5533 %45 4 1] K AR 2 Vol.33 No.4
2019 4 8 H Journal of Soil and Water Conservation Aug.,2019

AERIERERTERETERFZH NS

Bl FEEY, ZY%4E, &= L, AT kY, F Ol
Ll gl R 2F PRI B 24 Be . I PE K4 0308015
2.1 PG A Ml K 2 ol 0 IR I [ R G S 2 R T G, L P R4S 030801)

FEE . N8R N ) &2 B AT BRR 3 JIE 15 i of SR S5 35 B IX 2 B 098 AR 35 AR AR AE 5 i, 43 310 SR PR ) bk e i <
W E NIRRT R R AR RRER I R T 5 M R RS T A2 R 4.8 F L0 b Ak R
THALAVE AL . 253 W] . RS RAE IR I, L0 L& (N DO R AL 38 (N O B A 38 8+ e e 5
(N, /N 3G &AM B (N /NOTEIH B A8 0 R R R AR RS T . &2 B 8 4F + 38 48 WA HIUAE I s 1k
AEAb B (MCFBYN, \No.N,/N Hl N,/N 4 5 5 50t £k AL &b 3 (CF) $2& 5% 65.22%,65.21% . 60.42%
60.76 % . - HENH Ak 28 1 B e R b o B85 B B[R] (T, 32 2 B A9 BRBE 45 /0 L 7R [ it JE 445 it 347 7 4
%i@ﬁ%%%%ﬂ&ﬁifﬂ%%’ﬁﬁ%;E’ikﬁﬁ{tﬁ%ﬁwm)%ﬁﬁéiﬁﬁiﬂuﬁﬁijtﬁ_% 4,8 4F LIV 0 B
T o AR L MCFB R0 AR T b 35 10 40 3, A 596 25 2604 2 32 R A 198 6 0 K 380 32 B &2 B 41 BR 1 34 Jm
ﬁﬁiﬂﬁﬁﬂ Gk 7 REEF, AR SR T E B 4 48+ B A AU R R DL A HUAE AL (VD B 5, 3
78.72 %  iE TR LT S MR L MCFB Ab BT AL, 5 A i IR % B8 (CK) — 30 52 B 8 4F + 398 ) il Ak AE FI 7E AR R) ik
MR E 25, W AR RGN e B B LA E > SO E I >0 B . &5
K 10T 5 B 4 R e A AR R TR B 0, A W WA Tt £ AT B8 1 F A 0 DR e 4R
e B J R R

XKEWH: ER L 0B MR ER s RAARAE

FE 4 %5 :S153.6 XERFRIZAD : A X EHS:1009-2242(2019)04-0147-07
DOI:10.13870/j.cnki.stbexb.2019.04.021

Nitrogen Transformation Characteristics of Reclaimed Soil Under
Different Fertilizer Application Measures
JIAO Huan', LI Tingliang"*, GAO Jiwei', LI Yan', HE Bing', LI Shun'

(1.College o f Resources and Environment , Shanxi Agricultural University, Taigu s Shanxi 030801; 2.National Environment
Experimental Teaching Demonstration Center of Agricultural Resources, Shanxi Agricultural University , Taigu s Shanxi 030801)
Abstract: In order to reveal the effects of different reclamation years and fertilization measures on nitrogen
transformation characteristics of reclaimed soils in coal mining subsidence areas, intermittent leaching and
aerobic culture method, laboratory aerobic incubation method with constant temperature and controlled
humidity, and nitrate loss method were used to study the regularities of soil mineralization, nitrification and
denitrification in reclaimed soil for four years and eight years, respectively, under five fertilization measures.
The results showed that as the increasing of reclamation years, both cumulative mineralized nitrogen (N, )
and potentially mineralizable nitrogen (N,) increased, while mineralization rate (N,/N) and the proportion
of N, to total N (N,/N) did not change significantly. Under different fertilization measures, the N,, N,
N,/N and N,/N of eight years reclaimed soil in MCFB treatment (application chemical fertilizer combined
with biological organic fertilizer) increased by 65.22%, 65.21%, 60.42% and 60.76%, respectively,
compared with chemical fertilizer treatment (CF). The soil nitrification rate and the time needed to reach the
maximum nitrification rate (T ,..) were less affected by reclamation years, and nitrification rates of different
fertilization treatments were all higher than that of CK treatment, but there was no significant difference

