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5 CK #Hlt, MNPK Ab#A) POC ZrEC UGN T 13.33%; MaA PS4, BTEEnaY B4 HLEXT MOC [ STk 3 W12
f, MNPK AbSFTINAY MG HLERTT 10 1 $EA POC Fil MOC 4143 . A HLUACI FH i 2 R B A ST A it FH O - 14 it A LA
REA A0 e I . BT IR A 2 i . (R T RRAE 25 B2 43 24 5 43

KR HHERALsY; AVLHLEC R “FEHEAL; W+

FESES: S153.6 XHEFRERG: A
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Abstract: [ Objective ] Based on a 36-year fertilization experiment in a field of fluvo-aquic soil, effects of fertilization,

especially application of organic manure, on organic carbon fractions in the plow layer were studied in an attempt to learn
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comprehensively how soil carbon changes and explore effects of fertilization on the status of soil organic carbon through analysis
and evaluation of soil organic carbon fractions, so as to better master the physico-chemical and biological mechanisms of the
changes in soil organic carbon fractions as affected by long-term fertilization and to provide scientific basis for decision-making
for fertilization in sustainable development of agriculture. [ Method] In this study, physical means were used in combination
with chemical ones to determine contents of organic carbon, easily oxidized organic carbon, particulate organic carbon and
mineral incorporated organic carbon in soils, and effects of fertilization on soil organic carbon fractions were analyzed. To that
end the experiment in the study was designed to have 8 treatments, that is, no fertilization (CK), application of N alone (N),
application of N and P (NP), application of N, P and K(NPK), application of organic manure (M), application of nitrogen fertilizer
plus organic manure (MN), application of nitrogen and phosphorus fertilizers plus organic manure (MNP), and application of
nitrogen, phosphorus and potassium fertilizers plus organic manure (MNPK). [ Result ] Results show that long-term fertilization
significantly improved soil fertility. Application of organic manure was closely related to increase in soil organic carbon,
particulate organic carbon and mineral incorporated organic carbon. Fertilization significantly increased the content of easily
oxidized organic carbon (EOC) in the soil. The effect was the most significant in Treatment MNPK with an increase up to 72.13%
as compared with CK, while EOC content in Treatment MN, MNP and MNPK increased by 23.18%, 12.53% and 25.92%,
respectively, as compared with their respective chemical counterparts, Treatment N, NP and NPK. Fertilization (except for N
application alone) significantly increased the content of soil particulate organic carbon (POC). The effect was particularly
significant in organic manure-amended treatments, whose mean POC content was 92.69% higher than that of the treatments
without organic manure. The content of mineral incorporated organic carbon (MOC) in the organic manure amended treatments
was 10.06% higher than that in CK. The proportion of particulate organic carbon (POC/SOC) in Treatment MNPK increased by
13.33%, while the proportion of mineral incorporated organic carbon (MOC/SOC) decreased correspondingly, as compared with
those in CK. Application of organic manure significantly enhanced the contribution of increased total organic carbon to MOC,
especially Treatment MNPK where the increased total organic carbon and the native total organic carbon formed a ratio of 1: 1 in
POC and MOC. [ Conclusion ] In conclusion, application of organic manure, especially when in combination with balanced
nitrogen, phosphorus and potassium fertilizers, is of great significance to improving soil physico-chemical properties, expanding
the fractions of organic carbon, and promoting balanced distribution of newly-sequestrated carbon in various carbon fractions.
The findings in the study may serve as a theoretical basis for rational fertilization in sandy loam fluvo-aquic soils.

Key words: Soil organic carbon fraction; Combination of chemical and organic fertilizers; Balanced fertilization; Fluvo-aquic
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Rdl; ERFTEUE T 26 a A ) AR 0 R A
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- i S AN URL A ML 1 o, it R A RS [
JIES E it £ B i 384 hn - 3 A ML . JSURL A AL A
W2 A A WU & &, FLIIRUR A T it AL AE
Z MRS | AR . FpAE K. R HER AR
R, X TR REAS sy HLAE F1 AR AE |
NPK V-4 it F AN P-4 it FH ) i 4] 5% mieg - 38k 21
SRR IR G — R g5e, JUHOE W+ E A ST M
(CHEESIE

