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With the aim of presenting practical ways to maintain the ‘Satoyama System’, a case study was
conducted in Sabah, Malaysia. Tudan village was selected as the case study site to show the traditional
agricultural practices and conduct soil surveys. A series of semi-structured interviews with local farmers
were conducted. As a result, it was found that swidden agriculture consisting of 12 stages has been
traditionally practiced for several generations, and such agriculture practice had no negative impact on
soil. Soil survey was also conducted to determine the soil types and their distribution for evaluating the
soil crop suitability. Results indicate that Tudan had limited land for suitable agriculture due to steep
slopes and shallow soils. Only about 27 percent of the total land was suitable for agricultural
development, according to the Land use Criteria of Saba State. Finally, this paper discussed the
Satoyama System which was a key concept for sustainable land management developed traditionally in
Japan based on human-nature coexistence. It was concluded that Tudan village could have the potential
to be a good model in terms of sustainable land management, and traditional agricultural practices at the
village level might provide some thought-provoking ideas to strengthen the Satoyama System and
expand it to other areas regionally and globally.
Keywords: Satoyama System, Asian Crescent, nature-human coexistence society, soil management, Tudan,
Sabah
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INTRODUCTION
‘Satoyama’ is another way of expressing ‘farm forest’ (Mori
2001), and ‘Satoyama’ represents a buffer area between
the ‘Sato’ and ‘Yama’ (Iinuma 2010). The ‘SATOYAMA’
used in the ‘SATOYAMA Initiative’ of the United Nations
Educational,
Scientific
and
Cultural
Organization
(UNESCO), however, stands for ‘Socio-ecological
production landscapes and seascapes (SEPLS)’. The
‘Satoyama’ discussed in this paper refers to the ‘Satoyama
System’, which expresses a stratification to use the
universally available low intensity solar energy effectively
based on the idea of a society with nature-human
coexistence (Osaki, 2014). A representative example of the
‘Satoyama System’ discussed in this paper exists in the
‘Asian Crescent’ proposed by Osaki
(Osaki, 2014),
comprising the stratification and complex three-dimensional
structure and including different levels of ‘Satoyama
System’ from limited regions to the whole of the
geographical area (the extremely wide area encompassing
the Himalaya-Plateau of Tibet, Borneo, the Japanese
archipelago).
The key element of the ‘Satoyama System’ in the ‘Asian
Crescent’ is the water-soil management system applying 1)
a sustainable organic and biochar farming system for soil
management, 2) water pool construction by water
conservation through maintaining forest function and water
re-use like paddy field, which enforce sustainable biological
production potential that has been established over a
uniquely long span of years. Therefore, the concept of the
Asian Crescent amplified the idea and culture of
communities with nature-human coexistence. The driving
force for this system is the universally available low
intensity solar energy, as is specifically featured in the
water circulation system and the increase of soil fertility.
The environmental, ecological and geographical features of
the Asian Crescent are strongly dependent on 1) abundant
water resources, 2) fertile soils, and 3) biodiversity; and
these features interact and reinforce each other with
positive feedback. A sustainable Satoyama System,
however, has remained unrealized (repeatedly suffered
failure) due to the rapid increase in the availability of fossil
th
fuels from the 19 century, and presently a deterioration of
the global ecology and environmental conditions have
become strikingly obvious in conjunction with the
failures
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and denial of opportunities for it to.
This paper presents practical ways to maintain the
‘Satoyama System’ through the case study from Sabah,
Malaysia which is a part of the Asian Crescent with a focus
on sustainable land management, and discusses future
perspectives.
MATERIALS AND METHODS
Study Site
Tudan village was selected as the case study site. Tudan
village (GPS 5°51'45" N, 116°19'53" E) is located on the
western slopes of the Crocker Range in the northern
section of the Crocker Range Park, and it is 27 km east of
Kota Kinabalu, the capital city of Sabah State (Figure.1). It
lies at an elevation of approximately 1,130m above sea
level and is surrounded by sloping land. Administratively,
Tudan village is located in the Tuaran District. Crocker
Range Park and its surrounding areas called Crocker
Range Biosphere Reserve (CRBR) was designated as a
Biosphere Reserve under the Man and Biosphere (MAB)
program in June 2014 by UNESCO (core zone: 144,492ha,
the buffer zone: 60,313 ha, the transition zone: 145,779ha),
and Tudan village is located in the buffer zone of the CRBR.
In light of the MAB concept, a buffer zone is a place where
people's livelihoods are enhanced and at the same time
environmental sustainability is ensured. In other words, the
buffer zone of the MAB is a place where human-nature
interactive relations exist. Under the UNESCO principle, the
MAB should conserve biodiversity and local culture through
appropriate
land
management
and
sustainable
development. In reality, sustainable land resource
management is needed at the village level to ensure that
the community can generate a sustainable income from the
agriculture activity. Swidden agriculture, traditional
agricultural practice has been put in place for generations at
Tudan. There is also the need to practice good soil
management to conserve soil fertility. As Tudan village is
located in the water catchment of the Tuaran district, it is
important to ensure that the impact of the agriculture activity
does not deteriorate the environment of the village. The
village’s recorded population is 315 persons (as of 2014)
with 42 households. The local community of Tudan village
is of Dusun ethnicity, and is made up of Roman Catholic
Christians with the exception of a single family. The
younger generation demonstrates sufficient fluency in
Bahasa Malaysia while many senior members of the
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Figure 1 Case Study Site

