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Abstract: [ Objective ] This study aimed to investigate the impact of different vegetation restoration types on soil pore
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characteristics in Benggang areas. [ Method ] Surface soil samples were collected from four vegetation-restored lands(artificial
arbor, artificial forest, artificial shrubland, and artificial grassland)in the Benggang erosion area and an unplanted site was
selected as the control (eroded land). The pore characteristics of the aggregates (3~5 mm) were visualized and quantified using
X-ray microcomputed tomography (LCT) at a voxel resolution of 5.91 um. Following the imaging, we measured various physical
soil hierarchies, including bulk density, aggregate size distribution, and mechanical composition across multiple scales. [ Result ]
The results indicated that vegetation restoration significantly improved the formation and stability of soil aggregates, leading to
notable changes in aggregate pore characteristics and characterized by high anisotropy and fractal dimension. This suggests that
different vegetation types not only influence the physical properties of the soil but also enhance its ability to retain water and
nutrients, thereby contributing to overall soil structure. The aggregate pore size distribution varied among the different
revegetated sites, reflecting the influence of specific environmental conditions and management practices associated with each
type of vegetation. The Soil Structure Index (SSI) was used to assess the overall quality of soil structure. The findings revealed
that, except for artificial grassland, the SSI values were consistently higher for all vegetation-restored lands compared to the
eroded land. The ranking of SSI values followed artificial arbor (0.66) > artificial forest (0.60) > artificial shrubland (0.48) >
eroded land (0.31) > artificial grassland (0.25). This hierarchy underscores the significant benefits of arboreal woodlands,
particularly citrus orchards, in enhancing soil structure and stability. [ Conclusion ] Overall, the results of this study underscore
the critical role of vegetation restoration in promoting ecological recovery and improving soil quality in the Benggang erosion
areas of South China. By demonstrating the positive impacts of different vegetation types on soil aggregate pore characteristics,
this research provides valuable insights for land management and ecological restoration efforts. Future studies could expand on
these findings by exploring the long-term effects of various restoration practices on soil health and erosion control, thereby
contributing to more effective strategies for sustainable land use and environmental conservation.

Key words: Benggang; Microcomputed tomography; Aggregate pore characteristics; Soil structure index; Soil erosion
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Table 1 Information of sampling plots

FE A b GE R %73 IR I 1)
Vegetation type Tree species Latitude/Longitude Altitude/m  Slope/° Slope aspect
T
{24 M EL  Dicranopteris pedata ( Houtt. ) Nakaike, Pinus massoniana 26°12'08"N/115°11'35"E 210 23 SW34°
Lamb
N GUEEL
NTHH AG 26°11'59"N/115°11'38"E 203 26 S
Paspalum scrobiculatum Linn
N Kbt
ANTHERM AS 26°12'22"N/115°11'04"E 200 25 SW30°
Camellia sinensis (L.) O. Ktze
A7
ANTIeARM AA 26°12'15"N/115°11'31"E 220 25 SW22°
Citrus sinensis ( Linn. ) Osbeck
o WAL AR
NTIRZEM AF 26°12'01"N/115°11'00"E 198 24 S

Pinus elliottii Engelm and Schima superba Gardn. et Champ
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Fig. 1 Flow chart of CT scanning
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Table 2 Soil properties under different types of restoration vegetation

" LA hiy A FhokL A WLk Faxiy
T R EAR
Sand / Silt / Clay / SOC/ pH Bulk density /
Vegetation type MWD /mm
% % % (gkg') (gem?)
2ihg M EL 447041252 45.44+1.58b 9.86+2.01d 4.45+0.78d 1.37+0.04¢ 4.89+0.03b 1.43+0.01a
AT HH AG  33.74+3.50b  62.53+3.64a 3.73+0.14c¢ 6.18+0.58¢ 1.81+0.02d 4.75+0.02¢ 1.40+0.01ab
NTHEARK AS  40.61+0.46b  30.65+1.55d  28.74+1.09a 13.85+0.12a 2.15+0.31¢c 4.98+0.04a 1.36+0.01bc
NTTRARM AA  39.54+4.36¢ 24.72+41.96cd  35.74+2.48a 15.07+0.78a 2.51+0.10a 4.90+0.05b 1.28+0.03d
ANTIRAIH AF  36.61£1.02b 34.01x1.17¢  29.38+1.25b 10.7240.47b 2.31+0.01b 4.64+0.03d 1.33+0.03¢

e BT AR S (S E AR R GARIE Yo B R UUAEHEAR 2R IR . [RIFI AR RNG F bR A [ b 3 i 22 57
% (P<0.05), #bkL, 2~0.05 mm; ¥pki, 0.05~0.002 mm; Ziki, <0.002 mm, Notes: Soil texture classification is based on the United

