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=50 FHEBRTMm"

BEREY, ALY, AAEY, Fun’?, HELY Wi

(1 TTFEE R RER EFIER S IR RIS Ar, e 3302005 2 EZLEEk B TR ARG H.G, FE 330200)

T E: DIVLTGLTHE M XN RS AR NS ARG, BT T RHERE(CK) . B ALAT(NPK) B 3 FhASIR] L B4 HLICH AR BCAE(LM |
MM, HM)MLIHEHoKRE+ 4+ | SURa PR (POM)AIT P4 & 8B UL (MinOM)ZAL /-6 . & i S AL A5 M 5 . 255300
FiACAL#E 41 . POM 1 MinOM 41 4-H a1k . 2R & EPRE AT CK A (P<0.05); 5 CK AL, Hiltidm T POM 45
B A, Hbh, S A HUEEMM, HM)ZM5] 8248 5 POM 2143 B i 4041 15.7% F1 25.1%; HEACALIE POM A #Lix 1%
A HURR TR E AN 13.4% ~ 42.6%; TAEALBER B350 4 1 F MinOM 4120 A L, (HEFRRT T POM M BRA L, FEAtE
H16.8% ~ 25.0%. 5 NPK AHEAHLL, A HLICHLECHEALFE & 452 5 POM-C/MinOM-C fH 27.7% ~ 70.2%, &5 T A PTG .
LA T R FEAT AR IR CK DI/ 348 = 4 e SRR AN D5 A GhAH X B ik 5.4% ~ 33.2% 10 ~ 12.2%; TGALAL ¥4 = T POM
B St A BT RRAR T HOF A o i, (LA POM RILR S &, Hrh MM, HM 403 POM %555 & 2434 CK AL P i 2542
15 12.4% F1 40.6%; B NPK ACFREAL T MinOM Sk & tfh, FEALIIHREE T MinOM BeEfie AR Fik & R8T HOF B ik
H, Hrb NPK AbFRAL CK ADIR 42 55 MinOM JRILHR & & 70.8%. AFST45 SRULHEAT AE4R m it T34 + R & 32 S A LI
SHEEE, SHEAEHNL, AHICHLENEE R AT 13 POM $uE R LA MTE M, Behs it Hemia

KR KWEMRE; a5kt PRAIT; 79S8 aIR; asMeE
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Effects of Long-term Fertilization on Contents and Chemical Compositions of Particle and

Mineral-combined Organic Matter in Red Paddy Soils

LAN Xianjinl’z, LU Zhenzhen'?, LIU Xiumei'?, HOU Hongqianl’z, JI Jianhua'?, LIU Yiren"?"

(1 Institute of Soil Fertilizer and Resource Environment, Jiangxi Academy of Agricultural Sciences, Nanchang 330200, China;
2 National Engineering and Technology Research Center for Red Soil Improvement, Nanchang 330200, China)

Abstract: Based on the long-term fertilization experiment conducted in a red paddy soil of Jiangxi Province, the effects of
different fertilization, including no fertilizer (CK), chemical fertilizer only (NPK), and chemical fertilizer plus organic manure
with low, middle and high rates (LM, MM, HM) on carbon and nitrogen contents of soil, particle organic matter (POM) and
mineral-combined organic matter (MinOM) of soil fractions and their chemical structures were studied. Results showed that
fertilization significantly increased carbon and nitrogen contents (P<0.05) of soil and soil fractions compared with CK treatment.
Fertilization also increased the mass distribution of POM, especially under MM and HM treatments, which significantly increased
by 15.7% and 25.1%, respectively. On the other hand, compared with CK treatment, fertilization significantly increased the
contribution rate of POM to organic carbon by13.4%-42.6%, influenced little on C/N ratios of soil and MinOM, but significantly
decreased C/N ratios of POM by 16.8%-25.0%. Furthermore, compared with NPK treatment, the chemical fertilizer plus manure
treatments significantly increased POM-C to MinOM-C ratios by 27.7%—70.2%, implying manure application can improve

