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Abstract

Ecological floating bed systems are currently a focal point of research and ap-
plication in the field of comprehensive water environment management. To
investigate the effects of plant diversity and assemblage on domestic wastewa-
ter purification, this study constructed five diversity levels and two assemblage
patterns using Arundo donax as the constructive and dominant species, and
comparatively analyzed their plant growth, system productivity, and N, P, COD
removal rates. The results showed that with increasing diversity, the individ-
ual biomass and relative growth rate (RGR) of wetland plants such as Arundo
donax exhibited a decreasing trend, while the survival and growth of mesophytes
were promoted. System productivity showed a decreasing trend with increasing
diversity, whereas N, P, COD removal rates significantly increased with diver-
sity. At the same diversity level, mesophyte-dominated assemblages, although
exhibiting lower system productivity compared to wetland plant-dominated as-
semblages, demonstrated higher N, P, COD removal rates. Under the same
diversity and assemblage conditions, P removal rate was the highest, followed
by N removal rate, with COD removal rate being the lowest. With increasing
establishment time of the ecological floating bed system, N, P, COD removal
rates exhibited a trend of rapid initial increase followed by gradual decrease.
These results indicate that plant diversity and assemblage in ecological floating
bed systems affect the purification efficiency of domestic wastewater, and that
microbial removal processes may be more important than direct plant uptake
and adsorption.

chinarxiv.org/items/chinaxiv-201806.00254 Machine Translation


https://chinarxiv.org/items/chinaxiv-201806.00254
https://chinarxiv.org/items/chinaxiv-201806.00254

ChinaRxiv [$X]

Full Text

Plant Diversity and Composition of Ecological Floating Bed
Affect Domestic Sewage Purification

LIAO Jianxiong, ZENG Danjuan, YAO Yuefeng, PU Gaozhong, MO Ling,
ZHANG Denan

(Guangxi Key Laboratory of Plant Conservation and Restoration Ecology in
Karst Terrain, Guangxi Institute of Botany, Guangxi Zhuang Autonomous Re-
gion and Chinese Academy of Sciences, Guilin 541006, Guangxi, China)

Abstract

Ecological floating bed systems have become a research and application hotspot
in the comprehensive management of polluted aquatic environments. To inves-
tigate how plant diversity and composition affect domestic sewage purification,
this study established five species richness levels and two compositional arrange-
ments using Arundo donazx as the dominant and constructive species, and mea-
sured plant growth, system productivity, and nitrogen (IN), phosphorus (P), and
chemical oxygen demand (COD) removal rates. The results indicated that the
individual biomass and relative growth rate (RGR) of wetland plants such as A.
donazx decreased with increasing species richness, while the survival and growth
of mesophytes were promoted. System productivity declined with higher species
richness, but N, P, and COD removal rates increased significantly. At the same
species richness level, compositions with more mesophytes exhibited lower sys-
tem productivity than those dominated by wetland plants, yet achieved higher
N, P, and COD removal rates. Under identical species richness and composition
conditions, P removal was highest, followed by N removal, with COD removal
being lowest. Moreover, removal rates showed a pattern of rapid initial increase
followed by gradual decline over time. These findings demonstrate that plant
diversity and composition in ecological floating bed systems significantly affect
domestic sewage purification. While pollutants can be removed through direct
plant absorption and adsorption, microbial processes may play a more important
role.

Keywords: ecological floating bed, Arundo donazx, N, P, COD

Introduction

Rapid urban expansion and economic development have led to increasing vol-
umes of domestic sewage, which not only exacerbates water quality deterioration
in rivers and lakes and contaminates groundwater, but also seriously threatens
the living environment of urban and rural residents and the sustainable devel-
opment of the economy and society. Consequently, effective domestic sewage
purification has become a scientific issue of widespread concern (Schindler, 2012;
Finlay et al, 2013). Compared with traditional physicochemical methods and
constructed wetlands, ecological floating bed technology offers lower investment,
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easier operation, and can create aquatic landscapes while providing certain eco-
nomic benefits, making it a current research and application hotspot in compre-
hensive water environment management (Zhang et al, 2007). Plants are the key
component of ecological floating beds, possessing different biological character-
istics and purification mechanisms and preferences. Therefore, plant selection
and combination are paramount in ecological floating bed technology. Numer-
ous studies have found that multi-species plant combinations generally purify
water more effectively than single species (Li et al, 2010; Hu et al, 2016), and
that higher plant diversity yields stronger purification effects (Zhu et al, 2010;
Liang et al, 2011; Zhang et al, 2011; Chang et al, 2014). However, these studies
have primarily focused on constructed wetlands and mainly targeted nitrogen
(N) removal. In most cases, phosphorus (P) is the primary factor causing water
eutrophication (Xie, 2003; Finlay et al, 2013; Yan et al, 2016), while organic pol-
lutants readily cause black and odorous water (Yu and Huang, 2010). Moreover,
when studying the effects of plant diversity and composition on water purifica-
tion, ecological floating beds are not only easier to operate than constructed
wetlands but can also be applied to water bodies of various depths (Liao et
al, 2018). Therefore, using ecological floating beds to investigate the removal
effects of plant diversity and composition on N, P, and organic pollutants in
domestic sewage holds greater theoretical and practical significance.

