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Abstract. Although urban water ecological civilization has been extensively evaluated in different 

regions of China, and many urban wetland parks have been built to increase urban water ecological 

civilization indices, the effects of the construction and renovation of freshwater ecosystems on microbiota 

have not been fully evaluated. To analyze the impact of lotus planting on the structure of microbiota in 

urban park lakes, in this study, we analyzed the differences in microbiota in different regions (artificial 

fountain region, potted lotus region, and direct lotus planting region) of an urban lake in subtropical 

China before and after lotus planting in the short term (about 10 d) and after more than a month. Our 

results showed that planting lotuses significantly reduced the relative abundances of water Jannaschia, 

Fontibacter, and Anaerospora comparing with the control, and that of Lutimonas in the sediment 

microbiota in the long term (more than 1 month). Moreover, after planting lotuses, the connection 

between prokaryotes in the sediment microbiota gradually weakened. 

Keywords: artificial ecological modification, freshwater microbiota, lotus, community ecology, lake 

ecosystem, co-occurrence 

Introduction 

Freshwater ecosystems have played a crucial role in the history of humankind, 

providing essential goods and services for our survival and well-being (Wantzen et al., 

2016; Vári et al., 2022). However, these ecosystems are facing significant threats, with 

a global area decline by 64% from 1997 to 2011, and for Europe by 50% from 1970 to 

2008 (Costanza et al., 2014; IPBES et al., 2018; Gozlan et al., 2019). The rapid 

urbanization and economic development pose a challenge to the ecological health of 

freshwater systems in cities (Tian et al., 2021). In recent decades, China has 

experienced rapid urbanization, leading to severe pressure on urban water ecosystems, 

including water resource shortage, eutrophication, and pollution (Han et al., 2019). In 

response to this issue, the Ministry of Water Resources of China proposed the concept 
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of “water ecological civilization” in 2013, which aims to achieve a harmonious balance 

between urban development and the health of water environments (Tian et al., 2021). 

The microbiota present in various freshwater ecosystems play a crucial role in global 

energy fluxes and biogeochemical processes (Shen et al., 2019; Sagova-Mareckova et 

al., 2021), for instance, in nitrogen (N) cycling in freshwater ecosystems (Dai et al., 

2021; Liu et al., 2023a). According to Shen et al. (2019), planktonic microbiota in 

eutrophic ecosystems have a higher potential for aerobic carbon fixation, fermentation, 

methanogenesis, anammox, denitrification, and sulfur mineralization compared to 

mesotrophic-oligotrophic ecosystems. However, they have a lower potential for aerobic 

respiration, CO oxidation, nitrogen fixation, and assimilatory sulfate reduction. As a 

result, the bacterial eutrophic index has been proposed as a potential measure for 

evaluating freshwater quality (Sagova-Mareckova et al., 2021; Ji et al., 2020). 

Additionally, microbiota also play a significant role in maintaining the health of aquatic 

animals (Huang et al., 2021a; Sehnal et al., 2021). 

The impact of urban water ecological civilization has been extensively evaluated in 

various regions of China (Tian et al., 2021; Han et al., 2019; Su et al., 2018; Den Hartog 

et al., 2021). Many urban wetland parks have been constructed to improve the indices of 

urban water ecological civilization. However, the effects of these construction and 

renovation projects on microbiota have not been fully evaluated. Typically, aquatic plants 

such as canna (Canna generalis) and lotus (Nelumbo nucifera) are planted in urban 

wetland parks to enhance their ornamental value. In this study, we aimed to analyze the 

impact of lotus planting on the structure of microbiota in an urban park lake in subtropical 

China. We compared the differences in microbiota in different regions of the lake 

(artificial fountain region, potted lotus region, and direct lotus planting region) before and 

after lotus planting, both in the short term (~10 d) and after more than a month. 

Materials and methods 

Study area and sample collection 

The study area and sample treatment method were the same as those used in the 

previous study of Li et al. (2024). The urban park is located in Hengqin Island, Zhuhai 

City, China. It has an elevation of 38 meters and a lake water area of about 10,000 m2. 

