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Effects of Fertilization on Light and Heavy Fractions
Organic Nitrogen in Reclaimed Soil
JIAO Huan', LI Tingliang" *, GAO Jiwei', LI Yan', HE Bing', LI Shun'

(1. College of Resources and Environment . Shanxi Agricultural University, Taigu . Shanxi 030801; 2. National Demonstration
Center for Agricultural Resources and Environment Experimental Teaching , Shanxi Agricultural University, Taigu , Shanxi 030801)
Abstract: In order to reveal the changing characteristics of soil organic carbon and nitrogen of light and heavy
fractions in reclaimed soil as affected by different reclamation years and fertilization measures, the variation
of carbon and nitrogen contents and C/N ratio of light and heavy fractions were studied under five fertiliza-
tion modes by the density fractionation (no-fertilizer control, CK; single fertilizer, CF; single organic ma-
nure, M; fertilizer combined organic manure, MCF; and biological organic fertilizer and chemical fertilizer
mixed fertilizer, MCFB). The results showed that TOC (total organic carbon), TON (total organic nitro-
gen), carbon and nitrogen of light fraction and heavy fraction all increased with the increasing ages. Single
organic manure showed significant increase in TOC, TON, LFOC, HFOC, LFON and HFON compared
with other treatments after 8 years of reclamation, and the corresponding contents were 148.10% ,68.09% ,
163.68%,129.51%, 35.00% and 92.59% higher than those of raw soil, respectively. The sequence of C/N
was Light Fraction C/N > Heavy Fraction C/N. The light fraction C/N in all treatments increased with the
increasing reclamation ages, being the highest (25.48) in CF, and the heavy fraction C/N in all treatments
decreased with increasing time, being the lowest (6. 44) in CF. Fertilization measures had a significant effect
on the management index of soil C and N stocks. Treatments of MCFB could improve CMI and NMI more ef-
fectively than other treatments. On the whole, under same nutrient inputs condition, single organic manure
was more conducive to the accumulation of soil total organic carbon and nitrogen pools and carbon and nitrogen con-
tents of light and heavy fractions in the reclaimed soil of coal mining subsidence areas. Single fertilizer promoted the

increases of light fraction organic carbon and heavy fraction organic nitrogen to a greater extent.
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NEAANRS EAAIR. BRGNS
P TR 2 W R R TR 5 B W o A T
PR T A 255t A DB A Al A 7 R T 9 T R A R A 5
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WG s X6 IS 3 2 T R AR B o X 9 AT 4% R 2H A BILAK
RUFFE W X2 B B % SRR R 5 Ry
B OARSCLALL T A 2 I8 VLA T R I B X R R
R AT G R B B G 1 D7 R RSN TR B I 1
Jiti Xof A M A% 2 A3 R RS S R R L IR R R R
AN [F) 5 RE A T 52 B 08 4 2 0 A LB R Y 2 4k
FUAE , DU i DX 4 Pk 35 A0 2 A1 BB 4R 35
1 #et S5
1.1 #SHRERER

SRR A X S B b K i 50 B A T 1L Py
A R E LR VT A (3672811, 95" N, 113°00'52. 57" E, 1§
P 980 m), HHEAT g A1 KPS L B T B R R
T R B 1 2 R S AR R 9 C L AR R K B 500~
600 mm, GFEHA 160 d. ZKLHL H 2009 4F & . R FH 3]
B0 By SO B M RO AR o Ok R R
FES 60 000 #k/hm’, HETHAELZER 4.8 1 1
HLOER AAETERT 2013 AFRITIHHE R, AR
DI R 4.8 4F L HEHBFFE X 4 90 RIS fa i & B
AR [ 55 NE 46 0t T %% 4 4 A DLk A S AE
. FERFEMZ AR LR 1,

