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Highlights 
• High mycorrhizal colonization (above 80%) was achieved in Ficinia nodosa    
• Plants inoculated with mycorrhizae almost doubled shoot and root biomass 
• Mycorrhizal F. nodosa showed higher TN and TP removal before and after dry period.       

 

Introduction 
Plant stress and death are common in stormwater biofilters, which can have adverse effects on biofilter functions 
like water quality improvement (Henderson et al, 2007; Bratieres et al, 2008; Read et al, 2009) and amenity 
(Dobbie 2016). Environmental factors such as plant-available water can cause drought stress, which affects plant 
photosynthetic efficiency, biomass allocation (Eziz et al, 2017; Mathur et al 2019), and, consequently the 
performance of biofilters. This highlights the need for studying methods that can mitigate the effect of 
environmental factors on plant health.  
In natural ecosystems, mycorrhizal fungi colonize more than 80% of terrestrial plants, while having an important 
role in plant establishment and resilience, especially when exposed to hostile environment such as drought stress 
(Mathur et al, 2019). Although we know mycorrhizae are found in stormwater biofilters (Winfrey et al, 2017), 
their roles have not been fully studied, particularly the subsequent impact on pollutant removal.  
In this research, we first aim to know if it is possible to reach a high percentage of mycorhizal colonization (above 
60%) in biofilter plants grown in sandy soil. Secondly, we aim to understand if mycorrhizae can improve plant 
growth represented as root and shoot length and biomass. Finally, we aim to determine if mycorrhizal plants can 
enhance nutrient removal in biofilters as well as maintain performance after dry periods.  
 

Methodology 
A two-stage experiment (13 months total); 1) Plant mycorrhizal inoculation to test effects on plant growth, 2) 
Column experiment to test mycorrhizal effect on pollutant removal from semi-synthetic stormwater runoff.    
Experiment in pots: The Australian native species Carex appressa, Juncus australis and Ficinia nodosa were grown 
from seed. Two treatments and control per species were selected; mycorrhizal spores were obtained from a 
commercial company (T1) and from existing biofilters (T2). 15 seedlings per species and treatment were selected 
and transferred to pots containing sterile sand medium, where plants were inoculated with their respective 
mycorrhizal treatment; 5 replicates per species per treatment and control were used for the five-month first stage 
of the experiment and 10 replicates were separated for the experiment in columns. Four weeks after mycorrhizal 
inoculation, plant height was monitored for 45 days and plants were harvested for further plant biomass and 
mycorrhizal analysis by using the method described in Giovannetti and Mosse (1980).  
Experiment in columns: T1 was selected as a treatment and the species studied were C. appressa, F. nodosa. 
Inoculated and non-inoculated plants were transferred to columns (10 replicates) previously assembled. Two 
weeks of dry period were alternated by five- and three-weeks wet periods, water samples for nutrient analysis 
were taken before and after the dry period. Total and dissolved nitrogen and phosphorus were analysed at 
Monash University in a National Association of Testing Authorities, Australia-certified lab.  
 

Results and discussion 
We found unexpectedly high colonisation percentages in J. australis and F. nodosa growing in sandy soil (50% and 
83%, Figure 1).   
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Figure 1.  Mycorrhizal colonization of C. appressa, J. australis and F. nodosa. Black bars represent the control, dark grey T1 and light grey 
T2.  
 
J. australis and F. nodosa plants inoculated with T1 almost doubled its dry shoot biomass and increased more than 
1.5 times its dry root biomass, results not observed in C. appressa (Figure 2).    
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 2. Dry shoot (A) and root (B) biomass of C. appressa, J. australis and F. nodosa. Asterisks above each column indicate statistically 
significant differences between control, T1 and T2. n.s means non-statistically significant differences. (Tukey’s multiple comparisons test P 
> 0.05).  
 
Mycorrhizae can act as extensions of roots, providing extra water and nutrients unavailable for the plant 
otherwise (Ruiz-Lozano and Azcón, 1995). In natural ecosystems, it has been found that mycorrhizae have a crucial 
role in plant health when they are exposed to stressful environment such us diminished plant water availability 
(Mathur et al 2019). However, this has not been tested in the hostile environment of biofilters. Results from the 
experiment in pots indicate that mycorrhizae could have accessed otherwise unavailable nutrients and water to 
the plants, allowing them to increase their growth. We tested the effects of mycorrhizae in a bench-scale 
experiment using biofilter mesocosm to determine whether inoculation affected nutrient removal and plant 
drought tolerance.   
In our column study, prior to and after the 2-week dry period, inoculated F. nodosa columns showed higher 
nitrogen removal in the effluent (p = 0.022 and 0.018, respectively) (Figure 3). Inoculated F. nodosa also removed 
more nitrate/nitrite than the control before (p = 0.009) and following the 2-week dry period (p = 0.024). 
Inoculation of F. nodosa also improved both total (p = 0.019) (Figure 3) and filterable reactive phosphorus (p = 
0.0034) removal following the 2-week dry period. These preliminary results indicate that mycorrhizal inocula may 
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be a useful amendment to stormwater biofilters, particularly for managing specific pollutants and plant species, 
which could be maintained after reasonable dry periods.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Percentage of Total Nitrogen (TN) (A and B) and Total Phosphorus (TP) (C and D) removal of C. appressa, F. nodosa. Asterisks 
above each symbol indicate statistically significant differences between control and T1. n.s means non-statistically significant differences 
(t test between control and treatment of each species P > 0.05). Error bars represent 95% confidence interval.   
 
 

Conclusions and future work 
We conclude that mycorrhizae can successfully inoculate plants grown in biofilters. High level of colonization can 
ensure clear effects on both above and below ground plant biomass and subsequently improve and maintain 
nitrogen removal as well as increase phosphorus removal after water stress conditions. From our column study 
we have collected water samples for heavy metal analysis. We aim to use these new discoveries to apply 
mycorrhizal treatment in future green infrastructure installations such as biofilters and green roofs.    
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