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Abstract In the implementation phase of the Conversion
of Cropland to Forest and Grassland (CCFG) project in
China, it is important, from a scientific point of view, to
recognize phytocommunities’ characteristics, species com-
patibility, and ecological function. The ecological niche
that roots occupy, their abundance and distribution, and the
factors that affect them must be acknowledged. Following
the methodology of community ecology, the total root mass
of a phytocommunity is measured as cubic volume. Root
biomass, length, and the number of roots in every diameter
class, for each soil layer and for each plant species, are
regarded as observation variables. In the first instance
therefore, a new method to calculate the root ecological
niche index (RENI) is proposed, embracing the entire
phytocommunity of plantations. Using the new method, the
roots of phytocommunities in Datong County, Qinghai
Province (one of the counties selected for the national
CCFG experiment), are dealt with in this paper. The results
show that most of the vertical distributions of plant roots
belong to the type wherein the roots are concentrated in the
topsoil layer (0-20 cm), far more than those in the lower
soil layers. The RENI of phytocommunities is higher than
that of pure stands or monocultures. The distribution of
RENI by root diameter can be divided into four types: J-
type, inverse J-type, recumbent S-type, and U-type. RENI
is positively correlated with the wet biomass of above-
ground level stems, branches, and plant leaves, and with
the species richness of phytocommunities. Although the
RENIs of plantations in rehabilitated fields are a little lower
than those of natural forests, they are higher than those of
cultivated crops. The RENIs of three community types
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(Picea crassifolia + Hippophae rhamnoides ssp. sinensis,
H. rhamnoides ssp. sinensis, and P. crassifolia) in re-
habilitated fields benefit greatly from the restoration
project. The implementation of the CCFG project is im-
portant for the increase in RENI and the multiple functions
of plant roots.
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1 Introduction

A species niche of phytocommunity reflects not only the
relation within and among species in the community, but
also the mutual status of species and the environment.
Many studies on niche theories concern mainly the
competition and utilization of aboveground plant parts
for light, heat, and water resources. Competition among
underground plant parts also exists for water, heat, air,
fertilizer, and space in the soil, and is even more severe than
for aboveground plants. Phytocommunities do occur in the
soil. The roots of different ecotype plants in a community
and even the roots of the same species in a community
strategically compete for space in different soil layers.
Some plant roots may extend up to dozens of meters below
the soil surface to reach water, and different plants have
different demands for soil chemicals. For a long time,
research on plant roots [1-5] has been an important aspect
in ecology, but many difficulties stand in the way of
progress in the field. Few reports on niches of plant
communities in different soil gradients have revealed the
relation between phytocommunity and soil. We propose a
new concept of soil niche to reflect the ecological extent of
plants in the soil [6—8] because studies of the space that
roots fill are rare. From a scientific point of view, it is
important to acknowledge phytocommunities’ character-
istics, species compatibility, and functions.

For this paper, the authors have obtained measurements
and have studied characteristics that affect roots in order to



recognize the niche that roots occupy. The forest planta-
tions in Datong County [which is one of the counties
selected for the national experimental project of Conver-
sion of Cropland to Forest and Grassland (CCFQG)],
Qinghai Province, are used as examples to provide an
important theoretical base to the project.

2 Methods
2.1 Phytocommunities

The study area of Datong County (36°43'-37°23'N, 100°
51'-101°56'E) in the Beichunahe River basin, a secondary-
grade tributary to the Yellow River, is located in the
transition area of the Loess Plateau and Mount Qilian. The
area is in the middle of the country far from the coast, with
a high elevation ranging from 2,280 to 4,622 m. Con-
tinental climate has an annual sunlight of 2,605 h, an
average annual air temperature of 2.8°C, a maximum air
temperature of 30.9°C (10 August 1972), and a minimum
air temperature of —33.1°C (14 December 1975). The area
has a frost-free period of 70—120 days, annual precipitation
of 508 mm, annual evaporation of 1,290 mm, and moisture
index of 0.56—1.32. The main soil groups in the area are
alpine lithosol, alpine meadow soil, mountain brown
cinnamon soil, chernozem, chestnut soil, irrigation-warp-
ing soil, and bog soil. Vegetation types are cold—temperate
evergreen coniferous forests and deciduous broadleaf
forests. The forests are vertically distributed following
slope directions, especially at higher elevation.

