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Table 1 Basic properties of the soils used
SRR SEHAE I W T
- H SRRE FH 5= HHLFEOM CECY Exchangeable Exchangeable base cations
Soil Location Use type ol (gkg") acidity K Na* Ca™  Mg™
(emol kg™)

AR BRARE® qeim® 4.60 18.0 14.3 4.59 031 034 3.16 0.63
o7 HE® Wi 4 el 4.20 14.3 15.1 6.79 045 0.08 330 0.74
AN WHIT 424" o 452 145 12.4 4.07 0.72  0.12 228  0.69
AN o RSB fe® 4.23 11.2 11.5 5.15 025 0.2 1.67 024
A & TR Mo ® 4.56 11.9 8.1 3.19 0.02 0.17 0.15  0.10

1) CEC: PHE F2C# i Cation exchange capacity. DRed soil, @Lateritic red soil, @Langxi, Anhui, @]Jinhua, Zhejiang,

®Qiyang, Hunan, ©Guangzhou, Guangdong, @DFarmland, @Forestland

17.73 mS em™, CECH123 cmol kg™'o FHRRIAf# I
NaOH S G WA 7 00 A 0 K 10 B 75 M 4.92
mol kg™ BFAE W K FH A R - i SR - AR T
fip 1L ORISR A B TR R S
(ICP-AES) ME & & Hi. K. Na, Ca. Mg.
Al, FefIP& 8415 M34.5, 5.9, 78.1, 10.2,
4.4, 10.1F121.1 g kg™', Cd, Co, Cr, Cu. Fe,
Mn., Mo, Ni, Pb, Zn., Hg. AsHlISe & &5 H
3.1, 6.6, 39.3, 43.6, 818.6, 2.2, 17.0, 43.3,
4783, 0.2, 12.5H11.1 mg kg™,

1.2 EFXE

KRS oy WL, B — R IR 0 LR LT
S35 %5 GBI AN [R) A 0SB DR S o 5 % 1R Ak 21 458 1Y) 1
R, 55 RS 7 S0 58 S I AR ) 5T I % AN [+
CIERR I R ACR .

LR IR . FREX300 gid2 mmifii pY 135
FEABN BRI, I A AR BRI 78 AT, A
YR K G N4 580, 4818 ¢ kg™'o LB TK
W TR R B H AR K = 60% , BRI
SRR RS 17, SRS ] B A/ INFL, DA
LA IFBT IS K KRR B T25 ChY
TER 5 AR RS TR, B = KRR —OIF A 7S
KAy, VAPRIE T8 &K B . 55 57 S0 e R 42
60 d, TEHEFELLFE AN E WIHGHT i LA 2 pH . B
ASKb PRV B 3UE A S A R R Ay A A
BUR AT W L2 mmf10.25 mm i 4t + 38 Ho Al
T A o

O T AHERE IR S A AR IOCR WL I Y
3FHLLHERT AR I IRLIEA300 ¢, MIAS g kg W)

FiK, FeoriRA e AR, 258 ok +
K R 2 R K 1 60% ,  HoAd AL 2 R 5
—HERE IR o DAAS IR P I K 1 Ak 3y o) B
1.3 SHAE

PR 125 KIS EBE TR
SHRA, E 30 min/g HE A pH HAN & £ 1
pH, A HERR 1 mol L& ALMIA IR AR, B
T RN o 3 RO T Eh IR - ik e iz 4, 4H
W aEmE Y R R 1 mol L'
PR B VA TR BRI, B BRI P 85 RN A8 FE R I o3 ol
FEEINE , ARG SR R E L e
MASTE AR F 0.1 mol L' HCUAWR R, 2 BOK
W E 4 8 JHICP-AESTI E .
1.4 HUELIE

