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Tab.1 Basic information of Pinus tabulaeformis plantation at different restoration stage

WA B W I 4

/a /cm /m /(B -hm™?) /(g+em™?)

pH
/(g-kg™') /(mg-kg™') /(mg-kg™') /(mg-kg ')

33 10.35£0.60 6.71 £0.88 2567 £3.51 1.36 £0.12
45 10.52£0.34 7.54+1.75 2500+1.30 1.32+0.13

49 15.60 £0.80 7.78 +0.12 2300 +0.00 1.29 +0.09

6.78 +0.03 22.13 x2.15 1.97 £0.27

7.20£0.33 19.51 +4.64 2.13 +0.34

7.86 £0.22 28.87 +6.53 4.57 +£0.62 40.88 £19.08 136.60 +17.16

36.77 £2.65 129.87 +33.45

50.72 £4.66 120.33 £11.24
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Fig. 1 Proportion of different size micro-aggregates in soils of Pinus tabulaeformis plantation at different restoration stage :

(a) 0.25~0.05 mm; (b) 0.05~0.02 mm; (c) 0.02 ~0.002 mm size; (d) 0.02 ~0.002 mm size



800 i AR 31 %

WRIZAERR AR AL 22 A8 K, 33 a H1 45 a WA A T bk
+ HEB A B AR LL 0.25 ~0.05 mm R g%k 3, 3
o P B AR R A 43.32% F144.30% , 17 49 a JHIAA A
TARHILL 0. 02 ~ 0. 002 mm k%% K &, V4
34.52% , HE A [A) kL 9 & & AE AL, 0. 25 ~
0. 05 mmty 2% + I GAT ARV 2 5 i 33 ~45 a il
P T AR Zh38 0, 1T 49 a TR A T ARE BT 96 & 4>
Rk 33.36 F132.94% (P <0.05) , &+ 2%
S, 0.05~0.02 mm f7 g + BRI RT3
5 PV AR S AT BRI TG i 25 S L AN 49 a AR A
TAR 10 ~20 em 4 )2 K F 33 a il 4 A T Ak
(P<0.05), 49 a yJH#A AN T4k 0.02 ~0.002 mm ¥i
G - B R AROT- 34 B AR B 33 a Fil 45 a T
N T AR B0 37.36% F138.03% (P <0.05) ,3f
fE0~40 cm L)EZEFEE, <0.002 mm kiZy + 1
T SR A S 34 6 ol A K A2 AF B 3 i AE 20 ~
30 em 40 ~ 50 em + 2 2 9 D JE B oA

401 ) T A33a[XX 452492

Aapa Aa L Ab Aa ApAc ?a AbAc %ﬂ AbAc A2 AP Ac Aa

N N 2l RN PN T
%E\gg / o % s

X S X

I TR
D
)
=3
T
N\

N
N 4 A \.
N AN RSN
i N\

\

0.0

0~10 10~20 20~30 30~40 40~50 0~50
b R B /em

(L4332 45aN N 492

0.12 -

;Aa - 11 Aa {v; Aa 2
S P 4
) N b X y -
o2 B a4, P

A‘Bb

SEER R EAR
GMD/mm
(=1
S
—
7
5
o
X
=}
o
B
N\
A
AN
X
T &

N 7

0~10 10~20 20~30 30~40 40~50 0~50
IR /em

(P <0.05) . 56 W] T th 3 28 b e 0 hy ol 28 b
T, OGRS G I AN
S 3 KD 5 I o R IR B A B b AT
R T 35 2T 7 L 25 S A, o
49 a M AA N T4k 0. 05 ~ 0. 02 mm FI 0. 02 ~
0002 mm % -+ ¢ A1 5 Pk 4 4 9176 30 ~ 40 em
M40 ~50 em L2 /PNTF 0 ~30 em &% L2, M
<0.002 mmki % + L5 K2 (30 ~ 50 em)
HHRTF 0~30 em & +J2,
3.2 THMEABEAHSE

I 2 AT, 5 33 a i AT AR, 45 a il
B AT b L L 3 K OF B PCMLD 4y B T
14.16% (P =0.17)F13.62% (P <0.05) ,1M 49 a i
FA AT AR A BIBE T 65.57% Fil 3.44% (19 2a F
2b) . FUKTTE 0 ~ 10 em + 2 + e B 5 Ik D s
LA K, T 30 ~50 em 2 D B 4 IR 5 S0
T BN B 4 T - HE B B AR PO T A+ 2

L0 ) [/ A33a445aN 49
Aa Aa Aa
Aa T T N
= N N & r
R AN A Y N
8 N
5 Ab A Aab N |
£ 3 AP [\ Ab
RPOSr Ab A | AP
= AR AP 7Ab P ONEi N Ay
£ PN P (A7
) S ’ .
N PN RN PN [ <
0.0 -
0~10  10~20  20~30  30~40  40~50  0~50
+JZ R /em
008 (g
[/ A33al445aN 492
Aa
A
@ i Aa  Aaha A i B Aa
b E i % Aa N4 -
o £ ; ]
Soon B R A P PR
= 49 X Ab |/
=° JF A:/ Ab P Rab R4 A
NIZSNIZANEZ N2 SNTE SN
N
d
0.00 ~

0~10 10~20 20~30 30~40 40~50 0~50
R /em

TE ARG 5 1 R AN A PR A BR ] — 2 R A SR R 22 52 3 (P <0.05) 5
ANTF) KRG T B R [ — Wk 52 AT RS ) 2% b 38 B A SR AR 2 h 2 5 . 3% (P < 0.05)
B2 AEREFERBM®ATIHTEREARESRAEFLE
(a) I 4ER; (b) FRAERLAT R AR AL s (o) P34 i B AR 5 () JLf P 3 AR

