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In recent years, lakes’ water quality and quantity have been affected and damaged by agricultural activities. The sensitivity of phytoplankton to the hydrological environment can effectively indicate the health of the aquatic ecosystem and the change in water quality. Understanding the changes of phytoplankton communities in lakes contaminated by agriculture may contribute to determining the directions of protection of these water bodies and provide reference cases for wider research. It is found that there are 146 species, 63 genera, and 8 phyla of phytoplankton, including 57 species of Bacillariophyta, 46 species of Chlorophyta, 17 species of Cyanobacteria and Euglenophyta. The total abundance was changed successively with Bacillariophyta (75% in June), Cyanobacteria (50% in July–August), and Chlorophyta (75% in September–October). The total biomass decreased continuously over time. The biomass of Chlorophyta is highest in October (67.4%), and diatoms contribute the most biomass in other months (76.5%). The Redundancy analysis indicated that the main environmental factors affecting phytoplankton’s dynamic change are total salt, water temperature, total phosphorus, and 5-day biochemical oxygen demand. The phytoplankton can be divided into 21 functional groups. The MP group has the highest frequency, mainly distributed in the frequently stirred and turbid shallow water. Representative functional groups indicate the high degree of eutrophication and nutrient-rich conditions and the good associated environment for phytoplankton and slow water flow rate. With the seasonal change of agricultural irrigation and drainage, the water quality of Xinmiao Lake began to deteriorate from medium pollution in July and reached serious pollution in October finally. Furthermore, this research discovered that the risk of cyanobacteria bloom is high in summer, primarily when thermal stratification occurs. This study provides necessary information for understanding and predicting the changes of the phytoplankton community caused by the increase of nutrients, human disturbance, and temperature conditions in eutrophic lakes in agricultural areas.
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INTRODUCTION
Phytoplankton is regarded as one of the essential indicators of water environment because of its temporal and spatial distribution of community structure characteristics such as abundance, biomass and diversity (Kruk et al., 2010; Reynolds, 2012; Visser et al., 2016). Environmental conditions can also directly or indirectly affect the community structure of phytoplankton (Whitton, 2012). Therefore, monitoring phytoplankton community structure and diversity has become an essential water ecosystem health and water quality evaluation (Sabater et al., 2008; Nunes et al., 2018). It is feasible to predict and explain various models of phytoplankton through environmental factors. Previous studies have proved that the change characteristics of phytoplankton structure are closely related to hydrological conditions, and nitrate concentration (Negro et al., 2000), and also have a good coupling relationship with chemical oxygen demand (COD) and particulate organic matter (POM) (Lee and Kang, 2010). Similarly, it is common to use phytoplankton to indicate water quality. Reynolds first designed the phytoplankton classification system according to the classification method of plants and summarized 31 functional groups (Reynolds, 1980; Reynolds, 1984). Salmaso et al. proposed the division method of ecological functional group (MFG), and divided phytoplankton into 31 mfg groups (Salmaso and Padisák, 2007). Padisak et al. summarized 40 groups according to the sensitivity and tolerance of phytoplankton, which promoted the wide application of this method (Padisak et al., 2009). Phytoplankton pollution biological index can quantitatively analyze the state of water pollution (Chen et al., 2021). Furthermore, the phytoplankton diversity index (Spellerberg and peter, 2003), dominance index (Ignatiades, 2020), algae comprehensive index (Yang and Liu, 2020), and phytoplankton biological integrity index (Zhu et al., 2021)is commonly used to quantify the ecological status of lakes, rivers, and reservoirs in water pollution monitoring and evaluation. Therefore, understanding the relative impact of natural and artificial processes on hydrological and biochemical functions through phytoplankton diversity is essential for improving water resources management (Arab et al., 2019).