The lake (113.51 E, 22.16 N) in the park has several artificial pond foundations that 

divide the water area into five sections, with the water eventually flowing into a river 

channel from the fifth section. Artificial renovation was conducted from February 10th 

to March 28th, 2023, with lake renovation taking place from February 10th to March 

10th and lotus planting occurring from March 26th to 28th. Over 30 varieties of lotus 

plants, including Nelumbo nucifera, Nelumbo lutea, Nymphaea tetragona, Nymphaea 

alba, Nymphaea mexicana, and Nymphaea lotus were planted. Water (W) samples were 

collected from ten sampling sites on February 2nd, April 18th, and May 22nd, 2023. 

These sites included W1, W2, and W3 in the artificial fountain region without lotus 

plants (C; about 2800 m2 of surface area); W4, W5, and W6 in the treatment 1 region 

(T1; about 4600 m2 of surface area), where lotuses were potted; W7, W8, and W9 in the 

treatment 2 region (T2; about 2600 m2 of surface area), where lotuses were directly 

planted; and W10 in the drainage channel (Fig. 1; Li et al., 2024). The spacing between 

flowerpots of potted lotuses was about 20 cm, and a cement flowerpot with a diameter 

of about 30 cm was used in the T1 region. The planting density of lotuses in the T2 

region was about 3 plants per m2. 
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Triplicate water samples were collected from each sampling site, approximately 0.2 m 

below the water surface using a 5-L Niskin bottle. The samples were mixed and 

immediately stored in sterile sampling bags (LABPLAS, Canada). They were then 

transported to the laboratory on ice. Approximately 500-mL of water from each sample 

was filtered through polycarbonate membranes with an aperture of 0.22 μm (Millipore, 

USA). The filters were stored at -80°C for DNA extraction. Any remaining water samples 

were used to determine the physical and chemical factors. Additionally, sediment (S) 

samples were collected from 0–5 cm using a cylindrical sampler and transported to the 

laboratory in ice bags. They were then stored at −20°C. The sampling sites were divided 

into different regions: S1, S2, and S3 were in the artificial fountain region without lotus 

plants (C); S4, S5, and S6 were in the treatment 1 region (T1), where lotus plants were 

potted; S7, S8, and S9 were in the treatment 2 region (T2), where lotus plants were 

directly planted; and S10 was in the drainage channel (Fig. 1; Li et al., 2024). 

 

 

Figure 1. Distrubution of sampling sites. Control region was the artificial fountain region did 

not plant lotuses. Lotuses were potted in the T1 region. Lotuses were directly planted in the T2 

region 

 

 

Determination of water physical and chemical indicators 

The water temperature (WT), pH, salinity (Sal), dissolved oxygen (DO), oxidation-

reduction potential (ORP), conductivity (Cond), and total dissolved solids (TDS) were 

measured using a smart portable multi-parameter water quality analyzer (YSI, USA). 

The dissolved oxygen saturation (DO%) was calculated according to the National 

Environmental Protection Standards of the People’s Republic of China (HJ 506-2009). 

Approximately 500-mL of water was filtered using a Whatman GF/C filter membrane 

and used to measure the chlorophyll-a content (Chla) according to a previously 

described method (Vinten et al., 2021). Turbidity was determined according to the 

international standard method (ISO 7027-1:2016). Suspended particulate matter (SPM) 

was determined as described previously (He et al., 2017). The concentrations of 
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ammonium (NH4-N), nitrate (NO3-N), nitrite (NO2-N), total nitrogen (TN), total 

phosphorus (TP), and SiO3-Si were determined using a flow injection water quality 

analyzer (Skalar, Netherlands). The permanganate index (CODMn) and phosphate (PO4-

P) content were determined according to standard methods (Huang et al., 2000). The 

concentration of un-ionized ammonia (NH3) was calculated according to a previously 

described method (Zou and Cheng, 2002). 

