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artificial grassland in vegetation
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three-river headwaters region
of China
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of Poyang Lake Wetland and Watershed Research, Ministry of Education, Jiangxi Normal University,
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China University of Geosciences, Wuhan, China, 4Key Laboratory of Land Surface Pattern and
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Establishing an artificial grassland is a common measure employed to restore

heavily degraded alpine grasslands for regional sustainability. The Three-River

Headwaters Region in China has significant areas of black-soil-type grassland

which is typified by heavy degradation; nearly 35% of the grassland regions in the

Three-River Headwaters Region has degraded into this type. There are different

plant community types of black-soil-type grasslands, however, it is not clear

which restoration measures should be adopted for different kinds of black-soil-

type grasslands. Here, we investigate the plant community characteristics and

soil physicochemical properties of artificial grasslands, two types of black-soil-

type grasslands, and native undegraded grassland in the Three-River Headwaters

Region, then analyzed the direct and indirect interactions between the plant and

soil properties by partial least squares pathmodels (PLS-PM). Our results revealed

that establishing artificial grassland significantly increased aboveground biomass

and plant community coverage, and also decreased plant species richness and

diversity and soil water content, soil organic carbon and total nitrogen in the 0-10

cm soil layer as compared with black-soil-type grasslands. Plant community

diversity had a positive effect on plant community productivity, soil nutrient, and

soil water content in native undegraded grassland. These results suggest that

more management interventions are needed after establishing an artificial

grassland, such as reducing dominant species in two types of black-soil-type

grasslands, water regulation in the A. frigida-dominated meadow, diversifying

plant species (i.e., Gramineae and sedges), and fertilizer addition.

KEYWORDS

degraded alpine grassland, artificial grassland, plant-soil interaction, restoration
management, partial least squares path models
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1 Introduction

The Three-River Headwaters Region is located in the hinterland of

the Qinghai-Tibetan Plateau, which is the source region of the Yangtze

River, the Yellow River, and the Lancang (Mekong) River, known as

“Asia’s water tower” (Mao et al., 2016). It is important for the ecological

security of China and the countries surrounding the Qinghai-Tibetan

Plateau (Shao et al., 2017). The alpine grassland biome is the main

ecosystem of this area, which provides important ecosystem functions

and services, such as climatic regulation (Liu et al., 2018; Dai et al.,

2021), biodiversity conservation (Dong et al., 2020), soil erosion

prevention (Wang et al., 2016) and habitat for both grazing livestock

and wildlife (Liu et al., 2017; Lu et al., 2017; Liu et al., 2021), as well as

the carbon sequestration (Feng et al., 2010; Chen X. et al., 2021).

However, the Three-River Headwaters Region has experienced

grassland degradation because of its fragile ecosystem, climate, and

human influence (Guo et al., 2019; Wu et al., 2021). Nearly 35% of the

grassland area has been heavily degraded into black-soil-type grassland,

which is typified by bare land with no plants in the cold season and

covered with forbs or poisonous plants in the warm season (Ma et al.,

2002; Shang and Long, 2007; Dong et al., 2018). This has reduced plant

coverage, species biodiversity, soil nutrient availability (Wen et al.,

2013; Peng et al., 2018), and regional ecosystem stability (Dong et al.,

2020; Yang and Sun, 2021). Furthermore, grassland degradation has an

increasingly negative impact on regional security and social

sustainability (Harris, 2010).

The restoration of the black-soil-type grassland is of vital

importance and has received considerable study e.g., Wu et al.,

2010; Dong et al., 2013; Wen et al., 2018). Approaches such as

fencing enclosures (Chen X. et al., 2021; Du and Gao, 2021),

application of fertilizers (Luo et al., 2017), or seeding (Shang

et al., 2008) were conducted to restore degraded grasslands.

However, none of these measures had significant positive effects

on black-soil-type grasslands, which indicated that favorable

natural restoration approaches were difficult for its rehabilitation

(Shang and Long, 2007). One recent attempt to overcome this issue

employed establishing Elymus nutans artificial grassland in black-

soil-type grasslands (Feng et al., 2010; Wen et al., 2018). Some

researches revealed that artificial grassland could be used as an

effective restoration approach to improve productivity and regulate

community and soil properties in black-soil-type degraded

grasslands (Wu et al., 2010; Gao et al., 2019).

Many studies have analyzed the restoration effect of artificial

grasslands by examining the effects on soil nutrients or vegetation

characteristics at distinct intervals after the recovery work [e.g., 4-

year, 6-year or 9-year (Wu et al., 2010; Gao et al., 2019)], and those

results suggested an artificial grassland in black-soil-type grasslands

requires a long-term for recovery (~ 16-18 years). However, there

are different types of plant communities in black-soil-type grassland

(Dong et al., 2010), but few studies have focused on the effect of

rebuilding artificial grasslands as compared with different kinds of

black-soil-type grasslands or healthy grasslands. It’s yet unclear

whether the targeted restoration measures should be adopted in

different kinds of black-soil-type grasslands. Furthermore, many

studies have reported correlations between soil properties, such as
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soil moisture or nutrients, with alpine grassland properties, such as

grassland aboveground biomass or biodiversity (Li et al., 2014;

Fayiah et al., 2019; Faucon, 2020; Li et al., 2020; Xiao et al., 2022).

Yet, little is known about the direct and indirect interaction between

plant community characteristics and soil physicochemical

properties, which is required for efficient and sustainable

restoration practice in a degraded grassland ecosystem (e.g.,

ameliorate soil properties favoring autochthonous species) (Shen

et al., 2015; Maiti and Ghosh, 2020; Peng et al., 2020).