organic matter activities. The infrared spectral analysis revealed that fertilization increased the relative contents of alkyl and
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aromatic C in soil by 5.4%-33.2% and 0-12.2%, respectively, compared with CK treatment. Fertilization influenced little on the
content of carboxyl carbon of POM, increased alkyl C content but reduced aromatic C of POM, among of which, MM and HM
treatments significantly increased alkyl C content by 12.4% and 40.6%, respectively. Besides, compared with CK treatment,
fertilization increased alkyl and carboxyl C contents of MinOM except alkyl C under NPK treatment, and NPK treatment
increased carboxyl C content significantly by 70.8%. These results suggest that fertilization can increase organic carbon and total
nitrogen in soil and soil fractions. Combined application of chemical fertilizer with manure is propitious to improve the quantities
and structure activities of POM, thus can improve soil quality.

Key words: Long-term experiment; Red paddy soil; Particle organic matter; Mineral-combined organic matter; Infrared spectral

T IEH VLB (SOM) AR R ZRi A S RGER
Tre B (] Aot 2 i O R SRR 1Y)
BHTFZ—, HEZmW R MEY ™ &, SOM
BIAAE A — 7 TH 23 i EE SUARHE, 5 — O sy
Xt HHUES RGN AR S5 DhRe = AR m Y, TR
X SOM FH 2 K AR AL AFF 5% — B A 398 X BRI 401k
ARSI B 4 TR R ST
ANFIEAE R 7 B ERS X SOM 51w 14 8 2
TF-BO )+ mOR A DL (POM)EFE RS KNy 2 ~
0.053 mm IR A AL, S AR S B
Beshka sk R A o =4k, 5 SOM gk
W YLES SAHLEMinOM)M L, POM X it iE & 4
P i A ) 17 R R TT DUV A I A 4 AR
AN i BE 1 A RLEE B , PT3535 A HLAK
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5 R 5 M AEAS ] DX SRIAS (] 38 A | B A A
22 U g A AR B I Bt AT s HLAE
N5 25 i AN AT 32 i+ POM 40 B R & i, e
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WISt 2 B3 hn 1 R R A0k, POM 43 e L 461 1
BRA S i, (HEIFEME T MinOM 41405k & U4 A 4h,
L AMERE . B PO R R (NMR) A fi -
A € T /0 T I FH A5 AR I A BBV it )
AT WL A7 2 R 235 0 11 552 i 2 30 4 Sk (A BIF
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AP FEAL T R

LLAMCTE AN Ry i AR U & W M7 12
HATREM R/ L DU | (B FESER AT, U T ey
BB 535001, BIERA "C-NMR HARH, (AL
2R, AT STER A, 2. Rk,
CLEAERFTE LA USRS AT TR R P03, i
CT MR KR 2 3R K VL i i DX e TR ) — oK
BEA L, S PR R 5 )G B A R R AR 22 5F
RIERETEZEMP . B, AR A
JE A BRELSFEPE K e AN [R) 20 3 A DL & 5 e 2
ey 22 5 BOFAH ML A+ o0E 2 o I, ASBTFE LA
TLPYLLHERIX. 33 AR XA HUALRHE (156 A KHE
K HITCER G0 AT RZL MG B A 58 A [R] it A Ak BE 2T
SR KRR 4= A [ 00 A LR | 2 f AL
SMCTERAIE, S B B[R AL AL 21T -3 A ALK
Nk R A Al K HRE B i A 4

1 MR

1.1 RGBSR

AR PV E =y R S e AT A VAR AN RN RS
B VTV B ROl B 24 B il 55 A &5 1 (28°57'N
115°94°E, MR EE 25 m). X5 M A b 7 34
IR BB MK, PR 17.5C, =10 CH
IR 5 400°C , AR 1 600 mm, 475 % & 1 800 mm,
TCFAZ 280 do F BRI B R — A PO ZE A
(AAE-MefE), HHENSE N WAaRHRRA TN
WEEVEH, H 0 ~20 cm + )2 HIEBEPERT (1984 4F).
K 1.25 glem®, pH 6.50, AHLFR 25.6 g/kg. &
1.36 g/kg.
1.2 REigit

