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Abstract
Seed germination within Abelia R. Br. spp. has been described as slow and inconsistent. An experiment was conducted with seeds of
Abelia ×grandiflora (André) Rehd. (glossy abelia) to test procedures to increase germination percentage, uniformity and rate. The
effect of pericarp removal was examined on seeds with no additional treatment, and on seeds that were stratified (moist-prechilled) for
60 days at 4C (39F) or immersed in 100 mg/liter gibberellic acid for 24 hr. Treatments were replicated five times with 15 seeds per
replication. Seeds were sown on sphagnum peat, and germinated under mist in a greenhouse. Weekly germination counts were recorded
for 8 weeks. Seeds with intact pericarps germinated at a significantly higher percentage than those without pericarps. Stratified seeds
germinated in fewer days than the other treatments. The combination of stratified seeds with intact pericarps gave the best overall
response, with final germination of 62% and a reduction in germination time to 14 days (to reach 90% final germination) as compared
to 35 days for untreated seeds.
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Significance to the Nursery Industry
Abelia ×grandiflora (glossy abelia) is widely used in the

landscape. Most new cultivars of Abelia ×grandiflora have
arisen from sports of other cultivars, rather than through seed-
ling selection, which would generate greater variability. Hy-
bridization followed by selection among seedlings is needed
to produce new cultivars with improved cold hardiness, novel
foliage and flower colors, and compact form. Seed propaga-
tion is essential for breeding programs. Since only one seed
is obtained per pollination in Abelia, numerous pollinations
must be performed to obtain the large quantities of seeds
needed. Germination is slow and nonuniform, and percent-
age germination is often low. This study demonstrated that
stratification (moist-prechilling) for 60 days at 4C (39F) im-
proved uniformity of germination and significantly reduced
the time for seed germination.

Introduction
Abelia ×grandiflora is an important shrub in the nursery

and landscape industries. It flowers from May to frost, has
an abundance of pinkish-white flowers, and glossy semi-ev-
ergreen foliage (evergreen in mild climates) (1, 3, 7). How-
ever, the flowers are small and only mildly fragrant, and the
plants are not hardy below –20C (–4C) or zone 6 (1, 3, 7).
Nurseries and gardeners are interested in new Abelia culti-
vars with increased cold hardiness, richer pink-rose flower
colors, unique foliage colors, and compact growth habits (4).

Abelia taxa are reproduced commercially by rooting semi-
hardwood or hardwood cuttings. Seed production is consid-
ered undesirable because Abelia fruits mature over a long
time period, and the seedlings are highly variable (5). Al-
though sexual reproduction is undesirable from a commer-

cial standpoint, seed propagation is essential for breeding
and selection programs. Since only one seed is obtained per
pollination in Abelia and most cultivars are self-incompat-
ible, numerous pollinations must be performed to obtain the
large quantities of seeds needed to conduct a breeding pro-
gram. Increased germination percentages and uniformity are
critical for the development of new cultivars. However, little
information on seed germination requirements is available.

Our observations of nontreated open-pollinated seeds of
A. chinensis R. Br. (Chinese abelia) indicated that germina-
tion was slow and nonuniform. Seeds sown in December 1997
did not begin to germinate until February 1998, with seed-
lings emerging sporadically over several weeks. Similar ger-
mination patterns were observed of seeds derived from in-
terspecific crosses and germination percentages were ~ 50%.

