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Abstract: [ Objective ] Dissolved organic matter (DOM) is highly sensitive to environmental changes, and its dynamic changes
are crucial for understanding regional/global carbon cycling under global change scenarios. However, it is not yet clear how the
characteristics of soil DOM molecules change under nitrogen deposition. This study aimed to investigate the response of DOM
molecular composition and stability to nitrogen addition. [ Method ] In this study, three nitrogen addition levels (0, 40, and 80
kg-hm2a™") were conducted in a Pinus taiwanensis forest by using urea addition to simulate nitrogen deposition in the field. The
effect of short-term (three years) nitrogen addition on the molecular composition of DOM and its stability was investigated using
high-resolution Fourier transform ion cyclotron resonance mass spectrometry (FT-ICR MS) . [ Result ] The results of FT-ICR MS
analysis revealed that DOM molecules were mainly concentrated in 250-400 Da, and CHO compounds accounted for more than
50% of all compounds. Of the eight types of DOM molecules, lignin-like molecules dominated all soil DOM molecules, followed
by tannins and condensed aromatics, with the relative abundance of readily decomposable small molecules (including lipids,
proteins, and carbohydrates) being low. There was no statistically significant change in the content and optical properties of DOM
under nitrogen addition, but significant changes occurred in the properties and composition of DOM molecules. Compared to high
nitrogen treatment, low nitrogen treatment significantly reduced the relative abundance of carbohydrate molecules in DOM by
73.33%. This may be largely attributed to the increase in microbial biomass and hydrolytic enzyme activities. Nitrogen addition
did not change the nitrogen-containing compounds in DOM molecules, but reduced the sulfur-containing compounds.
Furthermore, the average molecular weight and ratio of double bond equivalent to carbon atom number (DBE/C) , modified
aromaticity index (Al,.q) , and aromaticity equivalent (Xc) of DOM molecule did not show significant changes under nitrogen
addition. However, a significant increase in DBE values was observed under low nitrogen addition, indicating an improvement in
the molecular stability of DOM. The improvement of DOM molecular stability may have a potential impact on soil carbon pool
stability. Pearson's correlation analysis revealed that DBE values were significantly negatively correlated with small molecule
compounds such as carbohydrates and proteins/amino sugars, while the correlation with large molecules such as lignin and
condensed aromatics was not significant. Besides, nitrogen addition did not significantly change the difficult-to-decompose
molecules such as lignin and condensed aromatic compounds in DOM. This suggests that the molecular stability of DOM under
short-term nitrogen addition may depend on the removal of readily decomposable small molecules, such as carbohydrates, rather
than the increment of refractory molecules.[ Conclusion JCollectively, this study provides a new perspective at the molecular level
for understanding the behavior of soil DOM under nitrogen deposition, and a reference for understanding the potential
relationship between DOM molecules and soil carbon stability.

Key words: High-resolution Fourier transform ion cyclotron resonance mass spectrometry; Soluble organic matter; Molecular

composition; Molecular stability; Nitrogen deposition

P A AR AR TR R SRR AE SRS ATRESHRTH RM LIOR R DR R B AR A 25 R GE Rk it
BSREEm 13, HEUNMEAT SBRR Co ik MR mY,

FEME R P, *epkpor iz cmEl, fll AEETEA P (DOM ) J2 B4 HLGT A= P A
b, MAKTE S FEERTUEREE I, JHRERN RSS2 —, BRHALY LA LR
EBRRGHEREED . Bar, PEAVEED RN, HlT DOM b F IR R Uk,
SRS S G, SEHAE TR EAR . s BEE H AR TR AR A R AL SR X4 R
AU, RS RGN E LAY 2R ﬁﬁ%ii&i?m - ESCNRPIN YN &R/ 0]
TR EHERRALAE Y E K SZ I S A SR, X DOM B Zh A MR EE Gl i )b AR B i oo,

