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Abstract

Rapid population growth and land use change has been linked to soil compaction and increased runoff volumes, which can increase nutrient losses to water.  The objective of this research is to determine how tillage, aeration, and compost treatments affect the potential for nutrient losses and the establishment of plant material in new residential landscapes.  Mixed landscape plots were established on compacted soils in a randomized complete block design at the Gulf Coast Research and Education Center in Wimauma, FL.  Plant growth and quality and N losses in leachate were evaluated over a 1-year period.  Results show that during the establishment period adding organic matter to the landscape will increase plant growth and quality.  Leachate collected from compost amended soils had higher nitrate and ammonium N losses than unamended soils.  Our results suggest that the application of compost before planting is beneficial, but that use of inorganic N fertilizers should be reduced to prevent N losses to the environment.
Objectives

The objectives of this study were to determine the effects of adding compost and/or applying shallow tillage on: 1) plant growth and quality and 2) nutrient leaching in simulated new residential landscapes.  
Methods 

Mixed landscape plots (50% St. Augustine turf / 50% mixed ornamentals) were established in compacted subsoil fill material and equipped with in-ground irrigation systems at the Gulf Coast REC to simulate the conditions found in a new residential landscape.  Mixed ornamentals species included Galphimia glauca (Thryallis), Rhaphiolepis indica (Indian hawthorn), Ilex cornuta “Burfordi” (Buford holly), and Liriope muscari (liriope).  Plots were outfitted with leachate and runoff collectors.  Six tillage/compost treatments were applied randomly to the plots (three replications): 1) no compost/no tillage, 2) no compost/tillage to 4-6 in, 3) 2-in of composted cow manure/no tillage, 4) 2-in of composted cow manure/tillage to 4-6 in, 5) no compost/soil aeration, 6) 2-in composted cow manure/soil aeration.  Landscapes were fertilized and watered based on UF-IFAS recommendations.  Plant growth and quality were evaluated every 4 weeks.  Leachate and runoff samples were collected weekly (or more frequently as needed) and analyzed for nitrate-N and phosphate to determine the potential for nutrient losses under each treatment.  
Results

Plant Growth and Quality

The growth index (GI) of the G. glauca showed soil treatment effects starting at 19 WAT (weeks after treatment) (Figure 1).  G. glauca grew larger in landscape plots where compost was applied to the soil than in soils that did not receive compost.  Data collected from 15-24 WAT showed that tilling the compost into the soil to a depth of 20 cm resulted in more plant growth than applying compost to the soil surface.  Soil treatments had a significant effect on density ratings at 11, 15, 19, 24, 28, 45, and 49 WAT (data not shown).  Dieback ratings were affected by treatment effect at 11, 15, 24, 28, 32, 27, 40, 45, and 49 WAT.  For both density and dieback, G. glauca planted in compost amended soils were rated higher than shrubs grown in unamended soils.  Tillage and aeration was comparable to the control plots for quality ratings.

There were no significant soil treatment effects on the GI of R. indica during the study period (data not shown).  Starting at 28 WAT, there were significant differences in dieback ratings, where composted treatments had higher ratings than the noncomposted treatments.  Density ratings showed significant differences starting at 19 WAT for composted treatments vs. noncomposted treatments.  

The GI of I. cornuta ‘Burfordii’ was affected by soil treatment from 28 to 49 WAT.  After 28 WAT, shrubs grown in soils receiving applications of compost grew larger than shrubs grown in soils that received no compost (data not shown).  Tilling the compost into the top 20 cm of the soil did not improve plant growth at most sampling dates compared with treatments where no compost was applied to the soil.  Density and dieback ratings were significantly affected by soil treatments starting at 28 WAT; in general density and dieback ratings were better for shrubs grown in compost amended soils than for shrubs grown in unamended soils. 
There was a significant soil treatment effect on the GI of L. muscari GI starting at 19 WAT (data not shown).  In general, soils amended with compost produced L. muscari with higher GI than plants grown in the unamended soils.  Surface applications of compost (no tillage or aeration) produced larger L. muscari plants than unamended soils from 32 through 49 WAT, while composted soils that were aerated produced larger plants than unamended soils at 32, 40 and 49 WAT.  Incorporation of the compost by tilling to a depth of 20 cm only improved growth over unamended soils at 19 and 49 WAT.  By 11 WAT, soil treatments were significantly affecting plant density and dieback ratings for L. muscari.  In general, L. muscari grown in compost amended soils had better density and dieback ratings than plants grown in unamended soils.

