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ABSTRACT

The Research and Development Project to Landslide Prevention and Protection
in steep/slope Highlands according to Royal Initiatives : The case study of the

Ban Na Tum Village, Tha U-thae sub-district, Kanchanadit District, Surat Thani

This project studied the application of the vetiver system alongside other vegetation
method and used in conjuncture with an engineering application to prevent and rehabilitate
shallow landslides on a road embankment. This road is the singular passageway in and out of
the Ban Na Tum village, located in Tambon Tha U-thae Sub-district, Kanchanadit District of
Surat Thani Province in southern Thailand. The project combined the integration and binding
force of vetiver grass and engineering applications by cultivating vetiver grass and other plants
on soil-filled flapped plastic sacks mounds. The roots of vetiver grass and other plants will
permeate the sacks through the porous weave and spaces between aligned sacks. This allows
these roots to grow and lock in surrounding soil. It is like creating a natural structure that
stabilizes the area for the future. Simultaneously, while the engineering application gradually
deteriorates, vetiver grass and other perennial plants roots system will function like fishnets
and that spreads and engulf underground structures and fasten them to the earth. This adds
stability and strength for the flapped plastic sacks mound and embankments of the road. The
vetiver and vegetation method also help draw out moisture from the ground by releasing
water. They are also effective in reducing velocity of the rainwater runoffs and lessen the
impact of raindrops that prevents soil sediments from being washed away. The root system
intercepts and traps eroded materials and retains the nutrients and minerals, vital sustenance
for the plants. Furthermore, it can be constructed solely with human labor; piling the flapped
plastic sacks and filling them with soil. This is a suitable method for areas where heavy

machinery cannot access.

The Sustainable Energy Foundation carried out this project in conjunction with
participation of a Non-Governmental Organization (NGO), the Ban Na Tum community and the
Tambon Administrative Organization (TAO). It embodies the involvement of the community
by establishing points of mutual interests that were incorporated in the project formulation.
The community involvement process consists of (1) Inform and Consult principles that identify

the needs and desires of the community and spell out the tangible benefits the community

N
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will receive from the project. (2) The community’s involvement in learning how to integrate
rural local wisdom with scientific knowledge. Community members receive trainings in
theoretical and practical knowledge, implementation and field trip to learn of real examples
on site. They also have opportunities to try their hand in real fieldwork with academic experts
present to provide onsite knowledge. What they learned included how to reduce risks of
landslips and mudslides with engineering applications that incorporate biological methods,
using Resistivity equipment to measure the electrical values to analyze geological structures,
methods to measure plant roots, theoretical calculation to differentiate the ability of vertical
root anchoring and the horizontal root binding, for instance. (3) In the collaboration and
empowerment processes, the President of the TAO of Tha U-thae sub-district was elected
Chair of the Working Committee while the local NGO served as Vice Chairman. Their roles
were to manage and administrate the project. The community research team was an
important group in implementing practical work. It was led by Mr. Pitipong Kitkarnmoe, the

leader in real work implementation.

The results of the study found that the flapped plastic sacks, when installed with
drainage pipe culvert, made the damaged area stronger and more stable. The safety factor
value rose from 1.1 to 1.42. The success of the Vetiver System enabled the community to see
the restoration of road embankment in a complete and stable state. They were able to
clearly see a functional water drainage system. They can saw Vetiver hedges cultivated in
rows that functioned as a barrier preventing topsoil erosion, securing the soil in place and
diverting water runoffs. But the binding effect of the combination of plant roots system and
flapped plastic sacks still require more time and maintenance. This is necessary. It presents
an important continuous learning process. In economics terms, evaluating of the return on
investment was made by comparing the costs of the vetiver system and the income the
community generated in utilizing the road in earning their livelihood. The investment of
564,000 baht was made that included maintenance and upkeep service for 10 years. Based
on the economic evaluation, for every 1 baht investment spent, the return of investment is 5
baht. And if the community cannot access the “winged” flapped plastic sacks, they can turn
to recycled fertilizer or jute sacks as well. Therefore, this project is considered a low
investment and has earned a worthwhile return in terms of community learning and behavior
modification. To conduct the social impact assessment, interviews of community members

were conducted. The community working team discovered the benefits community members

