
1 

ROOTS THAT DIG DEEPER: WATER INFILTRATION IN LAWN ALTERNATIVES 

BY 

ROSE M. MENZIES 

Master’s Degree Thesis 

Submitted to 

University of Michigan-Flint 

in partial fulfillment of the requirements 

for the degree of 

MASTERS OF BIOLOGY 

Department of Biology 

2025 



2 

Roots That Dig Deeper: Water Infiltration in Lawn Alternatives 

By  

Rose M. Menzies  

Rebecca K. Tonietto, Ph.D. 

Thesis Advisor  

Submitted to the University of Michigan-Flint 

In partial fulfillment of the requirement for the degree of 

Master’s of Science in Biology  

Approved by: 

Rebecca K. Tonietto, Ph.D. 

Supervisor  

Lauren Umek, Ph.D.  Teresa Yoder-Nowak, M.S. 

Committee Member Committee Member 

April 14, 2025 



3 

ABSTRACT 

Ecosystem services, such as the regulation of the water cycle, are vital benefits provided 

by plants. Plants play a critical role in the water cycle as they influence water infiltration, 

contribute to groundwater replenishment, and reduce both stormwater runoff and soil erosion. 

However, the literature varies on the importance of plant versus soil factors in water infiltration. 

Urban and residential land has increased water runoff attributed to a reduction of diverse 
vegetation and an increase of impervious surfaces. Climate change will increase the likelihood of 

heavy downpours and flooding due to greater rainfall intensity and duration that will increase 
erosion in places lacking vegetation, such as urban and residential environments. The most 
common green spaces found in urban and residential areas are non-native turfgrass lawns, with 

root lengths averaging one to two inches. Lawn alternatives are low-growing plant species that 
offer a sustainable solution to turfgrass. 

My study investigates the impact of lawn alternative plantings on water infiltration, 

runoff, and soil erosion through two experiments: a common garden field experiment and a 
greenhouse experiment. The field experiment, conducted at the Chicago Botanic Garden from 
summer 2023 to fall 2024, evaluated the effects of plant community treatment, installation 

method (pre-existing, seed, plug), season, and time since installation on infiltration. The 
greenhouse study, conducted at the University of Michigan–Flint, tested the influence of living 

plants versus 3D-printed artificial roots on infiltration, runoff, and erosion under controlled 

conditions. Results from the field experiment showed that installation method (p = 0.0026*), 

season (p = <<<0.001***), and their interaction (p = 0.0027*) had a significant impact on 

infiltration rate (ANOVA). Water infiltration increased over time in plug-installed treatments. 

The greenhouse experiment revealed that treatments with living plants had a trend of higher 

infiltration to runoff ratio when compared to the 3D printed artificial root treatments. These 
findings are increasingly relevant because of climate change and the growth of urban areas, as 
shifting rainfall patterns could exacerbate soil erosion and water runoff, making the use of lawn 

alternatives more crucial for environmental sustainability. My results provide valuable insights 
for implementing effective lawn alternatives that promote better water infiltration and reduce soil 
erosion and runoff, which are important for mitigating the impacts of climate change. 



4 

INTRODUCTION 

Plants play a vital role in shaping ecosystems by providing habitat, supporting the food 

chain, performing photosynthesis, cycling nutrients, and regulating climate (Fisher and Turner, 

2008; Costanza et al., 1997; Fernando, 2012). These essential ecosystem functions yield 

numerous benefits to humans, called ecosystem services (Costanza et al., 1997). Among the most 

critical of these services is the regulation of the water cycle, where plants influence water 

infiltration, contribute to groundwater replenishment, and reduce both stormwater runoff 

(precipitation flowing over land surface rather than absorbing into the soil) and soil erosion 

(Miedema Brown and Madhur, 2022). The literature varies on the importance of plant versus soil 

factors in water infiltration, with some studies attributing water infiltration rates to differences in 

soil structure (Sjöman & Gill, 2014; Peralta 2024), while others focusing on the role of plants 

(Zuazo & Pleguezuelo, 2008, Bochet et al., 1998), and some suggesting that both factors work 

together to enhance infiltration (Wood et al., 1987). However, a gap remains in understanding 

the complex relationship between soil and plants in regulating water infiltration. Here, I focus on 

the impact of plants, specifically the effect that plant matter above and below grounds has on 

water infiltration. 

Infiltration 

Infiltration is the flow of water from aboveground into the soil (Ferre and Warwick, 

2005). Infiltration is extremely important as it plays many roles throughout the ecosystem, it 

replenishes groundwater, protects waterways, and filters and retains excess nutrients (Patterson 

and Haught, 2021). It is assumed that soil structure and compaction play the most important roles 

in water infiltration (Sjöman & Gill, 2014; Peralta 2024). For example, soils with a sandy texture 

have higher soil porosity than clay soils, allowing water to infiltrate at a faster rate (Basset et al., 
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2023). In contrast, soil compaction limits water infiltration by decreasing soil porosity and 

creating a hard crust on the surface of the soil (Woltemade, 2010). 

Plants impact water infiltration via above and belowground growth (Gyssels and Poesen, 

2005). Aboveground, plant ground cover protects soil against erosion by reducing water runoff 

and increasing water infiltration (Rey 2003; Duran et al. 2008). The force of water hitting the soil 

directly causes the movement of topsoil at a high rate (Bochet et al., 1998). When there is a 

canopy of plant matter present, it physically protects the soil. The rainwater interacts with the 

above ground plant matter, which absorbs the force of the precipitation that would normally have 

been directly hitting the soil (Zuazo and Pleguezuelo, 2008). When vegetation is present and 

covering the soil, the force of rainwater is typically not an issue (Osterkamp and Friedman, 2000; 

Nunes et al., 2005). 

Belowground, plant roots improve infiltration by creating channels in the soil to guide 

water downward (Ferre and Warwick, 2005). Roots are not only conduits for water to travel 

down, but they increase adhesion between soil particles, soil infiltration capacity, and soil 

absorbance, which will decrease soil erosion and runoff (Burak et al., 2021; Zuazo and 

Pleguezuelo, 2008). Infiltration and erosion rates change depending on what root type they have 

(fibrous, taproot, and shallow propagative) (de Baets et al., 2007; Reubens et al., 2007). For 

example, there is a decline of erosion as root length and root density increases (Mamo and 

Bubenzer, 2001; Gyssels et al., 2005; de Baets et al., 2007). Finally, roots absorb water through 

osmosis, with those having more root hairs offering a greater surface area and enhancing their 

ability to absorb water (Burak et al., 2021; Chapman et al., 2012). Plant and soil interactions 

decrease soil erosion (Singer et al., 1980). 
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Soil Erosion 

More than 75 billion tons of soil are lost globally per year due to soil erosion, making it 

the most widespread form of land degradation (Zuazo and Rodríguez, 2008). Soil is being lost 

ten to twenty times faster than it can be naturally replaced (Atlavinyte, 1964). Soil erosion is 

caused by “rainfall energy,” or the force of water breaking the adhesive bonds between soil 

particles (Laflen et al., 1991). Erosion can be prevented by plants, via aboveground and 

belowground structures, with roots aiding in infiltration and plant cover protecting the soil from 

precipitation (Gyssels and Poesen, 2005; Burak et al., 2021; Zuazo and Pleguezuelo, 2008; 

Osterkamp and Friedman, 2000; Nunes et al., 2005). Without the correct structure in place, 

erosion will cause irreversible soil loss, leading to reduction in plant biomass production, 

environmental productivity, ability of soil infiltration, and water cycle disruption (Zuazo and 

Pleguezuelo 2008). 

Climate change will increase the likelihood of heavy downpours and flooding due to 

greater rainfall intensity and duration that will increase erosion in places lacking vegetation, such 

as urban and residential environments (Nearing et al. 2005; Nunes et al.2005). For example, 

within the Midwest, the volume of precipitation in the category of very heavy precipitation 

(characterized as the most extreme one percent of all daily occurrences) witnessed a 42% 

increase in the past 60 years (GLISA, 2016). Extreme rainfall events are projected to increase 

due to the warming atmospheres capacity to hold more water, resulting in a vigorous water cycle, 

not only increasing soil erosion but stormwater runoff (Morgan and Nearing, 2010). 
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Stormwater Runoff 

Urban and residential land has increased water runoff attributed to a reduction of diverse 

vegetation (O’Driscoll et al., 2010). Development has resulted in natural landscape replacement 

with impermeable surfaces (EPA, 2024). When man-made surfaces increase, water infiltration 

decreases, and stormwater runoff is directed toward nearby bodies of water (Selbig and Balster, 

2010). When heavy rainfall occurs in urban and residential areas, it can cause significant 

problems for residents and the ecosystem including elevated concentrations of nutrients and 

pollution in nearby waterways, decreased groundwater recharge, damage to infrastructures, and 

reduced biodiversity (Selbig and Balster, 2010). In urban and residential areas, concrete tunnels, 

bioswales, and reservoirs are commonly used to redirect stormwater runoff, but this 

infrastructure slows the recharge of groundwater. (EPA, 2024; Morash et al., 2019). 

Instead of redirecting stormwater runoff, natural flood management (NFM) through 

green infrastructure is focused on increasing infiltration through natural practices (Gunnell et al., 

2019). Natural Flood Management practices, such as installation of retention or detention ponds, 

planting street trees, and rain gardens hold and slowly release water back into the ecosystem, 

which decreases runoff and soil erosion (Gunnell et al., 2019; EPA, 2024). Retention and 

detention ponds are the most common implementations of NFM in the United States 

(Hosseinzadeh et al., 2023). Although retention and detention ponds are the most common 

NFMs, they require a large land area to install, which may not be feasible in some urban areas. 

Rain gardens are rising in popularity throughout the United States in both residential and urban 

areas. Rain gardens contain native, deep rooted, drought and flood resistant plants that capture 

and filter stormwater runoff (Sharma and Piyush, 2021). Finally, street trees can increase 
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infiltration by connecting water flow underground, enhance soil porosity with their roots, and 

reduce the compaction of soil with their aboveground plant cover (Revell et. al, 2022). These 

natural flood management practices improve water infiltration in urban and residential 

environments, but do not address the largest vegetated areas in urban and residential 

environments, lawns. 

Lawns 

The most common green spaces found in urban and residential areas are turfgrass lawns 

(Paudel and States, 2023). Approximately 62 million acres of the United States is covered in 

non-native turfgrass (Chawla et al., 2018). As the United States developed, turfgrass became the 

gold standard due to the rising popularity of the “clean, green carpet” aesthetic in the 1800s 

(Urmy, 2019). Due to this popularity, lawns have become the largest irrigated crop in the United 

States (Milesi et al., 2012). Although turf grass can perform some ecosystem services such as 

carbon sequestration and mitigation of soil erosion, the use of lawn chemicals, fertilization, and 

maintenance norms including frequent irrigation and mowing, can cause more harm than good 

(Robbins and Sharp, 2003; Robbins et al., 2001; Mayer et al., 1999). 

The most common turfgrass species in the midwestern United States is Kentucky 

Bluegrass (Poa pratensis), which has shallow root systems averaging one to two inches (Chawla, 

2018). In contrast, many native plant species in our region have long root systems, many over 10 

feet, increasing water infiltration and groundwater restoration when compared to turfgrass 

(Selbig and Balster, 2012). 

Lawn alternatives are low-growing plant species that can be the “happy medium” 

between full scale restorations and turf grasses. Not all current turfgrass lawns are feasible sites 
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for full-scale habitat restoration, as it could decrease visibility, increase unwanted wildlife, and 

may not be as aesthetically pleasing in all seasons (Fekete et al., 2024). Turfgrass could be 

replaced with lawn alternatives and the area could be used to support native plant communities 

and provide ecosystem services such as carbon and nitrogen sequestration, increased water 

infiltration, and pollinator support. Implementing lawn alternatives could also decrease 

maintenance efforts such as use of fertilizers, pesticides, lawn mowers, and irrigation. 

