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Influence of goat manure biochar compost on soil organic carbon
accumulation and aggregate formation
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undnge: ruidsiutauassdimunisinw druusniiinguszasdiieAnuaniivesdudinmyaunzuay o
drunanvenuTInInyaune Tdunun15naaes randomized complete block design (RCBD) N33uisnaaasusenausiey
1) yaunzan (Goat manure, GM) 2) fudiiningauny (Goat manure biochar, GMB) uag 3 )memummwmuwv
(Goat manure biochar compost, GMBC) namsfinw wudtdutanmyaunziivesvlesa LLﬁ“’IWLLMﬁL%EJiJVN%M@ﬁQﬁ@ (8.10
waE 66.7 g/kg MUAIGU) ﬂiimﬁmmﬂuuumiuauiﬂmaaaammw AsUBUAIHI kaviingean iy 36.53 1.54 uaz
45.66% (w/w) MUY (P<0.05) Jeminarudininyaunzdaniususuiidesaatsinewinfiu 16.59% sndndugauns
ogalsAnu ON vostensinTanngauns (21.27:1) farlndidssivaudldlunisinu (18.7:1) nsmaaessdiuiiassd
Inquszasdilefinudvinavesiandunidiwinsensavaunfueudurisluiu suuuunsdanudes CO, msaiiuas
N13N5318MIVIVUINIARY 1UNUNITNAGBIRUY RCBD N35u3naaesUsznaume 1) nssuismiuau (@ + lullddan
duvsg, Control) 2) A + yaune (Soil + GM) 3) A + auTinnyawne (Soil + GMB) wag 4) fiu + Jendnaudininga
wng (Soil + GBMC) namsanwmaanisuniuduiiat 6 eu wui1nssuds Soil + GMB dwwalipuiinsusudunid (soil
organic carbon) g4gn (6.5 g/kg, P<0.05) n35438 Soil + GMBC #n1smelaagauiviniu 86.2 mg CO,-C/kg soil Fawni
Soil + GM (90.2 mg CO,-C/kg soil) vauzdinismnelaasaulunssuds Soil + GMB fenszning 0.07-47.07 mg CO,-C/kg soil
Liunnd 9910035038 Control soil (0.06-47.03 mg CO,C/kg soil) fufigsnssudsiinnsldtandunIdidamaldidunu
mu‘aﬂmqumuﬂLaammmmamimmeawwmmiwuJunm 6 Wou (P<0.05) N33335 Soil + GMBC dinali large- waz
macro aggregate qumam (0.59 waz 8.52% awasu) luiieudl 6 (P<0.05) ﬂﬁiﬂﬂ‘lﬂ’lusﬂﬁLWU’]’]Q’]U‘U’M’]WM&LL‘W‘“@J
esusuRsImsaLlfitonsavanasusuBLYESluALS O/N figsenadsnalvipuvialulnsiou vausiidontnaudinm
yaunzdlen O/N way pH IndlAssiuiunasduaSunisasadafuauaive

Ardnfsy: eudanngaung; Jendn; Wedy; msuasddesansueulasenled; asusudursdlufu

ABSTRACT: This research was divided into two parts. The first part was to study the properties of goat manure
biochar and its compost. Experimental design was arranged in randomized complete block design (RCBD) with
treatments consisting of 1) Goat manure (GM), 2) Goat manure biochar (GMB), and 3) Goat manure biochar
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compost (GMBC). The results showed that GMB had the highest total phosphorus and potassium (8.10 and 66.7
g/kg, respectively). Based on proximate analysis result, the GMB treatment also had the highest organic C, fixed C,
and ash values of 36.53%, 1.54%, and 45.66%, respectively, (P<0.05). The GMBC of 16.59% organic C, which was
lower than that of GMB, but C/N ratio of GMBC (21.27:1) was similar to the soil used in the study (18.7:1). The
second part of this study was to investigate the influence of different types of organic materials on soil organic C
accumulation, patterns of CO, release, size-, and distribution of water stable aggregates. Experimental design was
arranged in RCBD with treatments consisting of 1) Control soil (no organic material added) 2) Soil + GM 3) Soil +
GMB, and 4) Soil + GMBC. Results of six-month incubation study showed that the treatment of Soil + GMB resulted
in the highest soil organic carbon (6.5 g/kg, P<0.05). The Soil + GMBC had cumulative respiration of 86.2 mg CO,-
C/kg soil which was lower than that of Soil + GM (90.2 mg CO,-C/kg soil) while cumulative respiration in Soil +
GMB treatment was 0.07-47.07 mg CO,-C/kg soil, which was not different from that of the control treatment (0.06-
47.03 mg CO,-C/kg soil). Only organic material incorporation treatments resulted in a statistically significant
increase in mean weight diameter after 6-month soil incubation (P<0.05). Soil + GMBC resulting in increased large-
and macro aggregate (0.59 and 8.52%) as compared to the control treatment (P<0.05). The results illustrate that
GMB contains high content of fixed C which can be suitable for soil C storage but its high C/N ration may induce N
deficiency in the soil, whereas GMBC, having C/N ratio and pH similar to the soil, can promote large water stable
aggregate formation.

