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A WL 2 A LA UIREC AR 5258 T 0.5~1 mm [4]
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FERRAEKARE > 2 mm) 1, WK HHEAEIL S 2
FEIeE T VRS K BIER AR (>0.25~2 mm) A LB & .
HIBE AT, it IS AN 7] - R A A R AR A LB . 225
BRI A 2, AFERARK B RAST R N
TIETR Sy, GRS B AE 05507 T R IR AR AR
[P0, S R T R I 22 5, AT RE S AL s 1-3%
PR R R AURFAFFRRA R, Wik, f8E
BEX PR R R G0 TT .

WP R IRIC A6, A IR E i ok
Mz —, EGih, BRI R R R A E 1 1/4 LA
E. BEERACRIA R, BRI RAL S 2 25 R
JER I, 0 3 BE YRR AR S PR 3 B TR AT P
(g m st R grih, L PRI R TSR T 5 S B
O 11 73 hm’e REIRME X E B3R I THREHA
B G T REAT AL B — Fb L3R, R RMZH B
KT WIR AR, B A S B TR R
X A, AR AT AR AE )
R T YR B 5 RBoR I H3a B 57
Bk, BRI R S RN R, R XA
WP i (DR BRARAR L AR AT DA A R £ 2 2 1 i )
FER R o B A% 52 B 39 WU A2 AL ) (K BT 5
=5 EAE [T SR A e A AL OR 4 53 A Xl it I £ g Jo2 o1,
1At X Eh R 3 R L SR B R R T A . Bk,
AHEFECALTEE R B AR T 2 4H B R 6 a 1 LA
TG, AR AL it T 3K Rk A1 2R A Bk
FL2H 73 A HUBR A 42 5605 B A AUARAE, 1Pl A7 HLAR AN
A RAE P R ARG, I S LR A AR A P 3R
T, IRTAE 85 SRR KA R R R A Ko &
KL 7 A LR S B SC R, DHDMRN MR BAES
TR AN N 5 R T S K 5 o R R L R AL
il R PR AU

1 #MRE7A%

1.1 RIE bR

R F Ve Ks W EEE T E
(36°28'11.95"N, 113°00'52.57"E, XK 980 m) , J&ik
AR AL BRI S VG, B TR Bt T URG e HE
SRR, BRVEZEN 4~5m, LECIRIER Y 150~180 m,
KBS Y T R, A E R R, X R T
N O R 2 O = -9 B S N = U R W e
YRR 9.5 C, EHIBE/KE 532.8 mm. R HEEA A
KV, BEEBRET . RISTFAAHT 0~20 om HHE
AR 1 . B R R IX AL B R

F1 2008 FHELIE (0~20 cm) EARIBLIER
Table 1 Physical-chemical properties at 0-20 cm soil depth in

2008
BB 2R A R R
pH { RE Soil organic Total Available  Available
pH value Bulk density  carbon nitrogen  phosphorus potassium
Ngem®)  Ngkg)  Agkg) Amgkg') /mgke')
8.3 1.49 4.20 0.50 2.01 106.85

111°00"E 112°00"E 113°00"E 114°00"E

L
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L

111°00"E 112°00"E 113°00"E 114°00"E

B/l KRl

Fig. 1 Experimental site location

1.2 Rt

IR 6T 2008 4, L4300 A FRAH [F] H 350 f5 Hb
TEEA A, KRR RN, BER1F
2 50~100 cm, FIFIZEREE . Bl TR0 kT 2
B, MEEYAETK CRE305) , MEEEE N 60 000
BR/hm?, HTRE 5 ALATER, 10 AEAGEE, HE
WCRID R T KA FE A B e . BEIEH . M 2013 EFF4R
AT 6 FEE, AFEAFT 0~20 cm #HZE HIEREA
BEAPEIR WL 2.

