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Establishing Willow, Poplar and Other Vegetation on a Brownfield Site
in Utica, New York

Samuel J. Jackson® and Christopher A. Nowak?
'ERM Consulting, DeWitt, NY
2 State University of New York, College of Environmental Science and Forestry,
Syracuse, NY

ABSTRACT

Abandoned and underutilized industrial lands, commonly referred to as
brownfields, are common throughout New York State and the United States. Reclamation
of these sites and possible remediation of soils contaminated with various pollutants may
be accomplished through the establishment and growth of plants. Our study addressed the
establishment of three vegetation communities on a brownfield site after one growing
season, quantified in terms of percent vegetative cover, above and below ground biomass,
and survival. Grasses are the standard community employed for the reclamation and
remediation of brownfield sites. A randomized complete block design with four
replications was used to compare establishment among three different plant communities:
planted grass, planted willow and poplar, and a “volunteer” community, in which plants
existing on the site were allowed to naturally revegetate the study area. Experimental
units were 6 x 6 m plots. Unrooted cuttings of seven willow clones and one poplar clone
were planted randomly at 0.3 x 0.3 m spacing in June 1999. The grass and willow/poplar
treatment resulted in significantly higher percent cover, 90 and 62 percent, respectively,
compared to the volunteer community at 29 percent. There were no differences in above
or below ground biomass between the grass community and the willow/poplar
community. Overall survival of willow and poplar clones was 90%; clone NM6 (Populus
nigra x P. maximowiczii) displayed the highest survival at 97%, and S25 (Salix
eriocephala 16x S.erio 276) survived at a rate of 81 %. Stem biomass production was
1.16 Mg/ha, which is consistent with first year growth on higher quality agricultural sites.
Based on one growing season, the grass and willow/poplar communities appear
promising for revegetating and remediating the brownfield site.
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Phytoremediation of TCE in a Shallow Alluvial Aquifer — A Field
Demonstration

Gregory J. Harvey
U.S. Air Force, Wright Patterson AFB, OH

ABSTRACT

The efficacy of Populus deltoides planted as a short rotation woody crop to
phytoremediate shallow ground water contaminated with trichloroethylene (TCE) has
been evaluated at the field scale in a multiagency demonstration project in Fort Worth,
Texas. This project was led by the Air Force and was conducted as part of the DOD’s
Environmental Security Technology Certification Program, as well as the USEPA’s SITE
Program. Planting and cultivation of eastern cottonwood (poplar) trees above a dissolved
TCE plume in a shallow (< 3.6 m) aerobic aquifer took place in spring 1996. Data were
collected to determine the ability of the trees to perform as a natural pump and treat
system. Transpiration measurements indicate that the largest planted trees transpired
approximately 14 liters per day during summer 1997; whereas a nearby 19-year-old
cottonwood tree was determined to transpire approximately 275 kg per day (J.M. Vose,
U.S. Forest Service, oral commun. 1997). Although the trees were transpiring water from
the contaminated aquifer during the second growing season they were not hydraulically
controlling the plume. Predictions of drawdown at the water table during peak growing
season transpiration for mature plantations range from 12-25 cm at the center of the
drawdown cone. The diameter of the predicted drawdown cone ranges from 140 to 210
m. These drawdown predications are associated with a predicated decrease in the
volumetric flux of groundwater across the downgradient end of the planted area that
ranges from 20 to 30 percent of the water that moved through the site before the trees
were planted.
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Percolation Reduction Using Short Rotation Woody Crops: Case Study
— Schenectady, NY

David M. McMillan®, Donald J. Hughes®, and Brent E. Weesner?
'Natresco and Associates, Ltd., Hershey, PA / State University of New York, College of
Environmental Science and Forestry, Syracuse, NY
’General Electric Company, Schenectady, NY

ABSTRACT

Water balance models are commonly used for long-term prediction of water
movement within a hydrologic system. To assess the ability of native vegetation and
short rotation woody crops to minimize percolation at a site in Schenectady, data were
collected to quantify and model the water balance within shallow substrate. Components
of the water balance were determined using instrumentation installed above and below
ground within a stand of pioneer tree species and in an adjacent successional old field
community. To measure precipitation, total solar radiation, relative humidity, temperature
and wind speed, we installed a micrometeorological station in the old field area. From
this we also computed potential evapotranspiration. Changes in soil water storage at both
sites were calculated using an array of soil moisture probes installed in the fill. Water
flux through the fill was measured using minilysimeters, while sap flow was determined
using heat balance sap flow gauges. Surface runoff was estimated. Sap flow was
measured on 2 cm diameter branches of a variety of tree species and then extrapolated to
the stand level. Sap flow is species dependent and ranges from 2.4 to 2.8 Ga./tree.day.
The results of preliminary modeling indicate that percolation is greatly reduced in areas
under tree cover when compared with the old field areas. In addition, estimated average

daily evapotranspiration from the stand (380m2) ranges from 5.3 to 8.6 mm/day, which
exceeds the average daily precipitation during the growing season of 2.7 mm.
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Birds Breeding in Short-Rotation Woody Crops in Upstate New York:
1998-2000

André A. Dhondt and Keila V. Sydenstricker
Laboratory of Ornithology, Cornell University, Ithaca, NY

ABSTRACT

This report on birds nesting in short-rotation woody crops is based on spot
mapping and exhaustive nest searches in nine plots in Upstate New York. The largest
number of different bird species was observed in season two (11 species), with somewhat
smaller numbers in season 3 (nine species) and season 4 (eight species). In contrast to this
result the total nest density increased with age of the willows and poplars: numbers of
nests per acre, all species confounded, were 0.03 (season 1), 2.47 (season 2), 4.93 (season
3) and 6.56 (season 4). American Goldfinches seem to prefer clones S25 and SA2, while
avoiding NM6. NM6 was also avoided by Red-winged Blackbirds and Willow
Flycatchers, but clearly preferred by American Robins and to some extent by Grey
Catbirds, two species that build large, bulky nests. S365 was strongly favored by Red-
winged Blackbirds, and perhaps by Yellow Warblers.

Keywords: Aves, biodiversity, clone, density, nesting, willow, poplar

INTRODUCTION

As part of the study of the impact of short-rotation woody crops on biodiversity
we studied which birds were observed breeding in plots of different ages, sizes and in
which different clones were planted. All of these factors are known to have an effect on
avian biodiversity (Sage and Robertson, 1996). The objectives of our studies were to
determine: (1) which bird species breed in plots and at what density; (2) to what extent
avian biodiversity changes with the age/size of the plots; (3) to what extent type of clone
influences avian biodiversity; (4) to what extent the surroundings of a plot influence
avian biodiversity; (5) if brood-parasitism by brown-headed cowbirds is a problem in the
plots in Upstate New York; (6) compare birds breeding in willow plantations to those
breeding in similar natural habitat

This report is limited to the description of the diversity and abundance of birds
nesting in the “eastern” plots of Upstate New York and will also briefly address possible
preferences of clone as a substrate for nest building in relation to branching patterns.

MATERIAL AND METHODS

The study plots on which this report is based were planted between 1996 and
1998. We analyze the results by growing season. Growing season 1P is the season in
which the clones were planted. Before the next growing season the saplings are cutback
by mowing with a sickle bar or brush saw, generating more side sprouting in the
following growing season. The first season after cutback is called season 1. Later seasons
are numbered consecutively. Although it was initially planned to cut the plantations after
growing season 3, several plots were not cut then, so that we also report on the birds
nesting during growing season 4.
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The study plots included in this report, their location, size, year of planting and
growing seasons during which data were collected are summarized in Table 1. The data
for Lower Field in Lafayette are not included in the analyses, because to many trees died
after planting.

Table 1. Short-rotation woody plots used in this report.

Site Field Area Planting Growth Season
(ac) date
1P 1 2 3 4
King Ferry Barn Site 5.5 1996 1998 | 1999 | 2000
\Weather Station 3.7 1996 1998 | 1999 | 2000
Site Trial 2.7 1995 1999 | 2000 | 1998
Tully Area 4 0.1 1987 1998 | 1999 | 2000
Area 12 2.7 1995 1999 | 2000 | 1998
Lafayette Lafayette Rd. 7 1997 1998 | 1999 | 2000
Upper Field 2 1998 1998 | 1999 | 2000
Lower field (1) 2 1998 1998 | 1999 | 2000
Canastota Canastota 20 1998 1998 | 1999 | 2000

(1) Data not included because of heavy plant mortality.

The field methods were simple, though time consuming. From April to September
each plot was visited every 7-10 days. We used spot-mapping techniques to census birds
during each visit (Robbins et al. 1970; Bibby et al. 1992). For all the plots we walked the
perimeter of the plot mapping any birds detected and afterwards we walked transects
through the plot. This procedure was adopted to minimize, as much as possible,
disturbances due to walking through dense and tall vegetation. All birds observed were
identified and their location and behavior recorded on a map. Plots were also
exhaustively searched for nest. When nests were found the content was recorded, the
species determined and a flag with date found, species and nest content attached to a
nearby tree. Nest fate and content was determined during later visits. A mirror attached to
a pole was use to determine nest content of nests built above eye height. In late
September and October after the leaves had fallen to the ground, the plots were revisited
to determine if any nests had been missed during the growing season.

RESULTS

No birds were found nesting in season 1P. In season 1 only American Goldfinches
Carduelis tristis were found nesting. Based on the behavior of the birds, though, we
believe that Field Sparrow Spizella pusilla (King Ferry), Indigo Bunting Passerina
cyanea (Lafayette) and Vesper Sparrow Pooecetes gramineus (Canastota) were also
probable breeders.

Some species were only found nesting during season 2. These included Indigo
Bunting, Common Yellowthroat Geothlypis trichas and Killdeer Charadrius vociferus.
Nests of Song Sparrows Melospiza melodia were found in seasons 2 and 3, and young of
the parasitic Brown-headed cowbirds Molothrus ater were only found in season 3. A
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single pair of the Wood Thrush Hylocichla mustelina, a declining Neotropical migrant,
successfully raised young in a plot at King Ferry in its 4th season.

The largest number of different bird species was observed in season 2 (11
species), with somewhat smaller numbers in season 3 (nine species) and season 4 (eight
species). In contrast to this result the total nest density increased with age of the willows
and poplars: numbers of nests per acre, all species confounded, were 0.03 (season 1),
2.47 (season 2), 4.93 (season 3) and 6.56 (season 4).

Mean nesting density of Willow Flycatchers Empidonax traillii, Yellow Warblers
Dendroica petechia and Cedar Waxwings Bombycilla cedrorum increased with age of the
plantation. Nesting density of Grey Catbirds Dumetella carolinensis leveled off at season
3, and that of American Goldfinches and Red-winged Blackbirds Agelaius phoeniceus
reached a maximum in season 2 and 3, declining in season 4. Although these trends
seemed to hold for all species when comparing nest densities within the same plot, there
was considerable variation between plots. This is illustrated for Grey Catbird and
American Robin in Figures 1 and 2.

The extent to which birds preferred different clones for building their nests in is
illustrated using the combined data from the King Ferry plots (Table 2). Across all
species 41% of the nests were found in clone S365 and 24% in the poplar clone NM6.
These numbers can be used as a reference to determine if certain species preferred or
avoided any clones. The data suggest that American Goldfinches preferred S25 and SA2,
while avoiding NM6. NM6 was also avoided by Red-winged Blackbirds and Willow
Flycatchers, but clearly preferred by American Robins and to some extent by Grey
Catbirds, two species that build large, bulky nests. Clearly the branching pattern of a
clone influences the bird’s choice of a nesting substrate. S365 was strongly favored by
Red-winged Blackbirds, and perhaps also by Yellow Warblers.

CONCLUSIONS

Although based on a limited sample, bird species diversity and nesting density in
short-rotation woody crops are quite high. Bird species diversity is highest in season 2 as
some bird species that nest in shrubs are still found nesting in the plots, but some early
successional forest species are already present. As trees grow and hence foliage volume
(and therefore food abundance) increases nesting density also increases.

