Korean Journal of Environmental Agriculture

Korean J Environ Agric. 2016;35(3):159-165. Korean Online ISSN: 2233-4173

Published online 2016 September 30. http://dx.doi.org/10.5338/KJEA.2016.35.3.26 Print  ISSN: 1225-3537

Research Article () crossars
A O o =L= o) > =] = s

i oteEoA HYIEX] w72l EtelE AIE0] E EtA SHoj 0|x|= S

o|MY, 01FAl, YUY

Effect of Carbonized Biomass Derived from Pruning on Soil Carbon Pools in Pear
Orchard

Sun-il Lee, Jong-sik Lee, Gun-yeob Kim, Eun-jung Choi, Sang-uk Suh and Un-Sung Na (Climate Change &
Agroecology Division, National Institute of Agricultural Sciences, Wanju, 55365, Korea)

Received: 20 July 2016/ Revised: 12 September 2016 / Accepted: 26 September 2016 ORCID
Copyright (© 2016 The Korean Society of Environmental Agriculture Sun—il Lee

This is an Open-Access article distributed under the terms of the Creative Commons Attribution http://orcid.org/0000-0002-0519-3150
Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted

non-commercial use, distribution, and reproduction in any medium, provided the original work is

properly cited.

Abstract biomass. More long-term studies are needed to be proved

how long does carbon stay in orchard soils.
BACKGROUND: Carbonized biomass is increasingly

used as a tool of soil carbon sequestration. The objective of
this study was to evaluate soil carbon storage to application
of carbonized biomass derived from pear tree pruning.

METHODS AND RESULTS: The carbonized biomass was M2
a mobile pyrolyzer with field scale, which a reactor was
operated about 400~500C for 5 hours. The treatments were
consisted of a control without input of carbonized biomass
and two levels of carbonized biomass inputs as 6.06 Mg/ha,
C-1and 12.12 Mg/ha, C-2. It was shown that the soil carbon
pools were 49.3 Mg/ha for C-1, 57.8 Mg/ha for C-2 and 40.1
Mg/ha for the control after experimental periods. The
contents of accumulated soil carbon pool were significantly
(P < 0.001) increased with enhancing the carbonized
biomass input amount. The slopes (1.496) of the regression
equations are suggested that carbon storage from the soil
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Table 1. Physical and chemical properties of the studied soil before treatment

Particle size distribution (%) pH EC oM T-N Av. P205  Exchangeable cation (cmol./kg)
Sand Silt Clay (1:5) (ds/m) (g/kg) (g/kg) (mg/kg) K Ca Mg
49.5 24.9 25.6 75 1.01 32 2.56 2050 1.48 10.1 1.46
BEEolRI) o]gA] whEol §ishEe ¥y 59 Aol

3, WL 315HE JHlo] 2= (Glaser ef al, 1998) B &

2 Qkde ®AAR FuHE sk
(Mathews, 2008), A=24] #ale] Pk A A o=
Wl E2o|t}h (Nichols et al, 2000; Ascough ef al,
2010). o3t 574 el EF dellr 71z BallEA] &
3L A 4= 9lo] ©47E] (Carbon sequestration) =T
oA & &¥7F vk €A Itk (Lehmann, 2009;
Singh et al, 2012). ©3lZg¢lo] ARk vlo] Quj g EQk
dlel] FJahd i 1~10d olujel] wAEl o) 2al=]
o] A or tf7] Fox WEHo WA, BiEd B
oM WHrA o ® ©AE Adel] witel Y] 5o &
2F Eol ©@a vlAEE} E 4 3t} (Lehmann et al,
2011). oJqfoll= npo]emjx ghelE-2 e o® vy
ZEA v3E o] Yo ol A|gks W i BA4Y St
) tekel EeplE avE 95 4 vk HEdh o B
g5 T7lete] B dEdol Ay AR frEEE
A& ARl wet v e Qs FolFe TS st
B 53 3t} (Chan et al, 2008).

