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Abstract; For revealing the effects and mechanism of dissolved organic matter ( DOM) accumulation in soil during the

restoration process of soil and water conservation forests, the dynamics of dissolved carbon and nitrogen content and its
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organic composition characteristics was analyzed in the surface soil. The soils were collected from three typical kinds of
forestlands ; Caragana korshinskii, Robinia pseudoacacia and abandoned land, which have been established for 12 to 45
years, and changes in soil dissolved carbon and nitrogen content, three-dimensional fluorescence characteristics and
parameters were determined. The results showed that the contents of dissolved organic carbon (DOC), dissolved organic
nitrogen ( DON) and dissolved inorganic nitrogen (DIN) in the three vegetation soils increased significantly with recovery
duration. Under the same recovery period, the contents of DOC, DON and DIN generally appear as abandoned land <
Caragana korshinskii < Robinia pseudoacacia. However, the ratios of DOC to SOC, DON to TN and DOC to DON in
Caragana korshinskii and Robinia pseudoacacia did not increase continuously. After 45 years, the ratio of DOC to SOC and
DOC to DON were the highest in abandoned land and the lowest in Robinia pseudoacacia. The ratio of DON to TN was the
highest in Robinia pseudoacacia, while the lowest in abandoned land. Three-dimensional fluorescence spectroscopy
combined with parallel factor ( EEM-PARAFAC) analysis showed that the dissolved organic matter ( DOM) in all plots
mainly consists of 4 components: macromolecule humus (C1), fulvic acid (C2), tryptophan-like (C3), and humus
substance related to human activities such as manure (C4). The C1 component has the largest proportion, with an average
proportion of 37.4%. With the extension of the restoration period, the proportion of C3 component in soil DOM of the three
vegetation types increased, the proportion of C2 and C4 components decreased, the proportion of C1 component increased in
Caragana korshinskii and Robinia pseudoacacia forests and decreased in abandoned land. The DOM fluorescence index
(FI), freshness index (B: a), and biological index ( BIX) of all plots were not significantly different. The average
fluorescence index of each plot was 1.63, the average freshness index was 0.58, and the biological index was 0.59. The
humification index ( HIX) of abandoned land at different restoration years has no difference. The humification index of
Caragana korshinskii and Robinia pseudoacacia forests are significantly higher than the abandoned land. The humification
index of Caragana korshinskii forest restored 45 years and 28 years was significantly higher than that of restoration 18a, and
the humification index of Robinia pseudoacacia forest restored 45 years and 18 years was significantly higher than 12 years.
In conclusion, the continuous restoration of soil and water conservation forests significantly increased the content of soil
dissolved carbon and nitrogen, and result in more stable and complex composition of dissolved organic matter, which is

conducive to continuous accumulation, especially in the Robinia pseudoacacia forestland.

Key Words: soil dissolved organic matter; three—dimensional fluorescence characteristics; parallel factor analysis ;soil and

water conservation forert; loess hilly region
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Fig.1 Map of research region ( Ansai district, Shaanxi Province of China)
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Sem BB 0—200m ke, B A5 ST AR ST MR A 5 45 DU 0 dE URE B A SRR 15 00 14, 1]
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Table 1 Characteristics of sampling sites and selected physical and chemical properties in 0—20 cm soil depth

Fh L YRz Y1) B RHE/(g/em®) MR 2R

Sites Location Slope/(°)  Aspect/(°)  Coverage/% pH Soil bulk density Understory herbs
AL18a E109°21' N36°52 28 Jefm 7y 13 70 8.3 1.25 KRG HECF YT
AlA5a E109°21" N36°52' 32 Jef 7R 18 85 8.2 1.11 28w BT
RP12a E109°21' N36°52 24 Jefm 7y 75 70 8.3 1.15 BRATE TR

RP18a E109°21' N36°51’ 22 JefmZR 80 65 8.2 1.27 BRFFE Kt
RP45a E109°21' N36°52 32 Jelm7R 18 72 8.0 1.24 2 R

