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Table 2 Basic physicochemical properties of soils of different stand types under the
urban-suburban-rural gradient
ki L X Urban JE5E Suburban %4 Rural

el el e oy MF BF PF MF BF PF MF BF
Sk 0~10  11.93+2.02 10.11+1.67 17.60+3.12 11.93%3.34 13.97+2.97 19.7442.60 17.25+5.32 17.74+4.93 22.35+4.16
Water content/% 10~30  12.32+2.07 10.12+1.16 16.96+2.47 11.95+1.44 13.55+3.31 17.44+2.79 15.51+4.20 15.36+4.44 21.07+2.71
i 0~10 157+0.03 1.44+0.04 1.31+0.06 1.39+0.06 1.28+0.12 1.133x0.08 1.2620.15 1.03+0.17 0.98+0.03
Soil density/(g-cm™)  10~30 1.62+¢0.00 1.55+0.03 1.47+0.03 1.43x0.04 1.46+0.08 1.36+0.10 1.34+0.09 1.17+0.07 1.19+0.05
0~10 4.01+0.04 4.23+0.04 4.3120.10 4.02+0.10 4.37+0.03 4.40+0.07 4.15+0.08 4.07+0.13 4.33+0.20

H

o 10~30 4.25+0.01 4.44+0.01 4.45+0.12 4.38+0.04 4.43+0.09 4.43+0.12 4.46%0.07 4.43+0.01 4.46+0.09
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x4 WEHETARMS LR TIBAFARME (50.25mm) &8
Table 4 Content of large aggregates (>0.25 mm) at different forest types under the urban-rural gradient
KBRS B E S

Large agglomerates as a percentage of total mass/%

W2 b Moy _ _
Urban-rural gradient Forest types CaalDIC 0aCicl)
T b T 5
Dry sieve Wet sieve Dry sieve Wet sieve
PF 69.54+3.05 cA 77.11+4.74 aB 65.72+4.49 bA 61.72+3.43 abcdC
#5X Urban MF 85.88+5.07 bcA 81.80+6.80 aB 87.17+3.42 bA 72.95+8.09 cdeC
BF 92.32+4.38 bcA 78.16+6.20 aB 91.65+3.09 bA 69.13+8.87 bcdeC
PF 88.61+4.41 bcA 71.02+7.80 bB 87.64+4.68 abA 51.51£10.03 abC
3555 Suburban MF 84.70+£3.48 abA 78.78+3.54 aB 85.81+6.00 abA 74.5416.22 deB
BF 88.05£3.42 abcA 82.43+3.99 aB 91.83+£2.16 bC 80.04+4.68 eB
PF 89.62+5.67 abcAB 69.86+3.97 bBC 91.76+5.84 abA 51.43+12.70 abcC
244 Rural MF 86.29+10.27 aA 54.67+8.94 cB 84.88+11.92 aA 41.94+9.35 aC
BF 89.98+6.33 abcA 80.51+5.78 aA 91.97+9.71 abA 68.70+8.49 bcdeB

TE: AFEVNG FRER IR AEAR A 2 AR R 5 305 2R I Sl 1) 2 R 22 5 (p < 0.06) 5 ANFIK'S - RER N LEAR (R BERAR [F) Mk 23 S 24 i
HHYER R REEER (p<0.05).
Notes: Different lowercase letters indicate significant differences between all data for the same sieving method in the same soil layer at 0.05

level; different capital letters indicate significant differences between all data for the same gradient and the same stand type at 0.05 level.

