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Abstract: [ Objective 1 The molecular composition of soil organic matter (SOM) is central to understanding carbon

THEX GRBIEEIEETE (42577349) | VIFERSTT I TRBH (GREUTEK (2025) 16 ) ¥iB) Support by the National Natural
Science Foundation of China (No. 42577349) and Qinglan Project of Jiangsu Province of China (No. [2025]16)

RiiRER (=2 Corresponding author, E-mail: xli@njfu.edu.cn; mwu@issas.ac.cn

fE#Fif: X % (1999—) , %, CHERA, BLsE. E-mail: liugll24@163.com

ks Hi: 2026-02-02; Ui EMESkE H . 2026-05-12; M5 K HI (www.enkinet) : 202 - -

http://pedologica.issas.ac.cn



+ g Rk
Acta Pedologica Sinica

cycling in agroecosystems. However, how the SOM molecular composition evolves under long-term different
fertilization regimes remains poorly understood. This study aimed to elucidate the regulatory mechanisms of long-
term fertilization on SOM molecular composition in red soil paddy fields. [ Method] Based on a long-term field
experiment, four treatments were selected: no fertilizer (CK), organic matter recycling (C), chemical NPK fertilizers
(NPK), and chemical NPK fertilizers plus organic matter recycling (NPKC). Fourier transform ion cyclotron
resonance mass spectrometry (FT-ICR MS) was employed to analyze the molecular composition of SOM. [Result]
(1) Al fertilization treatments significantly increased soil organic carbon (SOC) and total nitrogen (TN) contents,
while the NPK treatment specifically enhanced dissolved organic carbon (DOC) and dissolved organic nitrogen
(DON) contents. (2) CHO-type compounds dominated the SOM composition, accounting for 64.0% of all identified
molecular formulas. (3) Compared with CK, fertilization, especially NPKC, significantly increased the relative
abundance of lipid-like compounds, whereas CK enriched more plant-derived lignin-like compounds. (4) Different
fertilization treatments altered the molecular classes of SOM. Specifically, the molecular composition of lipids,
tannins, lignins, and carbohydrates differed significantly among fertilization treatments, whereas the responses of
condensed aromatics and unsaturated hydrocarbons to fertilization were not significant. [ Conclusion] This study
demonstrates that long-term fertilization reshapes the molecular composition of SOM in red soil paddy fields
primarily by regulating key components, including carbohydrates, tannins, lipids. This and lignins, provides direct
molecular evidence for fertilization-induced alterations in soil organic matter composition.

Key words: Fourier transform ion cyclotron resonance mass spectrometry; Long-term fertilization; Red paddy soil;
Soil organic matter; Molecular composition
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1.1 I X LS

AR5 K e ARG A T B R 2B 4 AR S B0 uh (A YLV RITE XKk,
28°12"21"N, 116°55'42"E) o iZMLIX J& T S0 70 () #As ZR PR S, PR SIR AR oK &
4318 17.8 “CRI 1 785 mm, LR IKIE 262 d, KM /K K5 BRI A7
71, AEFE T BAIEES RGM . KM EARL T 1990 F/EARM BEE. R
NN LaF LR EAE, XA “HRB-E-AN” MREsE. FRaEEE4 A
RE S AVIEATER, T 7 A FWOR: BREUE 7 HEE 8 HWHk, = 11 A¥I5EM
W3k

WRIEILWE T 9 MR RIRIEARHIEE, RAMILXHE T, HRE 3 RES, it 274
RE/NX, AN 30 m2. F/NX 2 Al K Jess (B35 & 15 ecm, Hu R85
R 50cm) SEIWEERRES, WECS T HOIEERHER S, 9 Mt AEALEE AR (D) X OF
JEAE, CK) 5 (2) HHURMEHR (C) 5 () LZEEE (N) 5 (4) R + BHUFIE
(NG 5 (B) bZEBEE (NP) 5 (6) fLEBFEAL (NPK) 5 (7) fh22 B e +
FHHLUFRIER (NPKC) 5 (8) fhZE AL (NK) 5 (9) {22281 JE+1/2 FEFFIEH (NPKS) .

