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Indonesia’s more than 120 million ha of forest are considered a global biodiversity
hotspot. Over-exploitation, land conversion, fires, and natural disasters have degraded
almost 13 million ha. In response, the government has launched various restoration
programs, aiming to reduce greenhouse gas emissions and decrease vulnerability to
disasters like floods, landslides, and droughts. Indonesia aims to restore 12 million ha
of forests and 2 million ha of peatlands by 2030. Seeding is a cost-effective alternative
to planting seedlings, suitable for large-scale restoration, especially in remote or labor-
limited areas. Success depends on species selection, seed quality, land preparation,
timing, and maintenance. Seed encapsulation in briquettes or balls can be adapted for
aerial seeding using drones or helicopters. Biofertilizers and hydrogels can improve
germination and survival. Medium- to large-seeded species generally perform better in
seeding applications. Land preparation (clearing and soil loosening at the sowing point
or plot) and optimal sowing time (early-mid rainy season) are critical for success. Weeds
are controlled around seedlings typically for up to three years until plants are
established. Seeding costs about half as much as planting polybag seedlings for the
same number of surviving plants. Further research is needed to optimize seeding
practices for various species and site conditions.
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1 The Indonesian forest

Indonesia is a tropical country with a large forest area of about 120.47 million
ha (MoEF 2022), or around 64% of the total land base of the country. Most forests in
Indonesia are categorized as evergreen tropical rainforests that grow wherever rainfall
exceeds evapotranspiration (annual rainfall is more than 2,000 mm). The dry season is
no longer than 2 months (Elliott et al. 2013). These forest areas are managed based on
their function, i.e., production forests (68.8 million ha), protection forests (29.6 million
ha), conservation forests (22.1 million ha), and additionally forests associated with
marine conservation areas (5.3 million ha) (MoEF 2020). Indonesian forests are one of
the significant forest areas recognized for maintaining global climate balance, including
the Amazon forests in South America and tropical forests of the Congo Basin in Africa,
and are popularly known as the lungs of the world. Indonesia has more than 17,000
islands, which makes Indonesian forests one of the greatest reservoirs of biodiversity
after Brazil and Colombia and is included as a "Global Biodiversity Hotspot" (Butler
2016). A total of 1605 bird species, 720 mammal species, 723 reptile species, 5137
arthropod (spider) species, 248 freshwater fish species, 15,1847 insect species, and
197,964 invertebrate species have been documented as living in Indonesian forests.
Indonesian forests also grow 120 species of gymnosperms and an estimated 30,000 to
40,000 species of angiosperms, and to date, only 19,112 plants species have been
identified (MoEF 2020a).

Over-exploitation, forest encroachment, land conversion, forest fires, and the
impact of natural disasters have increased forest and land degradation (MoEF 2024).
The existence of degraded forests and lands often trigger forest fires, the release of
large amounts of greenhouse gases, changes in microclimate and weather patterns
(Ayres and Lombardero 2000, CIFOR 2013), and increased vulnerability to disasters,
especially hydrometeorological disasters (BNPB 2016). To overcome forest destruction,
the Indonesian government has attempted to reduce the area of degraded forests and
landscapes through various restoration programs such as Social Forestry (2002), the
National Movement for Forest and Land Rehabilitation (2003), the construction of 57
permanent nurseries (2011), the KPH (Forest Management Unit ) nursery (2015),
community nurseries (2016), village nurseries (2020), and the construction of six
nursery centers (2021) to provide seedlings on a large scale. However, according to data
from the Ministry of Environment and Forestry (MoEF 2022), the area of degraded
forest and land in Indonesia is still large, i.e., 12.74 million ha, consisting of 8.70 million
ha categorized as critical and 4.04 million ha designated as very critical. The parameters
determining critical and very critical land are based on Forestry Ministerial Regulation
Number P.32/Menhut-11/2009, including land cover, slope gradient, erosion hazard
level, and management. Each parameter determining critical land is given a specific
score (land cover, slope gradient, and management ranges from 1 to 5; erosion ranges
from 2 to 5) and weighting (land cover = 50%, slope gradient = 20%, erosion = 20%, and
management = 10%). The sum of each score is then classified to determine the level of
critical land. Based on these calculations, the level of land criticality is classified into 5
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classes, i.e., very critical (score 120-180), critical (score 181-270), somewhat critical
(score 271-360), potentially critical (score 361-450), and not critical (score 450-500).

