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ABSTRACT

Bertholet, Nina Angel ika. M.Sc. The Univers'ity of Manìtoba, February
1985. The FgrggÌng Behaviour gJ flg_nSy Bees (Api! Ieltifera L.)
on Selected Cultivars of Brassica cãrnpestiîs f. anã-Trassica-naDus
f. T'ãloFTrõTessor: ç Tãn"reron iay. --- - ---r---

Studies of the foragìng behav'iour of honey beeson canola have become

important particularìybecause cfthe ìargeacreage ofcanola that is beinggrown
jn l^/estern canada. However, past research on the forag'ing behaviour of honey

bees on canola has provided conflicting results. Honey bees have been

accepted as valuable po1'lìnators of the self-sterile Brassjcu campestris

1., but their value on the self-fertile B. napus L. has not been deter-

mined. There is a concern that new cultÍvars may be less attractive to

honey bees, or may be producing less nectar. Conflicting results about

honey bee nectar and poìlen collecting behaviour also exist. Th.is

study exam'ines the behaviour of honey bees on B. campestris (cv. Candle

and Tobin) and B. napus (cv. Altex, Andor and Regent) in order t'o clarìfy
some of these conflicts and concerns.

Plants of each cultivar were isolated from honey bees using polli-
nation bags. At maturìty, bagged pìants were compared to open-po]li-

nated control plants in order to determine the effect of honey bees on

seed set and yieìd.

Nectar was gathered from l0 flowers of each cultivar at Z-hour in-
tervals usfng capillary tubes. The amount of nectar that was collected

ilas measured in ¡l and the percent sugar concentration determined from

the sample where poss'ible. Patterns of nectar production and percent

sugar concentration were pl otted. Pol I en was al so col I ected from pol I en



XV

traps at 2-hour intervals to ascertain ìf honey bees exhibìt any forag-

ing patterns in their poìlen collection. A'ir temperature and relative

humidity were also measured every 2 hours during the observat'ion period.

Individual bees were followed and their foraging behavìour recorded.

Bees were also observed and counted on each cultivar every 2 hours to

determine their foraging patterns and to determine if they preferred

certain cultivais.

Both B. campestris anc B. $!.gl srrovr daì'ly pai;terns of nectar se-

cretion. Mean daily nectar production for B. campestris reach ed a ma-

ximum of 0.68/l with a maximum mean sugar concentration of 65%. Mean

daily nectar productìon for B. napus reached a maximum of z.isrj with

a maximum mean sugar concentration of 62%. All cultjvars produced amp'le

amounts of nectar. Ajr temperature and relative humidity were closely

correlated with nectar productíon and sugar concentration.

Honey bees "thieve" nectar from B. napus flowers. They wi'll also

collect pollen from both spec'ies of canola. Honey bees spend a maximum

of 0.13 min./flower foraging on B. camPestris and a maximum of 0.12 min.

/flower foraging on å. napus. Bees visit a maximum of 2.8 flowers/p'lant

onB . campestris and 2.6 flowers/plant on B. napus.

Honey bees did not show consistent daiìy patterns in their foraging

behaviour' nor did they show a preference for any one canoJa cultjvar.
Honey bees increased seed yields of B. campestris cultivars up to

138% and B. napus cultivars up to 73%.
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I NTRODUCTI ON

Canola, or rapeseed, has been grown in Canada sjnce 1942 (Anony-

mous I 971). Since then, canola has become the dominant oììseed crop

grown in Canada and is also Canada's secondmost valuablefjeld crog nexttb

wheat (Adophe 1980). Canada has also become the leading exporter of

canola in the world (Adolphe 1980). Because of the value and importance

of this crop, plant breeders are continually experimenting with new and

i mproved va r i et i es .

Since much of Canada's farmland is gìven over to thìs crop, it

has also become the maior honey crop in many areas. Canola produces

amp'le amounts o f a nectar whi ch js attracti ve to honey bees and wh'ich

results in a ìight amber coloured honey. This honey is most often

used in a cream form becuase it crystallizes quickly.

Honey producers are concerned that canola breeders wil'l produce

a crop that is unattractive to bees, or one that produces little or

no nectar. Because of the large acreage of canola grown, possibìe

loss of such bee forage js of concern to commercial honey producers.

There are conflictìng results 'in the I iterature as to the importance

of honey bees for seed set and yìeld ín canola. Such differing opinions

are also expressed by canola producers.

Therefore, the purpose of this study was to investigate the forag-

ìng behaviour of honey bees on currently recommended cultivars of canola

grown in l,lestern Canada. By observing the behaviour of honey bees on
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th'is crop an attempt was made to ascertain l) the value of honey

bees 'in the po'lì inatjon and seed yie]d of canoìa, z) if currenily

recommended canola cultjvars are producing adequate amounts of nectar

and finally, 4) if honey bees show any preference for one canola

cul tivar over another.
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Chapter 1

LITERATURE RTVIE!'J

I ntroducti on

The association between insects and plants has existed for centuries.

Hambleton (1944) states that certain species of plants are dependent on

insects for thejr ultimate fruition and perpetuation through cross

pollination and that the pollination of certain self-fertile species

also benefits through insect visitation.

cano'la (or rapeseed, Brassica spp. , fanri'ly cruciferae) is a crop

that often benefits through insect pollination. There are two common'ly

grown species of canola, Brassica campestris L. (also known as Polish

or Turnip rape) which requìres insect pollination to set seed, and B.

napug L. (aìso known as Argentine or Su¡ede rape) which is self-fertile.
There is still some controversy as to whether B. napus can benefit

through insect pollination or not. The term "rapeseed" or ,'rape"

refers to the older varieties of the crop which were high.in two antì-
nutritional factors (i.e. glucosinolates and erucic acid) whiìe "canola"

is the name given to the newer varieties, which contajn less than 5%

erucic acid and less than 30 moles o,f gìucosinolates per gramofoil free meal

canola flowers produce an abundance of nectar (petkov 1963) and

therefore are very attractive to honey bees. Increased acerage of can-

ola has led to increased honey production in tJestern Canada. Because

canola is a relatively new crop, l'ittle research about the foraging

behaviour of honey bees has been done. Research to date has involvedonly

European and Asi an cul ti vars (Ewert 1929 ,l'loharrurad '1935 , Hammer 1952 ,

Louveaux 1952, tleyerhoff 1954, Belozerova 1960, Latif et al. 1960, Cedell

1966, 1977, Tasei 1978, Kubjsova et al. 1980, Eisikowitch l9Bl, 1975,
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Langridge and Goodman 1982, Free and Ferguson 1983. Thus. mtlch

polfination research remains to be done in North America with North

American canola cultivars.

Plant Morphology

The two species of canola are qu'ite different in their morphology.

young canola plants (2-4 leaf stage) of both E. campestris and B. napus

are similar in appearance to young cabbage plants. They have basal

leaves which are l0-30 cm long and 5-15 cmwide (McGregor.y 1976). The flower-

ing racemes of g. campestrjs and B. napus reach a height of 0.5-1.0 m

and 0.75-L25 n respectively. Both specjes of canola are cool season

crops, but are susceptibie to frost (McGregor 1976).

The flowers of g. campestris and B. napus are sim'ilar in structure

and grow on el ongated termi nal racemes . Fl owers are hermaphrod'it'ic wi th

each flower possessing a single stigma and six stamens (Free 1970).

The four inner stamens have anthers whjch are approximately level with

the stigma and dehisce outwards. As the flower fades, these starnens

recurve so that automatic self-pollinat'ion can occur if the p'lant is

self-compatible (McGregor 7976). The filaments of the outer two sta-

mens are shorter and pollen is dehisced inwards. Each flower has four

sepals, four peta'ls and four nectaries. Two inner nectaries are located

at the base of the shorter starnens while the other two are located out-

side the ring of stamens (Ì,li 11iams 1980) . The inner nectaries secrete

much more nectar than do the outer two nectaries (Hasler and Maurizio

1950). Frei (1955) found that the two inner nectaries have a well

developed phìoem supply, whereas the two outer nectaries lack vascular-

ization. Because of this, l4urrell and Nash (1981) stated that less
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nectar is produced by the outer two nectaries, whjch may differ in

composition and sugar concentration from the nectar produced by the

inner Pai r'

The flowers of B. campestris are considerab'ly sma'ller than those of

B. napus and less nectar per fìower is generally available from them.

(Szabo I9B?). Flowering extends for 22-45 days (Gerard and Cronan 1963,

Radchenko 1964, Tayo and Morgan 1975). Flower buds can open at any t.ime

during the day and remain open as'long as 3 days (Eisikowitch 19g1).

After pollination and fertilization of the flower, sepa'ls, petals and

stamens drop off in 2-3 days, and the young pod becomes visible a day

or so after this (Tayo and Morgan 1975). The fruit is a slender silique

or pod 5-10 cm long (McGregor 1976).

Pollen and Honey Bee Foraqinct Behavi our

General

Both B. campestris and B. napuå produce copious amounts of an

attractive po]1en. Pol len grains of both spec'ies are normal ly 3 col-

pate, with B. campestris having smaller poì'len grains (33-a0 ¡r) than B.

. campestri s

were shown to be viable for 7 days after anthesjs (Mohammad 1935).

For B . campestri s, cross pol I i nati on usual l.y resul ts i n hi gher seed yie'l ds

(Sun l9J/, Mohammad 1935.) and'larqer pods than does self-pollination (Mohammad 1935).

Inbreeding has been shown to decrease yields up lo 37% (based on small

sampìes) (Sun 1937). A cano'la pìant can achieve maximum carrying capa-

city only when po]lination is adequate, i.e. when the maximum amount of

compatib'le po'llen reaches the maximum number of receptive stigmas on

that plant (Dhaliwal and Malik 1980). Plants will compensate to some

extent for inadequate pollination by producing more racemes, more

n.apus (aba7 p) (Nair and Sharma 1976). pol len grains of B
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flowers and heavier seeds (þJi'lìiams 1980). Sun (1935) also showed that

p'lants grov{n from open pol'linated seed yielded more seed than p'lants

grorvn from inbred seed.

Both self- and cross-pollen can reach the stigma of any given fjow-

er. However, in plants such as B. campestris, which are highly self-

sterjle, the relatively few se'lf-po'llen tubes which may be present in

the style are outnumbered by cross-poìlen tubes (Ockendon and Currah

lgTB). Thus, if cross-po'llen arrives on the stigma within an hour or

two of the self-pollen it becomes unlikely that much self-seed will be

set due to the self-ìncompatabiljty reaction. Also, if no cross polien

arrives, there will be little, ìf any, seed set due to the self-incompa-

tability. In plants such as B. napus (approximate'ly 70% self-pollinatìng,

Adotphe l9S0) this self-jncompatàbil'it¡' reactiór¡ is not as evident.

Pollination Requi rernents of B , campestris and B. napus

g. campestris. in general , has a high degree of out-crossing or vicinjsm.

Only about 20% selfing has been shown to occur in the closely related

white mustard (_Sinapsis gl¡gt-.= Brassica hirt¡D (01sson 1960). Some díf-

ferences in pollination requirements between cultivars of B . campestris

may exist. For example, observations made on two Indi¿¡varieties

sarson and toria, showed that one form of sarson favoured self-pollination

while toria did not (t'lohammad 1935). This difference uras accounted for
by the relative positions of the anthers over the stigma. However, as

B. campes-tris is known to require cross-pollination (Adolphe lgg0),

most researchers believe that insects, especially honey bees, are ex-

remely val uable 'in increasi ng cross-pol I ination and seed yie'lds of B.

campestris (Rao et al. 1980, Langridge and Goodman 1975 ). Yields of
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white mustard (q. alba), and also to a lesser extent brown mustard (8.

j uncea ¡.), were shown to have increased through honey bee poìlination

(Free and SPencer-Booth 1963)'

hlhile the importance of insect poììinators for seed-set in B.

stris goes reìatively unquestioned, the importance of insect polìina'

tors on B. napus has not yet been determined with any certainty. It has

been known since 1940 that B. napus does self-poìlinate much better than

does 8. camp$tris (0lsson 1960, l'liltiams 1978). Despite this, many

researchers(i.e. Ewert 1929) consider that B. napus does benefit signi-

ficantly from insect pollination, and that honey bees are among the most

important and reliabìe insect pollinators (Zander 195l,,Kaeser 7976,

Irlesqui da and Renard lg7g, Pawl i kowski 1978). Zander (f gSl ) found B.

napus pìants (cv. Janetztki, Lembke) in a bee free environment yielded

very few seeds. Radchenko (1964) determined that approximately 5 insect

visits per flower are required for good poìlination of B. napus.

The importance of insect pollinators is usually determined through

the use of cage trials. Cage triaìs generaìly employ 3 plots of equa'l

size. One pìot is covered by a cage in which there are no insect poìlina-

tors present, in order to determine the effect of¡ the cage and the lack of

pollinating agent(s). A second cage includes the desired insect poìlina-

tor. These two cage trials are then compared to an "open" p'lot in which

no cage is present - an indication of the degree of po'llination occuring

under natural conditions (see Kaeser and Gunst 1974).

Another nrethod used in polìination experiments invoìves "bag"

trials. In this instance, individual pìants, or fìowering heads, are

"bagged" with a material v¡hich allows as much ìight as possible to enter,

yet prevents insect visitation.
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As a result of cage trials with B. napus, Meyerhoff (1954) found

that þees increase the number of seeds/pod by 12.6%, the 1000 seed weight

þy 11 .l%, the number of pods by 53.2%, the pod length by 6.1%' and the

germ'inability by 7.3% (cv. Lembke). Kubisova et al . (1980) r:eported that honey

bees to jncrease the seed yield of B. nap.us by 59% (almost a doubling of

seed y.ield/plant) and recommended that at ìeast 4 hives/ha be used for

optimum poll'ination. In another four year study, B. napus (var. napus)

had an increased yield of 54.I% (Kamler i983), which is very similar to

the yield increase shown by Kubisova et al. (1980). However, Kamler

(1983) found seed weights/ha decreased, probably because the main compo-

nent of increased seed yield was due to an increase in the number of pods

and not due to an increase in the number of seeds/pods-wh'ich only in-

creased by 4.8%.

Benedek et al. (tglZ). showed that while pods/plants and the wejght of the

seeds/plantwere somewhat greater on open plots than in cage plots,

the results were not s'ignìficant. However, seeds/pod, 1000 seed weight

and the germinability of seed were significant'ly greater for uncaged

p'lants (B_. nqpus. cv. Ferlodì).

Other researchers doubt that there are benefits from insect po'l1ina-

tion for B. napus. According to Free and Nuttal (1968) tne presence of

bees makes little or no difference to the amount of seed produced even

though 13% yield increases were recorded. Free and Nuttal's conclusions

were later confirmed by Benedek et al. (L972) who also concluded that the

presence of bees were of dub'ious benefit to the overall p'lant seed pro-

duction. Although Free (1970) refers to B. lszus as being self-fertile,

Williams (1978) concluded that whjle this is so, it auto-pollinates

poorly, and more seed is set when it is cross-po'llinated. 0lsson (1960)

found canola to be frequented by insect visitors (especially honey and
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,,ra

mþle bees) and although they contributed to poìlination, he stated that

ejr importance to seed set, especiaììy for B. napus "must not be over-

ted,,. 0lsson a]so conducted bag trials and attributed the poorer yield

of L. naPus under the bags to the effect of microclimate and not to the

: l ack of i nsect Pol 
'l i nators ' Langridge and Goodman (fgeZ) a'lso found that

bees on B. napus (cv. Midas) had no demonstrable effects on seed yie'ld.

There appears to be a difference of opinion regarding the importance

of jnsect mediated pollination of B. napus and no attempt has been made

as yet to determìne why these differences exist. Perhaps those research-

ers who feel that B. napus sets seed well without jnsect poì'linators'live

jn areas where more aerial pollination is likeìy to occur or perhaps there

are cultivar differences such that some may auto-po'lf inate better than

others. Whatever the reason, more investigations are requìred to determine

the importance of insect med'iated po'llination of B. napgs.

Honey Bees as Pollinators of Canola

Honey bees are the primary pollinators of canola (Belozerova 1960,

Radchenko 1964, Pawlikowski 1978) and show considerable constancy to this

crop (Ieressel and Mommers 1954). All foraging bees collect nectar from

canola, but Free and Ferguson (1983) found that none collect po'llen only.

Instead, they transfer the pollen collected incidently on their bodies

to their corbiculae. Yet Langridge and Goodman (i982) found that while

95.6% of the honey bees were nectar collectors, some did actively collect

po'lìen from B. napus at the same time. In their previous work in 1975

with B. campestris (cv. Arlo) they found 75.4% of bees gathering both

nectar and poìlen simultaneous'ly, but classified these as nectar collec-

tors because in all cases these bees were actively seeking nectar!and

only packing poìlen that had been collected incidently into their
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'c0 rbj c ul ae.

The proportion of bees with poìlen loads from canola were found to be

t at 0900 and 1000 hours (Free and Ferguson 1983). Murrell and Nash
r hj thes

(1981) found anthesjs to occur before 0830 hours jn India (8. campe$tri s ,

var. sarson and toria) tne flowers producing copious amounts of pollen

which dried up during the course of the day with l'ittle being available in

the afternoon. Benedek et al. (tglZ) found that bees which were collect-

ing both nectar and pollen, collected po1'len near the end of a forag'ing

trip. A poìlen load adds considerable weight to the load a bee carries

and perhaps it becomes moreeconomical or energy efficient to decrease

the amount of time spent flyjng with a heavy load.

A honeybee can gather approximately 10,000 pollen grains of canola

on her body (t,Jilliams 1980). Because of this'large pollen carrying capa-

city both poììen and nectar collectors are able to po'llinate a canol

flower when thejr bodies come 'in contact with the stigma. Pollen

collectors are more likely to pollinate since they have more pollen on

thejr bodies (Free and Williams 197?). The head of the bee carries the

greatest amount of pollen (Free and hlilliams 1972) and I have observed

that the heads of foragers are often completely coated urith canola pol1en.

There is no correlation between the size of a bee's corb'icular poì'len

load and the amount of po'llen on her body (Free and l^lilliams 1972). Bees

can also transfer po'llen from one to another within the hive through body

contact. The polien they transfer can remain viable for up to 24 hours

(Free and Williams L972). This enhances the poss'ibilty of, further cross-

pol I ination.

Bees prefer one species of pollen over another (Levin and Bohart

1955). The odour of pol'len may be one of the most important factors re-

lating to the attractiveness of various pollens. Little reseaì.ch has
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been done with regard to the attractiveness of canoìa po]ìen. Levin and

Bohart (1955) showed that foraging honey bees prefer the closely re]ated

mustard po1ìen to that of clover and alfalfa. Boch (LïBZ) observed

that bees foraging in a fljght room had a relativeìy high preference

for Brassica polìenn and believed that this preference was due to jts

dense Ye] l ow Pi gment.

Aerial Pollination of Canola

Aerial pollination of canola has also been known to occur (Jenkinson

and Glynne-Jones 1953), but its importance in seed set was considered to

be small (Louveaux 1952). Certain cultivars of B. napus, such as Maris

Haplona, do not usually auto-pollinate nor can the poìien gra'ins be

transferned bywind alone (tisikowjtch l9BlJ. üjind velocities of 0-5

m/sec. (lB kph) do not dislodge po]ìen grians from anthers, even though

small clodus of pollen grains can be seen to burst from the anthers urhen

they are gently flicked with a brush or neecile. Eiskovritch (l9Bl) sug-

gested that all visiting jnsects, including honey bees, assist'in flie
pollination of canola and therefore beehives should be p]aced in fields

of canol a to increase pol I i nat'ion.

Not all researchers consider wind pollination to be insignificant.
Langridge and Goodman (1975) stated that wind pollination could produce

a crop of B. campestfis though they acknowledge the beneficial effects

of honey bees and other pollinators. Jenkinson and Glynne-Jones (1953)

consider that the effects of wind pollination should not be overlooked.

l4esquida and Renard (L982) found canola pol]en grains blown up to 32 m

from the origina] plant, with 23-29% seed set occurring within 6 m

(3-L2% seed yjeld). Others (Zander 1951, 0lsson 1960, Mesquida and Renard

19BZ) have also stated that the effect of wind dispersa'l and poll'ination



12

re of sorne signíficance'

.. : Nectar and H Bee Fora 1n Behavi our

General

Canola produces amp'le amounts of nectar. Honey bees are known to

work the blossoms heavily, although they w'il1 pass over a canola field

and work sonething else (i.e. basswood, Gerard and Cronan 1963). Nectar

sugar concentrations are often low in early mornings at which time bees

visit flowers primarily for pollen. However, as the day progresses

nectar collection becomes increasingly important (Vanse'll 1934).

