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Effects of straw mulching and Vefiver grass hedgerows on the size distribution of
the soil water stable aggregates and aggregate-associated organic carbon in red
soil

CHENG Yanhong, WU Lin, SUN Huijuan, ZHONG Yijun, SUN Yongming, ZHANG Xinliang, HUANG Shangshu,

HUANG Qianru
Red Soil Institute of Jiangxi Province, National Engineering and Technology Research Center for Red Soil Improvement, Nanchang 330046, China

Abstract; The sloping fields of red soil are the main source of agricultural production in south China. A specific soil parent
material, red soil helps decrease erosion resistance. Furthermore, the combination of population increase and reduction of
cropland increases soil erosion significantly, which significantly restricts the region’s socio-economic development and
ecological environment construction. Soil aggregates are the basic unit of soil structure, and their formation and stabilization
have a direct impact on runoff and the loss of red soil in sloping farmland. The formation and stabilization of soil aggregates
is a natural process influenced significantly by soil properties, soil organic carbon (SOC) in particular. Hedgerow and straw
mulching, which are listed as important factors affecting the soil organic carbon and aggregate content by increasing the
input of soil organic matter and improving soil water-stable aggregate (WSA) stability, are considered reasonable methods

of restoring and reconstructing the fertility of eroded soil in red slope farmland. Compared to mulching, a hedgerow is a
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vegetative barrier preferably placed along a topographical contour perpendicular to the direction of water flow in the field, in
order to trap sediments and reduce runoff velocity. The effect of trapping sediments and reducing runoff varies depending on
the distance of the soil from the hedgerow. Most preliminary studies have focused on the effect of either hedgerow installation
or mulching on soil and water conservation, soil nutrient condition, non-point pollution, composition and fractal features of
soil micro-aggregates. Very few studies have investigated the effect of both hedgerows and mulching on the soil water stable
aggregate size distribution and aggregate-associated organic carbon, especially the WSA distribution characteristics on the
slope.Based on field soil and water conservation experiments we designed and carried out beginning in 2009, hedges of
Vetiver Grass (H) , rice straw mulching (M), and hedges of Vetiver Grass + rice straw mulching (HM) were applied to
sampling plots to investigate the effect of biological metrics of water and soil conservation on soil water-stable aggregate
stability (WSA) and aggregate-associated organic carbon content. Additionally, this study reports the area of influence of
hedges on the soil structure and soil organic carbon, using Vetiver Grass hedges as an example. The soil was sampled at O m,
2 m, and 4 m uphill of the hedge. The results indicate that, compared to conventional cultivation (CK) , the organic carbon
content in the H, M, and HM treatments increased by 0.07—2.42 g/kg. The effect of Vetiver Grass on WSA size
distribution and aggregate-associated organic carbon decreases gradually as the distance from hedge increases. H treatment
increases the macro-aggregate ( >2 mm) content and the aggregate-associated organic carbon, whereas M treatment
increases the micro-aggregate (<0.25 mm) content. Overall, HM treatment is the best in terms of improving slope red soil
structure. These results indicated a significant positive correlation between soil organic carbon and the organic carbon
content of the macro-aggregates ( >0.25 mm) in the soil. These results will play an important role in establishing reasonable
measures of soil and water conservation measurement and determining good method of facilitating carbon accumulation in red

slope farmland of southern China.

Key Words:; straw mulching; Vetiver Grass Hedgerows; red soil; size distribution of the soil water stable aggregates;

aggregate-associated organic carbon
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RO REFERLE S AR K AR (R K AR ) 7E A RO R YD, SRR K - RIS 4
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h o PR 2 AN AR o R T S ) A RO o e 8 Tl e AR L T L2 47 o 3 i SR el i R AR R S M R
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1.1 350 XA