CK18a E109°25’ N36°51' 24 Jt s 5 75 8.3 1.10 AT E TR 2 M A
CK28a E109°21’ N36°51" 25 AL vE 70 80 8.3 1.21 BT

CK45a £109°21" N36°52’ 31 Jefm 4 18 87 8.2 1.10 BRAFE

AL ¥ 51 Abandoned land ; RP . JBE Robinia pseudoacacia;CK;’hﬁfﬁ Caragana korshinskii

1.3 WEFRIR S ik

HHEEA PR (SOC) 54250 (TN) 4351 5% FH 25 45 TR B0 AN I #4ik Fn 4= 7 3l 1] W £k 2% 29 71X ( Cleverchem
Anna, Germany ) Ml & , +IE0] AP (DOM) PUK IR L SR FRER 25 ¢ THEE 50mL B 4iKIRAI2)
(/K:4=2:1) ,7£ 25°CF 180r/min Z7% 60min, F-LA 8000r/min B> 6min, F i 0.45wm JERE, JE Al
WA LR (DOC) |\ JCHLEK ( DIC) 2R HLEA BLAR 53 AT A ( 55 TOC-VCPH) M 5 A 1k S A & i R kB iR
BRI TG U , PTVPHETJCHLAL( DIN) e S A RS A R Z AN, R E S s 43 B A0 5 , vt
HLE(DON) Rt A ST A Z 2

T4 DOM =4E5O0%3E (3DEEMs ) FI HIZE 66X (R6000, Shimadzu, Japan ) Wl , M5 U B (E,)
JLHE A 200—500nm , 3 % KFEEIFE A Snm, &S (E,,) Y8 A 250—5500m , & 5 RAE R B 4 20m , 47148 3
B4 6000nm/min,, FFH = 4E5 0 EIEH AR LA AT Tk xF DOM 4153 #1743 8, {8 FH Matlab #44rh
) drEEM ( version 0.1.0) A1 DOMFour T HALX DOM = ZE5¢ NG A -1 7 R 1 ( PARAFAC) 434, >R &R K
PECHRBEFVEMATH (1 25 2 43 B A X R BE . SEOGHR A (F1) MU K TE 370nm B, & 5 il K 7 470nm i
520nm FEGHREE A HLAE 5 RIS B (HIX) SR K AE 254nm B % S K A 435—A480nm 53R 13
FUME S 300—345nm YU I N TR EERUMEZ FE ) B BERESE (B2 o) MILA KN 310nm B, & 5HIE K
TE 380nm MY E 5 420—435nm i A B9 5 R 28GR EE 1Y LU AR ; F 2B TR A8 5 ( BIX) AUk K8 310nm
i, % 505 K 7E 380nm 1 430nm I 58 60 B Y Ho (i 2
1.4 Bl b3 Kot

AN PR B2 A RIS FIRE 4 A TR 3 A WL 4 20 T PR ik R 2 3 B i S L U911 SR Excel 2016 i#E4T
OYMTRIVE R 45 ) HE b 22 5 i 25 MR B SPSS 25.0 B E 14T B R 2 7 22 3 M Al Duncan 5 (P<0.05) £ &
Fe

2 HR55%H

21 HELAVERS AT ELL
3 Tl e B AN TPk A2 A BBl AR R % 0 DL IR] 2, 5K 52 18a M HL , K2 45a HYFE i SOC 1 TN
TR RIIEINT 84.4% M 109.1% , K& 45a HUFF 5L 28a Hl 18a SOC 43 I T 12.3% M1 66.2% , TN
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SEAERTET 17.5%F 47.3% , THiRIFE 45a 1 18a Fil 12a SOC ST T 23.7%H179.9% , TN & 753 il
Tt 8.3%F1 36.0%, VK& 45a J5 ,SOC F & ML FIAT S M 4351 FE #8578 5 62.9% F1 36.3% , TN 7 & 4351l &1 27.
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Fig.2 Soil organic carbon and total nitrogen content under different restoration years and vegetation types

