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1.1 fi g

A SRR R B VLR A RV & K I
— A RKIANE R E AL G o 2 AR R 16°C 4R
KREmi A 1 100 mm , J& WA 2 A, 508 K
T8 by DX BB B Y R O R ALK A B e b
(Typical Fe-accumulic Stagnic Anthrosols) '®', %
W A I T 1987 48, HAK A 5% 15 3 W SR
(13, 17 ], AROFFEEHH P A 4 ANt A Ak BN X,
B JEHE X (NF) AEAL X (CF) AL AE 55 5% 36 B it 1X
(CFM) LA e AR N2 5 75 AT BC it X (CFS) o A~ b 3
3WRES BEHLHES] . FA Y 1 R U7 2 Rk g
T 398 A AP o L SCiR[ 13 ]
1.2 BHANRNS BRE

MR vk o B WO T 2 mm 2~ 0.25 mm,
0.25 ~0.053 mm KA Y 7K a1 P 3R A ks
ARFIA AR 4 3 ob 0K A AL BT (POM) 114 43 B AR 4
Cambardell 5" (1) J7 3% , 53 5 BK U35 4 42 K i, LA
T 12 (i Cw/v) A S g L7 M it 2 14
VEWE L 90 © min” JR3 18 h, + R i30. 053 mm
i, I S S Z& 1R K b e o BT 4 IR UKL ) 7 60°C
NHET 12 b BET S B RE S BB T 0 00T A
Ak AR
1.3 BE&ARUFESH

PRI 1 g 28 39 B AT B4 58 70 B 40 0 MORL ) T K7
AT Sl o A H A 150, RS AR L I 1 ml 25%
4 DU P i SR A ) (TMAHD) 338 (T W B P
RIS AR S, LG AR BT 10 min, SR 5 45
FE S A Pyrex ZLf# 4 (50 em x 3.5 em i d.)
(Barnstead Thermolyne, USA) Hji# & 400°C Ff- {#
FF 30 min, R 2 2L BRI 7 W) B SR A IR
He, (100 ml 15 min™ ) % %% & ¥ 4~ & F vk B 19 41
H R (50 ml) i = ffh S8 5 F TR
WWARTE— B b h P e e R 21, R AW
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LR EAT A, G B m/z 50-1200, H
T B TALBER N 70 eV, HATHEE N 1.0 s
san” iz F NIST J5i 3% #0408 2 4K 4 (NIST 2002,
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Total ion chromatogram of the TMAH thermochemolysis products of POC (NF: no fertilizer application; CF

chemical fertilizer only; CFM: chemical fertilizer plus pig manure; CFS: chemical fertilizer plus rice straw return)
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SRR T =AY .

KRBT R KA G T A AR N b
G1-G14, G17, G18), p-# 7K 3 ( p-
P3-P6, PI8) FI % T & 2 N ¢
S4, 86, S7, S11, S14, S15) Bffk , H
B4 L% 2045 (3, 4-dimethoxystyrene,,
P3) 2-N I BR-3-(4-H1 S 2R 3k ) H JE T (2-propenoic
acid-3-(4-methoxyphenyl) , P18) .3,4-
TOF A L R B R B KL TR (3, 4-dimethoxy benzoic

( guaiacyl :
hydroxyphenyl ;
(syringyl; S1,
il 3,4-—
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G6) Fl 2-IN IR TR-3-(3, 4-—H A
FLOR L B FL B (2-propenoic acid-3-(3, 4-dimethoxy-
G18) hieZ ., h& 2 I,
POC W T AR LS EE N G Fl P, H A XS
SN N16%~22% F1 13% ~24% ,FF43 51 5 K
JR B 34% ~ 52% F1 30% ~ 54% 1 S f AH Xt
TEMNA4%~8% , A EEIARRE S&EA 10% ~
18% ,imikfk T G #1 P, (Ad/Al)  F1 S/G — & AE
RERAE R BT R KA G WA R E W IR
BT OBR T RIE O A 2% T (Ad/AL) B R A,
%’ﬁﬁﬂﬂifﬂ—l\d S/G . (Ad/AL) ; FI(Ad/AL) ¢ EIARAL,
G325 R0, 4 3 R4 TR A A (W]t A Ak B
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F1 KX EARTIAREELIET POCHEERRB=MEAR
Table 1 Major products from TMAH thermochemolysis of POC in Tai Lake paddy soil under different fertilization
2 Y
Peak 1k& W) 4 i Compound name Peak 1k& ¥ 44 i Compound name
1 W, 1-2 47 -4- W 4 3 Benzene, 1-ethenyl-4-methoxy 29 KMy, 2, 4% (1, 1-—H 3 2, %) Phenol, 2, 4-bis (1, 1-
2 2,1, 2- " H 43 Benzene, 1, 2-dimethoxy dimethylethyl)
3 2% Naphthalene 30 b —BE R H fiE Dodecanoic acid, methyl ester
4 RH P, 3-FH 4 3L Benzaldehyde, 3-methoxy 31 ITH-M[E, 1, 2, 3-=H 3 1H-indole, 1, 2, 3-trimethyl
5 By, 2,4, 6-=H 4 Phenol, 2, 4, 6-trimethyl 32 M, 4-F 4 -, § S Benzenepropanoic acid, 4-me-
6 2, 5- " HH-1-PIHME % 2, 5-Dimethyl-1-propylpyrrole thoxy-, methyl ester
7 3, 4- HAFLH I 3, 4-Dimethoxytoluene 33 2-H R, 3-(2-F S FL A HL ) 2-Propenoic acid, 3-(2-methoxy-
8 3-mERE, 2, 6- 4 %L 3-Pyridinamine, 2, 6-dimethoxy phenyl)
9 RH B, 4-H 4 3L Benzaldehyde, 4-methoxy 34 F g, —H JWE Nonanedioic acid, dimethyl ester
10 1H-WWE, —H 3L 1H-indole, 2-methyl 35 3, 4- " HEFIK ZHI 3, 4-Dimethoxyacetophenone

