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Abstract  Fractal theory, used to study natural figures and 
images with self-similarity but without characteristic 
lengths, offers an effective tool to investigate quantitatively 
the complex systems such as soil. In this paper, we have 
discussed about our study of the fractal features of the 
subalpine coniferous forests, soil particles, and microag-
gregates under different intensities of anthropogenic distur-
bances in the Miyaluo area of west Sichuan and investigated 
the effects of the disturbances on the forest soils attributed 
to different fractal dimensions. The study introduces a new 
way to investigate the recovery and reestablishment of 
subalpine coniferous forests. 
 
Keywords  Miyaluo area subalpine coniferous forest, 
fractal dimensions, soil particles, soil micro-aggregates, an-
thropogenic disturbances 

1  Introduction 

Fractal theory was first proposed by Mandelbrot in the 
mid-1970s. It is used to study natural figures and images 
with self-similarity but without characteristic length (Liang 
et al., 2003). Due to the interaction on the inner processes of 
physics, chemistry, biology, and so on, and disturbances of all 
kinds by geological processes and artificially imposed meas-
ures, soils appear to be complex natural parts in form, struc-
ture, and function. Results show that soils are systems with 

fractal characteristics (Turcotte, 1986, 1989; Taguas et al., 
1999). Fractal theory is widely used in the study of soil struc-
tures, moisture features, and solute transfers (Scott and Stephen, 
1989; Michel and Garrison, 1991a; Michel and Garrison, 1991b; 
Perfect et al., 1992; Scott and Stephen, 1992; Rasiah et al., 1993). 
The development of fractal theory offers an effective tool to in-
vestigate quantitatively complex systems such as soils. 

Soil particles are the basic materials to form soil struc-
tures. The combination of different soil particle-size con-
tents form different soil textures, which further affect the 
physical, chemical, and biological soil processes (Liao et al., 
2002). The distribution of the soil particle-size is often used 
to analyze and predict the dynamic characteristics of soils, 
such as the quantity of maintained water, water permeability, 
and soil pores (Scott and Stephen, 1989; Scott and Stephen, 
1992). Due to differences in dynamic and chemical charac-
teristics among different soil particles of different size, the 
distribution of the soil particle-size dimensions is partly the 
decisive factor of the soil structure and its properties. Soil 
micro-aggregates consists of aggregated soil particles. Its 
quality and quantity can be used to evaluate the function of 
its structure, the intensity of its anti-dispersal and the ability 
to maintain water and fertility (Nanjing Institute of Soil Sci-
ence, Chinese Academy of Sciences, 1983). The microag-
gregates of different sizes have different functions to main-
tain and provide fertilizer. The forming ratio of the “feature 
micro-aggregates”, which can better reflect the state of soil 
fertility and its actual regulating effect, is the index to evalu-
ate soil fertility synthetically (Chen et al., 1994). So the quan-
titative description about the composition ratios among dif-
ferent soil particles and micro-aggregates of different sizes 
has been very important in soil studies. 

Subalpine coniferous forests are a special kind of vegeta-
tion, distributed in mountainous areas at a certain elevation 
in regions of low latitude, consisting of cold-resistant alpine 
species such as spruce and fir (Liu, 2002). The subalpine 
coniferous forests of west Sichuan are mainly distributed 
along the Jingsha, Yalong, and Ming Rivers of the upper 
reaches of the Yangtze River. These subalpine forests are 
not only an important ecological barrier along the upper 
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streams of the Yangtze River but also the center of many 
species with ecological functions to retain water, maintain 
the soil, adjust the climate, and protect biology diversity (Li, 
1990; Liu et al., 2001). Since the 1950s, the primary forests 
in this area have been cut. At present, there are many conif-
erous plantations, and a few sub-forests have recovered af-
ter clear cutting (Wu et al., 2001a). Human activity is the 
external factor causing the forests, grasslands, farmlands, 
and the entire ecological and environmental system along 
the upper parts of the Ming River to degenerate (Rasiah et 
al., 1993). Anthropogenic disturbances, such as herding, 
gathering medicine, and collecting manure from the litter 
under the forests have a strong effect on the physical char-
acteristics of the soil. Therefore, a study about the effect on 
the ecological system of the forests from anthropogenic 
disturbances in this area seems imperative (Pang et al., 
2002b). Many scholars have carried out studies on the mas-
sive structure, the ecological function of litter, nutrient cir-
culation features, and changes of soil characteristics at dif-
ferent recovering stages in this area (Pan and Liu, 1998; Hu 
et al., 2001; Lin and Liu, 2001; Lin et al., 2002; Pang et al., 
2002a). Different fractal dimensions can reflect soil struc-
tures and features and we can learn something about soil 
characteristics by analyzing the different fractal dimensions 
about the distribution of the soil particles and mi-
cro-aggregates (Liang et al., 2003). This paper discusses our 
study of the fractal features of the subalpine coniferous for-
ests soil particles and micro-aggregates under different in-
tensities of anthropogenic disturbances in the Miyaluo area 
of west Sichuan and investigates the effects of the distur-
bance on the forest soils attributed to different fractal di-
mensions. The study introduces a new way to investigate 
the recovery and reestablishment of subalpine coniferous 
forests. 

