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A B S T R A C T

The construction of simple reservoirs in arid regions helps meet the water demands for agricultural irrigation, 
industry, and domestic use, while also alleviating local water shortages and related issues. However, environ-
mental concerns associated with reservoir development are becoming more evident. For instance, the stored 
water is gradually becoming saline. Studies suggest that reducing water evaporation over extended periods can 
effectively lower the salt concentration in the water. Currently, there is limited research on salt migration in 
reservoir water when covered with anti-evaporation materials. Given the potential impact of these materials on 
the water environment and hydrodynamic conditions, this study seeks to examine the spatiotemporal distribu-
tion patterns of reservoir mineralization under such covering. To this end, laboratory and field experiments were 
conducted to analyze the impact of covering the water surface with floating high-density polyethylene spheres to 
reduce evaporation and its effect on water salinity. These experiments included monitoring water temperature, 
dissolved oxygen, pH, sediment resuspension, and water conductivity, as well as calculating the contribution of 
sediment release and evapotranspiration to the increase in salinity concentration within the water column. This 
study investigates the role of floating high-density polyethylene (HDPE) spheres in reducing reservoir evapo-
ration and mitigating water salinity. Laboratory and field experiments assessed the effects of different coverage 
levels (0 %-74.98 %) on evaporation rates, sediment resuspension, and water chemistry. The findings indicate 
that covering 74.98 % of the reservoir surface led to a 28.97 % reduction in salinity (p < 0.05) over one irrigation 
cycle. Evaporation inhibition varied from 13.56 % to 60.19 %, depending on coverage. However, floating spheres 
exhibited reduced effectiveness at high wind speeds (>10.7 m/s), highlighting the need for additional 
containment strategies. Future research should explore long-term durability, ecological impact, and cost- 
effectiveness of large-scale deployment.

1. Introduction

Water, the most vital resource on Earth, is increasingly scarce due to 
ongoing population growth and the impacts of climate change 
(El-Ghannam et al., 2021; Li et al., 2021). As a key tool for climate 
change adaptation, the construction of dams and reservoirs can help 
mitigate the adverse impacts of climate extremes—such as floods and 
droughts—on already limited water resources (Lehmann et al., 2019; 
Rocha et al., 2020). In arid and semi-arid regions, plain reservoirs play a 
crucial role in managing limited surface runoff for agricultural irriga-
tion, as well as domestic and industrial water use (Althoff et al., 2020a, 
2020b). While reservoir construction is vital for supporting agricultural 

development in these areas, it also brings negative effects, such as sig-
nificant evaporation from reservoirs in arid zones. Reservoirs in Texas, 
USA, experience evaporation losses of around 40 %-60 % (Friedrich 
et al., 2018), while Lake Nasser in Egypt has an evaporation loss of about 
20 % (El-Shirbeny and Abutaleb, 2018), and reservoirs in Queensland, 
Australia, lose approximately 40 % to evaporation (Craig et al., 2005). In 
Xinjiang, China, evaporation accounts for more than 40 % of the total 
water storage (Han et al., 2020). This significant evaporation exacer-
bates water scarcity in arid regions and increases the salt concentration 
in reservoir water due to evaporation concentration.

A well-recognized issue with plain reservoirs is the gradual salini-
zation of the water stored within them, which significantly limits their 
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effective functioning. In irrigated areas with flooded soils, the use of 
highly saline water from these reservoirs for irrigation is a major cause 
of land salinization (Gebrehiwet et al., 2021). Excessive evaporation and 
bottom leakage from arid plain reservoirs release highly saline water, 
which raises local groundwater levels and increases the risk of soil 
salinization in irrigated agricultural areas near and downstream of the 
reservoirs (Peng et al., 2007; Grünberger et al., 2008; Cui and Shao, 
2005). It is estimated that 33 % of the world’s irrigated land and 20 % of 
cultivated croplands are affected by high salinity (Shrivastava and 
Kumar, 2015). According to (Zaman et al., 2018) in their publication 
Guideline for Salinity Assessment, Mitigation, and Adaptation Using 
Nuclear and Related Techniques, 20 % of India’s arable land is impacted 
by salinity, and 10 million hectares of land in Pakistan are affected by 
soil salinity. In Northwest China, the saline-alkali area exceeds 2 million 
hectares, representing about one-third of the country’s total saline-alkali 
land (Yuan et al., 2018). Additionally, for various reasons, the global 
land area affected by salinization is increasing at a rate of 10 % per year 
(Shrivastava and Kumar, 2015).

In arid and semi-arid regions, the risk of soil salinization caused by 
the export of highly saline water from plain reservoirs has become a 
significant issue (Gassama et al., 2012; Hammecker et al., 2012). 
Therefore, finding ways to prevent the salinization of reservoir waters is 
crucial for the efficient use of water resources and for improving the 
ecological environment in arid zones.

Most previous studies have focused on initial salinity control in new 
reservoirs, including methods such as excavating alkali drainage ditches 
before impoundment, disturbing sediments to promote salt release, 
discharging highly saline water, using plants for salt uptake, and 
reducing salt release fluxes at the water-soil interface by decreasing the 
size of the reservoir (Fan et al., 2022). In addition, controlling nutrient 
inputs from upstream water sources, implementing ecological restora-
tion of reservoir ecosystems, removing highly saline soils from the sur-
face layers of reservoirs, and enhancing the structure and function of 
aquatic ecosystems can further reduce the risk of eutrophication in 
newly built reservoirs (Zhu et al., 2015). However, most of the studies 
mentioned above have focused on newly constructed reservoirs, with 
fewer exploratory studies addressing the long-term inhibition of water 
salinization during the operation and maturation phases.

Research on the salinization mechanisms of reservoirs and lakes in-
dicates that the main factors affecting water salinization include: (1) the 
concentration of salts due to water evaporation, (2) the acceleration of 
salt dissolution in reservoir sediments caused by wind and wave dis-
turbances, and (3) the discharge of highly saline water from adjacent 
aquifers through underwater springs or seepage zones (Mongelli et al., 
2013; Cary et al., 2015; Merchán et al., 2015). Controlling the factors 
mentioned above can help alleviate water salinization. The findings of 
(Zhu et al., 2015) showed that the release of salt from sediment was the 
primary cause of early salinization in reservoir water. Over time, how-
ever, the salinization due to evaporation and concentration became 
increasingly prominent. Studies by several researchers have shown that 
inhibiting evaporation by covering water bodies with anti-evaporation 
materials can help reduce salt concentrations. For example, 
(Maestre-Valero et al., 2011) investigated the effect of covering a 
2400 m²irrigated agricultural reservoir with sunshade nets and found 
that the inhibition of evaporation led to an 8.2 % reduction in 
conductivity.

Regarding the selection of anti-evaporation materials, common 
covers such as shade nets, vinyl foam discs, and chemical polymer film 
covers are susceptible to breakage, stacking, and loss of coverage area in 
windy conditions typical of arid zones. This results in a reduction in their 
anti-evaporation effectiveness, with performance dropping by approxi-
mately 30–60 % (Aminzadeh et al., 2018; Mady et al., 2021; Abdallah 
et al., 2021). In contrast, high-density polyethylene floating spheres, due 
to their curved structure, are less likely to stack or be displaced by wind. 
These spheres offer a high anti-evaporation efficiency (over 75 % when 
the water surface is fully covered) and have become one of the most 

commonly used anti-evaporation cover elements in recent years 
(Abdallah et al., 2021; Han et al., 2020).

