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Responses of Contents of Soil Organic Carbon Fractions to Chinese
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Under the Condition of Reducing Fertilizer Application
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Abstract: Effects of different utilization models of Chinese milk vetch and rice straw on characteristics of paddy
soil organic carbon fractions under chemical fertilizer reduction were studied in order to provide a reference
for rational utilization of organic materials for soil fertility control. A field experiment for five consecutive
years (during 2011—2015) was designed to study the responses of the contents of purple soil total organic
carbon (TOC), microbial biomass carbon (MBC), dissolved organic carbon (DOC), easily-oxidized organic
carbon (EOC) and light fraction organic carbon (LFOC) to different utilization models of Chinese milk vetch
and rice straw in double-rice cropping field of the Dongting Lake region in Nan Country of Hunan Province.
The results indicated that F100 significantly increased the contents of soil TOC, MBC, DOC, EOC and
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LFOC, which was 12.2%, 19.5%, 18.6%, 11. 3% and 100. 9% greater than that of the unfertilized control, re-
spectively. Compared with F100, different utilization models of Chinese milk vetch and rice straw could be
more suitable for the accumulation of TOC, MBC, DOC, EOC and LFOC under chemical fertilizer reduction.
Wherein the optimal was F80+HR-+ A, which was 18. 3%, 47. 2%, 24.1%, 20.0% and 204. 0% greater
than that of the unfertilized control, respectively. Applying Chinese milk vetch alone under chemical fertilizer
reduction favored the buildup of MBC, DOC and EOC, which was 9.8%, 4.0% and 0. 6% greater than that
of rice straw alone, respectively, but the LFOC was the opposite, being 34. 8% lower. Sensitive index
showed that the LFOC and MBC had high activity, LFOC was more labile than MBC, and they could be used
to evaluate soil quality. The sensitive indices of all organic carbon fractions in F80+HR+ A were significant-
ly higher than those of F100. Correlation analysis showed that there was a significant relationship among rice
yield, TOC and its labile organic carbon fractions (p < 0.01). In conclusion, there were significant differ-
ences in TOC, labile organic carbon fractions among treatments amended with Chinese milk vetch and rice
straw under chemical fertilizer reduction in purple soil. Returning rice straw could be prone to increase TOC
and LFOC pool, and application of Chinese milk vetch was favorable to promote MBC, DOC and EOC. The
pattern of Chinese milk vetch-rice straw synergistic dispatching, especially returning high pile of straw and
winter planting Chinese milk vetch, could be prone to increase TOC and labile organic carbon fractions.

Keywords: fertilizer reduction; Chinese milk vetch; rice straw, synergistic dispatching; organic carbon fractions

ST VA DA ZH 2 (AR W e L T A AL
t o BACA HLER AR 4 Pl Je L A MLk A
ROVEH o By S GCAE W o A R 8 A R B
IO foe ELEE TR 43T L e LR S [ 4 43 iy 1 H Al
A BRI AE 7 SR A [ A WA v FIE D 7R
WA . P TR ABIE 5 2 252 5 o7 il IE Xof /K A - L
B AN [R) 20 73R8 A B9 5 W) % T B B8 1 i E AL AE TR
TSR HLERES E BIL A 0 4 AL B A — € B2
S0 R Bt A 0 5 g 4 T B AL S AR AR

A F18 3o 8t 8 A ) A 35 XU LA R of - M i 4
A PLAL IR 2 A, R A — R ROl R 7
BEUR SR A R IR IR S AL TR A R
FRUJREAH ] . D) 0 i 0 FH R AD 7 1 S 3 R L R
P 55 e S P R A I BB A6 422 25 A 7 KT
B SR O e o RO 5 e AR o T i s i 2 S B A
YRR R E AR N A AT A K .
X A BT ST i e e R A B ) AR LA 2 i A
B F A A ) B
LOAE Ry R NEAEY T LU R A ) 8 2 E 25 SO Y
A HAERAE LR E IR TR . NI B304 T REGS I8
AR o 5698 55 8 e 3 [R) ) H — 7 T A
R AR AR R B LI R TR, ) —
7 T 5 75 O ] U P BE AR DR A s T 5 LS 1) 1 ) i
WRRBEA R Z 8 . R S B 2 AT 5 7 A 13 18] )
FIREF- i — 38 Z B R U R B IF IR B A, S AS
FF 2054 FAH LE VBB A5 BIF T 2R I8 — R K i A A
AN SRS REATER & A AT LUA 2808 i 1 i A8 A
SRRSO i AR S AR R Aulakh SET RS
EIVJRE A A He A AR 8 A B 2L 5 A AR IR 5 3k TH A1k

22 (Astragalus sinicus

HE 4B 25T A EG RS AT B m R KRS /N 22 43 i)
Bay= 5 AVH 4. 9%, TR AL A L . AT 5 R A
AR A BLIR . 4 50 A RO 3 A8 2 5 BT+ T
1.4%,1.5%,3.0%,2. 5% , i 32 T+ - 496 A8 /3™,
I Y SR A 55 8 FF R 1) R R AR LGRS #F 5l 4018 5
TR o B R AR .

