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Introduction: The allocation of nitrogen (N) and phosphorus (P) among plant
organs is an important strategy affecting growth and development as well as
ecological processes in terrestrial ecosystems. However, due to lack of
systematic investigation data, the allocation strategies of N and P in the three
primary plant organs (e.g., leaves, stems and roots) are still unclear.

Methods: A total of 912 individuals of 62 Artemisia species were examined across
a broad environmental expanse in China, and the N and P concentrations of
leaves, stems and roots were measured to explore the allocation strategies in
different subgenera, ecosystem types, and local sites.

Results and discussion: Across all 62 species, the N vs. P scaling exponents for
leaves, stems and roots were 0.67, 0.59 and 0.67, respectively. However, these
numerical values differed among subgenera, ecosystem types, and local sites.
Overall, the numerical values of N vs. P scaling exponents comply with a 2/3-
power function for each Artemisia organ-type reflecting a phylogenetically
conserved allocation strategy that has nevertheless diversified with respect to
local environmental conditions. These results inform our understanding of N and
P stoichiometric patterns and responses to abiotic factors in an ecologically
broadly distributed angiosperm genus.
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1 Introduction

The allocation of critical nutrients to different plant organs is an
important strategy for growth and development in response to
resource limitations and changing environmental conditions that
influences the material and energy cycles and ecological processes in
terrestrial ecosystems (Bazzaz and Grace, 1997; Sterner and Elser,
2002; Agren, 2004). Nitrogen (N) and phosphorus (P) are important
limiting elements that play crucial roles in plant metabolic pathways,
such as photosynthesis, respiration, and reproduction (Elser et al.,
2003; 2007; Vitousek, 2004; Sullivan et al,, 2014), and contribute
significantly to ecosystem functions and biogeochemical cycles
(Giisewell, 2004). Leaves, roots and stems are the primary
photosynthetic, absorptive, and mechanical organs, respectively,
that have different metabolic and structural requirements (Niklas,
2004; Zhao et al., 2016; Lambers and Oliveira, 2019), and therefore
likely have different nutrient allocation strategies (Yan et al., 2016;
Song et al., 2022; Wang et al., 2022b). Plants need to coordinate the
allocation of limiting N and P to maximize their growth and may
change allocation strategies in response to different environmental
constraints. Thus, exploring the allocation of N and P among the
three primary plant organs is of paramount importance for
understanding nutrient utilization strategies and predicting
ecosystem nutrient fluxes under changing environmental conditions.

Previous studies have explored the N and P allocation strategies
in specific organs and tissue systems, such as leaves (Wright et al.,
2004; Han et al., 2005; Niklas and Cobb, 2005; Reich et al., 2010;
Tian et al, 2018), stems (Wang et al,, 2018; Zhang et al., 2018;
2022a; Zhao et al.,, 2021), fine roots (Yuan et al., 2011; Wang et al.,
2019,2021), seeds (Wang et al., 2020), and bark (Gong et al., 2024).
Using comprehensive global data sets, two empirical studies have
asserted that specific stoichiometric allocation patterns hold true for
leaves (Reich et al., 2010) and fine roots (Wang et al, 2019).
However, other studies have reported that the numerical values of
the N vs. P scaling exponent differ in response to ambient
environmental factors and across different lineages (Kerkhoff
et al., 2006; Niklas, 2006; Tian et al., 2018; Wang et al., 2021).

Arguably, despite considerable progress, our understanding of
plant N and P allocation strategies remains limited for at least two
important reasons. First, many previous studies are based on data
compilations drawn from the primary literature, which conflates
different survey approaches and methods. And second, few studies
have explored the effects of phylogeny on N and P allocation patterns,
which may differ across different lineages and clades. In an effort to
compensate for these potential difficulties, this study focused on a
single genus, Artemisia, which includes more than 500 herbaceous
species in a species-rich and ecologically important family (Malik
et al,, 2017). In addition to its architectural diversity, Artemisia was
selected because of its wide distribution in different habitats and
climate zones across Asia, Europe, and North America (Liu et al,
2021; Liu et al,, 2023). A third benefit is that the genus has several
closely related late divergent subgenera (Yang et al., 2015) that appear
to share similar trait-evolution trajectories making the genus an ideal
resource with which to explore N and P allocation strategies.
Consequently, The N and P concentrations for leaves, stems and
roots of 912 individuals of 62 Artemisia species were measured along
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a broad environmentally diverse expanse in China to determine N
and P allocation strategies among the three primary plant organs.
The goals of this study were to determine (1) whether there are
differences in leaf, stem, and root N and P concentrations and N:P
ratios among subgenera and ecosystem types, (2) whether the
numerical values of N vs. P scaling exponents observed for
different organs, subgenera, and ecosystem types conform to
previous asserted power-law “rules”, and (3) whether the numerical
values of N vs. P scaling exponents of the three major organs differ
predictably across local sites, and climatic and soil conditions?

2 Materials and methods
2.1 Field sampling and measurement

These data were collected from a previous study, and the detail
sampling information also see Liu et al. (2023). A total of 912
individuals of 62 Artemisia species were sampled from 81 sites across
China between late July and August 2018 (Figure 1). The majority of
plants (> 95%) were at the flowering stage. Among the 62 Artemisia
species, eight were in the subgenera Absinthium, 18 in the subgenera
Dracunculus, and 36 in the subgenera Artemisia. The sampling sites
covered four ecosystem types (desert, shrubland, grassland, and forest).

Individual plants were divided into leaves, stems and roots,
which were dried at 65°C for 48h to obtain dry mass. The organs
were then ground to fine powder and passed through a 100-mesh
sieve. The N concentration was measured using an elemental
analyzer (Vario EL III, Elementar, Hanau, Germany), and the P
concentration was determined using a Thermo Scientific iCAP 6300
(Thermo Fisher Scientific Inc., Waltham, MA, USA) (also see Liu
et al., 2023). Leaf dry matter content (LDMC), stem dry matter
content (SDMC), and root dry matter content (RDMC) were
calculated as the quotient of dry mass to fresh mass.