RIGIAT 1984 45, B 5 MbBE, 3WREE, M
PLUXHHES], /NXTEFA 33.3 m?, /X [ELL 0.70 m
TRA0.50 m vE/KUe HIERGTF, FhsrHEE ., M4FE 4 A
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TN R, 7 ARk 7 A N RS R AT
10 A AR, iR B4l . OAEIE(CK); @
it AL B (NPK) s I L5145 HLAE it (4 AL P i B £51]
30%, LM); @+ Eb il HLAE FC i (B HLAE B i Eb 4]
50%, MM); & He il HLAE Bt (A HLAL BC i L i)
70%, HM), A#G) ., @, @A VAL L AR
RIEFH R, ARSI AR (LR L . A
HIBERE /i 46 L (N) 150, 180 kg/hm?, FFe G Fei
i (P,0s) FIEH (K.0) 401K 60, 150 kg/hm®. UL
NIREK, BEIE R BERRES (% PLOs 120 g/kg), #HALN
FALFI(E K0 600 g/kg). AHUIERAE N E L, H
0 55 573 S F 4% N 0.030 g/kg. P,0s 0.008 g/kg. K,0
0.023 g/kg i1 MRAE A EEREZE, HIRS 5% N 0.045
g/kg. P,050.019 g/kg. K,0 0.060 g/kg it. BEALHIA
PUB SRR ; ZUIE 50%ERE, 25% fE/rEEIE,
25% VEAIREIMEAE ; BRAEAVEIE AL, 50% FErBEAL,
50% YE4IHESEAL .
1.3 HmRESHH

IR F 2017 A AFUCIR 5 R FH B R EUR
0 ~ 20 cm TIEEEFE, £/NXBEPLEL S A, BIBRA
URAE PR SR 240, IR AR Mg %, HARK
T, WREE L b . A3 DA E 454 B f R pHL.

13 POM 414): Z% Cambardella Al Elliott™
B M7 FREL 20.0 g i 2 mm i KT R FAHEE
W, A 100 ml 5.0 g/L ASIRBEREI(NaPOs)e)
W, HFRL 5 min JFHEREAXIRZ45(90 r/min)
¥R 18 h oy, RO L 53 pm 0, 2 L ke
PR T 84, Ak sh e 20 Tk hIo e, i B4
JTEP R POM 417535 i F&B453(< 53 pm)> MinOM 41
5y, FHBDZEIEE, Ko 2 dl o 5l7E 50°C
T, JEUEATRRE . WRES

B, A ENE.: Bud 0.15 mm ffi4t . POM
A Min-OM ¥ &, I JT E 4> 7 4 Vario EL
III(Elementar Analysensysteme GmbH)ill 4L 5 )&
B AR AL U . HR P POM Al MinOM 1 & B 43 L
AT 3 R A O B A N L, AR 4
A BB Y BT R

AHUBTLLAM GG E < Ry TR T W i A
PUT e T4, SelUb & 0.15 mm i 41 . POM
1 MinOM £, BTN, S 550 ClEE
FBe 3 h A LT . JH Nicolet 5700 %4 { B H-21 4h
Y&i%{Y (Thermo Fisher Scientific), ifiid KBr J& A (¥
b KBr=1:100), MERE S SR L5 ESEE .
FEREM G 4 000 ~ 400 em™!, 43HE% 4 em !, 3

WEL 64 Y, MIEGIEHN 2 KBr & 5OGLIHE. R
OMNIC 8.2 /M #r4L Akl S MSCHR[31, 331071k
HEAT 22155

1.4 HiEaE

i Microsoft Office Excel 2007 #4745 A3,

JEHI SPSS19.0 #AT4E it oA, RS R Ir 204
(One way ANOVA) X A [7] 4b B £ 45 W 3 M (P<
0.05), Z53:H Origin 8.0 &,

