KRR /22 - FoR BB AF 33 1 3R Ak 2 A 20 T RRE OB

FEH? g R ERME
(1 b3 5 AO AT R e [ 5 F e = (v [E B2 e vl st 48T ST 9T) » P At 210008)
(2 PUNPAME R 2L A RS TR R SR, DY)IHE% 625014)

B OE IR RN -FORRER A RS 18 a WAL, #F T KW R AEAL
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A R A S IR ) ) 0% BT I FUR I, REAE AR AT SR AR 2H A b9 (<10 pm/(250~10) pm) BB ELERZR A Hh
3B TR IR AR AEYE RS, T A g Rk 3R AR 1 AKSE RO FIE bR . 2251wt bholk 398 1 1 38 14
HRRHITE IR, S BRI E B <20 pm 5 2 000~20 pm $i 205 & ELAE (<20 pm/(2 000~20) pm) &
%t 1% B8 FH R R AE 3R 7 R eIk e 398 FAT AU TR AT AR (6 22 FLAY R, AT 2 AL
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BRI TE b [E R ol A 245 58 S8 3t (35D0'N, 114 24°E) AT . 1ZHIX @+ 5. HigiE i)
BRI 22 S X, AP35 % /K 605 mm, R EEEFF7TH B9, 78 K &1 875 mm, 55 H N13.9 C,
TRH220d Lot kBRI B 1. WIS UA T 198945 Rk, KA/ - TRk —E R FhiE 7 =,
TR EAED SR R AL e N T 5 SRk AT . RIS T 4R AT L3882 (0~20 cm) B4 L y: A AL
583 gkg'. 4%0.445gkg'. 2050 gkgt. 4418.6 g kg . A RHEL.93 mg kgt HAL478.8 mg kg
HIpH8.65, HIFAL f7 REEANBE, . WIGWT LR (1) 2RI EREE (NPK) ; (2) HHUAE (OM) ;
(3) HHUIEREALEESF (LV20MN) 5 (4) W AERERE(NP) s (5) LSRR (PK) s (6) 1k
SREREAT (NK) 5 (7) AR (CK, %R, AFaBEEF 4K, DX HEFA7.5 m?. 584 KLIE (NPK) A3,
/N OB R, JRZEN 150 kg hm?, i BERRE5P,05 75 kg hm 2, BRERHK,0 150 kg hm?; £Z= K
B R, JRZEN 150 kg hm?, i iER45P,05 60 kg hm 2, BREZHIK,0 150 kg hm 2. &ZE(EY), NPK. OMAF
1/20MN 4 2 7t FH 1 U R 5 2y EAH E], A HLACALEE B B AT AN & 35 2 DAL AR BE RN RR 78, NP PKARINK
bR 5 NPK AR AR L X /il 7 U 75 40 AR — AL, HRAHE . B HUIE AR BN EFEFE . KB
BEMIARFF %100 © 40 @ ASELGIIR A, 282 7 IOMEm K BET B, AR A WU R & B e g U EM, oM
F1L/20MNAL 21 AT HLUAT i FF 58 43 59 42 758 kg hm 2Fil1 379 kg hm 2,

1.2 FEARESNE

T 2007 SN FFUE G, (EREANREE /N X PSR e s BUREIRECR J2 1358 (0~20 em) AT &, B
W SEG E HARNTE, e HIE R A RO S, RERERE . WERREEAIREEE T, DL
TR AR R I 5E 595 AR SRR PR3 50 A %W FH 0.5 mol L' NaHCO, 1242 -48h31
Lo, SRR 1 mol L ZBREER IR- ot ekl pepimE R 3,5- I KR LL ik, WERRNE
KRR E —ANEL ik, RIS Bemy 5 b (it 39 0 ] B e 2L R AN L 28 1 240 SR T W Ay 81, -3