2.2 Statistical analysis

Here, we take a scaling approach to evaluate the allocation of N
and P among plant organs, which can be described by a power
function in the form of N = fP“ which when log-transformed takes
the form logN = logf8 + clogP, where ¢ and 3 are the log-log
regression slope (the scaling exponent) and the regression intercept
(the normalization constant), respectively (Niklas, 1994, 2006;
Kerkhoft et al., 2006; Agren, 2008). In the context of N and P
allocation, the numerical value of the scaling exponent () reflects
the trade-off between N and P investment (Wright et al., 2005; Elser
et al, 2010). Numerical values equal to unity indicate an equitable
(isometric) N vs. P allocation, whereas values unequal to unity
indicate a biased (allometric) allocation, as for example predicted by
the growth rate hypothesis, which predicts o < 1 (Elser et al., 2000,
2003; Sterner and Elser, 2002; Yang et al., 2014).

One-way ANOVA with Student’s test was used to compare the
differences in the N and P concentrations and N:P ratios of leaves,
stems and roots among different subgenera and ecosystem types. N and
P concentrations were log;o-transformed to assure normality. Standard
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FIGURE 1

The distribution of the 81 sampling sites used in this study.

major axis (SMA) in the Imodel2 function of the R package LMODEL2
was used to determine N vs. P scaling exponents (Legendre, 2018). The
likelihood ratio test was used to examine the heterogeneity of N vs. P
scaling exponents among the subgenera and different ecosystem types.
Given that tissue dry matter content is negatively correlated with
photosynthetic capacity (Santiago et al,, 2004), tissue dry matter
content was used as a reasonable surrogate for growth rates (Niklas,
2004; Chave et al,, 2009). SMA regression was used to evaluate the
scaling relationships of N and P concentrations with respect to LDMC,
SDMC and RDMC. To determine the numerical values of the N vs. P
scaling exponents of different organs at each site, species with 10 or
more samples from each site were selected (a total of 21 sites for leaves,
16 sites for stems, and 21 sites for roots) for SMA regression analyses.
All the data analyses were performed in R 4.3.1 (R Development Core
Team, 2023).

3 Results

3.1 Leaf, stem, and root N and P
concentrations and N:P ratios in different
subgenera and ecosystem types

Across all observations, the average N concentrations were
24.25, 7.26 and 7.53 mg/g in the leaves, stems and roots,
respectively. The average P concentrations were 2.07, 1.17 and
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1.04 mg/g, respectively. The average N:P ratios were 11.74, 6.19 and
7.23, respectively (Table 1). The N and P concentrations and N:P
ratios differed significantly among different subgenera and
ecosystem types (Table 1). The subgenera Absinthium had the
highest N concentration and N:P ratio and the lowest P
concentration of all organs, whereas the subgenera Artemisia had
the lowest N concentration and N:P ratio and the highest P
concentration of all organs. Among the different ecosystem types,
deserts had the highest N concentrations and N:P ratios and the
lowest P concentrations of all organs. Forests had the lowest N
concentrations and N:P ratios, whereas grassland had the highest
P concentrations.

3.2 Leaf, stem, and root N versus P scaling
exponents across subgenera, ecosystem
types, and local sites

Across all observations, the N vs. P scaling exponents were 0.67
(#* =0.08, P< 0.001), 0.59 (+* = 0.02, P< 0.001), and 0.67 (+* = 0.09, P<
0.001) for leaves, stem and roots, respectively (Figure 2; Table 2).
Among the subgenera, there were significant differences in the
numerical values of exponents. For example, the subgenera
Artemisia had higher leaf N vs. P scaling exponent (& = 0.71) than
the subgenera Dracunculus (o = 0.60). In contrast, the Dracunculus
had the highest root N vs. P scaling exponent (¢ = 0.77) than the
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TABLE 1 Nitrogen (N) and phosphorus (P) and N:P ratios among different organ of the 62 Artemisia species in different subgenera and ecosystems.

Leaf P Leaf N:P Stem N Stem P Stem N:P Root N Root P Root N:P
(mg/q) (mg/q) (mg/q) (mg/qg) (mg/q)
All 912 | 2425+021 | 207+003 @ 11.74%0.17 | 7.26 +0.09 1.17 + 0.02 6.19 + 0.16 7.53 + 0.09 1.04 +0.18 7.23 +0.14
Subgenera
Absinthium | 70 = 26.81+095a | 192+0.1la 1399 +090a 974 +032a 101 +0.06b = 9.62+066a | 895+024a 090 +005b | 9.92 +0.50a
Artemisia 583 23.85 2.08 + 0.03a 11.53 701 +0.10b | 126+003a 556+018c = 732+0.11b  1.10+0.02a 668 + 0.16c
+ 0.40b +0.38b
Dracunculus | 259 24.13 2.07 + 0.03a 11.59 724+0.16b | 1.03+004b  7.01+032b | 7.65+0.18b 096 +0.03b | 7.95+027b
+0.25b +0.18b
Ecosystem type
Desert 92 | 2773+0.73a | 1.63+0.08b  17.02+0.68a = 10.14 +0.29a = 0.80 + 0.05c = 1271 + 0.64a = 9.27 = 0.37a | 0.80 + 0.06b 11.55
+0.52a
Shrubland 143 24.43 1.77 + 0.07b 13.79 763 +021b | 091+005b  838+040b 829 +025b  0.82+0.05b 10.12
+0.56b +0.51b +0.39b
Grassland 169 23.98 223+005a 1081 +0.17c  742+023b | 130+004a 573 +034c | 7.65+023b  1.17+004a 652+ 0.26c
+ 0.44b
Forest 508 23.70 219+0.04a | 1073+ 034c 668 +0.09c | 130+003a 513 +014c 701 £0.10c 1.12+002a 626+ 0.13c
+0.27b

n is the number of samples. Different letters indicate significant differences at 0.05 level.

subgenera Artemisia (o¢ = 0.64) and the Absinthium (o = 0.63).
Likewise, significant differences in the N vs. P scaling exponents were
found across ecosystem types. In the case of leaves, forests had the
highest N vs. P scaling exponent (¢ = 0.68) compared to deserts (o =
0.67) and shrublands (& = 0.62). The stem N vs. P scaling exponent
for deserts was 0.65, whereas that of shrublands and forests were 0.54
and 0.51, respectively. The root N vs. P scaling exponent for
grasslands was 0.90, whereas that of shrublands, deserts, and forests
were 0.61, 0.69 and 0.63, respectively.