Forest degradation and deforestation are major factors affecting biodiversity
decline and climate change (MoEF 2024). Forests and lands that have been degraded
and identified as critical are generally overgrown with brush, reeds, and grasses (Order
Poales), have low fertility, and are prone to erosion. Meanwhile, severely degraded land
(very critical land) is often grassland or barren land that is severely eroded (gully
erosion) with loss of soil, including the entire A horizon and part of the B horizon
(Wahyunto and Dariah 2014). Increasing temperatures and shifting rainfall patterns are
increasing the area of land noted as critically degraded because of their impacts on
ecological, hydrological, and production functions (MoEF 2024). This crisis has
encouraged the Indonesian government to prioritize land and forest restoration
activities.

Through the Nationally Determined Contribution (NDC) program as a
commitment to the United Nations Framework Convention on Climate Change
(UNFCCC), the Government of Indonesia (Gol) plans to restore 12 million ha of forests
and 2 million ha of peatlands by 2030 (MoEF 2021). The Gol has also set a target for
restoring 600,000 ha of degraded mangrove (Avicennia spp. L.) forests (Murdiyarso and
Ambo-Rappe 2022). As part of the implementation of the NDC, the Gol through the
National Program "Indonesia's FOLU Net Sink 2030" as stipulated in Presidential
Regulation Number 98 of 2021, targets to achieve net zero emissions in the forestry and
land sector by 2030. The success of this forest and landscape restoration (FLR) program
will determine whether these targets are achieved. Apart from that, FLR will also
contribute to meeting other governmental commitments to sustainable development
goals (SDGs), the Paris Agreement on Climate Change, Aichi Biodiversity Targets, Control
of Land Degradation (UNCCD), and various other international conventions.

2 Impacts of deforestation and forest degradation

Massive exploitation of the natural forest in Indonesia began in 1975 with the
issuance of Forest Tenure Rights (HPH) permits that aimed to increase state income and
human welfare (Nawir et al. 2017). Apart from that, forest areas have also experienced
pressure due to widespread land conversion to crop estates, settlements, and other
non-forestry interests (Frastien 2017; Juniyanti et al. 2021). These licensing policies are
often not balanced with an optimal monitoring and control system, increasing the area
of degraded forests and lands. In 2000, the area of degraded forests and lands in
Indonesia was estimated at around 23.2 million ha, and this continued to increase until
2007 to 77.8 million ha. With intensive forest landscape restoration (FLR) efforts, the
area of forest and degraded land had declined to about 14 million ha in 2020 (MoEF
2020b). In 2022, the area of degraded forests and land remained around 12.77 million
ha (MoEF 2022).

Deforestation and degradation release large amounts of greenhouse gases
(GHG) that contribute to climate change (Hansen et al. 2001). In turn, global climate
change influences regional and local climate conditions that impact weather patterns
(Ayres and Lombardero 2000; CIFOR 2013). Tropical forests such as those in Indonesia
are carbon sinks that help to mitigate climate change. However, forest destruction,
conversion to other land uses, and escaped agricultural fires once caused Indonesia to
be the third-largest emitting country in the world. Of the GHG emissions produced by
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Indonesia, 85% comes from deforestation and peatland conversion (Wijaya et al. 2017).
In 2015 and 2016, fires in the forestry and peat sectors contributed 66% and 43% of
emissions (BPS 2019).

The existence of degraded forests and land has also increased the vulnerability
of several regions in Indonesia to various natural disasters, such as floods, landslides,
and droughts, which cause loss of life and extremely high property losses. According to
the Indonesian Disaster Information Data (DIBI)-BNPB, of the more than 1,800 disaster
events in the period 2005 to 2015, more than 78% (11,648) were hydrometeorological
disasters, and only around 22% (3,810) were geological disasters. Hydrometeorological
disasters include extreme weather (cyclones and tropical storms), extreme ocean
waves, floods, drought, and land and forest wildfires. The incidence of these disasters
is tending to increase (BNPB 2016). Geological hazards include tsunamis, landslides, and
volcanic activities. The severity of most disasters, such as floods, landslides, droughts,
and tsunamis, are closely related to land cover conditions (FAO 2005; Maginnis and
Elliott 2005). For example, because forests can increase infiltration and reduce runoff,
they reduce the threat or severity of floods, droughts, and other hydrometeorological
disasters (FAO 2005; Bonell and Bruijnzeel 2005). Forested areas tend to be more
resistant to landslides (Schmaltz et al. 2017), and mangrove forests provide physical
protection during extreme wave and tsunami events (Maginnis and Elliot 2005).

