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O OE: DIELE 8 ARUEE A0 H EHAE A KT, SEEAREAL(CK). 4 U LIEINOPK . NIPK, N2PK. N3PK). AHLAEM)
A 4 AMEAE S5 HLARECHE(MNOPK . MN1PK ., MN2PK ., MN3PK)F: 10 AM4bBE, 5T 300 St AR X Bt + 4 A LA . TE AL
T B LA A3 o PRI TG 17 LA & B RS P 4 B S B R LR T 434 A 2 . PSR4 SR8, 76 0~ 50 om +)2, A NEHE i+
AN . TEEEA LR & R L Z R IR R R 5 CK ML, BARLAR T B MR & RN B3, Sa HL
REAALAE S5 HUERCHEI AT B354 5 0 ~ 20 ecm + /2 HHEEA HLER & 5L (P<0.05), SRS 104.9% ~ 135.3% 1 97.6% ~ 139.6%,
WAl BERE 0~ 50 cm £ )2 R HEE A LIRS 5(P<0.05), BEIR5H10 33.8% ~ 235.5% F133.8% ~251.3%. f£0~20cm /2, 5
it FHAHRIEARAR L, A0S AT Bt 4R T 4 S AR & 5E(P<0.05), 3EIRAIH 76.8% ~ 174.7%; AHUIES it (kT
i (MIN2PK ) 42b Bt AT HLAE Fr A LB [ R, BN 26.6%. 160 ~ 20 cm +)2, St AFEALAEAR L, fLAE- 54 HLACBCE
BRI T LS A AURANE T A MUK S HE(P<0.05), IR B 99.6% ~ 259.4% Fl 122.2% ~ 330.7%; +3EEHA LR S H
W5 RS R IR 2 B M EAH I (P<0.05), Hrh sl A ALk 5 8BRS R AHSE REUR K (- = 0.953) St HIAHRIfLAE
ML, IS HUIC R T R 0 ~ 20 em 42 G A MU B LR A G T2 45 AR R B B A (P<0.05), LHEREME KRR
SR 3 BB B R B LR O T . 25 b, 7R IR AT, MLk 8 ARLIE S HUIEHCIE AT B 25425 0~ 20 cm
TR SR . A MR B L B A A i, T RS T 0 ~ 20 om )2 3 P LA B i T PR A A3 R R A PR
FRBL, BEE TR IEAR S, SR T B R A AL S R AR O (MN2 PRS2 R 7 0 TR A P A B A5 A it
EHR: KW, HHOSMHENK; HIERRAEE RGO

FESHES: S156 MHRARRERRD: A

Effects of Long-term Fertilization on Soil Labile Organic Carbon Content and Carbon Pool

Management Index in Greenhouse

ZHOU Jun, WANG Ying, SUN Delong, FU Ruitong, AN Jing, ZHANG Yuling"

(College of Land and Environmental Science, Shenyang Agricultural University /| Key Laboratory of Northeast Arable Land
Conservation, Ministry of Agriculture and Rural Affairs /| National Engineering Research Center for Efficient Utilization of Soil
and Fertilizer Resources, Shenyang 110866, China)

Abstract: In this study, a located fertilization experiment was conducted in a greenhouse for eight years, in which different
treatments were set up as follows, no fertilization treatment (CK), four treatments of chemical fertilizer (NOPK, N1PK, N2PK,
N3PK), manure treatment (M), and four treatments of chemical fertilizer combination with manure (MNOPK, MN1PK, MN2PK,
MN3PK). The effects of long-term fertilization on soil total organic carbon (TOC), labile organic carbon (LOC) and its components
(highly, moderately and lowly LOC) contents, and carbon pool management index (CPMI) and their profile distribution were studied.
In the 0-50 cm layer, soil TOC and LOC contents of all fertilization measures showed a gradual decrease with the depth of soil layer.
Compared with CK, the effects of application of chemical fertilizer (NOPK, N1PK, N2PK, N3PK) on soil TOC contents were not
significant. The application of manure and the chemical fertilizer combination with manure (MNOPK, MN1PK, MN2PK, MN3PK)
significantly increased soil TOC contents in the 0-20 cm layers (P<0.05), increased by 104.9%—-135.3% and 97.6%—139.6%,
respectively, and significantly increased the soil LOC contents in 0-50 cm soil layers (P<0.05), increased by 33.8%-235.5% and
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33.8%—-251.3%, respectively. In the 0-20 cm layer, the chemical fertilizer combination with manure significantly increased soil TOC
contents compared with application of chemical fertilizer by 76.8% — 174.7%, fixation ratios of organic carbon from manure under
the medium application of chemical fertilizer combination with manure (MN2PK) treatment was the largest, with an average of
26.6%. In the 0-20 cm layer, the chemical fertilizer combination with manure significantly increased soil LOC and highly LOC
contents compared with application of chemical fertilizer by 99.6%—-259.4% and 122.2% — 330.7%, respectively. The contents of soil
LOC and its components were significantly linearly positively correlated with soil TOC content (P<0.05), the correlation coefficient
between contents of highly LOC and TOC was the largest (» = 0.908). Compared with the application of the same chemical fertilizer,
the chemical fertilizer combination with manure significantly increased CPMI of soil LOC and its highly and moderately components
in the 0-20 cm layer (P<0.05), CPMI of LOC, highly and moderately LOC increased with the increase of nitrogen application rate.
In summary, under the condition of greenhouse tomato cultivation for eight years, the chemical fertilizer combination with manure
significantly increased the contents of soil TOC, LOC and its highly components in the 0-20 cm layer, and CPMI of soil LOC and its
highly components were significantly improved. The chemical fertilizer combination with manure increased soil fertility and
improved soil quality. Medium-weight treatments of chemical fertilizer combination with manure treatments (MN2PK) is a
reasonable management practice for sustainable production of tomatoes in greenhouse.

