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Abstract

In early December 1999 field germination experiments of
dormant seeds were carried out in the forest nursery of Lan-
gadas, Central Macedonia, Greece. Seeds of fifteen indigenous
forest species were sown without any treatment in order to
determine their germination (emergence). Laboratory germina-
tion and/or viability tests were carried out at the same time for
the same species according to current international standards.
Seeds of Malus sylvestris Mill. germinated 96%, Fraxinus
ornus L. 88%, Celtis australis L. and Cornus sanguinea L. 79%,
and Euonymus europaeus L. 67%. In contrast, seeds of Laurus
nobilis L. germinated only 11%, Sorbus torminalis (L.) Crantz
1%, and Prunus spinosa L. 0%. Seeds with hard seed coat or
with double dormancy (hard seed coat and embryo dormancy)
had low percentages of germination or did not germinate at all.
Seeds of Paliurus aculeatus Lamb. germinated 28%, Cercis sili-
quastrum L. 21%, Cotinus coggygria Scop. 19%, Pistacia tere-
binthus L. 17%, and Carpinus betulus L. 9%. Emergence of
Cornus sanguinea L. and Malus sylvestris Mill. began in late
March while for the rest of the species in the first half of April.
Except for seeds of Rhus coriaria L. and Phillyrea latifolia L.
which did not emerge at all, emergence for all species was com-
pleted in late April and early May.

Key words: Dormancy, forest nursery, forest seeds, germination, viabili-
ty.

Introduction

In many nurseries, tree seeds may be sown in the autumn,
spring or summer depending on their seed dormancy, the tem-
perature required for germination, the management practice
followed by the nurseries and the weather conditions that pre-
vail in the nursery during the wintertime, that is, on whether
the winter is mild or cold (HARTMANN et al., 1997). The signifi-
cance of sowing time has been discussed by numerous investi-
gators (SCHUBERT and ApAMS, 1971; McMILLAN-BROWSE, 1978;
McDoNALD, 1986; DIRR and HEUSER, 1987; YOUNG and YOUNG,
1992; TAKOs and MEROU, 1995; TAKOS, 1999a,b).

Seeds of species that ripen in spring or early summer, and
whose viability decreases rapidly (e.g., Ulmus spp., Populus
spp.) are sown immediately (HARTMANN et al., 1997). For other
forest species, sowing can be performed in the autumn or
spring. Outdoors autumn sowing is often preferred for large
recalcitrant seeds, e. g., Aesculus spp., Castanea spp., Corylus
spp., Quercus spp., the quality of which decreases after har-
vesting, especially if they are not properly stored over winter
(D1RR and HEUSER, 1987; YOUNG and YOUNG, 1992; TAKOS and
MEROU, 1995; HARTMANN et al., 1997; Takos and MEROU, 2001;
TAKOS et al., 2002). Autumn sowing is also commonly used with
seeds with embryo dormancy, e.g., Malus spp., Pyrus spp.,
Prunus spp., Taxus spp. (HARTMANN et al., 1997), because it
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enables the low winter temperatures to break dormancy in
these seeds. Autumn field sowing is also used with species that
have double dormancy (a hard coat and embryo dormancy),
such as Berberis spp., Cornus spp., Cotinus spp., Crataegus
spp. (LAWYER, 1978), and is frequently performed with certain
other species, e.g., Fraxinus spp., and Carpinus betulus, whose
seeds are sown very early, while they are still green (DIRR and
HEUSER, 1987). In this way, the storage of seeds is avoided and,
therefore, the formation of a hard coat, which would make ger-
mination difficult, is prevented (THANOS et al., 1992; Doussi
and THANOS, 1994; THANOS and Dousst, 1995; HARTMANN et al.,
1997; MEROU et al., 2002).

Nevertheless, autumn sowing has several disadvantages.
Large seeds and seeds with wings are especially endangered by
rodents. High autumnal temperature encourages germination
leaving tender seedlings exposed to low winter temperatures
that may damage them (HARTMANN et al., 1997). Additionally,
premature germination in the spring increases the possibility
of damage caused by a late (spring) frost.

The purpose of this study was to investigate the germination
of the seeds of fifteen indigenous Greek flora forest species
after autumn sowing and without pre-treatment, and of dor-
mant seeds requiring pre-treatment for dormancy removal to
permit spring sowing. None of the species studied here was
previously investigated after sowing outdoors under the
autumnal conditions of Northern Greece.