Artificial forests in rehabilitated lands, planted in
different years, are the main study objects. As well, natural
secondary forests, crops, and weeds in degraded lands
formed part of a study in contrast. Climate, topography, and
soil are similar for the entire area, and site type is that of a
shady gentle slope in the lower part of the high mountains.
The basic state of phytocommunities is presented in
Table 1.

2.2 Sampling of roots

For every community, a quadrangle of 10x20 m or
20%x20 m was established with due regard for topography
and other restrictive factors. Relevant site conditions
concerning forest types, communities, and soil conditions
were measured and recorded. In the central part of the
community where little or no interference occurred, soil
profile was selected for measuring soil characteristics and
obtaining root parameters simultaneously with a “soil
volume method” [9]. The soil survey area was 50x100 cm
or 100x100 cm (horizontally and vertically), dug up to the
lowest part of the roots. Three quadrangles were estab-
lished for replication.

From the topsoil surface, series of soil layers (i.e., 0-20,
20—40, 40-60, ..., until a soil layer without roots was
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reached) were established in order to measure the roots in
different soil layers. The roots were carried back to the
laboratory for further measurements.

The roots of every soil layer were washed in clean net
bags, aired, and classified. The standard of classification
for root diameter consisted of five degrees [10,11]: <1, 1-3,
3-5, 5-10, and >10 mm. For each layer, root numbers were
counted, and the root lengths and weights of root biomass
were measured.

We sampled every grade of the roots, dried them to a
constant weight in an oven at 80°C, and calculated
horizontal root parameters.

2.3 Calculation of root parameters

As the main part of a phytocommunity, roots play not only
the basic function of support but also that of absorption and
transportation. Nearly all water and minerals from the soil
are absorbed by and transported to aboveground plant parts
through the roots. Measurements of roots include root
biomass, and the length and number of roots, representing
two different concepts. In the calculations, the single
concept of root biomass neglects very small roots, while
the concept of root length and number disregards thick
roots. The two concepts should be considered as one entire
system for the evaluation of root measurements. Therefore,
we propose a new concept: the root ecological niche index
(RENI). This does away with the original simple calcula-
tion for root niche, which is based only on root biomass
[12,13].

2.3.1 Calculation of RENI

Suppose that the roots exist in a region of three-dimen-
sional space D € R*; that the vertical dimension consists
of soil layers D; (i = 1, 2, ...; for 0-20, 20—40 cm, ...);
that roots of different diameters R; (j = 1, 2, 3, 4, 5; for <I,
1-3,3-5, 5-10, and >10 mm) are encountered horizontally;
and that dimension /(k=1, 2, 3) is the index for root biomass
(W), root length (L), and root number (V). Then, Z=f(D,,R,,
I,) Z € R*. Z stands for the set of root parameters of different
diameters in different soil layers in one phytocommunity.

In our methodology, the entire study area will be treated
as one system, which requires that all data be standardized
to the maximum of three root indices and be summed by
root diameter groups in each soil layer in order to obtain the
RENI of each root layer:

1
Ej=3 Z Z (W/Winax + Lip/Linax + Nig/Nimax) (1)
2 J

where Ej; is for RENI of one diameter or soil layer, and
W inaxs Lmax, and Ny, are the maximum values of W, L

> Hijs
and Ny, respectively.
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Table 1 Information on main phytocommunities in the survey area

Quadrangle Land-use type Dominant plant

Forest age / H /m Diameter at Breast Coverage /

number years Height /cm %

Q71901 Rehabilitated herbage land in 2001 Paeonia veitchii 90

Q71902 Rehabilitated forestland Larix principis-rupprechtii 17 6.7 6.5 95
in 1988

Q72001 Rehabilitated grassland Medicago sativa 95
in 2001

Q72201 Rehabilitated forestland Picea crassifolia 13 1.5 21 98
in 1995

Q72301 Native secondary forestland Betula platyphylla 50 69 92 92

Q72302 Rehabilitated forestland L. principis-rupprechtii 18 6.7 7.0 92
in 1987

Q72401 Abandoned fields in 1995 Elymus nutans 98

Q72402 Cropland Pisum sativum 98

Q72901 Native bush land Contoneaster adpressus 30 0.2 85

Q80201 Native secondary forestland P, crassifolia + B. platyphylla 50 20.0 27.3 90

