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Abstract

An accelerated aging test was conducted on seed or-
chard-produced Sitka spruce seeds from 6 clones. Seeds
were aged at 100 RH and 37.5° C for 0 to 21 days at 3-
day intervals and a paired (stratified and unstratified)
germination test was conducted. Germination parameters
(germination capacity, germination value, and peak value)
increased in seeds acceleratedly-aged for 3 to 6 days (the
conditioned stage), then declined (the deteriorated stage)
thereafter. Seed moisture content and average germina-
tion capacity were negatively and highly-significantly
correlated, for both stratified and unstratified seeds. Sig-
nificant clonal differences were observed for the germina-
tion parameters, indicating the degree of deterioration is
clone-specific. The impact of these differences on the ge-
netic diversity of stored, bulked seedlots is discussed.

Key words: Sitka spruce, seed germination, accelerated aging,
gene conservation.

Introduction

Germination tests are usually conducted as part of seed-
quality testing. Whereas the standard germination test is
based on estimating the maximal potential for seed via-
bility, or the ability of a seed to produce a normal plant
under favorable conditions, it is not adequate for assessing
field emergence (McDonaLDp, 1980). A vigour test based on
stress conditions is more appropriate for testing seed
emergence since it implies the ability of the seed to ger-
minate under both favourable and unfavourable conditions
(KNEEBONE, 1976). Possible causes of variation in the level of
seed vigour include (1) genetic constitution, (2) environ-
ment and nutrition of the mother plant, (3) stage of
maturity at harvest, (4) seed size, weight or specific
gravity, (5) mechanical integrity, (6) deterioration and
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aging, and (7) pathogens (Association of Official Seed
Analysts, 1983).

Viability in seeds has been found to be highest at the
time of physiological maturity, and to decline with age
(Epwarps, 1980). DELoucHE and Baskin(1973) have described
seed deterioration as encompassing initial membrane de-
gradation and ending with loss of germinability. The
symptoms of this deterioration may include decrease in
metabolic activity, susceptibility to stress, impaired rate
of germination and seedling growth, storability, plant
development and yield, emergence potential, and increase
in seedling abnormalities. The processes of seed deterio-
ration in a population are independent among the in-
dividual seeds, and the time course for deterioration ranges
from days to years. Thus, the germination percentage of
a seedlot decreases with time in proportion to the num-
ber of individual seeds that have become no longer ger-
minable (DeLoucHE and Baskin, 1973). Differences in the
degree of seed deterioration can be revealed through a
vigour test that can pinpoint whether the differences stem
from seed processing or are genotype-specific (Associa-
tion of Official Seed Analysts, 1983).

Seed vigour has been demonstrated to be heritable
(Dickson, 1980; KNEEBONE, 1976; McDanNIEL, 1973), and varies
according to field weathering (PascaL and ELLis, 1978; PorTs
et al.,, 1978; Npimanpe et al., 1981) and storage conditions
(WeIN and KueNeMan, 1981; Minor and Pascar, 1982). In
some plants, this trait is inherited maternally (KuENEMAN,
1983). When seeds age, not only does their physiological
activity change, but also their chromosomal structure
changes (RoBERrTS, 1972; PrTeL, 1980).

Accelerated aging, a method included in stress tests,
has been effectively used to estimate seed wvigour and
storability in annuals (DeroucHE and BaskiN, 1975; Associa-
tion of Official Seed Analysts, 1983). Recently, the accel-
erated aging technique, which has utility as a seed vigour
test of agronomic crops has attracted the attention of tree
seed researchers as a means for evaluating the efficacy of
ex-situ gene conservation method (Branchue et al., 1988,
1990; PrTEL, 1980; MARQUEZ-MILLANO et al., 1991; EL-KassaBy,
1992). This study employed the standard procedure devel-
oped for agricultural seeds to determine if accelerated
aging could be used to estimate the impact of long-term
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seed storage on the genetic diversity of Sitka spruce seed-
lots and the vigour of orchard-produced seeds.

Materials and Methods

Seed Source

Pacific Forest Products Ltd. provided the seeds for
this study from the Sitka spruce seed orchard
located in Saanichton, British Columbia (latitude 48°35‘N,
longitude 123°24'W). The orchard consists of 139 clones
(averaging 9.3 ramets per clone) selected from elevations
between 0 m and 415 m on western Vancouver Island,
Washington and Oregon. The orchard was established in
1971 in a random single-tree mix.

In September 1990, wind-pollinated seeds from 6 clones
were collected for the study. The clonal identity of the
seeds was maintained during seed extraction, after which
the seeds were stored at 2° C until used. They were then
subjected to accelerated aging according to the AOSA’s
seed-vigour-testing procedure (Association Official Seed
Analysts, 1983).

