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ABSTRACT

Pollen-loaded insects are not obligato-
rily captured rapidly by odoriferous inflo-
rescences after their escape from a ‘pollen-
donor’ inflorescence, but may be caught
two or three days later. In such a situation,
can these insects be considered as polli-
nators (i.e., pollen vectors) or just visitors?
Our results confirm that pollen grains in
both species Arum italicum and A. ma-
culatum quickly lose their viability.

In natural conditions, pollen must then
be dispersed quickly between male phase
and female phase inflorescences in order
for the pollination to be efficient. In fact,
it should happen during the first hours af-
ter female Psychoda are liberated by male
phase inflorescences. This is because pol-
linators captured on subsequent days
would most probably carry non-viable
pollen and thus would not pollinate the
inflorescence they visit.

In natural conditions, pollen grains were
viable for two days. By contrast, refriger-
ated pollen was viable for a longer time
(4–5 days). Thus refrigeration at 8 or 158C
appears to be a good method to store pol-
len and prolong its viability.

KEY WORDS

Araceae, Arum maculatum, Arum ital-
icum, pollination, pollen viability, pollen
storage, Psychoda.

INTRODUCTION

Sapromyophily is defined as pollination
systems involving insects (mainly flies) as-
sociated with decaying organic matter,
which are based on deceiving pollinators
by mimicking oviposition sites (Proctor et
al., 1996). This pollination system is
known in species in the families Araceae,
Aristolochiaceae, Asclepiadaceae and Or-
chidaceae (Proctor et al., 1996). One of
the first examples studied was Arum ni-
grum (Araceae), which attracts dung flies
and carrion beetles (Knoll, 1926). As pol-
lination is achieved by deception, trap
mechanisms are needed in order to keep
the attracted insects in the inflorescences
(or flowers) during several hours or days.
The inflorescences (or flowers) are proto-
gynous, and the insects participate in both
the female and male phases of the same
inflorescences. Insects are attracted during
the female phase (ovule fertilization) and
released hours or days later during the
male phase (pollen release). Arum species
trap their pollinators thanks to the partic-
ular morphology and organisation of their
inflorescences (Lack & Diaz, 1991; Boyce,
1993). Fertile male and female flowers are
enclosed in a floral chamber at the base of
the spathe. This chamber is closed in its
upper part by horizontal hairs (often mod-
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Table 1. Composition of the Brewbaker & Kwack medium (1963) used for the
germination tests of pollen grains of Arum italicum.

MM (g/mol) Conc. (mM) Conc. (mg/l)

Ca(NO3)2 4H2O
KNO3

H3BO3

Saccharose

236,15
101,1
61,83

345

1,27
0,99
0,1
0,29

300
100

6,183
100

Agar 10 g/l
pH 5,5

ified sterile male flowers). Attracted insects
fall into the floral chamber when only the
female flowers are receptive, but cannot
escape because of the hairs. The next day,
after the emission of pollen, these hairs
wither allowing the insects loaded with
pollen to escape.

In western Europe, the pollination of
two species, Arum maculatum and A. it-
alicum, by psychodid flies has been stud-
ied (Prime, 1960; Lack & Diaz, 1991; Albre
et al., 2003). Various species in the genus
Psychoda are involved. The flies are at-
tracted during the female phase by a warm
and odoriferous appendage, the distal part
of the inflorescence, which mimics their
brood site odour (dung or urine-like) (Ber-
madinger-Stabentheiner & Stabentheiner,
1995; Kite et al., 1998). As pollination is
achieved by deception, a trapped insect
may not be willing to visit another inflo-
rescence after its escape from the previous
one. Thus pollen-loaded insects are not
obligatory captured on the same day of
their escape by an odoriferous inflores-
cence, but may be caught two or three
days later. In such a situation, can these
insects be considered as pollinators (e.g.
pollen vectors) or just visitors? One way to
answer this question is to establish if pol-
len grains carried by pollinators are still vi-
able after 2, 3 or more days. The aim of
this paper is to test how long Arum pollen
grains are viable.

