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Influence of organic material quality on carbon dynamics in the soil

through soil microbial activities
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ABSTRACT: The aim of this study was to investigate soil microbial activity in response to carbon
(C) and nitrogen (N) of organic materials under incubation conditions. The incubation experiment
consisting of three treatments as follows: 1) untreated soil (control), 2) rice straw treated soil, and
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3) biochar treated soil. The experiment was set up in a randomized complete block design (RCBD)
with 3 replications. Results showed that the rice straw treated soil had the highest metabolic quotient
(qCO2) (0.19-0.2 g/MBC/d) and microbial quotient (547 mg MBC/g soil C) but delivered the lowest
MBC/MBN ratio (7.12), while the biochar treated soil resulted in the lowest gMic C (342 mg MBC/g
soil C). This study found a positive relationship between the activities of B-glucosidase and microbial
quotient C (gMic C) at the first phase of incubation (r = - 0.5828*) and indicates that the source of
carbon is easily utilized by soil microbes in the initial stages of decomposition. Interestingly, at the later
stage of incubation (days 42-63), there was a positive relationship between enzymes B-glucosidase
and MBN (r = 0.6993**) and microbial quotient N (gMic N) (r = 0.5159*) (P < 0.05) and positive
relationship between enzymes phenoloxidase and MBN (r = 0.6994**) and gMic N (r = 0.5159%).
These relationships suggest that soil microbes can adjust the biosynthesis process according to
the microbial N demand for the synthesis of carbon-cycling enzymes. This study shows that organic
materials with carbon easily decomposed, such as rice straw, cause microbes to make use of low
carbon, thus releasing high amounts of 002 into the atmosphere. While biochar has high resistant
decomposable C compounds, helping to store carbon in the soil for a longer time by inducing soil
microbes to accumulate within the cells.

Keywords: C dynamics, 002 emissions, C-cycling enzyme activities, biochar, rice straw
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C/N ratio (Puttaso et al., 2011) LazAanududan
TuasAlsznaunisiiansdandusd  (Coyne,
1999) lun1sAneae4 Puttaso et al. (2011) Wu
st danBWRENN C daudfinuniusienis
elaeiaanel (recalcitrant C compound) g4 16uA Tu
Was (Dipterocarpus tuberculatus) BaNANTW
uazInanuaadwiniy 175.5 uaz 64.9 g/kg nw
ANAL
AN5UB (soil microbial biomass C) NANAINGA
nsldnneding (Oryza sativa) (@niluuazTnad
waadwinfiu 28.7 Uaz 6.5 g/kg ANNAIAL) NaL
NNTRIAITBINTTEREAATE 2t1elafinN Kamo-
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mmnu‘lﬁmmmumnmwu@ﬁnwumﬁum
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N 102°04"12"E) Apag/lunguanaui 40 (1w g0
FILANTVE PARUTNNN LL@mmﬁuﬁmemm) AN
PLULTLAUD UNUTNTARU (NINRMNTRY, 2559)
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AzunaFauIBIA U UANTNA1 2 mm newlid
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block design AU 3 block NTINATNAADS
dsznaudinn 1) Aulildianduvsd (untreated
soil) 2) Auldnnading (rice straw treated soil)
uwaz3) AuldduTanm (biochar treated soil)
AU 3 91 uazfnet AL luusAazTud UL 6
p%a fhusuwianan 162 WIENANEY UTITFU
RTUIU 500 NN ‘Emﬂm?mﬁmlmm@umﬂmm
mwﬂ@mﬂaﬂumamwmﬂmmmmnuﬁm C
Yusa 1 g C/kg soil DW USRI 60 %
water holding capacity (WHC, w/w) Raaanis
naaes Unmieamaassluliespiuaugumngi 25
°c Wusrazinan 63 Su uslet1eRuluiui o
(3h), 3,7, 21, 42 uaz 63 1RINTLNAY WATIEH
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den (Walkley, 1947) N 1nei38 micro Kjeldahl
ANTUIALAE gravimetric method A1 pH Iag
pH meter NATININAAWTTHIANNTINALE
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Winfu 1: 5 (Amato and Ladd, 1988) HIRTININ
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(MBN) aninfag 1M KCI mwmmﬂgﬂimnu
nindydrin - 91819AANNENAAULEY 570 nm
3110w CO, (mg CO -C /kg soil DW/day) 123
alkaline (1 N NaOH) trapped method (Rowell,
1997) ANWATL metabolic quotient AMNANNNT
qCoO, (mg CO-C/g MBC/d) = CO -C/MBC AN
microbial quotient C a1n&@xn19 gMic C (mg MBC/g
soil C) = MBC /C (Anderson and Domsch, 1993)
LA microbial quotient N a1nd@xn1s gMic N (mg
MBN/g soil N) = MBN/N fianssuaulasd B-glucosi-
dase 1inAumniL 25 mM p-nitrophenyl-B,D-gluco-
side Laz modified universal buffer (MUB) pH 6.0 f
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ieri, 1995) fianssxiewlmsd phenoloxidase gENP L TN
Al 5 mM L-3,4-dihydroxyphenylalanine 7
grungd 37 °C et 1 4alue dnrnisganau
WANTRIANTATANENNTAEUNTEATENIBY What-
man No.1 ANENIAAY 460 nm ATUITURANTTH
yasiueaaandinalne 1A dulsc@ns (extinc-
tion coefficient) 989 L-DOPA AL 1.66
umol (Hendel et al., 2005) AlATIZRANAIN
uisUs9un1aiAies  (One-Way ANOVA) #nu
WHUNNINARESLLL RCBD Weuiauaieds
1meA3 least significant difference (LSD), standard
error of the difference (SED) Wasstandard error
of the mean (SEM) UazlLFaUINELANUANFNN
sendnatfadefseAumINiTedu P < 0.05

