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Study on the Removal Effect of Organic Material Varieties and Amended Amount on
Excess Nitrate and Sulfate in Facility Soil

ZHU Rui*?, DUAN Zenggiang2*
(1. State Key Laboratory of Soil &Sustainable Agriculture, Institute of Soil Sciences, Chinese Academy of Sciences, Nanjing 210008, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: [ Objective] Flooding and organic matter addition to anaerobic treatment has been proven to reduce excess salt in
greenhouse soil and improve soil quality. There are many types of organic matter in the field, so how to select effective
materials is a key problem. [Method] Six types of organic materials with different carbon (C), nitrogen (N) and sulfur (S)
proportions were selected and tested at two rates of 2 g kg*and 8 g kg . [Result] Flooding and organic matter addition can
quickly create a reducing environment for soil. On the first day of incubation, the redox potential (Eh) rapidly decreased to
around 0 mV, accompanied by a rapid decline in soil electrical conductivity (EC), SO4>", and NOz—N. By the end of the
anaerobic cultivation process, almost all NOs™—N had been removed, and the variety and amount of organic matter added had
no significant effect on NOs—N removal. The effect of rapeseed straw with low C/S ratio on SO4>~ removal was weak, with a
removal rate of 58%. A high C/S ratio maize straw can reduce SO4>~ from an initial concentration of 153 mg kg™ to 17
mg kg%, a decrease of 89%. Different amounts of added materials only affect the speed of SO4>~ removal, but not the final
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removal effect. At the end of cultivation, there was no significant difference in SO4>~ removal between treatments with 2
g kgt and 8 g kg of organic matter added. The content of other forms of sulfur did not change significantly, indicating that
most of the reduced SO4*>~ was converted into organic sulfur. [ Conclusion] For the purpose of remediating excess SO4>~ in
soil, it is recommended to use organic materials with high C/S such as maize straw and set the addition amount at 2 g kg *to
obtain good results.

Key words: SO4>7; NOs—N; Flooding; Organic sulfur; C/S; Maize straw

et R A, SR AR o ERE AN, AN AR OR S, B KA G 4 B
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SR AR (NOs—N) FIBRIREE (SO42) KT H Tkl X AR Bt (b i 3 e i F= 4k oy B 102, fif
SR 7 VA b 3 i B B A NOs —N EF T 2 iF 7T, Hoh—Fig 8oh ik 2 8 HIE AL R
W F s, H i oe Tt g SR Sh I LR EEA B AL, 435S pH KT 7 B, SO2 LT iE
USSR EBRDY, SO TEILJRINEE T F B NN R M S RN AN (BRERon. i
A A P B D TR R T 3 rh . WS SO4% 32 135 pH 521, 4 pH>6 B SO42 1 it 1R /N1l
i iR £5. 38 Ji7 B4 (Sulfate reducing bacteria, SRB)E %51 SO /£ KA KM F AL, T IEE AT F A7
(Eh). pH. IEEFAG NS SRB AAFHITRIR . EAGIE 5 ALK, SO ik J5 f Mk 78 41071, 4 115
pH 7£ 6.5~7.5 Z [Al}, SRB Jf ML, —H 148 pH KT 5.5 =T 9.0, SRB M 5E K =2 2 #H| (1819, SRB
A BUE PR B IR E  30~35 <T. SRB IL 5 SO % S2 (13 2 HH AR IS AE v Fe P bk, TR K& 5 4
FRIAHLBIRA R T SRB %58, {21k SO.2 ¥4k N HAL LA 1B,

TEACH Wb R R R, AR Ak 3 AN i 2 & PR KRB R T SOL2 IR Ji A1 idk IR AR FR 15 12022
1E Meng %5 2 i, S BITHRCR, AVURIMINE R L ELE 59 kgt B . H3EH 1 NOs N
H SO TEUNIN 5 g kgt SR AL 18 Al LA /KA 45 & 1 A B i o B350 o Zhu SERARRRT 5T 7R, 100% H
[ B KK E (WHC) FFidsn 10 g kgt 1 K FEFT AT o 3B 3 A0 M ot I 280l AR 5 i . ZE AT
W, S O E TR 3 — MG BRI 7 - NOs—N Al SO42 ) 22 Bk S i) L A% 5 Ji7 B4 1 2850
R, HEhERZ AR TR A0 TR N, X S E T R AR . AR ETE (D
AITA AR IIAF Cy N S Hugl s s A WL R AR - 80138 RS, BRI RSB I
A NIRRT NOs—N I SO2 (1 L BR AR RIEAFAL IIREIA ; (2) B A HLARR S A B 30 2 1% A R
.

1 MESTHA

1.1 iy

BT 2019 4 5 F 26 HRAR H i i BAT XS e i S AfoAs B A6 X R (319' N, 121261
BE). ZMIFEIREEDCA 7 8, KAERBHELR G, EY-E N, CHIEERES. FZEEY
N (Solanum melongena L.). %4 (Capsicum annuum L.). 4:3% (Lactuca sativa var. ramose Hort.). 7
W54t (Brassica oleracea var. italica Plenck) F15¢%2 (Coriandrum sativum L.). 7Ei% M K4E 0~20 cm 3%
FEdt, F 10 AR SR M AE R i IR AL T /5, BR B SRR RERPUS, ARSI 2 mm
i o

JRUE IR pH 7.3, SR (EC) 0.77mS ¢m™, NOs;—N 233 mg kg*, NH,—N 6.55
mg kg !, KRB 153 mg kg !, WP R R 18.8 mg kg, EhER AT PERT 69.1mg kg, HHLAL 235
mg kg !, 4 476 mg kg, 2% 1.68gkgt, 4k 20.4 g kg t.