My study aims to determine if plants influence water infiltration, runoff, and soil erosion 

with a focus on lawn alternative plant species. My study was split into two experiments, a 

common garden field experiment testing if lawn alternative plant community treatment, plant 

installation method, seasonality, or time since plant installation, significantly affected water 

infiltration and a greenhouse experiment controlling for installation method, season, and time 

since installation to test if plants significantly affected water infiltration, runoff, and soil erosion. 

My field experiment was completed at the Rethinking Lawns Experimental Research plots at the 

Chicago Botanic Garden in Glencoe, Illinois, where I collected water infiltration data four times 

in three seasons across two years (summer 2023, fall 2023, spring 2024, and fall 2024). There 

were eight experimental lawn alternative treatments installed in three ways: pre-existing, seeds, 

and plugs. I hypothesized 1) lawn alternative treatments 2) installation method 3) season and 

time since plant installation would all significantly impact water infiltration. Specifically, that 

lawn alternative treatments will have greater infiltration than non-native turfgrass, treatments that 

were plugged would have greater infiltration than other installation methods, the summer season 

would have the greatest infiltration rate, and the plants installed first would have greater 

infiltration than the plants installed later. 
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My ex-situ experiment was conducted in a temperature-controlled greenhouse at the 

University of Michigan-Flint, Flint, Michigan over one growing season (July-October 2024). I 

measured water infiltration, runoff, and soil erosion of six living plant treatments and three 3D 

printed artificial root treatments. 3D printed artificial root treatments were created to determine if 

living plants were aiding in water infiltration or if roots were only creating channels in the soil 

for water to travel down. I hypothesized that 1) Treatments with living plants will have 

significantly greater water infiltration, and less runoff and soil erosion than the 3D printed 

artificial root treatments. 2) Treatments with greater plant cover will have significantly greater 

water infiltration and less runoff and soil erosion than treatments with less plant cover. 3) 

Treatments with plant species that have longer roots will have significantly greater water 

infiltration and less runoff and soil erosion than treatments with shorter roots. 

METHODS: 

Field experiment: 

Site description 

I conducted this study in the Rethinking Lawns Research Plots at the Chicago Botanic 

Garden (GBG), Glencoe, Illinois. This experimental research garden area was established in 

2022 in collaboration with the Chicago Botanic Garden, the Chicago Park District, and the 

University of Michigan-Flint. Experimental lawn alternative treatments were selected based on 

their low-growing characteristics as well as their popularity in public use as lawn alternatives 

(Barak, et al., 2022b). 

My eight treatments included the following: turfgrass (negative control), white Dutch clover-

turfgrass mix, fescue mix, white Dutch clover monoculture, sedge lawn, mini meadow-low 
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diversity, mini meadow-high diversity, and prairie (positive control-Figure 1A, Table 1A). The 

research plots were planted in three replicate blocks, each block contained one plot per 

treatment, split into three subplots, for a total of nine replicates per treatment (Figure 1F). 

Lawn alternative treatments 

The fescue mix and white Dutch clover monoculture treatments were installed by seed. 

The fescue mix treatment is a mix of four cultivars within two species of fine fescues (Figure 

1B). The sedge lawn was installed by plug and includes three species (Figure 1C). The mini 

meadow-low and high diversity treatments include both low-growing sedge and forb species 

(Figure 1D). The mini meadow-low diversity treatment includes 9 species (2 sedge species and 7 

species of forbs), while the mini meadow-high diversity includes 18 species (3 species of sedge 

and 15 forb species). The mini meadow plots were designed to look like low growing prairies, 

with the goal of providing ecosystem services similar to the native tallgrass prairie. The two 

levels of diversity within the mini meadow treatments were chosen to see the impact of 

ecosystem services as diversity increases. Both mini meadow treatments contain species native 

to the midwestern United States and were installed by plugs. The prairie treatment acts as the 

positive control and includes 18 tall grass prairie plants native to the midwestern United States 

(Figure 1E). The prairie treatment was installed by plugs. 

The experimental lawn alternative treatments were installed depending on how quickly and 

reliably their germination and establishment occurred (Table 1B). The turfgrass used for the 

negative control and the white Dutch clover-turfgrass mix treatment has been established for 

over ten years (R. Barak, personal communication). The white Dutch clover-turfgrass mix was 

created by overseeding white Dutch clover seeds into pre-existing turfgrass. The seeded 
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treatments plant species mature and establish more quickly than those installed with plugs (Smith 

et al., 2010; Bush, 2005; Barak et al., 2022a). Specifically, the fescue mix and white Dutch 

clover monoculture germinate and establish rapidly, while treatments such as the sedge lawn, 

mini meadow-low diversity, mini meadow-high diversity, and prairie take three to five years to 

establish from seed, often with low survival rates (Barak et al., 2022a; Smith et al., 2010). Since 

establishment and germination is relatively low in these native prairie plants, they were installed 

by plug (Barak et al., 2022a). While planting native prairie species using plugs tends to be more 

successful, it is significantly more expensive—especially when aiming for a dense, lawn-like 

appearance (Barak et al., 2022a). Plug prices typically range from $2 to $11 per plant, whereas 

seeds are much more cost-effective for covering large areas (U.S. EPA, n.d.). For example, 

restoring a half-acre yard with native plants can cost around $750 using seed, compared to 

$21,780 when using plugs (Phillips-Mao, 2017). 

Water infiltration tests 

I measured water infiltration in the Rethinking Lawns Research Plots in June 2023, 

September 2023, April 2024, and September 2024 using a Turf-Tec Infiltrometer (Figure 1H & 

1I). Infiltrometers are used to determine water infiltration rate through the downward flow from 

aboveground into the soil (Turf-Tec, 2020). The Turf-Tec infiltrometer is used by the 

Environmental Protection Agency (EPA) and the Department of Environmental Protection 

(DEP) in the United States to measure urban runoff for stormwater soil evaluations (Turf-Tec, 

2020). 

I divided each subplot into a grid with locations numbered one through nine and used a 

random number generator to assign the location to place the infiltrometer (Figure 1G). Next, I 
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positioned the infiltrometer into the subplot using the double ringed end to pierce the soil 

approximately four to five inches into the ground and I saturated twice by filling the 

infiltrometer’s double rings with water until the inner ring was full (Figure 1G). Once all the 

water had infiltrated into the soil, I repeated the process again to saturate the soil before 

collecting the water infiltration data (Turf-Tec International, 2020). 

After double saturation, I refilled the base of the infiltrometer with water and began 

recording how quickly water infiltrated into the soil (millimeters infiltrated) every minute for 15 

minutes. I additionally recorded the complete infiltration time if water infiltrated before 15-

minutes. Due to time constraints, if saturation took longer than 30 minutes, I would refill the 

infiltrometer and record mm infiltrated for a 15-minute time limit. I collected infiltration data at 

all 72 subplots per visit. 

Soil texture 

I collected one soil sample from each treatment plot per block to see if soil texture played 

a role in water infiltration rates. I collected soil using a bulb planter which reached 

approximately 4 inches into the ground. To ensure no bias, I used a random number generator 

with a grid overlay in each treatment plot for the location of the soil sample at each plot. After 

soil was collected, I performed the United States Department of Agriculture (USDA) Natural 

Resources Conservation Service (NRCS) soil texture jar analysis. 

Each soil sample was dried and filtered through a soil sieve, to remove plant matter and 

rocks. I filled 16oz. mason jars with the filtered soil until they were approximately 1/3 full.  I 

added one tablespoon of dawn dish soap and filled the jar with water until 2/3 full. I covered the 

jar and shook each one for five minutes to assure that the mixture was uniformly dispersed 
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throughout the jar and then let them settle for at least 24 hours before data collection. I measured 

each layer of sediment in the jar using a ruler and used the multipoint soil texture triangle to 

determine soil texture (USDA, NRCS, n.d.). 

Statistical analysis 

I performed all statistical analyses using R Version 2022.07 (RStudio Team, 2022). First, 

I calculated the infiltration rate (mm/hr) for each subplot as the response variable. These data 

were not normally distributed, so I used a logarithmic transformation. My first maximal linear 

regression model included infiltration rate as my response variable and plant treatments, 

installation method, season, and time since plant installation as my predictor variables. 

I utilized a Variance Inflation Factor (VIF, car package) test for multicollinearity between 

predictor variables. Multicollinearity additionally existed between plant treatment and 

installation methods (VIF > 10), therefore I subset data by installation method for analysis. My 

final linear regression model was run independently for each installation method and consisted of 

infiltrate rate as my response variable and season, plant treatment, and time since plant 

installation as my predictor variables. I used an Analysis of Variance test (ANOVA) and 

backwards stepwise elimination to eliminate any non-significant predictors. Finally, I performed 

a Tukey’s Post Hoc test to compare treatments after ANOVA indicated significant differences 

among predictors. 
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Greenhouse experiment: 

Site Description 

I conducted this study in the greenhouse at the University of Michigan-Flint, Flint, 

Michigan from June 2024 to October 2024. The greenhouse was temperature controlled, with 

open windows, fans, and heaters. 

Treatment 

The experimental treatments represent three categories: traditional common lawn species, 

lawn alternative species, and 3D printed artificial roots. Within each category, I divided 

treatments based on the root structure of the species: taproots, shallow propagative roots, or 

fibrous roots. The common lawn treatment species were dandelion (Taraxacum officinale; 

taproot), white Dutch clover (Trifolium repens; shallow propagative roots), and turfgrass (Poa 

pratensis; fibrous roots), the lawn alternative treatments species were purple prairie clover (Dalea 

purpurea; taproot), pussytoes (Antennaria plantaginifolia; shallow propagative roots) , and 

fescue mix (Festuca rubra and Festuca ovina; fibrous roots), and the 3D printed artificial roots 

treatments consisted of models representing taproots, fibrous roots, and shallow propagative 

roots (Table 2A). I additionally tested monocultures of each common lawn treatment species, 

lawn alternative treatment species, and 3D printed artificial root treatments models with six 

replicates for each treatment. A plant community of all three root types was included for each 

category: common lawn, lawn alternative, and 3D printed artificial roots, but poor establishment 

did not allow for use in data collection. 



16 

3D Printed Artificial Root Design 

I designed the 3D printed artificial root treatments based on observations of plant roots 

(Figure 2A). The species I used to create the 3D printed artificial root models were dandelions 

(taproot), white Dutch clover (shallow propagative roots), and turfgrass (fibrous roots). I pulled 

the plants carefully from the soil and measured their root lengths. I designed the 3D printed root 

models to represent the root lengths typically observed after 6 to 12 weeks of growth. The 

fibrous and shallow propagative 3D printed artificial root models were made using a 3Doodler 

Start+ 3D printer pen (Wobble Works Inc.). The length of fibrous and shallow propagative root 

models varied from 3 to 7 centimeters and with a consistent width of 1 millimeter. The taproot 

3D printed artificial root models were made using a Creality Ender 3 and Creality Ender 5+ 3D 

printer (Shenzhen Creality 3D Technology Co., 2023). The length of the taproot models were 

11.5 centimeters and a tapered width ranging from 1 to 4 millimeters. All models were made of 

polylactic acid (PLA) filament. To ensure no water was being absorbed by the filament, I 

weighed the 3D printed roots before and after submerging them in water for five minutes. 

Experimental design 

I used circular tree pots for this study, with a surface area of 200 sq inches and a height of 

15 inches to establish treatment replicates in the greenhouse. I positioned the pots at a 5° angle at 

the base propping wood shims under one side of the pot to create a grade, in accordance with the 

Department of Energy’s guidelines for grading soil away from buildings (USDE, 2021). The pots 

had seven 3 cm² holes at the bottom, which allowed for infiltrated water to flow through the pot 

and be captured. Finally, I cut a 10 x 9-inch rectangle into the side of the pot and placed a 2–3-

foot tarp “slide” into the cut out to capture water runoff and soil erosion (Figure 2B). Standard 
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greenhouse soil was used in this study. I used a random number generator to determine the 

position of each treatment pot throughout the greenhouse and each treatment had six replicates, 

with a total of 54 pots being used for data collection. 

