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TROPICAL RAINFOREST

• Tropical rain forest covered 6-10% of 
land terrestrial, 

• It support > 50% biodiversity in the 
world

 High biodiversity  (Sodhi et al., 2004): 
 Mamals = 328 species (endemics: 115  sp)
 Birds = 815 species (endemics: 139 sp )
 Reptiles = 431 species (endemics: 268 sp)
 Amphibians= 226 species (endemics: 179 

sp)
 Plans = 25,000 species (endemics: 15,000 

sp)
 Total aboveground carbon in the primary forest 

forest=128 ± 13.4 mg/ha (Saner et al., 2012)

INDONESIAN DEFORESTATION TRENDS 
FROM 1990 to 2021

Source: 
https://www.globalforestwatch.org/

The highest levels of 
deforestation rates 
were recorded in the 
period from 1996 to 
2000, at 3.51 million 
hectares per year. 

In this period, major 
forest fires happened. 
In the subsequent 
period, from 2002 to 
2014, the rate of 
deforestation declined, 
along with the decline 
in incidences of forest 
and land fires.

From 2014 to 2015, 
annual deforestation 
within the Forest Area 
rose to 0.82 million 
hectares. Amongst the 
major drivers of 
deforestation were the 
forest fires of 2015.

• The latest nationally determined contributions (NDCs)
documents, Indonesia should reduce emissions by 31.89% (with
self-effort) by 2030 and 43.20% (with international support).

• Of these sectors’ total emission reduction targets, almost 60
percent of the reducing emission targets will rely on the forestry
sector.

• The government of Indonesia has an array of climate actions to
reach Forest and Other Land uses Net Sink (FOLU Net Sink)
2030.

Indonesia’s FOLU Net 
Sink 2030

Ministry Environment and Forestry Degree 
No.168/MENLHK/PKTL/ PLA.1/2/2022

FOLU Net Sink  2030 to Mitigation Climate Change

Some activities to achieve the
FOLU Net Sink 2030 are

• establishing plantation forests,
• sustainably managed natural

forests, and
• rehabilitating forests on degraded

lands.

 Tree improvement is the application of principles of forest 
genetics and other disciplines, such as tree biology, 
silviculture and economics, to the development of 
genetically improved varieties of forest trees (White et al, 
2007)

 Tree improvement aims to develop varieties that increase 
the quantity and quality of harvested products

 Tree improvement programs that produce genetically 
improvedvarieties have become part of the operational 
silviculture in most large plantation programs.

Tree improvement For Forest Productivity and Carbon 
Capture 

Source:  White et al, 2007

Source:  White et al, 2007

The forest area of Indonesia is the second-largest tropical forest in the world, with a total forest 
area of more than 120 million ha. Indonesia's tropical forest is one of the most biodiverse terrestrial 
ecosystems in terms of species richness and endemism, supporting 18.7% of the world's plant 
biodiversity. Thus, the existence of tropical forests is vital to reducing emissions and maintaining 
climate and resources. They provide timber, food materials, medicinal plants, and natural fibers, as 
well as recreation, aesthetic value, ecological benefits and more. However, Indonesia's tropical forests 
have been declining due to, among other things, forest fires, illegal logging, over-exploitation, and 
conversion of forests to other land uses. The highest rate of forest loss in Indonesia was in the period 
1996-2000 (3.51 million ha), while the deforestation rate in the period 2019-2020 decreased by 75 
percent to 115 thousand ha, the lowest rate since 1990. Preventing forest degradation could reduce 
around 15% of total greenhouse gas emissions, which would help combat climate change. Thus, 
Indonesia joined in signing the Paris Agreement for a better life and environment in the future.

