5. Conclusions

Somewhat changed silvicultural methods may be needed
when using grafted clones in forestry. Choice of proper
spacing is then important and research on the effect of
competition and on the method at plant propagation is
needed. On the whole the variation between plants within
the seedling material was larger than between grafts
within the clones except for straightness (Figure 3 a—g).
The reason could be that genetic differences within the
seedling material caused more variation than the genetic
differences in the root part and the physiological differen-
ces resulting from the grafting procedure.

It seems to be possible to decrease variation, especially
for volume production, by conducting trials with grafted
clones, but then competition must be low. Clones could
thus be a great help in breeding work. A greater number
of clones must be tested to give information of interaction
between genotype and spacing.
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The somatic chromosomes of Cryptomeria japonica with special
reference to the marker chromosomes’)
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Summary

The diploid chromosome number of Cryptomeria japonica
was found to be 2n = 2x = 22, which concurs with pre-
vious reports. The majority of chromosomes were found to
have median kinetochores. One submetacentric chromo-
some pair has an unusually long primary constriction
which consists of chromomeres connected by the kineto-
nema. The possibility that this unusual region is of a com-

1) Contributed from Department of Agronomy and published with
the approval of the Director of the Colorado State University
Experiment Station as Scientific Series Paper No. 2809.

?) Former Graduate Research Assistant, and Professor, Department
of Agronomy, Colorado State University, Ft. Collins, Colorado
80523, USA; and Northeastern Area Geneticist, State and Private
Forestry, Forest Service — USDA, 1992 Folwell Ave., St. Paul,
Minnesota 55108, USA. Dr. ScHLarBAUM is presently Assistant
Professor, Dept. of Forestry, Wildlife and Fisheries, University
of Tennessee, Knoxville, T N 3790.

Correspondence address: Dr. T. TsucHiva, Department of Agronomy,

Colorado State University, Ft. Collins, CO 80523, USA.

152

pound nature, containing the nucleolar organizer and mi-
crotubule attachment sites, is discussed. Observations of
the present study were compared with results of previous
studies in order to provide a better understanding of the
chromosome morphology in Cryptomeria.

Key words: Cryptomeria, Taxodiaceae, marker chromosomes, kine-
tochore, kinetonema.

Zusammenfassung

Die diploide Chromosomenzahl von Cryptomeria japonica
hat sich als 2n = 2x = 22 herausgestellt, was mit friiheren
Berichten iibereinstimmt. Die Mehrzahl der Chromosomen
zeigten mittelgrofe Kinetochoren. Ein submetazentrisches
Chromosomenpaar hat eine ungewdohnlich lange primére
Constriktion, die aus Chromomeren besteht, welche durch
Kinetonemen verbunden sind. Die Mdglichkeit, dal diese
ungewdhnliche Region zusammengesetzter Natur ist und
einen nukleolaren Organisator und mikrotubulare An-
kniipfungsstellen enthilt, wird diskutiert. Beobachtungen
der gegenwirtigen Untersuchung wurden mit den Ergeb-
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nissen fritherer Untersuchungen verglichen, um ein besse-
res Verstdndnis der Chromosomen-Morphologie bei Cryp-
tomeria zu erlangen.

Introduction

Cryptomeria japonica D. Don, Japanese Sugi, is a mono-
typic genus in the redwood family, Taxodiaceae. The
conifer is widely planted throughout the world but thought
to be endemic only to Japan since the Pliocene era (FLORIN,
1963). Morphologically, Cryptomeria is distinct within Tax-
odiaceae. The genus is invariably classified in a monotypic
tribe (Hipa, 1962; EckeNwaLDER, 1976) or even separated
from Taxodiaceae into a monotypic family (HAavara, 1932).

