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Summary

Ovule receptivity and pollen viability were studied in
order to determine the cause of low seed production in
the hybridization of Larix. Ovule receptivity may be less
than 48 hours for samples kept in a temperate green-
house. Some external morphological characters of the
female conelet may be used as indicators of ovule re-
ceptivity; specifically, cone curvature upwards at a 90°
angle with respect to the short shoot and full opening of
the bracts. Pollen stored at 4° C may remain viable for
at least 3 to 12 months as estimated by fluorochromatic
reaction. '
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Résumeé

Dans le but de déterminer les causes du faible ren-
dement en graines lors d’hybridations dans le genre Larix,
les deux parameétres principaux conditionnant la réussite
de la pollinisation ont été étudiés. Il s’agit d’'une part de
la réceptivité ovulaire, d’autre part de la viabilité pol-
linique.

La réceptivité ovulaire est bréve. Elle peut étre estimée
a moins de 48 heures chez des individus ¢élevés en serre.
Elle est repérable grice a des caracteres morphologiques
du cone femelle: courbure a 90° de l’axe du codne sur le
pédoncule et écartement des écailles. La viabilité du pollen
appréciée par le test fluorochromatique peut se prolonger
de 3 3 12 mois au moins en stockage a 4° C.

Introduction

Larix decidua MiL.,, the European larch, is a highly-
prized wood. Unfortunately, the species has a limited
distribution in France at high elevations, which prevents
its use in reforestation. The hybrid Larix eurolepis Henry,
which results from a cross between L. decidua and L.
leptolepis (the Japanese larch) can grow successfully
both at low and moderate elevations. This hybrid shows a
distinct growth superiority compared to the pure species.
Its vigor has been frequently noted in Europe (BASTIEN
and KeLier, 1980; Schoser, 1981; Pacues, 1989). However,
increased use of the hybrid in active reforestation is
hindered by low seed production. In fact, L. eurolepis,
like its parents, is characterized by a low seed yield.
Several factors have been reported to explain this low
seed production: influence of external factors, especially
temperature, on microsporogenesis (ExBerg and ERIKSSON,
1967) and megasporogenesis (Har. and Brown, 1977; Ko-
sinsk1, 1986), lack of pollination (Hai. and Brown, 1977;
Kosinski, 1986) and early embryo degeneration as a result
of self-pollination (Kosinski, 1982, 1986).

1) CuarLETTE SAp, Reconnaissance Cellulaire et Amélioration des
Plantes, Centre de Microscopie Electronique Appliquée a la
Biologie et & la Géologie and LA INRA 23879, Universiteé
Claude Bernard, Lyon 1, B&t. 741, 43 Boulevard du 11
Novembre 1918, F-69622 Villeurbanne, Cédex, France.

1) Marc ViuLar, Institut National de la Recherche Agronomique,
Station d’Amélioration des Arbres Forestiers, Centire de Re-
cherches d’Orléans, Ardon 45160, Olivet, France.

%) Pierre ZANDONELLA, Botanique et Biologie végétale, Université
Claude Bernard Lyon 1, Bat. 405, 43 Boulevard du 11 Novembre
1918, F-69622 Villeurbanne, Cédex, France.

Silvae Genetica 40, 1 (1991)

In order to increase the yield of hybrid seeds using
controlled pollination, the pollen viability and the ovular
receptivity of each parent must be known. Since the
beginning of the century many aspects of sexual repro-
duction have been described in Larix (review in Owens
and MoLper, 1979; review in Cauesnoy, 1987; KORINEKOVA
et al, 1988): however, never have pollen viability and
ovular receptivity been studied simultaneously. Therefore,
this paper is a report on a study of the structure and the
viability of the pollen grain as well as the receptivity of
the female cone and of the ovule of Larix leptolepis.

Material and Methods
Plant Materials

Specimens of Larix leptolepis (Sies. and Zucc.) Gorp.
synonymous with Larix kaempferi (Lams.) CARR. grown in
containers in the National Institute of Agriculture Re-
search (INRA) Station of Orleans (France) were con-
veyed to our laboratory (University of Lyon, France) in
late January and were kept in a temperate greenhouse
(15° C to 18° C) during the flowering time.

Pollen viability

Fresh pollen grains were collected from pollen cones
at the time of pollen shedding (early March in Lyon).
They were divided in two lots: the first was kept at 20°
C in open air whilst the second was stored at 4° C in
sealed glass vials.

