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Clonal integration promotes the
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Estuarine wetlands are highly heterogeneous due to strong interactions between

freshwater input and seawater intrusion. However, little is known about how

clonal plant populations adapt to heterogeneous salinity in soil environments. In

the present study, the effects of clonal integration on Phragmites australis

populations under salinity heterogeneity were studied using field experiments

with 10 treatments in the Yellow River Delta. Clonal integration significantly

increased plant height, aboveground biomass, underground biomass, root–

shoot ratio, intercellular CO2 concentration, net photosynthetic rate, stomatal

conductance, transpiration rate, and stem Na+ content under homogeneous

treatment. Under the heterogeneous salt treatment, clonal integration

significantly affected total aboveground and underground biomass,

photosynthetic traits, and stem Na+ content under different salt gradients. The

increase in salt concentration inhibited the physiological activity and growth of P.

australis to varying degrees. Compared with the heterogeneous saline

environment, clonal integration was more beneficial to P. australis populations

in the homogeneous saline habitat. The results of the present study suggest that

P. australis prefers homogeneous saline habitats; however, plants can adapt to

heterogeneous salinity conditions via clonal integration.

KEYWORDS

Phragmites australis, salt heterogeneity, clonal integration, ecological adaptation,
ion content
1 Introduction

Soil heterogeneity is prevalent in natural habitats and exists at a fine scale (Hutchings

and Wijesinghe, 1997; Alpert, 1999; Dong et al., 2015; Keser et al., 2015); soil heterogeneity

can also enhance plant growth or reproduction through plasticity in root growth or

physiological changes, and facilitate efficient use of unevenly distributed resources, based
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on greenhouse or garden studies (Yu et al., 2001; Shen et al., 2020).

For example, Yu et al. (2020) observed that nutrient heterogeneity

significantly enhanced the morphological traits (plant height and

number of ramets, spacers, and length) and biomass accumulation

of Typha orientalis Presal (Yu et al., 2020). Wang et al. (2016) also

observed a similar phenomenon: when compared with those in the

homogeneous environment, Iris japonica biomass, ramet number

and rhizome length increased in different degrees within large patch

heterogeneous areas (Wang et al., 2016). However, we observed

contrasting results in our previous study, with Phragmites australis

preferring homogeneous nutrient conditions in a saline micro-

environment, based on a split-root experiment (Guan et al.,

2021). So far, the responses of different plants to environmental

heterogeneity have mostly been conducted based on pot

experiments at the individual scale (Yu et al., 2001; Liu et al.,

2017; Shen et al., 2020). However, the adaptation of plants to

environmental heterogeneity at the population scale has rarely

been studied.

In estuarine wetlands, climate change, human activity, storm

surge inundation, and the interaction of terrestrial and marine

environments all jointly introduce both resource and stressor

heterogeneity (Tho et al., 2008; Wang et al., 2009; Yu et al., 2014).

The different degrees of spatial heterogeneity in environmental

factors present a major challenge for plant growth and survival (Yu

et al., 2016; Shen et al., 2020; Guan et al., 2021). In estuarine wetlands,

soil heterogeneity and high soil salinity limit the growth of most

plants and vegetation is mainly composed of salt-tolerant species

(Koevoets et al., 2016). Clonal plants account for a substantial

proportion of such species, considering their unique adaptation

strategies to heterogeneous wetland environments, through the

production of genetically identical individual subunits via clonal

growth (Liang et al., 2020). Clonal integration, also referred to as

physiological integration, is a unique feature via which clonal plants

adapt to adverse environments by sharing resources among

connected ramets (Wang et al., 2017). Numerous studies have

demonstrated that clonal plants can adjust the biomass of the

resource-acquiring organs to high nutrition areas in nutrient

heterogeneous environments (Alpert, 1999; Wang et al., 2008;

Keser et al., 2015; Shen et al., 2020). At present, research on the

adaptation of clonal plants to heterogeneous environments has

mostly focused on nutrients (Liang et al., 2020), water (You et al.,

2016), and light (Chen et al., 2019), with relatively little research

focusing on the heterogeneity of coastal wetland vegetation under

stress factors such as salinity.

P. australis is a typical salt-tolerant clonal plant with high soil

salinity tolerance and the capacity to survive extreme salinity

environments (Li et al., 2009; Eller et al., 2017; Liu et al., 2021).

In heterogeneous habitats, P. australis can adjust the sizes of

resource-acquisition organs (such as the length and diameter of

roots and rhizomes), the distribution and number of ramets, and

other morphological indicators (such as shoot diameter, plant

height, and leaf area) to cope with resource heterogeneity (Zhang

et al., 2018; Chen et al., 2019; Yu et al., 2020; Wang et al., 2021).

However, whether P. australis could colonize unfavorable habitats

through clonal integration when compared to non-clonal

individuals is still unclear. Moreover, studies on the effect of
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salinity heterogeneity on P. australis under different salinity levels

could enhance our understanding of the adaptive mechanisms of

clonal plants in heterogeneous saline habitats.

