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seeds have a hard outer seed coat, which causes inhibition of germination.
Mechanical dormancy can be broken by mechanical and chemical

KEYWORDS scarification. One way of chemical scarification is water soaking. This
gi’:;’{;;’;;’””’”“’" study aimed to analyze the initial effect of temperature of the soaking water
[G’;ngjfjgzzzmtm and duration of soaking on the germination of canarium seeds. The
Soaking duration research design used was a two-factor experiment in a completely
randomized design. The first factor is the different initial water temperature
and the second factor is soaking duration. The initial water temperature
consists of 60°C, 70°C, 80°C, 90°C, and 100°C, while the soaking duration
consists of 0 h, 24 h, 48 h, and 72 h. The results showed that the initial
water temperature had a very significant effect on germination percentage,
peak value, mean daily germination, and germination value. The soaking
©2022 The Author(s). Published by duration did not significantly affect germination percentage, mean daily
igﬁi‘fﬁ;‘ ‘bf lig::gﬂ?s:ﬁsﬁg . germination, and germination value, but it significantly affected the peak
collaboration with Indonesia Network for value. The interaction of initial water temperature and soaking duration
?ffs"lfs";fgge’id;;f;g';r(tﬂ?i B e significantly affected the germination percentage, mean daily germination,
CC BY-NC license: peak value, and germination value. The initial water temperature and
hutps:ereativecommons.org/licenses/by- soaking duration affected the germination of canarium seeds.

1. Introduction

Canarium (Canarium indicum) is a native Indonesian plant that grows in the eastern part of
Indonesia (Rahman et al. 2019; Rashid et al. 2015). North Maluku is a province in East Indonesia
where canarium trees can grow well (Tamaleme et al. 2016). The leaves, stems, and fruits of
canarium have many benefits (Siahaya et al. 2020), and it also contains antioxidant (Cajuday et al.
2017). Canarium seeds contain omega 3, omega 6, and omega 9, which are very good for health
(Hadipoentyanti 2012). The local name of canarium is kenari (Indonesia), pili (Philippines),
kernel, and walnuts (English) (Bone et al. 2013; Silalahi and Wakhidah 2021). Canarium tree
propagation could be occurred using vegetative or generative propagations (Masarip et al. 2020).

The problem in the propagation of canarium plants through seeds is that the seeds have a
very hard outer shell resembling a coconut shell, which inhibits water and oxygen from entering
the seeds. Hence, the ability to germinate is very low. The type of canarium dormancy is seed coat
dormancy (Anozie and Oboho 2019; Yuniarti et al. 2016). Seed coat dormancy, also known as
mechanical dormancy, occurs when the seed coat physically inhibits the embryo’s growth. This
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seed coat is generally thick, hard, and impermeable to water and gas, thus inhibiting growth during
germination (Widajati 2013).

For dormant seeds to germinate, dormancy can be broken through pretreatment (Anozie and
Oboho 2019). This dormancy can be broken by scarification treatment, such as physical
scarification of seeds by soaking the seeds in cold or hot water (Hadijah 2013; Rusdy 2014). The
water immersion treatment aims to facilitate water absorption into the seeds (Sutopo 2012).
Imbibition of water into the seed in a certain amount will stimulate the physiological activity of
the seed at the beginning of germination (Yuan and Wen 2018). Water absorption by the seed is
influenced by the characteristics of the seed, especially its protective shell, as well as the amount
of water available around the seed (Costa et al. 2019).

A study of pretreatment of canarium seeds with pre-sowing treatment involving soaking in
water at ambient temperature for 12-32 h has been reported (Nyamukuru et al. 2014), with low
germination. To increase germination, it is necessary to carry out other treatments, such as hot
water soaking. The use of hot water for pretreatment of seed germination can increase the
germination of seeds (Romdyah et al. 2017). However, studies on the pretreatment of canarium
seeds with hot water soaking on germination are still lacking. Hence, it is necessary to do research
related to this. This study aimed to analyze the effect of the initial water temperature and soaking
duration and their interaction on the germination of canarium seeds.

