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HLICHLEEOINPKOM)3 Fiti AEAL B, I 268 R (B 4] IS 0 = 40 AR, &4 7 I 43 M1 (PARAFAC)F5E
AR AR AR B X e 213850 T VA M DL (DOM) & i OB RRE R 52 . 453380 5 CK Ab3AHEL, NPK 1 NPKOM 4b##
YIREAIR T HE 211 DOM & i, TESIE /045 b, 2220 ~ 20 cm) 13 DOM 1y & B 25 T HABZ (20 ~ 100 cm) 32, PARAFAC 43
Wres R s, fE404% DOM 38 i i R 25 5 Bt (Ex/Em=355 nm/428 nm, Cl). KR & HER(Ex/Em=420 nm/471 nm, C2)FIZKE R
(Ex/Em=310 nm/346 nm)3 N3G 440, NPK F1 NPKOM AbFA B 2380 T C1 4531 C2 4h 3 AR FEE , TR T C3 4143
BUARXTERE s C1 A C2 A4 AR T B 2R R IR, T C3 4 NI SR hnta s, 28 1, Tt Eysk
T BFRAR R IR, I EA PR A B DOM AR, 5 CK AMBA L, NPK Al NPKOM 4hF 43¢ DOM Ji 78 i B 3 i iy
A 2R BRHE M, NPK Fl NPKOM A HEHEZ (0 ~ 40 cm) 13 DOM AYT5 1 K K M i B T CK b,
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Profile Distribution Characteristics of Latosol Dissolved Organic Matter Content and

Spectral Properties Under Different Fertilization Treatments

WANG Han"**, LIU Zongyue'**, DOU Shenglong"??, LIU Chang'?*, DOU Jiujiu***, LIU Yugin®*, CHEN Miao**"

(1 School of Environmental Science and Engineering, Hainan University, Haikou 570228, China; 2 Environment and Plant
Protection Institute, Chinese Academy of Tropical Agriculture Sciences, Haikou 571101, China; 3 Hainan Danzhou Tropical
Agro-ecosystem Nation Observation and Research Station, Danzhou, Hainan 571737, China; 4 College of Resources and
Environment, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: This study was conducted at the long-term positioning experimental field of the Hainan Danzhou Tropical
Agro-ecosystem Nation Observation and Research Station, China. Three treatments, including no fertilization (CK), inorganic
fertilization (NPK), and combined inorganic-organic fertilization (NPKOM), were selected to investigate the impacts of different
fertilization patterns on DOM concentration and spectral characteristics in the latosol profile using multiple spectral techniques
(ultraviolet-visible spectroscopy, and three-dimensional fluorescence spectroscopy) and parallel factor analysis (PARAFAC). The
results showed that compared with CK, DOM contents were reduced under NPK and NPKOM, and DOM contents in the surface
layer (0-20 cm) were significantly higher than those in other layers (20—100 cm). PARAFAC analysis results suggested that DOM
was mainly composed of three fluorescent components: terrestrial humic-like substances (Ex/Em=355 nm/428 nm, C1), natural
fulvic acid (Ex’Em=420 nm/471 nm, C2), and protein-like substances (Ex/Em=310 nm/346 nm, C3). NPK and NPKOM
significantly increased the relative abundances of C1 and C2 components but decreased that of C3 component. With the increase

of soil depth, the relative abundances of C1 and C2 components decreased, whereas that of C3 component increased. In
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conclusion, due to fertilization increasing the accumulation of crop residues and the release of root exudates, coupled with the

release of DOM from organic fertilizer itself, the humification degree of DOM under NPK and NPKOM increased while the

autochtonous source characteristics decreased in contrast with CK. Furthermore, the aromaticity and hydrophobicity of DOM in

the cultivated soil layer (0—40 cm) under NPK and NPKOM were significantly lower than those under CK.

