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5N 8 kg AW RHOAL L L BR SO BURTL B EE T . AN SRR ETHE AN, A SIS RAS LA, i
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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
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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), SO; , and NO;—N. By the end of the anaerobic cultivation
process, almost all NO,—N had been removed, the variety and amount of organic matter added had no significant effect on NO,—N
removal. The effect of rapeseed straw with low C/S ratio on SO; removal was weak, with a removal rate of 58%. A high C/S
ratio maize straw can reduce SO; from an initial concentration of 153 mgkg ' to 17 mgkg ', a decrease of 89%. Different
amounts of added materials only affect the speed of SO; removal, but not the final removal effect. At the end of cultivation,
there was no significant difference in SO removal between treatments with 2 g-kg ' 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 SO; was converted into organic

sulfur.

Conclusion For the purpose of remediating excess SO; 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: SO; ; NO;—N; Flooding; Organic sulfur; C/S; Maize straw
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SO | BRSO AN GUE M A Wi ) AR B A
W B SOT 32 H4E pH 20, >4 pH>6 A} SOI Ay
B AR /N B R 3R R B ( Sulfate reducing
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A R b s, R IR R
KRR AT SOF BIR JF Al PR B>, 78
Meng 4ER0 Blffse e, kBB, AHLE
FIBINE TS EAE S gkg' Kb, HHEPH NO,-N
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A T 2019 4F 5 F 26 HREA g
A7 X85 38 i S P AT L M AL XA RN (31°4'N,
121°26'E )., ZMRFP IR EEWE A 7 4F, AR
FALTEOL RN, EY = TR, CHREERe .
FEAEY N inF ( Solanum melongena L. ).
( Capsicum annuum L. ), 3% ( Lactuca sativa var.

ramose Hort. ). P4 ¥ 4t ( Brassica oleracea var.
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italica Plenck ) #5532 ( Coriandrum sativum L. ). 1E ARWFFEEB T AR, A . S EaAa IR
ZHYCRE 0~20 om HHEFES, K 10 DR SRATRCR IR, RN EERE . EORREFE . KER
FEPERI DT HRAC I TS, BREACSL AR RS FF SIEER . & Mt RNisERsFr . b K
IR, SRS 2 mm i FF L R EAREFE R SEREF G AL ARG SEiE kY,

b IR pH 7.3, HLS%E (EC) FBWHTE R AL M KA S, 3 b7
0.77mS-em ', NO;-N 233 mgkg ', NH,—N 6.55 mgkg ', W T T34 AR N B3] 10 Tolv Bel . R 2 h . B
IKEEPERERIR 153 mgkg ', WRBHPERTIRIR 18.8 mgkg ', AHIYE T 55 CHET A, Hﬁ%‘ﬁim%‘ﬁiﬁt
ERFRATAVERT 69.1 mgkg ', AHUAR 235 mgkg', @ 0.15 mm ffi. AHLRA B (TC)., BA (TN)
476 mgkg ', A 1.68 gkg !, 4k 204 gkg . FLERE (TS) SHEILE 1.

F1 EMHENRNER. ER. RBEERK/A (C/N) FBR/ER (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

AHLYE SRR TC/ PR TN/ B TS/

C/N C/S
Organic material (gkgt) (gkeg™") (gkg™)

FRFEFF 406 14.2 2.07 28.7 196

REREF 412 11.8 1.22 35.1 338

LHEE" 426 36.5 3.09 11.7 138

pal N 378 13.3 12.6 28.4 30.1

THSEREFFY 383 49.9 12.4 7.68 31.0

(DMaize straw; @Soybean straw; @ Alfalfa; @Radish leaves; @Rapeseed straw.

