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The gymnosperms, though possessing fewer genera and
species in comparison to the angiosperms, however, con-
stitute a dominant element of the forests in the temperate
zones of the earth. The group has not only considerable
phylogenetic importance, but also constitutes very impor-
tant source of wood (used for diverse purposes), resins,
oleoresins, gums, essential oils, medicines and some adibl2
starches and seeds (cf. ScHery, 1954; THIERET, 1958 etc.). The
more important component of the group, namely, the Co-
niferales, is now receiving considerable attention all over
the world, at the hands of morphologists, palaeontologists
and breeders. The importance o the cytological data in
all such studies requires no emphasis. Assuch the need for
a consolidated and an up-to-date list of chromosome num-
bers of the gymnosperms has been felt by the present
writer and also pointed out repeatedly by several col-
leagues (in particular W. LaneNER, Schmalenbeck) interest-
ed in various aspects of this primitive but fascinating group
o seed plants. During the course of the writer’s association
with the cytogenetical aspect o this group, he has gath-
ered such data from different sources. This paper consol-
idates most of the scattered literature on the topic and
helps us not only to take stock of the present achievements
in this field, but, what is more important, it reveals to us
as to what remains to be accomplished.

Eversince the publication of the classical cytological
works of Kar. Sax and his collaborators (1932—34), sev-
eral papers on the cytology (sometimes also on the cyto-
genetics) of the Northern conifers (sensu FLorin, 1940) have
appeared. All these will be reviewed in a forthcoming pub-
lication of the writer. However, mention must be made of
the recent valuable work by Hair and Beuzenserc (1958a, b)
which has filled the long-felt gap in our knowledge of the
cytological situation in the southern conifers, in particular
the Podocarpaceae. This family is ,taxonomically complex
and morphologically very variable” (MeHra and Knosmoo,
1956b) and in agreement with this statement, the family
has also turned out to be cytologically heterogeneous (cf
Har and Beuzenserc, 1958a, b). This heterogeneity is un-
paralleled in gymnosperms in particular, and tree species
in general. These authors have studied 52 species covering
all the 7 genera o the family Podocarpaceae. The haploid
number ranges from 9 to 19. There is a ,,regular numerical
relationship"” between the number of metacentric and sub-
telocentric chromosomes. According to them the trend has
been towards reduction in the number of chromosornes by
the ,fusion“ of subtelocentrics. It must be admitted that
their results are highly significant and a fuller version of
their findings is awaited with considerable interest and
anticipation.

Mention may also be made o the recent theoretical pa-
per by the present writer (KunosHoo, 1958, 1959) in which he
evaluated therole of polyploidy in gymnosperms in general,
and conifers in particular. This is the first d the series of
papers evaluating the role of various cytogenetic factors
responsible for the evolution within the gymnosperms. He
has shown that the present data reveal that polyploidy is
totally absent in Cycadales, Ginkgoales, Welwitschiales and
Gnetales. T'he Coniferales contain merely 1.5% and Ephe-
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drales about 44.4% of polyploids (Kuosuoo, 1958; 1959, Ta-
ble 2). Each and every case of natural polyploidy (seedlings,
trees, species and genera), in particular within Coniferales,
has been critically evaluated and the nature of its polyploidy
diagnosed on the various grounds. The causes d the rarity
o polyploidy have been critically reviewed. The original
hypothesis d DarLincTON (1937, p. 84) that in trees the nu-
clear-cytoplasmic ratio has already reached a perfect equi-
librium and is at present at an ,upper limit", that is at a
stage when any alteration is deleterious, can be part o the
explanation for the rarity af polyploidy in gymnosperms
in general, and conifers in particular. The change in the
equilibrium by polyploidy results in weak and slow-grow-
ing individuals which have no selective advantage, because
in nature fast-growing individuals are favoured. Further-
more, the writer has for the first time brought out that so
far all the cases o polyploid seedlings and trees have been
only detected in protected habitats (nurseries and experi-
mental farms) where competition is almost totally lacking
and thus conditions are very favourable for the growth ot
such aberrant types.

In the opinion of the writer the other, and rather a more
plausible, reason for the rarity of polyploidy is as follows.
T'he present data reveal that thereis an ecospecific differ-
entiation between all the compatible taxa. As such poly-
ploid+esulting from hybrids involving even morphological-
ly distinct species, will be largely auto- or segmental
alloploid in nature. That such polyploids have been unable
to establish and then to diverge into perfect alloploid is
clear from the fact, that even though polyploid seedlings
arise constantly in Coniferales, yet polyploidy is rare in
this group (XKuosuoo, 1958, pp. 24—31; 1959, pp. 3R—3).
Polyploids with such cytogenetic properties have very small
chance o survival, particulary because o their being poor
competitors and the absence of apomixis (vegetative re-
production and/or agamospermy). It is well known that
apomixis lends a helping hand in averting the ,bottle-
neck" of initial sterility in raw polyploids. Why agamo-
spermy is rare in gymnosperms is an interesting question,
and will be answered elsewhere.

Lastly the writer (Kuosuoo, 1958, pp. 5—6, 1959, p. 26)
has pointed out that polyploidy as a tool for raising im-
proved conifers is likely to be generally unrewarding,
because of the poor growth and fertility of the induced
polyploids in this group. Perhaps the only hope is to raise
auto- and allotriploids, which, as is known from the re-
searches of the Swedish workers (MiiNntzing, 1936; JOHNSSON,
1945, 1950, 1953) are useful in some dicotyledonous trees.
The triploid Larix raised after interspecific cross by Sy-
RACH LArseEN and WesTeErGAARD (1938) is fairly vigorous and
is, therefore, a pointer in this direction (cf. Knosxoo, 1958,
pp. 5—6, 1959, p. 26). Such vigorous triploids could be multi-
plied further by vegetative means.

In another communication the writer (Kuaoszoo, 1960)
evaluated the role of karyotypic changes in the evolution
and differentiation of gymnosperms in general, and coni-
fersin particular. |1t has been brought out that the various
processesinvolved at various levels aretranslocations, frag-
mentation-fusion processes, segmental interchanges, peri-



and paracentric inversions and cryptic structural hybridity.
These have resulted in alterations in number and morpho-
logy, and repatterning of chromosomes without significant
changes in the karyotype.

It has been concluded that in the gymnosperms the
various organs (including the nucleus) seem to have ad-
vanced at different rates. As such it is not possible to form
a rigid evolutionary series taking all characters into con-
sideration. However, in general, cytological data follow the
taxonomic groupings and in the various families (except
Cycadaceae and Podocarpaceae) a single basic number can
be recognised. In these two families the basic numbers in
the present day genera form a 'dysploid series resulting
from fragmentation and/or fusion of centromeres. Judging
from our present day understanding of the karyotypic evo-
lution in plants in general, it is tempting to speculate that
the probable ancestral karyotype in these families was low-
numbered and symmetrical.

The various genera in a family may or may not resemble
one another in their basikaryotype which remains generally
constant within genera except in Podocarpus and Dacry-
dium. However, in the later genera basikaryotype remains
constant only in some sections. The inter- and intraspecific
differentiation is due to changes in absolute size of the
chromosome complement and/or number, nature and loca-
tion of secondary constrictions and satellites. Furthermore,
apart from gene mutations, such differentiation involves
other changes like segmental interchanges, inversions and
cryptic structural hybridity.

