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Abstract; We investigated the effects of 16 years long-term fertilizer experiment on aggregate size distribution and the
carbon in aggregates of a Drab Fluvo-aquic soil in Beijing. Six treatments were chosen for this work; Four were in a wheat-
maize rotation receiving either no fertilizer ( CK), mineral fertilizers ( NPK), mineral fertilizers plus farmyard manure
(NPKM) or mineral fertilizers with maize straw incorporated (NPKS). One was in a wheat-maize/wheat-soybean rotation
receiving NPK (NPKF). The other was abandoned arable land ( CKO) growing weeds. The amount of chemical fertilizer
applied per year was 150 kg N hm >, 75 kg P,0, hm >, 45 kg K,0 hm *, 22.5 t manure hm > and 2. 25 t maize straw
hm . Soil samples were separated into four aggregate-size classes ( >2mm, 0.25 —2mm, 0.053 —0.25mm and <
0.053mm). The results shows than the amount of >2mm water-stable aggregates and organic carbon were found to be
higher in long-term abandoned arable land than those in cultivated arable land soils. Macro-aggregates are more susceptible
to disruptive forces induced by cultivation, which are less than micro-aggregates. Compared to no fertilizer application

treatment ( CK) , long-term fertilizer application (NPK, NPKM and NPKS) had a significant influence on aggregate size
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distribution and aggregate stability, and had most effectively accelerate the formation of groups of >2mm and 0.25 —2mm
aggregates, that show the newly enriched organic carbon mostly appeared in aggregate fractions >2mm and 0.25 —2mm.
The SOC concentration was greater for macro-aggregates ( >2mm and 0. 25 — 2mm) than micro-aggregates (0. 053 —
0.25mm and <0.053mm) in the abandoned arable land and cultivated arable land soils. After applying mineral fertilizers
plus farmyard manure ( NPKM ), the contents of macro-aggregates increased significantly, being beneficial to the
improvement of soil structure. The content of SOC in aggregates was higher in wheat-maize/wheat-soybean rotation cropping

system compared to continuous wheat-maize cropping system.
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B EFX,db4 40°137 , £ 116°14" Gk E E 43.5 m, R E 11°C, =10°C FHIE 4500°C , FfE R & 600
mm , 578 & & 1065 mm, TFEH 210 d, R EUHERILEFELZEFRMEFZ RN, EMHT 1990 4F, 13E LN E
YR, AR 1 R IR 2 R A R A LR 12.31 g-kg T (24 0.81 g-kg T (2 0. 69
g kg™ A 14.58 g-kg ' IR 4. 62 mg-kg ' R 65.27 mg-kg ' B4 407. 60 mg-kg "' 1 pH 8.22,
1.2 {5sb3
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SEFE(CKO) , BN AR , AR AEAE AL 38, M) B A AE K, A A i sh 138, BAEEM A R AN 1.0—1.5
t+hm 2,

Hor, ZUE(N) R PRE BEAE (P) Ry BERRES , 40 IE (K) @ AL 40 , 1 F & 4391 7 N 150 kg-hm ™ [P, 04 75
kg-hm™* K, 0 45 kg-hm ;M J¥%JBRAE, & 22.5 t-hm > (FE) ;S K F K, R 2.25 t-hm 7 (FE),
BT /NE R EARK (K E) #ERET—IRMEMEA , BEAE AR AR AL IE M EERE B4R 1 IR, T/NZ R R AT
AR o /X ALFRTEFR 200m” , S K X%t EL RS , RIFEE
1.3 oy
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BURE/INXFE 43 I 3 A 5 IR i R /N B RE i o FH DR IBUBDIR HAE, ENBAR T, B 1S KE
IXBNEEFRET , TR LT B AR R BT, SRR KA R B 5, i 8mm i f5 4k R T4 o

WA Elliort ™) + I A AR bk I 8 7 ik o BLAT ¥ b KA S B FLA2 B L1 T N 2mm, 0. 25mm
0.053mm HERERZ b, FEAKEIERE)G , FRAKS  EBRANERA T i T oy, & 020 _Ei%
PRAHIRTKTE , B H E IR S min; N & 5002 A RATF 5157 % 2508 &4, 5 T > 2mm A1 0.25—2mm
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24 ( Micro-aggregate )
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L % LSD( Least-significant difference) J57i:, RJ545d t 4 (P < 0.05) , 2K H SigmaPlot 10. 0 %X
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Bt 3K R R AR 57 0 B A 5= 2 B TR R A R A K (2) Al (3) A7 3R
HHZHA R AE IR R = ZAREP AR SR x ZEEAR BRI EE(% ) x FE xHZHER (2)

o RBAREH AR E B  ZRAREKNEE(%) .
IR R p A PR TR = e L B B x 100% (3)
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NPKS) AL, < 3 18 5t (9 + 3¢ (CKO) W] (g 25 48 K R vk R AT AR B bl . 5 CK A G, < 30t A (NPK
NPKM \NPKF \NPKS) 4 % T > 2mm 7K f3 4 1 38 fA 1 0. 25—2mm 7K A5 P4 F 544 B9 5 &, AR B 3t Pl T
0. 053—0. 25mm KA A AR (A <0. 053mm K5V RLE) & &, #5512 NPKM Ak BRKRg 4k A T SR A4 5 B ik 2l
757.3%,

