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Effects and Mechanisms of Biochars Derived from Co-pyrolyzing Municipal Sewage Sludge

and Enteromorpha prolifera on Microbial Necromass Carbon in Coastal Wetland Soil

HUA Yuting!, YU Jimin?, JI Binling?, LIU Bin', CHEN Feitong?, REN Haixi', XI Min!, JIANG Zhixiang"*

(1 College of Environmental Science and Engineering, Qingdao University, Qingdao, Shandong 266071, China; 2 Qingdao
Ecological Environment Bureau, Jiaozhou Branch, Qingdao, Shandong 266300, China)

Abstract: Currently, the effects of biochar on the accumulation of soil organic carbon (SOC), especially microbial necromass
carbon (MNC), during its application in coastal wetland soil improvement, are still unclear. To address this issue, a 100-day
indoor soil incubation experiment was carried out with 6 kinds of biochars prepared under different conditions using municipal
sewage sludge and Entermorpha Prolifera as raw materials. The results showed that compared with the CK, the high
temperature-prepared (700°C) sewage sludge biochar, especially for the sodium alginate modified sewage sludge-Entermorpha
prolifera co-pyrolytic biochar (SA-SEB7), significantly increased SOC content, but obviously decreased MNC content. By using
phospholipid fatty acid (PLFA) method to analyze the microbial biomass and community structures of different treatments, it was
found that the total content of PLFAs changed insignificantly under the treatments added with high temperature-prepared sewage
sludge biochars, while significantly increased under the treatments added with low temperature-prepared sewage sludge biochars,
especially for the sodium alginate modified sewage sludge-Entermorpha prolifera co-pyrolytic biochar (SA-SEB3). This outcome
implied that soil MNC generation may be marginally affected by the high temperature-prepared sewage sludge biochars, but
greatly promoted by the low temperature-prepared sewage sludge biochars. Furthermore, under the treatments added with high
temperature-prepared sewage sludge biochars, the relative abundance of K-strategy bacteria such as Actinomycetes increased,

while that of r-strategy bacteria such as gram-negative bacteria decreased. This shift in microbial community may cause
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YEZ A T8 (1998—), Lo, IR N, W05, FBMF5E5 18) R A4 90 5 st -+ e WLER (52 IR . E-mail : huayuting1226@163.com

http://soils.issas.ac.cn



96 +

4 557 &

K-strategy bacteria to reuse MNC produced by r-strategy bacteria as a nitrogen source required for their own growth, and then

reduced the accumulation of MNC. In summary, SA-SEB7 has greater potential to increase SOC content in coastal wetland soil,

and its main contribution is from the stable organic carbon input of biochar itself, rather than by promoting the accumulation of

MNC.

Key words: Biochar; Coastal wetland soil; Microbial necromass carbon; Phospholipid fatty acids method; Necromass recycling
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MEGIRAEY BN pH, B2 (EC). MHE 1At
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Micromeritics, USA) il x& 5 ¢ A= ¥ ot ¢ b 3R 1] #H
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Table 1 Basic properties of tested soil and biochar samples
AT R 11 B AEY B
SSB3 SSB7 SEB3 SEB7 SA-SEB3 SA-SEB7
pH 8.26 £2.10 a 8.74 £1.33 a 9.60 £0.77 a 9.14 +0.54a 10.64+211a 9.37*132a 11.36+*251a
EC(mS/cm) 3.29+0.77 a 145 +0.24c 0.64 +0.06 d 3.15+1.10a 2.20+0.37b 455 +098a 3.80+1.64a
CEC(cmol/kg) 10.45+253a 10.29+137a 13.71 154 a 10.76 =x2.66a 14.07 *x1.63a 1390+3.14a 1481+212a
TC(g/kg) 56.71+10.1c  89.22+21.3c  128.11+13.7b 171.24+211b 21532+20.2a 126.31+1.06b 142.14 +22.1b
TN(g/kg) 6.13+043c  13.64+1.12b 16.07 +2.17a 16.59=+1.22a 18.14+126a 13.21+0.93b 13.62+1.48b
TS(a/kg) 0.30 +0.11b 0.36 +0.16 a 0.44+021a 0.42+033a 045%0.15a 0.32+025a 0.37=+0.16a
TH(g/kg) 4.87 £0.12d 7.76 £0.31b 6.77 +£0.52 b 7.34+037b 9.68 £0.75 a 5.60 £0.77 ¢ 7.03 +0.44 b
C/H 1158 +£0.04¢c 1152 +0.11c 1892 +£1.07b 2333 x096a 2215+1.77a 225*119a 20.21+0.78a
CIN 9.25+0.17a 6.54 £0.45b 7.94+032b 10.32 +0.73a 11.91+0.22a 9.53*137a 10.44*0.57a
SSA(m?/g) - 0.55+0.15¢e 46.87 £7.21¢ 0.13+0.06 f 67.87+5.22b 158+0.11d 92.86+6.12a

