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Project Title: Fire ecology in pine-related forests and its effects on vegetation and nutrient
dynamics at Phu Koom Khaw, Nam Nao national park

Investigator: Kobsak Wanthongchai, Department of silviculture, Faculty of Forestry,
Kasetsart University, Chatuchak, Bangkok, Thailand
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Abstract:

Anthropogenic burning has become a common phenomenon throughout Thailand’'s
forest including pine-related forest ecosystem. Although this ecosystem is fire-dependent
ecosystem, too frequent fires may affect plant species composition and nutrient dynamics,
thereby resulting in ecosystem degradation. This study aimed to determine fire effects on
vegetation structure and composition, and nutrient dynamics and investigate fire behaviour
characteristics in degraded pine forest, and pine-oak forest, at Phu Kum Khao, Nam Nao
National park. Three 50 x 50 m replicate plots were setup for each forest community, where the
experimental burning has been conducted. Pre- and post-burn ecosystem characteristics (i.e.
fuel properties, fire behaviour, vegetation structure and composition, soil properties and carbon
storage at 15 cm soil depths) were compared to determine fire effects on ecosystem properties
in these forests.

The result showed that fire intensity in degraded pine forest (626.7 kW/m), which
grasses was the main fuel loads, were greater than that of pine-oak forest (47.9 kW/m) where
fuel loads was more diverse. In addition, the different in fuel structure and composition, in
particular fuel moisture content, and fuel continuity, also resulted in different fire behaviour.
Recovery period of fuel loads to pre-burn level in degraded pine forest was about 2 years, while
the pine-oak forest required 2-3 years to reach pre-burn fuel loads level. The results indicated
that carbon losses through the atmosphere were mainly from burning of aboveground fuel
loads, while fire did not affect to belowground carbon significantly. Recovery period of carbon to
the pre-burn level for degraded pine forest and pine-oak forest were 2 and 3 years,
respectively. Aboveground nutrient pool dynamics as a result of fire revealed that post burn
aboveground nutrient pool at 1 year after fire was still lower than pre-burn pool. Belowground
nutrient pool dynamics for 1 year after the fire was significantly increased for total N, while
available P was significantly decreased. Experimental burning did not result in soil properties
changes significantly, neither soil physical properties, in particular soil bulk density and soil

texture, nor soil chemical properties. This is because heat did not penetrate deep into the soil



layer, and hence the residence time of heating for any given critical temperatures was relatively
short. The overstory structure and composition for both degraded pine forest and pine-oak
forest were not affected by fire significantly, while saplings and seedlings structures (i.e.
density, height, and diameter) were affected by burning obviously. Unless there are the
effectively fire management program, especially for the degraded pine forest, the natural
regeneration and succession may be affected seriously, and hence lead to ecosystem
degradation. Finally this forest may be absolutely disappeared and replaced by degraded

grassland ecosystem.

Keywords: Fire ecology, Degraded pine forest, Pine-oak forest, Fire behaviour, Fire effects,

Soil properties, Nutrient dynamics, Carbon loss, Nam Nao national park
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midnmMsamsinlasiimah W lulslunmsiuyszuufinadhsuniainmaninthliasaglu
RRVUNUN (White, 1986; Waldrop et al., 1987; Fulé and Covington, 1994; Biswell, 1999; Arno
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al., 1993; Khanna et al., 1994; Wanthongchai et al., 2008)
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e . ! A o A [ \ o ,
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wadnasiiiaan Juslui (mica) Yzdu warfunsroudifinenawas wasiiianaini Jus
lufduagisuniu saudassunduniiafuiinas (Nam Phong formation) ansmztiufuna
FUAIDIRINANE WUAUNIIANY (conglomerate)  TN9LANTBE ﬂmsﬁuﬁagﬁuﬁmqwaamﬁu
lanada wisAuiiuana (Huai Hin Lat formation) ansausuainsiiafuitlufunsiauuwuasd
Aunnoduihadndes minszneiesiutalensidulngnulusinuiaaziuean - fie
mi’u@mmaaﬁuﬁqﬂmuumma

o A o P’ A & ' A A Aa o

aﬂﬁmzﬁmamgmlugwﬂszmmLﬂuw@]qﬂmmmam@\ W uNanININIIINALY
NIENLAINY (syncline)  NITINAIVDITURLEAN 9 ﬁ]:a%ﬂuumﬁﬁmﬁa- Aeld snSusraums

o a g: a { 4 (3 é o aa v {
ANAIVIR U ﬂuﬁﬁmquam:agmwu TGL'ﬂ%ﬂ']‘J’J']x‘]@I'JLLUU‘IJﬂ@I'JﬁEI WH?QUL%Q% (fault)

= a v

pnalngjad 2 uis fie vTankanle wazianguwie MINnsdesTaniaunIzaInanIlay
a3119 agfluumfienile-Aald (nsuthlal, 2534)
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5. ansme)daInd
A A A ' a o A a o I K o w
Luaaﬁnﬂluwquwmuummmmvxu’n Lidannfiasataameniluyadnises hdaya
NaEnIRaIIIAa MaluiNunlnaass laun iagamﬂamﬁq@;ﬁw%mmmgifﬁ g01%
AARINAININTRANEN LLazanwﬁq@ﬁﬂu%m%’ﬂgﬁ ml‘*ﬁ‘Lumia%mﬂé’ﬂumzn‘jﬁmmﬂluﬁuﬁ AR

99
v Qs

VBN Table 1

Table 1 ﬁagagﬁmmmaﬁmrmamﬁq@lﬁw%mﬁnﬂﬁuﬁiauqwmum’am@ﬁmma
NW.¢1. 2542-2552

U ANATU
Ser JFUAND qmwnﬂﬁmﬁlﬂ NN IFIFN qmmgﬁ@iwq@
Hau (mm.) (%) (°C) (°C) (°C)

4.9, 4.04 62.91 24.85 32.07 17.98
N.N. 13.42 61.52 26.95 34.12 20.18
5.9 55.08 63.27 28.95 35.87 22.52
b 8. 91.80 68.67 30.17 36.52 24.44
W.9. 161.36 77.48 28.95 34.06 24.56
.0, 150.60 79.09 28.68 33.31 24.55
n.e. 121.13 79.58 28.29 32.63 24.32
&.9. 209.10 81.45 27.98 32.20 2417
n.8l. 239.67 82.94 27.72 32.06 23.97
f.6. 98.14 77.00 27.69 32.55 23.24
W.8. 13.30 69.15 26.00 31.93 20.54
7.6. 2.08 64.88 24.40 30.98 18.25
PRI 1159.72
L%gﬂ 96.64 72.33 27.55 33.19 22.39

fan: nsugafianing (2553)
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6. ANWTNINITOH

nsut'lsy (2534) vLﬁ‘ﬁ’m’li?ﬁ’lLL%ﬂﬁ%ﬁﬂ’ﬂ&ﬂ%QﬂEJ’]%LLﬁG“H’Ia‘i’mu’I’J Fanudinn
mamqu‘ﬁvuﬁ%"aﬂaz 95.3 Basiufinenue Femansndunndsauiisldlusnemizensg ail

11@u (tropical evergreen forest) i 62.2 % Usznaudisaninin 3 anwue Ao

(1) ﬂﬂau%u(moist evergreen forest) WWLANUALLIILALIUN Uﬁﬁﬂ’]’]&l%ﬂq&

(2) th@u(hill evergreen forest) wulilunga o wasdwdzUuiuthawn luiuing
ANMUAATY LaziIzal AMUFILIZUH 800 wastwll  Tessagsvesthawnsautelasiai
TwSousanld 3 Tu miIynaunuausTmfaglunueia S5wugnliuazliiudaudrige
%ﬁ@vlﬁﬁﬁﬂﬁtyvlﬁuﬁ nzla (Schima wallichii choisy), Aaw% (Lithocarpus tubulosus A.Camus),
QI (Aglaia rufinervis (Blume) Bentv), 813118 (Dipterocarpus costatus C.F.Gaertn.), ﬁa%%%l
(Lithocarpus vestitus Chun), fialwaa (Castanopsis ferox (Roxb.) Spach), &% (Dillenia obvata
(Blume) Hoogland), n3zun (Irvingia malayana Oliv. ex a. Benn.) LazLin (Syzygium gratum
(Wight) S.N. Mitra var. gratum) 1Jua%

(3) Un@uLaI(dry evergreen forest) %uagjﬁxé’ummgaﬂi:mm 500 twasdwly wasdl
snwmzAuiiduduau anvmclasesioruSeusoautsaaniu 3 Tu M3TyNaUNUaIY
syumdegluinuaid Sduiugnlduszliiudoudrags giialifddn Taud falfay
(Castanopsis acuminatissima (Blume) A.DC.), ﬁa%‘ﬁg (Lithocarpus vestitus Chun), 819118
(Dipterocarpus costatus C.F.Gaertn.), 8U#% (Chukrasia velutina Wight & Arn.), UWAIRZLI
(Schoutenia ovata Korth.), i1 (Syzygium cumini (L.) Skeels) Wazuznanaaw (Schrebera
swietenioides Roxb.) LUwei

{iURaNTIo (mix deciduous forest) SAuA 22.4 % Hurfiatoganssmdliilian
snwmzlassaesuidensaautioanide 3 Tu m‘il,ﬁmvmn,mumuﬁﬁ&l"m?lagjislummeﬁﬂﬁu
nang iﬁﬁéﬁﬁmﬂﬁuﬁ ALWUNUAY (Lagerstroemia  calyculata  Kurz), niziaw (Sandoricum
koetjape Merr.), LRI L (Afzelia xylocarpa (Kurz) Craib), quny (Hymenodictyon excelsum
Wall.), WA (Terminalia nigrovenulosa Pierre ex Laness.), ns (Ficus concinna Miq.), nyclan
(Careya sphaerica Roxb.), WwaJd (Xylia xylocarpa (Roxb.) Taub. var. kerrii (Craib & Hutch.)
|.C.Nielsen), LWn (Oroxylum indicum (L.) Kurz) waziaw@s (Sterculia guttata Roxb.) 1Dua

116955 (dry dipterocarp forest) il 5.4 % %ua%iﬁizﬁumwgaﬂszmm 400 -600
was snsazlassaatwdangeautsaaniu 2 4 uduSnaidudsluinthawanesd 3 7u
L3ausa ﬂ’]il,ﬁﬁmuﬂmmum’m‘ﬁisu*’maa%isl,ummeﬁ?] gialdfin laun 1 (Shorea  obtusa
Wall.ex Blume), 39 (Shorea siamensis Miq. var. siamensis), WU WALV (Buchanania
lanzan Spreng.), (?T’J (Gratoxylum formosum (Jack) Dyer), 8811 (Morinda coreia Ham.), A4

N4 (Catunaregam tomentosum (Kurz) Bakh.f.), SHEG (Cinnamomum bejolghota (Buch.-Ham.)
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Sweet), ®Ua (Terminalia chebula Retz.), ﬁa‘ﬁ%g (Lithocarpus vestitus Chun) UAzNALRAN
(Castanopsis ferox (Roxb.) Spach) SUNTEGEY

&1 (Pine Forest) i 3.9 % Usznausethausasly (Pinus merkusii Jungh.&
de Vriese) uazauswlu (P. kesiya Royle ex Gordon) uaganlngjaziluthausaly wenaniias
wuthaudulzduiuihauan wiethidssidas

(1) thauanly ansazlasigisvasthudssanidu 2 Tuidousan NMIAIYNANUAN
sy @aglunmsithunas ghalsifignda laun auanuly (P. kesiya Royle ex Gordon), a
NN (Grewia eriocarpa Juss.), m‘z“rjuun (Anthocephalus chinensis (Lamk.) A. Rich. ex
Walp.), wilaalaa (Aporosa villosa (Wall. ex Lindl.) Baill.), nzlan (Careya sphaerica Roxb.)
Wa®I (Syzygium cumini (L.) Skeels)
WJua

) thawaasly anwmzlaraiutisaandy 2 TuEausen msﬁuﬁuﬁ:@nwﬁswmaag
Twnuaitunans sfialdfdadny ou ausadly (P. merkusi Jungh.& de Vriese), infiaalaa

(Aporosa villosa (Wall. ex Lindl.), %84 (Dipterocarpus obtusifolius Teijsm.ex Miq), AWMLY

2
a

(Catunaregam tomentosum (Kurz) Bakh.f.), usnan@aw (Schrebera swietenioides Roxb.), @
(Gratoxylum formosum (Jack) Dyer) LRZAUA Diospyros curtisii King et GamblelIuan
#unaug laun thld Sawaz 0.9 Yana 0.5 % uazliine SAun 4.7 %
AUTOATBIUNULNLN aNBULAITIAENNUT Ba9nINh 1l (2534) uazn1IdnInaves
TUWYT UazvilegT (2547) uaznonudayaiugiuvasgudisnthld (2553) laldvinsdauds
ssaudasvadthaunly agrelsfany siose (2550) lanannds ssnunatni@ess-ldau Anulu
qwmuuﬁam@ﬁmma"ﬁ wanant afie (2541) lanandananisdnsn sauiothaunaunale
wainsiuisaithader Sallaovanadendanugneuuiimaimunld laswuiludiaw
A, LA v oA A o« o = o AL oa A & & \ 9 o
Nothaunsuria §l6Ans Faduldindds ndulddlungiuazou Iuay seandasnuionu
2899930 (2550) NNE1ININNITaUNUIERINFTIANATIUAITINFNFUNULNA LI T AUAFIAN
FulLN-na anpucasnarduansuennuluinunnrinnsdns
waNINHINNMITITIIVRITUNUT Uaziingn (2547) wud i linaluanadna g 1Hulidn
A A A A A ' o o 9 P ' o . P A
fl3anamnnige wazlvSinmagluduaudu vasmnaiiath wilujomah ludhauan wodiiing
v a v A ;A . v o o L A v A & i a o o ) A
liifuazliinie danmeglusuaueu uazwohfliidsduluthduandis swiuunuiuang

msﬂs:mmlaoﬁmwﬁﬂuu’%nmq‘n SNULRITRINRUNIAILEAI 1% Figure 6.
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a A a v
3Sn1sd@nE1IY

1. nM3vndasinaaay
1.1 aaLianfunfnsnasauthandaduihnigeulnsu (degraded pine forest; PF) Laz
feaNtaaUngwNgNna (pine-oak sub community forest; O-PF) u’%nmnﬂtju*’ﬁn Iuﬁuﬁqwmu
LAITI AN ’{Tmi'mwmyizﬂ
1.2 MIulaIAnENTUIa 50 x 50 1aT TRatas 3 ulad nelwudadlaudnlasaantiu
4 wiladtios W@ 25 x 25 LUAT Unwanvaunlad thagzainlwnisawrinionaslayldvia WAG
& o o = 'y 2 o a o v A a
NN NI L8 lapdianunTetseanm 10 wWas G9dinwmslagisininngnni

muqﬂﬂﬂ%wmyizﬁ LLa:LaTmﬁwﬁqﬂmmma"maﬁmma (Figure 7)

[~
2. N3NUYDYA
(=3 1
2.4 MANUTYANDWIAT

2.1.1 M3utaarwa 2 x 2 1was AMeluntadstasawa 25 x 25 LUAT N9
Tiud AuTayansdiannvevulamanad 10 wWas 1 4 ulas (AA B lw Figure 7) L@
ANBIANBIAZVBITOWEINOUHT UAZIIUYAITUNG 50 x 50 LEUGINGT 3In 4 ulas (Am A
1w Figure 7) USalnanuudas@nsnsawdinenmulainasadiNafAns1an B Ua 79N

A o oA [ dWVL o A a A

RRILRRONBANBRAILNT wananlanaudasrwma 2 x 2 Luas tNadaaumadfaswudadves
USunandamasuasySunmansuannelua 19 (39 2, 4,6, uaz 12 Tw Figure 7)

2.1.2 373780 Suin deznauazideiifudnisdnaguiuiizasldiudig
(Talwds) nguenag laun ldwa (shrub) 1aidugn (herb) uaznan (grass) 8nnalainia (sapling)
LLa:QﬂVLﬁ (seedling) ANHFNTALTDLNEIIULARLLURINARDIVUIA 2 x 2 LUAT Lapd1TIanauin
ALl adnaaasdszanm 10 1% Iuﬁaaqg]"l%lﬂw FaguTALTaINRIA D ULHLAZ D LA 18

, o A oA & a € < &
WANANINY WaNAINNRYINNTU Tz AN NGB kasTadTaNR lay Uszunmnsidasidudnisyn
dql/ d' 1 d%’ a & v 1 A n' dl 1 1 L% C7
aquiuiuenldanaudazUszinnvaagawds Soldud andis, Aafsrenan, wa, lawa,
v Y % v U Ql‘ildl o =3 L [ o o 6 6

lddugnuazndldtiudu  lagldgnvinmaiodedng $1uwau 4 auinsdszanoudefidudns
Unaquuadsaindudazlszinn andwihanmdase

2.1.3 ANugITanTaINEs Tannugiraudazlszinniiainislasiiainis

v A . ) ° o | @ |

Uinniasenniie wazni Selianagidautaminaus whnsguialuwlasten 2 x 2 was
wlasa: 3 9@ VI wrawdidianugings anugIthunand wazanugIdge uikuIm
anady swniuirdugn LWy uazgnldvesldbudu efianugalisitausazvimytaanug
BadTaIWiI N ushumduais laglddradoanugenlaiangudis 2/3 azldany

gwawau%mwﬁa
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= oA a dly a o s < 3’ E d‘lv a g: ni 1
2.1.4 AnmantauszUTinaweadands inmIaadaihniniaiwimsnuafiag
= & A A v A @ Y

maluwudasswia 2 x 2 u. FausndssinniTawndaiu tewanie wa Wpaugn Vlmgw LR

anldvesldiudu  udihmsgudmediasandslundazlszinn gaz 400 n3u e lunn
AMNT UL LA TIZRANNRUNULA IV IT DLW RINIRNA LLa:ﬂ%mmm@;mmﬂuﬁ'm

2.1.5 AU ot 9aulnLladtan 2 x 2 LAY NNURAINNLALLITaINRILED Lagld

aqﬂﬂﬁfﬁl,ﬁ‘i_l(vsf’sati’mau Split tube sampler (eijkelkamp agri search equipment, Netherlands) 1ag

nsiiualasnsfueuylisuniulasiainswesdin (undisturbed soil sample) Wag LALUAIBEN
Auuuuyinanslasiaing (disturbed soil sample) NTAUANMVAN 0-5 WAz 5-15 .

=< v o & o A o o v o AaA

2.1.6 MIANEIAN B IATIRIIILAZAIALTENAUVAIFIAUNT &AL LB UauAT

PNALFUHIUGUINAAYK 4.5 Ta. (tree) ldAananiavdnldnnduluudas duiinafia anuu

i'mmmLﬁumuﬂuﬁnmaﬁszﬁuan Uz mnugs LLazﬂ'uﬁﬂmmgamaaiaﬂvlwﬁm%'wﬁwu

UL SR ém%’ué’nwmﬂmaa%“wLLazadﬁﬂs:ﬂawaa"lﬁmguLLazgn"LiT ladTalassudas

WA 4x4 LUAT (30 D 1w Figure 7) z%mﬁ”uﬁnm"l,ﬁmgw WRZINILURIIUWIA 2 x 2 WS Auln

LURIVUNGA 4x4 Lumém%'ugﬂvlﬁ ANAIAU Iﬂyawmmamﬁﬁﬂﬁnﬂﬁu TUNNTHA 31NHWIA

muﬁmﬁumuﬂuﬁﬂmamﬂuﬁu Lﬁumuquﬁﬂmaﬁs:ﬁuaﬂ ANUFININAG PYPANUNLTA N A

LLa:mwgwaasam%ﬁm’%wﬁwuu‘%nmﬁwﬁu

1 { =) A ] v

2.1.7 tnanwiTangaanuSImAIna1staLladtan awia 25 x 25 waslayld

WWuaALaN (Fish eye lenses 2U1a 18 Y4.) AANUNRBITENIANGINGR YnnItnefaugdann

dy a 1 A:i v L% 1 a 6 1 a (A:g/ [

WUGN 1 1was lasaromwluemeAnasfi linssumuannuasanfiag (Reunszanfiaduu, nad

wizafiadan, nialuirsnaNuauatiaisafiag)
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Figure 7 LLNucTammNLLﬂaamaaaLﬁuﬁagaL%aLwaﬂuﬂmuua:ﬂﬁauwauﬁa (C= @uniign
I, B = wssdesifivdayaiamdenaun, A= uasdesiiufanwaanianuiinnnmamnas

ez 2,4,6,12 = uiladdoslAudayanatinn 2,4,6, uaz 12 Lo audeL)

[ [
2.2 MINUTDYA BV
2.2.1 N3O UNNIINDWNINITLN
2.2.1.1 fmifaasgunininlidnmwndnssuvesin lasdnnanedae
Lwiamﬁﬂﬁﬁmmga 3 LUAT ﬂﬂLtfluummﬂmﬂmamqwﬁ’sLLﬂad PIINWUYIIRS 5 LUAT 31UIN
duaz 5 urs inald@nmanugadadliuazdas inaa (Figure 7)
2.2.1.2 faauaIssaniagiiomeaunuuinfanh (Kestrel pocket weather
tracker) tNBATIIFALFNNDTDINIAARDATINTIH TagvinnTiwinaui3ran Aan1au
ANMNTUFUANT Lz vaI A
[~3
2.2.2 MINUVDY AV
° & o \ A v fR A A . \ \ A
mmsmwa;&alummumlwmaL@auqum‘wuﬁmumﬂu sﬁaaglumm@vlwm Taod

= =3 v A o tg/
i’]UﬂzLﬂﬂ@]l%ﬂ’]itﬂﬁJ‘ﬂﬂ%}ﬂﬁJ@d%



23

o { A =1 U >

2221 mmiﬁ;@VLWLmﬁﬁ;@ﬂaﬂmwadu,ﬂaa \WAudayaaaNMIgnaIN

2agn mmgwauﬂmvlw MuM1TUTE NN Iz NN LA R WA 1 anuuwdNTnuyvianan 1y
a o A a a ' & v o ' A ~ a

nne 1 win LRZAUALND MW LARAUNNIWULTILREN LLa’JWm’]iﬂ']UEUL?J&’JVLWLWBMSUUMEIU
mmgﬁu%i’mzé’ummgwauwiamﬁn

2222 qumﬁgﬁmaaauﬁi:ﬁummﬁﬂ 0,2, 5 uaz 10 twdluas lapld
@384 Thermocouple 3% Testo-171 (TESTO Company, Lenzkich) aﬂﬁﬂuauuazi’@qmﬂﬁﬁ
cﬂ'atﬁamﬂ 2 Jun wi”auﬁ'ﬁ@qm%gmummﬂ AULTIAN NENIIAN ANUTUFUANT A2g
Lﬂ%ﬂdi’@qm%gﬁmmmmmﬂaauﬁ ju Kestrel-4500 (Nielsen-Kellerman Company, Boothwyn,
PA) LLazi'@aqmmeaa"lw&mm%aa Spot infrared 34 MINOLTA TA 510 N15:QUANNEINN
NUAW 20 WAL 50 LTUALNAT

[~3 V)
2.2.3 m‘smuﬁ’agawmtm
o L & X A ' & o A '

2.2.3.1 NMURKINITLHINMININUA L la ezl adtg3anud 1suladtas
20 0.5 X 0.5 1ua3 $11I% 4 wlad (Figure 7, 3a A) lavlfiaTasgadu imafivdsnmiasn
ANSLHN (residues) lawA AL (ash) 614 (charred  material) wazd@wh b lwal LW (unburned
material) lagtAu&Iand g hnuanialuudasningld ansurnmsiiuaians@usuwdsnunns

=3 U ' o % ' % % a wva d' ° a 6 1Aa d' A

mwaa&aﬂammmmamoﬂauvl,ﬂ%aaﬂgmms o lUAe e R USunmnnadinaa LAZTN
2IMIA9 9

2.2.3.2 ﬁ’lmﬂﬁuﬁa;&aauﬁ'ﬁmaummL%aLwﬁa LRZNUADENILTOLINGS
MURRINTLHN 2, 4, 6 U2 12 L1HaulasnIuladsuwia 2 x 2 Luas (Figure 7, 0 2, 4, 6 uaz 12)
TundaaNvinnsnasad I wInLladas 4 9 RRIINUWAINTLALAIDENIAW I@ﬂl‘ﬁ%%ﬂ’]iiﬂ&l
LLa:LﬁuﬁayaL%aLwﬁdLLazau LﬁuLﬁmﬁ'umil,ﬁu*’ﬁagaﬁammua:%é’aLm

%

2.2.3.3 dmazfauszInimvesldnyn an'ld wazldnuasdug

[ A A o |
NYRAINITLNINIZHLLIRT 6 LA 12 Ladl I%LUJ@G@I'JQU'N

a 6 o 1 a va
3. myanemadisluiasljiianns
3.1 M08 TaLNEILARZUTELANLASRINARILRROIINNITLRINIRNG (TLDN T%
! AV A < Ao & ¥ o Y o A A
wazdun 1l ) Anvananmeswanduiinimingald avhnseunamngil 105 asen
~ & < A R LY A 4 ¥ o A @ v A,
waldos 1dwian 48 a7lud wieawniininazadn TeininnauuielaiNadiuimnn
& & 6 & v
WasiouanNNTHh AIENNIT

Fm = [(Fw — Dw)/Dw] x 100
Wasl T uaaNNTUa TN RILARzUTELAN

\Wa Fm
Fw = WBNaaaa819 (NN)

Dw = {WHNUAIAIa819 (NIN)
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s e uan el d w mrnUSun st n wa e B e asudazlsean

o'l

3.2 USINmMANNTaUDIToINES oA NUsLAnTe T oIwasanau Ly
uwitgunn i 80 avaalBus uiiualauazidoa il nesianssinmanuianlasldiadas
adiabatic bomb calorimeter

3.3 fMagaanwitAusuuiaslaseg s duaNuAn 0-5 uas 5-15 LanALuaT ¥
miﬁoé’haﬂ'ﬂaauiﬁLLﬁaﬁqmﬁgﬁﬁaamﬂfuﬁﬁmﬂwnéhw?'iLﬂuauuazﬁﬂ waudusnlallua
LAZIaUAILAZUNTIVUIG 2 UARLNAT Lﬁ'aﬁﬂﬂmmﬂ:ﬁm@;mms gansugnidusin 1
fogsllauuiaiiomySunmuaaiinwaasn IREVRMIEVala'S gl gl teb

34  fmadwauiiAuwoulisuniwlasseeresduiiszauanuin 05 uas 5-15
LTUALNAT ﬁwmﬁﬁoéhasha@ulﬁuﬁaﬁqmﬂgﬁﬁaamﬂfuﬁ’mﬁuma«huﬁﬂu@mm:i’m dnaud
waN' I LU ALAZIOUAIDAZULNTIVUIA 2 RABLNAT INAUVMIALENNTT 2 FadluaT wazin 1l
auuﬁaﬁqmwgﬁ 105 ageniaaLEsE ANt AlelUdw amsinwinutIrasn dmTuau

A1FTINNUN LNDFIWIAAIFNANNRUIULUUTIN (bulk density) VBIARLULARZTUAY AIFUANT

BD = Wsr/ Vs

i BD = enamwuiusanasawidswaiinnnit 2 Sasiuas
Wsr = msnuwsasdn (nsu)
Vs = d3016037700090% (LTWGALNGT)

3.5 @188 ABIUNIBIATIRIIIEINITOU LaUA20 819G WNHINNITTOWA 1L AL T
a 1 =1 dl =1 U o A 6 =Y dl v Aa wa

PUIA 2 VY. LAZAIDLINNTNUARZLDL AR mvl,ﬂamewmﬂimmm@;m‘miw\aaﬂgwmi
Uginenih 1l anzaueaas aodh

3.5.1 92881981 3LA3LH total C, total N, pH, organic matter, available P,
exchangeable K, Ca, Mg, Na

3.5.2 AL IINTUATRIBNNAILRRAN1ENAI LA ILATIZHA total C, total N, total P,
total K, total Ca, total Mg

¥ ]
A =

3.6 ﬁwmmﬂ%mmm@;mmi@iawummﬂ%mmma%amwmaaﬁ*ﬁ AMURUILLU IV DY

[

A LLaziJ%mmﬁmmmiﬁvl,ﬁmﬂmﬁLmﬂ:vﬁ



4. MFNATIARTDYN
4.1 ﬁﬂmmé'mﬂmiqﬂmmaﬂw@iaiwz‘maLLa:é'mwmiqﬂmmia%msﬁuﬁ
ﬂquEuLLiﬁmaﬁvLW (fireline intensity) 3MTN&UN1IVa3 Byram (1959)
I = 0.007hwr
de 1= AMUTULTIVRI W (KW/m)
h = @NYTaUVaINTEN K (callg)
w = L%@Lwﬁoﬁgmm (ton/ha)
r= é’mwmsqﬂmmaﬂw (m/min)

Aa €1 v a v v . . . ' ¥
4.2 ’Jmewmmumm%mﬂ%mﬂmaavl,uw@u (diversity index) §13 9 VL@LLTI

4.2.1 Shannon-Weiner diversity index;

!
H'==)pnp,
1a H'= Shannon-Weiner diversity index
S = Surlanuinivue
A A 1 a @ 6
P, = mmnﬂwulmmamu@wuq

4.2.2 @uaNNARLARIVRIFIANNT lag Bray-Curtis cluster analysis;
B = 2C/ (A+B)
Lfia B = Bray Curtis similarity index
A, B = stwinzfiafinuanizluuss A ussuuas B s

C-= a‘hmmﬁ@ﬁuﬁ:ﬁwuﬁﬂuuﬂad A uaz B
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AU

43 duwinaauinunanly Lﬂaﬁs‘f}uﬁm‘sﬂnﬂqm‘%awa@ LRZIWIANWNLTOUL AN

mwongTawsaalaslslilsunsy Hemiview version 2.1

4.4 ATTAAN B IATIENILAL0IRUITNaUVRIRIANATOU Y oA ANNARMILUKYDS

dwlad BuIaNUNRTNGa mim:mwaaﬁﬂﬁmw%’umm@Lﬁumg{uﬁﬂmw

4.5 Jianziianuiand g vasdsauis lasthdayardawus il Suiudu uaz

°IJ‘1/L’](ﬂﬂ’l']NI@IﬂWGﬁW%L&%NW%ﬂ%gﬂQ’NT aaﬁuvlﬁ‘luuﬂméhazi’mmﬁﬁmmﬁ ANIAN M UL T

YSumazanaudIa a1 g a9k

4.5.1 @NUNWIULL (Density, D) vasan lAUMngludun

D=  fIWIUAUUDINUS bITHATEL

PYUANWNNIRNANHNNIFENTD



26

4.5.2 aNUauAUAUNRINGa (Dominance, D,) VaIA% Lldaiud

D, = Auhnihaauasdulausiabu

YUANWNNIANANYNNNITENTID

4.5.3 A28 (Frequency, F) sasiwinudlasdnatndnngius lioiianu
F=  $7uukladfiat1anshe liwulsing

YUANWNNIRNANYINNNITENTID

' o o o ' a o . . A«
4.5.4 @ANUFNAUTIUANNAUILUUL2I794a baT (Relative Density; RD) @418u
@iﬁmmf,%'wﬂ'uﬁmaommﬁmLL*u',ufnawﬁ@"l,ﬁﬁﬁﬂmsiam'nmmLmuﬁmmmaoﬁuﬂﬁnﬂmﬁ@

RD = a213%AWILKa9 L wiah (D) x 100

NRIINAITNRI LY aovlﬁnﬂ"nﬁm

4.5.6 AANNUFUNUTIUANNLIAUVBITAA 18T (Relative Dominance; RD,) @9tdu
@hmmé’uﬁuﬁ‘iwﬁamwL@iwnawﬁﬂvlﬁﬁﬁﬂmeia@hmmL@iuﬁmmmaoﬁuﬂﬁnﬂ%ﬁ@