The attract'iveness of a nectar source ìs dependent on the amount

ava'ilable per flower and its sugar concentration (Vansell 1934). tr'lykes

(1952) found that the constituent sugars can also play a part in deter-

m'in'ing the relative attractiveness of different nectars to bees. The

constituent sugars in Canola nectar are glucose, fructose and ribose, and

because of a very high glucose content, glucose monohydrate crystallizes

out rapid'ly, turning the honey into "sugar" (l,lilliams i97B).

Szabo (1982) found that a bee foragìng for nectar on canola returns

to the hive with an average load of 58.6 mg of nectar and/or pollen,

which agrees with wells' et al.(1981) statement that 60 ¡l represents a

full load for a bee. The final volume of the load is positive'ly cor-

related with the unladen weight of the bee and the capacity of the honey

stomach is the determining factor in how much any gìven bee can carry

(l{ells and Giacchino 1968). The loads bees carry may weigh up to 90% or

more of their own weight (Weìls and Giacchino 1968). Interestingly

enough, l^Iells and Giacchino (1968) found no evidence that the load of

sugar solution carried by a foraging bee depends on sugar concentration

(0.5-2.5M), scent (c1ove vs. no scent), or more important'ly, the type of
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r (fructose vs' sucrose)'

The energy used by a bee whjle flying is believed to be negìigibìe

Beutler 1950), but the time spent flying'is important (Ribbands 1952).

r e xpe rl nìe n tS by R 'l b ba n d S 1 9 5 1 demo n s t ra te d rh a t the e cono m ca
E ar e

,distance for nectar co llectìng is often not more then 0.40 km. Hammer

(ß52) found canola (B.napus var. oleifera) to be so attractive as to

attract bees from fru'it orchards 3.5-4.0 km away. Even on cold wjndy

days (tSoC.) bees were seen on the crop, each returning to the hive with

30-50 mg nectar (45-60% sugar concentrat'ion). Nectar cojlecting habits

of bees may vary considerably from day to day and each day must there-

fore be considered separately when ana'lyzing their behaviour (Vansell

1e34 ) .

Nectar Production and Suclar Concentration

Both B. campestris and B. napus provide ample amounts of nectar,

with B. napus produc'ing more nectar poss'ibly because it has a

'larger flower then B. campestris (Szabo 198 ). Kubisova et al' (1980)

found thatB. !.apup. (var. napus) blooms secrete nectar for 2 days, witha

single blossom produc'ing ?.28-2.55 mg of nectar with an average sugar

concentrati on of 33-34%. Petkov ( 1963 ) reported that a s'ing]e f I ower of

E. napus produces 0.58 mg nectar with an average sugar concentration

of 32.7%. 0verall, results for canola vary somewhat from place to p'lace

and from researcher to researcher, e.g. Maksymiuk (1958) reports 0.90 mg

nectar/flower at 32.3% sugar from one trial, with another trial resulting

jn 1.17 mg nectar/flower at 38.7% sugar. When nectar was removed 3 times

a day using a microcapil'lary tube, 98.5% more nectar was collected.

Maksymiuk concluded her study by stating that bees probab'ly bring 'in a

great deal more nectar than the amounts estimated experimentally.

Canola produces varying amounts of nectar and Sugar per flower
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pendjng on the species and the cultivar, as well as on the external

c0n ditions. l4urrell and Nash (198i) found that the amount of nectar

secreted by B.campestris (var. toria) was high in the morning and

decreased at a fair]y steady rate during the remainder of the day. This

is probably due to the high relative humidjtythatoccurs in themornings. They

also found the percent sugar concentration to be low in the morning

(16% at 0900 hours) butincreasingas the day progressed to reach an

average maximum of 40%. (This confirms Hammer's (tgSZ) observations on

B. napus var. 0leifera of 45-60% sugar). In the afternoon, Apis cerena

foragers only probed one inner nectary for nectar. If the nectary had

not refilled (i.e. was empty) the bees would fly to other flowers. Few

bees visited the outer nectaries confirming both Meyerhoff's (1958) and

Free andNuttall's (1968) observations that these nectarjes do not produce

any significant amount of nectar.

Honey bees often produce 'large amounts of canola honey. Honey yields

as h'igh as l5 kg/colony/day have been reported (Palmer .l959). 
B'ishop (1974)

stated that 200-300+ lbs (90-135+ kg) of cano'la honey could be produced by

a colony annua'l'ly. Szabo (l9BZ) reported bees bringing in a minimum of

13 kg/honeylday during full bjoom, with an average of 45.9 kg in 1976 and

127.0 kg 'in 1977.

Petkov (1963) determined that I ha of canola could produce 42.3 kg

honey while Maksymiuk (1958) reported that t ha of canola could produce

between 40.0 and 115.1 kg honey.

Honey yields are obv'iously extremely variable since they depend

heavily on the strength of the colony, the number of flowers available

(e.g. earìy bloom, peak bloom), and the weather conditions (McGregor 1976).

Hone.y Bee Nectar Collecting Behaviour

Honey bees are quite efficient at collecting nectar from canola.

Kubisova et al. (1980) reported bees visjting 7-i0 flowers/min.
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,(incl uding f 'lying time between b'lossoms ) on B. napus (var. napus ) ,

Belozerova 
(1960) an average of 9.7 flowers/min., petkov (i963) 12

flowers/mjn., and Radchenko (1964) 10 flowers/min. Free (1970) found

bees spend 4.1-4.9 seconds working a flower (10-14 fìowers/min.),

Langrìdge and Goodman (1982') an average of 4.8 seconds/flower (13 flowers/

min.), and Benedek and Prenner (7972) 6 seconds/flower (10 flowers/min.).

The results for canola appear to be fairly consistent. There is little
difference in the t'ime spent by bees foraging on either B. c¡mpestris or

B. napus (personai observation).

There are two terms which refer to the removal of nectar from flowers

without pollinatjon (lnouye 1980); "robbing" andrlthieving". Robbers are

bees that actually mut'ilate the flower in order to obtain nectar, e.g. by

cutting a ho'le in the base of the corolla. Thieves remove nectar from

the side of the flower without actual'ly damaging it in any way. Therefore

it is recomnended that the term "thieving" be used in describing the re-

moval of nectar from canola flowers.

Free and Ferguson (1983) found that certain bees on å. napus insert-

ed their tongues in between the bases of the petals and the sepals and

"thieved" the flowers of their nectar without po'llinating the flower.

Darwjn had observed th'is phenomenum occurrjng on other plant species and

realized that when this happens pollination does not take p'lace (Brìan

and crane i959). Free and Ferguson (1983) stated that while thieving

may 'increase the efficiency of nectar collecting and therefore honey

productr'on, these bees do not pollinate and if plant breeders produce

cul ti vars for comrnerci al use whi ch do not readi'ly sel f-poì I i nate i t i s

important that flower structure and its effect on bee behaviour and

pollinating efficiency be considered. Free and Ferguson (1983) found

the nean percentage of bees thieving nectar from canola flowers was between
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7% an d ?3.8% on two seParate daYs.

En vi ronne ntal Effects on Ho Bee Fora ln Acti vi

The environmental factors affecting nectar and pollen secretjon

along with foraging behaviour, ane numerous (Percjval 1950, Eckert 1955,

Shuel lg15, 1957, Wratt 1968). It is well known that a positive corre-

lation exists between temperature and honey bee foraging speed (Petkov

Lg63, Radchenko 1964, hJratt 1968, Benedek and Prenner 1972). Tempera-

ture also effects honey bee flight range (Eckert 1955), and bees will not

forage'in temperatures under 100 C. Light intensjty also p'lays an impor-

tant role in effecting foraging behaviour of honey bees (Nelson and Jay

1967, Heinrich and Raven 1972). l.lind speeds affect forag'ing as we'lì,

since honey bees will cease to forage when wind speeds exceed 24-34 kph

(Hejnrich and Raven 1972).

Crop Improvenpnt Possibilities

As early as !944, Hambleton realized that much could be done to

jncrease the productjvity of canola by selecting and breeding p'lants that

have nectar of a high sugar content that is easily available to foraging

honey bees. He stated that thought shouìd be g'iven to the abiljty of

p'lants to secrete nectar and produce poìlen since this is important to

both the pìant producer and the bee-keeper.

There 'is a concern that plant breeders may "breed" the attractive-

ness out of a given canola cultivar. In a study conducted on brussel

s prouts Brassi ca oleracea L.), bees were shown to prefer certain culti-

vars over others, wjth the bees also showing cons'iderable constancy to

the preferred cultivars (Free and Ìllilljams 1973). Tasei (1978) also

found that one cultivar of canola, Rafale ([.napus) could be more

attractive to honey bees than Jet Neuf. However, testjng with new
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anola cultjvars has shown that all varieties and breeder's lines of B.

s t and B. napus produce nectar with B. napus produc'ing sign'ifi-r s

cantl! more nectar than B. car¡pestris (Szabo I987.)i none appear

to be more attractive to bees than others. Many of the breeder lines

produce greater amounts of nectar than common'ly grown varieties and are

potentia'l sources of good nectar producing varieties. Variety seìection

jn the past has been ained primarily at oil quality and quantity and also

at reducing anti-nutritional factors such as glucosinolates anderuicacids

in oil and residual npal.

Pollination through honey bees has been shown to increase the ojl

content of sunflower (Mahrnood and Furgala 1983), and it has also been

shown to affect the oil content of canola (i.e. Fries and Stark 1983),

although relatively'little research has been done in this area.

Finalìy, Szabo (I9BZ) demonstrated the possÍbility of selectinq for

high nectar and sugar produc'ing varieties as an additional plant breeding

objectjve thus encouraging greater utilizaiton of canola as a honey crop

as wel I as an oi I seed crop.
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Chapter 2

I.TATERIAI-S AND I4ETHODS

Field Sites

In 1982 all field trials were conducted on plots set up in the

Arboretum on the University of Manitoba campus. In 1983, general canola

specíes comparison observations were made at piots set up at the Glenlea

Research Station. seed data were also collected from these plots as

well. All other trials, in 1983, were conducted in the Arboretum.

ETpermental Desì gn

The foraging behaviour of honey bees was observed on two species,

'involving five cultivars, of canoìa. These were: Brassica campestris;

cultivars Candle and Tobin and B_. napus; cultivars Altex, Andor and

Regent

cultivars were arranged in a randomized comp'lete block designs

with 4 blocks ìn both .1982 
and l9B3 (Fig. l). Each plot contained four

rows 3 m iong in l9B2 and four rows 6 m long in 1983. Standard row

spacing was used (15 cm). In l9B3 larger plots were used to facilitate
ease of plant'ing. These were spaced about 1.2 n apart from each other

to allow the observer to move easily between them and to prevent the

possible lodging of plants between p'lots as well. Data were collected

at 2 hourly intervals (each period constituting a "reading") from 0800

hrs. to lB00 or 2000 hrs.
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Pl ant Data

Yi e1 ds

In order to determine theeffect of honey bees on plant seed yield,

índjvidual plant "baggìng" system was used as folIows:

In L982, small tulle bags, each approximate'ly 0.25m x 0.45m, were

aced over main branch flower racemesatthestartof bloom. These bags

re secured to the majn branch stalk with wire "twist-ties". Howevero

ît was observed that these bags were too small and despite being pulìed

,lJp as the plant grew, growth was restricted. Restriction of growth

resulted in stunted and deforrned main racemes.

In i983, 'larger tulle bags, each approximately 0.5m x l.2m were

placed over entire canola plants at the beginning of bloom. These nets

were supported by two bent 1.Bm pieces of aluminum fencing wire secured

at the top with pieces of copper wire. The nets were also secured by

p'innìng the bottom of the net to the soil with 4 alum'inum wire pins.

These nets were'large enough to allow for unrestricted p'lant growth

throughout the field season. The nesh of the tulle is small enough to

prevent honey bees and other potentiaì pollinating insects from alighting

on the p'lant but large enough to allow a'large amount of sunlìght and

wind to pass through. No obvious stunting or deformation occurred in any

of the plants grown under these larger tulle bags.

Two plants were random'ly chosen and bagged from each pìot for a

total of B plants/cultivar. Main branch seed yields from these two

plants were then compared to the yieìds of the same number of random'ly

selected control p'lants; these latter plants were open to all insect

pol i i nators.

In 1982, main.branch seedyield components were determined by random'ly selec-
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I pods/nain branch ' The number of seeds/ood \^Jere counted and

hed. The i000 seed weight was then estimated from these figures.

ver,4 pods/main branch were consjdered too low to give accurate

tímates of p'lant seed yield, so in 1983 the seeds from 10 pods/main

ranch were counted

owers, number of aborted flowers, number of pods, number of fuì]y

fil led Pods, and the number of partially fil'led pods (all per main

branch) were also counted for each bagged and control p1ant.

These plants were hand harvested at the end of the growing season.

Plant Nectar and Sugar Concentration Collections

Nectar and sugar concentration data were collected from each of the

five cultivars of canola. Readings were taken from the two inner nec-

taries of 10 flowers of each cultivar every 2 hours. Nectar was collect-
@

ed using either 1 or 2 lambda "Drummond Microcapl" $Jhichare disposabìe

micro-pipettes. The anpunt of nectar in the micropipette was determined

by placing the pipette on a scale which rneasured the amount of nectar in

the pipette to the nearest 0.5 ¡.l.
Nectar was collected using 3 different methods at each reading. The

first rethod involved random sampling (RS). In this case 10 flowers/

cultivar were randomìy selected from each cultivar and the nectar col-

lected from them.

The second method involved cumulative sampling (CS). Here a number

of flower racemes (5 or 6) were random'ly seìected from each cultivar and

@ (made by Drummond Scientific Co. )
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Þagged
before 0800 hours using smaìl tulle bags. These bags prevented

any 
jnsects from renÐving nectar' At each reading 10 flowers were

amP e d f rom one o f th e ba g ge d f I owe r ra ceme S The nethod measures

the total amount of nectar prodúced in the flor^rers progress'ively through-

out the daY'

The third nethod jnvolved continuous sampìing (CoS). This method

rr*asures nectar from the same two groups of 5 flowers (i.e. l0 flowers)

over the course of the observation period jn order to determine the total

amount of nectar a flower can produce when nectar is being removed on a

regular basis (flowers were samp'led every 2 hours during the observation

period.). These three nectar samp'ling methods will be compared in Chap-

ter 4

After the nectar samples vJere measured, percent sugar concentrations

(percent SC) were taken directly from the samples us'ing ¡ hand heìd

refractorneter, and measured to the nearest 0.5%.

Pollen Collections

Four strong bee hives (each consisting of 2 brood chambers) were

placed at the midpoint of each side of the overall plot (Figure 2).

Two of these hives were fitted rvith standard pollentraps. These traps were

emptied every 2 ho.urs, and canola po11en pellets were separated from

other fore i g n pol 'l en pe'l 'lets . Separati on was done by col our, canol a

po'ìlen hav'ing a distinct bright yellow hue. In addition, perjodic

microscopic checrs were made of the assumed canola pollen pellets w'ith

those of known canola pollen to ensure that no errors were being made.

These sampTeswere then weighed.

In 1982 on'ly the fresh weight of the pol]en samples, cano'la vs.
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rejgn pollens, were recorded using a torsion balance to the nearest

.L g. In 1983 both fresh and dry weights were recorded. For the latter

we 
j ght s amples were dried for 72 hours in a Bluem gravity oven and-allol¡ed

to cool before be'ing weighed.

Bee Behavi out"

The forag'ing behaviour of jndividual honey bees on each of the five

cultiVars were recorded. At each 2 hourly reading on the field p'lots' a

maxjmum of 12 bees/cultivar were observed, each for as long as they'

rnained within sight up to a maximum of 3 minutes. Using a stop-watch

and a símp1e code (see Fjgure 3) aìì actions of the indivjdual honey

bees were recorded. Observations were made in order to determine: when

bees collected nectar and/or pollen, how much time'it took to collect

nectar and/or pollen, how often they changed plants, how often the

st'igma of the flower was crossed (giving an indication of the percent

pollination taking place), and also any other behavioural phenomena

associated with honey bees foraging on canola.

Bee Counts and Insects Survevs

The number of bees/cultivar were counted at each reading by slowly

walking past each plot at a rate of Sm/mjn. The total numberofbees present

on a plot ateach 2 hour'ly 'interval indicates at what tirne of the da¡r bees

are most active, and also ind'icates any preference bees might have for

one cultivar over another.

A general insect survey was also conducted jn the Same manner; these

insects were identified to Familywhere possible. The purpose of this

Survey was to determine what other insects are present on canola in

addition to honey bees.



23

Weather Information

Temperature and relative humidÍty were recorded every 2 hours (0800-

or 2000 hrs), using a hand held, battery operated psychrometer.

Stati sti cal Anal.ysi s

Analysis of variance was used to test all data and Duncan's mult'ipìe

test was included to test the significance (o(=0.05) of all d'ifferences.

Correlation coefficients were also determined for weather and plant data

to determjne the relationship of weather with plant nectar production and

percent SC.
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CIJAPTER 3

RESULTS

Plant Production

Gene ra l

The signìficance of the experimental replìcate, canol¿ cultivar,

treatment (bagged vs control), and cultivar wìthin treatment for pìant

flower, pod and seed production (o(= 0.05), varied between species and

cultivars in l9B2 and 1983. These differences are summarized for the

experimental variables 'in Appendix 'l and 2. The effect of repì icate and

cultivar by treatment were genera'l'ly insìgnificant for both B. campgs-

tris and B. napus in both .l982 and 1983. t'lajn differences were found

among cul ti vars and between treatments.

Seed Yields

In 1982 and l9B3 canola piants of each cultivar produced signifi-

cantly more seed when open pollinated (contro'l)than when they were iso-

I ated (bagged) from pol I inating i nsects (according to Duncan's mul t'i pl e

range test, o(= 0.05) (Figure 4). Percentage yie]d increases of control

p'lants over bagged plants are gìven in Table l, and are higher for all

cultivars in'1982 than in 1983. g. campestris cv. Candle and Tobin did

not differ significantly ìn total seed yie]ds during 1982 or I 983.,

However, B. nap{s cv. varied somewhat with Altex producing sign'ifjcantly

more seed (o(= 0.05) than djd Andor in 1982. Regent produced signìfi-

cantly more seed (o(= 0.05) than did Andor in 1983.

The mean number of seeds/pod (seeds per pod) was also significantly

greater (o(= 0.05) for control p'lants compared to bagged plants for all

canola cultivars in .l982 
and l9B3 (Fjgure 5). Candle and Tobin both
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had simjlar numbers of seeds/pod (o(= 0.05) in 1982 and 1983. Andor

produced s'i9nifìcantly fewer seeds/pod (o<= 0.05) than did Altex and

Regent in both 1982 and 1983 (x= 0.05). The estimated j000 seed weight (TSl.l)

was higher for a'l'l canola cultivar control p'lants in 1982, but sìgn'ifì-

cantly higher (o(= 0.05) for B. napus on'ly (Figure 6). Seed weìghts were

lower for all cu'ltivar control p'lants 'in 1983, but sign'ificantly lower

(o(= 0.05) for B. campeslris only. No s'ign'ifìcant djfferences (o(:0.05)

occurred between species cultivars ìn either 1982 or 1983.

Flower and Pod Production

The mean number of flowers/ma'in branch varied significantly (o{= 0.05)

between treatments for all cultjvars in l9B2 and 1983, wìth control

plants having more flowers than bagged plants (Figure 7). However,

there were no significant differences (a= 0.05) between cultivars, with

the exception of Regent whjch produced sìgnifícantly more flowers (o(= 0.05)

than did Altex and Andor ìn 1983.

The mean number of aborted flowers/main branch was higher for bagged

p'lants of all cultivars in 1982, but varied in l9B3 (Figure B). There

were no significant differences (c(= 0.05) between cultivars with'in spe-

cies in I 982 or I 983.