KM, 4'-H 4 Acetophenone, 4'-methoxy
120 1,2, 3-=HARRE 1
13 %, 1-F 3 Naphthalene,
14 R Hif Decanoic acid, methyl ester

15 KWk, 4-H I Benzeneacetic acid, 4-methoxy
16 AR, 4-H A -, WO R

methyl ester

17 3-2FJ45TR, HEEHE 3-Octenoic acid, methyl ester
18 KT, 4-H % 3t Acetophenone, 4-methoxy

19 3, 4- " HEIE 2N 3, 4-Dimethoxystyrene

20 1,2,3-=HEEHEIL,
21 R W mR, 4-H A -,
methyl ester

22 2, 4-WENERA, 1, 3-

, 2, 3-Trimethoxybenzene

1-methyl

Benzoic acid, 4-methoxy-,

2, 3-Trimethoxybenzene

2k g

Benzoic acid, 4-methoxy-,

—H3E 2, 4-pyrimidinedione, 1, 3-dimethyl

23 2, 3-THI L1 EEE I &E 2, 3-Dimethyl-1-phenylpyrrolidine
24 7, B 3 Naphthalene, 1, 3-dimethyl
25 KO, 4-HH A -, B K EE Benzeneacetic acid, 4-methoxy-,

methyl ester
26 ¥R, —H B Octanedioic acid,
27 2, 4-WEE W, 1, 3, 5-= H 3t 2, 4-pyrimidinedione,
5-trimethyl
28 3, 4-"HE I 3, 4-Dimethoxybenzaldehyde

dimethyl ester

1,3,

36 + =, W HEWE Tridecanoic acid, methyl ester
37 03, 4T W ORCEERR, SRR

methyl ester

3, 4-Dimethoxybenzoic acid,

38 |75 %t Hexadecane

39 3,4, 5-=HEHH 3, 4, 5-Trimethoxybenzaldehyde

40 + =M, HHWE Tridecanoic acid, methyl ester

41 JIE-1-F 4 HE-2- (3, 4- B S LR BE 2 45 cis-1-Methoxy-2-(3,
4-dimethoxy phenyl ethylene

42 fe2-(3, 4-— W &0 JE ) -1-H & 3K 20 rans2-( 3, 4-
Dimethoxyphenyl) -1 -methoxyethylene

43 Ji-1-F A FE-1-(3, 4- T HE LRI ) -1-TN i cis-1-Methoxy-1-
(3, 4-dimethoxy phenyl) -1-propene

44 J2-1-FEH-1-(3, 4-Z F BN ) -1-TA 4 trans-1-Methoxy-
1-(3, 4-dimethoxy phenyl) -1-propene

45 2-TNIER , 3-(4-H 4 FL 2K 5L ) -, B LK 2-Propenoic acid, 3-
(4-Methoxyphenyl) -, methyl ester