Materials and Methods

The forest species used are shown in Table 1.
Experiments in the field

All species were sown outdoors on 9 December 1999 in the
forest nursery of Langada, Thessaloniki (23 01’ E, 40 38" N).
Seeds were sown in styrofoam containers in blocks, each with
100 cavities (cavity volume = 80 c¢m?), in a 3:2 sand and turf
mixture, and at a depth equal to three times the size of the

Table 1. — Species, gathering date and location, seed storage conditions
until sowing.

Species Gathering date and location (altitude) Seed storage conditions

until sowing

Carpinus betulus L. 1710/99, Nymphea of Komotini (650 m.)
18/10/99, Komotini (300 m.)

14/10/99. Ardanio - Esymi (500 m.)
18/11/99, Tyria - Pedini (600 m.)

29/8/99. Baoussi of Ioannina (500 m.)

Air-tight vase (3°C)

Linen bag, basement (10/20°C)
Linen bag (3°C)

Air-tight vasc (. 3°0)

Air-light vase (3°C)

Celtis australis I..
Cercis siliquastrum L.
Cornus sanguinea L.

Cotinus coggygria Scop.

Euonymus europaeus L. 18/11/99, Joannina - Dodoni (500 m.) Linen bag (3°C)"
Fraxinus ornus L. 2/12/99. Tyria -Igoumenitsa (450 m.) Linen bag (3°C)
Laurus nobilis L. 25/10/99, Ardanio of Alexandroupoli (50 m.) Linen bag (3°C)

Malus sylvesiris Mill. 5/9/99, Baoussi of Toannina (500 m.)
16/10/99, Maronia of Komotini (50 m)
28/49/99, Maronia of Komotini (20 m.)

1/10/99. Kozani valley (600 m.)
27/10/99. Polymylos of Kozani (900 m.)
16/11/99. Tyria-Seniko (800 y..)
19/10/99, Dragati of Komotini (800 m.)

Linen bag (3°C)

Linen bag, basement (10/20°C)’
Linen bag (3°C)'

Air-tight vase (3°C)

Linen bag (3°C)'

Linen bag 3°C)'

Linen bag (3°C)

Paliurus aculeatus Lamb.
Phillyrea latifolia L.
Pistacia terebinthus L.
Prunus spinosa L.

Rhus coriaria L.

Sorbus torminalis (L.) Crantz.

1 Without the external coat
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seed (KRUSSMANN, 1981). After sowing, the surface of the grow-
mix was covered with 3 mm of sand. The containers were
placed outdoors in the nursery and covered with a black plastic
net and a layer of fir branches for protection from hail and
heavy rainfall, as well as intense sunshine in the winter. This
cover was maintained until spring. Watering began in mid-
March and continued until the completion of germination,
which was evaluated after seedling emergence in the spring.
Measurements were taken once a week from the beginning of
the germination until emergence was completed.

From the bioclimatic point of view, according to Emberger’s
bioclimatic diagram that was prepared for Greece by MAVROMA-
TS (1980), the region where the nursery is located belongs to
the sub-humid bioclimatic level with cold winters and frequent
frosts. Climatic conditions (temperature and rainfall) that pre-
vailed during the experiments and the corresponding average
values of measurements taken over several years are shown in
Table 2. Data are from the Langadas Meteorological Station 1.5
km away from the Forest Nursery. The temperatures recorded
from December 1999 until May 2000 were normal for the
region, with the exception of January and February average
temperatures, which were lower than normal.

Table 2. — Temperature and rainfall measured by the Meteorological
Station in Langada (from December 1999 to May 2000).
Month Dec Jan Feb Mar Apr May
Average temperaturce °C - 64 1,57 4,5m 82 13,9 18,1
6.6 (5.0 (63 (99 (14D (192
Absolute maximum temperature (°C) 20,0 18,0 15,0 18,0 25,0 30,0

(22.0) (22.0) (23.5) (26,00 (3L35) (36,0)
Absolute minimum temperature (°C) -6.0 -6,0 -6,0 -5,0 -1,0 1,0

(-12,0) (-10,0) (-1L3) (8,0) (-13) (3,0)
Rainfall (in mm) 320 250 470 73,0 590 490

(44,0) (23.0) (31,0) (33.0) (43,0) (41.0)

1 In parentheses, mean values of the period 1978—1995 in the broader
area (Source: National Agricultural Foundation — Forestry Research
Institute, Thessaloniki.)

