V orléaufige Beobachtungen Uber die Vererbung von Nadel -
Eigenschaften zeigen, daf3 F,-Artbastarde sich intermediér
verhalten zwischen den Elternarten. Besonders bei quanti-
tativen Merkmalen liegen sie bei der F, etwa in der
Mitte zwischen den beiden sich unterscheidenden Nadel-
eigenschaften; bel anderen Eigenschaften kdnnen sie dem
einen oder dem anderen Elter ahnlicher sein, obgleich such
da einige Unterschiede nur gering sind.

Résumé

Titre de l'article: Caractéristiques des aiguilles des pins
hybrides.

Les auteurs ont étudiés en 1953, 1956 et 1957 |a morpholo-
gie et I'anatomie des aiguilles de 42 pins hybrides poussant
a I'Institut de Génétique forestiére de Placerville (Cali-
fornie). Ces pins hybrides comprennent 35 hybrides inter-
spécifiques de premiere generation de 30 espéces, 2 trihy-
brides, 3 croisements en retour et deux hybrides intra-
specifiques ou variétaux. Tous sauf un sont des hybrides
artificiels.

Les 18 tableaux dans lesquels ces hybrides sont comparés
4 leurs parents d’aprés les caractéristiques des aiguilles
peuvent étre utilisés pour 'identification des plants hybri-
des en particulier les jeunes plants sans cones. |1 n’est
cependant pas toujours possible d'identifier de fagon cer-
taine, d’aprés les seuls caractéres des aiguilles, des hybri-
des entre quelques espéces tres voisines.

Les premiéres observations sur la transmission hérédi-
taire des caracteres des aiguilles montrent que les hybrides
interspécifiques de premiere génération sont intermédiai-
res entre les parents pour a peu pres la moitié des carac-
téres nettement différenciés, en particulier les caracteres
quantitatifs, et pour le reste des caractéres, ressemblent
plus al’'un ou a l'autre parent, bien que certaines différen-
ces soient assez faibles.
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Microgporogenesisin Abies)
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Introduction

The genus Abies contains more than 40 species, and mem-
bers o the genus are found in the northern hemisphere
in a band that circumscribes our planet. On the American
Continent its southern range extends into the mountains
of Guatemala, and in Africa it occupies certain sites in
Algeria. Many species are exploited commercialy in
forestry and planted trees are effectively used as ornamen-
tals. Despite their wide distribution and commercial im-
portance, members o this genus have received a minimum
of attention from forest scientists. Little is known about
the phylogenetic relationships within this genus, and past

% This study was supported by a grant from the National
Science Foundation for research in forest genetics (G-8891).

146

hybridization attempts have been sporadic and on too
limited a scale to be of great help. There are, however,
reportson natural hybrids, and several species haveyielded
hybrids from artificial crosses. Because of the neglect of
this genus, there are good opportunities to contribute basic
knowledge on reproductive habits, normal and abnormal
cytology, as well as on variation patterns in individual
species and hybrids. Various aspects of the genetics of
Abies are currently being investigated, such as crossing
patterns, karyotypes, and responses to mutagens. Results
from treatment with colchicine have been prepared
(Mercen and LEsTER, 1961).

There is no complete description of the phenolgy of
flowering in Abies in either forestry or botany literature,
but there have been reports on some o the later stages




of microsporogenesis and embryogeny (HorMEISTER, 1848;
Mivaxe, 1903; and HurcHinson, 1914; and 1915). In these
reports the various stages were illustrated by line draw-
ings, and no photographs on microsporogenesis are avail-
able. Neither has the cytology of microsporogenesis been
described in detail.

Two aspects of pollen formation in Abies are described
in this report. Part I is a pictorial presentation of the
phenology of male flower and pollen development, and
Part II is a detailed description of the cytology of micro-
sporogenesis. Successful controlled pollination is dependent
upon a knowledge of the flower phenology of the species.
Unless the experimenter knows his material, failures in
obtaining hybrid seed are as much a reflection of his
methods as of the genetic incompatibility barriers that
might exist.

As a matter of convenience the term “male flower” is
used throughout the study to refer to the microsporangiate
strobilus.