Due to the increase in agricultural production demand, the wetland ecosystem in the area faces environmental pressure, such as agricultural pollutants and water supply. The pollution from agriculture is more difficult to control than other point source pollution because of its dispersion diversity and regional (Wurtsbaugh et al., 2019). Under the current climate and human influence, agricultural reclamation increases the bioavailable P and N entering the wetland waters with increased rainfall intensity related to climate change (Glibert and Burford, 2017). High nutrient loads can promote the production of organic matter. Then the decomposition and release of regenerated ammonium in sediments provide a favorable environment for the growth of Cyanobacteria in summer (Newell et al., 2019). The consequent environmental risks (such as eutrophication and harmful water bloom outbreak) will further lead to the loss and degradation of wetlands (Mao et al., 2018). Due to the rapid economic development and population growth in recent years, many lakes in the world have been seriously eutrophized, such as the shallow agricultural lakes in the lower Mississippi River Basin (Henderson et al., 2021) in the United States (Henderson et al., 2021), Winnipeg Lake in Canada (Bunting et al., 2016), Greifensee in Switzerland (Niel et al., 2012) and 50 lakes in Western and northwest Ireland (Touzet, 2011), and the excessive investment of N and P in agricultural activities is one of the main reasons. Under these premises, it is imperative to strengthen wetland assessment, monitoring, and restoration through the comprehensive integration of human activities and climate change processes. Many scientists in China have paid more attention to the changes in phytoplankton structure in eutrophic lakes. However, most of these studies focus on the Yangtze River Basin in the subtropical region, such as Tai Lake (Paerl et al., 2011; Liu et al., 2021), Poyang Lake (Wu et al., 2013). Continental climate lakes in high latitudes, such as inland lakes in Northeast China, rarely study the coupling between phytoplankton and environmental factors. Under expanding agricultural production, lakes in these areas are prone to eutrophication. It is becoming more and more essential to study the changes of phytoplankton community structure to improve water quality assessment. The water environment of Xinmiao Lake has faced severe ecological and environmental problems such as agricultural non-point source pollution, salinization, and organic pollution (Dai and Tian, 2011), which provides a good research example. Because phytoplankton and environmental factors have high temporal and spatial heterogeneity, their relationship is usually complex and difficult to explain. For example, what factors in the lake (such as nutrition, light, temperature, etc.) regulate algae growth. Specifically, this work is devoted to clarify the correlation between phytoplankton and environmental factors in the lake adjacent to agriculture area and confirm the indicative function of the phytoplankton community on water quality.
MATERIAL AND METHOD
Research Area
Xinmiao Lake is a typical wetland ecosystem composed of lakes, swamps, swampy meadows, and other ecosystems, with shallow lakes as the core. It is located in 124°26′E–124°31′E, 45°8′30″N–45°13′30″N, belongs to a continental monsoon semi-arid climate with an area of 31 km2, average water depth of 1.5 m, water storage about 6.5 × 107 m3, and pH about 8.5 (Liu et al., 2020), which belongs to Chagan Lake National Nature Reserve in Jilin Province (Figure 1A). It is the front lake of Chagan Lake and plays an essential role in buffering and regulating about 2.3 × 102 km2 irrigation backwater from the surrounding paddy fields (Yao et al., 2010; Guo, 2012). The soil in the lake basin is alkaline, and the total salt (TS) is mainly sodium carbonate and sodium bicarbonate, so the saline-alkali soda wetland is formed (Liu et al., 2020). Affected by suspended mineral and section particles, Xinmiao Lake has a high content of suspended sediments (Guo et al., 2020). Affected by water particles, the light conditions in water droplets are poor and the transparency is low (Li et al., 2016). The winter of Xinmiao lake is from October to May, and the light is the strongest in July and August (Zhang et al., 2016). With the expansion of the Qianguo agricultural area, the contents of TN, TP (total phosphorus), TS, and alkali entering the lake will significantly increase the risk of eutrophication and water bloom (Chen et al., 2015).
[image: Figure 1]FIGURE 1 | Schematic diagram of sampling points. Panels show the geographical location of XinmiaoLake (A) and the specific layout of sampling points (B).
Sample Collection
According to the natural morphological characteristics of Xinmiao Lake and the standard of sampling point setting (Tnno et al., 2021), sampling points are arranged at the inlet, outlet, and the northern area of Xinmiao Lake (abbreviated as WI, WO, NA) (Figure 1B). Both WI and NA grow reed and Potamogeton crispus L. There are almost no aquatic plants in WO. The water depth of the three sample points is the same, with an annual average of 1.5 m. The samples were taken once a month, from June to October 2020.