 

Analysis of PEC composition 

Water and sediment DNA was extracted using a FastDNA Spin kit for soil (MP, 

Eschwege, Germany). The V4-V5 region of the prokaryotic SSU rRNA gene was 

amplified using the eukaryotic primer pair 515F (5’-GTGCCAGCMGCCGCGG-3’) 

and 907R (5’-CCGTCAATTCMTTTRAGTTT-3’) (Huang et al., 2021b) with a 12-nt 

sample-specific barcode sequence at the 5’ end of the 515F primer (Fu et al., 2023), 

according to a previously described method (Huang et al., 2021b). The amplification 

products were purified using a gel recovery kit (Axygen, CA, USA) and sequenced on 

the HiSeq sequencing platform at Guangdong Meilikang Bio-Science Ltd. (Foshan, 

Guangdong, China). 

The raw reads were merged using FLASH version 1.2.8 (Magoč and Salzberg, 2011) 

and quality-controlled using QIIME 1.9.0 (Caporaso et al., 2010). Chimeric sequences 

were detected and removed using UCHIME 4.2.40 (Edgar et al., 2011) before further 

analysis. The remaining effective sequences were clustered into operational taxonomic 

units (OTUs) with 97% identity using UPARSE 7.0.1090 (Edgar, 2013). The taxonomy 

of each OTU was assigned using RDP classifier 2.2 (Wang et al., 2007) with the SILVA 

132 dataset. The OTU number, Shannon, and Chao1 indices of each PEC were 

calculated using QIIME 1.9.0. 

 

Data analysis 

A Kruskal-Wallis rank sum test with Dunn’s post-hoc test was performed using R 

4.2.3 (R Core Team, 2022) with the FSA package version 0.9.5 (Ogle et al., 2023). 

Principal co-ordinate analysis (PCoA) based on weighted UniFrac distance was 

conducted using QIIME 1.9.0. Linear discriminant analysis (LDA) effect size (LEfSe) 

was conducted using the Galaxy platform (http://huttenhower.sph.harvard.edu/galaxy). A 

distance-based redundancy analysis (db-RDA) was performed using the R vegan package 

(Dixon, 2003). A heatmap profile was drawn using the pheatmap version 1.0.12 package 

(Kolde, 2019) in R 4.2.3. Differences were considered statistically significant at P < 0.05. 

Results 

Overall, total of 3,453,073 effective sequences were obtained from the 60 samples. 

Finally, 18,060 effective sequences were randomly resampled from each sample for 

further analysis. Total of 81,504 OTUs were detected from these effective sequences. 

PCoA results based on the OTU compositions showed that water and sediment 

microbiota were divided into two groups, and water microbiota were divided into three 

sub-groups according to sampling times, whereas sediment microbiota were not divided 

into different sub-groups (Fig. 2A). Moreover, obvious differences in the water 

microbiota structure before and after planting lotuses were exhibited, whereas there was 

no difference detected in the sediment microbiota (Fig. 2A). The OTU number of water 
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and sediment microbiota in the T2 region before lotus planting, as well as the Chao1 

index of sediment microbiota, were significantly higher than those in the Control and 

T1 regions (P < 0.05), and these differences were not significant after lotus planting 

(P > 0.05; Fig. 2B, C). Shannon index did not show significant differences (P > 0.05; 

Fig. 2D). The Good’s coverage of sediment microbiota in the T2 region before lotus 

planting was significantly lower than those of the Control and T1 regions (P < 0.05), 

and the difference was not significant after lotus planting (P > 0.05; Fig. 2E). 

As PCoA results, UPGMA results based on the OTU compositions also showed that 

water and sediment microbiota were divided into two groups, except S1Feb and S1Feb 

samples (Fig. 3). Moreover, the samples exhibited a clustering trend according to 

sampling times (Fig. 3). At the phylum level, Proteobacteria, Bacteroidetes, 

Cyanobacteria, Planctomycetes, Acidobacteria, Firmicutes, Actinobacteria, Chloroflexi, 

Gemmatimonadetes, Spirochaetes, Chlorobi, Nitrospirae, Fusobacteria, WS3, 

Verrucomicrobia, and OP8 dominated the microbiota (Fig. 3). 

