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Abstrat Studying e’ chemical composition and characteristic differences of o1 dlssolved organic matter (DOM) is significant for understanding the mechanism of Cd
immobilization by soil amendments. Soil amendments have been widely apphed to contaminated farmlands to reduce the accumulation of heavy metals in crops, but the spectral
characteristics of DOM in soils under amendment regulation have rarely been studied. Typical Cd-contaminated paddy soil from South China was collected, three categories of
amendments (organic-based, inorganic-based, and lime-based, a total of 11 types) were applied, rice planting pot trials were done, and the effects of different amendments
on soil DOM were investigated. The spectral characteristics of rhizosphere soil DOM under the regulation of different amendments were comparatively analyzed using UV-Vis
spectroscopy , 3D fluorescence spectroscopy, and parallel factor analysis (PARAFAC). The results showed that the lime-based amendments increased the soil pH and promoted
the dissolution of organic matter from the soil solid phase, resulting in a significant increase in soil DOM content. Compared with that of the control, organic-based amendments
increased the relative molecular weight and recent autochthonous origin contribution of soil DOM, inorganic-based amendments increased the aromatic content and hydrophobic
components of soil DOM, and lime-based amendments increased the chromogenic components and the degree of humification of soil DOM. Four fluorescence components, Cl
(255/465) , €2 (325/400), €3 (275/390), and C4 (240/460) , were identified using PARAFAC and verified with the OpenFluor database, all of which were humic-like.
Two types of spectra corroborated with each other, indicating that soil DOM dominated by humus-like matter originated from terrestrial source input. The correlation analysis
showed that the fluorescent component C4 of soil DOM could he used to predict Cd accumulation in brown rice in the red limestone soil-rice system. These results will provide
a reference for the selection of the appropriate soil amendments.

Key words: soil amendments; dissolved organic matter (DOM) ; spectral analysis; parallel factor analysis (PARAFAC) ; paddy soils; Cd accumulation
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B, A [ 2 BRI Cd e K REZH U 3 S R R

SR F 2 2 PR IR IOREK B Cd R 0. 25
mg-kg" B TR AR R AT £ s YR
) (GB 2762-2017 ) H i #i 52 B4 b 1fE BR1E (0. 20
mgekg ") TR (163 - MR K R 77 A

VRN B B IR 4 b Cd i) AR A AR T
S ARG BT 6 9 1 R 349 T SCHIRL 7 4
TETERIFIY Cd R AR AR (LA A 3645
5 E A AR AP B, 7E 4 R R
FUER T, AR K Cd A7 Ik 8 T BT e M
B2 A BRAE, S0 3R BE 5 | RE R, IR
PRATRRIA . X — 555 5 R R E A RGBT,
SR A R, T CLBGIE T AT R AR Cd B 4 1)
IR M7 B, B SRk Cd (99T B3
DT REJE: i F 30K 53 T e L4 8 4 A Y
TR T AR RS FF A W S T K P B Cd ¥
JE AT ARSI WK 2 1 T, BRI P CL i
BEAR R ) BRI AT VA T (L Cd A
2 Al A T B SRR B S sp | T
A S Pl TSR DR AT IR PR T C AR AR PR G
WS REMRAE LA A 0 B RS L i
WL AT B S pH L W R PR ALK T
AT AR, BRI R R P G Cd WL e
SR I 32, 06 24 A S — o T S B2
Cd HEC R, T | CA 5 e R B T
A P PP AR B S R A5
it TP Cd 78 BMTKR 2  1  4  HeT
R RO By, RSB AR, Cd L5k AR
S P R B, SR BL R B AR R A
T MR CATRE L E BB/ Cd L
etk AOK REAR Z 10 3 41 L. AT R A ik
L) B0 1ot i R B A AR R, AT 2% £
e Cd BB VAP RS R Cd /Y & 4E.
RN R HER R A 2 N R rh, L3 DOM 2 fe h
FHIFBEE T2 —, F OB ERA.

