The direction o changes in habit characters in pine is
coincident with the direction o intensification o con-
tinental features in the climate o Poland, what may sug-
gest a mutual relationship between these phenomena.

Summary

The paper contains results of studies on the variation
in habit charactersin Scots pine (Pinus silvestris L.) on the
area d Poland.

For studies were used seed producing stands o pine
with the following pattern o taxation characters: tree
cover and density within limits o 07—08 site index —
most frequently | and II, number o trees per 1 ha —
amounting to 150—200 pieces.

Study areas have been established within homogeneous
vegetation stands considering their representative appear-
ance for the whole stand. On each area 50 trees were sub-
jected to measurements of characters describing the habit
in pine (crown type, length and width o crown, thickness
of Ist order branches, angle o branching, range o cracked
bark). Arithmetic mean values for individual characters
within each area yielded the material for statistical proces-
sing, in which the spatial, site, and age variation in study
objects were taken into consideration. The existence of cor-
relation between crown type and remaining characters was
found. This made possible the identification o two habit
types in pine: 1) crown type A, with thin branches, aris-
ing at acute angle, with long and narrow crown, with low
reaching thick bark. Trees classified to this type are higher
and thinner; 2) crown type B, with thicker branches, with
crown shorter and broaderwhen compared with the pre-
vious one, with higher proportion of branches set at right
angle. This type has a higher proportion o trees with
panel — like bark. Trees classified to this type are lower
and thicker in d.b.h. It was found that within limits of dif-

ferentiation from Vaccinio-Pinetum to Querco-Carpinetum
habit characters failed to reveal any relation with site
quality.

Age had an obviously differentiating effect upon habit
characters in pine. At the same time, within even-aged
groups of stands there was marked a spatial variation
which leads to the division o study objects into two main
groups: western and eastern. The boundary runs along
Vistula River.

In the north-eastern part o Poland, in the region cor-
responding with the Northern Section distinguished by
SzareR, iN stands exceeding 111 years o age the number o
trees classified to the type A is contained within limits of
50—88%. On the remaining area, belonging to Baltic Sec-
tion, the proportion of trees in this type decreases to 21—
34%.
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Control-Pollination Seeds from Cuttings o Coast Redwood")

By W. J. Lieey, Y. T. Kianc and Y. B. LiNHART?)

Introduction

In 1964, we observed the maturation o viable seeds on
cuttings detached from Coast redwoods (Sequoia semper-
virens D. Don [EnbL.]) shortly after pollination. In 1965,
further investigation showed that the cuttings could be
taken before the male and female strobili opened, and
controlled pollinations could be performed successfully in
the glasshouse. Seedlings from seeds matured on cuttings
were smaller at germination than seedlings from seeds
matured on the tree but these differences disappearecl
after 12 weeks’ growth. Success varied with pollination
technique, and with the clones used as females. Most o the
viable seeds were produced by one pollination technique
and were from females d a single clone. Thus, the 1964—65
observations and experiments established that normal
healthy seedlings can be obtained from controlled crosses
on detached redwood cuttings, but the technique needed
further development to be practical (LinHarT and Lissvy,
1967).
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During 1966—68, we conducted a more extensive series
o experiments to investigate the effectsd several variables
onyield of viable seed: position o the cutting in the crown;
storage o both cuttings and pollen; number o femae
strobili per cutting; levels o contamination with unbagged
strobili; and differences between clones.

Materialsand Methods

All the cuttings were collected on 23 December 1966 from
six planted trees (20 to 30 years old) growing on the Russell
Reservation 15 km east o Berkeley. Approximately half
were placed in cold storage (4° C) in moist partly-opened
polyethylene bags. The rest were placed in rooting benches
in the glasshouse, in a perlite rooting medium with bottom
heat (22° C), at ambient temperatures from about 7° C to
33° C and averaging about 20° C, with the photoperiod
extended to 16 hours by incandescent lights, and inter-
mittent mist irrigation during the day. The occasional
male strobilus occurring on a cutting with female strobili
was removed, and the cuttings with male and female
strobili were placed in separate rooting benches 15 meters
apart.