This study confirms results obtained in the USA, the UK, and Sweden that bird
abundance is high in short-rotation woody crops. Our study also shows that brood
parasitism by Brown-headed Cowbirds does not seem to be a serious problem. This might
be related to the very dense foliage in the plots.
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Figure 2. Nest Density of Gray Catbird.
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Table 2. Nesting preferences differ between species in the King Ferry plots (growing seasons 2-4
summed). The numbers in the table represent the proportion of all nests of the species found in
each clone. The lowest row gives the proportion of nests found in each clone combining all
species. Bold values represent clones that are preferred or avoided by particular species.

CLONE S365 NM6 |SV1 S25 SA2 Total n.
BIRD SPECIES poplar of nests
American Goldfinch 0.39 0.04 0.09 0.26 0.22 23
American Robin 0.19 0.55 0.19 0.03 0.03 31
Cedar Waxwing 0.45 0.30 0.10 0.15 0.00 20
Gray Catbird 0.13 0.33 0.47 0.00 0.07 15
Red Winged Blackbird 0.80 0.10 0.05 0.00 0.05 20
Willow Flycatcher 0.45 0.00 0.27 0.09 0.18 11
Wood Thrush 0.00 0.00 1.00 0.00 0.00 1
Yellow Warbler 0.83 0.00 0.00 0.17 0.00 6
All species 0.41 0.24 0.17 0.09 0.08 127
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Sustainability of High Intensity Forest Management with Respect to
Water Quality and Site Nutrient Reserves

Virginia R. Tolbert}, Carl C. Trettin?, Dale W. Johnson®, John W. Parsons®, Allan E.
Houston®, David A. Mays®
'Bioenergy Feedstock Development Program, Oak Ridge National Laboratory, Oak
Ridge, TN
“Center for Forested Wetlands Research, U.S. Forest Service, Charleston, SC
*Biological Sciences Center, Desert Research Institute, Reno, NV
*Department of Agricultural and Biological Engineering, North Carolina State
University, Raleigh, NC
*Ames Plantation and University of Tennessee, Grand Junction, TN
®Department of Plant and Soil Science, Alabama AUM University, Normal, AL

ABSTRACT

Ensuring sustainability of intensively managed woody crops requires determining
soil and water quality effects using a combination of field data and modeling projections.
Plot- and catchment-scale research, models, and meta-analyses are addressing nutrient
availability, site quality, and measures to increase short-rotation woody crop (SRWC)
productivity and site sustainability. Plot-scale (0.5 ha) research began in 1995 in MS,
AL, and TN to compare woody and agricultural crops. In 1997, the plot scale expanded
to catchment-scale SRWCs plantings (20-40 ha) on International Paper lands in South
Carolina. Water quality, erosion, runoff, soil quality, and nutrient cycling are being
quantified with production of SRWCs. Combined literature, meta-analyses, field data,
and models (NuCM and WATRCOM) are identifying mechanisms to enhance soil
carbon, fertilizer and water-use efficiency, and site sustainability, while minimizing
nutrient and soil losses. Data and literature analyses demonstrate that soil cover, rates
and timing of nutrient application, rainfall timing and intensity, and plant growth are keys
to minimizing runoff, erosion, and nutrient transport while maximizing productivity. In
SC, decreases in soil water potassium and phosphorus are indicative of previous
agricultural fertilization; while increased extractable aluminum reflects increasing site
acidification. Modeling simulations and water level management at the SC site are
demonstrating mechanisms to enhance tree growth.

Keywords: soil quality, nutrient modeling, nutrient utilization, hydrologic modeling

INTRODUCTION

Dedicated short-rotation woody crops (SRWC) and perennial herbaceous crops,
as well as residues, can provide significant feedstocks to support viable biomass to
bioenergy and bio-products industries. Incorporating production of intensively managed
biomass crops into agricultural systems can provide both economic and environmental
benefits. Quantifying environmental benefits, risks and any mitigation measures that
may be necessary to ensure sustainable establishment, management, and harvest of
SRWC must occur if these benefits are to be realized. Growing perennial biomass crops
on agricultural lands, particularly those producing marginal yields or established on more
erosive soils, can provide soil and water quality benefits, dedicated feedstocks (Smith,
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1995; Grigal and Berguson, 1998), and alternative economic return. The potential
impacts from site preparation and production on more marginal lands are greater and the
yields probably less than on more productive agricultural lands; however, the greatest
gains in soil quality are expected on these lands. Determining management practices that
can minimize on-site and off-site effects, e.g., erosion and chemical transport, and
matching biomass crop types to appropriate sites, can maximize the environmental
sustainability of biomass crop production for multiple end uses.

The combination of site-specific research, literature analysis, and modeling
described here summarizes the ongoing research being supported by the U.S. Department
of Energy’s Offices of Transportation Technologies and Industrial Technologies. The
goal of this research is to identify cost-effective management options to increase tree crop
productivity while simultaneously enhancing site sustainability and long-term soil
productivity. The combined approach evaluates measures to manage off-site movement
of sediment and chemicals, develops water management approaches to increase
productivity and reduce runoff, and evaluates nutrient budgets to assess nutrient use
efficiency. The endpoint is to develop an integrated approach with user-friendly nutrient
(NuCM) and water quality (WATRCOM) models that can be used to increase
productivity and sustainability of short rotation woody crops. Thornton et al. (1998) and
Tolbert et al. (1997, 1998) summarized some of the earlier surface water and nutrient
transport results from the small field-scale studies that provided the first layer in
identifying practices to increase sustainable SRWC production.

METHODS

Small-scale plantings have been used to quantify water and soil quality and
productivity of sycamore compared with no-till corn for at a site in western Tennessee
(TN), sweetgum with and without a cover crop compared with no-till corn at a site in
northern Alabama (AL), and cottonwood in Mississippi (MS) since 1995. Earthen berm
enclosures were used to exclude runoff from outside the plots and to quantify runoff,
sediment, and nutrient transport from the individual plots. At the TN and MS sites the
replicated plots were 0.5 ha and at the AL site 0.25 and 0.5 ha. This event-based
monitoring will continue at least through 2001 at the TN and AL sites. Detailed
descriptions of the plot-scale study methods are available in previously available
publications (Joslin and Schoenholtz 1998, Thornton et al. 1998, Tolbert et al. 1997,
1998)

Catchment-scale (20-40 ha) plots and watershed scale (~500 ha) plantings were
established on International Paper lands in SC to assess factors controlling off-site
movement of nutrients, chemicals, and water, and long-term soil sustainability of larger
scales. Replicated SRWC plantings [two using current management techniques for tree
crop production (sweetgum with open drainage -SWO and sycamore with open drainage
—SYO0), and one incorporating agronomic water management practices for SRWC
production (sycamore with controlled drainage structures - SYC)] were established in late
1996. The treatments represent commercially feasible systems of tree species,
fertilization, weed control and water management regimes. The six catchments are
instrumented to measure surface and subsurface water quality and surface water
discharge. Soil nutrients, carbon, and tree productivity are measured annually. The
combination of the small-scale, catchment-scale and two second-order watersheds (~500
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ha) are providing the basis to evaluate the ability to use results from multiple scales to
make predictions of effects of landscape-scale SRWC production. Field data from the SC
site are providing input to the meta analysis on nutrient turnover and for models for
hydrologic and nutrient cycling.

Existing information on nutrient reserves and nutrient amendments in short
rotation biomass plantations is being compiled into databases for meta analyses using the
method of Curtis (1996). These databases are being used to assess the factors affecting
the sustainability of site nutrient reserves and the effects of nutrient amendments on water
quality. Sources of information included are published reports obtained from literature
searches and inquiries from forest scientists via the International Energy Agency.

Process-based hydrologic (WATRCOM) and nutrient based (NuCM) models are
being used to develop an integrated modeling framework to assess the sustainability of
SRWC with respect to water quality and site nutrient reserves. Data from the SC site are
being used to parameterize the models to develop a user-oriented model platform for
operational use by the forest products industry.

RESULTS AND DISCUSSION

Results from the plot-scale studies through 1997 have been reported in several
publications (Bandaranayake et al. 1996, Thornton et al. 1998; Tolbert et al. 1997, 1998,
Tolbert and Wright 1998). Establishing short-rotation tree crops on former agricultural
sites has been shown to provide positive benefits for water and soil quality. At the AL
research site establishing a 60-cm wide herbaceous cover crop centrally between tree
rows significantly reduced sediment transport from the plots especially during the initial
year of establishment (Green et al. 1996, Malik et al. 2000). Sweetgum productivity from
1995-97 did not show a competition effect of the 60-cm wide fescue cover crop.

Soil quality

Comparisons on small-scale plantings showed that soil organic carbon (SOC)
increased by 19% in the upper 2.5 cm with conversion to cottonwood production; the
total soil carbon mass (excluding stumps and coarse organic matter) was 15 Mg ha™.
With stump and coarse roots included, the belowground biomass was approximately 18
Mg ha™ (Tolbert et al. 1998). At the TN site SOC increased by 27% and 34%,
respectively, under no-till corn grown with a winter cover crop and sycamore. The
increased SOC storage under the sycamore was approximately 1.3 Mg ha* yr™. Soil
carbon significantly increased (p < 0.02) under switchgrass, sweetgum with a cover crop,
and no-till corn from 1995-1997 at the AL site. By contrast soil carbon under sweetgum
without a cover crop decreased by 6% over the same period (Fig. 1). This carbon loss is
consistent with Hansen’s (1993) measurements showing soil carbon decreases during the
initial years of tree crop establishment with use of cultivation.
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Figure 1. Mean soil organic carbon by treatment at the AL site after the fourth growing season.

At the South Carolina (SC) site, elevated extractable cation levels reflected
differences in parent material and genesis between the Coxville and Goldsboro soils.
Extractable K was greater in the upper 30 cm on the sweetgum plots than the sycamore
plots. Phosphorus exhibited effects of past agricultural management, with the sycamore-
open drainage catchments having significant higher levels than the other two treatments;
all treatments had elevated levels in the upper 30 cm. Extractable K and P declined
between 1997 and 1998 in the sycamore-open drainage treatment indicating a loss of P
from the surface soil that is not being maintained by the current fertilization regime.
Comparisons of carbon allocations into soil and aboveground components at the SC site
show that there are dramatic differences in allocation between sycamore and sweetgum
(Fig. 2) with sweetgum allocating significantly more carbon to the soil component over
the first three years of growth.

At the TN site, soil samples taken from 1995 — 1998 showed the greatest changes
in soil properties within the upper 30 cm. Initial comparisons showed bulk densities and
penetration resistance to be lower under 13-year old sycamore than the newly established
sycamore and no-till corn. Both penetration resistance and bulk density at 0-30 cm
decreased significantly over time in the younger sycamore plots compared with the no-till
corn plots. The hydraulic conductivity and infiltration rates in the cottonwood plots at
the MS site were more than twice as great as in the continuous cotton plots (12.47 vs. 4.6
and 44.7 vs. 20.0 cm/hr, respectively (Tolbert et al. 1998). Bulk density in the upper 10
cm decreased over the 3-year cottonwood production (1.4 Mg m™ in 1995 to 1.1 Mg~ in
1998) as the result of increased incorporation of organic material and root penetration.
Soil bulk density and infiltration at the SC site ranged from 1.42 Mg m™ in the A horizon
within the planting bed for treatment SYC to 1.79 Mg m™ in the B- horizon, between
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Figure 2. Allocation of carbon by sycamore (C — closed drainage, O — open drainage) and
sweetgum at the SC site.

beds for treatment SWO. Sample infiltration rates ranged from 1.0-104.1cm per hour.

Runoff was reduced with production of SRWC relative to agricultural crops. The
reductions, which were greatest with eastern cottonwood, then sycamore, and finally
sweetgum match the species growth and site occupation rates and show the effect of
higher rainfall interception and evaporative losses by tree foliage (Mitchell 1997) and
increased litter cover. At the AL site, sweetgum plantings with a cover crop produced
25% less runoff than the no-till corn plots.

