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ABSTRACT

It is clearly showed that the biological ash mixed to 11 species as follows:-
Aspergillus ~ kanagawaensis, —Pseudoeurotium ovale, Trichoderma harzianum,
Trichoderma hamatum, Paecilomyces marquandii, Emericella nidulans, Penicillium
steckii, Monascus sp., Mucor hiemalis , Chaetomium subspirale U/
Chaetomium.lucknowense increased in plant height, number of tillers, number of grains
per panicle, number of panicle per tiller and grain weight per panicle. It was also
indicated that the bio-ash has affected to higher soil fertility which increased in plant
nutrients available for the growth of rice var Prathumthani 1. The bio-ash treatments of
25, 50 and 75 kg/rai were not significantly differ in yield and increased the yield as
52.38, 49.05 and 56.59 %, respectively and it was significantly higher when compared
to the non-treated one. This may due to the activities of beneficial fungi added into the
bottom ash. It is suggested that the biological ash may possible to develop to be used
to increase yield and reduce the chemical use.

The soil planted to rice (soil without bio-ash) in pot experiment showed that the
soil pH was 4.2, EC value was 325 and organic matter was 0.67 and and for nutrient
analysis showed that P, K, Ca, Mg, Fe, Mn, Zn, B and Cl were 5.70, 94.2, 882, 863, 64.8,
16.2, 1.07, 0.41 and 8.67 ppm, respectively. It was observed that after apply the
biological ash to soil planted to rice in pot experiment after 30 day before transplanting,

it showed higher in soil pH which was 5.41, and higher in EC value (7430) and organic



matter was increased to 2.95 and increased in P, K, Ca, Mg, Fe, Mn, Zn, B and Cl were
240, 925, 754, 816, 72.2, 17.4, 2.22, 0.63 and 4663 ppm, respectively (Table 6).

It was indicated that the bi-ash has affected to higher soil fertility which
increased in plant nutrients available for the growth of rice var Prathumthani 1. This may
due to the activities of beneficial fungi added into the bottom ash. It is suggested that
the biological ash may possible to develop to be used to increase yield and reduce the

chemical use.
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grsumn Aamneiaaaes Taons1hulanaudl labeled Foelulmsian 15 anansadalulanau
Tnﬂms-mnﬂﬂﬁﬁmquqmﬁﬂﬂ'l%ua:dow?;mﬁﬂmnﬁ"n'luﬁumwﬁqLﬁmﬁm Usnginis
ﬁﬁum‘lﬁmms‘nuunmquumnmwxudﬂaﬁqo]mm?ﬁﬁ'nqmuﬂ%@qnﬁuﬁﬂmnﬂﬂﬁwm
W AuunelszinnenaiitigmdrdgnednnBnnduieedng - viestiauazFunueg
ansiludunmin uisaifigumedudieduilisusaiududeu ‘lu'ﬁuﬁ'] \ianng
grdeananedie videRanihAueaiansudsdaniuiuvdanautlanuazuiesiong
toywisine Orayt msliiueiletnadnsliannsoufladguld Sudusedinaslfans
Usulpeaulugilansduviddaiiasingg vamiduduritssa ansBuvidei ldanuanald
nunanERs 1y iAmaldendudnedl nnden vav  viieealdnanassldainirea
gRaMNsaNau Wy Wealwaldu sanssnutjouieni deudtlymnsfiaueiuuiango
Au ey arufudgeiulugthfuled Gudusinen wu yulalalad) wisne sizelugl
CRERINENT SE PG R G 11 asganinauied wa defmiuudnlinds Foiluialend
MPuardRsamianAeudten warlivivey nisldarslfudadnluglansdauasiiie
asdu dsArdemiouAsudnaume lumal iRl Wildines aziiduyuninign
ﬁuﬁﬂﬂznﬁqqoLﬁu‘lﬂttﬂ:mqulﬂﬁé’uﬁuﬁnlﬁ@imﬁmnu‘lﬂ

andmnd TnovdsrAwiuavane (2548) seaudnldnaaeudneinisld Bottom
Ash  iierfumfiunsaresduluwannsmsnsiidgniiudnlzndsludminszens il
2547/48 Taaianissausandeyaainuuamagey 41491 15 was dsngdn nsldidamin

L

l.. ar - 3 i Ll [ ]
(Bottom Ash) warFuanwanuiilunsaeesdu wuiidoulugLidesgananysaifsanysal

.

thunane Aufludusoutmseanudlunsalszanns 4.5-5.5 Sefianmanauihings Wug

Tudlzuds inmmsnsgaulng)ldwugseoes 5 szaee 90 uasWugineRAsAanT 50 nslHin

win (Bottom Ash) HuasenisUfuarmnuiiunsaresdwdnties Wasanansanisldidn



wiin (Bottom Ash) tlaagludingficney usitiuualindnlgla uilifinasanisiinnauAANTg
Wwiywulnreauiudings wilnasewefdusutlidntieainemsnsdaulngisaminulas
yagay fAndiusensidun (Botom Ash) 41 liAuiaugedu dunmainnisgatia
cqnldintau e s lFGadundeanlafunineu

Fogarty and Kelly (1979) FMuauiniinsAnsieaiunisaiveuladeiiasine
Tﬂﬂwud'\ﬁauw‘éﬁmu'\i‘nﬂ?ﬂqLﬂu'l-nﬁ'?;Lﬁm-ﬁ’mﬁun’wﬂﬂﬁﬂamiu LANSIBIATINIAINGY
Wiilwmispties Hewlmit 2000 1lingninatjlunguans amylolytic, lipolytic, cellulolytic
WAz proteolytic enzyme Femamnroaiaeulniunsetireiienaiing nsEnUalAEMaAss
UATNNFBNAUEARENTUAITARAR] 194 pectinase, cellulase ARBAAW hemicellulase
anansona Wdausznauseaniadenssninaaguazudanadugauanainiu daw
proteinase, amylase, lipase slfiAanramefrasansiiuesfUszneuneluaag

Mishra and Letham (1990) 'lﬂ"ln'li‘ﬂnmuﬂ::uﬂnmu‘l'ﬂﬂﬁi'm'] 'ﬁl%ﬂi"l Lentinula
edodes #3199 desndenaiisiiiuden i dudaiiannsofulsenuléfisiyeguu
1::1'éQLﬁﬂLéﬂ«%ﬂﬂ'nﬁﬂﬁuuffﬂqﬁﬁ lignocellulose A¥ATN1INATI extracellular enzymes
LA unmnan aannasuaniasdndauuntinrediauladfatds anion  exchange
chromatography e udwuieulasd cellulases, hemicellulase, aulmMeoanusad
‘nmdﬂﬂ, oxidative enzymes (ligninases), acid phosphatases L&z acid proteinases

Orth et al. (1993) suudnTamtenaatlsl Phanerochaete chrysosporium
annsaairaeulmitietaany lignin A8 manganese peroxidase 1ﬁ‘lu1rm'\m?;qmmﬁuﬁ
denvedlilEaTuananAuazimayiae

Castanres et al. (1995) ?ﬁtlsﬂ’m’i'u%ﬂi“'l Phanerochaete chrysosporium 87H170
airaaulad D-xylanase Wa¥ alpha-glucuronidase ¢ lunastieaaane hemicellulose

Kvesitadze et al. (1999) &Ansdasn 4000 18a Fesousanldainaeuldes
pawada Tnemudndesdouln aifluszAnsnwluntstienaane biopolymer 193 lA lAun
uaglaauaziafivragiog lnemudnide Penicilium  canescens fnanssuveveulnlisag
188 WA TR INAG WATWLIINGN 6 wefdudreadesimailudeninusenauieuls
@9 uazilnanssureatagiaa uarlaiaualagadan

Pekkarinen et al. (2000) Anwnsa¥Fraeulsd protease ‘Eﬁuﬁammafm’m
scyWe lAun Fusarium graminearum W8t F. poae Tﬂméﬂu‘%’ai"] AINATIILU mineral media

. o v o« r-‘ ] 5 2 o =
WAL gluten culture media WRTUUINAATIIUITIREY NAUHNITDURT Tmﬂmmﬂﬁuumw



[ A'-Il [ lﬂ. v i lg :'4 P d‘ d"
SLAU pH NMUNITANABNANIINTD protease NGARIY TABWUINTDIN 3 species NAEN
. aaa o el el
Uu gluten medium @111308519 protease I& uay pH Aifianssuaaveulnigeigade pH
J g -
9.0 WWausd F. poae axa¥1aacid protease M pH 3.0 uar 3.5 uarlinufianssuees
& 4 X X , , i & e e
wwulas] protease WBIREATRTUN mineral medium WATINBIREATDIILUNAATIILNTIAE
A " lx b ’.:' i 3 :' . p 3
fisinmaudaiiu nud1mesvia 3 species #7085 protease 14
Marlida et al. (2000) Wﬁntﬂtéﬂﬂ 4 w9 lAun Gibberella pulicaris,
Acremonium sp., Synnematous sp. Wa Nodilusporium sp. nudngnnsoairaenlnites
anuutlAuls Tae Acremonium sp. fianuainrsalunsairaeulnitesaasldanngn
" =l : ninl " -3 % A ] v o=l dld [ [ :
natiaglapviauilsiifiaunalnguazian daudiedue) tesldfesuilmfinnadneing
Machuca and Ferraz (2001) anmdﬂﬂqu brown-rot 2 1A WA white-rot 4
a1a Tnenduauuiuldl Eucalyptus grandis Tatwudn@asinan brown-rot TAANsTNYE
Ly [ [l ) W 4
wulminan hydrolytic luszaugausbifiianssuasaaulaingn phenoloxidase Tusnuzi
1@3IWIN white-rot AziiNanssNTe4 hydrolytic WA ligninilytic enzymes uaagluszAuml
i -;' - " N
N9IWan brown-rot 1ALEATINGN brown-rot 2 1UA Toun Laetiporeus sulfurous WRT
Wolfiporia cocos atdaaduniagaeslilan
3 _ X .
Cabaleiro et al. (2002) Anm lu@asiwan white-rot 2 18im lAun Phanerochaete
chrysosporium W8 Phlebia radiate Luanmamsuds 1aeian1snaseanIamaIaesite
-1 I"Ve : ' T 1 o
wazanmlunniasaWiminzanlunisaiaeuled ligninolytic Tuszndnaniaasadaasin
mafFaufisufanssuees manganese peroxidase, lignin peroxidase, laccase WAY
1 " - ﬂi é J % t -
protease  TIAINHANIINARBINUINTR1NAF4 ligninolytic 119 2 FHAAINITOATIS
protease ‘lﬁ'qaﬁzgmﬁ’m {at1 P. chrysosporium w8519 proteolytic enzymes Tudaaanees
primary metabolism Wua0ush P. radiate aza¥1alug99 secondary metabolism gialundniu
o . b i 0.5 ¥ e "
faldAuuanstera9Tiinaes protease NaF1auu 1 lumsueni@asassitiatiaaniniu
andine Tmewudn P. Chrysosporium A=&¥19Wan mainly thiol WAE acidic proteases 82U P.
Radiate Az@514 thiol-serin-and metalloproteases
Germano et al. (2003) "n1sAnmauaizalunisaeulaillsiieane
¥ Lo
\T8 Penicillium sp. wild strain 1@&NN solid-state fermentation (SSF) Tatldnndamans
J ¥ 3 3 T - GIJ
Wuunsesafueuuarlulnsiau laanwudnds Penicilium sp. g@runsanamaulsilaan

grumndl 28 BaALIAENA UAZT pH 6.0-9.0 Taanuan1maaesnudndlaliruaunng solid-



state fermentation lunnsuameulnusfiealasldnndamdeniiuingiududon i
Fumulumsuaniisndon