46 =R, 12-H H-, I M EE Tridecanoic acid, 12-methyl-,
methyl ester

47 8-+ L4 8-Heptadecene

8 bk

49 OH-IE M -6-fi, &, &, 9-= H X 9H-purin-6-amine,

Heptadecane
N, N,
9-trimethyl
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Peak 1t 45 ¥ 4 F% Compound name Peak 1t 4 ¥ 4 F% Compound name
50 3,4, 5-=HERKEHER, FIEE 3, 4, 5-Trimethoxybenzoic || 79 + L 4elz, 15-F k-, B ELJE Heptadecanoic acid, 15-methyl-,
acid, methyl ester methyl ester
51 —+ DUz H 3 TiE Tetradecanoic acid methyl ester 80 TN TR, S Octadecadienoic acid, methyl ester
52 JR-1-(3, 4-— B AR 3L )3-F AR BE-1-TH M trans-1-(3, 4- || 81 | AR, T ILEE Octadecenoic acid, methyl ester
Dimethoxyphenyl ) -3-methoxy-1-propene 82 TN RR , FEEBR Octadecenoic acid, methyl ester
53 +—%E R, W HfE Undecanedioic acid, dimethyl ester 83 +\BEfR, B 2EE Octadecanoic acid, methyl esterl
54 Mi-1-(3, 4, 5-=H A ILIKEL) 2-I F I LI cis-1-(3, 4, 5- || 84 9, 12-F Bk — MW, H 3ME 9, 12-Octadecadienoic acid,
Trimethoxyphenyl) -2-methoxyethylene methyl ester
55 2GR, 3-(3, 4-— WA SE A IE) -, 1ML S 2-Propenoic || 85 /AR M, FIIEES Octadecadienoic acid, methyl ester
acid, 3-(3, 4-dimethoxyphenyl) -, methyl ester 86 - ckEfa, 16-H1 43, B B Hexadecanoic acid, 16-me-
56 T pu ki, 13-F %, B LS Tetradecanoic acid, 13-methyl, thoxy-, methyl ester
methyl ester 87 + L kE R, 18-H 3, H JL S Nonadecanoic acid, 18-methyl,
57 1-=|# 1-Eicosene methyl ester
S8l pUEme, 12-01 3L, WL Tetradecanoic acid, 12-methyl, || 88 |- /\f — MW, HIIEEE Octadecadienoic acid, methyl ester
methyl ester 89 1-—+# 1-Eicosene
59 + /A% Octadecane 90 +5kE, 2, 6, 11, 15-P4 1 3 Hexadecane, 2, 6, 11, 15-tetra-
60 /AR A-1-(3, 4, 5S-= AR -1, 2, 3-=HERNR methyl
Y% threo-/erythro-1-( 3, 4, 5-Trimethoxy phenyl )-1, 2, || 91 10-+ JUs R , TS 10-Nonadecenoic acid, methyl ester
3-trimethoxypropane 92 10-1+ Jukelz , H FEME 10-Nonadecanoic acid, methyl ester
61 Mi-1-(3 .4, 5 -= SR BER AL ) - 0B -1-I M cis-1-(3, 4, 5- || 93 PSR GE R, — W JERE Hexadecanedioic acid, dimethyl ester
Trimethoxyphenyl ) -methoxy-1-propene 94 Frskemz, 9 (10)-16 —H &I, B IEHE Hexadecanoic acid, 9
62 1-(1-8 2, 3)2, 5-= W % 3 % 1-( 1-Hydroxyhexyl ) 2, (10)-16 dimethoxy, methyl ester
5-dimethoxybenzene 95 ZEE-1 B4 3L Eicosanol-1 methoxy
63 R-1-(3, 4, 5-= LRI ) - & L-1-N M trans-1-(3, || 96 +tke, 2, 6, 10, 15-P4H 5 Heptadecane, 2, 6, 10, 15-tet-
4, 5-Trimethoxyphenyl) -methoxy-1-propene ramethyl
64 + Fkefk, B ILRS Pentadecanoic acid, methyl ester 97 1 BeRR, HILAER Eicosanoic acid, methyl ester
65 2, NIHR, 3-(3, 4- W & R K H) -, B L E 2-Propenoic || 98 + Bk K52, W IEEE Octadecadienoic acid, methyl ester
acid, 3-(3, 4-dimethoxyphenyl) -, methyl ester 99 + O\ KR, I HENE Octadecenoic acid, methyl ester
66 FNkERE, B LS Hexadecanoic acid, methyl ester 100 TN BERR, 8,9, 16-=H &I, H A Hexadecanoic acid, 8,
67 /AR -1-(3, 4, 5-ZHEFERKE)-1, 2, 3-ZFH 9, 16-trimethoxy, methyl ester
I T B threo-/erythro-1-(3, 4, S-wimethoxyphenyl)-1, 2, || 101 PUBEKE Tetracosene
3-trimethoxypropane 102 DUk Tetracosane
68  |cMifR, FILEE Hexadecenoic acid, methyl ester 103 +-bhifs, 15-H 3, HJEEE Heptadecanoic acid, 15-methyl-,
69 PRI/ IRA-1-(3, 4, 5S-=HAEERE), -1, 2, 3-=HEHEN methyl ester
J5% threo/erythro-1-(3, 4, 5-Trimethoxy phenyl) , -1, 2, 3-trime- || 104 /4% @, —H L8 Octadecendioic acid, dimethyl ester
thoxypropane 105 4+ —%efR, H4EfE Heneicosanoic acid, methyl ester
70 F MR, W 2EHE Hexadecenoic acid, methyl ester 106  H1 3L (11R, 12R, 138) 12, 13-3f &-11-F 4 3L-9-1 /\ Bk 17 T8
71 JBERR, FIEES Hexadecanoic acid, methyl ester Methyl (11R, 12R, 135) 12,13-epoxy-11-methoxy-9-octadecenoate
72 6-t MR, 7-H 3, H g 6-Hexadecenoic acid, 7-methyl, || 107 4 /\J%g 2, —H JfE Octadecandioic acid, dimethyl ester
methyl ester 108 —+ —fi% Docosanol
73 boxfEmR, 15-HE, I EEE Hexadecanoic acid, 15-methyl, || 109  — 1 Fi 4% Pentacosane
methyl ester 110 13- R, B JEHE 13-Docosenoic acid, methyl ester
74 TS kiR, 14-H 3k-, B KLfE Hexadecanoic acid, 14-methyl-, || 111 = %¢f2, H g Docosanoic acid, methyl ester
methyl ester 112 = kM, 20-M 4 3%, TSRS Eicosanoic acid, 20-methoxy,
75 TN BER, 9-H -, H I P Hexadecanoic acid, 9-methyl-, methyl ester
methyl ester 113 A\ Bifiz, 9, 10, 18-= H & 3L, HI 5 EE Octadecanoic acid, 9,
76 +-EkelR, B IE Heptadecanoic acid, methyl ester 10, 18-trimethoxy, methyl ester
77 FoSbEmR, 2-H & %k-, B J3ERE Hexadecanoic acid, 2-methoxy-, || 114 T ke -1 B 4 %L Tetracosanol-1 methoxy
methyl ester 115 —+ 75 kE Hexacosane
78 b\ ez, B FEHE Octadecanoic acid, methyl ester 116 — =R, B IEEE Tricosanoic acid, methyl ester