BE A3 % FISPSS 20,0584 4T 880

2 R 518

2.1 EYIRKMANEXN RBIIER R YR

IR ) K 5 2 AT S p HIY sh 25 A8 4k fn 7
JioR, ZApAbFRAE S FRSLE 20K, R EpHEY &
PREA A T RS, 20K UG A T R2R A, 7
el FE B TLMageR AR BRZ, Hrhks
B EmNESR (5417 mg kg™') , Wit
AR R AERALY, NH, +20,—NO; +H,0+2H",
Wi BB E T, SR EWEpH TR 55X A
b, WA BR W & B L pH, UL AR Y
TR 2T 38T P A ARG I 0 RS . ARG 3% 50 560 40 )
HHEpHI S AR T LU 2B W 00 X 213 1R
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FERG SRR R - S p HAY T B 5 X AL 2

55 —o— X HR Control
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Fig.1 Dynamics of soil pH during the incubation of red soil from

Anhui as affected by bio-ash application rate
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TR, (H I B AR S et Y, B
AT R R, A et A R G i, s
4 g kg ' I8 g kg™ AW I IR A S ek A X B
A3 T%FNT0% 1 e a8 Pk R 3 22 DL S8 4k
FRAFAE, s etk H e 22 B vk 8 vh r o LR ABIIAR /)
X A W K A AP H A S i R,
A Wy TR D S A8 A 1 A e S 3 p H
Fh e B — %, VLAWK b B B s b A T
TR R, IR SEES M AR K R AR LR LA Y
DUVERTE I, DA ARG - A ek A i i, PRI AR
L e

WY R K G L3R HEK . Ca’
M Yo B4R m (2) , H3 i bk Y o

PN BN A, Jn4 g kg '8 g kg '
YR K G, AT K0 0 5 6k PR 83.9%
M129% , 224tk Ca’ 0 5 5 %) R 1 53.5% il

121%, ZZHMEMg™ 5 I IN53.1%M102% . 1]
I A K RE RS A SR B KT Ca™ L Mg™ 4R

FRor W5 a0 AR 8 B AR A K e R RR A
BRI T H s Ca I A R, RS B E R

R ORINAE W BT T 8 2T 15 8 4 1 5 B R S F 0 A HR 1 ER BY S2 0

Table 2 Effect of bio—ash on exchangeable base cations and exchangeable acidity of red soil from Anhui relative to bio ash application rate

Ab P K Na' Ca’™" Mg H* Al ECEC"
Treatment (emol k™)

Xt J8 Control 0.31c 0.32b 3.16¢ 0.64¢ 0.11a 4.51a 9.05¢

4 g kg HEWTRY 0.57b 0.42a 4.85h 0.98b 0.17a 2.84b 9.83h

8 g kg LW UK 0.71a 0.31b 6.99a 1.29a 0.12a 1.36¢ 10.78a

L [F—F B NG TN R R R AL LR 22 535 B p < 0.05 8 F 7K FNote: The different lowercase letters affixed to data within the

same data column mean significant difference between treatments (p<0.05) .1) ECEC: % H 2 F 38 ig Effective cation exchange

capacity. D4 g kgil Bio—ash, 28 g kgil Bio—ash

KB PEMe™ . K& i, SRR,
U, AR BORAE A R P AS 23t B IR A 1
AR H B Ca® SR HA BH B 7 ke =, Rl ol DA g 3
#HFEK, Ca. MgSEAERK LT NERITE, N
TR LT IR A3 i Z A REAR o X AS ) 56 3L BH B
AR HEAT LA, AT, H IS PEK FI3E
otk Ca® MG IR K T84t Me™, 54K X
3FPERIL PHES 7 i R/NEEA — B, i FNa 55 e fig
TR, i H AW K TR Na  Fr m AL, B i

HE W) TR XS A S AS A PENa e AR /)N

YR PIIK . Ca. Mg 52 LL ALY BBk
HIBBAETE, A BRI AR e b XS
Py 5 5 A R b RS I VA AR, KL Ca
Mg 45 0 L BH 8 TR 8 L e b, B 5 g
SEHNE R R A B T AT N, AR R RS b AR R RO
PEA R, R P AL EpH T i & A K
M S RE, TE R L I ik — 4 B p H T i TE B 4R