Laboratory tests
Germination test

Germination tests were performed on seeds of those species
known to require pre-treatment (no longer than four months)
and the germination of which is achieved in a short time. Sev-
eral treatments for overcoming dormancy were tested because
published prescriptions generally recommend several alterna-
tive methods (BONNER et al., 1974; AOSA, 1985; ELLIS et al.,
1985; DIRR and HEUSER, 1987; BACHILLER, 1991; YOUNG and
Young, 1992; Takos and MEROU, 1995; ISTA, 1999). However,
the germination percentages presented in the results refer to
the treatment that produced the highest percentage for each
species. The treatments as well as the species that gave the
highest results are shown in Table 3. Seeds of all species treat-
ed with H,SO, were immediately rinsed after removal under
running water for a few minutes (ISTA, 1999). After pre-treat-
ment, seeds of all species except Laurus nobilis were placed on
Whatman No. 1 filter paper over sand saturated with distilled
water, in 9 cm covered Petri dishes. L. nobilis seeds were
placed in saturated sand only, in 20 cm Petri dishes (TAKOS,
2001). All dishes were placed in a germination chamber set at
25°C for 8 hours with light and at 20°C for 16 hours without
light (AOSA, 1985; ISTA, 1999). Light, with an intensity of
1200 lux at the germination surface, was provided by cool-
white fluorescent lamps on both side walls of the chamber.
Using a criterion of a minimum of 2 mm of emerging radicle,
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Table 3. — Treatments that gave the highest germination in laboratory.

Species Treatments

Celtis australis Removal of the fleshy coat and soaking in concentrated H,SO, for an
hour (BACHILLER, 1991).
Removal of the fleshy coat, soaking in concentrated H,SO4 for an hour

and stratified in sand for 120 days at 4°C (BACHILLER, 1991).

Cornus sanguinea
Cotinus coggygria Soaking in concentrated H,SO, for an hour and stratificd in sand for
60 days at 4°C (DIRR and HEUSER, 1997).

Removal of the fleshy coat and stratified in sand for 60 days at 4°C
(TAKOS, 2001).

Removal of the fleshy coat, soaking in concentrated H,SO4 for an hour

and in water at room temperature for 24 hours (BACHILLER, 1991).

Laurus nobilis

Pistacia terebinthus

Rhus coriaria Mechanical scarification and stratified in sand for 60 days at 4°C

(DIRR and HEUSER, 1997).

germinants were counted once per week for 30 days (for 60
days in the case of Laurus nobilis).

Viability test with 2,3,5 — triphenyl tetrazolium chloride (TTC)

Following ISTA (1999) prescriptions, seeds not subjected to a
germination test were prepared for staining as shown in Table
4. All seeds were soaked in distilled water for 18 hours at 20°C.
When published prescriptions were not available, those for
closely related species were used. Following cutting (trans-
versely or longitudinally) they were immersed in a 1% solution
of TTC, buffered to pH 7.0, and kept at 30°C in total darkness
for the staining period (MOORE, 1985; ISTA, 1999).

Table 4. — Procedure of tetrazolium tests (TTC).

Species Preparation before staining Staining Prescription
period (hours) source
at 30°C
Carpinus betulus Transversely cut '~ from distal end 48 ISTA, 1999
Cercis siliquastrum Longitudinally cut through the coats 12 MOORE, 1985
Euonymus europaeus Transversely cut ' from distal end 48 ISTA, 1999
Fraxinus ornus Longitudinally cut on both sidcs 18 MOORE, 1985;
ISTA, 1999
Malus sylvestris Remove seed coat 18 ISTA, 1999
Prunus spinosa’ Remove seed coat 18 ISTA, 1999
Sorbus torminalis Transverscly cut ' from distal end 24 MOORE, 1985,
ISTA, 1999
Paliurus aculeatus Remove seed coat 24
Phillyrea latifolia®  Transversely cut ' from distal cnd 24

! Stony shells were cracked before soaking in TTC.

2 As Malus sylvestris because there are not published relevant prescrip-
tions.

3 As Sorbus torminalis because there are not published relevant pre-
scriptions.

Fifty seeds in four random replications were used both in the
laboratory tests and in the nursery sowing trial. Comparisons
were made between germination or viability means in the labo-
ratory and nursery germination by means of the Duncan’s t-
test (p<0.05) using statistical software SPSS (NORUSIS, 1994).

