followed by the same letter are not significantly 
different (Tukey's multiple mean comparison test, P < 0.05). 

bAmount consumed/0.39. 

w 
0'1 
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the nectars examined. All of the A. cepa "nectars" were 

less attractive to foraging honey bees, as indicated by 

their low honey bee preference ratios ( i. e. less than 

0.54). 'TEG 502 prr' was the most attractive A. cepa 

"nectar" to foraging honey bees with a preference ratio of 

0.54, but still only about half as attractive as 'Delta 

Giant'. 'TEG 502 prr' contained the lowest potassium 

content (5,347 ppm) and highest carbohydrate reward (418.9 

ug/ul) of the A. cepa artificial nectars examined. All 

other cultivars examined, especially 'Grano' and 'TEG 

1015Y' clearly were discriminated against by the foraging 

honey bees, with low preference ratios of 0.23 and 0.26 

respectively. These cultivars contained high potassium 

concentrations coupled with low carbohydrate reward. 

Phenolic Bioassay 

Honey bee consumption data for caffeic and genestic 

acids are presented in Table 8. Data indicate that low 

concentration of genestic acid and caffeic acid stimulated 

collection by foraging honey bees equally as determined by 

the mean consumption rates. However, at high 

concentrations genestic acid (2.1 and 6.3 mg/ml) 

significantly inhibited collection by honey bees but 

caffeic acid had no effect. The slight preference 

preference for the lower concentrations of both genestic 

,I, 



Table 8. Honey bee collection rates of the purified phenolic 
compounds (maximum possible was 0.5 ml). 

Genestic Acid Caffeic Acid 

Conc. Amt. consumed (ml)ab Conc. Amt. consumed (ml)ab 

(mg/ml) mean (±SE) (mg/ml) mean (±SE) 

0.00 0.32 (0.03) ab 0 o • 3 0 ( 0 . 03 ) ab 

0.26 0.41 (0.02) a 0.25 0.39 (0.03) a 

0.53 0.29 (0.03) bc 0.50 0.35 (0.03) ab 

1.05 0.30 (0.02) ab 0.75 0.31 (0.02) ab 

2.10 0.19 (0.02) cd 1.00 0.25 (0.02) b 

6.30 0.09 (0.01) d 1.25 0.26 (0.02) b 
-------------------------------------------------------------------------
aMeans within columns followed by the same letter are not significantly 
different (Tukey's multiple mean comparison test, P < 0.05). 

b n=30. 

w 
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acid and caffeic acid over the 30% sucrose control was not 

statistically significant. Honey bee consumption data for 

the unidentified, naturally occurring, phenolic-rich 

compounds are presented in Table 9. The sucrose control 

was clearly preferred over any of the Aloe nectar 

concentrations tested. Bees consumed half of the 12.5% 

Aloe concentration (0.25 ml); even at this concentration 

Aloe nectar inhibited collection by honey bees 

significantly. 

Honey bees discriminated similarly against the 

diluted Prunus honey, collecting significantly more of 

both the sucrose control and the 12.5% solution than of 

the higher concentrations tested. 

Honey bees collected more of the higher 

concentrations of diluted Tamarix honey than of Aloe 

nectar or Prunus honey. The sucrose control was greater 

than the three higher concentrations of Tamarix honey. The 

three higher concentrations of Tamarix were all consumed 

in amounts greater than the three higher concentrations of 

Aloe or Prunus. 

Flol'ler Phenology & Weather 

The bloom curve for each cultivar is presented in 

Figures 2-7. Onion flowering began with only a few 



Table 9. Honey bee collection of natural phenolic-rich compounds 
taken from either nectar or honey diluted to 30% TDS. 

Amount Consumed 

Aloeabc Prunus Tamarix 

Conc. (%) mean (±SE) mean (±SE) mean (±SE) 
--------------------------------~-----------------------------------
controld 0.41 (0.03) a 0.35 (0.03) a 0.35 (0.03) a 

12.5% 0.25 (0.03) b 0.33 (0.03) a 0.37 (0.02) a 

25.0% 0.13 (0.01) c 0.17 (0.03) b 0.33 (0.02) ab 

50.0% 0.05 (0.01) d 0.11 (0.03) b 0.23 (0.02) bc 

75.0% 0.05 (0.01) d 0.08 (0.02) b 0.21 (0.03) c 

100.0%e 0.04 (0.01) d 0.06 (0.02) b 0.16 (0.02) c 

aMeans within columns followed by the same letter are not significantly 
different (Tukey's multiple mean comparison test, P < 0.05). 

b n=30. 

cMaximum available was 0.5 mI. 

d 30% sucrose solution with no phenolic compound added. 

eStock solution of phenolic compound with no sucrose solution added. ,::.. 
o 
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flowers on an umbel opening each day, but accele~ated 

until at full bloom 50 or more flowers per umbel were open 

on any given day. 'Delta Giant' (Figure 2) bloomed earlier 

than the other cultivars beginning on 21 March and reached 

peak bloom by 13 April. 'TEG 502 prr' (Figure 3) bloomed 

the latest, beginning on 13 April and did not reach peak 

bloom until 25 April. All other cultivars were similar in 

blooming phenology and began to bloom about 5 April and 

reached peak bloom on or shortly after 16 April (Figures 

4-7) • 

The total number of florets produced per umbel 

ranged from 50 to 85. Most of the cultivars produced from 

50 to 65 florets per umbel at peak bloom, however, 

'Bermuda' (Figure 4) produced approximately 85 florets. 

