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Summary

Variation in the performance of four provenances of
Maritime pine (Pinus pinaster Air.) have been observed in
9-year-old provenance tests grown at seven locations in
Greece. The differences in growth among provenances
were statistically significant and large enough to warrant
selection of the fastest growing provenance for planting.

Portuguese and Landes provenances which belong to the
atlantic race had similar growth and were better than
Cevennes and Corsican provenances. The Corsican prove-
nance was the slowest in growth but the best in stem
straightness and crown form. The variation observed in
proportion of fruiting trees were much more profound. In
the French provenances Landes and Cevennes, 60 and 62
percent of the trees were fruiting; in the Corsican and
Portuguese provenances the proportions were 22 and 33
percent respectively.

The differences among locations were also impressive.
The best growth was achieved at Varetada where the
mean annual increment over the nine-year period was
0.64 m; the worst was in the sandy soil planting of Kounou-
peli (0.36 m per year). The performance of the provenance
were consistent at all locations and no significant prove-
nance X location interaction was detected thus indicating
genetic stability of the provenances tested.

Key words: Pinus pinaster, Pinus maritima, maritime pine, prove-
nance, variation, interaction effect.

Zusammenfassung

In neun Jahre alten Provenienzversuchen mit vier Her-
klinften von Pinus pinaster Air. auf 7 Standorten in Grie-
chenland wurde die phénotypische Variation untersucht.
Die Unterschiede im Hohenwachstum waren statistisch sig-
nifikant und grofB3 genug, um eine Selektion auf die schnell-
wiichsigsten Provenienzen hin durchftihren zu kénnen. Por-
tugiesische und griechische Herkiinfte der atlantischen Ras-
se, waren im Wachstum gleich gut und besser als solche
aus den Cevennen (Frankreich) oder Korsika. Die korsi-
schen Herkiinfte waren die langsamwiichsigsten, aber in
bezug auf Geradschaftigkeit und Kronenform die besten.
Gleichzeitig konnten tiefgreifende Unterschiede im Ver-
haltnis des Fruktifizierens der Herkiinfte beobachtet wer-
den. Die Herkiinfte aus Griechenland und den Cevennen
(Frankreich) fruktifizierten zu 60 bis 62%, dagegen dieje-
nigen aus Korsika und Portugal nur zu 22 bis 33%. Ebenso
eindrucksvoll waren die Unterschiede zwischen den Ver-
suchsorten. Das beste Wachstum wurde in Varetada mit
0,64 m jihrlichem Zuwachs erreicht, das schlechteste auf
Sandboden in Kounoupeli mit 0,36 m. Die Leistung wurde
eindeutig durch die Herkiinfte bestimmt, wobei es keine
signifikanten Interaktionen zwisthen Provenienz und
Standort gab.

Introduction

Maritime pine (Pinus pinaster Air.) was planted in
Greece in 1913 (MicuorouLros, 1931), A few trees from that
first introduction are growing in the Arboretum of Vetina,
Central part of Peloponnese and in a small stand of 4.0 ha
in northwestern part of Peloponnese, close to the village of
Metochi Achaias. In 1952 small experimental plantings were
established in various parts of Greece and from 1967 the
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species has been extensively used by the Forest Service
in large scale reforestation programmes (Gogos, 1978). The
question of provenance was ignored, although the species
is variable and several races have been recognized since
1928 (Mirov, 1967; Macint and Tuistrup, 1955).

The wide range and diverse environments to which this
species has adapted itself provides a large array of geo-
graphic variations. In a recent study based on morpholo-
gical, anatomical and phenological characteristics Rescu
(1974) distinguished five distinct races: the “Atlantic” race
of southwest France and Portugal, the “mesogeensis” (=
provincial) race of south France and Italy, the “corteensis”
(= corsicana = hamiltonii) race of Corsica, the “maghre-
biana” race of Marocco and the “renou” race of Algero-
Tunisia.

The natural distribution of the species has been des-
cribed by many investigators (Mirov, 1967; KrucMan and
JenkiNsoN, 1974) and a complete map has been presented
by Robricuez (1966).

The purpose of this paper is to study provenance vari-
ation in survival, total tree height, stem diameter at breast
height, stem straightness, crown form and proportion of
fruiting trees of 9-year-old (ten from seed) provenance
tests of Pinus pinaster planted on seven sites in Greece.
The effect of site and the site X provenance interaction
were also studied.