Results

Nursery and laboratory germination

High nursery germination was observed in Celtis australis
and Cornus sanguinea (Table 5). However, laboratory germina-
tion of the Celtis australis in the lab tests was very low, the dif-
ference being statistically significant. In contrast, for Cornus
sanguinea there was no significant difference between labora-
tory and nursery germination. For Cotinus coggygria, Laurus
nobilis, Pistacia terebinthus and Rhus coriaria laboratory ger-
mination was much higher than in the nursery, the differences
being statistically significant (Table 5).



Table 5. — Comparison of nursery and laboratory germination (or viabil-
ity) based on 4 replications each of 50 seeds.

Laboratory Tests Field sowing
Species Germination (%) Viability (%) Germination (%)
after pre-treatment after TTC in the spring without

pre-treatment

Celiis ausiralis 16 +4,6* 79 10,0

Cornus sanguinea 65 + 38" 79+ 11,0™*
Cotinus coggygria 73 + 11,0% 19+ 38%
Laurus nobilis 98 £ 23* 11+ 2,0%
Pistacia terebinthus 60 = 8.6% 17+ 3.8%*
Rhus coriaria 29 £ 6.8% 0+ 0,0%
Carpinus betulus 73+ 1,4* 9+ 6,0%
Cercis siliquastrum 90+ 1,6% 21+ 6,8%

LEuonymus europaeus 70+ 6,9™ 67+ 82"

Fraxinus ornus 89+ 735™ 88+ 0,0

Malus sylvestris 98 £19" 96+ 3.2™

Paliurus aculeatus 66+ 32% 28 £ 8,0%
Phillyrea latifolia 75+ 3,5% 0+ 0,0*
Prunus spinosa 63+ 2,9% 0+ 0,0*
Sorbus torminalis 95+ 2.1* 1+ 2,0%

1 Means within a species (rows) followed by * are statistically significant
(DuncaN’s t-test, p<0.05). Means followed by ™% are not significantly
different. + indicates standard deviation.

Nursery germination versus laboratory viability (TTC)

Viability percentages were similar to nursery germination
means for Euonymus europaeus, Fraxinus ornus, and Malus
sylvestris, the differences not being statistically significant.
However, seeds of Paliurus aculeatus and Cercis siliquastrum
germinated poorly in the nursery, while viability tests showed
a significantly higher percentage of the seeds to be capable of
germinating. Seeds of Carpinus betulus, Sorbus torminalis,
Phillyrea latifolia and Prunus spinosa germinated very poorly
or not at all in the nursery, while viability percentages were
significantly higher.

The inception and duration of nursery germination for all 15
species is presented diagrammatically in Figure 1, and shows
that no species germinated prematurely. Cornus sanguinea and
Malus sylvestris began germinating in the last week of March
(a little early), while Cotinus coggygria, Cercis siliquastrum,
Fraxinus ornus and Paliurus aculeatus began germinating in
the first week of April. Celtis australis, Carpinus betulus, Sor-
bus torminalis and Euonymus europaeus began germinating in
the second week of April, while Laurus nobilis and Pistacia
terebinthus began germinating the third week of the same
month.

Discussion

Celtis australis, Cornus sanguinea, Euonymus europaeus,

Malus sylvestris

The results showed that autumn sowing of these four species
was adequate to meet the cold requirements for breaking dor-
mancy. This finding is supported by numerous other reports
(AOSA, 1985; ELLIS et al., 1985; DIRR and HEUSER, 1987; YOUNG
and YOUNG, 1992; HARTMANN et al., 1997; ISTA, 1999). The
external fleshy seed coat of Celtis australis was not removed in
these trials, but this can aid germination (DIRR and HEUSER,
1997). The success of autumn sowing for Cornus sanguinea is
also confirmed by Young and YouNG (1992), according to
whom, autumn sowing gives better results than spring sowing
when the seeds are fresh. Removal of the fleshy outer coat of
Euonymus europaeus, as performed in this trial, and sowing
quickly thereafter to prevent the seeds drying out (RUDOLPH,
1974), gave good germination; in this trial, seeds were collected
in late November and sown before mid-December after fleshy
coat removal (Table 1).

Species March

Celtis australis

April May June N
A\ 4

Cornus _sanguinea

Cotinus coggigria
Laurus nobilis

Pistacia terebinthus
Rhus coriaria
Carpinus betulus

Cercis siliquastrum

Euonymus _europaeus

Fraxinus ornus

Malus sylvestris

Paliurus aculeatus
Phillyrea Jatifolia
Prunus _spinosa
Sorbus torminalis

Figure 1. — Initiation and duration of nursery emergence after autumn
sowing®.