AR FCEE T AR B B E A IDRNT SR RS, ol E R TOKRER . KRR
RAETE . & MRS . Hodh TOKFT . R SR AR W B LR Rl e iR Yy, SHeE
& K BILIF AN KRB0 B, & M TR A A i im0 kb . B & sS4, B Ao
KT 55 THTF 5, ARENU I 0.15 mm i . AHAEH S (TC). AZ (TN) FEHE (TS
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1 EMBENIRNRER. BRE. RREERK/A (CIN) Fn/AE (C/S)
Table 1 Total carbon (TC), total nitrogen (TN), total sulfur (TS) content and carbon /nitrogen (C/N) and carbon / sulfur (C/S) of the five

kinds of organic material

H Pk Mg TC/ METN/ BB TS/ CIN /S
Organic material (gkg™? (g%g™) (gkg™?

FRAEATY 406 14.2 2.07 28.7 196

KGR 412 11.8 1.22 35.1 338

ESIASE 426 36.5 3.09 11.7 138

& h? 378 13.3 12.6 28.4 30.1

ARG 383 49.9 12.4 7.68 31.0

(DMaize straw; @Soybean straw; GAlfalfa; @Radish leaves; ©Rapeseed straw.
1.2 #ARFEE

R ILE M EBOK S8 B 6 Fra ks CH&ERE. FTORREAT. KRERIT. 816
EAE B N FRHESEARERD, BRA AR R E MR INE (2 g kgt 8 gkg ), [FIRIKEA
WA NVRL K AL BAE 9t i (CKO, it 13 M3, fAabdie 3N EE (R 2). K 120 g L%
FEM SAHREL IR A G2 150 mL BE LM (PVC) /NAM, TESEE R E 5K 130 mL &
HARIRE, KZREL 1.5 cm, HEME. BMCEE =N EE IRk & A, it 195
Mo BN E T 35 T HIEREFM P RFE 14 d, FRMEETIAESEHSE BTSRRI,

#* 2 TEYHERMENLIES
Table 2 Treatment groups with different organic materialss and adding amounts

b3 po! YRk IS
Treatment Group Kinds of organic material Adding amount/( g kg?)
CK N le - -
T :
AR :
PR :
= mn :

T BT AEK 4> A BRI K . Note: Water treatments are waterlogged in all treatments.

FERIEITIRRIEE 1. 3. 5. 7. 14 RopHINE LRI e Az (Eh) JFT58 3. 7. 14 KllE Eh
Ja AT RAE o RS 2O 338 F KA B R 138, BRI S B KA T TR I R
OEY, 4 TIUKFMRAGFIN . BEERR TRA G, RN & LI T 5 28 IE . RN
ficf - SR i —FB o SERIH T E &K, Rl H B B 8% H 5 E A7 T 4 T KA Pema il .

1.3 MAE

pH. EC. NH;*~N. NOs—N. TC. TN M TS [Jill5€: pH KM LKL 1:2.5 7£ 180 r min~! &% 20 min
J& FME4E %) pH/ER TH(Mettler S220K, Schwerzenbach, #iii +) 24, T3 F% (EC) R Tk 1:5 78
180 r-min~t &% 20 min J5 € EIEAGEIE, JER A HEAR D T 22 (Mettler FE30 Plus, Greifensee, #iit:)
T5ER, NH4*—N I NOs—N #8211 +5 2 mol L7 KCI E i &t 1:10, 250 rmint Ei% 1 h J5i#kE
U, PRI LB 73 A (San + + System, Breda, fif =)Wl 2?81 TC TN A1 TS H 4= H 3l CNS 734711 (Elementar
Vario Max, Hanau, 7 [E) il 27,

TIEHIZENE . ARTEE R TR IE S I T7 k282, JKIEERIRIR SO2 K H LKL
1:10, 250 r min~! Z3% 30 min, 4000 r min L 2.0 15 min, _EiERHES 885 0.22 pm JEAEE 1.5 mL (it
i, HFHEF 1 (Thermo Fisher Scientific ICS—5000+, Waltham, Massachusetts, 3 [E )il i 13 & o iR
FRAR 55 T FEBOT, B9y Ji5 1 -3 FE 0016 mol Lt KHoPO, 3& Wi 7E 7K B 1:10 'F, 250 rmin Z3% 30
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min, 4000 r-min™t 5.0 15 min, JERAES28d 0.22 pm JEAE S 1.5 mL REE A, S ik il e +
SRRE S AR B R R AR B IR . B0 S RIS A 10 mL 28K RS R AR, N 10 mL 2
mol L HCI Jf 37 B e g B 11, 3RS0 2208 30 min, [A] I $hER 4% & M6 A 0.05 mol .2 NaOH WL,
AR T, 27 30% H.0 B AL i) S & SO2 . AWM H G, ZMh HCl WA B IE S
PIUE AT NaOH Wi WAL A FEL IR 5 55 B8 7R - iR & 6 1 (ICP—AES,  Perkin Elmer, Optima 2000DV,
Shelton, CT, 3% [E) 7> 5l 52 518 ] ¥ PR AN 3E FR 5 A VEBR 1 & =
1.4 HIELIE

13 NHs ~N. NOs —N FUKEHRIRIR (SO42) & & LIRS LB K & 22 M. AL
FRAH 2 (R 25 SR 7 22508 (ANOVA,  Analysis of Variance), /N2 RiE (LSD) FIXSH 165
(DUNCAN) f£ P <0.05 %1 TR 4L 227k 2 #r ¥ty SPSS 22.0. OriginPro 2021 47 #i .