Based on the latest Nationally Determined Contribution (NDC) documents, Indonesia should reduce 
emissions by 31.89% (with self-effort) and up to 43.20% (with international support) by 2030. Of the 
total emission reduction targets from different sectors, almost 60 percent of the emission reduction 
targets will rely on the forestry sector. Thus, the government of Indonesia has an array of climate 
actions to achieve its Forest and Other Land Use Net Sink (FOLU Net Sink) 2030 targets. Some 
activities to achieve the FOLU Net Sink 2030 goals are the establishment of plantation forests, the 
sustainable management of natural forests, and the rehabilitation of forests on degraded lands.

Forest rehabilitation uses improved seeds to increase forest productivity through intensive 
silviculture (SILIN), which consists of tree improvement, environment manipulation, and pest 
and disease management programs. For example, implementing tree improvement in clonal teak 
plantations could increase forest productivity by >300% compared to using unimproved teak seed. 
In 20 years after planting, the trunk diameter, timber volume, and carbon sequestration in the clonal 
teak plantation were 42 cm, 300 m3/ha, and 200 tons C/ha, respectively. Meanwhile, the rehabilitation 
of natural forests dominated by dipterocarp species could be established by enrichment planting with 
native species such as Shorea leprosula , S. parvifolia , S. johorensis , S. macrophylla , and S. platyclados . 
Enrichment planting with native species could increase  forest productivity from 25-30 m3/ha to 200-
300 m3/ha in 25 years after planting. Furthermore, enrichment planting with native species increased 
carbon storage in the secondary natural forest, reaching 139.52 tons C/ha. This study suggested 
that tree improvement programs using the SILIN technique should be implemented to improve land 
forest cover and forest productivity and achieve Indonesia's NDCs.
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Land preparation for planting 1 year old after planting

10 years old after planting

Use of native species for enrichment planting  in 
the secondary tropical rain forest 

LARGE SCALE LINE PLANTING 
PLANTATION OF DIPTEROCARP IN THE 
SECONDARY TROPICAL RAINFOREST

15 years old after planting

Enrichment planting is artificial regeneration by adding species in the 
logged forest to increase the density commercial tree and to timber 
stock for next cutting cycle (Kettle 2010; Lamb 2014). 

1997

Collecting 600 plus trees 
of teak (Pulau Madura, P. 
Kangean, P. Sepinggan, P. 
Paliat, P. Bawean, P. 
Sumbawa, P. Timor 
(Atambua dan Niki-Niki), 
Sul.  Tenggara (Konawe
Selatan), P. Muna, P. 
Buton, P. Saparua dan P. 
Buru)

Establishment 
research 
plantation

1997 - 2003 2004 - 2016

Selecting superior 
teak based on growth 
and rooting ability

2017 - 2019

Pilot project for 
clonal teak 
plantation

Pilot project of 
Integrated forest and 
Farming system /IFFS)

2021 - 2025

• GWAS Study of teak
• Selecting clone of teak 

adapt with climate 
change

• Establishment of clonal 
test of teak in 4 location 

Selected variety of 
paddy adapted on 
the teak plantation

Selected 2 clones 
of teak for 
planting

Selected 150 clones 
teak based on growth 
and rooting ability

 Progeny test of 
teak
 Silviculture trial 

of teak

• Increasing carbon 
absorption, forest 
productivity, ecosystem 
services and income of 
farmer

• Selected clone of teak 
adapt with climate change

Activity

Output

RROOAADDMMAAPP  OOFF  TTEEAAKK’’ss  TTRREEEE  IIMMPPRROOVVEEMMEENNTT  PPRROOGGRRAAMM  FFOORR  
RREEFFOORREESSTTAATTIIOONN  MMOONNSSOOOONN  FFOORREESSTT  IINN  JJAAVVAA

GAP PLANTING IN IN THE 
SECONDARY TROPICAL 
RAINFOREST 
• The mean annual diameter increment  

of Shorea macrophylla = > 2 cm/year
• The mean annual diameter increment  

of Shorea leprosula = > 1,7 cm/year

2 Ha

12 years after planting in  PT Sarpatim5 years after planting in PT SBK
13 years after planting ib PT SBK 
(S.macrophylla)