Key words: Fertilization pattern; Latosol; Dissolved organic matter (DOM); Spectral characteristics; Profile features

T HORMR A, B YRR LI | kA
BRGRGE AT 2R EEN . A
AP0 B ) B AR R M2 T - R A 4k
R, FerlREEAR LB BHI, AOEER
P AN A ) ARl 45 BRI X - HEREAE A THE A P IEA
DA TR S il B AT 5 82 0 7 S it o B DX A - 38 ey
RGN RN C: S G DW= =R L E (5 G ok 5 0 TR
FEE AR R AR ) | R THEY
Jit AL a5y 2 i DX ) R A A A Y — Bk, G
BUIEERAE)EFRFEE , WMo PR RICR A, HILA]
Frgemt et MR R =, AR PR AR IRt
B, EERREERE R S AE ~ 105, M
T, AHVEGENFEF . YKk . & 2ES) LY
TP A K AR MR ZL 1 57253 o R, o i AUt e
PMLECA PR 2 S8 Rk, an 38 ) FRE .
T HERR AL B Y O, e B e R R R
R, A HLICHLBC BG4 = A BLAR % i A
TPRERY . GRS, SEEUEY RS SRR
JESCIL IR IR R I A AR

+ V%5 f# A ML) (Dissolved organic matter,
DOM)J& + A BLR th B TR BRI BRI, 2 A BRI BF
BRIz —, TEmEA T R EEAEN, )
AR AR O o i AR b R B A
oA, Y 14 DOM e R B K
WFFE 2R i A 23 A [R) B 5% i)+ 3% DOM 75 i1
SR, HAETOC TN i AU 0T 1- 138 DOM 52 1 i ffF
FRELEPERZ LI, X L5 - DOM 41K
AR BRI A OGP o MR, 28k
—2P 1 A YL AR IR Z g R R
DOM 75 [l F vl 45 256 |2 19/ 1. DOM
T W1 DA R (R AEL ) A1k R T it R i 1, ke 2 U
HAEDIAR R 500, HAE 13 e i rh, Mk
A AR FEAE B B R KX — A b, RAEE
AL A FEAR . PRI AR T s A
P X BB FRH A5 11 DOM 3 i 4 39851 1y o e 23k
N HT AR 3 e A i AR A, s i AR AR ) e
RSN o P, WA AN (] i NE ASE = ) T+ 3
DOM e . USSR AT, 6 B AN ] it AT

KR 13 DOM g2 40 2 HA: A B sl s HA
H 1M , A RIS T 1 B AR N i ROl A S R G
FEPIIB A AT STk (AR A&l )R E ik
5, WEREATAC(CK) . HiECALAL (NPK)FIA HLICHL
PBCfti(NPKOM)3 it HEASE 2 (B 25 A B e e —
), B AT OB Y 3 (Ultraviolet-visible
spectrum, UV-vis), —#E5 5% (Three-dimensional
fluorescence excitation-emission matrix, 3D-EEMs)%
LA R AR AT IR 743 M (parallel factor analysis,
PARAFAC) G2 i kM 4s &, B Rl i
B M XA LIHE DOM &4t . 2O0d1sy . 73 45
T A 14 3 P00 T 3 AR | T RIS AN [+ it I A
3N DOM H B 70 A1 Y SCHE A 1 R R /s 1R AT, LAY
A DCA A S ) e TR A B AR

1 MR

1.1 iRt

ARHIFFE A A 3 A7 T 06 e A A N T
ARRBLRE BT (19°31 N, 109°34" E)ig R4 H By
Al A= 75 F G TR EF AR A IR 5 3 o 1356 FH T 7
i DX TG 2 KU e, AR IR 23.5°C, AEBRE
KAt 1815.0 mm, 4E4 H FRI%L 1 701.6 h, 35K 1E
b B IR AL BT T ARG 138, i S HE 18.6%
FI%hL | 8.8% MIAIK L. 6.4% AYHLEED . 14.7% 1Y
HHRPFN 51.5% ERLADZH L.
1.2 KKt R TEFRRE

KWEM IR I IA T 2017 4F, ABFFE LSRR 3
AN AR AL FR 550K . DX BR(CK): A AT AR} 5
Qi ICHLIE(NPK): N, P05 Fl K,0 4Fjifi FH 53 1
345, 273 Ml 417 kghm®; @A HL I HL AL it
(NPKOM), Jiti FH A4 A5 HILAE oA iz 0] 2%, ki ) 24 it
I 2 000 kg/hm®, N, P,Os fll K,O Kt FH 155 5t IC
PLABAL R —3, A 3 A TEE L RIS
60 m*(7.5 mx 8 m), FIrAG a5 FH A i 5 24k B —
FOREEME, HIERRSRET 2023 4F 9 H, i A
FRE R AR /INX 0~20, 20 ~40, 40 ~ 60, 60 ~ 80
F1 80 ~ 100 cm )29 T RN, , R LA IZ [F]
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SR KT I 2 mm G ORAE R 31 AR AR B
TR R AE YRR R, 3R 2 TR A B e
A HALPER

