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Intermediate Seed Storage Behavior of Goniothalamus

amuyon (Blanco) Merrill

Jeng-Chuann Yang'”

[ Summary ]

Goniothalamus amuyon is a nationally critically endangered species in Taiwan. The purpose
of this study was to understand the germination characteristics of G. amuyon seeds and determine
its seed storage behavior. The optimum seed storage conditions are also given for ex sifu conserva-
tion. Under fluctuating temperatures of 30/20°C with 8 hours of light for 16 weeks, the germina-
tion percentages of fresh mature seeds of the 2 seedlots were 91.7+2.4 and 91.7+£4.7%, and the
mean germination times were 54.4+2.6 and 59.9+2.0 days, respectively. They mainly emerged
during 6~10 weeks, and all viable seeds of the 2 seedlots had completely germinated within 13
weeks. Results show that fresh mature seeds of G. amuyon of the 2 seedlots exhibited dormancy
and had a slow germination speed. Moreover, 4°C stratification could not break seed dormancy,
and obvious seed deterioration emerged when the stratification period exceeded 2 months, and they
all died after 6 months in a moist, low-temperature condition. Thus, a longer incubation period at
30/20°C for up to 3 months is recommended for germination of seeds of G. amuyon before break-
ing dormancy can be effectively accomplished. Seeds of G. amuyon can tolerate desiccation to
about a 6% moisture content (MC) and did not lose any germinability, and 89% (seedlot 1) and
67% (seedlot 2) of seeds at an MC of about 6% maintained their viability after 2 years of storage
at 4°C. However, all seeds died when they were dried to < 3.5% MC. Moreover, seeds at MCs of
6~13% rapidly lost their viability when stored at -196 and -20°C. These characteristics of moderate
tolerance of desiccation and sensitivity to freezing temperatures while being preserved well at 4°C
show that G. amuyon seeds can be classified as having temperate intermediate storage behavior.
Seed viability of G. amuyon is not easy to maintain, so sowing of ordinary cultivators immediately
after being harvested is suggested because it is possible for the seeds to seriously deteriorate in a
short time. It is difficult to preserve G. amuyon seeds for long-term ex situ conservation because of
their intermediate storage behavior with a short lifespan. We recommend that fresh mature seeds of
G. amuyon be controlled to 6~9% MCs and then hermetically sealed immediately before storage at
4°C. Moreover, we suggest that stored seeds of G. amuyon be renewed about every 2~3 years.
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INTRODUCTION

Goniothalamus amuyon (Blanco) Merrill
is an evergreen shrub to small tree species in
the family Annonaceae. This species is dis-
tributed in the Philippines and Taiwan. In Tai-
wan, G. amuyon is only scattered in tropical
rainforests of the Hengchun Peninsula, which
is the extreme southern part of the island (Liao
1996). Because the number of mature indi-
viduals of G. amuyon is fewer than 250 and
they are seriously separated, the Council of
Agriculture has designated G. amuyon a criti-
cally endangered species (Lu and Lin 1996).
Subsequently, G. amuyon was judged to be an
NCR (nationally critically endangered) spe-
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cies again by the Editorial Committee of the
Red List of Taiwan Plants in 2017.
Goniothalamus amuyon usually blooms
in May to July. The maturation period of
fruit is from late October to late November.
The pericarp changes from green to orang-
ish-red when mature (Fig. 1). The oblong or
ovoid drupes are about 1~2 cm in length and
about 1.3 cm in diameter. Each drupe pro-
duces 1~3, but usually 2 seeds. Fresh mature
seeds of G. amuyon are elliptical in shape;
the length of the seeds is about 7 mm, and
the diameter is about 5.5 mm. The seeds turn
brown or dark-brown in color when mature
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Fig. 1. Fruits and seeds of Goniothalamus
amuyon.

(Fig. 1). Seeds are very hard to collect due
to the rare populations and being eaten by
wildlife.

