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Abstract

Wind-pollinated seeds from 40 trees (half-sib families)
were collected from each of six Turkish red pine (Pinus
brutia Ten.) populations in southern Turkey. Two-year
old seedlings were evaluated for growth, phenology and
cold resistance in a common garden experiment estab-
lished in Ankara, located outside the species’ natural
range. Each family was represented with a six-tree row
plot within each of the three replications. The below
freezing temperatures (–15.2°C) observed in January
and February of 2000 were sufficient to observe visual-
ly-assessable-cold damage to the seedlings. The popula-
tions significantly differed in all traits under investiga-
tion except for second flushing in 1999. Populations orig-
inating from more inland and higher elevation areas
were more resistant to cold than coastal low elevation
populations. Families within populations were signifi-
cantly different as regards all traits except HT00. Fami-
ly heritability for bud burst was 0.40, and ranged from
0.12 to 0.37 for height, and from 0.20 to 0.23 for bud set.

Final height of cold damage prone seedlings was
shorter than cold tolerant seedlings. Families with early
bud-set, later bud-burst and shorter second flush shoots
suffered less from cold damage. Considering the expect-
ed climate change in the eastern Mediterranean, there
is a potential for using this species outside its natural
range, especially in sites experiencing more continental
climate since it will be possible to move the species
200–300 m in altitude and 2–3 degrees in latitude. 

Key words: climate warming, cold damage, genetic variation,
Pinus brutia, Turkish red pine.

Introduction

An increasing number of studies indicate that global
warming affects wide range of species and ecosystems
(WALTHER et al., 2002; PARMESAN and YOHE, 2003; ROOT

et al., 2003; HAMANN and WANG, 2006). One of the major
consequences of global warming in forestry is that the
latitudinal and altitudinal shift in distribution ranges of
forest tree species (e.g. KULLMAN, 2002). Therefore, cli-
mate change adaptation strategies should be viewed as
part of the risk management component of a sustainable

forest management plan (SPITTLEHOUSE, 2005). In refor-
estation, seed deployment policy will need to adapt to
climate change by taking population responses to cli-
mate into consideration (MÁTYÁS 1996; WANG et al.,
2006).

Like all living organisms, forest trees adapt to their
local environments via natural selection over many gen-
erations. Geographic patterns of genetic variation for
traits related to adaptation to climate (e.g. timing of ini-
tiation and cessation of growth, cold and drought hardi-
ness and growth rates) are associated with climatic gra-
dients in temperature and moisture (AITKEN and HAN-
NERZ, 2001). 

Turkish red pine (Pinus brutia Ten.) is the most wide-
spread forest tree species and accounts for 15% of the
total forest land (20.2 million ha) in Turkey. While its
major distribution lies in the coastal regions of the
Mediterranean and the Aegean Regions of Turkey, it can
also be found in western Anatolia and central Black Sea
Regions (Figure 1) (ARBEZ, 1974). Turkish red pine is
considered to be a fast growing native conifer tree
species with highly desirable wood characteristics and
potential for industrial forestry, not only in Turkey, but
also in Australia (SPENCER, 2001). Thus the species has
been identified as one of the target species for intensive
forestry and tree breeding projects in Turkey. 

Although seed stand selections of Turkish red pine
were initiated in 1960’s, tree improvement studies have
been accelerated after 1994 by preparation of “National
Tree Breeding and Seed Production Programme for
Turkey” (KOSKI and ANTOLA, 1993). Within this frame-
work nine breeding zones were determined for Turkish
red pine; selection of seed stands (82) and establishment
of seed orchards (67) were completed. In addition, proge-
ny trials were established in five breeding zones. A total
of six seed transfer zones were delineated (ANONYMOUS,
2009).

The climate in Turkish red pine’s natural range is pre-
dominantly mild with rare frost events. The mean annu-
al temperature ranges between 12.5°C and 22.9°C,
mean January and July temperatures range from 2.7°C
to 11.7°C and from 24.3°C to 30.8°C, respectively
(Records of General Directorate of Meteorology, Ministry
of Environment and Forestry, 2007). According to the
First National Communication on Climate Change of
Republic of Turkey to United Nations Framework Con-
vention on Climate Change (UNFCCC), by the end of
this century average temperature will increase by
2–3°C along with substantial changes in precipitation
patterns (First National Communication on Climate
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Change of Republic of Turkey to UNFCCC, The Ministry
of Forestry and Environment, Ankara, 276 p.). Thus,
while some portions of Turkish red pine’s natural range
will become inhospitable for the species, opportunities
may emerge for deploying Turkish red pine into areas
that are formerly out of its natural range. Where there
is lack of old provenance or genetic tests, as in the case
of Turkish red pine, it is necessary to understand and
evaluate the performance of Turkish red pine seed
sources at off sites with early tests.