B =(>0.05 mm 4 B AR5 M {ii—>>0.05 mm HUBRAL K 40 B 4)/ >0.05 mm HUBE 4L 2478

B REEDOIRL 10 um RIS KL AN BIIBAISR A, R e TR R A S S ko fo P R AR 4 )
W5 779 5 SRR AR T AR L, IR R 2 7 R AAE E Br] . SE B BRI A R T R
L 10 wm 2y 5 B R EAE it 3R Ak P K AT AN 3 P - 9 D oo R 56 [ 1) W 1) i 8 - 3 Al SR A R A2 2 A
W9, DRk, ASCILRFSERTHGE 773, BL 20 pm AR5 AN BRI DL SRR
AR AR A 5] (PCM, <20 pm/(250~20) wm) A Ak A1 544 5 o <20 pm 5 2 000~20 pm 7% 75 & (1) LA
(RMD, <<20 pm/(2 000~20) pm) , 77 v5d T80 I o i) A0 58 ] i) R gl 23 P 3K - 38 4t (41 S AR AR 7 AT
W,

AFEIFEAEALEE 2007 4E /N 5 AT WU & s S0kl S LAt A B S5 2 L SCRR[18], I AEAEY
SIS WOCHR[19]. SCHPEERE S A R SPSS10.0 B, AN ] A A 3 - 438 % AR B 1A ) SR
6 56 % FH B R 705 20 BT (ANOVA) A # /N (2 25 1 22152 (SSR) -

1.3 S R4ESER

BIECHR5,7,20). BA EARBAGE MO 2 AL R —— L3, kTR ke d, (d, >d,,,. i=1, 2, )
(R R AR V(S > di) T 2R AL Katz (2 RF2 5
V(& >d;)=A[L-(d; /k)*"] (D
ep, & NI, AL KCRHIBRIZIR . R -
SRR 43T VR Fh — i A% 1 % ) L 2 B A0 0 1, LA O FER IR A i 5 i IADREA (1)
T, BRI DR E p 25, Wp=p@i=1, 2, -, W
W@ >di)=V(©E >di)p=pA[l—(d, /k)*P] (2)
R, WE >di)y kT di EBERE R, L Wo #6mH 38R g0 B A, s A7 limd, =0,
N e 2(2)1 7
W, =lim(s >di) = pA (3)
R R)AI(3) B o
W (S >di)/W, =1—(d /k)*® (4
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B o NIRRT ER, WS > dm) =0, RAR@)EK = ma o FHIEAE H DR
() T 40 A7 5 T B4R R 40 T B 2

W (S >di)/W, =1—(di /dmx)*® (5)

9 (di /dmx)° =W(s <di)/W, (6
o IO A, A

(3—D)Ig(di /dmax ) = Ig[W (S < di) /W, ] (D

S RICLIGW, /W, )« 1g(d i /0 max ) 9. BEARER, RAEB H3— D &2 1g(di /d e ) T IG(W, /W, ) 15256 £
LRI, D IS AR BRIk, I5E D RIRT [0 40T i
2 SR 50Hr

2.1 TIBIRARSEA R

LTI R R AY-TNE S AL ZIREETI, UIARR M A R AR RH A LR N . L
BT A SR AR T M T LI KT, KIS IERe i L rh A AL AR EAR R, XD IRXT ik 41 5
A — O E R . B 1 A&, 403 250~50 pm. 50~20 um. 20~2 um A1<<2 pum #2144 & 84y
AN 49.46%~52.95%. 30.83%~35.72%. 6.183%~13.23%F1 3.707%~5.464%. 5 CK A:HIAHLEL, e
PR <2 pm AT 20~2 pum RiZ & B2 i AR 8.1%~32.2%H1 4.2%~53.2%, W3 & R PK A1 NK AL H 1 LLAk
HoAt AR AL B ()35 5 CK ALFR AR 3 22 K1 MR, S tEALEE ) 50~20 um 1 250~50 pm Figl &
B AN 1.9%~15.9%F1 0.6%~7.1%, 50~20 um FiZk & &k OM. 1/20MN Fl NPK AbHE ) L AR Ath it At
AbFR)3EE CK ARSI TE 35 25 5%, 250~50 pum Rl 5 &bk OM AL B 1) LA At it R AR R (1) 35 5 CK 4k
PR TC R 2 e . R 250~50 pm R 2SR i B R AR ) 44, U 50~20 pum RS R, AR
B HRT>20 pm Fr 9k A1 5 A2 B 138 AT <20 pm B2 AT R AR 5 5 1 BRI