1.2 #MRFZE £2 FRYHEFMEMLESA
— Table 2 Treatment ith different terials and

]/ﬁ:y/\;:t‘mﬁ ﬁi%]k/\/\i (Y@]J() 5':‘[] 6 iFEIJ aple reatmen gro:g;i\rzlvt; am(l)ufllt”:n orgamc marterials an
A HLIPRHE I (RIAIHE . JORRERF . KR, % e
AR 8 N E TSR ), BRI LR e PRHERE L dding amount
&ﬁwjﬁ@%@@ﬁu% (2 g'kg_l 8 g'kg_l ), [F) A% B Treatment Group Kinds of organic material Caka)

gkg
AN VLR HE K A BEVE X R (CK), 5T oK oK — —
13 b3, RSP 3 /\EE (#£2). ¥ 120 g S — ,
TS SHEIYE MR EEEA 150 mL RBE - HAIHE .
LA (PVC) /NARH, E%ii%@i)‘ﬂnﬂ( S
MZS1 ORFEFF 1 2
130 mL 2 ACIRE, KIZHEL 1.5 om, 5 B FRFEFF
A ) . MzS2  ERFEFTF 2 8
™Ab PR = A Eﬁ.ﬁﬁf@iﬂ@ﬁt%*/ﬁ%ﬁnu, B
3 195 M. HKNEURBEHLICE T 35 ofdmigze  SBSt RURIT - 2
M 14 d, BRI SR AT SBS?  KERF 2 8
I B HORE ALF1  SEH1 — 2
XiA=K(:}

TR FFERIIEE 1. 3. 5. 7. 14 RAHIE + ALF2  EAEHTE 2 8
AR A (Eh), JEF5 3. 7. 14 K& Eh RDLI  # P 1 P 2
Ja AT RE IR R A . T S e W R 4 5 LR KV R RDL2 % hify2 ' 8
BIE R, BRI AR CT T RPS1  THEREFF 1 I 2

Jore . T RAT
BT, 4 CUKFARARRN . BB R L3R RPS2  IEREFF 2 - 8
S0, RAEF G LA L TR S g o SRAR T AT A B G 7K 4 i 3R W K . Note: Water treatments

Yy ;}‘ﬁﬁij:i%ﬁ o — ifﬁﬁ}'l‘ R A T @7](1 S ;H\:ﬂi are waterlogged in all treatments.
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S A AR RS T 4 CORRE iSRG
1.3 kA E

pH. EC. NH,-N. NO,-N., TC, TN I TS #
M. pH Rk 1:2.5 76 180 rmin' #E¥%
20 min J5 4R S pH/Eh it ( Mettler S220K,
Schwerzenbach, Fit) @Y, 3§ (EC)
FHAAKL 157 180 rmin ' #77% 20 min J5 &
PRI UE, VRV AR F 584 ( Mettler FE30
Plus, Greifensee, it ) MiE>), NH,~N il NO,—N
SEFXHES 2 mol'L™' KCl WG 1: 10,
250 rmin ' §73% 1 h JEERE S UE, BT 3 HH X
( San + + System, Breda, fif>2) JEP, TC., TN
TS Fi4 H 3l CNS 43#1{% ( Elementar Vario Max,
Hanau, [ ) iz,

HEHIE S E . RIRITES I TR %
RPN RS, ORI MR R IR SOF SR LK L
1:10, 250 rrmin' #£% 30 min, 4 000 r-min~' B5.0>
15 min, FIHFWHES S 022 pm JEREZE 1.5 mL
g h, B 3% ( Thermo Fisher Scientific
ICS—5000+, Waltham, Massachusetts, & ) &
RS P B RRAR B PR BT B0 B L HERE A
F10.016 mol'L™" KH,PO,IFMAE+L/KIL 1:10F,
250 r-min” ' 8% 30 min, 4 000 r-min"! E.0> 15 min,
YEH T B % 0.22 um JEARE 1.5 mL (g T,
FH P B8 (0033 I 2 SR v O R A R AR 25 1 Wk
FE . BOJE B SRR S 10 mL ZEIEOK R 2 AR
R, A 10 mL 2 mol-L ™ HC1 I 57 EDFHREAS & 11,
RSO 2848 30 min, R IR R ¥5 R R
0.05 mol-L™" NaOH WU, Z&M4s o, FH 2 7 30%
H,O, ALl rh iy S* & SO, . B4 ds, 7%
TR D HCL M 2 W i85 1 VR NaOH. W IS
HAL BRI B S5 B R -JR T & 5 6% ( ICP-AES, Perkin
Elmer, Optima 2000DV, Shelton, CT, £[E ) 4345
N 7 18 T M B R R R R BRI 7
1.4 ¥iEaiE