T DX T VL P 4 7R 08 B VLV 48 ZT 0T 58 ik - R4l 3t (116°207247E, 28°15'30"N) , %X J& il
PHF 2 XS AR 1537 mm , 4EZ8 & i 1100—1200 mm, THRZEY I 3—6 A N ZE | 5 4 4E
W 61%—69%;7—9 H NFZ k& 5 &F 8L BN 40%—59% ; T3 17.7—18.5 C . HJE hy#i i
(R 25—30 m) . B RE PUALZE EREPUR B 2058 5 At i A AL PE BT 4n R . pH
(H,0)5.0, ML 16.2 ¢/kg, &% 1.93 g/kg, &M 0.66 g/kg, A %W ( Olsen—P) 6.8 mg/kg, 24 1.39 g/kg, +
BT 1.27 g/em’ , R EFLIRIE 58.4% , L 3ERPRL KR AR KL L 2512 16.31% ,42.35% 41.35%
1.2 gt

ZIRE G 4R T 2009 4F 3 B 4 m AL A W PEE (CK) BB+ MRS (H) b+ s (M) fBE+
TS+ R R E T (HM) 4 N0HE 3 REE e MPLHES] , £ 40 BREEREAE 7 K A6 A= A =Xk s e 1
AHIA] , AEHIIEEE 100, /X THIFR 120 m*(24 mx5 m) o AL SFP A Bl <991™ Pl 25 4 32 emx20 cm),
FEA S5 R AR, X BRSNS AT o /NXRAR 72 47, B /N DORIRC S + R AT 3 o /NIX R 66 17 (AR 6 110
T, BFREL(Vetiveria zizanioides ) B BEM 8 m MATHAE , BRITIE A 50 emx50 em , 350 1A [A] A Of A AR o 1
XIJEIZE 30—50 em, +HEIHEG 25036 H0G K 1875 kg hm ™, 3G Fh Al = 052 S 416.7 kg hm™, 55 EEREAD
525 kg hm™, B s R RL AL BRAGAE BN 5 B/ NX 4 58 55 TR B 4500 kg hm ™

5a MYIRIR A5 R U], 5 X BN L, 08 R R AT 55 R B o + L A B A 0 R RR AR M R AR 11.2%—
35.1% .30.9%—50.7% Fl 41.2%—86.2% ; + A7 1A EL 53 7| PR A% 82.8%—97.5% ,92.3%—97.3% Fl 94.9%—
99.5% , %t BHAR LT HES Btk i R 2 T 8 E AR
1.3 5 7 ik S8 A

F 2013 42 9 A (AEAEMGRE—H ) RS/ X B B3 FAR BB A (0 m) MBEH #1252 m 4 m
S REERZE 0—15 em JFAR -, TOE /N IXIESE m AR AR A R T4 A T S m Lk b 6 S SRFE SR
TREHE, o R IR Ik HIEIRRR Bk i 4500, 1 338 1 AR PR TR B AR BEIT , 5 8 mm B, I BR AR RAA |
Al DA 2R B A B s, SR PR O 12 43 85 K A itk AT 23R
T, AT R AR bR A
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E 25007 (one-way ANOVA) FIAI AT, 28 I gg 16 -_;_ -—II)— -C ¢
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ﬁ;“}% S EN ﬂj 1 %m %ﬁ: ,ﬁz ALI\ H ( CK) + j%% ’ :'Z :V’j %E'lz = Fig.1 Content of soil organic carbon under different biological
0.07—2.42 g/kgo CK Ej M ﬂ‘fi Om.2m4m j%ﬁé}f—i measures of water and soil conservation
MU G B P LA R WD, MO AL TR b B A AL & AT 0 ms B AT 2 mi CL T 4 m, FURBEHE RN -
B CK AbIERS 7.1%, A7 A H B HM AbBI O m, 7P EH(P<003)
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AR A7 5 2 AT E B ) ) 24, 5 R s M /)N | T R R o S ARG S AL T R RRS AT T
P v - A MR S AR RCR R I

2.2 O T RN AR R N AT K R P SR AR A ) B )

5 CK A EE M Ab38 3152 mm (7K AR TR AR I & i P43 9.1% . 5 CK ABEAH L, H F1 HM 4b
PR P 58> 2mm AR A ME A SRR Y S 140 IR 5 5.77 A 8.23 N 43, T <0.053 mm H AR & & B 5
I, Bl P HE B A O, ST 1352 mm KRR A R AR S B A 55,2 m A 4 m RAE S 1 4E>2 mm
IKERTERI SRR G 5 CK M 036 25 7 5 M B AL IR R] B8 + A AT A a6 A0 B 2 m RAE i 13> 2
mm 7K EEPE R A S T CK AR JR 535 11.38 N, SR s (H) AR FL , AR E s b3 (M
F1THM) 43 F13 1 <0.053 mm K2k B B E 0.4%—12.7%F1 0.8%—13.6% , 1% 5 75 MR #5555 8 78 25 %)
T AJE A b b 2 A0 U AR5 ) B AT AT VAL 348 %) =X R iy BB [ A 5

x1 TRHEKREARGHESSE

Table 1 The distribution of different size of soil water stable aggregates under different biological measures of water and soil conservation

