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EXECUTIVE SUMMARY 

Th is  r e p o r t  covers t h e  progress o f  t he  Shor t  Ro ta t i on  Woody Crops 
Program (SRWCP) d u r i n g  t h e  t h i r d  q u a r t e r  o f  f i s c a l  year  1985. The 
SRWCP i s  sponsored by t h e  U.S. Oepartment o f  Energy's Biomass Energy 
Technology Q i v i s i o n  (DOE/BET) and i s  managed by Qak Ridge Nat iona l  
Laboratory  (ORNL). Th is  r e p o r t  summarizes ORNL management a c t i v i t i e s ,  
t e c h n i c a l  a c t i v i t i e s  a t  ORNL and subcontract  i n s t i t u t i o n s ,  and t h e  
technology t r a n s f e r  t h a t  i s  o c c u r r i n g  as a r e s u l t  o f  subcont rac tor  and 
ORNL a c t i v i t i e s .  H i g h l i g h t s  o f  these a c t i v i t i e s  a re  l i s t e d  below. 

MANAGEMENT A C T I V I T I E S  

0 The annual t e c h n i c a l  rev iew of  ongoing p r o j e c t s  was he ld  
#arch 20-22, 1985. 

Funding recommendations f o r  FY 1985 were presented t o  DOE on 
A p r i l  16, 1985. 

A b r i e f i n g  on t h e  SRWCP was prepared f o r  DOE s t a f f .  

0 The d r a f t  M u l t i y e a r  Plan and d r a f t  Annual Operat ing Plan were 
submit ted t o  DOE. 

e The SRWCP management staff made t h r e e  presenta t ions  and had 
t h r e e  p u b l i c a t i o n s  d u r i n g  t h e  quar te r .  

TECHNICAL A C T I V I T I E S  

a I h i r d - y e a r  r e s u l t s  o f  a n u t r i e n t  u t i l i z a t i o n  s tudy conf i rmed 
t h a t  t he re  were no b e n e f i t s  t o  q u a r t e r l y  f e r t i l i z a t i o n  w i t h  
urea n i t rogen .  

0 Test ing  o f  one p ro to type  s h o r t - r o t a t i o n  i n t e n s i v e  c u l t u r e  
ha rves te r  was conducted on a sycamore p l a n t a t i o n  on S c o t t  
Paper Company land i n  southern Alabama. 

0 Coppice y l e l d s  o f  European b lack  a l d e r  repor ted  by Iowa S ta te  
U n i v e r s i t y  i n d i c a t e  p o t e n t i a l  p r o d u c t i v i t y  o f  about 7.2 d r y  
Wg*ha- l*year- l  i f  t h e  bes t  t rees  a re  se lec ted .  Coppice 
y i e l d s  were more than double F i r s t - r o t a t i o n  y i e l d s .  

0 About 31,000 b lack  l o c u s t  and l a r c h  t rees  were es tab l i shed  i n  
12 genet ic  t e s t s  a t  4 s i t e s  i n  Michigan. 
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e Seedl ing r o t a t i o n  p r o d u e t i v i t y  r a t e s  o f  4-year-old h y b r i d  
poplar ,  based on harves t  data,  were repor ted  by Pennsylvania 
S t a t e  U n i v e r s i t y .  Rates v a r i e d  f rom 4.8 d r y  
Mgaha-.l *year-1 t o  10.7 d r y  Mgsha-l *year-],  depending 
on s i t e ,  management s t r a t e g y ,  and p l a n t i n g  year .  

s An e f f i c i e n t  method f o r  & v i t r o  micropropagat ion o f  e l i t e  
genotypes o f  fourwing sa l tbush was developed by P l a n t  
Resources I n s t i t u t e .  

0 A new study t o  eva lua te  y i e l d / d e n s i t y  r e l a t i o n s h i p s  was 
es tab l i shed by t h e  USDA Fores t  Serv ice,  P a c i f i c  Northwest 
Fores t  and Range Experiment S t a t i o n .  

D i s s e r t a t i o n  research on t h e  crown geometry o f  p l a n t a t i o n -  
grown American sycamore was completed by John Schut t ,  
U n i v e r s i t y  o f  Tennessee, under t h e  a d v i s o r s h i p  o f  
J.  W .  Ranney, SRWCP F i e l d  Program 

TECHNOLOGY TRANSFER 

e Nine research papers were publ ished.  

F i v e  popular  a r t i c l e s  i n  newspapers were repor ted.  

Twenty-four p resenta t ions  were made by managers and 
researchers i n  t h e  SRWCP. 

e Four i n s t i t u t i o n s  (BioEnergy Development Corporat ion,  
U n i v e r s i t y  o f  F l o r i d a ,  Oak Ridge Nat iona l  Laboratory,  Kansas 
S t a t e  U n i v e r s i t y ,  and Texas A & I  U n i v e r s i t y )  hosted t o u r s .  

F i v e  researchers' prov ided ass is tance t o  l o c a l  o rgan iza t ions  
making p lans t o  u t i l i z e  biomass resources. 
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INTRODUCTION 

The Short Rotation Woody Crops Program (SRWCP) wa5 initiated by the 
U.S .  Oepartment of Energy (DOE) in 3978 t o  address concerns about an 
adequate supply of biomass far energy use. It is the first and only 
comprehensive, nationwide program investigating short-rotation 
intensive culture (SWIC) o f  trees as a means of supplying energy 
needs. The goal ,  objectives, and organization o f  the SRWGP are 
summarized below. 

Program Goal 

The goal of the SRilCP is to provide to the private sector an 
information base that will include the following types o f  information: 

1 .  Methods and materials required to obtain h i g h  rates o f  wood 
(energy) productivity for selected species. 

2. Recommendations for producing wood at costs competitive with those 
of other energy and wood feedstocks for selected site types. 

Proqrarn Objectives 

The desired information base is being obtained by funding research 
projects that propose t o  meet the objectives listed below. 

8 .  To identify and improve high--productivity woody species which 
respond well t o  intensive cultivation on unused and agricultural 
land. 

2. To identify and improve cost-effective cultural techniques that 
maximize productivity rates and minimize risks and losses 
associated with S R I C .  

3 .  To identify the current major economic constraints on producing 
wood-energy feedstocks by using SRIC and to demonstrate how these 
constraints can be minimized. 

4 .  To identify the major environmental problems associated with SRIC 
and ti4 propose methods for successfully ameliorating those 
problems. 

-_ Prolram Organization 

The general organization o f  the SRWCP is presented in Fig. 1. The 
fnstitutions performing work for the SRWCP under interagency agreements 
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-. SHORT -- ROTATION 
ORGANIZATION W T  

Beverly Berger, Division Director 

Oak Ridge National Laboratory 
Envi r o m n t a l  Sciences O i  v i  sion 

F ie ld  Program Hdanager 
Shart Rotation woody Crops Progrm 

d .  W. Ranney 

6 15-5 74-7364 

I 
I 

I I I I 1 

Species Screening 
and Genetic 

6 15 -5 14-1 3 78 
R .  0. Perlack 
6 15 -5 76-8 144 

D. Curtin, TVA 
6 15-494-9800 

I 

nviromrntal Evaluation 
of BiaMss Production 

0.  aJ. Johnson 
6 15-5 14-1 362 

a. c. wst 
6 15-5 14- 1367 

- 
International 

I .  W. Ranney 
6 15-514-1364 

D. Damon 
I 15 -369-41m 

Fig. 1 .  Organization Chart for Short Rotation woady Crops Program. 
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or  under subcontract d u r i n g  the t h i r d  quarter o f  FY 1985 a re  l i s t ed  i n  
Table 1. T h e  genetic improvement objective and cul tural  management 
objective a re  b e i n g  met through f i e ld  and laboratory research 
subcontracted t o  ins t i tu t ions  throughout the United States .  
economic objective i s  being met largely through sens i t i v i ty  analysis 
and modeling conducted by investigators a t  Oak Ridge National 
Laboratory (ORNL) and l i t e r a t u r e  evaluations conducted by the Tennessee 
Valley Authority ( T V A ) .  The environmental evaluation objective i s  
being met through f i e ld  research and data synthesis performed a t  Oak 
Ridge National Laboratory. 

?he 

Report Format 

The following s i x  sections br ie f ly  summarize management a c t i v i t i e s  of 
the SRWCP field-management of f ice  a t  O R N L ,  research accomplishments o f  
the  program, and technology-transfer a c t i v i t i e s  i n  the program. The 
section en t i t l ed  “Quarter ly  Highlight“ discusses i n  d e p t h  one research 
o r  analysis ac t iv i ty  conducted by the SRWCP. 
reports on research progress a t  a l l  ins t i tu t ions  u n d e r  subcontract t o  
the SRWCP. 

The Appendix presents 
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Table 1. I n s t i t u t i o n s  and p r i n c i p a l  i n v e s t i g a t o r s  who r e c e i v e d  research 
f u n d i n g  th rough  t h e  S h o r t  R o t a t i o n  Woody Crops Program d u r i n g  t h e  

t h i r d  q u a r t e r  of FY 1985 

I n s t i t u t i o n  I n v e s t i g a t o r (  I; 1 C o n t r a c t  number 
I- 

BioEnergy Development 
C o r p o r a t i  on 

T .  B. Crabb Subcontract  19X-09061 C 

Energy/Developrnent I n t e r .  

U n i v e r s i t y  o f  F l o r i d a  

UnSvers i t y  o f  Georgia 

Iowa S t a t e  U n i v e r s i t y  

S. Hale, J r .  Subcontract  19X-8964OC 

Subcontract  19X-09059C 

Subcontract  198-0786OC -X02 

Subcontract  19X-43391C 

Subcontract  19X-07394C 

Subcontract  1 9 X -0905 36 

Subcontract  19X-090546 

H. E. Sommer 

R.  B. Hall 

Kansas S t a t e  U n i v e r s i t y  W. A. Geyer 

Mich igan S t a t e  U n i v e r s i t y  J .  W ,  Hanover 

N o r t h  C a r o l i n a  S t a t e  
U n i v e r s i t y  

D .  J ,  F r e d e r i c k  
R.  C. K e l l i s o n  
R.  Lea 

Pennsylvania S t a t e  
U n i v e r s i t y  

P. R.  Blankenhorn 
T.  W ,  Bowersox 
C .  ti. Strauss 

Subcontract  19X-O"7928C 

P l a n t  Resources I n s t i t u t e  Subcontract  19X--89638C 

Texas A M  U n i v e r s i t y  P. Fe lker  Subcontract  19X-09066C 

USDA F o r e s t  Se rv i ce ,  
Nor th  C e n t r a l  Fo res t  
Exper iment S t a t i o n  

E. A .  Hansen 
H. N iens taed t  

I n te ragency  Agreement 
DE -AL05-800R20763 

USDA Fo res t  Se rv i ce ,  
P a c i f i c  Northwest Fo res t  
and Range Exper iment 
S t a t i o n  

D. S .  DeBel l  I n te ragency  Agree 
D€-AIO5--.81 OR2091 4 

U n i v e r s i t y  o f  Vermont F .  M. k i n g  Subcontract  19X -099601: 

Subcontract  19X-43389C 

Subcontract  19X --43382C 

V i r g i n i a  S t a t e  U n i v e r s i t y  M .  S. Joshua 

U n i v e r s i t y  o f  Washington P. E .  Heilman 
R. F. S t e t t l e r  
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This section includes a brief listing of accomplishments of the SRWCP 
management staff at ORNL as we17 as significant accomplishments 
reported by SRWCP subcontractors or ORNL research staff during t h e  
third quarter of FY 1985. Further details of the subcontractor 
research results can be obtained by referring to the subcontractor 
reports in the Appendix. 

Major EventdActivity Acsomplishment 

The Short Rotation Woody Crops Program conducted its annual technical 
review o f  p r o j e c t s  and proposals in Atlanta, Georgia, on March 20-22, 
1985. Eleven reviewers from industries, universities, and the USDA 
Forest Service evaluated progress reports and renewal proposals from 
a1 1 ongoing SRWCP research projects. 

The reviewers a l s o  commented on overall program direction and 
priorities- In general the reviewers supported the current direction, 
with some recommended change in emphasis. Some of  the recommendations 
are listed below: 

1 .  Genetic Improvement should have the highest research priority, but 
research should concentrate on fewer species. Performance should 
be followed through to the coppice stage before making final 
recommendations. 

2. Tissue culture and biotechnological approaches should be focused 
on proven techniques with direct applicability to tree propagation 
or improvement. 

3 .  Currently established experimental plots should  be utilized to 
gain more infomation on coppice dynamics and cultural treatment 
responses. 

4 .  Soil/site/nutrient research needs to become more focused. 

5. Large-scale plantation tests are needed to promote private 
Interest i n  SRIC technology and t o  evaluate disease and p e s t  
risks . 

6 .  Economic evaluations to address trade-offs between productivity, 
harvest costs, rotation lengttv’number, etc,, need t o  be 
continued. 

I_ Ranaqement Akcomplishments 

1. Funding recommendations for FY 1985 were presented to DOE on 
April 16,  1985. 



A document was prepared f o r  DOE summarizing rev iewers '  

funding l e v e l s  reco  ended f a r  each p r o j e c t ,  Factors  taken 
i n t o  c o n s i d e r a t i o n  i n  determin ing fund ing  l e v e l s  f o r  
i n d i v i d u a l  p r o j e c t s  inc luded t e c h n i c a l  q u a l i t y ,  o v e r a l l  
c o n t r i b u t i o n  t o  meet ing SRWCP goals,  r e g i o n a l  p r i o r i t y ,  and 
DOE investment.  Since t h e  fund ing  l e v e l  o f  most p r o j e c t s  was 
reduced, an a n a l y s i s  o f  t h e  impact o f  budget reduc t ions  on 
achievement o f  program goals  was prov ided.  Genetic 
improvement was one area d e t r i m e n t a l l y  impacted. Data 
a n a l y s i s  o f  c u r r e n t l y  es tab l i shed p l a n t a t i o n s  was g iven 
p r i o r i t y  over  new p l a n t i n g s ,  Mew p l a n t i n g s ,  i n c l u d i n g  
severa l  genet ic  e v a l u a t i o n  t r i a l s ,  were delayed a t  l e a s t  one 
year.  

ents  f o r  each p r o j e c t  and p r o v i d i n g  j u s t i f i c a t i o n  f o r  t h e  

2. A b r i e f i n g  on t h e  Shor t  R o t a t i o n  Woody Crops Pro ram was prepared 
f o r  DOE s t a f f .  

A 14-page document was prepared t h a t  descr ibes t h e  h i s t o r y  o f  
t h e  SRWCP, i t s  o b j e c t i v e s ,  c u r r e n t  ~ O C U S ,  re levancy t o  o t h e r  
biomass technologies,  t h e  i n d u s t r i a l  involvement i n  t h e  
SRWCP, accomplish ents  o f  t h e  program, and f u t u r e  
d i r e c t i o n s .  Viewgraphs and photographs were prepared and/or 
updated. Th is  m a t e r i a l  was prov ided t o  D O E ' S  Biomass Energy 
Technology D i v i s i o n  as a resource. 

3 ,  The d r a f t  m u l t i y e a r  p l a n  f o r  t h e  SRWCP was sub i t t e d  t o  DOE. 
The d r a f t  p l a n  was forwarded t o  DOE on February 28,  1985. It 
elaborates t h e  program goal ,  descr ibes t h e  research needs, 
and es tab l i shes  t h e  research and r e g i o n a l  p r i o r i t i e s  t o  be 
used f o r  f u t u r e  program d i r e c t i o n .  

4 .  The d r a f t  Annual Operat ing Plan (AOP)  was completed on schedule. 
The AQP was forwarded t o  DOE on June 3, 1985. This document 
descr ibes i n  d e t a i l  t h e  management and t e c h n i c a l  mi lestones 
and accomplishments expected d u r i n g  t h e  p e r i o d  October 1, 
1985, through September 30, 1986, assuming a t o t a l  program 
fund ing  l e v e l  o f  $4.2 m i l l i o n .  

5. The SRldCP management s t a f f  a t  ORNL p a r t i c i p a t e d  i n  severa l  

An a r t i c l e  an t h e  environmental  issues associated w i t h  
biomass produc t ion  by Tr imble e t  al. was publ ished i n  
111111 Biomass. D r .  J ,  W .  Ranney gave presenta t ions  t o  at tendees o f  
Southern Biomass Energy Conference and t o  t h e  
Biomass Energy Coord inat ing O f f i c e  on t h e  t o p i c  o f  biomass 
produc t ion  i n  S R I C  systems. Judy Trirnble gave presenta t ions  
about t h e  SRWCP t o  two groups v i s i t i n g  ORNL. An SRWCP 

techno logy- t rans fer  a c t i v i t i e s .  
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FY 1985 q u a r t e r l y  r e p o r t  was pmbl-ishe as an ORNL Technical  
Manuscr ip t .  The biomass programs; a t  BRNL were descr ibed i n  
d e t a i l  i n  a s e c t i o n  o f  ORNL’s Environmental Sciences Q i v i s i o n  
Annual Progress Report .  Complete re ferences f o r  a l l  these 
techno lsgy- - t rans fer  a c t i v i t i e s  can be f o ~ n d  i n  t h e  Technology 
Trans fer  s e c t i o n  o f  t h i s  r e p o r t .  

. One p r o j e c t  s i t e  v i s i t  was conducted by L. 1.. Wright. a t  l exas  M I  
U n i v e r s i t y .  

A s i t e  v i s i t  was combined w i t h  at tendance a t  t h e  Symposium on 
Establ ishment  and P r o d u c t i v i t y  o f  l r e e  P lan t ings  i n  Semiar id 
Regions a t  Texas A&E.  
i n v e s t i g a t o r  and a l l  s tudents  associated w i t h  t h e  Texas A&I 
p r o j e c t  d u r i n g  the  sympasiurn, as w e l l  as f i e l d  t r i p s ,  o f f e r e d  
an e x c e l l e n t  o p p o r t u n i t y  t o  rev iew t h e  p r o j e c t .  
t r i p s  t o  two biomass t r i a l s  es tab l i shed  in south Texas 
demonstrated t h e  e f f e c t s  o f  about a 254-mn d i f f e r e n c e  i n  
r a i n f a l l  on growth o f  mesquite l a s t  year.  One-year-old 
mesquite r e c e i v i n g  483 mm o f  r a i n f a l l  was s l i g h t l y  l a r g e r  
than 2-year-o ld  p l a n t s  t h a t  rece ived o n l y  229 mm of  r a i n f a l l  
d u r i n g  t h e  second year  of growth ( r a i n f a l l  du r ing  t h e  f i r s t  
year  was be l i eved  t o  be near noma1 o r  about 460 mm).  
S u r v i v a l  o f  t h e  2-year -o ld  p l a n t s  through t h e  d r y  year  o f  
1984 was I Q W ,  and new growth was ev iden t  by A p r i l  1985. 

Presentat ions by t h e  p r i n c i p a l  

The f i e l d  

-_I Technica l  Accomplishments 

1. Hybr id  eucalyptus c lones were p lan ted  by BioEnergy Development 

Cu t t i ngs  o f  t e n  h y b r i d  eucalyptus c lones were p lan ted  a t  two 
s i t e s  on t h e  I s l a n d  o f  Hawai i .  The hybr ids ,  se lec ted  f o r  
h i g h  f i b e r  y i e l d ,  d isease res is tance,  and ease af vege ta t i ve  
propagat ion,  were developed by researchers f rom Aracruz, 
B r a z i l .  The hyb r ids  w i l l  be moni tored f o r  a d a p t a b i l i t y  to 
Hawaiian c o n d i t i o n s .  

Corporat ion.  

2. Nursery s tock o f  28 species i s  be ing propagated by the 
Energy/Development I n t e r n a t i o n a l  consort ium. 

Two commercial nu rse r ies  and one u n i v e r s i t y  nursery  a re  
respons ib le  f o r  t h e  propagat ion o f  most o f  t h e  p l a n t s  t o  be 
evaluated i n  t h e  southwest species t r i a l s .  A l l  nu rse r ies  a re  
us ing  t h e  3.8-cm x 38.0-cm paper p l a n t  bands recommended by 
Michigan S t a t e  U n i v e r s i t y  and Texas A & I  U n i v e r s i t y ,  bud. they 
a re  encounter ing a number o f  disadvantages such as increased 
l a b o r  requirements,  fungus growth, and i n a b i l i t y  t o  e a s i l y  
check r o o t  growth. Propagat ion i s  on schedule, and p l a n t i n g  
w i l l  beg in  in mid-Ju ly  a t  f o u r  s i t e s :  two i n  New Mexico, m e  
i n  Ar izona, and one i n  Texas. 



3. I n f o r m a t i o n  on woody b i o  ass p roduc t ion  i n  F l o r i d a  i s  be ing 
publ ished by t h e  U n i v e r s i t y  o f  F l o r i d a .  

A research pape r  was publ ished i n  Biomays, and a r e p o r t  o f  
t h e  Cooperat ive Fores t  Genetics Research Program o f  t h e  
l d n i v e r s i t y  o f  F l o r i d a  was publ ished t h i s  quar te r .  S i x  
a d d i t i o n a l  paperr  were repor ted  t o  be! " i n  press"  o r  "accepted 
f o r  p u b l i c a t i o n "  t h i s  q u a r t e r .  The i n f o r m a t i o n  r e l a t e s  t o  
t h e  genet ic  improvement o f  eucalyptus or o t h e r  species f o r  
biomass product i on .  

4 .  Coppice y i e l d s  of European b l a c k  a l d e r  were repor ted  by lowa S t a t e  
U n i v e r s i t y  . 

Resul ts  t o  da te  i n d i c a t e  t h a t  over  7 . 2  d r y  Mg.ha-l.year-! 
cou ld  be produced by improved s e l e c t i o n s  o f  European black 
a l d e r  d u r i n g  t h e  coppice c y c l e .  This  i s  based on est imated 
d r y  weight  p roduc t ion  o f  t h e  b e s t  i n d i v i d u a l  t r e e s  i n  a 
coppiced provenance (seed source) t e s t .  The t e n  b e s t  seed 
sources were est imated t o  produce 5.8 dry Mgeha--la,year-a i n  
t h e  f i r s t  year o f  coppice regrowth.  Product ion was est imated 
accord ing t o  an equat ion developed from t h e  a c t u a l  harves t  
and measurement o f  39 t r e e s .  The coppice y i e l d s  a re  about 
double t h e  average anniial f i r s t - r o t a t i o n  y i e l d s  est imated a t  
age 5. 

5 .  Research p l a t s  were harvested f o r  a c t u a l  y i e l d  de terminat ions  by 
Kanrac; S t a t e  U n i v e r s i t y .  

A h a r v e s t i n g  demonstrat ion was h e l d  i n  
U n i v e r s i t y ' 5  Sunf lower research s i t e  east  o f  lawrence, 
Kansas. The demonstrat ion was a coopera t ive  e f f o r t  sponsored 
by Kansas S t a t e  U n i v e r s i t y ,  t h e  U n i v e r s i t y  o f  Kansas, and 
Northwest Missour i  S t a t e  U n i v e r s i t y .  F i v e  acres o f  
r h o r t - r o t d t i o n  i n t e n s i v e  c u l t u r e  energy p l a n t i n g s  were 
harvested, and the  ch ips were t r a n s p o r t e d  t o  Northwest 
Missour i  § t a t e  M n i v e r r i t y  f o r  use i n  t h e i r  wood- f i red 
b o i l e r s .  P r o d u c t i v i t y  r a t e s  f o r  t h e  harvested S i b e r i a n  elm 
and s i l v e r  maple a re  being determined. D i f fe rences  between 
a c t u a l  y i e l d r  and y i e l d s  est imated by regress ion  were l e s s  
than 2 % ,  based on f r e s h  weights .  

6 .  Genetic t e s t  p l a n t a t i o n s  of  b lack  l o c u s t  and l a r c h  were 
es tab l i shed by Michigan S t a t e  U n i v e r s i t y .  

About 31,000 t r e e s  were es tab l i shed i n  12 genet ic  t e s t  
p l a n t a t i o n s  o f  4 s i t e s  i n  Michigan. These p l a n t i n g s  i n c l u d e  
t h e  approx imate ly  400 seedlots  o f  European b lack  l o c u s t  t h a t  
have been c o l l e c t e d  by Michigan S t a t e  I J n i v e r s i t y  d u r i n g  t h e  
past 4 years.  These p l a n t a t i o n s  w i l l  be maintd ined by us ing  
s t r i p  weed c o n t r o l  techniques. 



9 

7. A prototype SRXC harvester was tested on American sycamore 
plantations established by North Carolina State University. 

A prototype continuous feller-buncher manufactured by 
Hyd-Mech Engineering, Ontario, Canada, was used to harvest a 
3-year-old American sycamore energy plantation i n  southern 
Alabama. 
Company land in cooperation with the North Carolina State 
University Hardwood Research Cooperative, Cost analyses for 
the harvesting operation showed that delivered price for 
green chips from the energy plantation was less than the 
price f o r  green chips from natural stands. 

The plantation was established on Scott Paper 

8. Hybrid poplar seedling-rotation yields of 4-year-old trees was 

Seedling-rotation productivity rates varied from 
4.8 dry flgsha-l.year-f t o  70.7 dry Mg0ha-leyear-l 
in 
the trials comparing two sites and four management strategies 
and two planting years. The highest productivity rates were 
consistently achieved with the fertilizer and irrigation 
treatment. However, productivity from this combined 
treatment was only slightly higher than that from the 
fertilization treatment alone. For the four comparisons 
available ( 2  planting years and 2 sites), the productivity 
achieved b fertilization plus irrigation averaged only 0.7 
dry Rg.ha-?*year-l higher than that o f  plots 
receiving fertilization alane. These results indicate that 
irrigation contributes very little to the increased 
productivity of the combined treatment. 

reported by Pennsylvania State University. 

9. An efficient methodology for vitro micropropagation o f  elite 
genotypes of fourwing saltbush has been developed by Plant 
Resources Institute. 

The data indicate that a standard, Murashige and Skoog (MS) ,  
basal culture medium supplemented with 1 . 0  Hg/h BA 
(6-benzylaminopurine) as the growth regulator provided the 
best medium for multiplication o f  shoots. The system works 
well with both juvenile and adult material, and establishment 
of micropropagules into the greenhouse has been achieved. 

A Symposium an Establishment and Productivity o f  Tree Plantings in 
Semiarid Regions was conducted by Dr. Peter Felker at Texas A&I 
University. 

10. 

The symposium was attended by nearly 100 people representing 
20 nations, 12 states in the United States, and local  Texas 
landowners. The conference clearly identified the importance 
o f  both mesquite and leucaena as both an energy source and a 
livestock focad in semiarid regions of the world, 
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11. The e f f e c t s  o f  n i t r o g e n  f e r t i l i z a t i o n  on h y b r i d  poplar clones on 
two d i f f e r e n t  s i t e  types were repot-ted by t h e  USBW Fores t  Serv ice,  
Nor th  Cent ra l  Forest  Experiment S t a t i o n .  

On a sandy s i t e ,  t h e r e  was a maxi inc rease i n  biomass 
i n  response t o  n i t r o g e n  f e r t i l i z e  on t h e  more f e r t i l e  
s i l t  loam s i t e ,  t h e  maximum increase i n  biomass was o n l y  

i t h  the h i g h e r  r a t e s  o f  f e r t i l i z e r  and i r r i g a t i o n ,  
biomass y i e l d s  f r o m  b o t h  s i t e s  were s i m j l a r .  For  more 
i n f o r m a t i o n  r e f e r  t o  pages 105 t o  110 i n  t h e  Appendix. 

12. A neu s tudy t o  evaluate y i e l d / d e n s i t y  r e l a t i o n s h i p s  was 
e s t a b l i s h e d  by t h e  USDA Fores t  Serv ice,  P a c i f i c  Northwest Forest. 
and Range Experiment S t a t i o n .  