Materials and Methods

The fir trees that were used in this study are growing
in the George P. Brett Pinetum of Yale University at
Fairfield, Connecticut, and at the time of the study were
about 40 years old. Trees of four representative species
ware selected: Abies sachalinensis Mast., Abies homolepis
Sies. and Zucc.,, Abies mnobilis glauca Beiss., and Abies
X Boresii regis MaTTr.2) Detailed observations on the course
of microsporogenesis were limited to Abies sachalirnesis
and Abies homolepis. The first collection of branches bear-
ing male flower buds for the detailed cytological study
was made during December, while the collection for the
pictorial study was started on January 27. Subsequent
collections were made periodically until mature pollen
was shed in May.
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Figure 1. — Average maximum ( ) and minimum (- )

temperatures for 1950—1954 for Norwalk, Connecticut.

In Figure 1, are presented the average maximum and mi-
nimum temperatures from an adjacent weather station, so
that comparisons in stages of development can be made
with trees growing in other regions.

For the pictorial presentation of the phenology of male
flower development in Figures 2, 3, 4 and 5, four types
of illustrations were prepared for each date of collection

?) Abies sachalinensis and Abies homolepis grow naturally in
northern Japan, the natural range of Abies nobilis glauca is in
the western part of the United States, while Abies >< Boresii regis
is a hybrid between Abies cephalonica Loup. and Abies alba MiLL.
that occurs naturally in Greece.

to illustrate (1) the outward appearance of the flower
buds (2) the condition of the male strobilus devoid of
scales, (3) a cross-section through the center of the bud,
and (4) the condition of the developing microspores. To pre-
serve the natural appearance, photographs for the first two
types of illustrations were taken as soon as possible after
the branches were brought in from the field. A metric
ruler was placed in the macrophotographs to facilitate
comparison at the various stages.

The scales were removed from several representative
buds from each collection to facilitate the fixing, em-
bedding and sectioning. Formalin-acetic acid-alcohol was
used as a fixing agent, and the buds were embedded in
Tissuemat. Longitudinal sections were cut on a rotary
microtome at a thickness of 20—25 M, and these were
stained in DEeLAmELD’S hematoxylin and safranine. For the
cytological observations of the developing microspores, sev-
eral microsporophylls were crushed and the contents were
fixed and stained in acetocarmine.

Resulis

Part I, Pictorial presentation of phenology of male
flower and pollen development.

To obtain a good general picture of the male flower
development, the results for each species are presented
separately in a composite plate as follows: Figure 2 = Abies
sachalinesis; Figure 3 = Abies homolepis; Figure 4 = Abies
nobilis glauca; and Figure 5 = Abies X Boresii regis. The
date of collection for each series of photographs is given.

In the Abies species under observation, the male strobili
were borne on the lower side approximately midway be-
tween the terminal bud and the base of the branchlet of the
current year’s growth. They are found over a distance of
three to ten cm. depending on the species, and the vigor of
the branches. They become noticeable in the fall, and by
mid-winter their presence is quite pronounced.

Abies sachalinensis: At the first collection on January 27,
the length of the male flowers varied between three and
four mm., and they were covered with a layer of whitish
glaucous material. The cells within the microsporangia were
in the primitive archesporial stage, with a pronounced
tapetal layer surrounding them. By February 26, the strobili
had enlarged considerably, and the archesporial cells had
become differentiated into microspore mother cells. These
typically rounded cells were filled with starch grains, and
they remained in this condition for a period of about six
weeks. The collections on April 8 revealed little outward
changes with the exception of a slight enlargement, while
the microspore mother cells had started the meiotic divi-
sion. By April 12, well-formed microspores were present in
most of the strobili. At this stage the strobili started to
elongate rapidly, but the individual microsporophylls were
still covered by the outer scales. The naked strobili had
a dull green color in the lower part, and were purple
toward the apex. From this date on, the external and inter-
nal condition changed rapidly, and by April 29, the micro-
sporangia started to dehisce, liberating fully-formed pollen.
At this stage the strobili were about 12 ecm. long, and on
three of the four trees available, they were bright yellow
color, while on one tree they were reddish-brown.

Abies homolepis: At the start of the study the male stro-
bili had a somewhat pointed apex and their over-all length
was between three and four mm. Only moderate amounts of
resin were present on the outer scales. The strobili without
scales were almost circular in longitudinal sections and had
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Figure 2. — Development of staminate flower buds in Abies sachalinensis. Scale in millimeters. — Al,

branchlet; 2, flower bud; 3, longitudinal section of bud;

4, stage of microsporogenesis. — Dates of

collection: A, January 27; B, February 26; C, April 8; D, April 14; E, April 19; and F, April 29. — Stages

of microsporogenesis: A4, primitive archespore, 260><; B4, microspore mother cell, 380><; C4, diakinesis

of meiotic prophase, 480><; D4, immature pollen grain, 350><; E4, second anaphase of immature pollen
grain, 360><; F4, mature pollen grain at time of shedding, 250><.

