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Effects of film mulching on soil aggregations and organic carbon contents in

Northern dryland regions
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Abstract; Studying the effects of film mulching on soil aggregate stability and soil organic carbon distribution in different
aggregate fractions can provide a scientific basis for exploring proper practices to improve the productivity and protect the
environment in dryland farming. A long-term field experiment has been conducted in Fuxin, Liaoning province since 2012.

Three treatments were carried out: non-mulching (CK), autumn plastic film mulching ( AP), and spring plastic film
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mulching(SP). The soil aggregate and soil organic carbon(SOC) contents of different aggregates(>2, 0.25—2, 0.053—0.
25, and<0.053 mm)in 0—10 and 10—20 cm soil layers were measured using a wet sieving method. Our results showed
that long-term plastic film mulching significantly affected the soil aggregate size distribution, aggregate stability, and organic
carbon content in the 0—10 cm soil layer, especially under AP while there was no significant difference among treatments
in the 10—20 cm soil layer. Compared to CK, the amounts of >2 mm water-stable aggregates under AP and SP significantly
increased by 36.3% and 26.7%, respectively. However, no obvious difference was observed in micro-aggregates. These
results suggested that plastic film significantly affected the stability of soil aggregates and accumulation of aggregate into
macro-aggregates. The mean weight diameter value of water-stable aggregate was significantly higher in AP and SP than in
CK at 0—10 cm soil layer. Compared to CK, AP and SP significantly increased the total SOC contents and SOC in the
aggregates>2 mm in size at the 0—10 cm soil layer, increased by 8.2% and 47.9% as well as 4.6% and 29.2% ( P<0.05) ,
respectively. The contribution rate of the>2 mm aggregate in total SOC was obviously increased by 37% and 26.1% in AP
and SP(P<0.05) , respectively. However, in the 0—10 and 10—20 cm soil layers, the SOC in the micro-aggregates (0.
053—0.25, <0.053 mm) did not significantly affect the contribution rate of total organic carbon. The results indicated that
film mulching promoted the accumulation of aggregates into macro-aggregates. Under the soil and planting conditions in
Liaoning, Autumn plastic film mulching can improve the stability of 0—10 c¢m soil water-stable aggregates and increase the

SOC contents of macro-aggregates, as well as further promote the sequestration of organic carbon.

Key Words: dry-farmland; film mulching; water-stable aggregates; organic carbon; carbon storage
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HHUR SR R R A EEAEA, ik, A SCRIERE T T B L X 5 AF A [R) s [a) 78 B8 i g6, iF
FRE L (AP, Autumn plastic film mulching) . % 75 I ( SP, Spring plastic film mulching ) F14 7 i ( CK, Non-
mulching ) X 1 38 A S A4 K A ALK 520, DL SR S X A FH 398 e A9 oicss A A 7 ) B 3R e 4R IR b2 AR B

1 #MR57EE

1.1 R RS

ZRENRI TR T 2012 4F 3R 50 H 7 T30 724 PH AL B 17 58 vl 1k 1 3A B AR 30 BB A b 3R 5% 5 8
PRERFF I S 53k B B AR 420027, R4 121°67" AEIRIE 7.2°C ¥ E R 135—165 d, 4E[%
K 483 mm, FEIZE K HN 1727.3—1783.4 mm, J& VTR RBIKFEMEX , TAT—4F— 20 B2, P AEY N
FEA, RN A RN A+ iR b BT JCRE I S5, i T BR AT I - HEA AL 10.52 g/kg, A 0.
456 g/kg, 4= 0.66 g/kg, 28 2.463 g/kg.

1.2 gt

i 3 ANMRIGAL B, 430 0  BCE B (AP) B (SP) AIANERE(CK) , M bH 3 REE L9 AN/hIX,
FA/NXTH 6 mx10 m, RS2 AT, BRI T AR IOR S, 11 H T AR, 28 R —
TRE, BFEME T A 4 A ST R AR R NG — 2B OTE 3, B 5 HE T R, b
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Table 1 Water-stable aggregate size distribution under plastic film mulching practices