Keywords: goat manure biochar; compost; soil aggregate; CO, emissions; soil organic carbon
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anduvieilluduneumsnandiuianin uagnisusiu (soil incubation) Usgneusie yaungananuiudiiniu
walulagnisinuns amanerdemaluladgsus 2. uassvdn awdininyaunsadnlaenisinlsladanewmmumien
(Mound kitn) grungiiveanialudnuuzierfuiifsenuaiussana 350 °C (Butnan et al, 2015) 1uAnTa x 817 x g9
WU 3.5 x 5 x 2 m FesUdesatutuIa 15 cm $1uau 3 9o vesgyauneluluAmBenaunn 0.25 x 0.25 x 0.35 1A
11 4 Yo ﬁuﬁsziaQ’ijEfLuLmLﬁmﬁuﬁ’gsﬂ,ﬁgm%é]’a BAZaUTIAT 30 Tu Fhmavnaes 3 41 Jendinandninga
unzw3eulaeldvhnegnn yaunzan uazduTrinmyaunsiiduinuugiuvesiueudunse ulnsiauvinun uazauty

193330 BUNSY TeaziBualags HaNNUN) Yaunzan uasauTInInYaLNY 31U 5, 4.5 war 0.5 kg (dry weight) fAin

q

o a a

udhsdrudiudanmyaunzdeiandunid Ml + yaune) winfu 0.05 : 1 (kg kg dry weight) Antdutindinuiasy

q
¥

YaeTanuiniy 10 kg Wngauvsdideiss wa.1 ludnsn 100 ¢t vesnesde vinisuiniluszeziign 49 Ju 81938au anaun

3

1 UazAy (2561) ouTandunidynviaiungunsavwiaduriugudnats 2 mm neuldlunismaassduaninus

nsAnwn1sazauduse Inquasadadaauluaninuy
Wiufegeduaingudilneusunasidenisnisinensuniing desivdguassnsdun o, lveusea 0. 1o

2. UATT1YAN AR 14°51'18"N 102°04'22"E Aiszdiunanudn 0-15 cm A1 pH vesAu@usien = 1 : 2.5) wifu 5.4 d

C/N ratio Wiy 13.5 Wefudufusiulunsiedsznoumesyniavuiansie nsieutls wazfumislud3uawiiu 73.4

o a

13.6 W13 % MUEWU ANULILLUALNTEAUAILEN 0-15 cm Wity 1.6 Mg/m’ Seudular Tansunid laun yaungan
(goat manure, GM) fi1u@inmyaune (soat manure biochar, GMB) Jgvniingd1udiannyaung (goat manure biochar

compost, GMBC) H1unzknssvuniduiuaugnas 2 mm neuldlunisnaaes nsfinwluanmunasiamiienaassann

v
a o 1

WANAANNTINTEUBNGS 25 cm LEUNIUAUGNAIY 8 cm UTIIRAUTUAN 500 ¢ AINGY 6 cm FUUNUTIIAU 1,000 g ANMEA

a

12 cm Auszninedusienszatunses Autuuunautanduvsdudazaialudns 10 trai Andudnsivesiandunid 1.3%

vosAuildlun1smeass nssuitneasssenauimie 1) nssudsaiuay G + Lildiandunid, Control) 2) A + yaune (Soil

