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,¢ WRIGHT, L. L., A. R. EHRENSHAFT. 1_)0. Short Rotation Woody Crops
Program Annual Progress Report lhr 1989. ORNL-6625. Oak Ridge
National Laboratory, Oak Ridge, Tennessee. 120 pp.

This report synthesizes the technical progress of research projects in the Short

Rotation Woody Crops Program for the year ending September 30, 1989. The primary

goal of this research program, sponsored by the U.S. Department of Energy's Biofuels and

Municipal Waste Te,chnology Division, is the development of a viable technology for

producing renewable feedstocks for conversion to biofuels: One of the more significant

accomplishments was the docunaentation that short-rotation woody crops total delivered

costs could be $40/Mg or less under optimistic but attainable conditions. By taking

adwmtage of federal subsidies such as those offered under the Conservation Reserve

Program, w0od energy t'ecdstock costs could be lowen Genetic improvement studies are

broadenirig species performance within geographic regions and under less-thim-optimum

" site conditions. Advances in physiok_gical research are identifying key characteristics of

species pro, _.'tivityand response to nutrient applications. Recent developments utilizing

biotechnology have achieved success in cell and tissue culture, somaclonal variation, and

gene-insertion studies. Productivity gains have been realized with advanced cultund

studies of spacing, coppice, and mixed-species trials.

ix



1. INTRODUCTION

4

,¢ This report is a summary of the technical progt'ess and achievements m_lde in the

Short Rotation Woody Crops Program (SRWCP) during FY 1989. The primary goal ot'

this research program, sponsored by the Biofuels and Municipal waste Tcchnology

Division, U.S. Department of Energy (DOE), is the development of technology for

producing renewable feedst_cks for energy conversion in the form of biofucls. The

St;',WCP completed its first decade of research activities focused c_nincreasing wood

prc_ductivityper unit of l_ln¢.tarea and ewluating cost components. The use of

fast-growing shc_rt-rc_tati(_nwoody crops (SRWC) that have excellent coppice and cloning

potential (i.e., hardwoods) has emerged as lhc central means l'c*rachieving program

production and cost goals. Plant breeding, development of clonal propagation tec!aniqucs,

selection of elite clones, and improved culture techniques haVe brought about productivity

gains beyond initial program expectations. Yields of 8 to 17 Mgeha-I oyear l have now

become commonplace in research trials.

. The SRWCP reprcsents an integrated research program in berth scientific

initiatives and institution_d inw_lw:ment. Eighteen universities, government agencies, lind

" priwlte coopeldtors participated nationwide in SRWCP research and techn_logy transfer

_ictivitiesin 1989 (Table 1 and Fig 1). The SRWCP funding level for FY :1989

necessitated cutbacks in the number of projects supported by the program (down from 23

the previous year) and in the amount of money awarded to each institution. Scver_l of

the 18 institutions cooperated under no-cost extensions or no contract for a portit_n or _11

o1'the year. Administratic_n c_t"progr_lmst,bcontracts and data synthesis _lreaccc_mplishcd

by management stalT in the Environmental Sciences Division at the Oak Ridge Ntlti_n_ll

L_tboratory (ORNL).

Research prc_jccts supported by the SRWCP in 1989 have progressed in describing

the physiological mechanisms (_fhigh yield in poplar species and in developing genetic

improvement pre,grams for three additional SRWC species, One 10-year

cultural/economic evaluation project has been completed, a "woodgrass" study has begun

t(_produce results, and propagation techniques for two specie,,;have been grc_tly

,, improved. Two out _1' three industry cost-shared motaoculture viability/sc_lle-ul_stutlics

survived b{_thdrought and funding cuts. Additi(_n_l scale-ups in the S_uthe_st _rc

surviving as _ rc,,;ult t_t'l'orest industry _nd naunicipat interest, but I)OE-supported tt_t_
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Table I, Short Rotation Woody Crops Program projects

Institution Investigator Title
......... _._

II

Amana Society" D. Shoup Monoculture viability trial of woody crt_ps
for ene,rgy production

BloEnergy Development T, B, Crabb Eucalyptus plantations for energy in Hawaii
Corporation b

University of Georgia B.C. Bongarten Optimizing energy yields in black locust
L. R, Boring through genetic selection
R, O, "I'eskey

Institute of Paper R, J, Dlnus Review and summary of efforls to alter the
Chemistry cotnposttton of woody plants

Iowa State University R, B, Hall Selection and breeding of pest-resistant
E, Hart clones of Popuh_s for biomass energy
H. S. McNabb, Jr, producttop, ',n the North Central Region

Kansas State University b W. A, Geyer Great Plains energy forest research
program

Michigan State D. I, Dlckmann Net assimilation and photosynthate
University K. S, Pregitizer allocation of Populus clones grown under

short-rotation intensive culture:

physiological and genetic responses
regulating yield

Mississippi State S, B, l.+and Early selection criteria and clonal
University propagation methods h_r Increased

productivity of sycamore in short.rotallon
energy systems

North Carolina State D, J. Frederick Silvicultural anti harvesting systems for
University _' R, C. Kellison producing fuels from woody biomass in the

S()utheast

North Carolina State _ R, Lca Short.rotation sweetgum plantations:
University establishment and care in the southeastern

United States

Oak P,idge National R, J. Norby Optimum nitrogen nutrition in short-
l_,aboratory rotation sycamore plantations

Pcnnsylwmia State P.R. Blankenhorn Economic analyses for producing Polndtts
University T, W, Bowersox hybrids under four management strategies

C, H. Strauss

Southern Illi_iois W. C, Ashby Gcnetlc Biomass and growth analyses of
University J, E. Preece clonal silver maple tater saccharitlton L,)

P. L. Roth in several locations
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Table 1 (continued)

Institution Investigator Title

V

Tuskegee University, A, Weaver Nutrient optimization research
Carver Research
FOu n d a t 1o n

USDA FS North Central E, Hansen Short.rotation woody Crops trials for

Forest Experiment enerD' producing in north central United
Station States

USDA FS Pacific D. S, DeBell Increasing the biomass production of alder
Northwest Forest and_ M.A. Radwan and cottonwood plantations in the Pacific
Range Experiment Northwest
Station

USDA FS Pacific C, D, Whttesell Eucalyptus plantations for energy
Southwest Forest production in Hawaii
Experiment Station

University of R, F, Stettler Evaluate Populus selections for fuel wood
Washington/ "I',M, Hinckley (U,S,-lndta Science and Technology
Washington State P. E, Hctlman Initiative)
University

_Other Institutions cost sharing the Amana Society contract include I0wa State University,
. the l¢_waDepartment o1'Natural Resources (DNR) Energy and Geol¢_gtcal Resources Division, and

the Iowa DNR Forestry Division,
t'lnstttutlons cooperating witli the SRWCP under no.cost extension or receiving funding for

only a part of FY 1989,
_Industrlcs cost sharing the monoculture viability trial work led by North Carolina State

t_,ntversity include Federal Papcr Board Company, Inc,, and Scott Paper Company,
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SHORT ROTATION WOODY CROPS PROGRAM
PROJECT'LOCATIONS

U, OF NGTON

FOREST SEF VIOE

FOREST SERVI

FOREST SERVIOEIENERGY D'
' PERFO MANOESYSTEI

IOWA PENN STATE U,

MANA SOOIEI

KANSAS STATE U, i

SOUTHERN ILLINOIS U, N, CAROLINA STATE U,

OAK f

U, OF GEORGIA

TUSKEGEE U,

IlU

FOREST 'SERVICE 9_u

I_ BIOENERGY

DEVELOPMENT , ,
OORPORATION

ii

Fig, 1. Short Rotation Woody Crops Program project locations.
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collection has terminated, Results of projects under active contract tbr at least a portion

ot' the ycar arc summarized by projcct in Scot. 5, pr0duciton and cost ovcxviews are

_ presented in Sects. 3 and 4; lund a brief discussion of progress toward program goals is

presented in Sect. 2.

i
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2. PROG_ SUM*.MARY

2.1 TECHNOIX)GY DEVELOPMENT t

Delivery of plantation-grown wood energy feedstocks at prices that are competitive

with coal, gas, and oil requires that high productivity goals be achieved. The major focus

of the SRWCP during its first decade has been the development of the research base and

infrastructure neede d to ultimately reach such productivity rates. Significant progress has

been made in both of these areas.

An example of the research base is the information that has been developed on

re!atively small plots, providing an estimate of operational productivity and costs. The

"average" i989 yields (Table 2) are selected values fr:_m production research results

considered most representative of SRWC technology in each geographical region. The

2010 research goals ('l'able 2) are set at sufficiently high levels to ensure achievement of

lhc cost goal of $1192/GJ. They are believed to be reasonable because they are less than

"record" yields that have already been observed in small plot SRWC trials. The status of

SRWC production trial and exploratory trial results will be summarized in Sect. 2.

The research base also includes estimates of tctal delivered costs of SRWC

feedstocks. The best-known cost components are those associated with establishment ,,

since SRWCP-funded scale-up trials, operational experience, and research experience have

provided numerous sources of information (see Sect. 4). Annual costs of plantation

tending under normal conditions can be reasonably estimated, but the cost of protecting

plantations from as yet undetermined pests and diseases cannot be well defined. Harvest

and handling costs vary widely, depending on assumptions regarding equipment used and

degree of processing occurring in the field. The basis for the cost estimates in Table 2

was a recent synthesis of costs oi,served or projected for operational-scale hybrid poplar

plantations, assuming p_oduction of wood chips as the final delivered product (Strauss and

Wright, in prcss). Sensitivity analysis was used to determine the effect of regional land

rental values and yield differences on costs, assuming ali other inputs were the same (see

discussion in Sect. 4). The results suggest SRWC costs in the range of $2.00 to $3.00/GJ

anywhere in the United States where medium-to-good cropland can be converted to

producing SRWC feedstocks for chips. If SRWC wooed can be handled and used for t,



,
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energy production in essentially "whole-trce" form, as proposed by the whole-tree burner'
.6

concept (described in Sect. 4), then SRWC feedstock costs could be considerably less.

A major topic of current inter'est is the actual amount of suitable land on which v

competitively priced feedstocks for energy can be produced now and in the future. Given

current and predicted prices for coal, gas and oil, SR WC delivered costs would have to be

$1.90/GJ or less to be competitive as an energy feedstock. Although, as 'Fable 2 indicates,

estimated 1989 cost_ of producing, harvesting, anddelivering chipped SRWC feedstocks is

higher than this amount in ali regions, there are some conditions currently existing under

which SRWC crops may produce net profits for landownersand provide a competitive

feedstock. These conditions involve the utilization of land qualifying for federal subsidies

le.g., the Conservation Reserve Program (CRP)], particularly in the Midwest/Lake States

Region, where relatively high-quality land is being enrolled. In the states of Minnesota,

Wisconsin, Iowa, Illinois, and Missouri, abt_ut 1.5 x 10 6 ha have been enrolled in the

program. Although this amount of land could not make an appreciable impact on

supplying energy for the region, it could serve as a land base for demonstrating SRWC

systems. The land resource estimated to be economically available by 2010 is based on

distribution of cropland in the United States and torrent trends toward removal of

cropland from food crop production. Exact quantification of the land awfilable is

impossible, because policy decisions at the federal level could have major impact.

The summary provided by Table 2 of the 1989 research status in comparison with

2010 goals indicates areas where additional investments in developing the research base

arc necessary. For instance, major investments in genetic research are needed to improve

the yield levels of model SRWC species, and regkmally oriented research will have the

highest payoff in the Midwest/LakeStates and the South/Southeast if the large potential

l_nd resource for those regions is to be brought into production. The table does not

indicate, however, the research that is needed on harvesting and handling systems to bring

down the feedstock costs in all regions. Also not identified are more subtle research

needs such as work related to environmental issues that could affect the way the

technology is perceived and accepted by the public or the fact that a greater variety c_l"

species may be needed to optimally utilize the available land base. Table 2 is meant to be .

a general guideline c)t'milestones against which the progress of the research is measured, v
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There are many aspects of progress in the program that cannot be measured in

" tern-tsof yield levels and cost estimates. The infrastructure that is being developed by the

SRWCP is very important. Experts familiar with the concepts of short-rotation forestry

and improved genetic materials of several species will be critically needed if the Country

chooses to increase its reliance' on biomass energy resources. The value of the training

provided by the SRWCP can already be seen in the fact that many SRWCP researchers

are beginning to be' called on to serve as consultants to municipalities and industries tk_r

assistance in establishing SRWC trials. Additionally, the SRWCP has been very successful

at facilitating integrated research, both within and among institutions, particularly on the

principal model species, poplars. One of the benefits of integrated research teams is that

often one or more of the researchers has funding from other agencies, such as National

Science Foundation (NSF) Or u.s. Department of Agriculture (USDA), ibr work on

basic problems that enhance the overall team effort. SRWCP-funded research on

understanding the physiology of SRWC systems and on applying biotechnology tools to

solving SR WC problems is at the forefront of forest science. The building of scientifically

. respected research teams is a measure of progress of the SRWCP. The continued

availability of this cadre of researchers and tect',nicians for research on energy crops is a

" significant national resource.

2.2 RESEARCH AND ASSESSMENT NEEDS

Although progress in development of the technology has been significant, there

are many questions and concerns remaining that suggest the appropriate direction of the

program's attention in the next few years. The widespread concern about the

environment from ali aspects is one of the issues that will drive research in the SRWCP.

The increased interest in finding ways to mitigate atmospheric CO2 provides an additional

incentive for developing ali aspects of biomass energy technology because production and

use of biomass crops tbr energy results in little to no net addition of CO 2 to the

atmosphere. Use of biomass energy in piace of fossil fuels could play a significant role ira

meeting future CO2 emission goals. However, questions arc arising about what exactly is

the carbon cycle in biomass energy systems, how much is stored in roots, how much is

_, released during establishment anti maintenance of the plantations, ant how el'tqcicntly can

biomass be converted to energy? Answering these questions will require a combinati¢)n o1'



analysis of data already available and new research to learn more about what is happening

iv..the soil and roots.

Although atmospheric co 2 emission reduction is a clear environmental benefit of

biomass energy use, questions are also arising atngut what negative environmental impacts

will occur if millions of acres of land in the United States are dedicated to production of

energy crops. To answer these questions, assessments are required to evaluate the land

base more carefully to determine where and what type of land would likely be used.

Additionally, ongoing and proposed field trials need to include evaluation of the

environmental effects of various maintenance activities. To meet the need for more

environmental effects research, more large-scale sites •that incorporate a research

component need to be establishedso that biolc_gical,economic, and environme'_'.al risks

l:an be evaluated under a wider variety of conditions. Increased cooperative research and

development with the private sector would seem to be the most effective way to meet this

need. There is also a need for additional small-scale research trials to develop new or
'

alternative cultural practices thai can mitigate solne of the environmental concerns that

are being raised. For instance, some research on intercropping with legumes or other

cover crops during the first couple of years of stand e'_tablishment and additional research

on developing techniques for managing mixcd plantings of nitrogen fixing and non-

nitrogen fixing of trees would be desirable.

Because the federal government, priwite sector utilities, and many environmental

organizations are at a stage at which new policy considerations are being evaluated (e.g.,

thc 1990 farm bill), the demand for information on biomass energy crops is almost

cwerwhelming. To meet this need, consideration is being given to reorganizing to include

a biomass information center as part of the ORNL Biomass Production Program's mission,

Increased program funding would be required, however, before this could be done. In

addition to simple information requests, the demand is very strong for assessments of

projected energy production levcls and the consequent environmental and economic

effects, given various levels oi' research et'fc_rtor varied government incentives. This

demand is being met by the program management staff at ORNL with preliminary

roughcut analysis, but it is anticipated that additional et'ti_rt will need to be allocated tt_

more sophisticated analysis during the next year or two, ,'
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Research and development nceds are still very strong in the arca of developing
h

improved harvesting and handling systems and in developing genetically improved plant

, tn_!terials. The latter research is ongoing and will be detailed in Sect. 5, but harvesting

research is currently at a standstill. Increat_ingcooperation between USDA and DOE is

being facilitated through a Memorandum of Understanding recently signed at the

secretarial level of the twc_agencies, lt is expected that one productive area tbr

cooperative research will be in the development of harvest and handling equipment.
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3. SHORT-ROTATION WOODY CROPS PRODUC'IIVITY

The yield data most recently collected by the SRWCP are summarized in Tables 3

and 4. Table 3 summarizes the 1988 growing season yield results from SRWCP
¢ 4

experimental production trials by region, spectes, and test design. To fit into this catt_gory,

the experimental treatment plots must contain 225 or more trees, with at least 100 trees

within the bordered measurement plots. In severed cases, reported results were obtained

earlier than 1989 but represent the most recent data awdlable for those regions. The

amount of new yield data reported this year was relatively small because several of the

ongoing projects are either not conducting field orien,ed production research (reduced

funding) or they just recently established the field trials and have not yet estimated yields.
"_ ' ,t'1he avernge yields reported in Table 3 range from 5 to 24 Mg/taa, the highest

yields being found in the subtropics and the Pacific Northwest. The average yields

reported frc_nathe Midwest and South are currently among the lowest reported, but this

may be temporary. However, growth rates being observed in the rnonoculture trials of

hybrid poplars in the Midwest suggest that higher yields will soon be documented lhr the

region. Operational plantings usintr,SRWC technique.'; have recently been established in
a

the South/Southeast. Age I and 2 groWth is very gc×)d, but data are insufficient data for

projecting harvesting yields.

The exploratory yields given in Table 4 pc_intthe w_y to the future of SRWC

hilrdwoods. Exceptionally high yields wcrc c_btaincd in 1988 by sect_rtd-rotation Polmlus

trichocarpa x deitoides hybrids in the Pacific Northwest (43.5 Mgmhal aycar 1) and are still

the highest reported anywhere in the United States. New exploratory yield data should

soc_nbe awlilable from physiological/genetic studies initiated in 1987 with silver maple,

bl,tck locust, and syc_maore. Although the high yicMs reported in Table 4 have been .

obtained only in exploratory research experiments, they suggest that we have only begun

tc_exploit the genetic potential t)_'hardwoods for high juvenik.' growth rates. 'l'hcse results

mtlndatc a continuing search lhr the physiological mechanisms responsible l'c_rsuch higla

production rates so that the km_wledgc can be _lpplied tc_developing better SRWC

h_lrdwoc)dsfor ali regions of the United States.

There are mtlny limitations to the current research inlk_rmaticmbase on SRWC

yield estimates. For instance, the dlttit that currently represent the Midwest are based _m
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trials in one location (Rhtnelander, Wiscollsin), which is somewhat atypical f, , tlm region

because it has ashortcr, harsher growing period. Newly established monoculturc and

,, clone/site trials established in the Midwest will provide some excellent data in the future.

In the South/Southeast, several trials were initiated at a range of sites irt the early 1980s,

but most were on nutrient-deficient soils and/or suffered from inadequate weed control.

Those trials were discontinued, and the data are not included in Tables 3 and 4. The most

recent da.ta from the South/Southeast are from very recently established trials with trees

only 1 or 2 years old. The Northeast is represented by data on one dot' from one

location in central Pennsylvania. The limited locations on which SRWC crops are

currently being ewduated using the improved techniques developed over the past 10 years

present a serious problem for estimating poter_tial production levels over a large land base.

Collection of data from several additional regions and site types is needed to provide a

truly representative information base on the yield potential of SRWC in the United States.

Although yield prediction remains uncertain, considerable information has been

gained on factors required to obtain acceptable yields and the research problems that

rmnain to be addressed. For example, the beneHts of weed control for surviwd and

accelerated growth have been established in numerous trials, but specific methods for

" achieving good weed control in SRWC plantations, especially under operation_d condilions

(e.g., type, quantity, and application methods for herbicides ), are not well known by

extension or industry people. Furthermore, labeling of potentially useful chemicals for

SRWC plantations is generally inadequate: Information on how l.o achieve the benefits of

weed control without exposing the st)ii to erosion during the first 2 years of plantation

establishment is sorely lacking. These information gaps represent a major challenge to

successful commercialization o1'SRWC techniques by ihe priwlte sector.
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4. SHORT-ROTA'IION WOODY CROPS ECONOMICS
4

The economic competitiveness of SRWC systems in the United States varies wktely

depending on a large number of factors such as end-product use and price, convcrsic.m

technology, yields, and hind costs, SRWC systems are considered to be economically

viable for production of a stable, secure supply of wood for pulp under some conditions,

as evidenced by the recent increase in interest ia SRWC systems by several pulp and\

paper companies. There are also a few conditions under which production of wood for

energy feedstocks could be viable today. This section will review analyses that describe

conditions undei' which SRWC might be competitive as an energy feedstock if markets

were available. The most recent data available on actual costs incurred in the initial

establishment of SRWC plantings will also be summarized,

4.1 COMMERCIAL HYBRID POPL,AR PLANTATIONS SYSTEM AS SOURCE

OF CHIPPED FEEDSTOCKS

A paper prepared in 1989 by Dr. C. H. Strauss of Pennsylvania State University

and L. L. Wright of ORNl_, (Strauss and Wright, in press) presents an overview of po;_sible

costs incurred in production of wood energy feedstocks for ethanol production in a

commercial poplar plantation in the United States. The analysis assumed nci federal

subsicties with chipped biomass as the clelivered material. Production costs for poplar
i

plantations were synthesized from data awdlable from a series of commercial-sized

research plantations established with funding assistance by DOE. The plantation designs

evaluated assunlcd establishment oi' hybrid poplars planted on relatively good agricultural

sites at ,,;pacingsof 17(X)to 3500 cuttings/ha with probable rotaticms of 5 to 8 years.

Operational requirements included a fall/spring site preparation sequence, followed by

spring planting and herbicide _Jpplications. Annual charges were assessed for

insecticide/fungicide application,;, fertilizations, land costs, and managerial expenses. A

discounted cash Ilow analysis developed for the SRWCP by Pennsylvania State University

w_s applied to alternate-length rotations, with a minimum cost criterion used in selecting

the optimum length.