+)2/em Qb3 TR ER MR AT A4 Macro-aggregate/ % IKERPE AT IR AR Micro-aggregate/ %
Soil layer Treatment >2 mm 0.25—2 mm At Total 0.053—0.25 mm <0.053 mm AT Total
0—10 CK 24.0b 41.5a 65.5 15.2a 19.3a 34.5
SP 30.4a 36.2b 66.6 16.6a 17.4a 34
AP 32.7a 34.8b 67.6 16.8a 15.7a 32.5
10—20 CK 21.3a 42.9a 64.1 22.0a 14.0a 36
SP 25.6a 39.5a 65.2 21.1a 13.8a 34.8
AP 21.2a 43.6a 64.8 21.3a 13.9a 35.2

[l =% _F AR R NG TR 3em W] — J2 RS [ AL B AR 5% 7K i 25 57 i M (LSD) 5 CK. A X, Non-mulching; SP: 7 I, Spring plastic
film mulching; AP KFE I Autumn plastic film mulching

I AT LA Y MO 36 B B T 0—10 em KBS m AP
2 1 - 4 P S - 3 B B B4R (P<0.05 ), FLAR Rl Ab B 2l )
B 0—10 om 42 IR AR K MEIKH  AP>SP> s & -
CK, %t 10—20 em +J2 AR BN T E R AR @B 0|
AR (P>0.05) . WIS AM BRI B S|
B W ERE T 0—10 om 3R B IR B AR 1, 12 ggw_
25 - P SRR (7 S AR 3 g
22 REERAIEF oK B LR e 02

fR 2 R 0 .

R R I B - $E %A K B e B A T R sl yers/em

BB 25 1 S i O RS IR AN 26 2 TR . 7E 0—10 em + | R B A R

J2,>2 mm F10.25—2 mm BAGONKTAERIRIE b | Mean weight diameter (MWD) of aggregate under plastic
A ML 2 B3 5 T 0.053—0.25 mm M1<0.053 mm  film mulching practices

IKFE A B4 (P<0.05) . 7E 10—20 em )2 1, >2  CK:AEEE, Non-mulching; SP: i, Spring plastic film mulching;
mm PR R A BB & e T A A G A Bk AP PRELR, Autumn plastic film mulching

HHUBR S, MRIA2<0.25 mm (1 3 A R A HLRTE

0—10 cm A1 10—20 cm +JZ B TEE FH 2R (P<0.05) , MIRI—Z K F&PE F R R dha] LA 78 0—10
em 12 RiAE>2 mm RS ALK & R BN BB B =, B3 5 TR B A A B ( P<0.05) ,0.25—
2 mm A SRR HLA 2 0 Ry A RS 75 7 8 2 3 T R AL B ( P<0.05) , Bk AN AR 8 I = [ A
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2257 (P<0.05) . S5 AE A, BB I FE IRAE 0—10 em +JZ>2 mm F10.25—2 mm B2 514 HLIK
TR T 8.2% 1.9% 1 4.6% 4.4% . 1B 7 5 0T LA 2558 0—10 em +)Z S 8K H R IR
HHLBRA & &,

®2 BREMIEAREAREENBRSENZN

Table 2 The effect of plastic film mulching practices on SOC content of water stable aggregates

IKEGPE A R KRR Bl P 2R A
+Jz=/em Ab3 Macro-aggregate/ ( g/kg) Micro-aggregate/ ( ¢/kg)
Soil layer Treatment
>2 mm 0.25—2 mm 0.053—0.25 mm <0.053 mm
0—10 CK 8.93b 7.87h 6.54a 7.05a
Sp 9.11b 8.22a 6.22a 7.10a
AP 9.67a 8.23a 6.65a 7.78a
10—20 CK 7.49b 6.63a 6.17a 6.96a
SP 7.77ab 6.78a 5.69a 6.80a
AP 8.11a 6.77a 6.07a 6.92a

7] —31 F A [F)/ING TR R[] — 2 AN [RIAL BIAE 5% KT 1Y 22 5 25 (1LSD)

M3 Ha LU FE 0—10 em 2 Hb B RN 75 7 5 Ak B K RS 1 A SR AR A ML s S A VR R [ >2 mm
PRI ]>[0.25—2 mm B ] >[ <0.053 mm B ] >[0.053—0.25 mm F1SRAA ], 747 JEE Ak K R 1 141
BRI PRI N[ 0.25—2 mm FIRA ] > >2 mm BRI ]>[ <0.053 mm F A ]>[0.053—0.25 mm A
BIR] KERMER B R MR Ak 2 o TR R G A R DB At & IR — 20 A1 SRR, RS A
AT LIEE B 0—10 em +J2>2 mm HIRIKAG LI & (P<0.05) , HRIABE R T 104 HLIR A D
i TR H W35 T (P<0.05) , T FEAR T 0.25—2 mm B RIKAG WLERAGAE R, 5B 1L, BB
PRI IRAL BE>2 mm AR ARAT HLAR A% 520 340 T 47.9% A1 29.2% , H AL PR [7] 22 573 [ 2 (P<0.05) , 1M
PEMEAL IR 0.25—2 mm HRARAT HURSAS 7 00 b 3 B T 12.2% 1 8.9% , Ut W b B 55 T 412 foff 4= S5 47 AL e )
>2 mm FRIRE L,

