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Abstract In Pseudotsuga menzigsé secretion fills the shorter and developmentally less complex than that
micropylar canal about 7 weeks postpollination until fefeund in flowering plants. However, gymnosperm pollen
tilization. Micropylar volumes were measured and fourgknerally spends more time than angiosperm pollen in
to show variation. Dissection of the ovuliferous scaléise sporophytic (maternal) tissue. Pollen durability itself
caused excess fluid to be exuded from the micropylar be&comes an issue. Douglas fir pollen may spend up to 10
nal, forming a drop at the tip of the micropyle. This dropeeks in the micropyle before fertilization is completed.
was collected, and its production quantified in thrde contrast, the egg is viable for little more than a week
trees. Volume and percentage of ovules with drops wéFernando et al. 1996). The coordination of pollen
greatest when the archegonia in the female gametoplyrwth is, therefore, of critical importance. Secretions
were at central cell and/or egg cell stage. The volumepbdly a role in triggering pollen germination (Said et al.
exuded drops far exceeded that of the micropyle. Prodie91; Takaso et al. 1996). Furthermore, this fluid secre-
tion of subsequent drops by the ovules further confirmisn is developmentally restricted, implying a role in co-
that the fluid is actively produced upon dissection ordinating prefertilization events.
Neither the origins of the secretion nor its contents

Key words Pseudotsuga menziesiDvule secretions - are understood although there have been suggestions that
Micropyle volume: it may originate in the megagametophyte (Takaso and
Owens 1996). Towards more fully understanding the role
this fluid plays in reproduction we have undertaken to
Introduction establish the time-course of the fluid drop and to quanti-

fy this secretion. Our second goal is to verify the pres-
How sexually reproductive organisms select gameteseige of the post-pollination secretion within the micro-
of fundamental importance. Haig and Westoby (198@Ylar canal in vivo.
have speculated that the process of pollination in plants
is one of the major driving forces in evolution of seed
plants. From a less theoretical perspective, once seW$lerials and methods
barriers are bypassed, opportunities exist for creation 0
novel genotypes with economic potential such as thQSges of Douglas fiPseudotsuga menziesiigre collected from
provided by in vitro fertilization. Basic to all applicatiorthe University of Victoria campus. Three different trees were used
and manipulation is a sound understanding of these ksd collections were made weekly for 6 weeks following pollina-
riers. In Douglas fir, wind-blown pollen grains arrive dor, which fad been cosely monitored carler n the scasor More
the tip _Of the micropyle where extensions of the 'ntegﬂillections were again carried out during later stages of seed de-
ment direct the pollen to the entrance to the ovule (Oyéopment.
ens et al. 1981). The pollen then need only penetrate th®vuliferous scales were dissected from cones and placed in
nucellus to reach the megagametophyte, which hou%@gpetri dishes. At 15 min after dissection, the drops were col-

: : - lected from the micropylar tips of the exposed ovules on a dissect-
the eggs. The pollen path is considered to be spati microscope (Wild) fitted with a fibre optic system using a mi-

cropipette tip. Once the drops were collected, the ovules were left

P. von Aderkas[(]) - C. Leary in the petri dish to monitor for the production of subsequent drops.
Graduate Centre for Forest Biology, Department of Biology, The number of drops collected per number of ovules was recorded
University of Victoria, P.O. Box 3020 STN SCS, and used to calculate the average drop volume. Five megagameto-
Victoria BC V8 W 3N5, Canada phytes were cleared daily with methyl salicylate (Fernando et al.
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Fig. 1, 2 | IntegumentMD micropylar drop,Nu nucellus.Fig. 1 Four or five cones were collected daily from the tHPseudo-
Photomicrograph of ovule frozen in liquid nitrogen in situ and digsugatrees selected. All bracts were removed from the cones. The
sected to reveal the frozen micropylar drifi)), located between mean number of bracts per cone for these trees is 40+8.5, resulting
the integumentsl) above the nucellusN(). Bar 1 mm. Fig. 2 in collection of approximately 320 ovules per tree each day.
Photomicrograph of a drop formed at the apex of an intact ovule

following dissectionBar 500 um

Results and discussion

To verify the presence of the secretion drop in vReeudo- . . . i .
tsugacones were submerged in liquid nitrogen while still attachdly was possible to find secretions for a 2-week period

to the tree. The frozen cones were then severed, and stored inOR)(€ring stages of late central cell and egg cell develop-
uid nitrogen until dissected under a microscope to reveal the mient. Ovules frozen on the tree and then dissected over
cropylar canal and the presence or absence of the drop frodep jce contained secreted liquid which occupied all or

within. Dry ice was used to keep the cones frozen during dissgcz ; ; ; _
tion. The volume of the micropylar canal was calculated using IﬁtOSt of the micropyle (Fig. 1). All trees examined dur

formula for a truncated cone, ing the period of drop production had liquid in the mi-