F1 TEEERFERHMETEEREBHLER

= ol it A/ A/ HALER/ HHLF/
Ak B pH

FIR/a (mg * kg ") (mg + kg™ ") (mg » kg ) (g kg M)
*f BE (CK) 15.93 5.43 154.58 7.87 8.21
1LIE (CF) 20. 06 10. 24 178. 96 11.02 8.12
4 A HLAE (M) 24.78 19.75 193. 87 14. 95 8.11
AP+ AR (MCE) 23.01 13.78 158. 64 12.90 8.12
WA HLAE + 46 AR (MCFB) 24.19 18. 04 147. 80 13.76 8. 14
Xt B8 (CK) 24.19 6.71 143. 74 9. 84 8. 14
LB (CF) 27.73 25.17 184. 38 13.21 7.98
8 A AL (VD 28.32 33.95 193. 87 16. 90 8.06
A HUAE + 1L A (MCF) 27. 14 15.48 176. 26 14.12 8.06
H A HLAE -+ 4L AR (MCFB) 34. 81 25. 30 173.55 14. 81 8.01
J& gk 12+ (US) 33.63 11. 34 223. 67 31.72 8.11
KERE L (RS 24.78 2.01 101. 74 6.81 8. 14

1.2 REi&it (MCE) ; (O A HLIE + L IE (MCFB) . H A #L

HIGTEE 5 AMAEH . (1) A it AR % AR (CKD 5 (2) B
AR (CF) 5 (3) Bt A HLAE (M) (4) A HLAE + 1k AR

JIE Sy 524 TS IR 2%, S A PR 25.8%0,.N 1. 68%,P,0;
1.54%,K, 0 0. 82% . At i B 2K o B 2 L1 B i
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B LB R 2 i TR 5 WA A R R S X 2 A T
1+ O BT 2, Hl M 8 =0. 5 X10°CFU/ g, #AM Ak
P 3 U R BEHLIX 53t a5/ X Ay 100
m’, A REHEAL B FR o A E—B BAEAC i AR 2.
I E] —4FE —AE R B £ oK B 4F 5 A 22 A ik A, 10
HZEAWOR  FRFEFT 28k 1
x2 TEERLENIERAE
Hfy  kg/hm?

b 38 NP0 KO AW BT
X IR (CK) 0 0 0 0 0
AL (CF) 2015 184.8  98.4 0 0
HHLIE M) 0 0 0 12000 0
AU HEAEMCE) 1008 92,4  49.2 6000 0

YA AR (MCFB) 100.8  92.4 49,2 5250 750
1.3 MEMBESAZ*

T HERE ST EORFE R AT (2017 A 3 A 31 HO R
. RMNZ ARG REERE 0-20 em K2 LI,
7] If R 4 R 2 B A 4 (RS) T 11 oK B 3R A T2+
(USHE R B A3 0 77 52 7+ 72 B2 09 % L pm o, 36 A
JCTR 42 A7 8] 52 56 5, i) Bk 3 A ) A A R A B, XL
FI5 it 2 mm G0,

1.3.1 EEEAME(TOC) FHEHRRAAE
AN HGE Rz . I EA HLA (TON) R
folo i F QIR 5

1.3.2 B2F@sts s B 2 mm KT+
# 5 g 2] 50 mL BBS.OEHLAREINA 25 mL 1.8 g/cm’
MR FER W LU 3 200 r/min 4235 1 h J5.7E 3 000
r/min FELCG 10 min, FEEOE T FER.HEE L B
B3 MASRAGITE T IE 2R 5. B
95 0 1) ., T 1A% 1 18 v 118 T8 b B s L 7 9k 2 DL [ R
F18) B R R O R P T A R T B O VR 3 WL FE R BT
W MHZERKGEE Ol EE IR & OUER 2 Ik,
FEEBLED FIEW., WEE L EHR SO
R 60 CHEFT P HET 48 h, FRE . RISH HE A 4 7.
1.3.3 #Fappsmncsadi BT 1R
TEWFER P BE AN, 5 0. 149 mm i , % 5 4% R 81 5 &
B AMNINEGE I A L L B A4
53 LK

YA LK (g/kg) = (T 4 53 Lok % & (g/
kg) X T 4 53 i it (@) /BT + 1 ()

BA ALK (g/kg) = Cal AT Lok & & (g/kg) X

P+ H () — EHHA A PR S = (g/keg) X HEAH
Ao () /T +E(
1.3.4 BFAAMNRGNETEHE BT 11
W B A AR L 5 0. 149 mm B, R 2R R T IR
LAV A SR L A EAA S HILA.