Most of the cultivars were at or near peak bloom 

when honey bee visitation data were collected (Figures 8a-

13a). 'Delta Giant' (Figure 8a) and 'Creole' (Figure ga) 

blooms were declining whereas 'TEG 502 prr' (Figure lOa) 

had not yet reached full bloom. 'TEG 1015Y' (Figure 11a), 

'Grano' (Figure 12a), and 'Bermuda' (Figure 13a) were at 

peak bloom. Daily honey bee visitation data are presented 

in Figures 8b-13b. Visitation in the open experiment was 

highest on 17 April and declined steadily after that. In 

a few instances honey bee visitation (bees/plot) was 
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actually greater in the open plot than in the cage on 17 

April (e.g. 'Bermuda', 'Delta Giant', and 'TEG 1015Y'). 

After 24 April honey bee visitation in the onion field 

Ii terally ceased in the uncaged plots. Honey bee 

visitation in the cages remained constant throughout the 

experiment. 

Pollen samples collected from the three pollen 

traps revealed that honey bees totally had neglected onion 

pollen, and were foraging preferentially on paloverde 

(Cercidium spp.), mesquite (Prosopis veluntina Woot.), 

chicory (Cichorium spp.), and eucalyptus (Eucalyptus spp.) 

(Figure 14). 

Meteorological data (Table 10) indicated that 

weather conditions on each day honey bee visitation data 

were collected were favorable for flight and nectar 

secretion, that is, the temperature was high (25.6 to 33.5 

°C), the sun was bright (0.9 KW/m2) , and wind speed was 

negligible (1.4 to 6.0 mph). 

Seed yields 

Seed yields for open plots are presented in Table 

11. 'Delta Giant', the A. cepa X (A. fistulosum X A. 

cepa) cross, produced no seed. and was therefore omitted 

from the analysis. 'Grano', 'Bermuda', and 'Creole' 

produced the highest seed yields of the cuI tivars 
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Pollen Flow 

Poloverde (36%) 

Chicory (14%) 

Other (9%) 
Eucalyptus (14%) 

Grosses (9%) 

Mesquite ( 18%) 

Figure 14. Pollen harvested from honey bee colonies from 
17 April to 24 April 1987. 



Table 10. Weather parameters at the time of the honey bee countsa • 

Date 

Apr. 14 

Apr. 15 

Apr. 17 

Apr. 20 

Apr. 22 

Apr. 24 

Apr. 28 

May 5 

Temp (oC) 

mean (min-max) 

29.6 (23.2-33.3) 

32.7 (26.0-35.1) 

33.5 (28.0-35.9) 

27.1 (22.4-29.8) 

25.6 (23.3-28.0) 

30.6 (29.4-31.6) 

30.4 (27.3-32.7) 

27.9 (25.3-29.4) 

Solar Radiation (KW/m2) 

mean (min-max) 

0.9 (0.7-1.0) 

0.9 (0.6-1.0) 

0.9 (0.7-1.0) 

0.9 (0.7-1.0) 

0.9 (0.7-1.0) 

0.9 (0.6-1.0) 

0.8 (0.2-1.0) 

0.9 (0.7-1.0) 

Wind Speed (mph) 

mean (min-max) 

1.1 (0.1-2.7) 

1.9 (0.2-4.6) 

1.4 (0.1-2.9) 

1.8 (0.8-4.5) 

6. 0 (3. 5-8 • 2) 

5.6 (3.4-8.0) 

4.0 (2.2-6.9) 

3.5 .(2.1-5.7) 

aAverage values from 10:00 to 16:00 on 17, 20, 22, 24 April 1987. 

OJ 
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Table 11. Seed yields of each onion cultivar grown in open plots 
in Tucson, AZ 1987. 

Cultivar 

'Grano' 

'Bermuda' 

'Creole' 

'TEG 1015Y' 

'TEG 502 prr' 

Total seed wt./ 
umbel (g) 

n mean (±SE)a 

20 1.5 (0.27)a 

20 1.4 (0.22)ab 

20 1.2 (0.20)a 

20 0.7 (0.09)bc 

20 0.6 (0.13) c 

Total no. seeds/ 
umbel 

n mean (±SE)a 

20 423 (73.6)a 

20 308 (46.3)ab 

20 334 (63.7)a 

20 187 (25.9)bc 

20 140 (30.6) c 

wt. of each 
seed (mg) 

n mean (±SE)a 

25 3.3 (0.02)b 

25 4.3 (0.16)a 

25 3.8 (0.14)a 

25 3.8 (0.09)a 

25 4.1 (0.09)a 

aMeans within columns followed by the same letter are not significantly 
different (Duncan-Waller k-ratio test, P < 0.05). 

(J1 
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examined. They yielded the greatest total seed weight and 

number of seeds per umbel. Conversely, 'TEG 1015Y' and 

'TEG 502 prr' yielded the smallest total weight of seed 

and number of seed per umbel. 'Grano' yielded 

significantly lighter individual seed weight than other 

cuI ti vars examined. The number of seeds produced per 

floret are shown in Figure 15. Onion flowers have three 

locules and six ovules, so a fruit may produce a maximum 

of six seeds. None of the cultivars examined produced 

over 5% perfect seed set (six seeds per floret). Complete 

floret seed abortion (i.e. no seeds produced per floret) 

ranged from 45% j.n 'Grano' to 80% in 'TEG 502 prr'. 

Seed yields for caged plots are presented in Table 

12. As in the open plots, 'Delta Giant' yielded no seed 

and was eliminated from the analysis. 'Grano', 'Creole', 

and 'TEG 1015Y' produced the highest seed yields of the 

cultivars examined, with the greatest total seed weights 

and largest numbers of seeds per umbel. 'TEG 502 prr' 

yielded the smallest total seed weight and smallest number 

of seeds per umbel. 'Bermuda' and 'TEG 502 prr' yielded 

the heaviest individual seeds while 'Creole' yielded the 

lightest. The number of seeds produced per floret are 

shown in Figure 16. None of the cultivars examined 

produced over 5% perfect seed set (six seeds per floret). 
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Table 12. Seed yields of each onion cultivar grown in caged plots 
in Tucson, AZ 1987. 