between treatments. The maximum nitrification rate (V) increased with the increasing of reclamation
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years. Treatments of MCFB could improve V., and T,.. more effectively than other treatments in soils
reclaimed for four and eight years. Nitrate loss and nitrate disappearance rate increased with the increasing of
reclaimation years. After seven days of cultivation, in the reclaimed soil for four years, the nitrate loss was
the highest in organic manure treatment(M), reaching 78.72%, and the nitrate disappearance rate was the
lowest in MCFB treatment, which was consistent with CK. There was no significant difference in soil nitrogen
denitrification among different treatments for soil reclaimed for eight years. The sequence of short-term
nitrogen transformation intensity was nitrification denitrification ™ mineralization. On the whole, fertilization had
obvious improvement effect on nitrogen transformation characteristics in reclaimed soil, and chemical fertilizer

combined with biological organic fertilizer was more conducive to the maintenance and i mprovement of soil

available nitrogen and reduce nitrogen loss.
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HIERAE R A YR A R 1) E R AR
b AL e A AR R IR R RO
P MR b A Ak R AR AR FARRAE X G 3t AT L
B FEM . PRIk E 2 A B TR X, 7R sh4
VR R B[] s 1 B ) ok 25 X AR GE 5 000 km , F2 30+
SN T WA B b T AR, X IX AT R R
SR bR S AP ) A (A R R R AR
HUMTR P Bl 25 ) 50, s B+ IR 25 F AN B Tl A o 2
MWD H A HEFR 3 T AR T BERR 545 607 X+ 35
SREBUENEIC b2, AR AN AW A A ] Bk 1 E
FILRZ — RITIGICHE o 2 R IR R AL R AR 1
SN AR T R A I 1 AU B R
Jo R4 v AR b T K H . P AR 36 Tt A X
IR E g S s AR Z TR H
I NE 22| 5 ) o B 1 ] B2 i w3 = ]
Ak A A0 RS AR VR S I H A B JE AL AE A i R
At LA RE ) A A S s T
Bt A LR BE 8 hn 3 N, O B HE B Al Ak 45 2k
U U R BE AR 2 A AR AR L A T 8 R
B A R 16, 76 ZAE S IR AT 2 2 i - LA
{18 TR A 5 DT A0 2 5 £ 1 FH I 2R 450 ) i 28008 1 e
R K5 500 RS AR VR AT N, O HEBGE 4 52 1F
AH 5 210100 5 B G Al B R A= 0 ¢ £ i FH %o+ S8R Ak
BRI FLUME in AR ) s 3 mT AR N, O
AR HE R L AT D AN ] i A 2 it e Xt R
F AR 52 e AR S A ] 56 R[5 B 15 e X SR A5 359
B IX 5 B 4 3 W Ak FE LA ARV F N S Al AR Y
S W B RN AL A A Rf ifE— 2 Y .

St AR SR LIV 48 W IS VLI R R B X R
4,8 4F L B 5T 0 52, 43 S SR A TR) O Bk A R
It L5 P T R s IR A R AR T R R AN TR
RS A2 R R E Ak s Ak R A A A
fiE L LAY R $ A B - AT ) | EE A X 0 U R
)G B 55 A e O 42 B ) A B AR .

1 ®RHS5%
1.1 KRR

0 2 A0 K 50 3 M o7 T 1L P AR R ELK VLI A
(36°28'11.95"N,113°00'52.57"E, i # 980 m) . J& T
IR 0 24 0 A i e 2 KU AR R 9 C L AR
[ 7K 500 ~600 mm, LRI N 160 d. +HEZK RN
FOIRMERS 4, ZEEH T 2008 AETFHA R FHF B 5 By
OV R A b, . 2009 4 T 3 38 48 A [7] 355 HE 1 it F A
P AR NE - B AP 25 B2 60 000 #k/hm® . H I,
FIELLE R 4 AR 8 AR T, R A 4E LT 2013 4F
HAER — B F i B . AR T R ORISR AR
(2017 4F 3 H 31 HOR&E., ZRIRGRHEERE 0—
20 cm K2 T ATCR AP IS % L SR 5
MR AR A Y AT 2 mm GHRRN . &R 44
LA B AR D 320 56 DR g
1.2 RIiE it