Hydrologic data are currently being collected at the SC site and provide the
opportunity to compare water availability with and without use of flashboard risers to
retain water on the site and to determine water availability for comparison with plant
growth responses. Water level simulations are contributing to the WATRCOM
simulations of water level management at the SC site (Fig. 3).

Water quality

Water quality comparisons overall for the plot scale sites show that runoff
transport of nitrate was greater from the row crops than from the tree crops (at the TN
and AL sites). As would be expected, nutrient transport was greatest when runoff events
occurred soon after fertilizer application.

Soil water at the SC site is acidic, averaging pH 5.39, 5.21, and 5.63 for the SWO,
SYO, and SYC treatments, respectively. In 1997-98 there were significant differences in
pH but little difference in Ca and Mg among the SRWC treatments during this period.
Calcium and Mg levels in the SRWC plantings were greater than in soil water collected
in the agriculture reference plot, presumably a result of past management practices.
Potassium exhibited variation among treatments with no discernible treatment effects or
temporal patterns. Elevated NH4 -N following the spring 1998 application of fertilizer
was evident in the soil water. The levels declined within a month, but remained elevated
relative to the 1997-growing season. Overall, levels of NH4 -N have consistently been
below 1 mg I™%. Nitrate levels, across all treatments, have been low during the winter
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(Nov. - March) and then increased in the spring probably a result of fertilizer application
and nitrification. The strong temporal pattern suggests that nitrification (of both organic
and fertilizer NH* -N) is the primary mechanism. Nitrate levels in the SRWC plantings
exceeded those in the agricultural reference at all times. The NO®-N levels in the SRWC
plantings represents a mobile N pool, which is likely in excess of vegetation or microbial
demand. This suggests that the N fertilization rates are too high for the present stage of
stand development.
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Figure 3. Schematic representation of the water flows simulated in the saturated zone along with
linkages to the unsaturated zone for WATRCOM hydrologic model.

Literature Survey and Meta Analysis

Existing literature on nutrient losses and fertilizer recovery in forest systems has
been compiled and summarized in separate databases on the effects of forest harvesting
on soil carbon (Johnson and Curtis In press) and fertilizer nitrogen recovery. The meta
analysis of the harvesting and soil C data base revealed no significant differences
between whole-tree and sawlog harvesting, each producing an average soil C increase of
approximately 22%. There were significant-time-since-harvest effects, where little
differences in soil C (4-8%) were noted within the first five years of harvest and
considerably more during years five to twenty. The analysis of depth effects revealed a
perhaps spurious result: the greater accumulation of soil C in deeper horizons than in
surface horizons. Further refinements of these analyses are being conducted.

The literature analysis of fertilizer recovery and allocation by trees was an update
of a database previously reported by Johnson (1992). The developed database on
fertilizer nitrogen recovery is being used to assess factors affecting the sustainability of
site nutrient reserves, allocation of site available nitrogen, and effects of nutrient
amendments on water quality. The comparisons to date of the fertilizer N recovery using
the meta analysis show that the type of fertilizer applied effects the retention of the
fertilizer applied (Fig. 4). For example, ammonium nitrate was retained approximately in
equal proportions by soil, litter, and stem whereas applied urea was retained primarily in
the soil and litter and NO3 primarily in the stem and soil. Data from multiple studies
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show that single annual applications of fertilizer showed greater on-site retention of
nutrients than from multiple fertilizer applications (Fig. 5). Application of less than 150
kg resulted in greater retention than 150-500 kg and particularly more than 500 kg.
Linking these meta analyses with data from the catchment-scale studies, and nutrient
models can begin to guide application of fertilizer to SRWC to maximize their
productivity, environmental benefits for soil and water quality, and economic
competitiveness.

By Feiradon
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Figure 4. Comparison of retention of fertilizer show that the type of fertilizer applied influences
the retention of fertilizer by forest components.
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Figure 5. Comparisons of retention of fertilizer within different forest components based on
single applications compared with multiple applications.
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Calibration of the NuCM Model

The results of the meta analysis are currently being used along with the SC field
data and the NuCM nutrient model to determine whether the timing of nutrient additions
and their allocation within the system are reflected in the patterns of nutrient
requirements and losses from intensively managed tree crops at the SC site.
Meteorological data, including precipitation chemistry and air quality, and soils and
vegetation data for the South Carolina site are currently being collected for calibration of
the hydrological and chemistry sub-models of NuCM for the SC site.

SUMMARY

The combination of small field-scale and catchment-scale comparisons of
productivity of woody crops in combination with hydrologic and nutrient models and
databases summarizing information on SOC retention with different harvesting practices
and nutrient management are providing powerful tools to help increase the sustainability
of SRWC production. Conversion of agricultural croplands to SRWC production can
have positive benefits for both soil and water quality. Production of SRWC on
agricultural lands can also contribute to increased SOC. The combination of small- and
catchment-scale research studies show that different SRWC respond to variations in soils
and that nutrient requirements differ for different tree crops and different soil types.

Identifying appropriate management practices for nutrient additions can
contribute to environmentally sustainable production of SRWC and to reducing economic
costs for their production. Identifying changes in nutrient content and productivity with
time and developing user-friendly models for nutrient and water use can also assist
individual and operational scale growers to identify best management practices for
nutrient content, application, and timing to maximize sustainable production. The
combined projects will continue monitoring runoff, water quality, and soil chemistry,
including SOC, at both small- and catchment- scales during the middle rotation years (5 —
8) of production cycles. Continuing to monitor these soil and water quality parameters
will allow us to determine (and document) whether patterns change over time and
whether the quantified benefits of cover crops for soil and water quality continue. At the
AL site monitoring productivity and SOC over time will help determine whether SOC on
the plantings with a cover crop will continue to outpace that of the sweetgum without a
cover crop plantings. This has important implications for both soil and water quality with
larger-scale production of woody crops. If productivity data from comparisons of the
effects of different cover crops at the AL site show significant nutrient and productivity
benefits for the tree crops from use of different cover crops, there could be increased
interest and use of cover crops at production scales to increase sustainability and
productivity. The AL and SC sites offer opportunities to determine if cover crop and
water level management can provide enhanced nutrient availability and use efficiencies
to enhance productivity. Management options under consideration for harvesting and
replanting at the TN site can provide additional information for establishment, site
management, and harvest to increase both yields and sustainable production. Monitoring
changes, testing options, and documenting measures to increase economic and
environmental potential of SRWC can increase their adoption for energy, bio-based
products, and fiber.
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Soil Carbon Pool in a Short-Rotation Willow (Salix dasyclados)
Plantation Four Years After Establishment

F. Ulzen-Appiah, R.D. Briggs, L.P. Abrahamson and D.H Bickelhaupt
State University of New York, College of Environmental Science and Forestry,
Syracuse, NY

ABSTRACT

Soil carbon (C) pools, i.e., whole soil (WSC), and particle size fractions; sand
(SaC), silt (SiC), and clay (CIC), within 0-60 cm soil depth of willow [Salix dasyclodos
(SV 1)] short rotation intensive culture (SRIC) plantation were compared with adjacent
non-woody vegetation (control) plots four years after plantation establishment. The sites
had similar management history and by assumption similar soil C levels prior to
plantation establishment. Particle size fractions were obtained using physical
fractionation procedures. Carbon, determined by wet oxidation, did not differ
significantly (P > 0.05) between willow and non-woody vegetation plots in concentration
(9/kg), mass (g C/kg fraction), and enrichment (E = % fraction C/% soil C). We
hypothesized that SRIC systems could impact soil organic matter (SOM) pools
differently. The general increasing trend for pool C concentration was SaC < WSC = SiC
< CIC and for mass SaC < CIC < SiC. Sand was C depleted whilst silt and clay were C
enriched. We conclude that four years of tree presence maintained or caused no decline in
initial soil C pools.

Keywords: carbon concentration; carbon mass; carbon enrichment; willow (Salix
dasyclados); short-rotation intensive culture.
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The Development of a Small Scale Combined Heat and Power Plant
Using Down Draft Gasification

W. Malcolm Dawson* and John Gilliland?
'Development of Agriculture and Rural Development Northern Ireland, N. Ireland
Horticulture and Pland Breeding Station, Loughgall, N. Ireland UK
“Rural Generation Ltd, Brook Hall Estate, Londonderry, N. Ireland, UK

ABSTRACT

From the outset of the research and development programme on short-rotation
coppice willow as an energy crop in Northern Ireland, the investigation of markets and
utilisation formed an important and integral part of the project. Downdraft Gasification
Technology was sourced from the University of Lourvain la Neuve in Belgium and 100
kW commercial prototype was installed at the Department’s Agricultural College in
Enniskillen, Co. Fermanagh. Developments in the design and operations of both the
gasification system and its associated gas cleaning systems led to the consistent
production of a high quality clean gas supply allowing continuous engine running and
generation. At this point a new company, Rural Generation, was formed, charged with
the full commercialisation of the plant. The first of these plants was installed at Brook
Hall Estate in Londonderry where 42 ha of willow coppice had been established as the
fuel source. A second has been commissioned at Boughton in Nottinghamshire where it
has been installed in a renovated pumping station functioning as a conference centre.
Currently, as well as the accumulation of operational data, future developments centre
around the replacement of the conventional gas/diesel engine with small scale gas
turbine. This turbine has been specially designed by Queens University Belfast to
operate on gases with a low calorific value.

Keywords: down draft gasification, willow

INTRODUCTION

Work on short-rotation coppice willow began in Northern Ireland in 1974-5 in
response to a projected European shortfall in cellulose for paper manufacture. The work
was undertaken for the Paper Industry Research Association. In the late 1970s the focus
of the work changed to its production and use as an energy crop following the oil crises
in the Middle East. (McElroy and Dawson, 1986). Although recently the price of oil in
Europe has shown a dramatic rise, it has not returned in real terms to the disastrous level
of the late 1970s. However, the research and development input into short-rotation
coppice willow has been maintained because of two significant developments.

The adoption by the United Kingdom of the 12.5% reduction commitment in
carbon dioxide emissions by 2010 as part of the 'burden sharing' agreement within the
overall European Union commitment of 8% reduction following the Kyoto agreement.
Nationally the United Kingdom government has adopted a much more challenging target
of 20% reduction in the same time frame (Anon., 2000a). Whilst to achieve these targets
will require action on an extremely wide front including transportation, energy
conservation etc. renewable energy sources will have a major part to play. In a United
Kingdom context wind and energy from biomass are seen as the most mature
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technologies in the renewable portfolio. A recent review of the potential renewable
technologies in Northern Ireland (Anon., 1999) indicates a maximum contribution of 160
GWh yr* for wind energy by 2025 with energy crops, including forestry residues and
short-rotation coppice, contributing 256-279 GWh yr™

The second significant development concerns the decline in agricultural income in
the United Kingdom in general and Northern Ireland in particular since 1995 when they
were at their peak. In Northern Ireland where agriculture is grass based, the crisis in
farm income was particularly serious with its heavy dependence on an exporting beef
industry. In the period from 1995-1997 total farm income dropped by 35% from a total
in 1995 of £305m to £109m. In 1998 and 1999 further drops 52% and 22% respectively
occurred reducing total farm income to £71 million, its lowest level since 1980 (Anon.,
2000b). This drastic drop in profitability and changing priorities within the European
Union’s common agricultural policy require a major shift in agricultural production
strategies. However, in Northern Ireland the mild, wet oceanic type of climate and its
generally heavy moisture retentive soils limits the choice of alternative agricultural
enterprises. Only 6% of Northern Irelands agricultural land is classified as arable. In
these circumstances the production of energy from short-rotation coppice willow offers a
significant opportunity to the agricultural industry, as a sustainable alternative
agricultural system.

Development of a Utilisation Strategy

Most of the early research and development work involved the basic agronomy of
the crop, pre-planting site treatment, varieties and planting densities, harvesting regimes
etc. (Dawson, 1992). However, at the outset it was recognised that, in parallel with this
agronomy-based research and development, end uses for the coppice product needed to
be developed, if short-rotation coppice was to maximise its potential. In addition to the
successful direct combustion route to produce heat, attention was focused at upgrading
the energy output by conversion to electricity whilst at the same time maintaining
efficiency by designing the system in a combined heat and power configuration.