RD, = anuduvaslizians (D)  x 100

NRTINANULALY ﬂx’ivl,ﬁnﬂ"ﬁﬁﬂ

| o o o { A o . = '
4.5.7 MANUFNAUTIUANNDVRITHA LY (Relative Frequency; RF) Farduen
mmé’wﬁuﬁm’mmmﬁmawﬁ@ﬁuﬂﬁﬁﬁﬂmdammﬁﬁmmmaaﬁuﬂﬁnﬂmﬁ@
RD = enudvadldsiianu (F)  x 100

NR3ID maammﬁmaﬂﬁnﬂmﬁ@

458 farhanuddyveanutld (Importance Value Index; IVI) laziiuen
HATINTBIAANUFNAUTAI 9 vaswut ldollanuludan
IVl =RD + RD, + RF

4.6 \W3suisudntwavadnIsikdaanEMednd g vadszuuiinalasnisiiaszh

aad o A

W3suRgUANULANGINIFRGTITEAUAINN LT DI 95%

4.7 MFUATIZRN9EDH FnTIasianuuandszastanuewLlsnsanialaals
Independent t-fest statistics 1381 fnUUSINDMT BIWES AMFNLIAYDIAU m@;mmﬂm%mwﬁo
woanssu W sErinemsinn anwazlasiainivedsInuiTang g seninathawdonlnsuuazthan
ALEb) LLa:miLﬂE{yuuﬂawaaL%aLwﬁaLLa:ﬁwgmmﬁwdwﬂ'auuaz%é’amﬂm lumsiaeh

v a

Tayan gAGNInuadinnslaslslUsunsuanadn Fagu
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NANISAN®E

waYaszasdanasnaznganssa i lwlawdaninsunaztawnaana

U ]
1. ansmelassasvzaasamdslnihawdoaulnsuuazianuauna
U
1.1 laseadouaziSunasdaingae
anwalassanvaagandsluthauiennsunasthaunaune aduaadly Figure 8 lag
wuilawsivzaadamisluhawienlnindsznaudsngulududiAynae (45%) 1838
A A A A Y v A o Ao o
AofIuTaILAMIINNTNT IR RT laun s nuasnaNuiene (44%) leaslisasiusasnan
44 P 2 ST 2 e ged Yo o
UszunmaTiniivangamininuaiiny lasnahiwulinegdadnanumuiuildiundinand
A ' a A Ao o« o @ A o ¢ a
anugssdanm et lnilunnd wenantidudugdassadraydensfuiuiausisuma
ARBANIVLINNNINALNUWUaIFIANAT lastawz ldauauly asannwdaialdainisaan
nvenuianuanldlasasauaz ldausaunsudautstuluisoswasuzizinsuazassFiuias o
wWwamaaiaLiulald ldTiauRaluuSnmainaimenlnsuatagnsdaifios ansuthawusu
e wuhausesasanizanmsinsusaslulifidasuaniga (55%) sasasundediuves
Awmaannsrantszngiausey slulinsemdmduwunsasawisdsmivihaunaune
uazthwaaludusg Anuludsenendly wuthidsSuaztnaunaaly
=1 J a 1 a A ] < i A Aa A ‘&y a ]
nmsansuTaindsluthigsUSina nudnlaeni WihawrenInsulvSuinandawmndsde
& A Vo ! A A & a . A f ' | @
Aunganithaunaanie laofiduadsvengadluthaudenlnuuszthaunaura iy 12.9
o 1 6 o o d?’ a 1 1 1 dl' A v t:l'
uaz 8.7 audatanuas aua1au lasiBaindsdinlngludswonIntufona luamen

wawdssulngluthaunaunafaiawlylinsiman (Table 2)

O-PF
twig PF

4% twig grass shrub

4%

herb
1%

woody
plant
7%

woody shrub
plant herb 0%
6% 1%

Figure 8 é’ﬂumﬂﬂsoﬁwmaaL%aLwﬁoﬁumﬂmuﬂQsmaaﬁm Tuthauianlnsy (PF) wazthau
NRuna (O-PF)
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Table 2 thuninuisvadiTaindindazUszinnnamenluulaidragnvasthaudaulnin (PF)

wazthaunanna (O-PF) N standard error of the mean L&AILUIILAL

IRBNULAITa L TaIWEILARZLIZIANaULKN (ton/ha)

LLUQG v YV v Y v v = nl v g;
. wo liwae lddwan nanld anis Adld shamanae
A3 ! !
(grass) (shrub) (herb) (seeding)  (litter) (twig) (total)
PF1 6.00 0.02 0.19 1.25 6.14 0.16 13.76
PF2 6.09 0.08 0.17 0.62 5.58 1.15 13.69
PF3 5.43 0.05 0.06 0.35 5.38 0.00 11.29
y 5.84°  0.05° 0.14° 0.74° 570°  0.44° 12.92°
iaag
(0.21) (0.02)  (0.04) (0.27) (0.23)  (0.36) (0.81)
O-PF1 1.57 0.60 0.17 0.69 6.00 2.63 11.66
O-PF2 1.95 0.22 0.10 0.78 2.48 0.97 6.51
O-PF3 0.78 0.10 0.09 0.26 5.86 0.89 7.98
a 1.44°  0.31° 0.12° 0.58" 4.78°  1.50° 8.72°
Laag
(0.34) (0.15)  (0.02) (0.16) (1.15)  (0.57) (1.53)

< o , b . ' o o o aa & A kg a '
RN fonuy LLamm’]mmﬂmaamoﬁuﬂmmymdam (Independent t-test, P<0.05) 3¢WIINUN TwTaindsudas

dszinn

U U
1.2  @NNTWVDILBALNGY
NANIIANENAMNT WY BIL TN I awiFaulnsy JanuTuTaINRILafY 83.00
% lasigaiwddzianldwa Sanutuuniige iy 147.77% sesadanfe Liduan, naldl,
W, sy wazie i Saanudu iy 143.59 %, 119.30 %, 44.90 %, 22.59 % uaz 19.85 %
ANRAY F1RITUTNFUNFNABNANNTULTALNAILAREY 83.28 % I@m%al,w‘éaﬂs:mw"lﬁﬁuqﬂ Y
ANNTUNINNGA YL 64.69 % v09asunda nanld, liww, ni, snde wazfalal Tanudu
WiINAU 122.24%, 100.57 %, 67.75 %, 25.21% Waz 19.25 % aNAIAL tNaNINTMWIANNTUVDI
dlq’ a £ 1 1 1 A dl A? d%/ a 1 1 dll
WWOLNRILEIE WU It aunauta asiaafsuasanuTusaddainasninnintawrannsu
lagluthna 2 gile sxliawdentionudugs fa ldduan, liwa uaznd 1l lusazingh an
A a o = A A ' @ & A Aa A 4 o . &
A waznelyd azdianuTundInin asugadle Table 3 LAZLTAINRINHANUTUAIAINGD 111N
dawdandagdTinmmnn  uazillanIsuiisunsdnswgdnyswlnihvesailefia (2539) luth
A ' A =< ° =< ' yoAa = a o A
a1 NNNIAI 9188 Tagsinanisane luthswuaztdunydSauisunuthauizay
Insunaztaungunalwns@ns nuqn mm%umau%aLwﬁdlumiﬁﬂma%’aﬁﬁ@hqaﬂdmm

Tae gl aNUTWTaINGd 44 % wazlu N aunda T wTalNGS 57 %
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Table 3 ANuTUvaITaINAIUTzIANG19 9 IuthawFanInsy (PF) wazthauwauria (O-PF)

ONENBUHITIAURUT? %’wi’mwmgﬁﬁ

ANMUTUVBITLNRIUIZLANG G (%)

wlas  wah liwe WiSwan nd@ld onfis AdlE w@de
A

UL 7 (grass) (shrub)  (herb) (seeding) (litter)  (twig) 3

1 71.07 169.62  152.59 103.65 22.93 2129 90.19
PF 2 4454 121.03 118.80 133.41 32.92 18.41 7819

3 19.08 152.65 159.38 120.84 11.91 0.00 92.77

a a

44.90° 147.77° 143.59° 119.30° 22.59° 19.85° 83.00°
A (15.00) (14.23) (12.55) (8.63) (6.07) (6.67) (4.49)

1 67.87 12727 163.44 110.39 29.07 26.30 87.39
O-PF 2 60.82 59.22 197.38 128.61 21.82 13.85 80.28

3 74.54 115.21 133.24 127.71 24.73 17.60  82.17

67.75 100.57° 164.69° 122.24° 25.21° 19.25° 83.28°

WAy (3.96) (20.96) (18.53)  (5.93)  (211) (3.69) (2.13)

o o ) . . o o o aa . Y A 3
RNBLAG: fanus LLN@Nﬂ’J’]ZJLL@ﬂ@YNaUﬁdﬁuﬂa"lﬂtyﬂ"ldﬁﬂﬂ (Independent t-test, P<0.05) serineud luanusuved

& a
IraLwaIdaz TN

ﬂ” =)

1.3 ANMAFIVDILTDINGY
HAMTANHIAINNFIVILTOLNEY Tuthawganlnyy fanugivaTaini Lafs
0421407 lasiTaiwddszinnng anugiredaiwds ¥niga iy 06 AT Ja9adNNAe
na e, Vlﬁﬁuqﬂ, "lﬁ'vju, FINNT W9 Ly J0ugIaasaInds 1Yy 0.53 Wwas 0.34 Las,
0.26 tUAT, 0.16 LNAT WAL 0.04 LWAT ANIIAU é’m%’uﬂﬁauwauﬁaﬁmwgwaaL%al,w?:a LARE
0.44 \N®3 I@m%mwadﬂi:mﬂﬁﬁwqﬂ flmmgwau%mwﬁo mﬂﬁqﬂ LYINNY 0.93 LRI
sasadanda wi, Liva, ndld, annie wazfald fianugeveadaiwds windu 0.71 wwas, 0.50
LAY, 0.41 LUAT, 0.06 LUAT WA 0.03 LUAT AMNAIAL Lﬁaﬁmsmgwau%mwaa LR WUIN T

Thaunguna a:ﬁﬂ'ﬁLaa'ﬂm’mgwaal,%al,wﬁa NN auigaNInTy ausadly Table 4
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Table 4 mmgwaaL%@Lwaﬂuﬂmm%aﬂmu (PF) uazthaunaunia (O-PF) anenulwimai

AU %’a%i’mwmgsfﬁ

mwgwau%mwaa (LN§7)

e wlss wah LW Lidwgn ndnlal ginfis Al A
i 7 (grass)  (shrub) (herb) (seeding) (litter) (twig) 324
1 110 028 0.37 0.67 0.17 005  0.44
o 2 110 038 0.38 0.44 0.23 003 042
3 099  0.12 0.28 0.48 0.07 - 0.39
1.06" 0.26" 0.34° 0.53 0.16 0.04°  0.42°
WAy (0.04) (0.08)  (0.03) (0.07) (0.05)  (0.01) (0.01)
1 069  0.84 0.27 0.63 0.06 002 042
2 080 043 2.38 0.26 0.04 004  0.66
O-PF 3 064 023 0.15 0.33 0.08 003 0.4
071"  0.50° 0.93 0.41° 0.06 0.03°  0.44°
WAy (0.05) (0.18)  (0.72) (0.11) (0.01)  (0.01) (0.12)

< o . b . \ o o o aa . g
RN anws LLaﬂdﬂ’J"l11LL@T]@W’NamdﬁuUmﬂmﬂlNﬁﬂ@l (Independent t-test, P<0.05) TerIINun hmqmgwaa

& a
IraLwaddaz TN

1 ‘ﬂ. d%’ =)
1.4 N13UNARNUAZANNADLHBIVDILBDLNAY
= Ay a 1 dll A d}l a
Namiﬂﬂmmiﬂﬂﬂqmaamal,waﬂuﬂ']amaawimw insUnaguuadoings
1y 30.97 wWafifud lasawmdslszinnugh nmsUnaguueadaiwdsuiniign iy 74.85
A A o o o o a v A & a @
% FAIRINAD TINNG, NA1LY, Vl,uamgﬂ, Vl,mgu, waznalal insdnaguaesialwiavinny
62.71% 21.46 %, 11.29 %, 2.53 % Waz 1.97 % NI 19U é%m%’uﬂ’]auwauﬁaﬁmiﬂﬂﬂqmaa
TaLWRILRAY 25.29 % laalTatwaslszianaInig ﬁmmﬂﬁﬂﬂﬂqwaaL%aLwaamﬂﬁq@
WAL 60.82 % vasadanda nin, nanldl, ldva, lidugn, uazfsld myUnaquaasisaings
WinNU 50.50 %, 19.94%, 11.55 %, 7.38 % WAz 1.57% GNA10U Lﬁaﬁﬁmmrwfﬁﬂﬂﬂqwaa
d? a £2 1 1 dl = A}l a d‘v a 1 1
L TALNRILAIDTNLIN ‘Luﬂﬂamaaﬂmm:umiﬂﬂﬂqmlaawjmwawaamamaamﬂmnmauwau
o (Table 5)
o o ' A & a ' A = ' A A Y
FnSuAudaLhadtadTanaIlutawFanInIy daudalitasiafg vy 100 %
P a ' P & a « & A A ' a ' A
WasnnnnulaslianudaiiosneiTawiaauiun TuaneNUnaunauna AaNudaLitaIvad

\IaIWAY LN 97.67 % Hasanlusaiusasiuiiudas lifizawwdsUnaguat (Table 5)
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Table 5 msﬂﬂﬂgmaaL%mwﬁaluﬂmm%aﬂmw (PF) uazthaunauna (O-PF) anenuunima

WRUN %’a%i’mwmgszﬁ

- miﬂﬂﬂqmau%mw?zaﬂszmmm6] (%) AW
ha  wilad

1 7

win  Liwa lddwgn adld ondis Adll wAn dewkasaas
(grass) (shrub)  (herb) (seeding) (litter) (twig) 3u  LTOLWEY (%)

1 69.06 0.67 13.31 29.69 64.38 1.82  29.82 100.00
PF 2 74.69 413 10.50 23.44 54.06 2.11 28.15 100.00

3 80.81 2.81 10.06 11.25 69.69 - 34.93 100.00

74.85° 2.53° 11.29° 21.46° 62.71° 1.97° 30.97°
A (3.39) (1.01)  (1.02) (5.41) (4.59) (0.15) (2.04) 100.00

1 4950 1835  8.15 1550 6550 1.23  26.37 98.00
O-PF 2 5200 4.30 4.00 33.75 4915 145 2411 97.00
3 5000 12.00 10.00 10.56  67.81 2.02  25.40 98.00
50.50° 11.55°  7.38" 19.94° 60.82° 1.57° 25.29°
WAy (0.76) (4.06) (1.77)  (7.05)  (5.87) (0.24) (0.65) 97.67

< o b . \ o o o aa . g
RNBLRG: QAN 2 LLammwmemaamaﬁuﬂmmgmaanm (Independent t-test, P<0.05) FerInINun 1%msﬂnaqwaa

& a
IraLwaddaz TN

s N b4 1
2. ansumeRILIAaaa INEKHINITIHN
21 Aan¥MENIILN
U o 1 1 Qs dl 1 dl a A/ L
lavnmisiudainaaadlusr95:nineiui 1-5 nw. 2553 udihasnniiaduanduluin
qﬂﬁwmaamﬂmﬁﬂﬁlﬁmmsaLmLLﬁJaaﬂﬂauwauﬁaLLﬂaaﬁ 2 (-PF-2) ¢ 39da9vinnsienlu
TUf 20 NW. 2553 (@ Table 6) luszninmisen tadszauanaialelumsduwiiulnuae
marudaimaassnuidmirianniienugulWihmwssysol marnnssiluganainansiy
wWalwlanalnafssnuanwmeniaialdinlasdanlng szezaimamindsinaaadludian
A s & A A & Y v Aa Y A o, Y
wauInsudasawdanauninualsznaudmsngndanuwisuazfalnladie ldadseum
35-49 W11l danTLNLUadawIa 50 x 50 wwas amsiudadthaunaune Tillasndsenavaad
Wadannannansuazlusaiuiizaiwinaanudaiiias lilesnniitassesvastramiued
d%‘ dl A v v a [ 1 d%/ a o v d‘i‘ a 1 1 dll 04 Wd‘lv 1 dl
luwud naawn ifasesinsweadawds MliiTawas ldinnudeiiies deznaunuldduden
A J [l = o v ' 1 U d' g; ] A
wannany Januduaggs B liniaenluudasthaunaunaldiaaniuiu asud 70 uadl
laganwzudasthaunaunaudasn 2 (0-PF-2) Tedidamandrihviaisulssadisann vld
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TamM I wInag 108 WA LL@iﬁuﬁluLLﬂaaﬁvLﬂvlﬁgﬂLmﬁ'aﬁ'aLLiJaaﬂ'ammﬁaﬁgmﬁvl,&iaﬂvlw%%a

o A & @ ' A a A ) A A A L & X 4 &
vLﬁNLWﬂdLﬂﬂ%aUagﬁaqﬂ"g@ LN@LU?UULV]UUT]ULL‘]JQGQ%G] V]E]ﬂLNW‘ﬁQﬂ?ﬂGW%ﬂﬁ]xgﬂLNqﬂdﬁﬂJ@

Table 6 RNWABNNIINBATN WaZTIIANVEIN TIKLUAINaaastauFaNlnIy (PF) wazih

AUNFNND (O-PF)

wdad  szAuew Al Aan9 Fu 1 Amswudaameses

gamaaﬁyuﬁ NMATH  AIUAA Sudl NABY  IELESe 374

(m) (%) (W)

PF-1 870 13.4 NE-80 1 NN. 53 11.55 . 12.30 b. 35.5

PF-2 865 17.2 NW-310 2 NNW. 53 12.44 . 13.33 1. 48.48
PF-3 890 15.4 S-180 3 NN. 53 10.24 .  11.01 . 37
O-PF-1 890 7.3 SE-170 5 nN. 53 12.31 %.  13.41 . 70
O-PF-2 900 6.2 NW-315 20 nWN. 53  14.12 . 16.00 b. 108
O-PF-3 885 3.8 NE-45 4 NN. 53 12.54 . 14.14 . 80

22  @mMWANBINIATENININTIILNT

mnma?a@éy'aLﬂ%f'aam’sﬁ]i'@amwgﬁmmﬂm%‘lauﬁluu‘%nmﬁﬁm’mmuﬂmmaaa
wu:hé'ﬂwm:maaamwgﬁmmﬂ‘ﬁéﬂﬁtyﬁﬁﬁw%wa@iawqammvlw ldun gumpTenmie ANTY
Fumnsluussennia annSuasfianisay fanudwudsuandrsiwliluudasiuiiasaa
TIIIRNNTLHN AIuEAILU Figure 9 qmﬁgﬁmmﬂﬁ@hm’é"mwiw 25.2-30.9 2IFLTALTYR
ANNTUFUINNED A8 R399 35.2-37.9 % Table 7 dw5UANUEILAZAANIAUTHI AN
W3R aUTNININTERINADUNITIAN TERIN N THILREANERAINTIAN ANISLaRsVaIau AN
32U 0.2-1.3 WwasaeImi Aansaulassiulngecna ldmefiaazinanuazaziuanidoale
ogglsfimuiissnniiaanufianaieveseissiionainonmea vlilisansaamaiafiang
POINTLUFANTNIWMTHURRINanasthawFouInsuulasi 1 (PF-1) ¢
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Table 7 é’ﬂwngﬁmmﬂmﬁm:wj’mﬂ’mmLLﬂaamaaa I(ﬂElLﬂ%aﬁﬁa@li’lﬁ]{@ﬁﬂﬁwfﬂuﬁﬂﬁﬂﬁﬂ

LRaufi (Kestrel 4500)

AMUISIAN  aANRAINA  ANNTUFUNNT

plot (m/s) (°C) luane (%) Arn9au
thawiFon PF-1 0.52 30.87 35.24 Na
Insu PF-2 1.32 28.17 52.83 SW
PF-3 0.97 27.06 54.10 W, NW
thaunguna O-PF-1 0.54 28.87 48.97 SW, W, NW
O-PF-2 0.19 25.15 57.88 SW, W

O-PF-3 0.33 27.50 54.29 S, SW
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Figure 9 msrﬂﬁyuLuJawaqamwgﬁmmﬂlmmiwmnmLLﬂaawﬂaao
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2.3 gaenniivasii
=S 1 a dl d' > d? a ﬂ'/ a 1 dl
mnmsdnswohaannizesinlesaisfiszay 20 au. andudulasnaldTdrgening
v L a A A A A N a ~ @
Je@U 50 w3 ﬁnﬂwu@u’tu‘qnwuﬂ ImqmﬁgmaﬂwLa,aUiuﬂﬂamaauimummummgwaa

' . @ o ' A o { a [ [ -
1 20 . Hewrinnu 586.5 C IﬂﬂﬁmqmwgugoqmLLa:mqmﬁ@liaﬁn@vL@mﬂﬂam digital

' o o o o { Aa { 1 1 d o
infrared LVN1NU 895 LAy 240 C aUR/1AU luﬂlm:ﬁﬂmﬂQ&lLﬁaUluﬂ’]ﬁuﬂﬁ&]ﬂﬂﬁ‘izﬂﬂﬂﬁ’]&lfﬁd

9

a

A ' a o 1 ol d o v o
maavlw 20 @Y. ¥an1ny 389.7 C I@‘IElflﬂ’]Qm%ﬂ&lﬁdEi(@‘lLLﬂt@l’]iil@ﬁ@li’]ﬁ]’J@vL@ 679 LLaz 86 C

aU U

ANNRAL (Table 8 wag Figure 10)

A { . A/ a 1 { 1
Table 8. qm%gmm"lﬂﬁimummga 20 uaz 50 Ty, whaduauluthaudeulnsy (PF) wazih

RUHFNAD (O-PF) A1 standard error of the mean Waad l4I9LAL

ANNFIVDIANIA (cm)

plot

20 cm 50 cm

PF1 556.65 387.23

PF2 558.00 483.73

PF3 644.71 544.00
128 586.46° (29.13)  471.65" (45.65)

fga-gaga 240-895 43-802

O-PF1 463.79 387.48

0-PF2 280.35 174.91

O-PF3 424.93 341.27
sy 389.69° (55.81)  301.22° (64.55)

fga-gage 86-679 99-684

o o , b ) \ o o o an
RN NIDNWT ¢ LLﬁﬂGﬂ'J’]%JLL(ﬂﬂ(ﬂ'Naﬁl’Nﬁu?.lﬁ']ﬂiy“(ﬂ{lﬁﬂﬂ

a & A
(Independent t-test, P<0.05) ma\‘laqnmﬂwvlw FERIWNNUN

700 -
m20-cm

600 - B 50-cm
500
400
300
200
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average-PF 0-PF1 0-PF2 0-PF2 average-O-PF
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Figure 10 anunizamnnivad IWATzduANgI 20 uaz 50 Ta. inilaWudn

a A Y =

2.4 ganDAARNILAVANNANGN

]
a a a

1a pUnfgunnie amumvlﬂﬁ]:gﬂuu%nmﬁaglﬂﬁﬁaauuazﬁLLmMm@mmm:éﬁJ

De

¥ ]
A A =

ANMNRNVDIAUNLANNYY L wmnmwu‘nwudﬁqmvxgﬁmaa@uﬁmsmﬁUuLLﬂaaI@ Uﬁqm%{]ﬁmaa

)

a a

a A ' qzd‘ly a = ' a P 1R A o =S
@umglﬂawuma:umﬂﬂa EluLLl]a\‘]&l’]ﬂﬂ’J’]l%(ﬂu'ﬂE’J%lﬂﬂax‘]vl,l] LRSWLINNICOUAINUANTBIA

D

aaud 5 w. avllungunnlvesduiinuddouudauiisadniay (Figure 11) lasNgunnlan
@ A a AI 4:3/ a o t:ﬂl a a a a dl a o Jd
TEAURIAU LANFITULAK 100 C lunﬂLLﬂaa TIQMADNUTIUAIGUNFIAK 48-54 C
1 =) g$ { =) { =) o 1
WansznudeTIndzluuTianiuu (Hare, 1961) luanizNignningaiu 49-63 C Alnansznuda
v ¢ = . o A a = a Pg ad a
FalvMaEnTwlEAaUAY LURITWIALAN UGS (Lyon et al., 1978) LaznaNIINHURNINFILAL
o = ' ¥ a = o = Aa g
60 C AinadaiTaludin (Dunn et al., 1985) TINTANLVBITINNY FATUUIALEN L UAKLALLTET
G199 Thib dawammmiammumssiaﬂamm'éuw‘%m’;’mqluauua:m:mumﬂﬂﬁsmmJawaa
ﬁ%mmﬂﬁuauﬁag’iuaﬂmww’rﬂﬁ a;J'N"Liﬁwmqm%nﬂﬁﬁizﬁummﬁﬂ 2.5 1Az 10 T3, 1hib
=1 d' d' v A d' s =3 1 3 a a a o
Inadasnudainiosunn LazwUINARNTZAUANNEANGAII G ik "Luuqmﬂgmﬁamu 30 C lunﬂ
1 1 =3 a =y { &, a { ; 1 1
wilad usiagalsnanu qm%{]ulu@uﬁqwuuazmmmamumaaqm%guﬁgwuﬂamwammu
A A Ada = A XY £ = ' A
@anaNITNVIRINTIavMIaLAN AW La1in g mmaaz"lﬂuwaﬂs:mmam‘nﬂaﬂmmawaamq
TRNT AW Le LL@iLﬁaqmn"ﬁaa‘hﬁ'@luﬁmmaonmmsﬁ'uﬁnqmmgﬁau vila llgnursniunnnig

Lﬂ?iﬂuLLﬂmqm‘vxgﬁauﬁaLL@iL’%mmﬁmmzﬁoqm%QﬁmUluauﬂﬁuﬁszﬁmauﬁaumﬂﬁ
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Figure 11 mnﬂﬁmuuﬂaaqm%{]ﬁu’%nmﬁuau .2, 5, ke 10 ldaus=ninensen (a, b, ¢ thaw

waulnsw, d, e,f: thaunanma)

3. U mLBaNAINDNIHILAZRINUAIHADNILNAINTILHT

di ) d? a d'd 1 d‘ly ai o a A' d' A

LaBINITNARDILHN L°1jaLwamuagluwum:gmmmmﬂ"l,aJLLa:m@m'ﬂmamaa
AURAINITLRN bAUA LB (ash)  BNWWAZNIGNY (charcoal)  wazd@Iwh bal'lnd W (unburned
material)  lapRIAnadnIaunaInN LT uFILIVand Il ENTAINYIN TR AN
augsnimnﬁaﬂﬁml@ LN US N T AL WA IR A WAL LA 8 UT U W RINRRILRABIINNTTLEN
axdlinnuliinasawdsngnn ndllads amnmsdnswuinmawnluhawzeulniui
IWramasluiunigninnlunsdulasiads 71.5 % (9 audaianuad) lwanzfidamdaludau

[ ]

Nmm'a"lﬁgrymﬂvlﬂmﬂmmwnﬁm 285 % (3 AuAaLanua’l) Wiy (Table 9) LaNayon

%

6 ' P A a ' A A v oA ' A A
ﬂdﬂﬂizﬂaﬂﬁladﬁﬁuﬂﬂaﬂ%aﬂﬂ’]El‘ﬁa\‘iﬂ']‘iLN’]‘ﬂ’]ﬁ%Lﬁﬂ&JI‘Yﬁ&JWH’J’]‘DLﬂ’]&l @]ﬁ’)uﬂfﬂdﬂiﬂm (45%)
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Tupaendunlilndniigadiuanniign (54%) Walmamthaunauria (Figure 12) &g

o o d o o & a ' @ A & A o v @
aqﬂfyqf]ﬂ’]l%l’ﬁﬂLwaﬂluﬂ’]auwﬁwﬂﬂﬂx‘]ﬂﬂL‘ﬁﬂaluwu'ﬂagwqﬂﬂ’]U“ﬂﬂﬂqiLN’]vL@LLﬂﬂﬂUmz

v ‘ﬂq; a dl v QJCII 1 1 v et v qu, 1
Iﬂix‘iﬁi’]x‘]‘ﬂ ILTaLWRINRaNIINITYITnaUAN EJL@’I‘ISJ'SL‘IJVLN‘YH’N%QHLLG’J gasznauan EJVL&JW%SW\‘]

o Aa & & a 4 ' 3 o 3 E2 ' 6 A P 1
Funanffianazulwdawdingindimg dldnsen ndlisuysal Saounlalnadla

o dw [ dl dq‘ a d! 1 1 e I a
IBIBAUIN LLa$uﬂﬂﬁ]’]ﬂuﬂ’]’]Nlel(§]ﬂL‘H:Eld“llE’NL?JE]LWQ\‘]GI?\‘]KGNﬂ@]ﬂﬂﬁi@ﬂﬂ’?&l"l}aﬂw gotuiaan

o o Ao @ & da P A |
fag i ldimamnluiundaunldndnnaanieagun

Table 9 133N TaLNEIAAWLEININNA USHIUFINARILERDNNNNTINT USunnsdatwdannie 1

wae Wafifudsamanmeluluudasdratnsasthanzenlniy (PF) uazthaunauna (O-PF)

A1 standard error of the mean LLamlu’J\‘lLﬁu

drunm FINAAUATDIINNITLEN (AWUTNUAT) drunm

X . X a A wasidud
wlad  @elwdanan \BalWaIfan ¥ o4
o X . . . v SLINENMT
eholigh e A i daudi lallngd I LW
. ) . . wig'ly)
(@wuanuas) (@wuanuas)
PF-1 13.76 1.68 0.87 0.69 10.52 76.44
PF-2 13.69 1.61 0.94 1.90 9.25 67.52
PF-3 11.29 1.72 1.16 0.43 7.98 70.68
4 1.67° 0.99° 1.01° 9.25" 71.54°
\ad8 PF 12.92
(0.03) (0.09) (0.45) (0.73) (2.61)
O-PF-1 11.66 1.73 1.42 3.19 5.33 45.72
O-PF-2 6.51 0.85 1.51 3.03 1.12 17.25
O-PF-3 7.98 0.91 1.79 3.48 1.80 22.62
e 1.16° 157" 3.23° 275" 28.53"
8.72
O-PF (0.28) (0.11) (0.13) (1.30) (8.73)

o o , b ' ' “ o o aa a a 4
RO AN 2 LLﬁﬂGﬂ’J’]JJLLGIﬂ@]']x‘]afJ’Nﬁuﬂﬁ’]ﬂiy“ﬂ’]dﬁﬂ(ﬂ (Independent t-test, P<0.05) U UTINARILAREIINNTLKN

TERIINUN
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unburned PF O-PF

materials
28%

ash
20%

Figure 12 fasiutaddiunnadndanmenaimsenthawmzaulniy (PF)

uazthaunsuna (O-PF)

4. ansmengAnysaln

> a 1 a wg; a 1 o

anwumzaadngansd Wluudazianisaesnisindvuialuuand1snuld (Table
appendix 1) laglWazlidannisgnain anugadadlWuszdannsgnanungslufianenany
AIzuEad (head-fire direction) luumeAngdnssuvad Wazd lufianef W lwalzaiunisnunanis
au (back-fire direction) wanananwmlassainuazassliznauvadTonaInianinadiAn
daanmuenganssn lWdauny laganizdssinnidawds USinoundanwds uazauaaiites
2291 T0IWES wanInhanwmzraInganTInaad aeluudasian1anu g Aelanurwuls
wanaInwlUauTzuzn 1IN nddasuny lasdansauenganssnves Wlwurswnusasnns
v lwdilugrsusnazlansanligouazazdes 9 Wamdannisgnaiu anvgazeddalnuag