Using an estimated growth curve for trees planted at 21(R)trees/ha and a targeted

yield of 16 dry Mg ha e1 eyear "l, the discounted cash tlow analysis of operating costs and
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predicted yields placed the least,cost solution in the 6th year with production costs
N

(exclusive oi' h,,irvest, transportation, and chipping) of about $17,(_)/dry Mg under a two-

, rotation system. A third rotation at the same yield level would reduce the preht_rvest

production cost to $15.45/dl'y Mg. The opcrathlg costs assumed are summarized in

Table 5. Site preparation, fertilization, and pltmttng represented 38% of this cost, with

annual management and maintenance contributing another 20% and ltrod rent and taxes

the remaining 42% (Fig. 2).

The preharvest production of hybrid poplar wood energy feedstocks at $15 to

$17/dry Mg would be within the competitive range of prices tbr wood from domestic U.S.

forests, Additional harvesting, chipping, and transportation costs for SRWC energy

feedstocks were projected to be about $20 dry/Mg, which, when combined with an 85%

net delivery of pl:antation yields, would place the delivered costs of the feedstocks near

$40/dry Mg (Fig. 3).

The t,nalysis by Strauss and Wright (in press) incorporated a reasonable

harvest/handling/transportation scenario that had emerged from previous ewduattons by

• Strauss et al (1988) based on several trials of harvest and handling prototypes. It [kfllows

traditional thinking in assuming th,lt chipping is part of the feedstock production cost.

" This idea may need to be reex_mined ii'whole-tree burners become end-u:_ers of SRWC

wood instead of or in 'addition to conversion processes reqt, iring chips. Two factors stand

',_out in this analysis: the majcr impact of land within the SRWC cost structure and the

' Simportance of high yields in reducing the unit cost of blomas,_.

4.2 SENSrI'IVITY ANALYSIS OF EFFECT OF LAND COST ON SRWC

PLANTATIONS

The cost of land, as projected by w_ric_usSRWC studies (l_x)thncr ct al. 1985,

Strauss ct al. 1988), is usually a direct r'cl'lection o1'its productivity in other _tgricultur_il

pursuits. Good-quality _Lgriculturalland derives its market wdue from the tact returns

secured in wirious cropping enterprises (which are strongly t_l'l'cctedby l'arm progr_lms ritad

subsidies tied to land). For SRWC plt_nl_tions to compete for this resource, compnt'_d_le

or higher net returns must be available from the production o1'woody t_ioxn_ss.The gc_l

• is to obtain competitive net returns with¢_utt'cttcr_lisubsidies. The option o1'using lc_wer
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Table 5., Estnt,_llshmentrInd mnlnttmttnce costs for SR WC plttntntlons

Ol_erations Cost cc_mponctats $/htl
lP

I;:llllEstab.!!shmex_t,'
Total kill herbicide Machine lind labi_r 5

M/tterials (1,5 kg/ha) 75

M0wlng_rushing Machine and labor 20

Plowing Machine nnd labour 35

t,iming Machine lind hlbor 7
Mat_-rtals (2,0 Mg/ha) 68

210

Sprir_ Establishrncnt:- +

Disking Machine and labor 12

Pre,.cmerg, herbicide Mach!no and labor 5
Materials (1,8 kg/ha)" 90

l:crtilization Machine and labor 14
Materials (6(1kg/ha each N,P,K) 43

Planting Planter and labor 22 .
Material (21(111cuttings/ha) 10__.55

291

S1.1Illmc r Estll blishrnc,nt: 5

tterbicide-ycar 1 Machine and labor 55
Materials (1,1 k,g/ha)_

Hcrbiciitc.ycar 2 Machine and labor 5
Materials (1,1 kg/ha)_ _55

120

Maintenance:
lnsccticidc/funggicidc Machine and labor 3

(years 2,4,6) Materials (1,6 kg• hale appl,l) b 22

Fertilization Machine and labor

(years 3,5,7) Materials (120 kgohateappl, .l of N) 8
27

l.,and rcnt (5,0% of $17(X)/ha) 85

Land taxes (0,75% of $17(X)/ha) 13

Managerial Labourand t'acilitit_'s 3.__55
av, annual 163

_"_[q"_(7)_l'_fi_| tI[IcI)'fi (I')l" lin urc_n/glyplac_siitc, "

,,,' ") )_'Ccmlbinatic_nof Sc_,ln/Lylcx,
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" Fig. 3. Relative propc_rticmsof the total SR WC delivered cost.
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priced, marginal lands would reduce the cost impact but, in ali probability, would also

lower the yield potential of SRWC.

The land rent with taxes assumed for the Strauss and Wright (in press) analysis _,

($98/ha) was slightly less than the 1988 average rental rates for farmland in the United

States. However, farmland varies considerably in value over the regions in which SRWC

is currently being evaluated. Examples of land rental rates are: Iowa, $237/ha; Minnesota,

$148/ha; Pennsylvania, $113haa; Georgia $82/ha; Washington (nonirrigated), $125/ha; and

Alabama, $74/ha (USDAfERS 1989).

A preliminary sensitivity analysis was conducted by J. W. Johnston of ORNL to

determine how changes in land cost might affect the final delivered cost. The vehicle used

lhr analysis was a SRWC cost accounting model developed by A. F. Turhollow (ORNL).

The same operational and rotation length assumptions made by Strauss and Wright (in

press) were used but applied to three rotations. No drop in yield over the three rotations;

a discount rate of 5%1; and a aggregate harvest, handling, and transportation cost of

$20.80/Mg were also assumed. Four different standing yield levels and five different land

rent values were analyzed. Wood losses during handling and storage were not taken into

account by the model. Input values (such as fertilizat!on level) were not Changed to

accommodate higher yields. This premise should be refined in later analysis, but it is

feasible to assume that yield differences could be attributed to species selection and

genetic improvement. The results are plotted both in terms of dollars per megagrams and

dollars per gigajoule, assuming a value of 19.805 GJ/Mg of biomass (Fig. 4). Because

losses due to harvest and storage were not taken into account by the model, one should

derive final feedstock cost as a function of standing yield by assuming a 15% yield

reduction before interpreting the cost.

The results demonstrate that low yield situations are more sensitive to land cost

increases than are high-yield situations. They further show that, given the production and

harvesting/transportation cost assumptions, the cost goal of $1.90/GJ could be obtained

with stand production levels of 13 Mg/ha or higher on land with annual charges of $50 to

_lt has been recently learned that the federal government's Office of Management and Budget
is now recommending a 10% discount ['or this type of analysis, which would result in slightly increased
cc_.,:tprc_jections.
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- Fig. 4. SRWC delivered cost (S/dry Mg and $/GJ) for wood chips harvested on a
6-year rotation as a function of land cost and y',eld.
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$150 ha/year. It is clear that standing SRWC yields have to be improved beyond the 11
q

dry Mgehattyear t that is generally agreed to be a good estimate of the "average" yield

that might currently be obtained o,_,era range of site types._ Furthermore, it is likely that

land at a rental value of $50/ha Would require additional site preparation activities than

were assumed in the Strauss and Wright (in press) analysis. SRWC yield potentials in the

range of 20 to 30 dry Mglha :1_year "1are necessary to ensure that land with good

productivity potential is allocated to production of SRWC feedstocks.
i

4.3 POTENTIAl, SRWC FEEDSTOCK PRODUCTION CKIffI_ IN THE NORTH

CENTRAL REGION, WITH AND WITHOUT GOVERNMENT FINANCIAL

INCENTIVES

A recent analysis prepared by D. C. l_x_thncr,E. A. Hansen, and D. A. Netzer 01'
,,

the USDA Forest Service (Lothner et al. 1988) investigated the financial attractiveness of

two woody biomass plantation alternatives for agricultural land: a basic SRWC plantation

system on average agr icultt_ral land and a system on erodible agricultural land that is

eligible for government financial incentives through the CRP. Tile methods involved in

the analysis are described in l_x)thner et al. (1988). They differ from the Strauss and

Wright (in press) analysis in that a product value is assigned and investment criteria (net

current value and internal rate of return) ;__:determined, as opposed to simply

determining the costs involved.

The CRP was authorized by the Food Security Act of 1985 (i.e., the 1985 Farm

Bill). Tl_e program encourages farmers through 10-year contracts and annual payments

from USDA to reduce erosion on highly erodible cropland by planting a protcctive cover

ot' grass or trees. If bids for enrollment are accepted, the landowners can receive annual

payments to cover land rental costs and payment of up to 50% of the costs of establishing

permanent vegetative cover. Eligibility is limited to "highly erodible, cropland, filler strips,

ccrtain woodland areas, and fields having evidence of scour erosion. Such land could be

suitable for SRWC energy plantations.

The SRWC management assumptions used by Lothner ct al. (1988) for an avcr_lgc

_gricultural site were very similar to those used by Strauss and Wriglat (in press) describe0

above. The primary dift'erences in management assumptions were (1) cultivation, in -

_ddition to herbicides, would be required in the first and second year to control weeds;



' 23

(2) liming would not be necessary; and (3) fungicide/insecticide applications would not he
i

necded. A system utilizing a longer rotation length (11 years) was assumed because a
i

• stipulation of enrollment in the CRP is that no harvest can occur for 10 years. To

accommodate the longer rotation, a slightly lower density of about 1736 trees/ha was

utilized. The yield assumption used for analysis was production of 15.7 dry MgmhalQycar 1,

On the credible sites enrolled in the CRP, site preparation assumpttons ddtered.

Because of erodibiiity of the site, site preparation is assumed to require band spraying and

plowirig of i;trips rather than doing so for the whole site. Later weed control management

is essentially the same as for average agricultural lands, except that cultivation is only done

within the strips.
1

The Ix_thner et al. (1988) cost assumptions on harvesting, handling, and

transportation include some innovative new ideas that merit consideratkm and testing but

have not been demonstrated operationally. For purposes of the comparison being made,

it is only important to know that harvesting and transportation costs were the same in

both cases. The market value of the biomass was placed at a low figure of $20/dry Mg,

which is equivalent to the cost of coal in the region. Cost assumptions with and withcmt

CRP payments are summarized in Table 6.

Using a 4% discount rate and the production input values in Table 6, the SRWC

plantation on erodible agricultural hind with a CRP financial incentive resulted in a llighly

positive performance based on investment criteria, whereas without CRP payments

investment returns were negative (Table 7). This analysis suggested that SRWC

production on land enrolled in the CRP could provide feedstocks at a highly competitive

cost if the management and harvesting assumptions are correct.

A sensitivity analysis by ix)thner ct al. (1988) showed that significant factors

af'fecting investment perl'ormance were the product sale value and yields. I1' the market

value of the wood were, to increase to .justover $28/dry Mg, SRWC plantations in the

Nc_rth Central Region could break even without federal incentives, as Icing as yields cit"

ab¢._ut 16 Mgoha '_gycar _ could be obtained. However, yields in the range of ll Mg_ha l

year l would not break even unless market prices were at least $36/dry Mg. At a fixed

yield, land rent was determined to bc the most important cc_st t'actc_r, with transportaticm

" and harvesting costs li_llowing close behind,
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Table 6. A comparison o1' cost componenis ot' SR WC plantations grown on average
cropland without CRP payments and on erodible cropland with CRP payrnents at 2.4 by

2,4 in spacing and on l l.year rotation"

Value t'or Value lhr Year(s) '
Cost component average cropland erodible cmphmd occurring

Land rent, S/ha $_).00 $99.(X) 1-11

Land taxes, S/ha $12.(10 $12.(10 1-11

Site preparation, S/ha $172,(X) $105.(X) 1

Planting, S/ha $296.0(.I $296.00 1

Cultural tending, S/ha $222,(10 $259.00 1

Cultural tending, S/ha $37,(X) $37,00 2

Fertilizing, S/ha $99.00 $99.00 2

Harvesting, S/dry Mg $5.50 $5.50 11

Transporting, $/Mg 1 • km $0.(155 $0.055 11

ttarvest yield, dry Mg/ha 172.7 171.7 11

Product value, S/dry Mg $20.00 $20.00 11

CRP annual payment, S/ha $173.00 1-10

CRP establishment cost payment, $383,(X) 1
S/ha

"From l_x_thncr ct al. 1988.
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Table 7, Investment performance ot' two SRWC systems_

Management alterm_tlve Net present value Interned rate of retul'n
, (S/ha) (%)

SRWC plantation on average -975 <0
_wic;ultural land without a
Conservation Reserve Progr_m

SR WC pl_mtntion on credible 898 27
agricultural lund wit_.,h a
Conserv_ltion Reserve Progr_lm

'From l.x_thner et _:11,1988,
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i

A critical collsitleratlcm not directly addressed by the Lothner ct al, (1988) analysis
d

was whether the erodible cropland beingenrolled in the CRP program c_mproduce the

same yields as agricultural land that might not hK as highly credible, This question in

currently being ewduated by SR WCP-funded hybrid pophu' clonal test plots established

over a range of sites in the North Central Region and by large plantings of hybrid poplars

llctually being established on land enrolled in the CRP in the reglon,

Although there is a considerable amount of land already enrolled in the CRP, it Is

still not reasonable touse the CRP case as a st_mdard lhr defining SRWC costs, lt is

unlikely, for instance, that tzondttlons would exist In which large amounts of land enrolled

in the CRP would exist close to a power plant facility, Thus, to obtain an adequate

supply, a power plant facility would have to persuade landowners to use whatever land is

av_lilablc, Furthermore the CRP is making commitments l'or only 10 years, and the l_:tst

sign-up period will occur soon unless the program is extended. Nevertheless, the

comp_lrison o1' the adwmtages provided by the CRP does demortstr_lte how t_;der_tlp_licy

c¢_uldal't'ect l_mdowncr attitudes tow_u'dswood energy crops, Such programs m_lybe

needed to begin to get wood energy fcedstot:ks established, which in turn might provide

the incentive needed to considei"wood as a serious energy feedstock,

4.4 SUMMARY OF CURRENT ESTIMATED AND A(TFUA[, SRWC

ESTABLISHMENT COS'IS AND MANAGEMENT FUNCTIONS

The Lothncr ct al. (198_) analys!s suggests thilt SRWC feedstocks produced on

I_llattenrolled in the CRP cc_uldhe highly cost competitive with coal in the North Contrail

Region, whereas without the inccn!ives provided by the CRP, SR WC feedstocks would

not currently bc cost competitive, Strauss and Wright (in pl'ess) also suggest tla_ltunder

conditions of moderate land costs and high yields, SRWC delivered costs could come clc_sc

to meeting DOE cost goals for production of l'ccdstocks t'_r convcrsiott to cthanc_l.

Although many cc_stassumptions _lrcsimilar, there arc some critic_! ditTcrcnces exist

between the ci_cr_tti_ns_nd cost assumptions in the two _lnalyscs. To provide a

background for cwduation, the opcr_ltions _mdcosts associated with those two _nalyses _t'c

compared with _thcr current s_urcc;; ol' inlk_rmationfor the North Central Region

(T_ble 8).
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Tabk: 8 wa_dcve.lor)edusingthe two analy_e_previouslydis(rosinedand two
4

additional _ourcesof lnt'orm.atlon:tl'mactual (.;xperlcr_ccby the Minnesota Dcpartm_:u'ltof

Natural ResourcesIn phlntlng i:)oplarson land enrolled In the CRP Minnesota ('L Kroll,

I)lvtslon of Forestry, Minnesota Dcl:tlrtment o1'Natural Res(tortes, Minneapolis, office

menlorandum, June 12, 19819)and a summary of pul_lished lnl'ormatlon on typical

oi)orations and costs of SRWC phlnttltions (Campbell 19t_I), Campbell (1988)also

evaluated costs under six dltTcrent sets of management alternatives, The alternative used

for comparison most closely corresponds lo the situation described by Campbell as

"marginal farm land with conventional tillage and fertilization," Campbell's costs were

modiHcd, based on information included in his paper, to reflect a t)hmting density of 2100

trees/ha rather than the 5734 trees/ha used in his analysis.

Ii is evident tllat although the five cstahllshmenl scenarios assumed li_r the North

Central Region in Table 8 differ somewhat, the estimated (or actual) cost (lt' establishment

arc relatively shntlar, dll'l'cring by no more tilan $1(X)/halt' no financial incentives arc

involved. The generality of the establishment cost assumptions to other parts ()1'the

country arc validated by Rockwood and Dtppon (1989) in which int'rastructurc, site

preparation, fertilization, seedling costs, and planting costs were esthnatcd t(')cqtlal

$('ig(i/hafor Eucalyptus and $579/ha l'or slash pine when calculated on the basis of 2100

trees/ha, Strauss and Wright (in press) assume a very low cost of planting materials ($(),05

per cutting) relative to other estimates for hardwood phmting materhd. The ditTercnce

lies in the assumptit)n that cuttings can be produced at low cost hy the grower, whereas

lhc ()ther cvaluatl( ns assume purchase ()1' cuttings or seedlings from nurseries at current

prices that are not geared to high-volume producti()n, At any cutting ()r seedling cost,

higher-density plantings cost substantially in()re to establish.

With respect to annual maintenance costs, there are distinct ditTerences in

assumpti()ns between analysts, though they would not result in major difl'ercnces in total

delivered costs (Table9), Strauss and Wright (in [)ress) include the costs of insecticides

and fungicides as ii standard cost bccIlusc of the known susceptibility of most hybrid

l)()plar clones tc) Sept()ria canker and tc) insects such as the cotton leaf hectic. Lothner ct

al. (1988) prcl'er t()assume thai only phlnt materials resistant tc)those pests will be phlntcd

and that fungicides and insecticides would only be used as a last resort. Both views arc

dct'endablc, ()nly a few ()t' the currently available clones have shown good resistance to
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ihose pests; cm the other hand, ILIs li goal o1'LhcSRWCP to find addltlcmal clones having

rel;lstunee to those pests withln the next 5 years,

Ali information murccs summarized in Tables 8 and 9 assume eonverskm oflh

recently tilled crophmd to tree plantations, This is reflected in the relatively narrow rltnge

of land re,nts assumed, lt is apparc',nt from the land rent cost and htnd descrlptkm

provided by Ctmlpbell (1988) that he is assuming somewhat lowo,r quality land than eltimr

Strauss and Wright (in press) or l.x)ttlner et al, (1988), Strauss and Wright (irl press)

include a cost lhr mowing and brushing In case the land has been left fallow for a year or

so, but no major clearing costs are assumed, The additkm of hind clearing costs could

Increase establishment costs con,,,tderably,

4.5 SUMMARY OF CURRENT ASSUMPTIONS ON HARVEST, HANDHNG, AND

TRANSPORTA'FION STRATEG! 17'_

There are dllTerences oi' opinion about v,hether SRWC wood should be delivered

as chips or whole Lt'eesto the phtnt gate and whetlmr 'Tc'edstock costs" should incorptn'ate

, "processing costs," The differences between the assumptlorts of analysts cm how the
!

SRWC materl,tl might be harvested, handled, li!ld trtmsported have a significant elTect tm

• total delivered reedstock cost. 'fable 1(1pt'ovldes a comparison of some o1'the variability

in SR WC t'mrvestlng/hlmdllng ttssurnptions and associated costs used in recently published

and recent unpublished analyses, Ostlic (President, Energy Perfornlance Systems,

Minneapolis, Minnesota, phone calls Lo I.,, L, Wright in 1989 and I_)(1) has tn'opt_sed use

of a continuous feller buncher type harvesting muchlne to which a grapple hook is also

attached. _" 'lhc grapple would take the bunches of whole trees and load them onto

specially designed truc,k beds, which may be pulled behind the harvester or onto road-

suitable vehicles that drive alongside the harvester. He assumes the whole Lt'ees (including

branches) arc transported no more than an average of 65 km (41.)miles) to an electric

power generating plant, where' the Lt'eesare stored and essentially burned as whole trees
I! t ,, t

in it whole-trce'burner, This process elirniruttes chipping costs and skidding c{_sts,

Storage. and drying costs are assumed to be the. responsibility of the power plant facility,

Strauss ct al, (1988) describe a harvesting-baling strategy based on research

,. conducted by Schlcss (1984) and Stuart ct al. (1985). This strategy assumes that Lhc

convcrskm process will require chips, and thus the cmtot' chipping is included in Lhc
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t

feedstock cost, The chipping cost is reduced by assuming it will be performed at the plant

['aclllty,but the field handling includes crushing of the trees to reduce moisture t:ontent

lind the forming of bales, which are then loaded onto tractor-trailers for delivery to the

plant site.

Stokes et ill, (1986) evaluated harvest lind handling systems similar to those

currently used for obtaining pulp chips, the main difference being equipment size, The

syste,m with the smaller sktdder and chipper offered a definite cost advantage when

harvesting trees in the size ranges projected for most SRWC stands, Transportation costs

were not considered in the Stokes ct al. (1986) analysis; therefore, the numbers do not

provide a total estimate of harvest lind handling systems.
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5. PROJECT SUMMARIES
d

The following summaries were contributed by the principal investigators on each

project specifically for incorporation into the SRWCP annual report for 1989.

5.1 AMANA SOCIEU'Y-A MONOCULTURE VIABILITY "FILIAL OF WOODY

CROPS FOR ENERGY PRODUCTION

Purlx)se and Background

Objectives are to improve the productivity and cost efficiency of growing woody

plants for energy, to provide the support in terms of technical expertise, materials, and

assessment to establish and maintain a silver maple energy plantation, and to research

questions of risk, of expanded and different cultural treatments, of tree and plantation

growth and yield, and of cost and production et'ficiencY through a commercial-scale

monoculture viability trial of silver maple (Acer saccharinum).