FEHANA (g/kg) = (EHADPAIAT & (g/

kg) X HHH A a () /T EFE (D

BRAAHA (g/kg) = CRAPLA & 7 (g/kg) X
BT+ () —FHAH S AHLA F & (g/kg) X HA
Mo i () /MT+E (2
1.3.5 AR EEEISHa A R E A B L
e SRR % T A A PR R B i e PR 23R

T J2E 78 B35 0 (CMID) = Bl FE 45 %k (CPD) X ik J§
T R B(CD X100

R HLAR B (NMD = & FE 48 80 (NPD X & &
T EFREL(ND X100

B RS B (C) = B2 40 A7 HLAk (LFOC) /5 41 47 4L
i (HFOC)

e J26 3% FE 8 B (CD = # i T 5B TR 2 (C) /2
% 4 e PR 1% BE (CO)

W JEHE £ (CPD) = B & - 88 B HLak & & (g/
kg) /2% + WA LK & & (g/kg)

RIEEEE(N) =R 4 4 PR (LFON) /5 41 A #l
A (HFON)

RETE BEFRBCOND =+ i T IR R (N /2
% L RS BE (NO)

RPEFE B (NPD = #Efh EHE R A HLA & & (g/
kg) /2% + | HA LA F & (g/kg)

KBS HMULAERAELIERNS T L8R
CMI #1 NMI,
1.4 HEFELAEESRITHH

T A B R ) Excel 2003 3447 48 11 iz 53 M1
L, AT A R 2 R Y 2 S 2 PR SPSS 19. 0 3
HEAT 23 B (P<<0. 05)
2 gR500r
2.1 AEEEERENERETELAFNKRANTIE

3 TOC & Rl B AT FRIS i imi & 2 4% n (5=
3, ER QA HIEAI AT TOC AR
LAEHSERAIN T 13.82% (P<<0.05) . Bk E B4k +
PR T 102 A5 AR TR 3 A% F 2+ A HLER AKF-
SR A8 AR LT B B A Al 4 BRI G R
B 3 TOC 4 & . MCF #l MCFB 43 F + 3 TOC
SRILRFELZR.HET CF 4, 58+ TON
Fr AR IR 2R B K Bl A2 B AR BRI kg, &2 R 8 4F
TN A FV-35 TON FrE i B 4 4F L3 443
SR 20. 00% (P<<0. 05) F1 53. 19% (P<<0. 05), [a]—
52 BT RN [) il A Ak 382 ) A SRt A MILAE AL 3 TON 5 it
B {25 MCF fit MCFB ARG 8 3% 25 5% . IRl il 3%
3 AN, 0t 8 AF R B R ifi A X BE 4k BEE 4 HE TOC i
TON &k 2 BAE 4 44, 56 % Fil 21, 28% , AT RE &
H A RS A4 T3 0 T A LA R LR
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x3 AEEREETERTIESFNREAIETNL

BRAER/a AR AL B TOC TON

CK 4.56+0.15d 0.4540.05¢
CF 6.39+0. 22¢ 0.5540. 03bc

4 M 8.6740.53a 0.7240.08a
MCF 7.48-+0.16b 0.6540.08ab
MCFB 7.98-+0. 25b 0.6340.01ab

CK 5.7140. 43¢ 0.5740.01b

CF 7.66-£0. 40b 0.7240. 04a

8 M 9.80+0. 74a 0.79+0. 06a
MCF 8.1940.05b 0.7740.06a

MCFB 8.5940. 42b 0.7440. 04a
SEFIH (4 a) 7.0240.17¢ 0.6040.02¢c
I (8 a) 7.9940. 14b 0.724+0.01b
us 18.40+0.53a 1.12+0. 06a
RS 3.9540.17d 0.4740.08d