2  Study area and method 

2.1  Natural survey 

The study area is located in the Miyaluo forests, Li County, 
Sichuan Province (31°36′N, 102°57′E), belonging to the 
high-mountain valley zone from the Qinghai-Tibetan Platue 
to the Sichuan Basin (Zhang et al., 1981). It is situated in 
the range of the Qinghai-Tibetan Plateau Climate Zone, af-
fected by a southeast monsoon. The weather data of Miyaluo 
Town, at an elevation of 2,700 m, for example, shows an an-
nual rainfall of 1,165.7 mm, evaporation is 987.8 mm, average 
temperature of 6.5℃, and the accumulated temperature (≥0℃) 
ranges from 1,710 to 2,000 (Wu et al., 2001b). Pedogenin 
mother rock consists mainly of accumulated weathered mate-
rial such as phyllite, slate, and dolomite. The soils, distributed 
at different elevations, are in order: brown soil (700–3,300 m), 
dark brown soil (3,300–3,600 m), brown sub-alpine coniferous 
forest soil (3,600–3,850 m), and sub-alpine meadow soil (over 
3,850 m). The main forest patterns are Rhododendron-Abies 
forests, grass-Abies forests, moss-Picea-Abies forests,      
Fargesia-Picea-Abies forests, Quercus-Picea-Abies forests, 
and deciduous broad-leaved-Picea-Abies forests (Pang et al., 
2002b). 

2.2  Study method 

The data in Table 1 were collected from reference (Pang et 
al., 2002). The formula is from reference (Pang et al., 
2002b).  
 
(R/Rmax)3−D=W (r<R)/Wo   (1) 

 
Table 1  Soil mechanical composition, micro-aggregate composition, bulk density and organic matter under the different intensities of 
human-induced disturbance 

Soil mechanical composition /% Disturbance  
intensity 1−0.05 0.05−0.01 0.01−0.005 0.005−0.001 <0.001 

Bulk density 
/(g·cm−3) 

OM 
/(g·kg−1) 

None 27.84 
27.90 

26.53 
29.26 

13.80 
17.34 

21.22 
17.14 

10.61 
8.36 

0.73 
1.10 

168.40 
95.88 

Slight 24.33 
32.58 

24.90 
28.60 

16.60 
13.08 

22.83 
20.63 

11.34 
5.11 

1.02 
1.32 

90.68 
39.19 

Intermediate 33.95 
31.06 

23.74 
25.72 

11.35 
13.99 

20.02 
15.84 

10.94 
13.84 

1.11 
1.26 

86.02 
27.89 

Intense 37.73 
43.29 

20.39 
20.22 

14.27 
11.12 

18.35 
18.20 

9.27 
7.08 

1.22 
1.22 

40.93 
12.19 

Soil micro-aggregate particle composition /%  
>0.05 0.05−0.01 0.01−0.005 0.005−0.001 <0.001 

  

None 69.80 
49.20 

21.28 
36.43 

3.55 
7.01 

2.48 
5.61 

2.84 
1.75 

0.73 
1.10 

168.40 
95.88 

Slight 55.02 
55.67 

33.37 
30.69 

5.54 
7.16 

5.19 
3.07 

2.78 
3.41 

1.02 
1.32 

90.68 
39.19 

Intermediate 43.38 
43.38 

30.89 
30.89 

8.58 
8.58 

13.73 
13.73 

3.43 
3.43 

1.11 
1.26 

86.02 
27.89 

Intense 53.28 
52.73 

27.37 
30.27 

6.84 
8.50 

11.29 
7.82 

6.68 
2.68 

1.22 
1.22 

40.93 
12.19 

The above data are collected from reference (Lin and Liu, 2001) and stand for A and B soil layers. 
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where Rmax is the size of the biggest particle, Wo the total 
weight of particles at different levels, and D fractal dimen-
sions. 