a wide central axis. The cells within the microsporangia
seemed homogeneous in the primitive archesporial stage.
On April 6, the strobili had doubled their size but they had
retained the rounded appearance. The cells within the
microsporangia were separating, and the microspore mother
cells had started meiosis. On April 19, fully formed micro-
spores were present. The naked buds were either bright
green or light yellow in color on the outside, while the color
of the inner scales ranged from reddish-brown to lavender.
By May 4, the strobili had ruptured the protective scales, the
microspores had completed the second vegetative division,
and terminal scales on the sporophylls were prominent.
When mature on May 7, the strobili were yellow, had an
oblong shape with marked terminal scales, and they had a
total lenght of about 12 mm. Pollen started to dehisce freely
on this date.

Abies nobilis glauca: During January, the male flowers
were quite variable in size, some being as long as 8 mm.
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The outside scales were covered with a resinous material,
and the terminal scales on the microsporophylls were pro-
ncunced. Primitive archesporial cells with well-defined nu-
cleoli were present throughout. On April 6, the strobili had
enlarged considerably, and the archesporial cells had dif-
ferentiated into microspore mother cells. By April 19, the
meiotic division was well in progress and cells in various
stages of divison were present. The naked strobili were
yvellow-green with a purple apex. At this stage, irregulari-
ties were observed in the chromosome movement, the details
of which are discussed in Part II. After this date, the strobili
enlarged rapidly and the resinous layer ruptured and ex-
posed the individual sporophylls. Microspores were present
in buds collected on April 26, and by May 18 the micro-
sporangia had dehisced and pollen grains were being shed.
At this stage the strobili were about 18 mm. long, and 8 mm.
wide with pronounced terminal scales on the microsporo-
phylls. They were glaucous, and purple.
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Figure 3. — Development of staminate flower buds in Abies homolepis.

Scale in millimeters. —

Al, branchlet; 2, flower bud; 3, longitudinal section of bud; 4, stage of microsporogenesis. — Dates

of collection: A, January 27; B, April 8; C, April 19; D, April 26; E, May 4; and F, May 7. —

Stages of microsporogenesis: A4, primitive archespore, 400><; B4, meiotic prophase nucleus of micro-

spore mother cell, 670><; C4, immature pollen grain, 200><; D4, second interphase of immature pol-

len grain, 210><; E4, second metaphase of immature pollen grain, 240><; and F4, mature pollen grain
at time of shedding, 180><.

Abies X Boresii regis: On January 27, the strobili had an
average length of 5 mm., and the scales that covered the
round interior structure formed a pointed apex. Little resin
was present on these scales. The microsporangia were 1ully
developed and were filled with angular primitive arche-
sporial cells. By March 11, the microspore mother cells
started the reduction division, and at this date the strobili
still had a pointed apex. Shortly thereafter, the strobili
elongated rapidly and they filled the inside space of the
protective scales, thus loosing their pointed appearance.
Male flowers collected on April 19, hat a rounded apex,
and fully-formed microspores, with well developed air sacs,
were present. The naked strobili were of a dull green color,
and the inner bud scales were transparent. On April 26, the
strobili hat ruptured the outside scales exposing the indi-
vidual microsporangia, and the microspores had completed
their second vegetative division. An additional ten days

were needed for the microspores to complete their develop-
ment, and dehiscing first took place on May 7. The ripe
strobili had a total length of about 15 mm., had a reddish~
brown appearance, and they had distinct scale-like terminal
appendages on the sporophylls.

PartII. Cytology of Microsporogenesis.

Smears of anthers from flowers collected during Decem-
ber showed a mass of rounded cells within the microspo-
rangium. These cells stained homogeneously without reveal-
ing any structural differentiation and no nucleoli were
visible (Fig. 6, A). This cell mass, generally termed spo-
rogenous tissue, presumably originated through division and
differentiation of a cell or cells within the sporangial pri-
mordium in the abaxial part of the microsporophylls. These
cells formed a firm mass, and the individual cells of the
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Figure 4. — Development of staminate flower buds in Abies nobilis glauca. Scale in millimeters. — Al, branchlet; 2, flower bud; 3, longi-
tudinal section of bud; 4, stage of microsporogenesis. — Dates of collection: A, January 27; B, April 8; C, April 19; D, April 26; E, May 3;

and F, May 18. — Stages of microsporogensis: A4, primitive archespore,

510><; B4, meiotic prophase of microspore mother cell, 540><;

C4, anaphase of meiotic division, 470><; D4, first telophase of immature pollen grain, 310><; E4, third metaphase of immature pollen grain,
450><; F4, mature pollen grain at time of shedding, 340><.

sporogenous tissue could be isolated only with difficulty
after hydrolysis in .1N HCI.

