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Drylands dominate the trend and variability of the land carbon (C) sink. A better
understanding of the implications of climate-induced changes in the drylands for C
sink-source dynamics is urgently needed. The effect of climate on ecosystem C
fluxes (gross primary productivity (GPP), ecosystem respiration (ER), and net
ecosystem productivity (NEP)) in drylands has been extensively explored, but the
roles of other concurrently changing factors, such as vegetation conditions and
nutrient availability, remain unclear. We used eddy-covariance C-flux
measurements from 45 ecosystems with concurrent information on climate
(mean annual temperature (MAT) and mean annual precipitation (MAP)), soil (soil
moisture (SM) and soil total nitrogen content (soil N)), and vegetation (leaf area
index (LAI) and leaf nitrogen content (LNC)) factors to assess their roles in C fluxes.
The results showed that the drylands in China were weak C sinks. GPP and ER were
positively correlated with MAP, while they were negatively correlated with MAT.
NEP first decreased and then increased with increasing MAT and MAP, and 6.6 °C
and 207 mm were the boundaries for the NEP response to MAT and MAP,
respectively. SM, soil N, LAI, and MAP were the main factors affecting GPP and
ER. However, SM and LNC had the most important influence on NEP. Compared
with climate and vegetation factors, soil factors (SM and soil N) had a greater
impact on C fluxes in the drylands. Climate factors mainly affected C fluxes by
regulating vegetation and soil factors. To accurately estimate the global C balance
and predict the response of ecosystems to environmental change, it is necessary to
fully consider the discrepant effects of climate, vegetation, and soil factors on C
fluxes, as well as the cascade relationships between different factors.
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1 Introduction

Drylands are areas where precipitation is scarce and usually
unpredictable and generally refer to areas where the aridity index
(AI) is lower than 0.65. Drylands cover 41% of the global land surface
(Feng and Fu, 2013) and sustain 38% of the world’s population
(Koutroulis, 2019). China is one of the largest drylands in the world
(Pravalie, 2016). Among the all terrestrial ecosystem types, drylands
have the most fragile ecological environments and are most sensitive
to environmental change (Yao et al, 2020). The change in land
atmospheric carbon (C) exchange can cause distinct fluctuations in
atmospheric CO, concentrations and thereby affect global climate
change (Piao et al, 2019). Grasslands, shrublands, and savannas are
the primary ecosystems of drylands and are considered to be the main
sources of interannual variations in the global land C sink (Poulter
et al,, 2014; Ahlstrom et al., 2015). The large interannual variation is
mainly caused by dryland response to the interannual fluctuations in
precipitation (Knapp et al., 2015). At the same time, the warming and
drying trends predicted in the future may also cause dramatic changes
in the structure and function of dryland ecosystems (Berdugo et al.,
2020). A better understanding of the implications of climate-induced
changes in dryland ecosystems under future climate scenarios for C
sink-source dynamics is urgently needed.

Many studies have shown that drylands perform a distinct C
absorption function (Dong et al., 2011), but other studies have noted
that the C absorption capacity of drylands is limited, and their weak C
source or sink characteristics are prone to directional reversal under the
influence of climate factors (Flanagan et al, 2002; Biederman et al.,
2017). Gross primary productivity (GPP), ecosystem respiration (ER),
and net primary productivity (NEP) were reported to be positively
correlated with mean annual temperature (MAT) and mean annual
precipitation (MAP) across different ecosystems (Law et al., 2002; Yi
etal, 2010). Within a wider climate zone, the relationship between these
climate factors and C fluxes (GPP, ER, and NEP) was relatively strong in
Asia (Hirata et al., 2008; Kato & Tang, 2008; Yu et al., 2013). In China,
the spatial patterns of GPP, ER, and NEP are determined by MAT and
MAP, and these response patterns are consistent in different ecosystems.
Precipitation is reported to be the most important limiting factor in
drylands, and dominates the spatial-temporal pattern of change in
productivity (Bernacchi and VanLoocke, 2015). As the main water
source, precipitation not only affects photosynthesis, but also affects
autotrophic and heterotrophic respiration processes by affecting soil
moisture (SM). Liu et al. (2020) found that SM stress was most intense in
semiarid ecosystems, and dominated the drought stress of global
ecosystem productivity. Other studies found divergent responses in
primary productivity to increasing precipitation variability in global
drylands (Haverd et al,, 2017; Gherardi and Sala, 2019; Hou et al., 2021).
The reported responses of dryland C fluxes to warming in experiments
have produced inconsistent results, including positive responses,
negative responses, and no effects (Niu et al, 2008; Peng et al., 2014;
Wang et al,, 2019). Therefore, no consensus has been reached on the
mechanisms by which climate factors affect C fluxes in drylands.

Differences in vegetation characteristics such as the leaf area index
(LAI) can also affect the spatial variation in C fluxes (Pastor and Post,
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1993). A study showed that with increased maximum LAI, GPP and ER
increased linearly, and NEP increased exponentially in Asian
ecosystems (Kato and Tang, 2008). On the other hand, researchers
have found that nutrients play a key role in GPP (Vicca et al., 2012) and
NEP (Fernandez-Martinez et al., 2014). Previous studies have shown
that in nutrient-rich ecosystems, the leaf nitrogen concentration (LNC)
was high (Firn et al,, 2019), which may lead to enhanced photosynthesis
(Wright et al., 2004) and reduced C losses (Fernandez-Martinez et al.,
2018). This biological activity was found to be strongly modulated by
climate factors, such as water availability in drylands (Delgado-
Baquerizo et al., 2013; Ukkola et al, 2021). Although many studies
have been conducted on the impact of climate, or vegetation and soil
factors on ecosystem C fluxes (de Vries et al., 2014; Fernandez-
Martinez et al., 2017), almost no evidence has been put forth to show
how climate factors affect C fluxes by affecting vegetation and soil
characteristics in drylands.

