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SUMMARY

In Argentinean Patagonia, ponderosa pine seeds (Pinus ponderosa) are collected in good production years, stored at ambient
conditions, and used thereafter for seedling production. However, information about the effects of conditions and periods of storage
on seed quality is scarce. The objectives of this study were: a) to evaluate germination percentage (GP) and germination energy (GE),
of ponderosa pine seeds recently collected, and after three and four years of storage in plastic boxes at ambient conditions, and b) to
determine if different pre-chilling periods might influence GP and GE as a function of storage time. Part of a seed lot, collected in
2000 in a mesic site near the town of Trevelin in Patagonia, was used to determine moisture content, GP and GE (using 21-days pre-
chilling). Another part of that seed lot, stored at ambient conditions for three and four years, was subjected to pre-chilling for 21, 40
and 60 days. Following 21-days pre-chilling, GE was 34 % and 14 % after three and four years of storage, respectively. Pre-chilling
periods of 40 and 60 days increased GE to 62 % and 59 % for seeds stored for three and four years, respectively. GP was maintained at
ca 69 % over the four years of storage with a seed moisture content of 7 %. Patagonian nurseries could store their own harvested seed
under the conditions established in this study without significant loss of seed viability
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RESUMEN

En Patagonia, Argentina, semillas de pino ponderosa (Pinus ponderosa) cosechadas en afios de buena produccion, son almacenadas
a temperatura ambiente y luego, usadas para producir plantas. Sin embargo, la informacion sobre las condiciones y periodos de
almacenamiento en la calidad de la semilla es escasa. Los objetivos de este estudio fueron: a) determinar los porcentajes de germinacion
(PG) y energia germinativa (EG), de semillas recientemente cosechadas y luego de ser almacenadas a temperatura ambiente en
recipientes plasticos cerrados por tres y cuatro afios; y b) determinar si diferentes periodos de estratificacion frio-htimeda influencian
su EG y PG con el tiempo de almacenamiento. A parte de un lote de semilla, cosechado el afio 2000 en Trevelin (43°04°44” S, 71°27°
54’ 0), se le determind su contenido de humedad, EG y PG usando 21 dias de estratificacion. Otra parte fue almacenada en condiciones
ambientales por tres y cuatro afios. Al cabo de este tiempo, se determiné su PG y EG estratificando la semilla por 21, 40 y 60 dias.
Con 21 dias, la EG fue 34 % y 14 % después de tres y cuatro afios, respectivamente; la estratificacion por 40 y 60 dias incremento la
EG al 62 % y 59 % en los mismos periodos. Después de cuatro afios de almacenamiento, las semillas mantuvieron el contenido de
humedad en 7 %, y el PG en 69 %. Los viveros de Patagonia podrian almacenar sus semillas bajo las condiciones citadas sin pérdidas
de viabilidad por cortos periodos de tiempo.

Palabras clave: Pinus ponderosa, periodo de estratificacion, almacenamiento de semillas, viabilidad.

INTRODUCTION

For many forest trees, fruit bearing may vary yearly,
and high seed production years are followed by others
with low or zero production. Seed harvesting in good pro-
duction years could offer the advantages to choose seeds
from phenotypically superior trees; seeds that may have
higher germination capacity and longer viability periods
than those harvested in low production years (Hilli et al.

2003, Sharma et al. 2004, Malik and Shamet 2009). In
native ponderosa pine (Pinus ponderosa Dougl. ex. Laws)
forests of North America, the interval between good seed
harvest years could vary from two to five (Wenny and
Dumroese 1987, USDA Forest Service 1989). In Pata-
gonia, this species shows good seed production years fo-
llowed by two to four poor production years'. Since the
area being planted with this species is constantly increa-
!''NM Pasquini: unpublished data.
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sing, Patagonian nurseries have difficulty procuring suffi-
cient seed (both in quantity and quality) to satisfy demand.
Therefore, it is necessary to take advantage of good seed
production years and store the excess seeds for later use
when seed production is low.