The decrease in chromosome number and absolute size
of chromosomes of a complement seems to be generally
correlated with the phylogenetic advancement in conifers.
Similarly the increase in asymmetry can also be correlated
in some cases with specialization in habitat, habit and
morphology.

In comparison to angiosperms, the gymnosperms are
cytogenetically extremely stable. Such stability is also
found in their habitat preferences, habit, morphology and
pollination, and reproductive systems etc.

In the end avenues for further work have been point-
ed out.

The above are among the notable works that have ap-
peared in recent years on the topic. We may now proceed
to make some explanatory remarks on the present paper.

Apart from the original papers, the following works have
been consulted while preparing the present list:

MaupE (1939), DarLingTON and Janaki AMMAL (1945), LOVE
and LOvE (1948), KANEzawa (1949), Saté (1949, pp. 162—169),
DEeLAY (1950—1951), StiFr (1952), DarLINGTON and WYLIE (1955),
CAvE et al (1956—1959 and supplement) and KuosHoo (1959).

Generally the data from older morphological works,
which in most cases have either been doubtfully reported
or have turned out to be incorrect after using improved
techniques, have not been quoted. Only authentic reports
of the natural polyploids have been included (Kunosuoo, 1958,
1959). Cytological data on hybrids have also been included.

The arrangement of the families is adapted after Taku-
TAJAN (1953) and that of genera within families after Sax and
Sax (1933) for Cycadales and after L1 (1953) for Coniferales.

The validity of the specific names in Ephedra has been
checked from the Index Kewensis (1895—1950) and that
of the Coniferales mostly from DaLLiMore and JAckson (1948).
The species of conifers marked with an asterisk are not
given in Darrimore and Jackson (1948) but are included in
the Index Kewensis (1895—1950).

At present out of about 67 genera, 55 (82 %) genera and
out of about 635 species, 264 (42%) species have been cyto-
logically studied. After a perusal of all these data, th=
writer feels that work along the following lines is impor-
tant and needs particular attention.

1. The following genera urgently need a cytological study,
since no work has been done so far on them.

Taxaceae : Austrotaxus, Nothotaxus.

Pinaceae . Cathaya (cf. Cuun and Kuang, 1958).
Taxodiaceae : Glyptostrobus.

Cupressaceae : Fitzroya, Neocallitropsis, Octoclinis,

Diselma, Papuacedrus, Pilgerodendron,
Fokienia, Heyderia, Arceuthos.

2. Cytogenetic studies are needed on interspecific and
intergeneric hybrids. Such studies have been almost alto-
gether neglected so far, even though very important and
valuable work is being done on the breeding of conifers all
over the world. The urgent need for such data has been
already emphasised by the present writer (Kxnosaoo, 1958,
1959). Such studies would also go a long way to elucidate
the cytogenetic basis of the species and the generic rela-
tionships. It is needless to mention here that some probable
cases of intergeneric hybrids are already on record in the
literature: Ceratozamia X Zamia (CHAMBERLAIN, 1926), four
hybrids involving Tsuga, Picea and Keteleeria (Camro-
DurLan and Gaussen, 1949) and Cupressus X Chamaecyparis
(OsBorn, 1940).

3. Critical cytogenetic work is needed on the polyploid
trees and species and also on the polyploid seedlings often
discovered in nurseries.

4. More work is needed to supplemént the existing state
of knowledge on the following genera:

Cycadaceae . Cycas, Macrozamia, Encephalartos,
Zamia.

Araucariaceae : Araucaria, Agathis.

Taxaceae . Amentotaxus, Torreya.

Pinaceae . Keteleeria, Abies, Pseudotsuga,
Larix.

Cupressaceae . Libocedrus, Juniperus.

Ephedracege : Ephedra.

Welwitschiaceae : Welwitschia.

Gnetaceae : Gnretum.

There are several foresters and forest-tree breeders in
the world to whom the viable seeds of the species of the
above genera are easily available. I will feel deeply grateful
to anyone sending me the viable seeds of these, in particular
of the totally unworked genera listed earlier.

Lastly, it is my most pleasant duty to express my indebtedness
Professors W. LaNGNER (Schmalenbeck), P. Mauesuwar: (Delhi) and
P. N. MEHRA (Chandigarh) for their continued encouragement and
advice. To Dr. M. L. Stirr (Lafayette), I am deeply grateful for
allowing me to quote his valuable unpublished work on the cyto-
logy of conifers.




Table of Chromosome Numbers

/ Chromosome Chromosome
Species numper Reference Species number Reference
n | 2 n | 2n ‘
1. CYCADALES australis 13 26 Har and
1. Cycadaceae BEUZENBERG, 1958b.
Cycas (x=11) brownit (robusta) — 26 FLory, 1936.
circinalis — 22 Sax and BeaL, 1934. species — 26 FLory, 1936.
revoluta — 22 Sax and BEeaAL, 1934,
— 22,24  Nakawura, 1929 4. Podocarpaceae
rumphii — 22 Sax and BeaL, 1934. Phyllocladus (x=9)
Bowenia (x=9) alpinus 9 18 Hair and
serrulata — 18 Sax and Brar, 1934. BEUZENBERG, 19583, b.
spectabilis — 18 Resenor and Rijo, 1948, glaucus 9 18 Ham and
. BEUZENBERG, 19583, b.
Macrozamia (x=9) trichomanoides 9 18 Hair and
miquelii — 18 Sax and BEeaL, 1934.
moorei — 18 Sax and BraL, 1934. BEUZENBERG, 19582, b.
tridentata — 18 Sax and BEAL, 1934. P ? e 7’103)3 phaera
Stangeria (x=8) x=29)
paradoxa — 16 Sax and BeaL, 1934. hookeriana 13 26 Hamr and
BEeuzENBERG, 1958a.
Encephalartos fitzgeraldi 13 26 Hamr and
x=8[7],9) BEUZENBERG, 1958a.
altensteinii — 16 Sax and Bear, 1934. .
. 18 RESENDE, 1940, Microcachrys (x=15)
barteri 9 _ BERRIE, 1959. tetragona 15 30 Hamr and
caffer — 18 Vivelros, 1951. BEUZENBERG, 1958a.
cycadifolius — ca.18 ResenpE and Rijo, 1948, Saxegothaea (x=12)
horridus — 18 RESENDE, 1940. conspicua 12 24 Ham and
latifrons — 18 RESENDE, 1940. BEUZENBERG, 1958a.
lehmanii — 18 VIVEIROS, 1951. Acmopyle (x=10)
villosus — 18 VIVEIROS, 1951. pancheri 10 20 Hamr and
Dioon (x=9) BEUZENBERG, 1958a.
edule — 18 VivEIRos, 1951. Dacrydium (x=9-12, 15)
spinulosum — 18 Sax and Beaw, 1934. araucarioides 10 20 Hamr and
Microcycas (x=13) BeuzENBERG, 1958a.
calcoma — 26 Sax and BEAL, 1934. balansae 10 20 Hatr and
Ceratozamia (x=8) BEUZENBERG, 1958a.
mexicana — 18 Sax and BEeaL, 1934. bidwillii 9 18 Har and
. BEUZENBERG, 19583, b.
Zamia (x=8,9) biforme 12 24 Hamk and
floridana — 16 Sax and BeaL, 1934.
L BEUZENBERG, 19583, b.
loddigesii — 18 REeseENDE and Rijo, 1948. ) ’
media — 16 Sax and BEeaAL, 1934 colensoi 10 20 Hamr and
’ ’ BEUZENBERG, 1958a, b.
II. GINKGOALES cupressinum 10 20 Hamr and
2, Ginkgoaceae BEUZENBERG, 19582, b.
Ginkgo (x=12) elatum 10 20 Har and
biloba 12 24 Sax and Sax, 1933; BEUZENBERG, 1958a.
Resenpe and Rijo, 1948; franklinii 15 30 Hair and
Tanaka et al, 1952; BEUZENBERG, 1958a.
LEE, 1954; guillauminii 10 20 Hamr and
NEWCOMER, 1954; BEUZENBERG, 1958a.
PoLvrock, 1957; intermedium 15 30 Hair and
Czexka and BEUZENBERG, 19584, b.
ScuiMAN, 1960. kirkii 11 22 Hamr and
III. CONIFERALES BEUZENBERG, 1958a, b.
3. Araucariaceae laxlfolzum 15 30 Hair and
Aragucaria (x=13) BEUZENBERG, 19583, b.
angustifolia lycopodioides 10 20 Har and
(brasiliana) — 26 FLory, 1936; Beuzensere, 1958a.
StIFF, 1952. taxoides 10 20 Hair and
bidwilli — 26 Frory, 1936. BeuzEnBERG, 1958a.
cunninghamii — 2 FLoRrY, 1936. Podocarpus (x=10-13, 17-19)
excelsa — 28 STIFF, 1952. Section 1. Dacrycarpus
Agathis (x=13) dacrydioides 10 20 Hamr and
alba — 26 ZiNNAL, 1948. : BEUZENBERG, 19583, b.



