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Effects of Application of Biochar on Soil Fertility of
Acidic Red Soils
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ABSTRACT

Red soil is an important rural soil in Taiwan. Long-term cultivation and unsuitable
chemical fertilizer application accelerate soil degradation. Therefore, sustainable
maintenance of soil quality and crop productivity is an urgent issue for agriculture now.
This study used a forestry waste, woods of white leadtree (Leucaena leucocephala (Lam.)
de Wit), to prepare a wood biochar as an soil amendment, which was incorporated into

the acicic red soils for 3 months incubation. This study aimed to evaluate the variation of
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soil fertility and the dynamic changes of nutrients. The experimental results indicated that

applying biochar into the soil significantly increased soil pH from 4.0 to 5.1, organic

carbon contents increased at least 7.0 g kg™ and base saturation percentages were 2 times

at least than those of un-amended soils. Furthermore, microbial biomass carbon,

increasing applying rate of biochar. The increasing amounts of mentioned-above

properties were positively related to applying rates of biochar. As a whole, applying

biochar into the red soil could improve soil qualities and retain soil fertility efficiently.
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BB AE ZT BB > B e N2
Rl > TIEARY) T RRTGE ¢ At BERA
W BEREYEEER > EMEQNERF]
F > KL REFHET TBI B SR - AL
RS e R E IR — > (T
10% » 3% HIBF B ER 2 W HAZIR T H.2
RIRGRITF LB ER » RSN ER
WHEAEE S 12— o B ATHSCHR T - SEPufcut
TR EALE R E LR ER R pH HZ% 2
Bl 2 FEYE o pH HTE 3.5 %8 4.5 2 o o) » 41
G T EE Y E SRR > R A B
WRRLE > GRESEL RE 2% HELAEN
FETMRE(<10%) (F-H > 1980 : ZIFIHE » 1986 5
BRNTE > 1989 5 1 0 1992) o A EEfA |5t 2 4T 18
T B KR - MY B SR
RS - R A EE M RADRS LS S H
FrBtReE « DHEEEMAHCAEREM EHE
EWIETE Y (biosolids) ~ &5 HEAE (composts) Bk
Al (green manure)5s - {HEZELE b T K MR E
WIMLIER: T IEARE - HREAESE5 N
JEB s RIE > FaRE b 2 R ] R T AR
M o

HEDERURE M 5 bR ML AR
B f Y (BB S VG 1)) i
FaRAYIE » TR EY) IR (biochar) » 3§ .2 {#
R R R g 2 ik - VIR —
Eetk 2 [EYE - HA Y E (biomass)TEE /T

M e R AL Z B AR AR B e B o2 A HR L
St DARBAL o7 i > KT ] R A 4y T iR T 2 i
& o L RE TR MY R 2 A R
T - B ME Hh(soil carbon sink) (Kuzyakov et
al., 2009 ; Sanchez et al., 2009; Steinbeiss et al.,
2009) - [k T LA A RE M S AL 5 Rk
AL YR AR T A RS TR BT
AT IERE  ERARENE - BOKE st
PR PRE 1 B> B ke iE S > A4
{(Lehmann and Joseph, 2009; Joseph et al., 2010) °
Chan et al. (2007)f5H} » £ W) BLH A W& M1
BT BRESEGERE TELREM R
i > TSI R - (Al ARdE T
TRAERE S > MG IN T EEERRAE ) - §72% B3 LU
AW AR R — O R i 7S SR AL R B Dk
= YL > NS INIEY)E & (Lehmann
and Joseph, 2009; Joseph et al., 2010) o A= ¥ i H 4%
st R HE &Rt FEEAG 2 &
Wi B e b 2 TR 1 AR e 1 1 B pH i B
[ 22 #1725 &t (cation exchange capacity, CEC) »
HE MR R A VE LR 122 53 (Chen ef al., 2010;
Laird et al., 2010; Yuan et al., 2011) o Chan et al.
(2008)FI[ R & i F BB ik » LA 10 t/ha
(I IIER T - 830 AT B RS Hh rp et st (BT
BRI R T8 AR AT S g
BE LHE HESREMEENN - Laird et al.
(2009)# 3L E TEERIMNAEYI R > RelRFFE 21
Koy HEARESZFREER 18%) 1At -
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pH BEfGHE A B R ARG -

