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Executive summary

1. Background

Landslide is one of the natural disasters causing loss of lives and economy,
which is commonly found in hilly terrain and valleys with high erosion rate. Highland
Research and Development Institute (HRDI), has most of its target working areas in
mountainous and hilly area, together with the geology of the northern region consisting
of landslide-prone geology, namely igneocus and sedimentary rock which can
decompose to highly erodible soils. In addition, land-use modification for agriculture
and residential purpose that may cause water discharge obstruction, also contribute
to further landslide risk.

Soil bio-engineering is the use of vegetation with engineering technique for
control of erosion and landslide which is in accordance with nature, being economical
and sustainable. In general, plants tend to be stronger and more stable with time as
roots penetrate deeper while engineering structure only deteriorates with time.
Therefore, limited life structures such as soil bags, bamboo gratings, soil erosion control
blankets, can help establish vegetation in its initial stage and would decompose as the
plants grow larger, stronger and ultimately replace the structure’s roles in slope
stabilization. In general, however, soil bioengineering can prevent only erosion and
shallow landslide with depth of failure less than 3~ meters. For larger landslides,
structural measures or early warning systems are needed to mitigate landslide risk.

This project therefore involves application of soil-bioengineering technique for
erosion control and slope stabilization in highland areas by community participation in
the HRDI project areas in Chiangmai, Chiangrai, Nan, Tak, and Maehongson. It involves
identification of landslide hazard areas and raising commmunity awareness of landslide
risk, study of local plants with potentials for bio-slope stabilization, in order to better
prepare the community for prevention and mitigation of landslide hazard in highlands

that may occur.



2. Research objectives
2.1 To study and evaluate the landslide hazard and erosion area in 5 Royal Project
Extention Areas, namely Mae Malor area Chiangmai, Mae Salong area
Chiangrai, , Mae Song area Tak, Sob Muei area Maehongson, and Bo Kluae area
Nan.
2.2 To study plants which are of potentials for preventing erosion and slope
stabilization in highland in the selected 5 Royal Project Extention areas
2.3 To study application of these plants in together with soil biocengineering
technique to prevent erosion and shallow landslide with community
participation
3. Research results
3.1 Evaluation of landslide hazard map in 5 Royal Project Extention Areas
3.1.1 Landslide hazard area was analyzed in 5 royal project extension by
landslide probability model and average daily extreme rainfall data during 2009 to
2019. The landslide risk were divided into 5 categories: lowest, low, moderate, high
and highest respectively. The results shown that highest vulnerable areas with the
highest risk level mostly occurred in high slope area especially 20 to 30 degrees.
Furthermore, the major geological features of the landslide area were highly fractured
and weathered crust of sedimentary rocks, i.e siltstone shale and sandstone, The
physical geology of the study areas generally were based on sedimentary and igneous
rocks. Therefore, prone to slope saturation and erosion process, whereas slope
materials are heterogeneous and loose and slide easily due to low shear strength when
heavy rainfall occurs. Moreover, rainfall in the studied areas are under influence of the
monsoon seasonal winds i.e. southwest monsoon and northeast monsoon. The
average rainfall of the studied area is an approximately 1,400 — 2,000 millimeters./year.
In each studied area, topography were covered by hilly and mountainous landscapes
be the cause of Orographic rainfall effect. The Crographic rainfall, precipitation
produced when moaist air is lifted as it moves over a mountain range. On the lee side
of the mountain range, rainfall is usually low, and the area is said to be in a rain
shadow. Very heavy precipitation typically occurs upwind of a prominent mountain

range that is oriented across a prevailing wind from a warm ocean. The results shown



that the landslide risk simulated by the landslide probability model in Sobmuei and
Bo Kluea project are related with the point of landslide events from field survey at
Sobmuei and Bo Kluea districts.