In the buds collected on January 25, the sporogenous
tissue in all of the species had developed into primitive
archesporial cells. These relatively large cells have an
angular outline and are characterized by prominent nucleoli
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(Fig. 6B). These nucleoli became visible during the develop-
ment from sporogenous tissue to primitive archesporial
cells and they only appeared when the primitive arche-
sporial stage was reached. The number of nucleoli varied
between three and eight, with the majority of cells conisin-
ing three to five. One of these nucleoli was markedly larger




Figure 5. — Development of staminate flower buds in Abies>Boresii regis. Scale in millimeters. — Al, branch; 2, flower bud; 3, longi-

tudinal section of bud; 4, stage of microsporogenesis. — Dates of collection: A, January 27; B, March 11; C, April 1% D, April 26; E,

May 3; and F, May 7. — Stages of microsporogenesis: A4, primitive archespores, 390><; B4, meiotic prophase of microspore mother cell,

500><; C4, immature pollen grain, 520><; D4, third interphase of-immature pollen grain, 360><; E4, third metaphase of immature pollen
grain, 300><; F4, mature pollen grain at time of shedding, 240><.

in most of the cells. The duration of the archesporial stage
varied considerably among the species, e. g. in Abies sacha-
linesis archesporial cells were observed only in buds col-
lected on January 25, while in Abies nobilis glauca they
were present over a period of two months, or until March 25.
Only occasional divisions of an archesporial cell were
observed.

The rounding of the primitive archesporial cell into a
circular or oval cell marked the formation of the micro-
spore mother cell (Fig. 6C). These MMC contained a con-
siderable number of starch grains, that tended to obscure
the internal structure. With the exception of the starch
grains, the MMC stained without structural differentiation
for a brief period prior to the appearance of a reticulate
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Figure 6. — Cytology of microsporogenesis: (N.G.= A. nobilis glauca; S = A. sachalinensis;

H == A. homolepis). — A. Sporogenous tissue (N.G.), 230><; B. Primitive archespore (N.G.), 580<;
C. Microspore mother cell (S), 550<; D—G. Meiotic prophases. D. (S), 870<; E. (S) 800><; F. (H).
500><; G. (H), 1180><; H. Diplonema (H), 790><; I. Diakinesis (H), 980><.

nucleus which marked the beginning of the meiotic pro-
phase. It was not possible to achieve the microscopic reso-
lution necessary to determine whether the first visible
threads of chromatin were single (leptonema) or double
strands (pachynema). In Abies sachalinensis, meiotic pro-
phases were first visible in flowers collected on February 25,
and similar stages were still present in collections made on
March 24. The MMC of Abies nobilis glauca started their
meiotic division only during the early part of April and
continued over a period of about two weeks.

The initial stages of meiotic prophase showed chromo-
somal threads that were tangled and interwoven (Fig. 6D).
The individual chromomeres along the full length of the
chromosomes were clearly visible, as these bead-like struc-
tures stained much darker (Fig. 6E). Following the initial
stages of meiotic prophase, the chromosomes contracted
rapidly and their intertwining was clearly evident (Fig. 6F)
The chromosomes in Fig. 6G have completed synapsis, and
the paired threads indicate that meiosis has reached pachy-
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nema and the pairing of the homologous chromosomes has
been completed. At this stage the individual chromosomes
stained clearly.

After the pachynema stage was completed, microsporo-
genesis developed rapidly. Diplonema was characterized by
very diffuse staining, despite the continued contraction of
each chromosome pair. At this stage separation of the homo-
logues took place, but the separation was not complete, as
the chromosomes held together at one to several points.
‘When held together at two points they gave the appearance
of a single loop, and when held fogether at several points
of contact they appeared as a series of loops (Fig. 6H). One
large nucleolus was also present at this stage. Contractions
and separation continued and the points of contact, or
chiasmata, became pronounced. These loci are the potential
points of crossing over or chromatid exchange. A represen-
tative plate of chromosomes with chiasmata is given in
Fig. 61. Alignment at the metaphase plate, anaphase sepa-
ration, and formation of the dyad proceeded in rapid suc-