According to the degree of desiccation
tolerance of mature seeds, the seed storage
behavior was initially classified into 2 cat-
egories: orthodox and recalcitrant (Roberts
1973). Orthodox seeds can tolerate desic-
cation and remain viable when the moisture
content (MC) decreases to < 5% (on a fresh-
weight basis; all MC values in this study are
on a fresh-weight basis). Unlike orthodox
seeds, recalcitrant seeds are particularly in-
tolerant of desiccation. When they are dried
to < 12~31% MCs, seed viability declines
with concurrent prolongation of the drying
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duration (Roberts 1973). Furthermore, many
recalcitrant seeds are extremely sensitive
to low temperatures, and at temperatures
of < 10~15°C, their viability often deterio-
rates, which is especially true for tropical
recalcitrant seeds (Bonner 1990). In addi-
tion to orthodox and recalcitrant, Ellis et al.
(1990a) found that seeds of Coffea arabica
L. survived desiccation to 5~10% MCs but
did not survive at storage temperatures of
< 10°C. They considered such seeds to be
“intermediate”, i.e., they are moderately tol-
erant of desiccation but vulnerable to freez-
ing temperatures. Subsequently, they also
found that seeds of Elaeis guineensis (Ellis
et al. 1991b) and Citrus spp. (Hong and El-
lis 1995) showed similar storage behaviors.
Most intermediate seeds survive desiccation
to 10~12% MCs, but their viability declines
with a concurrent decrease in MCs. Optimal
storage temperatures of intermediate seeds
are mainly determined by the ecological en-
vironment of their native habitats. Therefore,
some intermediate seeds, such as Taiwan
Acer spp. (Yang and Lin 1999), can survive
sub-zero temperatures, while others cannot,
such as Zelkova serrata (Yang et al. 2007)
and Litsea coreana (Yang et al. 2008).

There are about 50 species in the ge-
nus of Goniothalamus worldwide, and all of
them are distributed in tropical southern and
southeastern Asia. In Taiwan, there is only 1
species. There are no previous studies of the
seed storage behavior of Goniothalamus spe-
cies. Consequently, a factorial combination of
different MCs and storage temperatures was
used to accurately investigate the seed stor-
age behavior of G. amuyon in this study and
determine optimal storage conditions. Results
can offer useful information on nursery op-
erations for restoration and seed storage for
ex situ conservation programs of this native
Taiwanese endangered species.
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MATERIALS AND METHODS

Seed collection and extraction

Table 1 gives detailed collection infor-
mation of the 2 seedlots used in this study
which were collected from several of the
same cultivated individuals in 2003 and 2004.
Only mature fruits of an orangish-red color
were collected from the 2 seedlots. Because
the outer skins and sarcocarp in the middle
layer of mature fleshy fruits were still hard
when harvested, the collected fruits of these 2
seedlots were placed in a greenhouse and kept
moist for 12~26 days, which caused the fruit
flesh to ripen and decompose. Once the fruits
had become softer, they were immediately
washed and extracted to obtain cleaned seeds.
About 2500 excellent seeds in seedlot 1 were
washed and extracted on 11 November 2003,
and about 5600 excellent seeds of seedlot 2
were processed on 2 December 2004. Among
the pure seeds with no debris left, small-sized
and damaged seeds were manually removed.
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Seed characteristics of fresh mature seeds of
the 2 seedlots are also given in Table 1.

Determination of the MC

Seed MCs of the 2 seedlots were de-
termined gravimetrically with 4 replicates.
For each replicate, 3 filled seeds from the 2
seedlots were randomly selected and cut into
pieces of <4 mm in length. Then, the minced
seeds were dehydrated. MCs of the seeds
were determined using a low-constant-tem-
perature oven method (103+2°C for 17+ 1
hour) (International Seed Testing Association
1999). All MCs are presented on a percentage
fresh-weight basis.

Germination assay

To avoid imbibition damage by rapid
rehydration (Ellis et al. 1990b), seeds under-
going different treatments were placed above
water in a sealed container for 1 day before
the germination test so that the seeds could
take up water at ambient temperature. Then,

Table 1. Information on fruit collection dates and sources, seed characteristics, and
germination of fresh mature seeds of the 2 seedlots of Goniothalamus amuyon

Seedlot no. Seedlot 1 Seedlot 2
Collection date October 28, 2003 November 4, 2004
Collection location Hengchuen Township, Hengchuen Township,
Pingtung County Pingtung County
Latitude, longitude 21°58'N, 120°48'E 21°58'N, 120°48'E
Elevation (m) 260 260
Moisture content (%, FW" basis) 24.8+0.4 23.9+0.5
Seed length (mm) 7.23+0.52 7.28+£0.43
Seed width (mm) 5.77%£0.33 6.02+0.30
Seed thickness (mm) 5.16£0.24 5.23+0.21
Number of seeds L™ 4520+51 3935438
TSW? (Thousand-seed-weight, g) 130.1+1.7 141.1+0.2
Germination percentage” (%) 91.74+2.4 91.7+4.7
Mean germination time” (days) 54.4+2.6 59.9+2.0

YFW, fresh-weight.