& A A v Ao LA o £ \

anuuusInndn lwssziuaunulddumlivndaiau wdazlanuduudu-seaaaatanm
229NN AIURAS1% Figure 13 uaz 14 SouaadlilAninanwaewgdnssuad IMnulanuen
LLUiagj;@laa@Laaﬂmzm’mﬁ’mmnm

Figure 15 usaduuudiassansauznsgnainzes iWluhswdenlnsuuszihaunaura

o v & o . ° { A °
lasfinsdszyndinannmaridutuszauanugs (contour line) lunisviunudl Sauvudiaes
magnanyzed luthaulimaudadususzozammagnanulunn 1 wfl lusnisfiuuudaasns
anauvad IWludhaunauieinsudadususzozinainmgnaulunn 5 wifl asandasiia
2091 INAN8ITNI 2 dszinniuddasuiifiuandriiuuin anuuuiisasildazwudng
anuiIzRhaduTu sz dnnrsaneihuinadinaduenlWldanngnaiun
d' a d' % gj A:{' =1 a d' A o A:l'e' A |
g9 lwrnNuinafiidususzsznauaunansiuTuad Wddannmsgnaafidunwiadu
v IWldauasluds anuuandrazasdannisgnaaluudszununsniisnungdidn 2
Uszn3fe 1) anumeradaulaglanizAan1auedIa Las 2) aNumEIaITalNAIlaglanie
oA & A o & A a & A A ' A & =, a

Urzianuazanudaitasuailaingd adnunansznunaziiadwlufuiluudasuSimuuitinacd
anuauudsld ldagnnnn wunu Lﬁaamﬂé'mwmsqﬂmuﬁme@i'mﬁ'uvl,ﬂﬁuﬁﬁwiawaﬂszwulu

JLUUBLIARA LAY Lﬁuﬂ%mmmwaﬁauﬁumagau AN WIBYDIAINNTDWN megau
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(resident time of heating) n13eevasgnlinA Il Umdunisiaguinamihduualudusu
VA laTUNanIEnUY 1udn (DeBano et al.,, 1998; Carter and Foster, 2004; Certini, 2005;
Khanna and Raison, 2006; Wanthongchai et al., 2008)
NMNANBUNYANTIN NV NEHLU TS MsaTursansaewgansTuves WluanTiu
' & AR o o A o A ' A o =2
uiazAuNIddasandodafoasansmengfinysn I lundazulasNvinn1sien 3nns@ns
! a A ' A f | A , ) '
wuInganssN lasadsluthawdenIntuuasthauwnaunalasnwsinianuuandsnuasing
Ta1at (Table 10) lasdannisgnainved inluthaulasadofidwiiy 1.89 wavuwf luvme
Ao | & A, oA A & A
neanmignanluthaunautanulidnfivs 0.55 waywfl - i anaguusszasingain
1 A 1 SR @ 1 [ [ qzd?’ a 1 dl A
drfLsuanfsdannisUaadsasndsnuanuiennnivasmaun lndizamdslugiuiagnie
¥ o « ' { a & \ d . ' { | @
auduinu i InnifeduluthawzenIntuuazthaunsunalionuiuussadowinny 362.62 uaz
26.28 kW/m tHaRnsanianizansuengdnssy Wi uia ln (Head fire behavior) G9tiuanuis
803N IYNAINUATANNTULIIVAI INGINga (Figure 16) WUIINIEATINIGNAY ANNEILAD
W enupidadluazanugunsazesiv uinadwinWaasmswnhsuwdaulnsuidrigond

makn luwthauwksunaaglivoday

Table 10. anafoansaungdnssy luthswseulnsy (PF)  wazthauwauna (O-PF) @

standard error of the mean LRAI LAY

- : Usztanth
wanssn tih
PF O-PF

Rate of spread (m/min) 1.89° (0.45) 0.55b (0.10)
Flame height (m) 1.29° (0.27) 0.39" (0.22)
Flame length (m) 1.21° (0.11) 0.36b (0.10)
Fireline intensity (kW/m) 362.62° (30.87) 26.28b (12.18)
Heat release per unit area (kJ/m) 288.6° (22.88) 85.80b (40.71)

< o , b . A e o o aa oA A o
RGO manma LEAIANVUANAN DI NUBYRIAUNIIFAA (Independent  t-fest, P<0.05) JeRINIWBN VDIANB TS

wpanyIn'lw
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Figure 14 anugsvadidad iWluudazuwamaentndng 4 uws luthawieulnsy (PF) uazthau

Wguna (O-PF) thawgeulniy (A, B, C) thauwauna (D, E, F)
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Head-fire rate of fire spread Head-fire flame height

m.min-1

L= T O I
(%]

PF-1  PF-2  PF-3 Averags O-PF-l O-PF-2 O-PF-3 Average PF-1  PF-2  PF-3 Average O-PF-1 O-PF-2 O-PF-3 Average
PF 0-PF PF 0-FF

Head-fire flame length Head-fire fireline intensity
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5 a
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s . Q&\'ﬁg' ()9 Q‘Q 051 @0 0 ' ' ' W em ==
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\s ‘;:7' [ PF-2 PR3 Average PF O-FFd  O-FF2 PR3 Average O-
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Figure 16. anuauewganys Weunalw (head-fire burning direction) wadthauizanlnsy (PF)
' ' o o , b ' ' v o o an
uazihawnsuia (O-PF) @28n87 ~ WRAIANULANA19DENIAhEATYNI9aNa (Independent t-

test, P<0.05) U IanBMeNANTIN W UAT LW Serinaiwud

4.1 ﬁm'm'ﬁawu,az;sﬂLmum‘smﬂmﬂ%u@ia:ﬁﬂma
Nan1sane1aaI N1 TaINaa9 WU lwhawrauInsy daasnnisanudiuia lWiady
WINNU 4.46 LUAT/WNT 8ATINIIRNNAIUAIIINIRRULYNAY  0.80 LNAYT/WT LAZOAITINITAING
InWiade 1.15 YNU WAT/UN LAZEAIINIIRURRLTIN WU 1.89 e v/w &1wsului
D Ao o @ a o A o o A
FWHNFNTNDATINTAINAIWAL INLRRY WAL 0.88  LUAT/WIN AATINITAINGIWHRII INLa A
WINNU0.33 LUAT/WH LazaaINITaINa ulnlwiade winnu 0.49 LWAYWIN WAZaAIINNTANN
LRYTIN LVINNU 0.55 LUAT/WIN aIuRadli Table 11 NNANIIANENN LG TWLINDATINITAY
1 dl = 1 = 1 [ U dl = U
aadthsuizadInsuddininniiaanmsaulunlgunaunia ’l,m;ﬂmu LN RER R ERCREN
a ‘g/ a ‘é d? Aﬂl 1 dll a a dv a 1 > v a né
USU AL TaLNRY T lwnuNThawFau InTuUSu L TatwaInInnIn uwaziladuduniiszineg o
& A o & A & AL a a o . A A
Afa ANAIATWUINWN LasN NN s FauINTUTANUIIATUIINN TN BN RUNINAaTIY
o o A o & A A a a = a . P
ANNaaTuey wiadautINuluuIiun wasillailSsuiisunmsansnganssvwivesadise
%3 (2539) luﬂwﬁmme] ﬁ{}m:ﬁa 2188 lagiuanisansluthsunazthaunanlsouingy
% 1 ﬁ' 1 1 =S dy ' Qs 1 d' =
nuthswgauInsuazt awEaNRa lMSANEIBHNLIN aasnTatusad W lwtawdan Intuden
fﬂaﬂ'j']ﬂj"mé’mwmsmmaﬂWluﬂmmﬁnﬁam fa 161 1.5 -1.8 LIATWN IuameNaaIIN1IIaN

maavLWIuﬂwauwawﬁaa%ﬂwﬁwﬁmﬁuﬂﬁamm fa 61 0.3 — 1.0 LWAIUWT
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Table 11 8as M Ianuluthauiianlniy (PF) uasthaunaunia (O-PF) aNEBURITIAEINU?

Tandawsrysal
2AIINNIAN (LAY UN)
hath wlasil Wl el Tl B2 wiednll edusw
1 2.76 0.81 1.67 1.01 1.34 1.56
PF 2 6.28 0.65 0.74 0.81 0.78 2.12
3 4.33 0.95 1.23 1.44 1.34 1.99
4.46°  0.80° 1.21° 1.09° 1.15° 1.89°
@ae (1.02)  (0.09) (0.27)  (0.19) (0.19) (0.17)
1 0.80 0.33 0.48 0.64 0.56 0.56
O-PF 2 0.53 0.21 0.34 0.37 0.36 0.36
3 1.32 0.44 0.50 0.59 0.55 0.71
0.88° 033" 044" 053 0.49" 0.55"
@Ae (0.23) (0.07) (0.05)  (0.08) (0.07) (0.10)

< o b \ \ Ae o aa & 4 o
RANYLHG: AN 2 LEOIANULANGANIDENUBURIATUNTNA (Independent t-test, P<0.05) TR IINUR SLuam’lmimu

LARZAY

U
4.2 A1ANNIDUHVDILTDINAY
AanuTauvausoindd Lludrvasnasnuisisliiianmsnndfedans  (heat of
combustion %38 heat value) 6'%;1Lﬂumﬁ"lﬁmﬂmﬂm"l%ﬁﬁauylmi T93alag bomb calorimeter
walusssnmdnman inddulngazlienysol ilasanfianuienusedengnyduly wiu nns
giEgaNuTanhaINMILHTIE MIsznovesn et iudu a9t Aranuianitiaan
v e A a 1 [ A a v a (% Aa .
nawn lndfauysalilliedneanandianusaungyielyd azlddSanmanusaugnd (heat yield)
= g: g dw a [ d' A % ,ﬁ' a dl 1 s
luns@nsasei waindluthawraulniy Ja1anusouvaadalwddany YNy 4,218.98
a g s a v a 1 s a a dly a 1 1 a
uwaneIdaniy Usunmanuiaugnt vy 2862.11 uaaai/niu uazizaiwdsluthaunaunaien
ANUTBUVDILTBLWAIARY 1N 4,287.60 UARDIAENTY YIunamauTaugnd iy 2930.73
A, o a & Aa A v Ada a o ] a A A
wasad/nsu  lasfaundlszinnisld AddrdSanmanuanuazdlSanugn ginge
A a oA & o 1 v Aa v v A 3 a g’ Gl A .
iasinannaliniiudadnald Sasldausvegdis seldauiimsdznauiniiu wiaresin g4

ﬁﬂﬁ@hﬂ%mmmm%’auua:mﬂ%mmmm%fauqﬂ%ﬁmgﬂﬂﬁaU AILEa9 L% Table 12
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= o £ & a \ & o A A |a o

MNNIANBIVAINRYANA (2530) LTaLWRIIUTLATI Nazuny Hd3unmaiuien
3,865.57 UAREINIWNIANBNVAIYWEI (2541) NFrpvuds wawdsludidels HUsunman
F0U 4,457.23 wAREI/NIN  TNLUTYINTIE 4,220.98 UAREIABNITN NIIANENUBINDILND (2549)
1 % d?/ a 1 a o =1 A A « Aa o Aa
dranufeuvasgandslumuthganddds lasdnsmanndsnidulugeddds aunaguands
WAz 4,235 uasaidanin wazlidSanmanuiougn iy 2,806.93 uanaidanin lu
sauthnszdwnwy @nwannie Mdulunazfonszdunmn wasnag JdrnnuTansaadolway
\iN11LI4,480 uanad/nTN UTunmanuiaugnt windu 3,092.73 uasad/niu n3Ansvad Wiriya

(2009) ¥inmsans luddess Mrasutslasrinnmsdnsnaranueuuanainsians niudu

A

LTaLNEILA 11 THa 1aa1ANNTwYa Il TaINGd tafe LYY 4,505.85 wAaI/NTY LA
=4 a =S d' qn:?v =1 dy a d' 1 1 U dq' =Y
WIsuifisunan1sansN lahnunan1sans luiiainfiau g aznuindianuauuadiaingg

a v a 4?’ a a 1 d‘l» a 1 a =3 v & s
LLazﬂJimmmﬁmaqumaaL°1jaLwaalu"ﬁu@ﬂ’lLLa:mamema6] fannladuldluanwme

a >
LAEINT

Table 12 mmm%"aumadL%aL‘w'ﬁaLLa:mﬂ%mmmm%”aqu%mau%am'&ﬂuﬂﬁamﬁauimm (PF)

' ' ' a :/ % [ 6
wazthaunauna (O-PF) EJ“YIEJ’]%LL%G"E’W]%’]%%’]’J %G%Q@LW"HS‘H?M

fANUTaUD PBnmanuiaugnd
Fhain TRALTLNG TOLWAS 2091 T BLNR
(LARBI/NIN) (LARDI/NTN)
W 4,128.61 2861.44
awa 4,240.48 2703.09
ldduan 4,216.84 2679.45
PF n&n bl 4,222 21 2684.81
FINNY 4,075.17 294423
Agley 4,430.60 3299.66
A 4,218.98 2862.11
W 4,085.39 2818.23
T 4,228.35 2690.96
ldduan 4,165.58 2628.19
O-PF nan e 4,319.33 2781.94
FINNY 4,038.17 2907.23
Agly 4,888.80 3757.86

A 4,287.60 2930.73
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4.3 AMNTHUIIVI N
Namiﬁnmmmgmmwaa"l,wel,uﬂ’]amﬁauimu ﬁmmquuiwaa"lw&’mﬁavlwLooﬁsl

WAL 836.40 AlaNGA/LNGT mm;uLstaaVLWﬁmmavlwLa'é'U WiNNU 157.88 AlAAG/LUAT LA
mmgmnwaa"[%lﬁmﬂﬂ"lwLa,'é‘sl WiNNL 228.10 Aladaa/uey LLammu‘guLstaa"Lwmﬁzmw
NNy 362.62 Alalae/luaT z%m%’uluﬂwauwmm'aﬁmmgmnomaoiﬂﬁmﬁa“L«a.ﬁzl Nialast
40.16 AlaIAG/LNAT mmgmmwaﬂﬂﬁmmﬂwLaﬁﬂ WU 15.58 AlATAG/ANAT  WAZAINY
gmﬁwaavlw&mﬂﬂ"[maﬁﬂ WinAy  24.69 ﬁIa'E'@@T/L&Jmma:ﬂ’nugumwaa"l,wm‘é‘m’m AL
26.28 Ala1AG/LUAT AILEAI LW Table 13 INMNNANIIANEAN be azwud’]@hmmgmnwad"LWIuﬂﬁ

d' A 1 4 [ 1 v > a dy a d' U
swFaulnavziidrgenirdanuuusszasiWluthaunaunie saeadoniulTuongandanld
o = é a 1 a d a d%' a ai o 1 A dl'
rndansdalinadanndnssn WGTuousaindfgs asildlnthdanuuussann uaz e
Lﬂ%smLﬁﬂuﬁmwaowqammvm@ia%%msmuqu"l%lﬂwao Andrew (1980) ATWLINAUTULTY
°11aavLWIuﬂwamﬁauimuﬁmmammﬂmﬂmd Tagwinauweu W laisnunsnsnanwnm W layld

d' A ™ 2 L% 6 dl' a :’ =\

P39 AURZ LK IN INTITNA L6l mimuquimlmmmiﬂmas 1A3098010 wazaTLadllsaann
wresdu mTuanuyuusizesiWluthaunaunalanuiuusd laswinonuauinaunneu
T InlaglaTaslanaz i nw lWssTua le Iwy e ANIIANBINITIATEAUTUAUATILVDI bW
1 luqﬂmuuﬁdma@aﬁqmw-qg Pd f1 (2539) WU Iuﬂﬁamﬁaﬂmuﬁmmgmmmaa"l,w
luszauduans gannlaslditaunanlasjianaiuuwiiiWiaulasld siip on tank #ie

L a =} U Q v o = Q Q & v A U & o v
TDAUINRIRT B L TNIAUNIa N lasrinuwinwlWanuuwind Iadsualtisniesaunsruinuaz s
LIRNAIN ﬁm%’uﬂwauwauﬁaﬁmmgmlﬁwaﬂw luszauanarad laalfisaunisasanuuay
nuicansltnauWuaznsdiaiin uazilawSouisumsanswgdnssnlnivesaitefia (2539)

1 a 1 d' =S o = 1 1 a = a s 1
luthafiadnsg NONIzaI 3.8y lagsihwanisanunluthauwuasthduadseuisunuihan
A . . =2 a \ A o 2 v A
woulniuuazthaunaurialuns@inminudn anuguussves iWfivhnadnmnle Sanuguuss
maa"lvxlluﬂwaugundﬂuﬂmm%awimu Aagatls 3,940 Aladtad/ ey lumm:ﬁmmgmlﬁwaﬂw

Tu@uian e 35.59 Alarad/iuas %oﬁ@hgoﬂ’jﬂuﬁmuwawﬁavl,ajmﬂﬁfn
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Table 13 ﬂ"]m’lugmmﬂﬂluﬂmm%awimw (PF) uazthaunaunia (O-PF) anenulwimam

BUD %’mi’mwmyirﬁ

anuuust i Rlatadiuas)

wiath wasfi Wl el Sl OnlW 2 wastnlW  edssw

1 564.58 165.69  341.61 206.60 274 .11 319.62

PF 2 1024.15 106.00 120.68 132.10 126.39 345.73
3 920.48 201.95 261.48 306.12 283.80 422.51

836.40° 157.88° 241.26° 214.94°  228.10° 362.62°
A (139.17) (27.97) (64.57) (50.41) (50.93) (30.87)

1 7136 2944 4281  57.09 49.95 50.17

O-PF 2 14.92 5.91 9.57 10.42 10.00 10.21
3 3421 1140 1296 1529 14.12 18.46

40.16° 15.58° 21.78°  27.60° 24.69" 26.28"

WAy (16.56) (7.11)  (10.56) (14.81)  (12.69) (12.18)

o , b . , Ao o o aa . g
RGO AN @ HRAIANULANANNDLNABLRIAYNIIRDA (Independent t-test, P<0.05) TERTINUN ‘lumwgmmma:}

Tludazann

4.4 mwgmﬂa'ﬂﬂ wazang1adan i

NamiﬁﬂmmmgaLﬂaQVLWIuﬂwauLﬁauIﬂim fjmmgammvlw LT awia lniady
WINNL  2.31 tuAT ﬂ’;mgaLﬂa'J"LWﬁ']uma"LWLaﬁm WiINND 0.82 tUAT LLazmmgaLﬂm"LWﬁ'mﬂﬂ
TWale Yinnu1.01 LuaY LLazﬂu’mgaLﬂm"Lmaﬁmm NN 1.29 LUAT mmguﬂm"lwm@‘h
ﬁqmaﬁﬂ FaYiNNU 0.23 LUAT mwgdLﬂaavlwmgoq@ﬁq@mﬁﬂ FAYiNNU 3.73 LUAT FIRTU
IuﬂﬁauwawﬁaﬁmmgaLﬂm"LW@TmﬁaVLWLooﬁzl WiNAY 0.40 LUAT mmguﬂm"l%lﬁmma"lmlmﬁﬂ
WiINNL 0.37 LUAT LLa:mmgaLﬂmVLW@‘T’mﬂn”leﬁsl WiINAU 0.40 LUAT LLa:mmgaLﬂa’;VLWI,aﬁﬂ
9% NN 0.39 LUAT mmgjuﬂaﬂwm@‘hﬁqﬁmﬁﬂ FENYINNU 0.10 LUAT qual,ﬂmvl,wmga
ﬁq@mﬁm FEUYINY 1.30 LUAT AILFAI LU Table 14 ANNNANIIANBIN 1S TWLI ALRILAY
gala luhawdeulniw SdwnnnidanugsiWluthaunaudes Tunng dusessmgnany
IuﬂWiqﬂammaﬂﬂluﬂwamﬁauimwﬁmmgdeWﬁLmﬂ@mﬁ'umﬂ faaIue 0.1 — 4.2 LUAT WAL
T aunaNnaaIne 0.1 — 1.50 LUGT LﬂuwammﬂmmgwaaL%aLwﬁaﬁm:mmamo"l&iaﬁ'uam
e'/ d‘r d' =3 U =3 £ =} a g; 6 di =3 L% L% s’d‘lp d'
NINWN s'mvl,ﬂmmsm'lvlﬂmmJagamammqﬂmmmamumaga wazm 3l slaminwnuag
Qs 6 1 1 U ] & v o v A/ a a DI dq’ =1
dadi 1w 9 uaznyth udu Vl’]l%L‘ITE]LWMQﬂmUUUEJ’IVL‘IJ HANANNHAMNTIVaIaN by Ay
o 2 A A = A o o @ \
NN smwmsmaﬂuu,ﬂaama@L’;mﬂuNﬂﬂﬂlﬁﬂawug«amaoLﬂaa"Lwu,a:amwmsmml,@mmo
Aw e
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Table 14 mmgmLﬂQQVLWIuﬂwauLﬁaqusu (PF) uazthaunauna (O-PF)

AINEY wailw uas)

5T RS N 19
th i ol W w1 OnlW2  wdetnll eds @h@‘iwq@ AngIga
1 1.70 0.57 2.18 1.12 1.65 1.39 0.10 3.00
PF 2 2.40 0.83 0.72 0.60 0.66 1.14 0.30 4.00
3 2.84 1.05 0.50 0.92 0.71 1.33 0.30 4.20
231" 082" 143 0.88° 1.01° 1.29°  0.23° 3.73°

@Ay (0.33) (0.14) (0.53)  (0.15) (0.32)  (0.08) (0.07)  (0.37)

1 062 020 0.3 0.60 0.37 039  0.10 1.50

O-PF 2 0.33 040  0.21 0.50 0.36 036  0.10 0.90
3 026 050  0.38 0.60 0.49 044  0.10 1.50

0.40° 0.37° 0.24°  0.57° 0.40° 0.39°  0.10° 1.30°

W@wag  (0.11) (0.09) (0.07)  (0.03) (0.04)  (0.02) (0.00)  (0.20)

< o . b . R @ . aa . ¥ A
RNYLKO: AINET e memmu(ﬂnmaamoﬁuﬂmmymaanﬂ (Independent t-test, P<0.05) e ININUN Iuﬂamgjamaomm

Tludazain

nansfnmanuela v lasnsdmwiningasadiasaasues Byram (1959) luth
swdonlnsy Sarwsna Wauilniads was Wit 1.79 was anueadndumg
Wiads winiu 0.81 was wazanvadarlWdndnWiads 1WAy 0.34 1WA BaZAINEN
wWarlwiadesiw winy 121 was snsuluihassauisdenuenandsr Wduialnese
WAy 0.45 was anusndan aumslWads windu 0.28 was uazanusnadar il
Hn'lWiads Wity 0.34 was wazanuanueilar Wadssy i 036 was asuaasln
Table 15 9 nwansansdile sznudrluthawdonnsudeanusar IWunninthawues
dalunnfienianissuesiv lag LfiaLﬂ%ﬂutﬁwﬁ'uﬁwaowq@mm"l%l@iaﬁ%msmqu"tvxlﬂ']
299 Andrew  (1980) azwuinanuedar lWludhawdenlnsy dnagluszauanuguuisu
& LLa:mmmmsmLﬂﬁﬂﬂhﬂﬂ&%ﬂ&&lﬁ@é}"@ﬁ]gjilm:é’umm;umw‘iw ROAARBINUAIAINY
gmmmaa"lw“?iﬁwmsﬁﬂmvlﬁ LLa:LﬁanﬁmuLﬁUumiﬁﬂquamsﬂwmmaoﬂﬁaﬁﬁ] (2539) lu
1136199 ﬁﬂﬂszﬁo 2188 lagtwanisans lwthauuazthdunundisufisunuian
Foulnsuuazihaunaunalumsdnwiiingin mmmaLﬂmvlwﬁﬁmﬁﬁﬂmvlﬁagﬂuﬁwLﬁmﬁu
do anuenda Wluthaw Wnu 1.0 - 6.0 was anuedadr Wludduin winnu 0.3 -

0.5 Lua3
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Table 15 anweudad Wluthawsenlnsy (PF) uazthaunauna (O-PF) aNEIBUAITIAN

RUD %’a%i’mwmgirﬁ

anuendad W (1was)

gfiarh wlaadt W welw Bl Talw 2 wastnll edsn
1 148  0.84 1.17 0.93 1.05 1.14
PF 2 194  0.68 0.73 0.76 0.74 1.18
3 185  0.92 1.04 1.11 1.07 1.29

1.79"°  0.81° 0.99° 0.94° 0.96" 1.21°

WAy (0.14)  (0.07)  (0.13) (0.10) (0.11) (0.04)
1 057  0.38 0.45 0.51 0.48 0.48
O-PF 2 028  0.18 0.23 0.24 0.23 0.23
3 041  0.25 0.26 0.28 0.27 0.31

0.45° 0.28" 0.32° 0.35" 0.34° 0.36"

WA (0.08) (0.06)  (0.07) (0.08) (0.08) (0.07)

o o ,b ' Ao o @ aa ' k]
RANYLHG: AN 2 LEOIANULANGANIDENUBURIATUNTNA (Independent t-test, P<0.05) TERIIABN ‘lum’mmwauﬂm

Tludazann

A =) = 04 = v a ' a 1
WadSsufsunumsansinisaiwnganssuaad luthsssumduazauthludszine

Inenlafigdnsliugs (Table  16) azwuianvazwgdnynlnnludusesdannisgnaia
mmgwa<1LﬂmvlwLLa:mwuquLLiwaa"lﬂlmwia:ﬁuﬁﬁmwﬁuuﬂnmﬂ@mﬁ'ﬂﬂLLﬁLL@iluﬁuﬁ
a o £ . o & Aa P

Wearuiony dinnuguusszadiWluhaudadulnndonusuuwsshunanslusmsnanuguus
v IWluthaunsuiauniianuuussdauaneuenIuunaNuTHL e e usivas
Cheney (1994) auwqddaifasnnanizandsluthausenlnsudsznavdronguiusiulng
FANMUBAINNINNT FANNdaLhaI1a I TalnaINanIN "?imwa@iaé“@mﬂ’liqﬂmuﬁmnﬂd’l
ANNgILazanNeLad IWngInduazauuLIvas IWANINNI1 (Wanthongehai,  2008)

é’aﬁfusluﬂmwLqumsmuQu"LW‘luﬂwamﬁauiwiwﬁfuﬁoﬁaoﬁﬂWSL@%yuqﬂmtﬁmsmugﬂwm

o o & ' . .
LLﬂZﬂ’]E\]x‘iﬂ%“ﬂ&l']ﬂﬂ’)’]ﬂ'ﬁﬂ’)llﬂ&JVLWSL%‘]_]WHHN?(NT]t"J
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Table 16 Msanwwganssuvad it ludseinelne

AR 5@]3’] AN AN
\FoLa a0 Iea quustld waalw A sfnm
(m/min) (kW/m) (m)
ABYANY
1554 K] 400.2 38627.83 10 A33aul (2528)
ABYBNY Kaitpraneet and Thaiutsa

1554 214 7.8 38753.613 9.89 (1987)
1959 SUEEN 0.3-1 57.77 0.2-0.7  ailsfia (2539)
WIYINITHE  NNTAS 0.6-1 102.09 0.3-1 attadia (2539)
AULRY QRN 0.3-1 35.59 0.3-05  ailsfia (2539)
fuLn RN 0.3-1 35.59 0.3-0.5  ailshia (2539)
Thau NNz 1.5-1.8 3940 2.42 Ailafia (2539)
LA939 FZUNINY 4.46 194.13 0.7-1.1 uknyﬁné (2530)
LA939 {ZUWNIND 1.6-4.3 34-363 0.54 uhl,ryﬁnf?? (2530)
LA95 YRS RIS - 98.11 - Bhumpakphan (1997)
LA959 RV - 134.95 - Bhumpakphan (1997)
LA95 WU 0.47 66.17 0.45 Himmaphan (2006)
LA939 TRTIETRIIGIN 0.44 44.33 1.51 Himmaphan (2006)
L@939 R HETRIGIR! 2.7 361.1 1.53 Wanthongchai (2011)
RRER) P HETIGIK] 2.6 466.8 1.27 Wanthongchai (2011)
LA939 WD 1.3 291.2 5.5 Wanthongchai (2011)
LAIT9 VRIE TGN 0.67 110.71 0.7 Uad (2541)
V@939 RV 2.74 543.54 1.61 A3 uazAhe (2546)
LO95 WU 0.82 167.98 0.95 FUNT (2546)
LAITI FRTILTRIIGIN 1.07 286.98 1.35 qUNT (2546)
LA9T9 WD 1.34 184.71 0.86  Wiriya (2009)

LAIT9 R RIGIR! 2.75 414.76 127  Wiriya (2009)
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207 AN ANEM
WAEILTBLNAS g0 Iaa quusld wadln i sfinmn
(m/min) (kKW/m) (m)
LAIT9 WD 2.39 408.61 124  Wiriya (2009)
KRR RANWIZ 2.81 - - @3 (2543)
LA9T9 MYInL3 0.45 - 0.2-0.4  A3zNa (2546)
LR95 ADUFLNN-1]8 1.72 249.26 - @3 (2539)
LA9T9 ADUFNW-1]8 - 243.22 1 THTAN (2546)
LUYANIID WIBUD 0.595 91.37 064  ywad (2541)
LUQUINTIDA ADUFNW-1]8 3.41 - - N3 (2540)
LUANIITh ADUFNN-L - 227.19 0.97  TuIAik (2546)
LTI handauinIa 0.73 179 0.84  TIYTUURZAAL
(2519)
Fuuad 1819 b 0.31 32.57 0.39  aIIOWA (2548)
AuLAd ADUFNN-Le - 25.85 0.28 I83A% (2546)
AL TIUFRINAY 2.24 3,965.85 244  §uend (2550)
vjanan NINLARN 829  2,165.80 5.7 @3 (2534)
utlasignih
FPT WUNIZ-UH 0.92 108.35 0.78  WIHenG (2549)
swthganddas  suthesasezinn 2.6 1341.31 3 THNRE (2548)
swthganddas  suthasasezinn 1.65 7614.7 9.89  TuINAE (2548)
FInUINITO futaanIzhg 0.68 189.49 1.3 Wasuna (2549)
LA
muihgenddas  swdhaianszis 0.28 87.44 15 Wasuna (2549)
ANENUUAIT 120- NaUANG uazame
1554 A8LNAT 1119 2118 - (2553)
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5. wadYnsuadlSumIEaInas lwszazt1an 1 Un1arainistu
mondimawdwllluszezng 1 0 @emwdseneg Tdud wa ldWa lddugn gnldl
na W Lewannie A ldawaian Jumildunisazaunauunadgneti g asugasly Figure 17 lag
A a & a da & o & a o o = v & . a
ANWTINTIUS I LT DLW RINL A LT wNa U B ww Iiu lua nwumtd o nwnaluthswdauInsy
waztanKaNna I@ﬂwm%%al,wﬁmnﬂs:mmﬂL'j”umwmﬂﬁ‘mzﬁLLmIﬁfsJﬁazﬁuﬂé'umgj%‘szﬁu
a =\ = o a 1 dl 1 = v =1 a nl J
wunieluwszeziian 1 9 wadten mmumamﬁau‘[muwmﬂﬂsmmmyw:uﬂsmmtwmm’m
o (5.84 dudaianuad) nduangszaunlndidoanawnn o aan 11 (5.24 dudaianuat)
IFWLAEINUITDLWRIUIZLANDN g UASIATVUTU DL AN NNTU WA A UWL I UTU L NN
wWasuudadlugiaia 1 Tnenainmsiun (1.53 audaianwas) s9iUSunmtasniinaukn (5.70
o ' o o Y , & a v A a X o
AuABLINLAT) ageiaudaun dnTuthaunauianiy YSunmwnaniRnawnavuiniely
szoziaan 1 1 (1.75 audalanua’) AenlnaifseanudSunmnginawnazininsmn (1.46 audalan
{ =) { QI &/ L= = 1 Q
wa3) luaaeAUSunanasonNanmNIwnauAeluszoza 1 7 (2.34 audalanuad) 594
YSunatasninnaunaziimaiwiadnennn 4.78 audalanuas)
e TanUTUN Ul TaINRITINNINNA (Total fuel loads) azwuINUTaunauTatwa s Ly
sansnudunauangszaudnlanioluszeziaa 11 (Figure 17) lasdidadunananaindianm
A I o @ Ao A a o Ao o ' a AAa . a ' =
vasawmninduiayndildTunansszaunavanndaiasninfinaniiagidunamen o9
6 a d‘l’/ a U J d' 1 g; @ v ] ap KR
219A1aN IR NYS U DLW E I La NN TN 2 dssiandasldiiaiuinndn 1 1 399zr81I0
ﬁﬂﬁﬂ%mm%aLwaaﬂé'uma%ﬂm:ﬁuﬁlnﬁl,ﬁUaﬁuﬂ%mmﬁﬁagﬁamm FalarinnIane
auﬂ’mﬁaﬂi:mmm‘*ﬁadnmﬁﬂ%mm%mwﬁw:né’umés:ﬁuﬁauﬁm:ﬁwmnmiaﬂmim
Qs Qs v a g =) { Qo 1 1 & 1
mmauwuﬁmawagaﬂsmm%aLwaoﬁa:awﬂaumlmma:manm (Figure 18) TIWUIN@uNNT
ﬂizmmmmdnmﬁ%aLwawzﬂuﬂé'umgﬁxé’uﬁaumumﬁn%%uﬂwauﬁawimu loun y
2 ' ' o 2
=3.2875In(x) + 2.7462: r = 0.9959 uazthauwanna MauA Y = 1.5193In(x) + 3.7691: r =
0.9466 LNa Y fatSunmudaindsnuszunmle (Fudatanuasd) uas X fatzaziian (3uwinifaun)
mﬂm{l“ﬁaumﬁwﬁuﬂixmmnmnmmiazﬁmL%aLwaﬂﬁﬂé'uwﬁgii:ﬁulﬂﬁl,ﬁmﬁ'mﬁaﬁau
1 [ ﬁl U U =} d' a ﬁql a Q 1
M3t wudnthawsauInsudasldszuziianiszanm 22 WWaundSunalTawisasaraunNauaNg
o A v A o a Aa A Y o ' A K °
lus:@uwlﬂammnuﬂsmmmagﬂamm TuameNthauwnanadasltiiaIaInndn 2 1 399z

