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ABSTRACT

Biomass yield and growth rate data for Populus hybrid grown under four
management strategies on two dizsimilar sifes wvere chiainsd. iomass
production data, combined with fuel and chemical properties, were expamnded
into complete net fisancial and snergy znalyses in order to recommend a
management/conversion strategy with the most faverable financial and energy
considerations. To develop the necsssary blowmass production data, six
replications were established under four mansgement strategies {contvol,
fertilization, irrigation and fertilization/irrigation) on two sites
representing favorable {(Basher site) and sufavorable (Merrison site)
inherent growth conditions. Fevtlilizzpion and lrrigation amendments were
applied to designated plots based upoen detalled monitering and
determination of needed amendmsnts.

Plantation operations were divided into two phases, establishment and
maintenance. The various epevrations within each phase weres analvzed to
determine their financial cosits and energy requirementa. These analyses
were based on the financial and energy cost per hectare to complete each
operation in each of the phases for a concepiual zized commercial workiag
unit. The engineering and time constralnts imposed on each operation were
analyzed. A maximum worklng unit of %924 ha was countingent upon the limits
of the offset disk and tree planting operatioas.

The various input/output altewvmatives posed by the

evaluated through a linear programming {17} wmodel oducti
harvesting and conversion functions. Side-bywsids s produstd
evaluations on two dissimilar sites provided 2 basis for a critical
evaluation of the total systex. The results of the financial and enevgy

analyses for the first rotation of biomass frow commercial plantations
managed under alternate strategy/site options i o

be irrigation, fertilizationm aond land vent. Naarx

for the control strategy was attributed fto lasd x
supervision and spray wmaintenapce operations. Th

£ the total
nt zod {axes, management
ing 31% was for



the first rotation's prorated cost of plantation establishment. The
fertilization strategy added 49Z to the base control cost on the Basher
site and 667 to the Morrison site. Irrigation tripled the base control
cost on both sites.

The energy costs for the control strategy were dominated by land rent. The
cost of land, represented as the net energy return from an altermate land
use of corn production, was 877 of the total energy costs on sither site.
Of the remaining energy expended on the first four year rotatiom, 567 was
for spray maintenance operatioms and 32% was for the first rotation's shars
of establishment costs. The additional energy expenditure for the
fertilization strategy was lower on the Basher than the Morrison site.
Irrigation involved an added energy cost on both sites.

The adjusted four year yields of biomass ranged from 33 0Dt/ha for the
control/Morrison strategy to 43 ODt/ha for the fertilization/irrigation/
Basher strategy. The snergy output from the control strategy was 507
greater than its total energy cost. Higher net energy returns werse
realized on the fertilization and/or irrigation strategiles.

The financial and energy profiles displayed modest to major limits
depending upon the management strategy. The basic problems with the
options were using too much relatively expensive energy toward the
production of relatively cheap energy and the operational costs. The
control strategy followed by the fertilization strategy produced the most
favorable economic considerations, even though they had modest negative
first rotation returms.
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INTRODUCTION

Forest Biomass Short~-Retation Plantations

Wood as an energy source has received renewed interest, partially based on
certaln advantageous gualities of short rotation intemsively cultured
{SRIC) biomass. For example, lznd reguiremeats needed to supply 2
multiproduct wood chemical plant for an operational perviod of 20 years from
a traditional forest stand in Pennsylvanis sre fwo or more bimes greater
than the land requirements uvsing SRIC biomass from the plantarion design in
this project {(Blankenhorn, P. R. and B, C. Baldwin, in press). 4 complete
determination of the feasibility of using forest blomass as a fuel or
chemical source should include silwicultural considerations and net
financial and energy analyses of all inpute and outputs frowm such a
production system (Figure 1)}. Several studies have provided conceptual
models of forest biomass plantations and their role in producing wood
energy (Howlett and Gamache, 1977; Inman et al., 1977;: Rose, 1977; Fege et
al., 1979; Rose et al., 1981; Hansen, et al., 1983).

Analysis of the use of SRIC biomass for fuel may be divided into
production, harvesting and conversion functions. Decisions concerning the
operationg in one function influence the other functions., The economic
analyses identify, analyze and establish the relative importance and
influence a constraint in one function will have on the other two
functions, provided the model has an accurate data base. The
prioritization of these constraints will ddentify certain constraints as
important in the overall production/harvesting/conversion strategles while
other considerations within szach of the functions may be suppressed. For
example, operational constraints for site preparation in the production
function may be considered of higher ilwmportance in determining plantation
size than planting operations. In addition, site preparation constraints
may be determined to be of higher importance than operational costs in the
harvesting function or moisture removal costs in the conversion function.
However, a reliable feedstock supply for the conversion facility may
supercede certain economic considerations (Rose et al., 1281). Ultimately,
it will be the market that will dnfluence major decisions in all three
functions.,

The major thrust of SRIC management strategles is to channel the total
growth potential of the land base into eptimizing bicmass production so the
crop can be harvested and marketed. Biomass yvields can be optimized by
appropriate decisions conceruing genetic selsction, weed control, cultural
treatment, planting density and reotation length. Improved pairing between
site and biomass species or varisty can double average productivity of
short rotation stands (Ramnney, et al., 1982},

In the production function, planting density will be influenced by
silvicultural, operational and economic constraincs. For example, as
growing space per tree increases, the number of tress planted per hectare
decreases, but cultural investments may increase for longer rotations. As
land area per tree increases, the distancs between trees within rows and/ox
the distance between the rows increases, which can change eguipment field
efficiencies. In addition., planting stock costs per hectare decrease with
increasing growing space per tree (Hamsen, et al., 1983) and the carrying
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costs Increase because of greater votation lengths. Total land area needed
to supply the biomass to the conversion facility must also be considered.

Ribe (1974) summarized a comparison of vields over a wide range of
densities and sites and indicated the optimal density to be in the range of
one tree per 0.37 m® to 1,49 m®%. FEk and Dawson (1976) reported high stand
densities (one tree per 0,05, 0.09, and 0.36 n®) were necessary for high
rates of biomass productlon (17.3, 12.3, and 14.3 ODt/ha/yr) in the first
votation on fertilized and irrigated plantations. These values were
projections based on early growth and yiald data. Actual yields were
considerably lower, with the 0.09 n® spaced trees annwally producing an
average of 5.9 ODt/ha and the 0.36 m® spaced trees producing an average of
4.7 ODt/ha for a first rotation of five years (Zavitkovski, 1983). Proper
regulation of stand density can shorten the rotation by influencing tree
growth and cobtaining higher initial yields. More closely spaced trees will
have maximum annual production rates at earlier ages than wider spaced
trees, but the ultimate maximum annual production rates may be about the
same for gll spacings. Actual first rotation data for Populus 'Tristis #1°
at planting densities of one tree per 0.09 to 5.76 m? and rotations of five
to 10 yamars, respectively, indicated an average annual yield advantage for
the more dense plantings (Zavitkovski, 1983). Planting density of one tree
per 0.09 w® averaged 5.1 ODt/ha/yr in a five vear rotation and the trees
planted at 2.4 x 2.4 m averaged 4.7 ODt/ha/yr after 10 growing seasons.
Naughton and Geyver {(1982a) have estimated the two to six year old yields
for cottonwoed growing in eastern Xanses. At six years of age, 7000 trees
per hectare (1.4 m%/tree) were expected to yield 42.3 ODt/ha, and 1400
trees per hectare (7.1 m?/tvee) were expected to yield 29.3 ODt/ha.
However, Bowersox et al. (1979) indicated that tree densities and rotation
lengths for various Populus spp. may be different on sites of varying
productivity potential.

A summarv of several studies on short-rotation hardwoods by Fege et al.
{1979) 4ndicated annual yields of 9.8 to 19.8 ODt/ha can be realized under
intansive management., Cannell and Smith (1980) reviewed the published
lirerature for short rotation forestry in temperate regions and concluded
that about 10-12 O0Dt/ha/yr would be working maximum vields for four to five
vear old first rotations. Bowersox and Blankenhorn (1979) have projected
gn annual production of 7.0 ODt/ha for the first rotation, without
fertilization or irrigation, for various Populus app. Bowersox and Ward
{19762} have suggested clone NE-388 (P. maximewiczii x P. trichocarpa)
tested on an Fdom silt loam soil to be an appropriate clone for close
spacings {0.46 2%) in rotations of less than 5 years. Their research shows
standing biomass vields (stemwood, bark and branches) of 7.7 ODt/ha/yr on a
four-vear-rotation.

Financial returnms are realized later and less frequemntly with long rotation
versus short rotation crops (Rose et al., 1981). However, analyses of
projected vields reported by Ek ec al L (1983) suggest that maximum ylelds
pocur sgoner in densex plantings short rotation) and yields from wider
spacings {longer rotation) way aventually meet and exceed denzer planting
yields. These analyses were for a variety of Populus clones with densities
of one tree per .09 to 5.76 m® and ages of three to 1S vears. Optimal
planting densities and rotation lengths are likely to be in the one tree
per 0.1 to 9.0 m® and three to 10 year range, depending on species,
culiural investwments, location and rotation.



The amount of time it takes for biomass to fully occupy a site at any given
spacing depends partly on whether it is undergoing initial or coppice
growth. Rose, et al. (1981) report that economic and energy afficiency is
not affected by rotation length within the plantations and rotation lengths
they evaluated. Initial rotation length decisions may be changed due to
the fact that wood can be stored on the stump (Rose, 2t al., 1981). Rose et
al. (1981b) also noted rotation lengths were dependent on inmsect and
disease risks, type of wood product dssired and harvest technology.

Continuous yields from Populus spp. plantations can be obtalned by the
coppleing of these hardwoods. Preliminary indications on existing field
trials indicated three to four coppicings appear biologically feasible
under intensive culture (Rosge, 1977; Malac and Heeren, 1979). It appears
that yield from copplce growth exceeds that of first rotation growth
(Bowersox and Ward, 1976b; Crist et al., 1983; Ek, et al., 1983). Bowersox
and Ward (1976b) evaluated yields on three Populus hybrids using first
rotation ylelds and a second rotation yield equation. Populus hybrid
NE-252 (P. cultivar angulata x trichocarpa) and NE-388 wers projected to
produce the greatest two-rotation OD yields using a first rotatiom of three
years and a second of four yeavrs, with tree spacings of 0.46 n? (Bowarsox
and Ward, 1976b). In both cases, second rotation average annual yields
were more than double those of the first rotation.

Silvicultural and Management Operations

Site Selection

Site selection for short-rotation biomass plantations involves similax
steps to those used in traditional forest management but differs via a more
intensive approach (Howlett and Gawache, 1977; Malac and Heerem, 1979). A
considerable increase in output and reduction in management costs can bz
made by choosing the proper site (Fege et al., 1979). Cerxtaia conditions
should be met to iansure the establishment of the plantation cuttings and to
maximize their eventual yield., A gite should be well-drained, well-aerated
and supplied with adegquate moisture during the growing seasom. Tha level
of the groundwater table should be monitored since groundwater within 4
inches of the surface will inhibit plant growth (Malaec and Heeren, 1979).
Soil composition should be appropriate for hardweooeds. Malac and Heeren
(1979) recommend soils with sandy loam or loam surfaces fairly high in
organic matter and with a thick B horizom of friable sandy~clay to clay
loam texture. Bowersox and Ward (1976b) have planted hybrid poplar om an
Edom silt loam soil, which 1is a residual soil derived from calcareous shale
and characterized as good in available woisture and native fertility. Site
selection must also consider the broader qualities of the land. Attention
has focused on topographical features. The land should have minimal slope
and few obstructions to accommodate the highly mechanized features of
short-rotation systems (DeBell and Harms, 1976). TIoman et al. (1977)
classifiad land with slopes greater than 307 as unusable for mechanized
plantations.

The logistics of plantation sites, with raference to conversion facilities,
have been identified as important cost consideratioms to the overall supply
system. Transportation costs of $.19-$.27 per ODt per mile have been
estimated (Howlett and Gamache, 1977; Eza etf. al, 1984). Blankenhorn et

-



al. (1978) identified transportation, along with molsture removal, as
accounting for about 70% of the total energy inputs for cultural systems.
Geyver and Melichar {(1982) supported this by concluding that the fraszibility
of using wood from cottonwood and black locust plantations as fuel was
heavily dependent upon tramsportation and chip-drying costs. However, the
competitive advantage of biomass Increased when alfernative energy products
incur greater transportation costs relative to biomass {(Spiewak et al.,
1982).

Site Preparation

Plantations are likely to be established on marginal, vmused and sbandoned
farm lands since these sites are avallablas for acquisiticn, generally lower
in rental or purchase price than good farm land and more easily prepared
than traditional forestland. Rose and DeBell {1978} acknowledge the costs
for converting pasture and othey agricultural land to biomass systems will
usually be less than conversion costs for forestland, particularly if the
timber is unmerchantable. Howlett and Gamache (1977} note that shearing,
raking, burning and disking are basic requirements in converting forestland
to plantation sites, while old~field sites may ounly rveguire plowing and
herbicide applications. Even partially forested sites require intensive

- slash and stump removal to facilitate subsequent machinery movements.
DeBell and Harms (1976) point to revenus earning from wood fiber sales as a
means of partially offsetting land preparation costs. Although cleaving is
costly, it is only a singulay expense in the lifetime of the plantation,

Intensive site preparation and weed coutrol, prior to zand during the first
growing season, are essential to the establishment and vapld growth of
cuttings (Blankenhorn et al., 1978). Site preparation. similar to wmethods
used in agricultural row crop production, involves plowing and/or disking
in the fall and disk harrowing in the spring prior to planting. Thess
procedures improve aeration and draimage in the szoll, increase the
acceptance of herbiclides and fertilizers, and help coutrol weeds. HMalac
and Heeren (1979) suggest the ground be subsoiled In the fall {f there Iz 2
well-developed plow pan or shallow top soil, Bavond the breaking of the
plow pan, this allows the soil to mix and sertle and eliminates large alr
pockets in time for spring planting. Thus the cuttings and subsequent root
growth are more adequately received and eshanced by the soill.

Hardwood plantations, especially short-rvotation, require intensive and
regular control of competing vegetation (Malac and Heeren, 1279; Rose et
al., 1981b; Naughton and Geyer, 1982}, Weeds impede the acceptance and
growth of poplar cuttings. Furthermore, the above average fertility of
farm lands encourages weed growth. Prescriptions for weed control are site
gpecific with respect to typs, amount and timing of herbicide applications
and cultivations (Heiligmanu, 1975).

In minimal cases, weed comtrol can be obtained relatively sasily by diskiag
in the fall {(Heiligmann, 1975). However, where this is dinsufficient, the
fall plowing or disking should be accompanied by 2 total herbicide kill
(Heildigmann, 1975). Even with a fall application of a total kiill
herbicide, the residual or windblown seeds may permit a weed smergence in
the spring. Hence, a pre~ or post-emergence herbicide procedurs may be
necessary at planting time. In some instances, weed control managemsat may
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be required for the first two growing seasons after planting (Hansen et zal.
1979) and at the beginning of subsequent rotations.

Planting

Mechanized planting of closely-spaced hardwood cuttings has had limited
suce2ss on & commercial level. Many of the experimental stands have been
planted by hand. However, machine planting will be an economic necsssity
in closely-spaced biomass plantations (Howlett and Gamachs, 1977).
Furthermore, tree spacing will influence the size and type of equipment
used in other establishment operations. Also, planting costs increase per
unlt area at closer spacings (Rose and DeBell, 1978).

The combination of machine planting rates and the length of the total
planting season influence plantation size, Based on a case study by
Mattson and Miyata (1982) a planting crew of five gould plant 180 ha om a
1 x 1 m spacing within 2 months. They indicated a rate of productivity of
0.52 ha/h. For larger areas and smaller spacings, they cite the need for
improved planting techuology, particularly in the area of automated
planting equipment. This would reduce costs and improve productivity.
Rosez et al. (198la) estimated machine planting rates of 4818 and 3212
cuttings/ha/h at spaciogs of 1.21 x 1.21 m and 2.44 x 2.44 m, respectively.
Several planters, employed on experimental plots, could meet commercial
requirements. According to Cram {(1975), two 4-row planters, each utilizing
a crew of 10, planted 155,000 cuttimgs/ha in an 8-~hour day with a 1 x Il m
spacing (4843 cuttings/ha/h for each unit). In the work at Rhinelander,
Wiscomsin, Hansen et al. (1981) reported a planting rate of 5,000
cuttings/h for a 4-row mechanical planter.

Fertilization

Fertilizer 1is a key component in both conceptual plantation designs
(Howlett and Gamache, 1977; Inman et al., 1977; Fege et al. 1979; Rose et
al., 1981b) and experimentzl hybrid poplar plots (Bowersox and Ward, 1976b;
Bowersox and Ward, 1977; Zavitkovski, 1979; Hansen et al. 1981). However,
the economic evaluation of fertilization on short rotation commercial

plantations has been limited.

The prime rationale for fertilizer is Increase of growth vates and
subsequent ylelds. Fertilizer may be necegsary for the malntenance of
optimum growth rates in the early stages of establishment (DeBell and
Harmg, 1976). Also fertilizers, by reducing nutrient depletion, lower
potential insect and disease problems (Fege 2t al. 1979). Bowarsox and
Blankenhorn (1979) summarized reported studies on the yields and responses
to fertilization of Populus spp. In general, Populus spp. demands large
amcunts of nutrients but demonstrates good response to fertilization,
particularly from certain elements. Critical nutrilent elements include:
nitrogen (N), potassium (K), phosphorus (P), calcium (Ca) and magnesium
(Meg) (Bowersox and Ward, 1977; Bowersox and Blanmkenhoru 1972; Bowersox et
al., 197%; Fege et al., 1979; Zavitkovski, 1979). Soil evaluations are
recommended to determine initial nutvient deficisncles and subse aquent
residual levels of nutrients. Fege et al. (1979) report that the
fervilizavion strategy should be accompanled by an application of lime at
the onsat of a rotation. Bowersox and Blankenhoru {(1972) furthasr note the
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amount and balance of nutrients depend on site; parentage, rotation age and
vields.

Fertilizers can be applied with conventional farm equipment before the
cuttings are in place. The field efficiencies and capacities of tractors
and fertilizer equipment are well documented (Waters and Daum, 1974; Doane
Agricultural Service, 1972: ASAE, 1978). Application rates are typical te
those in the agricultural sector. After the initisl growing season tree
heights necessitate fertilization by helicopters., Helicopters also provide
a more rapid rate of application, improved access to various sites, and
reduce the need for roading within the plantation. Over the past 15 years,
more than 9 million ascres in Washington and Oregon forests have been
fertilized by helicopter with application rates of 168 to 224 kg/ha of
elemental nitrogen fertilizer (Miller and Fight, 1979).

Irrigation

Various types of irrigation methods have been reported for agricultural
crops and tree fruit crops (Reed et al., 1976; Pimentel, 1980). The
supplementing of rainfall, particularly during stand establishment, may be
critical to the culture of hardwoods on many sites (Fege et al., 1979).
Trickle irrigation is a preferred system due to the reduction of moisture
stress on plants and the conservation of both water and energy through the
use of smaller wetting areas and low operating pressures (Funt et al.,
1980). The potential increased yields from irrigation might justify the
added cost if the system is properly matched to the terrain, soil
water~holding capacity, size of potential product and water source {(Mace
and Gregersen, 1975). Irrigated Populus 'Tristis #1' and jack pine
produced 43% and 137 increases 1n energy over similar non~irrigated
cultures {(Zavitkovski, 1979). The travelling gun system used by Hansen
(1983) increassed bilomass yield by 76% in year two and by 44%Z in year three
over non-irrigated trees.

Properties of Populus Biomass

Utilization of short~rotation forest blomass as a source of energy and
chemicals will depend on physical and chemical properties such as: 1)
gross heat of combustion, 2) extractive content, 3) specific gravity, &)
holocellulose content, 5) lignin content, 6) alpha-cellulose content, 7)
ash content and 8) moisture content. There appear to be differences in
chemical and physical properties associated with tissue component, tissue
age and parentages (Bendtsen, 1978; Murphey et al., 1979; Bowersox et al.,
1979: Cheng and Bendtsen, 1979; Geyer, 1981; “Bendtsen et al., 1981;
Blankanhorn, et al., 1985). Measurement and comparison n of the fuel and
chemical properties within a clone and among clones will aid in clonal
selection and establish basic data needed to efficiently utilize short
rotation forest biomass.

Types of Ecopomic Analyses

The basic design in the micro-—analysis of a production system considers the
ability of the system to generate a sufficient financial gain from its
output to meet the combination of fixed and variable costs. In most
inztances, the system is considered from a short run viewpoint where the



size of the capiltal investment and its technological state are fixed. With
the advent of energy plantatioms, variatlioms in this analytical design
could include being critiqued on both a financial aad energy unit
equivalent basis. Regardless of the common denominator used throughout the
system, the costing structure is usually stratified in terms of the fixed
costs of the capital inputs and the variable costs tled to labor, raw
materials and related inputs.

Christiansen (1979) lists five approaches for evaluating the cost of the
capltal investment: 1) discounted present net worth (PNW), 2) compounded
future net worth, 3) equal annual equivalent, 4) internal rate of return
and 5) benefit-cost ratios. The cost of using capital may be explicit,
such az the interest rate charged to 2 loan, or fmplicitly referenced to as
the opportunlty cost foregone from not using the funds in an alternate
pursult (Christiansen, 1979). Intevest charges can be calculated as "net
of inflation,”™ noted as rezl rates of return. Klemperer (1979) reported a
6Z historic and projected after~tax real rate of returm on U.S. corporate
capital. Row et al. (1981) proposed a2 real vate of 4% to reflect the
current long-teym market expectations of returus of new productive
investments.

An established procedure for amalyzing the financlal merit of investment
propositions imvolves discounting future costs and revanues to a common
present day value. Flick et al. (1979) demonstrated the profitability of
loblolly pine plantations using discount analyszis. Present net worth {PNW)
measures the current net value of all future discounted revenues and future
discounted costs. Flick et al, (1979) indicated the PNW's of forestry
investments were most sensitive to Interest rates, price changes, yields
infiuenced by site quality and stand-establishmwent costs. Benefit-cost
(B~C) ratios were an alternmate discounting approach to investment analysis.
The B~C ratio of an investment project was the ratio of the discounted
future revenues over the discounted future costs (Christiansen, 1979).

Severzl studies have been made on the finamcisl performance of forest
biomass short-~rotatiom plantations. Rose (1976} developad an economic
model using cost and yield information to calculate financial wmeasures of
PNW, intermal vate of return and payback period. A simulation program was
also uged to determine the effects of various factors influencing costs.
Rose (1977) utilized his economic model to further determine likely ranges
of biomass production costs for a number of production alternatives and
intensities. Eight wmanagement alternatives for intemsive culture were
designed to analyze the cost of producing energy from wood and the cost of
fiber for pulp processing (Rose, 1977). Rose and DeBell (1978) evaluataed
break—even requirements of various intensive-management cultures by
employing a sensitivity analysis of input and output variations to the
production function. TInman et zl. (1977) used a financial model of a
silvicultural farm to determine: 1) the net return generated through
alternate biomass prices, 2) price requivements for meeting particular
rates of return on equity and 3) discounted cash flows.

Bowersox and Ward (1976b) performed an economic analysis eon a short-
rotation fiber production system for hybrid poplar. The objective was to
calculate the costs of producing and harvesting stemwood, bark and branches
from three Populus hybrids mavnaged under various length first-second



rotations and spacing strategies. All costs were compounded forward at a
6% rate in determining the future compound costs per unit of output at the
end of a second reotation. 4 similar analysis looked at the effects of
fertilization strategiles.

Rose et al. (1981b) undertook a financial analysis of hybrid poplar
plantations in the Lake States. Costs and revenues of various production
systems were evaluated over & 30~year planning horizon. The present net
worth and internal rate of return were used in evaluating various factors
of production and thair related yields (Rose et al., 1981b).

Several studies have employed energy concepts as common denominators in
their economic analysis of intemsive biomass cultures. Blankenhorn et al.
(1678) established a net energy analysis scenario whereby energy inputs
were contrasted to recoverable energy from two distinct cultural systems.
The analysis evaluated various sites under congideration and identified the
major energy~-consuming operations when forest biomass was used as a fuel
source {Blankenhorn et al., 1978). Zavitkovski (1979) analyzed energy
budgets for irrigated, intemsively cultured plantations of Populus 'Tristis
#1' and jack pine in northern Wisconsin. He examined the total energy
available and used ratios of energy output to energy ionput. The preferred
strategy for analyzing energy relations In forest plantations is net energy
returns {(Blankenhorn et al., 1978; Zavitkovski, 1979). The energy
output/input ratios indicate the marginal efficiency of using energy inputs
in the production of biowmass and energy. They were viewed as complementary
and supportive indicators. Zavitkovski {1979) calculated ratios for three
stages of forestry operations: a) on the stump, b) for harvested and
chipped material and ¢) for dry chips. Geyer and Melichar (1982) also
obtained output/input energy ratios for five-year-old cottonwoed and black
locust plantations in Kansas.

Financial Imput-Output Measures

Limited information is available on commercizl biomass production systems.
Cost estimates have been established for commercial biomass systems based
upon similarities in the proposed systems with the commercial agricultural
and forestry sector. The proposed management systews are similar teo
agricultural production and in most cases similar machinery has been
proposed (Blankenhorn et al., 1978). Cost estimates for site prepavation
and establishment of short-rotation plantations have been developed (Mace
and Gregersen, 1975; DeBell and Harms, 1976; Inman et al., 1977; Rose et
al., 1981b).

Rose reported the financilal feasibility of intensive cultures was most
sensitive to site preparation costs and needs, planting costs and spacings
{Rose, 1976; Rose and DeBell, 1978). The study by Rose and DeBell (1978)
pointed to the importance of spacings. Trees coppiced at 4 and 10 year
cycles, and at wide spacings (1.22 x 1.22 w, 3.05 x 3.05 m) appearsd
feasible, while 2~year coppice rotations, at higher densities (0.61 x 1.22
m), did not, Mattson and Miyvata (1982) estimated planting costs of
$97.87/ha at 1 x | m spacings and predicted lower costs at wider spacings.
DeBell and Harms {1978) also indicated the cost of planting may be the
largest single expense in the production pericd. Certain operations within
the production function might be less expensive if subcontracted to outside
firms Iinstead of owning and operating equipment or machinery.



Fertilization costs for biomass systems were analyzed by Inman et al.
(1977). They concluded thils expense was a function of regional cost
variations of materials, the varying costs of the types of application
methods and the type of species planted (Imnman et al., 1977). Fertilizers
have undergone significant price increases during the past decade and
requirad continuyed assessment as to theilr impacts on profitability {(Rose
and DeBell, 1978). However, Rowersox and Ward (1976b) found that the
increased vields of certaim hybrid poplar clones, as gained through
fertvilization, deersased the unit cost of fiber.

Irrigation costs were shown by Reed et al. (1976) to vary accordimg to the
irrigation dinterval, volume of water applied and the type of system
employed., In tuvn, Mace and Gregersen (1975) stated that the irrigation
inteyvals are regulated by soill-water holding capacity, evapotranspiration,
volumas of water applied per irrigation and desired soill-water content.
Investments in irrigation systems were known to be extensive (Rose et al.,
1981b). 1Imstallation costs ranged from $500 to $2000/ha, with apnual
operation and maintenance ranging from $100 to $250/ha (DeBell and Harms,
1976; Reed et al., 1976). However, Mace and Gregersom (1975) pointed to a
void of data on the physical, biological and financial parameters of
potential irrigation systems. Rose et al. (1981b) provided cost estimates
for a travelling gun system. They found irrigation to be fimancially
unattractive due to the large cost of fuel usage. Rose et al. (1981b)
suggested costs could be reduced by adopting different techmology or by
irrigairiog only during the first few years of each rotation. In a
comparison study, Funt et al. (1980) found the installation costs of a
trickle system to be 50% of a travelling gun system. Trickle systems were
moye expensive than travelling gun systems (o operate and
maintali fav low-density crops such as apples but much less costly for
higher density crops such as grapes.

The cost of land as zan input in the production function can be referenced
as reutal fees, purchase price or the opportunlty cost of alternate uses
(Bowarsox and Ward, 1976b; Rose et al., 198la; Naughton and Geyer, 1982).
DeBeil and Harms (1976) 1ndicated fiuctuating prices for agricultural crops
hove a logical impact on the rental or lease rate of even marginal and
subwarginal lands. Net returns for various agricultural crops in
Pennsylvania have been documented (Pennsylvania Department of Agriculture,
1982 Dum, 1982). Naughton and Geyer (1982) capitalized the net retuyns
from agricultural pursuits to determine land values and associated annual
(havges for using this resource. Bowervsox and Ward (1976b) valued land at
6% of its averags fair warket value. Rose et al. (1981a) assassed land
ogts via an average price paid for cleared a agricultural land in the Lake
This was based on estimates of land availability and probable

iy

The market values of biomass output have been assessed in several ways,
wost commonly as wood chips. Rose et al. (1981a) used $12.50/green tom
dalivered, or $25/0D ton as representative prices in the Lake States.

These were based on the prices paid by industrial users of wond fiber,
particularly pulp mills. 1In a study by the Department of Energy. costs
wera projected to be $20 to $34/0D ton for hardwoods grown uwnder 6~ to
10—yaaf rotations {Fege et al., 1979). The Minnesota Department of Natural
cnoureen (1984) reported biomass marketr values at $43 to $68/0D ton for
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pulp and $30 to $68/0D ton for energy. Financial comparisons have been
made with alternate energy sources in valuing biomass (Spiewak et al.,
1982). On-site prices for coal, natural gas, oil and various field crops
have been documented (Energy Information Administration, 1982; Spiewzk et
al. 1982), Rose et al. (1981b) indicated the most important factors
affecting the investment performance of biomass systems are yield and the
market price.

Energy Input-Output Measures

The estimated energy costs for machinery, materials and related equipment
are required in developing energy expenditures for plantation operations,
Accounting conventions for the energy analysis of farm machinery (Pimentel,
1980) and the engineering and operational particulars on various types of
farm equipment, to complete these energy analyses, are readily available
(Doane Agric. Service, 1972; Waters and Daum, 1974; McCurdy, 1975;
Tmplement and Tractor, 1981),

Geyer and Melichar (1982) reported most of the energy used in silvicultural
operations was in fuel, with plowing and planting being the most expensive
functions. Zavitkovski {1979) also supported this by noting fuel
consumptions in silvicultural operations of 73.2 x 10° and 53.5 x 10°% MJ/ha
on 10~-year rotations of Populus and jack pine, respectively.

Naughton and Geyer (1982) found areal energy yields and areal energy costs
both dincreasing as plant density increased. However, maximum plantation
yvields were obtained sooner with increased plant density. Their "least
cost system"” involved reduced plant densities {1400 trees/ha), intensive
weed contrel, and coppice harvest cycles. Blankenhorn et al. (1978) showed
labor energy to be insignificant in the energy budgets for for their
silvicultural systems.

A measurement system for determining the energy used in the manufacture and
transport of fertilizers and herbicides was also developed by Pimentel
(1980). Fertilizers were substantial energy consumers (Blankenhorn et al.,
1978; Zavitkovskdi, 1979). Zavitkovski (1979) found fertilizationm accounted
for 457 of the total establishment energy for P. 'Tristis #1' plantationms,
with the manufacture, transport and application of nitrogen accounting for
817 of the total. Blankenhorn et al. (1978) noted that 167 of the energy
consumed in all operations of an inCensive culture, on a l0-year rotation,
could be attributed to fertilizer.

Irrigation can be an energy intensive input (Zavitkovski, 1979; Rose et
al., 1981b). The initial investment of energy and subsequent annual energy
costs were given in Pimentel (1980). Total irrigation energy for Populus
and jack pine systems was approximated by Zavitkovski (1979) at 5507
Mi/ha/yr. However, Zavitkovski noted that energy invested in producing
biomass might bring proportional returns.

Energy comparisons have been made among various types of irrigation
systems. Pimentel (1980) compared the nine most commonly used irrigation
system types. The solid set sprinkle and the trickle had the highest
annual fixed energy inputs, 6018 and 4215 MI/ha/yr, respectively. However,
the surface runoff return and the trickle had the lowest pumping energies
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required when applying water at various lifts (Pimentel, 1980). Funt

et al. (1980) noted that trickle irrigation, compared to the travelling gun
sprinkler system, used 547 less wataer and 742 less energy per year in
supplying the same plant requirements.

Energy plantation outputs have been measured and incorporated into economice
analyses. Zavitkovski (1979) researched the biomass (ODt/ha) and energy
content for P. 'Tristis #1'. Tree components included stem wood, stem
bark, branches, foliage and roots. Yields were evaluated on a dry-weight
basis, with stem wood accounting for 587 of the total and foliage less than
4%Z. Blankenhorn et al. (1978) also underscored the following physical
parameters as important measures of forest biomass: particle size, moisture
content, gross heat of combustion, usable heat, proximate analysis,
ultimate analysis and chemical content.

Economic Evaluations

Past research has revealed the financial and energy requirements of
short~rotation, bilomass plantations and the market sectors which might
benefit from these plantations. Dutrow and Saucier (1976), working with
short-rotation systems of coppicing sycamore, concluded that ounly
industrial landowners would find production profitable. They alsc felt the
capital limitations of non-industrial landowners would prevent this
ownership group from investing In such ventures. Rose (1977) supported
this by stating that uonder existing technologles and costs, wood as an
energy source would only be competitive in certain production situations.
The use of biomass for pulp and paper processing appeared to be the better
alternative at current market prices for certain species. However, as
conventional fuel prices rise, continued reevaluations should be made of
biomass as an energy source (Rose, 1977; Spiewak et al., 1982). Current
studies indicated biomass was not competitive with conventionmal energy
sources 1In such markets as the commercial sector, manufacturing,
transportation or electric utilities (Spiewak et al., 1982).

A Department of Energy study Indicated a future potential for silviculture
biomass farms Iin the energy market at competitive prices (Fege ot al.
1979). Forest biomass was a major energy source in the forest products
industry, in farm applications and in home heating (Spiewak et al. 1982).
Geyer and Melichar (1982) indicated fuel costs for petroleum and natural
gas were 125 to 2007 higher tham for woody biomass. Biomass was also
evaluated by Spiewak et a2l. (1982) as being competitive with coal in New
England, the Middle Atlantic States and the Gulf Coast, particularly where
coal transportation costs are high.

Short-rotation systems may also prove attractive to private landowners
willing to commit existing manpower, egquipment, and land to such ventures
at below market price (Bowersox and Ward, 1976b). Plantations may be
justified for providing a secure source of raw material close to the mill
site (Bowersox and Ward, 1976b; Rose et al., 1981lb).

Lineay Programming

Lineay programming (LF) is a quantitative method having the capacity to
characterize alternative approaches and constraints to biomass production.



The LP technique identifies an optimal solution while operating under a
given set of constraints. In this manner the solution represents the most
efficient strategies for meeting the operational objective of the system.

Kent (1980) credits LP as bridging the gap between the determination of
alternate forest plans and the selection and ultimate implementation of
some optimal plan. Three main functions, particularly suited for analysis
of a forest plantation system, can be realized through LP., First, there is
an organized storage of data as vast amounts of information can be brought
together and synthesized. Dats is provided through scientific and
management planning actions. Secondly, the LP technique invelves an
allocation of resources as part of the optimal solution. LP insures the
solution is consistent with the capabilities of the land base through the
incorporation of managerial and environmental constraints in the model.
Last, sensitivity analysis of alternate strategies can be emploved through
reformulations of the initial problem. Hence, alternate plans can be
generated (Kent, 1980).

The structural and operational nature of LP makes it particularly useful

in the study of economic problems. One of the earliest applications of LP
included the analyses of interindustry economics based on Leontief's
input-output models {(Ignizio, 1982). Government, business and agricultural
concerns utilize LP as a decision-making aid for a wide variety of
problems. Allied applications that tie to the analysis of a biomass
plantation system include: vresource alleocation, production planning,
investment planning, energy modeling and planming, crop production and
forest management policies.

Early applications of LP in forestry dealt with timber harvest scheduling,
wood procurement, mill management, product distributions, inventory
control and land~use planning (Bell, 1977). Current applications include
forest~planning, programming and budgeting (Bell, 1977). Forest resource
allocation problems, such as timber management and harvesting, were
approached through expanded use of the technique. Ware and Clutter (13%71)
employed LP to develop a programming system for the management of
industrial forests. This model maximized financial returns within volume
and acreage constraints. Bare (1978) used an LP model to maximize the
discounted cash flows of simulated forests under particular rotation
strategies. Volume and areal constraints were utilized in accordance with
stand management plans. Field (1977) cited expanded use of LP in both the
private and public sectors of forestry. Newnham (1975) developed a
computer model which converted stand harvest data intoc an LP matrix in
order to evaluate one-year logging plans in eastern Canada. A least-cost
logging plan was generated under particular resource limits and management
policies (Field, 1977). The most extensive use of LP in the public sector
occurred within the U.S. Forest Service in their Resource Planning Act
analysis of national forests with the LP models, FORPLAN 1 and FORPLAN 2.
These efforts were directed to maximizing the present net worth of various
forest outputs and services under the mandates of multiple use management
and various resource constraints.
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Goals and Objectives

This project was divided Into two general, but related, areas. The purpose
of the first overall area was to determine growth characteristics and
biomass yields for a Populus hybrid grown under four management strategies
on two dissimilar sites. The purpose of the second overall area was to
expand the bilomass production data into cowmplete net financial and enetrgy
analyses, In order to complete these objectives, biomass production data
were combined with certain labovatory data and economic modeling
techniques. Critical biomass production data were coupled with selected
fuel, chemical and nutrient content data to establish an array of
production inputs for an LP model depicting alternative production/
utilization strategies. This project was unique because it incorporated
the culturing and managerial aspects of biomass production with the
utilization charactevristics of the materlal and evaluated the complete
system through a financial and energy frawmework.

The financial and energy analyses 1in this project were based on a
self-owned, fully integrated commercilal~scale operation. Costs for nursery
stock, establishment and cutural maintenance operations were developed from
field data obtained in this project, and combined with operational
information in the literature supplemented by consultations with
agrlicultural engineers and professional farm managers. These production
costs were coupled with harvest, transportation, storage and conversion
costs obtained from the literature for use in analyzing the
commercial-scale operation from production through conversion.

The financlal and energy analyses for this project contrasted the inputs

for producing, harvesting, transporting and processing biomass against the
potentially recoverable outputs from the forest biomass. Comparisons of the
financial and energy analyses established the relative importance of the
constraints within each function and the sensitivity of various inputs
within the overall energy recovery systems. Linear programming analyzed

the complete system and compared selected management and conversiom
strategles, particularly where ranges in the input values were availlable.

Specific Objectives

The following specific objectives for the project were designed to generate
the critical data necessary to complete the project. These were collected
within three tasks with specific objectives,

Task 1 ~ Plantation Establishment -~ Task 1 analyzed the establishment
function for short-rotation plantations under four management strategies
(control, irrigation, fertilization and fertilization/irrigation) on two
dissimilar sites and determined the fimancial and energy inmputs for these
establishment functions. Objectives were to:

i. Establish short-rotation plantations on two dissimilar sites
under four management strategies. Using plantation establishment
operations, estimate baseline financial and energy data needed for
commeyrclal operations.
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2. Determine appropriate levels of fertilizers and establish baseline
financial and energy data appropriate for this operation.

3. Establish, operate and maintain an irrigation system for short-
rotation plantations and determine baseline financlal and energy
data appropriate to this commercial practice.

Task 2 - Plantation Biomass Production - Tagsk 2 measured biomass production
yvields, growth rates and properties of the biomass as a fuel or chemical
feedstock and to determine the financial and energy inputs needed to
operate and maintain the plantations under the selected management
strategies.

4. Establish biomass yields and growth values as a function
of site quality in the selected management strategies for the
first rotation.

5. Establish a range in expected biomass ylelds and growth values
as a function of site quality for the selected management
strategies for the first rotation.

6. Establish financial and energy costs for producing biomass on two
dissimilar sites under four management strategies (control,
irrigation, fertilization and fertilization/irrigation) for the
first rotation.

7. Measure biomass properties related to their use as fuel or
chemicals and determine the variations in these properties as
affected by the selected management strategies.

Task 3 - Analysis of Biomass Financial and Energy Data - Task 3 analyzed
the financial and energy data among the selected management, harvest and
conversion scenarios. Lipear programming was used to amalyze the various
input requirements, associated constraints and outputs among the
combinations of various management, harvest and conversion scenarios.

Objectives were to:

8. Compare the financial and energy data from this project with
similar analyses in the literature.

9. Establish net financial and energy analyses for selected
conversion strategies for each of the management
strategies investigated during this research.

10. Analyze the sensitivity of the financial and energy outputs
from each conversion strategy with respect to various
financial and energy inputs.

1l1. Compare the financial and energy analyses for the selected
management and conversion strategies to determine the relative

advantage of each plantation site.

12. Recommend a management strategy for each conversion strategy
with the most favorable financial and energy considerations.
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PROCEDURES

Task' 1 ~ Plantation Establishment

Populus hybrid short-rotation intensive culture {SRIC) plantations were
egstablished under four management strategies (control, fertilization,
irrigation and fertilization/irrigation) on two sites representing
favorable (Basher silt loam soil) and unfaveorable (Morrison sandy loam
soil) inherent growth conditions. Each plantation site (1.2 ha) consisted
of six replications (0.2 ha each) with three replications planted ian 1980
and three replications planted in 1981, Each replication included four
treatment units {(0.05 ha each for control, fertilization, irrigation and
fertilization/irriggtion). Growing space for Populus hybrid NE-388
cuttings was 0.48 m” with 0.8 meters between rows and 0.6 meters between
trees In the rows. In each treatment unit, traes wvere designated for both
continuous inventory and annual destructive sampling over a four year
period (Figure 2).

A fertilization schedule based on attaining a corn sillage vield of 47

0Dt /ha was applied each vear to the appropriate treatment units of the 1980
and 1981 plantations. The intent of the fertilization treatment was to
amend each site with a balanced N-P-K-Ca-Mg nutrient get so as to achieve
equal enhancement of available macronutrients on both sites, This was
insured through soil testing and soil specific recommendations. The soill
fertility status of each site was evaluated annually and fertilization
treatment units were amended to maintain a non-limiting nutrient status.
These data were continually compared to soll nutrient changes in the
non-fertilized treatment units.

A trickle irrigation system was installed in 1981 to determine growth
relationships of the biomass with enhanced soil moisture. Water available
for growth is the amount between field capacity and permanent wilting
point. The irrigation system was designed to maintain soil moisture above
the 50% available water level on the irrigation replications at both sites.
Since the water-hclding properties of the soll were different at each site,
moisture relationships in the rooting zone were determined early in 1981,

S0il moisture levels iIn the upper rooting zone were monitored at 5 cm
intervals by Troxler Model 3401 surface moisture density gauge, and iu the
lower rooting zome at 30 cam intervals by a Troxler Model 1257 depth moisture
gauge. The measured soil moisture values in the upper 20 cm of the soil
were used to determine the frequency and volume of irrigation applications.
In theé event of monitor equipment failure, rainfall and standard agronomic
water stress indicators were used to determine irrigation needs. Moisture
levels were maintained on the {rrigation replications each year above the
midpoint between the wilting coefficient and field capacity through uniform
irrigation. ‘

Task 2 ~ Plantation Biomass Production

Biomass yields, growth values and properties were measured and evaluated as
a function of management strategy, age and site. A flow diagram for the
data collection is given in Figure 3. The timetable for plantation
maintenance and data collection is shown in Figure 4. Shoert votation
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intensive culture (SRIC) financial and energy inputs needed to operate and
maintain the plantations under the selected management strategies were
determined.

Foliar, 1litter and soll samples were collected annually and analyzed (by
the tissue and soil testing laboratories at The Penmgylvania State
University). Mature leaves from the upper crown were collected annually
from representative treeg later in the growing season before leaf
discoloration. Apnual litter samples were collected at three times during
the year: 1) November, 2) April and 3) September. Foliar and litter
samples were analyzed for M, P, K, Ca and Mg. Annual soil samples from the
rooting zone were collected after each growing season. All scoil samples
were analyzed for P, K, Ca and Mg. The soil analyses also measursd pH,
cation exchange capacity and base saturation.

Fertilizer was applied annually to appropriate treatment units in the
plantation depending on soil testing results and recommendations. Soil
moisture was monitored throughout the growing season, with the trickle
irrigation system maintaining soil meoisture at near optimum levelis for tree
growth on appropriate treatment units. These data were compiled,
comparatively analyzed and included in. the LP financial and energy
analyses.

Oven dry yield equations and properties of the blomass were developed from
the destructive sample plot data. Green stem diameter (15 cm above ground)
and total height data were used to develop oven dry mainstem wood, mainstem
bark, branch and total tree weight equations for each treatment and age.
These results were applied to the tree size wvalues collected from the
continuous inventory plots to determine quality and quantity of the biomass
produced by management strategy on each site,

Specific destructive sample plots for each age, trearment and site were
evaluated. Foliage on specific destructive sample plots was collected at
the end of each growing season. These samples determined foliar tissue
production values that, when used in conjunction with foliar nutrient
concentration levels, established the zamount of nutrients agsimilated in
the leaves and also the foliage to wood-and~bark production ratios,

The continuous inventory plots were annually measured for tree survival,
stem diameter at 15 ¢m above ground and total tree height. These data,
when combined with the oven dry weight equations, determined biomass yields
per unit area by age, site and treatment during the first four growing
seasons. Actual field weights for all four vear ¢ld 1iving continuous
inventory trees were determined at the end of the first rotation. These
data were summarized by individual plots and were used to adjust first
rotation oven dry yield estimates. The oven dry wood, bark and total tree
vield values were used in conjunction with the moisture, physical and
chemfcal contents to establish SRIC cultural, financial and energy values
for usable products in the LP model in Task 3.

Individual sample trees {(maximum of 20 trees per tresatment, and replicated
six times per site) were harvested in Novembev-December and returned to the
laboratory for further analyses. Wood, bark and wood/bark specimens by
site, age and management strategy were sepavated from the trees. The one
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year old specimens were collected from growth produced in the first growing
season of the votatiom. The two year old specimens were 2 combination of
one and twe year old tissues, the three year old specimens were a
combination of one to three year old tissues and the four year old
epecimens were a combination of one to four vear old tissues.

Fuel and chemical values for the trees by site, management strategy, age
and component were obtained using the following test procedures: 1)
specific gravity (maximwum moisture content method, Smith, 1955), 2)
molsture content (ASTM D~2016), 3) gross heat of combustion (ASTM D-2015),
4) ash content (ASTM D-1102), 5) nutrient content (N, P, K, Ca and Mg), 6)
extractive content (ASTM D-~1105), 7) holocellulose content (acid chlorite
method, Browning, 1967) 8) alpha cellulose content (ASTM D-1103) and 9)
Klason lignin content (ASTM D-1106) of wood, bark and composite wood/bark
specimens.

Chemical analysis of bark may be difficult because of the suberin and other
wax—~like substances in the bark., 1In a preliminary study, chemical content
data was obtained for untreated bark and bark pretreated with a mild alkali
solution used to remove the suberin. The results of this study indicated
that the suberin did not hinder the chemical determinations except for
alpha cellulose. Hence, pretreatment of the bark with a2 mild alkali
solution was not used for the bark and wood/bark chemical content
determinations,

Fi{ltration through ground bark specimens was difficult during alpha
cellulose determinations. Numercus tests om 2,0 g and 0.5 g bark specimens
yielded comparable results. Therefore, alpha cellulose determinations of
bark were performed on the smaller specimen size because of ease of
filtration.

Statistical analyses included analysis of varlance for treatment effects
and regression analysis to establish predictive equatioms. All effects
ware established at a 0.05 level of significance.

The plantations were constantly monitored for fire, insect, disease and
zanimal problems. Applications of Insecticides, fungicides and herbilcides,

1f needed, were in accordance with envirommental standards.

Task 3 -~ Analysis of Biomass Financial and Energy Data

This task analyzed and compared the financial and energy data for the
selected management, harvest and conversion scenarios. Biomass yields,
growth values and properties from this project were combined and used in
the development of a commercial model of a biomass production systen,
Linear programming was selected to analyze the various combinations of
production, harvest and conversion alternatives. The overall LP design
structured the production function Into separate units following the
sequential order of the project: 1) biomass production, 2) harvesting and
transportation, 3) storage and 4) conversion of biomass to energy. Each
unit was further stratified to represent alternative methods of
accomplishing the unlt's central purpose.



The structure and interpretations of the problem were in keeping with a
general LP format:

n
1) MAX Z =13 cixi as the objective function
{or MIN) 1=1

€, = coefficient measures; objective
value per unit of activity variable
Xi = activity variable

2} Subject to system of constraints,

n m
I I A X, %8B,
t=1 3=1 HH

Aij = coefficient measures; resource
value per unit of activity

Xij = activity variable

B, = resource availability

3

3) &nd a non-negativity requirement for the activity variable.

Xi =2 0

Objective Function

Twc alternate objective functions were used in the LP design: 1)
maximization of the net financial values generated by the production system
while meeting an allied set of operational constraints and 2) maximization
of the net energy from the biomass system while meeting various operational
congtraints imposed on the system. The financial objective function
identified the present net worth of the particular management strategy
coming into solution. All costs and revenues in the model were subject to
investment analytical techniques using an alternate rate of return of 5Z.
Although only one of the objective functions was used within any run of the
model, the alternate objective was employed as a constraint, with the model
either accepting the "open ended" generation of financial or energy values
from the constraint or having to meet some lower limit constraint value.

Activity Variable

The activity variable, x,, served as the common denominator with the LP
design. In this model it represented one hectare of land brought into
solution from any given management strategy. The diversity of strategies
required a system of identification. The activity variable was
differentiated on the basis of the following: 1) year of employment, "i",
2) soil type, "ji", 3) management strategy, "k", and 4) silvicultural or
managerial treatment, "1", under the k  strategy. This permitted all
combinations of silvicultural treatments, associated with specific
management strategies, as applied on different soil types, to be evaluated
in terms of their net financial and energy performances over a certain
production time period. The activity variable, X__k s represented this
general form. Also, any saquence of individual t%&a%ments within a



pariicular strategy was linked together. This linkage functioned as a
constraint, subjecting each hectave of land brought into solution, within a
particular strategy, to the required sequence of treatments. In this
manner, the combination of treatwments found In a particular strategy was
tested against all other strategies in tevms of the objective function.

Coefficients for the LP Model

The objective function coefficients deflned the value per activity unit
associated with the establishment, malntenance, and yields of the bilomass
system. The C,, . values represented financial (or emergy) inputs or
outputs per hedtare of land. Their product with the sctivity variable

(Ci K Xi’kl) determined the total fimancial (or energy) commitment
ass%c}ate& with the volume of land brought into solution (e.g., energy/ha x
ha = total energy).

The A x coefficients, found within the system of constraints, further
descrigeé the LP model structure. The A K1 represented the operatiomnal
value per hectare of land used to descri%l gperating conditions under which
the various strategles were influenced or bound. Their product with the
activity variable (A, X..,.) determined the operational commitment
associated with the‘%&%%me13¥lland brought into solution under the

constraint equation.
Constraints

As previously indicated, the solution of an LP problem was achieved under
the tandem forces of the objective function and a set of constraints. The
optimal solution to the problem was established via the influence of these
constraints. The constraint equations used in this model described: 1)
financial or energy limits, 2) land area and 3) the requirved sequence of
treatments within particular strartegies. When the objective function was
set to maximize the production of net energy, the alternate financial
"objective" can be used as a constraint. This may be set as an expected
lower limit for net earnings, or an uppey limit on acceptable losses, or as
an unbounded constraint that simply calculates the net financial return
from the land brought into solutlon. Conversely, the objective function
can be established to maximize net veturns (or minimize loss) while
subjecting the system to an energy ''comstraint." Again, the constraint may
be set as a lower limit to net energy returns, an upper limit to energy
losses, or an unhbounded constraint that calculated the net ensrgy return
from the optimal finmancial strategy.

Various silvicultural and managerial treatments were enteved as
requirements within a particular strategy and sequenced at particular
points in time. A series of linkage constraints required that any hectare
of land employed in a given strategy recelved all of the treatments im the
strategy and in proper order over time. This constraint provided for anm
evaluation of all treatments within each strategy while requiring the
selection of an optimal strategy that maximizes the objective function.

The volume of land available for any particular strategy was also entered
as a counstraint, The area used in the model, 924 ha, constitutes a viable
working unit for a commercial-~sized biomass system determined by equipment



operations for a given task and other plantation establishment time
constraints. : '

In certain instances, eguations were gcreated that do not serve as bounded
constraints except for their being set greater than or equal to zero.
These statements take on an accounting function and track the usage of
certaln inputs, such as fertilizers and cost input {financial or energy).
At the completion of the problem run, they identified total usage of the
regsource and their source of consumption.

Structure of the Basic LP Model

The relations (linkages not included) used in the LP model for identifying
a commercial-sized, short-rotation biomass plantation system were as
follows:

1) Objective function as net return {(financial or energy)

4 2 4 15
MAX Z = I . 1 Z L C X

=l jm1 kel 1e1 LKL Tikl
= the vear of employment within the é4~year rotation
the soil type, Basher (1) or Morrison (2)
= the management strategy, control (1), fertilization (2),

irrigation (3), or fertilization/irrigation (4)
1 = gilvicultural or management treatments {1-14) and the
output generated from the system (15)

Py
¥

Subject to

2) Land constraints

1 1{1) 4 ]
X by Z 5
{=1 4=1(2) k=l 1l=m

Agkr Fygrg 7 De

The land constralnts represented a series of eight constraints emploved in
the first yvear of the four~year rotation {(i=1). There were four
constraints per soil type {(j=1, j=2), and they existed for each strategy
(k=1-4). Since the areal determination for a commercial-sized plantation
was based on a viable working unit, then "1=m" was necessary, where "m"
equaled some treatment (I~14) most binding om the system. The land
constraints in conjunction with the linkages, guaranteed that 924 ha have

undergone all trestments within the optimal strategy.

3} Cost constraints

4 1 1 14
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fm] juml kel 1=1 tiED ijkl
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There were eight cost constraints in the model to tabulate the total cost

(1 = 1-14) for a strategy (k-1=4) and site (j=1-2) chosen as the optimal

strategy. It represented the total cost over the entire rotatiom (i=1-4).
4) Alternate net return (financial or energy) or optimal solution

4 1 1 15

z z L I A X » unbounded
i=] j=1 kel 1=1 13k 13kl
o
o
o
4 2 4 15
z z X L Aijkl Xijkl’ unbounded

1=1 j=2 k=4 1=1

The above represented eight unbounded constraints under each analysis
(financial or energy). If the model was run to optimize the net energy,
the alternate net return delivered the financial net return of that
strategy. Conversely, the net return for energy was reported for the
optimal financial strategy.
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RESULTS AND DISCUSSION

Task 1 - Establish Plantation

Short-rotation hybrid poplar plantations are analogous to the production of
row crops. Results from this project have expanded the estimated
plantation establishment emergy inputs reported by Bowersox and Blankenhorn
(1979) by measuring actual biomass yields as a function of management
strategy and site. Proper site preparation 1s eritical to successful
plantation establishment and resultant yields. This project has carefully
evaluated site preparation opervations as well as all other cperations
essential to plantation establishment.

Energy values and equipment operation time frowm the actual site preparation
of small experimental plots were higher than anticipated in full scale
plantations because of increased turning and idle time. However, the
establishment of small experimental plots permitted an identification of
the necessary field operations required in each phase of work. Time aund
operational comstraints, in part based on an extrapclation of small scale
to large scale systems, were used to develop financial and energy values
for a commercial-sized operation.

Site Preparation and Weed Control

Plowing and disking prior to planting were the only weed control measures
in the plantation treatment units established in 1980. Weed growth in
these replications was a2 major problem and the weeds ultimately retarded
the tree growth in the first year. Chemical weed control was not possible
in the 1980 replications because of limited knowledge on safe herbicides
for Populus hybrids. After identifying the weed species on the Morrison
and Basher sites, a variety of specialists were consulted and the 1981 weed
control program was started late in the summer of 1980,

The first step in the weed control strategy was to remove as many of the
weed speciles as possible using total kill herbicides. In August 1980,
glyphosate at 2.24 kg/ha active ingredients (a.i.) and dicamba at 3.36
kg/ha a.i. were used at the Basher site and glyphosate was used at 2.24
kg/ha a.i. at the Morrison site. The second phase of the weed control
strategy was to develop a potentially successful pre-or post-emergence
herbicide procedure for use at planting time.

The approach used to develop a potentially successful chemical weed control
program was as follows:

1. The first step was the establishment of a reasonable weed control
objective. There would be a major difference in strategies
seeking 1007 control of all weed species between May and September
or 70% control of the most Important weed species between May and
July.

2. The next step was the determination of the weed species to be
controlled. The dominating herbaceous communities present on the
site before site preparation needed to be evaluated. In addition,
activities such as site preparation, soil fertility adjustments,



irrigation and so forth may create the condirions favorable for a
different community of weed specles. Evaluation of existing and
invading weed speciezs needed to be controlled was completed
during the 1980 growing season.

3. The third step was to consult specialists with knowladge of
assoclated weed, soil, climatic and cultural interrelationships.
Recommendations of potential herblcides from the specialists
included not only chemicals to control the weed species but also
an awareness of potential impact of these chemicals on the trees.

4., Develop a set of herbicides that were compatible with tree growth
and possessed the potential to control the expected weed speciles.

5. The next step was to determine the potential impact of the
herbicides om the trees by applying the herbicides to soils, from
the site, containing planted trees. The effect of the herbicide
on the weeds was known, but iIn most cases, the effect of the
herbicide on tha trees was unknown. One, two and four times
the recommended application rates were used to account for any
variability 4in the field application of the herbicides.

6. After accepting an herbicide strategy, adherence to application
instructions was essentilal.

Potentlal pre- and post-emergence herblcldes were acreened in greenhouse
studies conducted between January and April 1981. These studies, thres
separate trials, were conducted with s0ll collected from each plantation
site and included seven chemicals reported to control axpected Basher and
Morrison 1981 weed species. The objective of this screening was to
evaluate the effect of the chemicals on the developing root and shoot
tissues of the trees. Herbicides* tested in these greenhouse trials were:
(1) devrinol (napropamide) at 8.97 to 35.88 kg/ha a.i., (2) dual
(metalachlor) at 3.36 to 13.44 kg/ha a.i., (3) goal (oxyfluorfen) at 1.12
to 4.48 kg/ha a.i., (4) lorox (linurom) at 0.56 to 2.24 kg/ha a.i., (5)
modown (bifenox) at 2.24 to 8.96 kg/ha a.1., (6) prowl (pendimethalin) at
1.68 to 6.72 kg/ha a.1i. and (7) roustar (oxadiazon) at 4.48 to 17.92 kg/ha
a.i.

From these screening trials, a weed control strategy was developed for each
slte that would provide 80Z (dry weight basis) control of the weed
community until July 1. It was assumed that if the plantations were at
least 80% weed~free by this date, weed competition would not limit tree
growth., The herbilcide programs were:

a. Basher site - a pre-emergence herbicide to control nutsedge
(metolachlor at 3.36 kg/ha a.1.) plus a pre-emergence to control

*The trade or brand names mentioned in this publication are supplied with
the understanding that no discrimination i1s intended, and no endorsement by
the School of Forest Resources at The Pennsylvania State University 1is
implied. Furthermore, in some instaunces, the same compound may be sold
under different trade vames and cariy different label clearances. It is
the user's responsibility to follow the label.
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other grass, grasslike and broadleaf weeds (oxyfluorfen at
1.12 kg/ha a.i.).

b. Morrison site ~ a pre-emergence herbicide to control grass and
grasslike weeds (napropamide at 8.97 kg/ba a.di.).

Ocular estimates of the weed communities at both sites on July 1, 1981
indicated that 907 or more of soil surface was free of herbaceous
vegetation. Late growing season inventories of oven dry herbaceous
vegetation were conducted to determine the amount of herbaceous vegetation
growing in the 1981 planted replications (four 1.0 m? plots per 1981
replication-gite~treatment unit) and these were compared to six 25.0 m?
native herbaceous vegetation plots at each site. These native vegetation
plots were adjacent to the Populus replications.

The species of weeds that collectively accounted for 90%Z or more of the
herbaceous vegetation growing in the native vegetation plots are presented
in Appendix A (Table A-1). At the Basher site these species plus all other
weeds produced a total of 280.0 g OD biomass/m®, with 45.1 g/m® as grass
and grasslike vegetation and 234.9 g/m? of broadleaf weeds. These values
were significantly greater than the 12.4, 177.7 and 190.1 g/m? of oven dry
grass (and grasslike), broadleaf and total herbaceous growth, respectively,
produced at the Morrison site.

A similar inventory of herbaceocus vegetation was conducted on the Populus
replications planted in 1981. Average OD weights of grass {(and grasslike),
broadleaf weeds and total herbaceous vegetation by site and treatment were
determined and are presented in Appendix A (Table A-2). Total OD
herbaceous plant growth on the Morrison site of 29.8 g/m® was significantly
lower than the total herbaceous vegetation at the Basher site (63.7 g/m?).
The reason for this difference was the significantly greater amount of oven
dry grass {and grasslike) vegetation (mainly nutsedge) at the Basher site.
There were no significant differences in the amount of oven dry herbaceous
vegetation among the Populus management strategies at the Morrison site. At
the Basher site, irrigation resulted in significantly more broadleaf
vegetation, fertilization had significantly lower total weeds and the
fertilization/irrigation increased the amount of oven dry grass {and
grasslike) wvegetation. Overall, the herbicides applied in spring 1981
reduced the weed growth in the Basher Populus plots by 77Z, compared to the
potential herbaceous growth of 280.0 ODg/m*, and at the Morrison site, the
herbicides reduced the weed growth in the Populus plets by 84%, compared to
the potential herbaceous growth of 190.1 ODg/m*.

