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Original article

The effect of kiwifruit (Actinidia deliciosa A Chev)
and yellow flowered broom (Cytisus scoparius Link)
pollen on the ovary development
of worker honey bees (Apis mellifera L)

SC Jay, DH Jay

Department of Entomology, University of Manitoba, Winnipeg, Manitoba R3T 2N2, Canada
(Received 21 December 1992; accepted 6 April 1993)

Summary — The effect of feeding honey or honey—pollen mixtures (using pollen from yellow flow-
ered broom, male kiwifruit flowers, female kiwifruit flowers) on the ovary development of worker hon-
ey bees was assessed after the bees had been caged without a queen for 14 d. There was no signif-
icant difference in ovary development between bees fed honey and those fed pollen from female
kiwifruit flowers mixed with honey, nor between bees fed broom pollen and pollen from male kiwifruit
flowers when mixed with honey. Each of the latter 2 diets resulted in ovary development that was
significantly greater than that of bees fed either honey only or pollen from female kiwifruit flowers
mixed with honey. It is suggested that the nutritional value of various pollens for worker honey bees
may be determined by examining their ovary development after being fed selected pollen diets in
cages without a queen for 14 d.

ovary development/ pollen / nutritional value / Actinidia deliciosa

INTRODUCTION (Milojevic and  Filipovic-Moskovljevic,
1959; Jay, 1970; Bai and Reddy, 1975);
4) laying worker bees (Velthuis et ai,
1965; Velthuis, 1970b; Jay and Nelson,
1973), and laying worker brood (Jay and
Nelson, 1973). Alternatively, pollen that is

rich in proteins, fats, minerals and vita-

Ovary development of worker honey bees
is inhibited by the following: 1) mated adult
queens (De Groot and Voogd, 1954,
Butler, 1957; Velthuis, 1970a); 2) un-

sealed worker brood (Perepelova, ,1929;
Missbichler, 1952; Milojevic and Filipovic-
Moskovljevic, 1959; Jay 1970, 1972;
Kropatova and Haslbachova, 1971; Bai
and Reddy, 1975); 3) sealed worker brood

mins promote, among other things, ovary
development in newly emerged worker
bees that are caged without queens (De
Groot, 1952; Maurizio, 1954; Knox et al,
1971).
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While investigating the behaviour of
honey bees on Chinese gooseberries (ie
kiwifruit), Actinidia deliciosa (A Chev) in
New Zealand, Jay and Jay (1984) ob-
served that 96% of the bees carry pollen
loads in their corbiculae; these loads usu-
ally consist of a mixture of pollen from
flowers located on the male and female
vines (note: kiwifruit is dioecious). Some
bees, however, forage on either male or
female flowers (Jay and Jay, 1984; Good-
win, 1987) at certain times and thus are of
little value as kiwifruit poffinators. This se-
lective foraging behaviour has been veri-
fied by examining pollen loads collected in
pollen traps attached to honey bee colo-
nies located in kiwifruit orchards (Jay and
Jay, 1984; Clinch, 1986; Goodwin, 1987).

An attempt was made in this study to
assess the relative nutritional value of pol-
len from male and female kiwifruit flowers
for honey bees. This was done using a
technique devised to measure ovary de-
velopment of queenless worker bees in
cages when exposed to various kinds of
brood or comb (see Jay, 1968; Jay and
Jay, 1976).

MATERIALS AND METHODS

Two trials each with 4 replicates were carried
out using honey bees (Apis meliifera L) of a yel-
low strain. Young worker bees were obtained by
inserting combs of sealed brood, 1 from each of
10 colonies, into a box (with a screened bottom
and solid wooden lid) that was placed on top of
a well-populated colony of bees for 10 h. This
was undertaken at 2 different times using 2 dif-
ferent groups of 10 colonies each; these 2
groups provided the bees for the 2 trials. Plastic
cages (10 x 7 x 8 cm) fitted with 2 feeders, 1 for
water and 1 for honey or for a honey and freshly
ground pollen mixture (1:10 vol) were used in
the 2 trials.

