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Abstract; The formation of humic substances in soils was one important process of carbon sequestration in soil, but until now there was still no

detailed understanding on this process. In this paper, spectroscopy technology(Fourier transform infrared spectroscopy, solid—state CP—-MAS

Carbon—-13 nuclear magnetic resonance spectrometry ) were used to study the humic acids in purple paddy soil applied with rice straw residue,

in order to enrich the formation theory of soil humic substances. In the first phases of decomposition of rice straw residue, all the FTIR spectra

of humic acids absorption peaks intensities which included 3 364, 2 933, 1 653, 1 599, 1 508, 1 461, 1 421, 1 331, 1 225, 1 126 and 1 033

cm ™ weakened obviously; alkyl, polyhydroxy and aryl resonance peaks of 13—C NMR spectra weakened clearly, and that the change of
methoxy was opposite, which showed that extractive humic acids were a lignin like class humic acid. With the process of decomposing, all the

FTIR spectra of humic acids absorption peaks intensities weakened obviously; alkyl, aryl and carbonyl resonance peaks of 13—C NMR spectra

were reinforced, which showed that humic acids at this moment were polymers formed by the reaction based on lignin residues, united with

alkyl compounds, amide compounds and carbohydrates. In the final of decomposition, the intensity of FTIR spectra absorption peak that ab—
sorption frequency was 2 933 cm™ of humic acids was lower, as well as the intensity of absorption peaks that absorption frequency were 1 651,

1599, 1508, 1461, 1422 and 1 224 cm™ were stronger slightly; alkyl resonance peaks of 13—C NMR spectra was flagging while methoxy

resonance peaks were different, which indicated that dealkylation reaction of humic acids occurred. Therefore, the regular changes of the in—
tensity of FTIR spectra absorption peaks and 13—C NMR spectra resonance peaks reflected the formation process of humic acids in purple

paddy soil passed through three phases. And the formation process of humic acids in purple paddy soil was accorded with lignin theory.
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1.1.1 R+

PR - R KA1 ,2004 4 4 ARHEK
TiALRSE X P R R =R AR Y . B HAL R 4 106°26'
Jb46 30°26, ¥k 230 m, KR 18.3 °C, 4F 1Y
FEFI R 1 105.4 mm, T8 A URD R UBEJEL K
FREARIE BT R B L EKRE - (REK
BEAR L), HEEATE R . pH 7.1; A LK 24.3
gokg!; 2R 1.8 g kg, W 0.8 g-kg!; 24 234 ¢+
kg s BBR R 126.5 mg-kg™ BB 7.7 mg kg AL

8 71.3mg kg Kk 144.5 g-kg™'
1.1.2 B3R5

Ve ER I Ry BB K RS FE, LA W3R
Lo B pnmr R B (R AR & ) fR R AL T2 4t
FT+E 3% WEHES 12kg THEBESHSEEA
20 L (3Rt o, RN B INAS B AN AR B X B AL
B AR EER 3 IRES FIrA LB 25 ClE
BIEFRENIEMAEERRE, T CO/N Kb 20 &
A AREIMAZEBK AT KER S em 2. VUG, &
FXTEBR A 47K Bl A0 SRk LAY , R
45 d B 11k, 3% 3E 135 d,

R 1 EEZRENLZFHER

Table 1 Chemical composition of rice straw mulch

Y C% N% CN Ao (ETR TR %
AKEVEYIB SRR AR ARR HER

FEMR 453 112 404 537 297 263 171 724

FEFT 424 064 663 112 243 315 123 361

1.1.3 SABIR AR SE A 7 ik

TP EEIR S IR E R E R 4 (THSS)#E
TR TR R LA, BT B REN L
ek T 2.0 mm 5, 3% 1:10(M/V ) 1 mol -L7?
HCL, 1% pH 1~2, F{R TR 1 h,3 000 r-min™ B.0»
10 min, EYEW4TH FA (a), TEFR Y% 1:10(m/v )
JIA 1 mol-L™* NaOH, 7£ N, KA TR A #ki% 4 h, 7
B ,3 000 r-min™ B0, BREFRE, A 6 mol-L?
HCL R BURES] pH N 1 2245, #E 12h,3 0001
min™ B0, BIEWSH FA (b), UTRERR 43 A SRR
il 0.1 mol- L™ KOH AW, AJ5 MHFIA—ER
i) KC1, iz g EIR &4 0.3 mol - L™ KCI, ¥ _F T Y
HA P EFER T O ERBNZIES T, IFER
SR T FE.OHLLL 7 000 romin™ F3EEE B L 20
min, LEBREPEF R, SN 6 mol-L™ HCI &%)
pH N 1 44 ,# 8 12~16 h,3 000 r-min™ B.0>, HE
Y&, B3R BB i HA B 0.1 mol - L™ HC140.3 mol - L'HF
IREWIATHLAL YR, 16 h £ 4, UEBRHEP &
BRIIKDYR . SR 0 2 HCI-HF 184 B i (9
HA ZE LB FKF# TEr, BEREYERINT AgNO;
WA T CURAE N IE . BERR G TIR152] HA 1Y
MR
1.2 (UB{athAH*E
1.2.1 FTIR St AI0E

