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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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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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Table 1 Basic properties of tested soil and biochar samples
FEAE T Pl 135 A ) B
SSB3 SSB7 SEB3 SEB7 SA-SEB3 SA-SEB7
pH 8.26+2.10a 8.74+133a 9.60 £0.77 a 9.14+£0.54 a 10.64+2.11a 937+132a 11.36 +2.51a
EC(mS/cm) 329+£0.77a 1.45+£024 ¢ 0.64+0.06d 315+ 1.10a  220+£037b 455+098a 3.80+1.64a
CEC(cmol/kg) 10.45+2.53a 1029+1.37a 1371+ 1.54a 1076 +2.66a 14.07+1.63a 13.90+3.14a 14.81+2.12a
TC(g/kg) 56.71+10.1c  89.22+21.3¢c 128.11£13.7b 171.24+£21.1b 21532+20.2a 12631 +1.06b 142.14+22.1b
TN(g/kg) 6.13+043 ¢ 13.64+1.12b 16.07+2.17 a 16.59+1.22a 18.14+1.26a 13.21+093b 13.62+1.48Db
TS(g/kg) 0.30£0.11b 036+0.16a 044+021a 042+033a 045+0.15a 032+025a 037+0.16a
TH(g/kg) 4.87+0.12d 7.76 £0.31b 6.77+0.52b 734+037b 9.68+0.75a 5.60+£0.77¢c 7.03+0.44b
C/H 11.58+£0.04c 11.52+0.11¢ 1892+1.07b  2333+096a 22.15+1.77a 22.5+1.19a 20.21+0.78a
C/N 925+0.17a 6.54+045b 7.94+0.32b 10.32+£0.73a 11.91+0.22a 9.53+£1.37a 10.44+0.57a
SSA(mz/g) - 0.55+0.15¢ 46.87+721¢c 0.13+£0.06f 67.87+£522b 1.58+0.11d 92.86+6.12a

T RAPFEATARNG 51278 A 7] A2 ) B (B35 i 1 48 [8] 22 53 . 25 (P<0.05).
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S YTEAR, L& MNC & R38R S RUE T br
ZIEA SR, XA T M 50T . i 5/
TR PRAR AR (PLS-SEM) X 3Bk AR L SRS
FEFRF MNC B i 2 [8] 1 R SR O R AT oA Al A
SPSS 23.0 17 5E Ab BEFIGE 1T304, {4 OriginPro
2021 B AFHEAT R 223

2 HR5H®

2.1 TEERMERNETL
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B 1), HERFREHIE, £5TRAEY TR A+
ey pH 5 CK AbBEAH HJC 8 E AR fb . 3 BEC
FIAEAL AN pH —%0, M3 Eh [HALRE, SR
PTG VR A W SR N T 4% Eh (E, iR TEA
5 I A Y SA-SEB3 B AL T 148 Eh
{H. 3 Eh (EAEN S+ 5 A AR SRR 1 FE A
5+ 396 5 AT WL Bt o e S R et
TS Ve A W oAb HR 4 3 Bh (58 CK b FLR 2%

Hahn, R rh 5 oA L& RS, S
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UMY 118% ~ 183%), Hirb, miRisk-irs it
PR A W) T % (SEBT H1 SA-SEB7 )b FH 14 i i) 7o 8
e, X5 HB R BBk (R DR S S YT
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18.14 g/kg)it i THI4h 4 (6.13 g/kg), HUMLIrATE
VA R AS IMAL LS 1 254 i 7RI A S i 5
TC Ml TN &t AR R, 415 e A= 90 o3 o i Jin ik
PRYS AR T 4 O/N (B, O/N HfEAR s, REMS
T b S W o R AR, gk R SOC
e HIEP R EAE VY, B35 100d 5, BRI
P W R AbF (% SSBT AbFHAM A 2 PR 1 in 35
NH,-N & ash, (BAURIR MRS AL Y sk
P (4 SSB3. SEB3 il SA-SEB3)5 CK AbF 2 [b] 715
WEMNZES . XF NO,-N &, B SEB3 fil SEB7
AbFRAL, FHAb A T e A ) TR AL B AR T +
HENO;-N i, LRGSR EY, HikAEYixOLHE
Je AR PR TS V8 AR W o e ) % T HETE LA S i AT
WP THVE R, 33 A T4 s 3R g AR 1)
C/N i deE T HIEE S5 K H R E ke
1k, BT 20 B, 305 & G LA 1R,
PEIT S8R NH,-N Hl NOS-N & g3 fin, AHF
SR I BT5 Je A M Bk 9 C/N F{ETE 6.54 ~ 11.91
TR P, V5 UeA: 9 5 e ml g 2 38 A o -3 HLAR
A 35 5 NH,-N Fl NO;-N [ &4,

F2 EREREZAELIENERUFER

Table 2 Basic chemical properties of soils under different treatments at the end of incubation

H CK SSB3 SSB7 SEB3 SEB7 SA-SEB3 SA-SEB7
pH 7.46+0.14 a 837+02la 8.16+0.11a 8.62+022a 821+0.13a 833+0.06a 842+0.23a
EC(mS/cm) 3.13+£0.05a 425+0.12a 398+0.13a 322+0.07a 433+£0.02a 453+0.11a 452+0.04a
CEC(cmol/kg) 12.81+£0.22b  30.52+0.14a 21.22+027a 23.60+£0.19a 27.67+0.16a 28.74+0.31a 2542+024a
Eh(mV) 517.00 £ 17.81 b 502.50+10.56 b 559.50 £26.62 a 518.50 £ 12.27 b600.00 £ 25.47 a461.00 + 21.33 ¢ 576.50 £ 22.61 a
TC(g/kg) 43.52+137c¢ 107.21+1.21ab 10447+1.77b 9471+£2.13b 118.69+1.42a 11034+1.19b 113.16+2.01 a
TN(g/kg) 7.60+0.45d 1457+ 0.71 a 13.55+0.57b  11.89+£031c 1530+0.74a 1622+1.04a 1492+042a
NHZ-N(mg/kg) 5.75+097b 833+133a 6.11+1.45b 629+081b 840+257a 833+1.74a 623+1.34b
NO,-N(mg/kg) 535+0.76 b 6.25+138a 7.67+032a 550+041b 6.01£1.20ab 625+130a 7.16+0.33a
C/N 5.72+0.64b 733+1.73a 7.63+1.81a 796+045a 780+1.70a 6.79+021a 7.58+0.65a

I R FRATARNG 558 A R Ak B E 22 53 1. 3% (P<0.05); TRl

22 TEFVHRMBEYREBRSSENTL
FEFREE T, XF 3 SOC SR TIE, 455
G 1A TR o 15U AW B U ALy BRI S A i T+

e SOC & &, e ARMTTHIEIR T75 Ve 4 W i ik
A S faE A AU [HETEENE, BA
SA-SEB7 4bHE[) TC & & IFAEITA 54 Y Bk
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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)

Fig. 1

day under different treatments
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Fig. 2 Ratios of F-MNC/G-MNC observed on the 9" and 100" day
under different treatments
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