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Abstract — The aim of this study was to understand the germinative response to fire of three species of seeds of different ages. An experi-
ment was designed in which mature seedBiofis pinaster, P. radiatandEucalyptus globulugrere matured and stored in four conse-

cutive years (1990, 1991, 1992 and 1993) and then subjected to high temperatures, the addition of ash, and both factors together. A
control treatment for the seeds of each age and species was also performed. Significant differences were observed between the species.
The germinative behaviour of seeds subjected to different factors involved in forest fires varied according to the age or the year of collec-
tion. This variation was more pronounced in some species than in othes. §lobulushe germination rate followed biannual cycles

in which a year with low values followed a year with high values. In nearly all the species, sensitivity to factors related to forest fires in-
creased with age.

P. pinaster/ P. radiata/ E. globulus/ germination / fire / seed age

Résumé. — Influence de I'age de la semence sur sa réponse germinative aux effets d'incendie Blirazs pinaster P. radiataet Euca-

lyptus globulus L’objet de cette étude était de déterminer les effets du feu sur la germination de graines conservées plus ou moins long-
temps. Des graines di&inus pinasterP. radiataet E. globulusrécoltées mires et conservées pendant quatre années consécutives (1990,
1991, 1992 et 1993) ont été exposées a des chocs thermiques, a des cendres et aux deux facteurs combinés. Un traitement témoin était prévt
pour chaque durée de conservation. Des différences significatives ont été observées entre les especes. La réponse germinative de graines
soumises aux facteurs liés aux incendies varie en fonction de I'espéce et de I'age des grairtesgihelude taux de germination suit

des cycles bisannuels. Pour la plupart des espéces étudiées la sensibilité aux effets d’incendie s’accroit avec I'agesles semen

P. pinaster/ P. radiata/ E. globulus/ germination / feu / &ge de la semence

1. INTRODUCTION woodlands. In this region, between 1970 and 1999, 71%
of these areas were burned. Within the wooded areas, the

Forest fires are one of the most serious environmental Problem of fires particularly affects populations of the
problems in Galicia. Of the total surface area three species studied, as they are both the most abundant

(2 926 23 ha), two thirds are dedicated to shrublands and@"d the most combustible species in the region.
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In both pines and eucalyptus, the seeds are found The fire factors tested in this experiment were those of
within hard structures (cones in the case of pines and capthermal shock and ash. Four treatments were chosen: a
sules in eucalyptus) which protect them from predators, control treatment, a thermal treatment at’@for 5 min-
fungi and pests, as well as from fire. The period of time in utes, a treatment with an ash concentratiéa g L™ in
which the mature seeds remain enclosed in these cones osprinklers, and a combined treatment in which the seeds
capsules depends on the species, the environmental conwere subjected to thermal shock and watering with ash
ditions in which they grow and their degree of serotinity. solution. These four treatments were applied to all of the
Many studies have described several specieRinfis groups of seeds collected in the 4 years mentioned. All of
andEucalyptusas serotinous [1, 2, 3, 4, 9, 10, 12, 14, 19, the treatments consisted of six replicates of 30 seeds
28, 30, 33, 42, 46], although the degree of serotinity is not each, using the methodology of previous studies [36, 37,
a constant characteristic. It can vary from one population 38].
to another and between individuals in the same popula- Placing the seeds in a hot air oven for 5 minutes per-

tion, even to the point where a non-serotinous tree May tormeq the thermal shock treatment. The temperature
become serotinous as it gets older [30]. was previously selected and checked for constancy. Only

Once they have been liberated, the viability of the one replicate of each species was introduced at atime. In
seeds depends to an important degree on the conditionghis way, a breakdown in the apparatus or its handling
where they are found [5, 29].0n the ground, both pine would not cause repercussions in all of the replicates, and
and eucalyptus seeds are quickly detected by seed gathelead to erroneous results.

ers or attacked by ground—dwe.ll'ing fung'i or microorgan-  The ash was obtained by complete combustion (for
isms. In good storage condition®,. pinasterseeds  approximately 20 minutes) of dry material (mainly small
remain viable for 11 year®. radiatafor 21 years[7]and  pranches and leaves) from each of the species studied.
E. globulusfor 10 years [39]. The seeds from each species were only treated with ash
Itis recognised that the germinative capacityrius produced from biomass obtained from individuals of
and Euca|yptusseeds varies over a period of time de- their own SDECieS. The ash treatment was obtained by di-
pending, above all, on the age of the seed and environ-luting the corresponding amount of ash in distilled water.