P EIE (4 ) CEIME 8 a) 43R 4,8 45 B 3K BRI b
A 44 18] 5 32 0 BCHR I 2 39 (8 4 452 25 17 91 [ 46 £33
PS5 AR NG F 1R 22 55 W3 (P<0. 05) 5 P34 {H (4 a) |
FHIE (8 a) VUSRS Xt i B8 5 R R /NS F IR KR P=
0. 05K F L2 5k, R,
2.2 AEEREEN TIERSAFTIRNIZNE
a4 g, Zat 8 24 B LFOC Al HFOC & &
A3 50 BB 45, 96 %6 ~62. 51 Y0 Fl 37. 49 % ~54. 04 %, &
R+ LFOC 5 HFOC & 1 SRS B AR FR 34 Jnim 38
LR 8 AR A A FRSE ) LFOC #1 HFOC & &
IS 4 AR 22,89 % (P<C0. 05) 1 3. 88% , #¢ RS
f 112,74 % (P<<0. 05) 1 90. 16 % (P<C0. 05) , {H#¢
US i 66. 62 % (P<C0. 05) 1 28. 83 % (P<C0.05)., &
B A8 T, 45t AT A 4 AN il AT XoF HE Ak 3347 &)
FEEE T £ LFOC & &, H L MCFB #il M 4b 2
LFOC & i 5 e fH 22 08 8 2, P ¥ 43 0 o 4. 71,
5.48 g/kg; [ A Uit A HLAE Ab #4554k 2R & 35 46
THER L8 HFOC & &, 430 3. 97,4, 20 g/kg.
SRR E YA YU 5 10N it A B A HLIE Ab 21
WA B T LFOC & &, Hujitia AR 4b 2 1R
KRB FH s HFOC & i,
*4 FEBEEETEELBRZEAENBRIETL

Hif7 . g/ kg

BRFER/a MiEAE  RAG IR 4 A ALK
CK 1.76+0.12d 2.80+0. 23¢

CF 3.1740. 20¢c 3.2240.01b

4 M 4.7040. 62a 3.9740.10a
MCF 4.0140.21b 3.48=+0.16b

MCFB 4.7240. 22a 3.26-40.19b

CK 2.6240. 46¢ 3.0840.05¢

CF 4.2640. 44b 3.40=+0.07b

8 M 5.594+0.78a 4.20+0.06a
MCF 4.6940.12ab 3.49-40.07b

MCFB 5.3740.42a 3.2240.12¢
SEHIE (4 a) 3.67+0.13c 3.3540.05b
SEFI(H (8 a) 4.5140.15b 3.48=+0.03b
us 13.51+0. 55a 4.8940.07a

RS 2.1240.08d 1.83+0. 10¢

2.3 AEEEREEN TEREAFTINANIMNE

iR R A LA R B R AE FR A i
B, 2 R A4 5 R A B LFON il HFON &
OB E RS 435175 10, 00 %6 F1 40. 74 % (P<<0. 05) , 5
B 8 4E M2 LFON #1 HFON & £/ B4 58 B 4 4F
75 13,64 %01 23. 68% (P<C0. 05) B 4% J& 37 28+ 43 5%
50. 98 % (P<C0. 05) il 24. 19% (P<<0. 05) (& 1), LFON
Fig AL T HFON & 62, 048 8 AR5 B HFON & i
i A LA 58. 90% ~73. 61% . 3] HFON J2 1+ 541
AWM EEA K. ZR 4 4 13, M. MCF,MCFB &b 2 1]
LFON & &2 55 A0 & . F¥h 0. 27 g/kg, % CF 4b 3
107,69 % (P<<0. 05) ; HFON &R L CF 5 M g3
e P 0,44 g/ kg, B F R T HADAL I, H B 84
43, LFON 25 2k MCFB F1 MCF b3 &% 25 , Ab 38 1] 2%
SN R 0.30 g/kg, AR FE & F CF.CK
A3 HFON &b g 58 B 4 4 LA —
#H.,%£H K CF>M>MCF>MCFB>CK,