FH KBr Fs i 7€ BIORAD FTS7 & 37 A8 41 4b
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J& BT NT 2 wm, SR 50 B E SR E
REFREL A P RE A0 KBr B3 oK, 3 DAREAR:
KBr=1:200 {4 He B8] , ZE BB BH R IR BB R R o 43901
L1 4 000,2 000 F1 860 cm™ AME A TR M5, Wit
3 S ELAE L, PEATIRBCR B AW , 3 A
HA o MERT , {XER B3 BERBE A 4 em™ , 7R 226151
PAFF SR

1.2.2 BC-NMR Y& il &

X %% A H5+ Bruker 22 F] AV 400 BY, [E{& 1C
NMR R 38 SR A —BE F e AR (CP-MAS) , *C#
FLIRATF N 100.57 MHz, BE /i B iesii 2 Ky 5 kHz, #
i B fl St () O 2 ms, JEERET R R 5 s, SRR AN
2 048, ZH R EN 81=0.00,

2 R

2.1 1iE HA BILT b it
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R, OGS, MEARBEL S , -3 HA 2ok
) W0 e A AR A R <3 364 em™ (BRIKAL A4
) -OH JE B S48 IRs), WEEEERT
) N-H 4R3I N0 ,2 930~2 950 ecm™ (B iR
gk A C-H 14543 ), 2 850 em™ (CH,- i
FE¥R5h), 1652 em™ (C=0 WIfH4EHESN), 1 600~1 630
em (B 5 FE5H H C=C 145430 ), 1 508 cm™ (53
ikgh C=0 fZa4iRs) , @AM N-H )1H NS
th¥Rz) ), 1461 em™ (ARSI Y9 CH,, CH; 1YXTFR
TGRS ), 1421 em™ (REEH C=0 {h45Hk3)), 1 220~
1240 em™(Bp ok B2\ BEH C-O fiZEHR5), 0-H N
Tk, C-C i#ka) ), 1 033 em™ (/KL & W1
ZHEEEM TP C-0 MEHRNERET W+ Si-0 ff
HEPR3N ), 836 e (BRERERMI I ) . LLHMETE 45 K
U f) 15 B 2 R AH O STk 138 HA 21 4P R 159,

TERS B A T HE4E 45 d BT AGIE R S5 hE 11
fEIE EIAE E , BT fSs 22 6 EAE L, ZE )L Ira 1
% 043 364.2 9931 653.1 5991 508.1 461.1 421,
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W5, I HAE R EA B AR RFE, EREE
fiti A 3855 90 d B RIS 558 45 d iSRS EIAE
., 762 933.1 652.1599.1 508 F1 1 033 em™ &b
VG BT . TERB R 13 135 d BPAORIG RS
5590 d BIEIERIAELL , 78 2 933.1 651.1 5991 508,
1461.1422.1224 F11 033 cm™ 4b FMR ol B 1078

FHt FARE R 138 HA Zohtig i 2 Bos, &
BLAIRISCH A 3 362 em™ (BRKAL G —OH J%
A SR IR, WaRBEERT N-H 4R
301),2 934 e (IRITESE A C-H f4adikz) ),
1 655 em™(C= O 8458230 ), 1 600 cm™(C=C fH 45
P%3),1 509 cm™ (C=0 H4EIRBN B B i), 1 461
em ' (RN G 8 CH, . CH; BXF FRABTE 4R 50 ),
1421 em™(3R%E ), 1 224 e (B (B B 5 C-O fif
4¥%zh,0-H M N T 3Rz ,C-C 4430 ), 1 034
em™ (BRKLEYRZHESE ) C-0 Mgatks) , ik
FRELT Y Si-0 a4zl ). 45.90 5 135 d L5k
T B PHR— 2, 25 TR e A58 B R A RIS AR
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Figure 1 FTIR spectra of humic acids extracted from the soil

applied with straw residue
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Figure 2 FTIR spectra of humic acids extracted from the soil

