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e A O E = R = O TN EZ LY e AN a0 /4 M R A ]
YK b o JE R I A R 2R R AR R
17.3°C A 3t 0 125 2 U 40°C R o e IR AL - 5. 1°C,
AR R R TR I 826 mm, 3 % SR K M 5
e, Sl Hr g, ] 5K % 0. 28 ~0. 37 em®/em”, i
FEEHKEHR0.07 ~0.10 em’/em® | 4 2 Hy 20 ~
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1.2 REEi&it

/N X i T 2002 4F 6 H MK 420 m, B 0]
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WE3AEE ., &/NEF AL B & 130 kg/hm?
(il N 3) (#AE 90 kg/hm* ( Lk P, 0, it) . 8 B
36 kg/hm’ (P4 K, 0 31) ; B T K Zifi & 130 kg/hm” |
Tl NS RS ] /N2 2 o % it IS A 34 ) s R e 4
TE [ — 7K, B/ 25 130 kg/hm”, F K2 150 kg/hm”
4e4E 4t 280 kg/hm” o i AR A7, $2 00 A2 54 6 HE (B
R3S ) RIS ERE A h 2 A &, R AR S
f7¥:% . OMNPK #1 RSDNPK 4b # fif 7 4 & 4 TE AL
FUIE & 60% , A LR 5 40% . it IEL i) 75 28 SR i 3 e
— RAEFRE AT TR A BEE R AL R 2 B T
AN TR, A 20 em, 2%/ 22 % A Y
52, B KA T, A /N2 it IE 1 1R] Sy B4 11 A
¥, 5 AR EAE 6 A, FBEE L AU S ik iR
A T Sy i B IR , B S S AL
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Tab.1 Fertilization types and application rates of pig manure, crop residue and mineral fertilizers for different treatments

T4 b 3 ﬂm@m%/ ﬁmmf%/ %mﬁﬁ%/ At T/ (b ~2)
(kg-hm ™) (t+hm™") (t+hm ™) N P, 04 K,0
CK
NPK 130 130 90 36
BN OMNPK 130 32.4 78 90 36
RSDNPK 130 7 78 90 36
CcK
NPK 150 150 90 36
HEK OMNPK 150 33.2 90 90 36
RSDNPK 150 10 90 90 36
1.3 EBESH PespH ER AW AEN & (K BmE 2.5:1) . &

b S A BN E 227 b Al Ak o B
N R HUTON E O E AR R A A R
R LRk e wR A Mm@

TR BRI B2 B 0 1 o
1.4 THARGKSH
Beid 8 mm G (9 K 2 BE 100 g, A T 2 mm
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b

A R ——5R A R A A BBk TR, %
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C,l X 4
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2.1 KR LSEEREALERNFIT

At N AL BE 4 K 2 (0 ~ 20 em ) B AR BEAL 1
e 2 Pros (2012 4F 9 AREE) o S5 AHEIE (CK)
b FHEAR L , U0 AE RT3 48 A BLik (SOC) , &K
(TN) F1 4= # (TP) 19 3% . L+ NPK,OMNPK #i
RSDNPK 4b # f) SOC % & 7> 5 4 CK £ & T
82.12% ,121.74% F1 162.81% , 15, W1 & #L . Jo HL AL
P it % it JES 77 2T A 2 R e A LR B i R
FHRS AT BC it 19 280 A B I A

F2 HBHEELEKENMXO0~20cm HEEKREHLMER

Tab.2 Physicochemical properties of the experimental

RLi =

soil at 0 ~20 cm soil depth under different

fertilization treatments

ALk 2R e

TR
b 7 b/ B/ R/ pH (A
» o . /(g em™?)
(g-kg™ ) (gkg™ ) (gkg™ )
CK 4. 144 0.25° 0.52¢ 8.0° 1.39*
NPK 7.54¢ 0.56" 1.05> 8.2° 1.30"
OMNPK 9.18" 0.78° 1.21* 8.1° 1.31°
RSDNPK  10.88"  0.79° 0.68° 8.1° 1.26°