The chromosome number of Cryptomeria, 2n = 2x = 22,
was initially reported by Sax and Sax (1933) and MarsumoTo
(1933) in independent studies. Chromosome counts in later
studies have confirmed the initial observations (ZinNai,
1947; Kanazawa, 1949; CHisa, 1950; Zinnar and CHisa, 1952;
Sarro and HasHizuMe, 1958; SHisara et al., 1959; MaTtsupa and
Mivanma, 1976; ScHrarBaum and TsucHiya, 1981). Chromo-
some morphology was studied in detail by Sax and Sax
(1933), Martsumoro (1933), Stirr (1952), MeEnra and KHosHOO
(1956), Kuroxi (1969), Topa (1977, 1979 a, b, 1980, 1981 a, b),
Meura and Ananp (1979) and Someco and Kikuti (1980).
However, descriptions of the Cryptomeria karyotype are
conflicting among these previous studies. The present
authors, therefore, undertook a study of the somatic chro-
mosomes of Cryptomeria to make accurate observations on
the chromosome complement and discuss these observa-
tions in relation to previous studies. Additionally, the
study was undertaken to investigate for the presence of
marker chromosomes with unusual structures which have
been previously reported to occur in taxodiaceous tree
species (ScHLARBAUM and TsucHiva, 1975, 1981, 1984; ScHLAR-
BAUM, 1980; ScHLARBAUM et al., 1983).

Materials and Methods

A single clone was selected for study from three Crypto-
meria populations, respectively, located in Kyushu, Aomori
Prefecture and Kumamoto Prefecture. Somatic cells in the
root tip meristematic tissue were isolated and analyzed.

The root tips were immersed in 8-hydroxyquinoline
(0.002 M) for 24—36 hours at 4°C and fixed in a 3:1 mix-

ture of ethyl alcohol and glacial acetic acid. After several
days in the fixative, the root tips were hydrolyzed in 1 N
HCI at 60° C for 10—15 minutes and stained with Feulgen
or acetocarmine (Savror, 1961; Schlarbaum and Tsuchiya,
1976).

The squash technique was used for slide preparation.
Slides were made permanent by applying several drops of
a 10:1 mixture of 45 percent acetic acid and glycerol to
the edge of the cover slip (TsucHiva, 1971).

Results

The diploid chromosome number of Cryptomeria was
observed as 2n = 22 (Fig. 1) as previously reported by Sax
and Sax (1933), Matsumoto (1933), and in other studies.
Numerous cells (ca. 20—40 from each clone source) were
present in which the diploid number was confirmed and
the morphological features of the chromosomes were
easily observed. There were no notable differences in chro-
mosome morphology among the clones from the three pop-
ulations.

With few exceptions, all of the chromosomes were meta-
centric (Fig. 1). However, one chromosome pair was sub-
metacentric and exhibited a long kinetochore region. As
clearly shown at meta-anaphase (Fig. 2 a) and metaphase
(Fig. z b), this region was not an artifact nor an aberration
but a consistent feature of the chromosome complement.
The length of this kinetochore region varied in different
cells at the same stage of mitosis and some variation was
observed between homologous chromosomes in the same
cell which may be partly ascribed to artifacts (Fig. 2 b).
The region apparently consists of chromomeres connexted
by a darkly stained chromonema or kinetonema (MATSUURA,
1941). In some slide preparations, the kinetochore region
showed a spiral structure (Fig. 2 b - third chromosome from
left). Occasionally, two large chromomeres were observed
near the middle of the region as shown by several meta-
phase chromosomes in Figure 2 b. Conventional satellited
chromosomes were not observed in the chromosome com-
plement of Cryptomeria.

The chromosome complement of Cryptomeria, with the
exception of the marker chromosome pair, was generally
symmetrical in kinetochore position and relative size.

Figure 1. — Somatic metaphase cell of Cryptomeria japonica (2n — 22). Arrows

indicate marker chromosomes with long kinetochore regions.
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Figure 2. — a) Marker chromosome par of Cryptomeria japonica at meta-

anaphase. Arrows indicate long kinetochore regions. b) Isolated marker

chromosome pairs at metaphase from four cells of Cryptomeria japonica.

The “Kopfchen” is indicated by an arrow in the right chromosome of the

first pair. The spiralization of the kinetonema is evident in the left chro-
mosome of the second pair.

Discussion

The symmetrical chromosome complement of Cryptome-
ria described in the present study concurs with previous
investigations reported by Kurok: (1969), Meura and Kuos-
Hoo (1956), Topa (1977, 1979 a, b, 1980, 1981 a, b), MEHRA
and ANanp (1979) and Someco and Kikuri (1980). The studies
of Sax and Sax (1933) and Stirr (1952) indicate conflicting
viewpoints, reporting the presence of many nonmetacentric
chromosomes in the complement. However, neither Sax
and Sax (1933) nor Stirr (1952) presented a photograph of
the chromosomes nor recognized the presence of chromo-
somes with unusual features. These two studies, therefore,
may be considered less accurate than the present study
or previous detailed studies although the possibility of in-
traspecific variation in the karyotypes can not be comple-
tely disregarded as Cryptomeria is a morphologically vari-
able tree (DaLLiMORE et al., 1966).