At the genus level, water microbiota of the control, treatment1, and treatment2 regions 

before planting lotuses were clustered separately according to the dominant genus 

compositions (Fig. 4A). The relative abundances of Fontibacter and Idiomarina in the T1 

region were significantly higher than those in the control (Fig. 4B, H). The relative 

abundances of Maribacter and Candidatus Aquiluna in the T2 region were significantly 

higher than those in the control (Fig. 4C, K). Moreover, the relative abundance of 

Marivita in the T1 region was significantly lower than that in the control (Fig. 4G). 

In the short term (~10 days) after planting lotuses, the water microbiota of the 

control, treatment1, and treatment2 regions were not clustered separately according to 

the dominant genus compositions (Fig. 5A). The relative abundances of Aquirestis, 

Rhodobacter, Rheinheimera, and Halomonas in the T2 region were significantly higher 

than those in the control (P < 0.05; Fig. 5B–D, J). The relative abundances of 

Aquiflexum, and Polaribacter in the T1 region were significantly higher than those in 

the control (P < 0.05; Fig. 5E, F). The relative abundance of Limnohabitans in the T1 

region were significantly higher than that in the control (P < 0.05; Fig. 5G). Moreover, 

the relative abundance of Pseudidiomarina in the T2 region was significantly lower 

than that in the control (P < 0.05; Fig. 5H). 

In the long term (more than one month) after planting lotuses, water microbiota of 

the control, T1, and T2 regions were clustered separately according to the dominant 

genus compositions (Fig. 6A). The relative abundances of Anaeromyxobacter and 

Hydrogenophaga in T2 region were significantly higher than those in the control 

(Fig. 6J, K). The relative abundances of Flavobacterium and Lewinella in the T2 region 

were significantly higher than those in the T1 region (Fig. 6B, F). Moreover, planting 

lotuses significantly reduced the relative abundances of Jannaschia, Fontibacter, and 

Anaerospora comparing with the control (Fig. 6C, G, M). 

Based on the dominant genus compositions, sediment microbiota before planting lotuses 

were not clustered according to the control, T1, and T2 regions (Fig. 7A). The relative 

abundances of Geobacter and Gallionella in the T2 region were significantly higher than 

other regions (Fig. 7B, C). The relative abundance of Dechoromonas in the T2 region was 

significantly higher than that of the control (Fig. 7D). The relative abundances of 

Fontibacter, Microcystis, and Aquiflexum in the T1 region were significantly higher than 

those in the T2 region (Fig. 7E–7G). The relative abundance of Paracoccus in the T2 

region was significantly lower than that in the control (Fig. 7H). The relative abundance of 

Fluviicola in the T2 region was significantly higher than that in the T1 region (Fig. 7I). 
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Figure 2. PCoA profile (A) and boxplots (B-F) shown the overall differences of freshwater and 

sediment microbiota structure and α-diversity indices. (B) OTU number; (C) Chao1 index; (D) 

Shannon index; (E) Simpson index; (F) Good’s coverage. The capital S and W at the beginning 

of the sample names represent sediment and water samples, respectively. C, T1, and T2 indicate 

the samples collected from the region did not plant lotuses (W1-W3), the region potted lotuses 

(W4-W6), and the region directly planted lotuses (W7-W9), respectively. OTU, operational 

taxonomic unit. * P < 0.05 
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Figure 3. Composition of dominant phyla in the freshwater and sediment microbiota in a lotus-

planting lake 

 

 

 

Figure 4. Heatmap profile (A) and boxplots (B-K) shown the differences of relative abundances 

of major dominant genera in freshwater microbiota collected in February. Control, region did 

not plant lotuses (W1-W3); T1, treatment 1 region where lotuses were potted (W4-W6); T2, 

treatment 2 region where lotuses were planted directly (W7-W9). * P < 0.05; ** P < 0.01 



Ning et al.: Effect of planting lotuses on planktonic prokaryotes in a shallow lake of a subtropical urban park in China 