States Department of Agriculture, 1951.The results are shown as mean + standard deviation. Values with different small letters within a

column indicate significant differences among different treatment groups at P<0.05 level( LSD ). Sand, 2~0.05 mm; silt, 0.05~0.002 mm;

clay, <0.002 mm.

2.2 THIEFAREFLEFE

2 SR T AR IO DG X ) — 4k =4k
NG BCRAE 5 0 UG AR A N FLBR R S ) ik
AFFEUNGE 3 Fis, BIR AA FI AF 7EFLBREE )51 5
EL %A1 BE 25 (P>0.05), {H AG fil AS RUFLBREE L

EL 241/ 12%~25%, AA il AF FIRERFLEECR
EL ¥ 22%~37% ( P<0.05), i AG Fl AS IR IAFLE
B EL 20 (P<0.05 ). AS il AG HIRIKIF- 4%
LR T AA. AF FIl EL., EL Fil AS FERARAF- L IR
FEARH T RE/NTF AG. AA I AF (A1 R4,

W EL, ZihgH; AG, AT.HHL; AS, ATHEARM; AA, NTFeARM; AF, NTIRZH., T, Notes: EL, eroded land;

AG, artificial grassland; AS, artificial scrubland; AA, artificial arbor; AF, artificial mixed forest. The same below.

P2 SRAR O S P SR AR — i — 2 il R R

Fig. 2 Sampling plots and the 2D and 3D reconstructed images of the interested regions inside the aggregates

http://pedologica.issas.ac.cn



1288 + B o i 62 1
Fz3 TEREHMRE LT 12 B B R FLBR M 48 B S R 4FE
Table 3 General properties of soil pore network of aggregates under different restoration vegetation types
FE B A FLBREE LR AL EEFLBUIRAR A 7

Vegetation type P /% TNP D, /pm Fun

1204 EL 16.62+2.07a 7356.65+465.34b 11.38+0.02b 0.12+0.00b

ANTEH AG 9.26+1.00b 4735.85+258.29¢ 13.81=0.61a 0.17+0.12a
ANTHEARM AS 12.17£1.01b 5540.53+530.08¢ 14.64+0.76a 0.12+0.17b
NTIRARM AA 16.28+1.35a 10090.57+1172.09a 11.64£0.22b 0.17+0.01a
NTIRZM AF 15.56=1.67a 8959.99+712.11a 11.3240.15b 0.16+0.01a

e RPIARNG FRER R AR RIARTEZ [E] 22 3 B % (P<0.05). Note: Values with different small letters within a column indicate

significant differences among different treatment groups at P<0.05 level.
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FE 5 A LR IA W30 R E BRI A WU A B T
2k A SRR NS FLBR (42 i . Regelink 25013601
FORL3E o B ARG AL A IO A W2 B A7 R 5 il AT 3R 5k
P ZhaoP i dg 448 5 b AT LA I 25 5 ) AT SR
LB . X HABE bR R & i 5 AL Z R A I
KR —F

WE 3 i, AR A FLAR Y e K
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o
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EL AG AS AA
NGk eSS

Vegetation restoration type
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< c s N

2 \ \ \ \

b Ve NFa N N
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i \ N Yo N
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AN AYFLIR . AS LI FL BRI FLBR . 40K AL AL
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TE RSB FR AN R A B S 2 30T 39 P SR AN TR FLAR RIS [ FLBRUB AR 7 122 53 3% ( P<0.05). Pd<30, Pd30~75, Pd75~
100 Al Pd>100 733145 HAE< 30, 30~75, 75~100 FI>100 um AYfLER; FRP. FIRP Al FEP, QMM FLER . AN HLIFL B A 240 4 2 AL
[, Notes: Different letters indicate significant differences in the proportion of soil aggregates with varying pore sizes and shapes under
different vegetation restoration types ( P<0.05) . Pd<30, Pd30~75, Pd75~100, and Pd>100 refer to the pores with a diameter < 30 um,