gound 37 °C et 1 dalua dnAnisganan  Aisizdirianduiug  (correlation, ) 3Tuda
memmq@zmﬂﬁmmmumzmwm@q What-  11aqt IaaldTilsunsu Statistix 8.0
man No.1 1ANueIAAL 400 nm (Alef and Nannip-
Table 1 Selected properties of soil and organic materials used in the study
Parameter Soil Biochar Rice straw
Moisture content (% by weight) 6.2 5.85 9.6
pH (soil : water = 1: 2.5) (materials :
5.4 10.25 5.9
water = 1: 10)
CEC (Cmolc/kg) 1.8 16.85 ND
Organic C (g/kg) 0.28 65.6 567
Total N (g/kg) 0.02 0.71 2.3
C/N ratio 13.5 924 246.5

ND: not determined.
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A MBC/MBN 5Luvmnmmw1mmmumw
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LﬁlW’um‘ﬁ‘N'ﬂﬁi@WNﬂ’]fJ (N =2.3 g/kg) Anudng
AN MBC/MBN anpnasign (7.12-8.32) Lq_l?éﬂu
WLAUNIsAsAILAN (11.4-10.5) ludui 3-7
1e9n"3tieeaaIedan8uvised (Figure 1a) n19
LﬂﬁﬁuLLﬂ@wmﬁmmgﬁ'qu MBC/MBN lugueis
anunsatiauannisilasuulaadsnmninnngly
a9AUsznaunedlszansqauriatluAy  (Behara
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and Sahani, 2003) mmz:‘ﬁl Arunachalam and
Pandey (2003) 3MENIUNNINLIQAWYEELlIzIAN
mmf]Lﬂuﬂ@uwimmLmumfawmm@lmmimmﬂ
879811117 N 181984HARBN1TANAITRINTAZAN
N nrsludi mu@@ummﬂnmmmLﬁﬁm‘im
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TudndaungenduuainGe lnauwuanFaian
MBC/MBN agflutaq 5-8 aniziadAnlszann
4.5-15 (Coyne, 1999) N3ANMINLIN MBC/
MBN luynnssuianaaasilanlugeg 4.8-11 Al
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MBC/d auasiL) (Figure 1b) A1 qCO, mmm
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Lu@\‘imnV\Iwwwﬁ@@ﬁMQa (50.7%) (Puttaso
et al., 2011) WeuiulfiaznidlFunniaaglas
RN (36.6%) (Khattri and Singh, 2009) a4 g4
ualqauviad lunssadanedingld ¢ lunisaing
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Figure 1 Microbial biomass C/N (a), qCO2 (b), gMic C (c), and gMic N (d) in soil. Vertical bars