15 years after planting ib
PT SBK (S. leprosula)

Progeny test                   Clonal test

ESTABLISHMENT of CLONAL TEAK PLANTATION 

 Selected Mother Trees of Teak
 Establishment of Progeny Test and Clonal Test of Teak
 Selected the best clone of teak
 Improved teak diameter increment  = 3 – 5 cm. 
 Wood production  per ha/ in 20 years = 300 m³

MMAASSSS  VVEEGGEETTAATTIIVVEE  PPRROOPPAAGGAATTIIOONN  OOFF  TTEEAAKK  FFOORR  
FFOORREESSTT  RREEHHAABBIILLIITTAATTIIOONN
• Establishment of Hedge orchard
• Large scale seedling production by shoot cutting 

in the nursery
• Preparing and maintenance seedling for clonal 

teak plantation

Large scale clonal 
teak plantation

1 month after planting

ENRICHMENT PLANTING USING NATIVE SPECIES IN SECONDARY TROPICAL RAIN FOREST

1 year after planting

2 years after planting 3 years after planting

15 years after planting

Development Agriculture Plantation under Clonal Teak Plantation

Early stage of agroforestry system in the clonal 
teak plantation

Agroforestry under close canopy of clonal teak 
plantation

TOTAL CARBON SEQUESNTRATION IN SECONDARY TROPICAL RAIN 
FOREST WITH  ENRICHMENT PLANTING

Carbon sequestration in the secondary tropical rain forest = 81.59 ton C/ha

Carbon sequestration of enrichment planting in  secondary tropical forest = 139.52 ton C/ha

Total carbon in Secondary tropical forest after 20years after planting = 221.11 ton C/ha

Carbon Sequestration on Clonal Teak Plantation 

Clonal Teak Plantation Plantation
space ng 3 x3  m

20 years old of clonal teak plantation 
 DBH range  42-54 cm
 Standing stocK = 300 m3/ha

 Thinning at 12 year after planting 
high with thinning intensity (80%) = 
171 m3/ha

 Residual stand = 150-200  tress n/ha

 Increasing land productivity also has a 
positive impact on the increase in CO2 
uptake, which is 1.34 tons/ha when the 
plants are 1 year old

 The carbon stored  at 20 years after 
planting is predicted to be 205.04 Ton C/ha 
with                 un-thinning method

CONTRIBUTION ENRICHMENT PLANTING TO INCREASE CARBON 
SEQUESTRATION IN THE SECONDARY TROPICAL RAINFOREST

Enrichment planting using line planting technique could improve 
carbon sequestration in secondary tropical rain forest = 139.52 
ton C/ha

CLONAL PLANTATIONS PLAY A KEY ROLE 
TO INCREASE FOREST PRODUCTIVITY and 
CARBON SEQUESTRATION

2012 2014 2021

20 years after planting

14 years after planting

1 years after planting
15 years after planting

IMPLICATIONS FOR THE SUSTAINABLE MANAGEMENT OF 
TROPICAL RAINFORESTS

The enrichment planting on the logged forest using native species could:
 increase the standing stock of logged forest
 preserve the native species from extinction

Enrichment planting of dipterocarps could:  
 restore the genetic diversity of logged forests and
 maintain forest productivity for the future, making forestry more sustainable, with high 

ecosystem services

.
 The family of Dipterocarpaceae consists of 16 genera making up 

about 515 species
 Dipterocarps was dominated found in Borneo 269 species (58% 

endemik), Peninsula Malaysia (160 species) and   Sumatra (113 
species) (Aston 1982)

DIPPTEROCARPS FOREST
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The highest levels of 
deforestation rates 
were recorded in the 
period from 1996 to 
2000, at 3.51 million 
hectares per year. 