mental conditions. The effect of fire on the germinative The temperature and time periods selected, as well as
behaviour of stored seeds, whether in a canopy seed bankhe ash treatment used in this experiment are similar to
or in laboratory conditions, has not been studied a greatthose used in other studies that examine the effect of for-

deal in the past. This study was designed to define theest fires on the germination of different species [21, 22,
germinative behaviour of the seeds Bf pinaster 28, 31, 35, 37, 38, 41, 43, 44, 45].

P. radiata and E. globulusafter storage for different
periods of time, when subjected to some of the most im-
portant effects of forest fires. The degree that their re-
sponse to the effects of fire may be influenced by the age
of the seed was also considered to be of interest.

The seeds were sown under laboratory conditions
(20-22°C) on the 4th of May 1994, in 9-cm diameter
Petri dishes on a double layer of filter paper. A count was
made every two days until the germination process was
completed after a total of 46 days. It was considered that
a seed had germinated when the radicle protruded from
2. MATERIALS AND METHODS the teguments by one or more millimetres [11]. Each ger-
minated seed was removed in order to avoid confusion in
the count. The seeds were periodically watered, either
with distilled water or with the ash solution according to
the treatment, to keep them moist at all times.

For this experiment, seeds Bf pinaster P. radiata
and E. globulus were obtained from plantations in
Galiciaiin the years 1990, 1991, 1992 and 1993. The fruit S
was collected and seeds obtained between the end of The average germination time, as well as the percent-
summer and the beginning of autumn. The seeds were2d€ of germination, was also calculatég) (This param-
stored until 1994, at laboratory room temperature in €ter was calculated using the equation:
well-ventilated conditions. Therefore, when the germi- N, T, +N, T,..+#N, T,
nation test was carried out the seeds had been in storage t, = N +N.. +N
for between one and four years. As the method of collec- ! 2ot
tion and selection of the seeds used the same criteria, it isvhereN, is the number of seeds germinated in the period
assumed that the seeds of each species were of the san time T, N, is the number of seeds which have germi-
age when collected and stored. nated betweeil, andT,, etc. [11].
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Statistical treatment between treatments are of little relevance. The treatment
thatreaches the highest average rate is that of Ash + Tem-

The data obtained was statistically treated using Perature with 66.52%, followed by Temperature
Multivariant Variance Analysis. In order to increase nor- (65.55%), Control (64.99%) and finally Ash (62.91%).
mality, the germination percentage data was transformed
using an Arc-sine Transformation, and the average ger-

mination time data using the log (mean germination o o L i
time). The Test of Tukey [40] was used to analyse the dif- 19'55/0 gnd 86'.66./‘.’ at the_ upper limit of the values ob
tained. Highly significant differences were detected be-

ferencgs between pairs of treatments, with a 95% degree[Ween ages(< 0.0001) and treatmentg € 0.0001). The
of confidence. ) _ ) highest germination percentage corresponded to the
Because of the design complexity of the experiment seeds from 1993 (83.88%), and the lowest to those from
and the different germinative behaviour of each species, 1990 (24.86%). However, the reduction in germinative
them was analysed separately. from 1991 have a higher percentage (57.91%) than the
seeds from 1992 (39.72%). Statistically, all ages are sig-
nificantly different from each another. The treatment that
has the highest average value is that of Ash (62.22%), al-
o ] though it is very close to the value of the Control
The germinative response of these three species tq59.729). The treatments with Temperature and Ash +
treatment with heat and ash was analysed by using theremperature gave considerably lower values than the
rate of germination, average germination time and the pe-gthers (43.19% and 41.25% respectively). The Test of
riod of time over which germination was distributed. Tukey found that the results of the Control and Ash treat-
ments are the same as each other, and different from
Temperature and Temperature + Ash. In all ages studied,
treatments involving the application of thermal shock ob-
o tained lower rates of germination than those registered in
The rate of germination, expressed as a percentageinhe Control group or those treated with Ash.
varied in each species according to the age of the seed,