Net result of the weed control program can be geen in the first year total
height growth of the 1980 and 1981 planted trees in Figure 5. The "normal®
line is an average of first growing season total height growth from four
plantations of Populus hybrid NE-388 (planted between 1966 and 1971) where
weed competltion was controlled by hand hoeing or black polyethylene mulch.
None of these previous plantations were fertilized or irrigated. The 1980
planted control trees averaged 0.76 m on September 5 and the 1981 planted
control trees averaged 1.43 m on August 28. The "normal’ weed free height
would have been [.20 m on September 1 (Figure 5).
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gure 5. First year total height growth for Populus hvbrid NE~388.1/

Total height values for the 1980 and 1981 planted trees are based on 240
trees per year. The "Normal" line is based on averages from more than
1000 trees from four other plantations of NE-388 planted on a variety of
sites in central Pennsvlvania between 1966 and 1971 that had completed
weed control by either mechanical cultivation or black polyethylene
mylch. These previous plantations were not fertilized or irrigated.



Value of the effective weed control program for the 1981 planted trees had
carryover to the second growing season, Lack of an effective establishment
year weed control program for the 1980 plantings resulted in control
treatment trees averaging 1.69 m in height and 1.40 cm in diameter at two
yvears of age. 1In comparison, the 1981 control treatment trees averaged 4.3
m in height and 2.80 cm in diameter at the end of two growing seasons.

Management Strategies ~ Fertilization

The fertilization treatments were designed to obtain a balanced soil
nutrient status promoting initial survival and tree growth., Fertilization
recommendations to yleld 47 ODt of Maize silage per hectare (field weight)
were used to develop the fertilization program and to achieve these
nonlimiting conditions.

Seil testing results for the replications established in 1980 and 1981 are
presented in Appendix A (Table A-3). Initial fertilizer amounts for the
1980 and 1981 plantings are presented in Table 1-1,

Survival ~ The rates of N, P, K, Ca and Mg applied to the Basher silt loam
and the Morrison sandy loam soils did not appear to improve tree survival
during the estazblishment phase. At regular intervals in the initial
growing seasons, measurements of tree survival were made on 17 randomly
selected, completely independent by observation date, trees per site-
replication~treatment. During establishment, the percentage of surviving
trees greater tham 0.1 m tall ranged from 78 to 98%Z (907 average) for the
controls and 69 to 987 (87% average) for the fertilized trees (Appendix A,
Tables A~4, 5). Average survival for the six fertilization replications
{1980 and 1981 combined) at each site was about 86X at the end of the first
growing season (Table 1-2). These estimates were based on 3264 planted
continuous inventory tress {2 sites x 6 replications x 272 trees per site
per replication). The average survival at the end of the first growing
season for all control trees was 867%.

Height - The fertilization program used in this study did not improve total
tree height during the establishment year, except for late in the 1980
growing season (Appendix A, Tables A-6, 7). In the 1980 planted
replications with inadequate weed control, a sustained significant total
tree height growth advantage for the fertilized trees over the control
trees was first reccorded at the Basher site on August 19 and after
Septembey 5 at the Morrisom site. In the 1981 planted replications with
excellent weed contreol total tree height growth values for the control and
fertilized trees were squal on both sites.

The one year old total height of all 1980 planted trees averaged 0.94 m at
the Basher site and 0.98 m at the Morrison site (Table 1-3). For the 1980
planted trees, the control total height averaged 0.70 m at the Basher site
and 0.87 m at the Morrison site. For the 1981 planted trees, the
fertilized trees averaged 1.69 and 1.36 m for the Basher and Morrison
sites, respectively, and the control trees averaged 1.63 and 1.72 m for the
Basher and Morrison sites, respectively (Table 1-3). Combined over year of
establishment, the average one year old total height was 1.23 m for the
controls and 1.41 m for the fertilized trees (Table 1-3).



Table 1-1. Amount of fertilizer and lime applied at time of establishment
for the 1980 and 1981 planted trees, by plantation site.

Plantation

Site Nl/ P2052/ K203/ Lime4/ MgS/
----------- kg/ha = = = = = = = = = =~ = =
1980 179 179 179 3093 0
1581 169 114 189 4343 86
Morrison
1980 179 179 202 A 6120 146
1981 169 134 168 4762 151
1/

Broadcast application of ammonium nitvate at 33% N in May, after bud
break.
2/Applied as triple superphosphate at 46% P205 before planting, and
disked into soil,
3/Applf[ed as potassium chloride at 60% KZO before planting, and disked
into soil.
4/Applied as ground limestone with minimum Ca0 of 51% and CaCcn,3 equivalent
of 92,28%. i
S/Applied as ground dolomitic limestone with a minimum Mg of 3%, minimum
Ca0 of 447 and CaCO, equivalent of 89% for the 1980 applications.
Specifications for ghe 1981 applications were a minimum MgO of 117,
minimum Ca0 of 35%, and CaCO3 equivalent of 89% for the 1981
applications.
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Table 1-2, Average survivalll of one through four year old trees for the
1980 and 1981 planted trees, by plantation site and treatment.

Plantation Age
Site Treatment 1 2 3 4
1980 Planting = === @6le = = = e e o - - F A I I T
Basher ‘
Control 2/ 84 87 84 &2
Irrigation 86 88 86 84
Tertilization 81 81 78 71
Fertilizatio / 82 80 79 72
Irrigation
Morrison
Control / 88 91 90 89
Irrigation 82 83 80 79
Fertilization 80 79 78 76
Fertilizatio ; 80 79 79 78
Irrigation

1981 Planting

Basher
Control 91 91 89 87
Irrigation 91 91 90 90
Fertilization 97 97 96 82
Fertilization/ 93 92 93 79
Irrigation
Morrison
Controel 90 91 91 91
Irrigation 86 85 85 85
Fertilization 84 85 85 82
Fertilization/ 85 86 85 81
Irrigation

/Survival was based on the total number of 272 trees planted per
site-treatment-replication that were alive and greater than 0.1 m tall,
There were 3 replications planted in 1980 and 3 replications planted in
1981.

2/Trees were not irrigated in the first growing season only,
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Table 1-3, Average total height and stem diameter at 15 cm above ground
of one through four year old trees for the 1980 and 1981
planted trees, by plantation site and treatment.

Plantation Total Heightzi (by Age) DiameCerz/ (by Age)
Site Treatment 1 2 3 4 1 2 3 4

1980 Planting

Basher
Contxrol / 0.7a 1.9b 4,1b 5.4ab 0.6a 1.5b 2.7b 3.5b
Trrigation 0.8b 2.6c 4.9¢c 6.2¢c 0.7 2.0c  3.2b 4.0c
Fertilization 1.2d 3.5e¢ 5.7d 7.he 0.9d 2.5¢ 3.7cd 4.6e
Fertilizatio % l.1¢ 3.7f 5.84 6.9d 0.9¢ 2.7f 3.8d4d 4.6e
Irrigation

Morrison
Coutrol / 0.9b 1.6 3.9a 5.2a 0.7b l.4a 2,42 3.3a
Irrigation 0.7a 1.5a 4.0ab 5.6b 0.6a l.4ab 2,7b 3.6b
Fertilization 1.2d 3.4d 5.8d 6.9d 0.9¢ 2.4d 3.6¢c 4,2¢d
Fertilizatiog/ l.le 4,0g 5.9d 7.04 0.9c 2,7f 3.7cd 4.4de
Trrigation

1981 Planting

Basher
~ Control 1.7b¢ 4.2b 5.6b 6.8a l.4b 2.7b 3.6ab 4.2a
Irrigation 1.6a 3.7a 5.3a 6.7a 1.32 2.5a 3.5a 4.la
Fertilization 1l.7¢ 4.5¢ 5.7¢ 7.1b 1.3b 3.0cd 4.0c 4,.8¢
Fertilization/ 1.9d 4.74d 6.,0cd 7.4c 1.5¢ 3.2de 4.lcd 4.8c
Iyrigation
Morrisan
Contraol l.7¢ 4.,6cd 5.8bc 6.7a 1.4b 3.0c  3.7b 4.,2a
Irrigation l.7¢  4,6cd 6,0de 6.9ab 1l.4b 3.lde 4.0cd 4.6b

Fertilization 1.6ab 4.7d 5.9cd 7.1b 1.3a 3.led 3.9c 4,6b
Fertilization/ 1.7¢ 4,74 6.2e 7T.4c 1.4 3.3e 4.2d 5.0d
Irrigation

l/Means of 3 replications for 1980 and 1981 data. Treatment means within
and between plantation sites - by planting year - with common letter for
each diameter or height set were not significantly different at the 0.05
level. Duncan's mean separation method was used on the Site X Treatment
factor from anslysis of variance.

2
/Diam@tar and total height values weve averages of 100 randomly selected
trees per site-treatment-replication.

3/

Trees were not irrigated in the first year only.
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Diameter - The one year old diameter (at 15 cm above ground) values
indicated a control-fertilization-year of establishment pattern similar to
total tree height values (Table 1~3), Fertilized trees were larger than
the contrels for the 1980 planted trees, but no apparent difference was
evident in the 1981 planted trees., Combined over sites and years of
establishment, the 15 ¢m above ground diameter for all surviving continuous
inventory one wyear old trees averaged 1.00 cm for the controls and 1.10 cm
for the fertilized trees.

First Growing Season Fertilization Summary - Fertilization did not have an
effect on the initial year survival. Fertilization investments for
situations lacking adequate weed control resulted in trees that were taller
and larger In diameter than nonfertilized trees. However when the
potentially competitive weed community was successfully excluded,
fertilization did not increase the first growing season tres height or stem
diameter. Hence, management strategies may be able to reduce or eliminate
these costly amendments, particularly nitrogen.

Management Strategies — Irrigation

This treatment was designed to maintain a soil moisture condition that
would enhance plantation establishment and development. Maintenance of
soil moisture above the 507 available water level was selected as a
non~limiting condition. Irrigation was cancelled in 1980 because of
funding delays and problems in developing a well at the Morrison site. In
1981 a trickle irvrigation system was installed at each site. This system
was selected because of the high degree of experimental control, minimum
water loss due to evaporation and low pumping pressures.

The Basher site required about a 3.0 m vertical water 1lift from an adjacent
stream with a pumping pressure of 69 kPa; the water table here was less
than 1.0 m deep. A well was installed at the Morrison site and water was
lifted about 65 m from the water table to the scil surface. Irrigation
water first passed through a control center where the water was filtered
and contrel over the water pressure and volume was maintained. The water
then flowed through 5 -~ 6.5 c¢m trunk lines to a 5 cm header with 43
emmitter lines {each line was 29.4 m long) which were used to trickle the
water onto the plots. The emitter lines (biwall tubing) were placed 0.4 m
apart and had orifices every 30.6 cm. The system was operated at a design
pressure of 70 kPa. This pressure produced a 30 cm stream of water {above
ground) from each emitter line. At these rates, the irrigation system
would amend each plot with 5768 £/h which is equivalent to an approximate
rainfall of 0.1 ecm/h. The amount of water added to each plot was
controlled to the nearest 5 £ and the water pressure was controlled to the
nearest 3 kPa. No overland flow or esrosion was observed during any of cthe
irrigation cycles,

The need for irrigation increased when the weekly rainfall was below 2.5 ¢m
or the average weekly maximum temperature was greater than 26°C.  Two rain
gauges were used to measures the daily rainfall at each site. Daily air
temperatures were recorded on a hydrothermograph located in a standard
weather station shelter at each site. Average weekly maximum and minimum
temperatures and weekly rainfall values for the 1981 growing season were
recorded (Appendiz A, Table A-8).



Soil moisture characteristics for each plot were determined from field
measured dry soil bulk density and amount of water in the soil at field
capacity (1007 available water level) tests. Amount of water in the soil
at 15 atm was determined from published values (USDA 1978) and verified by
the soil characterization laboratory at the Pennsylvania State University.
Amount of water (kg/m® or % OD weight) at 0, 50, 75 and 100% available
water for each plot was determined. Soil moisture characteristics and
available water level values were determined (Appendix A, Tables A-9, 10).

When the weather conditions indicated an increase in the possible need for
irrigation, the soil moisture levels in the irrigation plots were measured
on a daily basis. Soil moisture in the upper 20 cm was measured at three
random points within the continuous inventory trees. These observations
were compared to the individual plot soil moisture characteristics and the
amount of irrigated water needed on each plot was determined. When monitor
equipment failed, standard agronomic indicators of water stress were used
to determine irrigation needs. The 1981 weather conditions and irrigation
amounts are summarized in Table 1-4,

Initially, irrigation on each plot was started when the soil moisture
levels approached the 507 available water level. This strategy included
ranking the irrigation plots on a master schedule and resulted in
relatively long irrigation times per plot. Delays in securing irrigation
water on all 24 treatment units (irrigation-12 and fertilization/
irrigation-12) per site permitted some units to approach the 507 available
water level, After the first cycle, treatment units were scheduled for
irrigation as they approached the 757 available water level,

Irrigation was attempted at the Morrison site (Appendix A, Table A-~12) on
July 16, but a pump failure and rain delayed full scale operation of the
irrigation system until August 5, 1981, Full scale operation of the
irrigation system on the Basher site {(Appendix A, Table A~11) began on July
18 but was dinterrupted by 6.3 cm of rain on July 20~21. Irrigation at both
sites was resumed on August 5 and comntinued until August 28. Rain from
August 31 to September 6 terminated the irrigation program for 1981.

Survival ~ Irrigation treatments on the Basher silt loam and the Morrison
sandy loam soil of this study did not appear to improve the within growing
season survival rates of trees planted in 1981. Survival was based on the
number of trees greater than 0.1 m in height measured on 17 randomly
selected, completely independent by observation date, trees per site-
replication—-treatment at eight intervals in the first growing season.
Irrigation survival values ranged from 74 to 987 (average of 887) and these
values were similar to the controls (range of 82-987Z, average 917Z) and the
fertilization (range of 68-98%7, average 887Z) values given in Appendix A
(Tables A-4, 5). Percentage survival of the end of the first growing
season for the three 1981 planted irrigation replicatiomns at each site
averaged 917 for the Basher site and 867 at the Morrison site (Table 1-2).
Average survival on the Basher and Morrison sites for the 1981 controls was
91 and 907, respectively, and for the 1981 fertilized trees was 97 and 847,
regpectively.

Height ~ The influence of the irrigation program used in this study on
total tree height growth during the establishment year of 1981 was winimal



Table 1-4. Monthly summary of weekly maximum and minimum temperatures,
rainfall and irrigation for the Basher and Morrison plantation
sites in 1981, ,

Site~Measurement June: July August

Basher

Temperaturelj «*

Weekly Minimum 13.6 14.1 12,8
Weekly Maximum 26,2 27.4 25,6
Rainfall’’ (cm) 13.4 7.9 4.9
Irrigationzl (em) 0.0 1.7 5.9
Morrison
Temperaturell (C*)
Weekly Minimum 14.0 14.6 13.5
Weekly Maximum 24,7 27.2 25.6
Ratafalll’ (cm) 13.2 7.6 b4
IrrigationZ/ (cm) 0.0 0.0 3.0
1/

Average weekly values are presented in Appendix A,

2/Amount of water added to individual plots, by treatment, site and date,

are presented in Appendix A.

1~-11



compared to all other treatments on both sites. The establishment year
elongation values, by treatment site and dates, are presented inm Appendix A
(Tables A~6, 7). The maintenance of soil moisture above the 50% available
water level did not produce a sustained significant difference in one year
old total tree height (Table 1-3). Total height of the surviving one year
old 1981 planted trees for the irrigated continuous inventory trees on both
sites averaged 1.62 m. The one year old total height of the 13981 planted
trees of the control continuocus inventory trees averaged 1.68 m and the
fertilized trees averaged 1.63 m for both sites.

Diameter ~ Diameter growth on the irrigated plots was not evaluated during
the growing season. But simlilar to the irrigated one year o0ld total trae
height values, stem diameter of the irrigated trees at the end of the first
growing season did not appear to have much enhancement over contxol or
fertilization. On both sites, the control, irrigated and fertilized trees
planted dn 1981 had average dlameters at 15 ¢m above ground of 1.37, 1.33
and 1.30 cm, respectively (Table 1-3).

Fivst Growing Season Irrigatlon Summary =~ Trees planted im 1980 were mot
irvivigated. It should be moted that the 1981 trees were planted by mid-
April and the abundant raim and relatively cool temperatures until July
were favorable for tree establishment. Also, weed control during the 1981
growing season was excellent. Late planting dates, drought, and high
temperatures oy poor weed control may have produced different results. In
any event, irrigation did not seem to iImprove the first growing season
haight, diameter or survival values compared to control and fertilizatiom
values.

Management Strategies - Fertilization/Irrigation

This treatment was designed to maintain the combined non-limiting soil
unitrient and soll moistuvre conditions for the plantations duvring the
estahlishment period. Procedures described for fertilization and
irrigation were combined for this treatment. Data on the soil nutrient
status before planting, soil moisture characteristics and amount and
freguency of irrigation for the fertilization/irrigation treatment units
are presented in Appendix A (Tables A-3 and A-8, 9, 10, 11, 12). Amount of
{ertilizer and lime added at the beginning of the growing season is given
in Tables 1-1. A summary of the total water added is given in Table 1-4.

Survival - The combined effects of fertilization and irrigation improved
the survival rates for the trees planted in 1981 in the Basher silt loam
and the Morrison sandy loam soil. Perlodic estimates of establishing

tree survival (Appendix A, Tables A~4, 5) ranged from 76 to 96% (average of
892) and were similar to the controls (range of 82-98%7, average 917),
rtilization (range of 68-98%, average 88Z), and irrigation (ramge of 74

o 98%, average of 88%Z). Averaged over both sites, the one year old

Ins ?"\

survival for the three fertilization/irrigation replications planted in
1981 was 897. Averaged over both sites, the control, irrigated and
fertilized 1981 planted omne year old survival rates were 90, 89 and 217,
respectively (Table 1-2),.

Haight and Diameter ~ The fertilization/irrigation treatments resulted in
one year old trees that were slightly greater in average total height but
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there was no treatment advantage in the stem diameter values, as compared
to all other treatments. The one year old Basher and Morrison
fertilization/irrigation trees were 1.78 m in height compared to 1.68 m in
height for control, 1.53 m in height for irrigation and 1.63 m in height
for fertilizatien treeg (Table i~3). Diameter at 15 cm above ground for
the one year old trees averaged 1.37, 1.33, 1.30 and 1.42 cm for the
control, irrigation, fertilization and fertilization/irrigation trees,
respectively {(Table 1-3),

First Growing Season Fertilization/Irrigation Summary - These results, as
well as the results for the fertilization and the irrigation treatments,
suggest that native site fertllity and normal rainfall are adequate for
tree survival, total height and diameter growth in the establishment phase
given similar weather, planting dates, weed control, site, tree parentage
and spacing conditions, However, in less than ideal situations the
combined fertilization/irrigation strategy may result in substantially
better plantation establishment than the other management strategiles,

Plantation Establishment ¥inancisl and Energy Analyses

Equipment Operation -~ The scenaric for plantation establishment year
operations included: 1) Fall Preparation - total kill herbicide,
mower—-conditioner and offset disk, 2) Spring Planting ~ disk harrow,
planting, pre-emergence herbicide and fertilizer spreading and 3) Growing
Season « insecticides and fungicides. This particular scenarie is based on
the constraints associated with cultural requirements and their optimal
period for application, the total time frame available for the individual
operations and the rate of production for accomplishing each operation.

Analysis of the plantation establishment operations indicated the offset
disk was the critical comstraint on the amount of land that could be
cultivated in the fall preparation phase. An offset disk (3.7m in width)
pulled by a 170 hp tractor at 80%7 field efficiency and 9.7 km/ha could
prepare 924 ha of land over an 1l week period. The offset disk followed
two 70 hp tractors that were spraying (total kill herbicide) and mowing.
Using 924 ha as the base working unit, the spring planting operations would
again make use of the two 70 hp and one 170 hp tractors for disk harrowing,
planting, fertilizer spreading and spraying pre-emergence herbicides. The
number of tractors used and length of time each tractor was used for each
operation were determined by the time frame available for the operation and
the field capacity (ha/h) of the various equipment units. Table 1-5
provides a summary of the plantation establishment year operations and the
time allovted to each operation.

Implement Capacity ~ The methodology for establishing the number of
hectares prepared per vear for a given implement was: 1) establish an
areal rate of productivity, or field capacity, 2) calculate power
requirements and 3) develop energy vequirements per hour and per hectare.

. The above methodology was further complicated by the ranges in equipment
aize, power requivements, speed of performance and typical field
efficiency. (Field efficiency indicates what percentage of land could be
prepared considering factors such as terrain and size of fields). The
typical field efficiencies listed in Appendix A, Table A~13 (Waters and
Daum 1974) are for farm implements used on good agricultural fields. This
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Table i-5. Schedule of annual operations for establishing a 924 ha plantation.

Implement Time Frame Total Weeks Total Operating Hours

Fall Preparation

1) Sprayer {total kill herbicide) Aug. - mid Sept. 7 143
1 - 70 hp tractor

2) Mower Conditioner Aug. - Sept. 9 359
1 - 70 hp tractor

3) Cffset Disk nid Aug. - Oct, 11 440

1 - 170 hp tractor
Spring Planting

1) Disk Harrows mid Mar. - mid Apr. 5 440
2 - 70 hp (200 h each)
and 1 - 170 hp (40 h)
tractor

2) Plantersz/
4 — 70 hp (343 h each)
and 1 - 170 hp (343 h)
tractor

Apr. - mid May 7 1715

3) Sprayer {(pre-emergence herbicide) mid May - mid June 3 143
1 - 70 hp tractor

4) Spreaders (fertilizer)gl
2 - 70 hp (203 h each) and
1 - 170 hp {203 h) tractor

mid May - mid June 5 609

Summer Growing Season

1) Sprayer {insecticides) mid June - July 3 143
1 - 70 hp tractor

2) Sprayer {fungicides) mid June - July 3 143
1 - 70 hp tractor

1/Based on data presented in Appendix A, Tables A-13, 14.
/Based on a 49 hour wesk,
Machinery operations assoclated with fertilization strategiles.



procedure established the constraints the equipment placed on the
plantation size.

Discussions with agricultural engineers and farm managers indicated the
lower value for the field efficiency (field efficiencies on good
agricultural filelds - Appendix A, Table A-~13) should be decreased by 507
and the uvpper value by 33.3% for use of farm implements on old (abandoned)
agricultural fields. It was reasonable to assume that biomass plantations
would be grown on old rather tham good agricultural fields. Therefore, the
upper value for field efficlency on old agricultural fields established the
inputs to the LP model. Also, maximum implement width of 3.7 m was used
for the offset disk and the disk harrow, with a required maximum tractor
power take cff of 140 hp. The maximum implement width of 3.7 m reduced the
need for truck transportation of implements.

Field capacity was the amount of land an implement could prepare in an hour
and was calculated as:

Field capacity (ha/h)
speed (m/h) x implement width (m) x fractional field efficiency
(10,000 m?/ha)

Power requirements were calculated as:

draft (pounds) x speed (mph)
‘ 375

Drawbar hp =
and
Power Take Off hp = Power (hp/m) x width (m).

Fuel consumption calculations were based on diesel powered tractors due to
their improved delivery of 13 hp-h/gallon diesel fuel versus 9 hp-h/
gallon gasoline for gasoline powered tractors (McCurdy 1975). The diesel
fuel consumption was estimated as (Waters and Daum 1974):

- gal diesel 2
hp x 0.05 fip-h x 3.785 gailon”

L
h

Based on the power take off requirements for 60 and 140 hp, the tractor
sizes needed for plantation establishment preparations were 70 and 170 hp
using 13.2 and 32.1 2/h of diesel fuel, respectively. Appendix A (Table
A-14) lists field capacity (ha/h) for selected implements used in
establishing and maintaining the plantatioms.

Planting Populus hybrids differs sufficiently from other agricultural
planting systems to warrant a production analysis specific to its system.
By referencing studies on the planting of Populus hybrid an estimate was
obtained on the field capacity of planting units and the number of planting
units required for planting 924 ha in a 7 week time frame.

According to Cram (1974) two 4 row plantere, each utilizing a crew of 10,
were able to plant 155,000 cuttings (at a 1 x 1 m spacing), in an 8-hour day.
This was equivalent to 9687.5 cuttings per hour per planting unit. In the
work at Rhinelander, Wisconsin, Hansen et gl. (1981), reported a planting
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rate of 5,000 cuttings/h for & 4 row mechanical planter. Based on these
rates it was considered reasonable to envision 7,500 cuttings/h for a 4 row
planter or 1875 cuttings/row/h. Sivce these previous rates were based on a
l w spacing between rows, a modification was proposed for this study -- the
0.8 m row spacing and a 6 row planter. Using the per row rate of 1875
cuttings/h the 6 row planter could plant 11,250 cuttings/h.

With an 0.6 by 0.8 m spacing, 20,833 cuttings/ha could be planted. For a
924 ha plantation 19,250,000 cuttings must be planted. Since a planting
unit would operate during a time frame of 7 weesks {(April 1 to mid-May) on a
5 day ~ 10 h/day basis, this provided 350 h of operation. With a
production rate of 11,250 cuttings/h, one unit could plant 3,937,500 during
the 7 week time frame. As such, plaoting 19.25 million cuttings for the
entire 924 ha plantation would require 4.88 planting units. By using 5
planting units, each unit could work a reduced assignment of 343 h during
the 7 week time frame. For purposes of the financial model it was assumed
that the company would own and operate three of the planting units, own the
remaining two 6 vow planters but subcontract the itractor services and labor
on the latter 2 uvnits.

The field capacity of a 6 row planting unit was calculated by multiplying
the number of cuttings planted/h (11,250) by their spacing (0.6 m by
0.8 m = 0,48 m?) to establish the area planted in one hour (5400 m?). This

3

epresented a field capacity of 0.54 ha/h.

ey

quipment Manufacturing and Repair Energy ~ An accounting convention for
eloping the total energy associated with a2 plece of farm machinery was
ven in Pimentel (1980). This method divided the energy associated with
arm machinery into three categories: 1) energy embodied in the materials,
euergy assoclated with manufacturing and fabricating the equipment and

energy assoclated wlth repalr parts. Since it was lwmpossible to follow

Lnitx)

D He D RO

]

i1

] b

W &~ ~h (O
T Nt N
P

T
=
1 I B O]
G

Exbodiad energy was calculated by multiplying implement weight by 15,000
keal/kg for steel, 20,500 keal/kg for tires and 11,814 kcal/kg for tractors.
Fabrication enevgy was calculated by multiplying the weight of the
implemeni by 3,494 keal/kg for tractors, 2,061 kcal/kg for plows, offset
disks and planters, 1,995 kcal/kg for disk harvows and 1,764 kcal/kg for
sprayers, spreaders and mowers. The sum of the embodied and fabrication
energy wasg multiplied by 0.82. This assumed dits reliable or fuwvctional
1ife was 82% of its total life (Pimentel 1880). To estimate eunergy
associated with repalr parts, the sum of the embodied and fabrication
energy was wultiplied by 0.2967 for 170 hp tractors, 0.2474 for 70 hp
tractors, 0.3083 for plows, offset disk and disk harrow, 0.2530 for
planters and mowsrs, 0.3040 for fertilizer spreaders, and 0.3040 for
sprayers, The total machinery emergy costs equalled the sum of the
embodied, fabrication and repair parts energy on a reliable 1life basis
(Pimentel 1988). Equipment manufacturers were contacted to establish the
characteristics of the implements. Appendix A (Table A-15) lists the
manufacturing and repalr energy values for the equipment used to establish
and maintain the plantations.

1-16



Energy Cost Procedures -~ The total estimated energy costs for each
implement and its tractor were converted to an hourly and per unit area
energy cost by dividing the total estimated energy costs by the lifetime of
the equipment in hours and, for the second measure, dividing this hourly
cost by fleld capacity. For the equipment used in plantation establishment
and maintenance the estimated l1ife given in Doane's {(1972) and Waters and
Daum (1974) was: 1) tractor wear-out life - 12,000 h, 2) offset disk and
disk harrow wear-out 1ife - 2500 h, 3) fertilizer spreader wear-out life

~ 800 h, and 4) sprayer wear-out life - 1500 h, 3) planter wear~out

1ife - 1200 h and 6) mower wear~out life - 1000 h.

The divisicn of an equipment's total lifetime by its annual rate of usage
identified the number of years in its total 1life. This latter value was
needed for the subsequent calculation of financial depreciation. Appendix
A (Tables A-16, 17) lists the energy consumption, hours of operation and
expected lifetimes for the equipment used in establishing and maintaining
the plantations.

Financilal Cost Procedures.~ The basic division of financial costs for the
commercial plantation were variable costs, those varying with the level of
production, and fixed costs, constants not affected by the level of
production, All cost estimates were based upon the previously proposed
scenario for plantation establishment and maintenance (Table 1-5), with
variable costs expressed on a per hour and per hectare basis. The fixed
costs for individual implements were pro-rated over their proposed annual
period of usage and were also expressed on a per h and per ha basis.

Fixed costs include insurance, shelter, depreciation and interest charges.
Insurance estimates were secured through contacts with insurance companies
(Wasson 1981) and amounted to an annual charge of 0.5% of the equipment’s
original 1ist price. Annual shelter or housing costs for the equipment
were based on agricultural engineering estimates (Waters and Daum 1974,
Doane's 1979) and amounted to 1.07 of the equipment’s list price.
Depreciation and interest were treated as a fixed payment representing
recovery of the original investment and an interest charge on the remaining
principal. This was based on the formula:

v oxix (1+ D"
R » 2

1+ 0" -1

where R was the annual payment,
Vo’ the original investment
i, the rate of return and
n, the yvears of indebtedness.

A variation was extended to the formula for the purpose of defining the
hourly payment during an equipment’s period of operation:

vV x i/h x (1 + /)™
R {ecost/hour) =

nxh _

(1 + i/h) 1
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where h was the annual hours of usage
and nxh would be the equipment's lifetime in hours (Appendix A, Table
A-17).

Interest charges were based on an snnual real rate of return of 5%Z. This
particular rate rvepresented a compromise between the 67 historic and
projected after-tax real rate of return on U.S. corporate capiltal as re-
ported by Klemperer (1979) and the 4% real rate proposed by Row et al.
(1981) reflecting the current marginal long-term expectations for returns
on new productive investments. The total costs for each piece of equipment
are listed in Appendix A (Table A-18),

Variable costs included labor, fuel, repairs and wmaintenance. Labor costs
considered the operation and numbers of employees working with a particular
plece of equipment or assigned task. The following pay rates (Doane's
1981) were used in the variocus operations, with 5 to 207 added to the base
rate for fringe benefits.

Base Pay Rate/h

Operation (less fringe)
Tillage 7.88
Planting 9.00
Mowing 8.25
Herbicide Application 9.00
Fertilizer Spreading 9.00
Planters (rate based on minimum wage) 3.35

Fuel costs were based on the hourly consumption of fuel for particular
assignments (Appendix A, Table A-16). The fuel cost, as well as allied
labor costs, were tied to the particular implement, rather than their
tractor, to better reflect the specific labor and fuel usage for the
combined implement and tractor inm their operation. Repairs and maintenance
were calculated as a proportion of the original purchase price and
pro-rated over the equipment’'s lifetime in a manner recommended by American
Society of Agricultural Engineers (1978). The total variable costs/h of
equipment operation are reported in Appendix A (Table A~18), along with
fixed costs and total hourly costs.

A comparison between the costs of owning the equipment and custom rates

is presented in Appendix A (Table A~19). The cost of owning and operating
the equipment was lower than the custom rates for the operations needed to
establish the plantations (King, 198l1). Table l-6 summarizes the financial
costs for equipment used in plantation establishment and maintenance for
each operation, These data were used as inputs to the LP model im Task 3.

Nursery Establishment and Operation -~ Plantation establishment also
included the establishment and operation of a nursery as a varilable cost of
the planting operation. Cuttings for planting would be harvested annually
following a two year establishment periocd for the nursery. Operations for
nursery establishment were the same as for plamtation establishment.
Commercial nursery operations could produce 250,000 (1.0 to 1.9 cm
diameter) cuttings/ha/yr. If a wider range of cutting diameters was
acceptable, yearly production could increase to 500,000 cuttings/ha. Based
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Table 1~6. Financial costs for equipment used in plantation establishment and maintenance

(924 ha/yr).

Implement Total

Total Annual % of Total

Annual Implement Cost ($)/h Total Cost ($) Annual Cost
Usage No. Total Cost Including Annual Including Including
Implement {hp) (h) Units $/h Tractor Cost ($) Tractor Tractor
170 hp Tractor 1026 1 12,62 12948,00
70 hp Tractor 2414 2 4,64 11201,00
70 hp Tractor-Rental 684 2 ’4.64 ’3173.00
Offset Disk-170 hp 440 1 22,60 35.22 9944,00 15496.89 10
Mower Conditioner-70 hp 350 1 19,92 24,56 6972,00 8596.00 6
Disk Harrow-70 hp 400 2 18.95 23.59 7589.00 9436,00
170 hp 40 1 24,45 37.07 978.00 1482.86 7
Hybrid Poplar Planter-
70 hp 1368 4 45,53 50,17 62285.04 68632.56
170 hp 342 i 51.03 63,65 17452,26 21768.30 59
Fertilizer Spreader-
70 hp 406 2 22,24 26.88 6479.76 8363.60
170 hp 203 1 27.74 40,36 4358, 41 6920,20 10
Herbicide Sprayer-70 hp 572 1 16,42 21,06 9392.24 12046,31 8




on z planting of 20,833 cuttings/ha (0.6 x 0.8 m spacing), a yield of 3
wands per stem and 5.3 cuttings per wand, the proposed nursery plantation
would produce an average of 350,000 cuttings/ha/yr. This annual yield
would commence at the end of the second growing season and continue until
the end of the sixth year. A summary of the prorated establishment and
annual wmaintenance costs 1s provided in Table 1-7.

The harvest of Populus hybrid wands would use a minimum of equipment and
center on a three person crew cutting Populus hybrid wands with a brush-
cutter power scythe at a projected rate equivalent to 21,600 cuttings/day.
This systewm and its rate of production were confirmed through project field
experience. '

The operations of processing and packaging the cuttings were based on an
indoor processing center employing three persons. Basically the conversion
process involved cutting bundles of Populus hybrid wands into specified
lengths with a band saw. A production rate of 12,000 cuttings/8 h day was
coufirmed by project personnel using a similar system.

Packzging involved placing 1400 cuttings in a 0.08 m® box, with 30% of the
volume committed to a sawdust packing medium. One ha of plantation (20,833
cuttings) would use 15 boxes of cuttings, requiring a gross storage space
of 1.7 w®. A five month storage period was considered in the model.

Under this production model, a thousand cuttings cost $27.43 or 114.37/10°
kcal. The division of major financial costs was: establishment of the
uursery plantation -~ 6.8%Z; annual maintenance - 10.8Z; harvesting - 23.37%;
processing and packaging - 40.17 and storage and handling -~ 19.0Z. The
division of energy costs found 16.87 in establishment, 47.47 in annual
maintenance 2.6% in harvesting, 11.87 in processing and 21.47 in storage
and handling. Table l-7 provides further details on these components of
operztion.

Costs of cuttings were developed on the assumption that they would be
produced in the production/conversion facility's self-owned and operated
nursery. These actual costs for cuttings will probably be lower than
cutting costs for am operation which purchases cuttings from an independent
profit oriented nursery.

Herbicides ~ Energy inputs for herbicides included production, formulation,
packaging and transportation of the herbicide. Production inputs were a
funciion of the type of herbicide and formulation, while packaging and
transportation energy Iinmputs were related to whether the herbicide was a
miscible o0il, powder or granules (Pimentel 1980). The type of herbicide
used depended on the weed community at each individual site.

Table 1-8 lists herbicide financial and energy Inputs used in establishing
the plantations. The highest energy input at the Basher site was
associated with Metolachlor; the only herbicide used at the Morrison site
was Napropamide. The Basher site required about 67 higher herbicide emergy
inputs and almost 537 higher herbicide fimancial inputs than the Morrison
site.



Table 1-7.

Financial and energy costs for nursery production of hybrid
poplar cuttings.

Cost per thousand cuttings

Operation $/thousand (z‘;o:il) 103 keal/thousand (iogﬁl)
I Establishment
Equipment 0.15 0.59
Planting stock 0.51 2.08
Herbicides 0.18 0.52
Fertilizer 0.34 6.17
Pesticides/fungicides 0.02 0.29
Irrigation 0.51 0.98
Rent 0.08 7.81
Management 0.05 ———
Taxes .01 Q.71
1.85 (6.8%) 19.15 (16.8%)
IT Annual Maintenance
Nursery maintenance
(before establishment) 0,68 10.08
Equipment 0.03 0.30
Fertilizer 0.07 4,70
Pesticides/fungicides 0.08 1.14
Irrigation 1.66 3.94
Rent 0.25 31,23
Management 0.16 ——
Taxes 0.02 2.84 _—
2.95 (10.8%) 54,23 (47.4%) -
IIT Harvest
Labor 4,44 e
Equipment 1.96 2.93 .
6.40  (23.3%) 2.93 (2.6%)
IV Processing and Packaging
Labor 8.00 ——
Equipment 1.67 8.30
Building 0.98 3.24
Packaging 0.35 1,98
11,00  (40,1%) 13.52  (11.8%)
V Storage and Handling
Labor 0.29 —
Buildings 4,83 26.09
Energy 0.09 0,43
5.21 (19.0%) 26.52 (21.47%)
Total 27.43  (100.0%) 114.37  (100.0%)
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Table 1-8. Herbicide energy and cost inputs used in establishing plantations.

Energy Inputs Herbicide Herbicide /
kecal/kg of / kg of Active Energy Inputs Cost Inputs
Herbicide Active Ingredient Ingredient/ha kecal/ha Cost ($)/ha
——————————————————— Bagsher = = = = = = = = = - = e e e - - - - - -~
Glyphosate 99910 2.24 223798 92.60
Dicamba 99910 0.56 55950 23,15
Metolachlor 99910 3.36 335698 15.42
Oxyfluorfen 99910 1.12 111899 _74.08
TOTAL 727345 205,25
—————————————————— Morrigon = = = = = = = = = = = ¢ = = = = = = - - -
Napropamide 86600 8.96 775936 434,56
TOTAL 775936 434,56
1/

{Pimentel 1980).
2/ '

Dicamba, $4.59/kg a.i.
Napropamide.

Includes energy inputs for production, formulation, packaging and transport for various herbicides

Herbicide costs are $41.34/kg of active ingredient (a.l1.) for Glyphosate, $41.34/kg a.i. for

for Metolachlor, $66.14/kg a.i. for Oxyfluorfen and $48.50/kg a.i. for



Fertilization - Table 1-9 lists fertilizer and lime energy inputs used in
establishing the plantations. The highest energy input at both sites was
associated with ammonium nitrate followed by lime, potash and phosphate.
The Morrison site required about 13Z higher fertilizer energy inputs than
the Basher site.

Irrigation ~ The financial and energy analyses of the irrigation system for
the project was different for the two plantation sites. The Basher site
utilized a nearby stream as {ts water source whereas the Morrison site
required the installation of a well, large pump and electric service lines.
Both water sources were assumed to have the same flowrate, approximating
the conditions of the Basher and Morrison sites. The number of hectares
irrigated from a known flow rate of water was derived as (Doane's
Agricultural Service, Inc. 1972):

ha = 4/min x h x d x 60 x E
Rx 5

%/min

liters per minute flow rate (approximately 4163.5)
h = operating hours per day (21 hours per day)

d = operating season in days (42 d)

60 = 60 minutes per hour

E = irrigation efficiency (75% ~ Basher site, 85Z - Morrison
site)

R = 99985.89 £/ha cm of coverage

S = total c¢m of seasonal water coverage (15.24 cm per
irrigation season)

The trickle irrigation system could irrigate 122.91 ha for the Morrison
site and 108.45 ha for the Basher site. Material requirements and costs
were taken from Reed et al. (1976) and Funk et al. (1980) and project
experience, The expected lifetime for instruments and materials were based
on Pimentel {1980) and project experience.

The accounting procedure itemized all materials, costs and services for
each site. Material costs were grouped as either major or minor items.
Major items, representing major capital costs, included motors and pumps,
screens, filters, pressure regulators, main pipes, fittings and clamps.
Installation of electrical service was included as a major cost. Also, for
the Morrison site, well installation was a major cost. Minor items were
typically short~lived assets also identified as annual maintenance costs.

The financial analysis separated costs into annual depreciation and annual
operation and maintenance, Depreciation represents the return of principal
and interest charges on major items. The annual costs of operations and
maintenance include labor, energy and replacement of minor items. For the
Basher site total annual costs were $494.87/ha and for the Morrison site
$580.78/ha (Tables 1-~10 and 1~-11).
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Table 1-9. Fertilizer energy and cost inputs used in establishing the plantations.

Energy Inputs

Cost ($/ha)2/

kecal/kg Average kg/ha
Fertilizer of Amendment Basher Morrison Basher Morrison Basher Morrison
Ammonium Nitrate 14,700 174 174 2557800 2557800 38.35 8.35
Phosphate (ons) 2,300 147 157 3381600 361100 31.00 33.11
Potash (KZO} 2,300 184 185 423200 425500 32,14 32.32
Lime 316 3718 5441 1174888 1719356 49.15 71.93
TOTAL 4493988 5063756 150,64 175.71

1/Energy inputs include energy for mining, production, transportation, storage and transfer of the

fertilizer,
2/

tonne for potash (K 0) and $13.22/tonne for high calcium lime.

Fertillzer costs are $220.40/tonne for ammonium nitrate, $210.88/tonne for phosphate (P ), $174.68/
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Table 1-10. Annual fipancial and energy costs for LP model of Basher site commercial trickle irrigation

system,
Annual Cost Per Hectare 5
% of 3 Z of
Item Cost ($)/ha Total 10”7 keal/ha Total
Establishment
InitialkElectrii?l Installation 3.41 .69 6.009 46
Major Materials 2/ 5.25 1,06 18.126 1.38
Labor (Major Materials) .09 02 —— -
Maintenance
Minor Materials’ 297,48 60.11 1288,509 98,12
Labor (Minor Materials) 26,10 5,27 JRR— -
Operation
Electricity 12,26 2,48 .564 L 04
Labor 150,28 30,37 ——— —
Total 494,87 100,00 1313.208 100.00
1/

Major materials include main distribution costs such as motor and pump, screen, filter, pressure
regulator, main pipe, fittings, and clamps.

2/

Excludes labor for major materials that is included in the installation costs,

/Minor materials dnclude trickle irrigation components such as biwall hose, pipe, pressure regualtor,
valves, gauges, and fittings.
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Table 1-11. Annual financial and energy costs for LP model of Morrison site commercial trickle irrigation

system.
Annual Costs per Hectare
Z of 3 % of
Item Cost {$)/ha Total 10~ kcal/ha Total
Establishment
Initial Electrii?l Installation 4.93 .85 21.849 1.58
Major Materials 2/ 71.83 12.36 37.734 2.74
Labor {Major Materials) .05 .01 - -
Maintenance
Minor Materials>’ 316.87 54,56 1306. 026 94.71
Labor {Minor Materials) 21,22 3.65 - -
OBeration
Electricity 18.05 3.11 13.393 .97
Labor 147.83 25.45 —_ —_
Total 580.78 100.00 1379.002 100.00

/Major materials include main distribution costs such as motor and pump, screen, filter, pressure
regulator, main pipe, fittings, clamps, well, steel casings, and all excavation costs.

2/
3/

Excludes lsbor for major materials that is included in the installation costs.

Minor materials include trickle irrigation components such as biwall hose, pipe, pressure regulator,
valves, gauges, and fittings.



In the energy analysls inputs were separated as: major items, minor items,
and energy requirements. The energy values for most materials and
equipment were obtained from Pimentel (1980) and were combined with the
materials used in this project. For the Basher site the a2nnual energy cost
was 1,379,002.20 kcal/ha and for the Morrison site 1,313, 108 kcal/ha
(Tables 1-10 and 1-11).

The estimated irrigation financial and energy costs needed to maintain a
commercial Populus hybrid plantation are given in Tables 1-10 and 1~lI.
These costs are based on analyses of material requirements and costs given
in Reed et al. (1978), Funk et al. (1980), and Pimentel (1980). Based on
these analyses, the annual financial and energy costs for establishing the
irrigation system were lower than the annual maintenance and operation
financial and energy costs.

Establishment Summary

Plantations of Populus hybrid NE-388 at a density of one tree/0.48 m? were
established in 1980 and 1981. The plantations of 1.2 ha were established
on two sites, and at each site three replications (0.2 ha) under four
management strategles were planted in each year. The intent of replicating
the management strategies of control, fertilization, irrigation and
fertilization/irrigation in time was to account for growing season
variation. However, the 1980 and 198l replications were established by two
completely different weed control programs.

The sites were plowed and disked prior to the 1980 planting, yet by mid
July the trees were overwelmed by the herbaceous communities. Partial
control of the weeds was accomplished by August but tree growth was
suppressed (Figure 5). The research team was able to execute the designed
weed control program for the 1981 plantings. The 1981 establishment
program included applications of total kill herbicides in August (prior to
planting vear), plowing and/or disking in October (prior to planting year)
and applications of pre-emergence herbicides at time of planting. The
differential tree growth between the two growing seasons and among treat-—
ments within planting year was reflected in consistent site-treatment-
year significant interaction terms in the analysis of variance testings.

In the 1980 plantings, survival ranged from 80 to 887 over site and
treatments with 2 mean of 837. 1In the 1981 plantings, survival ranged from
84 to 977 over site and treatments with a mean of 90%Z. None of the four
management strategies and neither site consistently influenced tree
survival. The 1980~1981 differences in the likelihood of a tree surviving
at the end of the first growing season should not be only ascribed to weed
control programs. Quality of planting stock, time. of planting, planting
crew skill and damage from mechanical weed control (1980) were the major
reasons for the 837 survival in 1980 and 907 survival in 1981.

The overall survival of 86% may reflect a highly successful production size
establishment effort. Annual planting of 50 to 200 ha should be considered
successful if 75% of the trees survive and are free to grow at the end of
the first growing season.
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With a good weed control program (1981), neither the management strategies
nor the sites produced 2 substantial advantage in total height or stem
diameter growth during or at the end of the first growing season. Tree
size was improved, over other treatments, with combined fertilization and
irrigation at the Basher site but the advantage was not sustained at the
Morrison site. In contrast, there were tree size advantages to fertilizing
for the plantings that did not have an effective weed control program
(1980). There were no differences between sites for the 1980 plantings and
neither site was irrigated in 1980.

A summary of the financial and energy costs for establishing a commercial
plantation (Table 1-12) lists the highest operational cost as planting
(including nursery) followed by herbicides, disc, harrow and mower.
However, the energy costs for fertilization were higher than irrigation
while financial costs for irrigation were higher than fertilization. In
addition, the costs for cultural amendments were higher at the Morrison
site, These data were used as inputs to the LP model.

Table 1-12. Summary of the financial and energy establishment costs for
the first rotation.

Basher Site Morrison Site
Establishment 10% kcal/ha  $/hal/ 10° kcal/ha  $/hal’
Ogeraqigg
Mower .012 2.65 .012 2.65
Disc .031 4.77 .031 4.77
Herbicide 154 59.84 154 59.84
Harrow .014 3.36 .014 3.36
Plant .541 190.48 . 541 190.48
5532/ 7eT.10°/ F532 761,100/
Cultural Amendment
Fertilization 12.327 410.24 15.428 551,09
Irrigation 5.253 1754.67 5,516 2059,34
17.580 2164.91 20.944 2610.43

1/

Total cost for 4 year period, discounted at 57 annual.
2/The total establishment cost of 3.76 x 106 kcal/ha was divided over 5
rotations, with the cost for any one rotation placed at .752 x 10
kcal/ha.

3/The total establishment cost of $917.64/ha was prorated over 5 rotations
(20 years), with the cost for the first rotation ($261.10/ha) repre-
senting the discounted sum of the first 4 years of annuity payments.
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Task 2 - Plantation Biomass Production

Task 2 was designed to determine the production yields, growth rates and
properties of the biomass as a fuel or chemical feedstock. 1In addition,
financial and energy inputs needed to operate and maintain the plantations
under the selected management strategies were determined.

Plantation Maintenance -~ Second Year, Third Year and Fourth Year

The four management strategies {(control, fertilization, irrigation and
fertilization/irrigation) were continued into the second, third and fourth
growing seasons. All of the 1980 treatment units received herbicide
treatments at the beginning of the second growing season similar to those
described for establishment of the 1981 plantings. Normally, weed control
In SRIC plantations with close spacings is completed during the first
growing season. However, because of the poor weed control in 1980, weed
control procedures were used in the second year to insure that the measured
responses were independent of weed competition. Weed control was continuad
on selected 1980 planted treatment units intil the trees dominated the
site. None of the 1981 planted units received weed control treatment after
establishment.

Soil samples for the fertilization treatment units were obtained in the
fall of each vear. These samples were collected to assess fertility status
and develop fertilizer and/or lime recommendations based on site specific
recommendations to produce 47 t/ha of corn silage. Each plot was
independently evaluated and the amount of fertilizer and/or lime needed to
maintain a non~limiting scil fertility level was applied in the spring of
each year. The average analyses of the Ap and upper 15 cm of the B
horizons soil samples collected before the second year by year of planting,
site and treatment are presented in Appendix B (Tables B~1l, 2), Individual
plot soil test results were used to develop the maintenance fertilization
program presented in Appendix B (Tables B-3, 4, 5). A summary of the
fertilizer and lime amounts applied at the beginning of each growing
season, and accumulated fertilizer amounts, by plantation site and
treatment are presented in Tables 2~1, 2-2 and 2-3.

Irrigation was cancelled in 1980 but was applied in the second, third and
fourth growing seasons (1981-1983) to the three replications planted in
1980. The trees planted in 1981 were irrigated in the first through fourth
growing seasons (1981-1984)., A summary of the weather conditions and the
amount of water added to the irrigation treatment units is presented in
Table 1-4 for 1981, 2~4 for 1982, 2-5 for 1983 and 2~6 for 1984,

The fertilization/irrigation treatment strategy combined the procedures for
the two management strategies. The amounts of fertilizer and/or lime added
at the beginning of each growing season were determined in the same manner
as for the fertilization units and are summarized in Tables 2-1, 2-2 and
2-3. Weather conditions and annual amounts of irrigation water for the
1980 and 1981 planted treatment units are summarized in Tables I~4 and 2-4,
2~5 and 2~6.
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Table 2~1, Summary ' of the amount of -fertilizer and lime applied at the
start of the second growing season, and accumulated one and two
year amendments, by plantation site and treatment.

Plantation Site
and Treatment N PO K,0 Lime Mg

Beginning of 2nd
Growing Season

Basher
Fertilization 168 117 163 1495 91
Fertilization/ 168 72 148 1028 64
Irrigation
Morrison
Fertilization 168 73 121 4203 143
Fertilization/ 168 83 109 3363 122
Irrigation

Accumulative for
l and 2 Growing Seasons

Basher
Fertilization 347 232 305 5213 134
Fertilization/ 347 219 332 4746 107
Irrigation
Morrison
Fertilization 347 229 315 9644 291
Fertilization/ 347 239 294 8804 270
Irrigation

1/Amount:s added by year of planting and individual replication for each

site and treatment are given in Appendix B (Table B-3).



Table 2-2, Summaryll of the amount of fertilizer and lime applied at the
start of the third growing season, and accumulated one, two
and three year amendments, by plantation site and treatment.

Plantation Site

and Treatment N PZDS KZO Lime Mg

Beginning of 3rd
Growing Season

Basher
Fertilization 168 89 121 2802 88
Fertilization/ 168 72 115 747 28
Irrigation
Morrison
Fertilization 168 103 72 3176 122
Fertilization/ 168 76 82 2802 108
Irrigation

Accumulative for
1, 2 and 3 Growing Seasons

Basher
Fertilization 510 321 427 8015 217
Fertilization/ 510 290 446 5493 135
Irrigation
Morrison
Fertilization 510 332 387 17443 413
Fertilization/ 510 315 393 11606 378
Irrigation

llAmounts added by year of planting and individual replication for each

site and treatment are given in Appendix B (Table B-4).



Table 2-3, Summaryl/ of the amount of fertilizer and lime applied at the
start of the fourth growing season, and accumulated one, two,
three and four year amendments, by plantation gite and
Creatment.

Plantation Site

and Treatment N P205 KZO Lime Mg

----- mwmkg/ha - - - = =

Beginning of 4th
Growing Season

Basher
Fertilizatien 168 54 20 1308 41
Fertilization/ 168 72 85 1495 32
Irrigation
Morrison
Fertilization 168 45 33 1681 105
Fertilization/ 168 62 27 2055 75
Irrigation

Accumulative for
1, 2, 3 and 4 Growing Seasons

Rasher
Fertilization 678 374 446 9322 248
Fertilization/ 678 362 531 6987 166
Irrigation
Morrison
Fertilization 678 377 426 14506 512
Fertilization/ 678 377 424 13661 453
Irrigation

l‘IAmoum:s added by year of planting and individual replication for each

site and treatment are given in Appendix B (Table B-5).

T
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Table 2-4, Monthly summary of weekly maximum and minimum temperatures,
rainfall and irrigation for the Basher and Morrison plantation
sites in 1982,

Site~Measurement June July August
Basher
Temperaturell (D]
Weekly Minimum 11.4 15.3 12,0
Weekly Maximum 24,9 28.9 25,8
Rainfallll (cm) 10.0 10.6 3.2
Irrigationz/ {cm) 0.0 0.0 6,1
Morrison
Temperaturell {c*)
Weekly Minimum 11.9 14.5 12.1
Weekly Maximum 23.2 28,2 25,1
Rainfallll (cm) 11.8 10.3 5.6
Irrigationzl {em) 4,8 0.0 7.6
1/

Average weekly values are presented in Appendix B (Table B-~6).

2/Amount of water added to individual plots, by treatment, site and date,

are presented in Appendix B (Tables B-7, 8).
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Table 2-5. Monthly summary of weekly maximum and minimum temperatures,
rainfall and irrigation for the Basher and Morrison plantation
sites in 1983,

Site~Measurement June July August

Basher

Temperaturel/ (c*®)

Weekly Minimum 12,7 13.5 13.1
Weekly Maximum 28.5 29.6 29.2
Rainfalll/ (cm) 6.9 3.0 1.8
Irrigationz/ (cm) 0.0 0.8 7.7

Morrison

Temperaturell (c®)

Weekly Minimum 12.9 13.9 14,6
Weekly Maximum 27,5 28.7 28,6
Rainfalll/ (cm) 7.2 3.3 1.9
Irrigationz/ (cm) 0.0 6.8 7.8

1/Average weekly values are presented in Appendix B (Table B-9).
2/

Amount of water added to individusl plots, by treatment, site and date,
are presented in Appendix B (Tables B-10, 11).



Table 2-6., Monthly summary of weekly maximum and minimum temperatures,
rainfall and irrigation for the Basher and Morrison plantation
sites in 1984,

Site-Measurement June July August

Basher

Temperaturell {c*®)

Weekly Minimum 14,2 14,4 15.4
Weekly Maximum 27.0 25.6 27 .4
Rainfalll’ (cm) 13.3 7.8 16.8
Irrigation’’ (cm) 1.6 2.6 0.8

Morrison

Temperaturell {C*)

Weekly Minimum 13,6 13.8 14.8
Weekly Maximum 26.5 25.6 26,2
Rainfalll/ (cm) , 12,1 7.7 13.5
Irrigationzl (cm) 3.6 4,1 1.1

1/
2/

Average weekly values are presentéd in Appendix B (Table B-12).

Amount of water added to individual plots, by treatment, site and date,
are presented in Appendix B (Tables B-13, 14).

3
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Management Strategies — Fertilization

of the second growing season (June 19) grew in height 81gniflcant1y faster
than the control or irrigated trees and maintained the greater growth
throughout 1981 (Appendix B, Table B-15 and Figure 6). By the end of the
growing seasom, the two year old fertilized trees grew an average of 2.48 m
in height compared to 1.08 m for the control trees and 1.53 m for the
irrigated trees. There were some significant Basher-Morrisom site
differences in the fertilized two year old elongation values but the values
during the growing season, measured at the end of the year, were not
significantly different (Appendix B, Table B-15).

Average survival of all 1980 planted two year old continuous inventory
fertilized trees (80Z) was lower than the control tree survival, 897 (Table
1-2) . Total height of the two year old fertilized trees averaged 3.5 m on
the Basher site and 3.4 m on the Morrison site. These values were
substantially greater than the Basher and Morrison control tree averages of
1.9 and 1.6 m, respectively (Table 1-3), Average diameter at 15 cm above
ground was also greater for the surviving two year old fertilized trees
(Basher 2.5 and Morrison 2.4 cm) compared to the two year old control trees
(Basher 1.5 and Morrison 1.4 cm).

In contrast, the fertilized trees planted in 1981 did not have second year
height growth greater than the contvol trees {(Appendix B, Table B-~16 and
Figure 6). These second year eloungation values were calculated from a
similar data collection base as the 1980 planted trees.

Average survival of the 1981 planted two year old control and fertilized
trees was 91%Z. Total height for the two year old fertilized trees planted
at the Basher site averaged 4.5 m and the trees planted at the Morrison site
averaged 4.7 m. These values were not significantly different from each
other or the control trees planted at the Morrison site which averaged 4.6
m, but they were significantly greater than the 4.2 m average for Basher
control trees (Table 1~3). There was no significant difference between the
fertildized Basher and Morrison stem diameters (3.0 and 3.1 cm, respectively).
The fertilized tree diameters, by site, were significantly greater than the
control tree average of 2.7 em for the Basher site, but not for the

Morrison site control value of 3.0 cm.,

Second Year Fertilization Summary - The one year old 1980 planted
fertilized trees were slightly larger in total height and stem diameter
than the control trees. 1In the second growing season, the rapid height
growth of the fertilized trees, particularly at the beginning of the year,
suggests that the root system for the fertilized trees was more developed
in the establishment phase than the non~fertilized trees. In the second
growing season of the 1981 planted trees both the control and fertilized
trees grew rapidly throughout the year and there was no difference between
the two treatments. Apparently the inherent soil nutrient status at these
two plantation sites was sufficient to support maximum tree height growth -
if ithe weeds were controlled in the establishment year. If weeds were not
controlled in the establishment year (1980 plantings), fertilization
resulted in greater second season total height growth than non-fertilized
trees. The contrasting second year elongation pattern between the 1980 and
1981 planted trees is presented in Figure 6.
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The combined one and two year growth advantage of fertilizing trees
established with poor (1980 plantings) weed contrel resulted in twoe year
0ld trees that were taller and larger In diameter than non-fertilized trees
(Figures 7 and 8, respectively). When fertilizer was applied to trees with
good weed control in the establishment year (1981 plantings), there was
apparently no growth advantage in either the first or second growing
seasons. However, by the end of the second growing season the fertilized
trees were beglnning to accumulats a size advantage over the non~fertilized
trees (Figures 7 and 8),

Third Year ~ Average survival of all 1980 planted three year old control
trees (87Z) was greater than the average survival of the fertilized trees
(79%). Total height of the fertilized trees averaged 5.7 m at the Basher
site and 5.8 m at the Movrison site. There was no significant site
difference in the total height of the three year old fertilized trees
(Table 1-3). The fertilized trees weve significantly taller than the
control trees at both the Basher site (average of 4.1 m) and the Morrison
site (average of 3.9 m). The average three year old total height for the
Basher control trees was significantly greater than the Morrison comtrol
value (Table 1-3), Diawmeter at 15 cm above ground followed a pattern
similar to total height in the significant separation between sites for the
fertilized and control trees. Stem diameter averaged 3.7 cm for the
fertilized Basher trees and 3.6 cm for the Morrison fertilized trees. The
three year old stem diameter averaged 2.7 and 2.4 cm for the Basher and
Morrison control trees, vespectively.

Averaged over both plantation sites, the three year old survival for the
control and fertilized 1981 planted trees was 907 (Table 1-2). Average
total height for the three year old fertilized trees planted at the Basher
site (5.7 m) was not significantly lower than the fertilized trees planted
at the Morrison site (5.9 m) and there was no site difference in average
ster diameter fov this treatment (Table 1-3). Stem diameter for the three
year old 1981 planted fertilized trees at the Basher site averaged 4.0 cm
and 3.9 cm for the trees growing at the Morvison site. Fertilization
resulted in three year old trees that were significantly taller and larger
in diameter than the control treatmznt at the Bashar site but the
differences were not significant at the Morrison site (Table 1-3).

Third Yeax Fertilization Summary - Accumulated total height and diameter
for ages one, two and three years of the 1980 planted trees are presented
in Figures 7 and 8. These figures indicate that with poor weed control in
the establishment year there was a substantial depression in control
treatment tree growth inm the first and second growing seasoms, as compared
to the fertilized trees. However, in the third growing season of the 1980
planted trees there were no differences in average total height iIncrement
(about 2.3 m) between the trees growing ait elther site and between the
fertilized and control treatment units (Figure 7). There was a similar
standard diameter increment in the third growing season for the control and
fertilized trees at both sites (Figure 8). Second and third year total
height and diameter increments were similar for the 1980 planted fertilized
trees. Of the 1981 planted fertilized trees, the second year's total
height increment was greater than that of the third year. The second year
1981 planted fertilized diameter increment was also greater tham that of
the third year, but not by as much as total height. Averaging over sites,
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the third year fertilized height increments were 2.3 w and 1.1 m for 1980
and 1981 planted trees, respectively.

Weed control and year of establishment had no important net effect on three
vear old fertilized average total height values (Table 1-3). In contrast,

averaging over sites, the 1980 planted fertilized trees were about 0,30 cm

smaller in diameter than the 1981 planted fertilized trees.

Averaged over both sites, total three year old contreol heights were 4.0 m
and 5.7 m for the 1980 and 1981 planted trees, respectively. Average three
year old stem diameter of the 1980 planted control trees was about 1,1 cm
less than the 1981 planted control tree value.

Weed control had no effect on the average three year old total height
values and a slight effect on the diameter values, if the trees were
fertilized., However, weed control methods did have a major effect on the
control tree average size values. These weed control differential growth
patterns had a major effect on the control-fertilization tree size
comparisons.

Fourth Year =~ Average survival of all 1980 planted four year old control
trees (B6%Z) was greater than the average survival of the fertilized trees
(74Z). Total height of the fertilized trees averaged 7.4 m at the Basher

- site and 6.9 m at the Morrison site. This height difference was
significant (Table 1-3). The fertilized trees were significantly taller
than the control trees at both the Basher site (average of 5.4 m) and the
Morrison site (average of 5.2 m). Diameter at 15 cm above ground followed
a pattern similar to total height in the significant separation between
sites for the fertilized and control trees, except the Basher control trees
were significantly larger in diameter than the Morrison control trees.