Wsinagamwdmnavgzauilndifosiudanundagnaun (Table 17)
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Figure 17 wwalslumsidfsuudasvSunmdaindsluudazyszinnuazUSunonsaindsrinlugs

szozan 1 newasnaen luthauzeslnsy (PF) wazthaunanma (O-PF)
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10.00 4y -3.2875In(x)+2.7462 PF
G0 - R?=0.9959
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Figure 18 uMIANNANAUTIZAIIUIN T aIWRINUTzuzIa LN g lun U ssanassaziam
miazamlaat%amﬁaﬁa:azamé’u;jlm:é’uﬁaumﬂm’luﬂ'}am%awimu (PF) uaztawNguna

(O-PF)

Table 17 YszanawszoziauazdSunamsasaniamadludhawianlnsy (PF) wazthauunaune

(O-PF) 31NN 8319AMNNRNABTTZRIN9528 e N UL N AT DL NG

Uszian U TaIWa (ton/ha)

1 ADWLEN 4 LAaw* 8 LAan* 12 1hau 18 1@aw 20 LAaw 22 1Aaw 24 Leau
PF 12.92 492 7.55 8.55 12.25 12.59 12.91 13.19
O-PF 8.72 4.45 6.04 6.56 8.16 8.32 8.46 8.60

o o 2
RNTBLARG: * magamﬂmﬂﬂmmomnmsmmﬂmmim, * N3N NNINNEUNNT y = 3.2875In(x) + 2.7462; r = 0.9959

gnsuthawdenlnin uas Y= 1.5193In(x) + 3.7691; r'= 0.9466 FWSULaUNFNTD
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nanIzNUYaInIstHttantdanlnsnuaziannaNnonaanmelAIIa9LA

6 g ~
avAlsznavvaIdIANNY

anwazlasasvzosdIaNfsnonnIstHILlanaass

1. anpmlaseas19709l8%wURK (Overstory structure)
nmIsudasdnsansuzlassainivesthauzeanlnsnninmwgiudin anoiu
wisT @ty woiansuelasna lidudhldselduwldamalng (tree) seming 225-375 dw/
lanuas laofidnafomiiny 304 duianuad Suwedunnidaaglugag 10.14-12.01 av.u./an
& . & A . . f A A A P A
uas i lwsaenanunwuiwsasldnyluthaunsuneldiadonganinhawdeaulnugs
Uszanm 4 i Bnnslivwnaiuninihdavaslilngfgenindasidunu (Table 18) 3annsdnm
é’ﬂwm:mim:mmJadﬁuﬁﬁmu%’mm@Lﬁumuquﬁﬂma (DBH distribution) Wu3auldan
. A 4 o It Ao & v & A L ' =
Ingluinfiduldvmaidnuaziwinsassantusmaiduiugudnanaflngau adralsfionw
o [ A i o o vd A o & a A, a X A
fmduthawsenInsunwuidwuduldniivmadurdugudnanslngnii 40 ou. ddwiudugn
a3 asnanauansnluniduwlivwalngluiun (Figure 19 uaz 20)

AaiiNunAaly (Leaf area index; LAI) iafifudnisUnaguiiausaauazamianud
SeausaavastaunaunialaLafeinny 1.824, 30.5%, Wwas 12,450.6 A3.4.48NLAT AURIAL
A A A, o alk Ada ¢ & 6 A & A a
TwynithawronInsufidauinuiisly wefidudnsUnaguiausaauazamanudiisousan
WiNAU 1.122, 0.9%, WaT 5,943.107.4.48NLAT ANE1GU (Table 18 waz Figure 21) lasfia1was

o afd Ada & o ) A . v o a %
arinunflunuldannmsaionwiSeusaa  (Figure 22) walvinmsianziasldsunsy

Hemiview 2.1
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Table 18 anwmzlassainrsvadliindu (ree) FauNothauizaulnsy (PF) uazthaunaania (O-

PF) USnmsnniudnn anenuwuwsm@iivun

thawdaulnsy Ygunguna
PF-1 PF-2 PF-3 A O-PF-1 O-PF2  O-PF-3 Iadg
AMURUILUY 304.17° 1327.08"
. . 375 312.5 225 1662.5 856.25 1462.5

(FWianuas) (43.50) (242.39)
Nufinida 11.11° 17.40°

. 12.01 10.18 11.13 21.28 14.98 15.93
(93.4.43NUA3) (0.53) (1.96)
AufiZousan 5943.09° 12450.61"

. 5064.73 5599.52 7165.01 14633.39 12264.71 10453.73
(@3.30.1aNUe7) (630.16) (1210.14)

o« o , b ' \ o o o aa A de o Y
RNBLAR6: AIaNWT ° memmLmﬂmaamaﬁummmymaanm (Independent t-test, P<0.05) s:mwawuﬁ‘luanwmx‘[mmma

v v '
maavlmuﬂw,ma:ﬂi:mﬂ

40
m PF-1
35
W PF-2
30
| PF-3
~ 25
‘G
’_F: 20
T 15
10
0 = - T — i I T T T ]
45100 101150 161200 201250  261-30.0  30.1-350  35.1-40.0 >40.1
dnmnadusugidnat (z.)

Figure 19. MIn1z1838920¢ Wlngamusmatuduiugudnas luthauieulnsa
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200
180
160
140
120
100
80
60
40
20

£y

4111911A1

= O-PF-1
= O-PF-2
= 0-PF-3

45100 10.1-15.0 15.1-20.0 20.1-25.0 25.1-30.0 30.1-35.0 35.1-40.0

dmmadudngudnan (i)

=401

Figure 20.

minnevesves lilwgauswatuduiuguings luthaunaura

leaf area index

il

F-1 F-2 -3 O-PF-1 O-PF-2 O-PF-3

crown cover (%)

70
60
50
40
30
20

10

PF-1 PF-2 PF3 O-PF-1 O-PF-2 O-PF-3

Figure 21. avfivuiialu (A)

In3u (PF-1, PF-2, PF-3) uazthauugafia (O-PF-1, O-PF-2, O-PF-3)

LLazLﬂaﬁmuﬁmsﬂﬂﬂquL%auﬂa@maovl,ﬁ"ﬁ'uuu B) luthauzey
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Figure 22. @atdnmnangiSausaauasthaunasnia (LK) wazthaudanlnsy (@19)

I3 % &
2. 29AUIznaUBaINKS laITHUK
[ A 1 d' 1 A v o a d' 1 1
soaunathawran InsulundazudasnuldBuduiuim 33 viie luamenthaunaune
fanuliududuin 25 viia asusaslu Table appendix 2
[ o & ' A 1% & A A o @ A '
lassanadnuasvasthauionnsudsznaudls 2 swisausaanTaaulasasaunsan
wonlnsuiiios liausuly (Pinus kesiya) 1DuldidungaluSensaatuuulunnulasdrng
A = & A Aa | & ] . & A AV o
ipsnniduliTuSeusaauuniianugandy 30 was dulaauagluiun lasildauauluny
& v VL & A A v a A o WA
JunIznsagwii g nizansagninud luvasinssalisiadug dsznaudionssalailudhédy
& L om €A A A A ! , , A
11 wilnegidutwTousaasasasnndidannugaldiin 10 was lavdrulng 1w ardiay
(Craibiodendron stellatum) &xa'ing (Terminalia chebula) NMIANHIAATHANNE ALYV
w3Itw |4l (Importance value index; V1) wudrlifaumuluiduwsialiidusasiunlunnuias
Anwn laoden IVI 551319 113.13-141.85 luwmuei linszlaw (Careya sphaerica) andLag uay
duLindw (Diospyros ehretiodes) Henavilanudidniagluizdusaiasan (Table appendix 3-5)
fnsuthaukaudasINnsantsansmelas g onsauadlaidu 3 7uiSeusan laowy
v ‘31 I U 1 1 g; J ] ]
lauauluwduliifouseaidunag tuungalasfianugatszanm 30 was Iuagnizasadng
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' & A [ \ a o A o Y o A & A @
w99 lununluanwusisuidoinuihawienlnsy dniusraliiSousaarungasdsznauae
witsam b lugsanthduwlasanizldluledna (Fagaceae) V3 AaWNW (Lithocarpus

. . ! . ‘g/ 1 Qs YV s a [
grandifolius) NaWAd (Quercus  auricoma) muﬂ:ﬂuagwauﬂu"lwmlﬁﬁomwmmu 9L e
. o . & . V¥ 4

(Dipterocarpus obtusifolius) wilaalaa (Aporosa villosa) muwawﬂ:ﬂuagLi‘fluvlwmmemﬁmw

A& a A o o = v & A A
gatlizunm 15-20 e luvuentwdauseanaudsznavdisldvmaidinvasliTusausaad
goauaz liARauadnduy 15w azanuilan (Phyllanthus  emblica) f1NBNAAIS (Gardenia
sootepensis) \nilaaua (Memecylon scutellatum) INNNTRINTINANBULIRLIENOUVDITHA

o ‘Ddl 1 dqj dl [ 1 dl = 1 A v a [ L d
Wt ldndang wuihwuithaunsutennudasdnsunauisiiansaueadonudideTnaan
VLS MIaN U A aUNRUNENTD TILINGEN1TINUUBA LHoE9TALN LEwaRI T Tha
Wt ldfnuuszdaziianuianyluhsunautowlsal 1 (0-PF-1) uaz 2 (O-PF-2) asfianmmus
Inadsesnuthaunaune luwamcfudasthaunaunautasn 3 (O-PF-3) Fanumzaaa i@z
HENEUNINNI udRuAnImuuisazagluuInadoiiu feduanuganlndidssiuian

(Table Appendix 6-8)

ty ¥ I3 U1 . U .
3. ansmelassaiiouazeasdlsznauvasldiu (Sapling) wazanlal (Seedling)
anwuclasiginsves llruarsnidunonliiiialsy (Woody  plant)  (Jugesfivivanils
é’ﬂmmzmaamiﬁuﬁuﬁmmssmﬁlué’aﬂuﬁm’wzﬁLmﬂﬁulué'ﬂwmnﬁul@ fnsuthawlzas
Imuwudﬁﬁmmm%muumaa"lﬁi:w,l,azgﬂvlﬁizm’m 4375-9375 Waz 17500-70000 @ueaLan
Las ATNE1AL Imm:ﬁﬂwauwauﬁaﬁmmm‘mmLLﬂumaavLiTiguLLazgﬂ"LiTi:MN 2500-6250 Lag
47500-102500 Giudalanuas aMud1au (Table 19 uag 20) luvmnuwaiunnidavasldiuly
hawaulnsunaztanuaunaialagiads uand9nwinnin laadaiadayinny 3.63 was
3.76 7.4 /LFNLAT NSO é’fm%’umiﬂs:mmmu%’umm@LﬁumuﬂuﬁﬂawaﬁIﬂuﬁuiuVLﬁju
1 U 1 [ g; 1 dl 1 1 =1 U 1 6 dl U 1
wuh liudulngniluthawieslnsuuazthaunaunalvnaduiugudnarsnlauduszning
1.1-3.0 % (Figure 23)
WeRasandndefisudnisdnaguitensanvasldiunuirthauienlny (37.45%) &
@hgdﬂ’hﬂmuwauﬁmﬁﬂﬁaﬂ (31.48%) LLa:ﬁﬂ’nwmLui,maagﬂvlﬂﬁﬁaﬂﬂiﬁﬂﬂauwauﬁa o9
dl' =Y U ™ > U 1 3; 1 U dql/ d' 1 di & =1
Luawmsmﬂumumaamigﬂﬂﬁmmumuauvl,@Lm"l,‘vxluu 219na17 b NN U auLRa N INTuGI
Jym IWndwunifevyndasmaldliiundnngegiiudduniiomalngivimunazaansanuag
ﬂﬂﬂiﬁﬁﬂ’]WLL’J@]ﬂya&lﬁﬁMLﬁﬂa%JiLﬂ%ﬂix’ﬁ’]LﬁﬂU‘Ylﬂ:ﬂ LLa:ﬂWiLﬁ@"LWIuﬁuﬁagtﬂuﬂizﬁ%ﬁaunﬂ
7 dowa@iaﬁhmugﬂ"lﬁ%avlﬁ%'wam:wﬂmmamn‘lﬂﬂw

ﬁnﬂﬁﬂmu‘*ﬁﬁ@vlﬁﬁwu’l,uvl,ﬁjq'uﬁmm 22 16 wﬂﬁju’tuﬂwamﬁauimwLLa:ﬂﬂauwau
A931%I% 11 Waz 13 THa aNE1AU LLazmmﬁmumﬁ@ﬁuﬂﬁﬁﬁ%’]‘i’sﬁ]wulugﬂvlﬁﬁ’mm 39
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513719 wugﬂ"lw”luﬂwam%aﬂmwLLa:ﬂmuwam’a FIUIB 24 Uaz 19 THa A1NK1AU (Table

appendix 9 Liag 10)

Table 19. é’nwmﬂmmﬁ?ﬁwaﬂﬁéu (Sapling) FauNTthawRzaulnINwastaunaNna U3

rjmT'n qﬂmmmamaﬁmma

thawFoulniw Tsunguna

PF-1 PF-2 PF-3 O-PF-1  O-PF-2 O-PF-3
AMUAMILUY (FULanuas) 4375 9375 6250 6250 5000 2500
Dy (Td.) 3.1 1.98 2.25 3.19 0.61 3.34
DBH (4.) 1.44 0.54 0.92 1.48 0.43 1.79
Ht (¥.) 217 1.58 1.87 2.02 1.48 2.45
Aufinaa (A7.4.48NUAT) 3.83 3.61 3.45 6.08 1.18 4.03
Aufiousan (A3.4./16 a3.4.) 457 6.55 6.86 8.32 2.08 4.71
mydnaguisanuan (%) 28.56 4095 4285 5200 13.01 29.44

Table 20. é’ﬂwmziﬂsaai”wamaagﬂvlﬁ (Seedling) F3aNATNawFoN InTuLaz N EUHANABLSII

erwﬁn qﬂmmm\‘r’maﬁ’mma

thawfoulny TauNguna
PF-1 PF-2 PF-3 O-PF-1 O-PF-2  O-PF-3
ANMUAUILUL (FWianuas) 17500 70000 65000 62500 102500 47500
Do (TX.) 0.56 0.43 0.52 0.66 0.46 0.20
Ht (1.) 0.60 0.42 0.55 0.44 0.33 0.31
AuBougan (A3.4./4 A3.4.) 0.63 1.68 0.18 1.15 3.07 1.12

mydnaguisanuan (%) 15.67 4212 459 2873  76.81 28.02
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14 - mPF-1
12 W PF-2
10 - H PF-3
= m O-PF-1
-z 8
g u O-PF-2
& 6 - w 0-PF-3
4
2 .
U T T T T i 1
<1.0 1.1-3.0 3.1-6.0 5.1-7.0 7.1
wnngimAudngudnaraitand (@)

. & v 1 €6 (2 E2 ' a [
Figure 23 ﬂ’ﬁﬂizﬁ]’]El@l’]&l‘ﬁ%"ll%’]@Lﬁquuﬂuﬂﬂﬂ’]diﬂu@luﬂlQGVL&I‘EHIHTJ’]@%L@ED&IIWS&JLLazﬂ’]ﬁu

NRUND NaWNITNILYRINaaa

4. ANAAANTRAVINT IndvanthawFaninsanaziawuaananannIsunlas
nAaag
o Wy v
4.1 ATHAMURAINKALVDI LA EWAR
nnsansInudtaanaInnatansianuiuldduduouialng (suia
LY ' f d ! . S P
\Wurngudnansannndi 4.5 oa.) luthawdeaulnsannudasiidngendi 2.0 Sannndrdhaunaa
nannuiay (Table 21) Lﬁaﬁmimwmé'ﬁﬁmwm’mﬁmm’m‘uamﬂLLUaaluLL@ia:ﬂizmwﬂﬁﬁ
1 1 dl a v = 1 Qs dl 1 1 = L =
wuinthawrenInsudasfianunainniuiriiny 2.808 luvazfithaunaunaiiarasiaina
1 o - A v ) a { 1 1 ) [ d

WANNRANELYINAL 2.083 (Figure 24) T9gaaaaadnusiwiuasiannulududazdssinnisunui
wohdwnsianus liiuduninuninualunsdnsaieil 47 oiia wu woludhawmeulny
lagadsaunnnintuthaunauna (Table 21) s windudaniiofuinves Winaduluthaunay
AaazaunnInNey

o o a O vl A o A 2 o

fniuanunainsiavesldniuuszgn liGaduisiioudsivventsdnsmzvainis
A > 6 a 1 g; 1 o A 1 Aﬂl [
FuRusausTINTarasthiu wohardenunannaisvasthawdenlny (2.217) uszthau
NENAE (2.390) JelnatAsdns (Figure 24) lasfianunainuansluudazuladdnsiandannu
wUsuanananuaan’ty a"mmmﬂmﬂumwuaagn"lﬁﬁfuwudﬁﬂwam%aﬂmu (2.829) ﬁ@hgdﬂfh
TNaunaNnia (2.436) Lanway (Figure 24) lasfdanunainnaiowad lalundazuyaddianin

wUsUanAINK M AILaaI L% Table 22
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Table 21 aAnunanviavad lWiudu (tree) luthawrenInsuuazthauuguna LI EINEW)

rj:u"ﬁ”n qwmuuﬁa"maﬁmma

Site Species Shannon-wiener index (H’)
number H’index Variance
PF-1 21 2.684 0.015
PF-2 18 2.508 0.020
PF-3 13 2111 0.031
O-PF-1 13 1.711 0.003
O-PF-2 9 1.566 0.006
O-PF-3 14 1.708 0.006

mPF
mO-PF

Shannon-Wiener index
=
wu
1

Tree Sapling Seedling

Figure 24 A214%aNTHa (Shannon-Wiener Index) vadliiBiudu (tree) liintia (sapling) uaz

gﬂvlﬁ (seedling) luthawienInsy (PF) uazthaunauna (O-PF) Aaumsenulainanad
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Table 22 AuwaINTHAva WYY (sapling) wazan il (seedling) luthaulfanlniu (PF) uaz

thaunsuna (O-PF) u’%nmmuauﬁfjuin aNBURITIAEINIU

Stage Site Species Shannon-wiener index (H’)
number H’ index Variance

PF-1 5 1.550 0.058
PF-2 6 1.675 0.026
PF-3 6 1.696 0.044

Sapling
O-PF-1 8 1.973 0.060
O-PF-2 3 0.974 0.040
O-PF-3 3 1.040 0.093
PF-1 4 1.330 0.059
PF-2 15 2.293 0.045
PF-3 11 2.192 0.022

Seedling
O-PF-1 12 2.315 0.023
O-PF-2 7 1.312 0.026
O-PF-3 9 1.913 0.040

[ ¥ = [ v
4.2 ANBUTANNAAIARIDDIN®S 14]
& & v Q
270 Figure 25, 26 Waz 27 LasTable 23 Taudunsdnmanuamoaisvasginuis lag
351384 Bray-Curtis cluster analysis dazwunFsauAathaudenlnsuwasthaunaunaiin
wandanediaudansluduvesliudun  linduuazgnldndld  wenandududludiauis
Wenungsilanuuandivesdiauisegituny dwilaRansandrarilanuadioadim 50 %
v ldngaznuiudssdnmluihaunsunandazulasnulonuuandans  uwdwinwasm
o A o K& A a o V A o ”2 o a dﬁllq/
ATHANNANLARINNDIUTZN 40 %  uszwuNThaunaunalanuaaeadint 89 ba
vV & 1 d A 1 1 = 2 =3 = ' g: =} =} o
waadliRnIFIauNTluudasthaunaunalianuasionfenwlszunm 40 % Winuk (W3adne
& = { [ { 1 v Q
wikshadanuduuls) TuwmeithsudonInsulundazudasfianuasoafonudszanas 60 %
(Table 23) luvadldiwadnnagnliuazldwiurashudazdszanluudazulailang
AREARINWANNN (Ut 10-40 %) LYt (Figure 26 WAL 27) G9nuluANTINYBIFIANND
Aa ! LA A& a @ & \ '
AimsNdasnawnmanRwisuianurannansuasiuidnsluszninsdssianih (external

variation) uaznelutudazlszinn (internal variation)
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Table 23 Bray-Curtis cluster analysis §1%50 liBuduluthawienInsunasthaunauna vSim

muau{}rjwﬁn qwmmmw’]aﬁmma

PF-1 PF-2 PF-3 O-PF-1 O-PF-2 O-PF-3
PF-1 * 58.182 54.167 11.656 9.137 14.286
PF-2 * * 58.140 13.291 9.626 13.380
PF-3 * * * 9.934 6.936 12.593
O-PF-1 * * * * 47.643 42.000
O-PF-2 * * * * * 37.736
O-PF-3 * * * * * *

Bray-Curtis Cluster Analysis (Single Link)

0-PF-3

0-FF-2

0-PF-1

0. % Similarity 50 100

Figure 25 Bray-Curtis cluster analysis #1%3U li8udun (tree) luthautionInsuuazthaunaune

u‘%nmmuaunﬂrjmﬁn qwmuuﬁa*’m?\ﬁmma



Bray-Curtis Cluster Analysis (Single Link)
O-PF-1

JE— 0-PF-3
O-PF.2
PF3
PF2

4 B
T
0. % Similarity 50 100

Figure 26 Bray-Curtis cluster analysis z%’m%'uvlﬁm!,u (sapling) Tuthauidaulnsuiazthaunay

ne u’%nmmuaugfjuﬁn qwmuw‘aﬂmaﬁmmu

Bray-Curtis Cluster Analysis (Single Link)
O-PF-3
N 0-PF-2
0-PF-1
PF-3
PF2
B PF1
r T v
0. % Similanty 50. 100

Figure 27 Bray-Curtis cluster analysis §1%30an 47 (seedling) luthawidenlnsuuaziaunay

no U'%L’Jmmuaugfju"ﬁn aqwmuuﬁamaﬁmu’n
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1 [ [ 6 %
Nansz‘nnmaamsmmaanﬂmzanﬂmzfmm%’mLLazaoﬂﬂsznanmammuﬁ%

1. wansznuasiiaalasiaiouazesdliznauzoans lxwU®
1.1 NIOLADIA LT

e = 1 v 1 dl il 1 tﬂlcﬁ A v
AERAINITLNT 1 U Wudn uvli'fluﬂ']amaauimuLm:mauwauﬂa‘nﬂﬂmuamwmsmsl

o aa

L { o
fuandrsiuagsdindamneaia (o= 0.024) Fethawdonlnsaddannisane 4.59% Tuums

2
1
o

foasmIamevasliudulutaunaunadavinny 1.15% (Figure 28) LilaRansanisaiia L

anun1uraIn TR It suRaune Taun nauad g19tfies duannadd uwazawanly luwusn

gt lnanslutsuzauInty ldun endiag Uszgih niduaa el nazlan uazuzuW &9

A L v v Aa

L‘ﬂuﬂ%’]ﬁdLﬂ(ﬂ’]’]@luvl,ﬁﬁ@’]tlﬂ']d‘ﬁﬁ@] LT ﬁ%ﬁ’]&llﬂ wazeaties aziduduniond

q

=3 1
NN

9

v v
9

! N [V & v a & A A < A v Aa
ﬂ']L"i)oaUmuqﬂLaquﬂuﬂﬂﬂqdmﬂﬂquﬁu@uu5] lu"ﬂmzylﬂaLL@\?V]@]’]U%%NYIG@]%WNT%’]@

Lﬁumg{uﬁﬂmai:ﬁu ANVINNILEZHD undwmmﬁmﬁumquﬁnmw adlinauas

7.00
6.00
5.00
g 4.00
Zg
i
5 3.00
E
2.00
n
average-PF 0-PF-1 0-PF-2 0-PF-3 average-0-PF

Figure 28. 8a7nIangad Widuaunwialng (doh > 4.5 ow.) newainswn 13
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a 1 ¥ 1 6 49/ A ¥ o
1.2 mMardagnilasanunniiibn mmmaumugusnma LAaSNWHNHRRI0a

ilasanmanynlwdnldunsrfiaaeasssnansznudennunwusinsesdwlFluiun
lagadowuinanunwunuaaslduduwludraudonlnsuansiann 48.7 dudals (304 dudo
anuad) 1w 46.3 dudo’ls (290 dudotanuad) luwmefinnunwusinasldduduluiaunss
foaaadan 212.3 dudals (1327 audatanuas) 1u 210 dudals (1313 dudaianuas) (Table

24.)

