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A RMEARIE X 3 £ o fg X R A T B Wk o ik EEIE
R GORA N

> 12 3 el 2 —1 dnl < Al 2 1* 3

0 &2 A FERW, & ok, 2R THE, s

(1 RAKIRFE2EBE PRSI TR Be, HORNRAK 7410005 2 fEFBHEBOKFIFRK LRFERFFTAT, BEFiigEE 7121005 3 KIFIRTE2ERE M
HRMFEBE, ILPEE T 030619)

i OE: EPPRBE LK AR IS, TR T 5 ORI IS G, AR AHEAE(CK) . ABSIERCHE(NP) . ZBEIE
B (NPK) . it AILAE (M)A HLAE P it U AR (MINP) X6 58 HUBR 20 43 Kk 245 BREE U (CPMID RS2 IR . S5 SR80 AR TR) it AE Ak 2
VBRI [ 4 2 - g pLak R LA 4 &, SRR B S A 43 & b 2 VR B S T R A1 5 it A AL AR B(M T MINP)
0 ~ 20 cm TIEA PG KL 45 B 20 TR AL FIONP F NPK)FI CK 4031 ; 5 CK AAHIL, M AT MNP AbA HUBK & 1435
HAHI 133.59% . 118.52% (P<0.05), 5 B ALA DLBR & 43 B I 51.73% . 48.20% (P<0.05), A] A BURR &8 43 B4 61.54%.53.21%
(P<0.05), TIEREY YRR SR 3G 68.34% . 113.04% (P<0.05); FR HIEGUAEWA YRS, ANRHEICALIE 20 ~ 40 cm
THEA AR K SR B E LS ARMEACAE SR 0 ~ 20 cm 3 CPMI, M 4B CPMI 75 FiA it A BE e s
Uk, AP AR R X e, B IR 107 Thier AR GRSt .

REEIR : JACHERGE; B BRI A MUK IEHA LR DREE IR

RESHES: S1822 CHRARERD: A

Effects of Different Fertilization Methods on Farmland Soil Active Organic Carbon and

Carbon Pool Management Indicators in Loess Hilly Area

LIU Qiang" 2, LIANG Xin', DONG Peili', LI Xiang', SHI Ailing', WANG Lixia'", XU Dehua’

(1 College of Resources and Environmental Engineering, Tianshui Normal University, Tianshui, Gansu 741000, China; 2 Institute
of Soil and Water Conservation, Chinese Academy of Sciences and Ministry of Water Resources, Yangling, Shaanxi 712100,
China; 3 School of Geography Science, Taiyuan Normal University, Jinzhong, Shanxi 030619, China)

Abstract: Based on the long-term experiment in Ansai Soil and Water Conservation Experimental Station, Chinese Academy of
Sciences, this study investigated the effects of five different fertilization methods, including no fertilization (CK), combined
application of nitrogen and phosphorus (NP), combined application of nitrogen, phosphorus and potassium (NPK), single
application of organic fertilizer (M) and combined application of nitrogen and phosphorus in organic fertilizer (MNP) on soil
organic carbon (SOC) composition and carbon pool management index (CPMI). The results show that different fertilization
treatments increase SOC contents and components in different soil layers, and SOC content and components are decreased with
the increase of soil depth. SOC contents and components in 0-20 cm treated with organic fertilizer (M and MNP) are significantly
higher than those treated with chemical fertilizer (NP and NPK) and CK. Compared with CK, M and MNP increase SOC content
by 133.59% and 118.52% (P<0.05), easily oxidized organic carbon content by 51.73% and 48.20% (P<0.05), soluble organic
carbon content by 61.54% and 53.21% (P<0.05), soil microbial carbon content by 68.34% and 113.04% (P<0.05), respectively.
Except for soil microbial carbon, no significant difference is found in SOC contents and components in 20-40 cm under different
fertilization treatments. Different fertilization methods significantly increase soil CPMI in 0-20 cm, and CPMI is the highest