it JE SR AE ok B SR AR AL R EE 451 (PCM, <20 um/(250~20)  pm) AR ] 443 %€ H <20 pm 5 2 000~20
pm R & 1) B (RMD, <20 pm/(2 000~20) pm) s20 i35 (R 1) . 5 CK A #EfAHEL, OM AT 1/20MN
ALFRIK] PCM E4) 75 P& 51.9% 811 43.3%, NPK. NP. PK Fll NK &b BE 153 5 P& 1K 36.5%. 25.3%. 12.0%l1
6.4%, [k PK F1 NK Ab B 1) DLAN At i I AR B (1) 35 2 2K T CK ARER), OM Kb (KT 1b I AL 3 1)
(NPK. NP. PK flIl NK); OM 1 1/20MN 4t fr] RMD 18 ) 5 B#AK 52.2%F1 43.9%, NPK. NP. PK 1 NK
AL TR IR 43 T FEAIG 36.5%. 25.7%. 12.6%7F1 6.5%, [ NK AbFH [y LA AR HoAth i AR AL 3 () 241 S B T CK AL FE Y,
OM Kb 3 i) i 2 T AL B AL BRI

A5 B A e /N 3Bk b i AR AV SRAE A, el R A R AR B 40 8, 2SR AR LI . s
TR — AN E B R, HIREBE, GUKEEIEREE ) A ReR, 5 CK ALHE )+ ]
BEEFILL, OM A 1/20MN A3 ()43 518 i 208.1%F1 142.7%, NPK NP PK F1 NK AL B ) 23 538 0 121.1%.
104.6%- 72.2%F1 30.5%, [ NK ARFE 1) DLAM At it T AL BE 1) 35 2 25 5 T CK ARERR), OM AbHER B2 T
AEREALBR R o DRI, A [] Ak 38 ] B 2 S i B K it A - B30 ) L 338 DROK DRI R 0 1 22 72

R 1 AR R AN 4 T 4 B e

Table 1  Effects of fertilization on composition and fractal dimension of soil micro-aggregates

$if2 % & Distribution of soil particle-size (%)

ALFE 2 000~250 um250~50  50~20  20~2 RMD PCM E‘é ﬁﬁ/ ® *E?Q«g>
Treatment <2um FEY(%) 4807 R
um um um

oM 1.847a 52.95a 35.3la 6.183d 3.707d 0.110e 0.112d 20.18a 2.479 0.942™

1/20MN  1.691ab  51.16ab 35.72a 7.154cd 4.268c 0.129de 0.132cd 15.90b 2.504d 0.930™
NPK 1.616ab  50.46ab 35.24a 8.180bc 4.499bc 0.146cd 0.148bc 14.48bc2.515cd 0.944™
NP 1.557ab  50.21ab 33.66ab 9.765b 4.800bc 0.171c 0.174b 13.40bc2.529bc 0.947"
PK 1.531b 50.06ab 31.67b 11.727a 5.006ab 0.201b 0.205a 11.28¢cd2.548ab 0.949™
NK 1.119¢ 49.76b  31.41b 12.672a 5.022ab 0.215ab 0.218a 8.55de 2.543ab 0.949™
CK 1.021c 49.46b  30.82b 13.225a 5.464a 0.230a 0.233a 6.55e 2.552a 0.949™

(DDegree of aggregation, @Fractal dimension, @ Correlation coefficient. [ %1/ [F) 77 £k 7~ 4b B 8] 2 7 2 # (p<<0.05) Different
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letters within the same column mean significant difference among treatments at 0.05 level; **p<<0.01. T [7] The same below