Cultivar 

'Grano' 

'Bermuda' 

'Creole' 

'TEG 1015Y' 

'TEG 502 prr' 

Total seed wt./ 
umbel (g) 

n mean (±SE)a 

20 1.8 (0.20)a 

20 1.4 (0.16)ab 

20 1.8 (0.22)a 

20 1.7 (0.20)a 

20 1.0 (0.22)b 

Total no. seeds/ 
umbel 

n mean (±SE)a 

20 491 (57.5)a 

20 331 (37.2)bc 

20 483 (55.8)a 

20 435 (51.1)ab 

20 250 (57.9)c 

wt. of each 
seed (mg) 

n mean (±SE)a 

25 3.8 (0.09)b 

25 4.4 (0.09)a 

25 3.4 (0.20)c 

25 3.8 (O.ll)bc 

25 4.1 (0.09)ab 

aMeans within columns followed by the same letter are not significantly 
different (Duncan-Waller k-ratio test, P < 0.05). 
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Complete floret seed abortion ranged from 35% in 'Grano' 

to 58% in 'TEG 502 prr'. 

Seed yield differences then were compared for 

individual cultivars between the open and caged plots. 

The results are presented in Table 13. Data indicate that 

the caged cultivars had significantly greater seed yields 

in most instances than the open cuI ti vars. Total seed 

weight per umbel was significantly higher for 'TEG 502 

prr' (P<O.l), 'Creole' (P<0.1) and 'TEG 1015Y' (P<0.01) 

cuI ti vars in the cage. Total seed weight per umbel was 

not significantly different for 'Grano' and 'Bermuda' 

between the two treatments. 

Total number of seeds per umbel was significantly 

greater in the caged plots for three cultivars with 'TEG 

1015Y' being highly significant (P<0.01) and 'Grano' and 

'Bermuda' not significantly different. 

Generally, individual seed weight between cultivars 

for open and caged onions were not significantly 

different. 'Grano' and 'Creole' yielded significantly 

higher (P<0.1) individual seed weights for caged and 

uncaged plots, respectively. 

Effective floret percentages (e.g. those florets 

not totally aborted) by cultivars in caged plots were 

higher in most instances. The open cultivars tended to 



Table 13. Comparison of seed yields by each onion cultivar grown in open 
plots or caged plots in Tucson, AZ 1987. 

-------------------------------------------- .. --------------------------------------------------
Open plots Caged plots 

------------------- ------------------ Significance a 

n mean (:!:SE) n mean (tSE) Level 
------------------- ------------------ ------------

'Grano' 

grams seed/umbel 19 1 .5 (0.27) 20 1 . B (0.20) NS 
seeds/umbel 19 422.7 (73.6) 20 491. B (57.6) NS 
indiv. seed wt. (mg) 19 3.3 (0.27) 20 3.B (0.09) o . 1 0 
% effective florets 19 54.9 (5.4) 20 65.3 (3.1) 14 S 
seeds/floret 570 1 .6 (0.07) 600 1 .7 (0.07) o . 1 0 

'TEG 502 P r r' 

grams seed/umbel 19 0.6 (0.13) 20 1 .0 (0.22) 0.10 
seeds/umbel 19 139.5 (30.6) 20 250.0 (57.9) 0.10 
indiv. seed wt. (mg) 19 4. 1 (0.11) 20 4. 1 (0.09) NS 
% effective florets 19 20.3 (3.11) 20 41.B (3.6) 0.01 
seeds/floret 570 0.5 (0.05) 600 1 .0 (0.06) o .01 

'Bermuda' 

grams seed/umbel 19 1.4 (0.22) 20 1.4 (0.16) NS 
seeds/umbel 19 304.5 (45.2) 20 330.6 (37.2) NS 

indiv. seed wt. (mg) 19 4.3 (0.1B) 20 4.4 (0.09) NS 

% effective florets 19 51 .5 (5.0) 20 65.2 (2.9) 0.05 
seeds/floret 570 1 .3 (O.OB) 600 1 .5 (0.06) 0.05 

0'1 
w 



Table 13. Cont. 

grams seed/umbel 
seeds/umbel 
indiv. seed wt. (mg) 
% effective florets 
seeds/floret 

grams seed/umbel 
seeds/umbel 
indiv. seed wt. (mg) 
% effective florets 
seeds/floret 

Open plots 
-------------------

n mean (±SE) 
-----------.-------

'Creole' 

20 1 .2 (0.20) 
20 334.4 (63.9) 
20 3.8 (0.16) 
20 49.0 (3.7) 

600 1 .3 (O.O?) 

'TEG 1015Y' 

20 0.7 (0.09) 
20 186.6 (26.1) 
20 3.8 (0.11) 
20 29.5 (3. 2) 

600 0.8 (0.06) 

Caged plots 
------------------ Significance 

n mean (±SE) Level 
------------------ ---.----.---

20 1.8 (0.22) 0.10 
20 483.0 (55.8) 0.10 
20 3.4 (0.20) 0.10 
20 59.3 (4. 5) 0.10 

600 1.7 (0.07) 0.01 

20 1.7 (0.20) 0.01 
20 435.1 (51.1) 0.01 
20 3.8 (0.11) NS 
20 53.7 (4.5) 0.01 

600 1.6 (O.O?) 0.01 

aLevels of significance were determined by a Student's t test (SAS t test 
procedure) • 

0\ 
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have a higher floret abortion rate than their caged 

counterparts. 'Grano' was the only cultivar that did not 

have a significantly different floret abortion rate 

between the two treatments. 

The mean number of seeds produced per floret was 

significantly higher in caged plots than in open plots for 

all cultivars. The level of significance varied between 

the cuI tivars from slightly significant (P<O .1) in 

'Grano', and moderately significant (P<0.05) in 'Bermuda', 

to highly significant (P<O.Ol) in 'TEG 502 prr', 'Creole', 

and 'TEG 1015Y'. 

