+ 1# (Soils), 2021, 53(4): 723-731

DOI: 10.13758/j.cnki.tr.2021.04.008
T, BHiar, T, 5. LHEYER PR F AR L 48 = e Bl R e .. 3, 2021, 53(4): 723-731.

HEEEBNRAET AN EZRBE S MM

ﬁié\ll’ %_#ééll,?)’ /%I‘L ELS, *g é:‘173’ %ﬁ ghz’ %7-]1/23:‘4’ %%ﬁié:lﬁ, }2’1—%?#*1,2,3*

(1 WImA LTI, KY 4101255 2 BIRG KA A B rbe, KU 4101255 3 fRVFHIRHE A TR S 560, Kb
410125; 4 PELA RGO RS R X RIF5E T, Jbat 100081)

OE. N THRRESVEBRAE A SO FAE EEER, LU 11 4£(2008—2018 4F)KHAE AHRE Xt 4, BFSY T & = 0K [H #
JEE T HHEE A PLIRAOC)H Z 18k, TERE-FE—58 = SRR VR IR R LRI I (50 = D RIR AT . PR BRI . RS L . WeRe /)
BERCH | WRAR A RAE RS, T LI R HLER(TOC) . AOC K HAH 3k WA Wk (MBC) . W] I HA HLER (DOC)45 (175
T GERF . SXTIBABAN L, Wi 40% (LAL T3S B AN = T +4 TOC & SH BUBACAL A L, wiie b AR e
B ARFEE RV A BN FIR B T 18 AOC, MBC K DOC i, HIYJRES 0B R (3 fin 2 Jehs infs R s 1kt
#, AOC F LRI =7 30.0 thm’ B, MBC 1 DOC & LABIE S =9 22.5 vhm” B ; BURERTIDIXS 4 MBC. DOC
& H K MBC/TOC, DOC/TOC LUAEABARAYFENN , FEREEURE B 11 i S SRS T e FRREAR AR f ke 3 s o e PR AR e 19
WA 28], AOC/TOC .MBC/TOC .DOC/TOC L ABE— 7 {1 Fil 45 2= 0 B e s A 3 I inidg n , 88 5 — e 11, AOC/TOC .MBC/TOC
TG B A8k, DOC/TOC HLEN B3 FRE(P<0.05). L, 7EARIBEILIEAIE T IBIE L =306 R Tt 11 AOC & it
R, DAL TSR 22.5 ~ 30.0 t/hm? RR
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Responses of Annual Variation of Soil Active Organic Carbon to Chinese Milk Vetch Application

Rates

CHENG Huidan'?, LU Yanhong'®, NIE Jun'?, ZHU Qidong'*, NIE Xin'? CAO Weidong*, GAO Yajie'*, LIAO Yulin'**"

(1 Soil and Fertilizer Institute of Hunan Province, Changsha 410125, China; 2 Long Ping Branch, Graduate School of Hunan
University, Changsha 410125, China; 3 Scientific Observing and Experimental Station of Arable Land Conservation (Hunan),
Ministry of Agriculture, Changsha 410125, China; 4 Agricultural Resource and Agricultural Division Institute of Chinese
Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: To explore the suitable application rate and the ecological effect of Chinese milk vetch replacing chemical fertilizer, an
eleven-year field experiment was conducted to investigate the annual variations of active organic carbon(AOC) concentrations under
different replacing rates of Chinese milk vetch. Soil samples were collected in the typical periods of rice-rice-Chinese milk vetch
rotation system, i.e., before the incorporation of Chinese milk vetch, tillering stage of early rice, mature stage of early rice, tillering
stage of late rice and mature stage of late rice, and the contents of soil total organic carbon (TOC), AOC, microbial biomass carbon
(MBC) and dissolved organic carbon (DOC) were measured. The results showed that: compared with CK treatment, Chinese milk
vetch replacing 40% chemical fertilizer increased TOC. Compared with the 100% chemical fertilizer treatment, the treatments of
Chinese milk vetch replacing chemical fertilizer increased AOC, MBC and DOC to varying degrees. AOC, MBC and DOC increased
first then decreased with the increased amount of Chinese milk vetch. AOC was highest with 30.0 t/hm? of Chinese milk vetch
application, MBC and DOC were highest with 22.5 t/hm? of Chinese milk vetch application. The sampling period had a great
influence on MBC, DOC, MBC/TOC and DOC/TOC, which showed decreasing-increasing-decreasing tendency. At the mature stage
of late rice with relatively stable soil properties, AOC/TOC, MBC/TOC and DOC/TOC increased with the increase of Chinese milk
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vetch in a certain range, beyond this range, no significant change was found in AOC/TOC and MBC/ TOC, and DOC/TOC decreased