? Thousand-seed-weight was estimated at the moisture content shown.

¥ Seeds were incubated at alternating night/day temperatures of 20/30°C and 8 hours of light for 16 weeks.
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the imbibed seeds were thoroughly mixed
with clean sphagnum moss in sealable poly-
ethylene (PE) bags (14 x 10 cm, and 0.04 mm
thick) with about 2/3 volume of adequate air
inside for normal respiration. Excess water in
the moss was squeezed out until a water con-
tent of about 450% by mass (on a dry-weight
basis) was reached (Lin and Chen 1993). To
estimate the germination capacity of fresh
mature seeds and seeds undergoing moist and
dry storage, 20 seeds from the 2 seedlots were
each randomly sampled in 3 replicates per
treatment for the germination test at fluctuat-
ing temperatures of 30/20°C (day/night) with
8 hours of light (50~80 pmol m” s™). During
the 16-weeks test period, the number of pro-
truding seeds was counted once a week. Seeds
with a radicle reaching 8 mm were considered
to have germinated. Meanwhile, about 3~5 ml
of water was added to the moss and the air in
the PE bags was renewed each week.

Germination speed

The equation for calculating the mean
germination time (MGT) is: MGT = Z (n %
d) / N, where n is the number of germinated
seeds after each period of incubation in days
(d), and N is the total number of emerged
seeds recorded by the end of the test (Hart-
mann et al. 1989).

Low-temperature moist storage treat-
ments

The 4°C moist storage durations of
fresh seeds of seedlot 2 are given in Table
2. Seeds being stored in moist sphagnum at
a low temperature is essentially the same as
cold stratification. These results were used
to understand the effects of low-temperature
stratification on seed germination and the im-
pact of low-temperature moist storage on the
seed viability of G. amuyon. Freshly collected
seeds of each seedlot were thoroughly mixed
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with moist sphagnum moss in PE bags (14 x
10 cm, and 0.04 mm thick) and then placed at
4°C for storage. In each bag, about 2/3 of the
volume of air was left for seed respiration,
and during storage, water was added and the
air was refreshed monthly.

Dry storage treatments and determina-
tion of moisture levels

Sub-seedlots exhibited different MCs,
and the ranges were about 5~14% for the 2
seedlots. In this study, fresh mature seeds of
the 2 seedlots were placed in a hermetically
sealed acrylic box with a small fan installed
to circulate the air, and molecular sieves
were used to dry the seeds at temperatures
of 15~20°C. When a sub-seedlot reached the
desired MC during the controlled process,
seeds were placed in an aluminum foil bag
and temporarily stored at 4°C for about 3
days to stabilize the water contents before the
average equilibrium MC was determined. In
seedlot 1, the MC of fresh mature seeds was
24.8+0.4% (Table 1). After dehydration, 3
MC levels were controlled to 2.2 +0.1% (13.2
days of desiccation), 5.8 £0.3% (4.4 days of
desiccation), and 9.3+0.4% (0.9 day of des-
iccation). In seedlot 2, the MC of fresh ma-
ture seeds was 23.9+0.5%. The 4 MC levels
were controlled to 3.4£0.2% (16.6 days of
desiccation), 5.94+0.2% (1.7 days of desic-
cation), 10.1+0.5% (1 day of desiccation),
and 13.01+0.8% (0.8 day of desiccation) after
dehydration treatments (Table 2). As soon
as the desired MCs of each sub-seedlot were
achieved, seeds were sealed in double-layered
aluminum foil bags before storage at different
temperatures. Table 2 shows storage tempera-
tures and durations of the various MC levels
of seeds of the 2 seedlots.

Data analysis
An analysis of variance (ANOVA) was
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used to analyze seed germination percent-
ages and MGTs to evaluate the effects of the
stratification period on germination. Addi-
tionally, germination results of combinations
of different storage temperatures, seed MCs,
and storage periods were statistically ana-
lyzed by variables implemented in Tukey’s
test of the general linear model (GLM)
procedure of R statistical software (The R
Foundation).