H AT [ P AMIF 5 2 BT FRS R 38 FH R R ) 2 5
F XS F A HERE Ty 04 5% ) 7 R g I R A A B I R
FHE A+ HERT AE M AF o8 L0 0 HR 5 2 0 5 R R ]
T B A [] 3 ] ) P A8 =0 A el . Bl AR
HUBR AL ) % J2 e o B8 o A 3 FH Ry — Fol i DL 3 T
o B AR BT B A 7% 22 (2011 — 2015 4F) 22 i
BI0 A L TRIE 5 o 0 5 R A [ ) A % A
HI A e HLAK S 5 52, B 7R85 & MRl AR 1y
3R R 5 = 0 5 R U R R AE AR BB s i
Xof A MUK A 1) 52 i ML) B A FH b 98 I A B
b 4R RIS SR
1 #et 55
1.1 RIEHR

I 2 LT W B 2 B = Al 2 7 oA b (e 4
29°13" . R4 112°28" L Mgk 30 m) . iZ LA T b I 4R
B AL A 9 I X, T8 e KU T A L AR 3 R
16,6 CLAEFERE K S 1 237. 7 mm, 4F H & AT 8]
1775.7 hy A3 A 598 A 1) JE 350 b Xt 78 K R 4= — ]
WO & B L. KKAT 020 cm -1 pH
HT AN A 47,5 g/kg A AR AW R
43R 3.28,1.28,22. 2 g/kg, Bl A A BB AL
PE RN 261,15, 6,98 mg/kg, LKA & A
WA AR 157 IR AR,



533

J 2% A - AR BAE 2% 11 T K R e S AT ML B 4L 20 8 56 2 9 — R e I () ) R 6 e 285

1.2 RWi&it

IS TF IR T 2011 48, 2L it 6 A~ 4ab 38, 43 51 Oy
(DCK A — 8 — & W A ARS8} 5 (2)F100, FF —
i — 4 N . Bt 4 B AR AR CR AR MG AR B N 150 kg/
hm*,P,0; 75 kg/hm?*,K,0 90 kg/hm?* ; i 5 i IC &
& N 180 kg/hm?*, P,Os; 45 kg/hm*, K,O 120 kg/
hm?*); (DFRO+ A FF—FF— L =L, & = 55 J5 H 8
JECE B BB 208 & 2020, F A (4 F80 + R, #d
— R — WAL H; (5 FS80+R+AL R —
— AU U 5 R R R (6) F80+ HR+
AF—F— %20 . MBEESEGS o) . 2Rl
e 359 Dt H R A G il A RS T 2 48 I AE S
em) . REALEE 3 YRE L BE AL X AL HES /N KT R
20 m®, /DX A3 (B 20 cm, 9% 30 cm) 78 R R ES
SATHAMHEVE . R 2T RAE 10 A LA R R
FEAATHE A} S 25 /N X % b i — 30, 24904 30 kg/hm” , fif B
TR AT 10 d BHE A H, B SR 0E g .
P — M B4 3 ARHER 4 AP N, MRET 6
A A&7 A R . NLOPUK AR & Fl sy
S IR i R S A AR . AUIE 500 PR AE TR
Fem 1 d i A 50 %0 118 A7 23 BE BTt A . A iR
NESSIAERS A AR FE Nt A . AL A 7 B H kA 40
A5 em M )2 o, FEKREEEA R F W, 45 4b Bl
FE 45 B it 58 42— 3
1.3 HRRESERNE

RISHTREIRE X 0—20 cm )2 T HH THA
FAEHAR 38T . 2015 47 10 F B Al 1 A4S /N X 4
HR“SYIE R4 020 em )2 H 4%, 38 A TR 4, iR
I S 2, 46 25 T UL Bl Al P Bk A R /N A B, D 43k
SR 2 WAy — R AR T 4 C TR R R AR T
SE T W i R T s P — ) SR R B R O I
FH 00 7 A5 LB B A AL AR A A P, 3%
A ML R TOC 43 A A0 a2t 5 4 38t A= 4 it
B 5 2 B3R 4 /K B A A 0 A W Ty i I
HOR DM, R ERCR 0.5 mol/L K. SO, 1242
OKEH 4 D ERE BRI Z 0.45 pm JE S E IS 8
W B AT AT HLBR SR F TOC A3 A0 202 5 5 4804k
A LA A 7 SR Y 333 mmol/ L KMnO, & ki s 24l
A BB R Kolbl 20 5 w22
1.4 HEFESHELE

B HUBR 4 43 BURRF8 B (ST FAF A [ A BLBS 26 43
X RS E 1 2% H 0 AR AR AR S % R
SEA TR X (CK) £3E, SUSE 80T R A

TR S B = (b PR 4 398G BLRR & % ] +
HEATHLER & H) /X IR 4 AT HLAR & B < 100

HJ Microsoft Excel 2003 %% 4 3k 47 545 4b 31 ; FH

IBM SPSS Statistic 19. 0 #4757 5 Z 51 .

2 RS0
2.1 EREEBRERAMAEXTIEFTIHESE

K

ALK e IR P ) — > EH AR AR
AR A AL T X e 22 )2 1438 (0—20 em) A MLAKR &
H(TOO Mm% G D, 5 CK AHLG, & i JE b 22 1
5 LB A /E B3 . F100 3 MLAR & i
MRk 12. 2%, 3% AT RESR AR AE i FH 5 K RS AR 2R AR 7
b H A8 45+ HE R 2 AN A TR, B
e L5 e e ) R 1 o - G AL B B B AR R R
%, F80+A.F80+R.F80+R+A il FS0+HR+
A ISR 13.1%.,17. 2% ,15. 3% A1 18.3% , iX
VLA L3t 5 a % 2k 7 it AT Ak B, A AR U & 20 %6 1
LT R 558 20 R RS R )2 50 Pl ok
FUBAE T it 4= 2 AR IE L JU DA R RS B 5 M 38 4 F
BRI,

