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Beneficial effects of lime and biochar application on farmland soil polluted by mine wastewater

ZHANG Xinshuai', ZHANG Hongyu', HUANG Kai', SHI Cuixian’, CHEN Jianjun', LI Yuan', ZHAN Fangdong'"

(1. College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China; 2. Yunnan Weixin Agricultural
Technology Company, Kunming 650201, China)

Abstract: This study examines the effects of single application and combined application of lime and biochar on the physical and chemical
properties of farmland soil polluted by acid mine wastewater and crop growth. Moreover, the study provides technical support for the
improvement of farmland soil polluted by acid mine wastewater. A field experiment of single and combined application of lime (0, 1 500,
4 500 kg - hm™) and biochar (0, 15 000, 45 000 kg« hm™) was carried out in a farmland polluted by acid mine wastewater in Yunnan
Province. Two factor analysis showed that lime and biochar had significant effects on soil pH, available nutrient content, available Cd
content, nutrient content, and yield, and there was significant association between them. Compared with the control, lime application alone
increased acid phosphatase activity, the number of bacteria and actinomycetes and decreased urease activity and the content of alkali
hydrolyzed N. Single application of biochar increased the number of fungi and actinomycetes but decreased the content of alkali hydrolyzed
N and the activities of acid phosphatase and urease. The combined application of lime and biochar increased the number of microorganisms
and alkali hydrolyzed N content and urease activity, but decreased acid phosphatase activity. Single and combined application of lime and

biochar significantly increased soil pH and available K content, cation exchange capacity, maize biomass, nutrient content, and yield, but it
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significantly reduced soil available P, available Cd and Cd content of maize plants. Correlation analysis showed a highly significant

negative correlation between soil pH and available Cd content. There was a significant negative correlation between maize yield and soil

available Cd content. Both single and combined application of lime and biochar can improve the physical and chemical properties of

farmland soil polluted by acid mine wastewater, reduce the availability of soil Cd and the content of maize Cd, and increase the yield of

maize, which has an obvious effect on soil improvement. The combined application of lime and biochar is the most effective among other

applications. Further, the optimal treatment effect is the observed with 4 500 kg+hm™ lime+45 000 kg+hm™ biochar.

Keywords: acidic soil; alkaline material; field experiment; maize; mine; wastewater; lime; biochar; Cadmium
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Table 1 Physical and chemical properties of tested soil

-3 Soil property B Value
pH 4.4
47 HLJ% Organic matter/(g-kg™) 90.6
45N Total T/(g-kg™) 5.5
4P Total P/(g-kg™) 13.5
4K Total K/(g-kg™) 9.3
Bf# N Alkaline-N/(mg-kg™) 50.2
AL P Available—P/(mg-kg™) 161.3
ALK Available-K/(mg-kg™) 169.5
3745 Cd Available Cd/(mg-kg™) 0.17
4 %475 Pb Available Pb/(mg-kg™) 16.5
4> Cd/(mg-kg™) 3.0
4 Pb/(mg-kg™) 57.4
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145 000 kg - hm™, 31 2[R 2 = K19 1E 52 iR 56
(#%2).
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Table 2 The orthogonal test scheme

4bFE Treatment LCAK)/ (kg+hm™)  BAED®)/(kg-hm™)

L1B1 0 0

L1B2 0 15 000
L1B3 0 45 000
L.2B1 1500 0

L2B2 1500 15 000
1.2B3 1500 45 000
L3B1 4500 0

L3B2 4500 15 000
L3B3 4500 45 000
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Figure 3 The influence of lime and biochar on soil enzyme activity
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R3 AR EYRNTEFSEEMNFID(mg-kg™)
Table 3 The influence of lime and biochar

on soil nutrient content(mg-kg™)

x4 AR EYRITERE/RNSENZM(g-kg)
Table 4 The influence of lime and biochar on nitrogen content of

corn plants(g-kg™)