* 1 TELEBEMFENEYE

Table 1 Crop yields and biomass under different fertilization patterns

Eistzn CK NPK NPKOM
TKPER(kg/hm®) 7185257 13933497 308 891.98
MU B (kg/hm®) 53755.82  110533.89 177 512.00

T KA R (kg/hm?) 20253 3207.3 3282.9
AU i (kg/hm?) 1291.6 2714.7 31854

* 2 AREAETIEEREHMER
Table 2 Latosol basic physiochemical properties under different
fertilization patterns

fbx CK NPK NPKOM
A% (g/kg) 0.60 0.56 0.58
A1 (mg/kg) 220 440 680
A4 (g/kg) 33.46 27.46 29.71
LR (g/kg) 5.38 5.61 7.11

1.3 TEEBAMERNE
+ 3% pH R A H {7 (FiveEasy Plus, Mettler
Toledo, it )MFATIIE . 11 DOM Ay R %

A LB 75 & (dissolved organic carbon, DOC)Z/R,
KK EIRGENE, B KR 1 : SIRA)E,
TEIRZ%%(HZ-9610KB, #EA]ik, fhlE) Ry 24 h,
PR35 5 IR G & TR VR 2 0L (Centrifuge 5810R,
Eppendorf, fEE)FE.Lr 15 min, FFPRIA FIERE
0.45 pm P8 S5 A B A HLEK /A 2 BT X (Multi N/C
3100/1, HB%x, FEEHPEFIENY, AR
sl I AR 4 A Sl I AU AE (K9860, i
e, 1AM, + e AmE A - ek
AT, AR A A A i e T, £
BEAT LA 75 et oR FH AR R A A St T M R I B 2
WAk R I
1.4 11 DOM ki 447

+3E DOM K¢ 51 UV-Vis OGRS i L4
JOLHEETT(UV2600, B, HA)BEATINE . Al
Ferh, DURSEKAE R 2 FOM R, 78 200 ~ 700 nm K
TR 1 nm A EBEERTRS UV-Vis S, Aik—
HFAE DOM MGIERFIE, SR UV-Vis iS50
DOM W& . i BUKMA & B TR
fiE, BGESBOTE Ik M i LW 3,

® 3 ORI AR SIE S HIER

Table 3  Description of ultraviolet-visible absorption spectrum parameters

it Tk T X
SUVAzss K AE 254 nm b1 4850 AT WSRO BE S5 bRk ALY DOC Wk i FAE DOM Y5 F P41 43 72O
(mg/L)Z It
SUVAzo P A 260 nm Ak f 840 T DLSGIROGE SR HEAL ) DOC He B FAE DOM (B 7K 20 43 & 7Y
(mg/L)Z It
Ey/E; BT 250 nm 5 365 nm AL SN WOGIOGIE 2 1 FA4FE DOM 43 T 122
Sk 275 ~ 295 nm P B 5 350 ~ 400 nm P B ERAN ] WO G RS TR K, B SqE#E, DOM 4Tt
PEATAE L PR IULA T i DOM 43 Tk, FW DOM i A 5 oh I A2
E5/E, PARAE 300 nm 5 400 nm 2258 AT WEROBHE 2 FNFE DOM [F3R 15, Ey/E>3.5, DOM VL& B b 3,

a(355)
AR A% (m)

E5/E<3.5, DOM DL &gy 2

a(A)=2.303xD(A) / r, Hrp, DQYRESNATWOGHOGE, 28 FAEH @ 4 HL (chromophoric dissolved organic

matter, CDOM)AH Xk J& !

DOM HE i 1 =45 1% (3D-EEMs) il i ¢ 't
Sy EICEETH(FIT pro, BIGHIA, HE)IE . BRI
K(Ex) M 200 ~ 500 nm, & S K (Em)k 250 ~ 550 nm,
FREFEN S nm, HH#EEHR 6 000 nm/min, K
THERNIERN , BT A DOM FE &5 663 E 4k L
R K IAFIOERE L, IF R TG I AU 2SR
it —2LZRAE DOM IGIERH M , 284 (fluorescence
index, FI). J&%EfkI8%X(humification index, HIX).