%2 EEB6a ARLET 0~20 cm T EHEARMR
Table 2 Basic properties of 0-20 cm soil layer under various
treatment in 6 years of reclamation

35°0'0"N 36°00"N 37°00"N 38°00"N 39°00"N 40°00"N 41°00"N
35°00"N 36°00"N 37°00"N 38°00"N 39°00"N 40°00"N 41°00"N

AU AR A 3 Vel
A-HE Treatment pH SOC TN AP AK
Ngkgh) Agkg") Amgkg')  Amgke")
X CK 8.40 6.61 1.09 5.40 131.28
P it AR NPK 7.99 621 1.06 22.03 310.38
FLA ALAE M 822 798 1.20 37.83 212.69
HHLLHEE i MNPK 827  8.82 1.08 80.53 294.10

KR FALFE 4 NEEE, AR AHAL (CKD P
it AT ONPKO) < Bt 45 HLAE (MD < 5 HLTEA L AR B it (MNPKO .
BERIERE AR R (5 N 46%) « #ERAS (& P,Os 12%)
MEE (5 K0 60%) , & B SEAEVLELE
N FEAEAE T RSB RO ET— B — PR, BE RO BN 1
pbah, AECRERA L (B 0 ) fE BRI,
B AL RS RN A BT, EE 3 R, DX
N10mx5m=50m’s [T CKACHAN, 0k PRk
PR FE A AR E I (% 3) o R HEHLIE N 5E
ERAIAGEE, HAh S HN: 14.97%. & 1.68%. fi:
2.46%F18: 1.35%.
1.3 HEmXESHH

R KUCGHERT— R (2018 4E 9 H 29 H) , FIEHIK
W] GEEN 10 ecms EAEN 10 cm) R4 0~20cm 12
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FIECIR A, BEASNXCREE 5 MR, RERAR 1 D
B AT EISCI S G, WA N O < 1 em 1)
LB RS o, i 8 mm B, THE KT
BRAE T, FANEEAR T .

*3 TRKEEERETERAE

Table 3 Rate of chemical fertilizers and manure in various

agriculture management regimes kg-hm™
AbFE Treatment AL Chemical fertilizers HHLE
AN % P05 1 K,0 Manure
CK 0 0 0 0
NPK 201.5 184.8 98.4 0
M 0 0 0 12 000
MNPK 100.8 92.4 49.2 6 000

[, FEKWGRE, BANDNXHBE (EEA
20 cm. WARZIH 2.5 cm) R 0~20 cm +)Z HIEFER 6
MNHRA, BNBERFR R E, 7EEE G E
IRATJE bR MRS, BB 0.15 mm §i,
PRAFAE S48 ) i - 3 AR T IR

SKFH Elliott 251 H (VR0 7 v 2 45 2K AR P [ 2R
BRI 5y, FARIRAE 0 R : B eHER T 2. 0.25
A10.053 mm FLARRITR T, HILRICRARLE b NRARTE T
FIB R, HURFRER 50 g it 8 mm AT HAEE T
BT b, RERIGHNS BB TR T IERE 2/3 280K )
G, B Smin, EFREY Smin, RIEHN3em, &5
AN rp () R F 280K/ N O e N L R AR &
o, [EI AR IO 0.2 mol/L CaCl, 25, FE - LUEEX
o ERE, FRATH R BT 50 CHEEE IR,
BEER R R, EIAIEE> 2, >0.25~2, 0.053~0.25 mm
FiAE A B AA A< 0.053 mm IR BRIZ 4), BE4HET 0.15 mm
i NSRS T 5 8205 OC AT TN & &.
1.4 MEMBRAE

3 F B R AR I P IR AR A A UK R AR TR
- "™, AR AERA KS0,-CuSO,-Se fiifk
FURIRBRERIY &, PR T IRk e M, Sl % P ik
B S AR R4 S s AT O s, 3 R R P S R
BB KA FE I =
1.5 HEAZ

T TR AR KR BRI IR UK & SR R B 2
BEABIE AKX T

E. =S0C, /SOC (D
E,=TN, /TN @)

o Ec Fl Ey 2 ARER 35 SRk KoM Bk 20 43 I ML
WEERBNEREERE: SOC, N TIEF RIA LK 5
R AN &, g/kg; TN, NI R SR Bk
Hoh 2R &8, gkg. SOC NTIEHHMS &, gkg,
TN A HIESAEGE, gkg.