JEALEAE 1998 FEHEAT 1Y%, 1998 4F i EEFEAE AW N 230 kg P, Os 68 kg, K, O
84 kg: 1998 FEZ J5f5M N N 115 kg, P, Os 68 kg. K, O 42 kg. RERMISEHIAKE (&
PO PEEEREAE CBRJRD ANGCAR CERYED o BRAERIER RIS 1 A AR LR K R R AT — R e
A5 BRI EEAE 5B RE 8:7 (mim) [ E A8 3 P8 Uit FH o A58 A HLB IR PR AH G AL 3 (C
NPKC) (A NLAE /KGR + JEFER0E, /KRR e, RS AUEA 833 kg
CFYI D) 3 EAVURIERRIE/NX PR FEFE AT EVGR G RIFE . Hodr, g3
(T3 FEREFEALMERCN: BB (TC) 267 g'kgl, &% (TN) 21.2g-kg?t, R (TP) 27.6
gkgl, B (TK) 18.1gkgt; FEFFEAELMEFN: TC387g'kg?, TN9.9gkg?, TP1.1
g-kg?, TK31.0gkg?.
1.2 HmRESHIE

TIERE ST 2019 SEMEFRRUSR 5 K . AW FLIER CK. C. NPK Al NPKC 4 AN b B 47
WFIT . BN/ INX L T AR AE 0~15 em #HE LA, B FAEER) 5 S AR ERA N1
BAEFES, HHIRME 12 AR (4 X3 EE) o FEfREE LH B T806 UK KR IE5E
W, RGO R S EG AT IR SN 540 0T . RHERAE R IHAT UL EE, BIFRIDER. R RS
FFJEIE 2mm . BRI NFIG, — 00 BT BIE0E KA AR KT, T e e A B
et i A WLERA Sy S — AR AET-80 CukFa, HEE8HEH .
1.3 #&ilE

LIRS SOC & &R FH H S R -MFR A A E, TN & &R A ILIKE ZUENNE -
i F 4 E shARE A4 (Multi N/C 3100, Hi%s, #EED Wlel %A HLUE (DOC) FImf ik
AHLA (DON) F&, AADERE: W59 MG, 4% 5:1 KL i 25 mL 4l
7K, 200 rrmint #z% 2h, 40009 B0 5min, YA LiEHIT 0.45 um BEER LT 4EE, {5 8
4 A 3 E S Al DOC 5 DON WK FE .
1.4 HIFBEHERIZEF FT-ICR MS #5450

A NG 53 (0 55 2H SR FH s 55— FRL AR 46 B8 7 [m ] ig L 4R i (ESIFT-ICR MS) i
e HIEEHURMIREG: B, B2 g it 2 mm GRS, I 10 mL Eatik, 7E 200
rmint FE IR 2 h, BEJSTE 4 000 g 2077 FESC 5 min, AR FIEWE 0.45 pm JEET
ISR BRI PATR T B, MELEMUTE I 10 mL HEES SR
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G R 11, IRHEIRS) 10s J&5, [FFECE 200 rmint FHR%; 2h, B0 EHR EEHRE
0.45 um A HUABERL I8, JEMAH AR SR T &G, K LRAAEFIA YU D HEE TR
TP, il 1L mL FEEER, WG GG, SRR AR OS2 HTFE

AT S AT 2 8, JeH 20 mL HEE (EREal) 1SR M- — LR A YIE A
FEUFE (PPL) , 4RJGH 20 mL BRALAR4EK (pH=2) BHTIEIb. Bk Sy Ere, e
HOER TR, FH 20 mL BRALEB ALK MBER 0, WA, &% H 10 mL F RSN
s HArdH 77 .

ESI FT-ICR MS 7 #i7EfL % 9.4 T S WiAARF Apollo 11 HLIE 55 &) Bruker Apex
Ultra JREEAC AT S ATES, ARSI GTARIEARER(E A bR, @ yES = L 180
uL-ht B E NS TR B IR R E R 4.0KkV, BAIE N ORI R 530008 4.5
KV 1320 V. [ i 414 1 i Ve Rl ¥ B A 150~800 Da, /SR AT 251 R AR 8] 0.001 s, Ky
FEFHEWELL, BN S B P B SR I 128 A 3.