There are direct and indirect measures
of pollen viability. Direct tests consist of
depositing the pollen on receptive stigmas
and determining whether seeds are pro-
duced. Pollen germination can also be

scored in vitro. Indirect methods rely on
the correlation between ability to fertilize
an ovule and some physiological or phys-
ical characteristics that can be determined
more rapidly: (1) the fluorochromatic pro-
cedure (FCR), (2) testing pollen for en-
zyme activity, and (3) testing stainability of
vegetative cells. The correlation is greatest
for FCR and lowest for stainability (Hes-
lop-Harrison et al., 1984). The viability of
pollen grains of two species (Arum itali-
cum and A. maculatum) has been studied
by direct tests using two experimental
methods (in vivo and in vitro).

MATERIAL AND METHODS

In vitro—Arum italicum (Toulouse,
France)

Pollen viability of Arum italicum has
been tested by germinations of pollen
grains in vitro in suspension on a Brew-
baker-Kwack medium (Brewbaker &
Kwack, 1963), the composition of which is
indicated in Table 1. Pollen grains were
soaked in a liquid medium or in distilled
water above a solidified Brewbaker-
Kwack medium on the bottom of the petri
dishes.

Pollen from 18 inflorescences was col-
lected in Eppendorf tubes between May
9th and May 22nd 2002. Two experiments
were conducted on this pollen. Thirteen of
the samples were stored in dry conditions
at room temperature, and the remaining 5
were stored in a refrigerator (88C). From
each pollen sample, a first sub-sample was
placed in the germination medium on the
day of its release (t 5 0) and other sub-
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Fig. 1. Change of pollen germination rate
at different days after pollen release, ac-
cording to two modes of pollen conser-
vation: dry condition (ambient tempera-
ture) or in a refrigerator (88C).

Fig. 2. Change of pollen germination rate
at different days after pollen release, ac-
cording to two modes of pollen conser-
vation: field condition within spathes (am-
bient temperature) or in a refrigerator
(158C).samples 24 hours, 48 h, 72 h, 120 h, 144

h, and 168 h later.

In vivo—Arum maculatum (Dorset,
England)

Pollen viability was tested by germina-
tions of pollen grains in vivo by measuring
the success of seed set of hand-pollinated
plants where pollen varied in age. All pol-
len donors were from single genotype,
outcrossed sources. Pollen was applied
liberally to all stigmas in the inflorescence
during early female phase.

Two experiments were conducted. The
pollen was stored either in a dark, dry
cupboard at 158C or in the field inside the
spathes under natural conditions. For both
experiments ten inflorescences were
hand-pollinated and the success of berry
set was measured as a percentage of ber-
ries containing seed per inflorescence.

RESULTS

In vitro—Arum italicum

Germination rates were similar when
pollen grains were soaked in a liquid
Brewbaker-Kwack medium to when they
were soaked in distilled water. Germina-
tion- rate patterns were very different be-
tween the two experiments as shown in
Fig. 1. The main results are:

1) The pollen germination rate was low at
t 5 0: ranging from 15 to 32%.

2) Pollen stored in Eppendorf tubes in dry

conditions and at room temperature
has lost its viability in 48 hours.

3) Pollen stored in a refrigerator remained
viable (20–25%) for three days (72
hours) then its viability decreased rap-
idly to zero.

In vivo—Arum maculatum

Germination rate patterns were very dif-
ferent between the two experiments as
shown in Fig. 2. The main results are:

1) High pollen germination rates (100%)
were obtained at the beginning of both
experiments.

2) Pollen stored in the field within the
spathe remained highly viable for two
days, decreasing on the third day
(36%). Pollen viability reached zero on
the next and following days.

3) Pollen stored at 158C remained highly
viable for 4 days, decreasing on the
fifth day to 51%. Pollen remained
weakly viable (10%) on the two sub-
sequent days.

DISCUSSION

Germination of pollen is generally most
successful immediately after anthesis, and
viability deteriorates rapidly in most spe-
cies (Kearns & Inouye, 1993). In Erythron-
ium grandiflorum (Liliaceae), pollen via-
bility decreases significantly within an
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hour of exposure to the air after dehis-
cence (Kearns & Inouye, 1993). However,
not all pollen is short-lived; some Rosa-
ceous and Liliaceous pollen can remain vi-
able for 100 days (Leduc et al., 1990). Our
results confirm a ‘‘rapid’’ pollen viability
loss for Arum italicum and A. macula-
tum. In natural conditions (‘‘field’’, Fig. 2),
pollen grains were viable for 2 (-3) days
whereas in semi-natural conditions (‘‘dry’’,
Fig. 1) for only 1 (-2) day(s). By contrast,
refrigerated pollen was viable for longer
times (4–5 days).

