Uniting urban agriculture and stormwater management: the example
of the “vegetable raingarden”
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Abstract: Stormwater runs off impervious urban surfaces at artificially high rates, and erodes and pollutes
local waterways. Raingardens, as biofiltration systems, are garden beds that are designed to capture and
filter runoff using sandy soils and resilient plants. For healthier waterways, the construction of raingardens
is being actively promoted in many cities, including Melbourne. However, raingardens might have another
significant benefit; as sites of food production, using captured stormwater (runoff) for irrigation. The use of
stormwater is an increasingly popular practice for overcoming water scarcity issues, which can constrain
home vegetable gardening and urban agriculture. Nonetheless, the use of raingardens for food production
has not been explored and vegetables represent a significant departure from the types of plants that are
conventionally used in these systems. We investigated the potential to produce vegetables in raingardens
through a 5-month greenhouse (pot) experiment and a 1.5-year field trial. The results indicate that it is
possible to produce adequate yield in raingardens and the function of raingardens in reducing urban runoff
(in terms of discharge to waterways) can be retained. An infiltration-type raingarden, sized 7.5% of its
catchment area, reduced both the volume and frequency of runoff by > 90%. However, “vegetable
raingardens” must be designed and managed effectively. Design issues include the use of sub-irrigation to
ensure food safety and limit plant stress, and choosing filter/growing media that sustains vegetable growth
while meeting runoff management objectives.

Introduction: Water in Australian cities
Stormwater runs off the impervious surfaces of Australian cities at artificially high rates, which poses a
significant threat to the health of local waterways. For example, large volumes of urban runoff can cause
severe channel erosion and lead to a loss of habitat, as well as transporting elevated concentrations of
pollutants (Paul & Meyer 2001). Water Sensitive Urban Design (WSUD) is a way of incorporating
treatment of this runoff into urban landscapes (Denman, May & Breen 2006; Lloyd, Wong & Porter 2002).
It has involved the design and installation of a wide range of technologies, including “biofiltration” or
“bioretention” systems (Davis et al. 2009). These technologies improve runoff management by
intercepting stormwater flows and restoring the flow regime closer to the pre-developed, natural level
(Bratieres et al. 2008; Williams & Wise 2006).
In contrast to the large quantities of runoff in the urban landscape, the amount of water available from the
traditional supply networks can be limited, particularly in times of drought. The water scarcity issues that
affect many Australian cities are primarily caused by below-average runoff into urban water catchments
(Edwards 2011). Melbourne, for example, has been affected by substantial decreases in rainfall since
1960 and some exceptionally severe droughts, the most recent lasting from 1997 to 2009 (Barker-Reid,
Harper & Hamilton 2010). Water scarcity will become an even greater concern for Melbourne if long-term
predictions of drier, hotter weather, as well as increasing consumption, are accurate (Edwards 2011;
Howe et al. 2005). Many Australian cities have responded to water scarcity by implementing water
restrictions, which require users (particularly households) to avoid or ration some uses of water. Such
restrictions were in place in Melbourne for over ten years (Edwards 2011), but were lifted in December
2012 with the possibility of reinstatement during future drought periods. The most severe stage (Stage 4)
included a ban on all outside watering, which significantly constrains urban food production. Urban food
production is an important practice; traditional home vegetable gardening is often driven by economic
motivations and cultural influences (Gaynor 2006), while a recent resurgence of interest in urban
agriculture is a response to issues of environmental sustainability and food security (Barker-Reid, Harper
& Hamilton 2010; Dixon et al. 2009).
The use of stormwater and wastewater, which is not limited by water restrictions, has become an
important component of Melbourne’s response to water scarcity (Barker-Reid, Harper & Hamilton 2010;
Hatt, Deletic & Fletcher 2007; Misra, Patel & Baxi 2010). There is considerable opportunity for further
expansion of stormwater reuse practices in urban food production, and for incorporation of urban food
production into WSUD; at least on a small, non-commercial scale, as an extension of traditional home
vegetable gardening. For example, green roofs are primarily used for stormwater management and other
environmental benefits, but exploratory research has indicated that they could also be used for vegetable
production (Whittinghill, Rowe & Cregg 2013). When it rains, such technology can both protect local
waterways from the negative effects of stormwater and use this stormwater as a sustainable resource.