2. Materials and Methods
2.1. Materials

This research was performed in the greenhouse of the Faculty of Agriculture, Khairun
University, Ternate, which is located in Fitu Village, South Ternate District, Ternate City
(0°45°34.3” N, 127°20720.0” E). This research was conducted from November 2019 to January
2020. The equipment used in this study were shovel, sprayer, thermometer, ruler, writing
instrument, treatment nametag, soaking container (16 cm x 11 cm x 5 cm), and germination
container (16 cm x 11 cm x 5 cm). The materials used were planting media (100% soil), water,
and canarium seeds. The canarium seeds used in this study were obtained directly from the Kota
Village, Makian Island District, South Halmahera Regency, North Maluku (0°21°56.3” N,
127°25°01.4” E) (Fig. 1).

2.2. Research Design

The research design used was a two-factor experiment in a completely randomized design.
The first factor is the different initial water temperature (S) which is modified (Hadijah 2013;
Romdyah et al. 2017) and the second factor is soaking time (T) (Lubis et al. 2014). The initial
water temperature (S) consists of S1 (60°C), S2 (70°C), S3 (80°C), S4 (90°C), and S5 (100°C),
while the soaking duration (T) consists of TO (0 h), T1 (24 h), T2 (48 h), and T3 (72 h). The
replication used in the experimental units, namely the temperature factor x the soaking time factor
x replications (5 % 4 x 3), a total of 60 experimental units (Fig. 2).
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Fig. 1. Study site in Makian Island District, South Halmahera Regency, North Maluku.
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Fig. 2. The layout of the experimental plots.

2.3. Research Procedure

2.3.1. Preparation of seeds, germination sites, and planting media

The first step in preparing canarium seeds was to extract their seeds. Extraction is carried
out by wet extraction, namely by manually peeling the fruit, then the flesh of the fruit is cleaned
that is attached to the seed using running water. After that, the seeds were aerated at room

temperature (27°C) (Yuniarti et al. 2016). Preparation of the germinations site was carried out by

cleaning weeds around the greenhouse. The soil media was cleaned of dirt and put into the
germination container one week before germination. Each germination container was marked with
a treatment label. There was no special preparation for seeds, only stored at room temperature

(27°C).
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2.3.2. Seed soaking, seeding, and germination observation

Canarium seeds soaking was carried out by heating the water until it reached the initial
temperature of 60°C, 70°C, 80°C, 90°C, and 100°C and poured into the soaking container. The
seeds were then soaked in hot water for 24 h, 48 h, and 72 h. The containers were then placed in a
shaded room at room temperature. All the seeds that had been soaked were then sown on the
germination media. Control seeds were not soaked and germinated directly on the germination
media. Soil moisture in germination media is maintained by watering in the morning (07.00 am)
and evening (05.00 pm). Every two days in the morning, the germination media were cleaned due
to the growth of the weed. This cleaning is to avoid the nutrition competition between seedlings
and weeds. The variable observed in this study was the number of germination. Germination was
observed every day for two months.

2.4. Data Analysis

The number of germination data was analyzed to obtain germination parameters, namely:
germination percentage (GP), peak value (PV), mean daily germination (MDG), and germination
value (GV) (Caliskan 2014; Gairola et al. 2011; Mente et al. 2020) using following equations:

NG . 1
NS x 100% (D)

where GP is germination percentage (%), NG is the number of germinated seeds, and NS is the
number of seeds.

GP =

GP-i 2
ND 2)

where PV is peak value (%/day), GP-i is germination percentage on day-i (%), and ND is the
number of days needed to reach GP-i (day).

PV =

GP-e
3
oD 3)

where MDG is mean daily germination (%/day), GP-e is germination percentage at the end
observation (%), and OD is observation duration (day).

GV = PV xMDG 4)

MDG =

where GV is germination value ([%/day]?), PV is peak value (%/day), and MDG is mean daily
germination (%/day).

The results of germination parameter data were then analyzed using the Analysis of
Variances (ANOVA). If there was a treatment that had a significant effect, it was continued with
Duncan’s Multiple Range Test (DMRT) (Mattjik and Sumertajaya 2013; Mira et al. 2017).

