+ 1% (Soils), 2011, 43 (5): 720~728

KHARERR YT HIEA BIK D R IFES S 2RI

irIJI:FE1’2’ $ﬁi{1*y
(1 P[RR BEk BH N AR AT 0T, TR

m =

E #1,

110016;

TR AL TR IR DU PE O T HNE T AN AR . AN FDRIZE A SR AR AR TR TR DR Er

wAKR, HER

2 R ERREG AR, JEET 100049)

NI

FeALRE Dy 5y T A I AN R A o AR SO I L AU RS - S DR R AR (1) 2 A1 R X 3R ) AL BT AR M AR AL (K5, At vF

YIRS Bt AL R BRI o &5 R AN > 5 mm (¥ (AT &

HAECEE, B0 0.25~5 mm BRI & &

B T RN AR, PR P ST EZ A C 4 Ny 2 P, BUCRBUR N 775 (M ORFET EEAER]: ML kTR

S E R, B N SR BERI AN, AR TR IR E DA A
Fo BEAN, BIFURAIUMHES A T AHIEHUILEC AT T B 5 ik 4 N R4

KEokIE Y, ER T IR RIS
EEER:  KWNEAE; 3R
hESES: S158.2

HIRARs FROD DI

TIEG R T SEY B AR RN A L

B AR R —, RO TR A i
Aot BERRAERCE R Y. ik A

Loy WS AR R — U5, b g%
P KRG RSB o A5 DA 32 R W L 3 2R A IR JE
Js Ty gt B SR AA IR ] O 1L 5 s
Py ISR AR MR e AR e i R,

RAIETE B R L IR G I LA, B Rt
S SRR TR AE TR e R K ST A i

TIERRG YRS, SR NV P A K R4y
T U it IS St - 38 [ SR A O T J B AR e e R
BEEEE R R, M SRR R AR AR )
IIAT IR AARA o ANTRLRLZR 1) A SRAR TR 57 0 B I IR
BN KA AL R ﬁﬁﬁrﬁéﬁﬂﬁwﬁfﬁ“l A 4b
Xt LRI ) AN AR ARG R IR T % o VE TR SR
FER WA HUEA R T HZE AN 0.053 ~ 0.25 mm
POREA NI (POMD IR, & HANUIESAE T
SRR B s 1 E R . AR A
iﬁﬁﬂ(*aj:. RIET-I0 93BT 26415 K, RiAE 3 ~ 5 mm,

0.05~ 0.25mm. <0.05 mm PB1E4A& 8l b 2o
IR A SR ) FRAE IR FR bR o ARHA 2 I 5
FW: 2~5 mm PIERMAEEGES THAHL C. 2 N L
M NO;-N Z Al 2 B IEAICKR: 1M 0.25 ~ 1 mm

5/ INHE £ [ B A 0 8 5 40 P Bk
P MR FF.

HZRAS L4 N &L NOy-N & R EER
KR . Haynes Al Naldu[g]Ta WA PR Ut

AP R Ca™ [FRGEEAERT, A (2 3k TSR AR I FE o I
o0 AR AR N IR I AR AR CON 5,
Xt Py K SR FR S M AR BR A A A R A R St
>0.25 mm W] SR AR A 32 TR 40 B (R I8 U AFDR AR
Mo RICRHTIE AT E, e H A )
g A AR 23 A RN 1 438 S SR A B SR AR A A AR
AR, A PPN Ut AT T s -+ 3 A ) R0 1)
YEH

1 #MR57FE

1.1 s

TRIGAE P [ B2 Byl B AR A S0 s EA T, Wl
7T 41°32'N. 123°23'E, @ BRI A -2 i Ak
WA, PUZR53 W], R AR 2, AR 380l 7°C ~8°C,
W A (THY PRI 24°C, KA (A TR
it -13°C, >10°C W& sl 3300C ~3400°C , KM
SRS A 5410 ~5600 kI/em?, TEREI] 147~ 164 K,
AERER 2 700 mm.

e A PR B Ly SR L S RN 5 A (SN TRE 7% e PN
PR N 34 C BEA 12,12 ghkg, © N K 1.13
g/kg, 4= P 4y 0.44 g/kg, 4= K H 16.4g/kg, WM P K
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10.6 mg/kg, AL K 88 mg/kg, pH N 6.5; &HIAL (0.25
~2mm) 2.54%, P (0.05~0.25mm) 22.05%, Frki
(0.002~0.05mm) 53.99%, Fki (<0.002 mm)20.85%.
1.2 Rt