3  Results and analysis 

3.1  Fractal dimensions of soil particles and micro-aggre- 
gates 

According to the distribution data of the sub-alpine conif-
erous forests soil particles and micro-aggregates under different 

intensities of anthropogenic disturbances in the Miyaluo 
area, their relationship can be worked out by separately ap-
plying lg(d/dmax) as the horizontal scale and lg(W(r<d)/Wr) 
as the vertical scale to draw a coordinate system (Figs. 1 
and 2). All the relative indices are more than 0.8, indicating 
that the distribution of soil particles and micro-aggregates 
represent fractal characteristics. The fractal dimensions of the 
subalpine coniferous forests soil particles and micro-aggre- 
gates are different under different intensities of anthropogenic 
disturbances in west Sichuan (Figs. 1 and 2). They range 
from 2.679,0 to 2.708,6, from 2.607,2 to 2.722,6, from 
2.461,4 to 2.611,9 and from 2.418,3 to 2.540,8. 

 
 

 
Fig. 1  Relationship between lg(d/dmax) and lg(W(r<d)/WT) of soil particle­size distribution in subalpine coniferous forests under different human­
induced disturbances. Ⅰ: None, Ⅱ: Slight, Ⅲ: Intermediate, Ⅳ: Intense, A and B stand for A and B soil horizons 

 
 

 
Fig. 2  Relationship between lg(d/dmax) and lg(W(r<d)/WT) of soil micro-aggregate particle size distribution in subalpine coniferous forests under 
different human-induced disturbances. Ⅰ: none, Ⅱ: slight, Ⅲ: intermediate, Ⅳ: intense, A and B stand for A and B soil horizons 
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3.2  The relationship between fractal dimension and the 
soil particle size 

The fractal dimension of soil particles and micro-aggregates 
is relative to the accumulated content of soil particles and 
micro-aggregates of different sizes. The relative analysis 
shows that there is a significant positive relationship be-
tween the fractal dimension of the subalpine coniferous forest 
soil particle distribution and the content of particles of size 
(<0.001 mm) under different intensities of anthropogenic 
disturbances in the Miyaluo area (P<0.01). However, there 
is no statistically significant relationship between the fractal 
dimensions of the subalpine coniferous forest soil mi-
cro-aggregates distribution and the content of different sized 
particles under different intensities of anthropogenic distur-
bances in the area (P>0.05) (Table 2). 

3.3  The relationship between fractal dimension, the con-
tent of soil organic matter, and bulk density 

The soil particle formation is the important basic matter to 
make up the soil structure, which can infect the state of soil 
structure and the transformation of soil organic matter to 
some degree. The state of soil aggregates is an important 
factor affecting soil fertility, soil ventilation, and 
rot-resistance. So the relationship between the fractal di-
mensions of the subalpine coniferous forest soil particles 
and micro-aggregates and organic matter and bulk density 
of different layers is analyzed under different intensities of 
anthropogenic disturbances in the Miyaluo area. 

The result indicates that there is a significant negative 

relationship between the fractal dimension of the subalpine 
coniferous forest soil micro-aggregates and the content of 
soil organic matter under different intensities of anthropo-
genic disturbances in the area (P<0.05) (Table 3). 

4  Discussions 

The fractal dimensions of soil particle-size distributions 
cannot only describe the soil particle size distributions, but 
can also indicate the level of its quality. The greater the 
fractal dimension of soil particle, the more inseparable is 
the soil structure. When fractal dimensions >2.88, the clay 
and ventilation of soil quality are weaker. As well, the 
smaller the fractal dimension, the looser is the soil quality 
and the better is its ventilation (Liao et al., 2002). The frac-
tal dimensions of the subalpine coniferous forest soil parti-
cles between different layers range from 2.68 to 2.71 and 
from 2.61 to 2.72 (all fractal dimensions <2.88) under dif-
ferent intensities of anthropogenic disturbances in west Si-
chuan (Fig. 1). The Pedogenin mother rock is an important 
factor affecting the formation of soil particles. The original 
rocks in the research area are phyllite and slate, the soil 
weathering is characteristic of mechanical breaks. The soil 
quality is rough, there are thicker particles, and there is less 
clay (Liu and Hong, 2001). This indicates that there are 
loose alpine coniferous forest soil structures with better 
ventilation under different intensities of anthropogenic dis- 
turbances in the Miyaluo Area. With disturbances on the in-
crease, the fractal dimensions of soil layers A and B first 
rises, than falls. A slight and middle anthropogenic distur-
bance may cause the soil structure to be more inseparable, 