3. Results and Discussion
3.1. Effect of Water Temperature on the Germination of Canarium Seeds

Germination of the canarium was observed every day for two months. Canarium seeds began
to germinate on the 21% day (Fig. 3). Germination observations were stopped when no additional
seeds germinated on the 63 day (Fig. 4).

247



Nurdin et al. (2022) Jurnal Sylva Lestari 10(2): 244-253

Fig. 4. Canarium germination at the end of observation.

Germination parameters of seed are usually measured by germination percentage (GP), peak
value (PV), mean daily germination (MDG), and germination value (GV) (Irmayanti et al. 2015;
Tang et al. 2019). Germination percentage (GP) describes the percentage of seeds that germinate
from seeds that were seeding. The high GP value in the study was obtained at the initial
temperature treatment at 60°C and 70°C (Table 1). The peak value (PV) is the percentage of
germination when the increase in germinating seeds is the greatest (Gairola et al. 2011). The peak
value in the observations was also the highest at the initial temperature treatment at 60°C and

70°C.

Table 1. Effect initial temperature soaking water on germination of canarium seed

Initial

Temperature GP PV MDG GV
) (%) (%/day) (%/day) ([%/day]?)
60 55.00* 1.59% 0.87* 1.51%
70 61.66" 1.63* 0.97* 1.65%
80 36.66° 1.07° 0.58" 0.70°
90 20.00° 0.56° 0.31° 0.29°
100 10.00° 0.32° 0.15° 0.29°

Note: Different letter notations show significant differences at p <0.05. GP = germination percentage, PV = peak value, MDG =
mean daily germination, and GV = germination value.

The MDG is the percentage of the last germination divided by the number of days to reach
final germination (Gairola et al. 2011). The highest MDG in this study was also found in the initial
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water temperature treatment of 60°C and 70°C. Germination value (GV) is the multiplication of
PV and MDG. Hence, the highest GV in this study was also obtained at the initial water
temperature treatment of 60°C and 70°C.

The results showed that the initial temperature of the soaking water had a very significant
effect (o = 0.01) on all parameters of canarium seed germination (Table 1). The initial water
temperatures of 60°C and 70°C resulted in high values of all germination parameters. The high
value obtained was most likely because of the temperature of 60°C to 70°C is the optimum
temperature. The water temperature can soften the very hard shell of canarium seeds and not
damage the embryo. The soft seed coat causes water and oxygen to easily enter the seed to activate
metabolic processes in the seed. Temperatures of 60°C and 70°C are thought to accelerate the
chemical and physiological stimulation of seeds throughout the seed tissue (Hadijah 2013).

The initial water temperatures of 80°C, 90°C, and 100°C had low values on germination
parameters. It might be caused by the water temperature being too hot, so the entry of water into
the seeds affects the condition of the embryo. The impact on the embryo could be even more
significant, especially because the immersion is carried out for a long time. Soaking with hot water
is intended to break the cuticle layer of the seed coat. However, immersion in very high
temperatures makes the water dissolve the cuticle layer of the skin and break up or dissolve the
embryo (Koller and Hadas 1982; Setiawan et al. 2021). Therefore, for the seeds to germinate
properly, the water for soaking the seeds should be at a temperature of less than 80°C, with an
optimal temperature of 60-70°C.

In addition, the low value of germination parameters in the initial water temperatures of
80°C, 90°C, and 100°C can also occur due to soaking the seeds in water with a high initial
temperature for an extended period (more than 24 h). In such conditions, the seeds are exposed to
high temperatures for a longer time so that the embryo is more susceptible to damage. Therefore,
germination of canarium seeds soaked in high-temperature water (more than 80°C) may be better
if the seeds are soaked for a shorter time. Several studies have carried the scarification process of
seeds in hot water for a certain duration, such as the scarification of Adenanthera pavonine seeds
in hot water for 5 min (Romdyah et al. 2017) and Canarium resiniferum seeds for 1 min (Hasnat
et al. 2017), reporting that soaking the seeds at high temperatures for a shorter duration can help
the scarification process without damaging the embryos inside.

