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Abstract
Castanopsis buruana Miq. is one of the endemic plants that grows and spreads in the lowland forest of Sulawesi. This
research aimed to determine the characteristics of morphology, anatomy and dormancy breaks of C. buruana Miq. seeds.
The anatomical structure of the seed coat was studied according to Sass method. The lignin content was analyzed by using
Klason method and  the cellulose, as well as the hemicellulose content were analyzed by using Cross and Bevan methods.
The dormancy break of the seeds was analyzed by using complete randomized design in the factorial pattern. The results of
this research showed that C. buruana Miq. seeds have a very high variation in both physical forms and sizes. The length,
diameter, weight and thick of the seeds were in ranges of 17.46±0.40-19.34±0.28 mm, 12.84±0.31-15.03±0.13 mm, 0.87±0.015-
1.68±0.015 g and 169.0±24.92-231.9±34.45 µm, respectively. The large size of seeds with IBA 50 ppm treatment was the best
treatment due to it was able to increase the germination percentage, potential maximum growth and seedling germination rate
of C. buruana Miq. in 83.33%, 88.89%, and 1.33% KN/etmal.
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Introduction
Castanopsis is one of the important plants in

Indonesian rainforests and belonging to Fagaceae family.
This genus consists of 120 species and grows to spread
from northeast of India to west of China, Korea, Japan,
and all Malaysia (Prosea, 1995). Its growing and
distribution are found starting from west to east Indonesia
such as Borneo, Sumatera, Java, Sulawesi, Maluku
(Soepadmo, 1968, Heyne, 1987). Castanopsis buruana
Miq. is an endemic plant growing in lowland forest and
distributing in Sulawesi and Maluku (Whitmore et al.,
1989). In the Southeast Sulawesi, this species is discovered
abundantly in Buton Island, Muna, Konawe, South
Konawe, and Kolaka (BKSDA, 2002). Ecologically, this

species inhabits in the primary and secondary forests from
low hills until high mountainous areas with 1.000 metres
above sea level  (Prosea, 1995) and lives in evergreen
forests with Latosol and Oxisol soils, as wll asrainfall of
2.000-3.000 mm/year and dry season less than 6 months
(Heriyanto et al., 2007). Becoming an endemic species,
C. buruana Miq. Plays an important role in mountainous
ecosystem due to it possessess a wide canopy that
functions as life buffering, especially hydrological system
and climate for surrounding areas (Heriyanto et al., 2007).

In addition, C. buruana Miq. possesses high
economic value. It becomes timber and non-timber
producer. In terms of timber producer, it is classified into
a strong wood grade, namely II-III class and a durable
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III class (Hildebrant, 1950), that is suitable for medium
and high construction materials. Its fruit generates edible
beans, high nutritious content and free gluten compound
(Purwaningsih and Polosakan, 2016). However, currently,
the overexploitation on this plant species due to illegal
logging activities, mining activities and crops and
agricultural land extension, threats the existence of this
species in the natural forests. While in the natural forest,
this species regenaration is very difficult because of its
C. buruana Miq. is easy to be trotten and possessing a
tough and thick seed coat which takes a longer time to
be germinated. Therefore, one of the efforts to accelerate
the germinating process of C. buruana Miq. seeds is by
a dormancy breaking through physical, chemical and hot
water treatments. For instance, physical treatment is taken
by scarification or rasping its spermatofit (Hartman et
al., 2002) and physical treatment is taken by immersing
its seed into a growing regulator solution like an
indolebutyric acid (IBA).

The research results indicate that soaking the seed
of cape yellow wood in the 95% concentration of sulphide
acid as long as 30 minutes and following with water in
room temperature during a full day is able to break its
dormancy which implicate to have potential growth,
germination and growth rate are 40.7%, 39.7% and 0.69%
KN/etmal, respectively (Puspitarini, 2003). A first
treatment with cutting the seed and followed by soaking
it into 0.525% concentration of sodium hypoclorite and
water (80oC) left to be cool as long as 24 hours generate
the highest germination of merbau seeds namely 78.68%
(Nugroho, 2010). Increasing of viability and vigor of mindi
seed can be conducted by soaking the seed into the
solution of H2SO4 (95%) as long as 45 menites with a
delignification in the endocarp edge is able to increase
the seed’s germination as high as 57% (Yulianti, 2011).

