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Abstract
One method for stabilizing Pb/Zn contaminated waste materials is to apply large quantities of organic matter in order to improve physical, chemical, and biological characteristics, which enhances biogeochemical nutrient cycles.  Beef manure compost was applied at two different rates with and without lime and bentonite to investigate the effects on microbial activity and community shifts.  Switchgrass (Panicum virgatum) was seeded into plots to establish a vegetative cover. Compost additions significantly increased C, N, P, and K contents along with pH values.  Enzyme activities and microbial biomass measurements were used to monitor nutrient cycles upon amendment addition.  Experimental results indicate that after 729 d the HC treatment had significantly higher microbial biomass and enzyme activities than the control, while all low compost treatments did not differ from the control.  Phospholipid fatty acid (PLFA) profiles for the high compost treatments showed a significant microbial community shift.  Gram-positive bacteria, Gram-negative bacteria, and fungal biomass were all significantly increased at 729 d compared to the control.  After 729 d it appears that the HC treatment is supporting higher biological activity as compared to the contaminated control.
Introduction

Soil nutrients, organic matter, and biological activity contribute to ecosystem-level process and are important for productivity, community structure, and fertility in terrestrial ecosystems (Stevenson, 1994).  One method of stabizing degraded areas is to add organic matter in order to improve physical, chemical, and biological characteristics (Ros et al., 2003).  The ultimate goal is to enhance biogeochemical nutrient cycles and restore vegetation.  However, it has been shown that with time organic amendments lose their effectiveness; therefore, making recovery of heavy metal contaminated sites difficult (Pierzynski et al., 2002).
      Since many enzymes and microbial biomass (MBM) respond immediately to changes in soil fertility, they can be used as potential indicators of soil quality (Garcia et al., 2000).  Additionally, phospholipid fatty acid (PLFA) profiles can be used to look at the overall structure of the microbial community (Frostegård et al., 1996).  The objective of this study is to evaluate the effects of compost applied at different rates with and without lime and bentonite to a mine waste material on microbial function and community structure.
Materials and Methods

 Two field studies were established in May of 2006 near Galena, KS that was contaminated with heavy metal mine waste materials.  Plots were 1x2 m in size.  Treatments were replicated three times at each site and randomized within each replicate.  The control plot was a contaminated control (CC). Treatments are defined in Table 1.   Amendments were applied to plots and thoroughly mixed with the contaminated material.  Soils samples were taken approximately every six months.  For simplicity only Site B and the 729 d sampling will be discussed.

Samples were stored at 4 oC then sieved and analyzed for microbial biomass C (MBMC), microbial biomass N (MBMN), phospholipid fatty acid profiles, and 5 enzymes.  Not all of the results will be discussed.  
Table 1 Listing of treatments.
	Treatment
	Compost
	Lime
	Bentonite

	
	Mg ha-1
	Mg ha-1
	Mg ha-1

	 CC
	0
	0
	0

	 LC
	45
	0
	0

	 HC
	269
	0
	0

	 LCL
	45
	5
	0

	 HCL
	269
	5
	0

	LCLB
	45
	5
	2.3

	HCLB
	269
	5
	13.5


Results

Compost additions significantly increased total C and N and extractable P and K, which is beneficial to microbes.  Table 2 gives three different microbial measurements at 729 d at site B.  Only the HC treatment had significantly higher MBMC than the control at this time.  For β-glucosidase activity the HC and HCLB treatments were significantly higher, while all three high compost additions had significantly higher arylsulfatase acvitiy.  This indicates that high compost additions are still effectively maintaining microbial populations at 729 d after treatment.
Table 2 Microbial biomass C (MBMC) and β-glucosidase (Gluco), and arylsulfatase (Aryl) enzyme activities at 729 d.  All enzyme values reported as mg p-nitrophenol kg-1.
	
	MBMC
	Gluco
	Aryl

	Treatment
	μg C g-1
	mg kg-1
	mg kg-1

	CC
	113.7b
	105.3b
	26.8b

	LC
	185.0ab
	95.7b
	66.7ab

	HC
	271.2a
	349.1a
	183.0a

	LCL
	163.4ab
	117.7b
	67.9b

	HCL
	246.1ab
	267.8ab
	156.1a

	LCLB
	148.9ab
	97.6b
	60.5ab

	HCLB
	235.2ab
	386.5a
	157.6a


Note: Different letters following a value in the same column are significantly different (P < 0.05)
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Figure 1.  Score plot of principal components analysis showing the separation of treatments and sites along the first two principal components. 


Principal components analysis (PCA) of PLFA profiles indicate that high compost additions caused a shift in microbial community structure (Figure 1).  The treatments HC, HCL, and HCLB all group together in the bottom right hand corner, while other treatments are separated.  This trend holds true for both study sites (Figure 1).  The HC treatment was able to significantly increase Gram-positive bacteria, Gram-negative bacteria, and fungal biomass as compared to the control.  Additionally, plots with increased vegetation had significantly higher levels of microbial biomass, suggesting a rhizosphere effect.   

Discussion

The present study provides further evidence of the positive effects that organic amendments have on the biological activity of heavy metal contaminated soils.  The organic compost material provides a mechanism for metal retention, improves soil physical properties, and provides a nutrient/energy source for plants and microbes.  High applications of compost were able to stimulate enzyme activities, increase microbial biomass, and shift microbial community structure.     

Results suggest that a high application of beef manure compost improved the soils biological status over the contaminated control, in particular restoring soil microbiological properties and/or function to a higher level.  It is important that these plots continued to be monitored to see if the level of organic amendments added can sustain this production for an extended period of time.           
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