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# # 5487822720 : MAJOR ENVIRONMENTAL SCIENCE

KEYWORDS: MODELING / AGRICULTURAL LAND MANAGEMENT / FOREST MANAGEMENT / ADAPTIVE

CAPACITY / SHARED LEARNING
SUTHEERA PRUKSAKORN: INTEGRATED ECOLOGICAL AND SOCIO-ECONOMIC MODELING FOR
PARTICIPATORY MANAGEMENT OF AGRICULTURAL LAND IN PHU KAO AREA OF PHU KAO-PHU
PHAN KHAM  NATIONAL PARK, NONGBUALAMPHU PROVINCE. ADVISOR: PONGCHAI
DUMRONGROJWATTHANA, Ph.D., CO-ADVISOR: ASST. PROF. SOMBOON KIRATIPRAYOON, Ph.D.,
339 pp.

Forest encroachment for agriculture is an important problem needed to be solved. This
research selected Phu Kao area under Phu Kao-Phu Phan Kham National Park as the study site. There are
3 villages, namely Dongbak, Wangmon, and Chaimongkol. Farmers have been encroached protected area
and recently arrested by the foresters creating serious conflict between them. Therefore, this research
aims to compare the soil properties between forest and agricultural area, and test the feasibility to use
an integrated ecological and socio-economic modeling inform of gaming and simulation for shared
learning and identify acceptable management plan among concerned stakeholders. The scientific study
of soil quality revealed that soil texture in farmland and forest area is the same “sandy loam”. The
chemical properties including, percent organic matter, percent nitrogen, magnesium, and cation
exchange capacity, were statistically different. However, the soil fertility of both farmland and forest
areas was classified as “medium fertility” according to the soil fertility standard, as was classified into
Chaturat and Phone Ngam soil series. The socio-economic and perception studies showed that 65% of
farmers had only graduated from primary school. They believed that quality of soil in forest area is
better than in their farmland. Then, the findings were used to create the first integrated model called
“Cultivating game”. It could increase farmer awareness on farming in limited area surrounded by
protected forest and possible uncertainties. Then, based on the farmers’ requests, the second game
called “Soil-analysis game” was developed and used for shared learning on soil nutrients and important
of soil analysis. The results showed that farmers changed their perceptions and farming behaviors.
Participating farmers collected 31 soil samples to analyze, while non-participating farmers collected 33
soil samples (total 64 samples). Finally, the meeting among concerned stakeholders was conducted to
identify the acceptable forest-farmland management plan. The collective acceptable plans were
achieved including, 1) support soil analysis before cultivating, 2) cooperate with other government
agencies, especially Land Development Region 5 and Agricultural Extension Department to provide
relevant knowledge for farming in limited area, 3) alternative cropping, and 4) use of homemade
compost and effective microorganism fertilizer. Moreover, they proposed to conduct long-term
monitoring of farmer’s learning and established network among farmers, sovernment officers and private

sectors for sustainable management in this area.

Field of Study: Environmental Science Student's Signature

Academic Year: 2016 Advisor's Signature

Co-Advisor's Signature
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dn1un15aidnaas (Gaming and Simulation)
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1.1) UnnsAuLas (dry evergreen forest)
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Unuganssadnvazdundendng usnadfirnuaiatuieedudminveusny Sussua
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1.3) Uufe$a (dry dipterocarpus forest)
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1 a

fu warluftsdainnuguiutios Huifiiudeduinant 1 fuiiguivesguaudy
DN UATUINIAUAULYNNIUAT
2) UssamfieufiefiAnnnsnssrhuesyeeianmsaasnisdey
2.1) dwpuiun (terrestrial plant communities)
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Ao guaumuiiAnyiueenuasiield dulsivnasved uSianmytunsaunyinu fie diuds

W Uudeiana U1uesun wagnsednanseateegnusua e ues suaeley Usenaume
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Wugldlawn 913 Oryza sativa, 91ilne Zea may, siudenas Manihot esculenta, Uo
Cochorus olitorius, 8244 Ricinus communis, e Morus alba {usu
2.2) Famuitanin (aquatic plant communities)
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3.1.1.4. @nws3aiinen (geological features)
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ayiuesndeuniiensuuu wensenainiudu 3 diu wuiidiugiin egnisiuiane Tuan
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1 2/

- NuRdm (161.35 aseitaiuns vwie 100,848 19)

- Nuddmugnud (72 ms1afilaiuns vse 45,000 19)

'
1 '

- fudusnuAuL (85 ms1anlauns wsa 53,125 15)

e

52 §iiuf 318.35 mseRlans vise 198,973 15

[ '
a o

Huiueendugiin 11,637 13

- Frumauin 3,237 19 thudeusna-diutean 6,763 15 (nndi 3.1)
Nuidusrafiuih 85 ms1eilawns w3 53,125 19)

- 9aULAY (40.5 M319ALALUAT WSD 25,3125 13)

- nupsdiang (44.5 ans1eilawns w3e 27,812.5 13)
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Study Transect N - —— KT
I:] \\ 051 2 3 4
654000 657000 660000 663000

P: A5H 1TV war WIYT A59L5UTRIUN (2559)
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4.1. unun

Y A v a
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4.2. FIN1SANWI
4.2.1. 350159 MUNYARY
Wesanuinainfnwdldneiinisdrsreyanuuasgiuuineu Tndugefudszny

4 IS

o Fedeslinsvihmguudhdnfuuuagn (mini pit) dethluSsuiieuiuyanuuasgiui
& A Y & a a o Y U a ! a a o
wungiinduyaiuviale lnenrsvimihdeaulunuaslisssunasiy 8 annitanie wagyil
nihdeAululUadneasnssuvdiiuasuin 3 99 ndinuTauu 4 90 waznytudeusea 3 9n
5931 10 90 Wodnszaulagafuudiazaiuisainlulsenaunisiansanaiumuieanly
nseusnEkarnsiaNIsnInensiusdely Wewinynauusazyiinilnnumuvaueuis

Hunuugdlilgnuansneiu (@dnd1srauasidensnensiy, 2548)

4.2.2. MSAURIDE1AU
4.2.2.1. F3n151Ausegehu
ada < Y] [l a = gj dy 1 =4 aa 0o w Aa ¢ A 1y
nsinusisgeiulunisAneasitazwiady 2 35 @ndneimansiianiswmun
7R, 2555) lawA
< LY} 1 a 1 % <@ Y 1 <
1) mssiudregnsausuulignsuniulaenisldnssueniiuiiedns (core) iy
f798719A LN DIATIZTAMUNUILUUIILVDIAY
<@ LY} 1 a a 1 [~4 [y}
2) MaiufegeAuLuUgNIUNIY Inensiusuvdulnedussuuaduiludan 15-
20 9a UATBUAGUTNLUAIRIBE1S lnanaugaiuAIeg19AURBIawagN NRLAYRY 50

Y a ¥Ya o o

A a v § v A o & o a Y i
anfiegniAuesndenou udildaeuniadenyaluzudyd (V) Tnedidevinisiiudiiegns

Y

ade

Futtavun 2 sedudu Toun Auduuudn 0-15 wufiuns wazdududis 15-30 wufiuns
Mnduiduiiifivldanynievesudasunagniadilidnfuaulifiosdunuunay
(composite sampling) 9ntuissegnmuliutduiisundnds 1 Ty 4 dvesiuiiods
BaszvantAnInenmkasaudiniueisnely
4.2.2.2. maiumegsnulunlainensnssy

naLfufegsiuiis 2 33 Iiinafivluwlannwnsasiiuangluaafuoonves
9MENULRITAAN-ud FsUsznavldie 3 vty leud nythunsuinifufedis
$1uu 13 wlas myfthufemdnou 12 was wazvythudeusaadiuiu 12 was (11519

4.1) MatimanuaulunUaanunsnssusennuiuieugsnisisulgniiluseuln
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PU7: @UnINeNANERSINBNNSNAUINAY (2555)

AT 4.1 FNsNUALLUUdULAZNENTIE13RY (composite sampling)

A1397 4.1 G‘hLL%UI\?“UENLL‘Ua\‘iﬁLﬁUgh’E]EJINau‘\]’mLLUa\‘lLﬂ‘b‘miﬂiﬁll

AUMUILUAUNYAINTIUNG 3 gt

UTM zone 48Q

njUunIuIn
Db 1 233710 1878381 Db 8 233544 1874868
Db 2 232140 1877463 Db 9 231841 1872795
Db 3 232488 1877662 Db 10 232786 1878124
Db 4 232655 1876468 Db 11 233963 187618
Db 5 233562 1876230 Db 12 232873 1877818
Db 6 233026 1876150 Db 13 233451 1878470
Db 7 232000 1875284

nyUnuTay
Wm 1 228659 1875438 Wm 7 228808 1874473
Wm 2 228170 1875066 Wm 8 229258 1874377
Wm 3 229149 1874815 Wm 9 228957 1873377
Wm 4 228866 1874582 Wm 10 229449 1873232
Wm 5 228866 1874582 Wm 11 230444 1873354
Wm 6 228808 1874473 Wm 12 229272 1872811
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M5197 4.1 (Ro)

AUMUILUAUNYATNTIUNG 3 gt

UTM zone 48Q

yjUutesna
Ch1 229457 1871432 Ch7 229559 1872128
Ch2 229481 1871573 Chsg 229616 1872178
Ch3 229481 1871573 Cho9 228389 1872845
Cha 228727 1871776 Ch 10 229439 1872347
Ch5s 229329 1871991 Ch 11 229573 1872235
Ché 229552 1871998 Ch 12 229573 1872235

4.2.2.3. manuioegaululuasisssued
nsfiusaegreiuia 2 38 Iivhnisivlusdastrsssund Taensimunudasiulé
N15T00UYIINTNENEUWINR dniUiuasiugianseuiunisiiudegaiugiivluuyas
U1ss5uw1d (e nSuseRusg, 2558) Tnenisiivuadiuniaulasiiog1annuuun
transect 111 4 fiet fio Mienwile (N) idmzTuoon (E) field (5) uwaziianzTunn (W) aantu
fvupsiumsvesuUanessuuL transect finas 3 uwdas Tnsuvasiedsiioglnduun
youvesvgtusnniianazfuutasil 1 fogratuiimmieazisusnoutas N1 vseenluidy

N2 aufisuuas N3 Wuuwdasiifiszezmslnafian Wusiu (115199 4.2 wazami 4.2)

a o 1 A& o I a 1 a
A1 4.2 ALNUITDLUAINLNUAIBY19AUNLUAIUNTITUYF

o .y . . AUEIAN
wdasnagnelng 4 Aid STAZUIANLUINUDDA o 2
sTAUUNLLA
UTM zone 48Q
(m) (m ASL.)
GIRI0)
N1 230111 1876584 310 256
N2 230277 1876780 692 290
N3 230503 1877600 1370 364
fAngIuann
E1l 231455 1874233 224 279
E2 231615 1874313 480 290

E3 231190 1874112 688 268




M5197 4.2 (o)

. % . . AUEIAN
wlasnag19Ung 4 Aid $2YLHINANLUINUDDN L
sEAUUINELA
UTM zone 48Q
(m) (m ASL.)
Pefls
S1 229227 1870986 390 248
S2 229119 1870750 586 235
S3 222441 1870324 924 268
AARZIUAN
W1 228450 1875531 515 272
W2 228202 1875830 893 286
W3 228051 1875554 950 270
flan: eviyny InduseRvs (2558)
— . M
LUILYARUBEN

[ J247-312m
513 - 380 m
I 360 - 247 m
[ sar-s13m
B 512550 m

5 km.

un: olfeyey) IndUsEAYS (2558)

A 4.2 gaiusegaulunUing 4 fienig
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t:l' [ % 1 a & e
AN 4.3 ﬂ?iLﬂUGl’]E]EJ’NﬂUIUWUV]ﬂﬂ‘U']

(a A LLUaflﬂ’Wﬁi’iﬂJ“U’]a, A B: hlasnunIngsy, nw C ﬂ’]iLﬁUﬁ’J@Eh\‘laULLUUNﬁN,

AN D: M3vivguutdaRuuueLan, A E: miLﬁUéhashaﬁmwuﬁhjgﬂﬁumu)

4.2.3. m3aszviaulurisslfjinnis
mylaneiRuldiunueyaTEinsn Il ngiiunddninermansiiienis
Wy dfansuiauiiau Faiviesl fURM TR zsiAunuIInsgInaIna (din
neneansiiionmswauiinu, 2555)
mswssuiaegranulnsdiauisuiisy anduiiluuadielnssuniu seufuriy
ATLNSIUIN 2 fadluns antuthuniessrautinienisnmuaziedl Tngsisavien
Fupouns ARy warladefivinisinsedt Seed
4.2.3.1. MIAATIEENUANI9N180 (physical properties)
1) AunUILUUTI (bulk density) #7835 core method (Blake and

Hartge, 1986)



59

2) MINTELIWINVBIBUMAAY (soil particle size distribution) uag
Snunilofu lagyNTIATIEVIUUINEYNIANTIE  auMANTIY nsends  uasfuniled
(Gee and Bouder, 1986)

3) ﬂﬁiﬁﬁﬁ’l%aaauﬁéuﬁ’sﬁ’wﬁ’] (saturated hydraulic conductivity)

4) AnuTFuYsRuluawIy (field water content)

4.2.3.2. MIAATIEAEUUANINLAT (chemical properties)
1) Ansdunsn-ang (pH) A8 pH meter Sasrduiusionh 1:1
2) Usunauduniedng (organic  matter: OM) 1ag35 Walkley uag Black
Titration
3) Ysuamleanesaiiluuselovisofis (available P) Ing3s nsafndae
61 Bray Il wéa¥auSinaumleaniesasewnies Spectrophotometer
a) Usunadnuvadeniiduuseloninediv (available  K) lnsadndae 1N
worluiflewos@ian (NH,0A)  Mdunans (pH  7.0) udrfauSunalnuna@ouseinios
Atomic Absorption Spectrophotometer (AAS)
5) Amsthlfiwesiiu (electrical conductivity: EC) lageaifsvesiy
6) Usinnveuralden wuniidey Tadon warlnwadeuiiadels (Ca, Mg,
Na, K)
7) mmmmm‘lummaﬂLﬂﬁsuﬂizf\;mﬂ (cation exchange capacity: CEC)
Taonisnivsuiameswaadoy wundiBoy Todon Inunadouiiadald waz

ANaEsatunskanisulszuinavianduinmissaraudusuanely

8) 9n313P8azANBNAILUA (Base saturation percentage: %B.S.) lag
AunnA1veslIuianuludnaiald wazanuquanasunenlossy (CEC =
extractable bases + extractable acidity) 31ngn3

Extractable bases

%B.S.= x100
Extractable bases + Extractable acidity
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4.2.4. MIANUINANUIANFNY TV IAY

nsAuIMsEAUALaaNaNysalvesiu Ingldvaninamivesnsuiau iy (nes
d13790u, 2523) Feldnanisiasizviaunaed taun Usinaduniedng Seazainudusdiua
Usunalnuna@en  weanesanduusslovi wazanuaiuisalunisuaniuasudsequan
(9113199 4.3) Ingdn1sInutinziuuANRANENYTal Al

- MAZRULAUY 7 viseteundt ednAullseAumueaLaNy el

- MALRUUBYTENIN 8-12 DodnAullauganauysaiuunang

Y A A 1 A I a A 4

- gndlaziuy 13 ¥SeNnndt fehAuliaugnuauysalgs

o e = M ov oo a a o = P Y =

meillun1s@nwrdilavinisyszluanigfuniinisfinwinseduaiudn 0-15

wuRmes sadufutuuuidanuddalunmsyiinensnssuy

A5 4.3 NIAIAATLUTEAUANNEANALYTAIYRRU TneUseiiuannnanITinseisu

USuna dMI1508aY ANUALNSTAlUANS USunaueanesa Usunalnunadey
fuvletag  evwdudva  uandsuuszquan Adulszlov Mdulszlov
(%) (%) (cmol kg ) (me k) (mg kg)
<1() < 35(1) <10(1) <10(1) <60 (1)
1-2(2) 35 -75(2) 10 = 25 (2) 10 - 25 (2) 60 — 90 (2)
> 2 (3) > 75 (3) > 25 (3) > 25 (3) > 90 (3)

fn: nesdrTI9Ru (2523)

ada

wnewn  sAnsiunugauauysalvesdiuliisesuu Guavesiuueglviadulunng)
fAzLUUIiU 7 visetieundl folnAulseAuALgANANY Tl
fAZLUURYTEVIN 8-12 TednAullanugauauysailiunang

inilazuuy 13 viseunndn fonAuliaugauanysalgs

4.2.5. 350159 edeya

WiguisuanaudidaTuiuvesiu inseianuulsusiulaenisussy nald
LHUN1TVAARIRULduuAantiauysal (randomized incomplete block designs) lagdisn
uwUs8ase (independent variable) laun AuuanssveLlaununsnssuudasnytn uaz
wlaatsssumnaunasiiFnie azlifuusiiduuden (blocking variable) lawA seauaLEn

a a d' v = a a a (% = a v o

VIR (AUNTEAUANUEN 0-15 WURLUAT LaAUNTEAUAINEN 15-30 LUURALLAT) kil
%’a;ﬂammaaummmLLUiUi’JuLLUU 2 U398 (two way analysis of variance: two-way

a o (%

ANOVA) ntuldaafsrssmanisiaseindanuuanstsiueg1eiitodAguliouiiou
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wiAad (multiple comparison procedures: MCP) Jusngaviasnundaen1sagaey HSD

(honestly significant difference) Ing35989 Tukey (AAKWIN 2)

4.3. Nan13ANEI
nan1sany Wiaueidu 3 da laud 1) andfinenenimvesiu 2) audiimaaiives
AU war 3) N1sUsziliuAugaNaNyIivesiu Fulauegasdgnautivesiuluulag

WNERINTTULALWUAIUNTTIUYG LNBLUTBUMIBUTENING 2 WUN Aua1IeU

4.3.1. AUUANINIYAINVBIAY

4.3.1.1. audAnenennesululiainensnss

o w

nan1sAnE bobtunsiausluduvsrdsRinukaneaiueg1eidudsn Tae

<

NUNFRAIUVUINVDIDUNIARY T19TBEAZVDIRYNIANTIY NTI8TS LLasﬁumﬁmmawgﬁ’m
AIUIN WU wazTuINAa AAULANA1SIURE1SHTREAYEY (p-value<0.01) lnedndiuuss
aunans1giazngulelunlatnunsnssuveamyiiuiy wae nydiudeusaaiining
LLmﬂGiwaﬁumgﬁmmmﬂ d’;ué’mdau%asJamaﬂmgmﬂﬁumﬁm%awaﬁwummﬂﬁmmmdw
njiudeasea wavvytnuisu yenanntfmudndiusesazuatayniansienuiinigaly
a Y a [l v d’l’ a 1Y a o I~ a
AuLUatNEnINTINVRINNTYUIU (1151991 4.4) dawalvillenuvesmnuytiuianuvasidudu
F7UYUNTY (sandy loam) (A 4.4)
ANRAEYRIANTUILIET MY AUl UL N ¥ATNTTNYRINY 3 nyUudiny
' 1Y ' Av o w | v a a a
UanNaNAURENUULEIAY (p-value=0.038) IG]‘EJW‘U’M%%‘U’]‘IANU’mNﬂ’]Lﬂa‘fjiﬂﬂﬂ/l?jﬂ ERAGNE
| v Y Y o 3 o w
ﬁawgmmmu wazuguIutedena (1.50+0.14, 1.48+0.10 way 1.26+0.58 ¢/cm” A1UAINU)
(5799 4.4)
A7UALRAYYDIANUTUVDIAUTUAUINVDILUANBATATTY NI1SUNUNVUEAUDUF
wazturaanulunnAINITIATIgRandRnIsnIenmdauLana1iuegeliivedAgnig

48R (p-value>0.05) (M15197 4.4)
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(LRIELEALLBBNN g MLU TELLULWAUIDBNAN 1Y MLLE)
BLATEEESL(APENAEN wacwgﬁgv@?j?ﬁ?@@r@?@v@@?@%@% bY UMLYE

UTLE 29I
uLnty @ e @
neee @ URRLLAWLIL
vuriRge @ crmn @
9, ‘aeiedag pueg —» -
2 2 2 %2 @ @ ¢ @ % ©°
AVA 3 J

Aeiedsg pueg —> -
% 2

< % % M\.\w “ & % <
.@/ > » 'S h
o2 KARIRRLK e ¥ AVAVAVAVAN" Vi
KK mAA ANAVAVAVAVAVAV/S Kk X AVAVAVAVAVAVAV/S
E)VAVAVAVAVAVAVAVAVAV/ .9 VAV, E\VAVAVAVAVAVAVAVAVAV/ .9 N/
/Q<%04'4’4’4'N«’ 49. \ v/ ‘om \
>§>§< Voo \
1 RO ¢ o RN ¢
R AVAvAvAvAvAvAVAYAY Aty YA VAVAVAVAVAVAVAVAVAV At
5 /IN/NINON/N P‘P’ o & 5 0w &
% IVAV/TER %
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v U ] @ ad =~ o = o & [ & A v
LHUNNTIANITMINEINT UL Dudgnsnil@anunsatun@ennudsdureminensiununla

(Castella et al., 2007; Wiggins, 2016) Inanszulrunisidiusinlunisinununisliguselov

NRAUEITOLUITURBUNAN LANSEY 8 Tumu NelTUnause 9 duauisaidsundala

muanusnza Juegiunisuiluusuldlunsaziug (intemational Fund for Agricultural

Development, 2014) lnga1dudunaulsenaunie 1) N5AS1EiRddIung 1ol unug 2)

kY

1%

o o 3 a1 [} <3
N3AMUATNUITTAIATBINTTUIUMTHAINTIN 3) MTAUTIVTINVRYE 4) M3szydaymn 5)

n1sgauFukuININIswtelan 6) n1sdnviununisiousslesunauluguey 7) n1s

v
v

M529a@0ULATNNSUSELIUNE 8) NsUtdUsNan1sALLUlATINTg tnelunisidemsatiaziasn
YFUl9U1In s U UM SN ZAUAUTLEELIAT A9AN TAIUSTTU NISLTNDINUNINY WAy

uUszunal

[
Y YA < Y

= X Ay Ay a [ =€ o £% [ v
LLIENR]'Wﬂﬁ‘LUWUVlVLQJN“UEJMUaVl’NLﬁi@iﬂﬁ]-ﬁﬂﬂﬂ “\]\‘11/1'11‘1/1@'3’&]EJG]ENL?’IU?JEJ?;IJ@LUUGUUGIEJULLiﬂ