The climate in Ankara, located in central Turkey, is
continental in character with dry summers and cold
winters. With the changes in the climate, the region
would become subject to re- and afforestation with Turk-
ish red pine. Even with the increase in the temperatures
through climate change, it is very likely to experience
extreme weather conditions in the region. Ankara annu-
ally experiences, on average, 60 to 170 days with freez-
ing temperatures. Thus, Ankara is a proper testing site
for evaluating variation in Turkish red pine seed sources
for their cold tolerance.

Objectives of the study were; (1) to investigate the
genetic variation in cold hardiness, growth and phenolo-
gy, (2) to determine relationship between cold hardiness
and growth as well as between cold hardiness and phe-
nology in Turkish red pine, and (3) to make some impli-

cations on potential use of reproductive material outside
species’ natural range, based on genetic data obtained
from this early test for cold hardiness, growth and phe-
nology. For these purposes, seedlings of 240 open-polli-
nated families from six Turkish red pine populations in
the species natural range grown in a nursery in Ankara
were evaluated to meet the study objectives. To meet the
objective 3, the data from the test replicated with the
same families in Antalya, evaluated by IŞIK et al.
(2002a), was also included in the current study.

Materials and Methods

Plant material

Six populations of Turkish red pine were sampled
from southern Turkey. Three of these populations were
over-exploited, while the other three were relatively
undisturbed natural stands. Over-exploited populations
have been highly degraded by roads, illegal tree har-
vesting, human-caused forest fires, and overgrazing
(Yaylaalan, Çalkaya, Gölhisar). Natural populations are
mostly inland populations, located at higher elevations
where human caused disturbances were relatively low
(Alanya, Fethiye, Çameli) (Table 1 and Figure 1).

Open-pollinated seeds (half-sib families) were collect-
ed from randomly selected 40 parent trees in each of the

Table 1. – Site description of the six Pinus brutia populations and the two test locations
included in this study.

* Yaylaalan, Çalkaya and  Gölhisar  populations are overexploited while Alanya, Fethiye
and Çameli populations are natural populations.

a these are the estimated temperatures of population localities from LocClim of FAO
(Source: http://www.fao.org).

b Average minimum temperature in February from 1975–2008, 
c Average temperature in February from 1975–2008 (Source: http://www.dmi.gov.tr/

veridegerlendirme/il-ve-ilceler-istatistik.aspx).
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six populations (240 families in total). In selecting par-
ent trees, following sampling restrictions were applied:
(1) parent trees had to be separated by at least 100 m
within each population, (2) elevational range of the par-
ent trees had to be no greater than 300 meters within
any one population, and (3) cones had to be collected
from the upper one-third of the crown of mother trees in
order to minimize inbred and close bred seeds. Seeds
were extracted from cones in open air and stored at 4°C
until they were used.

Description of tests

In the spring of 1998, seeds of the 240 families were
planted as six-seedling row plots in each of three repli-
cations where families were randomly allocated to plot
locations in each replication at a nursery in Ankara,
Turkey. IŞIK et al. (2002a) conducted a common garden
study using the same experimental design and the same
Turkish red pine families included in this study to
investigate the effects of water stress on adaptive traits
at a nursery in Antalya (Table 1 and Figure 1). Antalya
is within the natural range of Turkish red pine in
Turkey. Thus, this study presented an opportunity to
compare relative performances of the Turkish red pine
families tested both in and out of species’ natural range.
The suitable trait for comparison between the two stud-
ies was seedling height at the end of the second growing
season (1999 for the current study and 2000 for IŞIK et
al. (2002a)). In each study, seedlings were 19-month-old
from seed germination at the time of height measure-
ment. Mean seedling heights for each population were
compared.

Measured traits and measurement methods

Seedling height, as the distance from the cotyledon
scar to base of terminal bud, was measured at the end of
each growing season from 1998 to 2000. Length of shoot
resulting from second flushing was measured as the dis-
tance from the second flushing point to the base of ter-

minal bud in 2–11 August 1999. Bud-set was recorded at
the end of growing seasons of 1999 (3–5 September) and
2000 (9–16 August), as the presence or absence of brown
bud scales on the terminal bud. Bud-burst was recorded
in the spring of 2000 (12–18 April), as the presence or
absence of the new needles (Table 2). In assessing bud-
set and bud-burst, assessment of a given replication was
completed within a single day.

