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B HREFE (P<0.05) BT 69%. 84% Fv 72%; 1% THRI &4 M2 5L H (P<0.05) BT 26%. 63% #» 36%, H
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Effects of biochar from different raw materials on microbial activity in
heavy metal contaminated soil
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Abstract: [Objective] This study aims to investigate whether biochar prepared from different raw materials
can alleviate the stress effect of long-term heavy metal pollution on soil microbial activity, so as to provide
scientific basis for biochar remediation of contaminated soil. [Method] Three kinds of biochar prepared from
bamboo leftover (BB), Carya cathayensis peels (PB) and Zea mays straw (CB) were added to the long-term lead
(Pb) and cadmium (Cd) contaminated soil at a ratio of 3% (biochar soil mass ratio) respectively. The changes of
soil nutrients, available mass fraction of heavy metals, soil microbial activity under short-term application of

biochar were analyzed. [Result] The addition of three kinds of biochar did not affect the total amount of heavy

Wk HEH: 2021-06-19; &EIH#H: 2022-01-27

HETH: BEREARBIFESRITH (41977083); Wil & = AR 55 28 £ 9 4 (2020YQ004); HivLA
MR ARSI E (2020KX0049)

YEZ TS AB4E (ORCID: 0000-0003-2253-5236), gk TAEIN, MFFHIEMREE A BB E 5. E-mail: 1057465615@
qq.com. EMEH: MR (ORCID: 0000-0003-2070-805X ), AI#H%, i+, W HEEMEY SHENE
Y . E-mail: junhui@zafu.edu.cn


mailto:1057465615@&lt;linebreak/&gt;qq.com
mailto:1057465615@&lt;linebreak/&gt;qq.com
mailto:junhui@zafu.edu.cn
https://doi.org/10.11833/j.issn.2095-0756.20210438

55 39 55 3 ] AP AESE s STRIEURHAE B B o R R T Y SRR W A R ) 645

metals in soil, but significantly (P<<0.05) reduced the mass fraction of extractable Pb and Cd in soil calcium
chloride (CaCl,). Compared with ck, BB, PB and CB significantly (P<<0.05) decreased CaCl,-extractable Pb
concentration by 69%, 84% and 72%, and CaCl,-extractable Cd by 26%, 63% and 36%, respectively. PB
treatment was significantly (P<<0.05) lower than BB and CB treatments. PB and CB significantly increased soil
pH (0.79 and 0.51 pH units), soil organic carbon (37% and 74%) and total nitrogen (12% and 41%),
respectively, but BB addition had no significant effect. BB, PB and CB significantly (P<<0.05) increased the
total amount of phospholipid fatty acids (PLFAs) in soil by 33%—56%, gram-positive bacteria by 30%—41%,
gram-negative bacteria by 40%—66%, actinobacteria by 34%—52% and fungi by 33%—79%, respectively, but
there was no significant difference among the three treatments (except that the total amount of phospholipid
fatty acids in PB and CB treatment was significantly higher than that in BB treatment). The three biochar
treatments significantly increased the activity of dehydrogenase (2—6 times), but did not affect the soil basal
respiration, while PB treatment significantly (P<0.05) decreased the bacterial stress index (13.9%) and
increased the substrate induced respiration rate. [Conclusion] PB and CB can be used as a better modifier to
decrease heavy metal availability and restore the number and activity of soil microorganisms. [Ch, 4 fig. 3 tab.
29 ref.]

Key words: heavy metal stress; phospholipid fatty acids; microbial abundance; soil respiration

(A LIS YA AN ) Bos . PG 1/5 92 (EFRZY 0.1 {Chm?*)52 G R AR R R T5 Gy, H
R BN BRI ROUER, LUTE XA S AR O B e i o I G T e AN DU E R A
K, RS MR R B G S it b, i B E S et R G T YRR SR i
WFIRE RS-, S0 IS AR R AR KR EAT, 5 BB R B LA S AR S IR S5 T gD
HARTG R IR L, BT T e A R Y A YR L R, AP R R ha Y.
J 30 A I — D7 TR A A 2R R A D RERRAR , I S E R W SR A SR BRI s 55— T ik
AR T AEY AR AR, NI R BUE D SR ek Tiie . (I, mAUBEESRIG I IE, &7+
SEEYITIRE, X OREEHL R AR AT Rl R R HA R X