FRREI R T 58 2 95 55 4 HOAR [R]R) A =00 + 584
BUBR 5% ) A7 AE — 2 25 5. R R BRI T 4 vy R
BB 5 et ORI 0 2 13 T 45 = B R G 8RS0
+R AbE A HLAR 55 FSO+A bR 3. 6%, %
2o S R AN [ A 2 B ] ) PR %o 3 = 38 #L e
TR S B, M F80+A,F80+HR+A
A HLBR SRR 4. 6 %0 3k B E K (p<<0.05) ;
FSO+R+A U4 T 1. 9%, [Fl B, A R A& 25 K] FH
B P AR 58 2= 98 X+ 58 ML 1 52 i AN —
1% 20 e 1) B 2 AR 58 2 98 (F8O+R+A Ab 3D (1)
RGN LB S 1 0 AR T B RS FLR ] (F80+-R
AR | T = £EAE B 5 58 % B U R R A (F80+ HR+ A
AR B4 T A 3 A BB 1Y 4R D R T R R R
(F8O+R b ), 3 ] BB & th T /5 2 F & nl LUKy 45
WA KRR PR I A R T 5 e R R R
e 55 2 e i R BT R

£1 AELELIBEENBRSE

LA g/ kg

4k 21 A PR
CK 24.30d
F100 27. 26¢
F80+A 27.49bc
F80+R 28.48a
F80+R+A 28.02ab
F80+HR+A 28. 75a

VR RN 8 2R R R AL BRI 2% 5 8% (p=<<0. 05) . F
2.2 AEAEZRSBEMNARA T LEFEENHK
H A HE
2.2.1 EHEmAEMFTHR  THEHUEDE K (MBO
Je S+ SRR PR T B B AR AR U (0 —



286 KPR R

%31 &

20 cm) MBC 284k {5 Bl 7 755~1 111 mg/kg (K 1),
Zpk 5 AR Ut L AR AL B L £ 38 MBC & A4 L CK
A PR T 19, 5%, JEU R AT RE R Ve AR B A PR
TR HE B NKRERN A K SRERES T+
B A 7E R B TR . 45 2 0 5 R R IR A
W RE R E £ E 1 MBC &, 5 CK 4L, Fso
+A.F80+R.F80+ R+ A #l F80+ HR+ A 43 5| 4
T 32.5%,20.7%,25. 6% 1 47. 2% . X W £ =
e 5 e w0 AN TR) R B 7 AR I D i 20 26 Z5 4 F A L
B 4 Ak IR B A R B v KR R 2 U E s
v B R B R A A 58 S BRI e i

VRl it A T 58 2 B 5 R A O TR R R R O
BT R R — 5 S BUGA T 5 R
A H Ab B 2 (8] MBC (1) 22 5 18 3% (p<<0. 05) ,F80+
R +1 MBC &AL FSO+A TRET 8.9%, %=
e R AS 8] A 2 b [ A1) A =X %) + 8 MBC 52 i
A, 5 F80+A A . FSO+HR+A 15 MBC &
WWINT 11.7%, 2% B3 (p<<0.05 ., F80+R+A
BETHT 5. 7% (p<<0.05), iX ] A2 Ff 55 A 25 16
FH 3k Fofr £ ¢ 1) e 0 K1) T RS 2 58 2 0 o i S i
AR TS [ RS BRI A SR FORE 58 o e X+ g
MBC #5520 AR —#4E, F80+HR+ A F80+R+
A 43 MBC M 1 FSO+R 43314 An 7 21. 1%
4.1% . 3% d B RP el 76 Ak AE s i 20 %0 1% L & R
25 DB A FH R A R0 38 e A W T v L AR R
LR R RS

)

—
[\
[=3
[=4

oo [ MBC , —o- MBC/TOC 2 178
1000 d 7 d o {68
%o 800 | ¢ 7z 7 7 . 5;
e Y &
2ol [l L] L]
ﬁ 400 | 1 13
| 200 . 2§
ol &
§ 0 1 < 1 - 1 - 1 - 1 - 1 Eﬂ{
R

A &

Bl ARMGETHEMEVERRESRILOAMNETL

TR W B ik Y 43 T L 5 (MBC/ TOC) [ 4]
JEVEHY A ML RS AL S AR . AN TR
b3 MBC/TOC 77 W] & 22 & (& 1), MBC/TOC
L AR S R AE 3. 11% ~ 3. 86 % , it JIE 2 ¥ AH 1 CK
A ETHE#E, F100,F80+ A F80+R.F80+ R+ A
1 FSO+HRA+A #4143 H 6.5%,16.0%,2. 5%,
8. 7TV0 M 22.4% . XUt IR & 2000 FAFE =
YA 2R 2 A HEGAE W e 09 43 TE LU v T R Ak
JE L H b DU A BR R I AR S m e T sy . AR B D
7N 4 4 B 43 MBC/TOC H ] 7] FE AR 7E — & 2%