 
Table 2  Correlation between fractal dimensions of soil particle-size, soil micro-aggregate particle size distribution and content of different
 soil particle-sizes in subalpine coniferous forests under different human­induced disturbances 

Fractal dimen-
sion 

Particle size 
(1−0.05 mm) 

Particle size (0.05−0.01 
mm) 

Particle size (0.01−0.005 
mm) 

Particle size (0.005−0.001 
mm) 

Particle size 
(<0.001 mm) 

DPA −0.840  0.767 0.202  0.909   0.996** 

DPB −0.247 −0.127 0.230 −0.947   0.992** 

DMA −0.549  0.124 0.657  0.795 0.936 

DMB −0.367 −0.833 0.768  0.679 0.888 

DPA and DPB stand for fractal dimensions of soil particle-size distribution at A and B horizons respectively. DMA and DMB are the fractal dimensions 
of soil micro-aggregate particle size distribution at A and B horizons. Significance levels: * P<0.05, ** P<0.01. 

Table 3  Correlation between fractal dimensions of soil particle-size, soil micro-aggregate particle size distribution, bulk density and organic matter 
of soil in subalpine coniferous forests under different human­induced disturbances 

Fractal dimension Bulk density Organic matter 

DPA −0.426 0.460 

DPB −0.200 −0.064 

DMA 0.848  −0.963* 

DMB 0.748 −0.817 
DPA and DPB stand for fractal dimensions of soil particle-size distribution at A and B horizons. DMA and DMB are the fractal dimensions of soil        
micro-aggregate particle size distribution at A and B horizons. Significance levels: * P<0.05, ** P<0.01.        
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so its fractal dimension increases. However, strong anthro-
pogenic disturbances cause surface runoff to increase due to 
the direct impact of rainfall on the ground through the forest 
gaps, so that many small-sized soil particles flow away with 
the surface runoff. It is the loss of thin soils and the rough 
soil texture that can result in the fractal dimensions of soil 
to fall (Pang et al., 2002b). 

The soil micro-aggregate consists of aggregated soil par-
ticles. Its quantity and composition is an important index 
showing the effect of soil ventilation, rot-resistance, and 
fertility. In general, with the intensity of the disturbance in-
creasing, the content of giant-aggregates in soil decreases, 
while the content of small-micro-aggregates increases (Ta-
ble 1), soil becomes inseparable and the fractal dimension 
increases (Fig. 2) This research result is similar to the frac-
tal characteristics of soils of original Castanopsis kanakamii 
stands (Liu and Hong, 2001). There is a significant positive 
relationship between the fractal dimension of both A and B 
layers and the content of soil particles (<0.001 mm) (Table 
2). The result indicates that the fractal dimensions of soil 
particles and micro-aggregates can reflect their composition 
or texture. But the significant relationship between the frac-
tal dimensions and soil particles of different size is not dif-
ferent (Liao et al., 2002). The significant negative relation-
ship between the fractal dimensions of soil mi-
cro-aggregates and the content of soil organic matter (Table 
3) is similar to the result of Rasiah et al. (1993). Soil or-
ganic matter and soils with a strong aggregating ability may 
be reduced with increased disturbances. Thus, the fractal 
dimension of soil micro-aggregates increases (Fig. 2). 

The distribution of soil particles and micro-aggregates of 
different sizes is an important index for physical character-
istics of soils. Its irregularity, complication, and unchange-
able standard characteristics make the fractal self-similarity 
distribution become a suitable and natural model. The result 
indicates that fractal dimension can efficiently reflect the 
changes of formation of subalpine coniferous forest soil 
particles and micro-aggregates and the change of the con-
tent of soil organic matter under different intensities of an-
thropogenic disturbances in the Miyaluo area. The method-
ology to model the quantitative relationship between the 
fractal dimensions of subalpine coniferous forest soil parti-
cles and soil fertility characteristics is very important for the 
application of fractal theory in investigating the characteris-
tics of soil structure and its fertility and disclosing the regu-
larity of soil fertility. It may introduce a new method and 
measure for investigation of the subalpine coniferous forest 
eco-system. 