3.1.2 The average annual soil erosion for each of the five studied areas was
evaluated using the Revised Universal Soil Loss Equation (RUSLE) method with 10 year
rainfall data. The magnitude of erosion were divided into 5 levels: lowest, low,
moderate, high and highest respectively. The results indicate that the potential of
average annual soil erosion rate in Mae Malor, Mae Salong, Mae Song, Sob Muei and
Bo Kluae project are 75, 180, 160, 86, and 1,000 tons/year, respectively. Furthermore,
the erosion rate were correlated with topography and slope, with higher erosion rate
associated with mountainous and higher slope areas. In addition, the results shown
that different ‘magnitudes of soil erosion occurring in every part of the studied areas
but also significantly higher magnitudes occur in agriculture area without soil & water
conservation practice, especially rice and maize. The Bo Kluae area was found to have
the highest potential of annual average soil erosion rate due to of topographical
characteristics and land use as crop cultivation (maize and rice) is very famous
occupation together with poor soil & water conservation practices leading to high
magnitude of erosion and loss of top soil than other studied areas.

3.1.3 According to topography survey using UAV photogrammetry technique of
the past landslide and sever erosion areas, the slopes were found to range between
20-45 degrees, which, on average, agrees with the GIS data, though it was found that
the actual slope in some areas was higher than those indicated in the GIS map
especially those near cut slope in highways or near residential zone where human
activities lead to slope toe cutting. For corn field in Maemalor area in Chiangmai, the
slope of the high eroded sites (without soil & water conservation) on average is 30
degrees (agreeing with GIS). In Maesong area in Tak, the landslide area on cut slope in
Mae Ramerng school and Wadogrow greenhouse have slope angle of about 40-45
degrees, involving slope toe cutting and filling. In Mae Salong, Chiangrai province, the
landslide area near convenience store has a gentler slope of 20-25 degrees, but still
slow creep slope movement was observed. It was expected to be caused by housing

estate on the hill affecting the surface water and raising the ground water table. This



is a typical problem of many communities in hilly terrain in Northermn part. For Bo-
kluea, Nan, the landslide was found in a natural forest with average slope of 36
degrees.

3.1.4 The Kunzelstab penetration tests indicated the thickness of loose soil
layer in natural slope, which is susceptible for slope failure, ranged between 1.2 and
5 meters, depending on the weathering degree of parent rocks and geology. In case of
fill slope, such as the newly constructed building in Mae Ramerng School and
Wadogrow greenhouse, MaeSong area, the thickness of loose fill soil was found to be
more than 7 meters. With large thickness of the loose sail, the use of vegetation alone
may not be adequate for slope stabilization in case of prolonged heavy rainfall that
may cause deep-seated landslide. In such case, engineering hard structures such as
piles or retaining walls are needed.

3.1.5 Based on ground water aeration sound survey in the corn field slope in
Maewark, Chiangmai, to locate the high seepage zone based on sound of air bubbles
in soils being displaced due to water, the sound level was high above the erosion
channel, indicating a high seepage which took place in loose soils with larger voids,
creating louder ground-water aeration sound. This zone is the initiation zone for erosion
or zero order channel. In this corn field slope, instruments were installed to monitor
soil moisture, soil suction, and slope tilting. The soil moisture above vetiver hedgerow
was found to be higher than that on corn field without soil & water conservation
system. Due to the vetiver hedgerow intercepting runoff water, facilitating infiltration,
soil moisture was increased. However, despite the soil moisture along vetiver being
higher, the slope movement was lower than in the cornfield. This shows that the
function of vetiver hedgerows as a living wall to conserve surface water but at the
same time, retain the slope movement, preventing erosion.

3.1.6 The results of soil moisture measurement on slopes of different land uses,
namely, agriculture land with and without soil & water conservation, forest, bared land
of shifting cultivation type demonstrates that agriculture land with leaf mulching were
of higher moisture content than those without mulching (i.e. corn and bean cultivation
land) by about 3-4% (measured at beginning of rain season). The scil moisture in forest

area was higher than highland rice by about 3-5%. On measurement of soil moisture