The winter of 1999 was a mild one. However, the
freezing temperatures experienced in January and Feb-
ruary of 2000 provided the ideal frost treatment to plant
material. The minimum temperatures observed in Janu-
ary and February of 2000 were –15.2°C and –11.2°C,
and mean monthly temperatures were –3.6°C and
–1.1°C, in the respective months. The level of cold dam-
age to seedlings was visually assessed on a scale from 0
to 5 in April 2000 based on the proportion of damaged
needles (Table 2). 

Data analyses

Objective 1: Investigating genetic variation in growth,
phenology and cold hardiness. Data analyses were con-
ducted using the SAS statistical package (SAS, 1990).
All traits were subjected to Analysis of Variances
(ANOVA). The linear ANOVA model for the entire data
set was as follows:

[1]

where µ is the experimental mean, zijk is the mean per-
formance of the ith family in the jth population in the kth

replication; Bk is the effect of kth replication; Pj is the
fixed effect of jth population; and F (P)i ( j) is the random
effect of ith family within population j; eijk is the experi-
mental error.

ANOVA was conducted using PROC GLM (General-
ized Linear Models) of the SAS statistical package to
test significance of family differences (Type III sums of
squares). Variance components were then estimated

Figure 1. – Distribution of Pinus brutia in Turkey (shaded areas) and locations of studied
populations (1 to 6) and the nursery (Ankara). IŞIK et al.’s (2002) experiment was estab-
lished in Antalya. Also see table 1.
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using the REML (Restricted Maximum Likelihood)
method of the VARCOMP procedure. REML estimates of
variance components are considered more reliable than
ANOVA estimates when imbalance exists in data (SWAL-
LOW and MONAHAN, 1984; SEARLE et al., 1992; WHITE,
1996). All tests of significance were conducted at 0.05
probability level.

Family heritabilities (h2
f) were estimated following

FALCONER and MACKAY (1996) as;

[2]

where σ 2
f is the family component of total variance, σ 2

e
is the error variance, and r is the mean number of repli-
cations provided by the GLM procedure.

Objective 2: Examining relationship between cold har-
diness and growth and phenology. Phenotypic and
genetic correlations were estimated to investigate the
relationships among the traits. Phenotypic correlation
(rp (x,y)) between traits x and y was estimated as (KAYA

and TEMERIT, 1994);

[3]

where MCPf (x,y), is the family-mean cross products for
traits x and y, MSf is the family-mean squares for
respective traits x and y.

Genetic correlation (rg (x,y)) between traits x and y was
estimated as (FALCONER and MACKAY, 1996);

[4]

where COVf (x,y) is the family-covariance between traits
x and y, estimated as

and σ 2
f is the respective family variance component for

traits x and y (STONECYPHER, 1992).

Standard errors of genetic correlations were calculat-
ed according to FALCONER and MACKAY (1996):

Where σ (rg
), is the standard error of genetic correla-

tion between traits x and y, σ(h2
x) is the heritability for

trait x, σ(h2
y) is the standard error of heritability for trait

y, h2
x is the standard error of heritability for trait x, h2

y
is the heritability for trait y and before h2

y.

Objective 3: To make some implications on potential
use of reproductive material outside species’ natural
range, based on genetic data obtained from this early test
for cold hardiness, growth and phenology. IŞIK et al.
(2002a) conducted a common garden study using the
same Turkish red pine families included in this study to
investigate the effects of water stress on adaptive traits
at a nursery in Antalya. Antalya is within the natural
range of Turkish red pine in Turkey. Thus, this study
presented an opportunity to compare relative perfor-
mances of the Turkish red pine families tested both
within and outside species’ natural range. The suitable
trait for comparison between the two tests was seedling
height at the end of the second growing season (1999 for
the current study and 2000 for IŞIK et al. (2002)). In
each study seedlings were 19-month-old from seed ger-
mination at the time of height measurement. The per-
formances of populations in each test site were com-
pared by estimating population mean deviations from
respective test site-means for height and plotted com-
paratively in Figure 2.

