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The European spruce (Picea abies/L./Karst.) and Siberian
spruce) (Picea obovata Lepes.) occupy a vast territory in
the USSR from the Baltic sea in the West to the sea o
Okhotsk in the East, and from the southern border of the
tundra to the southern state frontier. The natural distribu-
tion o the two species was separated in the glacial period,
but formed a broad belt of spontaneous hybrids during
post-glacial adaptation. Picea abies (L.) Karst. and Picea
obovata Lepes. possess uniform distinguishing morphologic-
al features however, their transitional hybrids possess great
variability. This morphological variation in spruce from
the USSR and other western countries has been studied
extensively for 150 years: (LepeBour, 1833; NyLANDER, 1863;
ReceL, 1863; KAurFFMANN, 1866; TepLoucHorr, 1869; SvLVEN,
1909; 1914; WiTTROCK, 1914; SukAcHEV, 1928; HelkinHEIMO, 1937,
Mezera, 1939; DaniLov, 1943; LinpQuist, 1948; SAARNIJOKI,
1954; PRIEHAUSSER, 1956; 1958; 1959; RuBNER, 1960; ANDERSSON,
1965; Srtaszkiewicz, 1966; Gorusets, 1968; PravDIN, Koro-
PACHINSKY, 1969; Bosrov, 1971; 1972; Pravbin, 1972; 1975;
Roubna, 1972; ScHmipT-VoeT, 1972). The above authors re-
ported on the variation of cone size, seed scale shape, ana-
tomical morphological features and ecology. This article
deals with the karyotype analysis o the initial parental
species and their spontaneous hybrids.

Material and Methods

The diversity o spruce cone and seed scale morphology
was classified into five groups according to the scheme in
Fig. 1. The extreme groups are the representatives o spe-
cies:

1 2 3

1 — Siberian spruce; 4 — European spruce; 5 — European
spruce f. acuminata Beck. 2 and 3 are spontaneous hybrids
between group 1 and groups 4 and 5 (the2nd group is the
hybrid with Siberian spruce features dominating, while
the 3rd group is the hybrid with European features domi-
nating). According to the classification,proposed by Mezera
(1939) the initial species are attributed to the varieties and
within the limits o each variety the following forms are
distinguished:

A — var. obovata with forms: 1 — f. transversa; 2 — f.
typica; 3—f. fennica;

B — var. europea with forms: 4 — f. cunneata; 5 — f. ty-
pica; 6 — biloba; 7 — f. triloba;

C — var. acuminata with forms: 8 — f. apiculata;
9 — f. ligulata; 10 — f. typica; 11 — f. squarrosa.

Classification of Picea abies (L.) Karst. sensulato mani-
fests all the diversity o forms and varieties (more than
100) as described by systematists. The variability o transi-
tional forms between P. obovata and P. abies is the result
o introgressive hybridization and a map o the geo-
graphical distribution o spruce diversity by seed scale
shape throughout the USSR is illustrated in Fig. 2. West-
ern spruce populations are different from Siberian popula-
tions by many morphological and physiological parameters
demonstrating that the taxon "species" for P. abies and P.
obovata declared by systematists is correct. The respective
allopatric populatiens -of these two species are spatially
separated by 100° longitude, and are reproductively isolated
through the lack of direct cross pollination.

The populations found between P. abies and P. obovata
demonstrate gradual morphological changes and are widely
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Fig. 1 — Cone types of spruce growing in the USSR by form of seed scales: 1 — var. obovata;
2 — var. obovata x europae; 3 — var. europae x obovata; 4 — var. europae; 5 — var. acuminata.
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Fig. 2. — A map of geographical distribution of the siberian spruce, european spruce and their hybrids in
the USSR; 1 — siberian spruce (Picea obovata Lepes.); 2 — hybrids with dominating characteristics of si-
berian spruce; 3 — hybrids with dominating european spruce characteristics; 4 — european spruce (Picea
abies (L.) Karst.); 5 — Picea abies (L.) Karst. f. acuminata Beck; 6 — the border of spruce distribution area.

distributed on the Russion Plain. The introgressive hy-
bridization spruce populations of the intermediate zones
between the extreme species has been given species status
Picea X fennica (Recer) Komarov, and comprise several
varieties: var. femnica ReceL var. uralensis TEPLOUCHOFF,
var. medioxima NYLANDER, var. uwarowii KAUFFMANN.