50

24 ¢
gast £52[ B 35.C
40} . aA E20} £3.0¢1 oA
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= 30 e O] 1.6 Y aA aA 1’;52 I
© 25 & 1.4 7] r%h on s B o oo :
pa :[E 1.2 b g oapaoa g bC PN |
ﬂz.o Z10 i e [ K15 ;
= 15 558 ‘ =10 ‘
710 Eo04 ) ‘
: 0.5 |

g 0.5 =02 ‘

0 0 0

351 1.8
D E F

30 - 161 35, . X

: * * L aA R bA
a 25| A * a 14 -* . % QE 3.0 af” aBans®® aAT pg? pc 2 e
= aAB a8 a aA =12} ® * * 250 @
=9 aB | g [©] aA aA 5 B0 - :
@< r a8 bAB cB @ 1.0 aa bA DA e * & 20
m 1.5 Kl [Fan - @A B g 0.8 [l A i CBbA . | B 15
i 8 aall bA 206 T &
& 1.0 \ 04 =10
Hﬂ‘ 0.5 H ‘ ’TH \;_ 0.2 =05

0 - 0 0

CP CMCB SP SM SB RPRMRB
2451 Classification
=31 0~10cm == 10~30 cm
o HERREIUREEYE (AL B, C), HHEMARMKEEN (D, E. F)o ANREV/NGFREFRIR AR EREE T AR AR5 FRIAEH R )2 [0 25 572
2% (p<0.05); /MEUC'% FREFIRAA RIS BE T A [FAR A R BUAE AR ] 12 R 22 57 W3 (p < 0.05 ), “*" IR AR [RIB: B R AR 73 2670 R AN a) 1 )2 6]
25 iE (p<0.05), CP, MIXDEMM; CM, BIXEIRACH; CB, WX HERIFHH; SP, AR EMM; SM, WAREHEIRACH; SB, it
RBE G RP, SR DRk RM, SHEIRRZSH; RB, SR#&EIA, TR,

Notes: Mechanical stability of soil aggregates (A, B, C), water stability of soil aggregates (D, E, F). Different lowercase letters indicate

CPCMCB SP SM SB RPRMRB
244l Classification

CPCMCB SP SM SB RPRM RB
244 Classification

significant differences between the same forest types at different gradients and between the same soil layers at 0.05 level; different capital letters

| e

indicate significant differences between different forest types at the same gradient and between the same soil layers at 0.05 level. indicates
significant differences between different soil layers at the same gradient and the same forest type at 0.05 level. CP, urban pine forest; CM, urban
coniferous and broad-leaved mixed forest; CB, urban evergreen broadleaf forest; SP, suburban pine forest; SM, suburban coniferous and broad-
leaved mixed forest; SB, suburban evergreen broadleaf forest; RP, rural pine forest; RM, rural coniferous and broad-leaved mixed forest; RB, rural

broadleaved evergreen forest. Same below.

B 1 WEEETRREMSSEE L 57 R E 4 E

Fig. 1 Stability characteristics of forest soil aggregates at different forest types under the urban-rural gradient
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HZE R B MAE AR . B TR T 15 R
M, HAth ARG 38 A R AK ) MWD Fit GMD 4B AE
TR T RIS R 2 EA s, AT 3 ik
sy BIENUMRR E R BT )E (10~30cm) KT
JZ (0~10 cm), HoKARE W R BAH R o
W% B EE T 4 MR o 2 B 1A 3R AR B IR R
(PAD) N+ T 6.4%~411%, 13RS M | oy
KRR AR zERER (B 2), SHET 35
MO AE )28 PAD PR —3, BIRE L )2

1 0~10cm 10~30 cm

70 - —

CP CM CB SP SM SB RP
245 Classification
W ARVNE FREFOR RIS E T HRIAR s 2R AR 42 ] 2 5
BE (p<0.05); AFAKEFEFRHFME T AR IR 1
BHERENZES (p<0.05),

Notes: Different lowercase letters indicate significant differences

between the same soil layer of the same stand type under different
gradients at 0.05 level; different capital letters indicate significant
differences between the same soil layers of different stand types
under the same gradient at 0.05 level.