When the trials began (see table I}, 125 bees
< 12 h old were placed in each cage. None of
the cages contained a queen. Cages in treat-

ment (a) contained feeders of honey; cages in
treatment (b) contained feeders of a honey—
pollen mixture (pollen from yellow flowered
broom; Cytisus scoparius Link); cages in treat-
ment (c) contained feeders of a honey-pollen
mixture (pollen from male flowers of Actinidia
deliciosa, cv Matua); cages in treatment (d) con-
tained feeders of a honey—pollen mixture (pollen
from female flowers of Actinidia deliciosa, cv
Hayward). Honey and pollen mixtures were re-
placed daily. The trials were conducted in an in-
cubator at 32 + 1 °C and at 50-60% RH:

Pollen for the trials was collected in pollen
traps attached to honey bee colonies, located in
kiwifruit orchards and in areas where broom
plants were growing and flowering in large num-
bers. Loads of male or female pollen from kiwi-
fruit lowers were separated from the pollen trap
collections using a low-power microscope. This
was possible because female pollen loads are
white while male pollen loads are off-white or
creamy in colour (McKay, 1976; Jay and Jay,
1984). Broom pollen loads are deep orange in
colour. Verification of pollen load composition
was undertaken using high-power magnification
coupled with reference slides and pollen keys.
Broom pollen was used as a “control” in the
trials as it is considered to be a valuable source
of protein for rapid build-up of honey bee popu-
lations in New Zealand (Walsh, 1978).

Fourteen d after the start of each trial, 25
bees were removed from each cage and dis-
sected. Their ovaries were classified as 0, unde-
veloped (score = 1); |, slightly developed (swell-
ing and (or) constriction of ovarioles (score = 2);
or Il, well-developed ova usually present at vari-
ous stages (score = 3). The few ovaries that
were between categories and difficult to classify
were assigned alternatively to the next higher or
the next lower category. Analysis of variance
was used for statistical comparisons.

RESULTS

The results have been summarized in ta-
ble 1; in both trials there was no significant
difference in ovary development of worker
bees that were fed honey and those that
were fed honey mixed with pollen from fe-
male kiwifruit flowers, nor was there any



559

Nutritional value of kiwifruit pollen

‘dS F UBBW .. ‘BOUBLIEA JO SISA[BUB AQ [2A8] % | SU1 1B Juaiayip Ajueoiubls Jou ale Jens| awes
a8yl AQ PEMOI|0} UWIN|OD B LM sainbi4 “AloBaied uswdogasp AiBAC YOBS UM |[B) SBLIBAO BSOYM $88q JO Jaquinu 8y} AQ palidinw uaym SoI0ds SNOLEA 8y} JO UesWw

syl sI xapul Juswdojeasp AiBAo, 8yl + ¢ (g = 8100s) padojeasp |lom ‘| ¢ (g = @100s) padopasp Apubis | ¢ (1 = 2100s) padojaaspun ‘g ,,  PIDSSSIP S99 BAl-Auam]
usjjod
qS'0 ¥8°62 0 9 61 0 v 12 0 G o2 0 ¥ 2 NI & + Asuoi (p)
usjjod
€6’ FEEY 8L 9 | 2L oL e 916 0 rAREANNY MY 9 + AsUoH (o)
qv’' L ¥8'v9 aLzeL gL 6 | 18 0 8L 9 | uafjod wooiq + AsuoH (a)
6 0F€L2 0 £ 22 0 0 s2 0 v |2 0 2 €2 AsuoH (e)
Z et
usjjod
o, 0F G962 0 G 02 0 € @2 0 9 6t 0 ¥ 12 HNIM & +>mco@ (9]
us|jo
el 1 F0L9 0Zr 0 916 0 vl oL L gL /. 0 Hnymi 9+ AsuoH ()
e/ 07089 02s 0 8L 9 | 8L L O /18 0 usjjod woouq + AouoH ()
++q7' 2 FE'TE 0 Ot Sl 0 2t el 0 9 6 0 |+ 2 Asuoy (e)
[1euy
+ X8puy Ino imi o 1o I w0
seIp
Juswdoparsp AiBAD Al 81e0Iday 1j] 81ONdaY 1] 8ieoIday .| 918011day jusunesly

‘P ¢ Joye “Jusseid usenb ou yum ‘seaq Asuoy Jax3Iom JO JuaWwdo|oAsp AJBAC SU} LO SJUSWIESJ} SNOLEA JO J0S)0 8y ] '| 9|qeL



560 SC Jay, DH Jay

significant difference in ovary development
of worker bees when fed honey mixed with
broom pollen and honey mixed with pollen
from male kiwifruit flowers. However, there
was a significant difference (P < 0.01) in
ovary development of worker bees when
fed either honey or honey mixed with pol-
len from female flowers and honey mixed
with broom polien or honey mixed with pol-
len from male kiwifruit flowers.