significantly (P<0.05). Comprehensively, reducing chemical fertilizer with the long-term planting Chinese milk vetch is beneficial to

increase soil active organic carbon content and proportion, and the optimal application rate of Chinese milk vetch is 22.5-30.0 t/hm®.

Key words: Chinese milk vetch; Active organic carbon; Microbial biomass carbon; Dissolved organic carbon; Active organic

carbon ratio

T PEAT HLAR (AOC) 2 - 398 v J s s R e e |
Dy Ak . AR A B4, e A
YIre e | R AR DL R AR i T S U T LA
AP, R YA Y R (MBO) R T AT
BLBR (DOC)JE: - 3% P Ak g 1) B B4R /1), ik
A L it A A5 FH [R5 B e ey 1 SRR, G R it FH A L
JIE RE A%t 2 B i 1 i i AR e

LR YAE R GNENEE HEA B , S5E
+HE . BCEEASHEEERALY, BAAR TS 1E
AOC. MBC K DOC & . MBS i ss & B K
Tt 4R 13 AOC Il MBC & B A7 T 5
IR T 3 FhARAE X £ 3 MBC &5 1R
ZEIRFW, HHE MBC 7 558 2 S b 3> PR 22 1 b >
TERAL s Yu SEPFIY & 5 = i H A R TR
+ 1% MBC #il DOC (/% & .

UTAEA, [ NANFE N A WU ORI oY T4
HRLE X A0 B S5 A o 7 ARG L A R A b ) 4
AOC, MBC X DOC "V, SeTFhiti & = K~
5N E Fe AL AR BCiE X 1-3% AOC . MBC A DOC #
M R A 2 e WoR e SR 4 MBC.
DOC ZE{LAFAE AR FEHE th Ay — 212 SRt , fLAE

it 55 SR R B R X 3 MBC. DOC & i )
MBC/TOC(EAHLEK) . DOC/TOC FAHEhZASAEIL Sy
BRI D . Jish, BHE . BRSOk FRA K
BrBERIASIR], $92550 4 AOC AL, Bk JT
K SRR T ek B A AR 5 R [ s Bt
£ MBC M52, (AR BB Bete A fRRE, S
13 MBC Bk AEA: K AR T 1 K Fe A= B 15+
I EL KA it FH 25 = 9 ) H AR N on By B
o L, ARFFELL 11 4E(2008—2018) KW (i 5
RS, W T E A FE R T 1238 MBC . DOC
& K MBC/TOC., DOC/TOC HABRIZES 234k, #Rist
TR RN A SN BB R R, W
e HH 5 3t FH 55 = i 4 AR 4Rk

1 #RERE

1.1 X5 SR R Ak A

FEL o L A R i eI e = Sy | IEA IV TVR /i
(112°18'20"E, 29°1129"N), ¥k 30 m, J& Wiy 2=
RGBS, AFRZY 16.6°C, 4F H IRIELZ 1775 h,
AEREK LY 1 238 mm, BT A &
SN . bl - A AR M BT SR 1 PR .

F1 i HIEEARER

Table 1 Basic properties of tested soil

s pH RER IR £ e el LA A A R TR
(g/ke) (g/ke) (g/kg) (g/ke) (mg/kg) (mg/kg) (mg/kg)
e 7.70 27.5 3.28 21.7 251 15.6 98.0

1.2 RIgit

RIS, 7 AN EE, ANEE 2 B /N X TR 20 m?
(4 mx5m), 3WEL, MHLXAHEY] ., &5 T R4E
MARIRIG 3G R, &R 22.5 ke/hm?, (HAHFY
W5 15, AR/ N S e, [ 7 i
TR A e H IR A A B P01 TR o 55 o ot
TG KRN 88.9%, AFEXTHFR & N 37.5g/ke
P 3.50 ghkg. K 37.2 ghkg, bt AERBEAEL N N
150 kg/hm?*, P,Os 75 kg/hm?®, K,0 120 kg/hm?, 1k
RER AL BRI . FRAENRIE 40%. BRAE . FPAES7ER
FATVEILACRA ; FICHIEACHBEAL 1. 1A RS