Pollen water content was determined after drying for
5 min. at 85° C with an infrared dessicator (1265 MP
Sartorius Gottingen, FRG). It was expressed as a per-
centage of the fresh weight. The determination was made
immediately after collection of fresh pollen, or after one
year at 4° C for stored pollen.

Pollen germination in vitro was tested at 28° C in the
dark, on solid medium (agar 1%) with Brewsaker and
Kwack (1963) mineral salts, saccharose (20%) and ovule
homogenates. The homogenates were made at 4° C, either
with ovules isolated from cones collected at pollination
(P) or with ovules dissected from cones collected at
fertilization (F), i.e. six weeks after pollination. Fresh
pollen was sown on the P-homogenate medium whereas
the pollen kept six weeks at 4° C was sown on the F-
homogenate medium. In order to visualize pollen develop-
ment during germination tests, the pollen grain was
stained with Auramine O and Calcofluor White (Hesrop-
HagrrisoN, 1979) and the pollen nuclei were stained by the
acetocarmin method (JoHANSEN, 1940).

The fluorochromatic reaction test (FCR test, HesLop-
HarrisoNn and Hesror-HarrisoN, 1970) was performed in
order to estimate pollen viability. The test is based on
the penetration of fluorescein diacetate (nonfluorescent
and apolar) into the pollen grain and its hydrolysis by an
esterase to yield fluorescein (fluorescent and polar). Via-
ble pollen shows a bright yellow fluorescence and is,
therefore, FCR-positive in contrast to FCR-negative
which does not fluoresce. For each sample, around 400



grains were counted using a Leitz (Wetzlar, FRG) mi-
croscope with UV light. The test was performed daily over
a 3 months period for fresh pollen. It was assessed
monthly over a one year period for stored pollen. The
reaction was allowed to proceed for 10 minutes at room
temperature before scoring.

1H-NMR measurements
Parallel to the FCR tests, the water content of fresh

pollen during aging was estimated by H-NMR measure-
ments in a GWP 80 Brucker spectrometer. The amount
of liquid water was proportional to the area under the
NMR line (Dumas et al., 1983).

Cone and ovule receptivity

Developing cones were monitored periodically. They
were photographed weekly during January and early
February (resting period prior to pollination), daily from

Figs 1 to 4: — Female cone photographs. br: bracts, ne: needles, s: short shoot. x 3. Fig. 1. — Elogating

early cone bud. Fig. 2. — Beginning of the axis curving:

the origin stage. Fig. 3. — 3 days after the

origin stage. Fig. 4. — 6 days after the origin stage: receptive stage. Figs 5 fo 8. — Scanning electron
micrographs of ovuliferous scales and pollen collecting apparatus after liquid N2 freezing. Fig. 5. —
Same stage as figure 1 after removal of bracts. The papillae of the pollen collecting apparatus (cap)

are elongating. os: ovuliferous scale; ov: ovule x 40. Fig. 6. — Same stage as figure 3. The papillae of
the pollen collecting apparatus (cap) are fully developed and erect. The micropyle has not opened.
o0s: ovuliferous scale. x 40. Fig. 7. — Same stage as figure 4: the micropyle (mi) is fully open. x 140.

Fig. 8. — 7 days after the origin stage: collapse of the pollen collecting apparatus (cap). x 140.




late February to mid-March (pollination period) and
weekly from March to September (fertilization and em-
bryogenesis period).

Simultaneously, cone buds and developing cones were
collected. Cone buds, ovuliferous scales, or isolated ovules

were stuck to metal specimen stubs with silver laquer,
frozen in liquid N, and observed at 1500 volts using a
S-600 scanning electron microscope.

Young seed cones showing several stages of develop-
ment during and after pollination were fixed in Boin-