http://pedologica.issas.ac.cn



2 1 JUREFRAE LI AN NSO B A% 3] P AT B 19 201 2H i b R e 519

SR FHEARTFB AR S, BT & Ui 5 F 14
DOM 4+ F AR 52 +4r =10, 145 DOM J&:
EER R EAHYIRG I, A& &F/N -+ (an,
WKL A Y5 & A AN, 5 EF S (i,
Z 5% A7) MRS T (I, KER) P,
LT DOM Him fifb 2z i, Hoor FHrExT A L
WA R R s T e oy Y peAh, REUTERT +
HE DOM 4> FHEER R AL A TE 2, flin, f%
AT S DOM 4y FAHE AR, Wik, hiER
RUTKE T 11 DOM A 2847 R v i) SC i it S b1
#E— RS DOM J3F 7K P HA5 R S R AIF5 A
N EE

87 A 4 2 - [l g AR BT ( FT-ICR MS)
ME IS T AP 7R, ARk ik
ANREFEME S FALSAF B B BEG , o B R R
DOM 1943 F= 1%, JEF FT-ICR MS 43#7, Wang 25114
FEIRATVE AR 2 B, I E B IR T 48 A
J5 I 5T B AL A P S R R F o R
EFRBMEES R, SR 28 Bk m
I A A KRB PR S, Niw ZEPIERL
W IR R AR — PR, KRR ISR E
25 DOM -0 TR &k, MG + 5k
PERREE . R LRGSR AR DOM 441
ORI e Y - 2 € I ER OS5 R i E=R7y) | 1)
5T, H HETE R AR AR GE DL AH DG 18

DOM 43 HIF 8 M vl 48 /R 54 LT A T 7E
fasE e, i H A XUGE Y (DBE) mRAFRAE!,
H #if DOM 43 154 % £ 55 DOM 43 141 /8.2 18] (I Bk £
ARSI JEnT 2B R M, ZURInZs3S i DOM
A AR RS 1O Tk, —FLS AR, A
Jngseas DOM 4> FRae i, H5 DOM ARl # 4%
T [ 3 F 4 DA OC) T 55— Fh U Ak, DOM
KA G W 55 5 43 il ) S s /D SR AR #E DOM. 47
FhaE e s O E T ARSI L
BWIRIREAR , XA R &K AR VR T
itk , AE—H 4R DOM 2 TR E 5 DOM 201
YURZ PR R, T WG /AR 15 DOM 41
2RO AN IR A N, AR 5 BRI $AHY B 1L AR S
W4, BN S, FIH] FT-ICR MS £
5% 1 RS Xt DOM 43— 41 i S A e 14 i 52 i
AWML : 1) BIRINTREE DOM (V3450 F it
FIF5 AL I, DOM 43 A XE S i 53 T4k B 38

fns 2) MR TG Y S DOM 14> FHa e 2
T EIEA G, BFFT 4l R AR AU TS 5 L4
DOM [#43F AT R VU K B DOM 4> F 5 + 3
FE MRS TR R A EE X

1 MRS Ik

1.1 ARXER

AR AL T A R T I = I E K A
IRIEP X (25°38'7"N~25°43'40"N, 118°522"E~
118°20'15"E )o A5 2 1Y Ay SV A T 4t 2 XU
EWRIA R 15.6~195C, FEXHEKELD K
1 700~2 000 mm, JCFEHIN 260 d. 4 60 4L
RIS BT LAl , AR R LAEAT (Indocalamus )
NE, 5 80%LL L, MO 3 408 hm*, AR
JEH 0.59, FHRE 5.00 m, FHMHE 10.28 cm,
Rat: S D UITE AR 5
1.2 RIS TEERRE