Stem diameter of the fertilized Basher trees averaged 4.6 cm and 4.2 cm for
the Morrison fertilized trees. The four vear old control tree stem
diameters averaged 3.5 c¢m and 3.3 cm for the Basher and Morrison sites,
respectively.

Averaged over both the Basher and Morrison plantation sites, the four year
old survival of the control and fertilized 1981 planted trees was 867 (Table
1-2). Total height of the four year old fertilized trees averaged 7.1 m at
both the Basher and Morrison sites. These values were significantly greater
than the control treatment average total height values of 6.8 m and 6.7 n
for the Basher and Morrison sites, respectively (Table 1-3). Average stem
diameter of the 1981 planted fertilized trees at the Basher site (4.8 cm)
was significantly greater than the average value for the fertilized trees

at the Morrison site (4.6 c¢m). For both sites the fertilized tree average
stem diameter was greater than the control tree average (4.2 cm for each
site, Table 1-3).

Fourth Yeay Fertilization Summary - Accumulated total height and diameter
for ages one through four years of the 1980 planted trees displayed in
Figures 7 and 8 indicate a substantial depression in control treatment tree
growth in the first and second growing seasons, as compared to the
fertilized trees. However, in the third and fourth growing seasons there
was little difference in average total height increment between the trees
growing at either site and between the fertilized and control treatment

(3]
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units (Figure 7). There was a simllar standard diameter increment in the
third and fourth growing seasons for the control and fertilized trees at
both sites (Figure 8). Apparently the 1980 planted control trees have
recovered from the establishment year weed competition but they remailned
smaller than the fertilized trees. At the end of the fiyst rotation,
fertilization at both sites increased average total height and stem
diameter values by about 30Z over the control treatment.

In the first three years, the fertilized avevage height and diasmeter growth
rates for the 1981 planted trees were similar to the control growth rates
(Figure 7 and 8). In the fourth growing season and averaged over both

the Basher and Morrison sites, the fertllized trees grew 30%Z more than the
control trees In height and about 45% more than the control trees in
diameter.

The 1980 planted fertilized trees (poor weed control) had slow height
growth in the first year and rapid growth in the second, third and fourth
growing seasons. The 1981 planted fertilized trees (good weed control) had
rapid height growth in the first two years with slower growth in the third
and fourth growing seasons. Total height of four year old fertilized trees
was about 7.0 m at both sites for both planting years. Therefore, while
weed control did affect the annual rate of height growth of fertilized
trees, it did not apparently influence four year total height. Stem
diameter of four year old fertilized trees averaged 4.4 c¢cm and 4.7 cm for
1980 and 1981 planted trees, respectively.

Total height of four year old control trees averaged 5.3 m and 6.8 m for
1980 and 1981 planted trees, respectively. Diameter of four year old
control trees averaged 3.4 cm and 4.2 cm for 1980 and 1981 planted trees,
respectively. The depression in control tree growth caused by poor weed
control (1980 planted trees) rvesulted in a substantial difference inm height
and diameter between control and fertilized 1980 planted trees. With good
wead control, only a slight difference between control and fertilized 1981
planted trees was observed.

Management Strategies ~ Irrigatiom

Second Year ~ The second growing season elongation measurements for the
1980 planted trees and statistical differences among treatments are
presented in Appendix B (Tables B-15, 16). Irrigation at the Basher site
started on July 18 and was interrupted by 6.30 cm of rain on July 20-21
(Appendix A, Table A-11). TIrrigation was resumed on Aug 5-7 and continued
through August until the rains of August 31 to September 6 terminated the
program for the year. An average of 77 £/m? of water was added to the two
year old trees growing at the Basher site (Appendix A, Table A-11).
Irrigation at the Morrison site started on August 5 and continued until
August 28. An average of 91 &/m*? of water was added to the two year old
trees growing at the Morrison site (Appendix A, Table A-12).

The irrigation program at the Basher site for the 1980 planted trees
resulted in a sustained significant increase in second growing season
elongation after July 29, as compared to the control elongation (Appendix B,
Tabla B-15). The Basher irrigated trees grew 31Z more in height than the
Basher control trees but significantly less than fertilization or



fertilization/irrigation trees. The Morrison site irrigation program in
1981 was of shorter duration than the Basher program and resulted in
increased growth over the controls after August 28 (Appendix B, Table
B~15). From late August to the end of the growing season the irvigation
trees at the Morrison site had significantly greater:elongation than the
control trees. The September 29 measurements indicated that the water
amended trees grew 60X more in height than the control trees but
substantially less than the fertilization or fertilization/irrigation
trees.

In 1982, the trees planted in 1981 started their second growing seasomn.
Rainfall in April and early May 1982 was low and the Morrison soil became
water deficient by mid-May. Irrigation was started st the Morrison site on
May 10 and continued for 17 cycles until September 3 {Appendix B, Table
B-8). An average of 203 %2/m? was applied to the Morrison two year old
irrigated trees that were planted in 1981. This amount of water added was
considerably greater than the average of 79 £/m? which was added to the two
year old irrigated 1980 planted trees during the 1981 growing season.

The seil at the Basher site did not become water deficient until August
1982. Irrigation of the two year old 1981 planted trees growing at the
Basher site was started August 16 and continued until September 3 for a
total of six cycles {(Appendix B, Table B~7). The average amount of water
added was 55 L/m?®. Irrigation to the two year old 1980 planted treatment
units was initiated earlier (August 5, 1981) and the asmount added was
slightly greater {57 2/m®) than the irrigation program for the two year old
1981 planted treatment units.

The pattern of second growing season elongation for the 1981 planted trees
is presented in Figure 6. These results contrast the second growing season
elongation advantage assoclated with irrigating the 1980 planted trees
(Figure 6). . Apparently, when the trees were established in a relatively
weed free enviromment {1981 plantings) the root systems were more developed
and were capable of supplying sufficient amounts of water for tree growth.
When establishment year weed control was not effective {1980 plantings),
irrigation increased height growth in the second growing season. Since the
1980 plantings were not irrigated during the establishment phase, the
relative first year growth advantage -~ with weed competition -~ could not be
evaluated.

Second Year Irrigation Summary - Average two year old survival of the 1980
and 1981 planted continuous inventory trees was about the same for the
control and irrigation treatments (Table 1-3). Average total height of the
irrigated two year old 1980 planted trees was significantly greater than
the control tree average total height at the Basher site but not at the
Morrison site {(Table 1-3). At both the Basher and Morriscon sites, the
irrigation two year old total height for the 1980 planted trees was lass
than the fertilization and fertilization/irrigation treatment values,
Irrigation of the two year old 1981 planted trees produced different
results. At the Morrison site, there were no differences In average total
height values for control (4.6 m), irrigation (4.6 m) or fertilization (4.7
m) or fertilization/irrigation (4.7 m) treatments {Table 1-3). At the
Basher site, the two year old average total height of the irrigated 1981
plantaed trees (3.7 m) was significantly less than the control (4.2 m),




fertilization (4.5 m) and fertilization/irrigation (4.7 m) treatment units
(Table 1-3). The reason for the reduced average tree height of the Basher
irrigated trees was influenced by one replication where the irrigated trees
were very small, ‘compared to the trees in the surrounding replications.
This plot was located in a depression and poor internal soil drainage may
have restricted tree height growth,

Relative average diameter at 15 ecm above ground for the two year old
irrigated trees, as compared to the other treatments by year of planting,
was similar to relative total tree height differences. At the Basher site,
the 1980 planted irrigation treatment units had an average diameter (2.0
cm) that was significantly larger than the control treatment units (1.5 cm)
but significantly less than the fertilization (2.5 cm) and fertilization/
irrigation (2.7 cm) treatment units. Average two year old diameter for the
1980 planted irrigation treatment units at the Morrison site (1.4 cm) was
the same as for the control treatment unit (1.4 cm) and significantly lower
than the fertilization (2.4 em) and fertilization/irrigation (2.7 cwm)
trzatment units., Average two year 0ld diameter of the irrigated 1981
planted trees growing at the Basher and Morrison sites (2.5 cm and 3.1 cm,
respectively) were (a) significantly less than all other Basher treatments
(control, fertilizatioon and fertilization/irrigation values of 2.7, 3.0 and
3.2 cm, rvespectively); and (b) significantly greater than the Morrison
control (3.0 cm). the same as for fertilization (3.1 cm) but significantly
lower than fevrtilization/irrigation (3.3 em) treatment values.

Thivd Year -~ In 1982 (third growing season for the 1980 planted trees), the
April and early May rainfall was low and the Morrison soil became water
deficient by mid-May. Irrigation was started at the Morrison site on May
10 and continued for 17 cycles until September 3 (Appendix B, Table B-8).
Aa average of 207 2/m* of water was applied to the three year old 1980
planted trees growing at this site. The s0il at the Basher site was not
water deficient until mid-August. Irrigation of the three year old 1980
planted trees at the BRasher site was initiated August 16, continued for six
cycles and discontinued on September 3 (Appendix B, Table B~7). An average
of 72 %/m? was applied to the three year old 1980 planted Basher irrigated
tyeatment units.

Rainfall in 1983 (third growing season for the 1981 planted trees) was
adequate for tree growth until July (Table 2-4). Irrigation to the three
year old 1981 planted trees growing at the Morrison site was started July
11 and continued for 12 cycles until September 9 (Appendix B, Table B-11).
An average of 155 ¢/m® was applied to the trees growing at this site.
Irrigation to the three yvear old 1981 planted trees growilng at the Basher
site was started July 25 and continued to August 30, An average of 86 2/m?
was applied in seven cycles (Appendix B, Table B-10).

Average three year old survival of the 1980 planted irrigation trees was as
good as the control trees and appeared to be better than the fertilization
and fertilization/irrigation values (Table 1-3). The relative growth
response to irrigation, as compared to the other treatments, displayed in
the second growing season of the 1980 planted trees was continued 1intoc
their third growing season. Average three year old total height (4.9 m) of
the irrigation 1980 planted trees was significantly greater than the
control tree average helght (4.1 m) for those replications growing at the
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Basher site but not for those at the Morrison site. The three year old
Morrison control trees averaged 3.9 m and the irrigated trees averaged 4.2
m. At both sites, the irrigation trees were significantly shorter than
either the fertilization or fertilization/irrigation trees (Table 1~3).
The three year old diameter of the irrigation trees followed the same
pattern as total height with Irrigation increasing average diameter at the
Bagsher site but not at the Morrison site (when compared to control), and
irrigation resulted in average diameters that were not as large as
fertilization or fertilization/irrigation (Table 1-3).

Average three year old survival values of the 1981 planted irrigation trees
were similar to all other treatments (Table 1-3). Average three year old
total height of the irrigation 1981 planted trees (5.3 m) was significantly
less than the control (5.6 m) and fertilization average total height (5.7
m) for the replications growing at the Basher site. There were no signifi-
cant control-irrigation (5.8 vs 6.0 m, respectively) or fertilization~
irrigation (5.9 vs 6.0 m, respectively) differences for the replications
growing at the Morrison site (Table 1-3). The relative differences in
three year old average stem diameter for the irrigation trees, as cowpared
to the other treatments, were similar to the average total height
differences (Table 1-3).

Third Year Irrigation Summary = Irrigation in the second and third growing
seasons (Figures 7 and 8) resulted in small but continued growth gains over
the control treatment, particularly at the Basher site. Averaged over both
sites, irrigation to trees with poor weed control in the establishment year
resulted in a three year old total height of 4.5 m and diameter of 3.0 cm.
The control three year old average total height and diameter were 4.0 m and
2.6 cm, respectively. However, the irrigation treatment average total
height and diameter values were considerably less than either the
fertilization or the fertilization/irrigation values.

Irrigation to trees established with good weed control (1981 planting) had
contrasting results (Figures 7 and 8). There was no apparent three year
old irrigation over control advantage for the 1981 planted trees, and
irrigated average tree size values were only slightly less than the
fertilization or fertilization/irrigation average tree size values,

Fourth Year - The 1983 irrigation (fourth growing season for the 1980
planted trees) at the Morrison site was started July 11 and continued for
12 ¢ycies ending on September 9 (Appendix B, Table B-11). A total of 145
t/m*? was applied to the 1980 planted four vear old trees. Irrigation at
the Basher site was started July 25 and ended August 30 (Appendix B, Table
B~10). There was a total of 85 %/m® applied in seven irrigation cycles for
the 1980 planted trees growing at the Basher site.

The 1984 irrigation (fourth growing season for the 1981 planted trees) at
the Morrison site was started June 13 and continued for seven cycles ending
August 6 (Appendix B, Table B-13). A total of 84 2/m? of water was applied
to the four year old 1981 planted trees growing at the Morrison site before
abundant rain in August (13.5 cm, Table 2-6) discontinued the need for
irrigation., Irrigation to the four year old trees growing at the Basher
site was started June 26 and continued for four cycles ending August 6. A
total of 43 2/m? was applied to the trees growing at the Basher site
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befcre the abumdant ralufall in August (16.8 cm, Table 2~6) discontinuved
the need for irrigation.

There was no difference in the four year old survival for the 1980 planted
control trees (82%) and irvigation tress (84%) growing at the Basher site
(Table 1-3). At the Morrisom site, the four year old tree survival was -
897 for the control treatment and 79% for the irrigation treatment (Table
1-3). Irrigation of the 1980 planted trees growing at the Basher site
tesulted in an average four year old total height of 6.2 m (Table 1-3).
The irvigated trees were significantly taller than the control (5.4 m) but
significaontly less than fertilization (7.4 m) and fertilization/
irrigation (6.9 m). At the Morrison site, the differences among the
treatments were the same as recorded at the Basher site but the average
four year old total bheight of the Morrison irrigation trees of 5.6 m was
less than the Basher irrigation value (Table 1-3). The relative
differences in the four year old stem diametzr for the irrigation trees, as
compared to the other treatments, were similar to the average total height
differences. Average four year old stem diameter for the Basher and
Morrison irrigation trees was 4.0 and 3.6 cm, respectively. For both
average total height and stem diameter at both sites, the irrigation
treatment four year old values were significantly lewer than either the
fertilization or the fevtilization/irrigation treatment.

Irrigation to the 1981 planted trees resulted in similar control-irrigation
four year old survival differences as the 1980 planted trees. Howsver,
four years of irrigation to the 1981 planted trees did not result in the
same growth response, when compared to the control, as recorded for three
years of irrigation to the 1980 planted trees. With the exception of a
significantly greater average stem diameter at the Morrison site,
irrigation did not increase four year old average tree size values over the
control treatment. At the end of the first rotation the irrigation trees
at the Basher and Morrison sites averaged 6.7 and 6.9 m in total height,
and 4.1 and 4.5 cm in stem diameter, respectively (Table 1-3). These site
specific values were significantly lower than fertilization at the Basher
site but not at the Morrison site, znd were significantly less than the
fertilization/irrigation values at both sites.

Fourth Year Irrigation Summary - When compared to conirol and averaged over
both sites, irvigation resulted in increased average total height and stem
diameter growth during the second, third and fourth growing seasons
(Figures 7 and 8). Irrigation in the second, third and fourth growing
seasons of trees established with poor weed control resulted in about a 127
increase in the four year old tree size values over the control treatment.
However, the irrigation treatment average four year old total height and
diameter values were substantially less than the fertilization and
fertilization/irrigation treatments.

In contrast, four years of irrigation of trees established with good weed
control (1981 planting) had no apparent first rotation benefit (Figures 7
and 8). Averaged over both plantation sites, the height growth rates of
the control and irrigated trees were similar, and average four year old
total height of 6.8 m was the same for both treatments. Diameter growth of
the irrigation trees was slightly greater than the control tress in the
third and fourth growing seasons (Figure 8). Average four year old



diameter for the irrigated trees (4.4 cm) was significantly greater than
the control value (4.2 cm) but this difference was relatively minor.
Averaged over both sites, the 1981 planted irrigated trees had
significantly lower teotal height and stem diameter values than either the
fertilized or the fertilized/irrigated trees.

Management Strateglies - Fertilization/Irrigation

Second Year - For the 1980 planted replications, the combined effect of
fertilization in the first and second growing seasons, and irrigation in
the second growing season resulted in two year old trees with a similar
elongation rate to the fertilization trees (Figure 6 and Appendix B, Table
B~15). Second growing season elongation values indicated that there were
no sustained significant differences between the fertilization and
fertilization/irrigation trees at the Basher site (Figure 6). At the
Morrison site, the fertilization/irrigation trees had significantly greater
elongation values than the fertilization trees (Appendix B, Table B-16).
Since this trend started before the beginning of the irrigation program,
these differences appear unrelated to the irrigation treatment effect. One
explanation may be the exceptionally strong growth of one fertilization/
irrigation plot.

Average two year old total height of the 1980 planted fertilization/
irrigation trees growing at the Basher site was 3.7 m. This value was
substantially greater than the control (average of 1.9 m) and irrigation
(average of 2.6 m) trees but not significantly greater than the
fertilization (average of 3.5 m) treatment units (Table 1~3). Average
total height of the fertilization/irrigation trees growing at the Morrison
" gite was 4.0 m and this value was significantly gredter than all other
treatments. The average two vear old total height values of the Morrison
control, irrigation and fertilization trees were 1.6, 1.5 and 3.4 m,
respectively. '

Average two year old stem diameter of the 1980 planted fertilizaticn/
irrigation treatment units was asignificantly greater than all other
treatments at both sites (Table 1-3). Combined for both sites, the average
diameter of the fertilization/irrigation trees was 2.7 cm and the control,
irrigation and fertilization values were 1.4. 1.7 and 2.5 cm, respectively.

Relative to the other treatments, the fertilization/irrigation height
growth in the second growing season of the 1981 planted trees was different
than for the 1980 planted trees (Figure 6). The 1981 planted trees were
fertilized and irrigated in both the first and second growing seasons, and
- weed control was more effective for the 1981 planted trees than the 1980
planted trees. There was a slight advantage, as compared to the other
treatments, to nutrient and water amendments in height growth during the
first growing season {Appendix A, Table A~7) and at the end of the first
year (Table 1-3). 1In the second growing season, elongation of the
fertilization/irrigation 1981 planted trees was also slightly better than
all other treatments (Figure 6).

For the 1981 planted trees, the average two year old total height of the

fertilization/irrigation treatment units was significantly greater than all
other treatment units, at both sites, except fertilization at the Basher
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(Takle 1-3). Although the fertilization/irrigation treatments of the
1981 planted trees resulted in greater average height at the end of the
sgcond growing season, the relative difference for the 1981 planted trees
was not as great as for the 1980 planted trees (Figure 6). Averaged over
plantation sites, the 1980 planted fertilization/irrigation tree total
hedight of 3.9 m was 2.2 m greater than the control, 1.8 wm greater than the
irrigation and 0.4 m greater than the fertilization treatment units. The
‘zshey and Movrison 1981 planted fertilization/irrigation trees averaged
4@7 m. which was 0.3 w greater than the control, 0.6 m greater than
frvigarion and 0.1 w greater than the fertilization treatment units.

‘I?

Arong the 1981 planted treatment units, fertilization/irrigation average
dizmater of 3.2 cm for the Basher site and 3.3 cm for the Morrison site was
significanily greater than all other treatments at either site, except
fertilizarion at the Basher site. Again, the relative advantage of
fereilization and irrigation to the 1981 planted trees was not as great as
fmr the 1980 planted trees but the absolute size of the 1981 planted trees

wze greater than the 1980 planted trees (Figure 8).

Second Year Fertilization/Irrigation Summary - Fertilization/irrigation
trearments resulted in two year old trees with greater average total height
znd diameter (Figures 7 and 8) than zll other treatments when the trees
weye established with poor weed control methods (1980 planting). Average
growth advantage for the 1980 planted fertilization/irrigation trees was
substantially greater than the control and irrigation treatments, and
slightly greater thamn the fertilization treatment. In contrast, the
fertilization/drrigation treatments to the 1981 planted trees (good weed
control) resulted in only a slight average total height or diameter gain
over a2ll other treatmenis (Figures 7 and 8). 1In some cases the site~

reatment differences were not significant. The main reason for the
die,lmilar relative advantage of fertilization/irrigation treatment for the
1980 amnd 1981 planted trees (Figures 7 and 8) was the effectiveness of the
ablishment year weed control programs.

B - Average total height for the three year old 1980 planted

n lizat on/irr;gatLon treatment units was 5.8 m for the Basher site and
9 m for the Morrison site. The two values were not significantly
ifferent From each other (Table 1-3). At both sites, the average total
eight va]uea of Lhﬂ fertilization/irrigation trees were q1gn1f1(‘antly

fments. Avefage stem diameter of the Basher fertilization/irrigation
rees (3.8 em) was not slgnificantly greater than the value for the
Morrison trees (3.7 cm}. As with average total height, the fertilization/
irrigation treatment average diameter values were significantly greater
than the control and irrigation treatment values but not significantly
greater than the fertilization treatment value.

Average total height in the third year of the 1981 planted fertilization/
irrvigation treatment units was significantly lower at the Basher site

(6.0 m) than the Morrisonm site (6.2 m). At both sites, the average height
values for the fertilization/irrigation trees were significantly greater
than all other treatwments, except for fartilization at the Basher site
(Table !-3). Average stem diameter for the fertilizatiom/irrigation trees
planted at the Basher site (4.1 cm) was also significantly lower than the
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trees planted at the Morrison site (4.2 cm). Compared to the other
treatments, the stem diameter advantage of fertilization/irrigation was
similar to the total height advantage.

Third Year Fertilization/Irrigation Summary -~ Fertilization/irrigation
produced three year old average tree sizes that were greater than all other
treatments but the relative advantage was dependent on weed control in the
establishment year (Figures 7 and 8). Greatest differential values for
fertilization/irrigation over the other treatments was for trees planted
with poor weed control in the establishment year (1980 replications).

The least differential value was obtained for the trees planted with good
weed control practices (1981 plantings). In the control and irrigation
treatments, weed control had a major effect on the three year old average
tree height and diameter values (Table 1-3)., Weed control practices also
influenced these growth variables for the fertilization/irrigation trees
but the differences were not as pronounced. Averaged over plantation
sites, the fertilization/irrigation trees planted in 1980 were 5.9 m in
height and 3.8 cm in diameter, whereas the 1981 planted trees averaged 6.1
m in height and 4.2 cm in diameter.

Fourth Year ~ Average total height for the four year old 1980 planted
fertilization/irrigation treatment units was 6.9 m for the Basher site and
7.0 m for the Morrison site. The two values were not significantly
different from each other (Table 1-3). At both sites, the average total
height values of the fertilization/irrigation trees were significantly
greater than all other treatments, except fertilization at both sites.
Average stem diameter for the Basher fertilization/irrigation trees (4.6
em) was significantly greater than the value for the Morrison trees (4.4).
As with average total height, the fertilization/irrigation treatment
average diameter values were significantly greater than all other treatment
values except the Basher and Morrison fertilization treatment values.

Average four year old total height for the 1981 planted fertilization/
irrigation trees was 7.4 m at both the Basher and Morrison plantation
sites. These four year old trees were significantly taller than all other
treatments (Table 1-3) regardless of site. Average four year old stem
diameter of 5.0 cm for the Morrison fertilization/irrigation treatment was
significantly greater than the Basher site value (4.8 cm). At both sites
the fertilization/irrigation treatment values were significantly greater
than the other treatment values, except the Basher site fertilization
value.

Fourth Year Fertilization/Irrigation Summary - As with the irrigation and
fertilization treatments, the absolute and relative tree growth variables
for the fertilization/irrigation treatment were dependent on weed control
efficiency in the establishment year (Figures 7 and 8). For the 1980
plantings, fertilization and irrigation resulted in trees which

annually were taller and larger in diameter than either the control or
irrigated trees. When compared to the control treatment averages,
fertilization/irrigation treatment units averaged about 307 greater in the
four year total height and about 457 greater in the four year stem
diameter. Fertilization/irrigation of the 1980 planted trees resulted in
trees similar in average size to the fertilization trees. The combination
of fertilizing and irrigating the 1981 planted trees resulted in




significantly greatexr two, three and four year old average total height and
stem diameter values than the control, irrigation and fertilization
treatments. However, these 1981 planted tree differences between the
fertilization/irrigation and the control or the irrigation treatments were
not as large as with the 1980 plantings. After four growing seasons, the
1981 planted fertilization/irrigation tveatment units averaged about 107
greater in total height and 157 greater in stem diameter, as compared to
the control treatment averages.

Growth Summary

Total height and stem diameter of first rotation Populus hybrid trees
planted on the two study sites demonstrated:

(1) There were advantages in providing good weed control in the first
growing season.

(2) Two year old trees grow faster than one year old trees, two year
growth rates were sustained in the third year but slowed iun the
fourth year.

(3) Favorable sites (Basher) resulted in trees that were somewhat
larger compared to unfavorable sites (Morrison).

(4) Fertilization and fertilization/irrigation investments increased
tree growth over no amendments. Irrigation had mixed results.

Averaged over the two plantation sites and all four treatments, the one
year old 1980 planted trees averaged 1.0 m in height and 0.8 cm in diameter
at 15 cm above ground. These values were much lower than the average total
height of 1.7 m and stem dlameter of 1.4 cim achieved by the one year old
trees planted in 1981l. Growing season conditions were slightly different
and irrigation was used in the 1981 growing season but the major reason for
nearly doubling the tree growth was the effectiveness of the 1981 weed
control program.

All two year old trees planted in 1980 increased total height by an average
of 1.8 m to a total height of 2.8 m at the end of the second growing
season, Average diameter Increased 1.3 cm in the second growing season to
the two year total diameter of 2.1 cm. The 1981 planted trees increased
total height by an average of 2.7 m to a height of 4.4 m at the end of the
second growing season (when averaged over sites and all treatments), These
same 1981 planted trees Increased average stem diameter by 1.6 cm in the
second growing season to the two year total of 3.0 cm,

The three year old 1980 planted trees continued to increase average tree
size at a rate comparable to their two year old rate., Average total height
increased 2.3 m in the third year and achieved an average of 5.0 m at the
end of three growing seasons. All trees increased stem diameter by 1.2 cm
in the third growing season to 3.2 cm at the end of three years. 1In
contrast to the 1980 planted trees, the 1981 plantings had less height and
diameter growth in the third growing season than their second growing
season., Total height of all 1981 planted trees was increased an average of
1.4 m in the third year to obtain a total height of 5.8 m at the end of
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three years. Average stem diameter of these same 1981 planted trees
increased by 0.7 cm in the third year to the three year old average of 3.9
cm,

The 1980 plantings had, relatively, slow growth in the first year, rapid
growth in the second and third years and slow growth in the fourth growing
season. All 1980 planted trees exhibited a reduced fourth year growth in
height and diameter. Average total height for all treatments at both sites
was increased by 1.4 m in the fourth growing season to the four year old
average of 6.4 m. 1In the fourth year, stem diameter of these same trees
increased 0.8 cm to the four year old average of 4.0. The 1581 plantings
had, relatively, rapid growth in years one and two, and slower growth in
years three and four. All 1981 planted trees grew an average l.2 m in
total height during the fourth growing season to achieve an average of 7.0
m after four growing seasons. These same 1981 planted trees grew 0.6 cm in
stem diameter during the fourth growing season to obtain an average of 4.5
cm after four years of growth., The major reason for the 0.6 m average four
year old total height and 0.5 cm stem diameter advantage of the 1981
planted trees over the 1980 planted trees was the effectiveness of weed
control in the establishment year.

Relative value of plantation site (favorable or unfavorable) can be
evaluated by the growth of the control treatments, to some degree by
irrigation or fertilization treatments but not the fertilization/irrigation
treatment, The control treatment tree growth was dependent on inherent
soil fertility and soil water. The irrigation treatment was one that
maintained non-limiting soil water conditions, regardless of site, but the
available soil nutrients were site dependent. The fertilization treatment
was one that maintained non-limiting soil nutrient conditions, regardless
of site, but available water was site dependent. The fertilization/
irrigation treatment was one in which both soil nutrients and soil water
were maintained at non~limiting growth conditions.

In the first growing season, the Morrison control trees were significantly
taller and larger in diameter than the Basher control trees for both the
1980 and 1981 planted trees (Table 1-3)., The two year old 1980 planted
trees at the Basher site were significantly larger in size than the trees
growing at the Morrison site. However, for the 1981 planted trees, the two
yvear old control trees at the Morrison site were significantly larger in
size than the trees planted at the Basher site (Table 1-3). After three
growing seasons, the Basher control trees planted in 1980 averaged 4.2 m
tall and 2.7 cm in diameter. These values were significantly greater than
the average total height (3.9 m) and diameter (2.4 cm) for the trees
growing at the Morrison site. In contrast, there were no site differences
in control three year old average total height and diameter for the 1381
planted trees. The Basher control trees planted in 1980 averaged 5.4 m in
height and 3.5 cm in diameter at the end of the first rotation. The four

- year old Morrison 1980 planted control trees averaged 5.2 m in total height
and 3.3 cm in diameter. The average total height site difference was not
significant but the site difference for average stem diameter was
significant (Table 1-3). The control trees planted at the Basgher and
Morrison sites in 1981 obtained the same average four year old total height
and stem diameter values {(Table 1~3)., Good weed control inm the establish-
ment year for the 1981 planted trees substantially increased the average
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four year old tree size varlablesg over the values measured for the trees
planted with poor weed control (1980 plantings). Averaged over both sites,
the 1980 planted control treatments were 5.1 m In height and 3.4 cm in
diameter, and the 1981 planted control treatments were 6.8 m in height and
4.2 cm in diameter.

Irrigation water was applied to one year old trees in 1981. The water
amendments did not increase the ome year old avsrage total height or stem
diameter compared to control trees at either site (Table 1-3). The trees
planted in 1980 were not irrigated in the first growing season but they
were in the subsequent growing seasons. The Basher site irrigation two
year old 1980 planted trees were taller (2.6 m) and larger im stem diameter
(2.0 cm) than the control trees which had an average total height and stem
diszmeter of 1.9 and 1.5 cm, respectively (Table 1-3). The Morrison site
irrigation twe year old trees planted in 1980 were about the same height
and diameter as the control trees (Table 1-3). The irrigation two year old
1981 planted trees also had mixed relative tree size values, when compared
to control, depending on site and specific size varlable (Table 1-3).

Water amendments in the third year of the 1980 planted trees continued to
increase the total height and diameter of the irrigation trees over the
control treatment values at the Basher site, but not at the Morrison site.

Irrigation treatment units of the 1981 planted trees continued to have
mixed results in the third growing season. Compared to the comtrol trees,
irrigation to the 1981 planted trees resulted in trees that were not as
tall and had smaller diameters at the Basher site, and the irrigation trees
at the Morrison site had the same three year old average height but larger
average diameter than the control trees. Reasons for the lower average
size of the irrigation Basher 1981 planted trees may be due to one
replication that 1s located in a depression and poor internal soil drainage
could be restricting tree growth in that replication.

The four year old irrigation trees planted at the Basher site in 1980
averaged 6.2 m in height and 4.0 cm in diameter. At the Morrison site, the
four year old 1980 planted irrigation treatment units averaged 5.6 m in
height and 3.6 cm in diameter. The differences between the two sites were
significant. Trrigation, at each site, resulted in average four year old
tree sizes that were larger than the control treatment. First rotation
growth gains from irrigatiom, as compared to the control, for the trees
planted in 1980, was about 107 at the Morrison site and 15%Z at the Basher
site. The 1981 planted four year old control and irrigation trees were
about 207 larger in average total height and stem diameter than the 1980
planted control and irrigation trees. In addition, there were no sustained
differences between the 1981 control and irrigation trees (Table 1~3), For
this study, weed control in the establishment year appeared to be more
critical in determining first rotation growth rates than available water.

Fertilization Increased the one year 0ld total height and stem diameter
over the controls for the 198C planted trees at both sites (Table 1-3).

In countrast, tree height and diameter values for the fertilized 1981
planted treas were similar and in some cases lower than the control trees.

A major advantage of fertilization to the 1980 planted trees was evident im
the second growing season. The ome year old total height for the Basher
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fertilization trees was 0.5 m greater than the control trees., At age two
the fertilization Basher trees were 3.5 m in height or 1.6 m taller than
control trees {Table 1-3). At the Morrison site one year old fertilization
trees were 0.3 m taller tham the control trees, and the two vear old trees
averaged 3.4 m in height which was 1.9 m greater than the two year old
control trees {Table 1-3). Stem diameter for the two year old trees
paralleled the total height values with the fertilization trees at the
Basher and the Morrison site and was considerably larger than the control
trees (Table 1~3)., After two growing seasons, the 1981 planted
fertilization trees were significantly taller and larger in diameter than
the control trees at the Basher site, and significantly larger in diameter
but not in total height, compared to the control trees, at the Morrison
site (Table 1-3).

The fertilization trees planted in 1980 maintained their growth advantage
over the control trees in the third growing season. The fertilization
trees at the Basher site were 5.7 m tall or 1.6 m greater than the control
trees {Table 1-3). They were also 3.7 cm in diameter or 1.0 cm greater
than the control tree average. At the Morrison site, the fertilization
trees were 5.8 m in height and 3.6 cm in diameter (Table 1-3). These
values were 1.9 m taller and 1.l c¢m larger in diameter than the control
tree averages. Fertilization to trees planted with good weed control in
the establishment year (1981) did not result in the same growth advantage
over the control as was evident with the 1980 planted treatments. Average
total height and diameter values of the 1981 planted fertilization trees
growing at the Basher site were significantly greater than the control
values but there were no significant control ~ fertilization differences at
the Morrison site (Table 1-3).

At the end of the first rotatiom, fertilization of the 1980 planted trees
at the Basher site produced trees that averaged 7.4 m in height and 4.6 cm
in diameter. Fertilization at the Morrison site resulted in trees which
averaged 6.9 m in total height and 4.2 cm in diameter at four years of age.
The Basher site fertilization units averaged significantly larger total
height and diameter values than the Morrison fertilization units. 1In all
cases, fertilization of the 1980 planted trees resulted in four year old
tree size values significantly larger than contrel and irrigation, and
about the same as the fertilization/irrigation. The first rotation gains
in average size for fertilization, as compared to control, was about 357
for the trees planted in 1980. Tor the trees planted in 1981,
fertilization resulted in the same average four year old total height at
both the Basher and Morrison sites (7.1 m) but the Basher fertilization
average stem diameter value (4.8 cm) was significantly greater than the
Morrison average value (4.6 cm). In 2ll cases the four year old 1981
planted fertilization units averaged significantly larger than the control
units and significantly smaller than the fertilization/irrigation units.

The Basher fertilization units were significantly greater in average total
height and stem diameter than the irrigation units. There were no
significant differences in the irrigation vs fertilization treatments at
the Morrison site, and little difference in height and stem diameter
between four year old 1980 and 1981 planted fertilized trees.



The 1981 planted control trees, however, were substantially larger than the
1980 planted contyrol treszs (poor weaed countrol). Weed control was
responsible for the 1981 planted fertilization trees having an 87 growth
advantage over the 198] planted control trees, while of the 1980 planted
fertilization trees had a 357 growth advantage over 1980 planted control
trees (Table 1-3).

Combined amendments of fertilization and irrigation were applied im 1981 to
the one vear old 1981 planted trees and the two year old 1980 planted
treas. The treatmsnt cowbination resulted in one year old trees at the
Basher site being taller and largev In diametar than the other treatments.
There were no apparenf differvences among treatments at the Morrison site
for the one yszar old trees (Takhle 1-3).

Fertilization/irrigation of the two year old 1980 plantings resulted in
trees that were the tallest and largest in diameter at both sites (Table
1-3). The Basher fertilization/irrigation trees grew from an average one
year old total height of 1.1 m to 3.7 m at age two. Stem diameter
increased from 0.9 cm to 2.5 cm between ages one and two. The Morrison
fertilization/irrigation trees increased in average total beight from

1.1 w at apge one to 4.0 m at two years of age. Average stem diameter of
these trees increased from an average of 0.9 cwm for one year old trees to
2.7 cm at two vears of age.

The two vear old fertilization/irrigation tvees planted in 1981 were also
the tallest and largest In diameter at both the Basher and Morrisom site.
The Basher fertdilization/irrigation tyrees grew an average of 2.8 m in
height and 1.7 om in diameter in the secoud growing season to a total
height of 4.7 m and diamster of 3.1 cm aftrer two years of age. The
Morrison fertiliization/irrigstlon trees grew an average of 3.0 m in height
and 1,5 cm in diameter in the second year to a total height of 4.7 m and
diameter of 3.1 cm after two years of age (Table 1-3).

The tallest and largest treatment values for the three year old trees were
on the fertilization/irrigation units, regardless of year of planting. The
three year old 1980 plantad fertilization/irrigation trees at the Basher
and Morrison sites were wot significantly different in either total height
or stem diameter. Averaged over plantation sites, the 1980 planted
fertilization/irvigation units were 5.9 m and 4.5 cm in total height and
diameter, respectively. At each plantation site. these fertilization/
irrigation unit averages were significantly greater than either the control
or irrigated uniits but not significantly different from the fertilization
units. The 1981 planted fertilization/irrigation treatments were
significantly taller and larger in diameter at the Morrison site than at
the Basher site but the differences were only 0.2 m in total height and 0.2
cm in stem diameter. The 1981 planted three year old Basher fertilization/
irrigation unit averages of 6.0 m in total height and 4.1 cwm in stam
diameter were significantly greater than the control and irrvigation
treatment averages but not significantly different from the fertilizatiom
treatment avevages. For the 1981 planted treess at the Morrison site, the
fertilization/irrigation average total height and diameter values were
significantly greater than the control and fertilization values but not
significantly different than the irrigation values.
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At the end of the first rotation, fertilization/irrigation resulted in four
year old trees with larger average total height and stem diameter than the
control or Irrigation treatments, regardless of planting year or plantatiom
site. Combined fertilization and irrigation did not result in average four
year old tree size values significantly greater than fertilization, except
for stem diameter of the 1981 plantings at the Morrison site, The four
year old total height of the fertilization/irrigation trees averaged 6.9
and 6.8 m at the Basher site, and 7.0 and 7.4 m at the Morrison site for
the trees planted in 1980 and 1981, respectively. Stem diameter for the
four year old fertilization/irrigation units averaged 4.6 and 4.8 ecm at the
Basher site, and 4.4 and 5.0 cm at the Morrison site for the 1980 and 1981
plantings, respectively. As compared to the control treatments for each
year of establishment, fertilization/irrigation increased average four year
0ld trees size values about 357 for the 1980 planting and about 127 for the
1981 planting. As with the other treatment comparisons the apparent fall
down in differential control~to-other-treatment responses between the 1980
and 1981 plantings was mainly due to the control unit growth rates with
good and poor weed control in the year of establishment.

Yield Summary

Field and oven dry biomass yields above a 15 c¢m stump height of individual
Populus trees, by selected components, were calculated ifrom equations and
summarized for all living trees per site-replication-~treatment plots., The
equations were developed from trees collected from the destructive sample
units in each plot. Field weight values (green total tree, excluding
leaves) were for trees collected in November-December from the plantationms.
Cven dry values were determined by the methods described by Bowersox and
Murphey (19753) in which the various components were dried in a forced air
oven at 105°C until weight loss stabilized. The equations for determining
one, two, three and four year old field weight of total tree and oven dry
total tree, mainstem wood, bark, and branches are listed in Tables 2-~7, 8,
9 and 10. Equatioms for predicting weight of one, two, three and four year
old oven dry leaves in September are given in Table 2-11. 1In addition, all
living continuous inventory trees on each treatment unit were harvested at
first rotatlon age of four years. Field weight for each living continuous
inventory tree per treatment unit was measured to the nearest 20 g,
immediately after cutting. Individual total tree field weight values for
all living trees were summarized per plot.

Biomass yields were estimated three ways: 1) equation predicted field, 2)
actual field and 3) adjusted OD weights. Each year about 120 trees per
planting year-site~treatment combination were destructively sampled and
weighed (total tree field weight). They were then debarked, debranched and
oven dried to determine 0D weight of wood, bark and branchwood. The data
were used to determine mathematical relationships between measured biomass
weights (total tree field weight and OD wood, bark and branchwood weights)
and total height and stem diameter. These relationships were used to
develop equations to predict field weights given age, height, diameter,
site and management strategy for amny given tree. The four year old
equation predicted and actual field weight values for each site~treatment
combination were compared. Most of the predicted values were within * 37
of actual values but some were as much as * 107 of actual values.



Table 2~7. Intercepts (b

), regression coefficients (b,) standar

deviationf (59 and fraction of explained variation (R”) for
eguations to predict field weight (green), oven dry main-
stem wood, oven dry bark, oven dry buds, and oven dry total

tree (excluding leaves) for ome vear old trees, by treatment.

¥ 2
variable N bO R
Field Weight~Total Tree (g)

Control 87 7.74 98%
Irrigation 86 8.80 97%
Fertilization 89 4.14 957%
Fertilization/ 83 8.28 97%
Irrigation
Gven Dry Malnstem Wood (g)
Control 87 0.92 897
Irrigation 86 0.82 99%
Fertilization 89 0.11 97%
Fevvilization/ 83 1.38 97%
Tyrigation
Cven Dry Bark {(g)
Control 87 2.73 957
Irrigation 86 2.99 96%
Fertilization 89 1.60 94%
Ferzilization/ 83 2.90 88%
Irrigation :
Gvenr Dry Buds (g)
Control 87 0.58 77%
Irrigation 86 0.49 79%
Fertilizacion 89 0.26 90%
arrilization/ 83 0.42 74%
Irrigation
Cven Dry Total Tree (g)
Countrol 87 4,15 987%
Irrigation 86 4,30 987%
Fertilization 89 1.75 97%
Fertilization/ 83 4,70 95%
Irrdigation
1/Y = h 4+ b (Dzﬂt), where Y is weight/tree above 15 cm stump in grams, D

is gvéen outside bark diameter at 15 em above ground in centimeters, and

Ht 1s total tree height above ground in metars.



Table 2-8. Regression coefficients (b,) standﬁrd deviations ($) and
fraction of explained variation (R”) for equations™  to predict
field weight (green), oven dry mainstem wood, oven dry mainstem
bark, oven dry branches and oven dry total tree (excluding
leaves) for two year old trees, by treatment.

¥ 2
variable N b1 S R
Field Weight~Total Tree (g)

Control. 115 28.8 117 98%
Irrigation 119 28,7 174 962%
Fertilization 112 27.5 148 99%
Fertilization/ 114 28.0 156 99%
Irrigation
Oven Dry Mainstem Wood (g)
Control 115 8.6 20 98%
Irrigation 119 8.3 25 99%
Fertilization 112 8.0 40 : 99%
Fertilization/ 114 8.3 46 99%
Irrigation
Oven Dry Mainstem Bark (g)
Control 115 8.8 9 99%
Irrigation 119 8.6 11 98%
Fertilization 112 8.5 13 99%
Fertilization/ : 114 8.4 16 98%
Irrigation
Oven Dry Branches (g) .
Control 115 2.6 25 92%
Irrigation 119 2.8 30 892
Fertilization 112 2.8 38 91%
Fertilization/ 114 2.5 31 932
Irrigation
Oven Dry Total Tree (g)
Control ; 115 14.0 45 99%
Irrigation 119 13.7 59 98%
Fertilization 112 13.2 70 99%
Fertilization/ 114 13.2 70 99%

Irrigation

1i‘fnf = b (DZHt) for all variables except mainstem bark which was Y = b

(D Ht}. Y is weight/tree above 15 cm stump in grams, D is green outside
bark diameter at 15 cm above ground in centimeters, and Ht is total tree
height above ground in meters.



Table 2-9. Regression coefficients (b,) standard deviations (S) and
fraction of explained variation (R”) for equatfons

to predict

field weight (green), oven dry mainstem wood, oven dry mainstem

bark, oven dry branches, and oven dry total tree (excluding

leaves) for three year old trees, by treatment.

¥ 2
variable N b1 S R
Field Weight-Total Tree (g)

Control 109 25,7 305 98%
Irrigation 110 27.3 328 987
Fertilization 117 26.5 284 99%
Fertilization/ 105 26.1 438 997
Irrigation
Oven Dry Mainstem Wood (g)
Control 109 8.19 72 99%
Irrigation 110 8.59 70 99%
Fertilization 117 8,75 99 99%
Fertilization/ 105 8.45 123 99%
Irrigation
Oven Dry Mainstem Bark (g)
Control 109 9.02 26 98%
Irrigation 110 8.64 20 99%
Fertilization 117 9.20 30 99%
Fertilization/ 105 8.75 32 99%
Irrigation
Oven Dry Branches (g)
Control 109 2,40 86 88%
Irrigation 110 2.33 69 90%
Fertilization 117 2,48 61 967
Fertilization/ 105 2,25 86 947
Irrigation
Oven Dry Total Tree (g)
Control 109 12,6 146 99%
Irrigation 110 12.9 128 99%
Fertilization 117 13,2 146 997
Fertilization/ 105 12.4 198 99%
Irrigation

1/

Y=5 (DZHt) for all variables except malnstem bark which was Y = b

(D Ht). Y is weight/tree above 15 cm stump in grams, D is green outside
bark dismeter at 15 cm above ground in centimeters, and Ht 1is total tree

helght above ground in meters.
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Table 2-10. Regression coefficients (b,) standﬁrd deviations (%} and
fraction of explained variation (R”) for equatloms™’ to
predict field weight (green), oven dry mainstem wood, oven dry
mainstem bark, oven dry branches, and oven dry total tree
(excluding leaves) for four year old trees, by treatment.

¥ 2
variable N b1 S R
Field Weight~Total Tree (g)

Control 112 26.7 528 99%
Irrigation 110 27.8 667 997
Fertilization 115 25.3 1266 99%
Fertilization/ 115 26.8 942 997%
Irrigation
Oven Dry Mainstem Wood (g)
Control 112 8.75 184 99%
Irrigation 110 9.33 244 99%
Fertilization 115 8.65 506 98%
Fertilization/ 115 9.14 316 99%
Irrigation
Oven Dry Mainstem Bark (g)
Control 112 10.2 39 99%
Irrigation 110 10.5 60 98%
Fertilization 115 11.1 80 99%
Fertilization 115 10.9 87 98%
Irrigation
Oven Dry Branches (g)
Control 112 2.63 106 97%
Irrigation 110 2.49 220 91%
Fertilization 115 2,04 177 96%
Fertilization/ 115 1.98 176 967%
Irrigation
Oven Dry Total Tree (g)
Control 112 13.1 259 997
Irrigation 110 13.4 308 997
Fertilization 115 12.2 696 987
Fertilization/ 115 12.7 439 - 99%

Irrigation

1"Y = b (DZHt) for all variables except mainstem bark which was Y = b

{D Ht}. Y is weight/tree above 15 cm stump in grams, D is green outside
bark diameter at 15 cm above ground in centimeters, and Ht is total tree
height above ground in meters.
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1/

Table 2~11. Equatioms ' for predicting the oven dry September foliage
weight of individual trees, by tree age, for the four
treatments,

Tree age Treatment Nzl b03/ b14/ Xsl S6/ 2.1/

One Year Old

Control 88 3.1 13.7 d ht 3.2 967
Irrigation 79 3.4 12.8 d ht 4,8 92%
Fertilization 76 4.4 12,1 d ht 5.2 85%
Fertilization/ 76 2.5 12,0 d ht 4,0 93%
Irvigation
Two Year Old 2
Control 115 - 3.98 d2 ht 43.1 90%
Irrigation 119 - 3.81 d2 ht 49,6 84%
Fertilization 112 - 3.74 d2 ht 51.3 91%
Fertilization/ 114 - 3.91 4" ht 38.4 93%
Irrigation
Three Year 014 2
Control 109 - 1.81 d2 ht 98,8 75%
Irrigation 110 - 2,25 d2 ht 67.5 907%
Fertilization 117 - 1.91 d2 ht 91.4 877%
Fertilization/ 105 - 1.75 4" ht 82,7 91%
Irrigation
Four Year 014 2
Control 112 - 1.44 d2 ht 150.0 867
Irrigation 110 - 1.44 d2 ht 142.0 89%
Fertilization 115 - 1.16 d2 ht 137.0 92%
Fertilization/ 115- - 1,14 4" ht 86,7 97%
Irrigation
1/Foliage (g) = bO + bl (X) for one year old trees and Foliage (g) =vbl (X)

for two, three and four year old trees.

2/
3/Y intercept.
4/

5/
6/
7/

Line slope.

Standard deviation of Y about regression line.

Number of observations in the equation.

Fraction of explained variation.
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Therefore the predicted four year old OD values were adjusted according to
the actual vs predicted ratios to determine the OD mainstem wood, mainstem
bark, branchwood and total tree harvest potential. These adjusted OD yield
values were used to estimate the energy and fuel potential of the various
production sytems.

Predicted Yields

Planting Year Effects -~ The trees planted in 1980 were established with
poor weed control measures whereas the trees planted in 1981 had good weed
control practices. Averaged over both sites and all management strategies,
the 1980 planted trees accumulated 248, 4,138, 15,790 and 28,730 ODkg/ha of
mainstem and branch material after one, two, three and four growing
seasous, respectively. Total tree accumulated yields from the 1981
plantings, averaged over both sites and all management strategies, were
1,241, 13,135, 24,000 and 37,447 ODkg/ha after one, two, three and four
growing seasons, respectively. As the result of a good weed contrel
program in the establishment year, yields of the 1981 planted trees were
greater than those of the 1980 planted trees (poor weed control) by a
factor of 5, 2.6, 1.5 and 1.3 after one, two, three and four growing
seasons, respectively.

Averaged over both sites and all management strategles, the annual
production of total tree biomass increased with age. In the first growing
season the 1980 planted trees produced 248 ODkg/ha of biomass. In the
~ second growing season, the 1980 planted production of 3,890 ODkg/ha was 16
times greater than the first year value. Third year production of 11,652
ODkg/ha for the 1980 planted trees was 47 times greater than the first year
and 3.0 times greater than the second year biomass increments., In the
final year of the first rotation these 1980 planted trees produced 12,940
ODkg/ha of biomass. This fourth year biomass increment was 52, 3.3 and 1.1
times greater than the amounts produced in the first, second and third
growing seasons, respectively

The 1981 planted trees produced 1,241 ODkg/ha of total tree biomass in the
first growing season, averaged over both sites and all management
strategies. Second year production of 9,864 ODkg/ha for the 1981 planted
trees was 7.9 times greater than the first year value. In the third year,
these 1981 planted trees produced 12,864 ODkg/ha and this value was 10.4
times greater than the first year and 1.3 times greater than the second
year biomass production values. Biomass increment during the fourth year
was 13,447 ODkg/ha for the 1981 planted trees. This final growing season
of the first rotation production value was 10.8, 1.36 and 1.05 times
greater than the first, second and third year production values,
respectively.

Annual biomass increment appears to be reaching a maximum for the trees
established in 1980 and 1981. Apparently, the planting density of one tree
per 0.48m? has captured the site potential in the designed four year
rotation schedule. However, the 1981 planted trees produced more biomass
in each of the first rotation growing seasons than was measured for the
1980 planted trees. The major reason for the difference in the four year
biomass vield values for 1980 and 1981 planted trees was the biomass
production rates in years one and two. The poor weed control methods for
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the 1980 planted trees resulted in an average of 248 and 3890 ODkg/ha of
total tree biomass in years one and two, respectively. In contrast, the
good weed control program used for the 1981 planted trees resulted in an
average of 1,241 and 9,864 ODkg/ha of biomass im years one and two,
respectively. These differences represent good (1981 trees) vs poor (1980
trees) weed control gains of 5.0 for the first and 2.5 for the second
growing seasons. The annual production gains of the 1981 planted trees
over the 1980 planted trees dropped to 1.1 for the third and 1,04 for the
fourth growing seasons.

Site Effects - The biomass production comparisons between the two
plantation sites (Basher and Morrison) can be evaluated by the yilelds of
the control treatments, to some degree by irrigation or fertilization
treatments, but not the fertilization/irrigation treatment. Rationales for
the comparative limits have been previously discussed.

In the first growing season there were no significant site yield advantages
for the control, irrigation or fertilization treatments, regardless of
whether the trees were planted in 1980 or 1981 (Table 2-12). At the end of
the second growing season, there were no significant site advantages in
accumulated bilomass varilables for either the control or fertilization 1980
planted or 1981 planted trees (Table 2-13)., The 1980 planted irrigation
trees growing at the Basher site had accumulated significantly more total
biomass than the 1980 planted irrigation trees growing at the Morrison
site, but the significant difference between sites was reversed for the
1981 planted accumulated two year old yields.

Biomass ylelds for the Basher and Morrison sites were similar at the end
three growing seasons. Regardless of year of establishment, there were
significant site differences in the total tree 0D biomass yields for the
control, fertilization or fertilization/irrigation treatments, but there
was a signlficant site difference in the irrigation treatment (Table 2-1
Site effect on the three year old irrigation total tree yields was the s
as for the two year o0ld values., The irrigation 1980 planted trees at thi
Basher site had greater three year old OD biomass yields than the Morris
site. However, the site advantage was reversed for the 1981 plantings n
it was not significant (Table 2-14).

After four growing seasons for the 1980 planted replications the Basher
control accumulated total biomass of 21,702 ODkg/ha was not significantly
greater than the 18,736 kg/ha for the Morrison control., The Basher
fertilization average total yield of 34,091 ODkg/ha was not significantly
greater than the 29,506 ODkg/ha average for the Morrison fertilization
trees. As with the two and three year old 1980 planted trees, there was
significant site difference for the irrigation trees. The Basher
irrigation trees had accumulated an average 31,499 ODkg/ha after three
years which was significantly greater than the 21,487 ODkg/ha average val
for the Morrison irrigation trees (Table 2-15).

Four years of growth on the 1981 planted replications resulted in the
Basher and Morrison control treatment units accumulating 34,314 and 31,9C
(respectively) ODkg/ha of total biomass (Table 2-15). These site
differences, and the difference for the fertilization and fertilization/
irrigation treatment units, were not significant. In contrast to the 198
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Table 2-12, Averagell one year old total tree fileld weight (green) and oven dry weight, and oven dry
mainstem wood, bark, branches and leaves at the end of the growing season. These values
were calculated from the equations presented in Tables 2-7 and 2-11 for each of the
surviving trees per plot and summarized per plot, with six plots (1980 and 1981 replications)
per site per treatment.

Total tree Oven Dry
Plantation Mainstem Mainstem 3/
Site Treatment Field Oven Dry Wood Bark Branches Leaves
i kg/ha ~ = = = = = = = = e - - -
1980 Planting
-Basher Control / 347a 155a 73a 84a 0 167a
Irrigation 480a 201a 102a 9%a 0 209ab
Fertilization 2/ 802b 343b 205b 137b 0 326d
Fertilization/Irrigation 698b 295h 174b 121b 0 250be
Morrison Control / 459%a 200a 102a 99a 4] 219ab
Irrigation 360a 154a 7la 84a ¢ 169a
Fertilization 2/ 707b 302 179b 123b 0 304cd
Fertilization/Irrigation 796b 332b 201b 131b 0 273bed
1981 Planting
Basher Control 24023 962a 626a 339, 0 674a
Irrigation 2315a 90%a 600a 3lia 0 6272
Fertilization 2318a 991a 630a 359%a 0 662a
Fertilization/Irrigation 3013a 11895 798a 393a 0 721a
Morrison Control 2547a 1019a 665a 357a 0 71la
Irrvigation 2190a 859%a 568a 293a 0 600a
Fertilization 1758a 751a 474a 275a 0 529a
Fertilization/Irrigation 2154a 856a 566s 291a 0 558a

IjTreatment means within and between plantation sites ~ by planting year - with a common letter within
componients are not significantly different at the 0,05 level. Duncan's mean separation method was
used on the Site X Treatment factor from analysis of variance.

2/

Includes trees of the 1980 planted replications that were not irrigated because the system was not in
place.

3/

The one year old trees had no branches,
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Table 2-13, Averagell two year old total tree field weight {green) and oven dry weight, and oven dry
mainstem wood, bark, branches and leaves at the end of the growing season., These values
were calculated from the equations presented in Tables 2-8 and 2-11 for each of the
surviving trees per plot and summarized per plot, with six plots (1980 and 1981 replications)
per slte per treatment.

Total tree Oven Dry
Plantation Mainstem Mainstenm
Site Treatment Fleld Oven Dry Wood Bark Branches Leaves
--------------- kg/ha = = = = = = = = = = = = = = =
1980 Planting
Basher Control 2/ 3520a 1711a 1052a 535a 318a 1205a
Irrigation 7980b 3809b 2300 944b 779 1620b
Fertilization 2/ 13287cd 6378cd 3875¢cd 1393cd 1334cd 2211ce
Fertilization/Irrigation 144084 67924 42914 1437cd 1281lcd 1813b
Morrison Control / 1970a 957a 589a 376a 178a 1088a
Irrigation 2356a 1125a 679a 390a 230a 1055a
Fertilization 2/ 10425bc 5004bc 3040be 1198be 1046be 1896b
Fertilization/Irrigation 155294 73214 4625 1555d 13814 1900b
1981 Planting
Basher Control 19244ab 9355ab 5753ab 1957ab 1737ab 2839%ab
Irrigation 14931a 7127a 4302a 1611a 1457a 2302a
Fertilization 26320c¢ 12634be 7676bc 24440 2642¢ 3734¢
Fertilization/Irrigation 28367¢ 13373¢ 8449¢ 2494 2523¢ 3039
Morrison Control 22870bc 11117be 6837be 2264% 2065abc 3217bc
Irrigation 23753be  11339%bc 6845be 2188% 2317be 3058b
Fertilization 23278be  11173be 6789bc 2177b 2336bc 3294be
Fertilization/Irrigation 27496¢ 12963be 8190¢ 2372b 2445¢ 2913ab

l/Treatment means within and between plantation sites - by planting year - with a common letter within
components are not significantly different at the 0,05 level. Duncan's wmean separation method was
used on the Site X Treatment factor from analysis of variance,

2/

Trees were not irrigated in the first growing season only.
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Table 2-14., Average ' three year oid total tree field weight (green) and oven dry weight, and oven dry
mainstem wood, bark, branches and leaves at the end of the growing season, These values
were calculatad from squations presented in Tables 2-9 and 2-11 for each of the surviving
trees per plot and summarized per plot, with six plots (1980 and 1981 repiications) per
site per treatment.

Total tree Oven Dry
Plantation Maingstem Mainsten
Site Treatment Field Oven Dry Wood Bark Branches Leaves
mmmmmmmmmmmmmmm kg/ha = = = = = = = o m e =
1980 Planting
Basher Control / 2113%a 103848 6737a 2106a 1974a 2328abe
Iryrigation 35203b 15635b 11077% 2819 3005b 32604
Fertilization 2/ 43806be  21821% 14464be  3527b 41002 31734
Fertilization/Irrigation 46520¢ 22102% 15061b 3475b 4010c 30804
Morrison Contrel / 14765a 723%a 4705a 1763a 13782 214040
Irrigation 17589a 83ila 5534a 1704a 1501a 2031a
Fertilization 2/ 37904be 18881b i2518be 32376 3547%c 2750bed
Fertilization/Irrigation 44135be  20968H 1428%bc  3426b 3805he 2918ed
1981 Planting
Basher Control 40398a 19806a 12874a 3546ab 3773ab 3285a
Irrigation 39336a 18587a 12377a 3218a 3357a 35%7ab
Fertilization 55759 27774b 18411b 4360¢ 52184 4037ab
Fertilization/Irrigation 57848b 27484 18729b 4278c £4987cd 3838ab
Morrison Countroel 41663a 20426a 13277a 3731abe 3891abs 336Qa
- Irvigation 51742ab  244508b 16281gh  381llabe 4416gbed 4330b
Fertilization 49496ab  24654ab 16343ab  3991be 4632bed 3583ab
Fertilizationf/Irrigation 606630 28821b 19640b 43562 5230d 4033ab

ljfreatment means within and between plantation sites -~ by planting year - with 2 common lettey within

compouents are unot significantly different at the 0.05 level,

uged on the Site X Treatment factor from analysis of variance,

2/

Trees were not irrigated in the first growing season only.

Duncan's mean separation method was
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Table 2-15. Averageli four year total tree field weight (green} and oven dry weight, and oven dry
mainstem wood, bark, branches ??d leaves at the end of the growing season., These values
were calculated from equations™ presented in Tables 2-10 and 2-11 for each of the surviving
trees per plot and summarized per plot. There where three plots (1980 replications) per
site per treatment.

Total tree Oven Dry
Plantation Mainstem Mainstem
Site Treatment Green Oven Dry Wood Bark Branches Leaves
--------------- kg/ha = = = = = = 0 = = o - - - -~
1980 Planting
Basher Control / 4423 1a 21702a 144954 3825a 4357ab 2386ab
Irrigation $5348be 31499 21932bc 5064 5853¢ 3385¢
Fertilization 2/ 70696be  34091b 24171be 5937b 5700c 3241%c
Fertilization/Irrigation 75759bc  35901b 25837bc 5712b 5597be 3223bc
Morrison Control / 38188a 18736a 125134 36722 3762a 2059a
Irrigation 44577a 21487a 14%61a 3816a 3993abe 2309%a
Fertilization 2/ 61189% 29506b 20920b 5500b 4934abe 2806abe
Fertilization/Irrigation 77899¢ 36915b 26567¢ 5972b 5755¢ 311l4e
1981 Planting
Basher Control $9938ab  34314ad 22920ab 5660a 65889%h 3772ab
Irrigation 538964 30799a 214444 54324 5723a 33i0a
Fertilization 83962cd  40488cd 28706c4d 6860c 6770ab 3850ab
Fertilization/Irrigation 89921d 42612cd 306674 6793¢ 6643ab 3825ab
Morrison Control 65032a 31907ab 21312a 5547a 65406ab 3507ab
Irrigation 77410be 37313be 25980be 5999ab 6933b 4010b
Fertilization 77672be  37454bc 25556be 6616be 62862ab 35561ab
Ferrilization/Irrigation 842974 446854 321594 7016c 6968b 4011b

4 ,
/Treatment neans within and between plantation sites with a common letter within components are not

significantly different at the 0,05 level,

Treatment factor from analysisz of variance,

2/

Trees were not irrigated 4o the £irst growing season only,

Duncan's mean separation method was used on the Site X



planted replications, which suggested 3 significant irrigation advantage in
biomass productivity at ths Basher site, the estimates for the 1931 planted
replications suggested significantly lower accumulated four year old total
biomass at the Basher site {30,799 ODkg/ha) than st the Morrison site
(37,313 ODkg/hal.