2 HBREHSH

2.1 AEHEELAEETEANRENHTRBRASE

mE 1 iR, 408 MinOM 4143 5 B 70 8
(55.5% ~ 63.5%) 2.3 = T POM(33.4% ~ 41.8%), T
fEAEHE = T e & oy B ], HAPUEECGEALEE POM
21y I A B A A HLAE B it b g5 48 v i g e, R
MM Al HM AbBE, 505058 8 m 15.7% 1 25.1%;
HALBE POM 0 A HLER(POM-C) . &R S HE 4
41 MinOM 25375 . 5 CK AbFRAHEL , it JE Ach B X6
2 ALIK(SOC) A & 7 HilfeE 21.4% ~ 61.7%
1 11.6% ~ 67.1%. T HAEXT#5 3453 A LK |
RS AL, A UL LA AU & 5 R B4 T
Hr: NPK 43 POM-C & HH MinOM 4734 Hli
(MinOM-C) % &8 70 W % CK Ab PR % 33.4% Al
17.5%, 1M LM, MM, HM 4t3# POM-C #l MinOM-C
TR 52.7%. 69.5%. 86.3% Al 29.7%.
41.6% . 52.7%. AIFDieE e A BT 4> 4 K 4% 1 e 4l o
AL (C/N) A —E (] 1D), 4+ K45 34 oy
C/N: POM>%>+>MinOM, A HLELE 184+
DL AN TR 4 43 v 4 fi R AL SR ANTR], POML %
MinOM ¥ 5, 53 fie 4k, 5 CK AbAHEE, Mt ik
R E T POM 4143 C/N(P<0.05), {HXf4+F0
MinOM 445 C/N 2R 2, BB IE fin sk T POM
oy
22 AREEIELERTEASEIBITLER

MR Y 53k

W% 1 s, NPK ARHLMEE CK Ab PR IR R
% POM-C fil MinOM-C e+ iy t, HitmaE
3R 37.8% M 21.6%; 1A AILAE Bt Ak B — 25
$£1" POM-C 1 MinOM-C fE4=+ iy di ke, BAUA
POM-C fffE i F 4 M 225, 1 MinOM-C 7E4:+rh
() 7 E I oA Bl A ML Tt L 451 %) i o T 2 0 b 5 3
A H, BB POM-C X it AE JG AT ATLAE B it 14 i 7
HREL, FAHE MinOM-C X SOC STk 5 0 i &5
T POM-C, {HE Wi it i 3542 &5 T J5 # %5 SOC 57
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0 / B A VR V88 138 o i
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Tr 18+
©
6r 15
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4 d o 2| )
® d 6 3 B | U
Roolerh 5% R / o
s s 3| R
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20%] / ool R RO
1 1Y 3H B 1R K
17 % M7 &
KX BRI K] XY
% s | O |
0 R4 | . , 0 oo o KX
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Aby
2 = =g i — = — o =1 e
(B R RING b3 7 A — 2 43 AN [R] A L ] 25 53 o 35 (P < 0.05))
S| Fh s 1] = = LHEB
1 REHEELLE POM 1 MinOM HIRASRESH(A). KRB)R(C)ZER C/N tL(D)
Fig.1 Mass distributions (A), carbon (B) and nitrogen (C)concentrations, and C/N ratios (D) of POM and MinOM in

soils under different fertilization

F1 TREIMEAELIEE IRA S BB LIRS AU BRI SIAE
Table 1 Contribution of organic carbon of each fractions to the SOC under different fertilization
Qb EA I i (g/ke) X SOC Y BTk 3 (%) POM-C/MinOM-C
POM-C MinOM-C SOC POM-C/SOC MinOM-C/SOC
CK 4.58+036¢ 9.41+034c¢ 14.33+£0.65¢ 31.92+3.11d 68.30 +2.87 a 0.47+£0.06 c
NPK 6.31+£021d 11.44+0.10 b 17.43£0.29d 36.19+1.22¢ 65.61 £ 0.60 ab 0.55£0.02 be
LM 7.52+£0.49 ¢ 12.52+0.75a 19.80 £ 0.44 ¢ 37.98+246¢ 63.20+3.77b 0.60+0.07b
MM 9.29+£030b 12.88+0.78 a 22.18+£0.52b 41.88+1.33b 58.09+3.53 ¢ 0.72+£0.07 a
HM 10.74+£0.19 a 13.52+042a 2321+041a 4552+0.82a 57.31+1.80¢c 0.80+0.04 a