5, F80-+A hb¥ MBC/TOC H. 3T & F F80+R,
255 W3 (p<<0. 05) , Ji PR T B S b ik 1 S 4
A LB 1) 38 0 i B v T AR ) e ke 1 R AR
F 9 5 RR B MBC/TOC ) 7 5%
i) 5 - 38 A A ) g e O r — 30, H b UG A BE S A
H 4 Fh % = 9 MBC/TOC H. 5 R 28 H .
2.2.2 R EMANEE  HIEAENA HLER (DOC)
SRR A AL BURE R AR . M AR B R SRR (0—
20 em) +3 DOC & (& 2)., 5 CK Mk, At b 28 +
8 DOC Zra e hin T 15.1~20. 7 mg/kg, Zit 5 4F#4E
R, F100 A H CK B 3E 34 T 1458 DOC & & 3818
18.5 %0, J5L R ] RS2 B it Ak AR AR X CK K R AR 1 A
T 5 MR AE 38 i R O IR W AT AT T A AL
WAt 7 IR, F80+ A F80+R.F80+R+ A A
F80+ HR-+ A # CK 14 iE 4> %k 25. 4%, 20. 6%,
22.9% M 24. 1%, H22 55 W3 (p<<0.05), XUtk
B S i 20 Y0 4Tl 58 25 B AH B SRkt £k IE A B T 450
Ye A )2 LR A LR R .

FRRE R AR BE X 448 DOC & &5 A7 7E 2
. F8OFA +3 DOC & T FSO+R 4. 0%, R B E
(p=<<0.05), BRI T AN [FIAE B P A A1) FH A 200 +
£ DOC £ 5 1 52 18 TG f 35 25 5 o A A [) e 0 1) PR
R FIAE 58 = 00 1 3 22 73X AT R 2 30 HA ALDRHY
Gl s AT A ML AR E B R KOF

A AL B+ 58 DOC (7 - HE A7 MLk 43 B b 451 (DOC/
TOO &b #a#h 5 £ 1 DOC & &t i A2 L 2L L (B 2).,
5 CK #11 . F80+ A . F80+R+ A Hl F100 DOC/TOC
OB IR @ 3 (p<<0.05), F80+HR-+A 5 F80+R
DOC/TOC HfEmA b T+ 53X B T & 13 TOC 3K
TR E T DOC ¥ KRB, X —25 Rt -5 DOC

Frim i R 27 AN [A] 48 2 9 5 R R FH A 5 HE 7=
He FELSE N,
~ DOC -0~ DOC/TOC 7050 ¢
8110 o % be ab ab g
. ] i 7 4 0.45
290t 4 7 7 =2
= 1040 B
ﬂ'ﬂ* 70 | g ' fg
b /
%& 50 | gﬁ/ \g,/g \% . 0_35%
sl Eul
& L 4 030 %
10 1 1 1 1 1 0.25
H H
& Q\QQ %QX?V %83' )33? ngv
< < Q%Q Q><
it m® <®

2 FAEAETHETAEENHBAERESELANEL
2.2.3 R HAMAANEE IS ELA PR (EOC)
S A LT R R bR . N R B R 2
+3 EOC S mia$ I 1F 44 DOC &5 (E 3)., it
. BE 0 3 4 5 1 8 EOC, & 4b 3 13 EOC 1y &5 {1 5



533

JEl 2% A - AERL BN 2% 14 T K A AT HILBR 4 20 X 56 = 0

e 1 R) ) FH 9 ) iz 287

7 :F80+HR+A=F80+ A . F80+R=>F80+ R+ A.F100
>CK, % CK 4334T+ 7 20.0%,17.4%,16.8%,13. 1%
AI11.3%, 27 02 (p<<0.05), i [ FE Ui B 1k AT 8
200 MIEM TR SR 2R YA B TR E
)2 LG A AL A MR AR I UG R B8 = A ad
KXFE AW EA T L85 EOC LR,

FEAE I T 58 2 B 55 R A [m) ) R AR X5 ) 4
5 EOC & H:., F80+A 5 F80+R JEH I 2% 5, 1iij 4%
= Y5 RE FOR R U0 118 EOC B RUR K F
13 DOC, 5558 2= & 5o ) ] 538 A e 5l 3 AR
It,F80+ HR+ A fl FSO0+ R+ A & & ZE 454k, i
F80+HR+A #k F80+R+A + 1 EOC & & #FF
T 6.1% . R EFE(p<T0.05), X Ui B =LA Bk
H 5 4% = 95 U3 6] A 38 i + 3 EOC 1916 F ik T 1%
GeAE R RN A 2 2 0

T35 E AL A LKk & it 4 B L ] (EOC/TOC)
% it N4 it 1) 52w A J2 45 4 B EOC/TOC LA A8
FRBRE TC I B 25 5, ;R i T 3 EOC & it A2 b i
FEALF 13 TOC 21k,

F ORI E A A S ) TR N 3 R A A B Bk Y R
Fo AT R R P R AR X BE O e I
LFOC %, F80+HR+A F8O+R+ A # It F80+
A Sy BIBGK T 45, 7% 1 67. 6% (p<<0.05), i A [
T B R FHASE ST F A 48 = D 1 LFOC &% 2 5% i
ZRAN—F., 5 F80+R MI,F80+HR+A + 1
LFOC & & i 3 TR, B IE L 5. 0%, F8O+ R+ A N
KT 9.3%, 225 B (p<<0.05),

T 4 AT, % Ab B 4 1 5 A B A ) IO L )
(LFOC/TOC) 2t & # 5 1 5 LFOC 25 4k {4 —
., MERE B EE S LFOC/TOC 4 ,.F100,.F80+
A F80+R.F80+R+A fil F80+HR+ A % CK 43
MR 79.7%.85.4%,159.9%,206. 0% F1 171. 9%
(p=<C0.05), 3 U B a4 e A T 4% = 95 5 5 o R
B BB A AR T 8 LFOC 1 LAl

