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Assessing soil quality and soil carbon sequestration on biochar application

for increasing yield of organic vegetable in acid soil
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Assessing soil quality and soil carbon sequestration on biochar application

for increasing yield of organic vegetable in acid soil

Bunjirtluk Jintaridth Ratikorn Na Lampaeng
Research and Development for Land Management Division

Land Development Department

Abstract

The quality of soils with biochar application was assessed in acid soil-based areas.
The objectives were soil improvement, increasing carbon sequestration and increasing
organic crop vyields. The location was conducted in Lom Kao soil series (soil group 17),
Bung Sampan district, Petchaboon province between 2015-2017. Biochar was produced
from rice husk and crop yield was organic baby corn. Randomized Complete Block Design
(RCB) was applied for 4 replications and 5 treatments. Treatments were control plots (T),
500 kilograms per rai of biochar application (T5), 1 ton-per rai of biochar application (Ts), 2
tons per rai of biochar application (T4), 3 tons per rai of biochar application (Ts). After
experiment, results showed that soil properties had changed as follows: with applying
biochar the soil had the pH value between 6.9-7.7; the organic matter percentage
increased and accounted for 1.65-3.22 percentage; avail.phosphorus increased between
97-219 milligrams per kilogram, extr.potassium increased between 222-366 milligrams per
kilogram, extr. calcium increased between 8,865-9,417 milliscrams per kilogram and extr.
magnesium in the soil accounted for 522-589 millisrams per kilogram. For physical analysis,
they were shown that biochar can increase aggregate size distribution and mean weight
diameter of soil. Mean weight diameter is highest at the rate of 3 tons per rai (4.11
millimeters) and lowest at control treatment (3.06 millimeter). Moreover, comparing
between each treatment, it was found that the amount of bacteria and fungi had a
tendency to increase as follows: for biochar application of 3 tons per rai had the highest
amount of bacteria equaling to 1.0 x 10° cells per gram of dry soil, with the highest amount
of fungi 5.2 x 10° cells per gram of dry soil, and with the highest amount of actinomycetes
1.6 x 10° cells per gram of dry soil, respectively. For carbon analysis in soil, the highest
content of carbon in soil equal to 1.87 percentage at the rate of 3 tons per rai of biochar
application. This was followed by using biochar for 2, 1 tons per rai and 500 kilograms per
rai with the content of carbon in soil equaling to 1.40, 1.24, and 1.12 percentage,
respectively. The experiment results showed that there is no statistical significant between

biochar application at different rates and non biochar which were 139.7-142.2 centimeters.



Also at different rate of biochar application had a tendency to increase productivity of
baby corn yield whereby using biochar for 2 tons per rai resulted in highest yields of baby
corn equaling to 881.27 kilograms per rai which did not have any statistically significant
difference with using biochar for 3 tons per rai but different with using 1 tons per rai and
500 kilograms per rai which vyielded 861.40, 831.03 and 804.93 kilograms per rai,
respectively. Control gave the lowest yield which is 791.69 kilograms per rai.

From studying the data of farmer perception agricultural and officers involving land
development in terms of obtaining information and their opinions on biochar, it was found
that mostly farmers had positive attitude to biochar and they thought that biochar is good
for soil improvement and they are interested in using biochar in their own agricultural
areas. In the opinion of officers, biochar is useful for agriculture, therefore, biochar would

be an alternative for soil enhancement, which can increase agricultural productivity.

Keywords: biochar, acid soils, aggregate size distribution, soil carbon sequestration
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A ada ] a Y Aa o A | a = \ % &
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IFsunisiauniionismdindludiudeg wu ndanseealiilt nsadnasdinam wazduy
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(Lehmann and Joseph, 2009)
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Biomass — Water + Unreacted residue

Unreacted residue — (Volatile + Gases); + (Char),
B

(Char), (Volatile + Gases), + (Char),

seninenseuunsinlslagadanaazases guniell @ulngegluguvesansdun
szl Feaenadefiuinesuvesansds (2551) ing1niinszuiumsaanefivosaIsduy
#199 1u Leaglad LefiwagladuasaniululdelivsSuaaefilanmad 310 ssrwaldea uaz
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Novak et al. (2009) Anwraudinmainfaniiunnssiuuazgamnivesnszurunsinlsladad
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Funsmbusne uastidnfiugetu susifrtussdusznounfvouvesdiuinmiiinduus
29AUIZNOUTBIDONTLAU (O) waz Lalasiau (H) Janas (Angin, 2013) 1wuifeniu Al-Wabel et
al. (2013) lavinnsAnwesduszneunanaiinazAanuaz vt I NAYLInsENaIeA
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mawuﬁmaamakuﬁmmi WU musm‘vﬂmumuﬁznmwmmsmmLmuimwmqsuu lmm A
a9 dninude 816U 1aEIIN N3LANNE SIUdUWARBSI YInin 1000 WwAANTY Lzt
Wuguasinandngaenindaiuguaes

ussidndnuaiLazamy (2560) iee auliRuesnudamwieautRvesiunazandniiy
aagulwwﬁm'fﬂuﬁuﬁﬁuLﬂgmé’fmﬁwLﬁumiﬁ;ﬂaﬁ%%ﬁmm 209U U FITAUATUIYN
eIl w.e.2558-2560 Tunguyndudl 11 yarusadn dudunismaaes leglddudinmsne
uanenafusanfunslitedla 1 suls Tussuuinuasdundd anuansneaes wuih mslddiu
Fanmlun1susuussiu vilddudaugeuauysalifissnntu Tnefidanudunsnduseoiu
(pH) USunaduvdsiagluiudiuinniy dwiutiinuleansa Inunaido uae wadeulufy
dingaduegradaauluyniidunismaass dauviiauuniidesinsvisuwlaniniy
WuReIiu wagannstdaudiningnsisinaquiulsshusenandaiuwiliuyil inandnves
siutudiutu Taenslddwdanim @nudend) 3 du/ls + Jetld 1 du/ls aludulinande
aefigauiniu 1,800.35 Alandudels uazumnsnesadifunslildadnmdslinandnsan
1,549.7 Alanfusels Fafumninunansazdgneiuduluiiuiinuuiendn wedlldduganm
Tusha 3 §u/ls + Jeild 1 fu/ld
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STYLLIAHASANIUNAIUNT

szggananiunns  LSuAu Wieulquigu 2558
duan Weufueeu 2560

souiigiunis suadeauiy 91n00e5Y3 Jminmesysal
AT (Site Characterization)

YARUVANLAT (Fine-loamy, mixed, semi-active, isohyperthermic Typic (Aquic)
Paleustults) nauyaAudl 17 dnwazandivesiu WuAndnun fuvuufusiudunse @
ihamavdedinauiy fqausvathma vioduasuundes UiAsedudunsadanndadunse
Bntdes (pH 5.0-6.5) Audrsmeuuuduiusiumieatunse dhmaluunsdddouresdiina
Juuns fgpdseAunsuumdos uardtmatumies Audsrudufusmmientunse Sy
yuyviodimuinageu Tdausraunsumiesarimalumios Uiisedudunsndn
wndadunsada (pH 4.5-5.5) auﬁmmqmmmgmﬂﬁﬂ (NsuWaLNTiRY, 2548)

auUnIaluaEIsALIUNTT

1. gunsaln1snaans
- Yagmainwnsiiduiladonswdnieg Ieud wnau diudanm Jeeen
- whaugiiy laua nlneiingeu
- gunsallunmsiiusnagnafiunas ity wazdug mundidy

2. AWaniun15Ie
2.1 WHUNISNAADY

nsanwiasiilidunisfneinisUszdununandunaznisldauinnim (ulevrs)fiediy
ArsuauluAuLasINUNANEANYANDUNTFTUNUTIAUATA 1IUNUNITNABBILUY Randomized
Complete Block Design (RCBD) 271w 4 91 UszAaumie 5 A15Un1snnasd asll

MTUNIINARean 1 uuasnIunu
Y] = oA o a I ]
1FUNMINARBIN 2 S1UTINN BRTT 500 Alansusials

o a | = o YR |
15UNNSNAEB9N 3 81UTININ BRI 1 fusals
ANSUNNSNAABIN 4 81UTININ 9RST 2 Ausals

9 =

ANFUNNSNAADIN 5 81UTININ ORI 3 Husials

o
o

2.2 3501591 8UNS

1.UNUADNTINUINARATIUTININLAS T LA NI ULUUTIIUIY BANLKIAUDINAE)
(NINHUING 4)
2. muflunmsAndeniiunaunsafidarnnudunsaduaie (pH) 4-5
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3. \fiushesfiudeumsvaass ndafuifmandatnlnmilndeu ggugnil 1 uas 2
fiszunudn 0-15 wuRiuns Tneiuluu composite sample Wiodinszimmandinisad
lauA pH, %OM, Avail P, Extr. K, Extr. Ca, Extr. Mg

4. wnuiuivhulasgosrunm ax6 mamms $1uau 20 wasdes (amkuaNg 5)
dwsuugninilnailngaulunndiunimeass laun Tdamdinim dnst 500 Alansussls, 1 6y
sols, 2 diuseols uag 3 dusels waglunndsunisneaes Tddeyanydna 1 dusels uavyada
091 1 fusiols (nmauand 6)

5. Ygntnilnailngeulagldssesuagn 50x50 wuRkuns

6. Withdlweilndeunn 2-3 Yu (nweuandi 7)

5. mafufgmandn Buiuieudednlneingousiy 50 fu

6. naiuduiindeya

- Joyadiu TasizvianUivestiumaail g uaznieam
- iudoyanissyiiulanasnandndilnailndeou

7. Awsenveyaneatalag s F-test arinTzrinnuunneelagds Least Significant
Difference (LSD)

8. AudumsvnaestuiieiuinUgn 1 uay 2

9. nisAuganITNnansgUanit 2 dinuasnIuasivinfininnees geunlag
naaedidouazasaUTvufisunislduasilddudinmiieiiudoyaifofuimaivonnunins
wazsmthiinisineasidisenisidaudinmlumsusuussdu

10. Airseideyavnadiniia 2 aavan uasdeuagUnestunanuide

2.3 Fhereiluriesufdingg
finoe9hu
1. UiATendu (Solt reaction) Ingiliies astiotaAufATenvesiu (pH meter) Sns1aan
Ausien Wity 1:1 (Peech, 1965)
2. Buviseringlusiu (Organic matter) Ing35 Walkey-Black modified (Walkley and Black,
1934)
3, yoaveSafluuslen 10er3S Bray Il (Bray and Kurtz, 1945)
4. Tnuwaifey uradeuwasuun@ouiduuselev Tnensatadae 1 N Ammonium
acetate pH 7.0 (Pratt, 1965; Chapman, 1965)
F29ENE LI INN
1. Anwlassadsdaguasineziong lnensldndosganssaudianasounwuudes
n310 (Scanning Electron Microscope; SEM) 1ag7 A5 NN Sl lnsdsunazUlnsad
P@NTNIN Y
2. eudunsaidusng (Addicalkaline compose) Ingldin3asiotarnauidunsady
A4 (pH meter)  9RT1EU WU 1:2 (Peech, 1953)
3. YSunaBuniedng (Organic matter) lngdnuuasm1a1nds Walkey-Black modified
(Walkley and Black, 1934)
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4. Vinaeavladanamn (Total P) Ineniseeeaanesensalussndadu (conc. HNOY)
waznIAasAaINUNTU (conc. HCLO,) Tudnsidu 2:1 waziinsgilagleis Colorimetry (Barton,
1984)

5. Ganalwuwadeniovmn (Total K) Tnsmstesaanesaensalusdndadu (conc. HNOY)
waznsaasmransmdudu (conc HOY) Tudnsidau 21 wazdasizilaeldin3oq Flame
spectrophotometer (Jackson, 1958)

6. UsinaueadeunazuniiBeuiamn (Total Ca, Total Mg) Tnennsd eaanesensa
TusSnIadu (conc. HNO,) taznsailasaaainidadu (conc. HCLO,) Tusnsaau 2:1 uaziiswilagly
509 Atomic Absorption Spectrometer (Isaac and Kerber, 1971)

7. aumsuitanin Tngenuannsalunisgedulelefiu (FauUasain ASTM Da607-

94, 2011)
8. lnseadadugiuuardnuaeiuitvesdiudiningas Scanning electron
microscopy (SEM) (Goldstein, J., 2003)
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NAN1SNAADLLALIV150]