N concentrations decreased with LDMC (o = -1.56, r* = 0.02, P<
0.001), SDMC (& = -1.52, * = 0.15, P < 0.001) and RDMC (ot = -
1.80, 7 = 0.15, P < 0.001) (Figures 3A-C). P concentrations decreased
with RDMC (¢ = -2.68, r* = 0.07, P < 0.001), whereas P
concentrations did not show significant relationships with either
LDMC or SDNC (P > 0.05) (Figure 3D-F). The N vs. P scaling
exponents of all organs statistically differed among local sites
(Figure 4). The leaf N vs. P scaling exponent ranged from 0.23 to
1.70 with a mean of 0.75. The stem N vs. P scaling exponent ranged
from 0.37 to 1.18 with a mean of 0.64, whereas the root N vs. P scaling
exponent ranged from 0.37 to 1.06 with a mean of 0.71.

4 Discussion

4.1 N and P concentrations and N:P ratio in
leaves, stems and roots of
Artemisia species

The results show that N and P concentrations and N:P ratios
differ significantly among the three plant organs of Artemisia
species (Table 1). Leaves have higher N and P concentrations and
N:P ratios compared to stems and roots, which accords with
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previous studies (Kerkhoff et al.,, 2006; Zhang et al., 2018; Chen
etal., 2020; Zhao et al.,, 2021) pointing to the fact that leaves require
more N and P to maximize the energy requirements for their
physiological activities (Wright et al., 2005; Zhao et al., 2019; Zhao
et al, 2021). As noted by others, leaves are rich in Rubisco, which
contains significant amounts of N (Ghimire et al., 2017) that is
positively associated with high photosynthetic and respiratory rates
(Wright et al., 2004; Donovan et al., 2011). In contrast, stems and
roots share similar N and P concentrations and N:P ratios likely
because they generally have lower metabolic rates and contain
larger amounts of storage and mechanically supportive tissues
(rich in cellulose, hemicellulose, and lignin) requiring lower N
and P concentrations for their metabolic activities (Kerkhoff et al.,
2006; Zhang et al., 2018).

Despite the relatively small phylogenetic distances among the
three Artemisia subgenera, significant differences in N and P
concentrations as well as N:P ratio are seen in leaves, stems and
roots (Table 1). For example, compared to the other two subgenera,
Absinthium had higher N concentrations and N:P ratios but lower P
concentrations, indicating that phylogenetic legacy cannot be
discounted when assessing interspecific trends in allocation
patterns (Kerkhoft et al., 2006; Paoli, 2006; Townsend et al.,
2007). Hao et al. (2015) report that the factors “genus” and
“species” on average account for 59% of the total variation in N
and P concentrations within the subfamily Didymocarpoideae
in China.

In addition, Artemisia N and P concentrations and N:P ratios
differ significantly across different ecosystem types (Table 1). For
example, the N concentrations and N:P ratios of Artemisia species
are higher in deserts than in shrublands, grasslands, or forests,
whereas N concentrations and N:P ratios are lower in forests than in
grasslands, shrublands, or deserts. In contrast, Artemisia species
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FIGURE 2

Scaling relationships of nitrogen (N) and phosphorus (P) for leaves (A-C), stems (D-F) and roots (G-I) in pooled data, and different subgenera and

ecosystem types.

growing in forests have lower N concentrations and N:P ratios as a
result of differences in species composition (Yang et al, 2015).
These data support the idea that species adapted to dry conditions
tend to invest more N in the construction of their organs, perhaps to
maintain growth by reducing stomatal conductance and increasing
water use efficiency (Cunningham et al., 1999; Wright et al., 2003;
Sardans and Pefuelas, 2013).

4.2 N vs. P scaling exponents in leaves,
stems and roots of Artemisia species

The data reveal that the numerical values of N vs. P scaling
exponents are all less than unity for each of the organ types of all
Artemisia species (Figure 2; Table 2), indicating a disproportionate
investment in P compared to N. These results are statistically
indistinguishable from a 2/3-power law reported by Reich et al.
(2010) using a global dataset and support the growth rate hypothesis.
In contrast, the N vs. P scaling exponent for roots (i.e., o0 = 0.67) is
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inconsistent with the 0.82-power law reported by Wang et al. (2019).
Perhaps more interesting, the stem N vs. P scaling exponent (i.e., 0. =
0.59) is numerically close to 2/3, which is observed for the leaves and
roots examined in this study. This observation likely reflects the fact
that all species examined in our study are herbaceous and typically
possess photosynthetic green stems (Yang et al., 2016), which can
contribute to overall growth (Adler et al.,, 2014), but require a greater
supply of N and P. Therefore, it is not surprising that the stem N vs. P
scaling exponent is similar to leaves.

We speculate that the scaling exponents of leaves, stems, and
roots are numerically convergent as a result of the close phyletic
history shared by the species in each of the three subgenera
(McGroddy et al., 2004). Artemisia species all share a long and
similar evolutionary history, which may confine their allocation
strategies to a comparatively narrow range of nutrient requirements
(see Cavender-Bares et al., 2020). Previous studies similarly
reported “invariant” N vs. P scaling exponents for leaves, stems
and roots among herbaceous and woody species along different
environmental gradients the Changbai Mountain of China (Zhao
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TABLE 2 Summary of standard major axis (SMA) regression results between N and P concentrations among different organs of the 62 Artemisia
species in different subgenera and ecosystems.