community are only fluent in the Dusun language. Study
area is 540 ha.
Data collection
Data on traditional agricultural practice, namely swidden
agriculture was collected through a series of
semi-structured interviews with local farmers to document
factors that influence site selection as well as farming
processes. At the same time, a questionnaire including
items such as terrain, land and soil type, land use history
and fallow was prepared to obtain baseline data.
Soil survey was conducted to determine the soil types
and their distribution, and to evaluate the soil-crop
suitability. The soil data collection in the field was
conducted based on a grid survey method. The north-south
direction of traverse lines were prepared and separated
200m apart. The soil observation was conducted by
augering at every 200m on each of the traverse lines. Soil
type of each observation point was determined by
examining the site landform, soil color, texture, drainage
and soil depth. The soil type of each auger point was then
transferred into the base map and the boundary of their
distribution was delineated. After determining the soil types

and their distribution, a representative site for each soil type
was selected for making a detailed soil description. A soil
pit of 125cm depth was dug and the physical characteristics
or morphologies (color, texture, structure, drainage,
consistency, stoniness, soil depth) of each soil horizon
were described in detailed and soil samples were taken for
laboratory analysis. The soils of the area were classified as
Soil Unit according to the FAO-UNESCO Legend (1988).
The local classification by the Department of Agriculture
Sabah (Acres et al., 1975) was used to differentiate the
soils at the Family level. Distribution of soil types and their
suitability was mapped at a scale of 1: 20,000. Crop
suitability on a piece of land is influenced by soil, climate
and topography. The soils were classified and grouped into
soil suitability classes and subclasses to determine the crop
suitability based on the principle that good soils are having
the least limitations for crop growth. Soils were assumed to
have the same crop suitability rating if they were found to
have the same soil suitability class and subclasses. The
environmental factors such as climate and topography were
used to evaluate the crop suitability based on the crop
requirement of the climate and the environmental hazards
and risks of developing the land on certain slope gradients
of the topography.
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RESULTS AND DISCUSSION
Traditional Swidden Agriculture