RESULTS

Germination of fresh mature seeds

In seedlot 1, when fresh mature seeds
were incubated at fluctuating temperatures
of 30/20°C for 16 weeks, their germination
percentage was 91.7% and the MGT was 54.4
days. In seedlot 2, the germination percentage
of fresh mature seeds under the same germi-
nation conditions as seedlot 1 was 91.7%,
and the MGT was 59.9 days (Table 1). Of
the 2 seedlot seeds, they mainly emerged
during 6~10 weeks, about 94% viable seeds
had germinated within 5 weeks, and no ger-
mination appeared after 13 weeks (Fig. 2).
Ungerminated seeds of the 2 seedlots had
all rotted when cut open after the 16-weeks
germination period. The above findings show
that fresh mature seeds of G. amuyon of the 2
seedlots exhibited dormancy and had a slow
germination speed compared to seeds of most
woody plants.
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Effects of moist storage at 4°C on germi-
nation of fresh mature seeds

The germination percentage and germi-
nation speed of the seedlot 2 seeds were used
to investigate the effects of low-temperature
stratification on seed germination of G. amuy-
on. The seed germination percentage was
70.0 £ 18.7% after stratification at 4°C for
2 months, which showed no significant dif-
ference (p = 0.18) compared to fresh mature
seeds (91.7+4.7%) (Fig. 3). However, when
the stratification duration was extended to 4
months, the germination percentage decreased
to 61.7£8.5%, a significant difference in
germination (p = 0.01) compared to fresh ma-
ture seeds (Fig. 3). Afterwards all seeds had
died by 6 months of stratification at 4°C In
addition, the MGTs of the seeds decreased to
40.9%t4.4 and 42.6 4.7 days after stratifica-
tion at 4°C for 2 and 4 months, respectively,
and significant differences in MGTs (p = 0.005
and 0.009) were found compared to fresh ma-
ture seeds (59.9 2.0 days) (Fig. 3).

Effects of MC, storage temperature, and
storage duration on seed viability

Figures 4 and 5 show the effects of dif-
ferent MCs and storage temperatures on the
germination percentages of G. amuyon seeds
of seedlots 1 and 2, respectively, with dry
storage for 0~24 months. In seedlot 1, after
the drying process was completed, freshly
dried seeds with 3 MCs were immediately

Table 2. Durations of moist storage at 4C and dry storage durations at 3 or 4 moisture
contents (MCs) stored at 3 or 4 temperatures of the 2 seedlots seeds of Goniothalamus
amuyon in this study

Seedlot 1 Seedlot 2

4°C moist storage duration (months) - 0,2,4,6,9,12

MCs of dry storage (FW" basis, %) 2.2+0.1,5.8+0.3,9.3+0.4 3.4+0.2,5.9+0.2,10.1+0.5,13.0+0.8
-196, -20, 4 -196, -20, 4, 15

0,3,9,15,24 0,3,6,12,18,24

Seedlot no.

Dry storage temperature (°C)
Dry storage duration (months)
DFW, fresh-weight.
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Fig. 2. Cumulative germination percentages of fresh mature seeds of the 2 seedlots of

Goniothalamus amuyon.

incubated under fluctuating temperatures of
30/20°C for 16 weeks. Seeds at an MC of
2.2% had a sharp decline in germination to
1.7%. The respective germination percent-
ages of seeds at MCs of 5.8 and 9.3% were
86.0+8.9 and 83.3£10.3% while there were
no significant differences (p = 0.4 and 0.3) in
germination compared to fresh mature seeds
(91.7%) (Fig. 4).

During storage at -196°C, all seeds of
seedlot 1 at an MC of 2.2% had died after 3
months of storage. Seeds at MCs of 5.8 and
9.3% exhibited sharp declines in germination
and had significantly decreased to 16.4 and
47.8% after 3 months of storage (p = 0.00003
and 0.01), respectively, which continued to
decrease to 1.7 and 8.7% after 24 months of
storage (Fig. 4).

When stored at -20°C, seedlot 1 seeds at
MCs of 5.8 and 9.3% maintained respective
germination percentages of 88.3 and 91.3%
after 3 months of storage and showed no
significant differences (p = 0.4 and 0.9) with

fresh mature seeds. However, germination
percentages of seeds at MCs of 5.8 and 9.3%
significantly declined to 41.7 and 50.0% after
9 months of storage (p = 0.00003 and 0.0002),
respectively, and had further decreased to
23.1 and 36.1% after 24 months of storage
(Fig. 4).