B TP ECYRE R TR [ LI M [ [ A At e > 254
$RE#(Leucaena leucocephala (Lam.) de Wit)fff
NE o PR ERE R TR AR E Y S R 1
RFUR AR AR 5T R T E AT 2 AR
J720 s ARIM - KBURARER AR - Allth LG R
= IMEBREY) > WReERIHEER 2 SREEARM
BTN - TR A YR iE R -
DRIE » ACHIF 5 = SR 12 5 98 o [ g B — PR TR AL
8# DERaEE et bz ktmE
TR TIEN RA > BREIRET YIRS
N FRVEALEN ) LB LIEIE 5 [FIRE - 5T
INERT AR O I IR 3 < B REAEME -

— MRIEISE

2.1 #HETIECRE

RERBRS G EHIE R 2 KA THE’ > 3R
FE A 15 em Nz HIEER M 1 > THEER
PEME 1 AR - G EEEEMEYEES -
KSR TR AT RIBTT RR RE A
s 1971-2011 4 2 EEHCWB, 2011) » AR5
i FEARERERN AT 1,691 mm » B 2R a7 5K
ETAIRER - (1 75%IRENZ TR S 29 H >
10 H 225 4 ARG EG TR 7% LR 5 T
TEIHZ R ZRE o A TRIRAY 25.2°C 0 1 A
& IR E 17.5°C» 8 A{nfE » 745 26.4°C »
TEZREEREM L 2 A E RIS » HIKBIA
PR SRER 53 FE AT A 9 [ 35 43 B 5 R VR BT 58
{B&(wet-dry tropical climate) o ZF35JFH ¥V & 4o i 58
{EAIFS 85% o

2.2 YRR R B
FEEGERE TR ARA » EHT S0%HH
MEEZ RS BSTET B E AR - il 50% A=
FEBIRI AR R R LA 35% 185 23 [ 1
T&(Chin et al., 2007) - 38 T B AREH R
2002 FENFAAA bR AR EE R 6 AR
o AGBRIR PR 2 IR &8 (Leucaena leuco-
cephala (Lam.) de Wit) R#f » REEE ~ SR
(T50°C).L LT » ANZURBII . L (L

* 1 HETBEEYRERMEE D
Properties Red soil Biochar

pH 3.95+0.02 | 9.94+0.22
Organic carbon content (%) 1.90 £ 0.20 1.82+0.14
CEC (cmol(+) kg™ 7.41+£1.05 | 22.3+1.65
Total N (g kg™) 0.09+0.02 | 3.64+0.07
NH," +NOj; content (gkg") | 0.03+£0.02 | 0.66+0.05
Available P content (g kg™) 0.09+0.01 0.03 +£0.00
Exchange Ca (cmol(+) kg™) 0.37+0.05 8.84+0.73
Exchange Mg (cmol(+) kg™) | 0.02+0.01 0.41+0.00
Exchange K (cmol(+) kg™) 0.10+0.14 | 0.19+0.03
Exchange Na (cmol(+) kg™) ND 0.27 £0.08
Specific surface area (m” g 29.4 153

ND: not detectable.