Therefore, we aimed to assess the impact of climate (MAT and
MAP), soil (SM and soil total nitrogen content (soil N)), and
vegetation factors (LAI and LNC) on C fluxes and their regulatory
mechanisms in Chinese drylands. Based on previous knowledge that
climate factors drive spatial variation in C fluxes (Figure 1A), we
hypothesized that climate factors, especially precipitation, may drive
spatial variation in C fluxes in Chinese drylands. Moreover, with
increasing precipitation, the C fluxes showed an increasing trend,
while they decreased with increasing temperature (Figure 1B). To test
our assumptions, we used the C flux data of 45 ecosystems in Chinese
drylands measured using the eddy covariance method to (1)
preliminarily explore how the C fluxes respond to climate,
vegetation, and soil factors and (2) further analyse the regulatory
mechanism of ecosystem C fluxes in Chinese drylands.

2 Materials and methods

2.1 Carbon flux data collection
and screening

We collected C flux data (GPP, ER, and NEP) from the literature
published on Chinese drylands over the past 18 years (2002-2020),
which were measured using the eddy covariance method (LI-7200, LI-
7500 et al.). All data had to be filtered and corrected at each site, using
coordinate rotation, WPL correction, stored flux calculation, outlier
filtering, nighttime flux correction, NEE gap filling, and partitioning.
In addition, all C flux data must be measured continuously for at least
one full year and located in the Chinese drylands (Chen et al., 2015).
The observation years that showed abnormally high C fluxes were
eliminated with three times the standard deviation, and finally, 45 C
flux sites with observation durations greater than or equal to one year
were selected. All C flux sites ranged from 31.37°N to 49.35°N in
latitude, and 83.57°E to 123.5°E in longitude spanning the grassland
(29 sites), shrub (5 sites), and desert regions (11 sites) (Figure 2 and
Table S1). The distribution of climate zones included a cold temperate
zone, middle temperate zone, warm temperate zone, and Tibetan
Plateau zone (Li et al.,, 2015).
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(A) climate driven theory and (B) hypothesis in our study. NEP, net ecosystem productivity; GPP, gross primary productivity; ER, ecosystem respiration.
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FIGURE 2

The spatial distribution of flux sites in Chinese drylands used in this study. The symbols indicate the location of the flux sites. The green circles, blue
triangles, and purple pentagram symbols indicate the flux sites in the grassland (29 sites), shrub (5 sites), and desert regions (11 sites), respectively.
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2.2 Climate, vegetation, and soil
data collection

We mainly collected climate factors including air temperature
and precipitation from the same literature as the C flux data. The
average air temperature and precipitation in multiple observation
years were calculated as the MAT and MAP, respectively.

LAI was derived from the satellite-borne Moderate Resolution
Imaging Spectroradiometer (MODIS) data product (MOD13Q1)
with a spatial resolution of 1 km and a temporal resolution of 8
days from 2000 to 2018. SM was derived from Earth System Science
Data (https://doi.org/10.1594/PANGAEA.912597) with a 0.1° spatial
resolution from 2003 to 2018.

LNC was derived with a spatial resolution of 1 km and a temporal
resolution of 8 days from 2000 to 2018 (Moreno-Martinez et al.,
2018). Soil N was derived from a comprehensive and high-resolution
dataset of gridded soil characteristics, with 30 arc-second spatial
resolution (Shangguan et al., 2013).

2.3 Statistical analyses

One-way ANOVA with Duncan’s post-hoc comparisons was used
to compare C fluxes across different ecosystems. The relationship
between climate factors and GPP and ER was tested by linear
regression. The relationship between climate factors and NEP was
tested by piecewise regression, and the significance level was o= 0.05.

We detected the relationships between climate, vegetation, and
soil factors, and C fluxes through correlation analysis, and the
contribution of climate, vegetation, and soil factors to C fluxes was
determined by using the hierarchical partitioning method (“rdacca.
hp” package in R) (Lai et al., 2022).

We established a structural equation model (SEM) to assess the
effects of climate, vegetation, and soil factors on C fluxes. A causal
relationship was established based on previous studies on how

TABLE 1 Statistics of carbon fluxes (g C m™2 yr') in Chinese drylands .

10.3389/fpls.2023.1060066

climate, vegetation, and soil factors affect C fluxes. First, we used
principal component analysis (PCA) to test for overall associations
between climate, vegetation, and soil factors. Since the variables of
climate, vegetation, and soil factors were closely related, PCA was
conducted to create a multivariate index representing climate,
vegetation, and soil groups (Wang et al., 2017). The first principal
component (PC1) explained 67-92% of the total variance of each
group (Table 52), and then the PC1 of climate, vegetation, and soil
groups was used for SEM analysis. The establishment standard for the
model was referenced from previous studies (Liu et al., 2023). We
used Amos 21.0 (Amos Development Corporation, Chicago, IL) for
SEM analysis.

All analyses were performed using R software (version 3.5.1, R
Development Core Team, Vienna, Austria). ArcGis 10.1 and R were
used for plotting.

3 Results

3.1 Spatial variation in carbon fluxes in
Chinese drylands

The drylands in China were weak C sinks. The average GPP, ER,
and NEP of the Chinese drylands were 328.54, 278.64, and 45.84 g C
myr'!, respectively (Table 1 and Figure 3). The ranges of NEP, GPP,
and ER were -143.31-322.63 g Cm ™ yr'', 107-806.73 g Cm ™ yr”', and
62.38-630.05 g C m™ yr'', respectively (Table 1 and Figure 3). GPP
and ER showed larger variations than NEP (Table 1).