Deforestation and forest degradation have also threatened the biodiversity of
flora and faunain Indonesia (Budiharta et al. 2011). IUCN Red List data (2021) show that
1 Indonesian tree species is Extinct, 3 species are Extinct in the Wild, and 856 species
are threatened with extinction (170 Critically Endangered, 279 Endangered, and 407
Vulnerable tree species). Threats to several species of flora and fauna are caused by
over-exploitation and habitat loss. Many of these threatened species could be
sustainably used by humans if effective and comprehensive conservation efforts were
established to ensure species viability.

3 Initiating seeding in Indonesia

FLR is one means of mitigating climate change and reducing the area of
deforested and degraded forests. Conventional seedling planting programs have been
used to reduce the area of deforested and degraded land. In 2020, the area that could
be planted through the FLR program of the Ministry of Environment and Forestry was
estimated at 207,650 ha (MoEF 2020b), so if all currently planned efforts are carried
out, it will require many years to restore this area of degraded forest. For this reason,
alternative methods capable of quickly afforesting/reforesting land on a large scale are
needed; seeding is one such alternative (Sudrajat et al. 2023).

Seeding is a long-standing forestation practice being considered for FLR because
of its relatively lower cost and labor requirements compared to conventional seedling
planting (Sudrajat et al. 2018; Louhaichi et al. 2021; Downer et al. 2024; Sudrajat et al.
2024). Though potentially useful, this technique is often less dependable than planting
seedlings (Brown and Lugo 1990). Several obstacles to its application include
competition from surrounding plants (weeds) (Holl 1998; Nurhasybi and Sudrajat 2009),
lack of precise microsite conditions for germination (Doust et al. 2006), and occurrence
of seed predators and seedling herbivores (Holl et al. 2000; Nurhasybi and Sudrajat
2013). Weather conditions also play a significant role in determining the success of
seeding (Sudrajat et al. 2023). Apart from these general obstacles, selecting species
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suitable for seeding on particular sites has not yet been widely determined (Figueiredo
et al. 2021; Naruangsri et al. 2024). Further study is necessary to identify the
characteristics of tropical forest tree species that are suitable for seeding (Doust et al.
2008; Naruangsri et al. 2024).

4 Seed procurement and preparation

4.1 Species selection
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Species vary in suitability for seeding applications; generally, species with
medium- to large-sized seeds show better seedling establishment. They have large
nutrient reserves, resulting in better germination and more vigorous seedlings (Hossain
et al. 2014; Ceccon et al. 2016; De Sousa and Engel 2018). In addition, suitable species
must produce seedlings that grow quickly, fast enough to compete with weeds early in
their development. In general, pioneer species have faster initial growth, but species
with very small seed (e.g., Neolamarckia spp. Bosser and Eucalyptus spp. L'Hér.), that
require a more open site to germinate, have early seedling growth that is very
susceptible to biotic and abiotic stress (Camargo et al. 2002). Several tropical trees have
the potential to be used in seeding, such as Anacardium occidentale L., Calophyllum
inophyllum L., Gmelina arborea Roxb., Acacia spp. Mill., Enterolobium cyclocarpum
(Jacq.) Griseb., and Intsia bijuga (Colebr.) Kuntze among other species (Engel and
Parrotta 2001; Hobert et al. 2020).

Apart from the need for species to be suited to seeding, the seeds used must
be of good quality. Results of trials on 24 tropical tree species show that large (heavy)
seeds tend to produce higher seedling survival. Likewise, seeds with high germination
capacity (laboratory test results) show a positive correlation with seedling survival in
the field (Figure 1).
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Figure 1. Correlation trends between seedling survival at 12 months and seed traits for some tropical trees: a) seed

weight, b) germination capacity.