Figure 7. — Cytology of microsporogenesis: A. Metaphase I (H), 500><; B. Telophase I (H), 640><;

C. Dyad interphase (8), 500><; D. Prophase II (H), 460><; E. Anaphase II (H), 400><; F. Tetrad (H),
440>; G. Microspores (S), 330><; H. Microspore prophase I (S), 780><; I. Chromosomes 0of I meta-
phase (S), 1160><.

cession (Fig. 7A, B, C). Although mitotic division of the dyad
nuclei was seldom synchronous (Fig. 7 D + E), the four
haploid (n) nuclei were separated from each other by the
formation of cross-walls, and microspores of almost equal
size developed (Fig. 7, D, E, F). Rudimentary air sacs were
already visible at the time when the pollen grains broke
out of the enclosing MMC wall (Fig. 7G). At this stage they
contained a great number of starch grains.

In all the species under observation, meiosis proceeded
rapidly and took less than one week for the development
from pachynema to the immature microspore. During the
week of meiotic division one could observe within one
sporangium all of the developmental stages between pachy-
nema and immature microspore. In Abies sachalinensis im-
mature pollen grains were present in flowers collected
during early April, while in Abies nobilis glauca, meiosis
did not occur until the middle of april, and immature
microspores were just breaking out of the MMC walls on
April 25.

Rapid development of the pollen grains continued after
they were freed from the MMC wall. The air sacs enlarged
rapidly, and the nucleoli that were last visible during
diakinesis reappeared during prophase of the first vegeta-
tive division (Fig. 7H). The period between late prophase
and early metaphase of the first mitotic division was very
favorable to study the chromosomal morphology. In Fig. 71
are shown the chromosomes of Abies sachalinensis with
three of the chromosomes having distinct .satellites. These
terminal bodies are attached to the main body by a thread
of chromatin. Subsequent alignment on the metaphase plate,
anaphase and telophase (Fig. 8A) followed the normal mito-
tic cycle. The dorsal one of the two telophase nuclei is forced
against the dorsal intine, giving a flattened form that is cha-
racteristic of vegetative nuclei in the microspores of gymno-
sperms. The cytoplasm that surrounded the vegetative nu-
cleus became indistinguishable as the vegetative cells were
flattened (Fig. 8B). The second mitotic cycle produced
another vegetative cell which was flattened against the
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first vegetative cell (Fig. 8C). A third mitotic cycle (Fig. 8D
+ E) produced a pollen tube nucleus and a generative
nucleus. The latter divided into a stalk nucleus and body
nucleus. At the time of pollen shedding, the microspores
contained a total of five cells, with both the vegetative
cells having been flattened against the dorsal intine (Fig. 8F).
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Figure 8. — Cytology of microsporogenesis: A, Microspore telophase I (N.G.), 580><; B. Microspore prophase II (N.G.), 700><;

C. Microspore metaphase III (H), 500><; D. Microspore telophase III (S), 470><; E. Microspore interphase IV (S), 620><; F. Mature

pollen (H), 500><; G. Abnormal metaphase I (N.G.), 1150><; H + I. Abnormal chromosome movement in anaphase I (N.G.), 610><;
and 680><.

As mentioned previously, meiotic irregularities were ob-
served in Abies mobilis glauca. These consisted of preco-
cious movement of chromosomes during anaphase, forma-
tion of a bridge, and presence of acentric fragments. Fig. 8G
is an example of precocious chromosome movement toward
the poles during anaphase. Two pairs of chromosomes




have started their separation and movement, while the
remaining chromosomes are still at the metaphase plate.
In Fig. 8H 4+ I are illustrations of a chromosomal bridge
with the subsequent occurrence of an acentric chromatic
fragment. This probably happened after a bridge was
formed, and the strain during anaphase movement broke
the bridge, leaving a portion of chromatid behind.

Discussion

During the 1959—1960 flower season there were large
numbers of male flowers on the selected trees and no
difficulty was encountered in completing all of the planned
collections. On the other hand, although flower primordia
were layed down during the 1960—1961 season, virtually no
male flowers matured on the trees under study. This failure
can probably be attributed to a severe winter when many
of the flowers on ornamental trees were also killed by frost.

In the four species under observation, the microsporan-
giate strobili over-wintered in the primitive archesporial
stage but the onset of further changes and differentiation
proceeded at different rates in the various species. The
initial stages of meiosis first took place in Abies sacha-
linensis, and pollen was shed after ‘9 weeks. For Abies
nobilis glauca meiosis started only on April 5, but dehis-
cence took place on May 18. This difference in rates of
development was well pronounced in the four species
studied.