Tnglduuuaauniy ndudmsIgideyainugiu wagineinguiddiunegidoluiiug

U

'
Yaada a o W 1

gonuiialdlunisnauiiegegildnsna waraudrfyienisousneaunseuiiuiulag

U o

Tdwuudtasunuuazaniunisaidnassnigliuvuitasaiiounin uazndsaniiudeya
LUvaaUnINNIuaIREnsaseyaynituiuils Fazdindafanssuwarluseninanisda
a J & v ' o v ' Y A o v Y

Aanssuiiu Aanunsaliinuasnssiussylymndesnissauiieduwily vieiSeuisiuduly

Aanssureq LUlA lneluludnwuznisdanisuuvaistuuu (bottom-up  management

approach) #slusyninefanssuusazianssuazinisinnunsisdeunazUssiliunadudddiu

Y

NeatomaInTnAnssuliuamsseenils Snviadloduannanssunanunagyinliaunsasiy
assmuwnensuitgmnduisensuiuiulungudiidnnieitedladnde wenainiinig

Wnawenan s dunulunsussyudasnisazduwumainuiduih Ui iinusuds

(%
a

JumstsuanildsuauaamiuiidulsylesdseUssosuluiiuniiazidu o lolusuian



84

5.2. A3A15ANE
52.1.  mssumualiiidiunegidas
52.1.1 nmsasiaesedlentulunisauniual
av A0y . X & a4 o« < 1% & v
nITeildwuuasun1u (questionnaire) wAsaslalumsiiusIuTIndoyatiodsi
Toenuseanidu 5 d1u (Seazideawandlunianuln 5) lawn
drud 1 1 Junuvaeuainlssrinseans Laun e 91y szaun1snyr s1ele
szeziaInsegordeluiun [Wusuy
\ a ] a ) v A A A P a
gl 2 Wukuuaeunufgriunmsmsinuas taud sllaignvan n1sldde wagyila
+ A = ° 2 v
Y03y UaziAsollalun1syinnisinens [usu
dauil 3 1Wumsinrnus audila wasvirund edduniseysng @u Uil was
A159ANITHUN) FUDUIRUTENDUNALADINNITINMUINIINTIANISIINAUlUBUIAR LY
% (v fa [~4 ) % ¥ v 1
Aun1seusnuAuluduIg 20 TeNwuuasUnI 60 Tafingn?
\ a I a ) a \ & A o & 1 va 1 a Y a
gl 4 Junsaeunuifeliunisilausinluiuneusng ngddiuneitetinigd
dhusidluniseysndunndesiiiodls (mudiunseysndlaesy Wewiniiundenailined
lasamsifenfunseysnefudluaiunsune)
| PN A g Ya 1 a ¥ g A o €
dwuit 5 seylgymnduyuussesdiidiunetesavsiugluiuioysnyg
ntuldnuugeununinaluinnmaassduniwal (pilot testing) 3nnuUszanaulu
NUNTUIU 30 AI9819 WeUselukuUaaUaUtlasdulInnensnsinnudtamauly
¥ = I v v @ ¥ 1 v <3
wuugeunuAsuyntenseilasdununsnsneuazlinsuuulu 1 dluneulvesuuwdy -1
o | a " Y o Y v A a ' X o
waztnumiAtade nudttermniunndeinisiinziuusiumiiundi 0.5 wlainlaesiu
RNty MnduinateyaludiuiuivegeunnueiurenIewiienieisnis

uwiin3eatu uanader uazden (split-half method 38 odd-even method) wuansalv

14 ! Y A

AzLUU lasnuinaeontdudeduazdafn (A1ANUIN 6) ANNTUMIATFUUTEANSandunus

Y

Y a 1Al

szsazuuuderuazdon Aildaziduiniudoiuveaniesionisati uaziilurenee
A esfuvesaisailo Yanatsatudiealosuuuusia (spearman-brown) Tnanis
fsunAiAILEsdisng1 0.60 Aedegluinaninn TndlAvsty .75 sgluinasiviunans uaz
fAganin 0.80 dnogluinaigs TnsArmnuiiissvesuuuasuamdsdiduniosdelunsifi
foyansilogd 0.916 Fednaglusedugs (faon nilwdliywn, 2554; fau nuomdes, 2550;

#UYNY 1TNANWUANR, 2559)
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52.1.2  msldwuuasuaiuiiedisiannug nisdndulaluniseysnduas
@ & Ao va A 1%
NSIANTAUNTURHEUAITeY (A1AKRUIN 5)
1) Tduuvasunudsiannus anudila wasvinuaivesuseynslunugm
=2 a (% o fa = =2 1 [ o 1%
Anwngafuniseusnefuieuledduialn wazwuIN1IN1TIANITNITNINITINERTAIEY
(Hesnimuaduninensidianuneidesiuwazesdusznouriaunazdosldiiionauny
inn1snaudeluTusuiam) nslgdselovunnu Jgnilun1svinnisinens wagisn1s9nnis
wunvinsineesildeglulagiu Funeuiazsiweglumaifenundnwileswiund lag
nauUsyINsdstud Ui 552 aSiseu (Guneluuds, 2559) lavinisdina
I~ o ° o Y u A & o - ] o A 1 = Y
Jusreadiseunardrsraimiiainsewdundn esnudavaiaiseuniaeinisdanis
funynsvanuesiviouiu uazazldndnnisnisgudiegisvemils 1uid (Yamane,
1973) nsaimsudnnulssrinswaveeulviinaunatandeulunisgusosay 5 n1sAuau
1w 1 Y o v A - v & 4 2w 1 ¥ o
YINVBINGNAIBEATIUIY 232 ATISeU waziilaigiuanusaiuflegeladuau
234 faege (Fwau 4 fregraldldnaumatuanuiaiudilaluniseysng) vasainiu
wusiunumanioandungy q uwazduidondiunusuugnlgiioNnzduniwaldednaunsens

lpayanitisdnuiu 57 Mg (snowball sampling)

INENT n= _N
v = 2
1+N(e)
lny n ARG PLERN
N AD IIUIUUTEBINTNINUA
E Ao Arrueaadsusansule Taerurundu 0.05 (5%)
,:.' , ” 552
Wawnualuaunisazle n = >
1+552(0.05)
n= 231.93

2) I%qué’mmwah%aﬁﬂﬁm%’uﬁaLmumwmﬂiﬁﬁﬂmimwmUgﬂﬁwﬁm
19 9 TugeszggiaminnisAinu3de Yamshnanssy wasdseTanmsugniauayldleves

fuineasiu 9 Jzaunsadadoninensnsunduiiolnduiunuvesidineidedly

dy dl ¥ 1 IS ! £ 4 6 o ! ¥
‘WU‘VILLﬁEﬂJ’]Lﬂﬂgﬂi%U?Uﬂ’ﬁNﬁ’)Ui'ﬂNI@EﬂﬂimllLL@Zﬁﬂ’mﬂﬁiﬁl‘l"ma@ﬂﬂ@lﬂ‘lﬂ
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3) Tduvudunivaldedndwmsudmiivineanuniasy lawa Wt
greu waziimth Ul Sedannlunisdanisiutn ausiudefuyuan waghuIning

ausnuAuuaz

o

4) ihdeyauninsigmientdadedrdg i liindayrinesdiunisly

¢ Y dAaa a ]

Usglgvunauluiuiuazsiusudeyaiiedinsieivingu i idiuinedeaniiansnasenis

9

v YA o

andulanavildsundaminginssssuad wu gilg1u193y ddu dlugdiu sun. aua.

Y

'
aa L A

Wt wieliisglduazdidnswalunytnu WWudu WewdhsiuRanssuwuudiasadeysan

i a v Y] o a1
ﬂTﬁW@ﬂﬂiwﬂugumnﬂUﬂﬂiayiﬂwmumQTU

'
1 al

5213 mspygildruietosiuiud (stakeholder identification)

9

AdduReItesluiud vaneds uana viTenguuana vsewluiedAns aa1du uag
YUYUMALITOINIATUNANTENUNIMN ST N19983 TaulUTamansenumauInkagnisauiu

=

159015998 s luianddiusinlunisdndulanddeyni wieadrauuinienisdanig

(%
Y

NVNUUA

Qe €2

PNSNYINTSTITULIRVLNE

5.2.2. Msiaszvidaya
5.2.2.1. ApTendeyauseinsmansiariayan1anisinums
N153bAT1E9U0YaUTEYINTANENT LaTTayan1nNIsinyns Ldadmdanssun
(descriptive statistic) lngussengasuanuazdklseing 9 0InquuseyInsininIThankas
- v

AU uaznsilSeuiisudadiuiesar uaninisuiauediensvl uasunugil 1udu

(@x91e F5NANWUENS, 2559)

5.2.2.2. Apsgianus anudila ieuad wagnisidundlunseusing
MaAsIziteyaniug Anudile wasiruafluniseusnuiy duanuaseendy 3
vyt Tesiaueidudiade Yevazvestayaniseusny uazsedunsiidiusanlunis
ouiny (WiauaiduAndsazuuunmseydndlagsu uazazuuunseyindaudiui 20 Te
vosusasvyt) Sespdumstidautnluniseyinsiuannsodnduunoonldiu 5 sz
oA 1) Wdeyasnnans 2) Suilsmnwdnuiy 3) fduideades 4) adremnusudle 5) uans
msfduandudwes (nwil 5.1) deyaarnits 2 drinaueduns i uasunugfi (Doyle,

2015)
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wannilaiinisiesgriniaiiuivemanuieitesvestaya Ussynsmans

N15NIsinEAs waznsildiuinluniseusnenavdanasieninui anudle vinuai uaz

= 1 1 U lﬁ’l 'ﬂl
nsiladusnluniseysneluiug

— T

/ széuni1sddiusiuaavilszanu \

Public Participation Spectrum

szdundaunuaniinduainnisiidiusinaacl

Tdawaznas Suilsanubaiv Wondne ausuiia
Inform Consult Involve Collaborate

FUY —t i 21200050 FAn Do UG — §71[}]] — 5336 TIVTDL
finsdrmav

\1 #un : http://www.iap2.org
#i111; International Association for Public participation

‘ﬂl U a1 1
AN 5.1 S¥AUNTUEIUTINVDIUTEV VU

'
a

Hild1uLNeI89 (stakeholder analysis)

4

5.2.2.3. NN5IATIZH

Y
[ '
£% = 1 =

HildiuigITes d9uneau 4 Tuneu Lawn N13seyRddIuAgItes N3

[

ANSILASIZNR

Y
¥

Uszillunauselovduaznansenuveslasinisneadsedidiuiieites nsussidliuunum

Y 1

91U13 havANEAYVRIRNdIUAEITRY FINDINITIRNUe LK TTd LRI Taanguse 9

Y

6 val

andduTnlunsruIunToRSNENSNEINIETTUYA BINTIATIERTdIUAEIToRLYIN A
Mlaszvinquiiduladudesuunuim 819 wavdnina Nenvdwradioniseusng uay

[ v d a [y a1 ] a a a a1 ! 1
L‘U‘Ll“U@yjamﬂUﬂﬂiWﬁ]’limﬂigﬂUﬂ'ﬁllﬁ’l‘tli’lllLLﬁ%L‘VIWIJF’WILMQJ’]SEBJIUﬂ‘\]ﬂiillﬂ?illﬁ'ﬂlﬁ’lllLLGI

¥
a v A

azfanssy swluiatuneuvenseuiunsandulaluniseysng uenmileanidalidiuves
Uszinunadany wu n1sldnie szaunisfine Jsazdwmaseiiiodludinsasiaasedleiiaz
Wldnisiseuinuiuvesiiidiuneitedliegreliuse@viamundau (Fuiles s1unnen

AL, 2559)

| a dl ° va

A153AS1EMETEIUNe DIl UN1SANEY TablUSHNTY excel WiBseuIIWIULLEIU

Y 9 Y

v (%
=

o > & = ¢ DI D o ¥ o & A
Wedeaiavun sauluiswadsleviduagninvesdddiufertesnanualuiug uaz
HaUsglerivesridiungitastoniseusnuiu suluisenudaudasenineiidiuneites

wingAY vseudaznay MnUuILINsTzuANuduTusaeluluitefduiusvesidiu
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Netaarning1nslussuunAny wenuiloann1siaAsIeARLdIuNEIToINITFUULET
galainnisiiaseinguussinnvenensnskeng ey (farmer  typology) Litaliauise

Aaa

F’W]Lﬁ@ﬂﬂﬁm%@ﬂm‘lﬁmiﬂi%m@‘ﬂ%wa UNUMN ﬁ%@ﬂ’lﬂmﬁ’]ﬁm’sﬂ\iLﬁ@f?ﬂﬁﬁ]ﬂﬁﬁuLLUUﬂo’maﬂLﬂm
LATENIUATAIINADY LATEIHNARBNITWILUININITIANSNULNEASNTINSIAULAlLDUIAR

(IR JUNSINA, 2557)

[

5.2.2.6. M3Usziludvana (influence) wagaudAey (importance) voarilau

o

a v g A
L8ITDIUNUN

o

nsUTzludnina wSounume1una (influence) tazAdudnfgy (importance) ¥o4

o

HUAIULNEITDILUNUNUY @1115095UN8D9ANUNUIEVBIANI1 DNSWA UIBUNUINSIUID

d

' [
o w A [ [

warAuaAnarltlunsIveluasetl fadl

o

“dnBNa NIBUNUIMBIUIR” vuene B1unaTingugildruineidesiiianisaiuny

9

yaa

vionszurumsfaaulalunisoysnuiu Tnsdrusnnandudifianudoing viedu

Y

v Y

Fmthisgaungmane vie Wudmugumineinsvan vielimnuiedefulguangmane

= Y = & 4 oz ¥
wInunnsitlaslunun [Wudy

IS ¥

g “Anudidny” el nsigildungitendiinTiuiieneiuniseusneauty

sznalimfnussleviiuidinnerdesnquiuiniesiiiods Fuidednludfedigidiu

Y

Nendeanquitazlinalszlovdaunnfiandoianiseusndiudniadnunsiunguianssussly

o I

44' o o o va i Y1 A o a a o aAa 3
Lll@ll@ﬂﬁ]']ﬂﬂ']i"ﬂ@laqﬂUQﬂJaUUIWﬁQULaUﬂU DNDINA LLaZAINUEN QJ}‘V]@JGIEJ“LJ‘JSLWU

a ! oA

auly (nmi 5.2) nquitiaulaainmsiaadudnswa wazauaulawad wnudn nguign

9 Y

Y | aaa 1

ARuvUIeggRIUNYI (key player) Fodunquiiiavina wazaruauleunnieg L‘Uuﬂaw

9 Y
¥
1

SwﬁwamamiﬁmmmimLLavmﬁmLuumﬁuwumﬂua gNUN mumvmaﬂmwﬁmmmua

2D

Mnnguiainandsilifanssudniald venaninguitisiunainn ugignindunsey

9

= 1 oA o

LYOIVULY (meet their needs) ﬁma%mmimmmmmmmim e S ﬂaiJVIQQJ@G]’]LLWUQQEJ“U@Q

d19921 (show consideration) WeffilAudAmInAmsaziiarsanlnimiangsy way

4 A 1 d = o % b4

Aanunasioilearsly daundugaiing Aenguitiiaudfydesuindeussiiuiiaulons
w1 vsedeIn1sinfanssukazasenIusulenis azgninstunislurasanadny
(least important) Fanguillifinaneusznuiiaulansiueradanguillilunguinlidniudes

SIUAINTTY
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E Meet their needs
3
2
]
S
gs
8
8
c
g
€
Least important Show consideration

>

Interest of stakeholders

fian; https://www.stakeholdermap.com/stakeholder-analysis.html
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Y9INITEAUVRIBNTNG SwluTsunumlunug uasaiudfy v3e nausvleviidleriidiy
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£

=X v, = ° 1 va 1 N Y o ° | oA X 1% i
ubineunaztlulviagwuugiidiuieitewiamun waeiin1319murdaild1uNeI U ua
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[y

o

answa wazunum (influence)

o

AIAZUUY AuANwuzYaiidungadas
0 Lifigvwa wasunumluiuiee Aeglifiunumla 9 lununfnwiae
1 18vana uwazunumluiuidesiign Aegndnuivinnsinunsies dvelades 13l
v I v
unumlumytnu Wusy
2 18viwa wazunumluiuntdes Aegiiinuiivinnisinunsuiunais Inelauiunans
Laiflunumlumg i
3 fvEna uarunumluiuiivunans Aedsiiunvihnisineasuin Iselddiunas
Laiflunumlumg
4 13nSwa wazunumlunuiuin Aegndnuiviinisinensuin d9elauin uwasdl
unu it visedud sy wienalifiviniluniseysndlaense wu iy
Alueidnu Jusiu
5 T8vidwa uazunumluiununiige Aegiildnanisldnguune uagiiunuinuti
Tunseusnélalunuilaenss wu Wmvihigvenuuiad Wusiu
o . o ¢ v ¢o &
ANud1AgY (importance) vianauszleviliiian1saysnedia
' Y v o v
AIAZUUY AuANYMTYaildungtas
0 Lifinuddgluiiuiias fefluilinauszlovile 4 diomseusnvdnia
1 fanuddglunuiieeign Aegnluiinuinianisnuns waglauselovidesiiionts
v 6o o - = T 9 \ Yo = D '3
ausnydusa esnnder@wdulundn 1wy gianussanu visligrgunsainig
< ¥
NINYAT LUUAU
2 fianuddgluiuides Aediilduszlevitosdoniseysnddusa o1adnuiinig
manuastios viello1@nmanyhed19du 1w weAAuNa1e wiewsae s
3 fianudAgluiuiiviunans Aelaussleviuunainfeniseysnyddnsa anafiiun
nsinuasiunas derdwesudu Wudu
4 finudragluiiuiinin Aeldsuusylaviuin nsdilunwasnsaziduldiivi
nsineasUseneuiviselaiasy wu aseuasvinnulsedn vieladuvieves
Jusiu
5 fimnudrdgluiunuiniga felasuussloviuniian erndusentifilunis

ausny viensdidunuasnsasdugivinnisinuesiiissediufes waglifinaden

Tunsvherdindu o Jvhbilausslemiinnfignleniseusnduszauanudnsa
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M13999 5.2 MsliarzkuugTdunetasluiiug

AZWUU AzuuudnENaLazunUmuN1TaRsnY (influence)

AUAIALY
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
(importance)

0 1/

0.5 2/ 5/

1 3/4/

1.5

2

25

3 17/ 11/ 12/

35 10/

4 9/ 13/14/

45 7/ 8/

5 6/ 15/16/

e 1/83avnusen 2/giegunsal 3/viefniuBenandn 4/usenu 5/munede/en 64nunIng A 74nenIng B
8/\nwnsns C 9/nwAsns D 10/4nwAsns E1 11/4n®AAS E2 12A990N991090% 13/nSunmunianunsy 14/nsudaasy

MANYAT 153NN UUiend 16/mheianndui 17/635s

5225 Ufduiusvesldmngitadasninginsluiuiidnwm

N15a3 19N NI AU LUUTIMUANAN Y 19 IUAIUYDINSNYINTTTIUTR LazaIUUD

(%
v Y

Wgadeerianun saulufefianisanuduiusvesgidiuifetteudazay fu

eX2p

nSmenssssuvRluiuigieTusunsy UML (Unified Modeling Language) dafiuniwnii
genuuuniialfesursuuusians lnvanunsaldadreseuu dydnuel UM \evinliiy
mwagiumawaqﬁgﬁzwdauﬁazﬁﬂﬂa%ﬁqLLUUﬁi’waaq?ﬁu 7 WilelviaenndesiuingUszasdi
Fosmslioy Fsluauideilgdnendiu class diagram waz sequence diagram 1nlduans
Thdtumuduiugvesiszuy wardumsinnenssuluwuusiasunuuasdaiunsalsnass

(Ambler, 2016; ¥1A30 Naln3A3, 2556)

5.3. HANISAN®N
naa NNty 6 @ TnefiswaziBundel
531, Uszianufinazmswasundasituiinnsldusslev
msdunvalddnferfuussRmahnmanens uasmsogendeluiiuiiginiol

< N £ e A = o o a
Wiun1siasuuwUainislduselogunun s1ulufansimuImiediny wasiAsugnaves
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FIUNFUUIN 9 VoINUP LAl ary 81emee 3NnYUIuAuIN BUR.UIs 3nnyUuTauy
19YAINBIANITUTITAIUAIUALANLIN (11571991 5.3) asumgnisalivdgundasiniindu

PIUUALSIwALLDYN ALl

= wa & A = v a a a @
AN99N 5.3 UL IRNUNLAENITUREULUAIAIUNTINYAT ULIAINGT bATYRNALLATEIAL

N5UABULUAIAIUNSINEASLASHLIA

nswasuwlasnuAsygisuasday

noul w./.2503

JusininandnanUinasdnivn $1UUNIN WY N9
7il 1@ N9 Lavas
-nsvinsinessilunuudgnuauneau Snsugnd
wilen 9nls euslaalundn vty 9 lud undlne
wadly 808 T19lne ndae uzazne Hilnend Ugnily