In terms of water environment parameter measurement, water temperature (WT) and pH are measured on-site by YSI portable multiparameter analyzer. After acid and low-temperature preservation, water samples were taken back to the analysis and testing centre of Northeast Institute of geography and Agroecology, Chinese Academy of Sciences. According to the methods for detection and analysis of water and wastewater (Fourth Edition), total nitrogen (TN), TP, total potassium (TK), TS, Dichromate Oxidizability (CODCr), and 5-day Biochemical Oxygen Demand (BOD5) were measured.
When the water depth was less than 2 m, the water sample was taken at 0.5 m underwater. When the water depth was 2 ∼ 5 m, another water sample was taken at 0.5 m from the bottom. Qualitative samples of phytoplankton were collected by plankton net 25 (aperture 64) µ m), after concentrating to 100ml, immobilizing them with 1–2 ml of Luger iodine solution. After standing for 48 h, they were concentrated to 30 ml for microscopic examination (Olympus CX21, 400×). Quantitative samples of phytoplankton were collected by a water collector. After precipitation for 48 h, it was concentrated to 50 ml with a siphon, and 4% formaldehyde solution was added for storage. Finally, 100 view fields were counted twice and the average value was taken. The abundance of phytoplankton was calculated by an optical microscope (Utermöhl, 1958). Meanwhile, the biomass of phytoplankton was estimated by biological volume (Hillebrand et al., 2010). The identification of phytoplankton species is based on “The Phytoplankton Manual” recommended by UNESCO (Sournia, 1978) and “Freshwater Algae in China-System, Classification and Ecology” (Hu and Wei, 2006).
Data Processing and Analysis
To determine the diversity of the phytoplankton community, the diversity indicators used in this study include phytoplankton dominance ([image: image]) (Mcnaughton, 1967), Shannon-Wiener index ([image: image]) (Shannon, 1950), Margalef richness index ([image: image]) (Margalef, 1957), and Pielou evenness index ([image: image]) (Li et al., 2018). The biodiversity index can evaluate the pollution status of water quality. High biodiversity index value means low water pollution (Wang et al., 2002). Phytoplankton dominance [image: image] is defined as the dominant species.
The abundance and biomass information of dominant phytoplankton species were analyzed by detrended correspondence analysis (DCA). The sorting axis gradient length (LGA) was 5.0 and 6.7, respectively, high than 4.0. It is suitable to use canonical correspondence analysis (CCA) based on linearity (Zhao et al., 2014). Environmental factors include WT, TN, TP, CODcr and BOD, and the Monte Carlo permutation test (p < 0.05) is conducted first. The phytoplankton species and codes used in CCA analysis are shown in Table 2.
RESULT
Water Environment
The water temperature first increases and then decreases with the season. The highest was 27.28 in July and the lowest was 9.22 in October (Table 1). From June to October, the contents of TS increased continuously from 219.17 mg L−1–363.33 mg L−1. BOD5 was the highest in July (6.78 mg L−1), and there was no significant difference in other periods, to vary between 2.51 mg L−1 and 3.61 mg L−1. The seasonal fluctuation of CODCr is apparent. The peak occurred in June (28.32 mg L−1) and August (29.12 mg L−1), which means many were reducing substances in the water body, mainly organic pollutants. The contents of TN and TP increased at first and then decreased finally. They reached the highest in August (TN: 1.61 mg L−1 and TP: 0.12 mg L−1), and the lowest in October (TN: 0.54 mg L−1 and TP: 0.07 mg L−1). TK content decreased continuously from 4.07 mg L−1–3.14 mg L−1.
TABLE 1 | Environmental factors in Xinmiao Lake during the investigation period.
[image: Table 1]Seasonal Dynamics of Phytoplankton Composition
A total of 146 species (including varieties, modification, and undetermined species) belonging to 63 genera and 8 phyla of planktonic algae were identified. Bacillariophyta (57 species) and Chlorophyta (46 species) were the most abundant, accounting for 39.04 and 31.51% of the total species, respectively Cyanobacteria (Figure 2). Bacillariophyta has the largest number of species (Figure 3A), while Chlorophyta has the largest number of genera (Figure 3B).
[image: Figure 2]FIGURE 2 | Species composition of phytoplankton.
[image: Figure 3]FIGURE 3 | Temporal variation of phytoplankton species (A) and genera (B).