-
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felt at personal level, which were confidence in the road, convenience in using the road to
send children to school, transport agricultural produce to the market, go to the doctor and
commuting to work outside the village. They learned knowledge and skills in preventing
landslide on steep slopes. They also learned the use of flapped plastic sacks and how to
cultivate vetiver grass. In learning the vetiver system, what the community mastered best was
vetiver grass knowledge, to a slightly lesser extent, they learned of the engineering application
and water drainage system. There were 5 members of the community who successfully
achieved sufficient knowledge to become community lecturers and trainers. Their roles are
crucial in making the community self-sufficient in the adaptive use of the vetiver system. For
this case study, the foundation will continue to support the community in expanding vetiver

system in their agricultural land on steep slopes in the future.
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(Hamilton, 2008; Sidle et al., 2006) LWiﬂszwawmwszmi 27
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Tinulaauaduannfigawazdusinaunnnitfs 2 wih Weiguiudiilignsuniu (Sidle et al, 2006)
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Y
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AWCA = FC-PWP

F9 AWCA
FC
PWP

(4.1)

mwmgmm%uﬁLﬂuﬂ’iﬂ%ﬁﬁiaﬁﬂj (Available water capacity)

ANUIANNTUAWN (Field capacity)

ANNFUALAEINNIT (Permanent wilting point)

& A ¢ 1A & & N Aa
ANgAuTUluUselevineiiy (AMUTNEANIN - AMLTUIAWEIN19) Tulgunau

Hunnessauiuiulndifssiudisssuniuinnileudy 9 uenaNLANLgANaNYIAIvesEIToImMISTInY

a ¢ 1 ] a a a ] v A ~ P~ v a
?Lﬂi’lzwmmmg’mmﬂ ] VBIAUNLUARANNNITOAN vL(ﬂLLamNaELumi’NV] 4.1 LLazLU’iEJULVIEJUﬂ‘UWLﬂu

Urssumnatafeseglndusnanunay

A15199 4.1 auURveIRUNaeaINN15aax (Residual soils) annlaumig q Wisuiisunufuludl

5IUVAVI9LAY
duvfvasnu U15350U% Slip Face Chute Zone | Deposition
Zone Zone
AURUILUUTI (g/cm?) 1.25 1.86 1.69 1.48
(Bulk density)
ANNUUIUUUBYNIA (g/cm?) 2.47 2.44 2.54 2.64
(Particle density)
1318 % 38 56 54 49
Aunkds % 27 20 22 27
Auwmiien % 35 24 24 24
Ussuamiilonu AuTIUMTEY | Auswumden | Aunwuilen | Ausiumiien
(Texture class) (Clay loam) Junsng Junsng Junsng
(Sandy clay (Sandy clay (Sandy clay
loam) loam) loam)
% A uuALL (0.33 bar) 26.57 18.61 16.28 21.69
% AUTUTALTEI0 TS 22.66 15.69 14.20 17.85
(15 bar)
% Bunseing 2.48 1.28 1.01 1.00
% lulasiaurionun 0.23 0.14 0.13 0.12
Woanesa (mg/keg) 24.56 75.98 67.14 62.80
Tnunaden (me/ke) 296.60 68.84 41.76 28.92

=
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i shuavhaun nemyauivg Smingaugsnil

nalidn Auflmdeainnisaa Usnafimsunssnuazilanifininienmaes
ANANMUILLLTIINGU 1.48 Toundnleudy 9 (1.69 way 1.86 auddu) leufisesdunesiuied
autAsuduiiidutsslosdfuildunndlsudu 1 Aarugauanysailudosigeimisnuin
lulnsiulutsssundgeanhlufuitiaulsy udasstuiufueeansdadluunuiunduvisanslsy
nduganilulsssued luvasilnunadouuazdunioinguosiutsssumandugenituinafuis
fanulaulpsiowizediandunietag winsafutwuivandidesnisssuisiisaalsuinia
s39u91R eilAnnesifuimmefifintudniosndinsaay nanfe Mndusiumisnudeudy