Q80301 Native secondary forestland P, crassifolia 55 16.3 24.4 90

Q80302 Native secondary forestland Populus davidiana 40 5.8 9.6 95

Q80901 Rehabilitated forestland P. crassifolia 27 6.8 9.1 92
in 1982

Q80902 Rehabilitated forestland L. principis-rupprechii 23 6.8 7.2 85
in 1982

Q80903 Rehabilitated forestland Hippophae rhamnoides ssp. sinensis 11 25 24 90
in 1994

Q81001 Cropland Triticum aestivum 98

Q81002 Cropland Brassica campestris 98

Q81101 Rehabilitated forestland B. platyphylla + 23 85 87 90
in 1982 H. rhamnoides ssp. sinensis

Q81102 Rehabilitated forestland Populus cathayana + B. platyphylla + 10 6.0 73 60
in 1995 H. rhamnoides ssp. sinensis

Q81103 Rehabilitated forestland P, crassifolia + 15 4.0 4.6 92
in 1993 H. rhamnoides ssp. sinensis

Q81201 Rehabilitated forestland Po. cathayana + 23 82 11.2 85
in 1982 H. rhamnoides ssp. sinensis

From the sums of all £;;, we may obtain the RENI (E) for
a particular phytocommunity:

E= Z Ej. )
iJ

A revised E (or E') is obtained by dividing £ by the
maximum value of Ej;.
2.3.2 Auxiliary indices
Following the methodology of community ecology [14,15],

the following important values need to be calculated for
different diameters and soil layers:

=W +L +N (3)

where Iy stands for importance value and W,, L ', and N are

relative biomass, length, and number of roots, respectively:
D=> P 4)
=1

In the formula, D stands for Simpson’s dominance index,
S is the number of species in a community (for different
diameters and soil layers), and P; is the ratio of Iy; over Iy:

J = H/Hmax. (5

H stands for the Shannon—Weiner diversity index, and J is
the Pielou evenness index. H,,,=In S, where H, H ., and
S are as defined before.

Richness represents the number of species in a certain
community (the number of different diameters and soil
layers).

These indices form the index system, which measures
the roots of the phytocommunity together with RENI.



3 Results and analysis
3.1 Vertical distribution pattern of RENI

Through an analysis of the vertical distributions of RENI,
we may derive models that aim to describe the distribution
and variation of roots in the soil space. The thick root layer
in the soil strengthens the antiscourability and antierod-
ibility of soil layers.

The topsoil (0-20 cm) in most sites has a thick
concentration of roots, referred to as the active root layer
(Fig. 1). This is very useful for an ecoproject because it
avoids soil erosion in the topsoil, given that this layer, with
its concentration of thick roots, happens to be the potential
soil erosion layer. The topsoil has a high RENI, an
indication that this layer strengthens the function of
antierosion by an increase in the cohesion of soil particles
and by its mechanical fixation of the soil through the
distribution of thick roots in the topsoil layer.

The results show that most of the vertical distributions of
plant roots in Datong belong to the type wherein the roots
are concentrated in the topsoil layer (0-20 c¢cm), far more
than those in the lower layers. Some other soil profiles can
be found with more variations in RENI among soil layers,
such as Q80302, Q81101, and Q81103, which belong to
the mixed types of deep- and shallow-rooted plants. These
soils function well because they use soil nutrition ef-
ficiently and, at the same time, avoid gravitational erosion
through their deep thick roots in the soil.

The distribution of roots depends both on soil character-
istics and the biological identity of their phytocommunity.
As a general rule, the thicker and dryer is the soil, the
deeper the roots are distributed. The reverse is true as well.
The intrinsic characteristics of plants, such as their depth,
are genetic characteristics of plants after generations of
adaptability to the environment. These are important traits
that determine the distribution of roots. The characteristics
of deep and shallow roots vary with the ecoconditions of
the soil in certain circumstances. A phytocommunity is
always a combination of trees, shrubs, and grasses of many
kinds. Roots distribute in soil layers and utilize the soil
efficiently, through a symbiotic advantage of plants in the
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community, so that the realized niche will approach the
fundamental niche [16]. The roots of phytocommunities
have a higher RENI than those of pure stands or mono-
cultures. The revised RENI (£’) of pure native forests of
Picea crassifolia is 0.657, while that of a mixed forest of P,
crassifolia and Betula platyphylla is 1.000, illustrating that
the £ of pure stands is only 65.7% of that of the mixed
stands.