The study t o  evaluate y i e l d - d e n s i t y  r e l a t i o n s h i p s  o f  two 
h y b r i d  p o p l a r  c lones and two n a t i v e  b lack  cottonwood clones 
was es tab l i shed w i t h  t h e  cooperat ion o f  t h e  Washington 
Department o f  Natura l  Resources i n  Yeim, Washington. This  
study w i l l  eva luate t h e  e f f e c t s  o f  stand dens i ty ,  
f e r t i l i z a t i o n ,  and genotype on p r o d u c t i v i t y  r a t e .  The stand 
d e n s i t i e s  be ing evaluated i n c l u d e  t h e  very t i g h t  spacings 
( t h r e e  t o  t e n  p l a n t s  per  square meter)  be ing advocated by 
some commercial h y b r i d  p o p l a r  growers, 

13. Breeding of  b lack  cottonwood was conducted t h i s  s p r i n g  by t h e  
Uti i vers i t y  o f  

The number o f  successfu l  crosses were lower than expected f o r  
n i n e  cross combinations, and t h e  number o f  apparent ly  f i l l e d  
seeds per  cross have been est imated a t  50 or  above. Because 
o f  greenhouse problems, another  7 cross combinations appear 
t o  have produced l e s s  than 50 f i l l e d  ~eerds per  cross.  The 
more successful  crosses inc luded one o f  t h e  c lones t h a t  has 
shown e x c e p t i o n a l l y  good form i n  c u r r e n t  t r i a l s .  

1 4 .  l h e  crown geometry o f  p lantat ion-grown American sycamore has been 

A Phil d i r s e r t a t  ion e n t i t l e d  "'Crown Geometry o f  P l a n t a t i o n -  
Grown American Sycamore and i t s  Simulat ion' '  was completed by 
John Schut t ,  a graduate s tudent  o f  t h e  U n i v e r s i t y  o f  
Tennessee working w i t h  J .  W .  Ranney, F i e l d  Program Manager o f  
t h e  SRWCP. The d i s s e r t a t i o n  descr ibes and s imulates t h e  l i m b  
development o f  young p lan ta t ion-grown American sycamore 
t r e e s .  I t  shows t h a t  some aspects o f  l imb development a r e  
g e n e t i c a l l y  c o n t r o l l e d  w h i l e  o thers  a r e  env i ronmenta l l y  
c o n t r o l l e d .  The s tudy o f f e r s  a conceptual  bas is  f o r  
improv ing genet ic  s e l e c t i o n  s t r a t e g y  and f o r  determin ing t h e  
b e s t  spacings requ i red  f o r  improved y i e l d s .  A d d i t i o n a l  
research w i l l  he r e q u i r e d  t o  thorough ly  address t h e  e f f e c t s  
o f  compet i t ion  between t r e e s  on crown s t r u c t u r e .  

c a r e f u l l y  evaluated and descr ibed.  



11 

Planned Events/Accomplishments for Fourth Quarter FY 1985 

1. The SRMCP Annual Contractors' Meeting will be held i n  Hila, 
Hawaii, August 20-23, '1985. 

2. A paper entitled "The Economic Evaluation of SRIC Energy 
PlantationsN will be presented by R. Q. Perlack at the Seventh 
Southern Forest Biomass Workshop, June 11-14, 1985, in 
Gainesville, Florida. 

3. A presentation entitled 'Need for standardization in Short 
Rotation Energy Feedstock Research" will be presented by 
L .  L .  Wright at the Poplar Council of the U. S., 22nd Annual 
Meeting, June 25-27, 1985, i n  Lawrence, Kansas. 

4. A final report on the status o f  forest-harvesting technology f o r  
SRIC systems will be completed. 

5. A t  least five project-site visits are planned for the  fourth 
quarter. 

6 .  A representative from the SRWCP, Dave Dawson, will meet with the 
regional technical qroup o f  the Council of Great Lakes Governors 
to discuss future biomass-research plans for the region. 
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MILESTONES 

Each o f  the milestones shown in F i g .  2 i s  l i s t ed  below, and some 
indication of the s t a tus  o f  the milestone o r  additional explanation i s  
provided. These milestones were ident i f ied i n  the Annual Operating 
Plan o f  the SRWCP as  major tasks w h i c h  would be in i t i a t ed  o r  completed 
d u r i n g  FY 1985. 

-- Task 1 - Species Screening and Genetic Improvement 

1 ,  Ident i fy  drought-tolerant F1 hybrids of Populus trichocarpa x E. 
deltoides (March 1985). 

T h i s  milestone was met by the University of Washington i n  
March 1985 w i t h  research resu l t s  described i n  t h e i r  annual 
report. Experimental data suggested tha t  undersurface leaf 
color of  Populus could be used as  an indicator of drought 
tolerance. A correlation was demonstrated between the 
thickness o f  the spongy mesophyll (o r  “whiteness”) of Papulus 
trichocarpa x E. deltoides h y b r i d s  and t h e i r  capacity t o  
regulate stomatal control during a severe, short-term 
drought. Of the  four h y b r i d  families tes ted,  two were 
ident i f ied as showing greater drought tolerance than e i t h e r  
o f  the parents. 

2. Report seedling-rotation productivity o f  2-year-old mesquite 
(March 1985) .  

This milestone was met by Texas A & I  University, w i t h  research 
resu l t s  reported i n  their  annual report .  Productivity o f  
mesquite on a s i t e  t h a t  suffered severe drought in the second 
year a f t e r  planting was very low. For seed-propagated 
_I Prosopis alba,  the  mean annual production 
a f t e r  the second year was only 1 . 3  d r y  Hgeha-l.year’7. 
90% o f  the  growth occurred i n  the f i r s t  year. 
s ign i f icant ,  however, t h a t  both seed-propagated and clonally 
propagated plants had 88 t o  96% survival ra tes  d u r i n g  t h a t  
period. One of the h y b r i d  clones had nearly double the 
production of the  seed-propagated plants under the same 
conditions. 

About 
I t  i s  very 

3. S t a r t  ful l -scale  European black alder  progeny t e s t s  i n  several 

l h i s  milestone will  not be fu l ly  met unt i l  mid-June 1985. 
Plore than 70 h y b r i d  crosses performed i n  spring o f  1984 
produced seed; however, only four of those crosses produced 
enough vlable seed f a r  f i e ld  t e s t s .  Seedling growth har been 
slower than expected so the planting date has been delayed 
unt i l  mid-June. Seven seedlots from other sources will  be 
added t o  make a to t a l  o f  11 seedlots t o  be tes ted a t  4 s i t e s  
i n  Iowa. 

locations (May 1985). 
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FY 1985 M I L E S T O N E S  

SPECIES S C R E E N I N G  AND G E N E T I C  IMPROVE 
Ident fy drought-tolerant hybrids of cottonwood 
Report seedling-rotation productivity o f  mesquite 
Start full-scale black alder progeny tests 
Start evaluations o f  ne collections o f  Populus spp. 
Summarize species/site relationships in the Southeast 
Summarize specieslsite trials in the Northeast 

B I O L O G I C A L  E V A L U A T I O N  OF SRIC A L T E R N A T I V E S  
Report seedling-rotation productivity o f  eucalyptus 
Report seedling-rotation productivity o f  hybrid poplar 
Receive report on hybrid poplar management strategies 
Issue RFP f o r  nonoculture viability tests 

ECONOMIC E V A L U A T I O N  AND H A R V E S T I N G  

Publish report on S R I C  economics 
Do economic assessments of eucalyptus plantations 
Complete preliminary evaluation o f  S R I C  harvesters 
Issue RFP for SRIC harvesting equipment 
Analyze wcody biomass ootential in Virginia 
Assemble economic evaluation reports 

FY 1985 

O N D J F M A M J J A S  

Fig. 2. Milestone chart for FY 1985 
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FY 1985 MILESTONES (continued) 

ENVIRONMENTAL EVALUATION 
Present 5-year results from whole-tree harvest s i t e s  
Identify regrowth spec es on whole-tree harvest s i t e s  
Publish report of whole-tree harvest effects (delayed) 
Determine nutrient drain of S R I C  nbomass via uptake 

PROGRAM MANAGEMENT 
Submit quarterly reports t o  DOE 
Submit d ra f t  technical progress report t o  DOE 
Submit draf t  T I D  plan t o  DOE 
Perform technical review of renewal proposals 
Submit d ra f t  multiyear plan t o  DOE 
Submit dra f t  annual operating plan t a  DOE 
Submit project summary sheets t o  DOE 
Submit draf t  f i e l d  task proposal/agreement t o  DOE 
Hold annual contractors' meeting 
Perform technical review o f  new proposals 
Complete renewals o f  subcontracts 

FY 1985 
O N D J F M A M J  

Fig. 2. (continued). 



4 .  S t a r t  c l o n a l  t e s t s  o f  new c o l l e c t i o n s  of P o ~ u l u s  species (Way 
1985). 

This mi les tone was m e t  by work canducted a t  t h e  USDA Fores t  
Serv ice  Nor th  Cent ra l  Forest Experiment S t a t i o n .  S t o o l  beds 
f o r  200 clones o f  t. t r i c h o c a r p a  were estab l i shed l a s t  f a l l  
a t  Harshaw Far5 i n  Rhinelander,  Misconsin,  and i n  East 
Lansing, Michigan, i n  cooperat ion w i t h  Nich igan Sta te  
U n i v e r s i t y .  
open-pol l inated f a m i l i e s )  were ou tp lan ted  t h i s  spr ing .  
c o l l e c t i o n s  o f  e. h l s a m i f e r - g  were r e c e n t l y  complete 
p r e p a r a t i o n  i s  c u r r e n t l y  un e m a y  f o r  estab l ishment  of 
r e p l i c a t e d  f i e l d  t e s t s  a t  Harshaw Exper imental  farm. 

Summarize s p e c i e s l s i t e  r e l a t i o n s h i p s  i n  the Southeast ( J u l y  1985) .  
This mi les tone w i l l  be met next  quar te r ,  w i t h  t h e  i n f o r m a t i o n  
be ing  d e r i v e d  from research a t  Nor th Caro l ina  S t a t e  
U n i v e r s i t y  . 

New c o l l e c t i o n s  o f  E- &~lklcii~ (96  
Mew 

5. 

6 .  Summarize s p e c i e s / s i t e  t r i a l s  i n  t h e  Nor theast  (August 1985). 
I h i s  mi les tone i s  a n t i c i p a t e d  t o  be met n e x t  q u a r t e r ,  b a s e d  
on research da ta  t o  b e  repor ted  by t h e  U n i v e r s i t y  o f  
Vermont. 

Task - -_ 2 -_ - -~ B i o l o q i c a l  Eva lua t ion  o_f_Jlanagernent Al fe rna t ives  

7 .  

8 .  

9 .  

Report s e e d l i n g - r o t a t i o n  p r o d u c t i v i t y  o f  eucalyptus (Warch 1985).  
l h i s  mi les tone was met by t h e  research r e s u l t s  repor ted  by 
t h e  BioEnergy Development Corporat ion i n  t h e i r  annual 
r e p o r t .  Actual  s e e d l i n g - r o t a t i o n  p r o d u c t i v i t y  r a t e s  f o r  
eucalyptus i n  Hawaii ranged f rom 6.7 d r y  Mgcha- leyear - l  t o  
27 iulg.ha-l * y e a r - ’ .  These data were based on harvests  o f  
3-year-old spacing t r i a l % .  The r e s u l t s  p rov ide  g u i d e l i n e s  
f o r  s e l e c t i n g  spacings t h a t  w i l l  r e s u l t  i n  h i g h  p r o d u c t i v i t y  
l e v e l s .  

Determine s e e d l i n g - r o t a t i o n  p r o d u c t i v i t y  o f  h y b r i d  poplar i n  
c e n t r a l  Pennsylvania ( J u l y  1985) .  

This mi les tone will be met n e x t  q u a r t e r  w i t h  a r e p o r t  on work 
conducted a t  Pennsylvania S t a t e  U n i v e r s i t y .  

Receive f i n a l  r e p o r t  comparing f o u r  h y b r i d  p o p l a r  management 
s t r a t e g i e s  (August 1 9 8 4 ) .  

This  mi lestot ie  w i l l  be met n e x t  q u a r t e r  w i t h  a r e p o r t  on work 
conducted a t  Pennsylvania S t a t e  U n i v e r s i t y .  
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. Issue request  f o r  proposal  (RFP) f o r  i n i t i a t i o n  o f  monocul ture 
v i a b i l i t y  t e s t s  ( J u l y  1985). 

No RFP w i l l  be re leased i n  FY 1985 due t o  t h e  reduced FY 1985 
budget. Plans a r e  be ing  made t o  re lease an RFP f o r  t h i s  work 
i n  1986, pending approp r ia te  budget l e v e l s .  

Task 3 .  - Economic Eva lua t ion  o f  Management A l t e r n a t i v e s  

11. Pub l i sh  r e p o r t  on p r e l i m i n a r y  eva lua t ions  o f  S R I C  economics 
(January 1985).  

A comparat ive economic assessment o f  seven S R I C  systems was 
made i n  t h e  paper presented by R .  e Per lack a t  t he  I n s t i t u t e  
o f  Gas Technology Symposium i n  January 1985. That paper i s  
c u r r e n t l y  “ i n  press.’# S i m i l a r  i n f o r m a t i o n  i s  conta ined i n  
t h e  SRWCP 1984 Annual Progress Report, which should be 
pub l ished by September 1985. The economic assessment work 
t h a t  has been conducted a t  ORWL i s  a l s o  h i g h l i g h t e d  i n  t h i s  
q u a r t e r l y  r e p o r t  (pp.  35-41 ) . 

12. Perform economic assessments o f  Hawaiian eucalyptus p l a n t a t i o n s  
(March 1985).  

This  mi les tone was met by i n fo rma t ion  repor ted  i n  t h e  
BioEnergy Development Corpora t ion ’s  annual r e p o r t .  A 
f i n a n c i a l  ana lys i s  was cons t ruc ted  f o r  n ine  s i t e  cond i t i ons  
o f  eucalyptus p l a n t a t i o n s  l oca ted  an t h e  Hilo-Hamaka coast  
and t h e  Ka’u region o f  Hawai i .  F inanc ia?  ana lys i s  i n d i c a t e d  
t h a t  eucalyptus p l a n t a t i o n s  i n  Hawaii have t h e  p o t e n t i a l  f o r  
producing wood energy and earn ing  more than 14% p r o f i t  on 
many s i t e s .  A f t e r  t ax ,  t h e  r a t e  o f  r e t u r n  was 12.5% on 
f o r e s t  land  and 31.8% on h i g h - y i e l d  caneland s i t e s .  This  
assumed 
y i e l d s  o f  about 22 d r y  Hgeha-’.year-1, which have been 
v e r i f i e d  as p o s s i b l e  f o r  a l l  s i t e s  considered. 

1 3 .  Complete r e p o r t  p r o v i d i n g  a p r e l i m i n a r y  e v a l u a t i o n  o f  i nnova t i ve  
S R I C  harves t i ng  equipment (June 1985). 

Th is  mi les tone w i l l  be met nex t  q u a r t e r  w i t h  a summary of 
work be ing performed by TVA.  

14, Issue a request  f o r  proposals  (RFP) f o r  SRIC ha rves t i ng  equipment 
(June 1985). 

No Request f o r  Proposal w i l l  be re leased f o r  t h i s  category o f  
work because o f  budget c o n s t r a i n t s .  

15. Complete a n a l y s i s  o f  woody biomass p o t e n t i a l  i n  Y i r g j n i  
(September 1985). 

ktork toward t h i s  mi les tone i s  i n  progress a t  V i r g i n i a  S ta te  
liln i vers i ty . 
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16. Assemble economic-evaluation r e p o r t s  f rom f i e l d  p r o j e c t s  
(September 1985).  

Fo l low ing  r e c e i p t  o f  t h e  subcont rac tors t  annual repor ts ,  
which a r e  expected t o  c o n t a i n  va luab le  new i n f o r m a t i o n  on 
SRIC economics, R .  D .  Per lack w i l l  update ORNL's evaluation 
o f  S R I C  economics and d r a f t  a r e p o r t  f o r  program use and 
p a s s i b l e  f u t u r e  p u b l i c a t i o n .  

- Task ____ 1_1-- 4 .  - Environmental ---_c -.I...- * Eva lua t ion  -Î 

1 7 .  Present f i v e - y e a r  r e s u l t s  f rom aboveground who le- t ree  harves t  
s i t.es (November 1984 1 .  

This  mi les tone was completed and repor ted  on i n  t h e  SRZniCP 
Q u a r t e r l y  Progress Report f o r  t h e  p e r i o d  September 1 'io 
November 30, 1984. 

18 
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I d e n t i f y  regrowth species on whole- t ree harves t  s i t e s  ( J u l y  1985). 
Work has been completed a t  ORML t h a t  w i l l  meet this  

i l e s t o n e .  Resul ts  w i l l  be descr ibed n e x t  q u a r t e r .  

Pub l ish  r e p o r t  on environmental  e f f e c t s  o f  whole- t ree h a r v e s t i n g  
(rescheduled) * 

P u b l i c a t i o n  o f  t h i s  r e p o r t  has been rescheduled as an i Y  1986 
mi lestone.  The 1985 r e p o r t  w i l l  be a f i n a l  r e p o r t  
summarizing a i l  work accomplished an t h i s  research. 

Determine n u t r i e n t  d r a i n  of  S R I C  biomass v i a  uptake (September 
1985). 

Work i s  i n  progress a t  ORNL., An e v a l u a t i o n  o f  n u t r i e n t  d r a i n  
w i l l  be repor ted  nex t  q u a r t e r .  

21. Submit Q u a r t e r l y  Reports t o  DOC_ (October 31, 1984; 
January 31, 1985; and J u l y  31, 1985). 

Q u a r t e r l y  r e p o r t s  cover ing  work conducted i n  t h e  f i r s t  and 
second quar te rs  o f  F Y  1985 have been submit ted.  This  r e p o r t  
w i l l  meet the  J u l y  31 mi les tone deadlirre. 

22. Submit d r a f t  Annual l e c h n i c a l  Progress Report t o  DOE 
(November 15, 1984) .  

The Annual Technical  Progress Report,  which su 
s t a t u s  o f  research 'In the  SRlnlCP each year,  was submit ted t o  
DOE f o r  rev iew on November 15,  1984. 
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23. Submit d r a f t  Technical  I n fo rma t ion  Disseminat ion Plan t o  DOE 
(January 5, 1985). 

The Technica l  I n f o r m a t i o n  Disseminat ion Plan, which g e n e r a l l y  
descr ibes t h e  types o f  e f f o r t s  made by bo th  t h e  SRWCP f i e l d  
management s t a f f  and t h e  SRWCP subcont rac tors  t o  d isseminate 
i n f o r m a t i o n  t o  t h e  (publ ic, was submi t ted t o  DOE on 
January 8, 1985, 

24,. Perform t e c h n i c a l  rev iew o f  renewal proposals  ( A p r i l  30, 1985). 
Exper ts  i n  t h e  f i e l d s  o f  s i l v i c u l t u r e ,  f o r e s t  genet ics ,  s o i l  
science, economics, and b io techno logy  were i n v i t e d  t o  A t l a n t a  
on March 20-22, 1985, t o  rev iew t h e  progress r e p o r t s  and 
proposals  submit ted by subcont rac tors  t o  the  SRWCP. T h e i r  
reviews were sumnari zed, and fund ing  recommendations w e r e  
presented t o  DOE on A p r i l  15, 1985. 

25. Submit d r a f t  M u l t i y e a r  Plan (MYP) t o  OOE (March 1985). 
The k4YP was submit ted t o  DOE on February 28, 1985. It 
represents  a long-range p lann ing  e f f o r t  and descr ibes the 
research requ i red  t o  meet p roduc t i on  goals  s e t  by the 
program. 

26. Submit d r a f t  Annual Operat ing Plan (AOP) t o  DOE (June 1, 1985). 
The AOP, which i s  a d e t a i l e d  p lann ing  document desc r ib ing  
s p e c i f i c  programmatic and subcont rac tor  mi lestones and 
accomplishments f o r  FY 1986, i s  be ing prepared t h i s  qua r te r .  

27. Submit p r o j e c t  summary sheets t o  DOE ( J u l y  1, 1985).  
P r o j e c t  summary sheets w i l l  be prepared when requested by DOE.  

28, Submit d r a f t  F i e l d  Task Proposal/Agreement t o  DOE 
(August 1, 1985). 

Th is  agreement, which o u t l i n e s  the  s p e c i f i c  research and 
management mi lestones t h a t  w i l l  be t racked by DOE for the 
f o l l o w i n g  f i s c a l  year, i s  i n  i n i t i a l  stages o f  p repara t i on  
t h i s  qua r te r .  

29. Hold Annual Con t rac to rs '  Meet ing (August 1985). 
Plans have been f i n a l i z e d  t o  h o l d  the  1985 Cont rac tors '  
Meet ing i n  H i l o ,  Hawai i .  The BioEnergy Development 
Corporat ion,  which w i l l  hos t  t he  meeting, has the l a r g e s t  
SRIC p l a n t i n g s  o f  any p r o j e c t  i n  the  SRWCP. 

30. Perform t e c h n i c a l  rev iew o f  new proposals (September 1985). 
No formal  reviews o f  new proposals  w i l l  occur du r ing  FY 1985 
s ince  no s o l i c i t a t i o n s  f o r  proposals have been re leased.  
U n s o l i c i t e d  proposals w i l l  n o t  be reviewed. 

31.  Complete renewals o f  subcontracts  and in teragency agreements. 
Th is  work i s  i n i t i a t e d  immediately f o l l o w i n g  t h e  annual 
rev iew i n  Apr i l  and cont inues u n t i l  a l l  planned renewals a re  
completed. 
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PROCUREMEN7 STATUS 

Procurements t h a t  have been o r  w i l l  be i n i t i a t e d  d u r i n g  FY 7985 a re  
i n d i c a t e d  i n  Table 2. Placement o f  procurements was s t a r t e d  i n  l a t e  
A p r i l  f o l l o w i n g  t h e  t e c h n i c a l  rev iew and DOE'S approval  o f  ORNL's 
fund ing  recomnendations. As o f  May 3 1 ,  f o u r  o f  t h e  procurements 
requ i red  by June 1, 1985, were " i n  place'' as scheduled, and one o f  t he  
procurements was a w a i t i n g  concurrence by t h e  subcont rac t ing  
i n s t i t u t i o n .  The two procurements planned f o r  placement by J u l y  7 ,  
1985, a r e  t o  be on schedule. The two USOA Fores t  Serv ice in te ragency  
agreements were g iven no-cost extens ions u n t i l  SRWCP budget ing problems 
were resolved.  Paperwork f o r  renewal o f  those in teragency agreements 
has been i n i t i a t e d  and i s  expected t o  be " i n  p lace"  by September. 
Discussions on work statements have been i n i t i a t e d  w i t h  TVA and 
u n i v e r s i t i e s  scheduled f o r  renewal i n  August and September. 
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Table 2. Procurmnt status for the FY 1985 S h ~ i - t  Rotation 

___ ..... -~ .- 

Estimted 
m n t  T y p e  Procurwnt .- ............ date 

Contractor (dol liars) prscurmnt Flannedlactual Title 
..... -. ...... 

Eucalyptus Plantations for Energy 
Product ion in tbwai i 

Bianergy Development 
Carparati on 

216,965 

50,ooo 

70,300 

50,000 

50 , 000 

55,OOO 

136,000 

54.008 

153,000 

Renewal 

Renwal 

Renewal 

Renewal 

Renewal 

Renewal 

Renewal 

ReneMal 

Renewal 

Renewal 

Renewal 

Renewal 

Renewal 

Renewal 

Aug 1 

Jun l/My 22 

Jun l/%y 21 

Jun 15/&y 28 

Jun 1 

Jun l/Flay 30 

Jul 1 

Jul 1 

Sep 1 

Sep 1 

Oct 1 

scp 1 

Sep 1 

Sep 1 

Tree Species and Haanagenent 
Strategies for the Lake States 

Paichigan State University 

Species Selection and Silvicultural 
Systms For Producing Fuels f r m  
b d y  B i m s s  in the Southeastern 
United States 

North Carolina State 
Uni versi ty 

Breeding 6- for Intensive 
Culture of B i m s s  for Energy 

Iwa State Uniwersity 

Tissue Culture of Elite Biotypes 
of Atriplex csnescens as a Short 
Rotation Waody Biomass Crap 

Plant Rewurces Institute 

r o v m n t  of woody species 
For Energy Production in 
the Southwest 

International 

Met Energy and Econmic Analyses 
f0r Producing Populus Hybrid Under 
Four &nagemen t S t rateg i es 

Pennsylvania State 
University 

Production of Woody Biofuels from 
Pksqcrite (PPesopji spp.) 

Texas MI Un i vers i ty 

Estahl ishnent of = U I J ~  
Energy Plantations 

U S M  Forest Service, 
Morth Central For. Exp. Sta. 

Increasing the Bimrasr Production 
of Alder Plantations in the 
Pacific Northwest 

USDA Forest Service, 150,000 
For. and Range Exp. 

Sta. 

B i m x s  Harvesting and Field 
Clandl i ng 

Tennessee Valley 
Author i ty 

90 $000 

Eucalyptus for Biomass Production 
in Florida 

University of Florida 160,000 

Kansas State University 70,000 Great Plains Energy Forest 

Evaluation and Genetic hyxwmient 
of Black Cottonwood for Short- 
Rotation Coppice Culture 

University of Washington 140,000 
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Or. David H. Dawson represented the United States and the SRWCP at a 
meeting of the International Energy Agency's (PEA) working group B, 
Forest Growth and Production, in January 1985. The meeting, held in 
Uppsala, Sweden, was organized f o r  the purpose of preparing a program 
o f  work for the period 1986 to 1989. The IEA's Forest Growth and 
Production Group i s  undergoing reorganization to better coordinate 
joint reslearch and information exchange. Primary activities of  this 
meeting were to determine how to close or reorganize existing work to 
meet future needs and better fit reorganization goals. Fewer, more 
integrated projects are sought. In general, the subject areas o f  
research for new activities remain unchanged, namely, genetic 
improvement, grawth factors, production systems, and cost-effectiveness 
and evaluation. 
(alder), Papulus (poplar), and Salix (willow). The 1986-to-1989 
program developed at the meeting was submitted to the Executive 
Committee of XEA for approval i n  April 1985. The proposed program was 
not approved and was sent back to working group €3 for further 
revision, Plans were made to meet in September to work on the 
rewi sions. 

The major plant genera to be emphasized are Alnus 

Or.. D .  H. Dawson, cansultant to the SRWCP, and Dr. E .  A.  Hansen, 
prlmary investigator on an SRBJCP project, represented the United States 
at the Indo-U.S. Scientific Exchange Meetings held in early March 
1985. Agreement was reached on a proposal for cooperative research on 
Populus selection and breeding as part of the Indo-U.S. Science and 
Technology Initiative. The proposed research, which will involve both 
U.S. and Indian scientists, will focus on selection, testing, and 
improvement of Populus species for energy. Field research using the 
same genotypes will be done in both countries. Planting materials, 
research data, and technical expertise will be shared. Principal 
investigators for research in the United States are Dr. D. H.  Dawson, 
consultant to Oak Ridge National Laboratory; Dr. E. A .  Hansen, USOA 
Forest Service; and Dr. R .  Stettler, University o f  Washington. 
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. .  

Th is  s e c t i o n  su s i zes  techno lo  t r a n s f e r  t h a t  occurred o r  was 
repo r ted  d u r i n g  the q u a r t e r .  
at tended, and t o u r s  g i ven  bo th  by ORNL s t a f f  and by subcont rac tors  t o  
t h e  SRWCP a r e  l i s t e d .  

Pugy ica t ions ,  p resenta t ions ,  meetings 

P u b l i c a t i o n s  

1. 

2. 

3 .  

4 .  

5. 

6. 

7. 

8. 

9. 

Argent, R. M. 1985. S i b e r i a n  elm: From windbreaks t o  wood 
energy. Trans. Ka-nsas Acad. S c i n c g ,  4. ( a b s t r a c t ) .  

Flinchum, D. M.9 W. E. Goddard, H. W. Kok, P. A. Layton, 
C. H. HcRae, G. L. Powell ,  and D. L.  Rockwood. '1985. Coop. Far. 
Gen. Res. Program 27th Prog, Rept., U n i v e r s i t y  o f  F l o r i d a ,  Sch. 
For.  Res.. and Conservat ion Res. Rept. No. 36. 20 pp. 