(mean+SD)
. AN EDREAR KRS AE AT SR A o 5 P SRR A ) L A7)
REFHEE hb Dry weight proportion of different size water stable aggregates/%
Sample distance/m Treatments
>2mm 2—0.25mm 0.25—0.053mm <0.053mm
0 CK 14.95+0.61c 58.68+1.73a 4.68+0.47a 21.68+1.96b
H 20.72+0.63b 57.61x1.16a 3.26+0.15b 18.41+1.08¢
M 19.97+0.75b 49.07+1.54¢ 1.83+0.19¢ 29.13+0.79a
HM 23.18+0.49a 54.57+0.84b 5.03+0.43a 17.22+0.72¢
2 CK 16.62+0.77b 57.88+3.31a 3.44+0.82a 22.05+3.20a
H 16.63+1.50b 59.69+3.55a 3.94+0.67a 19.74+3.36a
M 14.46+0.52b 60.85+0.68a 4.52+0.45a 20.17+0.90a
HM 28.00+2.22a 47.28+2.78b 3.02+0.49a 21.70+1.44a
4 CK 14.40+2.19a 64.71x1.51a 3.77+0.47ab 17.12+0.63b
H 13.49+1.25a 67.01+2.77a 4.64+0.46a 14.86+1.81b
M 15.71+1.97a 63.86+5.29a 2.73+0.12b 17.70+3.71b
HM 17.80+2.55a 50.89+3.06b 2.90+0.53b 28.41x1.55a
F-H5{H Mean CK 15.33x1.12 60.43+3.73 3.96+0.64 20.28+2.75
M 16.71+2.87 57.93+7.81 3.03+1.37 22.34£6.02

SRAERE S FE 2 S A R AU IE BS . Conventional cultivation (CK): H R A %}Zﬁﬁf, Hedgerows (H) . %‘*Eﬁ%, Mulching (M) . TEE T,
Hedgerows and Mulching (HM) . FAl 8L &+ RERE B 35 [W 51 AN [R] 7 B3R5 [ SRA 5 IRl — Wi A28 P SR A4 TR AS [T Ak 38 ] ) 25 573k i K ( P < 0.
05) ( Duncan)

2.3 B T RN A AR B X AR AR KRR A SR AT BILAR 23 A1 4 R i)

AHFFE R, A AR R <0.25 mm AKFRPER A B ARG LI 1Y 7% 2 035 5 T > 0.25mm /K AR M K A1 3R
W (F2), fEMIERR KRR AT 5 CK A, M 43 2—0.25 mm ,0.25—0.053 mm F1<0.053 mm Fife
RIA VLR 53 I T 7.6% ,16.8% F1 14.7% , & W], ZUSFEHF o3 it M U5 A AL AT LA S 253 oK A2k
TN A SR HILR A 75 5 B 8 (D) AL BT 457 R K B T SR A A AL 2 B V8 S 5 R ) 5 1 HIML &b
BT >2 mm Ffl< 0.053 mm HARAEBK SR, 5 CK AL, HM AAHE PN+ 5>2 mm A RIEG PR & & 8 E
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1 13.0% 5 Bifi 2 SRA: o508 AR 0 8 A 14 R, HML A B FH 15 i < 0,25 mm B/ IN AT SR A HIL R 7%t 30 4 o
<2 mm N SRR BILRR 5 i TR B R S 2T S B KRR A SR B T VAT R
1T F 5 RTIRER e 2 S A 45 8 /R DRt T 0 2% K R vk P SR A L &5 it , ELIX D 2 ) 45 2 8 1 2 [ 43 A
AK,

