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Abstract

Under the zero-waste city initiative, the resource utilization of organic wastes such as fecal sludge
has become a critical research topic in agriculture and environmental science. Although traditional
phosphorus fertilizers can supplement soil nutrients, their high leaching risk tends to cause environ-
mental problems such as water eutrophication. By comparison, magnesium-modified fecal sludge
hydrochar is enriched with magnesium active sites on its surface; its distinctive interfacial chemis-
try enables efficient phosphorus immobilization and suppression of leaching losses, thereby pro-
longing the availability of soil phosphorus and achieving sustained slow-release fertilization. To in-
vestigate the promoting effects of magnesium-modified fecal sludge hydrochar on soil amendment
and plant growth, this study employed hydrothermal carbonization technology, using fecal sludge
(FS), fecal sludge hydrochar (HC), and Mg-modified fecal sludge hydrochar (MgHC) as research sub-
jects. Soil incubation experiments were conducted to investigate changes in soil characteristics, and
pak choi cultivation experiments were performed to verify the effects of Mg-modified hydrochar on
plant growth promotion and soil amendment. The results showed that, compared with the control
(CK), the 5% MgHC treatment exhibited the optimal performance after 60 days of soil incubation, with
total nitrogen, total phosphorus, organic matter, and available phosphorus increasing by 51.7%,
39.5%, 19.1%, and 305.6%, respectively. After 60 days of plant cultivation, the 5% MgHC treatment
group demonstrated the best plant growth traits; compared with CK, the plant height, fresh weight,
leaf area, and biomass of pak choi increased by 245.6%, 183.4%, 543.5%, and 250.7%, respectively.
Therefore, the 5% MgHC addition ratio is the optimal ratio under the conditions investigated in this
study. Mg-modified fecal sludge hydrochar exerts significant positive effects on soilamendment and
plant growth promotion, demonstrating broad application prospects in the agricultural sector.
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IK BRI R K R R A LR R BIAs . & RBASCIG TR, e 2(E V5 YK #ur (HC) I il 4% 2% 14
R BERE 220°C . NI 2hy BV EE 9 1:5. B BE e itk 2645 V5 Y /K i (MgHC) il £ MgClo #y
RIS E A ZAETG I SR B R 1) 5%. 75 RPN 200 g M5 R3S 5 e F1 1000 mL 2 &K,
BRI S ERNMFE, NERTHEZ 220°CHRE 2h JEA I E =0, KK BRI 17 P e SE 80
[ 47 B9, WA= YI7E R 105 CHt T R fE H, /3 BIF8 M5 YR /KR . [FIEE, TEAREEE{EISYE 2009 )5,
NN 10 g MgClL My K 5 3 (8 y5 kT 78 /iR &, R 88l 5 HC il % AH [F] 1 3V E 1S B BE it 3 F V5 Y8 /K
Por . BENE(PF)ABERREERE, RIE T rFHgE b T, 4ifE N 99.5%. UL EAPRHAFEAB MR E LR 1.

Table 1. Basic physicochemical properties of experimental materials

1 SSWMREAREUMR

B MEI(mg-gh) Kf/(mg-g™) HHLUFN(g-kg™) pH 14
JFUR 3% 2 2 37 6.3
FS 44 8 525 7.1
HC 27 9 477 6.8
MgHC 26 10 450 6.7
2.2. &k

2.2.1. SCEgit
ARG IR SIS AE IR N R A iy SIS R b 3 B S B v s N O IR R I E & bk tT, HIEW
FeHRIS (A1 Z000 4~6 /i, 3R/ AR H O AR K BT ORI (A1 [14]. R Bkt , 6 A L2
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Pl 1 9% fEAEEKH A S AT B, BYRR 99 v R B fH B, ARE LR R IE Bk MrAE 60
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3.1.2. M EMEVRBEY BN RN

I WU A R AT AR R, Res A B AL AR R, R i (i R
SER 1T R G AR 45 B S 4 ) i [ 18] . 338 mT A A E R MR WA P ) 3R T S PR A R [19]
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Figure 1. Effects of different treatments on TP and TN in soil
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Figure 2. Effects of different treatments on soil organic content and available phosphorus
[E 2. TREIALIEXT I B RMBH M
3.2. M EREKHF N