All seed data from the open and caged plots were 

pooled to compare the overall effect of the open versus 

caged treatments (Table 14). The data indicate that the 

caged onions produced significantly higher seed yields 

(P<O.Ol) than did the onions in the open plots (P<O.Ol). 

Only the individual seed weight of the cultivars was not 

significantly different between open and caged onions. 



Table 14. Overall comparison of open and caged onion seed yields. 

Open-pollinated Cage-pollinated 
n mean (:!:SE) n mean (:!:SE) 

------------------------ -- - - - - - -- - ----- - - ----- --
grams seed/umbel 96 1 . 1 (0.09) 100 1 .5 (0.10) 

seeds/umbel 96 278.1 (25.3) 100 398.1 (24.8) 
~ 

indiv. seed wt. (mg) 96 3.9 (0.08) 100 3.9 (0.06) 

% effective florets 97 41 .0 (2.3) 100 57.0 (1. 8) 

seeds/floret 2910 1 . 1 (0.03) 3000 1.5 (0.03) 

aLevels of significance were determined by a Student's t test 
(SAS t test procedure). 

Significance a 

level 
-------------

0.01 

0.01 

NS 

0.01 

0.01 

0\ 
0\ 



DISCUSSION 

When honey bee colonies are introduced for 

pollination, a percentage of the population generally will 

forage on the target crop. 

colony, competition exists 

pollinators. Plants entice 

Once foragers leave the 

among plant species for 

insects with distinctive 

odor, color, and nutritional rewards (i.e. nectar and 

pollen) to improve their chances of being pollinated. If 

the reward is readily available and nutritious, foragers 

will return to the hive and recruit additional bees. 

Plant species that compete poorly will tend to be poorly 

visited. 

Nectar Analysis 

Onion flowers provide enough high-quality nectar 

(0.54 to 0.84 uljday) that theoretically they should be 

visited abundantly by foraging honey bees. Onion nectar 

volume per flower is similar to that of honey bee

preferred plants, such as soybean, Glycine max L. 

(Severson and Erickson 1984) and many wild flowers 

(Southwick et al. 1981). Flower production ranged from 
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7,314 to 28,867 onion flowers per day per experimental 

unit with a total nectar production of 2,096 to 8,660 ul 

per day. Al though these nectar vol urnes should assure 

foraging by honey bees, only a weak correlation actually 

was seen between level of honey bee foraging and total 

nectar production. The amount of nectar produced per 

experimental unit per day appears to be a limiting factor 

with some of the cultivars examined, such as 'Creole' and 

'TEG 502 prr', but not with 'Delta Giant'. 

The presence of sugar-rich nectar in onion flowers 

should attract and maintain a level of honey bee foraging 

activity that would provide adequate pollination. 

Refractometer readings indicated that onion nectars were 

of sugar concentrations (55 to 65% TDS) that inhibit 

foraging. These levels are higher than that reported by 

Waller et ale (1972) on 10 different species of plants, 

including onion. Waller found concentrations ranging from 

19% for cotton (Gossypium spp.) to 53% for mesquite 

(Prosopis juliflora Woot.). The high onion nectar sugar 

concentrations might deter honey bee foraging because it 

is too viscous for the honey bee to imbibe easily. Waller 

and Bachman (1981) determined that bees collected sugar 

solutions of 50% in preference to those of higher 

concentrations. In this study, 'Delta Giant' and 'Bermuda' 
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had sugar concentrations near 50% and were among the more 

attractive cultivars tested to foraging honey bees. High 

TDS's might be attributed to onion flower morphology and 

environmental conditions such as Arizona's high daytime 

temperature and low relative humidity, which cause 

evaporative concentration of the nectar. 

The question of the relationship of sugar levels 

and nectar composition to honey bee foraging has not been 

totally resolved. All onion cultivars tested in this study 

had similar amounts of fructose and glucose viz., about 

1: 1 fructose: glucose ratios. Sucrose was the least 

abundant sugar. 'Delta Giant' and 'Grano', had the highest 

sucrose content, and were consistently the most heavily 

visited by foraging honey bees. 'Creole', with the lowest 

sucrose content, was among those cultivars visited the 

least by foraging honey bees. This indicates that sucrose 

levels may be an important factor in determining honey bee 

foraging activity on onion flowers. 

Studies have shown that honey bees prefer a 

sucrose-rich liquid, but will collect nectar that is 

hexose dominant (Waller 1974). Waller (1972) conducted 

bioassays to evaluate honey bee response to sugar 

solutions with different fructose, glucose, and sucrose 

ratios. His study indicated good acceptance of mixtures 
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containing equal parts fructose and glucose. Therefore, 

it would seem the ratio of sugars in onion nectar should 

not inhibit honey bees from collecting it. Thus increased 

honey bee visitation to 'Grano' and 'Delta Giant' might be 

because their nectar is higher in sucrose. Furthermore, 

Barker and Lehner (1974a,b) demonstrated that honey bees 

will collect and store sucrose, glucose, and fructose in 

quanti ty when each was offered singly, but a mixture of 

sucrose with a hexose sugar caused even greater 

collection. Perhaps honey bees have a preference, but not 

an absolute demand, for a sucrose-rich nectar. 

The potassium analysis of nectars from five A. cepa 

cultivars showed concentrations ranging from 5,347 to 

6,914 ppm. These potassium concentrations are similar to 

those found in the common onion (Waller 1972). Waller 

showed that onion nectar contains about ten times as much 

potassium in its nectar as that of most competing flora. 

The effects of potassium concentrations on the honey bee 

foraging process indicate that high nectar potassium 

concentrations have an inhibiting effect on foraging 

by honey bees. High potassium concentration is a very 

important factor in explaining the lack of honey bee 

activity in blooming onion fields. 