~or EOC —-o— EOC/TOC  , 12
o0 ab ab be _ <
fd 5 I d %7 7 B ) ] - 21§
§3 8 gf/ \gs\%/g 1 19§
2 1182
ﬁz i . 17%
2 ! ! L ' . 16 %
¥ F & T T T i
< <® <® & S&
g = < <
E3 AEALEBETIESSEUENRSERE
5B EE B B EE 4L
2.2.4 t&mamgys  TIEBABYRE N T

BRSNS AR FE AR . A H R E IR A A RS
1t (LFOC) 32 7 [ it AT 45 it 7y 52 M 5200 B Je (11 4D . it
AP e e T 26 )2 3% LFOC &5 Rt B 4k, Herf F100,
F80+A.F80+R.F80+R+A Fl F80+HR+A + 1%
LFOC & & & CK 4 5148 F+ 7 100. 9%, 108. 7%,
220. 0% ,249. 7% F1 204. 0% , 2% F . (p<<0. 05),
X B E B i 20 26 15 00 T R R 5 48 2 B 1 R
A TREERZ L HERHA VR R LSRR T 5
it 4 = AR IE .

FNE I T 58 2 e 5 A B [ A1) A X X +
LFOC sz mfFfE M B 22 7. 5 F80+ A M Lk, F8o
+R AL B+ LFOC & 3 ik 53. 3%, 2 7 B &
(p<C0.05) , X 14 B A% B 38 HH X 4% 41 A MILBK 19 5T ik 22
i T8 0, 5% L DR A T A AR T T R AR 1 R
FHB) 2 R YA R ROR IR & 5 ) A i ol 27 4k

- 10 o
2.0 LFOC v B <
£ —o— LFOC/TOC 7 7° e 3
§L5- %5 g
Wiot 7 /? ° &
o5t t
= =
I§§ 0 & QQ M\ od >3' <V x¥ 2 §
+H 9 &S & F S H
& &
i Al

E4 FTRALETHERAGNKRIBRESTILGIMETL
2.3 AEAKETEENRASBREERTL

o8 A AL e 41 43 X AS ) A 348 0 IR s 0k B
TOC.MBC,DOC,EOC Al LFOC 7% 4k {ii [l 43 %1 A
12.2%~18.3%,19.5%~47.2%.,18. 6% ~25.5%,
12. 9% ~21. 8% 1 101. 0% ~249. 9% (& 5), P, Xt
B LFOC J& X} T it JE 1 it £ hy WO i 46 . FLIRZ:
MBC. #Jif& DOC.EOC 1 TOC, H4b . A[E A H#A HL
e H 43 UK R REAF AR 22 5, Horh FSO+HR+A 2 A HLik
o BURIE R F100 fA7E & 22 5%

3.0 r

2.5 F
I

TOC
8 EoC

0 MBC H DOC
El LFOC a a

2
M
I IR IR ]

Y

P
|
7=
e

-

L

B
F80+R+A F80+HR+A

2.4 KBEFESLTEANREEASNBEXE

454 2015 AFARAE P o A K RS R S A L



288 KPR R

%31 &

e B FL2H 43 W AR DGR R B (3R 2) L K AR 7 1 5 A AL
Lo o3 2 ) 2 5L 0 8 28 TEAH G ol i X A O R H L
BOR B KR 5 A Rk  n] IR PR LA K
Ty SEACA BB AR SE M B oK R ™ i 5 A BL

R A PLBR S5 R AE TR I VA LR FLR 2 SOk
Feor WM o AT MLt S JLAH oy 22 ) AR L 5 OE
AR O L XU W A LR 20 23 BE S A O iy -
A BLBRAR D £ 2R b B RDIR B B R AR AR

F2 TEAENBREASERESFEZBNEXES R

Wi H KRG 7= i LK A ) Tk ] s Pk A Ak % 4 Bk
KRG 5 1
ZERVIR3 0.905" " 1
oA W ke 0.919"~ 0.738"" 1
] 0.918*" 0.896" 0.814" " 1
5 E ALK 0.909" " 0.842" " 0.864" " 0.903"" 1
7 bk 0.766"" 0.883"" 0.609" 0.726" " 0.709" " 1

Hox R BEML(p<0.05.2=18) ;5 * » FRM B FEHM L (p<<0.01.2=18),

3w
3.1 REESBEMNBEX T HEENBSTL

- AT MR — 7 T A 05 35 £ 1 0 7 K BT % 0 4%
RS e 4 e M £ R SR VB T - M AL,
2 W TR R A . S — T
LB 4 BRI 0 A 2 1 S0 FH L 0 A 3 ) 4 5K
A A I B B R T 0T AR BRI R
5 a SERLMEAE 4 8 T+ 5 7R MG I A L « 3006 4 k16 0
R FRAE T R LA B, X5 Kong 07 Az
ST s B it AR K - 98 A B BB B B 5 4% SR A7 7E
W1 R[] 1T 55 4% BT 5T - B bk B E R kR &
AR 6 7 2 R TR A O A AL R o
2 AT LI 0 T R 53 10 5 A LR £
P 42 16 - S 5 5 WL 0 0 R 6 468 1 0 2
KB KR P RS A R L L A S B
AT LI R [ A 0 ARG v A B R
20 96 T 4 75 8 R 50 JITBE 2R 11 3602 50 LER &
F5 22 0 WG R B 8 I T 40 4 5 0 8
1= {545 R £ 78 11 4 i 2 25 36~ % 25 98 20 0 ) =
B 4 I A > TG S o 4 A P S 08 2 g
4R 25 1 M LA A B SR A T 48 59, X )
R RN (45 U ST - A5 BB 9 B Wi A 7 22 5%
T4 5 4 48 25 B0 5 7 52 B M« 9 R 12 A
I 4 5 25 30~ A 456 25 -+ G 2 (5 45 58 T 5 4
Y, R GE  -E AT BB o i 2T A
Sl N F L 01 K R K L 5 25 3 T R )
WK H R ) S FE R T I 5 T, 6 25 0 5 R 2 b
IR0 P 7 722 2 1 AR 280+ LA T ¥ 1, 9 -+ 3 A
IR SR PE 22 S A7 5 FL % W WL 4 7 30— BT 5T
3.2 REESHREANBEXTHEEEENRES