22 TEMEARES AL

& R [EA S BT 735, TR AN [F) AR B 338 (A1 SR Ak 7 T 440 (D) 7E 2.479~2.552 2 [i), L [E1J= 43 1T (1) 4H
K RBAE 0.930 UL, BIARIMNGEFHLIE R (F D). HIESRAERUE R IR LTRSS 5, £
DU RO B s MR . A TR ST, B T BRI BN IR 2 AT 1) A T ARG AR KA,
B A PR R X T Rt S A A R P, B, WK SR (X) 5 D #EHTEIAS T, H
FKAZAIF: 250~50 um, D=2.941-0.008X (r=-0.589, p<<0.01); 50~20 um, D=2.728-0.006 1X (r=-0.626, p
<0.01); <20 um, D=2.414+0.007 5X (r=0.926, p<<0.01) ; 20~2 pm, D=2.438+0.008 7X (r=0.899, p<<0.01) ;
<2 um, D=2.332+0.041 1X (r=0.942, p<<0.01) . /4% 5 <20 um. 20~2 um. <2 um Ry &2 A2
W25 TEAROG, 145 250~50 pmy 50~20 pm Fig & & AR DG, BB 20~2 pm FI<2 um R & &
B DMK, 5 CK ARER AL, TAEALIE ) D B FFRE DN 0.4%~2.9%, Bk PK A1 NK b3 LA
et A Ak B 28 SR AR T CKOALFRAY, H. OM AbIR A5 B R TAL AR AL R o it AE S35 D 12 B AR 5 H 5 e
REHR A LT AR 5 B T2 a0 /N s 2 ik (] R A s 225 T S KR 2 Al A SR A Bl [ SR A A 5K
23 TIBAEMASEE

TR YR LIRS, k. A BRI AR R 1) A RO AR 8 S I R SRR ), T ELR
PR B 0 25 10 B AR, AT DL 9 X E 3R R A RER P e R A LA
WIS BB AN 5 5 f . LR TR A MLASE, Ao i B I R R ROR O, A 20s 25
B IR R G RCR LRI IR R, TR A AR R B R R, ik, 5
CKALF A EL, OMAMIL/20MNALHE I BE 280 75 5 73 70 38 N1161.7%7H197.0%, NPK. NP. PKFINKALBE ()53
G IN52.7%. 39.5%. 28.6%7F110.5%, BRNKALIHIAE, HoAd e AL 35 835 5 T-CKALEE R, A MR
H (OMAN1/20MN) [ 55 2 & TAL B AL BE K, OMATL/20MNALFE ()45 5 Bl 25 & 43 731 38 1 752.29%411608.7%,
NPK. NP. PKHINKALHE )73 518 H1504.3% . 452.2%. 1 943%7118.7%, 4 NKALF [y LA AN H At jih AE Ak B 1)
YR E S TCKAEE ), PKACHEM R E & A VAR A AL AE AL EE ;. OMANL/20MN AL B [y 25 8 75 &
538 I1207.7%F1179.6%, NPK. NP. PKFINKALEE 143738 h1210.5%. 15.1%. 369.2%71418.5%, FxNP
A FR AL, HoAth e AR AL 2 B v T CRALBR A,  NKRTPK AL B i 5535 2 T HUAE A 38R0 A A AE AL B
Wi BA i AE A R T LA R e .