- 5006 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 22(6):4999-5016. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2206_49995016 

© 2024, ALÖKI Kft., Budapest, Hungary 

 

Figure 5. Heatmap profile (A) and boxplots (B-K) shown the differences of relative abundances 

of major dominant genera in freshwater microbiota collected in April. Control, region did not 

plant lotuses (W1-W3); T1, treatment 1 region where lotuses were potted (W4-W6); T2, 

treatment 2 region where lotuses were planted directly (W7-W9). * P < 0.05; ** P < 0.01 

 

 

 

Figure 6. Heatmap profile (A) and boxplots (B-K) shown the differences of relative abundances 

of major dominant genera in freshwater microbiota collected in May. Control, region did not 

plant lotuses (W1-W3); T1, treatment 1 region where lotuses were potted (W4-W6); T2, 

treatment 2 region where lotuses were planted directly (W7-W9). * P < 0.05; ** P < 0.01 
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Figure 7. Heatmap profile (A) and boxplots (B-K) shown the differences of relative abundances 

of major dominant genera in sediment microbiota collected in February. Control, region did not 

plant lotuses (S1-S3); T1, treatment 1 region where lotuses were potted (S4-S6); T2, treatment 2 

region where lotuses were planted directly (S7-S9). * P < 0.05; ** P < 0.01 

 

 

In the short term (about 10 days) after planting lotuses, sediment microbiota were 

also not clustered according to the control, T1, and T2 regions (Fig. 8A). The relative 

abundances of Candidatus Aquiluna and Thiobacillus in the T1 region were 

significantly higher than those in the T2 region (Fig. 8B, C). Moreover, the relative 

abundances of Aquiflexum and Lewinella in the T1 region were significantly higher than 

those in the control (Fig. 8D, E). 

In the long term (more than one month) after planting lotuses, sediment microbiota 

were still not clustered according to the control, T1, and T2 regions (Fig. 9A). The 

relative abundances of Marinobacter and Fusibacter in the T2 region were significantly 

higher than those in the control (P < 0.05; Fig. 9B, J), whereas the relative abundances 

of Congregibacter, Halomicronema, and Synechococcus in the T2 region were 

significantly lower than those in the control (P < 0.05; Fig. 9D, F, H). The relative 

abundance of Robiginitalea in the T1 region was significantly lower than that in the 

control (P < 0.05; Fig. 9C). Moreover, planting lotuses significantly reduced the relative 

abundances of Lutimonas in the sediment microbiota (P < 0.05; Fig. 9G). 

Spearman correlation analysis of dominant genera in the water and sediment microbiota 

and water physicochemical indicators divided these dominant genera into three groups: 

Group 1, genera with similar correlations with the water physicochemical indicators, 

which was contained Anaereomyxobacter, Azoarcus, Cetobacterium, Dechloromonas, 

Desulfococcus, Gluconobacter, Hydrogenophaga, Limnohabitans, Salinimicrobium, 

Sediminibacterium, and Treponema; Group 2, genera with opposite correlations with the 

water physicochemical indicators, which was contained Agrobacterium, Morganella, 

Sediminicola, and Sphingomonas; and Group 3, other genera (Fig. 10).  
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Figure 8. Heatmap profile (A) and boxplots (B-K) shown the differences of relative abundances 

of major dominant genera in sediment microbiota collected in April. Control, region did not 

plant lotuses (S1-S3); T1, treatment 1 region where lotuses were potted (S4-S6); T2, treatment 2 

region where lotuses were planted directly (S7-S9). * P < 0.05; ** P < 0.01 

 

 

 

Figure 9. Heatmap profile (A) and boxplots (B-K) shown the differences of relative abundances 

of major dominant genera in sediment microbiota collected in May. Control, region did not 

plant lotuses (S1-S3); T1, treatment 1 region where lotuses were potted (S4-S6); T2, treatment 2 

region where lotuses were planted directly (S7-S9). * P < 0.05; ** P < 0.01 
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Figure 10. Correlation between major bacterial genera in freshwater (A) and sediment (B) 

microbiota and physical and chemical parameters. Cond, conductivity; WT, water temperature; 