AU warnIstaesia

WA, 2510-2513

nmsduumudild

WA 2515

Usgmaduthanugi fmseonthuaeilidu

wwmsnslufiui ﬁuﬁuﬁwaqm@
WA, 2526

Uszmeduangneuusngii

WA 2527

-nAsgsusiAvgnueiies vthudsiunndgniedies
W.A. 2528

“aieslalanandn inwnsnsdudnugnuaiiies

“UIEMATIIUAN IWAZYNIUANT AU

w.A. 2503

Ansegaed (aneydn) Whanluiiud wasd
ytuegefuudd 7 vidipiseu
vansAuysarfadsluituiinaunlud 3o
Minthgwazum ssrisiiieudianende
Wwdn 2 vdsmieuilioguanuansdu
Javhlvdidnuau 9 ndspnseu
NEATNTUNAIUBNENUNINITE?
Youwny gnsenil uagnueatiag

w.A. 2505

Ansafluainns warinnns

w.A. 2509

Himsahadeuguaim inwnsnseneméns
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]Moderatorl ]AgriBuyerl ‘Farmerl Area |ForestReserveStaff| ’FertilelPesticideSeller| |Agri buyer| |Labor|
T T T T T T T T

| 1:sendFamilyNo| | ;

[ [

[ |

[

[

[

i |
| 2: expandAreaMax5Rai
\

3: calculateMon‘ey

o .
4: setProvidedCropCost

1]

|
5: buyFertile_pesticideOrNot

: calculateCropCost >H
|

l"

L
|
|
|
|
|
|
|
|
|
|
|

| 7: designCrop '

& costOngrllnEacITCropType 9: designFarmlandLocation

T

10: fertile_pesticidePrice

I I
11: hideLabotOrNot : H
12: LabourAvailable :

[
|
[
|
13: expandArealnResearvedArea '
|
[
[
|

S

|
|
|
|
|
|
14: payMulct |

D - B
15: tellAmountMulct | '

e

18: harvest

!
|
\
| |
! |
| |
\ |
19: sellProduct '
| |
| |
|
|
|
|
|
|
|
|
!
|
!
|

20: buyP}oduct
[

21: netlﬁcome

AT 6.7 LNUAN UML sequence diagram WaasaIaunIstuneu

Tumslduuudnaes “inudgnivg”
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3.2) agUanuiildannmsiauny 5 sou

Funoumsasuaug (debriefing) lutuneutddaiiviliAnmaFouslnelding
(Crookal and Thorngate, 2009) Junnudiesnanasuiisssinud1Asy 4 annisawny tay
agUasAmmdisausalung 1iun dununsdgniivdesing q salufsanadlasagnns
widamluusazdauaniunisalsassiinuldimustuiineasnsiinsudlam wiednd
szmsoufuddymedslsluddnly uaslamay q feaintuaddduiiui nasnauall
uiuoudu 9 foradstuldluewian 9intu aguddsingusvasslunisdafansaaluadaian
ass Lﬁ@iﬁmwmmﬁmmﬁﬂaLLagﬁ"]’mﬂizmummﬁﬁlﬁﬁauiﬁwﬁ’umuﬁamsuﬁ%’m%um

MADAYIIUY

3.3) Uszillumnuiianelavesiaunanindaiangsy
ndsnsudunounsaglamuilunuimuad Tivhnisaeuamnnuiuazaanm
fanelalufanssulaesin Yssliulaeldinaiunsdiudseannm (Useaes nssaign, 2538)
Tnefinsliazuundd
NaTINISUTEIUTEAUNNSERUTY
4.51-5.00  fun; 351450  #
251-3.50  unans; 151-1.50  laiwela

1.00-1.50  AIsUUUS

6.2.1.2. wannsuazilAnlun1TeanwuuLnu (design concepts)

wwIAnlunseanLUUINY “inudaniiy” dwwifaiieazliinunsnsiniuasevidnly

1Y

ﬂzgmmﬁﬁwmamwmﬂuﬁuﬁﬁuﬁglﬁw GRHRERIEHIT wazususfiewdyiulamfigads
Antu vioo1anintuldluowian TasifinanmsSeudituanunisaisiaosiiausfiunly
Boudswiu aunsneglunsarlvesmsugniivlung iieasyiliinunsnsdaduednd
ddyressemainmaFeuiiasiau Sntsdanuduudmnseinnisiineasnssuves
puies silufnslaiyngndiluvhmaineaslufiuiivnlfegnsdiarudla anuudadena
vilsiAn “inuugnity” Fadunuudiasndeysannisgiuuunis Weduesesiielunns
suswesiruiuazlduaniudsuiSeuilulsadusing 4 Sy egsmaunanulasnisiien
manieing o iUszgndld Megatu ArmganaNysaivesiu MmleTeigiidauAstedly

(% s

Wui Asdunansduduiusiudedny Jausssunediu lnginudaind1nilinwnsnsay

aunsaissuilanslussduusiazyana wazisouisiwiulussdungy vanimileanniidiena



136

anunsathududusuuianssuiieusznauiunisieus msanmudauds wazadaniy
dnlaludszhusing 9 Indisun1asy vsessdnsonvusensdoansguuvuivialnauasd

seunsAnwTuiuguligannin

[y )

wannsdRynaziiAnnsildsuLlasanuda niswasullasnisandulaluny

v v
=< 1 o v A

tuduegiuanunisalitauyfvuunluny Jeduidudddndnusznisnids lnvaaiunisal

Y

[
= Y2 A

luinuagdesinnuaenndesivanIunsniase vseeaintulaasduiug tielidiauidnd

Y

druinlunisseuslaess anunsafndmsientanisiddsundasiliniinnisisouiuasfn

aseassAMuUMITNeRInTsulunungse Ay Mydrsvanminuntdagdu uasivgniseln
a & = & A = a o o A % 6o = v oA

weiinduluefnvesiuiidy 9 Jeilanuddgyiieaiiunuiazaniunisaidnaes deieaing

d19599WUN waranwazvasrlduNe o atAluiuineu

6.2.1.3. 5190%198AVBILUUIIABY (details)

1) A1masu (initial values) Usenaunie

- ARAUNUNYINSINERS (7 15, 8-14 15 way 15 15 July)

]
¥ a a

TAIAUIUYUNLNBATNTIASU Usenaunie 50,000 Un

3.

100,000 U gz 150,000 U

- SIAKAYIIUIUNANANTNAININE AT UVDIN LA AZTNA
(RNFIAVEHANEN UazUSunamandanlaasdluwsiagnguntieiuAaiAgieanii)

- ALSITUSEIDIY

2)  avesnuusiladiluluiuuinass (Input) Useneuniy

- @DUNNSAIANARY METNANNITAS19NNLUUEBUANN (UNT 5) 31
wetAnanunIsalazlsTuTduiud s linensnsiisuiAsstuauduaselaunau diu
A0UN1TIlUaUNAR A9 U N1SUAIANITALESUSEVPNBWTEU (IN1TULEUDU1INIY
Insimduaglinnuilsaiow) sulvdansiuduudssensiiadunnl Guneluuds,
2559)

- PUIUIUNINLTIUY

a A A &
- vliavesiwiinuasnsidenian
g Ad A a
- Nunnensnsdaniazvene

- A lIenaenluaununsns
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3)  @fildeanun (output) MALUUTIAEY, Usenauniy
- PUNURNnYRINTWIzUgnTmun (Wundvtey/dided)

- swlinnmsvimsinensnauavdwinelgine (Mls/annnw)

6.2.2. nsuwnululy

1 a

W91uAaNTsH “inudgnity” YsenauluMmieinunsnsdnuiunianun 37 Ay 970 3

ey

(IR 3 4 o 4 % 4 v
WU 1ot JulnwnsnINUINASIUIN I1UIY 12 AU V1NN 13 AW wagU1utedsna 12

AU (miwﬁ 6.3)

M137 6.3 FIINTINAINTIN “inuanive” A1n 3wyt

58Ul (gaming session) Fuildn Juaugidrsulunudgnive (au)
AUIN 2/12/2558 (9.00-16 .00 u.) 12
Jauu 3/12/2558 (9.00-16 .00 u.) 13
GG 4/12/2558 (9.00-16 .00 1.) 12
ERLY 37

1 I~

AinamnukazanunsaidtaenduinunsnsiignguidoneenunaNNIsLUINGuves

q

NuRINSNLATATIERANanyMzvesiaznaulIluuny 5 Faidnsinunvun 37 au g

Funansalduglngduainmidiudeusea duiu 1 au legaiusonaninisdanguues

o

YV ‘:’{
LNEHINS AR 9T

MIN 6.4 AuANBUZEINTINAINTIN “InuUgniiy” 91NN 3 vt

Y aniuTu NWAINT  INEAINIHLAY
i . B VB
wuudaUAY n&u AU

a1 D 1

35 D 2

20 B 3

- - 4
AIUIN

70 E2 5

7 B 6

51 El 7

21 B 8
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M5197 6.4 (0)

Y anduly N¥ASNT  INWAINIELEY
nyjtinu . p EEIT)
wuugaUnY ngal AU
45 E1 9 Truglvgy
32 D 10
v 71 E2 11 Ae gt
49 El 12
94 E2 1 Uuaun.
64 D 2
14 B 3
35 C 4
10 B 5
9 B 6
Tasu 18 B 7
56 D 8 Ae gt
68 D 9
52 D 10
59 D 11
39 C 12
74 El 13
- - 1
- - 2
11 B 3
24 C 4
- - 5
- - 6
Foslama 11 B 7
6 A 8
17 B 9
11 B 10
62 E2 11
16 B 12
9 E2 dunanised B eyt

e nquinunsnslagnuusluuni 5
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6.2.3. msusziliunavasaung (3-79w)

nawviAanssulduaUseann 3-7 Ju {idelanduludssidiunalaglduuuasuaiy
(nanwan 1) delifiauldRnmumudnasiildBeusiFesin q untosiioda uagiinng
thieanuiilduanasuseuisuilundluseena viefideuurifiuduiionsimun

wwsasilasaluluaums

6.3. uaann1sunululy
6.3.1. usseMAlunIsiEwNY
U358IN1AN5InU syl fuRnsnisidinuuazaniunisaldtass “inudgniiy”
ufungununsns vsseniaduldieainuaynawiu invasnsianudilanuindu
wiesdiodmivadrnindeuldliduisunudmiudniiduiiio muaynauuvingy

a

a o ¢ | a o & A v & & A8 '
wneasnsiianudilanuuese ansadunulagwenlesiuiuiaselaindununaagusued
Tanavgnenuuiend venldindind@dendudn dudmdeadunuiiinizlan wneasnsuns
AUlP S UL AR UNUNYIINITN BATVDIAULDLUS S U UAULNULNLUDSANTINGN 9101

a Y a a A ) a a2 a A & o w =
WnwAINIALBY 9 WWeduseasuieatuuiiailugin wasusuaidudie sl
WYL IUUBNYAVDILUAUNBATNTTNVDINWDS tneLUTeuLTeuNNUBsANAUNUNDZY wandli
Wiy dunkunuASsude wwaiusaldasianinaudilafg I uNuNTINAUTE I

aulaidung19d tnensnsdalalduszavnisalludinasaunldluiny vinlminnisedlsie

ey

wanaguLuIAn guued wazdszaunisalang o n1sinisinenssiuiu egslsinuenadl
= ) a4 a D 29 v 1 d

nensnINgeengUszaulginislisukaznisnaiasesinlaving Jarinaufliauiiewmae

NNAUTUBENE 2INNITABURVUABUDIUNALAUNUNUTHAYATNIYNAUTAIUABINS

28INVLNAULNAUNUDNONTNITINVUDNATI (NN 6.9-6.12)

AT 6.9 UTTEINIANITULAUBNITREUAUNUNNTINNYATNTTUNYBTAG o) VBUNEATNS
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A9 6.12 UssINIANISATURANMSIELNY asuaus wazkanUisuussaunisadlumgdiu



141

6.3.2. HWAN1SLAULNY

paTnMsELANTsNnd LI 5 T finwnsnsldvhmadentgniivedasiig q fuuu
fufivhmainunssasani s1eldne 5 U Huiusdddydmiuinumansfiagdanisn s
manwasludeulvvesaniunisaisiaesiunnssfululuusasvesiiufinizgndanan
TnsRusumuvesusiazau saluengldanmamzugnaous®d 1-5 uandunini 6.13 Tay
Tusnasdunaduiidanainfiauiidausiinasifusuudwaunndign udfaunsodisgldd

Anaulauiedtiu ({auaun 9, 11 wag 12 anvdtiuesuin giauaui 13 nvytiuim

Y

4 o

v o a % ) | N A & ¥ 1 aee v A a
wardlauaui 11 mnudtnudbusng) dausnandidendudiauniaudinasdtuiuudiuim
v a = a o ° ' P v A = v =
Weefaanaunsausmsinnisnmsimainussuazaldingluasusousululgaineaunsodl
srelamduuints (i 6.13)

VAN UNUATUNNA U TN U TR UEIU a0 S0 AUINAUUNINSINYAT

Y] v N s 9 v Y AY A a .. ]
1o wazidhlasnauinnmsveneiunadndt lluansusneidessunuiiaa iy
Py X A a a o & v ° v a o =
Auvulun1saeiun Mawseuau lansau auyuussny WWudu ilineesnsisunsewings
MsazaLINAuLRUlRIeg19lstrTnanana o lsiuLINTY UBNAINTINNNITATUIUANLYINE
a9 9 TuwsazUvinlmnunsnsnsuiusasUalgineannwinle vinliAaauasenininfeg

anA g luUIuaIUNg
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1,000k,

500k,

k,

500k,

1,000k,
—

71,500k,
<

&-2,000k,

|

2,500k,
T?! 400k
200k

k

ULLEIR

71

-200k
-400k
-600k
-800k
1,000k
1,200k Aauu; 8/13 Ay (61.54 %) neldfnau

-1.400k
800K,

wﬂﬁmﬂﬁﬁ’]ﬂ’]ﬁiﬂiﬂﬁl

2
ar

600k,

400k,

el

200k,

200k 8 9 10 11 12

400k, Juusaa; 6/12 Au (50.00 %) seldnnay
600k,

Bcapital Myearl Myear2 Myear3 Myear4 Myear5
719 50,000 U
8-14 14 100,000 U

155 4l 150,000 U

AT 6.13 Juasuiazaldgluinuveanumninsssesial 5 U

(NI A: 99UIN AW B: 190U hazn I C: Yu9Aa)

6.3.3. msEpuiluing
nsseuinnMsaunuyseneulumenisiseuiluseduyaaa (individual learning)
wazn1sseuiluszAungy (collective leaming) uazduneliinUfduiusndaaiuiuseving

am%ﬂma’[,uﬂejm (face to face promotive interdependence) 8n¢ag
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6.3.3.1. m'iL%'EJuiizﬁU‘Uﬁﬂa (individual learning)

FENTINAUNY nuRInTudarsnelidisoudiiuanIuni1saldnasining q waziiu
UH&UITUEIEnI1989AUTENBUKALAINITUAY 9 MABAIUNANITTNUVDINISARALTA
FeyARALaEUY kA MIUaANsALESUsEYAN B EuY RaNERIINAIUTEMAgN
dutudseinanndy neldendieg1eduaanusemaidy iandndiuinangnugiun

L v vy g 4 A @ v o4 % v ' & a
i dulSwde weuila a1 Wusu FununsnsynAuuIg wasuNALUBNILALTBNANEN
Pneslsemamadiulaglvivaralnisiangnnitduainunslulseng wazan1un1seinis
PR | = Ay VYA o = a v A
WadwresUsernsluaiisey Falfiauaunisdlatuduiimafivvesdssrinsluaiuseu lny
Tudhuvesnuwesgnuigladvaruunlmasdudidmay 2 au ilnlialdaneiuay wasii
LAANNTATERTNNEIINNITYINTYTIZNITLAULNN YRITAINNITADULUUABUDINNSILAULNL
Wuil WUt inwesnsiesar 100 39 3 nyUu ien1sasenidndelaynn naldgymnin
InwAINsUNANMEIUsTaUeY WU Jymideuas uaslsaily ananiunisallunuiiiaiy

1 dyo ¥ d' ] a £y 1 RJQ' v = 1 d‘ a f:’f{
wianivinlneasnsildieeiinisnsyninuineu Tasuassuindelaymins o nerafetulu
auAn Bnvauinszntneginuudindnisusaiuliguidu 9 1nTu wagesinwieuaiy
wiouesuilafuaniunisalnng q Ne1vaziindulalusuian Fediauiinnudilanesiu
Tymmsondvegluiiunensng uasuuinieanisuius (4.92 axuuu) diuaniunsaliidnass
FuuazmsefusenauaunuilananuieInuLLINNITUTUR

Han1sUsTlunasaunudmuiiaulaseuiaiueig 9 Auend1aiy (113199 6.5)
lngiaulaitausisesnisinuns wazn1suanii (5.00  azvwuw) lawareduiieudiuy
wanagudszaun1sainamsinens (4.92 aziuw) Wewnauundldresldnaaeiuauly
UL UUT s gaauisuengreiuliinisinensveny

Yo o

won N {laudalalssuiinedtunIsAnALUNINITINEAT (4.92 AZKUY) WAENT

54

U & v oA =

Anenldane/mvihddniauseu danunsnsnnaulanaifedfiualddgluwdazlin Limean

>

= Yo

weluwsiazUazidealtansuinvuiat Feiiaudiulngnaninvasanilagienseniniay

Y

Usendaunay
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M3 6.5 NANTUTLHUNAUAUNUVBIRLAUNT 3 U

o o = v = a I '
a1fu  wamsiseuiuazauianala AZLUY AnduLnnue
1 losuanusiseanainuns uagnisugnity 5.00+0.00 funn

Iodnlaneiudgmnisendvegluiiuneysng .
2 o 4.92+0.27 fun
WazUINNITUTUAD

lowaneiuiioudu lauaniufeudszaunisel

3 4.92+0.27 fan
NNMINYAT

4 laenudifeatunisfnsununiensinuns 4.92+0.27 AN

5 leenugiseanisAnenlidne/msvilnydaiuseu 4.91+0.29 AN

63.3.2.  M3IEUITEAUNGY (collective learning)
wamiaﬁﬂsmmjmLﬁ'mﬁuﬂ@m@m q (Al 6.14) %aﬁmmﬂﬁﬁuﬁuﬁ‘ﬁuaa
p3AUsznovlusTEUY uansfanigeil 6.6 Tnedymiinunsnsynau (100%) lendnfsde
Haymuaueaui/fouds uazlamuas Angity LAy Fe sesaanlduidamnuude

Auliifinauniw/Auldduun/Auu1qediundy/Auuwiy/mudeninsy/dedldlaosusnandnla

'
o

Ldwiau/ineasnsuinaiuiuazinalialun1siinisinuns (64.86%) Wandins1A1ANG

=3

inwmsnslianunsnauaumEanaald (48.65%) uenantiunumsnsdosas 29.73 Idszyfa
PagmnsgniafuiiduiiAumumiasnsesdy wegldannsnynveiiui vieldiadosdng
Tngfle wavdniovay 24.32 lasvyfadaymde g1 v waze12UNAITIATNG
dmsuiwImeanisunlensausuds nudnlunguinunsnslalauaiuInigeig o wu
nsUgniyvianvatevila Wlidlonandnvesfivefinlasiavimned nandaanfivyiady
Alalldmndnlusefiansaneldifivmedeldans viemminmsuszvdaailddosuiiios

waynsseudiiuduieaiunsvhnsnens Wusu



A9 6.14 Aanssunmsseytaymnianduluiuidng

dl a 1 d’ U ! :j [38-74
MITNN 6.6 Nﬁﬂ’]iﬁ]ﬂ‘ﬂﬁ’]ﬁ]ﬂqu LﬂEJ’]ﬂ‘U{IQJMWG]N N3 WHUU
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sy Uywidu afinunsnsssyisdsluiuiifne (au) Soway

1 Haymwaueauth Aouds (37) 100

2 Haguuas dagie Teadiy dos (37) 100
Homauude/aulaifiaaunm/miligind/Auunsgaihidey fuuk/fuden

3 InswsedldUswezwinandnlalivingu/inwnsnsuinnuiuazinaia 64.86
lumshnisinens (24)

4 gmeandesiamnd inwasnsliaunsaruuaRanaals (18) 48.65

5 Ygminwifulueng agldasnsayaverfuiild (1) 29.73

6 Yo engmg wagengiulassIAIung (9) 24.32
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n1seuiaNnsldinuueindiaesdulngini ansaviliinuasnseSuigineanu

Hun9TeluN19911N190N¥ATYRINULBUUT B UL UAULNULNUUDIAT18 89BN UNNLAN

o v

nuRsNIAudY q Aldussergmudnneiuusnamduguikazang saulufianetsiuven

Fifrulatnunsnssuvamues InaiSoudisunuuasadnfuiiuiiase inunsnsausudasud
miwmmmwLLmumquﬂIuU%nmﬁLﬂuﬁuﬁLﬂwmﬂﬁm%wammaq WaAILAITLN LN
vasndraowhliinumsnsannsaiunmgivssmanuaanduaisld lidoanuenauiy
aadlaguunud Wud

'
1 =

Wieduganmisiaunulaiinisefusisuwaniufsuanuisiiuseninedldiuneides
Tnainuasnsnateauliuansnnuiuiinislisuifuwasiuyusuduidesninvzitling
Usznaunisinau iseillsudarauauinuazlingiunausznaunisvesauduluing Jalad
n1saniiiesdufelfuifuuasiduyuiuiniislaieou daluloulnuuwanansnug
Usgneumsiilaiauliaudisseuti 5 nuindineasnsniinfuuasRuyuniinausznaunisin

o L4 d‘ Y a Y1 (Y ! aaa a M ¥ o 4 o
au Mliineasnsaudu 9 leseuisiuiuiinsiniuiastuamuannetalilavitlvinisi
M3NERsUTZaUANANTY WANITIURUNITYINNSINERTLaZIANISHRIL AU IINTIagYh
Inwasnsinelafismadonisissuaniunisaianiduionaisvulueuenla

- oy va A = v Y dll =i P,
wenwileaniifalalinsuanisussuiifeatuinensniauduy o MmeUgnitens 3

a A ¥ C% ]

yin Ao U1 dudUends uavdes Falinisuandsudsvaunisaliunanssuiunisdgn a1e

€

+

WS Uo hars1A1uie d9vinbimnunsnsrateaubanadalunulunisyinnisinem sue1nuLes

]