Seeding: 

The recommended seeding rates for each species within the common lawn and lawn 

alternative treatments differed. The turfgrass (The Scotts Company) and fescue mix (Prairie 

Moon Nursery) treatments recommended seeding rate were 3,000 seeds per pot and the white 

Dutch clover (rhizobia inoculated, Outsidepride Seed Source LLC) had a recommended seeding 

rate of 600-1200 seeds per pot, while the pussytoes (Prairie Moon Nursery), dandelion (Seed 

Needs LLC), and purple prairie clover (Prairie Moon Nursery) had a seeding rate of 1 seed per 

pot. Because of the large variety of seeding rates, I created a standard seeding rate to compare 

species. The common lawn and lawn alternative treatments were seeded at 200 seeds per pot for 

a rate of 1 seed per sq inch (Figure 2C). I added two treatments to compare turfgrass and fescue 

mix at their recommended seeding rate of 3,000 per pot (Figure 2C). I sowed the seeds into the 

soil and evenly distributed seeds throughout the surface area. 

Watering: 

All treatments were misted twice a day for the first two weeks after planting to ensure 

soil moisture availability for the young plants without disrupting the seeds, after this they were 

watered once every other day. I used a IRTOV soil moisture meter to determine how wet the soil 

was before and after watering to ensure each treatment received enough water. The soil moisture 
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meter readings were on a scale of dry>normal>wet>wet+.  I watered the treatments until the soil 

moisture meter indicated a “wet” reading. 

Weed interference: 

Due to the pre-existing seed bank in the soil, crabgrass grew throughout all treatment pots 

within the first week and were removed by hand. 

Implementation of 3D Printed Artificial Roots: 

To ensure each living plant treatment had a direct 1:1 ratio comparison to the 3D printed 

artificial root treatments, I counted each plant within the common lawn and lawn alternative 

treatments and inserted the root models in at the exact number. I placed the root models into the 

soil four days before any data collection took place (Figure 2D). 

Establishment of Treatments: 

The planted treatments that established were turfgrass, fescue mix, white Dutch clover, 

dandelion, turfgrass 3k, and fescue mix 3k (Figure 2E & Figure 2F). The pussytoes, purple 

prairie clover, and the lawn alternative and common lawn plant communities did not establish 

well enough to utilize for data collection. I only used the dandelion and 3D artificial taproot 

model treatments in the 12-week trial because of low growth in the dandelion treatments in the 

first 6 weeks. 
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Data Collection: 

The final treatments I used for data collection were dandelion, white Dutch clover, fescue 

mix, turfgrass, fescue mix 3k, turfgrass 3k, 3D printed taproots, 3D printed fibrous roots, and 3D 

printed shallow propagative roots. I collected data at 6 and 12 weeks of establishment. 

Specifically, I measured the weight of infiltrated water, water runoff, and soil erosion. I placed a 

bin underneath the treatment tub to catch infiltrated water, and a bucket at the end of the tarp 

“slide” to catch water runoff and soil erosion (Figure 2G). I watered the treatment tub for 30 

seconds to simulate rainfall. I made the rainfall simulation using the shower setting on a hose 

with a consistent restricted release. Before rainfall simulation was used on the treatments, I 

conducted 10 trials, measuring 30 seconds of rainfall in each, to ensure a consistent volume of 

water was being released. I implemented the restricted release so the water pressure would not 

damage the treatments. I measured water runoff directly after rainfall simulation was complete. I 

separated the soil erosion from the water runoff using grade 100 cheesecloth and unbleached 

muslin fabric (Figure 2H). These soil samples were then left to dry before measuring weight. I 

left the infiltrated water underneath the treatment tubs for 20 minutes, giving the treatments a 

chance to infiltrate as much water as possible before removing to weigh. The water runoff and 

infiltrated weight was measured in grams. 

Statistical Analysis: 

I subset data based on root type, and statistical comparisons were made between the 

treatments within each root type group. The taproot group included the dandelion and 3D printed 

artificial taproot treatments. The fibrous root group included turfgrass, fescue mix, and 3D 

printed artificial fibrous root treatments. The shallow propagative root group included white 
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Dutch clover, and 3D printed artificial shallow propagative root treatments. The turfgrass 3k and 

fescue mix 3k treatments were compared to each other. My response variables were water 

infiltration, runoff, soil erosion, infiltration/runoff ratio, and plant cover. Plant cover was only 

tested as a response variable in the 3k Treatments because both treatments in the comparison 

contained living plants.  I used t-tests to compare the response variables between turfgrass 3k and 

fescue mix 3k, an ANOVA to compare the fibrous root groups, a t-test and Mann-Whitney U test 

to compare the shallow propagative root groups, and a Mann-Whitney U test to compare the 

taproot groups. 

RESULTS 

Field experiment: 

Installation method (p = 0.0026*), season (p = <<<0.001***), and the relationship 

between installation method and season (p = 0.0027*) had a significant impact on infiltration rate 

(ANOVA). Plant treatment (p = 0.78) and time since plant installation (p = 0.10) did not 

significantly alter infiltration rate when compared across installation methods (ANOVA). I found 

that plant treatments with the same installation method had similar infiltration rates (Figure 3A). 

Because of this, data were subset by installation method for remaining analyses. All soil samples 

had a sandy loam soil texture, so they were excluded from statistical analyses. 

Pre-Existing treatments: 

Season (ANOVA, df = 2, F-value = 5.7, p = 0.005, Figure 3C) was the only predictor that 

had a significant effect on infiltration rate within pre-existing plots of turfgrass and clover-
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turfgrass mix. Plant treatment (ANOVA, df =1, F-value = 0.1, p = 0.7, Figure 3B) and time since 

plant installation (ANOVA, df = 1, F-value = 0.1, p = 0.7) were not significant predictors of 

water infiltration in pre-existing treatments. A Tukey’s Post-Hoc performed showed that water 

infiltration in pre-existing treatments was significantly greater in summer compared to fall (p = 

0.01) or spring (p = 0.01, Figure 3C). 

Seeded treatments: 

Season (ANOVA, df = 2, F-value = 12.8, p <<<0.001, Figure 3E) was the only predictor 

that had a significant effect on infiltration rate within seeded plots of fescue mix and white dutch 

clover monoculture.  Plant treatment (ANOVA, df = 1, F-value = 1.4, p = 0.25, Figure 3D) and 

time since plant installation (ANOVA, df = 1, F-value = 0.27, p = 0.61) were not significant 

predictors of water infiltration in seeded treatments. A Tukey’s Post-Hoc performed showed that 

water infiltration in seeded treatments was significantly greater in fall (p < 0.0010) and summer 

(p < 0.0010) when compared to spring (Figure 3E). 

Plugged treatments: 

Season (ANOVA, df = 2, F-value = 48.5, p = 2.2e-16, Figure 3G) and time since plant 

installation (ANOVA, df = 1, F-value = 7.4, p = 0.007, Figure 3H) had significant effects on 

infiltration rate within plugged plots of sedge lawn, mini meadow-low diversity, mini-meadow 

high diversity, and prairie. Plant treatment (ANOVA, df = 3, F-value = 0.8, p = 0.48, Figure 3F) 

was not a significant predictor of water infiltration in plugged treatments. A Tukey’s Post-Hoc 

performed showed that water infiltration in plugged treatments was significantly greater in fall (p 

= 0), summer (p = 0) when compared to spring (Figure 3G). The second visit had significantly 
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greater water infiltration than the fourth visit (p = 0.04, Figure 3H) in plugged treatments when 

comparing time since plant installation.  

Greenhouse experiment: 

3K Treatments: 

I found the fescue mix 3k treatment had similar mean water infiltration (t-test, tvalue = 

1.45, df = 20.5,  p = 0.1 , Figure 4A) runoff (t-test, tvalue = -1.43, df = 17.1, p = 0.2, Figure 4B), 

and soil erosion (t-test, tvalue = -1.7, df = 12, p = 0.1, Figure 4C) compared to the turfgrass 3k 

treatment.  The fescue mix 3k treatment had a nearly significant trend of higher 

infiltration/runoff ratio (t-test, tvalue = 1.9, df = 11.66, p = 0.06, Figure 4D). The turfgrass 3k 

treatment had significantly higher percentage of plant cover (t-test, tvalue = -2.0, df = 21.3, p = 

0.049, Figure 4E) 

Fibrous Root Treatments: 

I found that the fescue mix and turfgrass treatments had significantly less soil erosion 

(ANOVA, df = 2, f-value = 5.0, p = 0.0128, Figure 5D) than the 3D printed artificial fibrous root 

treatments. I did not find a significant difference in water infiltration (ANOVA, df = 2, f-value = 

1.5, p = 0.2315, Figure 5A), runoff (ANOVA, df = 2, f-value = 0.2, p = 0.8267, Figure 5B), and 

infiltration/runoff ratio (ANOVA, df = 2, f-value = 2.2, p = 0.131, Figure 5C).  

Shallow Propagative Treatments: 

I found that the white Dutch clover treatment had similar runoff (Mann-Whitney U test, 

U = 66.5, p = 0.7, Figure 6B) and soil erosion (Mann-Whitney U test, U = 57, p = 0.6, Figure 
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6D) than the 3D printed artificial shallow propagative root treatment. The White Dutch Clover 

had similar water infiltration (t-test, tvalue = 0.8, df = 15.7, p = 0.3, Figure 6A) and 

infiltration/runoff ratio (Mann-Whitney U test, U = 73, p = 0.6, Figure 6C) when compared to 

the 3D Printed Artificial Shallow Propagative Root treatment. 

Taproot Treatments: 

I found that the dandelion treatment had similar water infiltration (Mann-Whitney U test, 

U = 4, p = 0.5, Figure 7A), significantly less runoff (Mann-Whitney U test, U = 33, p = 0.01, 

Figure 7B), and similar soil erosion (Mann-Whitney U test, U = 28, p = 0.1, Figure 7D) than the 

3D printed artificial taproot treatment. The dandelion treatment had a nearly significant trend of 

higher infiltration/runoff ratio (Mann-Whitney U test, U = 5, p = 0.08, Figure 7C) than the 3D 

Printed Artificial Taproot treatment. 

DISCUSSION 

I investigated the impact of various factors including plant installation method, plant 

cover, root systems, soil texture, and temporal variation on water infiltration, water runoff, and 

soil erosion across different lawn alternative treatments in two experiments. In the field 

experiment, pre-existing treatments generally exhibited higher water infiltration rates compared 

to newly installed treatments (seed or plug). Additionally, plant cover, root systems, and soil 

compaction were found to play a significant role in enhancing infiltration and reducing runoff 

and soil erosion in both my experiments. Finally, temporal variation and time since plant 

establishment played significant roles in my field experiment, with time since plant 

establishment increasing water infiltration over time, while differing seasons, such as 



24 

significantly higher infiltration rates in the summer due to temperature increases and 

evaporation, and lower rates in the spring due to cooler temperatures and soil saturation, further 

influenced the results. 

My findings are increasingly relevant because of climate change and the growth of urban 

areas, as shifting rainfall patterns could exacerbate soil erosion and water runoff, making the use 

of lawn alternatives more crucial for environmental sustainability (GLISA, 2016). My results 

provide valuable insights for implementing effective lawn alternatives that promote better water 

infiltration and reduce soil erosion and runoff, which are important for mitigating the impacts of 

climate change. 

Installation Method 

In my field experiment, the lawn alternative plant community treatment was not a 

significant predictor of water infiltration but, installation method (pre-existing, seeded, and 

plugged) was, supporting my hypothesis in part. Pre-existing treatments had a trend of higher 

water infiltration rates when compared to the other treatments, which could be attributed to the 

plants being established for over ten years before installation of the seeded and plugged 

treatments. Treatments installed by seed, the fescue mix, and white Dutch clover monoculture 

had a trend of greater infiltration when compared to the plugged treatments, and a lower 

infiltration when compared to the pre-existing treatments. Compared to the plugged treatments, 

the fescue mix and white Dutch clover monoculture plots were seeded at a higher rate and 

contained a greater number of individual plants. For example, the plugged treatments plots had 

78 individual plants per plot, while the seeded treatments were overseeded at 2 to 3 times the 

recommended rate for fescue mix (approximately 573,000 seeds) and 8 to 10 times the rate 



25 

recommended for the white Dutch clover monoculture (approximately 776,000 seeds) per plot 

(St. John et al., 2012). Although the seeded treatments plant species are smaller than the plugged 

treatments, the different number of individual plants could have had an impact on water 

infiltration (Zhu, 2020). 