Here, we investigate plant community characteristics and soil

physicochemical properties in artificial Elymus nutans grasslands,

two types of black-soil-type grasslands, and healthy Kobresia

grassland. Our objectives are: (i) examine the differences in soil

characteristics and plant communities among these grassland types,

(ii) understand which targeted restoration measures (if any) should

be adopted for different types of black-soil-type grasslands. The

results of this study may help guide future grassland restoration

programs in the Three-River Headwaters Region or other regions

that face similar issues.
2 Materials and methods

2.1 Study sites

The study area (31°45′N-39°19′N, 89°27′E-103°04′E) is located
in the source region of the Yangtze River, the Yellow River, and the

Lancang (Mekong) River (Figure 1). The altitude ranges from 2610

to 6950 m, with an average elevation of 4500m and many high

mountains peaks. The site has a typical plateau continental climate

with annual mean temperature ranges from -5.38 to 4.14°C, annual

precipitation ranges from 262.2 to 772.8mm and annual

evaporation rate ranges from 730 to1700 mm (Yi et al., 2012; Cao

and Pan, 2014). The typical vegetation of the region are alpine

meadows dominated by sedges and Gramineae, such as Kobresia

pygmaea, Kobresia capillifolia and Poa annua. The soil is defined as

alpine meadow in the Chinese Soil Classification System (Shi

et al., 2006).
2.2 Field sampling design

Field sampling was conducted from July through August in 2019

and 2020 at the peak of the growing season to minimize differences

due to the time of year. The sites were chosen to represent true

replications of K.pygmea-dominated meadows (KM), P.anserina-

dominated meadows (PM), E.nutans-dominated grasslands (EG),

and A.frigida-dominated meadows (AM). KM represents healthy

grassland, PM and AM are two kinds of black-soil-type grasslands,

and EG is the artificial grassland (Table 1). We established six sites

for each kind of grassland. At each site, a 10m×10m plot was

randomly chosen. Within each plot, three 0.5m×0.5m quadrats

were placed to survey vegetation and soil. In total, 72 quadrats (24

sites × 3 quadrats) were sampled, and the geographical coordinates

were also recorded for each plot. Black-soil-type grasslands tend to
frontiersin.org
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occur near artificial grasslands, therefore, sometimes these sampling

sites would be set up in the same area.
2.3 Plant community survey

We investigated plant community characteristics, including

species identity, height, coverage, abundance and aboveground

biomass of each species in each quadrat. Plant coverage was

represented by the ratio of the shady area of a specific species to

the total area of a quadrat. The plant species were clipped and then

put into an envelope for each quadrat. We determined the

aboveground biomass for every quadrat by weighing the plants

after drying at 65°C to a constant weight. We calculated the Gleason

index (G), Shannon-Wiener index (H′), Simpson index (D) and

Pielou index (J) to characterize the richness, diversity and evenness

of plant community:

Pi=(RC+RA+RH)=3 (1)
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G=S=InA (2)

H 0=−o PiInPi (3)

D=1−o Pi2 (4)

J=H 0=InS (5)

where Pi is the important value of the species in the plant

community site, RC is the relative coverage, RA is the relative

abundance, and RH is the relative height. S is the sum of the species

in the site and A is the area of the site.
2.4 Soil physicochemical
properties’ measurement

We collected topsoil (0-5 cm) and subsoil (5-10 cm) samples

from the plot after the plant community survey. Oven-drying was
FIGURE 1

The distribution of vegetation types and sampling sites on the Three-River Headwaters Region. The vegetation map is based on a 1:1,000,000 scale
vegetation distribution map of China (http://westdc.westgis.ac.cn). EG, E.nutans-dominated grassland; PM, P.anserina-dominated meadow; AM,
A.frigida-dominated meadow; KM, K.pygmea-dominated meadow. Some sampling points are located relatively close to each other, resulting in
overlapping symbols on the map.
TABLE 1 Characteristics of sampling sites in the Three-River Headwaters Region.

Grassland type Abbreviation Altitude(m) Main plant species

Healthy grassland K.pygmea-dominated meadow KM 4318 Kobresia pygmaea, Poa annua,
Carex alatauensis, Carex myosuroides

Black-soil-type grasslands P.anserina-dominated meadow PM 4208 Potentilla anserina, Knorringia sibirica,
Lagotis brachystachya, Microula sikkimensis

A.frigida-dominated meadow AM 4118 Artemisia frigida, Ajuga lupulina,
Elsholtzia densa

Artificial grassland E.nutans-dominated grassland EG 4130 Elymus nutans, Poa annua
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used to measure soil bulk density (BD) and soil water content (SW)

through drying the soil sample of the steel cutting rings. Soil pH and

electrical conductivity (EC) were measured from a soil water ratio of

1:2.5 with a pH meter and conductivity meter. Soil organic carbon

(SOC) was determined using the dichromate oxidation method.

Total nitrogen (TN) was analyzed by the Kjeldahl method. Total

potassium (TK) and total phosphorus (TP) were measured by flame

photometer and molybdenum antimony resistance colorimetry

after wet digestion with H2SO4 and HCLO4. The soil particle size

composition was measured by the laser scattering particle size

distribution analyzer, and we classified soil as clay, silt and sand

by international particle size standards.
2.5 Analysis of the plant-soil interaction

The Shapiro-Wilk normality test and Bartlett’s test of

homogeneity were performed to check for normality and equal

variance among groups. The plant community characteristics of

four groups were non-normal data and all showed variance

heterogeneity. Thus, we compared the vegetation parameters

between four groups with the Mann-Whitney U test by using the

wilcox.test function in R. Spearman correlation coefficients were

used to characterize the relationship between the soil properties and

the plant community. To screen the important soil properties that
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influenced the plant community, we performed the random forest

model with R-package “linkET”.

We constructed a partial least squares path models (PLS-PM)

that provide a comprehensive view of a system by modeling multiple

relationships between its components to better integrate the

interaction among plant community characteristics and soil

physicochemical properties. In the PLS-PM framework, a latent

variable is viewed as a concept and is linked to a set of

measurements. Our latent variables included soil physical

properties, soil nutrient content, plant characteristics, and plant

diversity. We identified these latent variables by choosing the

important soil properties based on the results of the random forest

model, for example, soil nutrients including SOC and TN. PLS-PM

was performed using the “plspm” R-package. All statistical analyses

were conducted using R version 4.1.2 unless noted otherwise.
3 Results

3.1 Vegetation parameters in different plant
community grasslands

The four kinds of plant community grasslands showed different

plant community characteristics (Figure 2). The coverage and

Gleason index were significantly higher in KM as compared with
A B D

E F G H

C

FIGURE 2

Boxplot of vegetation parameters. (A) Coverage of plant community; (B) Height of plant community; (C) Gleason index; (D) Shannon-Wiener index;
(E) Simpson index; (F) Pielou index; (G) Important value of forbs; (H) Aboveground biomass. Significant P values were shown in boxplot. * means
adjusted P values ≤ 0.05, ** means adjusted P values ≤ 0.01, *** means adjusted P values ≤ 0.001 and **** means P ≤ 0.0001, if not indicated,
means adjusted P values > 0.05. EG, E.nutans-dominated grassland; PM, P.anserina-dominated meadow; AM, A.frigida-dominated meadow; KM,
K.pygmea-dominated meadow.
frontiersin.org

https://doi.org/10.3389/fpls.2023.1152405
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org