Jb B HHP HAK TR N fb s Lits £ - kL

Treatment Available-P Available-K Alkaline-N Treatment Root Stem Leaf Grain
L1B1 42.7+2.2b 75.2+13.0e 36.2+4.0bc L1BI 0.67+0.13bed  0.34+0.04bec  0.70+0.08bc  1.18+0.14a
L1B2 29.1+1.8de 135.9+6.6d 45.5+7.0b L1B2 0.54+0.07d  0.38+0.04b  0.47+0.05d  1.21+0.03a
L1B3 33.6+3.6cd 371.3£6.9a 22.2+4.0de L1B3 0.65+0.02cd  0.34+0.02bc  0.79+0.04ab  1.27+0.08a
L2B1 29.0+1.9de 80.0+2.2¢ 24.5+7.0de L2B1 0.80+0.05abc  0.25+0.03d  0.50+0.06d  0.97+0.06a
L2B2 27.0+3.2¢ 181.0+3.3¢ 19.8+4.0e L2B2 0.67+0.02bed  0.28+0.02c¢d  0.67+0.02¢  1.27+0.08a
1.2B3 35.0£2.1¢ 313.4+13.8b 36.2+4.0bc L2B3 0.93+0.04a  0.41+£0.04b  0.84+0.03a  1.27+0.10a
L3B1 25.4%2.2¢ 77.0£9.1e 31.5+4.0cd L3B1 0.89+0.06ab  0.40+0.02b  0.88+0.02a  1.34%0.11a
L3B2 47.5+3.8a 143.4+10.8d 38.5+7.0bc L3B2 1.03£0.11a  0.60+0.05a  0.79+0.01ab  1.27x0.11a
L3B3 25.3x1.4e 298.0+16.6b 59.5+7.0a L3B3 0.90+0.03ab  0.44+0.02b  0.72+0.06bc  1.20+0.01a

Two—way ANOVA analysis Two-way ANOVA analysis

VE 2 PR - bR E2E (n=3) 5 [R5 5 J5 AN ) /NG 5B
FR AR 225 B3 (P<0.05) o BN R Ty Z 3 d R LA A K
Ab R, BACER A W p b PR LxB AR SR A7 IR A W) ¢ Ak PR 52 TR0V 5
NS: 223 AR 3 5% P<0.05;%%. P<0.01, FAl,

Note:The data in the table are average values + Standard deviation(n=
3) ; Different lowercase letters indicate significant differences among
treatments (P<0.05). In the two-way ANOVAs, L represents lime
treatment; B represents biochar treatment; LXB represents the interactive
effect of lime and biochar treatment ; NS: Not=significant; *: P<0.05; **:
P<0.01. The same below.

K 68.0%~102.7%. 86.7%~90.4%. 26.2%~35.0% .
13.8%~34.5% ; A1 K HUfE AL B MY OFFRE K 75 1 38 i
4 9 N 20.09%~73.3% . 24.1%~27.6%, 1L.3B1 At 3,
25 MK S A SN 45.8% . 29.1% s 41 K R W R I
fit A BE R AR 2K OFFRL K 5 & 4 S i 61.3%~
78.7% . 39.8%~83.1% . 34.0%~43.7% . 20.7%~41.4% .
AR A= 5 Bt R TC it A R AR (25 RPRE K B
5 LIBL AN PR Z [ A7 1E 35 22 5 (P<0.05) . WU
RO 22T A KGR ZE Rt K5 A7 e 2
R R B 2R RO K 5 AT AR
S, I H T Z A TEAR 25 M RUEERE K B i B AR AE
LTHAEM . WL, EK P NP K FE53 W 538
FE U I KA 354
23 MTE-FRERCIEENZMN

FH L 4 R, gt g R 7003 BE RIS 13 A0S Cd
Frim, HAR A9 it A5 LB 1 Ab #2257
#(P<0.05) 5 LIB1ACFEAHEE , A7 K A= 400 Jo¢ Bt A
Jic it Ab B 4= 35 A5 S Cd 43 51 B A 64.099%0~90.14%
23.22%~96.46% .52.44%~92.96% , Fo v A= 1) e Bt
I - 58 2GS Cd RCRIL T A K St A K A=)

1% WHART]

