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Effects of Co-applying Compost and Rice Hull
Biochar on Release Potential of Nitrogen and
Phosphorus in Slopeland Soils
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§ o R R RS R IR  BIR D 38-58% K 72-75% o BERET S - H R bREE ]
§ FRAOSE R B pH RIS & 1 - (e N SRR - DUENERERT 4%
{ IR Rt o [FIRE » ATRFCREURIR IR LRSI T R ke

@A 0 Bl L RAE KK B AR R 81242 0 91201 S R4 P53 1 3% shjien@mail.npust.edu.tw
—61—



HORERGESS - HEM AT MRk K i TS S e -
RASRER ¢ YOt - HEAE - BRILAER - SEERRRA - R -

ABSTRACT

Maintaining of soil quality on slopelands by applying organic amendments has been
considered as a common agricultural management method in Taiwan. However, over
use of organic amendments due to rapid decomposition of soil organic matter is wasting
and might pollute water body at catchments or down streams. Therefore, decomposition-
resistant rice hull biochar (RHB) and bagasse compost were used as amendments and
co-applied into rural soils on slopelands with 1%, 2% and 4% (w/w) and 20 ton ha™
respectively, to evaluate release potential of nitrogen and phosphorus after 70 days
The studied soils were Loapi soil (Lo) (pH = 4.4), Shihmentsun soil (Sme)
(pH = 6.8), and Chenpin soil (Cn) (pH = 8.4). The results indicated that soil pH increased

0.3 units for Lo and Sme soils, and decreased 0.8 units for Cn soil by incorporating RHB

incubation.

after 70 d incubation. Biological N fixation (BNF) resulted in reduction of inorganic N
contents in the treatments of co-applying of RHB and compost as comparing with the
treatments of control and compost application only. The inorganic N decreased by
15-29%, 20-28% and <7% for the soils of Lo, Sme and Cn, respectively, as comparing
with the control. After incubation, the order of inorganic N contents were Sme soil
(58-65 mg/kg) > Lo soil (30-45 mg/kg) > Cn soil (<20 mg/kg) regardless of application
rates of RHB. Regarding available phosphorus (AP), AP contents increased by 1.1 to 7
times in three soils after application of compost and RHB, and the contents increased with
application rates of RHB. However, the 38-58% and 72-75% of AP were gradually
fixed in Lo soil and Cn soil, respectively, after incubation. Consequently, application of
RHB into the soils could improve soil pH regardless acidic and alkaline soils, and
increase AP contents, which therefore promote production of Brassica rapa chinensis,
especially for the treatment of co-applying of 4% RHB and compost. Besides, application
of RHB could decrease release of inorganic N and therefore reduce nitrogen pollution

potential at catchments.
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(biochar) » MG 5 FI/E R T3 RAI LIS TG #Y)
o B R B Y R B LR R
ST /71 (Lemann et al., 2003; Rondon
et al.,2007; DeLuca et al., 2009) °

RACEM B— & Sk EEYE - HAEwE
(biomass) 7E A R 3 MR & B2 55 T B g 72 4=
(Lehmann et al., 2003)  FHAERIRILZ » =1k
EM ARG IS IR EEALEY) - L
S F RN AT Ry PR S & o A 0 BR
HMeERF TS B - RS B R RALE M A
s HIEAE - FERYGEIRK LI ik
HYFE 2 (Brochoff et al., 2010) - FI4 0+ 1E 55T
AR (Liang ef al., 2010) 52545 155 N,O ARE
Jif(Yanai et al., 2007) » RAEEM IR —Z LB
RACYE - i A 3R vV E Ry IR A I
Bt > DIt AE 905 M (Lemann et al., 2003) » 3t
et TEERER 0 - 8 RICEM RS
B EEETRE - fERIAE Res: B AT
5 1 B BT L6 R P A A (Cheng et al., 2008;
Zimmermann, 2010) » Hamer et al. (2004)F1 Cheng
et al. 008)FFFEREUR » K — A FrBLiny L&
Mt 3 5%  FERIIRIE H R B 5 BIRRE
0.26-0.4%HRRAEREAL -