Comparisons show that intervarietal differences 
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exist in the properties of onion nectar. Results of this 

study indicate a need for further research to determine 

the inheritance and physiology of nectar secretion in the 

onion. No single factor so far identified is responsible 

for attracting honey bees. If increased onion seed yields, 

owing to increased honey bee acti vi ty , are to become a 

reality, additional attention must be given to the factors 

identified here which determine onion floral 

attractiveness to honey bees. 

Sugar and Potassium Bioassays 

Sugar composition analysis of the onion cultivars 

revealed that all six cultivars studied have an adequate 

sugar reward that should attract and maintain pollinators. 

However, in this laboratory bioassay, low consumption 

rates of the simulated A. cepa nectars demonstrated that 

honey bees discriminated against potassium-rich nectars. 

'Delta Giant' and 'TEG 502 prr' contained similar 

carbohydrate rewards yet 'Delta Giant' with its lower 

potassium concentration, was about two times more 

attractive to foraging honey bees than 'TEG 502 prr'. 

Throughout the bioassay honey bees selected strongly in 

favor of those cultivars possessing the lowest potassium 

concentration and highest carbohydrate reward (ie 'Delta 

Giant' and 'TEG 502 prr'). Of the simulated nectars with 
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similar potassium concentrations, honey bees foraged 

preferentially on the cultivars offering the greatest 

carbohydrate reward (i.e. 'Creole' > 'Bermuda' > 'Grano'). 

This sensitivity to variable carbohydrate rewards may be a 

plausible explanation for the intervarietal differences in 

honey bee attraction seen among these A. cepa cultivars 

in actual field situations. 

The high potassium levels present in onion nectar 

appear to reduce the overall attractiveness of onion 

flowers to foraging honey bees and force the honey bees to 

seek nectar rewards from other blooming plant species 

(Waller et ale 1972). Data from this bioassay 

sUbstantiate Waller's claim that honey bees are repulsed 

by the high potassium concentrations found in cnion 

nectar as demonstrated by low consumption rates of these 

"nectars" high in potassium content. 

This bioassay supports field observations in which 

onion flowers appear to be less attractive to honey bees 

than flowers of most competing plants. The relative 

unattractiveness of onions to honey bees causes the bees 

to avoid the crop, particularly if another highly 

attractive plant species is in bloom (Gary et ale 1977). 

Such avoidance results in reduced pollen transport, and 

reduced seed set and yields (Erickson 1983). No previously 
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published research has dealt with the honey bee response 

to the combined variables of potassium concentrations, 

sugar concentrations, and sugar ratios. Admittedly, this 

bioassay is an oversimplification of the honey bee 

foraging process, as it considered only the variables of 

potassium and sugar. Nectars contain many other 

substances such as amino acids, phenolics, lipids, etc., 

which may affect the honey bee foraging process (Baker and 

Baker 1975, 1983a). More research is needed to identify 

the wide variety of minor components present in onion 

nectar (and other nectars) and determine the possible role 

they play in plant-pollinator relationships. Furthermore, 

this bioassay does not account for important environmental 

parameters exhibited in nature. Examples of environmental 

parameters might include; the number of blooming plant 

species available in a given area, the caloric rewards of 

the species, the distribution and densities of the plants, 

and their floral morphologies (Waddington 1983). 

In summary, the results of this bioassay indicate 

that honey bees were sensitive to both potassium and sugar 

concentrations present in nectar. High potassium 

concentrations had a repellent effect on honey bee 

foraging. However, when honey bees foraged on the 

potassium rich ~. cepa nectars, these honey bees selected 
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artificial nectars relatively high in carbohydrate 

reward. 

High potassium levels in onion nectar probably 

reduce honey bee foraging activity in onion seed fields. 

Waller et ale (1972) suggest several strategies that might 

be employed to counteract this negative effect, including 

( 1) reducing the level of potassium in onion nectar by 

selective onion breeding, (2) providing poll inators that 

readily accept high potassium levels (i. e. precondition 

colonies of honey bees to potassium rich sugar solution 

pr ior to placing them on blooming onion fields), (3) 

selecting a strain of honey bees that readily accept high 

potassium onion nectar, or (4) utilizing more efficient 

pollinator species. None of these strategies offer a 

simple solution to the onion pollination problem, but each 

opens an avenue for further research. 

Phenolic Bioassay 

Honey bees preferred the lower genestic and caffeic 

acid concentrations over the sucrose control and the 

higher concentrations. Honey bees preferred the 30% 

sucrose control over any concentration of the aloe, almond 

or salt cedar nectar/honey dilutions. Of the compounds 

tested, salt cedar was the most desirable to honey bees as 
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demonstrated by higher consumption rates of the higher 

concentrations. Both aloe and almond were highly 

repellent to foraging honey bees. 

Again, this test is an oversimplication of the 

honey bee foraging process. Natural products such as 

nectar or honey have many other components. in them which 

may deter or enhance foraging. Mixtures of many types of 

sugars, proteins, lipids, and phenolics play an important 

role in the foraging process. 

Resul ts of this study show that honey bees can 

detect phenolics in solution and respond to differences in 

concentration. Baker and Baker (1978) stated that 

phenolics, present in large amounts in tropical plants, 

may deter thievery by ants. Ants appear to detect low 

concentrations of phenolics and discriminate against 

nectars having them. Other foragers (insects, bats, or 

birds) may demonstrate different foraging responses to 

phenolic concentrations. 