under M. In conclusion, applying organic fertilizer can improve soil quality and enhance soil carbon sink function.
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+ 347 HLAR (SOC)IE A Sz e 4 H8 i &t i) — >
FLARRR, X E AR B s M, HoaT
i IS, AR Ky, RS R T R A
Ferk, X -gasdEte | . FKERIREARE
Rtk B sy, e, R AR, ARk
M 2 BB 7, R SRR R LR oD, ik
7B - e B A A I, TR R A S, 5
Ah, AR DLk - HEGE S, X e fbse R
Wik R AR A NV K R
ST CO, W F= A T E A 31 AT HLRR 32
TR R AT A MR (DOC) . 5 A HLER (ROC)
AUE P A Y R (MBC)SE 3 2K, BARHAE SOC &
S RN, e R e, B sk st R
{HEA IR R AR s i, ek A
BRGNP, T80 B H (CPMI) & 3 R F
il 5 4 A B SCHEPERS R, T8 T R
B 5 - ERR RS B 2 IR B AR HLIE A HLAs
A AU AR 7S A 3R 2R X AS [ A5 B it 1, T o
N w9510 G

Jit A Ay il 38 - 398 A ) S B A PR i, YR
SOC FIEFY ke, L HIEFEBSCER"Y, BF5T
SOC FHTE A - FEMENE PR 858 1 Zh A AL % 1 1%
BRI M 455 B B3 . Moharana ZEU 258 %
I, it HAHUIE L AR T B 4 v T b iE A Lk
i, RIGEUIE T K IIEAC X BEE 14 DOC K&
WA P T, RIHEAL S B SOC M H:
WYL S, BRI, R
AL AT HLICHLAE B i vk, & it FH AT
HLAEALEE T SOC K HEEA /& A BN FR
Aol LB, HEAEALEE R SOC. ROC. DOC #i
MBC % 1 3 5 T4 1R 0

HT, ERNSMNT SOC 414 K CMPI IF5E 58 K
Iz, FERUS T —E MR R . X S gY B
Filidh AR, EFURIRA SEAE S RS, MR HAE
BREWFR D, HEAHFRZE T TARIL B,
KT A R X, i 5o+ Fepe KR A R
GERIRFFE A K. ST 1L, ABFE 3T rp Rl e %€
IK ARG K 2 73R8, 208 1 AS [ it A Ak 2
X SOC [EAFRUN | 1 P2 43 1t LA & CMPT [ 5200,
DS 4R T8 4 el X A B 38 307 RE it
WA

1 #MREFE

1.1 IR

R 7E 4 5 X A B BE K A R R 6 0 R AT
A F 8 4 & R B 74 AR X (109°18'57.99"E
36°51'24.23"N), J& FE FKEFAMEFEIZ R X ME—Ag Al
B RGAR, LIRS 1012 ~1 731 m,
FEIEA L BT, g REFEILAE, 32
A KB T R R, E iR,
AZEIEL T, AR 8.8 C, AEHREKE N
505.3 mm, 4EXYHBEBECH 2 395.6 h, &4TCFED
2970 157 do A EZ LB/ NEARN A E, EEHEZALT
PGB S A, B B AR MR, K R
¥ A7

FERK AR FAE A DL e AR R 3, 245
WREERE K AE A, TCHEMR 25 o 000 X F 2 L e Al
L, 0~20 cm HIEMALMETR pH 8.46, AL
W 8.05 g/kg, &% 038 g/kg, W 0.59 g/kg, 4
BR15.8 g/kg, HRHE 9.72 mg/kg, AT 81.1 mg/kg.
1.2 Rt

R/ NX KT (8.57 mx3.5 m), LikE 5
Tofo i S &b BB, RS A (CK) . BB B IR (NP) . &L
W AR I L (NPK) . PREAT HLAE (M) . A HLAE B it
R (MNP). 45 it AR A0 #1824 Yk, SR REAL
XAHES . KA G T 1999 4F, fEYFPiE
FRRHASF-KRE-BFTF-BETFR/EIRR, K
2018 AEFPAEAE Y N K5, 2019 4EFHEAE Y M 45 T,
I A /N DXt M A IO DR A AN S o VR W) b A A A A
HUAE . I8 A sl AT AR o S8 — et A, ZUIETE
FAE T Ui 20%, T4 80% I ENETEAEY I 1k
WhEE . AP N, FEESR A E A Pk
24.36 g/kg, 2R 11.24 g/kg, 4W§ 17.43 g/kg, Jiti
FHE A 7 500 kg/hm?; ZUIE KR R (7 N 460 g/kg),
Jiti FH A 212 kg/hm®; B IR Sk B R 45 (7 P,Os
440 g/kg), i FHH g 170 kg/hm?; 508 g 5 B2 40 (5
K,0 500 g/kg), jifi &4 120 kg/hm?,
1.3 THEXRE5LE