3.2. Effect Soaking Duration on the Germination of Canarium Seeds

The soaking duration had no significant effect on GP, MDG, and GV but a significant effect
on PV (Table 2). Based on Table 2, it was found that the germination parameters had values that
were not significantly different at the a =0.05, except for the PV. The low value of the germination
parameter was due to the duration of soaking of 24 h, 48 h, and 72 h, which were ineffective and
inefficient for canarium seeds. The average parameter for each treatment of immersion duration
showed a low value with a fairly low difference. However, a shorter soaking duration indicates a
better PV. Similar studies on Canarium schweinfurthii (Anozie and Oboho 2019) and Canarium
resiniferum (Hasnat et al. 2017) showed that soaking seeds for 24 h gave the most optimal results
in seed germination. For C. indicum, based on this research, the soaking duration of 24 h showed
promising results. However, it would be better if the duration of soaking the seeds was done in a
much shorter time (less than 24 h) to prevent excess water absorption. Excess water will make the
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seeds become saturated with water, impacting decreasing germination and germination percentage
(Hadijah 2013).

Table 2. Effect duration of soaking on germination of canarium seed

Soaking GP PV MDG GV
Duration (h) (%) (Yo/day) (Yo/day) ([%/day]?)
0 41.33° 1.18° 0.65° 0.93°
24 36.00° 1.10® 0.57° 0.92°
48 37.00° 1.10® 0.59° 0.92°
72 32.00° 0.76° 0.51° 0.79°

Notes: Different letter notations show significant differences at p < 0.05. GP = germination percentage, PV = peak value, MDG =
mean daily germination, and GV = germination value.

Soaking the seeds in water resulted in rapid imbibition and absorption of water due to low
water potential (Shiddique and Kumar 2018), which increases the dimensions of the embryo
(Bradbeer 1988). In addition, it causes the seed coat to soften and activates enzymes that trigger
germination (Anozie and Oboho 2019). Seeds require optimal amounts of water to hydrate the
tissues in the seeds to germinate (Koller and Hadas 1982), but soaking for too long makes the seed
moisture content too saturated so that seed viability decreases (Hutasoit et al. 2017). Excess water
content can also trigger decay due to an increase in turgor pressure in the seed’s cells which causes
damage to the cell membrane (Solichatun et al. 2016).

3.3. Interaction Effect of Water Temperature and Soaking Duration on the Germination of
Canarium Seeds

The results showed an interaction between the initial temperature of the soaking water and
the duration of soaking of the canarium seeds. The effect of the interaction between the initial
temperature of the soaking water and the duration of soaking the canarium seeds on germination
was analyzed by variance (Table 3). Based on Table 3, it can be seen that the interaction of initial
temperature of soaking water and duration of soaking had a very significant effect on GP and
MDG, and a significant effect on PV and GV.

Table 3. Analysis of variance of effective interaction of initial temperature soaking water and
duration of soaking on germination of canarium seeds

Source p<0.05
GP PV MDG GV
Initial temperature ox ox ox ox
Duration of soaking ns * ns ns
Replicates ns ns ns ns
Interaction between initial temperature and duration of o % o o

soaking

Notes: ** = very significant, * = significant, ns = not significant.
Ty sig g gn

Dormancy in canarium seeds was caused by a thick and hard seed coat that prevents
imbibition. Therefore, the treatment was intended to create gaps or destroy the seed coat. The
treatment of soaking the seeds in water with a certain initial temperature and duration can
accommodate this. Soaking the seed in hot water can tear the seed coat walls (Tiwari et al. 2018)
and make the seed coat more permeable (Lambers et al. 2008). The soaking duration facilitates the
seeds to absorb water until it reaches the optimal amount and softens the coat. Seed soaking also
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allows water to penetrate the seed tissue and physiological trigger changes that result in rapid
embryo germination (Tiwari et al. 2018). In addition, the seed coat is no longer a mechanical
barrier for the embryo to germinate because it has softened after soaking in water (Lambers et al.
2018). Thus, the roots of the embryo can easily penetrate the skin and initiate germination. The
findings in this study are also supported by results from other studies, which state that soaking
seeds at a specific initial temperature and duration affect the germination of the seeds of Samanea
saman (Lubis et al. 2014), Annona muricata (Gea et al. 2018), and Paraserianthes falcataria
(Marthen et al. 2013).

