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Abstract: Integrated rice-crayfish system has been widely used in the middle and lower reaches of Yangtze River in Chi-
na. To study the effects of short-term integrated rice-crayfish system on composition and humification of dissolved organic matter
(DOM) from the soil, three-dimensional excitation emission matrix fluorescence spectroscopy coupled parallel factor method

(3DEEM-PARAFAC) was used to analyze the fluorescence components and the changes of each component of soil DOM. Differ-

ent fluorescence spectrum indexes including humification
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humic substances with low relative molecular weight (C1), UVC humic substances with high aromatic degree (C2) and tyrosine-

like substances (C3), no humic substance with relative high molecular weight was found. In the surface soil of 0~20. 0 ¢m depht,

the fluorescence intensity of C1 and C2 components increased firstly and then decreased as the sampling time pastponed, the

highest value appeared at the tillering or heading stage of rice, while no definite trend was found for the C3 component. Pearson

correlation coefficient analysis demonstrated that the fluorescence intensity of humic substances C1 and C2 showed significant pos-

itive correlation (r=0.99, P<0.001) ; the fluorescence intensity of protein substance C3 had weak relationship with other fluores-

cence indices (intensities) (r<0.40). HIX showed significant positive correlation with the fluorescence intensity of C1 and A : T,

which could be fitted by a linear function. Compared with MFI, YFI had sufficient distinguishing capacity to characterize the hu-

mification process of DOM in the soil; YFI and HIX could be fitted well by an exponential function. It can be concluded from the

study that the humification characteristics of the soil in the short-term integrated rice-crayfish system are mainly affected by the

degradation of endogenous organic matter, but are less affected by the input of exogenous protein substances. It is hard to monitor

the humification degree of soil organic matter by analyzing dissolved organic carbon content of the soil.
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identified by PARAFAC analysis
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Fig.2 Changes of fluorescence intensity of PARAFAC fluorescence component C1 of dissolved organic matter (DOM) from soil with dif-

ferent depths (0-40.0 cm)

20000 g
5 18000
16000
€ 14000
19000
kR 3
& i
0
20000
5 18000 85
) 16000
< i
19000
5 1
e
20000
5 18000 89
) 16000
< 12000
210000
L
g
I 12 T3 T4
MR R AR ]

JOEHE (R.U.)

JeiE (R.U.)

i

PEHHRE (RU.)

——— e N

NRANCOON NS [[SENe Nolle] S ¥ No Nol I S B Nople il S B o e o)

—_——— b
OO0 OO0 OO0 O

= N

[l il

OOOOOOOOOOD

SO0 OOOOOOOOO%

S
wn
S5

S6

SO OO

(] SO
—_

OCOOOoOOOoOOD

1 T2 713
SRR R A [A]

T4

PIEHEE (RU)
NN RN
QOO
COOOOOOOOOD

OO OOOOOOO
2 .i w2
W

JOEHEE (R.U.)

FOLHE (R.U.)

(=]
(=
(==
(=}

1

[\SE Ne)\
SO
[=lelen]
SOOoOO S
% T T T TT

wn
2

(=]
(=3
COOOD
SOOOO
T 111

o CK1

——— N

NENCOCON RN
OO0

OO
SO

(=33

T3 T4
B SRR R

KIEHE RU)

FERU)

Pt

BRI (R.U.)

N

76

—a—0~10.0 cm; —A—10.1~20.0 cm; —%—20.1~30.0 cm; ——30.1~40.0 cm
T1.3 324 H;T2:6 28 H;T3:9 A 12 H; T4:11 J 19 H ;S1~S10 Z/RREHFEAER I Y 10 S RAEE A, CK1 .CK2 9 MUK FE H (318 ) 2