Hpo] QA ©ehES Ao AlE Al BAALEY T
theksk ool uARL 'ekE At n|go] W w4
Qlo] &gslr]e] AgAe] sha o vk webA welEe] A
A e Y T OUES STl A deks
= Axsta o]&e ¢ Qe AAEEATTE s sl
o) 2 A PR s7F dRlelA o83 ¢ Sl sk
25 dgafo] dr A7 AR ol e Az Y gl
o Axstl 2 S Bk 283 A w4 A
Shlato] Bk 3ol wistel B ©AA AR Hla
AESI

R

SA EY H 1=

W AT A UAl Bl IXIE Hf e 2
2 (126'75'17"'N 34°93'57"E)ellA 333813t 334 YA}
& A3l Pyrus pyrifolia Nakai cv. Niitaka)7} 6.0 x 4.5
m= A2Eo] gla 30 o wf WH-E APt EXS
Fow sl AdEEY olsety A2 Bt
AP (NIAS, 2000)° =3t 2415t 27} Table 13 29k
UL B Bl 49.5%, VAL 24.9%, HE 25.6%° Y&
(loam)o|t}. 8}8H4 EAL2 BT (pH) 7.5, A7 |AE%
(Electrical conductivity) 1.01 dS/m, f7]% (Organic
matter) 32 g/kg, 224 (Total nitrogen) 2.56 g/kg, +

Fig 1. Field scale biomass pyrolyzer. Note the air intake
on the bottom center of the reactor and the exhaust
chimney above.

aQF (Available P205) 2050 mg/kg, A3Hd ZE
(Exchangeable K) 1.48, %|3MJ Zr% (Exchangeable Ca)
10.1, #]¥+3 w14 (Exchangeable Mg) 1.46 cmolc/kg
2 Uehsth eivet dat B B9k WA (NIAS,
2013) 5t EQRIE, 71, FEQt, X3 ol T
S OIFEe] Aol H& Eokoltk Seo et al (2002)2 T}
T8 BAAFTE STkl wep B ko] St
ALk B AlE AT 30 o HAmlE s o
o] o] FA¥ Aejolqlrt.

2 Ao ARESE Hlo]Qu A whelEe AdEe]
I AA7ME 77, 113 99 3kl 59 dAY S
AR & gelsolt. sl gk 39S 29 Ay
e AlgtdoR v & '] (OCF-400)°l ¥ol 400
~ 500°CellA 5AIF Bt dital] Azsioict 2 gelgA =
ufo] @ uf 2ol A 52 7L oyA] I glo] A3 9
AEHE Sote] nlo| el &slES Aiket] wiitel s}
25 W AR oA or 2AS = Qoitk ©akAz vt
$71¢] A7)% 0.79 x 127 m (O x h)oln], A& AH<l
AA® FAEA 7] e 7 vk W Al 9
2o} glom, 7] S5 disl T s 2ol golst
A AT et el Ay AR A viE 15 cm
Qlell A= o] glo} nlol oAzt 37 FYUTE A §%
= A8t (Fig. 1). ©sbdn]el] sl Alxd nlo] ujA
slEe] AATES A5 Ed iy 42.3%%t ©8kEe] &
2 6201 g/kg, AATEFE 473 g/kg olgiom, &
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Table 2. Chemical properties of carbonized biomass and pruning waste

pH EC

T-C T-N

Variable C/N ratio
(1:10) (dS/m) (g/kg) (g/kg)
Carbonized biomass 9.4+0.0 16.8+0.1 620.1+26.2 4.73+0.35 131
Raw material (Pruning) 5.7+0.0 16.5+0.3 284.2+0.5 6.94+0.03 41

d, Frd, STrd, 94 § O s9tES BiEs
et FAEGI 1 A SAagwke] W9l 481 ~ 697
g/kg, Aage] W 58 ~ 162 g/kgo & LEREOH,
2 ATelA] AlzSte] AR W M7 dElEE wlsew
.
%

AgT =

AT A Azl A Edshks A7 vlel L
mjo) oA w1433 Mg/ha (Park et al,
2011)S AR dlo] FAHE AR un] nlo] A eEbE
ARl 42.3%% 7502 Aelgity. webA had Hbo)
Qi ®sHE 6.06 Mg (W A7 WAF 42.3%)=
100%% ko] F32 (Control), 100% (C-1), 200% (C-2)
TEo7 ANITE wjxEItE A3A 22 Control, C-1,
C-2 Agl7-¢] wpolemix ®slE HZS 22 0, 6.06,
12.12 Mg/ha Al43191t} &ekE £ Al9lsa BE Al
Gl AP Wl FHA 2 FUs DS sto
ke Fol wE Eoketa Foel vA= 9% v
Sohs AIES sISith AR ATt WA Hf Wi A
F= 72l8te] 4 x 5 mE Gy 3uHL o Hjx| &
1S el vl e ghslEe ul) 42o] A7)y