As already indicated, farm structure in Northern Ireland is somewhat different
than the rest of the United Kingdom. In addition to the small size of individual farms,
approximately half the average size of the rest of the United Kingdom, individual field
size is also extremely small. This imposes logistical limits on the size of any conversion
unit developed. As a consequence the strategy adopted in Northern Ireland was one of
small embedded or distributed generating facilities in the range 0.1-0.3 MW/, where the
electricity is supplied directly to the consumer.

Embedded power generation has a number of advantages. It can be installed
where the grid is weak and it avoids the losses and/or investments related to the
transmission and distribution of electricity. At this scale it also provides the opportunity
of making use of the co-generated heat locally to the unit. In this way total efficiency
figures of up to 85% have been recorded. In this situation where the farmer, or groups of
farmers, takes ownership of the conversion facility, the problems encountered with most
other agricultural commodities, where it is the raw material and not the final added value
product is sold, are avoided.

However, even in this situation the economics are only marginal (Dawson, 1999)
and a dual-purpose crop would enhance the economic sustainability. In this context the
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use of short rotation coppice willow as a bioremediation system for municipal
wastewater/sewage sludge is being investigated. Here the avoided costs for chemical
treatment or incineration by the utility can be considered as added value to the coppice
system.

Gasification Technology

The downdraft gasification technology used in this development was sourced
from a research project in Belgium in the University of Louvain in Neuve being carried
out by Prof. J Martins. Initially in 1993 the Department of Agriculture and Rural
Development installed a 100kW ) prototype in a small Agricultural College in
Enniskillen, Co. Fermanagh, in the west of Northern Ireland. Over the next two years
engineering changes and operational experience resulted in a system which was robust,
easy to start up and shut down and which delivered a consistent flow of high quality gas
to the dual fuel gas/diesel engine used in the system. (Dawson et al., 1996). At this stage
proof of concept had been achieved and in 1996/97 the system was offered for
commercial development and a company, Rural Generation, was established to effect full
commercialisation of the system.

Brook Hall Rural Generation System

After initial appraisal, the first of a new generation of downdraft gasification
based combined heat and power plants was designed and installed by Rural Generation as
an on-farm system at Brook Hall in Co. Londonderry. This system was switched on in
1997 and since then has accumulated in excess of 11,000 hours operation time. Major
engineering adjustments have been made principally to the hearth and to the early stage
particulate removal element of the gas clean up system. This is the first on-farm
generating plant, which has come on-stream and is operating under the United Kingdom
‘Non Fossil Fuel Obligation’. This is a mechanism whereby the government offers a 15
year inflation proof contract for renewable energy technologies, which have not yet
reached the market place, as a result of a competitive bidding process. In this case a
minimum price of 6.95 p kWh™ was awarded. This price can be further enhance by
generating at advantageous times under the operation of a season and time of day tariff.

The production of the short rotation coppice takes place on set-aside land, a
European Union support scheme which compensates farmers for taking land out of food
production. As a result, in this instance in addition to an establishment grant of £400 ha™*
in year one, the enterprise also attracts five years compensatory payments of just under
£300 ha™* making a total support of approximately £1900 ha™* over five years. For the
100kW/¢) system approximately 42 ha of willow coppice will be required assuming a
yield of 12.0 tonnes oven dried wood per hectare per year. This will give an annual
production of approximately 500 tonnes of dry wood by chip harvesting 14 ha on a three-
year cycle. This production level will be sufficient to operate the plant for just over 6,000
hours per year and would represent a carbon dioxide saving of 1.4 tonnes per day or over
500 tonnes per year. Potentially this system can generate 600 MWh of electricity
annually and it has been estimated that the net annual revenue taking into consideration
the fuel and maintenance costs is in excess of £20,000 yr™*. The heat recovered from the
exhaust and cooling systems is used for fuel drying, space heating, and grain drying in
the estates’ cereal enterprises.
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In addition to accumulating operational data, future developments of the Brook
Hall plant will include the replacement of the engine with a micro-turbine. A turbine
designed by Queens University Belfast to operate on low calorific value gas is already on
site and testing with the gasifier has begun. The successful bringing together of these two
technologies will have significant implications on capital costs, maintenance costs,
efficiency of operation and other less tangible environmental benefits such as noise
reduction. This latter point may well have important implication for these small
embedded systems.

REFERENCES

Anon. 1999. Renewable energy in the millennium — The Northern Ireland Potential An
ETSU report for the Northern Ireland Department of Economic Development and
Northern Ireland Electricity. 69 pp.

Anon. 2000a. Climate change — The UK programme. Parliamentary Report published
for The Department of the Environment, Transport and the Regions by HMSO London
207 pp.

Anon. 2000b. Department of Agriculture & Rural Development for Northern Ireland
statistical review of N. Ireland Agriculture 1999. Ed. Hunter. W.I. Belfast 71 pp.

Dawson, W.M. 1992. Some aspects of the development of short rotation coppice willow
for Biomass in Northern Ireland. Proceedings of the Royal Society of Edinburgh 98B:
193-205.

Dawson, W.M. 1999. The social environmental and economic value of short rotation
coppice willow (Salix) as an energy crop. In. Farm Woodlands for the Future. Eds.
Burgess, P.J. et al proceedings of the conference at Cranfield University, Silsoe,
Bedfordshire, UK, September 1999. pp 151-160.

Dawson, W.M., G. Forbes and A. R. McCracken 1996. Small scale gasification of short
rotation coppice willow for electricity generation in Bioenergy ’96. Proceedings of the
Seventh National Bioenergy Conference, Nashville, Tennessee, September 1996, pp 739-
746.

McElroy, G.H. and W.M. Dawson 1986. Biomass from short rotation coppice willow on
marginal land. Biomass 10: 225-240.

160 Proceedings of the Short-Rotation Woody Crops Operations Working Group,



Variety Mixing and Planting Density Effects on Herbivory by the Blue
Willow Beetle Phratora vulgatissima (Coleoptera: Chrysomelidae)
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'Department of Agriculture and Rural Development, Northern Ireland
Department of Applied Plant Science, The Queen’s University of Belfast

ABSTRACT

Willow and poplar are the most promising short-rotation coppice species grown
presently in the United Kingdom as possible sources of bioenergy. Few invertebrate
pests have a serious impact on the yield of these species. However, the chrysomelid
beetle, Phratora vulgatissima, is the predominant invertebrate pest of willow in the UK
causing significant damage and yield loss to willow clones presently being investigated
for biomass production. In trials to investigate the effect of mono-culture, mixed variety
and planting density on the rust, Melampsora spp., five willow varieties were damaged
significantly more than others by Phratora vulgatissima, indicating preferential
herbivory. Mixed variety planting retarded the build-up of rust and there was a trend
towards reduced willow beetle damage in the preferred varieties in mixtures. Planting
density had no significant effect on the incidence of willow beetle herbivory.

Keywords: Willow beetles; Phratora vulgatissima; herbivory; Salix; mixed varieties;
rust; Melampsora spp.

INTRODUCTION

Research into the use of bioenergy and production of energy crops began in the
UK in 1979. The interest at the present time in these crops is due, not only to their use
for energy production, but also to the environmental benefits which they offer in terms of
reduction of greenhouse gas and as an alternative source of income and employment to
rural communities. The most promising energy crops in the UK are short rotation coppice
willow and poplar since the mild wet climate is very suitable for this production system.
Sage and Tucker (1997) conducted a survey of the invertebrates in the canopy of willow
and poplar short rotation coppices in Britain and Northern Ireland. While they recorded
over 50 invertebrate species or groups, the majority were found in the willow plantations,
and the degree of defoliation was correlated most closely with the abundance of the leaf-
eating beetles Phratora vulgatissima, and Galerucella lineola. High population densities
of beetles (20 m™) were found at some sites and at one of these 68% leaf loss was
recorded.

Rust, caused by Melampsora epitea var. epitea, is probably the greatest limitation
to the growth of willow (Salix spp.) in short rotation coppice for biomass. The disease
can affect a wide range of Salix species and varieties. In the most susceptible varieties
rust causes heavy premature leaf fall followed by infection by a whole spectrum of
secondary pathogens which can result in death of shoots and even stools (McCracken and
Dawson 1992). Although rust can be controlled by the intensive use of fungicides
(McCracken and Dawson, 1990; 1997) it was clear that this was not a viable approach to
disease control. Early work reported by Wolfe (1985) indicated that mixtures of
multilines or cultivars of cereals was an effective method of reducing the impact of
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diseases, especially those caused by obligate pathogens such as rusts and mildews.
Therefore in the mid- 1980s trials were planted in Northern Ireland, which comprised
mixtures of willow species and varieties, in order to test their effectiveness in reducing
rust. These early trials indicated that when a susceptible willow variety was included in a
mixture the first appearance of rust was delayed, the build up of the disease slowed and
the final levels of rust significantly reduced compared to the same variety growing in a
mono-culture (McCracken and Dawson, 1997). Subsequent trials were planted with a
view to determining the effect of numbers of varieties within a mixture, the impact of
planting density and the performance of some of the newer planting material within
mixtures. This paper reports the effect of variety mixing and planting density on
herbivory by the willow beetle, Phratora vulgatissima.

MATERIALS AND METHODS

Plantations were established at Castlearchdale, County Fermanagh, Northern
Ireland (54°28°N 7°43°W), 60-70m above sea level, on a site with heavily gleyed soils,
and impeded drainage. The trial was planted in two replicate blocks. Block 1 was
planted in spring 1994 and block 2 in spring 1995. Both blocks were cut back at the end
of their establishment year and block 1 again in 1995/96 meaning that in the summer
1996 both blocks were at the same stage aboveground, i.e. regrowth from freshly coppice
stools. Twenty Salix spp. varieties (Table 1) were planted in large mono-culture (32 x
14min Block 1 and 32 x 11m in Block 2) in double rows in a split plot design with three
densities - 10,000ha™, 15,000ha™ and 20,000ha™. Four mixture combinations were
employed comprising 5, 10, 15 and 20 varieties (Table 1). All mixtures were planted as
fully random intimate mixtures. A map was prepared of the planting pattern at the time of
planting so that subsequently each stool could be identified.

Leaf samples were collected in 1999 and 2000 from mid-June at two week
intervals. At least 100 leaves were taken from approximately ten stools of each variety
growing in mono-culture and in mixtures. The leaf samples were scored for rust and
also assessed visually for willow beetle damage. Herbivory was scored as the percentage
of each leaf removed and a mean score was calculated for each variety in mono-culture
and in mixtures.

RESULTS

The levels of willow beetle damage to leaves from the various varieties in mono-
culture are shown in Figure 1. Overall, damage levels were moderate. However, five
varieties exhibited damage, which was significantly greater than the others. These were
S.viminalis 78118, S.viminalis 870146 ULV, S.viminalis x caprea V789, S.viminalis
77683 and S.viminalis Gigantea.

When the results from the mixture plots were examined, these varieties showed a
trend towards reduced damage with increasing numbers of other varieties in the mixtures
(Figure 2). There was no significant effect of planting density on the degree of willow
beetle damage.
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Table 1. List of Salix spp. varieties planted in 5, 10, 15 or 20 way mixtures.