Wang et al. 10.3389/fpls.2023.1152405
the other three kinds of plant community grasslands (P ≤ 0.001,

Figures 2A, C), while PM and AM exhibited no significant

differences (Figures 2A, C). The average height of EG was the

highest (P ≤ 0.0001, Figure 2B), but there were no significant

differences in the other three groups. The important value of

forbs and Pielou evenness index in PM and AM were higher than

that in EG and KM (P ≤ 0.0001, Figure 2G). Conversely, the

aboveground biomass of EG and KM was significantly greater

than PM and AM (Figure 2H). The plant diversity index

(Shannon-Wiener and Simpson) was similar among PM, AM,

and KM, and the lowest diversity index was recorded in EG
Frontiers in Plant Science 05
(Figures 2D, E). In addition, the Pielou index of PM and AM was

significantly higher than KM and EG (P ≤ 0.01, Figure 2F).
3.2 Soil physicochemical properties in
different plant community grasslands

The soil water content, soil organic carbon and total nitrogen of

EG and AM was less on average compared with the other two kinds

of grasslands, especially the surface layer soil (0-5cm) of KM

(Figures 3A, H, I). Correspondingly, KM had the lowest soil bulk
A B

D E F

G IH

J K

C

FIGURE 3

Soil physicochemical properties of plant communities in different alpine grasslands. Error bars indicate standard error. (A) SW(%), soil water content;
(B) BD(g/cm3), bulk density; (C) Clay(%), clay percentage; (D) Silt(%), silt percentage; (E) Sand(%),sand percentage; (F) pH, Potential of Hydrogen; (G) EC
(mS/cm), Electrical Conductivity; (H) SOC(%), Soil Organic Carbon; (I) TN(%), Total Nitrogen; (J) TP(%), Total Phosphorous; (K) TK(%), Total Potassium; EG,
E.nutans-dominated grassland; PM, P.anserina-dominated meadow; AM, A.frigida-dominated meadow; KM, K.pygmea-dominated meadow.
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density (0.55g/cm3 in 0-5cm soil layer, 0.68g/cm3 in 5-10cm soil

layer), and PM followed (Figure 3B). In addition, silt content in four

kinds of alpine grassland was the highest, followed by sand and clay

content (Figures 3C–E). The differences in silt content among these

alpine grasslands were marginal, but the clay content in PM was

significantly higher than the other three kinds of grasslands

(Figures 3C, D). Soil pH in EG (7.28 in 0-5cm soil layer, 7.48 in

5-10cm soil layer) and AM (7.16 in 0-5cm soil layer, 7.33 in 5-10cm

soil layer) was higher than in KM and PM, whereas the electrical

conductivity in EG and AM was lower than KM and PM

(Figures 3F, G). The electrical conductivity of the 0-5cm soil

layers was higher than the 5-10cm soil layers among all kinds of

grassland (Figure 3G). Total phosphorous was lowest in AM but

showed no differences in the other three kinds of grassland

(Figure 3J). Furthermore, total potassium of the 0-5cm soil layers

in KM (0.075%) was significantly higher than the 5-10cm soil layers,

but it was opposed to the other three kinds of grassland (Figure 3K).
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3.3 Plant-soil interaction

The important value of forbs was positively correlated with

SOC, TN, and TP in the 0-5cm and 5-10cm soil layers but was

negatively correlated with pH, TK, and sand percentage in the 0-

5cm and 5-10cm soil layers in KM. This was more pronounced in

the surface soil layer of 0-5 cm (Figure 4D), but was only positively

correlated with EC in the 5-10cm soil layer of EG (Figure 4A).

Aboveground biomass was negatively correlated with TN, SOC, TP,

and SW in the 0-10cm soil layer and positively correlated with pH,

and BD in the 0-10cm soil layer of EG (Figure 4A); No soil

physicochemical properties were significantly correlated with the

aboveground biomass of PM (Figure 4B). In addition, BD of the 0-

5cm soil layer was negatively correlated with the coverage, richness,

and diversity of plant community but was positively correlated with

important value of forbs, aboveground biomass, and the Pielou

index for AM (Figure 4C). Furthermore, the relationship between
A

B

D

E

F

G

I

H

J

K

L

C

FIGURE 4

The correlations and interactions between plant communities and soil physicochemical properties. (A–D) Contributions of soil properties to the
vegetation parameters based on correlation and a random forest model. The circle size represents the importance of the variables (percentage of
increase of mean square error calculated via random forest model). Colors represent Spearman correlations. Diagrams (E–L) of partial least squares
path models (PLS-PM) describing the interactions among the soil physicochemical properties and plant community characteristics. Each box
represents a latent variable, the manifest variables are the indexes beside the latent variables, and the value in the brackets represent the loading
values. Arrows connecting latent variables indicate inner model paths, with blue and red indicating negative and positive effects, respectively. R2

denotes the proportion of variance explained. * means adjusted P values ≤ 0.05, ** means adjusted P values 175 ≤ 0.01, *** means adjusted P values
≤ 0.001.
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plant community characteristics and physicochemical properties

was tighter in KM than the other three kinds of grassland, especially

plant diversity and soil nutrient availability.