Sal, salinity; TDS, total dissolved solids; ORP, oxidation-reduction potential; DO, dissolved 

oxygen; DO%, dissolved oxygen saturation; TP, total phosphorus; TN, total nitrogen; NH3, un-

ionized ammonia; CODMn, permanganate index; Turb, turbidity; SPM, suspended particulate 

matter; Chla, chlorophyll-a content. * P < 0.05; ** P < 0.01; *** P < 0.001 

 

 

Especially, the relative abundance of water Agrobacteirum was significantly negatively 

correlated with WT, ORP, PO4-P, TP, TN, NO2-N, NO4-N, and NH3, and significantly 

positively correlated with CODMn, whereas the relative abundance of sediment 

Agrobacterium was significantly positively correlated with ORP, PO4-P, TP, NO3-N, and 

NO2-N (P < 0.05; Fig. 10). The relative abundances of both water and sediment 

microbiota were significantly positively correlated with WT, ORP, TP, and TN, and 

significantly negatively correlated with Cond, Sal, TDS, and SPM (P < 0.05; Fig. 10). 

The relative abundances of both water and sediment Azoarcus were significantly 

positively correlated with WT, ORP, PO4-P, TP, TN, and NO3-N, and significantly 

negatively correlated with Cond, Sal, TDS, CODMn, and SPM (P < 0.05; Fig. 10). The 

relative abundances of water and sediment Cetobacterium were significantly positively 



Ning et al.: Effect of planting lotuses on planktonic prokaryotes in a shallow lake of a subtropical urban park in China 

- 5010 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 22(6):4999-5016. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2206_49995016 

© 2024, ALÖKI Kft., Budapest, Hungary 

correlated with WT, and DOP, and significantly negatively correlated with Cond, Sal, 

TDS, and SPM (P < 0.05; Fig. 10). The relative abundances of both water and sediment 

Dechloromonas were significantly negatively correlated with Cond, Sal, TDS, pH, and 

CODMn, and significantly positively correlated with PO4-P, TP, TN, NO3-N, Turb, and 

Chla (P < 0.05; Fig. 10). The relative abundances of both water and sediment 

Desulfococcus were significantly positively correlated with Si, and significantly 

negatively correlated with TP, NO2-N, and NH4-N (P < 0.05; Fig. 10). The relative 

abundances of both water and sediment Gluconobacter were significantly positively 

correlated with WT, ORP, DO, DO%, and TN, and significantly negatively correlated 

with Cond, Sal, TDS, and SPM (P < 0.05; Fig. 10). The relative abundances of both water 

and sediment Hydrogenophaga were significantly positively correlated with ORP, TP, 

TN, NO3-N, and NO2-N, and significantly negatively correlated with Cond, Sal, TDS, and 

SPM (P < 0.05; Fig. 10). The relative abundances of both water and sediment 

Limnohabitans were significantly positively correlated with WT, ORP, PO4-P, TP, TN, 

NO3-N, and NO2-N, and significantly negatively correlated with Cond, Sal, TDS, CODMn, 

and SPM (P < 0.05; Fig. 10). The relative abundances of both water and sediment 

Salinimicrobium were significantly positively correlated with WT, ORP, and TN, and 

significantly negatively correlated with Cond, Sal, TDS, and SPM (P < 0.05; Fig. 10). 

The relative abundances of both water and sediment Sediminibacterium were significantly 

positively correlated with WT, ORP, TP, and TN, and significantly negatively correlated 

with Cond, Sal, TDS, and SPM (P < 0.05; Fig. 10). The relative abundances of both water 

and sediment Treponema were significantly positively correlated with WT, ORP, DOP, 

and TN, and significantly negatively correlated with Cond, Sal, TDS, and SPM (P < 0.05; 

Fig. 10). The relative abundance of water Morganella was significantly positively 

correlated with Cond, Sal, TDS, and CODMn, and significantly negatively correlated with 