Variety Variety Mixture
No.
3 S. burjatica Germany 5 10 15 20
4 S. mollissima-undulata SQ83 5 10 15 20
13 S. dasyclados x aquatica V7511 5 10 15 20
17 S. viminalis 77082 5 10 15 20
26 S. dasyclados x caprea V794 5 10 15 20
14 S. viminalis x aquatica V7503 - 10 15 20
23 S. viminalis 78118 - 10 15 20
28 S. viminalis 78183 - 10 15 20
32 S. schwerinii x viminalis x dasyclados V7531 - 10 15 20
48 S. viminalis 870146 ULV - 10 15 20
12 S. viminalis x caprea V789 - - 15 20
18 S. viminalis 77683 - - 15 20
21 S. viminalis 78101 - - 15 20
29 S. viminalis 78195 - - 15 20
34 S. schwerinii x aquatica V7534 - - 15 20
1 S. viminalis 77699 - - - 20
S. viminalis Gigantea - - - 20
S. viminalis Gustav - - - 20
45 S. schwerinii x aquatica V7533 - - - 20
46 S. viminalis 870082 ORM - - - 20
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Figure 1. Willow beetle damage to varieties in mono-cultures. The dark bars indicate those
varieties which show significantly higher levels of damage.

Figure 2. The effect of mono-culture and mixed variety planting on herbivory in five varieties
selected preferentially by Phratora vulgatissima.
DISCUSSION

There was clear evidence of preferential feeding on some of the varieties in the
mono-culture and mixed variety plots. Preferential feeding of Phratora vulgatissima on
different varieties of willow is documented in the literature (Sage and Tucker, 1998;
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Kearns, 1934), and the results in the present trial indicate that five of the varieties could
be at risk of significant damage in years when willow beetle populations are high.
Kendall, Wiltshire and Butcher (1996) investigated the effect of defoliation on willow
yield. They manually defoliated plants at two times during the growing season, early
defoliation in June and late defoliation in August, to simulate damage during the two
peaks of willow beetle activity. Damage at both times caused significant reduction in
biomass yield of Salix viminalis. There was some evidence that the plants could partially
compensate and recover from the early damage but not from late defoliation. In a further
publication (Kendall and Wiltshire, 1998) cited the figure of 10% defoliation as a
threshold for significant impact on the yield of coppiced willows. Bell and Clawson
(2000) reported that high levels of defoliation could lead to yield losses of around 45%.

There was a trend towards lower damage in the preferred varieties when they
were included in mixed plantings. Although this result did not achieve statistical
significance, it does suggest that the inclusion of damage-susceptible varieties in mixed
plots may offer them some protection from willow beetle attack. It is likely that this
would have become more obvious if beetle populations had been higher during the period
of this study.

The conclusion from this work is that mixed variety plantings of willow offer
useful benefits in terms of retarding the progress of rust within the plot, and this in turn
has positive effects on biomass yield. Herbivory by willow beetles is selective and
targets preferred varieties. However, there is a suggestion in the present results that
mixed plantings may offer these varieties a degree of protection against willow beetle
attack.
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ABSTRACT

Reforestation efforts on the Jos Plateau in the late 1980s focused on raising and
distributing Eucalyptus camaldulensis seedlings. The current study screened 34 other
species and four provenances of E. camaldulensis that may be useful for reforestation and
agroforestry efforts. Trees were planted on three marginal sites in the region. Survival
after three growing seasons did not vary significantly across the three sites — Kai was
39.2 + 8.0%, Wereng was 40.5 + 5.4%, and Fobur was 56.8 + 8.1%. Height growth
varied significantly across the three sites. It was lower at the tin mine spoil site - Wereng
(26.3 + 3.8cm) - compared to the other two sites - Kai (76.3 + 17.0cm) or Fobur (83.8 +
16.7cm). The introduced provenances of E. camaldulensis had the greatest height growth
on the non-tin mine spoils sites. Acacia auriculiformis and A. holosericea, at Fobur and
Kai respectively, had height growth similar to the local provenance of E. camaldulensis.
Results indicate that other species can be established as successfully as E. camaldulensis
on these sites; however, the success of each species varies from site to site.

Keywords: Eucalyptus camaldulensis, savanna, reforestation, tin mining

INTRODUCTION

At the start 1900s open woodlands covered a significant portion of the Jos
Plateau. Over several decades population increases related to the development of the tin
mining industry increased pressure on these woodlands, resulting in almost complete
deforestation of these areas (Wimbush 1963). The first reforestation efforts occurred in
the late 1940’s and were focused on revegetating the tin mining spoils, which cover about
321 km? on the Jos Plateau (Figure 1) (Alexander 1989a). Initial efforts included
intensive site preparation of the spoils and were reasonably successful. However, it
became increasingly costly to conduct this work and subsequent efforts on the tin mine
spoils, with less site preparation, were not as successful (Wimbush 1963).

Despite the decline in the tin mining industry from the late 1960s onwards,
demands on wood resources for wide range of products continued to be greater than the
remaining resource. In response to this need, and the negative impacts of erosion and
desertification associated with deforestation, the Plateau State Afforestation Project
(PTPU) was initiated (Varelides 1993). Earlier trials with exotic tree species indicated
that Eucalyptus camaldulensis was one of the fastest growing species for the savanna
region (Otegbeye 1985), so it became the focus of PTPU’s seedling distribution effort.
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Figure 1: Location of study sites and the extent of tin mining on the Jos Plateau, Nigeria.

This species has the potential to address needs for firewood, poles and building timbers.
Recently requests from the rural communities for multipurpose trees, and some of the
potential negative effects that some Eucalyptus species have on soils, prompted an effort
to locate other species that could be grown successfully in the area.

The objective of this study was to identify local and exotic tree species that would
be biologically successful on the Jos Plateau. The biological component is only one piece
of the puzzle involved in successful reforestation efforts. The species selected have to
address the primary concerns raised by the local population and be accepted by them
(O’Keefe and Munslow 1989). The scope of this project did not cover these latter
components, but they were included in other projects carried simultaneously by the Jos
Plateau Environmental Resources Development Programme. Input from these efforts and
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local PTPU staff was used to select a mix of species that represented a range of
alternatives for meeting the needs expressed among rural residents. Needs vary from one
community to another (RRA Workshop Participants Marit Team 1991, RRA Workshop
Participants Wereng Team 1991) but generally include firewood, building timber, food
sources, reforestation of mine spoils, medicinal purposes, and soil conservation (Kidd et
al. 1992; Hunter et al. 1993).

Eucalyptus camaldulensis is one of the most widely planted species in the world.
Its provenances are quite variable in terms of growth rates and site suitability.
Considerable gains in production can still be made by matching particular provenances to
specific sites (Eldridge et al. 1994, Jackson and Ojo 1973). The majority of seedlings
distributed by the PTPU were Eucalyptus camaldulensis raised seed collected from
existing stands without too much consideration for growth and vigour. Many of the local
stands are thought to originate from introductions made during some earlier species and
varietal trials (Buckley 1987, Kemp 1970). Indeed, it is suspected that many of the stands
and most of the current plantings are of southern Australian provenances (Buckley,
1987). While northern provenances showed good growth compared with the southern
provenances in some earlier trials, they were not selected for wide use (Jackson and Ojo
1973). The reasons for this are not clear. However, it does seem that after some early
enthusiasm with tree trials there was little follow-up and the results produced did not find
their way into practice. In light of this, and because Eucalyptus camaldulensis comprises
the bulk of the species raised in PTPU nurseries, a small provenance trial was planted at
one site.

MATERIALS AND METHODS

Seed for 38 different local and exotic species and provenances was obtained from
various local or international organizations (Tables 1). Seed was planted at the PTPU
Bukuru Afforestation tree nursery between December 18, 1991 and March 11, 1992
depending on the estimated time between planting and seedling maturity. Larger seeds
were planted directly in to polyethylene pots. Smaller seeds were planted into beds and
later transplanted into polyethylene pots. Species selected for each site depended on an
assessment of the site conditions and the availability of an adequate number of seedlings.
At each site a hole large and deep enough to hold all of the soil from the polyethylene
pots was dug for each tree. Polyethylene pots were removed from each seedling before
planting. Eighteen species/provenances were planted at Fobur on July 30, 1992; 21 at Kai
on August 10, 1992; and 26 at Wereng on August 1, 1992. Seedlings were planted out at
2m x 2m spacing in a completely randomized block design with three replications at each
location. Ten trees of each species were planted in each block, except in first block at
Fobur where space only allowed for eight trees. A border row of the local provenance of
Eucalyptus camaldulensis or Eucalyptus torrelliana was planted at the ends of each
replication. Soil was collected from under some mature Causaurina equisitifolia trees in
Jos where there was evidence of inoculation by Frankia speices. A handful of this soil
was incorporated into the surface soil around all the Causaurinas species planted at
Wereng and Fobur.

A trial consisting of three provenances of Eucalyptus camaldulensis from
Australia (Table 2) and the commonly raised local provenance from Jos, Nigeria were
planted at Fobur on July 30, 1992. Seedlings were planted in four by four tree plots at 2m
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Table 1: Percent survival (mean and standard error) of species planted at Wereng, Kai, and Fobur,
Plateau State, Nigeria, after three growing seasons and sources of seeds used for planting stock.

Species
Acacia auriculiformis

Acacia holosericea

Acacia nilotica

Acacia tortilis

Adansonia digitata

Albizia lebbeck

Balanites aegyptiaca
Casaurina cunninghamiana
13519

Casaurina cunninghamiana
15601

Casaurina cunninghamiana
16511

Casaurina equisetifolia
Casaurina glauca 13128
Casaurina glauca 13141
Casaurina glauca 15217
Casaurina junghuhiana
Cedrela ordorata
Dalbergia melanoxylon
Enterolobium cyclocarpum

Eucalyptus camaldulensis 14338
Eucalyptus camaldulensis 14497
Eucalyptus camaldulensis 14537
Eucalyptus camaldulensis local

Eucalyptus torrelliana
Faidherbia albida
Grevillea robusta
Leucaena diversifolia
Leucaena leucocephala
Moringa oleifera
Parkia biglobosa
Prosopis juliflora
Pterocarpus santalinoides
Senna siamea
Tamarindus indica
Ziziphus spina-christi

Wereng ®
66.7 + 14.5
10.0 + 10.0
50.0 +5.8
3.3+33
np

56.7 + 8.8
10.0+0
63.3+3.3

60.0 + 10.0

56.7 + 3.3

np
53.3+8.8
46.7 + 14.5
70.0+5.8
10.0 +5.8
np

np

np

30.0 + 10.0
53.3+ 145
33.3+12.0
36.7 + 8.8
200+ 115
13.3+13.3
46.7 + 12.0
40.0 + 10.0
66.7 + 3.3
np

0.0
26.7+6.7
np
36.7+8.8
np

0.0

Kai ?
64.0+9.5
50.0 +5.8
26.7+5.8
np

np
90.0+5.8
3.3+3.3
3.3+3.3

np

np

0.0
3.3+33
np

np

np

10.0 + 10.0
56.7 + 8.8
86.7 +6.7
40.0 + 17.3
50.0 +5.8
16.7 + 3.3
43.3+3.3
np

np

56.7 + 6.7
13.3+6.7
53.3+12.0
np

np

0.0

np
83.3+16.7
np

0.0

Fobur 2 Seed Source ”
783+ 117 ICRAF
np ICRAF
242+129 PTPU
np ICRAF
34.2+18.0 PTPU
64.2 + 3.0 ICRAF
np PTPU
69.2+184  CSIRO
np CSIRO
np CSIRO
np NFTA
np CSIRO
np CSIRO
np CSIRO
np CSIRO
np PTPU
np PTPU
775+ 8.0 ICRAF
np CSIRO
np CSIRO
np CSIRO
np PTPU
78.3+6.0 PTPU
0.0 ICRAF
96.7 + 3.3 ICRAF/PTPU
26.7+12.0 NFTA/CRDP
55.8+17.1 ICRAF
0.0 PTPU
0.0 PTPU
0.0 ICRAF
925+ 3.8 ICRAF
60.8+11.5 PTPU
275+11.4  PTPU
19.2 +9.2 PTPU

Notes: * The least significant difference using FPLSD (o = .05) is 17.92 for Wereng, 22.80 for Kai and 26.98 for Fobur.
P ICRAF - International Council for Research in Agroforestry, Ibadan, Nigeria; NFTA — Nitrogen Fixing Tree
Association; CSIRO — Commonwealth Scientific and Industrial Research Organization, Forestry Division, Australia;
PTPU - Plateau State Afforestation Project, Jos, Nigeria; CRDP — COCIN Rural Development Program, Jos, Nigeria.
° np means the species or provenance was not planted at this site.
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Table 2: Source of Australian provenances of Eucalyptus camaldulensis tested at Fobur in
Plateau State, Nigeria.