In studies of the relationship between plant diversity and ecosystem function,
many researchers have confounded species composition effects with species rich-
ness effects (Huston, 1997). Therefore, controlling plant diversity while es-
tablishing different species compositions at the same diversity level represents
a more reasonable approach. Additionally, our previous research found that
Arundo donax not only adapts to various polluted water bodies but also ex-
hibits high N and P removal rates (Liao et al, 2017). However, the effects of
neighboring plants on A. donaz have rarely been reported (Curt et al, 2017).
Consequently, this study designed five diversity levels for ecological floating beds
with A. donax as the constructive species, with two compositional arrangements
established at three of these diversity levels. The objective was to analyze the
effects of plant diversity and composition on plant growth, system productivity,
and removal rates of N, P, and COD from domestic sewage, thereby providing
theoretical guidance for improving ecological floating bed technology for com-
prehensive domestic sewage treatment.

Materials and Methods

The experiment was conducted in a rain shelter greenhouse at the Guangxi In-
stitute of Botany. During the experimental period (September 10 to October
29, 2014, totaling 49 days), the average day/night temperature inside the green-
house was 30.0/21.2 °C, with relative humidity at 77.3%. Before the experiment,
five wetland plant species (Arundo donaz, Iris wilsonii, Ruellia brittoniana, Alo-
casia macrorrhiza, Scirpus triangulatus) and four mesophyte species (Boehmeria
nivea, Pteris cretica var. nervosa, Phytolacca acinosa, Helianthus annuus) were
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selected as experimental species. Arundo donax was obtained as tissue cul-
ture seedlings, Ruellia brittoniana as cuttings, and Helianthus annuus as seeded
plants, while the others were wild seedlings or produced through division. When
most seedlings reached approximately 20 cm in height, their roots were washed
and pre-cultured in tap water for one week.

Eighteen 300 L plastic tanks (mouth dimensions: 86 cm x 65 cm; bottom dimen-
sions: 70 cm x 50 c¢m; depth: 62 cm) were purchased and buried approximately
50 cm in soil to minimize water temperature fluctuations from air temperature.
Domestic sewage from a sewage channel in Yanshan District, Guilin City (with
N, P, and COD concentrations of 39.89, 4.24, and 413.37 mg - L1, respectively)
was added to each tank to ground level (approximately 270 L), and tap water
was added every other day to compensate for evaporation (measured through
a dangling float). The ecological floating bed simulation was improved based
on our patent (Liao et al, 2018). Pre-cultured plants of relatively uniform size
were selected, and their stem bases were wrapped with 100 cm x 7 cm X 2 cm
high-density PU foam strips and fixed in 17 cm x 15.3 cm (diameter x height)
two-color PP flowerpots, which were then placed in planting holes on PS ex-
truded boards floating on the tank water. The extruded boards were square
with 60 cm sides and 3 c¢m thickness, with nine uniformly distributed planting
holes of 16 cm diameter. Thus, each tank could accommodate nine plants. Ex-
cept for the control tanks, which contained extruded boards and foam-wrapped
flowerpots without any plants, the remaining tanks were planted with 1, 3, 5,
7, or 9 species using A. donaz as the constructive species (Table 1). At species
richness levels of 3, 5, and 7, two compositional arrangements were established:
wetland plant-dominated and mesophyte-dominated combinations. When mul-
tiple species were planted, each species other than A. donaz was represented by
a single individual, and multiple A. donaz individuals were spaced as far apart
as possible. Each diversity level and composition was replicated twice, with the
two replicate tanks placed adjacent to each other.