Geyer, W. A.  1985. C l i m a t o l o g i c a l  v a r i a t i o n  in energy f o r e s t  
y i e l d s  i n  t h e  Cen t ra l  Great P la ins  o f  t h e  Un i ted  Sta tes .  I 
Proceedings o f  t h e  1984 Southern Fo res t  Biomass Workshop. USDA 
Fores t  Service,  Sautheastern Fo res t  Experiment S t a t i o n .  Ashev i l l e ,  
Nor th  Carol i na. 

Nor th  Caro l i na  S t a t e  U n i v e r s i t y .  1985. Hardwood Research 
Cooperat ive Annual Report .  75pp. 

Reighard, G .  L., G. Howe, and J. W .  Hanover. 1985. E f f e c t s  o f  
chemical weed c o n t r o l  and seed l i ng  p l a n t i n g  depth on s u r v i v a l  and 
growth of aspen. Tree P l a n t e r s '  Notes, Win ter  1985:3-7. 

Rackwood, 0 .  1. 1985. Genetic improvement p o t e n t i a l  for  biomass 
q u a l i t y  and q u a n t i t y .  Biomass 6:37-45. 

T r i m b l e ,  J ,  k . ,  R. I .  Van Hook, and A. 6 .  Folger .  1985. Biomass 
f o r  Energy: The Environmental Issues. Biomass 6:3-13, 

Van Hook, R. I . ,  e t  a t .  1985. Biomass Product ion.  pp.71-83. I N  
Auerbach, S .  I . ,  e t  a l . ,  Environmental Sciences D i v i s i o n  Annual 
Progress Report f o r  t h e  Per iod Ending September 30, 1984. 
ORNL-6140+ Oak Ridge Na t iona l  Laboratory,  Oak Ridge, Tennessee. 
216 pp. 

Wright,  L. L.,  J .  W. Ranney, 5 .  L. Tr imb le ,  R .  D. Per lack and 
G .  R. Wenzel. 1985. Shor t  Ro ta t i on  Woody Crops Program Q u a r t e r l y  
Progress Report for t h e  Per iod  September 1 t o  November 3 Q ,  7984. 
ORNL/TM-9540. Oak Ridge Na t iona l  l a b o r a t o r y ,  Oak Ridge, Tennessee. 
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Popular Article?. 

1 .  Topeka Capital Journal Newspaper. April 26, 1985, "Study shows 
Mood fuel can be cheaper than gas." 

rence World Journal Newspaper. March 30, 1985. "Tirnbersr! 
Trees fall in mechanical harvest." 

3 .  Kansas City limes Newspaper. April 2 ,  1985. "Kansa~ wins acclaim 
for timber expertise," 

4 .  Kansas State Collegian Newspaper. May 8, 1985. "2rofessor 
explains benefit.s o f  using wood chips as energy." 

5. Oread. Univ. Kansas Newspaper. April 5, 1985. "Tree harvest 
yields chips for heating plant-" 

- Presentations __ - - _- . . . - 

1 .  Curtin, 0. 1985. Video tape o f  SRlC plantation harvesting test. 
American Pulpwood Association Annual (APA) Neeting, 
March 17-19, 1985. 

2. Curtln, D. 1985. Findings o f  plantation harvester t e s t .  
American Pulpwood Association Southwide Energy Committee, 
April 24-25. 1985. 

3 .  Dawson, D. 1985. National overview o f  short-rotation intensive 
culture research. Field-day seminar and demonstration of S R I C  
harvesting techniques, Lawrence, Kansas, April 12, 1985. 

4 .  DeSousa, S ,  1985. Influence of air temperature, light intensity, 
and photoperiod on root ing of PJO~OJ& ala cuttings Symposium 
on Establishment and Productivity o f  Tree Plantings in Semiarid 
Regions. Texas A&I University, Kingsville, Texas, 
April 29-May 2 ,  1985. 

5. Dippon, 0. R. 1985. Cost sensitivity analysis o f  _Eil~~u-~ 
grqnAi2. 
Gainesville, Florida, March 12-14, 1985. 

Third Southern Biomass Energy Research Conference, 

6 .  Felker, P. 1985. Use o f  plant tissue mineral analysis t o  assess 
limitations of sail fertility on tree growth. Symposium on 
Establishment and Productivity o f  Tree Plantings in S e m i a r i d  
Regions, Texas ARI University, Kingsville, lexas, 
April 29--May 2 ,  1985. 

7 .  F e l k e r ,  P. 1985. Influence o f  mechanical arid chemical weed 
control on growth and survival of tree plantirigs in semiarid 
r e g i o n s .  Symposium an E s t a b l i s h  erst and Productivity of Tree 
Plantings in Semiarid Regions, Texas A&I University, Kingsville, 
lexas, April 29-May 2, 1985. 
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8 .  Tabone, T .  1985, Tissue culture propagation o f  Leucaena and 
Prosopis. Symposium on Establishment and Productivity o f  Tree 
Plantings in Semiarid Regions, Texas A&T University, Kingsville, 
Texas, April 2 -Hay 2, 1985. 

9 .  Hall, R. €3. 1985. Alder - an agricultural alternative. Iowa 
Academy of Science, Pella, Iowa, April 27, 1985. 

IO. Hanover, J .  W. 1985. Briefing on Michigan State University 
genetics and biomass research. NC-99 Tree Improvement Committee 
Meeting, St. Paul a Minnesota, March 12-13, 7985. 

11. Hanover, J .  W .  1985. Briefing on Michigan State University 
genetics research on biomass species. Leadership Dynamics 
Development Group, Grand Rapids, Michigan, March 29. 1985. 

12.  Miller, R. 1985. Overview and results of flichigan State 
University biomass plantation research. Soi l  Conservation Service 
Annual Regional Meeting, Lansing, Hichigan, March 14, 1985. 

13. Murray, 19. 1985, Variation in tolerance of red alder families t o  
s o i l  waterlogging. 
Meeting, Vancouver, British Columbia. 

Northwest Zcientific Association Annual 

14.  Ranney, J .  W .  1985. Research on short-rotation woody crops in 
the South. Third Biomass Energy Research Conference, University 
of Florida, Gainesvi lle, Florida, March 12-14, 1985. 

15. Ranney, J .  W ,  1985. Research results of the Short Rotation Woody 
Crops Program. Symposium on Biomass Energy sponsored by the 
Bioenergy Coordinating Office at the University of  Minnesota, 
April 26, 1985. 

16. Reddy, K .  V .  1985. Genetic improvement o f  Eucalyptus grandis for 
biomass production in Florida. Ihird Southern Biomass Energy 
Research Conference, Gainesville, Florida, March 12-14, 1985. 

17. Reddy, K .  V .  1985. Effect of  inbreeding on estimates of genetic 
parameters in Eucalyptus grandis. Eighteenth Southern forest Tree 
Improvement Conference, Gulfport, Mississippi, May 21-23, 1985. 

18. Relghard, 6. L. 1985. Genetic and cultural factors affecting 
growth performance o f  slash pine. Eighteenth Southern Forest Tree 
Improvement Conference, Gulfport, Mississippi, Hay 21-23, 1985. 

19. Rockwood, 0. L .  1985. Development of woody biomass cultural 
systems in Florida. Third Southern Siomass Energy Research 
Conference, Gainesville, Florida, March 12-14, 1985. 

20. Schultr, R. C. and R. 6. Hall. 1985. Growth and rooting 
characteristics of hybrid aspen and alder on a reclaimed mine 
site. Iowa Academy o f  Science, P e l l a ,  Iowa, April 27, 1985. 
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Sommer, H. E., H .  Y .  Wetzste ln  and . I. Lee. 1985, Advances i n  
the t i s s u e  c u l t u r e  of Li-iujdgmbg~ styracif.1-ya b. 
Southern Fores t  T ree  Irnpravement Conference, Gulfport, 
M i s s i s s i p p i ,  May 21-23, 1985, 

E ighteenth 

Stettler, R. 1985. Biotechnology i n  t h e  p o p l a r  program a t  t h e  
U n i v e r s i t y  o f  Washington. 
the ~ o ~ t ~ ~ ~ s t  p u l p  and paper i n d u s t r y ,  May 9, 1985. 

Meeting o f  c h i e f  execut ive  o f f i c e r s  o f  

S t e t t l e r ,  R. 1985. Biotechnology i n  t h e  p o p l a r  program a t  t h e  
U n i v e r s i t y  of  Washington. 
S t a t e  Department o f  Natura l  Resources Research 8ranch, 
May 10, 1985. 

Meeting of s t a f f  a t  t he  Washington 

l o r r e a m ,  S ,  J .  and D. J .  Freder ick .  1985. A comparison of  
coppice and seed l ing  biomass produc t ion  w i t h  time and spacing on 
two s i t e s  i n  Nor th Caro l ina.  Paper presented a t  t h e  T h i r d  
Southern Biomass Energy Research Conference, G a i n e s v i l l e ,  F l o r i d a ,  
March 12-14,  1989. 

1. 

2. 

3 ,  

4 .  

5.. 

6 .  

7 .  

&eyer, kJ, A .  I n t e r n a t i o n a l  Meeting on Biomass 
Conference, March 1985, Venice, Italy. 

Geyer, W .  A .  F i e l d  tour  of  copp ic ing  hardwood 
S t a t e  Forest. Resource S i l v i c u l t u r e  l n s t i t u t e  Q 

U n i v e r s i t y  of Florence i n  Arezzo,  I t a l y ,  A p r i l  

Cu r t i n ,  0. P a r t i c i p a t e d  i n  U n d e r u t i l i z e d  Hood 
sponsored by t h e  S o l a r  E l e c t r i c  Research l n s t i  
March 4-5, 1985, Golden, Colorado. 

3rd E C C  Energy 

t r e e s  i n  ltaly by 

1985. 
I t a l y  and t h e  

Ranney, 3 .  W .  Eighteenth Southern Fores t  Tree Improvement 
Conference, May 20-23, 1985, Long Beach, M i s s i s s i p p i .  

Rockwood, 0. L .  Eighteenth Southern Forest  Tree Irnpravement 
Conference, May 20-23, 1985, Long Beach, M i s s i s s i p p i .  

Nt- ight ,  C. 
Conference 

W r i g h t ,  L ,  
Plantings 
7 exas .  

L.  E igh teenth  Southern Fores t  Tree Improvement 
May 20--23, 1985, Long Beach, M i s s i s s i p p i .  

L .  Symposium on Establ ishment and P r o d u c t i v i t y  o f  Tree 
n Semiar id Regions, A p r i l  29-Way 2, 1985, K i n g s v i l l e ,  
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Contacts and f o u r s  

Bioenergy Develop ent Corpora t ion  (BDC) : 
st severa l  months BDC has discussed t h e i r  

research r e s u l t s  w i t h ,  and prov ided adv ice t o ,  B i o  Power 
Corporat ion,  wh j ch i s repa r ing  t o  e s t a b l i s h  t r e e  p l a n t a t i o n s  
t o  f u r n i s h  biomass t o  t h e  fermer Puna Sugar Company power 
p l a n t .  Th is  w i l l  be a d j r e c t  a p p l i c a t i o n  o f  some o f  our  
research work t o  a commercial opera t ion .  

D r .  L a r r y  Kulp, Vice-pres ident  i n  charge o f  technology 
s t r a t e g y  f o r  Weyerhaeuser Company, v i s i t e d  BDC‘s Eucalyptus 
p l a n t a t i o n s  i n  Hawai i .  

U n i v e r s i t y  o f  F l o r i d a :  
Don Rockwoad hosted seven s c i e n t i s t s  f rom the  Biomass Energy 
Research Conference t o  rev iew h i s  biomass research p r o j e c t s .  

Iowa S ta te  U n i v e r s i t y :  
R. 6. H a l l  and s tudents met w i t h  Iowa Conservat ion Commission 
Fores ters  and M r .  Wayne S ieg le  o f  t h e  Iowa Department o f  
Cor rec t ions  t o  d iscuss the  p o s s i b i l i t y  o f  conve r t i ng  the  
space-heating systems o f  one o r  more o f  t h e  s t a t e  
p e n i t e n t i a r i e s  t o  woad heat.  
m a t e r i a l s  f o r  i n i t i a l  p l a n t a t i o n  t r i a l s .  

They o f f e r e d  t o  supply 

R. 6 .  H a l l  and s tudents t r a v e l e d  t o  Creston, Iowa, t o  m e e t  
w i t h  rep resen ta t i ves  of t h e  Soi l  Conservat ion Serv ice,  
Fo res t r y  Sec t ion  o f  t h e  Iowa Conservat ion Commission, 
Hu l t i -County  Wood U t i l i z a t i o n  Committee, and the  Southern 
Iowa A g r i c u l t u r a l  “Boosters.’8 They toured  p o t e n t i a l  p l a n t i n g  
s i t e s  and discussed t h e  necessary steps t o  make wood biomass 
farming a p r a c t i c a l  a l t e r n a t i v e  f o r  southern Iowa. 

Kansas S ta te  U n i v e r s i t y :  
Kansas Fo res t r y  s t a f f  v i s i t e d  t h e  ha rves t i ng  demonstrat ion 
conducted on a 2.02-ha energy f o r e s t  a t  Sunf lower research 
p l a n t i n g  s i t e  a t  DeSoto, Kansas (Lawrence area) .  

Nor th  Cent ra l  Fores t  Experiment S t a t i o n  (NCFES): 
Northern Sta tes  Power Company consu l ted  w i t h  s c i e n t i s t s  a t  
NCFES on severa l  occasions as they developed p lans f o r  a 
poss ib le  SOQ-MW wood- f i red e l e c t r i c  genera t ing  f a c i l i t y  ’In 
Minnesota. 

Ed Hansen and Dave Oawson v i s i t e d  I n d i a  f o r  a ten-day science 
exchange as p a r t  o f  t he  Indo-U.S. Science and Technology 
I n i t i a t i v e ,  The purpose was t o  i d e n t i f y  p l a n t i n g  s i t e s  f o r  
c o l l e c t i o n s  o f  Populus d e l t o i d e s  t h a t  w i l l  be sent  t o  I n d i a  
in ;  e a r l y  1986. 
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Oak Ridye Nat iona l  I -aboratory:  
A p r e s e n t a t i o n  on t h e  B i o  
J .  L. Tr imb le  tu new empl L i s  I n f o r m a t i o n  
Resources Organizat ion.  

s a t  ORNL was ndde by 

A p r e s e n t a t i o n  os7 t h e  Shor t  R o t a t i o n  Woody Crops Program was 
g iven by 3 .  I . .  Trlrnble t o  ,the I l l i n o i s  AgYiCUltlJral 
Leadership Program Group which v i s i t e d  O R N L .  

Donna F i t r g a t r i c k ,  A s s i s t a n t  Secre tary  f o r  Conservat ion and 
Renewable Energy, v i s i t e d  ORNL on May 17,  1985. She Ma5 
g iven a b r i e f  p r e s e n t a t i o n  by R .  I .  Van Hook, J ,  kl. Ranney, 
and J ,  H. Cushman on DQE's Biomass Programs managed by ORNL. 

Gary Sch ie fe lbe in ,  Don Stevens, and Daniel  Anderson o f  t h e  
P a c i f i c  Northwest Laboratory  (PNL)  v i s i t e d  t h e  SRWCP s t a f f  a t  
BRNL t o  d iscuss p o t e n t i a l  areas f o r  cooperat ion i n  biomass 
research betwecn BRNL and PNL. 

P a c i f i c  Northwest Fores t  and Range Experiment S t a t i o n :  
Dean DeBell  at tended a meeting concerning a hardwood research 
coopera t ive  proposed by Oregon S t a t e  U n i v e r s i t y  (OSU) f o r  t h e  
P a c i f i c  Northwest. The rneef.ing war i n i t i a t e d  by 8SU and h e l d  
a t  Weyerhaeuser f a c i l i t i e s  i n  C e n t r a l i a ,  Washington. Oregon 
S t a t e  U n i v e r s i t y ,  Weyerhaeuser Company, Goodyear-Nelson 
Company (an a i d e r  lumber manufacturer) ,  and t h e  P a c i f i c  
Northwest Forest  and Range Experiment Statlon were 
represented. 

lennersee V a l l e y  A u t h o r i t y  ( I V A ) :  
Dennis C u r t i n  toured harves t ing  operat ions and manufactur ing 
p l a n t s  i n  Sweden and F in land Nay 25-June 9, 1985. 

Paul B a r n e t t  met w s t h  Jim blattson and Ed Hansen i n  
Rhinelander, bdisconsin, t o  ga ther  data and i n f o r m a t i o n  on 
p l a n t a t i o n s  and perce ived h a r v e s t i n g  problems and 
o p p o r t u n i t i e s .  I n i t i a l  p lans w e r e  ade f o r  an I E A  Workshop 
i n  September. 

Paul B a r n e t t  met w i t h  s c i e n t i s t s  a t  Pennsylvania S t a t e  
U n i v e r s i t y  t o  c o l l e c t  dat-a and d iscuss harves t ing  
o p p o r t u n i t i e s .  

lexas  A&I U n i v e r s i t y  

Peter  F e l k e r  arranged t o u r s  of  h i s  mesquite biarnass p l a n t i n g s  
as  p a r t  o f  t h e  Symposium on Establ ishment and P r o d u c t i v i t y  o f  
l r e e  P l a n t i n g r  i n  Semiar id Regions. About 80 people v i s i t e d  
t h e  s i t e s .  
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PROGRAM SYNTHESIS ACTIVITY REPORTS 

Nutrient UtilizatSon Study ( 0 .  Id, Johnson) 

Data from the 1984 (third year) sampling of the short-rotation loblolly 
pine and yellow-poplar plantations have now been analyzed. Results 
show conclusively that there is no further benefit (and perhaps even a 
slight negative effect) from fertilizin quarterly (March, June, 
September, and December) with 25 kgeha-! urea nitrogen, as compared 
with annually (ire blarch) at 100 kgrha-l, Both loblolly pine and 
yellow-poplar trees fertilized annually had higher foliage nitrogen 
cancentration (prgrg-l) and content (geleaf-I) in August than 
quarterly fertilized trees, Unfertilized trees had the lowest biomass 
and foliage-nitrogen concentration and content in all cases. 

Senescent leaves had very similar nitrogen concentration regardless o f  
fertilizer treatment, indicating that fertilized trees efficiently 
conserved the fertilizer nitrogen they took up by translocating it t o  
either older foliage ('loblolly pine) or permanent tissues. 

There was no evidence of any long-term increase (i.e., beyond the 
temporary increase in soil NH$ and NQ.;~)  in soil-nitrogen 
availability (measured by aerobic Incubation and chemical 
fractionation) in fertilized plots, but there was a marked increase in 
both nitrification rate and nitrate leaching, especially in the 
quarterly fertilized plots. 

7hese results suggest that nitrogen fertilization more frequently than 
annually benefits nitrifying bacteria in the s o i l  more than the target 
organisms {(trees), causing nitrate-nitrogen losses via leaching. There 
are  attendant implications for the use of slow-release fertilizers, 
which may produce the same negative side effects as quarterly 
fertilization. Research plots comparing one-time-only urea vs slow 
release fertilization have now been established to test this 
hypotheses. 

_yI_-. Whole-Tree .I- Harvesting: Regrowth 4 Years After Whole-Tree and Sawlog 
Harvest (I. K .  Mann) 

Nutrlent-budget estimates for an upland, mixed-hardwood forest i n  
eastern Tennessee demonstrated that whole-tree above-stump harvest 
(WTH) removed much greater amounts of nutrients than a conventional 
sawlog harvest (SAW) (Johnson et al. 1982) .  Natural regeneration was 
monitored for 4 years after harvest to determine the effects of  these 
t w o  intensities of harvest on productivity and community composition. 
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Stump-sprout biomass, seed l ing  biomass, numbee- o f  stems, and t i s s u e  
n u t r i e n t  concent ra t ions  were determined f o r  major  species a f t e r  both 
h a r v e s t i n g  l e v e l s  - Stump -sprout  l e a f  - - n u t r i e n t  concentrat. ions averaged 
5% l e s s  n i t r o g e n ,  3% more phosphorus, 7% o r e  potassium, and 13  
ca lc ium a f t e r  SA . Di f fe rences  between l e a f - t i s s u e  
ca lc ium and potass grea te r  i n  seedl ings.  Average t o t a l  
sprou t  biomass per  g rea ter ,  and seed l ing  biomass was 
n e a r l y  380% g r e a t e r  a f t e r  SAW than 
responded very d i f f e r e n t l y  t o  t h e  t o harves t  i n t e n s i t i e s .  Black 
c h e r r y  seedl ings were more than t w i c e  as abundant and produced more 
than t e n  t imes a s  much biomass a f t e r  SAW, compared t o  WTH. Very few 
blackgum stump sprouts  surv ived  a f t e r  SAM compared w i t h  M l H ,  b u t  
blackgum r o o t  sprouts  responded s i m i l a r l y  t o  bo th  harves t  i n t e n s i t i e s .  
Although most species produced more biomass a f t e r  SAM, severa l  were 
more abundant a f t e r  W 7 M .  

f t e r  M l H .  Only t w o  s p e c i e s  

Although these! r e 5 u l t s  a r e  p r e l i m i n a r y  and based on o n l y  few samples, 
t h e y  i n d i c a t e  t ha t  d i f f e r e n c e s  between n u t r i e n t s  l e f t  on t h e  s i t e  a f t e r  
harves t  may a f f e c t  t r e e  growth. Growth d i f f e r e n c e s  a t  t h i s  e a r l y  stage 
may be due t o  o t h e r  f a c t o r s  such a s  m i c r o c l i m a t e  e f f e c t s  o f  s lash  and 
d i f f e r e n c e s  between s i t e  d is turbances d u r i n g  harves t .  A d e t a i l e d  
a n a l y s i s  o f  s o i l  n u t r i e n t s  i s  planned t o  determine changes i n  n u t r i e n t  
a v a i l a b i l i t y .  

Johnson, 0 .  W . ,  D .  C. West,  D. E .  Todd, and L. K .  Mann. 1982. E f f e c t s  
o f  sawlog vs whole- t ree h a r v e s t i n g  on t h e  n i t r o q e n ,  phosphorus, 
potassium, and ca lc ium budgets o f  an upiand mixed oak f o r e s t .  
-I-__I_ S o i l  S c i .  __ Soc.. _I-_ A m . - &  46:1403-1309. 

The i d e n t i f i c a t i o n  and documentation o f  e x i s t i n g  prototypes o f  S R l C  
h a r v e s t i n g  equipment i s  n e a r l y  complete. Only one working p r o t o t y p e  
was a v a i l a b l e  i n  Nor th America f o r  p h y s i c a l  eva lua t ion ,  though severa l  
o thers  a r e  i n  var ious stages o f  c o n s t r u c t i o n  and development. The 
p r o t o t y p e  was t e s t e d  February 18-22, 1985, through t h e  f a l l o w i n g  
cooperat i ve e f f o r t s  : 

1. Nor th  Caro l ina  Hardwao Cooperat ive - Doug Freder ick 

2. S c o t t  Paper Company .- l d i l l i a m  Wharton 

3 .  Hyd--Mech Engineer ing,  L t d .  - Stan Jasinski 

4 .  Nat iona l  Research Counci l  o f  Canada - Ted Golab 

5 .  USDA F Q M S ~  Service,  Southern F o r e s t  Experiment S t a t i o n  - 

B r y c e  Stoke§  

6.  Iennessee V a l l e y  A u t h o r i t y  - Dennis Cur . t in  
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The t e s t  i n d i c a t e d  t h a t  the p ro to type  harves ter ,  HRCC FB7, can ha rves t  
t r e e s  up t o  7 cm i n  d iameter  at a r a t e  i n  excess o f  1,800 t r e e s  pe r  
hour. F e l l i n g  and bunching p r o d u c t i v i t y  averaged 14.7 green Mg pe r  
p roduc t i ve  machine hour, and cos ts  were p r e d i c t e d  t o  be $2.24 pe r  Hg. 
For  t h e  t o t a l  system, f e l l i n g  through ch ipp ing,  cos ts  were p ro jec ted  t o  
be between $8.24 and $9.5 p e r  green M g *  
mechanical breakdowns, which i s  c h a r a c t e r i s t i c  o f  p ro to types ,  b u t  the  
eng ineer ing  concepts a r e  sound. 

The harves ter  had a number o f  

The d r a f t  t o p i c a l  r e p o r t  d e s c r i b i n g  S R I C  p l a n t a t i o n  harves ters  and t h e  
d r a f t  f i n a l  r e p o r t  have been submit ted f o r  rev iew and a re  a w a i t j n g  
comments. 

__I-- SRWCP Technical  Data Base (L. L. Wr igh t )  

The des ign o f  t h e  SRWCP t e c h n i c a l  data base was completed i n  March 
1985. 
t h e  development o f  procedures t o  generate r e p o r t s  on t h e  data i n  the 
da ta  base was begun. To date,  procedures t o  generate 1 2  d i f f e r e n t  
r e p o r t s  have been developed and tes ted .  
procedures, new data requirements were d iscovered and incorpora ted  i n t o  
t h e  data base design, 

Upon complet ion o f  t h e  design, da ta  e n t r y  i n t o  the  data base and 

Dur ing t h e  t e s t  phase o f  t h e  

E n t r y  o f  records i n t o  the da ta  base proceeded t h i s  qua r te r .  Data f rom 
Texas A & I  U n i v e r s i t y ,  Pennsylvania S t a t e  U n i v e r s i t y ,  Nor th Caro l ina  
S t a t e  U n i v e r s i t y ,  and t h e  U n i v e r s i t y  o f  I l l i n o i s  w e r e  entered and can 
be accessed. Revis ions were made and t h e  r e p o r t s  were generated. Data 
f rom the U n i v e r s i t y  of Houston, Kansas S t a t e  U n i v e r s i t y ,  Utah S ta te  
U n i v e r s i t y ,  U n i v e r s i t y  of Vermont, U n i v e r s i t y  o f  Washington, and 
U n i v e r s i t y  o f  Georgia were ex t rac ted ,  converted, and compiled and a r e  
ready f o r  e n t r y  i n t o  t h e  system. 
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QUARTERLY HIGHLIGHT 

The U r t e r l y  h i g h l i g h t  aims t o  focus a t t e n t i o n  e i t h e r  on research 
being performed by t h e  SRbJCP o r  on a n a l y s i s  o f  t h e  economic p o t e n t i a l  
of t h e  SRIC concept. 
s i m i l a r  t o  t h a t  o f  a j o u r n a l  a r t i c l e .  
focuses on research be ing  conducted a t  O R N L .  

This  s e c t i o n  presents  t h e  i n f o r m a t i o n  i n  a fo rmat  
The h i g h l i g h t  t h i s  q u a r t e r  

The Economics of  Energy P l a n t a t i o n s  

R. D. Perfack 
Energy D i v i s i o n  

Oak Ridge Nat iona l  Laboratory  

I n  t h i s  t e c h n i c a l  h i g h l i g h t ,  t h e  economics o f  SRXC woody biomass 
p l a n t a t i o n s  a r e  demonstrated f o r  a rep resen ta t i ve  example cons t ruc ted  
i n  p a r t  f rom a number of  SRWCP f i e l d  research p r o j e c t s .  The purpose of 
t h i s  h i g h l i i g h t  i s  t o  i l l u s t r a t e  t h e  types o f  economic analyses t h a t  
have been completed f o r  t h e  SRHCP and t o  i n d i c a t e  t h e  e x t e n t  o f  c o s t  
reduc t ions  and p r o d u c t i v i t y  improvements t h a t  w i l l  be necessary t o  make 
t h e  SRIC concept ready f o r  c o m r c i a l i z a t i o n .  A 5-year r o t a t i o n ,  a 
1.5-square-meter spacing (4000 t rees /ha  , two coppice harvests ,  and a 
p r o d u c t i v i t y  ra e o f  12  d r y  #g.ha-l*yr-{ i n  t h e  f i r s t  r o t a t i o n  and 14.4  
d r y  M g ~ h a - ~  *yr-\ (20% increase over  f i r s t  r o t a t i o n )  i n  t h e  subsequent 
coppice r o t a t i o n s  a r e  assumed. 
19.7 GJ/dry Mg (17.0 MBtu/dry t o n ) .  The cos ts  f o r  t h i s  rep resen ta t i ve  
p l a n t a t i o n  a r e  summarized i n  Table 3 .  