R2 HURFINIEKERES Cd EMEEMEBHZM)

Table 2 Effect of soil amendments on the bioaccumulation and translocation of Cd in soil-rice systems

s (Cd)/mg-kg™! RN R RAL
i % P (/) /4 Bk

X IR 7.75 +1.29ab 0.86 0. 16ab 0.25 +0. 11a 3.57 +0.95ab 0.11 +0. 05ab 0.03 +0.0lab
43¢ 4.81 +0. 58ab 0.65 =0. 14ab 0. 15 +0. 04a 2.22 +1.24ab 0. 14 +0. 04ab 0.03 +0.0lab
HR+ 14.51 £2.0lcd 2.77 +0. 50¢ 0. 64 +0. 26bc 6.69 +2.71cd 0. 19 +0. 04ab 0.04 +0. 0labc
PN TS 2.76 £0.96a 0.30 £0. 04a 0.05 £0. 04a 1.27 £0.28a 0. 11 +0. 04ab 0. 02 +0. 02abc
& 2.02 +0. 73be 0.18 +0. 02be 0.04 +0. 0lbe 0.93 +0. 58hc 0.09 0. 05ab 0. 02 +0. 03abc
TERLLE Y IR 6.47 £1.80a 1.43 +0.25a 0.43 +0. 15a 2.98 +0.23a 0.22 +0. 10b 0. 07 +0. 06bc
fase A=Y 2.00 +0. 56a 0.20 +0. 03a 0.06 +0.0la 0.92 +0. 66a 0. 10 0. 03ab 0.03 +0. Olabe
FRILHE KA 5.06 +1.76d 1.20 +0.25¢ 0.35 0. 17¢ 2.33 +1.70d 0.24 +0. 07ab 0.07 +0. 0lab
MIEA 17. 89 +3. 56ab 2.32 +0.46ab 0.75 +0.27a 8.24 1. 48ab 0. 13 +0. 06ab 0. 04 +0. 02abc
FaWR 3.23 £0.72ab 0.40 0. 19ab 0. 11 +0. 04ab 1.49 +0. 53ab 0.12 +0. 09b 0.03 +0. 04c
K+ h % 3.48 +0.49ab 0.51 +0. 05ab 0.11 +0.02a 1. 60 +0. 99ab 0. 15 +0. 04ab 0.03 +0.0lab
K+ HoR A+ 2.55 +0.50a 0.26 +0. 03a 0.07 +0. 02a 1.17 0. 16a 0.10 +0. 02a 0.03 +0. 00a

1) SRR 2R J5 22531175 ¥ (one-way ANOVA) | X FEA R 2 R AT T RS Cd BRERAY 2853 BUE PRI + BRI 2E (n =3) , R R/ING 595,

FoRBEMZER(P<0.05)



6 B A s ORI AT KA SR SRR S AT BTG R A i 1 3319

2.2 SR AT KRR 38 DOM & &t (1 fi
IKFE BT |, 7R AR AR S A TR B, A 7K A
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Fig. 1 Response of rice rhizosphere soil pH and DOM content

under the regulation of different amendments
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Fig. 2 UV-Vis spectral response of rice rhizosphere soil DOM

CK. %18, CM. 43%

under the regulation of different amendments
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B 3%

F1 R U R A A 32 A3 4 AT, 45 21
WK 3 s, 56 1 E R T 22 5TRRIA$ 97. 34%,
VLA A GIE S E A HAT AR 58 A AH G i —
k. IIE 3 ATRLE Y, 3 R ek R A 1R AT
BRI, T H el RV RRCR WA B X
B T A R EIN 2 35 2 AE 18 pH, 2175 1

1 DOM 1 45 F4 e 54 e ok RO % - R
BasgmiA B, 50 DOM B8 A B, AN JE DL 48
AT DL TR k. 3 A2 SRR BT o ff
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THRAWITE 15 DOM KL IEFRHE , 7 B BOLHE
FoAR R