Hao et al. (2023) used floating spheres as an anti-evaporation ma-
terial in an evaporator with a diameter of 1.2 m to study the water 
quality of a water body at 74.98 % coverage. The results indicated that 
the water conductivity value was reduced by 46.59 %. However, floating 
spheres have not been widely tested in large reservoirs, necessitating 
further research. Therefore, it was hypothesized that floating HDPE 
spheres would significantly reduce evaporation and salinity levels in 
reservoirs by inhibiting evaporation from the water column and pre-
venting sediment resuspension. The objectives of this study were: 1) to 
quantify the effect of floating spheres on evaporation, 2) to analyze 
changes in salinity levels under different wind-dynamic conditions, and 
3) to assess the impact of floating spheres on water chemistry, including 
pH and dissolved oxygen.

In the actual operation of the reservoir, the floating spheres are easily 
dispersed by the wind and cannot be tightly arranged without assis-
tance. To address this, a floating box fence (40 ×40 ×50 cm) made of the 
same black high-density polyethylene (HDPE) material was used to 
gather the floating spheres, ensuring an effective coverage area for 
evaporation control.

At the same time, based on the water-salt balance and considering 
both the water volume in the reservoir and its existing salt content, the 
study combined the salt concentration of the reservoir water under the 
floating sphere cover at the field site with evaporation tests and water 
chemistry parameter tests to assess the impact of salt release from the 
water body. The aim of this study is to investigate the salt release pattern 
and the spatial and temporal distribution of bottom sediments under the 
cover of the anti-evaporation floating spheres, as well as to quantify the 
impact of evaporation inhibition on salt concentration. This research 
will provide valuable insights for controlling the salinization of reservoir 
water over extended time periods.

2. Materials and methods

2.1. Experimental area

This study was conducted at the Shengjintai Reservoir in the Heigou 
Basin, located in Turpan, Xinjiang, China. The Heigou Basin is charac-
terized by a mountainous and hilly landscape, with elevations ranging 
from 110 m to 156 m, and has a typical continental warm-zone arid 
desert climate. The reservoir’s catchment area covers 31.6 × 10⁴ m², 
with a total capacity of 118.6 × 10⁴ m³ . It is classified as a small (I) type 
of diversion reservoir, primarily used for agricultural irrigation. See 
Fig. 1. Due to drought, wind erosion, sandstorms, and frequent human 
activities, land desertification is progressing rapidly in the basin. Soil 
erosion is severe, and the irrational use of land and water resources has 
led to a gradual increase in the salinity of the region’s water bodies. The 
region features a low hilly landscape with an average altitude of 150 m 
and a typical continental warm-belt arid desert climate. The multi-year 
average annual temperature is 15.7◦C, with a maximum of 47.7◦C and a 
minimum of − 25.2◦C. The average relative humidity ranges from 14 % 
to 25 %, while the annual wind speed averages 1.5 m/s, with maximum 
wind speeds reaching up to 25 m/s. The average annual precipitation is 
16.2 mm, with a maximum of 48.4 mm, while the potential evaporation 
in the reservoir area is 1509.0 mm. The ratio of annual precipitation to 
potential evaporation is less than 0.05, classifying the region as an 
extreme arid zone according to the Food and Agriculture Organization of 
the United Nations (Spinoni et al., 2013). The meteorological parame-
ters of the study area are shown in Fig. 2.

2.2. Experimental design

In this experimental study, a combination of laboratory and field 
tests was employed to investigate the impact of the floating sphere cover 
on the spatial and temporal distribution of salinity in the reservoir 
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water. Substrate samples were collected from the surface (0–15 cm) of 
the beach area during the dry season. The sediments were initially 
sieved using a 10 mm mesh to remove boulders, weeds, debris, and other 
impurities before being placed at the bottom of the outdoor evaporator. 
Five sets of evaporators, each with a height of 0.8 m and a diameter of 
1.2 m, were used in the study.

The indoor test samples were further sieved and sealed using a 1 mm 
mesh. Additionally, water samples were collected from the 1.2 m 
evaporator under different seasonal conditions, as well as from the 
reservoir site under varying wind speeds, to monitor water quality pa-
rameters such as salinity, suspended solids concentration, dissolved 
oxygen, and pH.

2.2.1. Indoor experiments
The collected substrate samples were spread in a 1500 ml beaker to a 

thickness of 2 cm, and deionized water was slowly added along the wall 
of the beaker until the water level reached 8 cm. Four parallel test 
groups were set up and placed in a constant-temperature incubator. The 
water temperature (T), dissolved oxygen (DO), and pH were adjusted to 
match the measured environmental conditions at the reservoir site. 
Using the control variable method, a single aquatic environmental factor 
was adjusted at a time. Water temperature (T) was regulated using a 
constant temperature incubator, pH levels were adjusted with HCl and 
NaOH solutions, and dissolved oxygen (DO) was modified by intro-
ducing nitrogen (N₂) or oxygen (O₂) into the water. If the dissolved 
oxygen levels could not be precisely maintained at the set value, the 
actual measured values were used, ensuring they were as close as 
possible to the target levels. The four test groups were left to stand for 15 
days and 50 ml of water samples from the intermediate water column 
were taken at 24-hour intervals and replenished to the original water 
level to calculate the flux of release of salts from the bottom sediment to 
the overlying water under different environmental conditions. Dissolved 
oxygen concentration (DO) and water conductivity values were deter-
mined using water quality testing instruments. Water-suspended solids 

(SC) were determined using the filter weighing method. Before each 
reading, ensure that no residual impurities remain on the sensor’s sur-
face. Immerse the sensor in a calibration solution of known concentra-
tion, then record the calibration value and calibrate the sensor to ensure 
measurement accuracy before taking the reading.

2.2.2. Reservoir field trials
Five identical evaporators (diameter 1.2 m, height 0.8 m) made of 

high-density polyethylene (HDPE) were positioned on top of the reser-
voir dam. The bottoms of the evaporators were covered with a 15 cm 
layer of bottom sediment. Black HDPE floating spheres (diameter 0.1 m, 
thickness 2 mm, weight 50 g) were placed in each evaporator as an anti- 
evaporation material. To prevent heat exchange between the water and 
the surrounding environment through the side walls, the outer walls of 
the evaporators were insulated with cotton. To facilitate the comparison 
between the covered area and the corresponding evaporation in an 
evaporator with a diameter of 1.2 m, the water surface of the evaporator 
was divided into four equal sections. The number of floating spheres 
used in the five evaporators was 0, 27, 54, 81, and 108, corresponding to 
coverage areas of 0 %, 18.74 %, 37.49 %, 56.23 %, and 74.98 %, 
respectively. In the actual laying of the reservoir, the true area of 
coverage should be calculated according to the number of floating 
spheres laid. The area covered by the floating spheres was controlled 
using a removable PVC baffle. To account for the effect of evaporator 
size on evaporation, a standard evaporator with a diameter of 20 cm was 
installed in an open area, where it receives direct sunlight throughout 
the day, serving as a reference. A fence made of a floating box with di-
mensions 50 cm × 50 cm × 40 cm was placed in the pond dam down-
stream of the reservoir to gather the high-density polyethylene floating 
spheres, ensuring that the points between the spheres are closely con-
nected. The test setup is shown in Fig. 1(d) and (e).