B2 SHETARMEE 15 F RAMIREEHE
Fig. 2 Characteristics of the destruction rate of

forest soil aggregates at different forest stand types
under the urban-rural gradient

R mi I e . 72 0~30 cm H2, T (I
X5IERR ) BT SRR PAD W% 5T
H MM (p<0.05), &R T SkiEM K+
5 PAD LT HAbMS (p<0.05),
33 WIHEMHSEE TERETTEASL
BRI E SN X R

HH e 5 AT 39 S 6 B FIMR 20 2 — 35 1938
AR ML RS R 1 R AR MWD, GMD 5
D, %Wt % (P <0.001), i+ /)2*%H MWD
il GMD B2 mith % (P <0.01); 3% B,
A2 T A JE X KRR E I R AR MWD, GMD
1 Dy 2t B2 (P<0.01), HIEMWAZHAE
% MWD fl GMD 521 i % (P < 0.05). 3k
SR . MR AR I 1 )2 X PAD 1152 i i 3%
(P<0.01), FEHFEBMEWSHE. L2EH
ZHAEFXT PAD B2tk w2 (P <0.01),
34 TEARGREMBFTESTHERTHXR

AN B AEARR G 435 20T 1 A SR AR AR e M
ES EEHATFHLEXRGES (B 3), T
iR Hr (K 3C) R . AN (SOC) .
TN 'S5 PAD., MWD, GMDE fi tH X X &, 5
D BIEMCK R BIMLES 48 (18 3F) &
B, +HEf/kE. SOC, TN, Kifd (>5mm) HIE
R MWD Rl GMD S 1EAMEK R, 15 PAD
Ml Dy BAHL KR

ZEATR, 55 IR RS DA AR
BEER (£6) £W: TH T, TNX 0~10 cm
+ R RERE S, 1M SOC X 10~30 cm + 2k

x5 WOHEMSEE TERESTHEERAS T ERARGFREMSFENXR
Table 5 Relationships between the urban-rural gradient, forest types, soil layers and their interactions with the
stability characteristics of soil aggregates

0 Vot = s : N ,
e (BEBE B EE O omh R MO E AL RSB xR
FEMHRE  Urban-rural Forest Soil URGET URGRSL FTxSL URGETXSL
Stability  gradient(URG)  types(FT) layers(SL)
characteristics
P F P F P F P F P F P F P
M_MWD  28.115 <0.001 9.267 <0.001 9.597 0.002 16.565 <0.001 0.064 0.938 2499 0.086 1.401 0.237
M_GMD  25.97 <0.001 13.251<0.001 7.700 0.006 12.771 <0.001 0.233 0.792 1.907 0.152 1.103 0.357
M_D, 34.554 <0.001 13.960 <0.001 1.487 0.225 6.658 <0.001 0.461 0.632 0.642 0.528 0.632 0.640
w_MWD 4.907 0.009 9.782<0.001 56.939<0.001 14.373 <0.001 8.038 <0.001 4.076 0.019 0.250 0.909
W_GMD 16.14 <0.001 23.219<0.001 71.671<0.001 18.892 <0.001 4.832 0.009 4.567 0.012 0.326 0.860
W_D,, 33.811 <0.001 41.275<0.001 73.289<0.001 18.848 <0.001 1.104 0.334 2.602 0.078 1.154 0.334
PAD 9.818 <0.001 44.937 <0.001 112.725<0.001 11.711  <0.001 1.084 0.341 6.434 0.002 0.779 0.540

v ATSEM_RIRHUMAS € TERFIE s AT W3R KA PR AE
Notes: The prefix M_ indicates mechanical stability characteristics; The prefix W_indicates the water stability characteristic.
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GMD
10F Mo 10F 10F
C
9 < 9
- N D
] < ]
o St & +
< =1 PAD SAEID)
< < <
[a) [a) [m)
4 AT 4 x
T Ré AN
D, R7.
-1.0k . J =10 . -1.0
-1.0 RDA1(33.17%) 1.0 -1. 1.0 -
F 1.0F
1.0 ) MWP RD 1.0
GMD
o A
9 < 9
- © )
o | =] S
S S PAD S
I I —~— N
< < D <
o o m a
o o [\4
-1.0% ; d 1ol . ] -0
-1.0 RDA1(76.26%) 1.0 -1.0 RDA1(85.23%) 1.0 -1.0 RDA1(85.60%) 1.0
O CP o CM ©CB »SP ¥SM <SB +RP *RM +RB