To investigate the effects of clonal integration on plant

communities under different stress conditions, which could

further provide a theoretical basis for the ecological restoration of

coastal wetlands, we conducted a study on P. australis in different

salinity environments in a typical estuarine wetland of the Yellow

River Delta. Field control experiments were conducted on P.

australis and the effects of clonal integration of P. australis

populations in different homogeneous and heterogeneous salinity

environments were tested. Specifically, the following two questions

were addressed: (1) Does severance decrease P. australis growth and

physiological traits in saline homogeneous and heterogeneous

habitats? And (2) if so, do the effects increase with an increase in

salt stress?
2 Materials and methods

2.1 Experimental design

The study was conducted at the Yellow River Delta Ecology

Research Station of Coastal Wetlands, Shandong, China (37° 45′
50″N, 118° 59′ 24″ E), which is located in the Nature Reserve of the

Yellow River Delta. P. australis stands with uniform patches were

selected as the experimental blocks. Forty circular plots (PVC

pipes), with 40 cm diameter and 40 cm height, were randomly

located within the blocks, with an at least 1-m interval between PVC

pipes to minimize interference between treatments. To ensure that

all the plots (PVC pipes) were at the same starting level and avoid

interference by plants outside the plots, a narrow trench 30 cm deep

was dug around the perimeter of each plot and the PVC pipes were

inserted into the trenches, so that all the pipes extended 30 cm

below and 10 cm above the soil surface, filling the trench and

enclosing the plots (Figure 1). Before the experiment started, the

aboveground part of the P. australis community was cut to ensure

uniform growth, and about 15 cm of shoot was retained.

The experiment consisted of three factors: severed treatment

(rhizomes either severed in the middle of the plot to prevent clonal

integration or left connected), salt level, and salt homogeneity/

heterogeneous treatment, including ten treatments with four

replicates in a completely randomized design. For the severed

treatment, a PVC plate (40 cm wide, 40 cm high) was inserted in

the PVC pot and sealed with glass glue to prevent mixing of the salt

solutions. For the connected treatment, a PVC plate (40 cm wide,

15cm high) with 5 cm below (taking care not to sever rhizomes) and

10 cm above the soil surface was inserted (Figure 1). In three

homogeneous salt treatments, both halves of the pot were exposed

to the same NaCl concentrations (0%, 1%, or 2%, marked with 0%/

0%, 1%/1%, and 2%/2%, respectively), and in two heterogeneous

salt treatments, one side was exposed to high NaCl concentration

(2% or 3%), and the other to low NaCl concentration (0% or 1%),

which were labeled as 2%/0% and 3%/1%, respectively.

The plants started to be watered on 1st June 2020 with different

concentrations of NaCl solution (two halves received the same
frontiersin.org
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amount of solution) after 10 days of recovery. About a week later,

the soil salt concentrations reached the desired treatment levels. To

maintain the salt concentrations, water lost to evaporation loss was

made up every three or four days, and to avoid significant changes

in salt concentrations, a portable electrical conductivity meter was

used to monitor the salt concentration every week and the soil salt

concentration was adjusted with NaCl solution.
2.2 Data collection

The experiment lasted four months and measurement of

photosynthetic traits was performed in sunny weather at 8:00-

11:30 and 14:00-17:00 on 15th September 2020. P. australis leaves

with similar growth were selected in each half. The net

photosynthetic rate (Pn), intercellular CO2 concentration (Ci),

stomatal conductance (Gs), and transpiration rate (Tr) of leaves

under saturated light were measured using the TARGAS-1 portable

photosynthetic apparatus (PP Systems, Amesbury, MA, USA).

Plant height, number of ramets, number of leaves, leaf width and

length, stem diameter, and internode length in each half were

measured. The third or fourth fully expanded leaves from the top

were selected for the leaf length and width measurements. After the
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experiments, the P. australis plants were divided into aboveground

and underground parts. In the case of aboveground parts, the leaves

and stems (naked stems and leaf sheaths included) were collected

separately, and the rhizomes and adventitious roots in each half pot

with a depth of 30 cm (the main root layer of P. australis) were

collected as underground parts. The plant samples were oven-dried

at 105 °C for 15 min, then dried at 60 °C to constant weight, and the

dry weight was recorded. The concentrations of Na+ and K+ in P.

australis stem and leaf were measured using an atomic absorption

spectrophotometer (AA = 6800, Shimadzu, Japan). Proline content

in leaves was determined using a 722 spectrophotometer (Shanghai

Precision & Scientific Instrument Co., Ltd., Shanghai, China) at

520 nm.
2.3 Statistical analysis

Two-way analysis of variance was used to test the effects of

clonal integration (severance vs. no severance) and salinity level

(0%/0%, 1%/1%, and 2%/2%) in a homogeneous salt environment,

the effects of clonal integration (severance vs. no severance) and salt

level (2%/0% and 3%/1%) in a heterogeneous salt environment, and

the effects of salt heterogeneity and salt level (1%/1%, 2%/2%, 2%/
FIGURE 1

Schematic of the experimental design.
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0%, and 3%/1%) on the aboveground and underground biomass,

plant growth (plant height, number of leaves, stem diameter, root-

shoot ratio), and physiological traits (photosynthesis, Na+ and K+

content in leaves and stems, and leaf proline content) of P. australis.

Differences in plant growth and physiological traits between severed

and intact treatments of the same salinity level were assessed using

t-tests. Analyses were performed with IBM SPSS Statistics 20 (IBM

Corp., Armonk, NY, USA) at a 0.05 level of significance.
3 Results

3.1 Plant growth

In general, plant height, leaf length, and stem diameter

decreased significantly with increasing salt stress (p < 0.05,

Table 1). Under homogeneous conditions, the severed treatment

significantly decreased plant height in the salt-free treatment;

however, no significant differences were observed among other

plant growth traits, such as stem diameter, leaf length, leaf width,

and internode length (p > 0.05).

