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Abstract: Cyanobacterial blooms in freshwater bodies are mainly attributed to the excess loading of
nutrients. The microbes in sediments may affect nutrient migration and transformation during the
growth of cyanobacteria. This study focused on the role of Paraburkholderia disturbance in affecting
the sediment nutrient conditions and further contributing to cyanobacterial community succession in
Meiliang Bay, Lake Taihu. The dissolving phosphorus and fixing nitrogen of Paraburkholderia with
different concentration and characteristic capabilities, as well as the impact on nutrients (nitrogen
(N), phosphorus (P), iron (Fe), etc.) in eutrophic lakes were determined. The results indicated that the
various forms of phosphorus in the sediments showed total phosphorus (TP) > inorganic phosphorus
(IP) > iron/aluminum-bound phosphate (NaOH-P) > algal-available phosphorus (AAP) > organic
phosphorus (OP) > calcium-bound phosphate (HCl-P). Additionally, it was observed that with
higher values of Paraburkholderia (OD600), the higher the corresponding risk of endogenous nutrient
release from the sediments into the overlying water (but more is not always better), especially for the
solubilization of HCl-P. The diffusion fluxes of TP, total nitrogen (TN) and Fe at the sediment–water
interface (SWI) were all positive in the bacteria only experiment, with maximum values of 0.64, 15.0
and 5.02 mg/(m2d), respectively. Additionally, it was interesting that Paraburkholderia were able to
produce organic acids, causing a decrease in pH. Furthermore, glucose levels can seriously affect
water quality, especially the reduction in dissolved oxygen (DO) (down to 0.01 mg/L), leading to a
series of side effects that have a huge impact on cyanobacterial community succession. These results
provide a theoretical basis for the microbial ecological factors in eutrophic lakes.

Keywords: cyanobacterial growth; nutrient salts; Paraburkholderia; sediment; overlying water

1. Introduction

Cyanobacteria, also known as blue-green algae, have the potential to cause global
environmental problems such as eutrophication with their blooms [1,2]. Cyanobacteria
absorb nutrient salts inside cells and release into the surrounding water during cell death
and lysis [3,4]. During cyanobacterial blooms, high densities of algae cause significant
differences in dissolved oxygen (DO) and pH [5]. Cyanobacterial decay generates organic
matter (OM) for microbial growth and metabolism, which manifests as a significant increase
in microbial community abundance, activity and diversity. It has been found that during
cyanobacterial growth, more bacteria with phosphorus-solubilizing functions appear [6].

Cyanobacterial resuscitation is closely related to endogenous phosphorus in sediments,
and cyanobacterial blooms benefit more from the effects of endogenous phosphorus [7–9].
Phosphorus concentration is one of the main drivers of cyanobacterial succession, which
impacts the intensity, diversity and toxicity of cyanobacterial blooms [10]. A study on Lake
Taihu showed that the storage of algal-available phosphorus in the sediment amounted
to 5168 tons, and if all of it was released, the phosphorus level in the overlying water
would increase by 0.84 mg/L [11]. Generally, the cyanobacterial biovolume was positively
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correlated not only with the concentration of total phosphorus (TP), but also with the con-
centration of total nitrogen (TN) [12]. Some cyanobacterial blooms are associated with water
nutrients [13], with TP levels above 0.01 mg/L, ammonia nitrogen (NH4

+-N) or nitrate
nitrogen (NO3

−-N) levels above 0.1 mg/L, and total nitrogen (TN) above 0.15 mg/L [14,15].
When cyanobacteria decay, intracellular nutrients are degraded and accumulated in the
sediment, which serves as a temporary reservoir for a new round of algal growth under the
action of microorganisms and extracellular enzymes, and the algal–algal cycle sustains the
cyanobacterial blooms [16,17]. There is variability in the redox conditions at the sediment–
water interface (SWI) and microbial decomposition and mineralization, which can lead to
complex biochemical processes between the sediment and the aquatic environment [18].

Sediment, a unique part of the aquatic ecosystem, has significantly higher microbial
diversity than the overlying water [19]. Here, Paraburkholderia belong to Burkholderia
from the sediments on Lake Taihu. Burkholderia are named after the plant pathologist
Walter Burkholder [20]. Burkholderia are in the class of Gram-negative bacteria, which
are mostly isolated from the Pseudomonad genera [21]. Burkholderia, widely distributed
and multifunctional bacteria, occupy a variety of ecological niches including soil, water,
plants, and animals [22]. Moreover, Burkholderia have an important role in phosphorus
solubilization and nitrogen fixation [23–26].