1. AuUAYIATUTIN NN LT TUIIUNAaDY

1.1 duUANILATLAZNIEATNYBIAIUTININ

nsfnilaldivdentanlssdyusy smdaduduiinmdmiunmaassdnina
YoaauTINNAeN1sUTUUTaudRnaaivesfunsadmsuugninilnailngeu Tngldinndrune
(Iwate kiln) fifigaumnfin1sindl 400 esaneaiea waranmawIsuf BBy Istayldau
filsedvBamm (awil 1)

n.unau (IngAv) NN UATUTININAMNAITHIMAAUAIBLADINAY

AN 1 WNAY (TRQAY) ABUIEN (N) waEATUTIN VWK (V)

fuainmdiumsun dwrliergiauantRos (115 1) Useneusesine s
Satl dun pH Wiy 8.2, YinaBundetng 7.57 wWadeus, Total P,0s 0.90 Wasiwus, Total
K,O 0.42 Woswus, Total Ca0  0.23 wasiwud, Total MgO 0.12 LUasiaud waz SO, 38.5
Woesigwd uazAUNTUTI (porosity) 175 Hadn3usensuian

M1919% 1 uaAIUTINUEINMIS (%) VB 1UTINW (Biochar)

A1UIN TN Afiie
ANLdunsa-Ang (pH) 8.2
USunauBunieing (OM) (%) 7.57
Usunauneawasa (Total P,0s) ) (%) 0.90
Usunalwivaigeu (Total K,0) (%) 0.42
UTuauealdeu (Total CaO) (%) 0.23
Usunaunili@eu (Total MgO) (%) 0.12
Usuad SiOa(%) 38.5
ANNNTUTIU (porosity) (HadnIureniuian) 175

1 nqueseiau ddnnuimuniues 1 nsuimuiay
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1.2 autAinaaiivasunan

) [ o

dmfuianuiuussiugavyuazyaitnldluwlameasailoifinsinemsiied
dhutsznau fall yavuusenoudesmemsUiallulasiau 1.69 Wedwud, UTinureanada
5.24 Wesigud wazUsunalnunalden 0.62 wWaswun yadiusenaumesige1misuiuim
lulasiau 0.87 Wesiwud, YSutueaneasa 0.16 Wesigud wazUSuialnunaidou 2.14

WoShUUR AILEASIUAITIN 2

M131991 2 UEAIUTUIUSINDIMNTVBIYANLLATYATD

USuaus1nems yany (Weslowd)  ya¥d (Wesiuus)
Usunadlulnsiau 1.69 0.87
Jsunauneanasa 5.24 0.16
Usunalnwnaide 0.62 2.14

w0 nFUAATIERAY ddnauiauifues 1 nsuimuniay

2. nslasunlatauunniuniivasny

2.1 auUANILATIVDIAUNBUNITNAADY

MA15199 3 ANURNILALVDIAUNBUNITNAAB

WI5AR3 FZAUAIINGN 0-15 LYURLUAT
pH 5.8

%0OM 1.05

Avail. P,Os (Gladnsusianlansy) 13

Extr.K,0 (Haansunantansa) 60

Extr.Ca (Haansusanlans) 849

Extr.Mg (Hadnsunanlansu) 348

0 nAUIATIERAY ddnauiauifues 1 nsuimuniau

Andunisifiudiegefunoun1smanasIuuy composite sample Aiseduminudn 0-15
URLAS Han1sIRsansRniaaifn (15199 3) wuin arenudunsadusng (pH) Wity
5.8 Fauandlifiuin anmAuegfisziuidunsatiunars Uiinadunietaglufudoudiasi
Wity 1.05 Wesidus dwmiuuimameaneauarinumadeniiduusylonilufueglussiuuiu
nane WA 13 uay 60 dadnsuseAlansy sudiu duviinaueadeneglusziusiviniy
849 fiadnsureAlansu uarUTuauundideninanasuldoglussiuuiunatavindu 348
fadnsusienlaniy
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2.2 andanaaiivasiulugauani 1 uasndsduganisnaasslugguani 2 Aseau
AUEN 0-15 LYURLUAT

2.2.1 Ujisenanaudunsadusnsvesiu (pH) Tugguagnil 1 uas 2

v&aanifuignandndnlnaiingougguanil 1 wuih yadfunisveass
sl dugnmufaserannudunsa-answesiu (n5edl @) Snsdsuwlaniistude
Wisuiisuiuneudiiiunsaassuaziialndldssfunndfunisvmeass lneflanadesening
6.3-6.6 uazuanFnsegelitsddymemneadatuasmuay FeUfizeinnudunsa-isesiu
fnsasuuvasanas ndsnnifuifenandndnlnilnseugguanil 2 nui ynsfunsmeass
UFRseAdunsa-sswesiufimsdsunlaniviuuiontu nefriadesewing 6.9-7.7
Wileadunaiiewnanaudinmdsidenudunse-ms (pH) 8.2 FrwUSuanIW pH VoAUl
waviliaranudunsn-mavesduiuty duavilduiasernmdunsa-aswesiuiinng
Wasuuaufisdu Feaenadestuniimanesves Asdnuaiuazesan (2556) Anwinisldsng
dunauszrindonenuazddinmlunsgndnazidt wuin dwdn el AT
nIn-AsvpsRuLiNTULAY 9INN1sANIBes aaaws (2557) Tnefnudnmduiiunzanvos
duinmsenuanURnIsaivediudgn saudnsasuiulawasrandnvesinadnnad wuin
nslddudinmlusasdruiianiriuyilinuaniinanluesiulgniisuanafuegned
oAy n9adia Tnslamizodediraiandunin-n (pH) I@ammawumaam’]mﬂamu
Fanwiutu Feedurgldi ifesnuinafuiduianmasiivssgauvesyiiuedn wylans
onda wagvyjaueia Seasimihiifulelnaiauleseu (H) fiazatgeglufiu uenaini daunn
mfusiun wagluasuatunitusingedluituiinmdaidlumsdulslnsiaulossudnnimils ¥
Tlslasiauloseufiavaiegluduiviuinanasdsnalvifuiipudunsaanas (pH Liintu)
(Brewer and Brown, 2012) uag (Chintala et al.,2014)

M157199 4 Ufiseranulunsmdudrsvasiu (pH) Tugeuani 1 uaz 2

FISUNITNAAD A1 pH (1:1)

NOUNITNAADY 5.8

NAINTNARDY q@ﬂqﬂﬁ 1 q@ﬂqﬂﬁ 2
Luvasmauny 55c¢ 57c
2.07UT0N 9751 500 Alansumels 6.3 b 69 b
3.01UTINN 801 1 Ausals 6.5a 70b
4.81UT10 N 8r31 2 Aumels 6.6 a 7.2b
501U 8751 3 Ausols 6.6 a 7.7 a
Aade 6.4 7.6
p<0.05 * *
CV (%) 4.7 5.6

o w

nge: * mngfadlianuunneeiuegeiideddyneaianseauauiediu 95% lagds LSD

o
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2.2.2 Usanauduniednglunu (Wasiwud) lugauanil 1 uas 2

! o a 2 a v a a § < s [

AoudiunsnaaesunadunseingluAuiiiies 1.05 Wosidusd waendsan
Hunenandntlnailnsougguani 1 wudi assunisneeesUinnadunieingludu (115
#1 5) finswasuwdaainduuandeiuegaiidedAgvieada lngdsunisveasan dnsldanu
IS v ! A a a a o a A - § = (3 ! ' =
P 3 dusels TUTuadunieingluinasiaawiniu 1.84 WesiGusuazunnd1sog1ed
WodAy wazunnIwsumnaassduguazUsunadunseinginegluseauliunans 50989
oA Msldanuannim 500 Alansusiels wag 2 uay 1 dusials FelluSunadunieTnglufuwingy
1.58 1.54 uay 1.42 1Wesidud audwiu Gednegluszauiiunaraduieniu diuuvaspiuaud
USunaduviseingludumiigawindu 1.12 wWesidud wasduganismeaestlugguani 2 wuii yn
o v 2 a a o a a a a é{ « [ =<
AsunsnaaesTinadunieingluiuiinisdsuudaniniuiazegluseiuiiunaiiige lag
Fsun1svaaesinsldaudinn 3 dusels TUsunudunseingluAuginanuazeyluseduas
Wiy 3.22 Wesidud uwanansegredidedrAiuiisunismaaesduy sesaantann asldanu
IS U ! 1 Yo a a (% ! | % A a a a (% a
Fann 2 war 1 dusals wag n1sldaiudanin 500 Alansusiels Fellvsunadunseinglufu
Wiy 2.61 2.13 uay 1.93 Wesidud auadiu drunlaspunuiivsunaduvseinglufusiian
Wi 1.65 Wesidud uazunnaneieadfnusisunmmeassnisldaudiningndas (a5

< Vi 1 = o A a X a2 a S o a a & g X A !

5) aziuladn msldauinmlugnsiiindu Ysiadursedngluiuaiiuiy vl ewindiu
FinmIUTnaUesiguddunty Innawara1nn1sRATIERaUTININ WU USuaBuvsedng
gatla 7.57 Wesiwud JlldimyigiiuanugavalysaliiuAuazyIeiinveUTinadialuay
MnTnanaweniiviu Geaenndesivnismeassnlgniinaviiaciigg Tuanmaunideudiadu
n3183a wuInshidendnsiufuaiuginin AudusuiadunIgingiinastu vinlvlina
WwiAulnlafuazusstasulinendn (ana, 2557) kagannsfne1dnsidiuiituuzauyes
fudinmsenuanRniLaiiveulgn saudinssaiulauaziandnvesinainned wuin
nsldduiinnlugasduniuansesiuiliusuudunieinguesdiuuan deunnsiaiuegied
WodAgyn19add laedarauiiednsinsidauianimiiudy (nadsunsuazauy, 2557)
wennUunstad i nsiudumsiidewnilunisuandnils wuin duavhlvifunssduaign
0-15 wuRluns Nszeuiuieinands TUsinadunieinguiingaduannninnsidleniiiiiesadig
\Wed (Fnilnn, 2558)

21



M1919% 5 YSanauduvsedngludau (Wesiwud) Tugguanit 1 uas 2

FITUNITNARDY dunsgingluiu (Wesiaus)

NBUNIINAADY 1.05

UNAINTNAADY q@ﬂgm?i 1 i]@‘dgﬂﬁ 2
LuUasmuny 112c 1.65 c
2.67UTINN §RF1 500 nn.Aals 142b 193 b
3,070 N 909 1 fusiols 1.54 b 213 b
4.07UTIN N 9T 2 fusiols 1.58 b 2.41b
5.67UTINN 931 3 Ausiols 1.84 a 322 a
Aade 1.50 2.27
0<0.05 * e
CV (%) 14.5 16.2

vanewe: * vnefsdinnuuanensiuegsiteddameadanssduanadiediu 95% 1neds LSD
# gy edadinnuueneiuegaiiddybmeadaTissaurudeiu 95%

1n8A5 LSD

2.2.3 Wanamaavesanduussloviiludy @adnfudenlansu) lugguandl 1 uas 2

roudndummeaesUsinaeanesaiiiulsloniluauiifies 13 Wosidud of
Tusziuthunans ndsaniiuidsanandndlnaiingeulugguagai 1 wui1 Usnameaviesai
Huuselomflumudiintunnisunisnass (1l 6) warveglusgiugadsgenn Tnef3uns
naaosiinsldaudainm 3 fusisls SuSmamearesaiiiuuselovdludugsiigaminiu 53
fadn3usenlansy uazlduansremsadatunisldanudann 2 fusiels Fsiivsanaumeaniedad
Dudsslewiluuwiiu 51 Saansusenlansy sesasnlaun n1sldaudanin 500 Alansusiels
uay 1 dusiols SuiamleavledaiiduusloviluauindiAssfuiniu 37 uaz 36 Tadniusie
Alan3u audfu drunvasmuauiluiinaneanesadidulsslovilufudmiigamiaiu 26
fiaanfudeRlansu (13197 6) ndsduganmamnaes luggugnit 2 wut fuwaldullumadeaty
TngUsinmmeanesalufufintuynimiunsmasowuareglusziugenn lnesiun1smaaosdid
nsldtu@inm 3 fusiels fivSinameanesanduussloviflufugsiianviiiu 219 fadnsusde
Alansy sesasunlaun nsltdaiuginin 2 uag1 Audels wag 500 Alanfusels dUsuim
WoaweSadiiuuszlovillufuiiiy 151 149uag 97 fadnsusiedlaniu Audifu druuvas
muauiiUTinaeanesaiduustlevdludiudiigavindu 85 fadnsudedlaniu uaz 019
desnauandivesduinmiaiiaungusangs Sshegadusinemsldfuastaeifinany
Hulselevivessinemnsluiu vilvauiisinevnsiigauasysel (Peterson, 2009 Lag Masto
et al, 2013) uLard@oAAABINUNITANEBINAADIVDY Zhang et al. (2016) ANBIUNUINTDIATUY
Frnmidinasernudulstlovinazmsgadusimmoanesalufiu wuin dwdinmeiediuni
Judselemivessimneanssaluiu LLG}'U%mmmst%’uﬁuﬁuagjﬁ’ui’a@ﬁﬁflmﬁwmu%amw uay
A9AAADITUNTANYINARBIVBINWALAE NN EYT (2558) wudn nslddudiniwludiund
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(%

wanaafwibiUsameanesanuludsslovilufudgniiaunnsnsiuegadideddgmig
a4t Inedrgauiednsnisldauginmiuay

