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Application of Le Bissonnais Method to Study Soil Aggregate Stability in Red
Soils under Different Types of Vegetation
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(1. Research Center of Water and Soil Conservation, Huazhong Agricultural University, Wuhan 430070, China; 2. Jiangxi Institute of Soil
and Water Conservation, Nanchang 330029, China)

Abstract: [ Objective] Revegetation can improve stability of soil aggregates, whih are one of the key factors affecting soil
quality and soil erosion resistance. In order to explore differences in aggregate stability in soils under different types of
revegetation, and main mechanisms of aggregate destruction in red soil, a field experiment was carried out in the red soil region

of South China. [ Method] Based on a long-term field experiment, which consisted of four plots under different typs of
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vegetation (Zoysia matrella, Vetiveria zizanioides, Indigofera amblyantha, and Amorpha fruticosa) planted 5 years ago for
revegetation, this experiment was oriented to explore soil aggregate stability in different soil layers(0-10 cm, 10-20 cm and 20-30
cm), with the Le Bissonnais (LB) method, including three treatments, i.e., fast wetting (FW), wet stirring (WS), and slow
wetting(SW), and mechanisms of soil aggregate decomposition(dispersing, mechanical disturbing and clay swelling). [ Result ]
Results show: 1)the plots under Zoysia matrella and Vetiveria zizanioides were higher in organic matter content, porosity, owing
to their better developed root systems, than the other two in different soil layers compared with Indigofera amblyantha and
Amorpha fruticosa. The difference between the four platns was especially significant in the section of fine roots (diameter less
than 2 mm), which made up the majority of the root system, accounting for 99.53%-99.81%, 98.83%-99.39%, 95.56%-98.99%,
and 86.26%-94.85% in the plots under Zoysia matrella, Vetiveria zizanioides, Indigofera amblyantha, and Amorpha fruticosa,
respectively; 2)in terms of mean weighted diameter(MWD)and percentage of >0.25 mm aggregates in the soils after three
aggregate destructive tests, the four plots exhibited an order of Zoysia matrella > Vetiveria zizanioides > Indigofera amblyantha >
Amorpha fruticosa, which suggests that the soil aggregates in the plots under herbs (Zoysia matrella and Vetiveria zizanioides)
were higher in stability than the plots under shrubs (Indigofera amblyantha and Amorpha fruticosa ). It is therefore assumed that
type of vegetation has a significant impact on soil aggregate stability; 3) organic matter, bulk density, sand content and root
parameters all had significant influences on soil aggregate stability, especially fine roots with diameter ranging from 0.5 to 2 mm,
which is key to soil aggregate stability; and 4) in terms of percentage of >0.25 mm aggregates in the plots subjected to destructive
tests, an order of FW < WS < SW was observed in the plots of Zoysia matrella and Amorpha fruticosa, and one of FW < SW <
WS in the plots of Vetiveria zizanioides and Indigofera amblyantha. The percentages of >0.25 mm aggregates varied in the range
of 50.45%-79.59% in the four plots subjected to FW test, lower than that in the plots subjected to WS or SW tests. The MWD of
soil aggregates ranged from 1.21 mm to 1.83 mm in the soils subjected to WS test and from 1.81 mm to 2.36 mm in the soils
subjected to SW test, indicating the aggregates in the soils were stable ones, while it ranged from 0.39 mm to 1.21 mm in the soil
subjected to FW test, much lower than that in the former two, indicating that the aggregates were unstable ones. Therefore it could
be assumed that FW is the most destructive to soil aggregates and that dispersion is the primary mechanism of soil aggregate
decomposition. [ Conclusion ] Herbs are more effective than shrubs in improving soil structure stability, and FW test is a better
method to evaluate soil aggregate stability in this region. All the findings in this experiment may serve as reference for researches
on soil aggregate stability and choices of plant species selection for revegetation in this region.

Key words: Revegetation; Soil aggregate stability; Le Bissonnais method; Root trait
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Yoder FYFE i A Le Bissonnais (LB ) ¥, LBk
Jo A A RAR S (R JLAR AL CIHBVE R . ML
BN 2ZE SRR K ), 3 A a0 5 P 1
(FW)., #tiiE4esh (WS) g sy (Sw),
SRR TR R4 (2. ST sh AR
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iffy L 4 1T i DA AT SR A i A AL B8R 7 T %o 458 AT 2R ik A
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1.1 #HARERER