FEFT AN S ARAT B 12 BR/NR 10 mx 10 m ()
D7, SRNG5S m ARy . RABENLIX 41
2, BEE AR . XR (CT, 0kghm>a!
(BIN3F, FH)). KA (LN, 40 kghm>a™') #l
FA (80 kghm >a™), WAEIRIMAKFEH 4 4 HE
T 2018 FFFAG, LAEFAMAS IR 3R 0978 B AT
e, RENINE [ N B4R 3~9 A, & A 7 —%. B
PRI W e AT A IFFE Y, AR S T 2021 4F 5
ARHAAHE NI A4 (EHAE 2.5 em) RE, RER
BEN 0~10 cm, A IR0k EE, TERAFE N
WIS At ZERARAR R Z R HIEG —
AL HERE S . LHERE SR AR B4, HURAS IR
fif Ay [n] SIS R AR FE K IEREAR ST 2 mm S AR
T4 CUKFH, T AW IR 22 -
1.3 TIEMERM DOM S§ER LS

+HE pH (LKHN 11 2.5) SR I8 AR
( Starter 300, Ohaus, K[ ) M. RAMEITCE 5
#14¥ ( Elementar Vario EL IT1I, Elementar, f&E ) i
EEHEA A A . HEHET A (R RS AR
BA ) KA KCHZHEE - Hel b 4y Ak 4y e
R A YR AR A B2 -RAR LD, 28
Saiya-Cork %P1 J vk SR ORI A2 B -8 40 0 il
FNEF 2 2K . RAZKIRRIET (KR 10 4)

http://pedologica.issas.ac.cn



520 + b1

62 4

=

il £ DOM ¥ UH T % DOM 5 & FG A4 AE . ]
A PR A HLEK 53 H1{ ( TOC-VCPH/CPN,
Shimadzu, H A )l %2 . A FH % 22 i 854 H14% ( Skalar
san"", Skalar, fij 2% ) Jll%E DOM ¥ 0 75 i P
RFLEIE R TTLA, BEET R RSB EH A
PLAT, 254 nm F1 268 nm &b 1) L2 4G 5 BE R 42
Ah-0] DLSEE 6 BETE (UV-2450, B, HA) i
SE . DOM 19286 & 3 96185 R A 2 6 4r et B it
(F-7000, Hz, HA) M, BARSHR E & DOM
F5 IR R, BKYEFR BORUE AL R B R S %
JeRT gy kU
14 HEMTHEFEEHIRRIE( FT-ICR MS)

ST

TEHEAT FT-ICR MS 43 #7122 Hif , A F [ AH 2 Bk
45 DOM 522, f FH L 2 55 LB (EST) 4%
1 B9 Bruker Apex-Ultra 9.4T FT-ICR MS f{{ #%
( Bruker Daltonik GmbH, Bremen, f2[E ) MEFE
DOM F i, DOM i #E EST A T s, 4o
) At (m/z ) JE Y 200~800 Da. AR 1H
MEE (S/N) FIBAER, R 2M BEACRAE, 15E
SRR BCR E S 128, HAWMNA A R
FE]: 0.0010 s Flff# vt BB [H] 2 0.5 s5 KATH[A]
1.3 ms; HLESHLIE: 3 500/3 000 V; AL
2.0 L'min's TR 5.0 Lomin ' THEEEE
200 °C; PYZ%FTF Q1: 280 m/z, van Krevelen ¥ FH T
B ER DOM 43 F 43 /KPP i 3E O
QEH /AN ; OMmAKMLEY; OREME;
OARFE; @7 OHGITH; @HM (AT
idERAEEY ).
1.5 DOM o FH{EEITE

W s SE A4 ( Bruker Daltonics 4.2 )
I (E R 2 m/z (8 (S/N BIfEN 6), HidZ
YRR IE T A, LATH R AT RE A T A e 22 YL
FT-ICR MS i 14 246 X e {0 558 5 U3 — kA5 2 4 X 0
{EBR P WY ( DBE) AFE—r TR A
FUEE TN | 364 50, fIk DBE {3 DOM & iE 1E# 2%,
WS R A R R M U Y B R R T2
( DBE/C). BIEMFS FHFEEL (Alye) FIDFE Y&
( Xc) ] FHF95 5 e 45 655 8 AL & 9 19 R
FIRAEN 25200 ALoq )R DOM 43t C=C HfY
CEETET ) W Alnee>0.5 fCEIFE T FLE,
Alyog>0.67 BT HHI; Xe=2.5000