R E 5 N FE . (DAl AE X FE (CKD 5 (2)
i A IE (CF) 5 (3) Huifi A HLIE (MD 5 (O A HLAE + 1k
JIE(MCF) 5 (5) A= 9148 HLAE + fL L (MCFB) ., [5] iR
& JE R A% R R [ 3+ Cundisturbed soil, US) fE R
2 B A SRR B TR 6 E bR o o R L
JIE S 56 4= B3 AR XS 28, A LT 25.8 %, N 1,68,
P,0; 1.54%,K, 0 0.82% , A i AL 2 hr B =
i 1R 2 BRSNS, 5
XGFEHEIR 1 = 9 By FL TR A HA% B %=0.5 X 10° CFU/
g. BWAEIREL 3 K RHIFEALX A BT, 5N X
A 100 m* ., BRXT RS, 2% BE AL AL 35 5% 0 4 i —
#4518 N 201.5 kg/hm?, P, O 184.8 kg/hm’, K, O
98.4 kg/hm”, 1RSI [B] —4F —FEFp AR & £ oK, [4E 5
AZEARERN 10 H 2247 WO 5 TR RS FF 43080 1 8 e
W, B4 A MM A C 2 580 kg/hm*, N 45 kg/
hm?,P,0; 7.2 kg/hm?*,K,O 81.6 kg/hm?,
1.3 WMEmMBESFE

+ AL AE TN 2 SR T4 SO 5% 18] 8Ok i 5



5 4

BULRRIGE 2 mm B T+ 25 g 58 A R
IRAEHET 100 mL V555 b Q5 2% A TO030 Ve 35
BRSO R B s E D . K5 100
mL 0.01 mol/L CaCl, %W /b 2 Uik Bk 1= 3k 46 ]
Vo R AR IR U R T E R GRS A
TR, MY E A 40 mL TR E W 0.5
mmol/L CaHPO, « 2 H, 0.2 mmol/L MgSO, « 7
H,O,2 mmol/L CaSO,#1 2.5 mmol/L K,SO,R&
WO, Z JE R 2 42K 43, 1 4 98 0 9% B S AL 1 A4
ANFL S DR FEAE N AR SRS A (35 1) °C A HE i
R RS 1,2.3,5 )G 2 WA 100 mL
0.01 mol/L CaCl, % ¥ bk Pk 55 % 1 18] iy = A= 07 o L
B F A R & 229 3 4 M X (Skalar San, Nether-
lands) I %€ .

SRS AL AE I R SR = N I 0 A R s R
JrEUS L RRIGE 2 mm B KT A 10 ¢ F 100 mL
ORI L, 28 A 2.5 mg N BRI W, B T
28 CHERA 5%, 45T 0,5,7,14,21,28 K
. AHRLEF EIECH JS . M A 50 mL 2 mol/L KCI #2#
$#£ 1 h(190 r/min,25 C)., F& & I8 UE 5 R H
i B0 43 B A 2 e e S AR A A S

- A AR A I s R A R AR I Ok RN
Bt 2 mm i)+ 3 20 g, B F 100 mL =4,
A —E & KNO, B+ RAWEKRZ. %=
FORUE T EB A TR A b B R AR Wt
B3~ WA T AR N O, TR R IR AT T
22 FH R AR 1 R DA WO A R IR R AR
AR )RR R . R TR IR E B R (25 O,
T 0,1,3,5,7 RECH -4, SR U 80 430 A A D A
RIS AT .

1.4 HEQPEBESZHITHH

TS HOT R AN .

HRIE Stanford™ R AR

N,=N,/(1—10 */2"%) (D
AN HEI M (mg/kg) 51 HIHEFRIE D, A
R ¢ HoM 1,2,3,5 N, e of ] FD P BB -
A (mg/kg) sk A 1L R H R,

MR A8 T (Y 35 18 4 o 7 8 =X

lg h=7.71—2758/T (2)

SKAF 35 CHYA LR EL £ {H4 0.057 5,

W ALAE 58 B (mg/ (kg « d)) = (NH, " —N-+
NO; —N), /1 (3
Hd s HEFHERE(D; (NH, " —N+NO, —N), N
Bige e R0 A AT # (mg/kg) .

IS HOT AN .

REMA F (%) =NO;, —N/(NH, —N +

HE A R TR B TR I R B R 2 LR AT 149
NO,  —N) X100% (4)
SAEAE 58 (mg/ (kg » D) =[(NO, —N), —
(N()giiN),()]/t (5)

K MR RE(D; (NO; —N),, Al (NO;  —
N A A SR 0 KA e REFAE A A & & (mg/kg) .

Shy 7 e A A A v B I B 5 B ) A AR Ak
LR TN R

N onos =N,/ (1+e ") (6)

A Nowos A NO, N B B 38 v B (mg/kg) s
N, oi NO;  —N (3 n & i a0 W8
e HEUFERT R (D .

TIER ST E AL

MARMRROO=UNAWMESRE —HER

A S A =) /A B ASZS A & <100 % (7
H PR = 74 25 & (mg/(kg « d)) =[(NO; —
N),()_(N()giiN)r]/[ (8)

A HEEFR R (D (NO, —N),, fI(NO;  —
ND, 430 5 5% 0 KA e KEHE IR L & i (mg/kg) .