2 45 B

2.1 i Eh. EC %0 pH T4k

WA HLR G R 1) 1338 Eh 7228 1 K3 C R B 22 820 0 mv H.3%) 82 KT CK(302 mV)(P<0.001).
5 K1 Eh FIXKIE R, 5 CK 118 mV #HLL, B GLU2 4b¥E (—116 mV) 4b, HAXALHY %
£-200mV AN . 2 JG A ALEE Eh B3RS N %, 25 14 RIFEE AR, B GLU2 4bFE (—271 mV) Al MZS1
AbFE (=295 mV) 4b, HARTIINANURIFIALEE S R %4 -300 mV LR, @EKTXHZE CK (P<0.001),
TERERAEFRES (K 1a).

A 3K, 5 CK (0.62mSem™) ALk, FradmANYE A EC A B3E F (P<0.05).
Hr DL RDL2 AbEEFRIE £ R, %42 0.30 mS emt, FEIMREIL 52%; RPS1 Ab3[EiE 5 /)N, F#% 0.57 mS em™?,
%% 8.06%. ERFFFMIZE 14 K, SR HIEMLIL, Frfa b EC B E FF%, Hr MZS. SBS. ALF Al
RDL iy kb F AL AN N R 264 T 3R EC %4 0.30~0.32 mS em™, 545+ (0.80 mS em ™) itk
FEIRIA 59%~61%. RPS1 Ab3 &M% EC HIfe /155 T H A, S5 dRntH EC 4 0.42mS em?t, %
T CK 4 (040 mSem™) (B 1b).

76 14 d BRI R, VRN 8 g kg L A HLRII) 3% pH & 15 T e BRSBTS i AR, TR in 2
g kgt pH WIHSE 3 KA 7 RIVEARFER RS RN 5RG MG Tm. K, %3 K
GLU2 4bFE i) pH 2840 IR BE B K, 11 7.30 B % 5.23, GLUL. MZS2 #l ALF2 &bk, 43914 6.60. 6.66
F16.25. 5 7 KiF, pH HFLEZHIEF, M GLUL (6.89). GLU2 (5.77) 1 ALF2 4bHE (6.31) 13 E (K
FHABACE, £5575 14 K, GLUL F1 ALF2 4bFEf pH P a -, 5 HAh AN HE A T 22 2 % (P>0.05),
1M GLU2 A3 38 1) pH A SR EF KT B T HAh AL EE (P<0.001) (B 1c). ARG & A5
Fhxt 358 pH Al EC H R Z 5 (P<0.001, % 3), 1fi pH f1 EC Z [A1TC &2 A<t (P>0.05, K 2).
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Eh/mV

a)

—a—CK

—e—GLUl —A—GLU2

—v—MZS1 ——MZS2
SBS1 —»— SBS2

—8— ALF1 —%— ALF2
—&—RDLI

—o—RDL2
——RPS2

B+ 7] Time/d

M CK: XfH; GLU: #i&jME: MZS: FOKFFT: SBS: KGAFT: ALF: %L1 fE: RDL: % MH-T; RPS: i
SEREFF. 12 R ERIRINIEN 2 g kg #1 8 g kgt. Note: In the legend, CK, GLU, MZS, SBS, ALF, RDL and RPS
represent Control, Glucose, Maize straw, Soybean straw, Alfalfa, Radish leaf and Rape straw, respectively. The numbers 1

and 2 denote the added amount of 2 g kg A1 8 g kg*.

B 1 KL SR A B AR th A ALY R AR A B0 3% Eh (a). EC (b) I pH (¢) IR

Fig. 1 Effects of organic material varieties and amended amounts on soil Eh(a), EC (b) and pH (c) during the flooding period

* 3 EKERAIRI P AR A EX IR R

Table 3 Effects of organic amendment application rate on soil properties during the flooding period

gEALL)

A %1 Significance
Variable name pH EC NH;—N NO; —N SO, ADS-S HCI-S oS TS
YIRLRINE(A)Y <0001 <0.001 <0.001 0.856 <0.001 0.745 0.557 <0.001 <0.05
PRI (K)® <0.001 <0.001 <0.001 0.967 <0.001 <0.001 0.755 <0.001 <0.01
AxK <0001  <0.001 <0.001 <0.001 <0.001 0.108 0.632 <0.001 <0.001

VE:  ADS-S: WRFHHERIERIR; HCI-S: ERERTIEMRRIR; OS: AV TS: &fi. T,

and TS represent adsorbed sulfate, hydrochloride acid-soluble sulfate, organic sulfur, and total sulfur, respectively. The same

http://pedologica.issas.ac.cn
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o \ . & \ os

L oo
Rl * 1S
o5
o
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R e T VE N SN
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VE: SOL-S: /KiAMERRERIE. Note: SOL-S represent soluble sulfate.
Bl 2 33 o T8 (R AR DG 1T

Fig. 2 The correlation analysis among soil properties

2.2 138 NO;—N F1 NH,*—N A9ZE 1k

14 d kRIS FEH, NOs —N ARk % (& 3a) 5 EC AHL, fERFFRMNEE 3 K, FrAdsInadLkl
AL EE 138 rF NOs—N HIACEERTT 233 mg kg ' 4% 2 mgkg ' LAR, IE-TF#se a6, %30 —HiFs:
BRI M CK A5 4G T3 AHEL , NOs —N &8 B R, (B4 535 = T Ui MLkl A R 4H
ANFEYIRNAR I AL E ], X NOs —N IR LR E ZR (P>0.05),

SRuG - HIEAL, BT E AIEAE 14 d BRI NHA-N & 2356 L7, ALl RDL2 fit ALF2 4b 2
fmaiE ok, B bR, RDLL A ALFL AbF Rz . %55 3 K, RDL2 ZFF ) NH,—N & & R 4G 3%
6.55 mg kgt PREE T2 383 mg kg, MK T 57 fiF; ALF2 AbEEF) NH.*—N &=+ % 226 mg kg, KT
34 ff5. &4 14 K, RDL2 Al ALF2 43 NHs*—N & &40 7 7F & 494 1 346 mg kg 1. 1fi GLU2 b EEX}
NHs*—N & B IR TR 89, v 35.8mgkg?, ZEMLT HAhARE (P<0.05) (& 3b).

