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Abstract: [ Objective ] Cadmium (Cd) is the heavy metal pollutant with the highest over-limit rate in paddy soil in China. The
bioavailability and mobility of Cd are affected by dissolved organic matter (DOM) in the soil. Paddy fields are important food
production areas in China. As an important ecological agriculture mode in the rice industry, integrated planting and breeding of
rice fields is of great significance to rural revitalization. The modification of paddy field environments and fishing can change
DOM, but the complexation process between soil DOM and Cd** in paddy soil and during integrated planting and breeding of rice
field process has not been clearly understood. [ Method ] In this study, the complexation process between DOM and Cd** in
rice-shrimp cultivation (RS) and rice monoculture (CK) systems was investigated using a comprehensive array of analytical
techniques, including ultraviolet-visible absorption spectrum (UV-Vis), 3D fluorescence spectroscopy, synchronous fluorescence
spectroscopy, parallel factor analysis (PARAFAC), 2D correlation analysis (2D-COS), and the modified Stern-Volmer binding
reaction model. Herein, RS was taken as an example of integrated planting and breeding of rice fields. [ Result ] The PARAFAC
analysis showed that soil DOM components of RS and CK were similar, including 1 tryptophan (C1) and 3 humus components
(C2, C3, C4). Compared with CK, the proportions of C2 and C4 in soil DOM of RS were lower, while C3 was higher, and C1 was
not significantly different. The UV-Vis spectrum showed that DOM absorbance in CK was higher than in RS, with the absorption
peak mainly located at 200-230 nm. With the increase of Cd*’, the change of UV-Vis spectrum and UV,s, was significantly
different between RS and CK. Synchronous fluorescence spectra and 2D-COS analysis showed that paddy soil DOM fluorescence
intensity changed with the increase of Cd*", three absorption peaks were found by synchronous fluorescence spectra in DOM of
paddy soil, which were the peak of tryptophan at 270 nm and the humus peak at 310 nm and 370 nm, respectively. The binding
order between soil DOM and Cd*" in RS was humus (310 nm), tryptophan, and humus (375 nm), respectively. However, in CK,
the binding order was tryptophan, humus (375 nm), humus (310 nm). In the Stern-Volmer binding reaction model, the
fluorescence intensity of C1 and C4 decreased with the increase of Cd*", but the fluorescence intensity of C2 and C3 was unstable,
which showed that the complexation of humus components C2 and C3 with Cd** had instability. This also led to the failure of
fitting C2 and C3 in the model. The complexation constants 1gK of C1 and C4 in the soil DOM of RS were 4.25 and 5.03, which
were higher than in CK.[ Conclusion ] The soil DOM in RS and CK mainly consisted of humus and the material composition ratio
of soil DOM in RS was different. The complex process of DOM and Cd*'in paddy soil belonged to static quenching and the
aromatic structure affected the stability of DOM and Cd** complexation. Also, RS influenced the binding ability of tryptophan
and fulvic acid DOM to Cd** whereas the instability of the complexation of humus with Cd** and the complexation of C4 with
Cd*" can enhance the bioavailability of Cd in soil. The results of this research can provide a scientific reference for the study of
soil Cd pollution mechanism and pollution prevention in paddy fields.

Key words: Paddy soil; Rice-shrimp cultivation; Dissolved organic matter; Fluorescence quenching; Cadmium
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Table 1 Soil basic properties in rice-shrimp cultivation (RS) and rice monoculture (CK) systems

FH A 4k 2 B ) Sk AL/ N A LR AR AR
TEEIERY  pH
mV /(C gkg") (mgL™") / (mgkg") / (mg'kg™)
RS %iu 5.02 358.6 20.57 24.81 24.46 35.09
CK %iu 5.20 522.1 18.06 17.78 21.96 13.99

(DField treatment, @Soil texture type, 3Redox potential, @Total carbon, GDissolved organic carbon, ©Available phosphorus,

(DRapidly available potassium, @Loam.
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C2, C3 and C4 have similar ways.

1 FEEFFRSE (RS) FUKRSBAMERSE (CK) M 4 FhistEA LR (DOM ) 28564 4y

Fig. 1 Four dissolved organic matter ( DOM ) fluorescence components in RS and CK systems
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Fig. 2 Contribution percentage of fluorescence intensity of soil DOM components in RS and CK systems
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Fig. 3 UV absorption spectra of soil DOM and Cd**quenching reactions in RS and CK systems
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Fig. 4 Synchronous fluorescence spectra of soil DOM and Cd** quenching reactions in RS and CK systems
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Fig. 5 Synchronous and asynchronous plots of soil DOM and Cd** quenching reactions in RS and CK systems
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T RS M CK 1, & #R4145 Cl fiE BHIR4l 5 C4
P NGHRFEYIBE Cd™ 138 i 52 e B AR S ReE i I 42
(F6), KL THIH K, T C2 il C3 141k
AR HLRERE (K 6). HBawE gk HITH
FE 48 5 DOM W44 g1, DOM 5 Cd*
MG HEC 1g K WWER 20 MFMREH RS, C1 Al
C4 K H= (P HE R R Y RE S 9% 18 1E 7Y Stern-Volmer 5
RUA, JEAEIR414r C2 Al C3 LG, C1 F1 C4
i) 1g K76 RS H 5351 4.25.5.03, CK H1 43514 3.95
4.10, INIA 1g K HEM K RS>CK.,