Murase et al. (2003) vmsAnmatisselsiuiinuluduiiiufaetisnann
Feunaaesluiinngg 32 drate ladruuenafinveslusiulanids sodium
dodecylsulfate-polyacrylamide gel electrophoresis (SDS-PAGE) taewudnsaatinamu 10
Fstihasnansausnaiingeddusiuenanld uasuoultsiuiuonldthimintuanadus 35-
68 kDa F997NN1TATIAEBUNLINIRIA N-terminal amino acid wikafiafinudfuriia
Wweanuiueuled cellulase #3a31 Humicola a¥13audat

Novotny et al. (2004) AnmIdanuasianssNTey Mn-dependent peroxidase
(MnP), lignin peroxidase and laccase (LAC) Tuidasiiai ligninolytic 1A 'ﬁv-ﬁrg
VUBIMITINAIUAS WA WASHATDINTTHAUARE polycyclic aromatic hydrocarbons
(anthracene wa pyrene) Tatwwdn Irpex lacteus @108 MnP uaz LAC 14a luane
'7"; Phanerochaete chrysosporium, Trametes versicolor WaT Pleurotus ostreatus 81H130
a¥19 MnP uaz Lac W1tiee anthracene was pyrene & Iasazilaniaatiauladaanuieg
Tudu

Wang et al. (2005) vnsusnidasiiairaeuled protease waz chitinase a1n
A Saanunsauanlé Aspergillus fumigatus Fresenius TKU003 Taeignaunsaadng protease
w8z chitinase  éidleiinadatuenmsiisidoutlsznauesnafenfouazy) (Scsp) s
ﬁwﬂ'n'[maqmm extracellular protease WU 124 kDa Fausnlalaedd odium
dodecylsulfate-polyacrylamide gel electrophoresis (SDS-PAGE) Tatififanssuaasianlasl
guidled! pH 8.0 uaxfigrunndl 40 asATaidna

atinalsimn Soytong, K. (2004) ﬂﬂqmﬁhf-ﬂnn'ﬁﬁmﬁanmﬂﬁuétéﬂmﬁa"r"m
wwlsl amylase, cellulose, protease WAz ligninase wazvrAnTlueduniddanm Tng
ﬁﬂt%ﬂa‘ﬂﬁqnﬁ'\qmau'luﬂﬂ%w?ﬂ“"mmwimu 12878WUg faildesn  Trichoderma
harzianum Thz-Bio-01 @nmnsnairaeulnd cellulose (HAanssnvevulailusyiuiug
N@N) protease WAL ligninase wiiliiaunsnaFraewlad amylase L%ﬂi“'l Trichoderma
hamatum Thm-01 @1unsaairaeulad amylase, cellulose (ﬁﬁqna‘summmu’l'nu'lus‘zﬁu
) uaz ligninase wslianansnairaeuln’ protease @931 Penicillium variabile PV
aunzoairueuled amylase uaz cellulose (FRanssureaeulniluszaus) wiliananso

« -x . 4
aFraeuled protease WAL ligninase V1991 Aspergillus oryzae AsO amnsnaFaeulad



amylase, cellulose Fnanssuaeaeulmilussiulunany) uas protease weilaianunsn
aFaeulad ligninase Lf';am Aspergillus terreus Ast anunsnaiaeulsl amylase,
cellulose (ﬁﬁqna‘s‘n'nml.au'l-nu"lu?:ﬁuﬁ'l) war protease wAlianunsoairaeules
ligninase l.éﬂ'.i"l Mucor circinelloides MC annraaiaeuled amylase, cellulose u
Aanssuranevulnilussiusn) uaz ligninase udbignunsoairaeulsl protease o
Chaetomium lucknowense CL @nsnsoairaeulmi amylase, cellulose (HNANssues
wulealusziusn), protease wat ligninase 141 4 90in Fas Emericella nidulans EN
anungnairaeuld amylase, cellulose (ﬁﬁan?m'nmLﬂui‘nu'lu?:ﬁurﬁ’h), protease WAL
ligninase &% 4 4R @831 Emericella rugulosa ER snmnsaairaeulad amylase,
protease WAL ligninase wilsianunsoaFueulasl cellulase  Eurotium chevalieri EC

annsnaiaeulnl amylase uaz protease uibiauisoaiaeuled cellulase
WA ligninase L%ﬂi"\ Eurotium herbariorum EH aunsnaiaeuled amylase, cellulose (ﬁ
fanssuaaaaulnd luszAuihunan), protease WaT ligninase B 4 18 den
Arthrobotrys oligospora A0 snafaieulel amylase, cellulose (HRangsuaeawlEd
1useRLR), protease WA ligninase 18%a 4 100 L%ﬂﬂﬁnauluﬂﬂﬁuw?ﬁamw dladna
jaufiluensiaeaiie annsaisdrusaniuiuléifluntned (synergistic effect) uazbih
Ufjiinsaiu (antagonistic effect) Awanminsnistayatiniule dlananet uiledurid
Fonm azilguaniRlunistenaaiesmlsznausesmnisnndaduararsBunsdluauli
faunmdnas Taensdanddendulnl sanundesasty Hualunisdaeliiniganingu

Toeadunsedng Ay
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3.1 msAnmaiauazilFnureisinemsluiaiuiuainlssini
(bottom ash) wazluLandann (biological ash)

wnsasasdassiiitew fouiisuFunusnermshudidmiivanlslni
(bottom ash) uazidr@anan (biological ash) ldunmaudlunsa-sna (pH, 1:1) Anain
I (EC,1:1) Buvisdimg Weanefaiiiudsslomd (P) numaden (K) wAAEEN (Ca)
winiliden (Mg) wén (Fe) umanaila (Mn) &anz@ (zn) Tuseu (B) uszaaslad (CI) Tneds
AnmiiiveslfiEnisanaisnlgiiner  anzmatulatinsnnems aonunalulagns:
AAUNANAIAUNUITAIANTELI NFUNN

wWisuisuausuiEnmaeiiveaBinusigems asadiduiiuanisdliin
(bottom ash) uaziiindianaw (Biological Ash) Lﬁ'aﬂnmnanﬂ?ﬁwﬂuﬁmqﬁw‘?ﬁﬁﬁsiﬂn'w

L - A sy
wliinansulaaunlainnaniiniaeiuazaineimg

3.2 msldaaunianilszTenilunsWmuidr@ann (biological ash)

qauritiiun i lunimaaesldfunueyasziann searanmansd az.inm
aformes Fufhudeniidadenaeiuginudauaztinnlunmagey Tneidasmanifla
viwnnanludy (Bottom Ash) Ftndn Wiidianan (Biological Ash) 41uau 11 @a1eviug Ae
Aspergillus  kanagawaensis, ~Pseudoeurotium ovale, Trichoderma harzianum,
Trichoderma hamatum, Paecilomyces marquandii, Emericella nidulans, Penicillium
steckii, Monascus sp., Mucor hiemalis , Chaetomium subspirale War Chaetomium.
lucknowense

wiasulanlasaTesfnanausneanainfuuueIms PDA (Potato Dextrose
Agar) ﬂut%ﬂﬁqmugﬁﬁﬂﬁi&?-% avATATEA) Lﬁﬂl.éﬂLﬁ?mﬁulﬁuﬁ’mﬂﬁ“’]ﬂéﬂ\‘lL%ﬂﬁﬂ
29 9 LIUALIAT A7 n'&uﬁ'\mgmmaﬂas"nmt%amwiﬂ:mﬂﬁwq' Tneignadaunandoi
aefveadasusaratnwug arewugaz 10 plates mamansaniudaniuiinann

i 1 ] ﬁx 1 ar L ) : )
1591 (Bottom Ash) fitinunnsginde Tumieilaaanunula 15 Uaudsenisalia s
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30 I Mdeseiu 3 AT WwBuu 50 Alanfu uaznasdaynateRug idame ia

B & - Y i N
nausindaaslinaldiaoniueglussudszuin 15% Uageussqliuuy dnliv
gaunpiiviaafiuiagn 30 Furewinlld Tneguiir@ianin dandna daau 1 Alandu vl

AaszimvejiRAntsgianen uazdounwasin i lunmasassall

a <l ' o a
3.3 UszAnsnweasard@anan (Biological ash) NNuamanIsLazLALle

L as o =
2RITINUGUNNEIY 1

NININARBILLL Randomized Complete Block Design (RCBD) 41494 4 i 1
38017 (treatment) P

330137 1 lildezls (control)

Fansi 2 Wildaufivainisalaiia $msn 50 nn.ls

3annst 3 Widdanaw §am 25 nn./lé

3ansh 4 WidnFanm §ms 50 nn./ls

3ansh 5 WdnFanm $asn 75 nn./lé

mnswsranAumiiaanundin waaansziiy wufeannaduingudnans 1
wAs T By 0.79 msawns Aeviliuden dAusanadlunssdinnsiiinnsn
awnsludu  ldunaonailunsa-ane  (pH, 1:1) Annsialiia  (EC.1:1)  Buviaddng
WeaneFaiiutlsslumd Twunaden () weaden (Ca) winfiden (Mg) wén (Fe)
waniia (Mn) danz@ (2n) Tusau (B) uazeaelss (C) wazguiudstinmulgninalu
Fans# Mdudrdanw udaanusinauly Whuasn 30 Fu dewlgn wnzndrdraiuginuenil
1 1w 30 Ju Anindiugiiaaniing uufeamadiniesing Auuuieaas 20 fy
ymsvaetinaanszazaalgn Lm:'ldLﬁugﬁun‘%"ﬂuﬁ%‘m?ﬁl‘ﬁuﬁﬁqmw IULFDA

AT 100 NaaamRs YN 159U

= 2
NMSINUTRYA
Farugan 15 Junaalgn Taednaniausiuteiageavinuaesen dunfEunn

nsuANNa NN 15 3 (Suausiuiiueneanui) Tuinfusanaen dufunndessnsians Wy

1 ' v
ATUINTNTAAUIALY ANUIRNAAFIDTIN UINUNADTN



1

wnsaaszideyan1eatis InauffauWiay treatment mean WuU Duncan's
Multiple Range Test (DMRT) 1 P = 0.05 uaz P=0.01 uaznin1svaassdniuinuauass

GH
< o
3.4 AOTUNIINTANBILASYIARDY
3.4.1 Anwiasanen nMedsunatuladinnsdanisdngivg Ansmalulatinisinems
annumalulatinszaaninddnunmsaranseia
3.4.2 medmigiane anznalulatinisineme anfumalulatinsyasung

WAnmMMIIaIANs

3.5 SEELLIRTMUNISNARBY seaziIan 11
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NAaNITNA[RN

4.1 msAnmriauazFanureisinanmsluidiaiudiuainiseluv

(bottom ash) wazluandann (biological ash)

anmaasarnsiieniouidfisu Funusnemisluddiuiiuannisdlnin
(bottom ash) wazidr@anan (biological ash) lHunardlunsa-Ane (pH, 1:1) AN
It (EC,1:1) Buviddimg veanafadidulsslomi P) wumaden (K) uAawden (Ca)
winiliden (Mg) wén(Fe) danzd (zn) Tuseu (B) uazeAselad (CI) ANHANIITNARE
WituwsuauaiEnaeiusn Fanusigenneeadidiuiinainisdlnia (bottom ash)
uazid@ann (Biological Ash)iadlunaainniamienaesiuvidiasenisinlidiang
wanuasnaniiniaaiiuazsinemng wudt hduivaaniselni (bottom ash) 3
Aranalunga-sna (pH, 1:1) Wi 12.40 AnasuntWAa (EC,1:1) wifu 7760 uS/cm
Swvidndng ¥y 1.39 % veareFafifutsrlumi (P) windu 15.2 ppm Tnunaidun (K)
winfiu 189 ppm WARE (Ca) winfiy 67659 unnilidey (Mg) winifu 877 wén(Fe) winfu
127 ppm &ans@ (Zn) wirfu 0.19 ppm Tuseu (B) winiu 51.7 ppm uazAsalsd (CI)
Winfiu 198 ppm