Qe =

=

dnnununsnnianudiladalunisiinisinensdearunsaasieniudilangnaesle
Mgy inynInsitnladnnsldyurnilselusunsulgnanansasiiesiiviliinsiniun
TusfudUendls witllowaniUagunnnu3nuinunsnsaeiu wag gt amsuinguen’
ldaursavililsasinazsinmuiniele wazdursd@ruineluausuusniuna1un1syii
a d{' 1 c’l’ dy I @ ¥ o 1% d' [y
N15inuRTiedu o Wy n1sihgslainn msdeadama Alddianusuwanidsuiuly
1% =l v a a dl 1 1 (=] o > a

nUuBnaIe MnUnAdNineasnIisausnlvausukaglifinisdueinduuneivse
Sufuiietnenensinuininsuaseliiununinssedu qlungdiu Funwnsnsdalinig
waniasusianas swlvdsmdedusazauldgnsle 8veerls siawilng wagladinns

d' dy + I 1 c{' 1 d' d‘l’ = d' =3
waneiededuidundulusianfignainitfimedeun stuludenisuaniudeuninuias
ANudAvesladedu q NilBvsnadenandn wenwileanlunuidunedtuauasle Wy

ANMENSVIUN LSALAZLLAY L‘fluéfu
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6333  dowausuusiils
nslfuvusiasnny waraniunisaisiaesiidesifaedudiuiugidu uay
sveziaanfiau esaindrurudiduiiannsadeusovuedainuiienvyaaesiiuiivh
manvnsannsneulifissndiarszanm 12-15 au ddswaunnnddfesilidenden
wazueafy uenanisveznardldlunmsidunugniiasis 5 Ydulfinaiussanu 6-8 Falus
Auagivanuiiuiiugruesdidu) Suunsdadesdnsinifieliinunsnsiounats uwagl

= a

wseaunAUly datunisinfanssunuluasisaluazdeslSuanseaziianad 1wy ansnuIul

a

=~ Y a q' v X | ° a Y A o
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. aduntu T P- U K- iy
ARU PR OM n5EANE N antad  Breyll anlad  NH,OAC gnind
1 Td (%) 3 ORI " &
(aw) g9 mg/kg Y ELN mg/kg
1 54  wwy 114 1 0.14 32 5.4 1 62 15
2 52 wuw 134 1 0.14 32 2.2 1 72 15
3 6 BUN 0.92 1 0.1 24 5.7 1 56 13
i 82 thdu 117 1 0.11 24 22 5 71 15
5 52wy 1 1 0.1 24 5 1 73 18
6 53wy 056 1 0.07 17 3 1 42 10
7 5.4 YUY 0.57 1 0.08 19 14.4 q 58 14
8 58  wwy 221 2 0.09 22 3.7 1 65 15
9 82 thiu o084 1 0.1 23 13.2 3 27 6
10 79 hidu 135 1 0.13 30 56.2 14 73 18
11 6.1 ﬁ'nﬁu 0.69 1 0.08 19 3 1 36 18
12 55 w077 1 0.08 19 26.7 6 68 16
13 49 w103 1 0.09 22 7.7 2 144 36
M3197 7.2 Uinasinemnsluiubuduvesiiauusiazauvomythu sy
. adunilu U P- U R
a1au PH e oM N2 antad  Breyll aniad (NROAC gnind
1 Tud (%) . %) L me/kg 0
(GI)] i3] mg/kg VBN
1 6.5 YUY 0.89 1 0.14 35 6.1 1 76 18
2 64  wuw 1.01 1 0.13 31 5.7 1 60 14
3 62 Yy 0.79 1 0.12 29 51.3 12 154 37
q 63 wuw 1.1 1 0.13 31 2 1 76 18
5 58 Wy 0.87 1 0.12 29 2.6 1 73 18
6 58 0.54 1 0.1 24 10.2 2 50 12
7 6.2 YUY 0.63 1 0.09 20 2.8 1 40 10
8 76  wdes  0.79 1 0.11 26 73 2 72 17
9 5.7 YUY 0.36 0 0.08 19 6 1 26 6
10 52wy 0.54 1 0.09 22 2 1 43 10
11 64  wuw 0.98 1 0.1 26 6.6 1 161 38
12 62 Yy 0.47 0 0.08 19 45 1 46 11
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M1599 7.3 USunassneimsiufususiuvesdiduusiazauvaamyuiutuana

. ARUNLY 17U P- Y iy

A1RU Pr He oM n5EANE " antdad  Breyll anind (NROAC gnin
11 Tl (%) ) %) " me/ks g,

(aw) g9 mg/kg Y ELN
1 58  um 047 0o 008 19 26 1 43 10
2 61  uar 038 0o 009 22 26 1 49 12
3 57 uar 058 1 01 24 6.1 2 23 6
4 61 um 056 1 01 24 16 0 20 5
5 54 um 066 1 009 2 28 1 33 g
6 72 waer 072 1009 22 218 5 112 21
7 72 whes 163 2 02 52 85 2 285 68
8 57 um 067 1 013 31 1.7 0 60 14
9 58 um 113 1 013 31 33.6 8 70 16
10 59  um 049 077, 011 EN2I 3.9 1 21 5
11 52  um 053 /TN 23 1 61 15
12 84 hiw 139 V /[P0 12 3 218 51
M319f 7.4 nsweeugastefinuasnsienlflunisugniiudzmds

anlafillen  gnladivdes  gniaddu GELY WHU Ty

gnsie
S0 (lulesiau: N) - (Weaweda: P) (Iwunaidew: K) (Buvsedng)  (A1vasiv)

46-0-0 a6 - : - -

16-16-8 16 16 8 - -
15-15-15 15 15 15 - -
15-7-18 15 7 18 - -
16-8-8 16 8 8 - -
6-3-3 6 3 3 - -
16-20-0 16 20 0 - -
0-0-60 - - 60 - -
JeBunseg - - - 2 e

(1/6 wiHw)*

Yuun antndwuyy 10 uln 1 \Widies
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46-0-0 warludunid naansnlareinunInslanandniiissn3afed #an1saunulusaunsn
Wan AL LNLENINTOAENOUNGANTTUVDUNEATATE KATIINNITHUNWAILNEATNTADU

mihinuitnnyasnsinginssulunisvinisineasiaednd Ae invasnsagldde 46-0-0 504

1+

funouloduwas wasndsnnuuazldlegns 15-15-15 uasunsauasiiudedunigudig

9 Y
[ &

¥ 3lA Wudu

2D
=)

\wu Jo
g & ¥ o

shdlawaiadunuseuunsn gunnulaesuienisiilevesusazauligiaunnaulansiu
A

gEQ

wazasUlvdiaunnawdilainvglanandndelis Ineinainnisldadeligndesniuainy

fAoen13vesud1Uends veaulddegise (46-0-0) vlvlivsunalulasiauunniiuly windu

IS = < o [ o U =2 o 4 a g A
vinlnwnaendadusimermsdrdglunisisaifiudvend@ainlinandalaladfun

]

&IQ :.’I ¥ v 1 1 a 1 LY L% 5 1+ a L o 1
wanaNUAUAIUvelauLiazaulauwand 19 uly dedunisladedeunuuiuilnly

donnaesiuaufBINIss e IsvesiudUzras Jsivilinandalalddunauiy

(%
Y

n¥snfiduiinrndlanniu Flfsmaunusevasdasnisnsiaiu Taoidufuds
suudisriviuluseuusn Mnduliinensnsdaduladendetednass nuididuantiuas
un Uruau wasdiudensaa awnsadentddelaegisgnisamvunzan Anlu 69.23%,
81.82% wa 100% Aud iy uonndssldiAnnsnunduifiodoyurafieanduyunis

HAS LU SNTIAINEATNTANTULLDIUTEINTILLAULNY

M13°99 7.9 NstadonasUSunauNananran¥nsNIuIUAIUIN

i Jeiild nandn (fu/ls)
¥ U1 U2 U1 U2
1 15-15-15, Jeduvsd 46-0-0, 16-8-8, Ygdun3d 0.5 1
2 15-15-15, Jeduvsd 46-0-0, 16-8-8, Ygdun3d 0.5 1
3 15-15-15, Jedunsd 46-0-0, 16-8-8, Jedunsd 0.5 1
4 15-15-15, Jedunsd 46-0-0, 6-3-3, Yuv13, YeBun3e 0.5 1
5 15-15-15, Jedunsd 46-0-0, 16-8-8, Jedunsd 0.5 1
6 46-0-0, 15-15-15 46-0-0, 15-7-18 1113 0.5 1
7 46-0-0, 15-15-15 46-0-0, 15-15-15, 16-8-8, {e 0.5 1
8  46-0-0, 15-15-15, 16-20-0 46-0-0, 16-8-8, Jgdun3e 0.5 1
9 46-0-0, 15-15-15 46-0-0, 15-15-15, Yuam 0.5 1

10 15-15-15 46-0-0, 16-8-8, YeBumse 0.5 0.5 (K)
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v Jeiild nawdn (5/13)
QLau = = = =
U1 42 U1 U2
11 15-15-15 15-15-15, JeBun3d 0.5 0.5 (N)
12 15-15-15 JuBun3d 0.5 0.5 (N,K)
13 15-15-15 46-0-0, 16-8-8 0.5 0.5 (n3m)

M159% 7.10 MsladeuazUSunamaninvadnunsnsinu i

i eild naudn (Au/ls)
¥ U1 U2 U1 U2
1 15-15-15 46-0-0, 16-16-8, Yuun3, Jeduwsd 0.5 1
2 15-15-15 46-0-0, 15-15-15, JeBun3d 0.5 1
3 15-15-15, 16-20-0 46-0-0, 16-8-8, Yuv13, YoBun3e 0.5 1
4 15-15-15 46-0-0, Yuum, Jedunsd 0.5 1
5 JoBun3d 16-16-8, Jedunse 0.5 1
6 15-15-15, 16-8-8 16-8-8, 6-3-3, Yuwm, Jgdunsd 0.5 1
7 15-15-15 46-0-0,2, 16-8-8, Juun, Jedunsd 0.5 1
8 15-15-15 46-0-0, 16-8-8, YeBuwsg 0.5 1
9 15-15-15, ¢ 46-0-0, Yuun, Jeduwsd 0.5 1
10 15-15-15 46-0-0, 16-16-8, Uedumse 05 05N
11 15-15-15 16-16-8, Jedun3e 05 05N

d‘ 1+ 2 a ¥ U
A1 7.11 ﬂ’]ﬂﬂ‘qEJLL@%U?&J’]NN@N@@‘U@\‘]LﬂH@iﬂiU’]usﬁEﬁNﬂa

fise eiild nangdn (fAu/l3)

¥ U1 U2 U1 U2
1 15-15-15 15-7-18, 16-8-8, Yu13, YuBun3e 0.5 1
2 46-0-0,1 113 46-0-0, 15-15-15, Yuany, Jedumsd 0.5 1
3 15-15-15 46-0-0, 15-7-18, Juv, Yeduvsd 0.5 1
4 15-15-15 46-0-0, 15-7-18, Yuv1, Yeduvsd 0.5 1
5 15-15-15 46-0-0, 15-15-15, 15-7-18, Yuw, Jeduv3d 0.5 1
6 15-15-15 46-0-0, 15-7-18, Jedums 0.5 1
7 15-15-15 46-0-0, 16-16-8 0.5 1
8 15-15-15 46-0-0, 15-7-18, yuwn, Jedunsd 0.5 1
9 15-15-15 46-0-0, 16-8-8, Yuv 1, Yeduvisd 0.5 1
10 15-15-15 15-7-18, 16-8-8, Yuw3, Jedun3e 0.5 1
11 15-15-15 46-0-0, 15-7-18, Yuw, Yeduvsd 0.5 1
12 15-15-15 46-0-0, 15-7-18, Jeduwsd 0.5 1
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7.3.3. msEeudluing

nsiseuinNsaunuUszneuldsmenisseusluseduyaaa (individual learning)
uazmsi3eusluseiungy (collective leaming) uazdnoliAnufduiusidaasuiuszming
am%ﬂma’luﬂq’m (face to face promotive interdependence) 8nsne

7.3.3.1.  nsiseussyauyAma (individual learning)

naMsUsEuRaNLUUABUALBUNA A LA INU I FlauTinNNSiEesEn
pwnslufu uastofintunnmitnu Tnedleduinuuasuany wjthussunn syt
wazvyjthudoneea vhazuuuedeld 138119, 1.64+1.43 uaz 1.17+127 muady
(51971 7.13) wazndsnniiaunuluudmnuythusihnesuuuldifsmynay (7.000.00)

LY PN Yo |

drumsiseuslussauuananlaannsussidiunuevesiiay nuigaudulngle

&

SeudiNediuanusisessiu snemsiusiu (mytuesuin vgiiudau wagvgdudeuses,

Y

5.000.00, 5.00+0.00 Wag 4.83+0.37 muddv) uonanifiaudsldsuanudizesnsnsia

e

Fuinilenuddy wasasnsaRuynafsioulgnity (mjthunauin ittty wasmithy
Juu9na, 4.92+0.27, 5.00+0.00 way 4.75+0.43 AUAIAU) Lﬁa%lé’mmﬁw%mmﬂaﬁﬁu
fioans datuTasldielfogagniios nmenseindmnldanstdefiligniesagsilmde
Aldanelunismizdgnunniu (ythunauin ity uasmithudouses, 4.92+0.27,
5.00+0.00 way 4.75+0.43 muddv) Addnyiiaudilasunnuisumsdunaneiuseine
Fadumenaunumsamumsdgnlviivsydnsnmdutu (gdunsn wathufam wey
yythudenseg, 4.69  +0.61, 4.91+0.29 waw 4.58+0.49 Muddy) uenanifisuldidous
FashlemeaueuazAninnuuaznsiiassduisnisinidmiunmsSousia (e
7.14)

val 1 '

a [ vya 1| a I [ 1 a
AN 7.12 UTUG danunsialaglendunnsIuauny LL@SI&ITJSJL@‘ULWJWTJQ@M

Y

grunsuin Yrudeuu UuBeUIAa 593
i 9 12 10 31
Alalalauny 22 9 2 33

RN 31 21 12 64




15991 7.13 nan1sUsziiuanuismemnsiufiuanuuuasunuiouLaE ANy
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nytu A213155192 115 TUAY (MeanSD)
AYUTN 138 =+ 1.19
NANAFUNDULAULNY Jauu 164 + 143
LERNGER 117 + 127
AUIN 7.00 =+ 0.00
NANARBUNALAULNY Jauu 700 = 0.00
LERNER 7.00 = 0.00
8.00
= 7.00 7.00 7.00
= 7.00
g
= 6.00
<
%%~ 5.00
(_
=
® 4.00
Q,
i
= 3.00
=
32,00 1.p4
S 1'L8 1.17
1@
G 1.00 I
2
&
0.00
ASLN LSO LGN AN PSEOTE E{NGE)
Pre-test Post-test

NN 7.13 ANRREATLULNTUTHIUNDULAL RS 095178 9T LUAY

A15197 7.14 Nan1sUsEIUAINLAAIINASEaULNY

N3l38ussEAUYARS Uuasun Unudeanu Uudeuena

(Individual learning) Mean + SD Mean <+ SD Mean + SD
Tiulooeegneas 4.92 =+ 0.27 500 + 000 475 =+ 043
ANFFesRU 519 sTuRY 500 =+ 0.00 500 +0.00 483 =+ 0.37
NIANUINTIEIUTIEINY 4.69 =+ 0.61 491 + 029 458 = 0.49
nsBeudmenuiiaynauny 4.54 + 0.63 500 + 000 458 =+ 0.64
ANUFIAYVDINITATIAU 4.92 + 027 5.00 + 0.00 4.75 + 043
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7.33.2. sgaungy (collective learning)
- = Y = o g v 9 - @ a
wanmileannisiseuiluseduyanadainliinynsnsiuunaulanasusulseauly
& A % o 1% Y a a v o
HUTLUALNEATNITTUTDINUBINAT tnuditilriinunsnslredunewanidsuaiuiiuly
nau Tnefiusznusing 9 Aldannsdunasswituaunueai
- MsuanasuyszaunsallunsinieuiuguUIALANA1IY LNYATNTUALAR
VoUUG1 30 WURAAT NUATNTUNAUAREINES 15 WURIAT dUNYATNTUINALGR
weugneneiwesneuninludng Fedmalinandniinnudemetdosnii
o o+ o o v P v = v 1% A
- mandndeuagyidmmdndiainldies ieandunu Feiaulauaniuioy
nszvIumsvihlendnlutiedusendauauny
- mMskanasuysgaunsainiseusuINneuenrytiy wundiaunilanenla
ausunsilsdudese mhenuiuuandsuduseninaauny Wewinlaeunfinunins
sapuindllausuuaglilinnsienenanuddelviiuinunsnssedu
= 4=t ] aa  a v o & % Y a1 v =X ady
- msuanivdsusiande Fanuinludinge diaudedeainiuaiirneiu Jaidve
Lazs1A9R1eiy nsyaneviliiAnnissiunguagludedeielilasaiignas WWunisan
AUNUNINGS Wazanunsadnauladensiumalisaigniian
= v a ¥ YV v @ v = 1
wennil inudalalomalminuasnslasaniudunisaiaaseienisinuaslugusy
Wiegiaulananesuiuiesiunisinens silvmsuiiauiiule lunyduniivszaunisel
wnuaziiauslusuay q Nazansaluasuanuvsemdeyalaseluluewian uenanily

v A |

EunIeNunINIEIlasInAudite v NEIu@yun SR sudslimenuleiuinneu

kY

7333, Uoiausuuzila
nslduuudnaesny uazanunsaldaeldedninnsuduiugiay 31uiugunsal
Lazsrezhaiiiay 1ngduiuAua NN INAINTINAITYITENINN 12-15 AL/TBURANTTY
dl ! ! a Q‘Jl ¥ ! OI ! QIJ !
wazszugnamldlumsiaunuluusagseuianssuiuagldinailininii 2-3 Flusdeseu

Aanssy Astunsiaunuluu1geeafedananssuuIses 1L ie NN auiUsE8ELIa7

v o a4 v

Al nagaInvsidninfanssy dnnuitelvin1sfnuinseungudeyangildiungives
Aoinsseuiniulinanuamsazgdednfnssuwialunatesey uavenvasasdldiuiiy

a A = i oA A i A A v a Y 1 YR !
YUANBU ¢ Y17ID ﬂfjlll,ﬂ'iﬂmiﬂiﬂqm@u 9 L‘W@%'ﬂ"lLﬂi@ﬂm@ﬁqﬂqiﬂisﬁﬁﬂu%)lﬂLGUULW‘EJ'JﬂUﬂUﬂQlI

o o

inwnsnsiUanudzndsngiinviela eegsls Jusiu
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7.3.4. AMUNINDLAABNAINTTUNUKALHNIUNITAINADY
WHIDERUANULNEATNTNAIDINLAULNULAIIINTUONNNITIANITLAULNUTUDNATY
INEATNTMAUNUYNAN (100%) 31A%e 3 ndUuazaTIEuNNEN druauianelaly

Aanssuiiffiauuszidiusenuies wuin fidudesnisidunuisaiunsainuasdu q W Ugn
flyrdindu 1 wazdoudFosuyuiilaing q wnfu dwivdsiiveuiianvesianssufeinui
mmaynauulitiie (asemzdefisuiunsousuwuuiily) mngdmiuniseusy
M5LNEAT (4.95+0.21 AzLUL) Wagliiuinaniudl 813 fuaufinrmmsnzaud (ans1ei

7.15)

A1519% 7.15 nan1susziliunziuuauianelasofanssuinulazan1unsaidnasg

d b4 s b4
Nan1si3eus AZHUY sERUANIEN
1 Wuianssufiaynawiu liunde 4.95+0.21 AN
2 fwuindn Senunduiues Smedansaeuivinli 4.83+0.37 .
Yo o Aun
wlalgidne
3 uIniINdnfIngsuALaY 9 8n W n1sUgniiedu 9 4.58+0.49 Aun
4 @01Uil 91IHAYTDIINNAUALIZEL 4.54+0.63 Aun

Wieapun1ununsnIna 3 viylinufeiiumsaduayuliiiansiauinisiseusises

'
a

nsUSuUTIsmemnsiuRY warn1sdansnauvesnensnsilnandniuundu lagnsiiy

a

5190115l UANTINITNIIAAY N1stdentddaiadl wazn1svindedunsd Jendn wazumdn

Fanmlaniednes i binunInsansunukasiuNands laun gy

7.3.5.  MSAAAINYEIENALUTEAUNLUIUAEANEATNTIEY
INASANAIUNANELAULNY WU LN BATNTAaUNU I ULAI PTN15V8N8RNaN8A1T
11AN5AIUNIIATIRY wagdSn1sivAuiiedinsialiuendedulundaifuaziieudiu
ThaAee ¥ ladinunsnsAlulaaunulAd9RULNeinN1sIATIZALALA E1TNIUNIUINFY
WA 5 FIUIUUINDY 28 f29819 L19FDUNILLNEATNTNAIAUNINTIVLA b LA aULNNINYN
=3 a 1 d! ¥ o 1 a" 1 a = aa < a a" 2 ¥ =
nsiiuAnegnsls ddladmauinnunsniiaunulaliesuneidismsiiuauiigneaediils 39
ToasiiaAufunuIsnIsAIna?

waannmaaunuluudiszeenilinsinsfinnunsiadeurnansiseuiidudiidfy

warssewin1sinnuElNuAnInsInIsraunadisalunisinzuanseuiivieliognsls
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Wesnluma§uRudinaesgnsdenaislduds winiseduluiuneratiguassasiig wu
Fognstunumwusinldlddemnduituidifeenn usu Jadeswnunasmsativayunay
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) o w d'

Foustoarudsialy drumsresennisnFeudiududsdidy Wosmnuasifinuasnsuinds
wazasluiuifanuaulalunsinueudifindudenuesnntu duy dWelhiAnana
fatlunsdansmnuivesyusy msaduayuauInuinng wazdnnisanuiizesdu 1
fiasuadnanudilalunisiinsineasliiiussansam waznsaiaaiunudsiudu
29ANIN1ATT NMIANYIAAAIN LazUTzilunan1sasnenuTINileTEnIunynINTLaL

