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Introduction
Closed phosphate mined lands are the most unused and lowest value land base in central Florida.  Currently in central Florida, there are ~65,000ha of largely undeveloped clay settling areas (CSA). Consequently, in conjunction with numerous public and industry partners, CPI/UF’s 50 ha SRWC Energy Farm pilot test on a CSA near Lakeland, FL, (Figure 1) is 1) documenting “real world” SRWC costs and yields, 2) developing guidelines for establishing and managing SRWCs on CSAs, and 3) evaluating genetic, cultural, and harvesting options for further improving the cost effectiveness of using cottonwood (PD, Populus deltoides), Eucalyptus grandis (EG), and E. amplifolia (EA) for cofiring in central Florida. The CSA was infested with cogongrass (Imperata cylindrica) before site preparation in Spring 2000.  A key consideration in siting the Energy Farm was close proximity to three power plants.  

Following is a brief presentation of methods and results for the Farm, prospects for using SRWCs in agroforestry systems, and, on page 7, a listing of stops on this Field Trip.
Methodology
S SEQ CHAPTER \h \r 1tudies established at the Energy Farm include a clone-configuration-fertilizer study (SRWC-90), a PD clonal nursery, and demonstration and commercial plantings.  SRWC-90 involves PD, EG, and EA, two planting configurations (single or double rows per bed), and two fertilizer levels (0 or 100 pounds/acre of ammonium nitrate) in a split-plot design with configuration main plots, species subplots, and genotypes in 6-tree row subsubplots.  Spacing is 11' between beds, 3' between trees on a bed.  The initial planting was done in March 2001, and fertilizer treatments were implemented in June 2002.  

EG, EA, and five PD clones were planted in a demonstration area in April 2001 at 3’ spacing within single or double row blocks on top of five beds spaced 11’ apart.  After periodic size and survival measurements, approximately half of each block was felled in February 2002 to initiate coppicing.  

Several commercial scale plantings were made.  A PD planting of over 25,000 unrooted cuttings of three clones were machine planted on beds at 10x2.5' spacing from April to May 2001. Most of the cuttings were planted in a single row configuration (which would use traditional harvesting equipment of skidders, fellerbunchers, etc.); a few beds were planted with double rows (2.5’ apart to accept Claas type harvesting equipment) on a bed (Table 1).  EG and EA plantings in June 2001, June 2002, and/or October 2002 also involved quadruple rows of trees planted 2.5’ apart on a macrobed or mound. 
Table 1. Bed spacing (‘), rows/bed, tree spacing (‘), trees/acre, and likely harvesting method for three planting configurations in commercial plantings at the Energy Farm.

	Configuration
	Bed Spacing
	Rows/Bed
	Tree Spacing
	Trees/Acre
	Harvesting Method

	Single
	9
	1
	2.5
	1,957
	Feller-Buncher

	Double
	9
	2
	2.5
	3,955
	Claas

	Quad
	23
	4
	2.5
	3,030
	Claas


Results
The PD in SRWC-90 were greatly impacted by drought after hand planting in March 2001. Consequently, PD compared poorly to EA and EG after 28 months.  EA and EG seedlings typically had survivals exceeding 80%, and EA survival usually was over 90%, even at double row configuration.  PD heights and DBHs were usually less than those of EA and EG, especially in the single row configuration, which allowed cogongrass to outcompete PD.  EA, although not necessarily as vigorous as EG, tended to highest productivity.  However, peak productivity of EA, and by extension the other two species, may be a year or more away, even with fertilization and double rows (Table 2, Figure 2).
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Figure 1. Location of studies, demonstration area, and commercial plantings at the SRWC Energy Farm at Lakeland, FL.

Table 2. PD, EA, and EG mean height (m), DBH (cm), and survival (%) at 28 and 33 months by unfertilized (U) and fertilized (F) treatments with single (S) and double (D) row planting configurations on beds in SRWC-90. 