Using plugs for the establishment of sedge lawn, mini meadow-low diversity, mini 

meadow-high diversity, and prairie treatments ensures higher survival rates and protection during 

critical germination periods but could also contribute to slower root growth and the lowest trend 

of infiltration rates when compared to pre-existing and seeded treatments. Installation by seed for 

these species is not as successful, for example, all the plugged treatments contained native prairie 

plants which can have a three to six times higher survival rate when installed by plugs vs seeds 

(Gallagher & Wagenius, 2015). These treatments not only have higher survival when established 

by plug, but they are protected during the germination stages, which is the most critical stage of 

establishment (Barak et al., 2022; Gallagher & Wagenius, 2015). Installation from seed would 

also take longer, with some native prairie plants taking three to five years to reach plug size, 

which will be further discussed below (Barak et al., 2022; Smith et al., 2010). Because the 

installation method was such a significant predictor in my field experiment, my greenhouse 

experiment eliminated this factor by installing all treatments by seed. 

Plant Cover 

Plant cover was an important predictor of water infiltration in both the field and 

greenhouse experiment. I directly tested this in the greenhouse experiment, with the turfgrass 3k 

treatment had a significantly higher percentage of plant cover than the fescue mix 3k treatment 

but had a nearly significantly trend of lower water infiltration to runoff ratio. The fescue mix 
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species used in their 3k treatment have blade widths that are smaller than the turfgrass species, 

which further shows the importance of root characteristics (Miller, 2022; New England Native 

Plant Trust, 2025). 

The 3D printed artificial root treatments had no plant cover and had similar soil erosion 

rates when compared to all living plant treatments in my greenhouse experiment. I anticipated 

the absence of plant cover protection in these treatments would put all the force from rainwater 

onto the soil, causing the movement of topsoil at a high rate (Rey 2003; Duran et al. 2008; 

Bochet et al., 1998). The living plant treatments had a high percentage of bare soil, with plant 

cover ranging from only 5% to 80%. This limited vegetation may have reduced infiltration 

across all living plant treatments by creating a crust on the soil. Additionally, the standard 

seeding rates used (except in the 3k treatments) could have contributed to low infiltration. Higher 

seeding rates may have increased plant cover, improving infiltration and helping to reduce 

erosion and runoff. 

Although plant cover was not directly tested across all treatments, the field experiment 

treatments with higher plant cover (pre-existing and seeded) had a trend of higher water 

infiltration, which is supported by Zuazo and Pleguezuelo, stating that a higher percentage of 

plant cover increases water infiltration rates (2008). The plugged treatments were frequently 

weeded, which decreased the amount of plant cover, leaving bare soil exposed. Plant cover 

protects the soil from the force of rainwater, by absorbing the force that would be directly 

exposed to the soil, without plant cover a hard crust on the soil can form, decreasing the 

infiltration rate (Bochet et al., 1998; Zuazo and Pleguezuelo, 2008). 

Root Systems 
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All treatments with living plants had similar soil erosion to the 3D printed artificial root 

treatments in my greenhouse experiment. I hypothesized that roots would increase soil 

infiltration capacity and soil absorbance (Burak et al., 2021). Many factors work together to 

decrease soil erosion such as root surface area, root length density, root density, root diameter, 

and percentage of fine roots (Shit and Maiti 2012). The treatments with living plants had the 

advantage of having differing levels of these factors while the artificial roots did not. The 3D 

printed artificial roots had no root hairs, which can contain up to 90% of the surface area of 

living roots (Burak et al., 2021). Burak et al., studied the effects of soil erosion on plants with no 

root hairs vs root hairs and found that root hairs significantly decreased soil erosion. 

The fescue mix 3k treatment had similar water infiltration than the turfgrass 3k treatment, 

but a nearly significant trend in a greater ratio of infiltration to runoff. This can be attributed to 

the fescue mix 3k plant species having longer roots averaging around 12 inches (Brown et al., 

2010) than the turfgrass 3k treatment, which has root lengths averaging between 1-2 inches 

(Selbig and Balster, 2012). The longer roots of the fescue mix 3k treatments were able to 

infiltrate water at a faster rate (Morash et al., 2019). There is an increase of water infiltration as 

root length and densities increase (Wasson et al., 2012; Shit and Maiti 2012). I did not have an 

artificial root treatment for 3k because 3D printed artificial root treatments were placed into the 

soil at a one-to-one ratio. If treatments had more time to mature within treatment pots or a higher 

percentage of plant cover, the fescue mix 3k could have developed longer root systems, further 

distinguishing from the turfgrass 3k treatment. 

The fibrous root treatments (fescue mix, turfgrass, & 3D printed artificial fibrous roots) 

did not significantly impact runoff (Figure 2B). This could be due to the similar root types 

throughout this group, including the artificial roots. These results show why diversity in root 



28 

systems are important (Leimer et al., 2021; Hooper & Vitousek, 1998; Liu, 2017). Plant 

communities with a more diverse root composition will capture water faster and decrease runoff 

(Leimer et al., 2021; Hooper & Vitousek, 1998). Higher species diversity leads to multiple types 

of root systems underground at different lengths in the soil that decrease runoff. Plant diversity 

stabilizes soil by increasing soil porosity which will enhance infiltration (Martin et al., 2010; 

Pohl et al., 2009; Leimer et al., 2021). 

Although the plugged treatments contained plants with established root systems in my 

field experiment, they had the lowest infiltration rate, which could be because the plugged 

treatment plots contained compacted soil, the plugged species could have been root bound before 

installation, and the plugged species could have planted too closely. Root binding occurs when 

plants are grown in pots that restrict their root growth, and crowding of plants can lead to 

competition between neighboring plants (Schenk, 2006; Poorter, 2012). The plants were plugged 

into the soil 10 inches apart, which could be too close for these prairie species, Huddleston and 

Young found that plants plugged further apart were significantly more successful than those 

planted closer together (2004). The USDA recommends planting distance averages between 13 

to 18 inches (2019). Since the plugged treatments included prairie plant species with long 

growing roots, the combination of these species’ growth habits and the installation method could 

have interfered with root development before and after plugs were installed (Poorter, 2012; 

Weaver, 1915). 

Soil 

Soil texture and composition also plays a major role in water infiltration (Sjöman & Gill, 

2014). Soils with differing textures will infiltrate water at different rates (Sjöman & Gill, 2014). 
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The soil samples collected from the Rethinking Lawns Research Plots were all sandy loam. The 

Chicago Stormwater Ordinance Manuals infiltration rates for USDA Soil Textures state that soil 

with sandy loam texture should have a infiltration rate no lower than 0.50 in/hr, only 1.8% of all 

infiltration rates fell below this standard in my field experiment (City of Chicago, 2024). 

Although soil texture was similar, soil compaction could have impacted water infiltration 

throughout the treatments, soil compaction occurs in highly trafficked areas where soil is 

disturbed, such as the Rethinking Lawn Research Plots (Woltemade, 2010). Compaction can be 

caused by many factors including frequently walking on the soil, weeding interference, and by 

bare soil being rained upon. Compaction inhibits further root growth, with limited infiltration 

abilities of plants (Peralta 2024). When soil has no above ground plant cover to protect it from 

rain, it can create a hard crust that water cannot infiltrate through quickly, which could be seen in 

the plugged treatment plots low water infiltration rates (Zuazo & Pleguezuelo, 2008). The 

plugged treatments were frequently weeded and walked upon throughout the entire spring-fall 

seasons, which could have led to high levels of soil compaction. To eliminate variability in soils, 

the same soil was used across treatments in my greenhouse experiment. All treatment pots were 

watered, even if treatments contained no living plants, to maintain the same soil moisture levels 

throughout. 

Season and Time since plant installation 

Season 

I initially hypothesized that season would be a significant predictor or water infiltration in 

the lawn experiment treatment plot due to differences in rain frequency and temperatures across 

spring, summer, and fall in the Midwest (Huff & Angel, 1992). Specifically, I thought summer 
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would have the greatest infiltration rates across seasons, which had significantly higher water 

infiltration than the spring and fall seasons. In the Chicago area, summer has a higher percentage 

of rainfall when compared to the spring and fall season and increased average temperature of the 

season will interact to impact the infiltration rates (NOAA, 2020; Huff & Angel, 1992). Higher 

temperatures cause a greater water infiltration rate (up to 56%) due to lower soil moisture 

content and larger macropores within the soil (Braga et al., 2007; Cerdà, 1997). Season was a 

significant predictor throughout all the statistical analyses, plant water demands, and 

environmental conditions contribute to the variation in infiltration rates. The summer season's 

infiltration rate was the highest throughout all seasons. This is attributed to higher temperatures; 

the water in the soil will evaporate, making plants need a larger volume of water more frequently 

(Braga et al., 2007; Cerdà, 1997). 

The spring season had significantly lower water infiltration rates when compared to 

summer and fall. This can be attributed to the rainfall and cooler temperatures throughout the 

spring season (Cerdà, 1997; Huff & Angel, 1992). Springtime has cooler temperatures, which 

explains the low infiltration rates throughout treatments, the soil will be saturated for longer 

periods of time due to the decrease of evaporation of water from soil due to temperature (Braga 

et al., 2007, Figure 2A). Fall fell between summer and spring when it came to infiltration rate 

due to cooler temperatures than summer and less rainfall than spring (Huff & Angel, 1992). 

Time since plant installation 

I initially hypothesized that time since plant installation would be a significant predictor 

of water infiltration in my field experiment, which is partially supported by the plugged 

treatment results. Visit was a significant predator of infiltration rate within the plugged 
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treatments. The second and fourth visits were significantly different from each other while all 

other visits were not. Both visits were in the fall seasons and infiltration rate increased 

throughout time (Figure 2H). This increased infiltration rate could be attributed to the maturation 

of the plugged plants throughout the full year in between data collection periods. As the plants 

mature, they are growing above and below ground, which will increase water infiltration rates 

(Zhu et al., 2020). These results could explain why the plugged treatments did not significantly 

impact water infiltration, as they are not fully established. 

Native prairie plants can take five years to fully establish, but data was collected in the 

first and second year after installation (Smith et al., 2010). Since implementation of these species 

is most successful by plug, even with the inhibition of root growth in plug, this early-stage data 

still provides valuable insights into their performance in the first years of growth. Both pre-

existing and seeded treatments had reached maturity (takes approximately four to eight weeks) 

and created a matrix of roots underneath the soil well before the plugged treatments (Larsen et 

al., 2004; Landschoot, 2022; Bush, 2005). My greenhouse experimental treatments were all 

planted on the same day in a temperature-controlled greenhouse to eliminate these variables. 

Conclusion 

Although the Rethinking Lawns Research Plot treatment identity was not a significant 

predictor of water infiltration throughout this study, various factors did significantly influence 

the infiltration rate. Season and installation methods of the treatments had the highest impact on 

water infiltration and should be kept in mind when implementing alternatives to turfgrass. The 

spring season has the second highest rainfall frequency and the lowest infiltration rates across all 

treatments, which is when cities have the highest flood risks (Huff & Angel, 1992). If the 
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plugged treatments plant species were mature and did not have soil compaction from 

disturbance, they would be able to have a substantially higher water infiltration rate than the pre-

existing and seeded treatments. The plugged treatments were native prairie plants that have 

significantly longer root systems than the other treatments, which should have a higher 

infiltration rate (Weaver 1915; Zhu et al., 2020). 

