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Summary

The study was aimed at determining the impact of body weight of red mason bee Osmia
rufa L. females on the pollination efficiency of seed onion A//ium cepa L. and the quality of
seed yield. The results obtained demonstrated that the body weight of Osmia rufa females used
for onion pollination had no significant effect on the pollination efficiency nor the quantity or
quality of seeds. It can be observed that the percentage of fruits set compared to the number of
flowers in an inflorescence tended to decrease with smaller body weights of the bee females
from particular experimental groups. In addition, the other experimental results (total seed yield,
germination energy and capacity) confirmed that weaker parameters of pollination efficiency
and seed quality were achieved in the case of onion pollination by females with the lowest body

weight.
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INTRODUCTION

In populations of red mason been reared
under controlled conditions and utilized for
pollinating crops, the body weight of
insects is an individual trait characterized
by a high variability. The largest females
weigh ca. 130 mg and are almost two
times heavier than the smallest ones
(Giejdasz 2002), with body lengths
ranging from 10 to 12 mm (Wdjtowski
1979). The weight of imagoes is
determined to the greatest extent by the
amount of pollen consumed in the larvae
stage (Wilkaniec et al. 2004). Some
authors claim that the body weight of a bee
may be one of the parameters determining
its value as a pollinating insect. In a single
flight, heavier females of red mason bee
are able to collect and transport greater
loads of pollen with their ventral brush
than lighter females; they are also capable
of gathering substantially greater pollen

provision in their nest cells (Giejdasz
1998), which may have a decisive effect
on the efficiency of their pollinating work
(Tepedino and Torchio 1982, Bosch
and Kemp 2004).

Species of bees with higher body
weights usually cover greater distances to
collect pollen, thus pollinating plants
located relatively far from their nests
(Abrol and Kapil 1994).

Therefore, the body weight of adult
insects, especially of females, may be of
significance to their functional value as
insects utilized for the crop pollination.

This study was aimed at determining
the impact of body weight of red mason
bee Osmia rufa L. females on the
pollination efficiency of seed onion Allium
cepa L. and the quality of seed yield
obtained under isolated conditions. The
results would help to answer whether the
selection of mason bee in respect of body
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weight is appropriate when taking into
account the requirements of the pollinated
plant.

MATERIAL AND METHODS

A field experiment was carried out at a
field station of the Department of Useful
Insect Breeding in Swadzim near Poznan
in the vegetative season of 2003, whereas
laboratory analyses were run at the
Department in 2004. The experimental
material were roots of onion (Allium cepa)
cultivar Grabowska.

In mid-April, 16 onions were planted
out on each of four experimental plots
(with an area size of 0.8 m?) which were
covered with isolators made of a
polyamide net stretched on cylinder-
-shaped metal scaffoldings. When 30% of
flowers were observed to open in onion
inflorescences, red mason bee females with
a specified body weight were given access
to particular isolators (one female per two
onion inflorescences) and the nest material
(stalks of common reed) was fixed in the
isolator’s interior. These plots constituted
research groups differing in the body
weight of the pollinating insects, whereas

the plants constituted repetitions in
particular  experimental groups. Four
weight variants (body weights with

cocoon) of mason bee females were used
in the study: the first one included females
with body weights higher than 130 mg, the
second one - those with body weights of
110-120 mg, the third one - those with
body weights of 90-100 mg, and the fourth
one - those with body weights below 80
mg. The bees were weighed in cocoons
before their activation at a temperature of
26°C, and determined for their sex after
having emerged from cocoons.

In mid-August, when seeds matured,
five inflorescences with sprouts of equal
sizes were cut out from each plot, fixed in
gauze bags and left to dry. Next, flowers

that did not set seeds as well as pollinated
flowers that set seeds were counted in each
inflorescence.

The efficiency of pollination in
experimental groups was determined on
the basis of the number of fruits, the
percent of fruits compared to flowers
initiated in an inflorescence, and the
weight of seeds obtained from five selected
inflorescences. The quality of seeds
obtained was assessed based on 1000 seed
weight as well as germination energy and
capacity. For germination analyses, 100
seeds from each experimental group were
fixed on Petri dishes on moist gauze at a
temperature of 21°C. Germinated seeds
were counted first after 6 days to
determine germination energy, and again
after 12 days to determine germination
capacity.

The means obtained were compared
with a one-way analysis of variance and a
Tukey test. Statistical analyses were
carried out at a significance level of
«=0.05. The critical level of significance p
was determined as well. In analyzing
germination energy and capacity, four
groups (25 seeds each) were randomly
selected from each experimental variant
and the mean values obtained were
compared statistically and converted into
percentage values. In comparing the
percent of flowers in an inflorescence,
analyses were carried out on data
converted according to Bliss degrees.

RESULTS

Irrespective of the body weight of bees
used for pollination, the number of fruits
(follicles) developed in an inflorescence
ranged from 106 to 454. The lowest
average number of fruits per one
inflorescence (221) was reported for a
group of bees with the lowest body
weights (below 80 mg, imago weight in
cocoon), whereas the highest was in the
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Table 1.

