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Feasibility of bio-char production for yieldincrement at lowland rice system
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Towsle 10.3 + 2.8 way 4.8 = 1.3 AlanSumud v ieussidiunanauununuiinisudslulesns
WleuSuugaiuu 115 Tulusnany 4 8ms1 thedfu Idnaneuuny 1594.59, -1544.48 uas -4,741.75
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Abstract

Bio-char is an organic material that is passed the pyrolysis process producing the
highly porous organic material. It has potential to adsorb plant nutrients and also reduce
carbon dioxide and methane emission from lowland rice field. To study bio-char
production, furnace were adapted from 200 liter barrels. It was found that burning wood
chips at 2 and 3 hours by using 50.5 + 5.2 and 44.4 + 10.4 kg wood chip were able to
produce 10.3 + 2.8 and 4.8 + 1.3 kg bio-char, respectively. Moreover, the result of bio-char
utilization showed that bio-char producing for improving 1 rai of paddy soil following 4 rates
as concentration of: 0, 640, 1,280 and 2,560 kg per rai by adding bio-char at the first year. It
could receive benefit as 1,594.59, -1,544.48 and -4,741.75 bath, respectively. To conduct an
experiment comparing the effects of bio-char at 4 rates above, bio-char were mixed into
paddy soil before rice transplantation. Results showed that the addition of 2,560 kg bio-
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char significantly increased tiller number, and as a result, the panicle number increased more
than those without adding bio-char. However, every increasing rate of adding bio-char could
not make grain weight, and filled grain weight differed significantly in all case. That is because
1,000 grain weight and percentage of filled grain ratio of the adding 2,560 kg bio-char were
least but not differed with those without adding bio-char. In milling stage, the SPAD-value
of main tiller‘s flag leaf was not different at all cases, and the addition of 1,280 and 2,560 kg
bio-char per rai were significantly able to maintain the ammonium ion more than other rates.
Therefore, it should evenly collaborated chemical fertilizers with improving bio-char for

improving paddy soil abundance.

Keywords: Lowland rice, Bio-char
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TuAuazanunsafnifuasueuliegludulduinnin 40 1Wesidud nasarnruly 100 T luvazd
suvdeingiliiunssuiunsfindnazdesansuazanUdesaivonlaeenledesnuiavan
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AnvdunusasnanuuunaassgiavosmsldlulevSuliuanvesiuiinindn 115 Tng
ayanandntiuaztayani1suanlulov1$a1nN1IMAae A UIMNAUNULAEHANDULNUNIY
\msugAavesnsndndnlaenisldlulevslusnsn 0, 640 1,280 uag 2,560 Alansusiels Lile
Usgneunsdndulailulenfunlfifieiunandndnuia
NANTSANEN
sndwavaslulovsfidasnuuniavasdi

Msfanusiuiumieresdnng 15, 30, 45, 60 uaw 75 Yundstlnd (Table 1) wudnsldly
Tenfludns 2,560 Alansusiols anunsaifindiuruniednodrsiidoddnymaaia (p<0.05) Tunn
szorfundsiindudlondsuifieutumsldldlulesnsias lumstdusundendsaesied 75 und
Ine nuinsTalulen$dng 2,560 Alandusels awnsaufinsuauniaidu 10.19 wis Tuvmei
nssudsildldlulensiaeiisiuumiewion 7.94 e egrslsfnunistalulensludns 640 way
1280 Alanfusiels lanunsafinsrununmiednegadiveddynadfidieiussuiiuiunisldldly
Towsudldfianuunnsnstunsadatunisldlulensiions 2,560 Alansusels Tnenssudsildldly
Tevdiasdidnumietiosiign

Table 1 Effects of bio-char levels with Tiller number per hill of lowland rice following the

days after transplant (DAT) in cement ponds

Rate of adding bio-char Days after transplant
to drainage soil (kg/rai) 15 30 a5 60 75
0 2.63 (B) 7.94 (B) 9.50 (B) 7.94 (B) 7.94 (B)
640 2.94 (AB) 9.13 (AB) 10.63 (AB) 9.75 (AB) 9.43 (AB)
1,280 3.12 (AB) 9.25 (AB) 10.75 (AB) 9.19 (AB) 9.25 (AB)
2,560 3.50 (A) 10.37 (A) 11.94 (A) 10.19 (A) 10.19 (A)
F-test * * * * *
LSDg 05 0.58 1.75 1.87 1.71 1.74