M Xc=2.7143 7 5E R 5 I M 465 05 A A i B
Wt AR AERY S B bR A LS (NOSC) KA
MU 4> T 09 A4 A 37 . CHO, 38 50 ok il ik
DOM Iy ks 71, Horp CHO =0 REA WP A
J RO AU R IS, AN AR R
1. CHO>0 fLEMLEY (TR ) e LR
B, T CHO<0 FRERMEY (Wi ) ik JE R
[ N 1< B =1 7 <0 < R/ /(1 ALl

DBE =14 26— H+N (1)

2
Almod=1+C_0'50_S_0'5H_0'5N (2)

C-050-S-N

x - C-UH=0) (3)

DNE
NOSC:4_4C+H—3N—20—2S (4)

C

20-H

CHO, = (5)

A, €. H. N. OFfl S 5 RN Tk
A, A EMEET A
1.6 ZiELIE

%] SPSS 26.0 F1 R 4.1.1 X BR #7514
Bro SRV R J7 25 50 ks 96 AN [R) /K 1 22 1] - 43¢
BT . DOM & & ADG2EFEME . DOM 43+ 411 Je 43
THAEA Y 25 5 5 &P . R Origin 2018 I R 4.1.1
HATIER

2 45 R

2.1 ®iRmxdLEHERT DOM SERXFIBR
sp=A|

AR L3 pH BB EA (£ 1), HHES
. EEMT A SR RN, Hoh AR
W5 A e ORI A 3T 38 3 1 m - (. P<0.05,
1) BIRIARRAS LT 4t ZoK il & &, (LA
Ab P E I T MR A R . R AR R R
M B-H 2T B & (P<0.05), HEFE THEA
ARBE . EASINXT 1 DOM Fi (ALAE A Pl

http://pedologica.issas.ac.cn



2 3

TOLEAR A LI SRR N B B 1L 3 m M AT AL A 23T AL M AR

521

F1 AAMTLIEERATBEENR (DOM) SERNXFIRIFR

Table 1  Soil biochemical properties, dissolved organic matter (DOM) content, and optical indicators under nitrogen addition
b3 TC/ TN/ MN/ MBC/
Treatment ort (mgkg™) (mgkg™") (mgkg™) (mgkg™)
CT 4.40 (0.06) a 37.13 (2.00) b 220 (0.28) b 19.95 (1.38) ¢ 806.20 (77.08) b
LN 4.41 (0.05) a 48.56 (1.49) a 240 (0.23) ab 26.40 (2.47) b 1041.60 (31.57) a
HN 4.45(0.09) a 4938 (125) a 3.05(0.13) a 3838 (1.52) a 789.10 (66.89) b
pdisi! MBN/ BG/ CBH/ DOC/ DON/
Treatment (mgkg ") (nmol-g“h'") (nmol-g “h™") (mgkg") (mgkg")
CT 63.20 (8.40) b 29.30 (5.66) b 240 (047) a 157.15(7.20) a 9.04 (0.70) a
LN 91.01 (4.63) a 36.01 (2.53) a 1.80 (0.17) a 169.28 (9.37) a 12.85 (091 ) a
HN 71.50 (1.75) b 26.60 (4.69) b 2.01 (0.56) a 135.98 (9.52) a 9.94 (0.98) a
Jb B SUV.s/ SUVes/
HIX
Treatment (L-mg'm") (L'mg'm")
CT 7.60 (0.13) a 6.98 (0.12) a 495 (0.50) a
LN 744 (029) a 6.31 (0.18) a 532(030) a
HN 7.50 (0.33) a 6.57 (0.26) a 3.07(043) a

TE: TC: Afk; TN: 2% MN: # BiA: MBC: UE#/EYitik; MBN: BUEY/EWRA: BG: P-HZWEITHE; CBH: £
YEZ KRG ; DOC: WHAMEAHLER: DON: WIFEMANAE: SUVass: FHIMIGE: SUVaes: BiKMEIREG HIX: EHHLIEEL KD
W RME (BRAEER ), n=4. CT: X H; LN: RE; HN: &&A. FIIAE/NGFRRELBZ AR E2ES (P<0.05). .
Note: TC: total carbon; TN: total nitrogen; MN: Mineral nitrogen; MBC: Microbial biomass carbon; MBN: Microbial biomass nitrogen;