- REAE R TT SRR RS RS T A PR AR R AL B 5T

L3 V. R HL A - A T 5 4540 e 7
gLk
e e 5
Peak k& W) 4 i Compound name Peak 1b& W) 4 Fk Compound name
117 T TR, 2-F (3, B JERE Docosanoic acid, 2-methoxy-, || 134 - /\JEEE Octacosanol
methyl ester 135 =} %% Triacontane
118 B TR, W T Eicosanedioic acid, dimethyl ester 136 [ /i Sterol
119 —+-E%¢ Heptacosane 137 T\ kEEE-1 43 Octacosanol-1 methoxy
120 15-— - DU ER, B SEEE 15-Tetracosenoic acid, methyl ester || 138 TNk R, 2-H A K, WS Hexacosanoic acid, 2-
121 A PUBRER, BT Tetracosanoic acid, methyl ester methoxy, methyl ester
122 =, 2-H 4 3, FEERE Tricosanoic acid, 2-methoxy, 139 — L, MR Heptacosanoic acid, methyl ester
methyl ester 140 Il @ Sterol
123 — b R, 22 4 JE. 1 E S Docosanoic acid, 22- 141 — -+ —4%% Hentriacontane
methoxy . methyl ester 142 A \KERR , B HERE Octacosanoic acid, methyl ester
124 — } U Octacosane 143 S [F B 3-H 3 £ ¥ Campesterol 3-methyl ether
125 = Rk Squalene 144 ZRkERR, 2, 6-F &L, HJLEE Hexacosanoic acid, 2, 6-

126 + N bElE-1 B % JE Hexacosanol-1 methoxy

127 Z Ok R, 2-H A, B JE PR Tetracosanoic acid, 2-
methoxy, methyl ester

128 T TEREERR , —H JEEE Docosanedioic acid, dimethyl ester

129 1 Jukt Nonacosane

130 T NkERE, B HLEE Hexacosanoic acid, methyl esterl

131 1 H R, 2-F A K, W KL JE Pentacosanoic acid, 2-

methoxy, methyl ester
132 [# i Sterol
133 DU e R , 24-F 4 5L, B LT Tetracosanoic acid, 24-methoxy,

methyl ester

methoxy, methyl ester

145 [# i Sterol

146 1-=-}%EfE 1-Triacontanol

147 = W§ BE AR (T X = M ) Triterpenyl acid ( pentacyclic
triterpene )

148 [# i Sterol

149 [# i Sterol

150 =+ %¢ Triacontane
151 =+ kg, H JLMEE Triacontanoic acid, methyl ester
152 —“+EwR, 2, 5-H 3, B Heptacosanoic acid, 2, 5-

methyl, methyl ester
153 [# i Sterol

x2 AEEELETAEMXERL POCHEIERAREXUSYNBES LR EERALE

Table 2 Percentage and relative intensity ratios of typical lignin-derived compounds in POC
Kb PR Treatment G (%) S (%) P (%) SAr (%) S/G (Ad/AlD) ¢ (Ad/Al)
NF 17.4 4.3 24. 1 45.8 0.4 2.4 3.6
CF 15.6 5.0 24.2 44.8 0.4 2.8 3.5
CFM 22.1 7.7 12.9 42.7 0.4 2.9 7.9
CFS 18.7 5.0 17.4 41.2 0.4 2.4 3.6

W 2 firs, POC iy AL = b, i D TG Ak &
Y EEE N g D B2 W R (FAMES ) , HR Oy 52 5 1R
(Hydroxy acids) \ 22 H B lE ( DAMEs ) FlH fth — 2t
HEGY R/ btiE B RS ) . FAMEs £2258
M Cy B Cyy 1 A5 07 2 Y BE TR , A0 455 100 F0 Y (AN 4R 0 (1Y)
FISZEEZE R FAMEs . I HiX 46 FAMEs 1 DL %5 C
i) FAMEs 5 48 B B34 (even-to odd, m/z 74) o A~
[ e AL FER POC rh £ IR s 16 Ak & 4 i A X 25 4 91
FE3, HHE(Cy-C,y) FAMEs AR XT & & 0 18% ~
26% , i B Rg Wi 2 W B TR B 1) 37% ~ 58% , ) R Bg
Wik G RS2 55 . AR, K5 (Cy-Cyy ) FAMES
AIARXT i R 4% ~9% , 5 B Jg 5 TR WY i A & 10
9% ~19% , L1k /N T 5k (Cs-Cpy ) FAMEs B9 &5 5, —
e, A0 BE FAMEs 32 %2 Sl AR W ok IR B k&