The mean number of pods produced/main branch was significantly higher

(o(= 0.05) for all control plants of all cult'ivars (fìgure 9). However,

no signifìcant differences (o(= 0.05) exjsted among canola cultivars in

I 982 or I 983.

The mean number of fully fil'led pods/main branch was significantìy

higher (c(= 0.05) for control plants of all cultjvars jn l9B2 and 
.l983
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,'l lfigure tO). However' no signifìcant (o(= 0'05) d

among cultivars in either Year'

The mean number of part'ia'lìy fil'led pods/main

higher for bagged plants in 1982 and l983 (Figure

differences were not s'ignìficant (o(= 0.05) for B.

in1982or]9B3.Sjgnifìcantd'ifferences(cf'=0.05)intreatmenteffect

díd exist for B. napus cultivars in l982 and 1983.

Nectar Production and Suqar Concentrations

Random liectar li Techn'i e

An analysis of variance

tar sampl ing (R S ) ¿ata (1983 data on'ly) to determine the sìgn'ificance

of species, cultivar within specìes, date withjn specÌes, species by

time of day, tìme of day and cultivar by t'ime of day within species.

The analys'is shows that species, date w'ithìn species and time of day are

all sign'ificant to nectar productìon (Tabl e 2). The analysis of variance

on the corresponding percent sugar concentrations (S C ) (Table 3) con-

firm the s'ignìfjcance of the same variables that affect nectar production.

Broad comparisons made between the two species, B. campestris and

B. napus, 'indicate that significant differences in both nectar pro-

duction (Table 4) and percent S C (Table 5) exjst. In this case,

species differences are not signìficant, while date wl'thjn specìes and

time of day (Table 5 only) are signifìcant (o(= 0.05).

The relationship between mean nectar production and mean percent

S C for the five cultivars are given in Fìgures l2 and 13. For each

cultivar, the amount of nectar samp'led decreased as the day progressed

i fferences exi sted

branch was genera'lìy

ll). However, these

campestris cul t'ivars
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while the percent S C 'in the sampìes increased. Nectar samples do not

varysígnificantlybetweenspecies(d=0'05)'However'Regentwas

shown to produce sìgnìficantly more nectar than Candle (d= 0.05).

percent S C on the other hand, was signifìcantly different (o(= O.OS)

between species, with B. napus cultivars havìng a higher percent S C

than B. campestris cultìvars. There were no sìgnificant differences in

nectar productìoÌì anong the cultivars of each species.

Species comparisons (Fjgures l4 and l5) do not show the same pat-

tern of nectar production and percent SC. However, the differences

among means for both variables are not sìgnificant (o(= 0.05).

in all cases, the amount of nectar sampled and the corresponding

percent S C differ mainly between 0800-100 hours; at this time nectar

product'ion is general'ly higher and percent S C lower than it'is for

the remainder of the day (Fìgures 9, 10, ll, l2).

Cumul ati ve Nectar Sampl i ng Techni que

An analysìs of varjance was also performed on the cumulative nec-

tar sampìing (CS) data to determine to significance of species, cultivar

within species, date within species, species by tìme of day, time of

day,and cultivar by time of day within species. Ana'lysis of the 1982

CS data show that species, cuìtivar within species and datewithin species

are al1 signìfjcant (o(= 0.05) (Table 6). During thìs field season thê

t'irne of day was not s'ignifìcant. The analysis of the SC data shows

that spec'ies, cult'ivar wìthin species, date withjn species' Species by

time of day and time of day are all significant (ot= 0.05) (Table 7).

Duncan's multiple range test on the nectar means however, indicates
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that species differences exist, with B. napus cultivars producing signi-

ficantly more (o(= 0.05) nectar than the B . campestrjs cultivars (Figures

16 and 17). At the same time no signìficant dìfferences exjst between

cultivars of the same sPecìes.

Duncan's multiple range test on the S C also reveals differences

between species with B. campestris havjng a significantly higher percent

S C than B. napus (o(= 0.05). There are no differences between Candle

and Tobin, but Andor had a significantly lower percent SC than did Altex

or Regent (Figures l6 and l7).

The sìgnificance (d= 0.05) of the time of day varied considerabìy

for both nectar production and percent SC.

Results of the 1983 C S data anaìys'is are similar to those of the

l9B3 R S data (Table I and 9). The only major difference in analysis is

shown'in Table B where spec'ies effects are now not considered to be sìgni-

fi cant .

The l9B3 C S and R S data differ more so. Table l0 indicates that

nectar production between spec'ies, the date within species and the t'ime

of day are significant (o(= 0.05) whereas analysis of the 1983 R S shows

that only the date withìn species was significant. Analysis of the S C

indicates that date within species js not s'ignificant (c{= 0.05)

(raole'tì).

The results of Duncan's multiple range test on the l9B3 C S data

are similar to those of the l9B3 R S data. Nectar production (Figures

'lB and ì9) between species is not significant, but Altex is shown to pro-

duce s'ignifìcantly more nectar than Candle or Tobin.

Percent S C does differ between species and Altex and Andor had
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sjgnificantly h'igher (d= 0.05) concentrations than Candle or Tobjn.

No sjgnifìcant differences exjsted among cultivars withjn the same

speci es '

Sìgnificantly higher (d= 0.05) nectar samples wìth lower corres-

ponding percent S C were also obtained between 0800 and 1000 hours than

dur'ing the remaining times of the day.

Fìgures 20 and 21 show sjmìlar patterns of nectar production and percent

SC as seen in Fìgures l4 and 15. However, Duncan's multìple range

test shows that B. napus produces sìgnificantly more nectar than B.

ca tris in this case. Flowers are aga'in seen to produce the most

nectar of the lowest concentration between 0800 and 1000 hours.

Contjnuous Nectar Sampl inq Technique

Contjnuous nectar samples (CoS) were not ana'lyzed. Instead, the

means of the samples from each cultivar were added together over the

course of the day to determine how much nectar a flower can produce in

a day when the nectar is removed at regular intervals.

In 1982, Candìe and Tobin each produced very little nectar (Table

12). The crop had very delÍcate flowers for unknown reasons which were

hard to sample and accurate results were dìfficult to obtain. B. nagus

flowers were easier to samp'le and total production for 5 flowers ranged

from 2.0 3 ¡rl for Andor to 2.26 ¡1 and 2.27 f1 for Altex and Regent

(faUle l2). The percent S C is also given, where avaìlable, for the

nectar sampled at each time period. The mean percent SC sugar concentration

for CoS appears to be much lower, around 45%.

The l9B3 CoS gives a more complete representation of total nectar
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produced by Candle and Tobin as well as by Altex, Andor and Regênt

(Tab1e 13). In general, B. napus cultivars' appear to produce lilore nec-

tar than B' campest¡is cultjvars, but some overìap in nectar product'ion

occurs between Tob'in Q.e+ yl ) and Al tex (Z.ll Vl) . However, for the

most part, B. napus cån be said to produce more nectar than B. camÞes-

Ð:. Mean percent S C remajns around 45'46%

Species comparisons show B. napus producing approximately 4 tìmes

the total amount of nectar compared to B . campestris (Table l4). In

th

B.

significance of this data). This difference did not show up in the cul-

tivar comparisons (faUle I 3).

l,leather Correl ati ons

tnvironmental factors affect plant performance (i.e. nectar produc-

tion) and the extent to which they do so was examined for the five canola

cul tivars. Considerabl e variation occurred between sampl 'ing dates in

the course of this study. However since fluctuatìon among dai'ìy envi-

ronmental factors such as temperature, re'l ati ve humi d'ity, sunshi ne and

wind speed and directions are a part of all fjeld experìments, correlatjons

will not be made between environmental factors and plant performance on

a daily basis. The days when samplìng was done were warm and sunny and

therefore condusive to bee flight (See Appendices 3,4 and 5 for daily

air temperatures and percent relative humidit'ies). Correlatjons wenemade

between the nectar sampled and the percent S C with the temperature and

relative humìdìty for the five canola cultivars over the entire observa-

is experiment the

campestri s than

mean percent S C js also considerably higher for

for B. napus- (see Chapter 4 for discussion of the
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vation Perjod in .l982 
and 1983.

The 1983 R S correlations show that nectar product'ion and percent

S C are sìgnifìcantiy (d= 0.05) and negatively correlated. Nectar

production and temperature correlations are maìn1y non-s'ignìficant but

are al1 negatìve'ly correlated. Nectar production and percent R H to-

gether wìth percent S C and temperature are both signifìcantly (o(= 0.05)

and positively corre'lated for al I cul tivars. Percent S C. and percent

R¡H,i ârê significantly (c(= 0.05) and negative'ly correlated for all cul-

ti vars .

In 1982, the correlations between nectar product'ion and percent

S C are genera'lìy negative and not signifìcant (o(= 0.05) (Table l6).

The correlations between nectar production and temperature and nectar

production and percent R.H. are mostly posìtively correlated, but again

these correlations are not strong and are non-significant ("{= 0.05).

Percent S C and temperature are positiveìy correlated, and the correla-

tions for the cultivars are mostly s'ignifìcantwith-only Candle and Altex

showing non-s'ignificant correlations with temperature (o(= 0.05). The

relationship between percent S C of the various cultivars and percent

R;H. was the most strong'ly negative'ly correlated relationship in .l982

(with the exception of Cand'le).

The I 983 C S correl at'ions are sim'il ar to the I 983 R S correl ations

(taUle 17) and will not be further discussed.

Correlations made for the spec'ies comparisons using both the .l983

R S and 1983 C S techniques show that nectar productíon for B. campestris

and percent S C are not sign'ificantly corre'lated (Tables lB and ì 9). However,

the relationship between nectar productìon and percent S C is still negative
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(Tables ìB and l9). Nectar production and temperature are positìve1y

correlated and insignìficant (o(= 0.05). Nectar product'ion and percent

R H along with percent S C and temperature are positìvely rejated and

are still ins'ignìficant. The relationship between percent S C and

percent R H is signifjcantly and negatively correlated (o(= 0.05).

The l9B3 R S and the 1983 C S correlatjons for B. napus differ

in regards to signifìcance compared to those of B. campestris (Tables

l8 and l9). The relationship between nectar productìon and percent

S C is seen to be strongly significant in Table l8 and non-signìficant

jn Table 19. Similarìy with percent R H. l,lhile the correlations bet-

ween nectar production and temperature are signìficant (o(= 0.05) for

B. campestris they are seen to be insignificant and negat'ively corre-

lated for B. napus.

Pol I en Col I ections

Pollen collection data shows that daiiy patterns of po11en collec-

tion by honey bees exist. These data also reveals the variation that

can occur from day to day.

Prel Ími nary po1 I en col I ection data (1982) , despi te smal I numeri cal

values, indicates that honey bees collect more cano'la pollen before

noon than in the afternoons (Table 20).

The 1983 pollen collection data basically confirms these results

but also shows that if honey bees are collecting canoia po]ìen, they

do so primarily at 1000 and 1200 hrs., after whjch more pollen is col-

lected from other p'lant sources (Table 2l).

Poilen collection by honey bees also appears to vary considerably
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from day to day. 0n the 28th of June 1983, for example, honey bees

collected an average of 96% canola pollen compared to the 20th July 1983,

when honey bees collected no canola po'llen at all.

Honey Bee Behaviour

Cul tj var ComPari sons

Number of Canol a Pl ants and Fl owers Vi si ted by Hone.y Bees í n l9B2 .

In .l982, relatìveìy few bees were observed foraging on canola.

However, these preliminary results appear to be fafrly representative

of honey bee behaviour on canola. In 1982, a total of l7 and l6 bees

were observed on Candle and Tobin respective'ly. These bees visited a

total of 122 plants, ll7 of whjch were visited solely for nectar col-

lecting purposes (fa¡le 22). Most of the flowers on these p]ants were

visisted for nectar as well, only 4 being visited for po'l'len, and none

bejng vìsited for both. A small number of flowers (.l5) had nectar

removed by thieving (see chapter 4). Honey bees visited a mean of 2.9

flowers/plant on candle and 2.6 fiowers/plant on Tobin. There does not

appear to be any cultivar differences in foraging behavìor, nor any daììy

patterns in foraging behaviour.

More honey bees were o bserved foragi ng on B. napgs cul t'iva rs than on

B. campest_ris cultivars in 1982 (ra¡l e zz). They vjsited more p'lants

and subsequently more flowers. However, no p'lants or flowers were

visited for oollen. I'learly hal f of the flowers vjsited for nectar had

thejr contents thieved. Honey bees visited a mean of 2.6 flowers per

plant on Altex, and 2.2 flowers per plant on Andor and Regent. These

figures are s'light1.v lower than those girren for Candle and robin.
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me S nt Fo ra ln b Hone Bees in 1982. Bees spent a mean of 0.36

min./plant and 0.30 m'in./plant on Candle and Tobin respectively (Tab-

þ 24). Bees also spent a mean of 0.13 and 0.12 mìn./flower on Candle

and Tobin resPectiveì¡'.

Bees on B. naPS cultivars spent less tjme visìting plants; spending

only 0.23-0.24 min./plant, and also took less time vjsiting each flower;

spending 0.09-0.11 mi n./flower (Table 24) '

No daily patterns of forag'ing time(s) were observed on any canola

cul ti var.

Number of Stigmas Crossed ey Bees while Foragi nq in 1982. Ve ry few

honey bees were ob'served carrying pollen during 1982 (Table 24). Most of

the stjgmas that were crossed by the bees occurred in the course of nectar

collectìon. 0nly 2 stigmas were crossed during pollen collecti on (=2

flowers) on both Candle and Tob'in, and no bees crossed stigmas on B.

napus cultivars (Table 25).

No daily patterns of stigma crossing were observed for any canola

cultivar. Total percent stigmas crossed for these cultivars ranged from

22-40% 'tn LSBZ (Tabl e 24) "

Number of Canola Plants and Flowers Visited by ]{oney Bees in 1983. In

1983, more honey bees were observed foraging on canola (Table 26). Most

B. carnpestris plants were visited for nectar. Candle only had 13 plants

visited for pollen while Tobin had 25. Very few flowers were vjsited

for poììen. Candle had a total of 35/2A07 (2%) flowers vjsited for

polleno and Tobin 94/2570 (4%)" No flowers had the nectar thieved.

Honey bees visited a mean of 2"7 flowers/plant on Candle and 2.5 flowers/
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,plân t o n Tobin. These fìgures are similar to those calculated in 1982.

Bees foraging on Altex, Andor and Regent jn 1983 were found, for

the fjrst time, to v'isjt a considerable number of plants for pol'len and

for po'llen and nectar in additjon to be'ing visjted for nectar only

Íaúe ?7). A number of flowers were also visited for poì1en (47%), and

several flowers were visited for both po11en and nectar (0.a%).

Honey bees visited a mean of 2.6 flowers/plant on Altex,2.5 flowers/

plant on Andor and 2.7 flowers/plant on Regent. These fìgures are slight'ly

higher than those obta jned in the I982 data (Tab'l e 22) but are s'im'i,lar

to those obtaìned for Candle and Tobin ìn 1983 (Tabìe 26).

Time Spent Foracing by Honey Bees in l9B3

Bees on Candle and Tobin visited a mean of 0.22 and 0.20 plants/

min. respectìve]y and a mean of 0.08 flower/mjn. each (tanle 28). These

figures are a little lower than those gíven for Candle and Tobin'in .l982.

Bees on B. napus cultivars vjsited s'light'ly more plants/min. (i.e.

0.26-0.3'ì ) and spent less time per f]ower (0.11-0.12 min./flower) than

bees on B. campestris (Table 28). This is in direct contrast to the

I 982 data.

No o bv i ous d'i f f erences 'in time spent foragì ng between spec'i es cul -

tivars were observed. Also, no daììy foraging patterns of bees were

observed on any canola cultivars.

Numbers of St'i as Crossed b Hone Bees while Fora ln in 1983.

More honey bees were observed carrying cano'la po11en in 1983 than

in 1982 (Table 29). Most of the stigmas that were crossed by bees on

B. campestris cultivars still occurred during nectar collection (Table
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28). However most of the stigmas crossed on Altex, Andor and Regent

flowers occurred during poì I en col I ection in I 983 (Tabì e 28). Up to

54% of the stjgmas crossed (on Andor) occurred'during po'lIen colIection

and only 4-5% occurred during nectar collection (compared to ZZ-ZB% in

tgBZ Íable 2a)).

No da'ily patterns of stigma crossing were observed for any canola

cultivars. Total percent stigmas crossed for Candle and Tobin were 57

and 60% respectìvely (Table 29). Total percent stigmas crossed for

Altex, Andor and Regent were 47,58 and 50% respectively (Table 29).

Andor had 8-11% nore stìgmas crossed than djd Altex and Regent.

Soec j es Comp-ar j sons 1983

Number of Canola Plants and Flowers V'isjted by Honey Bees

Results of this experiment are more similar to the l9B2 cultjvar
comparison results than the I983 cultivar comparisons than to the I983

cultivar comparisons. Table 30 shows that no p'lants or flowers were

visited by bees for po'l'len. 0nly B. napus flowers were observed being

th'ieved by bees (16%) .

No daily patterns of foragìng habjts were observed.

Time Spent Foragìng by Honey Bees.

Bees forag'ing on B. campestris spent a mean of 0.24 nin./plant and

0.10 min/flowers (faUte 31). Bees foraging on B. napus spent a mean

of 0.?2 nin/plant and 0.12 min/flower (Table 32). These results are

between those found in the l9B2 and l9B3 cultivar comparisons. Bees

spent more time forag'ing on B. napus flowers than on B . campestri s
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s and spend less tjme per B' naPus plant'

No daily foraging patterns were observed'

Num berof sri s Crossed b Hon Bees While Fora in

Ta b1e 32'indìcates that all stigmas that were crossed were crossed

ring nectar collection while none were crossed during pollen collection.

u',ever, the total number of stigrnas crossed (81%) was considerably hlgher

for B. campestr'ì s than for B" napus (24%).

No dai'ly patterns of stigmas crossings were observed.

Miscel I aneous 0bservations

The fl owers of B. camPestris are considerably smaller and are

more tightly together than those of B. napus. Honey bees vi-

campestris jnflorescences are often able to walk from flower
c'lustered

s it'ing B.

to flower without havìng to f'ly. However, B. napu: flowers are larger

and are spaced further apart on the terminal raceme and therefore bees

have to f'ly from flower to flower while foraging.

Honey bees were rarely seen actively collecting po'llen from canola

cultiVars. However, canola often produces copious amounts of poì1en

and it waS Common to See bees "coated" in po'l'len. ltlany bees were ob-

served hovering over the canola plots "discarding" or brush'ing the po'l'len

from their bodies with their lst and 2nd pairs of ìegs.

While foraging for nectar, honey bees were seen probìng the two

inner nectaries with their proboscides. If one nectary provìded nectar,

bees would probe the second one. If the first inner nectary was dry,
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es would often f1y to another flower wjthout checking the rema'ining

ner nectary for nectar. Bees were never observed probing the outer

ctaries for nectar'

Should a bee v'isitZ or 3 flowers containing no nectar it would of-

n

ne

ten fly some distance away from that plant and continue probing new

flowers for nectar. This behaviour was most commonly observed 'in the

Iate afternoon when dai'ly temperatures were "peaking" and the maximum

number of honey bees were foraging.

Bee Counts and Insect Survey

Bee Counts

The number of honey bees counted on the plots were low for both

I 982 and I 983.

In 1982, no bees were found on Candle, a total of 5 on Tobin, and

38 each for both Altex and Andor, with Regent having the highest number

of bees at 46 (faUte 33). These are the total number of bees found on

the crop during the entire observatjon period.

In 1983, bee counts were somewhat higher (Table 34). _q. napus

appeared to attract more bees than did B. campestris, but the numbers

were too small to consider the djfferences sign'ificant.

Species comparisons (1983) however, showed that more bees were

counted on B. campestri.l than on B. napus (fabte 35).

No obvious or consistent cultivar preferences by bees were observed.

Insect Survey

A large number of insects, in addition to honey bees, were observed

on canola. Bombids and megachilids were observed collecting pol1en
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from canola throughout the course of the study.