" = mean of 16 hill
* = significant difference (P<0.05)

svswavadlulavn$fiu SPAD-value filussvasiandnuazUsanamanludealoaulufiudn 0-10
wuins Tussezdaiein

153 SPAD-value Tluswwammlendnlusyasdnadraiiund 30 Su Aewfuiies (Table 2)
wui msldlulemnsluszaunnse ludinayinlin SPAD-value uansnsrunislilalulewsognsiitodfy
V@i (p<0.05) wansliiiuinisldlulennslufinasenisduasziuaesdniissozdiass
vy udegnslsinuainnisinsinauesluielessuvesiudn 0-10 wuins lussozdnnadig
vhuy (Table 2) wudnastalulemsludas 1,280 uas 2,560 Alansusels awnsansawenluieon
losould 5.32 uay 5.37 fanTusenlanfufuusis audrdu Jauinninegreifeddynieada
(p<0.01) dlawSsudisutunishildlulevduaznisldlulonslusgng 640 Alansusiels Faanunse
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asawauluteulonauld 4.82 way 4.68 NANSUADALANSUAULAY ANUa1PU  kaznIsidlulavis iy
9m31 640 Alansusials llvinlwusunaweuluilsyleasuwnnsnenunishlalulens

Table 2 Effects of bio-char on SPAD-value in main tiller’s flag leaf and ammonium ion in 0-

10 cm depth at milling stage of lowland rice (30 days before harvesting) in cement

ponds
Rate of adding bio-char Ammoniumion
at drainage soil ( ¢/rai) SPAD-value (mg/kg in dry soil)
0 37.95' 182" (B)
640 36.98 4.68 (B)
1,280 38.24 5.32 (A)
2,560 37.23 5.37 (A)
F-test ns x*
LSDo 05 - 0.39

2
)

b mean of 16 hill; = mean of 8 times of measurement

ns = non- significant difference (P>0.05); ** = significant difference (P<0.01)

andSwavaslulavsnuasAusenaunanand

MInTRdDUDIAUsTNOUNANERT (Table 3) fiszezifiuier  wuinislalulonslusng
2,560 Alan3u Vilitnidunumisanniigaunnssiunsldldlulewfiasegafifuddy (p<0.05)
wiliumnsnsiunistalulewslusns 640 was 1,280 Alanfusels  whilewssuiisunislaldly
lovnsiasnunislaluleanslusnsa 650 wag 1,280 Alansumals nuInd1wIuntevesdalidining
wandnetunsadn  edsuiflsutivtinudatmuaasimdnudady  wuiinisldlulewsi
8n31 2,560 Alansusiols iliimdniudatouegsiiaaulafanuunndisfunisadftunssisou
ogdlsfmudminudaiureinssuiimsldlulonsludam 640 Alantu geflaauslaiunnsatumng
adRfunssuATEY  wazlelUTeuiisusnsiduwdndalaedmdn  wuinistadlulen$lusng
2,560 Alansudels vhlsisamamudadlasthmindfiandsliunndatunislaldluTensuagnng
Talulewstusnsn 1,280 Alansumals  waznislalulevisiusnsn 640 Alansusiels vinlwensidu
winslnedmingefianudliunneiunislildlulosfuaznislalulennsludng 1,280 Alany
NN1sATIIABULIVMEN 1,000 Wan nudnislalulew$fisnst 640 way 1,280 Alansusiels ¥l
thwiin 1,000 wide gennslaldlulenfiasuaznisldlulenns 2,560 Alansusiels
wameneivesidudsgemnslastviinuasNuiifinvasiulans

210158 1uTev$AHEAD 1NN RTNTINIMATALASIE WA 581MSHUT USEnausie
lulnsiau 3.46%, Weanasa 0.86%, lUunal@uu 2.84%, WAalliou 2.66% wagliniligau 0.38% Lag
dmidnlulend  ansiesuvesmsdund, fses Yunes wazds Gaa(1) Aldvinisnsaaaeumiiui
AWUU Brunauer-Emmett-Teller Tngia3es Autosorb A1uanukuyU Multipoins fiaartuwmealulag
Jupdeduiand wuilulensinanannninimsindamdiuiiin 5.16 msraunsdendy
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Table 3 Effect of bio-char with lowland rice’s yield components in cement ponds