The energy conten t  of  t h e  biomass i s  

Perhaps a f i r s t  ques t ion  t o  reso lve  I n  e v a l u a t i n g  t h e  economics o f  
wood-energy p l a n t a t i o n s  i s  t o  analyze t h e  s e n s i t i v i t y  o f  t h e  
economical ly  op t ima l  r o t a t i o n  age t o  changes i n  impor tan t  f a c t o r s  
(e.g., t h e  d i scoun t  o r  i n t e r e s t  r a t e ) .  Because spacing determines t o  
some e x t e n t  t h e  l i k e l y  range of opt ima l  r o t a t i o n  ages, o n l y  a l i m i t e d  
number need t o  be examined. The minimum produc t  p r i c e  as a f u n c t i o n  o f  
t he  r e a l  d iscount  r a t e  f o r  t h r e e  a l t e r n a t i v e  r o t a t i o n  ages I s  shown i n  
F i g .  3 .  These r e s u l t s  c o n f i m  what one would expect: t h a t  t h e  op t ima l  
r o t a t i o n  age i s  shortened by increases i n  t h e  d iscount  r a t e  and 
lengthened w i t h  decreases i n  t h e  d i scoun t  r a t e .  However, t h e  r e s u l t s  
a l s o  i n d i c a t e  t h a t  t h e  economics o f  a p l a n t a t i o n  a re  n o t  a f f e c t e d  a 
g r e a t  deal  by t h e  cho ice  o f  r o t a t i o n  age. That i s ,  t h e  minimum produc t  
p r i c e  3 s  n o t  s u b s t a n t i a l l y  d i f f e r e n t  among the  t h r e e  r o t a t i o n  ages. 
The economics suggest t h a t  it i s  impor tan t  t o  be w i t h i n  1 year  o f  the 
opt ima? r o t a t i o n  age, b u t  be ing on t h e  op t ima l  r o t a t i o n  age i s  n o t  
c r i t i c a l .  
p r i c e .  

S i m i l a r  r e s u l t s  a r e  found by va ry ing  p r o d u c t i v i t y  and 



Table  3 .  SRIC energy p l a n t a t i o n  c o s t  a c t i v i t i e s  

I n f r a s t r u c t u r e  development 
Land r e n t  
S i t e  p r e p a r a t i o n  
Prep lan t  weed c o n t r o l  
Seedl ings (4000 t rees/ha)  
P I  a n t  i ng 
C u l t u r a l  management 

F e r t i l i z a t i o n  
Seedl ing y r  1 
Seedl ing y r  2 
Coppice y r  1 

Seedl ing y r  1 
Seedl ing yr 2 

Seedl ing y r  2 
Seedl ing y r  4 
Coppice y r  2 
Coppice y r  4 

Weed c o n t r o l  

P e s t  c o n t r o l  

Admi n i  s t r a t i  on 
Harvest ing 
7 ran  5 port a t  i on 

$32/ha 
$80/ha By r 
$50/ha 

$5 50 /h a 
$50/ha 

$75/ha 
$75/ha 
$15/ha 

$90/ha 
$90/ha 

$90/ha 
$90/ha 
$9Q/ha 
$9Q/ha 
$30/ha/yr 
$24/Mg 
$4 /Ng 

A 25% margin was added t o  t h e  minimum produc t  p r i c e  t o  account f o r  
taxes and a r e t u r n  on investment. 
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The importance o f  major c o s t  a c t i v i t i e s  and p r o d u c t i v i t y  r a t e s  on t h e  
economics af  the rep resen ta t i ve  p l a n t a t i o n  can be evaluated through 
s e n s i t i v i t y  a n a l y s i s .  I n  F i g .  4, t h e  r e s u l t s  o f  t h e  s e n s i t i v i t y  

arized,  The r e s u l t s  From va ry ing  cos ts  i n d i c a t e  t h a t  
c t  p r i c e  i s  a f f e c t e d  most  by ha rves t i ng  cos 

repa ra t i on ,  p l a n t i n g ,  c u l t u r a l  management, an 
a r e  impor tan t ,  b u t  r e l a t i v e l y  large chang s i n  on ly  one o f  these cos ts  
w i l l  n o t  have a major impact on t i c  v i a b i l i t y  o f  t h e  
p l a n t a t i o n .  The don’inance o f  p r o  on t h e  economic v i a b i l i t y  o f  
SRIC p l a n t a t i o n s  i s  a l s o  shown i n  saph i 11 u s t r a t e s  t h e  
d i m i n i s h i n g  impact o f  successive p r o d u c t i v i t y .  
3 r s d u c t i v i t y  ga ins  beyond, say, 6 t prov ide  a s u b s t a n t i a l  
r e d u c t i o n  i n  p roduc t  p r i c e .  Conversely, F i g .  4 shows tha t  losses i n  
expected p r o d u c t i v i t y  caw have d i s  rous e f f e c t s  on t h e  economics o f  
t h e  p l a n t a t i o n .  For example, a 40 09s i n  p r o d u c t i v i t y  would inc rease 

produc t  p r i c e  by near1 1 * O O / G J .  She s e n s i t i v i t y  a n a l y s i s  
shows q u i t e  obv ious l y  t ha t  i nc reas  p r o d u c t i v i t y  and reducing 
h a r v e s t i n g  cos ts  are c r i t i c a l  to t h e  economic v i a b i l i t y  o f  t h e  
concept * 

A key f e a t u r e  o f  S R I C  p l a n t a t i o n s  i s  t h e  r e l i a n c e  an t h e  cappic ing 
a b i l i t y  o f  hardwood t r e e s  t o  r e  enerate succeeding stands a t  l i t t l e  o r  
no a d d i t i o n a l  expenses. I n  F i g  5, t h e  e f f e c t s  o f  copp ic ing  on t h e  
economics o f  t h e  p l a n t a t i o n  a r e  demonstrated by va ry ing  the  number o f  
coppice harves ts  and t h e  percentage increase i n  coppice p r o d u c t i v i t y  
r a t e  over  t h a t  f o r  t h e  f i r s t  r o t a t i o n .  A comparison o f  t h e  c a l c u l a t e d  

um p r ~ d u c t  p r i c e  f o r  two coppice harves ts  and a 20 inc rease above 
t h  f i r s t  r o t a t i o n  t o  no capp ic ing  shows a d i f f e r e n c e  o f  $0.97/65. 
Figure  5 a ino  i l l u s t r a t e s  t h e  t r a d e - o f f s  between t h e  number o f  coppice 
ha rves ts  and the  coppice p r o d u c t i v i t y  r a t e .  For  example, one coppice 
ha rves t  and a 100% increase  I n  p r o d u c t i v i t y  i s  n e a r l y  equal t o  two 
coppice harvests and a 40% i nc rease i n  p r o d u c t i v i t y .  Fu r the r ,  one 
coppice harvest and a 40% increase i n  p r o d u c t i v i t y  i s  about equal t o  
t h r e e  coppice harves ts  and ga in .  Promoting h i g h  p r o d u c t i v i t y  
rates throughout succeedin p i c e  r o t a t i o n s  i s  necessary t o  ensure 
SRliC concept acceptance. 

SRIC woody b j o  5 s  p l a n t a t i o n s  can be a s i g n i f i c a n t  source o f  new 
energy f eedsto prov ided t h a t  research can reduce cos ts  t o  
approximately $2.00/65, Perhaps t h e  g r e a t e s t  p o t e n t i a l  for  c o s t  
reduction l i e s  i n  genet ics ,  wh ch has t h e  p o t e n t i a l  t o  inc rease 
p r o d u c t i v i t y  by as much as 100 The e f f e c t  o f  a 
40% p r o d u c t i v i t y  improvement i n  bo th  the f i r s t  r o t a t i o n  and succeeding 
coppice r o t a t i o n s  would reduce t he  ~ i n i ~ ~ ~  requ i red  p roduc t  p r i c e  from 
$3,29/65 t o  $2.85/GJ. A second major area o f  c o s t  reduc t i on  cou ld  come 

t h e  development of  a c o s t - e f f e c t i v e  SWIC ha v e s t i n g  system. I f  a 
r e d u c t i o n  i n  cos ts  can be a t t a i n e d  w i t h  the evelopment o f  an 

i n  t h e  nex t  10 years. 

i n n o v a t i v e  harves ter ,  t h e  e f f e c t  would be t o  reduce t h e  minimum produc t  
p r i c e  t o  n e a r l y  92.35/65, i n c l u s i v e  o f  t h e  p r o d u c t i v i t y  
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Fig .  4 .  S e n s i t i v i t y  o f  the minimum product p r i c e  t o  changes i n  major 
cost  a c t i v i t i e s  and p r o d u c t i v i t y  r a t e s .  
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increase. Significantly reducing plantlet costs through tissue culture 
research could further reduce costs by about $0,75/EJ. Continued 
resedrc h i n promot i mg coppice -produc t 5 v i  ty i nc reases , genet i c s to 
promote tree tolerance and site adaptability, and refinements jn stand- 
management practices could contribute to competitive costs. 
sure, the ultimate test of concept feasibility will require 
demonstration in larger monocultural trials of the size o f  20 to 40 ha 
so that risks, both ba’QlQgiCa1 and econamic, can be evaluated. As; is 
shown by the example, nonattainmnt o f  desired productivity rates 
greatly affects the economics of  the concept. 

To be 
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APPENDIX: SUBCONTRACTED RESEARCH REPORTS 
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Current  A c t i v i t i e s  

Major emphasis d u r i n g  t h e  f i r s t  p a r t  o f  March was devoted t o  complet ion o f  our  
1984 Annual Report,  and t o  p r e p a r a t i o n  o f  our  renewal proposal  f o r  1985-96. 

Research a c t i v i t i e s  have been concentrated on scheduled remeasurement o f  o u r  
e x i s t i n g  experiments. I n  terms o f  our  research ob.ject ives, these remeasure- 
ments i n c l  uded: 

1.  Increase biomass produc t ion :  Species T r i a l s  a t  Onomea V-05AY Kamae 
F26B and F25A, Amauulu, and Ka'u K451; E ,  robusta I and I1  Provenance 
T r i a l s  a t  Chin Chuck F3OB, and E. tereticornis/E.camaldulensis -1- Seed 
Source T r i a l  a t  Kamae F26C. 

_-_____-_- 
l...._..._.l..... __ 

2 .  Determine o p t i o n a l  c u l t u r a l  requirements:  NP T r i a l  a t  Akaka, NPK 
T r i a l  a t  Amauulu, and Osmocote T r i a l  a t  Kamae F25B; Euc/Legume R a t i o  
Test  a t  Ka 'u  K765; 
and Spacing ti R o t a t i o n  Study a t  Amauulu; Weed Contro l  vs .  None a t  
Kamae F2SA. 

Spacing Studies a t  Kamae F25C and Pepeekeo F69B, 

Also, t r e e s  i n  t h e  Amauulu Eros ion p l o t s  were renieasured and a new ins t rument  
s h e l t e r  was i n s t a l l e d  there.  

A d d i t i o n a l  research work inc luded scheduled c rop  l o g g i n g  and r e f e r t i l i z a t i o n  
i n  the  F e r t i l i z e r  Study a t  Pepeekeo F-695, and r e f e r t i l i z a t i o n  i n  t h e  Eu- 
ca lyp tus  Thint i ing/Spacing Study a t  Kamae F26B and F27C. The Spacing Studies 
a t  Kamae F25C and Pepeekeo F69B were f e r t i l i z e d  on an "area' l  bas is ,  which 
means t h a t  t h e  amount o f  f e r t i l i z e r  a p p l i e d  p e r  t r e e  was p r o p o r t i o n a l l y  
g r e a t e r  i n  the  wide spacings, w i t h  fewer t r e e s  per  hec tare  than i n  the  nar -  
rower ones. 

Because o f  t h e  damage from the January, 1985 windstorm i n  t h e  N ino le  Va l ley  
area a t  Ka'u, the  measurements i n  January, February and March o f  t h e  Spacing 
Study a t  K755, t h e  E. g lobulus _- Progeny T r i a l  a t  K765, and t h e  Euc/Legume Rat io  -_ 
Test  a t  K765 w i l l  p robably  be t h e  l a s t  ones i n  these experiments. Future ob- 
serva t ions  w i l l  r e c o r d  copp ic ing  i n  areas t h a t  were c l e a r  c u t ,  and recovery o f  
some o f  the  damaged t rees .  

Sutnrnary of Research Resul ts 
-. . . .-. . 

No p a r t i c u l a r  changes f rom past t rends were noted. 
g rand is  cont inue t o  be t h e  two b e s t  species.  
venancgs were f rom Queensland and New South Wales i n  A u s t r a l i a .  
E .  t e r e t i c o r n i s  c__ o r  E .  camaldulensis __ seed l o t s  have grown e s p e c i a l l y  w e l l .  

The most e f f e c t i v e  f e r t i l i z e r  treatrneriI; appears t o  be a t  t h e  medium l e v e l  o f  
a p p l i e d  n i t rogen,  w i t h  some added phosphorus. This l e v e l  gave growth as good, 
o r  almost as good, as t h e  h i g h e s t  l e v e l s  o f  n i t r o g e n  and phosphorus. 

Eucalyptus s a l 3 n a  and E, 
The bes t  o f  t h e  ~ . ~ ~ - . -  E ,  'robusta p r o -  

None o f  the  
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Mixtures of  33% t o  50% Albizia trees w i t h  Eucalyptus produce the best growth 
o f  the eucalyptus. 

The narrowest spacing s t i l l  has the t a l l e s t  trees and the most biomass 335 years 
a f t e r  outplanting a t  Amauulu, b u t  trees in th i s  spacing are now growing only 
half as f a s t  as those i n  the widest spacing. 

Pub1 ications 

Revised manuscripts on Species Tr ia l s ,  and on EucalyptuslLegume Admixtures, have 
been sent t o  the Pacific Southwest Station ed i tor ,  and hopefully will be pub- 
lished in time for  the Biomass contractors'  meeting in Hilo Aug. 20-23. 

Highlights 

Hybrid eucalyptus cuttings o f  ten clones were planted a t  the Pepeekeo F69B prime 
cane land s i t e ,  and a t  Kamae F26E. These hybrids, selected for  high f iber  yield,  
disease resistance and good vegetative propagation potential ,  were developed by 
a research team a t  Aracruz in Brazil ,  and were obtained with the help o f  Dr. 
Charles Hodges o f  the U. 5 .  Forest Service. I f  they prove to  be adapted t o  our  
conditions, they will save us several generations o f  t ree  improvement research. 

During the p a s t  several months, we have discussed our research resul ts  with, and 
provided advice t o ,  Bio Power Corporation, who are preparing t o  establish t ree  
plantations t o  furnish biomass t o  the former Puna  Sugar Company power plant. 
This will be a d i rec t  application of some o f  our research work to  a commercial 
operation. 
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QUARTERLY REPORT FOR THE PERIOD 
MARCH 1, 1985 - MAY 31, 1985 

FOURTH QUARTER OF THE FIRST YEAR 

TASK 1: Germplasm Acquisition 

Final selection and  acquisition of germplasm was completed during th i s  
reporting period. T h e  current l i s t  of species t o  be tested a t  each s i t e  i s  
appended t o  this  report (Attachment 1). The species t h a t  w i l l  be planted 
a t  the s i t e s  supported by funding from NMERDI,  the companion project, are 
also l i s t ed .  

The rhizobia for  inoculating the nitrogen-fixing leguminous seedlings 
was also obtained during th i s  period. 

TASK 2: Development of Propagation Techniques a n d  Productjon of Nursery 
Stock 

The nursery stock i s  being propagated a t  consortium members' 
nurseries. In l ine with o u r  objective t o  stiiiiulate commercial interest  in 
t h i s  program, three a f  the nurseries are commercial operations while the 
fourth I s  a t  the New Mexico State University horticultural f a c i l i t i e s .  The 
Prosapis clone i s  being propagated a t  Texas A&I and the Utah  Atriplex 
provenance i s  being propagated a t  the nursery of Native Plants, Inc. in 
U t a h .  The number of seedlings being propagated a t  each nursery i s  l i s ted  
in Attachment 2.  

All copsortiurn members propagating seedlings are following uniform 
?rocedures a n d  materials as o u t 1  ined in the project ' s  research operations 
manual ,  'This manual also specifies the required record keeping during the 
nursery stage. Following the experience of the SRWC projects a t  Texas A & I  
and a t  Michigan State University, the accessions are being propagated i n  
1.5 inch diameter by 15 inch depth paper p l a n t  bands, The same potting 
soil  formula has been used a t  a l l  t h e  nurserjes, based on a fortnula in a 
SRWC report by Dr. Felker of Texas A&I  University. Exceptions t o  th i s  are 
the Quczrcus virginiana and the Atriplex canescens from Utah. These were 
started in other containers with s l  ightly different potting so i l s  before 
t h e  p a p e r  plant bands were acquired. 

The consortium members have generally not been pleased with t he  use o f  
the plant bands. This may be influenced by the understandable preference 
f o r  using the i r  standard nursery containers with which they are bo th  
accustomed and bet ter  prepared t o  use. Some of the disadvantages of the 
planting bands expressed by the consorti urn niembers i ncl ude : 

1. More labor intensive; requires u p  t o  3 times the time t o  
prepare and f i l l .  

2 .  There i s  a handling problem i n  t h a t  the seedlings cannot  be 
sorted. 

- 1 -  
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3. 

4. 

5. 

6. 

7 .  

8. 

I t  i s  n o t  possible t o  check the roots as an indicator for  
probl ems i n  propagation. 

There are no ribs t o  d i rec t  the roo t  growth, 

They possibly enhance leaching of nutrients. 

They do n o t  dry o u t  in the center. 

A fungus tends t o  grow on the surface. 

They are n o t  reusable. 

\de will continue t o  monitor the use o f  these bands. I f  i n  fac t  they 
afford a 30 percent increase i n  survival due to t h e  extra long root system, 
as  they are purported to  do ,  we may decide t o  continue the use of the bands 
despite the other perceived problems. 

A t  t h i s  time the New Mexico State University nursery i s  modifying 
the i r  watering schedule t o  longer intervals in order t o  assess whether o r  
not the chlorotic. aspect o f  the seedlings i s  due t o  oxygen deficiency. 

Some of the selected species for  t r i a l  have not  been propagated 
commercially o r  1 i t t l e  i s  known concerning the i r  gemination and nursery 
response. This i s  especially t rue o f  some of the exotic leguminous 
species. Therefore, techniques for  seed s t ra t i f ica t ion  and scar i f icat ion 
are be ing  tested and developed fo r  these less  understood species. 
Generally these resul ts  show t h a t  the Leucaena species, Gleditsia 
tr icanthos,  and Acacia ennatula germinate best with scar i f icat ion by 

a6y way :F viabi l i ty  will be lo s t .  
H so4. e A c a c i a u s i n i c a  + s ould n o t  be scarified o r  acid treated in 

TASK 3: Establishment o f  Experimental Plots 

The experimental design and plot layout has been completed f o r  the Las 
Cruces plantation. This will serve as a model fo r  the experimental design 
a t  the other s i t e s .  Each plot layout, however, will d i f f e r  fo r  each s i t e  
in order t o  assure t h a t  blocks (reps)  are established on homogeneous so i l s .  
Project managers Deardorff and Kimse are personally coordinating th i s  
c r i t i ca l  operation. 

The basic design is  a randomized complete block. There will be four 
b l o c k s  per s i t e .  Five accessions will be tested a t  each s i t e  which means 
there will be f ive plots (containing one accession) per block. T h i s  
reduction in the number of species t o  be tested a t  each s i t e  i s  in 
accordance with the suggested changes offered by the reviewers of our 
annual report. Each plot will be planted in a n  8 t ree  by 8 t ree  a r ray  a t  
6 f t .  by 6 f t .  spacing. The plots within each block will be randopized 
separately. 

- 2 -  
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A l s o  a t  each s i t e  a d d i t i o n a l  species a r e  t o  be t es ted  i n  a s imp le r  
screen: 3 r e p l i c a t e s  of 10- t ree  l i n e  p lan t i ngs .  Attachment 1 i n d i c a t e s  
the  species t h a t  w i l l  be t es ted  by the  RCB design and those t h a t  w i l l  be 
t es ted  i n  1 i ne-pl  a n t i  rigs a 

P l a n t i n g  w i l l  beg in  i n  mid-July a t  a l l  s i t e s .  

In  accordance w i t h  the  recommendations o f  the rev iewers o f  our  annual 
r e p o r t  t o  ORNL, we a r e  p resen t l y  determin ing the most e f f i c i e n t  means t o  
p r o t e c t  the  seedl ings f rom smal l  mamals.  Small mesh fenc ing  o r  vexar  
tubes f o r  rodent  p r o t e c t i o n  appear t o  be the  b e s t  opt ions.  

TASK 4: Management and Eva lua t ion  o f  Exper imental  P l o t s  

Th. is  task  w i l l  begin a f t e r  p l a n t i n g  ir! August 1985. 

- 3 -  
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Attachment 1 
ACCESSIONS TO BE TESTED 

AT FIRST THREE ORNL-SPONSORED SITES 

. Species t o  be tested in 11. Species to be tested in 
4 complete replicates of 3 replicated line plantings, 
8 tree x 8 tree arrays 10 trees per rep1 icate. 
(256 trees per accession (Test for survival and first 
per site. Test for indication growth poten- 
survi Val and biomass tial . ) 
production. ) 

I. Acacia minuta 
Acacia nilotica 
Eu ca 1 y p t u s m i  c ro t hec a 
Prosopi s a1 ba 
Prosopis chilensis 

I. I-eucaena diversifol ia x 
leucocephal a 

Leucaena 1 eucocephal a 
Pinus eldarica 
Prosopis alba 
Quercus virginiana 

Glendale, Arizona Site 

11. Acacia abyssinica 
Acacia pennatula 
Casuarina equi seti fol ia 
Cupressus arizonica 

(Low Prov. ) 
Cupressus arizonica 

(High Prov.) 
Dalbergia sissoo 
Leucaena diversifolia x 

leucocephala 
Leucaena leucocephala 
Pinus eldarica 
Prosopis alba clone B,? V s 0  
Quercus virginiana 
Ziziphus spina-cristi 

Premont, Texas Site 

11. Acacia abyssinica 
Acacia mi nuta 
Acacia nilotica 
Acacia pennatula 
Casuarina equisetifol ia 
Dalbergia sissoo 
Prosopis alba clone B2 Vs0 
Prosopis chilensis 

A-1.1 
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* 
I .  

Alcalde, New Mexico S i t e  

A t r i p l e x  canescens 11. A t r i p l e x  canescens 
(U tah  Prov.) (Vat-, Prov.) 

Cupressus a r i z o n i e a  A i l an thus  a l t i s s i m a  
( t i i gh  Prov.) Chrysothamnus nauseosus 

Cupressus a r i z o n i c a  Fraxinus v e l u t i n a  
(Low Prov. ) 

Elaeagnus a n g u s t i f o l i a  
G l e d i t s i a  t r i a c a n t h o s  
Robinia pseudoacacia 

* Only f i v e  accessions w i l l  
be se lec ted  from t.his l i s t  
depending on doub t fu l  
germinat ion  o f  G l e d i t s i a .  
In a d d i t i o n ,  some species 
may be dropped from the  
1 i n e  p l  a n t i c g  1 i s t  
depending on germinat ion  
success o r  f a i l u r e .  
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ACCESSIONS TO BE TESTED 
AT FIRST FOUR NMERDI-SPONSORED SITES 

I .  Species to be tested in 11. Species to be tested in 
4 repljcated blocks (test rep1 icated 1 ine plantings 
for survival and biomass (test f o r  survival and 
production). indication O F  growth 

potential ). 

I .  

I .  

Las Cruces, New Mexico Site 

Atriplex canescens 11. Atriplex canescens 
(Utah Prov.) (Var. Prov.) 

Cupressus arizonica Acacia abyssinica 
(High Prov.) Acacia minuta 

Cupressus arizonica Acacia nilotica 
(LOW Prov. ) Acacia pennatula 

Pinus eldarica Eucalyptus mi crotheca 
Prosopi s a1 ba Leucaena diversifolia x 

Leucaena leucocephala 
Prosopis alba clone B2 Vs0 
Prosopis chilensis 
Quercus vfrginiana 
Sambucus mexicana 
Sapium sebiferum 

leucocephala 

Los Lunas, New Mexico Site 

Atri pl ex canescens 
(Utah Prov.) 

Cucurbita foetidissima 
Pi nus el darica 

11. Ailanthus altissima 
Chrysothamnus nauseosus 
Gledi tsia triacanthos 
Prosopis alba 
Prosopis alba c lone B2 
Prosopis chilensis 
Robinia pseudoacacia 

I e Elaeagnus angustifol ia 
Robinia pseudoacacia 
lllrnus pumi 1 a 

Ghost Ranch, New Mexico Site 

11. Ailanthus altissima 
Atriplex canescens 

Atri pl ex canescens 

Chrysothamnus nauseosus 
Gleditsia triacanthos 

(Utah Prov.) 

(Var. Prov.) 

A-1.3 
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I .  A t r i  pl  ex canescens 
(Utah Prov.)  

Cucurb i La f o e t i  d i ss inia 
F i  nus el dar i ca  

Armendari s , Ne 

11. Casuarina equisetifalia 
Cupressus arizonica 

(High Prov.) 
Cupressus a r i z o n i c a  

(Low Prov. ) 
Prssopi s a1 ba 
Prssopis a l b a  c lone B2 Vs0  
Prosapis chilensis 

h-1.4 
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Attachment 2 
MHAT NURSERY PROPAGATES WHICH SPECIES 

Number Product ion 
Nursery Species Needed Goa 1 

NMSU Acacia abyssinica 
Acacia pennatula 
Casuarina equisetifolia 
Cupressus arizonica ( tow)  
Leucaena diversifolia x 

1 eucoceghal a 
Leucaena 1 eucocepha 1 a 
Pinus eldarica 
Sapium sebiferum 
Sambucus mexicana 

P1 ants Ailanthus altissima 
o f  the 
Southwest (Var. Prov.) 

At ri p l  ex canescens 

Chrysothamnus nauseosus 
Cupressus arizonica (High) 
Elaeagnus angustifol i a  
Fraxinus velutina 
Gleditsia triacanthas 
Robinia pseudoacacia 

Mountain Acaci a mi nu ta 
States Acacia nilotica 

Dal bergi a s i  ssoo 
Eucalyptus mi crotheca 
Prosopis alba 
Prosopis chilensis 
Ziziphus spina-cristi 

Storm Quercus virginiana 
Nursery 

Native 
P I  ants (Utah Prov.) 
Inc.  

A t  ri p l  ex canescens 

90 x 2.5 = 225 
30 75 
90 225 

572 1,430 

316 
316 

1,054 
30 
30 

90 
630 

90 
572 
512 
30 

316 
542 

316 
316 
60 

286 
828 
376 
30 

790 
790 

2,635 
75 
75 

225 
1,575 

225 
1,430 
1,280 

75 
7 90 

1,355 

790 
790 
150 
715 

2,070 
940 

75 

316 790 

1,054 2,635 

Texas A&I Prosopis alba clone B2 Vs0  1.50 375 

NIUISU- Cucurbita foetidissima -- 512 
NMSERI Seed (direct seeded 

Herbaceous Perennial } 

1,280 

A-2.1 



Attachment 3 
ORNL SUBCONTRACT NO. 19X-89648G 

"SPECIES SCREENING AND GENETIC SELECTION AT SITES I N  
ARIZONA, NEW MEXICO AND TEXAS" 

L I S T  OF PUBLICATIONS 

1. David C .  Deardorff, " S i t e  Descriptions -- Species Trial Sites - -  
Ar izona, New Mexico, Texas," undated (approved August 1984). 

2. -- , "Species Screening and Genet ic Selection o f  Southwestern U.S. 
Woody P lan ts  for  Biomass Production -- F i r s t  Year Operat ions Manual ,I' 
August 1984 and  subsequent revisions. 

A-3.1 
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EUCALYPTUS FOR BIOMASS PRODUCTION I N  FLORIDA 

Q u a r t e r l y  Report f o r  t h e  Per iod 

Warch 1 t o  May 31, 1985 

Donald L. Rockwood 

June 1, 1985 

Report prepared by 

Donald L. Rockwood, P r i n c i p a l  I n v e s t i g a t o r  
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D. R. Dippon 
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1. Descript 

Task A. 

Task B. 

Task C. 

on of New Research Activit ies and Research Results. 