1u'nmzﬁtﬂﬂ1'is’a§w‘§ﬁﬁ’mm 11 aeiugrgniaduasuinly 30 4u dhadn
Fanm (Bio-ash) wudn SArAgadlunsa-sna (pH, 1:1) wirfu 12.48 Ansviningi
(EC,1:1) winfiu 11030 uS/cm auvisedng ¥y 0.25 % weoanasaffuusylead (P) iy
15.7 ppm Tnundidas (K) winiu 784 ppm LARLEEN (Ca) Winiu 67412 wunilden (Mg)
winffu 877 wédn(Fe) winiu 160 ppm &ans@ (Zn) winfiu 0.23 ppm Tusau (B) windu 32.6
ppm uazAaalsa (Cl) winfu 4037 ppm Fauanalumngad 1

atinalsfimaanmimanaesi duiadunssiiun 4 iussansnmlumstien
ARNLEIADINITHIN ﬁnaﬁ'\'lﬁ'ﬁﬂmauﬁﬁmamﬁuﬁ:mqmmnﬁugu na1Ae HAANN
wWhinse-Aa (pH, 1:1) i3 0.64 % Fmaialin (EC,1:1) Ty 29.64% Buvisndng
i 82,01 % aaeanidulszlomd (P) st 3.18 %  Inunaden (K) Wit 78.27

% o X o X i sl
WMAN(Fe) NI 20.62 % &N (Zn) WU 17.39 % uarAaales (CI) 1N 95.09 %
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=l a e v - v =l .
A1F19N 1 HNANIFUATIEMON01UNY (Bottom ash) LaELnITININ (BIO—aSh) lu

vieafiisinng
Unit Bottom ash Bio-ash L'?\l'u"i};u (%)

pH, 1:5 - 12.40 12.48 0.64
EC; 1:5 pS/cm 7760 11030 29.64
Organic matter % 0.25 1.39 82.01
P Ppm 15.2 15.7 3.18
K Ppm 189 870 78.27
Ca Ppm 67659 67412 -
Mg Ppm 877 784 ’
Fe Ppm 127 160 20.62
Zn Ppm 0.19 0.23 17.39
B Ppm 51.7 32.6 -
Cl Ppm 198 4037 95.09

a al ar o
4.2 msldqauv3aniislagilunmsianardanaw (biological ash)

q‘ﬁuw‘éﬂ"-ﬂaLﬂutiﬂﬂﬁr-TmLﬁanmﬂﬁuﬁmuﬁquazﬁﬂmuau'lmﬁw (Bottom Ash)
Gundn Wihdanm (Biological Ash) AU 11 mﬂﬁuﬁ' An Aspergillus kanagawaensis,
Pseudoeurotium ovale, Trichoderma harzianum, Trichoderma hamatum, Paecilomyces
marquandii, Emericella nidulans, Penicillium steckii, Monascus sp., Mucor hiemalis ,
Chaetomium subspirale WaT Chaetomium. lucknowense TﬁmémL"ﬁmﬂﬁand'\quﬂnaan
aniuuuaIvns PDA (Potato Dextrose Agar) ﬂunﬁﬂﬁqmuqﬁﬁm(ﬂ-so IANTATEA)
u"j'at%am‘s“ryf-ml.ﬁumummﬂ?:mL%ﬂﬁﬁ-nmﬁ 9 \iuRmAT mnﬁuﬂ’tmgmﬂmﬂm’ﬂnmféa
PIMARTAIENUG Ineiisnsdounandel aefreadenusarareiug arwfufaz 10
plates tunnansaniuiinuivanisalwd (Bottom Ash) friunssinge Tundfeils
arudule 15 vausremaatio haaan 30 wiit Mdnseriy 3 A% TufBunos 50 Alandu
uazkaNTennaeiuglidn iy Fangusindesduifielfrnmuegluszduszinn

15 Wefidus Tageussqliuiu vnligomgivieniiuoan 30 Furewi e Tandudi

q
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v
& o

Fanm WA 11 aeiufanun sy uisazeeneiug iR Gundiudihdanm
(biological ash)

mnmwﬁnmﬁnmu:mﬂnﬁuw?ﬁqLﬂutéﬂmﬁl‘ﬁmuLﬂutﬁﬁqmw (biological
ash) 819U 11 @neWug An Aspergillus kanagawaensis (;‘ﬂ?{ 4.1), Pseudoeurotium ovale
(gﬂﬁ 4.2), Trichoderma harzianum (;‘J;'L_h'?lJ 4.3), Trichoderma hamatum (gjﬂﬁ 4.4),
Paecilomyces marquandii (g‘ﬂ‘?i 4.5), Emericella nidulans (gﬂ'ﬁ 4.6), Penicillium steckii
(gﬂﬁ 4.7), Monascus sp. (g'ﬂﬁ 4.8), Mucor hiemalis (gﬂ‘ﬁ 4.9), Chaetomium subspirale
(3171 4.10), Chaetomium lucknowense (qu 4.11) TneldvinnnsAnenmua@eaesdan

o

Inan7 (description) famalylil

seaziaenLdas (Description)

Aspergillus kanagawaensis
ar e = i i <4 o | A - - L
anwouzlalail AnwnusGoy sawdumiieuimuavel ulawiguutionhamns a
- 4 [ ) =2 I ar &5 X - =2
YNANRENIWIASY (pinkish cinnamon) aufl avellaneous FumAsIUAENITe HRANDIE

v
WABIONTINANA conidial head Bgjati1aMAIN7] conidia Wiy globose

gﬂﬁ 4.1 L%ﬂ?’l Aspergillus kanagawaensis 1181417 PDA

A = dnwnuzTalad uaz B = dnwauzlanairseata nelsindasgansaed (40x)
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Pseudoeurotium ovale

gnwaustalatheinydn Tuszezumnaziidun dnsnisdhale vu sienaznanedy
Amiwaunliifhs ascomata ascomata Nz globose, Frimaduia@snuunn 90-
180 pm asci Hanwoue globose a8 ellipsoidal 4w 8.2-10.9 pm ascospores ANBITUY
ellipsoidal &la uaznarenilu@ olive-brown FrumRRuasde TRvnaut@mies-den

seunnateifudmassuznan auna 3.5-5.0 pm (Domsch et al., 1980)

| ;1
gUW 4.2 15831 Pseudoeurotium ovale LU M7 PDA

A = danwouslnlall B = Ao cliestothecium (40X)

C = Anwouz ascospore (100X) D = anwus ascus (100X)
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Trichoderma harzianum

ar J o 1 1 1 J x
dnnuzlalatiine s PDA Wetideungiidunn siennileaguntiudldidddi
al o - = [l @ -l - . =
fsnmnnaaiyiuinetamad andaedileasinsuanuauaiiaghe phialophores
' o oK ! .
silaFaen 7.0-8.0 laswmsuazil phialide 1401 phialospores Hg1l419unn globose

Adensoute@danumass RaFau 1na 3.2 pm (Domsch et al., 1980)

3\Jﬁ 4.3 (391 Trichoderma harzianum L8 W13 PDA

A= anenuzaasialail B = AnwousTasaa¥a (40x)
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dlnnomyanany mazeoundimanazal

Trichoderma hamatum

srwnuslalatiunaiung PDA Wiryetnamaiia AawthlalafiGey i aerial hypha
Setann @amazuanudfuemathidivesden philophore fla fafFey 1inan aerial
mycelium phailophore azumnunvintia phialide, phialospore Waunguasagou
ae1eq phialide, phialospores HAdELWwM g;lJi‘NﬂNﬂ?:Uﬂﬂé”uu’%ﬂpJH fHalFeu
aum 43 pm fMafin sterile phialophore M&LAHY8Y phialophore {TUUNIN

(Domsch et al., 1980)

g1 4.4 a3 Trichoderma hamatum LWaWN3 PDA

ar [ = v :
A= dnweuzlalail B= dnwnislnnairuesida (40x)

87107
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Paecilomyces marquandii
fnenizielail @ pale vinaceous (audin) aufwday KUlaRSyLWEIMNS
Anwouzithale FrumdaanonaReade TRwdasmdnauiiavssdu conidiophore

samaa riadey lalifid eefiunaan conidia 1u1a 1.8 um (Domsch ef al., 1980)

51l7 4.5 a1 Paecilomyces marquandii 1We "3 PDA

& S & o y
A = anwocialadl B uaz C = dneneclnnediNteasauazanitus conidia (400 X)
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Emericella nidulans

dnwouslalafiuuewmns PDA fdd@eadiuwes conidia 1i3aR brownish U89
ascomata 7L Qeildud yellowish 184 hiille cells uazdaneneailuuuy globose #9u
ascospore Qi@ purple-red dnenerdandadiuny mltdey wunm 3.2-45 pm

(Domsch et al., 1980)

gﬂﬁ 46 {3991 Emericella nidulans Une1113 PDA

A = anwuslalatl B= ﬁ'nmu:‘immﬁ%mmt%ﬂ C = ANz Hiille cell

D= anuus ascospore (400X)
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Penicillium steckii
L4
dnwnuzlalell a3y Fumdnasade bifldledAmAssul conidia
ar =3 o =l s = -l
AnHosnaNaUle  subglobose HTIFtLmFaRMUNNVENUAZIBEA 1WA 2.0-2.5 pm

(Domsch et al., 1980)

-1
g1t 4.7 Te31 Penicillium steckii a3 PDA

ar ar x o
A = danwauslaladl B= ansnuslarairsueade C = s conidia (400X)
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Monascus sp.
. = a @ Y i = %
dnuncialall Winyde adednvanaune & grayish orange AuiAuAudn
ascospore WUL ellipsoidal lalaifi@vzed&uanan wifaBeu-min  ascospores  WUL
ellipsoidal dnunlalifid vide Tddnane) minnnuezFou mnalsznnd 7.4 pm
v
conidia daulunjazduviresiariuiiuguena anuni subglobose 4 pyriform WL
conidia l&vie@ pale brownish UATstiuaziualvg) 1M 7.4 pm (Domsch et

al., 1980)

s1l7t 4.8 3991 Monascus sp. LueMT PDA

7 . X
A = danwouslalatl B= anwnuslasaieeeada (400x)
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Mucor hiemalis

anunuzlalall & pale olivaceous-gray 28N&I19 sporangiophore nAne 7-8 pm
sporangia &m1aA1 columellae ANMTUZNAN sifetwuLLL ellipsoidal sporangiospores

WU cylindrical-oblong 1u1 8.7 pm (Domsch et al., 1980)

pu| X
1% 4.9 1181 Mucor hiemalis L8 MNT PDA

A = dnuuslnladl B= f‘i’nmu:TﬂNn%‘ﬂme%ﬂMOOx)
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Chaetomium subspirale
- ar J i
Talathadnyifa dnunuzadiefie (cottony) uaxiirnaluszezun Welalatlunas
. & N . _
Fudmi@dentid  @emiinmadesfesnunluemns  Anuysuis@une asci Ay
ascospores funAiul¥ perithecia Haunalug) Aifuadiuauiionn wmnzne dnwasuuy
globose QUi flask uazdl filamentous Huu Akal appendages fumnanadan perithecia
i1 ostiloes waznelull asci uas ascospores asci HfNWOITULL clavate T4 cylindrical
] -3 : -3 i -] :
wavasyneletnamnda axmiufilaet ascospores 8anNN ascospore 1 cell HAUMA