The seeds used were taken from four taxonomically clas-
sified spruce populations. Two sympatric populations from
the zone of introgressive hybridization: Karelian ASSR
(62° N. lat., 34° E. long.) and Perm region (58° N. lat., 59° E.
long.) and two allopatric populations from the Lithuanian
SSR (55° N. lat., 21° E. long) and the Altai (49° N. lat., 87° E.
long.). The karyological analysis of populations was car-
ried by GasriLavicaus (1972, 1973) in the Lithuanian SSR,
by SuersHukova in the Karelian ASSR and Perm region
with the help of Apaturova (PRAVDIN, SHERSHUKOVA, ABA-
TUROVA, 1974) and by ShHersHukova in the Altai Territory.
About 80 samples were taken from each population.

The following parameters were compared: 1. chromosome
number; 2. relative chromosome length (= the ratio of
chromosome length to the sum of lengths of a haploid or
diploid chromosome set of a metaphase plate, given in %);
3. arm ratio; and 4. secondary constriction frequency.

Photomicrographs of metaphase plates are given in Fig. 3
and illustrate the characteristics of each of the above para-
meters for allopatric and sympatric populations.

The same phenomena occurs on the continent of North
America, where the introgressive hybridization is express-
ed in the zone of contacts Picea glauca (MoencH) Voss.
subsp. glauca and P. glauca (MoencH) Voss. subsp. engel-
manii (RocHE, 1969).

The same cytological methods of PravpiN, BuDORAGIN,
KrukLis, SHERSHUKOVA (1972) were used facilitating the pos-
sibility of comparing results. The root tips were treated
with 1% colchicine solution for 4 hours at a temperature
of 25° C, and fixed with alcohol acetic acid (3 :1), stained
with acetocarmine and the temporary preparations were
made. The karyological investigation was carried out with
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a microscope and drawing apparatus copies were made of
the best and clearest metaphase figures. Chromosome iden-
tification and determination of differences between the
comparable karyotypes were performed by the polykaryo-
gram method (Pavuisone et al. 1970). A polykaryogram
or a chromosome dispersion graph allows graphically to
express the chromosome distribution in a karyotype based
on the chromosome length and centromere index. Using
these chromosome parameters the chromosomes were clas-
sified into morphological homogenous groups and the mean
values of parameters were calculated.

The absolute chromosome length was measured to deter-
mine the main morphometric parameter. The spiral index
(Is) (Sasaki, 1961) characterises the variation rate of abso-
lute length of colchicine treated chromosomes by comparing
the combined length of the two smallest chromosomes
against the combined length of two the largest chromosomes
in a chromosome complement. The method displays wide
limits of variation, but can demonstrate variation among
different populations. The metaphase plates with spiral
chromosome index of limits from 52% to 58% were chosen
for analysis.

Results and Discussion

1. Chromosome number. (Fig. 3) The chromosome number
of European spruce population and the two hybrid popula-
tions (the Karelian and Perm) consists of 2n = 24. Addi-
tional chromosomes were found in the Siberian spruce
populations and this is a very important character of the
Siberian spruce karyotype. Tachtadjan considered it to
be the character in progress (TAcHTADJAN, 1960). KRUKLIS
(1971) found in two populations of Siberian spruce the
additional chromosomes 2n = 24 1B, 2B, 3B; the frequency
of karyotypes with a single additional chromosomes is
20.8% and 25.9%; with two additional ones — 3.8% and
2.0% and with three additional ones 1.8% respectively.
At the same time the additional chromosomes were found
in Picea sitchensis (Bong.) CArr. (Moir and Fox, 1972). Ac-
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Fig. 3. — Somatic chromosome karyogramms: a — Lithuania; b — Karelia; ¢ — Perm; d — Altai; B — chromosomes are shown with
arrows.

cording to our data (unpublished) the karyotype from the observed in the Lithuanian karyotype populations. The
Altai population of Siberian spruce has chromosomes with  chromosome pairs II and III generally demonstrated sec-

1B — 11% and 2B — 6%. ondary constrictions as did the IV—VIII and the X chromo-
2. The relative chromosome length. There is no statistical some pair.

difference in relative chromosome length between the The individual chromosomes pairs I, II, III were distin-

sympatric and allopatric population (see Table 1). guished according to their relative chromosome length in

Four chromosome pairs with secondary constrictions were the karyotype of Lithuanian populations. We could not
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Tab. 1. — Relative length mean values of individual chromosomes and chromosome

groups in karyotypes of European, Siberian and hybrid spruce populations with standard

error of means. About 80—100 metaphase plates of each population were used to calculate

mean values. Chromosome pairs I—VIII of Karelia, Perm, Altai populations and chromo-

some pairs V—VIII of Lithuanian population are morphological homogenous, thus they
are grouped into a group for calculating mean values.