Key words: Long-term fertilization; Soil labile organic carbon; Soil carbon pool management index; Greenhouse tomato

cultivation
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1.1 HAREXER
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AEEEAL, HARE PR MR SR AR, T 2012 4F
1 2013 AR ZARE M A #4322 500 kg/hm?®, fif
F)HBHRGFE(37 500 kg/hm?, @ F)PEFTILREH /)55
NE. 2012 4FiR50 Z /iy -3 e 3R 1.

http://soils.issas.ac.cn



762 +

e %56 4

F1 2012 FRE AT HIEIBIL IR

Table I Physicochemical properties of tested soil before experiment in 2012

+Z(em) AHLE(gke) SR (zke) WA (mgke) £Wi(g/ke) FHE¥Wi(mgke) £M(gke) HEHM(mg/kg) pH  AH(g/em’)
0~10 25.2 2.1 58.5 0.8 13.5 19.3 29.7 7.1 1.3
10~ 20 8.4 1.2 53.2 0.7 11.3 18.5 42.5 7.0 1.6
20 ~40 9.8 1.5 342 0.4 8.5 18.6 355 7.0 1.8
40 ~ 60 12.0 1.5 26.6 0.3 9.2 17.2 63.3 7.0 1.9

1.2 EACHEARIR IS &t

ENEAEIRES T 2013—2020 4E#E1T ., ABFZE Lk
B 10 AN AEAREE, 235 AN (CK) . St A HLAE
(M), 4 HGALAE(NOPK . N1PK, N2PK. N3PK)
Al 4 AR 54 HUEECfE(MNOPK . MN1PK , MN2PK |
MN3PK). i, M Rt HLAE 75 000 kg/(hm*a)
(2013—2020 4Fits H i A ML A 34 BLi Fl 2 R/ 53
B4 124.22 71 16.32 g/kg); NO. N1, N2 Fl N3 #ox
RIERZE, N46%) N i, 435184 0. 187.5.
375.0 F1 562.5 kg/(hm*a); P H1 K 435 Ky i AE G i
55, P,0s5 12%)1) PLOs Jiti AR IEGRERER , K,0 60%)
B KO it FHE, 20904 225 1 450 kg/(hm™a)., 45407
BEPLHES), 3 KEE .

AL I 60 cm VR BERHHLRE R I, R —AbHH/N X
L 3.8 m*, KKK 3 422, 17N 0.6 m, &
FRZERFR 8 HRF M, HRIEH 0.3 m, £K/NXEEFRFE
24 #R(2013—2014 4, TgtRF A 3 4L, LR
4 M5 2015—2020 4F, TR ER 4 4L, FAEAE
B4R, HERIEEREREEEN, Ttk
W 4—8 H, AWy - 3gekB . 1 ) fAE
Tt AEAEFAR R, A VUIEAE A I A Aot %, BEA
NFFBHZ) 15 ~ 20 em, SEPBEAL . 1/3 ZAEA 1/3 £
AEAVE AR ARG A, 2/3 ZUIEFT 2/3 AR 435 T4 —Fl
SRS ()RR K 3 2 IR TR B i, BRI
B AR o 25 A PRTE A AR G K, e e
FHTGHE R GEHATRERE , BF% 3 ~ 5 dWEK—IK, F
S BT RMEE A, A5t AL AL HIVE K 2 AR R, 34
} 94.3 m*/hm?,

1.3 tEHEMRESSN

AWF5ET 2020 4 9 H A iifT HHEREE, £/
XBEPLAT T 5 A, B AUBFERRBE 4 0~ 10,10 ~ 20,
20 ~ 30, 30 ~ 40 F140 ~ 50 cm, HH[F+JZE 5 HT5
BERN—DHA, BEREMSEXT 8. i 60
HA1 10 HiffissH o

I SATHLBR(TOC) R FH S MINFA— 55 TR R 25 it
W 5 HHl KMnO, AL EE(33 . 167 F1 333 mmol/L)
R 1A HLR L5, A 33 mmol/L KMnO, &1k
BA BB i A HLER(HLOC), 167 F11 33 mmol/L

KMnO, 4 1k (4 75 #L K 19 22 {5 R o 3% Pk A Bk
(MLOC), 333 #1 167 mmol/L KMnO, E AL LK)
ZE MRS A LR (LLOC), 333 mmol/L KMnO, %
R A BLER A 36 A HLER (LOC), A% 333 mmol/L
KMnO, L1 HE T A HLEK(NLOC) .