KIe B is T 1990 45, JL#E 12 MLEE, K
T B A R T A AL - S b ) f S i e LR
YA AT I, AR SUE R 3 AN IUAAL . (DA
MEAE (CK); @i N. P, K fBHE (NPKD, N E4JR
%, M8 4l N 150kg/hm?, P LN i wiess, H&E
et P 25 kg/hm?, K IEABRERAN, & b4l K 60
kg/hm?’; @GN, P. K LAE + FEIAIEE AL (NPK+OMD,
N. P. KWEHEF@, fEHA I A 124 #E A AEii
SRAEPIFFL) 80% MM, K G REFF A AN FOKAEF 1
50% LN 15 AR, SRR B IO PR [P AR Ak
B, DR P IE 9 5% 2 AR TR — AR (R VR AN A
Fr=tE. [ 1991 Rt FH A R, PR TR
IR E A 4E N 58.3 kg/hm?, 4 P 14.0 kg/hm?, 4 K 35.8
kg/hm®. FAHELS 3 K, AXIFAY 162 m?, §81E
TN KRE-TK-FK, BE—F
1.3 HREERDH

PR 2009 4F 10 ARz . RERZ 0 ~
15 cm T, BEANMGCEBEHLE 3 AMFESRA I —A T
B RIEHRKNT: RIS SO R 4 3
o BRIP4 OB R G RD, 78 S5 %K
TFo MG KEEER T2 IR (KR
1K 22%~25% oA W, HFREEK EIWTE A
SR 55 7 B BRAS [R) /N B A R A, AR A i 4
PERRF . FREXZ) 100 g L FEE T DA%,
AR 2min CRZ) 100 %O, BT T (R 3 70,
IYEHI>5, 3~5,2~3, 1~2, 0.5~1. 0.25~0.5 Al
<0.25mm 3% H A,

AR N 4 Py sk P, &k K. CEC 4
SR B AE 4 0 . oK B BB Fili: . Olsen V23
IRBRAR— KB C RV . s ki 2, 35
FHHL C A4 N RHICE AT GNE (Elementarylll,
D,

1.4 KBS

THERE (15em) FRorfii bt (1D UOVRA,

Tt = FHHATUE < IR 2R
A+ T AR (D
K, HHARRUR R AN kg/m®, FRA R
kg/kg, TJEREEAAE m, LHOEAY m¥hm?, Kt

T RN kg/hm®.

R A R A 7 50 5 R Ay A ) DOk R
M ) NPT,

BRI IR 5 vk EE =

LRI AR R 554 3 B SRR 55 (%)

B F iy

B e 25 A Excel HEATHEEAWIL 00T,
SPSS BT 225301, ZEILECRHA LSD &5, B
KF (p<0.05).

2 HR59H

A A SR A 2 RORT R SR IR O PPN 3 )
SN TR bR . KA AEAE LI ML C 2
BEIRE, ik, DREN T HEHEBAAR AT — &
Mok fE o IR, 38R o A7 B SR AR ) (¥ 43 A7 A7
1E— B
2.1 FEIMEARALIE 3T +1E F Bk 9 fr B9 S0

AN A RL A 1) SR AR AE B 3R 0 R AR BRI BV J2
ARG 5 D7 T R AT A AN TR (0 1 FH Y o AT 5 R I Jd
REESE 20 FERKIAR IR, PIERMAM SRR AE
TUIRAMN. HE 1L TLUE, A2 R A L
B >Smm FRAE Sim, 2~3mm FIRAS E
B o 2 W AR SR 2 AR AL L > 5 mm [ 5% 44
hE. HGARMEAEALEEAA L, IR ALEE >S5 mm 24k
T PG, <Smm & BURARS B RN
e, LA B DN 1K P AR B, k4
RSP a R — 8, (HE I E
2 PR ZE AR R S iy 2 A AU 1 0 1) 7 v
FUA [7i it JEL Adk 2T £ 358 7K 5 1 [ 5 A4k 20 A 1) 5% i
B, e FE A AR 3 A ATURE RO MTUIE S A R T
BN 1~3 mm A 0.25~1 mm HERMAEEE. B+
8 T R - 198 AR AA R 2 A A AR OK R ol I AR
MR Ffb BB, >5 mm K PBIRA KL 2751k
L, Ky mE m RO IE AL, A,
J& T I as Mk T i HOR g5 Rk . POk g5 R 7 1
HeF LG R T S AU R 2 5 B R
R 590 e ¥ e B I e B A O IR 4
PR, LR 2, AR TR 3
T Bt A R 8 50 AR AR AR A, IR
Jiti FH AT CAZE A Btk 45 F IR T 1, $ R <S5 mm 12K
W, o LIEAE R, HAT LG HUAE it R R
T it LA

