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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-hm-a™) 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.,q4), 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] Collectively, 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
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Table 1 Soil biochemical properties, dissolved organic matter (DOM) content, and optical indicators under nitrogen addition

AbFH pH TC TN MN MBC
Treatment /(mg-kg™) /(mg-kg™) /(mg-kg™) /(mg-kg™)
cT 4.40(0.06)a 37.13(2.00)b 2.20(0.28)b 19.95(1.38)c 806.20(77.08)b
LN 4.41(0.05)a 48.56(1.49)a 2.40(0.23)ab 26.40(2.47)b 1041.60(31.57)a
HN 4.45(0.09)a 49.38(1.25)a 3.05(0.13)a 38.38(1.52)a 789.10(66.89)b
Ab MBN BG CBH DOC DON
Treatment /(mg-kg™) /(nmol-g™*-h™) /(nmol-g*-h™) I(mg-kg™) I(mg-kg™)
cT 63.20(8.40)b 29.30(5.66)b 2.40(0.47)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(0.91)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
Ab SUVys4 SUVes HIX
Treatment /(L-mg™*-m™) /(L-mg™*-m™)
cT 7.60(0.13)a 6.98(0.12)a 4.95(0.50)a
LN 7.44(0.29)a 6.31(0.18)a 5.32(0.30)a
HN 7.50(0.33)a 6.57(0.26)a 3.07(0.43)a

E: TC: AWk TN: 2% MN: U FA: MBC: WUAEMAEMERR: MBN: SUEMAYER: BG: B-HIE TR CBH: 4R
IKf#RG: DOC: AIVEMEAHIEK: DON: AlEMEAHLE: SUVas: JTEMUIREL SUVaes: BKIERHE: HIX: JEUEMIES. RhHdh
HEME ChrdEiR), n=4. CT: XH: LN: 1KE:; HN: @%&. FEFAFERNGFERRELE WA REZR (P<0.05). FFE.
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; SUV,ss: Aromatization
index; SUVyes: 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.
2.2 FURMT 13 DOM 4> FHHEFMER

DOM 43 1 ZAL H#E 250~400 Da (& 1. AHLL X, ZA T DOM 437 [FIAHX 38 EE7E 270~
320 Da £ Tk (/& 1) DOM 73 B A B IO XU = B A B S 7 H 2 Ll (0.55~0.56) 75 48 (2.73~
2.77 k) MEREISRMERMAS (01 4D KEIRFMBIERS7 &ERE (0.37~0.40) Gk 2). RHIT
DOM H7r 54 AHX 7055 LURBRIE 5 A1 3% J5 7 (A LA (O/C. HIC Al NIC) #1124k, fH
B 7 A T B BEAEAR AR B R BRAIR 40%. B IARHE ML ASTE RN T L oA fe. Mg, &
IE 57 B PR FEHON 57 B2 M B AR AR EUC T 440, 7R RAL B R AR, ARGUALBE T X052 & 25 1 T 0 IR
R (P<0.05), H4INHEZ 704 3.2%F1 4.5%. LAk, ATELT X, R AL N ok ARE A pragin,
FLIF D IEAR s T e SRR B Bk B Aeis g A

B FT-ICR MS 4347, —3L% 514 73 335 4~ DOM 43 . van Krevelen 275, T [¥) DOM 43 F#%
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PR B 02 S W AN B K AL B R 2 R BRI BE 43 30l 36.44% 11 73.33%, R RIK AL A W I AR
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Fig. 1 Mass spectra of dissolved organic matter (DOM) molecules under nitrogen addition

% 2 FURMT DOM 5 FHARFHERY SR E IALF91E (wa)

Table 2 Strength weighted average (wa) of DOM molecular composition characteristics under nitrogen addition

AbEE

NM C m/z o/C H/IC N/C S/IC
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 438.30(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
AbEE
DBE Alnod DBE/C Xc NOSC CHOx
Treatment
CT 11.05(0.12)b 0.38(0.01)a 0.56(0.00)a 2.76(0.03)a 0.11(0.03)a 0.01(0.03)a
LN 11.41(0.09)a 0.40(0.02)a 0.56(0.01)a 2.77(0.03)a 0.11(0.04)a 0.03(0.03)a
HN 10.91(0.10)b 0.37(0.01)a 0.55(< 0.001)a 2.73(0.03)a 0.10(0.02)a -0.01(0.02)a

A NM: 748G C IETHG mize XS TR O/C: AR T MR 7 Ll HIC: SR TARIE T8tk NIC: &R T
FIBRIEFH 2 L SIC: BREFMBRIEFHZLL: DBE: XUEYHE: Alne: BIEMFSFEIES: DBE/C: XU &R IEFH L

Xc: J5 % %iE; NOSC: WIIARAEE LA CHOx: BRI /1. T A, 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;
Almog: 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.
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CHOS E 2} T 20} B HeTEE
B CHONS = = . b A E )
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O CHO 0 ) . ) o L Ei - HAlh Others
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ALFT Treatments ALFT Treatments

*: O~-@fi3 DOM 73R, EEOMR: @& AFVERNE: OWKILaY: @AMEME: ORRE: @8 T: OFaTE:
@3 Aih. CHOS. CHONS. CHON Fil CHO 1{# C. H. O+ N M1 S LMK T EW, 2 RINBREART . BRAEAER . A
BAESEILEY) . FH. Note: M-® represent the categories of DOM molecules, including: @ lipids; @ Protein/amino sugar; @
Carbohydrates; @ Unsaturated hydrocarbons; & Lignin; ® Tannins; (@) 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.