Various methods were tried to force the rate of micro-
spore development by placing flower-bearing branches
under various conditions of relative humidities and photo-
periods in the greenhouse or in the laboratory. Flowers
forced under these environments in either the greenhouse
or laboratory enlarged considerably, and development was
normal up to the second or third vegetative division. The
rate of development was considerably speeded up by this
artificial treatment, and on branches collected during the

early part of February, microspores developed from arche-

sporial cells in a period of 7 days. When flowers were
forced during the beginning of March, the progress from
MMC to pollen grains (3rd division) took only one week,
but after the microspores had completed the third division,
the strobili dried and turned brown, and no mature pollen
was shed. The elongation and development of the flowers
was faster when they were kept under high humidities in
plastic bags, but this did not prevent the strobili from abort-
ing. Similar results were obtained during attempts to force
the ripening of catkins of longleaf pine (MEerGeN, 1954).

For the classification of plants it is generally recognized
that the characteristics of the reproductive organs are
stable and relatively uniform for a species, or variety. Of
interest, however, was the fact that of the four Abies sacha-
linensis trees that were under study, the flowers were
bright yellow on three trees at the time of pollen shedding,
while on the fourth tree they had a reddish-brown color.
The color within any one tree was uniform. Although
flower color is variable within members of some plants,
this is the first time that differences in the color of the
male flowers within a species in the Pinaceae were ob-
served by the authors.

For the species studied, over-wintering took place in the
primitive archesporial stage and the gradual transition of
these cells into microspore mother cells occurred between
February and April. In his report on the development of
pollen grains in Abies balsamea, HoFrMEISTER (1848) reported
that he already observed pollen mother cells in the micro-
sporangia during the fall, and that they remained in this

condition during the winter. However, according to his
description and his illustration of the cell contents, these
cells could probably be considered as being in the arche-
sporial stage according to our current terminology. At this
stage most of the details were masked by the presence of
a large number of starch grains, which disappeared when
the reticulate prophase nucleus of the meiotic division
occurred. It was of considerable interest to be able to ob-
serve and photograph the chromomeres along the individual
chromosomes. This stage was followed by a distinct con-
traction and intertwining of the chromosomes. Considersble
difficulties were encountered in staining cells in the diplo-
tene stage, and only diffuse staining was achieved.

In this study, pollen shedding took place after the gene-
rative nucleus had divided into a stalk nucleus and body
nucleus, and in no instance was a division of the body nu-
cleus into sperm nuclei observed. This is contrary to the
findings by HutcuinsoN (1914), who observed the division
into male nuclei in about 10 percent of the gametophytes
of Abies balsamea.

In their description of the chromosomes in two species of
Abies Sax and Sax (1933) did not report on the presence
of satellites. Actually the presence of satellites in the
Coniferales has not been observed previously. In Abies
sachalinensis satellites were clearly visible on three chromo-
somes. Further work is being done to see whether or not
SAT-chromosomes are present in other species of Abies,
and controlled crosses have been made to obtain some in-
formation on the stability and inheritance patterns of these
distinct chromosomes.

The irregularities that were observed during meiosis in
Abies nobilis glauca might help to explain the subsequent
behavior of the pollen that was obtained. When pollen was
used in an intraspecific cross, and in a selfing, no viable
seed was obtained. Twenty-nine seeds that were obtained
from these crosses were examined, 20 percent were empty
and 80 percent contained embryos that had dried and were
in a shriveled condition. However, when Abies nobilis
glauca was used as a female parent, viable seed was ob-
tained. Further work is being planned with these trees, as
this might be one of the instances where the incompatibility
of a species as a male parent can be explained on the basis
of gross physical abnormalities during chromosome move-
ments, preceding pollen shedding.

Summary

Two aspects of staminate flower phenology and pollen
formation in Abies sachalinensis, A. homolepis, A. nobilis
glauca and A. X Boresii regis are described. In Part I, the
external and internal changes that take place during the
formation of pollen grains are illustrated with photo-
graphs for six collection dates. In Part II, the cytology of
microsporogenesis is described in detail and illustrated with
the aid of photomicrographs. Meiotic irregularities were
observed in A. nobilis glauca. The precocious movement
during anaphase resulted in the formation of bridges and
acentric fragments.