Wnihnsglunissiuiueysneauwazn

7.4. afiusEHaNISANYD
7.4.1. nsBeuiuazasunlamgAnssuyaununsns
Taelumslianuiizesniseysnduas nsdanisiu sawdensléte sndndunis
Tnetindmnstiianudsimgameiuanmissnuninig ssdwlnajoglusuuuuresnis
opusuvdeUssyumananaiu Tnefenlfnnuifunquiuasdnisld@wimata ilhnuasng

ninsAnwduiugluseauliganndnldinta iweanudeniiewazlisiueusunasans

'
a

fu danalinsevsuldvszauanudiianiiinrs uenand queuiidedugiilungmeny
uwisrAsndnEeldenn dsgneufuiiufignenuwiinadinisdsiuldnguansegrandsasn
dawalvinamheaudiazlvieruduninunsnslunsldifuegramngan

msld “inunsraiiu” Geadretuegnade Suduuumevildsssifinadidunsile
uneulusznealne TnofulvfiaulddudosuazasiefjUinasnouynneuanivaesy
Uszaunsal annsaviliiAniFeudizesnuddyessnsiafusaznslitelfedegnies
manzan wazthlugnisuunasunginssuveanuasnsld Tnowuinsewinenszuiunsly
insfinsaenunsnanuiliuuudesidudesly Fuainmsliinunsnsiinduvesmuies dee o
vhaudanfusigemsluiuusiazede ldmaassmmatiusigemslufiufenulosdsiilid
arudlaausing 4 Farumndu uenandussrnadunulénsuiernusdioanssine g

vosiiufinugn Fadndudeslasusimemnsasunnds vinsglasianiudiiiesdndeslsdla
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(law of the minimum) thlugaudnlalunislilengneadluiian

1 [ Y o 1 ° < = [ 14 a da
ag19lsfiny dianunsaueralivszavanuduialunuiayinilinandnid
IaglanigngUiunsuin arunsaifentddulaedsgniewnanzantosNgaluussn 3
wjiu Aadu 69.23%) esaneralidilainy nmsfadwiaiaving o WWuldegrsdiunn

IS J

[V A a a v S a & a
LLagﬂ‘{leaugJ@']Qll']ﬂ BEALNBDNITTEUIVTINNEANTINUVBILNBATINT (QLaU) VlL‘lJa?Ju‘lU Iﬂﬂﬂ']SLﬂ‘Uﬂu
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WINTAAUINGN 64 H9E19 nasauny waasliliuinneasnsinnudilateanud Ay
NINTIRUNBUNTYIINTINEAT Tvnwrlunisiiudiedeiuliiedmsiainay uasnsouly
a [N 1 A [ al 1% [ o N Y a a Ao W = [ a

nsseusadle o faidumsiSeusseaunsuiuildewinuaiuasngAnssundAsy Fududs
dAgeg1eBslun1sInnIsninenssTsurIReg19d98u (Crookall and Thorngate, 2009;
Dionnet et al., 2013)

wennilidleladiasizinzuuuninug Anudila wasvirued Yamytiunauin uay
MU TURLTUE 3 U ddunzkuuTiruaRvem i utELPaRnaY LaviilagA1AzIuY

¥

Ingmuudinzuuudnnvesfiauarinauludiuvesiruailuniseusny laeidululding

e

udruinnlaviwuuasunuluniseusnedisiainewsuyiniangsy (U w.e. 2557) wag
A INTNwATN SRS AULleuenAuRuY U w.e. 2558) Gsfanssuwsnladndulul w.e.
2558 flo “inuvanity” tnuwsn way U wa. 2559 Ju “inunsiafu” ddegaianuau nns
o & A < ! & A - 1 o a [ = T
Amuaiui eenludiuiiuimizdgniviiuinviegradagiuinunvauseguainield 3

WNERINIARUNSINEUNLI liwnzay Wuduy

7.4.2. M3a3191A39918N15NEAT IUYUIULAZNITIANITAINEIN T TUN1TUTUA?
YBUNBAINT

v A

Haflaa1nn1stdinunsafund1Agydndsen1snilsAan1s3IntNoulnunsnsndl
Uszaunisalenaiu lnsunduddinyasnsliddeslaneiuisasnisinunsiaazneiugemaly
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\nyRsiATeY eIl (social network)

a = 1 9 1 a £ ' aa & I a =
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- i I3 vy a A = a = 1% o Y a
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dneneanuikarUszaunisaldaiuiasiulasgsaiianeaiunsadiglinisiseusiaznis
W dululased (Kilduff and Tsai, 2005)

v = 1 a vd o ) a Y Ao w o X A
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7.4.3. NATAAAIUATIVABUNEIRINIANINTTY
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3.3) N15A1SAISNISAUAY
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1) Andadu
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Y anladiden anladindas andnddy Gl TATELEY
YT duasieu: ) (Weawaa: P)  (nunaides: K)  (Bunedng) (A1vashu)
1 19 1 10 0 A
2 22 1 12 0 ey
3 24 2 6 1 A
q 24 0 5 1 A
5 22 1 8 1 ey
6 22 5 27 1 WGLN
7 52 2 68 2 WGLN
8 31 0 14 1 LA
9 31 8 16 1 A
10 29 1 5 0 ey
11 34 1 15 1 A3
12 a1 3 51 1 ity
8.2.2. msuunululd
8.2.2.1. HnmfaNTIUNY

vV 1 a

e e22¢

dhsaufanssunuasasfuuuseendu 2 nauldun naunensnsiuandn wazngu

tniseutulszaudney) lnengduinunsnsandiuatentu 91uau 35 auwtseaniduseudn

wazUne Welvimivauiuinwiugunsallagssegnalunnseus

]
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PUsEANS AN lunedn

vuly wazdniseuain 2 15a5eu town 159Seutnuviniu 97u7uU 8 AU wazdniseulsusyy

FAWVANTI U 8 AU SAIUVINUA 16 AU (A15199 8.3)

M15797 8.3 FLlINTIMAINTIU INUATINAUS LN AT aNTE

S . .
39UN (gaming session)

Ud‘ﬂl
AUNIN

o Y ¥ a
Iuudidrinlununsafu (aw)

INWATNT A.UBATU SOU 1 01/08/59 (141) 16
INWASNT A.UBATU SOU 2 02/08/59 (141) 19
594 35

DRI ER NIt 22/07/59 (U18) 8
HnSeu 55 3nunauds 22/07/59 (141) 8
334 16
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8.3. NAN3ANYI
8.3.1. usseamAlunsiauny
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S

Ay o 15 SeudInwan g

AN 8.6 UTTYINIANISLEUNLATIA

8.3.2. wWan1IsauULNY
NARINANTLAULNUYDUNEASATAIVAUDAIUNY 2 58U (SOUMILAZITOUUNY) haRIbA
< ' a o+ v o ¥ v ¥ ¥ oy a
mu’nLﬂwmﬂimm*mLmqsf[,‘wmiqﬂ‘ummmmmisuawnlmamqgﬂmaﬁuiaww 2 PLauLny

lnsinunsnsynaulakands 1 dusals (n15197 8.4-8.5)

AN5199 8.4 NANISLAULNUATIIAUY LNWATNIAIUAUIAIU TOUN DLNDENINTY

N¥AIAS M.UAU 50U 1 (01/08/59 141)

. Ueiild nanda(@u/13)
a1au = o A = A =
un1 un 2 1 Un2
1 46-0-0, 16-20-0, 0-0-60 46-0-0, 15-15-15, 0-0-60, Y117 0.5 1
2 46-0-0, 16-20-0, 0-0-60 46-0-0, 15-15-15, Buw3d, Yuam 0.5 1
3 46-0-0, BuUN3e, Yuv1 46-0-0, 15-7-18, U3, Yuu1 0.5 1
. 46-0-0, 15-15-15, 16-20-0, 16-16-8,
4 16-16-8, 8uv3t, Yuun 05 1

a 6
BUN3IY, Yurn

5 16-20-0 46-0-0, 15-7-18, BuW3, Yuv1 0.5 1




M5197 8.4 (o)
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WNEASNT N.UDAU 58U 1 (01/08/59 1)

. Ueitld WanaR(AW/13)
o Ui 1 Ui 2 YW1 iz
6 16-20-0 46-0-0, 16-20-0, Bum3e 0.5 1
7 46-0-0, 16-20-0, 0-0-60 46-0-0, 16-20-0, Bunag 0.5 1
8 16-20-0, Yuu 46-0-0, 16-20-0, 0-0-60, BuW3E, Yuv1 0.5 1
9 0-0-60, Bunsy 46-0-0, 16-8-8, Buwsy 0.5 1
10 16-20-0, dunad 46-0-0, 15-7-18, Bunad 0.5 1
11 16-20-0 46-0-0, 6-3-3, 16-8-8, BuN3Y 0.5 1
12 46-0-0, Bunad 30-0-0, 6-3-3, Bunsg 0.5 1
13 15-15-15, 46-0-0, /117 46-0-0, 15-15-15, 0-0-60, Yuwn 0.5 1
14 46-0-0, Y117 46-0-0, 15-15-15, Buvsd, Yuv1 0.5 1
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AANUAN 1 NISUUAAMURNIENANISTIATIZHAY
AANLIN 1.1 dyanwalaifutunisunul (hydraulic conductivity class (LsuRLLAT 6o

4139)) (O’Neal, 1952)

dydnwal AUNUE nsih (cm.hr)

VS Very Slow <0.125
S Slow 0.125-0.5
MS Moderately Slow 0.5-2.0

M Moderate 2.0-6.25
MR Moderately Rapid 6.25-12.5
R Rapid 12.5-25.0
VR Very Rapid >25.0

AARUIN 1.2 dnwaztilefu (Particle-size analysis)

ﬂzjmﬁaau ﬂfjmﬁaﬁuejaﬂ foyanual
futnilen Clay (Q)
naueduaziaun Auwmtleavunsiewta Silty Clay (SiC)
) , funilenvunse Sandy Clay (SO)
(fine-texture soil) a 4
AU Clay Loam (CL)
Austumtenvunsients Silt Clay Loam (SiCL)
oy Ausumieivunsie Sandy Clay Loam (SCL)
nauilafuUunans Sudu Loam (1)
(medium-texture soils) AusuUun18uts Silt Loam (SiL)
Aunsiauds Silt (Si)
naudenumneu Aunsy Sand (S)
, AunTIeUUTIU Loamy Sand (LS)

coarse-texture soils a
( : AUTIUUUNTY Sandy Loam (SL)
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AMANUWIN 1.3 vlaRunan

Aseninld Foturenionundn
AUNIY dlevieu laun nseviinnng 9 Fausnseveunas
(sandy) NINYALLBYANIN LAENIIYUUAUTIUTMII8aIDYALIN
YUAUIIU
dlevenutunans Toun fusrudunsieaiinns o Faus
AusIuUUNII8neIURUSIUUUNI8aLLBEA
AusIU ioununans Toun Ausiuvunsgazidenuin Ausiu
(loamy) AusuvEns18ude uagnseuds
\eaziBauunans Toun Ausiumilen Ausiumdeivunse

AusIumtervuns gt
Auntlen WoRuazidun Town Auwmdervunse fAuwdevunsouda wazhu

(clayey) WAt

fi1: (Soil Survey Division Staff, 1993; 13U Wedusual, 2542)

AAKUIN 1.4 LNAINNISHUITEAUANUNUILUUSIUTINVDIAY

5¥AU (rating) AUV (Mg m )
W <12
AOut99 1.2-1.4
Junang 1.4-1.6
A BITTENGE 1.6-1.8
as 1.8-2.0
gan > 2.0

I47: WA NYAUUTELETT (2529)

AMANLIN 1.5 TUVDIEUUTEANTNNTUNUNURIRUYUE DUFIP U

€

o Y. AduUsEansnisini
JEAUTY ANl o ¥

a ada -1
YIAUNBUAINIBUN (cm hr )

Fa1n (very slow) VS <0.125
41 (slow) S 0.125-0.50
F1Uunane (moderately slow) MS 0.50-2.00
J1unas (moderate) M 2.00-6.25
\57U1una1s (moderately rapid) MR 6.25-12.50
57 (rapid) R 12.50-25.00
52370 (very rapid) VR > 25.00

i O’Neal (1952)



251

AMANUIN 1.6 Tadrineing o Aldlunsuseiiuseivaudfnmaenil wagmsusediuanugay
amyjia}umﬁu (Land Classification Division and FAO Project Staff, 1973; Soil Survey
Division Staff, 1993; 13u e 15usual, 2542)

1.6.1  Ufnsenvesdu (soil reaction), pH (A : 11 = 1:1)

SEAU (rating) W&o (range)
\Hunsnsuusenniign (ultra acid) <35

Junsnguusann (extremely acid) 3545
Junsadauin (very strongly acid) 4.5-5.0
Wunsadn (strongly acid) 5.1-5.5
Wunsaurunans (moderately acid) 5.6-6.0
Junsadnides (slightly acid) 6.1-6.5
Wunaa (neutral) 6.6-7.3
Wusnadntes (slightly alkaline) 74-738
Wusnsrunans (moderately alkaline) 7.9-8.4
Jur1adn (strongly alkaline) 8.5-9.0
Husnednann (very strongly alkaline) >9.0

1.6.2 5141/1%85(51&] (organic matter) (% organic carbon x 1.724 x 10)

520U (rating) W&o (g ke') YSunaBunieing (Sevaz)
Fann (VL) <5 <0.5
# (L) 510 0.5-1.0
Aoudna (ML) 10-15 1.0-15
Jrunane (M) 15-25 1.5-2.5
Aautnegs (MH) 25-35 2.5-3.5
a9 (H) 35-45 3.54.5
gaun (VH) > 45 > 4.5

1.6.3  Usualulnsiausiu (total nitrogen)

2PV (rating) Way (g kgfl)
Fann (VL) <10
i (L) 1.0-2.0
Uunang (M) 2.0-5.0
ge(H) 5.0-7.5

ann (VH) > 7.5
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1.6.4  enuaasatunskanideudseuan (cation exchange capacity)

S¥eU (rating) iy (cmol ke')

Fann (VL) <3

# (L) 3.5

Aautas (ML) 5-10
Jrunas (M) 10-15
ADUY19EN (MH) 15-20
G 20-30
gaunn (VH) > 30

1.6.5 ®ns15ezarAUdNsLUE (bases saturation)

S¥eU (rating) Ny (%)
# (L) <35
Junas (M) 35-75
a3 (H) > 75

166  Usiameanesaiduuselevl (available P) (Bray 1)

S¥AU (rating) e (me k)

Fan (VL) <3

i (L) 3.6

Aouda (ML) 6-10
Junans (M) 10-15
ADUT9ET (MH) 15-25
a9 (H) 25-45
gaunn (VH) > 45

167  Usinalnuwvadeudiduuselond G@vailable K) (NH,OAC)

Sy9U (rating) s (me ke')
fann (VL) <30
# (L) 30-60
Jrunas (M) 60-90
G 90-120

g3u1n (VH) > 120
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AAKUIN 2 FaYANTAATIEVADTA
AMARUIN 2.1. kANTAATIRVETAYITaYARUIINLUAINYATNTTY

2.1.1 MFAATIEWBMIANUUANANIUTENIUUBUNEATNTTY 3 iU fuseiuAY

= a

aNUYBINUY

General Linear Model: %Sand versus villagel, layer

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

villagel Fixed 3 ch, db, wm

layer Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
villagel 2 4462.7 2231.34 8.87 0.000
layer 1 359.9 359.92 1.43 0.236

Error 70 17605.6 258% 51
Lack-of-Fit 2 31.7 15.84 0.06 0.941
Pure Error 68 17574.0 258.44

Total 73 22428.2

General Linear Model: %Silt versus villagel, layer

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

villagel Fixed 3 c¢ch, db, wm

layer Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
villagel 2 2257.4 1128.72 8.98 0.000
layer 1 111.4 111.41 0.89 0.350

Error 70 8803.2 125.76
Lack-of-Fit 2 20.9 10.46 0.08 0.922
Pure Error 68 8782.3 129.15

Total 73 11172.1

General Linear Model: %Clay versus villagel, layer

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

villagel Fixed 3 ch, db, wm

layer Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
villagel 2 373.70 186.850 5.45 0.006
layer 1 70.83 70.835 2.07 0.155

Error 70 2399.98 34.285
Lack-of-Fit 2 5.81 2.906 0.08 0.921
Pure Error 68 2394.17 35.208

Total 73 2844.52

General Linear Model: %OM versus villagel, layer

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

villagel Fixed 3 c¢ch, db, wm

layer Fixed 2 dw, up



Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
villagel 2 1.53167 0.76583 7.61 0.001
layer 1 0.61754 0.61754 6.14 0.016

Error 70 7.04286 0.10061
Lack-of-Fit 2 0.07823 0.03911 0.38 0.684
Pure Error 68 6.96463 0.10242

Total 73  9.19206

General Linear Model: %N versus villagel, layer

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

villagel Fixed 3 ch, db, wm

layer Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
villagel 2 0.003366 0.001683 2.24 0.114
layer 1 0.000034 0.000034 0.04 0.833

Error 70 0.052634 0.000752
Lack-of-Fit 2 0.000336 0.000168 0.22 0.804
Pure Error 68 0.052298 0.000769

Total 73 0.056034

General Linear Model: P-Bray Il versus villagel, layer

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

villagel Fixed 3 c¢ch, db, wm

layer Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
villagel 2 561.9 280.95 2.11 0.128
layer 1 398.4 398.39 3.00 0.088

Error 70 9302.6 132.89
Lack-of-Fit 2 33.6 16.78 0. 12 0.884
Pure Error 68 9269.0 136.31

Total 73 10262.9

General Linear Model: K versus villagel, layer

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

villagel Fixed 3 ch, db, wm

layer Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
villagel 2 1157 578.6 0.23 0.798
layer 1 5501 5500.6 2.15 0.147

Error 70 179189 2559.8
Lack-of-Fit 2 1645 822.4 0.31 0.731
Pure Error 68 177544 2610.9

Total 73 185847

General Linear Model: Ca versus villagel, layer

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

villagel Fixed 3 c¢ch, db, wm

layer Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value

villagel 2 10331059 5165529 2.58

0.083
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layer 1 3205 3205 0.00 0.968

Error 70 140345968 2004942
Lack-of-Fit 2 15324 7662 0.00 0.996
Pure Error 68 140330644 2063686

Total 73 150680232

General Linear Model: Mg versus villagel, layer

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

villagel Fixed 3 c¢ch, db, wm

layer Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
villagel 2 28981 14490.3 4.45 0.015
layer 1 2601 261.1 0.08 0.778

Error 70 228003 3257.2
Lack-of-Fit 2 163 81.7 0.02 0.976
Pure Error 68 227840 3350.6

Total 73 257245

General Linear Model: CEC versus villagel, layer

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

villagel Fixed 3 ch, db, wm

layer Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
villagel 2 210.83 105.414 6.77 0.002
layer 1 5.77 5.768 0.37 0.545

Error 70 1090.19 15.574
Lack-of-Fit 2 0.29 0.146 0.01 0.991
Pure Error 68 1089.90 16.028

Total 73 1306.79

General Linear Model: EC versus villagel, layer

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

villagel Fixed 3 c¢ch, db, wm

layer Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
villagel 2 0.002606 0.001303 0.86 0.429
layer 1 0.002736 0.002736 1.80 0.184

Error 70 0.106459 0.001521
Lack-of-Fit 2 0.000417 0.000208 0.13 0.875
Pure Error 68 0.106042 0.001559

Total 73 0.111801

General Linear Model: BK versus villagel, layer

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

villagel Fixed 3 ch, db, wm

layer Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
villagel 2 0.81519 0.407594 3.43 0.038
layer 1 0.22716 0.227162 1.91 0.171

Error 70 8.32963 0.118995
Lack-of-Fit 2 0.00975 0.004873 0.04 0.961
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Pure Error 68 8.31989 0.122351

Total 73 9.37198

General Linear Model: FW versus villagel, layer

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

villagel Fixed 3 ch, db, wm

layer Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
villagel 2 59.27 29.636 1.99 0.145
layer 1 4.09 4.087 0.27 0.602

Error 70 1044.42 14.920
Lack-of-Fit 2 12.43 6.217 0.41 0.665
Pure Error 68 1031.98 15.176

Total 73 1107.78

General Linear Model: SHC versus villagel, layer

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

villagel Fixed 3 c¢ch, db, wm

layer Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
villagel 2 154.2 77.08 0.43 0.654
layer 1 492.8 492.83 2\N\3 0.103

Error 70 12651.3 180.73
Lack-of-Fit 2 105.2 52.59 0.29 0.753
Pure Error 68 12546.2 184.50

Total 73 13298.3

2.1.2 MsiazRivenseazideaUssuiisuanuunnaneseritwlatnensnssy 3

iU wazsEAuANANYRIAY

Comparisons for %Sand

Tukey Pairwise Comparisons: Response = %Sand, Term = villagel
Grouping Information Using the Tukey Method and 95% Confidence

villagel N Mean Grouping
wm 24 70.3333 A
ch 24 66.9167 A
db 26 52.6154 B

Means that do not share a letter are significantly different.
Tukey Simultaneous Tests for Differences of Means

Difference

of villagel Difference SE of Simultaneous Adjusted
Levels of Means Difference 95% CI T-Value P-Value
db - ch -14.30 4.49 (-25.06, -3.54) -3.19 0.006
wm - ch 3.42 4.58 ( -7.56, 14.39) 0.75 0.737
wm - db 17.72 4.49 ( 6.96, 28.48) 3.95 0.001

Individual confidence level = 98.08%



Tukey Simultaneous 95% Cls

Tukey Simultaneous 95% Cls
Differences of Means for %Sand

db - ch } - |

wm - ch I

villagel

wm - db

= U |

-30 -20 -10

If an interval does not contain zero, the corresponding means are
significantly different