AR FEE R R AR TE P<0.05 K P2 57 03, IR Z LB NIRMEDR 2 E, . MUK I Excitation wavelength; E,, : & 1 £ 1 Emission

wavelength ; PARAFAC : 47 [F T3k Parallel factor analysis; DOM ; A] %445 HLJB Dissolved organic matter.
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FO#E T # + 4% DOC . DIC .DON . DIN 435152 18a 341 T 137.3% .33.7% 13.9% 1 51.2% ., K& 45a Ji , ¥y 5K

DOC .DON & DIN % &I 18a /5 93.6% .109.0%F1 194.5% , fil# 4k DOC .DON . DIN

a
—%— {‘ . b
=
a 4 a
e
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R hicH ks IR
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Fig.3 The content of soil dissolved carbon and nitrogen under different restoration years and vegetation types
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F+,DON/TN WA B FE&AK, MK 45a J5 , #E i DOC/SOC e , FIBE AR AAR , DON/TN WIS .

e R L S ) 3 ML R I R SR X 45 SOC . TN Al DOC . DON (1451 [l 433 hy 12.8—
19.7 1 7.4—17.0, Br¥E 77 45a, Haxke it SOC . TN #KF DOC: DON, ¥K%& 45a J5,SOC: TN Hll#E >47 5% ~ $5
Jit , DOC : DON #2FE>Fr 45> HIME . K A2 A7 BRAY3E I, 47 2k Hl SOC . TN R BILH 18a<28a~45a, JIFL A Hh it
BN, 8 55 ) 2R AI ; DOC : DON #8576 1l dnb 25 B AT, AR ML 3R LA 12a<18a~45a, Fr 4 MM 45a & 2%
EmT 12a(E5) .

10 25 O } .
< . Opocsoc [ DONTN . SOC:TN DOCDON
Z 3 a
2 08 % , b 2 20D a b
o Q
E=¥o) o j'l:_ i[ Q c
o/ B ¢ c s [ LA
gg 0.6 a G- e 22 "0
=9 {de Bz
E% be e D b ®E
gi 0.4 cd -Hg 10 d
3
FA 2
G o
2 02 g 3
~ i i i i
SUETEETECE R E o A LT TR LI I
0 18.a 752 18.a 28:;1 253 12.a 18; 452 18a 45a | 18a 28a 45a | 12a 18a 45a
f— e b i krsk B
NGl
R A B RSB

sy - Plots with differnt restoration years
Plots with different restoration years

5 AEMEERSEHLB T ECSHE SR TR
Fig.5 The ratio of SOC to TN and DOC to DON under different

B4 FARKEFREBEHELBTETREHRAESESERR LG

Fig.4 The ratio of DOC and DON in SOC and TN under

) . . restoration years and vegetation types
different restoration years and vegetation types

2.3 THERTEPEA LRI S ZESO G KOG 41 e o A

M5 PARAFAC B X 7> DOM = #E5E0TE (K 6) 15 BT BURE 3 1 3 DOM 347 4 564 71 Cl
(225nm,260nm/>450nm) ,C2(255nm,310nm/410nm) ,C3(225nm,285nm/338nm) ,C4(225nm,260nm ,300nm/
400nm) . HHt C1BHIA KR IE AT F R R B EY) T AR 3R 505 B sk ) T2 ok A TR sk 1A + 4
AHL 5 C2 B4 F AT AR AR & B, vl R IR T C1 4L MR 55640 C3 S a i iis
FRRLI DG 2R AR YT ; C4 Tl A7 7E T bR I 5 K 38 W oA e 5 A HE L, 40l i 2 55 41
KRB FER T ST DX R 3 b, BCRT R UR T E AT HLAE AR IR S A SR KA IR
WA (E,) RSTA(E,) FEOCIR T SRS SCHRA XS L& 2,