AW h A ) R ST 2 R AR AR AR, A B R AR AR BB R B ERE ST, B9
FENTEZ R AW RBRAMLBA AL . EORA LR IR . Bk, IR HLE . pH A
PR BE RIS, T ELUHCR A R S AU B (IR L MR Bk RSk R A
B B P o e, mT ARG | [ R AR <5 s o A% ORI R AR W ome xR 4y Jm A 8
SBCR T s R BRI | S B AR R B A OCY, YU SEM BESE R . AR
NIEFRH A R, RS ARAEY G 2 0 A= W e, BAT B B S i AR B A L i ot
Sb, HEVIBURIEA LR BULE T R, X R W B AE A T2 R JONES A5 R
B AR T IR E YA YR, AT RES FLALBRAS AL BT SR A A KR4 A TR I B RE
A Ko AW B v E e AR AR ) A ) R S SRS, TR e - S A M R AR RE 1 H
R, WA= P S0k e G S i AR A E A R VRO T 6w RBURRAE LB 22 fp AR ) A4 T 5 s iy
BAFETTIE A ZAREN e BRI, AR EORL ) # r0) A  R  H  Jm A RE R me A E 2E  x
G A YIS PR T R0 W AT HE o LLAEBE Carya cathayensis e VE R ILAZHE 77 X E LR 7Y Z
—, JCH & R R e X R TG e IR B R AR R ST RORT AR LR A 19 A My e H
AT A — BB .

MM, ARFFCRAE TR IZ AT YR L, AT kL IR SR K Zea mays F&FF
o ECRHR A T 3 MR, i AR AT T AR BRSOt SRR IR AR AR . IERUEY)
FRERTETER R0, O RKIEVR TS g LR M I BRI SR A S B R AR R 2%



646 WroIL R R K A R 2022 4E 6 H 20 H

1 #MEE 7%

1.1 TEFERREMEY R &
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Table | Basic properties of tested soil and biochar

FE pH AWUR(g kg FAgke) WHRER/(m*g') H3/% %FE/(grem”) Hi/(mgkg') H/(mgkg)
+-3E(ck) 6.14 19.45 2.11 - - - 412.00 13.37
Y15 (BB) 9.32 135.62 431 0.89 59 0.21
LAk 5E R (PB)  10.26 337.10 5.24 2.58 45 0.17
FRFEFFH(CB) 9.48 436.81 9.53 2.61 32 0.19

B —FRARIEIN s 25 AR AN E

1.2 Rt

W 4 DB, 5300 X IR (ck). 172k (BB). IRk A (PB). EAFEF 2 (CB), HM4b# 3 A4
HE 3 FEY I LA 3% st it H TS i B T 4 @ 15 Y R DRI A 9 5 e 1) - 58k X R
AR E 3kg ., HAEYTURFES S HIERMRG G REA SR (S FMNRER 20 em) oY, ARALE
BEMLIEL . B3GR 20 R0 KN I (0 SR 22 55 Lolium perenne Ff 718 M35 /8 AHY), 45 M B0 R T
K 1AE, BRI E 8. HEABET/KIEY EHRE 22 60% H A i KK E (WHC)., Zdkilyn ks
FREFIEI 90 d, H5 IR RIS T IR AL UG IR G AR W Bk i sg ), e AR SRR B FoK o 4% 90 d J5 BT R
R Ay, BT 60 C MM T R E R, PR CRE RS, o 2 mm G, RS, 43 1
—y BSRIAT, T AN E 3 — I 4 °C VKRR VKARARATE, T 39PNt 36 P 2 5
R — AR IR TR RAE 270 °C UKFE -
1.3 HEAFERSHT

T4 pH. AHLB . A . WA E ST S RE iU Ay Ok gk Ay, Hoh 4 pH %
1.0:2.5 Tk I . HIEEEY . 57 BT 73 BCR ] HF-HNO;-HCI0,(10:2.5: 2.5, /KB IL) VA 2 skl e, +
ARG AT SRS AY . AT RS R TR 0 BOR T 0.1 mol- L™ GUARATIRR , SRJ5 20 50 e Bl A 25 85 10,
&Y (ICP-OES) il 5E .
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10Me17:0 Fl1 10Me18:0 FRAL L i PLFAs i1 & B /R EE , 18:1w9c 1 18:2w6,9¢ FAIE H.1# PLFAs [t & )5
IRUBEN, AHIFFE Y PLFA JiT it B R Wk B S 3t i 90 e s g 0 1 o it PR JR WK B 2 T, GHG—3RR 22 [R
PPN TR 5 4 2% FC P PR AN R PLFAs B BE RS 2 L, F/B 367 B 5 41 TR O i s i I T oo P /R vk
Z I, cyl7:0/16:1w7c Fm X 4 b 15 YL ia R,
1.5 3R SEEE M | B A P IR 55 2R A0 R 4155 5 P IR 53R 2R U