Table 24 M3tUAsUULUAIANNAUILURTDI LIEUAW (dbh > 4.5 w31.) AeraInIen 1 3

FIwInaudals FWINFuAaLINLAT

AAWMITINT MERAIMINT AaWNITIRT AURAINTITLN

PF-1 60 57 375 356.25
PF-2 50 47 3125 293.75
PF-3 36 35 225 218.75
average-PF 48.7 46.3 304.2 289.6
O-PF-1 266 263 1662.5 1643.75
O-PF-2 137 135 856.25 843.75
O-PF-3 234 232 1462.5 1450
average-O-PF 212.3 210.0 1327.1 1312.5

é’m%’un’mﬂﬁmuﬂawumLﬁumﬂuﬁﬂmﬂumwnw WUINANERAINITINT ALaRe
@ & A % R R 3 ' A ' A | o
naldurguinasnszauanvaslding Mudstuluhswdenlnssuszthaunaunadarin
o o & A &£ o & A o & A
0.187 W8z 0.127 T, AWAAU TanaivuvssmaFuk uguinaifiszauantulifiany
uanaIN ke nef AN INRDATzRITINWNTINIFaIIzLAN (Figure 29) tlaRa1TI4INT
wWasnudasmnaduwiugudnannzauananzaiia lindaarianudaygiga 5 auauusn
' =2 o Y PN { o ') . ) .
Tundazudas TIUUaENITY 16 viia (Table 25) lasidawsuudaithaunaunani nauasd
QI J v ] Qo v { 1 QI J
MauIusaIT AR uguinazauantasfiga (0.04 ou.) dusumuluiimainiiuves
PALFURIUgUINAITZAUaNNINNg (0.29 a8.)  dwIuthauiFeulnsuuu andiasiing
A £ o & [y o A ! a A £
WIuzasrmaduHIRguIna1ITzaantasfga (0.09 ou.) dusuauludiniainiuyes
PNAFUANFUENATTAVNNINAFA (0.74 T4.)
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Figure 29. mudasuudasvaiduriugudnasnszavanvesliuduamalng (doh > 4.5

Bi.) NYRIINTNT 1 T

Table 25 MuUasuudasmnaidurugudnafiszauanuaziuinidaves iidudusmalng

(dbh > 4.5 a31.) NEIATYUINTAA NYRAINITHT 1 T

A v ' 6
n3LyR U%LL]JGG?J%’]@L&%N’]Q%UT]GWG

afia sl msasuuasiuininga (cm’) fiszeuan (cm)
O-PF PF O-PF PF
naLad 82.73 - 0.04 -
nawn 77.45 - 0.19 -
Naunwe 6.50 - 0.09 -
Aanin 41.05 - 0.17 -
BLANITE - 3.91 - 0.13
UGG - 3.39 - 0.12
LAy - 5.33 - 0.09
auanylu 95.34 149.81 0.29 0.74
qualny 4.13 10.48 0.05 0.40
wiaalan 51.64 - 0.23 -
LA 92.38 - 0.11 -

LAY - 0.00 0.1 -
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1 6 1
2. wansznuvaslndalassasuazasailsznavvaslaiznuazanlsl

21 n1stdasnudaszasansmzlasidasie (ATNRW LWL DUIALAWHI

6 = ¥ 1 ¥ ¥
f!%ﬂﬂa"l\‘l wuﬂmsauﬂamtazmwga) ?lﬂ\‘ivl&l‘lﬂ‘lr!:&l Ltaznaﬂu

Namz‘numnmil,mﬁﬂﬁ”l,ﬁmguﬁmnﬂ'&'smuﬂaamm%mLwi,uimﬁvlﬁmguﬁuuﬂﬁuﬁ
aand (Figure 30) laoflinguluthaueulnsaduwlibumsaaasuinnitluthaunauria
ém%’u"lﬁmguﬁmﬁaa%imwé’amﬂmﬁfuwuﬁmw&’amﬂm 11 ﬁummgum:mmmﬁumu

& a v A a &L A4 o A & v 1A o &
gm,smmommﬂuum:mm@lmﬂu FINHRNINITNY 1 1) Thus "lumgwmmmaumuﬂumnmo
JeauanRLUIZU1H 0.6-2.4 TY. LLazmmgaLaﬁﬂﬂizmm 1.5-2.4 4. (Table 26) lagNiaai

a v U [l QI J {
msm‘ui@]mammaumguﬁﬂmmi:mm 0.4-0.8 u%./1) LLa:ﬁmmgawamaﬁﬂﬂi:mm 0.2-
0.4 ¥/ (Figure 31 uas Figure 32) z%m%’umm@ﬁuﬁwﬁwé’@maavlﬁmgwﬁfu LINTUIR
v [ v ] v { Q’ J 1 1 { 1 1 g {
Laumg{uﬁﬂmwao"lwmgwﬁLLquuﬁﬁlszmumﬂﬂaummm LELIHAIINAMURWIL U LA DN YN
v ldniunuanss Mldvmeduinirdaluulsssulngialumiliuaaas (Figure 33) atsls
= A A a A A 9 , & A o =i AN 4w
ﬂmwm@wumiauﬂa@LLazmiﬂﬂm\;uwumaa"l,wmgwuummﬂuwmimawuﬂmﬂmmw
a Y a P 2 P a Y A a
Tagusudasiuwr lunisid fuuudasnunnduluwyase Nunsudasiuuw lun1 sl fswnl adnaass
o & P & A a A 2 A o | @
muulumwswmnﬂaﬂuLLﬂaa"uaawuﬂLﬁ?auﬂa@LLazmiﬂﬂﬂqmiauuamwLL%JI%NTW@LW
(Figure 34)

Table 26. é’ﬂwmﬂﬂsaﬁwmaavlﬁi;u (Sapling) é’aﬂuﬁmﬂwamﬁaﬂm&lLLazﬂwauwawﬁau‘%an

v

TjSJ°ll'TJ qwmuw’amaﬁmma AYURRINITLN 1 il

thawFonlnsy Taunguna
PF-1 PF-2 PF-3 O-PF-1  O-PF-2 O-PF-3
AMNAMILUY (FULTNLaT) 1875 3125 2500 5625 2500 2500
Dy (Td.) 2.40 1.20 3.10 4.00 1.60 3.40
DBH (u4.) 1.20 0.50 1.30 2.40 0.60 2.00
Ht (1.) 2.30 2.00 2.10 2.40 1.50 1.80
NMufimida (a5.0.4an000%) 1.16 0.59 2.25 9.14 0.52 2.86
AuRZausan (A5.4./16 A3.4.) 6.79 3.13 3.79 9.37 1.24 4.61

mytnaguiSeusan (%) 42.47 1956 2368 5857  7.77  28.83
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Figure 30. mnﬂﬁﬂuuﬂmmﬂwmLtuumaq"lﬁmgumzmé'amﬂm 19 luhaudaulnsy (PF)

waztanuanna (O-PF)

e
(&%
|

D, and DBH

W DO fmu)
M DBH (1)

2 PF-3 O-PF-1  O-PF2  O-PF-3

Figure 31. nawfsuudasvmaiduiiuguanasilanedu (Do) uazidurnguinasnszauay

gaLe9an (DBH) maﬂﬁ%m‘gumwéﬁmﬂm 1 1 lwhawdanlnsy (PF) wazthauwaura (O-

PF)
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Figure 32. mmjﬁUuLLﬂawm@mwgwaﬂﬁm!mmwé’amnm 19 luthauizaulnsn (PF)

waztanwanna (O-PF)

basal area
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: e L0 3
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Figure 33. n1aidouudasnmanuiindraa linygunisnasnawn 1 8 ludhawienlnag (PF)

waztanwanna (O-PF)
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Figure 34. nMailfsuudasnmnanuiiiousan (a) uaziloiisudnadnaguivud (o) vasldniy

monainmsen 18 luthaudenlnsy (PF) wazthauwauna (O-PF)

AEURRINTITLH mmvxmLLu',u@iaﬁuﬁLLa:mmﬂLﬁumugﬁuﬁﬂmaﬁiﬂuﬁmaagn"tﬁﬁms

a & o A a X ' a & A A o & v
LR A INI AN B NIANNAY 808 Laz ki auwlag mumaamﬂgﬂvl,uuuvlmuNaﬂszvm
a a U & d' a J a Cd g: 1 1
lagassannaninatasnnuTanvadln avlnnifietnianudwulsniszrinsudasuaznialuie
AzuUad A9nuLw LN TIU R wuLasUaInNUR MWL LlULKaw (Table 27, Figure 35 LAz
Figure 36) é’(m%’ummgamaami”w"l,ﬁﬁfu%'@Lam'.i']mﬂmﬁﬂﬁﬂ'nwgﬂ@maﬁwaagﬂvl,ﬁama

{ LY o o U =) v [ = [ A J 1

Lﬁaaﬁ]’mvl,wvlﬂma’mmmummaagﬂvl,aﬂﬂmﬂvlﬂ LANIURRINNITLANRUaLAaT I 1w T

L té ] { a 13/ 1 v 1 o v =) v =
MURK smv.uaﬁm@mulmmﬁmmgmaﬂmwm@umu T@ﬂmmgwmgﬂ"lumwmmﬂm 1
7 fd11Uszu1mh 20-39 wu. TuwuTeANaUNITIR Qﬂ"l,ﬁﬁmmgamﬁﬂﬂs:mm 30 -60 Y.
(Figure 37) luduzasinistnaguivuiiuazanaiiauseatunuinmonaimanilismaiion

& A v & & g, A ' ' o

Ua@u,a:miﬂﬂﬂquumaagnvmumgwu TauNIhINAzL o IN1NNATUANTAUD RN N EREINIT
LN L AINAGaTWIATaITawsaaatsTalanlaaaniz i sw e uInTunIwIa S o kL aaLaZNNT

& & A & o .
‘.Llﬂﬂq&IWWY]"IIa\‘iQﬂVLSJWHLWN“U%iﬁx‘]iﬂﬂﬂ')']ﬂa%ﬂ']‘imﬁ (Figure 38)
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Table 27. é’nwm:Imaaﬁ”wamaagnVLﬁ (Seedling) FsaufTthauFaulnsuLaztaunaniaLSI

QﬂwﬁﬁlQﬂﬂﬁuuﬁdﬁﬂaﬁﬁﬁuﬂ?fﬂﬂﬁﬁhﬂﬁﬁwn 11

thawFeulnsa UGG Fah)
PF-1 PF-2 PF-3 O-PF-1 O-PF-2 O-PF-3
ANMUAWILUL (FWLNLAT) 50000 115000 57500 52500 102500 82500
Dy (T3.) 0.39 0.48 0.56 0.35 0.45 0.21
Ht (a1.) 0.36 0.39 0.39 0.36 0.28 0.20
AnAFongan (A3.4./4 A3.0.) 1.38 4.15 3.13 1.61 2.84 1.47
mIUnaquizansan (%) 3457  103.69 7829 4023  71.02  36.70
density
50000 -
40000 -
30000 -
2
= 20000
3
% 10000
£
0
PF-1 PF-2 - I O-PF-2 O-PF-3
-10000
-20000 -

Figure 35. naiouudasanuniusiuvesgnld mondaniswn 1 3 luhawdaulniu (PF)

waztsnnaNna (O-PF)
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Figure 36. mmjﬁsmuﬂawm@Lﬁumuquﬁnmaﬁiﬂuﬁu (Do) maaf,aﬂvl,ﬁ MenaemIwn 13 Tu

thawaanInsy (PF) uaztaunauna (O-PF)

Ht

g = . - - . o
-0‘051 I l

Figure 37. msLﬂﬁmuuﬂawm@mmqwaagﬂm mMunaansien 19 luthawzeulnsn (PF)

wazthaunauna (O-PF)
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Figure 38. mIldasunutasumanuiitonsaa (a) LLazLﬂaﬂeﬁuﬁmsﬂﬂﬂquwuﬁ (b) maogﬂvl,u

mMenasn s 1 8 luthawienlnsy (PF) wazthaunauna (O-PF)

2.2 matagnulaszastusmaidwiinawdnang

fTUTawL RN INTUI wudﬁﬁ‘hmuvl,ﬁjulmwia:"ﬁ’ummmLaffmhugmﬁﬂmaﬁ
Fwuaaasaniewinn uazliwuidliundawelngjunngedluudas Figure 39, a) ud
SRTUTNFUNFUADBUNDIN ﬁiﬂuau"lﬁs;quLL@iaz%'umuﬁﬂLﬁumuﬂuﬁﬂmaﬁmsmﬁﬂml,ﬂaaﬁvl&i
LUwaL 1o ﬂmﬁmm@Lﬁumuﬂuﬁnmoﬁfﬁwmua@aamwé’amiLmI@mawwﬂuﬁaa%’umm@
< d' g: U l 6 v A A n' J 1 g:
LN (1.1-3.0 w.) 1wum:°nma°nwnmcﬂLaumuquﬂﬂmaﬂaumﬂimmmwu Tasawrzlusr9mu

Ly 2oz - Lo X, : .

YUIANA (3.1-7.0 T4l.) mﬁmmwmumﬁ]Lﬁa\‘lmmnVLWﬁmmu"lu;mm ian lwdn 39lasana

@iami@nwaavlﬁju azha"lsﬁmué'ﬂﬂmzmsm:ﬁnmlawm@Lﬁumuﬂuﬁﬂma‘luﬂﬁamﬁauimu
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s

a & N LA o AA & A A o & o &
Yanwostdwlne ﬂa’]’)ﬂavlau?uﬂwmuq@Laﬂ&]&]’]ﬂLLa:Nﬁ]’]u’)ua@ﬂﬂ@’]Nﬁumu’]@Lau“quﬂuﬂﬂaqﬂ
{ A & B

AW (Figure 39, b)

25

20 4

15 o

M PF before burn

10 - ® PF after burn

no. of individual

<1.0 1.1-3.0 3.1-5.0 5.1-7.0 >7A1

D, size class {cm.)

12

10

B O-PF before burn

no. of individual
(=)}

m O-PF after burn

<1.0 1.1-3.0 3150 51-7.0 =71
D, size class (cm.)

Figure 39. fmﬂszanUmﬂu%'umuﬂmLé“umgmﬁﬂmaﬁiﬂuﬁu (Do) maavl,ﬁmj,miaumﬂm uaz 1 9

Manaam s uthawieulnin (PF: a) uazthauwauna (O-PF: b)

ﬁm%’umsm:mﬂmufummmﬁumuquﬁﬂmwaagﬂ"lﬁwuhgﬂvl,ﬁﬁmiﬂszﬁmﬂu
nn%’mm@Lﬁumuﬂuﬁﬂmﬂ@Uﬁluﬂwauwauﬁaﬁfu gﬂvl,ifluma%’umm@Lﬁﬂﬁﬁiwmummm:
B L &4 ; . . . L, o o
NARAWRIANNUWIATIITUALANT WL AL N LNV DITIWIWAET b LU AR TIIT UL UAARIAUAA
msl,mm’?u‘luﬁ’mfmm@L?Tumugluﬁﬂma 0.3-0.6 . (Figure 40, b) d1wIuthauiaulny
g: v o v 1 g; =1 v { AI &’ >
NI U295 WIUNE b T T I TUIWIALEN-NANY Fun [ENL AN A IRRINITLH Gl
o d.q ws v o . o X T, o, v AX & A4 .
‘vﬁaﬂﬂmlﬂmmuﬂm"lmmﬂLamwmuuum%mﬁ]’mmﬂmﬂmmwmﬂmuﬂﬂﬂquwm N

¥

A A A ' u/ o & 3 v & A ' = a v o A v
I%W%'Y]Lﬂﬂiﬂdﬂ']ﬂﬂﬂdﬂ'ﬁl,w’] NI L&la@vl,umnwuwmae] ﬁ]ammmﬂmmmnauwa@ﬂ@
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A £ A A2 o o o = A & ~ o o v =
T@smmazm@mioaﬂmﬂuﬂq@ vl mInna I alanANTn 1 1 waglwlng ueagqelsn
1 Q [ v v v, { é/ [ o v
NN lasnansnilasnw lWlutldaunla ﬂmvluﬁaaﬂmumlmﬁ%gﬂ"lwmemﬂvl,@

50 -
45 |
40 -
35 -
30 -
25 -
20 -
15 -
10 -

d

M PF before burn

no of individual

M PF 1-yr after burn

<0.3 0.308 0.7-1.0 1.1-1.4 >1.4

D, size class (cm.)

50 -
45 | b
40 -
35 -
30 -
25 -
20 -
15 -
10 -

M O-PF before burn

no of individual

M O-PF 1-yr after burn

<0.3 0.308 0.7-1.0 1.1-1.4 >1.4

D, size class (cm.)

Figure 40. mMinszansauzusmaldusiuguinansilaudu (Do) vasgnlddanmin uaz 11

MeraIn I uthaugeulnsy (PF: a) wazthauuauna (O-PF: b)

2.3 NMSUANUWDAIYHRAINITLH

' o o o = o @
AITURN Nﬂiﬂluﬂ’]ﬂmﬂ‘ﬁua Lﬂ%ﬂﬂﬂt%za’]ﬂrgﬂizﬂ’liﬁudm adwuﬂuﬁﬁlxﬁ"m’]iﬂ

q

ﬂ%’ué’alﬁa&im glaaninniasaundln'led 311N13TAANTNRINIINVDINITLAN WU LAY

= A o ° ' Vo . =
L‘L]i&lumEllla(ﬂa’au‘llmm%%’luﬁuaﬂdﬂmﬂmamu’augﬂvlaﬂml,ﬂad (seedllng ratlo) ‘ITGﬂ’WI;;{GLLﬁ@G

>
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NITLHNI WA AINFIWAINEIF M TUT N auLRaN InTuuaz N guNaNnAa Ja1LVny 1.1 Way 2.5
o @ A a o o T 1o v T A X & o
anudey uazillaumanld 1 U dadiuvasiwiuntededwingn ldifiduAnwaniaslu
' A a [ o o ' . A a & (Y
hauianlnin wazduwilinaaasdnsuihaunaune Figure 41.) TiananTaatusludasdn
1eaeu bl lwhaungunadainuaunsnlunsuanria laanindw b lwdnsw dan InTy NIhaIun
m@]mmﬁaamﬂﬁwauLﬁawIﬂiuﬁfuLﬁmvleLmﬁagLﬂuﬂizaﬁw ﬁﬂﬁgnvLﬁLL@n%ualminﬂﬂLLa:gﬂ

o = & 1 z v v Y v Q dl 1 U dl ] A
vagluiloaan mlumm@m%uauumuvlmaﬂ"nwaamu‘na:auagmlmwammmn%uamﬂu
nsmautzanInsunn o199z duldlddduldlaldwassungzauaiatiidatihasawrinlw
' A o A ' ' o
anuaansalumuanriaanad lies 9 uazlui mq@ma:vl,ummsmmﬂﬂua"l@ uazaneluln
d ~ { o A ' e {
g4 Fava/ouAsunusunannagy W lndlavesvinnuiauizas Insuunaz lwdaiw
E%LLSG‘lIE]EIﬂ’j’I é’affuﬁuvl,&ﬁaﬂ“’amﬁwé’ﬂummmna;Jiaglimﬂ%ail'ammimmn%%avl,ﬁmn
(Wanthongchai 2008)

3.9 7
M preburn

3 W 1-yrafter burn

Seedling ratio

PF O-PF

Figure 41. é’@mmm:m«ﬁ‘hmu%uaﬁmmﬁaﬁ‘hmuéfuﬂﬁwaagﬂm (Seedling ratio) naw

MaeudaImanas uaznenasnsen 1 1 ludhauzenlnsy (PF) uazthauuguna (O-PF)
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1 y 1 1 1 ® o
Naﬂﬁ'z‘n‘u"}]aﬂﬂ']ilﬂ']ﬂ']ﬁulaa&l‘[ﬂi&l wazdanuannananIILNUNNLLAL

ﬂamﬂ&iaﬂm‘fua%aangimsmmﬂ

I3
1. AMNLINTRVDIANTUAK (Carbon content)
v @ & ' A A . A X oa A . !
anudntusasniveuludiusasionaginiloiudnu (aboveground part) luiudaznga
ldun waf ldwa lddugn lddudu nunuasenfsuazisliawaidn luudazgaana (ew
L4, RRILHNTIUA, 2, 4, 8 WAz 12 LA KAL) WUINTANNEWLUTLENTDY aduaadls Table 28
lagAanuiduduaasnsuaniianuauilsszning 50.16 (Adbdauaidn) uas 41.56 (LA¥DIN
#7) Taswuilunwsnsuenududuseasasveuddrgengaadilioiaynisaddlungla
PINALANNI TN RULFENINTY (49.11%) UazTNFUNENTD (46.69 %) LAzANMUTNTUUBIATUA
fednfigaatniBinidynmiadidluasoinionluthawdenlniy (43.46%) uazthaunaura
(44.19%) 1w (Figure 42)
A o A? A 1 A 2 v Aa a 6
WarhmmaaaskwunaInd139 sasfivazgnin Inddwaldiiansgyidoansvon
saulngaanlugusieme lasgsinasnianiondsiWlnad (residues) laurfidn (ash)
(charcoal) wazaIuh bl lnallwnIa lnaliNasun9aIu (partly unburned material) lagazwLINANY
v v 6 J v A ol A a A v v 6
intuvasanivauludidnazlddfigaioslszanm 8-17% lusnizfienudutuveasanivauly

drnuazani W lnflWdensening 13-29% uaz 42-44% a1 (Table 29)
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Table 28 A winTuvasn1ivan (%) luiongusngg luudazgarsnm luthawdaulniw (PF)

wazthaunsuna (O-PF)

a A
RRINITLHN (LAD W)

szinanih NANNT ADWLEN
! 2 4 8 12
W 4513 47.24 45.07 45.11 45.28
1 ‘“fvg'u 46.77 46.64 4411 47.07 4711
o ldduan 44.90 45.98 43.95 45.87 44.52
LaTeing 4713 44.21 46.21 46.52 4553
LA AN 40.92 50.54 43.90 41.56 45.49
AdIWALEN 50.16 48.96 49.17 48.45 46.72
W 44.66 47.52 44.66 44.51 43.93
”La;Tw;u 46.25 46.78 44.84 46.72 45.12
oPE ldduan 46.05 46.25 44.05 45.93 46.26
TaTtiudn 46.51 44.05 46.90 46.57 48.48
LA AN 45.98 42.21 40.09 42.68 46.39
AsUmaLEn 45.21 49.06 47 .41 47.48 47.22
51 49.11
50
49
48 46.46
(b) 46.03
= Y 1 a5 45.80
£ 6| b 4&’,39)4 (b) 45,00 (ab)
g feby = PF
E 45
8 i u O-PF
43
42
41
40 T T T T T 1
grass shrub herb woody plant litter twig

Figure 42 @hmﬁy@muLﬁuﬁumaami‘uaﬂuﬁ%mjmm 9 luthawdaulnsy (PF) uazthaunas

fia (O-PF) @1an#7 a, b lwialduuaasnnaLanadaduingdamniiaia (p<0.05) 189a24

% % 6 1 1 A ] ]
L°11mlumiuaulm:mnnguwﬂumLma:ﬂizmﬂ
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v

Table 29 ANUENTUVBIANTLBWIBTINARIATOALRRINTIN (TLEN 8% wazdIwh brs b

v98n) luthawdenlniy (PF) uszthauwnawia (O-PF)

¥ Y 6
ANNULTNYBYBIANILBY (%)

BIER . , gaud lnd In
S1%30! 30} ,
VNI

PF-1 10.58 18.44 43.44

PF-2 10.79 26.78 42.36

PF-3 12.75 29.17 44.04

y 11.37° 24.80° 43.28°
taa g

(0.69) (3.25) (0.49)

O-PF-1  12.82 12.87 43.23

O-PF-2 7.95 16.28 44.29

O-PF-3  16.58 23.44 44.06

y 12.45° 17.53° 43.86°
laa g

(2.49) (3.11) (0.32)

o o . b R \ o o o aa ' ¥ 4 % )
RNYLARG: A1oNBI @ memmLmﬂmaamdﬁuﬂmﬂmvmmm (Independent t-test, P<0.05) JernaNun luduanududn

W3 5UBUIURINAR IR RN ERFINITHLGRZY T2LAN

fwiuanududuvesaivenlusdiunatlddu (belowground  part)  T9isznavdas
& A A = A o = v o & A
asvanludnuazlumnfsrwmaldnfszauanudn 0-15 . laganudutuuasaTuanludn
laam lduSimfiafu (0-5 ow.) Sdgandluduszduan (5-15 aw.) lasddwansdranuiay 2
] & dy L2 v 6 a A o <K ' A A £ %
Win neftanudndurasasuanluduiszauinlidesimaUasuudasnnndnanonaInisiun
= =1 2K A a 2 A 1 L) 1A @ K o o A > A A &
Taugasliiautsdniwazasanuiaun lllddinassunganluszduan damiunszduiafuuu
v o & a 1y A o A A X = o v A [
anuuduvasanTuaniuwilidunmsifsuudadluanwmue RN ANt 8 UANBRAINITIHN
dl ‘ﬂl 1 U U 6 a dl e 1 1 1 ] v
Turasnilanadwldanuidudwsasasuanluduinszauai g luudazaranaldlddiang
wanansnuad9lnEfmA YN IEia lasanuitutwuasaiuawaasduiszay 0-5 ou. §msuth
swdanInsuuazthaunauiofidnagszning 2.12-3.11% uaz 1.76-2.81%  awudau lumed
AN UTUVBIANTUAUVDIAUNTLAY 5-15 . FnTUTaULFaNINTNLATNRUHFNAB N AN
wdlslussuau g I@Uﬁﬁ’]ﬂ%}iz%’j’]d 1.14-1.52% W8z 1.03-1.47% ANUR19U (Table 30)
v & A & A a A o & Al
anudntuvainsuaulunnizumainfiagludunzau 0-15 . wu lidan
wanansnuadinedaunaiaszwithawfeunsuusshaunauna lasldafoniiaana

o 1 v 1 t:§/ [ L
LLUSN%SLW’E’NW]’NG] IENINN 29.5-43.0 % “1]%8%lﬂﬁJizilzL’)a’Iﬂ’mﬁﬂdﬂTiLN’] (Table 30)
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Table 30 ANUTUTUUAIANTUAUIBAULAIZINNANTVIALANNITZAUANNEN 0-15 oy Twtlawlian

Insy (PF) wazthaunauma (O-PF)

v v 6
ANULVNYBVBIANIVBY (%)

. 2AUA - - <
PIAIJLIAN ” b IMNNDUYUBIALAN
AN (T3.)
PF O-PF PF O-PF
| 0-5 2.12 2.16 42.82 40.52
NawLANN
5-15 1.52 1.30 ; ;
ARSI 0-5 2.26 2.81 38.41 38.8
U 5-15 1.21 1.47 ] _
2 100% 0-5 2.26 1.98 40.02 40.32
AN 5-15 1.16 1.15 - -
4 100% 0-5 2.34 1.76 35.46 35.27
NAILH 5-15 1.18 1.03 - -
8 1Aaw 0-5 2.58 2.05 29.46 31.47
ALK 5-15 1.14 1.18 - -
12 Loawu 0-5 3.11 2.07 39.2 42.78
AAILH 5-15 1.32 1.36 - -

2. dFurmansuan (Carbon pool) NaWANTLHINWA
a 6 n:l” a 1 A 1 A 49/ a
2.1 USanmensuanvassawdsludunodinitoinan

a & & A& X e A & a v o & \

Usunmanivenluiunuuinegivdiunaisaiwduazanudutusaianivauluudas
Alq‘ a & = s = L a dq' a a v [ =) s a

UszlaniTainde TelanusunuslasassnuUSunansaindlasuwilduisuidoinudSunm
Walndaiesananudutuaasnnsuannuilianuawllslugianas g serinadanfudas
Uszian mnmiﬁﬂmwudﬂuﬂﬂam%aﬂmwﬁfuﬂ%mmm%‘uauiumﬁnﬁ@hgaﬁq@ (2.6 au/Lan
uwat) sedadan lduniiassnie (2.3 auianuas) uazdTunmaiveuddasfigaluldvu (0.02

o & A a & & & a ' A . a & a . A
awianuad) lasfitTumenivaunanmualusaiwdivasdiuiaginilaiuduuashauion
A ] o (> 6 o Q a 6 1 ] & A % 1 va
Insuildvinny 5.6 awianuad snsudSunmesuanlulaunaunanuiiasanngn lailed
USunmugefige desudSunmasveulunaasldldfidruinige (0.6 duranuad) lasiinud
Uinuasueulwasmnisldigiiiga (2.2 duianuas) sasasundanaladl 0.7dunanuas) lae

v A

Usnmeniueululidugnidanniae (0.05 dwianuad) (Table 31) lawIouiisudianm
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6 & & a a A a ' ' A ' ' ' a
A3 amwm%mlumaL‘wadmuawuﬂmzm'\amamaaﬂmuLLazﬂ’lauNawﬂa WU

AMiUanUNIMAa lanunandsnuaineivedayneana

Table 31 USumuanTuau (Carbon pool) BasdrunaginilaNuduluainiusdaznduianniaemn

wasnesasluthawionlngy (PF) wazthauwauna (O-PF)

ey USunauasuan (ton/ha) | ;’m
wih  ldva lddugn ldBudu  annafin Adld vinae
PF1 2703  0.007  0.085 0.594 2.491 0.082 5.963
PF2 2746  0.039  0.078 0.287 2257 0584 5.992
PF3 2458  0.025  0.028 0.169 2.247  0.000 4.926
2.636° 0.024° 0.064°  0.350°  2.332° 0.222° 5.627°
\aae PF (0.090) (0.009) (0.018)  (0.127)  (0.080) (0.182)  (0.351)
O-PF1 0697 0276  0.076 0.319 2792  1.185 5.344
O-PF2 0.880  0.104  0.046 0.362 1152  0.437 2.982
O-PF3 0.347  0.047  0.039 0.122 2640  0.408 3.603
0.641°  0.142° 0.054°  0.268° 2195 0.677°  3.976°
\aAg O-PF (0.156)  (0.069) (0.011)  (0.074)  (0.523) (0.254)  (0.707)

o« o . b . \ o o o aa . ¥ A =
RNYLARG: A1aNBT @ LLammwLmﬂmaamaﬁuﬂmﬂzymmnm (Independent t-test, P<0.05) TRIIANUA vasdTunmensuan

& A
1%L°HFJLWEN waazlyzinn

2.2 ﬂ%mmms‘naumaada%ﬁagiﬁﬁu (0-15 wal.)

ﬂ'%mmm%uaumaamuﬁaglﬁ?\uﬂixﬂauﬁaﬂﬂﬁuauﬁagluauuaz‘lmﬂﬂﬁm Taglu
mMsanEaSIimBwaTzaUaNuAnTasand 15 o, laslusiusesnnld@nsiansdusasn
PUNALENLNN F1RTUATUaRIRARNLINUT I A UT U (0-5 w4.) arfUSunmaniuaud
annninludusuand udtitasannsunnuanvesinaziasnitseinlitionfuautos annmsanen
wuesuenluiuiiszaunnudn 0-5 w. noluthawdenlnsuuazthawnauradid1szanas 10
sudatanuad lusmefarsueuludusuans (5-15 au.) luthaudenInsuuaziaunauriaden
B9z Th 12 GRABIENLAS 1YW uNTuANNENITINNNINEuTRUBEY 10 w0, 1HaTu
Usunmaniuonludunuinaiueuludnfiainuin 0-15 ow. vesthawdeulnsuuazdhauwnanre
fANA 22.83 waz 22.92 dudalanuas audey dmsulsinmasuaulusinawaidniiie
Wounuensuanluduudanuinddagiwitesunn lagfusunmissszanm 1-2 dudolanuas

LN LL%'JI‘II&Jﬂ’]iﬂ?&‘ﬂ'] HUBILSNI AT aﬂmwnﬁumiﬁu LTULABINLANTY auluauﬂ SRl
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a a g: a a A g: 1 d‘ =) = 1 g: =S dl 1 = dll a
U MO TUHU I YTV NN INAnT a9 N oS aunaudaTuaNNan NN g taTindSum
AUl WAWLAZINANTNTZALAINNUEN 15 TU. LA wudwﬂ%mmm%‘uaumaomuﬁaglﬁau
fnsuthawFauInsuuaz N gwNENAaNALYINNY 24.77 LAz 26.35 audaLanuas lagf lidaaw

UANEINWAL NN RBEIANIEDG (Table 32)

Table 32 USu1muanTuau (Carbon pool) BasdIuNaLldauAITzaLANEN 0-15 Tw. HoUMILK

a A [ @ A a 6 1 A
uUainased USinaiwunaimawiud wszmagyiioanivauannmaenluhawfeulniu
(PF) uaztnaunauna (O-PF)

. YIunmansueu (dudaianuas)
980 an naw Thaunaune
(T3.) A NN PV A N PeTY
0-5 10.03 0.98 11.01 1052  1.50 12.02
AaULAT 515  12.80 0.96 13.76 1240  1.93 14.32
394 22.83 194  2477"" 2292 343  26.35™"
0-5 9.99 0.88 10.87 1205  0.91 12.96
NRILWITIWT 5-15  10.28 1.11 11.38 1490  1.39 16.29
W 20.27 198  22.25"" 2695 231  29.26™"
mswasuulas 05 -0.040  -0.102  -0.142 1529 -0.590 0.939
5-15 -2.522 0.145  -2.377 2502 -0.534 1.968
TRV -2.562 0.042  -2.520 4.031 -1.124 2.907

o o , b ' > aa & A a
RNYAA: A10NWT *” ugasanuuanasastnaiinaisauneaiia (Independent t-test, P<0.05) 339w 1a9LuN A TUaL
Tuduszninsthudazdssinn
o o AB ' i o o a aa ' s ' o
ENEY T LEAIAMNLANAIDETRYFAYNIRTG (Independent ttest, P<0.05) 3xWINNTIIINT (MOUUAZARILNT) VDI

USuaaniuanluduvasthudazdszian
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a 6 {
3 dSanmasuaniigaidaly (Carbon loss) 9ann1stun
a 6 A ~ 1 A 1 -~ d” a
3.1 Psanmansvanngaidaanadinnagivitainin
aA & A A A A ' o Y o ' ' A
Wadungnin Fenwaawieagmondsnmandsznaudis Ui watu uazdui lnd n
1 1 & 1 1 Q 1 T a v { [l
vaw/ L lnd v Ganndiudrig dsndrunfeadidudSunmuinuaastioniaiw lnadflal
& 2 A a o o A oA, A A
auyIol (QuanIAnsFaswn@nyawlndszney) dmduthaweulnin wuduliermawniud
Tesrulngtznaumsngidunantu asueuinadnaalugiudrsg Jeinu 0.872 auwian
uas laswuansueunnasnieagludun ndIWussuanniian (0.431 dunanuad) lusmenih
sunaunanuininsueunasndaludiud lndlwoduunnigaiguniu (1.848 auianuas)
Ve e A oA a A o A P & A X o o A @
wdidudasungeniniiawSouisuiudiuaung uazlarfuewnialudidlosiiga (0.044 dw/
¢ < A A . & . & 1 o dl' e & 2 a
wanuad) nettasannman ndluhsunsudeswlisuysoliviiuthauieulnig deuudad
' A a ' A . & A ] . A A a
gauf lund Wifssusdunaanieagluiunuinnirluthauwieulnsn Waduwiudiunm
& ! A P S | ! . A a &
arsuauludiufeginilewudungymislunnmaumwuiluhsuwieslningyidoasuenly
84.5% (4.755 du/anua’) lusnznthaunsuriogyiioaiveuld 53.5% (2.129 auianuat)
I@uﬁﬂ‘%mmua:é’mﬁhumaqmig@Lﬁmﬁuaumnmsmwwinﬂﬂﬁoaaqﬂizmﬂﬁﬁmw
UANEINWLNIRIRIANIENG (Table 33)
a 6 A 1 A 1 -~ 4” a
3.2 Psanmansvanngaidaanadinnogiiitainin
o o a 6 J A 19 va J W v '
fniumsgyiiuaniuawnnduiagldau (Table 32) wuiimar llddanansznuse
a & & \ A a & S A A A
mIgFsafuaunsnawiiduduuaznnumaiinadaliveidy lasinindfsuudasves
a 6 a A [ =S A & P ‘I A A [ %
USunaafuauluduinszduanudnInudiuuazaaassidanngnanannanuduulves
AMNRMILUBIINTBIGU (soil  bulk density) vilarsuenluduianuawudsld wenani
A a & a wa d & ) o Aa o Aa £ a
iipsnndunuiguandaniduawiuiuanuiaund dsznauiuiniifaduiianuuussdings-
s v & - a & A e ' A & 2 o z
@ deuuanuTaunaiiuasgaudsiinos nansznudaniadasuudasanivauisiasasll 4
9INN13ANB1289 Wanthongchai et al.(2008) 7l lddnsnisgadumaamsluidsTisinme
[ v o & v v o [ o A o s A ' & a
nsiugdafthdisruds Smiagionil ldwuhdunnllanusuussligaunniu J3anm
anuaunagluduniszauanudn 0-5 au. wulildaiunansznulas e Buiu  datuisanaan
' o a & ' A ' A A '
s ldhnmigyiioasuenanmasnluthawdeulnssuazthaunsunon infianuguuseligs
& . | Aa a & A . A A X A [ A
an arsuendinlngazifiansgyidsllnnzamdweassuneginlodududunan laslinng
gtyl,%smﬂmuﬁa%ﬂﬁauﬁamrm%%a"l,ajLﬁ@msgzyl,ﬁmam ANLIBNEILSI RGN N 199