®2 FTEFHMEREMNEMRNAS

Table 2 Composition and characterization of four fluorescent components obtained by PARAFAC

Eib WA B EHH K Fem S SRR 45y E,/E,,/nm
Component E./E,/nm Type Reference
Cl 225,260/> 450 KA FREREYI L, R 3 4555 /i 225/4501%%) ; <240/465'%°) ;260 ,340/462%7)
c2 255,310/410 KR 250,325/416[28 ;250,320,400
c3 225,285/338 H 0 %R 215,280,325 ;225 290,/342[%7]
C4 220,260,300/ 400 JEEFHA BT (55 NS B AR DG Wi A 45 ) <250,320/400124] ;240,390

E, R DY Excitation wavelength; £, LR Emission wavelength ; PARAFAC SEATIR T M EE Parallel factor analysis

A XA K AR FEAR L3 DOM 9864 45 5 Fb b A T4 M R B, AR i 45 B 138 DOM €1 4143 5
Fed s, BT i L BlAL T 23.8%—44.7% 2 1), C4 415505 AR, M 6.8%—18.9% , Fififk EAFBR A LE: |3 FliAf
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6 E-TF PARAFAC S {58 L EF AT HIRAS L HIEE
Fig.6 Three-dimensional fluorescence spectroscopy of four components of DOM analyzed by PARAFAC

M O ERALSY C3 (8 LSRN, R AT BIAR G MO T M R 414y CA | HGR IR , C1 K4 T I T 4 e
S o e S RIRIRR bR i S 3R | ZE 0 I | G2 2K 7 HLRR A1 43 o8 e P 505 4 v S R ARG,
MHLH 12a>18a~45a , #7 5 A U JC I 2 221k (K 7)
24 FOLRHESH

SENHEH (F1) I 7 AL F5 0 (HIX ) | BT 8% J5F 48 %% jotasy mcl mc e 0o

(B:a) S HAETRFE R ( BIX) J2 7] AR AE DOM (9722 fb 1 ﬁéo\\“lgg

WIEESH, K LR P L8 5174 SEE

2 (URIBE 120 BEE T IR, SRR S 25 5
225, HIX "] ffif it DOM JEFE LR B, &5 HIX KA HL £ 08 45 [Ba 2% 4% | 2 13 43 |
R TR B . MDA T b 4 IR M i ik e
HIX #4255, BB AK ML 120 < 18a ~ 450, 4 2 Ak blos with difnent esration years

18a<28a =~ 45a, A [F] Pk 52 4F PR #% 5ic 4t I 25 S A W 3% 7 R RS R £ S Tt
7 R EWR E Fil B3 i
. |—" N 0 f %
B @ J\J E‘[‘ u fify{%ﬁfzﬁi DoM FJ? IE EI/J ke ﬁﬂ ’ BIX %{E Fig.7 Relative proportion of four fluorescent components of
DOM E EEYJE*WTE o F/%%IH% 12a , %’7 ki%#ﬁ%iﬂj‘ B 1(1%[[ DOM under different restoration years and vegetation types
BIX A 225 551X -4 DOM B : o AT FBI7 T0.56—
0.64, ¥J{Hky 0.58, BIX 1431 Fil & 0.56—0.60, ¥I{H }y 0.59(3£ 3) .

3 iTFig

3.1 KL PRAFARR I 3 e S AT v e SR 2 A2
IR RR R S AL AR A T W AN i | K I RIR AR A AR MR TR A R S R A
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N 55 LA N R h % R B, AR [RIAR S R0 (4 52 i R 36 B 32 g R B g 22 5+ 0% K
TR EFMAE K HLAT b US55 T AR AR AR IR R A | 2 - b R A 22 B A AR, SR T AT LA
SN T R R AL R A ARIFSE by A RIBEAK - AN PE 5 2 2 14 SOC TN . DOC . DON 1 DIN &
TP B AT RIS AE A S iR A AR TRIPK R AT B T A 2% AR AR el B 35 40 v TR T, S A A ST —
T A b A ERR VA T AR AR A Bt R AR A ) B B AT AR T
HUBR AN 4 000 5 5, (AR I A3 N T o] i R B 2 I 25 R AR AT B 18 i, e 0 7 A B R 9 0 2 1Y
FLEABARWHE £ | H ORI FAE AR L3R T A B8 2 R 75 W0 V38 BT 97 43 2 4R P e g
#3 FEREERSEEEE T HETE IR DML