T R RATA NG TR RO R AR S (LA 1) 18] 22 5+ 1. 3% (P<0.05).

Yy TR AN IR B (CK) AT 6 N5 U1 A 40 Jo ¢ s i A B
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1.4 HIEAESSZITHHR
JITA I E i R A Y R, LUK SOC,

MNC Fl PLFA & & 48 bR 31 50 K 28 05 25 40 0
(one-way ANOVA) 5 S4B FbRE2E | X8 A6 50 46 I
(7] — 5[] A [] A 38 27 i) 8 [7] — &b BRAS ] O8I0 i i) 22
() 25 57 10 B, W EPE/KSE S P<0.05 i1 P<0.01,
f#1FH Pearson AHIOCHE TR ST HEREE | B TR R
PES A TR, A% MNC & 4845 5002k 35 bR
ZIIER, FEXTHEA T M0 o 8 R 5/
TR AR R (PLS-SEM) X AL AR R L AR
RRfl MNC a2z B PR SRE R AT M.
SPSS 23.0 #AT R RAN AN GE 114047, 4 OriginPro
2021 B AT IEDE 25

2 GRS

201 TEEARAURMETN

Kig% 100 d Jo Xt A b 2 e s A T e, H
SEIRNER 2 PR I RAY R AN B E RS T I
CEC{H, XI5 Ti5iEY ik A Bigm i CEC{E
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MARAEA pH —2, M3 Eh EHWAEMKRE, &k
TS Ve A Pk N T 4 B (B, WIGTR A
5 Ve E MR s i SA-SEB3 WA T 3% Eh
{E. 38 Eh {EAE R B i+ 58 A TR R A HE B
5 85 o A AL B R A i A DR DS,
RIS Je L W) T e A BE 418 Eh {5 CK AbHL i 3%

s, SR A3 Sy il A BT S =R, AN
A K Z BRG], 1M SA-SEB3 ZbHIAH fZ .
A ) 5 e R — P EL AT R R R T A B SR RE ST, Rk
JI A 5 e AR W) o e b B S 5 B N T 4Ry TC &
N 118% ~ 183%), Hirp, miRisik-iF it
S 4= W) i ok (SEBT 1 SA-SEBT7)Ab H 1 fin ity i JiE
omr, X5 HA®EMRSEEE )M tE® M
SIS [ REH, t 5 R B TN F i (13.21 ~
18.14 g/kg)ikfm THI4G +1#(6.13 g/kg), HULFTATTE
Ve AW s AL 384 2 e e T R A S i, 5
TC Ml TN &k AR R, 4575 e A= 0 o2 o s fin Ak
P B T 3 CIN HUfE. C/N FBfiR &, fEfg
T - e b S W oy iR AR R, 4kinigsE SOC
16+ R E AR RS, 1535 100 d )5, BRI TS
Ve A=W B R AL R (15 SSB7 Ab 3R A1) 3432 R s 44 i - I8
NH;-N & s, (BRI B 5 e A 9 BT o Ak
JH (40 SSB3. SEB3 HI SA-SEB3) 5 CK Ab B 2~ 6] 77-1E
WEMEZES . X NO3-N &, Bk SEB3 fil SEB7
AR FEAL , FA A 5 e AR A T e b BE Y B 2 RE IN T 4
% NO3-N i, LRZEREW, 15l W i OLH
JEAR IR PR TS V8 AR W 5 e ) xf - HETCHL AR S i AT
W EETHER , XA FI T3 B T . AR R )
CIN Wfavee T HIR G451 K B A e sk,
MHAEART 20 BF, 3 S R AEAHLAED LIRS, E
M S 2 3 NH,-N A1 NO3-N & Ay hin . A5
FIE At F TS e A W o 1) CIN FLBLAE 6.54 ~ 11.91 35
FELIN , ¥ U8 AR ) o ] g2l R i 3P LAY
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Table 2 Basic chemical properties of soils under different treatments at the end of incubation