Results of onion cv. Grabowska pollination
by females of Osmia rufa with various body weights.

Female body Mean number per inflorescence' Seed yield per
weight (mg)* flowers fruits nonﬁgm?:ted 5 inflorescences (g)
> 130 503.6 330.0 a 173.6 a 14.92
110-120 398.4 273.4 a 125.0 a 13.84
90-100 733.4 334.2a 399.2a 15.89
<80 486.4 221.0a 2654 a 10.74

Means followed by the same characters are not significantly different (Tukey’s test «=0.05)

*  with cocoon

Table 2.
Properties of onion seeds cv. Grabowska depending
on the body weight of Osmia rufa females.

Female body 1000 seed Germination | Germination

weight (mg)* weight (g) energy (%) | capacity (%)
> 130 3.58 95 a 95 a
110-120 3.14 9 a 92 a
90-100 3.37 94 a 96 a
<80 3.37 85a 89a

Means followed by the same characters are not significantly different (Tukey’s test «=0.05)

* with cocoon

variant with red mason bee females
weighing from 90 to 100 mg with cocoon,
and a slightly lower level was in the
variant with bees whose body weight with
cocoon exceeded 130 mg (Tab. 1). These
differences were, however, not confirmed
statistically.

The number of flowers not setting seeds
per one inflorescence ranged from 72 to
906, with the lowest number of such
flowers observed in a group with bees
weighing 110-120 mg with cocoon and the
highest was in the variant with bees
weighing 90-100 mg with cocoon. The
statistical analysis demonstrated that the
body weight of pollinating bees did not
affect the number of flowers not setting
seeds either. The weight of seeds obtained

from five inflorescences appeared to be the
highest in the variant with bees weighing
90-100 mg with cocoon and accounted for
15.89 g (Tab. 1). At the pollination by bees
with higher body weights, the seed yield
was slightly lower, whereas in the group of
the lightest bees, the seed yield was the
lowest and reached 10.74 g.

The mean percentage of pollinated
flowers that set seeds compared to the total
number of flowers in inflorescences was
not significantly different, irrespective of
the body weight of pollinating bees
(Fig. 1). The efficiency of onion
pollination by insects with body weights
higher than 130 mg and those weighing
from 110 to 120 mg (imago weight in
cocoon) accounted for 65.5% and 68.6%,
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Fig. 1. Percent of pollinated flowers that set seeds in the total number of flowers in an

inflorescence of onion c¢v. Grabowska.

respectively. In the two other variants with
lighter bee females, the pollination
efficiency reached as low as 45%.

The germination capacity of the seeds
(which ranged from 89 to 96%) did not
differ between particular groups. The same
tendency was observed for germination
energy which accounted for 85-94%.
Although those differences were not
significant, the lowest values of these two
parameters were obtained in the variants
with the lightest females weighing below
80 mg (Tab. 2). In addition, the body
weight of the pollinating insects had no
effect of the weight of 1000 seeds which
ranged from 3.14 to 3.58 g.

DISCUSSION

Insects that pollinate flowers of seed
onion under field conditions are usually
honeybees, bumblebees, diptera and
butterflies (Jablonski et al. 1982;
Wojtowski et al. 1980). Red mason bee
is a species of wild bee, predisposed to
controlled reearing and applied for the crop
pollination, e.g. orchard and vegetable
plant (Wilkaniec 1991).

In our study, the selection of an
experimental plant was determined by the
following factors: pollen of A//ium genus is

collected by red mason bee under natural
conditions (Wilkaniec et al. 2002); red
mason bee has been utilized by grover in
the cultivation of seed onion for years;
onion is capable of self-pollination and the
participation of insects is indispensable for
seed production (Willliams and Free, cit.
Banaszak 1987; Jabtonski 1997), and
although red mason bee is reluctant to visit
onion, in a closed area it pollinates onion
effectively (Schittenhelm et al. 1997).

In studies by other authors carried out
on different pollinating insects, the
percentage of seeds set in an onion
inflorescence reached 60-64 % on average
(Jabtonski et al. 1982; Hae Jun et al.
1998). In the reported study, the percent of
pollinated flowers that set seeds ranged
from 44.4% to 68.6% of fruits. Although
the body weight of bee females used for
onion pollination had no significant effect
on seed setting, it was still observed that
smaller bees tended to pollinate onion less
effectively, compared to larger ones. In
addition, other experimental results clearly
indicate that weaker parameters of the
pollination efficiency and seed quality
were obtained when onion was pollinated
by bees with lower body weights.
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In this study, the effects of onion
pollination were alike irrespective of the
body weight of pollinating bees. It can be
assumed, therefore, that although under
isolator the body weight of bees had no
direct impact on the efficiency of
pollination, although perhaps in open
spaces such a relationship would not be
observed.