Table 3 Four fluorescence indexes of dissolved organic matter under different restoration years and vegetation types

28 Indexes AL18a Al45a RP12a RP18a RP45a CK18a CK28a CK45a

FENARHEL Fluorescence index  1.63+ 0.04b  1.61+ 0.02b 1.74x 0.05a 1.64x 0.04b 1.58+ 0.01b 1.65+ 0.04b 1.59+ 0.02b 1.61x 0.05b

JES AL EL Humification index 4.53% 0.40c  4.56+ 0.30c  4.69% 0.24c  5.75+ 0.34b 6.45+ 0.54ab 5.86= 0.32b  7.1x0.30a  7.04x 0.73a

HUEREHEEL Freshness index  0.59+ 0.01b  0.57% 0.01b  0.64x 0.02a 0.57+ 0.01b 0.57% 0.01b 0.56= 0.04b 0.57+ 0.0lb  0.58+ 0.02b

FI /£ JFE 4L Biological index  0.60% 0.01b  0.58+ 0.01b  0.65+ 0.02a 0.58% 0.02b 0.58+ 0.01b  0.57+ 0.04b 0.57x 0.01b  0.56= 0.02b
N[BT B R AN R R ) 22 57 .35 (P<0.05) 5 £ AREA IR LR 22

- R RS A5 A AR G RIS, PP RR R i B S R et bt 2 AR 4k, b+ DOC/SOC 4878+
SR IE Jo h 1) EE R AR , 12 B9k e T A MR 1) e T A R T Y AR BFSE R DOC/SOC i
PR AR R SE e S A 5E |, W] RE R i TR & T DOC & S B IE = T SOC, DOC (5 Fe K, K58 — s 4E R
Jai 3 F 8 IR W B RS PR RS R, X DOC A 3 £ (45 DOC 1 SOC 1 2 1 A8 i AH T, (145
DOC/SOC HHXF R RE , - HERR 2 36 M 4k H5 e — 2 7K, DON/TN 5 DOC/SOC A3 LAY A AL LA, i A
ViR 35 ) B R VR RN 20 2540 ) B2 25, A R0 L 198 s AU mT L 5 Wi ol 2 00 1) T o RN B3, it — B R
MUTT A6 A AR FE 5 i, ASBIFSE FPAr 5 AR M 1= 4 SOC . TN Btk 52 47 BIR A 358 Jin S 38 K ka3, 2
T8 2% W A KA LR , SOC & REFHE IR KT TN, 1) T4 HLAR A B 3R #8 5 Hh SOC . TN & A 1 K nl fig
JE R TR A HLAR A3 A AR AR AT AR A AR, -4 SOC 2 f& TN & AR IR ARG, XAl 7
+ B DX R AR A R 52 4R R B AFSE R €N H 9.55—16.94 YK 20a 3] 45a K T 47.8% , 54 ST
IR 3, DOC.DON ARLA FITERA T L3 DOC S DON F kR U5 S - AL A Wid Tk e, 43
fife 1)+ A DL AR DSR2 | (545 DOC . DON 3 K7 A58 iy 2 AR MR 3 DOC : DON P & — 3
AERR I IR EIRRE , UL WA AR B A0 - S el A T P S ik A, B 8] A4 SiE K TT R R TR W T R A
FIFH DOC B DON [ [RI , -3 A HL4 4336 i DOC . DON (i DOC 1 DON £ 2 7 b 7] 25 7 58 1 e
A IREIBIAS AL
3.2 KRR 35 DOM = 4E58 OBk 25 1k