~ 0.7 r i a
‘24006 B &4 B 24 %
@0.5- a a Ao c b 4
W o g
41 0.4 b a i H
a a H d
gm- o o FH ®
® 02 fff b _ g
& 0 1 1 1 -l 1 1 1 |_-| ]
TEE TEEEEE
= |-
gy
B B
4a RS

A
Bl AREEEETEETEREAENRSEEL
2.4 BEEEENIESEEAIBELEBRAES

BIEHMZ N

TR A 5y C/N SR B &2 B AT BR 3 Jn it 5
fn. A B 8 AR KA R A 4 C/NIRE R 4
AE LR 4.85%0 (K 5), REEAH S C/NKE R
AR PRSI A R 8 AF b A A HOF 38 FE A 4 4y
C/NIER 4 4F AL 14. 95% ., BB 8k
My C/NH & FHERAMS C/N, EE 4,8 411
BRIy C/N ¥k CF Ab# i &, 41414y C/N LU
CF Ah PRI 1%, FL At Ach B0 2 0] A 22 SR B 3. 45 45 A0
AR LH A 4 C/ N 564 + 5 19. 50 % ~128. 93 %, 353
1K 3.99%0~49. 89% . £ MEAFLE A4 5 C/N
H5RERALME DR HA - ERARES. wE
IR U (CMD FA R 4 B 46 20 (NMD 35 3% 30k
US> FH{H (8 4F) > F ¥ (4 4F)>RS, KB 4,8
AT, & 55 IR 4 B (R CMI ¥ L MCFB &b P i
LA lik 254,12 #1316, 01, H B #E & T CF Ab 3
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M ,MCFB 1 MCF kbFE[E] NMI 22 R i &, SE 4

A3 9k 136. 16 F1 135. 96, 5 25 i T HoAth kb 3,

x5 ARAEEEETERLIERTEANBEALREEREY
"R Jiti HES BREAHAINRALL WA BRALL T PE 5 JL AR 4 ARG AR
MR/ a Ab ¥ (LFOC/LFON) (HFOC/HFON) (CMD (NMD
CK 13.30+1.62b 8.8340. 45a 63.59+7.38d 55.27+5.50b
CF 25.48+4. 86a 7.58+0.60b 138.29+12. 86¢ 47.90£7.94b
4 M 16.9343.93b 9.0840. 60a 227.51+48. 71ab 136.28+27.82a
MCF 15.2943.61b 9.2640. 20a 189.66+17.94b 135.39+32.78a
MCFB 17.6240.91b 9.0640. 19a 254.124£21. 40a 136.81+17. 84a
CK 14.4943.63b 7.9740.26 ab 107.80+26.87c 78.92+9. 35b
CF 22.55+3.23a 6.4440. 40d 212.25%+35.44b 75.25+7.49b
8 M 21.41+4, 41ab 8.0840.09a 288.54+65. 38ab 118.20+31. 45ab
MCF 16.7244.61ab 7.3740. 35¢ 241.78+12.73ab 139.95+43. 81a
MCFB 17.772%0. 81ab 7.407+0. 34bc 316.01+42. 88a 149.724£20. 34a
SEHE (4 a) 17.7241. 46b 8.7640.08a 174.6349. 92bc 102.33+11. 20b
SEHE (8 a) 18.5841.07b 7.4540. 15ab 233.274+8.27b 112.4147.21b
UsS 26.54+1.99a 7.9140. 55ab 1117.00+86. 31a 270.1945.52a
RS 11.132£2.99¢ 6.90+1.21b 100. 00¢ 100. 00b
3 0B 44153 AT LR UG I 10 LR 8 A T B