AR

3 AEFRE(0~40.0 cm) £1E DOM #5 PARAFAC %3484 C2 %HIBETL M2
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Fig.4 Changes of fluorescence intensity of PARAFAC fluorescence component C3 of dissolved organic matter (DOM) from soil with dif-

ferent depths (0—40.0 cm)
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24.00~86. 00 mg/ L, AAfF 5T bk DOC i vk JiE i 3%
TRTIZAE X 5 45 Hb Il B2 | B3 7K RN K B 4 5 9% VT AR
K, A 5 i E I XOCR BT, R R X 2L R 2R AT g
S50 1 3E DOM 1 & i AL M Z5 > 0~20.0
em BURETR BE S [R] BURE 5109 - 58 DOC it vk i A2 1k
AN —F0, WORE 55 ST,S2 .83 S5 45 fl R AE
() PR S RS 1 T S T e 1 i BRORE A S10
M2 PPE SRS, FEA VLR IEAE RS, S1~S10
FESLFE T1, T2, T3, T4 #°F-34 DOC [z 1t ¥ i 43 31 Ry
(12.87+8.33) mg/L.(11.43£10.21) mg/L. (14.54%
6.08) mg/L. (7.84+3.65) mg/L, ¢ Kid 45 R Bow,
T1.T2 A1 T3 Z[a] )14 DOC ik o 8 22 5%,
T4 1) 3 DOC J ik & i Z LT T1 (P<0.01) , X

YR KRS HE K 2 S ECA HLRR IR AR R 4 1
5 DOC Wit iy m 2 R 3xX 5 R R 4 1 WF 5T 45
RA—H, RERED KRR IR 2
$E/E T70~40.0 em T2 HLERAY S B X Fh2E 50
JE PR AT BE Az AT 8] (KA, > 10 48 ) i ] 457 21 7
KLEEARE

£1 FZ(0~20.0 cm) 13 DOC FERE (mg/L)

Table 1 Mass concentrations of dissolved organic matter ( DOM )

in soil at 0-20.0 cm (mg/L)

i T1 ™ T3 T4
Sl 437+1.07 24.00£12.63 7.55+0.02  3.4120.29
S2 10.57£4.39  34.57+4.73  21.12+12.21 14.94£10.74
S3 12.07+2.05  14.95+2.38  28.26+3.27 11.84%8.63
S4 28.57+20.41 4.53+1.28 13.93x4.78 10.10%3.27
S5 3.76x1.19  6.42+0.73 12.07£0.72  4.03x1.15
S6 7.39+2.40  5.19+0.93  14.29+1.76  8.78+1.25
S7 8.83+1.36  4.59+0.18  9.80+1.21  5.52+0.27
S8 12.54£1.65  5.39£0.09 11.70+1.06  6.59+0.66
S9 25.74+3.61  8.76+1.51 10.89+0.14  7.98+1.72
S10 14.90+1.49  5.88+1.15 15.80+1.96  5.25+0.90

CK1  28.40+10.21 13.74x1.42 10.60£1.55 21.53%7.41

cK2 15.96+0.05 12.92+1.92
T1~T4.S1~S10,CK1.CK2 WK 2 1,

21.02+10.05 14.49+7.20
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2.4 PARAFAC AN L

it — 20K PARAFAC f# BT 195620 515 Open-
Fluor B4 20 | Coble ™ 4 fif 1 F 7 45 SR 2k 47 L
X, EE RN ER 2 fin, M OpenFluor 4k FE 15
G35 Coble MU TE B AR H 42iL, Cl
£ 420 nm Ab 5% B KR S, 430 4E <250 nm Al
320 nm HA AN, C1 2 B A SRR 7
(S S I, 228 Hh IR AE M P 7K T b D T
SEIRBE R, Coble " HIFFEIN Ry C1 2 il Hb 5 I 71 o 2%
W A FE C HIRAY) ., C2 7F 475 nm 4b R K&
S FE 270 nm Ab 7R B KIMOR W 7E 340 nm Ab i

TRELTE IR BB R W . C2 WA N2 UVC 288 58 i
P> R B R SR 4l B
BREEMFSFE A TFEx=270 nm .Em =305 nm
(1 C3 M RIY IR, EARERKLE A EA,
AL A W n] R R LR 1Y L B PR R A AR Y
JENT ) Gao ZENTIRFSE T A R 45 Al A 8 o A
PER MRS RAAE B T A8 98 2 8L C1 AT €2
JE A TS 2H 53, 3 L5 30 e R X 43— I 1)
KW (Ex=400 nm .Em =525 nm) , X 5AHF5E 44
AN 33 22 S T R R P AT 9 DX 3 12 Y |
THEHHE T RELZHE SR,