- Ay e
WeUNN ANHLE lemon shape 1UIA 3.5 um

51/ 4.10 a3 Chaetomium subspirale e M7 PDA

A=dnunizlnlatl B= danwtus Perithecia 19939 (100x) C=AnMuz ascospore (400X)



24

Chaetomium lucknowense

Talailiadnyie dnwouzadretine (cottony) uaziigunaluszezum ialalaiiuray
FhAwndddenten Famitinnlsesdeenunluemng Ruaa viseRTnmalve asci uay
ascospores Aunmauiuly perithecia Huualvg) Fduadinauiiorin wszune Anyndzun
globose QU flask wazd filamentous Tau ﬁﬁ’lﬁ appendages ﬁﬁﬁmﬂﬁ\‘iaﬁﬂ perithecia
i1 ostiloes uaznelull asci WAT ascospores asci HFNMIZULL clavate 119 cylindrical
uazaseluagnemmds aniiufilaes ascospores 8anu1 ascospore 1 cell fidinmna

=l 4:; 4 o
WenNN ANU lemon shape 1WA 3.3 pm

X
g1l71 4.11 (3837 Chaetomium lucknowense LU8M"S PDA

A= annusTalail B= Anwnis Perithecia (100x) C=AN1TWE ascospore (400X)
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a . = ' a a
4.3 sz@nSnmaanar@ann (Biological ash) NANAAANITIAZYLALIA
1BIT1INUGUNNEIT 1

anmmaseslszAninmrendiianmisneanden Swau 11 auiug Ae
Aspergillus  kanagawaensis, Pseudoeurotium ovale, Trichoderma harzianum,
Trichoderma hamatum, Paecilomyces marquandii, Emericella nidulans, Penicillium
steckii, Monascus sp., Mucor hiemalis , Chaetomium subspirale WA
Chaetomium.lucknowense Tatmaagsandravugiyusiil 1 AAnnssinade 38019 1
Lildezls (control) 33msf 2 MWidnddiuannisdlniia am 50 nn./ls 3ansi 3 M
Fanm 8831 25 nn. /s F3nsT 4 Widdanan §am1 50 nn./ls uazAsnash 5 Widrdanan
s 75 nn./l3 Tuanmaumilsamasanszly wudluagnsldiindanmyndnm (25,
50 uaz 75 nn.seld) sudniinaeiydnindiuanngs nsuanne Auseinsena
RMUIBNAAADTN  WIMUNINAAADTN ua:ﬁwuﬁﬂwﬁmﬁ'wum(nauﬁm) Andnatinall
TudAgydmnaifdlenBauiiouiudimeiddduiivethaisauwasisnsuBouiioy

control) annImmaasanudIngldidiannluens 75 nnsaliaisaiinuaminuga

—_

onauua(Hanan) 18 56 %

2e

ANEY

RINNIINARBINLTUEETYFELTANNATUAI NG usnsinaiuatinafie
dnfnyiameadd wdsanugnld 15, 30 uax 45 fu mnsioiulnaesiudiniieny 15 fu
wudn mslfidndanw #igns 75 nn s drafiaaugs 16.70 o, Jeuansnsetineiilindndny
yaadd denBuudeufuhdinmsildid@anim fisam 50, 25, melddauiu 50 nn 4
waZAENsHLIl nanaRednafinangs 15.29, 15,67, 15.84 Uax 15.25 1. AMAIRL  uaz
efudnafieny 30 Sundanistgn wudr nisldiddanan ias 75 nnls dafiaug
20.88 Tn. Fauanansetnsiiudrdmnatn WenBuuFeuiuluainsildidndanm 7
&1 50, 25, mslddudiu 50 nn./lé uaAEnsitlild nanafednaiinanags 19.83, 19.41,
19.66 WA 19.44 Tu.ANAIRL uaziledudnofiany 45 Fundanslgn wudn nnsldidn
Fanw figme 75 nn./ls $niinaetydulngean TAnugs 39.54 . sasasnAe meld
rdanm udnm 50 , 25 nn/lé flarmgawiniu 35.62 uax 35.59 1u. Seunnsnseened]

L o’ oo ‘ ar ' = lﬂlv ] . -‘ 1
dedrAunada WanFeudeudy maldidrdiuiiv #ors 50 nn/ls uazasnnsnlald
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' 4 9 = [ 0 o ar al . -
ﬂﬂmﬂﬂmqummqqm'\nu 30.46 WAz 33.15 TH. ATNRIAL m\ummq'lumﬂm 2 Ll.ﬂ.,zlh’l

412

=l
menedt 2 Anugerassudnaannmaaedldidhianm

- ANMNGI(TN)

eme 15 U 30 9 45 U
Lilderls 15.25b" 19.44b 33.15bc
Wi 50 nn./l3 15.84ab 19.66b 30.46¢
Wndanw 25 nn. /13 15.67ab 19.41b 35.59ab
WrFanw 50 nn. /s 15.29b 19.83ab 35.62ab
\rdanw 75 nn./ls 16.70a 20.88a 39.54a
C.V.(%) 6.54 4.52 9.45

1 -J g ] n‘ nid ar  ar A ar ] o @ ] i aa
ANRRERIN 4 11 mLﬂﬂﬂﬂummmmuﬂunﬂuumn:ﬂﬂﬂuu ‘hlummumnmqmmnm

" o
{oe)FuLfity treatment LWUU Duncan Multiple Range Test Y1 P=0.05

anagramuinnnmenasadldidndanim

-]
X
7
I
=
&
& W5 u
e M 30 7
- = = = =
® < [ = [= - .
a = = c [= 45U
— o e o 0
j n o~ 0 ~
2 £ £ =
1§ = c c
[ S =
c I ¢ I
G w w "
R
o
28N9

=l
51l 4.12 Augrrasdudnasnnmimasedlfidihidianw
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Usamnisuanna
] o i o .
annisaasanudnldsnishldidrdanw ludns 50 uar 75 nn/ls ey 45

1

fu finsuanne ($waudusiens) Afige Ae 7.14 uaz 7.05 dusene Feilanuuansinaiy

athaihludAynieadansziuaadeiu P=0.05 sesasmnAenisdiddaninlugngm 25
nn/ls feng 45 3u draumnne windu 6.49 Fusiane uazilAuuaAnsnstustnaThitdnoy
yesdRdlenRruidisufuaimaldidhdudetiadenludam 50 nn/ld uarddng
L'I_E‘EIULﬁEIU(COHtFOD f:’-i"m'm 5.55 uar 6.18 ﬁuﬁiﬂnﬂ Fl'il-lﬁ']ﬁll ﬁﬁuﬂﬁﬁlﬂm’]i‘qﬁﬁ 3 uar
g1l 4.13

atalsfimuluyndtnislifianuuanseiunedia mendalgndnld 15 du
usinene 30 fu wudidamsldidadann ludam 75 nn/ls Snsuannediian Ae 6.27 du
fane FeumnsnaiuatiniidediAyneaiatdsnetug ressande neldiddanimly
ams1 50,25 nsldidrdudiulugns 50 nn/lé uwerldldasnisla (control) nanameiing

WANN® 5.59, 5.53, 4.93 UAY 5.44 AUABNDAINARIAL

=l ° ¥ v <l
ANFIN 3 mwmmuﬂﬂnﬂmnn'u‘wmm'l'fl.n'vmmw

" A IUIUAUADND
8N - = 2
15 91U 30 2u 45 U

lLildasls 2.38a’ 5.44ab 6.18bc
Wddauiin 50 nn./ls 2.14a 4.93b 5.55¢
Windianaw 25 nn./ls 2.53a 5.53ab 6.49ab
indanan 50 nn./1s 2.01a 5.59ab 7.14a
indann 75 nn/ls 2.51a 6.27a 7.05a
C.V.(%) 18.71 15.88 10.16

'ARALANN 4 91 ANRALNNREnEsmiautuluuAarAtaN NEANWANFIINIANR

i
=

TaeufFeuiiey treatment WL Duncan Multiple Range Test #1 P=0.05
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517 4.13 Suawdusians annimasesliddanm

USunuansass

anmvaaasnuddan s 8 anwludns 75, 50 uas 25 nn./ls HiEunnd
WAnRaTwNTign An 265.75, 227.25 uaz 259.00 WAAREIN ANAGL Faflanu
wnFnseeeitdduestRReFrueutun s fiddndivlugen 50 nn/lduaz
a1 Bsudiey AeflBunoavindu 100.75 uaz 108.50 WAAADIMNANNAAL fananaly

o o
R399 4 uazgLN 4.13
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=l &
MN5NN 4 1FUNDUNAARN TI9RINNN ?‘nmam'l'ﬁlﬁﬁqmw

YSununansiass
A8M9 FAINNINNA
| WA
Tail4esls 0.00b’ 108.50b' 108.50b
Whendiu 50 nn./ld 0.00b 100.75b 100.75b
W§@anw 25 nn/ls 68.75a 190.25a 259.00a
(§@anw 50 nn/ls 64.00a 163.25a 227.25a
W§1@anm 75 nn./ls 69.75a 196.00a 265.75a
C.V.(%) 31.53 20.98 17.27

-i] k4 ' a} alal oder = ar i ar @ 1l ] aa
ANRALAIN 4 11 mmﬂﬂwumanmmuﬂunu'luumﬂ:ﬂﬂﬂuu Tdfimnuumnsinamana

o
TreFeuWie treatment WuL Duncan Multiple Range Test 1 P=0.05

USuuaansasae
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AARBTN
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M ien

3

M waas

Lildezls

widnufiu 50 nn/ld
: wWindanan 25 nn/l

Wirdanan 50 nn/ls

WFrdanan 75 nn/ls

2
ah)

<l &
g7 4.14 hnuuifesiassannimasedihdann
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¥ ar '
UTNUNLNAAFADTS

anmsmaasanuinsiddanmlunndnsie 75, 50 wax 25 nn./l3 i
mﬁmwiﬂmamn‘?iqm An 351.18, 299.25 WAz 313.57 NF ANAINL TeuAnsirafuetinel
HedrdyneadiAdenfoudisuiunsiidduiiviugne 50 nnlsuesliliAansle
(control) nénaReiuinmdasessainiy 111,32 uay 152.44 nin Fauanslumaad 5
uazgUlit 415 uananniifawudanisWidndanmlugng 75, 50 uax 25 nn 5 awnsaiiin

UMUNWARADT9 18 56.59, 49.05 WA 51.38 % AINAAL

A g o’ -3 1]
AN9199 5 Uwinansesaannismasaaldidndonin

-4 o =3 -4 Y [~ 14 s [~ -
UINRUNLHNARA UIRUNLHNARAR UINUNLHAA Lﬂﬂil'ﬂ‘umn’li

-y ' ar ar ar - &
8019 ABFA(NTN) 329(NTN) 394 (NN) PNNT U D
<% — 8 ar
\NAALTIE WNAALUADY UIRUNLNAR
Tildazls 0.00b’ 152.44b 152.44b r
WBndudin 50
, 0.00b 111.32b 11-1-82b -
nn./ls
WinFann 25
i 20.66a 292.91a 313.57a 51.38
nn./ls
WinFanan 50
' 20.08a 279.17a 299.25a 49.05
nn./1§
WAENN 75
, 35.02a 316.16a 351.18a 56.59
nn./l§
C.V.(%) 28.31 26.62 23.97 -

T
o

10 o H 0 a da o = [ ] [ 1= ] aa
ANRAEATN 4 91 AafsnimeneruiauiuluwAasARANY ‘].JJNﬂQ’lNLLFInGI'NWNﬂﬂH

TaeFauifiey treatment wuy Duncan Multiple Range Test 7 P=0.05
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3004
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1501

NINARABSN
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UINU
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50 M ien