——Cl —2—C2 —4—(C3 —0— (4

041
RS

03}

issealll)

PR Fluorescence intensity/R.U.
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05}
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Fig. 6 Changes in fluorescence intensity of soil DOM components and Cd*" quenching reaction in RS and CK systems

F2 MEIMFFE (RS) F/KIEEME (CK) RFKLTIEDOM & C1 #1 C4 Ao 5 CA* B ES1EREESH

Table 2 Parameters related to the complexation between soil DOM components and Cd*” in RS and CK systems

FH i) 4cb 31 DOM #% HBETERHE 1gK ZHRCALIL f ,
Field treatment DOM components Complexation constant 1g K The coordination ratio involved in the reaction f/% :
CK Cl 3.95 38 0.80
C4 4.10 20 0.90
RS Cl 4.25 55 0.95
C4 5.03 15.6 0.90
3 3 ® 5] P 1), fRAs 2L eI (1 2), X 1

3.1 DOM A4tk TR EZ=
DOM 4143 L ) 25 My 52 25 H 5 8 4 R 894
HXZR, AWF5E RS )13 DOM 4541 5 CK A

I X AR FE LS SRR, B SR AW S
SEARAFZEFATOC, URAIZIRAT O A A T A R
JEFRIZ, BT LB SRR TR, il
BRY AR BBIRZ, R0 LR Y
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V& 451972 AL FI DOM FiZK 73 %% , 5% DOM = A= 41
ACPYS wt DOM ¥R 4l He il &, R F i C2
FE RS P2 7 L CK AR, sX AR AT AE 5 40 F & R/
FIWE K S145 %, ML CK, RS WE/KFEHE .k
YIS s B A, K4 F ) DOM 7EH 5T
WA, KR LA B A A R T R, R
RS 1y C2 (5Bl 0 €3 JEH AR TR ML
MBI IR, HoAE RSy FLARA A, Ui S5 K REFh
TR o fif A 5, B CK AHLEL, RS HY/KAE
T 2 B e AR R TR T B, AR BRI nT 4 46K
T2 DOM ¥z, HARPRE 11 DOM Z 2k Wi
B, RS SR YRS B RIE PR i, JE
A HIXE AR R 2R 5] DOM 3 fiff i Ak 1) o 25 B ey 1360
XATREEAHIGE T C3 78 RS 1 Hu e v iy S S5 A
3.2 EAMRIESRS WKL DOM 5 Cd™

KRB HEREX

£HMGIE W DOM Wl = A T 200 ~
220 nm &b, [ Cd> ¥ BE 3 MR i 2 A0 B( 151 3),
Wk B IR 0 2 R [ R FE P NS R R A5 0 . 5
LERI T ARBEIEH UVas, A8 0SS (& 3), $ii
+4E DOM 5 Cd™ WA hE 155, Mim e cd®
1E e P AR RS PERRIT A M . SE IR 298 el 4%
(K 4) W5, 270 nm AbZREHFEAE RS LR S
CA* M4 & N CK A5, 1 300~325 nm 4b
) B TR o G BE B Cd™ A e CK Ml RS ¥
A, RS CATB AR ARAE,
I . W 2R s . A T Tk
YRS Cd %A, BaslEIORE R
EPT 5 CK #MiEL, RS A1 Eh K. DOC &t
B (2 1), DB RS A - 39 B0 55 o8 f1 i) 38 S e
5 CK 2503, HAKFUERE W IR T 2158 4
kA, DOM HKJEHE 2, DOM A4 i 20 1l b 9 s
s, s cdmMg A,
3.3 2D-COS ¥ DOM 5 Ca* %X & RHIEREX

AT, CK Hh  E R 4L e 5 cd™
%4, 1 RS HIEELLYE cd k%A, —H
() DOM 5 Cd* W&y 255 E (F5), %
DOM 7EBFfEH +HEh S Cd™ % & IR
ML HALE 4R, Cd™5 DOM HIEMHAL, X
T Cd 5 DOM MBS 5e 471, T4 T DOM
5 e AR R, ik, DOM 5 Ccd®' 4k
G—ERE FERT DOM B2 NS5 , 95 & 45

Wi £ DOM, H TEEMREE cd™ M4 AR
AR e B SR RN ) R T A, (R A A G A G R
HARN WML S RN E W, 5% %K EA R
FE IR BRI, X Cd Il DOM RY 44
FaE R, AR ST S B B AE DOM iy 22 H
Bl (B 2), BAERZHEELSH, W55 &ER C2
TEFEH 13 DOM i lLHHER, C3 AR AR BT R AHOCH
A EAT RIS RREE , S S R
I i DOM 5 Cd™ 4 A I A FAE .