Comparisons for %Silt

10

20

30

Tukey Pairwise Comparisons: Response = %Silt, Term = villagel

Grouping Information Using the Tukey Method and 95% Confidence

villagel N Mean Grouping
db 26 33.9731 A

ch 24 23.6083 B
Wi 24 21.4792 B

Means that do not share a letter are significantly different.
Tukey Simultaneous Tests for Differences of Means

Difference

of villagel Difference SE of

Levels of Means Difference

db - ch 10.36 3.17

wm - ch -2.13 3.24

wm - db -12.49 3.17

Individual confidence level = 98.08%

Tukey Simultaneous 95% Cls

Simultaneous

Tukey Simultaneous 95% Cls
Differences of Means for %Silt

db - ch

wm - ch I »

95% CI

.76, 17.97)
.89, 5.63)
.10, -4.88)

villagel

-20 -10

If an interval does not contain zero, the corresponding means are
significantly different
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T-Value

20

3.27
-0.66
-3.94

Adjusted
P-Value
0.005
0.789
0.001
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Comparisons for %Clay

Tukey Pairwise Comparisons: Response = %Clay, Term = villagel
Grouping Information Using the Tukey Method and 95% Confidence

villagel N Mean Grouping
db 26 13.4115 A

ch 24 9.4750 A B
wm 24 8.1875 B

Means that do not share a letter are significantly different.
Tukey Simultaneous Tests for Differences of Means

Difference

of villagel Difference SE of Simultaneous Adjusted
Levels of Means Difference 95% CI T-Value P-Value
db - ch 3.94 1.66 (-0.04, 7.91) 2.38 0.052
wm - ch -1.29 1.69 (-5.34, 2.76) -0.76 0.728
wm - db -5.22 1.66 (-9.20, -1.25) -3.15 0.007
Individual confidence level = 98.08%

Tukey Simultaneous 95% Cls

Tukey Simultaneous 95% Cls
Differences of Means for %Clay

db - ch

wm - ch } -

villagel

wm - db } » I

!
|
|
|
|
!
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|
‘
|
|
|
|
‘
|
|
|
!
‘
|
‘
|
|
|
|
‘
|
|
|
|
‘
|
|
|
3
0

-10 =5

If an interval does not contain zero, the corresponding means are
significantly different

Comparisons for %0M

Tukey Pairwise Comparisons: Response = %0OM, Term = villagel
Grouping Information Using the Tukey Method and 95% Confidence

villagel N Mean Grouping
db 26 0.960000 A

wm 24 0.692917 B
ch 24 0.632917 B

Means that do not share a letter are significantly different.
Tukey Simultaneous Tests for Differences of Means

Difference

of villagel Difference SE of Simultaneous 95% Adjusted
Levels of Means Difference CI T-Value P-Value
db - ch 0.3271 0.0898 ( 0.1119, 0.5423) 3.64 0.001
wm — ch 0.0600 0.0916 (-0.1595, 0.2795) 0.66 0.790
wm - db -0.2671 0.0898 (-0.4823, -0.0519) -2.97 0.011
Individual confidence level = 98.08%

Tukey Simultaneous 95% Cls

Tukey Pairwise Comparisons: Response = %0OM, Term = layer
Grouping Information Using the Tukey Method and 95% Confidence
layer N Mean Grouping

up 37 0.853296 A

dw 37 0.670593 B
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Means that do not share a letter are significantly different.
Tukey Simultaneous Tests for Differences of Means

Difference

of layer Difference SE of Simultaneous Adjusted
Levels of Means Difference 95% CI T-Value P-Value
up - dw 0.1827 0.0737 (0.0356, 0.3298) 2.48 0.016
Individual confidence level = 95.00%

Tukey Simultaneous 95% Cls

Tukey Simultaneous 95% Cls
Differences of Means for %0OM

db - ch

villagel

wm - db } - }
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If an interval does not contain zero, the corresponding means are

significantly different
Tukey Simultaneous 95% Cls
Differences of Means for %0OM
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If an interval does not contain zero, the corresponding means are
significantly different

Comparisons for Mg

Tukey Pairwise Comparisons: Response = Mg, Term = villagel
Grouping Information Using the Tukey Method and 95% Confidence

villagel N Mean Grouping
db 26 123.462 A

wm 24 95.125 A B
ch 24 75.667 B

Means that do not share a letter are significantly different.

Tukey Simultaneous Tests for Differences of Means

Difference

of villagel Difference SE of Simultaneous Adjusted
Levels of Means Difference 95% CI T-Value P-Value



db - ch 47.8 16.2 ( 9.1, 86.5) 2.96 0.012
wm - ch 19.5 16.5 (-20.0, 59.0) 1.18 0.468
wm - db -28.3 16.2 (-67.1, 10.4) -1.75 0.193
Individual confidence level = 98.08%

Tukey Simultaneous 95% Cls

Tukey Simultaneous 95% Cls
Differences of Means for Mg

db - ch

wm - ch }

villagel

wm - db I -

< N PP

-50 50 100

If an interval does not contain zero, the corresponding means are
significantly different

Comparisons for CEC

Tukey Pairwise Comparisons: Response = CEC, Term = villagel
Grouping Information Using the Tukey Method and 95% Confidence

villagel N Mean Grouping
db 26 8.51846 A

ch 24 5.94167 A B
wm 24 4.47250 B

Means that do not share a letter are significantly different.
Tukey Simultaneous Tests for Differences of Means

Difference

of villagel Difference SE of Simultaneous Adjusted
Levels of Means Difference 95% CI T-Value P-Value
db - ch 2.58 1.12 (-0.10, 5.25) 2.31 0.061
wm - ch -1.47 1.14 (-4.20, 1.20) -1.29 0.4006
wm - db -4.05 PRI S LISE BT ) -3.62 0.002
Individual confidence level = 98.08%

Tukey Simultaneous 95% Cls

Tukey Simultaneous 95% Cls
Differences of Means for CEC

db - ch |

villagel
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=TLE =50 =25 0.0 25 5.0

If an interval does not contain zero, the corresponding means are
significantly different
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Comparisons for BK

Tukey Pairwise Comparisons: Response = BK, Term = villagel
Grouping Information Using the Tukey Method and 95% Confidence

villagel N Mean Grouping
db 26 1.49500 A
Al 24 1.47750 A
ch 24 1.26292 A

Means that do not share a letter are significantly different.
Tukey Simultaneous Tests for Differences of Means

Difference

of villagel Difference SE of Simultaneous Adjusted
Levels of Means Difference 95% CI T-Value P-Value
db - ch 0.2321 0.0976 (-0.0020, 0.4662) 2.38 0.052
wm - ch 0.2146 0.0996 (-0.0241, 0.4533) 2.15 0.086
wm - db -0.0175 0.0976 (-0.2516, 0.2166) -0.18 0.982
Individual confidence level = 98.08%

Tukey Simultaneous 95% Cls

Tukey Simultaneous 95% Cls
Differences of Means for BK

db - ch

wm - ch I

villagel

wm - db } -

-0.3 -0.2 -0.1 0.0 0.1 0.2 03 04 0.5

If an interval does not contain zero, the corresponding means are
significantly different
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General Linear Model: %Sand versus direction, layerl

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

direction Fixed 4 E, N, S, W

layerl Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
direction 3 470.65 156.88 0.97 0.427
layerl 1 68.81 68.81 0.43 0.522

Error 19 3071.74 161.67
Lack-of-Fit 3 50.43 16.81 0.09 0.965
Pure Error 16 3021.30 188.83

Total 23 3611.19

General Linear Model: %Silt versus direction, layerl

Method

Factor coding (-1, 0, +1)

Factor Information
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Factor Type Levels Values

direction Fixed 4 E, N, S, W

layerl Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
direction 3 97.942 32.6473 0.88 0.469
layerl 1 0.212 0.2116 0.01 0.941

Error 19 704.045 37.0550
Lack-of-Fit 3 14.905 4.9684 0.12 0.950
Pure Error 16 689.140 43.0712

Total 23 802.198

General Linear Model: %Clay versus direction, layerl

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

direction Fixed 4 E, N, S, W

layerl Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
direction 3 198.52 66.175 1.25 0.321
layerl 1 76.65 76.648 1.44 0.244

Error 19 1008.92 53.101
Lack-of-Fit 3 13.67 4.558 0.07 0.973
Pure Error 16 995.25 62.203

Total 23 1284.10

General Linear Model: %OM versus direction, layerl

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

direction Fixed 4 E, N, S, W

layerl Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
direction 3 1.5344 0.5115 0.66 0.584
layerl 1 12.3412 12.3412 16.04 0.001

Error 19 14.6194 0.7694
Lack-of-Fit 3 0.7896 0.2632 0.30 0.822
Pure Error 16 13.8298 0.8644

Total 23  28.4950

General Linear Model: %N versus direction, layerl

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

direction Fixed 4 E, N, S, W

layerl Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
direction 3 0.004975 0.001658 0.96 0.431
layerl 1 0.005566 0.005566 3.22 0.088

Error 19 0.032797 0.001726
Lack-of-Fit 3 0.002409 0.000803 0.42 0.739
Pure Error 16 0.030388 0.001899

Total 23 0.043339

General Linear Model: P-Bray Il versus direction, layerl

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

direction Fixed 4 E, N, S, W

layerl Fixed 2 dw, up



Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
direction 3 2.879 0.9597 0.61 0.618
layerl 1 37.379 37.3793 23.69 0.000

Error 19 29.980 1.5779
Lack-of-Fit 3 2.688 0.8960 0.53 0.671
Pure Error 16 27.292 1.7058

Total 23 70.239

General Linear Model: K versus direction, layerl

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

direction Fixed 4 E, N, S, W

layerl Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
direction 3 5282 1761 1.15 0.356
layerl 1 20218 20218 13.16 0.002

Error 19 29189 1536
Lack-of-Fit 3 3662 1221 0.77 0.530
Pure Error 16 25527 1595

Total 23 54689

General Linear Model: Ca versus direction, layerl

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

direction Fixed 4 E, N, S, W

layerl Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
direction 3 857059 285686 1.35 0.288
layerl 1 561189 561189 2.65 0.120

Error 19 4024040 211792
Lack-of-Fit 3 65280 21760 0.09 0.966
Pure Error 16 3958760 247423

Total 23 5442288

General Linear Model: Mg versus direction, layerl

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

direction Fixed 4 E, N, S, W

layerl Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
direction 3 25058 8353 1.70 0.201
layerl 1 4050 4050 0.82 0.375

Error 19 93393 4915
Lack-of-Fit 3 3030 1010 0.18 0.909
Pure Error 16 90363 5648

Total 23 122501

General Linear Model: CEC versus direction, layerl

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

direction Fixed 4 E, N, S, W

layerl Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value

direction 3 50.55 16.849 1.18 0.345
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layerl 1 12.63 12.627 0.88 0.360

Error 19 272.30 14.332
Lack-of-Fit 3 12.03 4.011 0.25 0.863
Pure Error 16 260.27 16.267

Total 23 335.47

General Linear Model: EC versus direction, layerl

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

direction Fixed 4 E, N, S, W

layerl Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
direction 3 0.000079 0.000026 0.25 0.862
layerl 1 0.010340 0.010340 97.04 0.000

Error 19 0.002025 0.000107
Lack-of-Fit 3 0.000047 0.000016 0.13 0.943
Pure Error 16 0.001978 0.000124

Total 23 0.012444

General Linear Model: BK versus direction, layerl

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

direction Fixed 4 E, N, S, W

layerl Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
direction 3 0.042043 0.014014 3.16 0.048
layerl 1 0.048630 0.048630 10.97 0.004

Error 19 0.084242 0.004434
Lack-of-Fit 3 0.009781 0.003260 0.70 0.565
Pure Error 16 0.074461 0.004654

Total 23 0.174915

General Linear Model: FW versus direction, layerl

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

direction Fixed 4 E, N, S, W

layerl Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
direction 3 102.44 34.148 3.11 0.051
layerl 1 275.56 275.564 25.07 0.000

Error 19 208.86 10.993
Lack-of-Fit 3 24.06 8.020 0.69 0.569
Pure Error 16 184.80 11.550

Total 23 586.86

General Linear Model: SHC versus direction, layerl

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

direction Fixed 4 E, N, S, W

layerl Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
direction 3 1009.6 336.5 0.65 0.594
layerl 1 990.7 990.7 1.91 0.184

Error 19 9880.6 520.0
Lack-of-Fit 3 362.7 120.9 0.20 0.893
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Pure Error 16 9517.9 594.9
Total 23 11880.9
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Comparisons for BK

Tukey Pairwise Comparisons: Response = BK, Term = direction

Grouping Information Using the Tukey Method and 95% Confidence

direction N Mean Grouping
W 6 1.43364 A

E 6 1.38306 A B
N 6 1.38292 A B
S 6 1.31583 B

Means that do not share a letter are significantly different.
Tukey Simultaneous Tests for Differences of Means
Difference

of direction Difference SE.\0Lf Simultaneous

Levels of Means Difference 95% CI T-Value
N - E -0.0001 0.0384 (-0.1083, 0.1081) -0.00
S - E -0.0672 0.0384 (-0.1754, 0.0410) -1.75
W - E 0.0506 0.0384 (-0.0576, 0.1588) 1.32
S - N -0.0671 0.0384 (-0.1753, 0.0411) -1.74
W - N 0.0507 0.0384 (-0.0575, 0.1589) 1.32
W - S 0.1178 0.0384 ( 0.0096, 0.2260) 3.06
Individual confidence level = 98.89%

Tukey Pairwise Comparisons: Response = BK, Term = layerl
Grouping Information Using the Tukey Method and 95% Confidence

layerl N Mean Grouping
dw 12 1.42388 A
up 12 1.33385 B

Means that do not share a letter are significantly different.
Tukey Simultaneous Tests for Differences of Means
Difference

of layerl Difference SE of Simultaneous 95%

Levels of Means Difference CI T-Value
up - dw -0.0900 0.0272 (-0.1469, -0.0331) -3.31
Individual confidence level = 95.00%

Tukey Simultaneous 95% Cls

Tukey Simultaneous 95% Cls
Differences of Means for BK

direction

-0.2 -01 0.0 01 0.2

If an interval does not contain zero, the corresponding means are
significantly different

Adjusted
P-Value

1.
.328
.565
.329
.562
.030

[oNeNolNeNo]

000

Adjusted
P-Value
0.004
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Tukey Simultaneous 95% Cls
Differences of Means for BK

layerl
-

-0.16 -0.14 -0.12 -0.10 -0.08 -0.06 -0.04 -0.02 0.

If an interval does not contain zero, the corresponding means are
significantly different

Comparisons for FW

Tukey Pairwise Comparisons: Response = FW, Term = layerl
Grouping Information Using the Tukey Method and 95% Confidence

layerl N Mean Grouping
up 12 13.2399 A
dw 12 6.4629 B

Means that do not share a letter are significantly different.
Tukey Simultaneous Tests for Differences of Means

Difference

of layerl Difference SE of Simultaneous Adjusted
Levels of Means Difference 95% CI T-Value P-Value
up - dw 6.78 128 3N A3 O 9.601) 5.01 0.000
Individual confidence level = 95.00%

Tukey Simultaneous 95% Cls

Tukey Simultaneous 95% Cls
Differences of Means for FW

layerl

U

2 4 6 8 10

If an interval does not contain zero, the corresponding means are
significantly different
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Comparisons for %0M

Tukey Pairwise Comparisons: Response = %0OM, Term = layerl
Grouping Information Using the Tukey Method and 95% Confidence

layerl N Mean Grouping
up 12 2.54840 A
dw 12 1.11422 B

Means that do not share a letter are significantly different.
Tukey Simultaneous Tests for Differences of Means

Difference

of layerl Difference SE of Simultaneous Adjusted
Levels of Means Difference 95% CI T-Value P-Value
up - dw 1.434 0.358 (0.685, 2.184) 4.00 0.001
Individual confidence level = 95.00%

Tukey Simultaneous 95% Cls

Tukey Simultaneous 95% Cls
Differences of Means for %0OM

layerl

0.0 0.5 1.0 5 20 25

If an interval does not contain zero, the corresponding means are
significantly different

Comparisons for P-Bray Il

Tukey Pairwise Comparisons: Response = P-Bray Il, Term = layerl
Grouping Information Using the Tukey Method and 95% Confidence

layerl N Mean Grouping
up 12 4.00431 A
dw 12 1.50833 B

Means that do not share a letter are significantly different.
Tukey Simultaneous Tests for Differences of Means

Difference

of layerl Difference SE of Simultaneous Adjusted
Levels of Means Difference 95% CI T-Value P-Value
up - dw 2.496 0.513 (1.423, 3.569) 4.87 0.000

Individual confidence level = 95.00%
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Tukey Simultaneous 95% Cls

Tukey Simultaneous 95% Cls
Differences of Means for P-Bray Il

layerl

P

1 2 3 4

If an interval does not contain zero, the corresponding means are
significantly different

Comparisons for K

Tukey Pairwise Comparisons: Response = K, Term = layerl
Grouping Information Using the Tukey Method and 95% Confidence

layerl N Mean Grouping
up 12 123.701 A
dw 12 65.653 B

Means that do not share a letter are significantly different.
Tukey Simultaneous Tests for Differences of Means

Difference

of layerl Difference SE of Simultaneous Adjusted
Levels of Means Difference 95% CI T-Value P-Value
up - dw 58.0 16.0 (24.0, 91.5) 3.63 0.002
Individual confidence level = 95.00%

Tukey Simultaneous 95% Cls

Tukey Simultaneous 95% Cls
Differences of Means for K

layerl

P

10 20 30 40 50 60 70 80 90

If an interval does not contain zero, the corresponding means are
significantly different



Comparisons for EC

Tukey Pairwise Comparisons: Response = EC, Term = layerl
Grouping Information Using the Tukey Method and 95% Confidence

layerl N Mean Grouping
up 12 0.0557500 A
dw 12 0.0142361 B

Means that do not share a letter are significantly different.
Tukey Simultaneous Tests for Differences of Means
Difference

of layerl Difference SE of Simultaneous 95%

Levels of Means Difference CI T-Value
up - dw 0.04151 0.00421 (0.03269, 0.05033) 9.85
Individual confidence level = 95.00%

Tukey Simultaneous 95% Cls

Tukey Simultaneous 95% Cls
Differences of Means for EC

layerl

0.00 001 0.02 0.03 004 0.05

If an interval does not contain zero, the corresponding means are
significantly different

Adjusted
P-Value
0.000
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General Linear Model: %Sand versus plotl, layer

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

plotl Fixed 7 c¢ch, db, E, N, S, W, wm

layer Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
plotl 6 6332.2 1055.37 4.59 0.000
layer 1 424.0 423.97 1.84 0.178

Error 90 20682.1 229.80
Lack-of-Fit 6 86.9 14.48 0.06 0.999
Pure Error 84 20595.3 245.18

Total 97 27438.3
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General Linear Model: %Silt versus plotl, layer

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

plotl Fixed 7 ch, db, E, N, S, W, wm

layer Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
plotl 6 3860.7 643.44 6.07 0.000
layer 1 80.0 80.01 0.75 0.387

Error 90 9538.9 105.99
Lack-of-Fit 6 67.4 11.24 0.10 0.996
Pure Error 84 9471.4 112.75

Total 97 13479.5

General Linear Model: %Clay versus plotl, layer

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

plotl Fixed 7 c¢ch, db, E, N, S, W, wm

layer Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
plotl 6 574.17 95.696 2. 92 0.027
layer 1 135.63 135.630 3.57 0.062

Error 90 3420.76 38.008
Lack-of-Fit 6 31.34 5.223 0.13 0.992
Pure Error 84 3389.42 40.350

Total 97 4130.56

General Linear Model: %OM versus plotl, layer

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

plotl Fixed 7 ch, db, E, N, S, W, wm

layer Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
plotl 6 23.583 3.9305 12.30 0.000
layer 1 5.863 5.8629 18.35 0.000

Error 90 28.758 0.3195
Lack-of-Fit 6 7.964 1.3273 5.36 0.000
Pure Error 84 20.794 0.2476

Total 97 58.204

General Linear Model: %N versus plotl, layer

Method

Factor coding (-1, 0, +1)

Factor Information
Factor Type Levels Values

plotl Fixed 7 ch, db, E, N, S, W, wm

layer Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
plotl 6 0.059852 0.009975 10.06 0.000
layer 1 0.001762 0.001762 1.78 0.186

Error 90 0.089269 0.000992
Lack-of-Fit 6 0.006583 0.001097 1.11 0.361
Pure Error 84 0.082686 0.000984

Total 97 0.150883



General Linear Model: P-Bray Il versus plotl, layer

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

plotl Fixed 7 ch, db, E, N, S, W, wm

layer Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
plotl 6 1027.5 171.254 1.65 0.143
layer 1 414.9 414.933 3.99 0.049

Error 90 9353.4 103.927
Lack-of-Fit 6 57.1 9.514 0.09 0.998
Pure Error 84 9296.3 110.671

Total 97 10795.9

General Linear Model: K versus plotl, layer

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

plotl Fixed 7 c¢ch, db, E, N, S, W, wm

layer Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
plotl 6 22546 3758 LNg,7 0.166
layer 1 18175 18175 7.58 0.007

Error 90 215922 2399
Lack-of-Fit 6 12851 2142 0.89 0.509
Pure Error 84 203071 2418

Total 97 256643

General Linear Model: Ca versus plotl, layer

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

plotl Fixed 7 ch, db, E, N, S, W, wm

layer Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
plotl 6 16702127 2783688 YErs 0.123
layer 1 103379 103379 0.06 0.800

Error 90 144831022 1609234
Lack-of-Fit 6 541619 90270 0.05 0.999
Pure Error 84 144289404 1717731

Total 97 161636528

General Linear Model: Mg versus plotl, layer

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

plotl Fixed 7 ch, db, E, N, S, W, wm

layer Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
plotl 6 61341 10223.6 2.83 0.014
layer 1 305 304.6 0.08 0.772

Error 90 325403 3615.6
Lack-of-Fit 6 7200 1200.0 0.32 0.927
Pure Error 84 318203 3788.1

Total 97 387049
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General Linear Model: CEC versus plotl, layer