AW FEAG B K e AR R i, R
TR 3 A [ it S Ak 6 - 398 Ak 2 1 R K B SR AL
HLAk ( EOC). kLA LAk (POC) FI W& & 4
ALK (MOC) 2 Pl 4l o s m, i ad it +
A WL 4143 19 50 AT 5 PEA A T i it I X - 4
B HURRIR B 5, DA Sk Al mT 5 2 R 3t
Jit S 2 3 A A

1R

1.1 I8 X B

TR0 A7 T VT 0 A b IX A P A b B2 A 5 e
8513 HHEX (117°17'E, 34°16'N ), %Mkt T o5 .
. B, BENEBEEX, EIRRAEREA R, &
BIEAL T, BERMEZW, HFHRIE 14C, &
SRR 210 d 247, AFFF/KE 860 mm.
1.2 #iXTESED

RIS 1Rz s LR R B R HE I -
IRIG M 1980 BRI, I AT UEAT T 2 EWHY
SIS . 2001 AFERTR /N - £k —AE R AR
il , 2002 47 J5 SO /N - H AR AR AR o X5
FHRHTR)Z B3 E AR . pH 8.01, A HLE
10.80 g'kg ', & %A 0.66 g-kg ', A XUHE 12.00 mgkg ',
B 63.00 gkg ',
1.3 RIiEit

IR AE RN FHX B, FEAH R ANEA L
JEFEAPUAL, ik 8 bR OXFE (CK, At
JE), @iEZEAE (N), OiAEBIIE (NP), @Ak

AL (NPK), GiiAHLE (M), ©ftEIEFA L
JE (MN), @& BEIEFAPLIE (MNP ), @jti%
WEATAE A HLAE ( MNPK ). BRACEEE R 4 Wk, FEAL
XZHEF, /N AL 33.33 m®,

A BRI P AN 1. BRI A R R
(N 460 g'kg™'). ik —4% (N 180g-kg™', P,Os
460 g-kg' ). BRIRAD ( K,0 500 g-kg '), Rk H 20,
NEAE R BN — R PR 5 RIAE/NZZ B, AR R
FALAGENE MR A , BB 1 1. AL A HERR
A BEAL , ARG (fEIE ) y 1981—1984 4F
i ¥ 75 t-hm %5 1985 4FELLJE ok My jifi 2 26
37.50 thm 2, AHUEFEH &4 N H 6.31 mgkg ',
P,05 5.14 mg'kg ™', K,0 7.39 mg-kg ™', C/N 4 20.30.

F 1 KEHEAEANIEAE#H5E A 1E R

Table 1 Fertilizer application rate relative to treatment in the
experiment

AHEERAD LI (N-P,05-K,0) 4t FH

Qb Treatment
/ (kg-hm?a) #Q/ (kghm?a)
CK 0 0-0-0
N 0 300-0-0
NP 0 300-150-0
NPK 0 300-150-225
M 37 500 0-0-0
MN 37 500 300-0-0
MNP 37 500 300-150-0
MNPK 37 500 300-150-225

HE: CK: AHENE; N: j%&UE; NP: MBI ; NPK: jf
FBEARIE; M: FEAPUE; MN: FHUE+EE; MNP: AHLIE+
AWM ; MNPK: AAHLE+EABMIL. TH. Note: CK: no
fertilization, N: nitrogen fertilizer, NP: nitrogen and phosphorus
fertilizers, NPK: nitrogen, phosphorus and potassium fertilizers,
M: organic manure, MN: organic manure + nitrogen fertilizer,
MNP: organic manure + nitrogen and phosphorus fertilizers,
MNPK: organic manure + nitrogen, phosphorus and potassium
@Chemical
fertilizer application rate ( N-P,05-K,0 ) . The same below.

fertilizers. (DOrganic manure application rate ,

14 HRRERNEFRE
T HERFERE R 2016 4F 10 A HEWIk G, #%
ZFHRIRAELNXHZE (0~20 ecm) HIRA HFE,
FES AT S 1 mm F10.25 mm § £ F .
+IER G (pH) M SR (EC) RH pH it
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(Bt PHS-3C, i) FIH SR (FH#E DDSI-
308A, i) MAE; HIESA (TN) AEMEIL
kieg ;s AT HLAR (SOC ) FH H 4% R A A fb—
AMINEREE N RE 5 A5 %W 0.5 mol- L AR iR L 4N IA TR
B, WBPUE A E s A 1.0 mol-L!
Bt R B R 4R, OB TR P RS R
A MR R 0.02 mol-L" iy 4 R 4 4 1k ik 41
JE 5 FURLA MLBK R IS IR W IR 4 73 I, B2 % PR 4
FE—AM B E , B 4E A S WU R 22 (0 1
g listel,
1.5 HiELIE

