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Effects of biochar—based organic fertilizer on Cu speciation
and microbial community in soils

LI Yanchun, YE Jing, LIU Cenwei, LIN Yi, WANG Yixiang®

(Institute of Resources, Environment and Soil Fertilizer/Fujian Key Laboratory of Agricultural Ecological Process of

Red Soil Mountain, Fujian Academy of Agricultural Sciences, Fuzhou 350013, China)

Abstract To clarify the mitigation effect of biochar-based organic fertilizer on soil heavy metal pollution and
its improvement effect on soil microecology, a field plot experiment was conducted to investigate the effects
of three biochar-based organic fertilizers (T1, T2 and T3) on the soil nutrition, Cu speciation and microbial
community after 5-year continuous application. T1, T2 and T3 were mixtures of organic manure and
biochar, and the weight percentage of biochar were 3%, 6% and 9%, respectively. The control group was
organic manure (CK1). All treatments had equal nitrogen input. Compared with CK1, T1, T2 and T3
treatments significantly increased soil pH by 0.65, 0.86 and 0.90 units, respectively; T2 and T3
significantly increased soil ammonium nitrogen by 1.94 times and 1.66 times, and T3 significantly
increased soil organic carbon by 22. 7% ; Only T3 treatment had a significant effect on the distribution rate of
exchangeable and reducible Cu, which were decreased by 21.9% and 45. 1%, respectively; T2 and T3
treatments significantly increased soil basal respiration rate (51.5% and 37.6%, respectively) , and T3

treatment significantly increased soil bacterial content, gram-negative bacteria and total PLFAs (15.5%,
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16.8% and 17. 2%, respectively). Redundancy analysis indicated that soil pH and total Cu were the main

environmental factors affected the variation in soil microbial community composition. In summary, T3

treatment had the best effects on improving soil chemical properties, reducing the availability of heavy metal

Cu, and increasing the activity and quantity of soil microorganisms.

Keywords biochar-based organic fertilizer; heavy metal pollution; phospholipid fatty acids; soil respiration
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Table 1 Nutrients content of organic manure and biochar-based organic fertilizer

HE Al 2 o CHEY) 5

w(N+P,O-+ w(Cu)/

H o(N)/% «(P0)/% w(K0)/%
Fertilizer type /% P ' ’ ! ! K,0)/% (mg/kg)
A HLAL Organic manure 0 7.57 1.71 1.95 2.15 5.81 542. 30
HAEAHLIL T1
. . . 7.75 1.69 1.90 2.10 5.69 526. 32
Biochar-based organic fertilizer T1
B A ML T2
) . . 7.77 1.67 1.85 2.05 5.57 510. 35
Biochar-based organic fertilizer T2
wAEEAPLIE T3
7.85 1.65 1.80 2.00 5.44 494. 38

Biochar-based organic fertilizer T3
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Table 2 Effects of different biochar-based organic fertilizers on soil chemical properties

pigiid o wCHPLIR)/  o(2R)/ C/N wEBR/) o(HERD/ oCHMEB/ oGERHD/
Treatment (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
. 5.58+ 12.07+ 1.34+ 9.01+ 12.59+ 5.29+ 128. 20+ 380. 33+
KO 0.20b 0.17 ¢ 0.05b 0.21a 1.00b 1.11b 16.97b 34.96 a
) 5.75+ 14.49+ 1.73+ 8. 38% 8.57+ 6.70+ 193. 97+ 424. 67+
il 0.29b 1. 16 be 0.09 a 0.23a 2.03b 0.57 ab 19.26 a 74.53 a
6.39+ 15. 29+ 1. 71+ 8. 954+ 12.54+ 7.28+ 202. 53+ 453. 67+
T 0.13a 1.87 ab 0.18a 0.20a 2.47b 2.19 ab 22.30a 58.24 a
6.61+ 16. 14+ 1.69+ 9.57+ 25. 21+ 5.20+ 199. 83+ 465. 33+
e 0.08 a 1. 24 ab 0.06 a 0.58 a 0.65a 1.26b 8.92a 17.21a
6.65+ 17.78+ 1.86+ 9.62+ 22.82+ 9.75+ 221.50+ 442. 33+
B 0.0la 0.70 a 0.14a 0.85a 2.37a 1.33a 16.40 a 58.19a

1« R A0 B 5 AR TR /ING R 3R 45 Ab B R 22 5 8 35 (P<<0.. 05) . F IRl

Note: Different lowercase letters indicate significant differences among treatments (P<Z0.05). The same below.
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Table 3 Contents changes of different Cu forms in soils with different treatments

i Cu ] 3825 Cu 25 Cu T4 fL 25 Cu 5 it 45 Cu Ay TR A
BHE Total Cu Exchangeable Cu Reducible Cu Oxidizable Cu Residual Cu SYBLR/ Y
Treat- Distribution
ment w/ w/ SrHL R/ w/ SrHe R/ w/ SrHL R/ w/ Srie R/ rate of
(mg/kg) (mg/kg) % (mg/kg) % (mg/kg) % (mg/kg) % bioavailability
. 20.794+  0.114+  0.54+ 0.14+ 0.664+ 0.46+ 2.23+ 20.07+t 96.56+ 1.20+
Ko 0.83b 0.01c 0.07 ¢ 0.04 ¢ 0.22 bc 0.24b 1.12b 0.92b 1.26b 0.27c
. 34.424+  0.57+ 1.60+ 0.30+ 0.82+ 2.45+  6.83+ 31.10& 90.29+ 2.42+
Kl 2.66 a 0.06ab  0.17a 0.02b 0.06 b 0.23a 0.66 a 2.68a 0.97 a 0.11b
1 35.11&  0.624+ 1.78%+ 0.28+ 0.794+ 2.25+ 6.32+ 31.96t 91.11+ 2.57+
3.14a 0.05a 0.13a 0.05b 0.08 b 0.74 a 1.64a 2.34a 1.60a 0.16 b
T 34.67+  0.564+ 1.61+ 0.47+ 1.36+ 2.81= 8.08+ 30.84+ 88.95+ 2.97+
0.85a 0.04ab 0.14a 0.02a 0.07 a 0.53a 1.37a 0.44 a 1.31a 0.20 a
T3 36.51+ 0.46+ 1.25+ 0.16=+ 0.45+ 2. 75+ 7.61+ 33.14=+ 90.69+ 1.70+