This study is mainly focused on how different concentrations Paraburkholderia affect
nutrients (i.e., N and P), with an emphasis on linking the nutrient cycling to cyanobac-
terial community structure and succession in eutrophic lakes. Research perspectives on
Paraburkholderia concerning nutrient salts and cyanobacterial growth are discussed and
presented with respect to the following: (1) bacterial properties and their role in the release
of P and N nutrients (within sediments); (2) nutrient-based effects on cyanobacterial growth;
and (3) nutrient investigations and prediction of cyanobacterial production.

2. Material and Methods
2.1. Bacteria and Cyanobacteria

Paraburkholderia were obtained from sediments in Meiliang Bay (120◦8′22′′ E, 31◦30′3′′ N)
during the overwinter period of cyanobacteria (December 2020). Here, Paraburkholderia
possessed inorganic and organic phosphorus-dissolving abilities. Microcystis aeruginosa
(FACHB-1322), purchased from the Freshwater Culture Collection at the Institute of Hydro-
biology (Wuhan, China), were employed in this study.

2.2. Constructing an SWI with Different Concentrations of Bacteria

The experimental apparatus was composed of an acrylic tube with an outer diameter
of 10 cm (inner diameter of 9 cm) and a height of 50 cm. The overlying water and sediment
were gathered to build the SWI (the depth ratio of sediment to water was 1:3) during the
dormancy phases of the cyanobacteria (December 2020) in Meiliang Bay. One control group
and six experimental groups were set up in this experiment (Figure 1a). Sediment cores
containing Paraburkholderia were constructed as experimental groups. Since Paraburkholderia
has the property of solubilizing both inorganic and organic phosphorus, the experimental
groups were divided into two main groups. No Paraburkholderia were added in the control
group. Additionally, the experimental groups of 0.6 I, 0.8 I, 1.2 I, 0.6 O, 0.8 O and 1.2 O were
added to the control group with Paraburkholderia (property of solubilizing both inorganic
and organic phosphorus, OD600 = 0.6, 0.8, 1.2). All the sediment cores were placed in
temperature-controlled environments with air conditioning (at 25 ± 1 ◦C) for 30 days.
Water samples were collected and measured daily for the first 10 days and every 4 days for
the next 20 days. The samples were supplemented with an equal amount of overlying water.
Further, different concentrations of Paraburkholderia (OD600 = 0.6, 0.8, 1.2) were added at 0,
5, 12 and 20 days.
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Figure 1. Experimental setup (bacteria only (a), bacteria–algae (b)).

2.3. Construction of the Bacteria–Algae System at the SWI

During this research phase, we added Microcystis aeruginosa (biomass assessment indi-
cators, OD680 = 0.08) on the basis of the first phase. The sediment cores were divided into
nine groups (Figure 1b). Sediment cores that only contained sediment and overlying water
were constructed as a blank group. Compared to the blank group, Microcystis aeruginosa
was added to the control group. Additionally, the experimental groups of 0.6 I, 0.8 I, 1.2 I,
0.6 O, 0.8 O and 1.2 O were added to the control group with Paraburkholderia (property of
solubilizing both inorganic and organic phosphorus, OD600 = 0.6, 0.8, 1.2). The resuscita-
tion group was used as a reference, which used sediment cores from the cyanobacterial
resuscitation period. The objective was to observe the effects of the sediments from the
cyanobacterial dormant period with the addition of Paraburkholderia and the sediments
from the cyanobacterial resuscitation period without the addition of Paraburkholderia on the
nutrient salinity and cyanobacterial growth in the overlying water; furthermore, we wanted
to observe the connection and difference between these two different phases. Similarly,
different amounts of characterized bacteria (OD600 = 0.6, 0.8, 1.2) were added at days 0
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and 7. In addition to this, 1 g/L glucose solution was added to the solutions at day 7. All
sediment cores were placed in a constant light incubator at 25 ◦C for 14 days. The ratio of
light to dark was 12:12 h. The light intensity was 2500 lux.