without straw residue
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W&l 3 FHIE 4 i FARE 55 SRR L A X i 38 3
ATR R BT 3R A9 HA £ solid—state CP-MAS °C
NMR Sti, Bt B8 (B A0 ppm) &
F T X O 4 A SEPR KO, BT 08 0~50
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% C),160~220 ppm(}R3E C), XA RIS B4R
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Figure 3 Solid-state CP—-MAS-"C NMR spectra of humic acids

extrcated from the soil applied with straw residue
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Figure 4 Solid-state CP—-MAS-"C NMR spectra of humic acids

extrcated from the soil without straw residue

NMR i E R . FEA GG ILHRIERE 24.29.55,
71.83.95 1 105 ppm, F5 & RRAE 114,132,147 F1 152
ppm, BRI 173 ppm, PREAE 191 F0 212 ppm A
(F 3), FEELIEMRAYRTHEA, 7E 71 F1 83 ppm H PR
FFEPRIE, FEEBESRETRIAAER:, 38 HA 9 solid-
state CP-MAS “C NMR St At {5 Bk 5,
90 d B 7E 105,147 F1 191 ppm H 458k L PR 14,135 d
BITE 147 ppm HE5RIHRIE

o Tits FAE B 1 4 HA B9 solid—state CP-MAS 2C
NMR St s . EEMIEIGILRIETE 24.29.55,
72.95.104 F1 107 ppm, 75 & Hk7E 113,132 F1 152
ppm, FRFEERIETE 173 ppm, FRFETE 212 ppm M (&
4). FEREEREEERN SRR S, R B RR
AFAML, SRR RERAKR, B2 72, 147 Fl
187 ppm AbRyFE4RIE/ NMBHRFSERR AP IG IR

2 2 solid—state CP-MAS 13C NMR %33+
13 HA AFRE AR AET & B lR
HRTEAE B AT O e RS R 5 ot B SR HR B HA B
FKA FENLEEDR , N 34%~36% ; Fk Ry b Bk A1
W, 5 BIR 219%~24% F1 21%~23% ; & B B AR R
BRI, U 18%~19% ., I, #5370 1% HA DU
BRI A 0ok =, B IMAE B AL H R 58%~59% , %if
FA FERHA 59%, Bt AGS MRS F R 48 /K A5 + HA
BRI

i FARE S , FEE SRR AT, 138 HA fbe it
BRICHEAR 9.17%, JG 38N T 8.96% , B Jm Vdi/)s 3.94% ;
BE BRI 6.91%, J5 MK 8. 52%, HJa i
4.58% ; 55 F ik & B ST REAR 4.52%, R38N 5.90% , B
JG BRI s IR E AR R, S B AA
Ko Hrple A b o 3200 B/ Em 2tk (5
I 4.57% , J5 B4R 12.33% , B 5381 8.06% ) , LA K
ZEERFIAM 45 d 1 15.30% FEARR] 135 d /Y
14.17% 570 55 75 B eusi) 6.83% Ja3Em
6.18% HZ 135 d HFEFEANE, M O-FFHEELE
M 45 d F] 90 d B ARfLBA S0 5.55%, FREERRK T )
FRELFNEREE A8 Ab R A I o X S AT S b5 SR 3
A—,

ot FE Bk 1t S Bk b 2 R I8 B AL R B A 4
bro BEEBRIELT, B AR e . 5 R IEE R
IS UMD 5 B BERR e Sk L 3R 5 5 B AR
— 3, IR KR RN )5 SUR AR B S PRI
Wtk Lo (POC=Kt S ik +0- 05 ek + R Bk +H 52
Tk )5 F R AR AL a3 ] - Se UGN LG KIE
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AHNE XS BE B 135 d ik . LeE bk 5
FRFRER T & B EARIEAL HREE LA
T4 4 v B AR R B B AE N3 N 0.59% .0.52% Al
0.69%; ZFERR S RZRINIGM 1.30%.3.43%
1 2.35% ;T BUER Bk & AR AL R I FEAR 3.84% .
5.74% F124.07% . F5FHR A EM 0- 5 &2 E
PHER, HEE BRI 4.07%.3.92% F1 3.68% ,0-75
FA RN 1.22% .3.28% 1 2.12% ; B Fb5 AR E
o RERER 4.63% , J5 RGN 1.70% 1 7.12%;
A B RN 14.03% , 54 B FEAR 4.62% F1
4.52% . ot FERR/E E K L3/ MBI N, 5 R
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AN TR IR R, RE AR 45 d
B TR R 38 HA 7 B B AR TR R AR E, SR
&P HA AR R AARUME: , AT DAHEWT A SR B
PR AR R, AR AEEE 90 d BRI HA
LIAMETEAYLEEE | BOE A FONE 21 A AH iy 0 Wi 0 S 3
5%, T B AR B HA 254 P A e e b B84y
P fe B FORERAL B4, Tk A BIER R HA Z54
AIE A B W IR Lo FORE 2R AL & W I R TEAS
B J e kR T PR A UL BB A AR LR OB, b
FE A HE B S BRI INRS A BERGN , AR R RS B
JE#% 90 d Bt HA B AR UIARRRERE O, Hhisk
B YIRS R B FIOE AL B AR E TR B T,
FEREE RS 135 d BHEEEUY HA Z05MBI5 A bt |