Irrigation Effects ~ Irrigation was applied te one year old trees in 1981,
The water amenduments did not locrease the biomass production over the
control values at sither site. The trees planted in 1980 were not
irrigated in their first growing season, buib they were irrigated in the
second year. This dirrvigation program resulted in the irrigated trees at
the Basher site sccumulating significantly more total biomass than the
control trees, bul there was no significant differsnce betweean the
irvigation and coutrol trzes al the Morrisem site (Table 2-13}. At the end
of two growing seasons, the 1981 planted lrvigation trees growing at the
Basher site had accumulated significantly lower amounts of biomass than the
Basher control trees, and there were no twoe year old differences between
the 1981 planted control and irrigation trees growing at the Morrison site
(Table 2-13). In addition, there were no significant differences between
the two year old total accumnlated CD biomass for Basher irrigation (5,468
ODkg/ha) and control (5,533 OUDkg/ha) or the Morrison irrigation {6,232
ODkg/ha) and contyel (5,337 ODkg/ha).

Three vears after planting the 1930 replicatious at the Basher site, the
irrigation trees sccumulated 165,635 ODkg/ha of total biomess which was
significantly greater than the 10,364 ODkg/ha that the control trees had
aceumulated (Table 2-14}. At the Morrison site, the accumulataed biomass of
the irrigation trees averaged 8,311 ODkg/ha and was not significantly
greater than the control tree value of 7,239 ODkg/ha (Table 2-14). Total
tree OD yields of the irrigated three yesr old 1981 planted trees were not
significantly different from the control tree yields at either the Basher
oy Morrison site (Table 2-14),

At the end of the first rotation for the 1980 planted trees, irrigation
resulted in significantly wore bicwmass than the controel atr the Basher site
but not at the Morrison site (Table 2-15). JIrrigation teo the trees growing
at the Basher site produced four year old tress thar had accumulated 31,499
ODkg/ha and the control trees had accumulated 21,702 OPkg/ha. The four
year irrigation trees at the Morvison site &ccumuiated 21,487 ODkg/ha of
biomass and the contrel trees accumulated 18,736 ODkg/ha. Amount of total
biomass accumulated at the end of the first rotatfon for the 1981 planted
irrvigation trearment unifs was greater, when averaged over plantation
sites, than obtained for the 1580 irrigation treatment units. However, the
irrigation treatment advantage over conirol treatment for the 1981 planted
replications was the antithesis of the 1980 planted irrvigation-control
treatment differsntisls. The four year old irrigation production value for
the trees planted at the Basher site in 1981 of 30,799 ODkg/ha of total
biomass was significantly lowar than the contvsl tree value of 34,314
ODkg/ha; and the Morrison irrigatiom treatment value of 37,313 ODkg/ha was
significantly grsater than the Morrison control treatment average of 31,907
ODkg/ha (Tabla 2~15).

Fertilization Effects -~ Fertiliration significantly increased the amount of
biomgss produced in the first growing season for the 1980 trees planted at
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both sites, when compared to the control production values (Table 2-12),

In the secound growing season, average total accumulated biomass for the
1980 planted fertilization trees was 6,378 and 5,004 ODkg/ha for the Basher
and Morrison sites, respectively. These values were significantly greater
than the control values of 1,711 and 957 for the Basher and Morrison sites,
respectively (Table 2~13). The two year old 1981 planted fertilization
trees growing at the Basher site had accumulated 12,634 ODkg/ha which was
ot significantly greater than the control accumulated biomass of 9,355
ODkg/ha (Table 2~13). There was no significant difference between the
control and fertilization treatment yields for the 1981 planted trees
growing at the Morrison site (11,117 and 11,173 ODkg/ha, respectively).

Accumulated three year old yields for the 1980 planted fertililzation trees
were significantly greater than the control values. At the Basher site,
the three year old fertilization values were 21,821 ODkg/ha comparad to
10,364 ODkg/ha for the control treatment (Table 2-~14). The three year old
total OD biomass above a 15 cm stump for the Morrison fertilization trees
was 18,881 ODkg/ha whereas the control treatment value was 7,239 ODkg/ha
(Table 2-14)., The OD three year old ylelds for the fertilization 1981
planted trees were significantly greater than the control treatment values
at the Rasher site but not at the Morrison site (Table 2-14). There was no
significant difference in OD biomass for the fertilization trees growing at
the Basher site (average of 27,774 0ODkg/ha) and the fertilization trees
growing at the Morrison site (average of 24,654 ODkg/ha).

The accumulated yilelds for the fertilization treatment were significantly
greater than the control treatment values at both sites (Table 2-15). The
estimated four year harvest for the fertilization treatment averaged 34,091
ODkg/hs at the Basher site and 29,506 ODkg/ha at the Morrison site, The
control treatwent at the Basher and Morrison sites had accumulated four
year old biomass yields of 21,702 and 18,736 ODkg/ha, respectively. There
were no significant site differences for the fertilization or control
treatments in the total tree yields. The four ysar old 1981 planted
fertilization trees growing at the Basher site had accumulated 40,488
ODkg/ha which was not significantly greater than the 37,454 ODkg/ha yilelds
for the fertvilization trees growing at the Morrison site (Table 2~15)., The
four yegar old yleld for the 1981 planted trees growing at the Basher site
wag significantly greater than the control yield value (34,314 ODkg/ha) but
the difference between the control and fertilization trees growing at the
Meryison site was not significant,

Fertilization/Irrigation Effects - Fertilization/irrigation treatments
consistently produced trees that were taller and larger in diameter than
all other treatments. These larger trees also accumulated greater amounts
of total OD biomass above a 15 cm stump than all other treatments. The
only exception was the first growing season of the 1981 planted trees
(Table 2-12),

In the sa2cond growing season the fertilizatiom/irrigation treatments to the
1980 planted trees produced 6,792 ODkg/ha at the Basher site and 7,321
Obkg/ha at the Morrison site (Table 2-13). These accumulated total biomass
values ware significantly greater than all other tveatments., For the 1981
plantings, fertilization/irrigation treatment units at the Basher site had
accumulated 13,373 ODkg/ha which was significantly greater than the control
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and irrigation treatment units but not the fertilization treatment unit
(Table 2-13). At the Morrison site, the accumulated total two year old
biomass for the 1981 planted trees averaged 12,963 ODkg/ha and this value
was not significantly greater than any of the other treatments (Table
2-13). Averaged over year of planting, the fertilization/irrigation
treatment unit yields at the Basher site and Morrison site were
significantly greater than all other site specific treatments, except the
Basher fertilization/irrigation treatment yields were not significantly
greater than the Basher fertilization values.

The three year old fertilization/irrigation treatments continued to out
produce all other treatments. Total tree OD yields for the 1980 planted
fertilization/irrigation treatment units at the Basher site and at the
Morrison site were significantly greater than the control and irrigation
treatments but not the fertilization treatments (Table 2-14). The
accumulated three year old total tree biomass value for the 1980 planted
Basher fertilization/irrigation treatments units (average of 22,102
ODkg/ha) was not significantly different from the Morrison fertilization/
irrigation treatment {20,968 ODkg/ha). The fertilization/irrigation yields
for the 1981 planted trees paralleled the 1980 planted trees, except there
was no significant difference between the fertilization/irrigation and
irrigation yields at the Morrison site. The accumulated total tree OD
biomass of 27,484 ODkg/ha for Basher fertilization/irrigation units was not
significantly different from the 28,821 ODkg/ha of biomass accumulated by
the same treatment Morrison trees.

At first rotation harvest age of four years, the fertilization/irrigation
treatments for the 1980 planted trees produced the greatest amount of QD
biomass above a 15 cm stump. Total tree yileld of 35,901 ODkg/ha for the
Basher fertilization/irrigation treatments was significantly greater than
the control treatment only. At the Morrison site, the fertilization/
irrigation treatments yielded 36,915 ODkg/ha and this value was
significantly greater than the control and irrigation but not significantly
greater than fertilization. There was no significant site difference in
the 1980 planted four year old total tree yields for the
fertilization/irrigation treatment units.

Fertilization/irrigation treatments to the 1981 planted trees also resulted
in trees which produced the greatest OD first rotation potential yields.
There was no significant difference between the four year old fertilization/
irrigation total OD biomass yields of 42,612 and 44,685 ODkg/ha measured at
the Basher and Morrison sites, respectively (Table 2-15). At each site,

the fertilization/irrigation treatment units yield values were

significantly greater than the control or irrigation treatment values. As
compared to the fertilization treatments, the higher average fertilization/
irrigation total oven OD yield for the 1981 planted units was not
significant at the Rasher site but was significant at the Morrison site.

Adjusted Yields - The total tree field weight yields and OD mainstem wood,
mainstem bark, branch and leaf yvields are presented in Tables 2-12, 13, 14
and 15. These yield values were predicted from the equations presented in
Tables 2-7 to 1l. At harvest, the field weight values for all living
continucus inventory trees were determined from actual measurements. The
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actual and equation predicted values for the 1980 and 1981 planted trees
are presented in Table 2~16. The predicted values were reasonably close to
the actual values for most site~treatment-year of planting combinations,
These differences between the actual value and the predicted value were
used to adjust the four year old OD mainstem wood, mainstem bark and branch
material in Table 2-15. The adjusted four year old accumulated yields, by
component, for each treatment at each plantation site and year of
establishment are presented in Table 2-~17, The adjusted yield values will
be combined with the energy and chemical properties to provide inputs to
the financial and energy analyses.

Nutrients - To estimate the potential soil nutrient drain from intensive
culture of dense plantations, the nutrient levels in the Ap and upper 15 cm
of the B soil horizons were measured annually (Appendix B, Tables B-1, 2),
These analyses failed to suggest any negative changes in the soil nutrient
levels over the first rotation., Most estimates of soil fertility increased
over the four years of the first rotation, as compared to preplanting
levels, for all treatment units (Appendix B, Tables B-1l, 2), One possible
explanation for these positive changes in soil fertility levels is the
decomposition and incorporation of litter fall. The concentrations of
macronutrients im the foliage and returned to the soil as fresh litter, and
concentrations of these nutrients in the spring and late summer litter are
presented in Appendix B (Tables B-20 to 27).

The concentrations of N, P, K, Ca and Mg in one, two, three and four year
old biomass are presented in Appendix B (Table B~17 to 20). Estimates of
the amounts of N, P, K, Ca and Mg contained in the four year old biomass
removed in a first rotation harvest are presented in Tables 2~18 to 2-20,
These nutrient values for mainstem wood, mainstem bark and total tree
components are presented by year of establishment, plantation site and
treatment. As expected, the macronutrient amounts in the biomass were
greater for the fertilized treatment units than the non-fertilized
treatment units. For all components of the biomass, the amounts of N, K
and Ca accumulated were much greater than the amounts of P and Mg. Removal
of N, K and Ca in the ranges presented in Tables 2~18 to 2-20 could reduce
future production, if these nutrients were not replaced.

It appears from these soil ferrility and nutrient uptake comparisons that:
(1) either the soil testing procedures are not sufficiently sensitive to
accurately measure the soil fertility changes or (2) the supply capacity of
the soil plus the decomposition and mineralization of litter fall exceed
the nutrient uptake of the trees in the first rotation.

Corn Plot Summary

To verify the effectiveness of the fertilizer program in achieving the
desired soil nutrient status, six replicated (three started in 1980 and
three in 1981, at each site) Maize Pioneer hybrid 3591 plots of standard
research size (7.3 x 10 m) with 0.18 m between the rows and a projected
surviving population of about 60,000 plants/ha were established adjacent to
the tree plantings.

These 12 replicated 73 m? corn plots (6 at each site) were established
adjacent to the Populus plots. Except for the 1983 growing season, annual
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Table 2-16. Four year old field weight values from actual measurements and
from equations presented in Table 2~10. These values are
summations of all surviving individual tree weights per plot
for the three 1980 planted replications and three 1981 planted
replications per site.

Plantation Field Weight Conversi??
Site Treatment Actual Predicted Factor

- - ~ tonne per hectare - -~ -

1980 Planting

Basher
Control 45.77 44.23 1.03
Irrigation 65.10 65,35 - 1,00
Fertilization 70.21 70.70 .99
Fertilization/ 77.39 75.76 1.02

Irrigation

Morrison
Control 41,45 38.19 1.09
Irrigation 46,56 44,58 1.04
Fertilization 67.36 61.19 1,10
Fertilization/ 78.99 77.90 1.01

Irrigation :

1981 Planting

Basher
Control 71.96 69.94 1.03
Irrigation ’ 67.90 63.90 1.06
Fertilization 87.85 83,96 1.05
Fertilization/ 90.44 89,92 1.01
Irrigation
Morrison
Control 64,42 65,03 .99
Irrigation 70.49 77.41 .91
Fertilization 79.56 77.67 1.02
Fertilization/ 86,38 94.30 .92
Irrigation

1/Multiply predicted field weight value by conversion factor to obtain
actual field weight.
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Table 2-17. Actual fowr vear %otal trse field weight {(green) and zdiusted oven dry waight, aznd cven dry
nalnstem wood, bark and branches at the end of the growing sesson. The adiusted values
were calculated from the difference between actual and predicted valuss presented in Table

2-18,
Adjusted Oven Dry
Plantation Total Tree Mainstem Mainstem
Site Treatment Actual Field Total Tree Wood Bark Branches
------------- teone/ha — = = = = = = = - = = - - - -
1980 Planting
Basher Control 45,77 22.35 14,93 3.94 4,49
Irrigation 65,10 31.50 21,93 5.06 5.85
Fertilization 70,21 33.75 23.93 5.88 5.64
[ Fertilization/Irrigation 77.39 36.62 26.35 5.83 5.71
)
= Morrison Control 41.45 20.42 13.64 4,00 4,10
Irrigation 46,56 22.35 15.56 3.97 4,15
Fertilization 67.36 32.46 23.01 6.05 5.43
Fertilization/Irrigation 78.99 37.28 26,83 6.03 5.81
1881 Planting
Basher Control 71.96 35.34 23.61 5.83 7.10
Irrigation 67.90 32.65 22,73 5.76 6.07
Fertilization 87.85 42,51 30.14 7.20 7.11
Fertilization/Irrigation 90.44 43,04 30.97 6.86 6.71
Morrison Control 64,42 31.59 21,10 5.49 6.34
Irrigation 70,49 33.95 23.64 5,46 6.31
Fertilizarion 79.56 38.20 27,09 6.75 6.39

Fertilization/Irrigation 86.38 41,11 29,59 6.45 6.41




Table 2-18. Estimated amountll of N, P, K, Ca and Mg contained in the four
year old mainstem wood, by year of planting, plantation site
and treatment.

Plantation
Site Treatment N P K Ca Mg
----------- kg/ha~ « = = = = « = - =~
1980 Planting
Basher
Control 18 5 i5 19 3
Irrigation 26 7 24 29 5
Fertilization 40 7 29 31 5
Fertilization/ 42 8 32 34 5
Irrigation
Morrison
Control 19 K) 11 i8 4
Irrigation 20 3 12 19 5
Fertilization 41 5 18 28 7
Fertilization/ 43 5 21 32 8
Irrigation
1981 Planting
Basher
Control 28 7 23 31 5
Irrigation 32 7 25 30 5
Fertilization 51 9 36 39 6
Fertilization/ 49 9 37 40 6
Irrigation
Morrison
Control 30 4 17 27 6
Irrigation 30 5 19 28 7
Fertilization 49 5 22 33 8
Fertilization/ 42 5 21 32 8
Irrigation
1/

Based on the adjusted oven dry weight of mainstem wood in Table 2-~17 and
the nutrient concentrations in the four year old wood (Appendix B, B-17).



Table 2~19. Estimated amountl

site and treatment.

of N, P, K, Ca and Mg contained in the
four year old mainstem bark, by year of planting, plantation

Plantation
Site Treatment N P K Ca Mg
——————————— kg/ham = = = = = = = = =
1980 Planting
Basher
Control 33 4 28 65 4
Irrigation 45 5 35 72 5
Fertilization 65 5 43 101 6
Fertilization/ 62 5 42 91 6
Irrigation
Morrison
Control 35 4 28 53 6
Irrigation 27 K] 28 63 6
Fertilization 68 5 46 106 8
Fertilization/ 66 5 46 99 8
Irrigation
1981 Planting
Basher
Control 50 ) 41 96 6
Irrigation 51 5 40 82 6
Fertilization 79 6 53 124 7
Fertilization/ 73 6 49 107 8
Irrigation
Morrison
Control 49 5 38 72 8
Irrigation 37 4 39 88 8
Fertilization 76 6 51 119 9
Fertilization/ 71 6 50 106 9
Irrigation
1/

Based on the adjusted oven dry weight of mainstem bark in Table 2-17

and nutrient concentrations in the four year old mainstem bark (Appendix

B, Table B-18),
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Table 2~20. Estimated amountll of N, P, K, Ca and Mg contained in the
four year old total tree biomass (excluding leaves), by year
of planting, plantation site and treatment.

Plantation
Site Treatment N P K Ca Mg
----------- kg/ha= = = = = = = = = =
1980 Planting
Basher
Control 64 11 65 98 1!
Irrigation 98 14 98 137 16
Fertilization 125 14 98 151 17
Fertilization/ 143 , 15 114 139 18
Irrigation
Morrison
Control 53 8 53 82 10
Irrigation 54 7 60 96 i1
Fertilization 120 13 94 162 16
Fertilization/ 116 11 97 160 19
Irrigation
1981 Planting
Basher
Control 102 18 102 155 18
Irrigation 91 13 91 127 16
Fertilization 141 15 111 172 19
Fertilization/ 160 16 127 156 21
Irrigation
Morrison
Control 82 13 82 126 16
Irrigation 81 10 92 146 17
Fertilization 141 15 111 191 19
Fertilization/ 127 12 107 177 21
Irrigation

/Based on the adjusted oven dry weight of mainstem wood, msinstem bark and
branches in Table 2-17 and nutrient concentrations in the four year old
mainstem wood, mainstem bark and branches (Appendix B, Tables B-17, 18,
19) L3



total above average ground OD biomass production for these corn plots
ranged from 11.81 ODt/ha to 24.25 ODt/ha and averaged 16.89 ODt/ha (Table
2-21). The 1983 growing season was a poor year for corn and the biomass
ranged from 4,48 to 8.28 0ODt/ha (Table 2-21). Including the 1983
productlion values, average annual production from first tilled to third
no-till corn crops would have been 14.33 ODt/ha. Since these plots were
fertilized by the same program as the fertilization Populus plots, the corn
yields should be compared to the fertilization treatment unit yields. All
fertilized Populus treatment units averaged 0.60 ODt/ha in the establish-
ment vear. In the second year, biowass production was 8.20 ODt/ha for an
average annual production of 4.40 ODt/ha at the end of two growing seasons.
The fertilized Populus treatment units produced 14.48 ODt/ha in their third
growing season and average annual biomass production increased to 7.76
ODt/ha at the end of three years.

In the final year of the first rotation, all four year old fertilized trees
produced 12.10 ODt/ha of total tree biomass. Averaged over the four years,
the fertilized trees at the Basher and Morrison sites had an annual
preduction of 8.85 ODt/ha of total tree biomass.

Since corn harvest included leaf materlal the comparison between corn and
tree production values should include Populus leaves. Total Populus
bicmass production for the fertilized trees, including leaf value, for a
given year, was 1.00, 10.98, 18.47 and 15.46 ODt/ha in the first, second,
third and fourth growing seasons, respectively. Average annual production
of total tree blomass for the fertilized trees, including all cumulative
leaf production, was 1.00, 5.99, 9.95 and 11.33 ODt/ha after one, two,
three and four growing seasons, respectively.

The corn plots were sampled according to standard agronomic methods, and
nutrient contents in the selected components have been assembled (Table
2-22). Over four years of production, it 1s estimated that about 767, 120,
402, 104 and 99 kg/ha of N, P, K, Ca and Mg, respectively, would be removed
in the stover and grain harvested from the Basher site (Table 2-22). It is
estimatsd that a similar corn harvest at the Morrison site would remove
709, 109, 405, 136 and 104 kg/ha of N, P, K, Ca and Mg, respectively,
(Table 2-22). Compared to the potential nutrient removal in total tree
(excluding leaves) harvest of four year old Populus (Table 2-20), corm
production would remove greater amounts of N, P, K and Mg and slightly
lower amounts of Ca.

Herbaceous Plot Summary

Adjacent to the Populus study plots, twelve replicated (six at each site)
25.0 m? native herbaceous vegetation plots were maintained. Oven dry above
ground anoual herbaceous vegetation at the end of the growing season for
grass (and grasslike), broadleaf weeds and total material one, two, three
and four years after tillage 1s presented in Table 2-23. Total herbage
increased with years after tillage. The Basher site herbaceous material
ranged frowm 2.80 to 4.67 ODt/ha and annually averaged 3,48 ODt/ha. The
Morrison site herbaceous material ranged from 1.90 to 3.53 0Dt/ha and
annually averaged 3.02 0Dt/ha. Comparisons of data from the herbaceocus
plots should only be made with the Populus control plots. Total tree,
excluding leaves, biomass for all one year old control trees averaged 0.60
ODt/ha. The two year old trees average production in the second growing
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Table 2~21, Averagell fz?ld weightz/ and oven dry weightsB/ of corn

stover, ear  and total plant for first tilled soil in 1980
and 1981, and no~tilled soil in 1981 and 19§;. All plots were
fertilized to yield 47 toune of corn silage {field weight}
per hectare. '

Field Weightzl Oven DryB/
Tillage-Year : . 6/ 7/

Site Stover Ear Total Stover Grain Cob Total
First Tilled @ = = = = = = =« = = « = » Defhg ~ ~ = = = = = =« o -~ -
1980 Basher 12,20 11.01 23.21 5.00 4,81 2,00 11,81

Morvison 12,23 10.55 22,78 4,73 5.31 2,60 12.10
1981 Basher 15,63 16.86  32.49 6,61 8.68 3.13 18,42
Morrison 10.40 14,34 24,74 4,55 9,02 2,78 16,35
First No Till
1981 Basher 15,79 16,15 31,95 6.63 8.38 3.07 18,08
Morrison 8.86 13,17 22.03 4.40 8.33 2,61 15,34
1982 Basher 17.55 10.11 27.66 5.98 4,88 2.22 13.08
Morrison 14,20 16.84 31.04 5.82 8.81 3.00 17.63
Second No T4ill
1982 Basher 24,40 13.42 37,82 8,30 6,48 3.03 17.81
Morrison 13.50 16,39 29,89 5.53 8,57 2,89  16.99
1983 Basher 9.37 $5.66 16,03 2,68 3.59 52 " 6,79
Morrison 7.57 7,51 15.08 3,52 4.09 .67 8,28
Third Ne Till
1983 Basher 13,82 1.26 15,08 3.66 .70 .12 4,48
Morriscn 8,90 2.71 11.61 5.34 1,45 .21 7.00
1984 Basher 20,07 16,50 36,57 4,36 13,70 2.81 20.87
Morrison 29.10 15.96 45,06 8.31 13,90 2,04 24,25

liAverage of three replicates/tillage/year/site.
.

“fMeasured in October two weeks after killing frost.

3!0van dry at 74°C until weight stsbilized.

4‘/Husked, grain on the cob.

5’&7 tonne of corn silsge at field weight with desired harvest wolsture at

54% (wet welght basis) would equal about 17 oven dry tonne/hectare,

6/Shelled grain weight yields for market values would be increased by 15,5%

over oven dry value.

7fEstimate by multiplying oven dry stover + grain values by 0.205 for

First Tilled, First No Till, Second No Till (1982). Determined from
measurements for all others.
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Table 2-22. Average concentrations and estimated

1/

nutrient uptakezlvalues

for mature stover and grain of associated corn plots from
first tilled through third no-tilled soil.

Site Specimen N P K Ca Mg
Concentrationgs == = = - o0 = = = = Zof OD wty= = = = = = ~ « =
Basher
Stover 0.90 0.12 1,05 0.33 0.22
Grain 1.55 0.33 0.34 0.02 0.13
Morrison
Stover .76 0.09 1.07 0.44 0.23
Grain 1.63 0.28 0.30 0.02 0,12
Four Year Uptake @ = = o = = = = = = = = = kg/ha = = =~ = = = = =~ = =
Basher
Stover 270 36 315 99 66
Grain 397 84 87 5 33
Total 767 120 402 104 9
Morrison
Stover 224 26 316 130 68
Grain 485 83 89 6 36
Total 709 109 405 136 104
1/

2/

Calculated from site-specimen
concentrations (above).

Average of six plots per site
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Table 2-23. Averagell

oven dry welghts of grass (gyd grasslike), broadleaf

weeds and total herbaceous vegetation ' at the end of the

growing season (September) on native vegetation pigts that

were adjacent to each plantatiom site.

The 25.0 m” permanent

plots were not fertilized or irrigated and replicated 6 times.

Plantation Broadleaf
Site Grass Weeds Total
-------- tonne/ha -~ ~ - - = - ~ -
One growing season
after tillage
Basher .45a 2.35a 2.80a
Morrison .12b 1.78b 1.90b
Average .29 2,06 2.35
Two growing seasons
after tillage
Basher .79a 2.31a 3.10a
Morrison .15b 3.11b 3.26a
Average A7 2.71 3.18
Three growing seasons
after tillage
Basher .92a 2.41a 3.33a
Morrison »48b 3.05b 3.53a
Average .70 2.73 3.43
Four growing seasons
after tillage
Basher .98a 3.6%a 4,67a
Morrison .40b 2.83b 3.23b
Average .69 3.26 3.95

1/

(1981l) after tillage.
tillage are based on 6 replications (N=24),

Means of four 1.0 m2 plots per 3 replications for the one growing season
The two, three and four growing seasons after
Values with the same letter

within season after tillage are not significantly different at the 0.05

level.

2'ISee Appendix A (Table A-1) for list of species.
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season was 4.65 ODt/ha or an average annual accumulated production of 2.63
ODt/ha. The three year old trees produced 9.21 ODt/ha of total oven dry
bilomass in the third growing season, and had an average annual accumulated
production of 4.82 ODt/ha. In the last growing season of the first
rotation, the control treatments produced 12.17 ODt/ha, and had an average
annual accumulated oven dry production of 6.66 ODt/ha.

Since harveszt of herbaceous vegetation includes leaf material, a more
precise comparison would be Populus above ground biomass, including

leaves. Including leaves, the average total biomass production of the one
year old control trees was 1,00 ODt/bha. In the second year, total biomass,
including leaves, was 7.34 ODt/ha or an average annual production of 3.87
ODt/ha of total biomass including one and two year old leaf production.
Production of total biomass, including leaves, in the third growing season
was 11.99 ODt/ha and the average annual production of total biomass,
including one, two and three year old leaves, was 6.58 ODt/ha. In the
final year of the first rotation for the 1980 plantings, the control
treatment units produced 15.11 ODt/ha of total biomass, including leaves.
Averaged over the four year rotation, these 1980 planted trees annually
produced 8,71 ODt/ha of total tree biomass, including leaves from one, two,
three and four years.

Production Summary

Total tree 0D yields of the Populus hybrid trees planted on the two study
gsites indicate:

1. Proper weed control substantially increased biomass yields.

2. Biomass productivity was greater in the second year than the first
year, greater in the third year than the second year and similar
in the third and fourth years.

3. Favorable sites yielded slightly more biomass, in the same time
frame, compared to unfavorable sites.

4, Irrigation, fertilization and fertilization/irrigation Increased
two, three and four year old bilomass production.

At these study sites, bilomass production rates from the Populus system
appeared to be greater than a mative herbaceous system but lower than the
amount obtained from a corn production system. The trees have been slow to
reach site occupancy and blomass production rates have been low in the
first and second growing seasons. In the third and fourth years, the
amounts of biomass produced by the Populus trees were similar to the
average corn production rates.

The four year tree biomass production did not equal the targeted four year
total corn production of 63 ODt/ha of biomass. The actual corn production
also did not achieve the targeted production level, Low tree biomass
production rates were expected for the first year. Higher biomass
production rates were measured in the second, third and fourth years. At a
density of one tree per 0.48 m?, near maximum first rotation biomass
production rates may be achleved in the third or fourth growing seasoms for



some treatments, depending on weed control in the establishment year. The
first rotation average total biomass yields (mainstem wood, mainstem bark
and branch material) for the 1980 and 1981 plantings are presented in
Figure 9. These one through four vear old accumulated yield values for
each treatment are averaged over plantation site.

At the end of the first rotation, the treatment dependent range in average
total tree biomass yield was considerable for the trees planted in 1980 and
substantial for the 1981 planted trees (Figure 9). The control trees with
poor weed control in the establishment year (1980) averaged about 20 ODt/ha
of total tree biomass at age four. Irrigation increased the accumulated
four year old yields to about 27 ODt/ha, and fertilization produced about
32 ODt/ha at the end of the first rotation. The combined
fertilization/irrigation amendments to the Populus trees planted in 1980
resulted in about 36 ODt/ha of total tree bilomass at age four. Good weed
control in the establishment year (1981) resulted in the control treatment
producing about 33 ODt/ha of total tree biomass in the first rotation.
Irrigation increased the four year old accumulated yields to about 34
ODt/ha and fertilization increased the yield te about 39 ODt/ha.
Fertilization/irrigation to the trees established with good weed control
resulted in first rotation yields of about 44 ODt/ha.

Over both sites and the two vears of planting, the four year ranges in
accumulated total biomass above a 15 cm stump for individual replications
were extreme for controel (9 to 35 ODt/ha), high for irrigation (21 to 40
oven dry tonne/ha) and fertilizationm (26 to 44 ODt/ha) and moderate for the
fertilization/irrigation (35 to 47 ODt/ha).

Physical and Chemical Properties

Selected physical and chemical properties, related to the use of Populus
hybrids as a source of fuel or chemicals, were analyzed for variations
associated with the different cultural strategies within and between sites.
Data included: 1) specific gravity (maximum moisture content method), 1)
moisture content (ASTM D-2016), 3) gross heat of combustion (ASTM D-20153),
4) ash content (ASTM D-1102), 5) extractive content (ASTM D~1105), 6)
holocellulese (acid chlorite method), 7) alpha-cellulose (ASTM D-1103) and
8) Klason lignin (ASTM D-1106).

Four vear old wood, bark and wood/bark composite specimen values are
summarized in Table 2-24, A complete set of the physical and chemical
property data by management strategy, site, age and tissue component are
given in Appendix B (Tzbles B-28 through B-35).

Moisture content of four year old material averaged 97%, 102%Z and 108% for
wood, wood/bark composite and bark, respectively. Wood moisture content
decreased with increasing age and bark moisture content increased with
increaging age. While moisture content was statistically insensitive to
management strategy, it did vary with site.

Specific gravity was largely insensitive to any management strategy or site
effects. Four year old wood, wood/bark composite and bark specific gravity
values were 0.385, 0.387 and 0.339, respectively. Wood density decreased
with increasing age, with the largest change occurring between ages two and
three, a period of rapid growth. WNo such trend was evident for bark.

~
1

9]

(o9



1981 Planting
= 40.0 5= _—
@
| 5
«
ot
o))
L~ Fertilization/
. Irrigation
O 20.0k. cond
=
o=
(@) Fertilization —
& 10.0ke —
(7)) " Control
()
m &
! ]
E 40-0 e o—
(o) 1980 Planting
pon /////’,,,wv
Fertilization/
3 30.0 j— Irrigation ' -
| =
o
'6 20.0 Fertilization b
shad
o
F 10.0 o
] | T ]
1 2 3 4

Age

Figure 9. Average total biomass (mainstem wood, mainstem bark and branch
material) for 1980 and 1981 plantings for one through four years
of the first rotation, averaged over plantation sites.
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Table 2-24. Selected physical and chemical properties of four year old Populus hybrids.ll

2/ / Gross4/ 6/ Holo—7/7 Klasonsl Alphagi
Management Specific Moigture Heat of 5/ Extractive ' cellulose Lignin Cellulose
Component Strategy Gravity Content  Combustion Ash Content Content  Content Content
Wood Control 0.389 99,2 4621 0.43 5.62 83.89 16,32 46,60
Fertilization 0.368 98.0 4590 0.51 5.36 82.78 16.47 46,68
Irrigation 0.402 96.6 4628 0.47 5.39 84,05 15.94 46,53
Fertilization/ 0.381 87.3 4579 0.48 5.24 82.82 15.26 46,23
Irrigation
Wood/ Control 0.387 101.2 4647 1.05 11.54 74,45 16.62 45,99
Bark  Fertilization 0.378 103.1 4650 1.20 10.87 75.73 17,30 46.51
Irrigation 0,397 105.9 4651 1.18 10.70 76.66 16.97 46,18
Pertilization/ 0.388 102.2 4614 1.00 10.45 75.35 16.64 46,29
Irrigation
Bark Control 0.332 106.8 4792 5.13 41,16 43.34 14,59 44,38
Fertilization 0.338 111.2 4737 5.31 41,32 43,99 13.95 45,34
Irrigation 0.341 106,2 4773 4,83 41,60 44,10 15.79 44,67
Fertilization/ 0.348 108.8 4720 5.16 41,59 43,93 14.39 44,76
Irrigation
1/Specific gravity and moisture content values are based on an averge of 9 specimens per plantation
establishment year per site. Gross heat of combustion, ash, helocellulose, Klason lignin and alpha
cellulose values are baged on an average of 3 specimens per plantation establishment year per site.
Extractive content values are baged on an average of 7 specimens per plantation establishment year per
site,
2/Maximum moisture content method, Smith, D. M. 1955, Maximum Moisture Content Method for Determining
Specific Gravity of Small Wood Samples, USDA Forest Service, Forest Products Lab., No. 2014, B pp.
3/ASTM D 2016, oven dry asis, Z.
4fASTM D 2015-66, oven dry basis, cal/g.
5/ASTM D 1102, oven dry basis, Z.
6/ASTM D 1}05—56, oven dry basis, I.
7/

Acid chlorite method, Browning, B. L. 1967. Method of Wood Chemistry, Vol., II, Interscience
Publishers, New York, oven dry basis, Z.

ASTM D 1103-60, oven dry extractive free basis, Z.
ASTM D 1106-56, oven dry basis, %.

8/
9/



Ash concentrations were substantially higher in one year old wood than two,
three and four year old wood and were substantially lower in one year old
bark than two, three and four year old bark. Four year old means were 0.5%,
1.1Z and 5.1% for wood, wood/bark composite and bark, respectively. There
were significant differences in ash content among management strateglies and
between sites.

Differences in gross heat of combustion values may be related to
differences in extractive and lignin contents of the material. Gross heat
of combustion values of four year old bark, 4755 cal/g, were higher than
that of wood/bark composite, 4640 cal/g, and wood, 4604 cal/g. This may be
associlated with bark's high extractive content (41%) as compared with
wood/bark composite (117) and wood (5%). Extractive content of wood
decreased with increasing age. Extractive contents of bark were relatively
low in ages one and fouxr, and were relatively high Iin ages two and three.
Lignin content values of four year old wood, wood/bark composite and bark
were 16%Z, 177 and 15%, respectively. While there were significant
differences in gross heat of combustion, extractive content and lignin
content values among management strategiles and sites for some specimens, no
consistent trends were evident.

Ethanol produced from woody biomass is converted from holocellulose and the
ethanol yield primarily depends on cellulose concentrations of the woody
biomase. Holocellulose content of wood and bark increased with increasing
age. Four year o0ld wood, wood/bark composite and bark values averaged 837,
76Z and 44Z, respectively.

Alpha cellulose content of wood also increased with increasing age. On an
0D extractive free basis, four year old wood, wood/bark composite and bark
values were similar, averaging 46%Z, 467 and 42%, respectively. Converting
these values to an OD basis, average alpha cellulose contents were 447, 417
and 257 for wood, wood/bark composite and bark, respectively. Alpha
cellulose and holocellulose values were largely insensitive to site;
however, some treatment effects were evident.

Juvenile wood often exhibited different physical am chemical
characteristics than older material. Therefore, while certain properties
appear to vary with age, these trends usually become minimal in three and
four yesr old material.

Most physical and chemical properties did not vary significantly with site
at the 0.05 level except for ash and extractive content. There were
statistically significent differences in properties among management
strategies. However, these differences did not necessarily exhibit
consistent trends and the magnitude of these differences within a property
were generally quite small.

Fconomic Analysis Summary

The financial and energy maintenance costs for the first rotation are
summarized in Table 2-25. The highest annual energy cost for maintaining
the fertilization treatment unit was associated with ammonium nitrate. In
contrast to the energy results, the highest annual financlal cost was
associated with ammonium nitrate on the Basher site and lime on the
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Table 2-25. Summary of the fimancial and energy maintenance costs for the
first rotation.

Basher Site Moxrrison Site
Maintenance 106 kcal/ha $/hall 106 kcal/ha $/ha§7
Operations
Insecticide/Fungicide 944 70.70 . 944 70.70
Property Rental and Tax 44.316 297.54 44,316 297.54
Management . 005 203.79 . 005 203.79
45,265 572.03 45,265 572.03
Cultural Amendments
Fertilization 12.327 410,24 15.428 551.09
Irrigation 5.253 1754.67 5.516 2059, 34
17.580 2164.91 20.944 2610.43

1/

Total cost for 4 year period, discounted at 5% annual.

Morrison site. The annual financial and energy costs for maintaining the
fertilization treatment units were higher for the Morrison site than the
Basher site.

The estimated irrigation financial and energy costs needed to maintain a
commercial Populus hybrid plantation were (Tables 1-10 and 1-11) based on
analyses of material requirements and costs given in Reed et al. (1976},
Funk et al. (1980), Pimentel (1980) and from the experimental plantatioms.
Based on these analyses, the ammual financial and energy costs for
establishing the irrigation system were lower than the anmmnual maintenance
and operation financial and energy costs.

A summary of the financial and energy costs for maintaining a commercial
plantation (Table 2-25) listed the highest operation cost as property
rental and tax. Financial costs for management were higher than
insecticide/fungicide costs while the emergy costs for insecticide/
fungicide exceeded the costs for management. This was primarily due to
management having a relatively high salary cost but a miniscule energy
cost. Examination of the cultural amendment costs revealed that energy
costs for fertilization were higher than irrigation while financial costs
for irrigation were higher than fertilization. In addition, the costs for
cultural amendments were higher at the Morrison site. These data were used
as inputs to the LP model.
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Task 3 ~ Analysis of Biomass Financial and Energy Data

The financial and energy amalyses in this project were based on a
self-owned, fully integrated commercial-scale operation. Costs for nursery
stock, establishment and cultural maintenance operations were developed
from field data obtained in this project, and combined with operational
information in the literature supplemented by consultations with
agricultural engineers and professional farm managers. These production
costs were coupled with harvest, transportation, storage and conversion
costs obtained from the literature for use in analyzing the self-owned
commercial~scale operation from production through conversion.

The financial and energy model for this project balanced the inputs for
producing, harvesting, transporting and processing against the recoverable
cutputs from the forest biomass. The LP basis for amalyzing the biomass
system characterized it as a production function and related inputs (e.g.,
fertilizer, irrigation amendments, etc.) to outputs {e.g., financial and
energy gains). All of the facets of research within this project were
entered into the problem as alternative strategies for growimg biomass,
harvesting the product and converting the material to energy. The solution
to this problem represented a selection of the most efficlent strategies
for attaining a maximum net financial or maximum net energy output from the
system.

Two of the key rationales for this research effort were to determine the
actual yvields from a set of alternate management strategies and to analyze
these production efforts as full cost, self-owned, commercial-scaie
operations. Although previous studies have reported yields from intensive
culture plantations, few of these have compared the efforts of alternate
management strategies. Nor have these efforts evaluated their financial
potential under the mandates of a commercial-scale operation.

The first portion of this project was the establishment and maintenance of
an intensive culture plantation. The second portion compared the financial
and energy costs of producing, harvesting and processing biomass against
the recoverable output. Linear programming was used to analyze the various
input requirements, associated constraints and outputs among the various
management strategies and ameong the eventual combination of alternate
management /harvest/conversion systems. Two objective functions were used
in gaining alternate sclutions to the wodel: maximizing net fimancial and
net energy values. The overall LP design compartmentalized the functioms
into separate units. These units followed the sequential order: 1)
biomass production, 2} harvesting, transportatiom, 3} storage and 4)
conversion of biomass to energy. Sub-units, or strategies, were
established within the various units as a2 means of orderimg and analyzing
alrernative methods of production. Functionally, the model identified the
"hest route” among the complex of management /harvest/conversion
alternatives and alsoc permitted a sensitivity analysis of key wvariables
within the model.

Short-rotation biomass plantations require many of the practices used for
row crops. The research plantations, though much smaller in size than the
proposed commercial systems, were functiomal in identifying the necessary
field operations for each phase of work. Various agricultural engineering



standards were subsequently used to determine the probable operational
characteristics, time constraints and financial and energy costs for self-
owned commercial-sized plantations. The size was based on initial
estimates of the output requirements from the total system.

The financial analysis literature review centered on the economics of
producing intensively managed, short-rotation Populus hybrid plantations,
with particular attention directed to the costs of site preparation and
establishment. However, cost estimates may change due to inflatiomary
trends, improving technologies, location and site qualities. In the final
analysis, the real merit of these previous studies was in their methodology
for evaluating the production function.

Limited Information was available on formal research of biomass production
systems., However, certain cost estimates were drawn from the conceptual
models depilcting various aspects of the agricultural and forest sectors.
The intensity of the proposed biomass systems was similar to agricultural
production and in several cases similar machinery was proposed.
Comparative cost estimates for site preparation and establishment of
short-rotation plantations were provided by DeBell and Harms (1976), Inman
et al. (1977), Mace and Gregersen (1975).

Biomass Financial and Energy Input Accounting

All production operations were cost analyzed on the basis of financial and
energy expenses. In the financlal and energy conventions, costs were
divided into varilable and fixed expenses associated with the self-ownership
of all capital equipment.

Financial Accounts - Total financial costs were compared to agricultural
contract rates to check the relative accuracy of the accounting methods and
to evaluate the merits of self-ownership. In all cases the estimates were
sound and confirmed the logic of self-ownership under the proposed scale of
operations.

All of the financial values for plantation establishment and maintenance
were for the base year 1981. Capital costs were prorated over their
expected operational lifetime and also incorporated a 57 annual real
interest charge on their nondepreciated value. The initial costs of
plantation establishment were prorated over their expected 20 years
lifetime in a similar fashion. When the financial analysis required a
development of present discounted values, all future values were discounted
at the 57 annual real interest charge, 1In a reciprocal fashion, the
compound future costs at the conclusion of the first rotation were based on
a 57 annual rate of interest charge. This rate represented a compromise
between the 67 historic and projected after-~tax real rate on U.S. corporate
capital reported by Klemperer (1979) and the 47 real rate proposed by Row
et al, (1981) as the current marginal long-term expectations on new
productive Investments.

Variable costs for an operation included labor, fuel, materials and
maintenance of the equipment. Base pay rates were taken from Doane's
(1981) with 5 to 207 added for fringe benefits. Fixed costs included
insurance, equipment shelter, depreciation and interest. Annual insurance



and shelter charges were 1.57 of the equipment’s original list price.
Deprecliation and interest were treated as an annuity payment to reflect the
recovery of the original net investwent and an interest charge on the
remaining principal,

For cost accounting purposes plantation production was divided into:
(1) establishment, (2) maintenance and {(3) the cultural amendments of
fertilizati{on and irrigation. Establishment included herbicide,
mower—~conditioner and offset disking operations during the fall season
followed by the spring operations of disc harrowing, pre-emergence
herbiciding and planting.

Fach establishment operation was sequentially analyzed in terms of:

{1) the areal rate of production for the central unit of equipment, (2) the
power and allied fuel requirements of the unit, (3) the volume of land
prepared per equipment unit during the limits of the annual time frame and
(4) the number of equipment units required for the proposed size of
operations. The offset disking operation was the critical constraint to
the volume of land prepared during the establishment phase. The central
unit, a 170 hp tractor, can prepare an area of 924 ha during the 11 wesk
fall plowing period available to our region. By establishing the base
working undit at 924 ha, all other establishment operations would be
completed within their respective time frames.

The largest cost in the establishment phase was for the hybrid poplar
cuttings., With an annual requirement of 20 million cuttings (21,000/ha)

the least cost appreach in developing this supply was to operate a

satellite nursery. Nursery operations were based on the same fertilization/
irrigation management strategy proposed for the plantations. Aun estimated
annual yield of 350,000 cuttings/ha would be produced from the nurgery

after an initial two year establishment period.

Costs of cuttings were developed on the assumption that they would be
produced in the production/conversion facility's self-owmed and operated
nursery. These actual costs for cuttings will probably be lower than
cutting costs for an operation which purchases cuttings from an independent
profit oriented nursery.

Maintenance costs included biennial pesticide and fungicide treatments,
land rent, land taxes and overhead management. A helicopter spray svstem
was used in the application of insecticides and fungicides during the third
year of the rotation. The total costs of self-owned helicopter spray
systems were compared to the costing and mark up procedures employed by
contract helicopter spray services. This verified the cost advantage of
self-owned equipment over contract services when the equipment was emploved
over 507 of its expected operational capacity.

Land rent represented the opportunity cost of using these types of land for
biomass production. The most likely alternative use for the Basher and
Morrison sites was in corn production. As such, the rent payment was the
net revenue earning capacity of land from corm production. The net veturn
from corn production was the difference between the gross revenue earnings
from this output and the sum of the production and drying costs, property
taxes and federal income taxes. An analogous study was made of the net
energy gain secured from corn production (Appendix C, Table C-1).
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Dum et al. (1977) estimated 272 bu/ha as the probable output from a "good"
corn production site such as found on the project's plantations. Gross
revenue was based on a 5-year average farm price net of hauling and
marketing costs (Pa. Dept., of Agric. 1982). This average price of
$2.87/bu resulted in a gross return of $781.18/ha. Production costs were
based on 1980 Pennsylvania estimates for producing 120 bu of corn per acre
(Pa. Dept. of Agric. 1982). This cost ($601.19/ha), adjusted to the base
year (1981), also included a managerial charge of 57 of gross revenues per
hectare. Drying costs were Included as a necessary cost for marketing the
output at a $2.87/bu price. A custom rate for drying of $.26/bu was used
in establishing the costs per bushel (King 1981).

The property tax was assessed in a manner coonsistent with comparable
agricultural lands. It was based on the preferential assessment procedures
available under Pennsylvania's Act 319 statutes. Tillable land in Centre
County, Pennsylvania, has been valued at $370.65/ha over the last few years
(Centre County Real Estate Assess. Off., 1982, 1983). Using an assessment
ratio of 207 and an average real estate willage rate of 100.94 mills per
$1.00 of assessed value (or $.10094/1.,00) for 37 districts in Centre
County, Pennsylvania, the estimated property tax on agricultural property
was: $370.65/ha x 0.2 x $.10094 = $7.48/ha. Since this estimated tax was
for 1980, 1ts value was compounded forward at a 5Z rate for one year,
yielding a final value of $7.85/ha., The federal income tax was based on an
average tax rate of 257 as applied to all net revenue, after payment of
property tax.

The results of this financial analysis indicated that land's annual net
return from corn production would be $76.06/ha (Appendix C, Table C-1).
Using this return as a constant annual perpetual series, thé present net
worth of the property would be $1521.20/ha, when using a 5% rate of
discount.

Gingrich and Shortle (1984) provided a comparative study of agricultural
land values in Pennsylvania for the period 1976-81. Their data base was
drawn from farm transfers financed through the Federal Land Bank (FLB).
This particular agency financed an average of 327 of all credit-financed
farm real estate sales in the Northeast for the years 1975-82. The land
value for farm real estate in the central Pennsylvania region during their
study pericd averaged $1856/ha. Further stratifications of thelr data base
indicated selling prices of land used for field crops averaged at $1935/ha,
Comparisons of the FLB data with similar types obtained by the USDA
Economic Research Service and by the U.S5. Department of Commerce indicated
FLB data to be 257 to 357 higher than the other two sources.

Although this project's estimated land value of $1521/ha was lower than the
FLB market prices it did fall within the range of the market prices
presented by all three scurces. These market prices may not necessarily be
guided by the financial principles used within this project, but the
results are comparable and, as such, do support the land rent charge used
within this project.

The managerial requirements for planning, implementing and supervising a

commercial biomass plantation, as proposed in the LP model, were devcloped
from estimates based on the project's fleld experience and allied input
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requirements. Also examined were certain managerial parameters and
conceptual plantation designs suggested by Inman et al., (1977).

The breakdown of management responsibilities for the staff was based upon
the needs of a commercial forest enterprise. A head supervisor would be in
charge of the total operation and be assisted by a head clerk and an
assistant clerk. Under the supervisor, a field manager and a clerical
assistant were charged with running all on-site operations. A network of
foremen, responsible to the field manager, would take charge of important
operational phases of the plantation,

In the LP model, it was assumed z managerial and supervisory staff of 10
people would oversee four working units (3696 ha). At the onset, one 924
ha working unit was established each vear. After four years and each year
following, a working unit would be coppiced followed by subsequent
regrowth. The managerial structure for this commercial plantation system
involved a total amnual salary cost of $212,400 or $57.47/ha/yr (Appendix
¢, Table C~2).

For fertilization strategies, the plantation's four year regimen of
phosphate and potash would be applied by tractor during the first year's
establishment phase. Also the plantation's four year lime needs would be
applied during this onset. The first year’'s nitrogen needs would be
applied by tractor during the establishment phase with the subsequent
annual applications made by helicopter.

The cost analysis of the commercial trickle irrigation systems included
establishment costs for both well and free-flowing stream water sources and
the expected operating and maintenance costs of the trickle system. The
capacities and rates of usage for both sources reflect the commercial
operation of this overall strategy. These data are presented under Task 1
of this report and summarized in Tables 1-~10 and 1-11.

Energy Accounts -~ The accounting convention for energy values was largely
patterned from Pimentel (1980). 1In this approach, equipment energy was
divided into: (1) energy embodied in the equipment's materials, (2) energy
employed in the fabrication of the equipment and (3) energy embodied in
repair parts. Each plece of equipment was itemized as to its weight in
steel, rubber and other base materials, with these weights multiplied by
their respective kilocazlories of energy per kilogram (kcal/kg).

Fabrication energy was the product of the kcal/kg of fabrication energy for
particular types of equipment and the unit's total weight. Repair energy
was the proportion of the unit replaced over its lifetime and was an
appropriate fraction of the embodied and fabrication energies. The fixed
hourly cost of operations was obtained by dividing the sum of the three
energy sources by the equipment's wearout lifetime. This general procedure
provided the fixed energy cost for all equipment used In establishment,
maintenance and fertilization~irrigation,

The variable energy costs for materials such as fuel, herbicides,
pesticides, fungicides and fertilizers were the products of their
respective kcal/kg and amount used in their particular operation. The
caloric expenditure of energy for human labor was itemized as a management
cost but proved to be a rather small ipput, also confirming Pimentel’s
(1980) measure of this resource.
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The energy equivalent for land vent was the net energy return from corn
production foregone by the use of the site for biomass production.

Pimentel (1980) used a measure of 3483.29 kecal/kg as the gross energy from
corn grain. The energy input requirements for growing corn in southeastern
Pennsylvania were 4.65 million kcal/ha for an output of 5,138.17 kg/ha
(Pimentel 1980). Similar estimates verified this figure (F.E.A. 1976).

The drying costs were based on fuel expenditures for corn drying (Wynn
1977) and machinery costs derived from a machinery/fuel ratio for
agricultural production inputs. The energy equivalgnt for property tax was
the energy/financial ratio for land rent (.132 x 10 keal/$1) multiplied by
the financial cost of the tax. The net snergy analysis {for the research
sites in the project compared favorably to the energy accounts constructed
by Pimentel (1980) for several northeastern corn production centers.

An evaluation was made of the human energy expended by the management
positions of the plantation operation. OCverall, these management and
clerical functions entailed the greatest quantities of annual manpower in
the biomass plantation system. The energy accounting method was adapted
from Guthrie (1975). This involved a comparison of the average keal
expended per year for a management or staff position to the kcal expended
by an inactive individual. The diffevence between levels represented the
added net human energy expended by the management function. The costs
(kcal/ha) used in the LP model were the total annual net energy
expenditures divided by the total number of hectares under management
(Appendix C, Table C~3)., The low energy expenditure for management
personnel (210 kcal/h) reinforced the ratiomnale for not extending a similar
analysis to the labor used in the establishment and maintenance operations.

Biomass Production Function

Control ~ Table 3-1 summarizes the total discounted costs for the various
strategy/site options during the first rotation. Total control strategy
costs for establishing and maintaining the plantations were identical for
both sites ($834.,73/ha). The greatest expense for the control strategy was
land usage (rent and tax), with rent comprising nearly one third of the
total cost. The second highest cost was management, amounting to 247 of
the total. Planting costs were 237 of the total, with cuttings, via the
nursery operation, contributing 85% to planting costs. The remaining major
expense was the charge for insecticides and fungicides ~- about 9% of the
total. Overall, nearly 69% of the costs in the control strategy, rent,
taxes, management and spray operations were fixed cost related.

Energy costs are summarized im Table 3-2. Land rent accounted for nearly
877 of the total emergy costs. Although this energy was not actually used
in biomass production, it was included as a minimal expected energy return
for employing land im biomass rather than corn production.

Of the remaining 1.7 million kcal/ha of energy actually used in the control
strategy, 567 was tied to the biennial insecticide and fungicide operation
and 327 to the planting operation. The wajor energy input within the
spraying operation was for materials, representing 827 of this operating
cost,
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Table 3~1. Financial summary of operational and strategy costsll for first
rotation Basher and Morrison site plantations.

Basher Morrison
Site Site
-------- ($/ha) = = = =~~~ -
A. Operational Costs:
1. Establishment
Mower 2.65 2.65
Disc 4,77 4,77
Herbicide 59.84 59.84
Harrow 3.36 3.36
Plant 192.08 192,08
262,702/ 262.70%
2. Maintenance
Insect./Fung. 70.70 70.70
Property Rental 269.70 269.70
Property Tax 27.84 27.84
Management 203.79 202.79
572.03 572.03
3. Cultural Amendment
Fertilization 410,24 551.09
Irrigation 1754.67 2059.34
2164.91 261G.43
B. Total Strategy Costs:
Control 834.73 834.73
Fertilization 1244,97 1385.82
Irrigation 2589.41 2894.08
Fert./Irrig. 2699.65 3445.17

1/
2/

Total cost for 4 year period, discounted at 57 annual.

The total establishment cost of $923.26/ha was prorated over 5 rotations
(20 years), with the cost for the first rotation ($262.70/ha)
representing the discounted sum of the first 4 years of annuity payments.



Table 3-2. Energy summary of operational and strategy costs for first
rotation Basher and Morrison site plantatioms.