Three chromosomes of A. sachalinensis had distinct satel-
lites, and they are illustrated in a metaphase plate.

Zusammenfassung

Titel der Arbeit: Mikrosporogenesis bei Abies.

Phinologie und Pollenbildung werden bei maéannlichen
Bliiten von Abies sachalinensis, A. homolepis, A. nobilis
glauca und A. X Boresii regis beschrieben. Im Teil I wer-
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den #HuBlere und innere Verdnderungen, die sich wihrend
der Ausbildung der Pollenkérner ergeben, mit Photogra-
phien von sechs Probenahme-Daten belegt. Im Teil II ist
die Zytologie der Mikrosporogenesis im einzelnen beschrie-
ben und durch Mikrophotographien veranschaulicht wor-
den. Bei A. nobilis glauca wurden meiotische Unregelmafig-
keiten beobachtet. Vorzeitige Chromosomenbewegung wéh-~
rend der Anaphase ergab Briickenbildungen und einseitige
Fragmente.

Drei Chromosomen von A. sachalinensis hatten klar sicht-
bare Satelliten. Sie wurden in einer Metaphasenplatte ab-
gebildet.

Résumé

Titre de l’article: Formation des microspores chez les
Abies.

L’article décrit deux aspects de la phénologie des fleurs
males et de la formation du pollen chez Abies sachalinen-
sis, A. homolepis, A. mobilis glauca et A. boresii regis.
Dans la premiére partie, les changements externes et in-
ternes qui interviennent au cours de la formation des grains

de pollen sont illustrés par des photographies prises a six
dates différentes. Dans la deuxiéme partie, la cytologie de
la formation des microspores est décrite en détail et illu-
strée par des microphotographies. On a observé des irrégu-
larités a4 la meiose chez A. nobilis glauca. Le mouvement
précoce au cours de l'anaphase aboutit a la formation de
ponts et de fragments acentriques.

Trois chromosomes d’A. sachalinensis ont des satellites
distincts, comme on peut le voir dans une photographie
prise a la métaphase.
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Referate

Prrring, S.: De tva dldsta svenska tallproveniensforsiken.
(Die zwei #ltesten Kiefern-Provenienzversuche in Schwe-
den.) Medd. fr. Stat. Skogsforskn. Inst. 48, (11) 1—49 (1959).

Zwei von Scmorre im Jahre 1904 angelegte P. silvestris-Prove-
nienzversuche wurden im Herbst 1957 gemessen und ausgewertet.
Eine der Versuchsflichen liegt in Ollestad, Viastergotland (57°58’),
die andere in Torared, Halland (56° 41’). Die Flidchen enthalten je-
weils 35 bzw. 9 schwedische Herkiinfte von 56° 40’ (Smaland) bis
63" 5’ (Jimtland). AuBerdem wurden in Torared die deutschen
Provenienzen Darmstadt (Hessen) und Eberswalde (Mark Bran-
denburg) angebaut. — Die Ergebnisse bestdtigen im allgemeinen
die aus anderen Kiefern-Provenienzversuchen bekannt gewordene
Tendenz. Nordliche Herkiinfte haben weniger Stammkriimmungen
und feinere Beastung. Hingegen ist die Astreinigung bei nérdli-
chen Kiefern ungiinstig. Hier reagieren siidschwedische und mér-
kische Kiefern giinstiger. Hinsichtlich der Massenleistung liegen
die siidliche Provenienz Sunnerbo (Smaland) und die mittelschwe-
dische Provenienz Tiveden (Viastergétland) mit 11,0 fm 1fd. jéhrl
Zuwachs pro ha an der Spitze und die Norrlandsherkiinfte mit
3,9 bzw. 5,8 fm/ha/Jahr am Ende. Wegen der hoheren Qualitit ist
die Kiefer aus Tiveden der aus Sunnerbo vorzuziehen. Die Darm-
stadter Kiefer fillt durch den groBSten Brusthéhendurchmesser
auf. Scutitt

PiTCHER, J. A.: Heteroplastic grafting in the genera Acer,
Fraxinus, Picea and Abies. Proc. 7th Northeastern For.
Tree Impr. Conf., Burlington, Vt. 1959, 52—57 (1960).

