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Hopea odorata is a large tree species with high economic value that prevails in tropical evergreen
rainforests. This is one of few large-timber indigenous species named on the Vietnamese list of major
species forafforestation in Vietnam. However, its fruiting occurs very erratically. Seeds are typical
tropical recalcitrant and have rapid loss of viability. Thus, study on physiology characteristics and
storage of Hopea odorata seeds is essential to have sufficient knowledge for propagation, biodiversity
conservation and plantation development. The results showed that the average number of fruits per
kilogram were 3093 and mean seed fresh weight at collection was 0.32gram. Moisture contentof fresh
seeds was 51% and the germination rate was 96.5%. Seed germination started onthe 1%day, reached the
highest rate on 2™dayand endedon 14"day. Seed germination rate reduced significantly from 96.5 to
85% when moisture contentwas reduced respectivelyfrom 51to 35% and dropped to 0% at moisture
content of 8%. Critical moisture content of Hopea odorata seeds was 35%. The highest germinate
ratewas at room temperature(27-32°C). Seed viability could maintain till 150 days at storage
temperature of10°C.
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INTRODUCTION

Understanding of seed biology of most tropical tree species is
today limited. Lack of information of seed handling and
storage is a constraint for seed propagation of many important
species (Thomsen, 2000). A major hindrance has been an
adequate supply of high-quality seeds of indigenous species
for seedling production (Ellis et a/, 2007). Plantation
development of indigenous species has been strongly
advocated for the purpose of biodiversity conservation and
environmental protection (Nghia, 2003) and plays an
important role in the current program of restructuring the
forestry sector in Vietnam. Low germination rate of seeds is
often due to insufficient knowledge of physiological
characteristics, harvest techniques, storage, dormancy, and
germinationof seeds. Moisture content and temperature are
two of the main factors concerning seed storage (Thomsen,
2000; Rindyastuti and Siahaan, 2019). In addition, seed
storage, whether for a limited or prolonged period, is an
integral part of plantation development strategy (Ellis et al,
2007). Therefore, it is important to know the critical and
optimal moisture contents and temperatures for each species.
Hopea odorata is a large tree species with high economic
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value, belongs to Dipterocarpaceae family, which make up the
major component of the South East Asian tropical
rainforests.This species is globally assessed as Vulnerable
(A2cd) due to a 30-50% population reduction in the last three
generations (+300 years) and decline is ongoing(Ly et
al,2017). In Vietnam, Hopea odorata is one of the few large-
timber native species named on the Vietnamese list of main
forest species (MARD, 2018). It has been widely planted,
especially as a roadside tree because it is fast growth, tall,
straight, clear bole; produces a valuable timber (very durable
and strong) and resin to make paint and varnish (Nghia, 2005).
However, its fruiting occursvery erratically(Hoque et a/,2020).
Seeds aretypical tropical recalcitrant,rapid loss ofviability
(Ellis et al, 2007; Thomsen, 2000). These are a major
constraint in afforestation. The objectives of this study wereto
investigate physiological characteristics of Hopea odorata
seeds, effects of moisture contents, germination temperature,
storage temperature and duration on viability ofseeds to
provide sufficient knowledge for propagation, biodiversity
conservation and reforestation.

MATERIALS AND METHODS
Plant material: Mature fruits of Hopea odorata were collected

from the plus trees at Dinh Quan district, Dong Nai province.
The wings were removed manually soon after harvesting.
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Small, immature fruits and fruits infested by insects or
diseases were discarded.

Methods: Thefruits were weighted, their size was measured,
meanseed fresh weight,meanseed number per kilogram and per
litrewere determined. A sample of 200 fresh seeds was divided
into four seed lots and tested for ability to germinate.Moisture
content of samples of 10 seedsweredetermined by the low
constant temperature oven method, 103°C for 17 hours (ISTA,
2005) and calculated on the fresh weight basis. To examine
influence of germination temperature, 800 seeds were divided
equally into four seed lots, treated and sown. Each seed lot was
then placed at the room temperatue (27 — 32°C) andincubators
controled at temperature levels of 20, 10 and 2°C. For testing
desiccation tolerance, i.e. the relation between ability to
germinate and moisture content during rapid enforced
desiccation was conducted according to Thomsen’s method
(2000). Seeds determined initial moisture enforce desiccation
was determined by drying seeds over newly regenerated silica
gel at room temperature to reduce moisture content from 51%
to45, 40, 30, 35, 25, 15 and 8%. The dried seeds to each
moisture content were sealed in a laminated aluminium foil
packet. Then, viability of each samples were examined. The
effect of storage temperature andduration of seedswas
investigated. Seeds dried by silica gel to reduce their moisture
content in 35 % were sealed in laminated aluminium foil
packets and then stored at the different temperatures (room
temperature, 20, 10and 2°C) for 10, 30, 60, 90, 120 and 180
days. The ability to germinate of seeds were observed. Seed
germination test was conducted in blotting paper saturated
with deionized water, four replicates of 50 seeds each, at room
temperatures or at alternating for specified tests, untill all
seeds had either germinated or rotted. Seeds were treated by
sinking in warm water (30 — 35 °C) in 4 hours before sowing.
The samples were watered, and germination was then recorded
every two days. The experiments were followed as complete
randomized block design with fourreplicates and 50 seeds
were used in each replication. The chi-square test was used to
compare germination rates between treatments in the same
experiment at significance level of 95% (P < 0,05). R program
was used to analyze data.