30~75 pm, 75~100 pm and >100 um, respectively; FRP, FIRP and FEP represent regular pores, irregular pores, and elongated pores,

respectively.
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Fig. 3 Distribution of aggregate pore characteristics ( pore size, pore shape ) under different types of vegetation restoration
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bR ESAL, 5 PBIRIEILER 80%~92%, %
AL FE A /N, T FHLU LB ( Finer Regular Pores, FRP )
2105 1%~2%, AG. AA Fil AF FIERIKZ 8]0 0%
Z 5 (P>0.05), [FIWASHEIFLER ( Finer Irregular
Pores, FIRP ) [ LI 5%~9%, #KIK A AS <EL <
AF <AA <AG.

IR (AR R ) AT LA S R AL
BRI KN AR, KR SR TR R W, /LB
( Pdyo )XF 38R [ 47 R P SR AR S B A O b 22 G
TN FEARTFGE N, Pdaye 35 45 LIS (1 3 5 b
i (29 60%~70% ). 1EUN Guo ZEUOTFIR, Hhzhis
A MRS O Z 1 /NLBR, AR S0 T
TR B SRR, A BT Pdae BB
Bhattacharyya P85 45w A Bk AN -+ HEAT HLAR
TR T GE S R FLBR 5, X AR T R R A
PR X AR AR Py 1Y 22 5 o FEFLBRIE AR 23 A5 5
1, AL S35 TR ZE (P 87% ), XLkl
B K AR B it A s B O E B2, i FL AN
FUUFLBR A Ee I (<10% ), 3X AT REIE PR 41 3
Hi DX i TR AN R ET SR, AN RIAE B R
X Z [ FLBRIE R AR 22 R R, U 25 R 7
Dal ferro 2P ffF 58 th A7 FF i . FEP 5 Pds AL
B B ARG, X R 2/ LB AA FI
AF 3 BA T8 A BB A7 7K o R 500 i 1B,

F 4 WO TORRIRE R RN 1 e A R AR AL
BRI TE AR . %58 M RS 1) S . AA I AF B3R
IRFLBR B 8 M 3% = F EL (P<0.05), {2 AG I
RARFLER 09 % @ MK T EL ( P<0.05), JiF N AA >
AF > AS > EL > AG. [Fli, AF FIZRIRFLIR B4R
e, HkGE: AA. EL. AS FIl AG, i AF ISR
A4 ) S R R = 1, EL AR IRFLBRI R A% .

AL B3 38 M A SRR BIOR B R Ay 1 A AR
A T DX 1 - 2GR A A P B R A G
YER, S LI RELO " R ARG
EL " i R R BLAT Z AL (H R 30 1 oW 2548, T AR
PR S DX AT SR A )L s ) 9 B 11 B ) 32 i P 2
¥, FUAEPK B A BTkt A R IR s A 28 A
2T, AG BRI p e, X rlaeEH N
FLAKE D) I A /IR F I8 B T IS AR B 7 1 M1
AYFLB . A PR B 05 R 2 P sl HER AL
BB . Ml M A RALBR BRI G, mA LR
T IERENEIE R L A FLIBLE R Z5 P S A

FNE AS VAA Rl AF BUER PSR R 945 R 3
F4 TREHEMRELDTLRABKS AL, EEH
& 51

Table 4 Pore fractal dimension, connectivity, and anisotropy of soil
aggregates under different restoration vegetation types

VP MY &Sk
T
CON/ FD ANI
Vegetation type
(x10° pm™)

{24045 1 EL 1.75+0.25¢ 2.78+0.03bc  0.12+0.03d
AT EHL AG 0.94+0.06d 2.64+0.03d  0.20+0.06¢
N THEARMK AS 2.3240.40bc  2.74+0.04c  0.25+0.02bc
ANTTeARM AA 3.88+0.83a 2.83+0.02ab  0.29+0.05b
NTIRAH AF 3.65+1.06ab  2.87+£0.03a  0.36+0.03a

W [FFNAS A B R R AN ] A B ) 2 7 i % ( P<0.05 ),
Note: Values with different small letters within a column indicate

significant differences among different treatment groups at P < 0.05
level (LSD) .