Aol R 45 57, BRREARRR DY CHEIRL T,

x2 WKt
Table 2  Trial design

QbR Jit JIE
CK 2K BNt A T
GM22.5 BE =P 22.5 t/hm?
100%CF HHA B AN 48 =
60%CF+GM15.0  BIRLE =3 15.0 tthm?, & . HIEBEGE 40%
60%CF+GM22.5 BIES = 22.5 thm’, %, #IERUE 40%
60%CF+GM30.0 B =3 30.0 thm®, & . AACIHIGE 40%
60%CF+GM37.5  FHE£ 3L 37.5 thm?, & . #ILEE 40%
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BRAT 104, RS IR, RERAY . wRse 21 RERTRBESTLRESNEAFIL
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I R W R Y o A5/ X ST TEREE T 45 0~ 20
cm #F)Z 138, IR - W— I R AT 4°CUkF T,
DL A2 3% MBC Hl DOC % 4F; HiAv i 3858 XU
T, ATFELEE TOC Sh. B, MR+
HERE SN T 5E +3E AOC & it R RE VS B/
DXEAFT RN, A AR E T 7=,

R FH FR ¢ R 5 By A NI 2 1 18 TOC!,
T R E AOCY!, ST EEZE-K,S0, 1R 1E
P E MBC!S, 4348 MBC 8051k W% 5 R HE
& FERAHURR 55 i 2 R ARG 250 K(0.45), DOC
B E A R IR ZE AT AL i
1.4 EiEIE

FIFH Microsoft Excel 2010 1 SPSS19.0 #cf4:3##
TR EAMGE 43T, 3T /D Rk i) 2 1 Utk
Pl s .

AN[EI A A B - 48 TOC &= 1 fis, 1]
WL, AN[RlES 4% Ab B 3 TOC & AR e — 3k,

PR S BE RS e IR CF- 391 24.6 g/kg) . AR LAY
EABEREBEATKCECP I 28.5 g/kg) . WA
BE BRI TA 3 fi 2 - 2418 30.8 g/kg) . 28 M R st L
BHFEIR 31 28.8 gke)o WADRHAE, 5 CK
APHARLE, Al EE T 3 TOC &, B
PR Y 22 57 Rk 2] B KA, 7 A 0] S
CK Mtk 25 B3 . ARIHH 5 TOC FEis s
B R 1 SE R NS R AR L R B, E e
JEAR RS A B e FE AT, B 60%CF+GM15.0 Ab#i
A, FoAh 28 2 05 B e i A AL 100%CF Ab #4525 42 5
(P<0.05), i 7E A 25 B 10 25 25 AN (] 3 st Ak L ) 2
U NTE N
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Fig. 1 Soil TOC contents in different periods under different treatments
22 EREFAFDPEETTEREVEYEHRE 0, WEEE 30 IE RN 23 el s TR
AT AR L 60%CF+GM22.5 Ab 3k 5 -

2 BR TR-R—5 s SRR R Al ]+
HE MBC i, K 2 /A, SRR+
1 MBC & HEH{EN 1390 mg/kg, 2 HA5 /0 BEKIN
HALFERY MBC & 28 T REE] 905 mg/kg, TERRE
RS B, FH(EN 1252 meg/kg, ARG
19 2 W e Y, B CK L 60%CF+GM30.0 Fl 60%CF+
GM37.5 Ab P 52 Jesf b s FRAR A R 3400, oAb B3
BT W o AN [R]85 BB R AL B 1 488 MBC & b7
PRI AT . R I S A o BE RS T 2
S, AR R 40 BTG G R e 45 Ak ] 22 5 A

23 ZZEARBEETTEVMAREENHRESE

L FE

K 3 B4 402 13 DOC 248 k., A
B3 0JLIEH, 500/ AT 4402 14 DOC & &
SEHMEM 111.4 mg/kg, LnIEEIERT PR BEK
W12 W KA, RS A #4540 B DOC 7 it [ 2 5 1K
SEXEN 94.8 mg/kg, TEMAENBERMIN LA EE R
BRI ERTAKE, FHMER 113.9 ma/ke, WERER 2
BT FRE, FIIEN 102.6 mg/kg. 5 CK AbFEAH
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Fig. 2 Soil MBC contents in different periods under different treatments
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Fig. 3 Soil DOC contents in different periods under different treatments
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Fig. 4 Soil AOC contents under different incorporation rates

of Chinese milk vetch
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PG TR, B 0 f s s R] AR Ak
h 24.3 ~30.7 t/hm?,

