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JREG ] CHEYUIERE/HIRRE) KEgk
AN SR HEAT T8, I35 2 re A WUIE R &
(A, RIRBARZE S — iRk T T A RAHUIER
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ARG —BEIKT T, DRSS, 438, FEISALIEXS
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A HUEHEAT R A BRAL, AT R B3 5
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1 R5RE

1.1 358 X 4L

PRI R R B P 22 SO R SRR R X
R T ORI, OIS, R X
M ANIEE R 2 a 3% (RTRFREIEYD . KX
HibAbZE 37°06'. 44 111°37', #§k 990 m, J@IEIR
i KFl PR AR X, BRI R, UKD,
HEZW, WaEES, ETFYSE 101 C, A
i 2500~3500 ‘C, VKN E 474 mm, 241
FEIH 165 d, P K EN 1866.9 mm. IEILA
AL PR LR 1.

FSREX-F 9.5: LI TN

Table 1 Basic physical and chemical properties of tested soil

fob R TE A TR HHLIF
InEd;‘ Total N/ Olsen-P/  Available K/~ Organic
X
(@kgy)  (mgkgh)  (mgkg?) matter/(g kg™)
fﬁg 7.30 2228 114.63 8.01 7.62
{o]]

1.2 ik aret

3 PR B A HUAE 7 0 A R T B3 . fE e
43, PR AT R & B R . oL
REA L BERRES (& P,0s 16%). 3 Rl HLALFE AR
Wz 2 fis.

k2 BHXA AU AR

Table 2 Basic physical and chemical properties of tested manures

4% Total N/ 4= Total P/ 424 Total K/ X% Olsen-P/  FHLJT Organic L &/K&E Moisture
A HLIE Manures . N i | y pH 18
(9kg™) (9%g™) (9%g™) (mg kg™) matter/(g kg"~) content/%
X524 Chicken manure 8.40 16.40 7.50 5902.27 271.21 8.23 12.4
¥2% Pig manure 15.40 14.30 8.30 7 256.54 158.97 8.19 9.61
43 Cattle manure 4.60 6.00 1.10 4862.13 156.36 8.12 1555

1.3 #H#MmRESNIE

PR BRGSO RS SR AR R P X
FAMEL R AR R4 8~10 M A 0~20 cm K2+
R AN LFRE, 320 kg, WEISEERE, KT BER
Jaid 2 mm §% .

BERIE R XOFE. ARERES TR 2 mm Ji
#H .

60

1.4 THFEFIRE &I

R 4ET 2018 £ 9 A 30 H, #F47 105 d R 7%,
F]2019 4F 1 H 13 H &5 56 K H = W E R 77 k.
ISR 5 MR B, XSS R 2 A2 5 0 AETE 100 mg/kg
B4 — 2 KT R, DAAS it B R A S o) T
(CK), 3 REH . FREUHR 3% 15 43, B4 500 g,
BN 1L AR IS, AR EEIIAZ K
ISR EANREKZ 1) 50%, FFH OREEEE 11, 5N 25 C
TE RS IR A P IR 7 d, K540 T g,
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PAVE BRIG FRAIRK o i i A RE s md . 7 d Js
FE IR B IR, AERFRE A HUIE R AL e
HERRN ORGSR 7d 500 L3, R i\ 208
KA 2 K B AR K R ) 45%. 76 (3042) C RIER
7R, el (A 10 BHIE R, R E
HAERT RIS K, W TR B, 7 TH9%
K (0 d) M7, 14, 21, 28, 42, 56. 70. 105 d
IFERE, JEAT A5 B R Vs 1 S B A A5 FE 1)
M5 . FRUCRFE G, 48R 3R B 105d, Biess
1.5 MEFE

SR FH EL A R B % V- A I AR I s 3 ML
PR RN E A IRRESRIE-HHE T
bl 300 5 3 R s IR IR B - KB T
2 -3 R, BERR A AN EL (0 < R R T
@[18]0

TR AL R R I AR I I — e E )
A I A CONBERR BRI HETCHLEE (B KA
76 30 CHEIRKEFR 21d, F HL e B A 2L
. RIEEE IR G A A& 5T A E 1 E 3L
T T B BEAL IR (R /N,