§

M waas

s

1ail4e
14 50 nn/l

-

&

FalelalapPiv]
Wadanw 50 nn/ld
WBhdanan 75 nn/ls

WWrdanan 25 nn/ls

ol
8Me
=l 8 e .
511 4.15 hwinwdasiesassnnmaseslfidionm

FIUUFIFAAND

anmmaassnLinndiEndanwluyndnamie 75, 50 ez 25 nn/li d4uau
nasiene WNTigR AB 7.40, 7.63  uaz 7.39 TmENa AN Faumnsinaatind
vednduatndlowfou Aeuiunisldidhandiulugnm - 50 nnsuarlildmsnnsle
(control) NAaAeTAILMEiens WinL 4.56 LAz 5.50 savsiane MG Audadly

o o
m13199 6 WAL 4.16
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-l o ) [
M54 6 muquﬂqmnamnmmmﬂﬂﬂ‘mmmmw

A8Mg {TUIUTNABND
Lildesls 5.50b'
Wiy 50 nn./ld 4.56b
wFanw 25 nn /s 7.39
\d@anw 50 nn /13 7.63a
W@ann 75 nn /s 7.40a
C.V.(%) 14.71

4.1 J ‘e’ ¥ d‘ 44 ar  ar ] ar ] ar 0 ] ] - ey
ATLRALIN 4 11 AN Lﬂﬁimulﬂ"lﬂﬂiﬂ’?LﬂNﬂuﬂH‘luLLMﬁ:ﬂﬂﬂNu LHAMNUANENINNETA

o
T [FenWieiL treatment WUL Duncan Multiple Range Test %1 P=0.05
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1Y alan al al o & ' a
paTaaEINNANaanIsilasunlaIsIna TRl unanisaTy

-9 L7
Aulauasnin

anmsidchufiveusinie udanantesdesiiiilsylond e 11 AeNug
A Aspergillus kanagawaensis, Pseudoeurotium ovale, Trichoderma harzianum,
Trichoderma hamatum, Paecilomyces marquandii, Emericella nidulans, Penicillium
steckii, Monascus sp., Mucor hiemalis , Chaetomium subspirale W&z Chaetomium.
lucknowense ﬁﬂmmﬂ’nﬁqmnqﬁﬁauﬂumm 30 44 Fondn W¥1@anm (bio-ash) 1ile
il ldlumngndng wazfiusaetnslAamsinisuauaseessiaaimsluiuiildii
duduuarAuiildidadonin Wuoen 30 fu wudn Auilddndauiinaantselwin (bottom
ash) #ArANEINNEA-A1 (pH, 1:1) Wity 4.2 AnasnWia (EC,1:1) winifu 325 uS/cm
Bunzndng winiu 0.69 % WearlaFaiiulseland (P) windu 5.70 ppm Twunadan (K)
Wil 94.2 ppm WAALTEN (Ca) Winfu 882 wnniiden (Mg) wirifu 863 wian(Fe) winfu
64.8 ppm AINz@ (Zn) Wirdu 0.17 ppm Tuseu (B) windu 0.41 ppm uazasalsd (CI)
Winnu 8.67 ppm

Tuanuziauildidndann ﬁa'ﬁuﬂ?éﬁ’wm 11 gneWugagniaduazminly 30
Fu iWhadr@anan (Bio-ash) wudn deAranudlunsa-ane (pH, 1:1) wiadu 5.41 ANITIN
Wi (EC.1:1) winiu 7430 uS/cm Bwvidndng vinfy 2.95 % veavlafadidwlsloni (P)
winfu 240 ppm  Twunaiden (K) wiaiu 925 ppm WPAEEN (Ca) winf 754 wunihide
(Mg) winfiu 816 Wan(Fe) winu 72.2 ppm anafia (Mn) winffu 17.4 ppm &Ined (Zn)
Winfu 2.22 ppm Tusau (B) infdu 0.63 ppm wazAaalss (Cl) wWinfiu 4663 ppm AIUARAS
Tumsad 7

aeinlsfimuainnismaaesi Wiiuinduridiinun Wissavsnmlunsdes
anusImemssne  TuAulgndnn ﬁuﬂﬁﬂﬁﬁﬂmamﬁmamﬁLLﬂ:ﬁ’w]mmﬂﬁu%u
na1Aa NAnANunga-A1a (pH, 1:1) Wity 22.36 % Ansialni (EC,101) Rt

'
[ -

= = -: o A -« aa‘ A’
05.62% aunitdnn NIL  77.28 % Weawefanmtlulszlead (P) WWNaw 97.62 %

1
=

o i X & A
wunaidew (K) WxT1 89.81 % wan(Fe) WNTUW 42.52 % HIn1Ua (Mn) (WNTU 6.89 %

X o . 2
danzd (zn) a1 51.80 % Tusew (B) Nty 34.92 % wazeaslss (Cl) ATy 99.81 %

De =

v 1

o b7 - = o o L o = ! = - ] o«
aziulidnq@unsane 11 areiug Hunumsenisiidiuaue e snuauliiilselond

sanTsasryiAuiRa89d19
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= a e o ' a a o al ;
AN919N 7 wan1saAsIsiaunlgdnculiu (Bottom ash) uazAun ldidndanan (Bio-ash)

Tumsugndng
Soil treated
Soil treated Increase
Unit with bottom
with bio-ash (%)
ash
pH, 1:5 - 4.20 5.41 22.36
EC, 1:5 pS/cm 325 7430 95.62
Organic matter % 0.67 295 77.28
P ppm 5.70 240 97.62
K ppm 94.2 925 89.81
Ca ppm 882 754 -
Mg ppm 863 816 :
Fe ppm 64.8 2.2 42.52
Mn ppm 16.2 17.4 6.89
Zn ppm 1.07 2.22 51.80
B ppm 0.41 0.63 34.92

Cl ppm 8.67 4663 99.81
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g1t 4.18 mmenedlfidhdanmlumalgniiviugilvusiil 1 fiany

20
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d ot (4 .J ar
517 4.20 mmesestihdanwluninlgniofuguyueiii 1 feny - 40 T
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ar & -j ar
g1l 4.21 mmmaedlidhdanmwlunimlgndniudiyuenti 1 ey 50




<
UNN 5

AASUNANITNARDY

nMsasadamsiliduiuantsliitviadamin (bottom ash) Usangind
AANEINNTA-ANN (pH, 1:1) Winfu 12.40 Ansdn Wi (EC,1:1) winfu 7760 uS/cm

as Vo

Buvsedng vindu 1.39 % wWeanaiatiflulsstemg (P) WL 15.2 ppm  Twunaiden (K)
Winfu 189 ppm wAREEN (Ca) Winfl 67659 uuniiidew (Mg) Winfiu 877 wan(Fe) winiu
127 ppm @@ (Zn) wiru 0.19 ppm Tuseu (B) winfu 51.7 ppm  uazAaalsd (C)
Wiy 198 ppm  Fudwmindainannlnanndndiiuidaainnsiunuturestinitndy
dmddadleduguugiige 1,100 - 1,400 sernidadus azdannueuulaaninug
warerialugenlad FduddniudsiisgeameiidssTenisefadowuainnig
Aariananouazazdiuindlel et 11 aenug AR Aspergillus
kanagawaensis, Pseudoeurotium ovale, Trichoderma harzianum, Trichoderma
hamatum, Paecilomyces marquandii, Emericella nidulans, Penicillium steckii, Monascus
sp., Mucor hiemalis , Chaetomium subspirale W8z Chaetornium.lucknowense ARNLARN
uazwiinly 30 fu FeFundndrdanm (Bio-ash) aziuatinadanudn Wannasuuasly
ﬂ?mmﬁ':rv]mmiﬁLﬂuﬂi’ﬂﬂﬁiﬁﬁiﬁﬁ"ﬂatﬁeiﬁm; nanAadArAllunsa-Ana (pH, 1:1)
Wiy 12.48 Anmstinlaia (EC,1:1) windu 11030 uS/icm Buvisudg vinfu 0.25 %
Weawasaiihulszlemg (P) WinfL 15.7 ppm  Tnunawden (K) winiu 784 ppm uAaLTe
(Ca) Wiy 67412 wnnilFian (Mg) Wiy 877 wéan(Fe) Winu 160 ppm &Ins@ (Zn)
Wiy 0.23 ppm Tusau (B) winfiu 32.6 ppm wazAsalsd (Cl) windu 4037 ppm azidiy
'i'm'awhﬁ'11151’:3Qmauﬁﬁmqmﬁuﬂzﬁ'w.m'm'u‘tﬁu%u nanvAe JANAITuNgA-A1a (pH,
1:1) el 0.64 % Ansain (EC,1:1) ey 20.64% Buvzaing iy 82.01 %
WeaasafitlulszTamg (P) Pt 318 %  Tnunaiden (K) T 78.27wman(Fe) ity
20.62 % &anz@ (zn) Ty 17.39 % uazAaglss (Cl) T 95.00 % nalidqumsed
funuméndtysienstesanaussng et lupiRminldslenild 39 Soytong, K.
(2004) mamm'ﬁmnma‘r-ﬁ'mLﬁﬂnmﬂﬁuﬁéﬂmﬁa%’wmu'l‘nﬂ amylase, cellulose, protease
Waz ligninase uwazNNaniueBuvde ﬂmngfm?n”'@m T.  harzianum Thz-Bio-01
ansoaiaeulnd cellulose, protease way ligninase B0 N5 N BB AIAhIR Thhnio

amnsnaeulad amylase, cellulose WAY ligninase @831 P. variabile PV @1u150
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afaeulad amylase uaz cellulose a3 A, oryzae AsO  @unsoaiaeuleel

amylase, cellulose WAY protease l%ﬂ?"l Aspergillus terreus Ast aunsnairaeulnd
amylase, cellulose WAL protease L“g‘aﬂ M. circinelloides MC @unsaairaewled
amylase, cellulose WAY ligninase L%ﬂﬁ C. lucknowense CL atunsoairaeuleed
amylase, cellulose, protease Wa% ligninase {31 E. nidulans EN &unsoaiaiele]
amylase, cellulose, protease WAY ligninase o E. rugulosa ER @nunsnaiaeulasd
amylase, protease WAL ligninase E. chevalieri EC amgnaFaeuled amylase WAL
protease {das E. herbariorum EH swnsaa¥raewle’ amylase, cellulose, protease
WAL ligninase L%ﬂﬂ A. oligospora AO amsnairaeuled amylase, cellulose,

o =l

protease WAY ligninase wancnnﬁﬂ"qa‘mmud'\L%ﬂﬂ#nauluﬂﬂwmﬂﬁamauﬁ‘ﬁ-‘?‘immm
wirydaniuldiiluetnem (synergistic effect) uazluifhifiindsiaiu (antagonistic effect)
Jmmnsaeegiwmild  Wensueglulewidd  axilgumuiRlunstenaans
ALsEnaLIRs I NN EIINARIuazaN B U T WAL IIRTu AdNAY Taenslaniaas
dulnieanuntesaas Trualiifindwiainquazsinemnsluauiissnndu

uazdleindrdanw (biological ash) umesesldlunislgndnn Wugiyusail 1
azviuptidauindudnonigiulamediumiugs Trmnuansieiuetaieddoyds
natE wasanlgnld 15, 30 uaz 45 Gy WeuBeuieumagnsilild (NINARDY
Wituiiey) s Baunaunisuannaluidinsildidadann Wsnm 50 ez 75 nnlé @
a1t 45 Fu finnemsuAnna(@uaudusians) Afiqa A 7.14 uax 7.05 Fusiane uazAanis
WEBuWeu(control) H472U 5.55 WAT 6.18 AUFABND AMNAIAU ULAZAINNIINARBIEINLIA
Urnuudasesaaldsnslfidadanmludn 75, 50 waz 25 nn./ls S nndasess
wnfiqn Ae 265.75, 227.25 uay 259.00 wiasesas mANAL WeuFouideufunisd
whduiuludns 50 nn/lduasAsnsuFoudiay AslitBuiauvindy 100.75 uaz 108.50
wiasesammAdL  wafimanAe Swumssenelunsidrdanmlunndnmie 75,
50 uaz 25 nn./lf T4 uausesene wnfian A 7.40, 7.63 uax 7.39 s2asiane ANAIAL
dewBuieuiunisdrdniulugnm 50 nnAsuas1il433ns1a(control) Fidnmuausa
ABND WL 4.56 WAL 5.50 $9A8ND ANRIAL

azdiulddanisldidndanan (biological ash) HussienisuARiNauazamTOdRa
nanandnnldetinadaiay 99 Andad TnoziszAng (2548 ) IAEmasRILar1E I 1

fudusssNAN(bottom ash) @ NNTORNNaNARTETudsAdld  Renaralddanasin
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qawndtmisslandia 11 areiugunauindwii@anan (biological ash) az@unsn