RESULTSAND DISCUSSION

The results of this study showed that mean seed fresh weight at
collection was 0.32 gram (0.25 - 0.44 gram), mean seed
number per kilogram and per litre were 3,093 (2,273 — 4,065
seeds) and 1808 (1,250 — 2,500 seeds), respectively. Moisture
content of fresh seeds was 51% (48.7 — 53.3%). These results
were close to the previous studies of the same species (Nghia,
2005; Ellis et al,2007; Corbineau et al, 1986). Actually, the
study of Nghia (2005) reported that the number of Hopea
odoratafresh seeds per kilogram ranged from 2,500 to 3,000.
Theseed had an average weight of 0.27 g, moisture content at
maturity, shedding, or receipt was determined to be 54% (Ellis
et al,2007), 49.5% as seeds collected in Thailand (Corbineau
et al, 1986) and 48.5% in Malaysia (Jayanthi and
Krishnapillay, 1986).

Germination of freshly harvested seeds: Fresh seeds had no
dormancy. Germination of seeds began after sowing one day
and ended after 14 days (Figure 1). The highest germination
rate reached on the second day.

The average germination rate of the experimental seed lots was
96.5%. However, the germination rate of H. odorata seeds
ranged from 40 to 90% (Nghia, 2005).
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Figure 1. Germination rate of fresh seeds at collection

Beside, Ellis et al, (2007) indicated that the first and last seeds
germinated in their test were on the 7th and 28th days. The
similar results to this study were also reported that the fresh
seeds after harvesting had high germination rates of between
93% and 100% (Hoqueet al, 2020; Corbinecau and Coome,
1989; Jayanthi and Krishnapillay, 1986).

Effects of germination temperature: The results of the study
showed the effect of germination temperature on viability of
H. odorata seedswas statistically significant (Figure 2). The
highest germination rate of seeds reached 96.7% at room
temperature and was not significantly different from theseof
93.3% at 20°C. When the temperature dropped to 10°C, the
seed germination rate decreased significantly by 32.2% and no
germination was observed at 2°C. The reported study on the
same species showed that H. odorata seeds were able to
germinate at relatively low temperature (5°C) (Corbineau and
Come, 1989). However, Thomsen (2000) indicated that H.
odorata seeds couldnot withstand temperatures below 15°C.
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Figure 2. Effect of germination temperature on viability of H.
odorata seeds.Different letters indicate significant differences at
95 % confidence level (P, < 0.05)

Effects of desiccation (or seed moisture content)

There were very significant effects of moisture content on
germination rate of H. odorata seeds (P < 0.001) (Figure 3).
The seed viability declined significantly from 96.5 to 85, 40.5
and 16% as moisture content were reduced from 51, 35, 25 to
15%, respectively. Critical moisture content to H. odorata
seeds was 35 %.
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This result are close to the experimental results of Ellis et al,
(2007) (38%) and Corbineau and Coéme (1989) (33%). No
germination of seeds at 8 % moisture content in this study was
comparable to these at 10% seed moisture content (Ellis ez al,
2007). Corbineau and Come (1989) stated that the seeds would
die when dried to 15%. Meanwhile, Jayanthi and Krishnapillay
(1986) determined that germination rate of H. odorata seeds
collected in Malaysia decreased slightly when dried to 42.5
and 31.4% and seeds no longer germinated asmoisture content
was 22.9%. These results could be explained that the volume
of the seed was reduced when a seed was dried and this
resulted in mechanical stress. Thomsen (2000) gave a
hypothesis which a relationship between desiccation
sensitivity and vacuolation and insoluble reserve accumulation
might exist.
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Figure 3. Effects of moisture content on viability of H. odorata
seeds.Different letters indicate significant differences at 95 %
confidence level (P, < 0.05).

Effects of storage temperature and duration: Effects of
storage moisture, temperatureand time on seed viability have
been investigated and reported for many crops and wild plant
species but it is more difficult to recalcitrant seeds. For H.
odorata, these research findings have already shown that seed
longevity was significantly extended by reducing storage
temperature.At the starting time of experiment, moisture
content and germination rate of seeds were 35and 85 %,
respectively. The highest germination ratesof seeds gained
46.4and 43.8% after storing 30 days at 10 and 2°C,
respectively. Viability of seeds lost completely after storing 30
days at room temperature and 20°C. At the storage temperature
of 10°C, seed longevitywas extended till 150 days (Figure 4).
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Figure 4. Effects of storage time on germination rate.

According to Nghia (2005), seeds H. odorata with moisture
content of 32 — 34% were stored in sealed polyethylene bags at
5 — 10°C in the refrigerator for 3 — 4 months. Joker (2000)
reported that germination rate decreased to 50% after 16 weeks

of storage, only a few viable seeds remained at 20 weeks and
suggested that seeds should be lightly dried to about 40%
moisture content and stored at 15°C in sealed plastic bags for
more than one month. In addition, harvested seeds without
desiccation, stored in a refrigerator (0 — 4°C) were able to
germinate (10%) after 27 days while other conservation
methods could only maintain the viability of seeds up to 18
days (Hoque ef al, 2020). These study results on storage of H.
odorata seeds indicated that drying seeds to suitable moisture
content (~ 35%) and storing in low temperature (~ 10°C) were
able to prolong the viability of the seeds.

CONCLUSIONS

Seeds of H. odorata were recalcitrant and sensitive to
desiccation. Moisture content and germination rate of fresh
seeds were 51% and 96.5%, respectively. Seeds started to
germinate after one day of sowing, reached the highest
germination rate on the 2"day and lost viabilityonthe 14"day.
Viability of seeds decreased significantlyfrom 96.5 to 85%in
case ofreduction in moisture contentfrom 51to 35% and lost
absolutely at moisture content of 8%. Critical moisture content
of H. odorata seeds was 35%. The highest germination rate at
room temperature was 96.7%, different significantly from
these of 32.2%at 10°C and seeds were unable to germinate at
2°C. The storage temperature of 10°C maintainedviability of
seeds up to 150 days.
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