4.2 Delivery systems

Different delivery systems have been developed to improve the success of
seeding. Encapsulating seeds in rooting media, often supplemented with nutrients,
protectants, and inoculants, singly or in combination, have been developed. The
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method was developed in Scandinavia in the 1930s (Heiberg 1934) using forest soil or
peat and paraffin. Fukuoka (1973) described the use of seed balls, which are a mixture
of seeds, soil, water, and clay. Seed balls contain a basic unit of media for plant growth
and can provide the ingredients plants need for unique site situations. Clay, which is a
mixing medium, also functions to reduce water loss by increasing water potential and
reducing seed predation. Seed pellets or briquettes can be placed on the soil surface or
planted in the soil (Sudrajat et al. 2018); seed balls have been adapted for delivery by
drone (Stanturf et al. 2024).

Using seed briquettes or seed pellets can increase seeding success by reducing
risks (Sudrajat et al. 2018; Nuhasybi and Sudrajat 2018; Sudrajat et al. 2023). Apart from
protecting seeds from seed predators, seed briquettes also function as a delivery system
for biological and chemical treatments to increase seed germination and seedling
growth (Taylor et al. 2004; Gevrek et al. 2012; Sudrajat et al. 2023). For example, seed
briquettes increased the germination of Lycopersicon esculentum Mill. seed, and the
effect was like a priming treatment (Govinden-Soulange and Levantard 2008). The use
of seed briquettes for seeding is also thought to improve biological control capacity
(Choong et al. 2006), increase germination capacity and speed (Podlaski and
Wyszkowska 2003; Tamilarasan et al. 2021), and increase resistance to drought stress
(Abusuwar and Eldin 2013; Sudrajat et al. 2023).

Seed briquettes can be used with orthodox and intermediate recalcitrant seeds.
For orthodox seed, a briquette can be made with 20% soil, 40% compost, 25% rice
(Oryza sativa L.) husk charcoal, 10% lime, 5% tapioca, and 2 g mycorrhiza inoculum. For
intermediate seed, a slightly different mixture is used: 10% soil, 40% compost, 30% rice
husk charcoal, 15% lime, 5% tapioca, and 2 g mycorrhiza (Sudrajat and Rustam 2020).
Briquette size must be adjusted to the size of the seed. Small seeds will have difficulty
germinating in a large briquette. For small seeds, such as Acacia spp. and Calliandra spp.
Benth., briquettes that are 2-3 cm in diameter are best, particularly round or flat
briquettes (Sudrajat et al. 2019). In contrast, for G. arborea, a round, flat briquette of 5
cm diameter and 3 cm thickness is quite effective in increasing germination and growth
of seedlings when sown directly in the field (Sudrajat and Rustam 2020).

4.3 Biofertilizer application

The addition of mycorrhizae to seed briquettes can improve seedling survival
through the first month of growth (Sudrajat and Rustam 2020). Mycorrhizae tend to
increase plant growth (Bayozen and Yildiz 2009), favorably change the biochemical
composition of cells (Jaiti et al. 2008; Neeraj and Singh 2011), and reduce incidence of
plant disease (Zachee et al. 2008; Neeraj et al. 2011). Mycorrhizae may also increase
plant resistance to drought stress (Manoharan et al. 2010). Dark septate endophytes
(DSE) are another biofertilizer that can improve seedling survival and growth (Widyani
et al. 2024). Inoculations of mycorrhizae and DSE can increase absorption of water and
nutrients, support disease prevention, and remove toxic metals from soil (Brady and
Weil 1999; Widyani et al. 2024).

Seeding trials using briquettes with the addition of arbuscular mycorrhizal fungi
(AMF) and DSE resulted in a better survival rate of Ceiba pentandra (L.) Gaertn. and
Leucaena leucocephala (Lam.) de Wit 12 months after sowing. In C. pentandra, AMF and
DSE inoculations had a significant effect on the percentage of colonization, while in L.
leucocephala, inoculation had no significant effect on the percentage of AMF and DSE
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colonization. Most seeds and seed briquettes infected with AMF and DSE had higher
seedling survival than the control (Widyani et al. 2024).