Results

Objective 1. Significant differences were observed at
population (P ≤ 0.01 for HT98, HT99, HT00, BS99,
BB00, BS00 and CD00) and family levels (P ≤ 0.01 for
HT98, HT99, SF99, BS99, BB00, BS00 and CD00),
except for SF99 and HT00 where populations and fami-
lies, respectively, did not differ significantly. The propor-

Table 2. – Measured seedling characteristics and measurement methods.
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tions of total variation due to families and populations
were similar for HT98, HT00, and BS99 traits. However,
the family-proportion of total variance was greater than
populations for HT99, SF99 and BB00 and smaller for
BS00 and CD00. Population differences were especially
pronounced for winter frost damages. Family mean heri-
tabilities ranged from 0.12 to 0.40 (Table 3).

The most cold sensitive population was the Çalkaya
population (mean CD00 = 2.02). The two populations
from more inland areas (Gölhisar and Çameli) were the
most tolerant to cold than coastal populations (Alanya,
Çalkaya, and Yaylaalan) (Table 4). The percent of
seedlings scored with cold damage scores of 4 and 5 in
each population varied from 0.54% seedlings from Göl-
hisar to 10% of seedlings from Çalkaya. The percent of
seedlings with high cold damages were 1.08% in Çameli,
1.53% in Yaylaalan, 1.58% in Fethiye and 1.89% in
Alanya. Off the seedlings with scores of 4 and 5 cold
damages, 2.88% seedlings from Çalkaya, 40% from
Fethiye , 55.6% from Yaylaalan, 63.6% from Alanya,
66.6% from Gölhisar and Çameli were recovered by
reflushes of mostly lateral buds.

Objective 2. In general, magnitude and sign of genetic
correlations followed the pattern of phenotypic correla-
tions. Thus, here on, only genetic correlations will be
reported unless otherwise noted. HT98, HT99 and HT00
were highly correlated (Table 5). HT98, HT99 and HT00
were moderately and positively correlated with second
flushing in 1999 (SF99) (rg range from 0.57 to 0.81). The
genetic correlations between HT00 and BS00 could not
be estimated due to lack of significant family variance in
HT00, but a positive phenotypic correlation between
HT00 and BS00 of 0.35 was significant at P ≤ 0.05.
Although height growth tended to correlate moderately
with early bud-burst and late bud set, the standard
errors of estimates were high (Table 5). Nevertheless,
the moderate correlations were evident from the magni-

tude of estimated phenotypic correlations between
height growth and phenological traits. 

The correlation of CD00 with HT98 (rg = 0.78) and
HT99 (rg = 0.29) was positive, while it could not be esti-
mated between HT00 and CD00 though there was
strong negative phenotypic correlation between these
two traits (rp = –0.68), (Table 5).

Genetic correlations between cold damage (CD00)
with bud phenology traits (BS99, BB00 and BS00) indi-
cated that seedlings with early bud-set and late bud-
burst were less damaged by frost. Cold damage assess-
ment revealed that the seedlings with longer shoot
growth as a result of second flushing (SF99) suffered
more from the cold (CD00 rp = 0.30). There was also
moderately strong negative genetic correlation between
BS00 and BB00 (rg = –0.36), indicating that families
with early bud burst were that ones with late bud set in
the growing season of 2000 (Table 5).

Objective 3. While the mean second year seedling
heights of populations in Ankara test (outside natural
range of Turkish red pine, present study) were 78 to
89% of mean seedling heights attained in Antalya test
(IŞIK et al., 2002a). In general, ranking of the popula-
tions were similar at both test sites with respect to
seedling height, Çalkaya population being the tallest
and Gölhisar population being the shortest in both test
locations. Among the populations, Alanya population,
which is with observed high heterozygosity, high poly-
morphic loci and almost no inbreeding (LISE et al.,
2008), seems to have more sensitive to environmental
changes with respect to height growth while the
other populations were with more stable performances
(Figure 2). 

Average seedling heights for populations originating
from coastal areas (low elevation, i.e., Alanya, Yay-
laalan, Çalkaya) were greater than that of inland popu-
lations (high elevation, i.e., Fethiye, Gölhisar, Çameli),

Figure 2. – Relative height growth performances of the six Pinus brutia pop-
ulations in Antalya (IŞIK et al., 2002) and in Ankara. Values given in the box
on the right side of the figure are mean cold damage scores (CD00, see Table
2) in Ankara with their ranks (1 = most cold resistant, 5 = most cold sensi-
tive, Fethiye and Alanya tied for the 4th place) in parentheses.
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both in Ankara (222.25 mm vs. 212.47 mm) and in
Antalya (272.33 mm vs. 256.33 mm). Seedlings originat-
ing from inland populations were slightly better in
repeating their Antalya height growth performances in
Ankara than those originating from coastal populations
(83% vs. 82%). While at both test locations seedlings
from coastal populations were taller than those from
inland populations, seedlings from inland populations
attained higher proportions of height compared to

coastal populations in Ankara (96%) than they did in
Antalya (94%) test site (Figure 2).