Leaf Stem Root
Intercept I(E;;J;nélz; Intercept I(E;;J;nélz; Intercept I(E;;J;nélz;
All o2 117 (0.603'—607.72) 0.08 0.501 082 (0,505'?09.63) 0.2 0.501 087 (0,603'-607.72) 0.09 0.501
Subgenera

Absinthium 70 —_— _— —— ol —_— _— 03 0.98 0'2,38(8;0_ 006  0.049

Artemisia | 583 115 0'3_17(%26' 0.17 o.go . 0.79 0'3_56(8;5:' 0.05 o.go . 0.84 022(2;9- 0.14 0_50 )

Dracunculus = 259 1.19 0'2?6(2;3' 0.02 | 0.045 0.85 O'i’fé%iz' 002 001 0.9 0'3?;2528' 0.05 o.(:o )
Ecosystem type

Desert 92 13 O'zggis' 007 | 0012 1.07 0'3‘_:’7((9)5' 0z ; o 1.03 0'39;2;8' 0.29 0.(?0 .

Shrubland | 143 123 0?7(2)2 o6 0;0 . 0.9 O'ffé(gf" 0.16 O;O . 0.97 0'2_17%? T 030 0_50 .

Grassland 169 — —_— —— 0574 — —_— — m 0.82 0'91?(52518' 0.06 0.;0 )

Forest 508 1.14 0‘?7(2;33' 0.18 0.501 0.77 0‘3_15(;4137' 0.13 0.501 0.82 0‘2_36(255138' 0.15 0_50 )

n is the number of samples. Different letters indicate significant differences at 0.05 level.

et al,, 2016), a north-south transect of eastern China (Zhang et al,
2018) that, along with our study, provide strong evidence that N
and P scaling relationships can be highly conserved among related
species (Kerkhoff et al., 2006; Chen et al., 2020).

Leaf, stem, and root dry matter content is known to be an
important functional plant trait (Cornelissen et al., 2003) and
previous studies have shown that tissue dry matter content is
negatively correlated with photosynthetic capacity (Santiago et al,

1.81(a) ) (b) ) (c) 2
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FIGURE 3

The relationships of leaf (LDMC), stem (SDMC) and root (RDMC) dry matter content and nitrogen (N) (A-C), and phosphorus (P) (D-F).
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The N and P scaling relationships of leaves (A), stems (B) and roots (C) for different local sites.

2004), which can be a surrogate measurement for plant growth rates
(Chave et al,, 2009). Therefore, we evaluated whether the growth rate
hypothesis of P and N requirements was consistent with the scaling
exponents for P and N. The results indicate that the scaling of root P vs.
RDMC has a numerically larger scaling exponent than the scaling
exponent of root N vs. RDMC (Figure 3). This observation is consistent
with the growth rate hypothesis, which predicts that plants with greater
metabolic rates require more P than N to support their elevated protein
synthesis demands. It is particularly surprising therefore that leaf and
stem P manifest no significant relationship with LDMC and SDMC (P
>0.05). It is possible that herbivores and pathogens affected our
sampling of above-ground biomass (even though there was no
obvious damage to the leaves and stems collected in this study).
Consequently, future work is warranted to examine the relationship
of stem and leaf N and P contents with LDMC and SDMC.

4.3 Variations of N vs. P scaling exponents
across ecosystem types and local sites

The data reveal statistically significant differences in N vs. P
scaling exponents with respect to ecosystem types and local sites
(Figures 3, 4; Table 2), indicating differences N and P allocation
strategies in organs in response to local environmental conditions.
We speculate that regional environmental factors, such as climate,
soil nutrient availability, and even species composition, play
important roles in determining N vs. P scaling exponents for each
of the three primary plant organs, even within this otherwise tight-nit
genus. Many previous studies have shown that plants are capable of
modifying metabolic rates and may change allocation strategies to
adapt to local climate and soil nutrients constraints (e.g., Craine et al.,
2005; Liu et al, 2010; Guo et al, 2021). For example, desert plant
species generally allocate more N in stems compared to species
adapted to less arid conditions to maintain physiological activity,
particularly to more effectively transport photosynthates and water to
roots (Marschner et al., 1997), and to provide mechanical support
(Niklas, 1992; West et al., 1999). Likewise, species growing in
shrublands tend to accumulate P more rapidly in roots, perhaps to
compete for limited nutrients by means of mycorrhizal symbiotic
associations (Lambers et al., 2008; Onipchenko et al., 2009; Yan et al.,
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2023). Hence, our findings regarding differences in N and P allocation
strategies are not surprising except that they are evidence even within
a phylogenetically well-defined and otherwise fairly uniform species
complex. However, it must be noted that due to the limited latitude
range in our study, we cannot evaluate the effects of climatic and soil
physicochemical factors on the N vs. P scaling exponents at local sites.
Our understanding of the nutrients allocation strategies in local sites
is still severely restricted. Future work on a larger scale is required and
necessitates further investigation.

5 Conclusions

Based on 62 Artemisia species growing within an ecologically
diverse and wide expanse in China, the N vs. P scaling exponents for
leaves, stems and roots are 0.67, 0.59 and 0.67, respectively, which is
consistent with a 2/3-power rule thereby supporting the growth rate
hypothesis. These results confirm that N vs. P scaling exponents are
highly conserved for the three primary plant organs within a
phylogenetically well-defined species-complex, although these
scaling exponents differ numerically across the three subgenera,
ecosystem types, and local sites. These results help to better clarify
our current understanding of plant nutrient allocation strategies by
confining the results of analyses to a phyletically well-defined group
using the same sampling and measurement protocols.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding author.

Author contributions

DJ: Writing - original draft, Conceptualization. HG: Formal
analysis, Writing — review & editing. KN: Writing - review &
editing, Supervision. ZW: Conceptualization, Supervision,
Writing - original draft, Writing - review & editing.

frontiersin.org


https://doi.org/10.3389/fpls.2024.1445831
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Jiang et al.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study
was financially supported by the National Natural Science
Foundation of China (32370498), the Youth Innovation Promotion
Association of CAS (2021370), the Southwest Minzu University
Research Startup Funds (RQD2023002), the Southwest Minzu
University Double World-Class Project (CX2023008), and the
Sichuan Science and Technology Program (2023NSESC0197).