2.2.3. Meteorological and evaporation data collection
Daily evaporation for the standard 20 cm diameter evaporator was 

Fig. 1. Geographical location of the test site, in which (a) the geographical location of Shengjintai Reservoir in Turpan, Xinjiang, China, (b) the downstream pond 
dam of Shengjintai Reservoir, (c) Shengjintai Reservoir, (d) the downstream pond dam is paved with 400 m2 floating spheres, and the floating spheres are centrally 
fixed by floating boxes, (e) five groups of evaporators with different coverage rates are paved with weather stations and near Shengjintai Reservoir Dam, and bottom 
mud deposits are laid in the evaporators.
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measured using the weighing method, while evaporation for the 1.2 m 
diameter evaporator was recorded using a water level stylus (model LD- 
SCM40; accuracy ± 0.1 mm). Precipitation data were collected using a 
rain gauge (model RS-05B; accuracy ± 0.1 mm), with measurements 
taken after each rainfall event. Water lost to evaporation was replen-
ished to the original water level every 7 days. To avoid the influence of 
temperature differences in the newly added water on the evaporation 
data, the water temperature and evaporation data from the day 
following water replenishment were excluded. This study only moni-
tored meteorological data related to the non-freezing period (March to 
October) and evaporator evapotranspiration. The freezing period was 
not monitored because evapotranspiration during the colder months 
accounted for only 5.3 % of the annual total, and the evaporator at the 
field site was often iced over, making it difficult to collect accurate 
evapotranspiration data. A mobile weather station (Model: NK5500) 
was set up in the open area near the evaporator, where it automatically 
recorded atmospheric temperature, humidity, wind speed, and other 
meteorological data every 10 minutes. Additionally, water temperature 
sensors (Model: FR-WTS, accuracy: ± 0.5◦C) were installed at various 
depths below the water surface: 10 cm, 20 cm, 30 cm, 40 cm, 50 cm, 
and 60 cm. The water temperatures were recorded from top to bottom as 
T0w, T1w, T2w, T3w, and so on. To ensure accurate surface temperature 
readings, the sensor for monitoring water surface temperature was 
positioned 1 cm below the surface to prevent detachment due to fluc-
tuations in water level. Temperature sensors were installed on the 

surface of the floating spheres to monitor surface temperature, with data 
recorded every 2 hours. Additionally, temperature and humidity sensors 
(Model: RS485, accuracy: ± 0.5◦C, ± 0.2 % RH) were placed above the 
evaporator water surface to record temperature and humidity fluctua-
tions at various coverage rates, with measurements taken every 
10 minutes.

2.3. Research methodology

Electrical conductivity (EC) measures the ability of a solution to 
conduct an electric current and, in the case of water, is often used to 
estimate the total concentration of dissolved salts. Since aqueous con-
ductivity is temperature-dependent, we normalized the collected EC 
data to 25◦C to account for this variation, following the procedure 
outlined in Eq. (1) (Hayashi, 2004). 

Ect = Ec25[1+ a(t − 25)] (1) 

Where Ect is the conductivity at temperature t (◦C), Ec25 is the conduc-
tivity at 25◦C, and α is a temperature compensation factor, which is 
0.0187 here.

The total salt content in the overlying water at a given time can be 
determined from the conductivity-salt concentration plot and the vol-
ume of the water body. By subtracting the total salt content in the 
overlying water at time ti from that at ti− 1, the total salt released from 
the bottom sediment to the overlying water during the period can be 

Fig. 2. Meteorological parameters of the study area, in which (a) is monthly average temperature (b) monthly average relative humidity (c) monthly average wind 
speed (d) monthly average evaporation and rainfall.
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calculated. The flux of salt released from the subsoil sediments to the 
overlying water is then expressed as the ratio of total salt released to the 
time interval and the area of the water-soil interface, as shown in Eq. (2). 

fluxi =
Δmi

Δti × A
(2) 

Where: fluxi is the salt flux at the water-soil interface at the i th moment 
(g/(cm2.h)); Δmi is the increase in salt in the water column at the i th 
moment (g); Δti is the time interval chosen for the i th calculation 
moment; and A is the area of the sediment-water interface (cm3);

For the 1.2 m diameter evaporator in a water body without seepage 
or groundwater exchange, the increase in salt concentration in the water 
is primarily due to evaporation and concentration, as well as the release 
of salts from the bottom sediment into the overlying water. The 
contribution of evaporation and concentration, as well as the release of 
salts from the bottom sediment to the overlying water, to the increase in 
salt concentration, can be expressed by formulas (3) and (4): 

Pe =
ΔCe

ΔC
(3) 

Pf =
ΔC − ΔCe

ΔC
(4) 

Where: Pe is the average contribution to the increase in conductivity of 
the water body by evaporative concentration; Pf is the average contri-
bution to the increase in conductivity of the water body by the release of 
salts from the bottom sediment to the overlying water body; ΔCe is the 
amount of increase in conductivity of the water body caused by evap-
orative concentration (μs/cm); and ΔC is the total amount of increase in 
conductivity of the water body over the period (μs/cm).

where ΔCe can be calculated by the following equation: 

ΔCe = Ct(i− 1) − Cti = Cti(Vti/Vt(i− 1) − 1) (5) 

Where Cti is the conductivity of the water body at the moment of ti; Vti is 
the volume of the water body at the moment of ti; Ct(i-1) is the conduc-
tivity of the water body at the moment of t(i-1); and Vt(i-1) is the volume of 
the water body at the moment of t(i-1). When replenishment starts in the 
evaporator, the conductivity of the water body after replenishment is 
used as the initial conductivity of that water body. The salt diffusion flux 
in a 1.2 m diameter evaporator and the average contribution of water 
body evaporation and salt concentration diffusion to the conductivity of 
the water body at different coverage rates were calculated from field 
experiments.

Using the uncovered evaporator as a blank control group, after a 
period of water surface evaporation, the evaporation from the water 
body in the uncovered group was E and the water body salt concentra-
tion was S. The evaporation from the water surface in the covered group 
was Ec and the water body salt concentration was Sc can be obtained:

Evaporation inhibition rate formula: 

εe = 1 − Ec/E (6) 

Salt concentration reduction rate calculation formula: 

εs = 1 − Sc/S (7) 

Water balance modelling: 

V1 +R+P = O+G+E+V2 (8) 

In the formula, V1 represents the water volume in the reservoir at the 
start of the calculation period (m³); R is the volume of water flowing into 
the reservoir (m³); P is the precipitation volume (m³); O is the volume of 
water flowing out of the reservoir (m³); G is the leakage from the 
reservoir (with G = 0 for a closed container) (m³); E is the water lost due 
to evaporation from the reservoir (m³); and V2 is the water volume in the 
reservoir at the end of the calculation period (m³).