1.2 Sampling and Measurement

After establishing the ecological floating bed system, water samples were col-
lected weekly for seven weeks. Sampling was conducted uniformly at approxi-
mately 9:00 AM, using medical syringes to extract approximately 50 mL of water
from 12 cm below the water surface at each of the four tank corners, which were
then mixed. Nitrogen and phosphorus concentrations were measured using alka-
line potassium persulfate digestion UV spectrophotometry (HJ 636-2012) and
ammonium molybdate spectrophotometry (GB 11893-89), respectively. COD
was measured using Hach reagents and a DR1010 COD analyzer (USA). After
each water sample measurement, N, P, and COD removal rates for each tank
were calculated according to (Cck - C1)/C0O x 100 (Liao et al, 2017), where
CO represents the initial concentration of domestic sewage, and Cck and C1
represent the concentrations in the plant-free control tank and planted tanks,
respectively.
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Before transferring pre-cultured plants to the tanks, their initial fresh weight
was measured, and initial dry weight (DWO0) was estimated based on the dry-
to-fresh ratio of spare plants. After 49 days, each plant was washed, placed in
an envelope, fixed at 105 °C for 20 minutes, and then dried at 80 °C for at least
24 hours before weighing to obtain dry weight (DW). The relative growth rate
(RGR, mg g ! +d!) of each plant was calculated as (InDW - InDW0)/49 x
1000, while productivity per tank (mg-d~!) was calculated as (total harvested
biomass - total initial biomass)/49 x 1000 (Garnier et al, 2004).

1.3 Statistical Methods

All data processing and analysis were performed using SPSS 20.0 software (SPSS
Inc., Chicago, USA). Since individual plant biomass and RGR at harvest were
related to DWO, and system productivity and N, P, COD removal rates were
related to the system’ s initial total biomass, one-way ANCOVA was used to an-
alyze the effects of plant diversity and composition on individual plant biomass
and RGR, with DWO0 as the covariate. Two-way ANCOVA was used to analyze
the effects of plant diversity, composition, and sampling time on system N, P,
and COD removal rates, with the system’ s initial total biomass as the covariate.
When main effects were significant, subsequent multiple comparisons were con-
ducted using the LSD method. When interactions were significant, differences
among sampling times at the same diversity level were compared using one-way
ANCOVA. Paired-sample t-tests were used to compare N, P, and COD removal
rates under the same diversity and composition conditions.

Results

The individual biomass and RGR of the four mesophyte species all increased
with plant diversity, with significant increases observed for Phytolacca acinosa
and Helianthus annuus in both biomass and RGR, and for Boehmeria nivea in
RGR (Table 2 ). The five wetland plant species showed different responses in
individual biomass and RGR to plant diversity: Arundo donax and Alocasia
macrorrhiza decreased with increasing diversity, while Iris wilsonii increased,
though none of these trends were statistically significant (Table 2, Figure 1
[Figure 1: see original paper]).

According to the experimental design, at species richness levels of 3, 5,
and 7, there were two compositional arrangements (wetland-dominated and
mesophyte-dominated). Arundo donaz was included in all three diversity
levels and both compositions, while Alocasia macrorrhiza, Scirpus triangulatus,
Boehmeria nivea, and Pteris cretica var. nervosa were included in the richness
level 7 compositions (Table 1). However, at the same diversity level, different
compositions had no significant effects on the individual biomass and RGR
of these five plants. Overall, wetland-dominated compositions increased the
individual biomass and RGR of these plants (Table 2, Figure 1).
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2.2 System Productivity

System productivity showed a significant decreasing trend with increasing plant
diversity (Figure 2 [Figure 2: see original paper]). At the same diversity level,
although differences in system productivity between compositions were not sig-
nificant, wetland plant-dominated compositions generally exhibited higher pro-
ductivity than mesophyte-dominated compositions.

2.3 N, P, and COD Removal Rates

Plant diversity and composition had significant effects on domestic sewage
N, P, and COD removal rates (Table 3 ). N, P, and COD removal rates
increased significantly with plant diversity. At the same diversity level,
mesophyte-dominated compositions showed significantly higher N removal
rates than wetland-dominated compositions. Although differences in COD
and P removal rates between compositions at the same diversity level were
not significant, mesophyte-dominated compositions generally achieved higher
removal rates than wetland-dominated compositions.