Although implementation of native prairie plants is more successful by plug, it is more 

expensive to create a carpeted “lawn” aesthetic using plugs (Barak et al., 2022a). Plug prices 

typically range from $2 to $11 per plant, whereas seeds are much more cost-effective for 

covering large areas (U.S. EPA, n.d.). For example, restoring a half-acre yard with native plants 

can cost around $750 using seed, compared to $21,780 when using plugs (Phillips-Mao, 2017). 

Even though native prairie plants can take longer to establish by seed, Barak et al., found that 

both installation methods had similar biodiversity outcomes (2022a). 

Not all treatments with living plants had higher water infiltration than the 3D printed 

artificial root treatments, but living plant treatments tended to have a higher infiltration/runoff 

ratio in my greenhouse experiment. Based on these findings, I believe vegetation should be used 

to mitigate water runoff and soil erosion instead of manmade impervious surfaces. 

Water infiltration, runoff, and soil erosion are becoming increasingly important in urban 

and residential ecosystems (Xu, et al., 2020). Within the midwestern United States, extreme 

weather rainfall events have increased 37% due to climate change since the 1960s (Chicago 

Metropolitan Agency for Planning, 2016). Mitigating the effects of this increased rainfall is 

especially pertinent in areas of decreased permeability, such as cities and suburbs (Zhang et al., 

2018). Buildings, roads, and sidewalks are a few examples of the impermeable surfaces covering 

these urban ecosystems (USGS, 2018). When heavy rainfall occurs, it cannot infiltrate through 
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these surfaces and will runoff into nearby waterways, causing pollution, decreasing groundwater 

recharge, and damage to infrastructures (NIH, 2019). 

Most green spaces throughout these urban areas are lawns, which are non-native turf 

grasses, that could be replaced with low-growing lawn alternatives that will be better equipped to 

handle this influx of rainfall events. This study aimed to find a lawn alternative for turfgrass that 

will have higher water infiltration, lower runoff, and lower soil erosion in a field and greenhouse 

experiment. 

Future directions 

To find the best method of implementation of lawn alternatives to mitigate runoff and soil 

erosion, I believe further studies need to study diversity within the treatments. Specifically, in 

my field experiment the sedge lawn, mini meadow-low diversity, mini meadow-high diversity, 

and prairie treatments all had similar infiltration rates in the plug installed treatments. However, 

there was a trend that treatments with higher species diversity had higher water infiltration rates 

(Figure 2F). Plant communities with a more diverse root composition will capture water faster 

and decrease runoff (Leimer et al., 2021; Hooper & Vitousek, 1998). This could be due to the 

prairie and mini-meadow high diversity treatments having 18 species each while the mini 

meadow-low diversity had 9 species, and the sedge lawn had 3 species. The higher species 

diversity could have led to multiple types of root systems underground at different lengths within 

the soil that could increase infiltration of water. Plant diversity stabilizes soil by increasing soil 

porosity which will enhance infiltration (Martin et al., 2010; Pohl et al., 2009; Leimer et al., 

2021). 



34 

Plant maturation was an important factor in my field experiment and the treatments 

within my greenhouse experiment were only established for 12 weeks. A study focusing on 

water infiltration of plants throughout maturation would be beneficial especially for application 

of these lawn alternative plantings. If lawn alternative treatments at full maturation could have 

significantly higher infiltration, even in the spring season, it would help mitigate runoff and soil 

erosion in all environments, especially in urban and residential areas. 

REFERENCES 

Atlavinyte, O. (1964). Distribution of earthworms (Lumbricidae) and larvae of insects in the 

eroded soil under cultivated crops. Pedobiologia, 4, 245–250. 

Barak, R. S., Lichtenberger, T. M., Hipp, A. L., & Tiedeman, C. R. (2022a). Phylogenetically 

and functionally diverse species mixes beget diverse experimental prairies, whether from seeds 

or plugs. Restoration Ecology, 31(1). https://doi.org/10.1111/rec.13737 

Barak, B., Lichtenberger, T., & Tiedeman, C. (2022b, July 23). Rethinking lawns—The 

experiment. Rethinking Lawns. https://rethinkinglawns.com/home/the-experiment/ 

Basset, C., Brauman, A., Alletto, L., & Bielders, C. L. (2023). How does soil structure affect 

water infiltration? A meta-data systematic review. Soil and Tillage Research, 226, 105577. 

https://doi.org/10.1016/j.still.2022.105577 

Bochet, E., Rubio, J. L., & Poesen, J. (1998). Relative efficiency of three representative matorral 

species in reducing water erosion at the microscale in a semi-arid climate (Valencia, Spain). 

Geomorphology, 23(1–2), 139–150. 

https://doi.org/10.1016/j.still.2022.105577
https://rethinkinglawns.com/home/the-experiment
https://doi.org/10.1111/rec.13737


35 

Braga, A., Penteado, L., & Tsihrintzis, V. A. (2007). Temperature effects on the infiltration rate 

through an infiltration basin BMP. Journal of Irrigation and Drainage Engineering, 133(6), 

593–601. https://doi.org/10.1061/(ASCE)0733-9437(2007)133:6(593) 

Brown, R. N., Wilson, S. B., & Gange, A. C. (2010). Relative rooting depths of native grasses 

and amenity grasses with potential for use on roadsides in New England. HortScience, 45(3), 

393–400. https://doi.org/10.21273/hortsci.45.3.393 

Burak, E., Dodd, I. C., & Quinton, J. N. (2021). A mesocosm-based assessment of whether root 

hairs affect soil erosion by simulated rainfall. European Journal of Soil Science, 72(6), 2372– 

2380. 

Bush, T. (2005). Kentucky bluegrass Poa pratensis [Plant fact sheet]. USDA NRCS. 

https://plants.usda.gov/home/plantProfile?symbol=POPR 

Cerdà, A. (1997). Seasonal changes of the infiltration rates in a Mediterranean scrubland on 

limestone. Journal of Hydrology, 198(1–4), 209–225. https://doi.org/10.1016/S0022-

1694(96)03295-7 

Chapman, N., Miller, A. J., Lindsey, K., & Whalley, W. R. (2012). Roots, water, and nutrient 

acquisition: Let’s get physical. Trends in Plant Science, 17(12), 701–710. 

https://doi.org/10.1016/j.tplants.2012.08.001 

Chawla, S. L., Agnihotri, R., Patel, M. A., Patil, S., & Shah, H. P. (2018). Turfgrass: A billion-

dollar industry. Department of Floriculture & Landscape Architecture, ASPEE College of 

Horticulture and Forestry, Navsari Agricultural University. 

https://doi.org/10.1016/j.tplants.2012.08.001
https://doi.org/10.1016/S0022
https://plants.usda.gov/home/plantProfile?symbol=POPR
https://doi.org/10.21273/hortsci.45.3.393
https://doi.org/10.1061/(ASCE)0733-9437(2007)133:6(593


36 

City of Chicago. (2024). Stormwater management ordinance manual. Department of Water 

Management. 

https://www.chicago.gov/content/dam/city/depts/water/general/Engineering/SewerConstStormRe 

q/2024StormwaterManual.pdf 

Costanza, R., d'Arge, R., de Groot, R., Farber, S., Grasso, M., Hannon, B., Limburg, K., Naeem, 

S., O'Neill, R. V., Paruelo, J., Raskin, R. G., Sutton, P., & van den Belt, M. (1997). The value of 

the world’s ecosystem services and natural capital. Nature, 387(6630), 253–260. 

https://doi.org/10.1038/387253a0 

de Baets, S., Poesen, J., Knapen, A., & Galindo, P. (2007). Impact of root architecture on the 

erosion-reducing potential of roots during concentrated flow. Earth Surface Processes and 

Landforms, 32, 1323–1345. 

Duran Zuazo, V. H., Rodriguez Pleguezuelo, C. R., Francia Martinez, J. R., Carceles Rodriguez, 

B., Martinez Raya, A., & Perez Galindo, P. (2008). Harvest intensity of aromatic shrubs vs. soil 

erosion; an equilibrium for sustainable agriculture (SE Spain). Catena, 73(2), 107–116. 

Environmental Protection Agency (EPA). (2024). Soaking up the rain: What’s the problem? 

https://www.epa.gov/soakuptherain/soak-rain-whats-

problem#:~:text=Runoff%20picks%20up%20fertilizer%2C%20oil,clean%20water%20in%20the 

%20U.S. 

Fekete, R., Tóth, Z., Kelemen, A., & Valkó, O. (2024). Ecological restoration and biodiversity-

friendly management of urban grasslands – A global review on the current state of knowledge. 

https://www.epa.gov/soakuptherain/soak-rain-whats
https://doi.org/10.1038/387253a0
https://www.chicago.gov/content/dam/city/depts/water/general/Engineering/SewerConstStormRe


37 

Journal of Environmental Management, 368, 122220. 

https://doi.org/10.1016/j.jenvman.2024.122220 

Ferré, T. P. A., & Warrick, A. W. (2005). Infiltration. In D. Hillel (Ed.), Encyclopedia of soils in 

the environment (Vol. 4, pp. 254–260). Elsevier. 

Fernando, W. G. D. (2012). Plants: An international scientific open access journal to publish all 

facets of plants, their functions and interactions with the environment and other living organisms. 

Plants, 1(1), 1–5. https://doi.org/10.3390/plants1010001 

Fisher, B., & Turner, R. K. (2008). Ecosystem services: Classification for valuation. Biological 

Conservation, 141(5), 1167–1169. https://doi.org/10.1016/j.biocon.2008.02.019 

Fukumasu, J., Eickenscheidt, T., Wöhling, T., Ewert, F., & Jarvis, N. (2024). Links between soil 

pore structure, water flow, and solute transport in the topsoil of an arable field: Does soil organic 

carbon matter? Geoderma, 449, 117001. https://doi.org/10.1016/j.geoderma.2024.117001 

Gallagher, M. K., & Wagenius, S. (2015). Seed source impacts germination and early 

establishment of dominant grasses in prairie restorations. Journal of Applied Ecology, 53(1), 

251–263. https://doi.org/10.1111/1365-2664.12564 

Great Lakes Integrated Sciences and Assessments (GLISA). (2016). Extreme precipitation. 

https://glisa.umich.edu/resources-tools/climate-impacts/extreme-precipitation/ 

Gunnell, K., Mulligan, M., & Francis, R. A. (2019). Evaluating natural infrastructure for flood 

management within the watersheds of selected global cities. Science of the Total Environment, 

670, 411–424. https://doi.org/10.1016/j.scitotenv.2019.03.212 

https://doi.org/10.1016/j.scitotenv.2019.03.212
https://glisa.umich.edu/resources-tools/climate-impacts/extreme-precipitation
https://doi.org/10.1111/1365-2664.12564
https://doi.org/10.1016/j.geoderma.2024.117001
https://doi.org/10.1016/j.biocon.2008.02.019
https://doi.org/10.3390/plants1010001
https://doi.org/10.1016/j.jenvman.2024.122220


38 

Gyssels, G., Poesen, J., Bochet, E., & Li, Y. (2005). Impact of plant roots on the resistance of 

soils to erosion by water: A review. Progress in Physical Geography, 29(2), 189–217. 

Hooper, D. U., & Vitousek, P. M. (1998). Effects of plant composition and diversity on nutrient 

cycling. Ecological Monographs, 68(1), 121–149. 

Hosseinzadeh, A., Yeganeh-Bakhtiary, A., & Roozbahani, A. (2023). A new multi‐criteria 

framework to identify optimal detention ponds in urban drainage systems. Journal of Flood Risk 

Management, 16(2). https://doi.org/10.1111/jfr3.12890 

Huat, B. B., Ali, F. H., & Low, B. K. (2006). Water infiltration characteristics of unsaturated soil 

slope and its effect on suction and stability. Geotechnical and Geological Engineering, 24(5), 

1293–1306. https://doi.org/10.1007/s10706-005-1881-8 

Huddleston, R. T., & Young, T. P. (2004). Spacing and competition between planted grass plugs 

and preexisting perennial grasses in a restoration site in Oregon. Restoration Ecology, 12(4), 

546–551. https://doi.org/10.1111/j.1061-2971.2004.00009.x 

Huff, F. A., & Angel, J. R. (1992). Rainfall frequency atlas of the Midwest (Bulletin 71). Illinois 

State Water Survey. 