Salt balance model: 

V1SV +RSR = OSO +GSG +(E+V2 − P)S (9) 

Where SV is the original mineralisation of the reservoir water, g/L; SR is 
the average mineralisation of the inflow water to the reservoir, g/L; SO is 
the average mineralisation of the outflow water from the reservoir, g/L; 
SG is the average mineralisation of the seepage water from the reservoir, 
g/L; and S is the average mineralisation of the water in the reservoir at 
the end of the calculation period, g/L.

2.4. Statistical analyses

After processing the data using Excel software, IBM SPSS Statistics 22 
was used to perform curve fitting between the salt release fluxes and 
water conductivity data. Confidence intervals were calculated, and for 
water conductivity, three samples were taken at a time. Statistical tests 
were conducted to calculate the probability (p-value) that the differ-
ences between the samples were due to sampling error. Tukey’s test was 
then used to analyze the differences in water conductivity and turbidity 
between the floating sphere-covered and uncovered groups, as well as 
the correlations (p ≤ 0.05) between wind speed and water turbidity, and 
wind speed and water conductivity under no coverage conditions.

3. Results

3.1. Correlation between conductivity and salt content

Direct monitoring of water salinity at the reservoir site is difficult. 
However, existing studies show that water salinity is linearly related to 
conductivity, which can be used to estimate salinity in aqueous solu-
tions. Monitoring conductivity is simpler and more practical, and the 
relationship between conductivity and salinity allows conductivity to 
effectively reflect changes in the salt concentration of the water column.

The substrate samples were dissolved in varying volumes of distilled 
water, and the conductivity and salinity of each solution were analyzed 
to establish the correlation between water conductivity and salinity, as 
shown in Fig. 3. The results demonstrated a linear relationship, 
expressed by the equation y = a + bx, with a correlation coefficient of R² 
= 0.931. Thus, changes in water conductivity can be used to track the 
pattern of salinity variation in the water body.

Fig. 3. Relationship between conductivity and salt content，Each data set is 
the mean of 3 measurements, and the p-value for each sample measurement 
is ≤ 0.05.
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3.2. Calculation of salt release fluxes from bottom sediments

3.2.1. Changes in conductivity of overlying water
In March, at the beginning of the experiment, a 15 cm layer of 

reservoir bottom sediment was placed in the evaporator to investigate 
the salt release pattern from the sediment to the overlying water. 
Changes in salt concentration in the water column were monitored 30 
days after laying the bottom sediment, and the salt release flux was 
calculated. Based on salt and water balance equations, the increase in 
salt concentration in the evaporator was attributed to both the release of 
salts from the substrate sediment and the evaporation and concentration 
of the water body. Since there was no sand or dust in March, the effect of 
air deposition on salt concentration was negligible. Water samples were 
collected from the upper, middle, and lower layers (20 cm, 40 cm, and 
60 cm) of the evaporator, and the average conductivity of each layer was 
used to represent the conductivity of the water during that period. The 
change in conductivity of the upper layer of water is shown in Fig. 4.

From the fitted curves in Fig. 4, which depict changes in overlying 
water conductivity and the rate of conductivity increase, it is evident 
that the salt concentration in the overlying water follows an exponential 
growth pattern. Initially, during the first two days, the conductivity of 
the overlying water increases sharply by 147 %. However, this rate of 
increase declines rapidly over time as the release of salt from the sub-
strate to the overlying water gradually diminishes. By approximately the 
10th day, the rate of conductivity increase stabilizes.

3.2.2. Salt release from the substrate at the beginning of water intake
The increase in salt concentration in the evaporator results from two 

factors: the release of salt from the bottom sediment and the evaporation 
and concentration effect. Using the formula C1V1 = C2V2, the increase in 
salt concentration due to evaporation can be calculated on a daily basis. 
During the one-month monitoring period, no dusty weather occurred, so 
after excluding the effects of dust, the total increase in conductivity 
concentration, minus the increase caused by evaporation, represents the 
increase in salt concentration in the overlying water due to salt release 
from the bottom sediment. The contribution of evaporation and sub-
strate salt release to the overall increase in salt concentration over one 
month is shown in Fig. 5(b).

Conductivity values were averaged based on the conductivity of the 
water column in the evaporator, accounting for the gradual decrease in 
the rate of salt release from the bottom sediment to the overlying water 
over time. Data collection occurred every 2 hours on the first day, every 
6 hours on the second day, and once daily at 8 p.m. thereafter, with the 
average conductivity of the water column in the evaporator representing 

the value for each day.
The salt release flux from the sediment in the evaporator at each time 

point was calculated using Eq. 1, and the variation of this salt flux over 
time is shown in Fig. 5. The results indicate that the salt release flux 
gradually decreases as time progresses, with the data distribution 
following a negative power exponential function. As shown in Fig. 5, 
during the initial phase of subsoil placement, the majority of salt release 
occurred within the first 96 hours, with the most significant release 
happening in the first 6 hours. After the 10th day, the salt release from 
the water-soil interface stabilized. By day 19, as the surface subsoil salt 
content decreased and the salt concentration in the overlying water 
increased, the salt gradient between the water and sediment diminished. 
As a result, in the quiescent water column, the salt release from the 
subsoil to the upper overlying water weakened significantly, reaching a 
low rate of only 310 mg/(m²⋅h).

The increase in salinity of the overlying water during the first 15 days 
was primarily attributed to salt release from the sediment, with the 
cumulative contribution from sediment accounting for 93.38 % of the 
increase in salinity. After day 15, the rise in salt concentration in the 
water body was mainly driven by evaporation and concentration. By this 
point, evaporation contributed 77.19 % to the overall increase in 
salinity. In fact, around day 20, the contribution from sediment became 
negative, likely due to the adsorption of nitrogen and phosphorus nu-
trients from the sediment into the water, which counteracted the salinity 
increase.

3.3. Contribution of salt growth on a monthly scale

3.3.1. Effect of inhibited evaporation on salt concentration
From March to October, the conductivity of the water column in each 

evaporator was monitored separately over a complete irrigation cycle, 
with varying coverage rates, to assess the impact of floating sphere 
coverage on salt concentration. Due to the small size of the evaporators, 
there was no noticeable difference in conductivity values between the 
covered and uncovered areas within the same evaporator, so the average 
conductivity of the entire water column was used. The monthly increase 
in conductivity values for each coverage rate is shown in Fig. 6(a), while 
the conductivity reduction is depicted in Fig. 6(b).

As shown in Fig. 6, the increase in conductivity values in the water 
body is positively correlated with evaporation. In July, when tempera-
tures were highest, the conductivity value of the uncovered group 
reached 1720 µs/cm. However, when the evaporator surface was 
covered with 74.98 % floating spheres, the conductivity value decreased 
by 59.03 %. Over the course of a complete irrigation cycle (March to 
October), the average reduction in conductivity values for the covered 
groups (with 18.74–74.98 % coverage) compared to the uncovered 
group ranged from 10.30 % to 46.9 %.