represent

standard error of the difference. Different letters indicate significant difference at P < 0.05 (LSD).
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m@ﬁﬂmu‘wmﬁm qco, mﬂmuw 3-7
mfﬂmﬂia‘mw‘lmxmmqummmmmmﬂu
MBC/MBN 71anfNa4 (Figure 1a) u\‘iﬂmﬂm\‘i
fniaudnnanssuresqauvindlunistianaaadan
fuyadudodantase C Au1nndnnisinun e
nmastaumadingianizlutesumnaanistes
aane NsAnEREanUdInINdEnadinaiian
gMic C guinauyntasaniiuiui 0-3 (Figure 1c)
10UziA1 gMic N JAgelunssaaaviednnluyn
4291981 (Figure 1d) ﬁd%’iﬂﬂlﬂz‘iﬂﬁﬁ’mﬂu
adtinsefunisaansdurzadnnAabs  (indige-
nous SOM) lianas ANANUEILNINe B-glu-
cosidase U gMic C (r = -0.5828") Tudud o- 3
(Table 2) ﬂ‘wmumam@umﬂmmimauhm
m@%@qm&ﬁ@@‘ﬁ@amqwu WULNNANITN phe-

unuNEmT 48 ALiuf : 835-844 (2563)./d0i:10.14456/ka].2020.

noloxidase usuft 42 — 63 WudNENTUETun g
auL MBC/MBN (r = -0.6106*) 3 l#ifiudnide
sufungudrdnylunistesaansdniiunazingi
uaadluianduniad Nanssuphenoloxidase ¥
fuiuslunisuandy MBN (r = 0.6994™) uag
gMic N (r = 0.5159") TWiiiudrqauvisdliu
nszuaunsadunnziieniin llasamad
ATNANUEURS N mwummu PUENANNALRLE
7¢1974 phenoloxidase il MBC/MBN mfluvl,ﬂslu
firnway (r = 0. 6106**) 14M917an9s4 phe-
noIOX|dase L‘WMI‘LLL:LJ@ MBN meﬂumu NIFLANYN
Tu89  MBN Uiiasnufeimsld N e
"ﬁ‘}éfﬁ“ﬂLW@ﬂ’]ﬁ"éﬁ/\iLm‘l&ﬂL’ﬂui"ﬂNLL@ﬁ:ﬂ’]i“ﬂuﬂﬂ
waauiineeuladivariaanguaniaad (Burns et
al., 2013)

Table 2 Correlation coefficients relating enzyme activities and soil biological parameters

Soil parameters

C—cycling enzymes day
MBC qco, gMic C MBN gMicN  MBC/MBN
0-3 0.2214  0.1139  -0.5828* 0.2555 0.0412 -0.2924
B-glucosidase 7-21 0.1376  0.4737 -0.1810 0.4174 0.3115 -0.4061
42 -63  0.4221 0.3660 0.2070 0.6993**  0.5159* —0.3242
0-3 0.0470 -0.0292  -0.2200  -0.0796  -0.2211 0.0926
Phenoloxidase 7-21 0.2353 -0.0328  -0.2526 0.2060 0.0881 0.1070
42-63 0.0169  0.3309 -0.1003  0.6994**  0.5159* -0.6106™"

LSD test at significance levels: *P<0.05, **P<0.01
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s L4 a
nadnAsuaunazlulasiauluny

‘ nesaialdSanaurindieaasiiaian gMic C
anAasndnsadaauAnly 3 Juusn A1 gMic
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AENAIANN 42 FUINNTLN NNIARAITBY gMic
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qAUYiae] Lﬂ@ﬂumﬂmmm C fiwlufu (untreated
soil) mrﬂucwwu“lmm@'ﬂumﬂmwmymﬂdm
1wk (residue-treated soils) N3ANHITINLIINFIL
l@n9dinqafinsiim N mineralization (gMic N)
guaanaanIzaviaatednsLn nailAgegaly
U7 3 uaz 7 (746 Laz 738 mg MBN/g soil N Ana
afy) etiidadAnmeatia (P < 0.05) N3
WaauzeeAn gMic N Tunssadaniinislanaeding
fgwpainnisin N dingszunuiiasanniag
0l N Wit 5.4 g N/kg Fegendndnudianaw

(1.04 g N/kg) (data not shown) @qm@iﬁ@ﬁuﬁﬁ

1 N Wl a319Tau0a lingeau aanadesty
Puttaso et al. (2011) AnuANNANRUEIEIING
MBN 1 soil organic N uaz N newdennslddan
Buvistiadluan TMdiud N llwfadnin (imiting
factor) nsllneq@uEdientsinlua$adu
NINTINNRAWYE AU N andanguriadag
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