NT IR R AR A VLA B TR, AR

SCRR R AT B
Fl=M-AC (3)
F2=AM+C (4)

b F1LAF2 53 I3RS 1R A B LR AL 2 K

AT, Hrf F1 &l FR A MU S R TR S
TGN AR, F2 2 B SRR R AR A BT R B )
TR EAR . R F1>F2, BB MU
78 4K SR B ZRL A2 ] SR AR B0k R 4H 20 A AL &5 1)
TARETSRM: Rz, WIS diZhife A R AR sk B
W HIBEEFT I RSN . M ONAE LR BIERE DA G], %
AM &R EER SRS 5] AR AR o A E s ) AR Ak
8, %; C NS N E BJG I RIEHH YUK S &, g/kg:
AC NEEETT B 51 i SR A A L & A
b Z{H, gke.
1.6 IR

R IE 45 K H Microsoft Excel 2010 %4347 %38 22
L, OREAEE R E R KR B SR AR S A R 2 )
AN AR &8 Ecfl Ex{ibl % C/N %A LSD
EAT 2 R RS . I Origin 8.1 AHEE.

2 HR5HH

2.1 TEMAEIEN T EKFFR=E

BARIG AN (2008—2013 ), FAbFf TKFF
Ki S 35 77 & AR B Y F 4> B 725.70 kg/hm® F|
3745.70 kg/hm*(CK) , 1 440.75 kg/hm® £ 6 218.80 kg/hm®
(NPK) , 2577.30 kg/hm® %] 7944.70 kg/hm* (M) ,
2 259.60 kg/hm’® ¥ 8 156.65 kg/hm* (MNPK) , P77 &
FIZE AL TE N 3 086.47 kg/hm?® £1] 6 668.87 kg/hm? . [7] %}
(CK) HHEL, HEALAE (NPK) . BjEAHUE (M) LA
HLEHUAERELHE (MNPKD 358385 7 R b5, H
DL MNPK AEEfCR % (R 4) , o7l bxd i dg s
T 79.49%. 116.07%F1 113.85%. HIMLA W, HLELER
HUIEHUAE R A R T =

F4ELE 60 FRREMAREN T ERFR 8

Table 4 Maize grain yields under various fertilization regimes

after 6 years reclamation kg-hm™
FApy ALHE Treatment
Year K NPK M MNPK

2009  7257+2274c  144075485.12b  2577.30+150.69a 2259.60+102.8%
2010 2144.85+14934c  410940+224.28> 4826.10+:24595a 472845+254.84a
2011 360005£126.59c  5352.65+1213%  637820+160.83a 6341.50+104.15a
2012 375395£208.89d 7871.85£228.12c 9594.85+209.62b 9056.10:+421.68a
2013 374570+11253c  6218.80+32332c  7944.70+36740b 8 156.65:238.6%

e ARVNG FRERIRIF AR AR AL BRI 5%5 5K

Note: Different lowercase letters for the same year mean significant differences
between treatments at the 5% probability level.

2.2 ARG T LIEKEE T FABARMFRA S
95> % L1

it B 5 it % it AR 4 PR 358 [ 3R A oy A7 LR A 1)
RETZ g RER (R 5, KRR iR A
AR R AR T A B R 28 23 (1) o3 A Lo, 1 52 R AR PR X
B WA K AR [ 3R A B M B kL 2H 43 16 o A LA 7= AR T
BEXW, MERZENEMEK, S4EF 0.053~
0.25 mm B4 MI< 0.053 mm 4173 )53 A5 B4 35 5 PTG
ket . R 6a CK ALFH> 2 mm A1) 53 A LB
A& 0 M 3 f5.
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RS TRIEARIENE T IR B R &89 Fhh
bbb K A e
Table 5 Weight distribution of soil water stable aggregates and
silt and clay fractions under various fertilization regimes %

28 ki b3 Treatment
ER KA
Recla- Partical Y T YxT

g . CK NPK M MNPK
mation  size

year /mm
0 > 6.23+047b 6.23+t047a 6.23+047a 6.23+047a *
20.84+3.96 a 21.66+1.62 a 11.84+1.61 a 10.75+1.56a *
>0.25~ 48.51+4.80 a 48.51+4.80 a 48.51+4.80 a 48.51+4.80 a *
2 50.06=7.69 a 54.65+6.32 2 57.91+5.40 2 62.61+4.06 a * e
0.053~ 22.42+3.32a22424332 2224243322 22424332 a *
025 1825+3.07a 11.43+3.92a 17.29+3.18 a 14.21+2.85a *