In general, the goal of seed storage is to conserve seeds
in a way that maintains their viability and vigor for the
longest possible time from harvest to sowing (Hilli et al.
2003, Rajjou and Debeaujon 2008). Although seed longe-
vity is an intrinsic characteristic that varies from species
to species (Walters et al. 2005), the period during which
seeds remain viable will depend on their quality at the
time of harvest, the treatment received between collection
and storage, and the storage conditions (Walters 2007, Ra-
jjou and Debeaujon 2008). In addition, seeds of most coni-
fers also require a further treatment to break physiological
dormancy to enhance germination. This dormancy can be
removed through cold-moist stratification (pre-chilling),
consisting in incubating imbibed seeds in a moist medium
at 1 to 5 °C for periods varying from a week up to seve-
ral months (Bradbeer 1992, Jones and Gosling 1994). For
ponderosa pine seeds however, there is conflicting infor-
mation concerning the optimum pre-chilling periods re-
quired to break dormancy (AOSA 1984, ISTA 1993, 1999,
2003). In Patagonia, there is some evidence (Pasquini
et al. 2008) that for seeds stored for three years, the op-
timum stratification period for maximizing germination
energy went beyond the 21 days suggested by ISTA
(1993).

In relation to their behavior during storage, ponderosa
pine seeds belong to the “orthodox™ category, since they
have shown no loss of viability after seven years of sto-
rage at 0 °C, with 8 % of seed moisture content (Bonner
et al. 1994). Related to storage conditions, moisture con-
tent and storage temperature appear to be the most impor-
tant factors that influence further seed quality (i.e. viabi-
lity and vigor) (Walters et al. 2005, Walters 2007, Rajjou
and Debeaujon 2008). Although storage at ambient tem-
peratures may affect longevity, seeds of most species can
be held at cold temperatures (0-4 °C) for long periods with
little impact on viability. However, refrigeration storage
is expensive, and may be unnecessary for short periods
of storage. Considering also that the range of temperatu-
res used to store orthodox seeds is mostly related to their
moisture content (Walters 2007), seeds may be conserved
safely at temperatures over 4 °C if their moisture content
is from 5 to 10 % (Bonner et al. 1994). Seed moisture
content can be controlled by retaining seeds in sealed con-
tainers, or regulating the relative humidity in the store. In
Patagonia, most nurseries store ponderosa pine seeds for
several years under ambient (uncontrolled) temperatures
in a variety of container types. Although they may take
advantage of the relatively cool and dry conditions of this
region, specific storage conditions related to temperatu-
re and relative humidity vary among nurseries. Potential
seed germination energy and germination percentage of
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different seed lots of ponderosa pine in Patagonia are then
highly variable, given the wide range of storage condi-
tions used. Furthermore, little is known about optimum
pre-chilling periods required to maximize germination
energy and germination percentage values of ponderosa
pine seeds following several years of storage.

The two objectives of this study were: a) to evalua-
te changes in moisture content, germination percentage,
germination energy, on ponderosa pine seeds either fresh
or after three and four years of storage in plastic boxes at
room temperature, and b) to determine if the duration of
different pre-chilling periods (21, 40, and 60 days) might
affect germination energy and germination percentage fo-
llowing different periods of storage. The ultimate aim of
this study was to provide practical information about the
pre-chilling periods to be used and the best way of storing
ponderosa pine seeds.

METHODS

Seed collection and germination analyses. Seeds used
came from ponderosa pine cones harvested in 2000 from
stands located near the town of Trevelin, Chubut, in Pa-
tagonia, Argentina (43° 04’ S, 71° 27" W, at 400 m a.s.l.).
The collection area has a Mediterranean climate; mean
annual precipitation and temperature are 1,028 mm and
9.7 °C, respectively (INTA Research Station, Trevelin).
After collection, the cones were placed in trays and expo-
sed to full sun for drying. After a week, trays were piled in
a heated room (at 35-45 °C) to allow further cone opening.
Open cones containing the seed were put in a rotary tum-
bler. Seeds were then dewinged, and finally cleaned by air
screen cleaner equipment (MAZ) to remove inert matter
and other small debris. This procedure gave a seed lot pu-
rity of 99.9 %, following standard operational practices in
Patagonia. Some seeds were used immediately, while the
remainder were placed in plastic boxes (Tupperware type)
containing about 2 kg of seeds each, and stored in a room
at ambient conditions. These conditions were: 16 + 2 °C
and 40 to 50 % relative humidity during summertime and
7 +2 °C and 50 to 60 % relative humidity during winter-
time, respectively. Seed moisture content (based on fresh
weight) was determined by oven-drying seed samples
(at 103 °C during 17 £ 1 hour, ISTA 1999) right after co-
llection (year 2000), repeating it after three (2003) and
four (2004) years of storage.