For different ecosystem types in the Chinese drylands (including
grassland, shrub, and desert), no significant differences in C fluxes
were observed (Table 1 and Figure S1). However, shrubs had the
largest GPP, ER, and NEP. Although GPP and ER in grasslands were
larger than those of deserts, their NEP was smaller (Table 1 and
Figure S1). The variation in C fluxes in shrubs was much larger than
that in grasslands and deserts (Table 1).

Ecosystem type Carbon flux Mean SE Median Skewness Kurtosis Max

Grassland GPP' 342.39 35.80 278.45 1.84 0.78 -0.006 806.73 107 27
NEP 41.76 18.65 39.60 042 0.62 1.44 322.63 -143.31 29
ER 300.98 29.47 241.19 1.97 0.65 0.8 630.05 130.63 27

Shrub GPP 388.78 75.11 358.93 259 112 2.16 597.46 239.80 4
NEP 60.36 13.90 68.04 1.94 -1.42 273 91.72 891 5
ER 336.03 74.21 311.34 226 0.82 0.16 532.55 188.90 4

Desert GPP 260.21 33.08 229.15 231 1.38 2.66 480.02 136.58 9
NEP 50.02 25.53 44.94 0.59 -0.39 031 190.59 -107.85 11
ER 186.11 31.67 187.88 1.96 043 -0.62 352 62.38 9

All GPP 328.54 26.65 277.89 1.95 0.94 043 806.73 107 40
NEP 45.84 13.48 4356 051 039 1.46 322.63 -143.31 45
ER 278.64 2337 231.1 1.89 0.74 -0.42 630.05 62.38 40

"NEP, net ecosystem productivity; GPP, gross primary productivity; ER, ecosystem respiration.
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FIGURE 3
Density distributions of carbon fluxes (GPP, ER, and NEP) in Chinese drylands. The dotted lines represent the mean values of carbon fluxes. NEP, net
ecosystem productivity; GPP, gross primary productivity; ER, ecosystem respiration.

3.2 Response of carbon fluxes to climate,
vegetation, and soil factors in
Chinese drylands

The results showed that GPP and ER were positively correlated
with MAP, while they were negatively correlated with MAT
(Figure 4). The response of NEP to MAT and MAP was not linear.
NEP decreased first and then increased with increasing MAT and
MAP. 6.6 °C and 207 mm were the boundaries for the NEP response
to MAT and MAP, respectively (Figure 4).

Furthermore, GPP was positively correlated with LAIL soil N, and
SM and negatively correlated with LNC (Figure 5A and Table S3). ER
was significantly positively correlated with LAI soil N, and SM and
was negatively correlated with MAT (Figure 5A and Table S3).
However, NEP was only significantly positively correlated with SM
and negatively correlated with LNC (Figure 5A and Table S3).

3.3 Regulatory mechanism for carbon fluxes
in Chinese drylands

We found that SM and soil N were the two key factors that
affected GPP, followed by LAI and MAP (Figure 5B). Soil N and LAI
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were the most important factors influencing ER, followed by MAP
and SM (Figure 5C). However, SM and LNC had the most important
effect on NEP (Figure 5D). Clearly, compared with climate and
vegetation factors, soil factors had a greater impact on C fluxes in
the drylands.

Soil and vegetation factors had direct effects on GPP and ER,
however, climate factors had indirect effects. In summary, these
environmental factors accounted for 54% and 48% of the variances
in GPP and ER, respectively (Figure 6). Specifically, both climate and
soil factors had indirect effects on NEP, whereas vegetation factors
had direct positive effects on NEP. Through direct and indirect effects,
soil and climate factors were the two key factors affecting C
fluxes (Figure 6).

4 Discussion

4.1 The drylands in China are weak carbon
sinks

The drylands in China were weak C sinks. The range of NEP in

Asian ecosystems was wide, ranging from -150 to 1000 g C m™ yr™!
(Chen et al.,, 2013), and our findings fall within this range. The range
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FIGURE 4

Relationships between carbon fluxes (GPP, ER, and NEP) and mean annual temperature (MAT) and mean annual precipitation (MAP). NEP, net ecosystem

productivity; GPP, gross primary productivity; ER, ecosystem respiration.

of NEP we studied was significantly larger than that of other drylands
in the world (Chen et al., 2015), which may be due to the large
uncertainty of C sink strength in Chinese drylands and the differences
in the location and geographical range of this study. Compared with
previous studies, our study sites included more extensive changes in
climatic conditions and soil types (Liu et al.,, 2021).

Due water supply limitations, drylands are usually weak C sinks
or even C sources. Large differences exist in dryland C sources and
sinks among different studies (Janssens et al., 2003; Kato and Tang,
2008; Chen et al, 2013). Drylands are widely distributed, and
their ecological environment is usually fragile and limited by
temperature or water or both. Furthermore, the drylands were
often affected by various management practices (such as grazing,
harvesting, irrigation, and drainage) (Cao et al., 2004; Fu et al,
2009), which lead to large differences in the C absorption or release

from drylands.
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4.2 Response of carbon fluxes to climate,
vegetation, and soil factors in drylands