2.4.2  TEEE A DK 5] 1)MBC/TOC, Hi5
3 AJH1, MBC/TOC LB ARUAEYINE, HAES A0
128465 145 MBC & 52610, BIBR 100%CF 2341,
A b B IE) Ry PR 43 BE RN R 5, LA
075 A o BE BRI B [, AR D ST R
MBC/TOC WETEA R A KAL), (HEER
Yo B G AL B 2 RN B, AR h
MBC/TOC FABETE 2.14% ~ 5.67% Z[8)25 4k, BRIGFRS
ST BER AN, AR £ it NS 4b 8 MBC/TOC L AE 2
FET CK ALFH(P<0.05), GM22.5 4b¥ MBC/TOC
Fe B 8 35 5 T CK AP (P<0.05)., 5 100%CF bR
FH LG, BR A R 2 R0 e A A A Y 60%CF+

y=-0.007 6x*+ 0.415 8x + 24.198
32 R=09712" n=12

31F
30k
29¢
28 |
27

26 1 1 J
15.0 22.5 30.0 375

TIETOCHE & (g/kg)

y=-0.737 8x*+37.018x + 891.2

GM37.5 AbHEAh , AS[R] s S At 58 2= 9 45 e b 2
B 7 MBC/TOC WAH . BRERTBIERTSN, HA
I MBC/TOC fHIIBEE 5 = 0l e 3 hn 2 90
BRI T B AR R, AR BRI | A K
A B e R U L) 60%CF+GM22.5 Ab Pl f i,
e oy BE RS L 60%CF+GM30.0 4b B AR .
2)DOC/TOC. W 4 A[LIFH, AIFAFHH 1
DOC/TOC AR 14 DOC & AR LA A
[F], EMRE, DOC/TOC FETESE =il i & A
SYBER R S, R R, MRE S BE
BIA el o, AR AR GM22.5 Fil 60%CF+
GM15.0 /b3 Fb#ash, HAWIRSA ket A
v DOC/TOC HAEAE 0.203% ~ 0.466% A28k, A
[ DOC/TOC L fE A Ab BRI Y22 5 5 13 DOC &

y=-0.003 2x*+ 0.196 5x + 1.928 7
6.0 R*=0.8509" n=12

551
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45
4
4.0+

351

3.0 . .
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y=-0.044 9x*+2.177 6x + 91.652
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Fig. 5 Responses of soil organic carbon to application rate of Chinese milk vetch
*3 TR ASE T IEHMEME%)
Table 3  Soil microbial quotients in different periods under different treatments
pusiil k- Sap S AR TR BRI L MR 23 BE RS W T )
CK 2.90b 2.14d 2.54b 2.74b 2.62¢
GM22.5 510a 3.12¢ 441a 3.81 ab 331b
100%CF 4.56a 3.55be 440 a 3.45 ab 3.49 ab
60%CF+GM15.0 554a 4.14 ab 481 a 3.94 ab 3.71 ab
60%CF+GM22.5 522a 440a 530a 4.36a 3.83a
60%CF+GM30.0 496 a 4.25 ab 478 a 4.52a 3.50 ab
60%CF+GM37.5 5.67a 391 ab 422 a 4.04 ab 3.48 ab
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HEAF, 5 CK ALFEAL, BRI/ EERISN, H
bt 0345 b FHES) B 3485 T DOC/TOC ELAE(P<0.05).
55 100%CF AFAH LY, BRIGAE R 28 2 0BT 15.0 ~

22.5 t/hm’ it DOC/ TOC HAH 3 32 i (P<0.05), BHE
AL 22.5 t/hm? B0 JC A ks Ah, HAt A5 e 43
R A A AE AL PR 22 S R

R4 FEFHEZIELIE DOC/TOC LLE(%)