Menra and Knosnoo (1956), Menra and AnanDp (1979), and
Someco and Kiwkurr (1980) recognized the presence of a
long primary constriction in one chromosome pair. Topa
(1977, 1979 a, b, 1980, 1981 a, b) observed this unusual fea-
ture but considered it to be a secondary constriction rather
than the primary constriction. Topa considered the primary
constriction to be located between the long arm and a
rounded, short arm referred to as a “Kopfchen”, which is
the short arm of an acrocentric chromosome (Kinara et al.,
1936). This feature can be observed in the second chromo-
some from the left in Figure 2 b. However, the results of
the present study do not agree with Topa’s karyological in-
terpretation in this particular instance. The probable posi-
tion of the kinetochore in the marker chromosomes is indi-
cated by the connected kinetonema within the unusual
region at the last stage before chromosome separation in
meta-anaphase (Fig. 2 a). Inspection of TopA’s figures indi-
cates that the “Koépfchen” is a large, inconsistently ap-
pearing chromomere in the long arm or could possibly be
a feature due to the results of differential reactivity to
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staining which has been reported to occur in Cryptomeria
(ScHrLarBAUM and TsucHiya, 1981).

MatsumoTto (1933) reported two chromosome pairs with
long kinetochore regions to occasionally occur in cells of
Cryptomeria. Only one pair was observed in the different
clones of the present study or reported in any of the pre-
vious studies. However, inspection of the photomicrograph
presented by Topa (1981 b) shows two pairs of chromo-
somes with long kinetochore regions. One pair was the
distinctive pair noted in many Cryptomeria studies while
the other pair, unrecognized by Topa, had a kinetochore
region which was comparatively shorter, though the region
was definitely longer than a normal primary constriction.
It is apparent, therefore, that some populations of Crypto-
meria have two pairs of chromosomes with long kineto-
chore regions. More detailed studies are needed to deter-
mine if the second marker pair contains kinetonemas
with chromomeres as in the more distinctive marker chro-
mosomes.

Results of the present study show that the morphology
of the long kinetochore regions is variable, although this
variation was inconsistent among the marker chromosomes.
No observations indicated that the long kinetochore regions
of the individual chromosomes were appearing consistently
different as in the SAT-chromosomes observed in Secale
cereale by Bose (1956, 1957, 1958).

No secondary constrictions were observed in the chro-
mosomes of the different clones in the present study. How-
ever, Topa (1979 b, 1981 a, b) has shown indisputable evi-
dence that secondary constrictions are present in some
cultivars of Cryptomeria. Karyological studies of Taiwania
cryptomerioides Hay. and Metasequoia glyptostroboides
Hu et Cueng, other members of Taxodiaceae, show the pre-
sence of marker chromosomes similar to the pair in Cryp-
tomeria and an absence of chromosomes with secondary
constrictions (ScuiarBaum and TsucHiya, 1984, SCHLARBAUM
et al., 1983). Therefore, it is suspected that the long kineto-




chore region, rather than the secondary constriction, con-
tains the nucleolar organization region in addition to the
microtubule attachment site. Plant species with unusually
long kinetochore regions believed to contain the microtu-
bule attachment site and nucleolar organizer region have
been previously reported (Hunziker, 1961; Kuosnoo and
AHuIA, 1963; Kurita, 1953, 1960; LaCour, 1950; Sarto, 1942).
Meiosis of Cryptomeria populations with and without se-
condary constrictions will have to be studied to ascertain
the position of the nucleolus organizer region.
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Clonal selection in Larix laricina. 1. Effects of age, clone and
season on rooting of cuttings
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Summary

Experiments were conducted with 50 clones of tamarack
(Larix laricina [Du Roi] K. KocH) of 4 age classes ranging
from 3 to 10 years, from which cuttings were taken and
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struck at 4 dates between May and August. The rooting
medium was a mixture of peat and vermiculite kept in
styro-blocks, and the cuttings were treated with a rooting
hormone and irrigated by intermittent mist. Cuttings when
struck were characterized by a distinct phenological state.
Assessments after 3 months included rooting percent, per-
cent of cuttings with major roots (more than 3 cm long),
number of major roots per cutting, length of the longest
root, and shoot phenology. Analysis of variance indicated
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