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ABSTRACT
It is meaningful to investigate the impact of alien invasive plants on
wetland sediment. Field experiments were conducted to study the impact
of the alien invasive plant, Amaranthus retroflexus, on wetland sediment
properties under two growth stages. The results showed that growth of A.
retroflexus tended to increase moisture content, porosity, and could
significantly decrease total nitrogen (TN) and nitrate (N-NO3ˉ)
concentrations in sediment and ammonium (N-NH4

+) concentration in
interstitial water (p < 0.05). However, no obvious impact was observed on
total phosphorus (TP) nor on N-NH4

+ concentrations in sediment. There
was a difference in impact of A. retroflexus on sediment properties under
two growth stages. The plants with a longer growth stage significantly
decreased loss on ignition in sediment and P-PO4

3ˉ concentration in
interstitial water. There were also significant differences in N-NH4

+

concentration in both sediment and interstitial water over the vertical
profile of the plant. In the plant treatment with a longer growth stage, P-
PO4

3ˉ concentration also showed significant differences over the vertical
profile. Therefore, the growth of A. retroflexus can improve sediment
physical and chemical properties, reducing N-NH4

+ and P-PO4
3ˉ release

from sediment to overlying water to some extent, thereby decreasing
sediment nutrient loading.

KEYWORDS
Amaranthus retroflexus;
sediment properties;
interstitial water; growth
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Introduction

In today’s world, biological invasions are severe ecological and environmental problems that happen
worldwide. Invasion results in a series of impacts to the invaded habitat, including changed distribu-
tion patterns of available resources, altered community structure, decreased biodiversity, etc. (Bai
et al. 2016). As an important component of biological invasion, alien plants can increase or decrease
the rate of nutrient cycling in the soil (Ehrenfeld 2003; Corbin and D’Antonio 2004; Dassonville
et al. 2008) or increase soil nutrient content (Qin et al. 2014), these have direct and indirect effects
on the composition and function of soil communities which may create a feedback that influences
aboveground communities (Wolfe and Klironomos 2005).

Amaranthus retroflexus is an important alien invasive plant belonging to the family of Amaran-
thaceae. It is an erect, annual broadleaf herb with taproot system. Its plant height is from 20 to
80 cm (maximum of 100 cm) in China. A. retroflexus has strong adaptive ability and can invade dif-
ferent communities for settlement (Gao et al. 2011), such as farmland, orchard, park, road sides,
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intertidal zone and wasteland, and has a negative impact on them. Due to its strong invasiveness, A.
retroflexus is ranked third in the list of alien invasive plants in China. However, as an alien plant, it
has a high utilization value which needs to be developed. As one of the three ecosystems (wetland,
forest, and ocean) in the world, wetlands can also be invaded by A. retroflexus. The plant has
resulted in moderate damage to Dongting Lake wetland in Hunan province, China (Hou et al.
2011). Another study shows that the allelopathy effect of A. retroflexus is the strongest when this
plant is a seedling (Liu and Ma 2009; Zhao et al. 2013), so the impact of A. retroflexus is different
under different growth stages. Recently, research on the impact of A. retroflexus mainly focused on
agricultural production in terrestrial ecosystems (Saberali et al. 2012; Gholamhoseini et al. 2013;
Amini et al. 2014). So far, there is little information about the impact of A. retroflexus invasion on
sediment biogeochemistry of wetlands, resulting in a lack of systematic understanding of the impact
of this plant on wetland ecosystems. A. retroflexus has been verified to have the ability for nitrate
enrichment (Bischoff and Smith 2011). Is there any positive impact of this plant on sediment in
wetlands? In order to answer this question, field experiments were conducted with the objective of
investigating the impact of alien invasive plant A. retroflexus on sediment physicochemical proper-
ties as well as nitrogen and phosphorus concentrations in interstitial water. The results can provide
useful information for understanding the impact of A. retroflexus on sediment nutrient loading, pro-
viding further scientific references for the management of alien invasive plants and wetland ecosys-
tem protection.