PIjx » biochar) o AP AL 100 mesh i
DI ERAE T e T ERESCRBE - BN 2 B A
BaE 1 s -

2.3 TIERERR

B L= FEARFE YR AR > S
0% ~ 2.5%%[ 5% (B &LL) » IR LEF o —
IS £ 3 BB o & ELfAE 1) IR BIAT I ) 2
B&# > BIE A Wagner 1/5000a [HJZHEE A -
HEAEKE 16 cm > 5 19 om o G- AR
15 /8op 2 33 Wi REF A K ZRE T E
60%,2 TIEEKE) » LT 3 {HH2E -

2.4 SR A a RS

AERERAE T A R — X AARICT - DIEAER
HiIAE 2007-2011 FER Y §(2,595 mm year )53
o S HEAFYINE - PEREN > UARBRD
BT 20 FREENN B RO EE R o IRk &
AT E R H AW R R LG B T A K fE 200
em’ » BNFIEA1 A LA E M KR INE - 38
fEEE F AN 4.3 AT 2 EBEFK o

25 TIRERMHE DN

Fit S T RRAGREZ ~ PERFELEAR(<2 mm)f% -
AT IR B R BN I E 2 0
HOEIT -
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K2 WERTAEMRERAR S TIELETE

Treatment oH Organic Carbon| Base saturation
(%) (%)
0% 3.95+0.02a" | 1.90£0.20a | 6.40+4.39a
2.5% 4.65+0.02b | 2.84+0.13b | 14.2+0.83b
5% 5.07+0.0lc | 2.62+0.08b | 26.0+16.6b

? Values followed by the same letter within a column are not
significantly different at p < 0.05 level based on Duncan’s
test.

(1) pH il : LIS FE 3 021 % (Mclean, 1982) o

(2) HH%E : DL Walkley-Black J# X & (LIEHIE
(Nelson and Sommers, 1982) ©

(3) AcHATERERLRE + - TPPERERE A (pH=T)
(Thomas, 1982)

(4) AIZHAE R (NH, N B NOs -N) : 2M KCl
ZE ¥ (Mulvaney, 1996) °

(5) %k + 13 Bray No. 1 i#(Kuo, 1996) -

(6) TEEGEY) A 1K - AT HE 7K % (Brookes et
al., 1985) -

(7) P AR + I A BL 2 1 A 0 e 26 1 2
(SA-3100, Beckman Coulter, USA) °

2.6 #RETTSE

A B gead Rk A ER 5E A& BEER A (complete
random design, CRD)-ilfi L SAS #fiEH#k g GLM
1T & K 7 8 585 BT (two-way
ANOVA) » A} » EAh R R ER) 2 & Hig
HI[#R H Duncan % 85501 » B &= 3R (E
P<0.05-

= HGREEET

3.1 RIIEMRELTIE pH BHRERZIRITER

i e

ARFEd - LRI F A2 )
o 1% 3 E AR E & - pH [HEEE (P < 0.05)HF /i1
0.7-1.1 BIQ7 » ELFFrebiit S B A 0 o e )
INTTMEINGE 2) - EhaRG SRR - EVIRIERE
R AR S R AP PR R T o W
{l K+ 5 pH HIHGAI © Yuan et al. (2011){EH]
farR AV R A IES BR MEAL SR > AW B i

e BEE P ARLIE 2 BR 1 > BLRER R G KRR
R FE (liming effect) o L4} » Xu et al. (2006))R$5
HEGREMRINE - E% MY ERRE
1T RVER > TG R P e 8 LI
pH (BTN 5 (HEHEYRSTERAR > ka1
IFE L TR o

ST E AR GINE] L AR
HE B R RIS R AT REEREHE T 58 pH
Tt = o AREAE TR A L E R g
528 pH {ERR L - HILR S BRI #E R )52 11
#Ean pH fEATEZE o B TIEERKAER pH &
I > SEALPE R e F R E » IR OH >
ififsE pH MG 0 > 52 B EAE R Rk H > {8 pH
{iE[%{K(Helyar and Porter, 1989) o