AR TTVE o 3% 2 2R 1 SR o R 21 33 1R 32 1) 32 24 AL
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il o X — i R RSN N, T R
o 1 JL P B - B R R S RN RN

TN AR W 5T K AR B v T A A B B AC
it (ECEC) , o BfiA= % 00 VS ik 3% i + 1
ECECHSIN . AW R A B B AR 5 1 BH B 28 46t
it (CEC: 123 cmol kg™') , R A ¥ 5K o] 1 4%
e LHECEC; Jy—JiH, WA TEpHAE, 40
39 mT AR A7y H fap 5 G0 . 3 e A PR 3
ECECHI I,

W 5% K& BV I A= 9 0 K AT B8 v 40 1 AT A0k
o, MIRN4 g kg M8 g kg MR KA, +
B R A IR 165.7 mg kg AR E R
181.5 mg kg 'F1185.7 mg kg™, AHRF X5 BR 43 5114
9.5%F112% . H:W) BT $ i - A 20wt o 1 Y 2
BRI WA T AWK & A — i
N K T R A s e S —
I, WA K)E L3EpH B E T &, BRART IS
PEEK . AU G [ VR T
2.2 RMEMRKIFELIENERYRE

VERER N N8 ¢ kg™, WFSE T A=W B IR %k 4
AN TR 2T 81 P 1 e RACR o B2 £ 3Ep H I s
TACGERAT AR, BRI ARIRLLEESN, HAh3RLL
S0 RIS Jin A= 4 o0 KA 3, 5 % 2o A 1) T A 3
fErE R HEpHRf R RIS [RZ T PR %, 5%Ma
HEAHAL, 3 T AR A A A S AR AR T B,
IR AR SR R P pHAR LB 2%, AT AR
SIHER AMTAR, BEASE G R (1090 mg kg™ )
SAEAE RS, PR . W AEY K& T
AFPIRPE IR pH , AHAS [] 4 38 p H g 8 A BT
ATl o 15 37 526 45 AT 39 p H % 38 1% K /N IS
e WETT 4 A T 2T 338 < I B AR T 20 38 ~ Wi T 4 1R
AL P LT3 <) ZRAT AR IR 20388, 3 p H A 5l 42
0.59. 0.69, 0.72, 0.96, 54Fp+ 3 HE 72 im
(CEC) BYR/NIF A —F, Ui CECIE R iR
PE B B OCHE FIRIR R L ARSI FHARh 41
IpHTE4.2 ~ 5.0{5 N, b TRHE F 283 b IX
P+ SECE R, X R Bk 1 2% wh By 1
AR R & i T AR AR CECRAR, &
W X LT R R B O

SRR ZE AL, VRN A ) K AR
E AR T AR RS AR B A, X RS iR MEH R
MR/ (K3 ) o FEFRTIEE RS, WL a4Eq |
CIME . WL AR AR R 200 . WIEs A e )

13 pH Soil pH

--¢-- ZR-1
3.5F —a—7R-2+bio-ash --=-- HR
...o-- GLR —o—GLR+bio-ash

—o—ZR-1+bio-ash---A--- ZR-2
—a—HR+bio-ash

3.0

0 10 20 30 40 50 60
132} H] Incubation time (d)
W ZR-1FRWIVIAR HLIHE, ZR-2FRWiVIAAEI 214, HR
FRWIMLIE, GLRF/R) AR ARLLE
Note: ZR-1 means red soil collected from a crop land in
Zhejiang, ZR-2 means red soil collected from an osmanthus
garden in Zhejiang, HR means red soil collected from Hunan,
GLR means latosolic red soil collected from Gungdong
K2 AEZLEAS A BOR B SR id fe rp L e p HBh 5284k
Fig.2 Dynamics of soil pH during the incubation of red soil