The average germination percentageHoglobuluss
51.59%, with a variation in germination rates of between

3. RESULTS

3.1. Rate of germination

the harvest site, and the treatment useglite 1). The av- Figure lrepresents the evolution of the germination
erage germination percentagehofpinastemwas 54.65%,  rate in the different treatments applied Ro pinaster,
of P. radiata62.81% and oE. globulus51.59%. P. radiataand E. globulusaccording to the age of the

P. pinasterreaches its highest average rate of germi- Seeds. Although the trajectory Bf pinastetis not totally
nation in the seeds from 1991 (57.50%), followed by the linear, there are no important variations in the germina-
seeds from 1993 (56.80%), 1990 (54.30%) and 1992 tion rate over a period of time, or within the different
(50.00%). However, the differences between them aretreatments applied.
not significant. When comparing the results by treat-
ments, the highest percentages of germination were
found in the treatments with Ash and Ash + Temperature. . .

The average values for these two treatments in the fourIronl 199? unttll 1993' However, Fh_e dnl‘ferences between
age groups, were 57.19% and 57.22% respectively. Con- reatments at a given age are minima.
trol with 54.44% followed this and the lowest rate of In E. globulusthe percentages obtained in the Tem-
49.72% was obtained by treatment with Temperature perature and Temperature + Ash treatments gradually de-
alone. However, neither are the differences betweencreased as storage time or seed age increased, although
treatments found to be significant. notalways gradually, as the seeds from 1991 had a higher

In P. radiata significant differences were found be- value than seeds from 1992. In the Control and Ash treat-
tween agesf < 0.0001) but not between the treatments. ments, the seeds from 1993 and 1991 offered very high
According to the Test of Tukey, these differences are due values with little difference between them, whereas the
tothe seeds from 1990 (43.05%) and 1991 (59.16%). Theseeds from 1990 and 1992 had very low germination val-
seeds from 1992 (72.50%) and1993 (76.52%) are ho-ues for the same treatments. For the Temperature and
mogenous and germination was considerably higher thanTemperature + Ash treatments, germination rates nearly
for the other years. Within the age groups, the differencesalways increased as seed age decreased.

The evolution of the germination rate Bf radiataat
different ages increases continuously and significantly
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Figure 1. Percentage of germination obtained in each of the Figure 2. Average germination time in days reached by different
treatments applied to the seeds collected and stored from 1990aged seeds ¢. pinasterP. radiataandE. globulussubjected to
1991, 1992 and 1993. different treatments.
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3.2. Average germination time Neither the treatments applied B pinasternor the
fact that the seeds came from different harvests, caused

Average germination times vary according to the spe- important variations in the time-period distribution of
cies, treatment and age studidigigre 2). germination figure 3.

P. pinasterhas an average germination time which In “!”" P. radiatg_has much sharper germlnatlon
varies greatly according to the age of the seeds or theP€aks in the Control treatments than in the othégs (
treatments applied. The differences found between dif- Uré 3. Furthermore, these peaks increase in importance,
ferent ages has a very high significance valpe<( as the age of the seed decreases from 1990 to 1993.
0.0001) and these differences are due to the average ger- The distribution of germination i&. globulusis con-
mination time of the seeds from 1993, which are different ditioned by the year in which seeds were collected. The
from all the others. These seeds have the shortest averaggeeds collected in 1990 and 1992 were characterised by a
germination time, with an average value of 6.36 days. A more continuous rate of germination spread over the
second, slower, group of seeds from 1991 has an averagéime-period and less important peaks. Whereas the seeds
of 11.19 days. Seeds from 1990 have a rate of 12.27 daysfrom 1991 and 1993 had a germination period concen-
and seeds from 1992 have a rate of 13.77 days. The dif-trated in a few days, with very sharp peakigire 3).
ferences that exist between the seeds from 1991 and 1992 The seeds from most of the treatments began to germi-

are also significant. _Significant differences were also pate on Day 5, although the seeds from 1993 began on
found between the different treatmenfs<{ 0.05). The  pay 3. The last seeds germinated on Day 41, although the
Control and Ash + Temperature treatments being respon-majority germinated in the first few days. In the seeds
sible for this. from 1990 and 1991, the most important germination