—HoE G YRR T EERE &
£ 3.0-5.0%. 2/ » EHEE SRR 2% > Bl
T HERGHERRIEYNER £ R - RIE 67~70
T B S A B B O RIS & B it [ LR
5 5730 i TIEERA - AT TIEI S TRER 73 FEAL
A EHE > FAEMSRIEHTERATE
44.8% » HTIEARE & B 2% U T (EBAE
SEaABRA > 1982) - BRI 81 - BEAABRATEST
2HRH B F#EE - R EASREH 1
BEEA > GO TEERE S ENE
1.3-3.4%,Z [E(FF » 1993) « Hi#EE 30 FHIFHEE
BT GEEH T IEGRE S EHEERK
HAERENHIEGRE S & LB o AWFFeHS
U ALEA RS RIRIK(< 2.0%) » [FRE - B
SRS IR ANEGETS 10% (R 1) > BRIt g
THIREEIRIE » g A R g rp 2 1%
Kz o -1 > B TR IR & 2 BV R
WAE 3 {8 FAWRE % - ARk S & A I
1.80%EEZHIfINZE 2.80%LL (3% 2) » Ihfs BdgH
S NINA P ¢ T o] 3 e PR AT H 2 B
2.0% » fii.2 & DIHEG VY RIF A R T 8RR -
A - - SRR R BRI A P R R D M
HEERNE - HitERER s 2 %
TEHP AR S P8 ~ SRR T
E AR R A > TS T SR R R B A P
BETR RPN -
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3.2 IR B TIEMEMESRC L

A EEENRENE > SR R E
H T ERIRE SRS © 328 EAUE TIERE A R
1-4%,2 [ » & TIEBURAM LS > FHECE T
e R MAEYEER&E 8 &8 230G
fatE(Leita et al., 1999) e [&] 1 F5AEVRAINZE R
TERLEEFRE 3 (8 &2 MEY 4 Ehk =8
b o A5 REET - (EANFIfEH BT - £
JREIR > AV R E I ERE (P < 0.05) 5%
W - LAY A B e s Bt 2= AR
e BEASR E BRI AEM KA G R H R
ik ~ BRES  T{EEMAEYIER » [ - 3
AW R Pt BT - S E R LR T AR I N GER 1) »
IMERE Y S L7 > HEME NG (van
Zwieten et al., 2010) « [t4} > I E 3 A% » h K
TSR A A e i B ARER (RS - I
HUR TP NE R R E -

33 RIEMREZTRIREIERHETAREL

21t

2 BURHSAIAN R B AP - Al
RHPER (NH,-N + NOs -N) & Bl AR 2
L o AE=(EAFEHE A REHE T - FE 0 RS
Ftg » R TR SRR DL S% AR Z
SR o ILFORANINAE D B AT DR i £ S
IRt R e & - e e LB AR

&
(=3
(=}

300

[}
(=3
(=}

Exchangable N (mg kg™)

(=3
=}

0

Day
2 EMFORIIE IR ENH, N + NOy -N)
FEISRY 2 B, - 2#R[F R (simulated rainfall,
SR)IR 30 X ~ 60 KEE 90 REET—R