3.2 Distribution patterns of RENI through root
diameters

The RENI concept defined by the authors reflects the
characteristics not only of the vertical distribution of roots,
but also of the quantitative distribution of different root
diameter grades. The analysis of the distribution patterns of
RENI by way of root diameters can determine which
grades of roots are most important for RENI (Fig. 2). The
distribution of RENI can be divided into four types:

J-type: RENI increases with root diameter grades, in
which thick roots >10 mm in diameter have the highest
RENI (e.g., phytocommunities Q72001 and Q80301).
This type can be called thick root type.

Inverse J-type: in contrast to the J-type, RENI de-
creases with root diameter grades in which thin roots
<1 mm have the highest RENI (e.g., phytocommunities
Q71901, Q72301, Q72401, Q80302, and Q80903).
This type can be called thin root type.

Recumbent S-type: this is a type with a high RENI in
small root diameters. The lowest and highest values
appear in the diameter grades of 3—5 and 5—10 mm, and
RENIs are small again when root diameters exceed
10 mm (e.g., phytocommunities Q72901, Q80902, and
Q81201).

U-type: RENI decreases through the root diameter until
the diameter grade of 5-10 or >10 mm. As a general
rule, RENIs for diameters <1 mm are larger than those
of diameters >10 mm (e.g., phytocommunities
Q71902, Q80201, and Q80901). The communities of
Q72302, Q81002, and Q81101 belong to this type, but
the RENI for the diameter grade >10 mm is larger than
that for <1 mm.

Fig. 1 Relationship between 25T Q71902 Q72001 —¥—Q72201
the soil depth and the RENI of \
different phytocommunities 20 F —@—Q72401 ——Q72402 Q80201
Q80301 Q80302 —@—Q80901
o r Q80902 —3¢— Q80903 —K— Q81101
Z
§ 10 F —4—Q81102 —¢—Q81103
05
0.0 K !
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Soil depth /ecm
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Fig. 2 Relationship between
the root diameter and the RENI
of phytocommunities
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The fact that P. crassifolia is represented by three of the
four types is due to the different communities of P,
crassifolia. The J-type represents a natural forest, and the
inverse J-type represents plantations in rehabilitated lands
with few trees and dense shrubs and grasses. The U-type
includes natural forests of mixed P. crassifolia and B.
platyphylla and artificial forests of mixed P. crassifolia and
Hippophae rhamnoides ssp. sinensis. The distributions of
RENIs of different root diameter grades reflect the re-
lationships between the roots of communities and ecoen-
vironments. For plants of the J-type, most roots are thick,
deeply imbedded in the soil, and act as soil stabilizers.
Plants of the inverse J-type have more fibrous roots and are
found in the topsoil layers. They have antiscouring and
antierosion functions. Community roots of the recumbent
S-type and U-type are transitional and exhibit character-
istics of both the J-type and the inverse J-type, with
moderate values. The results were obtained in similar
climatic, topographic, and soil conditions, but, in most
cases, there are many factors, such as soil depth, structure,
texture, and layers, that affect the distribution of roots.
These conditions require further study.

3.3 Contrast of RENI among rehabilitated forests,
natural forests, and crops

Various types of information on the structure and function
of plant roots are reflected in RENI, and the index could be
used as the main index for comparing roots among
plantations, natural forests, and crops in order to study
variations in RENI from crops to plantations during the
rehabilitation process. The RENIs in the three kinds of
vegetation are shown in Fig. 3.

From Fig. 3, we see that the RENIs of natural forests of
P crassifolia + B. platyphylla and P. crassifolia that are
older than 50 years are higher than others because their
distribution is natural, not an artificial construct. The
RENIs of some plantations in rehabilitated lands are so
high that they even exceed the values of some natural
forests such as B. platyphylla and of major local cultivated
crops. The results show that the CCFG project is a good
way of restoring vegetation as long as suitable plants are
selected for prevailing site conditions. It seems that the
functions of plantations will approach or exceed those of
natural forests in the future. The RENIs of three community
types (P. crassifolia + H. rhamnoides ssp. sinensis, H.
rhamnoides ssp. sinensis, and P. crassifolia) in the
rehabilitated fields have the highest RENIs of all planta-
tions. The RENI of Triticum aestivum is the highest among
the cultivated crops due to its good adaptation to local
natural conditions.