Acknowledgments

We are grateful to Dr Xuejun Yang and Dr Zhenying Huang for
their available data contribution.

References

Adler, P. B, Salguero-Gomez, R, Compagnoni, A., Hsu, J. S., Ray-Mukherjee, .,
Mbeau-Ache, C,, et al. (2014). Functional traits explain variation in plant life history
strategies. Proc. Natl. Acad. Sciences U.S.A. 111, 740-745. doi: 10.1073/pnas.1315179111

Agren, G.1. (2004). The C:N: P stoichiometry of autotrophs-theory and observations.
Ecol. Lett. 7, 185-191. doi: 10.1111/j.1461-0248.2004.00567.x

Agren, G. 1. (2008). Stoichiometry and nutrition of plant growth in natural communities.
Annu. Rev. Ecol. Systematics 39, 153-170. doi: 10.1146/annurev.ecolsys.39.110707.173515

Bazzaz, F. A, and Grace, J. (1997). Plant resource allocation (San Diego, USA:
Academic Press).

Cavender-Bares, J., Fontes, C. G., and Pinto-Ledezma, J. (2020). Open questions in
understanding the adaptive significance of plant functional trait variation within a
single lineage. New Phytol. 227, 659-663. doi: 10.1111/nph.16652

Chave, J., Commes, D., Jansen, S., Lewis, S. L., Swenson, N. G., and Zanne, A. E.
(2009). Towards a worldwide wood economics spectrum. Ecol. Lett. 12, 351-366.
doi: 10.1111/j.1461-0248.2009.01285.x

Chen, X. P, Wang, M. T,, Li, M,, Sun, J,, Lyu, M., Zhong, Q. L., et al. (2020).
Convergent nitroge-phosphorus scaling relationships in different plant organs along an
elevational gradient. AoB Plants 12, plaa021. doi: 10.1093/aobpla/plaa021

Cornelissen, J. H. C., Lavorel, S., Garnier, E., Diaz, S., Buchmann, N., Gurvich, D. E.,
et al. (2003). A handbook of protocols for standardised and easy measurement of plant
functional traits worldwide. Aust. J. Bot. 51, 335-380. doi: 10.1071/BT02124

Craine, J. M., Lee, W. G., Bond, W. J., Williams, R. J., and Johnson, L. C. (2005).
Environmental constraints on a global relationship among leaf and root traits of
grasses. Ecology 86, 12-19. doi: 10.1890/04-1075

Cunningham, S. A, Summerhayes, B., and Westoby, M. (1999). Evolutionary divergences
in leaf structure and chemistry, comparing rainfall and soil nutrient gradients. Ecol. Monogr.
69, 569-588. doi: 10.1890/0012-9615(1999)069[0569:EDILSA]2.0.CO;2

Donovan, L. A., Maherali, H., Caruso, C. M., Huber, H., and de Kroon, H. (2011).
The evolution of the worldwide leaf economics spectrum. Trends Ecol. Evol. 26, 88-95.
doi: 10.1016/j.tree.2010.11.011

Elser, J. J., Acharya, K., Kyle, M., Cotner, J. B., Makino, W., Markow, T., et al. (2003).
Growth rate-stoichiometry couplings in diverse biota. Ecol. Lett. 6, 936-943.
doi: 10.1046/j.1461-0248.2003.00518.x

Elser, J. J., Bracken, M. E., Cleland, E. E., Gruner, D. S., Harpole, W. S., Hillebrand,
H., et al. (2007). Global analysis of nitrogen and phosphorus limitation of primary
producers in freshwater, marine and terrestrial ecosystems. Ecol. Lett. 10, 1135-1142.
doi: 10.1111/j.1461-0248.2007.01113.x

Elser, J. J., Fagan, W. F,, Kerkhoff, A. J., Swenson, N. G., and Enquist, B. J. (2010).
Biological stoichiometry of plant production: metabolism, scaling and ecological
response to global change. New Phytol. 186, 593-608. doi: 10.1111/j.1469-
8137.2010.03214.x

Elser, J. J., Sterner, R. W., Gorokhova, E., Fagan, W. F., Markow, T. A., Cotner, . B.,
et al. (2000). Biological stoichiometry from genes to ecosystems. Ecol. Lett. 3, 540-550.
doi: 10.1111/j.1461-0248.2000.00185.x

Ghimire, B., Riley, W. J., Koven, C. D., Kattge, J., Rogers, A., Reich, P. B,, et al. (2017).
A global trait-based approach to estimate leaf nitrogen functional allocation from
observations. Ecol. Appl. 27, 1421-1434. doi: 10.1002/eap.1542

Frontiers in Plant Science

10.3389/fpls.2024.1445831

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.

Gong, H. Y., Niu, Y., Niklas, K. J., Huang, H., Deng, J. M., and Wang, Z. Q. (2024).
Nitrogen and phosphorus allocation in bark across diverse tree species. Sci. Total
Environ. 908, 168327. doi: 10.1016/j.scitotenv.2023.168327

Guo, Y. P, Yan, Z. B,, Zhang, Y. W,, Zhou, G. Y., Xie, Z. Q,, and Tang, Z. Y. (2021).
Environmental constraints on the inter-genus variation in the scaling relationship
between leaf nitrogen and phosphorus concentrations. J. Plant Ecol. 14, 616-627.
doi: 10.1093/jpe/rtab016

Giisewell, S. (2004). N:P ratios in terrestrial plants: variation and functional
significance. New Phytol. 164, 243-266. doi: 10.1111/j.1469-8137.2004.01192.x

Han, W. X, Fang, J. Y., Guo, D. L., and Zhang, Y. (2005). leaf nitrogen and
phosphorus stoichiometry across 753 terrestrial plant species in China. New Phytol.
168, 377-385. doi: 10.1111/j.1469-8137.2005.01530.x

Hao, Z., Kuang, Y., and Kang, M. (2015). Untangling the influence of phylogeny, soil
and climate on leaf element concentrations in a biodiversity hotspot. Funct. Ecol. 29,
165-176. doi: 10.1111/1365-2435.12344

Kerkhoft, A. J., Fagan, W. F,, Elser, J. J., and Enquist, B. J. (2006). Phylogenetic and
growth form variation in the scaling of nitrogen and phosphorus in the seed plants. Am.
Nat. 168, E103-E122. doi: 10.1086/507879

Lambers, H., Chapin, F. S., and Pons, T. L. (2008). Plant Physiological Ecology (NY,
USA: Springer).