- B AU R S AL 2R B DU R S, i o = R B (TPF), 45 R D pgrg'-h' %
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JRU A SRR T H RN R . FRAH Y T 10 g TRUR A B WG SRR 58T 120 mL $5580f R 1 g
M RE 2 60% fe K H 47K i (WHC), HIRERCFER £, 25 C fHIRAFAIEFE 1 do IGFRE5 AR — Ak ik
S, SRR R I EAOM G G A (FID fill g%), A8 ) — A pge g '-h' RFROR . RIS
I AR A 1 S R R AL, BEFRIT AR A 30 mg- g #iEbE (AR ZERIRK ), H5FR 6h
JE e AR AR B
1.6 HIERESSEITHHT

JIr AR 1 SPSS 18.0 #E 17T #LR 2 77 2243 (one-way ANOVA), Duncan % 22 5 FL K 1645 R 25 4k
PRI 25 5 W, BEEKR P=0.05. R H CANOCO 4, | H g A= Wy wh i B 105 i o 2 B8
IR B AT R VR 45 4 5 BB T AH DG TUAR 20 (RDA), FIHI R “vegan” 1, SRHI'EH#ZI0IT 2
3 #T (permutational multivariate analysis of variance, PERMANOVA) £ 56 A~ [R] 4b B 1] - G A= Wy BE v 45 44
EZHWEN,
2 BEXR50
21 TESEERESHTL

WEFoR: 3R AEY BRI A IR SR 2, M E (P<0.05) FEAL T A AL 45 T S A5 i
WA SXTRAE LG, AT s BRI T ik . B OR A AF o3 i AT B BRSBTS BRI T 69%
84% 1 72%, MH=35MRITC W E 25, Mok, IWAZBRETeAe . FORFEFF o o3 it T B B 0 o £ 70 B AR
T 26%. 63% F136%, HH ILAZHEH7E 5 A RE AR E Fre K

500 - . 20 -
a + a a a a
T:0400- — i I @15- a %_ a .
< 300 | n
= 200t &
gl W5 L
100
0 0
ck BB PB CB ck BB PB CB
Kb A
3 - a 20
on 2 | on
£ g . b
& g 10} b
G b #
= 1 F b = c
= b mo ST
= § ﬁ =
0 0
ck BB PB CB ck BB PB CB
AP b ¥R

ck. XFHE; BB. 777¢; PB. ILAZBkIH 72 ; CB. FKFEFF IR« A[Rl/ING FRERIR A BRI 22 7 i 3 (P<<0.05)
A1 RERFAEMRFERmT LELF R4 T

Figure I Changes in soil Pb and Cd contents under the addition of different biochars
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Table 2 Changes of soil properties and ryegrass biomass with the addition of different biochars
b3 pH BHRR/(e kg  EHENgke™) AL WA (mg-kg)  REREYRG
Xif i (ck) 6.36+0.19 ¢ 20.59+1.15 ¢ 2.07+0.09 ¢ 9.95+0.21 b 157.00£5.28 a 1.54£0.15 b
Y15 (BB) 6.59+0.25 be 23.29+0.72 ¢ 2.16+0.12 be 10.78+0.31 b 148.00+3.70 b 1.96+0.35 ab
Az ¢ 5% (PB) 7.15+0.11 a 28.25+2.48 b 2.32+0.13 b 12.16+£0.44 a 135.00+6.27 ¢ 2.17+0.37 ab
FKFEFF R (CB) 6.87+0.08 ab 35.83+4.18 a 2.92+0.08 a 12.26+1.14a 143.00+3.52 be 2.29+0.42 a

Bl AN TR R AL BRI 2% 57 2 (P<<0.05)