Accurate cost estimates of growing woody crops for energy on a commercial scale

in short-rotation Plantations are difficult to obtain under research conditions. Information

is essential to ascertain the economic feasibility of future contributions of biomass to the

U.S. energy supply.

d

Ace,omplishments

Preparation i'or spring 1990 planting on the 6.2 ha in work unit 3 has included the

removal of ali honeylocust (Gleditsia triacanthos) stumps, Burning and disking of the unit

will be done in the fall to complete site preparation work.

Planting of unit 1, unit 2, and research sites were completed by April 30 with

30,000 trees selected for planting based on the criteria developed by Iowa State

University. Grading criteria were (1) healthy/aondamaged seedling,"(2) number of first

order lateral roots, and (3) total height from soil line to base of main stem terminal bud.

An additional criteria set (total height and number of lateral roots) was applied tct select

for "super seedlings" to be used for research work. A time study of the sorting process

indicated that the regular Department of Natural Resources sorting averaged 3000

seedlings per hour while selection tbr the "superior" seedlings averaged 600 seedlings per
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hour. This clearly indicates that tougher grading criteria is a more costly and time

consuming process.

The time and motion study conducted during spring planting observed a delay time

of approximately 45%, which is considerably less than the 70% observed during fall

planting. An estimated 25% of the delay time was attributed to operational delays where

planting production was delayed by (1) other planters, (2) moving to a new row or area,

(3) changing personnel on the equipment, and (4) time required to supply planting crews

with seedlings. The balance of delays was mostly attributed to personal delays (lunch,

breaks) with the remainder coming from mechanical delays.

With the addition of 16 permanent inventory plots established this year, the total

number of plots in both units 1 and 2 is 24. After planting, measurements were taken on

these plots to determine average tree spacing. Average spacing in unit 1 was 1.4 x 2.4 m

(4.7 x 8.0 ft) or 21% more area/tree than planned. Average spacing for unit 2 was 1.3 x

2.5 m (4.2 x 8.1 ft) or 10% more area/tree than planned. Average survival rate as

measured in the 24 inventory plots as of August 8 was 86%. Individual rates were:

Spring 1989 Unit #2 = 89%

Spring 1989 Unit #1 = 91%

Fall 1988 Unit #1 = 82%

The maintenance program included both mowing and herbicide applications. After

both units were planted, 1.1 kg per ha active ingredient of Goal (oxyfluorfen) and 2.2 kg

per ha active ingredient of Surflan (Oryzalin) were applied for weed control. At the time

of application, Princep (Simazine), an excellent herbicide for the control of both common

ragweed (Ambrosia artemisiifolia) and giant ragweed (Ambrosia trifida), was not labeled for

forestry use in Iowa. The impact of not having this herbicide available was the

establishment of an aggressive population of ragweed, over-topping tree seedlings within

the rows. However, this problem did not appear to reduce growth or survival of the trees

as indicated by the 86% survival rate l'ound on the inventory plots. Maintenance of the

research plots involved a spring application of Goal and Surflan, hand mowing and an

application of Round-Up (glyphosate) tc) invading vegetation.

Twenty more groundwater monitoring wells were installed completing ali well

• installation work. Each well elevation was surveyed to determine groundwater gradient

within each work!ng unit. Water table depths measured during June and July throughc)ut
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the plantation continued to drop due to the lack of recharge events. Water quality results
J

for samples taken during these months are not yet available, In August, a rain simulation

chemical tracer percolation study was conducted to determine the potential for nitrate and

pesticide movement within the unsaturated zone of the fluvent soil type. Experimental
,,

results are being analyzed.

A weather monitoring station was installed in the center of unit 2 and a portable

computer was purchased for the downloading of data collected from the station. Data will

be collected from the station when computer memory is nearing capacity. These data will

then be stored on magnetic disks for future reference.

Insect and pathogenmonitoring is done on a monthly basis. Several pest problems

have been discovered at the plantation; however, none are critical at the moment. There

has'been an infestation of nymph grasshoppers and a few small beetles that appear to be

eating Some silver maple leaves much like the nymph grasshoppers. Perhaps the more

important pest find relates to a cambium miner(Phytobia setosa, tx_ew), which typically

bores "serpentine mines" in the cambium of sugar and red maples. The miner may pose a,,

major problem and is monitored closely. I.S.U insect/pathogen team of Sandy McNabb

and Woody Hart have f_3rmulateda general plan in tl',e event of a pest outbreak.

Cost and hours spent on each activity associated with the project are being

monitored and documented. Along with the cost accounting/record keeping tasks, an in-

depth economic analysis is being formulated for the plantation. The analysis will provide

information regarding different investment criteria such as soil expectation value, net

present value, and internal rate of return. Other parameters are also being calculated that

include the elasticities of input, mean required yield for energy production, the marginal

rates of technical substitution, and a breakeven analysis. The data are being input into a

I_x)tus1-2-3pr_)gram to aid the Amana Society and other groups interested in short-

rotation woody crops production.

Statistical measurements were taken on the nelder plots, and baseline

mcasurements were taken on ali experimental trees. The final statistical summary is not

yet available.

A methodolc_gy for collecting data onwildlife has been developed with interest

f_cused on white tai_ deer and turkey, with the possibility of surveying and assessing other
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of use of the wildlife.

, During the past year, the transfer of technology has been enhanced by the slide

presentation and poster put together for the annual subcontractors' workshop in

Washington, D.C., in July. Since then, the poster has been used on several occasions by

I.S.U. and tlie slides have been presented to the Iowa Woodland Owners Association's

annual meeting in Amana.

5°2 THE UNIVERSITY OF GEORGIA..OPTIM/ZING ENERGY YIELDS IN

BLACK LOCUS'T THROUGH GENETIC SELECTION

Purimse and Background

Objectives are to determine efficient strategies for selecting and breeding black

locust (Robinia pseudoacacia) for increased energy yield and to estimate the increase in

energy yield resulting from the implementation of such programs.

Black locust is one of the most promi:dng species for short-rotation woody crops.

- On sites throughout the eastern United States, it has outyielded other tested species

including sycamore, sweetgum; and European black alder. In addition, it is capable of

" symbioticnitr°gen fixation, a property that may reduce the need for supplemental nitrogen

fertilization and its attendant economic and energy costs.

Economic analysis has shown that the efficacy of biomass plantations is largely

dependent on increasing biomass production. Genetic improvement offers the potential

for such increaseswithout the large annual outlays required of most silvicultural

improvement options. The opportunities for improvement by genetic selection are

particularly great in black locust, previous work having shown that black locust harbors an

unusually large pool of genetic variation.

However, of the many possible genetic improvement strategies that could be

employed, it is not clear which will be most efficient, most rapid or most effective. To

select the most desirable improvement strategy, knowledge of propagation systems, mating

systems, and genetic architecture must be obtained. Furthermore, correlations among

traits of interest and opportunities for juvenile and Other forms of indirect selection must

be determined. The objectives of this project are to obtain this information and to prc_jcct

the gains possible from effective selective breeding programs.
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The project plan calls tbr the establishment of progeny and clonal field trials to
f

determine genctic paramcters applicable to field conditions. Moderate size (24-tree) plots

Frees from the same lamlltcswill be used to derive estimates of growth on an area basis. ' _ ' '

and clones will be grown under nursery, greenhouse, and laboratory conditions to

determine if an effective basis for juvenile selection can be found. The physiology of

growth will be examined in field trees and Seedlings to suggest additional criteria which

may serve as a basis for juvenile or indirect selection. In particular, the physiology of

nitrogen fixation and assimilation will be examined to determine optimum strategies for

joint selection of nitrogen fixation and biomass production. Inbreeding and other mating

system parameters will be determined from analysis of electrophoretic enzymes. Allozyme

analysis will alsc_be used in conjunction with previously establishcd progeny tcsts to

determine the structure of genetic w_riation in the native population of black locust.

Accomplishments

The establishment of the field progeny test was completed. The progeny test

includes 24 open-pollinated families treatcd with two levels of irrigation (irrigated vs.

nonirrigated) and two levels of nitrogen fertilization (100 vs. 0 kg hal). Each family is

represented in each treatment combination, in each of t_ur blocks, by a 24-tree plot. The

pr_geny test covers nearly 4 ha.

Measurements were collected on progeny test trees which were growing in the

field for one season. First, volume and biomass eq_,ations were developed from border

trees. One hundred trees were mcasurcd, harvested, their volumes determined by

displacement in water, and weights determined after oven-dr.cing. Diameter at 15 cm lk_r

the base accounted from 85% of the variation in volume and weight. The product of

diameter and height accounted tk_r97% of the wlriation. Other seedling measures, such

as number and diameter of first order branches and cross-sectional areas at greater trce

heights, did not substantially improve the prediction equations for individual volume or dry

weight.

Black locusts 'which had been in the field one growing season averaged 2.(X)

m_sha _ in volume and 0.92 Mgsha _ in dry weight. Greater yields might be expected in

mc)st years, when drought and frost are not as severe as they were during the 1988
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growing season. Nevertheless, volumes and dry weights attained during 1988 exceed those

for hybrid poplars grown in the Pacific Northwest for one year,

In 1988, when rainfall was 50% of normal, irrigation, at the rate of 5 cm per

month, resulted in a threefc_ld increase tn biomass production of 1.year-old seedlings,

Nitrogen fertilization had little effect on biomass yields, Families exhibited a fourfold

variation tn biomass production. The top 10% of families exceeded the test mean by 50%.

In general, the same families excelled in each of the four irrigation-nitrogen treatments.

These results confirm previous observations that genetic variation tn biomass productivity

are substantial, and the opportunity for increasing biomass production through genetic

selection are great.

Overall survlwd tn the progeny tests was 93%. Despite the previously mentioned

drought, which began in spring, no differences in survival were observed between

irrigation treatments. However, a significant difference in survival was evident between

blocks. Surviwd in Block A, which was planted with larger seedlings, was 97%, whereas

survival in Block B, planted with smaller seedlings, was 88%. This demonstrates the

. importance of establishing biomass plantations with large, healthy stock.

While the progeny plantings have been installed as planned with little difficulty,

the clonal plantings have been delayed by funding shortages and propag'.ation dtfhcultlcs.

Many clones which were easily propagated by root cuttings last year proved problematic

this year, and clones which were recalcitrant last year were compliant this year. Storage

conditions and sanitation may influence propagation success, and we are taking measures

to improve both. Despite these difficulties, approximately 20,0(X}cuttings were harvested

in the spring Cuttings from surplus clones were distributed to cooperators at Michigan

State University and Westvaco Company.

Investigation of the physiology of growth of black locust was initiated by

examination of the gas exchange properties of four clones. Net photosynthesis, leaf

conductance, and transpiralion rates were measured at three soil water potcntMs (0.0, -0.5

and -1.0 MPa) and three absolute humidity deficits (6.9, 11.5, and 16.1 gem 3) on

previously well-watered _.,ndpreviously droughted plants. Compared to other broad-leaf cd

deciduous tree species, black locust had high mean and maximum rates of net

photosynthesis. Decreasing soil water potentials and increasing absolute humidity dcl'icits

had only a small effect on net photosynthesis and transpiration rates. During a dry-down
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period, previously well-watered plants tended to close stomata when leaf pre-dawn xylem

pressure Ix_tenttal reached -1,0 to -1,5 MPa, while stomata in previously droughted plants

remained open until leaf pre-dawn xylem pressure potential reached -2.0 MPa, Thus,

under moderate water deficits black locust was able to photosynthesize at near maximum

rates. This may account, in part, for the rapid growth rate of juvenile black locust,

Examination of nitrogen fixation procceded along two avenues of research, In the

first, methods for labeling soil nitrogen with 1SNwere explored. By labeling soil nitrogen

with tSNthe relative contributions of atmospheric and soil sources of plant nitrogen can

be determined. In a greenhouse study, seed!mgs of black locust and honeylo,_:ust(used as

a reference plant) were treated with 1"SNenriched ammonium sulfate or potassium nitrate.
i

Both salts provided similar estimates of nitrogen-fixed plant nitrogen (approximately 7(1%

in 10-week-old seedlings) when applied in small amounts withhigh enrichme.qt levels.

Estimates obtained with these supplements were similar to those obtained from natur',.I

abundance measures. Applying larger amounts of ammonium sulfate with low enrichment

levels resulted in a significant fertilizer effect confounding the results. (Fixed nitrogen

decreased to 30% of the total plant nitrogen.) For field work, it may be desirable to apply

salts with intermediate levels of enrichment. High enrichment levels may be prohibitively
i,

costly, whereas low levels introduce fertilizat;,_,neft'ects. Natural abtmdance methodology

is probably unworkable because of variation in soils under field conditions. Field trial:_

were est_lblished this year to test these assumptions.

In a second line of work, the effects of soil nitrate concentration on nitrogen

accretion mechanisms in black locust was examined. Nitrogen fixation was measured by

acetylene reduction on 15.week-old black locust seedlings, watered daily with solutions of

0.0, 0.5, 5.0 or 15.0 mM nitrate. In general, increasing nitrate concentrations reduced tot_ll

acetylene reduction (TAR), The decrease in TAR with increasing nitrate predominately

reflected a decrease in acetylene reduction per gram nodule dry m_tssrather than a

decrease in nodule dry mass. Increasing nitrate concentrations also increased nitrate

reductase activity. Unlike soybeans, nitrate reductase activity was much higher in leaves

than roots of black locust. Nitrate reduction in leaves is more energy efficient than

rcducticm in roots. Family ditTcrences in acetylene reduction and nitrate reductase activity

were also observed. One of lhc three families examined showed significantly lower

_cetylene reduction rates and higher nitrate reductasc activity suggesting that it might be
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4)

designed to examine the effects of soil nitrate on nitrogen accretkm from soil and

, atmospheric sources and the energy costs attendant with each has now bccn condul_tcd,

but the data have not been analyzed. Cursory examtnatl(m of the data suggests that

increases in soil nitrate decrease nitrogen fixation by decreasing mot nodulatton and the

. specific activity oi' the nodules, Furthermore, lt appears that nitrogcn oblatncd from soil

nitrate has lower energy costs than nitrogen obtained from nitrogen fixation, but thcsc

conclusions must be regarded as preliminary,

A final activity was the calculation of genetic correlations between members oi'

open..pollinated families. Calculation was accomplished by means of an algorithm which

employs allozyme data. The algorithm calculates the expected number of alleles in

common for half-sib and full-sib cases, then determines the degree of rclatedness by

interpolation (or cxtrapolatkm) from the observed number of alleles in common. The

average genetic correlation in open-pollinated collections from 23 populations within the

natural range of black locust was 0,35, or about half way between half-sibs (genetic

- correlation of 0.25) and t'ull.sibs (genetic correlation of 0,50): Indivklual families ranged

from near half-sibs to near full-sibs. Thus, it is erroneous to treat open-pollinated families

as half-sibs, as is often done, or to consider open-pollinated families to have similar

genetic Structures.

Technical Information l)issemination

Bongarten, B. C. 1989. Selection of black locust for biom_ss production. Paper

presented at Terrestrial Energy Crops Program 1989 Conference and Workshop,

July 18-21, 1989, Washington, D.C,

Boring, L. R., W. T. Swank, J, B. Waide and G. S, Henderson. 1988. Sources, fates and

impacts of nitrogen inputs to terrestrial ecosystcms: review and synthesis.

Biogeochemistry 6:119-159,

Johnsen, K. H., B. C. Bongartcn, L. R. Boring and R. O. Teskey. 1989. Short-term

effects of nitntte ()ranitrogen metabolism of black locust seedlings. Paper

presented at Ecc_logicalSociety o1'America conference, August 6-1(), 1989,

: Toronto.
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locust (Roblnla pseudoacacia). Can, J. Fc)r. Rcseart_h, 19:471-479,

Surles, S. E,, J, L, I-lamrlck, and B, C, Bongurten, 1989, Mating systems in wind-

polltn_lted t'amll,ies of black locust (Robinia pseudoacacia), Sllvae Oenetlca (In

press),

"_ v, ,Surles, S. E., D, K. Apsiey, R, O. Teskey, and L, R. Bearing, 1989. Physk_logtcal

responses of black locust (Robinia pseudoacacia) to moisture stress. Can, J. For,

Research (submitted),

Surles, S, E,, J, Arnold, A. Schnabel, J. L. Hamrlck and B, C, Bongarten, 1989. Genetic

relatedness in open-pollinated famtlies of two leguminous tree species, Thec_r,

Appl, Genet, (in prepttrtttkm),

Surles, S. E., D, K. Apsley, L. R, Boring and R, O, 'I'eskey. 1989. Physk_logical responses

of Robinia pseudoacacia to varying soil moistul'.; conditions. Paper presented at

Ecological Society of America conference, Augul;t 6-10, 1989, Torcmto.

5.3 IOWA STATE I.JNIVERSITY.-SELEC"I'ION AND BREEDING OF

PEST-RESISTANT CLONES OF POPULUS FOR. BIOMASS ENERGY
0,

PRODUC"FION IN THE NORTH CENTRAL REGION

Purlxx,_ and Background

The pr_ject's objective is tc_devek_p new clones of Populus for use in the

l_roctuction of bLcmass energy in the North Central Regton of the United States.

Emphasis h_._sbeen placed on selection and breeding tk_rpest resistance, dry weight

yield potential, and ease of propagtltion. Screening tbr pest resistance in hybrid l_'otndus

pc_pul_ltionsis a m_jor component of this project.

Accomplishment.s

This year, 67 clones and 9 new lhmilies were _dtled to the nursery screening trials.

Ccmnting the material that was repropagated from materi_d used last year in the nursery

screening, 141 clones, 4 provenances, and 120 families are under test. A Populus breeding

specialist has i_een hired to greatly expand the number of t'anailiesproduced during the

19_,1breeding season. A planting of the Belgium/ISU clones was established at the

Rhodes research area thinespring. Rejuvenattion studies were started with tbur trees
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ranging In age from alxmt 10 to over 50, Both grafts and r(._otedcuttings were established
4

this spring anti these trees t_rebe,lng serially repropagatcd In tile greenhouse,

, Ovctwintered lctwes from existing plantations were again spread over tile

screening beds in early May, Septorhl leaf SlX)tsymptoms did tlppear on the lower letwcs

oi' lt ['ew trees during the llrst week in June, During tile second week o1'June, Mam'otdtta

leaf disease appettred tin the lower leiwcs of some of the families, By tilt,',end of June,

Marssonlna leaf spot was spreading to leaves higher on the trees, In July, both

Marssonina and Septortu leaf spots continued to increase, especially on lower le,ves oi'

susceptible trees. The Belgian clones appeared to be quite susceptible to Septorla leaf

spot with several showing merc resistance than the overull group. Septoria canker also

uppeared in some of these clones. A collectkm ()t'rusted leaves wits obtained from

Rhinehmder, Wisconsin, and spread over the screening beds In mid-August. This br()ught

rust symptoms and signs about a week earlier than the natural infections at Rhodes Farm,

Differences in rust incidence were noticed during the readings taken in late August,

September, and October, The most striking obserwition was the resistance to rust

• exhibited by the Illinois cottonwood clones. This confirms the wdue of phenotyplc

selection for rust resistance in the field. Preliminary disease ratings [i)r the Belgian clones

in the nursery and field tests are presented in Tables 11 and 12.

I.,aboratory screening for cottonwood leaf beetle (CLB)susceptibility was

completed for 14 clones and tests of another 1 clones are in progress. These first anuiyses

indicate that there were significant clonal effects upon development time, leat' area

consumed, and pupal weit,,ht;there were no significant effects ()1'wounding upon C.I.A3

dcvelt)pment or mortality.

Collapsible screen cages for field testing ()1'individual trees were designed and fifty

cilges constructed in July. Cuttings of eight clones previously tested in the hd')orltlory were

potted and ro(wed to these field cuges in late July. ttowever, this preliminary test hnd to

be canceled because of CLB contamination of the test trees beli)re the experiment

started; extremely heavy natural p()pulations ()t' CLB were evident in _llltest areas this

year.