5 Land preparation

Land preparation that provides an optimal germination environment for
seeding typically improves success. Land preparation involves creating a strip cleared of
undergrowth and bushes 80-100 cm wide to facilitate sowing. On this strip, plots are
made for sowing seeds or seed briquettes cleared of grass and other vegetation with a
40-50 cm radius to provide optimal germination conditions. Site (plot) clearing with
burial of large seed briquettes (diameter 5 cm) in soil gave better seedling survival for
G. arborea (57%) than for medium-sized seed briquettes with a diameter 3 cm (38%) or
small seed briquettes with a diameter 2 cm (29%) briquettes; burial, however, did not
improve germination and seedling survival for seed sown in medium or small briquettes.
Similarly, for E. cyclocarpum, seed briquettes buried on cleared land gave the best
germination and survival (52.5%), while those sown on unprepared sites showed
germination and survival of only 3.7%. Additionally, land prepared with clearing and soil
loosening provided the best height growth (Sudrajat et al. 2019).

6 Plant establishment

6.1 Sowing season

The success of plant establishment with seeding is largely determined by the
sowing time. Determining the right time to sow seed can affect the survival and growth
of seedlings such as Acacia pycnantha Benth., A. acinacea Lindl.,, and Eucalyptus
microcarpa (Maiden) Maiden (Carr at el. 2007). For example, seeding briquettes of
several tropical tree species that were sown on four dates in the Parung Panjang Forest
Area in Bogor showed the best results for an early-mid rainy season sowing (mid-
December). At that time, the frequency of rain had stabilized, which is important
because sowing at the beginning or before the rainy season adds risk of drought if the
rain stops for 1 to 3 weeks. Likewise, sowing toward the end of the rainy season resulted
in high mortality due to the lack of daily rainfall (Sudrajat et al. 2023). The best
germination and seedling survival of C. pentandra, E. cyclocarpum, and C. inophyllum
were respectively, 23.9%, 55.0%, and 68.7% in December for seed encapsulated in
briquettes and treated with Aquasorb, compared to briquettes or Aquasorb alone
(Sudrajat et al. 2023). Aquasorb is a hydrogel or hydrophilic polymer that can absorb
and store water up to hundreds of times its weight when it rains and slowly release it
when the surrounding soil dries, thus improving germination and early growth of
seedlings by reducing effects of drought (Tongo et al. 2014).

6.2 Sowing techniques

Sowing seed or seed briquettes on the surface of the soil is quite efficient and
saves labor, but there is a risk that the seed will be washed away by rainwater or
predated by animals. According to Johnson (1980), seeding depth will affect
germination capacity. Seeding depth must be adjusted to the size of the seed. For
example, the best germination of /. bijuga, which has a seed length and width of around
2-3 cm, was observed for seeds buried 3 cm deep (Nurhasybi and Sudrajat 2009);
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7 Post-sowing p

likewise, seed briquettes (with a thickness of 3 cm) supported best germination when
buried 3 cm deep (Sudrajat et al. 2018). Seed sowing is generally done manually using a
hoe to make placing the seeds or seed briquettes easier. The number of seeds sown per
ha is adjusted to the quality of the seeds (results of laboratory germination tests) and
the adaptation of the species. For Swietenia macrophylla King, with a germination test
result of 80%, the target of 1000 plants per ha in the first year is achieved by sowing
1,838 seed briquettes, or 3,906 seed without briquettes (Sudrajat et al. 2024). For C.
inophyllum with a germination rate of 80%, the target of 1000 plants in the first year is
achieved by sowing 1,613 seed briquettes or 5,000 seeds (Sudrajat et al. 2018). Using
mixed species can reduce the risk of failure due to attacks by seed and seedling
predators and increase biodiversity.