Lambers, H., and Oliveira, R. S. (2019). Plant physiological ecology (NY, USA:
Springer).

Legendre, P. (2018). Imodel2: model II regression (R Package v. 1.7-3). Available at:
http://CRAN.R-project.org/package=lmodel2.

Liu, G., Freschet, G. T., Pan, X,, Cornelissen, J. H. C,, Li, Y., and Dong, M. (2010).
Corrdinated variation in leaf and root traits across multiple spatial scales in Chinese
semi-arid and arid ecosystems. New Phytol. 188, 543-553. doi: 10.1111/j.1469-
8137.2010.03388.x

Liu, R, Yang, X, Gao, R,, Hou, X,, Huo, L., Huang, Z,, et al. (2021). Allometry rather
than abiotic drivers explains biomass allocation among leaves, stems and roots of
Artemisia across a large environmental gradient in China. J. Ecol. 109, 1026-1040.
doi: 10.1111/1365-2745.13532

Liu, R, Yang, X, Gao, R, Huang, Z., and Cornelissen, J. H. C. (2023). Coordination
of economics spectra in leaf, stem and root within the genus Artemisia along a large
environmental gradient in China. Global Ecol. Biogeogr. 32, 324-338. doi: 10.1111/
geb.13624

Malik, S., Vitales, D., Qasim Hayat, M., Korobkov, A. A., Garnatje, T., and Valles, J.
(2017). Phylogeny and biogeography of Artemisia subgenus Seriphidium (Asteraceae:
Anthemideae). Taxon 66, 934-952. doi: 10.12705/664.8

Marschner, H., Kirkby, E. A., and Engels, C. (1997). Importance of cycling and
recycling of mineral nutrients within plants for growth and development. Botanica
Acta 110, 265-273. doi: 10.1111/].1438-8677.1997.tb00639.x

McGroddy, M. E., Daufresne, T., and Hedin, L. O. (2004). Scaling of C:N:P
stoichiometry in forests worldwide: implications of terrestrial Redfield-type ratios.
Ecology 85, 2390-2401. doi: 10.1890/03-0351

Niklas, K. J. (1992). Plant biomechanics: an engineering approach to plant form and
function (Chicago, USA: University of Chicago Press).

frontiersin.org


https://doi.org/10.1073/pnas.1315179111
https://doi.org/10.1111/j.1461-0248.2004.00567.x
https://doi.org/10.1146/annurev.ecolsys.39.110707.173515
https://doi.org/10.1111/nph.16652
https://doi.org/10.1111/j.1461-0248.2009.01285.x
https://doi.org/10.1093/aobpla/plaa021
https://doi.org/10.1071/BT02124
https://doi.org/10.1890/04-1075
https://doi.org/10.1890/0012-9615(1999)069[0569:EDILSA]2.0.CO;2
https://doi.org/10.1016/j.tree.2010.11.011
https://doi.org/10.1046/j.1461-0248.2003.00518.x
https://doi.org/10.1111/j.1461-0248.2007.01113.x
https://doi.org/10.1111/j.1469-8137.2010.03214.x
https://doi.org/10.1111/j.1469-8137.2010.03214.x
https://doi.org/10.1111/j.1461-0248.2000.00185.x
https://doi.org/10.1002/eap.1542
https://doi.org/10.1016/j.scitotenv.2023.168327
https://doi.org/10.1093/jpe/rtab016
https://doi.org/10.1111/j.1469-8137.2004.01192.x
https://doi.org/10.1111/j.1469-8137.2005.01530.x
https://doi.org/10.1111/1365-2435.12344
https://doi.org/10.1086/507879
http://CRAN.R-project.org/package=lmodel2
https://doi.org/10.1111/j.1469-8137.2010.03388.x
https://doi.org/10.1111/j.1469-8137.2010.03388.x
https://doi.org/10.1111/1365-2745.13532
https://doi.org/10.1111/geb.13624
https://doi.org/10.1111/geb.13624
https://doi.org/10.12705/664.8
https://doi.org/10.1111/j.1438-8677.1997.tb00639.x
https://doi.org/10.1890/03-0351
https://doi.org/10.3389/fpls.2024.1445831
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Jiang et al.

Niklas, K. J. (1994). Plant Allometry: the scaling of form and process (Chicago, USA:
University of Chicago Press).

Niklas, K. J. (2004). Plant allometry: is there a grand unifying theory? Biol. Rev. 79,
871-889. doi: 10.1017/S1464793104006499

Niklas, K. J. (2006). Plant allometry, leaf nitrogen and phosphorus stoichiometry,
and interspecific trends in annual growth rates. Ann. Bot. 97, 155-163. doi: 10.1093/
aob/mcj021

Niklas, K. J., and Cobb, E. D. (2005). N, P, and C stoichiometry of Eranthis hyemalis
(L). Salib. (Ranunculaceae) and the allometry of plant growth. Am. J. Bot. 92, 1263-
1268. doi: 10.3732/ajb.92.8.1256

Onipchenko, V. G., Makarov, M. L, van Logtestijn, R. S. P., Ivanov, V. B,
Akhmetzhanova, A. A., Tekeev, D. K,, et al. (2009). New nitrogen uptake strategy:
specialized snow roots. Ecol. Lett. 12, 758-764. doi: 10.1111/j.1461-0248.2009.01331.x

Paoli, G. D. (2006). Divergent leaf traits among congeneric tropical trees with
contrasting habitat associations on Borneo. J. Trop. Ecol. 22, 397-408. doi: 10.1017/
50266467406003208

R Core Team (2023). R: A language and environment for statistical computing
(Vienna, Austria: R Foundation for Statistical Computing). Available at: https://R-
project.org.