=5 AR AR ERE4RPEENZIN(%)
Table 5 The influence of lime and biochar on phosphorus content

of maize plants(% )

b3 i £ I ik

Treatment Root Stem Leaf Grain

L1BI 0.17+0.05bc  0.08+0.01b  0.38+0.02bed  0.23+0.03d
L1B2 0.15£0.04c  0.06+0.01bc  0.36+0.08cd  0.29+0.05¢d
L1B3 0.18+0.04bc  0.12+0.02a  0.30+0.03de  0.22+0.01d
L2B1 0.19+0.03bc  0.03+0.01¢ ~ 0.25+0.02¢  0.30+0.03bed
L2B2 0.26+£0.03a  0.12+0.02a  0.40+0.06abc  0.31+0.04bcd
[2B3  0.20£0.03abc 0.12+0.03a  0.47+0.05ab  0.44+0.02ab
L3B1 0.23+0.02ab  0.04+0.01be  0.50+0.08a  0.56+0.04a
L3B2  0.21+0.05abc  0.14+0.02a  0.41+0.08abc  0.39+0.04bc
L3B3 0.14£0.03¢  0.02+0.0lc  0.41+0.03abc  0.41+0.05bc
Two—way ANOVA analysis

L * NS NS ok

B NS ok NS NS

LxB * *% NS *%
BBCH o AR ek R it P e 45 SRR B Bt A i

ORI, 1 3 RS Cd 52 TR a3, T L it i el R

F e —Fh AT R AR - A RS Cd vk, Hop Ik
it B A T Ry 4 500 kg - hm™, A= 1) ¢ B it f A2
4745 000 kg-hm™, £1 K A4 B it 5 £ FH 4 4 500
kg-hm™ 47 JK+15 000 kg - hm A=W 5é . AR K Ty 225>
BT B, it fin A 1 R A 40 e et - 6 0 Cd & B AT
FEM B 25, H 3 2 [ A T 3 1 58 B
F R 3 fR oA RS Cd B R AR S TR 1
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Table 6 The influence of lime and biochar on potassium content

of maize plants(%)

RT AR EVRIERERCIEERFM(mg-kg)

Table 7 The influence of lime and biochar on Cd contents of

maize plants(mg-kg™)

Jb 3 Ui E nf FPHL
Treatment Root Stem Leaf Grain
L1B1 1.01+0.15a  0.36+0.05a  0.65+0.11a 0.07+0.02a
L1B2 1.03+0.13a  0.15+0.01f  0.42+0.02b 0.04+0.01b
L1B3 1.06+0.03a 0.31+0.03abc  0.56+0.02ab  0.06+0.01ab
L2B1 1.16+£0.07a  0.34+0.03ab  0.62+0.04a 0.04+0.01b
L2B2 1.11+0.09a 0.29+0.03bc  0.47+0.04b 0.07+0.01a
L2B3 1.01+0.01a 0.19+0.04def  0.46+0.03b  0.06+0.01ab
L3B1 1.01£0.02a  0.22+0.02de  0.64+0.10a  0.06+0.03ab
L3B2 1.00£0.08a 0.25+0.03cd  0.43+0.06b  0.06+0.02ab
L3B3 1.11£0.07a  0.1620.0lef  0.63+0.03a 0.07+0.01a
Two—way ANOVA analysis
L NS ok NS ok
B NS ok NS NS
IxB NS *% *% *%

Ab M £ i FrkL
Treatment Root Stem Leaf Grain
LIB1 0.75+0.13d  0.83+0.05d  1.03+0.04d 0.29+0.01e
L1B2 1.26+£0.09b  1.55+0.01a  1.35+0.04c¢ 0.33+0.01d
L1B3 1.52+0.04a  1.58+0.05a 1.39+0.0labc  0.39+0.02ab
L2B1 0.90£0.01c  0.79+£0.04d  0.91+0.03¢  0.37+0.04bcd
L2B2 1.29+0.04b  1.16+0.06c  1.38+0.04bc  0.35+0.02cd
1L.2B3 1.33+0.05b  1.32+0.03b  1.48+0.09a  0.37+0.02bcd
L3B1 1.30£0.10b  1.21+0.04c  1.3320.03¢  0.36+0.01bcd
L3B2 1.21£0.11b  1.29+0.03b  1.39+0.06abc  0.38+0.02abc
L3B3 1.34+0.01b  1.52+0.03a  1.46+0.08ab  0.41+0.01a
Two—way ANOVA analysis
B ok B sk ok
LxB sk ok ok sk
0.0250 4 L:#% By#** LXB.**
T “1ob
~£0.0201 ‘|’
o0
EE{\\E, J_
12 0.015F .
=8
O F c '|'
Ko 0.010F L
=30 d l
T
=0.005F
5 . e e e
= - [ 1