When stored at 4°C, all seeds of seedlot
1 at an MC of 2.2% lost their viability after 3
months of storage. Seeds at MCs of 5.8 and
9.3% maintained germination percentages
of 81.7~86.7 and 83.3~91.5%, respectively,
within 24 months. Separate germination per-
centages of seeds at MCs of 5.8 and 9.3%
were 81.7 and 91.5% after 24 months of stor-
age, while there were no significant differenc-
es in germination percentages (p = 0.06 and
0.9) compared to fresh mature seeds (91.7%)
(Fig. 4).

In seedlot 2, once the 4 desired MC lev-
els were reached, seeds were immediately
incubated under fluctuating temperatures of
30/20°C for 16 weeks. Germination percent-
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Fig. 3. Effects of moist storage at 4C for 0~12
months on the germination percentage ([)
and mean germination time (O) of seedlot 2
seeds of Goniothalamus amuyon. Filled squares
(H) and circles (@) respectively represent the
germination percentage and mean germination
time of fresh mature seeds. Vertical bars
represent the standard error of the mean.

ages of seeds at MCs of 3.4, 5.9, 10.1, and
13.0% were 0, 91.7+2.4, 88.3+6.2, and
96.7+2.4%, respectively. No significant dif-
ference (p = 1.0, 0.6, and 0.3) in germination
at the higher 3 MCs was found compared to
fresh mature seeds (91.7%) (Fig. 5).

All seeds of seedlot 2 at 4 MCs had
died after 3 months of storage when stored
at -196°C (Fig. 5). During storage at -20°C,
seeds at MCs of 5.9, 10.1, and 13.0% ex-
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hibited sharp declines in germination, with
respective germination percentages of 10.0,
0, and 6.7% after 3 months of storage, which
had germination rates of 15.0, 1.7, and 0%
after 24 months of storage (Fig. 5).

When stored at 4°C, the germination
percentage of seedlot 2 seeds at an MC of
5.9% significantly decreased to 55.0% after 3
months of storage (p = 0.001), and seeds main-
tained germination percentages of 58.3~71.7%
within 6~24 months, exhibiting significant dif-
ferences (p < 0.05) compared to fresh mature
seeds. Moreover, viability of seeds at the MCs
of 10.1 and 13.1% began to decrease after 3
months and had significantly decreased to 73.3
and 70.0% after 6 months of storage (p = 0.02
and 0.04), and germination percentages contin-
ued to decrease to 30.0 and 0%, respectively,
after 24 months of storage (Fig. 5).

When stored at 15°C, germination per-
centages of seedlot 2 seeds at MCs of 5.9,
10.1, and 13.0% quickly decreased, and al-
most all of them had decayed after 12 months
of storage (Fig. 5).

DISCUSSION

Most seeds of G. amuyon exhibited
morphological dormancy, but a proportion of
them had morphophysiological dormancy. So
the seed population of G. amuyon consisted
of a mixture of morphological dormancy and
morphophysiological dormancy (Chen et al.
2014). Results of this study also showed that
fresh mature seeds of G. amuyon have dor-
mancy. However, 4°C stratification could not
break the seed dormancy, and seed deteriora-
tion emerged when the stratification period ex-
ceeded 2 months (Fig. 3). Thus, longer incuba-
tion periods at 30/20°C for up to 3 months are
recommended for germination of seeds of G.
amuyon before the effective method of break-
ing dormancy is accomplished (Fig. 2).
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The above results show that seeds of
both G. amuyon seedlots could tolerate desic-
cation to about 5.5~13.0% MCs and lost no
germinability, and 89% (seedlot 1) and 67%
(seedlot 2) of seeds at an MC of about 6%
had maintained their viability after 2 years
of storage at 4°C (Figs. 4, 5). However, all
seeds died when they were dried to < 3.5%
MCs (Figs. 4, 5). Moreover, seeds of the 2
seedlots at 6~13% MCs rapidly lost their vi-
ability when stored at -196 and -20°C (Figs.
4, 5). These characteristics of quickly losing
seed viability at low MCs and intolerance of
sub-zero temperatures show differences from
orthodox seeds. Based on these findings,
seeds of G. amuyon are considered to show
temperate intermediate seed storage behavior
due to their moderate tolerance of desicca-
tion and sensitivity to freezing temperatures,
while they preserved well at 4°C. In addition,
we recommend that fresh mature seeds of G.
amuyon be controlled to 6~9% MCs and then
hermetically sealed immediately before stor-
age at 4°C. It is difficult to preserve G. amuy-
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on seeds for long-term ex situ conservation
because of their intermediate storage behavior
with a short lifespan. Thus, it is suggested that
stored seeds of G. amuyon be renewed about
every 2~3 years. Besides, seed viability of G.
amuyon is not easily maintained for ordinary
cultivators because of insufficiency and dif-
ficulty of seed storage techniques. Thus, we
suggest that seeds of G. amuyon be sowed
immediately after being harvested, because it
is possible for the seeds to seriously deterio-
rate in a short time.