IR AE AR B (CK) R 2 IR, - S0 4 45 B 4
HEAXF .

i P75 B4 K (CPMID=Hik J2 45 B (CPT) x % J%E 15

FEFREL(AT) x 100 (D)

B PEFE B (CPT)=iti I AL B TOC/ANJiti AT AL FE TOC

2

T P2 T35 5 5 B (AT =it B &b B3¢ 26 175 38 (A)/AS i

FIEL Ak BB 22 5 B (A) 3
Wk 2 3% ¥ (A)= LOC(E HLOC . MLOC .

LLOC)/NLOC 4)

1.4 HESZITE5SH

Hdli R ] SPSS 21.0 Geit- R i A T 0 R R 5 2553
M7, Duncan 75172 5 I Z MRS, Origin 2021 1E
K, BT BEE A - AR R

2 #®R

21 KHGETEZFI®RESE

£ 0~20cm +J2, SAMARCKMLEL, Mg
HLAE(M) AT 4 ASEAE 578 HLAE AL jiti(MNOPK \MN1PK
MN2PK Fl MN3PK)4Zh B 1 8 B 45 HLAK (TOC) % 7 1y
T EHAN(P<0.05), HEIE/R 104.9% ~ 135.3% Fl
97.6% ~ 139.6%, {H NOPK. NIPK. N2PK #il N3PK
AbFE TOC #1370 i 2 78 4k ; N3PK 4b3H TOC & &=
% T NOPK . N1PK 1 N2PK AbF(P<0.05), 1LAE
SAPUERLEANEE TOC & 53 8 2% & T AR it b
REAL B (P<0.05), 3EIEHR 76.8% ~ 174.7%(KE 1), 7E
20 ~ 50 cm +JZ, MNOPK %% NOPK £1 MN1PK #{
B NIPK, TOC & 4 m 1 47.5% ~ 128.2% Al
68.7% ~ 86.5%(P<0.05); MN2PK #H#% N2PK #l
MN3PK #H# N3PK, TOC & & H#F T 11.1% ~ 30.1%
F13.4% ~ 41.7%, HERIFAREWE 1), BK L,
1£ 0 ~50 cm +)2, NIPK, N2PK Hl N3PK 4b# TOC
o b E IR AR HALAE R TOC & #Ff
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ELEWIMEE BE NREES, H 0~ 20 cm +)2
TOC &R W& 5T 20 ~ 50 cm +J2(P<0.05)
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(1 KB 5 R AR () 2 7% A ) Ak B ] 2 i 22 5 b
(P<0.05), /NEFHERRIRRSHIE L2 E LB 22 5 52
(P<0.05); T )

E1 FRMEELEIRSENHEE
Fig. 1 Soil TOC contents under different fertilization treatments

& 2 hyitk—2 RIS A HLAE (M) KA HLAE S fRAE il
Jit Ak $HL e A AT ML A A AL e 1 2R (ML Ak 3 2
CK A HLICATLAE sl 2 % W St A 8 A9 38 S A7
MLIR A SIS T BR DL 8 ARt A R A HLAE H A7 AR Y
SR, KRN 0 ~ 20 em £EH B KT
20 ~ 50 ecm + )2, H 0 ~20 em +)2 i ABGPLUIEH
B HLBR [ 5E %N 15.56% ~ 28.55%, H.LL MN2PK
A PR AR [ 7 6 R e Ko
22 KHEELEREENHRREIEASSE

fE 0~ 50 em 1), HHEEMEAPLIR(LOC) & &
HIFITEN 734 5 TOC & iy 2 A AH{RL, BF LOC &
hE A 2R AR T RS 3). CK. 441
AR . A HLAEOM)FL 4 AR -5 A LT i b 3
+3E LOC &80 TOC FHE1 15.3% ~ 29.8%.,
16.3% ~ 37.6%. 19.4% ~29.5% F119.5% ~ 33.3%.
5 CK AHEL , M FRIE 5 A HUAE B it b 35 4738 i +- 458
LOC &, H40E/3 54 33.8% ~ 235.5% il 33.8% ~
251.3%. £ 0~40cm + )2, 5AHE AL AL FEAH
o, fEIE S PUIE R Ab 1 P27 T 148 LOC &
15 (P<0.05), HAWEN 23.7% ~ 259.4%. 7F 40 ~ 50 cm

JRIBHAE s KD AE T B  SFE T P AT LR 75 ik B i P2 A B R R 52 e 763
ATHUBRTE E 3 (%)
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0~10 LU Aab
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g 2277777/ A
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Fig. 2 Fixation ratios of organic carbon from manure under manure and
chemical fertilizer combination with manure treatments for eight years
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3 T RERAIETIEFEENNHRSE

Fig. 3 Soil LOC carbon contents under different fertilization treatments
+J2, B MNOPK 4b, HAh 3 A~LAE 54 AL Bt b
SRR ] Bt P A Ak B S5 N T LOC 5 ik (P<
0.05), MM 27.1% ~31.9%, 7£ 0~20 cm + )2, 1k
HE 545 HLAE i Ab 2 43 LOC 25 Bif it 280 f 184 in 2
21N #(P<0.05).