"2 T KA FAMESs DL 3 R U5 T2 1) 2 Ak, 4
A3 i 10 o 0 R S R B RO TR O L SRR
W) 22 AR w-FRIETR A AT 5 1k 3% ~ 6% , T R
VT AN 2- 52 BRI - R R AR 2% 0 S hk
FAMEs o] H T 48 7~ 4 B 4F 1 8 7 LAl L 38 19 o3
Bk AR SR 4% ~ 6% . Hi 4k DAMEs AL
SKUR T AN, 08 TR T Y o- AN
iR HA S AR R AL 4% o H ARG I
BN E G WAL & W £ BN B/ e ke A BB Bk A
Yy, EEAERAED IR DL B A o RV
A= R NG W AL A 0 AR R S R 2 22% ~30% T
TR RS W5 AL A B AR & B 10% ~20% 3% i3
WA B A9 POC 41 43 35 28 U5 T fl A= 4 9 sk, 3
Hor R 8 TR AR T Z R
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Fig. 2 Specific ion chromatogram of TMAH thermochemolysis products of POC ( NF: no fertilizer application; CF: chemical

fertilizer only; CFM: chemical fertilizer plus pig manure; CFS: chemical fertilizer plus rice straw return)
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Table 3 Percentage of aliphatic compounds of POC under different fertilizations
X% FAMEs o-Fe A a- R LR ZHRm Hoflh
4k Cg-Cyo Cy0-Cyo 58
Branched w-Hydroxy a-Hydroxyl H: Mg Other
Treatment FAMEs FAMEs Total
FAMEs acids acids DAMEs aliphatics
NF 18.0 6.2 3.3 3.8 1.1 4.1 3.2 39.6
CF 25.8 4.8 4.1 2.9 0.2 4.3 2.8 44.8
CFM 21.3 4.0 5.8 2.7 0.1 3.3 5.1 42.3
CFS 18.1 9.5 4.8 5.8 1.6 4.6 4.6 48.9

2.2 ABRUEARGPHBANENHKLY Pyr-TMAH-
GC /MS EligHH1E

A A A B R M X8 e oK AR A R AR
1 POC ) Pyr-TMAH-GC/MS &35 £: 1 DL K ST A6
M AR =) 5 AR M AR, EEMN
G Wy 28 At 2 DR 5T 3% 2 A0 & W R0 IR s e Ak G
Yok 3 I 1 Bl 2 R 1 2% PR R A S B (S
FWKAB D RAALED) .

Fe 4 NI B (1 K Rk TR A R oK R A A
W0 R X e B LA R B B AR A% R AR KRR A
BUEK) POC - F AR EMILAEY EE N G A
P, H AT & E0 N 6% ~23% N T% ~17% , 53 5
i BR Y 40% ~ 50% FlT 30% ~ 50% ;11 S B AR
X & ALK 3% ~8% , 5 BAAK BB 10% ~20% , i
WAL F G AP ], X 5AK L8 G S P
PRI A A — 3, G M P R E 84T 2 ~
0.25 mm}i £ (1 7K Fa ok A R A rp, Hogk ol 0,25 ~
0.053 mm#i 4, 1fi S BLAK I F [ K F 2 mm hifE
hE AR, SRR R R L 2 ~0.25 mm kiR
FAIX 2 X EE AR TR G P LR )
ATk . %45 L PR L OF R T AT Z 0 T35
B e B /N R AR K R b T AR P B B £ 1A
P BeAh, (Ad/AL)  7E 7R [R]RE A% K B bk 14T 3R
HARRL, 200 2 ~ 3510 S/G B L BIAE K T 2 mm Rifz
HORE X B X AT BE R S HURZE KT 2 mm RiAR
X R Z s, AT (Ad/AL) ¢ 78 A R hE
KRt R AR TP AL, BE AL IE T (Ad/AL) 7R
AINKEAE R A HLTC AL AR B T U AR B KR AR R
RO T