Small amounts of comb were built
around the feeders in most of the cages
but at no time were eggs observed in the
comb. Of interest was that the wax scales
produced by bees fed on broom pollen
were light yellow in colour while wax
scales from bees fed on the other diets
were colourless.

DISCUSSION

Female flowers of kiwifruit do not produce
viable pollen, the pollen being “shrivelled”
and lacking nucleii (McKay, 1976;
Schmidt, 1978). Male kiwifruit flowers, in
contrast, produce pollen in the binucleate
stage (Rizet, 1945; Schmidt, 1978) which
is 95-100% viable (McKay, 1976). Our re-
sults using worker ovary development indi-
ces indicate that pollen collected from
broom and from male kiwifruit flowers has
high nutritional value for honey bees; how-
ever this does not appear to be true for
pollen from female kiwifruit flowers.

This bioassay may be useful in assess-
ing the nutritional value of other pollens as
well and if so would augment, or verify,
data collected through chemical analyses
of such pollens. The biocassay is relatively
easy 1o use and requires little specialized
equipment or dissection skills.

Although minor ovary development oc-

curred in the bees of some replicates in
which the bees were fed honey or pollen

from female kiwifruit flowers this may have
resulted from the bees using proteins from
within their own bodies. The reason for the
wax scales of the bees fed on broom being
yellow in colour is not known.

Colonies of honey bees are often
moved into kiwifruit orchards to assist in
the pollination process. In general, bee
populations decrease while the colonies
are in these orchards despite being fed
sugar syrup (this is done because kiwifruit
flowers produce no nectar). It is also possi-
ble that the large amounts of pollen that
are collected by the bees from female flow-
ers (eg, Donavan, 1983; Jay and Jay,
1984; Goodwin, 1987) contribute to popu-
lation declines in the colonies because, ac-
cording to this study, the pollen appears to
be of low nutritional value.

Thus, it is suggested that any contract
that involves the pollination of kiwifruit us-
ing honey bees should take into considera-
tion the colony population decreases that
occur due to nectar and, or protein defi-
ciencies.
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Résumé — Influence du pollen de kiwi
(Actinidia deliciosa A Chev) et du genét
a balai (Cytisus scoparius Link) sur le
développement ovarien des ouvriéres
d'abeilles (Apis mellifera L). Les pollens,
qui sont riches en protéines, lipides, miné-
raux et vitamines, favorisent, entre autres,
le développement ovarien chez les ouvrie-
res écloses en l'absence de reines. Dans
cette étude la valeur nutritive relative du
pollen de kiwi (fleurs males et femelles)
vis-a-vis de I'abeille domestique a été étu-
diée a l'aide d'une technique qui mesure le
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développement ovarien d'ouvrieres orpheli-
nes maintenues en cagettes. Les abeilles
encagées, agées de moins de 12 h,
étaient nourries avec a) soit du miel, soit
un mélange de miel et de pollen. Le pollen
provenait b) du genét a balai (Cytisus sco-
parius, connu pour favoriser le développe-
ment rapide des populations d'abeilles), c)
des fleurs méles de kiwi (Actinidia delicio-
sa cv Matua), d) des fleurs femelles de
kiwi (Actinidia deliciosa cv Hayward). Cha-
que cagette comportait en outre un abreu-
voir. Les abeilles encagées ont été mainte-
nues en étuve a 32 + 1°C et 50-60% HR
durant 14 j, puis 25 abeilles ont été préle-
vées dans chaque cagette. Elles ont été
disséquées et leurs ovaires classés en 3
catégories: non développés, peu dévelop-
pés et bien développés. On n'a pas trouvé
de différences significatives entre le déve-
loppement ovarien des ouvriéres du régi-
me a) et celles du régime d), ni entre celui
des ouvriéres du régime b) et celles du ré-
gime ¢). Mais il y avait une différence signi-
ficative (P < 0,01) entre les ouvriéres de
ces 2 groupes (a,d et b,c). Nos résultats,
basés sur l'indice de développement ova-
rien, montrent que le pollen de genét a
balai posséde une valeur nutritive élevée
et que ce n'est pas le cas pour le pollen de
fleurs femelles de kiwi. Ce test biologique
pourrait étre utile pour déterminer la valeur
nutritive d'autres pollens et augmenter
ainsi, ou vérifier, les données obtenues sur
ces pollens par analyse chimique. Le test
est relativement facile et ne nécessite pas
d'équipement spécialisé ni de compéten-
ces particulieres pour la dissection.