In the heterogeneous salt environment, the salt and severed

treatment affected some growth traits of P. australis significantly

(Figure 2). With an increase in salt stress, plant height decreased
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significantly (p < 0.05). Severed treatment significantly decreased

plant height in the 2%/0% treatment (p < 0.05). With an increase in

salt stress (3%/1% treatment), leaf length in P. australis of the intact

group was significantly higher than that in the severed group (p <

0.05, Figure 2). However, the interaction of the salt and severed

treatment did not significantly influence plant growth traits (p >

0.05, Figure 2, Table 2).
3.2 Biomass allocation

The salt and severed treatment significantly decreased the total

aboveground biomass, total underground biomass, and root-shoot

ratio of P. australis (p < 0.05, Figure 3, Table 1). Under

homogeneous conditions, the severed treatment significantly

decreased the total underground biomass in the salt-free

treatment (p < 0.05, Figure 3, Table 1); however, the aboveground

biomass did not exhibit significant difference between the severed

and the intact treatments.

Under heterogeneous salt conditions, the severed treatment

significantly decreased the underground and aboveground

biomass in both the 2%/0% and 3%/1% treatments (p < 0.05,

Table 2). Moreover, the biomass (aboveground and underground)

in the 1%/1% homogeneous salt treatment was significantly higher
TABLE 1 Two-way ANOVAs for the effects of the salt and severed treatments on plant growth and physiological traits of Phragmites australis with
homogeneous salt treatments (0%/0%, 1%/1%, and 2%/2%).

Traits Salt treatment Severed treatment Salt × Severed

Relative density growth rate 2.149 2.808 0.291

Plant height 13.007** 0.897** 0.208

Leaf length 5.402* 1.476 1.647

Leaf width 0.533 0.156 2.117

Number of leaves 0.125 3.125 0.875

Internode length 5.390* 1.105 1.977

Stem diameter 5.145* 4.772 0.001

Total underground biomass 45.270*** 30.086*** 11.477*

Total aboveground biomass 87.917*** 6.644* 0.239

Root-shoot ratio 6.430* 12.881** 3.265

Pn 13.630** 13.638** 4.143*

Ci 11.785** 2.447 2.656

Gs 13.196** 5.536* 1.592

Tr 7.969** 50.013*** 8.307**

Na-stem 59.385*** 15.125** 0.307

Na-leaf 24.976*** 0.435 0.024

K-stem 3.155 2.457 0.333

K-leaf 0.408 0.382 0.704

Proline 10.150** 0.521 2.096
*P<0.05, **P<0.01, ***P<0.001.
Bold value means the trait was significantly affected by the treatment.
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than that in the 2%/0% heterogeneous salt treatment (p < 0.05), and

the aboveground biomass and the root-shoot ratio were affected

significantly by the interaction of salt concentration and salt

heterogeneity (Table 3).
3.3 Physiological trait

Pn, Gs, and Tr were significantly affected by the salt and severed

treatments (p < 0.05, Figure 4, Table 1). In the homogeneous

environment, severed treatment significantly decreased Pn and Tr

under the salt-free condition, and Tr in 1%/1% salt treatment (p <
Frontiers in Plant Science 05
0.01, Figure 4). Under heterogeneous salt conditions, severed

treatment significantly decreased the Pn and Tr in both 2%/0%

treatment and 3%/1% treatment (p < 0.05, Figure 4). In addition,

heterogeneous salt treatment significantly affected Pn when

compared with the homogeneous salt treatment (p < 0.05, Table 3).

The proline content in leaves of P. australis was significantly

increased by salt treatment (p < 0.05, Figure 5) in the homogeneous

treatment, but was not affected by the severed treatment, even

though the proline content was higher in the severed treatment

(p>0.05, Table 1). No significant differences were observed between

the homogeneous treatment and heterogeneous treatment (p > 0.05,

Figure 5, Table 3).
FIGURE 2

Effects of salt and severance on Phragmites australis growth under homogenous and heterogenenous salt treatments (mean ± SD). * represent
significant differences between severed (■) and intact (□) treatments under the same salinity level at 0.05 level.
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TABLE 2 Two-way ANOVAs for the effects of the salt and severed treatments on plant growth and physiological traits of Phragmites australis with
heterogeneous salt treatments (2%/0% and 3%/1%).

Traits Salt treatment Severed treatment Salt × Severed

Relative density growth rate 0.070 0.862 0.862

Plant height 8.630** 0.590 0.862

Leaf length 0.062 1.389 1.689

Leaf width 0.025 7.351* 0.314

Number of leaves 1.316 2.579 2.579

Internode length 0.724 1.345 0.016

Stem diameter 0.618 1.556 0.063

Total underground biomass 0.003 16.969*** 0.004

Total aboveground biomass 2.587 14.132*** 0.455

Root-shoot ratio 0.103 2.955 0.293

Pn 6.722* 15.375*** 0.441

Ci 17.341*** 2.753 0.041

Gs 1.116 1.695 0.092

Tr 11.266** 16.129*** 0.169

Na-stem 5.186* 36.398*** 3.067

Na-leaf 0.502 10.386** 0.561

K-stem 0.278 0.242 0.381

K-leaf 1.294 1.814 3.212

Proline 6.606* 3.506 0.000
F
rontiers in Plant Science
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*P<0.05, **P<0.01, ***P<0.001.
Bold value means the trait was significantly affected by the treatment.
FIGURE 3