'
ol 3 ]

il lunafinnsndneesdnalidueng  ussnisldiindanwinlindraesgisuin

- =

waWinanangansimslidrdufivueznmemasssfoudioy Fidudn sdurideuoy
11 AMeWUg HUNLIMAA :ysiﬂmﬂﬂ'é;ﬂuuﬂmm@mm?ﬁ'ﬁﬂLﬂusiﬂmm?rmﬁuimm%q
anmslidrdndiveusinde udananreadesisilsslomd d1uou 11 ARG
A Aspergillus kanagawaensis, Pseudoeurotium ovale, Trichoderma harzianum,
Trichoderma hamatum, Paecilomyces marquandii, Emericella nidulans, Penicillium
steckii, Monascus sp., Mucor hiemalis , Chaetomium subspirale War Chaetomium.
lucknowense ﬁ'lmmﬂ’nﬁqmnqﬁﬁmtﬂumm 30 4u Bund1 Wdanm (bio-ash) ile
il luAulgndnn uasiumedlifnssinisasulasessinennsluduiildd
dnufiuuarAuiildiddanin uaan 30 fu annmaaesiliiiuinqaui a4
dsrAninmlunistiesaaiasinaimsdneglududgnite navinlifiananifiniaaiivas
ma]mmﬂu'ﬁmﬁu%u ninafia HArArETNga-sng (pH, 1:1) sl 22.36 % AN
W (EC,1:1) ATy 95.62% Buvisadng T 77.28 % veaweFaiiihulszlumi (P)
R 97.62 % Dnunanen (K) s 89.81 % widn(Fe) Wnan 42.52 % Tanaila (Mn)
A 6.89 % danz@ (zn) Waa 51.80 % Tusen (B) Waitu 34.92 % uavaaelss (CI)
\Aaau 99.81 % uanaaniifiawudnnasdidndaniw (biological ash) Feiikavinl¥Augni
WBanndwidaiagdisauann 067 du 2.85 % uazileliludngm 75, 50 uaz 25 nn./ls
aansadaninminmdssiess 1§ 56.59, 49.05 uar 51.38 % mudna (ilasananina
rasqAwITiinasanstataaBuaninsIRa M s TLATBUYFETRgTuEes Chetteree and
Nandi (1981) senuinfiadunsdunaliafiannsatesaaeduritedagluauilhda
humic substances FithulsTemiAaialé
sanmsmaselsz@ninmasndianmiasiiesn s 11 aeiug Ao
Aspergillus kanagawaensis, Pseudoeurotium ovale, Trichoderma harzianum,
Trichoderma hamatum, Paecilomyces marquandii, Emericella nidulans, Penicillium
steckii, Monascus sp., Mucor hiemalis , Chaetomium subspirale WAL
Chaetomium.lucknowense Mumstgndnaiuginusill 1 luanmaumiisswasiansaiie
Tudnsn 25, 50 waz 75 nn.siald Auamlisudraiininasgsivindiuaciungs nsuanne

AMUINTNTNFBNE ANUIUNAARADTIY UIMUNNARFRTIN LASHIMINNAANINNA(NARAR)
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1o i W Y ' - -
And1aan1sy M a et wRsauasAsnsWFaudneY  (control)  @anaslddadananlu

ams1 75 nn/sanunsainaminaatriananua(uanan) 16 56 %



X
UNN 6

ﬂ’a;‘lJ NANITNARDILATTDLAUBLUL

anmsmasesasldnsiqdunidussumdesiiislong 41w 11 arewug
An Aspergillus kanagawaensis, Pseudoeurotium ovale, Trichoderma harzianum,
Trichoderma hamatum, Paecilomyces marquandii, Emericella nidulans, Penicillium
steckii, Monascus sp., Mucor hiemalis , Chaetomium subspirale W8T
Chaetomium.lucknowense ¥ uanluitinuiy (bottom ash) antsalin damdmszaa
aansafinlszdvinmreaddndiuiilsgemnsuardunieinggaty  wazdledlg
aulgndnalusnmdumiiss dsngiminliaulamisessineimesneiilsslonise
mm’i‘rutﬁu'tmmﬁ‘nLl.a:ﬂ‘m’;mﬁuﬂ'ﬁ"ﬂﬁmq'tuﬁmﬁ'umn%u A daRugUus il 1 i
dgniaadndanm dmsr 25, 50 uar 75 nn/li luanmdumiisaasasianssia finns
WiywulnduaINge nsuanna dausaednasens SuaumARRes dmtnudnse
199 uaziminudanamuaanan) gandnisliddnfivetaisouasisnnBoudioy
(control) wazmsMidrdanmlugasm 75 nnsels awnsadaiminmdadronome
(wowdn) ¥ 56 %  AnsenlEimnigdunimislssleninaamindudidanm
(biological ash) azd@nnsai M lumsfinnandnuesinaldifluetned Fniaziinigide
uazAnmsaiiaslumaiaunddiuivanisiindaiuiagudeld dluimmndud
Fanm (biological ash) el umafiunanAniady 1 el Feazanansoam B

o ) :
mslduniindsauwalutlaqriuliiiuedineg
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= 3 v v o a -
ANTINANUINT 1 ﬁ']’luﬂd'l!ﬂ\‘lﬁu'lﬂ'l’i’mn’li‘ﬂﬁaml‘mm'mn'm 'Wﬂ'lﬂl 1594

ad 1t
A8N1T9 . =]
1 2 3 4 ANQAY

Tilderls 14.83 1483 1559 15.75 15.25
Wadaudiu 50 nn. /1§ 16.75 15.04 14.54 17.01 15.83
WWrdanan 25 nn /s 1451 1631 1517 16.68 15.66
Wdrdanw 50 nn./1s 15.42 16.16  15.36 14.20 15.28
Wdrdanaw 75 nn. /g 17.09 17.21  16.75 15.75 16.70

4 - & - e lﬁl
ANTINIANUINT 2 I.l.ﬁﬂ\'lHﬂn’l?’]tﬂﬂ:“ﬂ’lﬂ'ﬂuLtﬂ?ﬂi“]'hl’l’lqﬁﬂﬂﬁl'liﬂ\‘lﬂ’}?’]\'lﬂ"lﬁﬂu'l nm1

Source Df SS MS 3 F.05 F.01
Block 3 0.47 0.15 0.22 3:29 5.42
Treatment 0 832.14 166.42 225.38 2.90 4.56
Ex.Error 15 11.07 0.73 - - -
Total 23 843.69 36.68 - - -

+ flanuuansnaiuatniiiaddty Rszdueanandulyd1em 0.01

GRAND MEAN = 13.12, CV(%)= 6.54



<l v ¥ y ¥ = - o
ATINIANUINT 3 ﬂ"J'\LIQQ‘!'ENWH'D'\Q"Hﬂﬂ'!i‘ﬂﬂﬂ‘ﬂill'ﬁl.ﬂq'ﬂ'lﬂqw Nnang 3094

a7

ol d1uaudh
A8N19 . =
1 2 3 4 ALRAE

Lildazls 18.96 18.77  19.55 20.46 19.43
Wrdnusin 50 nn/lg 19.24 18.12 19.74 21.53 19.65
Windanw 25 nn /s 18.67 1830  20.25 20.40 19.40
Wdrdanan 50 nn./ls 19.31 20.06 20.10 19.83 19.82
Wndann 75 nn. /s 20.25 20.05 22.65 20.57 20.88

d - ] o e i
ATINIANUINT 4 I.Lﬂﬂﬂﬂﬂﬂﬂﬂlﬂﬂ:ﬁﬂﬂﬂQ']NLL'LJi“Ll?’Juﬂ'Nﬂﬂﬂ'ﬂﬂ\'llﬂ’}i"]x'lﬂ']ﬂuu'mﬁ 3

Source Df SS MS F F.05 F.01
Block & B5S 2.51 4.49 3.29 5.42
Treatment b 1318.02 263.60 470.39 2.90 4.56
Ex.Error 4o 8.40 0.56 - - -
Total oo 1333.98 57.99 - - -

* fpaonuuansireiuatineiind Ay fazdupanfulU 18R 0.01
GRAND MEAN = 16.53, CV(%)= 4.52
ATIMARYINT 5 AugaTaIuinaannimesedldidiianm fianey 45 u
ad fuuh
IR 1 2 3 4 ALaAE
lildazls 3250 | 3368 3263 33.78 33.14

widutiu 50 nn./lg 23.62 29.48  31.53 37.20 30.45

Wdanaw 25 nn /18 36.61 34.03  34.80 36.90 35.58

Winganw 50 nn./ls 35.60 37.95 36.20 32.73 35.62

Windanan 75 nn /1 40.75 39.37  36.68 41.35 39.53
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<l - € aa i
AFIINIANUINT 6 Llﬂﬂﬁﬂﬂnqi']lﬂ?’]:“ﬂ']ﬂqunuﬂ?ﬂmuﬂqqanmﬂﬂ\’ﬂqTWQﬂ'\ﬂNuQﬂﬁ 2]

Source Df SS MS F F.05 F.01
Block 3 15.33 5.11 0.68 3.29 5.42
Treatment 5 4234.12 846.82 112.18 2.90 4.56
Ex.Error 15 113.23 7.54 - -

Total 23 4362.69 189.68 - - -

* Fanuuansnaiuetnaiidedifty Aszduacudulylen 0.01

GRAND MEAN = 29.05, CV(%)= 9.45

P o o i 1 = P
ATINIARUINT 7 SuumdadiaofeseresiirannimmasesldidinToniw Heng 45

U

g4 fuaudh

- 1 2 3 4 ALade
lildasls 0.00 0.00  0.00 0.00 0.00
drddiu sonn /s 0.00 0.00 0.0 0.00 0.00
widanan 25 nn /s 55.00 6800 6600 86.00 68.75
Widanan 50 nn /s 73.00 76.00  36.00 71.00 64.00
indann 75 nn./ls 54.00 73.00  82.00 70.00 69.75

‘i - 3 aa i
ANTNNANUINT 8 I.LﬂWNNﬂﬂ"l‘i“llﬂ?’}:ﬁﬁ"lﬂQ'HJLI.‘IJ?'IJ?"JuYI’]\'Iﬁﬂﬂ‘llﬂsz'li"Nﬂ’]ﬂNWJﬂﬁ £

Source Df SS - MS F F.05 F.01
Block J 262.16 87.38 0.77 3.29 5.42
Treatment 5 27413.00  5482.60 48.39 2.90 4.56
Ex.Error 15 1699.33 113.28 = - -
Total 23 29374.50 127715 - - -

* fiannuuansneiuatneiiveddty Rszauaaaiuldléi 0.01

GRAND MEAN = 33.75, CV(%)= 31.53
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< ° a o ' = i
ANFINMARUINT 9 A unuNAnIMARIFeT8ia N Nmasesldiiidanan fieng