<0.053 22.84+1.68 a 22.84+1.68 a 22.84+1.68 a 22.84+1.68 a * ns ns
’ 10.85+1.44 2 12.26+1.05a 12.97+2.83 2 12.43+1.79a *

e ARG FRERORFE—RARERRRIL 5%825KT. ¥ AEERER, T
FEAEEE, YX T A5 B SHEACAL BRI A AR .+ P<0.01, ns AR,
Note: Different lowercase letters for the same aggregate size fraction mean
significant differences between years at the 5% probability level. ¥ means
reclamation years, 7 means fertilization treatments, ¥ X T means interactive
effects of reclamation years and fertilization years. ** means P < 0.01, ns means
no significant differences.

2.3 THEKBHEARKEMFBREIDEHKREE

AR AR T 55 A K R [ SR Ak Bk Bk 443
B G Eafm AT, A yUELs (M 1 MNPK)
() 7K R e ] SR AR B A9y R 2L 43 v A ML 25 488 i o K
(E2a) o TEASFRAR KR R AR SR BRI T
SRR R GRS AT, SRR TR AR S

[AAE AL, CK A NPK AbFEY) 45 7>0.25~2.
0.053~0.25 mm P1E{AEFI< 0.053 mm o HEHS &,
HENES> 51 87.07%~97.96%- 66.19%~92.09%F1 92.80%~
97.60%. M ACLFHIRGEESEE 17>0.25~2, 0.053~0.25 mm
EAAI< 0053 mm Ao AR E, GRS N
95.24%-. 148.20%F1 112.00%. MNPK AbHE Z L5 17> 2.
>0.25~2+ 0.053~0.25 mm 5 AHI< 0.053 mm A5 AL
WE s, RNELR 252 f5. 2.61 fi5. 2.35 £ 1.93 £,

5 b, MNPK AbEEXS T4 @ R 2R AR (> 2 Fi>0.25~
2mm) AU BRI, M AAE T8 i
Bk (0.053~0.25 mm) FkRFI4 5> (<0.053 mm)
AR ORI o
2.4 THEKBHEARKEMENEASITEEIE

AN [ it A e R S R AR K R A R A R A R Y
BESTAL, BEHSHEIH—H (B2 . HE
Fii A AbFR A A 0 < 0,053 mm AP AR SELEE
o, A4 BAEE, CK O NPK AbFEIA B 7> 2.
>0.25~2 1 0.053~0.25 mm FIRAF LK S &, WHiES
BN 41.83%~43.66% 46.78% ~ 52.35%F1 29.95% ~
30.43%. M Ml MNPK AbHEZRE B E S 7> 2, >0.25~2
F10.053~025 mm HREF2EEGE, RSN
52.81%~63.80%- 50.43%~62.96%F1 39.61%~44.93%.

Zx b, MNPK ACEEX T4 M KHIEMA (> 2 mm H
>025~2 mm) FREEGTEIR&IE, M EBXN T
TR (0.053~0.25 mm) AR SRR & 5.
2.5 TEHABRKEMFERLESBIHRINEAEERY

K HAA [ it A it A — e FE R L Rgmm 1 R AR K AR
PRI AR KA B R 7 A UK & R R E(EAD (R 6)

S ns

ns

S ns

N OSSN O

BRE R, KB RARAGA RN Ec BT (B CK &
AN, TR EcE/N T &R A Rk [FAE
AL, CKACFREZHRFK T > 2 mm BIREN E-(E, &
46.94%. MNPK A3 B2 [#K T< 0.053 mm Ao Ec
B, 15 23.08%. A2 it AE Ak EE X 3R 4% K Rt [ SR
KR BRI Ec B TC 53 R0,

8 —
Il 't +Rawsoil [Z4 CK
E NPK BRI M [ MNPK

SERBBEERK

[}
T

)

~

S6f

E
g 2 A
af 2
“]ﬁ = 4r AAa
= 3 %%
® % b 18]

o ABpHER

g

jod

S

INn=a

>0.25~2 0.053~0.25 <0.053

[ T A4 41 47 Aggregate size/mm
a. AN &

a. Organic carbon content

20
~
o AB
=< L
D151 Aapia AAAa Ap 2BC ABA
¥ ABp a C
i 8 % RR a
o = g AL 2 e
QIS % | ERY —
& 5 PRI 4| M| LVER
® = = g = =K
55 =K = =
“ o = = = =
g ’=~ = = ':m
= —KX X XX X
£ = = =% =5
= = =i =% =i
505 HlVER = = =
g =K = = =
=] R %3 =KX =0,
e = =i =% =
= = =% =
= = | e =
]
o IER W R IES