3.3.2. Potential contribution of bottom sediments and evaporation to 
salinity increase

To closely simulate substrate releases at the reservoir site, the 
evaporator substrate was not replaced during the test period from March 
to October; only the water lost to evaporation was replenished. By 
monitoring both evaporation and the conductivity of the overlying 
water, the incremental increase in conductivity values was calculated. 
This allowed for the separate calculation of the contributions from the 
substrate and evaporation to the increase in salinity concentration of the 
overlying water for each month, as shown in Fig. 7.

As shown in Fig. 7(a), the annual average evaporation inhibition rate 
of the 1.2 m diameter evaporator ranges from 13.56 % to 60.19 % when 
the water surface is covered with floating spheres at coverage rates 
between 18.74 % and 74.98 %. This demonstrates a significant evapo-
ration suppression effect. The contributions of the substrate and water 
evaporation to the salt concentration in the water column under varying 
seasonal conditions can be determined by monitoring both the evapo-
ration rates and the conductivity of the overlying water. As shown in 

Fig. 4. Electrical conductivity and growth rate of overlying water, Each data 
set is the mean of 3 measurements, and the p-value for each sample measure-
ment is ≤ 0.05.
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Fig. 5. (a) Salt release flux, (b) Contribution of sediment release and evaporation concentration to the increase of salt concentration, Each data set is the mean of 3 
measurements, and the p-value for each sample measurement is ≤ 0.05.

Fig. 6. (a) Water conductivity in evaporators with various coverage rates on a monthly scale, and (b) Inhibitory effect of floating sphere covering on conductiv-
ity increment.

Fig. 7. (a) monthly scale evaporation of 1.2 m evaporator with different coverage, (b) contribution rate of sediment salt release (right) and evaporation (left) to the 
increase of salt concentration.
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Fig. 7(b), at the start of the subsoil placement in March, the increase in 
overlying water salinity concentration in the uncovered group due to the 
release of salts from the substrate was as high as 86.7 %. However, as the 
salts were gradually released from the surface subsoil sediments, the 
contribution of the subsoil to the increase in overlying water salinity 
concentration decreased. By October, the contribution from the subsoil 
had dropped to 56.95 %.

Throughout the entire test cycle, the contribution to the increase in 
water column salinity due to evaporation ranged from 36.28 % to 
24.65 % for evaporators with 0–74.98 % coverage. In contrast, the 
contribution from the substrate ranged from 63.71 % to 75.34 %. As the 
water surface was covered with 18.74 %-74.98 % floating spheres, the 
salt concentration caused by evaporation decreased by 6.8 %, 12.71 %, 
21.38 %, and 32.09 %, respectively.

3.4. Impact of floating spheres covering the water surface on water quality 
parameters

The shading effect of water surface coverings that inhibit evapora-
tion, along with the impact of heat transfer to the water column, can 
influence water quality and the overall water environment, potentially 
altering salt transport within the water column. Therefore, a combina-
tion of (1) the effects of the cover on water quality parameters in 
evaporator-covered water bodies in a field setting and (2) the impact of 
water quality parameters on salt release in the experimental chamber 
was used to analyze the salt migration patterns in the water column after 
the water surface was covered with anti-evaporation floating spheres.

3.4.1. Effects on water temperature
Studies have shown that covering the water surface with anti- 

evaporation floating spheres impacts water temperature. The effect of 
floating sphere coverage on water temperature can be observed by 
statistically analyzing a stationary water body with varying coverage 
levels during the non-freezing period. The water body was divided into 
three layers (approximately 20 cm each), and the temperature distri-
bution at different depths was monitored in each experimental group, as 
illustrated in Fig. 8. The fluxes of salt release from the bottom sediment 
under different temperature conditions are shown in Fig. sf1 of the 
supporting document.

When the water surface was covered with 18.74–74.98 % floating 
spheres, the average temperature of the upper water layer increased by 
0.29–1.74◦C, while the middle water layer’s temperature decreased by 
0.45–0.16◦C, and the bottom water layer’s temperature dropped by 
0.6–1.21◦C compared to the uncovered control group. Overall, the 

floating sphere coverage reduced the average water temperature by 
0.25–0.63◦C. According to the supporting document Fig. sf1, the in-
crease in temperature enhanced the release of salts from the bottom 
sediment, with the release flux being directly proportional to the tem-
perature, both at the start of the experiment and 10 days after the salt 
release had stabilized. The shading effect of the floating spheres signif-
icantly cooled the bottom water layer, which in turn lowered the tem-
perature of the upper water body and the bottom sediment. This 
temperature reduction helped to inhibit the salt release from the 
sediment.

3.4.2. Effect of floating sphere coverage on dissolved oxygen
The dissolved oxygen (DO) content of the water column in the 

evaporator, with varying coverages across different months, as well as 
the flux of salt release from the bottom sediment to the overlying water 
under different DO conditions in the test chamber, were monitored and 
are shown in Fig. 9. Release fluxes of salts from the substrate to the 
overlying water column at different dissolved oxygen levels are shown 
in Fig. sf2 of the Supporting document.

The DO content in the water column decreased as the temperature 
increased, exhibiting a clear seasonal pattern throughout the test period. 
In static water bodies with 18.74 %, 34.79 %, 56.23 %, and 74.98 % 
coverage, the dissolved oxygen concentration decreased by 1.21 %, 
3.45 %, 6.41 %, and 8.54 %, respectively. Based on Fig. sf2 of the 
Supporting document, within a specific range of dissolved oxygen levels, 
the salt released from the sediment is negatively correlated with the 
dissolved oxygen content in the water body (DO=2 > DO=5 > DO=7 >

DO=9). As the experimental period progresses, the increase in salt 
concentration in the overlying water gradually decreases and stabilizes 
by the 5th day.

3.4.3. Effect of floating sphere coverage on the pH of water bodies
PH is a crucial water quality parameter that influences the migration 

of soluble nitrogen and phosphorus nutrients from the bottom sediment 
into the water column. The PH levels of the water body in the evaporator 
were monitored for each coverage rate. Four different water environ-
ments with pH values of 5, 7, 8, and 10 were established for a 15-day salt 
release test. During the test, the electrical conductivity of the substrate 
overlying water was monitored, and the salt release fluxes from the 
sediment to the overlying water were calculated for each pH condition. 
Release fluxes of salts from the substrate to the overlying water column 
at different pH values support document Fig. sf3.

The monitoring results revealed that the pH of the water body in the 
reservoir area from March to October ranged between 7.8 and 8.6, 

Fig. 8. Shows the average temperature between water bodies with different 
water layers. Fig. 9. Dissolved oxygen in evaporator water with different coverage.
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indicating a weakly alkaline water body. Floating sphere coverage had a 
minimal impact on the water pH. When the water surface was covered 
with 18.74 %, 34.79 %, 56.23 %, and 74.98 % floating spheres, the 
average pH value of the water was reduced by only 0.75 %, 1.21 %, 
2.27 %, and 3.18 %, respectively, as shown in Fig. 10. Floating sphere 
coverage on the water surface reduced the pH, but the water remained 
weakly alkaline across all coverage groups and was only minimally 
affected. The lowest pH value in the evaporator, occurring with the 
maximum surface coverage (74.98 %), was 7.5 in March. In-house re-
sults indicated that the intensity of salt release from the bottom sediment 
was highest under alkaline conditions (pH = 10 > pH = 8), followed by 
acidic (pH = 5), and lowest under neutral conditions (pH = 7). There-
fore, while the floating sphere coverage helped inhibit evaporation from 
the water column, it only slightly attenuated salt release from the bot-
tom sediment.