45 34

hk fuautn

i 1 2 3 4 ALaae
Lildesls 107 104 107 116 108.50
windaudiu 50 nn./ls 94.00 94.00  94.00 121.00 100.75
windanaw 25 nn/ls 7500 126.00 129.00 156.00 121.50
wiadianan 50 nn./ls 99.00  66.00 118.00 114.00 99.25
\dndanan 75 nn /1§ 153.00  104.00 136.00 112.00 126.25

d = o« -oa i
ATNANUINT 10 I.I.ﬁﬂ\mﬂﬂ’lﬂlﬁﬂ:ﬂ?ﬂﬂ‘)"ml.tﬂﬂjﬂuﬂ']ﬂﬁnFl‘nﬂdﬂ"l?’\dﬂ'lﬂNU'Jﬂﬁ 9

Source Df SS MS F F.05 F.01
Block 3 1663.45 521.15 1.38 3:29 5.42
Treatment 5 43622.70  8724.54 23.05 2.90 4.56
Ex.Error 15 5676.79 378.45 - - -
Total 23 50862.95 2211.43 - - -

1] ar ] o o d‘ ar J
+ faouuansinafuatnaiivedrdty fiszauarnuthulylev 0.01

GRAND MEAN = 92.70, CV(%)= 20.98



50

=l ° & v ' -
MSIAARNINT 11 SULAMIMNARSTNTed9a NN IAses LTI N Tieng

45 Ju
L fruaudn
L 1 2 3 4 ALade
laildarls 107 104 107 116 108.50
induiiu 50 nn s 94 94 94 121 100.75
Wdrdanan 25 nn./lg 130 194 195 242 259.00
Windanan 50 nn./ls 172 142 154 185 227.25
dindanan 75 nn /s 207 177 218 182 265.75

<l = ' aa
ANFIENIANUINT 12 uﬂmuammnﬂﬂ:ﬁm ANNUUFUIUNNIA T AYDIAITINIANUIN

[
-

N 11
Source Df SS MS F F.05 F.01
Block 3 2059.12 686.37 1.44 3.29 5.42
Treatment o 108936.70 21787.34 45.63 2.90 4.56
Ex.Error 15 7162.12 477.45 - - -
Total 23 1181257.95 51347.30 - - -

= 1 [ ] e O ar 4 o 9. i
+ Fanuuansireiustinaiitadadty Assduanudluly1en 0.01
GRAND MEAN = 126.45 , CV(%)= 17.27
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= o v Y v v o - o
ANTINTIAKNUINT 13 ITUIURAURADND ‘Jlﬂd‘l!’]’]’-i'mn’li‘wﬂaml'nm’\'ﬂ'm’lw 'ﬂﬂqﬂ 159U

e f1uaud
26N19 —
1 2 3 4 ATLRAA[E

Tildasls 2.60 250 245 1.95 237
Wdawdiu 50 nn/ls 2.00 1.80 2.50 2.25 T
Wdhdanaw 25 nn/ls 2.05 2.40 3.05 2.60 2.52
Wbhdanaw 50 nn./ls 1.80 2.70 2.20 1.35 2.01
Windanan 75 nn /s 2.45 3.05 220 2.35 2.51

4 = ' aa lﬂ.
ANTNNIARNUINT 14 LAAINANITTI IATIETAIANLLITUSIUN AT AIBIANT NN ANUINT

13
Source Df SS MS » F.05 F.01
Block 3 0.50 0.16 p 5 3.29 5.42
Treatment 3 18.66 3.73 28.70 2.90 4.56
Ex.Error 15 1.95 0.13 - - -
Total 23 21.12 0.91 - - -

* fiasuuansneiuetnafivedrAty Nezsuadudlulillan 0.01

GRAND MEAN = 1.92, CV(%)= 18.71

< o ¥ 9 Yy ¥ o o -
AITHNIANUINT 15 ITUIUAUABNA ﬂﬂ\ﬂl'ﬂqqﬂﬂqﬁ“ﬂﬁﬂ'ﬂ\'ﬂ“ﬂn’]'ﬁ')ﬂqw Wﬂ'l?_! 30 2

s A0
6019 —
1 2 3 4 ALRARY
Lilfazls 5.10 595  5.50 5.20 5.43
wnduiiu 50 nn./ls 5.30 520 3.95 5.25 4.92
Wganw 25 nn/ls 5.63 470  6.40 5.40 5.53
Widann 50 nn./ls 5.35 6.45  6.00 455 5.58

Wdanan 75 nn./ls 6.45 795 574 4.95 6.27
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ANTINARUINT 16 LLﬂ@NNﬂﬂ’]’i"]tﬂ?’]:‘lﬂﬂ'\ﬂ‘]'ulLLIJ?IJT']'NVI’N&DFI‘MNFI’WWGH']ﬂNWJﬂﬁ

15
Source Df SS MS F F.05 F.01
Block 3 2.00 0.66 1.24 3.29 5.42
Treatment 5 106.42 21.28 39.41 2.90 4.56
Ex.Error 15 8.1 0.54 - - -
Total 23 116.52 5.00 - - -

* fianuuansinafiuatinaiiudadty Rszduarandiulylem 0.01

GRAND MEAN = 4.62, CV(%)= 15.88
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Tildazls 5.85 6.70 6.30 5.85 6.17
Whdawdin 50 nn/ls 5.10 6.05 475 6.30 5.55
Wdrdanan 25 nn /s 6.26 6.05 7.10 6.55 6.49
Whganan 50 nn /s 7.00 8.05 7.30 6.20 4 K
Wdrdanan 75 nn./ls 7.20 7.85 6.84 6.30 7.04
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Source Df SS MS F F.05 F.01
Block 3 1.28 0.42 1.42 3.29 542
Treatment 9 146.81 29.36 97.48 2.90 4.56
Ex.Error 15 4.51 0.30 - - -
Total 23 152.62 6.63 - - -

*+ Hauuansnsiuetinaiiladndty Asvduannadulylén 0.01

GRAND MEAN = 5.40, CV(%)= 10.16
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lLildesls 5.35 6.15 5.80 4.70 5.50
dnduiin 50 nn./lg 4.05 4.45 4.20 5.53 455
winganaw 25 nn./lg 6.16 6.80 9.70 6.90 7.39
Wganw 50 nn./ls 6.80 8.75 7.50 7.47 7.63
winganaw 75 nn /s 6.65 7.40 7.80 7.74 7.39

=l = e aa a
ANFIENTANUINT 20 llﬂﬁ\’Nﬂn']?qLﬂﬁzﬁﬂ']ﬂqquuﬂmﬂu’ﬂqﬁﬂnﬂﬂﬂ\]ﬂ']?’]ﬂﬂ']ﬂﬂuqnﬂ

19
Source Df SS MS F F.05 F.01
Block 3 3.256 1.08 1.71 3.29 5.42
Treatment 5 171.20 34.24 53.95 2.90 4.56
Ex.Error 15 9.51 0.63 - - -
Total 23 183.98 7.99 - = -

* fianuuanaiuetneditedAny Rezsuaadullen 0.01

GRAND MEAN = 5.41, CV(%)= 14.71
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i fruaudn
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1 2 3 4 ATLARNE

hilderls 0.00 0.00 0.00 0.00 0.00
iadauiiu 50 nn/ls 0.00 0.00 0.00 0.00 0.00
Wddann 25 nn /s 16.88 1543  10.02 40.30 20.65
wiadanan 50 nn./ls 21.21 2822  13.89 17.00 20.08
indanan 75 nn./ls 33.10 62.76  34.86 9.37 35.02

=l o ’ - :il
ANTIMARUINT 22 WAAINANNTIATIZHAIAIHNLLTUSIUN AT FT89AIT9NIANINT

21
Source Df SS MS ] F.05 F.01
Block 3 221.93 73.97 0.59 3.29 542
Treatment 5 4399.67 879.93 7.08 2.90 4.56
Ex.Error 15 1865.12 124.34 - - -
Total 23 6486.73 282.03 - - -
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* fannuansnaiueteiited Ay Arzsuacudulylen 0.01
GRAND MEAN = 12.62, CV(%)= 28.31
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i 1 2 3 4 ALaRe
Lilderls 158.01 15597  157.30 138.46 152.43
Wdaudin 50 nn./ls 8200  101.25  89.36 172.66 111.31
idann 25 nn./ls 237.48  254.46  384.02 295.68 292.91
Wdndanan 50 nn s 291.00  307.28 348.43 169.97 279.17
Wddann 75 nn./ls 288.57  288.51 296.04 391.51 316.15
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23
Source Df SS MS F F.05 F.01
Block 3 4404.58 1468.19 0.56 3.29 5.42
Treatment 5 312542.31 62508.46 23.93 2.90 4.56
Ex.Error 15 39183.33 2612.22 - - -
Total 23 356130.22 15483.92 - - -

1] o 1 - ar 4 - J
* faouuansreiuetniiled Ay Aszauacudulylan 0.01

GRAND MEAN = 191.99, CV(%)= 26.62
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i 1 2 3 4 AnLaRe
lildazls 158.01  155.97  157.30 138.46 152.43
indauiiu 50 nn/ls 82.00 101.25  89.36 172.66 111.31
indanw 25 nn./ls 25436  269.89 394.04 335.98 313.56
(indann 50 nn. /s 312.21 33550 362.32 186.97 299.25
Windanan 75 nn/ls 321.67 35127 330.90 400.88 351.18

A g L) _a J
ANSINNIANUINT 26 LAAINANITIATIENAIATNULITSIUN AT ATBIANTNNANUINT

25
Source Df SS MS F F.05 F.01
Block 3 3569.42 11889.80 0.49 8.29 5.42
Treatment 5 382408.81 76481.76 31.77 2.90 4.56
Ex.Error 16 36109.28  2407.28 - -
Total 23 422087.53 18351.63 - - -
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+ fpnuuansraiuetinaiiledfty Aszauanudiulylen 0.01

GRAND MEAN = 204.62 , CV(%)=

23.97
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It is clearly showed that the biological ash mixed to 7 species of fungi have produced amylase,
cellulose, protease and ligninase as follows:- Aspergillus sparsus, Chaetomium lucknowense,
Achaetomium theilaviopsis, Paecilomyces marquandii, Emericella nidulans, Eurotium
herbariorum and Arthrobotrys oligospora, and the other 4 species produced amylase, cellulose
and ligninase as follows:- Trichoderma hamatum, T. hamatum (T-12), Mucor hiemalis and M.
circinelloides increased in plant height, number of tillers, number of grains per panicle, number
of panicle per tiller and grain weight per panicle. It was also indicated that the bio-ash has
affected to higher soil fertility which increased in plant nutrients available for the growth of
rice var Prathumthani 1. The bio-ash treatments of 25, 50 and 75 kg/rai were not significantly
differ in yield and increased the yield as 52.38, 49.05 and 56.59 %, respectively and it was
significantly higher when compared to the non-treated one. This may due to the activities of
beneficial fungi added into the bottom ash. It is suggested that the biological ash may possible
to develop to be used to increase yield and reduce the chemical use. ‘

Keywords: biological ash, bottom ash

Introduction

Bottom Ash is the residue from coal which sedimentary from plant debris
under soil for million years. The coal has been used for heating the industrial
factory such as electrical factory for giving heat energy by burning at high
temperature ca. 1,100-1,400 C, since then the remaining residue called coal
ash. The heating was affected to various oxides and some part of 15-25 % coal
ash was melted and mixed to be a big one and fall into the burning room called
bottom ash or furnace ash. Kowapradit (2005) reported that the bottom ash
may contain some essential elements for plant growth like potassium, calcium

“Corresponding author: Kasem Soytong; e-mail: kskasem@kmitl.ac.th
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and magnesium etc which would be the form of available to plant absorption
for their growth. Imiurb (1992) stated that the paddy soil has reported to
decreased in organic matter leading to Jow soil fertility, acidity which become
less response to chemical fertilizer application. It is important that adding soil
conditioners will lead to balance soil to be neutral and possible increase in
yield. While, Cheanrung et al. (2006) reported that soil conditioner are
normally substances from the natural resources or the synthesizes substances
which used to improve the physical and chemical soil properties to favor for
plant growth but the soil amendment is the substances which contain more
plant nutrient. However, there are many researchers have been used rice straw
to manage yield and nitrogen utilization for rice growth as organic amendments
(Eagle et al., 2000; Kumar and Goh, 2000; Bird er al., 2001; Eagle et al.,
2001). However, the bottom ash has become interesting to be used as an
addition soil conditioner which high potassium, phosphorus and calcium which
may possible useful for plant growth (Kowapradit, 2005).