In P. radiatathere were no significant differences be- peaks appeared between days 5 and 15. A moderately im-
tween seeds of different ages, although it did offer quite portantlevel of germination continued until Day 23in the
important differences between treatmems 0.001). In ~ seeds from 1992 and germination occurred slightly ear-
agreement with the Test of Tukey, the Temperature treat-lier, concentrated between days 3 and 9 in the seeds from
ment is significantly different from Ash and Ash + Tem- 1993. Itis important to note that, regardless of the age of
perature. The Temperature treatment presents thethe seeds, the Temperature and Ash + Temperature treat-
shortest average germination time in seeds of all agesments lower the intensity of the germination peaks.
(15.01 days on average), followed by Control
(17.03 days), Ash + Temperature (17.24 days), and fi-
nally Ash (18.71 days).

For E. globulusthere are no significant differences,
either between the treatments or between ages. The aver-
age germination time is approximately 15 days. The  In this study it has been proven that the germinative
seeds from 1993 had the shortest average germinatiorpehaviour of seeds of different ages, when related to the
time, with the longest corresponding to those from 1990 factor of forest fires, is different for each of the three spe-
(figure 2), although between them there is only a differ- cies which were studied.

ence of two days. In none of the treatments are differ- Germination rates vary according to the species and
ences in average germination time greater than two days. age of the seeds. In the cases where sensitivity to the
treatments was detected, the same criteria were main-
tained regardless of the age of the seed. Germination was
not significantly stimulated in any of the three species,
either by the high temperature or by the ashes generated
The temporal distribution of germination is fairly con- by a forest fire. Their effect on germination was either
centrated for the three species, although particularly so innull or inhibitory. Similar results were obtained by [8, 15,
E. globulus This species also has the most importantand 16, 26, 28, 31, 32, 35, 36, 37, 44], in different species of
most clearly defined germination peaks. pines and eucalyptus.

4. DISCUSSION

3.3. Temporal distribution of germination

In both P. pinasterand P. radiatamost of the treat- P. pinasteiis not sensitive to either high temperatures,
ments place the peaks of maximum germination betweenash or storage timd. radiatais not sensitive to the ef-
days 7 and 25. These peaks are sharpEr madiatathan fects of fire, although its germination rate decreases no-
in P. pinaster(figure 3. ticeably as storage time increases. This decrease in the



444 O. Reyes and M. Casal

P pinaster P radiata E. globulus

1990 1990 1990

° of germinations n° of germinations ref germinations

Ocorrtal E]Tamperatuve UAsh .Ash+Tempe(a4uﬂ

® of germinations n® of germinations nof germinations

100
80/
60 5
J &, - 2
af | | B 5;,3;7-‘::55-217’.‘2":
L T,
20]

100 ¢

80] d T
80; 4 £ a..w

ol | | SRR ETS

Figure 3. Germination time-period distribution of the seeds from 1990, 1991, 1992 and 1993 subjected to fire treatments (Control, Tem-
perature, Ash, and Ash + Temperature) in each of the three species studied.
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germination rate is particularly evident in seeds stored Each species has an interval of time in which the seed
for 4 years (seeds from 199@. globuluswas revealed remains viable and this capacity depends on storage con-
to be a species thatis more sensitive to internal and exter-ditions. In most forest species, the seed has to be con-
nal factors, as its germination rates vary according to the served at low temperatures in a dry environment. In the
age of the seeds and the treatments to which they werecase oPinusandEucalyptusthe best storage conditions
subjected. As the storage time Bf globulusseeds in-  are achieved at a temperature of between 2 at@and
creases, they become more susceptible to the effects ohumidity content of between 5 and 8%. As the storage
the factors that were tested. In seeds from 1992, impor-temperature increases, the humidity content must be low-
tant differences were observed between the Control andered [7]. Seeds ofP. pinasterwhich have been kept in
Ash treatments, which had higher rates, and the Temper-cold storage may remain viable for 11 yedps radiata
ature and Ash + Temperature treatments, which hadseeds for 21 years, and most specie&otalyptusfor
lower rates. These differences between the two groups of10 years or more [39]. According to Catalan [7], if stor-
treatments become more apparent and statistically signif-age is at room temperature, viability decreases after the
icant in the seeds from 1991 and 1990, which had beenthird or fourth year. In this study, it was proven that the
stored for a longer period of time. seeds remain viable for at least 4 years. Houle and Filion