IEAh - B RV E A R 1-384% - BRI
ARSI DAUGE TR A I E S - JRATRER
BRI - BT ADTZEHE L RALE AT
RSO - EUINE 3R v REid o By
AY1E 2/ F (biological N fixation) (Rondon et
al., 2007; DeLuca et al., 2009) ° Zheng et al. (2013)
1 R A A [A] 8 2 A A B AR AL AL A i A
+3% - BBUEYIEZEN - SRR
WRBEIEZE - Novak et al. (2010)fEE B E R H 161
THEETT AR LR - BEPCREE < RILETR
IRAERE ] EEnd AR Z W ER - 2Rim - 56
B AW ST B BRI B R ALE B DA [A] it &
VN INZE R SR B A A F RIS - IEAh - R
L& BGEGE pH ENEIKESS - EuinE
TR N 1A pH (B S TG EE T AR
a0 S R R S S B (Yamato ef al.,
2006) ° Parvage et al. (2012)1 1% (w/w)iZER) R

FEA 11 fELL 3 FEE SR o Ay TR R B
IR AT PR & R IAEER D - H R
FITE 11-253% 21 -

DA 2 BRI 72 B 10 FA 2 5 J0 1A BE S B P o
{LEMEE P LE IR 2 T s W A b
TEFIRI522E (Novak er al., 2010; Nelson et al., 2011;
Bruun et al., 2012) o $HEHL[EfE A #E AL
{EEM BRI B 2 #ML - BRite
RARESRA o ARRIFSE B H AR BRA TR 1 e A B
AEIHHZ RACFEBSEEIRI T - 58 [E pH
Z 1L st B R T B A L B T B R R
BRI E TN LA RS FOF RS T -
BT RSEE T - WA BB AR
it PR e B PR 8 s RIS > RmTgak A Lt R 7k
G MK B A B RS A -

ZMEEAE

2.1 ATIERERMEE DR
ATEER 13 - 73 RE M 1R (Laopi,
Lo) * A"t +-Z&(Shihmentsun, Sme) sz 1%
(Chenpin, Cn) ° =fE{EEAHFIIINE G#HEHEL
st SR ([ 1) > B3R R R B
o AN R R R e R L - R
BAERMEC RS F PR 1 - = AR
ZHAE pH BZREAFEEMGE 1) - 1IERE
% - REEEZ ~ A R (< 2 mm)#R - DURTRAE
AW E I o HIEEAME A 5k
T
(1) pH {H : DIBEHEMGEHEIE (Mclean, 1982) »
FoKEEEy 101 (wiw) » BREL—/INEF - LR
B =R FAEMATE T LI
P IRBRLIBGEEMHE -
(2) RLAR 73 BT+ £k IR 15 1 E (Gee and
Bauder, 1986) °
(3) Mk & & - PUSiRIKALIE R E & (Nelson
and Sommers, 1982) °
(4) Bt A s & - DABEIREE(pH = 7)
(Rhoades, 1982) °
(5) HEHEREZ S DL 2 M KCl 280 (Mulvaney,
1996) °
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AR B LTIBFENME ; Cn: SEPRTIE;
ZIRRTIE ; Sme : BPFINFRTIE

Lo:

6) B M & & © Ll Mehlich-3 £ % HY

(7) TRERES &

(8) 7 Bt 55 (free Fe) &

(Mehlich, 1984) -

& : DIE &% (Gravimetric deter-
mination)#fll%E ° B 3M HCI A 5 g 13
o R ERIE R R BRI
BRI §5 5 F(Allison and Moodie, 1965) °
& : Dithionite-Citrate-
Bicarbonate (DCB)i%(Mehra and Jackson,
1960) » FEEY 1 g .2 145 » JIE 100mL 28
FRER BT 40 mL 0.3 M FERSEREHAAT 5 mL
IM ZHREEEEA » FEIIAKT 1 g (L8 " REff
FE#(sodium dithionite) * #FKJ 80°C /A
TR IEMERFE 15 Z08f% - BE LR FINA
10 mL Z BRI LEMTA IR FEAE L + L RIK
5 B - DUKFREEE 100 mL » DUS ¥R
IKOEEE#(Z2300, Hitachi, Japan)Z3HTZEHY
LSRR -