T AL - 398 4% 25 P 3Rk g A PR RS AR S RV AR 1 BE RO [R] T 5, 76 > 2mm JK BRI R AR b, BB
PCRERCHE % AL (NPKM) B2 5 T HE 3 Mt AL AL 2 (NPK NPKS \NPKF) , < 1 {6 BEA #T i H (NPKS) /)
% -FER—/NE-RER VI it R B0 AL AL (NPKF) f) 40 28 8 25 8 T4 303 /0 22 - KB 5F it R0k 49 46 A
(NPK) 4b3 ,7E 0. 25—2mm /KA PRI R R AP, KEI/NZE-F KR —/NE-REZ /48 1E (NPKF) AT LR & ok 42
HRARHEE .
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Table 1 Aggregate size distribution under long-term different fertilization treatments/ %
fbm KA RIK Macro-aggregate TR HI K Micro-aggregate
Treatments >2mm 0.25—2mm B Sum 0.053—0.25mm <0.053mm BF Sum
CK 4.5 18.8d 23.2 € 54.4 a 76.8 a
NPK 9.0d 25.0 be 34.0d 50.0 a 66.0 b
NPKM 25.3 b 32.0 a 57.3 b 33.8 ¢ 42.7d
NPKS 13.6 ¢ 28.8 b 42.5 cd 48.6 ab 57.5 be
NPKF 13.3 ¢ 34.1a 47.4 ¢ 45.2 b 52.6 ¢
CKO 42.2 a 23.5¢ 65.6 a 25.5d 34.4 ¢

RN FERR S% K FHET BEN, TR

M1 Ha] DUE H, MK EA$E 5 ( CKO ) 2t A + 3%
(NPK NPKM \NPKS NPKF) , 52| A~ jifes JIES {H Fofo A F) X
(CK) -3, + HARMK VP EREERKIK T, FE
BHEARKA/IMEIK HF:CKO > NPKM > NPKF > NPKS >
NPK > CK, i B A R E £ 38 mT DARRAIK 1+ 398 A R 1R
KRR EME . TERERRA 3 b | AR BT LASE fin 4 8 I ¢
TRI7K AR T , Rl 2 A 40 FChE A HLAE (NPKM ) [ 25
R KRRt , KRS FFE H (NPKS) Fi/hEE- oK
—/NE- R EFEAEIE e A 47 AL AL (NPKF) 1 3R 14
IKFeE M B S TR I/INE - FRECAE I b A w47 L AT
(NPK) . 5 CK ML, KHI/NE-F ORI VE I it A B 4
ALHE (NPK) th B & 48 5 T 38 A SRR K fe e o
2.2 R[E]jE AR AL B X A [RDRLR AK R I SR A A Lk
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Fig. 1 Mean weight diameter (MWD) under long-term different

fertilization treatments

NF22 HATIE H, B MR, > 2mm F1 0. 25—2mm BN Bk R BRGNS B B2
7T 0.053—0.25mm FI <0.053mm KA A A . 78R —Z B KRtk B B &, NPKM Zb B4 HLER & &
B, HIKCh CKO Ab3# , NPKM 7l NPKS 4b3# 5 NPK AbFEAH G , MRIAR >2mm % <0.053mm ) 1A Hlax
RN T 35.7% 44.9% 35.2% 10.3% F17.4% 23.1% 7.1% 0.2% , i B K B 1t S ME A WL TR
A ARG N R UK R R R IEE YR & &, LHRE B I T KR RAR GBI & &, SKH/D
- FORFSAEFF it F AL AR i A 3 (NPK) A8 B, KB/ ZE - B oK — /N3 - K G 2 Fp e 18 I il 2B 89 10 18 i 40 38
(NPKF) th RT3 A HUBR i) & & , (EARRT T NPKM Ab38, 3 iEs/0, 5 CK AHE, KE/NE - R R /Rt 1L
FEf b 38 (NPK) 380 T & A K Rt A R AR B DB & &, OBLAE > 2mm % < 0. 053 mm ) I R (&G LR &

®2 FEEELENTRNZKBEARGFENBRLBOZN/ (5 ks™')

Table 2 The effect of long-term different fertilization treatments on contents of organic carbon in water stable aggregates different in particle

size/ (g-kg™!)