FREL TN A IR v /N PRI , DR BB HA B %2
LG Y REEFIBE R B 538 /Mg R 3G A0 5 B A%
WEILARIETE , be e & Byl Be AR & B3, 5 A
B S RIER S BEARFAT, X—HAL MBI E
BLREH TR — S, Se b AW Ay B R4
R &Y% R E A B HA BIS5H T2 808
HA S5M R & A e ( B2 F 3 ) i fel, 1450
A1 5 53 8t B 53— B 25 14 ot 5k S R A 00 P o
TR

FEEREA LS, X148 HA B3 B &N,
ISR A 254 5 A A B AR T . [ A
%t CoAEMTH . ERMFFEEMAD RS AL
W5 a2 700, Tt X KRG /INZE 55 Cs RS TS
R AT IR B0, (HARS R C M, B2 Co Hl
Yy, FE i R AR AR ARG . ZERSE AT,
FERUUFEFF HA 5L, @M= 24 R E1ERY
HBUHTR HA, JF B ETHIE B HA 5555 HA AU
FIEIERRAEDS, B B (R A RS  RE B AT o 40
R R R Y S AP AP S, F RN 5
FRUEEY RS R TR 4ER 4R R
Sy RERE LA AR 5 Mg 43 f i CO, H,0 A1 NH;, /N 43
VE R A Wy AR 7= (e Ak B B3 B .
FBERAL A ) FR B T ok , RE R4 (4 05 A AR AR
FIE AR S, 5 A TR BT k™M, kY
IR B BRA , Zoad < B[R] B SO ML BRI A, T 35 B MY
MR FILAY), X R AR . sk
UL, BE LAY RS B L A P FEROK AL A
PAG R AR R B BRMAO %0 R A RAVEFTE BT 1
HA, Mifd + 58 HA SR i ee i & AE B 2 1 AR

R 2 BEERELR HA FREERARMEN S ENTL

Table 2 The relative contents of various carbon types calculated by Solid—state CP-MAS *C NMR spectra of humic acids extrcated from the

soil applied with straw residue and without straw residue

Y&k 50~110 mg kg™

F5ERR 110~160 mg kg™

BEHK 160~200

g PR

Lb B 0~50

iefE]/Ad mg-kg™ 50~60 60~100 100~110 50~110 110~140 140~160 110~160 160~190 190~220 160~220

R ZEE WE AR PR 0P FEB ORE BRI ORI g MW 9F oo

bessk

mg-kg? mg-kg? mg-kg' mg-kg? mg-kg? mg-kg? mgekg! mgrkg? mgekg? mg-kg?

FHE 0 24.09 17.06 13.80  4.17 35.03 13.03
45 21.88 17.84 1530 430 3745 1214

90 2384 1564 1434 428 3426 1289

135 2290 1690 14.17 4.76 3583 1281

T CK 45 2404 1716 1398 4.01 3515 1250
90 24.21 1725 1446 3.78 3524  12.01

135 24.09 1737 14.80 2.87 35.03 11.55

9.84  22.87 1231 5.70 18.01 59.12 0.68 27.89 62.88
9.72 21.86 12.04  6.76 18.81 5933 0.58 26.92 65.18
1026  23.15 11.17 7.58 18.75 58.10 0.70 28.49 63.26
10.10 2290 11.99 6.37 18.36 58.73 0.64 28.05 64.29
10.07 2257 1174 650 1824 59.19 0.68 27.60 63.46
1040 2242 1194 620 18.13 5945 0.69 27.39 63.77
1062 22.17 12.79 5.92 1871 59.12 0.69 27.27 64.36

T % A B =T B T 100/ (B e Bk + ke SRR+ 357 5% ) o Aromaticity =(110-160)ppmx100/(1-160)ppm,
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