WA AT HLBR 49 W5, — R AR - B4 A+
Y 49 AL 25 S 1 R Bk B H T LR P S
HE WAL 22 ALY AL HE MR B B (MBC) T ¥
M HLAR (DOO) F1 5 E LA HLik (EOC) , I, X B4
AT LB 5 00 A ) 490 AT LB B0 A A R b
YR . ARG A A R S 7] %6 25 3 A B

HIREEE 020 em) +3E MBC.DOC 5 EOC % f#4%
AT RIS . X 5 IR AR A £ e A gt se A
TR A4S L. A VLY R oA R A K
PRALTE Z2 A [ I 38 2 1A 0 VR DB B DOC Fit EOC
AR . 58 2 o 55 0 o P [R) R vl G s s o F 4
Tl sk 2 B Ab B 5 /7 3R 2 138 MBC.DOC 5 EOC &
WAL T HAR L, —Hm C/N BN Es kS
et Yo A KRR A K BRI T R 3R
AR Bk BRI A B A 5 R A ALY REEE i, AT
A W S AR TR U AR - A W T R
T3 —J7 11 PIfil T v R R kg 58 2 I AR A AR R
TR T 01 58 2 e 7 b 4 v, 00 5% = 0 S5 A o L g 3
K MR A A L =0 B TAREFRIE ™ . ARHF
FEPLRE I i T 48 2 9 s FI) AR AR 4 e R
IR, R A ISR AR K o & & 2 4 A B 2
FRIE_ AP AR R 225 IR HL AR I 58 5 T 25 0 w1l
AR 0 43 A 2 R S s Ay AL AR T 2 3 fl A
YRR 55— T B AT % L 5 A AL B9 MLBR E A 133,
28I AT HLBR 2 — E T R A O A A S A Ao 31 £
IR IR R AR 41 A7 L (LFOO) ™, A #F55 I A
B HLTCHLECHE B 133 LFOC & & 3 FH U0 T TC A0 b
Pl B AR AR . AHIE ST R WAL A I A 2096 F AN [
2 B R R R R R X TR AR A BH I 4R R R T e 1 0
LFOC # i, 58 = 0 T B A e WEad b 3 /s £ 4%
LFOC & 1t W] 5 A1 T e 50 4% 49y =048 1 5 3K AT 3 2 WG e
B AR B 56 s O e R R TR AL g Uk
FH Ak 2o 385 B e B e A 3 P Ach B v 48 2 B i o 5
FHHI K TR A LIRS ERREA L E =
Yol R B T AR R AR . S AN e R
B LFOC & am (K TR ic |, 8 R FEF
e LFOC J2 i 3 25 WA HLEK » F AR 0 A H AR
RV e S5 4L T i 0 58 2 A K B T B 26
5 R IR 5 ) A AL W) 5T R B AT Y R A i
T oy TE A D e e S . TR I 3 R R B I IE I X
TN EAT HLRR B 5 05 38 B+ 38 v 19 A7 HL 4 R il 2
PR VIA O . RS + 38 LFOC 5150 F HLY



533

J 2% A - AR BAE 2% 11 T K R e S AT ML B 4L 20 8 56 2 9 — R e I () ) R 6 e 289

BRI A — @ X R, 25 L A VLIS A
Gy KE L EE 0 5 A R R R A B A A
PR n W EmAFIHEAIRAR., R 5K
PR ) AR = e 80 LU AR 9 55 = 0 & T e T 4 e 1
B A A IR B e R L v ) R R R A T 2% R
I3 s I 2 AT 28 25 0 B A T 8 2% i R A H A 0
PRSI B A v A 498 G 2R 1 [ i BRI T A W T
PERCRFIRZ L R IR 2 e 5 R B R R A A X
AR Ry — T 4R e - T A LB 2 oA RO s
MaFE FE AR AR L e R R, HEE A
B 55 85 U [R) R R X A 49 AL A e AL K B S o7
J5 X - e SR 4 B R L 8 T ARG — AR

3. 2EREESBEMNAEATIEGNHREAS R

RAB B R HE XM

ABESE - LFOC A sk 48 450 = T MBC,
DOC.EOC 1 TOC, ¥ B + 3 LFOC f 8 s i )2 1o
N [ il S 5 i 8 0 1 A8 fk L X 5 Zhang S5
MIBFFE S SR —5, 53 4h AR AL B BLAR 20 53 U )
FEEAE 25 5 AL IE W 20 %6 F MG A8 B 5 o T & A
AR B A A LR A o U AE B T i A
FRRE , 2 BH 0 A B8 = B3 HH 46 Tl 58 = BB A kit = =
AT HLA TG PE S B I DA 3 T R DR IR R 20 00 2%
P17 WA B e WAk AR S A ] . A G
G AT B KRS R 5 A MLBR 45 Ao W S A O
BILBR 25 20 43 22 180 A% 5k 3 AH G , Ul A AL 45 41 43 2Z [
AEAE— & B2 VA [5) A% 18 WY A BILA 176 1 4 4 2 A Bl
R — A~ e R 2 R A BLAR sk 26 3 A HL
W2 3 H 20 %6 HIENE ) .