KEFRER o TP R L 2
Fi 8% At F (ammonification) FIfE (L /F H
(nitrification) » H R {E S5 FEREE AL > 52 1 HEEE
f pH (B8 (£ pH (EERE > e LI
{LVER £ £ 3 i JfE(Robson and Abbot, 1989) ; Tfij
Paul and Clark (1996)f&HH {1 F i &3@ R pH
EAIAE 6.6-8.0 Z[H] » & +1# pH {H{K]> 6.0 I »
AR SR - & 15 pH {E{KF> 4.5 I > I
W EAE St ik - TRENEAE LRI (R K pH {E
TIEE R o AhF7e 2 a1 IBAE R
pH fEFIE 4.0 (3% 1) BMEAE 5% AEY) R ITE
JEHT » H pH EAAE 5.0 7245 o [KIIE » AT
SEAENFE IR » AT ACHRE R FALEIEE 2 EREN
B LI 6 B ER S (> 300 mg k) [l
pH BHEN > AT 2 ZIG IE B E @R A
PERE UL B B RE R (NHL NPT L - IEAS SRR
SBRAEfE + 1 pH (EAJEETT - BT ABHSCIRGE B &
TR A T % - IR, pH (E& %
s B e A R B s L IF FH BRI
F » DUSAEA RS /3 i 28 (Xu et al., 2006; Xu
and Coventry, 2003; Tang and Yu, 1999) - fi#5 30
Ktk » Al M RE R & B IR FIRER A
ABRETTH BRI - fEAR AT
AGERRH o 3 B SRR DU SR I R s R T
Wit > TS AT A2 Mk BAIR S - S0 - P8
e E R KR AT RS B’E S%AEY)
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Availiable P (mg kg™
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(=3
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(=3
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Day
3 EMRRIEERHEITE B - SR
MY (simulated rainfall, SR)}S 30 X ~ 60 K Ed
90 REET—RK

RN (30.7 kg ha') = 2.5%7INE (36.7 kg
ha) > SHEAHERIIEDIR) (19.9 kg ha) » %
TR0 AT W] A A 0 4 1 s e 57
MRS
BRI R E S B2 Bk &
R e BN E I S BT 3 o 45
T IARREBIAREC 0 K) » ANIF fe i s E A
TRk B A 0 %t P A s T+
r L 5%t FF B2 B A e 15 #UFS 350 mg kg o
TERFEIEERIEML L - AEYIRA IR > TR
1 P B g B TS 2 A R o R 07 B B
FH o IR S ATRE R R A W PR I (5 L B )
VELEREN - TGS M S R TIREAE % E
B o 1SR 30 Ktk o B—REREE - YEE
SR RV T AR 2 » B0 45 i 3 ] G P B
B G o RN R R R g
T kiR S o LI R A BRI
FENRISBEEBR © SRT - 48 3 AEBERERTIRT
9 3 (A A% DSBS R LRI 5%
2SR A 38(93.7 kg hal) > 2.5%7RfIE
(12.5 kg ha') > SIRHERNEDK) (104 kg
ha'ly o {1 PG RS o BRERE B R Lo s R
AT YR RS BEERE R ) E
LU s BRI > AT AR IRl 2
R RS S EL Chan er al. (2008)FH{L -
ORTIT » AHFFETREEL » MR HAIIAG 3 Kb vE

& » #8 Rz T B R IR E 80% LU E
TSR N A W) B ORI » HLA R R R AR &
7% L o RIAHIERIK 2 B B4 T > £
B AR L B A S EHEYIE R EE - A
1M » & T B R 2 AR > AR PR R
REEIRIRR - VIS T S R ke R
RIBBEIEARAAFRANER -

PO-#5 &%

A ERAS R DUEY R B R L SR
Bl - R BAERCGE T LS BT - AR R
IR R 158 - TSI 5% 2 BRI 3
(A% > +5% pH & TRITE 5.0 DLE > Ak
G RIETT 2.0%LLF - Al 1 A B S
EokHE - HESELERIE Tt 20 4 (FLLE - IE
Ot - AmAP R 2 AR AT B S LR 2T
710 2.5%F 5% Jiti F BB TSN L 2 SR
PIETE ~ A A RE R S B A AW E - IE
3 {EAR - WIER 2 T B2 ARG B e]
ACHAVERE R o B R R A o fE A RS
BT - AV & LIS BT - ki
PRI IIRE H R A R S & o

e

L THBC » 585k R R, - YRk
SE R E ZRTe ) - B EE AR
AR TEAT I ER S 0 kT 0 1980 ¢

2. 2B EERRAT > [ 285 R RATE
WEB R 2 pp. 730 1982 ¢

3.VLENE T HEHE T [F R 2R AL
ZFHE LB ) o B AR 1
ERRRFERTRE AR S > BT 0 1992

4. 0t o T EE I B M) Y] i
W o 2EARREGRARITIE 2598 &
tf1 > pp. 90 » 1993 o

5. 2050 ~ VRN T HRERIE 2P LR 1
MEYIFE ) o PREZER g 24 5
pp. 430-442 5 1986 °

6. HIJRH ~ FBAR > THE ) > rhECE
TR ARG o BT 0 1989 ©

20—



10.