i 4A AT51, £ 0 ~ 50 cm +)2, CK. 4 i
B, GHUEMFT 4 AR S HIIEED b 1
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IEPEAHLRHLOC) & & 4345 TOC &8 7.1% ~
10.0%. 6.1%~11.1%. 6.4% ~10.6% F16.2% ~ 13.2%;
M LR SA UL B+ 3 HLOC & 81T CK
AP, FE0 ~ 20 em L2, AIESA YLk 2 1158
HLOC it 3 5 TAH R it AL AR b 38 (P<0.05),, Y1
H122.2% ~ 330.7%. M FEAE 54 AL B Ab 2 115

HLOC % b+ 2R G N 1 2 T ta
& 4B AIHI, 7E0 ~ 50 cm +)2, CK. 4 i
IR, AHUEMF 4 MR SAYUIEREEALEE 11k
EHAPUR(MLOC) & & milh TOC &M 1.6% ~
13.1%. 1.7%~13.2%. 3.0% ~ 12.5% F10.6% ~ 13.8%.
fE0 ~ 10 em 12, IESAPUIERELEH A% MLOC
Fr AR R B ICAL B 2 T 96.4% ~ 562.6%, BR
MN2PK #, FA b3 25(P< 0.05).7F 10 ~ 20 cm
+ 2, (e SHEHUER G+ MLOC & SR M
AL AEAL PR T 195.9% ~ 887.3%(P<0.05), LA
MNOPK Zb¥ittEi K, 78 20 ~ 30 cm +/Z, MNOPK %5
rg AT LR (g/ke)

rPIEPEAT PR (2/ke)

NOPK 4bFf ., MN3PK #¢ N3PK 4bHi+3% MLOC &5 ik
FARE T 116.9%. 131.2%(P<0.05).

& 4C AT%0, 750~ 50 cm 12, CK, 4
JEAEIE . A HLIEM)FT 4 SRS A ALIE E it b 2
HEAR TG A HLIK (LLOC) & & 40 il 5 TOC & 1Y
1.9% ~9.5%.2.0% ~ 16.4% . 1.2% ~ 10.9% H13.3% ~
18.4%. £ 0 ~ 40 cm T2, (LR SHYUIEACEA#E
13 LLOC & i st L AR b BRI A7 Bir 4 . v,
1E0~10 cm +2, B MN2PK #b, HAthab 5 i 242
BT 74.3% ~ 417.4%(P<0.05), LA MNIPK 4b BHI% g
il K #E 10 ~20 cm +)2, MNOPK il MN2PK 4b
FHM B R T 53.9% F 597.9%(P<0.05); 75 20 ~
30 ecm +JZ, MN2PK Fl MN3PK 4b3 1% LLOC &
B BEVRE T 149.7% 1330.2%(P<0.05); 7E 30 ~
40 cm 1JZ, MNIPK Il MN3PK b B35 i 245 55
T 96.9% F1 123.8%(P<0.05).,

TR (A 5), +3 LOC K&H HLOC,
MIRIE AT B (2/ke)

10 ~20

V777777 777777777
IIRRRRRRRRRRRRRRRRRRD

20~30
Fratt

+JZ (cm)

[ JcKk ZANoPK [MMMNN1PK RN N2PK

3PK [ IM Z MNOPK [ MN1PK RN MN2PK

©

El4 FRELELELES. PREELEANRSE

Fig.4 Soil highly, moderately and lowly LOC contents under different fertilization treatments
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Fig.5 Relationships between soil LOC, and its fractions (HLOC, MLOC and LLOC) and TOC
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MLOC, LLOC & &1 TOC & &2 [A1¥) R Lk
EASE, Hidh HLOC 5 TOC FIRH X 2%k, W+
3 LOC K H: HLOC MLOC .LLOC & H A LUFE/R TOC
BARfE, HH HLOC 578 TOC AR LAR R T

K2 AEHERLE T IERESEEEH
Table 2 Soil CPMIs under different fertilization treatments

2.3 KHMGE T EmREEEIEH

3R 2 ATLUEH, L CKAE NS 7F 40 ~ 50 cm
+ 2, N3PK &b B 4 HE 6 2 45 $(CPT) 8. 35 1 5 (P<
0.05); 7 0~40cm + 2, M Hl 4 MLIE S A HLIEE