! The height of the columns show the % percentage of weekly emer-
gence.

Fraxinus ornus

Autumn sowing of this species also met the cold require-
ments for removal of dormancy, is supported by other reports
(YounGg and YoOunG, 1992). European nurseries typically
autumn sow seeds of this species immediately after collection
while the appendages are still green, and obtain high germina-
tion (YOUNG and YOUNG, 1992). In this trial seeds were gath-
ered at the beginning of December when the wings were dark
brown, but they still germinated 88%. Compound stratification,
that is a warm treatment (30 days) followed by cold stratifica-
tion (90 days) has been recommended (BONNER, 1974). In this
trial, nursery temperatures were high, especially in December
(Table 2), which may have had a similar effect.

Laurus nobilis, Prunus spinosa, Sorbus torminalis,
Carpinus betulus

These species are known to exhibit embryo dormancy, and
numerous reports have indicated that seeds respond well to
cold, wet nursery conditions over winter (AOSA, 1985; ELLIS et
al., 1985; DIRrR and HEUSER, 1987; YoUNG and YOUNG, 1992;
Takos and MEROU, 1995; HARTMANN et al., 1997; ISTA, 1999).
Elsewhere it has been demonstrated that low temperatures in
northern nurseries can harm the seeds (Laurus nobilis), so
autumn sowing should be avoided (Takos, 2001).

Prunus spinosa seeds failed to germinate in this trial proba-
bly because they were harvested late (end of October). In simi-
lar circumstances elsewhere, P. spinosa seeds tended to germi-
nate the following year (GRISEZ, 1974; TAkos and MEROU,
1995).
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Very few Sorbus torminalis seeds germinated, which was
surprising because they were shallowly sown and kept moist
overwinter (Table 2), conditions that produced good germina-
tion elsewhere (YOUNG and YOUNG, 1992). As with P. spinosa
seeds, collection was late (mid-October) and the S. torminalis
seeds had dried considerably by the December sowing.

Low germination of Carpinus betulus seeds was anticipated
due to their late harvest (October 1). Elsewhere it has been
reported that seeds of this species must be harvested early, in
September, while still green, and sown immediately (DIRR and
HEUSER, 1987; TAKOS and MEROU, 1995).

Pistacia terebinthus

Like those of other Pistacia species, dormancy in P. tere-
binthus seeds may be due to hard seed coats (ELLIS et al., 1985;
TsarkaLDIMI and GANATSAS, 2001). This may be removed with
H,SO, treatment for 10 minutes, or by breaking the endocarp
(ELLIS et al., 1985). Autumn sowing is common (DIRR and
HEUSER, 1987), but in the trial reported here germination fail-
ure after autumn sowing was likely because the seeds had been
stored for two months. This allowed the seed coats to harden in
a large portion of the lot, and the coats did not soften suffi-
ciently over winter to permit germination in the spring. Else-
where it has been recommended that Pistacia seeds be sown
immediately after harvest to avoid this coat hardening (YouNG
and YouNG, 1992).

Cotinus coggygria, Cercis siliquastrum

Seeds of these species have double dormancy (a hard coat
and embryo dormancy), and while low winter temperatures
probably overcame embryo dormancy, the seed coats remained
hard. Other reports have mentioned that autumnal sowing of
C. coggygria succeeds if the seeds are harvested while green
(late August, early September), and sown immediately (HEIT,
1967; DIRR and HEUSER, 1987; RUDOLPH, 1974). In this trial, the
seeds were gathered early (late August), but were stored more
than 3 months during which time their seed coats hardened.
Similarly, a large portion of the seeds of Cercis siliquastrum
hardened during storage and did not soften over winter.

Rhus coriaria

Rhus coriaria seeds also have double dormancy as besides
the fact that they are hardcoated, they also show an addi-
tioanal embryonic dormancy (Doussi and THANOS, 1994). The
Rhus coriaria seeds used in this trial were not scarified as has
been recommended (YOUNG and YOUNG, 1992), and therefore
autumn sowing was not sufficient to soften the hard seed coats.