Effects of salt and severance on total aboveground and underground biomass of Phragmites australis and the root-shoot ratio under homogenous
and heterogenenous salt treatments (mean ± SD). * and ** represent significant differences between severed (■) and intact (□) treatments under
the same salinity level at 0.05 and 0.01 level.
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Salt treatment significantly increased stem and leaf Na+ content in

both the homogeneous and heterogeneous environments (p < 0.001,

Figure 6, Table 1). Severed treatment significantly decreased stem

and leaf Na+ contents (p < 0.01, Figure 6, Table 2). However, salt

stress and severed treatment did not affect stem and leaf K+ contents

of P. australis significantly (p > 0.05, Figure 6, Table 1, 2), and a

heterogeneous salt environment had no significant effects on the

stem and leaf Na+ and K+ contents (Table 3).
4 Discussion

Among the environmental factors in coastal wetlands, salt is

one of the major stress factors influencing plant growth and

productivity (Li et al., 2018; Guan et al., 2021). In the present

study, salt treatment significantly affected the growth of P. australis.

With an increase in salt stress, plant performance decreased

significantly, which has also been demonstrated by previous

findings where salt stress significantly inhibited the number of

stem nodes, plant height, leaf length, and leaf area in P. australis

(Li et al., 2018; Ding et al., 2021; Sun et al., 2021), the growth

potential of strawberry leaves (Saied et al., 2005; Turhan and Eris,

2009), and the tiller number, bud number, and rhizome length of

Leymus chinensis (Zhang et al., 2015). However, in heterogeneous
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salinity environments, different types of plants have developed

different salt adaptation mechanisms in the course of evolution;

previous studies have demonstrated that clonal plants have a unique

environmental adaptation mechanism through clonal integration

(Chen et al., 2010; Xiao et al., 2010). Several studies have

demonstrated that with the connections among ramets, clonal

fragments can translocate resources and signals between ramets

and increase the performance of the whole plant when exposed to a

heterogeneous environment (Chen et al., 2010; Liu et al., 2017; Lu

et al., 2020). In the present study, P. australis plant height in the

severed treatment decreased significantly in the 0%/0% group and

the 2%/0% heterogeneous salt treatment group. The relative density

growth rate, plant height, leaf number, stem diameter, leaf length,

and leaf width of P. australis exhibited a decreasing trend under the

severed treatment, although the differences were not significant.

Moreover, the aboveground biomass and underground biomass

were affected significantly by severed treatment (Table 1, 2). The

results resolved our first question and demonstrated that clonal

integration could alleviate the negative effects of salt stress on plants

by increasing P. australis growth in saline environments. It could be

explained that when clonal plants are in a stressful environment,

they can balance stress factors (such as salt stress) and minimize the

negative effects of the stress environment through clone integration

(Beáta and Hubai, 2014; Wang et al., 2016; Waters et al., 2016).
TABLE 3 Two-way ANOVAs for the effects of salt concentration (SC) and salt heterogeneity (SH) on plant growth and physiological traits of
Phragmites australis with different salt treatments (1%/1%, 2%/2%, 2%/0%, and 3%/1%).

Traits Salt concentration Salt heterogeneity SC × SH

Relative density growth rate 0.984 0.444 0.093

Plant height 1.248 3.014 0.056

Leaf length 2.197 0.267 0.361

Leaf width 0.068 2.600 0.003

Number of leaves 4.392 0.275 1.098

Internode length 0.159 1.105 0.040

Stem diameter 0.348 1.232 0.11

Total underground biomass 3.410 12.366** 0.161

Total aboveground biomass 12.175** 24.856*** 6.707*

Root-shoot ratio 0.795 1.527 9.666**

Pn 8.617* 5.524* 0.015

Ci 3.888 0.189 1.721

Gs 1.422 0.017 0.439

Tr 12.260** 0.239 0.071

Na-stem 8.005* 0.181 0.001

Na-leaf 4.976* 0.657 1.624

K-stem 0.079 1.855 0.046

K-leaf 0.557 0.039 0.557

Proline 6.048* 0.001 0.074
*P<0.05, **P<0.01, ***P<0.001.
Bold value means the trait was significantly affected by the treatment.
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Photosynthesis intensity is one of the key factors influencing plant

metabolism, growth, and stress tolerance (Laplante et al., 2011).

Environmental stresses (such as salt) could also affect plant

photosynthesis by causing stomatal closure or damaging the

photosynthetic structure and function (Meloni et al., 2003). In the

present study, the Pn, Ci, Gs, and Tr of P. australis decreased

significantly with an increase in salt stress. However, the Pn and Tr

of P. australis were higher with than without ramet connection under

the salt-free and heterogeneous salt treatments (2%/0% and 3%/1%).

The results indicated that the photosynthesis parameters of P. australis

were negatively affected by salt stress, but clonal integration could

minimize the negative effects of heterogeneous salt stress (Xing et al.,

2019). Conversely, higher photosynthetic capacities could support

resource acquisition for plant growth and population expansion in

heterogeneous environments (Wang et al., 2017; Xing et al., 2019).

In saline environments, compatible osmolytes, such as proline,

have been shown to be fundamental in osmo-tolerance (Tabot and

Adams, 2013; Guan et al., 2017). Such osmolytes, as well as other

compounds, accumulate under environmental stress, such as salt

stress or water stress, to alleviate the negative effects, and are found at

high concentrations in plants adapted to dry or saline soils (Yukika

et al., 1995; Santa-Cruz et al., 1999; Belkheiri and Mulas, 2013).