A A R 48 B (biological index , BIX) M Hr it 18 (/o)
EPOCIESEWH T #4F DOM MIERLRRREE . A
AEVRRHESERAE, SOGESEOTR I RS XLk 4,
1.5 FTEFSH

FIFH Matlab 2020a H'f) DOMFluor T.HA4f, Xf 3
FlEAE AL EE 3 AR 5 A1 JE S 45 4~ 4R DOM
f) 3D-EEMs Bi 74T PARAFAC S, IR 45
DOM 5 M40 43127
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Table 4 Description of fluorescence spectrum parameters
HiESH TR FAEA X
ZOETEEN(FT)  Ex=370 nm ff, Em=450 nm 1 500 nm b ZOGHRAE  FRAFE DOM VA, X4 FI>1.9 i), DOM 24 N Mk IR ; 24 FI<1.4
i) B i, DOM = A AN e i 1)
JEAGALIE%  Ex=254 nm i, Em 7F 435 ~ 480 nm 1 300 ~ 345 nm FAE DOM 1 Ji i fb 2 126
(HIX) Z ) A 2GR B R A 1Y LA
AAJEFEEU(BIX) Ex=310 nm i}, Em=380 nm F11 430 nm Abo9¢ G RAE DOM A F SR IE sTRkE A0, 4 BIX>0.8 i), F/m A AR TR W
i LB F; M BIX<0.8 [, /R AAFEAY R
BEEEETE 8 (Blo)  Ex=310 nm BF, Em=380 nm AbMZORIMEES  RAEHT=A M) DOM (55 DOM [ Hu Bl Horp AR BT =41
Em=420 ~ 435 nm [X [i] T & K5OG B AY LA DOM, o 1R MR 35 B9 DOMPY
1.6 HIEAEBSSItHH R MEAEAL SR, FE403E pH BE 3R E AL HR

FI R R Ty 22 531 05 1 A i AS R AR S =R
-1 DOM JEIEAFAEF5 A A [R] it AR AR X R AN 1 )2
DOM ik B fE 8 #5122 57 8 3 PE (P<0.05) 5 12
Pearson #H2¢ R E0E /04T 13 DOM B DG IERFIEFE bR
Sl SLE A TR E R B S T R R e P
SPSS 27 84T, 242k H Origin 2021 114347

2 HEREHSWH

2.1 ARAMEEER THIE DOM SEEHNH
HH1E
I LA A%, BRIX A 6% 20 48 5L R v (pH
6.3), i A ARG 213 pH, Jo R B CHLIE . A

—F(, CK AbFEA-3E pH B e TR 3% in 2 BLA
WA ka3, T NPK Al NPKOM &b ¥ - 58 pH Fifi 133
TR B 3800 522 3 0 Ay 34 o A [R] it A X it 21458
DOC T B AL an & 1B i, 5 CK b HiAH
F ,NPK K& NPKOM kb ¥4 %% T+ DOC & &,
Hrp NPK AbFRFEREE A 2 A g, K2
1380 ~ 20 cm)DOC & it ik & = T F )2 L3120 ~
100 cm). {HAFEEMZE, CK A +1EH DOC &%
HAE 20 ~ 100 cm P2 IZE B My &, 1M NPK
F1 NPKOM 4b #1152 S Wi B AR A #a 3 . e ok, AN
Jiti Ak 38R % 1 HE[R) — TR DOC & it A7 AE ARl
A

[JCK O NPK [@NPKOM

(A)

Tt a

a a a a

—I— ab b —E— —E a a

s o o2 o2 o F1ap
—E e 1 |

5

<4

3

2

1

0770220~ 20-40  40~60 _ 60~80  80~100

HHEEREE (om)

45 (B)

a

350

a a a a
b
0 L L L L L
0~20  20~40  40~60  60~80 80~100
FHERE (em)

(B AR/ NE 2 13878 [l — 1 J2 R [ AL AR L2 18] 22 53 ik 25 (P<0.05); T [il)