Table 4  Ratios of soil DOC/TOC in different periods under different treatments
b 5 R Y HIE T LR 53 B LR U 0 4 B HE B A
CK 0.24b 0.22b 0.20b 0.31a 0.30 ¢
GM22.5 043 a 0.45a 0.35a 0.34a 0.38 a
100%CF 041 a 0.46 a 0.34a 0.38 a 0.35b
60%CF+GM15.0 0.40 a 047 a 0.36a 0.37 a 0.40 a
60%CF+GM22.5 043 a 045a 0.38 a 0.40 a 0.37a
60%CF+GM30.0 042 a 0.44 a 034 a 0.38 a 0.34b
60%CF+GM37.5 041 a 043 a 0.35a 0.39a 0.34b
3)AOC/TOC., Hi 6 A%, 5 CK AbBEAHIL, 207 a
IR BB T L ACCTOC I il | G L
K 3.0% ~ 8.5%; GM22.5 AbFis i EHE T AOC/ g be T
TOC AH(P<0.05), ¥4IEN 3.7%. 5 100%CF Ab3 S ol d
ML, B 60%CF+GMI15.0 AbBiAh, Fofihse 7 o B R 2
ALY B AOC/TOC HAE(P<0.05), HFf# 3 st
R BRI B N5 T R AR L .
60%CF+GM30.0 Ak 3 f5z 5 . $ 4§ =2 § g &
25 KEFESTEZRAVR,. BEENKREHE Z2 &8 2 2z & 2
SRR 5 5 0§ 8
H132 5 A[H, AOC/TOC M5+ TOC & & 2 &8 3 8
QbR

2 B E(P<0.05), MBC/TOC. DOC/TOC H{H 5
T4 TOC & & M % A 6 (P<0.01). AOC/TOC,

MBC/TOC. DOC/TOC {514 AOC. MBC HI
DOC &5 ik 3 AHOC(P<0.01), MAHIC RECK
F, 511 TOC FaAHlL, 15 AOC, MBC il DOC
&5 AOC/TOC, MBC/TOC, DOC/TOC H{EAHX:
PEEAE , Ak, B AR R IR A S

6 T1iE AOC/TOC Lt1&E
Fig. 6 Ratios of soil AOC/TOC under different treatments
A5 G PEAT LA P i S Lb A5 2 S b 25 FH DG (P<0.01),
MAIRRECKE, T3 TOC &8 X 7= i s M 4
K, UK B 28 = 0edf i 38 TOC & =Y [ i
W T e,

x5 KEEES51IE TOC K AOC H4 B IR X 14

Table 5 Correlation between rice yield, soil TOC and AOC components

£z TOC AOC MBC DOC AOC/TOC MBC/TOC DOC/TOC
AOC/TOC 0.451" 0.968™ 0.677" 0.554™ — — —
MBC/TOC 0.788" 0.832" 0.972" 0.8617 — — —
DOC/TOC 0.774" 0.729™ 0.866™ 0.920™ — - -
LV T 0.791" 0.796" 0.811" 0.773" 0.703" 0.794" 0.694"
MR ™ o 0.767" 0.745" 0.799" 0.756" 0.619" 0.768" 0.682"
SRR 0.784" 0.775™ 0.810™ 0.769™ 0.665™ 0.786™ 0.693™
3 R L, Tt FHA AILIE A HLICHLIE BO it mT 5 25 4 vy 0

I A SRR IR 2 B, 5 ANt S e At A A AR

TOC 1 AOC &, AW REM, 5 CK 4LHH
o, #5 HEAE AL BRI B S5 42 5 T 4 TOC fil AOC & i
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(P<0.05). 5 100%CF ZbBEAHFL, 82045 B e e Ab
PRI R = T 13 AOC & :(P<0.05), 42 T TOC
i, BRI 26.8% ~ 54.0% 1 1.5% ~ 5.5%.
X R TR s S g R B0 S A A A R R
T HEE IR AR, A Ve T Ao 3%
AOC; [Alf}, BmYoif Mg m A T KR
14 SIMIE A LSS A0 ] 22 0 0 A 0 A A B AR 2 R )
Yy, UL JRAR HE A A R A WL R 5, A
i34 i+ 4 TOC F !0, AfFgeh, 7E L 3ebE A
Xof A ) W e B ) - A AL 7 B E — s Y LY
Wit 5% 2 3 P A T v, A D)
i (P<0.05), Ghimire ZE'7KIIBFFTLE L, +1
LK 5 A HLYRL A e 38 2 1 i AR ST
455 iR Ghimire 2V ST S A9 225, — 7 i 0l
AR TR A O/N BAK, o &0 S8t
Prgic, Sl SRR, PR E e EAE Pl
BB A3 RS s 55— 1 mT R AN R AT A DR ) B
N o6, BNt JRARR o, 200 AS R 2 3
A48 TOC %t i 23 /= T A f, AATfiT TOC % it
AR T A B R b B