143 NOs =N F1 NH,*—N 172465 145 pH 780 2 B2 IEMAH XK R (P<0.05, Bl 3). HHLEHFIZE
AR RN 35 NH N (1785 4% 52 3 52 (P<0.001), Tiixf 233 NOs—N J& & 3 80 (P>0.05, % 3).

—&—CK

—8— (LUl —A—GLU2
a) —w— MZS1 —#— MZS2
240 | SBSI —»—SBS2
= \ #— ALFl —#— ALF2
;;do ‘._‘ —#—RDLlI —@—RDL2
:ED 210 F .". ——RPSI ——RPS2
Z 9%0F x
“ \ S
=60 N — T T———a
;
30 F \
\
0 L L

NH,"-N/(mg-kg™)

Hf [ Time/d

B 3 /KR AL B R A B S AT B 6S £33 NOs™N (a) AT NH4™-N (b)) 52
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Fig. 3Effects of organic material varieties and amended amounts during the flooding period on soil NO;"N (a) and NH,*-N (b)

23 TEERSRESRESELTK

5 EC AL ML, ERFEEE 3 K, HIEAFUKEHHERR & &5 RPSL AMHE LA, HAWI A L
RIIEHALFE S CK AL B2 N, HALIE N 8 g kgt iALHE SBS2. ALF2 A1 RDL2 AbHE i) [ 1 fx
K, /Al 109 mg kg tPE % 8.56. 11.8 F16.72mg kg t, EEM T HAALFE (P<0.05, K 4a). £EHE 7T K
I, & ALBR S KK I ME R AR & RS T 4, RPS1 ALFRALE 35 5 T Hifi kb3, (H5% 3 KM, &
i1 176 mg kg 1 P& % 147 mg kg, BRI THI4AME 153 mg kgt. (EAHNTRZ, B GLUL AFE /K%
PERRERAR & B ol aebh, %8 3 KK 92.7 mg kg 1[4 % 11.1 mg kgt, [A0Eik 88%. ¥RiN2 g kgt4b
R 3 KA MR R AR U AE LEBY Be U R % . 258 14 K, A USInG WLk AL HE 4 358 th oK 7 PR R
MRIET CK, B RPSL LAk, BT Ab 3 BRI B 30k B 2 35 /K~F (P<0.05). HH, PLGLUL. MZS1,
MZS2 F ALF2 4b 20} - 338 7K VA MEBR R AR Y 2 BR AR B oA e 3, 49 il B 42 12.5.16.6.13.6 F115.9 mg kg 2.
g tgEsatt, By RPSL Al GLU2 AbEE R FEIRAESS, 432 58%F1 72%, A In-AALYE AL H#E X}
I K R ER AR (1 PR 3K T 85%, YJREGSH AR LIRS &, HiNn29kgt58gkg™
TEREFREE R AL ROR, TN 8 g kg (AL FE e 75 A I [ P IA B AE. (B 4a). 3K
MR AR 118 EC 2 RFHEMKKR, M5 L1 NHSAN BERFFHHAKCR (P<0.05 K 2). f
ML RS 0 & R0 AL b 8 e — 3 77 A (1) 28 LA B9 %o 338 v O M R R AR 1 A8 Ak 7 A A R 2 5 i)

(P<0.001, % 3).

A ER R R PR ER AR AR R RIS AR 2 00 T e T RS B RE (B 4b). BREFREE 3K, AL
BRI B PEBR B AR & & S5 R AG I LA R %, Hodr, DL MZS1. RPS1 fl RPS2 Ab# R [ oA i3,
45 9% (1) 18.8 mg kg 1 /> MIBE % 5.44. 6.01 M1 4.45 mgkgl. £ 7K, AR 2 g kg 1A HAE
(P FE R SRR R 2 AbER Y 3335 22 17 T W B ASBR R AR & & [0 T f0ad #2 . Frfr, DL RPS1. RDL1 F1 RPS2
IR R TN R, 2 BT T 857, 9.56 A1 15.9 mg kg l. EH 14 K, USINE TR SRS AT )
Qb FEAE AR 0BT AR B PR B 2 2 3 v T A AL B, T RDL2 AT RPS2 Ab B ) 4 338 bl R B 2 540 1)
v RS 1358 28911 37%. LAY AL 358 R IR B VERR R AR & B AE RS FR 45 R MK T 10 mg kg t. A
Rt R, AR R IR AR 5 3 NOs—N S B R B E AR IR (P<0.05, K 2). Ykl
(R B T - A8 B B R AR AL A R A B S (P>0.05), TR HoA i 22 52 m (P<0.001, 3%
3.

IR AT E RS R AR R A T T NG LI R R (B 40). EREFRNIEE 3 K, ATE AR
ML, SRR AR B R (P<0.05), FLArLIHIATRE 1 ACEE 1) SR AT VA MERR PR IR B ORS,  BAAE
T 36%. BT RGAHE IR AT A R S = PG R FE, BLALF2. RPS1 Fl RPS2 AREE ) Al s
e, 2RI 3 R 45.4, 50.1 F150.9 [0 7} % 56.7. 61.7 Al 64.4 mg kgt. MZS1 Al MZS2 AbFEAE By
B ETE, EMT 5mgkg?t. £5 14 K, &4 F, SBS1. SBS2 5 MZS2 4b# rh 4 g Al 5 LR
(e, 20l R4S 1 4% 8.89. 10.5 A1 6.64 mg kg t. FhIERFIVATER & & SRR IN & 2 1A Rk I
BERR (P>0.05), HEFELFEF TR A MM AL S 13 pH. EC F1 NH,—N 2B FIEMHRKR, i
LH+3 EC B EFH MR (P<0.05, K 2), Pk msE Mkl i o 35 R i T v M i A R = A i
0 (P>0.05, % 3).