	Config.
	Fert.
	Height
	DBH
	Survival

	
	
	28
	33
	28
	33
	28
	33

	PD

	S
	U
	2.6
	3.8
	1.4
	2.6
	39
	39

	
	F
	2.6
	3.2
	1.2
	1.9
	36
	33

	D
	U
	6.0
	6.8
	5.0
	5.4
	29
	23

	
	F
	8.0
	7.9
	5.8
	5.9
	36
	38

	EG

	S
	U
	6.5
	8.0
	5.0
	6.0
	71
	69

	
	F
	7.5
	8.5
	5.4
	6.0
	72
	71

	D
	U
	6.9
	7.5
	4.4
	4.6
	72
	72

	
	F
	10.2
	10.5
	6.3
	6.6
	69
	72

	EA

	S
	U
	4.7
	5.7
	4.1
	4.8
	93
	92

	
	F
	8.2
	8.9
	6.8
	7.4
	89
	90

	D
	U
	6.1
	6.5
	4.4
	4.8
	92
	93

	
	F
	8.7
	9.2
	6.1
	6.7
	92
	92
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Figure 2. PD, EA, and EG annual productivity (dry Mg/ha/year) by unfertilized (0) and fertilized (1) treatments with single (S) and double (D) row configurations on beds (B) in SRWC-90. 

Current EG yields in the commercial plantings are low, as the 3,118 and 1,118 trees/ha, respectively, for the single and quadruple configurations are much less than the planted densities (Table 3). With high survival, EG yields at 10,000 trees/ha on fertile sites have been up to 36 dry Mg/ha/year.   "Preliminary" estimates of yields in the commercial plantings suggest a low of 20 green tons (10 dry tons)/acre/year and a high of 32 green tons (16 dry tons)/acre/year for eucalypts with high survival at the end of a rotation.

Table 3. EG mean height (m), DBH (cm), trees/ ha, and productivity (dry Mg/ha/year) by age and by planting configuration in commercial plantings at the Energy Farm.

	Configuration
	Height
	DBH
	Trees/ha
	Productivity
	Age (years)

	Single
	12.3
	8.5
	3,118
	13.7
	2.5

	Quad
	6.4
	5.3
	1,188
	2.0
	1.5


Incorporating SRWC and Phytoremediation into Agroforestry Systems
Incorporating both SRWCs and dendroremediation into agroforestry systems has promise for enhancing annual income possibilities, a critical aspect for acceptance.  The generally favorable cost of dendroremediation with SRWCs, e.g., for remediating landfill-leachate, can be augmented by nearby fuelwood or other timber markets when the planting is sufficiently large to produce merchantable biomass quantities.  Similarly, dendroremediating SRWCs in an agroforestry format will have periodic value, when planted on a large scale in a marketable area, that can add to the more frequent returns from the agronomic component.

Five agroforestry systems are opportunities for incorporating SRWC and dendroremediation.  Of tree-agronomic crop systems (alleycropping and intercropping), riparian vegetative buffer strip systems, tree-animal systems (silvopasture), forest/specialty crop systems (forest farming), and windbreak systems (shelterbelts), riparian systems and windbreaks have the greatest potential.  SRWCs in the riparian component of agroforestry systems dendroremediate as well as provide numerous other benefits.  Timberbelts, multirow shelterbelts of SRWCs, can also provide the environmental benefits (moderate temperature and wind, decrease noise, dust, and soil erosion, provide wildlife habitat, harvest water) of windbreaks\shelterbelts while producing the economic benefits of timber products.  Another opportunity could be mixing an SRWC planted for dendroremediation and\or timber product with a crop specially suited for dendroremediation instead of agricultural production.  

Prospective Applications of Dendroremediation in Agroforestry Systems
Market driven commercialization of agroforestry with EG in Florida is currently limited to a demand for mulchwood that can be met with perhaps 8000 ha of EG plantations in rural areas.  Should fossil-fuel-based electricity producers undertake biomass co-firing, the price for EG energywood will surpass that of mulchwood.  Then, urban areas that are uniquely positioned to create closed-loop energywood systems (biomass systems specifically established for energy production) could supply renewable power derived from the application of urban reclaimed water and yard wastes.  