Basher Morrison
Site Site
6
~~~~~~ (10" kecal/ha) = - = = = =
A. Operational Costs:
1. Establishment
Mower 0.012 0.012
Disc 0.031 0.031
Herbicide 0.154 0.154
Harrow 0.014 0.014
Plant 0.525 0,525
0.7361/ 0.7361/
2. Maintenance
Insect./Fung. 0.944 0.944
Property Rental 40,071 40.071
Property Tax 4,245 4,245
Management 0.005 0.005
45,265 45.265
3. Cultural Amendment
Fertilization 12.327 15.428
Irrigation 5.253 5.516
17.580 20.944
B, Total Strategy Costs:
Control 46.002 46,002
Fertilization 58.32¢% 61.430
Irrigation 51.255 51.518
Fert./Irrig. 63.582 66.946

1/The total establishment cost of 3.68 x 106 kcal/ha was divided over 5

rotations, with the cost for any one rotation placed at .736 x 10
kcal/ha.
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Ferrilization ~ The fertilization strategy added 497 and 66% to the base
cost of the control strategy on the Basher and Morrison sites,
vespectively., The less favorable Morrison soils cost 357 more for
fertilization than the Basher soils.

Ninegy»eight percent of the fertilization cost (12.3 x 106 kcal/ha and 15.4
% 10" kcal/ba for the Basher and Morrison sites, respectively) was for
materials. Fertilization costs were from 7 to 9 times more expensive than
the total of all other direct energy costs used in establishment and
pesticides on the Basher and Morrison sites, respectively.

Irrigation - Irrigation more than tripled the financial costs of the
control strategy on both sites. It cost more at the Morrison site
{$2059/ha) than the Basher site ($1755/ha). Seventy-seven percent of the
difference between sites was for the increased capital outlay of the well
system, with the remaining 23% attributed to increased energy needs in
pumping water at the Morrison site.

Irrigation also involved a heavy energy investment, with 5.2 million

keal/ha expended on the Basher site and 5.5 million keal/ha on Morrison.
Approximately 57 of this amount was for the annual energy cost of moving
water to the trees, with the remaining 95% associated with equipment use.

Production Cost Summary -~ The total production costs at the conclusion of
the first 4 vear rotation ranged from $1,014.61/ha for the control strategy
on both Basher and Morrison sites to $4,187.61/ha for the fertilization/
irrigation strategy on the Morrison site {(Table 3-3). All costs are
reported as capitalized or end-of-the-rotation expenses.

The distribution of these strategy/site production costs over their
respective biomass output depicts the relative competitiveness among these
options {Table 3~3). For both sites, the control strategy was the least
expensive followed by fertilization, fertilization/irrigation and
irrigation in order of increasing cost. The least expensive strategy was
the control option on the Basher site ($28.71/0Dt) and on the Morrison site
($32.12/0Dt). The increased production cost for fertilization was not
matched by the output gain from fertilization at either site. This
resulted In higher production costs per unit ocutput for the fertilization
strategies ($35.60/0Dt on Basher and $44.10/0Dt on Morrisom).

Fertilization output was 247 more expensive than control on the Basher site
and 397 more expensive on the Morrison site. The poorer financial
performance of the Morrison site was attributed to the greater cost of
fertilizer materials for this nutrisnt~deficient site and a lower output
caused by its drier aspect. S

The addition of irrigation to either site caused a substantial increase in
output costs. For irrigation on Basher costs were $96.40/0Dt and on
Morrison, $103.62/0Dt. The addition of fertilizer to the irrigation
strategy caused some reductions in production costs due to the increased
putput - from $96.40/0Dt for irrigation/Basher to $84.71/0Dt for
fertilization/irrigation (a 127 reduction) and from $103.62/0Dt for
irrigation/Morrison to $101.86/0Dt for fertilization/irrigation (a 27
reduction). In both instances the cost increase for fertilization was
gxceaded by Iits output increase. However, from a composite strategy view
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Table 3-3. Financial and energy costs for production of first rotation yields.

Management Biomass Yieldli Total First Rotation Production Costszl
Site Strategy {ODt/ha) $/ha 106 kcal/ha $/0Dt 106 kcal/ODt
Bagher
Control 35.34 1,014.61 46,002 28.71 1.302
Irrigation 32,65 3,147.43 51,255 96.40 1.570
Fertilization 42,51 1,513.26 58.329 35.60 1.372
Fertilization/ 43.04 3,646,08 $53.582 B4,71 1.477
Irrigation
Morrison
Control 31.59 1,014.61 46,002 32.12 1.456
Irrigation 33.95 3,517.76 51.518 103,62 1,517
Fertilization 38.20 1,684,.47 61.430 44,10 1.608
Fertilization/ 41.11 4,187.61 66.946 101.86 1.628
Irrigation

l/Four year old adjusted OD total tree yield.

2/Total costs of establishment, operations and maintenance, capitalized to
the end of the first four year rotation at 5% rate.



the cost advantages from fertilization were overwhelmed by the cost
requirements of irrigation. In short, although the margin from
fertilization was attractive, the composite venture of fertilization/
irrigation was prohibitive.

The energy costs per unit output for the first four year rotation resulted
in the same approximate least cost positions among the strategyv/site
options as was evident in the financial critique {Table 3-3})., However, the
magnitude of difference among the options was far less than in the
financial analysis and certain realignments in least cost priorities
occurred. githin the Basher site, the least expensive strategy was control
{1.302 x 10" kcal/ODt), followed by gertilization {1,372 = 10" kecal/0DL),
fertilization/irrigation (1.477 x 10 kcal/ODt) and irrigation (1.570 x 10
kcal/ODt).

These followed the same positions as displayed under the fimancial analysis
but with smaller relative differences between their values. For example,

the increase in cost per unit of output between fertilization and
fertilization/irrigation was 240Z7 under the financial amalysis but was only
8% in the energy analysis. On an energy measurement basis the fertilization/
irrigation strategy used only 97 more energy than the fertilization

strategy and developed a slight increase in output (17). However, as
previously referenced, the financial cost of the irrigation amendment was
.prohibitive to the overall economics of the latter strategy.

&4 different positioning of strategles was evident op the Morrison site.
Control was still the leagt expensive at 1.456 x 10 kcal/0ODt, followed now
by irrigation (1.517 x 10 kecal/ODt), fertilization (1.608 x 10 kcal/ODt)
and fertilization/irrigation (1.628 x 10 kecal/ODt). Irrigarion of this
drier site resulted in a positive output gain that was mot esvident on the
Basher site. Furthermore, irrigation required a smaller energy increase
than 4id fertilization. The net result was a lower energy input per unit
output for irrigation on Morrison than was true for fertilization on
Morrison. However, the financial cost of fertilization was far less than
for irrigatdion.

Harvest and Storage Stages

The complete biomass supply system proposed and analyzed by this project
incorporated production, harvest and transport, storage and final
conversion to particular outputs. As such, a review of the technical and
cogt parameters within the ensuing stages of supply was necessary to
determine the economic potential for any complete system.

Harvest Literature Review =~ The emergence of harvest technology for short
rotation, closely spaced forest plantations has taken two allied
approaches. First, traditional harvesting systems have been examined and
modified (Cullen and Barr 1980; Sirois 1981; Stuart et al. 1981; Mattsom
1983; McKenna 1984). Second, new prototype harvesting systems have been
proposed and developed (Sirois 1982; Mattson 1983; Stuart et al. 1983a, b;
Teel 1983). Marley (1982) outlined the essential phases in harvester
research to Include machine characteristics, severance methmds, biocwmass
coliection/reduction and transport/storage considerations. McKenna (1984)
stated that the key to an efficlent operation was through the appropriate

3~11



scheduling of equipment in each phase. This achiesves a smooth flow of
operations, whereby no one phase hinders the productivity of another.

Cullen and Barr (1980) analyzed current forestry and agricultural
harvesting systems. They conecluded much of the existing technologies could
be employed in harvesting woody biomass. However, certain obstacles, such
as weather and terrain, might cause decreased production rates if standard
technologies were applied to biomass systems. Marley (1982) supported the
contention that new harvest technology will be a blend of existing
equipment capabilities with the production needs of agricultural and
forestry systems. Within the fovest products industry most studies ruled
out the traditional feller/buncher/skidder systems for the harvest of small
diameter, closely spaced trees. The general limit to these systems was
cutting one tree at a time, even though some accumulations of cut trees may
occur before unloading (Sirois 1981)., This lower productivity rate led to
higher per unit costs, particularly when applied to small sized material,
Mattson (1983) reported the cost of this traditional system increased as
the spacing and size of trees decreased. Schiess (1984b) also concluded
that the increase of trees per unit area and reductlon of stem sizes
accelerated harvesting costs on a per unit output basis. For closely
spaced plantations it would be imperative to harvest on some continucus or
multi-tree basis.

Sirois (1981) discussed the use of in-field chipping systems for smaller
trees. While some chippers relied on the felling/bunching process, several
units could swath barvest and chip simultaneously. In a subsequent
article, Sirois (1982) considered the development and potential of the
mobile chip harvester which could harvest and continuously chip small
diameter trees. Schiess (1984b) found lower harvesting costs could be
expected for systems having machines with contlnuous processing functions
and well matched to tree dimensions.

Mattson (1983) reviewed worldwide harvest technologles adaptable to
plantations of small diameter trees. One potential design was a USDA
Forest Service prototype harvester with certain Innovative engineering
concepts. The tractor-pulled machine included a felling head, a
directlonal felling device and an accumulator. Once evaluated, these
concepts could be incorporated into the base design for commercial
harvesters. Stuart et al. (1983a, b) developed and fleld tested a tractor~
powered harvester that row harvested small diameter trees and then crushed
their outer bark to facilitate field drying. This system can be
complemented with a tree baler recovery system. In a previous study,
Stuart et al. (1981) analyzed the economics of modifying traditional
harvesting systems to recover blomass with the use of small chippers or
residue balers. Stuart et al. (1981) concluded biomass recovery will most
likely utilize chipping and/or baling processes, with balers being
economically competitive with chipping systems.

Since harvesting costs are influenced by site specificity, stand
characteristics and the physical layout of plantations, the applicability
of any given cost analysis to all other situations is often precluded
(McKenna 1984). However, a general methodology for defining various
financial and energy parameters would be useful in determining approximate
costs for certain given situations. Economic analyses may project costs



for productive hours or scheduled hours while others use costs per unit
area (McKenna 1984). Miyata and Steinhild (1981) organized a logging cost
analysils eystem using scheduled and productive hourly costs and costs per
mile. This project assigned productive costs per hectare and evaluated
these costs as a function of site qualities and stand characteristics under
specific management systems.

The harvesting strategies evaluated by this research project included a
harvest/chipping and harvest/baling systems. The costs of whole~tree
chipping systems have been studied and reported (Massey et al. 1981;
Schiess 1984b). The use of a mobile chip harvester was explored by Sirois
{i981, 1982). Estimates of the energy characteristics for these systems
were available from Bowersox and Blankenhorn (1979), Pimentel (1980), and
Pimentel et al. (1981). A harvester/baler system was developed and
analyzed by Teel (1983) and Stuart et al. (1983a, b). The costs of the
baling scenario were further explored by Schiess (1984a). The technical
parameters and energy requirements for the system were provided by Stuart
(1984), Blankenhorn et al. (1978) and Pimentel (1980).

Transport Literature Review - The movement of harvested biomass to the
point of conversion has been evaluated in a variety of studies (Adler et
al. 1978; Mattson 1983; McKenna 1984). Specifically, transport strategies
depend on the type of harvester and geometric form of the harvested
biomass. In general, transport consists of three phases: (1) movement of
harvested bicmass to the moment of readiness for long distance transport,
{(2) long distance haul and (3) movement of biomass from delivery point to
conversion process entry point.

Phase one has been further characterized by the eventual form of the
harvested biomass. If chipping is employed, some sort of catch basin must
be incorporated to retrieve chipped materials and a transfer system devised
for movement te the long distance hauler. Sirois (1982) described the
technical and financial characteristics of a chip harvester operated in
tandem with a forwarder and chip unloader/loader. An alternative to
chipping is a whole tree baler. Stuart et al. (1983a, b) envisioned the
use of a baler as a necessary complement to specific harvest modes. The
harvested trees must be caught, plled, directed to a baler and then to an
eventual point of departure. Certain types of trucks have been adapted in
forestry operations to load whole trees, thinnings and forest residues
{Largson and Carlsson 1982). This truck equipment is capable of being
modified for short~rotation crop use {Marley 1982). Balers might also be
outfitted with a knuckleboom loader to aid in material movement to the
baler and as a loading device (Schiess 1984a). The costs of the prototype
lcader can be estimated from well established data on similar equipment
{Larsson and Carlsson 1982; Marley 1981; Pimentel et al. 1981). The
efficiency of any loader depends upon the size and w weight of bales and the
loading time. The use of a baler in agriculture is well known and, in
forest applications, experimental trials have refined technical require-
ments and costs for blomass recovery (Stuart et al. 1981; Stuart et al.
1983a; Schiess 1984a).

For purposes of this study, biomass delivery from the plantation site was
assumed te involve truck tramsportation. Since plantations will most
likely be established on zbandoned farmlands, a network of roads was



assumed to exist. The efficiency of a trucking system depends upon vehicle
weights and capacity, plantation production capacity, distance to
conversion facility, time required for travel and conversion facility
demand (Adler et al, 1978). Cost comparisons among new vehilcles, used
vehicles and leasing determined the most cost efficient system. Adler et
al. (1978) performed such a cost comparison for a 35-truck fleet supplying
wood chips to a 50 MW wood-firad power plant in Vermont. The self-
owmership and operation of efther new or used trucks was the most cost
efficient approach in this proposed transportation scenario. This project
utilized current costs, capacities and other technical parameters to assess
truck transportation and equipment requirements (A.T.A 1982; A.T.A 1984).
Energy inputs and consumption for new tractor~trucks and trailler vans were
based on well estsblished equipment characteristics (A.T.A 1984) and on
energy values summarized in Bowersox and Blankenhorn (1979).

Upon delivery, both chips and bales require unloading and transport to a
stovage site or conversion polnt., The former require a system of chip
conveyors. The various types of conveyors and their specifications, costs
and capacities are readily available from forest equipment manufacturers
(Morbark Indus. Ine. 1984). The unloading of bales requires equipment
similar to that used In the loading phase. The costs are dependent upon
the distance to the storage site, bale size and weight and unloading times.

Harvest and Transport Economic Analyses - Analysis of the harvest and short
and loung transport of the bilomass was approached through a comparison of
two distinct strategies: harvest/baling and harvest/chipping. In the
harvest/baling strategy, trees were cut, crushed and permitted to dry in
the fileld before being loaded and transported to the storage/conversion
site. The second scenarlo involved simultaneous harvest/chipping
opevations and the subsequent transport of chips to a storage/conversion
site.

The cost cowmparison between the harvest/baling and harvest/chipping
strategies considered the variable effects of machine efficiencies,
moisture contents, storage and drying needs and conversion specifications
of the respectlve products. The financial and energy analyses were in
keeping with the format used in the prior section of research on plantation
production,

Several key operating parameters ware established for the economic
analysis. All operations wevre based om a 18] day harvest period extending
frow the beginniong of October to the end of March., The productive time~
frame would be 1032 h/yr, based ou harvesting 5 days a week, with 2 days
set aside for inclement weather, equipment delays and maintenance. Based
on this estimate and the wear-out life of equipment, the usage and expected
lifevime for harvest and transpori aequipment for both scenarlos were
sutmarized (Appendix C, Table C-~4). The number of equipment units was
based on the operational capacity of each unit, the annual operating period
and the size of the total work assigoment. The biowass yields per hectare,
before harvest, were taken from the first rotation results from this
project's Spruce Creek plantation. Actual processing times and equipment
field capacities were established and applied to the biomazs output from
the project's various strategy/site combinations.
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In the harvest/baling strategy (Strategy A) field drying greatly reduced
the green field weight of the trees. Stuart et al. (1983a, b) realized
moisture contents of less than 207 after crushing and field drying for two
days. This analysis used a more conservative 607 reduction of green field
weight, providing moisture contents of 20~30Z%Z. The weight reduction
influenced the processing times of the loader and the baler. A further
reduction in net weights was made for losses attributed to the operating
efficiency of the baler. Schiess (1984a) found fiber losses approaching
157 when baling a stand of small hardwoods. Fiber recovery was estimated
at 907 for this project. In the harvest/chip strategy (Strategy B) the
harvester/chipper was also assumed to have a 907 operating efficiency,
resulting in a decreased yield of 10Z. . This harvest efficiency estimate
was based on field tests of comparable equipment in high density sites
(Sirois 1982).

The cost of the harvest-transport function per oven dry tonne was not
significantly different among the individual strategy/site production
systems. Although the strategy/site yields varied from 23 to 43 ODt/ha,
the standard deviation for the mean cost among these eight options was only
2.3Z of the mean. This held for harvest Strategies A and B. Since there
was no apparent correlation between the cost per oven dried tonne and the
volume per hectare a representative yield of 36 ODt/ha, with a green field
weight of 73 t/ha, was used in the cost analyses. The processing times per
hectare and the equipment requirements for the two harvesting strategies as
applied to the average strategy/site yileld of 36 ODt/ha are listed in
Appendix C (Tables C-5, 6).

The accounting format was identical to that used in the production phase of
this project. Financial and energy costs were first calculated on an
hourly basis and then converted to cost per hectare. The key component teo
this conversion equipment processing times was identified through "field
capacity.” Thus, processing times multiplied by the hourly costs
identified the costs per hectare. The hourly financial and emergy costs
for equipment in both harvest strategies are reported in Appendix C (Tables
C~-7, 8) and the fipancial and energy costs per hectare and per net
harvested oven dried tomme for both scenarios are summarized in Appendix C
(Tables C~-9, 10). The post-harvest yields account for the weilght loss from
field drying and material loss due to equipment inefficiencies.

In summary, the harvest and transport costs from this project compsare
favorably to other published findings. The harvest/baling strategy,
Strategy A, cost $19.08/0Dt and the harvest/chipping strategy, Strategy B,
cost $33.30/0Dt. These are equivalent to green tonne costs of $9.54 for
Strategy A and $16.65 for Strategy B. McKenna (1984) presented a range of
costs, in 1983 dollars, for the harvest, processing and tramsport of wood
energy chips of $12 to $25 per green tonne, stump to mill.

Certain costs proved dominant within Strategy A& and B. In the harvest/
baling strategy, Strategy A, transportation was the largest cost (23.8%
followed by the baling (18.5%), loading/unloading (20.9%) and plant
chipping operations (15.9%Z). In harvest/chipping strategy, Strategy 3, the
overriding input costs were for the harvester/chipper (42.0%) and its
accompaniments {(32.57). These latter costs were also responsible, in large
part, for the cost differential between the strategies, $19.08/0Dt for
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Strategy A versus $33.30/0Dt for Strategy B. In conclusion, the smaller
scaled harvester/baler system (Strategy A) was the most economical
strategy.

Storage Function

Storage Literature Review - The pre-utilization strategy represents the
storage and drying requirements of biomass arriving at the conversion site.
The specifics of the storage and/or drying alternatives reflect the
conversion requirements of the forest biomass.

Biomass plantations will most likely be harvested during fall and winter
perlods. Since conversion facilities operate year round, the biomass input
must be stored. Storage should either incorporate the drying of biomass or
at least prevent its extensive rewetting. Five environmental factors that
should be addressed in the storage and drying of materials are temperature,
humidity, wind, rain or snow, and wind blown dust (Wengert 1977). Losses
in available energy due to excessive wetting are known to cccur imn the
outslde storage of green hardwood particulate fuels (White et al. 1983b).
Saucier and Phillips (1982) also indicate improper storage of wood chips
lead to volatile losses, fiber deterioration, and spontaneous combustion.
However, woody bales may suffer less degrade In storage than piled green
ships (Stuart et al. 1983a).

Several studies reported on the impact of diffarent storage techniques.
Chips and wood wastes, in covered versus uncovered storage piles, had
significant differences in moisture comtent (Bulpitt and Walsh 1982).
Saucier and Phillips (1982) indicated shed covered fuel chips maximized
fuel values and were dryer than uncovered piles. However, the shape of the
piles and the length of storage time also influenced moisture levels.
White 2t al. (1983a) found higher wood chip piles had lower average
moisture contents. Generally, conlical shaped plles were recommended,
particularly since flat top piles were known to increase woisture
percolation to the internal zomes (Bulpitt and Walsh 1982). 1If a baled
form of biomass was stored, cevrtain geometric arrangement of stacks could
enhance drying, prevent degrade and control rewetting. Wengert (1977)
described yard layout patterns for lumber that may be applicable to bales.
Stuart et al. (1983a) noted increased bulk density and stackability of
bales increased their yard storage capacity by two~three times over chips.

Storage times are usually dependent on the quantity of incoming material
and the subsequent utilization rates. Certain time related parameters have
been investigated and can be used as guides for an optimal storage
strategy. Storage should not exceed 60 days if the increase in wood fuel
moisture content is to be minimized (White et al. 1983a). White et al.
(1983b) noted an inverse relation between the average net heating values of
green wood chips during the first two to four months of storage and the
moisture content of the pille surfaces. Saucier and Phillips (1982) found
wood fiber deterioration losses to be significant within the first three
months of open storage. Gislerud (1982) showed indoor storage of chips
resulted in minimal dry matter losses of 1-1,57 per month after 3-5 months.

The choice of a drying technique for biomass is dependent upon the physical
characteristics of the woody material, the intended use for the material
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and certain finmancial considerations. For ethanol production, higher
molsture contents are preferred and drying can be preempted. However, it is
more efficient to use relatively dry biomass for most end uses (Springer
1879). A multitude of drying procedures has been examined. Air drying
lowered or sliminated the risk and occurrence of decay and mold when
moisture content was reduced below 227 (Wengert 1977). TFrea (1984)

compared the cost involved in three methods of drying forest residues to

the base value of burning green wood chips and found unheated forced air
drying had the most favorable return on its cost investment.

Storage Economic Analysis -~ The storage of biomass at the conversion site
was dependent on the form of the material as it arrived at the site and its
subsequent processing specifications. For example, in the production of
ethanol, a high moisture content may be desirable. However, with direct
incineration, pyrolysis or liquefaction, moisture levels should be below
25% for a higher comversion efficiency. Alternate combinations of storage
operations for the pre-utilization of biomass and associated total storage
. costs are listed in Table 3-4. The materials stored under the "wet"
strategies Al, A4, and Bl would be appropriate for ethanol production. Al
-and Bl would also be appropriate for pulp production. The remaining
strategies incorporate the drying of biomagss and thereby fit the needs for
direct incineration, pyrolysis, gasification and liquefaction.

Storage costs would depend upon moisture contents which would vary

with timing of the harvest and length of time the wood is exposed to the
elements after harvest {White and Curtis 1983). Approximately 907 of any
decrease in moisture content would occur within the first 6-8 weeks of
storage (White and Curtis 1983). Storage technique will affect the drying
process.

In most instances storage would take place before direct drying since most
harvested materials would not undergo immediate utilization. Types of
storage considered were outdoor, both wet and dry, and indoor. The
following assumptions were made. First, an average storage timeframe from
arrival at the conversion site to the point of utilization was placed at
six months. Second, the bale and chip configurations required estimates of
their respective storage areas and allied equipment movement areas. Bale
size and stack heights were based on recommendations by Schiess (1984b).
Chips were based on the conical dimensions presented in Saucier and
Phillips {1982).

The financial and energy costs/ODt for storage of woody biocmass are
reported in Appendix C (Table C~11). Common costs included land rent,
property tax and insurance. Other costs were characteristic of the
particular storage technique. For example, in the wet storage strategies
{Al, A3, A4, Bl and B3) the materials were piled without shelter or
coverings. However, Springer (1979) pointed to the need of rotating green
chips on a regular basis to prevent spontaneous combustion. Thus the green
chip strategies Al, Bl and B3 included a rotation cost. The final movement
of bale and chip materials to the conversion plant was included in the
storage cost.

Financial and energy costs/ODt for drying of wood biomass are

listed in Appendix C (Table C-12). In Strategies A2 and B2 the dry storage
of green wood chips required use of a heavy polyethelene film. Thisg
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Table 3-4. Total storage costs for woody biomass.

Strategy $/0Dt 106 kcal/ODt

Bales

All/ 3/ chip, wet storage 8.61 0.056
A22/ chip, dry storage, dry 14,73 0.023
A32/ wet storage, dry 29.31 0.101
Aéllwet storage 4.29 0.075
Chips

BII/ 3/ wet storage 3.90 0.058
BZZ/ dry storage, dry 15.02 0.025
B32/ wet storage, dry 24,35 0.074
342/ dry, dry storage 15.93 0.051
1/

Appropriate for fermentation processing.

ZlAppropriate for direct incineration, pyrolysis, gasification and

liquefaction processing.

/Appropriate for pulp processing.



technique has proven less costiy than using siles or other shelters
(Springer 1979), Strategy cest included film, its application and removal,
and chip movement o the conversion plant.

The stored biomass In the "wel" strategies Al, A4, and Bl was subsegquently
moved direct to the conversion site. Howsver, in the other strategies. 2
drying process followed storage. The technical parameters and cost
estimates for the unheated forced aly gvsten were based on the study
conducted by Fres {1984). Drying costs were 2 fupction of the meisture
content reduction in the woody biowmass,

In certain sivategles drying was accomplished prior to stovage. Springer
(1979) noted wood dried below i¢s fiber maturation poipt (20~24% molsture
content) was wnot suhiect ro bacterial or fungsl attack., Strategy B4 dried
the biomass prior to covered storage.

Overall, storage costs rvanged from $3.27 to 38.%0/0Dt (Appendix €, Table
C~11}. With uncovered chip piles (A1, Bl and #3) costs appreached
$9.00/0Dt due to the rotarion of materisls over & prolonged storage periled.
Covered chipped materials {B2) eliminated the expense of rotation and
ranged from %4 to $8/0Dt. Uncovered storage of bales {43, 44) held at
$4.29/0Dt largely on the hasis of limited maintenance operations. Indooy
storage of chips (B4) was the lowest cosgt system {($3.97/0Dt) due to veduced
handling costs.

Dryving was more expensive than storage, The lowest cost alternatives {42,
B2) at $9.14/0DT were gssociated with dry storage and the minimization of
moigture plck-up prior to the final dryving srtep. Uncovered blomass (43,
B3), due to ite maximum moistuve gain, was the most expensive to dry
($15.45/0Dt3. Bales proved wove costly to dry than chips due to higher
molsture sorption during storage {$25.02/0Dv).

Total stovage costs vanged from $4.29/00t to $29.31/0Dt {(Table 3~4). ¥or
fermentation {(i.e.. ethanol production) strategy 44 ($4.29/0Dt) was
recommended over the more expensive alternatives Al and BL. While baled
material coat less to store than chipped matrearial, 4t may also be mors
difficult to process. For direct incineration and other conversion
strategies dependent on the moisturs content of 1ts feedstock the dry
storage and drying stratsgiss of A2 and B2 and B4 were rhe most economical
at an approximate cost of $15/0Dt. The highest oost strategles were A3 and
B3 at $25 and $30/0D%, respectively.

Cost Summaries for Supplving Blomass to Conversion Center

The ecompomic vaticnsle for using a2 particular type of bilomass within a
conversion process is dependent on the technical properties of the input,
the abilivy to supply a2 given vate and volume of lnput and the total supply
cost of the wmaterial the conversion site. Various aspects of this
project have identified the physicel and chemical propecties of the hybrid
poplar product. Furthermors, the commercial design for a plantation system
has besn propesed 25 4 units {924 hafumit) to insure 2fficient use of
various equipment dtews and to also smaintain s constant annual supply of
cutput from the plantation. As & final compounsnt to this economic
gnalvsis, the cost of suppliying blowass will be presented az a summafion of




all expenses incurred within plantation preduction, harvesting and
transport and the materials storage at the conversion site.

The following cost summary includes selected strategies from each of the
three central stages of the supply process: production, harvest/transit
and storage. Production costs are based on two least cost strategy/site
combinations: Basher control and Basher fertllization., These combinations
had production costs of $29/0Dt (control) and $36/0Dt (fertilization) on a
before harvest basis. It should be noted that the control strategy on the
Morrison site also fell within this range ($32/0Dt), with the Morrison
ferrilization strategy outside this range ($44/0Dt). The irrigation and
fertilization/irrigation strategies are not included within this total
supply analysis due to their extreme production costs. These strategies
ranged from $85/0Dt (Basher, fertilization/irrigation) to $104/0Dt
(Morrison, irrigation), on a before harvest basis. As such, their
production costs were double to triple those from the control or
fertilization strategies.

Although the control strategy on the Basher site was nearly $7/0Dt cheaper
than the Basher fertilization strategy on the sawme site, there remains some
gueation as to whether the control strategy's nutrient drain would permit
the same output over continued rotations. DPotentially, fertilization may
be required to sustain the volume from a plantation system.

Both harvesting strategies were included within the supply cost summaries
as examples of a least cost, but largely developmental, system proposed by
Stuart et al. (1983a, b) and of a more expensive but commercially available
harvest system. Finally, two opposing storage strategies were incorporated
within the cost summaries to meet alternate material specifications. The
conversion of biomass to ethanol via hydrolysis/fermentation would show
preference to "green" storage, thus assuring biomass with high moisture
content. In contrast, conversion of biomass to enargy via direct
incineration, pyrolysis, gasification and liquefaction would place a
priority on biomass with a moisture content < 20%Z through dry storage.

The assembly of the various alternate strategles withln each of the 3
stages provides 8 supply systems:

#1 Basher-control : Harvest/baler : #et storage

#2 BRasher-—control : Harvest/baler : Dry storage

#3 Basher-control : Harvest/chipper : Wet storage

#4 Basher—control : Harvest/chipper : Dry storage

#5 Basher-fertilization : Harvester/baler : Wet storage
#6 Basher~-fertilization : Harvester/baler : Dry storage
#7 Basher-ferti{lization : Harvester/chipper : Wet storage
#8 Bashevr-fertilization : Harvester/chipper : Dry storage

In addition to this cumulative analysis of supply costs, a further study
was made on the origin of cost within the variocus strategies. Origin, in
this instance, refers to the proportions of total input cost from capital,
fuel and materials, labor and land. These basic expenses were identified
within each stage of the supply system and over the cumulative system.
This provides a measure of the relative dependence on particular inputs
within each stage and over am entire supply system.
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Financial Costs for Tetal Supply Systems

The range in the totsl financial cost for hybrid poplar chips was $59.57 to
$87.846/00c {Appendix ¢, Table (~13). The minimal cost system was composed
of the least cost strategies of sontrel production, the harvest/baler
gsystem and wet storage of “green” chips. The maximum cost system utilized
fertilization production, harvest/chipper egquipment and the storage of
chips dried to 2 207 moisturs content.

In the lesast cost scenaric {(Svstem #1), 34% of the total supply cost
originated from bilomass preduction, 32% from harvesting znd the remaining
147 frow storage. The biomass production cost of $31.89/0Dt was
distributed as 27 in capital/fuel/materials, 377 in labor and 36Z in
land.

The harvest and storage stages within System #1 were dominated by capital,
fuel and material costs. In the harvest/balsr system, 76% of the $19.08/
0Dt harvest cost originated from capital, fuel and materdials and 247 from
labor. @reen stovages added a final charge of $8.60/00t, with 76%
capital~related and 24% tied to labor. From a composite view, nearly 50X
of the total supply cost of $59.57/0Dt in System #1 was developed from
capital and materisl inputs, 312 from labov and 19% from land.

As the least cost supply system was upgraded toward technically more
sophisticated altevnates using fertilization, harvest/chipper and dry
stovage, the syztem becsme morz expensive and more dependent on capital.
The fertilization stvategy Increased production costs by $7.65/0Dt, Since
98% of this additive practice was tied to materials and capital, the total
strategy (establishwent, maintenance and fertilization) had 50% of its
total cost in capital and materials, 2867 in labor and 247 4n land (Appendix
C, Table C~13, Svstem #35).

In like manner, the shift from the smaller scale and less capital-intensive
harvest/baler svstem to the larger scaled harvest/chipper svstem increased
harvest costs by $14.22/00¢, with 967 of the {increase tied to capital. The
conversion from wet storage to dry storage increased costs by $6.42/0Dt,
with 77% derived from rapital and material inputs.

In the wost expensive supply svstem, involving all changes within each of
the three phases, blomass would cost $87.86/0Dt (Appendix €, Table C-13,
System #8). This increase of $28.29/0Dt over the least cost system largely
stemmed from the addition of new capital and materials. This system was
financially composed of #77 from capital and wmaterial inputs, 217 from
1zbor and I1%Z from land. In addition to being the wmost expensive supply
syatem i1t was dominated by the capiral and material cost sector.

An oveyview of the various supply systems is provided in the financial
summaries of the least cost and maximun cost options (Table 3-5). For both
syarfems, the reguirements of harvest and storage proved to be the dominant
expenses., Within the least cost approach (System #1), harvest was 327 of
the total supply cost and storage was 14% of the tetal. For the maximum
cost approach {Svatem #8), barvest and storge were 38Z and 177,
raspantively, of total cost.



Table 3~5., Financial cost comparisons of stages within the least cost
and maximum cost biomass supply systems.

Least Cost Maximum Cost Cost
(System #1) (System #8) Increase
Stage cost/ODt 7 of total cost/ODT 7 of total cost/ODt 7 of total
Plantation  31.89 53.5 39.54 45.0 7.65 27.0
Production
Harvest 19.08 32.0 33.30 37.9 14,22 50.3
Storage 8.60 14.4 15.02 17.1 6.42 22.7
Total 59.57 100.0 87.86 100.0 28.29 100.0

This dominance of harvest and storage was further identified by their
relative cost increases between the two systems. The total cost
differential between system #1 and #8 of $28.29/0Dt was created from the
increases of $7.65/0Dt in production, $23.58/0Dt in harvest and $6.42/0Dt
in storage. As such, over 707 of the total increase originated from the
harvest and storage stages of the supply system. This impact was also
shown by the relative cost increase of 24% between the two production
strategles versus the 757 increase evident between the harvest strategies
and the 757 increase in the storage strategies.

The cost of supplying biomass, in the context of a total system and for
these specific alternates, was largely dominated by the harvest and storage
components of the systems. Although these components were outside the main
focus of this research project, their relative cost impacts emphasize the
need for research and development in these aspects of bilomass production.

Energy Costs for Total Supply Systems

The range in gotal energy costs for the eight supply systems was from 1.692
to 1.817 x 10 kcal/ODt. The least cost energy alternmative involved
control production, the harvest/baler system and dry storage. Of interest,
the least cost storage strategy involved dry material. Although additional
energy was required in the drying of green chips, green chip storage used
even more energy for the mechanical rotation of chip storage piles to
prevent Internal combustion and decay losses.

The least cost supply system {Appendix C, Table C~13, System #2) was
domninated by land's energy cost, representing 837 of the total cost per
oven dry tonne. As previously referenced, this particular input cost
represents land's net energy potential in its altermative employ of corn
production. It iIs an opportunity cost rather than an actual expenditure of
energy within the system. Furthermore, since the magnitude of land's
energy cost tends to mask both the size of the other energy inputs and the
relative importance of shifts in these inputs, land's energy cost was
excluded from the following analyses.



Accordingly, the actual energy expenditures within thg least cost supply
system, less land's energy cost, amounted to 290 x 10” kcal/0ODt. For this
net amount, 16% originated from production, 77%Z from harvest and 72 from
storage. The primary source of these energy inputs was fuel cost,
representing 877 of the actual energy input.

Additional energy was used by the strategy shifts to fertilization, the
harvest/chipper equipment and green storage. Fertilizatign caused the
greatest increase of energy, using an additiomal 319 x 107 kcal/0Dr.

Nearly 1007 of this increase was for fertilizer itself. Thg larger scaled
harvester/chipper equipment required an addition of 15 x 107 kecal/ODt, with
most of this involved in the added energy cost for capital. Finally, the
shift from dry storage to wet storage used additional energy amounting to
33 x 107 kcal/ODt. This energy increase was primarily for capital.

In comparing the most expensive energy supply system {(fertilization,
harvester/chipper, wet storage) to the least expensive (control, harvest/
baler, dry storage), net of land's egergy cost, the former required 649 x
107 kcal/ODt and the latter 290 x 10~ kcal/ODt. Ninety percent of the
added energy used by the more expensive system was from materials and fuel,
with fertilizer being the key ingredient.

The relationship of energy to financial costs throughout the various stages
of the two opposing supply systems is presented in Table 3-6, Both cost
systems exclude land in order to better define the cost characteristics of
all other inputs. It should be noted, however, that the ratio of land’'s
energy cosE to its financial cost was the highest for any of the inputs ~
122.5 x 107 kcal/$1. This ratio indicates that corn production is a
relatively Inexpensive source of net energy gain per dollar of marketable
output. This high energy gain is due to the structure of the energy
accounting system. Basically, the total net energy gain from corn
production 1s allocated to land as an energy rent. As such, the large net
cumulation of solar energy from the photosynthetic process is attributed
solely to the land resource.

The composite energy ratios in Table 3-6, net of land, within the wvarious
stages of System #1 ranged from 1.7 to 11.7 (10~ kcal/$1). Plantation
establishment and maintenance ratios were low (1.7 and 2.8, respectively)
and referred to the use of relatively high cost energy forms. The key
"high cost" input was labor, which had a near non-measureable energy input
and yvet represented nearly 407 of the financial cost input.

In contrast, the harvest and storage stages had ratics of 11.7 and 6.2,
respentively. To a large degree, these higher ratios ldentified the
substantial increase of fuel inputs to harvest and storage and a lesser
dependence on labor. Fuel was a less expensive source of energy input and
carried a ratlio value of 32.

The maximum financial cost system (System #8) provided a further viaw of
the energy ratio effects from the three system changes (fertilization,
harvest/chipper and dry storage). These ratios were dominated by
fertilization - 24.5 and harvest ~ 7.,1l. Fertilizer was a relatively
inexpensive form of energy and, as a material input alone, had a ratioc of
32.1 The lower ratio for the more complex harvest/chipper strategy
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Table 3-6. Energy to financial comparisons of stages within the least cost and maximum cost blomass
supply systems (excluding land costs).

Least Cost (System #1) Maximum Cost (System #8)
Stage 10° kcal/ODt  $/0Dt  10° kcal/$ 102 keal/ODt  $/0Dt  10° kcal/$
Plantation Establishment 17 9.89 1.7 14, 8.22 1.7
e Maintenance 30 10.54 2.8 25, 8.76 2.8
= Fertilization 319. 13.02 24.5
Harvest 223 19.08 11.7 238. 33.30 7.1
Storage 53 B.58 6.2 20. 14.97 1.3

Total 323 48.09 6.7 616. 78.27 7.9




identified a relative increase in capital equipment that, in turn, carried
a lower ratio. The marked reduction in the energy ratio for dry storage,
versus wet storage, was caused by an absolute decrease in energy inputs
and an cpposing increase in financial costs. In short, although less
energy was used in dry storage it was a relatively more expensive form of
energy.

For all of System #8, the ratio 7.9 {versus 6.7 in the alternate system)
resulted from a greater increase in energy input than in financial costs.
Basically, this final system was a more expensive proposition from both an
energy and financial viewpoint. Energy input increased by 917 and3
financial costs by 63Z, However, the additional input of 293 x 10
kcal/ODc was a relatively less expensive form of energy than used in the
base supply system. This was largely caused by the addition of
ferrilization to the supply system,

Conversion Function

Conversion of forest biomass into useful energy may take a variety of
pathways from direct incineration (direct fire) to gasification,
liquefaction or conversion to chemicals including ethanol. Many of these
methods have not been used in large-scale operations; and, as a result,
engineering operating parameters are not available for comparisons.

There are many methods to produce chemicals from lignocellulosic material.
Many of these methods at present do not compare economically to production
of chemicals by the petrochemical industry (USDA 1975). An integrated
plant for producing heat, electricity and chemicals from wood is
technically feasible and may be economically feasible in the future.

One technique of converting biomass to chemicals is to hydrolyze cellulose
to produce glucose which can be fermented into ethanol (USDA 1975; National
Academy of Sciences 1976; USDA 1975; Oshima 1965; Dreger 1976; Zinkel 1975;
Goldstein 1975), Hemicelluloses found in wood are not crystalline and
hydrolyze readily into sugars Upon hydrolysis, the predominant
hemicellulose in softwoods yields hexose sugars which can also be fermented
into ethanol. On the other hand, hydrolysis of the hemicelluloses in
hardwoods yields large quantities of pentose sugars which can be converted
into furfural by acid treatment (National Academy of Sciences 1976).

Lignin In wood consists of aromatic components and can be used to produce
benzene and phenol (National Academy of Sciences 1976), Other conversion
processes for biomass may be used to produce methanol (Wan 1984), All of
these chemicals, particularly ethanol, can be used to produce energy or as
a feedstock for the chemical industry.

Forest bilomass can be converted into a burnable gas by pyrolysis (Hammond
et al. 1974; Knight et al. 1976; Tatom et al. 1975; SERI 1979; SERI 1980a;
SERI 1980b; SERI 1980c; SERI 1984). The type and quantity of gases evolved
during pvrolysis depend not only on the type and condition of the wood
substance, but also on the method of pyrolysis. In an inert atmosphere the
solid pyrolytic residue 1is carbon. This can be used to produce carbon
monoxide which can be combined with hydrogen in the presence of a catalyst
at high temperatures and pressures to obtain synthetic gas, methanol or
both (National Academy of Sciences 1976; Reed and Lerver 1973; Hammond et
all 1974).
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Liquefaction can be used to convert wood to oil and hydrocarbon fuels
(National Academy of Sciences 1976; Appell et al., 1971; Anderson 1972;
Heineman 1954), These processes usually require3a catalyst, temperatures
of about 500 C and pressures up to about 34 x 10”7 kPa. About 90Z%
conversion of cellulosics to 0il has been reported using various
temperatures, pressures, and catalysts (Appell et al. 1971; Anderson 1972;
Heineman 1954). This synthetic oil has a fairly high heat content and can
possibly be further refined using present technology (Appell et al. 1971;
Anderson 1972; Heilneman 1954).

Direct incimeration is currently the most widely used method of wood energy
conversion. Fluidized bed burners, suspension burners, spreader~type
stokers, chain grate stokers, Dutch ovens, cyclone burners and combined
systems are all presently being used to incinerate wood (Bogot 1976).

Pyrolysis, gasification, liquefaction, or direct incineration conversion
systems coupled with a high pressure boiler or high pressure boiler with a
superheater counnected to a steam turbine and generator could be used to
generate electricity from forest biomass (Babcock and Wilcox Co. 1975;
Bogot 1976). Direct incineration was chosen for this evaluation because it
is presently the most commonly used technique. If another primary
conversion process such as pyrolysis is used, the evaluation would have to
be adjusted to take into account changes in efficiencies and other
conversion considerations.

Wood has certain inherent advantages as a fuel: low ash content,
ignitability, almost no sulfur content and renewability. Disadvantages of
using wood as fuel include moisture content, particulate discharge, gross
heat value per unit volume, availability in certain locations, material
handling and storage.

Important forest biomass combustion parameters include particle size,
molsture content, gross heat of combustion, usable heat, proximate
analysis and ultimate analysis. Particle size will influence combustion
rate, steam production, particulate emission, fuel feed rates, rate of
excess air application and combustion efficiency (Babcock and Wilcox Co.
1975; Bogot 1976; Johnson 1975; Koch 1972). Variation in particle size
would require a very versatile combustion system. It is much more
efficient to use particles of a specific size for maximum utilization of
the wood as a fuel.

Another consideration in combustion is usable heat from the burning of
wood. In general, the moisture-free ultimate analysis (elemental
composition) of various wood species indicates a fairly uniform carbon
content of approximately 507, hydrogen content of approximately 7%, oxygen
content of approximately 437 and ash content of approximately 17 (Babcock
and Wilecox Co. 1975; Corder 1973: Bogot 1976; Koch 1972; Mingle and Bouble
1968; Lenk 1970). Wood oven dry gross heat of combustion values range from
18 to 22 MJ/kg, depending on species (Babcock and Wilcox Co. 1975;
Blankenhorn et al. 1985; Bowersox et al. 1979; Virtanen 1963; Bogot 1976;
Lenk 1970; MG?pHEy and Cutter 1974; Howard 1973; Karchesy and Koch 1979).

Proximate analysis of a fuel indicates the amount of volatile material and
fixed carbon in the fuel. Wood and bark possess about 807 volatile



material and 20% fixed carbon on a dry welght basis {Babcock and Wilcox Co.
1975; Corder 1973; Virtanen 1963),

The usable heat or recoverable heat from the burning of wood Indicates how
much wood needs to be burned to produce a certain amount of energy input t©
a boiler. When the hydrogen in wood is burned, it combines with oxygen to
form water and carries heat up the stack (Koch 1972). In the burning of 1
kg of dry wood about 0.6 kg of water is formed, requiring an enevgy input
(Koch 1972), Other stack gases (carbon dioxide, nitrogen and excess air)
may carry energy up the stack (Koch 1972). Hence, the usable heat of oven
dry wood 1is the gross heat of combustion of wood minus heat losses
assoclated with hydrogen combustion and other stack gases.

o

In addition, sorbed water in wood represents an energy loss (Koch 1972)
because it takes energy to remove moisture before or after the wood enters
the combustion chamber. For efficient control of combustion, it is
important that the wood be as dry as possible before entering the
combustion chamber because the energy required to remove the molsture in
the combustion chamber would then be supplied by the burning of biomass.
This will increase the amount of wood necessary to satisfy a given energy
input to the boiler.

General considerations for electrical power generation, from the standpoint
of design, include: steam pressure and temperature, degree of superheat,
turbine efficiency, fuel source avallability, cost and trends, steam
requirements, heat transfer apparatus, fuel feed rate (MJI/hr), boiller feed~
water, building space, geographical considerations, environmental
restrictions, energy required for auxiliary equipment, operating personnel,
efficiency and others (Babcock and Wilcox Co. 1975; Bogot 1976). These
congiderations must be analyzed for every power plant for any fuel sourcs,

After the energy is converted to steam at the boiler, the transformation of
the steam into electricity will probably require similar equipment
regardless of the fuel. This implies that one of the major cost
differences between a wood-fired electrical plant and a fossil~fuel power
plant will be in the combustion system and boiler. The installation costs
of a coal and wood fuel boiler system are about three and four times,
respectively, the cost of a fuel o0ll or natural gas system. Thus, the
initial cost of a wood-fired plant will be more than an oil or gas~fired
plant and sowmewhat similar to a coal-fired plant.

The operational parameters and financial costs for all of the petential
conversion strategies are presented in Appendix C (Table C-14).

Electricity generation via direct incineration in a power plamt and ethanol
production are the two conversion altermatives used in the net financial
and energy analyses. These conversion processes are used because of the
relatively low energy vields and higher finmancial costs asspciated with the
other conversion strategies. Direct incineration is currently the wmost
widely used method of wood energy conversion and ethanol is an zxtremely
versatile fuel (Appendix C, Table C-15).

Ranges in the estimated energy content and yield of products ave summarized

in Appendix C (Table C~15). The values presented represent differencss in
the conversion processes. For example, pyrolysis, gasification and
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liquefaction have lower available energy after conversion to an intermedi-~
ate energy product than direct incineration. However, the advantages of
eliminating fungal degradation concerns, use of existing combustion systems
(coal-fired furnaces), transportation systems (pipelines, etc.) and
utilization of secondary fuels/chemical feedstocks may offset, in certain
future situations, their reduced energy yield as compared to direct
incineration.

SRIC biomass offers the advantage of supplying similar genetic material
with a lower variability im the properties among trees. Ethanol represents
one of the more versatile Intermediate woody biomass conversion products
because it can be easily stored, transported and used as a fuel or as a
chemical feedstock. Estimates of ethanol recovery based on biomass yilelds
in Task 2 are presented in Appendix C (Table C~16).

Estimates of the fuel and energy potential from the biomass by management
strategy were obtained by combining the biomass yleld, fuel and chemical
values from Task 2. The goal of these calculations was to estimate the
amount of electricity (kwh) and secondary fuels (e.g., ethanol) available
from the four year old biomass.

Since the wood and bark have different gross heat of combustion and
chemical content values for each management strategy, the four year old
biomass yields were divided into percentages of wood, bark and branch-
wood. Total tree biomass was determined to be about 707 wood, 157 bark
and 157 branchwood for all management strategies based on the four year
old data in Table 2-15.

The four year old gross heat of combustion values for wood, bark and
branchwood (wood/bark) for each management strategy were combined with

the percentages of wood, bark and branchwood in the total tree to obtain a
weighted gross heat of combustion value for the total tree. The following
gross heat of combustion values were used for calculating the energy
potential in the biomass: 1) Basher; control - 4620 cal/g, irrigation -
4649 cal/g, fertilization - 4607 cal/g and fertilization/irrigation ~ 4608
cal/g and 2) Morrison; control ~ 4680 cal/g, irrigation - 4657 cal/g,
fertilization -~ 4635 cal/g and fertilization/irrigation - 4603 cal/g. The
bilomass yields (ODt/ha), reduced by 10% because of losses during
harvesting, transport and storage, were combined with the gross heat of
combustion values to estimate the maximum energy content per hectare. This
value was reduced to usable heat content to account for hydrogen
combustion, stack gas losses and 207 moisture content (Koch, 1972) and
converted to kwh/ha for each management strategy (Appendix C, Table C-16).

Neenan (1984) reported that present conversion of woody biomass to C_ and
C6 sugars is about 307 efficient, and about 507 of C. and C, sugars can be
converted to ethanol. Number of liters of ethanol p&r hectare by
management strategy was estimated (Appendix C, Table C-16) by applying the
conversion efficiencies listed above to total tree biomass yields and using
a specific gravity of ethanol of 0.79 g/cc. A number of processes can be
used to produce ethanol (Neenan, 1984; Wright and d'Agencourt 1984). Each
process will require a different blomass moisture content and each process
assumes the biomass will be delivered wet (Neenan, 1984; Wright and
d'Agencourt 1984).



Net Fimancial and Energy Analysis

The net financial and energy analyses were conducted for two altermative
energy products - electricity or ethanol (Appendix C, Tables C-16 to 20).
These analyses were based on financial costs per kwh and per liter of
ethanol and the energy costs were based on kcal/ha.

The conversion to electricity was calculated on the basis of burning the
fuel at 207 moisture content and using a 907 net biomass yield after
harvest, transic and storage. The financial and energy input costs
required to produce electricity from biomass were compared with electricity
outputs (valued at $0.046/kwh and in kcal/ha). A similar comparison was
made for ethanol production. All of the net values for producing
electricity and ethanol were negative.

The net delivered biomass financial and energy costs to the electric
generating facility per kwh and kcal/ha were higher for all management
strategies than the selling price of $0.046/kwh and the net kcal/ha output
of electricity. Greater than 507 of the costs for the electricity were
asscoclated with net biomass fuel input costs at the electrical plant. The
biomass production costs associated with each management strategy were 40
to 70% for the finmancial costs and greater than 807 for the energy costs of
the delivered net biomass. Reduction in the first rotation production
costs ov increasing the first rotatien yield may help reduce the overall
costs.

Including the electric generating plant costs increased the net loss,
This 1is associated with the conversion efficiency of biomass to
electricity. Pyrolysis, gasification and liquefaction will provide
increased input costs, compared to direct incineration of biomass for
electricity generation, thus producing a larger net loss.

Converting wood to ethanol for use as a secondary fuel or chemical
feedstock provided an interesting alternative to electricity. While the
net financial and energy costs were negative for all management strategies
(Appendix C, Tables C~16 to 20), the net values for control and fertiliza~
tion strategies {(both sites) were close to breaking even for the financial
analysis. These net values were based on: 1) the current list price for
fermented ethanol (Chemical Marketing Reporter, May 13, 1985); 2) the
estimated plant costs (excluding feedstock costs) of $.196/2% of ethanol for
a plug~flow, dilute~acid, high—temperature hydrolysis plant including a
by-~product credit of $,109/% (Wright and d'Agincourt 1984) and 3) the
present yield of ethanol from woody biomass (Neenan, 1984).

Additional research may improve the outlook for producing ethanol frcm
woody biomass. Two alternative research approaches appear to be feasible,
The first approach would include reducing the $/0Dt and kcal/ODt by