Chromosoime

Relative chromosome length, %

airs Lithuania Karelia Perm Altai
p (allopatric) (sympatric) (sympatric) (allopatric)
I 5.20 + 0.01

II 4.70 £ 0.01

IIL 4.68 + 0.01

v 4.37 + 0.01

v l 4.54 * 0.04 4.53 + 0.01 4.52 + 0.02
VI 4.33 + 0.01

VII

VIII

IX 3.76 + 0.01 3.70 * 0.01 3.73 £ 0.01

3.79 £ 0.

X 3.68 + 0.01 1 3.54 + 0.01 3.70 *+ 0.04 ’ 79 £ 0.06
X1 3.34 + 0.02 J R 3.24 + 0.08 3.21 % 0.01
XII 2.95 = 0.01 3.00 = 0.01 2.89 * 0.04 2.92 + 0.008

separate the following ten chromosomes into five individual
homologous pairs (IV—VIII), because their relative lengths
were very similar. The distribution of the points corre-
sponding to these chromosome pairs are situated unsimilar-
ly on the polykaryogram, and therefore, suggesting dif-
ferences in relative length between these five chromosome
pairs. One pair of this chromosome group possessed a high
frequency of secondary constrictions which can serve as
the additional morphological trait of it (MasukiIN et al., 1973).

The chromosomes with secondary constrictions vary ac-
cordingly: the chromosome pair with frequency occurrence
10.8% occupy the fourth place; with 40.9% — the fifth
place; with 27.9% — the sixth place; with 16.1% — the
seventh place; with 4.3% the eighth place by data Gasri-
LavicHus (1973). Eight chromosome pairs are metacentric
and four chromosome pairs (IX—XII) are sub-metacentric.
The values of chromosomes pairs nine and ten do not
differ very much from each other though the ninth pair
is a little longer than the tenth pair and is more closer by
arm ratio value to the previous group. The tenth chromo-
some pair has the secondary constriction with the fre-
quency of — 64.4%.

These chromosomes are difficult to distinguish on a poly-
karyogram, but taking the additional properties into con-
sideration they could be plotted separately (Fig. 4). The
eleventh chromosome pair is picked out as an individual
homologous pair. Its mean arm ratio is equal to 43.1% in
some cases it looks nearly to be metacentric. The twelveth

chromosome pair is always easy to identify microscopically
or with photomicrographs. This chromosome pair displays
a constant arm ratio and absolute and relative length. The
respective coefficient of variation is small. Two taxons of
European spruce with its form accuminata are growing in
common in the Lithuanian spruce populations. The karyo-
logical difference between these two taxons was not found
in comparison analysis and therefore the fig. 4a gives us
one general polykaryogram.

Four chromosome groups are picked out in the Karelian
populations: I, VIII, IX, XII are identified separately; X
and XI (Fig. 4b) are combined in one group.

Chromosome pairs of the karyotype population of Perm
region (Fig. 4c) are combined into two groups: I—VIII and
IX—X pairs except the chromosome pairs XI and XII. The
karyotype of Altai population of Siberian spruce is
characterized by the individual chromosomes XI and XII;
I—VIII and IX—X pairs are combined in groups (Fig. 4d).

In the allopatric populations of Siberian spruce (Fig. 4d,
Altai) all the metacentric chromosome groups I—VIII and
one sub-metacentric chromosome group have the secondary
constrictions. The hybrid populations (the Karelian ASSR
and Perm region) have the secondary constrictions in all the
metacentric chromosomes (the first eight pairs), but the
frequency occurrence of the secondary constrictions in each
pair is extremely variable (see Table 2), demonstrating
hzterogeneity and their hybrid nature.

Table 2. — The secondary constrictions frequency

Chromosome groups

Populations

The secondary constrictions frequency, %

Lithuania I II—III IV—VIII
10 82 24
Karelia I—VIII
43
Perm I—VIII
43
Altai I—VIII
35

IX X XI XII
23 63 2 0
IX X—XI XII
15 13 0
IX—X XI XII
38 0 0
IX—X XI XII
30 0 0
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Fig. 4. — Polykaryogramms: a — Lithuania; b — Karelia; ¢ — Perm; d — Altai. Ordinate axis — relative chromosome length — Lr; absciss
axis — centromere index — I°.