Islam, M. D., Binte, B. I., Hazzazi, Y., & Rahman, M. A. (2024). Factors affecting biopore-root 

interaction: A review. Discovery Agriculture, 2, 67. https://doi.org/10.1007/s44279-024-00083-6 

Laflen, J. M., Elliot, W. J., Simanton, C. S., Holzhey, C. S., & Kohl, K. D. (1991). WEPP: Soil 

erodibility experiments for rangeland and cropland soils. Journal of Soil and Water 

Conservation, 46, 39–44. 

https://doi.org/10.1007/s44279-024-00083-6
https://doi.org/10.1111/j.1061-2971.2004.00009.x
https://doi.org/10.1007/s10706-005-1881-8
https://doi.org/10.1111/jfr3.12890


39 

Landschoot, P. (2022). Lawn establishment. Penn State Extension. 

https://extension.psu.edu/lawn-establishment 

Leimer, S., Kees, J., & Finke, J. (2021). Land-use intensity and biodiversity effects on 

infiltration capacity and hydraulic conductivity of grassland soils in southern Germany. 

Ecohydrology, 14(6). https://doi.org/10.1002/eco.2301 

Liu, J., Zhang, X., & Wang, H. (2017). The effects of vegetation on runoff and soil loss: 

Multidimensional structure analysis and scale characteristics. Journal of Geographical Sciences, 

28(1), 59–78. https://doi.org/10.1007/s11442-018-1459-z 

Mamo, M., & Bubenzer, G. D. (2001). Detachment rate, soil erodibility, and soil strength as 

influenced by living plant roots: Part I: Laboratory study. Transactions of the ASAE, 44(5). 

https://doi.org/10.13031/2013.6445 

Martin, C., Pohl, M., Alewell, C., & Schilling, S. (2010). Interrill erosion at disturbed alpine 

sites: Effects of plant functional diversity and vegetation cover. Basic and Applied Ecology, 

11(7), 619–626. 

Mayer, P. W., DeOreo, W. B., Opitz, E. M., Kiefer, J. C., Davis, W. Y., Dziegielewski, B., & 

Nelson, J. O. (1999). Residential end uses of water. American Water Works Association. 

Miedema Brown, L., & Anand, M. (2022). Plant functional traits as measures of ecosystem 

service provision. Ecosphere, 13(2). https://doi.org/10.1002/ecs2.3930 

Milesi, C., Zhao, M., Running, S. W., & Hibbard, K. A. (2012). A strategy for mapping and 

modeling the ecological effects of US lawns. NASA. https://doi.org/10.1002/ecs2.3930 

https://doi.org/10.1002/ecs2.3930
https://doi.org/10.1002/ecs2.3930
https://doi.org/10.13031/2013.6445
https://doi.org/10.1007/s11442-018-1459-z
https://doi.org/10.1002/eco.2301
https://extension.psu.edu/lawn-establishment


40 

Miller, G. (2022). Kentucky bluegrass: NC State Extension Publications. Kentucky Bluegrass | 

NC State Extension Publications. https://content.ces.ncsu.edu/kentucky-bluegrass 

Morash, J., Wright, A., LeBleu, C., Meder, A., Kessler, R., Brantley, E., & Howe, J. (2019). 

Increasing sustainability of residential areas using rain gardens to improve pollutant capture, 

biodiversity, and ecosystem resilience. Sustainability, 11, 4715. 

https://doi.org/10.3390/su11174715 

Morgan, R. P. C., & Nearing, M. (2010). Handbook of erosion modelling. John Wiley & Sons. 

National Institute of Health. (2019). Framing the challenge of urban flooding in the United 

States. NIH. 

Native Plant Trust. (2025). Fescues. Native Plant Trust: Go Botany. 

https://gobotany.nativeplanttrust.org/species/festuca/trachyphylla/ 

Nearing, M. A., Jetten, V., Baffaut, C., Cerdan, O., Couturier, A., Hernandez, M., Le Bissonnais, 

Y., Nichols, M. H., Nunes, J. P., Renschler, C. S., Souchere, V., & van Oost, K. (2005). 

Modeling response of soil erosion and runoff to changes in precipitation and cover. Catena 

(Giessen), 61, 131–154. https://doi.org/10.1016/j.catena.2005.01.007 

Nunes, J. P., Vieira, G. N., Seixas, J., Goncalves, P., & Carvalhais, N. (2005). Evaluating the 

MEFIDIS model for runoff and soil erosion prediction during rainfall events. Catena (Giessen), 

61, 210–228. https://doi.org/10.1016/j.catena.2005.01.006 

https://doi.org/10.1016/j.catena.2005.01.006
https://doi.org/10.1016/j.catena.2005.01.007
https://gobotany.nativeplanttrust.org/species/festuca/trachyphylla
https://doi.org/10.3390/su11174715
https://content.ces.ncsu.edu/kentucky-bluegrass


41 

O’Driscoll, M., Kaushal, S. S., & Groffman, P. M. (2010). Urbanization effects on watershed 

hydrology and in-stream processes in the Southern United States. Water, 2(3), 605–648. 

https://doi.org/10.3390/w2030605 

Osterkamp, W. R., & Friedman, J. M. (2000). The disparity between extreme rainfall events and 

rare floods - with emphasis on the semi-arid American West. Hydrological Processes, 14, 2817– 

2829. https://doi.org/10.1002/1099-1085(200010)14:16<2817::AID-HYP87>3.0.CO;2-P 

Outsidepride Seed Source. (2025). White Dutch clover seeds for planting, lawns, erosion control, 

ground cover bulk drought tolerant. Outsidepride. https://www.outsidepride.com/seed/clover-

seed/white-dutch-clover-seed.html 

Patterson, C. L., & Haught, R. C. (2021). Regulatory considerations to ensure clean and safe 

drinking water. In Handbook of water purity and quality (pp. 93–135). 

https://doi.org/10.1016/b978-0-12-821057-4.00012-4 

Paudel, S., & States, S. L. (2023). Urban green spaces and sustainability: Exploring the 

ecosystem services and disservices of grassy lawns versus floral meadows. Urban Forestry & 

Urban Greening, 84, 127932. https://doi.org/10.1016/j.ufug.2023.127932 

Peralta Ogorek, L. L., et al. (2024). Soil compaction sensing mechanisms and root responses. 

Trends in Plant Science. https://doi.org/10.1016/j.tplants.2024.10.014 

Phillips-Mao, L. (2017). Restoring your crop field to conservation prairie. The Nature 

Conservancy. https://www.nature.org/content/dam/tnc/nature/en/documents/Restoration-Guide-

Crop-to-Conservation-Prairie.pdf 

https://www.nature.org/content/dam/tnc/nature/en/documents/Restoration-Guide
https://doi.org/10.1016/j.tplants.2024.10.014
https://doi.org/10.1016/j.ufug.2023.127932
https://doi.org/10.1016/b978-0-12-821057-4.00012-4
https://www.outsidepride.com/seed/clover
https://doi.org/10.1002/1099-1085(200010)14:16<2817::AID-HYP87>3.0.CO;2-P
https://doi.org/10.3390/w2030605


42 

PMN. (2025). Prairie Moon Nursery. Prairie Moon Nursery. https://www.prairiemoon.com/ 

Poorter, H., et al. (2012). Pot size matters: A meta-analysis of the effects of rooting volume on 

plant growth. Functional Plant Biology, 39(11), 839. https://doi.org/10.1071/fp12049 

Pohl, M., Alig, D., Körner, C., et al. (2009). Higher plant diversity enhances soil stability in 

disturbed alpine ecosystems. Plant and Soil, 324(1–2), 91–102. https://doi.org/10.1007/s11104-

009-9932-3 

Robbins, P., Polderman, A., & Birkenholtz, T. (2001). Lawns and toxins: An ecology of the city. 

Cities, 18, 369–380. https://doi.org/10.1016/S0264-2751(01)00012-0 

Robbins, P., & Sharp, J. (2003). Producing and consuming chemicals: The moral economy of the 

American lawn. Economic Geography, 79, 425–451. https://doi.org/10.1111/j.1944-

8287.2003.tb00238.x 

RStudio Team. (2022). RStudio: Integrated development environment for R. RStudio, PBC. 

https://www.rstudio.com/ 

Reubens, B., Poesen, J., Danjon, F., Geudens, G., & Muys, B. (2007). Role of fine and coarse 

roots in shallow slope stability and soil erosion control with a focus on root system architecture: 

A review. Trees (Berlin, West), 21, 385–402. https://doi.org/10.1007/s00468-007-0162-2 

Revell, N., Coombs, A., Haring, T., & Brown, T. (2022). The impact of tree planting on 

infiltration dependent on tree proximity and maturity at a clay site in Warwickshire, England. 

Water, 14(6), 892. https://doi.org/10.3390/w14060892 

https://doi.org/10.3390/w14060892
https://doi.org/10.1007/s00468-007-0162-2
https://www.rstudio.com
https://doi.org/10.1111/j.1944
https://doi.org/10.1016/S0264-2751(01)00012-0
https://doi.org/10.1007/s11104
https://doi.org/10.1071/fp12049
https://www.prairiemoon.com


43 

Rey, F. (2003). Influence of vegetation distribution on sediment yield in forested marly gullies. 

Catena (Giessen), 50, 549–562. https://doi.org/10.1016/S0341-8162(02)00187-3 

Schenk, H. J. (2006). Root competition: Beyond resource depletion. Journal of Ecology, 94(4), 

725–739. https://doi.org/10.1111/j.1365-2745.2006.01124.x 

The Scotts Company. (2025). Scotts® Turf Builder® Grass Seed Kentucky Bluegrass Mix. 

Scotts. https://scotts.com/en-us/shop/grass-seed/scotts-turf-builder-grass-seed-kentucky-

bluegrass-mix/scotts-turf-builder-grass-seed-kentucky-bluegrass-mix.html 

Seed Needs LLC. (2024). Dandelion herb seeds for planting (Taraxacum officinale). Seed Needs 

LLC. https://www.seedneeds.com/products/dandelion-herb-seeds-for-

planting?_pos=2&_sid=b9165b05e&_ss=r 

Selbig, W. R., & Balster, N. (2010). Evaluation of turf-grass and prairie-vegetated rain gardens 

in a clay and sand soil, Madison, Wisconsin, water years 2004-08 (U.S. Geological Survey 

Scientific Investigations Report 2010–5189). U.S. Department of the Interior, U.S. Geological 

Survey. 

Sharma, R., & Malaviya, P. (2021). Management of stormwater pollution using green 

infrastructure: The role of rain gardens. WIREs Water, 8(2), e1507. 

https://doi.org/10.1002/wat2.1507 

Shenzhen Creality 3D Technology Co. (2023). Creality 3D printer. Creality. 

https://www.creality.com/pages/about-us?spm=..page_1937021.footer_1.1 

https://www.creality.com/pages/about-us?spm=..page_1937021.footer_1
https://doi.org/10.1002/wat2.1507
https://www.seedneeds.com/products/dandelion-herb-seeds-for
https://scotts.com/en-us/shop/grass-seed/scotts-turf-builder-grass-seed-kentucky
https://doi.org/10.1111/j.1365-2745.2006.01124.x
https://doi.org/10.1016/S0341-8162(02)00187-3


44 

Shit, P. K., & Maiti, R. (2012). Rill hydraulics: An experimental study on gully basin in lateritic 

upland of Paschim Medinipur, West Bengal, India. Journal of Geography and Geology, 4(1), 1– 

11. https://doi.org/10.5539/jgg.v4n1p1 

Smith, D., Williams, D., Houseal, G., & Henderson, K. (2010). The Tallgrass Prairie Center 

Guide to Prairie Restoration in the Upper Midwest. University of Iowa Press. 

https://doi.org/10.2307/j.ctt20mvdfs 

Sjöman, J. D., & Gill, S. E. (2014). Residential runoff – the role of spatial density and surface 

cover, with a case study in the Höjeå River catchment, Southern Sweden. Urban Forestry & 

Urban Greening, 13(2), 304–314. https://doi.org/10.1016/j.ufug.2013.10.007 

St. John, L., Tilley, D., Hunt, P., & Wright, S. (2012). Plant guide for red fescue (Festuca 

rubra). USDA-Natural Resources Conservation Service, Plant Materials Center. 