AL B Elovich. 1 3 BUR 7 58 3025 50 /)
SRR Tt FH A [RGB - 58 T 0 PR R T
g H12 7 R,

WM R L= (L)

Elovich #%: ¢ =4+KInt ,

RLAY B g =cthgt®>,

WA Ing =Inb+k(Int),

A gt ZIRE O A B (mglkg) 5 ko 940
ZWrah AR AR A o NPETRRIRE T AN
WA B KON TG b NIEEFEEG kvl
RERHUE; kg AR HORZRHEE ¢ Y BUE 2.
1.6 HIELIE

K H Microsoft Excel 2013 #4447 Hidls b 3 A0
EE, REEIERI ] SPSS 25.0 #4347 48t 0 #r
KA Duncan # 5l 272037 2 B AL (P<0.05), Jf
o S AT O R I R AN B B () gk AT
Pearson AHICHE AT T BEH KBRS 1 F S 40R
H Origin 2018 FATH I A5 H o
2 ERE 5
2.1 AEIAHAELETE BT IERWBE T UAFE

it FH A HUIE G A X B 3 s i & ) 8 A L

WL 1. HE 1 ATE, 7E 0~105d BRI, &t
I Ah B S A5 T AN RE U N 4 AN EL, I

FEPTEL (0~7d). FHA EAMT B (7~14d). KR
FEMTEY (14~42 d) DLEAREMT B (42~105 d). A
I it A b B4 5 R B B - S i i ) 25 T CK,
T 25 Tt AE AL B AR 22 57

TERENEE TR 1, X0 388 Ab ) - 38 A5 ol = 5
BOK, 59RO d B, X340 T A0R S A AR SR A HE K
MR R T 9.74%~11.26%, MiE3s 54 Feubrd
[ Z A RE: MBI, IS FEA B 5T HAH
bl , T3 A B4 i 3 e T 35.32%( P<0.05).23.30%
(P<0.05) F121.62% (P<0.05), [f¥sFEA]IE K,
B|FGFR 7~42 d B HEEEAE R R E 2 R REER,
B it A A T T O R R I O >R > >
FCRBALER, DU [RIIAFAE R 2 2 7. E 42~105d %
FEHAN], AP I B T R, IR AbEE
TR AE 29.41~40.32 mg/kg 2 [f], HrhagFeab
TR R R, N 40.32 mg/kg, SALEEE R IR
WA (0d) EH—2, HEIHAGIES IS
ONEAbEE, Horpfde 54 im 2 AR, R
PR Bk 2 AhBEEIAAEAE R 2 R (P<0.05),

Kb Treaments:

—— X2 Chicken manure

¥ %% Pig manure

a a —— 2= 2% Cattle manure

60 | * ALAE Chemical fertilizer
2 CK

70

50

40

puidia

Olsen-P content/(mg kg )

30 |

20 |
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B 1 KR sEfe At 22 ik 5k 69 T A4 4E

Fig.1 Olsen-p content dynamics characteristics

under different treatments

2.2 T EEHIEAES B HIBRSBBRREHESH

KA sl 71244 . Elovich #8574, iy g™
AR T R R Ry A 70 S6of - 33 T R R s R AT 4L
%, SREE I PR, HE IR, 4 PRI EE
R BER G RE, ARES R (RD KL,
WYEh S35 (R?*=0.999~0.995) &80 e, H
K Elovich #i% (R?=0.828~0.402) FH% i $ifsi A
(R*=0.817~0.390), Tk P93 Bk A (R*=0.714~
0.557) AR A2
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% 3 TRElAeL 32 ik B ) A H

Table 3 Kinetics parameters of Olsen-P release from different treatments

LB sl Sy A Elovich #57 LA 3 iR e BRI Y
AerE Pseudo-Second order Elovich Parabolic Power function
Treatments R K2 R A K R? Kig c R ke b