Chromosome Chromosome
Species number Reference Species number Reference
n 2n n 2n
imbricatus 10 20 Hair and Subsection B.
BEUZENBERG, 1958a. elatus —  34—36 Ham and
vieillardii 10 20 Hamr and BeuzenBERG, 1958a.
BruzENBERG, 1958a. macrophyllus 19 38 Frory, 1936;
Section 2. Microcarpus TAHARA, 1941;
ustus 18 36 Har and Menra and
BEUZENBERG, 1958a. KnosHoo, 1956b.
Section 3. Nageia neriifolius — 38 FLory, 1936.
i — 33 Hamr and
blumei 10 20 Har and BEUZENBERG, 1958a
. BEUZENBERG, 1958a. novae-caledoniae  — 37 Hair and
nagt 13 26 Ham and BEUZENBERG, 1958a.
19 24 ?EUZENBER(;QIIS{SSH' polystachyus —_ 33 Hamr and
SHIKAWA, 9 6; BEUZENBERG, 1958a.
) ST, 1952. Subsection C.
Section 4. Afrocarpus salignus 19 38 STIFF, 1952;
falcatus 12 24 FLory, 1936; Hair and
MEenra and BEUZENBERG, 1958a.
KnosHoo, 1956b; Subsection D.
Hamr and acutifolius — 38 STiFF, 1952.
BEeuzENBERG, 1958a. 17 34 Hair and
gracilior 12 24 Menra and BEUZENBERG, 19582, b.
KHosHoo, 1956b; alpinus 19 38 STIFF, 1952.
Hamr and hallii 17 34 Hamr and
BrUZENBERG, 1958a. BEUZENBERG, 1958a, b. .
Section 5. Polypodiopsis nivalis 19 38 SNoAD, 1952;
comptonii 10 20 Hamr and Stirr, 1952;
BEUZENBERG, 1958a. Ham and
minor 10 20 Har and BEUZENBERG, 19583, b.
BEUZENBERG, 1958a. var. erectus (niva- Hamr and
palustris 10 20 Hamr and lis X hallit) 21 +15;; 36 BEUZENBERG, 1958a, b.
BEUZENBERG, 1958a. totara 17 34 Har and
vitiensis 10 20 Hamr and BEUZENBERG, 19582, b.
BEUZENBERG, 1958a. Subsection F.
longefoliolatus — 37,38 Hamr and

Section 6. Sundacarpus

amarus

19 38

Section 7. Stachycarpus
Subsection A. Euprumnopitys

andinus

ferrugineus

spicatus

19 38
18 36
19 38

Section 8. Eupodocarpus

Subsection A.
elongatus

henkelii

latifolius

*) These authors worked this species under the name P. latifolius
from the material collected from Forest Research Institute, Dehra
Dun (India). However, Dr. Nerra E. Gray is of the opinion that

— 24
11 22
10,11 20, 22
11 22
10 20

these plants are actually P. henkelii.

4

Hamr and
BEUZENBERG, 1958a.

FLoRry, 1936;

Hair and
BruzenBERG, 1958a.
Har and

BEUZENBERG, 1958a, b.

Hair and

BEUZENBERG, 19583, b.

STIFF, 1952.

Har and
BEUZENBERG, 1958a.
Hair and
BEUZENBERG, 1958a.
Menra and
KHosH00, 1956b*).
Hair and
BEUZENBERG, 1958a.

Cephalotaxus (x=12)

drupacea

var. pedunculata

fortunei

12

12

12

6. Taxaceae

Amentotaxus (x=11)

argotaenia

Torreya (x=11)
macrosperma*
nucifera

Taxus (x=12)
baccata
(wallichiana)

canadensis

11

11
11

12

24

24

12+1B—

12

BEUZENBERG, 1958a.

5. Cephalotaxaceae

SUGIHARA, 1940;
Menra and
KuosHoo, 1956b.
StiFF, 1952;
KuosHoo, 19573, b.
Sax and Sax, 1933.

SUGIHARA, 1943b.

NaxajiMa, 1942,
TAHARA, 1940a;
HirAvosHr, 1942;
Hirayosur and
NakaMURra, 1942.

DaRk, 1932;

Sax and Sax, 1933;
SUGIHARA, 1946;
STIFF, 1952.

DaRrk, 1932.

Sax and Sax, 1933.



Chromosome Chromosome ‘
Species number Reference Species number Relerence
n 2n n [ 2n
cuspidata 12 24 DARk, 1932; libani 12 — Sax and Sax, 1933.
Sax and Sax 1933. Larix (x=12)
hunnewelliana 12 — Sax and Sax, 1933. decidua (europaea) 12  — Sax and Sax, 1933.
media 12 — Sax and Sax, 1933. — 24,48 CHRISTIANSEN, 1950.
7. Pinaceae decidua Xocci- — 36 SyracH LarseN and

Keteleeria (x=12) dentalis ‘WESTERGAARD, 1938;
davidiana KNABEN, 1953.
(evelyniana) 12 — SuGIHARA, 1943a; eu,‘rollez? s . 12 - H. J. Sax, 1932.

WANG. 1948. gmelinii (dahurica) — 24 Worxcickr, 1906.

Abies (x—19) — 36 Manzos and

Pozbnjakov, 1960.
balsamea 12 — Mivake, 1903. leptolepis (kaemp-
cephalonica 12 — Sax and Sax, 1933. feri) 12 _ Sax and Sax. 1933
concolor 12—  Saxand Sax, 1933 occidentalis 12 —  Saxand Sax, 1933.
magnifica — 24 STIFF, 1952, polonica* _ 24 Hrusy. 1933.
nordmanniana 12 — Sax and Sax, 1933. sibirica o KisLLANDER 1948
pindrow 12— Mexra and sudetica* — Hrusy, 1933.