Rate of adding bio-char

Yield components per hill

i : ) Panicles Grain weight Filled grain Filled grain 1000 grain

to drainage soil (kg/rai)

number (9) eight (g) weight ratio weight (g)
0 7.31(B) 28.31 26.01 0.920 (AB) 31.017 (B)
640 8.44 (AB) 31.13 29.33 0.938 (A) 32211 (A)
1,280 7.87 (AB) 29.56 26.98 0.916 (AB) 32.308 (A)
2,560 9.31 (A) 32.06 28.47 0.893 (B) 30.927 (B)
F-test * ns ns * *
LSDg g5 1.64 6.51 5.89 0.028 1.147

o mean of 16 hill

ns = non- significant difference (P>0.05); *

nansuanlulay e isanUasandeinau 200 aas

sudunseulasdninni 200 aas $1uau 3 & WWumwnitendalulews 2 1 (Figure 1)
anldanelunisnanmnnn 2 wdseneudie ey 200 aas $1uau 3 SisAday 450 uim 1y
U 1,350 U Sramndaulasdaifuioadammnlulenndsnn 150 vmseian S1uaw 2 1
Hudu 300 um - Adldaemaulunsadannn 2 w1 saududy 1,650 vm

MsnaaeunsHaslulevsdeefisauUastulaeg (Figure 2, 3) Imamiﬁ;mwlﬁﬁm‘%auﬁ
(Table 4) vwimduAIUANENATN 4 = 2.4 LBURWAT, 817 20 + 6.3 lWURWAT (N=30) FuAuds 14
narlunsien 2 way 3 $alus nudn nasinawlivdn 44.4 + 10.4 (n=3) Alandu wiu 3 alua
annsandnlulonsls 4.8 + 1.3 Alandu waznswnawlsl 50.5 + 5.2 Alansy wiu 2 $alus @1wnse

mﬁsﬂ,‘iﬂaﬂm‘ 19 10.3 + 2.8 Alansy

Figure 1 200 liter barrel were adapted to bio-char ki

N

significant difference (P<0.05)
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wood chips had been topped (right)
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Figure 3 Burning wood chips in a 200 litter-barrel kiln (left) and bio-char products (right)

Table 4 Efficiency 200 liter-barrel kiln for bio-char production from wood chip (4 + 2.4 cm
diameter, 20 + 6.3 cm length, n = 30)

Production time

3 hour 2 hour
Load weight (kg) 44.41 +10.4 505+ 5.2
Char weight (kg) 48+ 1.3 10.3 + 2.8
% char conversion 11.67 20.80

' = mean of 3 times + standard error
fuvuuazkanauwnumaAsegnavansidlulavslumsudndraunaulutusn
Tunasdalulomsiftetunusuusenugauanysavesiuuluiiud 115 feulvlunisha
fwnaal  mandslulensidunulunisudausznoudie wnfidaudasandaindf 200 dns
yaf 825 Umsala, Ausanutilusay 37.5 v Sslunsiwmilsseusiodddiianlunisdaniuaz e
wiaiawlal 3 4l iielildawlsl 50 Alansu uagldnalunisiwn 2 Falus iendnlulewns 10.3
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Alansu (edetoyaanmisnnasadn) waziiledenndesiulnfAniazaisasueuaindunieing
Tutnluguveslulens(2) FeliAnsawedliifidminn  Tasieinwasnsifuifgadnldnanan
665.85, 750.08, 690.69 uag 728.83 Alandusiels a1nn1sldlulevsludnsi 0, 640, 1,280 uaz
2,560 Alansusials Mmud1du (998IMAIINNTINAFDI) kaIA1N150V18813LA5IAT 10.55 UINAe
Alansy

nmsthdeulwtsueundnn wuhnssdaluTendlaslddunuifiandosiiiuged
nsldlulenns 640 Alansusiels asdedldianuun 4 w1 1Haan 80 dalus Wudunulunisudaiisau
6,300 uw, Msldlulewns 1,280 Alanfusiols agdedldiainn 5 1 Tdaan 125 dalus iudunulu
nsuARTiAY 8,812.5 U uaznsldlulens 2,560 Alanfusels aededldiauun 8 a1 1diaan 155
Falus Wudunulumswdaiedu 1,2012.5 v lnedaldaelunsldlulewsluun 119 Man 0.5
$2lug Aondu 18.75 vinsield samdudunulunisdniunusiedu 0, 6,318.75, 8,831.25 was
14,431.25 UM wagllsesuINVIeeId 7,024.72, 7,913.34, 7,286.77 wag 7,689.16 vililagaving
Mlsgns 7,024.72, 1,594.59, -1,544.48 way -4,741.75 U 31nn1stdlulesisniugnsi 0, 640,
1,280 wag 2,560 Alansusials auddu