Fig. 9. — Scanning electron micrograph of an ovule (after liquid N s freezing) at pollination time (the
ovule tip has been sectioned): three dry cup-shaped pollen grains (po) may be observed, engulfed in
the micropylar canal. x 300. Fig. 10. — Semi-thin section of an ovule at pollination time, six days
after the origin stage. Meiosis has just occured and the linear tetrad of megaspores (mt) may be ob-
served. cap: pollen collecting apparatus, in: integument, nu: nucellus. PAS and toluidine blue stain-
ing. x 115. Fig. 11. — Apical view of an ovule showing liquid drop (1d) six weeks after pollination; ot:
ovule tip. x 115. Fig. 12. — Semi-thin section of the ovule six weeks after pollination; three hydrated
pollen grains (po) may be observed in the micropylar canal (mc). in: integument; nu nucellus. PAS
and toluidine blue staining. x 600. Fig. 13. — On artifical medium, most of pollen grains, elongated
towards the distal pole, showed broken exine (ex) and appeared to be surrounded only by intine (it)
fluorescing with Calcofluor White. x 800. Fig 14. — Pollen grain on artifical medium. Its broken exine
(ex) remains as a cap. The five cells of the grain may be observed. pc: prothalial cells; sc: stalk cell;
be: body call; tc: tube cell. Acetocarmin staining. x 800. Fig. 15. — When homogenate of fertilizable
ovules was added to artificial medium, some pollen grains produced a short pollen tube (tp). Bacteria
(ba) contamined the culture pc: prothalial cells, sc: stalk cell; bc: body cell; Acetocarmin staining.

X 600,

0



Hollande liquid fixative, dehydrated with graded solu-
tions of ethanol and butyl-alcohol, embedded in Paraplast
and then sectioned to 6 um. The sections were stained
by PAS reaction (Jensen, W. A., 1962) followed by ferric
hematoxylin staining.

For purposes of comparison, specimens collected from
open-grown trees were fixed and treated the same way.

Pollen and ovule structure

Mature pollen grains and ovules at pollination were
fixed 3 hours by 3% glutaraldehyde in 0.1 M cacodylate
buffer (pH 7.4), washed several times in 0.1 M cacodylate
buffer, and stored overnight in the same buffer. They
were then postfixed for 1 hour in 0.1 M, cacodylate
buffered 1% Os04 and washed 3 times for 20 minutes in
the same buffer before dehydration. Dehydration was
routinely performed with graded solutions of ethanol.
After dehydration, the samples were embedded in Epon.
Semi-thin sections of 1 um were stained by PAS reaction
after removal of epoxy resin.

Resulis
Seed-cone, ovule, and female gametophyte development
Morphological development

In late February, a few days before pollination occurr-
ed, seed-cones were about 0.6 cm long and had burst
through the bud scales. They were borne on short shoots
of vigours branches in the upper regions of the crown.
First, seed cones were aligned with the axis of the short
shoot (Fig. 1). Then, they began to curve upwards (stage 0;
Fig. 2) and they progressively arrived at a 90° angle to the
short shoot axis (Fig. 3). Six days after the curvature
began (stage 0 + 6 days; Fig. 4), the bracts fully opened
on the female cone, leaving between them large spaces
through which pollen could sift down to the ovuliferous
scales. Bracts remained fully open, allowing pollen access
to the ovules for 24 to 48 hours. Then, the bracts
elongated and thickened causing the cone to close. It
should be observed that on the same tree, all the seed-
cones were not at the same stage: some were aligned
with the axis of the short shoots whilst others were per-
pendicular to the axis. The paired-ovules at the base of
each bract were simultaneously developing. A few hours
before stage 0, the papillae of the pollen-collecting ap-
paratus were elongating (Fig. 5). From days 0 to 5, the
fully developed papillae of the collecting apparatus covered
the micropyle, leaving no orifice (Fig. 6). By day 6, the
papillae opened outward, revealing the micropyle (Fig.
7). At this period, the papillae exhibited liquid exudate
and acted as pollen receptors. By day 7, the active growth
inward of the papillae closed the micropyle (Fig. 8 and
engulfed the pollen grains in the micropylar canal (Fig. 9).

Structure

By day 6, meiosis had just occurred in the nucellus,
and a linear tetrad of megaspores had formed (Fig. 10).
Female gametophyte development continued over several
weeks and during this time, pollen grains remained at
the top of the micropylar canal. In samples grown in
open air and observed for comparison, nearly all of the
ovules of the mid-portion of the seed cone contained
two to three pollen grains.

Under greenhouse conditions, the female gametophyte
was mature and fertilizable six weeks after pollination.
At this time, we observed the presence of a liquid in the
micropylar canal. Sometimes, this liquid formed a drop

at the tip of the ovule (Fig. 11). This liquid seemed to be
exuded by nucellar cells that showed glandular aspects in
sections. In the micropylar canal, the pollen grains ap-
peared turgid, with the exine broken or entirely without
exine (Fig. 12). Some grains were germinating on the
nucellar surface.