PLS-PM seems to explained a majority of the soil nutrient

variability in EG and KM (R2 = 0.65 and 0.62 resp., Figures 4E, L)

and the physical properties (SW at 0-5cm soil layer) were well

explained in PM and AM (R-square =0.73 and 0.8 resp., Figures 4J,

K). There was a significant direct negative interaction between soil

nutrients and aboveground biomass of plant communities in EG and

KM (Figures 4E, H, I, L), meanwhile, the effect of plant diversity on

plant community aboveground biomass was significantly positive (path

coefficient = 0.7, P values ≤ 0.01, Figure 4H) in KM but had only a

marginal positive effect (path coefficient = 0.14, Figure 4E) in EG. In

addition, the effect of plant community coverage on soil nutrient

availability were both positive in PM and AM (path coefficient =

0.78 and 0.26 resp., Figures 4J, K), and the effect of soil nutrients on

plant community coverage was negative in AM (path coefficient =

-0.54, Figure 4G) but positive in PM (path coefficient = 0.55,

Figure 4G). Moreover, the direct effects of plant community diversity

on soil nutrients were positive among four types of plant community

grasslands (path coefficient = 0.17, 0.23, 0.48 and 0.71 resp., Figures 4I–

L), in which the effect was highly significant (P values ≤ 0.001,

Figure 4L) in the KM and marginal in EG (Figure 4I). However, the

direct effects of soil nutrients on plant community diversity were

negative in EG and PM (path coefficient = -0.07 and -0.5 resp.,

Figures 4E, F) but positive in AM and KM (path coefficient = 0.78

and 0.33 resp., Figures 4G, H).

The interactions between soil physical properties and plant

community characteristics were significant in AM (path coefficient

= 1 and 0.37 resp., P values ≤ 0.05, Figures 4G, K) but marginal

among EG, PM, and KM (path coefficient<0.2, Figures 4E–L).

However, the direct interactions between soil physical properties

and plant community diversity were both negative in EG (path

coefficient = -0.35 and -0.14 resp., Figures 4E, I) and AM (path
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coefficient = -0.3 and -0.15 resp., Figures 4G, K) but positive in PM

(path coefficient = 0.6 and 0.22 resp., Figures 4F, J) and KM (path

coefficient = 0.31 and 0.24 resp., Figures 4H, L). In addition, certain

soil physical properties (SW at 0-5cm soil layer) had an indirect

effect (path coefficient = -0.41 and 0.64 resp., Table 2) on plant

community diversity through the effect on soil nutrients in PM and

AM. Moreover, there was an indirect positive effect of plant

community diversity on the physical properties of soil through

the beneficial effect of soil nutrients in PM, AM and KM (path

coefficient = 0.18,0.7 and 0.32 resp., Table 2). In general, the effect of

plant on soil was greater than the effect of soil on plant in EG, PM

and KM and the plant-soil interaction was significant greater in the

healthy Kobresia meadow than the artificial Elymus nutans

grassland and the two types of black-soil-type grasslands (Figure 4).
4 Discussion

The establishment of artificial grasslands is a common practice to

restore vegetation and soil in many extremely degraded grasslands in

alpine areas (Li et al., 2013). Our investigation in the Three-River

Headwaters Region demonstrated that artificial grassland increased

aboveground biomass but decreased plant species richness and

diversity, which is consistent with previous studies on artificial

grasslands of alpine grassland ecosystem (Shang et al., 2008; Feng

et al., 2010; Wu et al., 2010). This may be attributed to the fact that

Elymus nutans have greater competitive ability and increase in

abundance than forbs. On one hand, the Elymus nutans is taller than

other native species and produces shading effects, which may limit the

growth of short species because of their advantage for light (Wu et al.,

2010; Peng et al., 2023). On other hand, the Elymus nutans generally

have deeper roots than other plant species, whichmay have enabled the

plant community to acquire more water and thus increase primary

production (Liu et al., 2018).
TABLE 2 Direct and indirect path effects of latent variables based on partial least squares path modeling (PLS-PM).

Path

EG PM AM KM

Direct Indirect Direct Indirect Direct Indirect Direct Indirect

Physics -> Nutrient -0.81 0 0.83 0 0.81 0 0.55 0

Nutrient -> Physics -0.69 0 0.75 0 0.76 0 0.45 0

Physics -> Diversity -0.35 0.06 0.6 -0.41 -0.3 0.64 0.31 0.18

Diversity -> Physics -0.14 -0.12 0.22 0.18 -0.15 0.37 0.24 0.32

Nutrient -> Diversity -0.07 0 -0.5 0 0.78 0 0.33 0

Diversity -> Nutrient 0.17 0 0.23 0 0.48 0 0.71 0

Nutrient -> Plant -0.72 -0.01 0.55 0.17 -0.54 0.13 -0.79 0.23

Plant -> Nutrient -0.78 -0.01 0.78 -0.07 0.26 0.1 -0.64 0.24

Diversity -> Plant 0.14 0 -0.34 0 0.16 0 0.7 0

Plant -> Diversity -0.05 0 -0.31 0 0.21 0 0.33 0

Plant -> Nutrient -0.78 -0.01 0.78 -0.07 0.26 0.1 -0.64 0.24

Nutrient -> Plant -0.72 -0.01 0.55 0.17 -0.54 0.13 -0.79 0.23
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We also found that the establishment of artificial grassland did not

improve the soil water, soil organic carbon, or total nitrogen, which

suggests a lower water-holding capacity and increased loss of soil

nutrients. This is inconsistent with the findings of Wu et al. (2010),

who reported that soil nutrient properties all significantly increased in

artificial grassland. However, Dong et al. (2012) reported that the

establishment of artificial grassland did not restore soil quality or

nutrient stocks in the headwaters of the Yellow River. And different

grassland types may respond differently to a given restoration measure.

Previous studies reported that there was a reoccurrence of black-soil-

type grasslands in artificial grassland projects (Zhang et al., 2018), which

suggests that the soil quality of artificial grassland struggles to maintain

the sustainable growth of Elymus nutans. Most of the artificial grassland

is seriously lacking in scientific management after establishment (Shang

et al., 2018; Dong et al., 2020). Our study indicated that the soil water

and nutrient content of artificial grasslands are much worse than that of

natural meadows (Figure 3). Therefore, protective measures should be

taken to alleviate soil erosion and the loss of soil nutrients after the

establishment of artificial grassland. Mulching the non-wovenmaterials

in the artificial grassland may significantly boost seed germination rate

and reduce soil erosion (Li et al., 2019; Chen B. J. et al., 2021). Further

studies are required to explore the soil quality resilience of the artificial

grassland across the restoration time.