Similarly, in the present study, salt treatment significantly increased

leaf proline content, even under the heterogeneous salt treatment

conditions. The results indicated that connected ramets may reduce

salt stress through clonal integration. Xiao et al. (2011) also observed
Frontiers in Plant Science 08
that leaf proline in the progeny after severing increased when

compared with that in the progeny connected to the mother plant

(Xiao et al., 2011). Other studies have also demonstrated that osmotic

regulation is often coupled with reduced growth, which facilitates

plant survival under salt stress (Belkheiri and Mulas, 2013; Guan

et al., 2017). In the present study, the aboveground biomass in the

severed treatment was lower than that in the intact group with the

same heterogeneous salt treatment (such as the 2%/0% treatment);

however, leaf proline content was higher in severed treatment.

Although stem and leaf Na+ concentrations in P. australis

showed significant increases under salt stress in the present study,

the modest alteration of Na+ concentration across a range of

external Na+ concentrations indicated a superior capacity of P.

australis to restrict Na+ uptake efficiently, which was also

demonstrated by Pagter et al. (2009) and in our previous study

(Guan et al., 2017). The capacity of plants to control salt

concentration in tissues via reduced root uptake is a key

mechanism that allows plant survival and growth under salt stress

(Pagter et al., 2009). Notably, in the present study, clonal integration

significantly increased stem and leaf Na+ accumulation in P.

australis growing in the lower salt concentration patches, which

were most likely imported from the connected ramets growing in

the higher salt concentration patches. The results indicated that

clonal integration could not only increase the concentration of

nutrients, such as nitrogen, but also increase the contents of some

ions, such as Na+, to a certain extent, and balance the salt ion
FIGURE 4

Effects of salt and severance on photosynthetic rate (Pn, a), intercellular CO2 concentration (Ci, b), stomatal conductance (Gs, c), and transpiration
rate (Tr, d) of Phragmites australis under homogenous and heterogenenous salt treatments (mean ± SD). *, **, and *** represent significant
differences between severed and intact treatments under the same salinity level at 0.05, 0.01, and 0.001 level.
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concentration in the entire plant to adapt to the osmotic stress and

ion toxicity, and, in turn, the external heterogeneous salt

environment. Moreover, stem and leaf K+ concentrations showed

no significant differences under each salt concentration gradient in

the present study. The potential reason could be that the

maintenance of K+ in aboveground tissue in the high Na+

environment is of great significance for the maintenance of the

relative ion content balance, ensuring relatively normal

photosynthesis and accumulating and transporting dry matter.
Frontiers in Plant Science 09
Similar results have been reported in other species (Zhao et al.,

2007; Silva et al., 2015; Sarker and Oba, 2020).

In conclusion, salt treatment affected P. australis growth

significantly. However, salt heterogeneity did not have significant

effects on morphological traits, but it decreased the aboveground

and belowground biomass under 1% total salt concentration.

Severed treatment intensified the adverse effects of salinity by

decreasing photosynthetic capacity and biomass accumulation.

According to the results, clonal plants can adjust their survival
FIGURE 6

Effects of salt and severance on Na+ and K+ contents in stems and leaves of Phragmites australis under homogenous and heterogenenous salt
treatments (mean ± SD). Black (■) and white (□) column represent severed and intact treatment, respectively.
FIGURE 5

Effects of salt and severance on leaf proline content of Phragmites australis under homogenous and heterogenenous salt treatment (mean ± SD).
Black (■) and white (□) column represent severed and intact treatment, respectively.
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strategies in heterogeneous stress environments via morphological

plasticity and clonal integration.
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Beáta, O., and Hubai, A. G. (2014). Patch size and distance: modelling habitat
structure from the perspective of clonal growth. Ann. Bot. 114 (2), 389–398.
doi: 10.1093/aob/mcu110

Belkheiri, O., and Mulas, M. (2013). The effects of salt stress on growth, water
relations and ion accumulation in two halophyte Atriplex species. Environ. Exp. Bot. 86,
17–28. doi: 10.1016/j.envexpbot.2011.07.001

Chen, D., Ali, A., Yong, X., Lin, C., Niu, X., Cai, A., et al. (2019). A multi-species
comparison of selective placement patterns of ramets in invasive alien and native clonal
plants to light, soil nutrient and water heterogeneity. Sci. Total Environ. 657, 1568–
1577. doi: 10.1016/j.scitotenv.2018.12.099

Chen, J., Lei, N., and Ming, D. (2010). Clonal integration improves the tolerance of
Carex praeclara to sand burial by compensatory response. Acta Oecologica 36 (1), 23–
28. doi: 10.1016/j.actao.2009.09.006

Ding, Z., Liu, Y., Lou, Y., Jiang, M., and Lü, X. (2021). How soil ion stress and type
influence the flooding adaptive strategies of Phragmites australis and Bolboschoenus
planiculmis in temperate saline–alkaline wetlands? Sci. Total Environ. 771 (3–4),
144654. doi: 10.1016/j.scitotenv.2020.144654

Dong, B., Alpert, P., Zhang, Q., and Yu, F. (2015). Clonal integration in
homogeneous environments increases performance of Alternanthera philoxeroides.
Oecologia 179 (2), 393–403. doi: 10.1007/s00442-015-3338-y

Eller, F., Skalova, H., Caplan, J. S., Bhattarai, G. P., Burger, M. K., Cronin, J. T., et al.
(2017). Cosmopolitan species as models for ecophysiological responses to global
change: the common reed phragmites australis. Front. Plant Sci. 8, 1833. doi:
10.3389/fpls.2017.01833