Treatment time also significantly affected N, P, and COD removal rates (Figure 3
[Figure 3: see original paper]). Removal rates showed a pattern of rapid initial
increase followed by gradual decline over time. The maximum removal rates
for the highest diversity level (9 species) occurred in week 4, while maximum
values for other diversity levels and compositions appeared in week 3. Under
the same diversity and composition conditions, P removal rates were highest,
followed by N removal rates, with COD removal rates being lowest (Figure 3).
For wetland-dominated compositions, P removal rates were significantly higher
than N removal rates, while N and COD removal rates did not differ significantly.
Conversely, for mesophyte-dominated compositions, P and N removal rates did
not differ significantly, but N removal rates were significantly higher than COD
removal rates.

Discussion

3.1 Effects of Plant Diversity and Composition on Plant Growth in
Ecological Floating Beds

In plant communities, plant diversity exerts both conservation and resource com-
petition effects on individual species, with their relative importance depending
on species characteristics and composition. This study found that different
species compositions at the same plant diversity level had no significant effects
on individual plant biomass and RGR. However, with increasing diversity, the
RGR of Helianthus annuus, Phytolacca acinosa, and Boehmeria nivea increased
significantly. These three species are all mesophytes that would struggle to
survive when applied individually in ecological floating bed systems. Through
combination with wetland plants, however, they grew well. During this process,
root oxygen release from wetland plants (Zhang and Chen, 2005) and their root

chinarxiv.org/items/chinaxiv-201806.00254 Machine Translation


https://chinarxiv.org/items/chinaxiv-201806.00254

ChinaRxiv [$X]

exudates (Lambers et al, 2015) likely promoted the survival and growth of these
mesophytes.

Under natural conditions, our primary study species Arundo donaz typically oc-
curs as a monodominant community, indicating strong interspecific competitive
ability but weak intraspecific competition. However, when species diversity was
artificially increased in its community, its interspecific competitive advantage
did not manifest; instead, its individual biomass and RGR decreased with in-
creasing diversity. We propose two possible reasons: (1) A. donaz growth in the
first year is primarily vertical and relatively slow, resulting in weak competitive
advantage against neighboring plants (Curt et al, 2017); and (2) neighboring
species may conversely exert inhibitory effects on A. donaz (Curt et al, 2017).
Therefore, A. donaz should be planted as a monoculture during the initial stage
of ecological restoration.

3.2 Effects of Plant Diversity and Composition on System Productiv-
ity and N, P, COD Removal Rates

Most studies have found significant positive correlations between plant diver-
sity and productivity (Loreau and Hector, 2001). However, this study found
the opposite result. We believe that, in addition to the relatively short experi-
mental period, species-specific or sampling effects represent important reasons.
This study used fast-growing A. donaz as the constructive and dominant species
(i.e., A. donaz was present in all species combinations). As diversity increased,
the number of A. donaz individuals decreased, leading to declining community
productivity. At the same plant diversity level, wetland plant-dominated com-
positions showed higher productivity than mesophyte-dominated compositions,
clearly because wetland plants are better adapted to aquatic environments than
mesophytes.

Some studies have found that wetland N removal rates increase significantly
with plant diversity (Ge et al, 2015). By increasing plant diversity in ecological
floating bed systems, this study similarly found that tank N, P, and COD re-
moval rates increased significantly. The removal of N, P, and COD is related not
only to direct plant absorption and adsorption but also closely associated with
plants’ modification of the microenvironment (Li et al, 2010; Cai et al, 2011;
Liao et al, 2017). The latter can affect N removal through two mechanisms:
First, plants influence neighboring plants’ N uptake through root exudates (e.g.,
carboxylates, O,), as Novak and Chan (2002) found that neighboring plants can
affect P-hyperaccumulating plants’ enrichment function. Second, plants affect
microbial proliferation and diversity in the rhizosphere through root growth
and exudate secretion, and the metabolic activities of these microorganisms
contribute more substantially to N removal (Yuan et al, 2004; Ge et al, 2015).
This study found that N, P, and COD removal rates showed opposite trends to
productivity changes with increasing plant diversity, suggesting that microbial
processes may be more important than direct plant effects.
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At the same diversity level, mesophyte-dominated compositions achieved higher
N, P, and COD removal rates than wetland plant-dominated compositions, with
N removal rates reaching statistical significance. Cai et al (2011) suggested that
combining mesophytes with wetland plants facilitates the formation of aerobic-
anoxic-anaerobic microenvironments near roots, promoting the coexistence of
aerobic and anaerobic microorganisms and enhancing water purification. Specif-
ically regarding N removal, wetland plants create aerobic conditions in the rhi-
zosphere that can lead to substantial nitrate accumulation (Zhang et al, 2007;
Finlay et al, 2013). Adding mesophytes to the configuration creates local anoxic
conditions favorable for denitrifying bacteria survival and reproduction, thereby
significantly promoting denitrification.