Turgeon, A. J. (2005). Turfgrass species. In Turfgrass management (7th ed., pp. 59–101). 

Pearson/Prentice Hall. 

Turf-Tec International. (2020). Turf-Tec Infiltrometer instructions. Turf-Tec International. 

https://www.turf-tec.com/in/IN2-W-Instructions.pdf 

United States Geological Survey. (2019). Surface runoff and the water cycle. USGS. 

https://www.usgs.gov/mission-areas/water-resources/science/surface-runoff-and-water-cycle 

Urmy, C. (2019). Watching grass grow: A history. Studies in the History of Gardens & Designed 

Landscapes, 40(1), 1–13. https://doi.org/10.1080/14601176.2019.1600833 

https://doi.org/10.1080/14601176.2019.1600833
https://www.usgs.gov/mission-areas/water-resources/science/surface-runoff-and-water-cycle
https://www.turf-tec.com/in/IN2-W-Instructions.pdf
https://doi.org/10.1016/j.ufug.2013.10.007
https://doi.org/10.2307/j.ctt20mvdfs
https://doi.org/10.5539/jgg.v4n1p1


45 

USDA. (2019). Wildlife habitat planting (Ac.) (420) conservation practice standard. Natural 

Resources Conservation Service. https://www.nrcs.usda.gov/resources/guides-and-

instructions/wildlife-habitat-planting-ac-420-conservation-practice-standard 

U.S. Department of Agriculture, Natural Resources Conservation Service. (n.d.). Soil texture 

calculator. Natural Resources Conservation Service. 

https://www.nrcs.usda.gov/resources/education-and-teaching-materials/soil-texture-calculator 

US Department of Energy. (n.d.). Land is graded: Final grade slopes away from foundation. 

Building Science Education. https://www.buildingscience.com/documents/building-

foundations/bsd-103-final-grade-slopes-away-from-foundation 

US Department of Commerce, NOAA. (2022, November 30). 1991–2020 monthly and yearly 

normals for Chicago and Rockford. National Weather Service, NOAA’s National Weather 

Service. Retrieved from https://www.weather.gov/lot/ord_rfd_monthly_yearly_normals 

U.S. Environmental Protection Agency. (n.d.). Chapter 2: What are the benefits of natural 

landscaping? Greenacres: Landscaping with Native Plants. Retrieved April 29, 2025, from 

https://archive.epa.gov/greenacres/web/html/chap2.html 

Weaver, J. E. (1915). A study of the root-systems of prairie plants of southeastern Washington. 

Papers of John E. Weaver (1884-1956). https://digitalcommons.unl.edu/agronweaver/5 

Wobble Works Inc. (n.d.). 3Doodler Start+ essentials 3D printing pen set. 3Doodler. 

https://www.3doodler.com 

https://www.3doodler.com
https://digitalcommons.unl.edu/agronweaver/5
https://archive.epa.gov/greenacres/web/html/chap2.html
https://www.weather.gov/lot/ord_rfd_monthly_yearly_normals
https://www.buildingscience.com/documents/building
https://www.nrcs.usda.gov/resources/education-and-teaching-materials/soil-texture-calculator
https://www.nrcs.usda.gov/resources/guides-and


46 

Woltemade, C. J. (2010). Impact of residential soil disturbance on infiltration rate and 

stormwater runoff. JAWRA Journal of the American Water Resources Association, 46(4), 700– 

711. https://doi.org/10.1111/j.1752-1688.2010.00442.x 

Wood, J. C., et al. (1987). Important factors influencing water infiltration and sediment 

production on arid lands in New Mexico. Journal of Arid Environments, 12(2), 111–118. 

https://doi.org/10.1016/s0140-1963(18)31181-9 

Xu, C., et al. (2020). Surface runoff in urban areas: The role of residential cover and urban 

growth form. Journal of Cleaner Production, 262, 121421. 

https://doi.org/10.1016/j.jclepro.2020.121421 

Zhu, P., et al. (2020). Soil infiltration properties affected by typical plant communities on steep 

gully slopes on the Loess Plateau of China. Journal of Hydrology, 590, 125535. 

https://doi.org/10.1016/j.jhydrol.2020.125535 

Zuazo, V. H. D., & Pleguezuelo, C. R. R. (2008). Soil-erosion and runoff prevention by plant 

covers: A review. Agronomy for Sustainable Development, 28, 65–86. 

https://doi.org/10.1051/agro:2007047 

https://doi.org/10.1051/agro:2007047
https://doi.org/10.1016/j.jhydrol.2020.125535
https://doi.org/10.1016/j.jclepro.2020.121421
https://doi.org/10.1016/s0140-1963(18)31181-9
https://doi.org/10.1111/j.1752-1688.2010.00442.x


47 

Table 1A. The Rethinking Lawns Research Plots includes eight treatments and was installed in 

2022 at the Chicago Botanic Garden, Glencoe, Illinois. The treatment not included is turfgrass 

(pre-existing turfgrass with encroaching weedy species). 

Treatment Species Common Name 

White Dutch clover 

monoculture & 

Clover-turfgrass mix 

Trifolium repens White Dutch clover 

Fescue mix 

Festuca ovina Sheep fescue 

Festuca ovina Hard fescue 

Festuca rubra Chewings fescue 

Festuca rubra Creeping red fescue 

Sedge lawn 

Carex pensylvanica Penn sedge 

Eragrostis spectabilis Purple love grass 

Juncus tenuis Path rush 

Mini meadow-low 

diversity 

Carex pensylvanica Penn sedge 

Eragrostis spectabilis Purple love grass 

Ruellia humilis Prairie petunia 
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Treatment Species Common Name 

Antennaria neglecta Pussytoes 

Asclepias tuberosa Butterfly weed 

Dalea candida White prairie clover 

Eurybia macrophylla Big leaf aster 

Geum trifolium Prairie smoke 

Viola pedatifida Prairie violet 

Mini meadow- high 

diversity 

Carex pensylvanica Penn sedge 

Eragrostis spectabilis Purple love grass 

Juncus tenuis Path rush 

Allium cernuum Nodding wild onion 

Antennaria neglecta Pussytoes 

Asclepias tuberosa Butterfly weed 

Dalea candida White prairie clover 

Eurybia macrophylla Big leaf aster 

Geum trifolium Prairie smoke 

Viola pedatifida Prairie violet 

Dalea purpurea Purple prairie clover 

Scutellaria leonardii Small skullcap 

Polemonium reptans Jacob's ladder 
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Treatment Species Common Name 

Primula meadia Shooting star 

Ruellia humilis Prairie petunia 

Camassia scilloides Wild hyacinth 

Symphyotrichum sericeum Silky aster 

Prairie 

Bouteloua curtipendula Side oats-grama 

Carex brevior Plains oval sedge 

Elymus canadensis Canada wild rye 

Schizachyrium scoparium Little bluestem 

Allium cernuum Nodding wild onion 

Asclepias tuberosa Butterfly weed 

Chamaecrista fasciculata Partridge pea 

Dalea candida White prairie clover 

Dalea purpurea Purple prairie clover 

Echinacea purpurea Purple coneflower 

Eryngium yuccifolium Rattlesnake master 

Liatris aspera Rough blazing star 

Monarda fistulosa Wild bergamot 

Penstemon digitalis Foxglove beardtongue 

Ratibida pinnata Yellow coneflower 
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Treatment Species Common Name 

Rudbeckia hirta Black-eyed Susan 

Symphyotrichum laeve Smooth blue aster 

Zizia aurea Golden alexander 

Table 1B. The Rethinking Lawns Research Plots includes eight treatments and was installed in 

2022 at the Chicago Botanic Garden, Glencoe, Illinois. 

Lawn Alternative Treatment Installation Method 

Turfgrass 

Pre-existing 

White Dutch clover-turfgrass mix 

White Dutch clover monoculture 

Seeded 

Fescue mix 

Sedge lawn 

Plugged 

Mini meadow-low diversity 

Mini meadow-high diversity 

Prairie 
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Figure 1A. The Rethinking Lawns Research Plots includes eight treatments and was installed in 

2022 at the Chicago Botanic Garden, Glencoe, Illinois. 
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Figure 1B. The fescue mix species in the Rethinking Lawns Research Plots. The Rethinking 

Lawns Research Plots includes eight treatments and was installed in 2022 at the Chicago Botanic 

Garden, Glencoe, Illinois. 
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Figure 1C. The sedge lawn treatment in the Rethinking Lawns Research Plots. The Rethinking 

Lawns Research Plots includes eight treatments and was installed in 2022 at the Chicago Botanic 

Garden, Glencoe, Illinois. 
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Figure 1D. The prairie and mini meadow treatment in the Rethinking Lawns Research Plots. The 

Rethinking Lawns Research Plots includes eight treatments and was installed in 2022 at the 

Chicago Botanic Garden, Glencoe, Illinois. 
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Figure 1E. The prairie treatment in the Rethinking Lawns Research Plots. The Rethinking Lawns 

Research Plots includes eight treatments and was installed in 2022 at the Chicago Botanic 

Garden, Glencoe, Illinois. 
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Figure 1F. The Rethinking Lawns Research Plots includes three blocks (A = red, B = yellow, C 

= purple) of eight treatment plots. Plots were approximately 115 square feet. Within each plot, 

data was collected from three subplots. Installed in 2022 at the Chicago Botanic Garden, 

Glencoe, Illinois. WDC = White dutch clover. MM = Mini meadow treatments. 
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Figure 1G. The Turf-Tec Infiltrometer at Rethinking Lawns Research Plot. The infiltrometer was 

placed in the turfgrass subplot. The Rethinking Lawns Research Plots includes eight treatments 

and was installed in 2022 at the Chicago Botanic Garden, Glencoe, Illinois. 
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Figure 1H. The top of the Turf-Tec Infiltrometer at the Rethinking Lawns Research Plots. 

Including the timer, ruler (in mm), and infiltration indicator. The Rethinking Lawns Research 

Plots includes eight treatments and was installed in 2022 at the Chicago Botanic Garden, 

Glencoe, Illinois. 
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Figure 1I. The bottom of the Turf-Tec Infiltrometer at the Rethinking Lawn Research Plots. 

Including a double ring with hardened cutter blades, and a bulb in the inner ring as a float 

indicator. The Rethinking Lawns Research Plots includes eight treatments and was installed in 

2022 at the Chicago Botanic Garden, Glencoe, Illinois. 
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Table 2A. Root types and Species of Common Lawn, Lawn Alternative, and 3D Printed 

Artificial Root Treatments.  

Root Type Common Lawn Lawn Alternative 3D Printed Artificial Root 

Models 

Taproot Dandelion 

(Taraxacum 

officinale) 

Purple prairie clover 

(dalea purpurea) 

taproot model 

Fibrous Root Turfgrass 

(Poa pratensis) 

Fescue mix 

(Festuca ovina & 

Festuca rubra) 

fibrous root model 

Shallow 

Propagative 

Roots 

White Dutch clover 

(trifolium repens) 

Pussytoes 

(antennaria 

plantaginifolia) 

shallow propagative root model 
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Figure 2A. Fibrous, shallow propagative, and taproot models used in 3D printed artifical root 

treatments. 3D printed artificial root models were placed into their treatment pots at a 1:1 ratio. 

Each plant was counted within the Common Lawn and Lawn Alternative treatment and root 

models were placed in pot at the exact number. Root models were placed into the soil four days 

before any data collection took place. University of Michigan-Flint, Flint, Michigan. 
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Figure 2B. Treatment pots were filled with soil to approximately 6 inches, tarp “slide” was used 

to capture runoff and soil erosion, and holes on the bottom of the pots were used to capture water 

infiltration. Six replicates of each treatment with data collection at 6 and 12 weeks. Established 

in greenhouse at the University of Michigan-Flint, Flint, Michigan. 