Guan, B., Gao, N., Chen, M., Cagle, G. A., and Tian, X. (2021). Seedling adaptive
characteristics of Phragmites australis to nutrient heterogeneity under salt stress using a
split-root approach. Aquat. Sci. 83 (3), 56. doi: 10.1007/s00027-021-00811-w

Guan, B., Yu, J., Hou, A., Han, G., Wang, G., Qu, F., et al. (2017). The ecological
adaptability of Phragmites australis to interactive effects of water level and salt stress in
the yellow river delta. Aquat. Ecol. 51, 107–116. doi: 10.1007/s10452-016-9602-3

Hutchings, M. J., and Wijesinghe, D. K. (1997). Patchy habitats, division of labour
and growth dividends in clonal plants. Trends Ecol. Evol. 12, 390–394. doi: 10.1016/
S0169-5347(97)87382-X

Keser, L. H., Visser, E. J., Dawson, W., Song, Y., Yu, F., Fischer, M., et al. (2015).
Herbaceous plant species invading natural areas tend to have stronger adaptive root
foraging than other naturalized species. Front. Plant Sci. 6, 273. doi: 10.3389/
fpls.2015.00273

Koevoets, I. T., Henk, V. J., Elzenga, J., and Christa, T. (2016). Roots withstanding
their environment: exploiting root system architecture responses to abiotic stress to
improve crop tolerance. Front. Plant Sci. 7, 1335. doi: 10.3389/fpls.2016.01335

Laplante, S. R., Fader, L. D., Fandrick, K. R., Fandrick, D. R., Hucke, O., Kemper, R.,
et al. (2011). Assessing atropisomer axial chirality in drug discovery and development.
J. Medicinal Chem. 54 (20), 7005. doi: 10.1021/jm200584g

Li, S., Ge, Z., Xie, L., Chen, W., Yuan, L., Wang, D., et al. (2018). Ecophysiological
response of native and exotic salt marsh vegetation to waterlogging and salinity:
implications for the effects of sea-level rise. Sci. Rep. 8, 2441. doi: 10.1038/s41598-017-
18721-z

Li, M., Gong, L., Tian, Q., Hu, L., Guo, W., Kimatu, J. N., et al. (2009). Clonal genetic
diversity and populational genetic differentiation in Phragmites australis distributed in
the songnen prairie in northeast China as revealed by amplified fragment length
polymorphism and sequence-specific amplification polymorphism. Ann. Appl. Biol.
154 (1), 43–55. doi: 10.1111/j.1744-7348.2008.00269.x

Liang, J., Yuan, W., Gao, J., Roiloa, S. R., and Yu, F. (2020). Soil resource
heterogeneity competitively favors an invasive clonal plant over a native one.
Oecologia 193 (1), 155–165. doi: 10.1007/s00442-020-04660-6

Liu, L., Alpert, P., Dong, B., Li, J., and Yu, F. (2017). Combined effects of soil
heterogeneity, herbivory and detritivory on growth of the clonal plant Hydrocotyle
vulgaris. Plant Soil 421, 429–437. doi: 10.1007/s11104-017-3476-6

Liu, L., Yin, M., Guo, X., Yu, X., Song, H., Eller, F., et al. (2021). The river shapes the
genetic diversity of common reed in the yellow river delta via hydrochory dispersal and
habitat selection. Sci. Total Environ. 764, 144382. doi: 10.1016/j.scitotenv.2020.144382

Lu, H., Rrooker, R., Song, L., Liu, W., Sack, L., Zhang, J., et al. (2020). When
facilitation meets clonal integration in forest canopies. New Phytol. 225, 135–142. doi:
10.1111/nph.16228

Meloni, D. A., Oliva, M. A., and Martinez, C. A. (2003). Photosynthesis and activity
of superoxide dismutase, peroxidase and glutathione reductase in cotton under salt
stress. Environ. Exp. Bot. 49, 69–76. doi: 10.1016/S0098-8472(02)00058-8

Pagter, M., Bragato, C., Malagoli, M., and Brix, H. (2009). Osmotic and ionic effects
of NaCl and Na2SO4 salinity on Phragmites australis. Aquat. Bot. 90 (1), 43–51. doi:
10.1016/j.aquabot.2008.05.005

Saied, A. S., Keutgen, A. J., and Noga, G. (2005). The influence of NaCl salinity on
growth, yield and fruit quality of strawberry cvs. ‘Elsanta’ and ‘Korona’. Scientia Hortic.
103 (3), 289–303. doi: 10.1016/j.scienta.2004.06.015
frontiersin.org