A13197 6 Usanauaanaaimduuseloviludu @adniudanlaniy) Tugavani 1 uas 2

FI3UNNINARD Usunameansdaluiu Hadniusenlaniu)

NOUNITNARDS 13

UNAINTNAADY q@ﬂgm?i 1 i]@‘dgﬂﬁ 2
LuUasmuay 26 c 85 c
2.07UT0N 8751 500 nn.svls 37b 97 ¢
3.81UT90 W 8091 1 Aumals 36 b 149 b
4.81UT10 N 8n31 2 Aumpls 51a 151 b
5.01UT0N 8731 3 Ausols 53 a 219 a
Anade 40.6 140.2
p<0.05 * *
CV (%) 17.8 18.5

a o

e * vingfadlanuuansiuegwiliyd Agynatanssauainudesu 95% lagds LSD
** MN8D9LAINLANANAUDE 19 NEE AgYD snsadfiseAuAUTeY 95%
1ne35 LSD

2.2.4 YsnaTnuaadeunazialalufiu @adnsudanlansy) Tuggugni 1 uas 2

'
=

AeudiunIsnaaeIUsialnuvadnfias faluAudiies 60 Wesidud Jaaglu

v o Y < A a v i =i | a = = Y
sgAuMn vasaniuvinenanda dnlneilngeulugguani 1 nud Ysnalnunadeunasinly
Aulin1swWasulUaLiudunna1sun1snnaswaveglusgaugin (ms1n 7) lagdsuns
neaeniinsldaudinin 2 dusdels JUSinalnuna@eunazinlalufugaianinfu 168
fiadnSusdeilansy sesaswnlaun nsleaiudanin 3 uaz 1 dusels uaz 500 Alansusiels &

1A

Usinailwunadeadiazfaldlufiumindu 160 156 uag 150 fadnfusedlaniy aud1fu dau
wasuaufiuiinalwunadeuiazinldlufudfiaaminty 128 Sadnsuredlansu wisduan
nsneaedlungUagni 2 wud Usinalnunadesiiasdaldlufuiimadsuslasiatunnsi
maneasnareglusziugeuin Tngmiunmeassiinsldandanin 3 fudels Tusuna
Tnunadenitasinlalufiugsiigaviniy 366 Tadnsusenlaniu sesaunldud mslddwdinm 2
uaz 1 fusiols waz500 Alansusiels fUsinalnumadouiiasAaldlufiuindu 324 310 uay 222
fadn3udelaniu mudiy druudasmuauiiuTnalnunadendiasfaldlufudfigamindy
214 fadnsusienlansu Tmudi 2 gauan duwaldululumaiertu ndmie nislddwdinm
Predisimalnunadoniastaldluuiugeiu Woswn auautfvesduianmdsdiaumgu
smuaziimanuglunisuanidsunanleseugs Jaiegadusinenslefi(Peterson, 2009) uaz
#OARROINUNITANYINARDIVOINNTAMKALAME, 2557 WU Auitinisldanudinneinli

Inunageundeglufulignuzadigymeluluduldlasie wWesandrudinmidaininugly
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(%
[

nsuaniUdsuuanlessugs JdlnarilvvdsduaanisnaaesiuiuTinalnunadeunazinlaly
QIGE

M13199 7 Ysinaulwuaaifeuinazinlalufu @adnsudenlaniu)lugauani 1 uas 2

FSUNITNAADY Vsunaluunadeudiaeinldluiu @adnsusedlansy)

NBUNIINAADY 60

UAINTNINADY q@ﬂgm?i 1 q@ﬂgﬂﬁ 2
LuUasmauny 128 c 214 b
2.81UT1070 9951 500 nn.fels 150 b 222 b
3. 87UTN N 9091 1 Ausals 156 a 310 a
4.07UTINN 90T 2 Aunals 168 a 324 a
5.81UT10N 931 3 AuRels 160 a 366 a
ALl 152.4 287.2
0<0.05 * o
CV (%) 14.8 19.1

vanew: * vnefsdinnuunnesiuegsitdAgmeadansAuanadiesiu 95% 1negis LSD
# gy edadinnaunneafiuesalioddb isedATiseRuAuoiu 95%

1n8A5 LSD

2.2.5 Usnawaadeaiidudszlendlufu @adnsusdenlansy) Tugauanii 1 waz 2

1 o a ) = ~ 6 a a a o 1A [
Aoudiun1svaaslsinaweaenidulsyloviludiu 849 Tadnsusieflansy

i YRR 9 2\ B a v i = i a =~ a a
agluszdiudn nasninuifeInardn tlnarneaulugguany 1 nudn Ysunauaaidesluful
NsAguLUaURNTUNNATUNMIAaeIkazaglusEAUaINN (1N5197 8) Iaessunisvaaeand
msldamudinin 3 dusiels TUsunamandeumiulszlesdlufuganansindu 7,339 fiadniuse
Alansy seaqnlaun nsldanudinin 2, 1 dusels waz 500 Alansusels TUuauaadaun
Judselowdlufunindu 7,321 7,236 waz 7,171 fadnsusenlansy audinu dansldanu
Frnmdnst 3 uay 2 dusols TUSunaweadeududsylovdlufuuandsduegadidedAgnig
aa A = = Y & A a = P 9 a a o a | @
atsilewTguiiguiuwlasmurudaiivsinauaa@eniidulselovdluauluduingamindu
6,904 fiadnsusionlaniy ndduganImeasigguani 2 wuin Usunawealeuiilulsslenilu
AuluAudnsWdsuwladiindunndsunisnaaswazagluseauain Ineiun1smaaesnd
nsldaiudinin 3 dusels TUsuauaadeunidudsslosdluaulufugeiansindu 9,417
Tadnsusanlansy 5998981lawn N1StEaIuTININ 2, 1 durals wag 500 nn.mAobs JUSuI
waawsuduuselovulumulufumingu 9,339 9,129 way 8,865 Jaansusanlansy auaisu

Y IS v a a IS & o a ! LY 1 A v o w

waznsidaudinmyndnivsinauea@euidulseloyilufuunnensiuegralidedfgyni
adffuwUasmun Jaivsunaueadsudulszlonilufudfaasindu 2,890 fadnsuseilansy
(915197 8) 1A TIzRUTIaLAadsudulselostlufu i 2 guan wudn Huwiliuly
Tunmafieafiu naafe nslddudinmmndasigieiiuiuiauaadeuiiuussloyilufu
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desan sutnniosdusznauvesunaaideudias (Masto et al, 2013) uanani nislday
FanmazdeiinyTinunuannsalunsuaniddsunanleseulufy (Brady and Weil, 2008;
Liang et al., 2006) uazAnANTRTaIELTINNGTANUNTUTILGS 239209ATUs MO INTIHR B9
aonadesiunsnaasinisldduiinnsmiunsiieinilunisugninls dnavilvfuisedu
AEN 0-15 LuRing Aszosiiuifeinandniiuiinaunadouiiulselonilufugeniinisly
Jowpiliieseganes (Aniln, 2558)

A13197 8 Usanaaa@euiiluuszleniluau @adnsudeilansu)lugavani 1 uas 2

FNSUNNTNAABY Usunauwaadenlufiu @adnsusonlaniy)

AOUNITNAADY 849

NAINTNARDY q@ﬂ@nﬁ 1 q@ﬂqﬂﬁ 2
Luvasmiuna 6,904 b 2,890 ¢
2.871UF0IN 8731 500 Nn.Avls 7,171 ab 8,865 b
3.81UT10 W 8031 1 Aumals 7,236 ab 9,129 a
4.01UINN DATT 2 HUsals 7321 a 9,339 a
581U 8751 3 Ausols 7,339 a 9,417 a
Anade 71942 7,928
0<0.05 * *
CV (%) 9.8 12.8

v o [

e * vunefadlianusnnseiteg wiidedAgvisadanseduaueiu 95% 1aeds LSD

2.2.6 sanauwunii@enTuduiiduuselon @adnsudenlandu) °luqqilgm7i 1uag 2

rousuiunsvaaewiiamsniidesiiuusslonilufu 348 fadnfuseilaniu
Faogluszfuuiunarsmdsainifuiiewanantaluaiingoulugguand 1 wuin Ui
wuniidsufifuustlosdlufuiinsdeudasisduynmfunismeasuareglussdugs (39
71 9) Tngshsunsnaassisinisldawianm 3 dusiels TumauuniiBeumdulsslonilufugs
ﬁqmﬂﬁu 683 NAANSUABALANTY 8989 lAWA N1SITaNUTINN 2, 1 dusials wag 500 NN.Ae
15 fUmnaumniiBeuiiduusslenilufuvindu 665, 580 wag 549 fadniusedlansy mudwy
druulasmuauiiBinausnii@eniidulselovdflufudinfigawinty 482 Sadnduserlansu (191
7l 9) ndvduganismaaetluggugnil 2 wudn Vinawunii@eu i dulsslevdlufuiinns
Wasuudaafintunninfunismeassuazegluszdugs nesiuntsmaaesiidnisldamdinm 3
dusiols fuTmamuniifeuiiiulsslonilufugsiianintu 589 fadnfusiedlaniu sosasun
Town nstaaudinin 2, 1 susials way 500 nn.sals JUsuiamunili@eulufuwinniu 567, 540
uay 522 faansusenlaniy sud iy wasinnisegaldddnmeadAtuasmuradsiiviina
uinflidenidulselovilufuiiiganintu 451 SadnuseRlansuanAuimnaununidendeud
fuiudseloviluduis 2 ngugnduualdululumaientu nande nslddudinmdiediy
Usinaunii@euifdulsyloviluiu ilosann dudinmilesdusznevveanuniidoniias
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(Masto et al., 2013) uanainduuaInsldaudinimasdrgiinyTuuauauisalunis
waniUasudsyuInlufugs (Brady and Weil, 2008; Liang et al., 2006) BnnsAauUAvednu
FINNTEANUNTUTINGS F9YIWAAFUTINDMIT AR

A15719% 9 wanan1slasuLUasUSEaunt@eulufu (Fadnsunanlansy)

FNSUNTNAABY Usunauunt@ealuau @adniussilansy)

AOUNITNAADY 348

WAINTNINADY q@‘dgﬂﬁ 1 i]@‘dgﬂﬁ 2
Luvasmiuna 482 b 451 b
207U 9751 500 Nn.Avks 549 b 522 b
3.81UT10 W 8r31 1 Aumals 580 ab 540 ab
4.61UT10 N BRI 2 AusBls 665 a 567 a
581U 8751 3 Ausiols 683 a 589 a
Anade 591.8 533.8
0<0.05 * *
CV (%) 19.1 17.0

o Ly

vineive: * vanefsdesuandnsiuee st dgmeatansysuaudesiu 95% lag3s LSD
3. MmswasuulasaudAavsnmenmus sy
3.1 USuaun1snsatevasuunllany > 2 laduns

nnrammaasslugauand 1. wudr asfuniseasslifnasilinisnszaieves
yadany > 2 fadwnsiiaruuanaeiuniad nemsldodnm 3 dussls T3uanis
nszvesIUIniniy > 2 fiadlnsgeiian 37.81 Wesldud sesaunldun msldudanm 2
fusials 500 nnsels war 1 Aumels TUSIaMsnszatevewIadiniy > 2 fadwaswiiu
36.99 36.60 uaz 36.07 Wesidud mudau drundatniuauivinnanisnszaevesvuiadniu
> 2 flaAnsiian 32.67 Wosidud (3197 10)

Mé’aguzjmmswmamwudﬁ ynesunmaaedliiinayiivsinnnisnszatevesun
dipdu > 2 fadwesienuuansieiuneadd wazdalndidosiu lnemsldadnm 2 dusels
fUsnumsnszevesuaindy > 2 Tadungedian 50.26 Wesidust sesasunleiun mslddw
Fanw 3 fiusials 1 dusiols wuasmuaw waz 500 Alansusels TUSunanisnszaeveswInge
AU > 2 Nadwmsyindu 50.19, 49.67, 48.46 uaz 49.36 WoslHud audu (3199 11)
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a < a Y 1 L4 < a a a =]
A1519% 10 N19NT8A1PVBIVUIALAAU (%) uazidurAudnatdinfu (Hadwns) gaugni 1