Die Unterlagen waren 5 j. v., die Reiser gehérten einem einzi-
gen Klon der betreffenden Art an. Bei den Nadelbdumen wurde
jeweils ein Reis unter die Rinde gepfropft. Bei den Laubbidumen
verwandte man 2 Reiser und pfropfte eines unter die Rinde, fiir
das andere wandte man Flaschenpfropfung an. AnschlieBend wur-
den alle Pfropflinge mit Polyaethylen und Papier eingetiitet. —
Bei Abies (Unterlage A. balsamea) wuchsen die Reiser von 9 Ar-
ten im Gewichshaus zu 85% an (Freiland 80%). Die Ergebnisse bei
den anderen Gattungen waren: Picea (Unterl. P. abies, 11 Arten)
Anwachsprozent 63 bzw. 25, Fraxinus (Unterl. F. americana, 5 Ar-
ten) Anwachsproz. 17 bzw. 64, Acer (Unterl. A. saccharum, 17 Ar-
ten) Anwachsproz. 5 bzw. 6. — Die Anzahl der Pfropfungen betrug
im Durchschnitt aller Arten unter 10 Stiick.

i
Entspitzen der Tannenknospen oder ihre Behandung mit zlko-
holischen Loésungen wirkte sich nicht férderlich aus. Bei Picea
Sffneten sich die Knospen der Reiser erst nach 75 bis 100 Tagen.
P. polita machte in der laufenden Vegetationsperiode tliberhaupt
keinen neuen Trieb, doch zeigten sich Reis und Unterlage gut
verwachsen. HATTEMER
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PrivaLov, G. F.: Lebensfihigkeit von Birkensamen im
Verlauf der Reife und der Lagerung. Botan. Zurnal 45, 149
—151 (1960). /Russisch.]

Berichtet wird Uber Untersuchungen an Betula verrucosa, B.
pubescens und B. pubescens f. rhombifolia im Alter von 15 Jah-
ren: Die Bestimmung der Lebensfidhigkeit der Samen wird durch
Keimung voller Samen auf Filterpapier festgestellt. Sie erfclgte
sofort, nach 1 Jahr und nach 3 Jahren. Volle Samen keimen zu
94 bis 99%. Das Trocknen der Samen erhoht ihre Lagerfahigkeit.
Die Herabsetzung der Feuchtigkeit auf 7,4% des Lufttrockenge-
wichtes verringert nicht die Keimfidhigkeit. Einen Monat vor der
Vollreife, also bereits im Juli, haben die Samen ihre volle Trieb-
kraft erreicht. Bei Lagerung unter trockenen Bedingungen bleibt
die Keimfihigkeit 3 und mehr Jahre erhalten. In den ersten Le-.
bensjahren Ubertrifft Betula verrucosa die B. pubescens im Ho6-
henwachstum, wihrend umgekehrt die B. pubescens einen groé-
Beren Dickenzuwachs aufweist. V. DELLINGSHAUSEN

RaDLER, F.: Erfahrungen mit dem Anbau von Sequoia gi-
gantea, Holz-Zentralblatt 86, 677—678 (1960).

Als Fortsetzung der Betrachtungen friiherer Berichte iiber den
Anbau dieser Baumart in Deutschland ergidnzt hier Verf. die Hin-
weise auf positiv zu bewertende Anbauerfolge. Einige dieser Kul-
turen iiberlebten zum Teil auBerordentlich ungiinstige klimati-
sche Bedingungen. SEiTZ

Raute: Die herkunftsmiiffige Differenzierung des Ange-
botes von forstlichem Saat- und Pflanzgut. Allg. Forstzt-
schr. 15, 20—21 (1960).

Verfasser, der Mitglied des nach Inkrafttreten des forstlichen
Saat- und Pflanzgutgesetzes gebildeten Kontrollausschusses ist, er-
értert die Unterschiede, die sich flir die Praxis gegeniiber den
aus dem alten Gesetz resultierenden Regelungen ergeben. Insbe-
sondere kann anerkanntes Saatgut nur fiir die vom Gesetz- er-
faBten 16 Baumarten geliefert werden und fiir diese ausschliel3-
lich anerkanntes Material. Fiir alle anderen Baumarten kann kei-
ne Anerkennung ausgesprochen werden. Weiter wird in Zukunft
nur noch das Herkunftsgebiet angegeben, nicht aber der anerkann-
te Waldteil, aus dem es stammt. Neben dieser gesetzlich vorge-
schriebenen Kennzeichnung kann die ,Deutsche Kontrollvereini-
gung flir forstliches Saat- und Pflanzgut“ Sonderbezeichnungen
(Angabe des Herkunftsorts) anfiigen sowie Herkunftsbezeichnun-
gen auch fiir nicht anerkennungsfihiges Saatgut festlegen.

STERN