3 LI DOM LA LKA NIEHES &Y
Table 3 Soil DOM UV-Vis spectral characteristic parameters
Lb B SUVA,s, SUVA,g «(355) S E2/E3 E3/F4
xiF B 2.85 +0. 18ab 2.68 +0. 18ab 19. 55 +3. 89abc 0.88 +0.20a 4.13 +0. 91abed 4.09 +1.09ab
42 2.92 +0.27ab 2.76 £0.26ab  21.12 +2. 02hc 0.75 +0.08a 4.71 +0. 28bed 5.19 0. 50abc
LY/ 3.00 +0. 83¢ 2.82 +0.79¢ 23.28 + 1. 85abe 0.82 0. 13a 4.27 +0. 37abc 4.30 +0. 62ab
FERIFSAF 2.40 +0.23a 2.28 £0.22a 19.90 +3. 16¢ 0.76 £0.20a 5.04 £1.22d 6.03 + 1. 85hc
faoe 2.28 £0.12a 2.17 £0. 11a 14. 69 +5. 44abc 0.77 £0.12a  5..31 +0. 86bcd 6.18 1. 06hc
(R RELY/b7d 2.10 £0. 72bc 1.97 £0. 72be 12.97 +4. 39ahc 0.80+0.23ab  5.35 £0. 69abed 5.77 =0. 84ab
[T RE b/ 3.47 +0. 08ab 3.30 £0.08ab  28.44 +3.86hc 0.71 0. 02a 3.86 +0.25¢d 3.97 +0. 48¢
BRI IR A 3.74 +0.21c 3.53 £0.20c 30. 08 +0. 72abc 0. 86 +0.28a 3.42 £0. 67abc 3.39 +1. 18abc
WA 2.59 +0. 19d 2.43 +0. 18d 15. 64 £2. 55abc 0.76 0. 12b 4.84 £0.34a 5.40 +0.26a
IR 2.36 +0. 32hc 2.22 0. 31hbe 26.19 1. 84abe 0.71 0. 05a 489 +0. 13ab P 5.-'73"i-0r.\()5abe
AR + 43¢ 2.640.5labc  2.49 £0.48abc  29.46 +7.02ah 0.67£0/04a  4.46 +0.23bed 5,28 0/ 40abc
fK + Howt 2. 64 +0.35ab 2.49£0.33ab | 24.78 +3.26a 0.71 +0,03@=  4.59+0. 39bcd 5.'55_‘&"0. 61bc

1) RIIRIA 20 225 BT 7 Come-vay ANOVA ) &8 HO A IR RS T --HE DOM 54 Mo AR B 25 S 0 B b

22(n =3) , AEVNEFRFRIR BENEZER (P <0705)
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Fig. 3 Principal component analysis of soil DOM based

on characteristic parameters of UV-Vis spectrum
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Fig. 4 Three-dimensional fluorescence spectra of soil DOM under the regulation of different amendments

DOM () HIX fE/NF 4, B JLA 1 DOM J& 56
JFRRAE RS, [ LA A A 5 A 3. S ) e 5 R 4
T EE A TR E Fo (280) F1E 6 78 59 5
AR BE Fn(355) 28 AL R AR — B, FR Bl I Ay
IR ZHAY Fn(280) {HF1 Fn(355) (B3 A%, 1568
H DOM H 285 11 40 Jo RS T8 5 400 I %) AR R 5 1 K
SRR AR