Materials and Methods
Plant material
The data used in this study were obtained from a trial
of seven maritime pine provenances grown in central and
southern Greece. Seed of the four provenances from which
the experimental plantings were established had the fol-
lowing origins (Cooring, 1977).

Provenance Seed Origin Race (Resch, 1974)

1 Gironde, Landes France Atlantic
2 Cevennes, France Mesogeensis (= Provincialis)
3 Island of Corsica Corsican
4 Portugal Atlantic

Experimental Design and Establishment

Seeds of the four provenances were sown in spring 1970
in Lapa nursery in plastic pots filled with a mixture 1:1:1
of soil, sand and manure. One year later in spring 1971 the
seedlings were transplanted at the seven locations shown
in Figure 1. A randomized block design with four replica-
tions per location was used for six plantings; for the Kou-
noupeli planting a completely random design was used
with 120 trees per provenance. The experimental plot
comprised twenty seedlings arranged in two rows within
each plot at 2 X 2 meters spacing. Varetada planting was
an exception because of limitations in planting stock; 10-
tree-plots were used.

In all cases the trees were kept weed-free for one year
by hand.
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Figure 1. — Map of Greece showing the locations of the experi-
mental plantings.

Measurements

Measurements of height were taken annually for all
trees. At the end of the ninth growing season in the forest
(10 from seed) the following characteristics were assessed:

1. Survival

2. Total tree height

3. Diameter at breast height (DBH)

4. Stem Straightness

5. Crown form

6. Fruiting trees

7. Number of cones per fruiting tree.

Height was measured from the ground to the tip of the
leader. Stem diameter dbh was measured using diameter
tape. Stem Straightness and crown form were assessed by
scoring each tree using a scale of 1 = good and 6 = ex-
tremely bad. Stem straightness was scored by assessing
degree of sweep, spirality, crook and lean relative to other
trees in the trial. Crown form was scored on branch angle,
branch diameter, branch length and general crown con-
formation. All trees in the plantings were scored by the
same observer.

Description of the planting sites

The locations of the.planting sites are shown in Figure 1.
All were well prepared before planting and were free of
competing vegetation. The soil of the sites differed in
physical and chemical characteristics (Nakos 1979). The
soil Vlachokerasia is derived from metamorphic rocks.
Borsi A and Borsi B came from tertiary deposits; Kounou-
peli had alluvial soil; Prokopi came from basic igneous
rocks and Karpenisi and Varetada developed on flysch.
The physical and chemical properties of the planting sites,
with their elevation and natural vegetation are given in
Table 1.

Statistical Analysis

Analyses of variance were carried out for all characters
and for each location separately. Because of the inbalance
due to missing trees the analyses were based on plot means
using the model given by Snepecor and CocHraN (1967):

Where: P; = provenance effect
R; = replication effect
PR(;;) = provenance X replication effect
€;;. = the mean of he n;; deviations
The variance of X;;. = U;W

Table 1. — Soil characteristics of the experimental plantings.

Characteristic Viachokerasta  Porsi A o™ " " arxé\m:u;eiia Su)pmkopi Varetada
Depth of profile, cm
0-20  20-50 p-20 20-50 0-20 20-50 0-20  20-50  0-20 20-50  ©0-20 2050
Clay (%) 16.0 22.0 [20.0 40.0{ 11.0 46,01 3.0 1.0 36.0 49.0 20.0 22.0
Isilt (%) 25.0 31,0 [26.0 26.0] 38.0 35.0] 0.0 2.0 31.0 20,0 31.0 32.0
jSand (%) 59.0 47.0 |54,0 32.0]51.0 19.0[97.0 97.0 33.0 41.0 49.0 46.0
IpH 5.9 s.8 | 5.6 5.5] 6.0 7.2| 8.2 8.3 6.4 6.1 6.0 5.2
Organic mitter (%) 2.3 1.1 2.7 1,0 4.8 1.7} 0.3 0.2 8.3 2.2 4.7 2.7
Ca (Meq.%) 3.5 4.3 | 9.5 13.5| 10.0 36.0[19.0 18.5 6.2 2.2 6.0 4.7
Mg (Meq.%) 1.5 1.7 3.5 6.2 2.3 2.2| 2.5 2.4 16.1 19.3 1.7 1.4
K (Meq.%) 0.4 0.4 0.6 0.5] 1.2 0.8/ 0.2 0.1 0.9 0.5 0.3 0.7
B.E.C. 40.0 31,0 | 26.0 30.0| 23.0 37.0| 7.2 5.2 | 27.0 30.0 | 27.0 23.0
B.S. 15.5 20.7 {52.0 67,0] 58,0 >100.0/>100.0 >100.0 | 85,0  75.0 33.0 33.0
Elevation (m) 760 160 120 5 80 350
Mother rock Schist Tertiary Tertiary Alluvial Igneous Flysch
deposits deposits
Natural vegetation Arbudus Erica Erica] Arbudus Openings in old pinus Arbudus
halepensis stands Quercus ilex.