Research on breaking seed dormancy through a
chemical compound or soaking into the hot water to
accelerate dormancy process of seeds has been
frequently used, however, there is still lacking of the
information regarding the method of breaking seed
dormancy by using IBA, especially for C. buruana Miq.
as an endemic plant of Sulawesi, Indonesia. IBA is able
to push ahead sitokinin works in the process of cell
division and elongation and to induce enzymes functioning
in the cell division particularly apical meristem (Kumari
et al., 2010). Auksin also affects roots morphology
through obstructing their elongation and escalates the
lateral root production (Overvoorde et al., 2010, Da-
Costa et al., 2013, Kazan, 2013). The research result
indicates that IBA treatment with 1.5 mg/l can scale up
the percentage of jatropha seed germination significantly

and shorten the germination time more than 350% than
the control treatment (Kumari et al., 2010). Hence, aims
to investigates the characteristics of morphology,
anataomy and chemical content of C. buruana Miq.
seeds and iinvestigate the methods for dormancy break
of C. buruana Miq. seed.

Materials and Methods
Study sites

This research was carried out in February to May
2018. The analyzing of anatomical seed coat,
morphological seed coat and seed chemical content of
C.buruana were taken in three different laboratories
namely the Physiology Laboratory of Indonesia Institute
of Scences (LIPI) Cibinong, the Entomology Laboratory
of Silviculture Department at Forestry Faculty-Bogor
Agricultural University (IPB) and the Chemical Wood
Laboratory of Forest Product Department at Forestry
Faculty-IPB, respectively. While the seed germination
observation was conducted in the greenhouse of
Silviculture Department at Forestry Faculty-IPB.
Procedures

The Seed Collection: The seeds of C.buruana Miq.
were collected directly under natural tree stands at Nipa-
Nipa Forest Park of Kendari City and South Konawe
Regency. They were collected during a fruiting season
from December 2017 until February 2018. The gathered
seeds were weeded out and then cleaned up by washing
the seeds. Further, they were dried up in the sunlight
directly. The dried seeds were kept in plastic bags at
room temperature until use.
The Seed Morphological and Anatomical Analysis

The used methods in the morphological analysis of
seeds were observation and direct measurement for each
seeds consisting of weight, length and diameter of seeds.
While the testa thickness was check by making
longitudinal slices on the seed, then it was observed under
a stereo microscope with a 10 times of magnification.
Measurement of this testa thickness used a µm unit. The
seed used in the morphological analysis was carried on
sampling from some tree stands in one population of C.
buruana Miq. to be a lot seeds. Furthermore, seeds were
taken out randomly in each lot seed to become a bulk
sample. From three bulk samples, five seeds were taken
from each of them to be analyzed.

The anatomical structure of seed’s skin was analyzed
using the method of Sass (1961) which had been modified
by conducting longitudinal slices of the seed’s skin
applying a freezing microtom of Yamato RV-240. The
seed’s skin was cut in ±0.5 cm long. This cut was putted
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into a gelation block, then it was frozen in a freezer. This
gelatin block was then cut utilizing a frozen microtom
with a range of 8-10 µm thickness and the cut slices
further were observed under a microscope.
The Seed Chemical Content Analysis

A chemical content analysis of the seed was taken
on entire parts of the seeds (nut and seed’s skin).
Analyzing seed chemical content was consisted of
measuring lignin, cellulose, hemicellulose and fat levels
using a 100g of seeds. The lignin, cellulose and
hemicellulose was analyzed according to Klosan, Cross,
and Bevan Methods, respectively, while fate level was
analyzed by using a distillation method.
The Breaking of Seed Dormancy

The breaking of seed dormancy techniques were
carried out by soaking seeds into hot water (80oC) and
chemical solution of IBA. This method have been many
applied and referred to ISTA (2006). Before germinating,
the surfaces of seeds were sterilized utilizing NaOCl 0,5%.
Research Design