KHosHoo, 1956a. .

veitchii 12 — Sax and Sax, 1933. Pseudolarix (x=12)

Pseudotsuga (x=13) amabilis 22 44 gAx anlcsimszAx 1933;
douglasii — 24"  Durwiru-VasRe, 1958. . TIFR, 2992
taxifolia 13— Sax and Sax, 1933; Pinus (x=12)

ZENKE, 1953. armandi 12 24 STIFF, 1952;

Tsuga (x=12) SANTAMOUR, 1960.
canadensis 12 . Sax and Sax, 1933. ayacahuite 12 — SANTAMOUR, 1960.
caroliniana 12 — Sax and Sax, 1933. banksiana 12 24 Sax and Sax, 1933;
diversifolia 12 — Sax and Sax, 1933. STiFF, 1952,

Picea (x=12) bungeana 12 — Sax and Sax, 1933.

canariensis — 24 BowbeN, 1945;
abies 12 24 Sax and Sax 1933; Mzenra and
ANDERSSON, 1947 Kuosuoo, 1956a
— 24, %28, - ' '
36 10 } KIELLANDER, 1950. caribaea — 24 Menra and
’ KHosHoo, 1956a.
—_ 24, 28—30, — 24, 36
30—36, 36, as elliottii . } MercE, 1958.
37 48 ILLiEs, 1953, 1958.
60’—7;) cembra 12 — SANTAMOUR, 1960.
cembroides (edulis) 12 24 STIFF, 1952;
asperata 12 — SANTAMOUR, 1960, SANTAMOUR, 1960.
bicolor 12— SanTamoUR, 1960. clausa — 24 StirF, 1952.
engelmannii 12 — SANTAMOUR, 1960. contorta — 24 LANGLET, 1934.
glauca 12 24 Sax and Sax, 1933; densiflora 12 — HiravosHr, 1942;
Stirr, 1952. Hiravosai and
jezoensis 12 — SANTAMOUR, 1960. NAKAMURA, 1942.
koyamai 12 — SANTAMOUR, 1960. — 24,48  ZINNA1, 1952,
likiangensis densiflora X
(balfouriana) 12— SANTAMOUR, 1960. thunbergii )b J— HiravosHl, NAKAMURA
mariana 12 — Sax and Sax, 1933. and Kano, 1943.
s 12 — L d ’
mariana X glauca P;TUTJ;Yalr;% echinata 12 — Sax and Sax, 1933.
s ‘ T flexilis 12 — Sax and Sax, 1933.
maximowiczii 12 — ‘SANTAMOUR, 1960. gerardiana _ 2 Menra and
montigena 12 — SANTAMOUR, 1960. KHosHoo, 1956a.
omorika 12— SANTAMOUR, 1960, halepensis — 24 Menra and
orientalis 12 — SANTAMOUR, 1960. KuosHoo, 1956a.
pungens 2 — Sax and Sax, 1933. jeffreyi 12 24 Sax and Sax, 1933;
rubens 12 — SANTAMOUR, 1960. STIFF, 1952.
sitchensis — 24 THOMAS, 1945. khasya . 24 Menra and
smithiana 12 — Menra and KnosHoo, 1956a.
Krosnoo, 1956a. koraiensis 12— SANTAMOUR, 1960.,

Cedrus (x=12) lambertiana — 24 MEenra and
atlantica — 24 STiFF, 1952. Kuosnoo, 1956a.
deodara 12 — Menra and luchuensis — 24 SuisaTta et al, 1955.

KuosHoo, 1956a. massoniana — 24 StirF, 1952,



Chromosome Chromosome
Species number Reference Species ___ Dhumber Reference
n [ 2n n | 2
merkusii 12 — Menra and Athrotaxis (x=11)
KHosHoO, 1956a. cupressoides 11 22 GULLINE, 1952.
montezumae — 24 StIFF, 1952, laxifolia 11 22 GULLINE, 1952.
monticola 12 — SANTAMOUR, 1960. selaginoides 11 22 GULLINE, 1952,
mugo 12 24 Sax and Sax, 1933; Cryptomeria (x=11)
STIFF, 1952.
’ japoni 11 22 , 1933;
nigra 12 24 Sax and Sax, 1933; japonica Sax and Sax, 1933
Menra and
Meura and
KuosHoo, 1956a.
Knosnoo, 1956a. 2233
palustris — 24 MaTHEWS, 1932. 44’ > L Cuisa, 1950;
parviflora 12 — Sax and Sax, 1933. Zinnal and CHIBA,
patula —_ 24 BowDEN, 1945. 1951; Sarro and
peuce 12 24 Sax and Sax, 1933; Hasuizume, 1958.
. STIFF, 1952. Taxodium (x=11)
pinaster —_ 24 MEenra and L
Krostoo, 1956a distichum — 22 STEBBINS, 1948.
s .
pinea . 2 STIFF, 1952; mucronatum — 22 MEenra and
Lane. 1955. KHnosHoo, 1956a.
ponderosa 12 24 Sax and Sax, 1933; Metasequoia (x=11)
Menra and glyptostroboides — 22 STEBBINS, 1948.
Kunosnoo, 1956a. »
pungens — 12 Sax and Sax, 1933. Sequoiadendron (x=11)
radiata — 24 MEeura and giganteum —_ 22 BucHHOLZ, 1939;
KHnosHoo, 1956a. JENSEN and
— 24,48 RoODGER, 1953—54. LEvVAN, 1941,
resinosa 12 — Sax and Sax, 1933. Sequoia (x=11)
rigida 12 — Sax and Sax, 1933. . H
roxburghii 12 24 SeTH, 1928; sempervirens 33 66 IRAYOSHI and
Mengra and NAKAMURA, 1943;
KiiosH00,1956a. STEBB“‘{S’ 1948;
sabiniana — 24 STIFF, 1952. STIFF, 1952.
strobus ‘ 12 — Sax and Sax, 1933. 10. Cupressaceae
sylvestris 12 24 ~ Sax and Sax, 1933;
STIFF, 1952. Actinostrobus (x=11)
tabulaeformis 12 — Sax and Sax, 1933. pyramidalis — 29 MengrA and
taeda — 24 SHiBATA et al, 1955. KnosHoo, 1956a.
thunbergii 12 24 Sax and Sax, 1933; L
STiFF. 1952. Callitris (x=11)
virginiana 12 — Sax and Sax, 1933; calcarata - 22 MEenra and
STIFF, 1952, Knosunoo, 1956a.
wallichiana 12 24 Menra and cupressiformis - 22 MEenra and
(griffithii) KHosHOO, 1956a; Krosmoo, 1956a.
SANTAMOUR, 1960. glauca — 22 Menra and
Knosnoo, 1956a.
8. Sciadopityaceae morrisont — 22 Menra and
Sciadopitys (x=10) Krosnoo, 1956a.
verticillata 10 20 Sax and BEeay, 1934; propinqua - 22 Menra and
TaHARA, 1937, 1940b Kuoswuoo, 1956a.
Hiravosnr, 1942; robusta — 22 MEeHRA and
Hiravosur and Kuosnoo, 19562.
Verrucosa — 22 Menra and

Cunninghamia (x=11)

konishii

lanceolata

Taiwania (x=11)

cryptomerioides

9. Taxodiaceae

11

11

11

22

22

22

NakaMURA, 1942.