The Syrphids were the most populous family of insects found on

the crop, with a minimum of 4 specìes (unidentìfìed) present throughout

the observation period. Other D'iptera included members of the Calli-

phorídae as wel I as numerous, smal I , unÍdentífied spec'i es.

In addition, a number of Hemiptera, Homoptera and Lep'idoptera

(i.e; F. Peridae) were also present.

Final1y, several Coleoptera were also found on the crop. These

beetles were mostly injurious to the crop and included members of the

Famjly Meloidae and Subfamì1y Aìticinae.
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Table l. Percent ma'in branch seed yìeìd increases for canola culti-
vars (l 982 and I 983).

g . campestri s B. napus

Ando r

591

39

Yea r Candl e Tob'in

196

8l

A]tex Regent

371

58

1982

I 983

336

139

689

73
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Table ?' Ana'lysjs of variance of nectar volumes obtained by random
sampl ì ng canol a cul ti vars (l 983) .

df ms F
a

51 gnl ïl cance

;iffl;:. (species

þcrl ti uut (sPeci es )

Oate (SPecies )

oãt. t Cultivar (SPecies)

Species x Time

cültivar x Time (SPecies)

I
3

1.0389
.0962

10.81 *

)
J

7

ll
.0962
.9402
.1184

0. Bl
7 .94

ns
**

6 .2054
.0867

2.37 ns
l8

Timeccrltivar x Tjme (Specìes)
Erro r

6

l8
98

I .01 92
.867
.1 696

6 .01
0.51

**
ns

a

b

Sìgnifjcance level indìcated by: ns = P > 0.05; * P< 0.05, ** P<0.0.¡

This term ìs repeated in the table. It is used as an error term for
species, but the differences among cultivars within specjes are also
of jnterest. For sìmplicity in reading the table it has been broken
up into sections wìth the bottom ljne in each section being the
approprìate error term to use for testing.

c. Similar to b.

THfì- {-ililïri:lii::i"1'Y i,;,: lil;:,i.li-,",:.,r', | ::.r,,,,,,:ìii:.S i
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Table 3' Anaìysis of variance of nectar sugar concentrations obtained
bv random samp'r t:; rrrr;: .,'tjvars (r e83).r,nn, 

ricancea
Source

;ffflÏå," tspecies)
I
3

445.5940
I 7 .9650

24.80 *

bcul ti uut (sPec'ies )

Date ( SPec t es ¡

oãt. t Cul ti var (SPecì es )

Soecies x T'ime

cultivar x Time (SPecies)

3
7

ll
I 7.9650

365.2204
36.9885

0.49
9.87

ns
**

6 49.5688
47.4975

1.04 ns
l8

Timetcrltivar x Time (Specìes)
trror

6

l8
95

26167.98.l 7

47.4975
87 .2667

24.84
0.54

**
ns

a

b

Significance level ind jcated by: ns = P20.05; * P< 0.05, **P< 0.01

This term is repeated'in the Table. It is used as an error term for
specìes, but the differences among cultivars within species are also
of interest. For simplìcity in readìng the table it has been broken
up ìnto sections with the bottom line in each section being the
appropriate error term to use for testing.

c Similar to b.
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Table 4' Anal ys i
sampì i n

so
gc

f variance o

anol a speci e

fn
s(

ectar volumes obta'ined by random
r eB3) .

Sou rc e
--

. Soeci es
bDut. (Specìes)
Time
Specìes x Time

Erro r

df ms _t
a5rgn'rllcance

I
3

5

5

l4

2 .9914
0. 541 6
0 .1427
0. I 364
0.0858

5.52
6.31
I .66
I .59

NS
**
ns
ns

a

b

Sìgnificance level is indicated by: ns = P2 0.05; *P< 0.05, **P< 0.01

Error term for species

Table 5. Analysis of variance of nectar sugar concentrations obtained
by random sampl ing canola species- (ì 993).

Source df ms F Siqnificancea

b
Spec i es
Date (Species)
ïime
Species x Time
Error

I
3
5

5

4

7 2 .2427
94.8698

21 3 .3220
26.4834
25 .5565

0.76
3.71
B. 35
I .04

NS
*
**
NS

I

a Significance level is indìcated by: ns = p >20.05; * p< 0.05, **p<0.01

b Error term for species.
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ble 6' Anaìysis of variance of nectar volumes obtained by cumuìative
sampl ing canola cult'ivars (1982).

5o u rc e df

I
3

)
J

3

4

4
l3

ms _t
a5lgnrllCance

;lffl;:' (species)
38.3598
0.5588

68.62 **

bc t V a r ( S pec e s 0.5588
4.1 4l I
0.01 69

33.05
244.99

**
**

a te S pe c es

Da t e X c u t V a r ( S p e c 1 e s )

Species x Tl'me

Cultivar x T'ime (SPecies)
0.2556
0.1 960

30 NS

Timeccr'ìtivar x Tjme (Species)
Error

5

l3
24

0 .577 0
0. I 960
0.5473

I .05
0.36

NS

ns

a

b

Significance level is 'indìcated by: ns = P >0.05; * P< 0.05; **P< 0.01

This term ìs repeated in the Table. It is used as an error term for
species, but the differences among cultivars withjn species are also
of interest. For simplicity in reading the Table ìt has been broken
up 'into sections with the bottom Iine in each section beìng the ap-
proprìate error term to use for test'ing.

c S'imilar to b.
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Table 7. Ana'lysis of variance of nectar sugar concentrat'ions obtained
by cumulative sampling cano'la cultivars (1992).

So urce df

I
3

3

3

4

4
12

ms _t !i g nì f ica ncea

Spec i es
Cult'ivar (Species)

s572 .8300
44. 9l 30

124.08 **

b
Cul tivar (Species)
Date (Species)
Date x Cultivar (Species)

Species x Time
Cultivan x Time (Species)

Time
Cultjvar x Time (Species)
Erro r

44.91 30
879.5444

5 .5000

8.1 7

159.92
*
**

1 83.9458
I 9.1 583

9.60 **

5

12
24

397 .5388
I 9.1 583
I 4.6056

27.?2
l.l3

**
c

ns

a Signìficance level is indicated by: ns = P>-0.05; * p< 0.05; ** p<0.01

Th'is term ìs repeated in the Table. It is used as an error term for
species, but the differences among cultivars within species are alsoof interest. For simplìcfty in reading the Table it has been broken
up'into sections with the bottom line in each section being the ap-propriate error term to use for testing.

Similar to b.

b

c
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Table 8. Ana'lysìs of varjance of nectar volumes obtained by cumulative
samp'ling canola cultivars (l gB3).

Source

Spec i es
Cultivar (SPecies)

bcrltiuut (species)
Date (SPecies)
Date x Cul tivar (Species)

Species x Time
Cul ti var x Time (Spec'ies )

Timetcrl ti var x Time (Spec'i es )
Error

df- ms _t Siqni ficancea

I
3

1.8700
0.3778

4.95 ns

3

7

ll
0.3778
1.2056
0. I 400

2.70
8.61

ns
**

6 0.I 182
.0575

2.06 ns
l8

6
IB
99

1 .1297
.0575
.2503

4.51
0.23

**
ns

a

b

Sìgnifjcance level indicated by: ns = P)-0.05; * p< 0.05; ** p<0.01.

This term'is repeated in the Table. It is used
specìes, but the differences among cultivars wit
of interest. For simp'l icity in reading the tabl
up ì nto sect'ions wi th the bottom I i ne i n each se
propriate error term to use for testìng.

S'imilar to b.

as an error term for
hi n species are al so
e ìt has been broken
ction being the ap*

c
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e 9. Analysis of variance of nectar sugar concentrations obtained
by cumuìat'ive sampìing canola cultivars (1983).

rce df MS F
a

5 r gnl 11 cance

;];:' (sPec i es )

I
3

5??.4399
10.9572

47 .60 **

1tívar (SPecies)
te (SPeci es )
i. i crltivar (sPecies)

?

7

lt
10.9572

484. 3l 34
15.6145

0.70
3l .02

ns

.Da
**

Soecies x Time

ðultiuut x Time (SPecies)
6 39.1085

I 5.2868
2.56 ns

IB

Timeccrltivar x Time (Spec'ies
Erro r

6
IB
9B

2106 .7 345
I s .2868
50.2022

4l .96
0.30

**
ns

a

b

Signif icance level indicated by: ns = P).0.05; * P<0.05; ** P< 0.01 .

This term is repeated in the Table. It is used as an error term for
species, but the differences among cul tivar within species are al so
of interest. For simplicfty in reading the table it has been broken
up into sections with the bottom line in each section being the
appropriate error term to use for testing.

c Similar to b.
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.^x1p .¡0. Analysis of variance of nectar volumes obtained by cumulative
tav' - sampl i ng canol a speci es (l 983) .

Sou rce df ms F Signìfjcancea

o;ff:'?ip..i,,)
Time
Species x Time

Erro r

I
4
5

5

9

3.327 4
0.3715
0. I 985
0.121?
0. 0562

B. 96
6.61
3 .53
2.16

*
**
*.

NS

I

a

b

Significance leve'l 'is indicated by: ns = P>0.05i *P< 0.05, ** p< 0.01 .

Error term for Specìes.

Table ll. Analysis of variance of nectar sugar concentrat'ions obtained
by cumul ati ve sampl'ing canol a speci es (l 983) .

So u rce df ms F
a

5r gnlïrcance

*S pec i es
'Date (Spec'ies )

T ime
Species x Time
Erro r

I
4
5

5

9

234.3538
9l .B2l I

227 .3430
3'6 .8664
45.661 0

2.55
2.01
4. 98
0 .81

ns
ns
**
ns

1

a

b

Signifjcance level is indicated by: ns = P>0.05 i *P< 0.05; ** P<0.01 .

Error term for Species.



Table l2 Continuous nectar sampìes and percent sugar concentrations for canola cultivars (1982)
Nectar data presented in the table are additive over tir¡e for 5 flovrers.

Cul ti var Time of day (hrs.)a
l'lean of nectar
production (¡-rì )
+ S.E.

l|ean %

Sugar concen-
tration + S.E

0800

nectar (yl ) 0
% sugar

I 000

0.25

I 200

0.35

I 400

0.40

'1600

0.4s

I 800

Candl e : o.tl + 0.06

Tobin nectar (yl ) 0.13
% sugar

0.43 0
52

98
0

1.?B
48.0

'I .38 0.28 + 0.06 50.0 + 1.4

Al tex nectar
% sugar

(pl t .l6
25.3

t .49 1 .81
50.3

?

57
I I 2.26 0.45 + 0.10 45.5 + 4.9
0

Andor nectar (pl )
% sugar

Regent nectar (/l )
% sugar

0.63
29.0

1 .26
47 .3

2.09 2
55

80 3.02 0.6't + 0.09 41.7 + 3.8
52. B 4 ?6.0

0.44
26.3

0.79
50.5

'|

50
52
5

?.0?
5l .7

2.27
56 .0

0.46 + 0.08 43.6 + 5.3

a Data are the means of nectar volumes and sugar concentrations over the observation period (s). Candle
and Tobin were sampled on ?1126 July l9B3 and Altex, Andor and Regeht on 30 July and 2 August ì9.32.

Þ(o



lable ì3. continuous nectar sampres and sugar concentrations for canoìa cultivars (ìgB3)in the table are additive over tíne iõr-i"flon."r. Nectar data presented

Cultivar
Tirne of dav ( hrs. )a

Mean nectar
¡rroduct ion

Itlean %

Sugar concen-
tration + S.E0800 t000 I 200

ì .60
60.5

+ s.F
(v1)

ì400 t600 t80o 2000

?.56
Candle nectar (rì )

% sugar

Tobin nectar (¡l )
% sugar

Al tex nectar (t l )
% sugar

Andor nectar (pl )
% sugar

Regent nectar (pì )
% sugar

0
37

63
3

70
I

'I.t5
42.20

1 .97
49.4

2.?6
4t .0

2.56
70 -0

0.41 + 0.06 46.5 + 3.00

0
28

I .53
36.00

?.16
37.6

?
51

2
63

94
3

2.94 2.94 0.54 + 0.07 3e. t + 3.76

0. s6
43. 0

I
53

02
9

96
6

'I .54
52.7

87 2 37
2

2
¿7

67
I

2.73 0.42 + o.Ds 50.9 + ì .58s6.8 46

0.42 0 j
5?

65 2.?6 2

43
85 3.30 3.52

36. 3
0.54 + ç.96 46.9 + 1.5739.0 46 6 47.8 9 43.I

0.69
36. 3

1 .3?
49. t

2.01
54. 1

2.73
50. 5

3
49

40
6

4.01
¿9.9

4.58
ri3.8

0.65 + 0.05 43.4 + I.34

a Data are the rEans of nectar voìuræs and sugar concentrations over the observation oerÍod (s). candle
îlsrl"ot. 

were on lB, 20, 2l and zz ¿;1i iges.ñã Àiï;;;-fiä."un¿ neõeni-òn,âi.,-is,,26,27 and 28 Juìy

CN
O



Table l4 Continuous nectar samples and sugar concentration for canola species. (1983).
Nectar data presented in the table are addttìve over time for 5 flowers.

Time of Day (hrs.)a
mean
prod u
+ s.E

nec ta r
ction þì )

mean %

sugar concentra-
tration + S.E.

Species 0800 ì400 I 600 t800

B. campestris nectar (pl ) 0.1 3
% sugar 8.00

0
53

35
0

0.63
55.2

0.8 3

59.1
t.09

60.5
t.15

55 .0
0.20 + 0.03 55. I + 2. 2

B napus nectar (pl )
% sugar

0
4t

63 l
4l

80
59

2

47
76 3

53
4t
9l

4.05
53 .57

4.5?
5l .36

0.74 + 0.05 46.0 + t.4
07 07

a Data are the means of nectar production and sugar concentration over the observation
B. campestris was sampled on 28 June,5,6 July l9g3 and B. napus on 10, ì2, ì3 July

period (s).
I 983.

(tr¿
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ble 15. l,Jeather and nectar correl ations in randomìy sampl ed canol a cul -
tivars (1983).

Cu tivar
Nectar (¡¡l )
sugar ( %)

-0. g236**a
25

Nectar
Temp. (

Áäl ) Nec ta r
R. H . ("t,

(¡l) Susar ("Á)

) Temp. ("C)
Sugar (%)

R.H. (%)

andl e -0.3655ns
26

0. 5551 **
26

0.6492**
25

-0 .6542**
25n=

',To
bl'n -0 .8625**

25
-0.41 87*

26
0.5500**

26
0.6980**

25
-0.71 32**

25fì=

-0. 3652*
33

-0.3054
33

ns
0 .471 0**

33
0.3263ns

33
-0.4287**

33
A'ltex

n

-0. 3839*
32

-0 .07 07
33

NS 0.3589*
33

0.6976**
3?

-0.7759**
32

Andor
n=

Regent
n=

-0.7?96**
33

-0.3284
33

ns
0 .4ggl **

33
0.7209**

33
-0.7

3
528
3

**

a Si gn'i f i cance I evel ì ndì cated by : ns = P >0.05 ; * P< 0.05; ** P< 0.01 .
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able 16' 14eather and nectar correlations in cumulatively sampled canola
cul tivars (l982).

Nectar (l I ) Nectar
4

r)
)

Nectar (^rl )
R. H . (%)'

Suga r ("Á)

Iesp-l-"c )

Sugar (%)
R.H. (%)

UIY^!-
Cand I e

Su ar o/ Temp .(

0.0g01 
ns

't3

a
ns ns 0.41 74ns

13

fìg

n

0.5'l 43
l4

0.0033
l4

-0.5436
l3

-0.1?72
t4

ns
0.2g50ns

l4
0.4704

l4
ns 0.5438*

l4
-0.6066*

l4Tobin
n=

-0.4603
t0

ns
0.1530ns

10
0.1754

l0
ns

0 . 67 54ns
l0

-0 .8306**
l0Al tex

n=
-0.3372

l0

nS
-0.1143

l0
ns

0 .17 94
10

ns
0 .7 520*

l0
-0. Bl 9l **

t0Ando r
n

Regent
n

-0. I 296
l0

ns 0.4357ns
l0

-0 .0500
l0

ns
0 .7 267x

l0
-0 .9037**

l0

a S'ignificance level 'indicated by: ns = P>0.05; *P< 0.05; **P< 0.01 .
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Table 17. weather and nectar correlations in cumulatively sampìed canola
cul tj vars (l 983) .

Cul ti var
Nec ta r
Suqa r

(¡l )
(%)

Necta r
Temp. ( ú¡I

)
) Nectar (¡

R. H. (%)

'l ) Sugar
Tem p ,t:!\

Sugar (%)
R. H. ol

Candl e
n=

Tobin
n=

Al tex
n=

Andor
n=

Regent
n=

-0 . 7 gg4**a
26

-0.3392ns
27

0 .4 900**
27

0.741 3**
26

-0.6995**
26

-0 . 7 g0B**
26

-0.23gsns
26

0 .4 gg3**
26

0. 6092**
26

-0.7094**
26

-0.6878**
33

-0.2g25ns
33

0. I 966**
33

0 . 67 54**
33

-0.7 947**
33

-0.9032**
33

-0.3494*
2')
JJ

0 . 54 g4**
1a
JJ

0. 6376**
33

-0.773**
33

-0.807r*
33

-0.4981 **
33

0 . 7 306**
33

0.7217**
33

-0.7 967**
33

a Sign'ificance level indicated by: ns = p >0.05; * p< 0.05; ,,a = p< 0.01
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Table'18'
¡4eather and nectar correlations in random'ly sampled canola
species (l 983).

Nectar (¡¡l ) Ne

%)T
cta r
emp þ

1 ) l)lectar I ) Suga
Temp i'Ii) Susar (%)

R. H. (%)
Spec i es sug ar( c) R.H. ol

ns
a ns

0.01 35ns
1?.cam stri s -0 .527 9

12
0.6043*

12
0.2317

12
-0 .639.l *

12n

.úi
-0 .37 3l 

ns

17
0.785'l **

17
0.7297**

17
-0 .7705**

17
B. naPus

n=
-0 .7 385

17

a Significance level indjcated by: ns = P>0.05; * = P<0.05; **= P(0.01 .

Table 19. hJeather and nectar correlations in cumulatively sampled canola
s pec'i es (l 983 ) .

Nectar (¡l ) Nectar^ (¡l
Sugar (%) Temp ("C)

) Nec
R.H.

tar û^l ) Suga¡ (' Temp ("C)
%) Susar (%)

R. H. (%)Spec'i es /o

ns
a

0.2003ns
17

ns
B. campes trì s -0.31 23

17
0.5393*

17
0.01 4l

17
-0.5268*

17n=

B. napus
n=

-0 .4664
18

NS
-0.3027ns

]B
0.721 0**

17
0.5809*

]B
-0 .4634ns

17

a Signifjcance level jndicated by: ns = P >0.05i *=P<0.05i **= P <0.01 .
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Ta bl e 20. l,Jet weì ghts of po l I en sampl es (t 992 ) .

Time of Totar ;åiill 8:ii:. r.Îî:i'. 3r'ïlîlï i:lli:Date Dav (hrs) Heighr (g) bteight (g) Height (g) colleite¿ ip]-]s¡¡oltected
2l JulY

0a
0.375

't000

I 200
I 400
't600

1 800

I .525
3 .000
2.675

7 .57s

0
0
0
0

0
225
ll0

0
t
2
2

0
150
415

0
60

7

2
I

0
54
?6
l4
6

060
025

940
650

TOTAL 0.420 7.t55 X 't7.50 .l00

?8 July
000
200
400
600

2
4

?

0
775
000
900
0

0
0 .060
0.030
0.0ì 9

0

2
3

2

0
715
970
88ì
0

0
2
0
0
0

75

0
55
28
17

0

100

66

ToTAL 9.675 0.t09 9.s66 X Ì.t4
30 July

I 000
I 200
I 400
I 600
I 800

0
2.200
6 .850
4.900

0
0
0
0

0
17
?1

05
0l

5 2

6
4
'|

0
025
640
850
886

0
I
3
l
0

0
39
47
lt

3

100

0
'| .901

ì5.851

5 76

TOTAL 0.4s0 ì5.40t x 3.19

2 Aug.
'1000

I 200
ì 400
I 600
I 800

I
5

4

?