FLBR 2546 1) 45 1) S 1k 5 - S w e M R 5 5
PEHLHIA B FE BL v, Tk = AR B 35 A
WA, BN RIEH FE Rt sh &
it P SR A e ) 45 1) [) 1k RN 489 AR 142 i AR AR Bl PR 2
X, HIERIREZEBE LB, HREE S
SEVEANST R A A A LR RN B DR R K X
TR TR E ST BL (P<0.05). FHBHIRE
XA R, GIOWSE R BR L e R 2, - S5
FEERR T, RENS T Ar AR R IR O ARl
WPE T AR EORN A5 1) S AL B R 1 B R e
FRRERT, 3 0 R A ALBR R o de hn LA S 5R1
UBAEDY, AT AR R R R 2 5
SRIMT, zhao S VR, Z0 0 4K 36 A 1R A5 B
TR sEm , XFP2E R AT REE H CT BRI HER
PR e R ) 25 S B Y o
2.3 TESEMIEEME

m s Fiw, wi = A ERSFHEEE =1, #
BT BAE SR 91.44%, Horp JLAN S B RZEAS [R] st e
[ 225N B LB (P>0.05), PC-1 HALE
48R A FD . ANI, Fdg. Fdss-100. BD, MWD,
CLAY HI CON; 7£ PC-2 1, P il Pd. 00 A i AL EE A
F; MTE PC-3 1, SOC Ml Pdsg—7s A AIXTEE 5 o
CON A1 P 435> PC-1 Fll PC-2 " dg i AL [H 1,
[FIEE, MWD 1 Ry 3 4 38 v P SR A 4% 43 A1 1) E
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Table 5 Principal component analysis of soil structure indexes
EMIE F
PC-1 PC-2 PC-3 PC-1 PC-2 PC-3
Principal component Principal component
FHAE(H Eigenvalue 8.50 2.17 1.22 fL#% Pdaso 0.87 0.25 —0.41
75 2% Variance/% 65.40 16.68 9.36 FL4% Pdso-7s —-0.79 0.28 0.44
B3t Total/% 65.40 82.08 91.44 LA Pdys-100 —-0.86 0.06 0.38
FLBARE P/% 0.41 0.79 0.41 FL42 Pdsi00 —-0.62 -0.71 0.25
SALBELE TNP 0.79 0.48 0.16 A LR SOC/ (gkg!) 0.77 —0.47 0.40
HEEME CON/ (x10 % pm™?) 0.93 0.07 0.19 -1 JF R B MWD/mm 0.86 -0.41 0.11
STHIE 4% FD 0.86 0.25 0.11 AT BD/ (grem™) -0.85 0.38 -0.20
25 18) 54 ANI 0.85 -0.21 -0.30 Fhki Clay/% 0.91 -0.17 0.33

AR N o MR T R R R A /N R SR (MDS) Hie PC-1, PC-2 Ml PC-3 Ml R 8 — E Moy 58 =
FE A MG = E M. Notes: Bold factors are considered highly weighted. Bold-underlined factors are retained in the minimum data set

(MDS) . PC-1, PC-2, and PC-3 indicate the first principal component, second principal component and third principal component,

respectively.

BRbR, 78 PC-1 AR ENE, HtgiE A SSI
WM HE R . SOC XK Z 4 1+ R AR A H5 /R
ER, 2P SRR R e R BE N 2, M4
T Pdsg-75, SOC & e FE Y, K, ¥ 52 CON
MWD, SOC. P %fgtrAkit5 SSIfH.

G PCA 45545 I Tk 5 A A, &
6 45 TR IA—fb AR, Hat (5) 1R SSIE.
mE s B, B AG 4, SSIEAH L EL ¥ &4 &
(P<0.05), AG 5 EL &%, 2 Zhao 'Y
WF5E, SSIME AT 43 =25 :( 1 )% SSI{E(>0.50),
U AF (0.60) Fl AA (0.66); (2) 1 SSI{H (0.40~
0.50), U AS (0.48); (3) ik SSIMH (< 0.40), 40
AG (0.25) M EL (0.31 ).

i%éﬁ*@ *E‘i& SSI=0.36><SCON+O.36><SMWD+O. 18x%
Spt0.10%Ss0c (5)