AUIIUMNTYIVUNTIY ANUAIATUVDINUTANRIN I

Chute zone Mluseosinlua wuldveusesdn fiusesndinduiiu augauanysal

IS

Y8R (519115919 ) wardunseingilaruiunansegsening Slip face zone fiu Deposition zone

q

4.1.4 N19ETAIRNUTNY
1) WugWyuuNunfAuags

U314 Deposition zone loua1vamiluiiazanvoinznauiu Au uas

Chute Zone TaunatsMmiusau Turiean 6 maun1endInIsAnAUNaNLAAISIRITIN 4.2 Las 4.3
o dy v 1A b2 1 o 1 v v} = U QII a -dy o 1

nnsarsalasiunuindindren aydn vei Wauwns ugdn denmi 4.2 iadulaganizaiyin

WUUSUIUUNTLUS AU Weasandiauwdlivunndusouls 650 — 800 WURLAT 31U 2 - 3 AU

9E111990nLUT17 100 AT NIAVYILALUUINIE T AT ALY AUNARALAEY

& A w ¥ T oA ! aad A [ WY o A o
aniunduniandvdeudisssuvanmiesgidulvuditned1ssuseuin
Aualiteinawiiu fu leau auusngllduiuudugeniieimns lnelamnunannisgnnsiniy
naviuausInyiivinentmmels Unfiwdenssiulagieiminduiusulidueded Weswin

n1sAnwATeE wudauiividegludunauvesnisnauny Ayvlamie q Nenenuialal Aded

UnUIMMNatineIvnel Ae dunumiisauandainaey Wi Joaiusiu uadauaianiinsuaundu

a 1 [

TuiunAunaudunanunisilasunlassiasiluyie 3 Yusn waznisasunlas

Usnguintu Deposition zone kag Chute zone

v
v Y a

lu Slip face zone lULINUIAARIFTUAUTINENRI 3 T Q915199 4.4 Fuldliiig
= Ao I = T S =~ Y Yy a X vy 1 oo ' = A = a
WnTunINnIRININiivieande@asuanntudusn suldindiuanniulawn sl evieuiu e

willdvunalvgjegdrauu e ldae wagiauns

o /-
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|

lu Chute zone Tguniunamduiosnia Slip face zone WagA1FvlAILE ALY
MeilAINg1 (Important value index: V) Aauanslunsned 4.5 wudr amUrdadnuauiadululdn

3 uwsinagUlazNvnInuganas WsUSRouT AL

11 Deposition zone lou#i#u Au unossINAUT19a1s 1wl 3 denanslunisisi
4.6 Waellausuniniian auaiedmd ndrgdrdinaaanioagluln 3 uianuauysalvendiy

Unsuanas inseivduuadanas suldiiuresleuilgs 7-8 wnsluln 3

A13191 4.2 wliaWugeusian Slip face zone Wiudayaniendsfuaay 10 Wou (quawus
W.A. 2555) WUasnlag1e 2 x 2 AT 37U 3 ulag

ATUAUILUUTIMN = 10.8 AU/AT.4L.

YUANUTNY Swauduiiny | annamvuuiy | S1wouuUas | A2wd (%)
(f) (Au/ns.4.) fiwu
1| isu 29 2.42 3 100
2 | a0 25 2.08 3 100
3 | namentle 14 1.17 1 33.33
4 | ndaddndng 11 0.92 3 100
5 | Walkns 7 0.58 2 66.67
5 | wng 7 0.58 3 100
5 | dunu 7 0.58 2 66.67
6 | uzido 6 0.50 2 66.67
6 | Tnsnan 6 0.5 3 100
7 | ndneth 5 0.42 2 66.67
8 | 9 4 0.33 2 66.67
9 | UslWaNN 3 0.25 2 66.67
10 | w1 iadduns 2 0.17 1 33.33
10 | uziiteda 2 0.17 1 33.33
11 | ugdn 1 0.08 1 33.33
11 | vgnenial 1 0.08 1 33.33
591 130 10.8

g
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P a v o ¢a a 2 v v a ' = v ¢
M13190 4.3 %UQWUQW"UUﬁLme Chute zone Lﬂﬂsuayjaﬂqﬂﬂaﬁﬂuaau 10 oy (f]uﬂ']wuﬁ

W.A. 2555) kUadn28819 2 x 2 AT 371U 5 wlag

ANUAUILUUTI = 6.75 AU/AT.4L.