around avocado tree with u-shape vetiver hedge, it was found that the soil moisture
of the upper side of avocado tree and vetiver hedge was higher than those below the
hedge by about 3-5%, demonstrating the water retention of vetiver hedge. The
difference in surface soil moisture of various land-use was expected to be due to
varying litter thickness. The litter thickness of abandoned forest was about 6
centimeters while the corn field was only 0-1 centimeter. At the back of child nursery
center in Namjoon village existed an old landslide which posed a threat and major
safety concern to local people. 100 flapped soil bags donated by PTTGC was then
placed at the slope toe with live stakes to prevent erosion. Also, instruments for slope
movement and. soil moisture were installed at 2 locations, indicating that the
maximum soil moisture was 389%, in response to rainfall and reduced during drought.
No slope movement was found to correlate with the soil moisture yet. The tilting rate
of slope surface was 0.0014 degs/day or 0.0000583 degs/hr during September until
December 2020 which is lower than the threshold proposed by Uchimura et al. (2015)
of 0.01 degs/hr. The slope movement above the child nursery center in Namjoon
village was considered low, being creep movement. However, continuous monitoring
should be done and warning issue if rainfall level exceeded the specified threshold.
According to the landslide in Huaytone, the 3day antecedent rainfall plus 1-day rainfall
in excess of 270 millimeters was found to induced landslide in natural forest with
slope gradient of 36 degrees.

3.1.7 Based onthe soil property analysis, soils in-Maemalor and Wadogrow
were found to be mainly sandy and silty which are prone to erosion and of relatively
low nutrients and acidic. However, in Maesalong, Sobmei, and Bo Kluea, the soils were
all clays which can show great reduction in strength upon contact with water. The soil
textures and nutrients are related to geology and past sediment transport and soil &
water conservation practice. In general, the soil from soil & water conservation areas
and at the slope toe were of higher nutrients with more organic matter and moisture.
However, in shifting cultivation area (Slash & burn), the soil was found to be of high
organic matter and high nutrients which is expected to result from biochar and ash
from burning process. Still, the open-air burning lead to adverse environmental effects

from dust and public health and the nutrients will soon be depleted as the soil is



eroded and landslide is accelerated. It is thus advised to change the “Slash and Burn”
practice to “Slash and Char” which involves making biochar on-site and use it to
improve the soil. Based on nutrient tests on Biochar derived from corn cob in
Maemalor area, it was found that K mineral in the corn char was high and slightly
alkaline. The biochar can improve the porosity of the soil for better water retention
and provides habitat of microorganism. Used with other soil & water conservation
practices such as vetiver hedgerow, diversion ditch and growing fruit trees, the biochar

can be a sustainable solution for improving the soil.

3.2 Study of potential plants for erosion control and stabilization of highland
slope
3.2.1 The forest types of the studied areas according to the topographic,
edaphic, and weather factors can be classified as both evergreen and deciduous types.
Forest types with the mean sea level above 1,000 meters include lower montane and
dry dipterocarp mixed with pine. While, the deciduous forests with the mean sea level
below 1,000 meters include dry evergreen and mixed deciduous. Most tree species
were found in the deciduous type of dry dipterocarp, mixed deciduous, and dry
dipterocarp mixed with pine forests. In the upper part of the studied areas such as
Mae Waak and Mae Malaw in Mae Chaem, Chiang Mai province, the forest type is low
montane. In each studied areas, plant species were chosen to study root tensile
strength. The criteria for species selection were based on the habitat of the species
with both native and exotic species along with the observation of the farmers with the
experiences of the HRDI officers. Moreover, the species selection for soil erosion
reduction has to be based on the benefits of the species on the timber, economic, as
well as soil and water conservation. However, the native habitat of the species is
equally important for consideration because even some species have high ability to
reduce soil erosion, species introduced to the new area have to adapt to the new
environments. They might adapt and survive but growth might not be normal or they
might be able to adapt so well and rapidly take over the native species resulting in
invasive species in the area.
3.2.2 Various plants were selected to test the root tensile strength as follows.

In Mae Waak, Mae Cheam, Chiang Mai province, roots of Tamirindus indica and Zea



mays were sampled. In Mae Song, Tak province, roots of Cajanus cajan, Persea
americana, Fraxinus eriffithii, Cinnamomum camphora, and Oryza sativa were
sampled. In Mae Salong, Chiang Rai province, roots of Prunus mume which has been
used to be a stock for the scion of Prunus domestica, Rhus chinensis, Camellia sinensis,
Aspidistra sutepensis, and Coffea arabica were sampled. In Sop Moei, Mas Hongsorn
province, roots of Amorphophallus muelleri, Macaranga denticulate, Buddleja
asiatica, and Mitragyna rotundifolia were sampled. In Bo Kluea, Nan province, rocts of
Litsea cubeba and Betula alnoides were sampled.