amended with bio—ash, relative to type of the soil

IR AT PR AR 21398 5 M R X X R B T R 59.7 %
92.9% . 80.9%F193% , X IE ALY F K al A
R A LE R PR LT P AR X M I R E . B
TnAE By K AR AR LT RS e KT, Gt
Mg By & &, X HtENa iR/ (%£3) ,
RS CAR: LNTE T St G LR S e 3 S I
VLA AR H 208 | Wi AEAE e 20 58 | ) R Ak FH 21
HE 7T AR MR IR AT 4 58 e KR R X B 43 S 1
115% . 83.3% . 171% . 630%, AZ#etECa™ 434
hn102% . 133% . 217% . 1586%, AZHutkEMg™ 435
H189.3% . 100% . 365% . 986% . HIRL:HFIK
KEARFLTIEASHNEK . Ca™ . Mg BN & 43 e ASIA]
R3S LFAE, sS4 PEK 2934 10.6 cmol kg™,
LM Ca™ A N4 emol kg™, A PEM® 29
0.7 cmol kgfl, VLI ASHLEK Y. Ca™ MngrEl/‘Ji%E‘E
B AAEYF K SAK, Ca, Mgo LAY K
IR LTIEK . Ca. Mgf5FR R0 o WA= 9 B Ik
L EW AR LI ECEC, [ R ARLEECECH) 1
I 2, U AR K BB R R CECHRAIR £ 35
f14) 2% T 70 FRL A

VN0 A= Wy 3K b 3 RGN 4 2158 0 A RO
B IR SIS R T A e L0 . W 4
FEAEPE 2T 48 . IR A LTI | ) AR AR 41 e 5k
oI n22.5, 109, 17.7f12.25 mg kg™'. &—
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Table 3 Effect of incorporation of bio—ash on exchangeable base cations and exchangeable acidity in red soils

R R FIH T = Qb B K* Na® Ca™ Mg™ H* Al ECEC
Location Use type Treatment ( emol kg" )

AR fem® Xt 1R © 0.48¢ 0.38b 3.78d 0.75¢ 0.25a 6.40a 12.05h

e K 1.03b 0.25a 7.64a 1.42a 0.08¢ 2.58d 13.00a

Wi ® o ® X 0.72d 0.21a 3.12e 0.70d 0.15h 3.81c 8.70e

Y BK® 1.32a 0.25a 7.26a 1.40a 0.04cd  0.27g 10.55¢

W e Xt iR © 0.35f 0.17a 2.01f 0.20e 0.13h 4.35h 7211

R 0.95¢ 0.25a 6.38h 0.93b 0.07cd 0.84f 9.41d

PR o ® it g © 0.10g 0.21a 0.29¢ 0.07f 0.15h 2.30e 3.12g

B K® 0.73d 0.17a 4.89c 0.76¢ 0.03d 0.16g 6.74f

o [ — BN PN R F R AL BRE] 22 738 F p<0.05 . 3 7K - Note: The different lowercase letters affixed to data within the
same data column mean significant difference between treatments ( p<0.05) . MZhejiang, @Hunan, @Guangdong, @Farmland,

®Forestland, ®Control, @DBio-ash

200

180 |

/1'

160
140
120 F
100

80

7
w9 . .

0 1 1 1 1 1 1 1 P — T |
ZR-1  ZR-1+ bio-ash ZR-2  ZR-2+ bio-ash HR HR-+bio-ash GLR GLR+ bio-ash

60

40 F

%4 B Available P content (mg kg ™)

DM -

9285 kb3 Experimental treatment

e ZR-1FRRHNIAR ML, ZR-2F /R 203, HRFORWIFLZLE, CLRE/RT ARIRLIE ., /NG TR o Ak B ]
2252383 p<0.05 8. % /K F-Note: ZR-1 means red soil collected from a crop land of Zhejiang, ZR-2 means red soil collected from an
osmanthus garden in Zhejiang, HR means red soil collected from Hunan, GLR means latosolic red soil collected from Gungdong. The

different lowercase letters affixed to data within the same column mean significant difference between treatments (p<0.05)
I3 AN A 90 B0 X AN [v) 21 38 A A5kl 2 149 52 1)