- BERE AR A LR /NX R AT, T 2019 AR4F
TFUWGRSE 5 d¥“S"TEAEHL S A RAE A, REE 0~ 20 cm
120 ~40 cm L ZE 4, TUEREES00 g £4 . +
FERASIC A7 I ML, —# o> HHERE i fE—4 C
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47, FIFIE -+ MBC fl DOC; 75—+ 2 ZEE4H

FESTE A SRS TR WFEE RN i, T HiAtbds _

e 2.1 AEMEEAEHIEGVBRESENTK
TR 1225 B, pH HHIE +5% 9 CKALERILL, AFIACAEASRESR AL

pH; FIH K.Cr0; ZmiEME soC =" FIH
KMnO, Akt kil ROC ) SR ?Mﬁﬁﬂ
—2 4R E MBC & R 1 mol/L KC1iZ -
FAK TR 75 I 2 DOC # '™
1.4 HIEAHBSSFITHH

¥ CK b B HERR 12 15 B FA AL & e S
%, VAN Rt A Ak B e P A B . BT
EU  BRIEHRRU(CP=% i AL AL 2 SOC 7 4/CK At
H SOC é‘% BRIZEIG JE (A)=ROC 5 H/(SOC F i
~ROC ) Bl I B8 B (AT) =45 Jiti AU A B e 3%
JEE/CK A3 PETE BE 5 e e FRAE AL (CPMID =i 4
BBl PR T FE AR 40 100% o

I Excel 2019 #4740 B MR KR BIME; R
FH SPSS17.0 #E47 A [l il AT Ak B 11 5 PR 2R 7 25 40 Bt
(one-way, ANOVA), H Duncan K:3eikitir£E b
1, RH Pearson tHIXREIEXS SOC K HIEEL 51
Z IR A TR O AT

16 0 0~20cm @ 20~40cm 4
= a

12
)
B b
2D b
o 8
I c H *
w

4 b a a a a

0 '
CK NP NPK M MNP
50 ¢
0 0~20cm @ 20~40cm

40 2
o
% 300 ¢ b b
E
g 20t
[a)

a a
0t | [ :
0
CK NP NPK

JZ SOC Frii, H SOC 5 28 Fifl - J2 U B 184 i i B A1 (]
1A). 5 CK AbFEAHEL, 0 ~ 20 cm +JZ NP, NPK,
M FI MNP 4Zb# SOC £ 43 513 i 21.42% .31.13%.
133.59% #1 118.31% (P<0.05), A HLAEALEM F1
MNP)SOC &+ i TALIE(NP Al NPK)FI CK AL B ; 5
CK 4bHAH EL ,NP \NPK .M F1 MNP ZbBE T 20 ~ 40 cm
T2 soCc HEESARE, S 12.01%.
14.21%. 15.03% A1 11.22%, M AbBE SOC & i,
Lt CK A FE T 15.03%,
22 AEMEELETEFGVRASHETN

AR RESE ARl + 2 ROC &4, H ROC &
B - )2 R B3 i A (8] 1B). 5 CK ARBEAHLEE, 0 ~
20 cm +J2 NP, NPK. M il MNP 4 ¥ ROC & &4)
SN 13.28%.14.07%.57.76% Fi1 48.20% (P<0.05),
it A HUAEALFE (M F1 MNP)ROC 7 i TALAE (NP
1 NPK)FI CK 4b¥H; 5 CK 4b¥AHLL, NP, NPK.
M F1 MNP AbFE 20 ~ 40 cm +)2 ROC & EEIA