In this study, it is assumed that (1) the processes of
seed deterioration under accelerated aging conditions are
similar to those under natural conditions — only the rate
of deterioration is increased (DeroucHe and BaskIN, 1973),
and (2) the decline in germination after accelerated aging
is associated with the initial degree of deterioration of the
seedlots, i.e., high-vigour lots will show little decline
in germination, whereas low-vigour lots will show a
marked decline in germination (BaskIn, 1977).

Accelerated Aging

A pilot study conducted on a single clone under 4 tem-
peratures: 35° C, 37.5°C, 40° C and 45° C (data not shown)
indicated that 37.5° C was the appropriate temperature
for accelerated aging in Sitka spruce. This temperature is
lower than that prescribed for accelerated aging (Asso-
ciation of Official Seed Analysts, 1983). BrLancHE et al.
(1988) also recommended the use of lower temperatures
when accelerated aging is applied to tree seeds.

In this study, accelerated aging was applied at 37.5° C
for 8 aging periods from 0 to 21 days at 3-day intervals.
Each test consisted of 10 samples of 100 seeds. Each
sample was placed separately on a wire-mesh screen
(Hoffman Mfg. Co.) in a tightly-closed incubation box con-
taining 50 ml. of water. The distance between the seeds
and the water surface was 1.4 cm. Samples were obtained
in succession so that the samples for the longest accel-
erated-aging treatment (21 days) were placed in the
incubator first and the shortest-aged samples (3 days) were
the last. At the end of the test all samples were removed
and 2 samples from each accelerated aging treatment were
used for moisture-content determination (International
Seed Testing Association, 1985). The remaining samples
(8) were kept at room temperature overnight to reduce
the effect of rapid temperature change on seed germina-
tion, as recommended by BourLanp and IBraHIM (1982).
All the seed samples (moldy and non-moldy seeds) were
rinsed under running, tepid, water for 2 minutes prior
to germination testing.

Germination Test

All germination tests were conducted under ISTA rules
(International Seed Testing Association, 1985). Following
the rinsing, 4 samples were germinated immediately with-
out stratification. The remaining four were soaked in
water for 24 hr, drained, placed in plastic bags, and
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stratified at 2° C for 21 days before germination. For ger-
mination, each sample was spread in a tightly-lidded, clear
plastic germiuation box lined with moistened cellulose
wadding (Kimpak) and filter paper, then placed in a ger-
minator set at 30° C for an 8 hr day, and 20° C for a 16 hr
night. Light, at approximately 1000 lux, was provided
during the day by means of cool-white fluorescent tubes.
Germinants were counted every day for 21 days and
classified as normal or abnormal (International Seed
Testing Association, 1985).

The germination data were calculated and expressed as
germination capacity (GC), the percentage of seeds that
had germinated at the end of the test; peak value (PV),
the maximum quotient derived by dividing daily the accu-
mulated number of germinants by the corresponding num-
ber of days (which is the mean daily germination of the
most-vigorous component of the seedlot, a mathemetical
expression of the tangent drawn through the origin of
the sigmoid curve representing a typical course of germi-
nation) (CzasaTor, 1962); and germination value (GV), the
combination of both the speed and completeness of ger-
mination into a single value (CzaBATOR, 1962).

Statistical Analysis

The analysis of variance used was based on the following
nested-factorial, additive, linear model:

Yijkl =u + Ci + Pj + CPij + T/C(i)k + PT/C(i)jk + € (ijkil

where 4 = overall mean.
C; = the effect of ith clone, i = 1 to 6 (random
effect),
P; = the effect of jth seed pretreatment, j =

1 to 2 (fixed effect),
CP;; = the effect of interaction between clones
and seed pretreatments,
the effect of kth aging time within clones,
k = 1 to 8 (fixed effect),

PT/C)jx = the effect of interaction between seed
pretreatments and aging times within
clone,

and € k) = residual term,1 = 1 to 4.

Data transformations were conducted using an ad-hoc
procedure for finding appropriate transformation to nor-
malize the calculated response variables and achieve
homogeneity of variances.

T/IChx =

Results and Discussion

The variation in the effect of accelerated aging due to
clonal differences is highly significant (P < 0.01) (Table 1).
Clonal wvariation in germination parameters ranges be-
tween 30.96% (GC) and 41.22% (GV) of total variation.
Variation due to seed pretreatment is not significant for
PV and GV, but is significant (P < 0.05) for GC, and ac-
counts for 2.46%, to 18.26%0 of total variation (Table 1I).
Variation due to the length of the accelerated-aging period
is highly significant, accounting for the largest proportion
of the total variation, ranging from 46.47% in GC to 50.23%
in GV. Clonal response to the various treatments (pre-
treatment, accelerated aging and their interaction) was
consistend as expressed by the low residual term (i.e., repli-
cation-to-replication variation) (Table 1).