Fig.3 Effect of incorporation of bio—ash on available phosphorus in red soils

SERULHY, AWK FEGE AR R B p HA I Ni. PhVURPEE 48 B A RS B i ORI i A= )
HEA RS R, XP e R A R, EYBUR O RKEA W REER . BRI UK S A B ‘J

X4 Ry A RO T i A AL Zn, ARHSINA W ORI AR % A RS

2.3 ARMEMRKRMIEFHSES RN ﬁ%ﬂﬁ, Eﬁﬁlmﬁﬂﬂi%ﬁﬁ(ﬁi%pHﬂ
RAGREN, BIMAEY TR, LR , AR T Mn . ZnZ5 i35 1E >0,

ARECA, Cr, ZndfF BB FLA, ARSI T E N EEARE S0 E7] J\j‘)? J G A Rk

W AT R (L JF A 25, WS IAEY BUK G Co . Cu, MR (3R5) , KIAFDLIEIRMS g kg™ W
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Table 4 Effects of bio-ash incorporation on the contents of available heavy metals in the red soil from Anhui ( mgkg™)
Jb B Treatment Cd Co Cr Cu Ni Ph Zn
Xif I8 Control 0.05a 3.87a 0.10a 2.48a 0.48a 5.98a 4.10a
4 g kg EH TR 0.05a 2.65h 0.10a 2.32ab 0.42h 5.11b 4.23a
8 g kg VEWIR K 0.05a 1.98¢ 0.10a 2.27h 0.40b 4.89b 4.58a

e W3R /NG F R R e Ab PR A 22 5335 ] p<0.05 8 % K F-. Note: The different lowercase letters affixed to data within

the same data column mean significant difference between treatments ( p<0.05) . (D4 g kg™ Bio—ash, @8 g kg™ Bio—ash

RS AMEVMRRMNARLIEENSEERSENZIT

Table 5 Effects of bio—ash incorporation on the contents of available heavy metals in the different red soils ( mg kgfl )

Hi Fi 173t Jis:] _
Cd Co Cr Cu Ni Pb 7Zn

Location Use type Treatment
W fem® X R © 0.05a 0.40d 0.10b 1.03a 0.25a 6.68d 3.80¢
A IR 0.05a 0.35e 0.15a 0.97ab 0.25a 6.23e 5.70b
wivr® Hih® Xif @ 0.05a 0.10f 0.10b 0.88hc 0.20b 7.23¢ 5.13b
AR 0.05a 0.10f 0.12h 0.83¢ 0.20b 7.16¢ 4.80b
Wirg® fem? Xof HR© 0.05a 1.45a 0.05¢ 0.85¢ 0.18h 8.26h 5.12h
IR 0.05a 0.80b 0.05¢ 0.87¢ 0.15¢ 8.09h 7.13a
IHRY L ® Xof g Fekr thy ® 0.60c 0.05¢ 0.13d 0.02d 10.96a 0.90e
AR Tk ® 0.80b 0.07b 0.18d 0.05¢ 10.94a 2.63d

e R —FEE /NG RN R R A Bl R 22 38 ) p<0.05 2 3 7K - Note: The different lowercase letters affixed to data within the

same data column mean significant difference between treatments ( p<0.05) . MZhejiang, @Hunan, @Guangdong, @Farmland,