gh A% 2 3R 3 AT AR [RIAh BEX 45 2 ) - 3 /K RS A SR AR B A HILRRAE >2 mm A1 R F1 0.25—2 mm [
RO, HLHEAE 35 200 0—10 om /245 J A R WLk 5 (P<0.05) , 1%t 10—20 cm +)Z
VA 3R AR AT AL Aty 52 M) S J

£3 BEMIEARUEAREEVREENZN

Table 3 The effect of plastic film mulching practices on total amount of SOC of water stable aggregates

+E/cm Ly KEEME KRR Macro-aggregate/ % IKARPERL AT R K Micro-aggregate/ %
Soil layer Treatment >2 mm 0.25—2 mm A1t Total 0.053—0.25 mm <0.053 mm A1 Total
0—10 CK 2783¢ 4248a 7031¢ 1292a 1770a 3062a
sp 3594b 3870b 7464h 1340a 1606b 29464
AP 4117a 3730b 7846a 1452a 1591b 3043a
10—20 CK 2070¢ 3693a 5763a 1761a 1266a 3027a
sp 2588a 3487a 6075a 1557a 1218a 2775a
AP 2233h 3840a 6073a 1679 1249a 2928a

i) —%1_E AR )N R R [F)— )2 R R AR BRAE 5% K 119 325 2 5 (LSD)

2.3 OR[RIE AL R KRR AR A oA LR 8T AR STk A 22 5%

PR 2, EREEZRAE T 0—10 em 2 FhKRdE F R AR A ALK & 0 138 SO HLIR 1 5T RkR
(F4), SHHAE A L, RO R A R B P2 = T 37% 1 26.1% (P<0.05) , % 10—20 em T HEZ A
B3 XTSRRI B AR I A 3R A B4 (0.053—0.25 mm F1<0.053 mm ) HA HLGR & 6] 334 #L
B TTRR RIS A B0, (E | B IFA R i 2 4 T >2 mm P SRR TR ML B 3 0 SRk R (P<0.05)
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Table 4 Contributing rates of SOC of water-stable aggregates under plastic film mulching practices

+2/em b IKEE MR AR IR Macro-aggregate/ % TKELHE AT IR K Micro-aggregate/ %
Soil layer Treatment >2 mm 0.25—2 mm 41t Total 0.053—0.25 mm <0.053 mm A1 Total
0—10 CK 27.6b 42.1a 69.7a 12.8a 17.5a 30.3a
sp 34.5a 37.2ab 71.7a 12.9a 15.4a 28.3a
AP 37.8a 34.2b 72.1a 13.3a 14.6a 27.9a
10—20 CK 23.5b 42.0a 65.6a 20.0a 14.4a 34.4a
sp 29.2a 39.4a 68.6a 17.6a 13.8a 31.4a
AP 24.8b 42.7a 67.5a 18.7a 13.9a 32.5a

[Fl— 31 £ B [RNG FRER R [l — J2 R [ AL BETE 5% K R 225 B35 PE(LSD)