Most studies have shown that GPP and ER are mainly affected by
MAT and MAP, and they increase with increasing MAT and MAP
(Law et al.,, 2002; Hirata et al., 2008; Kato and Tang, 2008; Yi et al.,
2010; Chen et al., 2013; Yu et al., 2013). However, our results reveal
that GPP and ER were negatively correlated with MAT in the
drylands. Drought caused by warming is expected to reduce GPP
and ER (Maestre et al., 2015), so with an increase in temperature, its
GPP and ER showed a downwards trend. In grasslands limited by
water, precipitation affects the relationship between soil temperature
and respiration. Precipitation reduces the sensitivity of soil respiration
to temperature, leading to a reduction in soil respiration, thereby
reducing ER (Wang et al., 2014). When soil water is insufficient, the
soil mineralization rate is low (Liu et al., 2021). Furthermore, rising

06 frontiersin.org


https://doi.org/10.3389/fpls.2023.1060066
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Liu et al. 10.3389/fpls.2023.1060066
A Legend
— = .
% = < —— negative
Correlation | = =
—— positive
LNC ns.
Pearson's r
GFE —_—0.2-04
MAT m— (.4-0.6
mm (.6-0.8
Pearson's r
0.5
Soil N 0.0
0.5
SM
-1.0

GPP R?=0.54, metrics are
normalized to sum of 100%

a«a

w

FIGURE 5
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annual precipitation; LAI, leaf area index; Soil N, soil total nitrogen content; LNC, leaf nitrogen content; SM, soil moisture; NEP, net ecosystem
productivity; GPP, gross primary productivity; ER, ecosystem respiration.

temperatures have led to a substantial increase in the occurrence of
compound warm-season droughts in drylands (Gampe et al., 2021).

Climate determines the geographical distribution of vegetation
types, and these different vegetation types can directly affect
ecosystem C fluxes (Prentice, 1990; Prentice et al., 1992). Consistent
with previous results (Kato and Tang, 2008), GPP and ER showed an
increasing trend with increasing LAI Surprisingly, our results showed
that high LNC was associated with fewer C fluxes. Moreover, LNC
had a greater influence on GPP than ER, so NEP showed the same
trend (Fernandez-Martinez et al,, 2014). Our findings implied the
colimitation of C fluxes by multiple environmental variables in
drylands, and these trends may partially be explained by the
interaction of MAT and LNC (Figure 7). We found that LNC was
positively correlated with MAT (Figures 5A, 7), so the C fluxes
responded to LNC in the same manner as MAT. The optimal LNC
increased with decreasing temperature because the photosynthetic
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Relative importance (%)
LAI
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MAP

MAT
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capacity per Rubisco decreased (Muller et al., 2011), and the desert
had a higher vegetation LNC (Figure 7). Other findings suggest that C
fluxes are jointly controlled by a suite of environmental variables
that covary.

Researchers have reported that permafrost melting may promote
plant growth by increasing the availability of soil N (Yang et al., 2021).
We detected a significant relationship between GPP and ER and soil
N, which supports the claim that climate can promote plant growth
by improving soil N and by enhancing the absorption of C by
ecosystems. As previously reported, SM conditions also affect C
fluxes (Yi et al, 2010). Our findings showed that GPP, ER, and
NEP were positively correlated with MAP, but the correlation
coefficient was much lower than that of SM. This is because SM
dominates ecosystem productivity in drylands globally, because it is
the direct water pool for plants and determines the amount of water
that can be extracted by plant roots (Liu et al., 2020).
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4.3 Regulatory mechanism of ecosystem
carbon fluxes in drylands

In our study, we found that NEP first decreased and then increased
with increasing MAT and MAP, and 6.61 °C and 207.19 mm were the
boundaries for the NEP response to MAT and MAP, respectively. This
threshold value of the NEP response to precipitation was almost the
same as the boundaries between arid and semiarid areas. The threshold
value of the NEP response to temperature was almost the same as the
boundaries between the cold zone and the temperate zone. The
mechanisms by which climate factors regulate C fluxes are very
complex because of the diverse relationships between MAT and MAP
patterns. In general, drought has a greater impact on GPP than ER (van
der Molen et al., 2011), and when water is not a limitation, GPP and ER
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are co-limited by temperature or radiation in drylands (Ukkola et al.,
2021). Furthermore, in the Chinese drylands, we found that with the
increase in temperature and rainfall, ER was more responsive than GPP.
Under joint temperature and rainfall limitations, individual increase in
temperature or precipitation may not be conducive to NEP.

Based on the above research results, we established a simple
mechanistic framework for the spatial variation in GPP, ER, and NEP
in drylands (Figure 8). This framework mainly includes five aspects.
First, we thought that changes in temperature and precipitation affected
the ecosystem vegetation types. Second, these different ecosystem
vegetation types had different vegetation characteristics (such as LAI
and LNC), which directly affected ecosystem C fluxes. Then, we found
that climate factors affected soil factors (such as SM and soil N). In
addition, soil factors had the greatest direct impact on GPP, ER, and
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Environmental dimensions from principal component analysis (PCA) for Chinese drylands. Variables used for the PCA are displayed with their vector. The
environmental factors were normalized and standardized by transforming the observations into z-scores. MAT, mean annual temperature; MAP, mean
annual precipitation; LA, leaf area index; Soil N, soil total nitrogen content; LNC, leaf nitrogen content; SM, soil moisture.
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FIGURE 8
Biogeographic-ecological framework for the spatial variations in gross primary productivity (GPP), ecosystem respiration (ER), and net ecosystem
productivity (NEP).
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NEP. Our results showed that climate, vegetation, and soil factors had
different effects on GPP, ER, and NEP. Climate factors mainly affected
GPP and ER by adjusting vegetation characteristics, especially soil
factors, thus affecting the variation in NEP.