The total phytoplankton abundance rose to the highest in August (1.94 × 107 ind./L) and decreased to a minimum in October (5.93 × 106 ind./L) (Figure 4A). The abundance was changed successively with Bacillariophyta (about 75% in June), Cyanobacteria (about 50% in July–August), and Chlorophyta (about 75% in September–October). Phytoplankton biomass continued to decline from 17.7 mg/L to 4.4 mg/L (Figure 4B). The total phytoplankton biomass from 17.7 mg/L continuously decreased to 4.4 mg/L (Figure 4B). Bacillariophyta accounts for the most, followed by Cyanobacteria and Chlorophyta, and other algae account for a relatively small proportion.
[image: Figure 4]FIGURE 4 | Temporal changes of phytoplankton abundance (A) and biomass (B).
19 dominant phytoplankton species belonged to 13 genera and 3 phyla were identified during the research. Among them, there were 8 species of Chlorophyta, seven species of Bacillariophyta, and four species of Cyanobacteria (Table 2). Chlorophyta dominated in September and October. The dominant species of Bacillariophyta mostly appeared in June. Cyanobacteria took up the advantages part in July and August. The algae with the highest dominance were Chlamydomonas globosa, Achnanthes minutissima, Merismopedia minima, and reach 0.247, 0.188, 0.311, respectively. Nitzschia acicularis from diatom can serve as the dominant species for the longest time, lasting 4 months. Scenedesmus quadricauda and Ankistodesmus angustus follow Chlorophyta, lasting 3 months. Other species occur only once or twice.
TABLE 2 | List of dominant phytoplankton species in Xinmiao Lake.
[image: Table 2]The species-environment correlation coefficients of the first two axes of phytoplankton abundance and biomass ranking axis are high, which explain 41.06 and 41.95% of the cumulative percentage variation of species-environment relationship, respectively (Table 3), indicating that the species composition of phytoplankton in Xinmiao Lake is closely related to environmental factors. The environmental factors affecting the abundance of dominant species were mainly TS, WT and TP (Figure 5A), the main factors affecting the biomass of dominant species were TS, TP and BOD5 (Figure 5B).
TABLE 3 | Statistical information of CCA analysis of phytoplankton community.
[image: Table 3][image: Figure 5]FIGURE 5 | Correlation plots of the redundancy analysis (CCA) on the relationship between the environment variables and dominant species of phytoplankton. Panels show CCA between the environment variables and abundance (A), biomass (B).In this figure, the black arrow represents the environment variable, and the arrow points to the direction in which the value of the environment variable increases most sharply. The angle between the arrows indicates the correlation between the various environment variables. The black triangle represents species, and the distance between symbols is similar to the relative abundance distribution of these species in the sample measured by chi-square distance. Adjacent points correspond to species that often occur at the same time. The species symbol can be projected vertically onto the line above the arrow of a specific environmental variable. These forecasts are made according to the predicted growth order of the best value of the prediction variables.
Spatial-Temporal Dynamics of Phytoplankton Diversity and Functional Groups
The biodiversity index reflects the low pollution of water quality in June and the highest pollution in October. NA has the lowest pollution, and WO is slightly higher than WI. (Table 4). In addition, the Shannon and Pielou indexes at WI did not fluctuate violently, with the mean values of 2.11 and 0.55, respectively, and the Margalef index reached the lowest of 0.47 in September. The Shannon indices and Pielou indices of NA were the highest in June and July, reaching 3.22 and 0.67 respectively. The Margalef index fluctuated sharply, with a difference of 2.11 between the highest and lowest. However, the biodiversity trend of WO was bimodal. The Shannon and Pielou indexes were the highest in June, 2.62 and 0.63, respectively. The Margalef index peaked at 1.63 in August. The biodiversity evaluation showed that the pollution was the lowest in June and the heaviest in October and generally belonged to medium pollution.
TABLE 4 | Distribution of phytoplankton diversity index in Xinmiao Lake wetland.
