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Study on rhizosphere effect in controlling internal phosphorus using Vallisneria spiralis combined with La-modified attapulgite.
HAN Tian-lun', WANG Wan-zhong', BAO Mei-jun', LIANG Si-jia', LIU Chen-fei’, LI Jian', WANG Yan', KONG Ming'" (1.Nanjing
Institute of Environmental Sciences, Ministry of Ecology and Environment, Nanjing 210042, China; 2.Nanjing Water Science Institute
Ruidi Technology Group Co., Ltd, Nanjing 210003, China). China Environmental Science, 2025,45(8): 4501~4512

Abstract: In this study, microcosm experiment containing Vallisneria spiralis and La-modified attapulgite (LMA) was conducted to
investigate the role of submerged macrophytes roots in controlling sediment phosphorus (P) release through the combined application of
submerged macrophytes and La-modified clay. The dynamic variations of rhizosphere P and microenvironment were systematically
analyzed using diffusive gradients in thin films (DGT), high-resolution dialysis (HR-Peeper), and 16S rRNA amplicon sequencing
techniques. The results showed that the combined application of LMA and Vallisneria spiralis reduced the concentrations of soluble
reactive P (SRP), DGT-labile P, and mobile forms of P (Mobile-P) in the sediment—porewater by 12.16% to 62.72%, 33.33% to 38.46%,
and 3.66% to 10.53%, respectively, compared to the sole use of LMA. From day 7to day 45, significant increases were observed in the
total length, surface area, volume, root tip numbers and organic acid secretion of Vallisneria spiralis roots. Root-release oxygen enhanced
the dissolved oxygen concentration and oxygen penetration depth at the sediment-water interface by 1.16-fold and 3.42-fold, respectively,
shifting the dominant rhizosphere microbial communities from P-solubilizing bacteria such as Thiobacillus to aerobic bacteria such as
Sideroxydans. Mantel test and partial least squares path modeling (PL-PM) analysis further revealed that organic acids secreted by
Vallisneria spiralis roots accelerated the mineralization of organic P in the sediment, thereby enhancing OP absorption and utilization by
the roots. Additionally, root-released oxygen promoted the proliferation of iron-oxidizing bacteria, which continuously oxidizing Fe*" to
Fe®" in the porewater. This process immobilized SRP in the form of iron-bound P (Fe-P), effectively inhibiting P release from the
porewater. This study provides novel insights that deepen the understanding of the mechanisms through which La-modified clay and
submerged macrophytes jointly regulate the release of endogenous P in eutrophic lakes.
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Table 1 Physicochemical properties of attapulgite and LMA

ZH RERMT ™o L LMA
Ca (mg/g) 80.4 30.1
Fe (mg/g) 25.6 33.1
Al (mg/g) 76.3 78.4
Mg (mg/g) 45.6 27.3
La (mg/kg) 42.1 10,532
BRI (%) 42.6 13.4
EE 211 45,1.0~2.0mm (m¥/g) 64.9 72.9
MALAER (em?/g) 0.211 0.190
Si0s (%) 36.74 48.21
CaO (%) 11.56 4.01
MgO (%) 9.75 5.87
ALO; (%) 16.58 18.32
Fe;0; (%) 3.66 5.23
K0 (%) 1.12 1.39
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Table 2 Root morphology and organic acids in exudates of Vallisneria spiralis in Combined treatment

2H SEIJE )
% 7d %5 15d % 30d %5 45d

SRE (em) 84.08+9.08° 130.20+10.20° 161.26+11.26° 181.98+11.98*
SRR (cm®) 2.85+0.60" 4.70+0.60° 4.94+0.64° 6.260.64"
BIREER (em?) 8.95+1.35° 14.76+1.16" 19.53+2.53% 21.67+2.07°
BRAR (em?) 0.08+0.01° 0.13+0.00° 0.15+0.01% 0.17+0.01*
BARRE (N 469.00+43.00° 641.00+41.00° 769.33+59.33% 896.00+53.00°
WA (ng/mL) 8.34+0.44¢ 34.04+3.04° 87.16+6.16° 49.44+4.44°

PR (ng/mL) 7734.18+632.18° 8576.56+576.56° 10683.514683.51° 14607.31+87.31°
W~ (ng/mL) 572.12+60.12° 512.28+23.28" 478.52+18.52° 508.84+27.84°%
2% (ng/mL) 504.75+39.75° 495.35+36.35° 502.08+77.92° 521.66+44.34%
L% (ng/mL) 43.84+4.56" 41.89+7.01° 43.18+4.92° 94.60+8.10°
HR (ng/mL) 1141.46+58.54° 65.70+1.30° 634.09+55.91" 459.92+32.08°

KR (ng/mL) 2.50+0.40" 1.342£0.24° 2.30+£0.20™ 1.69+0.29"
FHEI (ng/mL) 5454.62+454.62° 7913.23+583.23" 7417.204216.20° 10396.82+400.82°
W9 (ng/mL) 106.83+8.17° 131.67+11.33% 144.03+12.03" 153.71+17.29*
B (ng/mL) 329.57+27.43° 170.45+11.45° 198.4249.42° 173.3349.33°
153K (ng/mL) 19.73+1.23° 24.24+1.84° 21.05+2.15° 41.77+2.87°

T ANF NG T BER R PR ARTEAN )56 5 ) 72 57 i % (P<0.05).
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