0
900
450
8?5
000

0
0. 235
0.060
0.0r5

0

0.3.l0

0
I .665
5.390
4.810
2 .000

I 3 .865

0
1?

0
76

I
0.30
0

f 3.33

9

5

0
ToTAL t4.t75 't00

a vaìues presented are the means of two hives
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Table 2ì. Dry weights of poìlen samples (1983).

Da te
Time of
Day (hrs)

Total
lteight (g)

I I .76654
14.5928
I 4.5928
8.9212
5.5060

Ca nol a

PolIen
weisht (g)

0ther
Pol'l en
l'leight (g)

% Canola
Po'l len
Coì I ected

% Canola Pol len
of Total Canola
Pol Ien Col lected

28 June I 000
t 200
I 400
I 600
I 800

ì I .5261
I 4.3304
t3.7798
8.4936
4.941 I

0.2403
0.3624
0.4186
0.4276
0.5649

1.9t38 I

9B
98
97
95
90

22
27
26
t6

9

ToTAL 54. 9848 53.071 0 96 t00

5 July t 000
I 200
ì 400
I 600
t 800

0.9044
ì 3.4s45
I r .9875
I 3.3632
1 6.3480

0 .8 931
12.7 432
8.9008
6.4907
4.l l0B

0.0r r 3
0.71 I 3
3.0867
6.8725

12 .237 2

22.91 90

99
95
74
49
25

3

38
27

ToTAL s6.0s76 33.1 386 X 68

20
1?

t00

6 Juìy I 000
't200

I 400
'1600
't800

6.9381
5.8348

I 5.3943
I 5.6071
22.807 4

6.5941
4.0252
8.0206
4.352s
3. 1 093

0. 3440
1.8096
7 .3737

I | .2546
1 9.698.|

90
63
50
?s
12

?5
l5
3l
17
1?

ToTAL 66 . 5Br 7 26 . 1 0l 7 40 .4800 X 48 100

0
50
40

5

6

1 0 Juìy t 000
I 200
I 400
1 600
ì 800

I .834 5

I I .7514
r 3.2398

3.5544
5.07 42

35.4543

0
? .7171
2.I814
0.2578
0. 3l B5

'I .8345
9.0343
1.0584
3.2966
4 .7 557

0
23
16

7

6

TOTAL 5.4748 29.9795 Ì I ì01

I2 Ju ly I 000
I 200
I 400
ì 600
I 800

2.0890
ì 1 .8382
I 8. 3082
10.7675
14 .8627

'1.6845

4.51 50
4. I 800
I .5335
1.5905

0.4045
7 .3232

14 .1282
9.2340

13.2722

8l
38
2?
l4
il

l2
33
3l
tl
t2

TOTAL s7.8656 I 3.503s 44 .3621 I 33 99

values presented are the means of two hives.
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Table 2.l. Continued

Date
Time of
Day (hrs)

Tota I
ueisht (g)

Canol a

Po'l I en
tleight (g)

0ther
Poì I en
tle i ght (s )

% Canola % Canola Pollen
Pollen of Total Canola
Col I ected Pol len Col ìected

l3 July 1000
I 200
I 400
1 600
I 800

TOTAL

0
5'tl
7

8

.9.l B9

.l 985

.7206

.5?52

.5364

0 .7 242
2.9032
3.7 429
?.3525
2.0466

0. ì 947
2.2953
7.9777
5.1727
6.4898

79
56
32
3l
24

6
25
32
20
17

10033.8996 11.7694 22.1302 X 37

20 JulY r 000
1 200
I 400
't600

I 800
2000

0.2950
7 .7 956
7.859?
3. 1 671
3. I 393
3 .6683

0
0
0
0
0
q

0

0.29s0
7 .7 956
7.8592
3. I 671

3. I 393
3 .6683

0
0
0
0
0
0

0

0
3
2
1

0
0

0

0
0
0
0
0
0

TOTAL 25.9245 25.9245 Ï 0

2ì July I 000
'1200

ì 400
I 600
I 800
2000

0.1 2l 5

6.2464
6.15lI
3.3486
3.9481
5.6446

0
0..l 749
0. 1 006
0.0445

0
0

0.1 2l 5

6.071s
6.051 2

3.3041
3.94Bl
5.6446

0
55
3l
l4

0
0

100T0TAL 25.461 0 0.3200 25.6446 X

?2 July 1000
I 200
I 400
I 600
I 800
2000

0.22?0
I .65 85
0.9249

0.0440
0.\277
0 .0937
0 .0688

0
0

0.1 780
1.5308
0.8312
0. I 845

0
0

20
I

t0
27

0
0

l3
3B
28
21

0
0

0. 2533
0
0

TOTAL 3 .0587 0.3342 2.7245 X 0
'100

26 July I 000
I 200
I 400
I 600
ì 800
2000

0.8930
0 .7 245
0.ìBl9
0 .0808
0 -?026
0. I BB5

0.8930
0.6744
0.1Bl 9

0.0B0B
0.I 

.l67

0.14 35

0
0.0501

0
0

0.0859
0.04s0

t00
93

100
100

5B

76

43
32

9

4
6
7

t0lTOTAL 2 .271 3 2 .0903 0.1810 x ea
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Table 21. Continued

Time of
Date Day (hrs)

27 July 1000
ì 200
I 400
I 600
ì 800
2000

To tal
l.¡eight (g)

1.0640
| .3757
0.9255
0. 5571
0.71 39
0.5426

Canola
Pol I en
lleight (g)

0ther
Pol I en
l.leight (g)

% Canola
Pol Ien
Col I ected

% Canol a Po] I en
of Total Canola
Pol len I ì ected

0.8523
t.0065
0.6803
0.3377
0. 31 4l
0.2617

0.2ì I 7
0.3692
0.2452
0.2194
0. 3998
0.2809

80
73
74
61

44
48

64

25

TOTAL 5 .1 788 3 .4526 1.7262 T

29
20
l0

9
I

l0ì
28 July I 000

ì 200
I 400
I 600
1 800
2000

0.2969
0.8487
0.4649
0.3728
0. 3837
0.3390

0.2969
0 .7081
0. 3668
0. 331 6

o.?7 91

o -2124

0
0.1
0.0

100
B3
79
89
71

63

t3
32
17
l5
l3
t0

t00

406
981

TOTAL 2 -7060 2 .1949

0 .04ì 2

0. 1 046
0.ì266

0.5ì I I ï 8l



Table 22 Numbers of B. canrpestris plants and flowers visited by honey bees for nectar' nolìen or both (1982)

TIHE OF

oAY (hrs)

0800
I 000
'1200

t 400
I 600
1800

TOTAL

NO. BEES^
OBSIRVED.I

TOTAL NO.

NO. PLANTS VISITED FOR:

NECTAR POLLEN

ONLY ONLY BOTH

TOTAL NO.
FLOI{ERS VISITED

NO. FLOI,IERS VISITED FOR

NECTAR oNLY h
TRADITIONAL THIEVED"

POLLEI{

ONLY

IrlEAt{ t¡0.
FLOIIERS

BOTH VISITED/PLAI{T

CULT I VAR

Candl e

PLANTS V IS ITID

I
4
2
4
4
z

'¡

t3
2

ls
t5

9

I
l3

2

l3
t5
I

0
0
0
z
0
0

0
0
0
0
0
t

2
56

5
40
47
?3

2
56

5
38
37
21

0
0
0
0

ì0
2

0
0
o
2
0
0

0
0
0
0
0
0

2.0
4.3
2.5
2.7
3.'l
2.6

17 55 5? 2 173

3ì
34
37
46

0
26

t54

ì59 1? 2 0 x2.9

Tobi n 0800
I 000
'r200

I 400
I 600
't800

3
4
4
3
0
2

t3
17
t3
t3

0
ìl

lì
17
l3
t3
0

II

0
0
0
0
0
0

2
0
0
0
0
0

27
33
37
46

0
26

'169

?
I
0
0
0
0

2

0
0
0
0

0
0
0
0
0
0

2.4
2.0
2.8
3.5

0
2.4

TOTAL 16 67

Observations were taken on the 21' 26 July 1982

65 0 2 3 ? o i2.6
a

Oi
C)



Table 23. Numbers of B. napus plants vìsited by honey bees for nectar, polìen or both (1982)

TIHE OF

CU-TIVAR DAY (hrs)
r{0. BEES-
OESERVED.I

TOTAL NO.
PLANTS VISITED

NO. PLANTS VISITED FOR:
NECTAR POLLEN

ONLY OI{LY EOTH

TOTAL NO.
FLOIdERS VISITED

I{0. FLOHERS VISITED FOR
Î{ECTAR OIILY
TRAOITIOT{AL THIEVEOb

POLLEN

OIILY

ilEAil r0.
F[0]tERS

BOTH VTSTTEO/PT¡¡TT

Al tcx 0800
I 000
I 200
I 400
't600

I 800

TOTAL

0
6

ì6
IO
ì3

4

49

0
27
27
30
54
l5

173

0
27
27
30
54
't5

0
0
0
0
0
0

0
0
0
0
0
0

0
78

It0
87

t4ì
32

0
65
63
6t
9ì

0

0
13
47
26
50
3?

0
0
0
0
0
0

0
0
0
0
0
0

0
.9
.3
.9
.6
.t

2
2
2
2
2

t73

0
47
68
42
27
49

233

0 448 280

0
62
90
t6
4?
5l

l6B

0
43
67
87

9
56

262

0
48
66
56
65
20

0 0 2.6

Andor 0800
'1000

t 200
I 400
I 600
I 800

TOTAL

0
12
l5
12

6
t3

0
47
68
42
27
49

0
0
0
0
0
0

0

0
0
0
0
0
0

0
t05.l57

103
5l

107

0
0
0
0
0
0

0
0
0
0
0
0

0
2
3
5

9

2
2
?
t

58 233

0
48
5?
42
44
29

215

0 523

0
99

ìil
88
79
82

261 0 0

?.?

2.2

0
2.1
2.1
2.1
t.8
?.8

?.2

Regen t 0800
I 000
I 200
I 400
ì 600
'1800

0
ìl
i4
ll
'13

ll
60

0
48
5?
42
44
29

0
0
0
0
0
0

0
0
0
0
0
0

0
5ì
45
32
'14

62

0
0
0
0
0
0

0

0
0
0
0
0
0

TOTAL 215 0 459 204 255 0

Observations were taken on the 30 July and 2. Aug. 1983.
Or
J

a
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Iable 24. Time spent by honey bees foraging on B. camoestris and B' napus (.|982)

TinP of
Day (hrs)

0800
I 000
I 200
I 400
I 600
I 800

TOTAL

No. Bees-
0bse rvedd

Total Time
0bse rve d

( sec. )

25
?94

30
231
360
230

ll70

fban No.
P l ants

l4ean Time
(t4in.) Spent

Cul ti var

Cand l e

Vi si n F l ower

'l

4
2

4
4
2

0
0
0
0
0
0

42
3B
25
26
40
43

0
0
0
0
0

21
09
t0
'10

't3

17 f 0.36

0.1 7

f o.r3

Tobin 0800
't000

I 200
I 400
1 600
I 800

3
¿

,i
3

0
?

l6

?83
300
18s
200

0
230

0
0
0
0

36 0
0
0
0

0

l5
't5

08
07

0
l5

29
24
27

TOTAL
'il 98

0
0. 35

i o.30 i o.1z

Altex 0800
'1000
't200

I 400
I 600
ì 800

0
6

't6

ì0
ì3

4

0
453
623
4?7
787
182

0
2B
?2
?4
24

0
0. l0
0.10
0 .08
0 .09
0 .09

)( 0.09

0
0
0
0
0 ?o

TOTAL 49 ?472 x 0.24

0Andor 0800
I 000
I 200
't400

I 600
I 800

0
12
t5
12

6
t3

0
660
898
627
290
748

0
0
0
0

0.23 0
0
0
0

0.72
0.25
0.lB
0.25

09

TOTAL 5B 3223 T 0.23

0. l2
x 0.ì0

Regent 0800
I 000
I 200
I 400
I 600
I 800

0
lt
l4
1ì
t3
ll

0
621
641
586
701
481

0
0.22
0.2l
0.23
0.27
0.28

0
0
0
I
5

0

0
0
0
c
0

TOTAL 60 3030 x 0.24 x 0.ll

a Observations for B.
the 30 Juìy, 2 Augs

q4gll¡! were taken on the 21 , 26 Juìy l9B2 and on
t l9B2.
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lable ?5 Nunùers and oercentages of stiqmas crossed by honey bees during nectar and
nollen collection (1982).

No. Bees
Carryi ng
Pol len

Total No

Fl owers
Visited

2

56
5

40
47
23

173

No. and % Stigmas
Crossed During:

Tota l
ilo. and %

Sti gmas

CrossedCultivar

Candl e

Time of
Day (hrs)

0800
'1000

I 200
I 400
'1600

I 800

No. Bees^
Obse rvedd

Pol ì en
Collection

Nectar
Col lection

l
4
2

4
4
2

0
0
0
'|

0
l
2

'|

0
0
0
0
0

0

0
0
ì
I
I
0

3

0
l
0
0
0
l
2

0
2

0
1

0
ì

4

0
0
0
2

0
0

5

1 (s0)
25( 4s )
?(40)
6(ts)
5(il )
7(30)

'I ( so)
2s(45)
2(40)
8(20)
s(r'r)
7(30)

TOTAL +/or X 17 ? (0.71) 46(?7\ 48(28)

Tobi n 0800 3

t000 4
1200 4

t400 3

1600 0
t800 2

ToTAL +/or T 16

3l
34
37
46

0
26

2 (6)
0
0
0
0
0

2 (r )

17(ss)
l2(35)
't6( t6)
4(s)
0(0)
e(35)

ì9
12
l6

4
0

6ì)
3s)
l6)
e)
o)

r54 58(38)

e(3s)

60(40)

Al tex 0800
I 000
I 200
I 400
I 600
I 800

0
6

l6
't0

l3
4

0
7B

1.l0
87'l4l
32

448

0
0
0
0
0
0

0(0)
7(e )

20(lB)
42(48)
5t (36)

0

0
7

20
42
5l

0

(0)
(e)
(lB
48
36
0

TOTAL +/or X 49 0

0
0
0
0
0
0

120(22) 120(22\

Andor 0800 0
1000 l?
1200 15

1400 1?
ì600 6
]800 I 3

TOTAL +/or X 58

0
105
157.l03

5l
107

0
l4

o)
l4

0
t5

o)
't4 

)
?0)
e)

32 20 32
9

35
30

9 qì
35 67 67

¿t530 LÖ

523 0

0
0
0
0
0
0

l2l(28) l2l( ?B)

o)
l0)
22)

Regen t 0800 0
]000 I I
1200 14
1400 ll
]600 ! 3

tB00 I I

ToTAL +/or i 60

0
99

ill
BB

79
82

459

0(0)'lo(lo)
24(22)
20(23)
3r (3e)
30(37)

0
l0
24
20(23)
3r (3e)
30(37)

0 r5(26) 'n5(26)

a 0bservations for B. camoestris were taken on the 21,26 July 1983, and for B

on the 30 July, 2lugusl-T9=83:
napus



Table 26. Numbers of B. campestris pìants and flovrers visited by honey bees for nectar, pollen, or both (19E3)

NO.PLANTS VISITED FOR: NO. FLOIJERS VISITED FOR :
ToTAL N0. NECTAR oNLY hP0LLEN

FLO}IERS VISITED TRADITIONAL THIEVED- ONLY

MEAN NO.
FLft¡ERS

BOTH VISITED/PLAI{TCULTIVAR
TIME OF

DAY( hrs. )
NO. BEES
OBSERVED

TOTAL NO.
PLANTS VISITED

NECTAR
ONLY

POLLEN
ONLY BOTH

Candl e 0800
1000
1200
1400
1600
1800
2000

TOTAL

0
l8
l8
2l
?B
27

5

0
89

134
ll5
l88
166
30

0
76

134
lls
188
r66
30

0
l3
0
0
0
0

a_

0

0
0
0
0
0
0

9.

0

0
253
305
361
548
473
67

0
2t8
305
361
548
473
67

0
0
0
0
0
0
q.

0

0
0
0
0
0
0
q.

0

0
35

0
0
0
0
q_

35

0
3s
?3
1B
l0
8
0

94

0
0
0
0
0
0
q.

0

0
2.8
2.3
3.1
?.9
2.8
2.2

tL7 72 2 709 2007 1972 2.7

0
2.2
?.7
2.8
2.7
2.9
t.9

Tobin0800000000
1000 19 168 t57 ll 0 373
1200 27 L77 170 3 4 486
1400 27 169 163 6 0 476
1600 35 203 ?0L 2 0 560
1800 30 223 2t8 3 2 640
200041818qq3s
ToTAL t42 958 927 25 6 ?570

a 0bservations v{ere taken on 18,20,21 and 22 July 1983.
b Thieving refers to nectar coììected from between the petaìs and sepals of the flower

0
338
463
458
s50
63?

35

2476

0
0
0
0
0
0
q.

0 r 2.5

OìÞ



Table 27. Numbers of B. napus plants and flowers visited by honey bees for nectar, oollen or both (1983).

CULT I VAR

TIHE OF

DAY (hrs)
N0. BtEs_
OBSERVED.!

TOTAL NO.
PLANTS VISITED

NO. PLANTS VISITTD FOR

NECTAR POLLIN
ONLY OIILY BOTH

IOTAL NO.
FIOI,TERS VISITEI)

NO. FLOI{ERS VISITED FOR

!!çIl!,91M --- --bTRADITIONAL IHIEVED'
POLLEN

OÌ{LY BOTH

r'lEÂN t{0.
FLOt{ERS

VISITED/PLNI

Al tex 0800
I 000
I 200
I 400
I 600
ì 800
2000

TOTAL

1?
33
27
22
3l
33
29

43
'147

152
95

137
142
'l5s

21
67
52
59

ìt5
80

103

497

22
79
98
?9
l9
59
49

0
ì
?
6
4
3

3

11?
448
412
225
343
366
344

2250

30
9l
35
62
5B
62
65

27
37
89
75

229
181
177

55
269
288

80
49.l33

r0l
975

0
I
0
I
7
0
I

2.6
3.0
2.7
2.4
2.5
2.6
?.2

.l87
871 3s5 19 393 865 17 x 2.6

Andor 0800
I 000
I 200
't400
'r600

I 800
2C00

t?
34
27
?4
33
35
27

65
174
ì49
't3t

162
160
166

I 007

20
3B
56
49

ì09
'102

135

509

4?
32
88
8't
50
54
3l

478

3

4
5
t
3
4
0

20

165
446
420
335
3BB
4n
360

2525

17
35
46
36

ì44
59

125

28
66
86
98.l07

'189

157

73.l

il0
343
288
200
t36
t63

78

1377

I
2
0
'|

0
I
0

2.5
2.6
2.8
2.6
?.4
2.6
?.2

i ?.sTOTAL 192

12
33
27
30
32
35
3l

200

462 5

Regen t 0800
1 000
I 200
I 400
'1600
'1800

2000

4l
144
r38
125
100
134
157

l6
82
50
85
67
76
99

25
6l
B6
37
30
5B
50

0
I
2
3

3
0
I

ìì4
372
360
328
306
354
380

??14

5
6?
23
50
B5
B6
94

51
t]3

96
t56
123
il3
'l39

58
't97

241
il9

98
'155

145

l0t 3

0
()

0
3
0
0

2.8
2.6
2.6
2.6
3.1
2.6
2-4

TOTAL 839 475 347 17 405 l0l 3

2

5 x 2.7

a 0bservations were taken on 25, 26, 27, 28 July.