développement ovarien / pollen / valeur
nutritive / Actinidia deliciosa

Zussammenfassung — Der EinfluB des
Pollens der “Kiwifrucht (Actinidia deli-
ciosa A Chev) und des Gelben Ginsters
(Cytisus scoparius Link) auf die Ovar-

entwicklung von Arbeiterinnen der Ho-
nigbiene (Apis mellifera L). Pollen, reich
an Proteinen, Fett, Mineralen und Vitami-
nen, férdern unter anderem die Entwick-
lung der Ovarien von weisellosen, frisch
geschllipften Arbeitsbienen. In dieser
Studie wurde der relative Futterwert des
Pollens der ménnlichen und weiblichen Ki-
wifrucht-Blite mit einer Technik unter-
sucht, bei der die Ovarentwicklung weisel-
loser gekéfigter Arbeitsbienen gemessen
wurde. Gekéfigte Arbeiterinnen, unter 12 h
alt, wurden mit Honig oder einer Honig-
Pollenmischung gefuttert. Der Pollen
stammte vom Gelben Ginster, Cytisus sco-
parius, bekannt als wertvolle Pollenquelle
zum raschen Aufbau der Bienenvolker,
von mannlichen Bliten von Actinidia deli-
ciosa, Sorte Matua, und von weiblichen
Bliiten derselben Pflanze, Sorte Hayward.
Zu dieser Diat kam in jeden Kéfig noch ein
FuttergefaB mit Wasser. Die gekéfigten
Bienen wurden 14 Tage lang im Brut-
schrank bei einer Temperatur von 32
1°C und einer relativen Feuchtigkeit von
50-60% gehalten; anschlieBend wurden
jedem Kéfig 25 Bienen entnommen, prapa-
riert und die Ovarien nach den Klassen un-
entwickelt, leicht entwickelt und gut ent-
wickelt eingeteilt.

Es bestand kein signifikanter Unter-
schied in der Ovarentwicklung von Bienen,
die mit Honig allein und von solchen, die
mit einem Honiggemisch mit Pollen der
weibliche Kiwifrucht gefittert worden
waren. Ebenso bestand kein signifikanter
Unterschied in der Ovarentwickiung von
Arbeiterinnen, die ein Gemisch mit Ginster-
pollen oder denen, die Pollen von mannli-
cher Kiwifrucht erhalten hatten. Es bestand
jedoch ein signifikanter Unterschied (P <
0.01) zwischen diesen beiden Gruppen,
also zwischen Bienen nach Futterung mit
Honig allein oder mit einem Gemisch von
weiblicher Kiwifrucht, und solchen, die ent-
weder Ginsterpollen oder Pollen von
mannlicher Kiwifrucht erhalten hatten.
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Unsere Versuche, die auf Indizes der
Ovarentwicklung von Arbeitsbienen auf-
bauen, bestétigen den hohen N&hrwert
des Ginsterpollens; dies scheint jedoch
nicht fir den Pollen der weiblichen Kiwi-
frucht zuzutreffen. Es wird vorgeschlagen,
diesen Biotest zur Bestimmung des Néahr-
wertes anderer Pollenarten zu verwenden;
dadurch kdnnten die Daten aus chemi-
schen Analysen dieses Pollens bestatigt
oder vermehrt werden. Dieser Biotest ist
relativ einfach anzuwenden, er verlangt
kaum spezielle Einrichtungen oder beson-
deres Praparationsgeschick.

Ovarentwicklung / Pollen Futterwert /
Kiwifrucht
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