


“Peatlogy” on Tropical Peatland 
– Paradox & Solution-

Mitsuru OSAKI, Ph, D
Professor Emeritus, Hokkaido University
The President of Japan Peatland Society (JPS), Japan
Mail Adders: mosaki@agr.hokudai.ac.jp

Research.com ranking in the field of Plant Science 
and Agronomy in 2023
#11 in Japan
#668 in the world

Lecture 
@ University of Palangka Raya 

February 2025

mailto:mosaki@agr.hokudai.ac.jp
http://research.com/


What is “Peatlogy”?

Research Outreach Article: https://researchoutreach.org/articles/peatlogy-tropical-peatland-new-transdisciplinary-
science/#:~:text=Peatlogy%20in%20tropical%20peatland%20offers,for%20eco%2Dmanagement%20and%20eco%2D

https://researchoutreach.org/articles/peatlogy-tropical-peatland-new-transdisciplinary-science/


Sphinx’s Riddle (Paradox) on 
the pristine Tropical Peatland 

[If no answer, one become a Sphinx’s Sacrifice]

1)¿¿High Productivity, but low
Oxygen and Nutrients??
2) ¿¿Lower GHGs (CO2, CH4, N2O)
Emission??



Sphinx’s Paradox 
(I) High Productivity, but low 

Oxygen and Nutrients



Tropical Peatland

Peatland
(deep peat)

Kerangas
(shallow peat)



Central Kalimantan Highway
@ Lahai, Central Kalimantan, Indonesia

Peat 
Forest

Kerangas
Forest

Paradox in Tropical Peatland 

PeatlandKerangas Mineral Soil



Oxygen

(Pure) 
Water

Nutrient

Bubbling Air 

Low O2
diffusion

even in Rice

The Common Concept
under high ground water level

-limiting O2 and Nutrients-



Soil Clays
Permanent charge

Soil Organic
Matter (SOM): 

pH-depend charge

Low Cation 
Adsorption Ability －
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Sphinx’s Paradox 
(II) Low GHGs Emission



High groundwater level

CH4
O2

Redox Potential: 
+600mV

Redox Potential:
0mV

Native Peatland

N2OCO2



Most Tropical 
Peatland Projects

fail to answer Sphinx’ 
Paradoxes 



Palangkaraya

Study Topics:
・Green House Gasses Flux (CO2, CH4, N2O)
・Fire Detection and Protection
・Water Table Monitoring and  Management
・Peatland Ecology
・Integrated Farming

Study Site from 1997

Ex Mega-Rice Project Area in
Central Kalimantan, Indonesia



Ex Mega-Rice Project Area Destroyed 

Lamunti in 1998

Haze



Chemical 
Fertilizer

High groundwater level

CO2O2

Redox 
Potential: 
+600mV
Redox 
Potential:
0mV

O2  CO2

Redox 
Potential: -
300mV

Redox 
Potential: 
+600mV

Low groundwater level

CH4 N2O

Peatland under 
Drainage & Chemical 
Fertilizer Application

Native Peatland

Leaching & Pollution

Fi
re

CO2

DeHydro CultureHydro Culture

The Worst Sphinx-sacrificed Management
- In the case of Oil Palm Cultivation-



Fall into Double 
Paradox- Crime
-sacrifice you-

low Productivity & high GHGs Emission!!



Sphinx’s Sacrificed Files

(1) Drained Water: CO2 emission and Fire
(2) Degraded Peatland: Worst Subsoil Appearance

(3) Disturbed Land Surface: Microbe Inactivity
(4) Applied Fertilizer: CH4 and N2O emission



Oil Palm grown at 50~70 cm water table
@PT Meskom Agro Sarimas, RIAU 

PROVINCE
30 August 2017

1) From 2002
2) Land area: Inti (HGU)  seluas 3.705 Ha + 

Plasma   seluas  3.889 Ha.
3) Productivity (FBB: frond base biomass): 17t 
/ha/year
4) Peat depth: deep 5~8 m
5) Water table: 50-70 cm
6) Tidal effect: small (6.5 km from sea)
7) Fertilizer: FBB ash (7 kg/year/stand) & 
compound fertilizer (N:P:K=7:6:36)(6 
kg/year/stand)
8) Weeds: high competition with weeds