3.5. Inhibition of re-suspension of bottom sediment by floating sphere 
cover

Wind speed data collected from the test area revealed that the 
maximum wind speed at 2 m above the surface during the entire test 
cycle was 19.2 m/s. Since the water intake in the test reservoir remained 
relatively consistent from May to June, with only slight fluctuations in 
the water level, water samples were collected from the reservoir area 
under varying wind speed conditions during these months.

The wind speed data collected on specific dates, such as June 17th, 
May 27th, June 10th, May 23rd, June 14th, May 31st, June 2nd, and 
May 21st, correspond to different wind levels: Level I (light air, 
0.3–1.5 m/s), Level II (light breeze, 1.6–3.3 m/s), Level III (gentle 
breeze, 3.4–5.4 m/s), Level IV (moderate breeze, 5.5–7.9 m/s), Level V 
(fresh breeze, 8–10.7 m/s), and Level VI (strong breeze, 10.8–13.8 m/s). 
The wind dynamics throughout the test period ranged from Level II to 
Level VIII, including conditions such as moderate gale (13.9–17.1 m/s) 
and fresh gale (17.2–20.7 m/s). The daily maximum and average wind 
speeds at the reservoir site during the entire test cycle are presented in 
Fig. 11.

3.5.1. Distribution characteristics of turbidity and conductivity in the water 
column under different wind and wave disturbances

Most plain reservoirs in arid zones have shallow water depths, 
making the bottom sediments prone to re-suspension by wind and 
waves. This causes the salts in the deeper sediments to diffuse into the 
overlying water. To mitigate this, we placed 400 m² of floating spheres 
at the downstream pond dam, as shown in Fig. 1(d). From May to July, 

two sampling points were established in both the covered and uncovered 
areas of the floating spheres. A small water pump, connected to a hose 
attached to a straight rod with a scale, was used to collect samples at 
designated depths. Stratified sampling was employed to obtain water 
samples from different depths at the sampling points, under varying 
wind-dynamic conditions. The concentration of suspended solids and 
electrical conductivity values of the water samples were then measured. 
The floating sphere cover was employed to analyze the re-suspension 
and salt release from the bottom sediment under varying wind speeds. 
Fig. 12 illustrates the vertical distribution of suspended sediment con-
centration and conductivity at different water depths and wind speeds, 
while Fig. 13 shows the inhibition rate of suspended sediment content in 
the water column due to the floating sphere cover at different wind 
speeds.

As shown in Figs. 12 and 13, when the wind speed increased from 
Class I (1.5 m/s) to Class VIII (19.2 m/s), the concentration of suspended 
solids in the substrate-covered water body ranged from 16 to 1020 mg/ 
L, and the electrical conductivity varied between 898 and 5594 µs/cm. 
The floating sphere cover was most effective in inhibiting bottom sedi-
ment re-suspension at wind speeds between 3.3 m/s and 7.8 m/s, with 
suspended sediment concentrations reduced by 12.29–36.98 % and 
conductivity decreased by 12.51–41.26 %. At wind speeds classified as 
Class I (≤1.5 m/s), the floating sphere cover reduces airborne sand and 
dust deposition, leading to a significant decrease in the concentration of 
suspended solids on the water surface. Specifically, the concentration of 
suspended solids is reduced by 21.95 %, and the conductivity decreases 
by 16.2 %.

The conductivity and suspended solids concentration data indicate 
that at wind speeds of Class V (≥10.7 m/s), the turbulence in the water 
becomes severe, and the floating sphere cover is unable to mitigate the 
disturbance caused by wind and waves on the bottom sediment. How-
ever, it effectively prevents sudden increases in surface water salinity 
caused by sand and dust deposition, reducing suspended solids con-
centrations by 11.59–15.29 % and conductivity values by 
7.75–23.06 %.

3.5.2. Wind speed correlation with suspended solids concentration and 
conductivity

On the same day, we collected data on bottom sediment resuspension 
under only one wind speed class to prevent the deposition of suspended 
particles from affecting the fitting results. Water turbidity and conduc-
tivity corresponding to the same wind speed intensity were then aver-
aged and analyzed for correlation, as shown in Fig. 14.

The curve fitting of suspended solids concentration with wind speed 
showed a positive correlation between both water turbidity and 

Fig. 10. PH value of evaporator water body under different coverage rates.

Fig. 11. Distribution of Maximum and Average Wind Speed in Reservoir Site.
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conductivity and the wind speed. For the uncovered case, the relation-
ship between suspended solids concentration and wind speed followed 
an exponential function, with a correlation of R² = 0.901 (Fig. 14a). In 

contrast, when the water surface was covered with floating spheres, the 
relationship between suspended solids concentration and wind speed 
was better described by a power function, with a correlation of R² 

Fig. 12. Vertical distribution of suspended solids concentration and water conductivity at different water depths and wind speeds, where (a) is the concentration of 
uncovered suspended solids, (b) is the concentration of covered suspended solids, (c) is the conductivity of uncovered water, and (d) is the conductivity of covered 
water. Water depth is the distance from this layer of water to the bottom sediment.

Fig. 13. (a) Reduction rate of suspended solids content in the water body at different depths after floating sphere coverage, (b) Reduction rate of conductivity 
content in the water body at different depths after floating sphere coverage. Different colored columns represent different wind speed classes and Water depth is the 
distance to the bottom sediment in the water body at different depths.
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= 0.918 (Fig. 14b). Additionally, when the water body was disturbed by 
wind and waves, the conductivity of the water showed an exponential 
relationship with wind speed, with R² = 0.907 for the uncovered group 

and R² = 0.916 for the covered group. As shown in Fig. 14 (c) and (d), 
both the concentration of suspended solids and electrical conductivity 
are strongly correlated with wind speed. Therefore, wind speed can 

Fig. 14. Correlation between average turbidity of water body and wind speed, in which (a) is correlation between average concentration of suspended solids in 
uncovered water body and wind speed at different wind speeds; (b) The correlation between the average concentration of suspended solids in water body and wind 
speed under different wind speeds; (c) The correlation between the average conductivity of uncovered water body and wind speed at different wind speeds; (d) The 
correlation between the average conductivity of water body and wind speed under different wind speeds. Each data set is the mean of 3 measurements, and the p- 
value for each sample measurement is ≤ 0.05.

Fig. 15. (a) Reservoir capacity and conductivity under different months, (b) Estimated reduction in conductivity values of the reservoir water body under different 
floating sphere coverages, with the percentages in the legend representing different floating sphere coverage areas.
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serve as an indicator of the conductivity value of the water body when 
disturbed by wind and waves under specific conditions.

3.6. Estimation of reservoir salt concentration under floating sphere 
coverage

The conductivity of the reservoir water body was monitored through 
monthly sampling and analysis, with the results for both the monthly 
reservoir capacity and water conductivity throughout a complete irri-
gation cycle shown in Fig. 15(a). Taking into account the corresponding 
monthly reservoir water level, capacity, and evaporation from the 
reservoir surface (measured using a Φ20 evaporation dish), the dilution 
of the salt concentration in the water body due to different coverage 
levels of floating spheres was calculated, as shown in Fig. 15(b).