1 BRI E/NG TR R s A B R 25 5 1 3 (P < 0.05), R,

BkZ, FFHEK T MinOM-C X SOC [Tk, 133
1 POM il MinOM 41 %3 HLEK % & tL{H POM-
C/MinOM-C FIFE— & FEEE | f e A Mo o 3t 11
FaERE, POM-C/MinOM-C {H#k, i) 4
BB 2 Ak . & e 399 46 a8 3% 4 1= ; POM-C/MinOM-C
fEH#/N, EHEAPLUR R EP, 5 CK AP L,
A HLIE B it b 3 5 %5 42 = POM-C/MinOM-C {H
27.7% ~ 70.2%, HAHLIEECE ek s, He(E R,
Vi A LR Ot vT i 4 e AU R B, R e
T
2.3 BRI RIG

H T4 A B 4 RO I 21 A 2T R IR

FAHL, ASUNLA CK R, Heaet R4l ol Bkt
N RAFELAMETE I 2 s, EERISGHE AT 3 700 ~
3600, 3424, 2920 ~2840. 1630, 1085, 1031,

785 em ' A5, BWSUELTAMERE I RS HESCERE T
fi#EdT: 3 700 ~ 3 600 cm ' Ab AL B P EEA HK S
O-H itk 3 424 em™ HEZALEY) O-H X
N-H H4EHRS 2 950 ~ 2 840 e NS/ HI ik
(CH3) FIE FH3(CH,)C-H H4aHRShE, 1 630 cm ' T2
JB AT C=C MgifRahC ™, 1 427 em™ #RF-COO
A AR EHRY, 1085 cm™ ATREE MR C-O i3
PR, WA ATRERAHLEEL S Si-O igaiRsn1,

1031 e ' HIERERER D ) Si-O 4R SH0Y, 785 cm !
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HAPH Y Si-O s, RFbEEe -t K5
PRI AR R IEIGEEEAA),  FURMSIER A, 15

AR 13984 A HLT . POM Al MinOM ‘B BEA1 A1
gERH L, (B ERER S B AR,
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MinOM

MinOM JK 43 3425
POM 2920 1630
3434
1630
36233424 o 2920
MinO 2920

4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
WA (em™) WEEL (ecm™)
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Fig. 2 Infrared spectra and subtraction spectra of soils, soil fractions and soil ashes of CK treatment

&2 FREMELES T K& S E BRI IERIHE X EF (%)

Table 2 Relative peak areas of subtraction spectra of soils and soil fractions under different fertilization

x| Qb FR S5 920 S1 630 S\ 427 85920/ Si 630
(BESERK) 5 B %) 62273
4t CK 9.71+0.14¢ 67.52+£3.40b 2277+329a 0.14£0.01 b
NPK 12.93+1.08a 67.56+3.11 b 19.51+2.12a 0.19+0.02a
LM 1023+ 1.06 ¢ 7581+ 1.07 a 13.96+0.33 b 0.14£0.02 b
MM 11.10 £ 0.13 be 75.48 £2.38 a 13.42+241b 0.15+0.01b
HM 12.09 + 0.75 ab 75.81+£0.28 a 1210+ 0.48 b 0.16+0.01b
¥E 11.21+1.38 72.44 + 4.60 16.35+4.58 0.16 £ 0.02
POM CK 1554 £0.81b 70.62+2.11 a 13.84 = 1.39 ab 0.22+£0.02b
NPK 1830 £2.43 b 67.07 +2.76 ab 1463+132a 0.27 + 0.05 ab
LM 18.62+1.21b 66.55 +2.03 ab 14.83+0.83 a 0.28 +0.03 ab
MM 1747+092a 67.95 + 1.94 ab 14.59+0.98 a 0.26£0.02b
HM 21.85+2.33a 65.60 = 1.69 b 1250+ 0.65 b 0.33+£0.042
¥E 18.36 +2.56 67.57£2.52 14.08 £1.27 0.27 + 0.05
MinOM CK 10.36 +0.47 cd 75.21+0.67 a 14.43 £0.78 d 0.14£0.01 ¢
NPK 9.66+1.19d 65.69+1.87d 24.64+1.79 a 0.15+0.02 ¢
LM 12.86 = 0.76 ab 69.33 + 2.60 be 17.81 = 1.84 be 0.19 £ 0.02 ab
MM 13.52+0.28a 66.18 +1.02 cd 2030+ 1.13b 0.20+0.11a
HM 11.80 £ 0.97 be 72.03 +2.43 ab 16.17 + 1.67 cd 0.16 + 0.02 be
¥E 11.64 + 1.65 69.69 £ 4.04 18.67 +3.90 0.17 +0.03