¥52% Chicken manure 0.996 3.308 39.274 0.678 68.685 -6.236 0.698 -0.396 56.332 0.651 -0.125 72.363
¥4 Pig manure 0.995 3.567 34.749 0.743 68.438 -7.334 0.714 -0.419 52.578 0.719 -0.161 74.599
21 2% Cattle manure 0.997 2.965 34.19 0.828 60.728 -5.822 0.681 -0.363 49.199 0.817 -0.138 65.155
FLHE Chemical fertilizer 0.996 3.521 28.671 0.617 53.6753 -5.354 0.665 -0.321 42.478 0.586 -0.143 57.266
CK 0.999 1.513 19.908 0.402 24.645 -0.941 0.557 -0.076 23.260 0.390 -0.042 24.181

2.3 AEIBHAEA IR & B IR ARG 5 M RS20

TR B N —FoK R A7 A T L3 rh, (e
PUBE AR A R L LA I TE N LB, I ELB R T v
PR R T USRS Wi s X sk =08, ik 4
ATRN, TEREANERFEINBLS CK AL, ALAEALEE X R
PR TS PR R s I 22 S AN SR 3, AR T it FH A R A LR34
JEL b B 357 i S 25 1 Nl R , (H B IR B 5 A AL
PEFR ARG FEBY B A R AN ]

FEREFRATI (0 dD, R SEA0 3 1) Bl PR AR 18 3t v »

Ab PR 5 A AR TR AR EE , B BRBRE ME 40 il 38 = 1 120.06%
(P<0.05). 52.37% (P<0.05) #1127.15% (P<0.05).
ERFR ] (14 ) BERREG IS I 555579 (0 d) &
H—B, VNI ey, SR SR P R S
YR AGE, OIS EIENIEAEAE L, PR
TEIE S IR E T 31.07%(P<0.05)F 78.09%( P<0.05),
M A2 S5 A IE AL 2] R] 22 e AN . 3 o ARG 97 J5 1 (42~
105 d), IEBERREEIE MR/ I s

FE>AE=CK, FAVLAELEE ) Z R A EE, |

B FEAN - FE AL BB R BTG > IR T T 27.15%  HBLAE AL HEE EH AR e T MRS, BE
(P<0.05) #1152.37% (P<0.05); #93&. JEFEMASE  49.40%~64.27%.
4 T Bl AR AE AL S 5 B B e A AR A
Table 4 Dynamics characteristics of phosphatase activity under different treatments mg/(g €)
g3 REFEIHE Incubation time/d
Treatments 0 14 42 105
¥§3% Chicken manure 42.1044.108a 31.4742.659 31.2542.631a 30.26+1.709a
¥%3% Pig manure 33.1142.333b 30.0443.952ab 29.6046.908a 26.4242.23%a
Z4:3% Cattle manure 27.63+1.831c 24.0144.351bc 28.72+1.155a 27.52+1.554a
ALHE Chemical fertilizer 19.08+1.740d 17.6744.150cd 18.64+2.836b 18.4240.328b
CK 18.64+1.057d 16.99+2.490d 16.7740.328b 16.33 +0.684b
2.4 A E)EHRLIENE R 1% it (LR E AN o9 AL Treaments:

i P LA X 52 B L3 WL B AL 3 R 2 2 Sel @ ——— 43 Chicken manure
AE 2, WE 2R, SUEANBEE RS B | . R
FAHRBY AT (0~14 o) P Fi%, Fil] (14~ 28 g | — #LJE Chemical fertlizer
QOFEREAT TN 210D FEFHIMNE. S 6| e

EREFEHI (0d) , JEFESLAEAL X A B 22
AR i, —E R AR FEER b AL 85l
436, XA R R B LB LR, 4 Bl E 5,1 .

7 4151% (P<0.05) F186.52% (P<0.05) , %5 & g, b a
o EEFETPH (14d) , BALHEAE WU LT 0
0 14 42 105

BN R ZE o AEREFRE I (42 dD , il FH R3S
A FE AL AL B A WLBE AL Ao 8 A v, — 3 TR 22 A
BE, BN ERTOIEMME, 257 14.34%~
44.78%. REFEARW (105d) , RACHAEHLBEEL R
EEREEEY (14d) 8T8, HEEEER.
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14 F% 5 [A] Incubation time/d
[ 2 TR FeMe At 32 £ 3% A AU AR B
Fig. 2 Soil organic phosphorus conversion intensity of

different manure application
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Tt FH A HLAE S B X 2 B - S TE L e 1 3
BRI 3. B 3 7T LUK, AR TR R,
TEAVERE AL 3 B B A A2 I AT (0~14 d)
IR, JEH] (42~105 d) T REIREE]