Results from root tensile strength clarified that the strength decreased when
the diameter of root increased. Root tensile strength also depended on root size, root
moisture, root health and root storage, and root age etc. In addition, even the root
tensile strength may be low, the species might be useful for soil stability if the density
is high enough. In this study, root diameter at 1 millimeter was used to compare the
root tensile strength among species which this size of root is considered to have
development for soil anchoring and also high density in the soil. Root tensile strength
positively related with the horizontal root length distribution. The longer the root
length, the higher the root tensile strength. This finding will be benefit for future study
in terms of the assumption that the species with long root length (in this study, root
length > 2 meters) would have high root tensile strength without the root excavation
and plant destruction. Plants with high root tensile strength at root diameter of 1
millimeter were P. Americana, L. cubeba, F. griffithii, C. arabica, and P. mume which
most of them are exotic species that are not native to Thailand (apart from L. cubeba).
The exotic species were introduced to Thailand for food with good economic benefits
and they also serve the soil erosion control as well as soil and water conservation. We
considered those species to have full potential for soil-bicengineering. The
intermediate root tensile strength species include C. camphora, M. denticulate, R.
chinensis, B. alnoides, G.sepium, T. indica, and M. rotundifolia. C. cajan and C. sinensis
had the lowest root tensile strength.

3.2.3 Database of soil-stabilizing plant was developed to collect the information
of plant survey in all 5 studied areas in order to systematically organize the field data

and root tensile strength test results, using MySQL with Codelgniter as framework for



developing web application to retrieve information from database to show on the
website which is easily accessible by users. Researchers can use the database for
storing, retrieving, adding, deleting or editing the information of soil-stabilizing plants
including, plant name (Scientific name, genus etc), location (date, place, coordinates),
survey information (plant age, height, trunk circumference, crown spread) and root

characteristic (root architecture, lateral spread of roots, depth of roots, tensile strength)

3.3 Study on erosion control and slope stabilization techniques
3.3.1 In Mae-malor area, Chiangmai (Baan Mae-wark), landslide problem in
the area is only minor, while erosion problems in the form of gullies are widespread.
In some parts, vetiver system is applied but still not very widespread, depending on
the understanding of the farmers who may or may not practice agriculture in the land.
1.-Mainly use soil bioengineering in agriculture lands, i.e. planting vetiver
hedgerows along contour and in the gullies, flapped soil bags can be used to built
small check dams along the slope and selecting stabilizing plants in the areas as live
stakes in between the flapped soil bags. Vetivers can be grown as arrow arrangement
above the check dam to stabilize the soil and reduce runoff velocity. Trees should be
planted along the contour together with vetiver hedgerow in a terrace.

2. Intact forests and degraded forests should be preserved and
rehabilitated using forest ecological technique involving community participation
according to academic advices. These forests can provide natural resources from which
communities will benefit inthe long terms from: its products such as wild mushrooms,
bamboo shoots, herbs, fuel wood etc.

3. In shifting cultivation for cereal crops like corn or highland rice, slash &
burn technique lel ads to adverse environmental impacts, air pollutions, erosion and
landslide. Farmers should be encouraged to get rid of the agriculture biomass residues
using biochar technique (slash & char) and utilize the biochar in their land or sell for
extra income with the help of institute for marketing. This will help solve both social,
economic and environmental issues.

3.3.2 Mae Song area Tak
Mae Ramerng School There existed past landslide and at the current

construction site of new building, settlement, slope movement and tension cracks



along the slope crest was found due to compression of the thick loosely fill slope.
The slope movement can be deep-seated. The suggested solutions are as follows.

1. Mainly use engineering solutions, namely reducing the soil weight on
slope crest by excavation the soil and making 1-2 levels of berms. Toe buttress can
be used to arrest the slope movement near the teacher residential building by
installing concrete caisson in the original ground and providing drainage pipe to release
pore water pressure. Vegetation such as vetiver, live stake and soil bags can be placed
to reduce surface erosion.