R 2 AR IR A BRI E

Table 2 Effects of fertilization on soil nutrient content and enzyme activity

e ﬁmﬁ W%ﬁ ﬁﬁ% EW@ RENERG JI MR Tl
Treatment Organic matter Hydrolysis N Available P Available K Invertase Urease Phosphatase
(9kg!)  (mgkg’) (mgkg?) (mgkg®) (glucosemgg’d?) (NHyNmgg'd?) (P,05mg100g™*2h™)
oM 16.21a 86.9a 19.6b 164.6¢ 29.0a 0.357a 8.36a
1/20MN 12.34b 65.4b 16.3bc 149.6d 25.0b 0.290b 6.52b
NPK 9.63c 50.7¢c 13.9c 166.1c 22.1c 0.241c 5.26¢
NP 8.98cd 46.3cd 12.7¢ 61.6e 21.0c 0.238c 4.64d
PK 8.36de 42.7d 47.0a 251.0b 18.1d 0.221c 4.08e
NK 7.30ef 36.7e 2.5d 277.4a 17.1d 0.214c 3.85e
CK 6.75f 33.2e 2.3d 53.5e 16.2d 0.177d 3.74e

2.4 T IEEETEHE

T IR LA 2 —, BEERD, (EEMIRKA, HHAEARME LI — A EE bR, 5
TR St B S R P, ol e A S SRR AR R 7 A 0 5, AN(ELE e
AN RE B AL R Ak E B R, i ELIE L e % HE N -3 10 22 R ML RN BLBR AR 7= AR i 2E A Ak
AL, SSRGS A T e BRI, g 2 W, 5 CK AR AHEL, OM F1 1/20MN
AL BRI FERE R 70 1 0 79.0% A1 54.3%, NPK. NP. PK A1 NK ACFE 4> FI38 0 36.4%. 29.6%. 11.7%#l
5.6%, & PK F1 NK AL CAAE, FHoAh b A Ab 38 35 525 & T CK ARERR), HA VLB EE 22 & Tt 4t
FAfK]); OM F1 1/20MN KbFE 1 IR B 73 5484 0 101.7%F1 63.8%, NPK. NP, PK A1 NK AL (£) 43 534 11 36.2%.
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34.5%. 24.9%F1 20.9%, HEACACFEREYEE m T CK AAFK), HANABALHE B2 S TR FE R, OM
AT 1/20MN Kb B [ R TG 7 148 0 123.5%7811 74.3%, NPK. NP. PK #l1 NK &b B ()4 5134 0 40.6%. 24.1%-
9.1%7F1 2.9%, [ PK A1 NK b3 #1475, A AR AL BE 1) 35 835 5 T CK ARERR), HANUAEALIE I 52 & T
A REAL R o AN [F) b3 - S VE I R B AR R (AR AL R, e AR R T 389 0 - SR R e . R i R ol R il
TR, A A A LAE 8 R T i A A

25 MRMSH

H% 3 al%, ANFELH LI PCM. RMD M D =& WP (A1 4% 5% IEAH2%; PCM. RMD £1 D
e At ONE+T0K) « RIEE LR BARS . BEVERG . PRESABEEREE < (] AR O R,
T 575 25T AR A5 4 2 TR AH S M R LA B2 /K P 1583 PCM. RMD 1 D BEfEYr &, LA NR.
DA TREWHTA . ORIl 1R B vt P 1) 158 o i PRI o

X3 THRMARGARID AR SHERRS BE R HE T BHEEXRR (n=28)

Table 3 Linear relationship of the composition and fractal dimension of micro-aggregates with available nutrients, enzyme activity
and mean annual crop yield

HiH ltem  EY AHURY  MAES AP EaH©  mEmEC RMC  Bmm®  PCM RMD
PCM -0.810™  -0.792" -0.842"  -0.155 0.071  -0.853" -0.785" -0.838"  1.000  1.000”
RMD -0.812"  -0.797" -0.845"  -0.163 0.067  -0.856" -0.789™ -0.840”  1.000”  1.000
SIEAEH®  -06917  -0.8457  -0.8737  -0.034 0.057 -0.877" -0.822" -0.884" 09197 09197

(DCrop yield, @0rganic matter, @Hydrolysis N, @Available P, ®Available K, ®Invertase, @Urease, ®Phosphatase, ©@Fractal
dimension. **p<<0.01