(1) The planting of Agios Nikolaos Karpenisi was at an elevation 1180 m and established in
an Abies stand. This planting was severely effected by flost and snowbreak and no soil

analysis data is given.
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Table 2. — Survivals in nine successive years of Pinus pinaster provenances at seven loca-
tions in Greece.

Survivals (%) in year
Experimental 1
Pi’:nting Provenance () 1971 1972 1973 1974 1975 1976 1977 1978 1979
1 98 98 98 98 98
VZACHOKERASIA 2 - hod 95 95 95 - - - 95
3 100 100 100 100 100
u 98 98 98 98 ag
® 98 98 98 98 98
1 96 96 96 93 73 70
BORSI A 2 93 91 91 79 41 _ _ _ 41
3 98 98 98 78 54 51
M 98 98 96 89 60 60
= 96 96 95 84 57 56
1 93 90 86 86 85 85
BORSI B 2 89 80 80 80 80 80
3 98 98 98 96 96 - - - 96
4 395 90 90 90 90 90
x 93 89 88 88 88 88
1 97 97 97 97
2 98 98 98 98
KOUNOUPELI 3 - 98 98 98 - - - - 98
4 97 97 97 97
X 98 98 98 98
1 90 85 85 85 85 85 85 85 85
2 66 61 61 61 61 51 61 61 61
PROKOPI 3 93 90 20 90 90 90 90 90 90
N 80 76 76 76 76 76 76 76 76
® 82 78 76 78 78 78 76 78 78
1 100 100 100 100 100 100 100 100 - 100
VARETADA 2 100 98 95 93 90 90 S0 90 90
3 100 100 98 93 93 93 93 93 93
4 98 98 95 95 93 93 93 93 93
x 99 99 97 95 9y 9y 9y 94 9y
1 98 95 88 80 60 ug 38
2 98 95 83 75 50 50 _ 28 -
AGIOS NIKOLAQS 3 90 85 63 48 38 35 28
KARPENISI 4 98 63 18 10 3 3 0
% 96 a4 63 53 38 3u 31

(1) 1 Landes, 2 Gevennes, 3 Corsican, 4 Portuguese, X weighted mean.

Where: o2, is within plot variance and K is the harmonic
mean of plants per plot.

The 0%, was estimated by pooling within plot variance
over all plots.

For the Kounoupeli planting where a completely random
design was used the analyses were based on individual tree
measurements.

Statistical analyses of survivals percent, and percent of
cone bearing trees were done after transformation of the
original data to arcsin square root of proportions.

The results from the Karpenisi planting, because of the
low survival, lacked statistical precision and were not ana-
lyzed.

Following the analyses by locations, the data were pooled
over all locations and a combined analysis for each charac-
ter was obtained following the procedures outlined by
Cocuran and Cox (1968). Expected mean squares for the
combined analyses are given by SrtowecypHer (1966) and
SamueL and JounsToNE (1978).

Results and Discussion
Survival

The percentage of surviving trees-for the four prove-
nances at each location are given in Table 2. Survival after
the first year were high, from 66 percent (Provenance 2
at Prokopi) to 100 percent. Survival wvaried with site
ranking from 82 percent at Prokopi to 99 percent at Vare-
tada.