AMUIUAUNNU

YUANUTNY AMIMUIMY | S1uduuUas | Adnud \Y
(fu) (Au/ms.4.) fiwu (%)
1 | wenenife 43 2.15 2 40 37.0
2 | sy 20 1.0 3 60 22.6
3 | @ @) 14 0.7 4 80 20.8
4 | uzidio 13 0.65 5 100 22.6
5 | naelh 10 0.5 q 80 17.8
6 | Wz 6 0.3 4 80 14.8
6 | ntad 6 0.3 3 60 12.2
7 | Wauns 4 0.2 2 40 8.2
8 | e 3 0.15 3 60 10.0
8 | uziliowns 3 0.15 1 20 4.8
9 | vjaih 2 0.1 1 20 a.1
9 | AhnAunAx 2 0.1 1 20 4.1
10 | vewgda 1 0.05 1 20 33
10 | 27 1 0.05 1 20 33
10 | lns 1 0.05 1 20 33
394 129 6.75

s /=
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A31971 4.4 wiaWugeusan Slip face zone Wiudayanievaainduasay (w.a. fiurau 2557)

wURLRIBENVUIN 2 X 2 LUAT 31U 5 ulas a1g 3 U

ATUAUILUUTIN = 5.90 AU/AT.4L.

UANUTNY Fwruduiiny | anuvuiy | $1uauudad AN

(Au) (Au/ns.4.) fiwu (%)
1| @sudiue 51 2.55 4 80
2 | awdh @) 20 1.00 5 100
3 | pgiAguAY 10 0.50 1 20
4 | e 8 0.40 1 20
5 | a® 7 0.35 4 80
6 | WIS 3 0.15 3 60
6 | upifotums 3 0.15 2 40
7 | Tnanawn 2 0.10 2 40
7 | @uide 2 0.10 2 40
7 | Wy 2 0.10 1 20
7 | Twuw 2 0.10 2 40
7 | dnpadny 2 0.10 1 20
8 | 9111 1 0.05 1 20
8 | ney1mantan 1 0.05 1 20
8 | guaL 1 0.05 1 20
8 | uziiaudes 1 0.05 1 20
8 | WSuumann 1 0.05 1 20
8 | uzipes 1 0.05 1 20

593 118 5.90

=
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sihuazilsunwulnasasin gundanih

il 4.2 Wuglinwumendainfunduyae 10 Wauusn @u1Au W.A. 2554 - NUATWUS W.A. 2555)

o = = o
- WdvanInUARHYTUAY

awdl 4.3 suglfifisenanuanisludiu
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A1319l 4.5 wliawugieuiian Chute zone 81y 3 U iudayanienduiafuady @unau
W.A. 2557) WUaIR18819UIA 2 X 2 LIAT 31U 6 wlag

ATUAUILUUTIN = 4.13 AU/AT.AL.

AMUIUAUANY

BUANUTNY AMULILAY | S1uduuUad | A2ud VI
(f) (Au/ns.4.) fiwu (%)
1 | fyala 20 0.83 1 16.67 22.7
2 | dmdn Euww) 19 0.79 6 100.00 34.2
3 | SuAUM 13 0.54 4 66.67 23.1
4 | Wsunarainnased 10 0.42 1 16.67 12.6
5 | a9 9 0.38 4 66.67 19.1
6 | lnune 6 0.25 1 16.67 8.6
7 | vath 2 0.08 2 33.33 7.0
7 | Tnaniawn 2 0.08 2 33.33 7.0
8 | nane 1 0.04 1 16.67 3.5
8 | wdagnielan 1 0.04 1 16.67 3.5
8 | aULdD 1 0.04 1 16.67 3.5
8 | e 1 0.04 1 16.67 3.5
8 | Un 1 0.04 1 16.67 3.5
8 | un 1 0.04 1 16.67 35
8 | 1lsu 1 0.04 1 16.67 3.5
8 | azauln 1 0.04 1 16.67 3.5
8 | uzifle 1 0.04 1 16.67 3.5
8 | NUNU3 1 0.04 1 16.67 3.5
8 | guaL 1 0.04 1 16.67 3.5
8 | lns 1 0.04 1 16.67 3.5
8 | uzlnien 1 0.04 1 16.67 3.5
8 | nanlngy 1 0.04 1 16.67 3.5
8 | e 1 0.04 1 16.67 35
8 | ey 1 0.04 1 16.67 3.5
8 | e menian 1 0.04 1 16.67 3.5
393 99 4.13

N
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P a v o éaA a e o & v v a _a ' =
A19199 4.6 YUANUGWUU3ILIU Deposition Zone 81¢ 3 U inUIayanigvasnanunay (1uau
W.A. 2557) kUAIAIDEI9VUIN 2 X 2 LUAT 31U 5 wUad

AUAUILUUTIN = 2.1 AU/MT4.