WT, ORP, PO4-P, TP, TN, NO3-N, and NO2-N, whereas that of sediment Morganella 

was significantly positively correlated with WT, ORP, DOP, and TP, and significantly 

negatively correlated with Cond, Sal, TDS, and SPM (P < 0.05; Fig. 10). The relative 

abundance of water Sediminicola was significantly positively correlated with Cond, Sal, 

TDS, Si, CODMn, and SPM, and significantly negatively correlated with WT, PO4-P, TN, 

Turb, and Chla, whereas that of sediment Sediminicola was significantly positively 

correlated with WT, ORP, PO4-P, TP, TN, NO2-N, and NH4-N, and significantly 

negatively correlated with Si (P < 0.05; Fig. 10). The relative abundance of water 

Sphingomonas was significantly positively correlated with Cond, Sal, TDS, CODMn, and 

SPM, and significantly negatively correlated with WT, PO4-P, TP, TN, NO3-N, NO2-N, 

NH4-N, whereas that of sediment Sphingomonas was significantly positively correlated 

with WT, ORP, PO4-P, TP, TN, NO3-N, NO2-N, and NH4-N, and significantly negatively 

correlated with CODMn (P < 0.05; Fig. 10). These results indicated that although not 

absolute, in most cases the water genera in the Group 1 were significantly positively 

correlated with WT, and N and P nutrients, and significantly negatively correlated with 

Cond, Sal, TDS, CODMn, and SPM, whereas the water genera in the Group 2 was 

significantly negatively correlated with WT, and N and P nutrients, and significantly 

positively correlated with Cond, Sal, TDS, and CODMn. 

Discussion 

Lakes serve as important “hotspots” for carbon and nutrient cycling in the landscape, 

receiving nutrients from surrounding terrestrial ecosystems (Cotner et al., 2010; Butman 
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et al., 2016; Linz et al., 2018). The health of urban water bodies is crucial for human 

society, especially in the face of expanding human populations and anthropogenic 

stressors (Xiao et al., 2021). Microorganisms play a critical role in the transformations 

and cycling of biologically active elements in freshwater ecosystems (Newton et al., 

2011). This key role is not only due to their function as primary degraders and 

mineralizers of organic compounds, but also their biomass production and trophic 

coupling to eukaryote predators, which have a profound impact on elemental fluxes and 

water quality in the ecosystem (Newton et al., 2011; Sagova-Mareckova et al., 2021). 

Conversely, water quality can also influence the community structure of aquatic 

microorganisms, which in turn affects their elemental cycling functioning (Yan et al., 

2018). Our preliminary research has shown that planting lotuses can alter the physical 

and chemical indicators of water in an artificial landscape lake, ultimately impacting 

water quality (Li et al., 2024). Additionally, our previously study found that although 

planting lotuses did not significantly alter the water physical properties in various 

regions of the pond in the short-term, such as WT, Cond, Sal, and TDS, it did affect 

nutrient concentrations (Li et al., 2024). In this study, our results indicated that most 

dominant genera in water and sediment microbiota were significantly correlated with 

water physicochemical indicators (Fig. 10). Moreover, our results indicated that 

planting lotuses significantly reduced the relative abundances of Jannaschia, 

Fontibacter, and Anaerospora comparing with the control. 

The concentration of nitrogen and phosphorus is currently a key concern for 

freshwater monitoring in China, mainly because they are important nutritional factors 

that trigger freshwater algal blooms (Cotner et al., 2010; Linz et al., 2018; Su, 2021). 

Phosphorus deficiency is one of the main factors limiting the growth of aquatic 

microbiota (Cotner et al., 2010). Our previously study results indicated that water PO4-P 

and TP concentrations in the lake were significantly increased after planting lotuses in a 

short-term (~10 days) (Li et al., 2024). Anaerospora hongkongensis was sensitive to 

trophic variation and thus could be used as eco-markers (Li et al., 2024). Bao and Li 

(2017) report a stable consortium, HJ-4, composed of Anaerospora hongkongensis 

(85%) and facultative anaerobe, Comamonadaceae (15%), which can process 

ferrihydrite reduction coupled to anaerobic ammonium oxidation driven by sulfur redox 

cycling. Li et al. (2017) found excessive input of phosphorus significantly affects 

microbial Fe(III) reduction in flooded paddy soils by changing the abundances and 

community structure of Clostridium and Geobacteraceae. The relative abundance of 

Aquirestis was correlated with water quality improvement (Li et al., 2022). Plisova et al. 