2. The greenhouse and solar panels on the crack can be relocated to lower
benches where appropriate.

3. For cut slope behind the new building, vegetation should be planted to
stabilize the slope and provide surface drainage to reduce erosion. On slope crest, big
trees can be trimmed to reduce the height to avoid the danger to tree fall down, to
the distance of about 5-10 m from the cliff edge. Diversion ditch should be made to
direct surface water away from the cliff.,

Greenhouse area of Wadogrow office, Tak

Erosion and slope stability problem was found on the fill slope with
evidence of settlement, slope movement and tension crack near the greenhouse area.
Solutions are proposed as follows.

1. Engineering solutions should be used, starting with the slope crest, water
infiltration should be prevented using plastic sheet cover from top to the base of the
cliff. Slope movement should be monitored to evaluate the landslide risk. Unstable
rock boulder on the cliff should be removed or stabilized using tie-rod or anchor. The
soil fill underlying greenhouse floor should be removed and recompacted. The outer
row of columns should sit on pile foundation (concrete or steel tube) embedded down
to hard soil layer. Cast-in placed concrete pile can be built using hand auger and filling
concrete.

2. The surface of fill slope was eroded as gully. The surface water from the
greenhouse need to be direct away from the slope. The entire fill slope needs to be
stabilized using gectextile earth reinforcement and/or flapped soil bags and using the

existing geotextile as much as possible. Design calculation of the wall should be done



to ensure the stability and drainage below the wall. Live stakes can be planted in
between geotextile wrapping to provide further root reinforcement from plant.
3.3.3 Doi Mae Salong area, Chiangrai In the residential area, there existed

construction of building along hilly terrain, involving cut and fill. Rainwater and surface
water drainage is then impeded by these building and pavement, or the water
discharge location was not far enough from the slope, thus causing erosion and
landslide.

1. Instruments should be installed to monitor the movement of building.
Studies should be done to investigate the groundwater table using observation well
to understand the flow direction and porewater pressure. The information can be used
for design and early warning by the responsible authorities.

2 -~ Surveying the drainage routes that discharge the water in this area to

suggest the management of runoff water to reduce the impact on slope stability.

3.3.4 Sobmei area, Mae Hongsorn

Rural road 3004 Sobmei, Mae Hongsorn Erosion and slope instability were
found near fill slope and cut slope in many locations along rural road 3004 due to
heavy rainfall, causing runoff and groundwater seepage near gully or the lowest
location of the road shoulder and cut slope.

The remedial solution should deal with surface water and ground water by
constructing permanent drainage ditch, removing sediments from the ditch to clear
the way for discharge water to more stable zone. The repair of failed slope can be
done based on different levels of erosion problem as follows.

1. For areas where erosion just started or moderate erosion, vetiver system
should be used along the contour, with 0.5m spacing between the rows, according to
the standard drawing of Department of Highways or Department of Rural Roads.

2 . For areas with severe erosion on side slope or back slope, soil
bioengineering technique including, flapped soil bag, micro pile with live stake can be
used. More detailed soil investigation, slope geometry and other limitations should be

performed to make detail designs.



3. For areas with severe erosion and slope movement affect the road lane,
there might be needs to remove the existing pavements and recompact the
embankment using geosynthetic reinforcing materials such as geogrid and geotextile.

Huay Namsai area, Sobmei, Mae Hongsorn In this area, only minor erosion
and slope movement was found due to the high erosion resistance of the soil derived
from limestone and phyllite and the adoption of soil & water conservation practice
using diversion ditch and vetiver. There are some issues of the vetiver being shaded
by corn, resulting poor growth of the vetiver. More space should be provided between
the corn and vetiver hedgerow and replanting of vetiver system should be done
immediately if damaged. Flapped seil bags can be placed as check dam with live stake
such as Gliricidia sepium.

Soil & water conservation and reforestation should be actively encouraged
to other areas. Extra income could be gained by making biochar to reduce slash and

burn and propagation of vetiver in a nursery for commercial and local use.

3.3.5 Bo-Kluea area, Nan

In the community areas of Nam-joon village and Huay tone village, erosion
problem was found to be severe and moderate respectively. There were a number of
slope failures along the road in Nam-joon village that could potentially endanger
public health and safety. The failure was due to high susceptibility of soil to erosion
and poor drainage of surface water. The bioengineering solution with relatively low
cost which the community can handle by themselves should be used namely.