B Y 3 AT RGP (5 B BRI AR N
R R [ AL AL 32 1) 22 53 6% , P <0..05, F il
2.2 KEMEAEX LK REERERES BRI M
5 1t AES Ak B - 98 AT 3R A 5 ik e B ) AR RL L
A (£3) o /NT0.053 mm WSR2 Kok,
32.59% ~49.52% , KT 2 mm K[ B S5 i 43 B
&, 0 6. 15% ~23.03% , Fifi K A2 1) i /) £ S8 AT 2R 1
Iy BOZ W . 5 CK AH B, NPK 4 3K T
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2 mmAl 0. 25 ~2 mm SRR 43 500 i T
13.20% F1 28. 56% , 1iij %} 0. 053 ~0.25 mm FI/h T
0.053 mm MR & 43 HOF LR E#m, 5 NPK
AbPEAH b, OMNPK i1 RSDNPK 4b 3 & 2% $2 & 1T K
T2 mm F10.25 ~2 mm A5 75 700, Hodoxd ok
F2 mm $FFECR BN B, 4 B NPK AL B Y
2.66 Fl3.28 fi,

-5 R AR (D) AT 4T S B 4 Y 1A R R
B, D R 3 A ROR B R . CK NPK ,OMNPK
A1 RSDNPK 4b # (1) D {8 53 5y 0. 17 ,0.20,0. 44 0
0.53, OMNPK #il RSDNPK ) D {E43 %14 NPK b3 ()
2.20 F12.65 5. ULEAA ML ICHLIEBC G it I8 AT 5 2 1
5 - S A SRALVE 2 - S 00 W A5 ), SR F RS FF
Pic it ) 5 R T IR A B

®3 TEEELELEARGCRESN

Tab.3 Distribution of water stable aggregates in soils under different fertilization treatments

VA 2R 1A o ik B/ %%

4k 1 V¥ B E AR/ mm
KF 2 mm 0.25 ~2 mm 0.053 ~0.25 mm /NF0.053 mm
CK 6.21 0. 15" 13.55 £0.53° 30.72 £1.02° 49.52 +1.86" 0.17°
NPK 7.03 £0.26° 17.42 +0. 19" 28.52 +1.29° 47.04 £1.75° 0.20°
OMNPK 18.74 +0.78" 20.91 £0.91° 26.89 +1.37" 33.47 +1.61° 0. 44"
RSDNPK 23.03 £1.35" 20.95 +0.69° 23.44 +1.53" 32.59 +1.87" 0.53"

2.3 KEEEM Lt EARGCENHRNESESHE

B % i

I it IE A AT 3G ALk 11 2R AR (B AN ) i
JIES Kb B 45 20 AT 3R AR A LA 1 52 AR AN AR R A
. 5 CK AbBEAH L, it BE ¥ 58 & 3 $2 = 45 4 A
R A B & &, H p L OMNPK Fil RSDNPK
Ab PRPE T RHOR B O W % . OMNPK il RSDNPK 4b 34
0.25 ~2 mm M RAEG HLAK & 5 55 % 4 11.71 F
12.22 g/kg, 4> %l % NPK 4b ¥ 2 55 7 34.91% F1
40. 83% ,RSDNPK i % /& - OMNPK 4b 3 (3% 4)
AN [ it A Ak B T 2R A4 MILB A it R S TR . CK
A 325 R 2 AT SR AR A PILK A 1 43 5] 4 0. 28 0. 80
1.07 #1 1.99 g/kg, #H N 19 57 Bk 2 43 51 24 6. 81% |