Three clones, IS-31, a t" maximowiczii, and a Belgian clone, were prt)p_tgated li)r a

preliminary ex_minati(m oi' the effects ()f le_ll'-wt)urtdingon larval biol()gy in a whole-tree

environment. This work w_tscarried out in early August with the assistance o1'a visiting
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'l'llt_le, 11, Prc;llnlhlury _ll,se,Ii,_oscorc:s l't_r llolglitn clones iii Iho DNR Nurscq'y, Ames, lowll,
l)lita tlikotl 9/15/X9,

Seplorla Icill' Sel)torta Melamp,_'ora Mamo/iltla
(.,Italic, / ISU ,# litlrl?,iils spot siJol'e c:lillkcr Iio, rr,iii t,lt:t'Jl'_, ,'4Cl_l'e'_

t lluil / ,1 t x (d xd) ,'t. 2 2 ()-t-

l l(_ehil'l; / 5 t x (d xd) 3 i O+ li+

ltiiSl_llllJl.', / 6 I x (d xd) 3 [) 1, (]+

17tc;litli)l'e / 7 i x (d xd) 3 ii 2- l-

I-Itilllle,gclli / 8 I × d 2,t- (} [ li+

l"l'lllll) / t) (d xd) x n 2- () 2 ()

Clll(_y / 1() (d xd) x ii 3 3 2+ ()

(tilvctr / 11 (d ×d) x n 2 () 0-t- li

(ttl_e,c,q / 12 (d ×d) x n 2. {) 1+ [)+

()tTY / 13 (d xtl) x ii 2+ () 1+ 1-

l_i_'.l'es / 14 d x n 1 () 1 04. ,

'l'rlc,hc_bcl / 15 I x I 2- 0 I)-t. i)+

7f,,I)2_15 / 17 !t x (el x d) I x 3- 3 1 ()+
(d x d)

f,¢.J,l)3,',l/f_ / 18 1× d 2 1 3 ()+

72,()2{U4 / 2(J i x (d x d) 2 1 2. 1+

7(i,(i45/1 / 21 I × tl 3 8 3 ()-t-

23 ii x t 3 I ()+ ()+

24 ix m 3. () ()+ 1

25 cl x nl 2+ l) ()+ 0-t-

26 d x (I x ra) 3 I ()+ ().b

2l,,; i xl 3- () ()-t- 2+

---_ inily iliii,',;kl]_ilg riil-il'ig,2 "["JT_elisei'lil]iit_s Iii'(;: ()_\sl"lght; 2 ="liill)ddrlllel .'_[-_-"]_'_.livy;[ilii'elii
c:{Idc'sllrc i = P, i'ricliocarpa; d = P, deltoides; i1 = l "_,tli&'l'qll[11 :: ]j, mcLl'imqJwiczii; I = P, l(l,Tl'Ot:<lll)fl.
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"l'Id_1o1'2,Prc:IIrnhmryrtmtlindclornmncy_corc,_{'orBul_[unc:lon_satthuRhodc;_
• l!'_,xl_urlnluntttlAru_L,l)tttJ=tttkun9/19/89,

" C',l()Hu / ISU # l)nrunt_ Molmul)m)rn No, ()1'truc,_ Nt), or true,_wltll
rl,lS[ sc()['o rl}1'(2'_/,._li t t'Jtl(.lS(2'[

l]_olttrc, / 5 t x (d xd) I 4 I

B_,ttl_t'o / 7 t x (d xd) 2, ,1 3

l--ltlltl|Ogl.',l11 / 8 I X d 1- "t 3

t il_oy / 1() (d xd) x n 1- 4 3

Chwcr / II (d xd) x n 0 4 ()

Cill_ceq I ,12 (d xd) x n I+ 4 I

Ogy / 13 (d xd) x n (I-t- 7 5

Islercs / l,l d x n I- ? ,l

"l'rlch<fl'_cl / 15 Ix t () 4 ()

76,()28/5 / 17 II x (d × tl) I × (d × d) 2- ,1 2

6%()38/6 / 18 t × tl 3- 4 I

• 72,1)2t)/4 / 2() t x (d x d) 2- ,l 1

7(),(),1,':i/I / 21 I x cl 2- ,1 I

' 23 n x t ()-t- 8 1

25 d x ni 0 4 1

Soc 'l_tll_lo5 I't_rcXpi/llltltltmt_l'codes,
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stu(.lerlt from Ft'ritmo, CLB hlrvtle were lntrc)duced h_to <.nl_zhu_lge+tnddata tilketl on hlrv{tl
ii

survlvlll, l(alll'lltca eonsunmd,and larval mtwement rchltlvc to the wounded leaf lhr e,ach

el(mc, Only hlrvtll survlvtll wits slgnJ['[¢lll'l{, A grellt dual of lllt'ormiltk}n w_.ls llcgrued for

t!ltlterltil und technique modll'lcutkms for the sttmdard field t,asts to begtn in I_X),

]n rehttcd w(+rk,Kurt Allen, li gr_lduat_astudent In Forestry und Entomology

working with the bk_tcdlnology program1,hlls perlbrmcd a prcllmhmry eXiltllJtliltJ(}tl (')['

hectic susceptlhllity (ni gencttctdly trtmstk_rmedPolmtus, He Is using Plagiodera pera'h'olora

(l.,llich_lrtlng), the lmportcadwillow le_¿l'b(mtle, because of its more polyphllgous la_Ll_lts

within Polmlus, St:vm'tilt:hunges in laboratory techniques l'rom those used with the CLB

were nec,cssitttted tk}rthis species, He will be starting a full test before November 1 o1' the

rlrst rout tri' rlt'tccn clones Irltnsl'c_rmcdwith the PIN-II proteinase inhibitor gene,

Major (_mstraints

A mlljor bhfit_gltzalconstr_llnt was th_lt rust dlsenses deveh_ped hlte ag_ltn this yetlr

thr()ugiu)ut the Ntmh C2entr_dRegi(m, This means thai l','wer entries tn the tritlls c(_uld t)e

p()sitively elllnlnltted on the busis ()i' their rust so.ores; tnorc entries will have tr) be cnrried

twer intu next ytmr's testing,
l

'l'echnical Inforumtkm DL_scmination

(?hut_,Y, W,, N, B. Klopl'ensteln, H, S, MeN,fbh, Jt', nnd R, B, Hull, 1988.
., .

13i()teclanc)h)glcal_lpl}lic_lthmsin P(q)uhgsspecies, J, Kox'e,_lnIVi)x'est'ryS(}ciety

77:467-483,

Hall, R,B., J,P, Collettl, R.C, Schultz, R,R, Faltons(m, S,H, K(}llson,Jt',, R,D, l-lanntl, T,D,

Hillson, _lnd J,W, Morriscm, 1989, C(}mmercial-scllle vegetative prolmglitton o1'

uspens, Paper presented ut the Aspen Symposium, July 25-27, 1989, Duluth, MN,

Hart, E, R,, H, S, McNabb, Jr,, R, B, t I_11und R, D, l lllnna, 198q, Pest cvt_lu_lti()nsin

j()int testing designs, Pupcr presented lit joint meeting t)r the Internntl(mnl Energy

Agency Tusk 5 Activity Gr()ups (_taExchar_gc or Genetic Muterial und Joint 'Friuls

of Ahtus, PolmlUs and SalL_',September 25-28, 1989, "I'()r(mt().

KMpl'cnstein, N, B,, S, A. ltcuchclin, II, S, McNabb, .li',, R. W, "l'h()rnburg, R, B, 1-lnlland

E. R, Hart, 1989, 'l'rnnsl'()rm_lti()n()1'hybrid l"(qmlus with the proteinase tnhibittn'

II gene, (Abstr.) Phytt)imtht)h)gy 79:(1n press).



47 i

i

KlolffUnstutn,N, B,, H, S. M_Nlfl_b,Jr,, R, W, Thornburg, R, B, l-hill lind E, R, Flllrt,
4

1989, Foreign gunu exprcsslim in pophlr hybrids, (Abstr,) IN Abstrllcztbooklet,

Second Annunl Iowil Stillu University Life Sciences Mini-Symposium, Milrch 1(1.i1,

1989, Ames, lown,

Klopfunstein, N, B,, H, S; McNllbb, Jr., R, W, Thornburg, R, B, Hnll trod E, R, l-l_irt,

1989, Insertion lind Uxl)russkmof foreign gune,s in ilspen hybrids. (Abstr,) Ni), 8

IN Abstract bo6klet, Aspen Symposium '89i July 25.27, 1989 1n Duluth, Minnesotil,

Klopt'enstuhl, N, B,, R, W, Thornburg, H, S, McNilbb, R, B, l-hill, E. R, Hnrt, Y, W, Chun,

A. Kurrmn nnd N. Q, Shi, 1989, "l"rimsti)rmlltionof Populus - from system

development to field plnntings, (Abstr,) Poster lind pnpur presented (lt NATO

Adwmced Reseilrch Workshop/IUFRO Working Pm'ty $2,04,07, Somnflc Cell

Genetics, 2nd Inturmlttonld Workshop: Woody Plant Biotechnology, October

15.19, 1989, USDA Forest Service Institute of Forest Genetics, Plllcervlllu,

Caltt'ornin,

I,uluy, C. J, imd H, S, McNllbb, Jr, 1989, Ascospore production, releilse, germination,

• lind infection of Populus by Mycosl#taerella potmlomm, Phytopllthology 79',(1n

press),
t,

McN_lbb, H. S,, Jr, 1989, Research In the United Stntes of America on reslst_mce to

disetlse and insect injury in Polmlus. P_q)cr presented _t European Community

rcsc_rch project meeting on Breeding for Resistance tc) Fungal and B_cterhll

Pathogens of PolJulus, April 11-13, 1989, Oeraardsbergen, Belgium.

McN_fl)b,H. S., Jr, and E. R. H_ll't 1989. Prellmin_ry results of screening for diseases and

insect injuries c)['the Belgian hybrid pc)phtr clones lmporte¢l by irt vitro culture in

1985. Paper presented t_tjoint meeting of the Intern_tional Energy Agency Task 5

Activity Groups (m Exrhange oi: Genetic M_terial and Joint Trip,Is ol'Ahut,_',

Populus and Salix, September 25-28, 1989, Torc)nto.

McNabb, H. S,, Jr., R. B. Hall and E. R. Hart. 1989, P()ph_rs,Pests, and Progeny. P()ster

'+ }presented al the Terrestrial Energy C,r(ps 1989 C()nl'ercnce and W()rkshop, July

18-21, 1989, W_lshingt()n,I.).C.

McN_fl)b,H. _" ' ' '._., Jr',, R, B. Hall, R, C, S(.'l_ultzand J, P. C(_llett_. 19_9, M_nageme_t ¢_1'

Pc_pl_lrSystems. Pc_stcrprcserlled al lhc Terrcst, rial l_+nctgyCt'ops 1989

Ccml'erence and W¢+rksht+t+,July 18-21, 19819, Wastaingtc+n,D,C,
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McNabb, H. S., Jr., N. B. Klopfenstein, R. W. Thornburg, R. B. Hall and E. R. Hart.

1989. Biotechnology: Genetically Engineering Poplar. Poster presented at the

Terrestrial Energy Crops 1989 Conference and Workshop, July 18-21, 1989,

Washington, D.C.

McNabb, H. S., Jr. I989. In vitro selection against harmful agents in woody plants - A

critical review. NATO Advanced Research Workshop/IUFRO Working Party

$2.04.07, Somatic Cell Genetics, 2nd International Workshop: Woody Plant

Biotechnology, October 15-19, 1989, USDA Forest Service Institute of Forest

Genetics, Placerville, California.

Ostry, M. E., L. F. Wilson, H. S. McNabb, Jr. and L. M. Moore. 1989. A guide to insect,

disease, and animal pests of poplars. Agriculture Handbook No. 677. U.S. Dept.

of Agriculture Forest Service. Washington, D.C. 118 pp.

Ostry, M. E., L. F. Wilson and H. S. McNabb, Jr. 1989. Impact and control of Septoria

musfi,a on hybrid poplars in intensively managed plantations in central Michigan.

USDA Forest Service North Central Forest Experiment Station General Technical

Report NC-133. St. Paul, MN. 5 pp.

Sillick, J. M., H. S. McNabb, Jr. and R. W. Thornburg. 1989. Extracellular proteinases oi"

Septoria musiva. (Abstr.) Phytopathology 79:(in press).

Son, S.H. and R.B. Hall. 1989. Multiple shoot regeneration from root organ cultures of

Populus alba X P. grandidentata. Plant Cell, Tissue and Organ Culture (in press).

5.4 MICttIGAN STATE UNIVERSITY-NET ASSIMII_TION AND

PHOTOSYNTHATE ALLOCATION OF POPULUS CLONES GROWN

UNDER SHORT-ROTATION INTENSIVE CULTURE-PHYSIOLOGICAL

AND GENETIC RESPONSES REGULATING YIELD

Purptxsc and Background

Objectives are to quantii_y the differences in net assimilation and photosynthate

allocation among Populus clones and determine why differences in assimilation and carbon

allocation occur, to determine if differences in assimilation and carbon allocation among

Populus clones before coppicing remain unchanged tbllowing coppicing, and (3) to develop

breeding strategies and modify silvicultural prescriptions tk_r increasing biomass

prc_ductivity of SRWC Populus plantations.
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The experimental approach has been reid-oriented, with two major experiments

• nearing completion. Although follow-up and Spin-off studies are presentlyunderway, the

. major accomplishments have come out the following two Studies.

Experiment 1, "Physiological Responses of Two Populus Clones Grown Under Two

Levels of Irrigation," was designed to determine (1) how moisture affects net assimilation,

whole-tree carbon all_ation, water relations, and root growth in two poplar clones

(Populus tristis x P. balsamifera cv. Tristis No. 1 and P. x euramericana tw. Eugenei) with

Contrasting morphology and phenology and (2) how coppicing influences established

patterns of net assimilation, whole-tree carbon allocation, Water relations, and root growth

in the two clones. The phenology, distribution, and morphology of the fine root system

has been studied with minirhizotrons.

Experiment 2, "Pot Culture to Evaluate the Effects of Genotype, Nitrogen and

Water on Whole-tree Growth and Carbon and Nitrogen Partitioning," was designed to

determine how availability of water and nitrogen affects photosynthesis, net assimilation,

and the whole-tree economies of carbon, nitrogen, starch and _sugar. The same two

Populus genotypes as in Experiment 1 were grown in the field in large plastic pots to

facilitate root recovery and provide more uniform edaphic environments. 'Frees were

' sequentially harvested over the course of two growing seasons. Although analysis of the

experiment is not complete, the results to date represent a significant gain in

understanding of the whole-tree physiolo_ of Populus. Spe_-it'icbackground details and

desigv of Experiments 1 and 2 were given in the previous three annual reports submitted

to the Short Rotation Woody Crops Program.

Accx_mplishments

The 4-year-old trees irl Experiment 1 were harvested during early March 1988.

Individual aboveground tree biomass of Eugenei far exceeded that of Tristis, reflecting the

differences in height and diameter presented in the 1988 annual report. Branch dry

weight in Tristis was equal to that of the stem, whereas in Eugenei it was about half.

Biomass of Eugenei trees was more than doubled by irrigation and syllcptic branching was
!

promoted; Tristis biomass and branching were unaflbcted by watering.

: Coppice regrowth was vigorous, despite a record drought. First-year coppice

sprouts reached ca. 3.5 m in height on irrigated Eugenci stumps, and 2.5 m on
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nonirrigated stumps, with most of the growth differential occurring in late season, Tristis

sprouts reached nearly 2 m in height, almost their height after 4 year's growth from

cuttings. Irrigation, again, did not affect the growth of Tristis. The sum of the

cross-sectional area of 1-year-old sprouts exceeded that of the stump that produced them

by (_% in Tristis, but in Eugenei sprout cross-sectional areas were about 2/3 that of the

stump. The interpretation of these data, using the Pipe Model Theory as a basis, shows

how quickly a large leaf area is regained by poplar coppice sprouts. Photosynthesis was

unaffected, but stomatal conductances increased in irrigated sprouts. By the end of the

first growing season, leaves On coppice sprouts were physiologically similar to those on

uncoppiced stems.

Spring fine-root growth was unaffected by coppicing in clone Eugenei; both fine-

root numbers and lengths increased significantly from March (preharvest)to May

(postharvest). A calibration study, which compared data taken from minirhizotrons and

soil cores, indicated that minirhizotrons were unsuitable for estimating actual root length

densities or biomass. The primary value of minirhizotrons, then, is for determinations of

fine root dynamics and morphology.

Results from ,Experiment 2 indicate that the pattern of allocation of carbon on a

whole-tree basis was not influenced by moisture and nitrogen during the first year. Tristis
, I

allocated more photosynthate to root production than Eugenei, regardless of

environmental conditions. Carbon allocation is a highly deterministic process in the two

genotypes studied and appears to be under strong genetic control. Fine roots never

accounted for more than 4% of the standing crop of year-old Populus. They are not a

major carbon sink in these young trees as was initMly expected. On a whole-tree basis,

more than 70% of the total nitrogen was found in the leaves during the peak of the

growing season. Young Populus are amazingly efficient at nitrogen conservation; Eugenei

went into the dormant season with at least 80% of its Septembei" total N content in

storage. Large, structural roots werc the major site of nitrogen storage during the

dormant season. This finding has potentially important silvicultural ramifications;, similar

to those already known for horticultural spccies likc peach and apple.

Patterns of whole-tree allocation to starch and sugar were not influenced by water

and nitrogen the first year, although quantities of rcservcs were. l.arge roots were

far-and-away the major site of carbohydratc storage during the dormant season. Large
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roots were "loaded" with reserves in a very dramatic and dynamic way at the very end of
6

the growing season, especially in Eugenei. Studies of the mobilization and utilization of

. belowground reserves following winter coppicing should be a high priority for additional

research. Fine roots (< 0.5-mm diameter) were also loaded with starch and sugar at the

end of the first growing season; concentrations increased more than 60 times in less than

four weeks. These reserves may be used to fuel new production (lateral root branches)

the following spring.

Second,year growth by potted trees was positively related to Watering and nitrogen

fertilizer treatments, especially in terms of leaf area. Eugenei outgrew Tristis and showed

a greater response to water. Both seasonal and diurnal stomatal conductance and net

photosynthesis were reduced by moisture stress in potted trees. These effects were most

pronounced at the end of the early-season drought which developed in 1988. Both clones

seemed to adapt to water stress by closing their stomata, but Tristis leaves were less

affected by water deficits than Eugenei. Dark respiration rates during midsummer were

not affected by water or nitrogen. Comparing high and low water treatments, respiration

rates were 33 and 50% of maximum photosynthesis rates in Eugenei, and 20 and 28% in

Tristis.
q

Microcomputer-based, image analysis software (ROOTS) to extract root

measurements from video minirhizotron images was developed. The software, which

requires a digitizing board, is operational and can be adapted for other uses. The analysis

of video images has been a persistent research bottleneck which has plagued everyone

attempting to use the minirhizotron technology. The ROOTS program represents a major

step forward in the practical application of the minirhizotron technique. The program is
i

being made available tbr purchase.

Technical Inlorrnation Dissemination

Dickmann, D., C. Firkowski, R. Hendrick, J. Warbach, P. Nguyen, and K. Pregitzer. 1989.

The effect of irrigation and harvest on fine root dynamics of two hybrid poplars.

Paper presented at the Minirhizotron Workshop, April 11, 1989, Michigan State

Univt::rsity.
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Dickmann, D. I. 1989. The popular poplar: what makes it run? Paper presented at the
J

Crop and Soil Science Department Seminar Series, May 23, 1989, Michigan State

University.

Dickmann, D. I., K. S. Pregitzer, and P. V. Nguyen. 1989. Whole tree carbon assimilation

in poplars. Paper presented at 'Terrestrial Energy Crops Program 1989 Conference

and Workshop, July 18-21, 1989, Washington, D.C.

Dickmann, D. I., K. S. Pregitzer, and P.V. Nguyen. 1989. Poplar plantations for energy:

the physiological basis for growth. Poster presented at the Terrestrial Energy

Crops Program 1989 Conference and Workshop, July 18-21, 1989, Washington,

D.C.

Dickmann, D. I. 1989. Light interception and carbon fixation in tree canopies:

contrasting patterns in two-year-old Populus clones Eugenei and Tristis. Paper

presented at IUFRO International Workshop on Dynamics of Ecophysiological

Processes in Tree Crowns and Forest Canopies, September 24-29, 1989,

Rhinelander, WI.

Prcgitzer, K. S. and D. I. Dickmann. 1989. Acquisition of limiting soil resources: linking

the root and shoot. Paper presented at IUFRO International Workshop on

Dynamics of Ecophysiological Processes in Trce Crowns and Forest Canopies,

September 24-29,1989, Rhinelander, WI.

5.5 MISSISSIPPI STATE UNIVERSITY: EARLY SELEC--'IIONCRITERIA AND

CLONAL PROPAGATION METHODS FOR INCREASED PRODUCqIVITY

OF SYCAMORE IN SHORT-ROTATION ENERGY SYSTEMS

Purlxx,uz and Background

Objectives are to provide basic descriptive information on characteristics of

sycamore (Platanus occidentalis L.) reproductive materials (seeds, seedlings, and rooted

cuttings), to determine n_agnitudes of genetic and common-environmental (matern_fl)

effects, to estimate sizes of juvenile-"m_lture" genetic correhttions, and to develop

"hedging" techniques for production of rooted cuttings.

Seed and seedling ' _ ' 'characteristics should affect the performance of sycamore in

short-rc_tation plantations, and these ch_ractcristics are subject to genetic and

environmental effects that can be managed to increase productivity. The use o1'vegetative
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propagules rather than seedlings can allow greater utilization of genetic improvement in

productivity,

Accomplishments

A paper on juvenile-"rnature" correlations from germmator, nursery, greenhouse,

and 1-year field tests of 12 open-pollinated families was presented at the 20th Southern

Forest Tree Improvement Conference in Charleston, &)uth Carolina, on June 27-29, 1989.

Rate of germination ("peak value") and r(x)t growth lx)tential (on 1-year-old seedlings

from the nursery) had significant family-mean and genetic correlations with first year

growth in the field (Tables 13 and 14).

A total of 91 outcrossed seed balls, 20 selfed seed balls, and 19 non-pollinated

seed balls were harvested from 222 female flowers bagged in March, 1988. Bagging was

effective in preventing open pollination, as the non-pollinated seed balls prc_duced only

2% full seeds. Sycamore was self incompatible, since selfed seed balls produced 9% full

seeds and control-outcrossed seed balls (also open-pollinated balls) produced 30% full

seeds. Six pairs of reciprocal crosses (12 crosses) provided full seeds f(_rsubsequent

studies.

X-ray radiographs were used to separate full l,rom empty seeds. Maternal effects

(differences among reciprocal crosses for the same pair of parents) were more important
,

than family effects (differences among pairs) for number of seeds per seed ball, seed

length, weight pcr full seed, weight per empty seed, and embryo weight, Eleven of the 12

cc._ntrolcrosses had sufficient seeds for germinator and nursery tests. These contrc_l

crosses differed significantly for rates of germination (peak values) and germinatic)n values

in the germinator and nursery and for rates cffhypocotyl growth and hypocotyl length in

the germinator (Table 15). Much of this wlriation among crosses for germinaticin (and tc_

some degree for hypocotyl growth) was duc to cc3mmonenvironmental effects (among

crosses within pairs) rather than nuclear genetic ctTects (among pairs) (Table 16).