mH CK SSB3 SSB7 SEB3 SEB7 SA-SEB3 SA-SEB7
pH 7.46+0.14a  837+02la 816+0.11a  862+022a 821+013a 833+006a 842+023a
EC(mS/cm) 313+0.05a  4.25*0.12a 398+0.13a  3.22+007a 4.33+002a 453+01la 452+004a
CEC(cmol/kg)  12.81 +£0.22b  30.52+0.14a  21.22+027a 23.60%0.19a 27.67+0.16a 28.74%031a 2542+024a
Eh(mV) 517.00 £17.81 b 502.50 +£10.56 b 559.50 +:26.62 a 518.50 12.27 b 600.00 +25.47 a 461.00 #21.33 ¢ 576.50 +22.61 a
TC(g/kg) 4352 +1.37c 107.21x121ab 10447 £1.77b 9471 +2.13b 11869 +1.42a 110.34+1.19b 113.16 +2.01a
TN(g/kg) 7.60£045d  1457+071a  1355+057b 11.89+031c 1530+074a 16.22+104a 14.92+042a
NH;-N(mg/kg)  5.75+097b  833+1.33a 6.11+145b  629+08lb 840x257a 833xl174a 6.23x134Db
NO,-N(mg/kg)  5.35+0.76b  6.25+1.38a 767x032a  550x041b 6.01+120ab 625%x130a 7.16+0.33a
CIN 572+064b  7.33x173a 763+18la  7.96+045a 7.80+1.70a 6.79x+02la 7.58+0.65a

e R R FRNG SRR R AR B 22 5 i 25 (P<0.05); Tl

e SOC & &, He R TTHk R IR Ti5 e W) ik
EFRsE Ry, X148 SOC e kAT, 45 HEREAVRE AL, HHREEME, BR
WA 1A Fis . {Gie Yoo ds inab #2388 1+ SA-SEB7 4b¥EfY) TC &It ANErAISIRA Y ik
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Fig. 1 SOC contents measured on the 100" day(A), and T-MNC (B), G-MNC (C) and (F-MNC (D) observed on the 9" (D9) and 100" (D100)
day under different treatments

FEREFREE 9 FMES 100 KHHI 2 43 T-MNC |
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BRF, @RS VAP s AL B4 X MNC (R
S REAAE T, AR A 75 8 A 40 15 e Ak H) 44
= MNC 9 28, IERRCRARE . Bk b, XLk

http://soils.issas.ac.cn



100 +

4 557 &

5 6 A4S 000 B[] 05, T-MINC & 4 il 728 b AL 78
SA-SEB3 AbFiH i R MNC Bl SR H] 2 A E Y45
R, X HERTHBIR SR B0, W Zhang FEIF
FER,  FORFEFFA W03 08 0 SR A 0 1 3
PE, #5T MNC i, (B2, PR SA-SEB3 #hbHi4h,
ol BT A 5 e A ) Ak B B G T-MNC &
FRAA/E FHASCR | 3X AT e 87 7 A= 1 MNC PRI A G
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under different treatments
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