Xf/ANESRIEEE . AR RS AR R LA 1R K 3R T 2290 HT(One-Way ANOVA), 731t
S5 R IIE B B2 /KPP <0.05), FEIAFERIAEH N S AR AR T B, W5k 2 Bros. 18 5%t
& T, HC 1 MgHC Ab3AH 1)/ F A KARARAHE T FS il PR AR AR, AHLL HC AbBRAHIN 5,
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MgHC AbBRZH /N 3E bR . B E . mHAL. AEMIEIm T HC AbFA . XK MgHC Refidt /) F3E M)
A B FIREAR A K . XFEE MgHC Wb FEH S PR ACEEA AT LUK EL, TEAN I AR 15 00, MgHC 1)
TN BN B SN HAR T A ERIR R, HALHERH LA . B MgHC 70 & 134 in T LA
RIS ERAEYER SN, thar e, IR, X —BIRUE, &EER S MgHC s, 2
XNESRR R BRBMESER, AR T/ NAEMR B G B 3 AN /N AR AERIR, 5 CK
FEE, BT HAlALFE (2% FS, 2% HC, 2% MgHC, 2% P14 /N (A3 KA 7 B 25 R HEE T . X80,
T EiEH FS. HC. MgHC, it PF, #RRECE /N ESRIAEKARDL . tbAh. BRI 5% & R/
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Table 2. The influence of different treatments on the growth indicators of pak choi

3w 2. FEEX N ASeE KIEFRIE N

A3 ki (cm) £ 5 (g) A (cm?) £ ()
CK 6.2+0.79 9.68 + 3.614 9.0+2.0¢ 0.426 + 0.086f
2% FS 10.8 + 1.0% 16.41 + 1.66° 13.8 + 2.1f 0.554 + 0.076f
2% HC 10.4 £0.4° 17.33 £ 0.75° 23.9 + 4.0 0.776 £ 0.072¢
2% MgHC 11.9 +0.44 18.00 £ 1.73° 33.1+11.1% 0.872 + 0.070%
2% PF 9.0 + 0.6 17.17 £0.23° 16.7 + 0.87 0.502 + 0.091f
5% FS 16.0 £ 0.6° 22.90 + 1.50° 48.1 + 11.0¢ 1.084 + 0.059°¢
5% HC 19.2 +1.5° 26.13 £0.98?2 545 + 8.8 1.292 +0.172°
5% MgHC 21.4+1.3 27.43 £2.31° 61.1+14.02 1.484 +0.0872
5% PF 156+1.2° 21.80 + 2.59° 40.0 + 9.4 0.977 + 0.062%d

H: RPAF/NGZRFRAF LR 2 57 B3 (P < 0.05, Duncan ).

() | ' (®)
E: B(@) i 1~5 258 CK. 2% FS. 2% HC. 2% MgHC Al 2% PF 4 FE4H . &l (b)) 6~9 43519 5% FS. 5% HC.
5% MgHC 1 5% PF Ab3H4H .

Figure 3. The promoting effect on pak choi of different treatments
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GUN I, M BB i R U EE[20]; RIS, 590K R B A A ik L AR A I £ FLAE R B R R
R, B Mg SRR AR ML F S BRI, kIR0 R [21] . (R, Bt Kk
e B B R A3 IE AR

TENESEERTT T : B35 K HAOR BB 1T T YRS BEE . i, . B,
1E S%UNINE T, 5%tk MRtk SFE ., MY EAMLL CK 4 hlHEF+ 245.6%. 183.4%.
543.5%F1 250.7%, T IAMALEE . FHECER SRR FEK RN 5, BEoUME S AET5 Ve KBRS FER IR A2
RORTE N R [22] 5% MgHC X/ FISRAE K1 B35 2k, mlReIR T LI flhen e Bt R B s
TR, —T7 1, AR S T RIS RS B, AR TR E 7, (R A
HERLMK; H—Jm, KRR M LI EeE T RGBSR, AR TIRARLE[23]. Kk, £
St AR FOR B — E AR A RO

5. &g

PR ST TS YRR AR I AR RO R, Mol oes HIRIE A MEE R, vk ft 7O A K3
55, BAENILEA E IR R A T

E ST H
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