R 2 Wt PARAFAC BHEEHH 3 MASBEURRCEFNASHIELE

Table 2 Characteristics of three components identified with fluorescence PARAFAC modelling and comparison with previously identified com-

ponents
HTF OpenFluor £ M SCERRIE H DI (B, Em gy, nm)
oy E% o (nm) Em, (nm) 22 T b 1) ;
" I Coble [26] OpenFluor )%
Cl <250(320) 420 It b 58 o 24 A:260/400 ~ 460; C: 320 ~ 360/  Cl:<250(320)/422"%"; C2: < 260
420 ~460 (280~340)/340~460"* ; €3 <260
(<315) /42131

2 270 (340) © 475 I b D5 5 B 2k A ;260,400 ~ 460 C1:260(370) /475 3]

c3 270° 305 MRS FEHMYE  B:275/305 C2:260 ~ 270/310 ~ 320 ¥, 7.

275/3081%*) ; C4.270/309!%]

By s KRN s Emy  BORBIIPAS 0 30 5 RUE N IR0

2.5 AREHIEHHTLIFIE
AR T IEFAFE S (HIX) A 2 T,
HTEEFERU(B + ) McKnight 2 GHE B Y BI%HEH8
G ZFh IR B AL RHE  LLRIE RS AR R 5 b
+48 DOM MLk, AL P B AL FR (% 3) . HIX
51458 DOM 035 & B VA G, Sk &9 &
BRI RDY R R HIX 5 ERE
(R0 1R 25 1 10 ' AR R (BR0) MR R BE 0 S 2 LB A
BT EAHESE T, S1~S10 B S FE T1 T2 . T3 . T4
B HIX PIE45 5 R 1.777 ,2.847 .2.161 ,1.275, ¥R
HIX {585 T Gao % B AY 1.1 247, X Al fiE
LR B+ 5 BT BEAIR DOC i vk A G
R K R bR Hb B CK1 ORI CK2 HURE &5, H: 4 3
DOM S Fa Ak A% BE AR X A i, Bl A HLAR IR A &R
BLRIEAT ¢ KR M & B, T2 3 DOM Y HIX &
FHET TL (P<0.05), X5 PARAFAC %64 4
C1.C2 W fbashael, ItIA A HIX 19 b 22
A PR T S5 B 28 5 0 T8 1, i A B B 2R 9 5 1Y
PO AR, 220 8 A H (BRI BIWOR ) |, ¢ K56
3R B, T4 +33 DOM ) HIX BT T1 (P<

0.05),

A = TR] FITF 4 34 X 5 A 2 6 ) ot A1 AN B g ¢
SR Z R HER Y A THYARE S HIX AR H M
B, Bt SR A ) i) Py A 3R AR S IS TS R R
P(BES2), S1~SI10 FEAHTE T1 T2 . T3, T4 A = T
YA 43 91°50.615 1,230 ,.0.934 .0.327, ¢ K 360 20 B
RIL,T2 A T4 13 DOM A : TR E S T Tl
(P<0.01)

TERGUFILAE R Ge b, MFT Bl SRR B ) A 1R 52
AN 3% 21, S1~ S10 HURE &5 MFT 1) e K AE Al i
/MEIAR AL /N T 0.2, S1~S10 193 MFT 508 K
1.432(T1) 1.381(T2) .1.38(T3) F1 1. 411(T4) . ¢
K40 7, S1~S10 A SA7ETL ~ T4 /) MFI JC i 35 2%
5t B, MFLYELL IR AR AR R 48 b 13 DOM
AR R, T YFT B XAy R T, i itk T
135 DOM #4574k ik B2, AP b Bl SR A B ) £ 3
RESETRE LAMGESE, R ER, T3 145
DOM fY YFI A% T T1 (P<0.05), X5 HIX I
A TR AR, X 02 T T4 DOM H i 58 i 2k
Y DN e o S VA= W o =S Gl N = DSt e s
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EOM P 0 KR g R R, S1~ S10 B AL Y
B ofETI ~T4 [B)JC . EEF
2.6 ARIEAIEH(RE)WEXESHT

i — 2 3k J IR AR OC R (r) S A TR R
(0~20.0 cm) DOM £ Fhue JEHE KL (SR IE ) IYAH &M,
Z5RANER 4 PR, XEEFR R SR G T, At — 20
BRI ILVERT 4 DOM 5%, EAFRY
5T C3 5 HoAth 2 St 45 B (R ) AH OGP 4858 (r<
0.40) . /4 C2 AT &1 DOM 4538 24, J§
BB C1 1 C2 Y i AH G, 3R B 2 R U5 AH
I 2 IR S AR . WA = TIARME S HIX