L1B1 L1B2 L1B3 L2B1 L2B2 L2B3 L3B1 L3B2 L3B3
AP Treatment

B4 Bk £y T EAHESCIEENFIT
Figure 4 The influence of lime and biochar on soil

available Cd content

AT IRFIEE ) 1%

AR 40 ALt RN e 1 R K AR &R Cd b
fn, {25 LIB1 AR 22 5o S35 (P>0.05) (R 7). A4
BHEBARAAL R 28 I RERE Cd 5 BEY R RE BRI 43 5 N
13.9%~58.3% .13.8%~35.4% . 14.3%~42.9% ; £1 JK Hjiti
ARBRTR 25 v FPRL Cd & R IR 5 51K 5.69%~38.9%
1.5%~4.6% 14.3%~42.9%; 1)K YR FCHE b BT,
28 IR 9 19.4%~55.6% .3.1%~33.8% ,F1KL Cd
SR N 143%, L1B2.L2B1 ¥ F Rk Cd & 2 5
L1B1 b3 2% 5 W % (P<0.05) , AT T 2 %A
AR EY R AIBLREANEE R, CA7E FOREE N
B3 A RS AR S > ZES K . UK 3Ry 25 3 i 3k
B, 1 O ZE RO RE Cd B A7 AR AR S 25 5 ), 2B ) J

XF2E5 Cd o B AFAEAR 35 R, H 3 Z 2R i
AL Cd &1 EAAESS HAR
24 EXREMENFEH I

5 LIB1ARIEAR L, A K AW e B it A B it ¥ 3%
B0 AR (2 8) , R 430N 27.8%~38.7%
29.0%~32.3% .30.8%~48.6% . 1 JK £ W5 Fjita A
i B REIG AR (25 AR R, AR SR R B>
ZESHR A K AR e BRI B A R A R, &
K AE Wi FURFRL ™ i S B EE  AK ARk BT
I, 240 K Bk A 0 it P 0 B, Bl ) — A it
FH-R A 360 K AR i kR e e A, e
L3B3 LI, 25 25 B A= W i A ik B i R fE, R
AR EY) BTt A IR A2 ) e PR R B G, FL
TEAT IR W e Bt it P 2k B K, oK A i
FIHG = RO et . WUR 2R O 20 B R B A O
TAETEA B R A ) e R 25 A W R FURF R
FEAERR S 3 g, HL 3 Z R ek ™ i AR T
ZHAE .
2.5 HXMESH

MR PR, FAMWAY R 58 pH HALK &
T CEC il 28 TR 55 0 il 5 P 2\ 25 el .
IEAASE 25 A S pH H K 5 i F CEC &2 B 3% 1
A& MR YRS pH  CEC & i | EA R IS M 5 0 2
o R IR A O, 5 A RS Cd i A UM
K KPR L pH L REWE B TS M AR R B, 5
HEAWES CdEFERE B ENMG, HpH SAREE
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Table 8 The influence of lime and biochar on maize biomass

and yield
hb3m H:WiE Biomass/ (g« plant™) Va8 ARy
Treatment H Root Z£ Stem M Leaf  Yield/(kg-hm™)

LIB1 15.8+4.5a 48.3+7.2¢ 61.3+9.3b 8206+328e
L1B2 27.3+5.5a  65.3+9.0abc  71.3+8.5ab 10 860+32¢
L1B3 32.0+2.7a  82.3+9.2abc  90.3x14.5ab 10 586+93cd
L2B1 26.0+3.6a  56.0+6.9bc  80.0+5.7ab 10 486+64d
L2B2 31.3+6.6a  89.3+8.6abc  72.0+25.1ab 10 737+34cd
L2B3 38.3+3.9a  99.3+5.8ab  106.0+7.1a 11 588+316b

L3B1 30.3+2.2a  64.0+2.0abc  88.0+11.5ab 11 383+155b
L3B2 32.7+3.1a  103.0£16.3a  106.0+x10.7a 10 904+181c
L3B3 49.7+2.7a  103.0+15.9a 106.6+14.2a 12 192+144a

Two-way ANOVA analysis

L NS NS NS o
B NS ok NS ok
LxB NS NS NS ok

Cd & b 5 2 11k 06 (,=—0.933, P<0.01, n=6) ; -
B R K & 5 K & 5 (7=0.736, P<0.05,n=6) . 2%
K & (r=0.701, P<0.05,n=6 ) & B Z TF A .