Most intermediate seeds can survive
desiccation within a moisture content range
of 10~12%, but the germinability tends to
decline with a reduction in the MC (Hong
and Ellis, 1996). Furthermore, the optimal
water contents of some intermediate seeds
were revealed to obviously be below the
above-described range (10~12%), and such
intermediate seeds with better desiccation
tolerance include Khaya senegalensis (Dest.)
A. Juss., Swietenia macrophylla King (Hong
and Ellis 1998), Coffea canephora Pierre ex

100 - -196°C . -20°C . 4°C .
&

g 80 -
= | ]
£ 60 - ] _
R= _ _
g 40 . —
O - i
20 B —
0 TR R Nl I|I\O 1T N
0 6 12 18 24 0 6 12 18 24 0 6 12 18 24

Storage period (months)

Fig. 4. Effects of storage temperatures (-196, -20, and 4°C) and moisture contents (MCs, on
a fresh-weight basis) on germination percentages of Goniothalamus amuyon seeds of seedlot
1 stored for up to 24 months. The initial germination percentage of fresh mature seeds of
seedlot 1 was 91.7£2.4% (€). MCs of seedlot 1 seeds: O, 2.2+£0.1%; [, 5.8+ 0.3%; A,
9.3£0.4%. Vertical bars represent the standard error of the mean.
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A. Froehner, C. congensis Froehner, C. rac-
emosa Lour. (Dussert et al. 1999, Eira et al.
1999), Acer morrisonense Hayata (Yang and
Lin 1999), Citrus limon (L.) Burm. f. (Hong
et al. 2001), Fagus crenata Blume (Pedro and
Ellis 2002), Bischofia javanica Blume (Yang
et al. 2006), Zelkova serrata (Thunb.) Makino
(Yang et al. 2007), and Litsea coreana Levl.
(Yang et al. 2008). However, the estimated
optimal water content for storage of G. amuy-
on seeds is about 6~9%, which is much lower
than that of most intermediate seeds. It shows
that G. amuyon seeds have greater desiccation
tolerance than most intermediate seeds.

Seeds potentially adapt to their ecological
environments, and temperate seeds can often
survive sub-zero temperatures and maintain
much longer viability than tropical seeds. Based
on the protocol suggested by Hong and El-
lis (1996), the optimal temperature for storing
tropical intermediate seeds should be > 10°C.
Species with tropical intermediate seed storage
behavior include Elaeis guineensis Jacq. (El-
lis et al. 1991b), Coffea spp. (Ellis et al. 1990a,
1991a, Hong and Ellis 1992, 1995, Dussert et
al. 1999, Eira et al. 1999), Azadirachta indica A.
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Juss. (Gamene et al. 1996, Hong and Ellis 1998,
Nayal et al. 2000), Khaya senegalensis (Desr.)
A. Juss., Swietenia macrophylla King (Hong
and Ellis 1998), Phoenix reclinata Jacquin (von
Fintel et al. 2004), and Zelkova serrata (Thunb.)
Makino (Yang et al. 2007). On the other hand,
the optimal temperature for storing temperate
intermediate seeds should be < 5°C (Hong and
Ellis 1996). Some temperate intermediate seeds
are more likely to tolerate freezing tempera-
tures, and they can survive for about 2~3 years
and even longer, such as seeds of Araucaria
columnaris (Forst.) Hook. (Tompsett 1984),
Citrus limon (Hong et al. 2001), Fagus sylvatica
L., F. crenata Blume (Pedro and Ellis 2002),
and Zizania palustris L. (Berjak et al. 1994,
Vertucci et al. 1994, 1995, Hong and Ellis 1996,
White and Jayas 1996, Ntuli et al. 1997). All
temperate intermediate seeds of the Aceraceae
in Taiwan also can adapt to sub-zero tempera-
tures very well (Yang and Lin 1999), and the
estimated longevity of seeds of Taiwanese Acer
spp. in proper storage conditions is about 10~20
years. In addition, some temperate intermediate
seeds of the Taiwanese Lauraceae are usually
short-lived and extremely sensitive to freezing