Discussion

The results revealed that there is a considerable
amount of genetic variation among populations as well
as families within populations in phenology and cold
hardiness. Similar results have been reported in previ-

Table 3. – The results of ANOVA (analysis of variance); mean squares (MS), proportion of variances (VC, in %)
and family mean heritabilities (h2

f) for the traits included in the study. See table 2 for trait descriptions.

1 Degrees of freedom. ** Significant at P ≤ 0.01; NS Non-significant at P ≥ 0.05.

Table 4. – Population and overall means (standard error) for the traits
included in the study. See table 2 for trait descriptions.
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ous studies dealing with different populations of this
species (IŞIK, 1986; KAYA and IŞIK, 1997) as well as other
conifer species in the region (KAYA and TEMERIT, 1994;
VELI·OĞLU et al., 2000). Significant variation among pop-
ulations observed in this study is not surprising because
widespread species tend to have greater variation than
that of species with limited distribution (LEDIG, 1987).

In general, family contribution to the total variance is
high in most traits, but it appears that larger proportion
of total variance resides among populations for CD00,
rather than families within populations. Among the six
populations included in this study, Çalkaya (a low eleva-
tion population and close to the Mediterranean Sea) was
the most cold-sensitive and Gölhisar (a high elevation
population and located in inland) population was the
most cold-hardy. In Gölhisar population, up to 66% of
seedlings with severe cold-damages were able to recover
in the following growing season while the recovery rate
was very low in Çalkaya population (about 3%). Inter-
estingly, including coastal-low elevation populations, the
recovery rate of seedlings in other populations was
greater than 40%. This could be explained with nature
of shoot growth pattern of this population which is char-
acteristics with relatively high height growth and long
growing season since the frequency of families with
early budburst and late bud set in year 2000 were high
in this population. In fact, about 61% of seedlings from
this population were still growing in September of 2000
while this ratio was ranging from 23% in inland popula-
tions to 42% in Fethiye. Furthermore, an overexploitat-
ed nature of population with a low buffering capacity
(an isolated and mixed stand with low genetic diversity
(LISE et al., 2008)) may also contribute to low recovery
rate from cold damages. 

Reliability of visual cold damage assessment was test-
ed with measurement of variable fluorescence as
described in BINDER and FIELDER (1996) and FISKER et
al. (1995) on the studied seedlings after exposing to low
temperature of winter 2000 (KANDEMIR, 2002). This
visual cold damage assessment revealed the existence of
considerable amount of genetic variation among popula-
tion and families within populations of Turkish red pine
for CD00. Especially the population component of varia-
tion was high, suggesting that selection at the popula-
tion level could be practiced to improve cold hardiness of
Turkish red pine material for inland plantation sites.
For example, with regard to minimum average Febru-
ary temperature of Ankara test site and location of
Gölhisar population appear to be well matched (See
Table 1). Also, the seedlings from this population were
the least affected with winter low temperature of
Ankara. Climatic extrapolation of populations from
entire species range could be matched with the planta-
tion sites to improve seed transfers to outside natural
range of species. Once the most cold-hardy populations
are determined, the most cold-hardy families then could
be selected from these populations to further improve
cold hardiness. While the families within a particular
population are selected, special emphases should be
given to the relationship between growth traits and phe-
nological traits as well as among phenological traits
themselves. For instance, the existence of negative
genetic correlation in timing bud burst and bud set
would be useful to make selection of families for early
bud- setting, late bud bursting and less or no second
flush so early and late frost damages could be mini-
mized. However, this trade off could be reduced if high
elevation and inland populations are selected as seed
sources. 