19.31% .25.82% F1 48.06% , 4% ki A7 WLk 1 1k
et FIRE L 1 B K 2 B - 18 1T R A R R ) 34 K i i
Wb, NPK 45 0L g% 1 58 A 3R Bk 6t o 169 53 1
A5 CK #[F , OMNPK f1 RSDNPK b ¥R — &
()22 5% . OMNPK il RSDNPK Ab ¥ () 0.25 ~ 2 mm
R AR A ALK fif 1 & T 0. 053 ~0.25 mm F Ak,
OMNPK F1 RSDNPK £ # K F 2 mm F1 0. 25 ~2 mm
V3R A A B B BT Bk 38 43 il Dy 17.7% . 22.79% Fi
25.91% .23.51% , & F NPK Ab B, i 0.053 ~
0.25 mmAl/NF 0.053 mm A1 51 A HLAK 57 ik AL
F NPK, F AL ICHLIE AL it 1 54 HLaK oK 1A
RUEEE

x4 TEEERLETEAREANBRRELT

Tab.4 Organic carbon content of water stable aggregates under different fertilization treatments

VH B A AT LB A He/ (kg ™)

Ab B
KF 2 mm 0.25 ~2 mm 0.053 ~0.25 mm /NF 0. 053 mm
CK 4.54 +0.13¢ 5.90 0. 23" 3.48 +0. 06" 4.02 0. 14°
NPK 7.30 £0.38¢ 8.68 +0.37° 6.62+0.17° 7.71 £0. 8"
OMNPK 8.93 +1.24" 11.71 £0.20" 7.55 0. 13" 10.42 +0.51°
RSDNPK 10.78 =0.17° 12.22 £0. 45" 9.62 +0.59* 9.86 +0. 68"
x5 AEHEELETENEARGENREEMNTMKE
Tab.5 Organic carbon stock in aggregates under different fertilization treatments
1 2R {40k 9
KF 2 mm 0.25 ~2 mm 0. 053 ~0.25 mm /NF 0. 053 mm
R EERVIR UL A LB Ak A LB Ak A LB Ak
(g-kg™") (g-kg™") (g-kg™") (g-kg™")
CK 0.28 £0.01¢ 6. 81 0.80 +0.06° 19.31 1.07 £0.05° 25.82 1.99 +0. 14" 48. 06
NPK 0.51 £0.05° 6. 81 1.51 £0.08" 20.05 1.89 0. 13" 25. 04 3.63 £0.51° 48.11
OMNPK 1.67 £0.30" 17.71 2.45 +0.15° 25.91 2.03 +0. 14° 21.48 3.30 +£0. 34" 34.91
RSDNPK 2.48 0. 18" 22.79 2.56 0. 18" 23.51 2.25 +£0.29° 20.70 3.59 £0.41° 33.00
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2.4 KEEEMKARGCRENHRAS RETH

B % M

25 it S A 38 A A SR AR v 45 WL 4 4 3 A B AR
FEAKHARL , A A 3R AR rh A5 ML 4143 4 A 46 K36 43 LA
SC IIE A AAAE, R T 2 mm F10.25 ~2 mm KPFIHR
A 5 A B4y B R 59.90% ~ 61. 85% il 52.40% ~
63.57% (£ 6), 5 CK 7L, i NPK AEXJ K 4] R
T A& HLAK 4 53 3 4 43 $0OTC W 35 5200, 1) OMINPK
F1 RSDNPK 4b# A] & 25 42 & K F 2 mm 1 0.25 ~
2 mm K H RPN POM 453 i it 43 80, 8¢ NPK b 3
Ay B4R F 145.37% . 229.45% F1 109.81% |
162.48% , 3 i SC 41 43 Jit &t 70 $L B A% (8.83%
16.61% 10.78% .17.58% ) , i Xf mM 4 4y Jii & 4y
HERTES AR
2.5 KEEEMKARGTHNENHRASTNEES

BILA % 2 19 728 A0 B A A AL (R B /MR Il POM
Mm .SC) ., OMNPK il RSDNPK 4bF H F 2 mm H 5
& POM 1 45 AL Bk 5 & Eb 43 591 48 NPK &b P42 &
120. 76% F1 145.58% ,0.25 ~2 mm [# B {& 1 POM
1A BLER & 42 5 60. 66% 1 90. 03% , H RSDNPK
Ab 3 2 = T OMNPK Ab 3,