W WARTHHFRXT 0~10cm +J2; BB R THHHFRT 10~30 cm +/2; B C HTHHiHF T LSS B D MEH AT 0~10
cm )2 B E AR AT 10~30 cm L2 B F SR F LG50, R1, >0.25 mm KRB R LG, R2, >5 mm K2R R A L H;
R3, 2~5 mm kifZHABIKLE; R4, 1~2 mm RiZEHRIAKLLE]; RS, 0.5~1 mm RiZEHRIALLE; R6, 0.25~0.5 mm kifEHRBIKLH]; R7,
<0.25 mm KR RIK L], BD, #EE; WMC, Biktdki. TR,

Notes: Figure A shows the 0-10 cm soil layer under the dry sieving method; figure B shows the 10-30 cm soil layer under the dry sieving
method; figure C shows the combined analysis under the dry sieving method; figure D shows the 0-10 cm soil layer under the wet sieving method;
figure E shows the 10-30 cm soil layer under the wet sieving method; figure F shows the combined analysis under the wet sieving method. R7,
proportion of >0.25 mm particle size agglomerates; R2 , proportion of >5 mm agglomerates; R3, proportion of 2-5 mm agglomerates; R4,
proportion of 1-2 mm agglomerates; R5, proportion of 0.5-1 mm agglomerates; R6, proportion of 0.25-0.5 mm agglomerates; R7, proportion of <
0.25 mm agglomerates; BD, bulk density; WMC, mass water content. Same as below.

E 3 TEARGSHMEEMEFES HIERFHTRIH
Fig. 3 Redundancy analysis of the distribution and stability characteristics of soil aggregates and soil factors

*6 AREMBHARNTIERFEREESEZERINER
Table 6 Soil factors explained amount and significance test results under different screening methods

F Dry sieves I Wet sieves
okt [ =FaA =¥
14 0~10cm 10~30 cm BEM 0~10cm 10~30 cm R
HT Comprehensive analysis Comprehensive analysis
ool R R e R WRE WHE
actors  volume of Volume of Volume of p Volume of Volume of Volume of p
explanation/ explanation/ explanation/ explanation/ explanation/ explanation/
% % % % % %
ﬁgféﬁi/% <0.1 <0.1 0.846 216 21.8 0.002 1.0 25 0.120 0.2 04 0.542 1.8 76 0.014 0.3 3.2 0.062
-
%Nﬂ 16.5 15.4 0.002 0.5 0.6 0438 322 75.6 0.002 6.8 12.8 0.004 <0.1 0.2 0594 4.3 30.3 0.002
%Tﬁf 1.9 19 0.168 2.9 36 0.078 32 7.8 0.004 0.2 0.5 0.490 <0.1 <0.1 0.834 0.6 0.9 0.330
/EJQE% 39 3.9 0.050 39 4.7 0.046 1.0 26 0.114 6.5 19.8 0.002 1.2 5.5 0.008 2.8 28.1 0.002
&)
WMC

pH 3.8 3.7 0.056 1.6 21 0.144 1.1 18 0.184 0.2 06 0422 0.6 30 0.118 0.2 2.3 0.140

i 1.9 19 0.154 <0.1 <0.1 0.876 0.4 1.0 0.308 2.8 6.8 0.012 - - - 14 11.8 0.002
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FER s TR AR, TN ATRURRE IR A NATREA . (1) kS B RERRIE Z R UIRE . RRUTRE