The breaking of seed dormancy used a completely
random design with two factorial patterns. The first factor
(treatment), the seeds were soaked into the IBA solutions
composing of four level concentration namely 0 ppm, 50
ppm, 100 ppm and 150 ppm (method modified from
Kumari et al., 2010). The second factor (treatment), the
seeds were classified into two size levels namely big size
with a weight of 1.65-1.70 g, and small size with a weight
of 0.84-0.89 g (method modified from Nugroho, 2010).
Every treatment was duplicated three times generating
24 treatment units.
The Observed Variable

1. Germination percentage. Observation of
germination percentage was conducted in five times
namely 14, 21, 28, 35 and 42 days after planting.

2. The potential maximum growth. The potential
maximum growth is a percentage of germinating
percentage until the end of observation towards total
germinated percentage.

3. Germination rate. The germination rate was
counted based on the daily growing percentage
accumulation in a percentage benchmark of a daily normal
sprout growth during 42 days.

4. Dormancy intensity. Dormancy intensity is a
percentage of un-growing seeds until the end of
observation.
Data analysis

Data of morphological and anatomical structure of

seeds and the seed germination were processed by using
a t-test and variance analysis, respectively. When the
test result indicated a significant effect, a post hoc test
of the Duncan Multiple Range Test (DMRT) with a 95%
confidence level was then taken.

Results and Discussion
Morphological and Anatomical Seeds of C. buruana
Miq.

The fruit of C. buruana Miq. is almost similar with
rambutan (hairy fruit), thorned fruit, sharp and woody. It
has a rounded form with spines appearing from four sides
of cupules and its diameter is in a range of 2-3 cm (Fig.
1a). The ripe fruit has cupules dividing dehisces irregularly.
Its cupules are green when in young and becoming yellow
until brownish yellow when in ripe (Fig. 1b). Each cupule
contains one seed with oval, pointed and even concave
forms (Fig. 1c), brown color and different sizes (Fig. 1d).

The variation of C.buruana Miq. seed size based
on seed weight is able to occur in either a tree stand
population or among tree stand population can be showed
from t-test results. C.buruana Miq. seed size was various
based on length (17.46±0.40-19.34±0.28 mm), diameter
(12.84±0.31-15.03±0.13 mm), weight (0.87±0.015-
1.68±0.015 g) and testa thickness (169.0±24.92-
231.9±34.45 µm).
The Chemical Composition of Seeds

The chemical composition of C. buruana Miq. seed
consisted of fat, lignin, cellulose and hemicellulose. The
result showed that C. buruana Miq had a fat level of

Fig. 1: The morphological features of C. buruana Miq. Fruits
and seeds. (a) young cupule, (b) opening cupule, (c
and d) size variations of C. buruana Miq.
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0.80% for big seeds and 0.78% for small seeds. The
contents of lignin, cellulose and hemicellulose were
16.61%, 59.78% and 44.53% (big seeds), and 15.72%,
60.25% and 44.98% (small seeds), respectively.
The Breaking of Seed Dormancy

The IBA treatment indicated a significant effect on
all parameters of seed germination, except the germination
percentage which had not any significant influence.
Moreover, the seed size treatment was not significantly
affected all parameters of seed germination. An interaction
between IBA treatment and seed size had an important
effect on all parameters of seed germination (Table 1).

The results of the least significant difference (=5%)
based on the DMRT of the interaction effects of IBA
treatment and seed size toward the seed germination
percentage,  potential maximum growth,  germination rate,
and dormancy intencity of C. buruana Miq. is presented
in fig. 2, 3, 4 and 5. The large seed in the treatment IBA
with 150 ppm yields the highest seed germination
percentage 84.44%) and had un-significant effect on the
treatment IBA with 500 ppm and 100 ppm, however, it
showed a significant result on the control (IBA 0 ppm).
Further, the small seed in treatment IBA with 100 ppm
generated the highest seed germination percentage
(75.56%) and had an un-significant effect on all other
treatments (Fig. 2a).