5 Conclusion

This study examined the spatial variation in C fluxes across broad
climatic and vegetation gradients in Chinese drylands. Our results
provide direct evidence that Chinese drylands were weak C sinks,
however, the large variation range in NEP suggests that the drylands
in China have great potential to be C sinks. GPP and ER were
positively correlated with MAP and negatively correlated with MAT.
NEP first decreased and then increased with increasing MAT and
MAP, and 6.61 °C and 207.19 mm were the boundaries for the NEP
response to MAT and MAP, respectively. SM, soil N, LAI, and MAP
were the main factors affecting GPP and ER. However, SM and LNC
had the most important influence on NEP. Compared with climate
and vegetation factors, soil factors had a greater impact on C fluxes in
drylands. Our analysis showed that soil and vegetation factors had
direct effects on C fluxes, while climate factors exerted indirect effects.
Accounting for these different effects of climate, vegetation, and soil
factors can help accurately evaluate the global C balance and predict
the response of ecosystems to environmental change.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Author contributions

ZL, GY and ZC conceived the study. ZL, WZ, TZ, LH, ZC and GY
performed statistical analyses. ZL, WZ, TZ, LH, ZC and GY drafted

References

Ahlstrom, A., Raupach, M. R,, Schurgers, G., Smith, B., Arneth, A, Jung, M., et al.
(2015). The dominant role of semi-arid ecosystems in the trend and variability of the land
CO, sink. Science 348, 895-899. doi: 10.1126/science.aaal668

Berdugo, M., Delgado-Baquerizo, M., Soliveres, S., Hernandez-Clemente, R., Zhao, Y.,
Gaitan, J. J., et al. (2020). Global ecosystem thresholds driven by aridity. Science 367, 787-
790. doi: 10.1126/science.aay5958

Bernacchi, C. J., and VanLoocke, A. (2015). Terrestrial ecosystems in a changing
environment: A dominant role for water. Annu. Rev. Plant Biol. 66, 599. doi: 10.1146/
annurev-arplant-043014-114834

Biederman, J. A, Scott, R. L., Bell, T. W., Bowling, D. R, Dore, S., Garatuza-Payan, J.,
et al. (2017). CO, exchange and evapotranspiration across dryland ecosystems of
southwestern north America. Global Change Bio. 23, 4204-4221. doi: 10.1111/gcb.13686

Cao, G., Tang, Y., Mo, W., Wang, Y., Li, Y., and Zhao, X. (2004). Grazing intensity
alters soil respiration in an alpine meadow on the Tibetan plateau. Soil Biol. Biochem. 36
(2), 237-243. doi: 10.1016/j.s0ilbi0.2003.09.010

Chen, Z., Yu, G, Ge, ], Sun, X,, Hirano, T., Saigusa, N., et al. (2013). Temperature and
precipitation control of the spatial variation of terrestrial ecosystem carbon exchange in
the Asian region. Agric. For. Meteorol. 182-183, 266-276. doi: 10.1016/
j-agrformet.2013.04.026

Frontiers in Plant Science

10.3389/fpls.2023.1060066

the manuscript. All authors contributed to the article and approved
the submitted version.

Funding

This study was supported by the National Natural Science
Foundation of China (41991234, 42141005, 32222052), Young
Talents Project of Institute of Geographic Sciences and Natural
Resources Research (2021RC004), Youth Innovation Promotion
Association of Chinese Academy of Sciences (2022050), and the
Science and Technology Basic Investigation Program of
China (2019FY101302).

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.

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.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpls.2023.1060066/

full#supplementary-material

Chen, Z., Yu, G., Zhu, X., Wang, Q., Niu, S., and Hu, Z. (2015). Covariation between
gross primary production and ecosystem respiration across space and the underlying
mechanisms: A global synthesis. Agric. For. Meteorol. 203, 180-190. doi: 10.1016/
j.agrformet.2015.01.012

Delgado-Baquerizo, M., Maestre, F. T., Gallardo, A., Bowker, M. A., Wallenstein, M. D.,
Quero, J. L, et al. (2013). Decoupling of soil nutrient cycles as a function of aridity in
global drylands. Nature 502 (7473), 672-676. doi: 10.1038/nature12670

de Vries, W., Du, E., and Butterbach-Bahl, K. (2014). Short and long-term impacts of
nitrogen deposition on carbon sequestration by forest ecosystems. Curr. Opin. Env. Sust.
9-10, 90-104. doi: 10.1016/j.cosust.2014.09.001

Dong, G., Guo, J., Chen, J., Sun, G,, Gao, S., Hu, L., et al. (2011). Effects of spring
drought on carbon sequestration, evapotranspiration and water use efficiency in the
songnen meadow steppe in northeast China. Ecohydrology 4, 211-224. doi: 10.1002/
€c0.200

Feng, S., and Fu, Q. (2013). Expansion of global drylands under a warming climate.
Atmos. Chem. Phys. 13, 10081-10094. doi: 10.5194/acp-13-10081-2013

Fernandez-Martinez, M., Vicca, S., Janssens, 1. A., Carnicer, J., Martin-Vide, J., and
Penuelas, J. (2018). The consecutive disparity index, D: A measure of temporal variability
in ecological studies. Ecosphere 9, €02527. doi: 10.1002/ecs2.2527

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fpls.2023.1060066/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpls.2023.1060066/full#supplementary-material
https://doi.org/10.1126/science.aaa1668
https://doi.org/10.1126/science.aay5958
https://doi.org/10.1146/annurev-arplant-043014-114834
https://doi.org/10.1146/annurev-arplant-043014-114834
https://doi.org/10.1111/gcb.13686
https://doi.org/10.1016/j.soilbio.2003.09.010
https://doi.org/10.1016/j.agrformet.2013.04.026
https://doi.org/10.1016/j.agrformet.2013.04.026
https://doi.org/10.1016/j.agrformet.2015.01.012
https://doi.org/10.1016/j.agrformet.2015.01.012
https://doi.org/10.1038/nature12670
https://doi.org/10.1016/j.cosust.2014.09.001
https://doi.org/10.1002/eco.200
https://doi.org/10.1002/eco.200
https://doi.org/10.5194/acp-13-10081-2013
https://doi.org/10.1002/ecs2.2527
https://doi.org/10.3389/fpls.2023.1060066
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Liu et al.