The analysis of variance in percentage survival at nine
years for five of the seven locations is given in Table 3.
Significant differences were found among provenances at
Borsi A, Borsi B und Prokopi. In the Karpenisi planting
all trees of Portuguese provenance died. Forty five per-
cent of the total losses in this provenance were caused by
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the severe winter of 1972, when the temperature dropped
to —12.6° C. The mean survival of all provenances at this
site was 31 percent and trees were bush-like with broken
tops and branches due to snowfall. Maritime pine cannot
be successfully grown at Karpenisi because low tempera-
tures and snowfall eliminate the species even on sites with
favorable soil conditions.

The small number of surviving trees at Borsi A planting
(56 percent) after the ninth year is attributed to the drought

Table 3. — Analyses of Variance of percentage survival in 9-year-
old provenance tests of Pinus pinaster.

A. ANALYSIS BY LOCATION

S (€3]
Source of Mean Squares
Variation D.F. Vlachokerasia Borsi A Borsi B Varetada Procopi
Replications 3 321,94 239.57 192,08 321,94 130,56
Provenances 3 182.39 337,8u% 255,38% 182,39  380,79%
Error 9 54,66 80.76 53,76 5S4 .66 67,72
B. COMBINED ANALYSIS
ANALYSIS OF VARIANCE DUNCAN NEW MULTIPLE RANGE TEST(Z)
(3) Survival %
" fsocation {Arcsin)

Locations (L) s 907,21%* 4 83.4
Reps./Loc . 15 200,00 1 82,7
Provenances (P) 3 90.29 6 80,3
PXL 15 30,01 5 61,7
P X R/L us5 62,32 3 57.0]

-2 48,7
(1) * Significant at the 0.05 probability level.

** Significant at the 0.01 probability level.
2) Any two means not connected by the same line differ at the
0.05 probability level.
3) 1 Vlachokerasia, 2 Borsi A, 3 Borsi B, 4 Kounoupeli, 5 Pro-
kopi, 6 Varetada.



Table 4. — Total tree height, standard deviation (SD) and coefficient of variation (cv) in nine successive years of Pinus pinaster prove-
nances grown at six locations in Greece. Diameter at breast height at nine year is also shown.