3 g
3.1 ARMEY R EE pH CECFEWFHERD
A

AR BB RN, 47 B AT LA AR A
S rP S AN R A R AT 18 3% pH T, b ST
Ca Mg 558 IR0 R L I S B IRV R A 2 R ™2
TE TR P 8 PP i A= 1 ¢, DR 3 T B —COO0—
—O—55'H RE TR B Y T2 A7 AE L 20, AT ] A2 i vy
L3 pH, HAEW B K5 5 A Ca Mg K Na 25 41
BER T A LSS o R IER R H A T S
PEMT AR I B, $i i L3 pH. WSS, i A
IR g de s L4 CEC, AWk L R THBALK,
FLBU R R REM &, & A J7 A R RS
BEWAT, AN E) L5 5 T DU e 1 S AL 4
1o 22 T SSHE 1, A A TR0 3% CECPY

IR R AN B LR AR AR SR A
Wi BE YR BT BOR AR R4S 2 X 1
SRR A AT P L R SR A A, R R AL
SENE ) A B AR AR 22— ABIFSE R Y A1 K
A W) 1 RE N 240 TR | L TR R T R o i e
20 TR AL R A o i A K BE G A b,
o LSRR AL AR T, AT 24 b S SR RO, 42 i 77

1% WHART]

F9 EXEHKEYE FEMTEECERZ BMHEXME
Table 9 Correlations among maize plant biomass, yield and

soil indicators

U PE) 1k Biomass kPR it
Index HiRoot Z£Stem I Leaf  Yield

pH i pH value 0.820%* 0.766% 0.837%% (.841%*
A N & BE Alkaline-N content  0.493  0.290  0.373  0.344

T P £ Available-P content —0.371  0.080  0.081  -0.519
ALK & B Available-K content 0.673*%  0.678*  0.570  0.465
FH i 28 ffi it CEC 0.682%  0.740% 0.728%  0.548
RO Amount of bacteria 0626 0.308  0.405 0429
FLR R Amount of fungi 0572 0628 0566  0.332
TR A 0.697* 0.574  0.594 0411

Amount of actinomycetes
RIS 1 Urease activity 0.523  0.441 0440 0598
BEBHBES P Sucrase activity  0.846%%  0.614  0.841%% (.798%*

PR P W PR T 6 1 -0.568 -0.594 -0.612 -0.427
Acid phosphatase activity
THEERES Cd F i 0.650  0.564 —0.746* —0.678*

Soil available Cd content

IMEIRRE ST, P SRR W R YR A R B
FE B FLBR A, Al A RN BB P A ) A
g, g b SRR My B A ST R AR B AL () I LR T R
F14 FL B 25 4 ] 18 AR A R AT S 3t et Rl A
P BFER . B AW A A i i A AT BB 2 [ A1
TSRERCEY AR . O A R RL Y AR 8 A
JR ot A [5) i DCRIAN [ £ 49 08 52 i A7 A BR 22 5, BT
LA, FEHE FH A= 90 5 A0 A0 BRI, 2308 3 DX HEA 7 R A, 42 1

e SRS, A RE IR R Y B — U A A 1
Hi.

IR EARORAR B R IET SRR
TRANEE By 553 ) - SRR A D AL RN 2 , BT AR A
SRR L SERET L RS PEAT D S AT L)
T AT B8 LA B - S JE i I Al 5 P P S ke, 8 A
TR I AR WIS R AR DRI D 0 R T R
K i, W] B S S LA LR R e A 7R -
S W91 A A % P 0 e AT ) 2 e - AT BIL R Y 0 iR e
AR - SRR e ) 4 A 201K A ) B R A0
SRR A PR MSOR) P F) o 2 B R R 3 o A LR
AR A B I e S R e Py 1) BRI
AW HAS IS B B T AL, LA
Hay 34 RE A% W% B SR JEE ), BT AR 2 il i S ) A
AR AR A TS I L T AR WS Bl X
AR IRAT LIS S e, o SRR At B 22 1) S
JOLJEE W, DT i o - SRS 1R AR RS, B 4
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