2.4. Analytical Methods

Dissolved oxygen (DO) and pH were measured at the SWI using a multi-parameter
water quality meter (Hach, Loveland, CO, USA). The total phosphorus (TP), soluble reactive
phosphorus (SRP), ammonia nitrogen (NH4

+-N), nitrate nitrogen (NO3
−-N), total nitrogen

(TN), total iron (Fe), iron ion (Fe2+) and chlorophyll a (Chl a) were tested in the overlying
water sample using the environmental quality standardized methods in China. Phosphorus
(TP and SRP), nitrogen (NH4

+-N, NO3
−-N and TN), iron (Fe and Fe2+), and Chl a were

determined according to the ammonium molybdate spectrophotometric method, Nessler’s
reagent spectrophotometry, ultraviolet spectrophotometric methods, alkaline potassium
persulfate digestion UV spectrophotometric methods, phenanthroline spectrophotometry,
and spectrophotometric method by a UV spectrophotometer (UV 1900i, Shimadzu, Kyoto,
Japan), respectively. Sediments (top 5 cm) were collected on days 5, 10, 15, 20, 30 and days
5, 10, 14 at the SWI during the two phases, respectively. Additionally, different forms of
phosphorus (TP, NaOH-P, HCl-P, IP and OP) were measured using the SMT protocol [27].
Algal-available phosphorus (AAP) was determined according to the method of a previous
study [28]. The organic matter (OM) content of the sediment was calculated according to
the loss on ignition to constant mass (4 h) at 550 ◦C [29].

The apparent diffusion flux (Fi, mg/(m2 d)) of nutrient salts in the sediment was
evaluated using the following equations [30]:

Fi =
[
(Ci −C0)V+∑Ci

Cj

(
Cj −C0

)
Vj

]
/ (S t)

where V (L) and Vj (L) represent the total volume and sampling volume from the overlying
water, respectively; Ci (mg/L) and Cj (mg/L) are the nutrient concentrations in the overly-
ing water at the time of the i-th and j-th sampling, respectively; C0 (mg/L) is the nutrient
concentration in the overlying water before incubation; S (m2) is the cross-sectional area of
the SWI; and t (d) is the experimental time.

In this study, all experiments were repeated three times and error bars indicate the
standard deviation of the means (n = 3). The relationship between the relevant parameters
in the overlying water and phosphorus in the sediment was evaluated using IBM SPSS
Statistics 21 (Pearson).

3. Results and Discussion
3.1. Changes in Overlying Water pH, DO, and Cyanobacterial Growth

The pH, DO and cyanobacterial growth (OD680 and Chl a) in the overlying water
during the two phases are shown in Figure 2. The pH values ranged between 7.0 and
8.5 in the overlying water and was weakly alkaline (Figure 2a). However, in the second
phase of the cyanobacterial experiment, the overlying water was weakly acidic after the
addition of glucose. Paraburkholderia had the ability to dissolve both IP and OP in the
sediments and produce organic acids, such as gluconic acid, succinic acid, citric acid,
acetic acid, etc. [31,32]. The fluctuation in the DO of the overlying water showed a strong
shift, especially in the later stages of cyanobacterial addition, where the lowest values
reached 0.01 mg/L. The growth of cyanobacteria during the second period was estimated
by OD680 and Chl a (Figure 2c). The Chl a of each experimental group decreased from about
120 µg/L to 20 µg/L over days 1–6, especially in the resuscitation group (from 115.4 µg/L
to 11.14 µg/L), probably because no bacteria were added. The subsequent addition of
glucose slightly promoted the growth of cyanobacteria, but this also created a favorable
environment for microbial reproduction. The respiration of microbes and cyanobacterial
decay and spoilage led to a decrease in DO [18,33].
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3.2. Phosphorus Performance in the Overlying Water

As shown in Figure 3, the SRP and TP in the overlying water varied significantly
between the two stages. There was a slight increase in SRP, and the SRP concentration of
the 0.8 I group reached 0.11 mg/L on day 1 (Figure 3a). On day 6, the SRP content of the
overlying water in the 0.8 O group reached 0.13 mg/L. The amount of SRP accounted for
more than half of the TP, and the trend of the TP was similar. The maximum TP values
in the 0.8 I and 0.8 O groups reached 0.16 mg/L on day 9 and 6, respectively. During the
second phase after algae addition, there was a significant increase in SRP concentration
ranging from 0.05 to 0.80 mg/L (Figure 3b). As presented in Figure 3b, the SRP drastically
decreased after glucose addition, while the P content in the overlying water showed a
sharp increase. The experimental groups with the addition of Paraburkholderia reached a
maximum phosphorus-solubilizing capacity within one week, after which the capacity
increased and then decreased with each addition of bacteria. The diffusion flux of TP across
the SWI was positive (from the sediment to the overlying water) and had a maximum
value of 0.64 mg/(m2d), but the diffusive flux of the SRP was negative for most of the
groups. The effect of Paraburkholderia on the SRP diffusion flux was more pronounced in
the short term, such that its diffusive flux was negative throughout the period, representing
the average value over time. Here, Paraburkholderia had a stronger influence on the TP
diffusion fluxes, and the form of TP was inhomogeneous and may contain inorganic
soluble phosphorus, inorganic particulate phosphorus, organic phosphorus, colloidal
phosphorus, and so on [34]. Overall, the inorganic phosphorus-solubilizing capacity of
Paraburkholderia enhanced phosphorus fluxes to the overlying water in the bacteria–algae
experimental simulations. When glucose was added, the small amount of bacteria was more
favorable for the growth of cyanobacteria, and it was hypothesized that the carbon source
altered the relationship between the bacteria and algae, putting them in a competitive
relationship [35,36].
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3.3. Nitrogen Concentration in the Overlying Water