3 _— cropyle. These drops were never found extruded outside
V=13 T(rgrrHr£+rh, the apex of the micropyle on intact cones. When ovules
whereh is the distance from the top of the nucellus to the tip afttached to the ovuliferous scale/bract complex were re-
the micropyle and'; andrg correspond to one half of the top angnoved from cones that had not been frozen and placed

bottom widths of the micropylar canal, respectively. By calculat- P :
ing the volume of the micropylar canal, the volume of the seé@:l petri dishes, they produced secretions beyond the

tion in vivo could be estimated and compared to the volume of @ReX Of the micropyle (Fig. 2), confirming previous ob-

exuded dissection drop collected in vitro. servations of dissection-related drops in larch (Barner
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Fig. 3 Graph of the percentage of ovules from trees) énd Fig. 4 Graph of mean nl/drop in ovules from treesel),(2 ©)
2 (0) and 3 @) during the period of exudatic:n. and 3 @) during the period of exudatin
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and Christianson 1960) and Douglas fir (Barner aipd¢
Christianson 1962). Removal of the drop emptied the nm;' erences

cropylar chamber as immediate freezing and dissecti®iner H, Christianson H (1960) The formation of pollen, the pol-
revealed (not shown). Once removed, the ovules werelination mechanism, and the determination of the most favour-
able to produce up to three drops. able time for controlled pollinations iharix. Silv Genet

; ; 9:1-11
Production was measured by calculating, the Percegliner H, Christianson H (1962) The formation of pollen, the pol-

age of ovules producing drops (Fig. 3) and the volume 0f jination mechanism, and the determination of the most favour-
drops (Fig. 4) produced. There was variation between able time for controlled pollinations Pseudotsuga menziesii
trees. Tree 1 produced the largest drops, averaging 196 n§ilv Genet 11:89-102 _
each. The average volume of the micropylar Canggmando DD, Owens JN, Aderkas P von, Takaso T (1996) In vitro

pollen tube growth and penetration of female gametophyte in
ranged from 24+5.6 nl (tree 3) to 5814 nl (tree 1). The Douglas fir Pseudotsuga menzigsii Sex Plant Reprod

volume of the exuded drops was found to be 1-4 times10:209-216
the micropylar volume. Haig D, Westoby M (1989) Selective forces in the emergence of
Our results confirm the hypothesis that this secretigjn the seed habit. Biol J Linn Soc 38:215-238

. C e )wens JN, Morris SJ (1990) Cytological basis for cytoplasmic in-
is a postpollination phenomenon (Villar et al. 1984), u heritance inPseudotsuga menziesli Pollen tube and arche-

related to pollination drop mechanisms found in some gonial development. Am J Bot 77:433-445
other conifers (Owens and Morris 1990). The drop hagens JN, Simpson SJ, Molder M (1981) The pollination mecha-
been implicated in the induction of in ovulo pollen germi- nism and the optimal time of pollination in Douglas-fsgu-

; ; . dotsuga menziegiiCan J For Res 11:36-50
nation (Said et al. 1991; Takaso et al 1996), as all po'?fﬂd C, Villar M, Zandonella P (1991) Ovule receptivity and pol-

germination occurs during the same 2-week period duringen viability in Japanese larch.rix leptolepisGord.). Silv
which drop secretion occurs. The predictable occurrenceGenet 40:1-6

and abundance of this post-pollination/pre-fertilizatiofekaso T, Owens J N (1996) Postpollination-prezygotic ovular se-
drop is coincident with egg-ripening, which suggests that cretions into the micropylar canal iRseudotsuga menziesii

. . . L - - (Pinaceae). J Plant Res 109:147-160
in Pseudotsugat plays a significant role in prefertiliza- ;450 T, Aderkas P von, Owens IN (1996) Prefertilization events

tion events, such as male selection (Said et al. 1991). in ovules ofPseudotsugaovular secretion and its influence on
pollen tubes. Can J Bot 74:1214-1219

Acknowledgements We would like to acknowledge the technicaVillar M, Knox RB, Dumas C (1984) Effective pollination period

assistance of Chris Cullum, Gero von Aderkas, Dr. Nicole Du- and nature of pollen-collecting apparatus in the gymnosperm

mont-BéBoux and David Leary, as well as the financial support of Larix leptolepis Ann Bot 53:279-284

Natural Sciences and Engineering Council Operating Grant (PvA).