Experimental Height (cm) in year DBA(mm)
planting Pron$1) 1971 1972 1973 1974 1975 1976 1977 1978 T 1979 1979
¥ SD (V| x Sp V| X SO CV|R SD CV ® SD CV|® SP CV| ® SD V[ ® SD CV x SD CV| =® SD CV
1 52 18,5 36, 86 31.6 37| 136 51.9 38 | 188 66.9 35 T406 93.5 23| 62 22.2 a6
VLACHOKLRASIA 2 52 14,2 27| 87 24,3 28| 135 41,5 31 | 185 56.2 30 {401 89.9 22| 60 19.5 33
3 49 17.6 36! 85 26.0 31| 134 37.5 28 | 182 43.1 24 1383 71,8 19| 68 19.7 30
y 60 16.8 28| 96 25.9 27| 148 40.9 28 | 202 54,4 27 1400 B86.9 22} 62 21.1 3u
weight.mean] 53 17.3 33| 88 27.3 31| 134 37.5 28 189 56.0 30 1397 85.9 22§ 63 20.8 33
T 30 '10.2 34| 87 24.2 28| 152 39.0 26| 226 80.1 35 277 65.7 24 7511 91.1 18| 73 18.2 25
BORSI A 2 24 8.5 35| 74 22,9 31]100 w40.4 31| 191 56.2 29 | 205 4.5 31 1370 108.3 20! 52 22.9 uy
3 25 8.1 32| 76 24.9 33|132 43.4 33| 203 57.0 28 | 259 55.1 21 {402 123.3 31| 65 2u4.6 38
4 23 8.1 31 85 25.4 30145 42.6 29| 209 59.8 29 | 247 70.5 28 ‘437 116.8 27] 62 22.1 36
weight meanf 27 9.4 36| 81 25.0 31 |1uC  42.2 30| 208 59.5 29 252 63,5 27 1439 120.9 28| 64 22.7 35
1 13 5.1 27 56 14.5 26| 84 22,1 26| 116 31.5 27 163 #3.4 27 1408 93.8 23| 51 16.8 33
BORSI B 2 16 4.8 30 52 15.7 30 78 22.8 29| 108 29.8 28 154 40.6 2p 1385 90.5 24| 52 18,2 35
3 17 4,5 26| 51 13.7 27 81 24,2 30| 117 34.8 30 157 ys5.8 27 1292 9u.4 24| 61 20.7 34
u 19 4.4 23[ 55 14,9 27} 81 23.4 29| 114 34.7 30 163 5.6 28 j !Lus 118.4 28 54 19.6 36
weight. mean] 18 4,8 27} 54 14.8 27; 81 23,2 29| 114 32.9 29 162 43,9 27 i» Euoo 100.3 25§ S5 19.3 35
1 5B 15,2 26 | 85 19.6 23 | 114 26.8 23 R A T 1388793 T 26 | 45 20.1 U5
KOUNOUPELI 2 3 11.8 33| 55 16.4 30| 76 23.4 31 | |28y 85.(1) gg 33 fg} ;2
3 40 12,4 31| 63 16.9 27| 84 24,2 29 282 81,2 29|38 19,0 50
4 42 16.0 38 | 68 28,6 36| 95 33,5 35 371 125.5 34 | 48 25.0 53
weight, mean 44 16,2 37| 68 22,5 33| 92 30.8 33 324 105.9 33|41 21.6 53
1 18 33,5 19| 40 10.3 26 | 65 16,2 25 | 105 25.7 24 | 174 39.1 22 (245 54,1 21 1332 59.8 18] 500 ©2.% 16 502 7.3 16 [B0 I18.2 23
PROKOPI 2 16 3.8 24/ 33 10.7 32| 53 15,1 26| 94 24.1 26 155 38,5 25229 49.4 22 1305 55,9 18} 373 63.3 17 W67 72.5 16 [75 18.6 25
3 19 5,1 27{ 40 12,9 32| 65 18.8 29, 99 28.5 29 156 42,1 27 [227 58,0 26 |303 65.3 22| 370 71,5 19 450 85,9 19 (73 19.4 27
4 17 2,9 171 35 8.8 25| 59 12,9 22! 93 20,1 22 | 156 35,3 23 [226 46.u 21 |322 59.% 18| 394 68.4 17 W82 76,3 16 (76 17.8 23
weight,mean |18 4.1 23| 38 11,2 29! 62 16,3 26| 99 25.3 26 | 161 36.6 23 [232 52.1 22 |317 64, % 20| 384 67.8 18 [475 79.3 17 |76 18.6 2u
1 31 7.4 2u4)102 21,4 21157 30.3 19 | 226 39.6 18 | 294 u48.8 17395 58.4 15 |462 59.4 13| 525 64,9 12 610 72,1 1290 17.9 20
VARETADA 2 26 8.4 32( 91 19.4 21 |1s4 31,0 22 |212 41.8 20 | 283 51,9 18!382 62.9 16 [451 62.8 14} 509 71.6 14 585 B81.1 14 |88 22.1 25
3 24 6.1 250 81 17.8 22 (127 31,8 25183 45,7 25 | 254 55,8 22339 69,3 20 |411. 64.5 16| 467 77.5 16 ;533 85.9 16 |91 24.7 27
4 24 6.2 26 96 21.5 22|12 3.5 24 |203 5.2 27 | 277 69.6 25(372 90.3 24 |uus 9u.2 21| 507 102.4 20 |S78 113.5 20 |89 28.7 32
weight. mean{26 7.7 30| 93 21.3 23 143 33.4 231206 48.2 23 | 277 58.3 21{372 73.4 20 [u43 73.3 17{ 502 82.5 16 580 91.9 16 |90 23.4 26

(1) 1. Landes, 2 Cevennes, 3.

of 1975, when the summer rainfall from June to September
was only 17.1 nim. It is worth mentioning that the capacity
of the soil to hold water is quite low. The losses from
drought varied among provenances considerably (Table 2).
Large scale drought desiccation has been also reported in
Maritime pine at Gerakini northern Greece, during the
exceptionally dry years of 1974 and 1977 (HATziSTATHIS,
1980). The native Pinus halepensis and Pinus brutia grown
under the same conditions were extremely resistant to
desiccation.

Growth and Quality Characters

The mean total tree heights by provenance and location
in the successive years of measurements are presented
along with their standard deviations in Table 4. Mean dbh
at nine years is also shown.