BHIEHAAA, (HAEEEA S P AL BR8] 34 T0 B35 22 5+

I Treaments: —— *33% Chicken manure
16 ¢ JLAE Treaments —— J%7% Pig manure
—— 7| 3% Cattle manure
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2 1 oK

12
1.0
08
06

TeHLBE L AL i 5
Inorganic phosphorus conversion
intensity/%

o 0
Qo
o 1 1
Y [}

04 ] a
02

0

0 14 42 105
B£IEIHA] Incubation time/d

B 3 B FAEA 3T L3R AL LIR B
Fig. 3 Soil inorganic phosphorus conversion intensity of
different manure application

2.5 RS SHERESE M R LIRE R Pearson
BXZRY

AR A (R 5), BHNUILALBERL
BEE SN TONUBE R A 5 B P47 FE A X 35 IEAH 5
(P<0.01), I35 R%H 0.720~0.926, TfifLiES CK
R B 5 AT WL A R 5 2 IEAH R (P<0.05).
(LTl TR Tl A A0 5 0 S A T T S A Tl i A A L B e
PR A7 AE B35 IE A 5C (P<0.05), 4% 4b P i iR i
TP S B SR B AR AR AN B2 .
34 i
3.1 TEIBHIELIENE B HIRRWE T W RIFN

ARG NEIR IR 3 M HLUIE A AL RS
T E SNSRI FOR I, S b P R E
BRI TR S H R N BB B (0~7 DL R Y]
BT (7~14 D KIITRERE (14~42 d) LA
JeRasE M BE (42~105 d) 4%, 3X 5 Kouno 2P0,
X it it 2 VR i S PP P B S — B SR i T
AU N 2o R R 4 13 4 oML A 45
R R, BEES IR (A, SR A P ]
A I A R 3 A B VR B I A P - 350 e Rl
BE TGS, RGN, EREE LT R
AR B ] 52 B Bh AP 2, A LB L SR T
Farzl2628]

BAEEFREN, BRI AR 3 R LRk
W AE RIS IE > FEFE > A Fehb T, X5 WS
BRI Fo A — 8 A @I AR A EIR (25 C)
BE IR A AR T X N SRS 2 ) 40 4 45 9% 105 d

JE RIVE I F BN LIE R (41.6%) KT X5
(37.8%). —J7 [ A e 2 HH T 88158 A1 A< 1046 BT FH
A MR 1 AN [R5 T, A% 886 1 4 26 o A
AR AT CIP (49.45%F1 57.90) LY
(35.58%7F1 36.60), T AR50 A 36 o Rk o 4
TR LA CIP (44.24%F0 9.59) A M A83 (41.27%
F16.45) Fr3Ety; 55— ] Bed i T e
RAUARE CHEAFIE VS 4038), HaikiE R i3k
Wo s R o B8 7 B 3 R A HIE T IR IR, 32
M T3l 7 338 TR B -V« AR 12930, s x
AR IR B 3R A S SR R M SR R B
A A 3 O B - Sl I I v M B T (R HERS KK
BN, B0 R S R B S AT AR
KT R (GR 5), FHr XS Ab 3 15 B 1 g v 1
BEEFEMRAER (P<0.05), HAZMHZERHAR
w3 (P>0.05), XU b BH -5 R & 1) 22 ¢
A HEAE TS [F A AUAE SR R R 3 1 J5f 1) 22 S 51 ke
IR IR VALY,
32 TRIBNEALETER LIBRMMBRE HEF
S