Paliurus aculeatus

Due to the hard seedcoats, germination of this species was
reported to be high (92%) after seeds have been soaked in con-
centrated H,SO, for 4 hours, but lower (70%) following cold
stratification for 4 months (TAKOS et al., 2001). In this trial, P.
aculeatus seeds were not stratified prior to sowing, so not only
was the over-winter period in the nursery less than 4 months,
it was interrupted by warm intervals (Table 2). Thus, germina-
tion was poor.

Phillyrea latifolia

Despite showing high viability in the TTC tests, seeds of this
species failed to germinate. There are no published reports of
seed performance so this failure cannot be explained. P. latifo-
lia belongs to the Oleaceae family, the seeds of which are
known to contain oils in the endosperm and seed coat that
inhibit germination (LAGARDA et al., 1983a, b; CRISOSTA and
SUTTER, 1985; VoyiaTzis and PoRLINGIS, 1987); however, the
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possibility of embryo dormancy cannot be excluded. The inter-
nal woody seed coat is not only hard, but may also contain oils
or other inhibitors.

Conclusions

Of the 15 species investigated, seeds with embryo dormancy,
which included Celtis australis, Cornus sanguinea, Euonymus
europaeus, Fraxinus ornus, Malus sylvestris, Prunus spinosa,
Laurus nobilis and Sorbus torminalis, germinated successfully
following the few moths of cold stratification after being
autumn sown in the nursery. For Carpinus betulus, Cercis sili-
quastrum, Cotinus coggygria, Paliurus aculeatus, Phillyrea lat-
ifolia, Pistacia terebinthus, and Rhus coriaria, the low winter
temperatures were insufficient to break dormancy due to hard
seed coats, or double dormancy (hard coat and embryo dorman-
cy), despite plenty of moisture. None of the species displayed
premature germination, although seeds of Cornus sanguinea
and Malus sylvestris began germination at the end of March.
All other species that germinated did so within the first two
weeks of April, and germination was complete in late April or
early May.

Acknowledgements

The present research is part of a research financed by Egnatia Odos
A.E., within the framework of seed collection for the production of
native flora for the restoration of slopes of Egnatia Root in northern
Greece. A special thanks goes to all members of Green Unit for their
help during conduct of this trial.

Literature

AOSA (ASSOCIATION OF OFFICIAL SEED ANALYSTS): Rules for testing seeds.
J. Seed Technol. 6: 1-118. (1985). — BACHILLER, G. C.: Samilas de arbo-
les y arbustos forestales. Ministerio de Agricultura pesca y alimentaci-
on. Icona, Madrid, 485 pp. (1991). — BONNER, F. T.: Fraxinus. In: Schop-
meyer C. S., tech. coord. Seeds of woody plants in the United States.
Agric. Handbk. 450. Washington, DC: USDA Forest Service: 411-416
(1974). — BONNER, F. T., MCLEMORE, B. F, and BARNETT, J. P.: Presowing
treatment of seed to speed germination. Chap. VI. In: Schopmeyer C. S.,
tech. coord. Seeds of woody plants in the United States. Agric. Handbk.
450. Washington, DC: USDA Forest Service: 126-135 (1974). — CRrI-
S0sTA, C. and SUTTER, E. G.: Role of the endocarp in ‘Manzanillo’ olive
seed germination. J. Amer. Soc. Hort. Sci. 110: 50-52 (1985). — DIRR, M.
and HEUSER, CH. W. JR.: The Reference Manual of Woody Plant Propa-
gation: From Seed to Tissue Culture. Varsity Press, Inc., Athens, Geor-
gia. 239 pp. (1987). — Doussl, M. A. and Thanos, C. A.: Post fire regene-
ration of hardseeded plants: ecophysiology of seed germination. In: VIE-
Gas, D. X. (ed.), Proc. of the 2nd International Conference on Forest Fire
Research, Coimbra 21-24 November 1994, Portugal, Vol. II. pp. 1035—
1044 (1994). — ELLis, R. H., HoNG, T. D. and RoBERTS, E. H.: Handbook
of seed technology for genebanks. Vol. 2. Compendium of specific germi-
nation information and test recommendations. International Board for
Plant Genetic Resources, Rome, 405 pp. (1985). — GRISEZ, T. J.: Prunus.
In: SCHOPMEYER, C. S., tech. coord. Seeds of woody plants in the United
States. Agric. Handbk. 450. Washington, DC: USDA Forest Service:
126-135 (1974). — HARTMANN, H. T., KESTER, D. E., Davigs, F. T. Jr. and
GENEVE, R. L.: Plant Propagation. Principles and practices. Fifth editi-
on. Prentice-Hall International, Inc. 647 pp. (1997). — HEIr, C. E.: Pro-
pagation from seed. Part 6: Hardseededness — a critical factor. Amer.
Nurserm. 125: 10-12, 88-96 (1967). — ISTA (INTERNATIONAL SEED
TESTING ASSOCIATION).: International Rules for Seed Testing. Seed Sci.
Technol. 27, (Supplement) Rules 1999. 333 pp. (1999). — KRUSSMANN,
G.: Die Baumschule. Verlag Paul Parey. Berlin, Hamburg. 656 pp.
(1981). — LAGARDA, A., MARTIN, G. and KESTER, D. E.: Influence of envi-
ronment, seed tissue, and seed maturity on ‘Manzanillo’ olive seed ger-
mination. Hort. Sci. 18: 868-869 (1983a). — LAGARDA, A., MARTIN, G.,
and PoLito, V. S.: Anatomical and morphological development of ‘Man-
zanil’ olive seed in relation to germination. Jour. American Soc. Hort.
Sci. 108: 741-743 (1983b). — LAWYER, E. M.: Seed germination of stone
fruits. Proc. Internat. Plant Prop. Soc. 28: 106-109 (1978). — MAVROM-
MATIS, G.: Greek Bioclimate. Relationship of climate and natural vegeta-
tion. Bioclimatic maps. Athens Forest Research Institute, Athens,
Forest research. Vol. 1: 1-63 (1980). — McDoNALD, B.: Practical woody
plant propagation for nursery growers, Vol. 1. Timber Press, Portland,
Oregon. 660 pp. (1986). — McMILLAN-BROWSE, P. D. A.: Stratification —
a detail of technique. Proc. Internat. Plant Prop. Soc. 28: 191-192