A3 20159 49 99 T3 XS 20 em Zo|7HA]
e3hskoich
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ol

El

kel
oX >
20 Moo
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Mo FC net

EYAEMF H SAUH

ErEs ©ele Tl mE Eoolsiehd wske} &
AR ENE getatr] QlE Aol wskE 71 A
o} u Qo] 527 32 gslE £ 1669 - AEE A
FsISleh EAE AHE 5 ~ 20 comE U o2 Bkl
& A5 Dol AxEom 77 5704 AF skl EFA
SR ARBIITE B B SRR (NIAS, 2000)
of Fato] By, AVIAER, §71E, £ ', F Ah,
FEAE 9 X3 ofolS EASIGITE YA 9l
ox BAGon, EAS v ERrlss wEtth
(Gee and Bauder, 1986). pH+ EYS 779 1.5
(W/V)Z 38t F 3017+ wHkste] pH meter (Orion 4
star, Thermo, Singapore)® 7431313, ECE= pH 574
T EQREAS #42 AFAE oJ3} & EC meter (Orion 4
star, Thermo, Singapore)& °©]&3t] S35t & &a
9} #7182 TOC-meter (Vario TOC cube, Elementar,

% 4o

Germany) % 4313101, 715 EFAIRC] 2 M HCL
& 7137} e kA HE ARAA TR A
s AA $ TOC HA7IZ At (Wang et al,
2012). % #&E CN analyzer (Vario Max CN,
Elementar, Germany), &%4k> Lancaster ©. 2 720
nm 3ol A B]AA (AU/CARY 300, Varian, Australia)
2 A X ol 1 M NH40Ac (pH 7.0)
dEstol  FreddSelrt B84 (ICP-OES, GBC
scientific, USA)Z #4351t}

EF ¥4 poold B T v A RS et
T} EF B4 pool (M: Mg/ha) tha Akl €& 4t
gtk

c 10

M=~ S H= (4 1)

¢t BT v % (g/ky),

p, = B £AUE (t/m’)

H v B9 f37lo] (m)

Et3lE SMUH

wf A7 'hshE F]lo] Bl A= dF e9ls 3t
ofslr] flsto] ©3ske AAY e BAslt d@dles
1% F 40 mesh® 248t A5E AHESto] pH, EC, & &
&, & A, X-A ¥¥E (Xray fluorescence), 214 i
= (Fourier-transform infrared spectroscopy)& 43}

At pHE #EES $759 1:10 (W/ V)2 &3 5 30
2 wHkete] pH meter (Orion 4 star, Thermo,
Singapore) = 57431913, EC= pH 574 $ 8§95 #42 ]
A7 oJZ} ¥ EC meter (Orion 4 star, Thermo,
Singapore)E ©]8-sto] SA33tE F ¥ TOC-meter
(Vario TOC cube, Elementar, Germany)® 4}3111,
T A4+ CN analyzer (Vario Max CN, Elementar,
Germany)Z SA3I00tE X-4 FHEs XA 347
(S8 TIGER, Bruker, USA)%Z &3}&9] 7R} H&-S
717y A, A Al A E3EE KBrE dAE
3t 5], FT-IR A4 #4454 (Nicolet 6700, Thermo,
USA)Z o]&3lo] 34 400 ~ 4000/cmolld] FHES =74
afo] 240 A8V & EAIY] 5AE At
SAEM

[y |
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Table 3. X-ray fluorescence analysis of carbonized
biomass

Formula Concentration (%)
C-matrix 62.0
CaO 15.9
KO 13.0
P,0s 2.88
SiO;, 1.98
Fe;Os 1.17
MgO 0.64
Trace elements 243

of mAE G SAS FAZEIR (WA 9.2)% olE5te]
STk ARt AolE Hlwahy] flsto] AR
FHPE o]&st ANOVA Ass Fate] w4
. 3%, Ftest A7} gho] P < 0.059] 9]l f2l%
73-9-el¥F Duncans Multiple Range TestE *A|5F3ith.