FEBEZ R XTI, (ARG RS 3 P R B2 (P<0.05) FEIR T T8 200 4, LAl
KT e B RRARMR B N i FORRSFF AN B B3 TR Ay, A 2 R oo HIesm)
23 TIEMEYBEEERBREERRERBEEMTH
PR E T T Bon s 3 MR R B (P<<0.05) #2551 4% PLFAs i BRI, 5% HRAH
b, 7. IAEPETETE MR . FORFEFFIR 23 3 PLEAs i EEVR BEHR 50 T 33% . 52% i 56%(1€ 2). 51t
AHAL, 3R AEY R IS T G+, G- HCER B R B 0 i B TR U TR O EE AR R, R R 0k
30%~41% . 40%~66% . 34%~52% F1 33%~T9% , Fr A1 e it e i B2 2/ N T LLAZ R 7 e A R OKFRE R 2%
LLAZ Bk e % A0 5 KA FF A 340 (8 35 AR T AN B LB EL (P <<0.05), TS L A Bk i 7 ¢ i 25 WA AI T A Pl
FEEL (P<0.05). TURSTHTZERFTM : 565 14l 55 2 o WIfR R T 149 PLFAs 28 519 55.6% F1 14.2%,
Wi REHREE R 69.8%(1 3). LLIAZATH 72 i Al T KGR o b FE-5 oA A BRAE (i 7655 1 b A R
M55 BIRZICH 2RV, AW AR (F=4.049, P=0.005) 50728 T T3 W& 4544
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Figure 2 Changes in soil microbial phospholipid fatty acid contents with the addition of different biochars
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1.0

24 TEBSHENE.EMERAEDESTER 5
T

3 Tl 2 ) I A5 b T o 2 5 ) - L + .
HEH (F 4), S IRATH . WRBEMERBE < N g
0054275 TR B SIF W %, HEmWEN 8 N oy
49%~76%. 3 P AEYI BT (P<0.05) &% T+ S ECd**
SR RRAYE, FOPTS . WbkeR . ToRRE  F [Soc o
TR BB R RE A2 3 208% . 625% Fil 347%. & P ONEE &
2.5 WAEYTE SRS R TFEE S A Po

e 30 RIS IEIR S pH 3 IE AR G
(P<<0.05), Tii5 T SREUHY , ATHEHCHE . e 2L ik - B F=4.049, P=0.005
YB3 UM (P<0.05), B 0B 14 45 1T 40K T 5 1 (55.6%) 10
w TR L B U P B W E DAEOC (P o xtig m. 475 AL BRI 4. TORFEFFAL.
0.01). 44 W30 75 %05 pH 13 11 M1 (P<0.05), TPb. S 4f%; TCd. =45; EPb. ] #EHUAH; ECd. R #2HL

N I AH; SOC. HHLBK; TN. 42%(; C/N. BRAULL; AN. Bl
i 5 TR . TR . AR R ETE L eraepe00l

WK (F P<001). G/GH4 pH, ALK, B3 RERH AR FFT LEBADHE
SRMBRA L (ON) B IEHK, 45 ] $2 B LM TR AT
EI%I‘S EQ Iﬁ% ):D[i i ﬁi}’é& E% ﬁ\‘ *ﬁ % ( P<0.0 5) ) Figure 3 Redundancy analysis of soil microbial communities under the

addition of different biochars
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Figure 4 Changes in soil basal respiration, substrate-induced respiration and dehydrogenase activity under the addition of different biochars
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Table 3 Correlations between soil microbial activities and environmental factors

TiH pH F oK £ AR AR et SR ATHRIGSAY ARG

FERH T 0.46 0.09 -0.10 0.27 -0.21 0.03  —0.25 —0.38 —0.54
T N i i 0.62* 0.39 0.36 0.30 —0.60* -0.26 0.08 —0.69* —0.68*

ot S 0.87%* 055 0.39 0.59%  —0.79**  —042  —0.03 —0.81%* —0.97%*
PLFA T i BE IR 434K 0.78%%  0.80%* 0.62% 0.78*%*  —0.78**  —0.31 0.39 —0.81%* —0.83%*
EH IS BER G i —-0.68*  —0.25 -0.16 -0.32 0.59* 0.07  —0.08 0.79%* 0.76**
G—/G+ 0.72%%  0.76%* 0.62% 0.67%  —0.66* -0.14 0.53 —0.65% —0.62*
g2l VAN ) —0.63%  —0.72%*  —0.74**  —0.48 0.56 046  —0.28 0.53 0.63*