http://www.internationalscienceediting.com
http://www.internationalscienceediting.com
https://doi.org/10.1007/s004420050834
https://doi.org/10.1093/aob/mcu110
https://doi.org/10.1016/j.envexpbot.2011.07.001
https://doi.org/10.1016/j.scitotenv.2018.12.099
https://doi.org/10.1016/j.actao.2009.09.006
https://doi.org/10.1016/j.scitotenv.2020.144654
https://doi.org/10.1007/s00442-015-3338-y
https://doi.org/10.3389/fpls.2017.01833
https://doi.org/10.1007/s00027-021-00811-w
https://doi.org/10.1007/s10452-016-9602-3
https://doi.org/10.1016/S0169-5347(97)87382-X
https://doi.org/10.1016/S0169-5347(97)87382-X
https://doi.org/10.3389/fpls.2015.00273
https://doi.org/10.3389/fpls.2015.00273
https://doi.org/10.3389/fpls.2016.01335
https://doi.org/10.1021/jm200584g
https://doi.org/10.1038/s41598-017-18721-z
https://doi.org/10.1038/s41598-017-18721-z
https://doi.org/10.1111/j.1744-7348.2008.00269.x
https://doi.org/10.1007/s00442-020-04660-6
https://doi.org/10.1007/s11104-017-3476-6
https://doi.org/10.1016/j.scitotenv.2020.144382
https://doi.org/10.1111/nph.16228
https://doi.org/10.1016/S0098-8472(02)00058-8
https://doi.org/10.1016/j.aquabot.2008.05.005
https://doi.org/10.1016/j.scienta.2004.06.015
https://doi.org/10.3389/fpls.2023.1162923
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org


Guan et al. 10.3389/fpls.2023.1162923
Santa-Cruz, A., Acosta, M., Rus, A., and Bolarin, M. C. (1999). Short-term salt
tolerance mechanisms in differentially salt tolerant tomato species. Plant Physiol.
Biochem. 37 (1), 65–71. doi: 10.1016/S0981-9428(99)80068-0

Sarker, U., and Oba, S. (2020). The response of salinity stress- induced a. tricolor to
growth, anatomy, physiology, non-enzymatic and enzymatic antioxidants. Front. Plant
Sci. 11, 559876. doi: 10.3389/fpls.2020.559876

Shen, N., Liu, C., Yu, H., and Qu, J. (2020). Effects of resource heterogeneity and
environmental disturbance on the growth performance and interspecific competition of
wetland clonal plants. Global Ecol. Conserv. 22, e00914. doi: 10.1016/
j.gecco.2020.e00914

Silva, E. N., Silveira, J. A. G., Rodrigues, C. R. F., and Viégas, R. A. (2015).
Physiological adjustment to salt stress in Jatropha curcas is associated with
accumulation of salt ions, transport and selectivity of k+, osmotic adjustment and
K+/Na+ homeostasis. Plant Biol. 17 (5), 1023–1029. doi: 10.1111/plb.12337

Sun, X., Chen, Y., Zhou, N., Cui, Y., Li, F., and Zhang, M. (2021). Effects of salinity
and concomitant species on growth of Phragmites australis populations at different
levels of genetic diversity. Sci. total Environ. 780, 146516. doi: 10.1016/
j.scitotenv.2021.146516

Tabot, P. T., and Adams, J. B. (2013). Ecophysiology of salt marsh plants and
predicted responses to climate change in south Africa. Ocean Coast. Manage. 80, 89–99.
doi: 10.1016/j.ocecoaman.2013.04.003

Tho, N., Vromant, N., Hung, N. T., and Hens, L. (2008). Soil salinity and sodicity in a
shrimp farming coastal area of the Mekong delta, Vietnam. Environ. Geology 54 (8),
1739–1746. doi: 10.1007/s00254-007-0951-z

Turhan, E., and Eris, A. (2009). Changes of growth, amino acids, and ionic
composition in strawberry plants under salt stress conditions. Commun. Soil Sci.
Plant Anal. 40 (21-22), 3308–3322. doi: 10.1080/00103620903325927

Wang, P., Alpert, P., and Yu, F. (2021). Physiological integration can increase
competitive ability in clonal plants if competition is patchy. Oecologia 195 (1), 199–212.
doi: 10.1007/s00442-020-04823-5

Wang, Y., Müller-Schärer, H., Kleunen, M. V., Cai, A., Zhang, P., Yan, R., et al.
(2017). Invasive alien plants benefit more from clonal integration in heterogeneous
environments than natives. New Phytol. 216 (4), 1072–1078. doi: 10.1111/nph.14820

Wang, Y., Shi, X., Meng, X., Wu, X., Luo, F., and Yu, F. (2016). Effects of spatial patch
arrangement and scale of covarying resources on growth and intraspecific competition
of a clonal plant. Front. Plant Sci. 7, 753. doi: 10.3389/fpls.2016.00753

Wang, N., Yu, F., Li, P., He, W., and Liu, J. (2008). Clonal integration affects growth,
photosynthetic efficiency and biomass allocation, but not the competitive ability, of the
alien invasive Alternanthera philoxeroides under severe stress. Ann. Bot. 101 (5), 671–
678. doi: 10.1093/aob/mcn005

Wang, Y., Zhang, X., Zhang, J., and Li, S. (2009). Spatial variability of soil organic
carbon in a watershed on the loess plateau. Pedosphere 19 (4), 486–495. doi: 10.1016/
S1002-0160(09)60141-7
Frontiers in Plant Science 11
Waters, E. M., Soini, H. A., Novotny, M. V., and Watson, M. A. (2016). Volatile
organic compounds (VOCs) drive nutrient foraging in the clonal woodland strawberry,
fragaria vesca. Plant Soil 407 (1-2), 1–14. doi: 10.1007/s11104-016-2934-x

Xiao, Y., Tang, J., and Qing, H. (2011). Effects of salinity and clonal integration on
growth and sexual reproduction of the invasive grass Spartina alterniflora. Flora 206
(8), 736–741. doi: 10.1016/j.flora.2010.12.003

Xiao, Y., Tang, J., Qing, H., Yan, O., Zhao, Y., Zhou, C., et al. (2010). Clonal
integration enhances flood tolerance of Spartina alterniflora daughter ramets. Aquat.
Bot. 92 (1), 9–13. doi: 10.1016/j.aquabot.2009.09.001