YUANUTNY Fwruduiiny | annavunudy | swundas | A2 VI
(f) (Au/ms.4.) fiwu (%)
1 |ae 17 0.85 5 100 63.8
2| awd Ewnw) 9 0.45 4 80 40.0
3 | neqwUn 5 0.25 3 60 25.8
4 | Inune 3 0.15 2 40 16.4
5 | uzheudes 2 0.1 2 40 14.0
6 | WINT 1 0.05 1 20 7.0
6 | lnanngan 1 0.05 1 20 7.0
6 | uzde 1 0.05 1 20 7.0
6 | nIzviouny 1 0.05 1 20 7.0
6 | nmeslug 1 0.05 1 20 7.0
6 AUSUGH: 1 0.05 1 20 7.0
Pl 42 2.1

el .. 2555 Lifiveyausiias Deposition Zone

Y

2) Han1581523U1555NBRUSLIUTILALS

laanfiunisd151aUisssuefusnadiufenidoiuil 19 nsngiau w.e. 2557
Mevduinfuaay 3 U dwuandunised 4.7 wud rsssuvidvesguuitiumihidiugldidniiesdy

=

duliiadesvesyalaauund MeilldisnisAruinetgveuwdldiinidilauwd dwdrnfienyds 200 Y

]

! tg t:l't:gl/ a a ! ¥ = )
PUIYAIINIT WUNULALLARAUNANLILAILD 200 UNou

91nn1581529UsIsU AU N uUUga duiuRadusUasn siudmduinge
A va . 1 % = a & o ~ < A A 1y} Y = vy
fAlau Slip face zone & wudunziAsuAUTUIILINLIN o nuiiuugaty Widalaein
v Y a o A a X . = & PN a a a 1 a1 v o
suldidnimifadulu Slip face zone Faluiegfniun AudaruvuintusImaLaziiaoanasas

A & = a v a J ! ! v & v o w a =) a o
VI?!@IUVN&W%JIGUU FannIdeluennnartin aveanesadusidnanisiiulnvesividnu

o /=
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A15719% 4.7 agurtianugivusulisssuaniagsaunuiusnauaay 1435d1sauuuiungn

[

Wugn 9 (Points) 317U 2 3 \ilaYuil 19 NINHIAU W.A. 2557

i | wlewudiie  |dwou|  Aednud AAud | S AU AU VI
finy YD INY FuAns fiwu PUILUY WUILUY
(@) | udazvia (Relative (An) | duwnsvesiny | vasusaz
(Frequency) | Frequency) uAazYln ata/ls
1 | nae 18 60 17.91 12 0.23 21.73 18.14
2 | ade 8 25 7.46 5 0.10 9.66 7.56
3 | e 7 25 7.46 5 0.09 8.45 7.55
4 | iy 6 20 5.97 4 0.08 7.24 6.05
5 | duwu 4 20 5.97 4 0.05 4.83 6.02
6 | duflen q 15 4.48 3 0.05 4.83 4.53
7 | uawy 3 15 4.48 3 0.04 3.62 4.52
7 | nszviousen 3 15 4.48 3 0.04 3.62 4.52
8 | luden 2 10 2.99 2 0.03 2.41 3.01
8 | ansamth 2 10 2.99 2 0.03 2.41 3.01
8 | a¥ln 2 10 2.99 2 0.03 2.41 3.01
8 | uAg 2 10 2.99 2 0.03 2.41 3.01
8 | uglvn 2 10 2.99 2 0.03 2.41 3.01
8 | AouAU 2 10 2.99 2 0.03 2.41 3.01
9 | N3 1 5 1.49 1 0.01 1.21 1.51
9 | nzin 1 5 1.49 1 0.01 1.21 151
9 | Aumndl 1 5 1.49 1 0.01 1.21 151
9 | dslag 1 5 1.49 1 0.01 1.21 1.51
9 | l&uis 1 5 1.49 1 0.01 1.21 1.51
9 | dunu 1 5 1.49 1 0.01 1.21 1.51
9 | Ju 1 5 1.49 1 0.01 1.21 151
9 | e 1 5 1.49 1 0.01 1.21 1.51
9 | iy 1 5 1.49 1 0.01 1.21 1.51
9 | mziAeuauNeY | 1 5 1.49 1 0.01 1.21 151
9 | Ava 1 5 1.49 1 0.01 1.21 151
9 | mziAguUNTE 1 5 1.49 1 0.01 1.21 151
9 | \dem 1 5 1.49 1 0.01 1.21 151