We found that the restoration efficiency of artificial grasslands

is significantly different compared with the two kinds of black-

soil-type grasslands. The soil nutrient and soil water content in the

P.anserina-dominated meadow were significantly higher than

E.nutans-dominated grassland and A.frigida-dominated meadow

(Figure 3), implying the restoration efficiency of the artificial

grassland in P.anserina-dominated meadow was lower than the

A.frigida-dominated meadow. This result may reflect plant

community could steer grassland vegetation via the effect of soil

(Peng et al., 2020; Heinen et al., 2020; Xu et al., 2022). For

instance, Potentilla anserina in P.anserina-dominated meadow is

the perennial stoloniferous clonal plant that has a strong

reproductive capacity at the low tropic level (Saikkonen et al.,

1998). Due to its fast-growing creeping stem (Li, 2004), the

coverage of the P.anserina-dominated meadow is higher in

general, which is beneficial to soil water conservation. In

addition, the development of the root system of Potentilla

anserina (Kang, 2007) indicates that the soil organic matter

content is relatively high. However, Artemisia frigida in the

A.frigida-dominated meadow adapts to soil with low nutrients

(Yan et al., 2016) and also has strong allelopathy (Li et al., 2011).

The allelochemicals of A.frigida may be produced in leaves and

roots, from which they can be released into the soil to inhibit the

germination and growth of other plant species (Mutlu et al., 2009).

Furthermore, we found that the negative effect (path coefficient =

-0.54) of soil nutrient on plant community coverage was larger

than the positive effect (path coefficient = 0.26) of plant

community coverage on soil nutrient in the A.frigida-dominated

meadow (Figures 4G, K). It suggested that the plant species might

have a high efficiency of nutrient utilization in low nutrient soil

(Figures 3H, I) and contribute little to fertile soil which may be

due to their allelochemicals. This implied that A.frigida and other

weeds should be eradicated, and fertilizer addition should be
Frontiers in Plant Science 08
considered when restoring the A.frigida-dominated meadow.

More knowledge is required on the plant growth patterns in

different kinds of black-soil-type grasslands and the plant-soil

interactions of these grasslands.
5 Conclusions

The establishment of artificial grassland improved vegetation

productivity and plant community coverage when compared to two

kinds of black-soil-type grasslands. However, restoration could not fully

achieve the recovery of plant community diversity, soil nutrient

content, or soil water content, even though the soil nutrient content

and water were lower than in P.anserina-dominated meadows. In

general, artificial grasslands did not restore the two types of black-soil-

type grasslands to the level seen for native undegraded grassland. This

could indicate thatmanagement interventions such as fertilizer addition

should be implemented after establishing the artificial grassland. In

addition, our results show that the soil nutrient content in the

P.anserina-dominated meadows was higher compared with A.frigida-

dominated meadows. We hypothesize that the dominant species in the

A.frigida-dominated meadows has strong allelopathy which could

inhibit the growth of plant species and lead to nutrient-poor soil.

Moreover, soil water content had a significant positive influence on

plant community and soil nutrient content in the A.frigida-dominated

meadows. Consequently, the forbs should be reduced, and water and

fertilizer should be added during the restoration ofA.frigida-dominated

meadows. Furthermore, plant community diversity had a positive effect

on plant community productivity, soil nutrient content, and soil water

in native undegraded grassland, which indicated that plant diversity

was beneficial for the stability of the plant community. Therefore, more

plant species such as Gramineae and sedges should be planted in

artificial grasslands. Our findings may be used in the restoration of

P.anserina-dominated meadows and A.frigida-dominated meadows

and in the management of artificial grasslands.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Author contributions

NW, MD, and HZ contributed to conception and design of the

study. NW, JW, MD, HZ organized the database and performed the

statistical analysis. NW wrote the first draft the manuscript. NW, JW,

MD, HZ, SL, LL and YZ reviewed and revised the manuscript. All

authors contributed to the article and approved the submitted version.
Funding

This study was supported and funded by the second Tibetan

Plateau Scientific Expedition and Research Program (Grant No.
frontiersin.org

https://doi.org/10.3389/fpls.2023.1152405
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org


Wang et al. 10.3389/fpls.2023.1152405
2019QZKK0603) and Postgraduate Innovation Fund of the

Education Department of Jiangxi Province (No. YC2021-S232).

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Frontiers in Plant Science 09
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
Cao, L., and Pan, S. (2014). Changes in precipitation extremes over the “Three-river
headwaters” region, hinterland of the Tibetan plateau, during 1960–2012. Quat. Int.
321, 105–115. doi: 10.1016/j.quaint.2013.12.041

Chen, B. J., Wang, F. Y., Zhou, H. K., and Zhang, Z. H. (2021). Influence of mulching
of different non-woven materials on the growth of alpine ecological restoration grasses.
Pratacultural Sci. 38, 848–858.

Chen, X., Zhang, T., Guo, R., Li, H., Zhang, R., Allan Degen, A., et al. (2021). Fencing
enclosure alters nitrogen distribution patterns and tradeoff strategies in an alpine
meadow on the qinghai-Tibetan plateau. Catena 197, 104948. doi: 10.1016/
j.catena.2020.104948

Dai, L., Guo, X., Ke, X., Du, Y., Zhang, F., and Cao, G. (2021). The variation in soil
water retention of alpine shrub meadow under different degrees of degradation on
northeastern qinghai-Tibetan plateau. Plant Soil 458, 231–244. doi: 10.1007/s11104-
020-04522-3

Dong, S. K., Li, J. P., Li, X. Y., Wen, L., Zhu, L., Li, Y. Y., et al. (2010). Application of
design theory for restoring the “black beach” degraded rangeland at the headwater
areas of the qinghai-Tibetan plateau. Afr. J. Agric. Res. 5, 3542–3552. doi: 10.5897/
AJAR10.005

Dong, S., Li, Y., Zhao, Z., Li, Y., Liu, S., Zhou, H., et al. (2018). Land degradation
enriches soil d13 c in alpine steppe and soil d15 n in alpine desert by changing plant and
soil features on qinghai-Tibetan plateau. Soil Sci. Soc Am. J. 82, 960–968. doi: 10.2136/
sssaj2018.01.0017

Dong, S., Shang, Z., Gao, J., and Boone, R. B. (2020). Enhancing sustainability of
grassland ecosystems through ecological restoration and grazing management in an era
of climate change on qinghai-Tibetan plateau. Agric. Ecosyst. Environ. 287, 106684.
doi: 10.1016/j.agee.2019.106684