Seeds were subjected to standard germination tests to
determine germination energy and germination percenta-
ge (ISTA 1993), both before and after storage. Germina-
tion energy and germination percentage were defined as
the percentage of seeds germinated at 7 and 21 days af-
ter sowing, respectively (Pasquini et al. 2008). Briefly,
the germination test consisted in soaking seeds for 24 h
(to reach 30 % moisture content), drained and pre-chilled
for 21 days at 3—5 °C. After pre-chilling, four 50-seed re-
plications per treatment were placed in (26 cm * 18 cm)



plastic boxes containing sterilized sand (moistened with
distilled water). The boxes were exposed daily to 8 hours at
25°C and 1,250 lux (measured with an Extech Light Meter,
Model SE 9087) and 16 hours dark (20 °C), for 21 days.
Germination temperatures were chosen based on previous
experiences, which indicate that ponderosa pine seeds ger-
minate better when stored between 20 to 25 °C (Weber and
Sorensen 1990). Seeds were considered germinated when
all seedling structures were visible, allowing their classifi-
cation as normal or abnormal seedlings. Non-germinated
seeds were classified as dead of vane. In February 2003
and February 2004, moisture content, germination energy
and germination percentage were determined for the seeds
that had been stored at room conditions since 2000, fo-
llowing chilling for 21, 40 and 60 days.

Experimental design and statistical analyses. Data were
analyzed by an ANOVA using the InfoStat Statistical Pac-
kage (InfoStat 2002), to test for the effects of storage du-
ration (following 21-day chilling) and chilling duration
(stored seeds only) on the germination percentage and ger-
mination energy responses (after arcsin V%PG/100 trans-
formation). The Duncan test was used to separate means
further.

RESULTS

Seed moisture content. At the beginning of the storage,
seed moisture content of ponderosa pine seeds collected
in Patagonia was around 7 %, and remained unchanged
during storage until 2003 and 2004.

Germination percentage and germination energy. Ger-
mination percentage remained almost constant at around
65 % from the beginning of storage in 2000 until the end
of storage in 2004 (figure 1A). Increasing prechilling,
from 21 days in 2000 to 40 or 60 days in 2003 and 2004,
did not significantly increase germination percentage. For
seeds pre-treated for 21 days, germination energy, by con-
trast, did not differ significantly from the pre-storage va-
lues during the first three years of storage, remaining at
around 35-40 %. Germination energy, however, declined
significantly (P <0.05) by the fourth year, reaching around
14 % (figure 1B).

Effects of increasing pre-chilling periods on germination
percentage and germination energy of stored seeds. Ger-
mination percentage slightly increased three years after
storage when prechilling periods were extended from 21 to
40 and from 40 to 60 days (figure 1A). After four years of
storage, germination percentage appeared to have reached
its maximum with 40-day prechilling, and the extension
of this pre-treatment to 60 days did not increase germi-
nation percentage values (figure 1A). On the other hand,
pre-chilling periods of 40 and 60 days increased germi-
nation energy compared with the standard 21-day chilling
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Figure 1. A) Germination percentage (GP) and B) germination
energy (GE) of ponderosa pine seeds collected in Patagonia, Ar-
gentina, subjected to different pre-chilling periods after three and
four years of storage in plastic boxes at ambient conditions (grey
and black bars, respectively). Different lower case letters indicate
significant differences (P < 0.05) in GE or GP.

