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Abstract

This study evaluated phosphate—solubilizing microorganism (PSM) activity in rhizospheric soils of five macrophyte
species to establish a biological criterion for plant selection in constructed wetlands. Declining phosphorus removal
efficiency in a test—bed hybrid CW treating wastewater effluent indicated the need for functional improvement.
Rhizospheric soils from Pennisetum alopecuroides, Hosta longipes, Iris pseudacorus, Lythrum anceps, and Phragmites
australis were cultured on Pikovskaya's agar, and the Phosphate Solubilization Index (PSI) was calculated. Results
showed H. longipes had the highest PSI (3.43 £ 0.86), while P. australis had the lowest (2.59 £ 0.17). PSI effectively
distinguishes rhizospheric microbial activity among species, providing a biological basis for selecting high—PSI plants
to enhance phosphorus cycling and treatment performance in constructed wetlands.
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@ Hybrid Constructed Wetland Operation

* Test-bed hybrid CW (VSSF-HSSF) was operated to
obtain actual TP data from MWTP effluent.

Literature indicates that insoluble P accumulation
causes rhizospheric available-P deficiency, limiting CW
performance.

PSM-based strategies were explored to overcome this
functional limitation.

® Quantification (NBRIP)

* Quantification of P solubilization capacity of PSI-
selected macrophytes.

* Correlation between PSM activity (PSI) and
bioavailable P release (NBRIP method).
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(@ PSM Screening (PSI)

« Isolation and cultivation of rhizospheric
microorganisms, followed by quantitative evaluation
of the Phosphate Solubilization Index (PSI).

4

* Macrophyte species were ranked according to their
rhizospheric PSM activity to identify and prioritize
optimal candidates.

3

@ CW Application & Verification

« Demonstration of lab-scale constructed wetland
systems operated with MWTP effluent .

« * Assessment of TP removal performance and
bioavailable P enhancement in the rhizosphere

« Establishment of design guidelines for PSM-based
functional CW systems.

Fig. 1. Analysis and verification framework for PSM-based functional design of constructed wetlands
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Table 1. Pikovskaya’s agar chemical composition

Ingredients g/L
Yeast extract 0.500
Dextrose (Glucose) 10.000
Calcium phosphate 5.000
Ammonium sulfate 0.500
Potassium chloride 0.200
Magnesium sulfate 0.100
Manganese sulfate 0.0001
Ferrous sulfate 0.0001
Agar 15.000

The colony of phosphate-solubilizing microorganisms

zone (Halo)

Medium containing

N .
insoluble phosphate (Cas(P04)2)

Fig. 2. Halo zone formation by phosphate—solubilizing microorganisms
on PVK agar
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Fig. 3. Variation in halo diameter of PSM among macrophyte species
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Fig. 4. Variation in colony diameter of PSM among macrophyte species
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Pennisetum alopecuroides Hosta longipes Iris pseudacorus Lythrum anceps Phragmites australis

Fig. 5. Distribution of phosphate solubilization index among macrophyte species
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Table 2. PSI (mean + SD) of rhizospheric microbes from
macrophytes

Macrophyte species PSI (mean = SD n=3)

Pennisetum alopecuroides 2.71£0.49
Hosta longipes 3.43+0.86

Iris pseudacorus 2.84+0.43
Lythrum anceps 2.8610.54
Phragmites australis 2.59+0.17
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