The large seeds in the treatment IBA with 150 ppm
obtained the highest potential maximum growth (90%)
and had un-significant differences with two other
treatments (IBA with 50 ppm and IBA with 100 ppm),
however, they had significant differences with the control
(IBA with 0 ppm). The small seeds in the treatment IBA
with 100 ppm generate the highest potential maximum
growth and possess un-significant difference with other
treatments (Fig. 2b).

The large seeds in the treatment IBA with 50 ppm
produced the highest seed germination rate of 1.33% KN/
etmal and had un-significant differences with other

treatments, except both control treatments (IBA with 0
ppm) in the two types of seeds and treatment IBA with
50 ppm at small seed size group (Fig. 2c). The large
seeds without conducting the treatment IBA gain the
highest intensity of seed dormancy (42.22%) and they
were different significantly with other treatments on both
two seed groups, large and small (Fig. 2d).
The relationships between morphological, anatomical
and germination characters

The seed of C. buruana Miq. encounters problems
in germination causing by the seed morphological and
anatomical characters. The correlation analysis results
exhibit that the weight and thickness of testa possess a
close relationship on germinating seed (Fig. 6).

The seed C.buruana Miq. morphologically has an
oval until to be concave features and brown color with
varied sizes. The seed variation is supposed due to genetic
factors and quality of habitats. The genetic diversity of a
certain plant is able to be caused by, obiter, the diversity
among provenances, habitats, among trees and in side of
the tree itself (Yulianti, 2011). The quality of habitats is
highly related with environment and climate. According
to Owens (1995), flowering and fertilization are influenced
by environmental factors such as light intensity,
temperature, water availability and nutrient content.
Furthermore, number of trees or tree’s stand density also
will affect to the production of fruits. This density can
alter the resulted seeds production. The more density,
the more seed production that will be resulted. This
research is in line with Nugroho, (2010) that a diversity
of merbau seed size is not only due to a narrow seed
forming room but also is caused by genetic factors and
even though a habitat factor. The seed size difference in
a certain population or among population signifies that an
individual tree factor (genetic) and habitat factor plays
an important role in shaping and striving a seed. This
differentiation is a commonly event, such as a different
seed weight in Pinus caribaea (Evans, 1986) Eucalyptus
regnans, E. delegatensis (Close and Wilson, 2002).

Germination is a complex physiological process,
starting with an imbibition process, followed by embrio
development, and ending with a radicula appearance
(Hartman et al., 2002). Due to a happened imbibition
process, the seed coat will be soft and cracks
(Kusawanto, 1996). The thickness of seed coat will result
in the seed germination process in this case, becoming a
barrier for water and oxygen intrusion and the inhibitor is
stack inside the seed (Bewley and Black, 1986). An
enough water and oxygen availability are very helpful
for an embrio to puss out a radicula and new bud. An
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Table 1: The variance results of IBA and seed size treatment
effects in all parameters of C. buruana Miq. seed
germination.

Treatment
Parameter IBA Seed Interaction CV

(A) Size (B) A*B (%)
Germination percentage ns ns * 10.55
Potential maximum growth * ns * 12.80
Germination rate * ns * 7.16
Dormancy intencity * ns * 27.40

Note: *a significant effect in the confidence level of 5%, ns = not a
significant influence, CV = coefficient variance.



obstacle due to the thickness and hardness of seed coat,
makes the seed undergoes physical dormancy. A research
result of Yulianti, (2011) exhibits that there is a trend of
endocarp thickness does not become an obstacle on either
the germination or growth rate of mindi seed. This is
presumed because of an effectively pre-treatment in
breaking a dormancy due to the seed coat thickness. The
density of seed composing cell is assumed to be one of
obstacles in germinating process of C. buruana Miq.
seed. According to Pramono and Danu, (1998), sowing
mindi seed without any dormancy breaking treatment
needs more time to be germinated (±3 months).
Reciprocally, the candlenut seed without any pre-
treatment needs more time to be germinated after six
months (Murniati, 1995).

A seed germination is not only affected by physical
factors, but also influenced by chemical compound inside
the seed. The chemical compound inside the seed affects
the psyological and germination process of the seed. The
analysed chemical content in this research consists of
fat, lignin, cellulose and hemicellulose level. The fatty
level in a seed becomes one of energy reserves belongs
to the seed to be germinated, as well as carbohydrate
and protein (Bewley and Black, 1986). A high level of fat
inside of a seed is able to be a characteristic guide of the
seed which is categorized into a recalstran or very
sensitive on water level decline (Yulianti, 2011).