Hypocotyl growth rate in the germinator (but not germination) had a high family-rank

correlation with germination and early growth in the nursery (Table 17). Monthly

measurements _)t'seedling heights and diameters and bi-weekly measurements of numbers

and diameters of living leaves were taken throughout the summer and fall. A graduate
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"Fable 13, Significant product-moment correlations between germination, nursery, greenhouse,
and field traits for 12 open-pollinated sycamore families

Germination Greenhouse RCP traits

tral_._.!t no, of new roots Nurser_ '
Medium

Field trait lateral

Peak value I_x)ng Medium Short roots

Stem dry weight (},596' .0,96 0,035 -0,(X}8 (},{}32

Root dry weight 0,738** .0,26 0,125 0,099 (),279

Total dryweight 0,683** -0.07l 0,075 0,037 ' 0,137

Growth secondary buds 0,805** (},59(}* (},818'* 0,82l** 0,678**
(3 mc)nths)

N{},secondary buds {},586' {},529 0,711'* {},8{}5'* {},641'
(1 year)

Length {}ftopmost sprout .0,741'* -0,219 -(},454 -(},333 -(},514
(3 months)

NI.},total apical buds/tree (156(}* (},527 (},717'* (},817'* {),614' ,
(1 year)

Gr{}wth ali buds/trce 0,778** 0,543 {},7()(}** 0,702** {},489
(1 year)

Root volume (1 year) (),624' -0,12{} {1,(1()2 0,019 0,112
'"* - Significant ai tile 0,05 level,
** -" Significant al the (),01 level,



55

Table 14, Genetic correlations for measures of root growth potential (RGP) and tapr_)t)t
length with first-year field performance of 12 open-pollinated sycamore famllle_

Genetic

' Field trait by greenhouse trait correlation

No, sprouts/tree (after 3 months) by
Taproot length (day 264) -0,764
No, of long (>5 cm) new roots (day 21) 0,990
No, of medium (2,5-5,0 cm)new roots (day 21) 0,966
No. of short (!,0-2,5 cre) new roots (day 21) 1,138

Growth ali sprouts/tree (after 3 months) by
No, of long (>5 cm) new roots (day 21) 0,953
No, of medium (2,5-5,0 cre) new roots (day 21) 0,97()
No, of short (1,0-2,5 cm) new roots (day 21) 1,093

Total no, apical buds/tree (after I yeari by
No, of long (>5 cm) new roots (day 21) 0,852
No, of medium (2,5-5.0 cre) new roots (day 21) 1,002
No, of short (1,0-2.5 cm) new roots (day 21) 1,374

No, secondary apical buds/trce (after 1 year) by
No, of long (>5 cm) new roots (day 21) 0,834

. No, of medium (2,5-5,0 cm) new roots (day 21) 0,976
Nol of short (1,0.2,5 cm) new roots (day 21) 1,339
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'Fable 15, Study means for sycamore germlrtatlon tests and early nursery mcasurenmnt

Probability of htrger
F-tesL!n ANOV._A_

Ali Crosses

Seed and seedling Study crosses wit Among
traits pairs

mean (pooled) pairs

1, Ge,r,n!lnator
(1) % Full-seed normal gemlm_thm Day 5 27,9
(2) " Day 6 68,2
(3) " Day 7 81,11
(4) " Day 8 Ni.9
(5) " Day 9 89,9
(6) " Duy 10 911,1
(7) " Day I1 91),8
(8) " Day 12 9 1,1
(9) " Day 13 91.1

(111) " Day 14 91,1
(11) Mean % daily germination Day 14 6,5 ,3894 ,4577 ,3888
(12) Peak value (%/day) 12,7 ,(XXll ,(XX)I ,1470
(13) Germinalion wflue l=(ll)x(12)l d2,7 ,0(Xli (X197 ,1524
(14) % abnormal germination Day 14 6,4 ,4326 ,2624 ,7539
(15) % full, nongern'tinated seed Day 14 2,1 ,0483 .0117 ,9393
(16) Hypocolyl length (mm) Day 5 1,5
(17) " Day 6 5,3
(18) " Day 7 8,6
(191 " Day 8 11,6
(20) " Day 9 14,3
(21) " Day 1(I 15,5
(22) " Day 12 16,7
(23) " Day 14 1'7,2
(24) Hypocotyl growth (mm/day) Day 14 1.23 ,(XXII ,(I(XI1 ,1494

(25) Peak wllue hypocotyl growth 1,71 ,(_)01 .(XXI1 ,1713
(mnt/day)

(26) Hypocotyl length (mm) of Day 14 17,8 ,IXX)I .(XX)I .1746
, nonfungus seedlings

II, N ursel3,

(1) % germination Day 7 0,0
(2) " Day 14 7.2
(3) " Day 22 15,1
(4) " Day 28 J4,3
(5) % surviving germination Day 56 11,9 ,(XXI1 ,()_X)I ,7670
(6) Mean % daily germination Day 14 (),51
(7) " Day 56 0.21

(8) Nursery peak value (%/day) 0,81 .(RXli .(IIXI1 .8115
(9) Nursery germination value 0,27 ,(XX)I ,(XX)I ,7()33

1=(7)x(8)1
(Ii) Seedling til, (mm) Day 14 1,9
(1 I) " Day 22 3,4
(12) " Day 28 5,2
(13) " Day 56 4(),3

_'W_;-_ib[llty values {_f (),05(')0 16 0.()i(11 are ctmsidered sigilil'icant (=*), values _7/'7_ to
().(X)I1 are considered highly significant (=**), and wllues o1' (),0(11(1or smaller are very highly -_
significant (=***).
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'Fable 16, R,ehttiv¢_stzes of warlanu_components _Lmongand within six s_ts of reclproc_ll crosses fear
sycalIIOI'C, gol'lllllllltloll |es|s l|lltl e,ltl'ly !'ltlrs_ry lllg_jStlr_lll_lltS

,,,,,, i, . , , ,, ,*,, ,,

Varlnncc COillpoi1¢31| [SL_q

, Crosses w/l

Seed trod se,edllng Ali crosses lhllrs ptllrsIVpl
traits [Vg = VC(I,)+Vpl IVc( l')l (% or' VT)(% olVT)

I, Ge,rmtnator

14.day gcrmlnallon_

(1) Germtnatloa value 137'* 43% 57%
(2) Peak value 3,29'* 47% 53%
(3) %full; non-germinated seed-day 14 2,51' 82% 18%

14-da_._VhypLLc0[ylgrowl h.:

(1) Hypocotyl growth (ium/day).day '14 0,07l** 48% 52%
(2) Peak value hypocotyl growth 0,145'* 53% 47%
(3) Hypocotyl length;

non-fungus-day 14 13,9* 53% 47%

II, Nursq.ff

56-day gerlnlnation:

(1) Nursery germination value 0,()87'* l()()r'A, (1%
(2) Nursery peak value (1,2(_()** 1(_0% ()%
(3) % surv, germinatlon.tlay 56 66,8* I(X)% ()%

"Variance components or percentages followed by "**'_|rkltcate Significant Fv-tests al lhc (),(11
probability level for that source of varlallc)n, while, those, followed by "ns" are nol slgntl'icunt al
the (1,05probability level,
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Table 1'7, Rank correlations of m_ss rn_ans for gormlnator and nursoty traits

.i

Nurserytraits

(tt:rminatt)r Ctermltmtlon Peak Day ,56 "
trails v_tlu(:, value % germ, l.lt, (mru).... :_:-- , ,,,,,,,, ,,,,,

II

......................... Family rank correlallons ....................

.(]._.,eA'!llIli11t10!I:

(]ertlllrmllon value .0.46 ns .0,35lm -1).35ns .0,15rm

Peltk wtlue .,0,34ns .0,3(1ns -(I,3(._ns -0,24ns

*** ** 4,** **

I)eltk value (),85 (),79 0,89 (),76

q

I lYl')(_cotyllt, ** ** *** ,
(mm)--day14 0,I_4 0,77 [),88 0,71)

"ns = the rafik co?i;ehltli_iiIs not slgnil'[canfly dlffc;r6nl froiil zero; * =_slgnqfleantiy dlffb.rent-from zero
al the 11,(15probability level; ** = significant at the, (1,(11 prt)babillty level; and *** = slgnlflcatlt ttt the ,,
(),()()I level,
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student has determined tl1_itI_'_II'_tt'e_tt:_tnbe _iccurlttelytletermlnc._dl'mm le_d'wklth by tllt_

equ_ltttm

LI

In Y = 1,798 In W (R.2 = (),_98N)

where Y = let_t'area In squarecm and W = leaf width tn cre,

Rates of growth In nursery height, dhtmeter, and le_tt'surl'tlce _u'eawill he tested l'_r

genetic, cor rehttitms with field perft_rmance in I_X).91,

A Master c_l'S_;lenceThesis on development t_l'"hedging" techniques for

l'_mductlc_nc_['rtx_ted cuttings was completed In June, 1989, Rooting success of hllrtlwt_od

cuttings l'mm sprt_uts tm top-pruned ("hedged") trees was enharlced sigrdfic_mtlyby

(1) spr_lying the trees with I(XX)ppm Pro.She;tr (N-phenylmethyl-I H.purlne.6._trnine) one

yetlr prbr tt_collectbn c_l'cuttlnFs, (2) dipping the base of the cuttings In 5% Captan

(l'ungickte), t:tnd(3) using cutttngs of at least 14.mm diameter with a nt_de within one cna

• ¢_l'the bttsc _mdat least tw¢_nodes bel¢_wgrt_und, Sprt_uts collected tn the e_u'lysl_rlng

l'mm _ non-sprtlyed i988 hedging test indicated that trues cut _t a lower height (where tht_

stem diameter w_s h_rger) produced more hu'ge-dh_metc,r sprouts (grel_ter than 19.,mm

diameter) than those hedged near the mp, Cuttings l'rom the sprouts were used In

planting a nursery steckltng test m study cbnal dlllerences in meting _d_tllty, l-l_wever, _

Irtte l'mst when the l'irst le_tveswere emerging from the buds caused a ct'_rnpletel'_lllure_1'

tlat_test. "I'ht:s_lmccl_)ncs were "rchedged" _nd spr_lyt_dwith Prc_.She_lrin M_rcla, l't_ra

1990 study _1'cl_m_l c;ITcclson ro_tlng,

The 1988 nurse_T steckling test used I't_rthe M_ster {)l'Science I lacstsw_as

(_utpl_lntcd t()a t'icld site in December, 1988, These stccklings are currently being

measured for numbers and cumulative growth ()1'termln_ll, l'lrst-t)rdt.'r hltend, _it'ltlscctmtl-

()rder lateral buds, S(_mc()1'the stecklings will be dug up in hlte October, I'(_()tw_shctl,

and measured l'(_rrt)()t traits _mdl'()r dry weight,

'l'tx:hnic_d lnh_rmatkm t)i.¢,;eminati(_n

Khan, M. 1989. Rt)oting ()1'American sycamore sh()()t cuttings tk)rsh()t't r()t_ttit)nenergy

forestry, M,S,Thesis, MisslssippiSt_te Un_verstty,Scht_t_l_I' Forest Rest_urt:cs,



Schultz,E,B,,rindS,B,Land,Jr,1989,Sycamoreseedandseedlingtralts..Early
.i

selectionurlterla7IN Prou,201hSoulhcrnForestTrceImprovementConfercm;c,

June 27-29, 1989, Cl'larlcst_m,SC (In press),

l,ltnd, S, B,, Jr, 1989, Rooted sycumlorucuttings for energy phmtatlons, Poster presented

at the Tcrrestrhd Energy Crops Program 1989 Ctmf'crcncc and Worksht_p, July 18-

21, 1989, Washington, D,C,

l,m_d, S, B,, Jr, 1989, Enrly sclcctttm criteria and eontrtfl-p(flllnatltm metllods for

Arncrlc,tm syc:amt_re, Paper presented at the Tcrrestrhd Energy Ctcps'_ Prt_granl

1989 C',t_nl'ercnccand Wt_rkshop, J ely 18-21, 1989, Washington, D.C,

5,6 OAK RIDGE NATIONAL LAIIORA'II)RY..OPTIMUM NrlROGEN

NUTRITION IN SI[ORT.ROTATION SYCAMORE PI.,ANTATIONS

Purlxx,m and Background

Objectives arc to evaluate the optlnlum nitrogen lettillzatltm regime in tt short-

rt_ttltkm American sycamore Pi'" ' ' "( t.anus occtden,tahs) planttltlon, with c_ptinaumdcllncd in

v_lrlousways depending on man_tgcmcnt tff_jcctlvesand to determine the physiolt_gletll

bust,_t_t'the pritnary growth rcsptmscs irl' sycamore to nitrogen t'crtlllzatlon and develop

I_iochemieal tntllcittors ¢_f'the response,

The conq)cting definitions o1'thu optimum regime lpulude mtiximum ferttlizur

recovery, maximum biomass l_roductton, or maximum gain in productitm relative to the

c()sts, Tlm costs of nitrogen fcrtilizatt()n that arc considered Include environmental c()sts

(httr(lte leaching into grt_undWatcr) and biological costs (altered stress rusisttmce),

Urea t'crtilization was applied to triplicate 625-me plots of a sycamore plantttti¢:uain

vu'rk_ustiming regimes: one-time only, annual ballooning, annual even, and periodic (three

times pcr year) applietttions, ali providing 450 kg N ha "t over 3 years, Data arc collected

periodically ¢)n trce growth characteristics (incltl¢ltng rchltivc growth rate, abovcground

I)ic_mt_ss,and Iear area), phystcflt_gictllresponses (including ph{_tosynthcsis, water rclatk)ns,

pigment ctmccntrutio_'ls, and cttrbtflaydratc tlccumulttl,itm), and nitrogen mctulwdism

(including nitrogen conccntraticm, nitrate rcductasc activity, and amlnc_acid petals), The

l_hlntdaia arc c_rnbincd with so,ii rr_casurcmcrats(lncludirlg s_fllst_lutit_nchemistry,

nitril'icatitm pt_tcntial) to assess the optimum lbrtilizt_tion regime, The results will help to

dci'lhc the prt_pcr I'c_til_zati¢_nprott_ctfl l'¢_rsycamt_re in short-rt_tatlon plantt_tions, ltlcntil'y
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the Important o¢(m(_mleand onvlronment_dconsequencesol' l'ertlllzatlon, and doscrll-_ethe

mochanhnls of rospon_e _uoh that the rosult_can be _q_pliedtt_(_thersy_toms,

A_mplhhment_

A new sycamore phmtatlon, which lind been ostabllshed In 1988, was hdd (_ut In

treatment plots _andfertilized In April, Plots In the perlodl_ treatlnont were aI_o l'crtlllzcd

In Jurlc and August, lterbtelde applications have kept weed competition under control,

Relative growth rate (RO R) of the sycamore trees was high (l%/day) and slmlhir

In ali nitrogen treatments In April and May, By June the RGR of annual even (AE, 150

kg N/ha) and the heavily t'ertlltzed tmc-sla_t (01,450 kg N/ha) were 17 to 19% gt'ellter

than unfertilized controls (C), but ali treatments were rapktly grr)wing at "_3%/day, RGR.

peaked In July at 7%/day with AE and 01 growing 14 to 19% faster than C. Periodic

fertilization (P, 50x3 kg N/ha) did not stimulate RGR ab(we thltt In C until after July,

when the site was drier, RGR In ali treatments were below 2%/day tn ali treatments t'rtml

hlte July through early September.

. Gas exchange, including net ph()t()synthettc rate and stom_tal conductance to

water vapt)r, were similar and m()derate tn C, P, anti 01 on ali sampling dates from M_ty

through August, Thercti)re, gas exch_mge wlriables sh()uld n()t be used as tndicat()rs ()t' the

growth response o1'sycamore to nitrogen l'ertlllzattc)n.

Photosynthetic pigment c()nccntratit)ns were similar between treatments in M_y,

but total chlor(_phyll conccntr_ltlon ()t'AE and 01 was more than 20% greater than

¢zontr¢)lsin June and July, p_r_dlellng the growth dit'ferences. In July, P tiad the l()wcst

pigment eoncentrati()ns and lowest ROR, Overall, clal(')r()l)hyll(zoncentrati(m is a useful

general indicatt)r of growth respt)nse to nitrogen l'ertilizatlon.

The 01 trees established -4(1% more leaf area as early as (mc month int() the

growing season, which translated into higher RGR in the June sampling period. Lcal' are_

()t' AE and 01 were 38 t() 47% greater than C in July. Gr()wth differences between

treatments in the 1989 l'icid seas()rt are solely attributable t¢)ditTerences tn leaf are_

productit)n.

The leaf nitr¢)gcn c()nccntr_ti()n of 01 and AE tre_tments in May were 28% _tatt

21% greater than C, respectively, The nitr_te rcduct_se _ctivity (NRA) ¢)t'the 01

treatment was 88% grct/ter th_n C tn May, 2,6 times greater in .lune, 68% grc_ter tn July,



62

and 2.1 times greater in August. The changes in NRA and foliar nitrogen concentrations

preceded differences in RGR, whereas differences in photosynthetic pigments paralleled

differences in RGR. These physiological variables are continuing to be useful indicators

of sycamore growth response to nitrogen fertilization.

Biochemical analysis of leaf tissues collected in 1987 has shown that glutamic acid

and aspartic acid are the amino acids present in the highest concentrations in sycamore.

Fertilized trees have higher levels of glutamic acid and aspartic acid early in the season,

which suggest their potential use as predictors of nitrogen deficiency. The concentration

of glutamine and the ratio of glutamine/glutamic acid (product/substrate) are good

indicators of growth response to fertilization.

A solution of 15NH4C1was applied around two trees per plot (C, P, and 01

treatments) in August. Leaf samples were collected periodically in order to determine the

timing and distribution of the uptake of N from the soil. Soil samples were collected to

determine the rate of loss of nitrogen from soil. These samples have not yet been

analyzed.

Pretreatment soil mineralization and nitrification potential was determined through

aerobic laboratory incubation over a 30-week period. Soil subsamples were extracted

monthly and final extractions are still being analyzed for inorganic N. A cursory scanning

of the mineralization curves indicates comparable (pretreatment) soil mineralization

potential between the different treatment plots.

The effect of the different fertilization regimes on soil N transformations under

field conditions was evaluated through monthly sampling of the soil and soil water (with

lysimeters) in each treatment plot. Posttreatment solution samples taken in spring and

summer (April through July) indicated accelerated nitrification with fertilizer addition
,

especially with the higher application rates. Increases in solution NO 3 concentrations were

least pronounced following the periodic fertilization. Results from the soil extractions are

still being analyzed, but the available data indicate a similar but evcn more pronounced

fertilization effect.



63

Tcchrdcal Information Dissemination

Norby, R. J. 1989. Direct responses of forest treesto rising atmospheric carbon dioxide.

Paper presented Terrestrial Energy Crops Program 1989 Conference and

Workshop, July 17-21, 1989, Washington, D.C.

Tschaplinski, T. J., and T. J. Blake. 1989. Water relations, photosynthetic capacity, and

root/shoot partitioning of photosynthate as determinants of productivity in hybrid

poplar. Can. J. Bot. 67:1689-16971

Tschaplinski, T. J., and T. J. Blake. 1989. Correlation between early root production,

carbohydrate metabolism, and biomass production in hybrid poplar. Can. J. Bot.

67:2168-2174.

Tschaplinski, T. J., and T. J. Blake. 1989. Water stress tolerance and late..season organic

solute accumulation in hybrid poplar. Can. J. Bot. 67:1681-1688.

Tschaplinski, T. J., and T. J. Blake. 1989. Photosynthetic reinvigoration following shoot

decapitation, and accelerated growth of coppice shoots. Physiol. Plant. 75:157-165.

Tschaplinski, T. J., and T. J. Blake. 1989. The role of sink demand in carbon partitioning

and photosynthetic reinvigoration following shoot decapitation. Physiol. Plant.

75:166-173.

" Tschaplinski, T. J. 1989. Ecophysiological studies of the Bk_mass Program. Paper

presented at International Energy Agency Task V - Activity 2 Meeting, Energy

Forestry- Ecophysiology. September 20-22, 1989, Ivy Lea, Ontario.

Tschaplinski, T. J., and R. J. Norby. 1989. Optimum nitrogen nutrition in short rotation

sycamore plantations. Paper presented at Annual Meeting of the American Society

of Plant Physiologists. Jt_ly29 - August 1, 1989, Toronto, Ontario.

Tschaplinski, T. J., and R. J. Norby. 1989, Foliar indicators of optimum nitrogen

nutrition in short rotation sycamore plantations. Paper presented at Terrestrial

Energy Crops Program 1989 Conference and Workshop, July 17-21, 1989,

Washington, D.C.

Tschaplinski, T. J., and R. J. Norby. 1989. Water stress tolerance of trees: Implications

for biomass plantations growing under increased drought and elevated CO 2. Paper

presented at Terrestrial Energy Crops Program 1989 Conference and Workshop,
z

. July 17-21, 1989, Washington, D.C.



i

64

5.7 , THE PENNSYLVANIA STATE UNIVERSITY-ECONOMIC/kNA_YSIS FOR

PRODUCING POPULUS HYBRID UNDER FOUR MANAGEMENT

STRATEGIES

Purtx:,c,eand Background

Objectives are to establish and analyze: (1) biomass yields for two rotations as a

function of management strategy, site, and age; (2) financial and energy measures of key

inputs for producing short-rotation hybrid poplar using four management strategies

(control, irrigation, fertilization, and fertilization/irrigation) for two rotations; (3) wood

properties related to use as a source of fuel as a function of management strategy and site;

(4) sensitivity analyses of the selected management strategies to inputs for two rotations;

(5) a comparison of the financial and energy analyses for selected management strategies

for two rotations; and (6) recommendation of the most advantageous management and

conversion strategies for two rotations with the most faw_rable financial and energy

considerations.

The plantation bk_mass prc_duction task was designed to measure and evaluate

biomass yields, growth values, and properties for short rotation woody crops (SRWC)

plantations under four management strategies (control, irrigation, fertilization, anal

fertilization/irrigation) on two sites for two rotations. In addition, SRWC financial and

energy inputs needed to operate and maintain the plantations under selected management

strategies are measured. The hybrid poplar SRWC plantations established in central

Pennsylvania were analyzed to determine their economic optimum rotation age. The

general management design for the plantations used fertilized and nonfertilized strategies

_nd a rotation length of 4 years. A stand-level financial model analyzed the cost of

production for alternate rotation lengths, using the plantation's investment and operating

costs and resulting biomass yields.