(®Forestland, ®Control, (DBio—ash, @Not detected

KIGABACAE /LA, HEERML, HE
SR AEA TR LA R IR — o W VLA £ 3 5 i
W R G A RS Cr, Zn & BB, AL
ACo. Phi it AL, Wiils: b ifErh, &
SRAMETRITREZM, Wk HagEd,
AMEBZn TR BEAR, AXESCo, NI RE
TR, JTARMRAEY, AHMECo. Cro Niy ZnF
B ER, MAMASCe, PYEMIFAK, £
BESBEAYETEZAUEpH., CEC. AHLEH
W RS RSN R, AN B g R
25 5 FEAINAEY) TR G 4R A RS R
). EAR LG I I AR K 5 A S Zn B 3
B, AH A K P Zn & AR T R v A
SR Y RIbRAE . BEAh, AR E RS
s el b e ) (GB 4284-84) HLE, 1518
R RAEREA WA E 230 000 kg, IR E

1.2 g em™, #HREE20 emitdd, RAGIRE KA
VRN 0125 ¢ k™', TASHIF ST U 2L 9 50K
HiK RS g kg™, B/NTARME R BRI
Ho B, N BEFRRON R, W0 R R
PE B T4 8 A KU AR . i A= 9 B R S5
HoAth 5 4 & 1A S s i AN K

5545 58 0t FH A R AR E WS i AR R A
BAEHE, AT LI R, i ELRERE A AL
M LK, PL Ca, MgfUFRIRA0 . T F A1 K
BAREFRE T B EpHMCa™ &, H KW
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EFFECTS OF BIO-ASH AMELIORATING RED SOIL IN ACIDITY

Shi Renyong" > Li Jiuyu' Xu Renkou'" Qian Wei'
(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China )
(2 University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract In this study, 4 types of red soils and a lateritic red soil collected from Anhui, Hunan,
Zhejiang and Guangdong were used in an indoor incubation experiment to investigate effects of bio-ash
ameliorating these soils in acidity. The bio—ash was produced by the burning of poplar skin mixed with rice
and wheat straws in a power plant. Results show that application of bio—ash increased soil pH, decreased
soil exchangeable Al’*. The ameliorating effect of 8 g kg™' bio-ash on soil acidity was better than that of 4 g
kg™ bio-ash, and the effects were more pronounced when soil cation exchange capacity ( CEC ) was lower.
Because the pHs of the five soils were in the range from 4.2 to 5.0 in which soil acidity was buffered by cation
exchange reactions, therefore CECs of soils had important influences on ameliorating effect of the bio-ash on
soil acidity. The soil with the higher CEC had the greater buffering capacity to acid, thus the pH of the soil
was more difficult to be increased. The increase in pH for different soils due to the incorporation of the bio-
ash followed the order: the red soil from crop land in Zhejiang <the red soil from crop land in Anhui <the
red soil from osmanthus garden in Zhejiang=the red soil from crop land in Hunan <the lateritic red soil from
forest in Guangdong, which was opposite to the changing trend of CECs for these soils. The lateritic red soil
from Guangdong with the minimum CEC obtained the greatest increase of soil pH by 1.1 pH units after the
bio-ash incorporated; while the maximum CEC of the red soil from crop land in Zhejiang led to the minimum
increase in soil pH by 0.59 pH units. The contents of exchangeable K*, Ca* and Mg®* in these acid soils were
also significantly increased due to the incorporation of the bio-ash. The soil exchangeable K was increased by
0.40 ~ 0.63 cmol kg™, the exchangeable Ca’* was increased by 1.93 ~2.57 emol kg™', and the exchangeable
Mg™* was increased by 0.30 ~ 0.36 cmol kg™'. Therefore, the effect was the highest with soil exchangeable Ca**
and then soil exchangeable K'. The content of available phosphorus also increased in these soils, particular
in soils high in P content. Although bio-ash contains a certain amount of heavy metals, the application of
bio-ash would not have much impact on contents of available heavy metals in the soil because of its low
application rate. Therefore, the environmental risk of bio-ash application in acidic red soils is small. To sum
up, application of bio-ash will not only effectively ameliorate red soil in acidity, but also improve red soil in
fertility.

Key words Bio-ash; Acidity of red soil; Soil amelioration; Heavy metal; Environmental risk
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