NNINIZAEVBUIAIAAY (%) AR
ATUNTNARDY 12 051 02505 0105025 nandinfu
S 293 W 3131, 1131 1131 Wy (uu.)
1Ludasauay 3267b 19.08 1267b 9.8 11.2 0.49 b
2. 07UTININ M5 500
nn.Molg 36.60 ab 22.67 12.82b 9.41 10.74 0.42 b
20740 M0 1 fusials  36.07ab 2365 1583 a 9.98 11.24 0.43 b
4.07UINN ONST 2 fusials  36.99ab 2546 15.19 a 8.67 6.73 0.57 a
501U M50 3 fusials 37.81a 277 1620 a 8.42 5.35 0.64 a
ALade 36.03 2371 14.54 9.59 9.05 0.51
p<0.05 * ns * ns ns *
CV (%) 7.71 6.16 7.62 8.31 7.17 8.52

a <@ a [ 1 4 <& Aa a a o
A1997 11 N1INTLAIWVRIVUIANAAU (%) BazkdUrIgusnaIlnnuY (Uasluns) gauann 2

NNINIYANLVDIVUIALIAAY (%) uneEud
ANSUNISNAAD 1-2 0.5-1 0.25-0.5 0.105-0.25 nanafinnu
> 28 3 3, 3181, 313, wae® (uu.)
Ludasauau 4846 1936 1247 799 b 6.66 3.06b
2. 07UTININ DR 500
nn.Aabs 49.36 --19.37. " 12.09 7.96 b 6.69 3.53 b
3.07UT0N M50 1 dusels 49.67 - 19.28 12.19 8.13 b 6.71 4.02 ab
4.01UTIAN RS0 2 fueels 5026 19.48 1248 8.26 ab 6.79 4.05 a
5.01UTAN 9ns1 3 dueels  50.19  19.97 1291 8.58 a 6.80 411 a
ﬂ"lLaﬁlsJ 49.79 19.49 12.43 8.18 6.73 3.75
p<0.05 ns ns ns * ns *
CV (%) 10.2 9.76 7.34 9.83 12.35 11.29

NEWe: * e dannuuananeiuegaiteddynisenang

ns MUND9 LUHANULANAIINUNIIEDR

AN

(%)

AT esiy 95% Tagda LSD

= J 1 1 s @ a d' < U aa <@ a
1/ AU mLaum@uaﬂmamemaa(um.) WUATUNUIUDNAMUAINUVDLLARU
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3.2 USinansnszanevasvunnlinny 1-2 daduns
Mnnanismaaesdugguandl 1 nud1 yasdunismeasddsidnasinliuiunanis
nszanevesuIainiy 1-2 fadwnsinnuuandeiunisada lnenisldandinim 3 dusels 4
Unansnszaevessuiailiniu 1-2 Sadlunsgedian 27.7 Weddusd sesasnliun nislddu
Fanm 2, 1 dusals waz500 Alansusals dUsuanisnszanevesvuiadniu 1-2 Taduns
WiNAU 25.46 23.65 waz 22.67 WWasidud aua1du drunlainiunuiuiunanisnszaneves

yunaindu 1-2 Tadlunseniign 19.08 Wedldud (5197l 10)

ndsdugnnisvanodlugguand 2 wud1 yasiunmeaeslinarliUznmuns
N3zeewInaRY 1-2 fadunsdanuuandreiuneds wazdelndidesiuan Tnenmsly
dudainm 3 fusiels TUTumsnsznevesundiadu 1-2 Tadwnsgeiian 19.97 Wedldud
soaaunlann nsldanudann 2 dusiels 500 Alansusals wUasmuau waz 1 dusials JU3uw
M3nszevewIndiniy 12 fadweswiiiu 19.48, 19.37, 19.36 uaz 19.28 wWesidud
AMEIRU (37t 11)

3.3 YSuansnszanevesvunadinny 0.5-1 Jaatuns

nnnanisnaaetlugguanil 1 wudn luusasdnsunismaasainavinliusanums
nszgvesruIadnfy 0.5-1 dadlunsiiniuunnansiueg1edidodAgn1eada lnanisldau
Fanm 3 fusiels TUSuamINsTaBTRIALiaRY 0.5-1 laAmnsgsiian 16.2 wWesius dali
wnnasiuegeltbd A nisadanunislanIuganin 1 way 2 dudals JUuNan13n528904
YuaLinRy 0.5-1 Jadueawinnu 15.83 Lag 15.19 Wesldus muadu drumsltdarudianw
500 Alansusiels fUSunmnsnsgevesUiaLingu 0.5-1 Jadlunsindu 12.82 Wesldud uaz
liumnsnsfuegaiifoddgmeaiffuutaseva Jsiivianunnszaevesuuiasiaiu 0.5-1
findlmsiiniy 12.67 wWesldud (19199 10)

ndeduganisvaaediugguanil 2 wui1 uadsunmeaesifinarliuSnuns
nsyanevesuIAdingu 0.5-1 faduasiinnuuwanansiuneada uaziialndlAesiuinn Tnenns
Mwdam 3 dusiels InstSinunszaevesvuiaidiedu 05-1 Tadlunsgeiign 1291
Wesidug sesaanliun nsldaudnin 2 dusiels wlasmuau 1 dusiels waz 500 Alaniuse
15 SdSnunmsnssaevesuainfu 0.5-1 fadwesvindyu 12.48 12.47 12.19 uag 12.09
Wosiiud muddy (inesd 11)

3.4 USUIUIN1SNIZRLVBIVUIALIARY 0.25-0.5 TAALUAT
mmmamamaaﬂquﬂqﬂﬁ 1 wud ynssunisneaedlifinarilvusununis
N328VIVLIAEIAAY 0.25-0.5 AadlunsilAnULanA T uN19Ena nen1sieauginn 1 duse
15 fiBnansnszaevesasingu 0.25-05 fadlunsgeiian 11.98 wWesldud sesasnlaun
wlasmuay nsldaudinin 500 Alansusiels 2 dusiels wag 3 dusials JUTunan1INTENY
YoIUIEARL 0.25-0.5 Sadunsyiiu 9.48, 9.41, 8.67 way 8.42 Westdus auasu (5199
10)
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ndsduganismanoslugguanil 2 wuth Tusiagshunisvaaosinayidliusinanms
N3¥ABTOIVUIALEAAY 0.25-0.5 Nadwasinuuanaeiusgsiidedidamiada lnensldniu
Fanm 3 fusiols fUSinunInszaevesvuIAingy 0.25-0.5 Tadlunsgsiian 858 Wosldus
Faldumndnsfuegredidoddynieadn dunisldawdinin 2 dusels fusinaunisnszaeves
uaLiniy 0.25-0.5 Tadlunsivindu 8.26 Wesidus wawnnasiusgadidedfymeadfnunis
Tdaudinm 1 dussls wag 500 Alandusels dUsunan1snIzansvesvuIaLlanfiu 0.25-0.5
fAdnsintU 8.13 uag 7.99 Wasiiud auddiu (m3efl 11) FsdenadostunsAnsinaes
duthamdeantinaaiivesiutazmiatqdvlnvesinniaventas ngndUafugnlufunse
WU MsldauTanim 0, 25, 50 uay 150 niuset vty 1 Alansy vnldAudlaseadedity
fufinmsdudaruudaiu Saruanmsolunsduiifuiu dwalifsiinsaiyiulaiiag
Tneamznsldaudanm 150 nfudevuindiu 1 Alansy (Sarah et al., 2013)

3.5 USU1UN15N52RN8VRIVUIALIARY 0.10-0.25 Tadluns

nransnaasslunguandl 1 wui adumsneassldiinaiiliuiinmnis
NS¥ALVBIVUIALARY 0.10-0.25 Hadunsiianduandeiun1s@dd tneansidaiudinim 1 du
siols USun1snsTaBvesTIIALiaf 0.10-0.25 fiadlinsgaedian 11.24 Wosidus s3I
Lo wlasaruan n1sldauadanin 500 Alansusals 2 uay 3 dusals dUSUNISNIEANETDS
YunaR 0.10-0.25 adlunsvindy 11.2, 10.74, 6.73 wag 5.35 [Wasidud audeu (ans1edl
10)

ndsduannmaaadugauandl 2 wuh nasifunanaseslifnarlvuimmnis
NS VRIVUALIAAY 0.10-0.25 HaalunsiaNNLANA1 L& n R wavdlalnalAgaduinn ey
nsldaTanm 3 fusiels fSunanInssauesunisinAy 0.10-0.25 fadlunsgedian 6.80
Wosidud sesasunlawn nsldaudinin 2, 1 dusels waz 500 Alansusels dUSuanns
NSEAEVRIUIALARY 0.10-0.25 Daflunswiniu 6.79 6.71 way 6.69 Wasidud auanu diu
wdasmuauiUinanisnsyatguesuLIninAy 0.10-0.25 adlunssiign 6.66 Wesidud
(miwﬁ 11)

3.6 MssAsunUasvuInvaslinfiy (MWD)
1NN5ANIVUTLI LA RULAAZUUIALAZUILIAIUI MR ALA UM AUSNa19LEE

Y
@ a

w38 Mean Weight Diameter, MWD Faidudviinisfivsuanauamuseasafiu aanuanis
Ansesilugguand 1 wuin msldaudinn 3 dusiols fuuadedulngfign 0.64 fadiuns
sesasun Wun mslddudanim 2 dustels fuwadafudaviidu 0.57 faduns St 2 s
nsveassliauueanseglitedAynisadfduilataruan n1sleauginin 1 dussls uas
500 Alanfusials fvwindadulndiAesiuiingu 0.49 0.43 waz 0.42 Tadwas AuAWU (1319
i 10)

ndsduganismnaedlugquanil 2 nud1 Auduringudnaiaiade u3e Mean Weight
Diameter, MWD 31nnilugguanit 1 Ine msldaudinim 3 dudels furaindulngfian
4.11 fiadwes liwsndnsesnsdideddymeadntunisldaudanim 2 susols way 1 fusels 8
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aa v

fyuadafumindu 4.05 uayd.02 Saduns Muaau wikanasegadideddamisadnniunisld
dudam 500 Alandusiels FailvuadinAuiniy 3.53 Tedwes warulasmuauBsdivuad

Auldndigawindu 3.06 Tadiums (3797 11) Tne Six et al. (2000) wanslifiuintandundddn
inliAnnduruelng esniandunidiiuunasnueuiineliAnfanssudunidlunis
a$ansiondiniu Usznounsinuselelglnunsiadupisuaunes Angers et al. (1997) uaz
Tang et al. (2011) uansliifiuindaduvuindngnadisegludafuvunlug Auifinifveu
nrniansasiadefuruialuglauinuazidiafusuiadnazivinudesas insizaiuuingn

Y @& a ~ o & a & i 2 a |
ﬂﬁlﬂﬂ?iﬂi?ﬂ@?%@\‘iLN@@UI@EJﬂ'ﬁLGUE]MG]’J‘UENLJJGWWSUHWWLaﬂlﬂagslumﬂﬂusﬂumﬂiﬁiy’

4. N15:UAasULUaENURNITIN TNV IAY

3

neusdunimaaes leandun1siiuAuwuy composite sample LatuNIATTE
USunuadunddau wuth Uiinaueailuteda weilde waedien fedsll ueadlusieda
1.2x10° wadseniufuuis wuafiSe 3.1x10° wadsenSufuuis uazilos 6.4x10° wadrensu
AL

v
a a da v a

A15199% 12 U‘%mmqaumﬂﬂuwaeauammimaaa qgﬂgnﬁ 1

1

ASUNIINARDY WeAR LN e WUATILSY Fos
Luvaspiuay 2.5x10° 4.2x10° 6.5x10°
2.87UFA N 8731 500 nn.aols 3.2x10° 3.7x10" 2.1x10°
3.81UTI0 N B8R 1 AURols 1.5x10° 1.8x10* 3x10"
4.87UFINN BRI 2 AURDLS 2.8x10° 4.5x10" 3.7x10°
5.871UFINN 8RT1 3 AuRDls 4.7x10° 6.3x10° 2.9x10*

v
a N da [ %

A1519% 13 YSnagdunidauvasduganimaaes ggugni 2

9

ANSUNITNARD LOAR UL T a LUATILSY 09N
Luvaspiuay 1.5x10° 1.6x10° 5.5x10*
2. 8710 9R51 500 NN.Aoks 1.9x10° 2.1x10° 2.3x10°
30740 N 9957 1 fumols 1.2x10° 2.8x10° 1.7x10°
467NN AT 2 fumols 6.1x10° 3.4x10° 4.5x10°
5.87UTF0 W A1 3 Aumols 1.6x10° 1.0x10° 5.2x10°
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4.1 n1sslasuRUaIUSUNIvR AR luledH
NHANITNAFDG (A15199 12) WU USUNeuendlusadainisilasunlad Nainme
ﬁmmmwnmsumsmaaq ﬂaummumimmaaq JUsSunauwerRluteda 1.2x10° waanansy

a

AU maqauammimaaqqmaﬂw 1 ummmu 9E5eM119 1.5x10° - 4.7x10° LwaasonIuau
WA waqauqmmimaaqqgﬂqﬂm 2 ummmuaqiwmw 6.1x10° - 1.6x10° LYAaRDNSTUAULIAS
waz Wailssuiisunsidauginimmndisunisneassiuwdasmiuaudslildaaiuionin vas