1
Fig. 1

2.2 AEHERE T 1% DOM £ 5h-7] ISR
WSt i 4
W, SUVAgsy (H I LIRAE DOM 55 & P41 5>
B P SUVA 6 fH I L EAFE DOM gk 415 & it
HAEMKFE DOM PsiK415r ik,

T REMERER TFLIE pH 1 DOC 2 &

Latosol pH and DOC contents under different fertilization patterns

2A J 2B AL, REEGEAERL R TR 413% DOM 1)
SUVA,s, Fl SUVA THAE LB S—E, Bl TR
3N, CK AL SUVA,sy Al SUVA,60 (H 52 T R4
T AE NPK Fl NPKOM Ab B A 24 Sk 5 [ T,
TE 0 ~20 cm )2+, CK 43 + 3 DOM 19357
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Fig. 2 UV-vis spectral parameters of latosol DOM under different fertilization patterns

PEZH 53 S /K 4153 3 i 1.3 5 T NPK Al NPKOM 4k
i, SR, AHELT 0~20 cm /2, NPK fil NPKOM 4b
i 20 ~ 40 cm L2 113 DOM fY SUVA,s, Al
SUVAsgo (BN, 22 B 5 B M R /K 21 43 B 1
hin s Bt T BE 4k S8 1 %2 (60 ~ 100 cm), NPK il
NPKOM #b 3 + 12§ DOM [¢) SUVA,s, Al SUVA 4 1H
BEET CKAbHE,

E,/E; Fl Sg (EHLAFRAE DOM 43Tk, H
H Sg {5 DOM 43 FHEp H, i 2C K 2D ]

1, CK f NPK 4b3v + 3 DOM K Eo/E; il Sp AE B
& TIERER M2 S EIHES, 1 NPKOM Ab3i
H1 133 DOM (1) Eo/E5 Fl Sg {8 Bl T 38 VR B2 15 hin U 5 %
ﬂFW‘Ji?@%fﬁﬂl‘EﬂP 40 ~ 60 cm Kb 2 B KAH) .
ZERE , CK M NPK 4b# + 3 DOM 43 & 1
Z%Eiatnagﬂ%ﬁ&t%, M NPKOM Kb +-3gerh
DOM 4> F-H7E 40 ~ 60 cm Abdc k.
Ey/E, FTLAEAE DOM FRIE, %(EH>3.5 F£R
DOM & DL BLR - FERRIR, 1%{E<3.5 /8 DOM
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JELUTAREIR M = BRIEP. & 2B A, ASIEitAR
izl 1% DOM 1Y Ey/E LU T 1.4 ~ 3.1, %
B 14 DOM mhaedl oy FEELISAMIR N 3 . HIRE
B, 7322 0~20 cm T8, NPK 23R Ey/E,
{8 R T CK H NPKOM 4b B, i 76 HoAt 2 + e rp
RIS T CK FI NPKOM Ab B (1 #a 4 sk I
NPKOM #bFf A3 DOM () Ey/E, {EAKT CK ALFH .

a(355)ilF ok F A GE A LT CDOM
B BE ), FR P 2F RIHT, CK AR EEERJZ(0 ~ 20 cm)
14 DOM 1 a(355)(E 3 i T AL, RUIHE
CDOM HMIXFMR RS, %455 AR AL FE A 38 kE 5
DOM MU W45 R —E(CK 4 #% )= 11 DOM
PO EAR A, AR L RS
I, CDOM 5 & i 1 5 VR B 438 i S B RAAIG 3
2.3 AEMEEN TRLE DOM =458k

FFAE

FI [ Bt DOM (R IEIE O, FI>1.9 R A Yl
(R PRSI TR s FI<1.4 Fe/R Bl o A ANJEE
P 1.4<FI<1.9 /R NIE RN B E ST
3A AJ1, CK 4bHERZ(0 ~ 20 cm)+3% DOM Ay FI

{EART 1.4, FBAILLIAMNE MR IE N 32, 78 20 ~ 100 cm
+JZ 13 DOM K N IR HEAFAETE 20 ~ 40 om 2b ik i
&, FLB A 3R hn g e A o A MRS R
FHo 3 1 NPK Al NPKOM AbFE 433 DOM %2
(18 DA V5 A4 DR 1 I 5 - 48 O 184 8 9 2 Ak P AR IR
IEFEER, HEZELNERE,