N\
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- Slip Face Zone amaunaviunau szaz12ad 10 hau

] E

2T 4.4 nsiuAvesssuuiaaluiud Slip face zone sz8giaan 10 Lo was 3 U

31nNsdsIRuslludsssumRduANTeUUIHAAUAaNNATI I U15TTNYR
Uinavestunmtig dwiugliOnmihvulzduegiviugliivesthAududia mnusddudnufiand

wadnsiianiswisuulategiane funni 4.5

AN 4.5 A1sansaudlsilununUIsssuIR

0 -
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Tugasaan 3 U duldidniriindulu Slip face zone Fuduiiogfnulutiuan
aananduliiiniudnailfinaiugaesnii Chute zone waz Deposition zone 7ilutas  wnlua
waznudrAudanuvuidundguaridmeanesanignansadley F1a1nn153deluennuii M

Woanesalusdinnisasyiulavesiiadni

daudumn 139 611 (Arenga pinnata) Wusuurduinuauvraugunaly visluln

o
[

AufunazU1suians Wwwiefuiuludeiuasnzifsuaunou
4.1.5 nsAneszuusnld

HANSANYINIAWINATTaNasalunsEnau TlvadeuduasBnduaynialifu
510 (Soil binding) laldaunsAruiIumiAl IRA waza1 IRB AUa10U AIn il 4.6 lnenanisAnuila

uandlun19197 4.8 uay 4.9

AueeUn (Dipterocarpus alatus) 1A1 IRA Uag IRB aglusysuuiunans wudgniumu

a = & < vala ! £ ol a
azmauazazinioy Judulilaiivesnialaniewdgnluaiuausy diuduliidu 4 019 vuu e

v 1

4 a o ] v v Y ISP Y ke =
ALY NBUIUY b1AT89 NUI0Y 1LY angn nulstani e19wnsn dan IRA ENNIAUYINUT AULUBILRY

[

Ny A ] a
aﬂﬁjﬂﬂiﬂ%umﬂﬁaﬂﬂqﬁ‘zﬁwq@

10nidh 3 wilaloun a1l Waums liae dennit 4.7 indnlunwiRadiguwiiuldi

= o a dy a U
WAUAITUININATUINITAUY AUDAY

ATIASIALUIVAURAZIIALUIAY

P Yy ad ° v o =2 a
AINN 4.6 mSﬁnmSz*UU'i’]fﬂ,ummSmimu'amﬂ‘Uuﬂ'nummm"lun'ﬁﬂﬂﬂu

=
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£179U0 aih
Dipterocarpus Duabanga grandiflora

ar

S

Wouis Trema Sp.

2NN 4.7 n1sanEIsTUUSINGI

= = yaa dAad ' = A a
auausuIadumaifenvenislinduninansgrmils WeRarsunluunumeessin
Auldua au13ateausN YNNG WoNeInaaINNITIATIENNIAT IRA Uag IRB Jadanndaiu
N3ANYINITANNIOUNTINAY (Erosion) 983n1517AY (Land uses) LWUUANN & U839 Wiersum (1984) 7