With regard to average germination times, suscepti- [25] also verified that viability and germina‘gion rates
bility to seed age and treatments was also detected. Al-Yary from year to year, and that r_neteorolog|ca| _cor_1c_j|-
though the species tested responded in an inverse manndfons are 74% responsible for the interannual variability
to the tendencies registered in the germination rates.of the production of viable seeds Bf banksiana
P. pinaster offered average germination times which Seed size is different for each of these species, and
were significantly different for seeds with different ages probably represents a compromise between the energy
and treatmentsP. radiata only offers significantly required to disperse seeds and that used to establish the
different average germination times when the seeds areseedlings [18]. Small seed sizes facilitate long-distance
subjected to different treatments. Finallg, globulus dispersal, whereas storage of significant reserves in large
presents average germination times that are statisticallyseeds favours the later establishment of seedlings [47].
similar in all of the situations. The average weight of the seeds (with coat) varies from

Al of these results would seem to indicate that the age 0-050 g inP.pinasterto 0.030 g inP. radiataand 0.002 g
of the seed exercises a very different effect in each of thein E. globulus The differences in seed weight are nota-

species studied, on their susceptibility to fire related fac- Ple, and furthermore the thickness of the seed coat is
tors. clearly differentiated, witte. globulusseeds having the

finest, followed by those oP. pinasterandP. radiata
Houle and Filion [25] found that iR. banksianadhe seed
mass is positively correlated with the germination rate.
The differences in seed weight and covering thickness
between the three species may explain their different be-
haviour during the process of germination, and their dif-
fering sensibility to high temperatures, ash, and the effect
of both of these togetheE. globulusis the species with

the smallest seeds, and is the most sensitive to seed age
and the effects of fire. Of the two species of pine studied,

ceded by at least two years of low production. These vari- P pinasteris the least sensitive to seed age and the ef-
. : fects of fire, and also has a larger mass.

ations may be both due to the amount of photosynthate ] _

available for initiation and development of the floral  Itis expected that the larger seeds, as well as being

buds and to successful pollination, damage caused bymore resistant to fire [27], give rise to more vigorous

birds or insects, and/or the environmental conditions Seedlings and have a lower mortality rate than seeds of

which were prevalent during development of the fruit Smaller size [17, 20, 23, 24, 34].

and at maturity [5]. Consequently, the germinative char-  Itis necessary to verify whether or not these responses

acteristics of each species may also be subject to time-pe-occur with the same intensity, when the seeds are still

riod variations. stored in fruits on the mother plant.

The germinative capacity d&. globulusvaried from
year to year. The germination percentage did not dimin-
ish progressively over a period of time during the 4 years
studied, but instead seems to follow biannual cycles in
which a year of high fertility is followed by one of low
fertility. Perhaps this conclusion is premature, after only
4 years of tests, but it could be a good starting point for
the design of a new experiment capable of dealing with
this question. Dale and Hawkins [12] confirmed that a
good year of seed production B. maculatawas pre-



446

Acknowledgments: This work was supported in part
by a pre-doctoral grant (to O. Reyes) from the Xunta de
Galicia, Spain.

REFERENCES

[1] Barbero M., Bonin G., Loisel R., Miglioretti F., Quezel
P., Index of exogenous factors on the regeneratidtirnds hale-
pensisafter fires, Ecologia Mediterranea Tome XIII (4), 1987.

[2] Beaufait W.R., Some effects of high temperatures on the
cones and seeds of jack pine, For. Sci. 6 (1960) 194—-199.

[3] Bell D.T., Interaction of fire, temperature and light in the
germination response of 16 species from Euealyptus margi-
nataforest of South-Western Western Australia, Aust. J. Bot. 42
(1994) 501-509.

[4] Bell D.T., Plummer J.A., Taylor S.K., Seed germination
ecology in South-Western Western Australia, Bot. Rev. 59
(1993) 24-73.