3 W

- 5l A SR AARAE SRAE 3 A 7 5 THI B A AN AT AR A i BN =t AR P g 32 5 = 338 Ak A SR Ak 2
MR EEF R AL E T, BT ARSI SRS 5 iR, X R E R T 33
MM E AL R o R ZE 25PN B RV B B e R B, 398 P e P s 928 bR i A L SR A B
BIREAG,  FFHE H IR A A SR AR 11 LU 81 5 e A T b e e - 398 1Y) 8 SRR P S 6T 0 B AR A ) e
DR M B 3@ A TR MR AE AR S /K B R AR VAN I 456 Fa b . AN )22 i A B0t FH A AL B AR S
A A i %o - I I A [ 3R A 4 R R A5 (<10 um/(250~10) wm) FrY 204 FH AT 7 46 A — 35, BR300
AU HUIE- 50 TR it RS B 39 G S A SR AR L ], ELRRARAE FHAR T st pe e 200, ek
ST P JIE Ao~ SR ol P 8 AR 2L ok B 51 S0 2 Y FRORIT 9 65 SR AN JRURH ), o s D e MO s e 2 B e o
RIL, SAHEAES AR B, K 306 A0 At B B AU SR A A [ SR AR R b T ok s O o o 5 R 90
ANt AR XS FEAR EL A Ut FH A B 5 A e - S3R E A F SRAR EU AL 8 R AR AR s . AR 90 45 R 3 B
KA AL A% PCM & RMD, H: AR A HUIE AL ERAR T AR AL B . 33— &% B 5 s R s L0 g o i
BRI 90 25 SAAH E . A5 WU G 0 IR 0 hn J2 J RN 4 1 L 8 M i 2 S5 T, I WLUBOK T (3 e A ) T
F I LB R PR TR R L 3R s R R e SR T rb, S A B R S 1 A A KR R g
EYIRIES, T AN SR (OM>1/20MN>NPK>NP>PK>NK>CK), =45 Z 1)+
JREEWIGT, SN T /IR SR AT A 5R E, ANTTT 845 <20 pm . 20~2 pum A1<2 pm RLZ% 25 & [#AIC, 177 250~20
pm Fl 2 000~20 pum FLZ & 21N, AHR <20 pm Kigl & &5 250~20 pm A1 2 000~20 pm g & & (1 LA
FRAR, R 338 A A 7 T AR BB AR . X L1202 5 B4 (7] it AL A 52 - I3 it [ SR AR 2 s R 43 T A 0 2
MFER A Fik, HAE, JCHZEEVUE, AFF38m R B SRR R R, A FIR L R Ak
A B, T i IRk AR % RE ) A IR AR K

[ S AR S PO S T B S B AR (0 - S BRI 48 hR 2 S5, V2 2t B A SR A R R 43 T
YRS IR T ARAR IR I OC RBEAT 1A TE, (ERB1 SR AR 40 TR 44 (D) 5 L3 AE T3 48 bR H] 5C R I FT i &
Bb, HIFRGEAR 8. 5 D 55088, MUEwSE MBS 0, Bkig g,
ANTHTE A D 5 HEAHUR LK, U5 A B HIEHCHA R BT BHEPRI, KB
REEHGEHNTHH D SHEHR. S5 . S8, e, A2, S Mty Ece 2535 fH
¥ WKEIREPER I, BATH D SHEI. SR . B, AR R, R, TS ER.