I LS R 415 98 R Excel 2013 Fil SPSS
18.0 B HEAT , B A3 B 5 25 SR 35 LAV S5 (B e
2% (Mean + SD ) /R . AN [AJNE AL HL 2 6]k XS &
( Duncan ) HEWZEHITEF BEEKRE (P <
0.05).

2 4 R

21 KEARBET L EEFERMTH

AN [) i AT X - 48 Ak 2 M o ) i 2 3R 2 ),
5 CK #ilt, NP, NPK, MN, MNP fl MNPK 4b#f
{135 pH . E FRAR( P < 0.05 ); Pt AL AE AL HH( N
NP fil NPK ) HLF3FEARIREE R 7.74%~56.35%,
Jit A HLIEALFE (M, MN, MNP, MNPK ) Hi 5%
WA H 55.47%~71.27%. i 0 AE 5. 35 19 fin -+ 3¢
LSRG B R (P <0.05), M PLIE L3 4 15
A AR S BEASTA BLIE Ab BT
75%F1 10.94 1% ; NP F1 NPK AbFH A% 354 %0k & &t
B AE AL B4y 35 3.9 F5FN 4.4 £ . MNPK 4b 2 +
BB S R, WAEREAR IR CK. N. NP
Aib P A AR o B LT NPK AR R ALAE
AP (P <0.05),

R2 AEMEELIERTIELFER

Table 2  Soil chemical properties relative to treatment
b B
pH EC/ (uS-cm) TN/ (gkg") AP/ (mgkg") AK/ (mgkg")
Treatment

CK 7.96+0.02a 350.0+3.88a 0.72+0.04f 4.42+2.07¢ 52.87+0.46¢
N 7.90+0.01ab 319.9+£12.05b 0.92+0.01e 7.27+1.91de 47.90+1.46f
NP 7.84+0.04bc 260.6+8.81c 1.02+0.02de 21.67+3.96¢d 47.07+1.04f
NPK 7.82+0.03¢ 131.0+£3.60de 1.12+0.02d 25.37+5.46¢ 99.90+2.05b
M 7.94+0.01a 72.97+5.82g 1.48+0.02¢ 213.6+7.48a 79.77+0.07¢
MN 7.82+0.02¢ 94.93+3.62f 1.64+0.09b 172.4+4.76b 73.60+1.02d
MNP 7.78+0.01c 110.9+6.15ef 1.82+0.03a 157.5+1.95b 73.30+0.21d
MNPK 7.80+£0.01c 134.4+8.54d 1.66+0.03b 157.7£7.77b 138.7+1.19a

HE: EC: LM TR, TN: 2%, AP: AR, AK: HAUN; LB P IgHAnfEiR 2 (A5 PO A b om Ak B 6]
£ 53K 0.05 23 K-, T . Note: EC: Electronic conductivity, TN : Total nitrogen, AP : Available phosphorus, AK : Available potassium;

The values in the table are means = SD( n=4 ); Different letters in the same column mean significant difference between treatments at the 0.05

level. The same below.

2.2 KEAARREMHEEX LIEF R

JEAE (N AERERALN ) i - 5GPk (SOC) &
HBEW (P<0.05) (& 1), HifiHLELE SOC
TEBAMANALLME (CK, N, NP fil NPK) F
I 86.03%, M. MN, MNP fil MNPK #4b# Ay
SOC #HH|/ME CK AbFEE 107.9%. 133.4%.
140.2%. 132.1%; X HeALIEAS Rt A, ATty

HUETES T, SOC & i AR A : NPK > NP >N

(P<0.05), iiAHLEER T, =Rt HE =t

SOC it # 25 (P>0.05),

2.3 KHAEEEXLIESSEENERN T
5 CK HHLL, Jitihe 3538 hn 439 5 S Ak A Bk

(EOC) %, MNPK AbFEXT EOC £ 2 il 42 i A% 1

BB E, R AL 72.17% (P<0.05) (K 2),
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0 L 1 L L 1 L 1 ] Kb P Treatment
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AL PR Treatment

T B BT AR R AL PR 25 5755 0.05 B MK, T
Note: Different letters above the bars denote significant differences

between treatments based on one-ways analysis of variance
(P <0.05) . The same below.