Dong, S. K., Wen, L., Li, Y. Y., Wang, X. X., Zhu, L., and Li, X. Y. (2012). Soil-quality
effects of grassland degradation and restoration on the qinghai-Tibetan plateau. Soil Sci.
Soc Am. J. 76, 2256–2264. doi: 10.2136/sssaj2012.0092

Dong, Q., Zhao, X., Wu, G., Shi, J., and Ren, G. (2013). A review of formation mechanism
and restoration measures of “black-soil-type” degraded grassland in the qinghai-Tibetan
plateau. Environ. Earth Sci. 70, 2359–2370. doi: 10.1007/s12665-013-2338-7

Du, C., and Gao, Y. (2021). Grazing exclusion alters ecological stoichiometry of plant
and soil in degraded alpine grassland. Agric. Ecosyst. Environ. 308, 107256.
doi: 10.1016/j.agee.2020.107256

Faucon, M. (2020). Plant–soil interactions as drivers of the structure and functions of
plant communities. Diversity 12, 452. doi: 10.3390/d12120452

Fayiah, M., Dong, S., Li, Y., Xu, Y., Gao, X., Li, S., et al. (2019). The relationships
between plant diversity, plant cover, plant biomass and soil fertility vary with grassland
type on qinghai-Tibetan plateau. Agric. Ecosyst. Environ. 286, 106659. doi: 10.1016/
j.agee.2019.106659

Feng, R., Long, R., Shang, Z., Ma, Y., Dong, S., andWang, Y. (2010). Establishment
of elymus natans improves soil quality of a heavily degraded alpine meadow in
qinghai-Tibetan plateau, China. Plant Soil 327, 403–411. doi: 10.1007/s11104-009-
0065-3

Gao, X., Dong, S., Xu, Y., Wu, S., Wu, X., Zhang, X., et al. (2019). Resilience of
revegetated grassland for restoring severely degraded alpine meadows is driven by plant
and soil quality along recovery time: a case study from the three-river headwater area of
qinghai-Tibetan plateau. Agric. Ecosyst. Environ. 279, 169–177. doi: 10.1016/
j.agee.2019.01.010

Guo, N., Degen, A. A., Deng, B., Shi, F., Bai, Y., Zhang, T., et al. (2019). Changes in
vegetation parameters and soil nutrients along degradation and recovery successions on
alpine grasslands of the Tibetan plateau. Agric. Ecosyst. Environ. 284, 106593.
doi: 10.1016/j.agee.2019.106593

Harris, R. B. (2010). Rangeland degradation on the qinghai-Tibetan plateau: a review
of the evidence of its magnitude and causes. J. Arid Environ. 74, 1–12. doi: 10.1016/
j.jaridenv.2009.06.014
Heinen, R., Hannula, S. E., De Long, J. R., Huberty, M., Jongen, R., Kielak, A., et al.
(2020). Plant community composition steers grassland vegetation via soil legacy effects.
Ecol. Lett. 23, 973–982. doi: 10.1111/ele.13497

Kang, X. (2007). Study on the growth character in the clonal plant: Potentilla
Anserina L. qinghai university, xining.

Li, J. (2004). Study on the utilization and the biological characteristic of juema
(Potentilla anserina l.) that is wild resource foliage. Northwest sci-tech university of
agriculture and forestry, yangling, shanxi.

Li, Y., Dong, S., Wen, L., Wang, X., and Wu, Y. (2014). Soil carbon and nitrogen
pools and their relationship to plant and soil dynamics of degraded and artificially
restored grasslands of the qinghai–Tibetan plateau. Geoderma 213, 178–184.
doi: 10.1016/j.geoderma.2013.08.022

Li, X. L., Gao, J., Brierley, G., Qiao, Y. M., Zhang, J., and Yang, Y. W. (2013).
Rangeland degradation on the qinghai-Tibet plateau: implications for rehabilitation.
Land Degrad. Dev. 24, 72–80. doi: 10.1002/ldr.1108

Li, X., Gao, J., Zhang, J., Wang, R., Jin, L., and Zhou, H. (2019). Adaptive strategies to
overcome challenges in vegetation restoration to coalmine wasteland in a frigid alpine
setting. Catena 182, 104142. doi: 10.1016/j.catena.2019.104142

Li, X. F., Wang, J., Huang, D., Wang, L. X., and Wang, K. (2011). Allelopathic
potential of artemisia frigida and successional changes of plant communities in the
northern China steppe. Plant Soil 341, 383–398. doi: 10.1007/s11104-010-0652-3

Li, X., Zhang, Y., Ding, C., Liu, Y., Wu, K., Jiang, F., et al. (2020). Water addition
promotes vegetation recovery of degraded alpine meadows by regulating soil enzyme
activity and nutrients in the qinghai–Tibetan plateau. Ecol. Eng. 158, 106047.
doi: 10.1016/j.ecoleng.2020.106047

Liu, S., Cheng, F., Dong, S., Zhao, H., Hou, X., and Wu, X. (2017). Spatiotemporal
dynamics of grassland aboveground biomass on the qinghai-Tibet plateau based on
validated MODIS NDVI. Sci. Rep. 7. doi: 10.1038/s41598-017-04038-4

Liu, C., Li, W., Xu, J., Wei, W., Xue, P., and Yan, H. (2021). Response of soil nutrients
and stoichiometry to grazing management in alpine grassland on the qinghai-Tibet
plateau. Soil Till. Res. 206, 104822. doi: 10.1016/j.still.2020.104822

Liu, H., Mi, Z., Lin, L., Wang, Y., Zhang, Z., Zhang, F., et al. (2018). Shifting plant
species composition in response to climate change stabilizes grassland primary
production. Proc. Natl. Acad. Sci. U.S.A. 115, 4051–4056. doi: 10.1073/pnas.1700299114

Lu, X., Kelsey, K. C., Yan, Y., Sun, J., Wang, X., Cheng, G., et al. (2017). Effects of
grazing on ecosystem structure and function of alpine grasslands in qinghai–Tibetan
plateau: a synthesis. Ecosphere (Washington D. C.) 8, e1656. doi: 10.1002/ecs2.1656

Luo, C., Wang, S., Zhao, L., Xu, S., Xu, B., Zhang, Z., et al. (2017). Effects of land use
and nitrogen fertilizer on ecosystem respiration in alpine meadow on the Tibetan
plateau. J. Soil Sediment 17, 1626–1634. doi: 10.1007/s11368-016-1612-1

Ma, Y. S., Lang, B. N., and Li, Q. Y. (2002). Study on rehabilitating and rebuilding
technologies for degenerated alpine meadow in the changjiang and yellow river source
region. Pratacultural Sci. 19, 1–4.