Materials and methods

Materials and experimental design

Seeds of A. retroflexus were collected in autumn of the past year from the campus of Hebei Univer-
sity of Environmental Engineering (HUEE), Qinhuangdao, Hebei province, China. In early June,
about 30 seeds were sown in a plant slot (S1) which was 40 and 15 cm in length and width, respec-
tively. Ten days later, another 30 seeds were sown in another plant slot (S2) with the same soil. After
14 days, due to different germination periods, plants in the two plant slots were in different growth
stages with different plant heights. The plant height was about 24 cm (PH24) from S1, and 11 cm
(PH11) from S2. Five plants with about the same plant height in each plant slot were selected and
planted in five pots (20 cm in height and 15 cm in upper diameter). One pot contained one experi-
mental plant and 20 cm sediment in depth. The sediment was collected from the Xinhe River on the
campus of HUEE (39�51 05500N, 119�26 04700E). The sediment type is clay, and its principal properties
are listed in Table 1. The treatment with the same sediment and without plant was used as a contrast
(CK). The sediment was well mixed before it was added to the pots one by one. Therefore, there
were three treatments including PH24, PH11, and CK, with five replicates for each treatment. After
letting the seedlings recover for five days, the pots were put into 15 buckets which were about 30 cm
in height and 20 cm in upper diameter (one bucket contained one pot). The buckets were filled with
river water collected from Xinhe River and filtered by a 25# plankton net. Due to the weaker adapt-
ability of A. retroflexus to flooding and the comparability of this experiment, water depth was con-
trolled at 5 cm above the surface sediment. Total nitrogen (TN), total phosphorus (TP), ammonium
(N-NH4

+) and phosphate (P-PO4
3ˉ) concentrations of the river water were 0.448 § 0.097, 0.029 §

Table 1. Principal properties of the sediment and N-NH4
+ and P-PO4

3ˉ in interstitial water. MC, moisture content. w, porosity. LOI,
loss on ignition. TN, total nitrogen. TP, total phosphorus. N-NH4

+, ammonium. N-NO3ˉ, nitrate. P-PO4
3ˉ, phosphate. The same as

below.

Sediment Interstitial water

MC (%) ’ (%) LOI (%) TN (mg/g) TP (mg/g) N-NH4
+ (mg/g) N-NO3ˉ (mg/g) N-NH4

+ (mg/L) P-PO4
3ˉ (mg/L)

52.03 73.32 10.44 0.717 0.362 0.018 0.013 0.103 0.013

582 X. BAI AND L.-X. SHANG



0.009, 0.101 § 0.022, and 0.013 § 0.002 mg/L, respectively. Due to the weak growth potential of the
plant in PH11 and for comparability among the treatments, the experiment ran for 21 days (from 1
July to 21 July 2016).

Sampling and analysis

At the end of the experiment, 50 ml of the overlying water was first collected using syringes. Sedi-
ment was then divided into five layers from top down (0 » 2, 2 » 5, 5 » 10, 10 » 15, and 15 » 20
cm) and sampled carefully according to sediment depth. Sediment samples were divided into two
parts, one was used for the determination of physicochemical properties, another part was used for
the determination of N-NH4

+ and P-PO4
3ˉ concentrations in interstitial water after centrifugation

(5000 r/min for 15 min) and filtering through 0.45-mm fiber membranes. Moisture content (MC)
and porosity (’) were determined by the dispersion method. Loss on ignition (LOI) was determined
by calculating weight loss after combusting dry sediment samples at 550 �C for 4 h. TN and TP
were measured by titration after K2Cr2O7-H2SO4 digestion and by molybdenum blue method after
combustion at 450 �C for 3 h and 3.5 mol/L HCl extraction, respectively. Sediment N-NH4

+ and
nitrate (N-NO3ˉ) were determined using the Nessler’s reagent colorimetric and ultraviolet spectro-
photometry screening, respectively. N-NH4

+ and P-PO4
3ˉ in interstitial water were measured using

Nessler’s reagent colorimetric method and molybdenum blue method, respectively (Jin and Tu
1990).

Statistical analysis

Statistical analysis was performed with SPSS 16.0. After performing the homogeneity of variances
test, one-way ANOVA was performed to determine the differences among the experimental treat-
ments and the vertical profiles of each treatment. LSD-test was used to determine the significant dif-
ference among means. t-test was also used to determine the plant differences between the two
growth stages. All statistically significant differences were tested at p < 0.05.