It appears that 3 to 6 days of accelerated aging enhance
germination of unstratified and stratified seeds in some
clones (Figure 1 and 2), but germination gradually declines
with longer treatment. The germination patterns obtained
for stratified seeds after the aging treatments produced



reduced levels of variation than in unstratified seeds might be of operational importance. The relation between

(Figure 1 and 2). Similar results were obtained from a
standard germination test conducted on the same species,

germination rate and accelerated aging treatment followed
that of germination capacity (Figure 3 and 4). As ex-

pected germination rates for stratified seeds were gener-

indicating that stratification treatment was essential to

ally higher than that of unstratified ones, confirming the
presence of seed dormancy in this species (CHAISURISRI et

overcome seed dormancy (CHAISURISRI et al., 1992). Ger-

mination enhancement due to short-time accelerated aging
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al., 1992). It is most interesting to note that the decline in
germination rate due to the aging treatment varied among
clones.

Seed moisture content is increased at 3 days of accel-
erated aging (on average from 6.7% to 33%o, based on dry
weight) and then remains relatively stable to day 12
(Figure 5). Seed moisture content increases after 12 days
of treatment, probably because cell membranes become
severely damaged, and viability is subsequently lost. This
decline in germination is associated with the increase in
moisture content (Figure 6). Correlations between average
GC and moisture content are negative and highly signifi-
cant (P < 0.01) for stratified (r = —0.94) and unstratified
(r = —0.94) seeds.

The period when accelerated aging enhances sced ger-
mination has been termed the “conditioned stage” by Bird
and Reves (1967), while the term “deteriorated stage* was

100

Germination (%)

0 3 6 9 12 15 18 21
Accelerated Aging Time (day)

Figure 1. — Average germination capacity (GC) of unstratified
seeds of 6 Sitka spruce clones after accelerated aging. Clone 24
(circles), 44 (squares), 61 (closed dimonds), 92 (stars), 416 (open
dimonds), and 421 (asterisks).
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Figure 2. — Average germination capacity (GC) of stratified seeds
of 6 Sitka spruce clones after accelerated aging (see figure 1 for
clonal identification).
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Figure 3. — Average germination rate (PV) of unstratified seeds
of 6 Sitka spruce clones after accelerated aging (see figure 1 for
clonal identification).
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Figure 4. — Average germination rate of stratified seeds of 6

Sitka spruce clones after accelerated aging (see figure 1 for clonal
identification).

used for the period when germination decreases until the
seed dies. The germination trends after accelerated aging
observed in this study fit the two stages described above.
Enhancement of seed germination due to a short period of
accelerated aging was observed in water oak (Quercus
nigra L.) BLANCHE et al., 1990). Such enhancement is nor-
mal for all annual seed plants (BourrLanD and IBRAHIM,
1982), and is due to the increase in moisture content that
brings the level of hydration closer to the minimal re-
quirement for seed germination. The breakdown of poly-
meric storage compounds also accounts for this enhance-
ment (BrLancHe et al., 1988, 1990; PrteL, 1980). However,
the extent of germination enhancement in response to
accelerated aging is also influenced by the initial seed
quality (BranceHe et al, 1990), including moisture content
(McDonaLp, 1977; Toa 1979).

The first event during the “deteriorated stage” is be-
lieved to be caused by a loss of membrane integrity (Basa-
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Figure 5. — Moisture content of seeds of 6 Sitka spruce clones
after accelerated aging (see figure 1 for clonal identification).
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Figure 6. — Germination of unstratified (squares) and stratified

(circles) seeds, and their moisture content, after accelerated
aging; average for 6 clones.

VARAJAPPA et al., 1991); cell permeability is increased, al-
lowing large quantities of cellular components to diffuse
out when the seed is placed in water (ScuNaTHORST and
PresLEy, 1963). The increase in membrane permeability in
accelerated-aged seeds is possibly due to changes in the
molecular structure of the membrane (KoosTra, 1973; PrTEL,
1980; Simora, 1974). The increase in metabolism during
aging depletes food reserves and, subsequently, seed vigour
declines (Brancue et al.,, 1990). The loss of seed viability
and differential survival of biotypes due to accelerated
aging was found to be associated with selection and ge-
netic shifts in germplasm accessions of wheat (Stovanova,
1991).