Maiti, S. K., and Ghosh, D. (2020). “Chapter 24 - plant–soil interactions as a
restoration tool,” in Climate change and soil interactions. Eds. M. N. V. Prasad and M.
Pietrzykowski (Elsevier), 689–730. doi: 10.1016/B978-0-12-818032-7.00024-2

Mao, T., Wang, G., and Zhang, T. (2016). Impacts of climatic change on hydrological
regime in the three-river headwaters region, China 1960-2009. Water Resour. Manage.
30, 115–131. doi: 10.1007/s11269-015-1149-x

Mutlu, S., and Atici, Ö. (2009). Allelopathic effect of Nepeta meyeri Benth. extracts
on seed germination and seedling growth of some crop plants. Acta Physiol. Plant. 31
(1), 89–93. doi: 10.1007/s11738-008-0204-0

Peng, F., Xue, X., Li, C., Lai, C., Sun, J., Tsubo, M., et al. (2020). Plant community of
alpine steppe shows stronger association with soil properties than alpine meadow
alongside degradation. Sci. Total Environ. 733, 139048. doi: 10.1016/
j.scitotenv.2020.139048
frontiersin.org

https://doi.org/10.1016/j.quaint.2013.12.041
https://doi.org/10.1016/j.catena.2020.104948
https://doi.org/10.1016/j.catena.2020.104948
https://doi.org/10.1007/s11104-020-04522-3
https://doi.org/10.1007/s11104-020-04522-3
https://doi.org/10.5897/AJAR10.005
https://doi.org/10.5897/AJAR10.005
https://doi.org/10.2136/sssaj2018.01.0017
https://doi.org/10.2136/sssaj2018.01.0017
https://doi.org/10.1016/j.agee.2019.106684
https://doi.org/10.2136/sssaj2012.0092
https://doi.org/10.1007/s12665-013-2338-7
https://doi.org/10.1016/j.agee.2020.107256
https://doi.org/10.3390/d12120452
https://doi.org/10.1016/j.agee.2019.106659
https://doi.org/10.1016/j.agee.2019.106659
https://doi.org/10.1007/s11104-009-0065-3
https://doi.org/10.1007/s11104-009-0065-3
https://doi.org/10.1016/j.agee.2019.01.010
https://doi.org/10.1016/j.agee.2019.01.010
https://doi.org/10.1016/j.agee.2019.106593
https://doi.org/10.1016/j.jaridenv.2009.06.014
https://doi.org/10.1016/j.jaridenv.2009.06.014
https://doi.org/10.1111/ele.13497
https://doi.org/10.1016/j.geoderma.2013.08.022
https://doi.org/10.1002/ldr.1108
https://doi.org/10.1016/j.catena.2019.104142
https://doi.org/10.1007/s11104-010-0652-3
https://doi.org/10.1016/j.ecoleng.2020.106047
https://doi.org/10.1038/s41598-017-04038-4
https://doi.org/10.1016/j.still.2020.104822
https://doi.org/10.1073/pnas.1700299114
https://doi.org/10.1002/ecs2.1656
https://doi.org/10.1007/s11368-016-1612-1
https://doi.org/10.1016/B978-0-12-818032-7.00024-2
https://doi.org/10.1007/s11269-015-1149-x
https://doi.org/10.1007/s11738-008-0204-0
https://doi.org/10.1016/j.scitotenv.2020.139048
https://doi.org/10.1016/j.scitotenv.2020.139048
https://doi.org/10.3389/fpls.2023.1152405
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org


Wang et al. 10.3389/fpls.2023.1152405
Peng, F., Xue, X., You, Q., Huang, C., Dong, S., Liao, J., et al. (2018). Changes of soil
properties regulate the soil organic carbon loss with grassland degradation on the
qinghai-Tibet plateau. Ecol. Indic. 93, 572–580. doi: 10.1016/j.ecolind.2018.05.047

Peng, F., Lai, C., Li, C., Ji, C., Zhang, P., Sun, J., et al. (2023). Plasticity in over-
compensatory growth along an alpine meadow degradation gradient on the Qinghai-
Tibetan Plateau. J. Environ. Manage. 325, 116499. doi: 10.1016/b978-0-12-818032-
7.00024-2

Saikkonen, K., Koivunen, S., Vuorisalo, T., and Mutikainen, P. (1998). Interactive
effects of pollination and heavy metals on resource allocation in potentilla anserina l.
Ecology 79, 1620–1629. doi: 10.1890/0012-9658(1998)079[1620:IEOPAH]2.0.CO;2

Shang, Z., Dong, Q., Shi, J., Zhou, H., Dong, S., Shao, X., et al. (2018). Research
progress in recent ten years of ecological restoration for ‘black soil land’ degraded
grassland on Tibetan plateau-concurrently discuss of ecological restoration in
sanjiangyuan region. Acta Agrestia. Sinica. 26, 1–21. doi: 10.11733/j.issn.1007-
0435.2018.01.001

Shang, Z., and Long, R. (2007). Formation causes and recovery of the “Black soil
type” degraded alpine grassland in qinghai-Tibetan plateau. Front. Agric. China 1, 197–
202. doi: 10.1007/s11703-007-0034-7

Shang, Z. H., Ma, Y. S., Long, R. J., and Ding, L. M. (2008). Effect of fencing, artificial
seeding and abandonment on vegetation composition and dynamics of ‘black soil land’
in the headwaters of the Yangtze and the yellow rivers of the qinghai-Tibetan plateau.
Land Degrad. Dev. 19, 554–563. doi: 10.1002/ldr.861

Shao, Q., Fan, J., Liu, J., Huang, L., Cao, W., and Liu, L. (2017). Target-based assessment
on effects of first-stage ecological conservation and restoration project in three-river source
region, China and policy recommendations. Bull. Chin. Acad. Sci. 32, 35–44. doi: 10.16418/
j.issn.1000-3045.2017.01.005