The male gametophyte
Morphology and structure

Dry Larix leptolepis pollen grains were bowl-shaped
(Fig. 9), inaperturate and about 60 xm in diameter. In
sections, they appeared five-celled, and completely en-
closed by the pollen grain wall. This wall had two divi-
sions, a thin outer exine and a thick inner in tine.

In vitro germination tests

The pollen grains sown on germinating medium became
spheroid. After 2 days of incubation, some grains remained
spheroid and enclosed in the intact exine. Other grains
became elliptic; then their exine broke in two halves or
split open widely, remaining as a cap on the pollen grain
(Fig. 13, Fig. 14). These grains, then enclosed only by the
intine fluorescing with Calcofluor White (Fig. 13),
elongated up to 80 um (Fig. 14). The elongation of the
pollen always occurred towards the distal pole for
consistancy and there was no apparent increase in the
width of the pollen. This elongation was observed both
for fresh pollen incubated on P-homogenate medium
(medium with homogenate of ovules collected at polli-
nation) and F-homogenate medium (medium with ho-
mogenate of ovules collected at fertilization). A few pol-
len grains produced a short pollen tube on F-homogenate
medium (Fig. 15).

In any case, in vitro pollen germination (i. e., produc-
tion on artifical substrate of a short pollen tube) ‘was
difficult in larch and could not be used as a pollen via-
bility test. Thus, the fluorochromatic reaction (FCR test)
was used to estimate pollen quality.

Fluorochromatic reaction test

The FCR score was about 62% at anthesis (fig. 16). When
pollen grains were kept at room temperature, the FCR
score decreased quickly to 50 percent and then remained
stable at about 50% for 3 months.

For pollen stored at 4° C, pollen viability according to
the FCR results was about 45 percent after one year of
storage.

IH-NMR measures

The loss of water from fresh pollen is expressed di-
rectly on figure 17 by the proportionality between the
areas under the NMR line and the water content obtained
during aging of the pollen grain. About 25% of the water
content was lost during the first day and then water
content remained quite constant until the 14th day of
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Fig. 16. — Percentage of FCR* (FCR positive) grains during pollen
aging.
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Fig. 17. — Loss of water content during pollen aging (*H NMR

measurements; a.u.: arbitrary units).

measurement. The general features of curves of figures 16
and 17 are quite similar.

Water content

Fresh larch pollen appeared to have a low level of hy-
dration; the moisture content was about 16% at pollina-
tion time and decreased to 8% after storage for one year
at4°C.

Discussion
Pollen viability

The methods used to estimate pollen viability may be
criticized. Pollen viability is wusually based on ger-
minability tests; i. e., on pollen ability to produce pollen
tubes in in vitro growing conditions. In Larix leptolepis,
we encountered several difficulties in obtaining successful
pollen germination in vitro: a few pollen grains produced
pollen tubes, most of them did not. Similar observations
are reported in the literature. BArNer and CHRISTIANSEN
-(1960). CuristianseN (1970), Owens and Brake (1985) found
pollen germination in wvitro impossible to observe in
Larix; in L, sibirica, Ho and Rouse (1970) described ger-
mination as limited to a splitting of the exine and an
elongation of the intine without any suggestion of the
formation of a pollen tube; in L. leptolepis, Kan (1974)
observed some rare pollen tubes. Therefore, other tech-
niques than a germination test are needed for assessing
larch pollen quality, and we chose the fluorochromatic
reaction (HesLor-HarrisoN and Hesrop-Harrison, 1970). The
relationship between fluorochromasia and pollen germina-
bility has been established in angiosperm pollen grains
(Smivanna and Hesrop-HarrisoN, 1981) and this proposed
correlation may not be applicable to Larix leptolepis pol-
len grains. Nevertheless in angiosperms, the fluorochro-
matic procedure verifies the integrity of the plasma-
lemma of the vegetative cell. Tests of electrical con-
ductance, based on the premise that, as pollen ages, its
membranes change and deteriorate, have been correlated
to germinability in some gymnosperm pollen (Cuine and
Cuing, 1976; Gooparp and Marruews, 1981). Analogies be-
tween angiosperm and L. leptolepis vegetative cell
plasmalemmas have been reported (Samp, 1989).