Identification of the phenolic composition of onion 

nectar is needed. Additionally, tests involving more 

purified phenolic compounds will be needed to qualify the 

foraging behavior exhibited in this study. wi th this 

information, the impact phenolic compounds have on 

foraging will become more clear. 
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Flower Phenology & Weather 

Onions grown in southern Arizona bloom at or nearly 

at the same time as the local desert flora. The lengthy 

flowering time combined with a large number of florets per 

umbel should entice foraging honey bees to take advantage 

of the onion's large nectar and/or pollen rewards. This 

response clearly was not the case. This study and the 

studies of others (Shasha'a et ale 1973, Carlson 1974, 

Gary et ale 1972) demonstrated that the open onion 

cultivars in general are not very attractive to foraging 

honey bees. Furthermore, the six cultivars used in this 

experiment showed differential attractiveness to the honey 

bees. 'Grano' and 'Delta Giant' were consistently the most 

attractive cultivars to the foraging honey bees. Daily 

honey bee visitation rates in the open plots decreased 

daily while the flowers remained in full bloom. Honey bee 

visitation was highest on 17 April 1987 (the day after the 

colonies were introduced into the field) and decreased 

steadily each day thereafter. After 24 April, visitation 

was so infrequent (or non-existent) that data collection 

proved futile. The high visitation rate the first day 

probably can be attributed to naive honey bees scouting 

the local flora in order to locate optimal food sources. 
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The sharp day-to-day decline in visitation in the open 

plots indicate that honey bees quickly learn to avoid the 

blooming onions. Either other plant species in bloom are 

offering a much richer reward or onion nectar/pollen 

contains some component (s) which deter (s) the honey bee 

foraging process. Waller et ale (1972) stated that it is 

onion nectar's significantly higher potassium 

concentration, relative to that of the competing flora, 

that honey bee foragers are selecting against. 

Pollen collected by foraging honey bees revealed 

that the honey bees were foraging preferentially for 

paloverde, mesquite, chicory, and eucalyptus while totally 

avoiding the adj acent blooming onion field as a pollen 

source. This observation agrees with the findings of 

Waller and Buchmann (1988) in which onion was almost 

totally ignored by pollen collecting honey bees in Yuma, 

Arizona where they were gathering pollen of mesquite, 

arrowweed (Pluchea sericea Nutt.), and salt cedar. 

Honey bee visitation in the caged experiment showed 

no daily patterns with regard to flowering phenology. 

That is, visitation remained relatively constant over time 

among the cultivars. This observation suggests that honey 

bees will forage actively on blooming onions in the 

absence of competitive flora. 
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Weather conditions for sustained honey bee flight 

were ideal throughout the experiment. Temperature and 

solar radiation generally are considered the major abiotic 

factors influencing honey bee flight initiation (Brittain 

1933, Butler and Finney 1942, Burrill and Dietz 1981). 

Honey bees will not fly at temperatures below 90 e. Even 

when suitable temperatures exist, flight will not occur 

without sufficient light (Phillips 1930a,b). Wind 

velocity is another factor related to flight. Honey bees 

fly at about 22 km per hour. Wind speeds greater than or 

equal to that average can negatively affect flight 

(Williams and Sims 1977). Weather clearly was not a 

factor in the low honey bee foraging frequency in my 

Arizona onion plots and probably rarely is in commercial 

fields either. 

In summary, onion bloom in southern Arizona 

coincides with the bloom of much of the endemic flora. 

Honey bees tend not to visit onion flowers and forage 

preferentially on other available flora, xesul ting in 

insufficient onion pollination and poor seed yields. 

Surrounding flora are either offering the honey bees a 

more nutritive or accessible food resource, or onion 

contains a repellent component which deters honey bee 

foraging, or a combination of the two. Selection for an 
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early blooming onion cuI ti var or regulating bloom wi th 

cultural methods so plants bloom earlier in the season 

might result in greater foraging intensities. 

Seed yields 

Most problems encountered in onion seed production 

can be attributed to those problems resulting from (1) the 

influence of climatic or edaphic factors (Tanner and Goltz 

1972, Chang and Struckmeyer 1976), (2) genetic 

incompatibility (Frankel and Galun 1977, Currah and 

Ockendon 1984), (3) lack of bloom synchrony between A-line 

and C-line plants (Franklin 1970), or (4) inadequate honey 

bee activity (Waller 1983). Care often is needed in 

identifying which factor or combination of factors is 

responsible for inadequate seed set. Resul ts from this 

experiment and others indicate that inadequate pollination 

might be a maj or factor I imi ting production of hybrid 

onion seed. 

The results obtained in this study show a higher 

honey bee foraging rate in the caged plots than in the 

open plots. Consequently, cage plots produced seed yields 

that were significantly higher than open plots. These 

results confirm the findings of Jones and Emsweller 

(1933), Lederhouse et ale (1968), Bohart et ale (1970), 

Williams and Free (1974), and Benedek and Gaal (1972) that 
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pollination is necessary to ensure adequate onion seed 

set. Honey bees confined in the cage had only one nectar 

source available, the onion. However, in the open plots 

the honey bees left blooming onion fields and foraged on 

other more attractive plant species in bloom at the time. 

Waller et ale (1972) determined that at least ten other 

plant species in Arizona are more attractive to foraging 

honey bees, some of which bloom in synchrony with onion. 

This competition ultimately results in reduced onion seed 

set due to the lack of a sufficient number of honey bees 

pollinating the onion cultivars. 

Differential intervarietal seed yields were 

exhibited between the onion cultivars in both the open and 

caged plots. This study indicated that 'Grano' and 

'Creole' were among the highest yielding cultivars in both 

experiments. These cultivars need further examination in 

order to determine what quality enables them to attain 

higher seed yields. Differences in nectar abundance and 

sugar concentration (Bohart et ale 1970), along with the 

amount of potassium in these onion nectars, might explain 

these slight intervarietal differences in their 

attractiveness to honey bees, which affects seed yield 

potential. Differential intervarietal onion seed yields 

have been discovered in other experiments. Currah and 
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Ockendon (1983) found differential seed yield in breeder's 

cages among 'Rijnsberger' (1.7 g/umbel), 'Rouge Gros Plat' 

( 1.2 g/umbel), and 'Blood Red' (1. 3 g/umbel) cuI ti vars. 

Currah and Ockendon (1984) attributed these differential 

seed yields to differential receptivity within the 

species. 