[image: Table 4]The phytoplankton is divided into 21 groups (Table 5), and 12 groups with relative biomass greater than 10% are defined as representative functional groups (Reynolds et al., 2002; Padisák et al., 2009) (Figure 6). The species and frequency of the MP group in the whole year are the highest. At WI, the dominant relative abundances from June to October were MP (28.5%), D (34.8%), B (30.4%), J (42.1%), and X2 (41.5%). Furthermore, biomass transited from B, D, MP (about 30%) in summer to X2 (50.8%) in autumn. And the relative abundance advantage of Na changed from X1 (about 15% in summer) and MP (28.5% in Aug.) to X2 (52.7% in Oct.). Moreover, The group with the highest biomass contribution changed from TC and W2 (33.6%, and 42.1% in July) to X2 and W1 (58.7%, and 18.1% in September). The dominant groups change from Lo (64.6% in July) to J (48.4 %in September) was found in WO, and MP has contributed more than 16% of the biomass. Changes in functional group abundance and biomass are usually related, but mismatches are still found. For example, TC and W2 with less abundance contributed most of the biomass at NA, while the abundance of Lo and J with a high proportion at WO had little effect on the relative biomass.
TABLE 5 | Main identification characteristics and representative species of Xinmiao Lake functional group during the survey period.
[image: Table 5][image: Figure 6]FIGURE 6 | Relative biomass (A) and relative abundance (B) of phytoplankton functional groups.
DISCUSSION
Key Factors Affecting Phytoplankton Dynamics
In order to determine the seasonal pattern of water environment, it is necessary to take into account the seasonal changes of rainfall and water temperature and the impact of agricultural activities. Agricultural activities will affect the time and intensity of water supply, thus affecting the transparency, light and nutrition level of lakes (Miao et al., 2011; Michalak et al., 2013; Liu et al., 2021). There is sufficient research proving that water temperature significantly impacts the abundance of plankton (Ho et al., 2019). CCA showed that water temperature significantly affected phytoplankton abundance but could not clearly explain the change of biomass (Figure 6). Cyanobacteria and Chlorophyta are suitable for growing in warm water, while diatoms are mostly cold-water species (Zhang Y et al., 2019). This study supports that diatom reproduction rapidly and advanced in spring with low water temperature. The Cyanobacteria will take up the advantages part in July and August because the Merismopedia minima, Merismopedia tenuissima, and Anabaena cylindrical will be high in terms of thermal stability to their DNA, protein synthesis systems, and photosynthetic systems. Therefore, it can adapt to high temperatures, and the optimal temperature is 25–35 °C (Lurling et al., 2013). The average water temperature from July to August in Xinmiao Lake is 26.33°C, suitable for the growth of Cyanobacteria. Although the abundance of Cyanobacteria was high in August, the biomass was low for the small cell size (Tian et al., 2016). The temperature changes not only directly affect the species composition of phytoplankton, but also affect the metabolism of heterotrophs (Taucher and Oschlies, 2011). Therefore, warming can control the community structure of phytoplankton from top to bottom by improving the grazing efficiency of consumption by herbivores (Winder and Sommer, 2012). The zooplankton in Xinmiao lake are mainly Rotifers and Sarcodina. These herbivores preferentially prey on small phytoplankton (Weithoff et al., 2000; Gomes et al., 2019; Sun et al., 2021). Therefore the balance change of Chlorophyta dominance from September to October may mainly be attributed to reduced competitive pressure from diatom and Cyanobacteria and higher resistance to grazing losses (Goldyn and Kowalczewska-Madura, 2008; Nolan and Cardinale, 2019). This study’s algae seasonal replacement model is similar to the Chagan Lake, the same type of lake (Li et al., 2014).
Depth reduces light availability by affecting the absorption and refraction of suspended solids and algae (Vadeboncoeur et al., 2008). High turbidity can limit light penetration into sediments, so limited light availability is usually controlled by water depth and transparency (Iachetti and Llames, 2015). The transparency of Xinmiao Lake is controlled by sediment resuspension under the influence of hydrodynamic forces. The water depth of this type of shallow turbid lake can determine light availability. In addition, the peak of algae biomass in spring is mainly due to the availability of nutrients and high light (Thamatrakoln, 2021). Meanwhile, the enormous growth of submerged plants shows that there is no photoinhibition at least before autumn. Light has no significant effect on the relative proportion of dominant species, but it can effectively change the total biomass of phytoplankton (Llames et al., 2009). The reduction of light energy input limits the net primary productivity. The loss of algae cannot be fully supplemented (Anneville et al., 2017), reducing algae biomass to an absolute minimum in winter.