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

plotl Fixed 7 ch, db, E, N, S, W, wm

layer Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
plotl 6 274.39 45.7319 2.98 0.011
layer 1 0.11 0.1079 0.01 0.933

Error 90 1380.78 15.3420
Lack-of-Fit 6 30.61 5.1023 0.32 0.926
Pure Error 84 1350.16 16.0734

Total 97 1655.28

General Linear Model: EC versus plotl, layer

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

plotl Fixed 7 c¢ch, db, E, N, S, W, wm

layer Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
plotl 6 0.004218 0.000703 0.56 0.759
layer 1 0.009174 0.009174 7.35 0.008

Error 90 0.112387 0.001249
Lack-of-Fit 6 0.004367 0.000728 0.57 0.756
Pure Error 84 0.108020 0.001286

Total 97 0.125778

General Linear Model: BK versus plotl, layer

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

plotl Fixed 7 ch, db, E, N, S, W, wm

layer Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
plotl 6 0.87968 0.146613 5.7 0.166
layer 1 0.27384 0.273835 2.93 0.090

Error 90 8.41583 0.093509
Lack-of-Fit 6 0.02148 0.003581 0.04 1.000
Pure Error 84 8.39435 0.099933

Total 97 9.56934

General Linear Model: FW versus plotl, layer

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

plotl Fixed 7 ch, db, E, N, S, W, wm

layer Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
plotl 6 174.53 29.09 1.83 0.103
layer 1 99.43 99.43 6.24 0.014

Error 90 1433.49 15.93
Lack-of-Fit 6 216.71 36.12 2.49 0.029

Pure Error 84 1216.78 14.49
Total 97 1707.46
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General Linear Model: SHC versus plotl, layer

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

plotl Fixed 7 ch, db, E, N, S, W, wm

layer Fixed 2 dw, up

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
plotl 6 16529.2 2754.9 10.87 0.000
layer 1 1215.7 1215.7 4.80 0.031

Error 90 22799.7 253.3
Lack-of-Fit 6 735.7 122.6 0.47 0.831
Pure Error 84 22064.0 262.7

Total 97 40544.7

2.3.2 N153LASIZNNENI518aL 08 USaULRBUAUBANAIITENIN19MUALNEATASTY
] < " Y 1 a [ = a
HUAUURYUIUY wUasU53UYIN HAZIZAUAIUANVDIAY

Comparisons for %Sand

Tukey Pairwise Comparisons: Response = %Sand, Term = plotl
Grouping Information Using the Tukey Method and 95% Confidence

plotl N Mean Grouping
E 6 76.1344 A
S 6 75.8167 A
Wi 24 70.3333 A
W 6 69.6181 A B
ch 24 66.9167 A
N 6 65.5742 A B
db 26 52.6154 B

Means that do not share a letter are significantly different.
Tukey Simultaneous Tests for Differences of Means

Difference

of plotl Difference SE of Simultaneous Adjusted
Levels of Means Difference 95% CI T-Value P-Value
db - ch -14.30 4.29 (-27.26, -1.34) -3.33 0.021
E - ch 9.22 6.92 (-11.67, 30.11) 1.33 0.835
N - ch -1.34 6.92 (-22.23, 19.55) -0.19 1.000
S - ch 8.90 6.92 (-11.99, 29.79) 1.29 0.856
W - ch 2.70 6.92 (-18.19, 23.59) 0.39 1.000
wm - ch 3.42 4.38 ( -9.80, 16.63) 0.78 0.986
E - db 23.52 6.87 ( 2.79, 44.25) 3.43 0.016
N - db 12.96 6.87 ( =-7.77, 33.69) 1.89 0.494
S - db 23.20 6.87 ( 2.47, 43.93) 3.38 0.018
W - db 17.00 6.87 ( =-3.73, 37.73) 2.48 0.180
wm - db 17.72 4.29 ( 4.76, 30.67) 4.13 0.002
N - E -10.56 8.75 (-36.99, 15.87) -1.21 0.890
S - E -0.32 8.75 (-26.74, 26.11) -0.04 1.000
W - E -6.52 8.75 (-32.94, 19.91) -0.74 0.989
wm - E -5.80 6.92 (-26.69, 15.09) -0.84 0.980
S - N 10.24 8.75 (-16.18, 36.67) 1.17 0.903
W - N 4.04 8.75 (-22.38, 30.47) 0.46 0.999
wm - N 4.76 6.92 (-16.13, 25.65) 0.69 0.993
W - S -6.20 8.75 (-32.62, 20.23) -0.71 0.992
wm - S -5.48 6.92 (-26.37, 15.41) -0.79 0.985
wm - W 0.72 6.92 (-20.18, 21.61) 0.10 1.000
Individual confidence level = 99.67%



Tukey Simultaneous 95% Cls

Tukey Simultaneous 95% Cls
Differences of Means for %Sand
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If an interval does not contain zero, the corresponding means are
significantly different

Comparisons for %Silt

Tukey Pairwise Comparisons: Response = %Silt, Term = plotl

Grouping Information Using the Tukey Method and 95% Confidence

plotl N Mean Grouping
db 26 33.9731 A

ch 24 23.6083 B
wm 24 21.4792 B
1) 6 19.8000 B
N 6 18.9492 B
S 6 16.2514 B
E 6 14.7822 B

Means that do not share a letter are significantly different.
Tukey Simultaneous Tests for Differences of Means
Difference

of plotl Difference SE of Simultaneous

Levels of Means Difference 95% CI T-Value
db - ch 10.36 2UIIIE WISy 11Ol 6) 3.56
E - ch -8.83 4.70 (-23.01, 5.36) -1.88
N - ch -4.66 4.70 (-18.85, 9.53) -0.99
S - ch -7.36 4.70 (-21.54, 6.83) -1.57
W - ch -3.81 4.70 (-18.00, 10.38) -0.81
wm - ch -2.13 2.97 (-11.10, 6.84) -0.72
E - db -19.19 4.66 (-33.27, -5.11) -4.12
N - db -15.02 4.66 (-29.10, -0.95) -3.22
S - db -17.72 4.66 (-31.80, -3.64) -3.80
W - db -14.17 4.66 (-28.25, -0.09) -3.04
wm - db -12.49 2.91 (-21.29, -3.69) -4.29
N - E 4.17 5.94 (-13.78, 22.11) 0.70
S - E 1.47 5.94 (-16.48, 19.42) 0.25
W - E 5.02 5.94 (-12.93, 22.96) 0.84
wm - E 6.70 4.70 ( -7.49, 20.88) 1.43
S - N -2.70 5.94 (-20.64, 15.25) -0.45
W - N 0.85 5.94 (-17.10, 18.80) 0.14
wm - N 2.53 4.70 (-11.66, 16.72) 0.54
W - S 3.55 5.94 (-14.40, 21.50) 0.60
wm - S 5.23 4.70 ( -8.96, 19.42) 1.11
wm - W 1.68 4.70 (-12.51, 15.87) 0.36

9

Individual confidence level = 99.67%

Adjusted
P-Value

0.
.500
.955
.704
.983
.991
.002
.028
.005
.047
.001
.992
.000
.979
.787
.999
.000
.998
.997
.923
.000
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Tukey Simultaneous 95% Cls

Tukey Simultaneous 95% Cls
Differences of Means for %Silt
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If an interval does not contain zero, the corresponding means are
significantly different

Comparisons for %Clay

Tukey Pairwise Comparisons: Response = %Clay, Term = plotl
Grouping Information Using the Tukey Method and 95% Confidence

plotl N Mean Grouping
N 6 15.4767 A
db 26 13.4115 A
W 6 10.5819 A
ch 24 9.4750 A
E 6 9.0833 A
wm 24 8.1875 A
S 6 7.9319 A

Means that do not share a letter are significantly different.
Tukey Simultaneous Tests for Differences of Means

Difference

of plotl Difference SE of Simultaneous Adjusted
Levels of Means Difference 95% CI T-Value P-Value
db - ch 3.94 1.75 ( -1.33, 9.21) 2.26 0.277
E - ch -0.39 2UIgERIE =889 =g l10) -0.14 1.000
N - ch 6.00 2.81 ( -2.49, 14.50) 2.13 0.343
S - ch -1.54 2.81 (-10.04, 6.95) -0.55 0.998
W - ch 1.11 2.81 ( -7.39, 9.060) 0.39 1.000
wm — ch -1.29 1.78 ( -6.66, 4.09) -0.72 0.991
E - db -4.33 2.79 (-12.76, 4.10) -1.55 0.714
N - db 2.07 2.79 ( -6.37, 10.50) 0.74 0.990
S - db -5.48 2.79 (-13.91, 2.95) -1.96 0.446
W - db -2.83 2.79 (-11.26, 5.60) -1.01 0.950
wm - db -5.22 1.75 (-10.49, 0.05) -2.99 0.053
N - E 6.39 3.56  ( -4.35, 17.14) 1.80 0.554
S - E -1.15 3.56  (-11.90, 9.60) -0.32 1.000
W - E 1.50 3.56  ( =-9.25, 12.25) 0.42 1.000
wm - E -0.90 2.81 ( -9.39, 7.060) -0.32 1.000
S - N -7.54 3.56 (-18.29, 3.20) -2.12 0.350
W - N -4.89 3.56 (-15.64, 5.85) -1.38 0.813
wm - N -7.29 2.81 (-15.79, 1.21) -2.59 0.141
W - S 2.65 3.56 ( -8.10, 13.40) 0.74 0.989
wm - S 0.26 2.81 ( -8.24, 8.75) 0.09 1.000
wm - W -2.39 2.81 (-10.89, 6.10) -0.85 0.979
Individual confidence level = 99.67%
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Tukey Simultaneous 95% Cls

Tukey Simultaneous 95% Cls
Differences of Means for %Clay

db - ch —_——
E-ch o

N - ch : o
S-ch T -

W- ch o

wm - ch —
E-db - :

N - db * *

S-db * T

= W-db ad T
%wm-db r—’—i

N-E T =
S-E .

W-E |

wm -E -l

S-N - L

W-N . |

wm- N - :

W-S i -

wm -5 g

wm - W - :

-20 -10 0 10 20

If an interval does not contain zero, the corresponding means are
significantly different

Comparisons for FW

Tukey Pairwise Comparisons: Response = FW, Term = layer
Grouping Information Using the Tukey Method and 95% Confidence

layer N Mean Grouping
up 49 10.4936 A
dw 49 8.4790 B

Means that do not share a letter are significantly different.

Tukey Simultaneous Tests for Differences of Means
Difference

of layer Difference SE of Simultaneous

Levels of Means Difference 95% CI T-Value
up - dw 2.015 0.806 (0.413, 3.616) 2.50
Individual confidence level = 95.00%

Tukey Simultaneous 95% Cls

Tukey Simultaneous 95% Cls
Differences of Means for FW
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If an interval does not contain zero, the corresponding means are
significantly different

Adjusted
P-Value
0.014
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Comparisons for SHC

Tukey Pairwise Comparisons: Response = SHC, Term = plotl
Grouping Information Using the Tukey Method and 95% Confidence

plotl N Mean Grouping
S 6 47.9519 A

) 6 36.5924 A

N 6 34.8298 A

E 6 30.3519 A B
wm 24 10.2775 B C
ch 24 7.9800 C
db 26 6.8081 C

Means that do not share a letter are significantly different.
Tukey Simultaneous Tests for Differences of Means

Difference

of plotl Difference SE of Simultaneous Adjusted
Levels of Means Difference 95% CI T-Value P-Value
db - ch -1.17 4.51 (-14.78, 12.43) -0.26 1.000
E - ch 22.37 7.26 ( 0.44, 44.31) 3.08 0.042
N - ch 26.85 7.26  ( 4.91, 48.78) 3.70 0.007
S - ch 39.97 7.26 ( 18.04, 61.91) 5.50 0.000
W - ch 28.61 7.26 ( 6.68, 50.55) 3.94 0.003
wm - ch 2.30 4.59 (-11.58, 16.17) 0.50 0.999
E - db 23.54 T2 5 ( I<<185z. 45.31) 3.27 0.025
N - db 28.02 V20 (0 6.26, . 49.79) 3.89 0.004
S - db 41.14 7.21  ( 19.38, 62.91) 5.71 0.000
W - db 29.78 7 42U 8. 02, =51.55) 4.13 0.002
wm - db 3.47 4.51 (-10.13, 17.07) 0.77 0.987
N - E 4.48 9.19 1 (=23.27, 32.22) 0.49 0.999
S - E 17.60 9.19 (-10.15, 45.35) 1.92 0.476
W - E 6.24 9.19  (=21.51, 33.99) 0.68 0.993
wm - E -20.07 7.26 (-42.01, 1.86) -2.76 0.095
S - N 13.12 9.19 (-14.62, 40.87) 1.43 0.785
W - N 1.76 9.19 (-25.98, 29.51) 0.19 1.000
wm - N -24.55 7.26 (-46.49, -2.62) -3.38 0.018
W - S -11.36 9.19 (-39.11, 16.39) -1.24 0.878
wm - S -37.67 7.26  (=-59.61, -15.74) -5.19 0.000
wm - W -26.31 7.26 (-48.25, -4.38) -3.62 0.008
Individual confidence level = 99.67%

Tukey Pairwise Comparisons: Response = SHC, Term = layer
Grouping Information Using the Tukey Method and 95% Confidence

layer N Mean Grouping
up 49 28.4924 A
dw 49 21.4481 B

Means that do not share a letter are significantly different.
Tukey Simultaneous Tests for Differences of Means

Difference

of layer Difference SE of Simultaneous Adjusted
Levels of Means Difference 95% CI T-Value P-Value
up - dw 7.04 3.22 (0.66, 13.43) 2.19 0.031

Individual confidence level = 95.00%
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If an interval does not contain zero, the corresponding means are

significantly different
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Tukey Simultaneous 95% Cls

Differences of Means for SHC
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If an interval does not contain zero, the corresponding means are
significantly different

Comparisons for %0M

10

12

75

14

Tukey Pairwise Comparisons: Response = %0M, Term = plotl

Grouping Information Using the Tukey Method and 95% Confidence

plotl N
N 6
W 6
S 6
E 6
db 26
wm 24
ch 24

Difference

of plotl
Levels
db - ch
E - ch
N - ch

(@ V]

Mean

.13625

.96858

.76208
.45833

.96000

.69292
0.
Means that do not share a letter are significantly different.
Tukey Simultaneous Tests for Differences of Means

63292

Grouping

i

Difference
of Means
0.327
0.825
1.503

W W w
Qa0

SE of
Difference
0.160
0.258
0.258

(_

(
(

Simultaneous

95%
0.156,
0.04¢6,
0.724,

CI
0.810)
1.604)
2.282)

T-Value
2.04
3.20
5.83

Adjusted
P-Value
0.395
0.030
0.000
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S - ch 1.129 0.258 ( 0.350, 1.908) 4
W - ch 1.336 0.258 ( 0.557, 2.115) 5
wm - ch 0.060 0.163 (-0.433, 0.553) 0
E - db 0.498 0.256 (-0.275, 1.271) 1
N - db 1.176 0.256 ( 0.403, 1.949) 4
S - db 0.802 0.256 ( 0.029, 1.575) 3
W - db 1.009 0.256 ( 0.236, 1.782) 3
wm - db -0.267 0.160 (-0.750, 0.216) -1
N - E 0.678 0.326 (-0.307, 1.663) 2
S - E 0.304 0.326 (-0.682, 1.289) 0
W - E 0.510 0.326 (-0.475, 1.496) 1.
wm - E -0.765 0.258 (-1.544, 0.014) -2
S - N -0.374 0.326 (-1.360, 0.611) -1
W - N -0.168 0.326 (-1.153, 0.818) -0
wm - N -1.443 0.258 (-2.222, -0.664) -5
W - S 0.207 0.326 (-0.779, 1.192) 0.
wm - S -1.069 0.258 (-1.848, -0.290) -4
wm - W -1.276 0.258 (=2.055, -0.497) -4
Individual confidence level = 99.67%
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Tukey Pairwise Comparisons: Response = %0OM, Term = layer
Grouping Information Using the Tukey Method and 95% Confidence

layer N Mean Grouping
up 49 1.61761 A
dw 49 1.12842 B

Means that do not share a letter are significantly differen
Tukey Simultaneous Tests for Differences of Means
Difference

of layer Difference SE of Simultaneous

Levels of Means Difference 95% CI T-Value
up - dw 0.489 0.114 (0.262, 0.7106) 4.28
Individual confidence level = 95.00%

Tukey Simultaneous 95% Cls

Tukey Simultaneous 95% Cls
Differences of Means for %0OM
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If an interval does not contain zero, the corresponding means are
significantly different

t.

Adjusted
P-Value
0.000
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layer

0.0 01

Tukey Simultaneous 95% Cls

Differences of Means for %0OM

02

03 0.4

If an interval does not contain zero, the corresponding means are

significantly different

Comparisons for %N
Tukey Pairwise Comparisons: Response = %N, Term = plotl

Grouping Information

plotl N

N 6 0
E 6 0
W 6 0
S 6 0
ch 24 0
wm 24 0
db 26 0.

.184583
.163889
.155583
.145417

Mean

P

.117917
.108333

101538

Grouping
B
B C
B C D
C D
D

0.5

06

Using the Tukey Method and 95%

0.7 0.8

Confidence

Means that do not share a letter are significantly different.
Tukey Simultaneous Tests for Differences of Means

Difference

of plotl Difference
Levels of Means
db - ch -0.01638
E - ch 0.0460
N - ch 0.0667
S - ch 0.0275
W - ch 0.0377
wm - ch -0.00958
E - db 0.0624
N - db 0.0830
S - db 0.0439
W - db 0.0540
wm - db 0.00679
N - E 0.0207
S - E -0.0185
W - E -0.0083
wm - E -0.0556
S - N -0.0392
W - N -0.0290
wm - N -0.0762
W - S 0.0102
wm - S -0.0371
wm - W -0.0473

Individual

confidence level

SE of
Difference
0.00892
0.0144
0.0144
0.0144
0.0144
0.00909
0.0143
0.0143
0.0143
0.0143
0.00892
.0182
.0182
.0182
.0144
.0182
.0182
.0144
.0182
.0144
.0144
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99.67%
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Simultaneous 95%
CI
-0.04330, 0.01054)

0.0026, 0.0894)
0.0233, 0.1101)
-0.0159, 0.0709)
-0.0057, 0.0811)
-0.03703, 0.01787)
0.0193, 0.1054)
0.0400, 0.1261)
0.0008, 0.0869)
0.0110, 0.0971)
-0.02012, 0.03371)
-0.0342, 0.0756)
-0.0734, 0.0364)
-0.0632, 0.04606)
-0.0990, -0.0122)
-0.0941, 0.0157)
-0.0839, 0.0259)
-0.1197, -0.0328)
-0.0447, 0.0651)
-0.0805, 0.0063)
-0.0907, -0.0038)

T-Value

|
DSow

O W WU b PPN

.84
.20
.64
.91
.62
.05
.37
.82
.08
.79
.76
.14
.02
.46
.86
.15
.59
.30
.56
.58
.29
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Adjusted
P-Value

0.
.030
.000
.477
.132
.940
.001
.000
.043
.005
.988
.915
.949
.999
.004
.331
.686
.000
.998
.145
.024
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Tukey Simultaneous 95% Cls

Tukey Simultaneous 95% Cls
Differences of Means for %N
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If an interval does not contain zero, the corresponding means are
significantly different

Comparisons for P-Bray I

Tukey Pairwise Comparisons: Response = P-Bray Il, Term = layer
Grouping Information Using the Tukey Method and 95% Confidence
layer N Mean Grouping

up 49 6.93532 A

dw 49 2.81998 B

Means that do not share a letter are significantly different.