Of the six trees used in 1966—68, clones 8 and 10 had
been used as females and clones A, B, 8 and 10 had been
used as males in the 1965 experiments (LinHarT and Lissy,
1967).
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Pollen was shed from male strobili on cuttings in the
glasshouse during the period 1—12 January, and from the
parent trees on the Russell Reservation during the period
4—19 January. Cuttings with opening male strobili were
moved into the warm dry headhouse 24 hours prior to pol-
len collection, to prevent wetting of the pollen and to
hasten pollen shedding. It was possible to collect several
cc of pollen per cutting by tapping the strobili into a petri
dish. Pollen was collected from trees by placing washed
twigs with opening strobili in paper bags for one or two
days in a warm dry room, shaking the bags, and sifting the
pollen. Pollen not used immediately was stored in capped
vials in the fruit drawer of a kitchen refrigerator. Pollen
collected from tree B early in 1966 was stored for a year
in this drawer.

All pollinations were made by brushing dry pollen into
the open scales of the female strobili with a small brush.
Pollinations were done in the evening, and thus the newly-

pollinated strobili remained dry overnight until the mist
sprays came on the following morning. Most female-bear-
ing cuttings had several strobili. Those cuttings with more
than three female strobili had different pollens and some-+
times an unpollinated control randomly assigned to groups
of two or more strobili on the same cutting.

Results

Difference between clones. Pollen from all six clones
produced viable seeds. However, pollinated female strobili
from only four of the six clones produced viable seeds
(Table 1).

Pollen and cutting history. We assumed that pollen
matured on the tree and used shortly after collection would
be most effective. However, such pollen collected from
trees B and D produced no viable seeds, and from trees 8
and 10 produced 24 viable seeds, while pollen forced from

Table 1. — Differential Production of Seedlings by Clones Used as Males and Females

23 December Experiment (Fresh Cuttings)

Clone: A B C D 8 10

& @ 4 ? 48 ? 4 3 ¢ &

Number of cuttings 3 — 4 — 8 — 14 — 11 — 4 —

Number of strobili pollinated!) 6 39 15 123 51 25 145 34 62 65 31 24
Number of germinated seeds per

pollinated strobilus 0 75 6.0 20 0.8 14.8 81 17 09 5.3 0 1.0

3 March Experiment (Stored Cuttings)

Number of cuttings 3 — 5 — 9 — 16 — 6 — 3 —

Number of strobili pollinated’?) 5 37 20 53 83 63 202 67 50 34 50 60
Number of germinated seeds per

pollinated strobilus 0 0 0 0 1.0 03 04 O 02 0.4 0 0.7

) 2: Number of female strobili of this clone receiving pollen of various sources.
&: Number of female strobili of various clones receiving pollen from this clone.
%) Including female strobili pollinated by wild-tree pollen which was capable of producing viable seeds (see

Table 2).
Table 2. — Pollen History.
23 December Experiment (Fresh Cuttings)
Numb " Germinated Seeds
umber o
Pollen Number of Nu(r:x;lr)lzg of Seeds As %0 of Per
Strobili inat Harvested Pollinated
Harvested Germinated Seeds Strobilus
FRESH!)
Tree-collected 57 7 24 5% 0.4
Forced from cuttings 97 42 564 18% 5.8
STORED
1—2 weeks, forced from
cuttings?) 84 46 783 20% 9.3
1 year (tree B) 46 15 0 0% 0.0
UNPOLLINATED CONTROL 68 6 0 0% 0.0
3 March Experiment (Stored Cuttings)
FRESH
Forced from cuttings 159 23 45 3% 0.3
STORED
6 weeks, tree-collected?) 81 13 84 9% 1.0
8—10 weeks, forced from
cuttings?) 141 29 32 2% 0.2
UNPOLLINATED CONTROL 218 47 0 0% 0.0

1) Used within 6 days of extraction.