Results

Plant differences

There were morphological differences of A. retroflexus under different growth stages (Table 2). Plant
height, basic stem diameter, root length, and total biomass of the plant in PH24 were 4.69, 1.63, 1.49,
and 3.74 times higher than that in PH11, respectively, while root to shoot ratio in PH24 was 51.73%
to PH11. The results of t-test showed that the plant differences between PH24 and PH11 were signif-
icant (p < 0.01), indicating that there were significant differences of A. retroflexus under two growth
stages after growing for 21 days at 5 cm water depth.

Table 2. Morphological differences of A. retroflexus under two growth stages (n = 5). PH24 and PH11 were the experimental plants
with early and late germination period, and plant height was 24 and 11 cm at the beginning of experiment, respectively. The same
as below.

PH24 PH11 t-value p

Plant height (cm) 29.18 § 2.30 17.30 § 2.25 8.262 <0.000
Basic stem diameter (mm) 1.92 § 0.18 1.18 § 0.13 7.475 <0.000
Root length (cm) 13.62 § 1.16 9.16 § 1.43 5.429 0.001
Total biomass (g) 1.538 § 0.092 0.411 § 0.036 25.640 <0.000
Root-to-shoot ratio 0.195 § 0.007 0.376 § 0.014 ¡26.500 <0.000
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Sediment properties

There was different impact of A. retroflexus on sediment moisture content, porosity, LOI, TN, TP,
N-NH4

+, and nitrate (N-NO3ˉ) concentrations under two growth stages, resulting in the differences
among the treatments and over the vertical profile (Table 3). Compared to CK, growth of A. retro-
flexus resulted in higher moisture content, porosity, and lower LOI, TN and N-NO3ˉ concentrations
in the sediment (Table 4). Sediment properties of A. retroflexus also showed differences under two
growth stages. Sediment in PH24 had higher moisture content, porosity, TN, and N-NH4

+ concen-
trations, and lower LOI and TP concentration. Results of one-way ANOVA showed that there were
significant differences in LOI, TN and N-NO3ˉ concentrations among different treatments (Table 5,
p < 0.01), in which LOI of PH24 was significantly lower than other two treatments, while TN and
N-NO3ˉ of plant treatments were significantly lower than CK, indicating that growth of A. retro-
flexus altered the physical properties and decreased nitrogen loading of sediment. Although there
were no significant differences in TN and N-NO3ˉ concentrations between the two plant treatments,

Table 3. Sediment physicochemical properties over the vertical profile among treatments (n = 5).

Treatments Profile (cm) MC (%) ’ (%) LOI (%) TN (mg/g) TP (mg/g) N-NH4
+ (mg/g) N-NO3ˉ (mg/g)

PH24 0 » 2 55.64 75.80 12.57 0.512 0.283 0.010 0.003
2 » 5 54.50 74.87 11.92 0.544 0.321 0.011 0.003
5 » 10 54.48 74.92 11.65 0.571 0.345 0.012 0.004
10 » 15 53.73 74.35 10.85 0.430 0.294 0.013 0.003
15 » 20 54.77 75.17 10.50 0.463 0.302 0.018 0.003

PH11 0 » 2 54.84 75.07 11.67 0.524 0.334 0.011 0.003
2 » 5 53.71 74.30 12.69 0.417 0.297 0.011 0.003
5 » 10 52.92 73.75 14.15 0.503 0.340 0.009 0.004
10 » 15 52.64 73.53 14.90 0.461 0.310 0.012 0.003
15 » 20 50.57 71.87 14.55 0.553 0.358 0.017 0.004

CK 0 » 2 51.40 72.53 16.27 0.839 0.280 0.011 0.009
2 » 5 53.23 73.99 16.23 0.703 0.321 0.012 0.008
5 » 10 51.76 72.83 15.33 0.598 0.355 0.012 0.008
10 » 15 52.74 73.47 13.48 0.788 0.244 0.013 0.008
15 » 20 52.42 73.36 10.47 0.631 0.290 0.015 0.009

Table 4. The mean values of sediment properties over the vertical profile (n = 5).