When the water surface was covered with floating spheres 
(18.74–74.98 %) to inhibit evaporation, the salt concentration in the 
water body was reduced by an average of 4.77–13.26 % throughout one 
irrigation cycle. The maximum reduction in salt concentration was 
28.97 % (P < 0.05), observed when 74.98 % of the water surface was 
covered, effectively inhibiting evaporation. The accumulation of salt 
concentration in the reservoir’s water body due to evaporation and 
concentration is a gradual process. Since the lifespan of high-density 
polyethylene (HDPE) floats can exceed 20 years, using these floats to 
cover the water surface for extended periods can effectively reduce salt 
concentrations in the reservoir water and help prevent the salinization 
of the water body.

4. Discussion

4.1. Release of bottom sediment salts under floating sphere coverage

Monitoring the conductivity of the water body at the early stage of 
water intake in the evaporator reveals that during this period, the bot-
tom sediment becomes fully saturated, and the exchange of salts be-
tween the sediment and the water body plays a significant role in the 
salinization process. As the salinity gradient between the overlying 
water and the pore water in the sediment decreases, the rate of salt 
release from the sediment to the overlying water gradually declines. 
Consequently, evapotranspiration and concentration become the 
dominant factors contributing to the increase in salt concentration. 
Therefore, long-term inhibition of evaporation by covering the water 
body can effectively mitigate the salinization of the reservoir area.

Additionally, the release of salts from bottom sediments to the 
overlying water is a long-term, recurring process (Jeppesen et al., 2005). 
Long-term monitoring data on total phosphorus from 35 lakes, 
compared to predictions from the Vollenweider equation, suggests that 
endogenous sources from lake sediments influence the water column’s 
salt levels throughout 10–15 years. (Katsev and Dittrich, 2013) 
compared modeling and field monitoring results for Lake Sempach, 
suggesting that approximately 66 % of phosphorus nutrient release from 
the top 10 cm of sediments can take up to 20 years. The time scale for the 
impact of bottom sediments on overlying water quality is even longer 
when the exchange between surface water and groundwater is taken 
into account. (Lerman and Jones, 1973) modeled transient and 
steady-state salt diffusion between sediment and lake water in a closed 
lake, predicting that it would take 6 × 10⁵ years for the salt concentra-
tions in the lake water to stabilize.

(Hurwitz et al., 2000) developed a one-dimensional solute transport 
model that incorporates convection, diffusion, and sediment compac-
tion. Their model predicted that it would take 2.5 × 10 ³ years for the 
thickness of the salt diffusion gradient zone to increase from 12 to 23 m. 
This finding helps explain the 56.95 % contribution to the increase in 
salt concentration caused by bottom sediments in October, despite the 
release of salts from the bottom sediment into the overlying water col-
umn after just one irrigation cycle in a small-scale evaporator.

When the water surface was covered with 74.98 % floating spheres, 

the salt concentration in the water body was reduced by 32.09 % over 
seven months (March to October). By suppressing evaporation from the 
water body over an extended period, this approach helps reduce the 
salinity of downstream irrigation water, thereby safeguarding crop 
yields. It also contributes to lowering the accumulation of salts in the 
bottom sediment and mitigating the salinization of the reservoir water.

4.2. Effect of various water quality parameters on salt transport under 
floating sphere coverage

4.2.1. Effect of water temperature on salt transport under float coverage
The impact of anti-evaporation covers on water temperature depends 

on factors such as the coverage area, thermal conductivity, water depth, 
and atmospheric conditions. For shallower water bodies (less than 
30 cm), covering them with mulch may lead to increased water tem-
peratures (Shalaby et al., 2024, 2021). In contrast, the higher thermal 
conductivity of the mulch enables gradual heating of deeper water 
bodies (Mady et al., 2021). In this experiment, the floating spheres 
covering the water surface reduced the temperature of the bottom water 
column, which aligns with the findings of (Aminzadeh et al., 2018), who 
simulated daily temperature distribution in a 10-meter deep reservoir 
covered with foam discs using meteorological data. This temperature 
reduction is attributed to the low thermal conductivity of the cover 
(0.13 W.m⁻¹.K⁻¹ for HDPE floating spheres) and the considerable water 
depth. Lower temperatures in the bottom water column can help inhibit 
the release of salt concentrations from the bottom sediment in the 
reservoir.

4.2.2. Effect of dissolved oxygen and pH on salt migration in floating sphere 
covered water

The release of salts from bottom sediments is primarily influenced by 
dissolved oxygen and pH levels in the water column, which affect the 
redox reactions at the soil-water interface. In anoxic conditions, the 
decomposition of organic matter in the bottom sediments enhances 
denitrification, promoting the release of NH₄⁺. The mineralization of 
organic nitrogen leads to the production of highly soluble NH₄⁺-N, which 
increases nutrient salt concentrations in the water column (Bareha et al., 
2018; Qin et al., 2004). When dissolved oxygen levels in the water 
column are high, Fe²⁺ and Al³ ⁺ undergo oxidation reactions to form iron 
and aluminum oxides (Nguyen, 1999; Qin et al., 2004), converting 
amorphous iron oxides into crystalline iron and aluminum oxides. In 
such conditions, phosphorus in the water column is less likely to be 
released again, as it reacts with crystalline iron oxides, aluminum ox-
ides, or calcium carbonate through precipitation, or binds with more 
resistant organic matter like humic acid (Rydin, 2000; Saavedra and 
Delgado, 2005; Peng et al., 2007).

When the water pH is neutral, it creates a favorable environment for 
nitrogen-consuming microorganisms, weakens the redox reactions of 
metal ions, and inhibits the release of nutrient salts from the substrate 
(Kraal et al., 2009). In contrast, in acidic or alkaline environments, 
stronger redox reactions occur at the soil-water interface, such as the 
conversion of ammonium (NH₄⁺) into ammonia gas (NH₃) and the for-
mation of hydroxide ions (OH⁻) (Zhang et al., 2014). Phosphate ions in 
these conditions will react with metal ions to form insoluble pre-
cipitates, such as tricalcium phosphate (Ca₃(PO₄)₂) and aluminum 
phosphate (AlPO₄) (Kraal et al., 2009). This increases the concentration 
gradient of nitrogen and phosphorus nutrients at the soil-water inter-
face, promoting the release of these nutrients from the subsoil 
sediments.

Due to the gaps between the floating spheres, the water surface 
covered with floating spheres did not experience a significant decrease 
in dissolved oxygen levels in the water column, unlike the effect 
observed with shade nets (Maestre-Valero et al., 2011). For the evapo-
rator covered with 74.98 % floating spheres, the lowest dissolved oxy-
gen concentration of 6.58 mg/L occurred in July, which remains above 
the survival threshold for aquatic plants and animals, ensuring no harm 
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to them (Duc et al., 2016). Compared to uncovered evaporators, the 
decrease in dissolved oxygen at maximum water surface coverage was 
minimal, which may have contributed to a slight increase in salt release 
from the bottom sediment. The primary factor influencing changes in 
water pH was the concentration of carbon dioxide in the water column, 
which rose during the summer months when algae photosynthesis was 
active, leading to the consumption of carbon dioxide. As the coverage of 
floating spheres on the water surface increases, the photosynthesis of 
aquatic plants is reduced while respiration is enhanced. This leads to a 
rise in carbon dioxide concentration in the water, causing a decrease in 
pH. In this experiment, the pH of the water body in the covered groups 
tended to be closer to neutral, which helps to slow down the release of 
salts from the bottom sediment.