+/)Z(cm) Kb P TR IZETRBL B R HRAE S
T A LR T AT AL I A LR R A ML
0~10 CK 1.0+ 0.0 Acd 100.2 +11.4 Ad 99.9 + 3.0 Ae 100.0 £ 0.4 Ac 100.8 +£ 3.2 Ade
NOPK 0.8+0.1 Ad 50.1 £ 4.5 De 782+ 19 Ef 9.1 +1.0Ef 86.7+13.2 Ce
N1PK 0.8+0.1 Ad 464 +£3.2 Ce 114.6 £ 7.4 Ae 12.7+ 1.0 Df 56.8+ 1.5 Bf
N2PK 0.9+0.0Ad 98.9+12.8 Bd 136.4+ 0.8 Ad 64.7 + 4.6 CDd 158.8 £2.1 Cbc
N3PK 1.1+0.1Ac 52.6 £4.1 Ce 104.3 £ 2.1 Be 39.2+2.2Be 52.5+ 4.8 Ef
M 2.1+£0.0 ABb 116.3 + 3.4 Ecd 261.0 +5.1 Abc 48.1 £5.0 De 132.0 £ 0.7 Cced
MNOPK 2.0+ 0.0 Ab 136.1 = 9.8 Bc 255.5+7.5Ac 60.6 +2.1 Ed 152.7 £ 28.7 Cc
MNI1PK 2.0+0.1 ABb 163.9 £ 4.3 Bb 279.1 £ 8.7 Ab 64.4+8.2Dd 262.6 £ 0.4 ABa
MN2PK 23+0.1 Aa 2149+ 1.7 Ba 3743 +31.4 Aa 124.0£2.2 Bb 204.3 £ 6.1 Cab
MN3PK 2.0+£0.0 Ab 2355+ 19.6 Ba 405.2+0.7 Aa 153.5+ 3.3 Da 226.8 £36.8 CDa
10 ~20 CK 1.0+ 0.1 Ab 97.9+£4.9 Ae 98.6 £ 1.5 Ae 96.2 +£20.1 Af 99.4+28.3 Ad
NOPK 0.9+0.0Ab 89.1£5.8 Ce 83.2 £ 4.6 Bef 325+ 1.7Dg 326.6 =43.5 ABc
N1PK 1.0+ 0.1 Ab 100.8 £5.2 Be 69.5+ 4.1 Df 83.1+1.2Cf 3249 +£33.4 Ac
N2PK 09+0.1Ab 106.4 = 1.6 Bde 94.8 +5.1 Cde 129.4 +£12.6 Be 109.9 £ 2.2 Dd
N3PK 1.2+0.0 Ab 177.8 £27.3 Acd 95.3+ 7.1 BCe 177.4+£10.7 Ad 829.7 £20.6 Aa
M 2.4+0.1 Aa 359.8 £ 13.9 Aab 268.4+13.4 Ac 470.1 £ 8.2 Ab 170.2+ 7.1 Cd
MNOPK 22+0.2Aa 294.2 +34.9 Abc 195.0+2.4Bd 278.4+15.2 Bed 501.6 £9.7 Ab
MNI1PK 22+0.0Aa 306.3 +£25.6 Abc 298.7 £ 7.0 Ab 378.0 £ 0.1 Ac 409.0 +49.5 Ac
MN2PK 2.1+0.2Aa 341.9 +£40.3 Aab 2544+ 10.8 Ac 472.8 £ 8.9 Ab 520.5 +38.5 Bb
MN3PK 22+0.2Aa 4223 +33.8 Aa 3224+ 1.7Ba 537.2+10.9 Aa 771.4+29.7 BCa
20~ 30 CK 1.0+ 0.1 Ac 99.4+ 0.2 Ad 99.8 + 3.9 Af 98.7+ 7.2 Af 99.5+ 0.8 Ad
NOPK 0.8+0.1 Ac 166.3 £ 8.6 Bc 1244 £1.3 Ae 239.5+ 1.3 Be 251.3 +15.3 Bed
NI1PK 0.9+0.1Ac 150.1 £8.4 Acd 96.1 £ 0.4 Bf 2435+ 18.2 Ac 317.0 £116.7 Acd
N2PK 1.0+ 0.1 Ac 195.1 £12.1 Ac 103.1+ 1.1 Cf 195.8 £25.0 Acd 571.7 £13.7 Ab
N3PK 1.2+0.2 Abc 148.2 £ 10.3 Acd 91.4+3.7Cf 182.3 £21.7 Ade 262.0 £ 6.7 Bed
M 1.8+ 0.2 BCb 306.2+9.2 Bb 217.5+53Bb 489.1 £ 9.8 Aa 281.0 + 34.8 Bed
MNOPK 24+03Aa 287.1 +£28.7 Ab 186.1 £8.3 Bc 427.5 +28.8 Ab 236.4 +29.5 Bed
MNI1PK 1.7+ 0.3 ABb 299.2 £25.7 Ab 286.0+£ 6.7 Aa 204.8 = 3.4 Bed 389.6 £ 11.7 Abc
MN2PK 1.3 +0.2 Bbe 323.7+18.1 Ab 151.7+1.5Bd 139.2 £ 7.5 Bef 1407.7 £ 113.9 Aa
MN3PK 1.7+ 0.2 ABb 440.5 £29.8 Aa 298.0+29Ca 452.5 +15.9 Bab 1240.8 £ 121.1 Aa
30 ~40 CK 1.0+ 0.0 Ade 99.5+ 2.3 Ad 98.9+12.4 Afg 100.0 + 6.4 Ab 99.4 + 4.3 Ade
NOPK 0.8+0.1Ae 84.1+2.7Ce 86.0 £ 0.7 Bfg 87.6 £ 1.3 Cbc 81.8 £8.7 Ce
NI1PK 09 +0.1 Ade 95.3 +5.2 Bde 80.5+04 Cg 753 +11.4 Cc 141.9 £ 8.1 ABcd
N2PK 1.0+£0.1 Ade 112.6 £ 1.9 ABc 120.0 + 4.7 Bde 35.8+ 7.6 De 239.6 + 1.4 Bb
N3PK 1.3 +£0.2 Abcd 106.2+ 0.7 Be 112.2 +£ 0.6 Aef 68.3 + 7.4 Bed 177.4 £ 10.7 Cc
M 1.5+ 0.1 CDabc 201.9+54Ca 193.0 £ 18.9 Bb 159.8 £ 7.5 Da 380.8 £17.0 Aa
MNOPK 1.8 +£0.2 ABa 140.6 £ 5.2 Bb 178.7 + 1.6 Bbc 140.4 £ 9.7 Da 148.6 £ 8.5 Ccd
MNI1PK 1.7+ 0.1 ABab 146.7 + 7.9 Bb 226.4 + 4.6 Bab 73.6 £ 4.3 Dcd 267.6 £ 36.4 ABb
MN2PK 1.2 +£0.1 Bede 145.2+29Cb 139.7 £ 10.2 Bed 66.0 £33.9 Ced 258.1 £24.7Cb
MN3PK 1.3+ 0.2 Bbed 216.8 +27.8 Ba 265.7+10.4 Da 52.1 +£3.2 Ede 376.2+33.3Ca
40 ~ 50 CK 1.0+ 0.1 Acd 100.1 + 8.6 Ae 100.4 +10.3 Acd 94,7 + 5.8 Af 103.8 +£33.5 Ade
NOPK 0.9+0.0 Acd 226.9+15.1 Aa 122.9 + 6.5 Bbc 392.2+9.7 Aa 346.5+22.2 Aa
NI1PK 0.8+0.1 Ad 153.2 +£ 6.9 Abc 125.7 £ 2.2 Abc 167.8 £ 1.8 Bd 153.6 £ 10.6 ABbc
N2PK 09+0.1 Acd 111.7 + 3.8 Be 93.8+5.0Cd 96.7 £ 6.5 BCf 151.1 £ 15.1 Cbe
N3PK 1.3+0.1 Aab 100.2 £ 15.4 Be 1143 £ 1.9 Acd 153.7 £ 14.0 Ade 137.7 +13.2 Dcd
M 1.3 +£0.0 Dab 136.0+ 1.1 Dd 103.1 £ 2.4 Dcd 335.0+12.2 Bb 229+ 5.1 De
MNOPK 1.3+ 0.2 Bab 135.1+ 0.8 Bd 109.8 £13.9 Ccd 218.1+0.5 Cc 124.8 £ 6.9 Cde
MNI1PK 1.4+0.1Ba 742+ 0.3 Cf 145.5+7.9 Cab 132.8 £ 15.4 Ce 149.1 £ 6.4 Bbc
MN2PK 1.1 £0.0 Bbe 149.8 £ 5.7 Cc 115.4 £ 11.6 Ced 142.1 £ 5.1 Bde 208.9 + 15.7 Cab
MN3PK 1.3 +0.1 Bab 178.9 + 8.2 Bab 164.1 £5.7 Ea 2444+ 9.6 Cc 133.2+5.1 Dcd