Fernandez-Martinez, M., Vicca, S., Janssens, I. A., Ciais, P., Obersteiner, M., Bartrons,
M, et al. (2017). Atmospheric deposition, CO,, and change in the land carbon sink. Sci.
Rep. 7, 9632. doi: 10.1038/s41598-017-08755-8

Fernandez-Martinez, M., Vicca, S., Janssens, I. A., Sardans, J., Luyssaert, S., Campioli,
M., et al. (2014). Nutrient availability as the key regulator of global forest carbon balance.
Nat. Clim. Change 4, 471-476. doi: 10.1038/nclimate2177

Firn, J., McGree, J. M., Harvey, E., Flores-Moreno, H., Schiitz, M., Buckley, Y. M., et al.
(2019). Leaf nutrients, not specific leaf area, are consistent indicators of elevated nutrient
inputs. Nat. Ecol. Evol. 3, 400-406. doi: 10.1038/s41559-018-0790-1

Flanagan, L. B, Wever, L. A,, and Carlson, P. J. (2002). Seasonal and interannual
variation in carbon dioxide exchange and carbon balance in a northern temperate
grassland. Global Change Biol. 8, 599-615. doi: 10.1046/j.1365-2486.2002.00491.x

Fu, Y., Zheng, Z., Yu, G., Hu, Z, Sun, X., Shi, P., et al. (2009). Environmental influences
on carbon dioxide fluxes over three grassland ecosystems in China. Biogeosciences 6,
2879-2893. doi: 10.5194/bg-6-2879-2009

Gampe, D., Zscheischler, J., Reichstein, M., O'Sullivan, M., Smith, W. K,, Sitch, S., et al.
(2021). Increasing impact of warm droughts on northern ecosystem productivity over
recent decades. Nat. Clim. Change 11, 772-779. doi: 10.1038/s41558-021-01112-8

Gherardi, L. A., and Sala, O. E. (2019). Effect of interannual precipitation variability on
dryland productivity: A global synthesis. Global Change Biol. 25 (1), 269-276.
doi: 10.1111/gcb.14480

Haverd, V., Ahlstrom, A., Smith, B., and Canadell, J. G. (2017). Carbon cycle responses
of semi-arid ecosystems to positive asymmetry in rainfall. Global Change Biol. 23 (2), 793~
800. doi: 10.1111/gcb.13412

Hirata, R., Saigusa, N., Yamamoto, S., Ohtani, Y., Ide, R, Asanuma, J., et al. (2008).
Spatial distribution of carbon balance in forest ecosystems across East Asia. Agric. For.
Meteorol. 148, 761-775. doi: 10.1016/j.agrformet.2007.11.016

Hou, E,, Litvak, M. E,, Rudgers, J. A,, Jiang, L., Collins, S. L., Pockman, W. T,, et al.
(2021). Divergent responses of primary production to increasing precipitation variability
in global drylands. Global Change Biol. 27 (20), 5225-5237. doi: 10.1111/gcb.15801

Janssens, I. A., Freibauer, A., Ciais, P., Smith, P., Nabuurs, G.-J., Folberth, G., et al.
(2003). Europe's terrestrial biosphere absorbs 7 to 12% of European anthropogenic CO,
emissions. Science 300 (5625), 1538-1542. doi: 10.1126/science.1083592

Kato, T., and Tang, Y. (2008). Spatial variability and major controlling factors of CO,
sink strength in Asian terrestrial ecosystems: Evidence from eddy covariance data. Global
Change Biol. 14, 2333-2348. doi: 10.1111/j.1365-2486.2008.01646.x

Knapp, A. K., Hoover, D. L., Wilcox, K. R., Avolio, M. L., Koerner, S. E., La Pierre, K. J.,
et al. (2015). Characterizing differences in precipitation regimes of extreme wet and dry
years: implications for climate change experiments. Global Change Biol. 21, 2624-2633.
doi: 10.1111/gcb.12888

Koutroulis, A. G. (2019). Dryland changes under different levels of global warming. Sci.
Total Environ. 655, 482-511. doi: 10.1016/j.scito tenv.2018.11.215

Lai, J., Zou, Y., Zhang, J., and Peres-Neto, P. R. (2022). Generalizing hierarchical and
variation partitioning in multiple regression and canonical analyses using the rdacca.hp r
package. Methods Ecol. Evol. 13, 782-788. doi: 10.1111/2041-210X.13800

Law, B. E,, Falge, E.,, Gu, L., Baldocchi, D. D., Bakwin, P., Berbigier, P., et al. (2002).
Environmental controls over carbon dioxide and water vapor exchange of terrestrial
vegetation. Agric. For. Meteorol. 113, 97-120. doi: 10.1016/S0168-1923(02)00104-1

Li, Y., Huang, J., Ji, M., and Ran, J. (2015). Dryland expansion in northern China
from 1948 to 2008. Atmos. Chem. Phys. 32 (6), 870-876. doi: 10.1007/s00376-014-
4106-3

Liu, Z., Dong, N., Zhang, H., Zhao, M., Ren, T,, Liu, C,, et al. (2021). Divergent long-
and short-term responses to environmental gradients in specific leaf area of grassland
species. Ecol. Indic. 130, 108058. doi: 10.1016/j.ecolind.2021.108058