= a 6 a v [=3 v
Nﬂ?iﬁfyLﬁEJﬂ’]TU aumﬂ@u"lﬂm\nanua ]
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Table 33 YSunmansuaninadinialudiud1d g oA uaumeanasmamuazlSinmasuaui

gzymﬂﬂmnmnmluﬂnamﬁauimu (PF) wazthauwauna (O-PF)

U USnmensuansasfefinanie U
AMSuanl PINMITLHN (AWUINLAT) asuansi  esuau
IEN \Faiwasnan . gawe  Amely
N . , daud Ll v
LNINIRAG AL gl 37U (AW/LEN (%)
. . Tnallol )
(AWUINUAT) 175))
PF-1 5.963 0.178 0.160 0.300 0.638 5.325 89.301
PF-2 5.992 0.174 0.252 0.805 1.230 4.762 79.468
PF-3 4.926 0.219 0.338 0.189 0.747 4.179 84.835
5.627" 0.190°  0.250° 0.431°  0.872° 4.755° 84.508"
\@ag PF (0.351) (0.014)  (0.051) (0.189) (0.182) (0.331) (2.842)
O-PF-1 5.344 0.222 0.183 1.379 1.784 3.561 66.627
O-PF-2 2.982 0.068 0.246 1.342 1.655 1.326 44.483
O-PF-3 3.603 0.151 0.420 1.533 2.104 1.499 41.609
3.976° 0.147° 0.283° 1.418" 1.848" 2.129" 53.536"
a8 O-PF (0.707) (0.044) (0.071) (0.058) (0.133) (0.718) (7.904)

o« o , b s , o o o aa . ¥ A a
RNELARG: A1oNBI @ memmLmﬂmdamdﬁwmmgmmm (Independent t-test, P<0.05) e ud vasUSinaesuan

¥ . . . a4 . - r
TwramAmmuanaun anfueuluduiimianmondiniaen uazlTinmensveuiigywisly

H a ( >
4 msudswudaspasdSunaarsuan (Carbon recovery)lnszaztaan 11 nasn13tun
5 dl v U v U g: =1 v 1 dl =3
a9n lana ldufinavasmsnnuiinansenuiasundem il fsuutasuasdSunm
6 Aa o 3; A nl' dly A a 6 =3 1 I~
ansuauludu denunnaanmudasuudaiuaznmiludunduinvesanivendagaludezidn
1 dl 1 A tg‘ a Ig [ dl A a 6 g: d‘i/ a A a
vasdInfiagdinitonuduidunan iefanrandiuimariveusiuninualuisawianitadu
(Total aboveground C pool) 3zwuiFanmanuaulwdamwdsdsldmunaiudunduungszau
wa'lamaluszuziian 1 1 (Figure 43 wag Table 34) lasdifadunaninanySunawadanann
=) & o a ni v A Aa e d' o 1 a d'd A 1 o o dql/ a
A duiagdiidinansssaunauinfdidesnidiunaniiegiunamnn (@deibeinas
a A | g =) L2 ¥ { 1 gj v 4
wazwganysn lWdsznay) Sso1amanisalannySunansaindelainfiunng 2 Ussiandasls
na1unndt 1Y Faezaunnimlitinnaesvesnluzamdnsuuegluszaunlnaifs iy
USinanegauinn Falarinsaiiaunisivedszananidisnandisnmesueuly
Wawdsaznauangazauiaunazimainlasnsmanuduiusvasdayasianmaivauly
AN RINRERUNA LN LULARZTI9380 (Figure 44) TINUINFUNTUILUN AT NLTDLNES

3 o | o o o d (Y] 2
arunauangszaunaum g wivthauionlniu ldun Y =1.6756In(x) + 0.5476; r =
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' ' LY 2 { a
0.9584 uazthaunaunia bauA Y = 0.6808In(x) + 1.5173 ; r = 0.7833 Lia Y AadSunmansuan
&’ a A v o ] 6 A o A v v v
lusawdindszanald (dudatanuas) uaz X Aavzoziian (Fwinidan) I ERINTEN96 T
Uszinuszoznamsszanasuaulwdamdlinauangszaulndidusiulateauniaun wud
thawreulnsudaslfizozinadszanm 20-21 WeufiUTnnmTaindizazaunauungluszaud
InfidnsnudSinmniiadniewnn Tusnzithaunautadasldinandszunm 35-36 @Wan (Uszunm
3 U) Sz lidTanaesuenlusawdindugizaunlndidsanudiunmnlagnauu (Table
= { @ a £ [ o o ! i oo Ao
35) a9 lsnauiiasnnaaudssinianaunuiradaumIsnsuthaunaunan lesuia1nedn

dl A 1 [ o a 1 A 1 ‘ﬂl
gﬁdﬁlzwwa@laﬂ’l’mLL&I%ZI']“].Ia\‘iﬂ’ﬁﬂSZLM%N’]ﬂﬂ’Nﬂ’ﬁﬂizL&lul%ﬂ']ﬁ%l)ﬁalﬂ‘ﬂ'i&l

Table 34 N13LURUKUYaIV0IUSU AU UL TDLNRILA IO N LA muﬁa%isl,ﬁauua:ﬂ%mm
4 & ' A & a va a A & A o =2
AsuauTINNIuE o N uAnLazldan EuLazIINRTVMIAENNTZAUANNANT5 cm) T

szoznan 1 nenasnmann luthawgenlnsy (PF) wazthaunana (O-PF)

v . USunAsuan (ton/ha)
Wun —
NawLNI 0 2 4 6 8 10 12

L%@Lwaamﬁa PF 5.627 0.872 1.303 2213 2803 3.393 3.642 3.892
‘ﬁuau O-PF 3976 1848 1.704 1952 2331 2710 2.863 3.016
148 PF 24771 22.251 24.583 23.290 25.369 27.449 27.639 27.830
Favh

O-PF 26.348 29.255 24.797 21.457 24.624 27.792 28.618 29.443

PF 30.398 23.123 25.886 25.502 28.172 30.842 31.282 31.721
Total

O-PF  30.325 31.103 26.501 23.409 26.956 30.503 31.481 32.459
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7_
6_
—O_PF

5_
©
= %1
g |
S I
o

Z_

1_.

0

preburn  immediately 2-mafter 4-mafter 6-mafter 8-mafter 10-mafter 12-m after
after burn fire fire fire fire fire fire

Figure 43. miiasuudastSinunsvenasdunegimilenuduneluszozion 12 1Hau

ANEURRINTITLHN

Table 35 UszunmszoziauasUsunmmsazanaisuanlwdawdluihawianlny (PF) waz

Thaunauna (O-PF) 31NNIRHANNINABE TR INdTzazanudSnmasuan

Uszinn USIaasuanlulTalnas (ton/ha)

1 ABULNN* 4 10an* 8 LAaw* 12 1hau 18 1Aaw 20 thau 22 Leaw 36 Laau

PF 5.627 2.213 3.393 3.892 5.391 5.567 5.727 -
O-PF 3.976 1.952 2.710 3.016 3.485 3.557 3.622 3.957

@ o 2
R * ‘Uagﬂﬁl’lﬂﬂ’ﬁiﬂEl(ﬂidﬁ]’mﬂ’ﬁ’ﬂduﬂﬁdﬁ’ﬁ’lﬁ], “* N13UIzNNITAINNRUNNT Y =1.6756In(x) + 0.5476; r = 0.9584

gnsuthawdenlniy uaz Y = 0.6808In(x) + 1.5173 ; I = 0.7833fW3uthaunawie
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- e o € 1 a 6 d? a A d? a > A
Figure 44. ﬁmmimﬁaJauwuﬁszmnﬂimmmsuau’lumamemuawmunmw:nmmdﬂu

MU TN ITLEIANIRERNY E]x‘lﬂ’]%‘u au’l.m%aLwaaﬁﬁ]zazauﬂé’ugj‘lmzé’uriaumnmluﬂ’lau

wonlnin (PF) uwazthaunauna (O-PF)
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Nans:ﬂmnaam‘nmi'hamﬁaufﬂiuLLa:ﬂﬂauwauﬁa@iaqmauﬂamaoﬁu

Ltaxwa%@liwaamqmms

1. HANTENUGDAMENLIAVDIAK

1.1 ANRB UKW IINVDIAK (soil bulk density)

waﬂiz‘nwaﬂﬂeiagmawﬁamaaﬁﬂuéf’mmaam’lmammeamaaausl,umi?mma%?af‘:
WUINANUAUILURTINYIAU LN JSUHANTENLININNTHN LasNLINANNAUIBUNTINVDIA L]
mswdsuudasieainiesnainiv-anss nialidouulas (Figure 45) FadaRarsonan
mmmﬁmmummgm azwudwﬁﬁwgaﬁaﬁammmé’aLm %qwaa;ﬂ"Lé’lmﬁaaﬁmﬁﬁw%wamaa
mnm%aﬁm’]wguusoi&igomn%ﬂﬁdaNamz‘nwiamwwmLLuuiawaaﬁu Favrafirinacd
mimgddannaniwazadiifianuiuussligunn Tasfienuguusseswludsunaura
fanRsotseanm 48 kwWim Safludrfidiann é'm%'uﬂ']auﬁﬁwmm;umwaa"LWﬂi:mm 627
kW/m s’ﬁaﬁmwugmmmuﬂmaszuumﬁwLLunmao Cheney (1994) Q92U INAUAMILULIIN

a a v a X o o A
ﬂlad@]umm’ﬂumw&lﬂmlu%mUﬁ;@]ﬁ’]ﬂiuﬂﬁamﬁawiﬂi&l

. (155 €11 05 cm

PF il 5-15 €M1 . O:PF = 31X e

lsfore burning  immadiately  2month after  demonth after Z-month aftar 12 month aftar bafore burning  immedatel,  2month after  demonth aftar  3-month after 12month aftar
aftar burning lurning lurning lurning lurning aftar burning burning burning burning burning

Figure 45 M3tUAsuuiaianuniuiuiineaddn (soil bulk density) NNKa8INTLH LN EYH

iwonlnsn (PF) uazthaunauna (O-PF)

U

1.2 anvzVaILibaf (soil texture)

Nam:ﬂmjaa"lvxl@ia&'ﬂum:maaLﬁaauﬁuﬁﬁazm’mﬂﬂLiusl,umtﬁﬁLﬁ@vl,wvlmﬁgmmqomﬂ
= ° o d ' v a { o ¥ a ' =
ma:mlmgmamwmﬂﬁnuLLﬂm Aaldtfanmsilaswulasanumeradtiaan bl atnglsiaialn
A a £ ' A o ' ' A =
‘nmmufl,umauwamaummgumammﬂ mumm;umwaﬂﬂiumamaaﬂmmmm

1 L% ol > U a = 1 d' 1 1
JuuTIAaUTI6N (gmmawmmm"lwm:ﬂau) nnsanen i auwgauInsuLazthaungunia

1 o A a 1 1 & a dld a 1 3; nid dql/ a | a
wuinanwaziiadudiwlnglndn sandy clay loam lasffiunsuSiaanvinnundibodududn

=}
sandy loam %738 clay loam
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1.3 @ dwnIn-A9v0IAn

IWssnansznudsanlasriliananninudunsavesduassinig ﬁv'af:%uagﬁ'umw
juuspad uazanwanaiunsa-dravesduniaunismn (DeBano et al., 1998) AMNN1IANI
nansenuvesindannuilunsa-snsvasdwnuinluihawFonInsuulasdi 1 uaz 2 (PF-1, PF-2)
AANULD N IA-AUIIHRIGY (0-5 Ta.) °11aaaua@m%&aa@ﬂé’aaﬁ'ummm‘gmmmaaVLWﬁﬁ@h
FIFWIL 2 wlaadt (519 KW/m uaz 885 kW/m §%3U PF-1, PF-2 anudne) uadwiuthaunas
ﬂ'a"lwvlz\ivlﬁdawam:'ﬂmiammL‘ﬂuﬂm-@mmaaﬁmﬁaamn”lﬂﬁmmwma@‘i'm'm fwsuiawln
s:é’uﬁnaﬂﬂ’éﬂ%wamaammi”aumn"lwtlumuﬁa%imﬁaﬁuau‘hjmmmdawanszmaﬂﬂ‘luau
fanaslurldszauanulunsa-ansvasawliasuudsdldanngn Wesandwduaninsm
anudauiia (Figure 46) wananniudinmadaswulasnnuiiiunse-analudusuunluau
doulnsudum ltudiiutw lumeithaunaunafuw liufanas (Figure 47) wditasannd
AMUEWULTADUTNININGIRWINN AN TILATIZA N 9RART M nu B nTnavas WS nadans

wasuwlssanuidunia-avadnsddpdan (Table 36)

m hefore
m immediately after
m 1-yrafter

- 0-5cm.
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4.00

3.00

soil pH

2.00

1.00

0.00 -
PF-1 PF-2 PF-3 0-PF-1 0-PF-2 0-PF-3

6.00 -
5-15 cm. M before

I—|—l

PF-1 PF-2 PF-3 0-PF-1 0-PF-2 0-PF-3
Figure 46 nsiasuudasanudunsa-ansaasdauarnmsenthauwioniniy (PF) wasthau

5.00 -

4.00

IpH

3.00

-

SOl

2.00

1.00

0.00 -

nunia (O-PF) luuilaidns g Aszauanuan 0-5 uaz 5-15 .
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z L 46
=48 =
% 0c 84.4 T .
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4.2 4.0
4.0 ) 3.8
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Figure 47. aAnadsanuidunsa-asvasdauarnmsiinthauiianlnsy (PF) wazthauwauna (O-

PF) luuilaedne g Aszauanuan 0-5 uaz 5-15 .

1.4 ﬂ%uﬂmauﬂ"?ﬂ"i’@lqi%ﬁ% (soil organic matter)

ﬂ’%mmauﬂ%y’?@lqluﬁuﬁmqaJﬁuuﬂnmmiwﬁ'uvlﬂlmwiazu,ﬂadLLazLL@iazﬁyuﬁ Hanion
LW NWARAINITLNILAEANEARINT 1 T Lﬁuﬂ%mmﬁuﬂ%ﬁ@qluﬁu%uuuﬁi:ﬁu 0-5 oy, finy
luﬂwamﬁawimuﬁ@hﬁﬁuLLﬂigamﬂI@ﬁﬁﬂ'wagjizij 3.05-5.21 % Iummzﬁﬂ%mmﬁuﬂ%i’mq
Anvluthaunsuiefiszauanudnriniwidenuiwulsenitudasfidoaniilagfiaszning
3.19-4.12 % (Figure 48, Table 36) T,@ﬂﬁﬂ%mmﬁuﬂ%ﬁ@lqﬁamma:ﬁ@hqaﬂiwmwéﬁmﬂm
LLazﬁ'ﬂﬁlzﬁmqaﬁnmau%uuu (0-5 e1al.) wazdendnninludnsusns (5-15 w4.) waluhawdew
Insuuazthaunaune T,@ﬂﬁauﬂwstwfuﬂwauLﬁauTwiuu,azﬂ']auwauﬁaﬁﬂ%mm‘éuw%ﬂi’mqﬁ
TG 0-5 T, 4.42 Uz 3.76 % anwaey luvaedludutuasasluiuivsnadunistanlu
Sulied 2.60 Waz 2.27 % AUEIGU Wit (A Table 36) FMILNANIENUVBINIIHNGBLITUA
Euﬂ%fﬂi'mqluauém%'uﬂ’lamﬁauimuﬁ?uwudﬁaw%wa"uaaﬂ'lsl,m"lajdwamwu@iams
LﬂﬁmuLLﬂaamaaauﬂ‘%ﬁ@qluauashaﬁﬁfslﬁ%ﬁﬁ'mvﬁy'a‘luau%uuuua:%y’uma Twrnefithaunaunion
fuﬁw%wamaamnmﬁawadamsmﬁzmu,ﬂawaa’ﬁuw%ﬁmqluauasmﬁﬁfm%ﬁﬁ'mumaaﬁmuau
TUS T,@Umww:ﬂ%mmﬁuw%ﬁmqmwé’amnmﬁuﬁﬁLﬁugﬁuamaﬁﬁ%’(ﬁ@ weiludngu
uuﬁf’uvlsjwmﬁﬁmsmﬁalul,l,ﬂaaazi'mﬁﬁfm%ﬂﬁty udnuluhawsenInsy (Figure 49)
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2.50
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o
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0.50
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Figure 48 mquﬁEJuLLaJaaﬂ%mmﬁuw’%zﬁ'@qluﬁuﬁnﬂﬂﬁmﬂ'\amﬁauimu (PF) uaztnanuaw

fia (O-PF) luuilaidngg Nszaunnuan 0-5 Laz 5-15 .
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0-5cm. mimmediately afterburn ; 5-15cm. ®immediately after burm

5.00 + 1-yrafter 3.50 - 1-yr after

3.00 -

4.00 -
2.50 4

2.00 4

oM (%)
om %)

200 150 -

1.00 A

100 - 050 4
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Figure 49 ﬂ"]mﬁﬂﬂ‘%mmauﬂ‘%gi'mqluaumﬂmnmﬂwamﬁaﬂmu (PF) uazihaunsuna (O-

PF) luudasdnag Aszauanudn 0-5 uas 5-15 .

v
1.5 S mlulasiawninan (Total Nitrogen)
USummlwlasiawndnualudn 1erin1sanBIaILanannITINT RARILNINBALIZARDE
1 = et c; dl g: =1 o Qs 6 v
981 nelwizozan 1 U 9aIn1TN laannaUaswidaduad b la T el a2 s NN SN
wodnyswvasinlasiamzanuuuisvad ilaonoiluthawseulnsunlwdanuuusmniinh
. & ' A & o o i R~
IUNFNADHH WU ISR AN UN AN ARINITN LU e NN WU DT L LA LA
nirualasundastasinnaenaimsnnui laoflulasiauninualudusuun (0-5 ou.) a9
1 { v A & % %) A & '
Yhauianlninldimindnain 0.10 % 10w 0.26 % AenadInTEnui uazluduauad (5-15
T3).) AN 0.07 % 11 0.20 % MERFINTHT (Table 36) NItaziiannaunanniyuns
niuui i lulasauuesiuszinouazildougdann organic N 1w inorganic N lasianiz
A + = a o a a £ o o o o
wanlaflay (NH,) GNI@yﬁssu"m@u,mLLaquLuymuwwugamﬂﬂuﬂmwaa"l,wvlmanﬂms
; z - . 2 X .
sensuazilfougtveslulasaunimualudu sssnalilulasaunsnuaiagsdu (organic N
. : o ¥ o ¥ - . . &
ANRY Lo inorganic N AN laun wsid total N 39iNan) lusaennsinluthaunaunais
VLWﬁﬂmsJ;uLst‘hmﬂﬁavlsjdaNﬂ@iamﬁ:mmmxmimﬁwgﬂmad"luimmusluaumﬂﬁfn lau
& A < . . . o o o o A ' A
1l AT AUNIRUA LA WT UL I RWNENTD AaWLAZNWANIRAINITINIEIAINAT Lalt U Fatilas
(0.16 %) aaninlulasiaunsnuadsduw kil fsuudasldunn
War st Y 2 1wan azwuin ulasaunsruadum liuaasslaaanizlutguzoy
g: a g; a g: 1 d' ] 1 A v d' 1 L g: c‘ly dl
INTuNI I uAuTHU RIS ARTIEN laoNlwaunsunaduw ltun1Taaadn uintn NIREUNAT
z . - a4 -
lulasauniuaaaaiadnining1n9zinanuuIuns nitrfication  Sadusniunisflfeugy
2- A ya & o ' ' a £
289 wanlufiaudu lwasn (NO, ) lagluiasnlassssum@az laimninnuiudazdos g IRNTH
[V oo P A & . = o ' {
nasew W Il 1l danszoznite LL@ILﬁaaﬁ]’m"lmm‘nuumu%uwzgnﬁ%gﬂﬂ% uAaIWNLRRaEN
o 1 a é v 1a g;
Fuunnazsssaglumiazansdulugdlosaudignozdsasgansuinuazngaeanidinizuy
lede asnuilanaidiinldSawuinlulasiaunsnuanuiauanas wallawssuinsasyidule

A A Y A & A A a & & A < o oA
LLazwuﬂuﬂﬂl]Nq@uﬂ'ﬂzLillNﬂqsﬂzﬁNvLuI@liLfﬂuaﬂﬂiﬂﬂd"fmﬂwm@]izgﬂﬂqLLﬂzﬂqiﬁiWGLuﬂLﬂaﬂ
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2 . . . =3 o & A A& a %
PYDILABTINNTURZITNVLIBANT precipitation Iugﬂmaaﬂu it lulasiaunsnualsuNuaunay
' A & a & . & & A o ' & a (%
gi:ummwmgwumaﬂm\‘l (Figure 50) “D\']Lﬂ%‘ﬂ%’]ﬁ\‘iLﬂ@!']’]vLuI@ﬁL‘ﬂuVlG%N(ﬂ&Lu@%ﬂ']ﬂ'ﬂﬂ\‘]ﬂ']?

L' 1 'ﬂﬁuﬁ@hgmdﬂu’ﬂﬁauﬂﬁﬁﬁaumnm

s PE (-5 €T
s P 5215 CM
O-PF0-5cm
0.35 s () -PF 5-15 cm
0.30
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Figure 50. widliunmadfouudadlulasiaunsnualudn Anaunsieiuaznionadnisienle

szuzIen 12 1eu luwthawdanlnsy (PF) uasthauuguna (O-PF)

1.6 snmwaanasaniflniszTonw (Available Phosphorus)

I@yﬁ"avl,ﬂﬂ%mmmam%'aﬁLﬂuﬂsximﬁ@iaﬁm‘%nmﬁu%uum:ﬁ@hganiwlu@u%uaiw
WoRasanluszauudassasaznuindsinmwasdasafiilulse lomiluhawdon Insuludusy
uuuazluau%y'umoﬁmag’itzm"m 2.63-4.12 mglkg U8z 1.53-2.40 mgrkg audey luvmeidh
aunauiadUsunanaanasan Iuds: lamilud uruunuazausua195=n 319 5.03-6.35 mg/kg
WAz 2.14-2.70 mg/kg ANEAL (@ Table appendix 19 uaz 20 Usznau) eawSsufiauszning
Auwinuidsnamasnesamdud sz lomiluautuuniownluiawnute (5.72 mgikg) fenga
ninthauwdeulnsy (3.43 mgkg) dwiuludusussnuindenlndidssiu

mnmsanasiinuindniwavesmsin laldssnaliusinaeanaafiiuyse Tomd
LiJ?iﬂuLLiJaaLﬁu%uashaﬁﬁfﬂéﬂﬁ@ﬁaluau%uuuLLaz%udﬁaLLafzﬁgﬂuﬂﬂauﬁaﬂmw%ﬂﬁau
Nguna (Table 36, figure 51) I@uLméamaamawg%'ammﬁan’mmfuagﬁdmmaaﬁl,ﬁwuuau
S’fﬁmwé’w:ﬁﬂwﬁxl,ljﬁwpm 9 muﬁzd‘vxlaawg%'am;j@u lATganIeng g swraneawasy
lugﬂﬁLﬂuﬂizimﬁﬁmﬂﬁuﬁ”’aﬁi@ﬂﬁssumaﬂ%uwmwgam%'aﬁLﬂuﬂsﬂmﬁauﬁuﬁumwé'&

g { |$ 1 C . ) 3 . & X ,
mnmﬁuﬁumm,agjmumﬁwuﬂ-l,mmaamnm (fire severity) T9azwuINlUAITANIIATIRNL I
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' 1Y
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(% 1 dy U = Q v [ 1 dl
AILITNIIT A NAIN-LUIVAINTITLNN D bAILLT RN NNHIAUBUNAIZINGD Uzath 649 °C
dln a a a A A = o U dl Aaa
I@m:ﬂmmmuuqmﬂnﬂwgamu 100 °C {9l 3z0th 3 wn (g}mmmsaaqmﬂ{]muﬂizﬂau)
&' Aaa dl = gj v g: a n:ll gj 1 dl
woNIMUGMNDIAUNAMNENAIUG 2 T4 adlunwunuldinndaswuilas nelwihawzaulnsu
) ' 2 o o ' g ° o &< o
LA AUNFENAD TIRNBHEAINAIINIHINIITIUWA AIINITLNIATIHIALT WAITLNILU Y low-
severity burning A1AN133LLKAVAY (DeBano and Neary 2005; Khanna and Raison 2006) Jun
UNRINATIAERAINITRIN Tz oz Uszd e 1 1) wudndSunmwaswavanidulslominaud
@iwﬁ@‘hﬂd'}ﬁauﬁa:ﬁwmsm%amm:ﬁmm@gmmnmsgnmao;j@u%’uﬁﬂaavlﬂLm:vxq@aanvl,ﬂ
dl o o (% ad v =3 o v dly
mns:uﬂqu@ﬂi:naunuamwmimLmu"uaqwaavxlasaluﬁiwm@muaalmﬂ 9w

2 [ v K @ a v 1 1
AUNAUNIVaINaRWATRIILIAIN AL NIINOUNITLH
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Figure 51. uildunmsiasuudasasaswaTalugunidudszlomiludu deunamnionds

MIENABA UazAEnRINITEN 12 1Han luthaulFaulnin (PF) uasthaunauna (O-PF)

1.7 uaalosauiuantasnla (Exchangeable cations)

waaloauens g Arvnsamada laun TduasmSon (K) wesifon (Ca) wanilidoy (Mg)
wazloi@ay (Na) T,@sjﬁl"avlﬂﬁLLmIﬁuﬁazﬁ@hgau’%nmﬁu"ﬁy'uuu (0-5 wa.) W NNl wdnT s (5-
15 o13..) I@]Uﬁﬂ’]ﬁwﬁm\liﬂnjﬁLLWJIiI&I‘ﬁWU’h’%]ZfILLﬂﬁL%UﬂJLLﬂzT‘HLaU&JﬁLLaﬂLﬂﬁlﬁuvL@ﬂuﬁuﬁq\‘]
ninluthaunsuna valudusuusuazaufianasly lunnranavesmiasaia I iz uziam

1 a ) A A a & a & 1 1 A A
nawn1TtNYIuNmiaaLTaNLantlg ﬂuvlﬁiu@umuuuLLazﬂuﬁuaﬁamaomamaawimwm
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WinAL 839.87 WAz 529.00 mg/kg ANAGU IuwmeNtaunannalaiNgd 574.40 uaz 209.05
mg/kg MWEIAU 1YY (@ Table 36 Usznay)

MM InaaaEIwuiIndndnaves W lildgsnansenudenmndfsuudasvasuna
losaunuanidouldadefindaymeadia udedhdbifianudmivuaaBouiundugiadowind

o A A [ @, A & A e o o &
wwn ldumadfsuudasdunmenasssmenasmarudinmadfswudsamues liitssaayian
g; ¥ A 1 { a &/ ] U 1 dl aaAa

(Figure 52) annsanmassinnuilwiiieduldldsinadaniafowudaswasguniiduinn
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(PF) uaztaunauna (O-PF)
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Figure 53 308821095108 W13 (total C, N, P. K, Ca, Mg) s 1@ 9 vaaTainaIlszianend o
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2. wa%’mmstﬂﬁﬂ%uﬂamaaﬂ’%mmm@;mms‘lmzunﬁnﬁmﬂﬁﬂﬁwawaamsl,m
21 wa%’mmsmﬁzmu,ﬂaaﬂ%mmmqmmsmﬁaﬁuaumaal,?imwﬁa‘luﬂ']
dQ/ =) =} dq/ a o U v Y v Y v v v =} g; Q'
WaLWRInIaN AR UL TzNaUMILREN Vl,wgu ”luauqﬂ Qﬂ"l,uﬂm"l,w LA NNTIINNIN
o = A A 4y A A ' I & ' A X a g
lauuiaLan ‘nagmuwuﬂwwm@;mmsma6] Lﬂuamﬂizﬂauagmﬂlu LWalpatwaanaIion
v o 8 o . 40 & oA . 2
LN’]VL%NY]’ISL%ﬁ’]GIqa’mTWI’NG] ﬂaglummwaagﬂﬂa@ﬂaaﬂaaﬂm mumuagﬂuaﬂumwaﬂw
I@zlLa.w]:mm;mnwaa"lwu,a:mwm%ﬂmUﬂﬁﬂ@”%'uLLazé'ﬂwmzﬁﬁmwamaom@;mmsl,wia:
mﬁmlmmawwzqmwgﬁnma (volatilization temperature)
ﬁnﬂmsﬁnmwuhﬂ'aumsmaaaLmLLﬂmmaaoL%aLwﬁaluﬂwﬁﬂ’%mrml,ﬂal,%wag
@iauﬁwgﬂmmawwﬂummmﬂﬁ% Imﬁﬂ%mmagjﬁa 59.49 Az 152.03 Nn.datanuas lwilanw
WRaNInTuLaztNgUNENND AUEIAY z%w%'uﬂ%mm"[uimmuﬁﬁag‘ﬂ'awﬁwmﬁlmﬂwmﬂﬁm
VEunw (Uszunmw 29 nn.datanuas naluthautzenlnsuuastnaunauna) tuymendSum
o A A L w P a & A a o Pg a < =
‘V\Iaawaimﬂum@;mmsmaQuaﬂmﬂlumaLwaomuﬂsmmimﬂulummwmmﬁmLwm
Uteunmh 2.47 Uay 4.16 nn.gatanuas it aunaunanazt gwEad NIy aNE1GLU ANUR[INIT
P a & \ o a & o Ao \ ~ [
WANTzezIadTzinm 1 U wis ﬂsﬁﬂgmumiuwaaﬂsmmm@;mmiﬂmuaﬂwm:mummnu
A ' A 1a A & a < o = A
Wanawni1Ttn lagndSunmuaatdounaz lulasiansinluirandininuagiasduiniie
a P @ A ' ' a = Aa A & M v
Lﬂssumwﬂum@;mmsauq memﬁﬂsmmuﬂamwLLa::"LuImLam]umﬂwq@uuvluvlﬂaglu
sruanasminNoudatludiuvasmghuazanlind sl (Table 37)
A = a @ a a & a @
mmﬂmumﬂuwmmmnﬂasm,u,ﬂawaaﬂsmmmqmmﬂumamemmmmnm
1A a v Y o A d%’ 1 1 dll 1 =1 1 <A
wuindniwarasnaeudazlaransNoduatsliudilarandiuwly Nowssmdnsg Aln1s
wigduladunauandnaseilimaewsludemdlinmiszaunauandnais udadnalsfioanu
= 1 U =1 d‘y 1 a a a > g 4:!' (% =
ﬁ]’mmmﬂmwmwLLwaoﬂ&JW%wumw:wmimi@mﬂmﬂaumﬂﬂﬂquwuﬂ%mafl,unm1 U
LL@iazwudwﬂ’%mmm@mmsmmé'ammﬂ@ydaulmy’ﬂ'aﬁﬂ%mm@‘i'm'j’]ﬁaummﬂmmmmz
A 1 o el a 0' o 1 dl 1 = %] 1 = a
LARLTEY wadIRIULUII W asWaTenaunLIL e WIwll 1 1 m@lmmsmﬂmwﬂimm
4 A . 4 o & oA v
N wlasUszann 2 1vin TILRAITRINTINNAUTINaaWaTFNINNLTBLNRIU ST AN AL T ®
#“an (Table 37, Figure 54.)
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Table 37. YSanamaanmsludiuvediaindadszinnednsg faun1swn Monasinaewn 11

LLa:miLﬂﬁﬂuLLﬂawaam@;mmi luthaunauiianlnsy (PF) uasthaunauna (O-PF)

paly nawli (kg/ha)
0w | Wudl | wah Ta | lddugn | gnld | ewanndin | Al | sdaminee
PF 15.38 0.39 1.08 7.08 29.84 0.88 54.64
N O-PF 5.60 2.25 0.83 4.22 29.97 5.80 48.66
PF 1.00 0.02 0.08 0.38 2.55 0.13 4.16
P O-PF 0.34 0.12 0.03 0.18 1.40 0.40 2.47
PF 15.55 0.83 1.65 4.92 8.57 0.22 31.74
K O-PF 6.93 2.71 0.75 4.20 23.24 6.14 43.97
PF 42.99 0.89 4.95 25.45 59.49 4.21 137.98
Ca O-PF 7.93 9.09 3.40 14.08 152.03 11.06 197.59
PF 7.04 0.22 0.56 2.70 9.30 0.31 20.13
Mg O-PF 2.89 1.12 0.39 2.21 9.84 2.59 19.05
gl 1 Ynaan19Wn (kg/ha)
013 | Auf | wan liva | lddwgn | anlad | wawennfis Al | mariovae
PF 24.62 2.82 1.93 5.00 9.36 5.32 49.03
N O-PF 11.74 3.37 3.48 4.42 21.55 9.63 54.20
PF 5.95 0.25 0.22 0.54 0.93 0.63 8.52
P O-PF 1.83 0.51 0.17 0.28 1.87 1.16 5.82
PF 14.98 1.96 1.63 2.49 4.81 0.93 26.80
K O-PF 12.38 2.80 1.35 2.35 7.11 1.65 27.63
PF 21.22 7.77 6.12 14.43 8.00 8.45 65.99
Ca O-PF 6.93 1.31 1.63 3.96 8.67 4.88 27.38
PF 9.65 0.81 0.83 1.91 3.52 0.95 17.67
Mg O-PF 3.65 1.17 0.54 1.00 4.68 1.93 12.98
9 matasuuyss (kg/ha)
013 | Auf | wan liva | lddwgn | gnlad | wawenniis Al | marevae
PF 9.23 2.44 0.84 -2.08 -20.48 4.44 -5.61
N O-PF 6.15 1.12 2.65 0.20 -8.42 3.84 5.54
PF 495 0.23 0.14 0.16 -1.62 0.49 4.36
P O-PF 1.49 0.39 0.14 0.10 0.47 0.76 3.36
PF -0.57 1.13 -0.02 -2.43 -3.76 0.72 -4.93
K O-PF 5.45 0.09 0.60 -1.86 -16.13 -4.49 -16.35
PF -21.77 6.88 1.17 -11.02 -51.49 4.24 -71.99
Ca O-PF -1.00 -7.78 -1.76 -10.12 -143.36 -6.19 -170.22
PF 2.61 0.59 0.27 -0.79 -5.78 0.64 -2.46
Mg O-PF 0.75 0.06 0.15 -1.21 -5.16 -0.66 -6.06
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H before burning
B 1-yrafter burning
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m change
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Figure 54. mnﬂﬁzmmJawaaﬂ‘%mmﬁw;mmi (N, P, K, Ca, Mg) 1a3t5atwadnitanuanlu
auRau NIy (PF) wazthaunanna (O-PF)
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2.2 wa%’mn'mﬂéﬂuu,ﬂaaﬂ%mmmqamns‘lé’ﬁuﬁuﬁszﬁummﬁn 15 2.