The means of the RENIs of natural forests, plantations,
and crops are 0.478, 0.324, and 0.072, respectively. The
RENTI of natural forests is fairly high, while the RENI of
plantations is 67.8% that of natural forests, owing to the
fact that they are adjacent to natural forests. The RENIs of
crops are the lowest of all three categories and account for
15% of that of natural forests and for 22.1% of that of
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plantations on rehabilitated lands. In succession, the RENIs
of crops, plantations in rehabilitated lands, and natural
forests increase gradually, implying that plantations are
spreading their roots both in a horizontal and in a vertical
direction to play a function like that of a reinforcing steel
bar [17]. The deep and shallow roots in the soil play a
supporting function for ground vegetations and, at the same
time, utilize nutrients and water in the soil, hold nutrients,
and conserve soil around the roots of vegetations.

3.4 Analysis of the main biological factors
affecting RENI

Besides ecological factors, biological factors also influence
RENIs and affect the growth indices of the aboveground
parts of communities and community root indices.

3.4.1 Relation between the growth indices
of the aboveground parts of communities and RENI

Many investigators have shown [18-20] that, although the
aboveground parts and underground parts of plants occupy
different ecoenvironments, both share many attributes.
Using the age, canopy layers, total coverage, average
height, and wet biomass of the aboveground plant parts as
independent variables, stepwise regression results show
that the wet biomass of the aboveground plant parts is the
most important factor to affect RENI. The regression model
is as follows:

R = 0.0005693W + 0.183 (6)
where R stands for RENI and W stands for wet biomass
(t/hm?).

The relation between these two variables shows a very
strong positive correlation (reliability of 99%; R =
0.9734).

The analysis of variance of the regression model
indicates that the F value is 25.7. A positive correlation
between aboveground and underground plant parts exists;
thus, it is important to implement a rational management of
the aboveground parts of the community to increase RENI.

3.4.2 Relation between community indices and RENI

Community indices are gained from important values of
different root diameters and layers. These indices include
the Simpson dominance index, the Shannon—Weiner
diversity index, and the Pielou evenness index. The
relationships are shown in Fig. 4. The relationship between
the Simpson dominance index and the Shannon—Weiner
diversity index is negative; the Pielou evenness index and
the Simpson dominance index are also negatively corre-
lated; while the correlations between the Shannon—Weiner
diversity index and the Pielou evenness index, and between
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Fig. 3 Comparison of the RENIs of different origins of phytocommunities

richness and the Shannon—Weiner index are positive. A
high Simpson dominance index indicates low root layers
and root diameter grades; in contrast, a high Shannon—
Weiner diversity index reveals high root layers and root
diameter grades.

The regression shows a positive correlation between
RENI and the Pielou evenness index; the F test is highly
significant. The coefficient of determination reveals that
65.5% of the variation of RENI is explained by the Pielou
evenness index. The regression model is as follows:

where £’ is the revised RENI and R is the Pielou evenness
index.

The Pielou evenness index reflects the root layers and
root diameter grades and can be used to indicate the
distribution depth of the roots. The deeper the roots spread,
the higher is the Pielou evenness index.

RENIs correspond with the community and growth
indices of the aboveground plant parts and reflect multiple
characteristics of the community. The proposal of RENI is
a feasible, reliable, and scientific concept to describe the
characteristics of community roots.
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4 Discussion and conclusion

Ecological niche refers to the relative position of a species
in a community, or the temporal—spatial characteristics and
function of a species in the whole community [21]. Every
species has its own niche in a community. A niche has the
characteristics of specialty, hierarchy, regionality, timing,
regulation, relative stability, and measurability [22]. Niche
is not only the allocation of species in a community, but
also the cause of origin and development, the evolution of
the species, species competition, and the cooperative
evolution of community [23]. So-called species relations
often refer to the aboveground parts of plants, but a
relationship always exists as well in the underground plant
parts. The relation among roots and the environment is
defined as a new concept (i.e., the RENI). RENI represents
location in the soil, characteristics of circulation of matter,
energy flow, and the information transmission of the roots
of a phytocommunity. RENI differs from the definition of
ecological niche width, which refers to the sum of every
kind of resource for the utilization of species or communities
[24].

