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Abstract.  Stormwater runoff is a significant concern in urban landscapes when soil water infiltration rates are low.  This condition occurs when pore size is limited in fine texture soils or through soil compaction.  Soil samples were collected from widespread, existing, newly constructed landscapes in Central Florida to examine the relationship between soil texture, bulk density, and infiltration rates.  Infiltration rates were determined on site at the time of sampling.  Samples were also collected to examine soil-moisture retention characteristics.  At most sites, infiltration rates of bare soil exceeded average maximum rainfall intensities to a depth of 4.21 inches.  However for 14% of sites sampled, runoff from bare soil under these rainfall intensities would be likely.
Objectives

The overall objective of this research is to link landscape management practices to nutrient runoff to understand the impact homeowner activities have on water quality.  Quantification of nutrient runoff and an understanding of mechanisms responsible are necessary for improvement of management plans and policies.  

Upon experimental plot setup, it became evident that the selection of soil type and associated characteristics would be highly influential in the production of nutrient runoff.  A review of available literature illustrated that soil types and characteristics in newly established residential communities were largely unknown.  Therefore, it became essential to characterize existing soils in order to setup representative experimental plots.

The objectives of this work were to investigate sources of variability in residential landscape soils that influence stormwater nutrient runoff.  Through this investigation, a better understanding of the impact construction practices have on stormwater nutrient runoff will be developed.  Data collected from this investigation will later be used to model soil conditions in a controlled environment to quantify nutrient runoff events and to further investigate sources of influence on stormwater runoff production.
Materials and Methods


Ten newly developed residential communities were sampled in Central Florida (Orange, Lake, and Seminole county) to determine relationships of soil properties and infiltration rates.  Five undeveloped lots in six communities selected at random were sampled.  In the four communities which did not have five undeveloped lots, all remaining undeveloped lots were sampled.  

Infiltration.  A double-ring infiltrometer was utilized to measure soil infiltration rates.  Both rings were constructed of polyvinyl chloride (PVC) and measured 12 inches in length.  The outer ring was 4 inches in diameter while the inner ring was 2 inches in diameter.  The infiltrometer was installed to a depth of 4 inches for sampling.  A volume of 108 cm3 of water was used to determine infiltration rates.  The time necessary for this volume to infiltrate into the soil was observed and recorded until measurements were within 10 s of the previous observation, a condition that indicates maximum saturated infiltration rate.
Soil bulk density.  Three soil core samples measuring 2.25 inches in diameter and 1.2 inches in length were collected (Model 200; Soilmoisture Equipment Corporation, Santa Barbara, CA) at each site at a depth of approximately 1.5 inches below soil surface.  After sample collection, soil cores were heated (Model 18EM; Precision Scientific Group, Chicago, IL) for 24 h at 140 °F and weighed for determination of soil bulk density.  
Soil textural analysis.  Soil samples were taken at each site for soil textural analysis and analyzed using a standard analytical procedure in the laboratory (Thien and Graveel, 2003).  Forty grams of soil was subsampled for textural analysis.  Silt and clay fractions were determined and the sand fraction was separated into coarse, medium, and fine fractions. Soil texture was determined based upon the percentage of sand, silt and clay present.
Data analysis.  Infiltration rate data collected from each sample site was analyzed as a replicate in each residential community.  The general linear model (GLM) in SAS (version 9.1; SAS Institute, Cary NC) was used to determine significant differences amongst infiltration rates of each residential community.  Duncan’s Multiple Range Test using a 95 percent confidence interval was used to estimate differences in infiltration means amongst communities (Littell, 2002).  Regression equations were calculated using SAS (PROC REG) and used to analyze relationships between infiltration rates and independent variables bulk density, % sand, % silt, % clay, % coarse sand, % medium sand, and % find sand.  

Results 


Significant differences in mean infiltration rates between residential communities were observed (P < 0.05).  Mean infiltration rates among residential communities ranged from 4.4 to 25 inches hr-1.  The maximum observed infiltration rate on an individual lot was 43.7 inches hr-1 and the minimum was 0.8 inches hr-1.  This range is similar to literature with comparable conditions (Gregory et al., 2006).  In four communities, infiltration rates for individual lots were observed to be less than the 100-year, 24-hour design storm intensity of 4.6 inches hr-1 for this region of Florida (FDOT, 2003).

Soil bulk density was significantly different between residential communities (P<0.05), with two of the ten communities significantly different from the others.  Mean bulk densities ranged from 1.45 to 1.78 g cm-3.  The maximum observed bulk density on an individual lot was 2.0 g cm -3 while the minimum was 1.19 g cm-3.  The relatively high level of soil compaction and heterogeneity amongst samples may be attributed to general construction practices and Proctor requirements (Trowbridge and Bassuck, 2004).

Soil textural analysis conducted at each sampling location determined that a majority of the sites were dominated by sand.  Construction backfill was visually observable at all sampling locations with native soil and organic matter generally being observed at  3 feet below soil surface.

Regression analysis was applied to examine relationships between infiltration rates, bulk density, and soil texture.  The percentage of clay and silt significantly influenced soil infiltration rates (P < 0.05).  Sand, although not significant, was included in this model since it is a main component of all soils sampled.  A linear equation was derived that allowed for the prediction of infiltration rate based on these characteristics.  Known values of percentage sand, silt, and clay were utilized in this equation and predicted values were graphed as a function of recorded values (Figure.1).  The accuracy of this equation was increased by the removal of one outlier where adjusted r2 increased from 0.34 to 0.43.  Statistical outliers were removed based upon visual observation.
Conclusions and Recommendations
   

Construction of newly established residential landscapes involves importation and compaction of non-native soils.  These two practices have the potential to decrease soil infiltration rates.  Historical weather patterns in the area of the sample sites suggest precipitation rates have the potential to be greater than infiltration rates, a condition which has the potential to lead to stormwater runoff production.  


Current soil maps, available through the National Resource Conservation Service, do not reflect soil properties of construction backfill and are not reliable solely to estimate infiltration rates.  Known values of backfill soil texture could be used to estimate soil infiltration rates.  A lack of knowledge of potential subsurface soil horizons, however, could result in incorrect infiltration estimations.  Therefore, it would be recommended to use the knowledge of this relationship in addition to available soil maps for the highest level of infiltration prediction accuracy.

The homogeneity of bulk density observed is most likely the result of residential construction practices.  Although bulk density was not observed to be a significant influence in the prediction of infiltration rates, it is believed that soil compaction has the potential to be influential in soil infiltration rates.

The data collected from this investigation allows for the selection of soil types and characteristics that are representative of local, newly constructed residential landscapes.  Without this information, experimental plots could not be representative of existing constructed sites.  The median and two extreme soil types observed during this study will be used in the experimental plots and provide representative soil conditions.  Future characteristics to be examined include soil slope, soil compaction, precipitation volume and intensity, soil moisture content, and the presence of plant materials.  Through further investigation, better relationships between cultural and construction practices and their influence on stormwater nutrient runoff production will be developed. 
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 Figure 1. Actual versus predicted infiltration rates
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