Natural domestic sewage possesses certain self-purification capacity (Zhang et
al, 2007; Schlesinger, 2009; Schindler, 2012). Therefore, this study calculated
COD, N, and P removal rates using plant-free sewage as a control to highlight
plants’ direct and indirect purification effects. The results showed that N, P, and
COD removal rates exhibited a pattern of rapid initial increase followed by grad-
ual decline as the ecological floating bed system establishment time increased.
Similar patterns were observed in hydroponic experiments by Wang et al (2013)
and Liao et al (2017). We propose that after brief acclimation, plant growth ac-
celerates while promoting microbial attachment and proliferation, causing rapid
initial increases in N removal rates. However, as time progresses, plant growth
slows and microbial populations gradually reach saturation, causing N removal
rates to decline. Therefore, Liao et al (2017) suggested that timely harvest-
ing of aboveground parts or whole plants is necessary and essential for more
effective water purification. Additionally, Reich et al (2012) proposed that as
establishment time increases, interspecific complementarity becomes more com-
plete, causing the saturation point of the diversity-ecosystem function curve to
be delayed at higher diversity levels. This study found that peak removal of N
occurred one week later at the highest plant diversity level (9 species) than at
other diversity levels, indicating that complementarity effects also contribute to
diversity-enhanced N removal.

3.3 Comparison of N, P, and COD Removal Rates

Yan et al (2016) suggested that pre-industrial freshwater P concentrations were
very low, so most wetland plants developed stronger P uptake capacity than
N under long-term selective pressure. In other words, wetland plants generally
remove P from water faster than N. This study indeed found that P removal
rates were higher than N removal rates. However, we propose that in addition
to plant absorption, the oxygen microenvironment or microbial processes repre-
sent important reasons for higher P removal rates. Compared with P, N removal
is more strongly affected by the oxygen microenvironment because denitrifica-
tion (the primary N removal pathway) must occur under anaerobic conditions.
Consequently, if surface water is oxygen-rich, nitrate pollution can easily occur
(Zhang et al, 2007; Finlay et al, 2013). This study also found that when meso-
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phytes dominated (creating persistent anaerobic microenvironments), P and N
removal rates did not differ significantly, but when wetland plants dominated
(primarily aerobic microenvironments), P removal rates were significantly higher
than N removal rates. Compared with N, organic matter removal depends more
on microbial decomposition (Yuan et al, 2004; Li et al, 2010), and plant root
exudates also increase organic matter content in water. If these organic com-
pounds are not decomposed into CO, or methane that escapes the water, COD
removal rates are generally lower than N removal rates (Du et al, 2010). Based
on this, our study found the same trend, indicating that organic pollutants in
this domestic sewage were primarily persistent, difficult-to-degrade compounds.

Conclusion

Altering plant diversity and composition in ecological floating bed systems with
Arundo donazx as the constructive and dominant species significantly affected
plant growth, system productivity, and N, P, and COD removal. With increas-
ing diversity, wetland plants showed declining individual biomass and RGR,
while mesophyte survival and growth were promoted. Productivity decreased
with increasing diversity, likely due to species-specific or sampling effects. Con-
currently, N, P, and COD removal rates increased significantly with diversity,
suggesting that microbial processes are more important than direct plant ab-
sorption and adsorption. Similarly, at the same diversity level, mesophyte-
dominated compositions achieved higher N, P, and COD removal rates than
wetland plant-dominated compositions despite lower system productivity. Un-
der identical diversity and composition conditions, P removal rates were highest,
followed by N removal rates, with COD removal rates being lowest. As ecologi-
cal floating bed system establishment time increased, N removal rates exhibited
a pattern of rapid initial increase followed by gradual decline.
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