Sediment Interstitial water

MC ’ LOI TN TP N-NH4
+ N-NO3ˉ N-NH4

+ P-PO4
3ˉ

Treatments (%) (%) (%) (mg/g) (mg/g) (mg/g) (mg/g) (mg/L) (mg/L)

PH24 54.62 75.02 11.50 a 0.504 a 0.309 0.013 0.003 a 0.112 a 0.011 a
PH11 52.94 73.70 12.99 b 0.492 a 0.328 0.012 0.003 a 0.120 a 0.013 b
CK 52.31 73.24 14.35 b 0.712 b 0.298 0.013 0.008 b 0.152 b 0.013 b

Table 5. Results of F-values and significance from one-way ANOVA among treatments of plant and sediment profile (n = 5). Plant:
F-values and significance among the three treatments; Sediment profile: F-values and significance over the vertical profile.

Sediment profile

Dependent variable Plant PH24 PH11 CK

Sediment
MC 2.740 ns 0.166 ns 0.617 ns 0.198 ns
’ 2.759 ns 0.176 ns 0.587 ns 0.188 ns
LOI 7.641�� 10.139�� 43.793��� 56.86���

TN 11.324��� 2.279 ns 0.562 ns 0.679 ns
TP 1.041 ns 2.473 ns 0.304 ns 1.385 ns
N-NH4

+ 0.355 ns 19.073��� 19.935��� 1.973 ns
N-NO3ˉ 7.868�� 0.213 ns 0.641 ns 1.387 ns
Interstitial water
N-NH4

+ 4.770� 8.082�� 16.481��� 2.154 ns
P-PO4

3ˉ 3.411� 5.040� 1.234 ns 0.338 ns

ns, p > 0.05; *p < 0.05; **p < 0.01; ***p < 0.001.
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N-NO3ˉ concentration, compared to PH11, decreased by 13.56% while TN increased by 2.49% in the
plant treatment of PH24. Furthermore, there were significant differences of LOI and N-NH4

+ con-
centration over the vertical profile in two plant treatments (p < 0.05). LOI in CK also showed signif-
icant differences over the vertical profile. These indicated that N-NH4

+ concentration in plant
treatments, and LOI in all treatments varied significantly over the vertical profile.

N-NH4
+ and P-PO4

3ˉ distribution in interstitial water

There were differences of N-NH4
+ and P-PO4

3ˉ concentrations in overlying water and interstitial
water (Table 6). Due to the lower concentration in overlying water, they could release from sediment
to overlying water. According to the mean concentration over the sediment vertical profile (Table 4),
N-NH4

+ concentration was lower in interstitial water in plant treatments, while treatment of PH24
had lower P-PO4

3ˉ concentration than other two treatments. Statistical analysis showed that plant
growth significantly decreased N-NH4

+ concentration in interstitial water (Table 5, p < 0.05). No
significant differences were observed between the two plant treatments, however, N-NH4

+ concen-
tration in interstitial water in treatment of PH24 was 6.67% lower than PH11. Meanwhile, P-PO4

3ˉ
concentration in PH24 was significantly lower in interstitial water than other two treatments due to
which there was no significant difference between them. The differences of N-NH4

+ and P-PO4
3ˉ

concentrations over the vertical profile were also significant in the plant treatment of PH24 (p <

0.05), as well as N-NH4
+ concentration in plant treatment of PH11 (p < 0.05). However, there were

no significant differences in CK.

Discussion

Wetland sediment plays an important role in the function of wetland ecosystem. Among the influ-
encing factors of freshwater eutrophication, nitrogen (N) and phosphorus (P) are considered to be
the main nutrient elements. The sources of N and P can be divided into exogenous and endogenous
sources. When exogenous pollution is controlled, endogenous N and P loading in sediment will
emerge (Bai et al. 2012). Under proper conditions, N and P can release from sediment to overlying
water by diffusion, convection, and sediment resuspension (Ignatieva 1996; Golosov and Ignatieva
1999; Chowdhury and Bakri 2006), which may be a key factor in continuing water quality deteriora-
tion and eutrophication when external nutrient loading is controlled effectively (Spears et al. 2007).
Therefore, researchers are trying to find effective ways to prevent N and P releasing from sediment
to overlying water by focusing on the impact of plants on sediment properties (Moore et al. 1994;
Wigand et al. 1997; Sand-Jensen 1998; Templer et al. 1998; Madsen et al. 2001). The plants in these
studies are mainly wetland plants, and have different functions in controlling sediment endogenous
N and P release (Bai et al. 2012; Bai et al. 2013). In this experiment, results show that growth of
A. retroflexus can decrease N in sediment and N and P in interstitial water, which reduces the possi-
bility of N and P releasing from sediment to overlying water. However, there is different impact of
A. retroflexus growth on sediment properties under two growth stages.