The variation of chromosome spiral rate in the studied The comparison of the frequency distribution graphs
karyotypes is presented graphically as frequency distribu- (Fig. 5a, b, ¢, d) of allopatric and sympatric populations
tion (Fig. 5). facilitates the use of this technique for comparative ana-
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Fig. 5. — Distribution of chromosome complements by spiral index

in allopatric populations — a, d, and in sympatric populations —

b, ¢: a — Lithuania; b — Karelia; ¢ — Perm; d — Altai. Ordinate
axis — occurrence frequency, absciss axis — spiral index, Y.

lysis of populations. The allopatric populations are pre-
sented as curves with one peak while the sympatric popula-
tions are presented as curves with many peaks.

This point of view does not contradict Burtey’s (1965)
statement who supposed the possibility of inadequate chro-
mosome reaction to colchicine.

Summary

1. The karyotype studies of Picea abies (L.) Karst. P.
obovata Lepes. and P. fennica (Bosrov) were carried out by
the same method used by different scientists.

2. The populations of Picea abies (L.) Karst., and P. obo-
vata Lepes. are allopatric, the panmixia among them is
absolutely excluded. The populations of P. X fennica are
sympatric and panmixia among them took place continually
since the post-glacial for 4—5 thousand years and strong
heterogeneity is evident.

3. The karyotype difference of allopatric populations ap-
pears not only in the chromosome morphology, but in chro-
mosome number as well; additional chromosomes 1B, 2B,
3B were found in the karyotypes of Siberian spruce. The
additional chromosomes were not found in the karyotypes
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of Picea X fennica. The karyotypes of sympatric popula-

tions are characterized by high heterogeneity that is clearly

seen in double-and-more peaked curves of spiral index and

at the same time it shows the hybrid nature of the transi-

tional populations as a result of introgression.

Key words: Picea abies (L.) Karst., Picea obovata Lrpes., Picea X
fennica (Recer) Komarov, Chromosome.

Zusammenfassung

Zytologische Untersuchungen (Karyotyp) bei Herkiinften
von Picea abies (L.) Karst., Picea obovata Lepes. und Picea
fennica (Bosrov) (P. obovata fennica Henry) in der UdSSR
ergaben, daB3 Picea abies und Picea obovata als allopatrische
Populationen anzusehen sind, wobei Panmixie auszuschlie-
Ben ist. Bei Picea obovata fennica war Panmixie festzustel-
len. Bei der sibirischen Fichte konnten z. T. zuséatzliche
Chromsomen festgestellt werden, was bei P. obovata fen-
nica nicht der Fall war.