ARG b RO A VR R SR B DL B 3R 7 R A R L
T4 R T

A HHE R ] Excel 2003 310 #4748 11312 4 ik
B AN b P 2 ] 1) 25 55 00 2 SR A SPSS 19.0 R ik
F153HT (P<<0.05) , AAkEl 2 05 R i AR e vk mlH Se 1
N DPS A%, 8105 75 R B35 18 F Matlab #PE2,
2 gR50M
2.1 AEBEEE TIERETHIERNE

1R 5 A AN F B AR R R R R R
e GOy A = W 51 I NI B (U 1=y NN~ e
HWAZE b (N )R L (N ) BT Rf & B AR B 0 3%
IR, 2R 4.8 4 L KA E N, AR L #
¥JE I K MCFB>MCF>M>CF>CK, ' MCFB
Ak B 43 5510 45 J) 0 A T R A 257 28.29 Y0 N 62.86 %6 5 A
[ IEHE i~ &2 B 4.8 4F 1 N, [M 4+ LI MCFB
b B B, 4y B RN CF &b B 32 5 49.68% i
65.21% .8 MCFB 4b B 2 $2 i 2 B+ B (L 508
WAMFB ., ERHET RN, /N N, L+
SR EMHHI(N,/N)OBEFRA LT B 2 57, R
A # N, /N F1 N, /N 5L MCFB 4b 3 fz = »
HER 84 +4% MCFB &3 N, /N FIN,/N %l
A B A 43 ) =5 146,48 % 1 146.44 %, 1] W, MCFB
IR T X S B MLARY L
2.2 AREEE#EE HIEREHLIERNEI
2.21 FARBEMLENLERFHMLENZ 0 &H
B 4,8 4 1, 45 A B ) 1 HER Ak R AR b 5 TR Ak H
P FE R — B Bl SR A DS R BT L AR 14 K



150 K PR 2R R

%33 &

IR H5 % B W S T 06 8 TR R AR R A L 43
g 3.65%~95.65% Fll 9.45% ~95.72% (K 1), EEB
4R SRAT 14 K, N (Rt AR A B A AL R 8 CK
AR AR L P L MCFB &b B T 08 2 e K,
Al IR 441.64% (P <C0.05) (F 1a), BB 8 4 - M

RERE R 4 4F T ORAIC] B 22 5, B3R AT 14 K,
A0 AL AL B[] - e fi A R 22 e A 3L A T CK
AREECE by . EAORE 0T IX R R TR R 14
R A SE A A AR T ELAS [] i JIE 495 it 44 ] — 7 AR
JE 2 o A AL R

x1 TREERERETERTEENERTLSH

4R R S AR B 4 M
Ab B N,/ N,/ N./N/ No/N/ N,/ N,/ N.,/N/ No/N/
(mg+* kg™ (mge+kg ") % % (mg+* kg™ ") (mge+kg ") % %
CK 10.64 42.59 2.36 9.46 12.32 49.31 2.16 8.65
CF 12.00 48.03 2.18 8.73 13.80 55.24 1.92 7.67
M 14.12 56.52 1.96 7.85 15.92 63.72 2.02 8.07
MCF 16.32 65.32 2.51 10.05 17.08 68.37 2.22 8.88
MCFB 17.96 71.89 2.85 11.41 22.80 91.26 3.08 12.33
USs 14.00 56.04 1.25 5.00 14.00 56.04 1.25 5.00
120 120
(a) B4 (b) R ESF
100 _ " 100
X o ~ X
> ~
g 30 g 80
60 60
& &
ﬁ 40 —%— 4-MCF ﬁ 40
2 —x— 4-MCFB 2
—o— US
0 L ' 0
21 28

B1 EERTEMAERTH

2.2.2 ARZFEHE LERE AR FGHH
LA 7T 23 5k 40 M - ) 1T AS [R] 2 UCRN AN [R] 25
- S A ok B 0 A Ak A B I E] A A b R
Logistic [“S"TE M AT LG . AR I8 S5 A [] 42k 2
SR IR A AR A5 R e RECH 0.993 6~
0.999 9, Logistic J7 F2i& F T A S0 4546 . AR 7
Rk E B AR RS R V0 (Vi =dN, os /d2)
FR KA X ] T e (T =a/0)

AN [R]85 RE 5 il S 2 52 Wi - 398 45 A b R R H
Frs B (R 2) . H R 4,8 4F - 58, 25 it A Ab 3
e A Ak B D B A )3 CK 43 il $2 A 2.49 ~4.61