Hiravosur and
NAKAMURA, 1942;
STIFF, 1952,
SuGiHARA, 1941a;
Menra and
KHosHoo, 1956a.

SUGIHARA, 1941Db;
StIFr, 1952,

KHosHoo, 1956a.
Widdringtonia (x=11)

cupressoides —_ 22 Menra and

KHosnoo, 1956a.

Libocedrus (x=11)

bidwillii 11 22 Hair and
BEUZENBERG, 1958Db.

chilensis — 22 Stirr, 1952;
HuNzIKER, 1958.

plumosa 11 22 LANE, 1955; Har and

BEUZENBERG, 1958b.
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Tetraclinis (x=11) communis 11 22 Sax and Sax, 1933;
articulata _ 29 Menra and Love and Love, 1948;
KuosHoo, 1956a. JORGENSEN et al, 1958.
1 formosana — 22 STIFF, 1952,
Cupressus (x=11) horizontalis 11 22 Ross and
arizonica 11 22 MEenRA and Duncun, 1949.
KHosHoO, 1956a; monosperma — 22 STIFF, 1952.
Hunziker, 1958. phoenicea 11 22 Stirr, 1952;
cashmeriana 11 — Menra and MEeHRA and
KHuosHoo, 1956a. KHosHOO, 1956a.
dupreziana i1 — QuEzeL, 1955. procera — 22 MEHRA
forbesii — 22 StIFF, 1952. KuosHoo, 1956a.
funebris 1 22 Menra and rigida nmn  — Sax and Sax, 1933.
KHosHoo, 1956a; sabina — 22—24 REESE, 1952.
Hunzikeg, 1958. squamata meyeri  — 44 JeNnseN and
glabra — 23 HunzIker, 1958. Levan, 1941.
lusitanica 11 22 Céamara and virginiana 11 22 Sax and Sax, 1933;
DE JEsus, 1946; LovE and LOve, 1948;
Menra and Ross and
KuosHoo, 1956a; Duncun, 1949;
HunzIkER, 1958. MeHRa and
macnabiana — 22 STIFF, 1952. Knosuoo, 1956a.
macrocarpa — 22 STIFF, 1952; — 22,23  STIFF, 1951, 1952.
Hunzixer, 1958. virginiana X
sempervirens — 22 Menra and horizontalis 1 22 Ross and
KHosHoo, 1956a; Duncun, 1949.
Hunziker, 1958. utahensis — 22 StIFF, 1952,
torulosa 11 22 MEenra and

Chamaecyparis (x=11)

lawsoniana 11 —
obtusa 11 22
pisifera 11 —
var. pisifera — 20
var. squarrosa — 22

XCupressocyparis (x=11)

leylandii — 22
Thujopsis (x=11)

dolabrata 11 —
Thuja (x=11)

occidentalis 11 22

plicata 11 —

standishii 11 —
Biota (x=11)

orientalis (Thuja

orientalis) 11 22

Juniperus (x=11)
bermudiana 11

chinensis pfitzeriana 22

KHosHoo, 1956a;
HunzIkeRr, 1958.

Sax and Sax, 1933.
Hiravosni, 1942;
HirayosHr and
NAKAMURA, 1942;
SuisaTA et al, 1955.
SUGIHARA, 1938;
STIFF, 1952,
SHiBaTA et al, 1955.

SHisaTA et al, 1955.

STIFF, 1952,

SuUGIHARA, 1939.

Sax and Sax, 1933;
Menra and
KHoss00, 1956a.
Sax and Sax, 1933.
Sax and Sax, 1933.

Sax and Sax, 1933;
Menra and
Kuosnoo, 1956a.

Menra and
KuosHoo, 1956a.
Sax and Sax, 1933.

Ephedra (x=17)
altissima

americana

as andina

as rupestris
breana
distachya
equisetina
foliata
fragilis (campylo-
poda)
frustillata
gerardiana
intermedia
likiagensis

multiflora

nebrodensis (major)

ochreata

IV. EPHEDRALES
11. Ephedraceae

14

14
14

28

14

14, 28,
30
14
14,28
28

14

14

28

14

14

14

RESENDE, 1937;
MEHRA, 1946.
Frorin, 1932;
RESENDE, 1937;
HunzIkeR, 1955.

} HunzikeRr, 1953, 1955.

Krarovickas 1954;
Hunziker, 1955.
Hunziker, 1953, 1955;
KRrarovickas, 1954.
Frorin, 1932;
RESENDE, 1937.
Frorin, 1932.

MEHRA, 1946.

GEITLER, 1929.
KRrarovickas, 1954;
Hunziker, 1955.
MEeHRA, 1946.
MEHRA, 1946.
MEHRA, 1946.
Krarovickas, 1954;
HunzIkeR, 1955.
GEITLER, 1929;
Frorin, 1932;
MARTINEZ
VazQuez, 1959.
KRrarovickas, 1954;
Hunziker, 1955.
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saxatilis 14 — MEHRA, 1946.
sinica 14 28 RESENDE, 1937;
MEHRA, 1946.
triandra 7 14 Hunziker, 1953, 1955;
Krarovickas, 1954.
tweediana 7 14 Hunziker, 1953, 1955,

KRrarovickas, 1954.

V. WELWITSCHIALES
12, Welwitschiaceae
Welwitschia (x=21)
mirabilis — 42
— 42, 84

FLoriN, 1932.
FERNANDES, 1936.

VI. GNETALES
13. Gnetaceae
Gnetum (x=22)
gnemon 22 —
ula 22 —

FAGERLIND, 1941.
Menra and Rar, 1957.

Summary

This paper consolidates the information on the chromo-
some numbers of 264 species (42%) and some hybrids in the
gymnosperms. The investigated species belong to 55 genera
(82%) covering all the 13 living families of the group. This
leaves nearly 387 species and 12 genera totally unworked.
The latter urgently need a cytological study. After re-
viewing the recent important cytological contributions, tha
writer has put forward some suggestions for future work.
It is requested that omissions, if any, may be pointed out
to the writer so that the list becomes complete and up-to-
date. Furthermore, he will feel deeply grateful to anyone
who can send him viable seeds of any species of the to-
tally unworked or the partially worked out genera listed
in the first part of the paper.

Zusammenfassung

Titel der Arbeit: Chromosomenzahlen bei Gymnosper-
men.

Die vorliegende Publikation fat die Kenntnisse liber die
Chromosomenzahlen von 264 Spezies (42%) und einigen
Hybriden bei den Gymnospermen zusammen. Die unter-
suchten Arten gehéren 55 Gattungen (82%) an und entstam-
men allen der 13 lebenden Familien dieser Gruppe. Es blei-
ben dabei etwa 387 Spezies und 12 Gattungen vollstindig
unbearbeitet, die noch unbedingt zytologisch untersucht
werden miissen. Nach einem Uberblick liber wichtige neue-
re zytologische Beitrige macht Verfasser Vorschlige fiir
kiinftige Arbeiten. Es wird gebeten, womoglich vorhandene
Liicken dem Autor mitzuteilen, damit die Liste vervoll-
standigt werden kann. Ferner wire er sehr dankbar fiir
keimfihige Samenproben von den Arten aus den Gattun-
gen des ersten Teils der Arbeit, die bisher noch vollstdndig
unbearbeitet geblieben oder nur teilweise untersucht wor-
den sind.