Thieving refers to nectar collected from between the oetaìs and sepaìs of the flowersb
O)
(.'r
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Table 28. Time spent by honey bees foraging on B. campestris and B. napus (1983)

Time of
Day (hrs. )

0800
I 000
I 200
ì 400
I 600
I 800
?000

No. Bees
0bserved

Totaì Time Mean No

0oserved Pl ants
Itlea n No .
Fl owers

Cuìtivar a (sec. ) visi ted/l'lin. Visited/Hin

Candle 0
l8
ì8
21

28
27
25

0
152?
I 354
I 606
?471
'1906

343

9202

0
0
0
0
0

0
l0
07
07
08
07

0
0
0
0
0
0

7

3

2

9
9 0 .09

ÏOTAL ll7 ï o.zz T o.og

Tobin 0800
I 000
I 200
t 400
1 600
I 800
2000

TOTAL

0't9

27
27

0
I973
2326
?046
2517
2705
r70

tt737

0
20
22
20
21

20
16

0
09
08
07
07
07
08

35

0
0
0
0
0
0

0
0
0
0
0
0

30
4

l4? T o.zo X o.oa

Al tex 0800
I 000
1 200
I 400
I 600
I 800
2000

12
1a

27
22
3l
33
29

80?
?7 23
?41 5
I 566
2420
2639
2524

0.3.l
0.31
0.26
0.?7
0. 29
0.31
0.27

0
0
0
0
0
0

2

0

0
2

2

2

2

TOTAL 187 t?565 Io.zs Ïo.ll
Ando r 0800

I 000
r 200
I 400
I 600
I 800
2000

1?
34
27
24
33
35

950
2435
237 2
2l 53
2525
3A29
2527

0
0
0
0
0
0
0

24
23
27
?7
26
32
25

0
0
0
0
0
0
0

't0

09
09

ì
l
2

2

TOTAL 192 15991 x 0.26 r o.ll

Regen t 0800
I 000
1 200
I 400
I 600
I 800
2000

12
33
t1

JU
32
35
31

892
231 B

21 87
?366
2l 04
2687
27 02

0
0
0

0
0
0
0

36 0
0
0
0
0
0
0

3

0
0
¿

l
3

?

27
26
32
35
33
?9

TOTAL 200 15316 X 0.31 X o.l2

campestris were taken on lB, 20, ?1,22 Juìy 1983' and
Z6-7:-78 Juìy leB3.

ô 0bservations on B.
on B. napus on 25,
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lable ?9 Num_bers.and.percentages of stigmas crossed by honey bees during nectar and polìen
collection ('l 983).

No. + Percent Stigmas
No. Bees Total No. Crossed Duri

Time of No. Bees, Carrying Flowers
cultivar Day (hrs.) observed" Pol len Visited

en r Total No. + Percent
Stìgmas CrossedColIection ColIection

Candl e 0800
I 000
'I 200
1 400
I 600
I 800
2000

0
t8
t8
?1

28
?7

5

0
B
'|

5

3

2

t
23

0
253
305
361
548
473

67

0
35

0
0
0
0

o) 0
ì53
r93
220
3lt
ì36

o)
62
63
6l
57
29

0(0)
r e3( 76
ì e3( 63
?20(61
3il (57
'r36(29

I
0
0
0
0o(o) o(0) 0(0)

r0s3(57)TOTAL u7 2007 35(2)

0(0)
3s(e)
23(s)
'lô (4 )
t0(2)
8(l)
o(o)

e4(4)

'r0r 8( s4 )

Tobi n 0800
I 000
I 200
ì 400
r 600
I 800
2000

0
7

l4
1ì

7

4
0

0
373
486
476
560
640

35

0
217
307
?54
337
296

21

c)
58
63
53
60
46
60

o(o)
252(67)
330(68)
272(57)
347 (62)
204(47)
2l (60)

I 526 (6C)

t9
27
27
35
30
4

TOTAL t42 43 2570 1 432(57 )

Al tex 0800
I 000
I 200
I 400
I 600
ì 800
2000

't2

83
27
22
3l
33
29

t87

12
34
27
24
33
35
27

t92

I
20
17
t2

o

t3
12

90

'n2
448
412
225
343
366
344

55
?69
288

80
49

(

(

(

(

(

49 't3

6
I

25
3

l5
23

(

(

(

(

(
(

l
I

2

I
I
4
1

2)
)

)
r)

68(ol
?75(61
2s7 (7?
'r05(47

60
70
36
'14

52 l5'r 
33 (36 )

_ur{!Ð
'l18 40
124 36

TOTAL zzso 975(42) 94 5

3
4

3

I
4
6
5

ìo6e(47)

Andor 0800 9
28
17
l5
l5
l4
l0

t65
446
4?0
335
3BB
4lt
360

rre(72 )
a

4
)
5
3

r32(80
362 ( Bl
302(72
203(61
r52(39

000
200
400
600
800

343 ( 77
69
60
35

)jç

200
t36
153

lo
10 1 t86(46)

122(27)

r45e(s6)

2000 44

TOTAL l0B 2525 1327(5tr) 132(4)

Regent 0800
I 000
I 200
I 400
I 600
ì 800
2000

12
33
?7
30
32
35
3l

I
22
l9
l7
I

17
l5

il4
372
360
328
306
354
380

53( 5l
r97(53
24r (67
il9(36

2(2)
ìo( 3)
2(1)
6(2)
e(s )

35(ro)

60(s3)
207(s6)
243(63)
'r25(3S)

r07(3s)
're0 ( s4 )

_rË($l

9,3

155

1)

14

_L15f1Ð _3_s|]:31

TOTAL 200 109 22t4 ì0t3(1ú) ì02(4) lìs(50)

,a elp$Ð!werrì taken on 18,2n,2i ,22 Juiy i:,i;3, and on ZS,26,?7,for B. napus.
a 0bservations on

28, ,lulv 1933



Table 30. Numbers of canola pìants and flowers visited by honey bees for nectar' pollen or both (1983)

TOTAL NO.

NO. PLANTS VISITED FOR

NECTAR POLLEN

ONLY ONLY EOTH

TOTAL NO

NO. FLOI,IERS VISITTO FOR

r¡ECTAR Oi¡LY h
rn¡olrtoHRt- THIEVED-

POLLEN

OÌ{LY

l,lEÂN tlo.
FLOIIERS

BOTH VISTTED/PLAIT
TI},IE OF

DAY (hrs)

0800
I 000
I 200
I 400
I 600
t800

NO. BEES-
OESERVED"

t
6l
6l
60
60
5l

293

0
40
54
28
27
92

271

V I5 ITED
RS VISITED

SPEC I ES PLANTS

B. campestris 0
3rì
294
327
333
253

l5l8

0
3ll
294
327
333
253

0
0
0
0
0
0

0
0
0
0
0
0

0
739
751
B'14
727
560

359t

0
739
7sì
814
727
s60

0
0
0
0
0
0

0

0
0
0
0
0
0

0
0
0
0
0

0
?.4
2.6
?.5
2.?
?.?

2.1
2591 0

c

0 x

TOTAL lslB 0 0

9. napus 0800
ì 000
I 200
I 400
't600

I 800

TOTAL

0
200
333
t37
282
480

1432

0
200
333
137
28?
480

0
0
0
0
0
0

0
0
0
0
0
0

0
401
637
?46
573
904

0
333
560
174
453
796

231 6

0
68
77
72

r20
l0B

445

0
0
0
0
0
0

0
0
0
0
0
0

0

0
2.0
1.9
1.8
2.0
t.9

i ì.9
1432 0 0 2761 0

a .bservations for g. campestris were taken on the 28 June,5,6 July 1983, and for B' napus on l0' 12' 13 July ì983'

b Thieving refers to the nectar collected from between the petals and seoals.of the fìower'

Ot
æ
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Table 3ì. Time spent by honey bees foraging on canola (1983)'

TIMT OF

OAY (hrs.)

0800
I 000
I 200
I 400
I 600
1 800

NO. BEES.
OBS TRV E Dd

TOTAL TIME
OBS ERV ED

MTAN NO.
PLANTS
V I SI TED/MI N.

I'IEAN NO.

FLOHERS
VISITED/MIN.

SPECI ES
SEC.

B- campestri s 0
6l
6ì
60
60
5l

0
4395
461 8
467 4

4l 97
3450

0
0
0
0

0
24
26
?4
?1

0
0.ì0
0.ì0
0.10
0.ì0
0.100.23

TOTAL 293 zt 334 T 0.24 T 0.r0

B napus 0800
I 000
I 200
I 400
I 600
I 800

TOTAL

0 0
2923
4 570
I 788
37 ?9
5 941

0
0
0
0
0

0
?4
23
22
22
21

0
0..l2
0.12
0.12
0.ìl
0.l l

X o.tz

40
54
28
?7
92

271 tgool \ o.zz

a Observation for B. cgmpestris
ãnã-to. n. ¡g¡g¡-on-To' TZJr

were taken on the 28 June, 5, 6 July l9B3'
Jul y ì 983.
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Table 32. llumbers and percentages of stigmas crossed by honey bees during nectar
and polìen collection (ì983).

NO. + PTRCENT STIGMAS

NO. BEES TOTAL NO. CROSSED DURING:

TIME OF NO. BEES. CARRYING FLOI,¡ERS

DAY (hTS.) OBSERVED" POLLEN VISITED
POLLEN NECTAR TOTAL NO. + %

STIGMAS CROSSTDSPICI ES COLLECTION COLLICTION

B. campestris
0800
ì 000
I 200
I 400
I 600
I 800

0
6l
6l
60
60
51

293

0
2?
32
21

23
9

0
739
751
8t4
727
560

0
0
0
0
0

I
0

572 77
0

572 (77)
603 (80)
673 (83)
560 (77)
484 (86)

603 80
673 B3

560 77
484 86

TOTAL 107 3591 2Bs2 (81) 2Be2 (8])

B, napus
0

401
637
?46
573
904

0
0
0
0
0
g

0

0
37
24

26
98
67

0800
r 000
I 200
I 400
I 600
I 800

0
40
54
28
27
92

0
3

8
0
?

5

2

(34
(3s

0
'I 

37
224

34
35

l1
17't8

26 (il)
98 ( r7)

r67 (r8)

TOTAL 271 ì8 2761 6s2 (24) 652 (24)

a Observations on B.
on 10,12,.|3, J[]y

campestris vJere taken on 28 June,5,6, July 1983, and on B. napus
-Te-8'3.
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34. Total numbers of honey bees present on canola cultivars (rga¡)

TIME 0F DAY (hrs.)
0 a

LT 0

0

9

5

5

4

2

ll
IB

t5

2

2

7

l3

ll

4

I
l9

21

21

5

l3

l5

2B

23

I

3

24

25

24

17

30

93

135

112

N 2

B

OR 25

ENT l3

Bee counts for B. campestris were taken on lB, zo, zj, zz and on 25,26,21,
28 July for B. ñapisl--
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ble 35. Total numbers of honey bees present on canola spec'ies (1983).

TIME 0F DAY (hrs.)

campestris 0 24 43 35 l6 ll 129

na pus 0 2 t6 13 19 22 7Z

Bee counts for B. campestris were taken on 28 June,5,6 July on l0' l2' l3
Ju'ly 1983 for Bl napus.



Fi gure 1 . Comp'l etel y randomi zed p'l ot des i gn for
canol a cul ti vars .
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xil = HIVE WITH POL LEN TRAP

Ø = HIVE WITHOUT POLLEN TRAP

E
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.:

Figure 3. Code for record'ing honey bee foraging
behaviour.
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Fi gure 4. Mean maìn
cul ti vars

bra nc h

in (A)
seeds y'iel ds,l982 and (B)

of canola
I 983

B=bagged C=Control
(The values within the bars represent the
number of plants sampled).
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Fi gure 5. Mean number of seeds/po
jn (A) l9B2 and (B) l98

d of canola cultivars
1

B = Bagged plants C = Control Plants
(The vaìues within the bars represent the
number of plants samPled).
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FÍgure 6. Estìmated 1000 seed weight of canola cultivars
jn (A) l9B2 and (B) 1983.

B=Bagged,C=Control
( The val ues wi th'i n the ba rs represent the'number of pl ants samp'l ed ) .
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Figure 7. Mean number of flowers per ma'in branch of
canola cultivars in (A),1982 and (B) 1983.

B=Bagged C=Control
(The values wjthjn the bars represent the
number of pl ants sampl ed ) .
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Figure 8. Mean number of aborted flowers per maìn
branch of canola cultivars in (A) 1982
and (B) 1983.

B=Bagged C=Control
(The values within the bars represent the
number of pl ants samp'led ).

.,)
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Figure 9. Mean number of pods per ma'in branch of canol a

cultivars jn (A) 1982 and (B) 1983.

B=Bagged C=Control
(The vaìues wjthjn the bars represent the
number of pì ants sampl ed ) .
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Fi gure 1 0. Mean number of fuì'ly f i 1 ì ed po
of canola cultivars in (A) 198

ds p

2an
er main branch
d (B) 1e83.

B=Bagged,C=Control
(The values within the bars represent the
number of plants sampled).
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Figure ll. Mean number of partìa'lly fì11ed pods per main
branch of canola cultjvars in (A) 1982 and
(B) r e83.

B=Bagged,C=Control
(The vaìues wjthin the bars represent the
number of plants sampled).
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Fi gu re 12. Mean nectar and sugar concentration values
for B. ca.mpqstfi: cultivars us'ing the random
sampl i ng techn'ique.

(Samples were taken on 
.l8, 20 , 21, 22 Ju1y,

r 983).
(See Appendix 6 for n va'lues ).
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Fi gu re 13. Mean nectar and sugar concentration values
for B. napus cultivars using the random
sampTi n!--tõhni que (l 983 ) .

Samples were taken on the 24, 25, ZO, 27,
28 July.
(See Appendi x 6 for n va'l ues ) .
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F'igure 'l4. Mean nectar and sugar concentration values for
B. campestris species using the random samplìng
technique.

Sampìes were taken on 28 June, 5, 6 Ju'ly, .|983.

(See Appendi x 6 for n va'lues ).

Figure 15. Mean nectar and sugar concentration values for
B. napus species usìng the random sampling
Tecïñìque.

Samp'les were taken on .l0, 12, l3 July, '1983.

(See Appendjx 6 for n vaìues).
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Figure 16. Mean nectar and sugar concentration val ues
for B. campestris cultjvars usìng the
c umuTatìlã-Sñ'Þ-lTn g tec hn i que .

Samples.were taken on 21 Juìy, 26 July,
I 982.
(See Appendix 6 for n values).
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Figure ì7. Mean nectar and sugar concentration values
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Figure 18. Mean nectar and sugar concentration values
for B. campestris cultivars using the
c umuTatililE--flìïng techn ì que .

Samp'l es were ta ken
I 983.
(See Appendix 6 for

on lB, 201, 21, 22 Ju1y,

n va1 ues )
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F'i gu re 1 9. Mean nectar and sugar concentration values for
B. napus cultivars time using the cumulative
îamþling technìque.

Samples were taken on the 24, 25, 26, 27, 28
July 1 983.
(See Appendix 6 for n values).
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F'igure 20. Mean nectar and sugar concentration val ues
for B. campestris species usìng the
cumuTatiïãïõTã-F sampl i ng techni que.

Samples were taken on 28 June,5' 6 July
I 983.
(See Appendix 6 for n values).

Figure 2.ì. Mean nectar and sugar concentration values
for B. napus species usìng the cumulat'ive
nectãr sãneTi ng techn'ique.

Sampìes were taken on 10, 12, l3 July,
I 983.
(See Appendix 6 for n values).
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CHAPTER 4

DISCUSSION

The Effect of Honey Bees on Canola Yjeld

It has been established that honey bees increase the seed yieìd of

the cross-po'llinating B. campestris canola species (Mohammad 1935, Lang-

ridge & Goodman 
.l975, blilliams 1980, Rao et al.1980). Langridge and

Goodman (1975) reported that mean seed yie'lds of B. campestris cv.

Ar'l o , were si gni f ì cantl y greater (60%) on open pol'l i nated p'l ots to

whìch bees and other larger insects had access than on pìots from which

these insects were excluded. Rahman (1940) used Ap'is indica to poll'inate

fields on B . campestris var. toria and found yield increases of l0-25%.

Latif et al. (1960) found yield increases of up to 259% on open pìots

compared with caged plots of var. sarson that had no pollinators enclosed.

l,Jhile the role of the honey bees as an important factor in increas-

ing seed yieids on B. campestris has been established, their effect on

seed yields of B. napus remains unclear. 0lsson (lg0O) an¿ Free (1970)

conclude that wind is the maìn po'llinating agent of B. n.apus. Research

conducted by Free and Nuttall (1968) showed that while bees may Íncrease

seeds yields of B. napus by approximately 13%, these results are not sign-

ificant. Langrìdge and Goodman (.l982) a'lso conclude that bees have no

demonstrable beneficial effects on the seed yield of this species.

Yet other authors (i.e.twert 1g?g, Zander 
.l951, 

Jenkinson and Gìynne -

Jones 1953, Belozerova 1960, tisikowitch l9B1 ) consider bees to

be valuable po'llinators and recommend that they be placed on fields of

l. nap{: in order to maximize seed production. In 1929 Ewert reported
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that honey bees increase seed yields of B. napus 27%. Zander (1951)

reported 55% yield increases and Kamler (1983) reported increases rang'ing

f rom 26.4 - 85.1%.

0ther researchers, while not finding sìgnifìcant yield increases

stjll report that B. napus fields supplied with bees set seed earlier

and more un'iformìy (i.e. hJilliams l97B). The number of pods produced

per plant, the TSI,J, the number of seeds per pod and the germinabil ity of

open poìlinated seed are all greater on B. napus plants pol'linated by

honey bees (Benedek et al. 1972, Kubisova et al. 1980, Kamler 1983).

twert (1929) and Zander (1951) found earlier petal fall in fields lack-

'ing bees. l,Jilliams (1980) states that inadequate po1'lination may 1ìm'it

yì e'ìd

In 1982, the seed yield increases for both B. campestris and B.

napus in my study were extremely high (ie. 336% for Candle, and 689% for

Altex - see Tabìe 1). The bags used on the bagged plants were too small

anrl narrcw te allol'r for aclequate plant grct'rth. Thjs t'las seen Ín the

total number of flowers produced (FigureTA ) and in the number of aborted

flowers (figure 8A). The number of aborted flowers on the bagged p'lants

were greater than on the control p'lants and resulted in decreased pod

product'ion (Fìgure 9A). There were more partial'ly fiìled pods (Figure

llA), less seeds/pod (Figure 5A), and a lower TSI,J (Figure 6A). Generally,

pìants under bags produce fewer seeds wh'ich weigh more than in unbagged

trials (see Latif e_t al.. 1960). This did not occur jn 1982 (Fígure 6A).

Because of the bagging effect, further discussion of the 1982 seed yield

data is not warranted.
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In 1983, some baggìng effect was also evident in the totai number

of flowers produced (Figure 78). The total number of flowers produced

by contro'l pìants were sìgnificantly greater than the numbers produced

by bagged plants for all cultivars. However, the total number of flowers

produced by bagged Candle and Tobin plants was actually lower than in

1982, while the number of flowers produced by þagged Altex, Andor and

Regent piants was higher. The number of aborted flowers should also

give an indication of the restrictive nature of the bagging method used

(Figure 88). The number of aborted flowers in 1983 do not differ signi-

ficantly between bagged and control pìants. In fact, the number of aborted

flowers are slight'ly higher for the controls of Tobin, Altex and Andor

(FÍgure 88). The larger tulle bags, therefore, appear to reduce the

bagging effect, to what I believe is, a mìnimum and are recommended for

use in smal I -scal e seed production trial s..

The.l983 seed yìeld increases are sìgnìfìcant for both B . campestrì s

and B. napus. Candle had a 139% (2X) increase and Tobin 81% (2X) (tanle

l). These results are wìthin the range (10'?59% yìeld increases) es-

tablished by other researchers for B. campestris cultivars. The 1983

yield jncreases for B. naPus cult'ivars ranged from a hìgh of 73% (2X)

for Altex and 58% (2X) for Regent to a low of 39% (lX) for Andor (Table l).

b¡hile a 73% increase js hjgh compared to those found by other authors

for.8. n¿iÞu.s cultjvars,58% and 39% are well within the yìe'ld ìncreases

that have already been determined.

The numbers of pods produced by control pl ants were si gni fì cantl y greater

than those produced by bagged plants (Figure 98), as were the number of
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fulìy fi1'led pods (figure'l0B) and number of partialìy fììied pods

( Figure llB). Control pìants always had sìgnificantly more seeds per

pod, but the TS[,J was almost the same for both bagged and control plants.

Thus, my plant production results confirm that both B . campestris

and B. napus benefit from the use of honey bees as polljnators.