x100% (2)
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Table 1 The composition of aggregates under different fertilizer treatments

Kb 2R >5mm 3~5mm 2~3mm 1~2mm 0.5~1mm 0.25 ~0.5 mm <0.25 mm
CK 36.10Aa 11.38 B bc 7.46Cd 9.18 Bcd 1221 Bb 10.52 Cbe 1279Cb
NPK 29.87Ba 12.12 Acd 8.01Be 9.41 B de 12.57B¢ 11.22Bcd 16.29B b
NPK+OM 20.69Ca 12.05Ac¢ 893 Ae 1043 Ad 1434 Ab 13.18 Ab 19.87Aa

1 AN KRS TR KR [l — FR AR A [F) N A 2 ) 72 5 B3 (p<<0.05), ANFI/NG FRER R A — LA BN /) SR Aok g 2 ) 2 e 35 (p

<0.05), Al

2.2 AEBEELENTIEABRKEIERSISEN
Al
2.2.1 ANFEACAR B T IEPURAAHL C S REKE
W A1 P, S AREREIRARTR AL C SRR
. BRI E AR, R AL C
SEEINZEWE NG XU R R
S HIEAHL C FEIERR, X 4R Emi
FSE. Jastrow U] PC IR ERTEE SR IS AR LU
RS EZ AL Co Six U KRR
R R A WL G TE R, BT LT HL C & bl

St 2R AR AU S o AN [t P Ak B S 41 3 A 2R Ak
AHL C AR I, MBIERARIAE >3 mm &
0.05~0.25mm, PIRMKAREAN, AL C &bk,

L 0.05~0.25 mm FifEHHL C & &, 11<<0.05mm
BRI C ik T I ARRAS T e A 2R A . 1X ]
Rety ARG M E G, AN I FUERAATE )
R R R FIE R IR R 220 . — M 7 I
HHUT S SRR R & =A%) L3,
APUTIAE R b7 A A YRS EA S &
BRI BRER B 1 b, PSRRI il 3 BLAEFE

FHFIRARAR BT 0. R A N HASE) R P9 3R g B kAR A A I e 4 4 PO 210,
18 r OckK ENPK B NPK+OM N
a
157 Acd Ab Acd ABb A2 gy Ba Ba
E; cd Bb Bc
12
i)
"
@)
= 6
&
3 .
0
<025 0.25~0.5 05~1 1~2 2-3 3~5 >5
g (mm)

E1 ARERLEAREHENCEE

Fig. 1 The contents of organic C in aggregates under different fertilization treatments

NPK+OM A3 0.5 ~ 1 mm BIZRMAEHHL C & &
BT 1~2 M 2~3mm WAk H2ER R, £
BN C FEE R oA AR T A4k, LR AT e 2
JEAEALHE R IR R BEI0, JEIE 0.5~ 1 mm HRAE
/MR R L HA G 58 AT BRIE U o LU &R g 4]
REAHL C &, A E ] BAR T A b2, (H
NPK+OM 4b¥ K <0.25 mm PBIERAEGHL C & E
KT NPK A4b#, PiALFE R 0.25~0.5mm Fl 2 ~3 mm
ARMAANL C SREAE BE 2. XLl AR A
A VR A LW T U A WU e AN ], S 38U