reducing the costs, increasing the biomass yield per unit cost or both.
Ancther approach would be to increase the yield of ethanol per unit weight
of woody biomass. The goal of current research and development efforts is
to convert 65~707% of the wood to fermentable sugars by improving process
yvields through: 1) fermentation of five carbon sugars to ethanol, 2)
improved fermentation and distillation efficiencies, 3) pretreatments to
fractionate the feedstock, 4) optimization of acid hydrolysis concepts and
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5) exploratory research and development projects in enzymatic schemes
{Neenan, 1984). These projects are designed to improve processing so that
up to 70%, most of the cellulose and hemicelluloses, of the wood can be
converted to fermentable sugars. A 707 conversion efficiency, coupled with
an increase in the production of biomass and a decrease in the costs of
biomass production, may promote the use of wood as a feedstock to ethanol.

A summary of the total financial and energy costs for conversion to
electricity and ethanol using biomass from the Basher control and
fertilization management strategies is given in Tables 3~7 and 3-8,
respectively. The financial costs for both management strategies are
similar in that of the total cests for electrical production; about 197 is
for biomass production, 27Z for harvest/transport and storage and 547 is
for plant costs. For ethanol conversion, biomass production accounts for
about 38%, harvest/transport for about 227 and plant costs for about 407 of
the total product costs. It appears that for these twe conversion
strategies biomass production financial costs are about one third of the
total product costs. It is difficult to conduct a similar analysis on the
energy data (Table 3-8) because plant energy costs are unavailable and land
energy costs are high.

The influence of land costs in these ‘analyses, particularly ig the energy
analysis, is evident. Removal of the land costs (44.316 x 10 kcal/ha) and
excluding the plant energy costs from the analyses produces positive net
energy for electricity and ethanol production. However, removing the land
costs ($361.66/ha) still produces a negative financial balance which is
higher for electricity than ethanol production.

Examination of the financial and energy balances for the management
strategies indicates all the strategies produce negative results for the
production of electricity. The control and fertilization strategies
produce the most promising results for the conversion of SRIC forest
biomass to ethanol. Additional improvements in SRIC biomass yields,
reduction in costs per unit weight of biomass and increases in the

ethanol yield from forest biomass may promote the conversion of SRIC forest
bilomass to ethanol.

Sensitivity of Biomass Production and Conversion Strategles to Alternate
Costing Assumptions

Biomass Production Financial Sensitivity Analysis - The relative impact on
total biomass production costs from changes of *107 to selected input costs
and biomass yields was analyzed for each site/management strategy
combination. Each factor listed below was altered with the remaining
input costs and yields, in terms of operation, rates and timing, held
constant.

1. Capital - changes to current cost may reflect either lower
or higher costs in terms of equipment use, initial prices
and/or carrying charges.

2. Fertilization -~ changes may reflect a decrease in the volume of
fertilizer (assuming that such reductions would not affect biomass
output) or, alternatively, a pending increase in price for such
materials,
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Table 3-~7. Summary of financial electricity and sthanol productionl/ cogts for Basher control snd
fertilizetion management strategies.

Bagher Control Costs / Basher Fertilization Costs 3/
Biomazs Yield at Conversion Site Biomass Yield at Conversion Site”
Operation 31.81 ODt/ha 38.26 ODt/ha
mmmmmmmmmmmmmmmm Electricity Generatlon «- = « « = = = w = = = @ o - =
3/ 3/
$/0Dt $/kwh 2 of Total $/0Dt $/kwh 2 of Total
Establishme&?é/ 10.04 0.007 ) 8.35 0.005 4
Maintenance
Property Rental and Tax 11.37 0,007 6 9.45 3.006 5
Other 47 10.49 0.007 6 §.72 0.006 5
Cultural Amendment p - - it 13,03 0.0G03% 7
HarvestS?nd Transport ! 32.39 06.021 18 38.96 0.026 20
Storage ./ 14.61 0.010 8 17.57 0.012 8
Plant Costs 101,84 0.067 _36 101.84 0.067 51
Total 180.74 0.119 160 197.92 0.131 100
mmmmmmmmmmmmmm Ethanol Production = = = = = = = = = - - = = - = - <
$ /0Dt Jg” 2 of Total $/0Dt _i'gf" Z of Total
Establishmeg;él 10,04 0,053 12 B.35 0,044 8
Maintenance
Property Rental and Tax 11,37 0,060 13 9.45 $.050 19
Other .y 16.49% 4,053 12 8.72 G.046 g
Cultural Amendment & _, - - o 13.03 0.059 13
Harvestg?nd Transport™’ 18,56 3.098 21 22,32 0,118 23
Storage g/ — - tH —-— - 0
Plant Costs™’ 37.17 G,196 42 37,17 £.156 37
Total 87,63 6.462 100 35,04 0.523 100
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Table 3-7. {(continued)

1/Averaging over all sites and management strategles, one ODt of woody blomass yields 1.52 x 103 kwh

(divide electrical energy output (kwh/ha) by biomass yield at conversion site (ODt/ha) from Appendix C,
Table C-16) and 189.65 & of ethanol {Appendix C, Table C-16).

2/
3/
4

Yield after fiber loss from harvesting operationms.

Divide cost/ODt by 1.52 x 103

kwh/0ODt (from Footnote 1).

From Tables 3-1 and 3-2. Financial values ($/ha) were capitalized to the end of the first 4 year
rotation and divided by the corresponding site-management strategy yleld (ODt/ha). Energy values
{kcal/ha) were also divided by the appropriate yield value (ODt/ha).

5/Strategy B2, from Tables 3-4 and Appendix C (Tables C-9, 10).

6/Plant costs for a wood-fired power plant, including fixed and variable costs, are $0,.067/kwh (Skelton
et al. 1982). Multiply plant costs {cost/kwh) by electricity yleld (kwh/ODt) listed in footnote 1 to

get cost/ODt.

7/Divide cost/0ODt by 189.65 & of ethanol (from Footnote 1).

/Storage costs are included in plant costs.
9/Wr:ight and d'Agincourt (1984) recommend for aspen a plug-flow, dilute-acid, high-temperature hydrolysis
plant with plant costs of $0.196/¢ of ethanol. These plant costs include fixed, variable, operations and
maintenance costs and a by-product credit of $0.109/% of ethanol. Multiply plant costs {cost/%) by
ethanol yield (&/0Dt) listed in Footnote 1 to get cost/ODt.



£e-¢

i
Table 3-8. BSummary of energy electricity and ethanol production‘j costs for Basher control and
fertildization management strategies.

Basher Control Costs / Basher Fertilization Costs 2/
Biomass Yield at Conversion Site Biomass Yield at Conversion Site
Operation 31.81 Obt/ha 38.26 ODt/ha

106 kcal/ODt 103 keal/lwh 106 kecal/ODt 103 kcal/kwh3/
Establishmegyé/ 0.023 0.151 0.019 0.013
Maintenance
Property Rental and Tax 1.393 0.916 - 1,158 0.762
Other 4/ 0.030 0.197 0.025 0.016
Cultural Amendment —— —— 0.322 0.212
Harvest57nd Transport 0.232 0.153 0.278 G.183
Storage 0.024 0.016 0.029 0.019
Plant Costs NA NA NA NA
—————————————— Ethanol Production = = = = = = = = = = = = = = = =« =
106 kecal/0Obt 103 kcal/ﬁél 106 kcal/ODt 103 kcal/26/
Establishme yA/ 0.023 0.121 0.019 0.100
Maintenance
Property Rental and Tax 1,393 7.345 1,158 6.106
Other 4/ 0.030 0.158 0.025 06.132
Cultural Amendment —— - 0.322 1,698
Harvest7?nd Transport 0.218 1,149 0.264 1.392

Storage - - —— -
Plant Costs NA NA NA NA
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Table 3-8, {continued)

3

1/Averaging over all sites and menagement sirategies, one 0Dt of woody bilomass yields 1.52 x 107 kwh

2/
3/
4/

5/
6/

{divide electrical energy output {(kwh/ha) by biomass yield at conversion site {ODt/ha} from Appendix C,
Table =16} and 189.65 L of erhanol {Appendix C, Table C-14).

Yield after fiber loss from harvesting operations.

Divide cost/ODt by 1.52 x 103 kwh/0Dt (from Footnote 1).

From Tables 3-1 and 3-2, Financial values ($/ha) were capitalized to the end of the first 4 year
rotation and divided by the corresponding site-management strategy vield {(ODt/ha). Energy values
{kcal/ha) were alsc divided by the appropriate yield value (ODt/ha).

Strategy B2, from Tables 3-4 and Appendix C (Tables C-9, 10).

Divide cost/ODt by 189.65 & of ethanol (from Footnote 1)},

7/Storage costs are included in plant costs.



3, Fuel - changes may reflect potentlal decreases {n volume thio
more fuel-efficient equipment or, alternatively, ifncrzased fu
prices,

4. Labor - changes to current labor costs may reflect possible
decressed labor needs ovr, alternatively. Incresssd wages
hours of labor emploved.

5. Land -~ changes to currvent land rent and taxes way vaflect
decreased or increased prices and competition for land

6., Biomass Yield - the predicted levels of output from the ariginal
research findings may be alteved fo raflsct poorer growing
conditions or, alternatively, improved growing conditions,
improved matching of species with site and/or the use of improved
clonal varleties of Populus spp.

The impact of cost changes in basic Iinputs on the total production cost oo
an oven dry tomne basis were linear and generally consistent between the
two sites (Basher and Morriscn), but did vary among the various strategies
{Table 3-9). Changes to input costs had the same relative impsct om tobtal
biomass production costs for the control strategy on both sites due to th
identical character of their total cost functions. For the contrel
strategy, labor and land were the more critical inputs. Cost changes of
10Z to labor would cause a 3.7% change in the production cost of hiomass.

A 107 change in land costs would induce a 3.6% change iv the total
production cost. Capital and fuel inputs had a lesser influence on
production cost, with 107 changes to either ioput csusing an 0.7% changs o
product cost for capital and an 0.37 change for fuel. Bince fertiilzsr was
only involved in the contrel strategy by way of the nursery cuttings and
not within the strategy itself, a 107 change in fertilizer cost resulied in
ant 0.03%7 change to product cost.

A
2

For the fertilization strategy, a cost change to fertilizer had the
greatest effect on production costs among all input cost changes. Oo tha
Basher site, a 10Z cost change to fertilizer caused a 3.0Z change ino
product cost and, on Morvison, a 4.%% change in product cost. The larger
impact on the Morrison site reflects the larger gquantity of fervilizer
required on these soils and the increased relative finmancial burden forv
this input. The financial importance of fertilizer within this =strategy
also served to veduce the relative iwportance of all other inputs. Laboy
and land werse secondary to farxtilizer in terms of their cost effscia.
Increases of 10Z to either input would chauge product cost by about 2,35,
with labor slightly wore important than land. Changes in capital input
prices were least important, with a 10Z change affecting product cost by
3.6% on edither site.

Irrigation was not only an expensive strategy but one that was also caplial
intensive. Much of its added cost originated from the capitsel items used
in the water collection and distribution gystems. As such. a 10%7 changs in
the cost of thiz equipment would cause a 4.47% change in product cost on the
Basher site and 3 5.0% change on the Morrison site. The incrsased impact
on Morrison was due to the higher irrigation cost for its well svstem. It
should be noted that the changes to product cost im the irrigation strategy

335
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Table 3-9.

Percentage impact of 107 cost changes in basic inputs and 107 change in biomass ocutput upon

the total production cost for biomass,

First Rotation

Z Change in Blomass Production Cost resulting Z Change in Bio-
from 107 Cost Change

mass Production

Management Product Cost . Cost from a 107
Site Strategy $/0Dt Capital Fertilizer Fuel Labor Land Change to Output
Basher Control 28.71 0.70 0.03 0.34 3.72 3.59 11.11 for 10%
decrease of
Irrigation 96.40 4.42 0.01 0.28 3.61 1.16 output
Fertilization 35.60 0.65 3.03 0.27 2,56 2.41 0.09 for 107
increase of
Fertilization/ 84.71 3.89 1.26 0.26 3.15 1.00 output
Irrigation
Morrison Control 32.12 0.70 0.03 0,34 3.72 3.59 11.11 for 107
decrease of
Irrigation 103.62 5.03 0.01 0.32 3.14 1.04 output
Fertilization 44,10 0.58 4,92 0.24 2.30 2.16 0.09 for 107
increase of
Fertilization/ 101.86 4.29 1.98 0.28 2.66 0.87 output

Irrigation




o the high cost for the basic strategy - $96.40/0Dt for Basher and
103.62/0pe for Morrison,

Labor was the second most important item from a costing standpoint in the
irrigation strategy. Changes of 10% to labor imposed a 3.67 change to
hiomass production cost at Basher and & 3.1% change at Morrison., Because
the drrigation strategy vequired the most labor, a change in labor cost
impavted a greater absolute cost change per 0Dt for irrigation than all
other management stragegies. Land was of tertiary financial importance to
the irrvigation scrategy, with a 10Z cost change in land imposing a 1%
change on product cost.

The combined fertilization/irrigation strategy was dominated by the capital
Inputs of irrigation. Changes to capital costs of 107 impacted on total
product cost by 3.9% on Basher and by 4.3%7 on Morrison. Labor was the
secondary financial input. Cost changes to labor at 107 imparted a 3.1Z
change to total product cost on Basher and 2.7Z on Morrison. Fertilizer
was of tertilary financial importance, with a 107 cost change affecting
total product cost by 1.3%7 on Basher and 2.0%7 on Morrison. The larger
impact on Morrison was due to more fertilizer being used on this site. A
cost of 10Z to land affected total product cost by about 12Z.

A 10% change to biomass yield had a greater impact on total biomass
production cost than any of the 107 changes to individual biomass
production cost inputs. The biowmass production cost ($/0Dt) was determined
from the division of total production cost (4/ha) by total biomass yield
{ODt/ha). As such, a 107 increase to the denominator had the effect of
reducing the average by an amount of 1/1.1 or 90.9%7 of the former value
{{.e., a 2.1%7 decrease). The resciprocal move of decreasing output by 10%
affected the average by 1/.9 or 111.1% ({.e., an 11,17 increase).

Biomass Production Finanmcial Sensitivity Analysis Summary - Overall, the
cnst changes veflected the velative financial impact of the principle
inputs within the various management strategies. For control, labor and
land were the primary inputs. The addition of fertillizer shifted primary
attention to this input frowm a costing standpoint, with labor and land
becoming secondary. Capital snd labor were the controlling features in an
irvigation budget. The fertilization/irrigation strategy was still
dominated by capital, with labor second and fertilizer third. Fuel, as an
fnput, had only a minor effect within any of the management strategy/site
combipstions.

The 10% change in biomass vields for the various management strategy/site
combinations had a greater impact on biomass production costs than did any
pf the 10Z changes to input costs. This was due to the change affecting
the central output feature of sach production function rather than just one
of several inputs. Furthermore, the percentage effect of the output change
was conetant amoug all strategy/site combinations due to the mathematical
configuration of this change.

Biomass Production Energy Sensitivity Amalysis ~ A detalled energy
sengivivity analysis comparable to the financial sensitivity analysis was
nob implemented. A change in capital would not be applicable in energy
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terms, A *107 chaunge in the energy inputs of fertilization, fuel, labor or
land could occur due to: 1) variations in the actual values as calculated
(for example the energy embodied in materials), 2) different technological
approaches in organizing and manufacturing these inputs (in the cases of
fertilizer and fuel) and/or 3) changes 1n the amount of input used in the
biomass production function. Since energy is a physical measurement
compared to a financial cost, it would be more difficult in an operational
sense to vary energy costs than fimancial costs. Land energy costs
dominated the supply system resulting in minimal effects from changes in
the energy costs of fertilizers, fuel or labor. Similar to the financial
cost sensitivity amalysis, changes in the biomass yield appeared to have
the mozst influence on energy cost structure. However, land had nearly as
large an impact as biomass yield on the total biomass production energy
cost.

Conversion Product Sensitivity Analysis ~ The impact of a 107 change in
total biomass production costs on finmal product (electricity or ethanol)
costs was alse evaluated for each management strategy. Technical and cost
charvacteristics of the harvesting, transportation and converslon strategies
were held constant.

Table 3-10 lists the percent change in electricity and ethanol costs ($/kwh
or $/2) for an increase or decrease in total biomass production costs
($/0Dt). It should be noted that a 107 decrease in the production costs
still produced a loss for the comversion of SRIC biomass to electricity and
ethanol. A ten percent change in production costs changed the electricity
costs by about 27 for comntrol and fertilization and 4% for irrigation and
fertilization/irrigarion. 1In like manner, a ten percent change in
production costs changed the ethamol costs by about 3Z for control, 4% for
fertilization and 67 for frrvigation and fertilizatlon/irrigation.
Therefore, changes in production costs influenced ethanol costs more than
electricity costs,

Another approach to analyzing the impact of biomass production costs on
electricity and ethanol costs is to determine the percent reduction in
production costs necessary to meet the current selling price of the product
(fable 3-11). Since the biomass production costs ($/kwh) for the first
rotation alone exceeded the current selling price for electricity, the
production costs would have to be dramatically modified to obtain
reasonable costs per kwh. However, it was possible to conduct a breakeven
analysis for ethanol.

If the production costs were reduced by about 30-507, the control and
ferrilization strategies appeared to breakeven. An alternative to reducing
the production costs is to increase the biomass output for a glven cost
(Table 3~11). The result would be the same as inereasing ethanol
conversion efficiency. A 20 to 507 increase in blomass yield produced
breakeven ethanol prices for the control and fertilization strategies.
Increases in biowass yield from coppice growth, management and genetic
gains,; combined with more efficient biomass to ethanol conversion
technology, may approach a breakeven situation.

Sensitivity of the final product energy costs was hampered by the lack of
quality energy estimates related to wood convevsion plant costs in the
literature. Hence, the influence of production energy cost changes on the
product costs was not analyzed.
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Table 3-10, Percentage impact of 10Z change in biomass production cost upon the financial and energy
costs of producing electricity and ethanol.
Electricity Financial Costs Ethanol Financial Costs
Management Cost Z Change in Input Cost Z Change in
Site Strategy $/kwh Product Cost $/4 Product Cost
-10% +10% -107 +107
Basher Control 0.118 -1.69 1.69 0.49 -2.04 4,08
Irrigation 0,162 -4,32 3.70 0.85 -5.88 5.88
Fertilization 0.122 -1.64 2.46 0.53 -3.,77 3,77
Fertilization/ 0.155 -3.87 3.23 0.79 -6.33 3.80
Irrigation
Morrison Control 6.119 -1.68 1.68 0.51 -3.92 3.92
Irrigation 0.166 -4,22 4,22 0.89 ~-6.74 5.62
Fertilization 0.128 -2.34 1.56 0.57 ~3.51 5.26
Fertilization/ 0. 166 -3.61 4,22 0.88 -6.82 5.68

Irrigation




Table 3-11. Ethanol financial breakeven analysisl/.

Necessary Percent

Necessary Percent Increase in Biomass
Management Reduction in Biomass Yield or EtOH Qytput
Site Strategy Production Costs to Benzene
Basher Control 28 20
Irrigation 78 190
Fertilizatdion 40 40
Fertilization/ 75 160
Irrigation
Morrison Control 35 30
Irrigation 80 210
Fertilization 55 50
Fertilization/ 80 200
Irrigation

1/To have an input cost of Z0.45/% of EtOH.

2/An increase in bilomass yleld for a given ethanol conversion efficency
has the same effect as increasing the ethanol conversion efficency for a
given biomass yield.



SUMMARY

This project was divided into two general, but related, areas, The purpose
of the first overall area was to determine growth characteristics and
biomass yields for a Populus hybrid grown under four management strategiles
on two dissimilar sites. The purpose of the second overall area was to
gxpand the biomass production data into complete net financial and energy
analyses. In order to complete these objectives, biomass production data
wara combined with certain laboratory data to predict potential comversion
products for use in econcmic modeling.: This project incorporated the
culturing and managerial aspects of biomass production with the utilization
characteristics of the material and evaluated the complete system through

a2 financial and energy framework.

The financial and energy analyses in this project were based on a
self~owned, fully integrated commercial~scale operation. Costs for nursery
stock, establishment and cultural maintenance operations were developed
from field data obtained in this project, and combined with operational
information in the literature supplemented by consultations with
agricultural engineers and professional farm managers. These production
costs were coupled with harvest, transportation, storage and conversion
costs obtained from the literature for use in analyzing the commercial-
scale operation from production through conversion.

The financial and energy analyses for this project contrasted the inputs
for producing, harvesting, transporting and processing biomass against the
potentially recoverable outputs from the forest biomass. Comparisons of
the financial and energy analyses established the relative importance of
the constraints within the economic model and the sensitivity of varilous
inputs within the overall energy recovery systems. Linear programming
analyzed the complete system and compared selected management and
convergion strategieg. '

Experimental Design - Populus hybrid SRIC plantations were established
under four management strategiles (comntrol, fertilization, irrigation and
fertilization/irrigation) on two sites representing favorable (Basher silt
loam soil) and unfavorable (Morrison sandy loam soil) inherent growth
cenditions. Each plantation site (1.2 ha) consisted of six replications
(0.2 ha each) with three replications planted in 1980 and three
replications planted in 1981. Each replication included four treatment
units (0.05 ha each for control, fertilization, irrigation and
fertilization/irrigation). Growing space for Populus hybrid NE-388
cuttings was 0.48 m? with 0.8 m between rows and 0.6 m between trees in the
rows. In each treatment unit, trees were designated for both continuous
inventory and annual destructive sampling over a four year period,

A fertilization schedule based on attaining a corn silage yield of 47
tonne/ha was applied to the appropriate treatment units of the 1980 and
1981 plantations. Chemical weed control was implemented in 1981 on 1980
and 1981 planted trees. A trickle irrigation system was installed at each
site in 1981 to reduce growth loss from moisture stress by maintaining soil
moisture above the 507% available water level.



Procedures ~ Biomass survival rates, yields and growth rates were
determined as a function of management strategy, age and site. Nutrient
depletion as a function of management strategy, age and site was gauged
through annual determination of nutrient concentrations of wood, bark,
wood/bark composite, foliar, litter, corn and soil specimens. Sample trees
harvested at the end of the growing season were also analyzed for: 1)
specific gravity (wmaximum moisture content method), 2) moisture content
(ASTM D-2016), 3) gross heat of combustion (ASTM D-2015), 4) ash content
(ASTM D~1102), 5) nutrient content (N, P, K, Ca and Mg), 6) extractive
content (ASTM D-1105), 7) holocellulose content (acid chlorite method), 8)
alpha cellulose content (ASTM D-1103) and 9) Klason lignin content (ASTM
D~1106) of wood, bark and composite wood/bark specimens as a function of
management strategy, age and site.

Finanecial and energy inputs required to establish and maintain short-
rotation plantations were determined. Linear programming was used to:

1) analyze net financial and energy analyses, 2) recommend an optimal
management strategy for each conversion strategy and 3) analyze sensitivity
of the financial and energy outputs from each conversion strategy with
respect to various financial and emergy i1nputs.

All production/harvesting/conversion operations costs were analyzed om a
financial and energy basis. Costs were divided into variable and fixed
expenses,

Variable costs for an operation included labor, fuel, materials and
maintenance of the equipment. Base pay rates were taken from Doane's (1981}
with 5 to 20% added for fringe benefits. Fixed costs included insurance,
equipment shelter, depreciation and interest.

Site Preparation and Weed Control - The only weed control measures in the
plantation treatment units established in 1980 were plowing and disking
prior to planting. Native herbaceous plant growth was about 300 ODg/m? at
the more favorable (Basher) site and about 200 ODg/m?® at the less favorable
(Morrison) site in 1980 when no herbicides were used. Chemical weed
control was ilmplemented in 1981, Herbicide treatments reduced the 1981
herbaceous plant growth by 777 and 84%Z at the Basher and Morrison sites,
respectively. This difference in establishment year weed control was an
additional factor in the experimental design.

Compared to the poor weed control for the 1980 planted trees, the effective
weed control program for the 198l planted trees increased the height and
diameter of trees at both sites for every age and management strategy
(except three year old Basher fertilized height). Weed control measures
had the greatest effect on the control treatment and the least effect on
the fertilization and fertilization/irrigation treatments.

Management Strategy Effects = Fertilization did not have an effect on
survival in the establisbment year, However, fertiiization of the 1980
planted trees (poor weed control) produced greater height and diameter
values than non-fertilized trees, and similar first season height and
diameter values for the 1981 planted trees (good weed control). This
reflects the depression in countrol treatment growih caused by weed
comperition. Neither irvigation nor the combined fertilizatiom/irrigation




treatment markedly nflueﬁceﬁ survival rate, hei ght pr dlameter during the
establishment phase, This suggests that vatidve site fertility and ”etmﬁ»
rainfall were &dea are for trea survival, fotal height and dismeter growt
in the establishment pbase given zimilar w@at%er, phanting dates, waad
control, site, tree parsntage and spacing cond:

Fertdilization -~ Survival rates of fertilized treez were somewhat lowaer than
control trees for easch planting yvear~site copbination except 1981 Basher.
At the end of the first yetavion, fertilizatdon of the 1280 planted trees

&
at both sites inﬂreased SVET:
about 30% ower the countrel treatment. The greatest helight and 44 nwaier
rodlized and nonfertilized tyeses coourred dﬂ ng
L
b

age toral height and stem diameter walues by
i
diffeventials between fert
the first two growing seazsons, the perdlod when wead competition was mos
intense.

In the first thraes vears fertilization of the 1981 planted trees produced
gverage helght and dismeter growth vates similar to the control growth
rates. In the fourth growing season. averaging over both sites, the
fertilized trees weve 30% and 457 greater in height and diameter,
respectively, than control trees. Fertilization of 1981 planted trees
resulted in a net height and diameter increase of 5% and 127, vespectivel
over control trees. .

Irrigation ~ Survival vates of 1980 and 1781 planted irrigation and control
trees were about egual on the Basher site. On ths Movrison site, survival
rates of 1980 and 1981 plantsd dzrvigation tress wevre gomewhat less than
controls,

Trrigation in the sescend, thivd and fourth growing ssasons established with
poor weed coonirol {1980 planting) resulted in sbout a 127 incveass in the
four year old tree size walues over the contrel trzatment. In contrast,
four vears of irrigation to trees established with good weed control (1281
p;anting} had no appavent first retation benefit. Averaged over hoth

sites, ilrrigated tvees planted In 1980 and 1981 weva suhsztantially smaller
in heigh* and diameteyr than fertilization and fertilizatien/irrigation
trees,

Fervilization/Irrigation ~ The abselute and relative tree growth varlables
for the ferrilization/irvigation freatment were dependent on weed contral
efficiency In the establishment year. . For the 1930 plantings,
fertilization/irrvigation resvlted in Ivees which anmually were taller and
larger in diameter thao either the contrvol or drrigarsd trses. When
compared to the control treatment averages, fertilizarion/irrigation
treatment units averaged about 307 gresater in the four wear total height
and ahout 4%% greater in the four year stem dismeter. Fertilization/
{rrigation of the 1980 planted frees di1d not result In an average tree slize
advantage over the fertilized tree valuss. The 1981 planted fertilization/
{rrvigation trees had significantly grezatev twe, three and four vear old
average total helght and stew diameter wvalues than the contrel, lrvigation
and fertilization treatmentsz. However, the diffevences In the 198! plantec
trees between the fertilizationﬁirrigatien and the contrel or the
irrigation treatments wers not as large as with the 1280 plantings. After
four growing seszsons, rhe 1831 p anted fervilizavion/irrigation trees
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averaged about 10Z greater In total height and 157 greater in stem
diameter, as compared to the control trees.

Growth ~ First rotation Populus hybrid growth demonstrated:

(1) Weed control in the establishment year had a significant effect
on height and diameter of trees and on growth response to
fertilization and lrrigation amendments throughout the first
rotation.

(2) Two year old trees grew faster than one year old trees, two year
growth rates were sustained in the third year but slowed in the
fourth year.

(3) Favorable sitazs (Basher) resulted in trees that were somewhat
larger compared to unfavorable sites {(Morrisom).

(4) Fertilization and fertilization/irrigation investments increased
tree growth over no amendments. Irrigation had mixed results.

Yield -~ Four year old total tree biomass yields from 1980 planted trees
averaged 21.4, 26.9, 33.1 and 37.0 ODt/ha for control, irrigationm,
fertilization and fertilization/irrigation strateglies, respectively. The
irrigation, fertilization and fertilization/irrigation amendments resulted
in additional yields of 26Z, 55Z and 73%, respectively, over control
yields. The 1980 planted tree ylelds were not used for the economic
analyses because of ineffective weed control measures im the establishment
year. Four year old total tree biomass yield from 1981 planted trees (good
weed control) averaged 33.5, 33.3, 40.4 and 42.1 ODt/ha for control,
irrigation, fertilization and fertilization/irrigation treatments,
respectively.

Annual yield of hybrid poplar biomass (including weight of leavesg) averaged
11.3 ODt/ha and 13.1 ODt/ha for the control and fertilization strategies,
respectively, over the first rotation. Natural vegetation produced annual
yields of 3.3 ODt/ha.

The fertilized annual woody biomass yield of 13.1 ODt/ha is in contrast
with an average annual yield of 16.9 ODt/ha of corn. It is anticipated
that subsequent rotations of hybrid poplar may reduce or eliminate this
yield differential.

Oven dry total tree and component Populus hybrid yields revealed that:
(1) Proper weed control substantially increased biomass yields,
(2) Biomass productivity increased more in the second year compared
to the first year, was greater in the third year than the second

vear and similar in the third and fourth years.

(3) Favorable sites yielded slightly more biomass, in the same time
frame, compared to unfavorable sites.

(4) Irvigation, fertilization and fertilization/irrigation increased
two, three and four year old biomass productiomn.

i~
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(5) The 1Increased vield vealized through the addition of cultural
amendments was an increase primarily in stemwood as opposed to
bark or branchwood,

Seil Ferxility ~ Analysis of nutrient concentrations in the Ap and upper 13
cm of the B spil horizons showed that soil fertility increased over the
four years of the first rotation for all treatmwent units. The supply
capacity of the soll plus the decomposition and mineralization of litter
fall possibly exceeded the nutrient uptake of the trees in the first
rotation,

Physical and Chemlcal Properties ~ The energy and chemical contents of the
biomass components influence the conversion products. Specific gravity,
moisturs content, gross heat of combustion, ash, and extractive,
hoelocellulose, Klason lignin and alpha cellulose content values were
deternined for weod, bark and wood/bark composite specimens as a function
of management strategy, age and site. General trends were:

{1) Most physical and chemical properties did not vary significantly
with site at the 0.05 level except for ash and extractive
content. There were statistically significant differences in
properties among management. strategies. However, these
differences did not necessarily exhibit consistent trends.

(2) Variations in properties hetween successive ages appear to
decrease with time.

(3) Wood specimens have higher specific gravity, holocellulose
and alpha cellulose values than bark.

(4) Bark has higher gross heat of combustion, ash content and
extractive content values than wood.

{3) Wcod and bark have comparable moisture and Klason lignin
contents.

Financial and Energy Analyses ~ The financial and energy analyses for this
preject balance the inputs for producing, havvesting, transporting and
processing against the recoverable energy from the forest biomass. The LP
basis for anmalvzing the biomass system characterized the production
function {(e.g., fertilizer, Irrigation amendments, etc.) and related inputs
{e.g., harvesting, transportation, etc.) to outputs (e.g., financial and
energy galas). All of the data were entered into the problem as
alternative strategles for growing biomass and converting the material to
energy. The solution to this problem represented a selection of the most
efficient strategies for attaining a maximum net financial and energy
putput from the system.

The overall LP design compartmentalized the functions into separate units.
These units followed the seguential order: 1) biomass productionm, 2)
harvesting, transporfation, 3) storage and 4} conversion of biomass to
energy . .

i~
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The wodel also 1dentified biological, physical, financial cost, energy and
time constraints within each function and prioritized these constraints
among functions. This procedure identified the influence each function had
on the other functions.

Biomass Production ~ Equipment size and operational time were major
constraints in the establishment phase. Plantation establishment included
the establishment and operation of a nursery as a variable cost of the
planting operation. Operations for nursery establishment were the same as
for plantation establishment.

Planting was the_most expensive establishment operational cost at either
site, at .5 x 10" kcal/ha and $192/ha, accounting for about 737 of all
establishment operation financial and enervgy costs. Of the two cultural
amendments, fertilization was high in energv costs while irrigation was
high in financial costs.

Property rental and taxes during the four year rotation, at 44 x 106
kcal/ha and $298/ha, were the most expensive maintenance costs, accounting
for 98% and 527 of all maintenance operation financial and energy costs,
respectively. As 1in the establishment phase, of the two cultural
amendments, fgrtilization was the higher energy cost on both sites, at
about 14 x 10 kcal/ha and accounting for about 72Z of the total.
Irrigation was the higher financial cost on both sites averaging about
$1900/ha and accounting for about 807 of the total.

Land costs were a major component of the establishment and production costs
of SRIC biomass. It is important to note that the magnitude of these
constraints may influence certain silvicultural considerations.

The total production costs by management strategy for the first four year
rotation ranged from $1,014.61/ha for the control strategy on both Basher
and Morrison sites to $4,187.61/ha for the fertilization/irrigation
strategy on the Morrison site. The least expensive strategy _was the
control optiom on the Basher site ($28.71/0Dt apd 1.302 x 10 kcal/ODt) and
on the Morrison site ($32.12/0Dt and 1.456 x 10  kcal/ODt). Fertilization
increased financial costs per ODt by about 247 and 377 on the Basher and
Morrison sites, respectively, and increased output over control by about
207 at either site. Energy costs per ODt were increased by fertilization
by about 5Z and 107 at the Basher and Morrison sites, respectively.
Irrigation and fertilization/irrigation increased both financial and energy
unit costg well beyond the associated increased outputs.

Harvest, Transportation and Storage - Analysis of the harvest and transport
of the biomass was approached through a comparison of two distinct
strategies: harvest/baling and harvest/chipping. In the harvest/baling
strategy trees were cut, crushed and permitted to dry in the field before
being loaded and transported to the storage/conversion site. The second
scenario involved in-field chipping following harvest and the transport of
chips to a storage/conversion site. The cost of the harvest-tramnsport
function per oven dry tonne was not significantly different among the
individual management strategy/site combinations. The efficiency of both
harvest systems was assumed to be 907Z; i.e., 107 by weight of fiber would
be lost during processing.

I~
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The method of storage and drying of biomass at the conversion site was
dependent on the form of the material as it arrived at the site and its
subsequent processing specifications. For example, in the production of
ethanol, moisture content 1s controlled at the beginning of the conversion
process. However, moisture content should be below 257 for direct
incineration, pyrolysis or liquefaction for efficlent process controel.

Several patterns of harvest, transportation, drying and storage strategies
were examined. For fermentation (i.e., ethanol producticn), the harvest/
baling-wet storage strategy was recommended as the most cost efficisnt
pattern., For direct incineration more cost efficient patterns were: 1)
harvest/baling-chip, dry storage, dry, 2) harvest/chipping~dry storage,
dry and 3) harvest/chipping-dry, dry indoor storage. The recommended
pattern for ethanol production was financially least expensive but was the
most expensive pattern in terms of energy. For end uses requiring dry
feedstock, the pattern involving harvest/baling-chip, dry storage was the
least expensive on both the financial and energy bases.

Conversion -~ SRIC blomass can represent the production of a dedicated
feedstock, more homogeneous in nature than conventional woody biomass, fer
conversion to a high grade energy or secondary fuel product. Conversion
strategies examined the four year old biomass yield per hectare from firast
rotation hybrid poplar by site and treatment, associated gross heat of
combustion and usable heat content values and ethanol recovery yields. The
production of electricity was estimated from the usable heat content and
known power plant efficiency, and ethanol yields were estimated using
present recovery processes.

Net financial and energy analyses using forest biomass from the four
management strategies in the conversion to electricity or ethanol
identified modest to major limitations., Production of electricity from
SRIC biomass had major cost limitations. However, the financial analveis
of converting SRIC biomass to ethanol provided results that may become more
favorable in the future.

Economic analyses of the SRIC production data identified control, followed
by fertilization, as the most reasonable cultural management strategy to
pursue. Additional improvements in SRIC biomass yields, reduction in costs
per unit weight and increases in conversion yields will improve the
potential for SRIC biomass to be converted to energy.

Sensitivity - Sensitivity analyses were conducted for each site/management
strategy combination to determine: 1) the sensitivity of total biomass
production cost to variations of #10Z in individual input costs (%/0Dt) 2and
biomass yield (ODt/ha) and 2) the sensitivity of final product (ethanol and
electricity) cost to variations of $10% in total biomass production cost
and biomass yleld. Individual input costs within the production function
examined were capital, fertilization, fuel, labor and land,

Within the control strategy, labor and land cost inputs had the greatest
impact on total biomass production cost. Fertilization, labor and land,
in decreasing order, were the most influential input costs in the
fertilization strategy. Capital, then labor, influenced total biomass
production cost more than other inputs for both the irrigation and



fertilization/irrigation strategies., Fertilization was the third most
important input cost in the fertilization/irrigation strategy. Fuel was a
relatively minor input cost in all cases. A 107 change in biomass yield
affected total biomass production cost by 9-117 while the greatest impact
from a change in any individual input cost was only 57 (fertilizatiom in
the Morvison/fertilization strategy). This was due to the change affecting
the central output feature of the production function rather than just one
of several inputs.

A 10Z change in total biomass production cost ($/0Dt) would produce a 2~47
change in the cost of electricity ($/kwh) or a 2-7Z change in the cost of
ethanol ($/2). Even with a 107 decrease in bilomass production cost, the
net cost of producing electricity or ethanol from SRIC biomass would still
be negative.

The increases in biomass yield and/or biomass conversion efficiencies
necessary to breakeven appear to be lower for ethancl production than for
electrical generation. It should be noted that electricity and ethanol
were chosen as final products for analysis and comparison purposes, but
other conversion products may become more attractive with changes in
technology and the market place.
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APPENDTX A
TASK 1

ESTABLISH PLANTATION
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Number of yesrs

since site preparazion

1
Onell Twozl
Species Basher Morrison Basher Morrison
Srasg—and-grassitke
crab grass (ﬁigitﬁ*i; ,angti“h?f‘ X X X
Kentucky bluegrass {Posz prates ) X p:¢ X
panicum X X X
timothy (Phleum pratense L.) k¢ X X
wild garlic {A1lium oleraceum L.) X
yellow foxtall (Setaria lutescens) X X
Weigel Hubb,
yellow nursedge {Cyperus esculentus L,) X
Broadleaf weeds
asters (Aster spp.) X X
broad dock (Rumey obtusifolius L.) X
clovers (Trifol am Spp) X X X X
daisy fleabane (Erigeron strigosus Muhi,) X X
goldenrods {Solidago spp) X X pie
horse nettle {(Solanum carclinense L.} X X X
tance-leaf plantain {(Plantago lanceolata L.) X X
Queen Annes lace {(Daucus carota L.) X X X
pale plantain (Plantago rugelii Decme.) X X
peppergrass {Lepidium virginicum L.} X X
ragweed (Aubrosdia artemisiifolias L.) X X X
smartweed, comwon {Polygonum persicaria L.3 @
yellow wood sorrel {Oxalis europaea L.} b X
1/S:.Lte preparation dncluded a total kill herbicids in August-September 1980, tilled in October 198G,

disked in April 1981,

No other weed control was

Site preparation included plowing and disking in

euployed,

April 1980,

No other weed control was smplioyed,



Table A~2. Averagel”zl aven dry weighis of grass3;and grasslike), broadleaf
weeds and total herbaceous vegetation™' measured at the end of
the growing season {(September) on the 1981 planted replications,
by plantation site and treatment.,

Pliasntation Site/ Sroadleaf
Treatment Grass Weeds Total
wwwwwwwwww ggmz T,
Basher
Control 25.4 b 30.0 z2b %5.4 ab
Irrigation 22.6 b 50.4 3 73,9 ab
Fertdilizacion 21.5 b 17.3 % 40.5 ¢
vertilization/ 65,3 a 20.9 b 86.1 =
Irrigation
Average 33.7 = 29,6 x 53.7 x
Morrison
Control 1.5 ¢ 22.4 b 23.9 ¢
Trrigation 3.2 ¢ 20.2 b 25.4 ¢
Fertilization 4.2 ¢ 34.8 ab 3.9 ¢
Fertilization/ 2.0 ¢ 29.1 ab il.l e
Irrigation
Average 3.2 ¥ 26.6 x i9.8 v

1

Ry

-
Zach value is sn average of twelve 1,0 me plots.

K

'Meoans followed by the seme letter are not significantly different at the
4.05 level.

-

3/ oo - i .
"See Table &~1 for a listing of weed species in each group.



Table A-3, Averagell analysis of soil collectedz/ prior to the 1980 and
1981 growing season from the Ap horizon (0-20 em) aund the uppevr
15 em of the B horizon,

Plantation Test Results
Site Horizon pH P K Mg Ca CEC K Mg Ca
kg/ha (- ~ -~ meg/l00g - - ~) (% saturation)

1980 Replication

Basher Ap 6.1 29. 0,10 0.7 3.3 7.7 1.3 8.5 4&4.1
upper B 6.6 12, 0,06 0.7 3,2 6,0 1,0 10.5 53.3
Morrison Ap 5.5 26, 0,07 0.3 2,1 9.0 .8 3.5 25.1
upper B 5.9 11, 0,06 0.4 3.5 7.8 .9 4,8 44,6
1981 Replication
Basher Ap 6.0 64, 0,17 0,7 3.8 9.8 1.8 6.7 38.5
upper B 6.2 45, 0,12 0.6 3,2 7.5 1.5 10.3 41.6
Morrisen Ap 6.0 44, 0,14 0.4 4,0 8,6 1,7 5.1 46.9
upper B 5.7 43, 0,19 0.3 3.1 9.4 1.9 4.0 33.3

/An average of four samples with each sample being a composite of 8 soil
plugs.,

2/Tlm;: arezs sampled were those to be planted im the 1980 and 1981
growing season.

At



X 1,2
Table Awé, First growing seagon average survival ’® / by plantation site,
treatment and measurement date for the 1980 planted trees.

% Survival at Msasurement Date

Plantation Site July July July  July  Aug Aug  Sept Sept
Treatment 3 11 18 28 7 19 5 29
mmmmmmm o am m m om L en me s e e e o e e em
Bazher
Control 3/ 96 20 4 28 98 20 96 78
Irrigation 90 84 109 26 9& 28 28 76
Fertilization 86 86 94 80 86 2 88 78
Fertilization%i 20 88 52 88 73 86 88 82
Irrigation”
dveragse 90 87 95 90 88 91 a2 78
Morrison
Control / 92 88 86 90 80 82 84 80
Irrigation 88 96 88 92 94 92 88 84
Fertilization 28 34 94 86 a2 80 82 80
Fertilization 84 88 54 84 84 76 80 82
Irrigation™
Average 88 21 90 88 &7 82 83 g1
L/

Each value is based on 51 complevely independent tree observations
per site per treatment.

2/ . .
Trees less than 0.1 meter tall were considered dead.

3/Although designed for irrigation, no water was applied in the 1980

growing season.



Table A~-S. Firat growing season average Survivall’zl by plantation site,
treatment and measurement date for the 1981 planted trees.

Z Survival at Measurement Data

Plastation Site June July July July Aug Aug  Sept Sept
Treatment 19 2 17 31 14 28 10 29
Baghey
"~ Control 86 84 96 94 96 92 96 88
Irxigation 92 80 g4 94 86 o8 96 96
Fertilizatlon 90 98 98 96 94 96 98 95
Fertilizetion/ 92 92 90 94 96 88 94 96
Irrigation o
Avevage 20 83 92 95 93 94 96 24
Horrison
Control 9% 92 98 B2 90 90 90 94
Irvigation T4 92 88 78 90 86 94 86
Fertilization 76 76 69 80 96 90 78 82
Fertilization/ 18 78 86 92 80 88 76 82
Irrigation '
Average 80 84 85 83 89 89 84 86

leach value 15 bssed on 51 completely independent tree cobservations

per site per treatment.

A-6

Tyees less than 0.1 meter tall were considered dead.



1
Table A-6, First growing season average ®

date for the 1980 planted trees.

total height by plantation site, treatment and measurement

Total Height at Measurement Date

Plantation Site July July July July Aug Aug Sept Sept
Treatment 3 11 18 28 7 19 5 29
------------------ MELLYS = = = = = = = - = m - e - -~ o-
Basher
Control 0.31 ab 0.34 ab 0.35 be 0.49 ab 0.43 b 0.49 ¢ 0.71 de 0.68 d
Irrigation 0.26 b 0.30 be 0.33 ¢ 0.46 b 0.50 ab 0.52 ce 0.78 cde 0.86 cd
Fertilization 0.32 a 0.30 be 0.44 a 0.47 b 0.41 b 0.70 a 0.99 ab 0.96 be
Fertilization/ 0.29 ab 0.28 ¢ 0.39 abe 0.49 ab 0.61 a 0.65 ab .92 abe 1.13 ab
Irrigation
Average 0.30 0.31 0.38 0.48 0.49 0.59 0.85 .91
Morrison
Control 3/ 0.27 b 0.38 a 0.32 ¢ 0.58 a 0.51 ab 0.54 be 0.82 bed 0.86 cd
Irrigation 0.29 ab 0.36 a 0.42 ab 0.53 ab 0.50 ab 0.64 ab 0.60 e 0.70 4
Fertilization 0.27 b 0.34 ab 0.40 ab 0.50 ab 0.55 a 0.66 ab 1.00 ab 1.20 a
Fertilization/ 0.31 ab 0.33 abe 0.37 abe 0.43 b 0.40 b 0.70 a 1.03 a 1.21 a
Irrigation
Average 0.28 0.35 0.38 0.51 0.49 0.64 0.86 0.99
1/

Each value is from 30 completely independent observations.
2/Treatment means within and between plantation sites with common letter are not significantly different
at the .05 level for each date. Statistical mean separations were evaluated by the Duncan method on the
Site X Treatment factor from analysis of variance. Site means (N=120) were not significantly different
(0.05 level) for all measurement dates, except July 1l and September 29.

3/Although designed for irrigation, no water was applied in the 1980 growing season.



Table A-7. First growing season averagel’zl total height by plantatioen site, treatment and measurement

date for the 1981 planted trees.

Total Helght at Measurement Date

Plantation Site June July July July Aug Aug Sept Sept
Treatment 19 2 17 31 14 28 10 29
------------------ MEteYE = = = = = = = = = = = - - - =~ - - -~
Basher
Control 0.28 a 0.33 cd ¢.56 ab 0.80 abc 1.23 ab 1.56 be 1.66 ab 1.56 be
Irrigation 0.23 bed 0.36 bed 0.59 ab 0.76 abc 1.27 ab 1.43 bed 1.70 ab 1.51 ¢
Fertilization 0.25 abed 0.42 a 0.61 ab 0.92 a 1.29 ab 1.62 ab 1.78 a 1,78 ab
Fertilization/ 0.22 cd 0.40 ab 0.61 ab 0.87 ab 1.38 a 1.75 = 1.67 ab 1.80 a
Irrigation
Average 0.24 0.38 0.59 0.84 1.29 1.58 1.70 1.66
Morrison
Control g.26 ab 0.39 ab 0.63 a 0.81 abe 1.34 a 1.31 4 1.78 a 1.62 abe
Irrigation 0.20 ¢ 0.35 bed 0.52 b 0.71 ¢ 1.13 be 1.62 ad 1.71 ab 1.52 ¢
Fertilization 0.22 ac 0.38 abe 0.54 ab 0.81 abe 1.40 a 1.34 d 1.54 b 1.60 abe
Fertilization/ 0.25 abed 0.32 d 0.57 ab 0.87 ab 1.01 ¢ 1.40 cd 1.61 ab 1.65 abe
Irrigation
Average 0.23 0.36 0.57 0.80 1.22 1.41 1.66 1.60

14

Fach value is from 30 completely independent observations per site per treatment.

/Treatment means within and between plantation sites with common letter are not significantly different
at the .05 level for each date. Statistical mean separations were evaluated by the Duncan method on the
Site X Treatment factor from analysis of variance. Site means (N=120) were not significnatly different
(0,05 level) for all measurement dates, except August 28.



Table A-8. Averagell weekly maximum and minimum temperatures and rainfall
for the Basher and Morrison plantation sites in 1981.

Weekly Maximum Weekly Minimum Weekly Rainfall

Week Temperature Tempeature Temperature
Starting Basher Morrison Basher Morrison Basher Morrison

I R ) (== ~=-cm=~~ =)
June 1 —— 22.4 — 14,7 4,83 4.83
June 8 26.3 25.3 16.1 15.9 2.29 2.29
June 13 27.8 27.3 14.9 15.9 3.66 3.54
June 22 24,0 23.9 7.9 8.5 2.29 2.16
June 29 26.5 24.6 15.5 15.0 0.28 0.36
July 6 30.6 30.9 15.3 16.4 0.00 0.00
July 13 28.4 28.0 13.4 13.9 0.00 .00
July 20 24.5 24.3 15.5 15.6 6.30 6.35
July 27 25.9 25.5 12.0 12.3 1.55 1.24
Aug 3 27.2 27.3 14.8 15.4 0.00 0.00
Aug 10 27.1 27.0 13.5 14.1 0.71 D.46
Aug 17 26.1 26.1 5.9 6.8 0.00 0.00
Ayg 24 26.9 26.8 12,4 13.0 0.00 0.00
Aug 31 20.8 21.0 17.5 18,2 4.19 3.91
Sept 7 25.0 25.3 11.2 13.0 2.92 2.92
1/

From daily maximum and minimum values as measured by a hydrothermograph
at each site. ’
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Table A-9, Averagexl soil wmolsture characteristics in the upper 20 cm of the unite to be 1irrigated at the
Basher plantation site, by treatment and tree ages.

Bulkzl 3/
Density - Available Water
of Amount Oven dry Moisture Control
Tree age Treatment Rep Dry Soil 100 75 50 100 75 50
(kg/ma) - - - kg/m3 - e e e - - A
One year old
Irrigation 4 1482 301 255 208 20.3 7.2 14,1
5 1514 346 269 232 22.9 17.8 15.3
6 1442 - 314 264 213 21.8 18.3 14.8
Fertilization/ 4 1492 368 312 242 24,7 20.9 16,2
Irrigation 5 1655 282 243 205 17.0 14,7 12.4
6 1338 380 312 242 28.4 23.3 18.1
Two _year old
Irrigation 1 1527 320 271 219 21.0 17.7 14.4
2 1495 320 270 218 21.4 18.1 14,6
3 1516 296 253 207 19.5 16.6 13.6
Fertilization/ 1 1569 269 232 195 17.2 14.8 12,5
Irrigation 2 1436 333 277 221 23,2 19.3 15.4
3 1471 341 285 227 23.2 19.4 15.5

1/Average of three sample points per unit,

2/
3/

Field measured.

Available H,0 was based on field measurements of field capacity and reported level of minimum available
H,0 (15 atmg for Ap horizons of Basher s0il which was 7.87% moisture content on an oven dry basis, Field
capacity was 100%, 15 atm was OZ available HZO'
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Table A-10. Average soil moisture characteristics in the upper 20 cm of the units to be irrigated at
: the Morrison plantation site, by treatment and tree ages.

Bulkzi 3/
Density Available Water
of Amount Oyen dry Moigture Control
Tree age Treatment Rep Dry Soil 100 75 50 100 75 50
(kg/m3} - - kg/m3 e L mmmwee
One vear old
Irrigation 4 1316 327 258 189 24.8 19.6 14,4
5 1308 285 227 168 21.8 i7.4 12.9
) 1380 321 256 189 23.3 18.6 13,7
Fertilization/ 4 1346 308 243 181 22.8 18,1 13,4
Irrigation 5 1287 280 223 165 21.9 17.3 12,8
6 1313 304 242 178 23,2 18.4 £3.5
Two year old
Irrigation H 1420 279 223 168 19.6 15.7 i1.8
Z 1450 298 239 178 20.6 16.5 12.3
3 144} 301 242 181 20.9 16.8 12,6
Fertilization/ 1 1500 269 219 164 17.9 14,6 10.9
Irrigation 2 1396 279 223 166 20.0 16,0 1.9
3 1386 248 200 152 17.9 14,4 11.0

1/Averagca.- of three sample points per unit.

2/
3/

Field measured.

Available H,0 was based on field measurements of field capacity and reported level of minimum available
H,0 (15 atmf for Ap horizons of Basher soil which was 7.8% moisture content on an oven dry basis, Fileld

capaclty was 100%Z, 15 atm was 07 available HZO’
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Table A-11. Amount of water applied1
by treatment and replicatiom.

in 1981

to one~ and two-year-old trees planted at the Basher site,

Anmount of Water by Irrigation Dates

July Aug Aug Aug Aug Aug Aug Aug 2/
Tree age Treatment Replication 18-20 5-7 12-14 18-20 21 25-256 26-27 27-28 Total
------------ liters/meter2 e i e
One vear old
Irrigation 4 g 12,73 6,36 12,73 6.36 6,36 6.36 6,36 57,28
5 0 12,73 6.36 12,73 6,36 6.36 6,36 6,36 57,28
6 3/ 0 12,73 6.36 12,73 6,36 6,36 6.36 6,36 57,28
Average 0 12,73 6,36 12,73 $.36 6,36 6.36 6,36 57.28
Fertilization/ 4 29,26 12,73 6,36 12,73 6.36 6,36 6.36 6.36 86,53
Irrigation 5 0 13,90 6.36 12,73 6,36 6,36 6.36 6.36 58,45
6 3/ 0 12,73 6,36 12,73 6,36 6,36 6,36 6.36 57.28
Average 9.75 13,12 6.36 12,73 6.36 6,36 6.36 6.36 67,42
Two year old
Irrigation 1 29,26 12,73 6.36 12,73 65,36 6,36 6.36 6,36 B6.,53
2 29,26 12,73 6.36 12,73 6.36 6.36 6,36 6,36 86.53
3 29,26 14.55 6.36 12,73 6,36 6.36 6,36 6,36 8B,36
Average 20,26 13,34 6.36 12,73 6.36 6.36 6,36 6,36 87,14
Fertilization/ 1 29,26 12,73 6,36 25,46 6.36 6.36 12,73 6.36 105.63
Irrigation 2 29,26 12,73 6.36 6,36 6,36 6,36 6.36 6,36 80.17
3 20,26 12,73 6.36 12,73 6,36 6,36 6,36 6,36 88,36
Average” 29,26 12,73 6,36 14,85 6.36 6,36 8,48 6,36 90,78

1/

water characteristics (see Table 26}.

2/

total due to rounding.

/Average is only of summary value,

Determined from actual amounts added in gallons/517.44 mz.

Amount of water added to each replication-treatment unit was determined from baseline upper 20 em soil

Amount of water in the soil was checked 24 hours after
irrigation to verify the upper 20 cm of soil had sufficlent water.

If not, irrigation was repeated.

Individual irrigations may not add to
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Table &-12, Awmount of water appiiedi/

in 198} to

site, by treatment and replication.

one~ and two-year-vlid trees planted at the Morrison

Amount of Water by Irrigation Dates

August
Tree age Treatment Replication 3-5 11-12 13-14 17-18 18-20 20-21 24-25 25-26 27-28 Total™’
-------------- 1iters/meter2 T
One year old
Irrigation 4 12,73 7.61 12,73 12.73 6,36 6,36 5,36 6,36 6,36 77,98
h) 12,73 6,36 12,73 12,73 6.36 6,36 6,36 6,36 6,36 76.37
b 3/ 12,73 6,36 12,73 12,73 12,25 6,36 6.36 6,36 6,36 82,29
Average 12,73 6,78 12,73 12.73 8.32 5,36 6.36 6,36 6,36 78.88
Fertilization/ 4 12,73 6,36 12,73 19.09 6.36 6.36 5,36 6,36 6,36 82,73
Irrigation 5 12,73 6,36 12,73 12,73 6.36 8.36 7,10  6.36 $,36 77.10
v 6 3/ 12,73 6,36 12,73 12,73 6,36 6,36 6,36 6,36 6,36 76,36
Average 12,73 6.36 12,73 14,85 6,36 6,36 6,61 6,36 6,36 78,73
Two year old
Irrigation 1 18,51 6,36 12,73 6.36 6,36 6,36 6,36 6,36 6,36 75,78
2 12,73 6,36 12,73 12,73 6.36 6,36 6,36 6,36 6,36 76,37
3 3/ 13,20 6.36 14,23 12,73 7,83 6.36 6,36 6,36 5,36 79,81
Average’ 14,81 6,36 13,23 10,61 7.03 5,36 6,36 5,36 6,36 77,32
Fertilization/ 1 13,79 6,36 12,73 12,73 6.36 6,36 6.36 6,36 6,36 77,43
Irrigation 2 12,73 6,36 12,73 12,73 6.36 6,36 6.36 6.36 12,73 82,73
3 3/ 12,73 6,36 12,73 12,73 15.,3¢ 6,36 6,36 6,36 12,73 91,87
Average 13,08 6,36 12,73 12.73 8,36 6,36 6,36 6,36 10,61 84,01

/Amount of water added to each replication-treatment unit was determined from baseline upper 20 cm soil
water characteristics (see Table 27). Amount of water in the soil was checked 24 hours after
irrigation to verify the upper 20 cm of soil had sufficient water.

/Determined from actual amounts added in gallons/517.44 m",

total due to rounding,

3/

Average is only of summary value.

2

If not, irrigation was repeated,

Individual irrigations may not add to
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Ranges in operating parameters

and field efficlencles for equipment operatioms.

1/

Range in Typical energy, Speed of Typical Fileld

Implement power of draft performance Efficiency ()
Implement size requirement rate Good Cld
Disk Harrow 16" to 21’ 100 to 280 1bs/ft 3 - 6 mph 70 - 90 35 - 60

Fertilizer
Spreader

Sprayer

Mower conditioner,

cutterbar-type

Offset Disk

(3.1m to 6.4m)

broadcast - 507
(15.2m)

boom - 50°
(15.2m)

7' to 1867
{(2.1m to 4.9m)

10' to 127
(3.1m to 3.7m)

(1459.3 to 4086.1 n/m)

1.0 - 1.5 DB hp/ft

2.0 - 2.5 PTO hp/ft
(3,3 - 4.9 DB hp/m)
(6.6 - 8.2 PTO hp/m)

250 - 400 1bs/ft

(3648.3 to 5837.3 n/m)

(4.8 - 9.7 km/h)

3 - 5 mph
(4.8 - 8.1 ¥m/h)

3 - 5 mph
(4.8 - 8,1 km/h)

4 -~ 6 mph
(6.4 - 9.7 km/h)

3 ~ 6 mph
(4.8 ~ 9.7 km/h)

60 - 75 30 - 50

50 - 80 25 - 53.3

60 - 85 30 - 56.7

70 - 90 35 - 60

1/Conversion factorsy; 1 inch = 2,54cm, ! foot = .3048m, 1 psi = 6.895 kPa, 1 1b = 4,.448n,

1 hp = .7457 kw, and 1 mph = 1.609 km/h.

2/

3
fields.

DB = drawbar and PTO = power take off,

farm implements on old (abandoned) agricultural fields,

/Walters and Daum (1974) list typical field efficiencies for use of farm implements on good agricultural
The lower value for field efficiencies were reduced by 507 and the upper by 33.37 for use of



Table A~14, Implement width, field efficiency, operating speed and field
capacity for plantation establishment and maintenance

operarions.
Ave. Fileld Operating Size of Field
Lmplement Width Efficiency Speed Tractor Capacity
{(meter) %) (km/h) (hp) (ha/h)
Spraver 15.2 33.3 8.1 70 6,48
Mower~Cutterbar 4,9 56.7 9.7 70 2,64
Offsat Disk 3.7 &0 9.7 170 2.10
Disk Harrow 3.7 50.0 9.7 70 2,10
Hybrid Poplar
Planter 4,8 53.3 2,1 70 0,54
Fertilizer
Spreader 15,2 50 8.1 70 6,07

A-15
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Table A-15. Manufacturing and repair energy inputs for equipment used in plantation establishment and
maintenance operations.

Embodiedll Fabricationz/ RepairB/ Total Life- Energyéf Annual No. Total
Weight Energy Energy Energy Energy time /Hour Usage Units Annual

Implement (kg) Fixed
3 3 3Energy

————— (107 kcal) = - ~ = = = = = = = - = (107 h) f{(kcal/h) (h) (107 kcal)

170 hp Tractor 9979.1 117,890 18,626 36,226 156,369 12.0 13031 1026 1 13369
70 hp Tractor 3447.3 40,727 9,889 15,018 56,523 12.0 4710 1207 2 11371
rental: 342 2 3222

Offset disk 1587.6 24,076 3,174 8,401 30,746 2.5 12298 440 1 5411
Sprayer 498.9 7,649 827 2,576 9,526 1.5 6351 572 1 3633
Mower 1315.4 20,540 2,320 7,048 25,793 1.0 25793 350 1 9028
Disk harrow 1133.9 17,197 2,194 5,978 21,879 2.5 8751 147 3 3859
Spreader 1133.9 17,754 2,000 6,004 22,202 0.8 27753 203 3 16902
Planter 680.4 10,505 1,290 2,984 12,656 1.2 10547 342 5 18035
Total 84830

1/

kcal/kg tor tires and 11,814 kcal/kg for tractors.

Embodied energy is calculated by multiplying implement weight by 15,000 kcal/kg for steel, 20,500

2/Fabrication energy is calculated by multiplying the weight of the implement by 3,494 kcal/kg for
tractor, 2,061 kcal/kg for plows, offset disks and planters, 1,995 kcal/kg for disk harrows and