HIO|2OHA EtstE EM

o 7R FARES F7beks oA &
AE Fal Aakek vlo] on 2 ©3Ee] 3}EHAS Table
29} 2k wlo] euls wsbEe] w4 ek A 3
7} 620.1 g/kg, 4.73 g/kg °I%lal, Ax=42l v HY7HA|

o
ok
>
30,
el
)
ot

flo
N
N

o B ek Az SRS 717 2842 g/kg, Ak THL
694 g/kg 0% EIT. %, Bagiere Zvleln A4Ew

< AAaste] gAN7F o =4 S7kske] 1318 yERALE '
N7} Ag3] ol ulg RS EAS el 4= gl

o]n] (Sullivan and Mille, 2001), 7|8 E3flell st #34]
o] o} wjg- QPFAQ AR fA|H o] 'hAAEEE Fiel
T2 Zow 7€k Table 3<% xray fluorescence
(XRF) #4415 58 vlo] oA &3h=9] 8% vlES

B8 Aot} §F8HE9] 62.0%+ c-matrix® 27 tfjF-
Fola ymx] /RS Az ARkE S vehyo
YAl BAAM: ATS Uehd ZoR o dHtt FT-IR
AN BPFERA7| 7 THES S5 Ay} 874, 1434,

1579 /em3Pgol|x] 742t 914 (peak)E WERHLO M (Fig. 2),
ARATARE Bz 247 93 ds7]E 249 43

3410 1579
11434

% Transmittabee (A. U.)

3400 2400 1400 400
Wavenumber (cmY)

Fig 2. Fourier-transform infrared spectra of carbonized
biomass.

o wE FAA Apol= UERA| okt w@slEe] FAINE
= AR (Ca0)©] 15.9%% §HaFo] ixo} Eokof| £9A|
AINEET B BRI #he =Y ZoRE oAEAR,
718 B pHEke] o} ©alE Felo] mE g3l viw|
A UERdth 5718 S8 321 ~ 659 g/kg HYE U}
ERtom, gslEe] Fol%e] St 845 A7) B B
A frogt Atol & Holm FrlslGitt ©elE Fel wE
71E Y] SR YA oE QJudA, setoR Kok
S5 Tl 28 F8 vAE S 5O FEEA N &
A& Aoz ¥t (Sohn and Han, 2000). E]
o R diZTellA 2,56 g/kgol 3, ©elEC] £
glollA] 250 ~ 2.71 g/kge] WIIE Tk Aol
AE ZolgAnt Ao {3t Ajol= wYEA o
TE TIP3l 1669 F- AL 7.6 ~ 35.5% HIER Hof
A A UeRLh faat deE tiz el 2,050
mg/kgo| %, §EEo] FH Ael oA 2472 ~ 2,618

Table 4. Absorption frequencies of functional groups in the carbonized biomass

Wavenumber (cm™)

Functional groups

References

3410 O-H stretching Chen et al., 2008

2916 C-H stretching Chen et al., 2008

1579 aromatic C=C stretching and C=0O stretching Uchimiya et al., 2011
1434 aromatic skeleton vibration and C-H vibration Chen et al., 2010

874 aromatic C-H stretching Wang and Griffiths, 1985
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Table 5. Chemical properties of the treated soils
pH EC OM T-N Av.P;,0Os K Ca Mg
Experiment days Treatment
(1:5) (ds/m) (g/kg) (g/kg) (mg/kg) Ex. cation (cmol./kg)
Control
(0 Mg/ha) 7.5a 1.01b 32.3¢c 2.56a 2050b 1.48b 10.1b 1.46b
C-1
1 day (6.06 Mg/ ha) 7.5a 1.31a 47.9b 2.50a 2472ab 197b  142ab  2.33a
C-2
(12.12 Mg/ha) 7.5a 1.30a 65.9a 2.71a 2618a 2.93a 18.1a 3.15a
Control
(0 Mg/ha) 7.1a 0.73a 32.1c 1.65b 2487a 1.22b 9.5b 1.58b
C-1
166 days (6.06 Mg/ ha) 7.2a 0.73a 43.4b 2.31a 2644a 145ab  12.6a 1.87a
2 7.1a 0.73a 54.9a 2.11a 2767a 1.64a 124a 1.90a

(12.12 Mg/ha)

Means followed by different letters are significantly different from one another (P < 0.05) as determined by Duncan's

multiple range test.