Nitrogen Leaching

There were soil treatment effects on the concentration of NO3 + NO2 in the leachate samples between 2-7 WAT (Figure 2).  From 2 to 5 WAT, compost amended soils leached more NO3 + NO2 than unamended soils.  By 6 WAT, plots where compost was tilled into the soil were no longer producing higher leachate NO3 concentrations than the unamended soils.  We likely see higher NO3 + NO2 concentrations at the beginning of the project because the NO3 was leaching out from the compost. 
The concentration of NH4 in leachate was affected by soil treatments from 18 through 42 WAT. In general, NH4 concentrations in leachate collected from soils receiving one or more of the treatments where compost was applied were significantly higher than in leachate collected from unamended soils (Figure 3).  Ammonium concentrations were highest between July and September (12-28 WAT), which corresponds with high rainfall amounts and warm temperatures (warm season lasting May to August with temperatures ranging from 69.1 ºF, 20.6 ºC to 90.5 ºF, 32.5 ºC).  
Conclusions

Our results suggest that amending soils in a newly established residential landscape can enhance establishment and improve growth and quality of selected ornamental landscape plants.  However, it appears that topdressing of compost enhanced plant growth and quality as well, if not better, than when the material was incorporated to a depth of 20 cm by tillage.  There were no significant effects of aerating the soil on plant establishment, growth or quality.
Over the course of one year, the use of compost as a soil amendment in a simulated residential landscape did result in an increase in N losses in leachate. Most NO3 + NO2 losses occurred immediately after application of compost, while mineralization of organic N increased NH4 losses during the summer months.  Nutrient losses in leachate under ornamental cover were highest during the first few months of establishment, when the root density was limited and large amounts of rain fall was received.  
Recommendations
Since the addition of compost helps increase plant quality but does increase nutrient load to the system, using it as an addition to new residential lawns can be recommended, but only if the use of inorganic fertilizers is reduced.  Future research looking at long-term effects of compost additions after establishment period would be beneficial and whether improvements are due to additions of nutrients or also because of other improved soil properties.  Also, more research needs to be conducted to determine if an increase in root density for ornamental plants will reduce the potential for N losses in leachate when compost and fertilizers are applied in the landscape. 
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Figure 1. Mean canopy growth index from 0 to 52 weeks after treatment (WAT) of G. glauca grown in sandy fill soils receiving compost, shallow tillage and/or aeration treatments in simulated residential landscape plots.  Star (*) indicates a significant difference (P <0.05) between composted treatments and non-composted treatments.  Double star (**) indicates a significant difference (P <0.05) between compost + tillage and non-composted treatments.  Plus sign (+) indicates a significant difference (P <0.05) between compost only, compost + aeration and control.  Double plus sign (++) indicates a significant difference (P <0.05) between compost only and tillage only, aeration only.  Arrow (^) indicates a significant difference (P <0.05) between compost only, compost + aeration and tillage only.  (Data for other ornamentals, with the exception of R. indica, followed similar trends and is not shown in this report.)
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Figure 2.  Mean concentration of nitrate in leachate collected from simulated residential landscapes in Florida where soils were amended with composted dairy manure solids.
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Figure 3.  Mean concentration of ammonium in leachate collected from simulated residential landscapes in Florida where soils were amended with composted dairy manure solids.  