FIFH MATLAB 3k {445 PARAFAC K FH % 36 4~

TR R DOM FEAS 1538 T 4 D265, i
5 FR. R T RAES AT A B e TE K 4 064
43 FAER] OpenFluor 758040 72 h ) | 220 5 %0
JERLTUXT L, R BT A 4L 2 /0 5 — i HAB A 5T
AHVCHD , e A 58 4 Fhad e oy e Kok . &4t
WAy 5k C1(E /E, =255 nm/465 nm) . C2(E ./
E, =325 nm/400 nm) . C3 (E/E, =275 nm/390
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Table 4  Characteristic parameters of soil DOM three-dimensional excitation emission matrix fluorescence spectroscopy
by FI BIX HIX Fn(280) Fn(355)
it HE 1.76 £0.05a 0.85+0.0la 4.19 £0. 18hc 1289 +105ab 1758 +178a
42 1.83 £0.04a 0.78 +0.00a 4.50 0. 28cd 1459 +95hc 2407 +300abcd
i+ 1.77 0. 00a 0.79 +0.03a 4.59 £0.19¢d 1172 +33abe 1898 =178ab
FERIFS A 1.87 +0.02a 0.83 +0.02a 2.82 +0. 09ab 1619 +77ab 2447 +222ab
T 1.87 £0.02a 0.87 +0.02a 2.05+0.31a 1 850 = 88abc 2067 +172ab
T A= Wy a 1.86 £0.03a 0.94 0. 03b 3.35+0.29a 1948 +175d 2069 +175abe
[EDaLY/p/d 1.71 £0. 05a 0.89 +£0.01b 3.68 +0.20ab 1515 +127cd 2277 +184abed
2 2Tyl 1.76 +0. 04a 0.77 £0.0la 3.90 0. 19hc 932 +71a 1487 +37a
WA 1.81 +0.03a 0.84 +0.0la 4.55 +0.26¢d 1581 +27abe 2281 +206ab
IR 1.72 £0.0la 0.85 +0.00a 5.51 +0. 18cde 1747 =140c 3459 +448d
LR + %% 1.71 £0.0la 0.75 +0.03a 5.34 £0. 20e 1346 +48cd 2 863 +364cd
K + #ok+ 1.69 £0.03a 0.75 +0.03a 4.91 £0. 34de 1627 =61cd 2764 +275bcd

1) R E I 253 W1 77 (one-way ANOVA) , X HEAS [H] e R 45 T 58 DOM =4O OGRERFIES 5000 25 5% BUE - F 390 = FRifEfR 22 (n
=3) , AM/NGFRFRR B EEZS (P <0.05)
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2 |
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5 04 F Jl
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"R = A, J_.; \\\ /'-".\... / _H\\ S \". e |I . P /\II|J|
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0 i L e L L i b3 s N P i i 3 |
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i Femm i emm e e/nm HFeinm
FIH PARAFAC HERLfR AT 4 DTS C1(255/465) BT T2EMEFU , C2(325/400) I IR AL |
€3(275/390) Bt/ 3T BHUTAN C4(240/460) 15731 B w7 LG
BES5 TiEkiRIE DOM =430 iR E ) PARAFAC 54 4H 5
Fig. 5 PARAFAC analysis components of soil water extraction DOM 3D fluorescence spectrogram
% 5 OpenFluor #IFEEMI\T1E DOM HHEASHALE R RAK
Table 5 Position and description of soil DOM fluorescence components verified by the OpenFluor database
E . ./E s R4 TCC OpenFluor
iepA x max” ~m max 4] P
an /nm WA E, E, E xE, ]
§ N 0.9955 0.9953 0.990 8 . (45]
C1 255(365) /465 B 5T A R R R 031 2R AR (1D2621:C4)
0.9972 0.993 6 0.990 8 (ID52:€3) [
2 4T]
2 325(255) /400 TR A W A 4 T 0.9773 0.9952 0.9726 (ID1165:€2)
0.9843 0.9930 0.9774 (1D8;C2) (48
§ . N 0.9955 0.990 0 0.9855 . (49]
3 275 /390 I AR /N 4 S R 2 0 (1D2007:C3)
0.9932 0.960 2 0.9537 (ID55.C1) 130
S 2 i s Er g s e . L9487 . . [s1]
c4 240(260, 360) /460 HKE R SFE> TR EHELEY 0.9369 0948 0888 8 (ID198C4)
0.9272 0.923 6 0.856 4 (ID11:€3) [

C1 Zhy mJ A= 90 ik A 140 T A o S o, AL 3 R o0 1 i
A9 B K PR AR5 ) I D5 D R R, AT AR ok
HRCEY) ] T B AE TR | L S OREFTE 1)

Iy Ay C2 A AR RN T B B SRS A
(T C1~C3 Z[a)) , Hok g 3222 hy i VR AV
5 C1 AL, A A= 7= | A W 5 e AN T AR 40 W BfE
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Fig. 6 Relative fluorescence abundance ratios of different

fluorescent components in soil water extraction DOM
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