Paraburkholderia also have an important role in nitrogen fixation, so changes in nitrogen
in the overlying water were observed here over a 30-day incubation period (Figure 4). The
concentrations of NH4

+-N (range: 0.02–0.40 mg/L) were low, while the concentrations
of NO3

−-N (range: 0.58–0.98 mg/L) were high in the overlying water (Figure 4a). The
maximum NH4

+-N values in the 1.2 O group reached 0.37 mg/L on day 18. On day 26, the
NH4

+-N content of the overlying water in the 0.6 I and 0.8 I groups reached the highest
values of 0.34 mg/L and 0.29 mg/L, respectively. On day 7, the NO3

−-N concentration
reached its lowest value in most of the experimental groups, which was analyzed here
because the addition of bacteria on day 5 caused an increase in oxygen consumption and a
low NH4

+-N concentration, resulting in a blockade of the nitrification process [37]. Overall,
the NO3

−-N concentrations were relatively high throughout the experimental cycle, but the
NO3

−-N release fluxes were negative. The NH4
+-N and TN release fluxes were increased

in the overlying water with added Paraburkholderia due to the nitrogen-fixing effect of the
bacteria, which can convert atmospheric nitrogen into ammonia [23,24].

The release or uptake of nitrogen from the overlying water by cyanobacteria affects the
transformation and transport of various nitrogen forms at the SWI, which in turn influences
the concentration gradient [38,39]. The NH4

+-N and NO3
−-N concentrations fluctuated in

the range of 0.13–1.11 mg/L and 1.72–4.68 mg/L, respectively; then they increased rapidly
after the addition of glucose (Figure 4b). For the 0.6 I group, the overlying water NH4

+-N
concentration reached a maximum of 1.99 mg/L on day 8. The different characteristics
and concentrations of Paraburkholderia can accelerate cyanobacterial cell decay, which
in turn can lead to changes in NH4

+-N concentrations, and it has been found that the
degradation of decaying cyanobacterial cells can produce a sharp increase in NH4

+-N
concentrations [40,41]. The trend of TN concentrations in the overlying water were similar
to that of NO3

−-N, showing a dramatic decrease from the 8th day and finally fluctuating
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within a range. For the glucose treatment, higher NH4
+-N and lower NO3

−-N were found
over the experiment owing to the intensification of anaerobic denitrification [42].
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3.4. Iron Content of the Overlying Water

The Fe2+ and Fe concentrations displayed significantly different temporal distributions
among the different treatments (Figure 5). For the bacteria treatment, Fe2+ and Fe first
fluctuated and then increased rapidly with the addition of glucose. On day 26, the 0.6 I
group reached 0.46 mg/L and 0.83 mg/L, respectively (Figure 5a). Here, the analysis found
that the respiration of microorganisms consumes oxygen, resulting in a decreased DO
concentration, which further leads to a rise in Fe2+. With strong bacterial action, both Fe2+

and Fe diffusion fluxes were positive, up to 4.01 mg/(m2d) and 5.02 mg/(m2d), respectively.
As the experiment progressed, the percentage of Fe2+/Fe became larger and larger. The
Fe2+ diffusion flux was larger due to the smaller initial Fe2+ concentration and larger Fe2+

value at later stages of the experiment. Here, it appeared that the Fe2+ diffusive flux was
greater than the Fe diffusive flux (for the 0.8 O and 1.2 O groups). The concentration of
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Fe2+ and Fe ranged from 0.11 to 0.39 mg/L and from 0.16 to 0.52 mg/L during the first six
days (Figure 5b), respectively, which continued to increase during the latter period and
confirmed that cyanobacterial decay and anaerobic waters can promote the reduction of
Fe3+ and facilitate the rapid increase in Fe2+ [43].
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3.5. Variations in the Phosphorus Fractions and OM in the Sediments