B G: B-1, 4-glucosidase; CBH: Cellobiohydrolase; DOC: Dissolved organic carbon; DON: Dissolved organic nitrogen; SUVjss:

Aromatization index; SUVas: Hydrophobicity index ; HIX: Humification index. The data in the table is the mean( standard error ), n=4. CT:

Control; LN: Low nitrogen; HN: High nitrogen. Different lowercase letters in the same column indicate significant differences ( P<0.05 ) .

The same as below.
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Fig. 1 Mass spectra of dissolved organic matter ( DOM ) molecules under nitrogen addition
F2 FRIT DOM 9 FLERAFIERTEE ML FI9{E (wa)
Table 2 Strength weighted average (wa) of DOM molecular composition characteristics under nitrogen addition
GO
NM C m/z o/C H/C N/C S/C
Treatment
CT 6278 (38.84) a 20.17 (0.17) a 437.11 (3.26) a 0.52 (<0.001) a 1.05 (0.03) a 0.03 (<0.001) a 0.005 (<0.001) a
LN 5607 (840.85) a 20.49 (0.32) a 43830 (2.73)a 0.51 (0.02)a 1.00 (0.01) a 0.03 (<0.001) a 0.003 (<0.001) a
HN 6450 (127.70) a 20.12 (0.14) a 434.52 (2.07) a 0.51 (<0.001) a 1.04 (0.01) a 0.03 (<0.001) a 0.004 (<0.001) a
JOSL
DBE Alnod DBE/C Xc NOSC CHOx
Treatment
CT 11.05(0.12) b 038 (0.01)a 0.56(0.00)a 276 (0.03)a 0.11 (0.03)a 0.01 (0.03) a
LN 1141 (0.09) a 0.40(0.02)a 0.56(001)a 2.77(0.03)a 0.11 (0.04)a 0.03(0.03) a
HN 1091 (0.10) b 0.37 (0.01) a 0.55(<0.001)a 273 (0.03)a 0.10 (0.02) a -0.01 (0.02) a

e NM: 40 F5G C: BRIEFEG miz: #AXTF&; O/C: LUREFHREFHZI; H/C: AEFRRIEFEZI; NC: &
JEF AR T2 S/IC: BRJETF BRI FAZ th; DBE: BUEM i Aln: BIEMIFEMEISE; DBE/C: BUE Y @ AR T4
b Xe: 5B Y f; NOSC: MRAVARHESAILZS ; CHOx: WRIFf#WE J1. FlH. Note: NM: Number of molecules; C: The number of carbon

atoms; M/z: Relative molecular weight; O/C: The ratio of oxygen and carbon atoms number; H/C: The ratio of hydrogen and carbon atoms

number; N/C: The ratio of nitrogen and carbon atoms number; S/C: The ratio of sulfur and carbon atoms number; DBE: Double bond

equivalent; Aln.a: Modified aromaticity index; DBE/C: The ratio of double bond equivalent to carbon atoms number; Xc: Aromaticity

equivalent; NOSC: Standard oxidation state of carbon; CHOx: Carbon degradation potential. The same as below.

S PRI G Y, T/ a R R AR K
A PR T S AR (KT 2e ), IRAAE N B H
Jo /2 B R I K AR A 0 08 A S 1 R AT O
BN 36.44%F1 73.33%, H Rk K 1L A 9 AR X A
EERAAL T W AL (P<0.05), LAk, AR
Tkt Hof DOM 4320 i A X 5 535 6 1B 3 5
ml (Kl 2e ).
2.3 RWARMT L1 DOM &4 FAHAM SHFEMXR
i3 Pearson AHOC/MHT, #R5E T DOM 43 2H A