— R R I C 5 Rt AR R g 2 L
REAE A 3 A HLTOR PR E N LA & k11 C
R ERINDY, B WU S 3 YR,
I T AN o, BT P EAR A R BN RE
WA RAARG T3, P I T A WU A2
<0.25mm FRAEGHL C &2 5.
2.2.2  AN[A] AR A B TS R AR A N B R
B 2 AP0, 4 N ES R 8 AR AN 2 1R
K, HARSRZB AN 2.44% (CKD. 3.42% (NPK)
1 6.33% (NPK+OM), {HAPRILH k1214 K4 N &
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BT R AES, X He s RERAEA L
LA AL B SRR 4 N SRR, WL rIRely BRI RNl C SRAS, P C.
ARPRAORL SRR 4 NSRBI e T ANEALAL B Nl O R, AR AL C S AR
Rt HUIEAL R 5 B IEARLE, W T >3 mm  fE2E5, & N SRz m, 5 —Jrhnl fe
A% N Fi, b T <0 mm PERAAS N B4, SRS AT HUIEREIN T8N SR AR N 2R PY,

1.6
Aab p
12 + Ad Ad >
o Ae Bde
=4
2
i 0.8
41
Z
4 04
0
<025 0.25~0.5

TEAK. MW HE 0.5~ 1 mm RIS BF . TR, i

ocK BNPK B NPK+OM

Ab Aa
Aab g, Abc Ac Ac Ab Bc Ba
Ca Bed Bb Cbe Cb
05~1 1~2 2~3 3~5 >5
K% (mm)

2 FREMERLEARKPENZE

Fig.2 The contents of total N in aggregates under different fertilization treatments

T C/N 2fE I CON BFEPARMAK  H CK>NPK>NPK+OM Hif, X nl f& 5 jiti n
Febr, CBAS RN T CON IR AEEEN. N IEG X, WEAFER LN CON K, & 45
THERENL C MRz LA CON P RIVHBER K C/N T A BT
sz m s, Rtk R O/N FEAR KRR Bpmn It WL s R o 8 (AT BLA) A2 A AR K T 2R A
SRR WE 3 Fis, RREAE R oN k| T,

16

aockK BENPK ENPK+OM
Aa Aa
Ba
Ab Ab Ab Ba Ca
127 Ac A Be g Ad Ac Ac 5o 5b Bb cd
Bd
Ce
4 L
0
<0.25 0.25~0.5 0.5~1 1~2 2~3 3~5 >5
R (mm)
B 3 AFREELETHAREK CN
Fig. 3 The ratios of C and N in aggregates under different fertilization treatments
2.2.3  AFEAEAL BN BIRAR 4 P 5 I 52 HAWAKR, HARRHNY 2.8%; NPK+OM ALHE

HE 4 7JLLESL, CK B R 0.5~1mm f1>5mm 4 1 ~2mm HFZEES P S8k, <025 mm B%R4&
Bk4 P SEfm, <025mm Al 2~3mm HIRAEA 4 P SEEK. BARSMA EGYILHUEE AL B4 P
4 P SERK; NPK AAFESR K BIRAZF4 P % & & (0.68 gkg) T HEILALAEE (0.64 ghkg), 1H
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09 - OcK ONPK

P& (g/kg)

Nyl

<0.25

0.25~0.5 05~1

ENPK+OM

1~2 2~3 3~5 >5

B (mm)

B 4 AREERLEFAZEAFE P 52

Fig. 4 The contents of total P in aggregates under different fertilization treatments

FRLR 2 (A RN RAR ], <0.25 mm H1R 44
P % NPK 4F B #E ST NPK+OM Ab#E, 025 ~
0.5mm. 0.5~ 1 mmfl 2~3mm FARGE KL EE
225, AR NPK+OM AbFIY) B2 5T NPK
ACER . bRl L, A HLAE R T CAKE g4 P 1Y
i, HRFEN et EAe PRk, JEH A E
SR SN R A ] &, ERFST S Sauer5 POV i
FAE R X EARERT A A YA 5 )
B I YR SR, AR TERL PO E
S, JHRHETCHL PR, eI As Pk,
D AE 4 P i m JU S0 PG LR Y 498, 2 1+
B KRR L E X £ A P R R R 5
2.2.4 N[l I Ak BTOGT [T SR A4 TR A i R 5 )
T NL P K FEMEK, HEXRI L
Heghir 5K, gEHIERE IR S 5. (EWT R e S
K. BIRICRAANFRAL BRI IRRE . AN S e th
B8 5y A7 e 22 0, DR X A ] [ 2R Ak o R 2
TS RN EEE . TR It R +
B IR oy B R A A KT Rt ARy 2R
WRLES: 20 AEMK AR 2 T R (B S), Bl
R 13 KA A ERARE N S 3 Ao i, X m)
BB L5 R AT LR T AN O, /KL, A1 58 A L R T
R, HESRIRAAAH N EIRN 6T, bR
HEARMIER, GHifg N Rk . Mk,
AR N, HAAE N RE 7 RRE o AN [ it L Ak 2
R P ARSI AR 3 AT A7 AE 2 57 (B 6). CK Ak

