.11 %
A

T B

Spectroscopy and Spectral Analysis

B#HEEEAEEDE R L ERFIEBTVRAR NIRRT

D

weEtt, F O, TOEL, HEE, &

ARACAR N K2 A A B2 2 e, BARTL WA JRIE 150038

W IR e, SRRV FE KR R S S B AT ST B R ST A, ST W R
ARACARM KRB P S AR 2 e . B IRTT MG/RE 150038

de st AR 2 B AR P 8 F 5 BB ST, dbat 100097

150086

W Do

B OB YOI YOI AL R 6 I BT SR AE 5 0 W T r 2 RURIMR BE . Az I T R A AL
(DOMYPEBTR BT b o I IRTIB BFE MRS A R TE R 2 4F T B9 LSRRI 48 B A8 TAE, AT
R L RAATIA L SE B L RBKER R Rl 6 AL R AR 9 R R R, DT S 4R SOEETE —
AT TS . N RE 3 DOM I 5e e, 04T 6 Rl itE R 3 DOM iR A4 R . 45 & + e
fetsbr . HE—2 0 3 DOM A MLl B2 PR o S5 R R 6 ke 4 2 AL 398 ) I 7 AL 18 0 (HIXO 22
AR, KB A EHA LR AN R RS & TRERBETER. 1 DOM B5Ou i 8 (FL) M A T
i AR YRR AL (B (L. 4D A0 B AR YRR AE(E (1. 9) 22 ) o 150 B JHCofe R I oy 2 0% 3 77 A L AL D I W AR &
IR WA AR o R DK A BB AR R R R MY T Lo AR WA B (BIXO AR X 45 g« 2 1T 7 2 LA A X R 0
B AR REAE o T ™ 25 28 R B R R R 0 Bl 2R AR AR AR X B . 6 M A AR L3 DOM o 3L B 3 A
BLA S . K BRI (CD . KW /> (C2OMKE H A r (C3) . 7 E R R L3 DOM R 8w - K
VR THRER » KIKE R RN BAR . B BETER S, C3 18 & AW BF 28 138 b 35 o A3 A 0 s 1Y 1
Bl Dy C1y C2 ARXT R Sk i 262 3 DOM s/ 7 Wy OO 5 I FRAL R BEAS . AN [ R 90 i
AL pHHEERARE . PANEAAK A LA E, MHBA RS LS KEMME TR, K
AEPBER LA, SR B BT RS TEAYIER . DHAE. SR LR TG
AR R 8 DOM A LA 454 . ik IR FFE 0 A v i A A W T AR e — e R B e
e AR IZ

Vol. 40,No. 11,pp3472-3476
November, 2020

KA

FESES: SI153 XEkFRIRAS: A

5 "

Vs i A Bl (dissolved organic matter, DOM) & B A5
B2 . B BRI — ROV MBI F LR G IR, L3
DOM FZ | TMAWEZ . MY HEY . RR 5 WY
LB LA LRM B, RGN . BRI XS
Qe 2BRFE R, RV LR E . A RO S W 1 e BT
YLRL S AR BT A A A 3 56 RV, R R R L+ b
R S A S H A RS . 1 = 458 Ok 3R]

W R B EA: 2020-03-19, 3T B : 2020-07-10
E€TH:
(CHN-17/0019) ¥ B
EZEE I
* JE IR A

e-mail: bzhu@neau. edu. cn

AL RE, 1986 4R A ARALAOL K2 A A2 2 BE i LS

SRS RIS AR A VL R R B AR AR
DOI: 10. 3964/j. issn. 1000-0593(2020)11-3472-05

DI DOM w1 4545 MLAL 4 10 5 R RR A . 25 6 747 T 0 47
o HE S AVAL RS, R E B, R, XE
FI55, SOGNR IR Al DL RAE S A HLA sk D> Bk, =
Y 9 6 G H A BT 12 B T R [ 45 4 F 38 DOM 1Y
SRR . 4L AR, PR R B R T,

BB A T R 1 M A S R AT TR A e . PR bR
BRI AR Z —, L&Y 2R 9B A 5
Y E s, BT LA, EARM S RS A A B
O, R R WA S B VR AR A U PR 1 R
HEAL Y, Hop 1 DOM 2 -+ 8 3R 58 W I 1y I 3245 4