(1978). — MEROU, TH., TAKOS, I. and KONSTANTINIDOU, E.: Effect of treat-
ments and collection time on seed germination and germination rate of
of Albizia julibrissin Durazz seeds. In: THANOS, C. A., BEARDMORE, T. L.,
CoNNOR, K. F. and ToLENTINO, E. L. (eds.), Proc. of the 2002 Annual
Meeting of IUFRO 2.09.00 (Research Group for Seed Physiology and
Technology) “Tree Seeds 2002”, Chania 11-15 September 2002, Crete,
pp. 101-106 (2002). — MOORE, R. P.: Handbook on Tetrazolium Testing.
Published by The International Seed Testing Association. Zurich, Swit-
zerland. 99 pp. (1985). — Norusis, M. J.: SPSS Professional Statistics
6.1. Chicago Press: SPSS Inc. 845 pp. (1994). — RupoLpH, P. P.: Cotinus
and Euonymus. In: SCHOPMEYER, C. S., tech. Coord. Seeds of woody
plants in the United States. Agric. Handbk. 450. Washington, DC:
USDA Forest Service: 346-348, 393-397 (1974). — SCHUBERT, G. H. and
Apams, R. S.: Reforestation practices for conifers in California. Sacra-
mento, by the California State Div. of Forestry. 485 pp. (1971). — TAKoS,
I.: Seeds of woody plants (CD-ROM). Edited by the Technological Educa-
tion Institute of Kavala. Agrosilva Corp. multimedia production, Thes-
saloniki (1999a). — TaKos, I.: Electronics bank of woody plant seeds. In:
RapoGLOU, K. and RAFTOYANNIS, 1. (eds.), Proc. “Planting stock of woody
species”. National Agricultural Research Foundation (N.AG.RE.F.),
Forest Research Institute, Thessaloniki 28-29 January 1999, pp. 93—
109 (1999b) — Takos, I.: Seed Dormancy in Bay Laurel. New Forests
21: 105-114 (2001). — Taxos, I., KONSTANTINIDOU, E. and MEROU, TH.:
Effects of stratification and scarification on germination of Christ’s
thorn (Paliurus spina — christi Mill.) and oriental hornbeam (Carpinus
orientalis Mill.) seeds. In: RapoGLOU, K. (ed.), Proc. of the International