Kk GLU2 Fil RPS1 AbEELAAN, BT A AbBE ()G HLAR 2 835 2 2 5 T 4G 138 A CK (P<0.05) (K& 4d).
TERGFRIIE 3 K, bk RPSL ACER AN, BT YNNG WL R AL EE, B LR & 235 B 38 7, Hoh AN 8 g kg™
BHPERLT MZS2, SBS2 Fll ALF2 Ab3 3 A HLeR & i et , 439 78 )5 45 -+ 45 259 mg kg 12 At
T T 59%. 61%F1 65%. IMIHEERSFT 1 ACEE A HLER U R ELSE NS RGeS, 5 3 KIFZE 232
mg kg, EEF 7 REHETFE 246 mg kg, BT REMG LR, 5 14 R, BrERINA MURHEEE )+
AV SRS & T CK, Bk GLU2 fil RPS1 4bFE DL AR B B35 /KF (P<0.05), ALF2 &b (1A ML
FEMIERK, H 259 mg kgt FHE 402 mg kg, HALHZAIEFARE (P>0.05). HiIEdfES IS
WUER A1 5 135 pH. EC. NOs —N FIZKEERRERAR (1) & & 2 53 US55 13 NHA-N 283 1E
KK AR (P<0.05, 2) o A HLYIRE S I AN R 248 R FL A7 AR ¥ % 4 3 LR = A A 55 2 R

(P<0.001, % 3).

TIELBRAERT IR I SR R G 476 mg kgt Bl (] 4e). #E 3 KEF, GLUL fl GLU2, MZS1.
MZS2. SBS2. ALF2 fl RDL1 55 4f HIAH L St & &g A Lo, HAbA NS A TR, ARLEEKT 23
mg kg . FEAINA N EHME L SR S ESE T CK. &5 7 K, GLUL. GLU2. MZS1 Al RDL1
FEBR S EPIE T, BIRSHN 8%, 11%. 6%A1 6%, F5 14 R WEsIET. B GLU2 4:34h, +
R S ES R T CK (461 mg kg™, M SBS1 AFEM B S B . LIARAERFERETS
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TEAVUB R EF IEAHRKK R (P<0.05), 15 A bR oA R (P>0.05, & 2). HHWIEH
NI ARSI 0] 3R SR AR A SR B RO, A TN X A B ) e A B 25 K (P<0.001,
# 3,
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SBSI »— SBS2
*— ALF1 ~— ALF2
—=+—RDLl —=—RDL2
—+—RPSI ——RPS2

350+

300 +
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4 [
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e ARG AR ER R R MER . Note: There was no detected hydrochloride acid volatile sulfur in this experiment.
B 4 VKGR SR A P AR sp A HUVDRR AR AN B A AR S (a/KIBVERRERIR, b, WRBIVERRERIR, c EhiRmIvE
PERRR, d AN, e B HIsZm
Fig. 4 Effects of organic material varieties and amended amounts during the flooding period on soil sulfur in different forms (a. soluble

sulfate, b. adsorbed sulfate, c. hydrochloride acid soluble sulfate, d. organic sulfur, e. total sulfur)

3 9 it

3.1 AHIRERIANE R & 43 138 RS0

LI IR NOs =N ANRE LR AN - 38l A= 470 Rl AL MR i BY, TR S0 B e e Oy - 38 G113 50 B3 A
B FN SR K ER . NOg =N 36 i E BAREE R E ARSI RE R SE . NOg™—N 388 J il A ) 5 i 52 i [
THBEMEFARES B pH FHT RS SR A AR B234, i S 2 FHAT NO3s™—N 34 J5 s b 4%
Ay TR R M AEYE S OB R R, I8 W R EER VA EIE 25~30 <T; ANMIRL, HGES
C/N WA HUIEL 3 i Ja 7 A A UL SR oy S p R A R R I e T, [, ALY
BHO I AMAE IR T 78 R IBRUR, AN NOs—N 32 J5 (¥ 18 FE A RREE, R, Akl 17
AR C/N faNYEL JFREPMRINE. &RER, ERFNE 3R, SIMAHEEE R 5
NOs —N & & CL B 28207 0 mg kgt FI7KF (& 3a), NOs—N &&= 5Pk s I & Ay ek ffp 2 (7 R 2
PR FEIMHRKR (R 3. AL RELY, NOs—N KL 5 n] §EX 5 L33 IR SR EE AT % . Myrold
A Tiedje*eH5 th Eh 7EKT 200 mV I Al 742 NO3 =N HIIE IR . TAHT T, 7ERIGHIEE 3 R nAHl
PR L3R ER I EFEE 0mV /24 (B 1a), [AREINETA RS NOs—N HIEEHR 4 1 ARSI RER
PRI AE SR 3 RIS -3 ) NOs =N b il 4 58 4= 5 Bk o RIEAT HUARH b R AN 0 B X 1238 NOg =N
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()R BRAS =5, 7F (AR B AT 3 2 3 5 SR U A AL R B s s e B 2 g kgt BE AT is 3 &
% NOs—N HIZR .