(%
a

auammﬁmaaqqmﬂaﬂm 2 9 aiildin msldautnmdnaiiuiinasnaseadludodaiy
a9tu (9t 13) ieiliesnndudinmianumgugs swsuludninmesduumdoifoves

a

duvdduavdduianssudesaaedunisinglufiuieidusinovnsliudfis (Lehmann et al,

9

2011)

&

4.2 maasuudasUSunavaiuuaiiey
1 ! o a A a a a 3 (3

INNANTNARBY WU Aeudnlun1sneaaes TUsunauuaiiseluiiu 3.1x10% wad
AONFURUWY MASFUAANISVAGWAUaNT 1 dAnfindu ogsenine 1.8x10% - 6.3x10° Lwadse
NFUAUUIY (113199 12) vieeauann1seneingUani 2 dr1egsening 1.6x10° - 1x10° Lwadsie
nSuAuwi WeiSeusunmsldamdinniunndisummages WUl MRIEUAANIINAGEEY)
Ugn® 2 nmisldanuganim 3 dusels duSunnuuafisegeagn 1x10° waddenSuALWY J9983N
loun msldam@inm 2 dusisls 1 dusiols wag 500 Alanfusials dUSunawuefiSemindu
3.4x10° 2.8x10° way 2.1x10° Wwadsensunuwme a1ua1siu drusdasmuaniivsinauuaiisey
AgAWny 1.6x10° LwadnensuAuurs (113197 13) Miathilpsannaudinmiadunugailill
funinn - gngulugndininesfuuasefevesqauaduagdopaaeidusinemnsTiunie
(Lehmann et al, 2011) LAZEDARRDINUAIITVIARDITBY Zhang et al.(2014) wuln A1sldau
= a o o § ¥ a a Aea A X I Ao o wo A = = 9 Q9 1
Finnlufuiinavilviusunadunidauiavuegildedrndiowssuisuiunislaldau
I

4.3 nsslasunlasuTuuvadesd

9INNANTIINNADY WU UTUadesdinisilasulladiiudulazanad nouatiunis
a A r-:qu a 3 & 1 U Aa 4 v ‘: = a1 1
Aad JUTuaelufY 6.4x10° lwadsionIuRuwAY NAAUANN1TNAADIAUYNN 1 UA" DY
51N 2.1x10° - 2.9x10° 1waddonIuAULY (115197 12) ndsduganisveasinguani 2 den
9E5eMIN9 5.5x10° - 4.1x10° wasdensuAuWAY Wassuwisunisidaudinimiuwuasniuay
wansliiiudndn ssunisnaaesnisldaiudnwiiliusnangesiiiunniu Tne wasduannts

N Y IS Y U ! I a a dy - 4 6 1
noawaUanit 1 msldaudinim anst 2 dusiels dUsnantesgen wiriu 3.7x10* wadse
NFUAULAY havkUasniuAulUinanesIinanviniu 6.5x10° wadsensuauuie nasduganis

N Y IS v U 1 I a a dy I 5 6 1
naawaUani 2 Msldaudann 8ns1 3 dusels dUTaTeTgewn Wity 5.2x10° Wwadee
n3uAULE 5998917 Ton Asldaiudanin 8ms1 2 dusals windu 4.5x10° ladRansuAuL
wlasAuANUIINMDIIANER WU 5.5x10° waddenFuAuWY (115199 13) 1198 L8N
drudinmidanunguas snsuluduaudininaziduunaseifovesgiuniduasdovaaielu
519 WNTILANY 1 Oguntunde et al. (2008) 518971131 ANUNTUVBIAWTIN WY IAUEINS
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JEUN8INALAR BT ULALIAUEAINNTLUNITANUN AR 9INENINAINAITARINZENTUNITY
| &

AanssuvefunIdNdulseloniluau 09 wu Wweslueeslsy waswuaseneslulasaula
Dusiu

5. maiuinasueuludy (Wesiwudaisuauludiv)

Aounsmaaes wuIUimnaasueylufu dawwintu 0.61 wWesiwud deeglusysusm
uazvdaniuifemananinInmilngeunguanil 1 nui Usnaedieudaiueulufuiiaa
unnsnseensiitfoddymeadifuasiuuilinfudulunnisumaneaesiiinsldamianmsnm
ieq Taemslddudinm 3 dusiels fefiwudasueulufugefigaindu 1.07 Wediwud
uwnnasegnafitudfnsadntunisTéaiuganin 2, 1 dusels war 500 Alandusiels Falusunm
AsuauluAumny 0.61, 0.83, Wag 0.92 Wesiwud muduiaviuasmuauiivsinunisueuly
Fusifigairiniu 0.96 Wasiwud ndsduannismaaadlugguandl 2 wut Ysinuensveulufuidia
gatulunnsniunisneans Tnsmslddiudanm 3 dusield Tusinaensueulufugsfigainty
1.87 Wodud Jsunndnsiuegnedidudfymeadidunisldanudinm 2 dusels Faludum
A1suauluAuIgY 1.40, 1.24, uay 1.12 Wesiwud mudduiasiasniuauivsinuasvauly
Ausilaauintu 0.96 Waedleud (maedl 18) esarn dudrnmduianigaslusmeniuoud
wannmsiianuieudsdeontiautesinn iunszurunsusnaaneseruiou (nlslada)
wazannsnfiuaiueuldfe 50 Wedeudvesesveudifiodluinatnnin  uazdudinmdud
AR aanedialid Asamnuinasusulu@ula (Lenmann, 2007)

M157199 14 Ysuuariveuludu (%) Tugguani 1 uaz 2

AsuNsnages Usurasuauludu (%)

NOUNIINAADY 0.61

NAINTNAADY q@ﬂgﬂﬁ 1 q@ﬂqﬂﬁ 2
Liuasmauny 0.65 ¢ 0.96 ¢
2.07UF0IN 8751 500 Nn.evls 0.92 b 112 b
3.81UT90 8091 1 Aumels 0.83 b 1.24 b
4.07UTINN B8R 2 Furels 0.89 b 1.40 b
5.01UF0IN 8751 3 Ausols 1.07 a 187 a
Anade 0.87 1.32
0<0.05 * *
CV (%) 24.5 21.2

o w (%)

e * e danuuanesiuegrelideddynisatiansedunnuedy 95% lagds LSD

o
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6. nssgyAulakasandnvastlnailngdau

6.1 AugeAutlwalndau

&R mananinIneilngsunguani 1 wuin yadifunismaaesliinasil
AugavesiudnInefinmuAn1suNeadA (115197 15) Tagsizunmsmeassildauianm 2
dusiels futninafinimganniian fe 141.8 wufmng sosasnldudnsléamndnm 3 wast
Ausials waz500 nn.sels daugdlnalAesiuwingu 140.9 140.1 uag 139.5 WURAWAT AUERY
wagndsniuiemandnlugguandl 2 wuin yisunsmeasdhifinavinlinugavesiy
Frlwadieaunnsinstumeadi Tnesfunisaassildanudanm 2 dusiols fudnlneianu
gunnfign Ao 142.5 lwufiluas sesawnlduamsldanwdinm 3 dusiols 500 nnsiols uas 1 fu
sols fiugalndiAssfulyiniu 141.2 140.7 uay 139.2 lwuflins Aud iy (5197 15) wag
MnnsAnwaugnadsvesiudninatindeust 2 afanudn nislddudanindasdisg
USuugsiunsalidfinavilinnugavesiudnlnaingeuunnsieiu

A13197l 15 anugevasdudalnailndoudiszaziiuion (wuRuns)lugauani 1 was 2

A3UNINAaDd ALEY (lUALLAST)

a9Uani 1 gauanii ALade
Ludasmuau 140.2 139.5 139.9
2.87UF0 N 8731 500 nn.aals 139.5 140.7 140.1
3.60°UTIN N8R 1 Aurels 140.1 139.2 139.7
4.87UFINN BRI 2 AURDLS 141.8 142.5 142.2
5.871UFINN 8RT1 3 AuRDls 140.9 141.2 141.1
Aade 140.5 140.6 140.6
p<0.05 ns ns ns
CV (%) 13.68 12.32 10.42

MR ns e lidlaanuunne1aiuneas

6.2 nandnd1alwadnaau

wdanfuiienandntnlnaiinseugguagnit 1 wuin yadfunismaasslsifuarh
Tnandevastalnaiindoufiauuwandnaiunisadd Tnglusfunsmeassfildaudanim 2 du
sols Ulwalvinandnasaniniu 869.37 Alansustels sesawnlauinisldauianin 1 dusiels
way 3 fiusiols TunandnlnalAssiuyindu 828.43 waz 825.97 Alansusials ama1nu diunas
muAulinananAfigauiniu 808.90 Alanfusiols (el 16)

vdaanifuienandndnlnailngougguanil 2 wuin luudaziiunsveaosia
linandnvostlnailndouimnuunndnstusgradiduddynieadn Tnessunismaaeiild
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a

dudann 3 dusiels Trlwaliinandngaiigaiintu 896.84 Alandusels dsliunnsnaiuoed]
Tedrfan1eadn funsldaiudanam 2 fusels was 1 fudels flinandawindu 893.18 uaz
833.64 fusiold pudiiu drunvasmuaulinandndifgamindu 774.79 Alanfusdels wagll
uwanansfueesiteddnmneadftunsldandanin 1 fusdels wars500 Alansusels 7ilinanden
Wi 833.64 wax799.16 Alan3usiols mud iy (15197 16)

MnMsfnwnandmaisvesinineiindouris 2 gaugn wuin mslddiudanin
gnsseUulTaRunsaiivwilduinlinandnvestilnaidngsuuaneeiu laensldauaanim
2 diustels Winandnindegefigawvindu 881.27 dudels ddliunnsstunsadiddumsunismnass
sosaanliud nsldadanin 3 fudols FelsinandnadelndiAsstumindy 861.40 uas
Alansusiels uazumnsssadafunisldanudanm 1 dusels uaz 500 Alansusels lvia
WAMLRABIYINAY 831.03 WAy 804.93 awandu daunslaldauTanwlvinandnadesigawiiu
791.69 Alansustels (M9l 17) etiilosndudanindaunsis Siuiifnielusasgngugs
waztreifinBinumiuansalunmsuanidsuua nleseuluiu fenuautfmaiiigedensld
Usglovdllunsuiuanindiu iilensmnzugniinliiuiimnugauanysaldmalinandafisiaman
P uenaIntuudIInMITTATeaudInw wuth fiddeeusyluosdlsznoy Sslidiudieiaty
Anuudussbiadiiviie (Raven, 1983) deandesiunisAnyinaveinisldaudiniwseniny
gAY ToivesAu Nsia3eiule wasnandnvesdinTnawusaengm 49 wuih dwiinuananiin
antlnadlefeognisifiuinefiannuuenaimadadssduaudoiui 99 Wesidud lae
srfumsnaansiilddrudaningas 5 wedieud vosiminauwis Winawdnd1lnagegauity
383 NSuRDAU (l@NAUSLAZARST, 2554) INNMTANYINITISYRUIALaTNaNERTDIT 1 ImTY AN
meldnstansienen Jootumid uagnslddiudn miuanmsiuluf uiidudy wuinnsld
g1utinmens 500 Alansurelsuaznisladenendnsn 1.6 dusels vilviesdusenauveinanin
uagnandnvestiageiign (Us.um, 2558) uanaintuidldidenadesiun1sdnyinaes
walulagdinmuazaiudinmlunisudadnaz iy wuinisldarndinmsududedanin we.12
yhlsiinagtindnanansiugefigafo 1,000 Alansusols (nadsuns, 2557) uenani 1§dedde
naassgndnandlunwuzildiu uazeliluSeunszan Auluunsnnsuglddonudinm uas
venvugldlild aans19156 Mingdn na1191 d1nardlunivugilddouazaiudann
3dulednd lumsvasosiutinifonaudodiudanim 2 Wosidud udmanmansdiingd
Fosue 1 wedidud Aaunsoyhlsldnandniutu fuiitarsdunistiosndt 3 Wosifud Wudu
finaunmlaid wagliannsafusniuarasemnsldediaaiiios nsldtenon wagiseniily
Tuviesalinaudlursdrdn dninermansnaiiinansdunigfldidnluazdesaarsdu
miveulasenlededneringy mafinauldaslvluiudumsiivanugauanysaluazsineimns
aslulufu sihlifssmensfiianuddey fe veaesa TnuwnaiBou unaden wuniiden uas
lulmstau (Lehmann and Rondon, 2006; Nele, 2016)
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M13199 16 uaawanand1lnaingeau (Alandusials) Tugavant 1 uag 2