Figure 6 shows the changes in the phosphorus fractions and OM in the sediments
during the two phases. In general, the amount of IP was much larger than OP, and
NaOH-P was its predominant form, suggesting that Paraburkholderia solubilized HCl-P. It
was observed that as the added Paraburkholderia increased, there was a decrease in each
form of phosphorus. On day 5, the IP and OP levels in the sediments of the 1.2 I and
1.2 O groups were 249.93 mg/kg and 76.32 mg/kg, respectively. Additionally, all of them
showed an upward trend, indicating that the ability of the bacteria decreased with the
increase in reaction time. Figure 6a shows that the OM values were all reduced in the
sediments, especially in the 1.2 I group (range: 6.90% to 6.00%), implying that the bacteria
consumed OM.

Higher sediment TP (from 381.9 to 590.3 mg/kg) concentrations were observed in
the experimental groups, and significant differences were found after the second phase
of cyanobacterial addition (Figure 6b). The increase in sediment TP was mainly due to
phosphorus release from cyanobacterial decline [44]. The AAP/NaOH-P values in the blank
group were larger than those in the experimental groups, which was analyzed because AAP
was algal-available phosphorus in the sediment and “pumped” out during cyanobacterial
growth [44]. For the 0.8 I and 0.6 O groups, the OM content of the sediments showed an
increasing and then decreasing trend, indicating that OM was consumed by the bacteria
and produced by the decomposition of cyanobacterial decay [45].
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3.6. Analysis of the Linkage between the Relevant Parameters of the Overlying Water and
Phosphorus in the Sediment

Table 1 shows the correlation between the relevant parameters of the overlying wa-
ter and the P concentrations in the sediment for the two phases. The TP content in the
overlying water was significantly and positively correlated with the NaOH-P in the sed-
iments (p < 0.05). The SRP content in the overlying water showed a significant positive
correlation with the AAP concentration (p < 0.05) in the sediments. The SRP content was
positively correlated with TP concentration in the overlying water (p < 0.01). In the second
phase (bacteria–algae system), the TP content was positively correlated with the NaOH-P
concentration in the sediments (p < 0.05). The SRP content in the overlying water was
significantly and negatively correlated with the HCl-P (p < 0.01) and NaOH-P (p < 0.05)
values in the sediments. The NaOH-P content in the sediments was also related to the Chl
a concentration. Therefore, Paraburkholderia can increase the solubilization of HCl-P and
NaOH-P, especially HCl-P. There was a short-term increase in SRP in the overlying water,
causing an increase in cyanobacterial biomass. In addition, cyanobacterial blooms consume
phosphorus from the overlying water, and cyanobacterial decay can also carry phosphorus
back into the sediments [46].

Table 1. Correlation analysis of the relevant parameters in the overlying water and P concentrations
in the sediment.

Phase I (bacteria only)

TPs NaOH-P HCl-P AAP SRP TPw TN Fe

TPs 1 0.24 0.32 −0.40 * −0.30 0.21 0.08 0.41 *

NaOH-P 0.24 1 −0.01 0.36 0.32 0.45 * 0.04 0.17
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Table 1. Cont.

Phase I (bacteria only)

HCl-P 0.32 −0.01 1 −0.27 −0.17 −0.24 0.22 0.04

AAP −0.40 * 0.36 −0.27 1 0.42 * 0.05 0.06 −0.35

SRP −0.30 0.32 −0.17 0.42 * 1 0.52 ** −0.11 −0.39 *

TPw 0.21 0.45 * −0.24 0.05 0.52 ** 1 −0.06 0.31

TN 0.08 0.04 0.22 0.06 −0.11 −0.06 1 −0.20

Fe 0.41 * 0.17 0.04 −0.35 −0.39 * 0.31 −0.20 1

Phase II (bacteria–algae)