>2 >0.25~2 0.053~0.25 <0.053
[F T A K7 47 Aggregate size/mm

b. EEEE
b. Total nitrogen content

I ARVNG FREROR F —RAR AR RIAL B A% 5% 58 & KF: AFERG 7
FoR A — R B FRLAR AL 5% 23 K P

Note: Different lowercase letters for the same aggregate size fraction mean
significant differences among treatments at the 5% probability level. Different
uppercase letters for the same treatment mean significant differences between
aggregate size fractions at the 5% probability level.

B2 RE AT LR KA ) RAR B FE AL 40 5 F A AL
B e A eE
Fig.2 Organic carbon and total nitrogen content of soil water-stable
aggregates and silt and clay fractions under various fertilization regimes

KIAAR A AR f x> 2 mm A1>0.25~2 mm FRAE
ERELER (Ey ) PAETEERWN, WX 0.053~
0.25 mm KA K< 0.053 mm 450/ Ey fHT5 R 0
(#£6) o A4+, CK A NPK AFEER S 7>2 mm
F1>0.25~2 mm FIERIRI Ey {8, $8E 535908 17.00%~19.21%
H119.70%~28.14%. M Fll MNPK 4bFEJR 325 7>2 mm
F1>0.25~2 mm FIERIRI Ey {8, H88E 535908 13.33%~34.58%
1 11.68%~33.37%, H.LL MNPK ACEE R38R 7oK
2.6 THEKRRMHFABARMFRIE S HRE L

AN TRt AR e S 25 S T R AR K AR [ SR A Bk
KL ON B (B> 2 mm HRE) (R 7 o FELH
Eb, CK Ab¥E 3 7>0.25~2 mm B 4AA< 0.053 mm
HArH) CN B, 2ol e T 34.10%F1 79.66%. NPK Ab#E
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BERE T 0.053~0.25 mm FIERAER ON E, 1k 46.11%.
M F MNPK AP E 4 7>0.25~2. 0.053~0.25 mm
FAHI< 0.053 mm 4150 C/N b, 3085510 29.81%~
60.81%- 67.70%~71.32%F1 81.32%~97.45%.

R 6 TR T TIRKIREEA R RMFRE S BIFH
BEERFENEAETERH
Table 6 Organic carbon enrichment factor (E¢) and total nitrogen
enrichment factor (£y) of soil water-stable aggregates and silt and
clay fractions under various fertilization regimes

M2, Ml MNPK 4B B 235 T & kiR K
Fa ik TH B4R Ry BRI 44y (> 2 mm BIERAERAN) 1
C/N L,

R7T TREIMEARIERE T L 1RKTE M B R R Fhhe
HYBIMRALL
Table 7 C/N ratios of soil water-stable aggregates and silt and
clay fractions under various fertilization regimes
HRMAKIZ Aggregate size
>0.25~2mm 0.053~025mm <0.053 mm

AR
Treatment

>2 mm

R BIRARAE Aggregate size
AR prm
E;;;h Treatment  >omm  >025~2mm 0.053~025mm  <0.053 mm
factor
g BT 049:001aA  046:004aA 043:0033bAB 039:004aB
i CK  026+000bB  04940.09aA 0394005aB 04120022 A
W NPK  048:007abA 049+005aA 048£004aA 043£004aA
?Eﬁ M 043:0.02abAB 040:003aAB 048:0.04aA 037:0.06abB
©  MNPK 050£003aA 048:002aA 041:003abA 030:006bA
it 0924003cAB 088+006cB 096:015aAB 1.10+0.18aA
PRk 103:003bA  106:008abA 101£009aA 099:0.16aA
?i NPK  110:003bAB 1.13£0.10abA 105:0.12aB  1.12+0.10a A
Ey M 1.054003bA 099+0.10bcA 103:009aA 0890.14aA
MNPK  124+003aA 1.18:006aA 1.09:004aAB 096+004aB