ASUNITNARDS nawandlnadngeu (Rlansusels)
aUgnil 1 qaUgnil 2 Aade
Luvasmiunu 808.90 774.49 b 791.69 b
2.07UF10N 8951 500 nn.siels 810.70 799.16 b 804.93 b
3.07UT0 N 9991 1 Fusals 828.43 833.64 b 831.03 b
407U 999 2 Fusals 869.37 893.18 a 881.27 a
507U 999 3 fusals 825.97 896.84 a 861.40 a
ﬂ'WLaﬁIEJ 828.67 839.46 834.06
p<0.05 ns * *
CV (%) 11.47 14.91 12.87
* mynede: fanuwansatuegndfddunivataiissiuanudenu 95% e LSD

ns VUMDY TANUBANAIINUNIEDR
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ABUN 2 NAUARYBILNYATNIHALLIMMUINAIUNITNEASNLADNTITAIUTININ
. NAUARYIINEATNT
1. Yayanaluvaanunins

M13199 17 dayaniluvasnunsng

n=34
31UU fovaz
LA
LNAEYNE 13 38.2
LNAEYS 21 61.8
91 (91910de 52 )
Uoani 21 U 2 5.9
21 -40 5 14.7
41 - 60 16 47.1
60 Yiuly 1 32.4
NSANEN
Uszaufng 25 73.5
HseUANYIREURAY 4 11.8
Hsufnwimeulalt q 11.8
ue) fio auUTaynN 1 2.9

Mndeyavesnunsnsfililunsite (ms1edl 17) Mimsdnulaglduouduneal S 30
518 lugwneleanuitu Jawdnmasysal wuin ineesnsaulngidumendgs Sosaz 61.8 uavine
110 $ovaz 38.2 Inuilengiads 52.09 U deenytiesiiande 17 U wazerganniian Ae 77 U deya
AUNITAN®Y WU Lneasnsdulngdianisdney seduUssaufinen Sevaz 73.5 syAu
lseufnwinousukasdiseufnwineulaty Sosas 11.8 uavseavayUSaa Sevay 2.9

nsAnwdayaniluresnunsnTUsENaua@ninw (15199 17) Usenaume endinmie
ASLNEAT NUATUNTYINNSINERS  B53UlunTNsnYes wazsiels tnelisnoasidonluwmay
Uszihu fadl

DIFNNNNITNBATVDANEHTNINUIZNOUDTINYIU WU Inwasnsdulngusenay
21TINVUIENNAYT Fe8aL 85.3 LNuRSNSNUSENaUaITNYINUNTIudUaIunalsl Sesay 35.3
InERINTYLsTMInesedey Sova 14.7 wayUsznausndwdus laun Suanenly Sevas 8.8
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wunlunisvinisinees sulineasnsduluginisneesiuiuiinues Sevaz 70.6

LNEHTNTVIINITINEATIUNUAN S8 11.8 WaryinN1SNEASIUNUNAULDILAT NN Souay

17.6

A15197 18 81TNMINSNEATNUNTUNSTIINSINEATLaZISIRIUNSEIINSINYAS

n =34
U Souay Aade
1INNINITLNWAT*
U 29 85.3 19.44 13
ils 5 14.7 4.03 15
e 12 35.3 0.88 13
Sue Ao Sud 3 8.8
uilunssinisinens
ﬁuﬁmqu 24 70.6
Hufan 11.8
Nuftmueauazia 176
useulun1sINIsInEAS
ussnuluadusou (34) (100.0)
1-2au 23 67.6
3-4aU 10 Y-
Faust 5 ALY 1 2.9
WS99I (7 (20.6)
1-2auU 8.8
3-4aU 11.8
51914 153,588.2 UM
<100,000 UWsiDl 8 235
100,001 - 200,000 Umnaal 23 67.7
200,001 - 300,000 umsiol 3 8.8

nslgusaulunisviinisineas onuadu 2 Ysseu oun nsianssnulus$isou
LAZNNTITLSIIUING WU N5 LELT99UTUAS T oU Lmﬁﬁ]iﬂiﬁﬂﬁmﬂﬁﬁ’lﬂ’liLﬁU%@ﬂJﬂ@I‘fijLiN’m

TursSou Saway 100 wariin1stgwsaauy So8as 20.6-5181PUaNNERINSNYINNTNYAT WU
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nwnsnsiiselannmsviinisinuesiade 153,588.2 umeel lneiisaladesiian 50,000 umsied
wazdsglaunniian 300,000 umeiel (115797 18)

A15197 19 Ua8n1SHAANIINISINEAT

n =34

N1519U9N1SHAANIINISINYAS 31U Joway
d1stadl

Joiall 30 88.2

RCIRIIRIEN 23 67.6

gUs1U TN 19 55.9

duq Ao et 1 2.9
d159un3d

Jovidin Jepen Jeivan 25 73.5

JeBun3dussgs 17 50.0

dustn/ anstadasilauuas 15 aa.1

Juq fie EM drudanm 2 5.9

dnfumsfinyteyan1sliladunsuannan1snens (115799 19) wud inwasnsdu
Tngyildansindlumsuanie dnslideindianniign Seuas 88.2 sewmsnldensiuuas Sevay
67.6 e1UTIWTTINY 08z 55.9 Lagdus Ao 8NUTe) So8ag 2.9 Lazinunsnsalugnly
a N6 % a o4 o 4 4o = % Y4y a  a¢
a1sduvsgTinene In1slidewin Jepen Jofivanuiniian seuag 73.5 sesauntdledunsd
U399 Souay 50ltuniintasanstafnelaunas Sovae 44.14avdus An EM a1udinim ey
A 59

A15199 20 N1ILATIZHAUVDINEATNS

n =34

ASIATITHAY U Souas
INYAININTIUYARLTINIZUGN

N3u 5 14.7

lainsu 29 85.3
LNEATNTLALIATIZIAU

LAY 8 235

laivme 26 76.5
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ToYaRTUNTAATIENAUTDNNEATNT (NT199 20) WU inwasnsauluglamsuing
AuinuewnzUgnity wisvinsinunshieyndula Sevar 85.3 uavinunsnsliinethAunnues
wwlgnluiinsies Seuag 76.5

M1319 21 dayanislasudniansuasaduiineafiuaiudianin

n=34
3w (Seway)
nsldsutnaasuazanufieafududanm 19 Wild lLiwdls ey
(founsAnYIA9)
1. viiungldBude “d1udaniw vide Biochar” 19 7 8
(55.9) (20.6) (23.5)
2. vnunswihiifleunwasnsvesinuldauinm 15 9 10
(44.1) (26.5) (29.9)
3. hunswhauinniiuselegisesneimlumu 13 10 11
(38.2) (29.9) (32.4)
4. druthnnldanaudseaesi 10 9 15
(29.4) (26.5) (44.1)
5. *audhamduasediydands 3 17 14
(8.8) (50.0) (41.2)
6. rutamduduittnfunsveuliludulsuu 17 6 11
(50.0) (17.6) (32.4)
7. dudhnnldgeduenutulunuiligud iy 18 4 11 1
(52.9) (11.8) (32.4) (2.9)
8.* audinmanunsaldunulele 14 7 13
(41.2) (20.6) (38.2)
9.* ghutnmiivihaintaauandisiu Ssmemslal 10 6 18
WANEINarU (29.4) (17.6) (52.9)
10. B mansidarvaiulevdnuiedenen 14 4 16

(41.2) (11.8) (47.1)

* JRANDIULTIAU

MsAnwIdayavetnYnINSNgITUNSATUTIESHAANSAEIRUATUEININ (5199
21) ABUNTANINIU WUI LNWATNT F08aE 55.9 SINAMUWIINIMVTREUTINN wazdlinunsns
ansrvinieunuasnsldaiudinin Seeay 44.1 detudadliiewnyasnTUNEIUNNTIY

AdnuyauzkarUseloriveanuginm el invnsnsnlirevseliuilainlasuinasuasaiug
Weatuaudinm d@rulugreumauiifertesduaiuiinninianioliwulaludesinim Tudu
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[ ¢ 1 a £ & a LY < s a 1%
rnudulsglovidesinemisiuiu msldananuuiervediu msinnuasueuliluaulauiu
nsgaduaMuTulufiu AMULANAYesaIuTIn MAazydn wavnsda TN lulgeRuly
winnsedeaon druludemarudauinunsns dulugnsivitawdinmladldduaisial u

winlaiindasnsaldunudele

M13197 22 WEASANUNING LAABNTITANYIAIUVILNYAINS

n =234
AuewalasiansAnyIgeU 317U (3eway)
11N Uunan e
1. ynuimnufisnelaseanuidnuigay 18 16
(52.9) (47.1)
2. udianuagantunsidunmanfnggau 20 10 4
(58.8) (29.4) (11.8)
3. ihulianufianeladedsn1suTseneveingIns 23 11
(67.6) (32.4)
4. vinudmnufiswelasier Juanens (nsaw) 20 14
(58.8) (41.2)
5. vusinnufenelasiodedldluntsinggim 14 20
(41.2) (58.8)
6. vinuflaudianelasledeyaitlisulunisfnen 19 14 1
791U (55.9) (41.2) (2.9)
7. vifianuiianeladeszeviiatlunisinwigeu 11 22 1
(32.4) (64.7) (2.9)
8. viufimnuSiRetuduiionme ity 15 19
wé’qmﬂlﬁmﬁﬂmamu (44.1) (55.9)
9. viufianudlalunisldauiininlunis 15 18 1
UTuusanu (44.1) (52.9) (2.9)
10. inudlanuianelasisnsAnyigailuningiy 18 16
(52.9) (47.1)

ﬁ’]%%}Uﬁ’JWNﬁQWQIQ(ﬁi@ﬂ?iﬁﬂ@ﬁ@ﬂ’]ﬂﬂ@\‘im@miﬂi (GﬂiNﬁ 22) WU LAMATATHAIINNAS

walasien1sAinwigaunmsaluszduinn Andu Sevar 529 Fsaenndesiudameaiuniuiia

walanwsu lnanwasnsiianuiianelanedSnsussereveineinsuiniign Andu Sevas 67.6

a Y2 a a & v e A
IIWUT AB ﬂ']WTJlISUENQLUu'JVIEnﬂi ARLUUSDEAY 58.8 LLagaﬂ']UVlﬂﬂ‘Hqﬂﬂ']'LlLVl']ﬂUi@EJa% 52.9

wazinuasnsianufiswelaneaiuanuiifefuaudinmuniundainlaundnugau Aadu

Sovaz 44.1 uaz fanuianelatesiigaseszesalunisnwguu Anduievas 32.4
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A1519% 23 nansaduAnLuAaniIsdta LI WU T uNLAINI9NISINENSUDIAULDY

n =34
anuAaiusanisiradnnluly 1w (Gowaz)
Tuufivensineasvasnuias (MdsnsAnegaiu) 19 Lildy liwdla  liseu
1. inuAn e udInmiUsEleail 27 1 6
(79.4) (2.9) (17.6)
2. YnuAnaudin wanunsaveaseselalivinuls 14 3 17
(41.2) (8.8) (50.0)
3. yiuAnE T maslianEn Rty 17 1 16
(50.0) (2.9) (47.1)
4.* ynudasuinmismigaduly 9 8 17
(26.5) (23.5) (50.0)
5. YNUARIEANLIINTELSEIIeIA LA UsE v 9 5 20
AUFININ (26.5)  (14.7)  (58.8)
6. vugosnsmeasnidudnldldluuiinsnems 21 2 11
YDIIY (61.8) (5.9) (32.4)
7. iudaiezihdeaiefududanmilivusideny 21 q 8 1
Waunensns (61.8) (11.8)  (23.5) (2.9)
8.* yinuAn i TanynamsinemssuiianinnsTdawianm 13 7 14
(38.2) (20.6) (41.2)
9. yhudnirezthaudinmluluiudinsinunsvesiiu 21 3 10
(61.8) (8.8) (29.4)
10. iuAniarasmuasaesuianwluiudinsineas 10 5 19
YBINU (29.4)  (14.7)  (55.9)