Liu, L., Gudmundsson, L., Hauser, M., Qin, D., Li, S., and Seneviratne, S. 1. (2020). Soil
moisture dominates dryness stress on ecosystem production globally. Nat. Commun. 11
(1), 4892. doi: 10.1038/s41467-020-18631-1

Liu, Z., Zhao, M., Zhang, H., Ren, T., Liu, C,, and He, N.. (2023). Divergent response
and adaptation of specific leaf area to environmental change at different spatio-temporal
scales jointly improve plant survival. Global Change Biol. 29, 1144-1159. doi: 10.1111/
gcb.16518

Maestre, F. T, Delgado-Baquerizo, M., Jeffries, T. C., Eldridge, D. J., Ochoa, V., Gozalo,
B., et al. (2015). Increasing aridity reduces soil microbial diversity and abundance in
global drylands. P. Natl. Acad. Sci. US.A. 112 (51), 15684-15689. doi: 10.1073/
pnas.1516684112

Moreno-Martinez, A., Camps-Valls, G., Kattge, J., Robinson, N., Reichstein, M., van
Bodegom, P, et al. (2018). A methodology to derive global maps of leaf traits using

Frontiers in Plant Science

1

10.3389/fpls.2023.1060066

remote sensing and climate data. Remote Sens. Environ. 218, 69-88. doi: 10.1016/
j.rse.2018.09.006

Muller, O., Hirose, T., Werger, M. J. A,, and Hikosaka, K. (2011). Optimal use of leaf
nitrogen explains seasonal changes in leaf nitrogen content of an understorey evergreen
shrub. Ann. Bot. 108 (3), 529-536. doi: 10.1093/aob/mcr167

Niu, S. L., Wu, M. Y., Han, Y., Xia, J. Y., Li, L. H.,, and Wan, S. Q. (2008). Water-
mediated responses of ecosystem carbon fluxes to climatic change in a temperate steppe.
New Phyto. 177 (1), 209-219. doi: 10.1111/j.1469-8137.2007.02237 x

Pastor, J., and Post, W. M. (1993). Linear regressions do not predict the transient
responses of eastern north american forests to CO,-induced climate change. Climatic
Change 23 (2), 111-119. doi: 10.1007/BF01097332

Peng, F., You, Q. G., Xu, M. H,, Guo, J., Wang, T., and Xue, X. (2014). Effects of
warming and clipping on ecosystem carbon fluxes across two hydrologically contrasting
years in an alpine meadow of the qinghai-Tibet plateau. PloS One 9 (10), €109319.
doi: 10.1371/journal.pone.0109319

Piao, S., Zhang, X, Chen, A,, Liu, Q,, Lian, X., Wang, X,, et al. (2019). The impacts of
climate extremes on the terrestrial carbon cycle: A review. Sci. China Earth Sci. 62 (10),
1551-1563. doi: 10.1007/s11430-018-9363-5

Poulter, B., Frank, D., Ciais, P., Myneni, R. B., Andela, N,, Bi, J., et al. (2014).
Contribution of semi-arid ecosystems to interannual variability of the global carbon
cycle. Nature 509 (7502), 600-603. doi: 10.1038/nature13376

Pravilie, R. (2016). Drylands extent and environmental issues. A Global approach.
Earth-Sci. Rev. 161, 259-278. doi: 10.1016/j.earscirev.2016.08.003

Prentice, K. C. (1990). Bioclimatic distribution of vegetation for general circulation
model studies. J. Geophys. Res-Atmos 95 (D8), 11811-11830. doi: 10.1029/
JD095iD08p11811

Prentice, I. C., Cramer, W., Harrison, S. P., Leemans, R., Monserud, R. A., and
Solomon, A. M. (1992). Special paper: A global biome model based on plant physiology
and dominance, soil properties and climate. J. Biogeogr. 19 (2), 117-134. doi: 10.2307/
2845499

Shangguan, W, Dai, Y. J,, Liu, B. Y., Zhu, A. X,, Duan, Q. Y., Wu, L. Z, et al. (2013). A
China dataset of soil properties for land surface modeling. J. Adv. Model. Earth Sy. 5,212-
22. doi: 10.1002/jame.20026

Ukkola, A. M., De Kauwe, M. G., Roderick, M. L., Burrell, A., Lehmann, P., and Pitman,
A.J. (2021). Annual precipitation explains variability in dryland vegetation greenness
globally but not locally. Global Change Biol. 27 (18), 4367-4380. doi: 10.1111/gcb.15729

van der Molen, M. K., Dolman, A. J., Ciais, P., Eglin, T., Gobron, N., Law, B. E., et al.
(2011). Drought and ecosystem carbon cycling. Agric. For. Meteorol. 151 (7), 765-773.
doi: 10.1016/j.agrformet.2011.01.018

Vicca, S., Luyssaert, S., Pefiuelas, J., Campioli, M., Chapin, F. S. III, Ciais, P., et al.
(2012). Fertile forests produce biomass more efficiently. Ecol. Lett. 15 (6), 520-526.
doi: 10.1111/j.1461-0248.2012.01775.x

Wang, Y. F,, Hao, Y. B,, Cui, X. Y,, Zhao, H. T., Xu, C. Y., Zhou, X. Q,, et al. (2014).
Responses of soil respiration and its components to drought stress. J. Soil. Sediment. 14
(1), 99-109. doi: 10.1007/s11368-013-0799-7