R RV e R UG, PRI, AR RS D S PR . A TR AR
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BENMK, NSEIRAIMHREEREE KT, S, @YUTESEEIEMX, N5EMEsERE
IV AT ST R T AL B 151 5 3T AR IV 5% PR RE D, TRV R B, AT 3
PRYLR A1) (<10 pm/(250~10) pm) 54 LR A% 53 7RI OG; ok itV B, R4 A1 SR A 2L Bl L) 5
REEWEZE M. AFRERLKI, +I3ED. PCM M RMD SEW7 &, H3EANIR . Ta. repd
Bt R AN R TG < (7] AR 2 2 TR 5% (p<<0.01), 1T -5 RUBE FNEE RICEM 2 () AR DS PR LA T B35 /K.
FEX IR RS R G E A8, KA P EAL S EIEDIR PK A R 5 5UR NK A2
BT P A, LSRR R A 2 4 BT R S A A S R R m A L. ST, %
B PK ALFR FOnk HoAth A BE HE4T 2087 & B, D (r=-0.764, p<<0.01) . PCM (r=-0.796, p<<0.01) 1 RMD (r=-0.798,
p<<0.01) 51 &kt AR 3 R O s 24 PKOAIT NI Ab 3 O FAh ab 22 12E 47 43 B & B, D (r=-0.849, p<<0.01) .
PCM (r=-0.907, p<<0.01) #1 RMD (r=-0.911, p<<0.01) 5 4 5 1 i 3 ¢ . (EL L I 1) 2 2 Ay 9
KIL, AEVIF= B SRHER A R AR LU 2 A R 3 AR R o X W] RS IR = DK 52 A M . 3kt
e E AN AR

AHF 7T 45 R K AE S5 N DL PCM Al RMD 75 A A 3 A 7742 Wi b2 5 T B A 1R U (0 5 F v
71, D PCM £l RMD ik, FRAETIEAC8kE . Kk, D. PCM F1 RMD n]{E A e & A il K 3 it A 4%
PR LA PRV RBE . BT 52 LIRS S A WU I S5 4 F R S5 AN, Aok T 3R A 2H 7 43 A 1 > 250 pm
BB R, PEHOE MO L 0%~57.6%, W|<<250~0 pm Kigk S &N 42.4%~1009%10%,
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Effects of Long-term Fertilization on Composition and Fractal Feature of Soil
Micro-aggregates under a Wheat-Maize Cropping System

Gong Weit'? Yan Xiaoyuan' Cai Zucong® Wang Jingyan®
(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

(2 Sichuan Provincial Key Laboratory of Ecological Forestry Engineering, Sichuan Agricultural University, Ya an, Sichuan 625014, China)

Abstract The composition and fractal dimension (D) of micro-aggregates in 0~20 cm soil layer were
studied on a long-term fertilized field under wheat-maize cropping rotation in North China Plain, and relationships
of soil fertility with compositional proportion of characteristic soil micro-aggregates (PCM, <20 um/(250~20)
um), ratio of the content of <<20 um particle-size to the content of 2 000~20 um particle-size content in soil
micro-aggregates determination (RMD, <20 um/(2 000~20) um) and D were evaluated. The long-term
fertilization experiment was designed to include 7 treatments: fertilizer NPK (NPK) , organic manure (OM), half
organic manure with chemical fertilizer NPK (1/20MN), chemical fertilizer NP (NP), chemical fertilizer PK
(PK), chemical fertilizer NK (NK) and control (CK). After 18 years of fertilization, all the treatments, except
CK showed lower values of PCM, RMD and D, and higher nutrients content and enzyme activity. Among the
fertilization treatments, Treatment OM was the lowest in PCM.RMD and D, followed by Treatment 1/20MN, and
the treatments with chemical fertilizers. Balanced application of fertilizers (Treatment NPK) was lower in PCM.
RMD and D than imbalanced use of fertilizers (Treatments NP, PK, and NK). PCM,  RMD and D were closely
related to crop yield, soil organic matter, hydrolysis N, and enzyme activity. The findings indicate that the use of
organic manure alone or in combination with fertilizer NPK and balanced application of fertilizer NPK are key to
improving soil micro-aggregate composition, decreasing PCM, RMD and D, and increasing soil nutrient
preserving and supplying capacity; and that PCM, RMD and D can be used as integrated quantitative indexes to
evaluate the soil fertility under a long-term fertilization cropping system.

Key words Long-term fertilization; Micro-aggregate composition; Characteristic micro-aggregates;
Fractal dimension; Soil fertility