Fig.2 Fractal characteristics of soil of Pinus tabulaeformis plantation at different restoration stage

(a) D; (b) PCM 5 (¢)MWD; (d) GMD
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Fig.3 Changes in soil nutrient content of Pinus tabulaeformis plantation at different restoration stage:(a) organic matter;

(b) fast-acting phosphorus; (c¢) alkaline nitrogen; (d) fast-acting potassium; (e) total phosphorus; (f) total nitrogen
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Fig. 4  Soil nutrient accumulation features in the surface layer of

Pinus tabulaeformis plantation at different restoration stage
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Tab.2 Correlation analysis between soil nutrient content and soil micro-aggregates of Pinus tabulaeformis plantation at different restoration stage
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-0.79* -0.37 -0.14 -0.95* -0.64" -0.52> 0.22 -0.67" -0.58" 0.49" -0.70" 1
0.02 mm
0.02 ~ ) | ; ] . . .
-0.64* -0.26 0.31 -0.49" -0.45 -0.16 0.81" -0.98* -0.97" 0.99* -0.98" 0.56* 1
0.002 mm
<0.002 mm -0.13 -0.03  0.50" -0.15 -0.41 0.32 0.99* -0.79* -0.87" 0.86" -0.77" 0.18 0.78" 1

HREARSEL N =9,a 3R P<0.05,b %75 P<0.10,

R3 FARKEFERBBRALHRTEHMEAREFHES THEERE S BEHE
Tab.3 Correlation analysis between soil nutrient content and soil micro-aggregates with different

depth of Pinus tabulaeformis plantation at different restoration stage

S R ARE ER-SE R HK
sem  HEIR HHUR dBE BURA EEH AR 2R sem  HEIR CHRUR RE BURA B 4B A%
D 0.19 0.16 0.31 0.06 -0.29 0.31 D -0.29 0.40 0.04 0.04 -0.15 0.15
MWD 0.45 0.31 -0.40 0.44 0.58* 0.34 MWD 0.64* -0.01 -0.40 0.52" 0.69" 0.30
0~10 10 ~20
GMD 0.29 0.23 -0.41 0.33 0.54" 0.20 GMD 0.63* -0.10 -0.36 0.47" 0.67" 0.22
PCM -0.39 -0.18 0.30 -0.37 ~0.49" -0.19 PCM -0.60" 0.29 0.25 -0.36 -0.55* -0.15
D -0.41 -0.38 0.79* -0.15 -0.53" 0.20 D 0.09 0.07 0.40 -0.18 —0.54" 0.38
MWD 0.74¢ 0.25 -0.70*" 0.39 0.57> 0.12 MWD 0.14 -0.15 -0.29 0.27 0.57" -0.16
20 ~30 30 ~40
GMD 0.69* 0.28 -0.76* 0.34 0.57> 0.05 GMD 0.01 -0.15 -0.36 0.27 0.60* -0.28
PCM -0.66" -0.44 0.73* -0.14 -0.32 -0.13 PCM -0.12 0.04 0.36 -0.10 -0.42 0.23
D 0.00 -0.11 -0.11 -0.25 -0.37 0.19 GMD 0.39 0.46 0.39 0.24 0.50" 0.03
40 ~50 40 ~50
MWD 0.49"  0.55> 0.46 0.16 0.45 0.08 PCM -0.42 -0.35 -0.30 -0.26 -0.48" -0.04

HFEARBIN =9,a F/R P<0.05,b Fm P<0.10,
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Change Features of Soil Micro-aggregates of pinus tabulaeformis
Plantation at Different Developmental Stages in the Southern Taihang
Mountain and Its Relationship with Soil Nutrients

ZHANG Wenxu'* | LI Jianhong', GUO Linghui' , GAO Jiangbo*”’
(1. School of Surveying and Land Information Engineering, Henan Polytechnic University, Jiaozuo 454000, Henan, China;
2. University of Chinese Academy of Sciences, Beijing 100049 , China;
3. Chengdu Institute of Mountain Hazards and Environment, Ministry of Water Resources, Chinese Academy of Sciences, Chengdu 610041 China;
4. Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China;
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Abstract: Soil micro-aggregates stability is one of the most important properties in soils and affects water erosion,
soil aeration, nutrient recycling, as well as plant growth. Therefore, a better understanding of the composition of
soil micro-aggregates during vegetation restoration is essential to maintain structural stability in soils. In this study,
it took the Taihang Mountain greening pioneer tree Pinus tabulaeformis plantation as the research object, and based
on the idea of space instead of time series. Fractal dimensions (D) combined with characteristics micro-aggregates
proportion ( PCM ) , mean weight diameter ( MWD) , geometrical mean diameter ( GMD) was used to investigate the
soil micro-aggregates change process and its fractal characteristics in Pinus tabulaeformis restoration, then the
relationship between soil micro-aggregates D and soil nutrients was studied. The results showed that the proportion
0of 0.25 ~ 0. 05 mm fraction in soil micro-aggregates displayed a sigmoidal pattern, first rapidly growing from 33
years to 45 years and then gradually decreasing, while the proportion of <0.02 mm appeared an opposite pattern.
The PCM and D of soil micro-aggregates increased by 3.44% and 65.57% from 33 a to 49 a, while MWD and
GMD decreased about 26% and 33% , respectively. With Pinus tabulaeformis restoration, soil micro-aggregates D
was not only significantly correlated with soil micro-aggregates MWD , GMD and PCM, but also was closely related
with available nitrogen and total phosphorus, indicating that soil micro-aggregates D could be regarded as a

considerable parameter to reflect variations in soil properties.

Key words: Pinus tabulaeformis plantation; soil micro-aggregate; fractal dimension; soil nutrients; Taihang

Mountain