Résumé
Titre de l’article: Nombres chromosomiques chez les
Gymnospermes.
Cet article confirme et vérifie les renseignements sur les
nombres chromosomiques de 264 espéces (42%) et quelques
hybrides de Gymnospermes. Les especes étudiées appar-
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tiennent a 55 genres (82%) appartenant a l'ensemble des
13 familles du groupe qui existe actuellement. 387 espéces
et 12 genres n’ont pas été étudiés. L’étude cytologique pa-
rait tout a fait nécessaire. Aprés avoir passé en revue les
publications récentes et importantes sur ce sujet, 'auteur
fait des propositions pour les travaux futurs. Si certaines
omissions sont remarquées, l'auteur souhaite qu’elles lui
soient signalées afin qu’il puisse compléter et mettre a jour
cette liste. De plus, il sera profondément reconnaissant a
ceux qui pourront lui envoyer des graines viables de toutes
les espéces appartenant aux genres qui, d’aprés la premiére
partie de larticle, n’ont fait I’objet d’aucune étude ou ont
été incomplétement explorés.

Literature Cited

AnpERssoN, E.: A case of asyndesis in Picea abies. Hereditas 33:
301—347 (1947). — BowbpeN, W. M.: A list of chromosome numbers
in higher plants. Amer. Jour. Bot. 32: 191—201 (1945). — BERRIE,
G. K.: Mitosis in the microspore of Encephalartos barteri CarRrRUTH.
Nature 183: 83¢—835 (1959). — BucHHoLz, J. T.: The morphology and
embryogeny of Sequoia gigantea. Amer. Jour. Bot. 26: 93—101 (1939).
— CaMmara, A. and pe Jesus, A.: Um estudo citologico de Cupressus
lusitanica MriLLER. Agron. Lusitana 8: 95—122 (1946). — Campo-Du-
PLAN, M. vaN, et GaussEN, H.: Sur quatre hybrides de genres chez
les Abiétacées. Bull. Soc. Hist. Nat. Toulouse, 84, 95—109 (1949). Vide
Pl. Breed. Abstr. 23: No. 695 (1953). — Cave, M. S. et al.: Index to
Plant Chromosome Numbers. Calif. Bot. Soc. (1956, 1957 and Sup-
plement). — Cavg, M. S. et al.: Index to Plant Chromosome Num-
bers. Univ. North Carolina Press (1958, 1959). — CHAMBERLAIN, C. J.:
Hybrids in Cycads. Bot. Gaz. 81: 401—418 (1926). — Cuisa, S.: Tri-
ploids and Tetraploids of Sugi(Cryptomeria japonica D. Don.) se-
lected in the forest nursery. Bull. Govt. For. Expt. Sta. No. 49:
99-—108 (1950). — CHRISTIANSEN, H.: A tetrapolid Larix decidua MILLER.
Det. Kgl. Danske Vidensk. Selsk. 18: 1—9 (1950). — Cuun, W. Y.,
and Kuang, Ko zeN.: A new genus of Pinaceae — Cathaya CHUN
et Kuane gen. nov., from the southern and western China. Bot.
Jour. Acad. Sci. of USSR 43: 461—470 (1958). — Czgika, G., and ScHI-
MaN, H.: Die Chromosomen von Ginkgo biloba. Ost. bot. Zeit. 107:
1—5 (1960). Vide Pl. Breed. Abstr. 30: No. 3222 (1960). — DALLIMORE,
W. and JacksoN, A. B.: A Handbook of Coniferae. Edward Arnold
& Co., London (1948). — Dark, S. O. S.: Chromosomes of Taxus,
Sequoia, Cryptomeria and Thuya. Ann. Bot. 46: 965—977 (1932). —
DarLINGTON, C. D.: Recent Advances in Cytology. J. & A. Churchill
Ltd., London (1937). — DarLINGTON, C. D. and JANaki AMMmaL, E. K.:
Chromosome Atlas of Cultivated Plants. G. Allen & Unwin Ltd.,
London (1945). — DarringTOoN, C. D. and WryLig, A. P.: Chromosome
Atlas of Flowering Plants. G. Allen & Unwin Ltd., London (1955).
— DeLay, C.: Nombres Chromosomijues chez les Phanerogames
(1938—50). Rev. Cytol.,Biol. Veget. 12: 1—368 (1950—51). — DURRIEU-
VABRE.: Chromosomes de Pseudotsuga douglasii Carr. C. R. Acad.
Sci. Paris 246: 3660—63 (1958). — FaceErLIND, F.: Bau und Entwick-
lung der Gnretum-Gametophyten. K. Svenska Vetensk. Akad.
Handl. 19: 1—55 (1941). — FeRNANDES, A.: Sur la caryologie de Wel-
witschia mirabilis Hook. Bol. Soc. Brot. 11: 267—282 (1936). — Fro-
rIN, R.: Die Chromosomenzahlen bei Welwitschia und einigen
Ephedra-Arten. Svensk Bot. Tidsk. 26: 205—214 (1932). — FLorIN, R.:
The Tertiary Fossil Conifers of South Chile and their phyto-
geographical significance. Kungl. Svensk. Vetenskapsakad. Handl.
19: 1—107 (1940). — Frory, W. S.: Chromosome Numbers and Phy-
logeny in Gymnosperms. Jour. Arnold Arbor. 17: 83—89 (1936). —
GEITLER, L.: Ost. Bot. Zeit. 78: 242—250 (1929). Vide DarrincTOoN and
WryLIE (1955). — GuLLINg, H. F.: The Cytology of Athrotaxis. Pap.
and Proc. Roy. Soc. Tasmania 86: 131—136 (1952). — Ham, J. B.
and BEUzENBERG, E. J.: Chromosomal Evolution of the Podo-
carpaceae. Nature 181: 1584—86 (1958a). — HaIr, J. B. and BEUZEN-
BERG, E. J.: Contributions to a Chromosome Atlas of the New
Zealand Flora-I. New Zealand Jour. Sci. 1: 617—628 (1958b). —
Hiravosui, I.: (Forest Tree Systematics II). Seiken Zihd, No. 1:
88—90 (1942). Vide Pl. Breed. Abstr. 21;: No. 1383 (1951). — HIRAYOSHI,
I., and NakaMURA, Y.: NOogakubu Kéensyhu, Kyoto Univ. 2: 90 (1942).