x1 HATBEAEEDH
Soils
Properties Lo Sme Cn
pH 4.40 6.80 8.40
EC (dS m™) 0.08 0.19 1.96
Sand (%) 14 17 85
Silt (%) 57 66 14
Clay (%) 29 17 1.0
Texture SiCL SiL LS
CEC (cmol(+) kg™ 15 14.6 4.0
0OC (%) 1.78 1.38 0.32
TN (%) 0.16 0.19 0.01
NH,"-N (mg kg™) 2.84 11.2 ND
NO;™-N (mg kg ™) 14.2 47.8 8.33
Inorganic N (mgkg™") | 17.1 59 22.3
CaCO; (%) ND ND 430
Free Fe contents (%) 2.19 4.15 1.10

Lo: Laopi series; Sme: Shihmentsun series; Cn; Chenpin
series; ND: Not detected.

x2 EEREICERENEE DN

Properties Compost RHB
pH (1: 10 w/v) 5.50 7.70
OC (%) 342 31.0
TN (%) 0.68 0.41
C/N 50 76
CEC (cmol(+) kg™ 82.5 26.1
Exchange K (g kg™) 6.94 7.01
Exchange Na (gkg™) 0.44 0.28
Exchange Ca (g kg™) 4.61 0.47
Exchange Mg (g kg™) 2.12 0.22

RHB: rice hull biochar; OC: organic carbon contents; TN:
total nitrogen contents; CEC: cation exchange capacity.

2.2 HEREER R{EFERY

AR T W REM R H B S R
AIRAFIFE A FEEHER » DU TERhSE
BB < IR AR « e LAREERR 400°C Sk kS
REE MR o BRAUATSGHEE % 60 mesh &
it EREE s A - HENEEL AR S A
PEEANER 2 Fis - AFFELUKERZE R ERY » F]
&8 AR AR R B (RSB -
HFEE RS fER BRI R B & -
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Z2002)f5H - GEEHFIEENELERE 152 8
WA - TREECR 37 EE -

2.3 EERAEE

B = AR 3540 600 ¢ BB &
SERIERAN 1~ 2%Ke 4% BRI AEYIR R - FIRS
Lefliz AE R R R YR 20 ton ha AR T HE
M MK IR G A o AR T-7K ] 15
IR FE B R A 7K & (water holding capacity, WHC)
HY 70% etk » 3 BB EE TR B -
BB AR 0~ 7~ 14 > 28 ~ 42 J¢ 70 KREFHEFT
+#EHUEE - HIE -5 pH {H  NO,-N Sz NH,-N
& SRS B S R AR EIE Mehlich-3
LA & & - W R N IRIEREM
o HinE R R =5 -

2.4 /NAZE(Brassica rapa chinensis) 3% 5%

1 = H - AR 3.5-4 kg 2 Wagner ARKS
" P HEEER 15 om o KRR R HE
NEEE 1 58 2R A+ MIZKZE WHC 9 70% 7545
FEAE /N SRR Se i 2 3 5 » Rk Bk
R R R NESE - WRNRE A EI TR
- ZEHA% - SRERE M LEE o SRR
fadth EER - DAEBET /R GER R BRI
65 CHEHZIRFIE » KR —H -

2.5 HETAHR

ABgErh - FREEIELL SAS fEHkEE T
& REEPPER 2 E IR Duncan #%
SAEIIEEE - BHE AT P < 0.05 - T #HER
B AT ER 58 & B R ET (complete random  design,
CRD) -

= BREFR

3.1 feAR{LREsR R LIE pH 28t

R - SR FH T B A LRt % - B A
M pH ESEMLANE 2 FR » EERRERETR - 55
B - A FHHENCE R AR Lo B Sme
135 pH fEEEFE (p < 0.05)BE AL =5
i BT i R PR AR 8 L iRl EE T3 (Y uan

5.0

Lo soil ——=e—— Control (O)
— == — Compost (C)
48 1 ——=— 0+C+1%RHB
o —==-—— 0+ C+2% RHB
46 & ] et O+ C + 4% RHB
44K
42 1
40 1
381
361

0 7 14 21 28 35 42 49 56 63 70 77
7.0
Sme soil
6.8 &

6.6 T

64 1\

pH

6.2

6.0

58 1

56
0o 7

14 21 28 35 42 49 56 63 70 77

9.0 -
2 Cnsoil
85 |
8.0 F
75 R

70

6.5

6.0

0 7 14 21 28 35 42 49 56 63 70 77
Incubation times (days)