1,764 kcal/kg for sprayers, spreaders and mowers,

3/

To establish the energy associated with repair parts, the sum of the embodied and fabrication energy

is multiplied dby 0.2967 for 170 hp tractors, 0.2474 for 70 hp tractors, 0.3083 for offset disk and
disk harrow, 0.2530 for planters and mowers, 0.3040 for fertilizer spreaders and 0.3040 for sprayers.

4/

Fixed energy costs per hour equal the sum of the embodied, fabrication and repair parts energies on
a reliable life basis {(0.82 times sum of embodied and fabrication energy) divided by the hours of

lifetime.



Table A-16, &Annual frel consumption for plantation establishment and maintenance opesrations.

L1-¥

Humber of Liters/h of / Hours of Liters of Diesel
Implement tractors and hp Diesel Fuel Operation Fuel per vear
Fall Preparation
Sprayer (total kill I- 70 hp 13,25 143 1894.75
herbicide)
Mower Conditioner 1= 70 hp 13.25 350 4637.50
Offset Disk 1-170 hp 12,18 440 1415920
Spring Planting
Disk Harrow 2~ 70 hp 2 @.13,25/unit 2 & 200/units
1-170 bhp 32,18 40 65%8.,20
Hybrid Poplar 4= 70 hp 4 @ 13.25/unit 4 @ 343funit
Planter 1-170 hp 32,18 343 29216.74
Sprayer (pre- 1- 70 hp 13.25 143 1894,75
emergence herbicide)
Fertilizer Spreader 2- 70 hp 2 @ 13,25/unit 2 @ 203/unit
1-170 hp 32,18 203 11912.04
Summer Growing Season
Sprayer (Insecticides) 1- 70 hp 13,25 143 1894,75
Sprayer (Fungicides) 1- 70 hp 13,25 143 1894,75
TOTAL 74091 .68

Y x 0.05 x 3.7853 = liters/h.
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Table A-17. Equipment expected lifetime and usage per year (924 ha) for plantation establishwment
and maintenance operations.

Number Wear-Out Hours of COperation Expected Lifetime

Implement Needed Life (h} Per Year Per Implement Per Implement {year)
170 hp tractor 1 12,000 1026 11.7
70 hp tracror (1) 1 12,000 1175 10.2
70 hp tractor (2) 1 12,000 1239 9,7
Offset Disk 1 2,500 440 5.7
Disk Harrow 3 2,500 146.67 17.1
Spreader (fertilizer) 3 800 203 3.9
Sprayer 1 1,500 572 2.6
Planter 3 1,200 342.3 3.5
Mower Conditidner 1 1,000 350 2.9
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Table A-18. Cost per hour of equipment used for plantation establishment and maintenance operations.
Assumed Fixed Variable Total Total cost per Total cost per
cost  cost, per cost g9r cost per hour per hour per
(%) Hour ' (§) hour hour operation using cperation using
70 hp tractor 170 hp tractor
Equipment (hp-$) (hp-$) (% (%)
Tractor 17,000 2.00 2.64 4,64 - -
70 hp
Tractor 45,000 5.60 7.02 12,62 - -~
170 hp
Offset Disk 8,750 4,32 170-18.28 22,60 - 35,22
Mower-Conditioner 6,500 7.23 70-12.69 19.92 24.56 ~-
Cutterbar
bBisk Harrow 10,000 6.99 70-11.96 70-18.95 23.59 37.07
170-17.46 170-24.45
Hybrid Poplar 10,000 9.58 70-35.95 70-45.53 50.173/ 63.653/
Planter 170-41.45 170-51,03
Fertilizer 6,000 8.70 70-13.54 70-22.24 26.88 40.363/
170-19.,04 170-27.74
Herbicide 4,500 3,32 70-13,10 70-16,42 21.06
1/

4

"includes cost for repairs and maintenance, labor and fuel except in the case

Includes depreciation and interest, insurance, and shelter costs.

repair and maintenance are included in the variable costs.

3/

Excludes costs for cuttings, fertilizer, herbicides or other materials.

of tractors where only
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Table A-19,

Cost comparison between owning and renting equipment.

Operation

Field
Efficiency 2

Ha/h

h/Ha

Total
Cost/ha
170 hp

Total /
Cost/ha
70 bp

PA 1981 Total

Cost/ha
Machinery Custom Rates

2/

Offset Disking

Mower-Conditioner

Fertilizer Spreaderli

Sprayer Rigll

Disk Harrow

50

56.7

50

53.3

50

2.1

2.64

6.07

6.48

2.1

0.476

0.378

0,164

0.154

0.476

9.30 -

5.62

3.39

3.24 -

11.23 i7.85

1
2.
3

LD N o=
« e s

BN b
P

. 21.00

21.00

. 32,00

17.91
16.43
17.05

10.38
10,13
10.25

9.26
9.88
9.64

17.54
15.27
18,41

disk plowing

mowing and
conditioning

dry fertilizer

spraying for
weed control

disk harrowing

1/

7
2/Costs listed are for 1) Pa. mountain section, 2) Pa.

(Xing, 1981).

Excluding material costs.

3/Tota1 Cost/ha = h/ha x cost/h (from Table A-18).

valley section, 3) State of Pennsylvania
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Table B~1.

Average1

analysis of Ap and upper 15 cm of B horizon socil

samples collected at various times for the 1980 planted trees

at each plantat}on site (by treatment), Malze plots and for

adjacent 25.0 m~ permanent plots that were not fertilized and
only supported native herbaceous vegetation.

FPlantation Site
Treatment/Sample
Collection

Ap Horizon

Upper 15 cm of B Horizom

P

K

pH p

K

Ca

Basher
Control
Before
Before
Before
Before
After

st yr.
2nd yr.
3rd yr.
4th yr.
4th yr.

Trrigation

Refore
Before
Before
Before
After

lst yr.
2nd yr.
3rd yr.
4th yr.
4th yr.

Fertilization

Before
Before
Before

Ist yr.
2n0d yr.
3rd yr.

[« W s W o W o) B,
O = LD e

[ NV, B Se, T
o« o * »
i K

29
51
42
25
60

29
62
55
47
91

29
71
74

kg/ha (--meq/100g~—~)

0.10
0.14
0.11
0.17
0.21

0.10
0.22
0.22
0.26
0.25

0.10
0.31
0.20

O~ O OO0
» e ® e o
W N~ ON
(=)o) SRV, I o R O]
¢« & e o »
O~ W~ W

- -0 00
OO 00~
AL W
O NS

kg/ha (~meq/100g-—)

Before 4th yr.
After 4th yr.

Fertilization/
Irrigation
Before 1lst yr. 6.1
Before 2nd yr. 6.5
Before 3rd yr. 6.3
Before 4th yr. 6.4
After 4th yr. 6.4

Maize

Before 1st yr. 6.1
Before 2nd yr. 6.8
Before 3rd yr. 6.4
Before 4th yr. 6.6
After 4th yr. 6.7

Native Vegetation
Before lst yr.
Before 2nd yr.
Before 3rd yr.
Before 4th yr.
After Ath yr.

(e IV, e We \We )
v e e e »
QOO N

158 0.36

123 0.41

99 0.52

29 0.10
75 0.20
74 0.17
64 0.32

29 0.10
59 0.16
64 Q.15
49 0.31
86 0.31

29 0.10
75 0.27
62 0.22
51 0.29
91 0.33

CODOQ
e o & s o
AN Ut~y
mn &~ Ov W
s s e e

000 W W

— -0 00
s e o
st = Y ON NS
Q0 00w O W
« s 3 e 3
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OO0
= O o 0~
D~ W
WO O OoOWw

[N NeNoNael
¢« & e e e
0O o~
NN W
2 s e e o
- O WO W

6.6 12 0.06 0.7 3.2
6.6 49 0,07 0.5 3.0
6.5 47 0.06 0.5 3.2
6.2 28 0.12 0.9 5.5
6.3 48 0.14 0.8 5.8
6.6 12 0.06 0.7 3.2
6.4 47 0.12 0.6 3.1
6.3 61 0,12 0.7 3.8
6.2 22 0.18 1.0 4.4
6.3 49 0.15 0.8 4.5
6.6 12 0.06 0.7 3.2
6.2 55 0,14 0.5 3.1
6.2 55 0.09 0.4 2.8
5.9 31 0.21 0.8 5.0
6.3 72 0.25 0.6 4.3
6.6 12 0.06 0.7 3.2
6.4 51 0.09 0.6 3.8
6.2 51 0.09 0.8 4.5
6.2 19 0.14 1.2 5.9
6.3 45 0.16 1.1 5.8
6.6 12 0.06 0.7 3.2
6.9 34 0.08 0.8 4.4
6.3 76 0.09 0.9 5.1
6.6 10 0.12 1.4 6.8
6.7 53 0.16 1.0 5.4
6.6 12 0.06 0.7 3.2
6.5 78 0.16 1.5 3.5
6.1 62 0.13 0.6 3.9
6.2 7 0,10 1.0 4.5
6.4 77 0.25 1.1 4.9



Table B-1. (continued)

Plantation Site Ap Horizon Upper 15 cm of B Horilzon
Treatment/Sample
Collection ph P K Mg Ca pH P K Mg Ca
kg/ha (~-meq/100g-~-) kg/ha (--meq/100g---)
Morrison
Control
Before lst yr. 5.5 26 0,07 0,3 2.1 5.9 11 0.06 0.4 3.5
Before 2nd yr. 5.7 64 0.16 0.4 3.5 5.9 47 0.13 0.4 3.4
Before 3rd yr. 6.0 63 0.13 0.3 2.8 5.5 48 0,10 0.3 3.2
Before 4th yr. 5.4 30 0.21 0.4 2.7 5.5 17 0.16 0.5 3.5
After 4th yr. 5.7 43 0.18 0.4 3.5 5.8 72 0.16 0.5 3.5
Irrigation
Before lst yr. 5.5 26 0.07 0.3 2.1 5.9 11 0.06 0.4 3.5
Before 2nd yr. 5.9 25 0.13 0.4 3.5 6.2 41 0.13 0.4 4.2
Before 3rd yr. 5.6 56 0.11 0.3 3.6 5.9 31 0.10 0.4 3.5
Before 4th yr. 5.7 25 0.19 0.5 4.2 5.7 24 0.17 0.5 3.7
After 4th yr. 6.0 57 0.17 0.6 4.6 6.2 82 0.15 0.8 5.2
Fertilization
Before lst yvr. 5.5 26 0.07 0.3 2.1 5.9 11 0.06 0.4 3.5
Before 2nd yr. 5.9 66 0.21 0.5 3.7 6.0 41 0,14 0.4 3.1
Before 3rd yr. 5.8 81 0.26 0.6 4.6 5.7 43 0.13 0.5 4.4
Before 4th yr. 6.2 65 0.43 0.8 6.7 5.2 20 0.21 0.8 4.4
After 4th yr. 6.3 110 0.36 0.8 5.7 6.2 72 0.28 0.8 6.1
Fertilization/
Irrigation
Before lst yr. 5.5 26 0.07 0.3 2.1 5.9 11 0.06 0.4 3.5
Before 2nd yr. 6.1 73 0.24 0.5 4.1 5.7 49 0.13 0.4 3.0
Before 3rd yvr. 5.7 107 0.23 0.5 3.7 5.4 44 0.15 0.5 3.6
Before 4th yr. 6.2 72 0.44 0.7 6.5 5.3 23 0.28 0.7 3.4
After 4th yr. 6.2 132 0.30 0.8 5.1 6.0 52 0.29 0.7 4.5
Maize
Before lst yr. 5.5 26 0,07 0.3 2.1 5.9 11 0.06 0.4 3.5
Before 2nd yr. 6.3 81 0.21 0.5 5.6 6.0 50 0.15 0.9 5.4
Before 3rd yr. 5.9 78 0.22 0.5 4.2 5.9 74 0.16 0.6 4.6
Before 4th yr. 6.5 49 0.32 0.6 6.9 6.2 19 0.22 0.7 5.6
After 4¢th yr. 6.5 102 0.40 0.7 6.6 6.2 72 0.29 0.7 5.9
Native Vegetation
Before lst yr. 5.5 26 0.07 0.3 2.1 5.9 11 0.06 0.4 3.5
Before 2nd yr. 5.8 46 0.13 0.4 3.8 6.1 46 0.13 0.4 4.8
Before 3rd yr. 5.7 65 0.14 0.5 4.0 5.8 47 0.12 0.5 3.8
Before 4th yr. 5.6 27 0.19 0.5 4.1 5.7 30 0.15 0.5 3.6
Afrer 4th yr. 6.0 92 0,33 0.8 5.1 6.4 77 0.25 0.9 4.6

£

1"ESefm:‘e first year soil samples were collected March 21, 1980, and N=4.
Before second year s0il samples were collected November 1980 (N=3) and
March 1981 (N=3) for total N=6. Before third vear, before fourth year
and after fourth vear soil samples were collected December 1981, November
1982 and November 1983, respectively (N=3). Each soll sample was a
composite of & plugs.
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Table B-2, Average1 analysis of Ap and upper 15 cm of B horizon soil
samples collected at various times for the 1981 planted trees
at each plantatjon site (by treatment), Maize plots and for
adjacent 25.0 m” permanent plots that were not fertilized and
only supported native herbaceocus vegetation.

Plantation Site Ap Horizon Upper 15 cm of B Horizon
Treatment/Sample
Collection ph P K Mg Ca pE P K Mg Ca
kg/ha (~-meq/100g-~~) kg/ha (--meq/100g---)
Basher
Control
Before lst yr. 6.0 64 0.17 0.7 3.8 6.2 45 0.12 0.6 3.2
Before 2nd yr. 5.8 74 0.91 0.9 0.8 6.1 48 0.11 0,7 2.8
Before 3rd yr. 5.7 45 0.27 1.0 4.7 5.9 17 0,17 1.3 5.3
Before 4th yr. 6.0 72 0.24 0.9 4.8 6.2 53 0.15 0.7 3.3
After 4th yr. 5.9 49 0.15 1.0 5.0 6.0 14 0,12 0.8 3.1
Irrigation
Before lst yr. 6.0 64 0.17 0.7 3.8 6.2 45 0.12 0.6 3.2
Before 2nd yr. 5.5 72 0.17 0.5 2.9 5.6 61 0.11 0.7 2.9
Before 3rd yr. 5.5 44 0,24 0.9 4.1 5.7 15 0,15 0.9 3.4
Before 4th yr. 5.8 90 0.20 0.7 3.7 6.0 74 0.17 0.7 3.6
After 4th yr. 5.7 13 0.16 0.8 3.6 5.9 & 0,17 1.3 4.5
Fertilization
Before lst yr. 6.0 64 0.17 0.7 3.8 6.2 45 0.12 0.6 3.2
Before 2nd yr. 6.3 61 0.19 0.7 6.0 5.9 46 0.07 0.7 3.1
Before 3rd yr. 6.3 64 0.35 0.9 8.1 6.0 16 0.15 1.1 4.3
Before 4th yr. 6.7 93 0.34 0.9 8.2 6.4 49 0,18 0.8 4.4
After 4th yr. 6.3 47 0,21 1.1 6.9 6.2 10 0.13 0.9 4.4
Fertilization/
Irrigation
Before lst yr. 6.0 64 0.17 0.7 3.8 6.2 45 0.12 0.6 3.2
Before 2nd yr. 6.4 93 0.25 0.8 6.0 6.0 88 0.11 0,7 3.3
Before 3rd yr. 6.5 94 0.42 1,1 7.1 5.7 44 0,18 0.9 4.6
Before 4th yr. 6.4 123 0.30 0.9 6.7 6.2 58 0,23 1.1 4.6
After 4th yr. 6.8 72 0.38 1.3 9.8 6.4 53 0.22 1.2 5.6
Maize
Before 1st yr. 6,0 64 0.17 0.7 3.8 6.2 45 0.12 0.6 3.2
Before 2nd yr. 6.6 69 0.11 0.9 7.5 6.2 59 0.08 0.8 3.7
Before 3rd yr. 6.5 40 0.36 1.3 8.5 6.1 16 0.15 1.3 4.6
Before 4th yr. 6.2 81 0.31 1.2 8.1 6.4 52 0.20 1.2 6.2
After 4th yr. 6.7 42 0,22 1,1 8.1 6.4 12 0.12 1.1 4.6
Native Vegetation
Before lst yr. 6.0 64 0,17 0.7 3.8 6.2 45 0.12 0.6 3.2
Before 2nd yr. 6.2 46 0,11 1.1 6.1 6.2 46 0,06 0.8 3.9
Before 3rd yr. 5.9 24 0.18 1.3 7.2 6.1 9 0.14 1.5 5.2
Before 4th yr., 6.2 72 0.18 1.0 6.4 6.3 44 0.15 1.1 4.9
After 4th yr. 6.1 12 0.16 1.2 6.4 6.2 2 0.11 1.6 4.8
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Table B-2. (continued)
Plantation Site Ap Horizon Upper 15 cm of B Heorizon
Treatment/Sample
Collection K pH P K Mg Ca
kg/ha (~-meq/100g——-) kg/ha (--meq/100g~-~)
Morrison
Control
Before lst yr. 6.0 44 0.14 0.4 4.0 5.7 43 0.19 0.3 3.1
Before 2nd yr. 5.5 59 0.15 0.4 3.3 5.6 49 0.14 0.5 3.8
Before 3rd yr. 5.3 29 0.24 0.5 3.4 5.3 15 0.22 0.8 3.9
Before 4th vr. 5.7 80 0.20 0.5 3.8 5.7 539 0.19 0.6 4.3
After 4th yr. 5.6 13 0.21 0.7 4.3 5.6 15 0.19 0.8 4.3
Irrigation
Before 1st yr. 6.0 44 0.14 0.4 4.0 5.7 43 0.19 0.3 3.1
Before 2nd yr. 5.7 43 0.13 0.4 4.1 5.8 54 0.13 0.4 4.2
Before 3rd yr. 5.6 25 0.23 0.6 4.2 5.7 44 6,17 0.5 4.5
Before 4th yr. 5.8 66 0.15 0.5 4.1 6.0 44 0.18 0.5 4.4
After 4th yr. 5.6 13 0.18 0.7 3.8 5.8 3 0.13 0.6 3.9
Fertilization
Before lst yr. 6.0 44 0.14 0.4 4.0 5.7 43 0,19 0.3 3.1
Before 2nd yr. 5.8 115 0.31 0.5 6,0 5.6 46 0.19 0.9 5.3
Before 3rd yr. 6.1 58 0.38 0.5 6.1 5.3 31 0.26 0.9 5.4
Before 4th yr. 6.1 124 0.30 0.6 5.1 6.0 49 0.31 0.8 6.5
After 4th yr. 6.6 78 0.36 1.0 8.1 5.7 34 0.26 0.8 4.4
Fertilization/
Irrigation
Before 1st yr. 6.0 44 0.14 0.4 4.0 5.7 43 0.19 0.3 3.1
Before 2nd yr. 5.9 78 0.26 0.5 5.0 5.7 66 0.15 0.6 4,9
Before 3rd yr. 6.5 67 0.39 0.8 9.0 5.8 31 0.23 0.7 4.7
Before 4th yr. 6.2 105 0.32 0.8 5.6 5.8 72 0.26 0.7 4,9
After 4th yr. 6.3 50 0.26 0.9 7.9 6.1 38 0.22 0.9 6.6
Maize ’
Before lst yr. 6.0 44 0.14 0.4 4.0 5.7 43 0.19 0.3 3.1
Before 2nd yr. 6.5 108 0.15 0.5 6.6 6.0 70 0.11 0.5 3.8
Before 3rd yr. 6.2 36 0,27 0.6 5.2 5.9 39 0.19 0.6 4.0
Before 4th yr. 6.2 81 0.31 1.2 8.1 6.4 52 0.20 1.2 6.2
After 4th vr, 6.6 27 0.25 1.0 6.8 5.3 34 0,18 0.8 5.0
Native Vegetation
Before lst yr. 6.0 44 0.14 0.4 4.0 5.7 43 0.19 0.3 3.1
Before 2nd yr. 5.8 59 0.i8 . 2.0 3.6 5.8 34 0.22 2.5 5.2
Before 3rd yr. 5.5 27 0.22 1.8 4.0 5.7 30 0.246 2.1 4.2
Before 4th yr. 6.2 72 0.18 1.0 6.4 6.4 44 0.15 1.1 4,9
After 4th yr. 6,0 11 0.21 2.3 4.9 6.1 9 0.22 2.6 4.9

1/

Before first year soil samples were collected March 21, 1980, and N=4.

Before second, third and fourth vear soil samples were collected
December 1981, November 1982 and November 1983, respectively (N=3). Each

s0il sample was a composite of 8 plugs.



i

Teble B=3, Amount of fer:tiiizer and 1fme applied zt the start of the second growlng seszson and
accumutsted fotal fertilizer and lime for the 1980 planted replications {1, 2 and 3) and
1981 planted replicatioms (4, 5 and 6), by site, trestment and replication.

__Beginning of 2nd Growing Season Accumulative for 1 and 2 Growing Season36
1980 Plantarion Sire ] ;
Treatment-Repiication Nl/ VPZOSZ’ Kzﬂé/ Lime4/ MgS/ N ?205 K20 Lime Mg
——————————————————— kg/ha = = = = = = = = = = = = = - - - - - -
Basher
Fertilization 1 168 76 188 0 157 347 255 367 3093 157
2 158 43 17 3362 118 347 222 196 6455 118
3 168 73 i1 22642 101 347 252 190 5335 101
Average 168 b4 2 1868 125 347 243 251 4961 125
Fertilization/ 1 168 71 123 2802 106 347 250 302 5895 106
Irrigation 2 168 93 202 4] 84 347 272 381 3093 84
3 168 54 145 0 56 347 233 324 3093 56
Average 168 73 157 934 82 347 252 336 L027 82
Morrison
Fertilization 1 168 112 194 4483 134 347 291 396 10603 280
2 168 104 138 5604 146 347 283 340 11724 292
3 168 67 104 2802 95 347 246 360 8922 241
Average 168 94 145 4296 125 347 273 365 10416 271
Fertilization/ i 168 112 93 2242 101 347 291 396 8362 247
Irrigation 2 168 56 87 3923 106 347 235 289 10043 252
3 168 82 151 3923 123 347 261 353 10043 263

Average 168 83 110 3363 110 347 262 312 9483 254




Table B-3, (continued)

Beginning of 2nd Growing Season Accumulative for ! and 2 Growing Seasons
1981 Plantation Site
Treatment-Replication lez PZOSZ/ K204/ hLime4/ ,Hgs/ N P205 : K20 Lime Mg
i i kg/ha = = = = = = = = = = - - - -~ -~ - -
Basher ‘ ; :
Fertilization 4 168 61 224 0 0 336 176 413 4343 86
5 168 118 168 0 67 336 232 357 4343 153
6 168 140 118 3362 101 336 254 307 7705 187
Average 168 106 170 1121 56 336 220 359 5464 142
Fertilization/ 4 168 61 196 0 56 336 176 385 4343 142
Irrigation 5 168 34 11 1121 78 336 148 200 5464 164
6 168 118 207 2242 0 336 232 396 6585 86
Average 168 71 138 1121 5 336 185 327 5464 131
Morrison .
Fertilization 4 168 34 34 2242 168 336 168 202 7004 319
5 168 84 101 5604 179 336 218 269 10366 330
6 168 34 157 4483 134 336 168 325 9245 285
Average 168 51 97 4110 160 336 185 265 8872 311
Fertilization/ 4 168 118 219 4483 112 336 252 387 9245 263
Irrigation 5 168 95 95 4483 168 336 229 263 9245 319
3 168 34 11 1121 123 336 168 179 5883 274
Average 1638 82 108 3362 134 336 216 276 8124 285
1/,

Broadcast application of ammonium nitrate at 33% N in May, after bud break.

2/Broadcast application in March of triple superphosphate at 46X PZOS'
3/

[y

Broadcast application in March of potassium chloride at 602 KZ‘

A/Broadcast application in March of ground limestone with a minimum CaO for 51% and CaCO3 equivalent
of 92,28%,
5/

Broadcast application in March of ground dolomitic limestone with a minimum MgO of 11Z, minimum
Ca0 of 35%, and a CaCO., equivalent of 89X for all treatments requiring lime. For treatments not
requiring lime, Mg0 at 58% Mg was used.

6/

See Table I-1 for before lst growing season fertilizer and lime specifications.
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Table B-4. Amount of fertilizer and lime applied at the start of the third growing season and
accumulated total fertilizer and lime for the 1980 planted replications (1, 2 and 3) and
1981 planted replications (4, 5 and 6), by site, treatment and replication.

Beginning of 3rd Growing Season  Accumulative for 1, 2 and 3 Growing Seasons6/

1980 Plantation Site

Treatment—-Replication NI/ P2052/ KZOA/ Lime4/ Mgsl N P205 K20 Lime Mg
------------------- kg/ha = = = = = = = & = ¢ - — - — - - - - -

Basher
" Fertilization 1 168 84 224 1121 101 515 339 591 4214 258
2 168 84 123 3362 123 515 306 319 9817 241
3 168 62 151 5604 134 515 314 341 10939 235
Average 168 77 166 3362 119 515 320 417 8323 235
Fertilization/ 1 168 101 174 1121 56 515 351 476 7016 162
Irrigation 2 168 62 219 0 0 515 334 600 3093 84
3 168 67 146 1121 56 515 300 470 4214 112
Average 168 77 180 747 37 515 328 515 4774 119

Morrison
Fertilization 1 168 62 62 2242 90 515 353 458 12845 370
2 168 62 78 4483 134 515 345 418 16207 426
3 168 106 191 4483 112 515 352 551 13405 353
Average 168 77 110 3736 112 515 350 476 14152 383
Fertilization/ 1 168 34 112 4483 123 515 325 508 12845 370
Irrigation 2 168 34 123 4483 101 515 269 412 14526 353
3 168 112 151 4483 101 515 373 505 14526 364

Average 168 60 129 4483 108 . 515 322 475 13966 362
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Table B-4. (continued)

Beginning of 3rd Growing Season  Accumulative for 1, 2 and 3 Growing Seasonst

1981 Plantation Site

Treatment-Replication Nl/ PZOSZI KZOA/ Limeal Mgsl N P205 KZO Lime Mg
------------------- kg/ha = = = = = = = - = = = - - - 0 - - oo
Basher
Fertilization 4 168 134 11 0 0 504 310 424 4343 86
5 168 67 101 2242 67 504 299 458 6585 220
6 168 101 118 4483 101 504 355 425 12188 288
Average 168 101 717 2242 56 504 321 - 436 7706 198
Fertilization/ & 168 45 11 0 o 504 221 396 4343 142
Irrigation 5 168 34 11 2242 56 504 182 211 7706 220
6 168 118 129 0 0 304 350 525 6585 _86
Average 168 66 50 757 19 504 251 377 6211 150
Morrison
Fertilization 4 168 151 78 3364 90 504 319 280 10368 409
5 168 118 11 4483 168 504 336 280 14849 468
6 168 118 11 0 134 504 286 336 9245 418
Average 168 129 33 2616 131 504 314 298 20733 442
Fertilization/ 4 168 151 i1 3364 112 504 403 398 12609 375
Irrigation 5 168 62 84 0 123 504 291 347 9245 442
3 168 62 11 0 90 504 230 190 5883 364
Average 168 92 35 1121 108 504 308 311 9245 393

1/Broadcast application of ammonium nitrate at 33% N in May, after bud break.

2/

Broadcast application in March of triple superphosphate at 46% P205.
3/ ’

Broadcast application in March of potassium chloride at 60Z K2.

A/Broadcast application in March of ground limestone with a minimum Ca0 for 51% and CaCO3 equivalent
of 92,28%, A

SlBroadcast application 1n March of ground dolomitic limestone with a minimum MgO of [1%, minimum
€Cal of 357%, and a CaC0, equivalent of 89% for all treatments requiring lime. For treatments not
requiring lime, MgO at™58% Mg was used.

6/See Table 1-1 for before lst growing season and Table B-3 for before 2nd growing season fertilizer and
lime specifications,
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Table B-5. Amount of fertilizer and lime applied at the start of the fourth growlng season and
accumnlated total fertilizer snd lime for the 1980 planted replications {1, 2 and 3} and
1981 planted replications (4, 5 and 6), by site, treatment znd replication.

Accumulative for

Beginning of 4th Growing Season 1, 2, 3 and 4 Growing Seasons
1980 Plantation Site
Treatment-Replication Nll P2052/ Kzoé/ Limedi MgS/ N P205 K20 Lime Mg
——————————————————— kg/ha = = = = = = = & = = = = - - .~ - -
Basher
Fertilization 1 168 34 il 0 0 683 373 602 4214 258
2 168 34 it 4483 112 683 340 330 14300 353
3 168 34 11 3362 134 683 348 352 14301 369
Average 168 34 11 2615 82 683 354 428 10938 327
Fertilization/ 1 168 34 11 0 78 683 385 487 7016 240
Irrigation 2 168 151 224 2242 0 683 485 824 5335 84
3 168 118 78 3362 45 683 418 548 7576 157
Average 168 101 104 1868 41 683 429 619 0642 160
Morrison
Fertilization 1 168 62 11 0 90 683 415 469 12874 460
2 168 45 11 0 78 683 390 429 16207 504
3 168 62 i1 2242 146 683 414 562 15647 499
Average 168 56 11 747 105 683 406 487 14909 488
Fertilizartion/ 1 168 62 i1 0 90 683 387 519 12845 460
Irrigation 2 168 118 11 2242 101 683 387 423 16768 454
3 168 62 i1 3362 90 683 435 515 17888 454

Average 168 81 11 1868 94 683 403 486 15834 456




Table B-3, {continued)

Aecumulative for

Beginning of 4th Growing Ssason 1, 2, 3, and 4 Growing Seasons
1581 Plantation Site ; P ;
Treatment-Replication ﬂll ??Gszi K?D4j Limﬁél Mgiz 3] ?205 KZQ Lime Hg
e e e e = m = e e e e kg/ha = = - = = - = R
Basher
Fertilization 4 1868 123 22 g ) 672 433 446 4343 86
5 168 34 50 0 0 672 333 508 6585 220
6 168 62 11 8 8 672 417 436 12188 288
Average 168 73 28 v G 672 394 4613 7706 198
Fertilization/ 4 168 34 95 0 g 672 255 491 4343 142
Irrigation 5 168 34 62 3362 67 672 216 273 11068 287
) 168 62 39 0 o 672 412 564 6585 _86
Average 168 43 65 1121 22 6§72 294 443 7332 172
torrison
Fertilization 4 168 34 30 0 &7 672 353 330 10368 476
5 168 34 134 4483 123 672 370 414 19332 591
& 168 34 il 3362 123 672 320 347 12607 542
Average 168 34 65 2615 104 672 348 364 14102 536
Fertilization/ 4 168 52 11 0 0 672 465 409 12609 375
irrigation 5 ib8 34 73 4483 123 672 323 420 13728 563
3 168 34 67 2242 45 672 264 257 2125 409
Average 168 43 56 2242 56 672 351 362 11487 450

1 .
[groadcasc application of ammonium nitrate at 33% N in May, after bud break.

"
&lBrcaanst application in March of triple superphosphate at 461 PZOE’

af

*/Broadcast application in March of potassium chloride at 60% KZ.

4/Br0adcast application in March of ground limestone with s minimum Cal for 51% and CaCO3 egquivalent

of 92,.28%.

/Broadcast application in March of ground dolomitic limestone with a minimum Mgl of 11%, minimum
Ca0 of 35%, and a CaCO., equivalent of 89% for all treatments requiring lime. For treatments not
requiring lime, Mgl at™587% Mg was used.

6/

See Table 1-1 for before lst growing season and Table B-3 for before 2nd growing season and Table B-4
for before 3rd growing season fertilizer and lime specifications.



Table B-6. Averagel/ weekly maximum and minimum temperatures, and rainfall
for the Basher and Morrison plantation sites in 1982.

Weekly Maximum Weekly Minimum Weekly Rainfall
Week Temperature Temperature
Starting Basher Morrison Basher Morrison Basher Morrison

(== m Cof = = ) (-~ cm~ =~ -)
May 16 23.3 23.8 13.3 13.3 2.03 2.54
May 23 21.1 20.4 14,4 14,4 1.40 1.27
May 30 21,7 19.9 12,7 11.8 5.21 7.62
June 6 22,9 20,2 13.6 12.8 3.43 3.43
June 13 26.0 23,7 12,4 12,9 2.54 2,79
June 20 25.0 24,2 8.7 9.2 2,03 3.56
June 27 25.6 24,6 10.9 12.5 2.00 2.03
July 4 28.6 27 .4 15.7 15.6 2.29 2,29
July 11 28.4 29.1 16,2 16,5 0.71 0.38
July 18 30.6 29,6 14.5 14,5 2.54 1.91
July 25 27.8 26.8 14,9 11.2 5.08 5.71
August 1 28.7 28,2 16,0 16.7 0.00 0.13
August 8 24,6 25.1 12,2 12,0 1.78 0.64
August 15 26,8 24,6 10,1 9.0 0.00 1.12
August 22 24,2 23,4 8,9 10.3 2.03 2.03
August 29 24,7 24,3 13.0 12.6 1.14 1.65
Sept. 5 26,1 25.2 13.3 12,5 0.00 0.00
Sept, 12 26.3 25,2 10.2 8.1 0.38 0.00

l/From daily maximum and minimum values as measured by a hydrothermograph

at each site.
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Table B-7, Amount of water applied

1/

at the Basher site in 1982 to two and three year old trees
by treatment and replication.

Amount of Water by Irrigation in 1982

Aug

Aug

Aug

Aug

Aug

Tree Age  Treatment Replication 16-18  19-23  23-25  26-27  30-31 3 Total?/
------------ liters!meterz R
Two year old
Irrigation 4 12,73 12,73 12,73 06.00 12,73 3.66 54,58
3 12,73 12,73 12,73 0.00 0.00 3.66 41.85
& 3/ 12,73 12.73 12,73 12,73 12,73 3.66 67.31
Average 12,73 12,73 12.73 4,24 8.49 3.66 54,58
Fertilization/ 4 12.73 12,73 12,73 12,73 12.73 3.66 67,31
Irrigation 5 25,46 12,73 12,73 0.00 0.00 3.66 54,58
6 3/ 3,00 0.00 25,46 12,73 12.73 3.66 54,58
Average 12,73 8.49 16,97 8.49 8,49 3.66 58.82
Three vear old
Irrigation 1 25,46 12,73 12,73 12,73 12.73 3.66 80,04
2 12.73 12,73 12,73 12,73 16.39 3.66 70.97
3 3/ 12,73 12.73 12,73 12,73 12.73 3,66 67.31
Average 16.97 12.73 12,73 12,73 13.95 3.686 72.77
Fertilization/ 1 25.46 12,73 12,73 12,23 12,73 3,66 80.04
Irrigation 2 12,73 12,73 12.73 12,73 12,73 3.66 67.31
3 3/ 12,73 12,73 12,73 12,73 12,73 3,66 67.31
Average 16.97 12,73 12.73 12.73 12,73 3,66 71,55

1/

tion to verify the upper 20 cm of soil had sufficient water.

2/
total due to rounding.

3/

Average is only a summary value,

Amount of water added to each replication-treatment unit was determined from baselline upper 20 cm soil
water characteristics {see Table A-9),

Amount of water in the soil was checked 24 hours after irriga-

Determined from actual amounts added in gallons/517.44 m",

Individual irrigations may not add

If not, irrigation was repeated.



Teble B-3,

- i
Emount of water gpplied

¢ the Morrison sire in 19

by treatment and replication,

a2 to

owo and three year old trzes

Amount of Water by Irrdigation in 1982

2/
Sub
May May May May May June June Total
Tree Age Treatment Replication 7-10 11-12  13-14 17-19 20-21 13-14  15-16 3
------------ 1iters/meter2 R
Two year old
Irrigation 4 12,73 12,73 12,73 12,73 12,73 12,73 12,73 89,11
5 12,73 12,73 12,73 12,73 12,73 12,73 12,73 89.11
) 12,73 12,73 12,73  12.,7: 12,73 12,73 12,73 36,11
Average 12,73 12,73 12,73 12,73 12,73 12,93 12,73 89.11
=
% Fertilization/ 4 12,73 12.73 12,73 12,73 12,73 12,73 12,73 89,11
N Irrigation 5 12,73 12,73 12,73 12,73 12,73 12,73 12,73 89,11
6 12,97 12,73 12,73 12,73 12,73 12,73 12,73 90,35
Average 13,14 12,73 12.73 12,73 12,73 12,73 12,73 89,52
Three year old
Irrigation 1 12,73 12,73 12,73 12,73 12,73 12,73 12.73 89.11
2 12,73 12,73 12,73 12,73 12,73 12.73 12,73 89.11
3 12,73 12,73 12,73 12,73 12,73 12,73 12,73 89,11
Average 12,73 12,73 12,73 12,793 12,73 12.73 12.73 89.11
Fertilization/ i 12,73 12,73 12,73 12,73 12,73 12,73 12,73 89,11
Irvigation 2 12,73 12,73 12,73 12,73 12,73 12,73 12,73 89,11
3 3/ 12,73 12.73 12,73 12,73 12,73 12,73 12.73 89,11
Average 12,73 12,73  12.73 12,73 12,73 12.73 12,73 89,11
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Table B~8. {(continued)
Amount of Water by Irrigation in 1982
Sub2/
June  June Aug Aug Aug Aug Aug Total
Tree Age Treatment Replication  19-21 26-27 46 6-11 11-13  16-18  20-23 2
———————————— 1iters/meter2 e
Two year old
Irrigation 4 12,73 12,73 12,73 12,73 12,73 12,73 12,73 89.11
5 12,73 12,73 12,73 12,73 12,73 12,73 12,73 89,11
& 3/ 12,73 0,00 12,73 12,73 12,73 12,73 12,73 76.38
Average 12,73 8,49 12,73 12,73 12,73 12,73 12.73 84,87
Fertilization/ 4 12,73 12,73 12,73 12,73 12,73 12,73 12,73 89,11
Irrigation 5 12,73 12,73 12,73 12,73 12,73 L2,73 12,73 89,11
6 3/ 1z.73 0,00 12,73 12,73 12,73 12,73 12,73 76,38
Average 12,73 8,49 12,73 12,73 12.73 12,73 12,73 84,87
Three vear old
Irrigation 1 12,73 12,73 12,73 12,73 12,73 12,73 12,73 8%.11
2 12,73 12,73 12,73 12,73 12,73 12,73 12,73 89.11
3 12,73 12,73 12,73 12,73 12,73 12,73 12,73 89,11
Average 12,73 12,73 12,73 12.73 12,73 12,73 12,73 89,11
Fertilization/ 1 12,73 0,00 12,73 12,73 12,73 12,73 12.73 76.38
Irrigation 2 12,73 12,73 12,73 12,73 12,73 12,73 12,73 89.11
3 3/ 12,73 12,73 12,73 12,73 12,73 12,73 12,73 89.11
Average 12,73 8.49 12,73 12,73 12,73 12,73 12,73 84,87




Table B-8. (continued)

Amount of Water by Trrigation in 1982

"
sub®’  sup?’ sub’/
Aug Aug-Sept Sept Total Total Total
Tree Age Treatment Replication 26 30-2 3 3 2 1 Total
------------ 1iters/meter2 e
Two year old

Irrigation 4 12,73 12,73 3.66 29,12 89,11 89,11  207.34
5 12,73 12,73 3.66 29,12 89.11 839.11 207.34
6 3/ 12,73 12,73 3.66 29,12 76,38 89,11 194,61
Average 12,73 12,73 3.66 29,12 84.87 89.11  203.10
Fertilization/ 4 i2.73 12,73 3.65 29,12 89.11 89,11  207.34
Irrigation 5 12.73 12,73 3.66 29,12 89.11 Bo,11  207.34
6 3/ 12.73 12,73 3.66 29,12 76,38 90.35 195.85
Average™’ 12,73 12,73 3.686 29,12 84,87 89,52 203,51

Three year old
Irrigation 1 12,73 12,73 3.66 29,12 89,11 89,11  207.34
2 i2.73 i2.73 3.66 29,12 89,11 89,11 207.34
3 3/ i2.73 12,73 3.65 29,12 89,11 89.i1  207.34
Average 12.73 12,73 3.60 26,12 89.11 89.11 207.34
Fertilization/ 1 12,73 12,73 3.66 29,12 76.38 89,11 194,61
Irrigation 2 12,73 12,73 3.66 29.12 89.11 89,11  207.34%
3 3/ 12,73 12,73 3.66 29,12 89.11 89.11  207.34
Average 12,73 12,73 3.66 29.12 84,87 89.11  203.10

1/

Amount of water added to each replication-treatment unit was determined from baseline upper 20 cm so0il
water characteristics (see Table A-10). Amount of water in the soll was checked 24 hours after irriga-
tion to verify the upper 20 cm of soil had sufficient water, If not, drrigation was repeated.

2/Determined from actunal amounts added in gallons/517.44 mz. Individual irrigtions may not add to
total due to rounding.

3/Average is only a summary value.
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Table B-9. Averagell weekly maximum and minimum temperatures, and rainfall for the Basher and Morrison
plantations in 1983,

Weekly Maximum Weekly Maximum Weekly Rainfall

Week Temperature Temperature
Starting Basher Morrison Basher Morrison Basher Morrison

(- = == e == - - Com = e e e e e e e == ) (- = =-=-cm =~ =~ =)
May 30 23.8 24,0 9.1 9.1 0,05 0.05
June 6 26.9 27.1 3.0 9,1 G.00 0.00
June 13 29.7 27,9 14.5 15.0 1,27 1.27
June 20 28,7 27.3 10.8 10.8 3.8t 4,06
June 27 28,6 27.5 16.5 16.7 1.80 1.80
July 4 26,9 24.9 10,0 9.4 0.00 6.00
July 11 31.9 31,2 15,6 16.3 0.00 0.00
July 18 29.3 28.5 15.2 15.0 3.04 3.30
July 25 30,2 30,0 13.0 14.9 0,00 0.00
Aug 1 28.0 28,8 11.4 15.0 0.00 0.60
Aug 8 - 26,2 - 13.9 0.76 0.86
Aug 15 30,7 30.6 13.3 14,2 1.02 1.02
Aug 22 29.0 28,7 14,5 15,2 0.00 0.00

Total - - - - 11.75 12,36

/From daily maximum and minimum values as measured by hydrothermograph at each site.



1/

Table B-10. Awmount of water applied™’ at the Basher site ln 1983 to three and four year old trzes by
treatment and replication,
Amount of Water by Irrigation in 1983 oy
Sub '
July Aug Aug Aug Aug Total
Tree Age Treatment Replication 25-29 1-8 8-11 11-16 16-19 1
. 2
------------ liters/meter” - - = = = = = = = = = =
Three year old
Irrigation 4 6.95 12,73 12,73 12,73 12,73 57.87
5 9.51 12,73 12,73 15,29 12,73 62.99
5 6.95 12,73 14,78 12,73 12,73 59,92
Average 7.80 12,73 13.41 13.58 12.73 60,25
Fertilization/ 4 13.53 12,73 12,73 12,73 12.73 64,45
Irrigation 5 7.68 12,73 12,73 12.73 12,73 58,60
6 3/ 5.95 12,73 12,73 12,73 12,73 57.8
Average 9.39 12,73 12,73 12.73 12,73 60,31
Four vear old
Irrigation 1 17.41 13,46 12,73 12,73 12,73 59,06
2 4,61 12,73 12.73 12,73 12,73 55,53
3 3/ 7.10 12,73 12,73 12,73 12.73 58,02
Average 9.71 12,97 12,73 12,73 12,73 60.87
Fertilization/ 1 4,83 12,36 12,73 12,73 12,73 55.38
Irrigation 2 3.66 13,86 12,73 12,73 12,73 55.71
3 12,88 12,73 12,73 12,73 12,73 63.80
Average 7.12 12,98 12,73 12,73 12.73 58,29
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Table B~10., {continued)}
Amount of Water by Irrigation in 1983
Subzi Subzl
Aug Aug Total Total Total
Tree Age Treatment Replication 19~25 25-30 2 1
------------ 1iters/meter2 e e - m - - -
Two vear old
Irrigation 4 12,73 12,73 25,46 57.87 53,33
35 12,73 12,73 25,46 52,99 88.45
6 3/ 12,73 12,73 25,46 59,92 85,38
Average 12,73 12,73 25,46 63,25 85,71
Fertilization/ 4 12.73 12,73 25,46 84,45 89.91
Irrigation 5 12,73 12,73 25,46 58,60 84,06
6 3/ 12,73 12,73 25.46 57,87 83.33
Average 12,73 12,73 25,46 60,31 85,77
Three year old
Irrigation i 12,73 12,73 25,46 69.06 94,52
2 12,73 12,73 25.46 55,53 83,99
3 3/ 12,73 9.80 22,53 58,02 80,55
Average 12,73 11.75 24,48 60,87 85,35
Fertilization/ 1 12,73 12,73 25,46 55.38 80.84
Irrigation 2 12,73 12,73 25.46 55.71 81.17
3 3/ 12,73 12,73 25,46 63,80 89,26
Average 12.73 12,73 25,46 58,29 83.75

1/

water characteristics {see Table A-9).
tion to verify the upper 20 cm of seoil had sufficlent water,

2/

to total due to rounding.

/Average is only a summary value,

Amount of water added to each replication-treatment unit was determined from baseline upper 20 cm soil

Amount of water in the goll was checked 24 hours after irriga-~

If not, irrigation was repeated.

2
Determined from actual amounts added in gallons/517.44 m”. Individual irrigations may not add
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Tsble B-1l, Amount of water appliedl/ at the Morrison site in 1983 to three and and four year old
trees, by treatment and replication,

Amount of Water by Irrigation in 1983

2/
Sub
July July July July July-Aug  Total
Tree Age Treatment Replication 11-15 18-19 20-22 22-26 28-2 1
------------ 1iters/meter2 — e e e - - - - -
Three year old
Irrigation 4 22,31 12,73 12,73 15.966 12,73 76.16
5 12,73 12,73 12,73 12,73 12,73 63,65
) 3/ 16,10 12.73 12,73 12,73 12,73 67,02
Average 17.05 12,73 12,73 13.71 12.73 68.95
Fertilization/ 4 15,22 12,73 12,73 12,73 12,73 66,14
Irrigation 5 18,14 12,73 12,73 12,73 12,73 69,06
5 3/ 28,53 12,73 13,46 12,73 12,73 80,18
Average 20,83 12,73 12,97 12.73 12,73 71.79
Three year old
Irrigation 1 14,08 12,73 12,73 12,73 12.73 65.00
2 0.00 12,73 12,73 12,73 12,73 50,92
3 3/ 13,46 12,73 12,73 12,73 12,73 64,38
Average 9.18 12,73 12,73 12.73 12,73 60,10
Fertilization/ 1 34,71 12,73 12,73 12,73 12,73 85.63
Irrigation 2 12.73 14,05 13.46 12,73 12,73 65.70
3 12.73 12,73 12.73 12,73 12,73 63,65

Average3/ 20,06 13.17 12,97 12,73 12,73 71.66
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Table B~11. {continued)

Amount of Water by Irrigation in 1983

Subzl
Aug Aug Aug Aug Aug Total
Tree Age Treatment Replication 2-8 9-11 12~16 17-19 19-25 2
R 1iters/meter2 ————————— - - -
Three year old
Irrigation 4 15.88 12.73 12,73 12,73 12,73 66,80
5 12,73 12,73 12,73 12,73 12,73 63,65
6 3/ 12,73 12,73 12,73 12,73 12,73 63,65
Average 13,78 12,73 12,73 12.73 12,72 64,70
Fertilization/ 4 12.73 12,73 12,73 12,73 12,73 63.65
Irrigation 5 12,73 19,02 21.95 12,73 12,73 79.16
6 3/ 12,73 12,73 12,73 12,73 12,73 63.65
Average 12,73 14,83 15.80 12,73 12,73 68.82
Four year old
Irrigation 1 12,73 12,73 12,73 12,73 12.73 63,65
2 12,73 12,73 12,73 12,73 12,73 63,65
3 3/ 12,73 12,73 12,73 12,73 12,73 63,65
Average 12,73 12,73 12,73 12,73 12,73 63.65
Fertilization/ 1 12,73 12,73 12,73 12.73 12,73 63,65
Irrigation 2 12,73 12,73 12,73 12,73 12.73 63.65
3 3/ 12,73 12,73 12,73 12,73 12,73 63.65
Average 12,73 12,73 12,73 12,73 12,73 63,65
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Table B-11l, {continued)

Amount of Water by Irrigation in 1983

Aug Aug-Sept Sub Sub Sub
Tree Age Treatment Replication . 26-30 30-9 Total Toral Total Total
3 2 1
2
———————————— liters/meter - - - = = = = = - - = ~
Three vear old
Irrigation 4 12,73 12,73 25.46 66,80 76.16 168,42
5 12,73 12,73 25,46 63.65 63.65 152.76
5 3/ 12,73 0,00 12,73 63.65 67.02 143,40
Average 12,73 8.49 21,22 64,70 58,95 154,87
Fertilization/ 4 12,73 12,73 25.46 63.65 66,14 155.25
Irrigation 5 12,73 12.73 25,46 79.16 69.06 173.68
) 3/ 12,73 0.00 12.73 63,65 80.18 156,56
Average” 12.73 8.49 21,22 68.82 71.79 161.83
Four year old
Irrigation i 12.73 0.00 12,73 63.65 65,00 141,38
2 12,73 12.73 25.46 63.65 50.92 140,03
3 3/ 12.73 12,73 25,46 63,65 64,38 153.49
Average 12,73 8.49 21,22 63.65 60.10 144,97
Fertilization/ 1 12,73 0.00 12,73 63.65 85.63 162,01
Irrigation 2 12.73 12,73 25.4¢ 63.65 £5.70 154,81
3 3/ 12,73 12,73 25.46 53,65 63.65 152,76
Average 12.73 8.49 21,22 63,65 71.66 156.53

1/

Amount of water added to each replication-treatment unit was determined from baseline upper 20 cm soil
water characteristics (see Table A-10). Amount of water in the soil was checked 24 hours after
irrigation to verify the upper 20 cm of soil had sufficient water. If not, irrigation was repeated.
Z/Determined from actual amounts added in gallons/517.44 m2. Individual irrigations may not add to
total due to rounding.

3/

Average is only of summary value,



1/

Table B-12, Average ' weekly maximum and minimum temperatures, and
rainfall for the Basher and Morrison plantation sites in 1984,

Weekly Maximum Weekly Minimum Weekly Rainfall
Temperature Temperature Temperature

Week
Starting Basher Morrison Basher Morrison Basher = Morrison

(=== — - - Com mmm mm m ) (= = = ~em= = = =)
June 4 32.4 32.6 19.7 17.2 6.00 0.00
June 11 24,4 24,5 12.9 13.2 6.43 4.57
June 18 27.0 25,2 17.9 12.9 2.67 2.72
June 25 24,0 23.6 11.2 10.9 4.17 4,78
July 2 24,5 26.7 13.0 14,1 2.29 1.91
July 9 8.5 24.5 13.3 13.5 0.33 0.46
July 16 26.3 25,2 15.2 13.3 1.14 0.99
July 23 27,3 25,2 13.4 12,1 0.00 0.79
July 20 21,4 26.4 16.9 15,9 4,006 3.56
Aug 6 28.9 27,2 18.7 18.8 9.40 7.75
Aug 13 28.3 26.7 16,7 15.9 5.72 2,92
Aug 20 26.7 24,6 9.7 9.5 1.70 1.83
Aug 27 25,6 26.4 16.4 14,9 0.00 1,02
1/

From daily maximum and minimum values as measured by a hydrothermograph
at each site.
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Table B-13. Amount of water appliedll in 1984 at the Basher site to first rotation four year old trees
and second rotation one year old trees by treatment and replicatioun,

Amount of Water by Irrigation Dates

June June July July July-Aug 2/

Tree age Treatment Replication 26-28 29 23-25 25-30 31-6 Total

—————————— 1iters/meter52 ——_— e e - - - - -
Four year old - First rotatdion

Irrigation 4 12,73 0.00 12,73 12,73 .00 38.19

5 12,73 0.00 12.73 12.73 12,73 50,92

6 3/ 12,73 0.00 12,73 12,73 0,00 38.19

Average 12,73 0.00 12.73 12,73 4,23 42.43

Fertilization/ 4 12,73 0,00 12,73 12,73 0.00 38,19

Irrigation 5 12,73 0.0C 12.73 17.74 12,73 55.93

6 3/ 12,73 0.00 12,73 12,73 0.00 38.19

Average 12,73 0.00 12,73 14,40 4.23 44,10

One year old - Second Rotation

Irrigation 1 4,68 20,78 16,09 12,73 12,73 67.01

2 12,73 0,00 12.73 12,73 12,73 50.92

3 3/ 12,73 0,00 12,73 12,73 12,73 50,92

Average 10,05 6.93 13.85 12,73 12,73 56.28

Fertilization/ 1 12,73 12,73 12,73 12,73 12,73 63,65

2 12,73 12,73 12,73 12,73 12,73 63.65

3 3/ 12,73 0.00 12.73 12,73 12,73 50.92

Average 12,73 8.49 12.73 12,73 12,73 59.41

/Amount of water added to each replication-treatment unit was determined from baseline upper 20 cm soil
water characteristics (see Table A-9). Amount of water in the soil was checked 24 hours after
irrigation to verify the upper 20 cm of so0il had sufficient water. If not, irrigation was repeated.

2/Determined from actual amounts added in gallons/517.44 m2. Individual irrigation may not add to total
due to rounding.

3/

Average is only of summary value,



Table B-14, Amount of water applied

1/

and second rotation one year old trees by treatment and replication.

in 1984 at the Morrison site to first rotation four vear old trees

June

Amount of Water by Irrigation Dates

June June-July July

July

July Aug

Tree age Treatment Replication 13-15  20-22 244 17-20 23-25 26-1 1-6 Totalzj
—————————— 1iters/meters2 —m e m - - -
Four year old - First rotation
Irrigation 4 12,73 12,88 16.39 13,46 12,73 12,73 12.73 93.65
5 12.73 12,73 12,73 13.85 14.99 12,73 12.73 92.49
6 16,53 12,73 0.00 12,73 12,73 12,73 0,00 67,45
Average 13.99 12,88 .71 13,35 13.48 12.73 B.49 B4.53
Fertilization/ 4 8.85 12,73 12,73 12,73 12,73 12.73 12.73 85,23
Irrigation 5 12,73 12,73 12,73 14,38 12.73 12,73 12.73 90.76
6 17.56 19,31 0.00 12,73 13,53 12,73 0,00 75.86
Average 13,05 14.92 8.49 13,28 13,00 12,73 8.49 83,95
o
)
> One year old - Second Rotation
Irrigation 1 12,73 13,46 12,73 12,73 13,75 12,73 12,73 90.86
2 12,73 12,73 12,73 25,97 12,73 12,73 12,73 102.35
3 12,73 13,46 12,73 12,97 16,09 12,73 12,73 93.44
Average 12,73 13,22 12,73 17.14 13.86 12,73 12.73 95.55
Fertilization/ 1 12,73 12,73 0.00 13,24 12,73 12,73 12,73 . 76.89
Irrigation 2 13,3t 12,73 12,73 12,73 12.73 12,73 12,73 89.69
3 12,73 12,73 12,73 14.56 12,73 12,73 14,48 92,69
Average 12,92 12,73 8.49 13,51 12.73 12.73 13.31 86.42

1/

water characteristics (see Table

A-10},

irrigation to verify the upper 20 cm of soil had sufficient water.

2/

due to rounding.

/Average is only of summary value.

Determined from actual amounts added in gallons/517.44 m?,

Amount of water added to each replication-treatment unit was determined from baseline upper 20 cm soil
Amount of water in the soil was checked 24 hours after

If not, irrigation was repeated,

Individual irrigation may not add to total
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Teble B-15. Second growlng season average / alongation by plantatlon site treatment and measurement date
for the 1980 pianted trees. Each value is from 30 completely independent observations
per site per treatment,

Second Growing Season Elongation by Measurement Date

Plantation Site June July July July Aug Aug Sept Sept
Treatment 19 2 i7 31 14 28 H 29
—————————————————— MELRYE — = = = = = = = = = - - - - - = — - - -
Basher
Control 0.31 e G.45 ¢ 0.88 ¢ 0.94 4 1.1%9 ¢ 0.88 4 1.18 ¢ 1.45 d
Irrigation 0.37 d 6.69 b 0.91 ¢ 1.21 ¢ 1.66 b 1.75 ¢ 1.99 d 1.91 ¢
Fertvilization 0.50 ab 0.75 ab 1.31 a 1.66 a 2.19 a 2.32 a 2.39 be 2.45 b
Fertilization/ 0.45 ac 0.81 a 1.18 b 1.43 b 2.04 a 2,20 ab 2.58 % 2.54 b
Irrigation
Average 0.41 0.67 1.07 1.31 1.77 1.79 2.03 2.09
Morrison
Control 0.26 ¢ 0.38 ¢ 0.55 d 0.62 £ 0.72 ¢ 0.58 ¢ 0.66 ¢ 0.71 ¢
Irrigation 0.26 e 0.43 ¢ 0.62 d 0.78 e 0.80 d 0.97 4 1.01 e 1.14 e
Fertilization 0.40 cd D.68 b 0.96 ¢ 1.38 » 1.72 b 2.84 b 2.27 ¢ 2.31 b
Fexrtilization/ 0.54 a 0,82 a 1.27 a 1.69 a 2.12 a 2.35 a 2.99 a 3.05 a
Irrigation
Average 0.36 0.58 0.85 1.12 1.34 1.49 1.73 1.81

/Treatment means within and between plantation sites with common letter are not significantly different
at the .05 level for each date. Statistical mean separations were evaluated by the Duncan method on
the Site X Treatment factor from analysis of varlance. Site means (N=120) were not significnatly
different (0.05 level) for all measurement dates.
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Table B-i16. Second growing season averagell elongation by plantation site treatment and measurement date
for the 1981 planted trees. Each value is from 30 completely independent observations
per site per treatment.

Second Growing Season Elongation by Measurement Date

Plantation Site June July July July Avg Aug Sept Sept
Treatment 16 1 15 30 12 27 10 29
------------------ MELEYSE ~ = = = = = = = = = = - - - — - - - .
Basher
Control 0.75 a 1.13 a 1.60 ab 2.13 a 1.19 cd 2.80 a 2.61 d 2.62 d
Irrigation 0.57 ¢ 1.02 be 1.44 ¢ 1.71 & 2.16 4 2.20 b 2.35 e 2.04 e
Fertilization 0.68 b 1.12 a 1.57 ab 2.11 ab 2.35 be 2,86 a 2.88 be 1.75 ed
Fertilization/ 0,69 b 1.14 a 1.63 a 2.00 ¢ 2.40 ab 2,86 a 2.99 ab 2.76 cd
Irrigation
Average 0.67 1.10 - 1.56 1.99 2,27 2.68 2,71 2.54
Morrison
Control 0.61 ¢ 0.98 be 1.51 be 2.06 abce 2.55 adb 2.77 a 2.80 ¢ 2,80 bed
Irrigation 0.57 ¢ 1.03 b 1.45 ¢ 2.08 abc 2.58 a 2.86 a 2.90 be 2.89 be
Fertilization 0.58 ¢ 0.95 ¢ 1.51 abe 2.04 be 2.42 ab 2,80 a 2.95 be 2.96 b
Fexrtilization/ 0.60 ¢ 0.98 be 1.59 ab 2.06 abe 2.41 ab 2.92 a 3.14 a 3,20 a
Irrigation '
Average 0.59 0.99 1.52 2.06 2.48 2.84 2.95 2.96

1/

Treatment means within and between plantation sites with common letter are not significantly different
at the .05 level for each date, Statistical mean separations were evaluated by the Duncan method on
the Site X Treatment factor from analysis of variance. Site means (N=120) were not significnatly
different (0.05 level) for all measurement dates, except July 15,
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Table B~17. Average nutrient concentrations in one, two, three and
four year old wood samples by plantation site and treatment,
These values are from the three replications planted in 1980

and 1981.
Specimenz/
Plantation Site Nutrient
Treatment N P K Ca Mg

———————— % oven dry wt, — = = = = = « =
One Year 01d Wood

Basher
Control 0.60a 0.08a 0.27a 0.34abc  0.07a
Irrigation 0.51ab  0.07ab 0.25ab  0.29bc 0.06b
Fertilization 0.50ab  0.06b 0.23b 0.26¢ 0.06b
Fertilization/Irrigation 0.52ab 0.07ab 0.23b 0.28be 0.06b
Average 0.53x 0.07x 0.24x% 0.29x 0.06x
Morrison
Control 0.55ab  0.07ab 0.25ab  0.36ab 0.06b
Irrigation 0.48b 0.07ab 0.26ab 0.39a 0.06b
Fertilization 0.50ab 0,060 0.26ab 0.36ab 0.06b
Fertilization/Irrigation 0.45b 0.06b 0.24ab 0.3labc  0.06Db
Average 0.49y 0.07x 0.25x 0.36y 0.06x
Two Year 0ld Wood
Basher
Control 0.34a 0.05a 0.21a 0.19ab 0.04a
Irrigation 0.30ab 0.05a 0.19a 0.16b 0.04a
Fertilization 0.32ab  0.04b 0.21a 0.17ab 0.03b
Fertilization/Irrigation 0.29ab 0.04b 0.21a 0.16b 0.03b
Average 0.31ix 0.05x 0.20x 0.17x 0.04x
Morrison
Control 0.26b 0.04b 0.15b 0.19ab 0.04a
Irrigation 0.27b 0.04b 0.15b 0.21la 0.04a
Fertilization 0.27b 0.03c 0.15b 0.17ab 0.04a
Fertilization/Irrigation 0.26b 0.04b 0.15b 0.18ab 0.04a
Average 0.27y 0.04y 0.15y 0.19x 0.04x
Three Year 01d Wood
Basher
Control 0.15¢c 0.04a 0.13a 0.12be 0.03a
Irrigation 0.19ab 0.03ab 0.l4a 0.13ab 0.03a
Fertilization 0.21a 0.03ab 0.l4a 0.l4a 0.03a
Fertilization/Irrigation 0.22a 0.03ab 0.l4a 0.13ab 0.03a
Average 0.19x 0.03x 0.14x 0.13x 0.03x
Morrison
Control 0.17bc  0.03ab 0.l4a 0.11c 0.03a
Irrigation 0.16bc  0.03ab 0.l4a 0.12be 0.03a
Fertilization 0.20a 0.02b 0.1l4a 0.13ab 0.03a
Fertilization/Irrigation 0.18ab 0.03ab 0.13a 0.12bc 0.03a
Average 0.18x 0.03x 0.13x 0.12y 0.03x



Table B~17. (continued)

.2/
Specimen
Plantation Site Nutrient
Treatment N P K Ca Mg
------- % oven dry wt. =~ = = = = = = &
Four Year 0ld Wood
Basher
Control 0.12¢ 0.03a 0.10ab 0.13ab 0.02b
Irrigation 0.12¢ 0.03a 0.1lab 0.13ab 0.02b
Fertilization 0.17a 0.03a 0.12a 0.1l4a 0.02b
Fertilization/Irrigation 0.l6ab 0.03a 0.12a 0.l4a 0.02b
Average 0.1l4x 0.03x 0.11x  0,13x 0.02x
Morriscon
Control 0.14b 0.02b 0.08b 0.13ab 0.03a
Irrigation 0.13¢ 0.02b 0.08b 0.12ab 0.03a
Fertilization 0.18a 0.02b 0.09ab 0.1l4a 0.03a
Fertilization/Irrigation 0.16ab 0.02b 0.09ab 0.12b 0.03a
Average 0.15y 0.02y 0.09y 0.13x 0.03y
1/

Mean of 6 replications for one and two year old specimens and 3
replications for three year old specimens. Means with a common letter
within each nutrient/specimen are not significantly different at the .05
level. Duncan's mean separation method was used on the Site X Treatment
factor from analysis of variance. Significant Site differences (at 0.05
level) are indicated where the average values have different letters.
2/Specimens were collected from the field in October-November and separated
from the first 15-45 cm of stem, above ground.

B-29



Table B-18. Averagel/ nutrient concentrations in one, two, three and
four year old bark samples by plantation site and treatment.
These values are from the three replications planted in 1980

and 1981,
Specimenz/
Plantation Site Nutrient
Treatment N P K Ca Mg

One Year 01d Bark

Basher
Control 1.57b 0.l4ab 0.,77ab 1.55a 0.20ab
Irrigation 1.52b 0.14ab 0.74ab 1.31b 0.18bc
Fertilization 1.56b 0.15a 0.78a 1.49ab  0.19abc
Fertilization/Irrigation 1.67a 0.15a 0.74ab  1.35b 0.17¢
Average 1.58x 0.14x 0.76x 1.42x 0.18x
Morrison
Control 1.38¢ 0.13b 0.73ab 1.50ab 0.21a
Irrigation 1.38¢c 0.13b 0.72b 1.60a 0.19abc
Fertilization 1l.42¢ 0.13b 0.76ab 1.64a 0.19abe
Fertilization/Irrigation 1.43c 0.l14ab 0.77ab 1.61a 0.19abe
Average 1.40y 0.13y 0.75x 1.59y 0.19y
Two Year 01d Bark
Basher
Control 1.27b 0.13a 0.85abe  1.70abe  0,18be
Irrigation 1.25b 0.13a 0.86ab 1.58bc  0.18be
Fertilization 1.41a 0.12ab  0.86ab 1.59bc  0.14d
Fertilization/Irrigation 1.45a 0.13a 0.88a 1.52¢ 0.14a
Average 1.35x 0.13x 0.86x 1.60x 0.16x
Morrison
Control 1.17b G.11b 0.73e 1.80ab 0.21a
Irrigation 1.21b 0.11b 0.78d 1.83a 0.20ab
Fertilization 1.46a 0.12ab 0.81led 1.71abe 0.l7c
Fertilization/Irrigation 1.46a 0.12ab 0.83becd 1.66abc 0.l6¢c
Average 1.33x 0.12y 0.79y 1.75y 0.18y
Three Year Old Bark
Basher
Control 0.95b 0.11a 0.74b 1.43b 0.12cd
Irrigation 1.07b 0.11la 0.78ab 1.43b 0.13bc
Fertilization 1.26a 0.1l1la 0.74b 1.50b 0.10c¢
Fertilization/Irrigation 1.36a 0.11a 0.77ab  1.51b 0.12be
Average 1.16x 0.11x 0.76x 1.47x 0.12x
Morrison
Control 1.05b 0.10b 0.73b l.44b  0.17a
Irrvigation 1.02b 0.10b 0.75ab 1.49b 0.15ab
Fertilization 1.32a 0.10b 0.81a 1.74a 0,.l4ab
Fertilization/Irrigation 1.10b 0.10b 0.78ab 1.50b 0.1l4ab
Average 1.12x% 0.10y 0.77x 1.54x 0.15y



Table B~18. (continued)

2
Specimen
Plantation Site Nutrient
Treatment N P K Ca , Mg
-------- % oven dry wt. « = w = = = ~ -
Four Year O0ld Bark
Basher
Control 0.86b 0.10a 0.71a 1.65ab 0.10b
Irrigation 0.89b 0.09%a 0.70a 1.43bec  0.11b
Fertilization 1.10a 0.095 0.73a 1.72a 0.10b
Fertilization/Irrigation 1.07a 0.09%a 0.72a 1.56abe 0.11b
Average 0.98x 0.09x 0.73x  1.59x 0.10x
Morrison
"Control 0.89 0.0%a 0.70a 1.32¢ 0.1l4a
Irvigation 0.6%9¢c 0.07b 0.71a 1.5%abe 0.l4a
Fertilization 1.12a 0,09a 0.76a 1.76a 0.13a
Fertilization/Irrigation 1.1Ca 0.0%a 0.77a 1.64ab 0.l4a
Average 0.95x 0.08y 0.71x  1.58x 0.13y
1/

Mean of 6 replications for one and two year old specimens and 3
replications for three year old specimens. Meansg with a common letter
within each nutrient/specimen are not significantly different at the .05
level. Duncan's mean separation method was used on the Site X Treatment
factor from analysis of variance. Significant Site differences {at 0.05
level) are indicated where the average values have different letters.
2‘/Spec:imens were collected from the field in October~November and separated
from the first 15-45 cm of stem, above ground.
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1
Table B~19, Average / nutrient concentrations in one, two, three and

four year old wood/bark composite samples by plantation

site and treatment. These values are from the three
replications planted in 1980 and 1981,
Specimenzl
Plantation Site Nutrient
Treatment N r K Ca Mg
mmmmmmmm Z oven dry wt, = = = = = = = =~
One Year 0ld Wood/Bark Composite
Basher ‘
Control 0.91a 0.10a 0.40a 0.77a 0.11a
Irrigation 0.84gb 0.0%a 0.382b 0.62ab  0.10ab
Fertilization 0.85ab 0.09%a 0.37ab 0.642b 0.10ab
Fertilization/Irrigation 0.82ab 0.0%a 0.345 0.59% 0.08¢
Average 0.85x 0.09x 0.37x  0.66x 0.10x
Morrison
Control 0.8lab 0.10=a 0.38ab 0.72ab  0,10ab
Irrigation 0.77b 0.0%a 0.34b 0.66ab 0.10ab
Fertilization 0.77b 0.09a 0.36ab 0,58 0.0%¢
Fertilization/Irrigation 0.79ab 0.09a 0.37ab  0.65ab  0.0%e¢
Average 0.78y 0.09% 0.36x 0,65x 0.09%y
Two Year 01d Wood/Bark Composite
Basher
Control 0.49ab 0.07a 0.25be  0.45bcd  0.06be
Irrigation 0.50ab 0.07a 0.29ab 0.49abc 0.070b
Fertilization 0.472b 0.06ab 0.23bc 0.38cd  0.05e
Fertilization/Jrrigation 0.46ab 0.06ab 0.22¢ 0,344 0.05¢c
Average 0.48x 0.07x 0.25x 0.41x 0.06x
Morrison
Control 0.56a 0.07a 0.34a2 0.62a 0.0%a
Irrigation 0.49ab 0.06ab 0.29ab 0.54ab 0.08ab
Fertilization 0.48ab 0.05b 0.28ab 0.47bcd 0.06bc
Fertilization/Irrigation 0.43b 0.05b 0.26bc 0.38cd 0.05¢
Average 0.50x 0.06y 0.29y 0.50y 0.07y
Three Year 01d Wood/Bark Composite
Basher
€ontrol 0.35¢ 0.06a 0.32a 0.502 0.052
Irrigation 0.3%c¢ 0.06a 0.31a 0.47a 0.05a
Fertilization 0.43abc 0.05ab 0.30a 0.45a 0.05a
Fertilization/Irrigation 0.5la 0.06a 0.2%a  0.46a 0.05a
Average 0.30x 0.06x 0.30x 0.47x 0.05x
Morrison
Control 0.38be 0.05ab 0.33a 0.52a 0.06a
Irrigation 0.35¢ 0.05ab 0.31a 0.46a 0.05a
Fertilization 0.47ab 0.04b 0.33a 0.56a 0.06a
Fertilization/Irrigation 0.42bc 0.05ab 0.32a 0.48a 0.05a
Average 0.32x 0.05y 0.32x 0.50y 0.06x



Table B~19. (continued)

2
Specimen
Plantation Site Nutrient
Treatment N P K Ca Mg
———————— % oven dry wt. ~ =~ = = = = - =
Four Year 0ld Wood/Bark Composite
Basher
Control 0.29b 0.05a 0.2%ab 0.44ab 0.05a
Irrigation 0.28be 0.04ab 0.28ab 0.39b 0.05a
Fertilization 0.37a 0.04ab 0.2%ab 0.45ab 0.05a
Fertilization/Irrigation 0.39%a 0.04ab 0.31a 0.38b 0.05a
Average 0.33x 0.04x 0.29x 0.43x 0.05%
Morrison
Control 0.26bc 0.04ab 0.26b 0.40ad 0.05a
Irrigation 0.24c 0.03b 0.27b 0.43ab 0.05a
Fertilization 0.37s 0.04ab 0.29ab 0.50a 0.05a
Fertilization/Irrigation 0.3la 0.03b 0.26b 0.43ab 0.05a
Average 0.29y 0.03y 0.27y 0.43x 0.05x
1/

Mean of 6 replications for one and two year old specimens and 3
replications for three year old specimens. Means with 2 common letter
within each nutrient/specimen are not significantly different at the .05
level. Duncan's mean separation method was used on the Site X Treatment
factor from analysis of variance. Significant Site differences (at 0.05
level) are indicated where the average values have different letters.
2/Specimens were collected from the field in October~November and separated
from the first 15~-45 em of stem, above ground.
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Table B~20, Averagel/ nutrient concentrations in one year foliage and
fresh litter by plantation site and treatment. Values are
from the three replications planted in 1980 and 1981.

Specimen
Plantation Site Nutrient
Treatment N P K Ca Mg
2/ TTmmmm=- % oven dry wt, = = = = = « - -
Foliage
Basher
Control 3.17b 0.27ab 1.62ab 1.29bed 0.35a
Irrigation 3.21b 0.27ab 1.73a 1,174 0.32a8b
Fertilization 3.36ab 0.27ab 1,72a 1.26¢cd 0.30ab
Fertilization/Ixrigation 3.4lab 0.27ab 1.78a 1,27c¢d 0,26b
Average 3.29x 0.27x 1.71x 1.25x 0.31x
Morrison
Control 3.18b 0.23¢c 1.47b 1.37abe 0.35a
Irrigation 3.13b 0.24bc 1.49b 1,442 0.34a
Fertilization 3.43ab 0.26abc 1.66ab 1.40ab 0.28b
Fertilization/Irrigation 3.6la 0.28a 1.82a 1.42ab 0.26b
Average 3.34x 0.26y 1.61y l.4ly 0.31x
Litterz/
Basher
Control 1.99ab 0.10ab 0.80a 1.89b 0.28a
Irrigation 2.18ab 0.10ab 0.,72ab 1,72¢ 0.25abc
Fertilization 1.87b 0.10ab 0.77a 1.81bc 0.27a
Fertilization/Irrigation 2.l4ab 0.10ab 0.7%a 1.89b 0.25abc
Average 2.03x 0.10x 0.77x 1.83x 0.26x
Morrison
Control 1.85b 0.09% 0.73ab 1.97ab 0.26ab
Irrigation 2.12ab 0.10ab 0.67b 1.98ab 0.22bc
Fertilization 1.99ab 0.09b 0.76ab 2.1la 0.25abce
Fertilization/Irrigation 2,.29a 0.lla 0.72ab  1.96ab 0.20c
Average 2.06x 0.09x% 0.72y 2.00y 0.23y
1/

Means of 6 replications and means with a common letter within each
nutrient—-specimen are not significantly different at the 0.05 level.
Duncan's mean separation method was used on the Site X Treatment factor
from analysis of variance, Significant site differences (at 0.05 level)
are indicated where the average values have different letters.

2/Foliage samples, about 6 leaves/l0 representative trees per site-
treatment-replication (total leaves = 60), were collected in late
August-early September, before leaf coloration, and from the upper crown.
Petioles were removed.

3/Litter samples of about 60 g were collected from each site~treatment-
replication in November, after 99% of the leaves had fallen,
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Table B-21. Averagell nutrient concentrations in 1itter2/ collected in the
Spring following first dormant season by plantation site and
treatment, Values are from the three replications planted in
1980 and three replications planted in 1981,

Specimen
Plantation Site Nutrient
Treatment N P K Ca Mg
-------- Z oven dry wt., - = = ~ = ~ = ~
Basher
Control 2.01a 0.10ab  0.48b 1.82b 0.11b
Trrigation 2.18bc  0.09b 0.46b 1.80b 0.11b
Fertilization 2.02¢ 0.11a 0.8la 3.55a 0.33a
Fertilization/Irrigation 2.19bc 0.lla 0.59b 2.44b 0.20b
Average 21.10x 0, 10x 0.58x 2.40x 0.19x
2.01c 0.09b 0.58b 1.61b 0.11b
Irrigation 2.63a 0.11a 0.58b 1.89b 0.11b
Fertilization 2.58ab 0.10ab 0.60b 1.79b 0.11b
Fertilization/Irrigation 2.83a 0.12a 0.59b 1.96b 0.10b
Average 2.51y 0.10x 0.59x 1.81y 0.11y

fTreatment means within and between plantation sites with a common letter
within each nutrient-specimen are not significantly different at the 0,05
level. Duncan's mean separation method was used on the Site X Treatment
facter from analysis of variance. Significant site differences (at 0.05
level) are indicated where the average values have different letters.

ZfLittar samples of 60 g were collected from each site~treatment-

replication in March, before fertilization amendments.



Table B-22, Averag }/ nutrient concentrations in partly decomposed

litter”™ collected in the late Summer following first dormant
season and most of the second growing season by plantation
nt. Values are from the three replications

site and treatme
planted in 1981,

Specimen
Plantation Site Nutrient
Treatment N P K Ca Mg
———————— % oven dry wt, = = = = = = ~ -
Basher
Control 0.82¢ 0.06abc 0.92¢ 1.48b 0.21abe
Irrigation 0.78¢c 0.07ab  0.95¢c 1.48b 0.22abe
Fertilization 1.41a 0.08a 1.39a 1.52b 0.18¢
Fertilization/Irrigation 1.36ab 0.07ab 1.43a 1.60b 0.19b¢c
Average 1.09x 0.07x 1.17x 1.52x 0.20x
Morrison
Control 0.77¢ 0.05¢ 0.90¢ 1.53b 0.26a
Irrigation 0.92¢ 0.06abc 1.05¢ 1.82a -0,24ab
Fertilization 1.00be 0.07ab 1.12be 1.96a 0.21abe
Fertilization/Irrigation 1.36ab 0.08z 1.345b 1.99a 0.2labc
Average 1.01x 0.07x 1.10x 1.83y 0.23y
1/

Treatment means within and between plantation sites with a common letter
within each nutrient-specimen are not significantly different at the 0.05
level. Duncan's mean separation method was used on the Site X Treatment
Significant site differences (at 0,05
level) are indicated where the average values have different letters.

factor from analysis of var

2/

Litter samples of 60 g were collected from each site-treatment-
replication in March, before fertilization amendments.

iance.
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Table B~23. Averagel/ nutrient concentrations in two year foliage and
fresh litter by plantation site and treatment. Values are
from the three replications planted in 1980 and three
replications planted in 1981.

Specimen
Plantation Site Nutrient
Treatment N P K Ca Mg
2, TTmmmm==- Z oven dry wt, ~ - -~ = - -~ -~ ~
Foliage
Basher
Control 2.40¢ 0.24bc 1.73ab 1.16be 0.30b
Irrigation 2.32¢ 0.24bc  1.83a 1.08c 0.29
Fertilization 2.86ab 0.23c 1.80ab 1.23ab 0.23c
Fertilization/Irrigation 3.2la 0.27ab 1.82a 1.16be 0.23c
Average 2.70x 0.24x 1.79x 1.16x 0.26x
Morrison
Control 2.57bc  0.20d 1.38¢ 1.28ab 0.35a
Irrigation 2.59bc 0.23c¢ 1.50¢c 1.34a 0.36a
Fertilization 2.99a 0.25bc  1.65b 1.16bc 0.28b
Fertilization/Irrigation 3.19a 0.28a 1.84a 1.21abe  0.27b
Average 2.83x 0.24x 1.59y 1.25y 0.31y
Litter3/
Basher
Control 0.87b 0.09ab 1.17bed 2.01bc 0.32b
Irrigation 0.97b 0.10a 1.13¢d 1.83¢ 0.28b
Fertilization 1.24a 0.08abe 1.39a 2.22a 0.25¢
Fertilization/Irrigation 1.30a 0.08abec 1.3lab 2.02bc 0.23¢
Average 1.09x 0.08x 1.25x 2.02x 0.27x
Morrison
Control 0.87b 0.05d 1.054 1.98¢ 0.4la
Irrigation 1.00b 0.06cd 1.06d 2.00be 0.32b
Fertilization 1.03b 0.05d 1.38a 2.30a 0.30b
Fertilization/Irrigation 1.,20a 0.07bcd 1.24abec 2.19ab 0.28b
Average 1.02x 0.06y 1.18x 2.12y 0.32y
1/

Means of 6 replications and means with a2 common letter within each
nutrient~specimen are not significantly different at the 0.05 level.
Duncan's mean separation method was used on the Site X Treatment factor
from analysis of variance. Significant site differences (at 0.05 level)
are indicated where the average values have different letters.

2/Foliage samples, about 6 leaves/10 representative trees per site-
treatment-replication (total leaves = 60), were collected in late
August-early September, before leaf coloration, and from the upper crown.
Petioles were removed for analysis.

3/Litter samples of about 60 g were collected from each site-—treatment-
replication in November, after 997 of the leaves had fallen.

B-37



Table B-24. Averagel/ nutrient concentrations in lit:ter2

collected in the

Spring following second dormant season by plantation site and
treatment. Values are from the three replications planted in

1980.
Specimen
Plantation Site Nutrient
Treatment N P K Ca Mg
mmmmmmmm Zovendry wt, - = ~ = = = - ~
Basher
Control 1.40a 0.07a 0.49¢cd 2.05ab 0.12ab
Trrigation 1.442 0.07a 0.454d 1.93b 0.13ab
Fertilization 1.67a 0.07a .53¢ 2,27ab 0.11b
Fertilization/Irrigation 1.65a 0.07a 0.48¢cd  2.05ab 0.12ab
Average 1.54x 0.07x 0.49x 2.07x 0.12x
Morrison
Control 1.31a 0.07a 0.66ab 2.15ab 0.13ab
Irvigation 1.51a 0.07a 0.60b 2.23ab 0.14a
Fertilization 1.452 0.07a 0.67a 2.40a 0.13ab
Fertilization/Irrigation 1.63a 0.07a 0.64ab 2.29a 0.l4a
Average 1.49x 0.07x 0.64y 2.27y 0.13y
1/

Treatment means within and between plantation sites with a common letter

withln each nutrient~specimen are not significantly different at the 0.05
lJevel. Duncan's mean separation method was used on the Site X Treatment

iance, Significant site differences (at 0.05

level) are indicated where the average values have different letters.

factor from analysis of var

/Litter samples of 60 g were collected from each site-treatment-
replication in March, before fertilization amendments, after 99% of

leaves had fallen.



Table 8-~25., Averag 1/ nutrient concentrations in partly decomposed
litter”’ collected in late Summer following second dormant
season and most of third growing season by plantation site
and treatment. Values are from the three replications
planted In 1980,

Specimen
Plantation Site Nutrient
Treatment N P K Ca Mg
~~~~~~~~ Z oven dryy wt., = = = = = = = =
Basher
Control 0.%1cde 0.07bc 1.07b 1.79bed  0.24bc
Irvigation 1.23becd  0,08be 1.06b 1.72¢d 0.22cd
Fertilization 1.8%a 0.11a 1.43a 1.76¢d 0.204d
Fertilization/Irrigation 1.50ab  0.09%ab 1.08b 2.07abe 0.204d
Average 1.38x 0.09x% 1.16x 1.84x 0.22x
Morrison
Control 0.82de 0.05¢ 0.98b 1.574d 0.30a
Irrigation 0.77e G.06¢c 1.02b 2.10abec  0.30a
Fertilization 1.35be  0.08bc  1l.14ab 2.24a 0.24bc
Fertilization/Irrigation 1.60ab 0.0%b 1.15ab 2.17ab 0.26b
Average 1.13y 0.07y 1.07x 2.02y 0,27y
1/