£3 0~20.0 cm XE 13 DOM REHHIEHATL

EH AL, Y e+ DOM RS AL EEbE A - TS
HIX & 3 AE & 58 B9 1E A3 & M (r= 0.952, P<
0.001) , JF 1] 4k £& £ o6 HOAR 4 0 0045, RS, =
0.903 8, W& 6a fr/n, A : THI HIX 555 T 25
i C1 1 C2 ¥y &2 SAR 38 /) 1E AH ¢ (r= 0. 80, P<
0.001) , M58 F i C3 M CPERAR, C1 280 5R
5 HIX TR Bl R, =0. 6314, W& 6b iy
TN X I T AR 32252 IR A P RE
Fif (R SR A2 AR B 1 TS o (it Ry 2 A
FHHLE) f g/,

Table 3 Changes of different fluorescence indices of dissolved organic matter (DOM) from soil at 0—-20. 0 cm

izt HURERSTR) S1 2 S3 S4 S5 S6 S7 S8 S9 S10 CK1 CK2

HIX T1 1.25 2.11 248 207 218 237 1.37 1.55 1.18 1.21 3.86 3.44
T2 2.05 1,79 357 207 293 325 334 319 35 2.78 2.87 2.08

T3 196 235 245 2.16 1.83 263 199 245 2.03 1.76 2.69 2.45

T4 0.81 2.24 1.19 112 058 1.67 1.6 1.27 142 085 2.11 2.61

A: T T1 040 083 095 08 052 072 035 045 056  0.51 1.79 1.51
T2 0.76  0.60 1.66  0.98 1.06 1.43 1.36 1.45 1.70 1.30 1.25 0.86

T3 0.79 1.03 112 092 071 118 0.73 115 092 079 1.22 1.08

T4 020 056 032 028 012 043 045 035 037  0.19 0.67 0.78

B:a T1 069 077  0.81 0.93 1.08 1.16 1.28 1.36 1.58 1.68 1.60 1.72
T2 067 075 0.78 1.15 1.04 1.16 1.24 1.37 1.42 1.60 1.65 1.75

T3 070 079  0.85  0.98 1.08 1.14 1.32 1.37 1.49 1.59 1.68 1.79

T4 058  0.71 082 095 1.18 1.16 1.25 1.36 1.48 1.56 1.62 1.70

MFI T1 1.52 1.44 1.36 1.44 1.24 1.40 1.49 1.37 1.49 1.57 1.33 1.33
T2 1.40 1.40 1.31 1.47 1.42 1.34 1.33 1.37 1.37 1.40 1.34 1.41

T3 1.37 1.30 1.34 1.43 1.33 1.33 1.50 1.32 1.44 1.44 1.35 1.48

T4 1.41 1.41 1.48 1.48 1.39 1.36 1.31 1.42 1.50 1.35 1.41 1.40

YFI T1 114 074 070 078 085 067 08 079 083  0.93 0.56 0.59
T2 0.71 0.82 0.6l 082 063 064 060 065 064  0.67 0.61 0.95

T3 0.71 066 065 070 072 064 070  0.66 068  0.71 0.63 0.65

T4 0.91 0.65 1.05 093 114 076 079 084 083  0.97 0.76 0.69

T1~T4.S1~S10,CK1,CK2 ULIE 2

B oG HAMDE AR (R ) A AR M 855
R<0.40, M#& T MFI,YFI ¥ fig ;2 Wt + 3% & DOM
FJEFE AL AR AL R . YRI5 C1 98 60REE A C2 266
5 5 BAOAH O, - {5551 - 0. 749 (P<0.001) Al
-0.728(P<0.001) ,YFI 5A = THI HIX t 5 fAHE,
rAE 4> B3k - 0.787 (P<0.001) F1-0.834 (P<