Selection i n  the Current Base Population o f  Eucal-yptus 
arandi s. 

The ef fec t  of inbreeding an predicted gains f o r  GPOP77 was 
studied and the inbreeding coefficients for  the progenies 
af a l l  possible mat ing among 50 families were calculated, 

Screening o f  - Eucalyptus Species for Frost Hardiness. 

Survival measurements a t  age seven months o f  progenies of 
four  species o f  Eucalyptus planted i n  Gainesville (Alachua 
County) were collected in April 1985. 

II Eucalyptus Species in Coppice Stands. 

Quarterly measurements for Study 16 (Belle Glade) were made 
in February and March 1985. Data analyses are scheduled to  
be completed in the fourth quarter (June - Augus t )  1985. 

Seed was sown in April 1985 t o  produce plants for  Studies 
35 (Belle Glade) and 36 (LaBelle) for  summer plantings. 
Arrangements for s i t e  preparation for  Study 36 were made in 
May 1985. Si te  preparation for Study 35 will be done i n  
July 1985. 

Coppice growth f o r  f e r t i l i z e r  t e s t s  in Study 7 ( L a k l l e )  
was removed in April 1985. Foliage and soil  samples were 
collected from Study 7 f e r t i l i z e r  plots. Analyses of these 
samples will be completed in the fourth quarter (June - 
August) 2985. 

Introduction of New Eucalyptus Sources. 

Survival and growth measurements were made in February 
1985. 

Task D. 

Task E. Selection of E l i t e  Eucalypts. 

Fourty-six (46)  plus-trees were selected from GPOP77 for  
scion and pallen collection i n  the f a l l  of 1985. 

Seed o f  Eucalyptus grandis was sown in April 1985 t o  
praduce seedlings to  be used as rootstock f o r  grafting. 

Task F. Clonal Prapagation and Testing o f  Eucalypts. 

Growth and survival measurements for the Palmdale (Study 
G R 1 )  were completed in May 1985. 

Seed was sown in April 1985 t o  produce seedlings f o r  
planting a t  Bowling Green (S tudy  MR7)  in July 1985. 
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Task G. 

Task H. 

Task I .  

Task 3. 

Task K. 

Economic Analyses of Eucalypts' Biomass Plantations. 

Growth function estimations and  simulation analysis were 
in i t ia ted  using sand  pine and slash pine da ta .  

Systems Analysis for  Biomass Production. 

Model reevaluation was continued t h r o u g h o u t  the quarter 
(March - May 1985). 

Pilot-scale Planting o f  Eucalyptus grandis. 

No ac t iv i t i e s  scheduled. 

Fuel Characterization o f  Eucalyptus grandis. 

Samples weye prepared and inventoried i n  April 1985 for 
analysis. 

Development o f  Other Species. 

Analyses o f  slash pine data were completed in May 1985. 

Soil and foliage samples for  sand pine f e r t i l i z e r  t e s t s  a t  
Study 13 (Chipola) and for  slash pine f e r t i l i z e r  t e s t s  a t  
Studies 10 (Alachua County) and 11 (Trenton) were collect-  
ed. Analyses are scheduled t o  be completed by A u g u s t  1985. 

11. Technical Information Dissemination. 

1. Presentations 

Dippon, D. R. 03/12-14/85. Cost sens i t iv i ty  analysis o f  
3rd Southern Biomass Energy Research Eucalyptus grandis. 

Conference, Gainesville, FL. 

Reddy, K. V. 03/12-14/85. Genetic improvement of Eucalyptus 
qrandis f o r  biomass production in Florida. 3rd Southern 
Biomass Energy Research Conference, Gainesville, FL. 

Reddy, K. V .  Q5/21-23/85. Effect o f  inbreeding on estimates 
of genetic parameters in Eucalyptus grandi s 18th 
Southern Forest Tree Improvement Conference, Gulfport, 
MS * 

Reighard, G.  L. 05/21-23/85. Genetic and cultural factors 
affecting growth performance of slash pine. 18th 
Southern Forest Tree Improvement Conference, Gulfport, 
MS. 

Rockwood, D. L. 1985. 03/12-14/85. Development o f  woody 
biomass cultural  systems i n  Florida. 3rd Southern 
Biomass Energy Research Conference, Gainesvi 1 l e ,  FL. 

. . . . . . . 
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2. -- V i s i t o r s  

Rockwood, a. I_, - Woody biomass research i n  F l o r i d a .  

03/13/85. Seven s c i e n t i s t s  from Biomass Energy Research 
Conference t o  review biomass research p r o j e c t s .  

111. Pub l i ca t i ons .  

*Flinchurn, D. M., R. E .  Goddard, H. R. Kok, P. A. Layton, C. H. McRae, 
G. L, Powell ,  and D. L. Rockwood, 1985. Coop. For. @en. Res. 
Program 27th Prog. Rept., U n i v e r s i t y  o f  F l o r i d a ,  Sch, For, Res. 
and Conservation Res. Rept. No. 35. 20 p.  

Dippon, D. R., D. L .  Rockwood, and C, W. Comer. 1985. Cost s e n s i t i v i -  
t y  a n a l y s i s  of Eucalyptus grandis.  Prsc. 3 r d  South. Biomass 
Energy Res. Conf.7 Ga inesv i l l e ,  FI ... May 12-14, 1985. (accepted 
for  publ i c a t i o n ) .  

Reddy, K. V., D. L. Rockwood, C. W. Comer, and G. 6. Meskimen, 1985, 
Genetic improvement of Eucalyptus grandis for biomass p roduc t i on  
i n  F lo r i da .  Proc, 3 r d  South. Biomass Energy Res. Conf., 
G a i n e s v i l l e ,  FL. March 12-14, 1985. (accepted for p u b l i c a t i o n ) .  

Reddy, K. V., D. L. Rockwood, C. W. Corner, and G, F. Heskimen. 1985. 
E f f e c t  o f  inbreed ing  on est imates o f  gene t i c  parameters i n  
Eucalyptus g rand is .  Proc. 18 th  S. For. Tree. Imp. Conf., 
Gul f p o r t ,  MS. May 21-23, 1985. (accepted f o r  publ  i c a t j a n )  

Reighard, G. L,, D. L. Rockwood, and C, W. Comer. 1985. Genetic and 
c u l t u r a l  f a c t o r s  a f f e c t i n g  growth p e r f o r  ance o f  s l a s h  pine. 
Proc. 18 th  S .  For. Tree Imp. Conf., G u l f p o r t ,  MS. May 21-23, 
1985. (accepted f o r  p u b l i c a t i o n ) .  

*Rockwwd, D. L. 1984. Genetic improvement p o t e n t i a l  f o r  biomass 
q u a l i t y  and q u a n t i t y .  Biomass 6: 37-45. 

Rockwood, D. L .  1985. N.F.T. H i g h l i g h t s :  Casuarina e u i s e t i f o l i a .  
N i t rogen F i x i n g  Tree ASSOC.,  Waimanalo, H m ( a c c e p t e d  * @r pub i- 
c a t i o n )  e 

Rackwood, D. L., C. W. Comer, D. R. Dippon, and J. B. Huffman. 1985. 
Woody bioniass p roduc t i on  op t i ons  f o r  F l o r i d a .  F l o r i d a  Agr. Exp. 
Sta, Tech. B u l l .  ( i n  p ress) .  

"(3 copies enclosed) 
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Protoplast cultures of black locust. have been taken from the point 
of isolation, through cell wall formation and 1 or 2 cell 
divisions. 

1 c) Stress and Culture Medium 

In an experiment to check the interaction of proline concentration 
and agar concentration on t he  % hypocotyls producing buds and 
number of buds it was found in the: absence o f  praline the number of 
buds produced and % producing buds was significantly greater at t h e  
0.5X level on 0.5, and 1.0% agar then when agar was absent .  
However there was no significant difference between the results on 
0.5 and 1.0% agar. If proline was present, no buds were produced. 

In additional treatments based 014 100 hypocotyl sections instead o f  
20,  additional results o f  interest were obtained. Using 8 ml of 
medium petrie dishes were less productive than culture tubes at the 
5% significance level. In culture tubes 8 wl and 20 ml were 
equivalent in productivity at the 5% Significance le 
addition of 25 m Mbsparagine, 25 m M p r o l i n e  o r  25  
media decrease prdductiveness significant at the 1X 
addition of 80 mg/l adenine sulphate or O . O a / l .  ABA did not change 
the % of hypocotyl sections yielding buds (at 5% significance), but 
ARA did increase the average number of buds per hypocotyl at the 
10% signiffcance level. 

2 a> - 
The following plantlets have been through rare in the hardening of f  
chamber : 

213 pines 
683 sweet gum 

26 yellow poplar 

From this sp,ring's collection of p o s t  dormant buds, those from a 
5 year old seedling have produced the greatest number of survivors 
with growing shoots.  Nultiplication from the axillary buds way be 
possible e 

The non-bud producing clumps af cells that were on modified 
Carlson's liquid medium have been transferred back to their normal 
bud proliferation medium with promising results. 
producing buds and shoots. 

Many are now 
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Adventitious shoots were placed in Jiffy 7 plugs and Oasis blocks 
to attempt rooting in vivo. 
Jiffy 7 plugs were dead while t h e  majority of those in Oasis blocks 
were alive. After 1 month, 3 of those in Oasis b l o c k s  were alive 
and rooted. 

Within 48 hours all the shoots in 
-7 

Evaluations of medium matrix on rooting and growth of  Liquidambar 
shoots explants are continuing. Shoots placed on agar or liquid 
medium are being evaluated. Data for up to 6 weeks have been taken 
for leaf water potentials, osmotic potentials, and nutrient uptake. 
Histological preparations for light microscopy in paraffin, 
scanning electron microscopy, and transmission electron microscopy 
have been made to evaluate root initiation and development. 
Preliminary results to-date show greater root initiation and 
development in liquid versus agar cultures. 
potential values are evidenced in agar culture, suggesting water 
relation factors may be influencing vitro development. 

Higher leaf water 
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Progress on 1984-85 Work Plan .-- 

In  the p a s t  t h ree  months e have completed our  second year of c o n t r o l l e d  
hyh r id i  z a t i a n  w i t h  se lec ted  parents  and corn le ted our est imates  o f  cne-year 
coppice y i e l d s .  Wesul t s - t o - & &  i n d i c a t e  t a %  over 7.2 m e t r f c  tons/ha/yr.  
c ~ u l d  be produced by coppice o f  improved a l d e r  se lec t i ons .  A t  the same t i m e  
l a r g e  amounts of n i t r o g e n  can be made a v a i l a b l e  i n  the s o i l  f o r  the growt  
o the r  species, 

I n t e r e s t  i n  wood biomass for energy cont inues  t o  mount i n  Iowa, A meeting 
was he ld  w i t h  the Iowa Cor rec t i ons  Bepar ent which i s c o s i  der i rig conver ti ng 
one or more p e n i t e n t i a r y  s i t e s  to wood energy. 
l ong  consul ta t t ion and p lann ing  session was he ld  w i t h  landowners and 
government agencies i n  southwest Iowa t o  begin developing s t r a t e g i e s  f o r  
growing and market ing wood f u e l  s.  Two papers were presented a t  t h e  Iowa 
Academy o f  Sciences meeting concerning growth and y i e l d  o f  a l d e r  under 
d i f f e r e n t  cond i t i ons .  

8.1 a much l a r g e r  sca leo  a day 

Accomplishments t h i s  qua r te r  and p lans  far the remaining work a re  l i s t e d  
c a t e g a r i c a l l y  by work p l a n  tasks/subtasks as  f o l l o  

Task I .  Breeding Program f o r  Alder Species 

Goal : Use the most promising s e l e c t i o n s  a v a i l a b l e  t o  breed f o r  improved 
growth r a t e ,  cl i m a t i c  adaptabi 1 i ty, and r e s i  stance to Phomopsi s 
canker. With the a i d  o f  cooperators, t e s t  these progeny under 
a v a r i e t y  o f  s i t e  condi t i o n s  I 

Subtask l a )  P l a n t  p i l o t - s c a l e  progeny t e s t  i n  June 1984 and e s t a b l i s h  
g u i d e l i n e s  f o r  es tab l i shment  o f  the f u l l - s c a l e  progeny t e s t .  

This a c t i v i t y  i s  complete, except  f o r  the f i n a l  p u b l i c a t i o n  o f  an M.S. t h e s i s  
and a s h o r t  j o u r n a l  a r t i c l e  based on t h i s  Q & s t  s i t e s  a re  being 
maintained and w i l l  be used f o r  growth measurements and budset observa t ions  
t h i s  f a l l .  Overwinter s u r v i v a l  appears to be good. 

Subtask l h )  Produce second c y c l e  o f  c ross ings  us ing  se lec ted  parents  i n  
February - March 1985. 

T h i s  a c t i v i t y  i s  complete. We w i l l  con t inue to  mo i t a r  s t r o b i  1 i development 
over the summer and seed w i l l  be c o l l e c t e d  t h i s  f a i l  under our new work plan. 

F i n a l  numbers for  our 1995 breed ing  e f f o r t  were: 489 g r a f t s  on 180 stock 
p l a n t s  a l l o w i n g  f o r  1516 p o l l i n a t i o n  bags t o  be p u t  on and 3973 s t r ~ b i l i  to 
be p o l l i n a t e d .  

Table 1 i n d i c a t e s  the crosses we intended t o  make and Table 2 summarizes the 
number o f  s t r o b i l i  a c t u a l l y  pol l inat ;eO/crass.  

A comparison of Tables 1 and 2 emphasizes t h a t  d i f f i c u l t i e s  a r e  s t i l l  be ing  
encountered i n  making a l l  the des i red  crosses. Several t r e e s  chosen to be 
used a s  males were d i f f i c u l t  o r  impossible eS g e t  p o l l e n  f r o  t h i s  season. 
I n  spi te  o f  a number o f  experiments we van t h i s  year , we s t i l l  do n o t  have 
the answer t o  producing p o l l e n  a t  w i l l .  U n t i l  these problems a re  solved i t  



69 

wi l l  be necessary t o  s tar t  with a larger number of candidate males to  achieve 
the number of actual males desired. Problems were a l so  encountered again 
w i t h  g r a f t  fa i lure  due t o  dessication in the greenhouse environment, 
t h i n k  we have solved th i s  problem by lowering temperatures, raising humidity, 
K i f  necessary, a p ~ l ~ i ~ g  an ant i  transpirent to the scions, ~ n ~ ~ ~ ~ u n a ~ l ~ ~  
these solutions weren*t arrived a t  this year u n t i l  the scion material o f  some 
selections was deplet~d.  

We 
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A s  an al ternat ive approach we did do some pollinations on trees i n  the f ie ld  
and successful g r a f t s  from previous years. 
pollinations will be compared t o  our grafting work th i s  f a l l  and appropriate 
adjustments will be made i n  1986 breeding plans. 

The relat ive success of these 

Subtask IC) Harvest seed from f i r s t  se t  of controlled crossings performed 
i n  1983-84 using selected parents. 

i s  a c t i v i t y  i s  essent ia l ly  complete as reported i n  the Annual  Report. 
are s t i l l  waiting to evaluate the offspring from two interspecies crosses, 
We have 11 seedlings o f  two A. glutinosa x A. Rubra crosses and a t  l ea s t  15 
seedlings o f  a putative A. lutin-. incdna cross, A t  thl’s stage the 
seedlinqs only have a few + true eaves so we have not t r ied yet  to assess 
their  hybrid character is t ics  t o  verify their  makeup. 

Subtask I d )  S t a r t  f i r s t  full-scale progeny test i n  several f i e l d  
locations in May - June 1985. 

Most 0 f  the detailed plans for completing this ac t iv i ty  were exp’lal’ned in the 
annual  report .  Seedling growth has been slower t h a n  normal so the projected 
p l a n t i n g  date for the s tudy  is  now mid-June. One seedlot, the 1983 cross o f  
592-1-8 x 843-1-7, will have to be dropped from the s t u d y  due to insuff ic ient  
seedling survival. The remaining 11 ent r ies  (see Table 8 o f  Annual Report) 
w i l l  be planted i n  7 replicated blocks a t  each of 4 s i t e s .  



Task 2. Ana lvs is  o f  V a r i a t i o n  i n  Enerav ' T r a i t s  

Goal : Use an e x i s t i n g  provenance t e s t  s f  Alraus g l u t i n o m .  t o  
determine what t ra i ts  c o n t r i b u t e  m o r n 6  genet ic  v a r i a t i o n  i n  
biomass energy content.  

Subtask 2a) Continue c o l l e c t i n g  data on f i r s t  year coppice growth over 
the 1984 growing season. 

A system f a r  e s t i m a t i n g  t o t a l  coppice d r y  we igh t  per s tump was developed and 
a p p l i e d  t o  a sampling o f  our one-year-old coppice r e g ~ o  t h .  To use the 
technique each sp rou t  clump i s  catagorized i n t o  dominan , in termed ia te ,  and 
suppressed sprouts.  The number of  sprou ts  i n  each clump i s  t a l l i e d  and the 
h e i g h t  and diameter a re  measured on the t a l l e s t  sp o u t  and an average (by  
i n s p e c t i o n ]  i n te rmed ia te  sprout.  Dryweight i s  the est imated by the 
equa ti on : 

Where : 

DRYWP = Total  drywe igh t  o f  sp rou t  c lu  

QD = (DNQ)(DMT)(DDIAP 
Q I  = ( INO) ( I H T )  ( IDIA)~ 

DNO, INO, and SNO = The nm e r s  o f  dominant, nterrnediate and 
prairts i n  the c l u  p r e s p e c t i v e l y .  

I H T  = Height  i n  em, o f  the t a l l e s t  sp rou t  an 
average in te rmed ia te  sprout.  

D D I A  and I D K A  = Diameter a t  1 /2 h e i g h t  s f  the t a l l e s t  s p r o u t  
and the average in te rmed ia te  sp rou t  i n  inches. 

Th is  equat ion  i s  based on ac tua l  measurements o f  39 t r e e s  and has an r2 o f  
0.79. 

Using the equat ion  t o  es t ima te  drywe igh t  p roduc t ion  i n  t h i s  stand we 
es t imated  t h a t  the average p roduc t i on  o f  the 18 best seed sources i n  the 
o r i g i n a l  provenance t e s t  was 5.8 m e t r i c  tonsi'ha. Likewise, the produc t ion  o f  

m e t r i c  t o d h a .  i n  one year o f  
t h  the f i r s t  5 years  o f  seed l ing  
3.4  m e t r i c  t o n d h a .  

the -bes t  i n d i v i d u a l  t r e e s  cou ld  be over 7.2 
cappi ce regrowth.  Thi s can t r a s  t s  sharp1 y w 
growth when y e a r l y  p roduc t i on  averaged 

Subtask 2b) Complete measurements o f  vo 
and I l l i n o i s  p l a n t a t i o n s  by 

Th is  a c t i v i t y  i s  co 

ume on b e s t  trees i n  Wisconsin 
December 1984. 



S u b t a s k  2c) Qetevmfne c a l o r i c  values and wood q u a l i t y  parameters for 
harvested trees. Complete by September 1984. 

e are s t i l l  moving s lowly,  b u t  s t e a d i l y  a long on t h i s  a c t i v i t y .  We 
completed bomb ca lo r ime t ry  runs,  ora a l l  736 samples t h a t  we had a v a i l a b l e  t o  
ana lyze ,  
the new da ta .  
i n t e r p r e t a t i o n  have not y e t  been completed. 

Table 3 is  a r e v i s i o n  o f  Table 9 i n  the annual r e p o r t  t h a t  r e f l e c t s  
Detailed s t a t i s t i c a l  a n a l y s i s  o f  t h i s  data  and i t s  b io log ica l  

Table 3.  Average c a l o r i c  va lues  o f  trees harvested from the Rhodes, I A  
provenance t e s t  and an a d j a c e n t  species mixture t r i a l  i n  1984. 

----Calories/gm dryweight---- 
Branch wood Stemwood Spec i e s J Provenance Group 

~lcier provenances a 
100-Bri ti sh Isles 
200-Scandi nawia 
400-Germany 
500-Pol and,  Czech., Hungary 
6QQ-France , Ne t h . ,  S w i  t z ,  
708-Yugoslavia , Bulgaria 
800-Black & Caspian Sea,  Asia Minor 
SOB-Spain, I t a l y ,  Greece 

Populus a l b a  x P. g randidenta ta  
‘lT@liE E r a G r  i cana 
A c e r c c h a r i n u m  
PTantanus occ iden ta l  i s 

41315 (58Ib 
4745 ( 6 3 )  
4781 ( 3 3 )  
4801 (59) 
4727 ( 3 7 )  
4718 (37) 
4714 (16) 
4778 (44) 
4620 ( 6 )  
4569 (7) 
4606 ( 6 )  
4598 ( 5 )  

4874 (601 
4841 (66) 
4381 (32)  
4920 (64)  
4886 (38 )  
4877 ( 4 3 )  
4781 (19) 
4891 (43)  

a For further de ta i l s  on provenance numbering system see Table 1 of  the 
Project Renewal Proposal e 

Numbers i n  parantheses a r e  the number o f  samples on which the mean i s  
based. 

Task 3.  Improvement o f  Se lec t ion  Base far Alder 

GQi3l E s t a b l i s h  l a r g e  (greater than 1008 trees) papula t ion  p l a n t i n g s  o f  
the most promising sources  o f  Alnus  germplasm ora a v a r i e t y  o f  
sites to serve a s  the b a s i s  fo’irLfiTire cycles OS s e l e c t i o n  and 
breeding  . 

Subtask 3a)  Grow f i r s t  set of selected l a r g e  popula t ions  i n  nursery over 
the I984 growing season (. 

As exp’lained i n  the Annual Report  we a r e  a year  behind on t h i s  a c t i v i t y .  
T h i s  week we a r e  sowing our  f i r s t  l a r g e  popula t ions  i n  the nursery. 
- A. g lu t inosa  and 23 A. rubra s e e d l o t s  a r e  being sawn. 

Eleven 



Task 4 Output af Improved Alder Stack 

Goal : Pravide the hes t  a v a i l a b l e  seed and clone5 of Ainus t o  o ther  
researchers for biomass s tud ies  and to applied-TFGG growers for  
l a rge-sca le  f i e l d  use. 

Subtdsk 4a) Begin c l o n i n g  se lec ted  trees a t  Iowa p l a n t a t i o n  i n  June 1984 
and make a v a i l a b l e  a few l i m i t e d  c lones. 

This a c t i v i t y  i s  a l s o  proceeding more slow7y than planned. We do have 3 o f  
our se lec ted  t rees  i n  t i s s u e  c u l t u r e ,  5 more have been es tab l i shed  a s  stock 
p l a n t s  i n  the greenhouse, aw l  the remaining t rees  will be propagated a s  
rooted c u t t i n g s  by the end o f  June. 

Sutstask 4b) Main ta in  seed orchard es tab l i shed  w i t h  se lec ted  t rees  f rom 
the Iowa provenance test. 

This  a c t i v i t y  cont inues t o  proceed as the trees rega in  so e heal t h  from the 
combined stresses o f  be ing moved J u s t  p r i o r  t o  a prolonge drought.  It now 
appears t h a t  as many as 5 t r e e s  may have died and several others  d i e d  back t o  
ground l e v e l .  The l a t t e r  t rees  were c u t  and a r e  no P-esprouti ng. Several o f  
the t rees  a re  i n  r e l a t i v e l y  good heal t h  and w i l l  produce a seed crop  t h i s  
year- .  
i n  the greenhouse an g r a f t e d  p lan ts ,  

Three of  the t rees  were used t o  dLip?ica%;e c o n t r o l l e d  crosses we made 

Related Research 

SOIL 

DEPTH 

( r m ) 

I n  the summer o f  1984 s o i l  Sam l e s  were c o l l e c t e d  i n  the a l d e r  p l a n t a t i o n  and 
campar i son areas outside o f  t h  p l a n t a t i o n .  Analyses o f  soil n i t r o g e n  
con ten t  were com l e t 4  and t h e n  checked by d u p l i c a t e  runs  through an 
independent s o i l  t e s t i n g  l ab .  F i g i r e  1 i l l u s t r a t e s  the d i f f e r e n c e  i n  s o i l  
n i t r o g e n  a f t e r  5 years o f  alder gro %h on the s i t e .  
k.g/ha/yr. o f  n i t r o g e n  accumulat ion n assoc ia t i on  w i t h  the biomass energy 
produced. With o the r  work i n  progress on a m i x t u r e  p l a n t i n g  we hope t o  have 
some recommendations soon on mixtiare planta’ngs t h a t  cou ld  take b e s t  advantage 
o f  a l d e r ’ s  n i t r o g e n  f i x i n g  capac i t y  t a b i  1 i ty between 
species e 

Thio amounts t o  over 500 

h i l e  having gra 
TOTAL SOIL NITROGEN (pprn) 

o u t s i d e  a l d e  

m d e r  a l d e r  

AveraRe d i f f e r e n c e  = 

383 p p n  

Figt i re  1. P r o f i l e  of soil  n i t r o g e n  content ,  
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Another related research project was conducted under much different  
conditions and w j t h  very different  results.  
grown i n  pure plots and i n  mixture w i t h  hybr id  aspen on a heavy clay soil  on 
an upland s i t e  tha t  was reclaimed a f t e r  strip-mining for coal. 
the f ac t  t h a t  the alder p u t  down a very deep root system i t  frequently 
suffered drought s t r e s s  on this s i t e .  
nitrogen-fixing benefits were demonstrated. For this reason we are expanding 
our testing on upIand/droughty sites to f i n d  selections tha t  will perform 
better i n  such harsh environments. 

In this project alder has been 

In spi te  of 

Survival was poor and no 

Technical Information Di ssemenation 

On April 1, 1985 we met w i t h  Iowa Conservation Commission Foresters and Nr. 
Wayne Siegle o f  the Iowa Department of Corrections to discuss the possibi l i ty  
o f  converting one or  more of the state penitentiary f a c i l i t i e s  t o  wood hea t .  
The s ta te  will  be doing a feas ib i l i ty  study o f  converting boilers and 
supply ing  biomass from state land. In i t i a l ly ,  existing forests would be 
used, b u t  a large acreage of bottomland on one of the prison farms would be a 
future candidate for planting to Populus, alder,  s i lver  maple, e tc .  energy 
plantations,. We have offered t o  -haterials for i n i t i a l  plantation 
t r i a l s .  

On May 22 we traveled t o  Creston, Iowa t o  meet w i t h  representatives o f  the 
S o i l  Conservation Service, Forestry Section o f  the Iowa Conservation 
Commli ssion Mu1 t i  -County Wood U t i  1 i za tion Commi t tee ,  and the Southern Iowa 
Agricultural Boosters. We toured potential planting s i t e s  and discussed the 
necessary steps to make wood biomass farming a practical a l ternat ive for 
southern Iowa. These government and ci  tiren groups a re  developing markets 
for wood fuels and establishing research funds t o  s tudy species, p l a n t i n g  
s i t e s ,  yields,  e tc .  
returns from the land while protecting soil  resources in th i s  h i l l y ,  
economically depressed portion of t h e  state. 
th i s  year i n  establishing site/spacing t r i a l s  w i t h  hybrid poplars and s i lver  
maple. Alders wi l l  be included i n  these studies as  soon a s  we have 
suff ic ient  planting stock, probably n e x t  s p r i n g .  

Biomass farming i s  seen a s  a means of gaining economic 

We cooperated w i  t h  the group 

On April 27 we presented two papers a t  the Iowa Academy o f  Science meeting i n  
Pella, Iowa. The f i r s t  presented biomass yield and nitrogen accumulation 
data from our DOE alder genetics plots. 
mixture t r i a l  w i t h  alder on reclaimed strip-mine land. The  authors and 
t i t l e s  for the papers were a s  follows: 

The second del t w i  t k  an ea r l i e r  

Hal l ,  R. B. Alder - An Agricultural Alternative. 

Schultz, R. C.  and R. B. Hall. Growth and Rooting Characteristics of 
Hybrid Aspen and Alder on a Reclaimed Mine S i t e .  

Abstracts of the papers a re  enclosed w i t h  t h i s  report. 
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GENERAL COMMENTS : 

A I  1 17 p l a n t a t i o n s  were Lwasp..ircd during t h e  dormant season. 
a r e  n ine  yea r s  o ld  and showing the effects of c l o s e  spacing with high 
mortal. i ty.  
S iber ian  e l m ,  c a t a l p a ,  and b lack  locust plankings.  
d m o n s t r a t i o n  was conducted. 
during t h e  1985 growjng season. 