[5] Burrows D.M., Burrows W.H., Seed production and litter
fallin some eucalypti communities in Central Queensland, Aust.
J. Bot. 40 (1992) 389-403.

[6] Calvo L., Herrero B., Bravo F., The influence of fire on
the seed bank in the soil of@uercus fagineforest (NW Spain),
Ann. For. Sci. 56 (1999) 249-258.

[7] Catalan G., Semillas de arboles y arbustos forestales,
ICONA Monografia 17.

[8] Cayford J.H. (1966) Some aspects of Jack Pine regenera-

O. Reyes and M. Casal

[16] Escudero A., Sanz M.V., Pita J.M., Pérez-Garcia F.,
Probability of germination after heat treatment of native Spanish
pines, Ann. For. Sci. 56 (1999) 511-520.

[17] Fenner M., A comparison of the abilities of colonisers
and closed turf species to establish from seed in artificial swards,
J. Ecol. 72 (1978) 369-387.

[18] Fenner M., Relationships between seed weight, ash
content and seedling growth in twenty-four species of Compo-
sitae, New Phytol. 95 (1983) 697-706.

[19] Gill A.M., Adaptive responses of Australian vascular
plant species to fires, in: Gill A.M., Groves R.H., Noble I.R.
(Eds.), Fire and the Australian biota, Australian Academy of
Science, Camberra, 1981.

[20] Gill A.M., Brooker I.H., Moore P.H.R., Seed weights
and numbers as a function of fruit size and subgenus in game
calyptusspecies from South-Western Australia, Aust. J. Bot. 40
(1992) 103-111.

[21] Gonzéalez-Rabanal F., Casal M., Effect of high tempera-
tures and ash on germination of ten species from gorse shru-
bland, Vegetatio 116 (1995) 123-131.

[22] Gonzélez-Rabanal F., Casal M., Trabaud L., Effects of
high temperatures, ash and seed position in the inflorescence on
the germination of three Spanish grasses, J. Veget. Sci. 5 (1994)
289-284.

[23] Gross K.L., Effects of size and growth form on seedling
establishment of six monocarpic perennial plants, J. Ecol. 72
(1984) 369-387.

[24] Harper J.L., Population biology of plants, Academic
Press, London, 1977.

[25] Houle G., Filion L., Interannual variations in the seed

tion on prescribed burned areas, Bimonthly Res. Notes 22 (1977)production ofPinus banksianat the limit of the species distribu-

7.

[9] Chandler C., Cheney P., Thomas P., Trabaud L., Willians
D., Fire in Forestry, Vol. I, Wiley Interscience Public, New
York, 1983.

[10] Chrosciewicz Z., Jack pine regeneration following post-

cut burning under seed trees in Central Saskatchewan, The Fo-

restry Chronicle (1988) 315-319.

[11] CébmeD., Les obstacles a la germination, Masson, Paris,
1970.

[12] Dale J.A., Hawkins P.J., Phenological studies of spotted
gum in southern inland Queensland, Old Department of Forestry,
Technical Paper No. 35, 1983.

[13] Davies S.J., Myerscough P.J., Post-fire demography of
the wet-malle&ucalyptus luehmanniarfa Muell. (Myrtaceae),
Aust. J. Bot. 39 (1991) 459-466.

[14] Eron Z., Ecological factors restricting the regeneration
of Pinus brutiain Turkey, Ecologia Mediterranea XIIl (1987)
57-67.

[15] Escudero A., Barrero S., Pita J.M., Effects of high tem-
peratures and ash on seed germination of two Iberian pRies (
nus nigrasppsalzmannii P. sylvestrisvar. iberica), Ann. Sci.
For. 54 (1997) 553-562.

tion in Northern Québec, Canada, Am. J. Bot. 80 (1993)
1242-1250.

[26] Judd T.S., Seed survival in small myrtaceous capsules
subjected to experimental heating, Oecologia 93 (1993)
576-581.

[27] Keeley J.E., Seed production, seed populations in soil,
and seedling production after fire for two congeneric pairs of
sprouting and non-sprouting chaparral shrubs, Ecology 58
(1977) 820-829.

[28] Knapp A.K., Anderson J.E., Effect of heat on germina-
tion of seeds from serotinous Lodgepole Pine cones, Am. Midl.
Nat. 104 (1980) 370-372.