Vide Kanezawa (1949). — HiravosHr, I.,, and Nakamugra, Y.: (Chro-
mosome Number of Sequoia sempervirens). Bot. and Zool. 11:
73—75 (1943). — HiravosHi, I., Nakamura, Y., and Kano, T.: (Cyto-

logical and Genetical Studies on Forest Plants II. Chromosome
Conjugation in Pollen Mother Cells and Pollen Fertility of the
Intermediate Black Pine [Pinus densi-thunbergii Uyeki]). Seiken
Ziho6, No. 2: 90—96 (1943). Vide Pl. Breed. Abstr. 20: No. 1937 (1950).
— Hrusy, K.: Vest. Kral. Ces. Spol. Nauk (Prague) 2: 1 (1933). Vide




DarringToN and Wyrie (1955). — Hunziker, J. H.: Numero de cro-
mosomas de varias especies sudamericanas de Ephedra. Rev. Ar-
gent. Agron. 20: 141—143 (1953). — Hunziker, J. H.: Morfologia
cromosomica de nueve especies Argentinas del genero Ephedra.
Rev. Investigaciones Agricolas 11: 201—209 (1955). — Hunziker, J. H.:
Karyotype analysis in Cupressus and Libocedrus. Proc. 10th Int.
Congr. Genet. McGill University, Montreal, Canada 2: 128—129
(1958). — IrLLiEs, Z. M.: (Selection of multiple seedlings in single
plant progenies of Picea abies). Z. Forstgenetik Forstpflanzenz.
2: 21. Vide Pl. Breed. Abstr. 23: No. 1486 (1953). — Irries, Z. M.:
Polysomatie im Meristem von Einzelbaumsaaten bei Picea abies.
Silv. Genet. 7: 94—97 (1958). — Ismikawa, M. A.: A list of number
of chromosomes. Bot. Mag. (Tokyo) 30: 404—448 (1916). — JENSEN, H.,
and LEvaAN, A.: Colchicine Induced Tetraploidy in Sequoia gigentea.
Hereditas 27: 220—224 (1941). — Jonnsson, H.: The Triploid Progeny
of the Cross Diploid > Tetraploid Populus tremula. Hereditas 31:

411—440 (1945). — Jounnsson, H.: On the C0 and C1 generations in
Alnus glutinosa. Hereditas 36: 205—219 (1950). — Jornsson, H.: Tree
Genetics. News Letter, 2: 1—5 (1953). — JORGENSEN, C. A., SOREN-

seEN, TH., and WESTERGAARD, M.: The Flowering Plants of Green-
land. A Taxonomical and Cytological Survey. Biol. Skr. Dansk.
Vidensk. Selsk. 9: 1—172 (1958). — Kanezawa, R.: (A List of Chro-
mosome Numbers in Woody Plants I. Gymnosperms and II. Mo-
nocotyledons). La Kromosomo 5—6: 249—260 (1949). — Kwuossoo, T.
N.: Meiosis in Cephalotaxus drupacea var. pedunculata. Curr.
Sci. 26: 118—120 (1957a). — KHosHoo, T. N.: Cytology of Conifers III.
Partial Failure of Meiotic Spindle in Cephalotaxus drupacea var.
pedunculata. Cytologia 22: 80—89 (1957b). — Kuosuoo, T. N.: Cyto-
logical Investigations on Some Conifers and Natural Polyploid
of Some Angiosperms. Doctoral Thesis, Panjab University,
Chandigarh (1958). — Kuosuoo, T. N.: Polyploidy in Gymnosperms.
Evolution 13: 24—39 (1959). — Kuosuoo, T. N.: Cytogenetical Evo-
lution in the Gymnosperms II: Karyotype. Proc. Summer School
in Botany. Ministry of Sci. Res. Cult. Affairs, Govt. of India, New

Delhi (1960). In Press. — KieLLanper, C. L. (1948). Vide L&6vE and
LoOvE (1948). — KIELLANDER, C. L.: Polyploidy in Picea abies. Here-
ditas 36: 513—516 (1950). — KNaBEN, G.: En Cytologisk Analyse av

Diploid og Triploid Larix. Blyttia 11: 105—115 (1953). — KRAPO-
vICKAS, A. M. F. pE.: Complemento cromésomico de especies austro-
americanas de Ephedra. Rev., Argent. Agron. 21: 43—45 (1955)., —
Lane (1955). Vide DaruincToN and WyLIE (1955). — LanNGLET, O. F. J.:
Svensk Skog. Tidskr. p. 87 (1934). Vide DarLiNgTON and WYLIE (1955).
— LEeE, C. L.: Sex Chromosomes in Ginkgo biloba. Amer. Jour.
Bot. 41: 545—549 (1954). — L1, H. L.: Present Distribution and Hab-
itats of the Conifers and Taxads. Evolution 7: 245—261 (1953). —
Larrie, E. L., and PauLEy, S. S.: A Natural Hybrid Between Black
and White Spruce in Minnesota. Am. Midl. Nat. 60: 202—211 (1958).
— Lo6ve, A., and Lo6ve, D.: Chromosome numbers of Northern
Plant Species. Ingolfsprent. Reykjavik, pp. 1—131 (1948). — Man-
Zos, A. M., and Pozpnyakov, L. K.: (A triploid form of Larix dahu-
rica from Central Jakutia). Dokl. Acad. Nauk. SSSR. (Proc. Acad.
Sci. USSR). 130: 437—439 (1960). Vide Pl. Breed. Abstr. 30: No. 3234
(1960). — MARTINEZ VaAzQUEz, M.: Estudio histocariolégico de una
efedra espafiola. Genet. Iber. 11: 23—95 (1959). — MaTHEWS, A. C.:
Jour. Elisha Mitchell Sci. Soc. 48: 101 (1932). Vide DarriNncTON and
WYLIE (1955). — MAUDE, P. F.: The Merton Catalogue. A list of chro-
mosome numerals of species of British flowering plants. New
Phytol. Reprint No. 20: 1—31 (1939). — MenraA, P. N.: A study of the
karyotypes and the occurrence of diploid gametophytes in some
species of the genus Ephedra. Proc. Nat. Acad. Sci. (India) 16:
259—286 (1946). — MEenraA, P. N., and KuosHoo, T. N.: Cytology of
Conifers I. Jour. Genet. 54: 165—180 (1956a). — Menra, P. N., and
Knosnoo, T. N.: Cytology of Conifers II. Jour. Genet. 54: 181—185
(1956b). — Menra, P. N., and Rai, K. S.: Cytology of Gnetum ula
BroNGN. Jour., Genet. 55: 394—396 (1957). — MEeRGEN, F.: Natural
polyploidy in slash pine. Forest Sci. 4: 283—295 (1958). — MIYAKE,
K.: On the development of the sexual organs and fertilization
in Picea excelsa. Ann. Bot. 17: 351—372 (1903). — MUiNTZING, A.:
The chromosomes of a giant Populus tremula. Hereditas 21: 383—
393 (1936). — NakaJmma, G.: Cytological studies in some flowering
dioecious plants with special reference to the sex chromosomes.
Cytologia 12: 262—270 (1942). — NAKAMURA, T.: Mem. Coll. Sci. Kyoto,
Ser. B. 4: 353 (1929). Vide DaARLINGTON and WYLIE (1955). — NEWCOMER,
E. H.: The karyotype and possible sex chromosomes of Ginkgo
biloba. Amer. Jour. Bot. 41: 542—545 (1954). — OsBorN, A.: An In-
teresting Hybrid Conifer: Cupressocyparis leylandii. Jour. Roy.
Hort. Soc. 66: 54—55 (1941). — PorLock, E. G.: The sex chromosomes
of the Maiden-hair tree. Jour. Hered. 48: 290—294 (1957). — QUEZEL,
P.: Remarques sur le caryotype de quelques especes mediterra-
néennes au Hoggar. Compt. Rend. Acad. Paris 240: 1262—1264 (1955).
— REeesg, G.: Ber. Dtsch. Bot. Ges. 64: 241 (1952). Vide DARLINGTON
and WyLiE (1955). — RESENDE, F.: Planta 26: 757—807 (1937). Vide