T R RIPVEEE RS R AN 6 375 A 5] Ak B[R] 1 )2 (7] 22 57 B35 (P<0.05), /NE R AN [R] 2 75 A ) L J2= A R] Ak B 6] 25 57 (2 3%

(P<0.05),
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e %56 4

it A 3 1€ CPI ¥4 & 345 /%5 (P<0.05); 7F 40 ~ 50 cm
+J2, B MN2PK Ab34N, M FITH A 3 MEAE S5 A HL
BBt b BE 4498 CPI ¥y 8 3542 55 (P<0.05); 3%
CPI B #5 + 2R MR kAR, fLIe 54 VLA R
AR AL AR b B 8¢ CPL R m T 3.4% ~
180.7%. £ 0~50 cm + )2, 480G MA HLRRAR F &
PRHEE(CPMI)BE 1 2 VR BE (9 15 hn 35 R LA e T = B
RS, MR 4 ASEAES A AL Bt b 2 A 1
CPMI #4815 (P<0.05), 433148 CK HIAH [ Bt
FERE AL FEEE I 16.0% ~ 267.5% F1 29.0% ~ 348.1%.

£ 0~50 cm +J2, AAbBEEHES | PARKIE AL
fki) CPMI FRf 1 J2 TR BE B I K BER IR Se Tt 5
FERRAR R RS . AR B AL AL BEAR 1L, fLE 54
MUARBC AL B B 5425 T 0 ~ 30 ecm )2 HLOC Ay
CPMI(P<0.05), &4 T 0 ~20 cm +)Z MLOC )
CPMI(P<0.05). fLIE 54 HLAE AL it Ab BE 4 38 7% P AL
s 44y CPMI A 2 AN 5, Hor e 0~ 10 em

+ 2 HLOC>LLOC>MLOC, 7£ 10 ~20 cm +
JZFEW Jy LLOC>MLOC>HLOC, 7£0~20cm + /)2,
1€ HLOC Fil MLOC ¥ CPMI ¥J1k MN3PK 4b B Ky
e, BEL, £0~20cm +)2, LIESHYLALE
i b B+ 3E LOC & H HLOC 1 MLOC HYJ CPMI ¥
A 25 UM it P 12 A 38 im0