Reich, P. B,, Oleksyn, J., Wright, I. J., Niklas, K. J., Hedin, L. O., and Elser., J. J. (2010).
Evidence of a general 2/3-power law of scaling leaf nitrogen to phosphorus among
major groups and biomes. Proc. R. Soc. B-Biology Sci. 277, 877-883. doi: 10.1098/
rspb.2009.1818

Santiago, L. S., Goldstein, G., Meinzer, F. C,, Fisher, J. B., MaChado, K., Woodruff, D.,
et al. (2004). Leaf photosynthetic traits scale with hydraulic conductivity and wood
density in Panamanian forest canopy trees. Oecologia 140, 543-550. doi: 10.1007/
500442-004-1624-1

Sardans, J., and Pefuelas, J. (2013). Trees growth changes with climate and forest
type are associated with relative allocation of nutrients, especially phosphorus, to leaves
and wood. Global Ecol. Biogeogr. 22, 497-507. doi: 10.1111/geb.12015

Song, Z.P.,1i,Z. L., Luo, Y. Q. and Liu, Y. H. (2022). Allocation strategies of carbon,
nitrogen and phosphorus following a gradient of wildfire severities. J. Plant Ecol. 15,
347-358. doi: 10.1093/jpe/rtab099

Sterner, R. W, and Elser, J. J. (2002). Ecological stoichiometry: the biology of elements
from molecules to the biosphere (Princeton, USA: Princeton University Press).

Sullivan, B. W., Alvarez-Clare, S., Castle, S. C., Porder, S., Reed, S. C., Schreeg, L.,
et al. (2014). Assessing nutrient limitation in complex forested ecosystems: alternatives
to large-scale fertilization experiments. Ecology 95, 668-681. doi: 10.1890/13-0825.1

Tian, D., Yan, Z. B, Niklas, K. J., Han, W. X,, Kattge, J., Reich, P. B,, et al. (2018).
Global leaf nitrogen and phosphorus stoichiometry and their scaling exponent. Natl.
Sci. Rev. 5, 728-739. doi: 10.1093/nsr/nwx142

Townsend, A. R, Cleveland, C. C., Asner, G. P, and Bustamante, M. M. C. (2007).
Controls over foliar N: P ratios in tropical rainforest. Ecology 88, 107-118. doi: 10.1890/
0012-9658(2007)88[107:COFNRI]2.0.CO;2

Vitousek, P. M. (2004). Nutrient cycling and limitation: hawai’i as a model system
(Princeton, USA: Princeton University Press).

Wang, Z. Q., Bu, H. Y., Wang, M. C,, Huang, H., and Niklas, K. J. (2020). Allocation
strategies for seed nitrogen and phosphorus in an alpine meadow along an altitudinal
gradient on the Tibetan Plateau. Front. Plant Sci. 11, 614644. doi: 10.3389/
fpls.2020.614644

Wang, Z. Q., Gong, H. Y., Sardans, J., Zhou, Q. P., Deng, J. M., Niklas, K. J., et al.
(2022b). Divergent nitrogen and phosphorus allocation strategies in terrestrial plant
leaves and fine roots: A global meta-analysis. J. Ecol. 110, 2745-2758. doi: 10.1111/
1365-2745.13985

Frontiers in Plant Science

09

10.3389/fpls.2024.1445831

Wang, Z. Q., Huang, H,, Li, X. W, Mao, K. S,, Ran, J. Z,, and Deng, J. M. (2018).
Allocation of nitrogen and phosphorus within and between needles, stems and roots of
Picea seedlings. Nordic J. Bot. 36, €01952. doi: 10.1111/njb.01952

Wang, Z. Q., Huang, H,, Yao, B. Q,, Deng, ]. M., Ma, Z. Q., and Niklas, K. J. (2021).
Divergent scaling of fine-root nitrogen and phosphorus in different root diameters,
orders and functional categories: A meta-analysis. For. Ecol. Manage. 495, 119384.
doi: 10.1016/j.foreco.2021.119384

Wang, Z. Q., Niklas, K. J., Ma, Z. Q,, Jiang, D. C,, and Deng, ]. M. (2022a). The 2/3
scaling of twig nitrogen to phosphorus in woody plants. For. Ecosyst. 9, 100049.
doi: 10.1016/j.fecs.2022.100049

Wang, Z. Q,, Yu, K. L, Lv, S. Q,, Niklas, K. J., Mipam, T. D., Crowther, T. W,, et al.

(2019). The scaling of fine root nitrogen versus phosphorus in terrestrial plants: A
global synthesis. Funct. Ecol. 33, 2081-2094. doi: 10.1111/1365-2435.13434

West, G. B., Brown, J. H., and Enquist, B. J. (1999). A general model for the structure
and allometry of plant vascular systems. Nature 400, 664-667. doi: 10.1038/23251

Wright, I ., Reich, P. B., Cornelissen, J. H. C., Falster, D. S., Garnier, E., Hikosaka, K.,
et al. (2005). Assessing the generality of global leaf trait relationships. New Phytol. 166,
485-496. doi: 10.1111/j.1469-8137.2005.01349.x

Wright, I. ], Reich, P. B, and Westoby, M. (2003). Least-cost input mixtures of water
and nitrogen for photosynthesis. Am. Nat. 161, 98-111. doi: 10.1086/344920

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, 821-827. doi: 10.1038/
nature02403

Yan, Z. B, Li, P, Chen, Y. H,, Han, W. X,, and Fang, J. Y. (2016). Nutrient allocation
strategies of woody plants: an approach from the scaling of nitrogen and phosphorus
between twig stems and leaves. Sci. Rep. 6, 20099. doi: 10.1038/srep20099