1.5 FRISHIRAE

Jiis FT-ICRMS &K 5e4: Bruker Daltonics Data Analysis 5.0 3K {4-4bHE, LA
At (miz) E RS IESER . i ORECE e e S — 8ok, BOREACE D e AR A E B
JRFARR Y 22 3R B 75 75 SR & LR (SRFA) AriERE s, BB 7R N T T S i &
R

532N 8 2 T VR B R ) S £ AL B P (CUPPEC HRMS Viewer, DOI:
10.1021/jasms.4c00442) 5Efk. fE 150~1 000 Da FIREVEE P, BE T 4% 10 2= ik
fi: 12C (1~50) . 1H (1~100) . 160 (1~50) . 14N (0~4) A132S (0~2) , FFMEF &
RERESE+1.0 ZIE/RE (mDa) LA, FELL (SIN) KTET 4. Nidt—BMRasr
BRI, A TN A STHE S 7 DA N AR R Akt (HIC) NTEET 2.2,
ARt (OIC) /MFEET 1.2, Rl (N/C) /NPT 05, FFEROEE XM E (DBE) A2
NEEHAE, TR 8 7 B IR U o e, ASHIT TR FH [F) 2R 0 2R S 5 920 4 T
A BEHEAT T IKERAE, AR RES B — e SRl

JE SEHHR G AT PR FRMEREAT T RS AR A% AN OR B AE A AR A B AR B
Z/b 2 RBRIEE. Dyt B SE A S R BE SRR ZE,  Guih B TRt S i 5 R 4
NTHRIRIEEA (1 RoRfEH, 0 BRAREH) o e, ETEeRis T, gitet
&Pt (C) « A (H) & (0) ~ & (N) . # (P) . i (S TRMWETHH. A
ARG %58 70 FIICHRAE, A2 van Krevelen B, %A O/C i1
Ee, 9NN HIC JEFEb. %Mkt (1) JB (Lipids) : O/C0~0.3, H/C 1.5~2.0;

(2) FEAF/E IR (Protein/Amino sugar) : O/C 0.3~0.67, H/C1.5~2.2, H N/C = 0.05;

(3) Bk E4) (Carbohydrates) : O/C0.67~1.2, HIC 1.5~2.4; (4) A% (Unsaturated
hydrocarbons) : O/C 0~0.1, H/C = 0.7~1.0; (5) AJfi#& (Lignins) : O/C 0.1~0.67, H/C
0.7~1.5, H Al<0.67; (6) ¥5* (Tannins) : O/C 0.67~1.2, H/C 0.5~1.5, H Al <0.67;
(7) #3754 (Condensed aromatics) : O/C 0~0.67, H/C 0.2~0.7, H Al = 0.67; (8)

HAth (Others) : RIFGAN_LIRFHM T

1.6 BRGSO

FEAMEEALE B4 Microsoft Excel 2021 YD BETIALEE, KA SPSS27.0 # AT
PR 2 T7 253 H (One-way ANOVAD , Al AN [ i A A B 0] -H 3845 BT & 20505 B 1) 5,
O ) 22 W IR O B B AR 2 5, B /KF P < 0.05.

i ERIIE R 451 heetf], LEEHR S T/KFo ST FT-ICR MS &2 #i
ERIERI R O/ —JnRIAHE (1 TR, 0 Rk FFE: FIH microeco 274
T 5 E T $(Molecular richness), /i SOM 7 7l 2 i %, J T 1% %6 FE 44 2 Jaccard
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PEBSHIFE, @i vegan 27 AT AR 73BT (PCOA) , A ARALAN [F] Ab 34 (1] 43 2H il 22 57 5
K vegan FE /7 BT B ¥ £ 0 208 (PERMANOVA, B #9999 /) , 7RIk 6 A H
it AT AR X SOM B A4k 22 20 il B B 7 R BT AT 325 S5 AL B WAL 93 1 AL R PR S i) 3 25 1
Gt H U H S T R e R R, FauitE LR EME P A, BEMKT P<0.05; BT
AR M AR EY, SO BB E D 1 AEERSH H A TS
HYIARK 2T, 456 van Krevelen BIfET & AL BRHFA 70 AL 25 0] 3 ATRFAE R3],
PERMANOVA i, ReRRA[AEACALFEST SOM #AREL 54k B 7 T 2H AL 57
PIfEREZR, F ORI 2 58N 5 Z M HE, T OB [R] it AT A 38 25 1) 7 4 R ) 22 57 A2