Total tree height varied from site and some differences
among provenances were detected.

The analyses of variance at nine years (Table 5) revealed
that there are differences among provenances at Borsi A,
Varetada and Kounoupeli. At these three locations the
provenances from Landes and Portugal, representing the
Atlantic race, were significantly superior to those repre-
senting the Mesogeensis and Corsican races. At nine year
the Corsican provenance was the poorest at four out of six
plantings. These results agree with those found in the
literature. In provenance trials in western Australia from
seed originating from Portugal, Landes, Esteril and Corsica
showed that the Portuguese provenance was best, followed
by the Landes provenance (which according to Rescn, 1974
also belongs to the Atlantic race), while the Corsican pro-
venance was poorest in growth (Horpking, 1969). The Portu-
guese provenance was the most vigorous among prove-
nances grown in New Zealand (Harris et al., 1976). South
Africa (Macint and Tuistrup, 1955), North Africa (BeLLEroN-
taIN, 1975) and was in the top ranking among 24 prove-
nances tested in Spain (Ropricuez, 1966).

Combined analyses of variance over all locations (Table 6)
showed significant differences among locations for all
characters studied. Significant differences were also detec-
ted among provenances in total tree height, stem straight-

Corsican, 4 Portugal.

ness and crown form, but no significant provenance by
location interaction was found, indicating genetypic stabi-
lity of the provenances tested. This agrees with results re-
ported by Burcher (1974a) who found genotypic stability
in several families tested on six sites in Western Australia.
Butcher concluded that only one population is needed for
afforestation in Western Awustralia. Provenance stability
in this species has been reported by Harris (1966). He
found that the Portuguese race gave best growth in all
experimental plantings. This race was also the best in
South Africa and since 1937 it has been used almost ex-

Table 5. — Analyses of Variance for Tree Height, Stem Diameter,
Stem Straighness and Crown Form at 9-years.

Source of Variation D.F. Mean squares
Vlach. Borsi A Borsi B Prokopi Varetada
HEIGHT
Replications 3  0.6430 0.7823 0.7378 0.0342 0,1020
Provenances 3 0.0399 1.3793% 0,0931 0.19u4 0.3u71% %
Reps X Provenance 9  0.0546 0.4829% 0.0682 0.1951% 0.0632
Witnin Plot (¥ 0.0372  0.098%  ©0.0488  0.0911  0.0323
STEM DIAMETER
Replications 3  20.38 56.21 152.24 205.26 7.59
Provenances 3 57.38  285.66  101.63** 32,75 8.68
Reps X Provenance 9 24,56  117.36%  31.43 94.64 42.89
Within Plot(l) 21.91 51.69 18.36 58,72 19.37
STRAIGHTNESS
Replications 0.0708 0.0050 0.1173 0.0u56 0.0623
Provenances 3 0.5075 **  1,66164%0.9756M% 0.4123%  1.2423%
Reps X Provenance 9 0.0269 0.0233 0.0984 0.0400 0,0522
Within Plot 0.0242 0.1011 0.0463 0.0594 0.0305
CROWN FORM
Replications 3 0.0316 0.0689 0.1450 0.0756 0.1539
Provenances 3 0.2283%%  1,4789%%0,52834% 0.56564%  0,4716%%
Reps X Provenance 9 0.0322 0,1856 0,1131 0.0206 0,0833
Within Plot 0.0221 0.1407 0.0535 0.0597 0.0325
For all characteristics of the same.location
Within plot D.F. 296 165 265 234 13y
Harmonic mean 19.5 8.1 17.3 15 9.3

per pot

(1) Within-plot mean squares were divided by the harmonic means
per plot.
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Table 6. — Analyses of Variance for Tree Height, Stem Diameter,
Stem Straightness and Crown Form in 9-year-old Provenance
Maritime pine grown at six locations.