Wit 22 SRR R, R e I it Ak
13 DOC & WKFEAE B B4 A2 7 A Wk
fiX, 7 A% 8 AW LT+, WG ZWiFEIL. 5 ik
IR EE AR, FeAHF 5 b + 4 DOC & Bkt
PRy R A B A . MRS o BE BRI BT Il T A
ot A SRR AR . IR S DI IE T 8 = A
TKREAE Y 43 MBC BSR4, 45028
= EERTG T3 MBC S T A Mk, F RS
WIREAIS , MR IOR G X LTt ARWF5Eh £33 MBC
AR SR R o B B AN R A A
FRIEF; . BRI B REAL, X5 Lk meE
IRV TR A 225, nTRES HHER | Ry
A 14 it 2 B P 0 25 B it S5 AN T) A O o Ml )
W9 T R =@ g A2 b 38 MBC sh8781k, K&
IR As, 138 MBC &8 5256 BTG FRERY S
fbia#, 78 20 d WA RIAE . AAF5E T 13 MBC &
NS A T BT 2 RS S BE R SRR B, X — T
THI 7] BB A BEAE A A G, i A BB R &, 52
TR, 2E R A, pH AR
ARSI T AR s R B —rE, T
BER R KRG IR 0 T R KB, il g4 5 1 4
AW FR5 , AR TR BEE PR A
WA T, FEJE T RS, H TR R
FEEIT, KRR R4 A ERRSE I T R

AL A BRI AR, R A A R B i A
SYEERIN KRR S AR o, . RS
BN B ARG TR YA H (B R TTARIRM R, iR
TRV, T S8 MBC & SRR 22 L. +
5 DOC 7 i D\ 55 2= 0 e iy 28 L 0 B B [T 2
JIF R, PR 11 DOC AR fbiat s
MBC A iR, RRpEfERnfads, X —J7 mnlfg
JEH T DOC i 5 RIS HYIRE", H—J
i, T MBC fl DOC % & A7fF— & BIH K sh& 5%
£ MBC & RE BT ES S 3 DOC & R .
B FABUCIR 5 R AE 2 W6 i, 40 T DOC Y%
AR BE B T AR T 35X DOC (MRt , DA
BT 3R DOC A& MRS A ] ARt
A PRI B b (AAF AL T TR AT g
AFF 44 DOC HFLE

SR PR, BRI A AL A
JIEL 5 3552 25 7 138 MBC. DOC By &, TS Ak ArE
HIE B EHA . AR Y HgR T R R B 2 S R 4
AEFPAE . BT L3 DOC A pysem, 45 53 i
FEAN A A A S AP 234 T 1438 DOC % & . Sekhon
GV R, REEE SO A A R TN it o P Ak
Herh MBC #Il DOC & 43 ill4 55 1 30.2% H156.5%.
ARWFFTIRF I = 5 B A it 2 = 1 149 MBC Al
DOC ik, 3X—J5 I P RS 58 25 3 B He it 1 34 o
T8 ToC HRY; B—J5m, MAEYAIH AoC 41
gy, KRR G A R R Ak R A A
P T P A W A R R T R R AR
WL, 5 CK ARERAH LY, Hifi 58 = S oK i 5
Nt DOC &k, AR A, 5 CK AL,
GM22.5 b3 i 18+ 3 DOC % & (P<0.05), i
T2 S 1Y) S PR AT R R M A | 5 i T R
FIRARBR K AR o /K i 2P 5 B2 o 25 P ot
SR, B A BRI A3 £ -3 MBC .DOC
THREEGS M. AR, 15 MBC, DOC &
o i 28 2 TR S 1 B 2 S i 5 B AR A AR R
B NTRE SR A LY R RS Bl . ARG
I EARRA K, WERIEA S —EEn, &
KR RS SHEY SR, HHE RS RS
AR FEPERR, S AR A P g PO