Some 

Fadditional spout ing s t i d i e s  were establ i s h 4  i n  s i l v e r  maple, 
A major ha rves t ing  

Maintenance of a 1  1 p l a n t i n g s  w i l l  cont inue  

TASK: DETERMINE PRODUCTIVITY PmEwrx 

Uuring t h e  l a s t  weel.; of March, a major ha rves t ing  demonstration was 
conducted on f i v e  acres of "energy f o r e s t "  p l a n t i n g s  a t  t h e  Sunflower 
Research Area, east of Lawrence, Kansas. 'Phis was a eoo,oerative e f f o r t  
between Kansas S t a t e  Univers i ty ,  t h e  Univers i ty  of Kansass and Northwest 
Missouri S t a t e  Univers i ty  (NWMSLJ). Harvest ing equipnent and t r u c k s  wcre 
provided by NWMSU and chips  were t ranspor ted  t o  t h e i r  campus b o i l e r s .  

rrhis case study of harvestring eight-year-old trees planted a t  4 X 
9 f t .  spacing allowed t e s t i n g  of whole-tree ha rves t ing  of smal l  broadleaf  
trees. A Mor-Bel 1 f e l  ler-buncher, logger ,  and Suwr Reever chipper were 
used. S e e  a t tached  map for schematic of cut t ing-study and Figure 1 €or 
equiprent  break-even 1 ogg ing d is tances .  

Yield i n  f r e s h  tons/acre  was 1.47 times g r e a t e r  for s i l v e r  maple than 
for Siber ian  e l m ,  p r i m a r i l y  because t h e  maple was t a l l e r .  
ing and chipping was cheaper for maple. 
i n  t h e  fe l le r -buncher  operat ion because of extraw s i d e  branching which 
clogged the  chipper. 

F e l  ler-bunch- 
E l m  was more d i f f i c u l t  t o  handle  

Differences between a c t u a l  y i e l d  and est imated y i e l d  from non- 
d e s t r u c t i v e  D ti tree measurements was less than two percent for s i l v e r  
maple. While t h e s e  trees were cut a t  e i g h t  years, t h e  Mean Allnudl Incre- 
ment  (MAI) for growth of maple was s t i l l  increasing.  O r i g i n a l l y  we 
es t imated 
v e s t i n g  dt a 4 X 9 ft s p a c i n g .  

2 

10 years  a s  being the  approximate b i o l o g i c a l  period for  har- 

An a d d i t i o n a l  h a r v e s t  operat ion was made a t  t he  T u t t l e  Creek p l a n t -  
ing site near Manhattan, Kansas. A l l  n ine wheels were measrircd, c u t ,  
chip@, and weighed f o r  f r e s h  weight-yield ana lys i s .  A wed c o n t r o l  
s tudy was o v e r l a i d  on t h i s  planting. 

TASK: DE'TERMINE PRODUCTION COSTS 

Selec ted  areas i n  e a s t e r n  and c e n t r a l  Kansas were analyzed w i t h  t h e  
S i l v i c u l t u r a l  management s t r a t e g i e s  Oak Ridge Laboratory "BiocUtss model. 

were e s s e n t i a l l y  t h e  same fox all sites and species. 

The n e t  p resent  v a l u e s  a r e  shown i n  Table  1. 
ment  scheme for co t tonwod  on e a s t e r n  Kansas sandy s o i l  is seven years a t  
a d e n s i t y  of 1408 trees per hectare .  
trees per hec ta re  is bests for e a s t e r n  Kansas s i l t y  s o i l s ,  The discountell 
average c o s t  f o r  energy wod  i n  e a s t e r n  and c e n t r a l  Kansas r u n s  between 
$1.56 and $1.77 per G.J .  

The optimal manage- 

An eight-year  r o t a t i o n  wit-h 70(7fJ 

* *- 
a * - .  .. .. -... .. .i 
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TASK: EVALUATE HEKBICIDE EFFECTIVENESS 

This task continues to be a cooperative effort with nmrous hezbi- 
cide companies (S2QBD annual support) and the KSU Department of Horticul- 
ture). 

A total of three tree overspraying screening studies were initiated 
in 1983 and 1984. Mitional spraying was conducted in April 1985 on 
these plots. The effects of individual and combination tanknixes on 
weed control and seedling tree growth are being observed. 
weed control) provided better weed control than either Casoron (78%) ,  
Enide (69%), or ccxnbinations. Second-year tree height was greater with 
herbicide combinations than herbicides applied alone. 

kvrinol (87% 

In May a new weed-control coppice study was implemented on the 
recently harvested Tuttle site (9 wheels--ti11, no weed control, and 
Devrinol plus Poast tank-mix). 

TASK: DETERMINE COPPICE TECHNIQUES 

S i x  additional coppice studies were initiated this winter. As a 
result of the Sunflower harvesting operation, two large studies were 
estahlished on 3 l/2 acres of 8-year-old silver maple and 1 1/2 acres of 
Siberian elm, 
effect of long-row disking versus no weed control treatment on coppice 
tree growth following logging/skidding. One-or two-year cultivation stra- 
tegies will be compared to nontreated plots. Fertilizer tests will be 
overlaid on these sites next winter. 
previous coppice studies with these two species at Sunflower. 

The main objective in both studies is to determine the 

These studies w i l l  supplement our 

Four: other studies on catalpa and black locust were initiated to 
test season of cut and stump height on subsequent coppice yrowth. 
species--si lver maple, Siberian elm, catalpa and black locust--are being 
tested in this manner. To supplement our January, March, May, and July 
seasonal cuttings, additional trees will be cut in late August or early 

Four 

September. 

1. Presentations 
a. W. A. Geyer. March. Biomass gains in coppicing trees f o r  energy 

crops. 3rd European Camnunity's Energy for Biomass Conference in 
Venice, Italy. POSTER. 

b. G. Naughton. March. Energy forest establishment and care. 
Woody Biomass and Energy Opportunities--Meeting (Harvesting 
Demonstration in Lawrence, Kansas.) TALK. 

energy. Kansas Acadmy of Science, Pittsburg, Kansas. TALK. 

Expt. Sta. Conference in Manhattan, Kansas. POSTER. 

c. R. M. Argent. March. Siberian elm: from windbreaks to wod 

d,  T. Cable. January. Fuelwood use in Kansas. Annual Kansas Aq. 

2. Publications 
a. Annual and quarterly reports for D.0.E. 
b. R. M. Argent. 1985. Siberian elm: from windbreaks to wood energy. 

Abstract. Trans. Kansas Acad. Science V o l .  4 .  
4 

4 
&' 
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c. 

d e  

e. 

f .  

g. 

W. A. Geyer, G, Naughtsn and K. D. Lynch. 1985. Climatological 
variation in energy forest yields in the C e n t r a l  Great Plains 
of the United States. In Procedings: 7th Annual Southern Forest 
Biomass Workshop. June 5-7. Athens, Georgia 121 p. 
R. M. Argent. 1984. Outside storage effects on fuel potent a1 of 
wood chip piles. Abstract. Trans. Kan. Acad. Sci. Vol. 3. 
Topeka Capital Journal Newspaper. April 26, 1985. "Study 
shows wood fuel can be cheaper than gas." 
Lawrence World Journal Newspaper. March 30, 1985. "ThkixK 
Trees fall in mechanical harvest." 
Kansas City Times  Newspaper. April 2, 1985. Yansas wins  acclaim 
for timber expertise.'? 

h. Kansas State collegian Newspaper. May 8, 1985. "Professor 

i. Oread. Univ. Kans. Newspaper. Apri l  5 ,  1985. "Tree harvest 
explains benefits of using wood chips as energy.'g 

yields chips for heating plant." 

3.  Tours 
a. Forestry State Staff.  Harvesting demonstration of five-acre 

energy forest at Sunflower research pl-anting site at DeSoto, 
Kansas (Lawrence area). 

4 .  Meetings 
a, W. A. Geyer. March. International Meeting on Riomass 3rd ECC 

b. W. A.  Geyer. April. Field tour of coppicing hardwoocl trees in 
E K W K ~ ~  Conference, Venice, Italy. 

Italy by State Forest Resource Silviculture Institute of I t a l y  
and the University at Florence in Arezzo, Italy. 
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Tablj 1. Great Plains Energy Forest Net Present Value 
for Alternative Spacings and Rotation Ages 

S i t  e/Spec ies 
Spacing (trees/ha .) 

Rotation Age (yrs . )  
4 5 6 7 8 

($/ha. 1 

Eastern Kansas 
Sandy Soit 
Cottonwood - 1400 - 3200 

- 70110 

Si lver  .?4aple - 1400 
Silty Soil  

- 3200 
- 7000 

Siberian Elm - 1400 
- 3200 
- 7000 

Central Kansas 
Sandy Soil 

Black Locust - 3200 

- 449 177 553 562 * - 516 - 166 324 * * * * * * * 
* * - 1152 - 879 - 682 * - 1123 891 - 613 * * - 1270 - 740 - 273 
* 

* * - 1326 - 998 - 793 * * - 1455 - 957 - 763 * * - 1388 - 972 - 669 

* * - 273  - 764 * 
* * Siberian Elm - 3700 - 5.12 - 22  * 

Si l ty  Soil  
51ack Locust - 3200 * -1040 - 7 1  10 * 

Net present value is calculated at a pric.e of $ 35 per dry tome w i t h  a 0% real 
escalation rate. 
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SHORT ROTATION WOODY CROPS PROGRAM 
QUARTERLY REPORT 

Name : James W. Hanovel- 

Ins t i  t u  t i o n :  Michigan S t a t e  Univers i ty  

P r o j e c t  T i t l e :  Maximizing woody-biomass product ion through g e n e t i c  s e l e c t i o n ,  
h y b r i d i z a t i o n ,  and i n t e n s i v e  C U ~ ~ U K C : .  

Report ing Period: March 1, 1985 to  May 31, 1985 

Work t h i s  q u a r t e r  was confined to  complet ing the annual r e p o r t  and 
prepar ing  f o r  and conducting the s p r i n g  p lan t ings .  31,000 t r e e s  were 
p lan ted  i n  12  g e n e t i c  t e s t  p h n t a t i o n s  a t  f o u r  s i t e s  a c r o s s  Michigan. This 
immense undertaking took f o u r  weeks of p r e p a r a t i o n  and s i x  weeks of 
p l a n t i n g ;  an e s t i m a t e d  2,400 man-hours of labor.  The tes ts  e s t a b l i s h e d  t h i s  
s p r i n g  a r e  the cu lmina t ion  of work which began i n  1981 and include the m o s t  
e x t e n s i v e  g e n e t i c  s t u d i e s  of l a r c h e s  and b lack  l o c u s t  y e t  assembled anywhere 
i n  the world. These p l a n t a t i o n s  will be maintained along wi th  the  o t h e r  tes t  
p l a n t i n g s  using s t r i p  weed c o n t r o l  techniques.  Pre l iminary  survival.  and 
s u i t a b i l i t y  da t a  w i l l  be taken i n  these p l a n t i n g s  i n  the summer of 1986. 

The rol lowing i s  a summary of work completed f o r  each task.  

Goal I. Biomass Tree lhprovenent  

1. Four p l a n t a t i o n s  of rangewide b lack  l o c u s t  c o l l e c t i o n s  were 
e s t a b l i s h e d ,  two i n  southern  lower Michigan, one  i n  n o r t h e r n  Lower 
Michig9ii, and one in  upper Hichigan. Maintenance was begun on the  
southern-most p l a n t i n g s .  

2. Aspens and aspen hybr ids  a t  ai1 E a s t  Lansing s i t e  were scored f o r  s ex  
dur ing  the s p r i n g  f l o w e r i n g  per iod  t o  f a c i l i t a t e  breeding i n  the 
f u t u r e .  Also, some white  popLar  and hybr ids  were added to the 
breeding a r c h i v e s  i n  Lansing wi th  the e s t a b l i s h m e n t  of a s m a l l  
p l a n t i n g  t h i s  spr ing .  

3. No a c t i o n  t h i s  q u a r t e r  on hybrid p ine .  

4. Four p l a n t a t i o n s  of l a r c h  s p e c i e s ,  provenances, and progeny were 
e s t a b l i s h e d  a d j a c e n t  t o  the b lack  l o c u s t  p l a n t i n g s  mentioned above. 
Maintenance has a l s o  s t a r t e d  on these  p l a n t a t i o n s .  Four  s m a l l e r  l a r c h  
test p l a n t a t i o n s  were a l s o  e s t a b l i s h e d  V.hi.3 s p r i n g  by p r o j e c t  
coopera to r s .  The Michigan Department of Natural  Resources p lan ted  onc 
i n  nor thern  lower Michigan and another  i n  e a s t e r n  u p p e r  Michigan. 
Mead Corpora t i o n  e s t a b l i s h e d  two p l a n t i n g s  i n  c e n t r a l  u p p e r  Michigan. 
These t e s t s  w i l l  s e rve  to  augment informat ion  froin the f o u r  pr imary 
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tests i n s t a l l e d  by NICHCQTIP.  

5. No a c t i o n  t h i s  q u a r t e r  on a i l a n t h u s .  We a r e  s t i l l  wa i t ing  the seed 
c o l l e c t i o n  from China. 

6 .  No work s p e c i f i e d  f o r  t h i s  year. Two small p l a n t a t i o n s  of European 
c o l l e c t i o n s  of Engl i sh  oak were e s t a b l i s h e d  i n  lower Michigan. A 
s i n g l e  a r c h i v e  p l a n t i n g  of honeylocust  f a m i l i e s  w i th  high pod 
product ion  p o t e n t i a l  was a l s o  e s t a b l i s h e d  i n  E. Lansing t h i s  sp r ing .  

Goal I1 Biomass Product ion S t r a t e g i e s  

7. No a c t i o n  has  been taken on s p a c i n g / r o t a t i o n  l eng th  tests. This 
p r o j e c t  has been postponed i n d e f i n i t e l y  due to  l ack  of funding. 

869. Herbicides have been assembled and t r e e s  p lan ted  €o r  the h e r b i c i d e  
sc reen ing  t r ia l s .  Appl ica t ion  of chemicals  w i l l  be conducted wi th in  
two weeks of t h i s  r e p o r t  da t e .  

LO. No a c t i o n  t h i s  q u a r t e r  on c learcut  species screening  t r ia ls .  

Goal 111 Commercial Biomass P l a n t a t i o n s  

11. In  the l a s t  q u a r t e r l y  r e p o r t  (9-1-84 t o  11-31-84) i t  was s t a t e d  t h a t  “We 
a n t i c i p a t e  t h a t  the work proposed ... w i l l  provide the informa t i a n  
needed to  make these  f i r s t  l a r g e - s c a l e  p l a n t a t i o n s  success fu l . ”  
Funding r e s t r i c t i o n s  have e l imina ted  O U K  proposed s tudy of spacing on 
y i e l d  and r o t a t i o n  l eng th  and genotype i n t e r a c t i o n  wi th  spacing. This 
is an a b s o l u t e l y  c r i t i c a l  e lement  of any p l a n t a t i o n  p resc r ip t ion .  
Without these  tests, one can only guess as to  which spacing should be 
used. Without spacingj’yield func t ions ,  a f i n a n c i a l  assessment  of 
d i f f e r e n t  management systems becomes inas t l y  specu la t ive .  Planning f o r  
commercial  p l a n t a t i o n s  m u s t  be delayed as a r e s u l t  of t h i s  se tback ,  
b u t  we cont inue  to  c u l t i v a t e  the i n t e r e s t  of biomass f u e l  u s e r s  i n  
Wichigan. 

P resen ta t ions :  

1. Overview and r e s u l t s  of M.S.U. biomass p l a n t a t i a n  research.  Presented 
by Ray Miller t o  S o i l  Conservat ion Se rv ice  Annual Regional Meeting, 
Lansing, March L4, 1985. 

2. B r i e f ing  on M.S.U. g e n e t i c s  and biomass research.  Presented by James 
Hanover to  NC-99 Tree Improvement Committee Meeting, S t .  Paul,  
March 12-13, 1985. 

3. Br ie f ing  on M.S.U. g e n e t i c s  r e sea rch  on biomass spec ies .  Presented to  
Leadership Dynamics Development Group by James Hanover, Grand Rapids,  
March 29,  1985. 



4. Research on tree improvement f o r  s h o r t  rstation biamass production. 
Presented by James Hanover to A l p h a  Z e t a  c l a s s ,  A p r i l  3 ,  1985. 

Pub l i ca t ions :  

Reighard, G.L., G. Howe, and J.W. Hanover. 1985. E f f e c t s  of chemical  
weed c o n t r o l  and s e e d l i n g  planting depth on s u r v t v a l  and growth o f  
aspen. Tree P l a n t e r s  ' Notes, Winter 1985: 3-7. 
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Task 1: Evaluating different siLviculturaL systems for short-rotation woody 
crops production and determining seedling and coppice production 
under variabLe plantation conditions 

Current work in plantations in Ncrth Carolina, Georgia and Alabama 
includes rorit i .ne maintenance and prot.ection. Sampling is pl-anneci 
for faL1, L985  and winter, 1986. CurrentLy, Scott Torreano, an 
M. S. graduate student, is surnmafizing al.1 biomass yieLd, nutrient 
arid energy data for a l l  pLantations. These data wiLL be used for 
his thesis and for journal puhLication in the near future. 

Task 2: Harvesting seiuioperationaL and operational energy plantations and 
determining yieLds, costs and efficiency 

During the past. quarter a finaL report was written an3 submitted 
to Oak Ridge on "Short-Rotation Biomass Harvesting System Evaluation." 
This report summarized our testing of a prototype continuous feller-buncher 
used for harvesting a 3-year-oLd sycamore energy plantation in 
ALabama. The machi.ne was manufactured by Hyd-Mech Engineering, 
Ltd. of Woodstock, Ontario. DeveLopment was funded by the National 
Research Council of Canada. Coordination of the harvesting trials 
was arranged through Scott Paper Company, Hyd-Mech Engineering, 
U. S. Forest Service, Tennessee Valley Authority, and N. C. State 
University. 

The triaLs incLuded felling, bunching, skidding, ch~pping and hauLing 
a 2-ha plantation. Costs and efficiency of each operation were 
computed and all operations were videotaped. A stump damage assessrneiit 
was made for the felling and skidding functions. 

The Hyd-Mech feller-buncher proved to have much potentiaL for harvesting 
t.his size plantation which averaged 7 to l2 c m  basal diameter arid 
7 m ta1.L. Within-row spacing averaged 1 .75  m. Production was 
greatly improved over alternative conventional methods and was 
better than Last year's trials. The machine could bundle 3 to 
LO trees a t  a time and Lay them in piLes, which facilitated skidding 
with grapple skidders. Two skidders were tested, a s rna1L Kubota 295 DL 
and a large Cat 5 1 8 .  There was a significant difference between 
the skidders in production rat.e hut little difference in cost of 
the systems. However, severaL small tractors wouLd be needed to 
keep a harvesting system balanced. 

The feller-buncher could cut 850 trees/hour (including delays) 
or over 19 green tonnes/hour. Closer spacing of trees within rows 
would not allow the feLling-bunching sequence to proceed without 
the machine sLowing down. Therefore, this machine is best adapted 
to within-row spacing of about 2 in .  

SevPral combinations of skidders, feller-bunchcrs and chippers 
wprc evaLuated in the cost analyses. Costs for chips delivered 
roadside ranged from $9 to $L0.50/green tonne with the Kubota tractors 
and a small chipper, and the Cat skidders and a Large chippFr, 
respectively. DeLivery costs to the miLL would be extra but stiLL 
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totaled less than the current delivered price for green chips from 
natural stands. Increasing plantation growth rates and better 
machine matching to tree size should further improve the economics 
in future years. 

A survey of stump damage showed little damage from the feller- 
buncher when it was operating properly. Most damage was by the 
Large Cat skidder, but even this was minor. 

The total biomass removed from the site was weighed directly and 
a lso  estimated, using several techniques, and compared to the actual 
value. The actual value was 41.8 green tonnes/ha. This compared 
with 41.4 tonnes/ha, based on a 25-tree preharvest sample, and 
40.0 tonnes/ha, based on a mean tree estimate. Currently other 
methods fo r  estimating plantation biomass are being tested which 
could be easily used. 

Task 3: Planting an operational-size energy plantation using optimal species, 
spacing and silvicultural systems 

We are currently in the planning stages of this task and wilL be 
Looking at sites during the summer and fall, 1985. Planting will. 
be done durinq the winter, 1’386. 

Task 4: Installing detailed coppicing studies i n  several biomass plantations 
to better understand the dynamics of this regeneration method and 
provide recommendations to maximize yields 

Results with sycamore indicate that on poorer sites, dormant season 
harvests result in coppice growth t-hat is more productive than 
coppice originating from stumps cut during the previous growing 
season. Maximizing coppice productivity would therefore require 
dormant season harvesting. The demand for biomass for energy wiL1 
be on a year-round basis. Therefore maintenance of coppice productivity 
harvested on a year-round basis w i l l  be critical. We have designed 
a study that wiLl test harvesting during the dormant season with 
and without fertilization. Another study will test the effect.s 
of competition control on coppice development in various age class  
stands. Potential stands for both studies are being exami-ned t h i s  
summer, with pLanned instaLlation durinq fall, 1985 or winter, 
1986 - 



Frederick, D. J., B. J. Stokes and D. T. Curtin. 1985. Field tr iaLs uE 
a Canadian biomass harvester. Paper t o  be presented at the Seventh 
Ann. So. For. Biomass Workshop, Gainesville, Florida. June 11-L4. 
1 4  PP- 

Megalos, M. A., D. J. Frederick, A .  Clark, 111 and D. R. Phillips, 1985. 
Biomass and energy yields of Piedmont hardwoods. Proc., Third EC C o n f . ,  
Energy from Biomass, Venice, Italy. PI/OO9. 

North Carolina S t a t e  University. 1985. Hardwood Research Cooperative Annual 
Report. 75 pp. 

Stokes, B. J., D. J. Frederick and D. T. Curtin. 1985. Short-rotation 
biomass harvesting system evaluation. Final Report. Unpub. 43 pp. 

Torreano, S. J. and D. J. Frederick. L985. A comparison of coppice and 
seedling biomass production with t i m e  and spacing on two sites in North 
Carolina. Paper presented at the Third So. Biomass Energy R e s .  Conf., 
Univ. of Florida, Gainesville. March, 1985. 
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The energy  and finanelal anall-yses f o r  this project w i l l  c o n s i d e r  t h e  
i n p u t s  f o r  producings  h a r v e s t i n g ,  t r a n s p o r t i n g ,  and processing f o r e s t  
biomass e Subsequent ly  t h e s e  inputs will be balanc-ea a g a i n s t  t h e  recover -  
a b l e  energy  from f o r e s t  biomass, t a k i n g  i n t o  a c c o u n t  t h e  c o n v e r s i o n  
ef f l c i e n c i e s  of t h e  energy recovery sys tem.  Comparisons w i t h i n  both  t h e  
energy  and f i n a n c i a l  ana lyses  us tng  l i n e r  yrogra iming  will establish t h e  
s e n s i t i v i t y  and r e l a t ive  significance of the various i n p u t s  and energy  
r e c o v e r y  sys tems,  S i n c e  t h e s e  i n p u t s  are  r e l a t e d  to t h e  o u t p u t s  and t h e s e  
i n p u t / o u t p u t  f a e t o r s  rare c r e a t e d  d u r i n g  d i f f e r e n t  annual  periods, t h e  
a n a l y t i c a l  frauiework f o r  th%a model will .  a l so  i n c o r p o r a t e  a t i m e  dimension,  

The o b j e c t i v e s  of t h i s  s t u d y  are to e s t a b l i s h  and analyze: :  1) enesgy 
and economic i n p u t s  f o r  producing s h o r t - r o t a t i o n  h y b r i d  p o p l a r  lasing f o u r  
management s t r a t e g i e s  (control, i r r i g a t i o n ,  f e r t i l i z a t i o n ,  and combined 
i r r i g a t i o n / € f r t i l i z a t i o n ) ,  2) p r o d u c t i o n  y i e l d s  as a f u n c t i o n  of management 
s t r a t e g y ,  3 )  wood p r o p e r t i e s  related t o  u s e  a5 a s o u r c e  of f u e l  OK 
chemicals as a f u n c t i o n  of management s t r a t e g y ,  4 )  energy and economic 
a n a l y s e s  of  selected conversion s t r a t e g i e s  ( d i r e c t  i n c i n e r a t i o n ,  p y r o l y s i s ,  
g a s i f i c a t i o n ,  and l i q u e f a c t i o n )  f o r  each O S  t h e  ananageiiient s t r a t e g i e s ,  5) 
s e n s i t i v i t y  a n a l y s e s  Q €  t h e  s e l e c t e d  c o n v e r s i o n  s t r a t e g i e s  t~ energy  i n p u t s  
f o r  each s e l e c t e d  management s t r a t e g y ,  6 )  a comparison of the energy  and 
economic a n a l y s e s  f o r  selected management and c o n v e r s i o n  s t r a t e g i e s ,  and 7 )  
recommendations af  t h e  most advantageous  combinat ion of management and 
c o n v e r s i o n  s t r a t e g i e s  i n  l i g h t .  of energy  and esonomie c o n s i d e r a t i o n s .  

C u r r e n t  Q u a r t e r  A c t i v i t y  

The major  e f f o r t  t h i s  past q u a r t e r  has been t h e  couipletion of t h e  
f i r s t  r o t a t i o n  f i n a l  r e p o r t .  The c o p p i c e  growth and f i v e  year old 
p r o d u c t i o n  d a t a  have been o b t a i n e d  b u t  have n o t  been comple te ly  ana lyzed .  
These d a t a  w i l l  be. r e p o r t e d  in t h e  next q u a r t e r l y  r e p o r t .  

TASK 1 - ESTABIAISll PLANTATION 

T h i s  t a s k  i s  concerned w i t h  measuring t h e  energy and economic i n p u t s  
needed to e s t a b l i s h  t h e  s h o r t - r o t a t i o n  p l a n t a t i o n  under  fou r  management 
strategies ( c o n t r o l ,  i r r i g a t i o n ,  f e r t i l i . z a t i o n ,  and f e r t i l i z a t i o n /  
i r r i g a t i o n ) .  P l a n t a t i o n s  have been  e s t a b l i s h e d  on two si tes w i t h  e i t h e r  
f a v o r a b l e  (Basbea s i l t  loam s o i l )  OF u n f a v o r a b l e  (Morr ison sandy loam) 
inherent .  c o n d i t i o n s  f o r  h l g h  y i e l d s .  Each p l a n t a t i o n  s i te  ( 1 . 2  h a )  
c o n s i s t s  of s i x  r e p l i c a t i o n s  (0.2 ha each) w i t h  t h r e e  r e p l i c a t i o n s  p l a n r e d  
i n  t h e  s p r f n g  of 1980 and 1981, r e s p e c t i v e l y .  Each r e p l i c a t i o n  c o n s i s t s  of 
f o u r  t r e a t m e n t  u n i t s  (0.05 ha each f o r  c o n t r o l ,  i r r i g a t i o n ,  f e r t t l i z a t i o n ,  
and feztilization/irrigation). 
p l a n t e d  i n  rows 0.8 m e t e r s  apart and 0.6 meters between trees i n  a TOW for 
a 0 . 4 8 ~ 1  of growing s p a c e  p e r  t ree .  I n  e a c h  treatment.  imit ,  t rees  have 
been d e s i g n a t e d  f o r  a n n u a l  d e s t r u c t i v e  sampling and continuous i n v e n t o r y  
o v e r  a f o u r  y e a r  p e r i o d .  T h i s  t a s k  h a s  been compl-eted. 

PapuJt-hybrid NE-388 c u t t i n g s  have been 

2 

TASK 2 - PLANTATION BIOMASS PRODUCTION 

T h i s  t a s k  i s  concerned with o b t a i n i n g  t h e  energy  and economic i n p u t s  
needed t o  o p e r a t e  and m a i n t a i n  the p l a n t a t i o n s  under  the s e l e c t e d  
management s t r a t e g i e s .  The p l a n t a t i o n s  are f u l l y  o p e r a t i o n a l ,  Records are  
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being maintained on the amount of water, fertilizer, herbicides, etc., 
added per treatment unit. 
programming model in Task 3. 