Aerial seeding using helicopters or drones has been conducted at large and
remote areas in Indonesia (Andrio 2018). Helicopters were used in several remote areas
of Indonesia, such as South Kalimantan, South Sulawesi, and West Java. Drones are
being tested for aerial seeding applications to restore degraded mangrove forests—3
cm diameter seed balls of Avicennia spp. coated with a biofertilizer are being used in
these tests. The drone can sow 600 seeds in 20 minutes from an altitude of 5 m. Given
a1 m x 2 m sowing spacing, one drone can sow 3 ha day®. As a complement to
conventional community-based mangrove planting, this drone technology is suitable for
establishing mangroves in areas that are difficult to access, sparsely populated, and
remote (Syukra 2021).

ractices and maintenance

Maintenance of seeded stands is conducted in a minimalist manner, i.e.,
controlling weeds around seedlings to provide space for growth and free the plants from
vining weeds. Weed control is done manually with a machete or other tools by freeing
plants from weeds in a radius of 0.5 m around the plant. Weeding is done twice yearly,
at the beginning of seedling growth, until the plant is vigorous enough to compete with
weeds. Weed control continues for fast-growing trees, typically for three years.

8 Successful seeding

8.1 Seedling survival and growth
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Figure 2. Seeding trial location in Parung Panjang Forest Area (KHDTK Parung Panjang) in Bogor, Indonesia.
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Seedling survival (%)

Seeding of 24 tropical tree species using seed briquettes in the Parung Panjang
Forest Area, Bogor, West Java (Figure 2) showed five species with high germination and
first-year seedling survival (>50%) (Figure 3). The species with high survival were S.
macrophylla, C. inophyllum, E. cyclocarpum, Pongamia pinnata (L.) Pierre, and
Hymenaea verrucosa Gaertn. (Figure 3). Seedling survival was correlated with seed
weight, length, width, and initial germination capacity (r* = 0.686, 0.729, 0.762, and
0.670, respectively). Sowing seeds encapsulated in briquettes increased seedling stem
diameter compared to sowing unencapsulated seeds.

—@— Calophyllum inophyllum

—@— Enterolobium cyclocarpum

—O— Hymenaea verrucosa
®— Hymenaea courbaril
—@— Albizia saponaria
—a&— Ceiba pentandra
—B— Leucaena leucocephala
O— Parkia timoriana
Adenanthera pavonina
—@— Hibiscus macrophylla
—— Lagerstroemia speciosa
—A— Maesopsis emenii

Seedling age (months)

—@— Swietenia macrophylla
—X— Pongamia pinnata
—@— Gmelina arborea
—&8— Sindora velutina
—&A— Calliandra calothyrsus
—@— Sandoricum koetjape
©— Samanea saman
O Acacia mangium
Ochroma pyramidale
—@— Falcataria moluccana
Sesbania grandifolia
—&— Nauclea orientalis

Figure 3. Percentage of normal seedlings based on the germination test (0 month) and seedling survival of seeded trees in
the Parung Panjang Forest Area, Bogor, West Java (3, 6, and 12 months) (Sudrajat et al. 2021). Seed were treated prior to
the germination test and prior to seeding as follows. 1) Seeds treated by soaking in hot water (80 °C) and letting them
cool for 24 hours (Acacia mangium Willd., Adenanthera pavonine L., Albizia saponaria (Lour.) Blume ex Migq., Calliandra
calothyrsus Meisn., Enterolobium cyclocarpum (Jacq.) Griseb., Falcataria moluccana (Mic.) Barneby & J.W. Grimes,
Leucaena leucocephala (Lam.) de Wit, Parkia timoriana (DC.) Merr., Samanea saman (Jacq.) Merr., and Sesbania
grandifolia (L.) Poir.). 2) Seeds treated by stripping the exodermis (Calophyllum inophyllum L.). 3) Seeds treated by
soaking in water for 24 hours (Ceiba pentandra (L.) Gaertn., Gmelina arborea Roxb., Lagerstroemia speciosa (L.) Pers., and
Ochroma pyramidale (Cav. ex Lam.) Urb.). 4) Seed treated by soaking in H2SO4 for 20 minutes (Hibiscus macrophyllus
Roxb. ex Hornem., Hymenaea courbaril L., Hymenaea verrucosa Gaertn., Maesopsis emenii Engl., and Sindara velutina
Baker). 5) Seed treated by hydrating in wet straw paper for 24 hours (Pongamia pinnata (L.) Pierre, Sandoricum koetjape
(Burm.f.) Merr., and Swietenia macrophylla King). 6) Seed that was not treated (Nauclea orientalis (L.) L.) (Sudrajat et al.