In addition to the physical environment, such as water temperature and light, the steady-state phytoplankton assembly is also affected by nutrient levels and biological interactions (Rojo and Álvarez-Cobelas, 2003). TN and TP are the primary nutrients of agricultural non-point source pollution, which can affect the growth of phytoplankton in the process of lake evolution (Zhang et al., 2018). Due to the accumulation of a large number of phosphorus resources in sediment, the response of the lake ecosystem may be disturbed. The importance of N and P varies with N: P ratios in the lake, and the total biomass of phytoplankton will be strongly affected by the least supplied nutrients (Dolman et al., 2016). There is a significant positive correlation between phytoplankton and TP (Figure 5) and a complex relationship with TN. This shows that Xinmiao lake is a nitrogen-limited lake, which is also proved by nitrogen-fixing cyanobacteria in the phytoplankton community. Besides, Melosiraitalica of Bacillariophyta, Merismopedia minima, and Anabaena cylindrica of Cyanobacteria had a significant positive correlation with BOD5. Rainwater and irrigation backwater injected into the lake will receive a large number of particles, nutrients, and organic matter, which constitutes a typical feature under the influence of agriculture (Taylor et al., 2019). There is a seasonal pattern of material import: it starts in mid-May and peaks in mid-August. This model shows that it will be more effective to implement best management practices in warm summer (Lizotte et al., 2014).
Indication of Phytoplankton Functional Groups and Diversity on Water Quality
The change of phytoplankton species richness is usually the result of species extinction or invasion. In contrast, the change of biodiversity and evenness is usually related to species dominance (Hillebrand et al., 2008). Phytoplankton biodiversity is affected by different developmental stages or habitat differences of the community (Bandeira et al., 2013), so the water’s biophysical and biochemical quality will directly affect the biodiversity of the lake waters. In this study, the WI sampling site is surrounded by farmland, the rapid changes of nutrient input and physical water state weaken the stability of the phytoplankton community structure, and WO is mainly disturbed by human activities in nearby scenic spots so that the phytoplankton biodiversity is low. On the contrary, the stable water environment of NA provides better development conditions for phytoplankton community. In the early stage of phytoplankton community construction, the frequent fluctuation of the environment interfered with the competition, so the population was mainly restricted by environmental factors (Barraquand et al., 2018). The increase of nutrient level and illumination time in June satisfied the growth of phytoplankton and increased the diversity. In winter, the interference from agricultural activities almost disappeared, and the rainfall and backwater decreased, resulting in a slow flow rate. At this time, the ecological niche is separated due to competition, and competitors are inhibited by dominant species (such as Chlorophyta in this research), which reduces the diversity to the lowest level (Tilman et al., 1982). The results of the water quality evaluation based on the diversity index show that the water pollution degree of Xinmiao Lake is the lowest in June and the most serious in October. A large number of reeds grow in Xinmiao Lake (Zhang, 2015), its developed roots are more likely to produce an oxidizing environment in the water, to promote nitrification, accelerate the absorption of NO3−, NH4+, PO43- plasma in water and sediments, consequently, purify nitrogen and phosphorus pollution in paddy field irrigation backwater (Li et al., 2021). However, the purification capacity of the lake is limited, especially in the peak season of agricultural irrigation, when a large amount of N and P enter the lake with irrigation backwater. The nutrition of lakes is further risen, which increases the risk of eutrophication.