I ANFE/NG FRROR A — R R B AL 5% 8 &K RRKREFE
R [F]— AR FRLAR )X 5% 3 7K

Note: Different lowercase letters for the same aggregate size fraction mean
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Effects of fertilization regimes on carbon and nitrogen contents of
aggregates and maize yield in reclaimed soils

Cao Hanbing?, Xie Junyu*, QiangJiu Ciren®, Guo Lu*, Hong Jianping?, Jing Yaodong®, Meng Huisheng**
(1. College of Resources and Environment, Shanxi Agricultural University, Taigu 030801, China; 2. Key Laboratory of Soil Environment and

Nutrient Resources of Shanxi Province, Taiyuan 030031, China; 3. Agriculture and Animal Husbandry Bureau in Shannan Cona County,
Shannan 856700, China; 4. Binzhou Academy of Animal Science and Veterinary Medicine of Shandong Province, Binzhou 256600, China)

Abstract: This study aims to investigate the distribution characteristics of organic carbon (OC) and total nitrogen (TN) in
water-stable aggregates, silt and clay fractions, in order to gain a deep understanding the sequestration mechanism of soil
organic carbon (SOC) under various fertilization regimes. Topsoil samples (0-20 cm) were collected from the raw soil and
reclaimed soil under different fertilization regimes of six consecutive ages. A wet sieving method was used to fractionate the
particle size in soil, including the large macroaggregates (> 2 mm), small macroaggregates (0.25-2 mm), microaggregates
(0.053-0.25 mm), as well as the silt- and clay-sized fractions (< 0.053 mm). The contents of OC and TN were analyzed for the
water-stable aggregates, the silt and clay fractions. A systematic experiment was also carried out to reveal the driving factors
for the changes of SOC storage, while, the relationship between crop yields and the OC content in the water-stable aggregates,
the silt and clay fractions. Four treatments were selected, including no fertilizer (control, CK), nitrogen, phosphorus, and
potassium fertilizer (NPK), single application of organic manure (M), and the combined application of organic manure and
synthetic fertilizers (MNPK). The results showed that the contents of OC and TN were similar in macroaggregates and
microaggregates, particularly higher than that in the silt and clay fractions. Compared with the raw soil, the CK, NPK and M
treatments significantly increased the OC contents in the 0.25-2 mm, 0.053-0.25 mm aggregates, and the < 0.053 mm fractions,
with the increase of 97.96%, 66.19% and 97.60% (CK), 87.07%, 92.09%, 92.80% (NPK), and 95.24%, 148.20%, 112.00% (M),
respectively. The MNPK treatment significantly increased the OC contents in > 2, 0.25-2, 0.053-0.35 mm aggregates, and the
< 0.053 mm fractions, with the increase of 151.88%, 160.54%, 135.25%, and 92.80%, respectively. In addition, the CK, NPK,
M and MNPK treatments significantly increased the TN contents in > 2 mm, 0.25-2 mm and 0.053-0.25 mm aggregates, with
the increase of 43.66%, 46.78%, and 29.95% (CK), 41.83%, 52.35%, 30.43% (NPK), 52.81%, 50.43%, 44.93% (M), and
63.80%, 62.96%, 39.61% (MNPK), respectively. The enrichment factors of organic carbon (£¢) and total nitrogen (Ey) were
similar in the macroaggregates and microaggregates, generally higher than those in silt and clay fractions. Both the M and
MNPK treatments significantly increased the C/N ratios of water-stable aggregates, and the silt and clay fractions (except for >
2 mm aggregates). The OC sequestrated in the > 2 mm aggregates was driven by the proportions of > 2 mm, whereas, the OC
sequestrated in the other water-stable aggregates, and the silt and clay fractions was driven by the OC contents. The crop yields
increased linearly as the increase of OC contents in the water-stable aggregates, and the silt and clay fractions, indicating that
the SOC pool in this area has not saturated, especially for the < 0.053 mm fraction. Therefore, the application of organic
manure combined with NPK (MNPK) to the reclaimed soil with low fertility can be an effective way to improve soil
performance in coal mining subsidence areas.

Keywords: reclamation; soils; water-stable aggregates; organic carbon; total nitrogen; crop yield
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