KA 1.64~2.57 K, Ui B Jite A 7T 75 4% 4 46 i 1k g i
HH B A BsF V5 i 52 B AR BR 38 L AE TR — RR R AL B
SR QA+ CK AbH T, B0 B 4 4R /b 37,540,
{4 M.MCF fl MCFB b8 T, B8 B 4 4505 $E 5
21.76 % ,3.45% F1 15.04 % , R A E BRAFERXT T, 5%
M ARNEE, RE SAF LR RMIAHEREER 4
SR ER E 1.64% ~47.13% . B H V- Y {f (32,14
mg/ (kg « D) PHE A A AR 15.62%, B 4
AE IV, DM AR L 5 CK AR 3 110,49 %6
iR 8 AE LI MCFB 4 F i i B 5 CF &b 2 G B

25,

x2 TREERERETERTEHSEAMAATERRERE

=1 e e mi%ﬁ ﬁ%ﬁﬁﬁfh%%%ﬁ%% BRI HER V 0/
FRR/a R* B ) T o /d (mgekg'+d"
CK 159.9729/(1+EXP(2.6640—0.4482¢)) 0.9974 5.94 17.93
CF 165.0394/(1+EXP(2.2916—0.6650£)) 0.9936 3.45 27.44
4 M 163.5946/(1+EXP(1.5713—0.9227¢)) 0.9992 1.70 37.74
MCF 165.8771/(1+EXP(1.3811—0.79382)) 0.9978 1.74 32.92
MCFB 164.0151/(1+EXP(1.1702—0.8807¢)) 0.9980 1.33 36.11
CK 163.1140/(1+EXP(2.3994—0.6470¢)) 0.9952 3.71 26.38
CF 163.9403/(1+EXP(0.9979—0.8763¢)) 0.9983 1.14 35.92
8 M 164.3684/(1+EXP(1.3833—0.6694¢)) 0.9975 2.07 27.51
MCF 165.4803/(1+EXP(1.4578—0.8087¢)) 0.9972 1.80 33.46
MCFB 165.2243/(1+EXP(1.3880—0.9061¢2)) 0.9952 1.53 37.43
Uus 168.0206/(1+EXP(1.6639—0.9069¢)) 0.9999 1.83 38.09

Hin=63Py0;=0.811;P0 =0.917,



5 4

RN AR BT E T 2 R R R AR iE 151

2.3 AEEREREYTIERERBELEANEIE
2.3.1 ARIFIEHEHASTLEHSEMEAEN T
SR 4 AR A A A G SR B B SRR (R K R T
A% b B A SR O R A i A T B A AR B
Feid R P OR [l b BE A A LA M AL PR B 5, T3k 78,7295,
T Al AR PR ) O I 25 25 5 (] 22) . R 8 4F LIEAHA

120
(a) B B4
100 F o 40K —»— 4MCF
80 | —0— 4-CF —x— 4-MCFB
—A— 4-M —o— US

HERBMRE/%
=Y
=)

40
20 ¢
0
0 1 3 5 7
I/ d

AR R E B 4 4F 5 0.48% ~191.06 % . (AR T &
AR, 8 AE LB R AR EBIHEGER 4
AR~ HA ML P S CK TG i 2% 2% 5 (8]
2by . FWRBERRAIX AR SR T B AR R
ARG 7 IRF 5] A 18 i 1o, EL SR AT BILAE A — R e 2
s AR B R A AR .

120
(b) B3
100 - o g.cK —»— 8-MCF
| —0— 8-CF —»— 8-MCFB
80 —A— §-M —o— US

'S
o

HEERKRE/%
*
=)

[
(=

B2 SEERTEMISRBREETL

2.3.2 FRREHEsT LEHMBREFRREG IR

I 3 W], 2 R 4,8 A R4S A B I i Ak 3 B [

AL R AIEAR BRI 1~3 KT E4 3 K

BHR BANE . R G TR, B R 84 50 IR +h 1l

KR E R 4 4F I 11.62% ~278.12% ., 7] g

R TER S E AR S &, R R
5 (a) H R4

PG R/ (mg + kg + d

i E/d

AR T E 2R AR RIREIR ., ER 4 4+
HE AL R W B L) CK il MCFDB 4b 3 454G L 4% 4
M EMFRABAHAE (K 300, ER 8 F+4
3 ,CK.MCF #il MCFB At 55 5% 1 K i a4k o R 5
T M F1 CF &b B, {H B 5 45 A # (8] o & 25 5%, H 4%
IRATAR T R A A (& 3b)
25
20
15