Following the method of community ecology [25], we
have proposed here a new niche method, the RENI, that
embraces the entire phytocommunity of plants. In the
methodology, all of the study areas will be treated as one
system, which requires that all data be standardized to a
maximum of three root indices and be summed by root
diameter groups in each soil layer in order to obtain the
RENTI of each root layer. We define the sum of all RENIs of
each soil layer as the RENI of the phytocommunity in order
to be able to easily and scientifically compare different
plant communities in the area.

In the new method we proposed, we dealt with the roots
of the phytocommunities in Datong County, Qinghai
Province—one of the counties selected for the national
CCFG experiment. The results show the following:

1. The roots of most communities are distributed in the
topsoil layer, and the RENI in 0-20 cm of soil layer is
obviously higher than that in other layers, although
there are some types in which the RENI decreases
gradually from the top to the lower soil layers. All root
types are adaptive to their soil environment. The
topsoil has a high RENI, which indicates strong
abilities for antierosion and antiscourability by means
of increases in the cohesion of soil particles and the
mechanical fixation of the soil through the distribution
of thick roots in the topsoil layer.

2. The distribution patterns of RENIs of most commu-
nities can be divided into four types: J, inverse J,
recumbent S, and U. For plants of the J-type, most
roots are thick, deeply imbedded in the soil, and act as
soil stabilizers. Plants of the inverse J-type have more
fibrous roots and are found in the topsoil layers. They
have antiscouring and antierosion functions. Commu-
nity roots of the S-type and U-type are transitional and
exhibit characteristics of both the J-type and the
inverse J-type with moderate values.
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3. Adjacent to natural forests, the RENI of plantations is
67.8% of that of natural forests. The RENIs of crops
are the lowest in the three categories studied and
account for 15% of that of natural forests and for
22.1% of that of plantations in rehabilitated forests.
The RENIs of the three community types (P
crassifolia + H. rhamnoides ssp. sinensis, H. rham-
noides ssp. sinensis, and P. crassifolia) in the
rehabilitated fields are the highest from among all
plantations. From crops to plantations in rehabilitated
lands to natural forests, RENI increases gradually. This
indicates that plantations spread their roots both
horizontally and vertically to play a very important
function (like that of a reinforcing steel bar) in
protecting soil layers.

4. RENI is positively correlated with the wet biomass of
aboveground plant parts and with the species richness
of the phytocommunity. Such positive correlation also
exists in the growth of aboveground and underground
parts of communities. More attention should be paid to
the management of communities by increasing the
growth of aboveground plant parts. As well, the
implementation of mixed and intercropping methods
among different plants is an important way to raise
RENI and to influence the many ecological functions
of phytocommunities.

Acknowledgement This study was financially supported by the
National “973” Project (Grant No. 002CB111503) and the National
Tenth “Five-Year Plan”(Grant No. 2001BA510B01).

References

1. Chen W. and Xue L., Root interactions: competition and
facilitation, Acta Ecol. Sin., 2004, 24(6): 1243-1251 (in
Chinese)

2. Huang J.-H., Han X.-G. and Chen L.-Z., Advances in the
research of (fine) root biomass in forest ecosystem, Acta Ecol.
Sin., 1999, 19(2): 270-277 (in Chinese)

3. LiY., Xu X.-Q. and Zhu X.-M., Study on validity of improving
soil physical properties by artificial Chinese pine roots in the
Loess Plateau, Sci. Silv. Sin., 1993, 29(3): 193-198 (in
Chinese)

4. Li Z.-W., Yang Y.-S. and Wu Y.-X., Study on roots of mixed
forests of Chinese fir and phoebe, Chin. J. Ecol., 1993, 12(1):
20-24 (in Chinese)

5. Liu J.-J., A review on root ecology of forest trees, J. Northwest
For. Coll., 1998, 13(3): 74-78 (in Chinese)

6. Wang R.-Z., The niche breadths and niche overlaps of main
plant populations in Leimus chinensis grassland for grazing,
Acta Phytoecol. Sin., 1997, 21(4): 304-311 (in Chinese)