Table 6. N-NH4
+ and P-PO4

3ˉ distribution in interstitial water (n = 5).

PH24 PH11 CK

N-NH4
+ (mg/L) P-PO4

3ˉ (mg/L) N-NH4
+ (mg/L) P-PO4

3ˉ (mg/L) N-NH4
+ (mg/L) P-PO4

3ˉ (mg/L)

OW 0.013 § 0.001 0.002 § 0.001 0.021 § 0.001 0.003 § 0.001 0.035 § 0.003 0.005 § 0.001
0»2 0.096 § 0.030 0.007 § 0.002 0.098 § 0.020 0.011 § 0.002 0.119 § 0.011 0.012 § 0.002
2»5 0.089 § 0.015 0.007 § 0.001 0.099 § 0.014 0.013 § 0.002 0.156 § 0.039 0.014 § 0.002
5»10 0.112 § 0.018 0.011 § 0.004 0.093 § 0.006 0.016 § 0.004 0.148 § 0.004 0.013 § 0.003
10»15 0.111 § 0.009 0.016 § 0.002 0.114 § 0.024 0.013 § 0.002 0.150 § 0.039 0.013 § 0.004
15»20 0.168 § 0.039 0.011 § 0.003 0.196 § 0.022 0.015 § 0.006 0.185 § 0.025 0.015 § 0.002
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Plant growth is vital to change sediment physical properties in a variety of ways. Investigation in nat-
ural wetlands indicates that subsurface porosity of sediment (2 » 5 cm) with plants is 30% higher than
that without plants (Gu et al. 2010). However, A. retroflexus under two growth stages increases sedi-
ment porosity by only 2.43% and 0.63%, which may be due to the short experimental period. LOI pro-
vides a rough estimation of organic matter content in sediment. Living roots and rhizomes in wetlands
can supply organic matter to sediment by excretion of dissolved organic carbon and fermentation prod-
ucts from anaerobic root metabolism (Gribsholt et al. 2003), and improves LOI. Meanwhile, the decom-
position of plant litter can also result in high carbon content in the sediment (Dinakaran and
Krishnayya 2010). Researches have indicated that root has the ability to excrete oxygen to sediment
interstitial spaces (Sand-Jensen and Prahl 1982; Smith et al. 1984), and increases rhizosphere oxidation
state, resulting in the decomposition of organic matter. This may be the main reason for the lower
organic matter content in sediment with A. retroflexus growth in this experiment. The difference in
root oxygen excretion of the plant under two growth stages may result in the significant difference in
organic matter content. It is needed to clarify the root oxygen excretion of A. retroflexus and the redox
potential alteration of sediment under different growth stages in further investigation. On the other
hand, plant growth can change nutrient concentration in sediment. As one of the main functions, roots
can acquire nutrient elements such as N and P for plant growth and reduce their concentration in sedi-
ment (Rattray et al. 1991). Similarly, oxygen excretion from roots can promote organic N mineraliza-
tion and increase inorganic N concentrations in sediment. Nitrification process can also be promoted
to increase N-NO3ˉ concentration (Bai et al. 2013). However, A. retroflexus has the ability for N-NO3ˉ
enrichment (Bischoff and Smith 2011). Its roots can absorb much N-NO3ˉ from soil/sediment, resulting
in significantly lower N-NO3ˉ concentration in plant treatments. However, there are no obvious differ-
ences in N-NH4

+ concentration in sediment among the treatments, which may be due to the high TN
concentration in the experimental sediment resulting in a stable level of N-NH4

+ concentration. Oxygen
excretion from roots can also promote organic P mineralization and increase sediment redox potential
to oxidizing condition. Ferric and manganic oxyhydroxide precipitate on or around plant roots can
adsorb P and make it less available for plant uptake or diffusion to overlying water (Jaynes and Carpen-
ter 1986). Furthermore, sediment in different treatments may have different microfloras that impact P
conversion directly or indirectly. P retention by sediment may be promoted by plant growth with a cor-
responding increase in P concentration of sediment (Bai et al. 2012), which may explain the results that
sediment has a higher TP concentration in A. retroflexus growth treatments. The differences in sedi-
ment properties over the vertical profile may be related to root distribution patterns. As a xerophyte
species, A. retroflexus has special characteristics for adapting to xeric environment (Liu et al. 2013).
However, when facing flooding stress, its root morphology may change due to the fact that root mor-
phological plasticity is an important mechanism for plants to adapt to changing environments (Wang
et al. 2009). There are significant differences in N-NH4