BT DAL T A0 U AR B 114°21'477E,
30°28'24"N ), DXIJm AR Z XU, AFRP 2R
16.3°C, AFFHFEKE 1210 mm, [ 324
THEMEZE (AR H), HaiFERENE 70%.
I D Tl T 3ERE R IR, TS )
eIk, FEP T2, UL BEREFE 4 FPrh ER 4L
33 DY AR B AR S FNK A AR A AE W R A 7 R A R O 1
5, 645 5 Je $i( Zoysia matrella ) FIEF R HL( Vetiveria
zizanioides ) 2 P RABHEAR, LI NZHAE
(Indigofera amblyantha ) FI LM ( Amorpha

fruticosa ) 2 FRGRHEAR (£ 1), GRhi EB oA T
Py . WG LK, SrBERE R, REE S,
PiH5 . MR FRELEE . SN
AR BRI RARELIS, BARRM I
Py ZHARE DR, ERTE, REKE, LR
MiRZ, HA REEKEREEDIRE; SRR %
%, AR &Ik, WiFEMSR . W Ree S, HA R
WEVEES . KN LA NLa e+ AT
Mt (EE RS,

20124F3 7 7ERF 98 X P ST 16 A IR 20 m?
(4mx5m) BFPHEXIR, BENLIXA 0 4 4, HFb
M EEFMAT 4 /MK, /NXHIERE 1 m,
HEETETRZY 20 cmo FHYABEILEE 16 A~/INX (1) 4 15
BIHFZ 20~30 em WK, RISTERIZE LRI 5 Fp
HL TS Jedn . FARFRZ LA 1 DL S Fp
BILNTE o 25— AR IR X 16 A /IN X A FEAH [a] 3 0 K
PRI, 25 AR
1.2 HREE

fE 2017 4F 10 A, P& sk (£ 1),
i FH A AR E VA S A e, A O 7
ZIRESBA/NXFREENERE 3 AmA 1 m
(Imx1m) K, HhREEE, FHA SRS
A X PR 0~10 cm ., 10~20 cm F1 20~30 cm =
MEERER LY, H R RIS ERTE, o 10
H i T I0 5 ek, i 5 B3 BifiFik
5 3~5 mm HRAH T BRI R EYE, i 100 H
i F T I00 52 396 WL 75 i 5 [l P 288 100 em?
(HAZScem, 75 cm) B TTHERENE TR
500 cm® (B4R 10 cm, 5 6.37 em) AYFRJIH L
FEMERR R R, 2R RENNES .,

F1 ABSEREBESRKR

Table 1 Vegetation coverage of the sampling sites

L7 M AR M R
Vegetation Shoot biomass/ ( kg-m?) Plant height/m Coverage/%
e hi Zoysia matrella 0.34 0.13 100
TR E Vetiveria zizanioides 2.4 1.88 100
LK Indigofera amblyantha 3.31 1.77 90
LLTEBL Amorpha fruticosa 2.64 2.26 80
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bR K a5 (2) B J5 $E 8l ( Wet Stirring, WS ):
W5 g MR TR, 30 min [5BRZR
K, FHIIA 50 mL 252 F/K, MK ZE 200 mL, B4
TR 20 Ik, BEDTIER EBREZRKS; (3) 18
HE ( Slow Wetting, SW): #f 5 g R E T
ik 714-0.3 kPa HUUELE I, TRAIRMKSE IR, K
[ ARRRRIAE 1 AR AR SRR, 7 40°C
FHETF, 53 6 RER .2, 1,0.5,0.2, 0.1 #10.05 mm.
PR 25 b A R AR I, IR LT R A
MWD

MWD = i}(iwi/gwi
=1 i1
Kb MWD PR & B4R ( Mean Weight
Diameters, mm ); 7£ 7 MR H (i=1-7), y MEA
PR T BRIETEER (mm); w, WEEANRHRT
A RIA TR EH A (% )s
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PEREF MR R L E T4 0.25 mm i
W, B R PR, SR EPSONLA 7E 400 dpi FXf#
RMATIREF, FH6EH winRHIZO 2000 £ 44534
B, ARG, BRARET 105°CHHEE At
T, AT E, R IR S B DUBRORE ER
TMARR, FRIHIR R 2046 . K% (Root Length
Density, RLD, cm-em™ ), R L% # ( Root
Surface Area Density, RSAD, cm*cm™ ), MR % F
(Root Mass Density, RMD, g-ecm™), [RII}i15 4
FIAFZEY (0~0.5mm, 0.5~1mm, 1~2 mm Fl
>2 mm ) ) RLD, #$# RLD EAFA[RZHAR R R
JE T RLD 5 PR (e s PR s i AR S pE ),
1.5 HiEabiE

] SPSS 20.0 BAFXFAS [RIAE BT 5 T 114 12358
MR ARSI IT WK I 2598 ( one-way

ANOVA ), Xt RIAEFE R 5 T IEVE BRI R 2800k
17 Pearson MOCPESM AT, i Origin 2017 #fF22 il
SE38