[29] Lopez M., Humara J.M., Casares A., Majada J., The ef-
fect of temperature and water stress on laboratory germination of
Eucalyptus globulugabill. seeds of different sizes, Ann. For.
Sci. 57 (2000) 245-250.

[30] Lotan J.E., The role of cone serotiny on Lodgepole Pine
Forests. Proceedings Symp Mgmt Lodgepole Pine Ecosystems,
Washington State Univ. Coop. Exten. Serv. Publ., 1975,
pp. 471-495.

[31] Martinez-Sanchez J.J., Marin A., Herranz J.M.,
Ferrandis P., De las Heras J., Effects of high temperatures on



Tree seed age and fire germination 447

germination ofPinus halepensiMill. and pinasterAiton subsp. [40] Sokal R.R., Rohlf F.J., Biometria. Principios y métodos
pinasterseeds in Southeast Spain, Vegetatio 116 (1995) 69-72.estadisticos en la investigacion bioldgica, H. Blume, Madrid,

[32] Neéman G., Meir I., Neéman R., The effect of ash on 1979.

early growth of shoots and roots Binus Cistusand annuals, [41] TarregaR., Calvo L., Trabaud L., Effect of high tempe-

Seed Sci. Technol. 21 (1993) 339-349. ratures on seed germination of two woody Leguminosae, Vege-
[33] O'Dowd D.J., Gill A.M., Predator stations and site alte- tatio 102 (1992) 139-147.

ration following fire: mass reproduction of alpine aghu€alyp- [42] Thanos C.A., Christodoulakis D., Yannistsaros A., Ear-

tus delegatensjsn South-Eastern Australia, Ecology 65 (1984) ly regeneration oPinus brutiaforest ecosystems of Samos is-

1052-1066. land (Grece), Acta Oecologica 10 (1989) 79-94.

[34] Reich P.B., Oleksyn J., Tjoelker M.G., Seed mass ef-

fects on germination and growth of diverse European Scots pine ‘! fficinalisa différents trait ts simulant fi
populations, Can. J. For. Res. 24 (1994) 306-320. marinus officinalisa différents traitements simulant une action

L ) de feu, Acta Oecol.-Oecol. Appl. 10 (1989) 355-366
[35] Reyes O., Casal M., Germinacion de abedul y eucalipto . )
bajo los efectos de incendio forestal, Studia Oecologica X-XI  [44] Trabaud L., Oustric J., Influence du feu sur la germina-

[43] Trabaud L., Casal M., Réponses des semencé&xde

(1994) 371-377. t\ion desdse{nences dg qu;_tre tes_pécgs Iigréegs_tres ?édlit(alr;azriggg;les
N . a reproduction sexuée obligatoire, Seed Sci. Technol.
[36] Reyes O., Casal M., Germination behaviour of three 589-599.

species of the genud&nusin relation to high temperatures suffe-

red during forest fires, Ann. Sci. For. 52 (1995) 385-392. [45] Valbuena L., Tarrega R., Luis E., Influence of heat on
[37] Reyes O., Casal M., Germination &inus pinaster seed germination 0C|stus_ laurifolius and Cistus ladanifer

P. radiataandEucalyptus globulu# relation to the amount of ~ INternational J. Wildland Fire 2 (1992) 15-20.

ash produced in forest fires, Ann. Sci. For. 55 (1998) 837-845.  [46] Wellington A.B., Noble I.R., Seed dynamics and factors
[38] Reyes O., Casal M., Trabaud L., The influence of popu- limiting recruitment of the malleEucalyptus incrassata semi-

lation, fire and time of dissemination on the germinatioBefu- arid, South-Eastern Australia, J. Ecol. 73 (1985) 657-666.

la pendulaseeds, Plant Ecol. 133 (1997) 201-208. [47] West M.M., Lott J.N.A., Studies of mature seeds of ele-
[39] Schopmeyer C.S., Seeds of woody plants in the United venPinusspecies differing in seed weight. |. Element concentra-

States, Agriculture Handbook No. 450, Forest service USDA, tions in embryos and female gametophytes, Can. J. Bot. 71

Washington, 1974. (1992) 570-576.

To access this journal online:
www.edpsciences.org