References 

Bao W. K., Wang C. M., Degradation mechanism of mountain ecosys-
tem at the dry valley in the upper reaches of the Mingjiang river, J. 
M. Sci., 2000, 18(1): 57−62 [包维楷，王春明，岷江上游山地生

态系统的退化机制，山地学报，2000, 18(1): 57−62] 
Bao W. K., Chen Q. H., Liu Z. G., Degradation of mountain ecosystem 

in the upper reaches of Mingjiang river and coutermeasures for 

their rehabilitation and reconstruction, Resour. Environ. Yangtze 
Basin, 1995, 4(3): 277−282 [包维楷，陈庆恒，刘照光，岷江上游

山地生态系统的退化及其恢复与重建对策，长江流域资源与环

境，1995, 4(3): 277−282] 
Chen E. F., Zhou L. K., Wu G. Y., Performances of soil microaggre-

gates in storing supplying moisture and nutrients and role of their 
compositional proportion in judging fertility level, Acta Pedol. Sin., 
1994, 31(1): 18−25 [陈恩凤，周礼恺，武冠云，微团聚体的保肥

供肥性能及其组成比例在评断土壤肥力水平中的意义，土壤学

报, 1994, 31(1): 18−25] 
Hu H., Liu S. Q., Chen Q. H., Wang C. Q., Pan K. W., Pang X. Y., 

Changes of soil property in the course of subalpine coniferous for-
ests artificial recovery in western Sichuan, Chin. J. Appl. Environ. 
Biol., 2001, 7(4): 308−314 [胡泓，刘世全，陈庆恒，王昌全，潘

开文，庞学勇，川西亚高山针叶林人工恢复过程的土壤性质变

化，应用与环境生物学报，2001, 7(4): 308−314] 
Li C. B., Ecological Study of Sichuan Forest, Chengdu: Sichuan Sci-

ence & Technology Press, 1990, 16−18 [李成彪，四川森林生态研

究，成都：四川科技出版社，1990, 16−18] 
Liang S. C., Dong M., Wang B. S., Zhang W. Y., Fractal characteristics 

of particle size distributions of mangroves soils in Yingluo Bay, 
Chin. J. Appl. Ecol., 2003,14(1): 11−14 [梁士楚，董鸣，王伯荪，

张炜银，英罗港红树林土壤粒径分布的分形特征，应用生态学

报，2003,14(1): 11−14] 
Liao E. H., Zhang S. R., Deng L. J., Xiang H. Y., Fractal dimensions 

of particle in the hill area and their applications, J. Sichuan Agr. 
Univ., 2002, 20(3): 242−245 [廖尔华，张世熔，邓良基，项虹艳，

丘陵区土壤颗粒的分形维数及其应用，四川农业大学学报，2002, 
20(3): 242−245] 

Lin B., Liu Q., The ecological function of litters in subalpine conifer-
ous forests in western Sichuan, World Sci. Technol. R & D, 2001, 
23(5): 49−54 [林波，刘庆，中国西部亚高山针叶林凋落物的生

态功能，世界科技研究与发展，2001, 23(5): 49−54] 
Lin B., Liu Q., Wu Y., He H., Pang X. Y., Water holding capacity of 

moss litter layers of subalpine coniferous plantations in western 
Sichuan, China, Chin. J. Appl. Environ. Biol., 2002, 8(3): 234−238 
[林波，刘庆，吴彦，何海，庞学勇，川西亚高山人工针叶林枯

枝落叶及苔藓层的持水性能，应用与环境生物学报，2002, 8(3): 
234−238] 

Liu J. F., Hong W., Study on fractal feature of soil fertility under dif-
ferent original castanopsis kanakamil stands, J. Mt. Sci., 2001, 
19(6): 565−570 [刘金福，洪伟，不同起源格氏栲林地的土壤分

形特征，山地学报，2001, 19(6): 565−570] 
Liu Q., Ecological Research on Subalpine Coniferous Forests in China, 

Chengdu: Sichuan University Press, 2002 [刘庆，亚高山针叶林生

态学研究，成都：四川大学出版社] 
Liu Q., Wu Y., He H., Ecological problems of subalpine coniferous 

forest in the southwest of China, World Sci. Technol. R & D, 2001, 
23(2): 63−69 [刘庆，吴彦，何海，中国西南亚高山针叶林的生

态学问题, 世界科技研究与发展，2001, 23(2): 63−69] 
Michel R., Garrison S., Fractal fragmentation, soil porosity and soil 

water properties Ⅰ: Theory, Soil Sci. Soc. Am. J., 1991a, 55: 
1,231−1,238 

Michel R., Garrison S., Fractal fragmentation, soil porosity and soil 
water properties Ⅱ: Applications, Soil Sci. Soc. Am. J., 1991b, 55: 
1,239−1,244 