AR RN, £k 5 LR ERETE S AOC/
TOC HAEF DOC/TOC HAE!" ™, ABFFTARFE M,
5 CK AbHEAH L, ACAEISIE T 48 2 945 R dt b R
RS T AOC/TOC HAEAI DOC/TOC A, iX—
T FEIRE PRI PR RS, 5

http://soils.issas.ac.cn



730 +

553 %

Bt Yo A, TErdE | RRES ARG i)
g AP, B H S 7E A M e T RS
P o fif , Rt K& DOC, #E & T
DOC/TOC [fH; 35—y EAMEA DL RHR U s ™
A PRV SRR PLE A e, s T 4
HE AOC &, dEMi#E AOC/TOC HfH. R, I
AR L i 45 25 Db B SRR A W R AT TR s
FIRBSE O I AR R BRER , BN T LA S
Kokt MERE ALY S = B B 22.5 vhm B
5 DOC/TOC HufH W #FER(P<0.05), XAIHEZH T
RIS Z B R B — S B L hn T DOC
Fri, (AR LS 8 TOC & 3 K iR B R /NIT k.
14 MBC/TOC HfH — i 110 P i 55 2 o f) 1 (1Y)
B hE I, it — e R e BkE . X AT RErR T
BN 5R 25 0 R A A v A W B 4 TR e
= 73 TOC &, fiif MBC fil TOC % i i fLlIA]
SRR R B it

4 it

1) 5 CK Ab¥Af L, %23 500 Rl @ 252
BT 3 TOC &1 (P<0.05), 75 - HE 1k AR R 5 1Y)
RN, AR RN 15.0 ~ 30.0 t/hm* if £
HE TOC & 5 bl 58 2= oty = O N2 s, M=
T B e 30.0 t/hm? B 5 35 R AR (P<0.05).

2) 5 100%CF AbEEAH LG, 55 20 5 40 AT i &
FE T 13 AOC i K AOC/TOC HAE(P<0.05),
L 55 2 0 B0 P 6 2 S 3 5 R B A AR Ak ks
e HLL 60%CF+GM30.0 2 FH & 5 .

3) 13 MBC. DOC %4t & MBC/TOC., DOC/
TOC B Pt BURE I A R 3, A4S
KFE, LnBFIE 22.5 ~ 30.0 t/hm? I A F| T4z
= 13 MBC., DOC & +# & MBC/TOC, DOC/TOC
HAE -

S 3k

[1] Haynes R J. Labile organic matter fractions as central
components of the quality of agricultural soils: An
overview[J]. 2005, 85: 221-268.

[2] Ghani A, Dexter M, Perrott K W. Hot-water extractable
carbon in soils: A sensitive measurement for determining
impacts of fertilisation, grazing and cultivation[J]. Soil
Biology and Biochemistry, 2003, 35(9): 1231-1243.

[3] Wang S F, Wang X K, Ouyang Z Y. Effects of land use,
climate, topography and soil properties on regional soil
organic carbon and total nitrogen in the Upstream Watershed
of Miyun Reservoir, North China[J]. Journal of Environ-
mental Sciences, 2012, 24(3): 387-395.

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

RS, MR, W, & A HLICHUIE B 5 g
A BB 43 B2 [J]. 3%, 2020, 52(1): 195-201.
AR, fE, B, 45 T ESEILEHIT 60 4 [l Ak
KJREE[T]. HPIE TR SALRA], 2017, 23(6): 1450-1461.
B, G, BE, . LA SR
B PR X 48 2 B e g (R R[], R0l BEIR 5 B
2F4R, 2021, 38(3): 448-456.

WiEds, EEE, =8, 55 A ARG AT X T
PR BB S ik R 4 S48 B S R [J). BT AR AR AR
2014, 25(10): 2907-2913.

Feni, BIR, a4 RKIIARhERIE BUB 2L H
T HE YA Y R[], HERERR, 2015, 52(4): 902-910.
Yu Q G, Hu X, Ma J W, et al. Effects of long-term organic
material applications on soil carbon and nitrogen fractions
in paddy fields[J]. Soil and Tillage Research, 2020, 196:
104483.

Six J, Elliott E T, Paustian K, et al. Aggregation and soil
organic matter accumulation in cultivated and native
grassland soils[J]. Soil Science Society of America Journal,
1998, 62(5): 1367-1377.