(1)

Mean Squares
Source of variation D.F. Height Diameter Straightness Crown Form
Locations (L) S 3.018%% 1113.668%: 0.824* 0,997%%
Reps/Loc 15 0,34y 88.338 0.060 0.095
Provanances (P) 3 0.385% 61.738 1.260%% 0,785 **
PXL 15 0.071 20.872 0.0297 0.0318
PXR/L 45 0.173 61.176 0.0482 0.085
Within plot 1094 0.055 29,516 0.0467 0.054
DUSCAN NEW MULTIPLE RANGE TEST'2)
1. Locations
Loe.  Ht Loc. DBH Loc. Str. Loc. Crown

6 5.80 6 9.0 2 3.97 1 %.17

5 4,75 5 7.6 1 3.95' 6 4.12

2 ‘l.39| 2 6.4 6 3.57 2 3.90

3 4.00 1 6.3 3 3.47 5 3.60

1 3.97 3 5.5 S 3.38 y 3.55I

4 a.2u b 4.1 4 3.12 ' 3 3.15

2. Provenances

Prov. Ht. Prov. Str. Prov. Crown
1 4.66 1 3.90 2 3.99
4 u.u7| 2 3.82 1 3.91,
2 4.11 4 3.40 u 3.61
3 4.08 3 2,90 3 3.19
(1) * Significant at the 0.05 probability level.

** Significant at the 0.01 probability level.
?) Any two means not connected by the same line differ at
the 0.05 level.

clusively in afforestation projects (Macint and TuLsTRUP,
1955).

Significant differences were found at the 0.01 level
among provenances in stem straightness and crown form.
The poorest grown Corsican provenance was best in stem
straightness and crown form followed by the Portuguese
provenance. Landes and Cevennes were similar and dif-
fered statistically from the Porntuguese and Corsican prove-
nances. The superiority in stem straightness of the Corsican
provenance was also reported by Harris (1966). However,

Table 7. — Percentage of Fruiting Trees and Number of Cones
per Fruiting tree in nineryear-old Maritime pine provenances
grown at six locations.

Location Proportion (%) of fx(‘t;)).tmg Cones per fru:(L:tlmg tree
trees by Provenance by provenance
12 3 4 X |1 2 3 o4 X
Vlachokerasia 63 66 35 26 47 | 3.0 3.6 2.5 2.2 3.0
Borsi A 86 56 35 31 70 3.2 3.7 1.9 2.1 2.2
Borsi B 32 46 8 17 24 | 1.7 1.8 1.2 1.3 1.7
Kounoupeli 58 64 15 52 45 1 3.4 4.5 2,3 2.7 2.9
Prokopi 57 67 29 34 46 3.6 4.y 2.3 2.7 3.3
Varetada 98 92 27 57 76 2.6 3.4 1.3 2.2 1.9
Weighted mean 60 62 22 33 44 1 3.0 3.8 2.1 2.3 3.0
Total
No of trees 426 376 427 414 1643

Trees bearing cones 257 235 96 138 726

Number of cones 777 893 200 316 2192

(1) 1. Landes, 2. Cevennes, 3. Corsican, 4. Portuguese, X. Weighted
mean.
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this feature is not of practical importance, since the Portu-
guese provenance is superior in growth and straightness-a
highly inherited trait can be improved by selecting within
this provenance. Considerable improvement of this charac-
ter has been made by selection in the native stands of
Leira Forest in Portugal (Burcher, 1974 b).

Fruitfulness

The proportion of tree bearing cones at nine years by
provenance and location appears in Table 7. The analyses
of variance (Table 8) showed that significant differences
exist among provenances and locations. The most prolific
provenances were Landes and Cevennes of France, with
60 and 63 percent of the fruitful trees. The lowest propor-
tion over locations observed in the Corsican provenance
i which only 22 percent of trees produced cones. The
faster growing Portuguese provenance did not rank high.
This was consistent for all locations and no significant
provenance X location interaction was found. These re-
sults provide evidence that cone production in Maritime
pine is under genetic control. This characteristic is im-
portant in seed orchards where the seed trees should be
heavy seed producers. Large variation in fruitfulness of
Slash pine has been reported by Gobparp (1964) who found
that provenances from the central portion of range flow-
ered more abundantly than other provenances. Further-
more, genetic control of fruitfulness in slash pine has
been determined by VarNELL, SquiLLace and Benctson (1975)
who estimated broad sence heritability 0,49 for flowering
and 0. 50 for cone production.