Shen, R., Xu, M., Li, R., Zhao, F., and Sheng, Q. (2015). Spatial variability of soil
microbial biomass and its relationships with edaphic, vegetational and climatic factors
in the three-river headwaters region on qinghai-Tibetan plateau. Appl. Soil Ecol. 95,
191–203. doi: 10.1016/j.apsoil.2015.06.011

Shi, X. Z., Yu, D. S., Warner, E. D., Sun, W. X., Petersen, G. W., and Gong, Z. T.
(2006). Cross-reference system for translating between genetic soil classification of
China and soil taxonomy. Soil Sci. Soc Am. J. 70 (1), 78–83. doi: 10.2136/sssaj2004.0318

Wang, X., Yi, S., Wu, Q., Yang, K., and Ding, Y. (2016). The role of permafrost and
soil water in distribution of alpine grassland and its NDVI dynamics on the Qinghai-
Frontiers in Plant Science 10
Tibe t an P l a t e au . Glob P lane t Chang e 147 , 40–53 . do i : 10 . 1016 /
j.gloplacha.2016.10.014

Wen, L., Dong, S., Li, Y., Wang, X., Li, X., Shi, J., et al. (2013). The impact of land
degradation on the c pools in alpine grasslands of the qinghai-Tibet plateau. Plant Soil
368, 329–340. doi: 10.1007/s11104-012-1500-4

Wen, L., Jinlan, W., Xiaojiao, Z., Shangli, S., and Wenxia, C. (2018). Effect of
degradation and rebuilding of artificial grasslands on soil respiration and carbon and
nitrogen pools on an alpine meadow of the qinghai-Tibetan plateau. Ecol. Eng. 111,
134–142. doi: 10.1016/j.ecoleng.2017.10.013

Wu, G., Liu, Z., Zhang, L., Hu, T., and Chen, J. (2010). Effects of artificial grassland
establishment on soil nutrients and carbon properties in a black-soil-type degraded
grassland. Plant Soil 333, 469–479. doi: 10.1007/s11104-010-0363-9

Wu, X., Wang, Y., and Sun, S. (2021). Long-term fencing decreases plant diversity
and soil organic carbon concentration of the Zoige alpine meadows on the eastern
Tibetan plateau. Plant Soil 458(1-2), 191–200. doi: 10.1007/s11104-019-04373-7

Xiao, J., Dong, S., Shen, H., Li, S., Zhi, Y., Mu, Z., et al. (2022). Phosphorus addition
promotes nitrogen retention in alpine grassland plants while increasing n deposition.
Catena 210, 105887. doi: 10.1016/j.catena.2021.105887

Xu, Y., Dong, S., Gao, X., Wu, S., Yang, M., Li, S., et al. (2022). Target species rather
than plant community tell the success of ecological restoration for degraded alpine
meadows. Ecol. Indic. 135, 108487. doi: 10.1016/j.ecolind.2021.108487

Yan, R., Tang, H., Xin, X., Chen, B., Murray, P. J., Yan, Y., et al. (2016). Grazing
intensity and driving factors affect soil nitrous oxide fluxes during the growing seasons
in the Hulunber meadow steppe of China. Environ. Res. Lett. 11(5), 054004.
doi: 10.1088/1748-9326/11/5/054004

Yang, C., and Sun, J. (2021). Impact of soil degradation on plant communities in an
overgrazed Tibetan alpine meadow. J. Arid Environ. 193, 104586. doi: 10.1016/
j.jaridenv.2021.104586

Yi, X., Li, G., and Yin, Y. (2012). Temperature variation and abrupt change analysis
in the three-river headwaters region during 1961–2010. J. Geogr. Sci. 22, 451–469.
doi: 10.1007/s11442-012-0939-9

Zhang, Q., Kong, D., Shi, P., Singh, V. P., and Sun, P. (2018). Vegetation phenology
on the qinghai-Tibetan plateau and its response to climate change, (1982–2013). Agr.
For. Meteorol. 248, 408–417. doi: 10.1016/j.agrformet.2017.10.026
frontiersin.org

https://doi.org/10.1016/j.ecolind.2018.05.047
https://doi.org/10.1016/b978-0-12-818032-7.00024-2
https://doi.org/10.1016/b978-0-12-818032-7.00024-2
https://doi.org/10.1890/0012-9658(1998)079[1620:IEOPAH]2.0.CO;2
https://doi.org/10.11733/j.issn.1007-0435.2018.01.001
https://doi.org/10.11733/j.issn.1007-0435.2018.01.001
https://doi.org/10.1007/s11703-007-0034-7
https://doi.org/10.1002/ldr.861
https://doi.org/10.16418/j.issn.1000-3045.2017.01.005
https://doi.org/10.16418/j.issn.1000-3045.2017.01.005
https://doi.org/10.1016/j.apsoil.2015.06.011
https://doi.org/10.2136/sssaj2004.0318
https://doi.org/10.1016/j.gloplacha.2016.10.014
https://doi.org/10.1016/j.gloplacha.2016.10.014
https://doi.org/10.1007/s11104-012-1500-4
https://doi.org/10.1016/j.ecoleng.2017.10.013
https://doi.org/10.1007/s11104-010-0363-9
https://doi.org/10.1007/s11104-019-04373-7
https://doi.org/10.1016/j.catena.2021.105887
https://doi.org/10.1016/j.ecolind.2021.108487
https://doi.org/10.1088/1748-9326/11/5/054004
https://doi.org/10.1016/j.jaridenv.2021.104586
https://doi.org/10.1016/j.jaridenv.2021.104586
https://doi.org/10.1007/s11442-012-0939-9
https://doi.org/10.1016/j.agrformet.2017.10.026
https://doi.org/10.3389/fpls.2023.1152405
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	More management is needed to improve the effectiveness of artificial grassland in vegetation and soil restoration on the three-river headwaters region of China
	1 Introduction
	2 Materials and methods
	2.1 Study sites
	2.2 Field sampling design
	2.3 Plant community survey
	2.4 Soil physicochemical properties’ measurement
	2.5 Analysis of the plant-soil interaction

	3 Results
	3.1 Vegetation parameters in different plant community grasslands
	3.2 Soil physicochemical properties in different plant community grasslands
	3.3 Plant-soil interaction

	4 Discussion
	5 Conclusions
	Data availability statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