2 1I% pH IRIERR( ISR R ENREEME

et al., 2011) « FIKEZ Cn T QTR IIMETEL B
{bREa% » pH RUBEE AR - 10 LC R MRRE(E FH P
i&(Liu and Zhang, 2012) °

BRI - =132 B pH RPIHEEH
K 0 7 K% pH R BRI BRI
T IEE s AL AE FH (nitrification) sSZ W RE i HFrEk
(Yuan et al., 2011) o T v 6 I B2 fr AL AR 7%
#% Lo RSB WIHA 7 KA pH L5642t - if
7 RERHIFRIE FRERREEASR « Lo 113AY pH &
1K - 1% pH BREE S RHEHALIER - o8 OH
i pH ERES B VIR R » 7 R#& > Lo
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B3 TIEEHERRERRICERRBEEL

2 pH {H NI RAGALAE P 730 R I H TSk
(Yuan et al., 2011) ° FH£A Lo 148 » Sme A1 Cn
AR E R B LR L E R Ry B -
MRS pH FEET BRI E(Xu ef al., 2006) °
pEsh - [ 2 BR Cn HEEARTE#®IE pH B I
FHEEA - R EHEND B R ARG P AT B 2 ]
M Ca™ ~ Mg™ ~ K~ Na*™ G T REE: BIFEZ
WO FTEL » Yuan ef al. Q01 D)JRIEH » B RLE
M AR LB A 138 - 158 pH {EFEHH =
g - MAMER RIS BRACE M A S s e
TR R - A R R I B2 5 pH -

#& 70 REEE#% » Lo Al Sme HHEHH iy
pH BRI 0.7 {EEA7 - 1 Cn $HRAE 1381y pH
THRIREEKY 1.6 fEEA - FRE P EIE
FH# Ry BAER » W8 T LBRIK - RS EA
FLER » KM A] B BIRS L/E i 1T » RhAG R B
Huang and Chen (2010)—%{ °

32 MEARIETERE TIESEKERANL-N +
NO;-N)Z £k

AU 58 DARE V5 HE A B e Al A ot i A 1 3
% - fERERE 2 BARE Y R RE RS AR R LA
RIAE 3 e = BRI B R B R R
Lo T AV MERERE VR D A Y I 40 mg/kg » 1Y
IRk 195% (3% 3) » Sme T IEAYMEHERE ZURE HY
AN 75 mg/kg » BEHIEREy 588% + 1 Cn 1
AR R ZVR D EHIRIIG I 9 me/kg - BEhTR
By 61% »