Inhibition of seed germination can result from hardened
seedcoats, embryo dormancy, or a combination of both fac-
tors termed double dormancy (2, 5). Abelia fruit is a one-
seeded, leathery achene. The dry, indehiscent pericarp of the
achene can mimic the function of a seedcoat and delay, re-
duce, or suppress germination. The pericarp can be a source
of inhibitory compounds, prevent inhibitory compounds from
leaving the embryo, interfere mechanically with radicle pro-
trusion, or inhibit water imbibition or gas exchange (2). Re-
moval or weakening of the pericarp has been shown to in-
crease germination percentages and rates in Rosa multiflora
Thunb. (Japanese rose) and Anthemis cotula L. (mayweed)
(6, 17). Seeds with embryo dormancy are prevented from
germinating even when environmental conditions are opti-
mum for germination. The embryo must undergo an after-
ripening period to induce the biochemical processes neces-
sary for germination (2, 5, 11). Stratification and/or gibber-
ellic acid (GA3) treatments have proven useful for overcom-
ing dormancy requirements. Incorporating 100 mg/liter (100
ppm) GA3 into the germination medium of Helianthus annuus
L. (wild sunflower) and H. petiolaris Nutt. (wild sunflower)
overcame achene dormancy (13). Upfold and Van Staden (15)
reported that achenes of Tithonia rotundifolia Mill. (Mexi-
can sunflower) must undergo a 12-week after-ripening treat-
ment for maximum germination to occur and that treatment
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with GA3 stimulates germination. Stratification promoted
germination of dormant achenes of Polygonom convolvulus
L. (Wild buckwheat), Solidago L. spp. (Goldenrod), and
Bidens laevis L. (Bur-marigold) (8, 9, 16). In the present study,
pericarp removal, GA3 treatment, and stratification were
tested as a means of increasing seed germination percent-
ages and rates of A. ×grandiflora.

Materials and Methods
Seeds of self-pollinated A. ×grandiflora were collected

from a stock plant maintained under greenhouse conditions
at the Georgia Station, Griffin, GA, in December 1998, and
were stored in paper envelopes at 22C (72F). Seeds of A.
×grandiflora are small, with ~ 9,500 seeds/28 g (1 oz). To
test the effect of pericarp removal, the pericarps of one half
of the seeds were removed with the aid of a stereomicro-
scope. Pericarps were removed from seeds immediately prior
to any subsequent treatment. Seeds with pericarps and with-
out pericarps were given either a stratification treatment, a
GA3 treatment, or no treatment. Seeds to be stratified were
mixed with moist, milled sphagnum peat, sealed in polyeth-
ylene bags, and placed in the dark for 60 days at 4C (39F).
GA3-treated seeds were immersed in 100 mg/liter (100 ppm)
GA3 at 22C (72F) for 24 hr and were sown immediately fol-
lowing treatment. All seeds were sown in February 1999.
Seeds were sown uncovered into flats filled with milled sph-
agnum peat, and germinated under mist (10 sec every 32 min)
with bottom heat [22C (72F)] in the greenhouse. The experi-
ment was conducted as a 2 × 3 factorial of pericarp removal
and seed treatments (total treatments = 6). Due to the diffi-
culty of obtaining a large quantity of seeds, each treatment
consisted of five replicates with 15 seeds per replication.
Treatments/replications were completely randomized on the
mist bench. Weekly germination counts were recorded for 8
weeks. Seeds were considered germinated when the hypo-
cotyl had emerged.

Statistical data were sorted by presence or absence of the
pericarp and seed treatments and were modeled and analyzed
using the following logistic growth function (12):

Y = β0 / {1 + [(1 – p) / p] e[–β
1
(day – β

2
)]}

where β0 = asymptote of final germination percentage, β1 =
relative rate of germination, β2 = time until asymptote of p is
reached, and p = point where a predetermined value of maxi-
mal germination is obtained (90%). Significant differences
among parameters were determined using 95% confidence
intervals.

Results and Discussion
Seeds with pericarps had a significantly higher final ger-

mination percentage than those without pericarps for both
the gibberellic acid (56% vs. 38%) and the stratification (62%
vs. 34%) treatments . Presence of pericarp had no effect on
final germination percentage of nontreated seeds (Table 1,
Fig. 1). Rate of germination was similar for all treatments,
though seeds without pericarps reached 90% of final germi-
nation in significantly fewer days than seeds with pericarps
(Table 1, Fig.1). Apparently, the pericarp delayed germina-
tion, perhaps by serving as a barrier to imbibition.

The reduction in final germination percentage of seeds
following pericarp removal may have been due to the vul-
nerability of the unprotected embryo to damage from the GA3
and stratification treatments. Pericarps imitate the function

Table 1. Final germination percentages and nonlinear regression pa-
rameter estimates for germination of Abelia ×grandiflora from
seeds with and without pericarps.