Overall demand for dendroremediation, broadly defined, could encourage agroforestry approaches combining SRWC and dendroremediation.  Dendroremediation could include planting fast growing trees for land reclamation and restoration and on disturbed or mined lands to improve soil conditions, control invasive species, sequester carbon, and provide a transition to natives.  Contaminated sites, landfills, wastewater treatment facilities, stormwater collection areas, agricultural lands, and mined lands may provide planting opportunities.  
SRWCs can reach their potential only when energywood, dendroremediation, and/or agroforestry systems are properly established and maintained.  Instead of establishing a system in one massive operation, a deliberate, smaller startup that tests genotypes, cultural options, etc., to ensure that the appropriate genotypes of a species are selected and matched with the necessary silvicultural options is recommended. 

Summary
SRWC establishment on CSAs requires strict implementation of the following: 

Herbiciding/disking – for cogongrass control, 

Bedding – for weed control and successful planting, 

Watering/packing seedlings – for high tree survival, 

Fertilization with ammonium nitrate – for rapid tree growth, 

High planting density – for early and continuing weed control and high yields, 

Planting eucalypts - EG and EA can dominate cogongrass.  

PD cultural requirements of thorough site preparation through herbiciding, chopping\disking, bedding by the end of December, double row planting, fertilization with ammonium nitrate at planting and annually thereafter as feasible, post-planting weed control measures such as mulching to suppress herbaceous competition, and harvesting by the end of February so that coppice regeneration suppresses weeds exceed  those of the eucalypts.

EA can have high survival on well prepared, bedded CSAs, respond favorably to fertilization, tolerate high stand densities, and coppice reliably. 
EG has the potential to be the most productive species with thorough site preparation and fertilization and properly timed harvesting. EG is best suited for immediate commercialization because of its ample availability of seed, while seed of EA is limited.  

While EG and EA growth potential on CSAs is quite high, SRWC cost competitiveness will be very dependent on establishment success, yield improvements, harvesting costs, and identifying/using incentives (tax, mining reclamation, etc.).  Strong collaboration among public and private partners is very promising for commercializing SRWCs.

SRWC systems may meet societal needs such as renewable energy, carbon sequestration, and dendroremediation of contaminated soil and groundwater. Locally adapted SRWCs may dendroremediate while providing revenue from various timber products.  Current agricultural systems that threaten biodiversity and degrade ecosystems require transformation to systems that improve habitat and provide more space for wildlife while maintaining or improving productivity. Agroforestry systems combining SRWC and dendroremediation, such as riparian buffers, could emerge as holistic approaches for sustainable energy and agricultural development.   
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Field Trip Stops
Demonstration Area

1 – EA: April 2001, 3’ spacing, double rows, five beds @11’
2 – EA: April 2001, 3’ spacing, double rows, five beds @11’, coppiced February 2002 

3 – EA: April 2001, 3’ spacing, single rows, five beds @11’, coppiced February 2002 

4 – EA: April 2001, 3’ spacing, single rows, five beds @11’
5 – EG: April 2001, 3’ spacing, double rows, five beds @11’
6 – EG: April 2001, 3’ spacing, double rows, five beds @11’, coppiced February 2002 

7 – EG: April 2001, 3’ spacing, single rows, five beds @11’, coppiced February 2002 

8 – EG: April 2001, 3’ spacing, single rows, five beds @11’
9 – PD: April 2001, 3’ spacing, double rows, five beds @11’
10 – PD: April 2001, 3’ spacing, double rows, five beds @11’, coppiced February 2002 

11– PD: April 2001, 3’ spacing, single rows, five beds @11’, coppiced February 2002 

12 – PD: April 2001, 3’ spacing, single rows, five beds @11’
Commercial Plantings
13 – PD: unrooted cuttings planted April to May 2001, 2.5' spacing, single rows on beds
14 – PD: unrooted cuttings planted February 2002, 2.5' spacing, single rows on beds
15 – PD: unrooted cuttings planted February 2003, 2.5' spacing, single rows on beds
16 – EG: seedlings planted June 2001, 2.5’ spacing, single rows on beds 
17 – EG: seedlings planted June 2001, 2.5’ spacing, double rows on beds 
18 – EG: seedlings planted June 2002, 2.5’ spacing, quadruple rows on mounds 
19 – EG: seedlings planted October 2002, 2.5’ spacing, single rows on beds 
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