4 5w

)72 BE 8 58 00 e WU F X, 5 4F 7% S 3 v 20
Jita A T AR LA it 2 Rt 35 £ T A 3R )2 B A BLB
FEL HIRIR 12. 2%, TER 2 55 e R R A B AT 4K
PETHRT H R )2 A L& & AR BRORE T it 4
SEARAE , A B R B R A T AR R S L M
ARt AR 18,3 %6 . ik it A T e Rl A4 FH 4
o R LR & RO IR T 5 s R A .

(2) 5 A AT AR L SRt Ak IE e 1 35 48 5+
AR (MBO) il A ALk (DOC) | 5 & Ak A AL
W (EOC) 1% 240 A Lok (LFOC) & & . 34 & 43 51 K
19.5%,18.5%,11.3%,100. 9%, ML =% 5k
AN TR) I RS =2 ) A WL 21 o0 AN [ R B ) LR L L
HH R AR B R AR I AR s B O S L B R 4 ) Ry
A7.2%,24.1%,20. 0% ,204. 0%, fLIEW & T £ =
oy i S = A A R S A =l o
MBC.DOC #1 EOC % &, 1 + 3 LFOC 44 & % .

(3) W e B e AR 34 HH 4 Fofr 25 2= 9 A 39 25 A MLtk 4
Sy BURHE Y W TR . KRR R A AL

e B G A 2H 5 24 SR A R 2R OGP D B I T 5%
YL 5 R PR R T REAT S L AT AL AR B L E
e e I 7y .

B 30K

[1] Belay T A, Zhou X, Su B, et al. Labile, recalcitrant,
and microbial carbon and nitrogen pools of a tallgrass
prairie soil in the US Great Plains subjected to experi-
mental warming and clipping[ J]. Soil Biology and Bio-
chemistry, 2009, 41(1); 110-116.

(2] BEE MBS, %5, 4. K W A0 I AR Xk 21 3%
KR A NE Ty FAE 77 Dy g v g e L) 1. b [ Al B A
2009,42(10) :3541-3550.

(3] XULLVL, BRER AR L A1, 45, Ff B 3d OGS /22 77 1 L 3R
U NPK ik 5 e R ARy my 2 ma L) . oK - R R 2%
4%,2010,24(6) :6-10.

[4] Yadvinder S Bijay S, Timsina J. Crop residue manage-
ment for nutrient cycling and improving soil productivity
in rice-based cropping systems in the Tropics[J]. Ad-
vances in Agronomy, 2005, 85(4) . 269-407.

(5] Bl A7 AR BE A TR XU U HL A AL 2 7
FeARBE LT ] I AR M R 524, 2014, 36 (1) 38-43.

(6] JAX6.ZEfiB] 0%, 55, 28 2= 0 ) 1T Uit 16 IS X 7K Fe
A R S R e & 0 s LT . W Al KA
2 (AR BFE IO ,2014,40(3) £ 225-230.

(7] Ve 200 B B2, 5. IS5 /FIR A& LUk
(1], SN2, 2007,35(5) : 72-74.

[8] Aulakh M S, Khera T S, Doran J] W, et al. Managing
crop residue with green manure, urea, and tillage in a
rice-wheat rotation[ J]. Soil Science Society of America
Journal, 2001, 65(3): 820-827.

(9] SCRTAR. it RS FF 0 58 2= 6 00 7K AR 7 et 0 1= SN 5% )
[J]. A4 A 55 .2014,31(6) :145.

[10] #tH. BEERMAHTIMI 5 3 M. Jbat: thE Rk 1

JE At ,2000:39-114.

(111 REKMIEE BT R A, R AP e T
5 BALR LML b5t 4 il 2006 £ 54-60.

[12] Z=3% R¥RAEIRDIZR 4. R0 HA ) M ik + X 21 38
Fr B A F b A Bl e s PR 2R 43 i 2 [ . o [l ok
B ,2009,42(3) :926-933.

[13] Kolbl A, Kogelknabner 1. Content and composition of
free and occluded particulate organi cmatter in a differ-
ently textured arable cambisol as revealed by solid-state
13 C NMR spect roscopy[ J]. Journal of Plant Nutri-
tion & Soil Science, 2004, 167(1): 45-53.

[14] Banger K, Toor G S, Biswas A, et al. Soil organic
carbon fractions after 16-years of applications of fertil-
izers and organic manure in a Typic Rhodalfs in semi-
arid tropics[ J]. Nutrient Cycling in Agroecosystems,
2010, 86(3): 391-399.

