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Abstract: Based on nearly 40 years of historical data and a 19-month field survey from 2023 to 2024, this study investigated the long-
term changes in overlying water phosphorus concentrations and phosphorus speciation during submerged vegetation restoration in
Lake Caohai. The results show that total phosphorus (TP) concentrations in Lake Caohai exhibited an overall decreasing trend. The TP
concentration was 0.461 mg/L during the initial water storage restoration stage in the 1980s. In 2005, continuous direct discharge of
urban sewage into the lake maintained a relatively high TP concentration of 0.157 mg/L. After comprehensive ecological management,
the TP concentration decreased to 0.056-0.073 mg/L from 2020 to 2022. During the water ecological restoration period, the TP
concentration further declined to 0.036 mg/L in 2024, indicating that submerged vegetation restoration effectively sustains low
phosphorus levels in the water column. Phosphorus in Lake Caohai occurred mainly in particulate form, with particulate phosphorus

(PP) contributing 54.7% of the total TP. PP was the dominant phosphorus fraction in spring, summer, and autumn, with the highest

* 0 2026-4-7 #Ha; 2026-7-1 B SRE; 2027-07-09 3 .

ExR BARFEEGIE (32360288)  SHA R FRIT ARG F & (ZSYS2025015) Flr subklk B J7 Az 25 (R4 1k
EREHEARET AT E (MCHC-DZ-ZC-20255041-2) BE&HEB.
**  Jl{E1EH; E-mail:pinhuaxia@gznu.edu.cn.



proportion observed in spring, whereas dissolved total phosphorus (DTP) dominated in winter. The current TP level in Lake Caohai is
comparable to that of Lake Erhai, a lake with good water quality, and remains relatively low among lakes in China’s five major lake
regions. Under different biomass levels of submerged plants, dissolved phosphorus fractions (DTP and soluble reactive phosphorus
(SRP)) showed significant differences, while TP, PP, and dissolved organic phosphorus (DOP) varied only slightly. Overall, external
pollution control to reduce phosphorus inputs and submerged vegetation restoration to enhance aquatic self-purification capacity are
effective strategies for maintaining low phosphorus concentrations in lake water. These findings provide scientific support for the
ecological protection, restoration, and management of Lake Caohai and other similar lakes.
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Fig.1 Schematic diagram of sampling sites in Lake Caohai,Guizhou
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Tab.1 Interannual variation of total phosphorus in Lake Caohai.
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Fig.2. Seasonal distribution and proportions of phosphorus forms in the overlying water
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Tab.2 Changes in submerged macrophyte biomass and overlying water total phosphorus during the flood

=
s
=

60

SRP / (mg/L)

40
0.005 {

HRBE LS (%)

DOP / (mg/L)
=
=4
=
-
i
=

20

b
=
=
=3

0.0004

0

season in different periods of Lake Caohai

o FAREAEYE (gm?) FKBEBE (mg/L)
1983 1386.07 0.311
2005 1606.50 0.157
2016 4094.70 0.066
2021 253.43 0.044
2022 383.20 0.035
2023 1357.22 0.031
2024 2006.72 0.034
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Fig.5 Basic physicochemical properties of the overlying water
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Tab.3 Comparison of total phosphorus concentrations in Lake Caohai and major lakes across five lake regions

in China in recent years

WX WA TP/ (mg/L) I 7y
KA 0.053~0.062 2021~2023
. R BRI 1451 0.070 2018~2020
IR X . N
RHEHIX R ) 0.040~0.070 2023
Hpen 0.066 2014~2023
AN 0.117 2022
. K PLmeel 0.204 2022
ARALHTX Erlahiladl 0.090~0.270 2020~2021
FATE 500 0.040~0.390 2020~2021
- T - R R Y 0.020 2017
== N
R X 52 0.020~0.060 2024
pawisaes 0.020~0.040 2020~2024
S PNy 0.072 2018~2023
DA N
FE AL 0.010 2023~2024
il 0.038 2023~2024
15 G2 22 g 156 0.070 2022~2025
e = AL 1571 0.070~1.020 2022
858 0.080~0.170 2023
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