Species of solitary bees with lower body
weights often re-visit the same flowers and
repeat the scheme of foraging, which
entails lower energy consumption, whereas
heavier bees select flowers in a more
random mode and are thus able to visit a
higher number of flowers (Collevatti et
al. 1997).

The distance and time of flights for
forage are positively correlated with the
body weight of bees (Gathmann and
Tscharntke 2002). This allows larger
species of solitary bees to flight a greater
distance between annual field crops and
long-term crops or areas of wild flora that
also constitute a reservoir for these insects
(Steffan-Dewenter and Tscharntke
1999).

SUMMARY

Although the weight of females has no
direct significant impact on the pollination
efficiency of seed onion, the results
obtained suggest that in pursuit of maximal
yields of the highest quality, the pollination
of plants under isolators (where the
number of pollinating insects is limited)
should not be carried out with the smallest
red mason bee females. In the rearing of
the red mason bee it seems reasonable to
provide such conditions for the females
that would enable them to gather a greater
pollen prvisions in their nest cells to be
used for rearing individuals with higher
body weights.
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EFEKTY ZAPYLANIA CEBULI NASIENNEJ PRZEZ SAMICE
MURARKI OGRODOWEJ Osmia rufa L. (Apoidea; Megachilidae)
O ZROZNICOWANEJ MASIE CIALA

Giejdasz K., Wilkaniec Z., Piech K.

Streszczenie

W populacjach murarki ogrodowej utrzymywanej w chowie kontrolowanym masa ciala
owadow jest cecha osobnicza, ktora charakteryzuje si¢ duza zmiennoscia. Najwigksze samice sg
prawie dwukrotnie cigzsze od najmniejszych. Zdaniem niektorych autorow np. masa ciata
pszczoty moze by¢ jednym z parametréw decydujacych o jej wartosci jako owada zapylajacego.
Gatunki wigkszych pszczot na ogot lataja na wigksze odleglosci i potrafia korzysta¢ z nektaru
trudniej dostgpnych kwiatow. Masa ciala pszczoly ma takze wplyw na pomyslne przezimowanie,
zywotno$¢ 1 wigor owadow, co takze decyduje o efektywnosci pracy zapylajace;.

Celem przeprowadzonego do$wiadczenia byto ustalenie wptywu masy ciata samic murarki
ogrodowej na efektywno$¢ zapylania cebuli nasiennej i jako$¢ uzyskanego plonu w warunkach
izolowanych. Eksperyment przeprowadzono na poletkach doswiadczalnych w warunkach
polowych na materiale wysadzeniowym cebuli (4//ium cepa) odmiany Grabowska.

Niezaleznie od masy ciata pszczol uzytych do zapylania liczba owocow (torebek)
wyksztalconych w kwiatostanie miescita si¢ w zakresie 106-454 sztuk. Srednio w kombinacji
z najlzejszymi pszczotami (< 80mg, masa imago w oprzgdach) uzyskano 221 owocow w
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kwiatostanie, a w pozostatych (90-100 mg, 110-120 mg i powyzej 130 mg) odpowiednio: 334,2;
273,4; 330. Z kolei liczba kwiatow nie wiazaca nasion w jednym kwiatostanie wahata si¢ od 72
do 906, przy czym najmniej byto w grupie z pszczotami o masie 110-120 mg, a najwigcej w
kombinacji 90-100 mg. Masa nasion uzyskanych z pigciu kwiatostanéw byta najwigksza w
kombinacji z pszczotami o masie 90-100 mg i wyniosta 15,89 g. Przy udziale pszczot cigzszych
uzyskano tylko nieco mniejszy plon nasion. Z kolei w grupie pszczoét najlzejszych plon byt
najnizszy i wyniost 10,74 g.

Efektywno$¢ zapylania kwiatow cebuli przez owady o masie powyzej 130 mg i od 110 do
120 mg wynosita odpowiednio 65,5% i 68,6%. W dwoch pozostaty kombinacjach z samicami
1zejszymi efektywnos$¢ zapylania osiagnela poziom zaledwie 45%.

Zdolnos$¢ kietkowania nasion, ktéra wahata si¢ w przedziale od 89 do 96% nie réznita sig
migdzy poszczegdlnymi grupami, podobnie jak i energia kietkowania wynoszaca 85-95%. Masa
owaddw zapylajacych nie miata takze wplywu na mas¢ 1000 nasion, wynioszaca 3,14-3,58 g.

Wyniki do§wiadczenia sugeruja, ze najstabsze parametry efektywnosci zapylania i jakosci
nasion uzyskano w przypadku zapylania cebuli przez samice najlzejsze, cho¢ roznic tych nie
potwierdza analiza statystyczna. Obserwacje te pozwalaja jednak na wyciagnigcie wniosku, ze
jesli zamierza si¢ uzyska¢ bardzo wysoki plon najlepszej jakosci nasion do zapylania ro$lin pod
izolatorami, nie nalezy wykorzystywa¢ najmniejszych samic murarki ogrodowe;.

Stowa kluczowe: Osmia rufa, masa ciata, zapylanie, cebula.