Yan, Z. B, Tian, D., Huang, H. Y,, Sun, Y. F, Hou, X. H, Han, W. X, et al. (2023).
Interactive effects of plant density and nitrogen availability on the biomass production and
leaf stoichiometry of Arabidopsis thaliana. J. Plant Ecol. 16, rtac101. doi: 10.1093/jpe/rtac101

Yang, X., Huang, Z., Venable, D. L., Wang, L., Zhang, K. L., Baskin, J. M,, et al. (2016).
Linking performance trait stability with species distribution: the case of Artemisia and its
close relatives in northern China. J. Vegetation Sci. 27, 123-132. doi: 10.1111/jvs.12334

Yang, X., Huang, Z., Zhang, K., and Cornelissen, J. H. C. (2015). C:N:P stoichiometry
of Artemisia species and close relatives across northern China: unravelling effects of
climate, soil and taxonomy. J. Ecol. 103, 1020-1031. doi: 10.1111/1365-2745.12409

Yang, X, Tang, Z. Y., Ji, C. ], Liu, H. Y., Ma, W. H,, Mohhamot, A, et al. (2014).
Scaling of nitrogen and phosphorus across plant organs in shrubland biomes across
Northern China. Sci. Rep. 4, 5448. doi: 10.1038/srep05448

Yuan, Z. Y., Chen, H. Y. H,, and Reich, P. B. (2011). Global-scale latitudinal patterns
of plant fine-root nitrogen and phosphorus. Nat. Commun. 2, 344. doi: 10.1038/
ncomms1346

Zhang, ]. H,, He, N. P, Liu, C. C, Xu, L,, Yu, Q,, and Yu, G. R. (2018). Allocation
strategies for nitrogen and phosphorus in forest plants. Oikos 127, 1506-1514.
doi: 10.1111/0ik.05517

Zhao, M. Y., Luo, Y. K., Chen, Y. H,, Shen, H. H., Zhao, X, Fang, J. Y., et al. (2021).
Varied nitrogen versus phosphorus scaling exponents among shrub organs across
China. Ecol. Indic. 121, 107024. doi: 10.1016/j.ecolind.2020.107024

Zhao, N,, Yu, G. R, He, N. P, Xia, F. C, Wang, Q. F., Wang, R. L, et al. (2016).
Invariant allometric scaling of nitrogen and phosphorus in leaves, stem, and fine roots
of woody plants along an altitudinal gradient. J. Plant Res. 129, 647-657. doi: 10.1007/
$10265-016-0805-4

Zhao, N, Yu, G. R,, Wang, Q. F, Wang, R. L,, Zhang, J. H,, Liu, C. C,, et al. (2019).
Conservative allocation strategy of multiple nutrients among major plant organs: from
species to community. J. Ecol. 108, 267-278. doi: 10.1111/1365-2745.13256

frontiersin.org


https://doi.org/10.1017/S1464793104006499
https://doi.org/10.1093/aob/mcj021
https://doi.org/10.1093/aob/mcj021
https://doi.org/10.3732/ajb.92.8.1256
https://doi.org/10.1111/j.1461-0248.2009.01331.x
https://doi.org/10.1017/S0266467406003208
https://doi.org/10.1017/S0266467406003208
https://R-project.org
https://R-project.org
https://doi.org/10.1098/rspb.2009.1818
https://doi.org/10.1098/rspb.2009.1818
https://doi.org/10.1007/s00442-004-1624-1
https://doi.org/10.1007/s00442-004-1624-1
https://doi.org/10.1111/geb.12015
https://doi.org/10.1093/jpe/rtab099
https://doi.org/10.1890/13-0825.1
https://doi.org/10.1093/nsr/nwx142
https://doi.org/10.1890/0012-9658(2007)88[107:COFNRI]2.0.CO;2
https://doi.org/10.1890/0012-9658(2007)88[107:COFNRI]2.0.CO;2
https://doi.org/10.3389/fpls.2020.614644
https://doi.org/10.3389/fpls.2020.614644
https://doi.org/10.1111/1365-2745.13985
https://doi.org/10.1111/1365-2745.13985
https://doi.org/10.1111/njb.01952
https://doi.org/10.1016/j.foreco.2021.119384
https://doi.org/10.1016/j.fecs.2022.100049
https://doi.org/10.1111/1365-2435.13434
https://doi.org/10.1038/23251
https://doi.org/10.1111/j.1469-8137.2005.01349.x
https://doi.org/10.1086/344920
https://doi.org/10.1038/nature02403
https://doi.org/10.1038/nature02403
https://doi.org/10.1038/srep20099
https://doi.org/10.1093/jpe/rtac101
https://doi.org/10.1111/jvs.12334
https://doi.org/10.1111/1365-2745.12409
https://doi.org/10.1038/srep05448
https://doi.org/10.1038/ncomms1346
https://doi.org/10.1038/ncomms1346
https://doi.org/10.1111/oik.05517
https://doi.org/10.1016/j.ecolind.2020.107024
https://doi.org/10.1007/s10265-016-0805-4
https://doi.org/10.1007/s10265-016-0805-4
https://doi.org/10.1111/1365-2745.13256
https://doi.org/10.3389/fpls.2024.1445831
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	Allocation of nitrogen and phosphorus in the leaves, stems, and roots of Artemisia: a case study in phylogenetic control
	1 Introduction
	2 Materials and methods
	2.1 Field sampling and measurement
	2.2 Statistical analysis

	3 Results
	3.1 Leaf, stem, and root N and P concentrations and N:P ratios in different subgenera and ecosystem types
	3.2 Leaf, stem, and root N versus P scaling exponents across subgenera, ecosystem types, and local sites

	4 Discussion
	4.1 N and P concentrations and N:P ratio in leaves, stems and roots of Artemisia species
	4.2 N vs. P scaling exponents in leaves, stems and roots of Artemisia species
	4.3 Variations of N vs. P scaling exponents across ecosystem types and local sites

	5 Conclusions
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	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