In this period, major 
forest fires happened. 
In the subsequent 
period, from 2002 to 
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• The latest nationally determined contributions (NDCs)
documents, Indonesia should reduce emissions by 31.89% (with
self-effort) by 2030 and 43.20% (with international support).

• Of these sectors’ total emission reduction targets, almost 60
percent of the reducing emission targets will rely on the forestry
sector.
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FOLU Net Sink  2030 to Mitigation Climate Change

Some activities to achieve the
FOLU Net Sink 2030 are

• establishing plantation forests,
• sustainably managed natural

forests, and
• rehabilitating forests on degraded

lands.

 Tree improvement is the application of principles of forest 
genetics and other disciplines, such as tree biology, 
silviculture and economics, to the development of 
genetically improved varieties of forest trees (White et al, 
2007)

 Tree improvement aims to develop varieties that increase 
the quantity and quality of harvested products

 Tree improvement programs that produce genetically 
improvedvarieties have become part of the operational 
silviculture in most large plantation programs.

Tree improvement For Forest Productivity and Carbon 
Capture 

Source:  White et al, 2007

Source:  White et al, 2007

The forest area of Indonesia is the second-largest tropical forest in the world, with a total forest 
area of more than 120 million ha. Indonesia's tropical forest is one of the most biodiverse terrestrial 
ecosystems in terms of species richness and endemism, supporting 18.7% of the world's plant 
biodiversity. Thus, the existence of tropical forests is vital to reducing emissions and maintaining 
climate and resources. They provide timber, food materials, medicinal plants, and natural fibers, as 
well as recreation, aesthetic value, ecological benefits and more. However, Indonesia's tropical forests 
have been declining due to, among other things, forest fires, illegal logging, over-exploitation, and 
conversion of forests to other land uses. The highest rate of forest loss in Indonesia was in the period 
1996-2000 (3.51 million ha), while the deforestation rate in the period 2019-2020 decreased by 75 
percent to 115 thousand ha, the lowest rate since 1990. Preventing forest degradation could reduce 
around 15% of total greenhouse gas emissions, which would help combat climate change. Thus, 
Indonesia joined in signing the Paris Agreement for a better life and environment in the future.

Based on the latest Nationally Determined Contribution (NDC) documents, Indonesia should reduce 
emissions by 31.89% (with self-effort) and up to 43.20% (with international support) by 2030. Of the 
total emission reduction targets from different sectors, almost 60 percent of the emission reduction 
targets will rely on the forestry sector. Thus, the government of Indonesia has an array of climate 
actions to achieve its Forest and Other Land Use Net Sink (FOLU Net Sink) 2030 targets. Some 
activities to achieve the FOLU Net Sink 2030 goals are the establishment of plantation forests, the 
sustainable management of natural forests, and the rehabilitation of forests on degraded lands.

Forest rehabilitation uses improved seeds to increase forest productivity through intensive 
silviculture (SILIN), which consists of tree improvement, environment manipulation, and pest 
and disease management programs. For example, implementing tree improvement in clonal teak 
plantations could increase forest productivity by >300% compared to using unimproved teak seed. 
In 20 years after planting, the trunk diameter, timber volume, and carbon sequestration in the clonal 
teak plantation were 42 cm, 300 m3/ha, and 200 tons C/ha, respectively. Meanwhile, the rehabilitation 
of natural forests dominated by dipterocarp species could be established by enrichment planting with 
native species such as Shorea leprosula , S. parvifolia , S. johorensis , S. macrophylla , and S. platyclados . 
Enrichment planting with native species could increase  forest productivity from 25-30 m3/ha to 200-
300 m3/ha in 25 years after planting. Furthermore, enrichment planting with native species increased 
carbon storage in the secondary natural forest, reaching 139.52 tons C/ha. This study suggested 
that tree improvement programs using the SILIN technique should be implemented to improve land 
forest cover and forest productivity and achieve Indonesia's NDCs.
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