3 iTtig

3.1 BEBEFEERS A R AR RE A

A PR R Sy E SRS R AR 1 T AR b, ORIV R IR R, BTG g R
ST AL a2 v A SR AR P R T S P R R AR, N A O B R B AT T
BN L HOKFEE R PUERIR , AEFE R B, 5B IRA LU, BB AN B AT L 25 4R = 0—10 em 2K
R CRiAR>2 mm) B AHZR G AT R AR 2 5 i B A, 90 - S SR AR B A P, T %) - SR AR M B A
RS A G2 X T RE F 22 T R A R LG, b R S 4 2 30 Kk BT {75 W /KO0 R 1
g, ITTA B AR TR AR SRR Park 4512 AR T 580 18 0 388 56 TG TAT SR 14 L 491, 51 P R AR P R
AN AR T S S R R R, KRR AR 3 HE AN A ST K A A AU AR A, O 5K o PR A £
SEFLBNT  f 5 T BN LB b i b B8 2 PR ™ i LB A AR | AT St T A I 5 25 A
RARBUNTIR . B, MR S T A R o ok a0 IR T AN LB A A AR R ST L
SR ZR 5k B R, Sy SR Wi Sh R AL 1 S A R RE B AT O R AR Wi e A B T AE R AR IR A B E
ISAHCREAT LT, T AL A2 3K R P AT SR TS B = B A7) 1, DT 94 A SR A 5 i B v 7
BT TR R T KRR TR & AR E M i 75 BRI AR 4 R L B
3.2 BIBEFEREXS A5 O A R A A LR 5 e B A (1 S

LA MU AR AR I RIS E M T o5 A SRR AR e 2 R AR b R 5 Rt AN £ T
PAMAE 0—10 em )2 T3/ R P SR AA G0 A KA 1, 76 4% 9001 A1 SR A BRI 1) &5 i o 0y THT AL AT 950K
(R R X G XPT AR YRR R — B, Mk 5 AR IR SR 45 SRR W] 7E 0—10 em )2 BREIRALHE T >2 mm
T HER A R AAA HUBR A AR fiff et 025 1 T 3 BRI BR I AN 7 AL B T 0 b S ol AT SR AT 3 i . KA
A AL St IR TTERRIEF] 70.0% , o >2 mm B HLER 2 xR STk R IA B 37% . 5
AL 1 P i ALk AN ] A 2% P R [ Bk BE 0 22 S ) S PR3 mT REAT WA i — SR B B I 5, K7 M i 4
R ) el D+ HOK e AR B IR R AR 3 s K B NIRRT 89 1 3 TR sc R L
SN AN IR BT S R B iy, TR B 2 AN, AR 2 S ] LAY BT BT R RN R IR, AR
FIBRIR BERS RO BR3P ) A BB , 1 32 W) B DR AP AT ML B, D , TR P SR A L &5 1, LA, TS
B AL B R NS E M CHAE S A B RALBR R L3 b, S RAL B e, RALBR & A BAR 45 &
I3, PR/ NP R AAE /N T 30 A LR AT SRR A e A LR R, RS A
TR St AN 7 AL B, K A TS A 3t 90 At 98 A W R R AR AR IR E R R S
AEUST BN T BRI | G M DL A AN , I R B T A LR T (AR R T BT i A
BUSTHY 73 AT SO HE T B T3 MR 1, (4% LR A I MR AR S i L K - S sl Wy 15 3 25, A A T
TER BRI FRLS ST A B , RIS A DL A 840 S A AT SRR 1) K L SR x5 HLB A o SR AR
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I, DTS 1 - S DR SR AR (A WL 5 i R IE LA 3 A AR HE | SBWTE A F Alk 1 R ER
3.3 JuI7 SAEA B HURR SR T 0 MRS HE i 0o

T FE AL T7 X A 5 DBl v AR 24 o 4 B T AR A 52.9% , 7 R AR 2R 7 R RO At o3
FEUOT i RO B AR AR X TR, R R I D% L Oy R X - S A IR A S A R M LA B A Lk
8 A A o SE B DX IOl A 7= IR R b oA 2 L, SN IR A LG, A 5T T BRI AR
BRI LR S T 7E 0—10 om 2)Z T IEAY BN ), JCHOR R AL 3], AN0AT DASR iy 38K A& 1k 1 2R
PRETRENE , 3 FT AT RAR >2 mm SRR B9 23 A1 F0AT BILRR 5 S, IS8 o b A HIURR A9 i e {EL: , B
ST A I BE = LA ILAR , R LA A LR & A ¢, NI T — P B2 R ik

4 it

HELE 5 AT 3 IR T AR K AR R AR A AR S P A LR AE 2 P AR IR A 0 A BT L2, 5
G AL BRI T B X K AR R IR AT SR AR B A ) (HJE RE R 5 5 0—10 em £)2>2
mm KPR S L], S 1 b e SRR B AR E 1, ) I, i 5T 5 Ak R JE O KB IR Ak B A T I
FAR R HOK AR P R A LR &5 1 SRS AT SR AAAT BRI it 1 S FCRT A HILBR ) STk R, A AL
et A AL [ 45

£ 3L HR ( References)

(1] AR, BIEE. FER M e e ity . 2R E R R 4. HBRRHEHER, 2005, 20(4) ; 384-393.