KA R AR v & A DL 2 43 1Y) J5 0 4505 A0 i 4
A PR S AR R A PLBR A R (R 8) o &
it B Ak BT 2 mm 1 0. 25 ~2 mm K B AR N A
BURR i A7 22 LA SC 4 43 18 XA A, RO mM,
POM 2H 4} B /o 5 NPK 4k 3 AH b, OMNPK Al
RSDNPK 4k #L 7] & 2 34 i oK A1 2R 4K POM Fil mM
oy pfit i, s SCAH 43 Wit G B 3 2 . (R
i, OMNPK 1 RSDNPK 4k ¥ POM ) 57 ik 2 K i 42
15, SC Y BT R A RWE JE [REAIR, T mM Y BTk R A Ak

it £ 1Y 5 M W BEAN L (I8 1), BT HIL JC LI M Tt ok 141
W7 FR, IR BRI BAR T & H A R HURAT 1 BOR A AR R B
x6 AEEELETAF2mm 50.25-~2mm ARFRNENHRASRESH
Tab.6 Distribution of fractions in aggregates greater than 2 mm and 0. 25 ~2 mm under different fertilization treatments
%
Ab B LM - POM LM — mM LM - SC SM - POM SM - mM SM - SC
CK 4.15 £0. 04° 34.00 1. 66" 61.85 +1.75* 5.76 =0.22" 32.28 +2.16" 61.96 +1.78"
NPK 4.21 +0.05" 35.89 +1.45" 59.90 +1.62° 5.81 £0. 17" 30.62 +1. 38" 63.57 +2. 66"
OMNPK 10.33 +0. 67 35.06 +1. 46" 54.61 +2.98" 12.19 +0. 53" 31.09 +1.57° 56.72 £2.93"
RSDNPK 13.87 +1.52* 36. 18 +2.23" 49.95 £1.95° 15.25 +1.38" 32.35 £3.55" 52.40 +1.37°¢
x7 ARAEERLETAF2mm 50.25~2mm ARGEPENHBASHRELT
Tab.7 Content of particular and silt-clay organic carbon fractions in soil aggregates greater than 2 mm and 0. 25 ~2 mm
under different fertilization treatments g/kg
Ab F LM - POM LM — mM LM - SC SM - POM SM — mM SM - SC
CK 7.80 0. 08" 5.63+0.11¢ 3.72 0. 60° 8.71 £0.35¢ 7.39 £0.81¢ 4.86 £0.69°
NPK 8.38 £0.04° 7.51 +£0.34° 7.10 £0.20" 9.43 £0.09° 9.21 +0. 13" 8.36 £0.27"
OMNPK 18.50 +0.90" 8.93£0.71" 7.12£0.67" 12.66 0. 63" 13.37 £0.55* 10. 60 +0. 61"
RSDNPK 20.58 +0.77" 10. 17 £0. 31" 8.50 £0. 50" 17.92 +1.21* 14.06 £1. 06" 9.43 +0.94*

£8 FAREELETAF2mm 50.25~2mm AREHENHRANEE

Tab.8 Stock of particular and silt-clay organic carbon fractions in soil aggregates greater than 2 mm and 0. 25 ~2 mm

under different fertilization treatments g/kg
Ak 7 LM - POM LM — mM LM - SC SM - POM SM — mM SM - SC

CK 0.32+0.01° 1.91 0. 13" 2.30 +0. 44" 0.50 £0. 04° 2.39 +0.42" 3.01 +0.51"
NPK 0.35+0.01° 2.70 £0.23" 4.25 +0.23" 0.55 0. 02° 2.82+0.17" 5.31+0.39"
OMNPK 1.91 +0.22" 3.13 £0.38" 3.89 £0.58" 1.54 +0. 14" 4.16 £0.38" 5.71 +0. 66"
RSDNPK 2.85 £0. 44" 3.68 £0. 34" 4.25 +0. 42" 2.73 £0. 43" 4.55 £0. 84" 4.94 +0. 62"