2 A 12.28% . 15.13%. 14.76% F1 13.87%.
30 0 0~20cm @ 20~40cm a
25+ a

% 2.0 F . b b

\L-)/ L5 ¢ a a a a

2 b
1.0
05
0.0

CK NP NPK M MNP
75 . O 0~20cm @ 20~40cm
a

_ 60t

o0 a

Eﬁ 45t b b a 2

=2 b

&) ¢ b

g 30 - ¢

15 | “
0
CK NP NPK M

MNP

(B A /NG R[] 26 7R W] — 1 )2 A8 [F] Ab B JR) 22 57 1 25 (P<0.05))
1 AFEEELET SOC. ROC. DOC #1 MBC § 2%k
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AR BERE AR )2 DOC & &, H DOC &
il = J2 R B B i AR (& 1C) . 5 CK AbBEAH HE, 0 ~
20 cm 1+ JZ NP, NPK. M £l MNP kb3 DOC &4y
S 10.86% . 9.94% . 61.54%. 53.21% (P<0.05),
i FHA ALAE AL FE (M F1 MNP)DOC &4 = T AL AE (NP
FINPK)FIl CK AbBE; 5 CK ZbFEAHEL, NP, NPK,
M £ MNP 4Zb# 20 ~ 40 cm 1 )2 DOC & &I i
=, BN 3.13%., 4.11%., 10.35% F19.49%,

A AERS AR )2 MBC &, H MBC &
il - J2 R B B i i AR (& 1D). 5 CK AREAH EE, 0 ~
20 cm 1JZ NP, NPK., M fll MNP 4b 3 MBC % #4>
HIHEAN 40.09% . 46.05% . 68.34% ., 113.04% (P<0.05);

5 CKAFEAH HE , NP \NPK .M Il MNP 4b# 20 ~ 40 cm
+J2 MBC & &7l 30.21%.45.83%.73.79%
A1 81.12% (P<0.05) Jiti AT HLAL AL 2 (M 1 MNP)
AR+ 2 MBC & m TAENP A1 NPK)FI CK
AbFE
2.3 A[EHEREALIE T HIARE S L Gl AR EE
EiEHNTK
T3 MBC/SOC b {f Bifi + 22 T8 B 1S i A2 15
P(FE D)o AFEGEALEEEXT 0 ~ 20, 20 ~ 40 cm )2
MBC/SOC Lt {H By 5 Wil 35 1 2 P 7K °F (P<0.05) ,
MBC/SOC /51N 0.34% ~ 0.54% . 0.46% ~
1.17%.

F1 TEREBAE L HIFEAIRES & LR EERIE RN
41 hb B MBC/SOC ROC/SOC DOC/SOC CPI Al A CPMI
(cm) (%) (%) (%) (%)

0~20 CK 046+0.05b 2487+322a 039+0.06a 1.00+0.11¢ 1.00 £ 0.02 a 0.33+0.01a  100.00 +0.06 ¢
NP 0.54+0.09a 23.18+2.03b 035+0.04b 1.21+0.10b 091+0.00ab 0.29+0.05ab 110.11+4.40b
NPK 052+0.03a 21.51+1.71b 035+0.10b 1.31£0.04c 0.83+0.00b  0.27+0.04b 108.73+£3.40b
M 045+0.04b 16.78+0.02c 027+0.04c 234+0.03a 0.58+0.01 ¢ 020£0.05¢c 135.72+430a
MNP 034+006c 16.06+£0.02c 026=x0.02c 2.19+0.04a 0.61+0.00 ¢ 0.19+0.04c 133.59+0.07a
20 ~40 CK 046+0.03c 3401+£233b 078+0.03a 1.00£0.01Db 1.00 +0.00 ¢ 0.55+£0.02b  100.00+0.08 b
NP 0.54£0.04c 3402+121b 0.72+0.03a 1.12£0.05a 1.15£0.0la 0.61+0.02ab 129.47+3.34a
NPK 0.59+0.07¢c 3535+2.18a 0.71+£0.02a 1.14+0.06ab 1.14+0.01a 0.65+0.02a 129.78 +4.20 a
M 1.09+0.02b 37.26+3.07ab 0.77+0.02a 1.11£0.02a 1.18+0.01b 0.61+0.0la 130.80+547a
MNP 1.17+0.08a 3639+2.68a 075+0.0la 1.15+0.02a 1.14+0.01a 0.60+0.02ab 130.54+1.11a

T RP RGNS PR R F 7R ) — )2 A [F] b BE 1) 22 57 1135 (P<0.05)).