Tukey Simultaneous Tests for Differences of Means

Difference

of layer Difference SE of Simultaneous Adjusted
Levels of Means Difference 95% CI T-Value P-Value
up - dw 4.12 2.06 (0.02, 8.21) 2.00 0.049
Individual confidence level = 95.00%

Tukey Simultaneous 95% Cls

Tukey Simultaneous 95% Cls
Differences of Means for P-Bray Il

layer

|
|
|
|
|
|
|
|
|
|
|
|
i
0] 1 2 3 4 5 6 7 8 9

If an interval does not contain zero, the corresponding means are
significantly different



Comparisons for K

Tukey Pairwise Comparisons: Response = K, Term = layer
Grouping Information Using the Tukey Method and 95% Confidence

layer N Mean Grouping
up 49 95.5825 A
dw 49 68.3461 B

Means that do not share a letter are significantly different.
Tukey Simultaneous Tests for Differences of Means

Difference

of layer Difference SE of Simultaneous Adjusted
Levels of Means Difference 95% CI T-Value P-Value
up - dw 27.24 9.90 (7.58, 46.90) 2.75 0.007
Individual confidence level = 95.00%

Tukey Simultaneous 95% Cls

Tukey Simultaneous 95% Cls
Differences of Means for K

layer

Y PP

10 20 30 40 50

If an interval does not contain zero, the corresponding means are
significantly different

Comparisons for Mg

Tukey Pairwise Comparisons: Response = Mg, Term = plotl
Grouping Information Using the Tukey Method and 95% Confidence

plotl N Mean Grouping
N 6 157.125 A
W 6 144.461 A
db 26 123.462 A
Wi 24 95.125 A
E 6 89.472 A
S 6 84.319 A
ch 24 75.667 A

Means that do not share a letter are significantly different.
Tukey Simultaneous Tests for Differences of Means

Difference

of plotl Difference SE of Simultaneous Adjusted
Levels of Means Difference 95% CI T-Value P-Value
db - ch 47.8 17.0 ( -=-3.6, 99.2) 2.81 0.085
E - ch 13.8 27.4 ( -69.1, 96.7) 0.50 0.999
N - ch 81.5 27.4 ( -1.4, 164.3) 2.97 0.057
S - ch 8.7 27.4 ( -74.2, 91.5) 0.32 1.000
W - ch 68.8 27.4 ( -14.1, 151.7) 2.51 0.169
wm - ch 19.5 17.4 ( =-33.0, 71.9) 1.12 0.920
E - db -34.0 27.2 (-1ll6.2, 48.2) -1.25 0.873
N - db 33.7 27.2 ( -48.6, 115.9) 1.24 0.878
S - db -39.1 27.2 (-121.4, 43.1) -1.44 0.780
W - db 21.0 27.2 ( -61.2, 103.2) 0.77 0.987
wm - db -28.3 17.0 ( =79.7 23.1) -1.66 0.641

~
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N - E 67.7 34.7 ( -37.2, 172.5) 1.95
S - E -5.2 34.7 (-110.0, 99.7) -0.15
W - E 55.0 34.7 ( -49.8, 159.8) 1.58
wm - E 5.7 27.4 ( -77.2, 88.5) 0.21
S - N -72.8 34.7 (-177.6, 32.0) -2.10
W - N -12.7 34.7 (-117.5, 92.2) -0.36
wm - N -62.0 27.4 (-144.9, 20.9) -2.26
W - S 60.1 34.7 ( -44.7, 165.0) 1.73
wm - S 10.8 27.4 (-72.1, 93.7) 0.39
wm - W -49.3 27.4 (-132.2, 33.5) -1.80
Individual confidence level = 99.67%
Tukey Simultaneous 95% Cls
Tukey Simultaneous 95% Cls
Differences of Means for Mg
db - ch ————————
E-ch —
N-ch i -
S-ch s
W- ch ! .
wm - ch e —
£ db . ;
N-db ; .
S-db . :
o W-db .
E wm - db '—0—=—~
o N-E : .
S-E o
w-E : .
wm-E :-
S-N . !
W-N .-
wm - N - ;
w-s ; .
wm -5 —
wm - W - I
-200 -100 0 100 200

If an interval does not contain zero, the corresponding means are
significantly different

Comparisons for CEC

OFrRr OORFr O OoORr o

Tukey Pairwise Comparisons: Response = CEC, Term = plotl

Grouping Information Using the Tukey Method and 95% Confidence

plotl N Mean Grouping
N 6 9.34783 A B
db 26 8.51846 A

1) 6 7.76639 A B
ch 24 5.94167 A B
E 6 5.90806 A B
S 6 5.85000 A B
Wi 24 4.47250 B

Means that do not share a letter are significantly different.
Tukey Simultaneous Tests for Differences of Means
Difference

of plotl Difference SE of Simultaneous

Levels of Means Difference 95% CI T-Value
db - ch 2.58 1.11 ( -0.77, 5.92) 2.32
E - ch -0.03 1.79 ( -5.43, 5.306) -0.02
N - ch 3.41 1.79 ( -1.99, 8.80) 1.91
S - ch -0.09 1.79 ( -5.49, 5.31) -0.05
W - ch 1.82 1.79 ( =-3.57, 17.22) 1.02
wm - ch -1.47 1.13 ( -4.88, 1.94) -1.30
E - db -2.61 1.77 ( =-7.97, 2.75) -1.47
N - db 0.83 1.77 ( -4.53, 6.19) 0.47
S - db -2.67 1.77 ( -8.02, 2.69) -1.50
W - db -0.75 1.77 ( -6.11, 4.60) -0.42
wm - db -4.05 1.11 ( =-7.39, -0.70) -3.65
N - E 3.44 2.26 ( =-3.39, 10.27) 1.52
S - E -0.06 2.26  ( -6.89, 6.77) -0.03
W - E 1.86 2.26 ( -4.97, 8.69) 0.82
wm - E -1.44 1.79 ( -6.83, 3.96) -0.80

.454
.000
.693
.000
.363
.000
.276
.596
.000
.553

Adjusted
P-Value

0.
.000
.482
.000
.948
.851
.761
.999
.742
.000
.008
.732
.000
.982
.984

OO P OO OO0OO0OO0OOoO o
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S - N -3.50 2.26 (-10.33, 3.33) -1.55
W - N -1.58 2.26 ( -8.41, 5.25) -0.70
wm - N -4.88 1.79 (-10.27, 0.52) -2.73
W - S 1.92 2.26 ( -4.91, 8.74) 0.85
wm - S -1.38 1.79 ( -6.78, 4.02) -0.77
wm - W -3.29 1.79 ( -8.69, 2.10) -1.84
Individual confidence level = 99.67%
Tukey Simultaneous 95% Cls
Tukey Simultaneous 95% Cls
Differences of Means for CEC
db - ch T
E-ch #
N - ch ! =
S-ch %
W- ch ! .
wm - ch . L
£ db . ;
N-db .
S-db . ;
o W-db —
E wm - db * :
o N-E T *
S-E o
w-E : -
wm - E - :
5-N » !
W-N . L
wm- N & ;
w-s ; .
wm -5 - ;
wm - W - :
-10 -5 0 5 10

If an interval does not contain zero, the corresponding means are
significantly different

Comparisons for EC

Tukey Pairwise Comparisons: Response = EC, Term = layer
Grouping Information Using the Tukey Method and 95% Confidence

layer N Mean Grouping
up 49 0.0485174 A
dw 49 0.0291670 B

Means that do not share a letter are significantly different.
Tukey Simultaneous Tests for Differences of Means
Difference

of layer Difference SE of Simultaneous 95%

Levels of Means Difference CI T-Value
up - dw 0.01935 0.00714 (0.00517, 0.03353) 2.71
Individual confidence level = 95.00%

Tukey Simultaneous 95% Cls

Tukey Simultaneous 95% Cls
Differences of Means for EC

layer

T PP

=]

00 0.005 0.010 0.015 0.020 0.025 0.030 0.035

If an interval does not contain zero, the corresponding means are
significantly different

.716
.992
.103
.979
.987
.523

O O O O oo

Adjusted
P-Value
0.008
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AMANUIN 2.4 FagyalUTuigUNeatATENINIATIULNULASNALAUNIYBINGURLaUINY

UanNuine9eg1eng) Laznguelauiiaunanuuganiunasininsany
General Linear Model: Aauiauiaun versus naueitautny 1 uaz 1+2

o

Method

Factor coding (-1, 0, +1)
Factor Information

Factor Type Levels Values
nqu Fixed 2 1, 2

Analysis of Variance
Source DF Adj SS Adj MS F-Value P-Value

ngu 1 0.8025 0.8025 0.50 0.484
Error 35 56.1164 1.6033
Total 36 56.9189

General Linear Model: idaiauina versus aangilauinay 1 uaz 1+2
* ERROR * All complete, included rows have the same response.

General Linear Model: wasinaazuuuiitisdiu versus nausfiauinu 1 uay
1+2

Method

Factor coding (-1, 0, +1)
Factor Information

Factor Type Levels Values
gy Fixed 2 1, 2

Analysis of Variance
Source DF Adj SS Adj MS F-Value P-Value

gy 1 0.8025 0.8025 0.50 0.484
Error 35 56.1164 1.6033
Total 36 56.9189

AMAKNUIN 2.5 TaLaUTeULTIBUNI9ERATENINALIULNDULALNALAUN UV INGUR LA

NUATIFUTIUUIAU walEnguIasnsalunnInense

General Linear Model: Avuiauinuuangna versus nauindnsnsuazildn

Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

gy Fixed 2 3, 4

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
sy 1 0.3449 0.3449 0.21 0.652

Error 47 78.7571 1.6757

Total 48 79.1020

General Linear Model: ridaiauinuwansua versus nautnynsasuazildn
Method
Factor coding (-1, 0, +1)
Factor Information
Factor Type Levels Values
nqu Fixed 2 3, 4
Analysis of Variance
Source DF Adj SS Adj MS F-Value P-Value
ngu 1 0.2939 0.2939 1.26 0.268
Error 47 10.9714 0.2334
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Total 48 11.2653 .

General Linear Model: wasiniazunuiitiiadiu versus nantngnsnsiaziian
Method

Factor coding (-1, 0, +1)

Factor Information

Factor Type Levels Values

nqu Fixed 2 3, 4

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
nqu 1 1.276 1.276 0.71 0.405

Error 47 84.929 1.807

Total 48 86.204



MAKUIN 2 ANAANENYTIvaRUNUNLUadaY

sERuAMLEANaLYsalvesRuNunUIeuUag oY

FEAUQANANYTAIVDIAUNA 4 Tie

Aenile frnziuoan ArngTuan Pefld
N1 drunang E1l i W1 i S1 Jrunang
N2 drunang E2 Jrunang W2 drunang S2  Yrwunans
N3 drunang E3 Jrunang W3 drunang S3

izﬁUﬂﬁﬁ@JQﬂmﬁugiiﬁ‘UaﬂauﬁuﬁLﬂ“l%liﬂiiﬂi’]&l,ﬂm&ja&l
JeRUANgANANYSlvRIAULAAE YU

Aau YIUAIUIN 10U Trufau 10U Iuduusea
Dbl Junang Wm1l Junang Cht #i
Db2 A Wm2 Junang Ch2 #i
Db3 A Wm3 Junang Ch3 #i
Dbd Junang Wma Junang Chad #i
Db5 i Wm 5 runang Ch5 i
Dbé6 i Wmé Jrunang Ché unang
Db7 drunang Wm 7 g Ch7 unang
Db8 J1unang Wma Y1unang Ch8 A
Db9 J1unang Wm9 i Ch9 J1unang
Db10 Junang Wm10 A Ch10 A
Db11 i Wm11 U1unans Chit i
Db12 Jrunang Wm12 i Ch12 Junang
Db13 Jrunang
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ManuIn 3 Yaaulunungii

Proposed by: C. Changprai - 1969
Revised by:

1. B. Boonsompopphan, P. Hemsrichart,
1988

2. S. Sukchan, 2004

CHATTURAT SERIES (Field Symbol: Ct)

Distribution: Occupies small extent in Northeast Plateau, Central Highland and Central Plain

particularly southern and western parts.

Setting: Chatturat soils are formed from calcareous siltstone, calcareous shale and/or some
calcareous fine grain sandstone and occur on partial peneplain. Relief is nearly level to
undulating which a range of slope is 1 to 5 percent. Elevation ranges from 180 to 220 m
above sea level. The climate is Tropical Savanna (Képpen 'Aw'). Average annual
precipitation varies from 1,100 to 1,300 mm. Mean annual air temperature is from 26 to

28°C.

Drainage, Permeability and Runoff: Well drained soils. Permeability is slow. Runoff is slow to

medium.

Vegetation and Land Use: Mainly spiny shrubs and mixed deciduous forest. Parts are cleared for

upland crops such as kenaf, corn, sorghum and also used for natural pasture.

Characteristic Profile Features: The Chatturat series is a member of the fine, mixed,active
isohyperthermic  Typic Haplustalfs. They are moderately deep soils and are
characterized by a dark reddish brown or reddish brown silty clay loam or silt loam A
horizon, overlying a reddish brown or red clay or silty clay argillic B horizon. Weathering
parent rock occur at some depth below 50 cm but within 1 m. Reaction is slightly acid

to moderately alkaline throughout the profile.
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Typifying Pedon: Profile code no. is NE-5-19/11 (moist colors unless otherwise stated).

Location: at km 70, west side of the road from Sikhio to Chaiyaphum, Amphoe Chatturat

Changwat Chaiyaphum

Sheet Name: - Sheet No.: 5357 |
Coordinate: 803/17.12 Elevation: 180-220 m
Relief: nearly level to undulating Slope:: 1-5%

Physiography: upper part of peneplain
Parent material: residuum and local colluvium from calcareous siltstone, calcareous shale

and/or some calcareous fine grain sandstone

Drainage: well drained Permeability: slow

Runoff: slow to medium Ground water depth: >2.0
m

Flooding depth: - Duration: - Frequency: -

Annual rainfall: 1,100-1,300 mm Mean temp: 26-28 °C Climate  type:  Tropical
Savannah
Natural vegetation and/or land use: mainly spiny shrubs and mixed deciduous forest. Parts

are cleared for upland crops and also natural pasture

Described by: S. Kittayarak Date: 21 January 1969
Revised by:

Horizon Depth (cm) Description

A 0-7 Dark reddish brown (5YR 3/3) silt loam; moderate medium

subangular blocky structure; slightly firm, sticky, slightly plastic;
many fine roots; few fine hard subrounded iron-manganese

nodules; mildly alkaline (field pH 7.5); gradual, smooth boundary.

Bt1 7-16 Reddish brown (2.5YR 4/4) silty clay loam; moderate fine and
medium subangular blocky structure; slightly firm, sticky, plastic;
common patchy spots of dark reddish brown (5YR 3/3) on ped
faces; common patchy thin clay coating on ped faces; few fine
interstitial pores; many fine roots; few fine hard subrounded iron-
manganese nodules; mildly alkaline (field pH 7.5); clear, smooth

boundary.

Bt2 16-43 Reddish brown (2.5YR 4/4) clay, strong coarse subangular blocky
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breaking into fine and medium subangular blocky structure;
extremely hard, sticky, plastic; cracking; many broken moderately
thick clay coating on ped faces; some shifting fine sand and silt
coated on ped faces at upper part of the horizon; common fine
tubular and interstitial pores; common fine hard subrounded
iron-manganese nodules; slightly acid (field pH 6.5); gradual,

smooth boundary.

BC 43-54 Red to dark red (2.5YR 3-4/6) silty clay loam; massive to weak
coarse subangular blocky structure; very firm, slightly sticky,
slightly plastic; common fine black spots of iron-manganese

concretion; slightly acid (field pH 6.5); clear, smooth boundary.

Cr 54-120 Dark red (2.5YR 3/6) silty clay loam with about 80 percent of

siltstone and shale fragment content; neutral (field pH 7.0).

Type Location: The initiate pedon were first described at Amphoe Chatturat Changwat
Chaiyaphum

Range of Profile Features:

The thickness of an A or Ap horizon varies from 5 to 20 cm and has 5YR or 7.5YR hues,
values of 3 to 5 and chromas of 2 to 4. The texture of clay loam type may occur. Structure

is moderate fine to medium blocky. The pH values vary from 6.5 to 8.0.

The B horizon has 2.5YR or 5YR hues, values of 3 to 5 and chromas of 4 to 8. Texture of
silty clay loam with clay content 35% or more may occur. Structure is moderate fine to
coarse blocky. Secondary lime concretion and/or powdery lime may occur in the subsoils.

The pH values are from 6.0 to 8.0.

The C or R horizon occur at some depth below 50 cm but within 1.00 m and has

multicolored in weathering zone. The pH values usually go up to 7.0 or 8.0.

Similar Soil Series:

Lam Narai series (Ln): are formed from limestone and basalt and contains more lime

concretion.

Sikhio series (Si): are formed from old alluvium overlying a calcareous sandstone.
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Principal Associated Soils: These include Sung Noen and Sikhio series that usually on the higher

position.
ANALYSIS RESULTS Profile code no.: NE-S-19/11
(oven dry basis) Soil series : Chatturat (Ct)
Lab Depth  |Horizon| Particle size distribution analysis (% by weight ) Texture pH CaCO; | P,mg kg'* K, mg kg'1
No. (cm) USDA grading Sand-fraction grading Lab |[Field | 1:1 11 % Bray2 | NH,OAc
sand | silt | clay | vc c m f vf | result |estim] water | KCI
0-7 A | 187594 | 219 sil sil 7.8 6.8 0.9 9.5 215
7-16 Bt1 | 16.5| 51.9 | 31.6 sicl | sicl 75 6.2 0.8 5.8 114
16-43 Bt2 | 11.1| 334 | 55.5 c c 6.2 43 0.9 8.5 192
43-54 BC | 16.1] 523 | 31.6 sicl | sicl 6.4 55 0.6 43.6 169
54-120 Cr [ 117|548 335 sicl | sicl 6.6 5.8 1.7 95.9 201
Depth | Airdried | C N Exchange capacity and cations (cmol . kg™) Base satur” (%) ECEC Al Electrical
(cm) to % % SUM | Extr.| SUM | CEC | CEC |B/Cx100|(Bx100)/ KClextr. | condut’
oven dried Ca | Mg | K | Na |cations|acidity| (B+A) [NH,OAq 100g (B+A) |cmol. kg cmol,) kg (ECx10°)
®) | (A (C) |Clay (B+D) D) dsm’
0-7 4.6 1.01 15.30| 6.30 [ 0.30 | 0.30 |22.23| 1.80 | 24.00 | 17.70 | 80.8 | 100 93 0.11
7-16 6.0 0.61 10.10] 6.70 | 0.10 | 0.50 [ 17.40| 3.70 | 21.10 | 18.90 | 59.8 | 92 82 0.02
16-43 55 0.33 11.50(11.00| 0.20 | 1.00 [ 23.70 | 9.40 | 33.10 | 28.80 | 51.9 | 82 72 0.01
43-54 3.7 0.18 14.50(12.40|0.20 | 1.20 {28.30 | 5.00 | 33.30 | 31.10 | 984 | 91 85 0.02
54-120 44 0.27 17.50(13.10(0.30 | 1.30 {32.20 | 4.50 | 36.70 | 32.90 | 982 | 98 88 0.03
Phon Ngam Series
Soil name: Phon Ngam Series Profile code No.: Png

Classification (2010): Fine loamy, isohyperthermic Typic Haplustults

Location: Ban Phone Ngam Tambon Sai Khow Amphoe Wang Sa Phung Changwat Leoi

Sheet Name: Amphoe Wang Sa Phung Sheet 5343]l|
No.:

Coordinate: 47 Q 782453E 1906477N Elevation: 324 m

Relief: undulating Slope: 7%

Physiography:  back slope of mountain
Parent residuum derived from siltstone
material:

Drainage: well drainage Permeabi rapid
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lity:
Runoff: low Ground water
depth: >2 m.

Flooding - cm. Duration: -  mont Freque -
depth: h ncy:
Annual - mm. Mean - °c Climat  Tropical Savannah
rainfall: Temp.: e type: (Aw)
Natural vegetation or land para rubber
use:
Other:
Described by:  Mr. Chaturong Laorphansakul et al. Date: Feb 10,14
Horizon  Depth(cm) Description

A 0-15/18 Brown (7.5YR 4/4); fine sandy loam; weak very fine and fine

subangular blocky structure and weak fine and medium granular
structure; soft, very friable, slightly sticky and non-plastic; common
medium tubular pores; common medium roots; strongly acid (field

pH 5.5); clear, wavy boundary to Btl.

Bt1 15/18-30/42  Strong brown (7.5YR 5/6); clay loam; moderate fine and medium
subangular blocky structure and moderate fine and medium
granular structure; slightly hard, friable, slightly sticky and slightly
plastic; common fine tubular pores; common fine roots; met hole
of termite diameter about 5-10 cm (5%); strongly acid (field pH
5.5); clear, wavy boundary to Bt2.

Bt2 30/42-50/58  Strong brown (7.5YR 4/6); clay loam; moderate fine and medium
subangular blocky structure and moderate fine and medium
granular structure; slightly hard, friable, slightly sticky and slightly
plastic; common fine tubular pores; common fine roots; met hole
of termite diameter about 5-10 cm (5%); very strongly acid (field
pH 5.0); clear, wavy boundary to Bt3.



Horizon

Bt3

Btcd

Btch

BC

CB

Depth(cm)

50/58-70/75

70/75-118

118-136

136-170

170-200
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Description

Yellowish red (5YR 4/6); clay loam; moderate fine and medium
subangular blocky structure and moderate fine and medium
granular structure; hard, firm, moderately sticky and moderately
plastic; few fine tubular pores; few fine roots; met hole of termite
diameter about 5-10 cm (5%); very strongly acid (field pH 5.0);
clear, wavy boundary to Btc4.

Light red (2.5YR 6/8); very gravelly clay loam; moderate very fine
and fine granular structure; hard, firm, moderately sticky and
moderately plastic; common medium interstitial pores; met
sandstone and siltstone coated with iron oxide diameter about 5-
10 mm (70%); very strongly acid (field pH 4.5); abrupt, wavy
boundary to Btc5.

Red (2.5YR 5/8); gravelly clay; moderate very fine and fine granular
structure; hard, firm, moderately sticky and very plastic; common
medium interstitial pores; met sandstone and siltstone coated
with iron oxide diameter about 5-10 mm (30%); extremely acid
(field pH 4.0); gradual, smooth boundary to BC.

Red (2.5YR 4/8) 50% red (2.5YR 5/8) 40% dark red (10R 3/6) 10%;
gravelly clay; few fine faint light red (2.5YR6/8) mottle; moderate
fine and medium subangular blocky structure and moderate fine
and medium granular structure; hard, firm, moderately sticky and
very plastic; many medium interstitial pores; met sandstone and
siltstone coated with iron oxide diameter about 2-5 cm (30%);
extremely acid (field pH 4.0); gradual, smooth boundary to CB.
Red (2.5YR 4/8) 70% light reddish gray (2.5YR 7/1) 20% dark red
(10R 3/6) 10%; gravelly clay; few fine faint light red (2.5YR6/8)
mottle; met sandstone and siltstone coated with iron oxide

diameter about 5-10 cm (50%); extremely acid (field pH 4.0).
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AMAKNUIN 5 NISUIANBDAURUUFDUANY

AARLIN 6.1 AzlUUgLarATasUsErnTianlumMAIANWeiuAToe

AUN A A AU A A AU A A
1 12 10 11 14 8 21 14 10
2 13 11 12 14 11 22 22 20
3 10 11 13 24 25 23 26 25
4 23 23 14 22 23 24 15 22
5 24 26 15 23 23 25 18 22
6 23 23 16 23 26 26 11 8
7 21 22 17 16 25 27 15 13
8 18 18 18 27 24 28 26 28
9 24 23 19 14 121 29 26 27
10 21 21 20 25 22 30 17 22

AAKNUIN 6.2 MITIANAMNLTORUTDUATND (Reliability Statistics)

a

Cronbach's Alpha Part 1 Value
N of Items 1°

Part 2 Value 2

N of Items 1°

Total N of Items 2

Correlation Between Forms 864
Spearman-Brown Coefficient Equal Length 927
Unequal Length 927

Guttman Split-Half Coefficient 916

a. The value is negative due to a negative average covariance among
items. This violates reliability model assumptions. You may want to
check item codings.

b. The item is: Odd

c.The item is: Even
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