The temporal and spatial changes of dominant phytoplankton species in water can be well described by using the functional group classification method, and it can also better evaluate the response of phytoplankton to environmental changes (Salmaso et al., 2015). During the survey period, the functional group MP dominated by Bacillariophyta occupied an absolute advantage. This is due to the low transparency of Xinmiao lake and the easily mixed water body. The decrease in water transparency shows lake eutrophication (Dodds, 2006). Oscillatoria spp. from the MP group is often found on the sludge surface with rich organic matter or in shallow water ponds, consistent with the environmental characteristics of swamps and wetlands of Xinmiao Lake. Cocconeis placentula is often attached to submerged plants (Jahn et al., 2009) and may rely more on the Potamogeton crispus Linn. in Xinmiao Lake. In July, the representative functional groups of WI are B, H1 and LO. Because WI is a small and medium-sized shallow water body, and between mesotrophic to eutrophic, which is suitable for the growth of Melosiraitalica, Anabaena cylindrica and Merismopedia spp. The appearance of cyanobacteria H1 shows that the lake has a trend of thermal stratification. The representative functional groups of NA are TC and W2, because the environment of NA is mesotrophic to eutrophic, shallow water with a slow flow, and there are a large number of reeds, which are suitable for the growth of Phormidium tenue, Trachelomonas spp. and Strombomonas angusta. The D-functional group appeared on WI in August, reflecting its rich nutrient content and turbid water body. In September and October, X2, dominated by Chlamydomonas spp, is the main functional group. It grows in shallow water from mesotrophic to eutrophic, with less affected by stratification, and it is sensitive to water mixing and filtration (Raven et al., 2011), indicating that there is a low degree of stratification in the water body during this period. In addition, W1 (mainly includes Euglena spp. and Phacus spp.) at this time is dependent on the increase of BOD5 (Gani et al., 2017) which is mainly due to decomposed submerged plant in early autumn (Lin et al., 2018). Overall, the representative functional groups of phytoplankton reflect Xinmiao Lake’s high degree of eutrophication and nutrient content, slow water flow rate and low grazing pressure.
Risk Prediction of Cyanobacteria Bloom
Merismopedia sp. and Anabaena sp, which are dominant in summer, will produce water bloom under the condition of mass reproduction (Poot-Delgado et al., 2018). Nitrogen consumption is conducive to the reproduction of nitrogen-fixing algae Anabaena sp, and some species contain toxic substances (Chislock et al., 2014; Akagha et al., 2020). When the TP concentration exceeds 10 μg/L, the growth of Chlorophyta is primarily affected by physical factors, especially the stability of the water body (Steinberg and Hartmann, 2010). It has been proved that the increase of the stability of the water body, especially the surface water body, can better meet the hydrodynamic conditions for the occurrence of Cyanobacteria bloom (Zhang S et al., 2019). Moreover, the increased pH value may prolong this process in summer and prevent the diatom from recovering its dominance in autumn by inhibiting the growth rate and diatom silicon deposition (Zepernick et al., 2021). The growth rate of Cyanobacteria dominated by Microcystis will increase if the concentrations of TN and TP exceed 1.5 mg L−1 and 0.1 mg L−1. Furthermore, if TN remains above 1.0 mg L−1 and TP remains above 0.08 mg L−1, it is expected to increase the risk of water bloom (Xu et al., 2017). The average value of TN and TP in Xinmiao lake is about 0.99 mg/L and 0.10 mg/L, and the pH is often close to or greater than 8.5 in summer when the WT is higher than 25 °C (Table 1). Consequently, Xinmiao Lake has the hydrochemical environment for Cyanobacteria bloom in July and August in summer. The survey results also verify this hypothesis by the rapid increase of Cyanobacteria in July and August. Therefore, controlling the input of exogenous nitrogen and phosphorus is an important measure to reduce the risk of cyanobacteria bloom. Because the chemical environment in summer is suitable for the growth of cyanobacteria, it is imperative to accurately judge the physical environment of the water body, especially the stable state. Among the representative functional groups of phytoplankton, codon B dominated by Melosira italica and Cyclotella stelligera and codon C dominated by Melosira ambigua and Cyclotella meneghiniana are sensitive to water stratification (Table 4), which can be used to judge the stable state of water body and provide early warning for the outbreak of Cyanobacteria bloom.
CONCLUSION
By studying the relationship between phytoplankton and water quality in the wetland in agricultural areas, it is found that the backwater from farmland irrigation has dramatically changed the environment of phytoplankton growth by transporting nutrients, organic substances, and sediment to the lake. The reduction of interference in agricultural activities increases the competitive pressure among dominant species. When environmental factors change, it can still control the phytoplankton community structure to a great extent. Xinmiao Lake is a nitrogen-limited lake. Considering the functional groups and diversity of phytoplankton, the degree of eutrophication is deepening. Due to the increase in water temperature and nitrogen and phosphorus, the risk of cyanobacteria blooming from July to August is the highest. At this time, managers should control the input of phosphorus and pay close attention to the stable state of the water body. This study improves the understanding of the seasonal pattern of phytoplankton growth and its response to changes in environmental factors. In addition, it also provides available information for the control of Cyanobacteria bloom and the management of wetland ecosystem in agricultural areas.
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