2017).
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Figure 4. Seeding of Gmelina arborea Roxb. encapsulated in seed briquettes: a) seed briquettes, b, c) germinated G.
arborea in seed briquettes, d) 1-year-old seedlings, e) 2.5-year-old trees (Photo credits: Dede Sudrajat).

Figure 5. Seeding of Calophyllum inophyllum L. using seed briquettes: a) 2-month-old seedlings, b) 6-month-old seedlings,
c) 2-year-old saplings. (Photo credits: Dede Sudrajat).

A comparative growth study of plant establishment methods with C. inophyllum
examined seeding, seeding using seed briquettes, bareroot seedlings, polybag
seedlings, and bio-pot seedlings. Bio-pots molded from an organic medium (a mixture
of compost (40%), soil (20%), rice husk charcoal (20%), lime (10%), and tapioca (10%) as
an adhesive) are used to grow seedlings in a nursery (Sudrajat et al. 2018). Polybag and
bio-pot seedlings had the best survival and growth in height and diameter, while
seeding without briquettes showed the lowest germination, survival, and growth (Table
1). Sowing seed in briquettes resulted in plants with the longest tap root, tap roots of
greatest mass, and the highest overall root dry weight (Figure 6) (Sudrajat et al. 2018).

On the one hand, trees established through conventional seedling planting are
more uniform, able to tolerate or avoid environmental or biological stress, and can
reach maturity quicker than those established through seeding (Liptay et al. 1982).
Sown seed is subject to poor germination and new germinants typically show slower,
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have more variable growth, and are more susceptible to extreme temperatures,
drought stress, heavy rains, or pests and diseases than are planted seedlings (Heydecker
and Coolbear 1977). On the other hand, sowing seed in briquettes tends to produce
plants with a more balanced root system, a longer tap root, and a greater total root dry
weight. The shoot-root ratio of seedlings originating from seeding is 3.8, which is more
balanced than the shoot-root ratio of polybag seedlings (4.5) (Sudrajat et al. 2018).
Seedlings produced from seeding develop a natural root system that is structured for
the prevailing site conditions. Seedlings grown in polybags, common in the tropics, often
are stunted or deformed (Tsakaldimi et al. 2009; Haase et al. 2021) and vulnerable to
drought (Canadell et al. 1996).

Table 1. Comparison of Calophyllum inophyllum L. seedling survival, height, and root collar diameter relative to
several plant establishment methods (Sudrajat et al. 2018).

. . . Root collar
Method (Srieeilr:nf;;;\ln(\:;; Height ((r:r:?n +5D) diameter (mean

- + SD) (mm)
Seeding 20+5d 25.86+£9.06 c 438+1.54c
Seeding with briquettes 61+5¢c 32.77+0.69b 6.14+2.10 bc
Bareroot seedling 84+4b 37.38+9.63b 6.34+1.43b
Polybag seedling 98+2a 46.15+5.40a 7.79+2.62ab
Blocked media seedling 98+t1la 48.12+7.85a 9.26+1.11a

1 Different letters in a column denote statistical difference (P < 0.05) between treatments.

Figure 6. Comparison of growth and root form of 5 plant establishment methods for Calophyllum inophyllum L., a)
seeding, b) seeding with briquettes, c) bare-root seedlings, d) polybag seedlings, and e) blocked media seedling. (Photo
credits: Dede Sudrajat 2018).

8.2 Seedling establishment cost comparison

The costs of producing and establishing trees vary greatly depending on many
factors including the materials used in production, size of the target plant,
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establishment method, survival in the field, and other factors such as transportation
and labor. A comparison of plant production costs based on 1000 target plants indicates
that seeding is generally the least expensive establishment alternative (Sudrajat et al.
2018; Sudrajat et al. 2024). Cole et al. (2011) reported a similar finding: planting
seedlings typically cost 2 to 4 times more than seeding depending on the level of
maintenance provided.