Germination (%)

| | |

| | | 1

1 | | | I | I | | VI |
0 6 12 18 240 6 12 18 24 0 6 12 18 24 0 6 12 18 24
Storage period (months)

Fig. 5. Effects of storage temperatures (-196, -20, 4, and 15°C) and moisture contents (MCs, on

a fresh-weight basis) on germination percentages of Goniothalamus amuyon seeds of seedlot 2
stored for up to 24 months. The initial germination percentage of fresh mature seeds of seedlot
2 was 91.7+4.7% (). MCs of seedlot 2 seeds: O, 3.4+0.2%; [, 5.9+0.2%; A, 10.1+0.5%; V,
13.0+0.8%. Vertical bars represent the standard error of the mean.
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temperatures, and the best condition for keeping
their viability is moist storage at about 4°C, e.g.,
Cinnamomum camphora (L.) Presl. (Chien and
Lin 1999), Cinnamomum subavenium (Miq.)
(Lin 1996), Neolitsea parvigemma (Hay.) Kane-
hira & Sasaki (Lin 1996), Lindera communis
Hemsl. (Chien et al. 2004), Lindera megaphylla
Hemsl. (Lin 1996, Chien et al. 2004), and Lin-
dera coreana Levl. (Yang et al. 2008). These
mature seeds with intermediate storage behavior
have high water contents (about 25~38%) in
fleshy fruits and show a larger size (seed length
> 5 mm). As stated above, in terms of interme-
diate seeds of Taiwan, the freeze tolerance of
fleshy-fruit seeds of the Lauraceae is inferior to
that of dry-fruit seeds of Acer spp.

Like the Lauraceae seeds above, the ma-
ture seeds from fleshy drupes of G. amuyon
show a similar size, and the best storage tem-
perature is about 4°C instead of freezing tem-
peratures. Therefore, seeds of G. amuyon are
also defined as having temperate intermediate
storage behavior. Our study reveals that G.
amuyon seeds have a similar freeze tolerance
to intermediate seeds of the Taiwanese Lau-
raceae. However, the optimum seed storage
for G. amuyon is dehydration to 6~9% MCs
and 4°C. That differs from intermediate seeds
of the Taiwanese Lauraceaec which should be
under moist storage at about 4°C.

CONCLUSIONS

1. Fresh mature seeds of G. amuyon exhib-
ited dormancy and had a slow germination
speed. They mainly emerged during 6~10
weeks, all viable seeds had completely
germinated within 13 weeks, and the mean
germination times were about 55~60 days
under fluctuating temperatures of 30/20°C
with 8 hours of light.

2. Stratification at 4°C could not break the
dormancy of G. amuyon seeds, seed dete-
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rioration emerged when the stratification
period exceeded 2 months, and all had died
after 6 months in a moist, low-temperature
condition. A longer incubation period of up
to 3 months is recommended for germina-
tion before the effective method of breaking
dormancy is presented.

3.Seeds of G. amuyon dehydrated to about
6~13% MCs still maintained viability.
However, all seeds died when they were
dried to < 3.5% MCs. Moreover, seeds at
6~13% MCs rapidly lost their viability
when stored at -196 and -20°C, while seeds
at an MC of about 6% maintained high
viability after 2 years of storage at 4°C.
Thus, seeds of G. amuyon are considered to
show temperate intermediate seed storage
behavior due to their moderate desiccation
tolerance and sensitivity to freezing tem-
peratures.

4.Freshly collected seeds of G. amuyon
should be sown as soon as possible, be-
cause seed viability is not easy to be main-
tained for ordinary cultivators.

5.The optimum seed storage for G. amuyon
is dehydration to 6~9% MCs and storage
at 4°C. It is difficult to preserve G. amuyon
seeds for long-term ex sifu conservation be-
cause of their intermediate storage behavior
with a short lifespan. Thus, it is suggested
that stored seeds of G. amuyon be renewed
about every 2~3 years.
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