2 4 R

2.1 AEEHETLEENER

4 PR AL AT 3.66~10.66 gkg
o D R R AR R A HLE & = AE 0~10 cm 2P
B T 2 AR FTEFEML, WiAE 10~30 cm 4+
JFURIA LSRR FERAL, b, 4 P 1
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s TEAF )R 22 5 53 (K1), BAF K, RLD
FEANI] )2 KA [RIAF B (] 22 S 380 b 3, DRl 8
A2 RLD St A AR AR R Mt — 2437 -
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TR FLY) RLD 2435 K T 2 A6 AR E M FERE , AN
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F2 FEEHEBSETHLIRER

Table 2  Soil properties as affected by type of vegetation

+2 HHLB AE MU K,
sk
Soil Soil organic Bulk Mechanical composition/%
Vegetation
layer/cm matter/ (g'kg") density/ ( g-ecm™) Fhiki Clay ki Silt ki Sand
0~10 IhJEHL Zoysia matrella 10.66+1.75b 1.30£0.05a 41.41£0.01a  46.24+0.01b 12.35+0.01c
FIRE Vetiveria zizanioides 10.01+1.58b 1.32+0.02ab 44.91£0.01b  46.58+0.03b  8.51+0.03ab
ZIEARYE Indigofera amblyantha 7.62+1.19a 1.37+0.02¢ 46.32+0.04b  44.32+0.09a  9.35+0.01b
LMWL Amorpha fruticosa 6.35+1.15a 1.36+0.02bc 40.93£0.02a  56.05+0.03b  6.77+0.01a
10~20 S JEHL Zoysia matrella 8.22+1.29b 1.39+0.03ab 42.49£0.01ab  50.83+0.01ab  6.68+0.00a
FIRH Vetiveria zizanioides 6.78£1.07b 1.38+0.03a 42.29+0.08ab  51.55+0.08ab 6.16+0.01a
ZAEARYE Indigofera amblyantha 6.50£1.14b 1.41£0.03a 46.90+0.01b  46.93+0.0la  6.17+0.01b
LML Amorpha fruticosa 4.13+1.04a 1.42+0.04b 41.07+0.01a  54.54£0.01b  4.39+0.01a
20~30 HJehi Zoysia matrella 4.95+0.89ab 1.43£0.03a 41.38+0.0la  51.59+0.0lc  7.03+0.02b
FAREL Vetiveria zizanioides 6.05+1.28b 1.43£0.03a 45.28+0.02b  48.61+0.02a  6.10+0.01a
LA Indigofera amblyantha 4.27+1.09a 1.49+0.03b 44.35+0.02b  49.32+0.02b  6.3420.01a
L Amorpha fruticosa 3.66+0.83a 1.47+0.04ab 42.32+0.02a  54.87+0.02d  4.81+0.01a

1 ARR/ING PR IR N R R BE 208 (7] 22 55 3% ( P<0.05 ) Note: Different lowercase letters indicate significant differences between

soils under different types of vegetation at the level of 0.05

R
Root length density
(RLD)/(cm-cm?)

0.0 02
T

M2
Root mass density
(RMD)/(107 g-em?)

MR
Root surfacc area density
(RSAD)/(cm?cm?)

04 06 08 10 0 2 4 6 8 10
T

10~20 cm 0~10 cm

+ )2 Soil layer

20~30 cm

Aab . L Bi Zoysia matrella
Ab B Vetiveria zizanioides
. LAWK Indigofera amblyantha
LM Amorpha fruticosa

T BR[OS 5B 2 m AR 2 8 22 57 035 5 R R)/NG B3R i) — 12 N A [ AR 9 2K 280 8] 22 3¢ .35 ( P<0.05 ). T[] Note:

Different capital letters indicate significant between differences soil layers at the level of 0.05; different lowercase letters indicate significant

differences between types of the overlying vegetation at the level of 0.05. The same as below

Fig. 1

K1 AREHSETR RS

Root parameters of different types of vegetation
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Root length density
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)

B BJBhL Zoysia matrella

W GG Vetiveria zizanioides

4 Ce . ZAEARIE Indigofera amblyantha
LHEME Amorpha fruticosa

Ca Cb Cb Ca

0
0~0.5 0.5~1 1~2 >2
10~20 cm
25 Bb
> _ 20} Bb
w55 5]
¥ s §
2B g0}
%g ]
g2 05F B
232 AaBappb Ba  BaBbBb Ba
0.0 = . !
0~0.5 0.5~1 1~2 >2
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20 r Ab
o 15
sz%:m\g 1.0
%2R
Eg 0.5
A2 Aa AaAb A Aa Aa Aa Aa Aa
0.0 PR Rp— = == 1 )
0~0.5 0.5~1 1~2 >2