K1 KWAFREAC T A Pk & &

Fig. 1 Soil organic carbon content relative to treatment
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E3 E300}
=23
Eh[&gégzoo-
>\.&-<
53100-
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Kb Treatment

K2 KEIAFEAE T 55 A HLIk & i
Fig. 2 Soil easily oxidized organic carbon content relative to
treatment

HR N M ALFR, MN Fil MNP 4031 EOC & 50 T
FES, HREST AV, 7 iE A
B — B 5T, AT MLAE AT o 2 v 1
EOC &4, MN., MNP Il MNPK 4B EOC & 4>
% N, NP Fll NPK AbPREEE 23.18%. 12.53%F
25.92% (P <0.05),

+ e vh 5 AL A MLBk 4 B L) 2 3F EOC #E
SOC iyt bh, AT S ik 458 ) i A= W 53
I B8 ML 75 o 45 it AR Ak B+ 398 5 SR Ak A AILEs 7
BL LA T 2.45%~4.35%2 0], N Zb3fY + 35 4
A PR LB, A 4.35%, MN PR,
K 2.45% A LR G 358 b 5 S AL AT BILAsR 53 i L
B SRR (P <0.05); X HALAEAS Dt AR =G, A
TEAMUALSMHT EOC 3Rl S AR R : N =
NP < NPK, Jitifi HILIE S5/ MR B AH S g e
B MNPK > MNP = MN (P <0.05) ( & 3 ),

. EOC: S&EALAHLE; SOC: A ML, Note: EOC:

Easily oxidized organic carbon; SOC: Soil organic carbon.

K3 KIPRIFEGEAC T 158 5 S A BLak 3 1ie e 91

Fig. 3 EOC/SOC in the soil relative to treatment

24 KHAEEREY LIETNEVBRNTIES

SENVEBK RN

5 CK M, MEAE (N ZbFERRAN ) 34 n 4
HERRANEK (POC) & (P<0.05) (&l 4), i
HHLIEAELR POC & & AN IE A HLAE b BESF- 2 1
T 92.69%. %I LA AL AL#E, MNPK 4b B POC
FHEDERT M AFA MN AP (P<0.05), HAl
AbFRE] POC & 1Y 25 S R IR B W MK (P >
0.05 ). XJ AL AEAS Rt A 20, NP, NPK AbHEfY
POC &g i & T N AL HE (P <0.05).

10
a
Q 8| ab {
= b
o B o ]
E52 6
Z 38 4f
EE5E d 4
0 1 1 1 1 1 1 1 ]
C N NP NPK M MN MNP MNPK
A F Treatment

K4 KIARTEIEAE T - 3e0R A HLoR = i
Fig. 4 Soil particulate organic carbon content in the soil relative to
treatment

A P BB P 45 A S A LK (MOC ) &
B CK PR30 10.06% (P < 0.05) ([5), Hijit
FLREASBESE Jin 148 MOC & (P> 0.05 ). 7EALALJit
AR — B0 & T, Bt LR T G2 4 v 2
MOC %4, MN, MNP 1 MNPK 4t ¥ MOC &4y
IS N NP FINPK AE S 93.04% ,79.45%H141.59%,
AL ARt FH A ] MOC S R & 25 .
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Fig. 5 Soil mineral incorporated organic carbon content in the soil
relative to treatment

5 CK #tt, #hifitabHE i {d MNPK A4bH )
POC 43 BL L BIFI MOC 43Bc Lol 4 i & 284k (P <
0.05) (& 6), H POC Zrfc L@l imn 1T 13.33%,
MOC e L GAR R FEAIK s N ARFR POC 43R L 7]
B ERTBR MN b S5 Hoph it A b 21, HoAh A5
Jiti JE A 3% POC 43 B L A5 F1 MOC 43 B b 451 TG i 2
%% (P>0.05),

O Wik A5 HLAK Particulate organic carbon

@ 525 A 2547 WL Mineral incorporated organic carbon
be be abc  be c

_ab a b
0 1 1 1 1 1 L 1 J
CK N NP

NPK M MN MNP MNPK
Qb P Treatment

(3]
(=1
T

= 100
.