15 ROC/SOC L B 1 J2 TR B 8 hin S 15 fin ka3
(F D)o HfEALBEXT 0 ~ 20,20 ~ 40 cm £ 2 ROC/SOC
FEARL IR 52 0 35 & 25 M 7K SF- (P<0.05), ROC/SOC HUfH.
N 16.06% ~24.87%. 34.01% ~ 37.26%.

14 DOC/SOC  HuAr bt 2 TR BEHE Il L2 34
PR 1), ML BERT 0 ~ 20 em 12 DOC/SOC
18 (52 M8 3k 58 M 7K - (P<0.05), DOC/SOC Al Hy
0.26% ~ 0.39%; {HX} 20 ~ 40 cm +JZ DOC/SOC 1
S R ik B 35K SF, DOC/SOC HAE K 0.71% ~
0.78%.

Jiti N Ah BE X O ~ 20 cm 42 )2 CPI, AT, A Fil CPMI
FEEZW, MXF 20 ~ 40 cm + )2 %A 52500
(F 1. HH, 0~20cm +JZ CPMI 7£ 100 ~ 135.72,
M b F R, A 135725 20 ~ 40 cm +JZ CPMI 7E
100 ~ 130.80, M 4b¥iHz =, A 130.80,

24 TEFVBmEEBFEEASSTIERESIEE

B ayHE X

& 2 A, SOC &% #5 DOC. MBC #l ROC

B BN IEAOE KR R (P<0.01), 5 CPMI il Al
B AR (P<0.05), 5 CPI 4% i % IEAHE
K:Z(P<0.01); 5 MBC/SOC., DOC/SOC Fll ROC/SOC
LA 2 0 3 TR 56 56 R (P<0.01) . DOC i 5
CPMI FlIl AT 2 I # HAHC O R (P<0.05). MBC # i
L5 CPMI Ml AT 4% 5 25 61 A X 56 5 (P<0.01), 5 CPI
S 3 A G L R (P<0.01), CPMI 5 Al 244 3%
IEAH XK R (P<0.01), 5 CPI 2R EFAHKLLR
(P<0.05). Al 5 CPI & I 3 F 5 R (P<0.05)(F 2).

3 ihie
3.1 FAEMERE G T IEEYBRRE EEEAS W
A

ARWFFE R, i ARAL B AT = R R 42 SOC K&
HIE PR S i, 7E 0 ~20 em )2, A HUEAE M
FIMNP)SOC K =i PE4H 435 5t 5 TR (NP #1 NPK)
Al CK AR B 33X S A MUIEA B &4 —E St s
MBS, it A 325 AT LA SOC e oy th4H /315 51 o
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e
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G.Q%
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eee OOO

- 9000 -

ea =

ROC

DOC 0.99 0.96

MBC 0.84 0.82 0.81
A 0.54

Al |-0.54 ~0.71 ~1.00

CPI 1.00 096 099 0.84 0.54 —0.54

CPMI —0.54

ROC/DOC —0.93 —0.81 ~0.91 —0.87 ~0.79 0.79 —0.93 0.79 Q@ ‘ oo

DOC/SOC ~0.95 —0.89 —0.93 ~0.91 ~0.74 0.74 —0.95 0.74 098 Q ‘

MBC/SOC —0.75 —0.74 —0.79

® -

)1=0.71-0.99 0.99 —0.54

@] < @]