70.0

60.0

T s00 -
éj: 40.0 £
=
2
& 300 a
_E b
& 200 c
=
= 100
0.0 T T
Control C-1 c-2
(0 kg/0a) (606 kg/10a) (1212 kg/10a)

Treatment

Fig 3. Carbon pools of the soils after 166 days of the
treatments. Vertical bars are standard errors of the means
(n=3). Means followed by different letters are significantly
different from one another (P < 0.05) as determined by
Duncan’s multiple range test.

mg/kg®] W BB U AN B §

A% folge woltk oleld Avks BEkE B4 4 £

dellA] sEiHe] 2 vk FEE AU 9o} R EA

o] kAQl f7IBw A ekt B9 ) F A @9

o REQ FE olid] 7]QIdtha B 5 9} (Liang
A

1;

et al, 2006). AN@Ax7] EF W A3 ol K, Ca, Mg
S BT Tt B shslEo] FolE Al Rl
o] WETE X3 ol FFo] A UEkst o= ¥
sheo] thdoR EHAo] B ol IARE dAAow
Edo] gHske 7ML Qi Asbd =7t Yot (Liang et al,
2006) A|gHdekole gro] ol Hrkal = 7 Slvk sHA,
28] ofol T FY F dA7ITe] Ad = dAA e

70

- Soil Carbon Pool P
777777 95% Confidence Band LT
Y = 1.496x + 39.909, P<0.001 -

Soil carbon pool (Mg C ha‘1)

30

T T T T T T
0 2 4 6 8 10 12 14

Carbonzied biomass level {t ha™)

Fig 4. Relationships between the average carbon pools
and carbonized biomass application rates at the end of
experiment.

EQF EtA X{Af2k

Hpo] @~ ©hshE FolwF St wep Bk vk A% 7
ZHEL FoMe A= Blon, FAKCRE frofet Aol

= Yt (Fig. 3). dwtdow Eok W &4 AdHE &
OkOE FYEE daaddd, @ds, gl el 93
WEX]9E (Trinsoutrot ef al, 2000; Khalil ef al, 2005), & 1
TolM= f7lEol dwsfel ofsl wshe e sk T
gJolgh= 544d0] 710ste] iz, C1 183 C2 A
oA B FAE2 717t 401, 49.3 1231 57.8 Mg/ha
2 UERgTh Eokel F4lE ©ekEe 2allEA] $a Eok
gadgs STMATFAG & 5 ok 28, vle] e
2 BekE FelEe] whE BEoF AEE 37 ks
Fig. 4 ¢} 2otk B4 &aAd AR g3le 7Y 7+
of wet LR H2 A (P < 0.001)E YR S7F
SFth 718717 149691 14+ 3|7 A1S vERlon, &
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& FY%Zol 100 kg/ha io}éfri’ EO& g A A
< 0.1496 Mg/ha Z7F83lt) © =
s 17F B AEA O R o] QA B3 % Alg-3tehd
¥ 'R0 FQ% Fudo] Hn AEAoR R BEY
ARG 0w ] ks B ols AoE drkdr

SHARE AAHA] vl el BHlE-S B
%izmmur 4 B nA= JEs et A7An
 ©e2l 95 2 AR, EoiE el wet Hitstar o
Fololtt (Jeffery et al, 2011). wbA] ©3lE Al st
THAR AFANE A 9 FRlsp] fE 'l A7
£ 5 AT "eg Aog dudt)

¢

O

2 %

o] sk WG7HA FAkE R Y Aake blo]
Qui2 ©ehzo] Bkl AavE sl flste] Hf
7S E8sto] E3kas Adtekal o)l wl Eoel
Tl B sheld Wistel BEYF va A S v
HES S wl A7 frof geka s W3 sk IH
5 FAekL B 62%= i =3tom, Il Bk
e gHds 93w Rl Bers 4R 9
A 7kt ©EkE 9 1669 F B ©AaA A
2 ol eris ©@3kE Al ’“101 FeTE SR 73
& vepllon], SAA R Fogh AlolE Vet tix
? C-1 I83 C2 %ﬁﬂl?oﬂfﬂ A B¢ gaAd A

< 40.1, 49. 3 1831 57.8 Mg/ha O VRt EoF A
A AAFE WEE TPl e WER 2 J
(P < 0.001)F Hehhw S7ksksitt 71717k 149691 12
3 e e, ﬁ}% F}1%0] 100 kg/ha 3zof
;(V\i Eok E]-/\ xﬂx}— XL]H 0 1496 Mg/ha T7].()].0111;].
olelst AE Vo] ¥ v P77k B A& OE ol
dl @EHES Agthd £ B F03 FEAe)
v ARHOZ BAA B HAAFAORAY JHS
T e AoE wdHrh

not g,
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