Literature

AnDserssoN, E.: Cone and seed studies in Norway spruce (Picea
abies (L.) Karsten. — Studia Forestalia Suecica, v. 23, Skogshogs-
kolan, Stockholm (1965). — Bosrov, E. G.: Generis Picea Historia
et Novitates Systematicae. Plantarum Vascularium. Academia
Scientiarum URSS. 7, 7—39, Nauka, Leningrad (1971). — Bosrov,
E. G.: Die introgressive Hybridisation in der Gattung Picea A.
Dierr. Symp. Biol. Hung. 12, 141—148 (1972). — BurLey, J.: Karyo-
type analysis of Sitka spruce Picea sitchensis (Bong.) CARR. —
Silvae Genetica 14, 127—132 (1965). — Danirov, D. N.: Die Variabili-
tdat der Samenschuppen von Picea excelsa L. Bot. Zurn. 28, 5 (1943).
— GasriLavicius, R. B.: Karyologic studies of Picea abies (L.)
Karst. in the Lithuanian SSR. Lesovedenie, 2, AN SSSR, 76—78.
Nauka. M. (1972). — Gasriravicuus, R. B.: Karyologic pecularities of
Picea abies (L.) Karsr. in the Lithuanian SSR. Genetics and selec-
tion of Forest trees. Kaunas (1973). — GasriLavicHus, R. B.: Karyo-
logical studies of some forms Picea abies (L.) Karst. in Lithuanian
SSR. Thesis for a candidates degree. Vilnus (1973). — GoLUBETS,
M. A.: Die gegenwirtige Behandlung des Umfanges der Gattung
Picea abies (L.) Karst. und ihrer intraspezifischen Taxa. Bot. Zurn.
53 (1968). — Hrwinnemmo, O.: Uber die Besamungsfdhigkeit der
Waldbaume. II. Comunications Instituti Forestalis Fenniae,24,4,
Helsinki (1937). — Kauremann, N.: Moscow flora, or description of
high plants. Botanical and geographical review of Moscow prov-
ince. Moscow (1866). — Krukuis, M. V.: Additional chromosomes in
gymnosperms (Picea obovata). Dokl. Akad. Nauk SSSR, 196, 1213
(1971). — Lrpesour, C. F.: Flora Altaica, IV, 201, S-Pbg. (1833). —
LinpQuist, B.: The main varieties of Picea abies (L.) Karst. in
Europe with contribution to the theory of a Forest vegetation in
Scandinavia during the last Pleistocene glaciation. Acta Horti
Bergiani 14, 249—342, No. 7, Uppsala (1948). — Masuxin, S, I., Buro-
RINA, A, K., BELosErRoVA, M. M., Ponpaeva, I. M. and Murava, Y. S.:
Polymorphism chromosomes of different cretaceous pine popula-
tions as the reflection of diversity genetical structure of these
populations. Theses of the meeting in Riga on genetics and selec-
tion of forest trees (1973). — Maezera, A.: Uber die Verbreitung
der Zapfenformen in der Tschechoslowakei. Lesnicka prace. No.
18 (1939). — Moir, B. B. and Fox, D. P.: Supernumary Chromoso-
mes in Picea sitchensis (Bong.) Carg. Silvea Genetica 21, No. 5
(1972). Nyranper, W.: Pinus abies L. var. medioxima. Bull. Soc.
France. v. 10. (1863). — PavurLsonk, S. A., Jorpansky, A. B. and
Ginpius, V. M.: Comparative morphometrical analysis of chromo-
somes Allium cepa L. and Allium fistulosum L. Journ. Genetica VI,
No. 2, Moscow (1970). — Pravoin, L. F., KoropacHinsky, I. U.:
Ismenchivost eli na territorii Euroasii. Sb. Puti i metodi obo-
gaschenia dendroflori Sibiri i D.V. Novosbirsk (1969). — PravpIN,
L. F.: General pattern of introspecific variation of pine (Pinus L.)
and spruce (Picea A. Dierr.). Reports at the Intern. Symp. on
Forest Tree Breding, Genetics and Seed Prod. Conif. Tree Species.
Novosibirsk. Pushkino (1972). — PravoiN, L. F.: Picea abies (L.)
Karst. and Picea obovata Lepes. in the USSR. Nauka, AN SSSR,
Laboratory of Forestry. Moscow (1975). — Pravpin, L. F., BUDORAGIN,
V. A., Krukris, M. V. and SHersHukova, O. P.: Methods of karyo-
logical investigation of conifers. Journ. Lesovedenije, No. 2, 67—175,
Moscow (1972). — Pravpin, L. F., Surrsaukova, O. P, and ABATUROVA,
G. A.: Comparative studies of karyotypes of Picea abies (L.) Karsr.
in the USSR. Theses of conferences State and development per-
spectives in the forest genetics, breeding, seed production and
introduction. Methods of breeding of forest trees. Riga (1974). —
PrieHAusser, G.: Uber den Formenkreis der Fichte in urspriinglichen



Bestanden des Bayer. Waldes nach den Zapfenschuppenformen.
Zeitschr. Forstgen. Forstpflanzenz. 5, 14—22 (1956). — PRIEHAUSSER,
G.: Die Fichten-Variationen und Kombinationen des Bayer. Waldes
nach phédnotypischen Merkmalen mit Bestimmungsschliissel. Forst-
wiss. Cbl. 77, 151—157 (1958). — Puieniusser, G.: Uber die urspriing-
lichen Fichtenpopulationen des Bayer. Waldes. Allg. Forstz. 14,
417—419 (1959). — Rercrn, E.: Pinus abics L. var. fennica. Garten
flora. Jahrg. 12, Erlangen (1863). — Rocny, L.: A genecological study
of the genus Picca in British Columbia. New Phytol. 68, 505—554
(1969). — Roubn~a, M.: Morfologica promenlivast puvodnech populaci
smrku v raznych o6blastech Ceckoslovenska. Roz. Ceckoslov. Ak. 82,
1—98 (1972). Rusxkr, K.: Die pfalnzengeographischen Grundlagen
des Waldbaues 5, Auflage Radebeul und Berlin (1960). — Saax-
~nokl, S.: Uber das Gruppenvorkommen von Trauerfichten Picea
abies (L.) Karst, f. pendula Jacqe. und Humnec. Helsinki (1954). —
Sasaki, M.: Observations on the modification in size and shape of
chromosome due to technical procedure. Chromosoma 11, 514 (1961).
— Scuumnr-Vocer, H.: Studien zur morphologischen Variabilitit der
Fichte (Picca abies (L.) Kirsr.). Allg. Forst- und J.-Ztg. 143, 133—144,