Serious K+ deficiency even in low water
table (50-70 cm) and extremely K+ high
application, indicating that Water Table
is not key factor on oil palm production

Serious  K+ 

deficiency

Paradox Crime (1) (3) (4) 



C. rotundatus trees 
start to grow along 
with small dich

Acacia trees
planting (with chemical
fertilizer application after
1-2 m surface layer removal)

1985

1998

2002 July

Only ferns and 
grasses growing for a 
long term

Biodiversity 
increase all at once
surrounding C. 
rotundatus tree

2006

2002 November

2003

C. rotundatus trees 
grow
quickly, and plant 
succession takes off 
along with small 
dich

Paradox Crime (1)(3) 



Fired at only 2002 Fired at 1997 & 2002

Paradox Crime (1) (3)



Mineral Soil
(low pH)

MangroveMelaleuca cajuputi

Tropical Peatland Soil
（泥炭地⼟壌）

Sandy Podzolic Soil
(砂質ポトゾル⼟壌)

Acid Sulfate Soil
（酸性硫酸塩⼟壌）

Saline Soil
（塩類⼟壌）

Sea & Brackish 
Waters Area

Tumih
（Combretcarpu

s 
rotundatus）

The worst four soils in the world
Paradox Crime (2) 



Paradox Avoidance in Nature



Tumih
（Combretocarpus 

rotundatus）

Aerial Roots Mound Roots

Jelutong
(Dyera costulata)

Myristicia sp.

@High GWL
Paradox Avoidance 

(1)



Eugenia sp. 

Sago Palm

Paradox Avoidance (1)



Root in stem
Root in stem

Root connected 
with other stem

Aerial Root

Paradox Avoidance (1)



Soil NAir N2
Primary 

forest

Secondary forest

Yanbuaban, M., Nuyim, T., Matsubara, T., Watanabe, T. and Osaki, M.: Nutritional ecology of
plants grown in a tropical peat swamp. TROPICS, 16, 31-39 (2007)

Paradox Avoidance 
(2)
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Heavy damaged by fire

Mucigel

(Rhizosphere)

Aerial Root of
Combretocarpus rotundatus 
(Tumih or Perepat in local) 

Paradox Avoidance (2)



Competition with 
Tree (Aerial roots) and Grass

Paradox Avoidance (2)



Without fertilizer With fertilizer

  N-P-K fertilizer applicationNo fertilizer application

Paradox Avoidance (2)



No endophytic
nitrogen-fixing bacteria

Mucilage:
Rhizo- and free-living          

nitrogen-fixing bacteria

Paradox Avoidance (2)
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Paradox Avoidance (2)



Paradox Solution
-AeroHydro Culture @High GWL-



Natural Compost

33

Cover Crop



Oil Palm grown at high water 
table

@Mega Timur Village, Sungai 
Ambawang District, Kubu Raya 

Regency, Pontianak

1) 8 years palm for 14 ha by Mr. 
Suparjo (farmer)
2) High productivity: about 40 
ton/ha/year (very high 
productivity)
3) Sallow peat (1~2 m depth)
4) High water table (10~20 cm 
from surface)
5) Final stage of peat
6) Tidal effect
7) Soil surface management by 
organic matters

Case Study



Natural Decomposed 
Compost

Root matt

Root matt



Model on AeroHydro Culture

Compost
Mycorrhiza

Biochar
Zeolite

Chicken manure
PGP substances



a)

b) c)

High Ground Water Level (GWL)