£2 FRKREETAREADRGHREHNHEE(g/ke)

Table 2 Content of organic carbon in different size aggregates(g/kg)

AR AT R AR HLIK & it (o/kg)

SRFEIEES/m AbF Contents of aggregate-associated organic carbon of
Sample distance Treatments different size water stable aggregates
> 2mm 2~0.25mm 0.25~0.053mm < 0.053mm
0m CK 15.32+0.27b 15.58+1.03a 17.54+0.28b 17.65+0.55b
H 16.18+0.20ab 15.60+0.29a 19.07+0.53ab 19.27+0.45ab
M 15.70+0.20b 16.38+0.37a 19.26+0.52a 21.57+0.53a
HM 17.31+£0.37a 16.19+0.80a 17.60+0.44b 19.86+1.27ab
2m CK 14.81+0.16a 14.25+0.44a 16.47+0.49b 17.97+0.33¢
H 15.70+0.72a 15.20+0.34a 17.46+0.21b 18.88+0.20bc
M 14.74+0.20a 15.52+0.75a 19.80+0.40a 19.74+0.55ab
HM 15.88+0.33a 15.67+0.29a 20.17+0.42a 20.92+0.41a
4 m CK 15.45+0.12ab 14.27+0.17b 17.88+0.61bc 17.75+0.51b
H 14.67+0.47b 13.34+0.39b 16.79+0.71c 17.52+0.48b
M 14.90+0.05b 15.56+0.51a 21.57+0.11a 19.92+0.42a
HM 16.04+0.24a 15.90+0.19a 18.87+0.71b 19.71£0.42a
-H5{H Mean CK 15.19 14.70 17.30 17.79
M 15.12 15.82 20.21 20.41

CK: WHAFFRARM; H: FIREE, M. ML, HM, TR E s o

TR AR g P R A B 5 HA DA 5
SOC #5455 5 2 W3 2 IE A, MR RECH 0.200—0.820, EFMREE N34, S0C S5k

#>2 mm BYRPTRMA LR S 5 03 IEAHOC (r=0.659) 5 T BEE R AL R HE A

£ 0.25-0.053 mm Fl1<0.053 mm FH/INA SR AR & 5 A JCPE B W

R3 TRMFPKBEARGENHRSER TRESGNBRNEXRY

Table 3 Linear correlation coefficients of the relationship between organic carbon in water— stable aggregates and SOC

THEEA LK (SOC) Z AP AR W B R (K 3),

BB RS, soC RS+

ENEEIREEE JUNT ANIRPRLAZ AR LB (A) /%
FAEFEES/m Organic carbon in Dry weight proportion of different size ISEER IR
Sample distance different size water stable aggregates SOC/ (g/kg)
aggregates(g/kg) >2mm 2~0.25mm 0.25~0.05mm <0.053mm
0m >2 mm 0.824** 0.005 0.325 -0.527 0.659 *
2~0.25 mm 0.271 -0.231 -0.143 0.281 0.200
0.25~0.05 mm 0.234 -0.681" -0.757** 0.255 0.464
<0.053 mm 0.511 -0.719** -0.575 0.363 0.430
2m >2 mm 0.357 -0.08 -0.088 -0.386 0.553
2~0.25 mm 0.229 -0.185 -0.416 0.103 0.450
0.25~0.05 mm 0.464 -0.312 0.094 -0.178 0.737**
<0.053 mm 0.691°* -0.481 -0.061 -0.174 0.691 *
4m >2 mm 0.051 -0.4 -0.491 0.572 0.618*
2~0.25 mm 0.217 -0.447 -0.851"* 0.600* 0.820 %"
0.25~0.05 mm -0.017 -0.064 -0.783** 0.216 0.459
<0.053 mm 0.482 -0.574 -0.864 " 0.624* 0.701 *
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# P<0.05, #* P<0.01