[Figure. 2] Cycle of traditional swidden agriculture

Swidden agriculture has been practiced traditionally at
Tudan. The term ‘swidden’ agriculture is synonymous with
other terms such as ‘slash-and-burn’ or ‘shifting’ agriculture.
It was found that Swidden agriculture at Tudan consisted of
12 stages, namely site selection, ground clearing, cutting
trees, chopping, drying, burning, sorting, planting,
intercropping plus weeding, monitoring, harvesting and
fallow.
This practice has been inherited from older
generations and handed down to the younger generation,
and has less impacts on soil degradation and environment
at Tudan. Furthermore, this traditional practice helps to
enhance the productivity of crops. For example, site
selection was done by taking fallow into consideration
(stage 1). If fallow period was short (2-3 years), local
farmers had problems with weeds and the competition
between weeds and paddy affected the growth of the paddy.
At stage 2 and 3, farmers firstly started cutting big trees,
which were then cut into small pieces as fire wood (stage 4).
After the field was completely dried up (stage 5), famers
started putting fire in the middle of the field with a 2 meters
buffer zone (stage 6). This was the way to help to protect
the nearby forest. Thus, swidden agriculture was not a
reprehensible conduct which caused forest fires. After
burning, farmer rearranged the debris of the trees in the
field to ensure that trees were completely burnt (stage 7).
This was also the stage where farmers made space for the
next stage (stage 8). During stage 8, farmers started
planting leafy vegetables and after this, paddy seeds were
put in the ground. At stage 9, farmers used a unique
method to control weeds. This method was called
manantab. In manantab, farmers used grasses that had
been cut, and put them on the ground to block direct
sunlight from killing weed seedlings. This was one of the
traditional practices in swidden agriculture at Tudan. After
the monitoring (stage 10) and the harvest (stage 11),
famers left the field to fallow it for 5-10 years to maintain soil
fertility. Traditionally, farmers at Tudan recognized this long
fallow period was needed to ensure soil fertility. During the
process of swidden agriculture, especially at stage 8
(planting), farmers relied on the color of the soil to identify
its fertility. According to famers, black or blackish colored
soil was an indication of the best soil fertility. On the other
hand, the older generation had knowledge to determine soil
fertility based on the vegetation.

Local farmers at Tudan had practiced swidden agriculture for
generations, and had been protecting the pristine environment.
The argument that swidden agriculture was not good for the
environment was still open for discussion and needed to be
studied both from the scientific (laboratory analysis) and
traditional knowledge points of view.
Soil Classification, distribution and soil crop suitability
There were four types of soils occuring in the surveyed area
namely, Gunung Alab Family (Gleyic Acrisols), Tanjung Lipat
Family (Orthic Acrisols), Kumansi Family (Orthic Acrisols) and
Keninipir Family (Dystric Leptosols). These soil types were
found on different types of terrain classes and having a
different soil depth. Based on the soil type, terrain class and
effective soil depth, the surveyed area could be divided into
nine mapping units. Soil distribution and soil crop suitability are
summarized in Figure.3 and Table.1
Gleyic Acrisols of Gunung Alab Family were characterized
by yellowish brown in color with common light gray mottles,
clay loam to sandy clay loam soil texture, imperfectly drained
and weak, fine to coarse subangular blocky structure. The
diagnostic horizon of these soils was argillic horizon and the
diagnostic property was gleyic. It meant these soils had an
accumulation of clay at the lower horizon and having a high
water table between 50 cm and 75 cm from the soil surface.
The chemical properties indicated low fertility of these soils.
The soils had acid conditions, and were low in nitrogen content.
The easily soluble P was also low to very low. They also had
low to very low levels of exchangeable bases nutrients of Ca
and K but medium in Mg. These soils were also very low in
base saturation and low in the cation exchange capacities
(CEC), between 10 and 15 cmol (+) kg-1 soil.
These soils could be divided into two mapping units based
on the effective soil depth due to the occurrence of the
boulders and stones within the soil profiles. The moderately
deep phase of these soils with a depth 50 cm – 100cm
(GABm/4) covered about 9.8 ha. The shallow phase soils of
Gunung Alab Family (GABs/4) with a depth of between 25 cm
and 50 cm covered about 11.9 ha of the area. Both mapping
units were found on hilly terrain. Under the current conditions,
the mapping unit GABm/4 was moderately suitable for short
term and medium term
crops.
The
potential suitability
of this mapping
unit
after
soil
amelioration
was suitable
for short
term
and
medium term
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Figure 2 Cycle of traditional swidden agriculture

Photo 1: Fertile Soil “Saraman” or Elephantopus Scaber L

Photo 2: Less fertile soil “paka” or Imperata cylindrical (L).P Beauv
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Figure 3. Soil Map at Tudan Village