P **FRP<0.01; *FRP<0.05
3 ik
30 ARAEREYRERMN TEESREMTERFRSRESHHZ I

ABETERI: P, ILAZHE T 7 5 R T RAE AT 5o0f e BT ALEUR Bt 0 BT e, (L B35 R A1
T R BERALES TR S A AT R USO8, R 3 Fh SO o 1) 2 Ay s 32 ml W R [
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J&, FERCHAEYA S . UCHIMIYA SEUFFE R . S]] o i A= 4 e 3 i 35 4 s 1 380 ml i
SEEEM . W BREE, JCHIEX TSR BE R . Kl AT SR S Ok 2.5% Al
5.0% [IKAE Oryza sativa FEFT B¢l SR FIATABCSRMRE R, O ELOCHERR . HY b IRV 25 i ik JRLZS M 5k
AL AT, R AR BE LA, Rl T ARV EE TR R TR
T, AHR R AR AL AN R R A, X B R AR AT LUK I R . TR BUS T &R o) O 2 Ayl A
Moy, Hg R EBE R ER AR, WA a8 WO R IR & % 2 AT H 2
Ay I e AR T AR HCS A MR 5t — O i S R R R E BRI A G, Sy — T i SR e i I pH A G A
Wy BRI & A 8 AR BRI (DREE | Btk BREE . R BRZRYIIRSE) HIHBORAY AR AR )
G, W HESIEE TIRMERIS G, B 00 4w i L MW, DTS 3 [ R0 Al T 4
JE Yo 3 Tl A 4y T A ef T i B A R T B BB 1) U R [ R R 0 R BN Ik e o . KA AT
B Krvce MEATSE, IR TE RS FORFEAT AT B i FE R AR, HAR i 1% pH BBt 47
pe, WNITEA H WA ERE S . AOTTErR, Py a e 7 AL 2 MY s, SEsinE B
I, Ao AT S /NGO AR AR, DRI A L 8 S B SRR A S R i T AR, X < 4 B P A
A REREAR

AAP B TR AR R pH, AL R RUKF, RS RZHGE -, %
B A= 0 e I E o A0 AR R HEAE T, (R BERIWIAE S . AW BRI R A E M R R R, H pHL AL
FREM . BRIRER . KR S A Y R AT LU R T LR s, RERS A R R R A
FEHP TORFEFF A AL 72 5tk RABCR BT, X ] fE T FORRS R AL Bl 72 e BA B K 73
Bk, REPRE AN LIERRRE . S —J7 W, AEVBORIER TS RA R, WM TSR, el
AEE (L BERT A I A B B2 IN o A LA 2 MhAEW) B, KA AT ¢ e voy A BRI A1 2 280 R € e
R, XHHAS A B A M 2RO 5o AW A 8 BE 55 B PR AR 2 70 RIS 35 Y ik
AL, (e LSRR D B A IR, LS b AN A Yy B mT RS i b e RO R A R AT
AE-S LW BOs BAT B i A B AT S R BEJ1 4 5 . TAGHIZADEH-TOOSI 4521 53R B . A= 9)
T AR BE M BT 1 9 b B B AR R, EL B sk S SR SR R T R
32 AEERSEMERRN L EGEY FE SR EEMEERMm

ARBFFERW] . 3 Bl AW BRSNS 25 4R i 1 B AR T T S A W WA i U1 TR i 0 R %2
ERUEY R, W RRIR T AR MO 35 BOM AN R L o SRRV E IR LB 72 5 1 TR RS FF AR A
MR BEUEM . Y B n] DU B8k e s R Y F . A ife, Bt
SR LR R A A ad R AR WRSTIESE . AR PR S IS RE 35 5 i IR B R
MLTEA AL S, XY A AR BE R o XA SCEAE BN O 5 A o FLIBR 25 4 P 12
BERY RS FI L TR W RE I A5G, N RUE YR AR A BOHAR B T2 R IR . REIRANG W) 5% 73 LA R ik
RSP, LEHMANN G590« AW Bmons 1380 B i) i Fl e o i i, 39 R T
SRR R, R . AP A R B R S T AU R R R, SRR AR
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