SRR, BREHLAL, FEEEIKE XA L
MI¥ET EL (18 4), SSI 453 30K EL #7245 X
N T IR ARMEN TIRSS AR, B A 3 2 A 9 4 F 4
[ R 0 AR OK MR RE L P K B ks £
BT RE B A T m A RCRPY S SR, AN TR - e
FI=E B MK 55 F AR A5 IR 26 0T A Oy 4 o AR K 4R
ORI 251, IR R BEERS Zhao S & B
AR

HARE R, AT AG 1Y SSTAHEUK,
FH BAR AR YRR K C &9, [HIER S

Fzo6 FothkmEI—{kiARE
Table 6 Normalization equation of scoring curves
8 5 M TR B LB EERiIR 3
' CON / MWD / P/ SOC /
Parameter
(x10° um™) mm % (gkg!)
{8 Mean (x,) 2.62 2.04 14.48 10.06
#12E Slope (b) -2.50 -2.50 -2.50 -2.50
5 —1b 75
S=1/ (1+ (x/2.62) ) S=1/ (1+ (x/12.14) )  S=1/ (1+ (x/14.48) =)  S=1/ (1+ (x/10.06) °*)
Normalization equation
A EA(H Weight 0.36 0.36 0.18 0.10
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N LIRZEHRAF
ANTTRARIRAA
NTHEARPKAS

ANLHHIAG

{245 HIEL

0.0 012 0:4 016 0:8 110
T IREEFEELSST
T SRIBE SRR ING b R AN [l B S R 2 6] A
e E R (P<0.05, LSD), RZELKRRIFUERRZ . Notes:
Different lowercase letters next to the bar chart indicate significant
differences between different vegetation types ( P<0.05, LSD) .
Error bars indicate the standard error.

&4 AEE PR A 4 4L
Fig. 4 Soil structure index under different vegetation restoration
types

BT L2 MRFRE AR AR P 6 Z AR — i 75
o AR S K S IR AT AL T AR RS, iR
ot DX SO0 by TR (R AR AR E N B
TEVRS 0 AW B, 3 o 200 A LA R L B 3
L I, LR AN E A K U AR A R A
Feor B R, b, AG R EL +IELE Rk 2E K
WEE b 2 R B S R, FACE i) £
BEREL EL HLP-#RER 1) T ARG I 20Kk A A
Py L e LR WY IS R Sy B AR . IR, 7E T B
PAEE g ne | £k s oD I A S P S A ) SR
wn, W ESEAEMIESE | S TIRERE IR MR,
T O AR PR ARCAE e P mT LA Oy S5 4 sy 2t ik
(B ANFER, EAL, AR T A DR L SN A 7R [] 4 A
BT BRIt vl e 2 ih BN R AR E RS
PE— 2B ESE Al LU v T - HEEE A (4 3 A e e Hi e
KFERAE, FHm R AR, X
X T AEAN R A7 A AR T 26 9545 1 A AR 2 1
BREE,

3 45 &

AT CT FHHME AR A [ AL B A2 XA
{25 1 ) - S9E A SR AR L BURRAE HEA T 5 B P AR,
TR LB R v] B 2> 2 3 = A AR A &
Jrlay, I AN [ B R AR AR P e Thag,

1M SR P 35 T AT SR AR L B AR AT R O i P S ) i
BRI AL LA . 45RRW], Bressl, Prf
RS X B L SO A 2 A 3 s, 4R T
P A SR AL BT A 32 T A s (] S PR . AN, B
AR X L SRR AL B B 2% o) S L A LR 5 i
PR R BAR A P T, R IR M R B R
W RS TR 4 FiiERRE R, KT
RN TR SR $ T - 3 2548 o it )y 1o Jre B 1% 4
FAH, BRI BALBEE . fLBIE A L K 4R
KAL) B840, M T — A 2 2 FLER
Yo XA N T IR ARSI s R iR
FAUMCT R R S5 000, LA S AR IR 22008
TEAe o L PR AT b B AR, e R Bl
T T REPTRAR AR, R T AR RSB Y i
WPEFIE etk o BeAh, AR R FLRBR AR 193 2 ik —
PRI T AR K 3 IR 4 A5 3 5 T A R
I3, A BE SR E5 M A B AR o Xt e
TRIIET N TIRAMA N TR AL # 7 213X
HATHE @R ARt — LT A & ik
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