Table 1. Soil Crop Suitability at Tudan

Jenis Tanah

Mapping Unit
GABm/4

Gunung Alab Family
GABs/4
Kumansi Family
Keninipir Family

Tanjung Lipat Family

KMIm/5
KNR/4
KNR/7
TLTm/5
TLTs/5
TLTs6
TLTm/7

Soil Limitation
Slope gradient (s), Soil Drainage
(m)
Slope gradient (s), Soil Drainage
and Soil Depth (m)
Slope gradient (s)
Slope gradient and Soil Depth (s)
Slope gradient (vs)
Slope gradient (s)
Slope gradient (s) and Soil Depth
(m)
Slope gradient (vs)
Slope gradient (vs)

Degree of severity of soil limitation:
(m) – Moderate
(s) – Serious
(vs) – Very Serious
Short Term Crop: Highland Vegetable-Cabbage, Leek, Asparagus (recommendation)
Tree Crop: Coffee and Mulberry (recommendation)

(Ha)

Suitable Crop

9.8

STC, Tree Crop

11.8

STC, Tree Crop

7
23
125
55

Tree Crop
STC
Not Suitable
Tree Crop

41

Tree Crop

1
265

Not Suitable

Suzuki et al. 837

crops, and moderately suitable for long term crop. The
mapping unit GABs/4 was only moderately suitable for
short term and medium term crops.
Soils of the Kumansi Family were characterized by
reddish brown to yellowish red in color, sandy clay to clay
texture, moderate to strong, fine to coarse subangular
blocky structure, firm in consistency and well-drained soil
drainage. Only a moderately deep (50cm – 100cm) soil
profile with 35% - 75% stoniness was found this area. The
diagnostic horizon of these soils was argillic horizon.
Generally, the soils were low in fertility. Soil pH was in
acid condition with medium content of nitrogen on the
surface horizon. Available P and exchangeable Ca of these
soils were low to very low but exchangeable bases of Mg
and K were medium to high. Base saturation of these soils
was low to very low but the cation exchange capacity (CEC)
was medium to high between 20 and 32 cmol(+) kg-1 soil.
Based on the soil depth and terrain classes these soils
only had one mapping unit namely, Kumansi Family
moderately deep phase on very hilly terrain (KMIm/5). This
mapping unit covered about 7 ha of the area and currently
was moderately suitable for medium term and long term
crops.
Soils of the Keninipir Family were soils having a very
shallow soil profile with a depth of less than 25 cm. They
were characterized by thin ochric, ahorizon underlain by
sedimentary rocks parent materials. In the surveyed area,
they were divided into two mapping units namely, Keninipir
Family on hilly terrain (KNR/4) covered about 23 ha and
Keninipir Family on very steep terrain (KNR/7) covered
about 125 ha. Both mapping units were not suitable for
agriculture due to the limitation on effective soil depth for
plant growth and slope gradient. The existing vegetation
and forest should be maintained, protected and conserved.
This area was important to be conserved as a water
catchment area.
Soils of Tanjung Lipat Family had yellowish brown color,
clay loam to sandy clay loam texture, well-drained soil
drainage, firm consistency and moderate, fine to coarse
subangular blocky structure. The diagnostic horizon of
these soils was argillic horizon.
These soils were also low in fertility similar to Gunung
Alab Family. The soils had acid to strongly acid condition
and low in nitrogen content. The easily soluble P was also
low. They also had a very low level of exchangeable bases
of Ca and K but medium in Mg. The base saturation of
these soils was very low but the cation exchange capacity
(CEC) was medium between 15 and 23 cmol(+) kg-1 soil.
Based on the soil depth and terrain classes, these soils
could be divided into four mapping units namely, Tanjung
Lipat Family moderately deep phase on very hilly terrain