These data will be incorporated into the linear 

Current quarterly Activity 

Trees planted in 1980 completed their first rotation i n  1983, and were 
harvested. The first rotation treatment of control, irrigation, 
fertilization and fertilization/irslgation were continued for the first 
growing season of the second rotation. 

The one year coppice growth of the 1980 planted and 1983 harvested 
trees has been measured and is being analyzed. 
sprouting, growth and yield values will be reported when the analyses are 
completed. Second rotation yield values for wood, bark plus branches and 
total tree will be based on the one year old equations developed for the 
first rotation. 

Frequency of stump 

Trees planted in 1981 completed their first rotation in 1984. The 
growth and yield values for these trees have been combined with the values 
for the 1980 planted trees and have been included in the annual report 
(March 1985). 

One destructive sample plot per each site-replication-treatment 
combination was permitted to grow for five years. The 1980 planted trees 
completed the fifth year in 1984. The 1981 planted trees will complete 
their fifth year in 1985. 

Freliuinary estimates of total tree yield for the five year old 1980 
planted trees are 3 . 6 ,  3.9, 4 . 9  and 5.1 ODkg/m2 f o r  the control, 
irrigation, fertilization and fertilizationlirrigation treatments, 
respectively. 
For each sire-replication-treatment combination, each destructive sample 
plot (maximum of 20 measurement trees per plot) had the same border as the 
continuous inventory plots (maximum of 272 measurement trees per plot). 
However, five year old estimates derived from destructive sample plot 
measurements must be carefully evaluated since these values are derived 
from a much smaller data base than the Continuous inventory four year old 
values. 

These estimates are averaged over both plantation sites. 

Second rotation fertilization requirements (N, P, K, Ca and Mg) for 
maintaining non-limited nutrient conditions have been included in the 
annual report (Ma .ch 1985). All nutrients for the.1985 growing season 
(first year coppice f o r  the 1981 planted and second year coppice for the 
1980 planted trees) have been applied. 

Statistical analysis of the values for specific gravity, moisture 
content, heat of combustion, ash content, lignin content, extractive 
content, holocellulose content and alpha-cellulose content have been 
completed f o r  the first rotation b y  management strategy and site. 
data have been incorporated in the first rotation f i n a l  report. 

The 



TASK 3 - ANALYSIS OF BIOMASS ENERGY ANI? ECONOMIC DATA 

This  t a s k  is concerned wi th  ana lyz ing  and comparing t h e  energy and 
economic data f o r  t h e  s e l e c t e d  management/conversion scena r ios .  
c o s t  ana lyses  w i l l  b e  performed OIL each of the selected management 
s t r a t e g i e s  € o r  each  conve r s l sn  s t r a t e g y .  Data collected on t h e  p r o j e c t  
w i l l  be compared w i t h  publ.ished r e sea rch  € o r  ana lyses .  Biomass product ion  
y i e l d s ,  growth ra tes ,  and p r o p e r t i e s  w i l l  h e  used t o  s t a n d a r d i z e  t h e  data. 
Linea r  p r o g r a m i n g  will be used t o  ana lyze  t h e  va r ious  inpu t  requi rements ,  
a s s o c i a t e d  c o n s t r a i n t s ,  and o u t p u t s  for the combinations of the v a r i o u s  
product ionlconvers ion  scena r ios .  
p rodus t ion /convers ion  s c e n a r i o s  t h a t  would maximize n e t  energy flows, net. 
value flows, and t h e  s e n s i t i v i t y  of  change i n  any v a r i a b l e  t a  t h e  r e s u l t a n t  
ou tpu t s .  It: i s  a n t i c i p a t e d  t h a t  a ~ a n g e  i n  v a l u e s  will ha used for the 
v a r i a b l e s .  Coupling t h e  management and conversion energy and economic data  
base  w i l l  p rovide  t h e  oppor tun i ty  t o  recommend a management s t r a t e g y  f o r  
each  conversion s t r a t e g y  wi th  t h e  most f avorab le  energy and economic 
cons ide ra t ion .  

~nergy and 

This permi ts  an eva lua t ion  of t h e  

Curren t  Quar te r  A c t i v i t y  

With the securance af  4 yea r  yi.eld data f rom the Spruce Creek research 
biomass p l a n t a t i o n s ,  f i n a l  estimates were developed on t h e  f i n a n c i a l  and 
energy product ion  c o s t s  p e r  oven d r y  tonne, An account ing s t r u c t u r e  w a s  
t hen  cons t ruc t ed  t o  enumerate the  f u n c t i o n a l  s t e p s  involved i n  each  of t h e  
s e q u e n t i a l  phases;  p roduct ion ,  h a r v e s t i n g ,  t r a n s i t ,  storage and dry ing .  
This i d e n t i f i e d  t h e  f i n a n c i a l  and e n e r g y  c o s t s  pew oven d r y  tonne t o  t h e  
p o i n t  of supply ing  biomass as an i n p u t  ta a f i n a l  conversion phase. 

Each funct ional .  s t e p  i n  t h e  account ing  process  was f u r t h e r  s t r a t i f i e d  
i n  terns of t h e  bas i c  source of t h e s e  expenses;  i .e .  l a b o r ,  capital, l and ,  
fue l .  and material i n p u t s  and i n t e r e s t  charges on such cos ts  over  Time. 
This  subsequent s t r a t i f i c a t i o n  provided a measure of t h e  b a s k  o r i g i n  of 
t h e s e  f i n a n c i a l  and energy c o s t s  w i t h i n  any g iven  f u n c t i o n a l  s t e p .  
F u r t h e m o r e ,  when t h e  elements  i n  each s t r a t a  were summed over a ser ies  of 
s t e p s ,  and phases ,  t h e  process  i d e n t i f i e s  f h e  e x t e n t  t o  which the composite 
of s t e p s ,  o r  p rocesses  can b e  descr ibed  as c a p i t a l ,  l a b o r ,  land o r  energy 
i n t e n s i v e .  

I d e n t i f y i n g  t h e  biomass system QII an  account ing b a s i s  and by basic 
source  of  such c o s t s  w i l l  f a c i l i t a t e  t h e  subsequent s e n s i t i v i t y  a n a l y s i s  of 
t h e  aggrega te  biomass system and a l s o  provide a b a s i s  f o r  judging  t h e  
a b i l i t y  or i n a b i l i t y  of changing such cos t s  i n  t h e  f u t u r e ,  
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INTRODUCTION - 

This  i s  t h e  4 t h  q u a r t e r  r e p o r t  f o r  "Tissue c u l t u r e  o f  e l i t e  b i o t y p e s  o f  
A t r i p l e x  canescens as a s h o r t  r o t a t i o n  woody biomass crop." 
p r o j e c t  i s  on schedule and making goad progress.  
t h e  1 ong-term imp1 i cat4 ons f o r  improved u t i  1 i z a t i o a  o f  A t r i  pl ex as  a r e s u l t  
o f  p r o j e c t  f i n d i n g s .  

The research 
We a r e  o p t i m i s t i c  about 

The o b j e c t i v e s  o f  t h i s  p r o j e c t  a r e  t o  e s t a b l i s h  a t i s s u e  c u l t u r e  system f o r  
t h e  e l i t e  g i g a s  form o f  -.-+- A t r l  l e x  canescenr. t h a t  w i l l  a l low rap id ,  low-cost ,  
h i g h  volume p ropaga t ion  o f  p an ts  f o r  biomass p roduc t i on .  
saponi n con ten t  and v a r i  a b i  1 i t y  w i t h i n  A. canescens w i  1 ! be analyzed t o  
determine t h e  f e a s i b i l i t y  o f  o b t a i n i n g  a v a l u a b l e  i n d u s t r i a l  compound f rom 
A t r i p l e x  biomass. 
an obF6rva t i on  n u r s e r y  wi? 1 be e s t a b l  i s h &  a t  U n i v e r s i t y  Research Park, 
S a l t  Lake City. 

A d d i t i o n a l l y ,  
I -___---.I 

To p r o v i d e  a source of p l a n t  m a t e r i a l s  f o r  f u t u r e  s tudy,  

Research a c t i v i t i e s  a r e  o rgan ized  under f o u r  t a s k s .  

A )  O E S C K I P Y I O N  OF CURRENT RESEARCH A C T I V I T I E S  I N  ALL TASKS IDENTIFIED 
M I T H I N  THE CONTRACTUAL WORK STATEMENT 

Task 1. C o l l e c t i o n  o f  P l a n t  M a t e r i a l s  

No p l  a n t  c o l  1 e c t  i ons e r e  scheduled f o r  t h i s  season o f  t h e  year.  
However, a l a t e  w i n t e r  c o l l e c t i o n  o f  p l a n t  m a t e r i a l s  was performed 
a t  t h e  Nephi F i e l d  S t a t i o n  on February 28 t o  observe t h e  c o n d i t i o n  
o f  sterns and leaves o f  A .  canescens d u r i n g  t h e  dormant per iod.  
The leaves appeared t o  Ee about o n e - t h i r d  f o l d e d  inward and 
somewhat con t rac ted .  Small stems were b r i t t l e  and t h e  
subepidermal l a y e r  was deep green i n  c o l o r ,  i n  c o n t r a s t  t o  t h e  
gray-green appearance o f  t h e  epidermis.  
c o l l e c t e d  f o r  chemical  a n a l y s i s .  Inasmuch as t i s s u e  c u l t u r e  
p ropaga t ion  was success fu l  w i t h  samples c o l l e c t e d  d u r i n g  a c t i v e  
growth,  no stem segments were c o l l e c t e d  f o r  t i s s u e  c u l t u r e  
s t  u d i  es. 

T h i r t y - f i v e  samples were 

Task 2 I 

The methodology f o r  a complete, e f f i c i e n t  system o f  
m ic rop ropaga t ion  has been developed. The e f f e c t s  o f  shoot. q u a l i t y  
and va r ious  hormonal supplements t o  t h e  media on m ic rop ropaga t ion  
have been evaluated.  A l though t h e  nunibers o f  shoots produced i n  
t h e  m u l t i p l i c a t i o n  t r e a t m e n t s  were s t a t i s t i c a l l y  d i f f e r e n t  o n l y  i n  
t h e  case o f  t h e  t w o  8A c o n c e n t r a t i o n s  (1.0 mg/ i  and 0.2 m g / l ) ,  we 
eva lua ted  t h e  q u a l i t y  o f  t h e  shoots t o  be ex t reme ly  poor f o r  t hose  
produced on medium c o n t a i n i n g  K, I A A ,  and GA3. The paor q u a l i t y  
v i t r e o u s - 1  ooki  ng m a t e r i a l  was irnpossi b l  e t o  r o o t  and t h e r e f o r e  na 
p l a n t s  were e s t a b l i s h e d  f rom these shoots. 

Devel o p e n t  ._.._ o f  ' P i  ssue C u l  ture Techniques 
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When shoots of  s i m i l a r  q u a l i t y  were t r a n s f e r r e d  from the  
m u l t i p l i c a t i o n  t o  t h e  roo t - induc ing  medium, t h e r e  was no 
d i f f e r e n c e  i n  t h e  frequency o f  roo t ing .  However, l a r g e r  numbers 
o f  p l a n t l e t s  were produced from shoots t h a t  had a r i sen  on media 
supplemented w i t h  BA. When both rooted and non-rooted propagules 
were t r a n s f e r r e d  t o  s o i l  i n  t h e  greenhouse, s u r v i v a l  was poor f o r  
those which had a r i s e n  on t h e  K, I A A ,  and GA medium, w h i l e  shoots 
from t h e  two BA t reatments es tab l i shed p l a n t 2  a t  s i m i l a r  ra tes.  

The des i rab le  end product  o f  a propagat ion program i s  a v igorous 
p l a n t  which can be handled under convent ional  management 
p rac t ices .  
1.0 mg/l BA i s  the best medium f o r  t h e  m u l t i p l i c a t i o n  o f  A. 
canescens shoots t o  produce q u a l i t y  p l a n t s  a f t e r  t h e  tiss^i;e 
c u l t u r e  phase of a micropropagat ion program. 

The da ta  i n d i c a t e  t h a t  t h e  MS medium supplemented w i t h  

28. Advent i t ious  Regeneration 

A v a r i e t y  o f  media have been evaluated f o r  p o t e n t i a l  t o  induce 
embryogenesis. MS medium supplemented w i t h  0.5 mg/l BA and 0.5 
mg/l 2,4-D, fo l lowed by t h e  i d e n t i c a l  medium wi thout  t he  2,4-D 
r e s u l t e d  i n  format ion o f  g l o b u l a r  embryoids. I n  one case, shoot 
format ion occurred. 
cond i t i ons  under which t h i s  shoot developed. 

We are  pursuing f u r t h e r  study o f  the  

2C. E f f e c t s  o f  Regeneration on Somaclonal V a r i a t i o n  

S a l t  to le rance o f  p l a n t s ,  microshoots and c a l l  us was e v a l  uated 
over  a range o f  0-1.0 M NaCl. 
c a l l u s  c e l l s  are now bs ing  obtained. 

S a l t - t o l e r a n t  microshoots and 

Task 3. Analyze f o r  Saponin i n  P lan t  Ma te r ia l s  c o l l e c t e d  from 
- F i  e l  d Popul a t  i ons o f  A t  r i  p l  ex canescens 

Work i s  cont inu ing  s t e a d i l y  on t h e  i s o l a t i o n ,  quan t i t a t i on ,  and 
s t r u c t u r e  e l u c i d a t i o n  o f  t he  saponins from A t r i p l  ex canescens. A 
recent  paper appearing i n  the  Journal  o f  Natura l  Products repo r t s  
t h a t  t he  saponins o f  an Egypt ian species o f  A t r i p l e x  have 
po ten t  b i o l o g i c a l  a c t i v i t y  as m o l l u s c i c i d a l  agents. Thus, these 
compounds a re  use fu l  i n  the  e r a d i c a t i o n  o f  schistosomiasis,  a 
p a r a s i t i c  d isease a f f l i c t i n g  200-400 m i l l i o n  people worldwide. 
The s t ruc tu res  o f  these compounds are  very s i m i l a r  t o  those o f  t h e  
t r i t e r p e n o i d  saponins from A. canescens. Our s tud ies  conf i rm t h a t  
these s t r u c t u r a l l y  r e l a t e d  pentacyc l  i c  t r i t e r p e n o i d  saponins are  
s i m i l a r  t o  those occu r r i ng  i n  many members o f  t h e  Order 
Centrospermae, a group t h a t  inc ludes  A t r i p l e x .  
used on a l a r g e  sca le  commercially, our  r e s u l t s  f u r t h e r  con f i rm  
t h a t  t he  saponins from A t r i  l e x  spp. w i l l  be usefu l  i n  the  

conta ins  a d i p l o i d  form, about double t h e  concentrat ion o f  
saponins as regu la r  p o l y p l o i d  - A. canescens found i n  o ther  
1 ocat ions.  

Since saponins a r e  

su r fac tan t  markets whic + c u r r e n t l y  e x i s t .  A. canescens. gigas 
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Task 4. Es tab l i shmen t  o f  an Observat ion Nursery and P r o d u c t i o n  o f  
Research Matesi  -.-~1-" a1 s 

ll--l__ .._--____I__. 

A t r a c t  o f  l a n d  i n  t h e  near  v i c i n i t y  o f  NPI 's  research 
l a b o r a t o r i e s  was g i v e n  s p r i n g  p r e p a r a t i o n  i n  A p r i l  t o  r e c e i v e  
p l a n t l e t s  o f  A. canescens _- from t h e  T issue Cu l tu re  labora tory  and 
greenhouse insJune. 

SUMMARIZATION OK SYNTHESIS OF RESEARCH RESULTS FOR SELECTED TASKS 

Our most e x c i t i n g  r e s u l t s  i s  t h a t  an e f f i c i e n t  methodology f o r  i n  
v i t r o  m ic rop ropaga t ion  o f  e l i t e  genotypes a f  A. canescens 
h a s b e e n  developed, The system works w e l l  wiyh b o t h  juveari e and 
a d u l t  m a t e r i a l ,  m u l t i p l i c a t i o n  r a t e s  a r e  h igh ,  and e f f i c i e n t  
es tab l i shmen t  o f  micropropagules i n t o  t h e  greenhouse has been 
aehi w e d .  

F- 

TECHNICAL D I S S E M I N A T I O N  A C T I V I T I E S  

No s p e c i f i c  a c t i v i t i e s  i n  t e c h n i c a l  d i s s e m i n a t i o n  were undertaken 
t h i s  q u a r t e r  except  f o r  men t ion ing  t o  v i s t i o r s  t h a t  o u r  work on 
A t r i p l e x  i n  v i t r o  p ropaga t ion  sponsored by DOE was underway and 
do1 ng w e l r  --..-.. 

NEW PUBLICATIONS 

No new p u b l i c a t i o n s  t h i s  quar te r .  
submission t o  j o u r n a l  e d i t o r s  i n  nex t  pe r iod .  

Two papers a r e  i n  rev iew  f o r  
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INTRODUCTION 

The major event this past quarter has been the “ T r e e  Planting in 
semi-arid region  symposium"^ held at Texas A61 from April 29 through May. 
3 ,  Nearly 100 participants from Australia, India, Tanzania, Morocco, 
Sudan, Israel, Englantl, France, Ghana, Chad, Zimbabwe, Burkina 
Fasotformerly Upper VOlta), Haiti, Mexico, Venezuela, Brazil, Argentina, 
Chile, Peru, Costa Rica and Tennessee attended this symposium. A broad 
spectrum of papers w e ~ e  presented from rhizobia/mycorrhizae studies, tu 
weed control, mineral nutrition, tissue cu l t i i r c ,  biomass estimation, 
genetic improvement and comparisons of the productivity of native and 
existing stands. Tree species dealt with included Acacia, Eucalyptus, 
hucaena, P i n u s  eldarica and Pinus halepense Prnsopis and Zyzphus. 

-I_. - ___ I _ . Y I I I  

Task I Fertility aspects -̂ .-I of site characterizaton 

Foliage samples have been taken for both Kingsville and Zaehry Ranch 
sites and these samples have been dried and grcxnnd. Foliage samples 
have been taken for both locations for the second evaluation. Sail 
samples have been taken f o r  all the plots and have been sieved and 
neatly stored. Analysis of the soil samples for sodium bicarbonate 
extractable phosphorus has been i . n i t i a t ed .  

S o i l  and plant analysis have been conducted for the 16 leucaena plots 
which varied in one year coppice regrowth from 2,500 kg dry matterha to 
14,000 kg dry matterlha. The most significant correlation was between 
leaf P and biomass production ( R  = 0.71, P = 0.0019). In contrast 
significant correlations did not exist between sodium bicarbonate 
extractahle P ( R  = - 0 . 2 3 ,  P = 0 . 3 8 )  (recommended f o r  semi-arid soils) or 
1:lO water extractable P (R = -0.32, P = 0.23) of the soils and biomass 
production. However there was a significant negative correlation 
between soil pN at the deeper depths and biomass production (R  -L- -0.88, 
P = 0.0001). 

These data suggest that, for leucaena, leaf nutrient concenLrations are 
more reliable indicators of plant: productivity than soil test values. 
For a plant physiologist, this intuitively makes sense, since the leaf 
nutrient concentration is an an integration of a l l  factors concerning 
nutrient availability i.e. concentration, changing concentration with 
rooting depth, and changing availability with regard to pH, and other 
nutrient interactions e 

However, soil test values must be developed to indicate site potential 
and fertility requirements for plantings to be established. It goes 
without saying that soil test values are only i i s e F u 1  if they are well 
correlated with plant growth. 

We are currently experiencing mechanical difficulties with the atomic 
absorption unit and are seeking funds to have it repaired. 
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Task 2 Clonal comparisons of mesquite biomass production under 27 inch 
average annual rainfall conditions [Kingsville Prosopis alba 3325750 
clonal plots) 

These plots have been disked in both directions and solicam applied at 5 
kg/ha. This has provided excellent weed control of all weed species 
including nutsedge. The trees are growing rapidly with recent spring 
rains. 

Task 3 Clonal comparisons of mesquite biomass production under 18 inch 
average annual rainfall conditions (Zachry Ranch plots). 

These plots were treated with SOliCam at 5 kg/ha but for unknown 
reasons, we have not achieved as good weed control as we have on the 
Kingsville clonal. B2VSO plots. 
spring rains and as soon as the soil is dry enough mechanical weed 
control will again be performed on these plots. 

Fortunately these plots have recieved 

Task 4 Compare seeding depths and herbicides for effectiveness in direct 
seedinu of leucaena 

In anticipation of a large scale direct seeding of leucaena planting in 
1986, we established a direct seeding trial with leucaena. Four rates 
o f  herbicide were used i.e. 0.0, 0.5, 1.0, an 1.5 kg surflan per hectare 
and two seeding depths i.e. 1.5 and 2.0 inches. A randomized complete 
split-block design was used with 4 replicates(Herbicides were main 
treatment effects and seeding depth was the split plot). 

Due to the large number o f  seeds required, scarification by hot water 
treatment (100 C) for 1 minute was employed as recommended by various 
authors. On a small trial this yielded 77 % germination. 

A 2 row junior planter was used and the seeds were inoculated with a 
commercial rhizobia formulation. Fortunately 0.8 inches o f  rainfall 
occurred one day after planting and thus excellent survival should have 
been obtained. However, nearly 3 weeks later, very few of the seedlings 
have emerged. We suspect that in the scale-up to hot water scarify the 
seeds, we greatly decreased their gemination potential. Four years ago 
at Texas A&I we used hot water scarification of leucaena ( 3  min at 80 C )  
and were very unhappy with the results as it only gave 50% emergence 
whereas mechanical scarification by hand usually gave greater than 95 % 
germination. Despite numerous reports in the literature on hot water 
scarification it apppears to depend too much on heat transfer rates as 
well as absolute temperatures with the result that time temperature 
results are unreliable, 
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Task 5 Native mesquite comparison trial. - 
These plo ts  have been redisked and solicam applied. 
excellent. These trees still need to be pruned. 

The weed contral. is 

Task 6 Seed Orchard maintenance and germplasm documentation .--. - -I- 

These plots were disked twice and kamex applied at 2 kg/ha the second 
week of April. With t h e  advent of spring rains, beranutla grass, 
nightshades, and some perennial grasses have become a problem. Most of 
the trees flowered in the hot  spring weather before the rains, but few 
trees set Fruit, evident1.y because the rains came too early. When the 
spring rains cease in midilate June, the trees may flower again, and 
perhaps set fruit if the remainder of the summer is hot and dry. 

T a s k  7 Rooting _-_1 of cutti.i.tT-3search 

T h e  chemical cornpostion of cuttings and the rooting percentage of 
cuttings were measured after 5 successive harvests of heavily fertilized 
and non-fertilized stock plants. Correlations were examined between 
rooting percentage and l e a f  PUT, stem N, leaf carbohydrate, stem 
carbohydrate, and stern plus leaf phosphorus(N=79). There was no 
significant correlation between rooting percent, and leaf 
carbohydrate (P- 0.96) , stern carbohydrate (P=O. 8 7 )  , and leaf plus sten 
phosphorus(P=0.31). The non-significant correlation between percent 
rooting and carbohydrates was negative (R= -0.018) However there was a 
significant positive correlation with stem nitrogen and percent rooting 
(P-0.009). There was an inverse correlation between stern nitrogen 
content and carbohydrate content ( R =  -0.167, P= 0.14) . 

We found the lack of correlat-ion betweeii leaf and stem 
carbohydrate and percent rooting surprising, as we had assumed 
carbohydrates were very important for rooting. The positive correlation 
between leaf N and rooting % indicates that unbalanced fertilizers, rich 
i n  N and l o w  in P, K and other nutrients, might stimulate stem N percent 
and be successful in maintaining high rooting percentages from stock 
plants. 

Task 8 Tissue culture research 

This past 10 weeks we have achieved another major breakthrough in the 
tissue culture of Prosopis alba. When the concentration of stock A 
(ammonium nitrate) of the Nurashige-Skoog media was varied it marked1 y 
influenced shoot p r G d U C t i o 1 1 .  However, since stock A contained nitrogen 
both in the form of mmonium and nitrate, it was not possible to 
determine which nitrogen source the effect was attributable to. 
Therefore we separately examined ammonium chloride, sodium nitrate, and 
glutamine. Glutamine was examined (a) since it is a source o f  organic 
nitrogen, (blsince it is fkst p r G d U c %  of nitrogen fixation, and (e) 
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since it is the form in which nitrogen is transported from the nodules 
to the shoots in many legumes. 

At the 28 day evaluation very few shoots were produced in the ammonium 
treatment but good shoat production occurred in both the nitrate and 
glutamine containing media(Table 1). After subsequent transfer on the 
same media, the shoot production was evaluated after 55 days(Tab1e 1). 
Clearly glutamine was superior to both inorganic nitrogen sources in 
production of number and length of shoots. What cannot be seen from the 
table is that the explants on the nitrate media were yellow with 
considerable brown tip dieback. In contrast the shoots on glutamine 
still appeared quite healthy. 

This is a rather unusual finding. It appears as if the requirements for 
Prosopis shoot multiplication are fundamentally different from other 
woody species such as pecan and walnut which respond positively to 
increased ammonium concentrationsP It will be interesting to see if 
Prosopis has an obligate requirement for the organic nitrogen source 
that serves as the first nitrogen acceptor in nitrogen fixation and as 
the transport form of nitrogen from roots to shoots. 

The key to economically 
shoot proliferation at each subculture. At this point we feel bas ic  
research on shoot multiplication is more important than to dabble in all 
phases of tissue culture propagation of Prosopis. When w e  get goad shoot 
multiplication we will examine root production and hardening off. 

viable tissue culture propagation is multiple 
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Table 1. E f f e c t  of n i t r o g e n  s o u r c e  and c o n c e n t r a t i o n  on development of 
P r o s o p i s  alba done 9 V after 28 days. 

2 50 - 

Nitrogen Source 

Concentration (mM) 
20 30 40 50 60 

Mean 4 SD 

NE14C 1 Shoot Number 0.6O.tO.51 0.5310.52 0.26kO.46 0.20+-0.41 0.1320.35 
Shoot Length 0.6QkO.51 0.53kO.52 0.26.tO.46 0.2OkO.41 0.13.1-0.35 

Shoot Number 0.93?rQ.26 1.1310.35 1.47kO.52 1.13+0,52 1.33f0.49 
Shoot Length 1.13kO.52 1.3310.49 1.33k0.62 1,071-0.46 1.3350.62 3 NaNO 

Glutamine Shoot Number 1.001+0,53 1.13kO.35 1.13kO.35 1,271-0,46 1.20i10.41 
Shoot Length 0.93-tO.46 1,4040.51 1.53kO.74 1.7310.70 1.5310.54 

FINAL EVALUATION ( 5 5  days) 

20 30 40 50 60 

NII C 1  Shoot Number 0.2OkO.41 0.2120.43 0.07ko.26 0 0 
4 Shoot Length 0.2720.59 0.21k0.43 0.07+_0.26 0 0 

Shoot Number 0.91kO.83 0.92-E-0.51 0 .92k0 .95  1.4340.76 1.00k0.96 
Shoot Length 0.82t0.75 0.92_+0.51 0.9241.12 1.07kO.73 0.71k0.61 3 

N a N O  

Glutamine Shoot Number 1.78k0.67 1.46+0.52 1 .7720.73  1.89kO.33 1.63k0.52 
Shoot Length 1.5620.73 2.3821.33 2.3120,95 2.2211.30 2.13k0.64 
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RESEARCH ACTIVITIES 

Genet i cs : 

New c o l l e c t i o n s  o f  Papulus balsam if^^^ have bee completed. The area 
sampled was t h e  n a t i v e  range o f  elie species i n  Minnesota, Wisconsin, and 
Michigan. Sampling was done u s i n g  a s e r i e s  o f  7 North-South t r a n s e c t s  from 
l o n g i t u d e  94" 31'  i n  no r thwes te rn  Minnesota t o  l o n g i t u d e  84' 30'  i n  t h e  n o r t h e r n  
Lower Pennisu la o f  Michigan. An at tempt  was made t o  sample 10 t r e e s  frotri each 
o f  20 c o l l e c t i o n  areas; however, due t o  s c a r c i t y  o f  t h e  species i n  two 
l o c a t i o n s ,  i t  was necessary t o  sample an a d d i t i o n a l  two l o c a t i o n s  t o  reach a 
t o t a l  o f  2U0 c lones,  

Propagat ion o f  hardwood c u t t i n g s  v i a  hydroponic  r o o t i n g  o f  softwood c u t t i n g s  
i s  proceeding a l though  we have found Populus ba lsami fe ra  t o  be s i g n i f i c a n t l y  
more d i f f i c u l t  t o  r o o t  t han  Populus t r i c h o c a r p a .  

w i t h  t h e  U n i v e r s i t y  o f  Minnesota have been ou tp lan ted .  
o p e n - p o l l i n a t e d  f a m i l i e s  o f  P. d e l t o i d e s  c o l l e c t e d  f rom sou theas te rn  Minnesota 
and Iowa. 
f u t u r e  i n t e r -  and i n t r a - s p e c i f i c  mat ing designs. 