The “vegetable raingarden”: Opportunities and challenges
Raingardens are another prime example of a WSUD technology that has the potential to be used for
vegetable production, but this has not yet been tested. Raingardens, as biofiltration systems, are garden
beds which are engineered, typically using resilient plants and sandy soils with low-organic content, to
capture and treat stormwater that runs off roofs and other impermeable surfaces. The use of vegetables
represents a significant departure from the plant species conventionally used in biofiltration systems,
which tend to be perennial, native species selected for their capacity to survive the extreme wetting-drying
regime in a raingarden, and their ability to remove pollutants from runoff (Read et al. 2008). In comparison
to conventional raingarden plants, vegetables are generally much more sensitive to drought and overwatering, both of which can lead to relatively poor growth and yield, and ultimately plant death in severe
conditions. Vegetables typically require significant irrigation to supplement rainfall, even in traditional
growing systems. Water availability is therefore a critical issue in a vegetable raingarden. In order to adapt
raingardens to function effectively as sites of vegetable production, there are several knowledge gaps and
design issues that need to be considered.
Foremost among them is the method for delivering runoff water to the raingarden. Water usually enters a
raingarden at the surface, but it might be preferable to “invert” a vegetable raingarden so that it is subirrigated. The use of sub-irrigation can offer higher water use efficiency than spray and drip irrigation, as
demonstrated for tomato production (Ahmed, Cresswell & Haigh 2000; Goodwin et al. 2003; Incrocci et al.
2006; Santamaria et al. 2003). Sub-irrigation might also be beneficial for food safety, whereby pollutants
can be filtered out of the runoff water as it moves upwards through the raingarden, before coming into
contact with the plants.
The choice of soil type is another important issue. Typically, loamy sand or similar is used in a raingarden,
primarily to improve the quality of urban runoff (Bratieres et al. 2008; FAWB 2009; Henderson, Greenway
& Phillips 2007). However, the relatively low water holding capacity of sandy soil makes it generally not
well suited to vegetable production.
Finally, there is a risk that modifying a raingarden for vegetable production will compromise its runoff
management function. For example, a vegetable raingarden might be less able to capture urban runoff it
is watered excessively, or if waterproof lining is required to maintain adequate soil moisture for vegetable
production. Lining is also required if the raingarden is constructed close to a permanent structure, or if it is
necessary to reduce the ingress of salt into the treated water, which is important in western Sydney and
some other areas of Australia. Such lined systems are regarded as having poor hydrologic performance
because they inhibit infiltration into underlying soils (Li et al. 2009), and fail to restore the baseflows that
are lost following the creation of impervious areas.

Research project summary
Aims
We conducted a 5-month greenhouse (pot) experiment and a 1.5-year field trial (Figure 1) at the
University of Melbourne’s Burnley campus, to investigate water availability in a “vegetable raingarden” and
its impacts on vegetable yield and runoff management. This included an assessment of: 1) irrigation
requirements, 2) sub-irrigation relative to surface irrigation, 3) two soil types with different water-holding
capacities (assessed in the greenhouse experiment only), namely a loamy sand used in conventional
raingardens and a potting mix used in traditional containerized vegetable gardening, and 4) the ratio of
inflow to outflow (assessed in the field trial only). The methods and results are described in Richards
(2013). The field trial methods, including a parallel study on contamination risks, are also described in
Tom et al. (2013).

Findings
The results indicated that the availability of water in a vegetable raingarden (sized ≤ 7.5% of its catchment
area) can be suitable for the production of many common vegetables. Furthermore, to produce yield
comparable to traditional vegetable gardens, the raingarden might not require any irrigation to supplement
rainfall under the typical Melbourne climate. In the field trial of sub-irrigated raingardens, this was even the
case in a drier than average summer, although only for a raingarden that was fitted with waterproof lining.
We also tested an infiltration-type (unlined) raingarden; to maintain adequate soil moisture (> 10%
volumetric SWC), this raingarden required supplemental irrigation regularly in summer, which was applied
using a surface drip system. Nonetheless, supplemental irrigation could comply with all but the most
severe of Melbourne’s water restrictions, and is likely to have little or no negative impact on runoff
management. Indeed, if supplemental irrigation is applied using collected stormwater (i.e. from a rainwater