4.3. Inhibition of re-suspension of bottom sediment by floating sphere 
coverage

The effectiveness of floating sphere coverage in inhibiting the re- 
suspension of bottom sediment depends on the critical wind speed 
required for sediment re-suspension. Studies by (Qin et al., 2004) have 
shown that in wide, shallow water bodies like plain reservoirs in arid 
regions, suspended sediment concentration increases significantly dur-
ing Class IV winds (5.5–7.9 m/s). This suggests that such wind speeds 
are sufficient to reach the critical threshold for sediment re-suspension 
in the water body. In this test, the 400 m² area covered by floating 
spheres effectively inhibited bottom sediment re-suspension within the 
wind speed range of 3.3 m/s to 7.8 m/s. However, when the wind speed 
reached or exceeded 10.7 m/s, the bottom sediment surpassed the 
critical wind speed for re-suspension, and the floating spheres ability to 
inhibit sediment disturbance was significantly reduced. (Zhou et al., 
2018) observed similar trends in Lake Taihu, where the concentration of 
suspended matter in the bottom water layer, under strong wind and 
wave disturbance, was 3–5 times higher than that in the upper water 
layer. According to the vertical distribution of water conductivity, when 
the wind speed exceeds class V, the conductivity of the uncovered sur-
face water increases significantly. However, in the covered water body 
with floating spheres, the surface water conductivity remained lower 
than that of the deeper water layers. This is because the floating sphere 
cover prevents sand and dust from directly entering the water, thus 
mitigating sudden increases in surface water salinity. Additionally, the 
duration and direction of the wind, along with the surrounding geog-
raphy of the water body, can influence the extent to which the wind 
affects the resuspension of bottom sediment.

Similar to the findings of Cózar et al. (2005) and (You et al., 2007) 
regarding the correlation between wind speed and suspended sediments, 
both wind speed and water turbidity in our study showed an exponential 
relationship. This suggests that the re-suspension of bottom sediments 
induced by wind speed is non-linear, potentially linked to the wave 
strength or critical wind speed needed for the secondary suspension of 
bottom sediment. In our monitoring, wind speed was positively corre-
lated with water turbidity, which differs from the inverse relationship 
observed by Cózar et al. (2005). They proposed that this paradox might 
arise from particles aggregating around sensors, which are then dis-
placed as wind speed increases. However, sediment re-suspension does 
not occur until significant wave development takes place.

4.4. Evaporation suppression and cost-benefit analysis

Regarding evaporation inhibition efficiency, existing studies show 
that chemical film coverage ranges from 7 % to 40 %, while shade nets 
and polyethylene foam disks achieve approximately 80 % coverage 
when the water surface is fully covered (Lehmann et al., 2019). Due to 
the excellent mechanical properties of floating spheres, which prevent 
stacking and loss of coverage area, they offer a significantly higher 
anti-evaporation inhibition rate (approximately 70 % when the water 
surface is covered by 74.98 %) (Aminzadeh et al., 2018; Han et al., 

2020). Additionally, the floating spheres have a service life of up to 20 
years, making them more effective in reducing evaporation and pre-
venting salt concentration in the water body. In terms of 
cost-effectiveness, the payback period can be reduced to less than two 
years when the indirect benefits from water-saving irrigation for crops 
(locally grown grapes) are considered (Hao et al., 2023). Additionally, 
the floating sphere cover has low maintenance costs; if a floating sphere 
breaks, it only requires the addition of a new sphere to the water surface.

4.5. Effects of groundwater erosion and substrate disturbance on reservoir 
salt concentrations

According to the Annual Report on Shallow Groundwater Dynamics 
in Turpan, the groundwater depth in the test area exceeds 14 m (Chen 
et al., 2014), meaning groundwater does not directly recharge the 
reservoir water. Therefore, the effect of groundwater-induced salt 
erosion was not considered in this study. The floating spheres covering 
400 m² of the water surface effectively inhibited sediment re-suspension 
at wind speeds of up to 7.8 m/s. However, due to varying water depths 
and meteorological factors such as wind speed, direction, and temper-
ature, the impact of a larger floating sphere coverage or full coverage on 
salt release through sediment re-suspension remains unclear. Conse-
quently, Section 3.6 focuses only on estimating the effect of evaporation 
inhibition on reducing salt concentration in the entire reservoir area.

4.6. Study limitations

We conducted the study for only one irrigation cycle, which is a 
relatively short period, so long-term observation at the reservoir scale is 
necessary. Additionally, the wind displacement of the floating sphere 
cover group should be considered in the reservoir’s field environment, 
and the cover needs to be secured in alignment with the site’s topog-
raphy. There is also a lack of research on the potential ecological impacts 
of prolonged floating sphere coverage on aquatic organisms, and further 
investigation is needed.

5. Conclusion

Monitoring of salt concentrations in the five evaporators indicates 
that, for reservoirs that have been in operation for extended periods, 
evaporative concentration significantly contributes to salt accumula-
tion. The floating spheres covering the water surface help reduce water 
temperatures and maintain near-neutral pH levels, which aids in 
inhibiting the release of salts from the bottom sediments. While the 
reduction in dissolved oxygen in the water column may promote the 
release of salts, the gaps between the floating spheres allow for the 
replenishment of dissolved oxygen, preventing hypoxia in the water. 
When the wind speed ranges from 3.3 m/s to 7.8 m/s, floating spheres 
covering the water surface effectively suppress sediment resuspension. 
Additionally, during windy conditions, the floating spheres prevent an 
increase in surface water salinity caused by dust deposition into the 
water body. Focusing solely on the evapotranspiration concentration 
effect, covering the water surface with 74.98 % floating spheres to 
inhibit evaporation results in a 28.97 % reduction in salt concentration 
within one full irrigation cycle (March to October). Regarding the 
coverage of the water surface with floating spheres, it should be tailored 
to the specific conditions at the reservoir site. In field applications, a 
floating box fence is used to gather the floating spheres together. This 
study demonstrates that floating HDPE spheres effectively reduce 
evaporation and mitigate salinity, with a 28.97 % reduction over one 
irrigation cycle (p < 0.05). However, challenges such as wind 
displacement, long-term durability, and economic feasibility must be 
addressed before large-scale implementation. Future research should 
focus on multi-year assessments, cost-benefit analyses, and environ-
mental sustainability considerations. This approach of using floating 
spheres to inhibit evaporation offers a simple, convenient, and effective 
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solution for mitigating the salinization of reservoirs.
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Hilt, S., Kangur, K., Köhler, J., Lammens, E.H.H.R., Lauridsen, T.L., Manca, M., 
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