Tudumuandiuresnunsnsrensieudanmluldlufiuinimsinensvemuies
(57971 23) ndsnlFFunsinega wuin nwasnsanlvgdamuAndiudauandenislday
Fanm lesnwasnsdiulneg Anndnmidluselesid Segay 79.4 desnisnaasstiauiinninly
Wluituiinmsinuasvemuies wazasuusiideaiorfusndinmldiuiewnsnsns veianid
aztheufanldldluiuiinisnens Sevay 61.8 uasnumsnsundudnitduiininagyils
NaHAMANTY Seuay 50-nunsnsiiAIaInzaInsaadeseliiiy Sovay 41.2 wavinunIng
UnsdudaamIamuaamduiinm Sosay 29.4 uiel wui invasnsuediiienuine
Taludesaaudanm waganuimnzanvesnauazlsglenifieeldsu
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v Jgynnazdarauanu
Mnmafudeyaveanunsnsildvinnsinm lusnnefeanuniu Samiamysysal
annsarurndymuardeauesuusiiiedastunslidauinnvennunsns W
Uy
1. UszANSANNIINEATRLA N UTIN AN saRERlAtUee Lilsanasie
ANUADINTT
(6 518)
inwnInskiudlafsuszlovuvesaiutnnmdenisldlunisineas (4 91e)
VPRAAUINGAY dmTuraIuTINIM (3 58)
nsvUINMsHAREILTInLARATuLAE NALTUNIY (2 518)
5. vetadvaiuayulunsnandiuanm Wy wssnu ey Wudu 2 1e)
JoLausuuY

el

1. eshideyauazlviiegnsauinandmsunaaedld (4 18)
2. msitmumelulansnansudinlrlausinasnnlumswnusasass (4
518)
3. SIAWeILTINW msETegnifsmeinynsnsansaazaeld (3 918)
4. ensdueBiliinissmnguinunans iondadwnmldlungy (2 519)
5. psduaSusaratuayubiinuesnsasweenamdinmlildes (2 51e)
dadunnvasdsiuriudoya wudn
1. inwasnsfiugninlnaiindelvidedansiniminaiindeuluwasildauianm fsani
vnukaznseuniulasiliidaudanan
2. wnumsnsdulnafmnailannsidioudiamluiuiinunsuemues udddlithilalu
Uselovtluaginslddugnnw Ssmsiinsdaaiiazdenanaudifeafududinm
Tnwasnafiudy waglinutiamlunnassldvielfinunsnsdhuiidmsaluudag
ase iielinwnsnsliidilatasifiulselovivassmdinndenuies
3. inwasnsfizdnuazidnlaludselomivesdudnnm fnudeanisly ualianunsadaman
1916 \flesanguananunsanananutanwlatios uaziliuanliunn
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ABUN 2 NAUARYBILINUINATUNITNEAS

1. Yauanaluvaadvtng

Y

M13199 24 uansdayanaluvaudntii

n=20
U fowaz
LIl
LNAEYNE 5 25.0
LNALREY 15 75.0

91g (91g1dy 44.32 1)

Hpenin 30 U 3 15.0
31 -40 4 20.0
41 - 50 6 30.0
51 -60 6 30.0
aiszy 1 5.0
ALY
UNIYINIILN AT
- \Feagy 1 5.0
- FIUYNITNLAY 3 15.0
- YIUIYAIT ¢ 15.0
- UuRnIg 1 5.0
- lalswy 8 40.0
UnIv1N13 1 5.0
UNILATIZAUlEUNB LAY 1 5.0
LINTNITULAYAS 1 5.0
NUNIUFING 1 5.0

Nnteyarhlvvendimihisnumsainunsiietestunuimunfiau (e 24) Tag
mslduuaeuny $1uru 20 18 Wi Wvhishunsineesiiiedestunuiauniidu du
T dumavids $ovaz 75-wasnany ovay 25-lneiiongiads 44.32 U Geegtiosiianie 24 1
uazengandigade 59 U uazdoyanisissiuvtseadming wuin Wwwihiidndvgdss
Aumisiinivmanues Sevag 80 uazsswiuvsiiAates laun thdvins Wmdhaunees
UnInenuleunsuazii Soeay 20
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2. nsld3utnaasuazauAnuRgafus I 1i3e Tulenns

msfnwideyavendmiidunsinyasiiisadostunuiaunfiau (mnsad 25)
Agatunsliduinasuazanuaadiuigatududanim wuin mihinnseiviinisiiu
foya (Gevar 100) weldsudeyanentiudndnm lasdndvadauAniuludn Seeas 90
Howndudinmilsngunusssund Sadiuselombmasmuninnems Tiud 1lunmsusudsedu v
Tinandngaru annslideiafinaranaildans saednifuiuazsmensluiu Tieszuiseinia
msFumesth uagnmsduiludu anaudunsnvesiu fufinrusugetu Wulnsioduandon
Ingazdrwannisiinfiigaisueulaeenleduar Meseunszanluusseinia wasdunisiifan
widslguvilminuseley

A13197 25 dayanislasurnraisuazauAnviuieafivdudinmmielulewns
n=20
n1TlASUYIEITHAZAUAALIAY 37U Soway

nslasudayadudianinuieluleyis
Ay 20 100.0
lyive - -

AMUAAIUABEIUTININTo lulavns

LIUIN 18 90.0
AU L -
alszy 2 10.0

AsuauIInInKsalulavnslunugiin

IR 13 65.0
Taiuugain 2 10.0
lalsyy 5 25.0

dmdumsthanadinfuduinmlviuzivensasns wui Wwihidnlvg
whluugth udnwnsns fesaz 65 ilesanduinmidumadennisdmsunsusulgamu
slsinandaiutu anfununsndn ansafuedmasuivseld weelunslivsteniann
Faouwdeld witidmihiifesay 10 Sslinugilinunsnsld esndudinmildesidaluns
wARlUUAMNIN 1ASEIU LAz USINA wazdidmihd fovas 25 liseyinasuusivdoliugih
WANYATNS
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2. Ugynuazdoiausuuy
Mnmafudeyaveadmiisumsinumsfiieadesfunuimundidu S1uam 20 518
annsasuTndamuardoauewusiisitostunisldsurmansuasanudndiuieaiud
Fanm il
Uy
1. nszvaumsndndinnugeein dessdanndiuiinmiuliies Taafiihanld
yhliuamdanuuansaty Weimddumawniisags shlvsuyunissdndeudnegs Jeflsnan
W
2. M3Ussnduius nstadeya wasnisanenennulvuAnynInILaL
mthifiAeadessunsineasifos Suhliliduissnuasliunsnas
3. M mriliAna iy Fadunsifiuuaninzmseinie
URIGURIRIE
1. msiinsaenennud malulagnisudn wazduasunisldaiuginimun
inwpsnsdsmstiiausesaiudunouiidladeg
2. mTisuasiaunsEnsuTinmagsreilos el sHan T
Uszavsnmuazsiuvusin nsthlulivsslovdifieandunuuas Ildnansuunugean uazannis
Anafuilotlesfunansenudedandes
3. msinisUszndutuslaglddeiiannsadnfanynsnsldheuazanniian way
T4@evannnany

45



#3UNaN33Y

1. MawAsuuasauifmaeivesiuidieduaansneaes nui mslddudinmluns
UsuUgaau shliAuiinnugauauysaliunnty lnedaeudunsadusnswesiu (pH) Y3
Surpinglufudiunnniu dwiuufinuleanleda Inuadeu uey uaadeulufudfiugeduess
Fouluyninsumananes dndiinauaniienininuisuslaniufuruienty

2, miLU?%s;JuLLanauﬁ’amq%amaﬁwﬁaéqumimaaq WU NMSlEauTIN NGNS
f1e vilUSanauderAunIsiiisslen 1hud ueaRlueda wuafiSe uasioriuu iy
1N

3. matAsuwdasauifinamenimvesiudeduannimmeass wuin nsldiudanam
5@13'1@"1@6’]'17‘1'LﬁuﬁuﬁwiﬁnwﬁnizﬂﬂamawmmLﬁmauﬁmim?{auwmLLazsummsanLﬁmauLﬁu%u

a. mafuinansverlufudioduannismeaes wuinsldaudanimdasene duwaliy
ylsinaiusnasuerlufuiumniu Tnsuwdsiulumudasmsldduinnm

5. M5l ngnseinaUsulgsaunsaiuwilduyilvinandnve st lnalneau
ity Tnemslddndinm 2 dudels Srlneliandngaiianuinty 881.27 Alansudels uslsl
unneisfuetnaltuddnmnsaanrunisldaudanin 3 dudels Alvinandnuintu 861.40 duse
15 wiwpnsiuegsltydnynsaaadunsianutinin 1 susels way 500 Alansunsals T
NANAR 831.03 Az 804.93 fusiald mud iy Redumnineasnsasdgninnlnaiingeuluiuiiau
n3n Yaaunamin wugthlildawinninludng 2 dusiels

6. imunRvosnwnsnIadirensldnudnmlunsufuussiu wuin insmsnsaulngd
AMUARuEUInAenisldaIutnw leaneasnsdarulnganiiaiuinnmilusyleviiazaas
nlglunisusulsesiu

7. nuAniureadmhtsumsinuasigadesiunuiauniay Aadaudinind
Uselemdvnafunsinens iflagan MM NUANITIL YR anansananlglunisusulgenu
mﬂumuummmmmu NAHARZNDY amm'ﬂﬂjﬂamm Pefnfuiuarsmemsluiu aessue
omAuaznsauvei ananaunsavesiu iulinsredaundon wasdunnihYanmdeldun
ilAnusgleyidnme

YDLEAUDWUL

1. nsldanudinndesdledivingavluvieadunldlunisndndudinin vatiivelila
YSunauiliiganeseninuneanisvesiaiugn

2.5(’1’@5’0Lﬂmﬁum{J:i’sm’mﬁazﬂamﬂmsé’mmwaiuazLﬁUianwﬁi’J’ayjaIuﬁuﬁ WU LRSS
d' vV 1 v Y U 1 ¥ 1 d‘ 2 = = a
mgniilneilngeulvdedunaintnilnaingaulundamldniuginin Isavdniuwaznsou
AwUaIR T a1 UTINN hazinensNsIANEUTNTITaIUTININWTUNUTLN YATVDIAULDY 34
msimsdaaSulazargnanausineiuaudinmiinunsnsiiuiu viedeiiuRnluudves
AN NNAKER

46



3. 91nUYnInulTEansAINNITNAATILAUNIEIUTININ AD @ msondalatey Ll
Reamorionusianms waraunauingRudmsurinaudanm fudu mstinisiaunnelulad
mawand i lildUsmasnnlunsusagade

4. Hgmdnunszuarumsndndaugiein fadu Jsmsimamenenaind meluladnig
wan uarduaiunmsldddininudinenans fensinauesdadudunoufidladne el
nensnsiauiuazaudilaisafunislédiudannigndes uonandidmiiiivie

JAIVINTITNEAT AISINITIVULALTWAIUINISNARDIUTININDE19MBLTB LB LA LA IoNISHANTL

4 A

Usgansamuazauyualiuiinensnsaiansadlld wazaisinsusenduiusingldd
aunsanladng wazdununInslaegeaings

Uszlevsunbasu

1%
=

1. Wunmaliineasnsldauanmlunsudlosazuiulgsituiidunsadiendadlng
Hngeuduvsy

2. Lﬁuﬁﬁa%aﬁw%’wmamuﬁgﬂmﬂ%’g onwu Lmihiinsinueswasinwasnsnauls
annsathlulduselowd wazdnusiosenilelilFiBufuR7TUsEAvEnmgeqn

3. uenanautinwldidumsuuusiuiediuaanmauiiovgnivdunisud a4
Duwumemsansununisnaalagaaysuanmslilend

4. nsldaudimmuwuimnannistapUassinwdeunszanuazaivayunisinunsidu
fnsfudanndes

47



LONE15D19D4

NIUNRNTIAY. 2548. $1891UNFIANTTNTHEINTAULNDNTUGNINYLATHFAIMANAANGUYARY
LENT 1 AUUUNUNTIUAN. NITURMLITAY NSeNTINNEnTLazannTal.

NN YRS Uag Nugn 3e. 2558, NavemudIn nsen1sasyiulalasanandiy.
2. MeAansinens. U 46 atuil 3 (Tay) fue1eu-511aU 2558,

NARTENS wasudl, Toun Aaa s wavaste aIssavd. 2557 1. 605-608. N13IANTAUAIEY
wialulag@inmuazaruinmlunisndainaztnlufunsie. 2. Inerdransinens. U9 45
aUUN 2 (TikAy) WeuN1AN-AIn1AU 2558.

Indlnn a3Tsuning. 2558. Undeuuzineasnsld “audinan” saufvlaniiunanin
F1als. (eaulad) wWrdslaan: http/Avwwkku.ac.th. NEUIMITUITY
UMINYNAEVOUBNY.