10

TRV R/ (mg kg + d

3 EETEWMBHEAERTH

24 AEEEEETIERY L HELNRHELE

B E L&

RE3ITH,. &3 7 KER.BA—ERFERTA
[F) 355 I Ak 3 i) 4= 398 R0 22 07 A0 A H 9 B2 DL MCFB 4b 3
BERT CK Ml CF kb3, i Ak . 52 Al A 5 JiE & (K 8
WEEER., MERFRHK,ZR 8 F IR0
WAL RS fb A FH 58 B 19 - 3306 5 2 B 4 AR A 3ok
AW AR SRR R R R R 4
PR 38.93 % (P<C0.05): S Ak HIEM L, &2
B8 AFE HEm b Ak L B AL 1R S R S 24 (E O
BEREG ., A B AR 4% 15 I8 AL 3R 0 & K 5 ki
T35 LARH Ak A FH 5 R A5 KL 4 2 S s A A FH A 1k
YEFIEY 2.61,12.10 fi5 . B, 280 7 R HE 3%,
AN TR 5 B A BB X 4 39 1 R A5 S e N, B
BRARBRAAE —E FE B L5 3] s Ae /e 07 X
iR R R AL LU AR A Y e ok sk B L VR R S

AR L 555 AL
3 W

AR EIC T A e B IR A R
Ak B4 - 588 4k 5 RN s AR 0RO LU PL L
B it sl A= U1 A HUIR BC AL AR SR 3o B3 X S R 2
N os s — 2, T ] B8 ML T AILAE it aT
DRI W TG 2 B sk 8 L B v A 0 ) A ) R
TG PE S TITII R B2 ot A ML 9 o0 M o A i - IR R
WAk s A= WG R0 A U 0 R L g g 2k A,
PRE AN 5500 AR S 35 o i 4%
AR Uit A HLAE A BLTE ML AE Fd it A0 2k 4 A AL B
T AL Y N o %5 it Ak AT $2 = 15,3596 ~65.21% . A
feSE oA HLIE B AR T R EZ 5 g Re 52 &
TIEALERE Jr . B S AR ST P A A TR A
Ty AP g R L A A AR A R R e P



152 K PR 2R R

%33 &

Bk A T2 LA R ORI 55 04 5 o3 i U S kS
i AEER KA RSB A &S 501, B
TEABLET & 2 BN - 58, 3 FRG L A = TE
25 CUA LRI FFFM TGS, AR, L4
Jite JE X6t 4= e Ak AR T E A B i B R L — i
A H A o XA R e Bk
AT B 0 ALK, — T T 2 DR A 2 i % e T A I B ) s
M) 7y — 5 T 2 A2 SR A5 359 I b+ 3 1 B I8 0 A PR A
AR5 b B Ak A R Bt A LA AR R Y N /N KT
AN it I %ot B, 2 B it A I kP it A AL IE B R AR
T R R E AR .
3 FAEBBEHEETERLEASET L ML

RWEKIEREELLLR HAfi.mg/(kg + D
"R b WALET mARAE g4k
FEIR/a iR i 1Y} 3 BEE:S
CK 1.02b 12.70b 4.77a
CF 1.16b 20.12a 6.04a
4 M 1.52a 19.38a 6.80a
MCF 1.60a 18.09ab 6.28a
MCFB 1.69a 17.36ab 5.01a
CK 1.11c 19.36a 7.58a
CF 1.24c 17.20a 7.88a
8 M 1.43b 18.39a 7.59a
MCF 1.58b 19.03a 8.68a
MCFB 2.53a 18.60a 8.41a
Mean(4 a) 1.40a 17.53a 5.78b
Mean(8 a) 1.58a 18.52a 8.03a
us 1.46a 19.82a 9.89a

TE R 51 R — 4 63 B 5 19 A TR /NS 7 BE 3R R A 31 ) 25 5 1 38
(P<C0.05) . Mean(4 a) \Mean(8 a) ,US X} i $t 4% J5 A [dl /N5
FAHIRERAR P=0.05 7KF 11 2 54 . Mean(4 a) \Mean(8 a)
I3 AFRIR 4.8 a BB LA R IEAL B T 208

- SR A A ] 2 e A U AR ) AR AL R R Al
R A AN Al 25 AR A 2 AR 8 B ARG 2R
T AREESRETARMENBERREZ -,
TR S R HHE Z AR MR LI R & 2~4
JE G WAL R AT LAk B 7796 ~95% , FEARWF I L &
o 14 REEF XA R & 584 Lb 3+ S 1k A8 ] ik
90 %0 LA I, W L5 7 B IE I3 IF A 2 52 i - 3 A £k
EF B Y E MR 3, A Eget =B, it IE B % 4 iF
T AR AR H b A LI RCR LT St AT
Jit PTE T A AILRE Fi 35 A9 O e A 80 AR HG Al 5% 20 AT 2
F okt 3 AL E R YA TR, ARG,
AR ERE i CK Ab 3 g 4 & T X 2 B -1
(IR AR B AR L MCFB Ab B THIR E de kLB 5
At it NE 42 38T JC B i 22 S, SR WAAS [ it S Oy =K% A
PEAE R MR K, 3 55 5K 2 &7 5505 % R BE 4 1 F 5%
HATE] B A i T — 2P WY