Accx)mplishments

In the first coppice year there were essentially no site, year of planting, or

treatment differences in total trce biomass yield. The 1-year-old coppice overall average

was 6.3 oven dry Mgeha 1 which ranged from 6 to 45 times greater than the 1-year-old

yields of the first rotation, depending on site, planting year, and treatment. In the second

coppice growing season, ali trees produced 15.2 oven dry Mgeha" of total trce biomass to
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accumulate 21,6 oven dry Mgeha "1at age 2. Although there were suggestions of slight

gains in yield due to fertilization, the total tree yields for the 2-year-old coppice were not

• dependent on site, year of planting, or treatment. The second rotation 2-year-old yields

ranged from 1.8 to 22 times greater than the values measured after 2 years in the first
,

' rotation, depending on site, year of planting, and treatment. Total tree biomass in the

third coppice year accumulated 36.7 oven dry Mglha "t. The 1- and 2-year-old coppice

yields were not influenced by treatment, but in the third coppice year fertilization

increased total tree yield over no fertilization. Averaged over year of planting and site,

units wh'2:h were fertilized averaged 40.3 oven dry Mgeha 1 of total tree biomass and units

which were fertilized averaged 33.1 oven dry.Mgtha "1. The second rotation 3-year

coppice yields ranged from 1.2 to 2.7 times greater than were measured after 3 years in

the first rotation, depending on site, planting year, and treatment. In the fourth coppice

growing season, ali planted trees produced 62.3 oven dry MgQha1 of total tree biomass to

accumulate 42.9 oven dry Mgoha 1. Averaged over both planting years and both sites,

total tree biomass was 38.6, 39.8, 45.8, and 48.4 oven dry Mg_ha 1 for the control,

- irrigation, fertilization, and fertilization/irrigation, respectively.

By the end of the second rotation, the major difference in treatment-site specific

yields between the 2 years of planting have been eliminated. Our preliminary evaluation

of the total tree biomass yields that were determined from the yield equati_ns and the

! entire living continuous tree data set are:

1. Coppice rotation yield advantage over establishment rotation yields were

dependent on rotation length, root system mortality, and first-rotation weed

control program.

2. Year of planting (weed control program) and plantation site had no effect on

second rotation yields.

3. Second rotation yields from control treatment were 38.6 oven dry Mgeha 1 (9.'75

oven dry Mg_haleyearl).

4. Irrigation did not increase biomass yield over control yield.

5. Fertilization second-rotation biomass yield of 45.8 oven dry Mg®ha1 (11.5 oven dry

Mg_ha_year _) was about 17% greater than control yield.

6. Fertili:::ation/irrigation second rotation yield of 48.4 oven dry Mgoha 1 (12.1 oven

dry Mgehal.year l) was 24% greater than control yield.



The second estimate of second-rotation yields was the adjusted predicted value

from die entire continuous inventory data base. Adjustments to the equation predicted

wdues were made based on actual harvest values. Total tree yields of 35, 37, 41, and 42

Oven dry MgQha d for control, irrigation, fertilization, and fertilization/irrigation,
'_ Ji 'P

respectwely, will be used in conjunction with the energy and chemical values to provide

inputs to the financial and energy analyses.

Fuel and chemical feedstock property evaluations were divided into the following

areas: (1) analysis of the fuel and chemical properties for differences among cultural

strategies within and between sites for second-rotation biomass and between first- and

second-rotation values; (2) analysis of specific gravity values from 4-year-old single-stem

coppice trees with a diameter of _ 2% of the average single stem diameter tbr differences

among management strategies; and (3)analysis of the variability in 4,year-old coppice

spccific gravity wdues among single and multiple stems as a function of management

strategy and site. The 1980 planted trees for these analyses have been harvested and

evaluated.

Preliminary estimates of the fuel and chemical properties lhr the tissues from 1980

and 1981 planted 4-year-old coppice trees have been determined. Analysis of the data will

continue.

Management strategy appears to have influenced the specific gravity values at both

sites. While a management strategy effect appears to be present in the specific gravity

data for the bark samples, the trend may be the inverse of the wood specific gravity trend.

Bark specimens had lower moisture content values than wood at the Basher site

but higher moisture content values than wood at the Morrison site. Wood gross heat of

combustion values at both sites were lower than bark values. In general, bark at both sites

had it higher ash und extractive content but lower holocellulose content compared to

wc)od.

Specific gravity values for wood specimens (oven dry weight/green volume) from

1980 and 1981 planted 4-year-old, second-rotation single-stcm trees with a diameter of

:_ 2% of the average single-stem tree diameter for each plot have becn obtained.

Preliminary analysis of the specific gravity values for these specimens indicated that at

each of the sites the fertilization and tc ' ' , specific gravity wllucs• rtlllzation/irrigation avcragc
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were statistically similar and statistically different from the control and irrigation average

specific gravity values.

. Specimens for analyzing the variability in 4-year-old wood specific gravity values

(oven dry weight/green volume) among single and multiple stems as a function of

management strategy and site have been obtained. Preliminary analysis indicated that

stem 1 and stem 2' were statistically similar within each management strategy at a site,

Analysis of financial and energy data ibr the first two rotations indicated that the

minimum unit cost for fertilizer and ncmfertilizer strategies was in the fourth year of the

first rotation and the third year of the second rotation, Results from this study indicated _

need to realign the second rotation of the plantations to facilitate gaining a greater

average annual output and, at the same time, lowering production costs. The existing

4-year harvest strategy missed the optimum production and economic points in the second

rotation by 1 year. Selection of a 3-year rotation would reduce production costs by 12%

in the nonfertilized strategy and by 15% in the fertilized plantation.

The major sources of production costs in the nonfertilized strategy were almost

uniformly distributed among three categories: (1) establishment cost-representing 36.2%

of the total, (2) land and land ti_es-35.2%, and (3) annual management and

" maintenance-28.6%. The fertilized strategies also had near unitbrm distributions among

four categories: (1)establishment-27.8%, (2)land and land taxes-27.0%, (3)

fertilization-23.3%, and (4) annual management and maintenance-21.9%. These

categories would therefore have a near uniform effect or sensitivity in altering total costs

within their respective strategies.

The general structure of the least cost model used in this study should prove

adaptable to other SRWC systems. This partie,ular model can also be employed in the

analysis of alternate plantation designs, cultural treatments or species. The basic limit to

this analytical approach is developing a sufficiently detailed data base that is representative

of the plantation system under study.
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5.8 SOUTHERN ILLINOIS UNIVERSITY-GENEqlC BIOMASS AND GROWTIt

ANALYSIS OF CLONAL SILVER MAPLE (ACER SACCItARINUM L.) IN

SEVERAL I£_ATIONS
a

Pur_ and Background

The project's objective is to select and test 6 outstanding clones each of silver

maple (Acer saccharinum L.) ft'ore 13 oL'23 different provenances collected throughout the

eastern United States and southeast Canada during the spring and early summer of 1987,

This project utilizes genetic and physiological techniques to maximize bk)mass

production of silver maple as a short-rotation wc_)dycrop. Seventy-eight clones will be
q • 4outplanted in replicated studies in 1990 at sites in Minnesota, New Hampshtre, New York,

Oklahoma, and both an upland and bottomland site in Carbc)ndale, Illinois.

Accomplishments

At least 6 clones each from 15 provenances tire being multiplied in 1,itro, Explants

that have been in culture tbr 4 months commonly have at least 60 axillary shoots that can
' ¢

• be subcultured or excised for rooting. Only apical segments of microshoots are now being

rooted in vitro with 1 uM NAA in Magenta GA7 vessels to increase plantlet uniformity,

survwal, and acclimatization, Rooted '• ' mlcroshoots from the in vitro cultures are then

established in RootMaster cell containers with Promix BX for field planting. The major

constraint with plantlet production has been mewing from in vitro tc_greenhouse

conditions. Direct rooting of vertical rnacrocuttings has been accoxnt_lishedin a nursery

bed, A chilling requirement for silver maple bud break following dormancy has been

determined.

Trees from the provenance nursery were harvested from the four sc)uthc.rnmc_st

blocks after 2 years of growth during May and the stumps were allowed to coppice. The

water relations c_t'coppiced anti ncmcoppiced trees was investigated (by Dr. Re,gcr

Kjelgren, Plant and Soil Science) to determine the eft'ect of prcwiding a small canopy with

a large root system. Preliminary analysis o1'the data indicate that the coppiced trees

" maintained greater stomatal conductances and less negative leaf water potentials during

daylight hours during three study peric_ds, After a 3-week drying cycle, the coppiccd tmcs

_- . had less negative predawn water potentials than the noncoppiced trees. This suggests that

the coppiced trees are able to maintain greater gas exchange at lower internal water
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defietts than noneoppieed ,trees, and despite greater water loss rates, the t_oppleed trues

are less subject to soil water del'leits, most likely duc to the reduced leaf area.

The sub-sampled 1987-88 dry weights of trees from the tbur harvested beds in ttle

nursery were significantly larger for several northern accessions than the Illinois and other

midwestern provenances that had the k_wcstweights, This may be attributed to possible

tree density effects in that the northern provenances had low seedling establishment and

thus more growing space per trce, The density/growth relationship is being analyzed,

Wood samples of tbur harvested trees each l'ron_,'.tllnols, Mississippi, and

Wisconsin ranged from 15.8- 17,5 MJQkg (6781 -7548 Btu,lh) with a mean of 16.8

MJ tkg (7227 Btu glb). There was no statistically evident provenance differences in energy

C(_n te I]t,

Six clones each l'ronl 15 different provenances remain in vitro and are ali

pr()lit'erating axillary sht)ots, Because of uncxt)c,ctedly pot)r rooting and. low surviwd of

cuttings stuck under mist, ali n,lcrosho()ts are now being rooted in t_itro. To assure more

tJnil'c)rnlityand better plantlet survival, only apical segments ot' microslac)ots from c.ulture

vessels are now placed in solidified DKW medium with 1 uM NAA in Magenta GA7

cubes. When r()oted in vitro, there was little difference in rooting between apical and

nodal segments, Though tile nodal segments are more numerc)us (a single microshoot may

bc cut into 2-3 segments), they acclimatized very pc)orly tc) greenhouse conditions, Thus,

c,ven though the number of awtilable shoots tbr rooting has dropped, there is an increase

in plantlet uniformity, surviwd, and acclimatization. This prc)cedure may greatly increase

the efficiency of scale-up t'mm microprc)pagation research to production.

Apprt)ximatcly two weeks al'tor the shoots are stuck, the rc)c)ted phmtlets arc

transplanted into Pro-Mix BX soil-less medium in RootMa,,_tersContainers, They nrc

placed under intermittent mist in a shaded greenhouse for the first week to begin

acclimatization. The plantlcts are moved tc) a sunlit bench while " 'rem,_xnmgunder mist for

I week, moved tc) a ++taacledbench without mist tbr another week and then moved tc) fully

sunlit I)cnchcs until a height of 30 clu is reached (approximately two mc)nths after being

rcmcwed from the laboratory ). The entire acclimatization and grc)wing-.c)nstages arc

cc)nducted under natural phc)tt)pcriods SUl)plcmcntcd with a four hour night interruptic_n

cycle (10 p.m. tc) 2 a.m.) supplied by co()l white I'lut)rcst:cnt hunps.
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Three hundred cu'tttngs,were taken from 2.year.old saplings of northern Illinois

origin to investigate the tx:_sstbilttyof direct sticking its tl method of plantation

• establishment tbr silver maple, The cuttings were arranged factorlally in two planting

orientations (horizontal and vertical) with three rooting-growth regulator treatltaents, No

horizontally-placed cuttings grew or rooted, suggesting that light was required to lnltlate

break bud, The vertically-placed cuttings broke bud and had rcx_tlngpercentages of 75,

55, and 30 % with average root numbers of 45, 25, and 10 tbr the Rootone, Hormodln,

and the untreated cuttings, respectively, after eleven weeks.

Plantlets continue to be produced for the clonal plantations. They are growing

well irt the RootMaster containers with constant liquid fertilization. In previous work
J

noted in the 1988 annual report, micropropagated silver maple trees were stored in a

cooler for up to four months, during which time tile trees set bud and lost their leaves.

When placed into warmer growing conditions In sunlight, they broke bud and resumed

growth. Trees will be "stockpiled" for field planting this spring by similar storage in

coolers. Once the acclimatized plantlets are 30 cm in height, the soil is drenched with the

" fungicide "Banrot" and tile plants are placed into lt walk-in cooler at 4"C to harden off.

The trees will be checked twice weekly lhr watering, leaf sanitation, fungal contamimmts

• or diseases, including Botrytis, root problems, and presence of insects, If pest problems

are noted, appropriate pesticides will be applied. The over.wintered plants can be

removed after 3 months of chilling and may be either directly loaded into a truck t'c_r

shipment or allowed two weeks to sprout and then culled prior to shipment.

The Minnesota plantation was partially planted on May 30.31 with 66 clones

representing ali 15 provenances. Ali trees were measured on June 1-2 and remeasurcd on

August 11-12. The site had been disked in April and sown to orchard-grass in mid-May.

Each planting spot (61-cre diameter circle) was treated with granular Princep and Dacht_l

immedi_tely after planting, and the spots to be planted later were sprayed with Roundup

in July. Analyses of survival and growth are being carried c_utby a new team member.

The work so far on tile Minn,'sota plantation has provkted valuable field experience in

• handling plantlets from tissue culture.

The three plantation sites at Carbondale were disked and planted in early May

• with :mnual ryegrass t,or ground cover. Continued drought in this area led to drying up c_l'

the young ryegrass and a later invasion of weeds. The weeds were herbJcjdcd aild the
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sites were dlskcd ltntl planted to a wintt_r cow.,r crop in prcpar_tlon for spring phu_thagof
)

silver mltplc phtntlcts,

The tcntatlvc planting dates arc April 15, I_X), for both of the Carbonchtlc sites ,m

(lhd May 30 for the remaining Minncsotrt phuatlcts, The other phmtallons wtll be phmted

ils fc_tsiblc, Sufficient numbers of each clone ,,viiibc _wallablc at ali sites when ph:lntcd so

th_lt rephuatlng m_tybc accomplished (with personnel on.site) tn the fall to rcphwc originlll

mortldity, If required, a follow-up planting trip will bc scheduled one yc_lr al'tcr the inltiltl

l)lltnting to rcplacc winter mortality. These phmtlcts should bc one meter tall to

tq_proximatc a (mc-year.old condition,

Measurement of climatic dat_ is being carried out on a continuing b_tsls,

Tcchnicad Information Dksscmination

Prcccc, J, E., C, A. Huctteman, W, C, Ashby, and P. L. Roth, 1989, Site of origin affects

micropropagation and rooting of cuttings of silver maple (Acer sacc:harinum L,).

IN Programs and Abstracts of the _th Annual Meeting of the American Society

of Horticultural Science. Abstract and Poster Presentation,

Prcccc, J. E., W. C. Ashby, P. L. Roth, C. A. Huettcman, and D. F. Brc,._n(m.1989,

Genetic biomass and growth an_dysisof clonal silver maple (,'leer saccharinum L.)

in several locations. Poster presented at the Terrestrial Energy Crops Progr_lm

1989 Conference and Workshop, July 17-2I, 1989, Washington, D,C.

5.9 TUSKEGEE UNIVERSITY-BIOMASS R DkSFL&RCHANl) TRAINING

PROG RAM

PurlxxSc and Background

A sycamore (Platanus occidentalis) plantation, ()t'approximately 4(}(X)trees, was

cstttblished in spring 1987, In the spring c)t'1988, the trees were cut back to a unil'orm

height (+1"20 cna, During April 19_.%initial levels of soil fertilization were first applied to

the plantation and the second application was made in April ('Fable 18). The plantation in

kept essentially weed-free using herbicide (R()undup) or mechanical weed eating, where

' ' _te " .t'casible. During the rnontb,s of July to ScI tuber, "l'uskegec received light to moderate

rainfall, q'hc months of August to mid-Scl)tcmbcr were relatively dry. However, the

reduced r_linft_llc(mditions did not al'l'cct the tree growth l'_hysiology, l)uc to the urlusu_ll
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"l'_tblt,',18, S¢_11f'_rtlllz_rs_lac(.ILnl_lk_v¢_ptlmt._mtaltrc_g_tanutt'lex'_t_Xl_¢,',vim_tattttk_nIratla_
syt_llrll¢')f'uLt'unl_lltnt_ltk_t_

"l'ype o1' l'ertillzcr Urc_i-N _lppllud (kg/h_0
. ye_r _pplled

1988 1989 19.(XI T()t_ll

Cc_ntr<_l(C) 0 0 ' () (}

One-shc_t (0l) 45() 0 {) 45()

Annu_ll-cvcn (AE) 15(1 150 150 45(}

Ann u_l-b_ll{_c_n(AB) 50 150 250 450

Multiple, (M)" 3 x 5() 3 x 5() 3 x 511 45()

*t, i

"Three _pplic_tl¢_ns(_1'15() kg/h_ e_lchwill he l_pl_lletltlt_',i_g the mc_nthsc_l'April,
J':qc, _mdAugust,1
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conditions in July tc_August, the soil moisture levels were high and the trees responded

with increased growth patterns during this perle×t, Multiple appllcattc)ns of urea tc_the

designated plots wi_re made during April, Juno, and September, The sycamore trees wore

affected by fungal infection, especially anthracnose, However, the incidence t)t'fungal

infestation did not warrant the appltcatic_nof t'ungicide, "rho plantation was essentially

weed-free as cff Septembc,r 30, 1989, Senescence of the sycamore trees has begun,

especially In ttac lower canc_py,and a large tin, portiere of the trees have shed

apt_rc_xlmately50% of their loaves,

An 8(X)-tree greeni ash (Frtcdnus penmylvanica) plantation was planted in spring

1988 and is being maintained on a small scale ibr use by the students and researchers at

Tuskegce University or Oak Ridge National Laboratc_o' to determine the effects of

nc)rmal and slow.release urea nitrogen applications on trce growth and biomass

production.

Accomplt.,_hments

The sycamore trees are in their third year of growth. In 1988, irregular tree height

measurement patterns were noted. Oak Ridge National Labcmxtox),research staff was
d

contacted li)r consultation, After consultation lt was decided to coppice the trees t() a

uail'(mn h,eight of 20cm in March 1988, and various fertilizer applications were done in

April 1988. In April, June, and September, additional fertilizer applications were done.

Sycamore trce height and diameter readings ()n 10 trees/plot ti)r a total of 3(11

trees/plc)t were taken monthly beginning in April, The measurement trees were selected

al()ng a dlagcmal transect and tagged during tlm spring of 1989,

Observations on leaf phenology of five replicate tree/plot were made during June

and September. The number, length, an,l diameter of the main and secondaxy branches

were noted. Results obtained fr(ml these measurements are being processed.

Ph()t()synthetlc pigment concentratl(ms of chlorophyll a and b, car()tcnolds, and

xanth()phyll were measured m(mthly during the growing season. Data arc being compiled

and analyzed,

Nitrate reductase activity (NRA) in leaf samples was determined during the

ln()nths ()l' July and Septeml_cr. ']'hcsc measurements will be continued during October.
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Total leaf nitrogen and -Nea cc_ncentratlons were t_tken In September and are being
t,

processed,

, Soil samples ft'ore control and lbrtlllzer plott_were taken during April _ntl July t'(_r

analysis of NI-I,I-Nand NO3.N, Results from the April analysis are presented In Table 19,

The results seem to lndtcate th_lt al'tct urea applicathm the NH4.N levels fell below the

control levels In the upper 15 t_mst_ildepth samples except in the one-shot treatrnet_t

plots, However, in the 15-30 cm soil sample dc,pths, there were higher NH4-N levels In ttll

the treatment plots when compared to the controls, The NO3-N levels In till the

treatment plots were equal to the contrt_l levels tit the 15-3(}cm soil depths, Results from

the July sampling are still being analyzed, Soil samples were taken again in October in

order to detect tiny changes In soil nitrogen,

Destructive harvesting ol' selected trues was not done this summer, However, tt

was planned during the November/Deceml_er months after complete leaf fall, lt is

anticiptited thtlt stem rind branch silmples will be processed and tmtllyzcd for NH4-N _.tnd

, NO.a-Nconcentrations as well as mtlcro _lnclmicro elements,

" The presence of wlrlous Insects and development at' fungal diseases were

monitored, The Incidence c_ffungal disease infestation (sycamore _mthracnose) ranged

' from 6,0-25% in the various treatment pie)ts, The overall damage rating varied l'rona (I,5-

2,5 when based on a 0-5 scale (0 = nc_damage, 5 = serious damage). The July..
#

September c_bservations tndlc_lted that anthr_tcnose and other fungal diseases became a

serious problem this year title _lmild winter, heavy rains (> 30 cre) during June, moder_ltc

rains during July-August (15 cre), _xntlsustained high temperatures. Ali of these t'_.lctc_rs

created an ideal incubation environment for sustained and elevated growth of these

diseases, Data will be collected and analyzed tt_ cwduate it' there are any correlations

between the N applications and other l'actc_t's(i,e,, leaf pht)tosyntlacttc pigments),

Ira March 1988, the green ash trees were c(_pplced t(_a unit'orm 15-cre height _lnd

tire in the second year oi' Col_picegrc_wth. Plot A, which ccmsists ¢_1'al_prc_ximately400

trees, was trc_lted with normal urea1, PicotB, alsc_consisting c_l'apprc_×imately 400 trees,

was treated with slow-rcle_se (stall'ur-cc_atcd)urea, The nitrt_gen rates and soil at_plicl_tic_ta

regimes are the same as th_e used in the sycamore plantatic_ns, The tr_.;eshave

. , regenerated well and ht_vegrc_wnrapidly this year title tc_a very mild winter,, incrct_sed ,,;t_il

mc_isture retention, and increased n_tnt'_ll(> 40 cna)during the spring and c_rly summer
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Table 19. Soil nitrogen nutrient levels in the sycamore tree plantation during March
1989 (before fertilizer application) as determined at two soil depths

Type treatment NH4-N (ppm) NO3-N (ppm) •
soil depth soil depth

0-15 cm 15-30 cre.. Mean 0-15 cm 15-30 cm Mean

Control (C) 6.53 2.96 4.75 2.13 1.73 1.93

One-shot (01) 10.43 3.61 7.02 1.80 I:N) 1.85

Annual-even (AE) 4.6.5 5.60 5.13 2.20 2.20 2.20

Annual-balloon (AB) 3.00 4.26 3.(x5 1.63 2.13 1.88

Multiple (M) 4.66 5.23 4.94 2.06 1.83 1.95
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period. Growth readings of tree height and diameter are being to determine the effects oi'

" N fertilization and the unusual climatic conditions (increased rainfall) on over ali biomass

production.