KA RIK Macro-aggregate A ZBIK Micro-aggregate
Kb Bf Treatment
>2mm 0.25—2mm 0.053—0. 25mm <0.053mm

CK 7.41 e 8.60 d 6.12 d 6.16 ¢
NPK 9.86 d 10.13 ¢ 7.19 ¢ 7.21b
NPKM 13.38 b 14.67 a 9.72 a 7.96 b
NPKS 10.58 ¢ 12.47 b 7.70 b 7.23 b
NPKF 10.28 ¢ 10.68 be 7.93 b 7.50 b
CKO 17.20 a 15.85 a 9.23 a 9.11 a
14 Mean 11.45 11.90 7.98 7.53
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BB T 33.1% 17.8% \17.4% F117. 2% , B 7 FACAE AT 38 fn 3 B RAA B DLk & &, JF B
K FAIE EER N T > 2mm FREE VKK S &
2.3 IR [R)ite AR Ak B X A [RDRL R K R I SR A v A pL B i B S )

M3 R LIE S, CKO b3 7K A3 M 121 2R 4 1Ltk i 2 il 11 28 A T 420 8 W o {1 T B A1 5 NPKML 4 3L 7
0. 25—2mm 25 53| A R AAA VR it B , Hk Oy > 2mm 4% 551 1 2R 44 ; NPKS i NPKF b 37K £ 1 R Bl
REEE [ 0.053—0. 25mm FABRIA] > [0.25—2mm FARAE] > [ >2mm FARE] > [ <0.053mm FHR
K], 3 HAKRRAE K B R AR A ALK B8 B & T /K AR M/ B R K5 CK 4 3K B3 vk A R AR MLk i B KK
[0.053—0.25mm FAARE] > [0.25—2mm FARIEK] >[ <0.053mm FARMAE] > [ >2mm FARMAEK], KFad/»
A DA B = T KAt KA R A,

[] — 51| A SR A, Tt IS P AR v - 3K AR e K B AR HUBR i B, T AR T < 0. 053mm K VKL A RAKA
LBk iR . KM NPK Fojti % BEAE 4L 3 (NPKM ) 5 NPK ZbBEAR HL, 8 2 38 n T 7K 2 K 1 R AR i A Lk
fitii, BEAR TR A R AR B LR & . KB/ -F oK —/NE- KRG E M AR I 1l A B0 10 I 1 b 38
(NPKF) 5K H/NE -FOKRECAE I FIAL AL A9 AL B (NPK) AH B, 3860 T 7K A& 4tk oK T SR A HLak 1 it 2, T e A1
T <0.053mm FREAF YRR, 7E 0.053—0. 25mm [ FI K E AV ERA BE 2. 5 CKALL,
KH/INZZ - T KA AR It P AL IR g 40 78 (NPK) MOREAZ > 2mm & 0. 053—0. 25mm f) F SRR HLBR 1% B 4351 3
Y 168% \56.1% #17.3% ,7iii <0.053mm FIZRANFEAR T 16. 8% , 15 B it AL AL (2. 38 (938 i 1 390K
FatE KA RIA A VIR E

%3 TEMERLE R RARKEMEERERENHRMERAYM /(kg-hm ™)
Table 3 The effect of long — term different fertilization treatments on total amount of organic carbon in water stable aggregates different in
particle size/ (kg-hm~2)

fban KA RIK Macro-aggregate TR HI K Micro-aggregate
Treatment >2mm 0.25—2mm AN Sum 0.053—0.25mm <0.053mm JFN Sum
CK 887 e 4328 d 5215 d 8943 ab 3685 a 12629 a
NPK 2374 d 6757 ¢ 9131 ¢ 9595 a 3066 a 12662 a
NPKM 8867 b 12325 a 21192 a 8622 b 1862 b 10484 b
NPKS 3835 ¢ 9554 b 13389 b 9951 a 1704 b 11655 b
NPKF 3613 ¢ 8760 b 12374 b 9506 a 1482 ¢ 10988 b
CKO 16229 a 8312 b 24541 a 5260 c 1806 b 7066 ¢
-4 Mean 5788.7 8401.4 14190 8620.4 2274.5 10895

2.4 ARRPRLFKFaEE R &P A PR L3 WL TR R

NPKM Ab# 0. 25—2mm B RAEFR 0 Tk R H K, M CKO AbFE > 2mm B A& 354 5k 5 K, B0 28
TKFatE K B AR T4 TRk R 15 5] 70. 5% L) _F ; CK NPK  NPKS FI NPKF 4b3 0. 053—0. 25mm 7 B A4 Hl
BRI TRk A =, HR M 0. 25—2mm F 3R {4, {H NPK NPKS Fl NPKF 3 it AE A0 2 7k Bt K A SR AR 372 43 5%
BREBEST CK A0, STk %N 41.9%—53.3%
3 itig
3.1 KReE A RES R R EE