= A SR TR VM R ) B B R
TR B WAL S TR (8 3) » SR IRI ] RE Ry 4
flz C/N EeAT Ry 50 » E A - 154% - A
FHiIR - 1 A Y IE 7 H (biological N
fixation) » [KIifi FEAK A RB U AE TP 2 H 3K
T o BEAWTZEHEH - —RERHEIERY C/N HAITE
12-15 Z [ » Z5HERTAY C/N ERAHA 30 - i At 5%
BAIRER I AEYIE Z A FF (Bernal er al., 1998;
Zmora-Nahum et al., 2005) ° Bruun et al. (2012)J5
faH - DL O/N LY 50 HOZRAREeRg i A 3% -
14 RGN » B mRRA S =
T R PU AR EE o MR AR v HE AR
B2 AER - = AR LRI HE AR B 5] He 1
IR RN - R A R R
HE R EHE LRSS H RS AR
15 IR AR R AU - [ 3 TR - IRIEERS
A% o AHERA SRR » LRI IHE T B e LA
Y Lo T3 RE AR 15-29% » [fi] Sme
3D 20-28%  Cn H8EHI<7% - ARWFFEATH
FRAGRERET C/N BT 74 IR & DA LBl iR
{brErseie A 1388 K 1S BE ZAYMEEE B A ki
EYIEE » BOSRIRREREEEE I =2 (p < 0.05)
B (8 3) © Tammeorg et al. (2012)LAFRFEAR[EIG
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x3 HETIRER 70 ISBH/E N2 BEHERENER
Treatments Incubation days
7 | 14 | 28 | 42 70
Lo soil
Control (O) 11.8a 36.8ab 137b 117bc 195¢
Compost (C) 9.50a 28.5b 111c 91.0c 167d
COM + RHB (1%) 6.88a 24.9b 110c 95.2¢ 159d
COM + RHB (2%) 11.8a 30.3ab 79.2b 87.1b 127¢
COM + RHB (4%) 9.59a 26.90b 59.0c 63.2¢ 104d
Sme soil
Control (O) 289a 327ab 447b 508bc 588¢
Compost (C) 252a 301ab 387¢c 497d 531d
COM + RHB (1%) 200a 313b 435c¢ 505d 545d
COM + RHB (2%) 183a 314b 385¢ 508d 558d
COM + RHB (4%) 246a 359b 504c 690d 801e
Cn soil
Control (O) 14.5a 23.7ab 30b 43.7b 60.8¢c
Compost (C) 2.42a 7.91ab 17.5¢ 27.3cd 41.6e
COM + RHB (1%) 1.54a 1.93a 7.54b 18bc 31.1c
COM + RHB (2%) 1.41a 9.75b 7.41b 17.8¢c 23.2¢
COM + RHB (4%) -2.06a -7.89ab -6.57b 2.63c 7.46d
Lo: Laopi series; Sme: Shihmentsun series; Cn: Chenpin series.
The each value was average value calculated from 3 replicates.
The values followed by different letters in the same row mean significant difference (p < 0.05).
x4 HETIERIDERRR CIERER) BRES
Treatments Lo | Sme | Cn
g/pot (dry weight)
Control (O) 0.56 £0.21Aa 6.62+0.71Ba 0.13 £ 0.06Ca
Compost (C) 1.15+0.04Ab 5.56 +£0.63Ba 0.06 £ 0.01Ca
COM + RHB (1%) 1.22+0.07Ab 3.79+0.11Bbc 0.27 +£0.37Ca
COM + RHB (2%) 1.35+0.19Ab 3.87+£0.85Bb 0.06 +£0.12Ca
COM + RHB (4%) 1.63 £ 0.05Ac 5.14 £ 0.86Bab 0.07£0.01Ca

Lo: Laopi series; Sme: Shihmentsun series; Cn: Chenpin series.

The values followed by different letters in the same column mean significant difference (p < 0.05); the values followed by
different capitalized letters in the same row mean significant difference (p < 0.05).

PE IR A 132+ FRER ISR LRI A LA
BEGRTH AR LIE % FREURAEYIRER
g » TR AR & e bE R A LA =
B R - FER IR R A Ml S E R PR -
eSS D IR IR LA AR -
HRER R ERD - (BERREET - /hEE
(Brassica rapa chinensis) W = 5 $E BH BE s A

(F 4) - K& @ fER bR E4%) T » Lo
B Sme HHEHVNARERKMEZ (p < 0.05)H
o bR R T SR R S R N R
& KMEWEE N EERNEBNT » k(b
FRATTR IS nT Ik A S IR VR T3S © Borchard et
al. (2012) A TR 75 Hh & i i B 23+ 3 ch iR
0.2%-1.5%IRALAM - FERIRFERBMRILE
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kA PR R IR RICR - (ERECE
Bk Rl - RREPRACEMIIR - B T8
B4 16%-31%M Mt & o ARG B R Bl
Borchard et al. (2012)RUESRAEL - BERHTER IR
{LE M R AT R AR IR E T SY - U H B EE
(=

i Im e » RIS B LR A (o -3 4
FIELE » B AT SN HE AR Ay T SR B RE 2
PRV R R A ARG - INRSEE R L
H&3& » Lehmann and Rondon (2006)¥8 464G
WEIRICEM - WM AR i - R
AT EYIE RO RS NZE & © Chan er all.
(2007 FE I INRALE M K EFY) TR AR
AR ISR - S A & - B TR PRy
REZ\ ERE ft Y PR A LA T I I+ - R R
(L& & - Y B R PR OGS T BE TR AR R A
J& RAT » HOR ARG -