ANV B S Y phy oA A 95 1 2 08 B3 0 5 f: B R T 5 A N P B A B AR A = 4 B AR
F AT ISR SRR - HE DOM A ECE R Y G BoR K AR 1 3 DOM ok 4T
FE TR ANA T R 555 W AL o0 T o LUK, R O BIFGE X G o b 36 2 35 JRVE Wi &, 7 350
VR A e AT O 4L o 5 | Bt 95 0 A B Ry 2 R M HB i22 4 43 o B B R A2 47 IR 11 4
KR, BT ARG T8, BT 3 W S A RINZ L 0 W T 0 4 i #E , C4 A W I 20 4y W 25 Pk 2.
AE PR B SE R AN/, BEAEBR A8, R Bl VK AR AT L G SR 0 DRI AR A T SR S g
B G R, FEES %0 (FI L HIX B :a BIX) Xt DOM R I BA — & HU45 - MEHT, FI Al A5 DOM 3K 4
SREMRARRE N FL/NT 1.4 BF, DOM Bk ok BN B AR AP K 36 WL S5 /MR i A, KT 1.9 i =38
A S A P RS AR AR ISR IX FT ME R 1.63, 5200 7R 45 FE IR B - A A LR Ao
18 1.56 AT, =W + 58 DOM HRIEREA A A A P0iE sl A SUR AR ERAR SR 240 1 W 25 Bl D A, HLE
R E T 1.4 AMNEAFAE S SLRY . HIX B] A DOM JE 74k i FE B HIX Bk, BB DOM Hp 43144 Rl &
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%4 JETE IS B ANAR A 05 B FRME M ALy AR Ay FAL S R & el ) Ar SRR MR 1= 4 DOM J& i 1k,
FREEREMR S AEBR IR et K s la TRa0E , H IR 35 T8, B :a ™) LU BUHT ™ 4 DOM (5 & DOM Y Lt
], A5 A [ e 2 RS [ S A7 BRAF BT R 8 54 DOM. Y 5 T, BIX F- % ik [{ A= P50 A XS DTk,
AP A Wi ] R M G, BIX F5 800, B DOM i B 5 8 hn o9 5 P DB 25 5 A T, AR AR5
BIX 3%, 5 T 55855 MR (BT 52 25 SARAT , DI AR b - 38 DOM LIAE 4 5% R S AMIE Y IR B0 3 A 3, 5
FI F8 /R 45 R —2,

4 #Hig

B P e DX 2% RIBRK DRoPR A e b KWK A2 1 e B 3 B 1 I8 35 R AR A BRI 2 S L T P2 3 O 3
IO, I ASRIBRARIET 5 nT i AT HLBRE AR X g . 3 -5 A R S DR T A ) D i R i 1 M e Ak R AR LA
O, AIVATEA DL GRS, A AR RS ECRAE L BT DOM. == B U5 T AR ) 53 Ak T AR 38 43 Wb 400 56 Bl s iy A LA
Lo A SERA D% 3l RIS = 4E 566 Rk 23 B Ul B AR Bk 52 45 £ 38 DOML A9 AS 7 L3 5, 4 Rl i) 52
7%, o n] e S fe it IR EUE BRI A L 2 — X H e R B R+ 4 DOC. DON Je — 3 (5 B A HLIR &
R Bl AR , RIVEAS nT i A HLBRAR S0 e 4B ) B2 E 5 UK PR S i A vp 13 DOM A HLAL K
VAR 31 IS FE 5 15 e de e, EL LEAIARDO £8 e b S35 T, i oy LU AR A 7 i 2 LR AN N S s o 15 2l
i A B TR SO SRR 5 i, ARRS T 8 T b K PR AT DL 25 B 2 10 DOM B A AL R JEE 3k LTS 3 ] il
TR L3 DOM A2 PEIZ WA it = N AR i G, 4R T S R A B AR 2 —
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