¥
IS a

+GM) 3) Ay + auTinngaune (Soil + GMB) wag 4) fiu + Jendnadudaninygauns (Soil + GMBC) USuAuTUaUM
60% water holding capacity Aa9ATz81181N15ANYT IANUIINAADINNULNUNITNABBILUY randomized complete

block design RCBD Tnadn Block Tufiamaiiendunsivarisuoinidnigluiesuniasievnisaauas

-

nFAATIERAULAZ AN B UNIE
Y I a A a ¢ @ a o A 9 : LA v
iudegeAuivelinsgviliaiuluiui 84 uay 182 (3 uaw6 WAUNAINITUY) ULayTouRukIUAZUNTIVIALTUKY

AUGNANY 1 mm Wiadesizviandaniaaieasdinenluiun 0, 7, 21, 35, 56, 84, 112, 147 way 182 Tunaan1suy
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TAs1zmsusuBunIdlaeisdun1Uilun (wet combustion) (Walkley and Black, 1947) A1 pH I pH meter (8n31du

v ¥ ' '

v A
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ho))
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BAnTuMe 1 M NaOH s1eauminismelagzanues CO,-C NUanUassmnanlaniuvesfuuis (mg CO,C/kg soil) Tulnsiau
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Viaiualae3s micro Kjeldahl weanesagudulszlewilasainsisaisazate Bray I InA1n1sgandunasfiaiue1indu

882 nm (Bray and Kurtz, 1945) Inunaideudiadalédie 1 N NH,OAC (pH 7.0) Faaaudududioin3os Flame

spectrophotometer A1 pH ¥a3e UMY pH meter (Fandun3daaunviniu 1: 10) WeaneSanavuauaslnunaidey
amualagnsgesmensalussn-eirasin dwiuneanesaimundnigaisazal vanadomolybdate InAN1sgANAULeS
Au1IAAUL 420 nm (Olsen and Sommers, 1982) @S UlNUVALTYLALATIZRAITUTUAIBLATEI Atomic absorption

spectrophotometer d1%5UN193WATIZRAUTINNHBUSZLTIUAY Proximate YIANL3BUIRSg1U ASTM 1762-84 (American

v
a 4 ~

Standard of Testing Material, 1990) AtAs1eMANTUIAEBUAIRE1NRUNYHN 105 °C IUNTENIUIMTNAT TLATIZRATT

a

52 (Volatile matter, VM) Tnatmnitaaunad 950 °C W@uan 6 wndl Usunaud (Ash)ImsJLméTaasmﬁqmmﬁ 750 °C 1Ju

JUNg
nan 6 2139 wasAwIMAIUBUAI (fied ) 3Lﬂiﬂzﬁlﬁucjm@uéﬂmaﬁmﬁﬂm?a (mean weight diameter, MWD) v84
dinAulagTBsounuudon (wet sieving) ilevnnisnszneimuindniu lnsgansunseiifduiiugunaisdes faf 2, 1,
0.5, 0.25 waz 0.1 mm Lsushsqmmm,l,ﬂimmﬁﬂufw 3 \uURAS 1387 30 TSR 18 Aweund Tnaiedes Daiki 2000 (Daiki
Rika Kogyo Co. Ltd.) Fushegefunsas tunaraisuviuae auﬁqqu:ﬁ 40 °C \Juraan 72 Falus Fnmdnudaruan
V’hLaﬁaLﬁuwwu@uéﬂawnLaﬁaLﬁmaufmﬂammi MWD (mm) = X XW,/W iile X, fle whLé’umu@,uéﬂaNLa?a'aﬁummu'lmﬁmau
1 lu 5 suaiiseusenun (2, 2-1, 1-0.5, 0.5-0.25 waz 0.25-0.106 mm) W, fio tvtnuiwessazvuindanu uaz W fe
vmdndunanuaildlunisiesiziusuianisuannszatgsuinveadiniu fail large macroageresate (>2),
macroaggregate (2-1 mm), small macroaggregate (1-0.25 mm) Lag microaggregate (<0.25 mm) (Ma et al., 2016)
nsRssideyanieata