Conference: Forest Research: A Challenge for an Integrated European
Approach. National Agricultural Foundation (N.AG.RE.F.) — Forest
Research Institute, Thessaloniki August 2001, Vol. I. pp. 437-443
(2001). — Taxos, 1., KoNsTaNTINIDOU, E. and MEROU, TH.: The effect of
desiccation on the seed germination of Laurus nobilis. In: THANOS, C. A.,
BEARDMORE, T. L., CONNOR, K. F. and ToLENTINO, E. L. (eds.), Proc. of the
2002 Annual Meeting of IUFRO 2.09.00 (Research Group for Seed Phy-
siology and Technology) “Tree Seeds 2002”, Chania 11-15 September
2002, Crete, pp. 178-182 (2002). — TaKos, I. and MEROU, TH.: Technolo-
gy of woody plants seeds. Edited by the Technological Education Institu-
te of Kavala. Art of Text, Thessaloniki. 181 pp. (1995). — Taxkos, I. and
MEerouU, TH.: Effect of storage conditions and seed treatment on germi-
nation of Cedrus deodara Loud. and Cedrus libani A. Rich. Silv. Genet.
50 (5-6): 205-208 (2001). — THANOS, C. A. and Doussi, M. A.: Ecophy-
siology of seed germination in endemic Labiates of Crete. Israel Jour. of
Plant Sci. 48: 227-237 (1995). — THANOS, C. A., GEoRrGIoU, K., KapIs, K.
and PaNTazl, C.: Cistaceae: a plant family with hard seeds. Israel Jour.
of Bot. 41: 251-263 (1992). — TsakALDIMI, M. and GANATSAs, P.: Treat-
ments improving seeds germination of two mediterranean sclerophyll
species Ceratonia siliqua and Pistacia lentiscus. In: Proc. of the third
Balkan Scientific Conference on Study, Conservation and Utilization of
Forest Resources. Sofia, Bulgaria, pp. 119-127 (2001). — Voviarzis, D.
C. and PorLINGIS, I. C.: Temperature requirements for the germination
of olive seeds (Olea europaea L.). J. Hort. Sci. 62 (3): 405-411 (1987). —
YOUNG, J. A. and YOUNG, CH. G.: Seeds of woody plants in North Ameri-
ca. Dioscorides Press, Portland, Oregon. 407 pp. (1992).

Reciprocal and Maternal Effects on Growth and Form Traits in
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Abstract

The information from two experiments was used to study
reciprocal and maternal effects on several growth and form
traits in Pinus radiata. In Experiment 1, 10 families and their
reciprocals obtained from a 5 x 5 diallel experiment were plant-
ed across three sites. In Experiment 2, 17 parents were used in
a partial diallel design and all available crosses were planted
at a single site. All three sites for Experiment 1 were assessed
at 9 years of age. The site for Experiment 2 was assessed at the
age of 6-years. Four growth and form traits, namely diameter
at breast height (DBH), straightness (STR), branching (BR)
and malformation (MAL) were measured in both experiments
while needle retention (NRA) was assessed only in Experi-
ment 1.

General combining ability (GCA) effects, in Experiment 1,
were found to be significant for all traits. The overall reciprocal
effects were, in general, found insignificant at all three sites.
Further partitioning of the reciprocal effect revealed that
maternal effect was non-significant for all traits at all three
sites and non-maternal (or residual reciprocal) effect was sig-
nificant only for BR at Site 1 and for NRA at Site 2. The inter-
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action of reciprocal by site effect was found non-significant for
all traits. Analysis of Experiment 2 revealed significant overall
reciprocal effects for all traits. Further partitioning of recipro-
cal effects revealed that maternal effect was significant for all
traits except STR, but non-maternal effects were significant for
STR and BR only. This study showed that existence of mater-
nal and non-maternal effects could vary considerably for differ-
ent sets of parents. Estimated correlation between parental
GCA estimates obtained with-and-without taking into account
reciprocal effects were 0.99 for all growth and form traits con-
sidered in this study.

Key words: Reciprocal effect, maternal effect, radiata pine, general and
specific combining abilities.

Introduction

In monoecious tree species, like Pinus radiata, it is possible
to use the same tree both as a male and a female parent in con-
trolled crossing. Assuming normal diploid chromosomal inheri-
tance, each parent contributes genes equally to the offspring.
Thus, the progeny of m, x ]3 (ith tree as male and j* tree as
female) are expected to be, on the average, genetically similar
to those of m; x f; @™ tree as female and j*" tree as male). The
difference in the performance of a full-sib family when a parent
is functioning as the mother or the father is termed as recipro-
cal effect. Reciprocal crosses may not perform the same owing
to early phenotypic differences between them in the size and
vitality of the embryos, associated with respective peculiarities
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