ﬂ’%mmmqmmﬂuauﬁi:ﬁummﬁﬂ 15 5. luthawdanInsuuasthauwngano fow
mMarulasnasasuazmenssnsin 1 3 sougaslu Table 38 uazfouazaasmstaouuyas
Unumaemsasuaasl Figure 55. nmsanswuindsinadulaseuluuiniusinm
mnﬁq@\ (1119 uaz 2351 nn.datanuas luthaudoulnTuuasthaukasna aUEIaL) J098987
I&unvsunamaadoafiuanifowle (881 waz 530 nn.datanua’ Tuthawdonlnsuuaztan
NENTID mm"%ﬁ'u)lummzﬁﬂ%mmwaaWa%’alugﬂﬁ'Lﬂuﬂiﬂmﬁﬁﬂ%mm@‘iﬁﬁq@ (3 LA 6 NN.60
tanuas TwhawdeuInsuuasthaunauna ANEIAL) waluthawdoulnsuuazthawnauto uas
WatuRtrunsinliduszoziaan 1 1 ffuﬁwudwLLmIﬁwﬂ‘%mmm@;mmiﬁamL‘flu"lﬂu
ANHHLTWLALINUNOWNITLNT Table 38

a%m%’umwnmaomil,ﬂé"ﬂuu,ﬂawaoﬂ%mmﬁwammﬂu@uwudm%mmVLuI@iLﬁ]u
mnuauazUSunamanidouduan douledum liudmadunondsmamnlidusz oz 1
1 (Figure 55.) LAINMTIATEANsEaaNUI NI Navasn s b awden Insusiwlavinld
Usunaslulasiaunsnualudufiszsduninudn 15 su. tRnduen 1119.37 nn. detanuas 1iu
3660.38 NN. dalanuas adnsiivusan (P=0.011) lummzﬁﬂ%mmwaaWa%‘a‘LugﬂﬁLﬂuﬂiﬂmﬁ
luthaunaunialdanatatnsiivbdanniaia (P=0.02) a1n 5.62 nn. datanuas 1w 2.86 nn.
foLanuas f,%m%'um@;mmiﬁ'us] oA LLiTﬁ]xﬁLLuﬂﬁuiwaﬂ‘ﬁwamao"lwvlﬁﬁﬂﬁmqmmiﬁuﬂ Tu

AUANBIAIRINIENRINIHT LANTAARIHY lTauwandadlinaiaynsiaudadide

e | PF

250 mO-PF

200
150
100

50

0

nutrient pool change (%)

-50

-100

Figure 55. SauaznaifouutaszassSunmmganmsludunszauainuin 0-15 oa. non

s 1 3 Tuthawdanlnsy (PF) uazthaunaunia (O-PF)



109

Table 38. ﬂ‘%mmm@mmﬂu@uﬁs:ﬁu 0-15 3. 1@ AauMIEILURINARES AMURRINTLHT
udasnaassiduszaziian 19 LLazmiLﬂ?zﬂuLLﬂawaa‘m@;mms Tuthawianlnsy (PF) wazih

FUNFNND (O-PF)

@ USnmsqamis (kg/ha) fiszdunuan 15 cm
aInIY ;
! AOTBLAN 1 Pnasnmaiwn  madasuuias
PF 1119.37° 3660.38" 2541.02
" O-PF 2351.23° 4116.44° 1765.21
PF 3.46° 2.18° -1.28
” O-PF 5.62° 2.86" -2.76
PF 61.82° 51.75 -10.06
« O-PF 71.51° 59.24° 1227
PF 880.77" 682.14° -198.64
ca O-PF 530.15" 280.86° -249.29
PF 132.82° 177.86° 45.05
Mo O-PF 136.28° 141.15° 4.88

< o ,b \ \ Ae o a aa \ . a .
RANYLHG: AIaNy @ LEOIANULANGNDENNBURIAUNINING (P<0.05) Tadﬂ’ﬂJJLL@]ﬂ@l’Niz‘lﬁ’ﬂ\‘]ﬂiw’IMﬁ’lQEl’]%’]ﬁﬂa%ﬂ’]i

NS U AMITMLRRINILA 1 pil
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A w DN
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1. wansznuzasiiaalassassuazasalsznaudianizslia
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Table 40 gn)iInnadIUTIa M TUATFIIT Il UG
N

o

AAFNUAVBIA amwrniINga ( C) NN
9 9 U

Relatively Insensitive

- Manganese 1962 Raison et al. 1985
- Calcium 1484 Raison et al. 1985
- Magnesium 1107 DeBano 1991
- Clay alteration 460-980 DeBano 1990
- Phosphorus and Potassium 774 Raison et al. 1985

Moderately Sensitive

- Sulfur 375 Teidemann 1987

- Soil structure 300 DeBano 1990

- Soil wettability 250 DeBano and Krammes 1966
- Nitrogen 200 White et al. 1973

- Organic matter 100 Hosking 1938
Sensitive

- Protein coagulation 60 Precht et al. 1973

- Bacteria-wet 100 Dunn and DeBano 1977
- Bacteria-dry 120 Dunn and DeBano 1977
- Nitrosomonas bacteria-wet 80 Dunn and DeBano 1977
- Nitrosomonas bacteria-dry 90 Dunn and DeBano 1977
- Fungi-wet 60 Dunn et al. 1985

- Fungi — dry 80 Dunn et al. 1985

- VAM 94 Klopatek et al. 1988

- Plant root 48-54 Hare 1961

- Seeds-wet 70 Martin et al. 1975

- Seeds-dry 90 Martin et al. 1975

- Small mammals 49-63 Lyon et al. 1978

131: DeBano et al. (1998)
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7in: Neary et al. (2005)
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7i31: DeBano et al. (1998)
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Fire behavior Forest Plot Axe number

characteristics type 1 2 3 4 Average

Rate of spread PF 1 2.76 1.67 1.08 0.81 1.58

(m/min) 2 9.67 0.74 0.65 1.21 3.07

3 1.23 0.95 1.14 4.33 1.91

O-PF 1 0.42 0.33 0.64 0.80 0.55

2 0.34 0.53 0.21 0.37 0.36

3 0.50 1.32 0.59 0.44 0.71

Flame height PF 1 1.70 1.18 1.12 0.57 1.39

(m) 2 2.40 0.72 0.60 1.18 1.30

3 0.50 0.98 0.92 1.86 1.33

O-PF 1 0.12 0.20 0.60 0.62 0.38

2 0.21 0.31 0.20 0.25 0.26

3 0.37 0.26 0.40 0.35 0.44

Flame length PF 1 1.84 1.45 1.19 1.05 1.42

(m) 2 3.08 0.94 0.89 1.18 1.81

3 1.11 0.99 1.07 1.99 1.36

O-PF 1 0.56 0.51 0.68 0.76 0.64

2 0.25 0.31 0.20 0.26 0.26

3 0.37 0.58 0.40 0.35 0.44
Fireline intensity | PF 1 907.39 547.05 353.47 267.36 518.82
(kW/m) 2 2792.13 212.84 187.03 348.73 885.18
3 305.50 236.16 283.14 1078.92 475.93

O-PF 1 69.07 55.43 106.32 133.56 91.09

2 11.75 18.41 7.36 12.85 12.59

3 27.82 74.22 33.08 24.55 39.92
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Table appendix 3. fnanianudamuas liwawluihauwFaulnsuulasn 1 (PF-1)

saufl species RD (%) RDO (%) RF (%) VI
1 auawly 20.00 86.79 12.90 119.69
2 anding 15.00 1.21 6.45 22.66
3 nszlaw 10.00 0.76 6.45 17.21
4 IpED) 5.00 2.91 6.45 14.36
5 LANTIE 6.67 1.12 6.45 14.24
6 lasua 6.67 0.74 9.68 17.08
7 qualne 3.33 0.62 6.45 10.40
8 naran 3.33 0.15 6.45 9.94
9 WI9NAA 5.00 0.98 3.23 9.21
10 wmilaalan 5.00 0.93 3.23 9.16
11 auLTE) 1.67 2.03 3.23 6.92
12 Jaunu 3.33 0.23 3.23 6.79
13 wznuilaw 3.33 0.15 3.23 6.71
14 Uaifasine 1.67 0.59 3.23 5.48
15 NRRA 1.67 0.19 3.23 5.08
16 naad 1.67 0.17 3.23 5.06
17 Wb 1.67 0.13 3.23 5.02
18 neiuaa 167 0.13 3.23 5.02
19 FUg 167 0.12 3.23 5.01

20 LARIIAN 1.67 0.06 3.23 4.95

sum 100.00 100.00 100.00 300.00




Table appendix 4. fnanianudamuas liwawlwihauwFaulnsuulash 2 (PF-2)
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o o A
\auUnN

species RD (%) RDO (%) RF (%) VI
1 auawly 28.00 71.79 13.33 113.13
2 nszlan 8.00 0.69 13.33 22.03
3 nela 10.00 1.80 10.00 21.80
4 LA 2.00 13.31 3.33 18.64
5 aualne 10.00 0.81 6.67 17.48
6 Vzuilaw 4.00 4.15 6.67 14.82
7 Jaunwm 4.00 0.48 6.67 11.14
8 oy 4.00 0.18 6.67 10.85
9 LANINY 6.00 0.66 3.33 9.99
10 nawn 4.00 2.04 3.33 9.38
11 nanain 4.00 0.87 3.33 8.20
12 naad 4.00 0.72 3.33 8.06
13 nalundn 2.00 0.90 3.33 6.24
14 LARIIA 2.00 0.84 3.33 6.17
15 azlnas 2.00 0.40 3.33 5.73
16 Uaitdasine 2.00 0.20 3.33 5.53
17 IpE 2.00 0.08 3.33 5.41
18 W 2.00 0.06 3.33 5.40
sum 100.00 100.00 100.00 300.00




Table appendix 5. fnanianudamuas liwawluihauwFaulnsuulashn 3 (PF-3)
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o o A
\auUnN

species RD (%) RDO (%) RF (%) VI
1 auawly 36.11 86.69 19.05 141.85
2 AULAN A% 13.89 0.79 14.29 28.97
3 nszlaw 8.33 1.37 14.29 23.99
4 anding 11.11 0.76 9.52 21.39
5 azg 2.78 7.70 4.76 15.23
6 wANIIE 5.56 0.38 4.76 10.69
7 qualne 5.56 0.30 4.76 10.62
8 wt9n14 2.78 1.06 4.76 8.60
9 Yaldasihe 2.78 0.33 4.76 7.87
10 Uz 2.78 0.28 4.76 7.82
11 vewuilan 2.78 0.15 4.76 7.69
12 YauAnim 2.78 0.11 4.76 7.65
13 fauad 2.78 0.08 4.76 7.62

sum 100.00 100.00 100.00 300.00

Table appendix 6. fnauiianuidyvesliiuduluthaunaunoutasii 1 (0-PF-1)

Seuf species RD (%) RDO (%) RF (%) \Y
1 fauad 39.47 25.92 13.79 79.19
2 \Aed 21.05 31.95 13.79 66.79
3 fanan 14.29 10.31 13.79 38.39
4 auauly 4.51 20.63 10.34 35.49
5 wmilaalaa 11.65 6.03 13.79 31.48
6 fiaun 5.26 3.21 10.34 18.82
7 e 0.75 1.02 3.45 5.22
8 nela 1.13 0.18 3.45 4.75
9 uznanNAam 0.38 0.42 3.45 4.24

10 nszla 0.38 0.18 3.45 4.00
11 nauilu 0.38 0.06 3.45 3.88
12 zwwuilan 0.38 0.05 3.45 3.88
13 funane 0.38 0.05 3.45 3.87

sum 100 100 100 300




Table appendix 7. fanianudanvay lidnauluisunaunaulsdi 2 (O-PF-2)
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%

° =
a1aun

species RD (%) RDO (%) RF (%) Ivi
1 LR8I 42.34 21.05 16.67 80.05
2 fawun 25.55 26.03 16.67 68.24
3 nanra% 13.87 14.22 16.67 44.76
4 suawly 2.92 26.90 8.33 38.15
5 WAINIY 7.30 7.49 16.67 31.45
6 fUONARN 5.11 3.30 12.50 20.91
7 milaalan 1.46 0.25 4.17 5.88
8 Nzuilaw 0.73 0.66 4.17 5.55
9 unknown40 0.73 0.10 417 4.99
sum 100.00 100.00 100.00 300.00
Table appendix 8. Aaufianuiayvasldiuduluthaunsutoudasfl 3 (0-PF-3)
feud species RD (%) RDO (%) RF (%) VI
1 \A84 46.58 32.71 12.12 91.41
2 auawly 13.25 37.94 12.12 63.31
3 milaalan 17.09 10.95 12.12 40.16
4 Fualne 8.55 4.27 12.12 24.94
5 BRI 2.99 3.96 9.09 16.04
6 naiu 3.85 4.32 6.06 14.23
7 Aawn 2.14 0.82 9.09 12.05
8 anding 1.71 0.82 6.06 8.59
9 fulng 0.85 0.21 6.06 7.12
10 nanai 0.43 2.05 3.03 5.51
11 wllaaue 1.28 0.50 3.03 4.81
12 IRV 0.43 0.80 3.03 4.25
13 naeiaw 0.43 0.39 3.03 3.85
14 ok 0.43 0.26 3.03 3.72
sum 100.00 100.00 100.00 300.00
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Table appendix 11 mmLﬁwﬁumaom@;mmﬂm%al,waaﬂi:mﬂmjﬁ (grass) SnIuthaulfan

N3y (PF) wazthauuauna (O-PF) Aaubnulainaass

total C total N total P total K total Ca total Mg

Pt o) (%) (%) (%) (%) (%)
PF-1 45.07 0.35 0.02 0.26 0.78 012
PF-2 45.09 0.28 0.02 0.27 0.69 0.11
PF-3 45.22 0.16 0.01 0.27 0.74 0.12
O-PF-1 44 .36 0.39 0.02 0.48 0.58 0.21
O-PF-2 45.01 0.43 0.02 0.47 0.48 0.19
O-PF-3 44.62 0.35 0.03 0.49 0.60 0.21

Table appendix 12 @mwL?T;J?Tumaom@;mmﬂm%al,waqﬂizmwvlﬁvju (shrub) §193uan

\aulnsy (PF) uasthaunanmna (O-PF) Aawkulainasad

total C total N total P total K total Ca total Mg
el (%) (%) (%) (%) (%) (%)
PF-1 46.64 0.79 0.03 1.87 1.86 0.47
PF-2 46.68 0.73 0.04 1.53 1.66 0.42
PF-3 47.00 0.76 0.04 1.47 1.73 0.41
O-PF-1 45.99 0.66 0.04 0.93 2.50 0.38
O-PF-2 46.56 0.77 0.05 0.93 3.92 0.35

O-PF-3 46.20 0.76 0.03 0.78 2.43 0.36
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Table appendix 13 mmLﬁuiumaom@;mmﬂwﬁfiaLwaqﬂizmﬂﬁﬁwqﬂ (herb) §nIuthaw

\anlnsy (PF) uazthaunanna (O-PF) nawnulainassd

total C total N total P total K total Ca total Mg

Pt o) (%) (%) (%) (%) (%)
PF-1 44.89 0.77 0.06 1.23 217 0.38
PF-2 45.04 0.76 0.04 1.13 3.99 0.39
PF-3 4478 0.76 0.06 1.13 4.32 0.41
O-PF-1 45.74 0.73 0.04 0.73 2.65 0.34
O-PF-2 46.46 0.70 0.03 0.60 2.91 0.34
O-PF-3 45.94 0.70 0.02 0.59 3.16 0.33

Table appendix 14 mmL?T;J?Tumaom@;mmﬂm‘%aLwﬁdﬂizmwvlﬁﬁuﬁu (woody plant) 13U

YhautFanniy (PF) uazthauwauna (O-PF) Aaukuladinanss

total C total N total P total K total Ca total Mg
el (%) (%) (%) (%) (%) (%)
PF-1 47.35 0.92 0.05 0.68 2.92 0.41
PF-2 46.36 0.89 0.05 0.67 3.55 0.37
PF-3 47.67 1.05 0.05 0.64 3.81 0.31
O-PF-1 46.36 0.65 0.03 0.71 2.19 0.37
O-PF-2 46.52 0.73 0.03 0.74 2.09 0.38

O-PF-3 46.64 0.82 0.03 0.73 3.05 0.40
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Table appendix 15 mmLﬁwﬁumaam@;mmﬂm%aLwﬁaﬂs:mmiauvl,ﬁ (woody debris) &M%

YhautianInIy (PF) uazthauuauna (O-PF) Aaukuladinaags

total C total N total P total K total Ca total Mg

Pt o) (%) (%) (%) (%) (%)
PF-1 50.09 0.19 0.01 0.04 0.87 0.07
PF-2 50.86 0.20 0.05 0.07 0.83 0.06
PF-3 49.54 0.21 0.03 0.04 1.19 0.08
O-PF-1 45.03 0.39 0.03 0.38 0.59 0.16
O-PF-2 44 .92 0.37 0.03 0.43 0.81 0.18
O-PF-3 45.06 0.40 0.03 0.42 0.81 0.18

Table appendix 16 mmL?T;J?Tuma\‘m@;mmﬂm‘%aLwﬁaﬁi:mmﬂﬁm’mﬁm (litter) 1TV

\Taulnsy (PF) uasthaunanma (O-PF) Aawknulainasad

total C total N total P total K total Ca total Mg
Pl (%) (%) (%) (%) (%) (%)
PF-1 40.55 0.52 0.05 0.16 1.13 0.16
PF-2 40.47 0.55 0.03 0.16 1.18 0.17
PF-3 41.73 0.50 0.06 0.13 0.82 0.16
O-PF-1 46.51 0.67 0.03 0.46 5.44 0.20
O-PF-2 46.38 0.56 0.03 0.51 1.85 0.21

O-PF-3 45.68 0.65 0.03 0.49 2.24 0.21
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Table appendix 17 mmLﬁwﬁumaom@;mmﬂumuua:mdm (charcoal) NWRILARBNLNRI

M3 dwsuthauianlnsy (PF) wasthaunauma (O-PF)

total C total N total P total K total Ca total Mg

Pt o) (%) (%) (%) (%) (%)
PF-1 18.44 0.50 0.04 0.33 2.79 0.52
PF-2 26.78 0.80 0.07 0.33 2.54 0.35
PF-3 29.17 0.85 0.05 0.35 2.28 0.40
O-PF-1 12.87 0.61 0.06 0.24 0.72 0.37
O-PF-2 16.28 0.54 0.06 0.46 2.04 0.37
O-PF-3 23.44 0.83 0.06 0.34 0.95 0.31

Table appendix 18 AuiTuTuvaIsIga m1sludInilailnllW (unburned material) Nwaawia

MERAIN I EnsuthawienIngy (PF) wasthauuauna (O-PF)

total C total N total P total K total ca total Mg
el (%) (%) (%) (%) (%) (%)
PF-1 43.44 0.69 0.04 0.36 1.92 0.18
PF-2 42.36 0.71 0.04 0.28 2.07 0.16
PF-3 44.04 1.01 0.02 0.27 1.11 0.15
O-PF-1 43.23 0.71 0.04 0.43 0.99 0.18
O-PF-2 44.29 0.71 0.06 0.47 1.01 0.17

O-PF-3 44.06 0.83 0.04 0.49 0.90 0.17
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Table appendix 22. ﬂ%&l’ﬁva%I@]ﬂﬁ]uﬁG%N@l%au kg/ha ﬁizﬁﬂﬂ’n&]ﬁﬂ@hd NOWNITLHILRE
pp g

manssmaen liluszozia 1 9 luthswFonlnsy (PF) uaztnaunauna (O-PF)

Total nitrogen pool (kg/ha)

plot before burning 1-yr after burning
0-5cm 5-15cm  0-5cm 5-15 cm

PF1 478.0 5724  1389.1 2059.8
PF2 282.8 632.1 1762.2 2206.7
PF3 655.2 7376 1263.4 2299.9
average PF 472.0 6474 1471.6 2188.8
O-PF1 564.3 793.8 1511.8 2938.7
O-PF2 568.0 1161.6  2050.3 2055.6
O-PF3 1376.2 2589.8  1399.2 2393.6
average O-

836.2 1515.1  1653.8 2462.6

PF

Table appendix 23. USuWesWadaluzUiidudszlomideNaninualudn (kgha) Nazeu

ANUANEI 9 AawnaLaznenasn e lWiuszozian 1 3 ludhawienlnsy (PF) wazth

FWNFUNA (O-PF)

Available Phosphorus pool (kg/ha)

plot before burning 1-yr after burning
0-5cm 5-15cm 0-5cm  5-15cm

PF1 1.969 2293 1.145 1.023
PF2 1.063 1.843 1.460 0.997
PF3 1.789 1412 1173 0.737
average PF 1.607 1.849 1.259 0.919
O-PF1 2.971 2,707  2.237 1.466
O-PF2 3.605 2.072 1475 0.960
O-PF3 2470 3.044 1.097 1.346
average O-PF  3.015 2.608 1.603 1.257
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Table appendix 24. USanawlduamToaludu (kg/ha) NTzAUANNENGTI9 AauMITINILAS

meanssman liluszozia 1 9 luthswFoulnsy (PF) waztnaunauna (O-PF)

Potassium pool (kg/ha)

plot before burning 1-yr after burning

0-5cm 5-15cm 0-5cm 5-15cm

PF1 24.64 7212 23.06 34.34
PF2 13.75 18.20 21.36 22.01
PF3 29.09 2764 21.44 33.05
average PF 22.49 39.32 2195 29.80
O-PF1 30.52 31.82 29.61 37.19
O-PF2 34.66 30.36 25.56 35.31
O-PF3 26.37 60.80 21.75 28.31

average O-PF  30.52 4099 25.64 33.60

Table appendix 25. USanauaaiTouludn (kg/ha) NIEAUANURNEIY ABUMTLNILAZANLRRS

manlifluszoznm 17 ludhawdenlngy (PF) uaztaunauna (O-PF)

Calcium pool (kg/ha)

plot before burning 1-yr after burning
0-5cm  5-15cm 0-5cm  5-15cm

PF1 455.15 695.28 271.31 368.91
PF2 328.86 377.09 39548 402.22
PF3 379.71 406.23 266.49 342.00
average PF 387.91 492.87 311.09 371.04
O-PF1 400.14 381.02 208.75  229.44
O-PF2 365.00 191.59 106.85 113.75
O-PF3 147.74 104.97 92.93 90.85

average O-PF 304.29 22586 136.18 144.68
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Table appendix 26. ﬂ%mml,mms?jwluau kg/ha ﬁizﬁﬂﬂ’n&lﬁﬂ@hd fiaumsmmazmmé’a
pp g

manlUifluszozm 13 ludhawdenlnsy (PF) uszithawnguna (O-PF)

Magnesium pool (kg/ha)

plot before burning 1-yr after burning

0-5cm 5-15cm 0-5cm 5-15cm

PF1 71.32 106.62  90.97 115.93
PF2 25.32 48.94 82.66 82.81
PF3 66.12 80.12 66.96 94.25
average PF 54.26 78.56  80.20 97.66
O-PF1 81.84 113.88 92.23 119.35
O-PF2 65.77 56.51 51.91 66.34
O-PF3 41.48 49.34 48.68 44.94

average O-PF  63.03 73.24 64.28 76.88
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Figure appendix
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PREFACE

The first edition of the International Meeting of Fire Effects on Soil Properties was held in
Barcelona, Spain, in February 2007 by the Grup de Recerca Ambiental Mediterrania
(GRAM) and the second in Marmaris, Turquey, in February 2009 by the research group on
fire ecology (Hacettepe University).

This third edition will take place in Minho University (scheduled for March 15-19, 2011 in
the city of Guimardes), is organized by the MNucleo Investigagdo em Geografia e
Planeamento da Universidade do Minho (NIGP), with the collaboration of the Centro de
Estudos de Geografia e Ordenamento do Territorio (CEGOT), brings together more than 80
researchers from countries like Australia, United States, Brazil, Isracl, Thailand, Czech
Republic, Poland, the Netherlands, France, Greece, Italy, Romania, Spain, United Kingdom,
Germany and Portugal, who bring the experience of decades of scientific and technical work
in areas affected by forest fires.

The main subjects of the meeting will be as followed:
- Fire effects on hydrology and soil physical properties;
- Fire effects on organic matter content and soil chemical properties;
- Methodologies to study fire effects on soil;
- Fire intensity, fire recurrence and fire severity measurements;
- Soil erosion and management strategy for recovery after forest fires.

The International Meeting, five days of duration, will consist in 5 Key Lectures given by
senior scientific and managers from the United States, Spain and Portugal, 31 oral
communications, 33 poster communications and a Tribute to Maria Sala (Departament de
Geografia Fisica i AGR, Universitat de Barcelona, Spain).

Three oral communication sessions will be presented on the first day, with discussions after
each session and three key lectures will be given (Paulo Mateus - Prescribed Fire - the spark
that led to a new paradigm in Portugal; Jos¢ Antonio Vega — Criteria to develop protocols for
post-wildfire soil rehabilitation: current experience en Galicia (NW Spain); Deborah Martin
— Research on ash from prescribed and wildland fires since the 1950’s: past approaches and
future directions).

The second day will have, in the afternoon, three oral communication sessions with
discussions after each session and one key lecture (Francisco Moreira - The contribution of
the PHOENIX project centre to post-fire research in Europe). In the morning we will have a
workshop of the Thematic Network FUEGORED “Effects of Forest Fires on Soils”.

The third day will be a field day devoted to visit burnt areas and discuss about forest fire
effects on soil properties in mountainous areas in the northwest of Portugal.

The fourth day will have, in the morning, one oral communication session, one poster session
with discussions after each session and one key lecture (Celeste Coelho - Forest fires as



drivers of land degradation in Portugal). In the afternoon, after announcing the winner of the
poster award, FESP 2011 will pay a well-deserved Tribute to Maria Sala. The day will end
with the main conclusions of the Meeting and with the presentation and vote for the host and
the date of the next FESP.

The fifth day will be devoted to a Post-meeting tour: “Alto Douro Wine Region” - UNESCO
World Heritage.

One social event is planned: the closing dinner of the FESP 2011 to be held on Friday 18
March. The same day is organized a cultural visit to Guimaraes (World Heritage).

Finally, we want to express here our gratitude to all who will join us from 15 to 19 March, to
all who have helped in organizing the conference and all institutions that, in one form or
another, have helped us. Without participants and without the cooperation and assistance of
the persons and institutions mentioned, this International Meeting would not be possible.

Guimardes 02 March 2011

The editors,

Anténio Bento Gongalves, Antonio Vieira



TRIBUTE TO MARIA SALA

Maria Sala has worked in the effects of fires on soil erosion since the 80’s. There were
different sites: Prades Mountains, Collserola Massif, Les Gavarres and Cadiretes Massifs.
Prades was an experimental plot where Maria’s team studied the effects on soil and runoff
and erosion increase after a prescribed experimental fire. Collserola (1993), Gavarres and
Cadiretes (1994) were forest fires where the interesting thing was to study the role of the fire
intensity in the effects and runoff and erosion generation.