o

e

2 45 B

2.1 KEAFEAEALIE T TR A R A =R

Wk 1R, BHERERTESTRY, AFEEELEXT 113 DOC. DON. TN fil SOC %
BT EEN (P<0.05) . LR ERE T SOC M TN KRR . 5 CKAHEL, C. NPK
J NPKC 4b#Ef] SOC # TN &R ES R (P<0.05) . HH, NPKC B3 T i
K, H: SOC 1 TN & &4 7 EFHE 13.37 g-kg™ A1 1.53g-kg™ &, % CK 235440 1 37.8%#!
43.0%. 5 CK ALk, fUH NPK 4b2E$EF+ T DOC #1 DON )& & (P<0.05) , HAjEEA
HEAREMmES, AREREKTF.

# 1 KR EMEARAL BRI B, R BN

Table 1 Effects of long-term fertilization treatments on the contents of carbon and nitrogen in red paddy soils

it fE AL 2E T HEH PR o AN TIETEE LR
Fertilization SOC/ TN/ DOC/ DON/
treatment (9°kg™ ) (gkg™ 1) (mg-kg™ %) (mg-kg™ %)
CK 9.70+0.53b 1.07+0.02b 231.0431.1b 6.81+0.84b
C 12.23+0.49a 1.36+0.04a 334.0+32.5ab 9.88+1.96ab
NPK 13.00+1.93a 1.49+0.21a 433.3+152.3a 11.59+3.22a
NPKC 13.37+1.29 1.53+0.08a 332.0+21.1ab 10.91+2.26ab

+ pRfEZE” (n=3) MRS . FAEGE R RS F RS R A B 2 R B 5 2257 (RERTTEMT A EZ
AR, P<0.05) . F[H. Note: CK: Control (no fertilizer applied); C: organic matter recycling; NPK: chemical nitrogen, phosphorus,
and potassium fertilizers; NPKC: chemical nitrogen, phosphorus, and potassium fertilizers + organic matter recycling. Data are presented
as “mean + standard deviation” (n = 3). Different lowercase letters in the same column indicate significant differences between fertilization
treatments (one-way ANOVA and Duncan’s multiple range test, P < 0.05). The same below.
2.2 KHARBRBALIE T SOM B4 F M R E Z W AL RAFE

FEAWTEH, FIF FT-ICR MS HARTE SOM 443 3Rl H 5 330 4~ SOM 43, #%iife
NEALBLE] (7T 2 FEE (E SOM 2 7D TRFEZER (P>0.05, B 1a) . 1%/ SOM
T HCRA T 4, SRR, A (CHO) By r4a Stk (64.0%) , J
DA BRE R (CHNOD 1 (29.1%) - B4k (CHOS) 7Y (4.3%) « R ARk (CHOP)
B (2.6%) FIBREAAR (CHNOS) (<0.1%) Ab&%) (H1b) .

http://pedologica.issas.ac.cn



+ g Rk
Acta Pedologica Sinica

5500 2) b)
2 5000 |
£
2
E 4500 a
[}
B . \ 1% CHOS
< 4000 . a = CHOP
= : . /. CHNO
#3500 F e : — e 4CHO
#* 1 C—
) [l CHNOS
£ 3000 |t
—e— T
2500 } - T 640%
CK C NPK NPKC

i kb Fertilization treatment

7E: CHOS. CHONS. CHON. CHO #1 CHONS JE KA 7 T &1, /b, sadam. mas
BB EE LAY, Note: Molecular compounds composed of CHOS, CHONS, CHON, CHO, and CHONS elements are,
respectively, hydrocarbon-oxygen-sulfur compounds, hydrocarbon-oxygen-nitrogen-sulfur compounds, hydrocarbon-oxygen-
nitrogen compounds, and hydrocarbon-oxygen compounds.
K1 AR R B HLT (SOM) ik &Y 721 (a) KAt (b)
Fig.1 Molecular richness (a) and grouping ratio (b) of soil organic matter (SOM) compounds under different fertilization
treatments
HTAEWAENH 732K, SOM 7T al kil 7oy 8 ML & A (B 2) o EFATA
JiERAE SOM 73 T ZA S Horb, JRBT (33.4%~35.9%) IR (5t Hk
NAFIER (31.7%~32.3%). B/KILEY (10.7%~12.7%) FE A F/EFER (6.0%~6.6%) .
Ak, AR RE A H A A S P 5 Hh 12.3%~13.0%, MAIFR S &I, g BAAMAIES
g, b AL SOM &) a3 5%.
100