4. Conclusions

The initial water temperature and soaking duration affected the germination of canarium
seeds. The initial temperature of soaking water had a very significant effect on germination
percentage, peak value, mean daily germination, and germination value. Duration of soaking had
no significant effect on germination percentage, mean daily germination, and germination value,
but it significantly affected the peak value. The interaction of the initial water temperature and
soaking duration significantly affected the germination percentage, mean daily germination, peak
value, and germination value. The best result in canarium seed germination could be obtained at
the initial water temperatures of 60-70°C for 24 h.

Acknowledgments

The authors thank Abdul Kadir Kamaluddin, S.P., M.Si., Asiah Salatalohy, S.Hut., M.Hut.,
and Firlawanti Lestari Baguna, S.P., M.Si. for the suggestions given during the research. The
authors also thank the management of the greenhouse of the Faculty of Agriculture, Khairun
University, Ternate, who has permitted the research site.

References

Anozie, E. L., and Oboho, E. G. 2019. The Effect of Seed Source and Pre-Sowing Treatment on
Germination of Canarium schweinfurthii seeds. Asian Journal of Research in Agriculture
and Forestry 4(4): 1-11. DOI:10.9734/ajraf/2019/v41430068

Bone, I., Salampessy, M. L., Febryano, I. G., and Siahaya, M. E. 2013. Local Knowledge
Community in the Selection of Shelter Trees in Dusung Nutmeg: Case Study on Hutumury
Village in Ambon City. International Spice Conference 178—84.

Caliskan, S. 2014. Germination and Seedling Growth of Holm Oak (Quercus ilex L.): Effects of
Provenance, Temperature, and Radicle Pruning. iForest 7: 103-109. DOI:10.3832/ifor0967-
007

Cajuday, L. A., Membreve, D. M. S., and Serrano, J. E. 2017. Evaluation of Antioxidant and
Anticancer Activities of Canarium ovatum (Burseraceae) Pulp Extracts. International
Journal of Biosciences 11(3): 247-256. DOI: 10.12692/ijb/11.3.247-256

Costa, A. S., Dias, L. S., and Dias, A. S. 2019. Imbibition, Germination, and Early Seedling
Growth Responses of Light Purple and Yellow Seeds of Red Clover to Distilled Water,
Sodium Chloride, and Nutrient Solution. Sci 1 (51): 1-10. DOI:10.3390/s¢i1020051

Gairola, K. C., Nautiyal, A. L., and Dwivedi, A. K. 2011. Effect of Temperatures and Germination
Media on Seed Germination of Jatropha curcas Linn. Advances in Bioresearch 2(2): 66-71.

251



Nurdin et al. (2022) Jurnal Sylva Lestari 10(2): 244-253
Yy

Gea, D. T. Y., Haryati, H., and Ginting, J. 2018. Pengaruh Suhu dan Lama Perendaman pada Dua
Tingkat Kematangan Buah terhadap Perkecambahan Benih Sirsak (4nnona muricata Linn).
Jurnal Agroekoteknologi FP USU 6(3): 501-507.

Hadijah, H. M. 2013. Pengaruh Perbedaan Suhu Awal Air Rendaman dan Lama Perendaman
terhadap Perkecambahan Benih Gmelina (Gmelina arborea Roxb). Agribisnis dan
Perikanan (Agrikan UMMU-Ternate) 6(1): 64-71. DOI: 10.29239/j.agrikan.6.1.64-72

Hadipoentyanti, E. 2012. Kenari (Canarium indicum) sebagai sumber Omega 3, Omega 6, Omega
9 dan Suny Phytosterol. Warta Penelitian dan Pengembangan Tanaman Industri 18(1): 4-6.