ANTRIRLAR K B PR L SR A4 v POC 1 i D7 1 b &

PIRg AT & s N5k 5 Frn . 7E NF Al CFS bR,
I8 T HUE Y B S (C4-Cy ) FAMESs 76K T 2 mm .
B EE L T CF 1 CFM 4b 3R ) T 1) /) KE
TR, MR THEY K (Cy-Cyy) FAMESs
F o-F2 LR 1 AR X 5 o Bl 25 7K Bk A R AR R AR 1Y
WG N, LA 0. 25 ~0. 053 mm fi 48 thAH X i 2,
25 il AT Ak 3 9 A 0 A X RD o3 A R . At I Ab 2R
R T RAE ) BT R Y S EE FAMEs & T [0 388 KR 42
PR RE, LT 2 mm A THHIN L, X
BEEFRAE Y R STk, IR T A o-FR
BE MR bt A SR AR AR (1 0 /N T 3 2, (H2 A HLIE AL
NEFC T o-F2 5L B A 1] 5 ROk AR A1 SR A 2R AR 1 e
PORMHM 2 ~0.25 mm KR - RIS T
0.25 ~0.053 mm Kif2 1, A [R]RL A 7K F P A 3R 44
o TR IR T RE TR (4 AR X B R AR AL BR T CF &b
N /MR AR T A X AN (A F 2% ~T% ), H
A4 Bt NE AL B 43 A F :NF Ffl CFM F 4% ~5% ,
CFS R 6% ~T7% . [AIFE, A5 2 i) H: Ath i iy iR Y 5
JiR 7E N [R]RL A v 43 A L A B 0, SR AR AR 2% ~
5% ZIa],1fi CFS A Ml /MR RAER B, Bk
M5 BR T CF A N [RRE AR ) 7K RStk 1A 38 fk rp Y8 T
T A= W B BE W AL B 9 LK T 2 mm Sk 42 o A G 4
2, HR K2 ~0.25 mmbi £ H s i IR T A9 09 G 5
T AR A W W i 25 AT SR A AR A s /N T B S 38, LA
0.25 ~0.053 mm¥; 12 A X i 2. (H &5 2 0 IR
5 WAk A 4 R AE R TR)RE A% A1 B8 A4 Hb % 4 A TR it
JE S, BP NF A1 CFS N £250 4 T KT 2 mm Al
0.25 ~0.053 mm i, i CF fl CFM 74 bt 2 A1
R AR 1 D8/ G N A R #, 2L 0. 25 ~ 0. 053 mm
IR GL LRSS & 2
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Table 4 Percentage, relative intensity ratios of typical lignin-derived compounds of POC in water-stable aggregates
b P Treatment Hif% Size ( mm) G (%) S (%) P (%) SAr (%) S/G (Ad/AD) ¢ (Ad/AD) ¢
NF >2 16.0 7.2 10.7 35.2 0.5 2.1 4.5
2~0.25 20.2 5.0 16.5 42.0 0.2 1.9 5.0
0.25 ~0.053 15.8 4.5 12.1 39.1 0.3 3.0 6.5
CF >2 5.5 2.5 6.5 14.5 0.5 — 2.6
2~0.25 16. 6 5.5 16.3 38.3 0.3 2.3 6.9
0.25 ~0.053 16.9 4.2 15.0 36.0 0.2 3.1 6.6
CFM >2 13.5 8.2 12.1 33.8 0.6 4.2 9.2
2~0.25 22.8 5.2 13.6 41.5 0.2 2.8 4.0
0.25 ~0.053 18.5 6.5 8.7 33.7 0.4 2.8 6.4
CFS >2 17.5 7.3 11.9 36.7 0.4 2.3 6.2
2~0.25 20.2 4.9 13.9 39.0 0.2 3.1 3.8
0.25 ~0.053 17. 4 5.4 15.6 38.4 0.3 2.8 7.1
®5 AMRER T ABREARES POC SEHELENMNENEE(%)
Table 5 Percentage of aliphatic compounds of POC in water-stable aggregates
fb 3 Treatment  Fife Size  Cg-CioFAMEs Cyo-CyFAMEs 4§ FAMEs — o-JR 572 o- R EERR TORMRT AR b R
(mm) Branched w-Hydroxy  a-Hydroxyl DAMES Others Total
FAMEs acids acids
NF >2 35.0 3.6 11.8 3.1 0.0 3.5 1.5 58.6
2~0.25 23.7 7.5 7.0 5.4 0.3 5.3 2.4 51.5
0.25 ~0.053 28.5 7.9 5.4 6.4 0.6 5.4 2.0 56.2
CF >2 14. 6 2.3 7.8 0.6 0.0 2.4 3.2 30.9
2~0.25 29.0 9.7 5.8 6.7 0.3 4.2 2.5 58.1
0.25 ~0.053 28.5 8.3 5.8 7.1 0.8 7.2 2.4 60.2
CFM >2 21.0 4.4 10.1 3.4 0.3 3.8 3.9 46.9
2-~0.25 18.7 7.7 5.5 5.7 0.8 5.4 4.0 47.17
0.25 ~0.053 24.8 11.4 6.1 9.0 0.0 4.0 3.0 58.3
CFS >2 27.4 6.5 10.2 5.0 0.0 6.5 1.7 57.3
2~0.25 18.4 9.1 5.3 6.3 1.4 5.6 4.6 50.8
0.25 ~0.053 22.0 11.1 6.0 8.1 0.8 5.7 3.7 57.3

3 i

3.1 AEERERTARE L ERHNEVRRAFE =Y
HESR
A SCAAR 1 1 POC AL 7= ) 19 R BT R 264k
E¥h, L) guaiacyl (G ) Fl p-hydroxyphenyl ( P) HL{&
o syringyl (S) AHX B o d B R T80 i IX 8 O+