1. Planting vetiver hedgerow in upward arrow arrangement. Using flapped
soil bag or rocks as the foundation below the vetiver hedgerow as needed.

2. Repairing the large gully erosion using live stake such as Gliricidia sepium.
with soil bag or rock filling the gully as check dam

3. For road side failure, flapped soil bags with live pole and timber piles

together with tree planting can be used.



3.4 Community awareness of landslide risk and participation

Based on the questionnaire sent to the local people and local staff of HRDI after
the field works, the respondents indicated they had better understanding about
landslide being “moderate to very good”, as compared to “low to moderate” prior to
the field work. The knowledge the respondents found particularly useful is on “selection
of slope stabilizing plant and erosion control” and “agriculture practice in highland using
soil & water conservation”. Moreover, the local community showed their good
awareness of the local problems, as they were able to give useful information, suide the
researchers and discuss about the way to mitigate the landslide problem. In particular,
at Namjoon village, the local people eagerly participated in placing the flapped soil bag
with live stake to prevent erosion of slope toe behind the child nursery center as this

technique can be easily done, and understood by the local people.

4, Conclusions

4.1 The result of landslide hazard map in the Royal 5 Royal Project Extension
Areas indicated that the most landslide-prone areas mostly occurred in high slope area
especially 20 to 30 degrees with sedimentary rock geology, namely, siltstone,
mudstone, and sandstone as well as igneous rock. The rainfall are under influence of
the monsoon seasonal winds i.e. southwest monsoon and northeast monsoon as well
as, orographic rainfall effect. These conditions accelerated soil erosion leads to
landslide. Soil loss due to erosion can be generally found in all 5 study areas, but the
severe and very severe problems can be noticeably found in agriculture area without
soil & water conservation and natural forest upstream with steep slope and high
precipitation.

4.2 The soil sounding investigation indicated the thickness of loose scil layer
between 1.2 and 5 meters, depending on the weathering degree of parent rocks. In
case of fill slope, such as the newly constructed building in Mae Ramerng School and
Wadogrow greenhouse, MaeSong area, the thickness of loose fill soil was more than 7
meters. In such case, the use of vegetation alone may not be adequate for slope

stabilization and engineering hard structures such as piles or retaining walls are needed.



4.3 Results from root tensile strength on 18 species showed that the strength
decreased when the diameter of root increased. By comparing tensile strength of 1
millimeter size root, it demonstrates that the longer the root length, the higher the
root tensile strength. Plants with high root tensile strensth were P. Americana, L.
cubeba, F. griffithii, C. arabica, and P. mume. The intermediate root tensile strength
species include C. camphora, M. denticulate, R. chinensis, B. alnoides, G.sepium, T.
indica, and M. rotundifolia. C. cgjan and C. sinensis had the lowest root tensile
strength.

4.4 The recommended slope stabilization and erosion control techniques
depends on the community conditions and other surrounding factors, which can be
categorized in 3 groups, related to the level of engineering technique combined with
plants (for lowest to highest), namely, 1) Vegetation technique 2) Soil bag and
vegetation and 3) Engineering technique and vegetation. The expense for these works

are estimated to be 192, 2,571, and 12,126 baht/m3 respectively.

5. Recommendation

5.1 The 5,000 flapped soil bags donated by Chaipattana Foundation and PTTGC
should be used with community participation according to correct procedure and long-
term monitoring. Usage of the flapped soil bags could be extended to other aspects
such as rice terraced farm, construction of small check dam for micro irrigation, etc.

5.2 Biochar can be produced locally to reduce open-air burning both for the
purpose of local soil nutrient improvement, for sale and other extended use. A kind
of social enterprise could be adopted and encourage further public awareness

5.3 The prototype landslide monitoring system installed at Baan Maewark, Mae
Malor area and Baan Namjoon, Bo Klue Area, could be used in the long term to provide
continuous warning and benefits the local community, as well as to extend to other
areas.

5.4 The use of the plant database for slope stabilization should be encouraged

for the institute’s researchers and community to gain actual benefits.
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