$AT1291A WU TUTIUNIARET (One-Way ANOVA) At unISNAaadLuy RCBD wWisuifisuaaielngds Least
Significant Difference (LSD), standard error of the difference (SED) i @ ¢ standard error of the mean (SEM) wa ¢

WIHUgUANUBANANNTENINITReNSEAUAMUTDIU P<0.05 taalaglusknsy Statistix 8.0

NAN1SANYILAZI50]

=

duUALUBRuvaIRULaL IEnBUNSY
Auildlunsinuniiasueudunsgludiu (soil organic carbon, SOC) 2.7 g/kg WisuwidunseTng 0.48% Jnidudud
fBunSeTngaunn Ao OM< 0.5% FunNaTIveINTNRRINRY (NSuiauNAY, 2559) lulpsiauriaiun 0.15 o/kg Weanesa

UM BuUsglend waslnuna@eudiadalivindu 5.7 uaz15 me/kg mud1au a1 O/N vasfiuiiiu 18.7:1 namsdnwimud

a a

audanmindalegldyauns duingiuirnsuveuiiviedenistesaats arsusunwsia (fixed C) pH wazidn geluninya

o aa

whzanaeiidudAynieatia (P<0.05) (Table 1) AudInmyaune (Goat manure biochar, GMB) iUSinaumeanasa uae
Tnunaden gendnyaunzan (Goat manure, GM) (P<0.05) waflUSunalulasiau uazansseive (VM) sndt etisuya

Finunsunduiaandnienin (Goat manure biochar compost, GMBC) aunsaususn C/N ratio Susiuleivindu 30.4 ;

' )

1 Mendanssuaunisudnnuindesifudaisveudunidvesyaunzanminiiaiudinmyaunsus lduane1anieads
Wesidudanuduresyaunzan audininyaung wasleninaudinimyaunsdanviiu 11.8, 2.94 uay10% A1ua1Au
YurdA1 O/N JAWIAY 12,51 1, 34,14 1 1 Uag 21.27 : 1 auansu dWesannaudanmyawneial O/N figs msldadudiu

lngnsionvinlifingaldlulnsauldanasainnszuiunis nitrogen immobilization Wesidudlulasiau Weanesa uaz

' ¥
) =

Tnunaigey uazen proximate Tudeniinaudinmgaungdamininauiininyaung eniiuasseineg (VM) Aatged

Y

o

(P<0.05) WieRinsaandRveiandunIdnuinuaiuInIgIuYeINTIININITINYAT (2548) nuiryaunzdn wazdendingaiu

°

Fanmyaunzdan pH Runaaiainue (pH 5ewi1e 5.5-8.5) sniiu N AUTuaandnnmd (< 1%) ieiliesidud

o

duvseing (% OM) veslendnduin nyaunsATAWINIE LTI NYaLNe (Table 1) erafinanianildlunisndnde
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wiln fe Wl Wuanifiwaglaageanuisansyiuqdunsdiidesaaisudivandasseanguiseiniluguves CO, 14

2
wnnimsiasugdiduaisveuavaunislugaddunss (Puttaso et al, 2011) FuduanvndAyi % OM danlule

ninaudIn YAk @onadesiunsAnwInsnandeninanaiugin nidsignulaeniagny wazane (2561) Wagely

'
a o =

W% uay A1aAT (2562) finuindesifuidunieingiianaddutanuiindianuduiuslunisuindudium Co, fign
Uanuaee
nswasuamaniinaziainennneldaninznisusfu