A recent report on potential impacts of climate change
on agriculture and forestry in Europe suggests that
adaptive management strategies should be developed to
alleviate the negative impacts of global warming (i.e.,
water shortage and extreme weather events) especially
in the southern parts of the continent (MARACCHI et al.,
2005). One such strategy in forest regeneration and
afforestation is to determine new habitat patterns in the
presence of climate warming and then, to deploy
seedlings into new suitable environments (WANG et al.,
2006). Climate warming is a reality more than a projec-
tion for Turkey and Turkish red pine forests will be the
ones that are going to be most affected from it because
of the area covered and its distribution. Climate change
models regarding to Turkey suggest that an average of
2–3 degrees of temperature increase and 20% decrease
in precipitation, especially central Turkey is expected to
have milder climate than it is now. This indicates that
Turkish red pine will certainly expand the current dis-
tribution range to 2–3 degrees north and 200–300 m.
higher elevations. The results in this study indicate
that, when grown out of its natural range, Turkish red
pine seedlings can attain to heights that are about 80%
of when grown within the range. It should be pointed
out that the data for this comparison were obtained
from seedlings that are only at the end of their second
growing season and it is not known whether this reduc-

Table 5. – Phenotypic (above diagonal) and genetic (below diag-
onal) correlations (standard errors are given in parentheses)
among traits.

* Not estimable. Phenotypic correlations, greater than ± 0.14
are statistically significant at P ≤ 0.05.
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tion would be compensated or not by the end of the rota-
tion age. It should also be remembered that selection of
populations included in this study were not selected for
the purpose of growth evaluation of Turkish red pine out
of its range. Thus, it may be possible to attain similar
growth rates by selecting more suitable seed sources. 

Nevertheless, when there is lack of old tests for a
given species, earl tests dealing with adaptive traits
could be very useful (LAMBETH, 1980; LEINONEN and
HÄNNINEN, 2002; ALDRETE et al., 2008; SOGAARD et al.,
2008). The provenance test (IŞIK et al., 2002) of Pinus
brutia, dealing with 50 provenance representing entire
range of the species and tested in 26 sites including
Ankara, is now at the age of 22. The results of this test
evaluated at at age of 10, suggested that provenances
originated higher altitudes (r = 0.42) and latitudes
(r = 0.27) survived better in Ankara test sites, but there
was no significant relationship between growth perfor-
mances of provenances and latitudinal and altitudinal
origins of them. In fact, it was shown for Pinus contorta
that increase in growth is possible in an event of climate
change, at least in some cases, when seed sources are
deployed in further north than within the current breed-
ing zones in British Columbia (WANG et al., 2006).
Therefore, a more detailed evaluation of potential
deployment areas for Turkish red pine seed sources is
needed to develop new deployment strategies for the
species under climate warming which is crucial for both
the conservation of the species and its forestry.

Conclusion

The high elevation population, Gölhisar, was the most
cold-tolerant, Çalkaya population with lowest altitude
was the most cold-sensitive population, but in general
populations located more inland and at higher eleva-
tions were more resistant to cold than populations origi-
nating from the coastal areas. Longer growth resulting
from second flushing resulted in higher seedling
heights, but also in higher cold damages. The families
with later bud burst and earlier bud set had greater
final seedling heights and suffered less from the cold
while seedlings with longer growing season (late bud
setting dates) length were severely damaged by cold. 

Families originating from more inland and higher ele-
vation populations were better in repeating their
Antalya (within the natural range of Turkish red pine)
growth performances in Ankara (out of the species
range). In the presence of expected climate warming
Turkish red pine can be moved northward without
greatly sacrificing (at least in two-year old seedlings) its
growth performance but long term assessment of this
should be realized.
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IŞIK, F., S. KESKIN, R. SABUNCU, M. ŞAHIN, M. N. BAŞ and
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Abstract

Microsatellite markers were used to determine pater-
nity in 473 open-pollinated progenies from a clonal
Eucalyptus nitens seed orchard of 50 trees from 12 dif-
ferent genotypes. The outcrossing rate in this orchard
was high, averaging 0.85 (weighted by capsule crop) but
variable between trees (ranging from 0.6–1.0). Paternal
contribution of each genotype to the open-pollinated
seed crop was predicted by the size of the flower crop of

each genotype (r = 0.76), but not the number of ramets.
While the detectable contamination in this orchard is
relatively low (4.5%), it is atypical when compared to
other published estimates in eucalypt seed orchards
suggesting that with suitable buffering low levels of con-
tamination can be achieved.

Key words: Outcrossing rate; selfing; eucalypt genetics.

Introduction

Eucalyptus nitens (Deane & Maiden) Maiden is a tall
forest tree occurring naturally in disjunct populations
on the southern side of the Great Dividing Range along
the east coast of Australia (BROOKER and KLEINIG, 1983;
HAMILTON et al., 2008). This species has demonstrated a
number of characteristics of value to the forest industry,
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