Hasnat, G. T., Hossain, M. K., Bhuyian, M. K., Alam, M. S., and Hossain, M. A. 2017. Effect of
Pre-sowing Treatments on Seed Germination and Seedling Growth of Canarium
resiniferum, A Rare Native Tree of Bangladesh. Journal of Forest and Environmental
Science 33(3): 226-232. DOI: 10.7747/JFES.2017.33.3.226

Hutasoit, R., Riyadi, R., and Ginting, S. P. 2017. Pengaruh Suhu Perendaman terhadap
Pertumbuhan Kecambah Benih Indigofera zollingerina. Prosiding Seminar Nasional
Teknologi Peternakan dan Veteriner 531-538. DOI: 10.14324/Pros.Semnas. TPV-2017-
p531-538

Irmayanti, L., Siregar, I. Z., and Pamoengkas, P. 2015. Spatial Variability of Fruit and Seedling
Growth of Mindi (Melia azedarach L.) in Community Forest, West Java, Indonesia. The
Journal of Tropical Life Science 5(3): 158-164. DOI:10.11594/jt1s.05.03.09

Koller, D., and Hadas, A. 1982. Water Relations in the Germination of Seeds. In: Lange, O.L.,
Nobel, P. S., Osmond, C. B., Ziegler, H. (eds) Physiological Plant Ecology II.
Encyclopedia of Plant Physiology (New Series). 12/B. Springer, Berlin, Heidelberg.
DOI: 10.1007/978-3-642-68150-9 13

Lambers, H., Chapin III, F. S. and Pons, T. L. 2008. Plant Physiological Ecology, Second Edition.
Springer. New York.

Lubis, Y. A., Riniarti, M., and Bintoro, A. 2014. Pengaruh Lama Waktu Perendaman dengan Air
terhadap Daya Berkecambah Trembesi. Jurnal Sylva Lestari 2(2): 25-32. DOL:
10.23960/js12225-32

Marthen, M., Kaya, E., and Rehatta, H. 2013. Pengaruh Perlakuan Pencelupan dan Perendaman
terhadap Perkecambahan Benih Sengon (Paraserianthes falcataria L.). Agrologia 2(1): 10-
16. DOI: 10.30598/a.v211.273

Masarip, A., Tsan, F. Y., and Pebrian, A. E. 2020. Germination of Canarium odontophyllum Seeds
as Affected by Desiccation. Borneo Akademika 4(2):22-29.

Mattjik, A. A., and Sumertajaya, I. M. 2013. Perancangan Percobaan dengan Aplikasi SAS dan
Minitab. IPB Press. Bogor, Indonesia.

Mente, S. L., Buamona, R., Nur, M., Salam, Riyadi, S., Irmayanti, L., and Nurhikmah. 2020. Seed
Morfologi and Germination of Nutmeg (Myristica fragrans Houtt) as a Seed Source in Bacan
Community Forest, South Halmahera. EnviroScienteae 16(1): 140-147. DOI:
10.20527/es.v1611.9010

Mira, S., Schnadelbach, A., Correa, E. C., Perez-Garcia, F., and Gonzalez-Benito, M.E. 2017.
Variability of Physical Dormancy in Relation to Seed Mechanical Properties of Three
Legume  Species. Seed  Science and  Technology 45: 540-556. DOI:
10.15258/sst.2017.45.3.11

Nyamukuru, A., Tabuti, J. R. S., and Aduma, P. R. 2014. Propagation and Seedling Establishment
of Selected Multipurpose Woody Species of Uganda. International Journal of Biodiversity

252



Nurdin et al. (2022) Jurnal Sylva Lestari 10(2): 244-253
Yy

Science,  Ecosystem  Service and  Management  10(4):  270-274.  DOI:
10.1080/21513732.2014.953584

Rahman, H., Anggadiredja, K., Gusdinar, T., Sitompul, J. P., and Ryadin, A. R. 2019. Kajian
Komposisi Kimia, Nilai Nutrisi, dan Etnofarmakologis Tanaman Genus Kenari. Jurnal
Fitofarmaka Indonesia 6(1): 325-333. DOI: 10.33096/jfti.v6i1.431