11.7% 10.7% 12.7% 12.0% WK A& 1
— [ — — Carbohydrates

| RIS
Condensed aromatics

~J
Lh

33.3% 03%  731.8%

[*] A4 #% Lignins

| BEm Lipids

HAth Others

A/ S
Protein/Amino sugar

W9y s 755k (%0 < e Tamin
v : &

2P0 Q0 XEZN COONE 1 Fwmn
ot - — E— Unsaturated hydrocarbons

C CK NPK NPKC
i AE 47 Fertilization treatment
Kl 2 NEJEEALEE SOM A FEL AP M H e b L
Fig. 2 The proportion of different compound groups of SOM under different fertilization treatments
2.3 TEMEAELIET SOM 7 FLEMHIZE = R B =Ml 2
T Jaccard PRSI FALFR BT (PCoA) EK W, AFEMEALALEER) SOM 73 T4 B HA .
EER, FARRGHEHERY (R2=04041, P<0.05 K3 .

[ee]
L
T

FAat £ Relative abundance /%
"-é;
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0.2
DRB:OAO‘”’P:O'O]SS

&
£
a 0.1 F
et o L, O O CK
g e} wC
Q00 r o %, o O NPK
o o NPKC
3
o0 F ©

o

-Oi2 -0..1 0;0 O,II 0;2 013
+ 45471 PCoA 1 (35.83%)
Kl 3 AFMEAEALEE SOM A&7 71 A AR 7 BT (PCoA)
Fig.3 Principal coordinate analysis (PCoA) of SOM molecules under different fertilization treatments
PERMANOVA 43 #r it — B UESE, JEAMUE Z B0 T SOM R A4 AL % 21 i (R2 = 0.404,
P=00174) , BHRFEEY PRGN T4AR (R2) o H, B0 /. RBGR
IR KA A 055 it L F e 2 f 9 BUR% (R2 = 0.410~0.468, P < 0.05) , A3 J5 JE RIS ML AN
e s (P >0.05) .
% 2 TEIFEAEALIERS SOM REML&MA S FZ MMM (ERTERZTHESH, PERMANOVA)
Table 2 Effects of different fertilization treatments on the molecular richness of different SOM compound groups (based on

permutational multivariate analysis of variance, PERMANOVA)

WEMH Panmi 6 s

Compound groups Molecular numbers & F P
AR Y, Overall composition 5330 0.404 1.81 0.0155
2 Tannins 164 0.468 2.34 0.0119
B2 Lipids 1748 0.421 1.94 0.0180
AKBiZEZK Lignins 1691 0.410 1.85 0.022 3
HAh2k Others 740 0.368 1.55 0.034 7
WK1k &2 Carbohydrates 617 0.421 1.94 0.048 5
T AIEIENEZ Proteins/Amino sugars 327 0.346 1.41 0.068 4
PR 54225 Condensed aromatics 25 0.296 1.12 0.296 6
AHIATEZE Unsaturated hydrocarbons 18 0.267 0.97 0.5129

A van Krevelen XS24 B AR 4k 231 (KA 2 23 18] 70 A it AT AT AL 20 B (1 4D
A AR AL R Ry S I A RS AE W B 70 5 . CKOARBE Rk 7)1 32 B rh 0 Al
TARBR SRRV RAE DR, IZ AL B AZ 0 oA R o C b B Ry e 170 172 I
JRZRAL B PRI DX S 2 v 3 FEE A R IR A5 2R S 5 DR ALE X 3t A7 WY 55270 A - NPK AL
B bRy Ry 1 B TR B S WL X8, FF 1A AR 5 3R RHIE XISE A« 17 NPKC
AE TR AR S 20 1A i T SR A WRFAIE [X 38 2 v o P 0 A
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75 AR/ AR