AT LN 3), 7E0 ~ 40 em +JZ, HLOC
5 LOC 1y CPMI Z [H]34) 2 i 2 1IEAHIG(P<0.05) 5 5% 30 ~
40 cm #b, 4512 MLOC 5 LOC 1) CPMI Z ]2 i 2%
TEAHXE(P<0.05); B4 10 ~20 cm 140 ~ 50 cm 4k, £+
JZ LLOC 5 LOC ) CPMI 2 [a] 5 3 TFAHE(P<0.05).
FAh, 1E0~10cem +J2, HLOC, MLOC #l LLOC 41
531 CPMI Z ] 5 2 2 TE A XC(P<0.05); 7£ 10 ~ 20 cm
+JZ, HLOC 5 MLOC Z i), ik 30 ~ 40 cm 12
HLOC 5 LLOC ZZ[a]f) CPMI L5 i FAHI(P<
0.05), HULAIUL, KIMEAE 1A ML, JUH:
JE R PR A U REAR - S e - 9 AL A AR AL

*3 TEFEUEANRASNRESEERS EEENRMNKESBEINEXRY
Table 3 Correlation coefficients between CPMIs of soil LOC fractions (HLOC, MLOC and LLOC) and CPMI of LOC

0~10cm 10 ~20 cm

20 ~30cm

30 ~40 cm 40 ~ 50 cm

HLOC MLOC LLOC LOC HLOC MLOC LLOC LOC HLOC MLOC LLOC LOC HLOCMLOCLLOC LOC HLOC MLOC LLOC LOC

HLOC 1.00 0.74" 0.82° 00.95” 1.00 0.96" 032 096" 1.00 060 037 087 1.00 0.10 0.79° 0.90" 1.00 0.18 0.18 025
MLOC 1.00  0.66° 00.88" 1.00 039 0.98" 1.00 0.06 0.64" 1.00  0.00 0.23 1.00 028 0.76"
LLOC 1.00 00.88" 1.00 0.46 1.00 0.70" 1.00 0.92 1.00 0.61

e o* ., * RIFRIRAENER P<0.05 F1 P<0.01 B3 /KF-,

3 ihie
3.0 KENWESENEREEEES THESS
MBREEEIHRSE

ABETE R, ELE 8 A it AL IE K AL IE 5 A HLAL
TC it L S S AT AL AR 5 R B )2 TR B T R
W, FEPEFE 0 ~20 cm 2, HIESHHEAR
Jiti T S AR 0 ~ 20 em ST ALK S, o
Hh TR A IS 55 A HILIE FE Tl (MN2PK) 4y £ 38 B AT
Pl RO B W (18 1) X —BF5E 45 R ST A
TE B - 48 K AR T 398 () BFF 5 245 A ) U191 sm]
REJE 1 T AHIEFE AL AE A HILAE = 2858 HI7E 0 ~ 20
em )2, HAMAHUIE R ALIE 5 A HLUIE RS AL
A BT HLBRBEA , T AL AT AR 2 2 i
AHLBRAZ AT 5 — D R A B R . ST,
T HEA YUK O, SOV KM AE £, R
RN ZS Y COp i WA W) AL W) 8] ) 1, b
FELHEH A ML E . 341, AT MN2PK Ab B

Jiti A HUAE (9 A AR [ 2 R oA i R (B 2), ikt
J& P R AR AR 5 A ML A T it 4 T - R AL AL
A ok B Y BT AE

HHEWE A PRt B | oKL S L
o3 - HERUAE W A iR R B AL S ALk,
IRV AR oY W SR 8 AT Bt A HLAE KAk
B 56 HUAE Bt 54 T 0 ~ 20 om + )2 13805
PEA LA & i, b R AR 5 A AL B it
(MN3PK ) IR R 8 3% (& 3). X5 Fr ANt
K S it A 1) 2 SR A — 2 S S A ML
FIES AN T e LT AR, 1 1T 3K 3h 16 PRk e
AR, fRiE T IR HLIR BB, 340, AR
FERIELE 8 AFHUALIE X 3 S ALK e
FRm HA TREESRE 1), X FEIE TR
TRETRIREE AR, FEBcAa SNEAHLER A5 AR, i
PRRERE N +HEA HLAR 1 ME, ABEA S, A
T 5 H A [ it A 5 it ) 198355 AT BB o A BB
FBI s MmN, X 5RO R SO 22 47 AT
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5 4 19

JRIBRAE AT AL X S50t S 0 A MBI 25 B ik P A B 5 R 52 ) 767

IR ZE AR —B, EHSKEGECORT 3 A i
FESR G (1) 25 S A I AN TR] o 3 2 22 PR Ry = 3984 HILA Hh
AN 75 1) Bt P2 2 R, 6 Bt A X - 345 BIL A 114 52 i)
TSR BUAE TG PERR 22 I, Yo &) 0 3 A 0 A 0% Pl
S M R AR POV K i A RE 4k F5 A BILRK 1 HE
SEEA, PRI Z I A LA, TS PRk 2
SURTSUIY a Ry A - Rt a2 B3 B PN Y B R R S
— 52 A HL BT AR 45 R AL 2 R 2 A TR 1 T
SRR T , KB AR S5 AU Bt 2 02 (i 1
PEAT WL P AR T A WILB e 22 ) P A EL % Ak,
HER5 A ML (1) 3 274 .