The response of seeds to accelerated aging varies ac-
cording to species BENNETT-LARTEY, 1991; BraNcHE et al.,
1988), population (MiLsYy and JounsoN, 1989), family (Bour-
LAaND and IsraHmM, 1982) and individual seeds (DELOUCHE
and BaskiN, 1973). In Sitka spruce, the observed germina-
tion differences of treated seeds clearly indicate that dif-

ferent clones will age/deteriorate at different rates during
storage. In annuals, seed storability and seed vigour have
been found to be related (DeroucHE and Baskin, 1973; Asso-
ciation of Official Seed Analysts, 1983). While it is not
yet known if vigour and storability are related in Sitka
spruce seeds, it is interesting to speculate that the data
presented here suggest that accelarated aging may be used
as a method of indexing seed vigour in this species.

In practice, when seeds collected from different or-
chard clones are bulked into a single seedlot, long-term
storage of this seedlot might reduce its genetic diversity.
Since the contribution of clones to seed production in
this orchard is known to be unbalanced (EL-Kassasy and
ReyNoLps, 1990), then the seed contribution of some clones
might be eliminated and/or reduced by long term-storage.

For agricultural crops, germination following accelerated
aging and periods of storage are closely associated, i.e.,
those lots that have high survival after accelerated aging
stored well, while lots that were severely reduced in their
germination by accelerated aging declined rapidly in
storage (DeLoucHE and BasknN, 1973). To-date, there are no
such data available for tree seeds.
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In Vitro Propagation of Salix caprea L. by Single Node Explants
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Summary

Salix caprea was propagated in vitro from single node
explants of field-grown plants. Two media were used
for the induction of shoot growth: ScHENCK-HILDEBRANDT’S
and Anuja’s medium. The newly formed shoots were rooted
on 1/50 strength Anuia medium. Plantlets were acclima-
tized to soil and greenhouse conditions under water-
logging conditions. In the greenhouse the plants grew to
a height of 1 m within 5 months.

Key words: Salix caprea, goat willow, micropropagation, tissue
culture.

Introduction

The techniques of micropropagation may promote breed-
ing programs for difficult-to-root forest species by
facilitating clonal propagation and plant selection. Several
reviews on micropropagation of woody plants are avail-
able (Bonca, 1982; Brown and SomMER, 1982), however
publications on the genus Salix are very infrequent (REaD
et al.,, 1989; GarToN et al., 1983), possibly because of the
ease by which most willow species can be propagated from
cuttings. However, the pioneer shrub and excellent pollen
donor, Salix caprea L., cannot be propagated by hardwood
cuttings (Neumann, 1981; Cuemrar and MEuseL, 1986) and
propagation by green softwood cuttings under mist is
subject to considerable seasonal variations (LATTKE, 1965).
This study was initiated to develop an in vitro method for
an year-round propagation.

Material and Methods
Plant source

Young shoots (< 4 mm diameter) were harvested
throughout the year from 9 individual plants of Salix
caprea L. growing along roadsides in NuBloch/Baden. They
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were defoliated and cut into segments of < 6 cm length.
Segments with large catkin buds were discarded.

Shoot formation on explants

Shoot segments were washed with running tap water for
15 min and, generally, surface sterilized for 30 min by
stirring in solutions of 1% to 10% NaOCI with some drops
of Tween 20 as a surfactant. Subsequently the segments
were washed with sterile water (3 x 10 min). Under a
laminar flow cabinet shoot segments were cut into single
node explants (a node with an internode segment of 4
mm length at its base) and placed in test tubes (25 cm
diameter) with 20 ml solidified nutrient medium, leaving
the buds above the medium. The tubes were closed with
Caputs (BellcoR) and incubated under culture conditions:
25° C, 12:12 hours light-dark regime with 2000 Lux fluores-
cent white light (Sylvania cool white, GTE).

Two media with some variations were used:

1. SH medium (Scuenck and HiLpEsrANDT, 1972) consisting
of SH salts and vitamin mixture (Sigma Chemicals, Dei-
senhofen) supplemented with 20 g/L sucrose, 2.5 g/L
gelrite and varying amounts of benzylamino purine
(BAP) or kinetin; before autoclaving pH was adjusted to
5.7.

2. ACM medium consisting of the macro- and microele-
ments, vitamins and organic compounds as described by
Anuia (1983) supplemented with 20 g/l sucrose, 2.5 g/l
gelrite and varying amounts of BAP or kinetin; before
autoclaving pH was adjusted to 5.5 to 5.6.

Rooting
After buds had grown into young shoots in vitro for 4

weeks to 5 weeks the shoots were cut off the original
explants, transferred into new test tubes (2.5 cm diameter)
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