The C. buruana Miq seed has 0.34% fat. This is
categorized into a low level than fat levels in mindi
2-5.6% (Yulianti, 2011), oil palm 40-60% (Bewley and
Black, 1986) and candlenut 58.25% (Murniati, 1995).
Lowering total fat level and increasing free fatty acid
causes a decrease of seed viability and vigor. A setback
symptom biochemically in a seed is resulted in by changes
in ezyme activities, respiration rate, increase fatty acid,
and decreasing of food reserve stock (Yulianti, 2001). A
high fatty acid compound inside a seed is an indication of
fat accumulation occurance because it is not processed
further to be energy that the seed lost energy to be
germinated (Tresniawati et al., 2014).

Further, this research also analysed lignin, cellulose,
and hemicellulose content with different values namely
16.16%, 60.01% and 44.75%, respectively. Results of
these three contents were conducted on the seed coat
part (percarp) because some forestry plant species
possess seed coats shapping structures like a wood
(woody seed) and undergoes signification which is
commonly linked with a stop metabolism process and
cell death (Puspitarini, 2003). The chemical composition
of a wood consists of holosellulose, cellulose, lignin, dust,
and water (Martina et al., 2002). This chemical
component causes a hardness or weakness level of lignin
contents of the wood. Lignin is a structural component
and influences on the wood robustness or hardness.
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Fig. 2: The interaction effects of IBA and seed size treatments. (a) germination
percentage, (b) potential maximum growth, (c) germination rate (d) dor-
mancy intencity of C. buruana Miq.

According to Pereira et al., (2003),
commonly lignin compound in a wood is
in a range of 20-35%. A wood contains
lignin in a range of 18-33% is
categorized into a medium group. The
current research indicates that the lignin,
cellulose and hemicellulose contents are
in ranges of 16.16%, 60.01% and
44.75%. Therefore, C. buruana Miq.
in is distinguished into a medium lignin
content. If this compound is linked with
the seed anatomical structure, it has
indicated the pericarp thinckness and
weight are 231.9 µm and berat 1.03 g.
This points out that there is not any
relationship between the seed coat
thickness and lignin level on the seed
weight. However, the seed coat
thickness and lignin compound in the C.
buruana Miq. are two limiting factors
in the germination process.

The required attempts in overcoming
those obstackles are how in order to the
needed water and gas in the germinating



process can pass through the seed coat. One of efforts
that can be carried out is through delignification that
defines lignin with a pre-treatment sucha as soaking in
the hot water and IBA aphrodisiacs grow.

The results analysis of anatomical structure and
chemical seed of C. buruana Miq seed significates that
the seed of C. buruana Miq has dormancy phases. The
seed dormancy exhibits a condition normally good for
germanation (Schmidt, 2002). The causes of seed
dormancy are many and varied, most of them are due to
impermeability of the seed coat on water and gas, embrio
is not ready and presence of inhibitor (Murray, 1984). In

order to resolve those problems, a pre-treatment is taken
prior the seed took to the seedling bed in order to add a
readiness and uniformity of germination.

The test result of DMRT with 95% confidence level
indicates that both IBA treatment and seed size provide
the significant differences on germination percentage,
potential maximum growth, seed germination rate and
dormancy index. The germination percentage reflects the
seed ability to grow and trive becoming normal organism.
The current research also exhibits that the larger seed
size with IBA 150 ppm resulted a germination percentage
of seed as high as 84.44% and possesses unsignificant
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Fig. 6: The relationships among seed weight and testa thickness towards the seed
germination variables of C. buruana Miq.