In order to hand pollinate Amorpho-
phallus paeoniifolius, pollen grains were
stored under high humidity in a refrigera-
tor, but viability is extended for only a
short time by this method (Hyndman,
2001). The pollen viability of Clarkia (On-
agraceae) decreases with time at room
temperature both on the plant or in the
lab, but pollen stored at 58C retained its
ability to fertilize ovules for longer periods
(Smith-Huerta & Vasek, 1984). Thus refrig-
eration at 8 or 158C appears to be a good
method to store and prolong pollen via-
bility (two days in the two studied Arum
species).

Pollen can be shed in the binucleate or
trinucleate stage. Binucleate pollen ger-
minates fairly easily whereas trinucleate
pollen (for example in Asteraceae or Po-
aceae) has a very short life and is difficult
to germinate in vitro (Grayum, 1986;
Kearns & Inouye, 1993). The pollen of
Amorphophallus paeoniifolius is trinucle-
ate and sensitive to desiccation whereas A.
konjac has a binucleate ‘resistant’ pollen
(Hyndman, 2001). In the same way, Arum
italicum and A. maculatum have trinucle-
ate ‘sensitive’ pollen grains, moreover they
are starchless, a rare combination in aroids
(Grayum, 1986).

Our results suggest that the Brewbaker-
Kwack medium may not be suited for
Arum italicum pollen to germinate, or that
Arum italicum pollen has naturally a low
viability. However, this last hypothesis is
somewhat contradicted by our results on
A. maculatum although we can not ex-
clude differences in pollen viability among
species. Pollen viability of A. italicum was

studied by an ‘‘individual grain method’’
whereas it was by an overall (‘‘popula-
tion’’) method for A. maculatum. Brew-
baker-Kwack medium has been used suc-
cessfully for many species with binucleate
pollen, but other species, particularly
those in the Brassicaceae and Compositae,
with trinucleate pollen require a different
medium. Only 16% germination of Capsel-
la bursa-pastoris (Brassicaceae) pollen
was obtained with Brewbaker-Kwack me-
dium whereas 47% of the pollen germi-
nated in a more appropriate medium (Le-
duc et al., 1990).

In nature, water, sugar and amino acids
are supplied by the style to nourish the
growing pollen tube. For many species,
boron and calcium are also required for
pollen tube growth. Boron, which is pro-
vided by stigmas and styles, facilitates sug-
ar uptake and has a role in pectin produc-
tion in the pollen tube (Richards, 1986).
Calcium, found on the surface of some
pollen grains, is often required for germi-
nation and has been implicated in the suc-
cessful germination of a large number of
pollen grains. Calcium is also involved in
pectin synthesis and control of osmotic
conditions (Richards, 1986). At least 79
genera require a medium containing su-
crose, boric acid, and calcium.

Pollen viability in Arum (e.g. A. itali-
cum and maculatum) appears to be short
in ‘‘natural’’ conditions. Consequently, it
must be dispersed quickly between ma-
ture and receptive inflorescences in order
for the pollination to be efficient. In fact,
in most of the cases, it should happen dur-
ing the first 12 hours between female Psy-
choda being liberated by male phase in-
florescences and the opening of fresh fe-
male phase inflorescences. In A. macula-
tum the pollinators are released in the
morning and captured by fresh inflores-
cences the following evening whereas in
A. italicum female Psychoda are liberated
in the early evening and captured later in
the same evening by fragrant inflorescenc-
es. If this capture occurs the following day,
the visit will still be positive (i.e. ovule fer-
tilisation) as pollen grains are still viable.
By contrast, pollinators captured on sub-
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sequent days, would most probably carry
non-viable pollen and thus would not pol-
linate the inflorescence they visit.

Further experiments are needed to in-
vestigate whether pollen viability deterio-
rates rapidly in other species of Arum and
Araceae, and whether large between-spe-
cies variation in pollen viability explains
the low rates observed in Arum italicum.
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