PR IER P& A LR R AR AR
FEMAE, ARRBAN 5.8%; NPK ALFIF 0.25~0.5
mm FRAER P S8R, 3~5mm Al 2~3mm
HZRMAHUSP B, AR A1 35 2 53
NPK+OM Ab3 R~ >5 mm SR P & &, 1~2
mm AR P & I, Hofdobig s [ sy w25 2%
Sto A LT3N P AR IR AR ) B i, EAR R
2 NE AR B e o AN [ AL B AL K 7R SRR
IR 3 AT 225K (B 7)), CKAREE R 35k 2 [ 5
HH K S ERAH BELN, BRREUN 3.1%:;
NPK Ab# AT NPK+OM Ab# >5 mm PR K &
T T HAORE G ) SR AR, FARRL R 2 TR) 25 AN
F, HIFENEES >S5 mm FERARA G <, KR
MIEAEA DU A IR S5 N TR, JIRE54) o 3222
SEARRAR A, b K SEFEE.

2.2.5 A[AIHACAL BT A SRR B AC e (CEC)
g CEC & 5% M 2R A4 Y AR s 1 1 HE 22 1A
F2—P JARAEE AIRAR CEC s/, Wil 8
FTR 2L NPK+OM >NPK >CK [fJ#a%y, {HZiX M
PAegiit e FIFA R, WL CEC E22H &
BRI E s (. 5207 KPR, 2 HA
HHURAIRI AR b 3% CEC {8, HEimsy
i) 3381 >0.25 mm KEEPE SR B i . CEC 1E &Rk
HERARZ [R] ARAS K, AR S 230535 7.5% (CKO
7.1% (NPK). 6.0% (NPK+OM). {H&AHF, <0.25
mm H{RAk CEC #5#F% T Ak, Ui CEC L]
FARMARAE AT, CEC AR IR AE 159
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180 - OcK BENPK ENPK+OM

BfE N & (mg/kg)

<0.25 0.25~0.5 05~1 1~2 2~3 3~5 >5
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B 5 AEMEELEARGHHRE N 282

Fig. 5 The contents of available N in aggregates under different fertilization treatments

90 r ockK ENPK B NPK+OM
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6 ATRMERLEBRARKHEY P B8

Fig. 6 The contents of available P in aggregates under different fertilization treatments

250 r ock BNPK B NPK+OM

K E i (mg/kg)

2~3 3~5 >5

<0.25 0.25~0.5 05~1 1~2
Rig (mm)

B 7 FTEMEALEARKPEY K 22

Fig. 7 The contents of available K in aggregates under different fertilization treatments
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16 - O CK @ NPK B NPK+OM
A
R A2 Aa y, Aab Db a Aab Aa AaAab Aa ABb Aa  Aab Aab A
en 12 Bb Bb
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=
N4
8 |
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= 4T
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<0.25 0.25~0.5 05~1 1~2 2~3 3~5 >5
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B 8 FREMEARIEERKDHIEFRIRE
Fig. 8 Cation exchange capacity (CEC) in aggregates under different fertilization treatments
2.3 TEARKPHFSZEXN LEATIIE AR T AL B vk, S RE AT 20

P SRR IR AR AR BRED FIRTRIZEA]  HUKIAREAT PR IE AR SRR . S 4t
RUEPIRDATG 518, AMUBETIPRAI R e Bl SRR IR0 3R 2 SR K w3 L3 2.

F2 TEBRANEARKN LEFSEERITIE (%)