_

= 80
%{1 .560—
BEgRs

=S E40F
&

2

_H

Proportions of soil organic carbon

TE: A OEAE B AR R 2 7s MORA HURR % 4b 21 IW) 22 535 0.05
BEVAKF, KO EARR R RRO 455 S PR A AL
HRIA] 22 573K 0.05 B3 MK, T . Note: Different letters above
the white bars denote significant differences between treatments in
content of particulate organic carbon based on one-ways analysis of
variance ( P <0.05 ), and different letters above the gray bars denote

significant differences between treatments in content of mineral
incorporated organic carbon based on one-ways analysis of
variance ( P <0.05) . The same below.

K6 KA RNEAL T 3 A AR ZH 5343 B e 1)
Fig. 6 Proportions of soil organic carbon fractions relative to
treatment
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NPK MEAMT, ¥hney Pl E2Z3E A POC 4
%5 i M. MN. MNP &40 F, 300 e Pk &
BHEA MOC 2151 A1 it H - 54 it A7 AILIE
(MNPK ) &MF, FrigmiyaAamilama] 11 #A
POC 1 MOC 443 (& 7).

O Wik MLk Particulate organic carbon

B Y454 2546 WK Mineral incorporated organic carbon
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Fig. 7 Distribution of increased soil organic carbon in POC and
MOC relative to treatment

3 i

3.0 KEAAREEEXT L8 1% R &0
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+ ARG, 5 CK ALEAR EL, 45 it AT Ak BE A A
MNPK ZhHEREFE T T3 A & ik, NI NPK b FEA
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BHACAL R e A S R R ERA (£ 2), X
A BB ph T 45 i AT AR R 30 1 A7 e S 4k B R/ ) AR
RS H A ML CK AR, i i At 5E
HHLIER 4B (NPK, M, MN, MNP 1 MNPK )
- A O A R AKCER h, N  E ER  BA
HUIE AR (N FI NP ) s 580 & AR, APl
TCAHLAEEC Y MNPK AbBEAT 3 72 0 & e i (8
2), SECGXFPILG M R E AT RE AR A KAWL
e A RRy, ARHERNAS FEIE H A 23R 0
TR R R &, KA LI HLIE i mT DA
I sbah e A SR, 5 CK MIH, £t
AR PR B AL pH AL SR, HpgHLICHL
JIES P 7l XoF 1 438 H, S 30 ) ISR A T it AR e (3%

http://pedologica.issas.ac.cn



24 o] AR I A DAL 25 B T H) AT LBk 2 73 431

2), XWREEH THEAEMMAAIILS, HEPEH
JRE ARG TN, W A R S e R
3.2 KHEIREMERERS 5wk A 5 rI 80

ARG EE A, 45t AR A B e BLAK
Y 4R T RSO H e B TR S A L TS MILIE T i Ak
PO MR EE . P LR AR EE (1), 2BfE
SRR AL RN - K FAE A Y 18 a H[RjitE
HE IG5 2% B, it FH A HLAE Ko A3 ILICHILAE e & it FH
SERIN AT ARG OCHE, SARMIRAE R —3 . 7E(L
AR RIS AL T, 5 CK AHLE, NP Al NPK Ab 3
ERN T AL E R, RS AR RE (R HEAR R A
AEYIE ) | SEINPEY) A Y RS AR R A G, (H
St T30 AN i A LA 8 K 5 P RS Ak 8L ) - g
AP SRS CK LB E 27 E 1),1X 5 Treseder™!
A Liu SEPW A58 45 R —pits ZUIC ek > - e
ML & A —3, 4307 B o] e — T 5 R0 A R AT
5%, JARAEPORLERT AT AL 10 a DL L E it
B (14 235 16 34 S R it BB BE R i -85 BLak , 55—
Jr AT RE SRR RS R RIS H A,

A A B AR, eSS A
AR HE R, AT DLRAE 3 BT AR B B S O
ARG, A VUL T, 5o & T
{2t + 58 EOC & atsin, (HRUR AN NPK -4
it C 2); FElE A HLAEET, it A A A Fil 2
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) JC i 3 22 5%, MINPK A B4R coh i3
JR A AT RE A A IUILSS , HEA A IR £
s TAEYLY R AR, BRCE 20 T3 ) A Ak
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