KHAYE T (CKO) TR %2 1 (0—20em ) KB EH KA RAESEULBAR K P ERER, THFEHE
RRKIHEYRAFER B TIERZ, TRMAEYAE R EMTEINERET R, AT HERZ 0 AEYEE,
AFEEAEK WA IX R A BT 76 K R R 34 AT BUMCRLA ML , 3 in Ee s ke s v . +
BT RHEREG , > 2mm /KEEE R A RAR BE F W, BERABHE DL SE MK > 2mm 1 KA R iA S B, Ellion™
F1 Sodhia 217V BFFEIA R 7K R kK R SR A A T /K e M e T SR A, T LA - 9BV 5 A A SR kB 2
L e
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Table 4 Contributing rates of SOC of water stable aggregates in soil organic carbon /%

s ] KA BIK Macro-aggregate T B K Micro-aggregate
Treatment >2mm 0.25—2mm B Sum 0.053—0.25mm <0.053mm BF Sum
CK 5.0 24.3 29.2 50.1 20.7 70.8
NPK 10.9 31.0 41.9 44.0 14.1 58.1
NPKM 28.0 38.9 66.9 27.2 5.9 33.1
NPKS 15.3 38.1 53.5 39.7 6.8 46.5
NPKF 15.5 37.5 53.0 40.7 6.3 47.0
CKO 51.3 26.3 77.6 16.6 5.7 22.4
14 Mean 20.9 32.8 53.7 36.3 10.0 46.3

FEAR H 38, KRB TS HUIE (NPKM) AbBE4R 35 T HHE LKt KA R ik & B, 1 7 3%
ARARIREENE . ZEE%C R Yang 21 duBF5E & BUME FI A HLAR AT LAY ik Fa v K A A & 8. K/
- /N K TR R AE I e B A 16 AT 9 4k B ((NPKF) 5K 303 /) 32 -3 K 56 78 I 36 JF A AR 9 4ok 38
(NPK) #H Fb , o AT 38 fnk Rtk R I S kA B, 3 SRR T B R R ALK & R TT AR IR R K B 4%, 3 7T A3
A HUBRIR , 3 HL R FIVE P AR R T DL ke 3 BS54, 6 ) TR A AR TR AR
3.2 KEaEMAREPE RS B E

TEABIFEH , KA EFEAOOE N T /KR KB R IR & 8, T BRI T AR & 8, X S RED
U840 Tisdall 25 BEFEARML. WS KRBT FTINN , ALAR BC A FLAR S (AT LA hn + 398 49 A WLk & &,
i ELARE B3 0 T & B SRR ALBR 08 B0 AR R W, K 0 10 IE BT e A AR 35 fin 4% 4% FA 38 kA
HUBR B 8 45 B2 B 7 /KA K A B4 ( > 2mm A 0. 25—2mm) LRI & B, XA BRIk R
PR B RARFEA VIR BT E BN . KI/NE-F K —/NE - KGR R 1R 1 E B4 1L IR f) &b 2 (NPKF)
SR P/INE-FREEAE I M AR b B (NPK) A L, 32785 T & A B A YR & & X BB AR R BEY &
Rl B L S ) SR A MU B0 A , 7 A ) TR T R SR R ) FRO VA 5 R L 72 e AR 2 10 B B B B AR ]
F HL/INGE R MM T R A R AR, T LA /INZE R T RAR 2 O 0l SR 018, A b 7 A AU AR
5 CK A b, K H8/NE - T RS0 H: i PR AL I ) b 2 (NPK) 3of A T SR AR TR 5k ) B 1 A 3 T ks i, 5 B 78 it
B4R, BB MA A HL C 34 3 8 1ok R Aok S

KRB b, KA R G PRSI0 EEER A (70% —80% ) , 3B 4r Bk A5 5 L4
BRI FEAE B UIAR K , BRI A2 15 398 40 B TR A B B A LU 30 IE H T S b B BB
S, NPKM ALBEFE >2mm FABMAF 0.25—2mm FRMA A WU % B8, 3F BRI Z000 i  B R 554y
TR R , T T & AR AL BE7E 0. 053—0. 25mm FHEAAM 0. 25—2mm [ R4k A HURR B, X
— BB (LR BOME A HUAE AT LR AE K B e i 4%

4 Zip

KPR PR B 375 ) - ST 553 b m i ) K R ek A SR A A R B M, 3 ELI N T &% A AR HLBR 19
SRR, TR EHEBIR T RRE K B4, AR bR K R A R A & 8 . 758 RIS M o
KA 57 HLIE BCHE AT S5 R B KR e KPR & B A R AR AE BB ER, KA Rikh A
PUBRE S B AGE R . SRR 5T DA B 398 A 38, S Ak R P R BB B, 4 B R A 7T 484 o+
A BBk A B, I ELAT R HE TRl K R IR B 4R
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