different with other treatments, except
control with larger seed size (Fig. 2a).
This is due to the soaking process is
able to accelerate imbibition process
marking out by an increasing water
level in the seed. This result is in line
with a research result of Basin and
Baksin, (2001) that soaking in the hot
water as long as 60 sec. can generater
a seed germination percentage of
Acacia falcata, A. terminalis, and A.
Suaveolens. While IBA auksin is able
to induce root shapping with breaking
root apical domination which is caused
by sitokini (Kumari et al., 2010). The
IBA hormone is able to be used for
clearing up the dormance and uplifting
the seed’s germination  (Guney et al.,
2016). An escalation of IBA Auksin
concentration gradually from 5 to 20 ppm
can boost morphological parameters of
cucumber’s seed root than the control
treatment (Balliu and Sallaku, 2017).
Larger seed size taking treatment
soaking into the water as long as 24
hours without any IBA treatment
generates the lowest germination
percentage namely 46.67%. This
lowering power is presumed due to the
water in temperature 80oC is not able
to break the seed dormancy well and
effectively ude to the seed C. buruana
Miq. has a strong and thick seed coat.
The similar condition also occurs on the
potential maximum growth and seed
growth rate. The research results show
that the smaller seed size with IBA 100
ppm treatment yields the highest seed
potential maximum growth namely



91.11% and unsignificant different with other treatments,
except the control with larger seed size (Fig. 2c). This
happened due to the potential maximum growth is a
benchmark in order to seek a viability of C. buruana
Miq seed. All germinating seeds both normal and abnormal
growing are counted as the potential maximum growth.

The germination rate is an indicator to measure a
vigor of growth strength. It was observed daily during 42
hours. The research result exhibits that the larger seed
size with IBA 50 ppm treatment generates the highest
germination rate (1.33%/etmal) and unsignificant different
with three treatments (IBA with 100 ppm treatment and
IBA with 150 ppm in larger seed size and 100 ppm in
smaller seed size), however, it is significant different with
other treatments (Fig. 2d). This is surmised that the larger
seed size has a better vigor index than the smaller one.
Size and weight of seed are to be the main characteristics
of high and low food reserve existing inside the seed as
an energy source in germination process. Further, IBA
plays an important role in mobilizing carbohidrate in leaves
and stems and also increases transportation to root’s zone.
An auksin hormonal signal also is belived highly affecting
the morphology of roots, escalating the lateral root
production and inducing adventive roots (Aloni et al.,
2008, Overvoorde et al., 2010, Woodward).

A dormancy intensity figures out a seed dormancy
level after conducting dormancy breaking. A high
percentage of dormancy intensity reflects a high
percentage of ungrowing seed after taking dormancy
breaking. The results of this research signify that the
larger seed size without any IBA treatment produces an
intensity of seed dormancy as high as 42.22% and
significantly different with three IBA treatments (50 ppm,
100 ppm, and 150 ppm) both larger and small seed sizes.
This is due to the treatment such soaking into a hot water
in temperature 80oC without any IBA treatment is not
able to increase the germination of C. buruana Miq.
seed because water can not capable to be absorbed well
into the seed of C. buruana Miq. possessing a thick and
strong seed coat.

The larger seed size of C. buruana Miq. tends to
uplitf the germination, potential maximum growth and
growing speed of the seed (Fig. 6). This is due to it is
regarded with the food supply mainly carbohydrate storing
in the cotyledons are higher than the smaller seed size.
Result of this research is inline with researches conducting
by Close and Wilson, (2002) for the seed of Eucalyptus
regnans, Uphadaya et al., (2007) for the seeds of Prunus
and Nugronho, (2010) for the seed of merbau.
Furthermore, the testa thickness tends to reduce the
germination of C. buruana Miq. seed (Fig. 6). A

thickness of seed’s skin will be impacted to the
germination process, it will be a barrier for water and
oxigen intrusion and an inhibitor to be restricted in the
seed (Bewley and Black, 1986, Yulianti, 2011).

Conclusion
This research infers that C. buruana Miq. seed

showed a high variation both physical feature and size.
The length, diameter, weight and testa thickness of the
seed were in ranges of 17.46±0.40-19.34±0.28 mm,
12.84±0.31-15.03±0.13 mm, 0,87±0,015-1,68±0,015 g,
169.0±24.92-231.9±34.45 µm, respectively. The larger
size of the seed in treatment IBA with 50 ppm was the
best treatment due to it generates germination percentage,
potential maximum growth, germination rate of C.
buruana Miq. seed are 83.33%, 88.89% and 1.33% KN/
etmal.