MR Z Ei4% Root diameter/mm

B2 ARG BRI

Fig.2 RLD relative to grade of root diameters

23 AREBEHETTEARERR

4 FRAEBE IS L e PR (FW) 56,
3 A2 AR R S B S R B A 0.25~
0.5 mm, WEGEHS) (WS) R HEIE 1~
2mm, 1B#EE (SW) K% HHAE 2~5 mm, [[
AT DO SR BN [RAE B T AS [R] 4 )2 Hh ) 4 8 A R 4k
(1 32 B2 424 T 42>0.25 mm 1 A1 B A, b
EREM 50.45%~98.71% (& 3),

3AEZEM FW ik, Hg i ME R A g
>0.25 mm KRR E 5 E S T 2R % S
B, fE 0~10 cm + )2 WS F1 SW iR LA 251
s, HESARE, 4 FHEpAEE, WS HTSW ik
55 r>0.25 mm RIS REAER R R ¥ s (78
0~10 cm 243910 99.41%F1 92.63%, 7E 10~20
em 25300 98.72%H1 92.07%, 1E 20~30 cm +
25510 96.9%411 90.02% ), FW iXEK:H, 0~10 cm

+)2>0.25 mm HIRIES R EASJEd, 10~
30em H)ERHEEAFRE, DJEHRMEEME 3
WOk 5 >0.25 mm M R AR & ¥ RN
FW<WS<SW , T & R & M £ & K # &K HH
FW<SW<WS, FW i $1#5>0.25 mm KR 5
PINEA . 3 WAk E#9>0.25 mm H RBE S RELT
NGEJ 358 = MR > I JE > 2 AR A > SR

e FW A WS 5, Dje i R EfE 3 4
+ 20 MWD ¥JZ R T 240K B F S HM, HAE 0~
10 em 2 EFEE, £ WS ¥ MWD 3%
Py JEPI>T MR > Z A0 AR > 20 FE ML, 7E FW {0
1, 0~10 cm £)2 MWD R 5 jefifkim, 10~30 cm
TR ERE R 75 3 ANLZN, FW 5
489 MWD 5N 0.39~1.21 mm, WS N 1.21~
1.83 mm, SW X 1.81~2.36 mm, fEfi]—+ZHA
[FAEHE T MWD RN FW<WS<SW, Jf H7E
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P ANFE A, FW 52 KT WS A1 SW, {H
WS Fl SW Z i 22 7 IfF A% (K 4).
24 FREELTERRFAERMMBEXE
AHLF . RLD, RSAD. RMD L) %<2 mm RLD
5 FW i35 #1<0.05 mm £1 0.105~0.25 mm 754% 4]
RIREEYEA BE (P<0.05) fMEXR, 5FW
RIET A 1~2 mm F1>2 mm 29 A B4R DL WS iR
B r>2 mm R AR EA N B E (P<0.01) IF
HRFKZR, WAHME SWikEH, 0.25~0.5 mm A%
RS ERIEREA BE (P<0.05) AHEKER, i
>2 mm RLD 5 3 il 56 (1) A1 R ARFE AR 2 TOAH Sk .
RARE, HHEMFRAR R SHE FW K5 g A

RUKFEPRAEOCHERR, 5 WS AT SW il 19 AH etk
BEHS o MAVRL R K 1 4£<0.5 mm RLD 5 MWD
FE 3 MR A A B, 5 MWD MR
FEA AR A LT . AE . BRI RMD 4%,
MR HEE, 0.5~1 mm Fl 1~2 mm BHEI4H
R R IE M MWD S R R R (B S ).

30 AREHEXBETHEARFREENES
LR S e b 0 o i A 1K R R O A
BOREN, RO LT AR S, L

. I Jghi Zoysia matrella

70 -
0~10 cm B B Vetiveria zizanioides

60 1 B LA Indigofera amblyantha

50 BB Amorpha fruticosa T

40
30

IR A
Aggregate contents/%

10~20 cm

ISR A4 i
Aggregate contents/%

20~30 cm

SR A i
Aggregate contents/%

<0.05 [ 0.05~0.105 | 0.105~025
415 1A E4% Soil aggregate diameter/mm

025-05 | 05~1 | 1~2 | 25 |

H: Fw, PREORE; WS, TURIEEYLSh; SW, 12 iRid ., Note: FW, fast wetting; WS, wet stirring; SW, slow wetting.

F3 ORIFREBEE R T Y L e R AR O A

Fig. 3 Fraction distribution of soil aggregates relative to type of the overlying vegetation
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Fig. 4 Distributions of >0.25 mm fraction of soil aggregates size and mean weight diameters( MWD )relative to type of the overlying vegetation
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