A pH AifisgsvesauTinm (pH = 10.Ddlewisuiuyaunsan (pH = 7.48) anunsaiialsninnisiussmedunid
Lﬁuqﬁu Wy Weawln wavanUsunandfiadraiatusenintenisinlsladanazasueluedu (Yuan et al, 2011) lng
Woaveavavan LLasLﬁﬂﬁ‘?ﬂlﬁiumiﬁﬂmﬁﬁmqa W1AU 8.10 g/kg 1Ay 45.66% n1ua1au (Table 1) WonIINGA pH 7i
dugatilududuinldannnisgadsansseve waswyilaiduiidunsauuiiuinvesdu@inin (Mukherjee et al, 2011)
autfmanivesfiuniendansunimivianduvisuanslilu Table 2 nansAnwinuiingsuis Soil + GMB Ainslddu
Faamgaunzlusng 10 ton/rai dwaldl pH vesfufingsanidluiud 0 uariuil 182 viansvufiu aonndasiunisfin
489 Yuan et al. (2011) finuinAudafivead (Ultisols) Ailddudanndudundosanunsadiudn pH vesiuain 4.04 Ju
533 1ag Yuan et al. (2011) [ofUnehdudanmindniniagdunisirsuiiauifvss gauuuiui wardrarugluns
uanuasuuszuiniige WeldadlududmaliifiueuannsavesiivlunsgaduuasAnfulessuuszquin enii Ca* Mg
K* ag NH," fdsnaliian pH maﬁmﬁmqqﬁu auﬁiﬂﬂumsﬁﬂmf‘:aywmmzwﬁ’]LauaLquﬁﬂ;mﬁu (nNsuWRIUTARY, 2559)
Jnoglunguuniuil 40 Asenuinduiuiiinnudunsadntessuiionsadn waveugauauysaiim

ns¥ansuantdesasueulasenles (CO,-C emissions) vesnsnuilldifiovstnismelavesqaunislunsld
Arsuswiioduunamdnusaradnadauna vaefinisviglaazan (cumulative microbial respiration) WaAINATILVEA
USinas CO, igniuanvdeslagsiunasnszeziianisgesans andunisluiu nssuis Soll + GM dnmsmelaazaunaen
TYULLINVRINTUNGFAMIAU 90.2 mg CO,-C/kg soil Yuzfingsuds Soil + GMBC fnsmelaavauvinfu 86.2 me CO,-
C/kg soil wazdaflmninnislayaunzaamniranaivesnsuniiu saziinsmeleazaunielingsuds Soil + GMB fid
5811319 0.07-47.07 mg CO,-C/kg soil lalunn1391nns5838 Control soil (0.06-47.03 mg CO,-C/kg soil) (Figure 1) Ukuy
nsUanUsos CO, uandliifiuinqaunididentfuvdsmsveuiielumsdosaans enalsun waglas (n35335 Soil + GMBC)
rowdenldmsueuiivndonisdesaats enii anflud vielnailuead (Soil + GM) wieansueunsi (Soil + GMB) Lusiu
Wuihauleiwaunzan uazevsinduanimyauns fusiifivedifudmiveudunidinninduyauns windudsualyt
fnsmelaazaniiganin Iedanudululinludwdnmensdimiueudiuiidanindliauysainelulassairsnngumnd
wazasuiilflunslnlslada WeRinsanudunvesmsahadiafunyuin manelaavaniifinlunssds Soil + GMB o1aLfn
mnnalnmstlesfusiulpedafuiidmaliaunidd finisdesanedldendu (Liang et al, 2008) nsAnwildamy
TSN INSEMINS cumulative CO, U VM (data not shown) fiuandlififiuinenasiensusulugudy 1w ansszime

a 6

feranvlugnguvediudsdaidunalnnisgadumenienimueniu@inin (Ahmad et al,, 2014) Aigdunidausaldidu

q

'
a

WaIASUB LA NAIULA HaMIFn¥ITiudenAToITUTIBUYBINIANAY (2562) Tszyindeldautnninldsiulunis

%
a a a =

windeaunsamienidunidiinislduselevianaisveulafivsednsamiindulaeiiansanangluuunismela

a a

FUMzveRdunIdNAwINIINUSIU CO, gnUanUdessamnatinmadunidasuau
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Table 1 Selected properties of organic materials prior to the incubation experiment

Plant nutrients (g/kg) Proximate analysis (%)
Materials pH OC (%) OM (%)
Total N Total P  Total K Fixed C Ash VM
GM 7.48 b 1584b 2730Db 12.7 a 3.90 c 39.0 ¢ 1.29 b 2183 ¢c 76.88 a
GMB 10.1 a 36.53 a 62.97 a 10.7 b 8.10 a 66.7 a 1.54 a 45.66 a 5279 c
GMBC 770 b 1659 b 28.60Db 7.80 c 520 b 459 b 0.13 c 3534 b 64.52 b
SED 0.35 0.57 0.98 0.12 0.02 0.11 0.03 1.49 1.48
DOA™ (2005)  5.5-8.5 > 30 > 1 - - - - -