+3E NH,-N. NO,—N Fi/K#EMFmMR (SO )
2l HIERE SR KPR SR, R AL
PHZH 2Z 8] i 22 5 % 17 22 73 it ANOVA , Analysis of
Variance ), Flf/Ng & 2515 (LSD) FAIXS & K
(DUNCAN) £ P < 0.05 514 F#mglin 22 50k
I3 aR Al SPSS 22.0. OriginPro 2021 #E47HH

2 4 R

2.1 1 Eh, EC # pH T4k

AN LR AL HE A - 18 Bh 7255 1 KR35 EL Pk
e 0 mv HHEEFEMT CK (302 mV)
( P<0.001 ). &5 5 K +H Eh FRRKIE R %, 5 CK
1) 118 mV A, B GLU2 AbFE (116 mV ) #b, H
M PR T 200 mV VAT . ZJEHTA 4R Eh 2
FREE T RE, 25 14 RFEEZEAL, B GLU2 4
(=271 mV) FI MZS1 4b#E (-295 mV) 4b, HAR
INE M EHALEIEY FREE-300 mV DL, BT
XFHRZAL CK (P<0.001), +HEERIAFRE (B la),

—&- CK
—e— GLUl -4 GLU2
-¥— MZS1 -4 MZS2

4001 4
SBSI —»— SBS2

3001 ~8-ALF1 —*— ALF2
200 - —~# RDL1 —9— RDL2
100 - —— RPSI —< RPS2
>
g Of
= -100
200+
-300+ ==
_400 1 1 " 1 1 | 1 " 1

EC/(mS-cm™)

18] Time/d

[E: CK: XM GLU: ##if; MZS: FARFHFF; SBS:
KUREFF; ALF: 246 RDL: 3 T RPS: JHEERFE,
1A 2 20 3R as Nl 2 g-kg ' A1 8 g'kg ' 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 gkg ' M 8 gkg .

B K SRk s A oA ALkl b Rt 0 £ 1
Eh (a), EC (b) HlpH (c¢) HIFZIR

Fig. 1 Effects of organic material varieties and amended amounts

onsoil Eh (a), EC (b) andpH (¢ ) during the flooding period
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AL 3 KR, 5 CK (0.62mS-em ™) M, fr
HEIAHE LB EC Y94 B3 TR (P<0.05),
HrhLl RDL2 ZbHRE IR, % 0.30 mS-em ™', 55%
MEik 52%; RPS1 AbFRFEIR &/, FEZE 0.57 mS-cm !,
W 8.06%. EIEIRINE 14 K, SFILA T+, Br
AALFE EC ¥ %, Hrh MZS . SBS. ALF #il RDL
E’Jwifﬂﬁ/\ﬁtniﬂﬁ TETFEIfER BC FEE 0.30~
032 mS-em ', Sth 4% (0.80 mS-em™) A L FA IR
ik 59%~61%. RPS1 ZLHEREA EC AYRE ) 55 T HAthAb
PRA, BIEFREERITH EC H 0.42 mSem ™', Bg& T
CK 4bFf (0.40 mS-em ™) (& 1b),

FE 14 d BysEgRid B, Bn 8 gkg ALK
) EHE pH 215 TSR0 B Wit s ik B2, TR

T2 gk (435 pH W58 3 KRS 7 RAYIEASE
BRI R S R R A s T . Ho, 5B
3 K GLU2 4b# 1) pH ZRfbiR B K, H 7.30 &%
5.23,GLU1.MZS2 1 ALF2 &b FHYR 22, 735110 6.60 .

6.66 Fll 6.25. 55 7 K, pH FFURZ #i I T, 1 GLUIL
(6.89), GLU2 (5.77) fil ALF2 4bBE (6.31) 1548
FR T HADAL R, K5 545 14 X, GLUI #1 ALF2 &b
FREY pH PR el Ty, 5 H A Ab 3R] TG W 25 R
(P>0.05), 1M GLU2 4Zb#EAY+ 3R pH AR R
IF BT HAB AL B (P<0.001) (K 1c). HHLY
BT IR A G A R pH il EC A B 0 & 521
(P<0.001, % 3), 1 pH Al EC ZZ 8] JC i & I AH &
# (P>0.05, & 2).