+ concentration of sediment over the vertical
profile in plant treatments, which may be due to root absorption and sediment redox condition
changes. LOI shows significant differences over the vertical profile of all treatments, which may be due
to the different ability of root excretion or different associated microfloras in the sediment.

Change to nutrient concentrations of interstitial water has a direct impact on sediment endoge-
nous nutrient loading. In this experiment, N-NH4

+ and P-PO4
3ˉ concentrations in interstitial water

show significant differences in all treatments (Table 5, p < 0.05), and growth of A. retroflexus can
significantly reduce N-NH4

+ concentration in interstitial water. N-NH4
+ in sediment occurs mostly

in free and adsorbed states (Lange 1992), the latter is the main source for interstitial water. As one
of the products in organic N mineralization caused by oxygen excretion, N-NH4

+ can filter into
interstitial water and increase its concentration. Meanwhile, root absorption can also decrease N-
NH4

+ concentration. There is lower N-NH4
+ concentration in interstitial water in plant treatments,

which may be related to root absorption. Promoted nitrification process by oxygen excretion may
be another reason. Variation of P-PO4

3ˉ concentration in interstitial water is determined by organic
matter content and mineralization degree (Song 1992). Root absorption is the main process for its
reduction. There is no significant difference of P-PO4

3ˉ concentration in interstitial water between
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the plant treatments with a shorter growth stage and CK, which may be due to root ateliosis or short
experimental period. N-NH4

+ concentration in interstitial water shows significant difference over
the vertical profile in plant treatments, while P-PO4

3ˉ shows significant difference in the plant treat-
ment with a longer growth stage, which may due to the root distribution pattern. On the other
hand, N-NH4

+ and P-PO4
3ˉ concentrations in interstitial water are higher than overlying water

(Table 6), indicating that N-NH4
+ and P-PO4

3ˉ can release from sediment to overlying water.
Although diffusion fluxes are different due to the concentration differences between interstitial
water and overlying water, N-NH4

+ and P-PO4
3ˉ concentrations in overlying water decrease with

the extension of growth stage, which indicates that growth of A. retroflexus can reduce N and P con-
centrations in overlying water to some extent and decrease sediment nutrient loading.

Conclusion

Wetlands are widely distributed and have many habitat types, which allow them to be easily invaded
by alien plants (Li and Meng 2006). A. retroflexus is a potential invasive plant in wetlands due to its
highly selective evolution ability. Wetland sediment properties can be altered by the invasion of this
plant. Results of this experiment indicate that the growth of A. retroflexus can improve sediment
physical properties by having the trend to increase sediment moisture content and porosity. It can
also significantly decrease TN, N-NO3ˉ, and N-NH4

+ concentrations in sediment and interstitial
water, respectively. However, there are no obvious differences in TP and N-NH4

+ concentrations in
sediment among the treatments. There is different impact of A. retroflexus on sediment properties
under two growth stages. The plant with a longer growth stage significantly decreases LOI in sedi-
ment and P-PO4

3ˉ concentration in interstitial water. There were also significant differences in the
N-NH4

+ concentration in both the sediment and interstitial water over the vertical profile of the
plant. In the plant treatment with a longer growth stage, P-PO4

3ˉ concentration also showed signifi-
cant differences over the vertical profile. Therefore, the growth of A. retroflexus can improve sedi-
ment physicochemical properties and reduce the possibility of N-NH4

+ and P-PO4
3ˉ releasing from

sediment to overlying water to some extent, which may decrease sediment nutrient loading. There is
potential remediation impact for wetland contaminated sediment. Further investigation is needed to
find out the impact of A. retroflexus on other aspects of wetland ecosystems, which will help in
understanding its comprehensive ecological impact on wetlands.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by the Natural Science Foundation of Hebei Province [grant number C2015415008]; the
Doctor Foundation of Hebei University of Environmental Engineering [grant number BJ201605].