Treatment mesans within and between plantation sites with a common letter
within each nutrient-specimen are not significantly different at the 0.05
tevel. Duncan's mean separation method was used on the Site X Treatment
factor from analysis of variance. Significant site differences (at 0.05
ievel) are indicated where the average values have different letters.

&;Litter samples of 60 g were collected from each site-treatment-
replication in August, before leaf fall.
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Table B-26. Averagell nutrient concentrations in three year follage and
fresh litter by plantation site and treatment. Values are
from the three replications planted in 1980 and threa
replications planted in 1981.

Specimen
Plantation Site Nutrient
Treatment N P K Ca Mg
20 mmmms - = = % oven dry wt, — ~ « = = = = -
Foljage
Basher
Control 2.30¢ 0.2)a 1.72b 1.43a 0.25¢
Irrigation 2.49¢ 0.20a 1.71b 1.32ab 0.26cd
Fertilization 2.89%b 0.20a 1.77ab  1.53a 0.244
Fertilization/Irrigation 3.12ab 0.20a 1.84a 1.51a 0.24d
Average 2.75x 0.20x 1.76x 1.45% 0.26x
Morrison
Control 2.36¢c 0.18b 1.5%¢ 1.18b 0.37a
Irrigation 2.36c 0.20a 1.60¢ 1.35ab 0.33b
Fertilization 3.26a 0.21a 1.75ab 1.52a 0.29c
Fertilization/Irrigation 3.04ab 0.22a 1.72b 1.53a 0.26cd
Average 2.70x% 0.20x 1.66y 1.40y 0.31y
LitthB/
Basher
Countrol 0.95b 0.09a 0.964 2.3%a 0.24de
Trrigation 1.02b 0.08ab 0.96d 2.10b 0.23de
Fertilization 1.43a 0.08ab l.14be 2.51a 0.21ef
Fertilization/Irrigation 1.37a 0.08ab 1.05cd 2.40a 0.20f
Average 1.19x% 0.08x 1.03x% 2.35x% 0.22x
Morrison
Control 0.98b 0.06¢ 1.004 2.04b 0.34a
Irrigation 0.96b 0.07bc 0.99d 2.13b 0.32ab
Fertilization 1.30a 0.06¢c 1.32a 2.54a 0.29b¢
Fertilization/Irrigation 1.42a 0.07bc  1.16b 2.6la 0.25cd
Averags 1.17x 0.07y 1.1y 2.33x 0.30y

/Means of 6 replications and means with a common letter within each
nutrient-specimen are nolt gignificantly different at the 0.05 level.
Duncan's mean separation method was used on the Site X Treatment factor
from analysis of variance, Significant site differences (at 0.05 level)
are indicated where the average values have different letters.

leoiiage samples, about 6 leaves/10 representative trees per site-
treatment-replication (total leaves = 60), were collected in late
August-early September, before leaf coloration, and from the upper crown,
Petioles were removed for analysis.

3/Litter samples of about 60 g were collected from each site~treatment-
replicatrion in November, after 997 of the leaves had fallen.
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Table B~27. Averagel/ nutrient concentrations in four year foliage and
fresh litter by plantation site and treatment. Values are
from the three replications planted in 1980 and three
replications planted in 1981.

Specimen
Plantation Site Mutrient
Treatment N r ¥ Ca Mg
2  Tmmmmes- Z oven dry wt, = - - = = = - -
Foliage
Basher
Control 2.28¢c 0.18a 1.75¢ 1.80ahb 0.323b
Irrigation 2.17¢ 0,17ab 1.88abe  1.86ab 0.31be
Fertilization 2.54b 0.18a 2.08a 1.94a 0.28cd
Fertilization/Irrigation 2.57b 0.18a 2.07a 1,85ab 0.274
Average 2.39x 0.18x 1.94% 1.86x% 0.30x
Morrison
Countrol 2.28¢ 0.15¢ 1.67¢c 1.46¢c 0.35ab
Irrigation 2.27¢ 0.16bec  1.67¢ 1.63be 0.35ab
Fertilization 2.87a 0.16be 1.88abe  1.85ab 0.36a
Fertilization/Irrigation 2.95a 0.16bc 1.95ab  1.86ab 0.34ab
Average 2.59y G.15y 1.79y 1.70y 0.35y
Litter3/
Basher
Control 0.95d 0.78bc 0.614 2.12¢ 0.17b
Irrigation 0.964 0.77bc  0.6564d 2.37bc 0.18b
Fertilization 1.2%9¢ D.8B3ab 0.68cd 2.43be 0.17%
Fertilization/Irrigation 1.22¢ 0.83ab 0.70cd  2,36bc 0.16b
Average 1.10x 0.80x 0.66x 2.32x 0.17x
Morrison
Control 1.22¢ 0.73be 0.77be 2.1lle 0.20b
Irrigation 1.00d 0.72¢ 0.83b 2.58b 0.20b
Fertilization 1.77a 0.92a 0,%%a 3.28a 0.28a
Fertilization/Irrigation 1.48b 0.92a 0.96a 3.07a 0,30a
Average 1.37y 0.82x 0.88y 2.76y 0.24y
1/

Means of 6 replications and means with 2 common letter within each
nutrient-specimen are not significantly different at the .05 level.
Duncan's mean separation method was used on the Site ¥ Treatment factor
from analysis of variance. Significant site differences {(at 0.05 level)
are indicated where the average values have diffesvent letters.

/Foliage samples, about 6 leaves/10 representative trees per site-
treatment-replication (total leaves = 60), were collected in late
August-early September, befores leaf coloration, and from the upper crown.
Petiocles were rvemoved for analysis.

3/Littar samples of about 60 g were collected from each site~treatment~
replication in November, after 997 of the leaves had fallen.
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Table B~28, Average specific gravity valuesl/ as a function of management
strategy, site, age and component,
) 3/
Specific Gravity
2/ Fertilization/
Component Coutrol Fertilization Irrigation Irrigation
mmmmmmmmm Basher Site -« = = = = = = = = = =
Wood - 1 year old 0.458a4 0.43%aA 0.436aB 0.444aA
2 year old 0.4362AB 0.415bBC © 0.448aA 0.402aC
3 year old 0.390aA 0.360bA 0.389aA 0.359%9aA
4 year old 0.381aAB 0.349bC 0.397aA 0.370aBC
Wood/fark ~ 1 year old 0.433aA 0.424aA 0.400aA 0.414aA
2 year old 0.415bB 0.412aB 0.438aA 0.402aB
3 year old 0.398a3A 0.371aA 0.40%9aA 0.376aA
4 year old 0.38Z4AB 0.364b3 0.392aA 0.383aAB
Bark - 1 year old 0.31824A 0.312a4 0.315aA 0.3132A
2 year old 0.322aA 0.327a2A 0.302aB 0.313aAB
3 year old 0.298aA 0.3132A 0.299bB 0.309%aA
4 year old 0.335a2A 0.3402A 0.342aA 0.352a4
-~ = = = - ~ ~ Morrigon Site ~ - = = = = =~ - - =
Wood - 1 year old 0.480a4 0.4513A 0.465aA 0.448aA
2 year old 0.46652A 0.4443AB 0.448aAB 0.430aB
3 year old 0.427aA 0.398aA 0.432aA 0.388aA
4 year old 0.3972A 0.387aA 0.406aA 0.391aA
Wood/Bark - 1 year old 0.378bA 0.436aA 0.411abA 0.437aA
2 year old 0.4432aA 0.432aAB 0.422aB 0.421aB
3 year old 0.4193A 0.395a4 0.418aA 0.396aA
4 year old 0.392aA 0.392aA 0.401aA 0.3932A
Bark ~ 1 year old 0.299bA 0.331a4 0.322abA 0.323abA
2 yaar old 0.3062A 0.317aA 0.310aA 0.310aA
3 year old 0.315aA 0.320a4 0.315aA 0.3102A
4 yesar old 0.3282A 0.336a4 0.33%9a2A 0.343a3A
1/Differ@nces smong wanagement strategies for each site, component and age

combination are dencted by upper case letters. Differences between sites
for each component, age and management strategy combination are denoted by
lower case letters. Means with common letters are not significantly
different at the 0.05 level as determined by Duncan's mean separation
procadure.

Specific gravity values are based on an average of 9 specimens per
plantation establishment year. One year old values are based on
replications 4, 5 and 6 and two, thres and four year old values are based
on teplications 1l to 6.

Maximum moisture content method, Smith, D. M. 1955. Maximum Moisture

Content Method for Determining Specific Gravity of Small Wood Samples, USDA
Forest Serxvics, Forest Products Lab., No. 2014, 8 pp.
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Table B~29, Aversge molsture contant values / as a function of management
strategy, site, age and component.

Moisture Content (%)3/
27 Fertilization/
Component Contyol  Fertilization Irrigation Irrigation
wwwwwwwww Basher Siteg = = = = = = = = = = =
Wood ~ 1 year old 115.5aAB 119,034 120,424 107.7aB
2 year old 108,7aA 109.3a4 115,624 114,2a4
3 year old 895,138 89, 5B 109.3aA 101.3aAR
4 year old 101,124 112.9a4 103.52A 110.2a4
Wood/Bark ~ 1 year old 104,9a438 106,8a48 112,524 97.4bB
2 year old 110.9a4 107 .0aa 116,0a4 112,584
3 vear old 97 .6aB 83 6aB 111.6ah 103.8aAB
4 vear old 105.%aA 115,684 103,724 112.4aA
Bark = 1 year old 87 .hab 93.78A 93.1aA 91.9aA
2 year old 97 .73k 98,284 99.8s4 101.7aA
3 year old 103, 5a4 ' 109,124 106,224 106.6aA
4 year old 108,244 114.0aA 107.8aa 109.6aA
wwwwwwwww Morrison Site = = - = - = = = = « =
Wood = 1 year old 116,424 103.7a4 118,0aA 109.8aA
2 year old 106.2a4 107 .0aA 108.6aA 107 .9a4
3 year old 83,524 91.5aA 93.4bA 93.7a4
4 year old 87.3bA 83.0bA 89.,6bA 84,4bA
Weod/Bark - 1 vear old 104.9aA8 39 ,.3aB 110.0a4 105.3aAB
2 vear old 106,1a4 110.2aA 108.6aA 110,2aA
3 vear old 101.7a24 100,9a4 102.2bA 105,3aA
4 year old 96.4ah 90.5bA 96.1aA 92.0bA
Bark ~ 1 year old 85.7aA 86.4bA 89,2a4 88.7aA
Z year old 51.7a4 94, tah 95.8a4 98.2aA
3 year old 97.9aA 101.2ba 100, 1aa 100.4aA
4 vear old 105,434 108.4a4 104.5a4 108.0aa
1/

Differences among managewent strategies for sach site, component and age
combination are denoted by upper case letters. Differences between sites
for each component. age and management strategy combination are denoted by
lower case letters. Means with common letters are not significantly
different at the 0,05 level as determined by Duncan's mean separation
procedure.

Z/Mc»isture content values are based on an average of 9 specimens per
plantation establishment year. One year old values are based on
replications 4, 5 and & and two, three and four year old values are based
on replications 1 to 6,

3/

wet weight - oven dry weight
oven dry weight

ASTM D-2016, moisture content = = 100,
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Table B~30. Average gross heat of combustion values
management strategy, site, age and component.

as a function of

Gross Heat of Combustion (cal/g)a/

2/ Fertilization/
Component Control  Fervilization Irrigation Irrigation
- m mom o= om = o e = = Bagher Site = = o = e e - -
Wood ~ 1 vear old 46470 4631aAB 4608aBC 4584aC
2 year old 4628aA 4623248 46465aA 4623as
3 year old 465234 4617aA 464934 4621aA
4 year old 4596hHAR 457528 4526zA 4587aB
Wood/Bark ~ 1 year old 4725aA 4733a4 4710a4A 472324
2 year old 4681aB 4679aB 471324 4666aB
3 year old 467704 4661aA 468424 4656aA
4 year old 4612bAB 464934 464722A8 4609aB
Bark - 1 year old 4851ba 4833bA 483934 4829hA
2 year old 4798aA 4816aA 4813a4 4823aA
3 year old 481l4aA 4735aB 4789bAB 4779%aAR
4 year old 4741bAB 4715bBC 4761al 4703aC
- = = o s = o= - Morrison Site v o= = = = e e e e
Wood - 1 year old 4603bA 4599bA 460424 4536a4
2 year old 4618aA 4627aA 4610bA 4610a4
3 year old 464134 4618a4 463724 462634
4 year old 4645aA 4605aA8 462%aA 4571aB
Wood/Bark - 1 year old 4726a4 4755a4 469428 4693a3B
2 year old 46702A 4661aA 4687aA 4669aA
3 year old 4721aA 4653aB 4678a3 4659aR
4 year old 4681aA 4650aB 4660aAB 4618aC
Bark - 1 year old 49973A 4928aB 4867aC 4897aBC
2 year old 4856aA 4833aA 4822aA 4845aA
3 year old 4877aA 4791aB 4847aA 47%%4aB
4 year old 4842aA 4758aBC 478428 4736aC
1/

Differences among management strategies for each site, component and age

combination are denoted by upper case letters.

Differences between sites

for each component, age and management strategy couwbination are denoted by
lower case letters.
different at the 0,05 level as determined by Duncan's mean separation

procadure.

Means with common letters are not significantly

2/
Gross heat of combustion values are based on an average of 3 speclmens per

plantation establishment year.

One year old values are based on

replications 4, 5 and 6 and twn, three and four year old values ave based on

replications 1 to

3/ g1 D-2015-66.

&~
U
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Table B-31. Average ash content values / as a function of management
strategy, site, age and component.

Ash Content (Z of Oven dry Weight)3/

2/ Fertilization/
Component Control Fertilization  Irrigation Trrigation
~~~~~~~~~~~ Bagher Site = » = = = = = =« = = «
Wood ~ 1 year old (.88a4 0.81bA 0.77bA 0.76bA
2 year old 0.68as 0.63a4 0,70a34 0.69a4
3 year old 0.44a8 0.51a4 0.50aA 0.52aA
4 year old 0.51a4 0.56aA 0.48aA 0.51aA
Wood/Bark - 1 year old 1.97aB 2,323A 1,97bB 1.82bB
2 year old 1.867aA 1.49aAB 1,73a4 1.34aB
3 year old 1.41aB 1.33a8 1.62aA 1.26aB
4 year old 1.14a4 1.25aA 1.30a8A 1.05aA
Bark ~ 1 year old 3,86aB 4.50al 4,41bA 4,03aB
2 year old 5.22aA 4,89hA 5.06aA 4,90aA
3 year old 4,983A 5.23bA 5.13aA 5.02bA
4 year old 5.23aA 5.42aA 4,.90aA 5.18aA
~~~~~~~~~~ Morrison Site = « = = = = = = = = -
Wood ~ 1 year old G.79C 1.125A 1.00a8 0.80aC
2 year old 0.68a4 0.53a4 D,81aA 0.80aA
3 year old 0.42aA 0.43ah 0.44aA 0.46bA
4 year old 0.35bB 0,46aA 0.46s8A 0.44bA
Wood/Bark - 1 year old 2.37aB 2.52a8 2.00acC 2,48aA
2 year old 1.82a4 1.32a4 1.82a4 1,36aa
3 year old 1.46aA 1.372AB 1.14bBC 1,10bC
4 year old 0.95b8 1.1504 " 1,05bAB 0,94bB
Bark - 1 year old 4,53a8 4,51a8 4,71aB 5.36aA
2 year old 5.23aA 3.4bab 5.4%a4 5.15a4A
3 year old 4.78aC 5.61lahA 5.11aC 5,20aB
4 year old 5.03a4 5.20a4 4,76a4 5.,133A
17/,

Differences among management strategies for each site, component and age
combination are dencted by upper case letters. Differences between sites
for each component, age and management strategy combination are denoted by
lower case letters. Means with common letters are not significnatly
different at the 0.05 level as determined by Duncan's mean separation
procedure.

2/

Ash content values are based on an average of 3 specimens per plantation
establishment year. One year old values are based on replications 4, 5
and 6 and two, three and four year old values are based on veplications 1
to 6.

3/

welght ash ~ 100,

ASTM D-1102, ash content = oven dry weight



Table B~32. Average extractive content valuesl/ as a function of management
strategy, site, age and cowmponent.

Extractive Content (% of Oven dry Weighc)B/
9/ Fertilization/
Component Control Fertilization Irrigation Irrigation
T Basher Site = ~ = = « = = = - =
Wood ~ 1 year old 9.79%94A 8.44bC 8.58bC 9.11aB
2 year old 7.20aA 6.54aA 6.85a2A 6.6%9aA
3 year old 5.13aB 5.25aAB 5.53aA 5.56aA
4 year old 5.5%9a24 5.52aA 5.29aR 5.30aB
Yood/Bark -~ 1 year old 21.88a4 22.04bA 19.01bB 19,56b8
2 year old 15.11a8 13.83acC 16,50aA 13,00acC
3 year old 13.176B 12,87aB 14.,61aA 12.26aC
4 yeav old 11.57aA 10.48bB 10,.64aB 10.68a8
Bark - 1 year old 42,94bA 41.306C 42.22bB 41,13bC
2 year old 43.403A 43.61a4 43,09a4 42,%a4
3 year old 43.8%aA 42,9568 43,1648 43,81aA
4 year old 41,78aA 41,7924 42,6424 42.33aA
mmmmmmmmmm Morrigon S8ite ~ ~ =~ = = = = = = «
Wood - 1 year old 7.69bB 9.73aA 9.81laA 7.92bB
2 year old 6.43aA 6.77aA 7.23aA 6,.98aA
3 year old 5.18aA 4,98a4 4,78bA 5.24a4
4 year old S5.64aA 5.1968 5.48aA 5.17aB
Wood/Bark - 1 year old 22.52a3A 23.06aA 20.32aB 20.28a8
2 year old 16.36aA 13,93aBC 15.51aAB 12,77aC
3 year old 14,50aA 12.36bC 12.85b8 11,59bD
4 year old 11.51aA 11.25aAB 10.76aBC 10.22bC
Bark - 1 year old 46 .,08aA 44 ,50aC 45,21aB 42 .85ad
2 year old 42.%aA 43.38aA 43,99zA 43,44a
3 year old 43 .46aA 43.46a4 42,2608 43.25bA
. 4 year old 40,53bA 40,85bA 40,56hA 40,84bA
1/

Differences among management strategies for each site, component and age
combination are denoted by upper case letters. Differences between sites
for each component. age and management strategy combination are denoted by
lower case letters. Means with common letters are not significnatly
different at the 0.05 level as determined by Duncan's mean separation
procedure,

/Extractiva content values ave based on an average of 6 specimens per
plantation establishment year. One year old values are based on
replications 4, 5 and 6 and two, three and four year old values are based

on replications 1 to 6.

3/ asTt D-1105-56,



Table B~33. Average holocellulose content Valuesli

management strategy, site, age and component.

as a function of

Holocellulose Content (% of Oven dry Weight)3/
2/ Fertilization/
Component Control  Fertilization  Irrigation Irrigation
~~~~~~~~~~~ Basher Site « = =~ = = = = « « -
Wood - 1 year old 75.47bB 75.04b38 79.47aA 75.27aB
2 year old 82.61aA 79.87aA 82.94aA 80.72aA
3 year old 84 .00aA 80.90aB §3.35aA 82.52aAB
4 year old 84 .47aA 82.07aA 83.43aA 82.71aA
‘Wood/Bark ~ 1 year old 63,57aR 61.72bC 64,85aA 64.28aA
2 year old 72.1584 73.99a4 68.94aB 73.18aA
3 year old 72.95aA 74.71aA 70.00bB 73.36aA
4 year old 74.69a4 76.15aA 76.88aA 75.06aA
Bark - 1 year old 39.43b3 41.76a8A 41.12aA 41.69aA
2 yvear old 42.85aA 431.50aA 41.40bA 41.93aA
3 year old 41.5524 40.78aA 41.22bA 42,12aA
4 vear old 42,88aA 43.77aA 43.43aA 43.79aA
---------- Morrison Site « — = = = = = = = ~
Wood - 1 year old 80.61aA 76.91aB 76.94bB 77.08aB
2 year old 80.99a4 78.73aA 78.90aA 81.09aa
3 year old 83,62aA 80.96a4 83.07aA 83.05aA
4 year old 83.31aA §3.48aA 84.66aA 82.92aA
Wood/Bark - 1 year old 61.81bB 63.81aA 63.98aA 64.05aA
2 year old 69.58a4 72.3128 69.052A 73.83aA
3 year old 72.46aB 72,4268 72.992AB 74.30aA
4 year old 74,2184 75.31aA 76.44aA 75,64aA
Bark - 1 year old 41.80aAB 42.17aA 40.77aB 41.74aAB
2 year old 38.41bC 41,28aB 42 .84aA 41.20aB
3 year old 42.,03a38 39.82aC 43.72aA 41.14aBC
4 year old 43,8024 44,2184 44 ,778A 44,0784

jDifferences ameng management strategies for each site, component and age

combination are denoted by upper case letters.

Differences between sites

for each component, age and management strategy combination are denoted by

lower case letters.

Means with common letters are not significnatly

different at the 0.05 level as determined by Duncan’s mean separation

procedure.

2/

Holocellulose valuss are based on an average of 2 specimens per plantation

establishment year.

One vear old values are based on replications &, 5 and

6 and two, three and four year old values are based on replications 1 to 6.

3/

Acid chlorite method, Brownilng, B. L. 1967,

Vol. IT, Interscience Publishers, New York.

B-47
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Table B-34. Average alpha-cellulose content valuesl/ as a function of
management strategy, site, age and component.

Alpha-Cellulose Content 3/
(% of Oven dry Extractive Free Weight)
/ Fertilization/
Control  Fertilization  Irrigatiom Irrigation

Component2

Wood - 1 year old 42,28bAR 40,.88bB 42,83bA 38.55bC
2 year old 43,4724 42.52aA 43,1524 43.32bA
3 year old 44  LhaR 43.31bC 44, 60aAR 45,14aA
4 year old 46,6334 46,39aA 46,06aA 45.99aA
Wood/Bark ~ 1 year old 41.,08bC 41.47bB 41.8%bA 40.91bC
2 year old 43,22bA 43.,473A 43.052A 43.40aA
3 year old 44 ,51aA 44 ,50aA 43.70a4 44 ,06aA
4 year old 45.84aA 46.37aA 46,2484 46.57aA
Bark - 1 year old 39.80bA 37.95bB 38,03aB 36,76bC
2 year old 43,28aA 41,.432B 41,56aB 40.76aB
3 year old 42 ,48aAR 42.24aB 42.38aARB 43.72aA
4 year old 44 ,29aA 46.66aA 44 ,81ah 45.06aA
wwwwwwwwwww Morriscn Site - - ~ = = = = = o w -
Wood - 1 year old 43,5834 43.42aA 43.12aC 43,28aC
2 year old 44 ,13aA 42,63aC 43,43aB 44.,27aA
3 year old 44,78aAB 44,1438 44 ,34aB 45.082A
4 year old 46.56aA 46,9624 45.99aA 46.46a4
Wood/Bark -~ 1 year old 42.86aC 43.35a8 44,5434 42.272D
2 year old 44 ,53ahA 43,72aAB 43,33aB 43,81aA8
3 year old 45.07aA 43.992aB 43.91aB 44,00aB
4 year old 46,1434 46,6424 46.11aA 46.00bA
Bark ~ 1 year old 43,33aA 41.60aA 41,79aA 40.25aA
2 yaar old 43,408A 41 .46aA 42.46aA 41.47aA
3 year old 43,1924 40.045B 43,9428 42.36bA
4 vear old 44 4704 44,01aA 44 5224 44 .46aA
1/

Differences zmong management strategies for each site, component and age
combination are denoted by upper case letters. Differences between sites
for each component, age and management strategy combination are denoted by
lower case letters. Means with common letters are not significnatly
different at the 0.05 level as determined by Duncan's mean separation
procedure.

2/Alphavcellulose values are based on an average of 3 specimens per
plantation establishment year. One year old values are based on
replications 4, 5 and 6 and two, three and four year old values are based
on replications 1 to 6.

3/ ASTM D-1103-60.

B-48



Table B~35. Average Klason lignin content v&luesl/ as a function of
management strategy, site, age and component.

Klason Lignin Content (% of Oven dry Weight)B/
2/ Fertilization/
Component Control  Fertilization Irrigation Irrigation
~~~~~~~~~~ Basher Site = = » = = = = = = « =
Wood ~ 1 year old 17.62aA 16.90a4 15,7184 17.31a4A
2 year old 17.71aA 16.673AB 15,8428 16.31aB
3 year old 16.56aB 17.84a4 18,03a4 16.59aB
4 year old 16.73aA 16.63aA 16.3%aA 15.52a4
Wood/Bark - 1 year old 19.86aA 18.00aA 19.51a4 20.01aA
2 year old 17.9%2A 18.37aA 18.19a4 18,12aA
3 year old 18.10aA 18,18a4A 17,8834 17,.73aA
4 year old 16.48aA 17.1%aA 16,7324 16.51aA
Bark ~ 1 year old 16.31a4 16,28aA 15,30a8 16.58aA
2 year old 15.01a4 14,55aA 15.01aA 14.62aA
3 year old 15,0524 13,91a4 14,68aA 14,68a4
4 year old 14.08bAB 13.66aR 14,71bA 14,10aAB
~~~~~~~~~ Morrison Site = = ~ » = = = = = =« «
Wood - 1 year old 16,26bA 16,2484 16.01aA 17.36aA
2 year old 16,19aA 17 .40a4 16,72a4 16.27aA
3 year old 15,87aA 17.03aA 16.80aA 15.60bA
' 4 year old 15.91aA 16,3024 15.4%24 15.00aA
Wood/Bark ~ 1 year old 19,2844 18,48aA 17.863A 18.71aA
2 year old 18,2424 17.92aA 18.08a4 17.673A
3 year old 17.6524 16.62bAB 17.25aAB 16.12b8
4 year old 16.76aA 17,4184 17.2iaA 16,7724
Bark - 1 year old 16.25aB 16,1828 15.286aC 16,60aA
2 year old 14 ,80aA 15,0724 14,1684 14,208A
3 year old 14,83aAB 14.,052AB 15.65a4 13.29b8
4 year old 15,10aB 14.23a8 16,87aA 14,67aB
1/

Differences among management strategies for each site, component and age
combination are demoted by upper case letters. Differences between sites
for each component, age and management strategy combination are denoted by
lower case letters, Means with common letters are not significnatly
different at the 0.05 level as determined by Duncan's mean separation
procedure.

2/Klason Lignin values are baseéd on an average of 3 specimens per plantation
establishment year. One year old values are based on replications 4, 5 and
6 and two, three and four year old values are based on replications 1 to 6,

2/ \STM D-1106-56.
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Table C-1. Annual net return per hectare for corn production.

6

Item $/ha 10 kcal/ha
Gross Return 781.18: 24.05
Production Costs (-) 601,19 (-) 6.25
Grain Drying (-) 70.72° (-) 3.03
Property Tax ) 7.85d =) 1.06d
Federal Income Tax (~) 25.35 {(-) 3.69

Total Net 76.06 10.02

¥Based on 5-year average Pennsylvania farm price, net of hauling and
marketing (x = $2.87/bu.).

bCorn production costs, including management, for minimum tillage, Pa.
Dept. of Agr. (1982).

“king (1981).

dZSZ of net return after property tax.
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Table C-2. Proposed management strategy and salary schedule.

Salary
Numberl/ Fringezl Plus Total
Title Required Salary Benefits Benefits Salary
Management
Supervisor 1 30,000 6,000 36,000 36,000
Field Manager 1 25,000 5,000 30,000 30,000
Staff
Clerk I 1 14,000 2,800 16,000 16,800
Clerk II 2 9,000 1,800 10,800 21,600
Foremen
Nursery-Planning 1 18,000 3,600 21,600 21,600
Silviculturist 3 18,000 3,600 21,600 64,800
Equipment-Harvest 1 18,000 3,600 21,600 21,600
TOTALS 10 | 212,400

1/
2/

and a pension plan.

Personnel requirements were based on the proposed operation of 4 working units of 924 ha each.

20% of salary includes payments toward unemployment compensation, hospitalization, life insurance



Table C-3. Proposed management

strategy and

energy expendltures

for a commercial plantation.

Weeklyll Yearly Net Energyzl Average
Positions Activiry Activity Total Hours per Hour Welight
(#) {h) (wks) per Year (kcal/kg) {(kg/person) kcal/year
Management- 54 48 18,144 2.8 74.85 3,802,619.5
Foremen (7)
Clerks (3) 45 49 6,615 2.8 74.85 1,386,371.70
TOTAL 5,188,991.2%/

1/
2/

Approximate activity for management under salaried conditioms.

Net kecal/kg/h for men and women undertaking moderate activity levels (4.2 kcal/kg/h) minus those
undertaking very light activity (Guthrie, 1975).

3/Average. kg/person based on average welghts for men (90.72 kg) and women (58,97 kg).

4/

5,188,991.2 kcal/year for staff divided by 3,696 ha/year under management equals 1,402.95 kcal/ha.
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Table C-4, Equipment use for annual biomass harvest and transport between two harvest strategies,

Wear-Out Operation Per Expected Lifefime
Life Year Per Item Per Item
Equipment {(h) {h) (yrs)
R 1/
Strategy A
Tractor (70 hp) 12,000 1,032 11.63
Harvester 5,000 1,032 4,84
Baler 10,000 1,032 9.67
Loader 7,000 1,032 6.78
Unloader 7,000 1,548 4,52
Plant Chipper 10,000 2,000 5.00
Chip Pile Conveyor 10,000 2,064 4,84
Strategy BZ/
Harvester/Chipper 7,500 1,032 7.27
Forwarder 7,000 1,032 6.78
Transfer Utility 5,000 1,032 4.84
Unloading Conveyor 16,000 1,548 6.46
Chip Pile Conveyor 10,000 2,064 4,84
A and B
Fuel Truck 7,000 1,032 6.78
Tractor-Truck 9,000 1,032 8.72
Trailer Van 20,000 1,548 12.92
1/

Harvest/baling strategy.

2/Harvest/chipping strategy.
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Table C-5. Strategy Al/

equipment used in harvest and transport of woody biomass {(gross plantation
yield of 36 ODt/ha).

Equipment h/ha h/yr ha/yr units/yr
Tractor (70 hp) 3.34 1,032 ‘ 309.0 2.99 (3)
Harvester 3.34 1.032 309.0 2.99 (3)
Baler 3.30 1.032 312.7 2.95 (3)
Loader 2.44 1,032 422.9 2.18 (3}
Unloader 2.32 1,548 667.2 1.38 {(2)
Plant Chipper (2) 1.74 2,000 1,149.4 0.80 (1)
Chip Pile Conveyor 0.12 2,064 16,591.6 0.06 (1)
Fuel Truck 06.59 1,032 1,740.3 0.53 (1)
Tractor-Truck 3.22 1,032 320.5 2.88 (3)
Trailer Van 4,83 1,548 320.5 2.88 (3)

1/

Harvest/baling strategy.
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1/

Table C-6. Strategy B ' equipment used in harvest and transport of woody biomass (gross plantation
yield of 36 ODt/ha).

Equipment h/ha h/yr ha/yr units/yr
Harvester/Chipper 3.22 1,032 320.5 2.88 (3)
Forwarder (2) 6,04 2,064 341.7 2.70 (3)
Transfer Utility 2.90 1,032 355.9 2.60 (3)
Unloading Conveyor 0.67 1,548 2,307.0 0.40 (1)
Chip Pile Conveyor 0,21 2,064 $,971.0 0.09 (1)
Fuel Truck 0.73 1,032 1,413.7 0.65 (1)
Tractor-Truck 5.37 1,032 192.,2 4,81 (5)
Trailer Van 8.06 1,548 192.2 4.81 (5)

1/Harvest/chipping strategy.
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Table C-7. Summary of financlal

vizld of 36 0Dt/ha}.

costs

per houyr for harvest asnd transport operations {plantation

Total Investment

Fixed Co?? Variable {gst Total Cost
Cost per Hour per Hour per Hour
Equipment (%) (%) {$) (%;
Strategy AB/
Tractor (70 hp} 17,000 2.11 6.51 8.62
Harvester 590,00¢C 12.23 14.78 27.01
Baler 30,000 12,10 22,98 35.08
Loaderx 50,000 9.35 18.69 25,04
Unloader 50,000 8.32 18.69 27.01
Plant Chipper 32,130 2.48 26,15 28.63
Chip Pile Conveyor 43,510 5.81 5.17 16,99
Strategy Bé/
Harvester/Chipper 400,000 71.36 70.87 142.23
Forwarder 87,500 16,43 28,11 44,54
Transfer Utility 50,000 10.47 18.83 29.30
Unloading Conveyor 75,000 9.50 16.97 26.47
Chip Pile Conveyor 48,510 5.81 5.17 10,99
A and B
Fuel Truck 18,000 3.71 i1.61 15.32
Tractor-Truck 76,000 13.32 27.92 41,24
Trailer Van 15,000 1.28 1.91 3.18

1/Includes depreciation and

interest, insurance and shelter costs.

/Includes cost for repairs and maintenance, tires, labor and fuel.

3/
4/

Harvest/baling strategy.

Harvest/chipping strategy.
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Table C-8., Summary of emergy costs for equipment used in harvest and tramsport operations {gross
plantation yield of 36 ODt/ha).
Maintenance Fixed Puel Total
Embodie?z Fabricatﬁ?n and 3/ Energy 4 Energy Enargy
Weight Egergy Egergy Repagr Energy peg Hour peg Hour per Hour
Equipment {kg) {10° keal) (10 keal) {10° kecal) {16 keal) (10" kecal) (107 kcal)
Strategy AS/
Tractor {70 hp) 3,447 0.4 3.9 3.0 9,001 0,122 5.123
Harvestor 680 13.0 23.8 7.4 0.007 0.070 0.077
Baler 16,206 194,2 377.1 87.3 0.055 0.210 0.265
Loader 12,700 242.0 461.4 142.,2 G¢.103 0.377 0.480
Unloader 12,700 242.0 461.4 142.2 0.103 0.377 0.480
Plant Chipper 7,177 147.7 225.4 60.0 0.024 0.550 0.574
Strategy 86/
Harvester/Chipper 33,112 629.5 1,256.8 381.2 0.257 0.629 0.886
Forwarder 13,607 259,2 495.8 152.6 C.110 0.217 0.328
Transfer Utility 4,536 86.9 151.5 60.3 0.051 0.094 0.145
Unloading Conveyor 9,298 176.7 349.5 133.1 0.056 0.131 0.187
Chip Pile Conveyor 7,484 142.4 277.2 106.2 0.045 0.026 0.071
A and B
Fuel Truck 10,7590 204.6 387.7 82.0 0.084 0.010 0.184
Tractor-Truck 6,350 121.6 215.2 68.1 4,038 0.363 0.401
Trailer Van 5,443 104,12 141.9 37.6 0.012 —— 8.012

1/Embodied energy is calculated by multiplying equipment weight by 18,990 kecal/kg for steel, 20,500
kcal/kg for tires and 11,814 kcal/kg for the tractor.

Z/Fabrication energy is calculated by multiplying the weight of the equipment by 3,494 kcal/kg for the
tractor, 37,957 kcal/kg for the harvester and tractor-truck and 28,975 kcal/kg for all other equipment,

3/

To establish the energy associated with repair parts, the sum of the embodied and fabrication energy

is multiplied by 0.2474 for 70 hp tractor, 0.2021 for harvesters, tractor~trucks, forwarders, loaders,
unloaders and conveyors, 0.1527 for fuel trucks, traller-vans, balers and chippers and 0.2530 for

the chip transfer utility.

4/Fixed energy costs per hour equal the sum of the embodied, fabrication and repair parts energies on 2
reliable basis (0.82 times sum of embodied and fabricated energy) divided by the hours of lifetime.

5/
6/

Harvest/baling strategy.
Harvest/chipping strategy.



Table C-9. Strategy Al/ and BZ/: financial costs of harvest and transport

operations (net plantation yield of 32.7 ODt/ha).

Operation $/ha $/0Dt A

Strategy A
Tractor (70 hp) 28.82 0.89 4.7
Harvester 90.26 2.76 14,5
Loader 68.42 2,09 10.9
Baler 115.84 3.54 18.5
Unloader 62.68 1.91 10.0
Plant Chipper (2) 99.64 3.04 15.9
Chip Pile Conveyor 1.36 0.04 0.2
Fuel Truck 9.09 0.28 1.5
Tractor~Truck 132.92 4,06 21.3
Trailer Van 15.39 ' _0.47 _ 2.5

TOTAL 624.42 19.08 100.0
Strategy B
Harvester/Chipper 458.60 14,00 42.0
Forwarder (2) 269,28 8.22 24.7
Transfer Utility 85.04 2,60 7.8
Unloading Conveyor 17.78 0.55 1.7
Chip Pile Conveyor 2.27 0.07 0.2
Fuel Truck 11.19 0.34 1.0
Tractor-~Truck 220,53 6.74 20.2
Trailer Van 25.66 _0.78 2.4

TOTAL 1,090.35 33.30 100.0

1/
2/

Harvest/baling strategy.

Harvest/chipping strategy.
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Table C~10, Strategy Al
operations (net plantation yield of 32.7 ODt/ha).

2/

and B™ ¢

energy costs of harvest and transport

Operation 106 kcal/ha 106 kcal/ODt pA
Strategy A
Tractor (70 hp) 0.412 0.013 5.8
Harvester 0.259 0.008 3.6
Baler 0.876 0.027 12.0
Loader 1.171 0.036 16,1
Unloader 1.114 0.034 15.2
Plant Chipper (2) 2.043 0,062 27.7
Chip Pile Conveyor 0.009 0.000 0.0
Fuel Truck 0.109 0.003 1.3
Tractor-Truck 1.295 0.039 17.4
Trailer Van 0.058 0.002 _ 0.9
TOTAL 7.346 0.224 100.0
Strategy B
Harvester/Chipper 2.857 0.087 36.7
Forwarder (2) 1.980 0.060 25.4
Transfer Utility 0.422 0.013 5.4
Unloading Conveyor 0.126 0.004 1.6
Chip Pile Conveyor 0.015 0.001 0.2
Fuel Truck 0.134 0.004 1.7
Tractor-Truck 2,158 0.066 27.7
Trailer Van 0.096 0.003 1.3
TOTAL 7.788 0.238 100.0
1/

2/

Harvest/baling strategy.

Harvest/chipping strategy.
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Table C-11. Storage costs for woody biomass.

Wet Storage Dry Storage Dry (Indoor) Storage
Strategy $/0Dt 106 kcal/ODt $/0Dt 106 kcal/ODt $/0Dt 106 keal/0Dt
Al 8.61 0.056 -— - — -
A2 - - 5.59 0.014 - -
A3 4,29 0.075 - _— . -
A4 4,29 0.075 - — _— —
Bl 8.90 0.058 - - _ _—
B2 - - 5.88 0.016 - -
B3 8.90 0.058 ~— _— - —

B4 - - - - 3.97 0.039
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Table C-12. Drying costs for woody biomass.
Wet Stored Chipa Dry Stored Chips Wet {unstored) Chips

Strategy $/0Dt 106 keal/ODt $/0Dt 106 kcal/ODt $/0bt 106 kcal/ODt

Al - - - - - -

A2 - - 9.14 0.00% - -

A3 25.02 0.026 - - - -—

A4 - - - - - -

Bi - - - - - -

B2 - - 9.14 0.009 - -

B3 15.45 0.016 - — — -

B4 - - - - 11.96 0.012




Table C-13. Biomass costs per ODt by operational stage and distribution by
source of inputs.

System #1. Basher control : Harvest/baler/chip : Wet storage

Total Z of Cost From:
Cost Fuel &
Stage $/0Dt Capital Materials Labor Land
1A, Plantation establishment 9.98 18.4 41.6 39.1 0.9
1B. Plantation maintenance 21.91 1.8 10.0 36.3 51.9
2. Harvest/transport/chip 19.08 50.1 25.9 24.0 0.0
3. Storage 8.60 54,7 21.1 23.9 0.2
Total Cost 59,57 27.7 22.0 31.0 19.3
106kca1/
oDt
JA. Plantation establishment 0.023 12.2 61.4 0.0 26,5
1B. Plantation maintenance 1.423 0.2 1.9 0.0 97.9
2. Harvest/transport/chip 0.223 14.0 86.0 0.0 0.0
3. Storage 0.056 13.2 8l.2 0.0 5.6
Total Cost 1.725 2.6 16.1 0.0 81.3
System #2. Basher control : Harvest/baler/chip : Dry storage
$/0Dt
lA. Plantation establishment 9.98 18.4 41.6 39.1 0.9
1B. Plantation malntenance 21.91 1.8 10.0 36.3 51.9
2. Harvest/transport/chip 19.08 50.1 25.9 24.0 0.0
3. Storage/dry 14,73 58.9 17.2 23.7 0.1
Total Cost 65.70 31.2 21.0 30.3 17.5
106kca1/
oDt
1A. Plantation establishment 0.023 12.2 61.4 0.0 26.5
1B. Plantation maintenance 1.423 0.2 1.9 0.0 97.9
2. Harvest/tramsport/chip 0.223 14,0 86.0 0.0 0.0
3. Storage/dry 0.023 7.7 78.7 0.0 13.6
Total Cost 1.692 2.3 14.8 0.0 82.9



Table C-13. (continued)

System #3. Basher control : Harvest/chipper : Wet storage

Total 4 of Cost From:
Cost Fuel &
Stage $/0Dt  Capital Materials Labor Land
l1A. Plantation establishment 9,98 18.4 41.6 39.1 0.9
1B, Plantation maintenance 21.91 i.8 10.0 36.3 51.9
2. Harvest/chip/transport 33.30 69.7 13.9 16.4 0.0
3. Storage 8.90 56.0 20.4 23.1 0.5
Total Cost 74.09 41.1 17.3 26.1 15.5
106kcal/
oDt
1A. Plantation establishment 0.023. 12.2 61.4 0.0 26.5
1B. Plantation maintenance 1.423 0.2 1.9 0.0 97.9
2. Harvest/chip/transport 0.238 26.4 - 73.6 0.0 0.0
3. Storage 0.058 12.7 78.3 0.0 9.0
Total Cost 1,742 4.4 15.0 0.0 80.8
System #4. Basher control : Harvest/chipper : Dry storage
$/0Dt
lA. Plantation establishment 9.98 18.4 41.6 39.1 0.9
1B. Plantation maintenance 21.91 1.8 10.0 36.3 51.9
2. Harvest/chip/transport 33.30 69.7 13.9 16.4 0.0
3. Storage/dry 15,02 59,6 16.9 23.3 0.3
Total Cost 80.21 42.9 16.9 25.9 14.3
106kc31/
oDt
l1A. Plantation establishment 0.023 12.2 6l.4 0.0 26.5
1B, Plantation maintenance 1.423 0.2 1.9 0.0 97.9
2. Harvest/chip/transport 0.238 26.4 73.6 0.0 0.0
3. Storage/dry 0.025 7.0 72.2 0.0 20.8
Total Cost 1.709 4.1 13.7 0.0 82.2



Table C~13. (continued)

System #5. Basher fertilization : Harvest/baler/chip : Wet storage

Total Z of Cost From:
Cost Fuel &
Phase $/0Dt Capital Materials Labor Land
1A, Plantation establishment 8.30 18.4 41.6 39.1 0.9
18, Plantation maintenance 18.22 1.8 10.0 36.3 51.9
1C. Plantation fertilization 13.02 5.5 92.6 2.0 0.0
2. Harvest/tramsport/chip 19.08 50.1 25.9 24,0 0.0
3. Storage 8.60 54.7 21.1 23.9 0.2
Total Cost 67.22 25.1 35.8 24.9 14,
106kcal/
oDt
14, Plantation establishment 0.019 12.2 61.3 0.0 26.5
1B. Plantation maintenance 1.183 0.2 1.9 0.0 97.9
1C, Plantation fertili{zation 0.319 0.3 99.7 0.0 0.0
2., Harvest/transport/chip 0.223 14.0 86.0 0.0 0.0
3. Storage 0.056 13.2 81.2 0.0 5.6
Total Cost 1.800 2.5 32.7 0.0 64.8
System #6. Basher fertilization : Harvest/baler/chip : Dry storage
$/0Dt
1A, Plantation establishment 8.30 18.4 41.6 39.1 0.9
18. Plantation maintenance 18.22 1.8 10.0 36.3 51.9
1C. Plantation fertilization 13.02 5.5 92.6 2.0 0.0
2. Harvest/transport/chip 19,08 50.1 25.9 24.0 0.0
3. Storage/dry 14.73 58.9 17.2 23.7 0.1
Total Cost 73.35 28.4 33.8 24.8 13.0
106kcal/
0Dt
1A, Plantation establishment 0.019 12.2 61.3 0.0 26.5
1B. Plantation maintenance 1.183 0.2 1.9 0.0 97.9
1C. Plantation fertilization a.319 0.3 99.7 0.0 0.0
2. Harvest/transport/chip 0.223 14.0 86.0 0.0 0.0
3. Storage/dry 0.023 7.7 78.7 0.0 13.6
Total Cost 1.767 2.2 31.8 0.0 66,0



Table C~13. (continued)

System #7. Basher fertilization : Harvest/chipper : Wet storage

Total % of Cost From:
Cost Fuel &
Phase $/0Dt  Capital Materilals  Labor
14, Plantation establishment 8.30 18.4 41.6 39.1
18. Plantation maintenance 18.22 1.8 10.0 36.3
IC. Plantation fertilization 13.02 5.5 92.6 2.0
2. Harvest/chip/transport 33.30 69.7 13.9 16.4
3. Storage 8.90 56.0 20.4 23.1
Total Cost 81.74 37.6 29.1 21.6
lOﬁkcal/
0Dt
14. Plantation establishment 0.019 12.2 61.3 0.0
18, Plantation maintenance 1.183 0.2 1.9 0.0
1C. Plantation fertllization 0.31¢ 0.3 99.7 0.0
2. Harvest/chip/transport 0.238 26.4 73.6 0.0
3. Storage 0,058 12,7 78.3 0.0
Total Cost 1.817 4,2 31.5 0.0

System #8. Basher fertilization : Harvest/chipper : Dry storage

$/0Dt

l1A. Plantation establishment 8.30 18.4 41.6 39.1
1B. Plantation maintenance 18.22 1.8 10.0 36.3
1¢. Plantatdon fertilization 13.02 5.5 92.6 2.0
2. Harvest/chip/transport 33.30 69.7 13.9 16.4
3. Storage/dry 15.02 59.6 16.9 23.3
Total Cost 87.86 39.5 27.9 21.7

10%¢ca1/

oDt
1A. Plantation establishment 0.019 12.2 61.3 0.0
18. Plantation maintenance 1.183 0.2 1.9 0.0
1C. Plantation fertilizarion 0.319 0.3 99,7 0.0
2. Harvest/chip/transpor 0.238 26.4 73.6 0.0
3. Storage/dry 0.025 7.0 72.2 0.0
Total Cost 1.784 4.0 30.6 0.0
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Table C~14. Operational parameters and financial costs {1981 dollars) of potential conversion strategies

for woody biomass.

Woody Fixed and Operation and

Type of Biomass Capital Maintenance
Process Product Capacity Feedstock cost ($) cost (%)
Multischemelj Ethanol 94.62 x 106 L/yr 1361 0Dt/d 10.26 x 106/yr 0.807 x 106/yr
Chemical Plant Furfural 34.02 x 10, kg/yr

Phenol 23.59 x 10" kg/yr
Hydrolysis- 2/ Ethanol 13,21 x 106 /yx 1.853 x 106 t/yr 0.775/2 0.381/1

Fermentation
3/ . 12 6 6

Gasification Medium Btu gas 1.79 x 10°° keal/yr 1600 ODt/d 3.89/10 kecall/yr 3.47/10° keal/yr

Liquefactional Wood o1l 5268 bb%/d 2722 0Dt /d
7.70 x 107 kecal/d

Pyrolysisa/. 011, char 99 x 103 2/d,6.98 t/d 454 Obt/d
CombustionS/ Electricity 100-MwW oil

Turbine Generation gas
Wood-fired Electricity 50-MW 219 x 103 ODt/yr

Power Plant

10.36/10° kcal

3.73/106 kcal

0.044 /kwh
0.044 /kwh

0.037/kwh

8.17/106 kcal/yr

6.90/10° keal/yr

0.03/kwh
0.03/kwh

0.03/kwh

1/U.S.D.A. Forest Service (1976).
2/
3/
4/

5/

Wright and d'Agencourt (1984).
Desrosiers (1979).
Schooley et al. (1978).

Skelton et al. (1982).
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Table €-15. Comparison of forest bilomass conversion techniques.

Estimated
Energy Content

of Products Yield (Z)
Conversion Conversion {Gross Heat of energy
Technique Products of Combustion) Content in Wood
Direct Incinerationi/ Biomass/Heat 18.6 - 22.1 MJI/kg 65-84
Pyrolysiszl Char 27.9 Mi/kg 35-47
Condensate 22,1 - 32.5 MI/kg 20-35
Non-condensible gas 11,2 - 28,7 MI/kg 18-28
Gasification3/ Gas Mixture 3.7 - 7.0 MI/ke 60-80
Methanol 20.1 MI/kg 30-50
Liquefactionél Liquid 36.5 MI/kg 30-53
Hydrolysis/Fermentation Ethanol 29.7 M3/kg ééd/

1/
2/

Blake 1877, and Aton 1979.

3/

%/Goldstein 1979 and Schooley, et al, 1978,

5/

heating value of 19.4 MJ/kg of woody biomass.

Walters, et. al. 1980, Goldstein 1979 and Schooley, et al. 1978,

Klass 1976, Riley and Smith 1977, Walters, et al. 1980, Coldstein 1979, Bliss and

SERI 1979, Katzen 1975; Schooley, et al. 1978, Alich and Inman 1974, Walters, et al.
1980, USDA 1976.

Calculated assuming a conversion efficiency of wood to ethanol of 30Z by weight and a higher
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Table {-16. Estimated slectrlcal and ethanol conversion potential by management strategy and site for
the first rotation,

Gross Biomass
Biomass Yield at Total Tree Electrical Energy
Management Yield Conversion1§ite GHC 2/ gutput 3/ Ethanol Z}eld
Strategy 0Dt /ha ODt/ha cal/g 10"kwh/ha 2/ha
Basher -
Control 35.34 31.81 4620.2 48.32 6033
Irrigation 32.65 29.39 4648.7 45,00 5574
Fertilization 42,51 38.26 4607.1 57.93 7256
Fertilization/ 43.04 38.74 4607.7 58.67 7347
Irrigation
Morrison -
Control 31.59 28.43 4680.0 43,87 5392
Irrigation 33.95 30.56 4656.9 46,85 5796
Fertilization 38.20 34.38 46347 52.44 6520
Fertilization/ 41,11 37.00 4602.8 55.94 7017
Irrigation
1/

Assumes a harvesting efficiency of 907 (gross biomass yield x 0.90 = yield at conversion site}.

2/Tota1 tree gross heat of combustion (GHC) = (.7 x GHC for wood) + (.15 x GHC for bark) + (.15 x GHC for
wood/bark). Four year old GHC values were used for wood, bark and wood/bark (branches) components by
management strategy and site,
3/Accoum:s for losses due to: 1) moisture (672 cal/g of water) at 207 moisture content, 2) hydrogen
combustion (367 cal/g OD wood) and 3) stack gases (383 cal/g OD wood) (Koch, 1972). Also assumes
electrical production efficiency of 357 (Babcock and Wilcox Co. 1975) and 3413 BTU = 1 kwh.
A/Assumes 157 of biomass yleld at conversion site is converted into ethanol (Neeman, 1984) and 1264.3 2
of ethanol are derived from each ODt of EtOH and a heating value of 5613 kcal/% (Energy from
Biological Processes 1980).
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Table C-17. MNet financial asnalysis (imcluding plant costs) for producing electricity by management
strategy and site for the first rotation.
Biomass Yield
at Conversion Financial Costs Electricity Electrical Input Costs
fanagement Site Production Tota Qutput Total Net
Strategy owema'!  s/onel! sina’! 107 ewnira 8/ $/koh”’ $/0an®/
Basher =
Control 31.81 28,71 2450.32 48,32 5.051 $,118 -.072
Irrigation 29.39 96,40 4253.32 45,00 0.095 D,162 -,116
Fertilization 38,26 35.60 3210.78 57,93 0.055 0.122 -, 076
Fertilization/ 38.74 84,71 5153.58 58.67 0.088 0.155 -, 109
Irrigation
Moryison -
Control 28.43 32,12 22856,91 43,87 §.052 0.119 -,073
Irrigation 30.56 103,862 4643,29 46,85 0.099 0,166 -,120
Fertilization 34.38 44,10 3177.490 52.44 0,061 0.128 -.082
Fertilization/ 37.06 101,86 5556.66 55,94 0,099 0,168 -.120
Irrigation
1/

2/
3/

From Table 3-6.

4/
5/
6/

Divide $/ha by kwh/ha.

Assumes plant costs of $0.067/kwh for a wood fired power plant (Skelton et al. 1982)

Assumes a8 harvesting efficlency of 90Z (gross biomass yield x 0.%90 = yield at conversion site)}.

Production financial costs plus $48.32/0Dt for harvest, transportation, drying and storage (Strategy
B2). Multiply total $/0Dt by biomass yield at conversion site to produce total $/ha.

Subtract total electrical input cost ($/kwh) from an assumed residential consumer price of $0.046/kwh.
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Table C-18. Net financial analysis (including plant costs) for producing ethanol by management strategy
and site for the first rotation.
Biomass Yield
at Conversion Financial Costs Ethanol Ethanol Input Costs
Management Plant Produgtion Tot Output Tot Ne
Strategy ODt/halj $/0Dt§7 $/ha§} 4/ha $/£A/ $/2§} $/£g/
Basher -
Control 31.81 28,71 1520.20 6033 0.25 0.49 ~-.04
Irrigation 29,39 96,40 3393.96 5574 0.61 0.85 -.40
Fertilization 38.26 35.60 2092.06 7256 0.29 0.53 -.08
Fertilization/ 38.74 84,71 4020.82 7347 0.55 .79 ~.34
Irrigation
Morrison -
Control 28,43 32,12 1455.62 5392 0.27 0.51 -.06
Irrigation 30.56 103.62 3749.71 5796 0.65 0.89 =44
Fertilization 34,38 44,10 2172.13 6520 0.33 0.57 -.12
Fertilization/ 37.00 101.86 4474,.78 7017 0.64 0.88 -.43
Irrigation
1/

2/
3/

From Table 3-5.

4/

Divide $/ha by 2&/ha.

5/Assumes plant costs of $0.24/4i of ethanol {(Neeman 1984).

6/

Marketing Reporter, May 13, 1985)}.

Production financial costs plus $19.08/0Dt for harvest and transportation (Strategy A).
total $/0Dt by biomass yield at conversion site to produce total $/ha.

Assumes a harvesting efficiency of 907 (gross biomass yileld x 0.90 = yield at conversion site).

Multiply

Subtract total ethanol input cost {$/2) from a 1list price for fermented ethanol of $0.45/2% {(Chemical



£7~D

Table €=19. Net energy analysis {(excluding plant costs) for producing electricity by management strategy
and site for the first rotatiom.

Biomass Yield

at Conversion Energy Inputs Total Tree Electrical
Management Plant Productio Total : GHC Output Net
Strategy ope/hal! 105 keal/one?!  10%keal/ha’ ca1/g?’  10° kcal/had! 10° kcal/na®/
Basher - :
Control 31.81 © 1,302 49,783 4620,2 41,559 - 8,224
Irrigation 29.39 1,570 53.872 4648.,7 38.703 -15.169
Fertilization 38.26 1,372 62.555 4607.1 49,824 -12.731
Fertilization/ 38.74 1.477 67.408 4607,7 50.461 -16.947
Irrigation
Morrison -
Control 28,43 1.456 48.871 4680,0 37.732 ~11.139
Irrigation 30.56 1.517 54,397 4656,9 40,295 -14.102
Fertilization 34,38 1.608 64.325 4634,7 45,102 -19,223
Fertilization/ 37.00 1.628 69.967 4602.8 48,113 -21.854
Irrigation

1/Assumes a harvesting efficlency of %02 (gross biomass yield x 0.90 = yield at conversion site).

Z/From Table 3-6,

3’/Production energy costs plus 0,263 x 106 keal/ODt for harvest, transit, drying and storage 6
(Styrategy BZ}. Multiply total 10 kcal/ODt by biomass yield at conversion site to produce total 10
kcal/ha,

QXTotal tree gross heat of combustion (GHC) = (.7 x GHC for wood) + (.15 x GHC for bark) = (.15 x GHC
for wood/bark). From year cld GHC values were used for wood, bark and wood/bark (branches) components
by management strategy and site,

“’Electricity output {kwh/ha) from Table C-3 x B860.076 = electricity output {(kcal/ha}. Accounts

for losses due to: 1) moisture (672 cal/g of water) at 20%7 moisture content, 2) hydrogen combustion
(367 cal/g OD wood) and 3) stack gases (383 cal/g OD wood) (Koch, 1972}, Also assumes electrical
production efficiency of 35% (Babcock and Wilcox Co. 1975) and 3413 BTU = 1 kwh,

6/Subtract total energy input (kcal/ha) from electricity output (kcal/ha).



Table £~20. VNet energy analysis {(excluding plant costs) for producing ethanol by management strategy and
site for the first rotation,

Biomass Yield

at Conversion Energy Inputs Ethanol Ethanol
Management Plant Productio Total Yiel Output Net
Strategy ove/hal/  108/kcal/ope’  10Pkeal/na’’ l/hag’/ 10% kea1/ha®’  10° keal/na®/
Basher -
Control 31.81 1.302 48.542 6033 33.851 -14.691
Irrigation 29.39 1.570 52.726 5574 31.276 =21.450
Fertilization 38.26 1,372 61.063 7256 40,713 -20.350
Fertilization/ 38.74 1.477 65.897 7347 41,224 ~24.673
Irrigation
Morrison -
Control 28,43 1.456 47.762 5392 30.255 -17.507
Irrigation 30.56 1.517 53.205 5796 32.521 -20.684
Fertilization 34,38 1.608 62.984 6520 36.584 -26.400
Fertilization/ 37.00 1.628 68.524 7017 39.372 -29.152
Irrigation
1/

Assumes a harvesting efficlency of 907 (gross biomass yield x 0.90 = yield at conversion site).

2/From Table 3-6.

3/Production energy costs plus 0.224 106 kcal/ODt for harvest and tramsportation (Strgtegy A).
Multiply total 10 kcal/ODt by biomass yield at conversion site to produce total 10  kcal/ha.

4/Assumes 157 of biomass yield at conversion site is converted into ethanol (Neenam, 1984) and

1264.3 1 of ethanol are derived from each ODt of EtOH and a heating value of 5613 kcal/f (Energy

from Biological Processes 1980).

5/Multiply 2/ha by 5611 kcal/f% (84,300 BTU/gal) for ethanol.

6/Subtract total energy input (kcal/ha) from ethanol output (kcal/ha).
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