Table 6 Production cost and economic return of 3 rates of adding bio-char into paddy field
and without adding bio-char for 1 rai (1600 m’) at first year by calculating from

study results

Without Bio-char rate (kg per rai)
[tem adding  bio-
char 640 1,280 2,560
1) Bio-char production cost (baht) 0 6,300 8812.5 1,2412.5
- production cost of bio-char kiln (baht) | 0 3,300 (4)1 4,125 (5) 6,600 (8)
- labour cost of preparing and loading 2
) 0 1,800 (48) 2,812.5 (75) 3,487.5 (93)
wood chips (baht)
- labour cost for burning 0 1,200 (32)2 1,875 (50) 2325.25 (62)
2) Management cost (baht)
-labor cost for sowing bio-char (0.5 hour) 0 18.15 18.15 18.15
3) Total cost (baht) = 1) + 2) 0 6,318.75 8,831.25 14,431.25
4) Yield (kg) 665.85 750.08 690.69 728.83
5) Sale price of rice (baht per kg) 10.55 10.55 10.55 10.55
6) Total income (baht) = 4) * 5) 7,024.72 7,913.34 7,286.77 7,689.16
7) Net profit = (6) - (3) 7024.72 1594.59 -1544.48 -4741.75

il number; 2Working hour (300 baht per day)

a 4
M IULATETUNS

nsldlulensludng 2,560 Alanusiols annsafusuiumiovesdnnlifous 15 Yundsin
1 auila 75 Sundatind Wunavilsiswaunanniigauandaiunmsildldlulendias S1ussi
dugetuifanudululdfifedestulimamemleanasaiigatu(ia, 15) dsdieglululensifldasly
(0.86% waanasa lapthniinlulens Mnwamsdenesiesidussmomnsiaeimin) uweglsf

N15UsEYUTYINITILUUNYATUAIYIT ASIT 7 | 404



maifleiuiemandandunuinhminudatommeuasdminadadusens lidauuanseiunig
aif unainandandmsdadilastminuagivin 1,000 wie lunssuisilldlulonidng
2,560 Alansusiels dentiestian luumndstumslilldlulons  aenndosiu SPAD-value 7i¥nldds
UstasTinuesslsfiaduasUiuadulasauidnannsoiuliusslondlflussozdmasehualis
auwaneetuszriensldldlulensuarnnsldlulonsludnseineg  iesannusunalulngiaud
$raluszordnaiaiuaussneuiuiuiusniiuinniildnisasauemsiimdnliauysal
faudfusinamenludeslessulussezdmaisihuslunssuisildluloni8ns 2,560 uas 1,280
Alansusiols TUnagenindntoadeissuiiivuiunssinlildulens waznssuisildlulens
640 Alansusiels wiogslsfpufinuAnunduunninenuieauisilulonUsznovegludadiu
fgaazviilyisnsdimmiueuselulnsiau (CN ratio) vesiuganusilrnsgalilulnsiauvesiivanas
(5, 10) Duwalinisldlulomsifiesegadedludns 1,280 Alansussls inandndnlsdosniinis
lidelulnsiaunazneanasasiuiunisialulevislusng 1,280 Alansusals(10) aenndeeiunis
npaedluieaufifinisues Nelson, Agudelo, Yuan & Gan (2009)(16) wudilufuifinisldlulewns
dieusuugsmugauauysaiasdesdinislilelulanausmieTasilildndnnmigdy  egnalsh
mudldifisrsaunneuausivemandntnuauiunsigluleysuTul sesRuuaIuswiunsly
Jewadl

nmsudsluTomsdeminiidauasaindaiig 200 das  nuihditadeiaualllduae
faruiedesUmaluTonifannsondnls iy siauazanutuedlifitwimn, wuaveslid
thanldimn, gampiivazien wazermaiiudllusagieyinlildnandnlulonsanas17) il
nswnadstiannsondalulonsligeant 208 Wesdusvesimiintewnn  Tasluninmngiuay
yluanmefisuenafsiumndnisdauvanaliuiumesnduuiidilulumanasag il
Usinalulondinniu  dadunwnfidaulasandeitu 200 Fns figndauvaduguuuusngenad
UseAvBnmgeant Fusussndiulugmuiimandaduduerdnedtufsanunsondnaiuld 12.5
fla 42 Wedduvenimiindewnn(18) edlsfinunisliimuniidautasmndaiiu 200 dns e
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