[15] LiJ, Zhao B Q, Li X Y, et al. Effects of long-term
combined application of organic and mineral fertilizers

on microbial biomass, soil enzyme activities and soil



290 PSR R EHRIE
fertility[J]. Agricultural Sciences in China, 2008, 7 and conventional management effects on biologically ac-
(3): 336-343. tive soil organic matter pools[J]. Soil Science Society
(167 sk, P W1 14 . 55, 2 BRSAE AL T b B A 1+ of America Journal, 1994, 58(4). 1130-1139.
SR R ok AR AL LT . v [ Al B 2, 2014, 47 (23) [22] Hpisln . 36 B 8, 22 40, S5 it 600 4 b 2 JIE X 4 390
4648-4657. A AL B i R A B AR B 2w (D] AR AR R
[17] Kong A Y Y, Six J, Bryant D C, et al. The relation- 2014,25(10) :2907-2913.
ship between carbon input, aggregation, and soil or- [23] . uhimell , RE.5. ANFA LY A X 7RI 3B 4
ganic carbon stabilization in sustainable cropping sys- WEHEA PR S [T, E R R, 2011, 44 (17)
tems [ J]. Soil Science Society of America Journal, 3565-3574.
2005, 69(4): 1078-1085. [24] CR#HE L. &0, %, il 3T % o gL R AR
(18] ZEXCH A& M ar 5. 40 it JIE X5 Ji) 2 38 XL 2= 7 [X [7i) Lt 491 T5C 6 320 ) P9 M A% B % o3 O AT 5 LT . v
JKAE LA PR AR R B S MRy g L ], A [ il S5k 2015(3) 1 100-104.
B}47,2015,48(3) :488-500. [25] 8, whmasg U W B0 55, bt IE X 2 - %5 B2 43 2R v ik
[19]  Z=Efal, sRAkAR . PR =, 4. 20888 1+ A DL 09 1 AL ] K B4 4, 2011, 25(2) : 177-180.
A B AR AT L) ], L3R4k . 2003,40(3) : 344-352. [26] ®hlE H o5 R0 0007, 3. 4 W1l IS X 45 8 A ML B M
[20] Pan G, Zhou P, Li Z, et al. Combined inorganic/or- KAy msem 1], - 4EmE i ,2008,39(4) . 730-733.
ganic fertilization enhances N efficiency and increases [27]  fRASCHE R XU 75 » 25 K RS RS AF 68 ffe ook P2 v fe v A B
rice productivity through organic carbon accumulation JRAAMEEFSE )], +3E,2013,45(2) :1220-1226.
in a rice paddy from the Tai Lake region, China[]]. [28] Zhang J, Song C, Wang S. Dynamics of soil organic
Agriculture, Ecosystems and Environment, 2009, 131 carbon and its fractions after abandonment of cultivated
(3): 274-280. wetlands in northeast China[ J]. Soil and Tillage Re-
[21] Wander M M, Traina,SJ, Stinner B R, et al. Organic search, 2007, 96(1): 350-360.
(L% 282 7D
(7] Z=15 RN - 5k ¢ . 5. S0 A FH 42t Rt P BeF 399 % 4 4E 2012,28(3) :487-494.
F A BT AR R A R s L) ). M R S IE R (150 BKIFI%, Dol , ok I, & A B G0 f0 B0 — YR ol Xof A 46 2
%4.2016.22(1) 11-121, A0 5 9 BT, 2 9
(8] B8 ScHs S 7 5536 2. 6051 B T A -+ B 2 7 R4 2016, 22(4) £ 1064-1070,
SRR B IR LUk RERF A 2010, (167 EBUE BRI SR 5. BS540 B 9 e
25(4):100-103,109. [T ], 2 AE YA . 2009,29(1) :141-145.
(9] SR, SR AE B E DY 55 s X /N2 — E K i M L I (171 WML 2 5 KR — RE KRB ER R
VBT ] 22 RAEY 2 2013, 33(5) - 988-995. B AR Je + He B P LT 1. [\ Al B 27, 2014, 47
(101 Z=45H . & 465, b E A E X8R M3 5 A il S (1):90-99.
AT E AR, 2011,44(20) :4207-4229. (18] 5K 55 Ui, MR 5 . 2 s, 5. R 010 2 R 0 IE S ) i
[11] Wang H'Y, Zhou ] M, Du C W, et al. Potassium HeXF /N A e R R A s )], K AR SR 4R,
fractions in soils as affected by monocalcium phos- 2015,29(3):178-183.
phate, ammonium sulfate and potassium chloride appli- [19] Ph= A, ok B S, 45, B EUIE ST /N — B ok i 1R
cation[ J]. Pedosphere, 2010, 20(3): 368-377. PR RS [T, K AR AR, 2014,
(127 BRa e ok Bk 05 A AT 25 AS () A 08 Gt 47 21 3 4 7K 28(4):115-121.
T A RN [T 3 B A&k BF 4, 2010, 43(21) [20] Rosolem C A, Sgariboldi T, Garcia R A, et al. Potassium
4418-4426. leaching as affected by soil texture and residual fertilization
[13] Dong H Z, Kong X Q, Li W J, et al. Effects of plant in tropical soils[J]. Communications in Soil Science and
density and nitrogen and potassium fertilization on cot- Plant Analysis, 2010, 41(16): 1934-1943.
ton yield and uptake of major nutrients in two fields [21] A MRk, B0 EE . 48, B AR SR 5 it FH 2 5 4 e
with varying fertility[J]. Field Crops Research, 2010, KBRS [T ). TR XRS5 5 ,2013,27(6) 1 26-29.
119(1): 106-113. [22]  FEARU. G OI8. & R A5 B0 L ob | A i 0 3
[14] Z5RF PR 5 0KRER 55 M8 O S AR AL AR TN B BRI A ] AR ST LT ], A R 5 IR

AT P 77 KB AL A TR B R LT ] AR 9 241

2011,17(5) :1058-1065.