63 

Figure 2C. Seeds used for Treatments. The standard seeding rate used in this experiment was 200 

per pot. Turfgrass and fescue mix mix treatments recommended seeding rate was calculated at 

3,000 per pot. Because of this discrepancy, two treatments were added (turfgrass 3k and fescue 

mix mix 3k). 
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Figure 2D. 3D printed artificial root models were placed into their treatment pots at a 1:1 ratio. 

Each plant was counted within the Common Lawn and Lawn Alternative treatment and root 

models were placed in pot at the exact number. Root models were placed into the soil four days 

before any data collection took place. University of Michigan-Flint, Flint, Michigan.  
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Figure 2E. Demonstration Pots of Dandelion, Fescue mix Mix, Turfgrass, and White Dutch 

Clover Treatments. Clear pots were used to determine root length throughout establishment. 

These pots were not used for data collection, but represent the treatments that were. Established 

in greenhouse at the University of Michigan-Flint, Flint, Michigan. 
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Figure 2F. Turfgrass 3K and Fescue mix Mix 3K Treatments in Experimental Pots at 6 Week 

Establishment. Six replicates of each treatment with data collection at 6 and 12 weeks. 

Established in greenhouse at the University of Michigan-Flint, Flint, Michigan. 
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Figure 2G. The rainfall simulation was created by using the shower setting on a hose with a 

restricted release. A bin was placed underneath the treatment tub to catch infiltrated water, and a 

bucket at the end of the tarp “slide” to catch water runoff and soil erosion. The treatment was 

watered for 30 seconds to simulate rainfall of X inch per hour. Six replicates of each treatment 

with data collection at 6 and 12 weeks. Established in greenhouse at the University of Michigan-

Flint, Flint, Michigan. 
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Figure 2H. Runoff was drained through a grade 100 cheesecloth (6 weeks) and white muslin (12 

weeks) to capture soil erosion from each treatment and weighed (grams). After soil erosion was 

collected, it was dried and weighed (grams). University of Michigan-Flint, Flint, Michigan. 
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Figure 3A. The log of infiltration rate (mm/hour) of lawn alternative treatments based on 

installation method and season. The Rethinking Lawns Research Plots includes eight treatments: 

turfgrass, white Dutch clover-turfgrass mix, white Dutch clover monoculture, fescue mix, sedge 

lawn, mini meadow-low diversity, mini meadow-high diversity, and prairie. It was installed in 

2022 at the Chicago Botanic Garden, Glencoe, Illinois. 
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Figure 3B. The log of infiltration rate of pre-existing lawn alternative treatments 

(ANOVA, p = 0.73). White Dutch clover lawn and turfgrass vs the log of infiltration rate 

(mm/hour). Nine replicates of each treatment with data collected four times (June 2023, 

September 2023, April 2024, and September 2024) throughout three seasons (spring, summer, 

and fall). The Rethinking Lawns Research Plots were installed in 2022 at the Chicago Botanic 

Garden, Glencoe, Illinois 
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Figure 3C. The log of the infiltration rate of pre-existing treatments (ANOVA, p = 0.005) 

throughout seasons. Fall, spring, and summer vs the log of infiltration rate (mm/hour). Nine 

replicates of each treatment with data collected four times (June 2023, September 2023, April 

2024, and September 2024) throughout three seasons (spring, summer, and fall). The Rethinking 

Lawns Research Plots were installed in 2022 at the Chicago Botanic Garden, Glencoe, Illinois. 

Lowercase letter indicates significant difference among seasons. 
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Figure 3D. Log of infiltration rate of seeded lawn alternative treatments (ANOVA, p = 0.25). 

White Dutch clover and fescue mix vs the log of infiltration rate (mm/hour). Nine replicates of 

each treatment with data collected four times (June 2023, September 2023, April 2024, and 

September 2024) throughout three seasons (spring, summer, and fall). The Rethinking Lawns 

Research Plots were installed in 2022 at the Chicago Botanic Garden, Glencoe, Illinois. 
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Figure 3E. The log of the infiltration rate of seeded treatments throughout seasons (ANOVA, p = 

2.3e-05). fall, spring, and summer vs the log of infiltration rate (mm/hour). Nine replicates of 

each treatment with data collected four times (June 2023, September 2023, April 2024, and 

September 2024) throughout three seasons (spring, summer, and fall). The Rethinking Lawns 

Research Plots were installed in 2022 at the Chicago Botanic Garden, Glencoe, Illinois. 

Lowercase letter indicates significant difference among Season. 
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Figure 3F. The log of infiltration rate of plugged lawn alternative treatments (ANOVA, p = 

0.48). Mini meadow-high diversity, mini meadow-low diversity, prairie, and sedge lawn vs the 

log of infiltration rate (mm/hour). Nine replicates of each treatment with data collected four 

times (June 2023, September 2023, April 2024, and September 2024) throughout three seasons 

(spring, summer, and fall). The Rethinking Lawns Research Plots were installed in 2022 at the 

Chicago Botanic Garden, Glencoe, Illinois. 

Lo
g 

of
 In

fil
tra

tio
n 

R
at

e 
(m

m
/h

r) 

sedge lawn 

Treatment 

mm - low prairiemm - high 



75 

Figure 3G. The log of the infiltration rate of plugged treatments throughout season (ANOVA, p 

= 2.2e-16). Fall, spring, and summer vs the log of infiltration rate (mm/hour). Nine replicates of 

each treatment with data collected four times (June 2023, September 2023, April 2024, and 

September 2024) throughout three seasons (spring, summer, and fall). The Rethinking Lawns 

Research Plots were installed in 2022 at the Chicago Botanic Garden, Glencoe, Illinois. 

Lowercase letter indicates significant difference among Season. 
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Figure 3H. The log of the infiltration rate of plugged treatments throughout one year (p = 0.01). 

The second and fourth visit (fall) vs the log of infiltration rate (mm/hour). Nine replicates of each 

treatment with data collected four times (June 2023, September 2023, April 2024, and September 

2024) throughout three seasons (spring, summer, and fall). The Rethinking Lawns Research 

Plots were installed in 2022 at the Chicago Botanic Garden, Glencoe, Illinois. Lowercase letter 

indicates significant difference among visits. 
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Figure 4A. The water infiltration of 3k treatments (t-test, p = 0.1). Fescue mix 3k and turfgrass 

3k treatments vs the water infiltration (grams). Six replicates of each treatment with data 

collection at 6 and 12 weeks. Established in greenhouse at the University of Michigan-Flint, 

Flint, Michigan. 
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Figure 4B. The water runoff in 3k treatments (t-test, p = 0.2). Fescue mix 3k and turfgrass 3k 

treatments vs runoff (grams). Six replicates of each treatment with data collection at 6 and 12 

weeks. Established in greenhouse at the University of Michigan-Flint, Flint, Michigan. 
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Figure 4C. The infiltration/runoff ratio in 3k treatments (t-test, p = 0.1). Fescue mix 3k and 

turfgrass 3k treatments vs the infiltration/runoff ratio. Six replicates of each treatment with data 

collection at 6 and 12 weeks. Established in greenhouse at the University of Michigan-Flint, 

Flint, Michigan. 
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Figure 4D. The soil erosion in 3k treatments (t-test, p = 0.06). Fescue mix 3k and turfgrass 3k 

treatments vs soil erosion (grams). Six replicates of each treatment with data collection at 6 and 

12 weeks. Established in greenhouse at the University of Michigan-Flint, Flint, Michigan. 
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Figure 4E. The plant cover of 3k treatments (t-test, p = 0.49). Fescue mix 3k and turfgrass 3k 

treatments vs plant cover (%). Six replicates of each treatment with data collection at 6 and 12 

weeks. Established in greenhouse at the University of Michigan-Flint, Flint, Michigan. 
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Figure 5A. The water infiltration of fibrous root treatments (ANOVA, p = 0.2). Fescue mix, 

turfgrass, and 3D printed artificial fibrous root treatments vs the water infiltration (grams). Six 

replicates of each treatment with data collection at 6 and 12 weeks. Established in greenhouse at 

the University of Michigan-Flint, Flint, Michigan. 
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Figure 5B. The water runoff in fibrous root treatments (ANOVA, p = 0.8). fescue, turfgrass, and 

3d printed artificial fibrous root treatments vs runoff (grams). Six replicates of each treatment 

with data collection at 6 and 12 weeks. Established in greenhouse at the University of Michigan-

Flint, Flint, Michigan. 
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Figure 5C. The infiltration/runoff ratio in fibrous root treatments (ANOVA, p = 0.1). Fescue 

mix, turfgrass, and 3D printed artificial fibrous root treatments vs infiltration/runoff ratio. Six 

replicates of each treatment with data collection at 6 and 12 weeks. Established in greenhouse at 

the University of Michigan-Flint, Flint, Michigan. 
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Figure 5D. The soil erosion in fibrous root treatments (ANOVA, p = 0.01*). Fescue mix, 

turfgrass, and 3D printed artificial fibrous root treatments vs soil erosion (grams). Six replicates 

of each treatment with data collection at 6 and 12 weeks. Established in greenhouse at the 

University of Michigan-Flint, Flint, Michigan. 
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Figure 6A. The water infiltration of shallow propagative root treatments (t-test, p = 0.6). White 

Dutch clover and 3D printed artificial shallow propagative root treatments vs the water 

infiltration (grams). Six replicates of each treatment with data collection at 6 and 12 weeks. 

Established in greenhouse at the University of Michigan-Flint, Flint, Michigan. 
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Figure 6B. The water runoff of shallow propagative root treatments (Mann-Whitney U test, p = 

0.6). White Dutch clover and 3D printed artificial shallow propagative root treatments vs runoff 

(grams). Six replicates of each treatment with data collection at 6 and 12 weeks. Established in 

greenhouse at the University of Michigan-Flint, Flint, Michigan. 
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Figure 6C. The infiltration/runoff ratio in shallow propagative root treatments (Mann-Whitney U 

test, p = 0.6). White Dutch clover and 3D printed artificial shallow propagative root treatments 

vs the infiltration/runoff ratio. Six replicates of each treatment with data collection at 6 and 12 

weeks. Established in greenhouse at the University of Michigan-Flint, Flint, Michigan. 
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Figure 6D. The soil erosion in shallow propagative root treatments (Mann-Whitney U test, p = 

0.6). White Dutch clover and 3D printed artificial shallow propagative root treatments vs the soil 

erosion (grams). Six replicates of each treatment with data collection at 6 and 12 weeks. 

Established in greenhouse at the University of Michigan-Flint, Flint, Michigan. 
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Figure 7A. The water infiltration in taproot treatments (Mann-Whitney U test, p = 0.5). 

Dandelion and 3D printed artificial taproot treatments vs the water infiltration (grams). Six 

replicates of each treatment with data collection at 6 and 12 weeks. Established in greenhouse at 

the University of Michigan-Flint, Flint, Michigan. 
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Figure 7B. The water runoff in taproot treatments (Mann-Whitney U test, p = 0.01). Dandelion 

and 3D printed artificial taproot treatments vs the runoff (grams). Six replicates of each treatment 

with data collection at 6 and 12 weeks. Established in greenhouse at the University of Michigan-

Flint, Flint, Michigan. 
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Figure 7C. The infiltration/runoff ratio in shallow taproot treatments (Mann-Whitney U test, p = 

0.1). Dandelion and 3D printed artificial taproot treatments vs the infiltration/runoff ratio. Six 

replicates of each treatment with data collection at 6 and 12 weeks. Established in greenhouse at 

the University of Michigan-Flint, Flint, Michigan. 
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Figure 7D. The soil erosion in taproot treatments (Mann-Whitney U test, p = 0.08). Dandelion 

and 3D printed artificial taproot treatments vs soil erosion (grams). Six replicates of each 

treatment with data collection at 6 and 12 weeks. Established in greenhouse at the University of 

Michigan-Flint, Flint, Michigan. 
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