Xing, Y., Wei, G., Luo, F., Li, C., Dong, B., Ji, J., et al. (2019). Effects of salinity and
clonal integration on the amphibious plant Paspalum paspaloides: growth,
photosynthesis and tissue ion regulation. J. Plant Ecol. 12 (1), 45–55. doi: 10.1093/
jpe/rtx061

You, W., Han, C., Liu, C., and Yu, D. (2016). Effects of clonal integration on the
invasive clonal plant Alternanthera philoxeroides under heterogeneous and
homogeneous water availability. Sci. Rep. 6 (1), 29767. doi: 10.1038/srep29767

Yu, F., Chen, Y., and Dong, M. (2001). Clonal integration enhances survival and
performance of Potentilla anserina, suffering from partial sand burial on ordos plateau,
China. Evolutionary Ecol. 15 (4-6), 303–318. doi: 10.1023/A:1016032831038

Yu, J., Li, Y., Han, G., Zhou, D., Fu, Y., Guan, B., et al. (2014). The spatial distribution
characteristics of soil salinity in coastal zone of the yellow river delta. Environ. Earth Sci.
72 (2), 589–599. doi: 10.1007/s12665-013-2980-0

Yu, H., Wang, L., Liu, C., Yu, D., and Qu, J. (2020). Effects of a spatially
heterogeneous nutrient distribution on the growth of clonal wetland plants. BMC
Ecol. 20, 59. doi: 10.1186/s12898-020-00327-1

Yu, J., Zhan, C., Li, Y., Zhou, D., Fu, Y., Chu, X., et al. (2016). Distribution of carbon,
nitrogen and phosphorus in coastal wetland soil related land use in the modern yellow
river delta. Sci. Rep. 6, 37940. doi: 10.1038/srep37940

Yukika, S., Hiroko, U., Kazuhiro, K., Toshiya, A., Fumio, H., Naoto, T., et al. (1995).
Novel light-dark change of proline levels in halophyte (Mesembryanthemum
crystallinum l.) and glycophytes (Hordeum vulgare l. and Triticum aestivum l.) leaves
and roots under salt stress. Plant Cell Physiol. 36 (6), 965–970. doi: 10.1093/
oxfordjournals.pcp.a078867

Zhang, L., Alpert, P., Si, C., and Yu, F. (2018). Interactive effects of fragment size,
nutrients, and interspecific competition on growth of the floating, clonal plant salvinia
natans. Aquat. Bot. 153, 81–87. doi: 10.1016/j.aquabot.2018.12.001

Zhang, W., Yang, G., Sun, J., Chen, J., and Zhang, Y. (2015). Clonal integration
enhances the performance of a clonal plant species under soil alkalinity stress. PloS One
10 (3), e0119942. doi: 10.1371/journal.pone.0119942

Zhao, X., Wang, L., Zhou, C., and Shang, H. (2007). Effects of salt stress on the
absorption and accumulation of na+ and k+ in seedlings of four winter wheat (Tritium
aestivum) genotypes. Acta Ecologica Sin. 27 (1), 205–213. doi: 10.1126/
science.227.4693.1442
frontiersin.org

https://doi.org/10.1016/S0981-9428(99)80068-0
https://doi.org/10.3389/fpls.2020.559876
https://doi.org/10.1016/j.gecco.2020.e00914
https://doi.org/10.1016/j.gecco.2020.e00914
https://doi.org/10.1111/plb.12337
https://doi.org/10.1016/j.scitotenv.2021.146516
https://doi.org/10.1016/j.scitotenv.2021.146516
https://doi.org/10.1016/j.ocecoaman.2013.04.003
https://doi.org/10.1007/s00254-007-0951-z
https://doi.org/10.1080/00103620903325927
https://doi.org/10.1007/s00442-020-04823-5
https://doi.org/10.1111/nph.14820
https://doi.org/10.3389/fpls.2016.00753
https://doi.org/10.1093/aob/mcn005
https://doi.org/10.1016/S1002-0160(09)60141-7
https://doi.org/10.1016/S1002-0160(09)60141-7
https://doi.org/10.1007/s11104-016-2934-x
https://doi.org/10.1016/j.flora.2010.12.003
https://doi.org/10.1016/j.aquabot.2009.09.001
https://doi.org/10.1093/jpe/rtx061
https://doi.org/10.1093/jpe/rtx061
https://doi.org/10.1038/srep29767
https://doi.org/10.1023/A:1016032831038
https://doi.org/10.1007/s12665-013-2980-0
https://doi.org/10.1186/s12898-020-00327-1
https://doi.org/10.1038/srep37940
https://doi.org/10.1093/oxfordjournals.pcp.a078867
https://doi.org/10.1093/oxfordjournals.pcp.a078867
https://doi.org/10.1016/j.aquabot.2018.12.001
https://doi.org/10.1371/journal.pone.0119942
https://doi.org/10.1126/science.227.4693.1442
https://doi.org/10.1126/science.227.4693.1442
https://doi.org/10.3389/fpls.2023.1162923
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	Clonal integration promotes the growth of Phragmites australis populations in saline wetlands of the Yellow River Delta
	1 Introduction
	2 Materials and methods
	2.1 Experimental design
	2.2 Data collection
	2.3 Statistical analysis

	3 Results
	3.1 Plant growth
	3.2 Biomass allocation
	3.3 Physiological trait

	4 Discussion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	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