Our FCR results are correlated with changes of pollen
water content during pollen aging. Similar correlations
have already been reported in angiosperm pollen grains
and a parallel decrease in FCR score¢ and in pollen water
content would indicate loss of pollen viability (Dumas et
al., 1983; Keruoas et al., 1987).

Pollen germination tests, in species with pollen that is
easier to germinate in wvitro than that of larch, has
allowed some researchers (Jensen, 1964; Cram and Linp-
Quist, 1984) to report high pollen viability in conifers, even
after storage. Our results suggest that 50 percent of the

pollen grains kept in open air or stored at 4° C are still
alive at least 3 months after pollination; i. e., for a time
longer than the six weeks needed for maturation of the
female gametophyte. Therefore, we conclude with HaLL
and Brown (1976) that pollen viability has a small effect
on the empty seed yield of larch.

Ovule receptivity

Our observations on seed cone and ovules have estab-
lished that ovular receptivity is short in Larix leptolepis,
lasting 24 hours to 48 hours in our experimental condi-
tions. Ohwiously, the environmental conditions, especially
temperature, in natural stands are not constant and
ovular receptivity is, perhaps, slightly different. The
duration of maximal receptivity in L. leptolepis appears
to be shorter than in other conifers, perhaps because of
its different pollination mechanism. In Tsuga hetero-
phylla, (Coranceur and Owens, 1989), where the pollen
grains are not taken into the micropyle, the seed cones
are receptive for 8 to 9 days. In Chamaecyparis (Owens
et al, 1980), Picea (Owens and Brake, 1984), and Pinus
(Owens et al., 1981 a; Greenwoop, 1986; Brown and Bripc-
WATER, 1987), which all produce pollination drops, a cone
is receptive for about 1 week and individual ovules are
receptive for about 2 to 5 days because not all drops are
exuded at the same time. In Pseudotsuga menziesii (OweNs
et al.,, 1981b), which has a stigmatic tip, each cone is re-
ceptive for 4 to 6 days. In Larix decidua, which has also
a stigmatic tip, KoriNnekova et al. (1988) report that the
effective period of receptivity is short but they do not
define it in days. In Larix leptolepis (ViLLar et al., 1983;
and this work), cone and ovule receptivity define a brief,
effective pollination period that could be a limiting factor
for pollination success.

However, in spite of the brevity of the effective pollina-
tion period, we have observed that open pollinated ovules
actually contain two or three pollen grains. Moreover,
other genera of Pinaceae with similar (e.g. Pseudotsuga)
or different (e. g. Pinus) pollination mechanisms do not
have such a low level of seed production (Owens et al.,
1981b; Owens et al., 1982). Other mechanisms may explain
poor seed yield in Larix. Recognition barriers known in
angiosperms have been considered (Samb et al., 1985;
Samp, 1988a and b) but the existence of recognition barriers
remains to be proved.

The occurrence of a liquid in the micropylar canal, 6
weeks after pollination, seems important for pollen trans-
port and germination. This liquid, which seems to be
exuded by the nucellus, can play two roles: firstly, it
would allow pollen grains to reach the nucellus; secondly,
it would hydrate pollen and allow germination. Indeed,
pollen grains are turgid and elongate when secretion
occurs, and in addition, the introduction of exuding ovule
homogenate to artificial germination medium allowed us
(also Kaj, 1974) to obtain in vifro germination of larch
pollen. The occurrence of this liquid in L. decidua has
been previously noticed by Barner and CurisTiANsEN (1960)
and ViLar et al. (1984) but was not observed by Owens
and Morper (1979) in L. occidentalis. Our observations
confirm its existence in L. leptolepis.

Conclusion

Based on the above observations and discussion, im-
proving controlled pollination techniques could increase
hybrid seed production. Pollen quality should be tested by
the FCR method, and the time of pollination carefully



determined. Larch conelets should be pollinated as soon
as possible after they have curved upwards at a 90° angle
in respect to the short shoot axis. An increase of seed
yield (up to 50 percent in the mid-portion of the seed
cone has been observed after artificial pollination during
the days defined as “receptive” (Samp, unpublished data).
Nevertheless, this method requires daily monitoring of
the trees. Moreover, repeated pollination is necessary
because the stage of female cone development is variable
between clones and even between ramets of the same
clones.
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Summary

Considerable variation in susceptibility to Dothistroma
needle blight was found among provenances of Pinus
radiata var. radiata. Cambria was the most susceptible.
Monterey and Ano Nuevo were very similar; both were
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