2.5
a) Protein/Amino sugat — — — 1
ﬁ'é.ﬁ r == _IC BAKLEY
20 _IIA_IPIQ-S_:“\ o] arbo'hydre_uesl 20
o ® . C 1
O 15 : 9 1.5
. SRRt Q15
= | I 8z
e e | 6
< 2 B
w 10 Tannins ' : g 10
1 2
.. I
0.5 r===-- 0.5
L _ e
Condensed aromatics
0.0 -I 1 1 1 0.0 -I L L 1
0.0 0.4 0.8 1.2 0.0 0.4 0.8 1.2
gtk O/C e O/C
2.5 2.5
2.0 2.0
Q 15 Q 15 3
jast ot
X X 2
® #
® 10 ® 10 .
0.5 0.5
0.0 [, 1 1 1 0.0 [, N M :
0.0 0.4 0.8 1.2 0.0 0.4 0.8 1.2
Emrth O/C Hate O/C

e B RGN RS YZAMRE X 5. JEFJE (O/C 0~0.4, H/C 1.0~2.0) . Kz (O/C0.2~0.8, H/C
05-15) . EWAM/AIERES (0/C0.4~12, HIC15-25) . k&M (O/IC0.4~1.2, HIC15-25) | #5% (O/C
0.6~1.2, H/C05~15) . FFKIEFE (O/C0~0.3, H/ICO0~0.7) . BtabhE KD FEE N, FEIRE R T REF DM
1. Note: The dashed boxes in the figure indicate the characteristic regions for different compound categories: lipids (O/C
0~0.4, H/C 1.0~2.0), lignin (O/C 0.2~0.8, H/C 0.5~1.5), proteins/ glycosaminoglycans (O/C 0.4~1.2, H/C 1.5~2.5), carbohydrates
(O/C 0.4~1.2, H/C 1.5~2.5), tannins (O/C 0.6~1.2, H/C 0.5~1.5), polycyclic aromatic hydrocarbons (O/C 0~0.3, H/C 0~0.7). The
color gradient represents the molecular density distribution; the darker the color, the higher the molecular aggregation density.
K4 RFEfAELE (a. CK, b.C, ¢.NPK, d.NPKC) T SOM %5514 T van Krevelen K

Fig. 4 Van Krevelen diagrams of SOM-specific molecules under different fertilization treatments (a. CK, b. C, c. NPK, d.
NPKC)
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3.1 KHATRIMERE ST 1%k, S ENFM

AWFFREE R RIL, HiEA PR EHETH T SOC Al TN &8 (£ 1) . SOC F1 TN 1E A
X RRE BB B, HAR R R BT AN B RS S A P iR R Ak i AR 04,
SR, (EARERERZ, BR NPK 2B EEHET 7 DOC Ml DON &4, C Hil NPKC 4bFE ()
DOC #1 DON & &% CK JF L REAL (P > 0.05) o %ISR A i i K ] 2 e 1 A HLAE
FIALTE, FEMER . BUEBA B AL, DOC F1 DON {E A SOM i fiE ke, HE
W25 32 A LT B AR N S T AR R W RE 0 S A TR 405161, i AW AR, KA L
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YIRHIEE (C AT NPKC 40D BN 7B N, (A n] BESRENEUR T T A Vi B 4
TEPE CRUIEOR OB 1 B RN AE M v B & A s AR R 2% (CUB) , S84
J§[¥] DOM — HURE RN Bl [F)4b 3%tk oA A (e vk ikt , IR “ &
TR WA RS ELRRHER, ML T, NPK BT = B AMNEmAN 7,
TS Rl A A st e AR TR 1 iR AR A AL, 7R B 52 FRARAS TR H Bk 9 [R) A0 F 280l o 52
FFOHI, [\, TEHLIRS K R E R TEMAKEREKE, FRREES
DOC AR R N T3, 450 AR5 N Sk T 520 LR bl 3 i 26 2 () T B R
RARPH 720 L DOC #1 DON 5 3% & 4208, [Ak, KIAMGACXHIS MR . RE e THiE
WAWREDR BERE, X GUEAR 2 T A0 U 28 SR 00—,
3.2 FEREXT SOM 43> F4H AR HI 52