[ 2] Abid M, Lal R. Tillage and drainage impact on soil quality; I. Aggregate stability, carbon and nitrogen pools. Soil and Tillage research, 2008, 100
(1/2) : 89-98.

[ 3] Paul B K, Vanlauwe B, Ayuke F, Gassner A, Hoogmoed M, Hurisso T T, Koala S, Lelei D, Ndabamenye T, Six J, Pulleman M M. Medium-
term impact of tillage and residue management on soil aggregate stability, soil carbon and crop productivity. Agriculture, Ecosystems &
Environment, 2013, 164, 14-22.

[4] DuZlL, Zhao J K, Wang Y D, Zhang Q Z. Biochar addition drives soil aggregation and carbon sequestration in aggregate fractions from an intensive
agricultural system. Journal of Soils and Sediments, 2017, 17(3) ; 581-589.

[ 5] SixJ, Bossuyt H, Degryze S, Denef K. A history of research on the link between (micro) aggregates, soil biota, and soil organic matter dynamics.
Soil and Tillage Research, 2004, 79(1) . 7-31.

[6] YuHY, DingW X, Luo J F, Geng R L, Cai Z C. Long-term application of organic manure and mineral fertilizers on aggregation and aggregate-
associated carbon in a sandy loam soil. Soil and Tillage Research, 2012, 124, 170-177.

[ 7] Tisdall ] M, Oades J] M. Organic matter and water-stable aggregates in soils. Journal of Soil Science, 1982, 33(2); 141-163.

[ 8] Oades J M. Soil organic matter and structural stability: mechanisms and implications for management. Plant and Soil, 1984, 76(1/3) . 319-337.

[9] LiwJL,ZhuL, LuoS S, BuL D, Chen X P, Yue S C, Li S Q. Response of nitrous oxide emission to soil mulching and nitrogen fertilization in
semi-arid farmland. Agriculture, Ecosystems & Environment, 2014, 188. 20-28.

[10] Sharma P, Abrol V, Sharma R K. Impact of tillage and mulch management on economics, energy requirement and crop performance in maize -
wheat rotation in rainfed subhumid inceptisols, India. European Journal of Agronomy, 2011, 34(1) . 46-51.

[11] Gao Y H, Xie Y P, Jiang HY, Wu B, Niu J Y. Soil water status and root distribution across the rooting zone in maize with plastic film mulching.
Field Crops Research, 2014, 156. 40-47.

[12] Zhou LM, Li F M, Jin S L, Song Y J. How two ridges and the furrow mulched with plastic film affect soil water, soil temperature and yield of
maize on the semiarid Loess Plateau of China. Field Crops Research, 2009, 113(1) . 41-47.

[13] Maurya P R, Lal R. Effects of different mulch materials on soil properties and on the root growth and yield of maize ( Zea mays) and cowpea ( Vigna
unguiculata) . Field Crops Research, 1981, 4. 33-45.

[14] Rockstrém J, Lannerstad M, Falkenmark M. Assessing the water challenge of a new green revolution in developing countries. Proceedings of the
National Academy of Sciences of the United States of America, 2007, 104(15) ; 6253-6260.

[15] Ruidisch M, Bartsch S, Kettering J, Huwe B, Frei S. The effect of fertilizer best management practices on nitrate leaching in a plastic mulched
ridge cultivation system. Agriculture, Ecosystems & Environment, 2013, 169 21-32.

[16] XAvE, EL58, SO 8, RN, 3%, PAREEL, A7 RS, A £ K AR L P R AR G A3 B HoBR 28 7 e i s

=i

AR, 2013, 33

http ; //www.ecologica.cn



8 G 38 &
(16) : 4949-4955.

[17] GuoZ C, Zhang Z B, Zhou H, Rahman M T, Wang D Z, Guo X S, Li L J, Peng X H. Long-term animal manure application promoted biological
binding agents but not soil aggregation in a Vertisol. Soil and Tillage Research, 2018, 180. 232-237.

[18] f#%, Ef2, X4, ?”ﬁﬁ T 4 A 5 X A0 0K T - e P SR A B A LA B ). LB AR, 2016, 47(2) : 405-413.

[19] EH, K, BES, mH 0. 5 1 m AR R R AR A L X 35 TOK 7 R BT . b E RO 2012, 45(3)
460-470.