3 iTFig

3.1 KA X 2T B - K R M A SR AR 43 A 11 5 T

L) 8 RS P 2 5 2 K AR e 7 A e K | i3 4 S AT b 45 4 25 T SR 51 sk
W R R T IR AR R A R R i R O A R AR REFE A 55 RE A R 5 >0.25 mm
IKFEEA RS Y AT AP B MR RIRS O o A B L R B A AR N T >2 mm KA
R B it 3k R Ry A AR R R SR N OB A ML R R A AR R B B A AT TR G
PRI L A LRSS T 2 TR E T >2 mm KR PERT RAKRIE P SRS AR
B TR HN T <0.053 mm B AT i, SR DA AT AE -5 P AR it Y K AR B WL TR 56, M
R ok LB 2 50 g b A FE A FH R T MR 2R R 2R A0 I s - s R DR e X - K Rt K A
SRR 5 2 ELR B AR 2R Ak 1188 ) X 5 A7 T 7 i A (L B U 553 T %o b 22 10 e ot | ) s 8 9iE 2% 1 W /K 7
i A A2 B G P R GR R , H  EAREK BE T AR T AR TR v R T R LT N A R AR G Ak
R
3.2 KRG X 2 B - KRR M A SR AR LA 1 52 )

A AR S S B A A R A R AR AR AR AR G PR Y B A S S - A LR Y
EENZE, KHRGEOREA EZR AEDR R LY R R5EH AR A TR FR L |25
AWFFE A H M FT HM SMERR A 53 5356 0 -+ e 45 LA 0.67 .1.05 F1 1.79 g/kg,iX 5 BI04 AF 55 AL, H.
FEEEIA] O m SRAF ML BB A0 HL R M AR hg B K MOAR B 3k B 1 8 A AR 2R 0 s g B LA 38 ) ]
BEI A A ML AN, 5 3 R B RE LA S R A AN R A A . B SRR SR B I B A,
FEFF7E 5 2 A PLa R EZR 2R X2 RO Y 8 Gl o 12 8 T 1 3 B M o R AR W A K ) 52 T
52 ) B A 56, I B A ) S BUT R S AN LA R R AR AR A R R R A Ny T
MU, BRI T R LR S i S R R S ARG S A B P b - S LR SR B R [ A R
AL ERT4 m AL HM PRI AR S S T ERT 2 m &b, SRR S H RSN S S TR
Tl B A3 A L O R — 850, AT R RO SRR A0 E T 8 m AbIRAT — BB AR R 5 2 ERE B AR O

U 2 J A R T A A W A 1 A s A0 - SR 23 B U™ 0, S0 1 305 I 3R 20 ) P (LA SR I 3
AR THE—5%

ATRIZK AR it T 2542 A1 SR A ML 15 o AR 2 Bt A P i/ IN T 8 Jm, JEL A PR A A /N A SR A oA L
FITCHLIE A RS G0 25 A IR0, R (0 B AN 520 B ol A 20 A R ) o 5 P 9 32 o ok AT SR AR e 45 1Y
KA B AR P A HUBR & BB P77 HOR HM AR BRI T K SR AR LR B 8, X 5 A A FE 45 SR AL, bk
1652 B SN A KRR A SR R B A BIURK S5 1, B A B0 BRI 1 2t BAE R A S A 2% i1 <0.053 mm 3 ]
R A DU 2 F A RGN TR A SRR N A UREAT WL AT B 0 A R AR O BEC, £ Bt 0 A B ) 4 i
T AL R | A R AR 517 K 3R A0 A A SRR BRI ok ™ RS i s i T L T
PRI T ORI LA A4 43, T IR T A AT R A 1)l P SR A B A, 3k T e L A A R A MLa
i ER SN

- 498 A R AR S IR B RS A I EE ML, 45 9 A R AR ML 7 e A BT S Ak i B
R, 48 A LR S 39 A1 AT I BB R 25 0 1A ML et A P R R 5l I R A e 25 i X A7 A
25t M HEA MU A BRI /IR B R AR E A LT 0 e 45 VE TR TSR SRR A A SR A, 3k e 24 30
BRANE T AU SRR R, T e LR SR IR, ORI B AR B | o i 1/ IV A% [
TR, A HUT R P R TLR U BRI . ARBFSE i, 818 0 m L33 A HLER & s, RIAT R I E Bk 5 3 f
HIURR 5 4 2 IEAH G, B2 + 596 BILRR & B B A, T AT SR AR ML P H e B A ML & 8 (R 3) , i TR R
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