Table 2 The contribution rates of aggregate fractions to soil nutrient storage

TiH bR TR it HIZAE TR DR (%)
(kg/hm?®) <025mm 025~05mm 05~Imm  1~2mm 2~3mm 3~5mm >5mm
AHLC CK 19 489 10.56 9.49 11.18 8.80 7.38 12.39 40.19
NPK 19793 13.96 11.14 12.45 9.19 8.05 12.78 3242
NPK+OM 19956 15.99 13.14 15.02 10.48 9.04 12.35 23.98
Sy 19 746 13.50 11.26 15.92 9.49 8,16 12.51 32.20
4N CK 1579 12.38 10.23 12.66 9.10 7.52 11.36 36.76
NPK 1819 15.34 11.36 12.93 9.40 7.84 11.93 31.20
NPK+OM 1844 18.20 12.87 13.96 10.33 8.90 12.96 22.79
S 1747 1531 11.49 13.18 9.61 8.09 12.08 30.25
R N CK 659 14.37 11.29 13.11 8.58 7.07 10.92 34.65
NPK 978 17.79 11.95 12.55 9.51 7.44 11.92 28.84
NPK+OM 1022 20.94 13.62 14.11 10.11 9.10 12.49 19.63
iy 886 17.7 12.29 13.26 9.4 7.87 11.78 27.71
4P CK 131 10.79 10.21 1273 9.24 6.62 11.05 39.36
NPK 183 15.93 11.01 12.77 9.79 7.78 11.93 30.77
NPK+OM 188 17.93 12.72 14.67 11.57 8.77 12.50 21.85
iy 167 14.88 11.31 13.39 10.2 7.72 11.83 30.66
R P CK 4.82 13.78 10.44 11.86 9.80 8.28 11.54 34.30
NPK 64.54 16.46 12.07 12.76 9.38 7.70 11.20 30.44
NPK+OM 82.02 18.13 12.19 13.44 9.30 8.29 1123 27.43
P 59.46 16.12 11.57 12.69 123 8.09 11.32 30.72
HAL K CK 117.84 13.34 10.36 12.73 9.04 7.78 11.20 35.55
NPK 203.57 12.59 10.94 12.26 8.38 7.00 10.59 38.23
NPK+OM 271.92 19.54 12.80 13.56 9.47 8.56 11.55 24.54

Ty 197.78 15.16 11.37 12.85 8.96 7.78 11.13 32.77
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M 2 HEH, MRS LR iR AN R R
FEMRE, JCHOEH TRy . Bt 7 AN R
IS, ST HEEANL C. 4 N BRf#E N 4 P, 3R Py
B K IDTHRE R ECE W M (KRN >5
mm FERMA. <025mm FAZRAE. 0.5~1 mm FERMA.
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DURRR A W 5. CK Ab3E 30% LA b 183700 4R
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it A LIRS SEI AR T R R R B T Br . R
1M, ABFFTE K I A HUIEASR] /Mg (<0.25
mm) HAREAHC (B 1D MRZE, T4 N (E
2. AP (E 4 kR, B2, AHUCHUAER G
R S, ORUIE AR AE D) K T RS (1
Wi, AR B T IA R E SO L IR, FR R
Ko L, EANUEHURRC IS DL N, SR HHE
BCE BT DUIA B A A DA e FAE A

3 it

TR 20 4 1K AR IO I Kt
JE 2 A WL JE AL P it B mT DA 2 s 35 1 4
PREhR, XOnTUAR I L g G E, WRHARRS
SRS ESES e NN SR A b =9 e e YNIZIE 2N e ]
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Effects of Long-term Fertilization on Aggregate Size Distribution and Nutrient Content
LIU Zhong-liang'?, YU Wan-tai', ZHOU Hua', XU Yong-gang', HUANG Bao-tong'
(1 Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang
2 Graduate University of Chinese Academy of Sciences, Beijing
Abstrate:

Soil aggregates and soil nutrients are two important indicators in soil fertility evaluation. Different sizes of aggregates play various

roles in the maintenance, availability and transformation of nutrients. This paper compared the effects of long-term fertilization on the distribution of

soil aggregates and soil nutrients in aggregates in order to evaluate the role of long-term fertilization on improving soil fertility. The results showed

that long-term fertilization decreased the amount of >5 mm aggregates but increased the percentage of 0.25 -5 mm aggregates, thus improved soil

structure. Macroaggregate could maintain soil nutrients because it held large amount of soil total C, total N and total P. The effect of fertilization on

soil available nutrient was remarkable, soil available N increased with the decrease of aggregate size, which was in favor of plant absorption. In

addition, the contribution rate of microaggregates to soil nutrients was intensified with fertilizer application, which was also beneficial for nutrients’

uptake. However, microaggregates were unfavorable to preserve total N and total P with the combination of inorganic fertilizer and organic fertilizer.

Key words:

Long-term fertilization, Soil nutrient, Aggregate, Nutrient contribution rate