1939y L93YA3d. 2541, AutdIendanazn1sannisiie l9uszlesunian1sinensiuussine
Ine. nosoysnuAULAZUYY NTUNAILITAL. NFUNNC.

UITINENEAL FUAVIS kazWIaTUNS N1EAN. 2560. N1sAnEaNURAYasEUdINWABaNURYDY
Auuasnandnigayulnsvudulununaumdseadn. naNdelasinuinsiansnau
NINWMUIARY. NTANN.

Usiue Juiia. 2558. nsmevauasrewiugtmilyamanglinisinnisdesasaiudining
wansinsfuluiunAuhy. uiuneas 43 (1): 79-92.

filan Unee. 2557, 1@NE1999AANS 1399 61uBnw. Audfnwinisiaumensiedu
HIDWNINNTEIIVAS. UTITNA.

WVsna ASua ANANS Ansvnily wIing Aluena wag Jatumnil fuine. 2557, angwaveads
TnunadeusanisaaldsinemswaskaninvasinluanmAuay. 2. nd. nw.
45(2) (Wew): 637-640.

e Taends. 2556. navasauInmwiddenandndiiuasauninaumlisatunse

A o 1 < o 1 (% [ a a a & |1a
NIUANEIANUAUAY DINBHNINTLITUY JWNINNYIYSI. 'JV]EJWUWUﬁTJﬁQJ,EQ’]IV]
INIAINTUUNINGNTE. NTINNEL.

48



[y

Avdnwal A3AT wavesan gnadnedng. 2556. n1sUsyndanudinmlun1susuuauie
N3RS MNIANTTIRNAERTLATNYBEAENS 39 (2): 223-229.

AU U BATNAIUN AU IING D BN BATANERS. 2551 Lanmsﬂiznavms’?]nauswé’ngm
ASNAIUINISHNAARATNISIFUsETevdunduaduld. svinedeinunseaans,
NIUNNUVIUAT,

LIAUS Y LasARss Wenuey. 2554. nsldauusuusiuievandnilnadmievinu.
MIANNYAT 27 (3): 259-266.

LEIAUS WY, 2557, naveanudinmanlidll warunausienandn warUssdvaninnisgald
Tulpsiauvaadiugdeum 1. nsansinerdansuazmalulad umIneide
quUas1Ysil 16 (1): 69 -75.

ansde LaNavE. 2551, gilan1swdntiuauningeaziduaduldineldluaiaizeau.

o

gonUdgLaziu) AN INeaeRaUInsg. NTAMNLMIUAS.
dasennsal msenY. 2552, anwiNan1TUTUUTIRLTENTUNINENG Ui eran. eran
Al-Wabel, M.I., A. Al-Omran, A.-H. El-Naggar, and M. Nadeem. 2013. Pyrolysis temperature
induced changes in characteristics and chemical composition of biochar

produced from conocarpus wastes. Bioresource Technology. 131: 374-379.

Angin, D., 2013. Effect of pyrolysis temperature and heating rate on biochar obtained

from pyrolysis of safflower seed press cake. Bioresource Technology 128: 593-597.

Angers, D.and S.Recous. 1997. Decomposition of wheat straw and rye residues as
affected by particle size. Plant and Soil. 189: 197-203.

Antal, M.J., and M. Gronli. 2003. The art, science, and technology of charcoal production.
Industrial & Engineering Chemistry Research. 42: 1619-1640.

ASTM D4607-94. 2011. Standard Test Method for Determination of lodine Number of

Activated Carbon. ASTM International, West Conshohoeken, Pensylvania.

Barton, C.J. 1948. Photometric analysis of phosphate rock. Analytical Chemical. 20:
1068-1073.

49



Bray, R.H., and N. Kurtz. 1945. Determination of total, organic and available forms of
phosphorus in soils. Soil Sci. 59: 39-45.

Brady, N.C. and R.R. Weil. 2008. The Nature and Properties of soils. Thirteenth ed.

Pearson Prentice Hall, New Jersey.

Brewer, C.E. and R.C. Brown. 2012. Biochar. pp. 357-384. In: A. Sayigh, (Ed),

Comprehensive Renewable Energy. Elsevier, Oxford.

Chapman, H.D. 1965. Cation exchange capacity. pp. 891-901. In C.A. Black, ed. Methods
of Soil Analysis, Part Il: Chemical and Microbiological Methods. Am. Soc. Monogr.
No. 9, Madison, Wisconsin, USA.

Chintala, R, T.E. Schumacher, S. Kumar, D.D. Malo, J.A. Rice, B. Bleakley, G. Chilom, D.E.
Clay, J.L. Julson, S.K. Papiernik, and Z.R. Gu. 2014. Molecular characterization of
biochars and their influence on microbiological properties of soil. J. Hazard.
279: 244-256.

Demirbas, A. and G. Arin. 2002. Effects of temperature and particle size on bio-char yield

from pyrolysis of agricultural residue. J. Anal. Appl. Pyrolysis 72: 243-248.

Goldstein, J. 2003. Scanning electron microscopy and x-ray microanalysis. Kluwer
Adacemic/Plenum Pulbishers. The Netherlands.

Isaac, R.A., and J.D. Kerber. 1971. Atomic Absorption and flame photometry: uses in soil,
plant and water analysis. pp. 17-37. In L.M. Walsh (ed.) Instrumental methods

for analysis of soils and plant tissue. Soil Sci. Sc. of Am., Madison, Wisconsin.
Jackson, M.L. 1958. Soil Chemical analysis. Prentice-Hall, Inc., Englewod Cliffs, N.J.
Lehmann, J. 2003a. Nutrient availability and leaching in an archaeological Anthrosol and
Ferralsol of the Central Amazon basin: Fertilizer, manure and charcoal
amendments. Plant Soil 249: 343-357.
Lehmann, J. and M. Rondon. 2006. Biochar soil management on highly weathered soils in

the humid tropics. pp. 517-530. In N. Uphoff et al. (eds.) Biological approaches to

sustainable soil systems. CRC Press, Taylor and Francis Group. Florida.

50



Lehmann, J. 2007. Bio-energy in the black. Frontiers in Ecology and Environment.
5:381-387.

Lehmann, J. and S. Joseph. 2009. Biochar for Environmenttal Management Science
and Technology. Earthscan Plb. UK and USA.

Lehmann, J., Matthias C. R., Janice T., Caroline A. M., and C. David. 2011. Biochar effects
on soil biota. Soil Biology and Biochemistry 43(9):1812-1836.

Liang, B., J. Lehmann, D. Solomon, S. Sohi, J.E. Thies,J.O. Skjemstad, F.J. Luizao, M.H.
Engelhard, E.G. Neves, and S. Wirick. 2006. Stability of biomass derived
black carbon in soils. Geochimica 72: 6096-6078.

Lua, A.C,, T. Yang, and J. Guo. 2007. Effects of pyrolysis conditions on the properties of
activated carbons prepared from pistachio-nut shells. Journal of Analytical and
Applied Pyrolysis 72: 279-287.

Major, J., M. Rondon, D. Molina, S.J. Riha, and J. Lehmann. 2010. Maize yield and nutrition
after 4 years of doing biochar application to a Colombian savanna
oxisol. Plant and Soil 333:117-128.

Major, J., M. Rondon, D. Molina, S.J. Riha, and A. Libutti. 2016. Effect of biochar
amendment on nitrate retention in a silty clay loam soil. Italian Journal of
Agronomy. http://www.dx.doi.org/10.4081/ija.2016.780.

Mulcahy, D.N. and D.L. Mulcahy. 2013. Biochar soil amendment increases tomato
seedling resistance to drought in sandy soils. Journal of Arid Environments 88:
222-225.

Masto, R.E, Md.A. Ansari, J. George, V.A. Selvi, and L.C. Ram. 2013. Co-application of
biochar and lignite fly ash on soil nutrients and biological parameter at different

crop growth stages of Zea mays. Ecological Engineering 58: 314-322.

Nele, A., 2016. Biochar-induced N,O emission reductions after field incorporation in a
loam soil. Geoderma 267:10-16.

51



Novak, J.M., I. Lima, B. Xing, J.W. Gaskin, C.Steiner, K.C. Das, M. Ahmedna, D. Rehrah, D.W.
Watts, W.J. Busscher, and H. Schomberg. 2009. Characterization of designer
biochar produced at different temperatures and their effects on a loamy sand.

Annals of Environmental Science 3: 195-206.

Oguntunde, P.G. 2008. Effects of charcoal production on maize yield, chemical properties
and texture of soil. Biol. Fertil. Soil. 39: 295-299.

Peech, M., RAA. Olsen, and G.H. Bolt. 1953. The significance of potentiometric
measurements involving liquid junction in clay and soil suspension. Soil Sci. Soc.
Am. Proc. 17: 214-218.

Peech, M., 1965. Hydrogen-ion activity. pp. 914-926. In C.A. Black et al., Eds. Methods of

Soil Analysis. Part 2. American Society of Agronomy, Madison, Wisconsin.

Peterson, D. 2009. Biochar structure [Online]. Available: http://www.slideplayer.us
/slide/799098 (Searched 2 October 2014).

Pratt, P.E. 1965. Potassium. pp. 1022-1030. In C.A.Black. Methods of Soil Analysis,

Part 2. American Society of Agronomy, Madison, Wisconsin.

Raven, J. A. 1983. The transport and function of silicon in plants. Biol. Rev. 58, 179-207.

Sarah, C., S. Simon, S. Saran, B.S.Tan, and H. Stephan. 2013. Impact of Biochar Application
on Soil Properties and Plant Growth of Pot Grown Lettuce (Lactuca sativa) and

Cabbage (Brassica chinensis). Agronomy 3: 404-418.

Six, J., R.T. Conant, E.A. Paul, and K. Pautian. 2002. Soil structure and organic matter.
Distribution of aggregation size class and aggregate size classes and aggregate
associated carbon. Soil Sci. Soc. Am. J. 64: 681-689.

Tang, J., Y. Mo, J. Zhang, and R. Zhang, 2011. Influence of biological aggregating agents
associated with microbial population on soil aggregate stability. Appl. Soil Ecol.

47: 153-159.

Tsai, W.T., MK Lee, and Y.M. Chang. 2006. Fast pyrolysis rice straw, sugarcane bagasse

and coconut shell in an induction-heating reactor. Journal of Analytical and

52



Applied Pyrolysis 76: 230-237. 2007. Fast pyrolysis of rice husk: Production yield
and composition. Bioresource Technology 98: 22-28.

Walkley, A. and I.A. Black. 1934. An examination of the degtjareff method for determining
soil organic matter and proposed modification of the chromic acid titration method.
Soil Science 37: 29-38.

Zhang, Q., F.A.Dijkstra, R.X. Liu X, Y.D. Wang, J. Huang, and N. Lu. 2014. Effects of Biochar

on Soil Microbial Biomass after Four Years of Consecutive Application in the North
China Plain. PLOS ONE 9(7): €102062. doi:10.1371/journal.pone.0102062.

53



AMANUIN

54



MSIWNWINTA 1 Aesgruildiuseuiisuaudiniuaiivesiu (1)

Arrnudunsaduang (pH 1:1)

LAY ANTSmler
ﬂimumqmaﬁqﬂ <35
NIATULTIAN 3.5-4.5
NIAIAUIN 4.6-5.0
NIAIN 5.1-5.5
ASAUIUNATY 5.6-6.0
nsaLdntiosy 6.1-6.5
AN 6.6-7.3
AnaLanties 7.4-7.8
A19UIUNAaNg 7.9-8.4
AN99A 8.5-9.0
ANTANIN >9.0

‘171|3J’1 : Land Classification Division tag FAO Project Staff, 1973 ; Soil Survey Division Staff,

1993

AISNWINT 2 ANRIFIUTLTUT U uauTanIselivasiv (2)

JEAU | %OM P K Ca Mg S Na
(mgkg™) | (meke™) | (mgke!) | (mgke™) | (mgkg™) | (mgkg™)
fun | <05 <3 <30 <400 <36 <5 <25
i | 0515| 310 30-60. | 401-1000 | 36-120 | 510 | 2570
U1unand | 1.6-25 | 11-15 61-90 | 10012000 | 121-365 | 11-20 | 70-160
@ | 2635 1645 91-120 | 2001-4000 | 366-975 | 21-30 | 160-450
gaunn >35 >45 >120 >4000 >975 >30 >450

NUBLAR) flun Standard rating USDA
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AWHUINT 1 Snvaiglassadiauesnuginmnaamginieg auenuai: a) IAsEing ansusy
Liluszidou (edugi), b) lassadnasuouiinigdniesh, o) Tassasns
AsUauUTAansEAAEuNslNd (I Peterson, 2009)

MWNHUINT 2 FHTUVRIRUTINIMAINUNAU (Lansendeganssatbiinasew)
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