Rashid, N. A. H. A., Shamsudin, R., Arifin, S. H., and Abdullah, W. N. Z. Z. 2015. Morphological
and quality Characteristics of Genus of Canarium L: a Review. IOP Conference Series:
Earth and Environmental Science 733: 012015. DOI: 10.1088/1755-1315/733/1/012015

Romdyah, N. L., Indriyanto, and Duryat. 2017. Skarifikasi dengan Perendaman Air Panas dan Air
Kelapa Muda terhadap Perkecambahan Benih Saga (Adenanthera pavonina L.). Jurnal Sylva
Lestari 5(3): 58-65. DOI: 10.23960/js13558-65

Rusdy, M. 2017. A Review on Hardseedness and Breaking Dormancy in Tropical Forage
Legumes. Livestock Research for Rural Development 29: 237.

Setiawan, R. B., Indarwati, Fajarfika, R., Asril, M., Jumawati, R., Joeniarti, P. E., and Ramdan, E.
P., and Arsi. 2021. Teknologi dan Produksi Benih. Yayasan Kita Menulis. Indonesia.
Shiddique, A., and Kumar, P. 2018. Physiological and Biochemical Basis of Pre-sowing Soaking

Seed Treatment — an Overview. Plant Archives 18(2): 1933-1937.

Siahaya, L., Wattimena, C. M. A., and Harry, A. 2020. Pertumbuhan Tanaman Kenari (Canarium
ambonensis) di Demplot Sumber Benih Hatusua Kabupaten Seram Bagian Barat. Jurnal
Hutan Pulau-Pulau Kecil 4(2): 184-195. DOI: 10.30598/jhppk.2020.4.2.184

Silalahi, M., and Wakhidah, A. Z. 2021. Canarium ovatum Engl. Burseraceae. Ethnobotany of the
Mountain Regions of Southeast Asia. Franco, F.M (ed). Springer Nature. Switzerland.

Solichatun, Santosa, Dewi, K., and Pratiwi, R. 2016. The Effect of Physical and Hormonal
Treatments on Dormancy Breaking and The Changes in Seed Coat Ultrastructure of Delonix
regia. Nusantara Bioscience 8(1): 94-102. DOI:10.13057/nusbiosci/n080117

Sutopo L. 2012. Teknologi Benih. Rajawali Pers. Jakarta, Indonesia.

Tamaleme, M. N., Muhdhar, M. H. 1. A., Suarsini, E., Rahman F., and Hasan, S. 2016.
Ethnobotany of Canarium Plant Species Used by Tobelo Dalam (Togutil) Ethnic Community
of Halmahera Island, Indonesia. Biodiversitas 17(1): 61-69. DOI: 10.13057/biodiv/d170109

Tang, Y., Zhang, K., Zhang, Y., and Tao, J. 2019. Dormancy-breaking and Germination
Requirements for Seeds of Sorbus alnifolia (Siebold & Zucc.) K.Koch (Rosaceae), a Mesic
Forest Tree with High Ornamental Potential. Forests 10(319).
DOI:10.15258/sst.2016.44.2.06

Tiwari, R. K. H., Chandra, K. K., and Dubey, S. 2018. Techniques for Breaking Seed Dormancy
and Its Efficacy on Seed Germination of Six Important Medicinal Plant Species. IJAEB
11(2): 293-301. DOI: 10.30954/0974-1712.04.2018.10

Widajati, E. 2013. Metode Pengujian Benih: Dasar llmu dan Teknologi Benih. IPB Press, Bogor.

Yuan, X., and Wen, B. 2018. Seed Germination Response to High Temperature and Water Stress
in Three Invasive Asteraceae Weeds from Xishuangbanna, SW China. Plos One 13
(1):e0191710. DOI:10.1371/journal.pone.0191710

Yuniarti, N., Bramasto, Y., Jam'an, D. F., and Sudrajad, D. J. 2016. Teknologi Perbenihan 10 Jenis
Tanaman Hutan Andalan. IPB Press, Bogor, Indonesia.

253