AHE TR E L A SR A7 (DNRAD R FEA IR R o 2 10 NH.—N, M7 g — 355y + 35
RERPR . HT DNRA IREM A4 T BB i R 2 d 1, Kk, TiedjeP™ Al DNRA {1
T CINOs A N A 5 kA, thiniig 3508, S5 % W] DNRA A7 Ed i id Farss, HYS
SR FEAR B, o 480 BB B TR AR, AR T o BT i 4 R SR, 7E H AT S AN IR RS R TR, R
TEEALSE I DNRA T A A R K HE AL A 710, fEAREG 6 1F T, NH, —N 0 a] s in i g vkt
A HPEN =4, HAREX 28 NH N RIE, R TEE PPl A LR R 25T DNRA S FE =42 NH, N
UM . AHARIG B H S B T A WL R SRR IS NH N PR A . 645 R EoR,
RDL2 b FEHEF 458 NH, N [PIIE R B K, (ERGFR 45 R A+ &2 493 mg kgt (& 3b). T# b 55 HAh
YRIAE EE ) 5 R 22 B TR & B i T KA FT . K ERSFF AR E 18, 10 S5 AR LAR & & 1 i e fs T
FHLE, CIN Az & F il f5FF . Brunet il Garcia—Gil* Y 78 R B HoS A1 S* A ARUAEYI ) DNRA i FE 2 {1
WZ R, AR YIS iR I A 2 Bk NOs—N B4k NH,*—NI2, Burgin A1 Hamilton“31$2 !, 7
R REIIAE T, WA TR E T3 NOs—N RfrivueRER. Bk, Aragem T3 Mt FrERAE S
it R PR T RefE S 5 DNRA REFEM S, P24 T 21 NHA—N. 3R 3 TLLEH, AR
FhRFNEN IO 6 L3 NHA-N & &7~ R B . YRR SR 52 Rk L AE R 6 & &7 T, 1
IR M ARBLERR & 7. BT W, EFSSTRENSHENEIE, JFERERNEN 8
g kg R RS AT IR
3.2 BHARERMANE R &4 5T TIBE RS RS20

AT FLE RFK I, K IFIINAE WLR G UK 3B P SO 55, HL IS I 5 B K A0 10 3 ek
P (E 4). SO& IR JF 43 8 S ALBR R 3530 A [F) AL B R 30000 iR W5 2% 5 4214 . DU AL B R #6048 )5 2 JF £
i R R I B T 32 T . TRERERIE IR B (SRB) AT 46452 Z PR S R+ 1 s, B4R . Eh A1 pH. SRB
HE A RO IR TR 35~37 T. AWML KW, 1F35 T WIFEE T, SO2 7 Eh A% 0~190 mV FRkE
NHUE R ARG NS, Eh R R S AT . I IRMERE SRB F PR EEE e, [H o+ 15
A SR AR O A SRR DAJR B L RE I AR AR, B LA R T sk R . AR, B
A EHAEEE) Eh 7258 7 RIF S O £-200 mV BN, JFRFEEFEIREITIRAA (B 1), (RN I
SOZ & &TER 7 R HILRE T, H¥IIAMY) 157 mg kg i fiKFE 2 7.61 mg kg (B 4). HHEHR
InEAFP AT SOL2 1 & &= A B 2, oy, FORFEFFACERAE R A & T 5 H AR B LEB#R SO
IR N (B 4), TRFEFSHABRSATAIEL, C/IN Al C/S 4L Fi& /K F, i NS &5
SBARS AN SO 1 E . EF MR E R, & EEFEFIE HMER SO2 Al LS TE A M 358 i ik,
AL SO HeAb MRS AN HARBR 2 38 rh SO.2 I8 5 Y Z i 42RY, it A HLAE AT g it +
e ) SO2 ML ECA HLERE48, [RItk, ABFFIEHSFIAFRT C. N S S®RMAIIR, HURERE
SO AL BB WU B UL A - BF 745 R A MU A 338 b (/KT 1 SO2 fFE B E M MR (F
2), TR PR AT AR S KA M SO2 & R ILE E A (B 2), UEBHE SR FE th kb 1) SO Fi />
B A AW PR ASFYUIE RS, R A I MR . A HLRH A I A Fh 235 % 3980 LR
(1) F & AR R R (P<0.001,% 3), RIFEHLAENRIN 8 g kgt A MR Ab B FE AL BA HUBR I 25 B
TN 2 g kgt AL, AN 2 g kg A HIR S A EE 2 (8 2 R IR RS (B 4). IR AT A
B HELE PR LK VEYE SOL S BARTF BB & &7 H MR 58 (B 4), Hor, WEEREFF CIN I
CIS LLE LA HIEL R B AR (F 1), Wi C/N FI C/S LBl s AT R AFRMmEE: BT SmE
FRI A TR E N TR, 1 GLU2 FEF A 7 K E R I R B ASGE S i S A 2008, AT e 1 e
PRI SO AN AR . B A AL 0 S A2 A o S T R IR B (C—0—-S) A& LR (C-N-S)
SRR A, XA MU AL A4 Rt — 2 i i B 0 AR F 2B e e U R A R TR S5 b Bt
TR, ST NRE, NOIEENHEED LA SO2 . FILA/KEE RGN HEy Lt fe, %
A AT HUBR T 25 HOBR T PE R A TR ik SO42 1K) JF 75 L4k B2 IR AHIF 7T o

4 %

HE/KIFIR IA WL R AT bRig (e gk 138 FRI B A i, AERGFRIEE 3 Rt vl iA B IREFAEE . REFR
Bir) T i 7 NOs—N il SO L. AN Cy Ny S Hl A NIRRT NOs—N 1 £ BR AR T 2 2%
S, RERFEHGE 100%. Kb, #N 2 g kgt ANUEIRI AT Rk B P R NOs N, BRI R
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WD SO2 KIS HAL K T A B . SRS CIS BURKIA VIR 5Em SO [ 2L BRACR, FHAS
HAEBATHURL, 2URRIR G 2 i T ARER AU E A KT 75 I Z IR BR 1) 7 SO I BRAUR -
C/S B A A EHIN FOKFEFF . KEAEFTAE 2 g kgt B 8 g kg L ¥ AT MBI e b SO2 1 & &, iR in
EAE 8 gkg I 2 HE LM SO& FHAL AT LA -

223k (References)

[1] Zhong TY, Si Z Z, Shi L F, et al. Impact of state-led food localization on suburban districts’ farmland use transformation: Greenhouse
farming expansion in Nanjing City region, China[J]. Landscape and Urban Planning, 2020, 202: 103872.