2.53a 0.02b 0.03b 0.06 ¢ 0.15¢ 0.52a 2.00 a 2.98a 2.00 a 0.13¢
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J& Cufy B, X 5 FR M5 45 A — 3. 1EDIXT
EHEBETREMNRISESEZERZEIALA R
EWMHIHE MESESRTIEZAXRSEEN
XKW, AEEBSIEE D, B S TR
SR, TE H AR KA 5 B AR W ORI 5 AT A DR S AE
WY IREE T AT AL T ACH A DR A A A B
A AT AR A R S ) b A AR E T LA A A

e R AR A 1 R REAIRAE T, U I e A LIS X+ 4
Cufy — & B BEAL R R . A B 95 & Bt FH A= 9
WA LLKIEFIKA RS ES R S8 JHESESR
T 7% 285 1) T 38 5 2 R B v A B AR 5 AR BIE 5
S5 — 3, ASHIE ST b i ke A PLE RE
KR AR Cu 2k A 50t Y D 18 T 8 5 26 0 o e A B
PERAT 56— 5 T AR W) G e R 1B A E R I R LS
TEE AR, B KA E 2 B L KR = A BH
Tfa i SELBE LRI R, FEILE
& B MR RS R ML WA B 5 — i, K it
A B S HUAE J5 A 45 4 48 pH 4 &5, AS AU RT LA i
- 8 J A N s £ R fr ) 4 JE T R IR RE T
1 HoAl AT DL AR BE 4 ) B8 1 5 i 2 4210 OH B
BLITHE , M B T 4 1A Sk
3.2 REFAVEN T EMEYEEEHNNZM

i B2 5 A it R 2 A HLAE T3 )5, + Lk ip
W DRSSPI G OAHTE FLE PLFA & e #8 LL A7
HLIE AR BE CCK DD i 25 14, 36 W o A HLIE T3 fE
R R IR E R R . X ATRE R T
A= W) 5k AR B HLAT 22 L 45 F AR R R i AR A Ak
(A 7 R BE A B o 64 ML A 3 0 2l 38 + 39 B Ak
SIS N D R QAR 7/ N AR S SR i
FHSY S BB SR 5T & B ife FFAS [R) JRAE A 9 S5 i
I AE P R R AN B L ECTA Ok T S A R
B SAMREGRM 8. G 5G WHEE
FEEE [l RAE LAY 2 AR R .G 5
G H MK, Fom + HE G A 4 32 21 36 5% b a0
SRS RS, RIEA VAN G E G
Fb X AR A B AT R AR U B K 3 it Ak SR A LR SR
L YRR 2 B R B 38 R B TR L SR
FEEZ MR R MR R,
3. WEYBEESLEAFER.EARSHE

P33

RDA 4 #7 26 W1, pH 2 52 i S A 9 B 76 A8 S 19
& FEAGT N, S IERA Y AT PLFA &
LGN B AR AR S pH 2 R E A G,
X5 A ST A R A — B R T e 2
pHRERZ M Z Fi A 5T I 2 U E YR E &R IE
BUKEEESES, B4R Coll HAERMEET
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RN EFRITE o i BB A R B B i aa
B o WFIE AT KR Cu(<<100 mg/kg) A] {2
HE AN A= K T R Cu (=200 mg/kg) W) A 4171 1
YER . ARBESE P, 3% 82 5 4 iti FH A HILIE F % 3 A HL
B 5, 3 8 Cu #5834, 42~36. 51 mg/kg, 131k
T A HE V5 g KRS B 2E H (GB 15618—
2018 ,6. 5<pH<7.5,Cu< 100 mg/kg). RDA 4}
*ﬁ%ﬁﬂi,ﬁcwﬁﬁi%ﬁi%ﬁa 5 m ALK T pH
MEAS A PLFA B & IE W5 & R MAEY &
%%IS%E&C&ﬁ%ﬂﬁﬁa‘é%@ﬁﬁﬁ%#ﬂi%%ﬁ%
R X+ SRR W) A KA R HEVE T, i A 7= 26 4 11
YERT

4 £ it

K 0Tt FH % 3645 LR BE 45 = - 8 pHL, 4 - B
MUBR e SR S EARIEM . Am, DA REA
HLAE T3 B8 fif + 4% 0] 22 e &5 Cu F10] 38 2 Cu 43 il
FRPEAR X 8 Cufi — & WAL BUR . b, e dik
A ALAE T3 Jiti e 26 90 1 95 0 1k R0 0 A8 31
FRRTE UL, AT HLAR T3 7F Bl 3 + ek 2E vk
AR 4 T Cu 80t $2 8 - HE R A W 0 3
VR HROR B .
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