The objectives of project were studied on the properties of bottom ash
from electricity factory applying in paddy rice soil and testing the biological
ash which developed from bottom ash by adding the beneficial fungi for
growing rice var Prathumthani 1.

Materials and methods
Formulation of biological ash

The biological of bottom ash has developed by mixing the screened
beneficial fungi offered by Dr. Kasem Soytong which 7 species of fungi have
produced amylase, cellulose, protease and ligninase as follows:- Aspergillus
sparsus, Chaetomium lucknowense, Achaetomium theilaviopsis, Paecilomyces
marquandii, Emericella nidulans, Eurotium herbariorum and Arthrobotrys
oligospora, and the other 4 species produced amylase, cellulose and ligninase
as follows; Trichoderma hamatum, T. hamatum (T-12), Mucor hiemalis and M.
circinelloides.

All eleven species of fungi grew on potato dextrose agar for two weeks at
room temperature (27-30°C), then remove fungal structures, especially spores
from the fungal colony, then counting the spore number using
haemacytometer. The spore suspension of all isolates were then mixed in
electrical mixer for 5 minutes before poured into sterilized bottom ash at the
rate of 10 petri dishes for each isolate per 100 kg of bottom ash, then incubated
for 30 days before used.
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Nutrient analysis

The sample of bottom ash and biological ash were sampling taken into
plastic bags and brought to laboratory of soil analysis. The soil properties were
analyzed for pH, EC, organic matter, K, Ca, Mg, Fe, Mn, Zn, B and Cl. The
data were used to compare the nutritional changes between bottom ash and
biological ash.

Efficacy of biological ash for the growth of rice var Pathumthani 1

The experiment was done by using Randomized Complete Block Design
(RCBD) with four replications. Treatments were as follows:- T1 = non-treated
check(control), T2 = apply bottom ash at the rate of 50 kg/rai, T3= apply
biological ash at the rate of 25 kg/rai, T4 = apply biological ash at the rate of
50 kg/rai and T5 = apply biological ash at the rate of 75 kg/rai. Clay soil used
for the experiment is brought from Ladkrabang rice field, then put into the
concrete block which was 0.69 m’. There were 20 blocks for the experiment
and treatments were done as mentioned above. The treatments of biological ash
were done by mixing biological ash into soil in each block. All treatments were
flooded with water. The 30 days rice seedlings were transplanted into each
block with 20 seedlings. The soil samples in each block were sampling taken
into plastic bags and brought to laboratory of soil analysis before the
experiment and after treatments, then brought to soil analysis. The soil
properties were analyzed for pH, EC, organic matter, K, Ca, Mg, Fe, Mn, Zn, B
and Cl. Data collection:- plant height (every 15 days), number of tillers,
flowering days, number of panicles per tiller, number of harvested panicles,
number of grains per panicle and panicle’s weight. The data were analyzed
statistical analysis and treatment means were compared with Duncan’s
Multiple Range Test (DMRT) at P =0.05 and P = 0.01.

Results
Plant Height

The rice growing in the experiment showed significantly different in
plant height after 15 d, 30 d and 45 d after transplanting. It was clearly
demonstrated that in control plot and ash treatment at 45 d, the plant height
were 33.15 cm and 30.46 cm, respectively. When it was highly significant in
plant height at 45 d in bio-ash treatments at the rates of 25, 50 and 75 kg/rai
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which were 35.59, 35.62 and 39.54 cm, respectively when compared to the ash
treatment and non-treated one as seen in Table 1.

Table 1. Plant height of rice from the experimental plots.

Plant height (cm)

Treatments 5a 304 %54
Control 15.25b' 19.44b 33.15bc
ash 50 kg/rai 15.84ab 19.66b 30.46¢
Bio-ash 25 kg/rai 15.67ab 19.41b 35.59ab
Bio-ash 50 kg/rai 15.29b 19.83ab 35.62ab
Bio-ash 75 kg/rai 16.70a 20.88a 39.54a

TMean of four replications. Means followed by a common letters in each column are not
significantly different by DMRT at P=0.05.

Number of plant per tiller

The number of plant per tiller was not significantly different at early
stage of 15 d in all treatments. It was clearly shown that the number of tiller at
45 d significantly in bio-ash treatments at the rate of 25 kg/rai, 50 kg/rai and 75
kg/rai which were 6.49, 7.14 and 7.05 plants, respectively when compared to
the non-treated one (6.18 plants) and ash treatment (5.55 plants) as seen in
Table 2.

Table 2. Number of plant per tiller of rice from the experimental plots.

Number of plant per tiller
L i 154 304 454
Control 2.38a" 5.44ab 6.18bc
ash 50 kg/rai 2.14a 493b 5.55¢c
Bio-ash 25 kg/rai 2.53a 5.53ab 6.49ab
Bio-ash 50 kg/rai 2.01a 5.59ab 7.14a
Bio-ash 75 kg/rai 2.51a 6.27a 7.05a

"Mean of four replications. Means followed by a common letters in each column are not
significantly different by DMRT at P=0.05.

Number of grain per panicle

The rice growing in the experiment showed significantly different in
number of grain per panicle 45 d after transplanting. It was clearly
demonstrated that in control plot and ash treatment at 45 d, total number of
grain per panicle were 108.50 and 100.75 grains, respectively. But it was
highly significant in total number of grains per panicle at 45 d in bio-ash

61



Journal of Agricultural Technology

treatments at the rates of 25, 50 and 75 kg/rai which were 259.50, 227.25 and
265.75 grains, respectively when compared to the ash treatment and non-
treated one as seen in Table 3.

Table 3. Number of grain per panicle of rice from the experimental plots.

No of grain/panicle

Treatments Total
green yellow
Control 0.00b' 108.50b' 108.50b
ash 50 kg/rai 0.00b 100.75b 100.75b
Bio-ash 25 kg/rai_ 68.75a 190.25a 259.00a
Bio-ash 50 kg/rai 64.00a 163.25a 227.25a

Bio-ash 75 kg/rai 69.75a 196.00a 265.75a
Mean of four replications. Means followed by a common letters in each column are not

significantly different by DMRT at P=0.05.
Grain weight per panicle

The rice growing in the experiment showed significantly different in total
grain weight per panicle at 45 d after transplanting. It was clearly demonstrated
that in control plot and ash treatment at 45 d, total number of Grain weight per
panicle were 152.44 and 111.32 g, respectively. But it was highly significant in
total number of total grain weight per panicle at 45 d in bio-ash treatments at
the rates of 25, 50 and 75 kg/rai which were 313.57, 299.25 and 351.18 g,
respectively when compared to the ash treatment and non-treated one as seen
in Table 4.

Number of panicle per tiller

The rice growing in the experiment showed significantly different in
number of panicle per tiller at 45 d after transplanting. It was clearly
demonstrated that in control plot and ash treatment at 45 d, number of panicle
per tiller were 5.50 and 4.56 panicles, respectively. But it was highly
significant in number of panicle per tiller at 45 d in bio-ash treatments at the
rates of 25, 50 and 75 kg/rai which were 7.39, 7.63 and 7.40 g, respectively
when compared to the ash treatment and non-treated one as seen in Table 5.
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Table 4. Grain weight per panicle of rice from the experimental plots.

Grain weight/  Grain weight/

Treatments panicle (g) panicle (g) Total (g) Increase (%)
green yellow
Control 0.00b' 152.44b 152.44b -
ash 50 kg/rai 0.00b 111.32b 111.32b -
Bio-ash 25 kg/rai 20.66a 292.91a 313.57a 51.38
Bio-ash 50 kg/rai 20.08a 279.17a 299.25a 49.05
Bio-ash 75 kg/rai 35.02a 316.16a 351.18a 56.59

TMean of four replications. Means followed by a common letters in each column are not
significantly different by DMRT at P=0.05.

Effect of biological ash for the growth of rice on nutrients

It observed that the biological ash which mixed with 7 species of fungi
have produced amylase, cellulose, protease and ligninase as follows:-
Aspergillus sparsus, Chaetomium lucknowense, Achaetomium theilaviopsis,
Paecilomyces marquandii, Emericella nidulans, Eurotium herbariorum and
Arthrobotrys oligospora, and the other 4 species produced amylase, cellulose
and ligninase as follows:-Trichoderma hamatum, T. hamatum (T-12), Mucor
hiemalis and M. circinelloides had shown higher EC, organic matter, K, Fe and
Cl than the bottom ash alone. It was showed that the pH of bottom ash did not
change after mix with the effective fungi as it was 12.48.

Table 5. Number of panicle per tiller of rice from the experimental plots.

Treatments No of panicle/tiller
Control 5.50b'
ash 50 kg/rai 4.56b
Bio-ash 25 kg/rai 7.3%a
Bio-ash 50 kg/rai 7.63a
Bio-ash 75 kg/rai 7.40a

"Mean of four replications. Means followed by a common letters in each column are not
significantly different by DMRT at P=0.05.

The soil planted to rice (soil without bio-ash) in pot experiment showed
that the soil pH was 4.2, EC value was 325 and organic matter was 0.67 and
and for nutrient analysis showed that P, K, Ca, Mg, Fe, Mn, Zn, B and Cl were
5.70, 94.2, 882, 863, 64.8, 16.2, 1.07, 0.41 and 8.67 ppm, respectively. It was
observed that after apply the biological ash to soil planted to rice in pot
experiment after 30 day before transplanting, it showed higher in soil pH which
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was 5.41, and higher in EC value (7430) and organic matter was increased to
2.95 and increased in P, K, Ca, Mg, Fe, Mn, Zn, B and Cl were 240, 925, 754,
816, 72.2, 17.4, 2.22, 0.63 and 4663 ppm, respectively (Table 6).

It was indicated that the bi-ash has affected to higher soil fertility which
increased in plant nutrients available for the growth of rice var Prathumthani 1.
This may due to the activities of beneficial fungi added into the bottom ash. It
is suggested that the biological ash may possible to develop to be used to
increase yield and reduce the chemical use.

Table 6. The nutrient analysis of bottom ash, biological ash, soil planted to rice
without biological ash and soil planted to rice with biological ash.

Soil without  Soil treated

Units Bottom ash Bio-ash Bleahh with biteskh
pH, 1:5 - 12.40 12.48 4.20 5.41
EC, 1:5 uS/cm 7760 11030 325 7430
_Organic matter % 0.25 1.39 0.67 2.95
P ppm 15.2 15.7 5.70 240
K ppm 189 870 94.2 925
Ca ppm 67659 67412 882 754
Mg ppm 877 784 863 816
Fe ppm 127 160 64.8 72.2
Mn ppm - - 16.2 17.4
Zn ppm 0.19 0.23 1.07 222
B ppm ST 32.6 0.41 0.63
Cl ppm 198 4037 8.67 4663
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