GM: Goat manure; GMB: Goat manure biochar; GMBC: Goat manure biochar compost. VM: volatile matter.
SED: Standard error of the three differences. **, *** significantly different at P<0.01 and 0.001, respectively.
"DOA: Department of Agriculture. Means within the same column with different letters are significantly different at P<0.05 (LSD)

Table 2 Soil properties and CO,-C emissions as affected by different organic materials

Parameters
CO,-C emissions
Treatment pH SOC (g/kg)
(mg CO,-C/kg soil/day)

day O day 182 day 0 day 182 day 0 day 182

Control soil 5.82b 6.07 c 2.7c 25Db 0.97 c 0.06 b
Soil + Goat manure 6.79 a 6.45 bc 4.7 ab 39b 222 a 0.09 b
Soil + Goat manure biochar 6.82 a 7.20 a 6.5a 6.4 a 1.08 ¢ 0.06 b
Soil + Goat manure biochar compost 6.79 a 6.88 ab 4.8 bc 40b 1.72b 0.28 a

SED 0.02 0.22 0.07 0.08 0.12 0.07

SOC: soil organic carbon. *, **, *** Significantly different at P<0.05, 0.01 and 0.001, respectively.
SED: Standard error of the three differences. Data followed by the different letter are significantly different at P<0.05
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Figure 1 Cumulative CO,-C emissions (mg CO,-C /kg soil) in soil amended with different organic materials

application. *** significantly different at P<0.001
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Figure 2 Mean weight diameter of soil aggregates as affected by different organic materials under incubation
condition. Different letters indicate significant differences at P<0.05 (LSD). Bars represent the standard

error of means (SEM) of three measurements

Table 3 Soil aggregate size fractions as affected by different organic materials incorporation.

Aggregate size class (% w/w)

Large Macro Small Micro
Treatments
(>2 mm) (2-1 mm) (1-0.5 mm) (0.5-0.25 mm) (0.25-0.106 mm) (<0.106 mm)
3 months
Control soil nd 0.21c 4.48 b 13.66 37.75 4391
Soil + GM nd 4.96 a 5.58 ab 17.41 30.01 42.04
Soil + GMB nd 0.48 ¢ 721 a 20.49 34.28 37.54
Soil + GMBC nd 269 b 412 b 19.86 30.23 43.10
|P| - o * ns ns ns
SED - 0.48 0.81 2.35 3.15 3.39
6 months
Control soil 0.11b 0.21b 494 b 14.33 c 40.08 a 40.33 a
Soil + GM 0.27b 8.15a 9.44 a 20.38 b 36.68 b 25.08 c
Soil + GMB 0.19b 039 b 563 b 2701 a 39.41 a 2737b
Soil + GMBC 0.59 a 8.52 a 9.24 a 19.76 b 36.65 b 2524 ¢
| p | * *xx *xx o o o
SED 0.13 0.39 0.34 0.41 0.56 0.25

GM: Goat manure; GMB: Goat manure biochar; GMBC: Goat manure biochar compost.
SED: Standard error of the three differences. *, **, *** Significantly different at P<0.05, 0.01 and 0.001, respectively.
ns: not significantly different. nd: not detected. Means followed by the different letter are significantly different at P<0.05.
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Table 4 Correlations between SOC and different sizes of soil aggregate.

Correlation coefficients (r)

Soil parameter

>2 mm 2-1 mm 1-0.5 mm  0.5-0.25 mm 0.25-0.106 mm <0.106 mm
SOC (after 3 months) nd -0.0477 0.5553 0.6672 * -0.2062 -0.5405
SOC (after 6 months) 0.1622 -0.1136 -0.0327 0.8507 *** 0.0137 0.0717

SOC: soil organic carbon (%). nd: not detected. *, *** significantly different at P<0.05 and P<0.001, respectively
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