Q QO Q

NS Q\Q Q\% 0\‘5

OIS AP SR S
02000
0 000
0.6

' .. ]
0000 |~
°o9006 -
0000 -
002000 -

—-0.75 0.56 | 0.58 @

-1.0

(B AL PR IEARSE M GANSE, Z TR BB R, 54 LEL BN ;
*RIRTE P<0.05 /K3, **FRIRAE P<0.01 /K 5.3)
2 TEANBREEAS SHRESEEHMEXSE

BORAME , FLXRPE LA AT RRSe ) it A B
RERT LA VRS A - 30 A 3 L 5% 43, e A il 1
TR R A A, BEIIAR 32 36 A HLER AR 1 B
i, A M RV E AR 2 7 AR K A I 22 B A
GYUA ST ORI 45 T R SR, e IR
BH 1L SOC K Hf P20 o it A 20 A2 LUK 31t
B E LRI R P 15 IS & 3, 380 F AT HLAE e
AR SOC #fk, dis Haepiit, $##m SOC &I
TRy & 82T RIS, 20 ~ 40 cm )2
SOC K HIGEMEM /& AR T 0~20 cm )2, XJEH
F SOC Fifi + 432 B2 TR EE S w2, 0 ~
20 em 2P RUE YR YRR R, VEDIAR R I
JE T A UK R, (15 SOC K dLiE k4
Sy, BRE 2R, AU AR R e
VEFWRSS . ZEATFFE S, Bk MBC LASh, ANt AR ik
F20 ~ 40 cm + 2 SOC K HA /o R E 25,
J PR AT R SR 2R - S A AR R AR FIA B
RHE EVE WSS, I Ui RS, B
BUBRAG P 3R AR, s JAa AR B L M 21 o0 7
TR R EAAE, SRR A 25 R B
3.2 AEMEIEEE L IERES RIS MW
3R PR B (A) T R SR R Bt SOC AR e AR

AL REW, RFELZiEAELE A &TH
PUIEAL S, 3Rk PR R B (CPY) . Bk 4 1% 2 4 2L (AT)
R 75 BEAE FU(CPMI) & AH B OCHR A8 b5, 38 2 %)
145 CPMI WY, ATZR-G 20X 145 CPI A AL (1)
SOMR S - SRR PR B N T A A B ARk . AR
ZEREM, 5 CK AFEAHEL, it AT Ak B REAS R R
HiFEE 0 ~ 20 cm +3E CPMI, MM F T ok 3% 14
i it A ALAE AR EL (M F MNP)AS[E] 12 1) CPMI
B TALIE AL BR(ONP FI NPK)FI CK A3, B4
HLAE AT Ao - 3eme 307 Thak, Mk R Re k.
Horp M 4P CPMIfE K, X F M AbBEA G &
A —EHCE AR, TR VEY) R iR Pt
F20y, ARIEVEY b B FIAR R P AR, B IAR 2R 2
YR BRI R, 50 YRR S5 T8 BT SR 14
T Lot , AR R, BHiE SOC 1
WS, B SOC ik, MiMiEem 11 CPMI.

Jits AL AR AL B e e — G AR B B4R A, fEUEREY R
K, B BT, R IR AR, Bz AR
BRSO BRIE AN 7T, 1 Al A A A 00 1 0
I Wl T R RS AR 5 7R 4N, 1 AR 1 5 CPMI
FEECN R, AR T4 S BB E L. 7E 20 ~ 40 cm
+ )2, ARGEAEAE CPMI 5 AR %, X5+
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SR IR AR S5 SOC I SRR A, fdi A Bl
WA e PR A AE, RV PRI A 57,

AL KD, AFEELIE ROC, DOC
MBC 5 SOC & Z [Al 1) i 2 ARG, B SOC i
PEL 53 & AR KRR BE P T SOC i, SOC ML
TEPELLSr B BRI HL] 55 CPMI 22 6] 777 i35 AH Gk,
F X BB R BRI AT 46 7R - HERR AR LAFAE

4 g

DRI AE AL BEA RE A 2 M AN A )2 SOC K&
HA & ANFEBAL AL EE 0 ~ 20 em 42 SOC K H:
AoE i EA B EER, M 20~40 cm + 2T H %
(5% MBC 4, H SOC KA1 5 F 5t fifi - 2 TR EE 1
IR

) HAHUELFEM F1 MNP)O ~ 20 cm +)2
SOC K HAH 5%t i TALIE (NP A NPK) A CK b ;
Bk MBC 4}, 20 ~ 40 cm 12 SOC K =415 #3570
BEES,

3) AN [ it A Ak P 8 E $E S 0 ~ 20 em 2 )Z
CPMI, M 4b3 CPMI 7Er A i AL Ab #E P i /575 20 ~
40 cm + 2 AtALALEL CPMI 22 5% AN B35

Ayt FHAT HLAE 2 5 X 4 v 49 AR Uy, i+
et N7 ThRERY AR H it AR it
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