3 W X A HEAE 7 5 AR B E AR AR, RN

S A1 5 A 1) R B 2 AR o, B KRR R DR A R AR Y

3.1 AL FHBEE i 7k R 1 K B R B S L EAPLRK & REREY . AR E

A 3R A S 2 (g A 258 A R A
IR 58 Pk T RAIE S 7 (9 28 4k, D A A

25+ UK R MR A R B £ B R
Zhang %" X 214 - W BF 5T W, K R A O A R
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Fig. 1  Contribution rates of organic carbon fractions in

aggregates greater than 2 mm and 0. 25 ~2 mm
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£ 5 AR LT 3T A PR i R E
T 0 B A LS 008 S o P B8 A #0438 7 7 1
A HLTCHLIB S5 B, 1 K 465 4 Tl i 56 2 5 L3R A
BRI R o A, 5% MG AL A L, 10 a
01 S 57 0 T A LT 8% T S A0S AT ) J , b 3k
BRI & i 5 A SRR 2 T i AR (D) A B
PEE, B TA UL ARG I T L 3 LR
B I IR T L AL R SR A M B O A
LA S, AT IR T 5 BL L TE WL 225 490 5% 1) T L, A
MK FAPE R A B AR BIE . 3 15 A 6 2 3 X 8 08
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Effects of Long-term Different Fertilization on Soil Aggregates and Organic
Carbon Fractions on Sloping Upland of Purple Soil

Hua Keke' Zhu Bo® Yang Xiaolin® Wang Xiaoguo®
(1. Soil and Fertilizer Research Institute, Anhui Academy of Agricultural Sciences, Hefei 230031, China
2. Institute of Mountain Hazards and Environment, Chinese Academy of Science, Chengdu 610041, China
3. Safety and Emergency Management Research Center, Henan Polytechnic University, Jiaozuo 454003, China)

Abstract: Long-term fertilization has a significant impact on soil organic carbon (SOC) stock. However,
fertilization impact on physical fractions of SOC is still poorly understood on sloping upland of purple soil
in the central Sichuan Basin, southwestern China. Therefore, this study assessed the impact of long-term
different fertilization on soil aggregates distribution and its organic carbon factions under an intensive
wheat ( Triticum Aestivium L. )-maize ( Zea mays L.) cropping system through four fertilization
treatments, no fertilizer ( CK), applied mineral fertilizer ( NPK), pig manure matched with mineral
fertilizer (OMNPK) , and crop straw residue matched with mineral fertilizer ( RSDNPK). Soil samples
from 0 ~20 cm soil layer were separated into four soil aggregations ( >2 mm large macroaggregates-LM ,
0.25 ~ 2 mm small macroaggregates-SM, < 0.25 mm microaggregates-M and < 0.053 mm slit-clay
microaggregates-SC) by using wet sieving method. LM and SM were further separated into particulate
organic matter (POM) , microaggregates (mM) and the silt-plus-clay fraction (SC). The results showed
that the mass percent, organic carbon content and contribution of LM and SM under organic amendments
combined with mineral fertilizer ( OMNPK and RSDNPK ) were significantly increased compared with
NPK treatment, indicating that SOC was enriching towards larger soil aggregates under long-term
application of organic fertilizer. Furthermore, organic carbon content and storage of POM, mM and SC in
large aggregates were significantly enhanced by OMNPK and RSDNPK treatment. In comparison with
NPK treatment, OMNPK and RSDNPK treatments significantly increased contributions of POM while
decreased contribution of SC in large soil aggregates. The results also showed that it was greatly helpful to
enhance POM sequestration and accumulation in large aggregates by long-term application of organic
fertilizer. Additionally, the soil organic carbon storage in the whole soil and larger aggregates were
dominated by SC fraction, which was helpful to enhance organic carbon sequestration, especially for crop
straw return practice on sloping upland of purple soil.
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