When all the results from each onion cultivar were 

pooled to compare the overall effect of open and cage plot 

seed yield efficiency, all parameters of interest (except 

individual seed weight) favored that of the caged 

experiment. In Arizona higher seed yields in cages is 

often the standard; however, contrary evidence exists on 

the value of breeder's cages to attain higher onion seed 

yields in other areas of the world. Williams and Free 

(1974) in England obtained equal seed yields from open and 

caged plots. They determined that caging onions was 

unnecessary to obtain sufficient pollination. However, 

they stated that it might be necessary to cage onions when 

a more attractive blooming crop is nearby. Woyke (1981) 

conducted a similar study in Poland and determined that 

open plot onions produced almost twice as much seed per 

umbel (8.54 g) than caged plot onions (4.43 g). Woyke 

concluded that because honey bees forage actively on 

onions, caged plots are of no benefit. Woyke attributed 
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competition. Bennedek and Gaal 
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and lack of flowering 

(1972) obtained similar 

results in Hungary. In their experiments, the number of 

full-seed locules per umbel, the percent fertilized 

flowers, the number of seeds per umbel, and the total 

weight of seeds per umbel were significantly higher from 

open plots. Only the weight of 1000 seeds (g) and the 

number of seeds per full locule were non-significant when 

comparing seed produced from caged and open plots. 

Results similar to those in Arizona were reported 

by Ahmed and Abdalla (1984) on their experiments in Sudan. 

They determined that caging was necessary to achieve 

greater seed yields. Seed yield per umbel and percent 

effective florets were significantly greater in a caged 

experiment. Ahmed and Abdalla did not elaborate on the 

floral competition present during onion bloom in Sudan. 

The results obtained in my study strongly confirm 

the observation made by Abdalla (1968) that many of the 

flowers in an umbel abort because of the lack of 

sufficient and efficient insects to effect pollination. 

However, lack of seed set also was apparent in the caged 

experiment (i. e. less than 5% seed set) indicating that 

factors other than bee visitation may be responsible for 

low seed yields. Dowker et al. (1985) cited high 
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temperatures resulting in decreased pollen viability and 

shorter duration of stigma receptivity as a major factor 

of decreased seed yields. Other factors may include 

incompatibil i ty problems associated with hybrid seed 

production (Frankel and Galun 1977). Another potential 

problem associated with the poor seed set in the cage may 

be damage caused by over pollination. Benedek (1976) 

stated that five to eight visits per flower are needed 

for satisfactory seed set. However, in a cage the 

foraging frequency is much higher. Perhaps the honey bees 

damage the stigma during the foraging, therefore 

decreasing pollination efficiency. We have observed this 

phenomenon in Arizona where a strong, full size colony is 

less efficient in a cage than a smaller colony. This is a 

possible area for future research. 

Breeder's cages are not the answer to increasing 

onion seed yields in Arizona, as labor and cage size 

limitations are constraints restricting productivity. 

However, the cage experiment serves as a tool enabling 

useful comparisons between cultivars in seed yield 

potential between an open and caged experiment. 

This experiment has demonstrated that significant 

intervarietal differencess between open-pollinated onion 

cultivars are quite common. onions in Arizona may never 



84 

reach their yield potential. Breeding programs that focus 

on attracting more foraging honey bees could increase seed 

yields. 

The methods mentioned by Erickson (1983) to resolve 

the problems of pollination of hybrid seed parents deserve 

emphasis. They include (1) an understanding of floral 

biologies prior to embarking on a breeding program, (2) 

hybrid seed parent selection in the presence of honey 

bees and field testing for pollinator activity preceding 

varietal release, (3) breeding programs including 

evaluation of and selection for floral characteristics, 

(4) pairing of seed parents based on measured 

compatibility of pollinator foraging cues (i.e. similarity 

of nectar, aroma, and color), (5) evaluation of effects of 

climatic factors prior to release of a new variety, and 

(6) maintenance of a close cooperation between plant 

breeders and apiculturists throughout the development 

period of hybrids. The consideration of these factors may 

allow consistently positive economic onion seed yields to 

become a reality. 



APPENDIX A: Analysis of variance for bee counts in the open 
plot experiment. 

Source DF Anova SS Mean Square F Value Pr > F 

BLOCK 3 22.54167 7.51389 2.67 0.0477 
CULTIVAR 5 573.73958 114.74792 40.83 0.0001 
BLOCK*CULTIVAR 15 246.17708 16.41181 5.84 0.0001 
DATE 3 231.68750 77.22917 27.48 0.0001 
CULT IVAR* DATE 15 96.53125 6.43542 2.29 0.0045 

OJ TIME 3 101.41667 33.80556 12.03 0.0001 OJ 
CULTIVAR*TIME 15 66.05208 4.40347 1.57 0.0826 
DATE*TIME 9 88.27083 9.80787 3.49 0.0004 
cULTIVAR*DATE*TIME 45 91.76042 2.03912 0.73 0.9029 



APPENDIX B: Tukey's multiple mean comparison test for 
the cuI ti var*date interaction in the open 
plot experiment. 