Acknowledgements
The first author thanks Ministry of Research,

Technology and Higher Education for scholarsip do cary
out the Ph.D. program. We thank to Agency Head of
Grand Forest Park Nipa-Nipa, Kendari for the permission
to collect seed samples.

References
Aloni, B., L. Karni, G. Deventurero,  Z. Levin, R. Cohen, N.

Katzir and M. Lotan-Pompan (2008). Physiological and
biochemical changes at the rootstock-scion interface in
graft combinations between Cucurbita rootstocks and a
melon scion. Journal of Horticultural Science and
Biotechnology., 83: 777-783.

BKSDA SULTRA (2002). Information of Conservation Area in
Southeast Sulawesi Province, A Conservation Area
Development Project: A Local Natural Conservation Office
(BKSDA) Southeast Sulawesi. (in Indonesian).

Balliu, A. and G. Sallaku (2017). Exogenous auxin improves root
morphology and restores growth of grafted cucumber
seedlings. Horticultural. Science.,  44(2): 82-90.

Baskin, C.C. and J.M. Baskin (2001). Seeds: Ecology,
Biogeography and Evolution of Dormancy and
Germination. United States of America (US): Academic Pr.
666.

Bewley, J.D. and M. Black (1986). Seeds: Physiology of
development and germination. Plenum Press.  New York,
London. 367.

Close, D.C. and S.J. Wilson (2002). Provenance effects on pre-
germination treatments for Eucalyptus regnans and E.
delegatensis seed. Forest Ecology and Management.,
170: 299-305.

Da-Costa, C.T.,  M.R. Almeida, C.R. Ruedell, J. Schwambach,
F.S. Maraschin and A.G.  Fett-Neto (2013). When stress
and development go hand in hand: main hormonal controls

Characteristics of Morphology, Anatomy and Dormancy Breaks of Castanopsis Buruana MIQ. 4107



of adventitious rooting in cuttings. Frontiers in Plant
Science, 4(133) : 1-19

Espahbodi, K., S.M. Hosseni, H. Mirzale-Nodoushan, M. Tabari,
M. Akbarinia and Y. Dehghan-Shooraki (2007). Tree age
effects on seed germination in Sorbus torminalis. Gen.
Appl. Plant Physiology., 33(1-2): 107-119.

Evan, J. (1986). Plantation Forestry in the tropics. Claredon
Press. Oxford.

Guney, K., M. Cetin, H. Sevik and K. B. Güney (2016). Effects of
Some Hormone Applications on Germination and
Morphological Characters of Endangered Plant Species
Lilium artvinense L. Seeds. New Challenges in Seed
Biology-Basic and Trans lational Research D riv ng See
and Technolgy. 97-112.

Hartman, H.T., D.E. Kester, F.T. Davies and R. Geneve (2002).
Plant Propagation: Principle and Practices. 7th Ed. New
Yersey: Prentice-Hall International, Inc.

Heriyanto, N.M., R. Sawitri and D. Subandinata (2007). An
Ecological Regeneration Study of Saninten (Castanopsis
argentea (Bl.) A.DC.) in Gede-Pangrango Mount National
Park, West Java. Buletin. Plasma. Nutfah., 13(1). Bogor.
(in Indonesian).

Heyne, K (1987). Useful Plants of Indonesia II. Foresty
Research and Development Agency. Jakarta.

Hildebrand, F.H (1950). Name Lists of Celebes Trees. Forestry
Investigation Agency. Bogor. Indonesia. (in Indonesian).

International Seed Testing Association (ISTA) (2006).
International Rules for Seed Testing. Edition 2006 The
International Seed Testing Association. Switzerland.

Kazan, K. (2013). Auxin and the integration of environmental
signals into plant root development. Annals of Botany.,
112: 1655-1665.

Kumari, M., V.Y. Patade, M. Arif and Z. Ahmed (2010). Effect of
IBA on Seed Germination, Sprouting and Rooting in
Cuttings for Mass Propagation of Jatropha Curcus L.
Strain DARL-2. Journal of Agriculture and Biological
Sciences., 6(6): 691-696.