The variation among locations was significant at the
0.05 level; the Borsi B planting had the lowest number of
fruiting trees (24 percent) while Varetada was top (76 per-

‘cent). The number of cones per fruiting tree was also varied

among provenances and locations (Table 7). Cones were
more abundant in the Landes and Cevennes provenances
with 3 and 3.8 cone respectively and lower in the Portu-
guese (2.3) and Corsican (2.1) provenances. Correlation
coefficients between number of cones per tree and tree
height and between number of cones per tree and stem
diameter were not significant.

Table 8. — Analyses of Variance of percentage of fruiting trees

in 9-year-old provenances of Maritime pine grown at six locations.

Analyses by location and locations combined. Data transformed
to aresin.

A. ARALYSES BY LOCATION
Mean Squares(il)

Source of variation K D.F, Vlachok. Borsi A Borsi B Varetada Prokopi
Replications 3 u0 .339 286.086 37.074%  75.799 366 .605
Provenances 3 607.258% 1775.7820" §35.152% 490,462 1764, QUG
Error 9 89.155 195 .891 92.372 31.830 106 632

(2) (3)
B. COMBINED ANALYSIS DUNCAN TEST
Prov. Px‘uitin§ Loc. Pruiting
trees(%) trees (%)
Locations (L) 5 188.969% 2 5'&.4‘ 6 48.8
Reps/Loc .(R/L) 15 161,580 1 53.4 2 u4.5
Provenances (P) 3 1236.077%% 4 39.9| 1 43.3
PXL 15 53,939 3 5.6l uw w0
P X R/L 45 103.118 5 43.0
3 28.5
(1) * Significant at the 0.05 probability level.

*+ Significant at the 0.01 probability level.
2) In the combined analysis the Kounoupeli planting in which
a completely random design was used, is also included.
3) Any two means not connected by the same line differ sta-
tistically at the 0.05. level.



Conclusions

From the assessments in nine-year-old provenance tests
of Maritime pine grown on seven sites in Greece the con-
clusions are

1. Successful planting of the species in areas such as Agios
Nikolaos of Karpenisi is practically impossible due to
frost hazands (—14° C) and severe snowbreak of trees.

2. Portuguese and Landes provenances, belonging to the
same atlantic race grew faster than those from Ceven-
nes and Corsican provenances. The corsican provenance
was top in stem straightness and crown form.

3. The provenance by site interactions were insignificant
for all characteristics, indicating genetic stability of the
provenances tested. Therefore, selecting within the fast
grown Portuguese provenance for height and diameter
growth and stem straightness is promising for all en-
vironments tested.

4. A large variability was found among provenances and
among locations in the proportion of fruiting trees. The
proportion among provenances varied from 22 (Corsican)
to 62 percent (Cevennes) and among location from 24
(Kounoupeli planting) to 76 percent (Varetada planting).
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Frost Resistance and Early Growth of Sequoidendron giganteum
seedlings of different origins

By M. Guinon, J. B. LarseN and W. SPETHMANN
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Staufenberg, West Germany
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Summary

Frost resistance in 2 year old giant sequoia seedlings
was analyzed by an artificial freezing test, in which de-
tached twigs are placed in freezing chambers at different
temperatures. The temperature that kills 50% of the twig
foliage is called the “frost-killing-point” and is denoted
LT50%. The results were compared to damage sustained
outdoors by seedlings and support the reliability of the
testing methods employed.

The experiment included the open-pollinated offspring
of 2 trees growing in Hermeskeil, West Germany, and seed-
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ling samples of 22 provenances representing the entire
natural range of giant sequoia.

Significant and substantial differences were found in
frost resistance, winter damage and in early height. Frost
resistance is correlated with outdoor winter damage and
elevation, however not with latitude, longitude nor with
seedling height. Shoot tip hardness measured by touch is
unrelated to frost hardiness.

Key words: giant sequoia, provenances, cold hardiness.

Zusammenfassung

Die Frostresistenz 2jdhriger Pflanzen bei 22 Provenien-
zen von Sequoiadendron giganteum wurde mit Hilfe eines
Klimakammerfrosttestes ermittelt. Der Test wurde im
Herbst wiahrend der Abhirtungsphase gemacht, und die
Ergebnisse geben daher Auskunft {iber die Friihfrostre-
sistenz. Die Temperatur, bei der 50% der Zweigbenadelung

173