Nectar Data Sampl i ng Resu'lts

Genera I

Canola is known to produce ampìe amounts of nectar. B. campestrìs

varieties sarson and torja produce nectar with an average sugar concen-

tration of 49% and 45% respectiveìy (Sharma 1958, as c'ited by Willìams

1980). Murrell and Nash (1981) found the nectar volume per floret of

torja to peak early ìn the morning and then decline throughout the late

morning and afternoon. The nectar sugar concentration was low in the

mornings (16% at 0900 hrs), but increased as the day progressed to an

average of over 40%. (In all cases nectar production refers to the nec-

tar vol ume produced in ¡l ).
B. napus has larger flowers and generally produces more nectar than

B. campestris (Szabo .l982). 
The amount of nectar produced has been re-

ported to jncrease towards the end of the day (Radchenko 1964), and to

be high in the early morning and late afternoon, but lower at noon

(Meyerhoff 1954). Relatively h'igh average nectar sugar concentrat'ions

(26-76%) have been reported for different cultivars (Hammer 1952, Mak-

Sym'iuk 1958, Petkov 1963, Radchenko 1964). Sugar concentrations are

a'lso reported to increase towards the end of the day (Radchenko 1964).
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Evaluation of Technjque

In my studies nectar was sampled from canola flowers in three dif-

ferent ways; 1) Random nectar sampì'ing (RS), 2) Cumu'lative nectar

sampl ìng (CS) and 3) Continuous nectar samp'l ìng (CoS). These three

techniques were evaluated to determjne their relative merit and feasib'i-

1 ity in different situatjons. The results from all three techniques

are di scussed.

Random Nectar Sampl'inq

In this technique, samp'les of nectar were taken from'10 unbagged

flowers per cuìtivar at 2 hr. intervals and the nectar sugar concentra-

tion (percent SC) was determined directly from the cumu'lat'ive sample

where possible. Murrell and Nash (l9Bl) bagged heads an hour before

sampling to prevent nectar removal by insects. In areas where bees are

abundant thjs becomes necessary to ensure a sjzeable sampìe. In 1982

and 1983, relatively few bees were present on the test plots (tabìes

33,34, 35) and RS wìthout baggìng was possible. Table 2 reveals that

species differences occur, with B. campestrìs producing significantìy

less nectar than B. napus.

(1982) who reported B. napus

nectar than B. campestris cv.

These findjngs agree with those of Szabo

cv. Andor, Regent and Tower producìng more

Torch and Candle. However, no signifì-

cant differences in nectar product'ion between cultivars of the same

species exist.

The differences in nectar productìon and percent SC between samp-

ling dates were significant'ly different, but separate days will not be

discussed since variation between sampìing days is an unavojdable part
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of all field experiments. All ofthe sampìing days were condusive to bee

flight (see Appendices 3,4 and 5 for temperature and relative humidìty

of samp'lìng days). Time of day was consjdered to be signìficant (o(=

0.05) in nectar production, but no significant differences occurred bet-

ween specìes or cultivarsìn regardsto time of day. The results of the

analys'is on percent SC were identical (Table 3). Mean results for all

five cultivars are graphed on Figures l2 and 13. These graphs ijlustrate

the decl'ine in nectar production and increase'in percent SC as the day

progresses. These results correspond to those found for toria by Murreìl

and Nash (1981 ). Radchenko (1964) reported nectar of B. napus cultjvars

to be high in the mornìngs and afternoons, and low at noon; my findings

are similar to these. Radchenko (1964) also mentions that percent SC

increases towards the end of the day. Flgures l2 and l3 indicate that

percent SC levets off during the afternoon and does not really peak.

Average daily nectar production for B. campesjris cultivars was 0.67

y1 al 57% SC and 0.82 yl at 60% S C for 9. ng.pu-: cultivars.

The species comparisons were included to see if any variations in

nectar production existed. Table 4 shows that time of day is not sÍgni-

ficant as to nectar production. Figures l4 and l5 show that the patterns

of nectar production and sugar concentratjon are different for B. cgmpgs-

tris and 9. napus compared to Figures l2 and l3 for ind'ividual cultjvars.

Environmental factors may be responsjble for these differences (Appendix

5). Air temperature and R H were lower on species sampling dates.

The lower RH at 0800 and 1000 hrs may affect the nectar samp'les as to

the total amount of nectar collectedand the corresponding percent S C ,

ie the more dilute the nectar sample the lower the corresponding percent
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SC. Thus, in this case, the nectar was more concentrated. Tjme of day

however, still s'ignìficantly affected percent SC (Table 5).

In generaì, the nectar production results and percent SC results

are similar to those found by other workers. The average nectar pro-

duction (n = 10) and percent SC for B. campestris was 0.44¡ì and 63%,

and 
.l.09¡l and 59% for B. napus respectìvely. In th'is case, q. _ru.

had a 4% lower SC than B. campestrìs, but thìs difference is not s'igni-

fi cant.

Cumul at'ive Nectar Samnl i nq

The CS technique involves bagging a serìes of heads before the

initial samp'les are taken each day. Enough floral heads must be þagged

to insure a sampling supply for each time period. At each sampling

period the flowers will not have been visited by insects for nectar.

For exampìe, at 2000 hours, the nectar that is removed from the l0

floretswill be the onìy nectar that has been removed from those flowers

on that day.

The analysis of variance for the l9B2 CS data varies somewhat from

the 1983 RS data and shows that cultivar variations exist and that time

of day is not a sign'ificant factor for nectar production (faUle 6). The

analysis on the percent SC indicates that al I variabl es (specl'es, cu'l-

tivar (species) date (species),specìes x time and tjme), with the excep-

tion of cultivar x time (specìes) are significant. Figures l6 and l7

show that different patterns of nectar production and percent SC do not

exist among B. campestris or B. napus cultivars. In 1982, there were

only 2 sampling dates for each cultivar. B . campestris cultivars were
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sampled on rather dry days (Appendix 3) and this may be reflected in

F'igure 
.l6. 

The average nectar production and percent SC for B. campes-

tris cultivars was 0.33¡l at 65%. For B. napus cultivars, average

daìly nectar production was 2.15 y1 at 42.7%. It would appear that

B. campestris was producing'less than half the amount of nectar that

B. napus was produc'ing. However, it should be noted that B . campestri s

had a hì gher percent SC. A'l though temperature and rel ati ve hum'idì ty

play an -ìmportant role in affectjng plant production, they do not appear

to account for the magnìtude of the difference seen here. llowever, it

appears that the higher nectar production (of B. napus) is associated

with a lower percent R H.

In 1983 the CS and RS results were similar.

Table I shows that specìes differences were not significant a'lthough

the CS nectar production means remained simjlar to the RS nectar produc-

tion means. Table 9 shows that percent SC results were d'ifferent for

species. Table 9 is very similar to the 1983 RS percent SC (Table 3).

Figures l8 and l9 are also very sim'ilar to Flgures l2 and 13. Mean dai'ly

nectar production for B. campestris cultivars was 0.68¡1 at 57% SC and

0.90¡1 at 62% for B. napus cultivars.

The 'l983 CS spec'ies comparisons (figures 20 and 2l) were also very

similar to the 1983 RS species comparisons Flgures l4 and 15. Mean

daì1y nectar productìon for B. campestris was 0.50 ¡'l at 63%. g. napus

had a mean nectar production of 1.12¡Å at 58%. This technìque however,

allows one to sample flowers that have not had the nectar removed.

Since the 1983 CS results are practically identical to the 1983

RS results, they wil'l not be discussed further.
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One would expect the amount of nectar sampled to increase over the

course of the day, but this did not appear to happen. Instead the re-

sults were almost identical to those of the RS results. In this case

resorption or more lìkely, evaporation of nectar may be occurring in the

flower. This would keep nectar at a more or less constant level. If
this were the case the percent SC would be expected to increase, but

this djd not occur. Perhaps flowers require a stimulus to produce more

sugar in their nectar or perhaps flowers attempt to keep nectar and su-

gar values constant to attract foragers. Ìluch more research is needed

in this area before any theories can be proposed.

Cont'i nuous Nectar Sa¡p1ìng

Continuous nectar sampling allows one to determine how much nectar

a flower can produce over the course of a day or a particular samp'ling

period. Szabo (1982) showed that B. napus cv. Andor, Altex and Regent

produced 0.40, 0.29 and 0.39¡i /nectar/flower/24 hrs respective'ly. Candle

produced 0.13 ¡l /nectar/flower/24 hrs. He also determined the percent

SC of Regent (å. napgs) to be 38.7% (=0.177 mg sugar/fl ower/Z4 hours) and

the percent SC of Candle (B.campestris) to be 41.8% (=0.064 mg/sugar/

flower/Z4 hrs). Kamler (1980) found B. napus flowers to produce 10.2

mg sugar each day. Again, flowers which produce the most nectar appear

to have a lower percent SC.

In 1982, my results were limited due to various diffjculties (in-

cluding iow RH) encountered while samp'ling. However, my results showed

that B. napus cultivars produce more nectar per day and have a higher
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overal 'l nectar product'ion than does B . campestri s (Table l2). Since

percent SC was not determjned for Candìe, generalizations between spe-

c'ies in regards to sugar production will not be made. The dif-

ferences in nectar productìon between cultivars was not sign'ifjcant.

In 1983, B. campestris flowers produced less nectar than did B.

napus flowers (TaUle l3). However, since Tobin produced more nectar

than Altex, one cannot conclude that alI B. campestri s cul ti vars produce

less nectar than do B. !gpus cultivars. Since temperature and RH (Ap-

pendix 4) were sjmilar on all sampling dates, they probabìy dìd not af-

fect nectar production. CoS percent SC also appears to be lower than

CS or RS percent SC.

Species comparisons (Table l4) show that B. napus produced sig-

nificantly more nectar than did B. camp_estris with B. campestris nectar

havinq a hiqher percent SC (aporoximatel.v 10%\.

l,Jhen nectar is removed from canol a fl owers on a regul ar bas i s, the

fìower produces more nectar than if nectar is removed on'ly once. Mak-

symiuk (1958) reported that 98.5"/" more nectar vvas recovered from B. napus

flowers (n='10) when the nectar was removed 3 times a day (=26.7 mg) ra-

ther than once a day (=9.3-1.|.7 mg). Maksymíuk (1958) stated that it is

also possible that honey bees can collect more nectar from the flowers

than is possible usìng a capillary tube.

If a canola flower only produced nectar once ear'ly durìng the day,

jt would probably evaporate by the end of the day;, thus, a flower

produces nectar continuously. How much a flower wjll actually

produce may be determined by the number of tjmes that nectaris removed,

i.e. by a forag'ing ìnsect. If nectar is not removed often, it might
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evaporate so that the result would be less nectar of a hjgher percent

SC. 0n the oùher hand, the flower could resori,re nectar, especiaìly if

a'lready pollinated (Jablonski and Szklanowska 1g7g). If the nectar ìs

removed regularl]¡, the sugar is also removed and therefore'lager samoles

would have a comparatìveìy 'lower percent SC. This might explain why

CS and RS results in lower nectar product'ion and higher sugar concentra-

t'ion compared to the CoS results.

Considerìng the above, care must be taken when interpreting the re-

sul ts of vari ous Eampf i ng techniques. These techni que compari sons may

explain some of the variat'ion found in the I iterature.

Kamler (1980) reported that considerable varjatjon in nectar

production can occur among B. napus cultivars; significant variations

can also occur between plants of the same cultivar. These varìations,

along with technique must also be considered.

Szabo (1982) found that all 28 varieties of canola currently in use

and those being tested, produce nectar. Kamler (198.l) stated that it is

also possible to select lines and cultivars which have high nectar pro-

duction and are attractive to bees. His studies also indicate that all

currently grown cultivars are equally attractìve to bees. Therefore,

the concern that new canola varieties are unattractive to honey bees

appears to be unfounded.

Finally, it should be understood that each technique that I tested

measuresnectar in a slightìy different way. The RS technique ìs useful

when the foraging popu'lation of bees is low to medium since plants are

selected at random by the researcher at each sampling period. In this

study flower heads were not bagged because the total numberof foraging
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bees 'is low. However, to guarantee that nectar sampìes can be obtained

when forag'ing populations of bees are higher, fìower heads should be

bagged at least an hour prior to samp'lìng (see Murrelì and Nash lg8l).

The CS technique measures the total amount of nectar present in a

flower for a given day at each sampìing period and consequent'ly can be

used to obtain total nectar production per samplìng period. Aìso, s'ince

all the flower heads are bagged before the samp'ling period begins these

p'lants are not exposed to foraging insects before being samp'led for nec-

tar. Thus, this technique is useful when the foraging popuìation js

high since it guarantees that nectar has not been removed.

Finally,. the CoS technìque samples the same flowers repeatedìy which

sometimes damages the flor^lers. Therefore, it should be used for deter-

mining maximum nectar production.

Weather Correlations

Environmental conditions are known to affect plant production (i.e.

seed production, fiower production, etc.) and consequentìy honey bee

forag'ing behavìour, (see Percival 1950, Eckert 1955, Nelson and Jay'1967,

l¡Jratt 1968, Heinrich and Raven lgGZ).

Air temperature and relative humidity were correlated with nectar

production and the corresponding percent sugar concentration (over time)

in order to see if signjficant correlations existed and to determine the

degree of signifìcanc.e. Correlations were made with both the RS and CS

data.

The 1983 RS data (Tab1e l5) show that nectar productìon and per cent

sugar concentration are significantly negative'ly correlated, i .e. as nectar

orociuc'uìon 'iircreases percent suqar concentrat'ion decreases, or becomes more

dilute. Nectar production and temperature are also negatively correlated,
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(although not significantly), which can probably be attributed to nec-

tar evaporation as the temperature rises. To further support this

statement, the correlation between nectar and R H is strongly positively

correlated. Therefore whi'le R H is high, the nectar does not evaporate.

Percent S C concentration is genera'lly significantìy positively corre-

lated w'ith temperature. As the water in the nectar evaporates the su-

gar solutes remain and thereby reslt in higher concentrations. Finaìly,

percent sugar concentratìon and R H are strongly 'inverseìy correlated,

probably because the nectar becomes.more dilute as R H rises.

The 1982 cs correlations (Table ì6) are very different from the

I 983 RS correlat'ions. However, with the exception of the nectar pro-

duction and temperature correlations, the basic relatjonships remain the

same. The samp'le size was smaller in l9B2 and the flowers were diffi-
cult to samp'le, because of the environmental conditions. These diffi-
culties likeìy account for the variations seen in Table 16.

The 1983 CS correlations (Table l7) are similar to the l9B3 RS cor-

relations and wil I not be d'iscussed.

Tables 18 and 19 show the correlations for the specìes comparisons

The B. campestris correlations for CS and RS are similar to each other.

However nectar production and temperature are signifjcantly posìtìve'ly

correlated in this case, compared to the inverse relationship generalìy

found'in Tables 15, l6 and 17. The sjightly cooìer morning temperatures

encountered during the observation period may account for this difference.
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The correlat'ions for B. napus (Tables lSand l9) are similar to those

foundintheotherTables (15, l6 and l7),butthe CS and RS samplesd.iffera

ìittle in terms of signifìcance. In this case 'it is possible that the

two different samplìng techniques are responsible for the differences.

Since the l9B3 RS and CS cultivar data havehigh n va]ues, these

data appear to be fairly "representative". However, the variations bet-

ween the data inthe tables ìndicate that care must be taken when inter-

preting correlations made between environment with nectar production and

percent SC. Samplìng technique and genera'l weather conditions must also

be taken into consideration before generaìizations can be made regarding

correlations and degrees of sìgnificance for nectar production and per-

cent SC with the environment.

Pollen Collections

All po1'len samp'les were separated into "canola pollen" and "foreign

pol1en". No attempt was made to distinguish between the poì'len of va-

ri ous canol a cul ti vars.

Tables 20 and 2l show an interesting trend wìth regard to canola

po11en collections. If bees are collecting cano'la pollen at all on a

given day, (ex. on July 20, l9B3 (Table 2l) no canola pollen was collected),

they appear to prefer to collect it in the late mornings around 1000 and

I 2000 hours. The amount of canol a po1 I en col I ected decl i nes after I 200

hours. l''lurrell and Nash (,l981 ) observed anthesis occurring before 0830

hours on g. cgmpestris var. toria, with newly opened florets producìng

copious amounts of pollen in the mornìng. The florets appeared to dry

and shrjvel by mid-afternoon resulting in little pollen being available

for col lection.
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Free and Nuttall (1968) also reported that bees collected more ca-

no'la po'll en i n the morni ngs (0900 and 1000 hours ) . However, Free and

Nuttall ('l968) found no obvious connection between the percent of canola

pol 1 en col I ected and the total weìght of po1 len trapped. However they di d no-

tice variations in percent canola pollen collected on different days.

I observed flowers opening at a1'l times of the da.y, but di'd not

observe when they were producìng pol1en. That bees collect more canola

po'l 1en i n the morn'ing may be due to : anthes i s , envi ronmental condi ti ons ,

nectar avajlabiljty and sugar concentration, competit'ion from other

floral sources and internal hive factors such as brood product'ion.

These factors must be considered when drawing concìusions about po'llen

col I ection.

Bee Counts and Insect Survey

Bee Counts

The total number of honey bees counted on the plots of the various

canola cultivars was quite low in both 1982 and 1983 (Tables 33and 34).

¡ther researchers (Langridge and Goodman 1975) have also reported low

counts but attributed this to poor weather and low numbers of available

bees. Weather for bee activity was generally poor in 'l982, but was still

cendusi.ve to flight on the days that observations were made. In 1983,

conditions were very good. In both years, plots were supplied with 4

strong colonies, therefore there was no shortage of ava'ilable bees.

Competit'ion from other crops, such as dandelion, clover(s) and fababeans

may have accounted for the small number of bees present on the canola

p'lots in both l9B2 and 1983.
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The counts do not show that the bees had a preference for any of

the cu'ltivars tested. Tasei (1978) has shown that bees prefercer-

tain cultivars, but this was not the case in my work w'ith Candle or

Tobin, or with Altex, Andor or Regent.

The data was also examined to see if any forag'ing patterns deveìoped

during the day. However, Table 33 and 34 do not show any such patterns

or trends of bee visitation on any of the cult'ivars.

Species comparisons (Table 35) show that more bees were present on

B . campestris than on B. napus. However I do not consider th'is dif-

ference to be significant since the total number of bees present on B.

napus was greater in l9B2 and 1983 (Tables'33and 34).

Insect Survey

Other common beneficjal insects on canola have included syrphids,

bumblebees (free and Ferguson l9B0), Calliphoridae and a few species of

Hemiptera, Lepidoptera and Coleoptera (Langridge and Goodman 1982).

The insect surveys conducted in 1982 and 1983 show that the follow-

ing groups of insects were found in high numbers: at least 4 spp. (un-

identified) of syrphids, cal I iphorids, muscìds, megachil ids, bombìds

and to a lesser degree several members of Hemiptera, Lepidoptera and

Co'leoptera.

I believe that megachilids, bombids and syrphids may contribute to

the pollination of canola. However, honey bees remain the major polli-

nating _agent for canola.
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Bee Behaviour

Genera I

Honey bees forage on canola cultivars for nectar, for polìen,

or for both simultaneously. In the latter category, honey bees will

often collect pol1en incidentlJ, í.e.they will pack their corbiculae

with poìlen which has accumulated on thdir bodies while theywere foraging

for nectar. Honey bees have also been seen actively co'llecting both

nectar and pollen from the same canola p'lant and also from the same

flower. This is a rather rare occurrance. Instead, most bees collect

ei ther nectar or pol 1 en.

Number of Plants and Flowers Vjsl'ted by Honey Bees

In .l982, the flowers on B. campestris plants were visited by honey

bees main'ly for nectar, with only 2 plants (2%) visited so'leìy for pollen

and 3 plants (2%) visited for pollen and nectar (Table ?2). Similarly,

most B. campestris flowers were indjv'idually visjted for nectar, only

4 flowers (1%) were visited solely for po1'len and no flowers were visited

for both pollen and nectar.

A'll B. napus plants and flowers were visited for nectar only (Tab'le

23). Based on these data one can conclude that bees rarely, if ever,

collect pollen only from canola plants

Again, ìn 1983, flowers on B. campestris pìants were be'ing

visited mainly for nectar. However, a few bees collected only pol1en

or both nectar and poìlen (fa¡le 26).