11.

12.

13.

14.

15.

. Brookes, P.C., Lanmann, A., Pruden, G., and

Jenkinson, D.S., “Chloroform fumigation and
the release of soil nitrogen: A rapid direct
extraction method to measure civrobial biomass
nitrogen in soil.” Soil Biology and Biochemistry,
Vol. 17, pp. 837-842, 1985.

. Central Weather Bureau. Climate Statistics Data.

Central Weather Bureau, Taipei, Taiwan, 2011.
Available at http://www.cwb.gov.tw/eng/index.htm/
Accessed on 2011 December 31.

.Chan, K.Y., Van Zwieten, L., Meszaros, I.,

Downie, A., and Joseph, S., “Agronomic values
of greenwastes biochar as a soil amendment.”
Australian Journal of Soil Research, Vol. 45,
pp. 629-634, 2007.

Chan, K.Y., Van Zwieten, L., Meszaros, I.,
Downie, A., and Joseph, S., “Using poultry
litter biochars as soil amendments.” Australian
Journal of Soil Research, Vol. 46, pp. 437-444,
2008.

Chen, Y., Shinogi, Y., and Taira, M., “Influence
of biochar use on sugarcane growth, soil parame-
ters, and groundwater quality.” Australian Journal
of Soil Research, Vol. 48, pp. 526-530, 2010.
Chin, C.C., Wei, C.H., and Chen, C.T., “Study
on the invasive of in Kenting National Park.” Hwa
Kang Journal of Agriculture, Vol. 20, pp. 41-52,
2007. (in Chinese with English abstract)

Helyar, R., and Porter, W.M., “Soil acidifica-
tion, its measurement and processes involved.”,
In Robson, A.D. (ed.). Soil acidity and plant
growth. Academic Press Australia, Sydney,
AUS, pp. 61-100, 1989.

Joseph, S.D., Camps_Arbestain, M., Lin, Y. et
al., “An investigation into the reactions of
biochar in soil. Austra.” Australian Journal of
Soil Research, Vol. 48, pp. 501-515, 2010.

Kuo, S., “Phosphorus.” In Sparks, D.L., et al.
(eds.). Methods of Soil Analysis, Part 3:
Chemical methods. SSSA Book Series No. 5,

16.

17.

18.

19.

20.

21.

22.

23.

21—

Soil Sci. Soc. Am., Madison, WI, USA. pp.
869-919, 1996.
Kuzyakov, Y., Subbotina, I., Chen, H.Q.,
Bogomolova, 1., and Xu, X.L., “Black carbon
decomposition and incorporation into soil
microbial biomass estimated by '“C labeling.”
Soil Biology and Biochemistry Vol. 41, pp.
210-219, 2009.

Laird, D., Fleming, P. and Wang, B.Q. et al,,
“Biochar impact om nutrient leaching from a
Midwestern agricultural soil.” Geoderma Vol.
158, pp. 436-442, 2010.

Lehmann, J., de Silva, J.P. Jr, Steiner, C., Nehls,
T., Zech, W., Glaser, B., “Nutrient availability
and leaching in an archaeological Anthrosol and
a Ferralsol of the central Amazon basin: fertilizer,
manure and charcoal amendments.” Plant and
Soil Vol. 249, pp. 343-357, 2003.

Lehmann, J. and Joseph, S.D., Biochar for
environmental management. London: Science
and technology, Earthscan, 2009.