Notes on contributors

Xiang Bai is a lecturer and is specialized in wetland and invasion ecology.

Li-Xia Shang is a post-doctor. Her research is focused on water ecology.

ORCID

Xiang Bai http://orcid.org/0000-0002-5980-5888
Li-Xia Shang http://orcid.org/0000-0002-6387-3373

JOURNAL OF FRESHWATER ECOLOGY 587

http://orcid.org/0000-0002-5980-5888
http://orcid.org/0000-0002-6387-3373


References

Amini R, Alizadeh H, Yousefi A. 2014. Interference between red kidneybean (Phaseolus vulgaris L.) cultivars and red-
root pigweed (Amaranthus retroflexus L.). Eur J Agron. 60:13–21.

Bai X, Chen KN, Chen XM. 2013. Short-time response in growth and sediment properties of Zizania latifolia to water
depth. Environ Earth Sci. 70:2847–2854.

Bai X, Chen KN, Ren KX, Huang W, Chen XM. 2012. Impacts of four emergent macrophytes on sediment nutrient
loading. J Freshwater Ecol. 27(4):481–493.

Bai X, Ta L, Zhao MW, Liu CC, Wei GY, Cui LT, Zeng GJ, Qin J. 2016. New research progress on alien invasive plant
Amaranthus retroflexus L. from 2010 to 2015. Crops. 4:7–14.

Bischoff K, Smith MC. 2011. Toxic plants of the northeastern United States. Vet Clin North Am Food A. 27(2):459–
480.

Chowdhury M, Bakri DA. 2006. Diffusive nutrient flux at the sediment–water interface in Suma Park Reservoir, Aus-
tralia. Hydrolog Sci J. 51:144–156.

Corbin JD, D’Antonio CM. 2004. Effects of exotic species on soil nitrogen cycling: implications for restoration. Weed
Technol. 18:1464–1467.

Dassonville N, Vanderhoeven S, Vanparys V, Hayez M, Gruber W, Meerts P. 2008. Impacts of alien invasive plants on
soil nutrients are correlated with initial site conditions in NW Europe. Oecologia. 157:131–140.

Dinakaran J, Krishnayya NSR. 2010. Variations in soil organic carbon and litter decomposition across different tropi-
cal vegetal covers. Curr Sci India. 99(8):1051–1060.

Ehrenfeld JG. 2003. Effects of exotic plant invasion on soil nutrient cycling processes. Ecosystems. 6:503–523.
Gao M, Hu RY, Chen XX, Li WC, Ding BY. 2011. Effects of disturbance, topography, and soil conditions on the distri-

bution of invasive plants in Wenzhou. Biodivers Sci. 19(4):424–431.
Gholamhoseini M, AghaAlikhani M, Sanavy S, Mirlatifi SM. 2013. Interactions of irrigation, weed and nitrogen on

corn yield, nitrogen use efficiency and nitrate leaching. Agr Water Manage. 126:9–18.
Golosov SD, Ignatieva NV. 1999. Hydrothermodynamic features of mass exchange across the sediment–water inter-

face in shallow lakes. Hydrobiologia. 408/409:153–157.
Gribsholt B, Kostka JE, Kristensen E. 2003. Impact of fiddler crabs and plant roots on sediment biogeochemistry in a

Georgia saltmarsh. Mar Ecol Prog Ser. 259:237–251.
Gu XZ, Zhang L, Bai X, Fan CX. 2010. Characteristics of sediments and pore water in Lake Nansi wetland. Environ

Sci. 31(4):942–947.
Hou ZY, Xie YH, Chen XS, Li X, Li F, Pan Y, Deng ZM. 2011. Study on invasive plants in Dongting lake wetlands. Res