5O FRHEEZ MR (E 3), R nsHKm
DOM 41 J§ A4 ) [543 25 () DOM 20 A7 75 b 35 1 Bk
F. P, EAAMBREFIASWEIRE . KK
R A 7 A 5 B W IEA G (P<0.05 ). R
/R FE R i SR R SRR AL A ) A
X, SEEAFSY R RE ML (P<0.05).
XU Y 1 5555 R M i | B A b v AL S RN B i 0
MBI RIEAE, H5EIE MR FHIE B e B
BIEAIE (P<0.05), [RIE, XU YR 58 A /A
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[} = m ki
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E: O~®@ft%k DOM 4 Fiden), WHEOMRNR; QFEATUVEIM: OUKLEY: @RMAE; OAKRE; OHT; O%ifF
5% ; @M. CHOS, CHONS, CHON 1 CHO {43 C. H. O, N #1 S TTHRA MM > FI &Y, 70 ik a e . k2 A
WEE AR S AL EY .. FIA . Note: D-@ represent the categories of DOM molecules, including: (D lipids; ) Protein/amino sugar;
(3 Carbohydrates; @ Unsaturated hydrocarbons; & Lignin; ® Tannins; (7) Condensed aromatic; Other. CHOS, CHONS, CHON,
and CHO represent molecular compounds composed of different elements , namely carbon-hydrogen-oxygen-sulfur ,

carbon-hydrogen-oxygen-nitrogen-sulfur, carbon-hydrogen-oxygen-nitrogen, and carbon-hydrogen-oxygen compounds. The same as below.

E 2 AFZKFET DOM 43FHY van Krevelen [ (a~c ). DOM 7 TG R H A ZERIMBSE AT &5 (d) BRI
R 3 S BB R AR X & B (e )
Fig.2 Van Krevelen diagram of DOM molecular ( a-c ), weighted average relative content of DOM molecule classified by element composition

(d), and weighted average relative content of DOM molecule classified by substance category (e ) at different nitrogen levels

FAHMBA SR RE M AME (P<0.05), 15 FR. #aiik) WL KT 50 imKkie sy

AR GG A 95750 25 ke FIVE (T, o, 76 ik . 4 I+ 3L Kok
PRRUSIA TR S 1 S T % B DOM 42 F Pk
3 F 8 e 252 Ay A e U6 29300 A Sy J M AR L 0 R 2 —

A S i e HLBURR E M R ARC Y R

JERTBFSEHGE, T DOM DIMEAMB gk BRI A PR X 5 DOM M FTlikiiR, X
oy ENS, XA PR T TRmEAE— 2R T DOM X - Hehk R B A

SRR, ABFREB, KRR, Ha 57 RayiE “ARREAIT DOM B & S HDG E R TR ST

BT DOM 43 F b i £ (F 2), R4 BIERFERZEA, B7E DOM 0T HHE AR 1

DOM Z 5 $ti A MR, (At or i fb 5 (R kAT BFREA (K2, B 2), X5 Wang 55852
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1 SRR TS b5 2 A A7 75 B35 AR G, #P<0.01 5 ** P<0.05; *** P<0.001.Note: The asterisk represents a significant correlation

between two indices, *P<0.05; **P<0.01; *** P<0.001.

K3 DOM 43 F 2 a5 HorFHREE 1 B2 /R AR AH

Fig. 3 Pearson correlation between DOM molecular composition and its molecular characteristic value

MIFFE 4 L, 5T s IE T R A Xt DOM 43
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SCRRTESPEY T, AH I AT R 5 /NER 3 AN 35 M
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5 S/C TEARE BN 53 B FEAR 36.91%F1 40% (
2, %2), XAfgRm TIRAMREE T M4 Y% DoM
MR . M TE K240 DOM. Hal il FH %
B, SN S K Y TR L DOM. H i 5
oo IXE AT ) AT A S A A . B
REEE S B A, T 5 ik A Ak 5495 S/C
BEAR. Bboh, SEnrrs R, Z0Rn&igin Dom
hE ARG, (AR DOM 4 FHh & Ak
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