Leita, L., De Nobili, M., Mondni, C. ef al.,
“Influence of inorganic and organic fertilization
on soil microbial biomass, metabolic quotient
and heavy metal bioavailability.” Biology and
Fertility of Soils, Vol. 28, pp. 371-376, 1999.
McLean, E.O., “Soil pH and lime requirement.”
In Page, A.L. et al. (eds.). Methods of Soil
Analysis. Part 2: Chemical and Microbiological
properties. 2nd ed. Agron. Monogr. 9. ASA and
SSSA, Madison, WI, USA, pp. 199-224, 1982.
Mulvaney, R.L., “Nitrogen-Inorganic forms.”,
In Sparks, D.L. et al. (eds.). Methods of Soil
Analysis. Part 3: Chemical Methods. SSSA
Book Series No. 5, Soil Sci. Soc. Am., Madison,
WI, USA, pp. 1123-1184, 1996.

Nelson, D.W. L.E.,, “Total
carbon, organic carbon, and organic matter.” In

Page, A.L. et al. (eds.). Methods of Soil Analysis.
Part 2: Chemical and Microbiological properties.

and Sommers,



24.

25.

26.

27.

28.

2nd ed. Agron. Monogr. 9. ASA and SSSA,
Madison, WI, USA, pp. 539-577, 1982.

Paul, E.A. and Clark, F.E., Soil microbiology
and biochemistry. 2nd ed. Academic Press, San
Diego, CA, USA, 1996.

Robson, A.D. and Abbott, L.K., “The effect of
soil acidity on microbial activity in soils.” In
Robson, A.D. (ed.). Soil acidity and plant growth.
Academic Press Australia, Sydney, AUS, pp.
139-165, 1989.

Sanchez, M.E., Lindao, E., Margaleff, D.,
Martinez, O., and Moran, A., “Pyrolysis of
agricultural residues from rape and sunflowers:
production and characterization of bio-fuels and
biochar soil management.” Journal of Analytical
and Applied Pyrolysis, Vol. 85, pp. 142-144,
2009.

Steinbeiss, S., Gleixner, G., and Antonietti, M.,
“Effect of biochar amendment on soil carbon
balance and soil microbial activity.” Soil Biology
and Biochemistry, Vol. 41, pp. 1301-1310, 2009.

Tang, C. and Yu, Q., “Impact of chemical
composition of legume residues and initial soil
pH on pH change of a soil after residue incorpo-
ration.” Plant and Soil, Vol. 215, pp. 29-38,
1999.

29.

30.

31

32.

33.

22—

Thomas, G.W., “Exchangeable cation” In Page,
A.L. et al. (eds.). Methods of Soil Analysis. Part
2: Chemical and Microbiological properties.
2nd ed. Agron. Monogr. 9. ASA and SSSA,
Madison, WI, USA, pp. 159-165, 1982.

Xu, J.M., Tang, C., and Chen, Z.L., “The role
of plant residues in pH change of acid soils
differing in initial pH.” Soil Biology and
Biochemistry, Vol. 38, pp. 709-719, 2006.

Xu, RK. and Coventry, D.R., “Soil pH changes
associated with lupin and wheat plant materials
incorporated in a red-brown earth soil.” Plant
and Soil, Vol. 250, pp. 113-119, 2003.
Yuan, J.H., Xu, RK. Wang, N.
“Amendent of acid soils with crop residues and
biochars.” Pedosphere, Vol. 21, pp. 302-308,
2011.

van Zwieten, L., Kimber, S., Downie, A. et al.,

et al.,

“A glasshouse study on the interaction of low
mineral ash biochar with nitrogen in a sandy
soil.” Australian Journal of Soil Research, Vol.
48, pp. 569-576, 2010.

WisHE - RE 101 2 BH22 H
{EIFEH : RE 101 & 3 B 9 H
EZHE: RE1014E 3 B13 8




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