A AU A WL B B L A R A 2%
PF. RO Ayl LRGBS AR R,
A b ST K LT DL i YA LB T, T
L DR A R A DA AT P A LR PR S A
Fo o KM 7 i AL AR R FH 3 L R RIS R
B A, HARAE S A D UAE B it B2 358 R s T Bt
PRRESY, 43983 2 LIRS HAT MUBR A 4004 o e 12
ARG I A AR 5 A LR il 35 4R v T A
PERIE TE A AU & o, LA b 2R IR T
R ka3, LG AR5 4 LA it Ak FER 2 2R oo T A [
TR AREE , DIATE A ALK & o5 B LA
WL R i R (B 4), X SRR IR B SS
JEARRI 2 (EARI I 22 8 AF it AL AR X + 39 1
PG LR S LA o S AR i, 52/ NG
P 7 PR T A A B B 3 L T R TE A
BIURR 5 5 BT 5% 285 SR I A 58 4 — 303X T RE R R R A
TR PR 5 ek e Y A P A T, RS Bt A A Ah B
HIHFE T HIERIE A PR . JLAh, ARSI
7N R HLIR S A AL o S i 5 B AL
5t W2 A M IE A OCOC R, Horh s G A Ml & e
ST LR B i Z A AR DG I R (B 5), X 1A
il P e R e R R 2 B PR R BT 2 F R, K it e £
SEIEPEA PR R , JCHI ST A DL e AT LAAR AT b
J2 e - 49 B A LA (1 AR 4K
32 KHUEBSEVEERERS T LIERESE

EiE

3R RS FEAE B0 AR AL S5 AT Oy 5 R AE A
SRR 2 DI AR D22 T e PR FH - HERR RS KON
1.2 ~ 3.47 B WK ARG TR 2R KA [] it A 15 it 1
HERRIFEFEECR 1.0 ~ 17U AHIFSE K BBt -+ 3 A
FEHON 0.8 ~ 2.4(5% 2), XFEHLHAMSEA -3, &+
BERREERR UK, H5iE EREPITRAS R 3. 5
Hb, A ESE 8 At A HUIEAEAE 54 UL RD

LA AT S 2 i v B R R BRI B PR A B B (3R 2),
SRS S PR it 3R Tang 25214 T 4 43 ) BF
FEEE I3, X ULt R A LI 4 5 15t -+ 1
IR HO B . A ST B, it A LR A
PRNE S PR ECES o] 2 5 i e L PRI
A AL (B A A AR, U Pt e TS Al T 2 v £
e . RIS A HUBR AORR PEAS BAE B, AT ST
48 L 0] &g 7 it FH A AR Ak AE 5 4 BILAE g b 34 7T 2
FHETE 0 ~ 40 om )2 T HEA LB B S Fom 4 B
BE, 0~ 20 cm )25 138 S R s AT BILAR ARl
PR RO E S T A FAAE AR B, 53 4h, AW
LB 5ADUIERCHE 0 ~ 20 om )2 T HERR R BE
0 R i 0 R T 20 PR A B A B vt R 1
TN 2)o DX U8B BE PN =5 i = T SRR
WA, SR ML FF DL SR 22431y atk
AFIFR R R I, BEXG N T A WL SR, Wi
i) 1 A LR A R P, JETTE N T -4 vh g ALk
(G281 A HLAE S A R AR [m) 2 2RI Pt
L2500 - HEA HLER A WL I A f o3 ik . 3750 R
SR R RO A E T e BLER A
AHP R (8 2), gEmide T REE A
BB S FLAH o3 Rl P 85 BRAE 25 e b mT DL, 32t 7 i
FIEARMET , KWL S5a DU RS & T 150t + 15
ST AR B LS A WILA 15 e A B I A5 PR, i
Jiti - 49 e A B s AR T, R AR S A VLIRS
Jifi (MIN2PK) 45 B Jiti Xt T i 09 ol R 2 = HAT &
BE L,

4 #ie

TEVOIE B AT AR 2L 8 A e A5 F T, AN
Jit AU it - 498 AT WILAR R A BRSP4 B 1 )2
REEINTR(0 ~ 50 cm +)2)2 &7 Nt 5A0EE
FHEE , it AU AR 55 A HLAL Ot 3 vl 5 2 4 e
0 ~ 20 cm +JZ2 LAV . TEEEA PR & T
AR & (LI SA VLR 0 ~ 20 om +1E7E
PEA B e I v T P 20 43 S R R A B A A0
82 T Rt P A A B, - 3 P e L e A e
A LB 1) Bl 2 7 B R0 T A it SR 1 1 i
Han o - SEE VA HLRR S L A R I A LR
TR EAR S EARVICR, HhmEmiErEail
5 BA NS AR R K. ZE %8, K
Jiti A P2 e 75 000 kg/(hm?-a) A HLIE 5 rh AR AE (N,
P,0s F1 K,O FHEAM510 375, 225 il 450 kg/(hm™-a))
TAC it A2 15 7 it T R A PRk A B A PR i
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