HIX FILLFEAE DOM (s k2RO, nfEl 3B
FEs IEAE BE T 32 DOM JE 54k, Ji HJE NPKOM
AhHE BEE IETREESN, NPK Al NPKOM 4h#i+
5 DOM 1Y JE AL AR B S BRI A 3, I CK Ab B+
5 DOM J 5 AL 2 B2 522 gk 23 I 4

BIX HILIZEAFE DOM B A BRIETTERIE O, 24
BIX>0.8 i}, FmAATREE; 2 BIX<0.8 i), F/n
H AR BT, KRS - DOM /Y BIX
HA b AN E 3C FrR , CK Zb3 43 DOM 1 BIX
(ELRf A 3R B 1S i 2 5Bk 5 T gy, BT
0.8, KWIHAAREE . SR, NPK Al NPKOM it
#1458 DOM 1 BIX {28 fb3 /N HAE/INT 0.8, 3
B NPK 1 NPKOM 4b# 13 DOM H A= IFAFIEAS
. Plo MHUFIEHA KA DOM & DOM (1L

[0 CK O NPK [ NPKOM

(A) 351 (B)
25 . a
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2.0 {:I— 1K {:Pa a 25
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Fig. 3 Fluorescencet spectral parameters of latosol DOM under different fertilization patterns
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@I, & 3D iR, ASFEAEAN BN 5 pla
HA LA BIX (HAR L —3, RUIMGIEFEL T +
P Az i DOM AR 1
24 AEBIEERN T OIE DOM WA D HFE

PP AT b B 1- 8 DOM i 1Y 3D-EEMs i 44k
i1 T PARAFAC 43#r, L5656 th 3 MO, 7
R 2 ANRIEFE A (CL F C2)F1 1 AEEHH
(C3)(F 5 FEl 4): C1 53 BB WA AR A o3
Sk 355 nm F1 428 nm, MFEIEZEERFEEY; c2 4
S FRT R A FUR ST 437 420 nm FT 471 nm,
g RAR e B, C3 A RIOR K RN R S
K43 5124 310 nm I 346 nm, A iAW A R CE
iR,

AREEAEA T +3% DOM i EEM-PARAFAC

o35G B RS RN 5 frs . C1 4o
PENIREE A, FUCH C3 414Y, C2 443 (3 Gim i
HefiG, CK AREE AT 2 1 AR AL R 34 bl - 18 R 1
RGN B0 BEA S, i NPK Ab 2 e 3R
FIXE I IS TH G B3, NPKOM 4b#E A C1 Al
C2 oy b —3, SABE -+ HEVR B 1 in 2 B Se k%
JEFHR A, T C3 A BB AR AR
EERAIN T FEVRISIE AR C1 4H40(57.29% ~ 71.16%)
Ko FoAR A3 5 HLR C2 ZH43(11.84% ~ 27.65%) FIAE NS
FBE, WEFIE TIE AL C3 AT (3.50% ~
29.75%). kL, AFEEAEET 1 DOM Y2k
JEFATAL 5y C1 A C2 4143 A AR B B+ 3R R B 5t
PURRAR A, MR A AL C3 MR =F 1 S B% i
IR

%& 5 PARAFAC S 15EIHY 3 MRLA N (I E R KIFLE

Table 5 Locations and source identifications of three fluorescent components obtained by PARAFAC

M5y Ex/Em YR 5 22 SCHR A 6 I 443 Ex/Em
Cl1 355 nm/428 nm i 58245 e 350 nm/424 nm®*”’
C2 420 nm/471 nm KR L5 R 405 nm/490 nm*"
C3 310 nm/346 nm AP E A TR AEETR) 300 nm/359 nm®*?

2.5 TiE DOM S 5HAITHIESEIERNAE

X

AR T 13 DOM & HOt iS4
FFEY) Pearson AHICH: AT 45 R A&l 6 Firs . 13 pH
HRBEHHS C3(R=0.69, P<0.01)FH B H5 %k
Bla(R*=0.65, P<0.01)%EEIFEMHK; +3 DOC &
5 CDOM %4 a(355)(H(R*=0.80, P<0.001)f 3
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Fig. 4 Three fluorescent components isolated by PARAFAC and their exeitation/emission loads
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