Applications of normaL and slow-release urea on the green ash plots were made

during the spring, and a schedule of multiple applications of N is being followed in

selected plots. Growth readings will be continued to determine the effects of N

fertilization on total biomass production. The plantation is weed free, and trees have _

maintained a full foliage with minimal leaf loss.

Technical Information Disseminatkm

' Weaver, A., R. S. Saini, S. Bhattacharya, A. Mauldin, D. P. Nicholson, S. Nima, M.

Baiyee, and M. Randolph. 1989. Effects of various nitrogen fertilization genes on

growth responses of sycamore (Platanus occidentalis L.) plantation. Paper

presented at the Terrestrial Energy Crops Program 1989 Conference and

Workshop, July 17-21, 1989, Washington, D.C.

. Weaver, A., et al. 1989, Physiological responses of trees to urea nitrogen fertilization in a

short-rotation sycamore (Platanus occMentalis L.) plantation. Paper presented at

• the Terrestrial Energy Crops Program 1989 Conference and Workshop, July 17-.21,

1989, Washington, D.C.

5.10 USDA FOREST SERVICE, NORTH CENTRAL FOREST EXPERIMENT

STATION-.SHORT-ROTATION WOODY CROP TRIALS FOR ENERGY

PRODUCTION IN THE NORTH CENTRAL UNITED STATES

Pu_ and Background

Objectives are to obtain more accurate estimates of biomass yield and costs of

wood ener_,-y(including harvesting trials) from short-rotation woody crops (SRWC)

plantations through the establishment of large-size plantations, to facilitate transfer of

research expertise to the private s,._ctc,'r,identify operational problems that may require

more research, and to identify hybrids best suited to the region and site.

Plantations were initial'.yestablished at 12 sites across 4 states. "I_aishas since bccn

• reduced to nine due to poor soils and in one case an uncooperative landowner. There arc

two sites in Wisconsin, five in Minnesota, and one each in North and South Dakota In
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addition there are hybrid trials at another nine sites established cooperatively with

university or experiment station personnel. The plantations consist of 8 ha (20 acres) at

most of the sites. Two sites have 4-6 ha (10-15 acre)s due to partial failure from drought.

A total of 53 ha (130 acres)are in plantations or hybrid trials. These plantations were

established over a 2-year period that coincided with a historical record drought for the

region.

The plantations are now successfully established and the major task is weed control

which Willcontinue for another 1- to 2-years until the canopies "close" for most of the

clones. Other tasks include insect control and fertilization. To date three plantations

have been sprayed for insect control (two with aerial application for cottonwood leaf
,

beetle and one with ground application for forest tent caterpillar) and two plantations

were fertilized (one with nitrogen and one with potassium).

Accomplishments
• ' ) (,Growth and pr01mm,lry yields are surFassing that achieved at Rhinelander where

the culture and yield data were developed for the region. Average height growth of ali ..

clones on ali sites is essentially equal to the best height growth attained at Rhinelander

which eventually produced 13,5-15.7 dry Mg_hasyear "1(6-7 dry tonsQacreoyear "1)of

_lbove-ground bic_massfrom fully stocked plots, The best clones and the best sites doubled

the height growth achieved at Rhinelander. However plantation survival averages only 80-

90% fc)r the bct).e_ clones and less h_r other clones, lt appears that ultimate yields of

select clones on the better sc,qlswill substantially exceed those attained at Rhinelander.

However, it remains to be seen by how much those yields will be exceeded. The drought

induced mortality and the highly variable soils even within the 2.5-ha (1-acre) monoclonal

blocks will reduce yields from that potentially a_"_,evablc in small )9lots.

The plantations arc serving their purD_Jseas demonstratio!.a plantation:; and arc

stimulating interest in hybrid poplars as an alternative agricultural crop. On October 3,

the Minnesota Dcpartmcnt c_t"Natural Resources (DNR) sponsored a field workshop on

hybrid poplar establishment and culture for DNR foresters who work with farmers

planting hybrid poplars under the Conservation Reserve Program (CRP). The workshop

was held on a farm where 16 ha (40 acres) of poplars had been established during the p_lst

2 years. About 40 DNR foresters attended alcmg with about 10 farmers including one
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who is planting 60ha (150 acres) of hybrid poplars. In addition, hybrid trials have been

" established at tbur Agricultural Experiment stations across Minnesota. Sign-up for

• planting hybrid poplars on CRP lands is accelerating.

Information Iqe,txts

The establishment of this plantation network along with the acceptance of hybrid

poplars by farmers as an alternative crop raises a number of research questions that

require rather urgent solution. Among these are:

1. Categorize soils in the plantations so as to identify soil characteristics that produce

the highest yields within the test plots. This will allow selection of future planting

sites with confidence that high biomass production can be achieved. Present site

selection produces variable results due to our limited knowledge.

2. Determine feasibility of midsummer weed control in 2-year and older plantations

by spraying Roundup. Present control consists of grass herbicides and cultivation

or disking. These herbicides are ineffective against broadleaves and the :

- mechanical tillage requires multiply reentries and risks root damage from deep

tillage. Also, if herbicides can be used in older plantations, the plantation network

" can be tended with a truck transported ATV with a cost savings to this program of

about $20,000/year.

3. Develop a Septoria resistent clone by somaclonal methods. Septoria continues to

be the major risk factor for established plantations. A group of 20 or more clones

as a pool of planting stock for the region needs to be identified. Often some of

the fastest growing hybrids are susceptible to Septoria and are therefor discarded.

The question is, "can Septoria resistance be induced in an otherwise acceptable

clone by using somaclonal techniques?"

Constraints

In January 1988, Northern States Power Company announced withdrawal from the

program, lt terminated its involvement 1 year later. After a lengthysearch, a new

sponsor, Electric Power Research Institute (EPRI) joined the program. EPRI provides

the funding for land leases for a 3-year period. However, as a consequence of changing

sponsors we ,';tretched 12 months of funding over a 18-month period. This resulted in
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reduced quality ot' operations in some cases. It also resulted in no time to conduct trials
,J

in order to improve management operations as we went along. Consequently, we have

had no opportunity to develop information to improve the cultural system or to rettuce

costs. The examples above show some cff the areas of information needed to make the

cultural system economically and biologically viable.

Technical Information Dissemination

Hansen, E. A. 1988, SRI(2 yieldsi A took to the future, pp. 197-202. IN Proc.,

Economic Evaluations of Short-rotation Biomass Energy Systems. IEA/BA Task II

Workshop. August 111-13, 1987, Duluth, MN.

Hansen, E. A. 1988. Irrigating short rotation intensive culture hybrid poplars. Biomass

16(4) 237-250.

l _thner, D. C., E. A. Hansen and D. A. Netzer. 1988. Growing and utilizing intensively

cultured woody crops for energy: Some recent economic evidence from the North

Central United States. pp, 92-102. IN Prec., Economic Evaluations of Biomass

Oriented Systems [i_r Fuel: IEA International Workshop. June 6-7, 1988,

Garpenberg, Sweden.

Bcrguson, W., E. A. Hansen, W. Johnson, C. B. Morse and D. Zimmerman. 1989. Stac_rt

rotation intensive culture trce production in Minnesota. IN Prec., Institute of Gas

Technology (In press),

5.11 USDA FOREST SERVICE, NOR'I'll CENTRAL FOREST EXPERIMENT

STATION-INCREASING YIELDS OF POPULUS ENERGY PLANTATIONS

Purtx_se and Background

Objectives are to produce nc,w genetically improved plant materials and develop

proto)type systems for increasing yields of Populus energy plantations, construct an

ccophysiological growth proccss model (ECOPHYS) based on field studies of SRWC

poplars, develop broad spectrum herbicide tolerant poplar germ plasm using somaclonal

bic_tcchnology and recombinant DNA technology, and develop physiologically based

selection criteria for a Populus breeding and selection program.

Research on intensive cultured tree plantations for fiber and energy began at the

North Ccntral Forest Experiment Station (USDA-Forcst Scrvice) in 1971 at Rhinclandcr,
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Wisconsin. The research approach consists of an interdisciplinary team of Forest Service

and university scientists with expertise in physiology, hydrology, genetics, and pathology

. working toward the corrLmonpr_.gram goal through specific study objectives, Currenti

emphasis is on whole.tr!c i_,r_q_ssmodeling, bk_technology, and physiologically-based tree

selection. ,.../.. , ,.

Accomplishments

Phase I of the development of an ecophysiological growth process mode_

(ECOPHYS) was completed. This phase included scientific documentation of the model

with the submission of the software and user's guide to the North Central Station for

publication and distribution and the submission of a book chapter on the model concepts

to Timber Press for publication in late 1989. Further documentation of the verification

and validation of ECOPHYS was completed and manuscripts submitted to Tree Physiology

and IUFRO Con?ererice Proceedings. The model can be used for early selection and

breeding, assessing the impact of environmental stress, identifying areas for further '

research, and teaching whole-tree physiology. Phase II will emphasize the linkage of

ECOPHYS with an expert system to allow the model to adapt to a changing environment.
.,

Greenhouse testing was completed for plants regenerated from leaf disks in the

presence of either glyphosate (Roundup) or sulfometuron methyl (Oust). At this time,

ten variant plants have been selected for further evaluation. These phmts have survived

three replicated spray tests and continue to express more tolerance to the herbicides than

the nonselected parent clones.

: Five variants have inclreased tolerance to sulfometuron methyl and another five to

glyphosate. Results of enzyme activity assays show that four of the sulfometuron methyl-

tolerant plants have greater ALS activity than parent clones (NC-113.t_)_K_ct5272) and
/

one has equal activity but still greater herbicide tolerance. The remtaining l'ivt_,glyphosatc-

tolerant variants (NC-11390 AND 5272) are currently being assayed l:c_rPESPS enzyme

activity.

Current funds have been allocated to maintain herbicide-tolerant variants. To plan

for future work, preliminary field trials with nonsclected parent clones (NC-5339, 5272,

• 113_), 5326, and 5331)were completcd this summer to determine clonal tolerance to bottl

herbicides for hardwood and softwood cuttings. Trees were sprayed with three rates of
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herbicide (Roundup or Oust). Results are being analyzed, and this baseline infc_rmation
i,

woukt be used to determine proper herbMdc rates to use in the event that we proceed

with field evaluation.

')Experiments were conducted tc) determine optimum Agtvbacterium cocultJvatn n

time and concentration, Als(), plant and bacterial DNA extractic)n methods were tested

and extractions and purifications of DNA from putative transl'ormed shoot completedl

Susceptibility of hybrid poplars t() Agrobactetium was also determined to be maternally

inherited in a populatic)n of six hybrid families, Southern biot analysis was performed on

ten putative transik)rmed NC-5339 subclones. Results verify insertion of an improved

areA glyphosate-tolerance construct into the nuclear genome of eight of the ten subclones

tested (see Table 20).

A field study was planted at North Central Forest Experiment Station Harshaw

Forest Research Farm in Rhinelander, Wisconsin, in 1986 tc) develop physiologically-based

selection criteria. The 'experimental design consisted of a randomized complete block

design with 36 Populus clones (2 clones per species). The 36 clones (l tree per clone)

were planted within each whole plot. The clones were planted at 2 x 2 m spacing in 3 soil

mc)isture regimes (i.e., irrigation treatments) of none,-i.5 bar, and 4).5 bar. The whole-

pl()t treatment was irrigation with l'()ur replications,

During the first 3 years (i,c., FY 1987, 1988, 1989) data were collected on

phenology, iear and br_lnt:h mc)rphc)logy, stornatal size, frequency, conductance, leaf water

potential, and photo)synthesis, q hese data were related to aboveground trce growth under

irrigated and unirrigated conditions.

Multivariate analysis techniques were used to develop selection functions b_tsecl

upc)n morphological and physic)logical traits. Results suggest that such selection functions

are superic)r tc) nlo|'e tr_ditional mensuration selection methc)ds (see Figs. 5-8).

After the third growing season (i.e., F _' 1989) tw() groups etl clones were selected'

th()se that grew well under drc)ught stress and those that did not. Five clones were then

selected from each o1' the three species and their root was excavated with a "tree spade" in

the spring. 'Fhc root mass was destructively sampled for biomass by root size class for

each o1' six 20-.cre depth increments. This research will add the root morphology

component to the abovegrc)und c_)mponent to help relate tree characteristics to drought

tolerance/avoidance. From the past crown data and this root research, we hope to be able
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Table 20, Results o1'Southern Biot analysis of put_Lttv¢_transformed hybrid l_ophir NC-5339, Ali
transformants resulted from 48h cocultlvatlon at stated bacterial concentrations,

Putative transformant Bacterial concentration Hybridization to Size of main fragment
- no, (cfu/ml) areA probe (Kb)

PTla ILx 108 Positive 4,6

PTlb 1 x 1()s Positive 4,6

PT2 1 x 1()s Negative --

PT3 Ix 10_ Positive 4,6

PT4 l x 107 Negative --

PT5 1x 107 Positive 3,3

PT6 2 x 10s Postttve 4,6

PT7 2 x 10s Postttve 4,6

PT9 2 x 10s Positive 4,,6

PT13 2 x 108 Poslttve 4,6

5339 (CONTROL) -- Negative --
_.. , ,..
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5,12 USDA FORES'F SERVIC!!_ PACIFIC NORTHWI_'qI' EXPI_RIMENT
lt

,KFATION-INCREASINCI 'I'HI_ I'ROI)UC'. i'IVITY OF BIOM/MS.S

I'IJkNTA'I'IONS OF ALI)I!_R ANl) t'XYI'TONWOOI) IN 'I'HI_ PACIFI(2

NORTH W 1_' I'

l'urlx_,,ce and Bat:kground

The project's objective is to develop guklclln_s for crop martagcnlcnt and ldcntil'y

mt)rl)hological and physlolt)glcal traits that might bc used for evaluating and improving

t'ultura[ pl'ilCtlCt2S and for st.;looting sttpe, rlc)r gcr|olypt.:s,

Red ltldcr (Ahms rubra), black cc_tlortwc_od (Po/mh ts tric!ttocarpa), arid various

Ptqmltts hybrids at't_ the trees n'_ost suitable for blocncrgy l_lantatltm,'4 in Oregon .tad

Wttshington, l]lt_logical inl'ormatit_n is nt_c,dcd m l')rovldc guidelines for growing

pn_ductivc, c(_st-ct'l'cctlvc',¢r('_ps (_n Viii'lOLlS sites, Red alder research wits begun til ]9bl]

lind coiltlists o1' ilia irttcgratcd gr()u[)oi' studies which: (1) llSSess the influence o1' scvcrri[

culturlil prlietict.:s on tree growth and stiind dcvelt_lmlerlt, (2) c×lirnlnc ethel.lc vlirhiblllty

within the species, and (3) develop tt_ols Ibr predicting the relative productivity ot' land

I'(_rsht_rt-rc,tatltm F_lant,ltit_ns, Mut:h (_1'the initial work used rtatural stands, lathhottsc

tests, and the t'cw existing alder plantaticms to (_btain quick loads for subsequent research,

In IqSfl, we cstalflishetl _.laeries of rescliruh lfltlntirtgs irl ctlt_l_crtltion with Wlishtngt()rt

Sr.tc Dcp.rtmcnt of Natural l,'.esourccs tr) test spccil'lt: and t:t)ml'_incd effects (_1'several

intensive cultural practices (m l_n_ductivity tri' Polmlus as well as/lhu,ts, The new pt_plar

wc_rkincludes a c(_irlFmrison(_1'trce growth and stand titre[oirelent o1' two hybrkl clones in

,,;t_lndth-,nsilics ranging from "wootlgras,,l" (3(X) K [_lants pcr h_t) t() 2,ni × 2 m (25()_)plants
f , Ipcr ha), Red alder is also being tested cwer a range of stand densities, Ill a'Jdttlon, the

19S6 l._lantingsinclude cvaluati(m (_1'several nutrient regimes, irrigation, and several

gen(_typcs _,)1'b()tt_ genera (21 hall'-sib t'_milics (._l'Ahms and 4 clones of t¥_lmhtx),

SttppIcn_cntary stl_dics arc assessing physi(dt_gi(:alpr(w.csses and ctmdittons and their

rclationslail++to biomass production at the trot' and the stand level,

Accomplishments

Gn_wth (_t' the tw(_ hybrid cl(_ncs in the Poptflus density study has been

(_utst_tntling, cspct'ially at the wider st_atzings, Mt,rtality (_r t'o(_t stocks in the woodgntss

Sl_tcings has begun, hut survival in tlac wider Sl_actngs ((I,5 m t(_ 2,(1 m) reu'.tins _tt99%,



5.12 USDA FOREffF SERVICE, PACIFIC NORTHWEST EXPERIMENT

STATION-INCREASING THE PRODUCTIVITY OF BIOMASS

PLANTATIONS OF ALDER AND COTIONWOOD IN THE PACIFIC

NORTHWFST

Purptxse and Background

The project'S objective is to develop guidelines for crop management and identify

morphological and physiological traits that might be used tbr evaluating and improving

cultural practices and for selecting superior genotypes.

Red alder (Alnus rubra), black cottonwood (Populus trichocaq)a), and various

Populus hybrids are the trees most suitable for bioenergy plantations in Oregon and

Washington. Biological informatiorl is needed to provide guidelines for growing

productive, cost-efl'ective crops on various sites. Red alder research was begun in 1981
_,

and consists of an integrated group of studies which: (1) assess the influence of several

cultural practices on trec growth and stand development, (2) cxamine genetic variability

within the species, and (3) develo p tools for predicting the relative productivity of land

for short-rotation plantations. Much of the initial work used natural stands, lathhouse

tests and the few existing alder plantations to obtain quick leads t'or subsequent research.

In 1986, we established a series of research plantings in cooperation with Washington

State Department of Natural Resources to test specific and combined effects of several

intensive cultural practices on productivity of Populus as well as Alnus. The new poplar

work includes a comparison of trce growth and stand development of two hybrid clones in

staad densities ranging from "woodgrass" (30() K plants pcr ha) to 2 m x 2 m (25(X) plant:_

pcr ha). Red alder is also being tested over a range of _tand densities. In addition, the

1986 plantings include evaluation of several nutrient regimes, irrigation, and several

gcnotypcs of both genera (21 half-sib families of Alnus and 4 clones of Populus).

Supplerncntary studies are assessing physiological processes and conditions and their

relationship to biomass production at the trce and the stand level.
,

Accompikshments

Growth of the two hybrid clones in the Populus dcnsity study has bccn

outstanding, especially at the wider spacings. Mortality or root stocks in the woodgrass

spacings has begun, but survival in the wider spacings (0.5 m to 2.0 m) remains at 99%.
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Third-year heights and diameters in the 2.0 irl spacing averaged 6.2 m and 7.6 cm fbr the
q

Dula (D-01, taxonomy unknown) clone, and 9.6 m and 9.4 cm for the other hybrid (H-11,

P. trichocarpa x P. deltoides) x clone. Third-ycar yield of the woodgrass plots averaged

only 8.1 Mg per ha, whereas third-year increment in the wider-spaced treatments ranged

from 15 to 30 Mg per ha. The cumulative biomass production in ali wider-spaced plots of

both Clones, except D-01 at 2.0 m, has surpassed the cumulative production of any

woodgrass treatment. The cumulative production of H-11 at 1.0 m is more than double

that of any woodgrass treatment.

Red alder trees averaged about 5-m tall in irrigated plots and 3.2m in unirrigated

plots at the end of the third growing season; canopies had closed in ali spacings.

Competition-related mortality was greatest in the 0.5-m spacing, reaching 45% in the

irrigated plots and 28% in the nonirrigated plots; the level of the self-thinning line,

however, was higher in the irrigated plots. Trees in 2.0-m spacings averaged twice as large

in diameter as those in 0.5-m spacings. Woody biomass production increased greatly

during the third year, with increments of 10 to 15 Mg per ha in irrigated plots of the 0.5-m

and 1.0-m spacings. Cumulative production in these plots now equals or exceeds that of

the Populus woodgrass plots.

Fertilizer trials have identified phosphorus as the nutrient most likely to stimulate

alder growth and nitrogen and lime additives that will improve Populus growth. There are

significant differences among genotypes of both genera; for example, the Populus (H-11)

hybrid requircs more nitrogen and lime for good growth than does native P. trichocati_a.

Growth of trees of both genera was stimulated by phosphorus in unirrigated plots; the

possibility that these hardwoods will respond to phosphorus applications on droughty sites

has implications of considerable practical significance.

Many intriguing ideas and findings have developed from the physiological research

on tree growth and stand development conducted in conjunction with some of these trials.

Our ideas on the importance of stockabili!y as a major dctcrminant of stand productivity

were further dcveloped and demonstrated in a paper on Pinus taeda that was recently

published in Forest Science. Preliminary studies have shown that substantial differences in

stand structure:, leaf area, and branch mortality are associated with stockability ditTcrences.
^,
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Crown structure and dynamics, competition, and physiological processes and
•

conditions in leaves are bcing characterized in many treatments to provide the basic

underpinning lhr crop-management guidclines and tree-selection criteria.