Nanjing Institute of Soil Science, Chinese Academy of Sciences, 
Physical and Chemical Analysis of Soil, Shanghai: Shanghai Sci-
ence & Technology Press, 1983 [中国科学院南京土壤研究所，土

壤理化分析，上海：上海科技出版社，1983] 
Pan K. W., Liu Z. G., Structure & dynamics of the tree layer of artifi-

cial mixed forests in clear­cut area of subalpine dark coniferous 
forests, Chin. J. Appl. Environ. Biol., 1998, 4(4): 327−334 [潘开



258  

 

文，刘照光，暗针叶林采伐迹地几种人工混交群落乔木层结构

及动态，应用与环境生物学报，1998, 4(4): 327−334] 
Pang X. Y., Hu H., Qiao Y. K., Pan K. W., Liu S. Q., Chen Q. H., Liu 

Q., Nutrient distribution and cycling artificial and natural spruce 
forests in subalpine of western Sichuan, Chin. J. Appl. Environ. 
Biol., 2002a, 8(1): 1−7 [庞学勇，胡泓，乔永康，潘开文，刘世

全，陈庆恒，刘庆，川西亚高山云杉人工林与天然林养分分布

和生物循环比较，应用与环境生物学报，2002, 8(1): 1−7] 
Pang X. Y., Liu Q., Liu S. Q., Wu Y., Lin B., He H., Effect of human­

induced disturbance on soil physical properties of subalpine coniferous 
forests in western Sichuan, Chin. J. Appl. Environ. Biol., 2002b, 
8(6): 583−587 [庞学勇，刘庆，刘世全，吴彦，林波，何海，人

为干扰对川西亚高山针叶林土壤物理性质的影响，应用与环境

生物学报，2002, 8(6): 583−587] 
Perfect E., Rasiah V., Kay B. D., Fractal dimensions of soil aggregate­

size distributions calculated by number and mass, Soil Sci. Soc. Am. 
J., 1992, 56: 1,407−1,409 

Rasiah V., Kay B. D., Perfect E., New mass­based model for estimat-
ing fractal dimensions of soil aggregates, Soil Sci. Soc. Am. J., 
1993, 57: 891−895 

Scott W. T., Stephen W. W., Fractal scaling of soil particles­size dis-
tributions: analysid and limitation, Soil. Sci. Soc. Am. J., 1992, 56: 
362−369 

Scott W. T., Stephen W. W., Application of fractal mathematics to soil wa-
ter retension estimation, Soil Sci. Soc. Am. J., 1989, 53: 987−996 

Taguas F. J., Martin M. A., Perfect E., Simulation and testing of 
self-similarity structures for soil particle­size distributions using it-
erated function systems, Geoderma, 1999, 88: 191−203 

Turcotte D. L., Fractals and fragmentation, J. Geophys. Res., 1986, 91: 
1,921−1,926 

Turcotte D. L., Fractals in geology and geophysics, Pageoph, 1989, 
131: 171−196 

Wu Y., Liu Q., Chen Q. H., Quantitative analysis of species diversity 
and soil factors in 30a subalpine coniferous forest plantations at 
different altitudes, Chin. J. Appl. Environ. Biol., 2001a, 7(5): 
408−415 [吴彦，刘庆，陈庆恒，赵常明，乔永康，亚高山 30a
人工针叶林物种多样性的定量分析，应用与环境生物学报，
2001a, 7(5): 408−415] 

Wu Y., Liu. Q., Qiao Y. K., Pan K. W., Zhao C. M., Chen Q. H., Spe-
cies diversity changes in subalpine coniferous forests of different 
restoration stages and their effects on soil properties, Acta Phy-
toecol. Sin., 2001b, 25(6): 648−655 [吴彦，刘庆，乔永康，潘开
文，赵常明，陈庆恒，亚高山针叶林不同恢复阶段群落物种多
样性变化及其对土壤理化性质的影响,植物生态学报，2001b, 
25(6): 648−655] 

Zhang W. R., Huang Y. L., Liu X. H., The forest soils under fir forest 
of Miaro region in western Szechwan province. In: Forest Society 
of China & Soil Society of China (ed), Soil and Forest, 1981, 15: 
178−193 [张万儒，黄雨霖，刘醒华，米亚罗地区冷杉林下的森
林土壤，见：中国土壤学会森林土壤分会主编，森林和土壤，
1981, 15: 178−193]

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