Seed lot No.  Provenance Latitude Longitude Elevation (m)
14338 Petford, Queensland 17°7° S 145°3’ 120
14497 Ferguson River, Northern Terr. 14° 4’ S 131° 58’ 120
14537 Isdell River, Western Australia 16°56° S 125° 35° 315

by 2m spacing. The trial consisted of three replications in a completely randomized block
design.

Survival counts were taken at the end of each rainy season in 1992, 1993 and
1994. Height measurements, to the nearest millimeter, were taken at the end of the 1993
and 1994 growing season for all sites. Height measurements and survival counts were
taken at all three dates for the Eucalyptus camaldulensis provenance trail established at
Fobur.

For each site ANOVA was used to determine if the mean survival or heights were
different among species and provenances after three years of growth. Due to unequal
sample sizes caused by low survival of some species, Fisher’s protected least significant
difference (FPLSD) was used to differentiate between means (Steele and Torrie 1980).
For the Eucalyptus camaldulensis provenance trial an ANOVA was run for height and
survival data collected at each point in time. A single linear contrast was tested to
determine if there was any difference in height growth and survival between the local
provenance and mean of the three introduced provenances.

The Jos Plateau covers an area of about 860 km? in north central Nigeria. The
precipitation pattern is unimodal with rainfall beginning in April - May and ending in
September - October. Total annual rainfall is 1,200 — 1,400mm. Altitude for all the
locations in this trial is 1,000 — 1,100m. Mean maximum and minimum monthly
temperatures for Jos range from 31.4 °C and 19.1 °C in April to 23.8 °C and 13.9 °C in
January (Varelides 1993). The Wereng site is an old tin mine spoil, which are typically
very deficient in phosphorus and have a high clay content. This site was selected in
conjunction with the local community who had an interest in being able to make some
productive use of the area (RRA Workshop Participants Wereng Team, 1991). Kai is an
area adjacent to tin mine spoils that had most recently been used for grazing. The site was
plowed one week prior to planting in order to break up the soil and control some of the
vegetation that had become established on the site earlier in the growing season. Fobur is
located adjacent to the Liberty Dam. The area had not been cultivated for several years,
but was used for grazing by pastoralists.

RESULTS AND DISCUSSION
Wereng

After the third growing season there were significant differences in survival (p =
0.0001), which ranged from 70.0% (Casaurina glauca 15217) to 0.0% (Parkia biglobosa
and Ziziphus spina-christi). Ten species had greater then 50% survival. Trees from the
genus Casaurina dominated this group, with five representatives. Different species of
Casaurina have been recognized for their ability to grow on harsh sites and have been
used in other countries for reclamation work. Their ability to form symbiotic
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relationships with the actinomycete of the genus Frankia to fix nitrogen has often been
cited as one reason for its success (von Maydell 1990). Four of the top ten species,
Acacia auriculiformis, A. nilotica, Leucaena leucocephala, and Albizia lebbeck have all
been identified as nitrogen fixing species. Faidherbia albida is another species that has
been widely recognized for its ability to survive in harsh locations and has become
naturally established on a number of mine spoils in the area (Alexander 1989b). However
in this trial its survival was only 13.3%. The only other species that had a survival rate >
50% was E. camaldulensis 14497. Survival of the other E. camaldulensis provenances
ranged from 30.0 — 36.7%.

There were significant differences (p= 0.0001) in height between the species after
the third growing season. Height growth on this site was very slow, with heights ranging
from 10.7cm - 51.2cm (Table 3). The harsh site conditions, browsing and trampling by
goats during the dry season, and some tip die back all contributed to this limited growth.
Of the eleven species with the greatest height, five were from the genus Casaurina and
three had the ability to fix nitrogen (Acacia auriculiformis, Albizia lebbeck, and Prosopis
juliflora).

None of the species planted grew very well on this site. However, a number of
species did better both in terms of survival and height growth than any of the
provenances of Eucalyptus camaldulensis, which has been widely planted on mine spoils
(Alexander 1989a, Adegbehin 1983). Early plantings of Eucalyptus camaldulensis on
mine spoils were fairly successful as long as there was intensive site preparation.
Subsequent efforts, with very limited site preparation, met with limited success
(Wimbush 1963). Very little site preparation was done for this trial. This study suggests
that other species, in particular those of the genus Casaurina, have the potential to out
perform E. camaldulensis on spoils when the amount of site preparation is minimal.

Kai

There were significant differences in survival after three growing seasons (p =
0.0001), which ranged from 90.0% (Albizia lebbeck) to 0% (Casaurina equisetifolia,
Prosopis juliflora, and Ziziphus spina-christi). Only three species had survival rates
greater than 80% - Albizia lebbeck (90.0%), Enterolobium cyclocarpum (86.7%) and
Senna siamea (83.3%). Survival of the remaining species was less than 65%. Nine
species had better survival rates than any of the Eucalyptus camaldulensis provenances in
the trial, which ranged from 16.7% to 50.0%. Over 25% of the dead E. camaldulensis
trees showed clear signs of termite damage, indicating that they were very susceptible to
termite attacks on this site. All three of the Casaurina species tried on this site, which
was the only one not inoculated, had extremely poor survival, ranging from 0.0 — 3.3%.

There were significant differences (p = 0.0001) in height growth after three
growing seasons, with a range of 228.7cm (Eucalyptus camaldulensis 14338) to 33.3cm
(Dalbergia malanoxylon). Five additional species (Acacia auriculiformis, A. holoserica,
Eucalyptus camaldulensis 14497, E. camaldulensis 14537, and E. camaldulensis local)
had heights greater than 100cm. Seven of the top ten species in terms of height growth
were also on the top ten in terms of survival.
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Fobur

There were significant differences in survival after three years (p = 0.0001),
which ranged from 96.7% for Grevillea robusta to 0% for four different species. Only
one other species has greater than 80% survival - Pterocarpus santalinoides (92.5%).
Seven others had survival of 55 — 79%. Nine of the top ten species in terms of survival
were also in the top ten for height growth.

Table 3: Height (mean and standard error) of species at Wereng, Kai, and Fobur, Plateau State,
Nigeria after three growing seasons.

Wereng a Kaia Fobur a
Species Height (cm)  Height (cm)  Height (cm)
Acacia auriculiformis 51.2+10.5 108.0+9.3 135.2 +18.9
Acacia holosericea 27.7+10.0 165.3+26.1 np
Acacia nilotica 16.3+5.8 27.7+1.2 25.0+9.3
Acacia tortilis 16.0 + 3.3 np np
Adansonia digitata npb np 179+ 3.0
Albizia lebbeck 31.3+4.7 36.3+4.4 29.3+3.5
Balanites aegyptiaca 10.7+ 2.6 22.0+3.3 np
Casaurina cunninghamiana 13519 306 +1.5 24.0+ 3.3 104.2 +14.9
Casaurina cunninghamiana 15601 30.9+6.3 np np
Casaurina cunninghamiana 16511 33.8+5.7 np np
Casaurina equisetifolia np 0.0 np
Casaurina glauca 13128 24.8+2.9 42.0+3.3 np
Casaurina glauca 13141 30.9+0.9 np np
Casaurina glauca 15217 36.4+1.9 np np
Casaurina junghuhiana 33.3+0.8 np np
Cedrela ordorata np 45.0 +10.0 np
Dalbergia melanoxylon np 33.3+0.9 np
Enterolobium cyclocarpum np 57.7+11.7 56.7 +7.2
Eucalyptus camaldulensis 14338 29.1+9.6 228.7+16.3 np
Eucalyptus camaldulensis 14497 455+9.9 177.7+104 np
Eucalyptus camaldulensis 14537 25.9+95 158.0 + 8.2 np
Eucalyptus camaldulensis local 31.6+22 123.7+26.8 np
Eucalyptus torrelliana 223+23 np 137.0+3.2
Faidherbia albida 140+ 3.3 np 0.0
Grevillea robusta 436+15 60.7 + 8.6 940+7.1
Leucaena diversifolia 185+5.6 98.0 +57.0 69.7 + 21.2
Leucaena leucocephala 20.9+4.0 453+4.1 58.7+2.2
Moringa oleifera np np 0.0
P. santalinoides np np 40.7+3.3
Parkia biglobosa 0.0 np 0.0
Prosopis juliflora 32.3+3.9 0.0 0.0
Senna siamea 16.4+ 1.5 75.7+11.1 33.6 +6.7
Tamarindus indica np np 199+1.2
Ziziphus spina-christi 0.0 0.0 27.0+7.6

Notes: * The least significant difference using FPLSD (o = .05) is 15.42 for Wereng, 54.66 for Kai and 24.75 for

Fobur.

b np means the species or provenance was not planted at this site.
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Height was significantly different (p = 0.0001) by the end of the third growing
season, ranging from 137.0 cm for Eucalyptus torrelliana to 17.9cm for Adansonia
digitata. Two other species were greater than 100cm - Acacia auriculiformis (135.2cm)
and Casaurina cunninghamiana 13519 (104.2cm). Nine of the remaining species still had
heights of less than 70cm at this point in time. Nine of the top ten species in terms of
height growth were in the top ten in terms of survival.

Eucalyptus camaldulensis Provenance Trial at Fobur

There were significant differences (p = 0.045) in survival between the four
provenances after the first growing season (Table 4). Survival of the local provenance
was significantly lower than the other three varieties (p = 0.010). After the second and
third growing seasons, the overall ANOVA for survival data was not significant (p =
0.2011 and 0.1623 respectively). The local provenances’ survival was significantly lower
than the other three provenances (p = 0.042) after the second but not after the third
growing season (p = 0.058). However, from a practical point of view the difference was
considerable. The local provenances’ survival was 66.7 + 11.0%. The mean and standard
deviation of the other three varieties combined was over 20% above that at 89.6 + 9.4%.
For this site it appears that if these provenances become well established during the first
growing season they will survive. There was no evidence of termite activity at this site, in
contrast to the significant damage noted at the Kai site.

Table 4: Percent survival (mean and standard error )and height (mean and standard error) after the first,
second, and third growing seasons for four provenances of Eucalyptus camaldulensis planted at Fobur,
Plateau State, Nigeria.

Survival (%) Height (cm)

Provenance Year 1 Year 2 Year 3 Year 1l Year 2 Year 3
14338 93.8+3.6 91.7+5.5 91.7+55 | 90.8+7.9 130.2+179 1846+10.6
14497 97.9+21 93.8+3.6 91.7+21 | 806+32 1424+77 197.1+79
14537 91.7+21 85.5+8.3 855+83 | 876+7.1 1286+126 177.9+257
Local 79.2+55 68.8+108 66.7+11.0| 48.7+35 101.2+88 147.2+126

Height was significantly after the first (p = 0.014) and second (p = 0.0183)
growing seasons, but not after the third (p = 0.148). At each of the measurement periods
the linear contrasts indicated that height growth of the local provenance was significantly
less than the three introduced provenances (p-values after the first, second, and third
growing seasons were 0.0026, 0.0043, and 0.0415 respectively). By the end of the third
growing season, heights ranged from 147.2cm to 197.1cm. Provenance 14497 had slower
initial height growth compared to the other two provenances. After the first growing
season it was ranked third, but had become the tallest provenance by the end of the
second growing season. It held this position through the third growing season as well.