Maria Sala at the beginning of the 90’s also worked in the Arbucies basin, monitoring the
water quality and sediment transport, in 1994, a fire in part of the Arbucies basin, was an
opportunity to compare the results of the effect that that fire had in the quantity of sediment
and even in changes in the discharge. The most used methodology to study the runoff and
erosion generation was the installation of Gerlachs traps in the areas affected by fires and
also in the control plot in order to do comparisons. Several projects, European and Spanish
projects, were important in order to do all this research in the different sites. And different
thesis of the Maria’s students was elaborated in these sites. Some of the conclusions of these
researches point that the slope and the fire intensity was a key factor to understand the runoff
and erosion generation after fires (prescribed and wildfires) and how the first months and the
rainfall after the fire determine the quantity of the material eroded.

It is also very important to study the vegetation recovery after forest fires because in the
Mediterranean the fast regrowth of vegetation is essential to understand the erosion
processes.

Xavier Ubeda (xubeda@gmail.com)




Soler, M.& Sala, M. (1992): Effects of Fire and of Clearing in a Mediterranean Quercus ilex
Woodland: An Experimental Approach. Catena, 19, 321-332.

Sala, M. & Rubio, J. L. (EDS.) (1994): Soil Erosion and Degradation as a consequence of
Forest Fires. Geoforma, Logrofio, 275 pp.

Sala, M.,Soler, M. & Pradas, M. (1994): Temporal and spatial variations in runoff and
erosion in burnt soils. Proc. 2nd Int. Conf. on Forest Fire Research, Coimbra, 21-24
November 1994. Vol. II, D.34, 1123-1134.

Ubeda Cartafia, X. & Sala Sanjaume, M. (1994): Erosion as a consequence of rains
immediately following a forest fire. Proc. 2nd Int. Conf. on Forest Fire Research.,
Coimbra, 21-24 November,1994, Vol. 11, D.37, 1139-1148.

Soler, M. & Sala, M. (1995): Variabilidad longitudinal de la escorrentia y la erosion en una
ladera quemada. Pirineos, 145-146, 81-89

Batalla, R. & Sala. M. (1995): Fire impact on river load in a catchment: preliminary results.
Proc. IGU Study Group on Mediterranean Erosion and Desertification in Regions of
Mediterranean Climate, Aveiro, 14-18 June,

Ubeda, X & Sala, M. (1996): Impact of forest fires on slope hydrology: four case studies.
Fire Ecology and the European Biota: Research Carried out under the Auspices of the
European Commission, Toledo

Ubeda, X. & Sala, M. (2001): Chemical concentrations in overland flow from different
forested areas in a Mediterranean environment: burned forest at different fire intensity
and unpaved road. Zeitschrift fiir Geomorphologie, 45, 2, 225-238.



3™ International Meeting of Fire Effects on Soil Properties

15-19 March 2011 | University of Minho | Guimaraes, Portugal

PROGRAMME

Tuesday, 15 March 2011

Morning: 9.00 — Registration
9.30 - Opening Ceremony
10.30 - Key Lecture 1 - Paulo Mateus
11.20 - Coffee break
11.35 - Key Lecture 2 - José Antonio Vega
12.25 — Lunch

Afternoon:  14.00 - OC 1- Moderator: Paulo Pereira

1 - Giovanni Mastrolonardo, Ruedi Seiler, Giacomo Certini, rolf
krebs, Michael Plotze, Markus Egli - FIRE-INDUCED
CHANGES IN SOIL ORGANIC MATTER STABILITY
ALONG A CATENA ON MT. ETNA, SICILY

2 - Robert Gilkes, Emielda Yusiharni - THE EFFECTS OF
HEATING A LATERITIC PODZOLIC SOIL ON SOIL
PHOSPHATE AVAILABILITY, A GLASSHOUSE STUDY

3 - Heike Knicker, Deborah P. Dick, Ricardo S.D. Dalmolin -
HOW DOES BIANNUAL BURNING ALTER THE
QUALITY AND QUANTITY OF ORGANIC MATTER IN
SOILS?- AN EXAMPLE FROM THE CAMPO IN THE
HIGHLAND OF SOUTHERN BRAZIL

4 - Emielda Yusiharni, Robert Gilkes - MINERALOGICAL AND
CHEMICAL CHANGES IN A LATERITIC SOIL DUE TO A
BUSHFIRE IN THE DARLING RANGE, WESTERN
AUSTRALIA

15.30 - Key Lecture 3 - Deborah A. Martin
16.20 - Coftee break
16.30 - OC 2 - Moderator: Jorge Mataix-Solera
1 - Paulo Pereira, Xavier Ubeda, Deborah Martin - FIRE

SEVERITY EFFECTS ON ASH CHEMICAL
COMPOSITIONS AND EXTRACTABLE ELEMENTS
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2 - Kobsak Wanthongchai, Singkhorn Rugsamanee, Phanpong
Kongdetadisak, Voradet Tarusadamrongdet, Khwanchai
Chinnawong - QUANTIFYING THE INTENSITY OF
PRESCRIBED FIRE IN DEGRADED PINE FOREST AND
PINE-OAK FOREST, NAM NAO NATIONAL PARK,
THAILAND

3 - Stefan Doerr, Richard A Shakesby, Bryant Rob, Smith G
Hugh, Gary J Sheridan, Patrick NJ Lane, Tina Bell, William H
Blake - IMPACT OF UNPRECEDENTED FIRE INTENSITY
ON SOIL PHYSICAL AND CHEMICAL PROPERTIES:
THE CASE OF THE CATASTROPHIC VICTORIA FIRES
OF 2009

4 - Daniel George Neary, Karen A. Koestner, Ann Youberg, Peter
E. Koestner - POST-FIRE RILL AND GULLY FORMATION,
SCHULTZ FIRE 2010, ARIZONA, US

18.00 - OC 3 - Moderator: Dennis Fox

1 - Natalie Wagenbrenner - DEVELOPMENT OF A PMI10
EMISSIONS MODEL FOR POST-FIRE ENVIRONMENTS

2 - Ana Cristina Meira, J Gois, J] P Meixedo - SOME
REFLECTIONS ON ACQUISITION, PROCESSING AND
ANALYSIS OF STATISTICAL DATA IN FOREST SOILS

3 - Tanya Esteves, Antonio Ferreira, J A Soares, Mike Kirkby,
Rick Shakesby, Brian Irvine, C S Ferreira, Celeste Coelho, M
A Carreiras - USING PESERA TO MANAGE
DESERTIFICATION PROCESSES FOLLOWING
WILDFIRES IN GOIS AND MACAO, PORTUGAL

4 - Maria Teresa Garcia Ares, Manuel Bao Iglesias, Felipe Macias
Vazquez - CHEMICAL CHARACTERIZATION OF TERRA
PRETA DO INDIO SOILS AND CHARCOAL SAMPLES IN
PREHOLOCENIC SEDIMENTS FROM THE NORTH OF
GALICIA

Wednesday, 16 March 2011
Afternoon: 14.00 - OC 4 - Moderator: Montserrat Diaz-Ravifia

1 - Merche B Bodi, Francisco Javier Leon Miranda, Artemi
Cerda, Stefan Helmut Doerr, Jorge Mataix-Solera - RUNOFF
RATES, WATER EROSION AND WATER QUALITY ON A
SOIL COVERED WITH ASH

2 - Scott W. Woods, Victoria N Balfour - CHARACTERIZING
THE HYDROLOGICAL PROPERTIES OF WILDFIRE ASH

3 - Karen Ann Koestner, Daniel G. Neary, Mike Carroll, Peter E.
Koestner, Ann Youberg - DEPOSITIONAL
CHARACTERISTICS OF POST-FIRE FLOODING
FOLLOWING THE SCHULTZ FIRE, SAN FRANCISCO
PEAKS, ARIZONA
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4 - Cathelijne R Stoof, Joost Iwema, Antonio Dinis Ferreira,

Rutger Willem Vervoort - HYDROLOGICAL RESPONSE OF
A SMALL CATCHMENT BURNED BY EXPERIMENTAL
FIRE

15.30 - Key Lecture 4 - Francisco Moreira

16.20 - Coffee break

16.30 - OC 5 - Moderator: Cathelijne Stoof

1

- Naama Tessler, Lea Wittenberg, Noam Greenbaum -
UNDERSTANDING SOIL WATER REPELLENCY
PERSISTENCE AFTER RECURRENT FOREST FIRE

2 - Jessica Tamara Heath, Chris Chafer, Thomas Bishop -

IMPACTS OF WILDFIRE ON SOIL REPELLENCY
WITHIN OBLIGATE RESPROUTER COMMUNITIES
NEAR SYDNEY, AUSTRALIA

3 - Lea Wittenberg, Dan Malkinson, Annelies Voogt, Danny

Leska, Eli Argaman, Saskia Keestra - THE RELATIVE
IMPORTANCE OF SOIL WATER REPELLENCY IN
DETERMINING RUNOFF-INFILTRATION PROCESSES IN
BURNED MEDITERRANEAN FOREST SOILS

4 - Carles M Rubio, Luis Outeiro, Francesc Ferrer, Xavier Ubeda

- VARIABILITY OF THE SOIL THERMAL PROPERTIES
AFTER PRESCRIBED FIRE

5 - Cristina Ribeiro, Celeste Coelho, Sandra Valente, Teresa

Carvalho, Elisabete Figueiredo - DO STAKEHOLDERS
KNOW WHAT HAPPENS TO SOIL AFTER FOREST
FIRES? A CASE STUDY IN CENTRAL PORTUGAL

18.00 - OC 6 - Moderator: Ana Cristina Meira

1

- Maria Teresa Fonturbel, Montserrat Diaz-Ravifia, José
Antonio Vega, Serafin J. Gonzalez-Prieto, Cristina Fernandez,
Angela Martin, Enrique Jiménez, Ana Barreiro, Tarsy
Carballas - COMPARISON OF THE EFFECTS OF POST-
FIRE SOIL STABILIZATION TREATMENTS ON SOIL
EROSION CONTROL AND IN SELECTED SOIL
PROPERTIES IN GALICIA (NW SPAIN)

2 - Daniel George Neary, Karen A. Koestner - ROCK GABION,

RIP-RAP, AND CULVERT TREATMENTS
CONTRIBUTING TO AND REDUCING EROSION
DURING POST-FIRE FLOODING - SCHULTZ FIRE 2010

3 - Celeste Alves Coelho, Sérgio Prats, Alexandra Pinheiro,

Teresa Carvalho, Anne-Karine Boulet, Antonio Ferreira, Jodo
Soares - EFFECTIVENESS OF TWO MULCH
TREATMENTS CONTROLLING SOIL EROSION AND
WATER CONSERVATION
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4 - Montserrat Diaz Ravifia, A Martin, A Barreiro, A Lombao, M
J Goméz, A Couto-Vazquez, L Iglesias, F Diaz-Fierros, T
Carballas - PRELIMIARY DATA OF SOIL PROPERTIES
AND SOIL EROSION FOLLOWING A WILDFIRE AND
DIFFERENT POST-FIRE SOIL STABILIZATION
TREATMENTS IN LAZA (NW SPAIN)

5 - Ann Youberg, Karen Ann Koestner, Daniel G. Neary, Peter E.
Koestner - GEOMORPHIC ASPECTS OF POST-FIRE SOIL
EROSION — SCHULTZ FIRE 2010

Thursday, 17 March 2011

Mid-conference field trip - Moderators: Antonio Bento, Antonio Vieira, Luciano
Lourenco, Herminio Botelho, Xavier Ubeda, Artemi Cerda, Flora Leite

Serra da Cabreira
Visiting burnt areas and discussion about forest fire effects on soil
properties in mountainous areas.

Friday, 18 March 2011
Morning: 9.30 - OC 7 - Moderator: Robert Gilkes

1 - Felicia Fonseca, Micaela Leite, Tomas de Figueiredo - SOIL
PROPERTIES IN BURNT AND UNBURNT
SHRUBLANDS IN MONTESINHO NATURAL PARK,
NORTHEAST PORTUGAL

2 - Sorin - Corneliu Radan, Silviu Radan - HOW COAL FIRES
AFFECT THE CLAYS: AN INTERDISCIPLINARY
APPROACH

3 - Cornelia Rumpel, Bruno Mary, Yessica Rivas, Christian
Valentin, Francisco Matus - CONTRASTING EFFECTS
OF FIRE ON FOREST AND AGRICULTURAL SOILS

4 - Joseph W Wagenbrenner, Peter R Robichaud - RILL
EROSION IN BURNED FORESTS

5 - Richard A Shakesby, Carla Sofia Santos Ferreira, Rory PD
Walsh, Célia Bento, Anténio JD Ferreira, Chatelijne R
Stoof - FIRE IMPACT ON SOIL AND NUTRIENT
LOSSES IN SCHIST MOUNTAIN AREAS: CENTRAL
PORTUGAL STUDY

11.00 - Key Lecture 5 - Celeste Coelho

11.50 - Poster Session

12.30 — Lunch
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Afternoon:  14.15 - Poster award
14.30 - Tribute to Maria Sala
14.30 - Tribute: Xavier Ubeda
14.45 - Key Lecture - Maria Sala
15.30 - Coffee break
15.45 — Conclusions

16.10 - Presentation and voting for the host and the date of the next
FESP

16.30 - Closing session
17.30 - Guimaraes (World Heritage) tour
21.00 - Farewell dinner

Saturday, 19 March 2011

Post-meeting tour
Douro Vinhateiro (world heritage) — mini cruise
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Prescribed Fire - the spark that led to a new paradigm in Portugal
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Abstract

This document is not intended to constitute itself as a course on Prescribed Fire, but is a
reflection on the role that Prescribed Fire plays as a "starter" solution to the problem of
wild fires. A solution born from inside of the problem.

The aim is to integrate theory and practical application, presenting a holistic and also
reductionistic point of view. It is not intended to give any answers, but to confront the
scientific community with a new kind of paradigmatic thinking and take her to wonder
whether, somehow, fit in it.

Before

It is known that fire is part of the forest ecosystems in Portugal and has been used by man
since time immemorial. Currently it is used by rural communities based on traditional
know-how.

In terms of forestry, the first documentary reference in Portugal's use of fire with
silvicultural purposes was in 1836, on the Manual Practice of Friderico Varnhagen. We
can also remark, in this context, the notes and comments on the use of "current fire" by
Tude de Sousa, in 1926, at "Mata do Gerés”.

MANUAL * SEPARATA DA vOZ DO LAVRADOR

DE s 5
INSTRUCGOES PRATICAS £

SOBRE A SEMENTEIRA , CULTURA ¥ CORTE MATA DO GERES

DOS PINHEIROS , E CONSERVACAO DA

¥ADEIRA DOS MESMOS; INDICANDO-SE SUBSIDIOS PARA UMA MONOGRAFIA FLORESTAL
©OS METHODOS MAIS PROPRIOS PARA O

CLIMA DE PORTUGAL.

Escrito por ordem-do Ministerio dos
Negocios da Marinha ¢ Ultramar,

POR

FRIDERICO LUIZ GUILHERME DE
VARNHAGEN,

Tenente Coronel do R. Corpo de Engeniciros, Ad-
ministrador Geral dos Matas de Reparticio da
Marinke, Commendador de Ordem de Christo,
Socio correspondente da Academia R. das Sciew,
cias de Lisboa, ¢ de outras Academias.

LISBOA.

KA TYPOGLAFIA DA ACADEMIA, IMPRENSA D4 UNIY YERSIBADE

1836

Figure 1 Figure 2

In the 40 years following fire was seen as something that should, definitely, be put out of
forest landscape.

It was with the visit of American technicians to Portugal in 1976, Dr.Edwin Komarec and
his wife Betty, of Tall Timbers Research Station, Florida, that was considered the
possibility of reintroduction fire in forest ecosystems advocating health benefits and
especially the reduction of forest fuel loads that lead to the reducing the fire risk. The
visit of Komarec was a milestone, according to Moreira da Silva. So, were re-initiated the
first experiments with Prescribed Fire as a forestry technique. These early experiences
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were developed in Vila Real, Coimbra, Marinha Grande, Tapada Nacional de Mafra and
Peneda Gerés National Park.

In 1982, extensive burning was made with the implementation of the Prescribed Fire
Emergency Plan (Moreira da Silva) by the Forest Service in the north of Portugal,
involving researchers at the University of Trés-os-Montes e Alto Douro (UTAD) and the
Institute of Agronomy (Instituto Superior de Agronomia - ISA). Thousands of hectares
have been burned with the use of the technique of Prescribed Fire.

Then, was followed a 15 years gap in use of Prescribed Fire. During this period, also on
the land managed by the Forest Service, were being made ad hoc Prescribed Fire actions
which kept the flame alive until the beginning of the XXI century.

In the last quarter of the XX Century Prescribed Fire was the starting point for a change
of how foresters face forest. This new perspective was very upset by the foresters of the
time. Moreira da Silva said - "there was much resistance from my colleagues. They had
difficulty accepting fire inside the forest."

The idea of excluding fire from forest, and fire seen as a forest enemy in the mind of
foresters since the 30s of last century, has been questioned. The old paradigm "Fire is an
Enemy" began to fall because it did not respond to the increasing problems of wild fires
so highly destructive.

But it was only after the terrible fire campaign of 2003 and 2005, highly destructive, with
tens of deaths, 765.000 hectares burned, that emerge new ideas related to knowledge of
fire behavior and began to take shape a new system. This new system took in account a
comprehensive thought, broad spectrum, trying to identify the individual parts that build
the new paradigm.

The spark

The new concept of fire is revealed in the Finnish proverb that says “fire is a bad boss but
a good servant”. It is assumed, increasingly, as an essential tool for restoring forest
ecosystems in our country.

Prescribed Fire introduced topics such as “fire ecology”, “landscape ecology” in the
structure of thought of the new Foresters. Prescribed Fire combines theory and practical
application and triggers a new paradigm in Portugal. It was assumed as anchor idea of the
new paradigm that still takes the first steps in Portugal.

Known as “the application of a fire under specified environmental conditions, which
allow the fire to be confined to a predeterminated area and to attain planned resource
management objectives”, Prescribed fire is the basis of a whole new design paradigm.

At this level a mention the project “Fire Paradox” need to be done, for his role in
motivating a revolution that contributed to the establishment of the new paradigm, and
also as a builder of after paradigmatic science, with many products and tools developed
by the project, directly related to new paradigm “integrated fire management”.

New paradigm

The new paradigm “of the integrated fire management” includes the use of different
strategies and techniques of fire, including prescribed fire, the traditional use of fire and
the use of fire suppression. This new paradigm that emerges, in Portugal, through the
technique of Prescribed Fire, links the concepts of “fire management”, “ecology” and
“culture of fire”, and emphasizes the importance of landscape heterogeneity on the
development of resistance to disturbances, the recovery of disorders and the promotion of

overall system stability, giving substance to the theory of landscape ecology.
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As a result of this new paradigm, there are new answers to the questions:

How to do forests?

How to organize the landscape? - Mosaics, as stated Moreira da Silva?

What models can be taken to ensure a fire resistant landscape?

What forest species to choose? - Specialize in the area?

What protection measures should be followed to avoid the large and destructive wild
fires?

Which systems must be built to answer the questions above?

New solutions

Trying to conceive and apply this transformative strategies based on this new paradigm,
with the synthesis of whole process thinking, were developed in Portugal two crucial
Systems.

The first system to be built based on the new paradigm was the “National Forests
Strategy, 2006” which fits a context of forest changing and emerge of new risks. The
“National Forests Strategy” emphasizes this reality, and highlights the need to reduce the
risks associated with forest.

This document distinguishes the real risks, like climate change and the possible change of
dominant species or the areas of distribution of various forest types. The lack of forest
management which stems directly from the abandonment of farming activities,
desertification of rural areas and the changes that occurred in the Portuguese society in
the second half of the twentieth century. The phenomenon of internationalization, also a
real risk, with the evolution of international trade rules - the certification requirements is
one example. And finally, another real risk is the recent appreciation of environmental
services and the need to adapt to this reality, which highlights efforts to mitigate
emissions of greenhouse gases, in particular following the commitment made in the
Kyoto Protocol.

Moreover the “National Strategy for Forests” also highlights how necessary is the
reduction of perceived risks, which are the visible consequences of the real risks - the
phenomenon of forest fires essentially, but also the increasing sensitivity of forest to the
attack of biotic (pests and diseases) and even the possibility of spread of invasive species
into new areas.

The actions in each of these areas (mitigation of real risks or mitigation of perceived
risks) are different but interdependent. A necessary change that will lead to forest
rebalancing is needed. A change in the perspective of how the population, forest owners
and technicians, face “Forest” is needed.

New thinking, new ideas, new paradigms and new solutions are needed to cope with this
changing forestry world. The specialization of the territory in order to improve the
landscape increased resistance to disturbance (eg wild fire) advocated in the National
Forests Strategy reveals how the new paradigm “of the integrated fire management”
influences this document.

Alongside the work to minimize the real risks, there is work that acts directly on the
visible consequences of the problem, which are the perceived risks that have been
outlined earlier. This work allows us to accelerate the process of change, with the aim of
restoring confidence to the forest sector so that there are better conditions to attract
investment into forest.

In this context, also influenced by the new paradigm was built a second system, the
“National System of Forest Fire Defense” (SNDFCI) and the related “Forest Defense
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Against Fire National Plan” (PNDFCI), that adds in a holistic system, the structural
prevention, surveillance and law enforcement and fire fighting.

This system, although still very much conditioned by the previous paradigm that relies
mainly on the need for “fire fighting” should, year after year, and taking advantage of the
increasing knowledge of fire and its behavior, contribute to balance forest areas, and as a
result will spend less energy in fight wild fires. This is however a slow process.

In Portugal, Prescribed Fire, as technical, economic and efficient process of reducing fuel
load in forest areas, has already led to numerous success cases in fighting large fires, as
shown below.

Ate,, Pralo Fermandes [UTAD]

Figure 3 Figure 4

Prescribed Fire can provide the foundation of knowledge for a better and more effective
combat as well as being the basis of practical use of fire suppression (the aplication of the
fire to Accelerate or strengthen the suppression of wildfires).

The continued work of experts in the use of fire is essential for that the processes and
systems described above do not end. Under the Law that regulate Use of Fire, already
published, which clarifies the rules for using this tools in order to increase their
effectiveness and efficiency, safeguarding the protection of persons, goods and forest
assets, and with the advent of a National Fire Use Plan, Portugal can maintain the line that
will consolidate the new paradigm that will allow to rebalance the forest and thereby
increase its intrinsic wealth.

After

Although the technique of Prescribed Fire has been used several times throughout history,
as we have already shown above, now retrieves the appropriate modus faciendi concerns
our time, with methods adapted.

The current process of recovery the Prescribed Fire technique has parallels with the
processes of recovery of ancestral knowledge of the other activities of modern society in
the fields of medicine, health and welfare, for example. It is the recovery of ancient
knowledge with new clothing, to solve problems that are not new, but are contemporary.
Issues that emerge from time to time!

Forest ecosystems alternate from less equilibrium to new equilibrium state, according to
the Laws of Thermodynamics. And fire, as destructive element but also as renewal, has a
fundamental role in this process of recover the lost balance. Thus, fire must be consider as
a kind of homeopathic element, which can be prescribed in appropriate doses for the
restoration of forest, lato sensu.
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The future? Knowledge and Time. The nature is itself economic, invariably choosing the
simplest path. Fire is an easy way. “Everything should be made as simple as possible but
no simpler than that” (Einstein).
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Abstract

Once wildfire is suppressed, forest managers have to face fire impact evaluation on
affected ecosystems and decide post-fire activities. From this moment, these activities are
conditioned by the ecosystem characteristics (soils, vegetation, topography and
watersheds hydrology), climate, fire severity and socioeconomic and technical factors.

In some cases, soil rehabilitation treatments are advisable and, then, the availability of
clear criteria to decide when and where and which of these treatments need to be applied
is necessary. A protocol setting up the main steps to be followed in the decision-making
process can be useful. As an example of application, the protocol developed after summer
forest fires in Galicia in 2010 is discussed. Basically, the main stages of this protocol are:
1) gathering of documentation (wildfire and site characteristics, fire recurrence and land
use), 2) fire severity field evaluation, 3) runoff, flooding and erosion risk assessment and
values at risk-vulnerability evaluation 4) prioritize areas to be treated, 5) selection and
conduction of rehabilitation treatments and 6) monitoring treatments effectiveness.

The connection between research and management becomes crucial for the success of the
protocol. Researchers can provide with a good knowledge of the state of the art and tools
to evaluate fire severity, erosion and floods risk and to help to select the most
appropriated rehabilitation techniques for a specific affected area. On their turn, managers
need to filter this information to adequate it to the technical and socioeconomic
conditions. A lot of questions are still unsolved, a deeper knowledge on hydrological
processes involved, a better definition of fire severity, a higher availability of operational
tools to evaluate it at landscape scale, as well as, an improvement of the linkage between
fire severity indexes and changes in soil properties. From the management point of view,
economic, logistical and safety issues need to be also improved.
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Introduction

What is ash? Currently, it is well accepted that the residue from the combustion of
organic material during prescribed and wildland fire is a complex mixture of partially
burned organic matter, products within the black carbon continuum including charcoal
and char (Hammes et al., 2007; Kuo et al., 2008), soil particles, phytoliths (Wattez and
Courty, 1987; Morris et al., 2010) and the oxalates, carbonates, and silicates of elements
whose volatilization temperatures are below the maximum temperatures reached during
the fire (Canti 2003). This latter portion is termed mineral ash and is the fraction
measured by standard techniques such as American Society for Testing and Materials
(ASTM) D1102-84(2007) (ASTM, 2007a) and E1755-01(2007) (ASTM, 2007b). This
review focuses on research concerned with the complex mixture of products formed
during the combustion of organic matter or the mineral fraction created under standard
conditions and explicitly excludes research where the charcoal fraction has been isolated
for study (e.g. DeLuca et al., 2006) and studies on volcanic ash.

Previous work

Ancient texts have described the use of wood ash as a soil fertilizer (Virgil, 29 B.C.),
insect repellent (Gowariker et al., 2009), and ingredient in the manufacture of soap (al-
Hassan et al., 2002). During the early twentieth century research on ash first appears in
the scientific literature. Before 1950 some notable research was conducted on the
influence of ash on soil fertility (Alway and Rost, 1928; Sampson, 1944; Young and
Golledge, 1948) and the effect of temperature on the retention of elements during heat
treatments (St. John, 1941). Since the 1950’s, the pace of research on ash and its effect on
soil properties has accelerated and studies are being conducted worldwide, often as
international collaborations (e. g. Cerdd and Doerr, 2008; Pereira et al., 2011). The
acceleration in ash research is demonstrated by the number of articles published in each
decade: 1950’s 6; 1960’s 12; 1970’s 26; 1980°s 47; 1990°s 78; 2000’s 140; 2010 to early
2011 11. These numbers do not include most of the research on wood ash targeted for
land disposal (reviewed by Augusto et al., 2008).

The research on the ash from both prescribed and wildland fire can be broadly grouped
into eight major, interrelated categories: 1. the chemical and physical properties of ash
(e.g. Etiegni and Campbell, 1991; Hageman et al., 2008a,b; Ubeda et al., 2009), 2. effects
of ash on infiltration and surface erosion, including debris flows (e.g. Burgy and Scott,
1952; Gabet and Sternberg, 2008; Stoof et al., 2010; Woods and Balfour, 2008, 2010), 3.
effects of ash on soil properties and soil chemistry (e.g. Allen et al., 1969; Christensen
and Muller, 1975), 4. effects of ash on plant germination and plant cover (e. g. Reyes and
Casal, 2004; Izhaki et al., 2000), 5. effects of ash on the soil microbiota (e.g. Bauhus et
al., 1993; Badia and Marti, 2003), 6. influence of ash on the chemistry of surface water
runoff and aquatic ecosystems (e.g. Gerla and Galloway, 1998; Barber et al., 2003; Earl
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and Blinn, 2003), 7. use of the spectral signature of ash as an indicator of burn intensity or
fire severity (e. g. Roy and Landmann, 2005; Robichaud et al., 2007), and 8. potential
effects of ash on the health of humans and aquatic organisms (e. g. Kelly et al., 2006;
Plumlee, 2009).

Future work

Despite the extensive research on ash since the 1950’s, gaps still exist in our knowledge
about the chemical and physical characteristics of ash, its use as a predictor of post-fire
biological and hydrological response, and its potential effects on downstream water
quality. We lack comprehensive information about the extent to which the chemistry of
ash is a function of the type of plant material, the underlying geology, and the legacy of
atmospheric deposition of chemicals such as mercury (Biswas et al., 2008), lead
(Rothwell et al., 2007), and PAH’s (Garcia-Falcon et al., 2006). Only limited research
exists on the water holding capacity of ash (Woods and Balfour, 2008, 2010; Stoof et al.,
2010) and its water repellency (Bodi et al., 2011) and hence its effect on runoff
generation. We don’t have a good understanding of the genesis of “fly ash” and its
movement during fire (Smith and Bowes, 1974; Raison et al., 1985), when and how ash is
moved from burned landscapes by wind (Whicker et al., 2006; Wagenbrenner et al.,
2010) and runoff (Ferreira et al., 2005; Howell, 2006; Liu and Hu, 2007) and we have
little knowledge of the fate and persistence of the material once it is transported elsewhere
(Blake et al., 2006). Furthermore, we lack standardized techniques to compare ash across
different ecosystems. We should adopt existing methods to allow this comparison; for
example, 1. use a standard gray scale such as that described by Roy et al. (2010) to report
the color of ash; 2. measure and report the pH of the ash slurry according to a standard
protocol, e.g. Henig-Sever et al. (2001), or Goforth et al. (2005); and 3. routinely combust
ash samples according to the methods summarized by Dimitrakopoulos and Panov (2001)
(650°C for 1 hour) or Smith et al. (2005) (500°C for 18 hours) to measure the
completeness of combustion for comparison among different fires and ecosystems.
Finally, we should continue to hold international meetings to promote collaboration,
communication, and progress on research related to fire, an issue of global importance.
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Abstract

Every year, around 45,000 wildfires occur in Europe, burning an area of 500,000
hectares. Between 1995 and 2004, more than 4 million hectares were burned in the
Mediterranean Region alone, corresponding to an area larger than the Netherlands.

The post-fire management of burned areas has been given much lesser attention than fire
suppression and prevention in Europe. However, important questions raise the public
concern and require scientifically-based knowledge: how to accurately evaluate fire
damages in economical terms? What are the most suitable short-term intervention
techniques to minimise soil erosion and runoff? What to do with burned trees? How to
manage burned forests? How to approach the long-term planning for the rehabilitation of
burned areas? How to manage fire-prone forests and landscapes to reduce potential fire
hazard? On the other hand, wildfires can also be regarded as an opportunity to plan and
establish less flammable and more resilient forests and landscapes in the recently burned
areas. What information is available on these topics and how should administrations and
stakeholders react after large fires? These questions are relevant not only in a southern
European perspective, where wildfires are more frequent, but all over Europe. In fact,
climate change and land-use trends are expected to increase fire frequency in Central and
Northern Europe, and new geographical areas (and forest ecosystems) where wildfires
were infrequent are becoming more fire-prone. Thus, further knowledge is needed on how
to manage the millions of hectares burned in Europe, including the planning of post-fire
management, the short-term intervention techniques to minimise soil erosion and runoff,
and the longer-term ecosystem recovery and restoration.

Phoenix is a Project Centre of the European Forest Institute (EFI). It consists of a group
of 25 institutions from Portugal, Spain, France, Italy, Greece, Morocco, Tunisia, Turkey
and Lithuania, carrying out specific research on fire ecology and, in particular, post-fire
management. | will present Phoenix rationale and activities.
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Abstract

The RECOVER (Immediate soil management strategy for recovery after forest fires)
project aims to develop mitigation techniques and strategies to reduce soil and water
degradation immediately after forest fires.

Several research projects have been carried out at CESAM/UA to better understand how
forest fires contribute to land degradation and to assess the impact of post-fire techniques
on soil degradation mitigation. Another important issue is public involvement in the
defi