S AEACAE FH 2 R e Al i B vh b O T b i 20 B

Z— o R E A AL IR A5 R R
PR FiAT HLAL B 2= 4 vy 4 8 S id A R, HA LA
B s T I . — T T P A A LS AR A ik
U5 AT L S T Al A T i A3 A A F T i A
e, N, O By A o HAA HUIE A9 E A AT L R A
Fe A A S IR AL o R AR LR Y s 55 — D L A
HUAL I w3 2o i o Bk A 0 36 P T o 3L R O,
FIF 6 A S A AL A R AR 8 L HAE AR BT ST
SR 4,8 A A 1 2% i T b Bl Ak A JH & R B CK
T Al T RESE O FE R X B ISR E T L X
FiFd 1 200 T A i O R AR (AR A () A 2 i 0
FRIa LBRZE S . HAGIK B A+ e 7e S fn 1k 35 FR /T 22
Prad KRS AT A6 B A WF5EE R AR W RS AT i A
Yoy fige I 7 A ) 2 TR A AL R SO AR AL L B A
A T 25 Rl A 0 Bl 7 A — E A A A

SRR A AL R A R R e i e
g3 A E ARy S H BRSO B
T HER AP R R B . AP T IX R
RE AL R LA AR AR O 2 s A fE TRz s
SEW AT A OFSE R Y A B R T
B P - S T A A AR i 2 D DR T R SR i 1k 20 TR TR
IR Y R H A A B,
AbFHEACIRAS , pH N 7.0~8.2 [ il M BR B L I
B Al 2% A fol A B R R . 08 R B R i U 5%
PER L Bl W32l LUA BILR A8 s 3R 0 RE IR 8 ™ 1k
PERD AR A58 R R 8 38 I R ik 32 v ) 420 T
g B AR T R HOBR R By ] 7 ) A LR
B RTINS B R R e L X
R EIX IR R R AL R A 18 T R
4 4w

AN T % S it o SR A 3 B X 52 B 1 S RO R A AL
AR MR 25 5 . BE A BRATBR B39 0 e A 5 4k &2 A
PG AR R A A B T A ot 4 S0 EE 451 JE W]
TR 5 25 B AT AL B LA A YA HLAE C it A AE X 1k =
Rom 4R i AR B R R A AR R T BRI AR 1 A )
AR R L, e S Al A Rk B f R il Al o R A
F I [ 52 52 B A BRSE W B0/ D, e il A 7 R i 52 B AR
IR 80 v 4 K 5 it AES T R iy S A AR R (RS ] Ak
(] 32 TH280CR 2 S AN 3 A B Y B R A R
U LI [ o A LA A WA LI I it e HE G T R At Ak
B S A A G A A R £h 7 R R i R A
FIR By 384 Tt 4 in A2 B 4 A S DLBAiE A HILAL Xk B il
fesE i e B L 52 B 8 4 B [R) b B S A Ak 1 22
SR, R R A R T, R
VAGH AR T die ik . B AL A e 55 . BEAOR T L B JIE X



5 4

A S R S5 ME it 2 B A R e AL AR AT 153

A X S SR B A AT AT B S A0 52 T 28O it P A
A ALAE T it e S 2 D45 0 41 iy A R B R R
T B A A i i v 4 2 i e £ 7 5

£ X3

(1]

(2]

[3]

(4]

[5]

[6]