Aerial  Roots
in Stem

Lateral Roots 
inside Bug

Fertilizer Bug

2019



Control Treatment
13-21 

new leaves
2-9 

new leaves

Shorea balangeran2019



Treatment Control

Sago palm (Metroxylon sagu Rottb.)2019



After 4 years



Treatment
36% 

higher
even after 

5 years

Control

23012025 @ Siak

application 
rate: : 6 kg/ 

plant



23012025 @ Siak

Treatment –L shape



23012025 @ Siak

Treatment –L shape



Transformed-Lateral 
Root

Main Root

[Mound Root] [Aerial Root] Peatland 
Surface
Ground Water 
Level (GWL)

litter

Nutrients 
Cycle

O2 & N2
Absorption

Water
Absorption

Nutrients 
Stock (Pool)

Nature based Culture



Thank you for your attention!
2016

•93,000 Accesses
•165 Citations 2021

•22,000 Accesses
•82 Citations

2024 •1,452 Accesses

Final Book (planning) 
- SE Asea, Amazon basin, Congo basin [Eco-system]
- AeroHydro culture [Eco-management]
- Tier 3 MRV [Eco-evaluation]

Peatlogy of Tropical 
Peatland

Osaki, Tsuji, et al

http://citations.springer.com/book?doi=10.1007/978-4-431-55681-7
http://citations.springer.com/book?doi=10.1007/978-981-33-4654-3




Refences

Available at home page of “Japan Peatland Society” 
(JPS) https://jps.sakura.ne.jp/jspsproc/jspsproc.html
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1995
1996
1997
1998
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2000
2001
2002
2003
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2005
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2008
2009
2010
2011
2012
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2017
2018

Research history on tropical peatlands in Indonesia by Hokkaido University

Joint project by
Univs. Nottingham, Leicester, 
Palangka Raya & Hokkaido   

JSPS Core University Program
Japan： Univs, Hokkaido,  

Kagoshima, Tottori, Kyoto,
Kanazawa, Tokyo Agr., etc.

Indonesia:   LIPI, Biology, 
Geo-technology,  Limnology,
Bogor Agr. Univ.,  
Bandung Inst. Tech., 
Univ. Palangka Raya

JICA-JST SATREPS 
Japan: Hokkaido Univ.
Indonesia: BSN, BPPT, 

LIPI, FORDA, UPR, LAPAN
IJ-REDD+ Project

Japan: JICA, Hokkaido Univ.
Indonesia: KLHK

BRG-JICA-JPS Project
Indonesia: BRG, Japan: JICA, Hokkaido & Kyoto Univs.: JPS

ODA-JICA Program
Japan: Midori Eng. Lab. 
Indonesia: BPPT



Guidebook for Estimating C Emission

How to estimate C emission 
from:
1) Peat decomposition, and
2) Peat burning

based on GWL estimate.
General descriptions applicable 
not only to Central 
Kalimantan, but also to
another tropical peatland.

Sec.	2.1	
Data	Collec.on	and	Processing	

Sub-sec.	2.1.1	
Remote	Sensing	Data	Set	

Sub-sec.	2.1.2	
Field	Measurements	

Sec.	2.3	
Carbon	Emission	Model	from	

Peat	Decomposi.on	

Annual	CO2	Emissions	from	Peat	
DecomposiAon	

RelaAonships	between	NEE	and	
the	lowest	monthly	average	

GWL	in	the	study	year	

Sub-sec.	2.2.4	
Burn	Scar	

Sub-sec.	2.2.2	
Groundwater	Level		

Annual	Carbon	Emissions	from	
Peat	Burning	

Sec.	2.4	
Carbon	Emission	Model	from	

Peat	Burning	

RelaAonships	between	carbon	
loss	from	peat	burning	and	the	
lowest	monthly	average	GWL	in	

the	study	year		

Sec.	2.2	
Data	Analysis	

Sub-sec.	2.2.1	
Peatland	Type		

Sub-sec.	2.2.3	
Net	Ecosystem	Exchange	

Flowchart of C emission estimation

Product of Hokkaido Univ. Task Force in IJ-REDD+ Project (2015-2016)

Guidebook in English & Bahasa
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”Research Outreach" and ”Research Features"
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