DOM 7E Wi by Cd™ By 454 22 53 i)
it 5 DOM MYk B ML ILHE 4 | B2 FE A5 o 7 i
ZEFER X, WMEMAFE AR5, % DOM WE
A B4 A s i 2 R m, 5 cd™ WA
T AR, 4 e & 22 R b & DOM 5 ¢d™*
M & he Ak E M, CK F RS 14 DOM 7E¥) i
Fef FA 255 (| 2), HIPessi & 28t R
MR . B %S RAN, HMZm DOM
5 CdM%ARES . L LR, DOM [k
A R L 9] 2 S AR AT 1T RS2 1 A [R5 FH 2R 48 39
IS CAT B AR RN EERN ., BHMIE L
% DOM Wk B LU ) 5 0 T 45 2 i 2 S - 232 W
G AR Sh AR B K A P T B
Xf DOM RS, 5 Zm i /K PR i AR st 5%
A= 03 B AR DA R A W o3 S e A . 2 ik Al
W, e P 3538 20 8 K 2 A 0 A B 5 005 3 1) 42
T 3 DOM 4 F 5 Cd¥ 4 A RE T 5I0F .
34 BARNERYN DOM ASS5 CA7ERRE

FIETREX

A RN C1 I C4 Bl G (F2),
KBS cd B A MxRE, &AW 1g K W1k
RS 45 5, FW RS # DOM 5 Cd' 4 A RE
S, AHOCHIFSE 2 WAV K MR e BE ) DOM ] 475 +
Heh DOM 5 cd* 4 & ae !, A5 DOM
HIE RS ¥ (F 1), H RS WEAKKME T, XRA
AHEE RS 111 DOM 5 Cd* &k /15T CK Y
JEH . R DOM H C-0 4514 5 C-N gy o)
ARTHE cd™ & & mkets, X n] G A
P Cl Y Cd B FHARENEERN, XA
FREAL b Cd A 20 & R A5 C4 MIXT 1gK
iR CLE (£ 2), RUFERS cd™
I A RE R AR, &R c4 BAEEK
oy, HESMEARERIEMMRIL, HETR
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Bldmn, w55 &I MR, XREART I C4
5 cd* Ao DR e EBEFFE, B2 RS
BHIR C4 5 CA™ BIZE A BE S 3w (14 R Bt 3 5 T
3 cd WA SRR, R4S RS i C4
FLBIARYT CK RYME (& 2), (-0 76 A b s ad 7
R Cd BT Y R . B fErp C2 Fil C3 2K
JeoR A LA TR T, TR IER Stern-Volmer 45
BMPA (E6), FWEMT DOM 5 Cd* %A A
FaE g Zutt, Cd*™5 DOM By 44 T AE RS F
CK AN R AR B T 32 a5, X AACIE T g B o 4 3 %)
DOM 5 Cd*" % & FasE i) T4 5 DOM () =i 35 A 45
YR IM G, BRILIAATRES Cd™ AT B R |
DOM AY4FHE 22 kA7 0¥, cd™ 5 Cc2 fn C3 %4
AT EN:, AFT CA™ B Yepig, BimREm +
Herh Cd 15 YL B 10 KU R 75 5 B 3

4 %5 B

AFFRIRA 2SR G AT T 44
KT R A RN, g 7RG 58 DOM 5
CA Mz At . AT T4rHr 2 I Fh RS H R 48
11 DOM 241 ) A A , {H 1- 5% DOM 45 4 43
JIt o EGIR TR . 2 56 43 B 2% B e F AR R 1 £
e, cd” 5 DOM R 457 3% A TAl X 5 DOM
HAETE R R 10 5 05 B 45 6, R BUB 5 it DOM
5 Cd B A AEPIFIRG I R G HA AN RS TR 24
Mo 25 A BN BRI P b 5% 4 398 v €0 02 A
HR DOM 5 Cd* H4 4 e I BOKRE s/, & H
iz DOM 5 Cd* % A a1 ik =R DOM 8 ; &
HRS Cd* 45 A s Cd BAEWARIE. 4 Fir
W, R IEAE— R R T R R
Cd™, 7EMAISEET &Y Ccd™ 5 TR, %
S5 ONRE H 4 Cd T B IR IR S
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