(TLTm/5), Tanjung Lipat Family moderately deep phase on
very hilly terrain (TLTm/7), Tanjung Lipat Family shallow
phase on very hilly terrain (TLTs/5) and Tanjung Lipat
Family shallow phase on steep terrain (TLTs/6). The
mapping unit TLTm/5 covers 55 ha and was moderately
suitable for medium term and long term crops, while the
mapping unit TLTs/5 covers 41 ha and was only suitable for
medium term crops. The mapping units of TLTm/7 and
TLTs/6 cover 265 ha and 1 ha, respectively. They were not
suitable for agriculture due to steep to very steep slope
gradients. High risk of soil erosion and shallow soil profile
could not sustain the use of the land for agriculture. The
existing vegetation or natural forest should be maintained,
protected and conserved. This area also played an
important role as a water catchment of the area.
In Tudan only about 150 ha or 27 percent is suitable for
agriculture development. Most of this area of about 103 ha
in mapping units KMIm/5, TLTm/5 and TLTs/5 is currently
suitable for medium term and long term crops. The short
term crops can only be planted on 20 ha of the area
especially on mapping units GABm/4 and GABs/4. The
selection of crop type was determined by the limitations on
the slope gradient and the effective soil depth of the site for
plant growth.
The other 390 ha or 73 percent of the area is not suitable
for agriculture because it has a very serious limitation on
slope gradients with very high risk of soil erosion and
shallow soil profile. This area is represented by mapping
units of KNR/4, KNR/7, TLTm/7 and TLTs/6.
Future perspective- developing Satoyama system at CRBR
At the buffer zone of CRBR, basically agriculture has been
practiced in the limited land due to steep slope and shallow
soil. But the traditional knowledge-based agriculture has not
been exhausting land, and rather, famers have effectively
used such limited land with less impact on soil and
environment. Considering that the ‘Satoyama System’ in
the “Asian Crescent” is a sustainable organic farming
system that has been established over a uniquely long span
of years, one of the challenges at Tudan is protection of soil
and improvement of soil fertility.
A new study was
reported that the native peoples of Brazil have improved the
poor Amazonian soil, using biochar (applying low quality
charcoal to the soil) to make terra preta soil, a fertile black
soil, and at the same time, achieved remarkable
improvements in the soil’s carbon storage (unlike organic
matter charcoal decomposes with difficulty) , and improved
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the biomass production (Lehmann et al., 2006) . From
Japan, it has been reported that with accumulated andosols
(“an” means dark and “do” means soil, which are soils
found in volcanic areas formed in volcanic tephra.), charred
plants contributed to the generation of Type A humic acids
and fulvic acid as well as increasing the soil’s carbon
storage (Miyazaki et al., 2006). It has been recognized that
Biochar functions, other than the increase of soil fertility,
includes increase of carbon sequestration, reduction of CH4
Emission, Reduction of Chemical Fertilizer (this means
reduction of CO2 Emission), increase of water holding
capacity and increase of air permeability. This illuminates
the great importance of the Satoyama System as a
measure for alleviating climate change. In the meantime, as
described above, Tudan has been practicing organic
farming with traditional knowledge, and farmers can identify
soil with black or blackish color as good soil for farming, and
selectively do swidden agriculture. In the Satoyama System
context, agriculture practices at Tudan could have the
potential to be a good model in terms of sustainable land
management. Satoyama Technology which combines
scientific and traditional technology, which uses effectively
low-intensity solar energy and focuses on water-soil-carbon
management is a key to the strengthening of the Satoyama
System. Recognizing that the Satoyama System in the
Asian Crescent is a central ecosystem that affects the
stability of the climate in Asia and globally, Satoyama
Technology at Tudan needs to be more elaborated and
applied to other areas in CRBR and beyond.
It was concluded by soil survey that Tudan had limited
suitable land for agriculture. It was also found, however,
through field-based interviews and observations that
farmers at Tudan had effectively been using such limited
land through traditional swidden agriculture which was
environmentally conscious agriculture which helped to
improve soil fertility. For strengthening the Satoyama
System in the Asian Crescent, Satoyama Technology
needs to be developed to establish the water-soil-carbon
management system. In this sense, the practices at Tudan,
Sabah can provide instructive and thought-provoking ideas
in the future.
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