x3 EKERAEIE P AR R EX LIEERF N

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

=N

M Significance

ll‘li
Variable name pH EC NH,-N NO,-N SO: ADS-S HCI-S (N} TS
PR (A) Y <0.001  <0.001 <0.001 0.856 <0.001 0.745 0.557 <0.001 <0.05
PIRRIZE (K) % <0.001  <0.001 <0.001 0.967 <0.001 <0.001 0.755 <0.001 <0.01
AxK <0.001  <0.001 <0.001 <0.001 <0.001 0.108 0.632 <0.001 <0.001
I:: ADS-S: WHHHEERAR R ; HCI-S: #hRRvlE MM ; OS: AMLEL; TS: M. N, Note: ADS-S, HCI-S, OS, and TS

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

Amendment rate, @XKinds of organic amendment.

1.00
i 0.80
Q/C EC | 0« 085 0.77 e
- 0.60
$0”{$ *  NO-N
. -0.40
ﬂ‘(\};ﬁ * NH-N
-0.20
‘50\;% / * * | SOL-S -0.89
- 0.00
P\O%S * ADS-S
F—-0.20
\Xc\s * * * HCL-S -0:66
-—0.40
oo \ * * \ os
-—0.60
"% * TS
—-0.80
@\\ * * * * * * * * Eh 1.00
Y < X S S P O o
< $05 $Qw %O\) Oc" Q\C
*P<0.05

¥ : SOL-S: /K B . Note:
sulfate.

SOL-S represent soluble

K2 e A B AR S

Fig. 2 The correlation analysis among soil properties

2.2+ NO;-N 1 NH,-N By &4t
14 d W3EFRE R, NO-N A2 ki3 ( ¥l 3a)

5 EC M, TERFRIVEE 3 K, A A Lk
AL BEAY e NO,-N H AL BERTAY 233 mgkg™ R
2mgkg ' DIF, JETHESE A L RR, SACR — HRREE
BERFREE R M CK AR5 JFAG A L, NO,-N
SRR TR, A R R TSI HLY R AL B
o AP A AL A, X NO,-N Y £ BR%L
RERFEZES (P>0.05),

HIEG R, A EAE 14 d $EFREIA
NH,-N fy& %47 17k, Hh L RDL2 il ALF2 &b
P 388 i e K, B AR, RDL1 A ALF1 AR BEYR 22 .
Z45 3 K, RDL2 ARFLAY NH,-N & & i 546 +HE Y
6.55 mg kg ' PUE TF & 383 mgkg ', WK T 57 1%
ALF2 &ifiﬂ’a NH,-N & # T} % 226 mgkg ™', KT
34 5. B 14 K, RDL2 Fll ALF2 4bBH () NH,—N
ﬁ%%ﬁﬂﬂ% 494 1 346 mg-kg "o 1 GLU2 4b B}
NH,-N & TR 5, M 35.8 mgke ', &
FCTHAbALH ( P<0.05) (& 3b).
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=

—a-CK

a
240 ) ——GLUl - GLU2

—-v—MZS1 - MZS2
~ i SBS1 —»— SBS2
‘&D —8—ALF1 —— ALF2
2 210 - —#-RDL1 —o—RDL2
g ——RPS1 —<- RPS2
z 0T \/\i
Z I
%‘“ 60 _—

30 |
0 1 LT 1 kl 1 L ,

500
400

300

NH,-N/(mg-kg™)

B[] Time/d

B3 Ko Jst Ak B AR A AL Ak ot b R £ ) -
NO;-N (a) AINH/-N (b) K50

Fig. 3 Effects of organic material varieties and amended amounts

during the flooding period on soil NO,—N (a) and NH,~N (b)

+3£ NO,—-N 1 NH,-N (7254 5 + 4 pH (1978
L2 BERNEMERER (P<0.05, & 3), AHLYIE
AORPE TR IR 13 NH,-N (72840 % 55 35 5
M P<0.001 ), 1fi % + 1€ NO,—N J& g Z 5 i P>0.05,
#£3),