R TS0 A R Bk AR 9 POCT™ BTN F REA
R S A, BRIV K A A0 2 B9 4 B A W A A
X LR R R BRI TR BUR R r T ) B-0-4
AT 2L, AR i R M O A B W S AL AR B W — R 5
& C,\C, B C MBE Ry T SRR I B Ak 32 2
SEIALH) L/ Lt , SN/ T BE o M AR 5T & IR
A=W 4 O3 A R X A% DUAE il EAT A S 20 2R (IR 1
T T R W) R REAS AL W ) O A B HG I A R R
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APLTEHIEEE T G . P.S AHXT & 1 A9 S M NF 1
46% [BAK N CFM (1) 43% F1 CFS 1) 41% ,3X £ 35
T PRy 20> i 8, Tl CPMAS P C NMR
Wi o M o A AL ICHLIE BE it 38 T 07 B ke A
Prry ko & i X RS R IE A R, X T fE
JENR G.P.S BARAAAUR I C LAY —r,
JFEARRIERITA MR T RIRAEY ., B2, 5Kkt
HAH LG, A ALTCHUE EC R 3 I T G A S B B AH X
i, )R AR AT T i A FE AL B X 5 CPMAS PC
NMR P35 i A7 HLICHLIE BL it T 56 & 31 16 58 fy B
BB LR 2 TGS A RN G
R RG N, #8 s b R AR AR A R AR I A
Sl s S D AN T G NI A i e 2 11 o M 5
T2 H A HE ) , B Ak BB BC it 5 25~ POC B 34 in mT fig
AR T A Tk o AN, BR R R it
JEAL TR POC A BT 2 264k & W) 1) I i 7 2 AR AL,
JEA HLICHL AL L e 5 30T A 3R 45 SR 0 T
S, SIS A RELIE T PR T G AH R, AR E
BCHEAE 2 T KRB G KT P, MLIERC RS FF T G
H1P R AE XS A AR
ERBERIEAE WAL, i 0 b 2R 5 30 T R
05 TG Ak 0 1) £ 43 T, T AT 45 4 s A (R R U AL
BLrfb YR TTER A T 2 . A SO, 5 AR
ARG, NS SE m T Be Wi AL S ey S, U2
JE W M 5 FF R BN 22, KW A A HLY RS BT
fei - 48 POC h IR AL G W AL, B2, R [A]
Jiti JE Ak B[] B s 7 Ak & P 13X Fh 22 % 7E POC (1)
CPMAS "C-NMR ¥ 3820 7 J10F R B2 L e
Ab R RE SR AT AL ICALIE B R, 35 T K 5% FAMEs
(4 A X6 B, T 46 5% FAMESs {32 76 80t 16 IR LA & 4k
NEBCHE A 28 N A B R 3. DL 43 B 3R B it A A
1G5 AR W) AE AR T 5 AR A B O RS R E
M EAE . 5t AR A e, b AR B i A% FF 38 n T
52% KA FAMEs Fl 51% ) w-F2 3L 82, M1 48 7
VEW 75 FF 04 4w A AE B W 7% A6 & 90 T8 i b i 3 2 o1
HiR o T BRLT Ak AE DL K% Ak A TC it 2 Ak B X 3 A
A YIFEA Y B A, Ak A7 HL T LA B i
WYE N T AR D AL A W R AR X S i S AT
&M NE BG I OA  UE RE T AR S R AR X A
&, W NF (% 22% 54 i1 & CF 19 30% .CFM [ 27% Fil
CFS (1 25% ;i 48 ¥y 5 g 1037 152 Ak & 0 AT AR T T6C it
FEF N AR A, N NF 19 13% 35 im & CFS
20% . 33t LA B4y B el UL e D5 G AR A Pkt POC 4k
221 43 10 BT IR AEAS [R) 9 it A A 3 22 ) B B T 225 R

Bt £ IE D K Ak RE T it 4% 2% R BR D % POC 4143 1)
B0 3= B R 8 = 0 AR W M 1 DT RR i A AE
e 6 75 FF T 6 W 6 POC 20 43 #4484 i 3 32 09 A T 4
PR FE I S A TR, LR A B 0 A 3 M Y BT
ik o Bk FR B4 HLiE I T R £ 58 POC & i
st Ag U O T it AR b BT POC i D %
Ao 1A AR SE bR 48 R T A% 4 58 POC i Fa e 1k
AT FHUERLE o
3.2 FAEEIETABEARERTRENHRAR

BrEONER

5 AR AL FR AS TR RL AR K Rk SR A R R
RENR MR 2 ~0.25 mm B AP MK L, =
BHHEFZR R R R ZH G RN TTEk. Z AT
WIS E 2 B0 %0k 72 b i o S8 & B B, X
HALFE NMR 7156 ~65 8 {5 510K M G.S KTEH
PR EH X & . UL AT LA R 33X B POC f) 34 24 it
7 R T R 3R 3 1 40 BT Y e K R bk AT R
PR HR A 43 A R AR — B, (H I TR — R A% 7K AR 1k A
B R S5 AR I AR X B R S [ ) it R Ak B
THE T2, 5, sk R AR T
KF 2 mm Rifeh G .S P LR B A X & 8, 43 5 A
TCHE AL FR B 16% 7% 1 11% BEAS 55 PRt £k AR Ak 28
1) 6% 3% F 7% , T 45 32 R0 48 AC 5T R B AR 11 5
HUE R R, W JCAE AL P Y 34% [ AR 2 2 i Ak AR &b
PRI 15% ;1A HLICHLAE BLHE T 12 kL 42 A 28 14 4%
A2 AR R i AR N E B RN R
A G.S R M B4 54K - 5 H
oL, it I T A, S T [ s AR K R e AT R A A% K
F R B, AL T G B R P8R R A A X
AL, B T I I R e AR B R B, HR A L
THLUBELHE T G Sk iyt xt & & & T P ik, D
AT B SR A B AT BILW) AT R X K R AT 3R
i rh POC 2544 1) K 5 R 280 & W AE7E 6 L R ok
SR 7] — R0 A2 1 K Btk B A vh , S/G L (Al
Ad) ; FI(AL/Ad) g 76 AS [ Jiti AR Ak B R A L 3] A6 4B
WA 457t I Kb R R (] — k7 A2 K B 1k P R A R OK R
B 11 o il A AH AR