X FT-ICR MS 4 (1) 2 e it o bt — e s, K AL AR 2 3 208 SOM 144 7y
FZFEME (Molecular richness, B 1) , Ti&x HoFA g iisr 7 EE, Hayfam. $
T AR E DI 5 FHREREIE A FIFAEREER (R2) .« XA
W BT 5 )T I A R AR BT AR B A R R A, R AR R A AT IR A
T VDRV R BSAR ONEUER, R R T HEAEDK S SOM A6 53 Sl M AR I A% DA 4320, 52
TERT LEI A2, BIER TS AN A AR S 0 AR e N AN S 25 (3R 2) o iXRhpuiE— 51
PETIX e b Sk s st fase v, B I7 850 7 5Bk B BRSSP R R A i, IR
Tk RS 7 ARG B A R, AR B RIAL T R MU 2 R I A R T 2, R
L BRI 2B . 5T, G5B AT FT-IICRMS FI% e 4558 (R 2) , B EA
ANHLFIE 153 T BORAN 5 RS 8 TR INERB] OR 2 1%) « EE IR BEF R, %
(5% 53 N5 AR 5 RLHME UG SRR 73 F AR AT B A 1K — P E S, KT AR X SOM
I F-2H RS A 1 B LA S A S e AN SR R B, R EEOREN B A R o FE A A3 ()
B, MK B A5 FR0E e YA o) s m il LA BRI,
3.3 KEAREIHMEAL T SOM L& #4A R = FHy 20

JOE B FRRRUE SIS 1 R it JE X £ 438 KR o P (R B T ) (A DAAR 7R i 2 B 2 28 4k
B G TR AL . ] FT-ICR MS #6011 SOM 7> ¥ 2 REMEFIALK, 454 van Krevelen [
AR AT SRR I, e AE 2 I T RS TSR S M AR REE (BT 4) o NPKC 4k
RS A B AR T T T 2R S I AE X35k, 1T CK AR RS S M o FAEAR TR R 264k
BVVRHIE X I BRI = R

NPKC b g i 1) & 4R34 42 22 7 TH 1R o — 7 TH R AR HERE 4 K KR 2R 20 T () B
B IR N E S IR HILRIRRS . S — 5T, 755 I CCE ORI T A AR KA
R, el T AEMTER . BERE SRR AR AL A G R A . SRR B, A n] 2Rk
TFEVIE (B8 EEMREF) A SUEH KEE H E R ARV RIS, &
Wi AR T IR R TR R AP SERER), hAh, it A e AR 1) b 3R 2R T o A
RedEE AN MR AR, SEIXS IR 7T B O/ 201, AR, CKALEE AR A F2K
WEYIREE S, EAMUZIR T AR R GEPA AR F R ARG I B R,
TS S TR NI 5 SR RS R R AR B U AE G o 7E CK K HHAN Tt AE Y 77 43 BIR 1l 2R
Berb, SR iE A TSR 5 BRI BIR AAERE AR A AT . BRI TRER Z K
T EHFE R B ARG U /M S AEE CnAR T 0 Sl X Fh m se AR AR NS A7 %
I TR Z J 52 3] 7 128290 [RBTG5 T ORI B A o A - A b ik
BAERE 7, BRI A EE B EE L. ZE R BHE T Lei ZBOSC T AME S
NE I LI T I A
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4 75 %

A ST RKIAEM R, 454 FT-ICR MS #iAR, W4 F/KFRGHE R T AF AR
XK FE L SOM 7 TR RN . EEE W, KAAFREIES EEERA T
SOC #1 TN ()7 &, {H DOC H1 DON X i JE (1) w4775 72 5, AN NPK Ab3 238 0 7 DOC
A1 DON. KL E 2 EE T SOM HI4r T4k, HRahT SOM 4T 2 M 155, HxF T
AHEAEALEE (CKO & 5 1 MR R DR B R RS, KL O 2 NPKC 4b2)
KEEE TG, HRESCE THKLED. BTRARARRERUEDHSE, £F
T SOM 73 F AR . 7 AT, KHAA R AL 23 2o TR . RIS, wokik
G TR Ry T gy, BRSBTS R AR O . A TS R
Dy PR I B 2T KRS A LR () 43 AR R AR SR 1 SRR
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