tank) rather than tap water, this increases the opportunity for reducing volumes of urban runoff. The
vegetables tested in the greenhouse experiment (bean, beetroot, parsley and tomato) were able to
tolerate the frequency and volume of average summer rainfall without supplemental irrigation. However, it
is worth noting that, with climate change, Melbourne is likely to experience reduced rainfall and prolonged
droughts, as well as more frequent extreme storm events (CSIRO 2007; Howe et al. 2005; Maunsell
Australia Pty Ltd. 2008). These conditions would further increase plant stress in a raingarden.
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Figure 1: Field trial; two purpose-built, 3.3 m raised garden beds were installed and plumbed as
sub-irrigated “vegetable raingardens”, receiving roof-water from an adjacent building with a tile
roof. One of the raingardens was lined (top right of the photo), the other was of the infiltration
(unlined) type. Adjacent to the two raingardens were two control gardens (foreground),
representing traditional vegetable gardens.
The use of lining will affect not only irrigation requirements, and to some extent yield, but also the ability of
the raingarden to reduce urban runoff. In the field trial, the infiltration (unlined) raingarden reduced both
the volume and frequency of runoff by > 90%. Consistent with previous work (Davis 2008; Davis et al.
2009; Li et al. 2009), the raingarden that was lined was less effective, although it still captured
approximately two thirds of inflow, which could be lost through evapotranspiration. The lined raingarden
was most effective for rainfall events that were preceded by dry periods. Therefore, in the instances where
lining is necessary, such as if the raingarden is built close (< 5 m) to a permanent structure, a lined
raingarden would still provide satisfactory runoff management.
A sub-irrigated raingarden design offered no clear advantages over surface irrigation in terms of yield. In
the greenhouse experiment, even when identical volumes of irrigation water were applied, yield with subirrigation was mostly similar to surface irrigation. In the field trial, the two raingardens received a large
volume of rainwater from the roof during the monitoring period (> 33 kL in 1.5 years), but the sub-irrigated
raingarden design did not convey this water effectively to the vegetable root zone, at least in the
infiltration-type (unlined) raingarden. Consequently, for some vegetables, such as tomato and onion, yield
was relatively low in at least one of the two raingardens, in comparison to two controls that represented
traditional vegetable gardens. Nonetheless, sub-irrigation might be necessary to reduce the risk of
contaminant transfer, particularly to leafy vegetables.
In the greenhouse experiment, the yield of vegetables was generally greater in the potting mix than in the
loamy sand, apparently owing to its greater water-holding capacity, to the extent that loamy sand (as used
in conventional raingardens) cannot be recommended for vegetable raingardens. To meet water quality
objectives, a vegetable raingarden is therefore likely to require separate vegetation-supporting and
filtration layers (as used in the field trial) rather than a uniform profile design, in which the vegetation and
filter layers are combined (Hsieh & Davis 2005).
There was some variation in the yield of different vegetable species in both the field trial and greenhouse
experiment. In the field trial, there was even variation within species; between varieties or between

growing seasons (a total of 14 species, and up to three varieties of each, were tested). Nonetheless,
although some were more prone to pest damage, no vegetable species or variety performed particularly
poorly, and it seems that many common vegetables can be effectively produced in vegetable raingardens.

Design recommendations
An outcome of our project was an instruction sheet, published by Melbourne Water, for building a
vegetable raingarden (Melbourne Water 2013). The recommended design is based on that of the field trial
raingardens; sub-irrigated raised garden beds (although in-ground variations are feasible) with separate
vegetation-supporting and filtration layers, plumbed to receive runoff water from a roof (Figure 2). It is
expected that the sand layer will remove any pollutants that may be in the roof-water. In the field trial, the
chemical and microbial contamination risk from the raingardens was no higher than the risk from a
vegetable garden irrigated with potable (tap) water, and the roof-water inputs did not result in metal
contamination of the soils, water or plants (Tom et al. 2013). It is recommended that wicks are installed to
promote capillary rise of runoff water from the gravel layer into the soil layer (wicks were not used in the
field trial). It is also recommended that the overflow system is positioned to allow the water level to rise
close to the soil surface following significant rainfall.

Figure 2: Design recommendations for a vegetable raingarden, following our research project.

Conclusion
There is considerable potential to unite urban agriculture and stormwater management through the
construction of vegetable raingardens and similar systems. A vegetable raingarden can capture the large
quantities of stormwater runoff in the urban landscape, and use this water to contribute to the important
practice of urban food production. A greenhouse experiment and field trial indicated that, provided that it is
designed and managed effectively, a vegetable raingarden can produce similar yield as a traditional
vegetable garden while also effectively reducing urban runoff.
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