ARG R L M 3l Jy 8L Elovich A5
TR PN 7 HIORSE B A0 R BB T %o - 3 R T
FEREATHLAS H, S AL 40 B3 J7 2 A A
(R®=0.999~0.995) & BURBIT. BT —Ma/
SR R T o R B Tk R 52 A0 S R B LB A
A0, 45 W o 750 5 R A B 2 T P R P B R RS T
S 109, AR A B A T S RS PR PR
IR Al 2 B, o, B Bl g AR A R G R
WL (K MKUCNASFE S > e ab e, X —45
59 105 d RN 1L FE 3 A AR AT AL
RRW—I, AT, AFEEHAERAT X E R 55
Hy bt B BB Ur e £ R
33 FEMERLAIET LIEMEM RBIELEENE
BT IERMEENTMm

RIS R I, FERENEE IR AR, Wi S 1 R A
R GFESREIESF IS WA, X ATREE T
A HUAEA B AR A 5 A 3 & R, (i 1 el
PR, S — 5 TH AN IR E I R0 R B R
(AR @RS pH S B g3 ibm
TR RS 1t = T A SN 4= 36 b 28, X PTRE R 5 A HLAE
FAENRER R, AR AR RS TR IS
A2, G HUR AT A RAE AR KT 7R & RmIs Al
BRI, BRI R S T ) K . T
B e s B, 7E W38 - bt A AR RIBEAE, +3% 6k
P Wi 5 VR R0 A LR 2 A) A7 7R B 3 R A G OR R
(R®=0.611), iX 42t T4 WS ATHR AL A= A K i
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F= 5 WG E TR 5T, B T S IR M
Koo RRINEEPOIE ORI, 54 A 3 e i R A
BIURE AN~ B3 A J i 11 sl G i 128 5 o Sl 1) &2
BEIEMRKR, X —FRGARE K INGFAL T
TR TS 11 5 0 RO B 2 IE ARG (R 5) AHALL, i
B - SR B IR GV M /N T RE S S A I AL B S R

AR A B ) ol 0T 8 A ) SR AT
B A s B W] DA I A e T R
WA HLA A A UBE L & VR A R i &,
S IR A ke - R A A AR R RO AR
K5 kAHE,

BT A S AT R I, S MR AL B ML £ 105
IS 25 e ) S R 3 IEA OSSR &R (P<0.01), B
A HLIEFT & B LS 33 RE 1T R 2 vk e SR
Ak o F T BEEREEAE 3B Z G IR b 0 ML v 3
VST EEAEE, I B aRImT 5 % 0.
FEVAE L it A MU FIBENE, TR R e S +
B KU RN R IEMKR R (R=0.741), 4 LT
TR, AN 7 1) 25 A B RO B P 22 S AT R R T
A HUIEER LR A AN [] S 25 - S R Bl I 1k 1 22 7
T R A U A 5 5 10 22 7 T 5 AR A

B B Bl BB HE AL 7% £ 0% Pearson 48 % & 3¢

Table 5 Pearson correlation coefficients between Olsen-p content phosphatase activity and phosphatase activity

ise! FH Item TSR TR g V5 T H LA SR /Organic  TEHLBAFE (L5 B /Inorganic
0l
Treatments Olsen-p content Phosphatase activity phosphatase activity phosphatase activity
AR Olsen-p content 1
WEFEEIE I Phosphatase activity 0.650" 1
AR Organic . N
%42 Chicken 0.827 0.692 1
phosphatase activity
manure
THUBEEEALGRE Inorganic .
0.739 0.563 0.527 1
phosphatase activity
HALWERE Olsen-p content 1
T BRERS P Phosphatase activity 0.46 1
VES HHLBEFLIRE Organic R
0.720 0.475 1
Pig manure phosphatase activity
TEHUEE L3R Inorganic .
0.926 0.381 0.528 1
phosphatase activity
AR Olsen-p content 1
T BR S : Phosphatase activity -0.315 1
4-3% Cattle B YU AR Organic B
0.751 0.074 1
manure phosphatase activity
TAUBESE LGRS Inorganic .
0.794 -0.251 0.506 1
phosphatase activity
LR Olsen-p content 1
WEMRHEEIE I Phosphatase activity -0.075 1
{B A Chemical HHLBEE1LIREE Organic N
0.634 0.139 1
fertilizer phosphatase activity
TEHUBEHEALGRE Inorganic
-0.087 -0.035 -0.149 1
phosphatase activity
A Olsen-p content 1
WERREET 1 Phosphatase activity 0.508 1
BN LR Organic "
CK 0.778 0.574 1
phosphatase activity
TEHUBERE AL 3R Inorganic
0.515 0.453 0.092 1
phosphatase activity