0.001), #H /=41 DOM ( ED & AR A = TE HIX
) W EAT B 05 5 5 1 R s A 2 o B (|
B YFIE) ,RZINE . #E—2 00 HIX 5 YFI
MOEHR , R IAR BRI BT A IR LR (R, =
0.819 0) , 4Nl 6¢ firzn ,iX KW 11 DOM 25
(YFI) EZZ 2B R, DF58ie &3,
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PIAR5 (R<0.200) , X7, X LU i 7 dr + 3 %
AT BB 75 R M+ S LT AL AR

+3% DOC iR E S5 EEBEY C1 (r=0.471,P<
0.01) 1 C2 (r=0.476,P<0.001) )5 600 & 2 55
1EAASE T DOC Joi i vk i -5 At 2 36 0 AH O
F4 1I1EDOM REZEAIEIEH (ERE) B REIEX RE (n=48)

Table 4 Pearson correlation coefficients for different fluorescence indices ( intensities) of dissolved organic matter (DOM) in the soil (n=48)

Cl 2GR C29ImIE €3 AGImEE A:T HIX B:a MFI YFI
C2 FGom B 0.990 ***
C3 Y i 0.102 0.139
AT 0.803 *** 0.793 *** -0.364"
HIX 0.800 *** 0.809 *** -0.304 0.952 "
B:a -0.342* -0.402 ** -0.217 -0.233 -0.376*
MFI -0.452* -0.473 0.034 -0.425" -0.500 *** 0.409 **
YFI -0.749 = -0.728 " 0.391* -0.787 = -0.834 " 0.324" 0.460 **
DOC Ji & vk i 0.471* 0.476 0.256 0.198 0.155 -0.163 0.024 -0.250

A s T RS 2R LA  HIX R FEAE B8 © o BiBERE MFT: McKnight ZECHR 50 YR Y DGR E ™ ™ ™ 431 3R W72 1 22 [ A
0.05.0.01.,0.001 /K-t I,

Y=0.681 7+1.741 Ox
R=0.903 8

JEEREALAE L (HIX)

J

I I I I I I I
0 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00

A: T
ST b ¥=0.633 3+0.000 2x 45r ¢ ¥=0.953 4+93.350 Oexp(-6.137 Ox)
R>=0.6314 4.0r R=0.8190
S S 350
SN T 30
& & 250
Z L 3¢ 20k
= = 15t
E«E 1k Eé 1.0F
0.5F
O 1 1 1 1 1 1 J 0 1 1 1 1 1 1 J
2000 4000 6000 8000 10000 12 000 14 000 05 06 07 08 09 10 11 12

ClestimE (RU.) YRIBE G

6 JEHENIEHEEA T (a) JBEBEYR C1EHEE (b)Y BEKIEH () WX EE
Fig.6 Relation between the humification index ( HIX) and A : T ratio (a) , fluorescence intensity of humic-like compound C1 (b) and Y-

type fluorescence index ( YFI) (c)

Jit\C3 I Z RIS T, R e B i ARG 701 oA I

3 45 18 \ . .
FEIEZREYF . 0~20.0 cm £JZ T3 C1.,C2 5y

(1) i it = 4 9 ' O 1% # & - 47 N 7%
(3DEEM-PARAFAC) 7047, J AT HILAE AR 34 £ 1
DOM 245 3 262 43, C1 A BARAR X 43+ BT &
(B HE S 2 L C2 B 07 & BE Y UVC 2R

DR I BE A (8] ) 408 52 5 B TS T R i
{ELHE B KRS 20 BE YT sl i BT, 17 C3 4 9ot
JETCH AR

(2) B R AR 5% 2 B o W 4 R s g 4 Jo 26
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Yl C1 9Bk E S C2 Dot B &t i & IE MG (r=
0.99,P<0.001) , Y C3 5HALIEHEEL
(5 ) A ME 855 (r<0.4) . HIX 5 C1 %658
JE A - TR B B A G, S T e v iR B
T MFIYFI R B3R DOM 18 56 4k AR
TRkt YFI 5 HIX AT BORBUB U A
(3) J B AR LA 18 1) J0 3 A b RS AIE 2 A2

VBT ML 4 A S i 1T A2 AN 6 P S o AR
S /N ME LA 1 70T A RV A A LR ok
W A A LR AR
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