23 TEEESHEEMISETL

5 BC A bia#ifl, iR 3 X, H8h
KIEVER B M S 5% RPS1 AbBRLLAN, HABT A
VLR R AL HRS CK M B3 PR, Horp
PIASIN 8 gkg ' AYALER SBS2, ALF2 £ RDL2 AbFf
R B R, 43 109 mgkg ! FE 2 8.56., 11.8 Al
6.72 mgkg ', WEMRTHABLI ( P<0.05, K 4a).
27 REF, S ALEE b KA PE B IR AR 1
ZLNFE, RPS1 RS 35 T HALA R, H553
KA, Bl 176 mgkg ™' FFE 147 mgkg ', BT
PIUAR1E 153 mgkg o EAAFERMNE, KB GLUI
AEER K R R AR 7 B T R e, A 3 R
1 92.7 mg'kg 'R 11.1 mgkg ', FEIEIA 88%. I
T2 kg™ A B A S K A R R AR L 7 I B B
PO R R, 25 14 X, Fra A v ek rg b 3+
B KR TERBR AR MK T CK, B RPS1 LIS, FFA

Ab B A AR i 238 31 8 2K ( P<0.05 ). Hir,
P GLUL, MZS1., MZS2 1 ALF2 4Bt 45K
BRI I LBRBCR R W, AR 12,5,
16.6. 13.6 Fl 159 mgkg'. HHEIGHHEMEL, B
RPS1 Fll GLU2 4b B 1) 3 1 79 55 , 53 531 /2 58% 1 72%,
HAb RN LR b 3%+ 38 rR oK IR PE R B AR Y
FEMRIIR T 85%, FIREHEA AR - e i Al &
H, BN 2 gkg ' 5 8 gkg ' ERE TR 45 R A AR
AR AN N 8 gk A Ak B G A0 2 T Jt o ) A 3K
PR AR (K 4a). HEKEERMBRRAZELS L
HEEC R FIEMHCKR, 5 15 NH,-N £ 583
AR ZR (P<0.05, & 2), AHLARH T I
YRR S e — 35 7= A A8 BLAR 50 oK g
TR R AR AR fh 7 R AR 252 - ( P<0.001, 2 3),

A5 Ak H R A R R A R AR AR B SR R R T T
SRR TSR (K 4b), EEEFRS 3 K, A
Ak B 1 R R B R A 5 R R I AR LR R
&, o, LI MZS1. RPS1 Fll RPS2 b3 T [t N
W, mEiE R 18.8 mekg IR 5.44,
6.01 fil 4.45 mg-kg™' . B TR, FrFHM2 gke
ALY R AL B B SRS AT 2 AP RIS T
W o 285 A R AR 5 i TmD T sk AR . Hedb, DL RPST
RDL1 FI RPS2 ZbFRAY T B3, 2% BT T
8.57. 9.56 Fll 15.9 mgkg'. 14 K, HINE b
I~ R T8 S T ) A FEL 7 S U o ) 42 A
Y52 T HABALEE, 17 RDL2 F1 RPS2 Ab#fY +
S g B 3 ) o R RS 1 4 28% 1 37% .
A A 3 - 4 v ) W R B TR AR 5 i AE R SR S AR
KT 10 mgkg o AR IR, 0
IR AL 5 4 NO,-N & 5L 3 ff ¢
KFR (P<0.05, Bl 2). YrEHSS I 4 35 0 i
T AR bR = A B 2 5 m ( P>0.05), TR 2]
HATH B E R (P<0.001, % 3).

IR TS R AR B SR R B T T A R R IR
TR (B 4c), FEREFRINEE 3 K, i abEE
HlEd LM, ey R E T R
( P<0.05), FrnDIRGANE 1 b PSR AR 0T IR PR IR
MR, FRART 36%. Z5H 7 R iR
AR S IF R I FE, DL ALF2. RPS1 il RPS2
Sab B Tl R B SRR, A3l R AR 3 ORI 45.4. 50.1
509 [ITFFE 56.7. 61.7 F1 64.4 mgkg'. MZSI
il MZS2 AbHEAE MR B AUE A LT, MERT

http://pedologica.issas.ac.cn



250

6 KBS AVLYRH AR i 3 e A R R AR R £8 A 2 BRAUR IR 5T 1611
T 2007 230, P
R on on
g £ £ 8o}
= ) 2
g1 £ =
g ] &3
- 3 £ o
2 100} 2 18¢ SE ol
w2 o =
< 2
= 12t 2
g S50+ g k= § 50+
= = g
= £ o ‘ 5 40}
0p = e
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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 )
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