One of the biggest uncertainties in calculating the cost of seeding, however, is
the percentage germination and survival assumptions, because this depends on the
season of sowing, microclimate, seed viability, and other factors. Nevertheless, use of
seed encapsulated in briquettes was about half the cost of planting bio-pot or polybag
seedlings (based on the calculations in Table 2). Assuming 1000 surviving C. inophyllum
seedlings at 9 months, seeding with seed encapsulated in briquettes provided the
lowest cost (USD 199.80 = IDR 3,167,815), followed by seeding without briquettes, then
planting bareroot seedlings (Sudrajat et al. 2018). Establishing seedlings raised in bio-
pots had the highest cost, slightly more than seedlings raised in polybags (Table 2).

Table 2. Comparison of establishment costs for Calophyllum inophyllum L. plants using seeding, seeding with briquettes,
bareroot seedlings, polybag seedlings, or bio-pot seedlings weighted for 1000 surviving seedlings at the Parung Panjang

Forest Area, Bogor (Sudrajat et al. 2018).

i ith Block i
Seeding Seec.img wit Bareroot seedling  Polybag seedling ocked medla
Item briquette seedling
Unit Cost(IDR)  Unit Cost(IDR) Unit Cost(IDR) Unit Cost(IDR)  Unit Cost (IDR)
Seed cost ! >00 50000 161 16130 142 14290 122 12240 122 12240
0 3 9 4 4
Seed pellet 161
production 2 3 233885
Seedling 19 seeaso 192 gaaa0 192 770100
production 3 0 0 0
Transportation 4 520 50000 121 50000 1(1)9 100000 182 400000 182 400000
Land preparation® 1ha 2706500 lha 2706500 lha 2706500 lha 3721400 1 ha 3721400
Sowing cost & 580 500000 121 161300
Planting 100 500000 1% sp0000 1% 500000
preparation 7 0 0 0
Digging planting 100 300000 100 500000 100 500000
holes cost & 0 0 0
Planting cost ® 180 100000 180 200000 180 200000
Total (IRD) 3,306,500 3,167,815 4,172,980 5,946,864 6,091,500
Total (USD) 209 200 263 375 384

Notes: 1 C. inophyllum seed price IDR 3,000 kg, germination capacity 80%, seedling survival for each method based on Table 1; 2
Production cost per pellet; 3 Production cost bareroot, polybag, and blocked media seedlings; # Pickup charge for blocked media and
polybag seedlings and courier charge for seed/seed pellet; 5 Based on standard of Ministry of Forestry, Republic of Indonesia No.
P.64/Menhut-11/2009 (Standard biaya pembuatan hutan tanaman industri dan hutan tanaman rakyat), range of land preparation cost IDR
2,706,500-3,721,438; 6 Sowing cost IDR 100 per seed/seed pellet; 7 Planting preparation (making and setting up planting marker/stake in
the field) for 1000 seedlings and IDR 500 per stake, seedling stock was prepared for replanting; &° Planting hole digging and planting cost
based on experience of work performance per worker in Parung Panjang, Bogor, IDR 500 per a planting hole, IDR 200 per planting of a
seedling; currency in 2018: 1 USD = IDR 15,854
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9 Conclusion

Seeding is an alternative afforestation/reforestation method that holds
promise for cost effective forest restoration in Indonesia, particularly considering the
amount of land designated by the Indonesian government as critical or very critical for
FLR. Opportunities to employ seeding practices for forest restoration are most obvious
in remote areas, areas with limited access, and regions where funding or labor
availability are in short supply. However, there are drawbacks to seeding that can
compromise restoration success. Failures are often caused by poor planning and
inattentive implementation that does not fully consider the environmental conditions
of the restoration site or best technical procedures. Initial research in Indonesia
indicates that seeding success can be increased through attention to several factors—
these include selecting appropriate species (easily germinating, adapted to critical land,
and early competitiveness with weeds), land preparation (soil conditioning to support
germination and early seedling growth), use of quality seed (high viability),
encapsulating seed in briquettes or balls, application of biofertilizers and hydrogels
(mycorrhiza, DSE, aquasorb, and others), sowing at the appropriate time, and plantation
maintenance (weed control around established seedlings). Too, the efficiency of
seeding operations can be improved with aerial seeding technology (helicopters or
drones) in certain situations such as for mangrove forests. Advancing seeding as a
conventional forest restoration practice in Indonesia will require additional research
broadened to include many important plant species, various site conditions, seeding
technologies, and other key factors that impact success.
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