e TP Sh00. Siezo Fl Sy a7 ST HIFRBEEIAE 2 920 ~ 2 840, 1630, 1427 e 4b Mg Wi U g AR X 11 AR
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F 2 WA AL B4 4 K UL 5 BE S 25 TEAE 2 920 ~
2840, 1630, 1427 cm™ AR ICIEAHXT IR S T Sy 020/
Sies0 FUAH . HIT 2920 ~ 2840 cm ' Wiy ae 55, H.
YRR BG Wi B RE AT, e A 23 A I A
2920 cm ' AMTHIFR . AS[RIZL AN AR U6 I8 A [ BEZS AL
SR LB R, HE T R WORE A LB T AR R AR e M 2
5o HTF 2920 em ™ ABESERR AT 1427 em bR IR
MR T 1630 e AbIFERR, FTLL S 000 A S| 427
AR MEHG IR SR, S) g0 B EMEA WU
BT S, 020 / Sy 630 BIVESERR AN 55 7 b 5 B FU (B AR
— AR ARFA LTS A s AR R ) 454k
4+ F MinOM HEREATAXT & . D5 >R
e>le3ehk, 1 POM Hv: D5 AR Rie>Jor F >R 3k ,
PR IF B ORAE 4 1 A ALy v & B d iy, I e S AN
FR LR M 7E POM Il MinOM b AL 2

R A ) it B Xof 4 = 1A% A 53 B 8 A X 5 o
FEAE TR . 5 CK ARFRAR L, Jiti AT Ak BE ] 4351
P& 5 A T e AR AN DT R R 5.4% ~ 33.2% F10 ~
12.2%, FFRRARRILIR S5, M Ss000/ Si 630 HLIE A2
S A Rt A e et i P FH O S 2, Y it AT A B
FHREIHFEAPREM . X T POM, 5 CK AbHEAH
o, HEREARER LT AR50 POM B 3Ehk & &, (B
T POM e Hetie & BEIFREAR 1 05 & i & &, b MM,
HM Ab $9e Fe ik 5 543 5|38 CK AR FE I E 46 5 12.4%
1 40.6%. 5 CK AbFEAH L , NPK 4L FEFE A T MinOM
fe LR FR Bk & i, JF B EF R SRR S &
(70.8%) 5 A7 HILAL B it Ak B MinOM 4 i F1 PR Fffk
SR 13.9% ~ 30.5% F112.1% ~ 40.7%, If
R MinOM 35 Bk & 1 4.2% ~ 11.8%, {HHARmEk
R 5 A AL Bt Le A7) TR R o it A Ak 3%
POM Fl1 MinOM ‘E BeH & s 52 mm i) 22 R 36, it i
XoF AT AL BT TG P e (R A DAL St AE T =X G,
BEARFI AT POM Ll iR, LIAXT MinOM &
FmAUR, B Ee il a LI BCit T 2 {2 POM
PE FERR R, T B AL IE U BE A5 ) F MinOM #2 ik
E,

3 ihie

3 TEEITREASBENRYETL
JEALRESE = L4 POM 2173 /04, f i Hofy
AL 5 KO A LA SRR, A Ml X H A 21 58
P AR A 0 07 3 45 RS20 A R At XK
AT T P G (S S8 8 TR D OF 732 1D 94
X A 45 T 15 - 30 7 X A A R R A B

Jta AL RE X 145 POM 2170 HLa HLA S0, R BLit
LA HE POM 23 intie, A H0H™ A 41 2k i i UH e
S8 0 o AR P AR W] RS 0 3R IR M E Y

R R ARAE KR B IR, 2 R[]
M IX - A BT 40 i A AL R AR AR ), e
DAL 25 5 AR 3 75 AU GE B 4 POM 213 A HLak
2R WA LA G A 1 T 2 P v A, AR
RIS A MLICHLBC i AL AR — 3, AF5E POM X4
LA PR ST R 31.9% ~ 45.5%, L7 g2 45140
DA K Chan ZFZEBLARNTE . 5 POM MLL, AR BLAR
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