ZEyham, GRWE, T, 45 RIREU AT 5 S e H
SETE VA LB BRI AL TG R A 2R (7], A E IR 5
BL2EHR, 2019, 25(4): 525-534.

W&, WRBL, PRERE, 4. LUHEXUCEERS M 300 Mok |
LA SRR D). AEYE SR SIEAR, 2018,
24(2): 335-345.

TIKEE, RESK, A2, & Ex9 SRR 28
VLR X R YA R A2 R (], A E TR 5
BLEER, 2015, 21(2): 387-395.

Gand, LA =TT EEIM]. dEET: T E LR
H i Rk, 2000.

Rk, MG, BITx, & TEECEY R RENE
Jrd B HRI M. dbat: KGR, 2006: 54-78.
2R, SREEAK, PR =, G5 LLEERE W REA ALY
TR FRARAE AT [I]. 13244, 2003, 40(3): 344-352.
Ghimire R, Machado S, Bista P. Decline in soil organic
carbon and nitrogen limits yield in wheat-fallow systems[J].
Plant and Soil, 2018, 422(1/2): 423-435.

AARAE. DAERNE L SR AT AR B I AR B A e
HE R RS, $il B2, 1963, 4(3): 104-109.
MR, ETR, MBI, S R[5 S A X 4 S i
TG PR R A 0 A ) e B R S TR (D], B VR W 2 4R
2011, 32(6): 1020-1023.

Ebhin Masto R, Chhonkar P K, Singh D, et al. Changes in
soil biological and biochemical characteristics in a long-term
field trial on a sub-tropical inceptisol[J]. Soil Biology and
Biochemistry, 2006, 38(7): 1577-1582.

Goyal S, Chander K, Mundra M C, et al. Influence of
inorganic fertilizers and organic amendments on soil
organic matter and soil microbial properties under tropical
conditions[J]. Biology and Fertility of Soils, 1999, 29(2):
196-200.

Kalbitz K, Solinger S, Park J H, et al. Controls on the
dynamics of dissolved organic matter in soils: A review[J].
Soil Science, 2000, 165(4): 277-304.

http://soils.issas.ac.cn



5 4 19 RE IR HIEE A B A AL PO 5 2 Sl e ki

731

(23]

(24]

(25]

[26]

[27]

SRR, WHEREE, KAK, S RKIGAEX K AR R A LR
A P g ma[T]. +3%, 2018, 50(1): 115-121.
I, FERME, TR, 5. RE BN =R R
JIE Xk - S AT A LA B TCHL A2 )], o
SRR, 2015(3): 21-28.

Sekhon K S, Singh J P, Mehla D S. Soil organic carbon
pools after seven years of manures and mineral fertilizers
application in a rice-wheat rotation[J]. Archives of Agronomy
and Soil Science, 2009, 55(2): 197-206.

Ocio J A, Martinez J, Brookes P C. Contribution of straw-
derived N to total microbial biomass N following incor-
poration of cereal straw to soil[J]. Soil Biology and
Biochemistry, 1991, 23(7): 655-659.

Bittman S, Forge T A, Kowalenko C G. Responses of the
bacterial and fungal biomass in a grassland soil to multi-
year applications of dairy manure slurry and fertilizer[J].
Soil Biology and Biochemistry, 2005, 37(4): 613—623.

[28]

[29]

[30]

[31]

[32]

FIEM, WK, ASN, % Z4ERK- TR N AR
TREAE 7K %] WK R A BB AT A LB s e ],
ThEARE RN, 2016, 49(21): 4096-4106.

PReaesi, e, &, 5. AHLR ARE 52 s 0
BAEYBR AL AT A HLBRAT]. Rl TR, 2015,
31(21): 160-167.

LiJ, Wen Y C, Li X H, et al. Soil labile organic carbon
fractions and soil organic carbon stocks as affected by
long-term organic and mineral fertilization regimes in the
North China Plain[J]. Soil and Tillage Research, 2018, 175:
281-290.

BoPh, B, &%, & W LIERE S = HExT
-3 m . Az l]. fOl FREeRA2E4R, 2020, 39(6):
1259-1270.

BaFh, Z%, G, . G AP R R
i SRR YEE A A ST R (D], iR RS, 2018, (8):
119-122.

http://soils.issas.ac.cn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