%) Pollen stored 3 weeks was used in 3 crosses on 11 strobili, which all failed to mature.
%) A bulk collection made from a population shedding pollen on 30 January.

¢) Forced pollen from the 23 December experiment.
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cuttings and used fresh or within two weeks produced 1347
viable seeds (Table 2). No viable seeds were recovered from
crosses using the year-old pollen available from tree B.

The cuttings stored in the cold room allowed us to further
investigate pollen storage. These cuttings were placed in
the rooting bench in early March, under conditions similar
to those of the December experiment (ambient air tem-
perature was higher and true day length longer). All three
types of pollen used in the March experiment produced
viable seeds, with freshly-forced pollen producing seed-
lings at a frequency similar to stored pollen forced from
cuttings two months earlier. A mixed batch of pollen col-
lected from late-shedding trees on 30 January and stored
six weeks performed considerably better than the two
forced pollens (Table 2).

The number of seedlings produced per strobilus by the
best of these storage techniques is far lower than the seed-
lings per strobilus produced by pollen forced and used
without storage of either cuttings or pollen. Some of the
poorer performance in the March experiment with stored
cuttings is due to increased strobilus abortion. In addition,
germination percentages of recovered seeds are lower than
those achieved with forced pollen in the December experi-
ment.

Contamination levels with unbagged strobili. The pol-
lination operation is much more efficient if female strobili
need not be bagged prior to and following pollination.
Contaminating pollen blowing into the glasshouse, or from
cuttings in the glasshouse or headhouse, could make such
protection necessary. As a test for such contamination, 286
female strobili were left unpollinated. No viable seeds were
produced by the 53 unpollinated strobili which matured
(Table 2).

Cutting position in the crown. In nature, it has been
observed that germination percentages are greater from
seed collected high in the crown of redwood trees than
from lower in the crown?). Four of our six trees were fertile
over a sufficient area of crown to allow us to collect
female-bearing cuttings from the upper and middle parts
of the crown. One was clone A, which aborted all female

3) Personal communication, S. KrucMan, Timber Management
Research, Forest Service, USDA, Washington D.C.

strobili before cones matured. In the remaining three clonal
comparisons in the December experiment, germination from
upper-crown cuttings was 675 of 4545 seeds (15%) (4.9
viable seeds per pollinated strobilus), while germination
from middle-crown cuttings was 696 of 4080 seeds (17%)
(5.4 viable seeds per pollinated strobilus). On the basis of
this small sample, it appears there is no advantage in re-
quiring cuttings to be from the upper crown.

Number of strobili per cutting. Redwood can produce
large numbers of female strobili per branch. In these ex-
periments, the numbers of female strobili per cutting (10
to 20 cm long) ranged from 1 to 53. We wanted to deter-
mine whether the number of female strobili per cutting
would affect the production of viable seeds (Table 3). The
percentage of strobili aborting ranged from 58% to 75%
with fresh cuttings, and from 79% to 100% with stored
cuttings, and seems uncorrelated with the original number
of strobili per cutting. Among fresh cuttings, the number
of seeds per harvested cone appears inversely related to
the number of strobili per cutting, but the germination
percent of harvested seeds was, if anything, higher from
cuttings with many female strobili. These opposing effects
served to make viable seed per pollinated strobilus re-
latively unrelated to number of strobili per cutting. Since
the effort to collect strobilus-bearing cuttings and space
occupied in the rooting bench are important operational
considerations in this technique, while the time to pollinate
additional strobili on a cutting in hand is negligible, the
number of viable seeds per cutting is the most important
statistic in Table 3. Thus, it seems useful to take cuttings
with large numbers of female strobili, and to pollinate
them all.

Discussion and Conclusions

The technique of making controlled pollinations on de-
tached cuttings of Coast redwood cannot guarantee success
with every cross attempted. As with pollinations done on
trees, some individual trees or clones may be unsuitable as
females or males for a variety of reasons. In 1965, trying
several techniques we produced 15 viable seeds from 444
pollinated strobili, or 0.03 seedlings per pollinated strobilus.
In 1967, using the best technique from the 1965 experiment

Table 3. — Effect of Number of Female Strobili Per Cutting.