B. napus flowers were often visited for po'lìen, as we'ìl as for nec-

tar and pollen in l9B3 (Table 27).

Specìes comparisons for B . campestri s and B. napus made in 1983
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(Table 30) show that no flowers on plants nor jndiv'idual flowers were

visited for pol1en onìy. From these data it appears that canola is

mainly foraged for nectar. However, I have observed honey bees actìve1y

collecting pollen from the crop. Certain flowers from plants and in-

dividual flowers were visjted for both nectar and po'l'len. This is

a relat'ively rare occurance. Bees collecting both nectar and po'l'len

may be in a "transitional" stage or more likely they are young bees

t¡¡thi ch have just begun to forage. No apparent cul ti var di fferences were

dbserved. More research is needed in this area before any conclusions

can be made.

Time S nt Fora in

Honey bees appear to be fairly consistent as to the time they

spend foraging on flowers of plants and on individual flowers. In 1982

honey bees visited a mean of 2.8 flowers/plant of B . campestris and

2.3 flower/plant of B. napus (faUles 22 and 23). Langrìdge and Good-

man (1975) noted that bees tend to move from clustertoclusteronB. cam-

pestris rather than visit all the flowers of a cluster. They aiso

cross over frequently from plant to plant. I found that honey bees

visìsted ?.4-2.8 flowers/cluster, visiting 1 or 2 clusters before mov-

ing on to the flowers of another plant, this increases the chance of

cross-polljnation. 0n B. napus bees vjsited a mean of 2.0 flowers/head

(Langridge and Goodman 1982). Table 24 shows the time that bees spent

foraging,on pìants and flowers in 1982. The bees spent a mean of 0.33

min./plant (=l 9.7 sec/pìant) and 0..l3 min/flower (=7 .2 sec./flower) ón

Candìe and Tobin respectively" 0n Altex, Andor and Regent bees spent
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a mean of 0.23 min./plant (=14.0 sec./plant) and 0.10 min./flower

(=6.1 sec/flower) respect'ive'ly.

Langridge and Goodman (1982) report that bees spend an average of

4.8 sec/flower on B. nap_u.s cv. Midas. Free (1970) reported that bees

spend 4,.| -5.9 sec./flower. These figures are close to those I recorded

in 1982. Petkov (1963) found that bees v'isit an average of l2 flowers/

m'in. (=5 sec/flower), Tasej (1 978) g rlowers/min., Belozerova (l g0O)

9.7 flowers/mjn., Radchenko (l 964) 10 flowers/min., Free and Nuttal

(1968) l4 flöwers/mjn., Kub'isovag! s]_. (1980)7-1A flowers/min. and Benedek

and Frenner (1972) lO flowersimin. (=6 sec/f]ower). The flower visiting

speed of honey bees was found to be dependent on temperature (i.e.

floral visiting speed increases as temperature increases) by Benedek

and Prenner (1972). However, Benedek and Prenner (1SlZ) found the num-

ber of flowers visited per plant drops as the temperature increases.

This temperature dependent relationsh'ip probably explains most of the

variations in the floral visiting speed discussed above.

In 1983, bees v'isisted an average of 2.6 flowers/plant on B. ca{npes-

tris and 2.6 flowers/p'lant on B. napus. Bees spent a mean of 0.21

min./plant (=l 2.5 sec./plant) and a mean of 0.08 min./flower (=4.6

sec./flower) on B. campestris (faUle 28). Bees spent a mean of 0.29

mìn./plant (=16 sec/plant) and a mean of 0.12 min./flower (-6.3 sec/

flower) on B. napus (Table 28). These results appear to be more realis-

tic than the l9B2 results, because B. camp_estjj: flowers are smaller than

B. napus flowers and bees spend less time per flower and consequently,

l'ess time per plant. These means are also similar to those recorded by

other workers.
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Species comparisons (Table 32) show that bees visit an average of 2.4

flowers/plant on B. campestris and 1.9 flowers/pìant on B. napus.

Bees also spend a mean of 0.24 min./plant (=14 sec/p'lant) and 0.10 min.

/flower (=59 sec/fìower) for B. campestris and a mean of 0.22 nin./plant

(='13 sec/p1ant) and 0.12 min./flower (=6.9 sec/flower) for B. napus.

Honey bees may spend the same amount of time foraging on B. campes-

tris as on B. napus, but on average, bees probably take more t'ime on

B. napus due to the larger flower,rSize and greater nectar production.

Nectar Col I ecti ng Behaviour

Honey bees were never observed probìng more than the two inner

nectaries for nectar; this verifies observations made by Meyerhoff

(1958). Thìs observat'ion relates to Frei's (1955) (as cjted by l4urrelì

and Nash l98l) statement that the two outer nectaries produce little if
any attractive nectar.

Bees probed only one nectary of a flower if it was empty. If the

next flower visited on the same plant did not contain nectar, the bee

would then fìy some distance to another p'lant. If one nectary ìs full

of nectar the bee probes the other one. This behaviour correlates well

with Meyerhoff's (1958) observations that while.in flight, bees cannot

distinguish between empty and full nectaries, and soon learn to f'ìy to

another p'lant if the nectaries of one or two flowers on one pìant are

empty.

Thievi ng Behaviour

Flowers visited by bees for nectar are divided into two categorìes;

"traditíonal " and "thieved". Trad'itional refers to flowers having the
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nectar removed (by bees) from the anterior or top. In this case, a

bees inserts its proboscis into the corolla of the flower while stand-

i ng on the top of the petaì s.

When bees visit the flowers for nectarin this manner they usualìy

cross over the stìgmas or at least contact them. Since honey bees are

often heaviìy coated with po11en, regardless of whether they are po1'len

or nectar gatherers, it is likely that they also po'llinate a great many

f I owers wi thout actual 'ly crossi ng the st'igma .

Thieving refers to flowers from which the nectar is removed from

between the petals making up the corolla. In this manner, bees gaìn

more direct access to the nectaries of certain flowers than they would

through traditional means (Inouye I 980). Kapil et al , (l 971 ) observed

that nectar collectors of Apis flo.rea and A. dorsat.a had a tendency to

approach B. campestris and mustard fjowers from the side or below the

petaìs, thereby collecting nectar through the gap between them. In

doing so, they avoid contact with the anthers and the stigma.

Free and Ferguson (1983) refer to honey bees'robbing'nectar from B.

napus cv. Primor. They describe the process as the bees pushìng "their

tongues between the bases of the peta'ls and sepa'ls. " Al though Free and

Ferguson refer to this process as robbing, it should be more correct'ly

referred to as thieving. Robbing invoìves the mutilation of the flower,

usually by cutting a hoìe through the base of the corolla (Inouye l9B0).

Neither Apis mellifera nor A. florea and A. dorsata mutilate the flowers.

However, ffiJ observations are the second report of thieving

behaviour of A. mêllifera on oil seed canola, Free and Ferguson (.l983)

ind'icate that thieving may be associated with flower size and structure.
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Free and l^lilliams (1973) have shown that the tendency of honey bees

to'rob'Brussels Sprout cultivars increases as the size of the flower

increases. Free and Ferguson ('l983) reported that 17%-23.8% of f1o-

wers robbed of nectar on B. napus (cv. Primor).

In 1982, I found that onìy 5% of B . campestris flowers visited for

nectar were thieved, while at the same tine 48% of B. napus flowers

had their nectar thieved. The bees have also been observed attemot'ing

to probe the nectaries at the bottom of the relatively long corolla.

B. campe_stris has smaller flowers than B. napus whjch are clustered

tightly together. Therefore bees can walk from flower to flower and

have no difficu'lty in removing nectar from the bottom of the corolla

in the traditional way. E_. napus has larger flowers and bees must fly
from flower to flower. In 1983 I observed that no bees thieved nectar

from L. campestris but a hìgher Þercentage of bees were thieving nec-

tar from B. napus than I observed 'in l9B2 (Tabl e 27).

Pollen Collectinq Behaviour

Honey bees have been reported actively and incidently collect'ing

po'l1en from canola, or not collecting poìlen at all (see Free and

Nuttall 1968, Eisikowitch 1981, Free and Ferguson 1983). Bees have also

been seen discarding po'lìen (see also Free and Nuttall l968); they hover

over the flowers and by usìng all three pairs of ìegs, brush the polìeri

from their bodies and discard it. blhy bees act'ive'ly coltlect pollen one

time and discard it the next is not known. Perhaps competitjon from more

attractive pollen sources pìays a major role in determjnìng how much

po'llen is to be collected and/or discarded. Alternatively, perhaps the

amount of brood present in the co'lony part'ly determines; how much. po1'len
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is reta'ineo. However, I feel that a combination of floral competition,

brood tine of dôy, and the individualjty of the foraging bee, a'|1 play

a rol e i n determi ni ng how pol 'len i s col I ected.

in l9B2 very few bees were either actively or incidently collect-

ing po'llen from either B. campestris or !. napus (fa¡le 25). Benedek

and Prenner (1972) stated that each bee they observed gathered both nec-

tar and po'llen from B. napus whjle individuals gatherìng either nectar

or po1'ìen were never observed. Langridge and Goodman (l9i5) observed

that 25.4% of the bees collected nectar and pollen on B. campestris but

classified them as nectar collectors sjnce ìn nearly every case, only

incidental'ly collected poìlen was packed into the corbiculae. Lang-

rìdge and Goodman (l9BZ) found that 95.6% of bees forag'ing on B. napu.s

col I ected nectar

Free and Ferguson (l983) stated that "a'lthough a1'l foragers colIected

nectar, and none collected polìen onìy, most became dusted wjth pol'len

while vjsiting a fìower." However, Eis{kowitch (l 981 ) stated that "in

some cases they were seen loaded with po'l'len grains during nectar col-

lections, in others they were exclusively pol'len collectors, but in both

cases they touched the stigma." All flowers visited for pollen presum-

ably result in pollination as the polìen laden bees touch the anthers

and st'igma. However, when the bees are col I ecting nectar the stìgma i s

not necessarily crossed or touched.

In .l982, few bees collected poi]en (Tabìe 25). Thus, the

few stigmas that were crossed occurred while bees collected nectar.

¡¡illiams (1980) reported that bees touched 76% of st'igmas while foraging.

However I observed that only 32.5% of the st'igmas were actually crossed
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on B. campestris and 25.3% on B. napus (due to increased thievìng).

These figures however- include only flowers visited by bees for po]1en

and flowers vìsited for nectar where the bee actually crossed over the

st'igma. More flowers could have been polfinated by the bees as they

brushed against the anthers and st'igma without actuaìly crossing the

sti gma.

In .1983 
more bees collected pollen on B . campestri s (raul e 29),

see Candle and Tobjn). However, the majority of stigmas were crossed

during nectar collection (58.5). No significant cultivar differences

exist as to the number of stigmas crossed while foraging.

In l9B3 Table 29 (A1tex, Andor and Regent) includes some very in-

teresting data regarding the number of stigmas crossed on canola flowers.

Although the majority of flowers were visited by bees for nectar, most

of the stigmas were only crossed while bees collected pollen from the

flowers. A nean of 47.3% of the stigmas were crossed for B. napus during

pollen collection, with on'ly a mean of 4.3% during nectar collection.

This js l'ike1y due to the h'igh number of flower that had nectar thieved

(Table 27). l^lhy the bees began to collect canola pollen to this extent

is not known. The overall mean percent of stigmas crossed on B. napus

was 5l .7% which is similar to the l9BZ figure.

The l9B3 species comparison data (Table 3l) show that there were

no po]len collectorsl 81% of the stigmas of B campestris were crossed

while only 24% were crossed for E. napus.

Aìthough these results vary considerably from l9BZ to 1983, and

even within 1983, they have important implìcations. 9_. campestris is

usually pollinated by bees whether or not the bees are actively collect-
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'ing pollen from the flowers since the flowers grow ìn a tight cluster

which allows bees to walk from one flower to another. In doing so

they increase the chance of pollinating the flowers in that cluster.

The bees al so col I ect a great deal of po'll en on thei r bod'ies whil e

walking on the cjuster which would likely increase the chance of cross-

pollination occurring on the next cluster of flowers they visit. How-

evert if bees did not actively colìect pollen on g. napus in 1983, only

4.3% of stìgmas would have been crossed due to increased thjeving (Al-

tex, Andor and Regent, Table 29). Since bees must also fly from flower

to flower on B. napus their chances of contacting stigmas as they forage

i s decreased. It appears that the greater the percentage of honey bees

that thìeve, the lower the chance of cross pollination occurring. If
honey bees only thieved nectar and did not actively co'lìect poì'len,

they woul d be rel ati vely usel ess as a pol I i nati ng agent on B. napus .

Thieving behaviour on B. napus appears to be learned. Young fora-

gers were observed collecting nectar in a traditional manner by probing

t.he inner nectaries wìth thei r tongues. 0n occasion they would "acci-

dental'ly" fa'll to the side while still probing. If the tongue s'l'ipped

between the petals and sepals and located nectar, it was quìckly drawn

up. As they visited other flowers they began to enter the side of the

flower immediate'ly after landing, without a traditional start. It ap-

pears that each bee starts foraging in the traditional way but may or

may not learn to become a nectar "thief". The B. napus flower is of

an intermediate sizeoj.e'it is not small enough to make traditional fo-

ra$ing easy, yet jt is not large enough to illicit automatic thìeving

behaviourin bees. Therefore, as l ong as canol a breeders produce cul -
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tìvars wjth intermediate to small flowers, extreme thieving by bees

should not become a serious problem.
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CHAPTER 5

SUMMARY AND CONCLUSIONS

ïn bagging trials honey bees increase the seed y'ield of B. campes-

tris cultivars Candle and Tobin 139 and 8l% respective'ly.

In bagging triaìs honey bees increase the seed yieìd of B. napus

cultivars Altex, Andor and Regent 73, 39 and 58% respect'ively.

Therefore the use of honey bees as a poìlinating agent on B. napus

i s recommended.

The open-pol'l i nated control p'lants had more fl owers, more pods and

more fulìy fiììed pods (per main branch) than pìants which were

bagged.

B. napus cultivars generally produce more nectar with a lower per-

cent sugar concentration than B. campestris cultivars.

Canola flowers that had the nectar continuously removed throughout

the sampììng period (CoS) produce more nectar with a lower percent

sugar concentration than flowers that had the nectar removed only

once during the samp'ling period (RS and CS).

Canola nectar production is highest at 800-.l000 hours. Nectar

production then decreases as the day progresses.

l4ean dai'ly nectar productìon for B. campestris ranges from 0 .6X,.|-

0.33 ¡rl , and from 2.15 - 0.BZ ltl fro¡r B. napus (RS and CS techni-

ques only) (n = 10).

Canola percent sugar concentration is lowest at 0800-1000 hrs.

Percent sugar concentration levels off as the day progresses.

Mean percent sugar concentration for B. campestris ranges from

57-65% and from 43-62% for B. napus (RS and CS techniques on'ly).
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10. Nectar production and percent sugar concentration are closely asso-

ciated with air temperature and percent relatjve humid'ity.

ll. Honey bees collect more canola pollen in the mornìngs than in the

afternoons.

12. 0n B. campestris honey bees vjsit 2.4-2.8 flowers/plant, spend

13.

14.

15.

16.

17.

18.

19.

20.

0.22-0.33 min./plant and 0.08-0.1 3 mi n./flower.

0n B. napus honey bees visit 1.9-2.6 flowers/plant, spend 0.22-

0.29 min./plant and 0.10-0.12 min./f1ower.

Honey bees will collect both nectar and poìlen from the same canola

flower and/or flowers on the same p'lant.

Honey bees wjll either'ipurposeful'ly" collect canola pollen or "ac-

tively''discard it.

Honey bees are like'ly to be more efficient pollinators of B. cam-

pestris due to the smaller, clustered flower heads of thjs species

than of B. napus where flowers are larger and spaced further apart.

Honey bees learn to thieve nectar from B. napus where flowers are

larger and spaced further aPart.

Thievìng cah lead to a decreased percentage of stjgmas that are

crossed during nectar collection.

Honey bees do not show any obvìous preferences for any of the canola

cu'lti vars tested.

Qther pol'linators on canola may include members of the l'legachilidae,

Bombidae and Syrphidae.
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Appendix l. Significance of certain pìant factors for B. campestris (1982' 1983)

Source
No. of
fl owers

No. of
pod s

No. fulìy No. Partiaì1Y
filled pods filled Pods

No.aborted No. seeds/
fl owers pod

Thou sa nd
seed weiqht (q)

Main branch
yield (g)

I 982

Repì icate
Cul tivar
Trea tment
Cultivar & Treatment

ns
ns
**
NS

a ns
ns
*
ns

ns
ns
**
ns

ns
ns
ns
ns

ns
ns
NS

ns

ns
ns
**
ns

ns
ns
ns
ns

ns
ns
**
ns

'1983

Repì icate
Cultivar
T'rea tment
Cultivar & Treatment

NS

ns
*

ns
ns
**

ns
ns
**
ns

ns
ns
ns
ns

ns
ns
ns
ns

ns
ns
*

ns
ns
**
ns

ns
ns
*

ns ns ns ns

a Signìficance was determined using the anaìysis of variance procedure (c<= 0.05)
ns = p)0.05; * p(0.05; ** P<0.01.
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Appendi x 2. Sìgnificance of certain plant factors for B' napus (1982' 1983)'

No. of No. of
fjowers Pods

. fuì'lY
'I l ed pod

No. Partia'l lY
I ed pods

No. aborted
fl ot.ters

No. seeds/
ood

nd
qht(q)

Main branch
vie'ld (s)Tho us a

seed weiNo

fi s fil
Source

'l 982

I 983

Repl icate
Cu'ì tivar
Treatment
Cu'l tì var * Treatment

a
ns
ns

ns
NS
**

ns
ns

ns ns
NS

ns
ns
**
ns

*
ns
**
ns

ns
ns
ns
NS

NS
*
**
ns

ns
ns
*
ns

ns
ns
**
ns

ns
**
**
ns

NS
*t
**
ns

Repl icate
Cul ti var
Treatment
Cultivar * Treatment

NS
*
**
ns

ns
ns
**
ns

ns
ns
**
ns

ns
NS

ns
n5

ns
*
**
NS

a Siqnìficancewasdeterminedusingthe'analysisofvar.ianceprocedure(o<=0.05)
;;':';';ö.óö, . P<o'05; ** P4o'or'
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Appendix 3. Air temperatures and relative humidity in I982.

Da te
2ì July 26 July 30 July 2 Aug

Time of
day ( hrs )

0800
I 000
r 200
I 400
I 600
r 800

53
53
4B
45
46
44

60
52
50
46

70

Teno.
( oc)

20.0
2l .5
25.0
26.0

:''o

Temo
(oi)

1 9.5
22.5
23.5
24.0
25.0
25.5

%RH %RH Temo
(oi)
16.0
22.0
24.0
25.0
25.5
24.0

%RH Temo.
(oi)

'18.0

20.0
24.0
25.0
24.5
24.5

90
8l
68
68
68
6B

86
74
6?
56
50
68

%RH

J

l\)
\o
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Appendix 4. Air f.s¡¡ps¡¿1ures and"relative humidities in l9g3

l3,luìy
Da te

20 Juìy
Time of
Day ( hrs )

2l July

.:

:I

ìl

ta

'4.

:.

...

l.',

'a,
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:::

:,,

t::

l:l
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li
:il
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5
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0
5

22 July
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p %RH Temp.
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%RH Tefip.
(oc)

URH Temp.

(oc)
%RH

0800
1 000
I 200
I 400
r 600
I 800
2000

0800
I 000
I 200
'1400

I 600
'1800

2000

25 Juìy 26 Juìy 27 July
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29.0
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58
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28
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3ì
30
26

5

5

0
0
5

5

5
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26
30
32
32
3l
29
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21 .5
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29.5
31 .0
3l .5
3ì.0
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:o

0
E

5

0
0
5

5
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?3
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33
3ì
29
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8B
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53
5l
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Appendix 5. Aìr temperatures and relative humidity in .l983.
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al ues for the means of nectar vol umes and sugar concentrations
ated to fìgures 12-21.
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Appendix 6. continued.
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