ST YT A 9B X I Hh A 25 5 BB A AT I S S0 = T ORI H (201906) . MR H AR E RS T H (41977095) . H k[ bR A AR H

e-mail: chuanqi0730@163. com



%11 4

Wik 2% 5 61 4 Hr 3473

Z—o AR PE S A F T 25 DOM iy 20 4 K HOoR IR
PR AT BT 22 5200 100 PRI — 22 Sk W O i st - SR Oy Uk
RMESH R

ASTIF 5 SR S ey R 15 P 49 0 5 ) 300 3t 2 PSR BRI R 6
T S RO YU TE AR A6 T AR A T = YO R T
A3 BT J5 2 00 78 5 DOM ) 566 i FRAE . #8 W1 IR HF ik
WG R FEAEYHE R AT L3 DOM 2K I . 2H B R 5% i X
o WEFEE AT AR R 7 TR AR 0 A T X S 3R B8 oA PR A 45
biv s JFAT 4R SR BF I N A R P AR ) B e R DU 4 ) S it
B HRE I LA

IR

1.1 :EERR

ABEFETF 2019 4E 7 [ 30 B, TEAL T HAAE VLS JR I 4 X
f oy 0 8 05 T 5380 Hb 2 [ (126°37726"—126°40" 29", 45°47"
30"—45°4838"N) N34T . SR BFIE IR T AR OO R 12 4F, K
I ROR B3 . HADZH 2 R m ARy 419 21, BA
T 3L T e N VA PR M T R S, YR MRy 71, 1% . R4 2019
AR5 A7 %R Fe A A 2 RE R W A5 2R 400K S A
W (Ulmus pumila , U)BEZR . STLMI (Salixs ungkianica , S)
BZR . T E (Artemisias coparia, AN BEZR . 5 (Phrag-
mite saustralis, P) W R . JK k2 ¥ (Carex appendiculata
OB R MW (Typha orientalis, TOFEZR T4, Hp, U, S
BERVIRAMY 0 F . AW 2R A 4 F AR Y1 R
FE. U, SHABRLTEANE, P, CHTHALTIE
AR, H ARG PAIT BHERAZFWHERK. FHRN
BEHLZEI 3 A 1 mX 1 m #8757, 1E4 3 WHE R, PIkEJr A BE &
KT 10 mo FEAETTIY 4 DTSR AL AR R /NEE R, TR
JI(HRAZ 4 em) THEHLEE 5~10 cm &8 B+ HERE 5 50 g, 20 31
W S AN R R RBREIIR R SRR ARG K
UAF AR » AR IR PR AE T 0] 52 56 58
1.2 Fi&

ZH3CHRL8 ], 45 WL HERE S 5 g0 A 50 mL WK,
200 r» min ' (D) KFEIR 24 hy 2800 r e min ' (4 CHE
L 10 min, FIFWGS 0. 45 pm fLAE B BEFE LT 4 U8 5, R4S 3)
DOM ¥ 3 . 1 F Multi N/C 2100 8 TOC 43 #r 43 (i & BR 40>
M ZE DOM & ¥ v % % 1 A Pl (dissolved organic carbon,
DOO) &8, A XL K K B A FE b DOC o B8 2 15
mg+ L', R F-7000 B CH A B 570 9 6 5% 3% W A
DOM # fify = 4E5E 6 A LR 450 WRINAT, PMT i
FE 700 V., 99 R & K (Exo A& 41K (Em) 32 200
~600 nm, FHHE 2 400 nm » min ', [BFEH 10 nm, KL%
FEREH 5 nm, FEGKRFE—MIM 290 nm Ay H L UE S A DLk
G 9¢ 661 18] HBE 4 F R B .

K pH X (- ¥ 75 #; PHS-3C) Il & 4 3¢ pH {H(NY/
T1121. 2—2006), ¥ JJ % & 1 58 %% & (bulk density, BD)
(NY/T1121. 4—2006), Ht 3% 0 % £ 3¢ 5 7K & (moisture
content, MC)¢(NY/T1121. 4—2006), Z % % & 1 4 f
B 722 it B (cation exchange capacity, CEC){(LY/T1243—

1999), Multi N/C 2100 % TOC 43 H7 % (i [ HE %) ) & +- 1
344 ML (total organic carbon, TOC) % &, MBI K EA
P sE L 4 A (total N, TN) & & (NY/T53—1987),
HCIO,-H, SO, ¥l & + 3 4 # (total P, TP) & & (NY/
T88—1998). MR M-k ¢ ot BL 3 I & £ 3% & 8 Crotal K,
TK) & #(NY/T87—1988), A i & Hil £ b5 il 12 H & 3
.
1.3 RS