Martina, A., N. Yuli and M. Sutisna (2002). Optimation of some
physical factors on sellulosa degradation rate of albasia
(Paraserianthes falcataria L. Nielsen) and carboximetil
sellulosa (CMC) enzimeticly by fungi. J. Natur. Indonesia.,
4(2): 156 -163. (in Indonesian).

Mattjik, A.A. and I.M. Sumertajaya (2002). Experimental
Designs. Jilid I Edisi II.  IPB Press.  Bogor. (in Indonesian).

Murniati, E. (1995). Study of some causing dormancy and
microorganism roles in affecting dormation break process
of hazelnut seed (Alleurites moluccana WILLD.) (Ph.D.
Dissertation). Bogor: Graduate School, Bogor Agricultural
University (IPB). (in Indonesian).

Nugroho, J.D. (2010). Roles of Mycorrhiza in Regenerating Ipil

Tree (Intsia bijuga OK) originating from Papua (Ph.D.
Dissertation). Graduate School, Bogor Agricultural
University (IPB). Bogor. (in Indonesian).

Overvoorde, P., H.  Fukaki and T.Beeckman (2010). Auxin control
of root development. Cold spring harbor. Perspectives in
Biology., 2: 1-16.

Owens, J.N. (1995). Constraints to seed production: temperate
and tropical forest trees. Tree Physiology., 15: 477-484.

Pereira, H., J. Graca and  J.C.  Rodrigues (2003). Wood chemistry
in relation to quality. in: Barnett JR dan Jeronimidis G, editor.
Wood quality and its biological basis. United Kingdom:
Blackwell Publishing.  53-83.

Purwaningsih, R. Polosakan (2016). The species diversity and
distribution of fagaceae in Indonesia. Ethos : Journal
Penelitian dan Pengabdian Masyarakat., 4(1): 85-92.  (in
Indonesian).

Puspitarini, D.P. (2003). The seed structure and dormancy of
crocodile wood (Zanthoxylum rhetsa (Roxb.) D.C.) (Master
Thesis). Bogor: Graduate School. Bogor Agricultural
University (IPB). Bogor. (in Indonesian).

Plant Resources of South-East Asia (PROSEA) (1995). Plant
Resources of South-East Asia 5. in: Leummans RHMJ,
Soerianegara dan WC. Wong, Editor. (2) Timber Trees:
Major Commercial Timbers. Bogor.

Sass, J.E. (1961). Botanical Microtechnique. Third edition. The
IOWA State University Pr. Amess. Iowa.

Soepadmo, E. (1968). Florae Malesianae Praecursores XLVII.
Census of Malesian Castanopsis (Fagaceae). Herbarium
Bogoriensis. Bogor. Indonesia. 7(4) : 383-410.

Schmidt, L. (2002). Pedoman Penanganan Benih Tanaman Hutan
Tropis dan Subtropics 2000. Direktorat Jenderal
Rehabilitasi Lahan dan Perhutanan Sosial Departemen
Kehutanan, Jakarta. 530.

Tresniawati, C., E. Murniati and E. Widajati (2014). The physical,
physiological and biochemical changes during seed
ripening and recalcitrant study of Sunan Hazelnut seed. J.
Agron. Indonesia., 42(1): 74-79. (in Indonesian).

Upadhaya, K., H.N.  Pandey  and P.S. Law (2007). The effect of
seed mas on germination, seedling survival and growth in
Prunus jenkinsii Hook. f. and Thoms. Turkey Journal of
Botany., 31:31-36.

Woodward, A.W. and B.  Bartel (2005). Auxin: regulation, action,
and interaction. Annals of Botany., 95: 707-35.

Whitmore, T.C., I.G.M. Tantra and U. Sutisna (1989). Tree Flora
of Indonesia Check List For Sulawesi. Forest Research
and Development Centre. Bogor.

Yulianti (2011). The development strategies of mindi seed
source (Melia azedarach L.) in the communal forests in
West Java Province (Ph.D. Dissertation). Graduate School.
Bogor Agricultural University (IPB). Bogor. (in Indonesian).

4108 Basrudin et al.