DarLiNgToN and WyLiE (1955). — REsSENDE, F.: Chromosoma (Berlin)
1: 486 (1940). Vide Resenpre and Rijo (1948). — REesenDE, F., and Rijo,
L.: Structure of chromosomes as observed in Root tips. V. Oli-
stherochromatin, chromatic agglutination and mutations. Port.
Acta. Biol. 2: 117—148 (1948). — Robcegr, G. J.: Annual report of
the Forestry and Timber Bureau, Commonwealth of Australia
for 1953—54. Vide Pl. Breed. Abstr. 26: No. 2861 (1956). — Ross,
J. G., and DuncuN, R. E.: Cytological evidences of hybridization
between Juniperus virginiana and J. horizontalis. Bull. Torr. Bot.
Club 76: 414—429 (1949). — Sarro, Y., and Hasuizume, H.: (Studies
on a triploid specimen of Cryptomeria japonica picked out in
afforested land). Tottori Daigaku Nogyobu Enshurin Hokoku/Bull.
Torri Univ. For., No. 1: 21—55 (1958). Vide Pl. Breed. Abstr. 29:
No. 3141 (1959). — SaNTAMOUR, F. S.: New chromosome counts in
Pinus and Picea. Silvae Genet. 9, 87—88 (1960). — Sar6, K.: (Forest

Tree Breeding) Vol. 1. Asahyra Book Co., Tokyo (1949). Sax,
H. J.: Chromosome pairing in Larix species. Jour. Arnold
Arbor. 13: 368—373 (1932). — Sax, K., and Bear, J. M.: Chro-

mosomes of Cycadales. Jour. Arnold Arbor. 15: 255—262 (1934).
— Sax, K., and Sax, H. J.: Chromosome number and morpho-
logy in the conifers. Jour. Arnold Arbor. 14: 356—375 (1933). —
ScuEry, R. W.: Plants for Man. George Allen and Unwin
Ltd., London (1954). — Serui, M. L.: Contributions to our knowledge
of the life-history of Pinus longifolia. Jour. Ind. Bot. Soc. 7:
105—151 (1928). — SHiBaTA, K., OcosHui, Y., and Nakara, G.: Chromo-
some numbers of some species in Coniferae. (Abstr.). Jap. Jour.
Genet. 30: 186 (1955). — S~oap, B.: Rep. John Innes Hort. Inst. 42:
47 (1952). Vide DarruincToN and WyLIE (1955). — SteBBINS, G. L. Jr.:
The chromosomes and relationships of Metasequoia and Sequoia.
Science 108: 95—98 (1948). — Stirr, M. L.: A naturally occurring
triploid Juniper. Va. J. Sci. 2: 317 (1951). Vide Pl. Breed. Abstr.
22: No. 1474 (1952). — StrrF, M. L.: The geographical distribution
and cytology of the Coniferales. Ph. D. Thesis, University of
Virginia (1952). — SuvciHara, Y.: Fertilization and early embryogeny
of Chamaecyparis pisifera S. et Z. Sci. Rep. Téhoku Imp. Univ.,
Fourth Ser. Biol. 13: 9—14 (1938). — SvuciHara, Y.: Embryological
observations on Thujopsis dolabrata var. hondai Makino. Sci. Rep.
Tohoku Imp. Univ., 4th Ser. Biol. 14: 291—303 (1939). — SUGIHARA,
Y.: On the multipartite chromosome-ring in Cephalotaxus dru-
pacea. S. & Z. Sci. Rep. Tbéhoku Imp. Univ., 4th Ser. Biol. 15:
13—18 (1940). — SvucriHARA, Y.: The embryogeny of Cunninghamia
lanceolata Hooxker. Sci. Rep. Tohoku Imp. Univ., 4th Ser. Biol.
16: 187—192 (1941a). — SuciHARA, Y.: Embryological observations on
Taiwania cryptomerioides HavaTta. Sci. Rep. Toéhoku Imp. Univ.,
4th Ser. Biol. 16: 291—295 (1941b). — SucIiHARA, Y.: Embryological
observations on Keteleeria davidiana Beiss. var. formosana HAYATA.
Sci. Rep. T6hoku Imp. Univ., 4th Ser. Biol. 17: 215—222 (1943a). —
Sucinara, Y.: Bot. Mag. (Tokyo) 57: 404 (1943b). Vide KaNEzAWA
(1949). — SvciHARA, Y.: The proembryogeny of Taxus wallichiana
Zvucc. Bot. Mag. (Tokyo) 59: 96—98 (1946). — SyracH Larsen, C., and
‘WESTERGAARD, M.: Contributions to the cytogenetics of Forest
Trees I. A triploid hybrid between Larix decidua MiLL. and L.
occidentalis Nurr. Jour. Genet. 36: 523—530 (1938). — TAHARA, M.:
Contributions to the morphology of Sciadopitys wverticillata.
Cytologia Fujii Jub. Vol. pp. 14—19 (1937). — Tanara, M.: Em-
bryogeny of Torreya nucifera S. et Z. Sci. Rep. Toéhoku Imp.
Univ., 4th Ser. Biol. 15: 419—425 (1940a). — Tamara, M.: The game-
tophytes, fertilization and proembryo of Sciadopitys verticillata.
Sci. Rep. TOhoku Imp. Univ., 4th Ser. Biol. 15: 19—28 (1940b). —
TaHARA, M.: Embryogeny of Podocarpus macrophyllus and P. nagi.
Sci. Rep. Téhoku Imp. Univ., 4th Ser. Biol. 16: 91—98 (1941). —
TAxHTAJAN, A. L.: Phylogenetic principles of the system of higher
plants, Bot. Rev. 19: 1—45 (1853). — Tanaxa, N., Takemasa, N., and
Sinord, Y.: Karyotype analysis in Gymnospermae I. Karyotype and
chromosome bridge in the young leaf meristem of Ginkgo biloba L.
Cytologia 17: 112—123 (1952). — Tuierer, J. W.: Economic Botany of
the Cycads. Econ. Bot. 12: 3—14 (1958). — THowmas, P. T.: (1945). Vide
DarLINGTON and JANaxr AmMmaL (1945). — ViIveIros, A.: Rev. Fac. Cienc.
Lisb., C. 1: 215 (1951). Vide DaruincTON and WryYLIE (1955). — WANG,
F. H.: Life history of Keteleeria I. Strobili, development of the
gametophytes and fertilization in K. evelyniana. Amer. Jour. Bot.
35: 21—27 (1948). — Wovcickl, Z.: Bull. Acad. Sci. Cracovie Sc.
Math & Nat., p. 506 (1906). Vide DarrLineToN and WyLIE (1955). —
ZENKE, U.: (Studies on the course of meiosis in Pseudotsuga taxi-
folia BriTTOoN). Z. Forstgenetik Forstpflanzenz. 2: 96—102 (1953). Vide
Pl. Breed. Abstr. 24: No. 669 (1954). — Zinnar, I.: (1948). Vide XANE-
ZAWA (1949). — ZinnNar, L.: (Tetraploid plants of Japanese Red Pinus
— Pinus densiflora S. et Z. — discovered in transplant beds). Jour.
Jap. For. Soc. 34: 185—187 (1952). — Zinnal, I., and CHiBa, S.: (Na-
turally occurring tetraploids of Cryptomeria japonica) Ikushugaku
Zasshi Jap. J. Breed. I: 43—46 (1951). Vide Pl. Breed. Abstr. 22: No.
1473 (1952).