FI 5263 2 A B k[ FL WinLab software (Perkin
Elmer) JYgHEEHE . #] H Matlab R2013a % ff Removescatter
T A A 4T 22 8%, DOMFluor I A 43 ¥ 17 47 A T 23 47 »
Xof 2 43 B F 5% 22 43 BT R 06 B TR 1 T SRR B A ML AL A A
B, el YOI . % scik[10]AL11], R Origin
2019 B A% 25 BOR B UK K Ex=254 nm B & 5
K AE 435~480 5 300~ 345 nm i [E] P A0 5% 6 W 7 AL A L £
58 56 Ak 58 3 Chumification index, HIX), #| ] Excel 2010
X 25 HOT B A Ok K Ex=370 nm B & P 450 nm
500 nm 58 T 19 2¢Ot i B L (A 1T 5 9 )t 45 $U (fluorescence
index, Fly;0), &K Ex=2310 nm B & §F P 380 nm :
430 nm Z5PF T 92920 58 BT LA 1 5 AR 9 48 £ (biological in-
dex, BIX), F J§ SPSS 17.0 % 4 # 47 5 K K Jr 22 43 #h &
Duncan £ # Ll Pearson A 5¢PE 43 #r .

2 HRHE

2.1 1% DOM HIBEE iR

A 22 0 BOHE 3148 5 DOM %€ St 3% 48 B (% 1),
HIX a[fGF 14 DOM (s AL 2 2 . 6 R BE 2R i HIX
E 0. 830~1. 699 JW A » A48 SCRRE8 IR 1L I Bir 2 75 9 b
e, AW HIX P ER/NT 1.5, B 6 R Y & L%
MR AR, PRERA LI HIX R & T ABER, HM
FHEASHR 4R LR HIX 25 A8, S0
AT A AT R 2T e R A AR AR

F 1 13 DOM R FHiLHEE
Table 1 Fluorescence spectrum indices of soil DOM

BER HIX Fls70 BIX

U 1. 285+0. 190ab 1. 676+0. 011bc 0.78740.012¢c

S 1. 187+0. 215ab 1. 666+0. 016bc 0.801=40.020bc

A 1.028+0.057b 1.597+0. 067¢ 0.71340.016d
P 1.449+0. 274a 1.637+0.013c 0.71640.001d
C
T

1.092£0.228ab  1.80220. 081a 0. 83340. 003a

1.12440.231ab  1.747=£0.011lab 0. 816+0. 024ab

W RPRAET T bR 2. AR TFHEAREREE (p<
0.05),

Note: The values are mean= standard error. Different letters repre-

sent significant difference (p<C0. 05).

Fliz o] A F R e+ 38 DOM Yy ', m & 1 al J,
Flzmﬁﬁ:‘f: 1.533~1. 894 ﬁ[i“j‘jv ﬁ?lﬁhi/ﬁﬁﬁﬁ(ﬂm
=1.0)5 B /E BB (Flyo =1.9) Z 18], U0 % 18 H 2 [T
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P 3 DOM 12k I BE A& 3802 W% 2 7 A A A 3R Ak
BRI SRR A . CHFI T BERK Flyo X8 5, B
ANHE R B AR R B B A A
BIX A RAE + 3 DOM r 5 5 1 5 Bl 95 A AL 5T R LG
i, AW 5E BIX {6 B 78 0. 700 ~0. 839, [F STk [11]45 5 AH
B, Hrh SHRFHEEEXIE0.8, U, AR PR L4
DOM J& o1 BE i H 4B I (BIX<<0.8), M C M T #HER A
A PR B (0. 8<<BIX<<1), B C#1 T Bt & + 4 DOM ¥ £y
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Table 2 Fluorescence intensity of organic components

of soil DOM
HA C1 C2 C3 BAA
U 958.24426.70b 679.78+13.66a 1 050.96+237.93bc 2 688. 98
S 633.62184.36c 538.35+67.93b  979.854+197.96bc 2 151.82
A 645.28+28.33c 418.81426.74c 1 023.76+95.08bc 2 087. 84
P 1530.40+148.72a 733. 58+ 11.27a 1 192.394109. 33ab 3 456. 38
C  703.46+106.28c 507.77+63.46b  756.10+138.04c 1 967.33
T 959.30479.06b 749.40+54 12a 1 520.86+348.01a 3 229. 57

T RPEAR R T E AL . R B RER 2 57 B3 (p<<0.05),
Note: The values are mean=standard deviation. Different letters represent sig-

nificant difference (p<C0.05).
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Fig. 1 Three dimensional fluorescence components of soil DOM