E P FOR0.0UKCT R M *RIR0.057K 1 B %
Note **Significant 0.01 level; * Significant 0.05 level.
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AAECRH 3 MANUE (B3, AFfEIe L

J AR 2 N RE 7R 105 d J5 kKB, EBAE R 1L
TR, 25 A Ak T P (R HE RS R R R R
B, HL A5 A FEE SO R O FE CATEL B 3l ) 2 R
AL (R=0.999~0.995), REMRMEIE T S0 36 > fk ¥
>SRN, AN IR AR > AR g > 2%,
T BRI S 1 « A MLIE L A 5 FE S ol Sl S W) 35047
TER P IEARCIC R, MU AR b 25 A3 TR ik /35
P R FE AN T > 55 36 > AR 2 H A
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Study of Phosphorus Mineralization Characteristics in a Mine
Reclaimed Soil under Different Organic Fertilizers

LYU Jianyu*?, GAO Wenjun®, HAO Xianjun"?", ZHANG Ruoyang® 2, ZHANG Bokai* ?, XUE Yuchen™?
(1. College of Resources and Environment, Shanxi Agricultural University, Taigu 030801, China; 2. National Experimental Teaching
Demonstration Center for Agricultural Resources and Environment, Shanxi Agricultural University, Taigu 030801, China;

3.College of Animal Science and Veterinary Medicine, Shanxi Agricultural University, Taigu 030801, China)

Abstract: [Objective] The objective of this research is to explore the phosphorus mineralization characteristics on
reclaimed soil by different organic fertilizers in coal mining subsidence areas. [ Method] The laboratory incubation
experiment was conducted to study the dynamic changes of soil available phosphorus after applying three kinds of
organic fertilizers (chicken manure, pig manure, cattle manure), including no fertilizer treatment as CK and chemical
fertilizer treatment as control, while combined the phosphatase activity and phosphorus inversion intensity in
phosphorus mineralization process, thereby clarify the effects of different organic fertilizers on phosphorus
bioavailability. [Result] MIn whole indoor constant temperature incubated process, the content of available
phosphorus in each fertilizer treatment presented decreasing trend with incubated time, but the content of available
phosphorus in different incubated period varied with different treatments, with a sequence of chicken manure > pig
manure = cattle manure > chemical fertilizer > CK. At the end of incubation (105 d), chicken manure treatment, pig
manure treatment and cattle manure treatment significantly increased the content of soil available phosphorus
(18.56%~37.09%), compared with chemical fertilizer treatment. Compared with pig manure treatment and cattle
manure treatment, the content of available phosphorus of chicken manure treatment significantly increased by
11.93%~15.62%, but there was no significant difference between pig manure treatment and cattle manure treatment.
@In whole incubated process, the equations of pseudo-second order could better describe the kinetics of the
available phosphorus release process in each fertilizer treatment, followed by Elovich equation and power function
equation, whereas the parabolic equation had a poor fitting effect. 3In whole incubation, the phosphatase activity of
organic fertilizer treatments was significantly higher than that of chemical fertilizer treatment, which increased by
39.14%~120.70%. @During the earlier stage of incubation (0~ 14 d), pig manure treatment and chemical fertilizer
treatment had lager effects on soil organic phosphorus inversion intensity, but there was no significant difference
between pig manure treatment and chemical fertilizer treatment. Compared with chicken manure treatment and cattle
manure treatment, soil organic phosphorus inversion intensity of pig manure treatment significantly increased by
41.51% and 86.52% respectively. In the middle and late period of incubation (42~105 d), there was no significant
difference among different fertilizer treatments. [ Conclusion] The application of organic fertilizers could accelerate
the phosphorus mineralization in the reclaimed soil. Among three kinds of organic fertilizer, chicken manure had a
better effect on improving the content of soil available phosphorus than that of pig manure and cattle manure.

Key words: organic fertilizers; phosphorus mineralization; mine reclaimed soil
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