M15197 4.10

w /-
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A13797 4.8 fvtivszansnmvessn s Grundian duariigun dnaniyaueg 19ningsneg sl

v

Payaann1sinsnauliiiiodun 5 nuawus w.a. 2555 uazui 28 unau w.A. 2557

Foduldl vilgnduAuuwuIuel (IRB) SafiEnduRLULIRG (IRA)
g9UN 1.78 1.47
NERR 2.53 1.44
Arpe 1.96 1.09
19137 3.71 0.87
YU 2.20 0.85
g 3.16 1.35
WY 3.83 0.42
nyzviou 3.96 0.56
nzln 5.30 1.75
nuWlsUa@n 9.37 1.41
avianLiiey 1.64 1.57
amn 7.13 1.72
Wes 3.18 2.64
Gl 2.41 1.13
WIKNS 1.17 1.02
no 2.49 NA
919N 2.30 1.49
anan 3.56 2.27
A9t 4.9 UszAndnmaassnldiidisaa
IRA #1 (<1.0) Uunans (1.0-2.0) 39 (> 20)
IRB
i (<1.0)
UJrunang (1.0-2.0) YU AEAD
WILUS dziaLiiey
g1 (> 2.0) T vyu wises 9Une agln Wes dngn
g NENBU AO a9 &N
nunlsdas dnd

g
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A1519% 4.10 Msfiansaufu (Erosion) Mmeldtashvaunaznisugniealuiuduliissuunisugn

WUUANe & (Au/anasAl)

sULUY Avgn | AlsEgIU | AEeEn

(minimal) | (median) | (maximal)

#IUAUTY; Multistoried tree garden 0.01 0.06 0.14
U16351%1#; Natural forests 0.03 0.30 6.16
155‘1/13{14L3'8‘1ﬂu“ih<1ﬂdaaiﬁﬁuﬁi; Shifting cultivation during 0.05 0.15 7.40

fallow period

muﬂ’lmﬁﬁﬂ’ﬁwﬂ’m; Forest plantations, undisturbed 0.02 0.58 6.20

ﬁulﬁﬁﬁ%%%aiﬁmqmau; Tree crops with cover crop/ 0.10 0.75 5.60

match

Tsvyuieuludialgnitvinems; Shifting cultivation during 0.40 2.78 70.05
cropping period

nsugnUwuudgnivelsaiy; Taung-ya cultivation 0.63 5.23 17.37
muﬁuiﬁﬁﬂﬂiﬁﬁﬂi’%ﬁ%%udw; Tree crops, clean 1.2 47.60 182.90
weeded

muﬂﬂQﬂlWiwﬁLLazﬁﬁﬂ%ﬁ%; Forest plantations, burned 5.92 53.40 104.80

and litter removed

4.2 WHUSUN 2 N13E15IAINUTIDaATaMAsINU S eyl lunAuvaesy

a ° v o Ay ° 5 a o & dw v 3 o
ﬂﬂﬂii?,\lﬂ'ﬁaqﬁﬁﬂﬂﬂ‘ﬂqLLNUWﬂ@ﬂi@QLLaSﬂqﬂﬁﬁiﬂsﬁueLumﬂusU@Qﬁﬁlu‘WUVlU']u‘Viu’]ﬂq n1uUA

s (%

yigun sunemgyaudg Smiagiugiond Wulasinsiianansadaviiveuwanisiiensosfiduiaule
ogedaau Jostunsyngnvhanetilsl uasdestunisdoreiinuldifuegned feannsnguaniuiivi
Auvesugsluguulihe azan aneaeuldhenaiiduenars uaz Digital file Fufuvselenily
msdanimineinsliiAndselomigaan nsdrmauaznisdmiunuiiieliifuguteyaasauma
gfimans duinduszuunisfumdiundsazdimisiieaiiien insiuiseafidauuialanedis
gnes Fsanusnthundngszuu GIS (Geographic Information System) lélngmnse Tneniszuu GPS
(Global Positioning System) 1i1s1Uszgndldfunsdrsiauazmsiunud Tnslamzdeyanisiy

ninenssssunRuazdsnadenlidugiudeyaiviuady inswenisnsvaevegias

[

& v ° = o & a A o
T‘J'Wﬂﬂ']ﬁLﬂUsU@lluaﬂ']i?ﬂi'ﬂﬂﬂqﬁﬂ@ﬂia\‘iLLa%Vl']Uig’JIEJGUUIHV]QUSU@ﬂ FHUINUIUY 217 wdas

s /=

fnegsuaninulunisionsesavyiuselovilunfuvessy 31w 201 wdas A md 4.8
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ey INdenTearyinUsylevulunfuvessy oun srugsnuansaulunisionsauazin
Usglonilunfuvessgordeegluiuntiumihe 91w 117 918 uassegsiuanmulunistienseuas

nusyleviluniuvesizenfueguaniuntiuniing 91uiu 80 51¢
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