Wang, J., Li, L., Warren, A., and Shao, C. (2017). Morphogenesis and molecular
phylogeny of the soil ciliate rigidohymena quadrinucleata (Dragesco and njin) berge
(Ciliophora, hypotricha, oxytrichidae). Eur. J. Protistol. 60, 1-12. doi: 10.1016/
j.€j0p.2017.04.006

Wang, N., Quesada, B., Xia, L. L., Butterbach-Bahl, K., Goodale, C. L., and Kiese, R.
(2019). Effects of climate warming on carbon fluxes in grasslands- a global meta-analysis.
Global Change Biol. 25 (5), 1839-1851. doi: 10.1111/gcb.14603

Wright, L J., Reich, P. B., Westoby, M., Ackerly, D. D., Baruch, Z., Bongers, F,, et al.
(2004). The worldwide leaf economics spectrum. Nature 428 (6985), 821-827.
doi: 10.1038/nature02403

Yang, G., Peng, Y., Abbott, B. W., Biasi, C., Wei, B., Zhang, D., et al. (2021).
Phosphorus rather than nitrogen regulates ecosystem carbon dynamics after permafrost
thaw. Global Change Biol. 27 (22), 5818-5830. doi: 10.1111/gcb.15845

Yao, J., Liu, H,, Huang, J., Gao, Z., Wang, G., Li, D,, et al. (2020). Accelerated dryland
expansion regulates future variability in dryland gross primary production. Nat.
Commun. 11 (1), 1665. doi: 10.1038/s41467-020-15515-2

Yi, C., Ricciuto, D., Li, R., Wolbeck, J., Xu, X., Nilsson, M., et al. (2010). Climate control
of terrestrial carbon exchange across biomes and continents. Environ. Res. Lett. 5 (3),
034007. doi: 10.1088/1748-9326/5/3/034007

Yu, G. R, Zhu, X. ], Fu, Y. L, He, H. L,, Wang, Q. F., Wen, X. F,, et al. (2013). Spatial
patterns and climate drivers of carbon fluxes in terrestrial ecosystems of China. Global
Change Biol. 19 (3), 798-810. doi: 10.1111/gcb.12079

frontiersin.org


https://doi.org/10.1038/s41598-017-08755-8
https://doi.org/10.1038/nclimate2177
https://doi.org/10.1038/s41559-018-0790-1
https://doi.org/10.1046/j.1365-2486.2002.00491.x
https://doi.org/10.5194/bg-6-2879-2009
https://doi.org/10.1038/s41558-021-01112-8
https://doi.org/10.1111/gcb.14480
https://doi.org/10.1111/gcb.13412
https://doi.org/10.1016/j.agrformet.2007.11.016
https://doi.org/10.1111/gcb.15801
https://doi.org/10.1126/science.1083592
https://doi.org/10.1111/j.1365-2486.2008.01646.x
https://doi.org/10.1111/gcb.12888
https://doi.org/10.1016/j.scito tenv.2018.11.215
https://doi.org/10.1111/2041-210X.13800
https://doi.org/10.1016/S0168-1923(02)00104-1
https://doi.org/10.1007/s00376-014-4106-3
https://doi.org/10.1007/s00376-014-4106-3
https://doi.org/10.1016/j.ecolind.2021.108058
https://doi.org/10.1038/s41467-020-18631-1
https://doi.org/10.1111/gcb.16518
https://doi.org/10.1111/gcb.16518
https://doi.org/10.1073/pnas.1516684112
https://doi.org/10.1073/pnas.1516684112
https://doi.org/10.1016/j.rse.2018.09.006
https://doi.org/10.1016/j.rse.2018.09.006
https://doi.org/10.1093/aob/mcr167
https://doi.org/10.1111/j.1469-8137.2007.02237.x
https://doi.org/10.1007/BF01097332
https://doi.org/10.1371/journal.pone.0109319
https://doi.org/10.1007/s11430-018-9363-5
https://doi.org/10.1038/nature13376
https://doi.org/10.1016/j.earscirev.2016.08.003
https://doi.org/10.1029/JD095iD08p11811
https://doi.org/10.1029/JD095iD08p11811
https://doi.org/10.2307/2845499
https://doi.org/10.2307/2845499
https://doi.org/10.1002/jame.20026
https://doi.org/10.1111/gcb.15729
https://doi.org/10.1016/j.agrformet.2011.01.018
https://doi.org/10.1111/j.1461-0248.2012.01775.x
https://doi.org/10.1007/s11368-013-0799-7
https://doi.org/10.1016/j.ejop.2017.04.006
https://doi.org/10.1016/j.ejop.2017.04.006
https://doi.org/10.1111/gcb.14603
https://doi.org/10.1038/nature02403
https://doi.org/10.1111/gcb.15845
https://doi.org/10.1038/s41467-020-15515-2
https://doi.org/10.1088/1748-9326/5/3/034007
https://doi.org/10.1111/gcb.12079
https://doi.org/10.3389/fpls.2023.1060066
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	The role of climate, vegetation, and soil factors on carbon fluxes in Chinese drylands
	1 Introduction
	2 Materials and methods
	2.1 Carbon flux data collection and screening
	2.2 Climate, vegetation, and soil data collection
	2.3 Statistical analyses

	3 Results
	3.1 Spatial variation in carbon fluxes in Chinese drylands
	3.2 Response of carbon fluxes to climate, vegetation, and soil factors in Chinese drylands
	3.3 Regulatory mechanism for carbon fluxes in Chinese drylands

	4 Discussion
	4.1 The drylands in China are weak carbon sinks
	4.2 Response of carbon fluxes to climate, vegetation, and soil factors in drylands
	4.3 Regulatory mechanism of ecosystem carbon fluxes in drylands

	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Supplementary material
	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