[Fi] — bz A% 7K A% 1 P 5 Ak b 1 B D I Ak & 0 A
AN [ i AE Ab 3R] B A A A A 22 R, SRR &b
ARG, B AR AE W] B R T R T 2 mm KL KRR
P P 5 A e S i i D 1 VR i ) A G R, AT IR
ALY 35% FEARZE 15% , A Wi R vh JF ok B 8
PO 5 A HLICHLIE B b 200 2 B AR T B A ki AR K R
P P B A v S s U R PR TR 0 A R i SRR
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JIE 17 2 R 70 bt IE R IR A BRI a3 b, i
JIETF [) — A A% 7K A M 141 3R A o 9 K B AR Uy e WY R
TR T o8 5 TR 15 2 38 I iy 34, AR il S A ML T LI
PC it T, DT 4 75 it A T A6 9 U5 A AL 5 % T B Dy e
EM B TR, A HLICHUIE B T 45 kb 2K
T P SR A v H At i D7 1% 4k G 0 00 R X B i A
—E WY . AT UL it HE BRI TR W R AR i A
B RLAR K A v A R AR i 43 A (CF Ab 3R
R R T 2 mm Rife A BB AR ) , B Rl ALY
FEEEAER KRR AR () AT R AR h B B, Rk 7
KF 2 mm Ki4Eh, )\ NF ) 47% [k = CF (1)
22% CFM 1 31% F1 CFS [ 38% ;7 2 ~0.25 mm
i, )N NF (1) 31% FEfIk 2= CFM il CFS ) 25% ;
1£0.25 ~0.053 mm {2+, A NF (1) 35% [ AL &
CFM (% 31% 1 CFS (1) 29% , i3 B Jiti JE B A% 7 o A=
YR B A BIL A K Rk AT 3R A4 b i I AR S W Y
DMK TV T4 1 i 7 12 PP R TR OE 4 AH B, it AT
BN T AR A RLAR KRR SR AR i 4 A, R B
B R T 2 mm RifE i, A NF 9 8% 3 Jin & CFM
M 12% F1 CFS 4 13% ; 7F 2 ~ 0.25 mm Rife, I
NF i 15% 3 hnZ&= CF 1 19% .CFM (1 17% Fi1 CFS
f) 20% ;7F 0. 25 ~0. 053 mm ki 2, )\ NF (8 16%
MMz CF (%) 18% CFM Al CFS 1) 23% , 136 B it JIE
R HE T LY IR A BIL Y R KRR PR TSR A b R D5 Ak
SR TTER . A [F i AE T B D5 AL A Y R S A
ETERT 2 mm ARG B A 25 57, RN CF A
CFM T fig i 154k 5 9 0 e W1 8 B AT, 49 0l DA N
) 59% Rk 2 CF 1% 31% F1 CFM ¥ 47% , Tij CFS
AEFETR OB A B AR Ak, 3K SE PR b R T 3R
MIZ AKX FRF 2 mm Rf2KEE A R A& T POC 1
TN i A £ o) 57 6 g SRR PR AR L AT LA
Jiti B A T AN [ ke U 1 A BT X KRR 1 AT R A
JIg 105 1 A5 W ) T WK, e A5 4 W A AL B B AR R
51 BF 8 Y 3 5 . Bt AR R RS H 58 h POC (1A B
F 5 HE AT e 322 H BT g A 08 A BT ( BIDAE
Yrs AR T A A HUIE ) 19 43 i A
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SOC ENHANCEMENT IN MAJOR TYPES OF PADDY SOILS UNDER LONG-TERM
AGRO-ECOSYSTEM EXPERIMENTS FROM SOUTH CHINA
IV. MOLECULAR CHARACTERIZATION OF PARTICULATE ORGANIC CARBON BY TMAH
THERMOCHEMOLYSIS-GC /MS

Zhou Ping'? Pan Genxing'" Alessandro Piccolo’ Riccardo Spaccini’
(1 Institute of Resources, Ecosystem and Environment of Agriculture, Nanjing Agricultural University, Nanjing 210095, China)

(2 Department of Agrochemistry, University of Napoli Federico I, Portici (Na) , 80055, ltaly)

Abstract Tetramethyla mmonium hydroxide ( TMAH ) thermochemolysis-gas chromatography/mass
spectrometry ( GC/MS) was employed to investigate the supramolecular structure of particulate organic carbon
(POC) sampled from a Tai Lake paddy soil under a long-term field experiment with different fertilization systems.
The chromatograms revealed peaks related to compounds derived from lignin and aliphatic compounds. The
dominant lignin-derived compounds were mainly derivatives of guaiacyl (G) and p-hydroxyphenyl (P) structures,
suggesting the contribution of a non-woody ( grass) lignin type ( mainly crop residues from rice and rape). The
most abundant aliphatic compounds were C,-C,, fatty acid methyl esters (FAMEs) dominated by even-numbered
carbon species, in which short chain FAMEs of microbial origin were prevalent. Soil fertilizations induced
differences of the distribution of each thermochemolysis compound both in bulk soil and water-stable aggregations,
and thereby the relative contribution of each compound to the stability of POC. Generally, the lignin compounds
and aliphatic compounds of microbial origin contributed to the accumulation and stabilization of POC under the
treatment of chemical fertilizer plus pig manure. Nevertheless, the enhanced POC under chemical fertilizer plus
crop straw was attributed preferentially to aliphatic compounds of higher plant origin, followed by those of
microbe origin. The higher POC content in water-stable aggregates under organic-inorganic fertilization
treatments was supposed to be predominantly due to the decomposition of higher plants. The C stabilization by
molecular recalcitrance is supposed to contribute to the C sequestration and stabilization in paddy soils under
good managements, the relative distribution of which can indicate the different source of newly-accumulated
soil organic C.

Key words Paddy soil; Long-term experiment; Carbon sequestration mechanism; Chemical component;

Thermochemolysis; GC/MS; Fertilization management