[2] Lal R. Soil management in the developing countries[J]. Soil Science, 2000, 165(1): 57-72.

[3] Geng W C, Ma Y, Zhang Y X, et al. Research progress in soil health regulation technology for protected agriculture[J]. Chinese Journal of
Eco-Agriculture, 2022, 30(12): 1973-1984. [HkSC M, Bit 5k £ 57,56, SR ML T35 BE s BRI At R [J]. h E AR Rk
1, 2022, 30(12):1973-1984.]

[4] Matsumura A, Hirosawa K, Masumoto H, et al. Effects of maize as a catch crop on subsequent garland chrysanthemum and green
soybean production in soil with excess nitrogen[J]. Scientia Horticulturae, 2020, 273: 109640.

[5] Shi W M, Yao J, Yan F. Vegetable cultivation under greenhouse conditions leads to rapid accumulation of nutrients, acidification and
salinity of soils and groundwater contamination in South-Eastern China[J]. Nutrient Cycling in Agroecosystems, 2009, 83(1): 73-84.

[6] Sun H W, Wei C, Xu W S, et al. Characteristics of salt contents in soils under greenhouse conditions in China[J]. Environmental Science
and Pollution Research, 2019, 26(4): 3882-3892.

[7] Bonanomi G, De Filippis F, Zotti M, et al. Repeated applications of organic amendments promote beneficial microbiota, improve soil
fertility and increase crop yield[J]. Applied Soil Ecology, 2020, 156: 103714.

[8] Kalkhajeh Y K, Huang B, Hu W'Y, et al. Environmental soil quality and vegetable safety under current greenhouse vegetable production
management in China[J]. Agriculture, Ecosystems & Environment, 2021, 307: 107230.

[9] Li H. Study on the development status, obstacles and countermeasures of facility agriculture in China[J]. China Southern Agricultural
Machinery, 2021, 52(23): 34-37. [Z=3%. FRE B AR R IR RS X5 SR 7 [0, BT 4L, 2021, 52(23): 34-37.]

[10] Min J, Sun H J, Kronzucker H J, et al. Comprehensive assessment of the effects of nitrification inhibitor application on reactive nitrogen
loss in intensive vegetable production systems[J]. Agriculture, Ecosystems & Environment, 2021, 307: 107227.

[11] Zhang Z L, Sun D, Tang Y, et al. Plastic shed soil salinity in China: Current status and next steps[J]. Journal of Cleaner Production, 2021,
296:126453.

[12] Huan H F, Zhou J M, Duan Z Q, et al. Contributions of greenhouse soil nutrients accumulation to the formation of the secondary
salinization: A case study of Yixing City, China[J]. Agrochimica, 2007, 51(4/5): 207-221.

[13] Zhang H M, Liu Y, Zhang Y H, et al. A tradeoff between denitrification and nitrate leaching into the subsoil in nitrate-rich vegetable
soils treated by reductive soil disinfestation[J]. Agriculture, Ecosystems & Environment, 2023, 356: 108633.

[14] Dan X Q, He M Q, Chen S D, et al. Reductive soil disinfestation promotes vegetable N uptake by regulating soil gross N transformation
and improving the quality of degraded soil[J]. Plant and Soil, 2022, https://doi.org/10.1007/s11104-022-05683-z..

[15] Hao O J, Chen J M, Huang L, et al. Sulfate-reducing bacteria[J]. Critical Reviews in Environmental Science and Technology, 1996,
26(2): 155-187.

[16] Yang C F, Lu G N, Xie Y Y, et al. Sulfate migration and transformation characteristics in paddy soil profile affected by acid mine
drainage[J]. Environmental Research, 2021, 200: 111732.

[17] Connell W E, Jr Patrick W H. Sulfate reduction in soil: Effects of redox potential and pH[J]. Science, 1968, 159(3810): 86-87.

[18] Center for Environmental Research Information (U S). Odor and corrosion control in sanitary sewerage Systems and treatment plants:
Design manual[M]. Cincinnati, OH: Center for Environmental Research Information, U.S. Environmental Protection Agency, Office of
Research and Development, 1985.

[19] Kushkevych I, Dordevi¢ D, Vitézova M. Analysis of pH dose-dependent growth of sulfate-reducing bacteria[J]. Open Medicine, 2019,
14(1): 66-74.

http://pedologica.issas.ac.cn



+ 2 iR
Acta Pedologica Sinica

[20] Wu J, O'Donnell A G, Syers J K. Influences of glucose, nitrogen and plant residues on the immobilization of sulphate-S in soil[J]. Soil
Biology and Biochemistry, 1995, 27(11): 1363-1370.

[21] Meng T Z, Wei Q, Yang Y J, et al. The influences of soil sulfate content on the transformations of nitrate and sulfate during the reductive
soil disinfestation (RSD) process[J]. Science of the Total Environment, 2022, 818: 151766.

[22] zhu R, Huang X Q, Zhang J B, et al. Efficiency of reductive soil disinfestation affected by soil water content and organic amendment
rate[J]. Horticulturae, 2021, 7(12): 559.