A5 RE PERRIE 22 710 32.2% (P = 0.002),
BT, TNXF 0~10 cm + 2R B w2, ik
Frit ol 6.8% (P =0.004), 1fii SOC %f 10~30 cm
TENRRER R, MREN 1.8% (P=0.014),
RO AR, TN A3 5 K B 0 i B 45
B, 0l 4.3% F12.8%.
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41 WEHHETARMKS LXBHMK T EARGES
R EMEFIE

HAT, BFFE AR R AR T KRR
EVERRIE, # IR 0.25 mm 1B K Rtk B B A kr
BRI TS, B A R KA R, &
MFR R TR AR, AR R . IR R Ik
B MFEALL>0.25 mm KRR T (£ 3),
X5 2 H I AR 22 A
LG ST A 4 Tl LUK 43 B A 5T 45 SR AN TR
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FhEr, AHIFIAR 270 398 A SR AR A S B0 PR Ok
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Distribution and Stability of Soil Aggregates in Different Forest
Types Under an Urban-rural Gradient

YANG Hong-bing'?, XIAO Yi-hua', XU Han', HUANG Zi-jun'?,
LI Ming', GUO Xiao-min?, YOU Hui-min’
(1. Research Institute of Tropical Forestry, Chinese Academy of Forestry, Guangzhou 510520, Guangdong, China; 2. College

of Forestry, Jiangxi Agricultural University, Nanchang 330045, Jiangxi, China; 3. College of Forestry and Landscape
Architecture, South China Agricultural University, Guangzhou 510642, Guangdong, China)

Abstract: [Objective] This study aims to investigate the effects of urban-rural gradient and forest stand
type on the fractions of forest soil aggregates and their stability mechanisms and provide a theoretical
basis for the elucidation of regional soil quality assessment. [Methods] Three typical forest stand types un-
der the urban-rural gradient of the Pearl River Delta urban agglomerates were selected to analyze the
characteristics of the stability of soil aggregates in the 0-30 cm soil layer, as well as their influencing factors.
[Results] The soil aggregates of the three forest types mainly consisted of large aggregates (> 0.25 mm).
The water-stable aggregates of pinus massoniana forest (PF) and mixed coniferous and broad-leaved
forest (MF) showed a shift from large size to micro aggregates (< 0.25 mm), but the evergreen broad-
leaved forest (BF) showed a shift from large size to micro aggregates (< 0.25 mm). There was no signific-
ant trend in the proportion of soil agglomerates with grain size in evergreen broad-leaved forest (BF). The
mean weight diameter (MWD) and geometric mean diameter (GMD) of soil water-stable agglomerates ten-
ded to increase and then decrease with PF to MF to BF in urban area, increase in suburban area, and de-
crease and then increase in rural area. The mass fractal dimension (D,,) and the aggregate processing
damage rate (PAD) of the agglomerates showed opposite comparing with MWD and GMD. The stability
(mechanical stability and water stability) of soil aggregates under the suburban gradient increased with the
progression of PF-MF-BF. The stability of soil aggregates in the mixed coniferous and broad-leaved forest
showed a trend of urban > suburban > rural on the gradient. With the increase of soil depth, the water sta-
bility of soil aggregates in the three stands with different gradients decreased, while their mechanical stabil-
ity increased. Soil aggregate water stability was positively correlated with soil density, water content, and
organic carbon (OC), total nitrogen (TN), total phosphorus (TP) content. But it was negatively correlated
with pH and micro agglomerate content. The redundancy analysis showed that the distribution and stabil-
ity of soil agglomerates under the different stand types and the urban-rural gradient were mainly influ-
enced by the OC, TN, TP, and pH. And TN was the dominant factor. [Conclusion] The soil agglomeration
structure stability is closely related to urban-rural gradient, stand type, and soil layer. The transformation of
pinus massoniana forest into mixed coniferous and broad-leaved forest can effectively improve the forest
soil quality and erosion resistance.

Keywords: Pearl River Delta(PRD); urban-rural gradient; forest stand type; aggregate stability; macro
aggregates
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