171—186, 221—340 (1972). — Sraszxipvicz, J.: Preliminary studies on the
variability of cones of Picca abies (L.) Karst. subsp. abics in Po-
land. Fragmenta Flor. et Geobot. Ann. XII, 4, 349—371 (1966). —
Sckacnev, V. N.: Waldbdume. Ihre Systematik, Geographie und
Phytosoziologie. M. (1928). — Svyiven, N.: Studien iiber den For-
menreichtum der Fichte, besonders die Verzweigungstypen der-
selben und ihren forstlichen Wert. Mitt. Forstl. Vers. Anst. Schwe-
dens 6, 57—117 (1909). — Svuven, N.: Uber Kubikmasse und Form
bei Fichten verschiedenen Verzweijungstypus. Mitt. Forstl. Vers.
Anst. Schwedens 11, 9—60 (1914). — Tacuianiay, A.: Systema et phy-
logenia muagnoliophytorum. Acadcmie Scientiarum USSR, Nauka,
M-—L. (1960). — Terroic.orr, Tit.: Ein Beitraz zur Kenntnis der si-
birischen Fichten-Picca obovala Lrpre. Bull. de la soc. imp. de
naturalistes de Moscou 3, 244—252 (1869). — Trszkisvicz, S.: The oc-
currence of spruce in Poland. Popuiation studies of spruce in Po-
land. Forest Res. Inst. Warsawa (1968). — Wirrrock, V. B.: De
Picca excclea (Liawm) Lik. Praesertim de formis necicis hujus
arboris (Mcddeladen om Gramenn). Acta Horti Bergiani. Bd. I
Stockholm (1914).

Controlled Pollinations among Pine species in Greece
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Introduction

The degree of relationship among pine species has been
studied by several investigators and different classifica-
tion systems were proposed according to the criteria used
each time (Suaw 1914, Piger 1926, Durrierp 1952, Mirov
1953, Gaussen 1955, 1960, Lirrie and CritcHFIELD 1969). Duk-
FIELD (1952) was the first to use the criterion of crossability.
He also proposed certain modifications to the Shaw system
which is based on morphological characters. According to
Suaw (1914) the Lariciones group includes among others
the species P. nigra, P. sylvestris and P. heldreichii. These
species occur naturally in Greece. The Insignes group in-
cludes among other the species P. halepensis, P. brutia and
P. pinaster. The first two species occur naturally in Greece
while the third does not. In DurrieLp’s modified system, P.
halepensis (which grows naturally together with P. brutia,
P. pinaster and P. nigra) is transferred from the Insignes
group of the subgenus Diploxylon to the Lariciones group
of the same subgenus.

This paper reports the results of the second phase (1967—
1972) of a study which was conducted in order to obtain
information on the crossability among a number of pine
species growing in Greece with the ultimate purpose of
exploring the possibility of transfering characters from one
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species to the other (because of high genetic variability in
the genus Pinus) in order to produce superior genotypes
having desirable characters and especially a high adapt-
ability to the adverse environmental conditions of this
country.

The results of the first phase (1962—1966) of this study
were reported by Bassioris (1972). During that phase artifi-
cial pollinations were made among pine species of the
same group as well as among species belonging to the
Insignes and Lariciones groups. Bassiotis (1972) found that
most cross-pollinations between groups failed to produce
filled seeds but some did produce a few. A small number
of seedlings were grown from these seeds and were de-
scribed by the previous author as putative between-groups
hybrids. However, the overall failure of the between groups
crossing program led us to reject the Duffield modifications
of the Shaw system with regard to the position of P. hale-
pensis and accept the Shaw system intact, at least for the
pine species growing in Greece (Bassioris 1972).

Materials and Methods

The failure to obtain filled seed from the between-groups
crosses of the first phase (1962—1966) of the investigation
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