Xt 6 FAEHBE R 28 DOM w3 A HLAL I3 B9 9 i L
HEATIr 23 B (3R 2) . CL 4LF 9L IEAE P RER P
C2HpE U, PH TRER s . ZHXERARFE; C34
e P AT R B o A AW A 2R A o0 ] I Rk A
P 3 & HA A8 i 92 e BE . /D DOM HLA B 1 A1 X
W YO TRER . CRERMM R

XF 148 DOM 3 AN LA 70 1 A X H T 2847 75 22 0 A
(R 3. Br PREFRS CLASAN L EE S5, HARMYRER
h C3 43 i AR X L IR R . HEOE 5026 . AELAL 4 AL 1L
il LA, 6 PP R L DOM H C3 AHXS L H fe i » ik
o Cl. C2 AN BT Bl 20 b R = R h R E 0/
T AR R 25 W AR A AR AR

®3 LTEDOM B EHHANHEITLLE(%)
Table 3 Relative ratio (%) of organic components of soil DOM

e G R

ABLan U s A P C T &?a@tﬂtfﬁ?u
C1 35.64+0.99a 29.45+3.92b 30.9141. 36b 44. 28+4. 30a 35. 76+£5. 40ab 29.70+E2.45b 34. 85
C2 25.28+0.51b 25.02+3.16b 20. 06+1. 28¢ 21.2240. 33¢ 25.81+3.23b 23.20+1.68b 23.28
C3 39.08+8. 85a 45.54=+9. 20a 49.034+4. 55a 34.50+3.16b 38.43+7.02a 47.09410. 78a 41. 87

T P RS S B AR o 22 . AN TR T RE ) SR 22 7 i 3 (p<<0. 05),

Note: The values are mean=+ standard deviation. Different letters represent significant difference ( p<Z0. 05).

2.3 +EDOMAEHNAES ST EEUERMBE X

Wi 4 R TR RUBE 28 8] A AR T B kSR A
ABPFEH 6 R MR L pH HA R HEESR, HHHEY
ErE. ZFWHEBOKMEE, U, ST A BER 50T H
xRS, BD B A TR AR L, MC

ERAEMYBFR LR RE. P, CH T RAMYE R L1
CEC B & T RAENE . KAMYMEAR U, S TOC, TN,
TP 1 TK & 835 R . RSP AAEY IR LA K
B 2 R K .
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Table 4 Physiochemical properties of soil samples
BD/ CEC/ TOC/
AR H MC/? TN/ TP/ Y TK/Y
HA P (gecm ?) C/% (cmol « kg™ 1) (g kg™ D) N/% /% /%
U 6.97+0.12a 1.3540.02a 32.8942.20c 8.00%+0.12d 51.33+2.80a 6.22+0.13b  0.65+0.06a 7.32+0. 16a
S 6.82+0.27a 1.23+0.09b  30.6341.53c 6.854+0.22d 42.00+2.86b 6.6240.14a 0.5240.04b  2.6440.04b
A 6.77+0.37a 1.4040.03a 23.18+1.90d 3.30£0.04e 9.51+0. 36e 1.4540. 12f 0.33+0.03d 1.8340. 04d
P 6.63+0.11a  0.894+0.03d 52.99+2.78a 18.63741.35a 27.68+2.04c 3.44740.12e 0.43X0.02¢ 1. 6840. 05d
C 6.73+0.09a 1.004+0.04c  40.46+1.65b 12.0340.15b 7.7340.45e¢ 4.78=40.10d 0.427+0.01c 0.86+0. 04e
T 6.76+0.22a 0.8140.02d 53.51%+2.68a 10.82+0.90c 16.45+1.66d 5.33+0.10c 0.31£0.02d 2.28+0. l4c
T RPEEE T HE AR o AR E AR 22 7 B 3 (p<<0.05),
Note: The values are mean= standard deviation. Different letters represent significant difference (p<Z0.05).
A L3 DOM 19 3 A HLAL 7 2560t L. 4545 8 i A LAy 458 . pH X £ 3 DOM & & B4 Emt , A4

- HE AL HE R Y Pearson #2430, W3 5. BD 5 C1, C2
My BA BERMENE, MC5 3 MEVLA S BB WK 5 E
WBEMIEM K. CEC 5 C1, C2 44> HA W 3 F A i,

W58 H by TR R IR T B A A RUBE . A [ A ) A A L
pHEZRARE, HItREXH N5 1 DOM A YL 5[]
BATRFEMRME . R 4 DL TR 845 5 & A UL4L2r R AH

BLIIAEA W52, BD, MC, CEC nJ % 3 #i ii +3 DOM SePEA 835, (5 n] GE 2w + 3 DOM (1 i) 3 [N 5% .