Treatment βββββ0
z βββββ1

y βββββ2
x r2

GA3
Seeds with pericarps 56.3aw 0.2a 38.0a 0.82
Seeds without pericarps 38.4b 0.4a 19.1b 0.86

Stratification
Seeds with pericarps 62.5a 0.6a 15.4a 0.78
Seeds without pericarps 34.2b 0.5a 11.0b 0.31

Control
Seeds with pericarps 56.1a 0.2a 37.8a 0.82
Seeds without pericarps 48.9a 0.3a 21.4b 0.81

zFinal germination percentage.
yRelative rate of germination.
xTime (days) until 90% of final germination was reached.
wParameter separation within pericarp treatment. Parameter separation de-
termined by 95% asymptotic confidence intervals.

Fig. 1. Germination of Abelia ×grandiflora from seeds with and with-
out pericarps following: A. immersion in gibberellic acid (GA3)
at 100 mg/liter (100 ppm) for 24 hr; B. stratification for 60
days at 4C (39F); and C. no treatment. Each point is a mean of
75 observations. Model parameter estimates are presented in
Table 1.
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of a seedcoat by providing structural protection from inter-
actions with the environment, pathogens, insects, and chemi-
cals (2). Following the stratification treatment, fungal growth
was observed on some of the seeds without pericarps. On the
stratified seeds with pericarps, this was not observed. Re-
moval of the pericarp may have allowed entry of microor-
ganisms which damaged the embryo during stratification. In
the gibberellic acid treatment, direct penetration of GA3 to
the unprotected embryo may have reduced the germination
percentage due to a concentration effect. Shahi et al. (14)
reported that Cymbopogon martini Stapf. (Palmarosa) and
Cenchrus ciliaris L. (Buffelgrass) treated with 5 mg/liter (5
ppm) GA3 germinated at 68% and 98%, respectively, but treat-
ment with 20 mg/liter (20 ppm) GA3 reduced germination
relative to the control. ‘Swingle’ Citrumelo seeds immersed
in 50 mg/liter (50 ppm) GA3 increased germination percent-
ages by 10% relative to the control, but immersion in 250
mg/liter (250 ppm) GA3 reduced germination (10).

Stratified seeds with pericarps reached 90% maximum
germination in fewer days than the GA3-treated seeds or the
nontreated seeds (Table 2, Fig. 2). Between days 7 and 14,

germination of stratified seeds increased by 47%. By day 14,
stratified seeds attained 90% of maximal germination or 51%
germination compared to 1% and 0% germination for seeds
receiving GA3 or no treatment, respectively. For GA3-treated
seeds and nontreated seeds, 90% of maximal germination
was not achieved until 35 days. No significant difference
among treatments for final germination percentage or rela-
tive rate of germination was observed. Walck et al. (16) re-
ported a similar decrease in time for initiation of germina-
tion for Solidago altissima L. (Tall Goldenrod), S. nemoralis
Ait. (Gray Goldenrod), and S. shortii Torr. & Gray (Short’s
Goldenrod) achenes (seeds with pericarps) following a 12-
week stratification period.

The highest germination achieved in this study with A.
×grandiflora was 62%, indicating that 38% of the seeds did
not germinate. Whether these seeds failed to germinate due
to nonviability or some other factor was not determined.
Additional studies to assess the viability of the seeds through
use of tetrazolium staining and examination of dissected seeds
with a stereomicroscope is needed. We have conducted such
studies on seeds of interspecific hybrids of Abelia, and dis-
covered that in about half of the seeds the embryo has aborted.
Similar studies on seeds from crosses/selfs within A.
×grandiflora were not performed due to the inability to gen-
erate sufficient seeds as a result of self-incompatibility.

In summary, stratification of seeds of Abelia ×grandiflora
with pericarps was the best treatment. Seeds with intact peri-
carps had a higher final germination percentage than seeds
with pericarps removed; seeds that received stratification
germinated more uniformly and in significantly fewer days
than the other treatments. Though the final germination per-
centage was not higher for stratified seeds compared to con-
trol seeds, the uniform germination and reduction in time of
germination is advantageous because less time on the germi-
nation bench tends to reduce seedling losses, is more effi-
cient, and yields a more uniform seedling population for
evaluation in the breeding program.
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