TPs NaOH-P HCl-P AAP Chl a SRP TPw TN Fe

TPs 1 0.55 * −0.07 0.12 −0.15 0.15 −0.51 * 0.20 0.02

NaOH-P 0.55 * 1 0.34 0.21 −0.58 * −0.51 * 0.06 −0.39 0.58 *

HCl-P −0.07 0.34 1 −0.43 −0.36 −0.63 ** 0.45 −0.50 * 0.34

AAP 0.12 0.21 −0.43 1 −0.31 0.12 0.13 0.15 0.16

Chl a −0.15 −0.58 * −0.36 −0.31 1 0.43 −0.09 0.11 −0.33

SRP 0.15 −0.51 * −0.63 ** 0.12 0.43 1 −0.36 0.80 ** −0.60 **

TPw −0.51 * 0.06 0.45 0.13 −0.09 −0.36 1 −0.64 ** 0.46

TN 0.20 −0.39 −0.50 * 0.15 0.11 0.80 ** −0.64 ** 1 −0.73 **

Fe 0.02 0.58 * 0.34 0.16 −0.33 −0.60 ** 0.46 −0.73 ** 1

Note: TPs and TPw represent the TP in the sediment and overlying water, respectively. * correlation is significant
at the 0.05 level; ** correlation is significant at the 0.01 level. n1 = 30 and n2 = 18.

3.7. Analyzing the Potential Function of Paraburkholderia

Paraburkholderia has been shown to be important for nitrogen and phosphorus in
the sediments (Figure 7). The VTr53 strain belonging to Paraburkholderia exhibit strong a
nitrogen-fixing capacity [47]. The sediment is a major pool of nutrients in lake systems,
which can significantly impact water quality through releasing nutrients [48,49]. The phos-
phorus fractions in the sediments can be in different forms, but not all forms of phosphorus
can be released from the sediments. The forms of phosphorus in sediments are mainly
IP and OP. IP is usually adsorbed onto metal compounds in the sediments [50]. NaOH-P
(iron/aluminum-bound inorganic phosphorus) is highly active and readily bioavailable,
and HCl-P (calcium-bound inorganic phosphorus) has low activity and impact [51]. OP is
mostly found in microbial debris and humus, and contains a variety of different compounds,
including nucleotides, phospholipids, phosphates, phosphoprotein, inositol phosphate,
etc. [52,53]. The interaction between Fe and P cycles contribute to the retention and mobi-
lization of P in the sediments [54]. Fe oxides can adsorb and sequester P by electrostatic
adsorption and complexation of functional groups, and these Fe oxides are reduced to Fe2+

under anaerobic conditions to exacerbate the release of P into the overlying water [55,56].
The sediments were rich in phosphorus, and the contained phosphate-solubilizing bacteria
were able to convert insoluble phosphorus into soluble phosphorus by secreting organic
acids or acid phosphatases [57]. Gluconic acid secretion through direct oxidation of glucose
was the main mechanism of P solubilization by Paraburkholderia [58]. Gluconic acid has
chelating properties and can form insoluble complexes with Ca2+, which in turn released
phosphate from tricalcium phosphate [59]. Additionally, the solubilization of phosphate
was associated with the pH reduction caused by the bacteria [60]. The effects of different
concentrations and characteristics of Paraburkholderia on eutrophic lakes were investigated
here (Figure 7). The ability of Paraburkholderia to release endogenous phosphorus was
not necessarily associated with higher concentrations of bacteria, which may be related
to its characteristics. The process of nutrient release from sediments was influenced by
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various physicochemical factors (i.e., pH and DO) [16]. Hypoxia and algal toxin production
caused by cyanobacterial blooms can disrupt the water environment and lead to the death
of microorganisms [17,61]. Similarly, the survival to death of cyanobacteria exacerbated the
anaerobic environment and could induce the release of nutrients from the sediments [62].
The survival of microbes altered the redox conditions at the SWI; increased DO depletion;
and affected phosphorus, iron, and nitrogen cycling [3,33,63,64].
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4. Conclusions

In this study, the disturbance of Paraburkholderia played an important role in driving
sediment nutrient changes and cyanobacterial growth in the overlying water. Paraburkholde-
ria can increase the solubilization of HCl-P and NaOH-P, especially HCl-P. There was a
short-term increase in SRP and Chl a in the overlying water, causing an increase in the
cyanobacterial biomass. The diffusion fluxes of most nutrients at the SWI were positive,
while some were negative in the bacteria only experiment. For the bacteria–algae sys-
tem, the concentration of each nutrient salt was much higher than in the bacteria only
experiment. The volume ratio of the sediment to overlying water and the glucose content
drastically affected water quality and cyanobacterial growth. The study of Paraburkholderia
as a microbial ecological factor is expected to provide new perspectives for the study of
nutrient conditions in eutrophic lakes.
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