7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

2RV BB 2R AR, A5 A [ it S At X R R AR A T
F A Ve A w2 ma LT .4 ol PR 58 B2 2 41, 2015, 34(7)
1326-1332.
o At IR AR BUR T L AF L8R R BT IX AR AR KU 32 4K A
BT« LA 52 10 7 1 74 5 KA R 4 L) ). A 2 2 4. 2014,
34(11) :2844-2854.
B YL 2R AR SR AR 0. AR A BT XA ) 5 IS Ak 0 %)
SR SR PR A 5w [T ). o R A 3 4l 2012, 28 (5)
221-225.
Chen Y, Sun T T, Qian H Y, et al. Nitrogen minerali-
zation as a result of phosphorus supplementation in
long-term phosphate deficient soil[ J]. Applied Soil Ecol-
0gy,2016,106:24-32.
Moreno-Cornejo] s Zornoza R, Faz A. Carbon and nitrogen
mineralization during decomposition of crop residues in a cal-
careous soil[ J ].Geoderma,2014,230/231(7) :58-63.
o B KA AL PLEC R A R LR AELD]
A0 P E RO BB L2014,
ZEFIN L 5 T T Ak 0, SR T I X b 4R B K A
+REG AR R L] b Bk R, 2013,
46(16) :3392-3400.
U IR R, PR S, DR, A K I 6 ) - B A S
AR FTARFAELT ], 2 22412, 2005 .42(2) : 340-343,
RS XA 22 R M, S5 T IE %) K Fi R HL A
W3 B R AR 00 52 [T, Al R 35 B 2 2 4
2015,34(10) :1958-1964.
Kader M A, Yeasmin S, Solaiman Z, et al. Response
of hydrolytic enzyme activities and nitrogen mineraliza-
tion to fertilizer and organic matter application in sub-
tropical paddy soils[J]. European Journal of Soil Biolo-
gy,2017,80:27-34.
FHE, RN RS RN R AR S
AL PR AE 9 5 e L) 0K £ PR 17 2 41 . 2008, 22(2)
170-173.
A BRI L BRAR R, A5 A T T X e A R R O i
Fedeid By mi [ ], 1 HE~7 42, 2016, 53(2) : 292-304.
R R R ETEIEN E ERFEEE T N,O
HEHCS S AT F R B2 [ ], 35 4, 2013, 50 (1)
130-137.
A EI RN, SR, 55 A W e R A HUIE G A2 b 4k
BB N, O HE e ny 52w [J]. 3R 58 R 24, 2017, 38
(12):5333-5343.
SRS A I LLHE SN it XV e IX5E A
/NAE N, O BE ORI SR A AR FH B3 iR L) .l 3R 58 B2

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

247 ,2010,29(10) :2033-2040.

FAVE, Bl T, L2 S R R R T vk I E R )
A& T AR RH AL £, 2018,50(4)
664-673.

BB ST AR, A5 AN TR B T A e 6 SR B 58 B X
BEWAZTT g sgom [T]. K £ 4~ FF2 i, 2018, 32
(4):227-232.

RUR, =L 2R SR FABE T N IR A R v A
FERHERE ST )] AR S PR BE 2 42,2010, 19(3) : 733-738.
R ISR I kMR B 2= R
#.2008.

Standford G, Smith S J. Nitrogen mineralization poten-
tials of soils[J].Soil Science Society of America Jour-
nal, 1972,36(3):465-472.

ik E T, A SRS FCTE A K P 1 s AR
FH BB RIF 2 [T ). T 52 Hh X Rl 7 5% . 2007, 25 (6)
177-182.

AR 5 25 f LIS T S P AR W e I SR B X R R
- HERS AR A0l TRE 2448, 2015, 31(7) . 264-271.
XA R, et A A R [ it T Ak 3k b B R
PR R [ ). 70 Jb AR MO B2 K 2 25 4l ([ SR B 2
Jif),2017,45(2):177-181.

B P PRI RS S K e T X LR R
e 51EY = 2 s m [ ] 42 db 4k 2% 42, 2016, 31 (5)
146-151.

ERH, AW BRI S OR R IR A R E R A
TR 5 BE R0 ], 307 TR AR K221, 2007, 26
(5):7T73-775.

A B MR R H R [T
Tl 7 3% 55 0B 41, 2011 ,17(3) £ 583-591.

AR FE A 36, SRR, 45 b [ B F e AL A T S
PR SC R T E R R, 2011,44(7) 1 1390-1398.
TRz AR RN, VR OB - KR I A R L
A A AE i 4 AF LT .87 38 42 b Bl 2%, 2008, 45 (1)
700-703.

MAR, T 24, 2 b, 45 A L AC T AL IE X 32 b 4 2
N O HE R H: ke 5 Ay 2 me [T ] 0 JH A 3 2% 4, 2018, 29
(5):1470-1478.

TR M5, B AR T AT K [ RE K o R Bk
R TS AL A RS AR AR [T ], - dd #2018, 49
(3):616-622.

B % s TR R N BUBE S AL BT X R N, O R
JBCRE W R B ST LT ] PR B A 2% 2 4 . 1999(5) 1 478-482.
WO, E/NE B L0, A5 [ R 6P R 1 A Ak
TP R A o B g 2 [T 2 R, 2018, 55 (1)
194-202.

AT A R A M3 b BRI
#.,2012:198-199.