Technical Information Dissemination

DeBelI, D. S., W. R. Harms, and C. Whitescll. 1989. Stockability: A major factor in

productivity differences between Pinus taeda plantations in Hawaii and South

Carolina. For. Sci. 35:708-719.

DeBclI, D, S., W. R, Harms, and J. C. Zasada, 1988. Yicld of Populus hybrids in wood.

grass and other short-rotation dcn,;ity regimes. IN Proc., Institute of Gas

Technology Conference on Energy from Biomass and Wastes, New Orleans,

Louisiana, February 198,8 (in press).

DeBelI, D. S., and T. C. Turpin. 1989. Control of red alder bY cutting. USDA Forest

Service Res. Pap: PNW-RP-414, Pacific Northwest Research Station, Portland,

Oregon.

Hook, D. D., D. S. DeBelI, A. Ager, and D. Johnson. 1989. Dry weight partitioning

among 36 openpollinated red alder families. Biomass (in press).

Lester, D. T., and D. S. DcBeil. 1989. Geographic variation in red alder. USDA Forest

Service Res. Pap. PNW-RO-409, Pacific Northwest Research Station, Portland,

Oregon. 18 pp.

Radwan, M. A., and D. S. DeBelI. 1988. Nutrient relations in coppiced black cottonwood

and red alder, Plant and Soil 106: 171-177.

Radwan, M, A., and D. S. DeBcll. 1988. Phosphorus fertilizer and growth of red alder

seedlings in waterlogged soil. Northwest Sci. 62(2): Abstract No. 29.

Radwan, M. A., and D. S. DeBelI. 198_. Soil waterlogging, pht_sphorus, and growth of

_ed alder seedlings. Plan Physiol. Suppl. 86(4)' Abstract No. 546.

Radwan, M. A., T. A. Max, and D. W. Johns(ro. 1989. Sot'twoixt cuttings for prolmgatic)n

oi" red alder. New Fore,ats (in press).

Wright, L. L., D. S. DeBcll, C. t-{.Strauss; W. A. Gcycr, 1.. Sennerby-Forsse, L ZsutTa,

and E. White. 1989. Panel discussion on the relative merits of woodgrass and

SRIC. I1_' Proc., lns tit,ute ot: Gas Technology Conl'crcnce on Energy t'rcma Biomass

and Wasies, New Orleans, l.x_uisiana, l-Vcbruary 1988 (in press).
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5.13 UNIVERSITY OF WASHINGTON/WASHINGTON STATE

UNIVERSrFY-GENETIC IMPROVEMF_,NT AND EVALUATION OF BLACK

COTTONWOOD FOR SHORT-ROTATION BIOMASS PRODUCTION

Purpose and Background

Objectives are to develop genetically improved black cottonwood cultivars for the

Pacific Northwest which maximize the production of desirable woody biomass under

intensive culture, tct identify critical components of productivity and determine ways in

which they can be manipulated genetically and environmentally, and _.oprovide material

and information to regional industry and agencies interested in developing poplar culture

and conversion oi" poplar biom_ss.

Potmlus trichocarpa in its central distribution range in Southern British Columbia,

Washington and Oregon, occurs in extensive riparian populations on both sides of the

Cascade Range. Genetic analyses of thcse populations, conducted in common-garden

plantations at 3-4 years, have shown pronc_unced differences between sources from east

" and west of the Cascades, in growth, morphology, phenology, phy,,.;iology and resistance tct

Melampsora occMen,,dis leaf rust. By contrast, north-south differentiation revealed

moderate gradic;,ts only (Weber et al. 1985, Can. J. For. Res. 15:384-388). In most

characteristics studied, clonal variation exceeds that at the family and population levels

(Rogers et al. 1989, Can. J. For. Res. 19:372-377). Thus, clonal selection within suitable

populations is an effective way of improving P. trichocarpa for short-rotation culture.

Additional gains in productivity have bccn made by hybridizing P. trichocaq)a with

P. deltoides (Heilman et al. 1985, Can. J. For. Rts. 15:376-383). Many parental

combinations are being tested, representing the latitudin_d range of P. deltoides and

concentrating on plantation proven parents. More than 2000 selected clones are currently

under testing in 12 field trials on both sides of the Cascades. Results to date have shown

a consistent superictrity ()1'P. trichocarpa xP. deltoides F_ hybrids over both parental

species, F2 hybrids and backcrosses. Hetcrosis values (hybrid superiority relative to the

better of the two) parents, P. trichocati)a ) in 4-year volume growth have ranged from 2.9 ira

single-trce plots with high competitive interactions to 1.5 in mc)notional multiple-tree plt)ts

' (Stettler el al. 1988, Can. J. For. Res. 18:745-753).
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Intensive physiological studies have been conducted in the field, greenhouse, and

growth chamber to elucidate components of productivity and hcterosis. Key characteristics

include stomatal response to drought; leaf anatomy; leaf diurnal growth patterns; canopy ..

architecture with special emphasis on proleptic and sylleptic branches, leaf orim_tation, leaf

area index and leaf area duration; leaf' rust resistance; carbon allocation patterns; and root

growth and distribution as well as root response to stress (Hinckley et al. 1989, Structural

and functional responses to environmental stresses, pp. 1.99-217, SPB Academ. Publishing,

The ttague). Hetemsis seems to derive from the multiplicative and cunlulative effects ot'
'

these components, most of which, individually, show either intermediacy or dominance in

the F 1 hybrids.

Continued breeding will illclude some of the above components as selection

criteria tbr parents and progenies. In addition, hybridization has been initiated between P,

trichocarpa and two other species: P. maximowiczii, for the purpose of increased

herbivore resistance and nutrient efficiency and P. nigra tbr hybrids that will be better i'

adapted to the hot and dry conditions east of the Cascades.
,,

Now in its 12th year, the project has m:_de significant progress tow'-_rd its

objectives, lt has provided a promising new tT:,e material to the region and, through close

c_!c_peration witt_ priw_te industry, demonstra cd the feasibility of short-rotation culture in

the Pacific Northwest. Selected hybrid clones are now in Operational trials on more than

32(1_)ha (8,(X)0 acres). The project has also served as a catalyst l'or the multidisciplinary t

collaboration of many scientists, with expertise ranging t'rom the molecular domain to the

stand level.

Accomplishments

Close to 4000 seedlings from the 1988 breeding were transplanted to the t'ield.
i

They include P. trichocarpa x P. deltoidesF 2 hybrids (TDxTD) and backcrosscs to P.

deltoides_(TDxD); and P. trichocarpa x P. nigra F l hybrids (TxN)

Two-year growth of 4740 seedlings from the 1987 breeding with P. maximowiczii

(M) and/or P. trichocaqm (T) parentage showed a ral ':ing ()1"TxM > MxM > TDxM =

MxTD > TxT crosses. "I'cn pairwise comparisons of TxM and TxT hall'-sib families

revealed a consistent superiority Of TxM hybrids in mean height and diameter growth.

Selected clones were inci,Jded in new field trials by James River Corporation.
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Coppice yields of 51 black cottonwood clones and 4 hybrids averaged slightly less

(12.6 Mgmha1 oyear l) than initial harvest yields (13.1 Mgaha l myearl). Yield c_1"clones in

the first rotation (X) was a relatively poor predictor of clonal yield in the coppice rotation

(Y): Y = -1.49 + 1.08X, r2 = 0.49, P < 0.(X)01.

A number of P. trichocatpa clones failed to produce well as coppice despite thcir

relatively high production in the first rotation. Mortality at the end of the coppice

rotation averaged 29.5% with a C.V. of 58% and a range among P. trichocarpa clones of

4-60%. Failure of plants to sprout following harvest and subsequent mortality in the

coppice rotation accounted for most of the losses.

Hybrids 11-05 and 11-11 produced well in both rotations and h_d substantially less

mortality than the average for P. trichocaqm clones (particularly Hybrid 11-11 with total

mortality of 6.2%).

At 2 years, Field Trial lc, Puyallup, with 128 clones from four rivers showed river,

clone within river, and block to account for most variation. Due to high site variation in

ld at Wenatchee most w_riation was attributed to nongenetic sources, l_x_w-.elevation

• Yakima (E) clones had highe.r rates ot"photosynthesis at high light intensity than

low-elewltion Nisqually (W) clones. But Wcnatchee-grown material, regardless of source,

had higher rates than Puyallup-grown material. The results thua rctlect both adaptation

and acclimation.

In the F_ hybrid superiority test, 6-.year data showed the largest clone (49-177, a

TD hybrid) at Westport to have the greatest diameter increase indicating not only its

superiority in this trial, but also the problenas associated with single trce plots due t_

competitive interactions. Preservation of a broad genetic base in the hybri_.tmaterials is

possible, thanks to the spread of top-ranked clones among families with diverse parelatagc

(for instance, the top 25 clones at Westport were from 14 diflk,rent families).

Patterns of clonal performance related to geographical differences (climate _tatt

soil) are appearing. At the w._rthernmost planting site, hybrids with Illinois parentage

dominate the superior ck_nes; whereas, in the most southern and eastern location where

the climate is hotter and drier, lilim_isclcmcs are less represented and hybrids with

Oklah(_ma, Texas and Missouri parentage become the d_mimtnt group.

" One Phase I field trial w_tsplantcd in Vancouver, Washington (324 clones t_f I:

trichc)carpa,P. deltoMes, and P. trichocatpa x P. maximowiczii hybrids). Two Phase I1 trials
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were established with selected TxD ,hybrid clones, one at Puyallup, the other at the

Washington State University Experiment Station in Presser, Washington, (east of the

Cascades).

As part of the integrated physMogical studies for, among other things, stress

resistance, the analysis of 13C/_2Cdiscrimination ratios tbr 11 clones showed that ratios
,

were positively correlated with declines in wood volume production under ccmditions of

kiw soil moisture. Clearly, the potential tc) rank clonal differences in productivity and

water use efficiency on the basis of stable isotope ratios nceds further study.

The physiology plantation was harvested after 4 years. Hybrid clones

outperformed the parental species by 1.5 (P. tfichocarpa) to 2.5 times (P. deltoides)in

stem volume, largely due tc) greater diameter growth. Fourth-year volume increment,

however, was lower than in previous years due tct competitive interaction in the tight 1 x 1

m sl,acing. Biomass data, collected from ali clones, are being analyzed. Measurements of

total leaf area were obtained at different times during the 1988 growing season for each of

the four intensive study clones. Single treks were periodically harvested to det.zrmine leaf

distribution on terminal and branches.

In support of the validation of the ECOPHYS model in cooperation with Dr. J. G.

lscbrands, U.S. Forest Service, North Central Range and Experiment Station,

measurements of leaf morphok_gy and orientation were obtained during the growing

season on five different study clones. DilTerences among clones rellected their relative

physiolc)gical compatibility with regional climat!c and soil conditions and inherent

sensitivities to herbicide treatments.

Sampling for determination of mot biomass in the physiolc)gy plantation to a depth

c_t'three meters was completed. Measurements of canopy density were completed for a

fertilizer trial with six clones, two fertilizer treatments and three replications. The trial is

now in its third growing season and ali measured parameters, including percent canopy

cover, canopy absorption of photc_synthetically active radiation and leaf area index were

found by ANOVA to be significantly affected by fertilization treatment, clone, replication,

fertilizer x clone and fertilizer x replication.

The abcwe measurements were made with the Decagon "Ceptcm'leter." Additic_nal

rncasurcmcrlts include periodic assessment ot' crown development lhr a nurnber of clones,
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spacings, ages and cultural treatments. Result,; to date show the instrument to bc very

sensitive to crowndifferences,

In a study of 72 clones, " 'supellortty Of root development during the first growing

seasor, was in the order TxD hybrids > P. trichocarpa > t:'. deltoMes. Initial root

development may be the factor exhibiting the greatest heterosis in these hybrids that have

been measured to date.

Planting cuttings in previously prepared ripping sleetssignificantly increased root

development and tree growth during the first growing season, Soaking cuttings (prior to

planting) toa depth of only 2.5.4cm (1 inch) or less resulted in full (and perhaps greater)

benefits than soaking to a depth of 15-20 cna (6-8 inches).

The Skagit Forest Nursery which makes 60 of the superior hybrid omnes

commercially aWlilablesold 110,(h'R)one-foot-long cuttings and 30,(_}()four-foot-long

whips. However, the demand exceeded the supply. Additional sources of cuttings will be

needed in future to keep pace with the rapidly increasing demand for the new hybrids,
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APPENDIX I,-CONVERSION FACFORS

ABBREVIATIONS AND EQUIVALENTS

Common Metric Units Power or heat t]ow rate

Length kilowatt kW
watt W

kilometer km
meter ni Metric Unit Prefixes
centimeter cna

millimeter nam Prefix Symbol Factor
exa E 1(118

Area peta P 10_s
tera T 1012

square kilometer km2 giga G 10 '_
hectare ha mega M 10 6

square meter' nrl kilo k 103
square centimeter cna2 hecto h 102
square millimeter mm 2 deka da l()a

deci d 1()"l
Volume centi c 1()_

milli na 10x

cubic meter m 3 micro _. 1()6
3cubic centimeter cm

liter _ Metric Equiwflents
milliliter m_

1 km 1000 m
, Mass 1 m l(10 cna

1 cm 10 mm

mcgagram Mg 1 km2 100 ha
kilogram kg l Ha I(),(I(R) mx
gram g 1 m2 IO,O{X)cme
milligram mg I cm2 1()0 mm 2

1 m3 I(X)O

Density 1 liter I(X_0cm 3
1 metric ton I(XX)kg

kilogram per kg/m 3 l metric ton 1 Mg
cubic meter 1 quintal 1(_) kg

1 kg I(XX) g
Energy, wc_rk, c_rquantity 1 g 1()()0 nlg

o1"heat 1 cal 4.1840 J
_; , 04,gigajoulc GJ 1 cal 1._586xl hp-h

megajoule MJ 1 cal 1.1622xl ()-akWh
• kilojoule kJ

joule J
kilowatt-.hour kWh



English.Metric Conversions

Multiply _ , To obtain

• ,i

miles 1,6093 kilometers
kilometers 0.6214 miles
feet 0.3048 meters
meters ?,,2808 feet
inches 2,54(_) centimeters
centimeters ' 0,3937 inches

Area

Multipl2 b_ To obtain

square milks 2,5901 square kilometers
square kilometers (_,3861 square rniles
square nailcs 259,00(10 hectares
hectares 0,(X)39 square miles
square feet 0.0929 square meters
square meters 10,7639 square feet .
square inches 6.4516 square centimeters
square centimeters 0.1550 square inches
square yards 0.8361 square meters •
square meters 1.1960 square yards
hectare 2,4710 acres
acres (I.4047 hectares

Volume

Mu____lti_ILI,21 _ To obtain

cords 3,6246 cubic n.tcters
c ubic motc rs 0.2759 cords
thousand board ['ect 2,3598 cubic meters
cubic meters (I.4238 tl'tousand board ft

3'cubic l'cet 0.(),.83 cubic meters

cubic meters 35,3145 cubic feet
cubic inches 16.3872 cubic centimcttzrs
cubic centimeters 0.(1610 cubic inches

gallons 3,7853 li tc rs
li tcrs ().2_'_42 gallons



I 01

Mass

Multiply _ To obtain

ounces 28.3495 grams

grams 0,0353 ounces
pounds 0.4536 kilograms
kilograms 2;2046 pounds
tons (2(X)0 lb) (X)7.1940 kilograms
kilograms 0,(X)I 1 ton (2(XX)lb)
tons (20(X)lb) 0.(X)72 tonne (Mg)
tonne (Mg) 1.1023 tons (2(X)0 lb)

Density

Multiply _. To obtain

pounds per 16,0184 kilograms per
cubic foot cubic meter

kilograms per 0.(Xi24 pounds per
cubic meter cubic foot

pounds pcr 0.1251 kilograms per
cord cubic meter

kilograms per 7.9910 pounds per
cubic meter cord

tons per 0.2503 tonne pcr
cord cubic meter

tonne per 3.0954 tons per
cubic meter cord

Esr_.
Multiply b_.y To obtain

calories 4.19(X) joules
joules 0.2387 calories
British thermal units 1.0559 kilojoules

(Btu or MBtu) (or G J)
kilojoules (or G J) 0.9470 British thermal

(Btu or MBIu) units

he rse power-he urs ().7457 kilowatt-h()u rs
kilowatt-hours 1,3410 horscpowcr-h()urs

" Btu 0.2520 kilogram cal()ries
kilogram calorics 3.968() 13tu
kWh 3412 Btu
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Power

Multiply _ To obtain

Btu per hour 0.2928 watts
watts 3.4153 Btu per hour
horsepower 0.7457 kilowatts
kilowatts 1.3410 horsepower

Temperature

Fahrenheit = 1.8 [(Celsius) + 32]

CeMus = .556 [(Fahrenheit) - 32]

Kelvin = .556 [(Fahrenheit) + 459.67]

Fahrenheit = [1.8 (Kelvin) - 273.15]+ 3

Cubic Volume per Area
Multiply .b_.2 To obtain

cubm fee,t peI O.07(X) cubic meters per
acre hectare

cubic meters pcr 14.29113 cubic f,_et per
hectare acre

cords pcr 8.9565 cubic meters pcr
atrc hectare

cubic meters pcr 0.1117 cords pcr
heel a rc acre

_Weight per Area
Multiply _ To obtain

pounds pcr 4.8824 kilograms pcr

square foot square meter

kilograms pcr 0.2048 pounds per .
square meter square foot

tons per atrc 2.2417 tonne pcr hectare

tonne pcr hectare 0.4461 tons pcr acre

pounds pcr acre 0.91 kilograms pcr hectare

kilogram,a per 1.1 pounds pcr
hectare acre

t

..... _lr_........ ,.1' b,,.... ,.... ,, ,......
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Costs

Multiply ._ To obtain

S/ton 1.1023 $/Mg

$/Mg 0.9072 S/ton
$/MBtu 0.9470 $/GJ

$/GJ 1.0559 $/MBtu

Energy_p_LWeight or Area

Mu]tiply b__ To obtain

Btu per 2.3244 kilojoules per
pound kilogram

kilojoules per 0.4302 Btu per p__und
kilogram

Btu per 5.556 x 10-4 kilocalories
pound per gram

kilocalories per 1800 .,Btu per pound
gram

i

MBtu per acre 2.6054 GJ per hectare

GJ per hectare 0.4231 MBtu per acre

Areas and Radii of Circular Plots

Plot size Area in Radius Radius Area in Area in
in acres ha ft m F2 m2

1/10 .0405 37.2365 11.3497 4356 404.67
1/5 .0809 52.6604 16.0509 8712 809.34
1/4 .1012 58.8761 17.9454 10890 1011.(x_
1/2 .2024 83.2634 25.3787 21780 2023.26
1 .4047 117,752 35.8909 43560 046.72

. Diameter at breast height (dhb) = 4.5 feet above ground = 1.372 meters
above ground
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Standard U.S. Fuel Energy Values

Coal: Anthracite: High heat value (HHV) = 12,700 Btu/lb or 29,540 kJ/kg
= 25.4 MBtu/ton (2000 lb) or 29.54 GJ/Mg

Coah Bituminous: HHV = 11,750 Btu/lb or 27,330 kJ/kg
= 23.5 MBtu/ton or 27.33 GJ/Mg

Coal: Lignite: HHV = 11,400 Btu/lb or 26,515 kJ/kg
= 22.8 MBtu/ton or 26.515 GJ/Mg

Crude oil: HHV = 18,1(X) Btu/lb or 42,100 kJ/kg = 138,100 Btu/gallon
= 36.2 MBtu/ton or 42.1' GJ/Mg also 5.8 MBtu/barrel (42 gallons)

Natural gas (dry)' HHV at 24,700 Btu/lb or 57,450 kJ/kg = 1021 Btu/ft3
= 49.4 MBtu/ton or 57.45 GJ/Mg

Wood (dry) at 8,5(X}Btu/lb* or 19,805 kJ/kg
= 17.0 MBtu/ton or 19.805 GJ/Mg

*Short-rotation woody crops may vary from 6000 to 8(XX)Btu/lb

Useful Equiw_ients for Enerkw Comparisons

1 dry ton of wood at 8,50() Btu/lb has the approximate energy value of the
following:

0.72 tons of bituminous coal,

2.93 barrels of average-weigllt crude oil,
16,(_2 ft3 of natural gas, and
4,981 kWh of electricity.

1 Quad = 1 quadrillion Btu or 1 x 1015 Btu
= 1.0559 x 1018 jouh:.s or l exajoule
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APPENDIX II - COMMON AND LATIN NAMES OF WOODY SPECIES

Common name Latin name

American sycamore Platanus occidentalis
Autumn oli_,e Elaeagnus umbellata
Balsam poplar Populus balsamifera
Black cottonwood Populus trichocaqm
Black locust Robinia pseudoacacia
Black poplar Populus nigra
Douglas-fir Pseudotsuga menziesii
Eastern cottonwood Populus deltoides
Eucalyptus Eucalyptus grandis
Eucalyptus Eucalyptus saligna
European alder Alnus glutinosa
European white birch Betula pendula
Fourwing saltbush Atriplex canescens
Himalayan balsam poplar Popu!us tristes

• Japanese poplar Populus maximowiczii
Honey locust Glenditsia triancanthus
Leucaena Leucaene retusa

Loblolly pine Pinus taeda
Mesquite Prosopis alba
Monterey pine J Pinus mdiata
(none) Populus lasiocarpa
Northern red oak Quercus rubra
Quaking aspen Populus tremuloMes
Red alder Alnus rubra

Silver Maple Acer saccharinum
Sweetgum Liquidambar stymcifiua
White ash Frwdnus americana
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