R5 1iEDOMEZBHHAS SEULIEFREHE XM

Table 5 Correlation between organic components of soil DOM and physiochemical properties
AL pH BD MC CEC TOC TN TP TK
C1 —0.294 —0.519* 0.683* " 0.810** 0. 169 —0. 106 0.014 0. 048
C2 —0.130 —0.570" 0. 754" 0.614"* 0.351 0. 375 0.131 0. 303
C3 0. 082 —0.374 0.486* 0.191 0. 043 0.026 —0. 281 0.058
T« fURAA BFMRIEC(p<<0.05), » » [LFRAA M KA (p<<0. 0D,

Note: * represent significant difference(p<Z0.05), * % represent very significant difference( p<Z0.01).

BER T3 DOM AR vk BE 0

34 ® HHPIER L P, pHEZRARE . FAMEY)
FERBAB N EAE, AR LS XS

B EHR  MTIH, FEEE . N RIS TRMER S AREYTR LIRS E S T EAEY R

T 6t ZR AR A AR L G A R B RS . 1 DOM [ Fo BHEA T K BRI T a2 e BT 3K

IS SRR T S Bl AR W3 B S R T R R o W AR

A

DOM 5 HL4L 5 51 .
SR . TR 5 E 5 A [ S e IR AR )T . R

13 DOM o &4 3 A HLALIY » A ELT i R B/IME AREIRER R T IR S A TR A A B AR T A
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Fluorescence Spectral Characteristics of Soil Dissolved Organic Matter in
Different Plant Formations After Reverting Farmland to Wetland
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Abstract The peak position and intensity of three-dimensional fluorescence spectroscopy can be used to characterize the type and
concentration of fluorescent substances, which is widely used in the study on dissolved organic matter (DOM) properties. In
order to study the soil characteristics of different plant formations and guide the work of reverting farmland to wetland, the
surface soil of six typical plant formations of Ulmus pumila . Salix sungkianica . Artemisia scoparia, Phragmites australis,
Carex appendiculata , and Typha Orientalis were collected in this study, and the fluorescence spectroscopy of soil DOM was
determined, the source and composition of soil DOM of the six plant formations were analyzed by three-dimensional fluorescence
spectroscopy with parallel factor analysis method. Combined with physiochemical soil indexes. the influencing factors of soil
DOM organic components were further analyzed. The results showed that there was no significant difference in the humification
index of the six plant formations, the humification degree of the hygrophyte Phragmites australis formation was significantly
higher than that of the xerophyte Artemisia scoparia formation. The fluorescence index of soil DOM was between the terrestrial
eigenvalue (1.4) and the autochthonous eigenvalue (1.9), indicating that the source of soil DOM was not only generated by
microbial activities, but also by the input of plant litter and root exudates. The fluorescence index and biological index of the soil
in the Carex appendiculata formation and the Typha orientalis formation were relatively high, which indicated that the two
formations had relatively strong autochthonous characteristics, while the terrestrial characteristics of the Phragmites australis
formation and the Artemisia scoparia formation were relatively high. Three organic components, fulvic-acid-like component
(C1), humic-acid-like component (C2) and protein-like component (C3), were identified from soil DOM of the six plant forma-
tions. The soil DOM relative concentration of Phragmites australis formation was higher than that of Typha orientalis forma-
tion, and that of Carex appendiculata formation was lower. Excepting for the Phragmites australis formation, C3 accounted
for a relatively high proportion in the soil of each plant formation, followed by C1 and C2, which reflected that the surface soil
DOM was relatively rich in small molecular substances, and indicated that the degree of humification was not high. There was no
significant difference in soil pH value among different plant formations. The dry environment had higher soil bulk density, while
the wet environment had higher soil water content and cation exchange capacity. The contents of soil total organic carbon, total
N, total P and total K in woody plant formation were higher than those in herbaceous plant formation. Soil bulk density, water
content and cation exchange capacity could significantly affect the soil DOM organic component structure. Therefore, increasing
the area of hygrophyte herbage in the process of reverting farmland to a wetland can improve the degree of soil humification to a

certain extent.

Keywords Three-dimensional fluorescence spectroscopy; Soil dissolved organic matter; Plant formation; Reverting farmland to

wetland
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