Agric Modern. 32(6):744–747.
Ignatieva NV. 1996. Distribution and release of sedimentary phosphorus in lake Ladoga. Hydrobiologia. 322:129–136.
Jaynes ML, Carpenter SR. 1986. Effects of vascular and nonvascular macrophytes on sediment redox and solute

dynamics. Ecology. 67:875–882.
Jin XC, Tu QY. 1990. Lake eutrophication investigation standard. 2nd ed. Beijing: Chin Envrion Sci Press.
Lange G. 1992. Distribution of exchangeable, fixed, organic and total nitrogen in interbedded turbiditic/pelagic sedi-

ments of the Madeira Abyssal Plain, eastern North Atlantic. Mar Geol. 109(1–2):95–114.
Li HY, Meng WQ. 2006. Plant invasion in wetland and invasiveness of wetland plants. Chin J Ecol. 25(5):577–580.
Liu S, Ma DW. 2009. The allelopathy of different development stages of Amaranthus retroflexus L. on root border cells

of cucumber. Acta Ecol Sinica. 29(8):4392–4396.
Liu W, Xu XL, Zheng XF. 2013. Drought resistance anatomic characteristics of vegetative organs of Amaranthus retro-

lfexus. Jiangsu Agric Sci. 41(12):334–337.
Madsen JD, Chambers PA, James WF, Koch EW, Westlake DF. 2001. The interaction between water movement, sedi-

ment dynamics and submerged macrophytes. Hydrobiologia. 444:71–84.
Moore BC, Lafer JE, Funk WH. 1994. Influence of aquatic macrophytes on phosphorus and sediment pore water

chemistry in a freshwater wetland. Aquat Bot. 49:137–148.
Qin Z, Xie JF, Quan GM, Zhang JE, Mao DJ, DiTommaso A. 2014. Impacts of the invasive annual herb Ambrosia arte-

misiifolia L. on soil microbial carbon source utilization and enzymatic activities. Eur J Soil Biol. 60:58–66.
Rattray MR, Howad WC, Brown J. 1991. Sediment and water as sources of nitrogen and phosphorus for submerged

rooted aquatic macrophytes. Aquat Bot. 40:225–237.
Saberali SF, Modarres-Sanavy S, Bannayan M, Baghestani MA, Mashhadi HR, Hoogenboom G. 2012. Dry bean com-

petitiveness with redroot pigweed as affected by growth habit and nitrogen rate. Field Crop Res. 135:38–45.
Sand-Jensen K. 1998. Influence of submerged macrophytes on sediment composition and near-bed flow in lowland

streams. Freshwater Biol. 39:663–679.
Sand-Jensen K, Prahl C. 1982. Oxygen exchange with the Lacunae and across leaves and roots of the submerged vascu-

lar macrophyte, Lobelia dortmanna L. New Phytol. 91:103–120.
Smith RD, Dennison WC, Alberte RS. 1984. Role of seagrass photosynthesis in root aerobic processes. Plant Physiol.

74:1055–1058.

588 X. BAI AND L.-X. SHANG



Song JM. 1992. Transfer mode of phosphate in sediment interstitial waters of the east China sea. Mar Environ Sci. 11
(3):45–51.

Spears BM, Carvalho L, Perkins R, Kirika A, Paterson DM. 2007. Sediment phosphorus cycling in a large shallow lake:
spatio-temporal variation in phosphorus pools and release. Hydrobiologia. 584:37–48.

Templer P, Findlay S, Wigand C. 1998. Sediment chemistry associated with native and non-native emergent macro-
phytes of a Hudson River marsh ecosystem. Wetlands. 18:70–78.

Wang SR, Jin XC, Jiao LX, Wu FC. 2009. Response in root morphology and nutrient contents of Myriophyllum spica-
tum to sediment type. Ecol Eng. 35:1264–1270.

Wigand C, Stevenson JC, Cornwel LJ. 1997. Effects of different submerged macrophytes on sediment biogeochemistry.
Aquat Bot. 56:233–244.

Wolfe BE, Klironomos JN. 2005. Breaking new ground: soil communities and exotic plant invasion. Bioscience.
55:477–487.

Zhao CL, Zhang F, Pang CH, Wang HM, Fan X. 2013. Interspecific association of dominant species of Amaranthus
retroflexus L. community. Bull Bot Res. 33(4):454–460.

JOURNAL OF FRESHWATER ECOLOGY 589


	Abstract
	Introduction
	Materials and methods
	Materials and experimental design
	Sampling and analysis
	Statistical analysis

	Results
	Plant differences
	Sediment properties
	N-NH4 and P-PO4ˉ distribution in interstitial water

	Discussion
	Conclusion
	Disclosure statement
	Funding
	Notes on contributors
	References