17 April 1987 

mean no. a 
Cultivar n bees/7.6 m plot 
-------- --_._-----------
'Grano' 16 6.12 a 
'Delta Giant' 16 5.06 ab 
'Bermuda' 16 3.94 ab 
'TEG 1015Y' 16 3.44 be 
'Creole' 16 1.69 e 
'TEG 502 prr' 16 1.50 c 

20 April 1987 

mean no. 
Cultivar n bees/7.6 m plot 
-------- ---------------
'Grano' 16 5.37 a 
'Delta Giant' 16 4.19 ab 
'Bermuda' 16 3.81 abe 
'TEG 1015Y' 16 3.62 abe 
'Creole' 16 1.69 be 
'TEG 502 prr' 16 1.19 e 

22 April 1987 

mean no. 
Cultivar n bees/7.6 m plot 
-------- ---------------
'Grano' 16 3.94 a 
'Bermuda' 16 3.56 ab 
'Delta Giant' 16 3.31 ab 
'TEG 1015Y' 16 2.69 ab 
'TEG 502 prr' 16 1.31 ab 
'Creole' 16 1.25 b 
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APPENDIX B.--continued 

24 April 1987 

mean no. 
Cultivar n bees/7.6 m plot 
-------- ---------------
'Delta Giant' 16 3.44 a 
'Bermuda' 16 2.00 ab 
'Grano' 16 1.69 ab 
'TEG 1015Y' 16 1.37 ab 
'TEG 502 prr' 16 0.75 b 
'Creole' 16 0.31 b 

aMeans within columns followed by the same letter are 
not significantly different (Tukey's multiple mean 
comparison test, P < 0.05). 

87 



APPENDIX C: Tukey's multiple mean comparison test for 
the date*time interaction in the open plot 
experiment. 

1000 hr 

mean no. a 
Date n bees/7.6 m plot 

-------- ---------------
17 April 24 2.58 a 
20 April 24 2.37 a 
22 April 24 1.92 a 
24 April 24 1.75 a 

1200 hr 

mean no. a 
Date n bees/7.6 m plot 

-------- ----------------
17 April 24 3.50 a 
22 April 24 3.46 ab 
20 April 24 2.62 abc 
24 April 24 1.21 c 

1400 hr 

mean no. a 
Date n bees/7.6 m plot 

-------- ---------------
20 April 24 3.58 a 
17 April 24 3.42 ab 
22 April 24 2.67 ab 
24 April 24 1.37 b 
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APPENDIX c.-- continued 

1600 hr 

mean no. a 

Date n bees/7.6 m plot 
-------- ---------------
17 April 24 5.00 a 
20 April 24 4.67 ab 
22 April 24 2.67 bc 
24 April 24 2.04 c 

aMeans within columns followed by the same letter are 
significantly different (Tukey's multiple mean 
comparison test, P < 0.05). 
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APPENDIX D: Analysis of variance for bee counts in the caged 
plot experiment. 

Source DF Anova SS Mean Square F Value Pr > F 

BLOCK 3 192.7161 64.2387 11.12 0.0001 
CULT I VAR 5 2081.0755 416.2151 72.04 0.0001 
BLOCK*CULTIVAR 15 1335.6432 89.0429 15.41 0.0001 
DATE 3 180.0286 60.0095 10.39 0.0001 
CULTIVAR*DATE 15 220.8307 14.7220 2.55 0.0014 

1.0 TIME 3 92.5078 30.8359 5.34 0.0014 
0 

CULTIVAR*TIME 15 124.3516 8.2901 1.43 0.1305 
DATE*TIME 9 130.7526 14.5281 2.51 0.0088 
CULTIVAR*DATE*TIME 45 268.2005 5.9600 1.03 0.4242 



APPENDIX E: Tukey's multiple mean comparison test for 
the cuI ti var*date interaction in the caged 
plot experiment. 

17 April 1987 

Cultivar 

'Grano' 
'Creole' 
'Delta Giant' 
'Bermuda' 
'TEG 1015Y' 
'TEG 502 prr' 

n 

16 
16 
16 
16 
16 
16 

mean no. a 
bees/7.6 m plot 

7.62 a 
6.12 ab 
4.00 ab 
3.50 ab 
1.75 b 
1.69 b 

20 April 1987 

Cultivar 

'Grano' 
'Creole' 
'Delta Giant' 
'Bermuda' 
'TEG 502 prr' 
'TEG 1015Y' 

n 

16 
16 
16 
16 
16 
16 

mean no. 
bees/7.6 m plot 

11.25 a 
7.50 ab 
5.31 b 
4.31 b 
3.44 b 
2.94 b 

22 April 1987 

mean no. 
cultiv.ar n bees/7.6 m plot 
-------- ---------------
'Grano' 16 9.87 a 
'Delta Giant' 16 6.31 ab 
'Creole' 16 4.81 ab 
'Bermuda' 16 3.50 b 
'TEG 1015Y' 16 3.00 b 
'TEG 502 prr' 16 2.56 b 
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APPENDIX E.--continued 

24 April 1987 

mean no. 
Cultivar n bees/7.6 m plot 
-------- ---------------
'Delta Giant' 16 9.06 a 
'Bermuda' 16 8.19 ab 
'Grano' 16 5.75 ab 
'TEG 1015Y' 16 4.50 ab 
'TEG 502 prr' 16 3.87 ab 
'Creole' 16 3.13 b 

aMeans within columns followed by the same letter are 
not significantly different (Tukey's multiple mean 
comparison test, P < 0.05). 
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APPENDIX F: Tukey' s multiple mean comparison test for 
the date*time interaction in the caged plot 
experiment. 

1000 hr 

mean no. a 
Date n bees/7.6 m plot 

-------- ---------------
24 April 24 5.83 a 
20 April 24 4.54 a 
17 April 24 3.92 a 
22 April 24 3.92 a 

1200 hr 

mean no. a 
Date n bees/7.6 m plot 

-------- ---------------
20 April 24 5.79 a 
24 April 24 5.67 a 
22 April 24 4.79 a 
17 April 24 3.58 a 

1400 hr 

mean no. a 

Date n bees/7.6 m plot 
-------- ---------------
20 April 24 7.54 a 
24 April 24 6.50 a 
22 April 24 5.63 a 
17 April 24 3.92 a 
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APPENDIX F.-- continued 

1600 hr 

mean no. a 

Date n bees/7.6 m plot 
-------- ---------------
22 April 24 5.71 a 
20 April 24 5.33 a 
17 April 24 5.04 a 
24 April 24 5.00 a 

aMeans within columns followed by the same letter are 
significantly different (Tukey's multiple mean 
comparison test, P < 0.05). 
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