A) Porcentaje de germinacion (GP), y B) energia germinati-
va (GE) de semillas de pino ponderosa cosechadas en Patagonia, Argen-
tina, sujetas a diferentes periodos de estratificacion frio-himeda luego de
tres (2003) y cuatro (2004) afios de almacenamiento en cajas plasticas a
temperatura ambiente (barras grises y negras, respectivamente). Diferen-
tes letras mintsculas muestran diferencias significativas (P < 0,05) en
GP o GE, respectivamente.

recommended by ISTA (1993) for seeds stored for three
or four years (figure 1B). Furthermore, in seeds stored for
four years, germination energy also significantly increased
when pre-chilling period was extended from 40 to 60 days.
For seeds chilled for only 21 days, there was a statistically
significant decline in germination energy from the third to
the fourth year of storage (figure 1B).

DISCUSSION AND CONCLUSIONS

Seed moisture content and storage temperature are
considered the main determinants of seed longevity, at
least for orthodox seeds (Walters et al. 2005, Walters
2007). This category of seeds, to which ponderosa pine
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belongs, can be preserved for many years by ensuring that
their moisture content is below certain threshold values
during storage at low temperatures (Bonner et al. 1994).
However, the mechanisms involved in this process (i.e.
interactions between temperature and water content) are
not yet completely understood (Walters 2007, Rajjou and
Debeaujon 2008). In our work, and although we have not
studied such interactions, it seems that the maintenance of
ponderosa pine seed moisture content around 7 % and am-
bient temperatures (from 7 °C to 16 °C £ 2 °C during win-
ter and summertime, respectively) in sealed plastic contai-
ners; do not have any detrimental effects on seed viability.
The plastic sealed containers used in this study allowed
maintaining seed moisture content without modifications
throughout all the storage period.

Related to germination percentage, and for seeds sto-
red for four years at ambient conditions (with 7 % seed
moisture content), 40-day prechilling produced the maxi-
mum values in this parameter, and an extension of this pe-
riod to 60 days did not produce any additional increment.
Furthermore, the extension of prechilling beyond this
period is unpractical, being more appropriate to practice
autumn sowing. On the other hand, 21-day pre-chilling
treatment recommended by ISTA (1993) seemed insuffi-
cient to maintain the germination energy values obtained
at the beginning of the experiment (year 2000, fresh seeds)
as compared to the subsequent values determined in 2003
and 2004. With this pre-chilling treatment and after three
years of ambient storage, ponderosa pine seeds start to
rapidly lose their germination energy. In agreement with
this observation, Roos (1980) reported that seed vigor
(i.e. germination energy) declined during storage. To re-
vert this, longer pre-chilling periods (to 40 and 60 days,
respectively) for stored seeds may be needed to improve
germination energy as compared to the standard 21-day
pre-chilling (Krugman and Jenkinson 1989, Wang and
Pitel 1991). Germination energy is known to be depen-
dent on genetic control that may vary among seedlots (EI-
Kassaby and Namkoong 1996, El-Kassaby and Edwards
1998, Hilli et al. 2003); hence, there may be considerable
variability in the response to pre-chilling both among and
within pine species.

It is suggested that for seeds collected in other regions
of Patagonia with similar environmental conditions to tho-
se prevailing in our study area (mesic location, Medite-
rranean climate with rains concentrated during winter and
spring), pre-chilling periods should be extended for at least
40 to 60 days prior to sowing. Optimal times of pre-chi-
lling and storage may be necessary to be determined and
adjusted for provenances coming from other areas with
markedly different environmental conditions.

In summary, ponderosa pine seeds harvested in a mesic
environment of Patagonia, stored at ambient conditions in
sealed plastic containers, remain viable for at least four
years after collection. It is important to mention, howe-
ver, that for achieving this, seed moisture content should
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remain around 7 %. The beneficial effects of longer pre-
chilling periods on germination energy (as compared to the
traditional 21 days) were evident for seeds stored at am-
bient conditions for up to four years, allowing to increase
their germination energy about twice and four times more
as compared to the standard 21-day pre-chilling. The in-
crease obtained in germination energy values by extending
their pre-chilling period is important for maintaining seed
vigor over longer periods of storage, since good seed years
are infrequent. This aspect is particularly valuable for Pa-
tagonian nursery owners, who still harvest, condition, and
use their own seeds in seedling production programs.
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