A previous trial of Eucalyptus camaldulensis provenances in Nigeria found that
increases in yield up to 30% could be obtained by planting the appropriate provenances
on different sites. The provenances from the Northern territories (Katherine provenance)
and from Queensland (Bullock Creek provenance) were the most successful on the Jos
Plateau. Another provenance from Queensland (Petford) did well in trials in areas near
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the Plateau, but it was not actually planted on the Plateau (Jackson and Ojo 1973).
Otegbeye (1985) confirmed these results in a reassessment of some of these plots about a
decade later. The two provenances with the best survival and growth rates in the current
study (14497 and 14338) originate from areas close to the source for the Katherine and
Petford provenances. Survival of the Katherine provenance was 100% at all three plateau
sites and mean height growth after three growing seasons was 200- 260cm (Jackson and
0jo 1973). Survival of the two best provenances in this trial was very good at Fobur, but
rather poor at Kai due to termite activity. Average height growth on the two sites ranged
from 177.7 — 228.7cm. Jackson and Ojo (1973) used other inputs, such as boron fertilizer,
that may contribute to some of the differences with the current trial. At the time of
establishment of their trial, Jackson and Ojo (1973) believed that the local provenance
originated from southern Australia due to its morphology. This may well be the same
source in use today, although the specific origin of the currently propagated local variety
is unclear (Buckely 1987). The southern provenances were among the worst performing
ones in their trial. Eldridge et al. (1994) also noted that southern Australian provenances
have had poor growth when planted in areas with summer rainfall.

It is apparent from this trial that there are other provenances of Eucalyptus
camaldulensis that are better suited for these sites in terms of both survival and height
growth. Increases as large as 37% for survival and 33% for height growth were found at
Fobur. Height growth at Kai was up to 84% greater for the imported provenances
compared to the local provenance. However, survival for all the Eucalyptus
camaldulensis was < 50% at this site. Since this species is the most widely grown species
in the PTPU program, it would be advantageous to do further provenance tests across a
variety of sites to locate the best provenances for different areas of the state.

SITE DIFFERENCES

There were distinct differences in height growth between the tin mine spoil site at
Wereng and the sites at Fobur and Kai. For the species in common across all three sites,
height growth was lowest at Wereng (26.3 + 3.8cm) followed by Kai (76.3 + 17.0cm) and
Fobur (83.8 + 16.7cm). This is not surprising because site conditions at Wereng were
much harsher than the other two sites. Height growth of the introduced provenances of
Eucalyptus camaldulensis was dominant on the non-tin mine spoils sites. Acacia
auriculiformis and A. holosericea at Fobur and Kai respectively had height growth
similar to the local provenance of E. camaldulensis. These species have the potential to
yield benefits, such as enhanced soil fertility, because they are nitrogen fixing species.

It was surprising that the overall survival was similar on all three sites — Kai was
39.2 + 8.0%, Wereng was 40.5 + 5.4%, and Fobur was 56.8 + 8.1%. Survival at Kai was
strongly affected by termite activity. Four species — Acacia nilotica, Leucaena
diversifolia, L. leucocephala and Parkia biglobosa - actually had higher survival at
Wereng than either Kai or Fobur. All of these species are capable of fixing nitrogen.
However, average height growth for each of these species was lowest at the Wereng site.

SUMMARY

It is clear that no one species or provenance is suited for the wide variety of
conditions that are found across the Jos Plateau. Preliminary results from this study
suggest that the different species should be selected for different areas of the Plateau and

Third Conference, October 10-13, 2000, Syracuse, NY, USA. 175



according to the prevailing site conditions (for examples, whether the site is tin-mining
spoil). If Eucalyptus camaldulensis is going to continue to be a widely planted species,
other provenances should be tested. This, and previous trials, suggest that provenances
originating from northern Australia are better choices than local provenances derived
from southern Australia. However, longer-term growth results are required in order to
solidify this result. In addition to the biological suitability of different species to the range
of sites found on the Jos Plateau, the needs, interests, and input form the local populations
needs to be factored in before large changes in species mixes are made in the program.

ACKNOWLEDGEMENTS

This work was carried out as collaboration between the Plateau State
Afforestation Programme (PTPU; P. Godwill), the Jos Plateau Environmental Resources
Development Programme (an European Commission funded collaboration between the
University of Jos, Nigeria, and the University of Durham, UK; A. Kidd) and the
Mennonite Central Committee (T. Volk). The views expressed are those of the authors
alone.

REFERENCES

Adegbehin, J.0. 1983. A preliminary survey of growth of Eucalyptus species in the
Sudan and Guinea zones and montane areas of Nigeria. Internat. Tree Crops J. 2:273-289.

Alexander, M.J. 1989a. The long-term effects of Eucalyptus on tin-mine spoil and its
implication for reclamation. Landscape Urban Plann. 17:47 - 60.

Alexander, M.J. 1989b. The effect of Acacia albida on tin-mine spoil and their possible
use in reclamation. Landscape Urban Plann. 17:61 - 71.

Buckley, G.P. 1987. The Forests of the Jos Plateau, Nigeria: I. The Development of the
Forest Estate. Commonw. For. Rev. 66(2): 139-150.

Eldridge, K., J. Davidson, C. Harwood, and G. van Wyk. 1994. Eucalypt domestication
and breeding. Claredon Press, Oxford. 288p.

Hunter, B.W., A.D. Kidd and K. Phillips-Howard 1993. Another Stick for the Fire: A
study of fuelwood in Jos. In: Fuelwood Studies, B.W. Hunter, A.D. Kidd and K. Phillips-
Howard and G. Porter, Jos Plateau Environmental Resources Development Programme
Interim Report No. 37. Dept. of Geography, University of Durham, UK.

Jackson, J.K. and G.O.A. Ojo. 1973. Provenance trials of Eucalyptus camaldulensis in
the savanna region of Nigeria. Res. Paper. No. 14 Savanna For. Res. Sta., Samaru,
Nigeria.

Kemp, R.H. 1970. Trials of exotic tree species in the savanna region of Nigeria. Part 2:
Short notes on selected species. Research Paper No. 6. Savanna For. Res. Sta., Samaru,
Zaria, Nigeria. 63pp.

176 Proceedings of the Short-Rotation Woody Crops Operations Working Group,



Kidd, A.D., M.J. Alexander and K.D. Phillips-Howard 1992. Faidherbia albida on mine
spoils in the tin mining region of the Jos Plateau, Nigeria. In: Faidherbia albida in the
West African semi-arid tropics: proceedings of a workshop, 22-26 April 1991, Niamey,
Niger, ed. R.J. Vandenbeldt, International Crops Research Institute for the Semi-Arid
Tropics, Patancheru, A.P.502324, India; and International Centre for Research in
Agroforestry, Nairobi, Kenya, pp.177-180.

O’Keefe, P. and Munslow, B. 1989. Understanding fuelwood. Il. Starting with the
people. Natural Resources Forum 13(1):11-19.

Otegbeye, G.0. 1985. Provenance productivity in Eucalyptus camaldulensis Dehnh. and
its implications for genetic improvement in the Savanna region of Nigeria. Silvae Gen.
34:4-5: 121-126.

RRA Workshop Participants Marit Team, 1991. Project Identification Using Rapid Rural
Appraisal, Part 11: Marit Village Report. Jos Plateau Environmental Resources
Development Prog., Interim Report No. 22. Dept. of Geography, Univ. of Durham, UK.

RRA Workshop Participants Wereng Team, 1991. Project Identification Using Rapid
Rural Appraisal, Part 111: Wereng Village Report. Jos Plateau Environmental Resources
Development Prog., Interim Report No. 23. Dept. of Geography, Univ. of Durham, UK.

Steel, R.G.D. and J.H. Torrie. 1980. Principles and Procedures of Statistics: A
Biometrical Approach. (2" ed.). McGraw-Hill. 633pp.

Varelides, C. 1993. Research Evaluation. Afforestation Programme (World Bank
Assisted) Plateau State Project Unit (PTPU). Working Document #3, Jos Nigeria.

von Maydell, H. 1990. Trees and Shrubs of the Sahel: Their Characteristics and Uses.
Verlag Josef Margrf, 525pp.

Wimbush, M.B.E. 1963. Afforestation of restored tin-mining land in Nigeria.
Commonwealth Forestry Review 42:255 - 262.

Third Conference, October 10-13, 2000, Syracuse, NY, USA. 177



178 Proceedings of the Short-Rotation Woody Crops Operations Working Group,



Kraft Pulp from Plantation-Grown Biomass Willow

Hannu P. Makkonen, Stephen G. Granzow, and Emmett S. Cheshire
Empire State Paper Research Institute at State University of New York, College of
Environmental Science and Forestry, Syracuse, NY

ABSTRACT

A short experimental evaluation was done on the papermaking potential of willow
grown on an ESF plantation for biomass energy. The growth rate was 5-7 (max. 13) o.d.
gross tons/acre/year (~25-35 m*/ha/a, max. 65 m*/ha/a) rendering it competent in growth
with the fast-growing eucalyptus. Three-year old willow pulped fully to kappa number
16.9 and bleached to Brightness 90.2 % with a total yield of 51.4 % from wood. In
comparison with a commercial ECF-bleached eucalyptus pulp it was shown that the
willow contained good paper properties despite of short fibers (~.54 mm). Willow was
proven to be a viable commercial fiber source for fine papers. The favorable growth rate
of willow and its homogeneous fiber length distribution along with easy delignification
and beating might attract the industry’s interest in willow as raw material source for
pulping instead of energy due to its papermaking potential.
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Mesa Reduction Engineering and Processing, Inc.

Matthew McArdle
Mesa Reduction Engineering and Processing, Inc., Skaneateles, NY

ABSTRACT

Mesa Reduction Engineering and Processing, Inc. has developed technology
capable of reducing any type of biomass to a desired size. Over the last three years Mesa
has been supplying the Department of Energy with processed willow, swithchgrass,
utility poles, railroad ties, wood chips, sawdust, as well as biomass/coal blends for
analysis and testing. This led to the technology being deployed at a co-firing project
where wood waste and coal are blended and fired to create electricity. Mesa has recently
developed and tested a portable processing plant that can go from location to location
processing biomass. The goal of the system is to bring the technology closer to where
biomass is grown in order to reduce the cost of transportation, one of the major obstacles
to widespread use of biomass. The system can handle a wide range of materials with
varying moisture contents and is capable of processing dissimilar materials like wood and
swithchgrass at the same time. Mesa stands ready to work cooperatively with those
interested in exploring applications where short rotation woody crops and other biomass
resources can be utilized.
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Growth and Survival of Hybrid Willow and Poplar: Case Study -
Schenectady, NY

David M. McMillan *?, Timothy A. Volk *?, and Brent E. Weesner *
'Natresco and Associates, Ltd., Hershey, PA
2 State University of New York College of Environmental Science and Forestry, Syracuse,
NY
® General Electric Company, Schenectady, NY

ABSTRACT

To evaluate their potential use in an alternative cover system hybrid willow and
poplar were planted in four test plots on a landfilled site in Schenectady, New York. The
plots, covering approximately 2 acres of upland areas of the landfill, were established
among native vegetation, and were designed to compliment ongoing ecological
restoration within the existing plant communities. Four factorial experiments were
established in the plots to evaluate the main effect of clone (SV1, S301, and SA2 willow
and NM5, NM6 poplar), planting depth (10 and 40 inches) and organic amendment
(compost and mulch) on survival and growth. Ten-inch cuttings were planted by hand
using traditional planting methods, while 40-inch cuttings were planted in 9-inch
diameter machine-augered holes. Compost was rototilled into the top 8 inches of soil,
and mulch was surface applied. All experiments were established as randomized
complete block designs with three replications. First year data indicate that greater
growth occurred for forty-inch cuttings of willow and poplar clones. Growth of up to 12
feet was recorded for some 40-inch poplars. Independent of treatment, average survival
in the four plots exceeded 75%. Poplar (NM5 and NM6) had higher survival rates across
all treatments. However, survival of the two cutting lengths varied by planting area. In
all plots non-compost treatments unexpectedly exhibited higher survival and greater
growth than compost treatments.
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Effects of Short-Rotation Forestry Site Preparation Techniques on Mite
Communities in Soil

Maria Minor and Roy A. Norton
State University of New York, College of Environmental Science and Forestry,
Syracuse, NY 13210.