[20] &Rk, KEde, BB, BUUS, SRME. VYT 5 DXORR BB ORI X AR R KA KOR B RS, T 8 KR BTSE, 2005, 23(5) :
25-28.

[21] 42544, sk, 200, RREAR, SRR, SRR B FOKRAEFRE I FORA R B B2 . T SR BTSE , 2014, 32(3) :
161-165, 188-188.

[22] Elliott E T. Aggregate structure and carbon, nitrogen, and phosphorus in native and cultivated soil. Soil Science Society of America Journal, 1986,
50(3) : 627-633.

[23] #LH. BHERMHTCE =) . dbnt. hERL TR, 2000.

[24] Kemper W D, Rosenau R C. Aggregate stability and size distribution/Klute A, ed. Methods of Soil Analysis, Part 1. 2nd ed. Madison: American
Society of Agronomy, 1986. 837-871.

[25] BFRRK, TR, sK6M5, MBS, TESEOE. K8 (ot A R0 b 7 5 ) A e P SRAAR TR B Ak S A HLBR B i ORI Al BEIR S 3RS 241,
2018, 35(1): 1-10.

[26] Zeliin, W), W, A, TAEar. AKREFE AT FHX AN 1 SR HH K Rk P SR A A B AR B MR ). PR R4 241, 2016, 36
(5): 1833-1840.

[27] LiCJ, WangCJ, Wen XX, Qin XL, LiuY, HanJ, Li Y J, Liao Y C, Wu W. Ridge-furrow with plastic film mulching practice improves maize
productivity and resource use efficiency under the wheat-maize double-cropping system in dry semi-humid areas. Field Crops Research, 2017, 203
201-211.

[28] Park EJ, Sul W J, Smucker A J M. Glucose additions to aggregates subjected to drying/wetting cycles promote carbon sequestration and aggregate
stability. Soil Biology and Biochemistry, 2007, 39(11) ; 2758-2768.

[29] Grant C D, Dexter A R. Air entrapment and differential swelling as factors in the mellowing of molded soil during rapid wetting. Australian Journal
of Soil Research, 1990, 28(3) . 361-369.

[30] fE4E, skEde, #E, KER, sKIT0, BT, RIC, WRETHR. AR B0 7Y 5 i F S i S TR BRI, T 54 X
AT, 2009, 27(6) : 114-118.

[31] MR, TH, 200, TRE, TN, BLF, 50 BRI sORAEFR L Aot DA T A SR RS P P SR A O3 A B R A A 5
AR, 2013, 33(22) : 7116-7124.

[32] Kahlon M S, Lal R, Ann-Varughese M. Twenty two years of tillage and mulching impacts on soil physical characteristics and carbon sequestration in
Central Ohio. Soil and Tillage Research, 2013, 126 151-158.

[33] XIRR, @S, HEZE, Hwat B S, ZEF53, ZR0R. AN AL b BT 4387k B 5 1 I SR A KA LB 43 A (5 . AR 252440, 2010, 30
(4): 1035-1041.

[34] X%, BhsEE, FMEEER, RIEHE, SRTIAE, L. SMEHTRR X 21358 P SR 1A KA LIS oA R 2 M 52 . FREERL 222431, 2017, 37(6) -
2351-2359.

[35] Peng X, Horn R. Modeling soil shrinkage curve across a wide range of soil types. Soil Science Society of America Journal, 2004, 69(3) . 584-592.

[36] MiHE, T, 5, SN, M, S REBHE I SORFFT L M6 22 I 450 HUak & RS2 . WA 2523, 2010, 21
(2): 373-378.

[37] #MCE, mEas, &L, FEbs, Bk, B2 W EORREFFXT 5 b T AUE ALk S A AR5 . 3244, 2017, 54(4)
1009-1017.

[38] iHRTE, B EE, MK, Rk, MRk, B RGO IR Al £ P 3 IR R 1 B A3 A 9SSR AR AL, 2008, 28(2)
702-709.

[39] Blanco-Moure N, Angurel L A, Moret-Fernandez D, Lopez M V. Tensile strength and organic carbon of soil aggregates under long-term no tillage in
semiarid Aragon (NE Spain). Geoderma, 2012, 189-190: 423-430.

[40] f575%. PEAL BRAATS. dbat. PELY S R, 2002.

http ; //www.ecologica.cn