[23] Meng T Z, Yang Y J, Cai Z C, et al. The control of Fusarium oxysporum in soil treated with organic material under anaerobic condition
is affected by liming and sulfate content[J]. Biology and Fertility of Soils, 2018, 54(2): 295-307.

[24] Wang L S, Wang R J. Determination of soil pH from Vis-NIR spectroscopy by extreme learning machine and variable selection: A case
study in lime concretion black soil[J]. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 2022, 283: 121707.

[25] Corwin D L, Scudiero E. Review of soil salinity assessment for agriculture across multiple scales using proximal and/or remote
sensors[J]. Advances in Agronomy, 2019, 158: 1-130.

[26] Wen T, Huang X Q, Zhang J B, et al. Effects of biological soil disinfestation and water regime on suppressing Artemisia selengensis root
rot pathogens[J]. Journal of Soils and Sediments, 2016, 16(1): 215-225.

[27] Slavich P G, Sinclair K, Morris S G, et al. Contrasting effects of manure and green waste biochars on the properties of an acidic ferralsol
and productivity of a subtropical pasture[J]. Plant and Soil, 2013, 366(1): 213-227.

[28] Shan X Q, Chen B, Tie J, et al. Fractionation of sulphur in soil and river sediment[J]. Acta Scientiae Circumstantiae, 1991, 11(2):
172-177. [ 4, WOk, 928, & BIERRUUR T BRIE A AT IEARL AR, 1991, 11(2): 172-177.]

[29] Li C B. Extraction and determination of total sulfur and different forms of sulfur in soil[J]. Progresses in Soil Sciences, 1990, 18(6):
42-46, 49.[F k. L3P BB FIE SIS NE D], L3, 1990, 18(6): 42-46, 49.]

[30] Meng T Z, Zhu T B, Zhang J B, et al. Effect of liming on sulfate transformation and sulfur gas emissions in degraded vegetable soil
treated by reductive soil disinfestation[J]. Journal of Environmental Sciences, 2015, 36: 112-120.

[31] Smirnoff N, Stewart G R. Nitrate assimilation and translocation by higher plants: Comparative physiology and ecological
consequences[J]. Physiologia Plantarum, 1985, 64(2): 133-140.

[32] Brin L D, Giblin A E, Rich J J. Effects of experimental warming and carbon addition on nitrate reduction and respiration in coastal
sediments[J]. Biogeochemistry, 2015, 125(1): 81-95.

[33] Pandey C B, Kumar U, Kaviraj M, et al. DNRA: a short-circuit in biological N-cycling to conserve nitrogen in terrestrial ecosystems[J].
Science of the Total Environment, 2020, 738: 139710.

[34] Pang Y M, Wang J L. Various electron donors for biological nitrate removal: A review[J]. Science of the Total Environment, 2021, 794:
148699.

[35] Huang X J, Tie W Z, Xie D T, et al. Certain environmental conditions maximize ammonium accumulation and minimize nitrogen loss
during nitrate reduction process by Pseudomonas putida Y-9[J]. Frontiers in Microbiology, 2021, 12: 764241.

[36] Myrold D D, Tiedje J M. Diffusional constraints on denitrification in soil[J]. Soil Science Society of America Journal, 1985, 49(3):
651-657.

[37] Tiedje J M. Ecology of denitrification and dissimilatory nitrate reduction to ammonium[J]. Biology of Anaerobic Microorganisms, 1988,
317: 179-244.

[38] Jahangir M M R, Fenton O, Carolan R, et al. Application of 15N tracing for estimating nitrogen cycle processes in soils of a constructed
wetland[J]. Water Research, 2020, 183: 116062.

[39] Yuan H Z, Cai Y W, Wang H X, et al. Impact of seasonal change on dissimilatory nitrate reduction to ammonium (DNRA) triggering the
retention of nitrogen in lake[J]. Journal of Environmental Management, 2023, 341: 118050.

[40] Silver W L, Thompson A W, Reich A, et al. Nitrogen cycling in tropical plantation forests: potential controls on nitrogen retention[J].
Ecological Applications, 2005, 15(5): 1604-1614.

[41] Brunet R C, Garcia-Gil L J. Sulfide-induced dissimilatory nitrate reduction to ammonia in anaerobic freshwater sediments[J]. FEMS

Microbiology Ecology, 1996, 21(2): 131-138.

http://pedologica.issas.ac.cn



+ 2 iR
Acta Pedologica Sinica

[42] Chao T T, Kroontje W. Inorganic nitrogen transformations through the oxidation and reduction of iron[J]. Soil Science Society of
America Journal, 1966, 30(2): 193-196.

[43] Burgin A J, Hamilton S K. Have we overemphasized the role of denitrification in aquatic ecosystems? A review of nitrate removal
pathways[J]. Frontiers in Ecology and the Environment, 2007, 5(2): 89-96.

[44] Postgate J. Sulphate reduction by bacteria[J]. Annual Review of Microbiology, 1959, 13(1): 505-520.

[45] Takai Y, Kamura T. The mechanism of reduction in waterlogged paddy soil[J]. Folia Microbiologica, 1966, 11(4): 304-313.

[46] Castro J M, Wielinga B W, Gannon J E, et al. Stimulation of sulfate-reducing bacteria in lake water from a former open-pit mine through
addition of organic wastes[J]. Water Environment Research, 1999, 71(2): 218-223.

[47] Goh K M, Gregg P E H. Field studies on the fate of radioactive sulphur fertilizer applied to pastures[J]. Fertilizer Research, 1982, 3(4):
337-351.

[48] Trudinger P A. Assimilatory and dissimilatory metabolism of inorganic sulphur compounds by micro-organisms[J]. Advances in

Microbial Physiology,1969, 3: 111-158.

(RIERE: HRA)

http://pedologica.issas.ac.cn