23 December Experiment (Fresh Cuttings)

Germinatedisﬁe’edsr

Strobili Number of — —
Per Number of Pollinated %/¢ Cones Seeds As %o of Per P
Cutting Cuttings Strobili Harvested Per Cone Harvested Pollinated r
Seeds Strobilus Cutting?)
1—3 12 27 41% 97 10% 4.1 9
4—6 11 55 22% 98 12% 2.6 13
7—9 6 48 31% 82 11% 2.8 22
10—12 11 93 35% 83 18% 5.2 44
13+ 4 87 40% 69 21% 5.8 126
3 March Experiment (Stored Cuttings)
1—3 9 15 0% 0 0% 0.0 0
4—6 10 49 12% 73 6% 0.6 3
7—9 7 53 19% 70 7% 1.0 7
10—12 4 34 21% 96 % 14 13
13+2) 12 259 15% 63 1% 0.1 3

1) Range 13-43; Average 28.5.
2) Range 13-53; Average 25.9.

3) Uncorrected for the number of: unpollinated controls on some of these cuttings, and therefore the figures are conservative for cut-

tings with greater than three strobili.
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(dry pollen brushed into receptive strobili), we produced
1532 viable seeds from 720 pollinated strobili, or 2.1 seed-
lings per pollinated strobilus. Considering only the fresh
cuttings of female-fertile clones and recently-forced pollen,
we produced 1347 viable seeds from 181 pollinated strobili,
or 7.4 seedlings per pollinated strobilus.

The germination percentages achieved are comparable to
those commonly obtained from tree-matured redwood seed
(Fowerrs, 1965). However, few female strobili abort from
trees while half or more abort from detached cuttings.
Because of this higher abortion rate, the production of
viable seed per pollinated strobilus is lower than for con-
trolled pollinations on the tree.

As previously reported, many of the cuttings do not root
before ripe cones with viable seeds are harvested. However,
sooner or later most do root, and these continue to produce
male and female strobili in increasing numbers when
planted (Figure 1). We have recovered viable seeds from
these plants of cutting origin. Similar initiation of strobili
has been reported for first-year rooted cuttings of the
related Dawn redwood, Metasequoia glyptostroboides
(LoNGMAN, 1970).

Thus, the success, convenience, and physical safety of
pollination on detached cuttings recommends the techni-
que for the production of redwood families by control pol-
lination. With the ability to root redwood cuttings and
continue pollinations on the rooted cuttings at ground level
for several years, plus the possibility of forcing advanced-
generation offspring into early flowering (Puaris and
Mogrr, 1969), the future of redwood genetics looks much
brighter than it did a few years ago.

grow horizontally, with largely bilateral symmetry,
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Summary

The technique of making controlled pollinations on de-
tached cuttings of Coast redwood is now developed to a
point where it is practical for tree breeding and genetics
work with this species. The best success was obtained by
removing cuttings from the trees shortly before opening
of the strobili, and continuing their development in the
rooting bench immediately following collection. Pollen shed
from such cuttings and used shortly after shedding was
more satisfactory than fresh pollen collected from trees,
or pollen stored a few weeks from either cuttings or trees.
The pollinations were best accomplished by brushing dry
pollen between the open scales of the female strobili, and
efficiency of the operation is increased by using cuttings
with many strobili. The cuttings which root continue to
produce abundant male and female strobili, and viable
seeds, in subsequent years.
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Figure 1. — Planted cuttings about four years after rooting. A. (left) The rooted twig has continued to
and abundant male and female strobili. A radially-

symmetrical vertical shoot has initiated near the base of the cutting, and in its second growing season con-
tains mostly female strobili, here shown as nearly-ripened cones. B. (right) No radially-symmetrical verti-
cal shoot has yet initiated from this cutting. Note abundant male strobili near the base and ripe cones
further out on the twigs, with freshly-shed seed visible on the board placed under this horizontally-growing

plant.
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