ABSTRACT

The effects of site preparation techniques associated with production of willow
(Salix spp.) on density, species richness and community structure of two functional
groups of soil mites (Acari): Oribatida (saprophages and mycophages) and Gamasida
(predators) were investigated. The oribatid mites were largely unaffected by site
preparation treatments, but tillage had significant effect on the abundance of several
individual species. Gamasida showed more pronounced changes in density and diversity
in response to the treatments. The success or failure of willow crop and resulting
divergence in soil environments created by different plant communities best explains the
differences in gamasid mite populations among treatments. The data suggest that 1) site
preparation techniques have the most important direct effects on soil mites during the
first year after planting, but then are superceded by other factors; 2) presence or absence
of tillage contributes most to the differences in mite community structure, and 3) soil
mite communities recover from the initial stress of site preparation.

Keywords: mites, Oribatida, Gamasida, tillage, short-rotation forestry, biodiversity.

INTRODUCTION

The State University of New York College of Environmental Science and
Forestry (SUNY-ESF) is a center for research and development of short-rotation forestry
as a source of fuel and fiber. Production of willow (Salix spp.), the principal tree being
tested, is similar to any agricultural cropping system in many respects. Site preparation
techniques, including tillage and herbicide applications, are potentially crucial factors
determining soil biological activity and biodiversity in willow agroecosystem. Many
experimental and theoretical studies suggest that higher community diversity is
associated with higher stability and sustainability of the ecosystem (McNaughton, 1977;
Crossley et al. 1989; Bardgett and Cook, 1998). Soil fauna is important for maintaining
soil structure and fertility (Hendrix et al. 1990; Beare et al. 1992; Coleman and Crossley,
1996).

Our objectives were to determine the effects of site preparation methods on the
density, species diversity and community structure of representative groups of soil
organisms. The research focused on two taxonomic and functional groups of mites
(Acari) - Oribatida and Gamasida. The oribatid mites (Acari: Oribatida) are saprophages
and mycophages. These mites are regulators of the decomposition rate, and through
interactions with microflora, they affect nutrient cycling, an important factor in soil
fertility (Coleman and Crossley, 1996; Sulkava et al. 1996). Low abundance and low
diversity of these mites may indicate unfavorable soil conditions, correlated to lower
plant biomass production potential. The gamasid mites (Acari: Gamasida) are important
predators that attack other microarthropods and both free-living and plant-parasitic
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nematodes (Koehler, 1999). The abundance and community structure of these mites
reflect the availability of their prey.

METHODS
Experimental Design and Sampling

An experiment has been established by SUNY-ESF researchers in Lafayette,
Onondaga County, NY for determining the effects of site preparation technigues on
willow plants and soil. Study plots were laid out as a complete randomized block design
with 6 treatments in 3 replications (Table 1). In June and October of 1998-1999 four
random soil samples (125 cm®) were taken within each plot, using a stainless steel corer.
Mites were extracted by a Tullgren apparatus, counted and identified to species level.

Table 1. Willow Planting in Lafayette, NY: Site Preparation Experiment — the Description and
Timing of Treatments.

Treatment

Machine planted Hand planted
Field Operations: No No | Cover | No Weed
Steps and Timing Standard | Till Standard | Till | Crop | Control
Post-emergent herbicide (Fall +9 + + + + +
‘96)
Plowed and Disked (Fall *96) + + + +
Cover crop planted (Fall *96) +
Pre-emergent herbicide (Spring + + + + +
'97)
Willow Crop (as of 1999) sh Fo S F S F

a) indicates presence of this particular field operation;
b) willow trees established successfully;
c¢) willow trees failed to reach commercial size.

Data Analysis

Soil microarthropods tend to have an aggregated distribution. To make the data
appropriate for parametric statistical methods we applied rank transformation to the raw
counts (Conover and Iman, 1981; Potvin and Roff, 1993). Over four sampling dates the
coefficient of variation for two mite group densities ranges from 74.01 to 226.08 for the
untransformed data, and from 51.70 to 56.04 after transformation. Transformed data were
analyzed using two-way analysis of variance (ANOVA). To identify the effects of
individual site treatments, the data were investigated as sets of planned comparisons
(contrasts) (Kuehl, 1994). Correspondence analysis was used to analyze individual counts
for the most abundant species of Gamasida and Oribatida and to display relationships
between mite communities and treatments on a coordinate system (community
ordination). Chi-square test was used to test the hypothesis of independence between mite
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community structure and experimental treatment. All statistical tests were conducted at
the level of significance a = 0.05 using SAS (Statistical Analysis System, SAS Institute).

RESULTS
Analysis of Variance

A total of 20 species of Oribatida and 22 species of Gamasida were represented in
the samples. The highest density and diversity of both Oribatida and Gamasida in 1998
and Gamasida in 1999 were observed in “No till, Machine” treatment. The highest
density and lowest diversity of oribatid mites in 1999 was in “No Weed Control”
treatment. The results of ANOVA are summarized in Table 2 and Table 3. The mode of
planting - hand or machine - had no effect on mite communities. No significant effect of
post-emergent herbicide was detected in the year following its application. The negative
effect of tillage was significant only for Gamasida in the first year after tillage was
applied. Cover crop has significant negative effect on density and diversity of gamasid
mites and was less important for oribatid mites. The success or failure of willow crop best
explains the differences in density and diversity of Gamasida among treatments. Oribatid
mites proved to be largely insensitive to the treatment factors.

Table 2. P-values for contrasts for Oribatida where the null hypothesis is rejected ( o = 0.05).

Density (mites/sample) Species Richness
Contrast
1998 1999 1998 1999
Hand vs. Machine -2 - - -
Till vs. No till - - - -
Cover crop vs. No cover crop - 0.019 - -
Weed control vs. No weed control - 0.026 - -
Willow crop failure vs. Success - - 0.039 -

a) failure to reject null hypothesis of no treatment effect.
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Table 3. P-values for contrasts for Gamasida where the null hypothesis is rejected ( o = 0.05).

Density (mites/sample) Species Richness

Contrast
1998 1999 1998 1999

Hand vs. Machine -2 - - -
Till vs. No till 0.002 - 0.001 -
Cover crop vs. No cover crop 0.019 0.015 0.037 -
Weed control vs. No weed control - 0.011 - 0.004
Willow crop failure vs. Success 0.0007 0.0004 0.001 0.002

a) failure to reject null hypothesis of no treatment effect.

Community Ordination

The % test showed that the site preparation technique significantly affects the
community composition of both groups. Figure 1 presents community ordination based
on correspondence analysis of individual counts for all species with relative abundance >
1%.

a) 1998 b) 1999

Note: the location of spheres indicates the degree of similarity between mite communities under different treatments;
the sphere diameter corresponds to the total species richness of both Gamasida and Oribatida.

Figure 1. Community Ordination - mite communities in experimental establishment treatments of
willow biomass crops in Lafayette, NY, 1998-1999.

This method allows us to display mite communities observed in different site
treatments on a pair of Cartesian axes. The axes represent eigenvalues for the
contingency table of mite species vs. site treatments. The two axes account for 84% of
the total variation within the data set, and more than 65% is explained by axis 1 alone.
The analysis enables us to distinguish between treatments that are merely correlated with
the axis and those that make major contribution to it. The presence or absence of tillage
during site treatment contributes most to the separation of mite communities along the
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first, most important, axis. The increase in species richness in 1999 suggests that mite
communities are recovering from the initial stress of site preparation.

DISCUSSION AND CONCLUSIONS

In agricultural settings it is difficult to separate the effects of tillage and
agrochemicals on soil mite communities. Both Oribatida and Gamasida were reported to
be negatively affected by herbicides (Koehler, 1999; Moore et al. 1984), though Moore et
al. (1984) found that the density of Oribatid mites returned to control level by the end of
the season. The sensitivity of Gamasida to herbicide is influenced by the ground
vegetation (Koehler, 1999). Under various conditions other authors observed negative (El
Titi, 1984; Franchini and Rockett, 1996), positive (Loring et al. 1981; Moore et al. 1984)
or no effect (Tomlin and Miller, 1987; Winter et al. 1990) of tillage on Gamasida and
Oribatida. In our study Gamasida showed more pronounced changes in density and
species diversity in response to site treatments than did the more sedentary oribatid mites.
As predators, Gamasida integrate complex reactions of other trophic levels in soil and are
often used as bioindicators (Koehler, 1999; Karg and Freier, 1995). Total density and
species richness of oribatid mites were largely unaffected by site preparation treatments,
but tillage had a significant effect on the abundance of several individual species.

The observed differences in soil mite populations can be attributed to two factors
- effect of tillage and the divergence in soil environments created by different plant
communities. The failure of the willow crop in no-till and no weed control plots resulted
in markedly different vegetation cover from those plots where willow trees established
successfully. The aboveground vegetation influences soil fauna by affecting soil
structure, microclimate, water regime, microflora, and habitat diversity (Berg and
Pawluk, 1984; Koehler and Born, 1989).

The biomass of soil microarthropods has been shown to correlate with pore size
distribution and soil organic matter in soils under different land use (Vreeken-Buijs et al.
1998). Tillage dramatically alters soil pore network and often stimulates a sharp decrease
in soil mite populations, followed by a rapid increase toward the end of growing season,
presumably in response to favorable changes in nutrient availability and aeration (Loring
et al. 1981; Moore et al. 1984). The studies generally conclude that tillage favors
organisms with short generation times, small body sizes, rapid dispersal and generalist
feeding habits (Andren and Lagerlof, 1983). Mite species found in tilled soil are those
found in heavily disturbed or early successional habitats, whether natural or
anthropogenic (Norton and Sillman, 1985). Reduced tillage creates a relatively more
stable environment and encourages development of more diverse decomposer
communities and slower nutrient turnover (Hendrix et al. 1990). Available evidence
suggests that conditions in no-till systems favor a higher ratio of fungi to bacteria, and a
predominantly fungivore-dominated fauna, whereas in conventionally tilled systems
bacterial decomposers are favored (Beare et al. 1992).

Unlike conventional agroecosystems, willow plantations are maintained without
additional tillage during the 17-21 year rotation period. Tillage and other site preparation
techniques have the most important direct effects on soil mites during the first year after
planting, but then are superceded by other factors. Because soil is minimally disturbed
and plant residues are allowed to accumulate, the recovery of abundant and diverse soil
mite communities is promoted.
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Coppice Effects on Willow and Hybrid Poplar Stem Attributes and
Biomass Production
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Robison? and J.G. Isebrands®
IState University of New York, College of Environmental Science and Forestry,
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Department of Forestry, North Carolina State University,
3USDA Forest Service, North Central Experiment Station

ABSTRACT

Coppice short rotation intensive culture systems (SRIC) are being established
over large areas in different parts of the world for the purpose of producing pulpwood,
fuel, bioproducts or firewood. After establishment of the root system, the above ground
portion of the trees is cut back to produce vigorous growth through a flush of multiple
stems. Coppice systems are known to exhibit superior biomass production potential,
which is primarily attributed to efficient photosynthate transport between root and shoot,
rapid occupation of land through high leaf area deployment, and early bud break and late
leaf senescence, resulting in a more efficient use of the growing season. While willows
(Salix spp.) and hybrid poplars (Populus spp.) respond well to coppicing, differences may
be expected in coppicing potential, and post coppice growth patterns, including biomass
production. Although some studies have analyzed the phenomenon of coppicing and the
associated biomass production potential in willow and hybrid poplars, little has been
reported on their differential response to coppicing. In addition, it is of practical interest
to study the changes in stem morphology through which post coppice growth vigor is
expressed. A coppice rotation system selection trial of 38 poplar and willow clones was
established in central New York State (NY) in 1997. In December 1997, at the end of the
first growing season, the trees were cutback at 2-5 cm off the ground to promote coppice
regrowth. A suite of tree dimension variables (diameter, height and number of stems),
and stool biomass was monitored in 1997 and 1998. This paper presents an analysis of
the effect of coppicing on individual stem dimensions, number of stems and stool
biomass production, for willow and hybrid poplar clones and identifies the specific
attributes that best explain the variation in post coppice biomass production rates.
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