2 ANFAE/KE T DOM 43F () van Krevelen B (a~c). DOM 7 FZ itz A R IACE MR & & (b

KA 03 IR & & (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

2.3 |ARMT LI DOM 5> TR SHFHIERI X R

81T Pearson AHIGA T, #R5T T DOM 43 F2H k5 7 FRe A 2 (R A B & (1] 3) . #2763 4 2K DOM
YL ANAZ )T 43 25 1F DOM ZH A7 7E 5 B &R . B, BREE ERIRE S G SRR . KRG &
FAEY R EFEMIEAS (P<0.05). & AMR/ZHEE SkEAAMMmEAAENEY B EE EMHX, 5EHE
B &) 2 B3 A D% (P<0.05) o WU i 5 75 5 2 5 | Bk IAR A S A0 A5 Rk B Ao 0B 35 B2 IR ARG,
HE5BIERSFIEERGEA R ENIEM> (P<0.05), [N, XY E 5 E A RIEIEHMKIL ST 258
AR (P<0.05), i A= M4HG 75 & T 22 A e .
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W BSREPIERZ A B F M, *P<0.01; ** 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.
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Fig. 3 Pearson correlation between DOM molecular composition and its molecular characteristic value
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ZEERAINT DOM & BADE AR AR ST BT B2 1948 4K, {HAE DOM 73 TAR PR AN pl b A=
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TEE, FA NS (R DOM HdE s iAo A U %2, SR, A FE AR KL DOM 43R oy Ak &40
ORBIZR R85 T7 1855 3, AR IURK AL SRR AR B T 22 FR 8 (B 1. X 5AB R RBOF
AR, A5 1638 A AR PRI — TUF 7045 SO0l AT il 1 6 D81 76 U9 078 I o 5 380 398 pH B AIE (3%
D Iz, FAI ARG, 75 P9 A R T 0 A KA ek g o e . FEARBE A,
R RN 7 R E Y RS A B A G (R 1, XUWMREARINERE 1Y DOM Hi
TR M) P R ] 2 W S5 AR AR SR NI R A o ANTRLIRD O, R BN N AR 50 - S B A W 2 e MK fe il
WE (R D, HIEHXS DOM 7 P4 R E KM . R DOM 3 SONRIETEYI, BR8-S
N AN M BB K M R B AE AR T R, SR AL A) (CHOS) 15 SIC TEAR AN T 433 FEfI% 36.91%
AN 40% (18 2, % 2). XAl el HREALEE /A% DOM AR . S AE K ES248 DOM il
A BEURIN , I AN M B K PR BT L DOM H it 26 H Sk o T3 73 Fid 5 B0 52 P RE D & B 5420
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AR AP RN N A RN (R 1 AL RERZ

IR T A 2 BN (£ 2), UWMREIR S T DOM 4 TRaEE. I Niu S0P f
JEAERRAR I 7 B, B 24 I DOM Hh e 23 A4 3 (R385 10, DOM (#9°F- 35 43 1 B R 95 2 W 35 4
EAR PRI T DOM 75 FIEE (SUVasy) FUBTEALIERL (HIX). ML EY ORI K4
BHRE) TR AN OO BRI E TR ., BIER RIS S8 WERE
Ak (B 1, £ 2), REARFARMBREART . BGRB8 5 AR R L6675 %
SR TET R ZE M, HSHOKILEYRAE A FRIEERES /N a2 55 e (K
3). XLH DOM fh4r 7K e 1t T BE S At A MR R 1 RS WE S Ny T 55 . kAL & AR A 5/
FILEE N ARG YL DOM F AR A FE S A AR e 4 45 o Jamin ik 70 S 08, 5 0 A WL 1) 25 B3
A TRT DOM ffifase PER %, Lee 0Ol it 4 Wy d 97 Se it BRS¢ T DOM JEFEALIE B sh &5, &I
H AN AT T A e R AR5 BB 955 017, AR o Xu AT GuolTE % A Szt
ot % B AR S R B AL S AR T A0y o BRBRAAL S5 T4k, AT TR R BUR A IN T 2
FURIA SR TR T 36.44% (B 1. NIk, SRR EMGE & 75 F B A E, TTE MK &4
RIS N T A NUR D, AT RS (Lt DOM 2> T A4 VE i 3 BR A . U 2 HORT 78 I AL
PREFAR RS K T HIBhAS R T MR 28 Xt - S e A e R e, (BT FUR I, WKL AP0/
53 F % DOM 4y PR e tERIAF B2, R E M ISR T, DO A AR 2 S B+ R Bk AL
EVEY T A WU SR E A R bR, Bl EIERE . AT YERR A E A 2. Rk, FER
KA FE P AL T H I 5 R (BKAL SRR D M T R 0 E

4 ZE B

ABEFEH, AT DOM s AOG SR, BANINT DOM 7E7r /K P HIARAL IR 25 . 5 LMERT 7T
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FAINT DOM 73 1R € PERE 5, SORE X 398 e R e MR AR AR T AERC i . B4k, DOM 2 FAE I
Tt FEBERR T RRAMNEYIE S 7 D, AR EE RS TR RGNS, KRS 7=
TI#E7~ 135 ks -5 DOM Xt ST R I 2, NERAR IR T 145 DOM (2 AL E AT 84t 14 R Y
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