B B M A Re A B B BV G 22 5 2
A » A - R SR R F R A th A
F2F o JRAHRIBRER T - BEEAS R » DL Sme 138
R AR B SRR U Ry ders » H KRy Lo 3% »
ifi Cn T3BANERAR - 75 Sme 13 - FrARITK
LAt I B A B 5 B AG 1 M RE 2 2 = HIN s
REHY - 58 7 RiIZWIN=RFy 183-252% (% 3) » 25
7 R » SEAERE VR [ S BEI Ik A MR W £F
1E5E - tHIKHY Lo I Sme 38 » £ Cn L5Erp »
P RACAE 3t SR B N - IR & EbERS
BIRHIREZE(p < 0.05)800 - (HEII=R{E 7.45-
41.6% ° R T - LAF R &@RY pH E
HITE 6.6-8.0 ZH] » & 3% pH {EIEH 6.0 I + fiF
AL TR 1 R A i B8 B SR =R K (Paul and
Clark, 1996) ° AHF5E Lo +HERYFELS pH (EFITE
4.5+ I pH{EN » AIREMEISES BV LE ]
NHERE - AR MR B ISR A IR
HE R AR 18 o 7€ Sme T3 - #4H pH EHALE
6.6 7i4i » Ktk Sme TEERETHRLGE » FrEE
BEEDBROER B SRR RE R - H R RIS
i P Y SR B VR H R P S R AR 3 - Cn
TIEAEFTEREL N - MESREEE SR - 1A]
REBRIAIRA Cn T ZEAA pH (B S » KI5 6

45 Lo soil == Control (O)
eza Compost (C)

40 + O+ C+1%RHB
B2 O + C +2% RHB

351 E= 0 +C +4% RHB

Mehich-3 extractable P (mg kg™")

| Cnsoil

70 day

0 day

Incubation time (days)
TIRBMHBEREARICBREBEE
1t : BPSAAEMXIEREREBARF
SRNZIZEEBEEE(P <0.05)

= 4

AR TERRATEL - H_EUREREUR - T
B> = {lf - AV BB RR VR B A2 SR R R
A T EHEESG pH {E - B pH {EEGIHERY Sme
3% AR R R R -

33 EREMIRBTIETNE &L

TR TITTRE T S S B R AL R % - IARSEEE 0
K Lo fl Cn -G % (Mehlich-3 ] ZEHUH)
Er R A LA R e R B (1 4) 5 AH
B AR IHENE R B - RN R LR B A
BEIN 5-60 mg/kg* BLFE Ry RALTEZA B itk 2
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B - R - B5E 70 Kt InhnHEREELR{L
TR N > Lo A Cn HHEAVE S & I8
MR < 0.05) » KK Lo Al Cn LIEAESTH
WIHARTREE AR - AR 70 RAVEEE 1% K2 B
[i] S T 5% W A - af eh - R 5 75 i A5 1 A
HRK - &8 L BRI (<18 mg/kg)
(Kelling et al., 1999) - Brady and Weil (2002)f5
M E G R R R[S ERE T - L
AR &2 pH (B S K S BEELS RS - R
HIREEL A~ F' s Ca SR M E A YIRS
FEAR VA RA S (Pierzynski et al., 2005) « ARKF5EH »
Lo T8k AL iR m R - A MHE R
R EER AL D ([FA - 2012) - BEATHE
WS 70 REEER G Y BEARE E R s A by
o TR EEAROE - 75 Cn 18 SEER
EAVIREESS (3 1) KRR B BiEH » Ca BT
T REEL G BEE AL TR L4 A Tl SR A ) (e ) P G L
¥ f# & (Hedley and McLaughlin, 2005; Pierzynski
et al., 2005) ° BRI EZEIN > F—ERBEHE
R R PTRE Ry » AIVAMERE B A=Y e SR
Tty 1F B T AY <2 B A 5 W R R T A ] E A B
(DeLuca et al., 2009) ° Sme 3RS AHENT bz f&
LRI - 88 70 RAYEEETR » Sme 13ER%
fEFEEE Y Mehlich-3 R]REHUE & BB 8 =R
ESES 0 KIEF « 2RI » AEANFIBRBE R LR S - H
Mehlich-3 W] Z£H ik & 5 B HEGRE ARG fi s =%
FUAZFE o IEAEIREUR » fEEE S &Y Sme 1%
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