it FH A HLRE 7 ot + 325 4 L 38 S MR W) ™ i
THHA AR Y — Ak B AR KT it
FHE7E20 000~45 000 kg/hm’ 17 3 5 A HLAE 7E
1 500~5 000 kg/hm* """, 5% B 45 B X 7 &2 B + 4%
B HE Y /& A HUIE FE ETE 3 000~45 000 kg/hm™**,
ABFE P B AT BB N [ A LR A 0 A
755 3% 40 1 R[] B U5 1) B B 2551 4 » ARl 36 ML
TRk JEE A S 3 2 3T B A LAE 35 AR Y L 2R
% RV E I B A HLIE &8 12 000 kg/hm® , it jifi
F& -/ 6 000 kg/hm?,

WFoE 2R B Bt A7 HLAE LA HL ISP e Fn AR 0 A
HLAE 5 £ I i it Ak 3 14 T D 3 8 v 42 R £ 48 TOC
i, — T R A LB A B A — R R X
e B MU & A — 2 DTk 5 — 7 R B T A AL
PR3 TR A S TR M BR A RAR R H &
St WUE A R ALY ARG L B
2 RARRR A I, 45 Ab B ] -3 TON & 2 ¥ 76 A [F)
FERE A% DA o A TRl A B AR BRI 1 D) s A AILIE Ak
B AT HUIE AR B Bt IR 22, 3X 5 A 5 7% 4 1 F
FEAEFM ) A PUIE A & R R & A W) . X 2
B A HLIE 2 F I e RN, SRR B
95% LA IR FERANA Wik 2R H A 5+
S HLIRSE AR — B AR LA

TEAHF 5T o o Bt AT LA AT ) Aot 4 g A L 4 e
HH2H 53 DL K T 2H 20 A ALBR R 8 i DB A AL
RE it A 25l 3 - 8 B b 2 BR B, B Gk s
HE T AR HE I LA 4 AL . AHXT PR R R+
¢ 2H A 43 4 ) D DR B O B b R A LIE A A
KEHANREEAID T, RS ERILEL
B 5T 2 W L it A 8 A LIE AT LA 2 48 o 45 9%

A SRR R AR O R R L DTG R e - A LT Y S A
fRAR B 35 T R EA LR MR E . AR
PO E A LR A HLB R AR S AR R
JKAE M X, 20 A BB A AT LR TP L AT sk
81. 9% (AFEAMI T 25 5 vh R B Ry R L AT WL 1)
ErE T EAAA LK. S A B+ A LR AE B
H MR T R BB Y 37,49 %8 ~54. 04 % 3% 5 +
AR 1 KA O AR IR 7 AR AR 1 2 R I, —
7T T 2H 41 3 A AL PR B 1) A A A A PR e Ak
Pt F A Wy B A A KR 55— O T A T B R
FE B2 AE B AR 22 A 23 4 8 A6 ) o0 A o S e AR O 2 R A
BRAAHIRIE .,

A R, + BER R A 4 C/N AR fk
AR AL o > AL 4y - 3 0 R R 4L B o
SIS [ A3 TP R i RN IE AR S R O ShRE W i B )
WSR2 R BT 3R 45 W o & E A AR O 3 Y ik A LE
2 PG G i AR R A S B T AR LL AR
&5, FEARME . B R+ C/N i fgix —48 1k
Fag, IF HAHF G iR AR % CK bR & T 4Rz
A5 C/NLFEML T B A 5y C/N, 37t A HLAL 52
CF gbPpdf v T HE A4 4> C/NL AR T 1355 20 41 4y
C/N, B #jita L0 AT mT DA bR 25 20 41 43 B 1 1 4k - i
E T2 41 0T MUK 15 0 20 41 43 B0 J0 2l 0k i 4
TR AT B R A A o L i LR AL AL ) —
SEREFE R R o - o B I EGE 1) /N, B itk
MRS TER R4 AR C/N, 1 it A L
JE DR T 5 A 2 53 1 ik K i) 2 20 43 1 A dE
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