7. Yu S.-X. and Orlioci L., Multivariate measure of niche breadth,
Acta Ecol. Sin., 1994, 14(1): 32-39 (in Chinese)

8. Yang W.-Q. and Song G.-Y., Theory of soil niche and its
application, World Sci. Technol. Res. Dev., 2001, 23(2): 21-23
(in Chinese)

9. Borm W., Roots Study Method, Beijing: Science Press, 1985,
18-95 (in Chinese)

10. Zhao J.-R., Sun L.-D. and Zhu J.-Z., Study on Shrubs for Soil
and Water Conservation in the Loess Plateau, Beijing: China
Forestry Press, 1994, 33-34 (in Chinese)



20

11.

12.

13.

14.
15.

16.

17.

Hu J.-Z., Experimental Method of Plant Introduction and
Cultivation, Zhenzhou: Yellow River Water Conservancy Press,
2002, 101-108 (in Chinese)

Shan J.-P. and Tao D.-L., Overseas research trends on tree fine
roots, Chin. J. Ecol., 1992, 11(4): 46—49 (in Chinese)

Zhu Q.-K. and Zhu J.-Z., Sustainable Management Techniques
of Converting Cropland into Forestland and Grassland in the
Loess Plateau, Beijing: China Forestry Publishing House, 2003,
179-186 (in Chinese)

Ge F., Modern Ecology, Beijing: Science Press, 2002, 251-258
(in Chinese)

Song R.-Y.,, Li Q.-F. and Niu C.-J., Basic Ecology, Beijing:
Higher Education Press, 2002, 140-144 (in Chinese)
Hutchinson G. -E., A Treatise on Limnology: Geography
Physics and Chemistry, New York: Wiley, 1957, 11-53 (in
Chinese)

Zhou D.-P. and Zhang J.-Y., Engineering Technique of Plant
Protection for Slope, Beijing: China Communications Press,
2003, 62—78 (in Chinese)

18.

19.

20.

21.
22.

23.
24.
25.

Wang C., Jing Y.-H. and Liu J.-S., Root biomass of natural
Japanese red pine in Yanbian area, J. Beijing For. Univ., 1999,
21(1): 44—49 (in Chinese)

Liang J.-P, Liang Y.-Z., Zhang Y.-L., Study on the root
biomass of Pinus tablaeformis Carr., Henan Sci. Spec. Issue,
1999, 17: 77-79 (in Chinese)

Hu J.-Z., Discussion on fuzzy cluster and rules of growth and
distribution of seabuckthorn roots, Sci. Silv. Sin., 1992, 28(1):
22-29 (in Chinese)

Grinnell J., The niche-relationship of the California thrasher,
Auk, 1917, 34: 427-433

Zhang G.-M. and Xie S.-C., Development of niche concept and
its perspectives: a review, Chin. J. Ecol., 1997, 16(6): 46-51 (in
Chinese)

Zhou J.-L., Zheng S.-Z. and Yang C., Plant Population Ecology,
Beijing: Higher Education Press, 1992, 3497 (in Chinese)
Song Y.-C., Vegetation Ecology, Shanghai: Eastern China
Normal University Press, 2001, 45-61 (in Chinese)

Li B., Survey and analysis for phyto-community, In: Jiang S.
(ed.), Method of Grassland Ecology, Beijing: Agricultural
Press, 1989, 45—79 (in Chinese)



	Root Ecological Niche Index and Root Distribution Characteristics of Artificial Phytocommunities in Rehabilitated Fields
	Abstract
	Introduction
	Methods
	Phytocommunities
	Sampling of roots
	Calculation of root parameters
	Calculation of RENI
	Auxiliary indices


	Results and analysis
	Vertical distribution pattern of RENI
	Distribution patterns of RENI through root diameters
	Contrast of RENI among rehabilitated forests, natural forests, and crops
	Analysis of the main biological factors affecting RENI
	Relation between the growth indices of the aboveground parts of communities and RENI
	Relation between community indices and RENI


	Discussion and conclusion
	References




<<
  /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
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SPSFont4Medium
    /SpsFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

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