(2005) reported a highly active alkaline phosphatase from the marine bacterium 

Cobetia. However, in this study, our results indicated that the relative abundances of 

water Agrobacterium, Anaerospora, Clostridium, Cobetia, Leadbetterella, Marivita, 

Morganella, Neptunomonas, and Sphingomonas significantly negatively correlated with 

water PO4-P and TP concentrations, and the relative abundances of water Aquirestis, 

Azoarcus, Dechloromonas, Fluviicola, Hydrogenophaga, Limnohabitans, 

Rheinheimera, Salinimicrobium, and Sediminibacterium significantly positively 

correlated with water PO4-P and TP concentrations (Fig. 10A). 

Microbial interaction is an important prerequisite for maintaining the stability of 

microbiota structure and function (Zhou et al., 2022). Therefore, the interaction between 

microorganisms in a single habitat have been extensively studied (Milici et al., 2016; 

Gao et al., 2022; Codello et al., 2022; Ma et al., 2023). However, there is still 

insufficient research on the interactions between microorganisms in different habitats. 
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In this study, the water and sediment dominant genera were divided into three groups 

and although not absolute, in most cases the water genera in the Group 1 were 

significantly positively correlated with WT, and N and P nutrients, and significantly 

negatively correlated with Cond, Sal, TDS, CODMn, and SPM, whereas the water genera 

in the Group 2 was significantly negatively correlated with WT, and N and P nutrients, 

and significantly positively correlated with Cond, Sal, TDS, and CODMn. These results 

implied that the sediment microbiota may be an important supplement to the 

microorganisms involved in nutrient metabolism in water bodies. 

Cluster analysis based on microbiota structure can be used to assess the impact of 

external factors on microbiota structure, such as season, geography, and human 

activities (Cotner et al., 2010; Liao et al., 2017; Liu et al., 2023b). Our cluster analysis, 

based on the dominant genus compositions, revealed that planting lotuses did not 

significantly affect the community structure of dominant genera in the pond sediment 

microbiota. Additionally, the structure of dominant genera in the sediment microbiota in 

each region was more consistent with that of water microbiota. Before lotus planting, 

there were differences in the structure of the water microbiota among regions of the 

pond, but these differences disappeared approximately 10 days after planting lotuses. 

However, after about 1 month, differences in the water microbiota structure reappeared, 

although the dominant genera with significant differences among regions were different 

from those before lotus planting. These results indicated that the impact of lotus 

planting on the water microbiota was greater than that on the sediment microbiota. 

Furthermore, the water microbiota structure may have been homogenized in the short 

term due to disturbance from lotus planting, whereas the long-term impact of lotus 

planting resulted in changes to the water microbiota structure. 

Freshwater microbiota is an important factor affecting the microbiota and health of 

freshwater insects and vertebrates (Sehnal et al., 2021; Zeng et al., 2020; Padeniya et 

al., 2022). Moreover, regional water microbiota was also connected with human 

longevity and welfare (Wu et al., 2021). However, in this study, we did not analyze 

the impact of changes in lake water and sediment microbiota caused by planting 

lotuses on human welfare. Further study about the impact should be conducted, 

especially to assess whether it increase the distribution and transmission of 

opportunistic pathogens. 

Conclusions 

Planting lotuses significantly reduced the relative abundances of water Jannaschia, 

Fontibacter, and Anaerospora comparing with the control, and that of Lutimonas in the 

sediment microbiota in the long term (more than 1 month). Moreover, after planting 

lotuses, the connection between prokaryotes in the sediment microbiota gradually 

weakened. 
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