--. 

The new c o l l e c t i o n s  o f  Populus deKtiJ-!L made through coopera t i ve  agreement 
The p l a n t i n g  i n c l u d e s  96 

S e l e c t i o n s  w i l l  bF made f rom t h i s  r e p l i c a t e d  t e s t  f o r  i n c l u s i o n  i n  

S i t e  p r e p a r a t i o n  i s  c u r r e n t l y  underway f o r  t h e  es tab l i shmen t  o f  r e p l i c a t e d  
f i e l d  t e s t s  a t  Harshaw Exper imental  Farm. H 10-acre o l d - f i e l d  s i t e  a t  t h e  
Harshaw Farm was f l a g g e d  and sprayed w i t h  t h e  h e r b i c i d e  Roundup a t  a 2 I b s  
a i / a c r e  ra te .  F u r t h e r  s i t e  p r e p a r a t i o n  work w i l l  be done throughout  t h e  summer 
t o  prepare f o r  p l a n t i n g  o f  s tock f o r  Populus b reed ing  t r i a l s  i n  t h e  s p r i n g  o f  
1986. 

We have noted s i g n i f i c a n t  w i n t e r  damage on many c lones o f  Populus 
t r i c h o c a r p a  t h a t  were e s t a b l i s h e d  i n  s t o o l i n g  beds a t  Harshaw Farm i n  June 1984. 
Data on w i n t e r  daniaye symptoms w i l l  be c o l l e c t e d  and used as an a i d  i n  s e l e c t i n g  
c lones  f o r  f u t u r e  breedi  ny work. 

A m o d i f i e d  a g a r - l e a f  d i s k  sc reen ing  t e s t  was used t o  screen 94 E. 
t r i c h o c a r - a  -. ...- and 1U h y b r i d  p o p l a r  c lones. 
c l o n e  were i n o c u l a t e d  w i t h  a spore suspension o f  Septo-rja musiva ( S e p t o r i a  
canker) .  Data were analyzed t o  es t ima te  t h e  r a t e  o f  l e a f  n e c r o s i s  i n  response 
t o  t h e  pathogen and t h e  da te  a t  which 50% n e c r o s i s  occurred. P. t r i c h o c a r  a 
c lones  were c l a s s i f i e d  i n t o  t h r e e  groups based on t h e  a n a l y s i s ? l - d  
(>28 days t o  50% n e c r o s i r ) ,  2)  i n t e r m e d i a t e  (24 t o  28 days f o r  50% n e c r o s i s ) ,  and 
3 )  s u s c e p t i b l e  ( ~ 2 4  days f o r  50% n e c r o s i s ) .  Most c lones (69 )  appear t o  be 
s u s c e p t i b l e  t o  t h e  pathoyen w h i l e  1 5  appear i n t e r m e d i a t e  and 10 appear r e l a t i v e l y  
r e s i s t a n t .  F u t u r e  work w i l l  i n c l u d e  a repeat o f  t h e  -- i n  v i t r o  sc reen ing  and 
comparison o f  t h i s  data w i t h  obse rva t i ons  f rom f i e l d  p l a n t i n g s .  Since S e p t o r i a  
canker i s  an impor tan t  pathogen o f  h y b r i d  paplars ,  and may be t h e  l i m i t i n g  

Approx imate ly  18 l e a f  d i s k s  o f  each 

f a c t o r  on some s i t e s ,  r e s i s t a n c e  t o  t h i s  d isease w i l  
s e l e c t i o n  o f  p a r e n t a l  hreedi  ny stock.  

I M i d - r o t a t i o n  Management: 

s t r a t e g i e s  f o r  managing n i t r o g e n  n u t r i t i o n  i n  h y h r i d  
document t h e  benef l ' ts  o f  n i t r o g e n  f e r t i l i z a t i o n .  Se 

N i t r o g e n  f e r t i l i z e r  t e s t :  Th is  s tudy o b j e c t i v e  

be h e a v i l y  weighted i n  

s t o  develop a l t e r n a t i v e  
p o p l a r  p l a n t a t i o n s  and t o  
ectecl t r e e s  wero, harvested,  
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d r y  we igh t  determined, r e g r e s s i o n  equa t ions  developed and t o t a l  biomass 
c a l c u l a t e d  f o r  each t reatment ,  The da ta  were summarized f o r  t h e  5-year s tudy 
and a manuscr ip t  w r i t t e n .  The f i f t h - y e a r  measurements showed a maximum 
400-percent i n c r e a s e  i n  biomass i n  response t o  n i t r o g e n  f e r t i l l z e r  on t h e  sand 
s i t e ;  t h e  h i g h e s t  f e r t i l i z a t i o n  r a t e  (168 k g / h a / y r )  r e s u l t e d  i n  t h e  g r e a t e s t  
biomass. There was a maximum 50 percen t  i n c r e a s e  i n  biomass on t h e  more f e r t i l e  
s i l t  loam s i t e .  Wi th  h i g h e r  r a t e s  o f  f e r t i l i z a t i o n  and i r r i g a t i o n ,  biomass 
y i e l d s  f rom b o t h  s i t e s  were s i m i l a r .  A legume cover  crop showed l i t t l e  e f f e c t  
on t r e e  growth. Tree h e i g h t  on t h e  s i l t  loam s i t e  was g e n e r a l l y  i nc reased  by 
weeding b u t  no t  by f e r t i l i z a t i o n .  On t h e  sand s i t e ,  t r e e  h e i g h t  was increased 
by f e r t i l i z a t i o n  b u t  not  by weeding. Maximum biomass was assoc ia ted  w i t h  
midsuminer l e a f  t i s s u e  N c o n c e n t r a t i o n  o f  3 pe rcen t  o r  greater .  

h y b r i d  p o p l a r  c lones w i t h  low n u t r i e n t  c o n c e n t r a t i o n s  ( i f  t h e y  e x i s t ) .  Three 
t r e e s  were ha rves ted  and analyzed f rom each o f  15  c lones  a t  age 2 on a f e r t i l e  
and an i n f e r t i l e  s i t e .  P r e l i m i n a r y  a n a l y s i s  o f  n i t r o g e n  con ten t  shows 
s i g n i f i c a n t  c l o n a l  d i f f e r e n c e s  i n  N c o n c e n t r a t i o n  between leaves, stembark, 
branchwood and branchbark on t h e  f e r t i l e  s i t e ,  b u t  f o r  branches o n l y  on t h e  
i n f e r t i l e  s i t e  ( t h e r e  was not  s u f f i c i e n t  l e a f  sample f rom t h e  i n f e r t i l e  s i t e  
t o  t e s t  f o r  n i t r o g e n ) .  O f  t hose  components t h a t  showed s i g n i f i c a n t  c l o n a l  
d i f f e r e n c e s  i n  N c o n t e n t ,  t h e  c lones w i t h  t h e  h i g h e s t  concen t ra t i ons  ranged from 
38-58 pe rcen t  h i g h e r  t h a n  t h e  c lones w i t h  t h e  l ower  concen t ra t i ons .  Also, 
c lones  w i t h  h i g h  c o n c e n t r a t i o n s  o f  N tended t o  be h i g h  i n  a l l  components, and 
v i c e  versa. Th is  suggests t h a t  t h e r e  may be o p p o r t u n i t y  t o  s e l e c t  p o p l a r  c lones 
w i t h  l ower  n u t r i e n t  uptake and hence lower  n u t r i e n t  d r a i n  on t h e  s i t e .  F u r t h e r  
analyses w i l l  i n c l u d e  c a l c u l a t i n g  t h e  t o t a l  mass removal of N (perhaps c lones 
w i t h  h i g h  c o n c e n t r a t i o n s  a r e  j u s t  s low growers) ,  and a n a l y s i s  o f  o t h e r  major  
elements. l h e  p l a n t a t i o n s  w i l l  be ma in ta ined  another  2 yea rs  and harvested a t  
aye 5 t o  see i f  s i g n i f i c a n t  c l o n a l  d i f f e r e n c e s  s t i l l  e x i s t  and i f  t h e  p a t t e r n  o f  
n u t r i t i o n a l  d i f f e r e n c e s  between c lones changes between ages 2 and 5. 

P r o d u c t i v i t y  Data: 

were summarized i n  t h e  FY 1984 Annual Report .  Y i e l d s  o f  h y b r i d  p o p l a r  i n  l a r g e  
p l o t s  now exceed 10 t l h a l y r  f o r  t h e  b e t t e r  clones. 

N u t r i e n t  uptake s tudy:  This  s tudy i s  designed t o  i d e n t i f y  f a s t  growing 

Measurements were made on f i r s t  r o t a t i o n  and coppice stands and t h e  r e s u l t s  

Biomass p r o d u c t i o n  o f  two-year -o ld  second coppice and f o u r - y e a r - o l d  f i r s t  
coppice were measured and summarized. Coppice regrowth o f  v a r i o u s  c lones 
f o l l o w i n g  dormant season h a r v e s t i n g  was measured. Responses f o l l o w i n g  growing 
season h a r v e s t i n g  w i l l  be measured i n  August. 

Physi  ol ogy : 

Research a c t i v i t i e s  d u r i n g  t h e  l a s t  q u a r t e r  were d i r e c t e d  a t  deve lop ing  t h e  
pho tosyn tha te  p r o d u c t i o n  and pho tosyn tha te  d i s t r i b u t i o n  submodels o f  t h e  
e c o p h y s i o l o g i c a l  growth m d e l  f o r  j u v e n i l e  Populus. The s tudy  o b j e c t i v e  i s  t o  
r e l a t e  these  p h y s i o l o g i c a l  f a c t o r s  t o  p r o d u c t i v i t y .  

Pho tosyn tha te  P roduc t i on  Submodel - The l e a f  i n t e r a c t i o n  module o f  t h i s  submodel 
determines t h e  q u a n t i t y  o f  d i r e c t  and i n d i r e c t  l i g h t  i n c i d e n t  on t h e  a d a x i a l  and 
a b a x i a l  su r faces  o f  each l e a f  p resen t  w i t h i n  t h e  crown. Each leaf i s  p r o j e c t e d  
on a p lane  t o  form a s e r i e s  of shadow polyyons determined by t h e  s p a t i a l  
r e l a t i o n s h i p  between t h e  l e a f  and i t s  l i g h t  source. A h idden-sur face a1 g o r i  t h i u m  
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i s  t hen  used t o  e s t i m a t e  mutual shading. L i g h t  i n t e n s i t y  f o r  t h e  shaded l e a f  
reg ions  i s  c a l c u l a t e d  f rom an a t t e n u a t i o n  f u n c t i o n .  L i g h t  i n t e r c e p t i o n  f o r  
unshaded leaves i s  c a l c u l a t e d  f rom t h e  r e l a t i o n s h i p  between t h e  i n t e n s i t y  o f  t h e  
l i g h t  and t h e  ang le  between t h e  l i g h t  source and t h e  l e a f ' s  normal vector .  The 
d i f f u s e  and d i r e c t  l i g h t  are t h e n  summed f o r  each l e a f  t o  p r o v i d e  a quantum 
f l u x  t h a t  i s  used as an i n p u t  t o  t h e  pho tosyn tha te  p r o d u c t i o n  submodel. Th is  
submodel comput.es h o u r l y  r a t e s  o f  pho tosyn thes i s  as a f u n c t i o n  o f  quantum f l u x ,  
l e a f  temperature,  and l e a f  age. 

Photosynthate D i s t r i b u t i o n  Submodel - We have assembled t h e  f o l l o w i n g  
i n f o r m a t i o n  e i t h e r  as d i  r e c t  measurements o r  f rom t h e  l i t e r a t u r e :  

1) seve ra l  d a i l y  pho tosyn tha te  p r o d u c t i o n  t r a c e s  t h a t  can be used as i n p u t  t o  
t h e  d i  s t  r i  b u t i  on model ; 

pho tosyn tha te  p a r t  i t i  on i  ng coef  f i c i  en t  s ; 2 ) 

3 )  phenology o f  budbreak; 

4 )  phenology o f  budset;  

5 )  da ta  on l e a f  i n i t i a t i o n  r a t e s ;  

6 )  da ta  on maximum i n t e r n o d e  leng ths  by c lone;  

7 )  average d iameter  t o  assume f o r  i n te rnodes  not f u l l y  expanded. 

Using t h i s  i n p u t  data, t h e  subiiiodel d e p i c t i n g  pho tosyn tha te  d i s t r i b u t i o n  i s  
about 25 pe rcen t  completed. 

Other Research - I n  coopera t i on  w i t h  t h e  U n i v e r s i t y  o f  Washington, we 
e s t a b l i s h e d  a p l a n t a t i o n  o f  12  s e l e c t e d  p o p l a r  c lones f rom S t e t t l e r ' s  
c o l l e c t i o n s .  Th is  p l a n t a t i o n  w i l l  be used f o r  t h e  purpose o f  s t u d y i n g  t h e  
p h y s i o l o g i c a l  aspects  o f  growth and y i e l d .  I n  a d d i t i o n ,  these da ta  w i l l  be used 
f o r  an independent v a l i d a t i o n  o f  t h e  growth model. Related research funded by 
t h e  F o r e s t  S e r v i c e  on carbon f i x a t i o n  and a l l o c a t i o n ,  and on l e a f  morphology and 
o r i e n t a t i o n  con t inues  a t  t h e  Rhinelander  l o c a t i o n .  

Re1 a t e d  S tud i  es L 

h y b r i d  p o p l a r  biomass due t o  research d u r i n g  t h e  past  14 years.  To ta l  t r e e  
h e i g h t s  measured a t  t h e  end o f  t h e  f i r s t  growing season show t h e  fo l lows 'ng 
r e s u l t s :  

F i r s t - y e a r  r e s u l t s  were ob ta ined  from a s tudy designed t o  measure gains o f  

t r e a t  ment t r e e  hei  s3 Sht -..._-.I ( cm)  _I .- 
o l d  c lone--1970 c u l t u r e  
o l d  c lone--1983 c u l t u r e  95 
new clone--1983 c u l t u r e  174 

These data show t h a t  t h e  h e i g h t  ga in  due t o  c u l t u r a l  improvements d u r i n g  t h e  
p a s t  14 yea rs  i s  67 percent  ( f r o m  57 t o  95 cm). The h e i g h t  ga in  due t o  a b e t t e r  
c l o n e  i s  83 pe rcen t  ( f r o m  95 t o  174 cm). The " o l d  clone--197U c i i l t u r e "  
t rea tmen t  i s  a d u p l i c a t i o n  o f  t h e  p l o t  t h a t  Ek and Dawson e s t a b l i s h e d  and 
r e p o r t e d  a biomass y i e l d  o f  1 5  t l h a l y r  a t  age 4. The percentage gains r e p o r t e d  
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h e r e i n  a r e  a t  a maximum because t h e y  a re  based can 1 -yea r -o ld  t r e e  data, They 
w i l l  d e c l i n e  s u b s t a n t i a l l y  d u r i n g  t h e  r o t a t i o n  as t r e e  h e i g h t s  increase. 
Never the less,  t h e  i m p l i c a t i o n s  a re  t h a t  s u b s t a n t i a l  ga ins i n  biomass p r o d u c t i o n  
have been achieved and t h a t  f i n a l  y i e l d s  (when inean annual p r o d u c t i o n  peaks) 
w i l l  probab ly  be i n  excess o f  15 t l h a l y r .  The s tudy d u r a t i o n  i s  expected t o  be 
4 y e a r s  a t  which t i m e  t h e  mean annual p r o d u c t i o n  w i l l  most l i k e l y  peak. 

Severa l  d i f f e r e n t  r a t e s  o f  t h e  h e r b i c i d e s  V e r d i c t ,  Poast, and Fusalade were 
oversprayed August 20, 1984 on a 3-month-old h y b r i d  p o p l a r  p l a n t a t i o n .  The 
p l a n t a t i o n  had been re invaded  w i t h  a dense s tand o f  quackgrass. Yhese 
h e r b i c i d e s  a re  des1 gned t o  c o n t r o l  grasses w i t h o u t  darnaye t o  b road lea f  speci es. 
F i r s t .  r e s u l t s  t h i s  s p r i n y  i n d i c a t e  g o d  grass c o n t r o l  w i t h  V e r d i c t  a t  r a t e s  
above 0.5 l b s  a i l a c r e .  Poast and Fusalade showed poor weed c o n t r o l  a t  a? 1 
r a t e s  tes ted .  No darnage t o  t h e  h y b r i d  p o p l a r s  was noted w i t h  any o f  t h e  r a t e s  
o r  h e r b i c i d e s  tes ted .  

On A p r i l  29 Roundup was oversprayed on a 3-year-cjld h y b r i d  p o p l a r  
p l a n t a t i o n  c o n t a i n i n g  b l o c k s  o f  5 d i f f e r e n t  clones. The oversprayed t r e e s  were 
i n  s t r i p s  where no weed c o n t r o l  had been done s i n c e  t h e  i n i t i a l  p r e p l a n t  
h e r b i c i d e  had been a p p l i e d  and a dense s tand o f  quackgrass had y r e a t l y  suppressed 
t r e e  growth. T h i s  t e s t  was done t o  see i f  t r e e  growth s tagnated by a heavy sod 
cove r  c o u l d  be e f f e c t i v e l y  re leased  by a s i n g l e  t r e a t m e n t  w i t h  Roundup. 

I Techno1 ogy Trans f e r Act  i v i  t i es : 

Ed Hansen and Dave Uiawson v i s i t e d  I n d i a  f o r  a 10-day sc ience exchange as 
p a r t  o f  t h e  US-INDO fuelwood energy program. 
p l a n t i n g  s i t e s  f o r  c o l l e c t i o n s  o f  Populus d e l t o i d e s  t h a t  w i l l  be sent t o  I n d i a  
i n  e a r l y  1986. D e l t o i d e s  i s  t h e  p remie r  p o p l a r  in U t t a r  Pradesh, I n d i a  and i s  
w i d e l y  p l a n t e d  i n  bo th  pu re  p l a n t a t i o n s  and under a g r o - f o r e s t r y  c o n d i t i o n s .  
However, t h e r e  has never  been a sys temat i c  c o l l e c t i o n  and t e s t i n g  program f o r  p. - d e l t o i d e s  i n  I n d i a .  

Nor the rn  S t a t e s  Power Company c o n s u l t e d  w i t h  us on seve ra l  occasions as 
t h e y  develop p lans  f o r  a p o s s i b l e  500 MW wood- f i red  e l e c t r i c  genera t i ng  f a c i l i t y  
i n  Minnesota. One o f  t n e  many i n t e r e s t i n g  scenar ios t h e y  are e x p l o r i n g  as a 
means t o  reduce c o s t s  i s  t o  batch-charge t h e  f i r e  chamber w i t h  whole t r e e s  ( t o  
d v o i d  c o s t l y  c h i p p i n g )  and t o  haul  wood t o  t h e  p l a n t  w i t h  very l a r y e  (175 t o n )  
t r u c k s .  

The purpose was t o  i d e n t i f y  
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QUART E RLY REPORT 

General 

Work i s  riostly on schedule or1 the various aspects of  o u r  program. 
d u r i n g  the quarter i s  summarized below. 

Progress 

Intesrated Practices 

Work on the poplar and alder  research plantations a t  the DNR Tree Improvement 
Center (Yelm) h a s  proceeded as  planned w i t h  two exceptions. The dr ip  
i r r iga t ion  system has not heen ins ta l led ;  the delay was caused hy contracting 
hurdles i n  the D N R  organization. The plantat ions,  however, are being 
i r r iga ted  via a movable nverhsarl sprinkling system. The other exception t o  
planned progress i s  associated w i t h  the tinusually cold spring this year;  four 
f r o s t s  have occurred since the poplar cut t ings a n d  a lder  seedlings began t o  
leaf  o u t .  The l a s t  f r o s t  occurred on :lay 11 when temperatures dipped t o  
270 F. 
poplar has been unusually slow. 
other clones i n  phenol ogi cal devel opment. 
the t.erminals of many alder seedlings have been ki l led ;  most appear t o  be 
resprouting from the base. I f  such regrowth of a lder  and shoot  growth o f  
p o p l a r  i s  n o t  sa t i s fac tory ,  tlie p lo ts  can be replanted next s p r i n g  r d i t h  a lder  
seedlings and poplar cut t ings produced a t  the s i te .  All herbicides and 
f e r t i l i z e r s  have been applied as  planned and i n i t i a l  height measurements were 
taken. 

The cut t ings have rooted very well b u t  shoot development of the 

Fol iage of nos t al der seedl i ngs and 
Dula's D-Q1 clone h a s  been f a r  ahead of a l l  

l.leeds are being controlled manually by t i l l i n g  and hoeing in the alder  
plots ,  

Nitrogen and chlorophyll ( ' a '  and ' b '  1 analyses were completed for  the 35 red 
alder families selected for  the Dry Matter-Nutrient Re1 ationships Study 
(Puyallup). Additional s t a t i s t i c a l  arialyses are  being done t o  examine family 
differences and  correlat ions among various growth t r a i t s .  
growth analysis of the families of t h i s  study i s  iiow i n  the second d r a f t  stage. 

Nutrition and Fer t i l i za t ion  

A manuscript has been drafted f o r  a refereed journal on nutr ient  s ta tus  of 
cottonwood and red alder i n  pure and iiiixed cul ture .  T h i s  paper will present 
data on nutr ient  concentrations, nutr ient  contents,  a n d  efficiency o f  nutr ient  
u t i l i z a t i o n  for  coppice shoots  of these species obtained i n  two harvests (1979 
and 13831, lwo other manuscripts are planned from the original Lady Island 
study; one will report  e f f e c t s  of 10 years of repeated harvesting on soi l  
properties and the other will discuss stand dynamics th roughou t  tlie f ive  
cut t ing cycles i n  the pure and  mixed cottonwood and alder  plantings. 

The new crop rotation experiment a t  Lady Island i s  proceeding wdth few 
problem. 
around tlie trees; and t he  ground was sprayed w i t h  a n  herbicide mixture (Goal + 
Kerb) t o  prevent regrouth. The cottonwood t r e e s  a re  growing well in a l l  
t reat i , ients ,  and crown closure i s  expected t o  occur t h i s  growing season. 

A manuscript on 

Weeds developing over the winter were mowed; some hoeing was done 
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Genetic s 

A manuscript on variatian among 
water1 ogging was cornpl eted , and 
refereed journal. Results were 

Alan Agar and Susanne Brown are 

red alder families i n  tolerance t o  so i l  
i s  now being edited for submission t o  a 
discussed in our  recent annual report. 

com~letina their  theses on natural  genetic 
va r i a t ion  and reproductive biology,' respectively, a t  University o f  Washington 
under the guidance o f  Reinhard F. Stett ler.  

P rodtic t i v i  ty P red i c t i  CI on 

Two nanuscripts on this topic are now i n  the process o f  being published by the 
Pacific Northwest Forest and Range Experiment S t a t i o n .  
development and use o f  the Red Alder Soil-Site (RASS)  model; the other 
presents new height growth a n d  s i t e  index curves f o r  young red alder. 
Other Items 

One paper discusses 

1. Vi si tors 

The following people visited the Yelm research plantation s i t e  this quarter: 

Andrew Bryant, Herbicide Specialist, Hardwood Research Group, Crown 
Zellerbach Corporation, Wilsonville, Oregon 

Reinhard Stet t ler ,  Professor of Forest Genetics, University o f  
Washi ngton  , Seat t l  e 

J u d  Isebrands, Tree Physiologist, North Central Forest Experiment S t a t i o n ,  
Rhinplander, Wisconsin. 

2. Meetings Attended 

a. Elarshall Iliarray presented a paper on v a r i a t i o n  i n  tolerance o f  red 
alder families t o  s o i l  waterlogging a t  the Northwest Scfentific 
Associat ion Annual Ileeting i n  Vancouver, British Columbia. 

b. Dean DeBelf attended a meeting concerning a hardwood research 
cooperative proposed by Oregon State University (OSU) f o r  the 
Pacific Iiorthwest. The meeting was initiated by OSU and held a t  
Weyerhaeuser fac i l i t i es  in Central i a ,  Llashington. 
lJni versi t y  , Weyerhaeuser Company, Goodyear-idel son Company ( a n  a1 der 
lumber manufacturer), and the Pacific fJorthwest Forest and Ranye 
Experiment Station were represented. 

Oregon State 
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. R a o r t  A b s t r a c t  ._ 

T h i s  r e p o r t  su a r i z e s  t h e  a c t i v i t i e s  o f  V i r g i n i a  S t a t e  U n i v e r s i t y  as a 
p a r t i c i p a n t  i n  t h e  S h o r t  R o t a t i o n  Woody Crops Prograffl under a 
subcon t rac t  (19X-43398C) managed by Oak Ridge N a t i o n a l  Labora to ry  f o r  
t h e  U.S. Department o f  Energy. Project .  a c t i v i t i e s  have i n c l u d e d  an 
overv iew o f  s tand c o n d i t i o n s  found on n o n i n d u s t r i a l  p r i v a t e  f o r e s t  
landownership i n  t h e  s t u d y  area, t h e  i d e n t i f i c a t i o n  o f  f o r e s t  
management p r a c t i c e s  found i n  t h e  area, and the  a d m i n i s t r a t i o n  o f  a 
survey i n s t r u m e n t  t o  1,500 s e l e c t e d  l a n d  

P R O J € C T  TASKS S T A l U S  - a r c h  1, 1985 - 
'Task One: -_ Stand C o n d i t i o n  I d e n t i f i c a t i o n  

The i n f o r m a t i o n  f o r  t h e  overv iew o f  the  range o f  s tand c o n d i t i o n s  found 
on n o n i n d u s t r i a l  p r i v a t e  f o r e s t  liando sJerships i n  t he  f i v e - c o u n t y  s tudy  
area has p r i m a r i l y  been ob ta ined  f rom t h e  1976 V i r g i n i a  F o r e s t  
S t a t i s t i c s  pub l i shed  by Southeast Fores t  Experiment S t a t i o n  and a l s o  
f r om Timberland Examinat ion r e p o r t s  f o r  landowners t h a t  were o b t a i n e  
f rom t h e  county  f o r e s t e r s  i n  t h e  s tudy  area. H i g h l i g h t s  o f  t h e  
overv iew which have i m p l i c a t i o n s  f a r  t h e  p o t e n t i a l  o f  S R I C  p r o d u c t i o n  
i n  NIPFI. i n c l u d e :  ( a )  H a ~ ~ ~ ~ o ~  species a r e  t h e  redomi nant t r e e  
species i n  t h e  s tudy  area.  About one-hal f  (51.3 
f o r e s t  l and  i n  t h e  s tudy  area i s  i n  hardwood; 15 
pine-hardwood stands; and 33.7% i s  i n  p i n e  (Lob1 
On the  average, 84% o f  t h e  f o r e s t  l and  i n  t h e  s tudy  area f a l l s  i n  s i t e  
c lasses  4 and 5, which means these s i t e s  have i n h e r e n t  c a p a c i t y  t o  grow 
crops o f  i n d u s t r i a l  woad (based on f u l l y  stocked n a t u r a l  stands a t  t h e  
r a t e  o f  o n l y  up t o  85 cub ic  fee tJacre  a n n u a l l y  a s  compared t o  165 o r  
more cub ic  f e e t i a c r e  f o r  s i t e  c l a s s  1.  I n  t h e  1976 Census Po le t imber  
(39.6% o f  t i m b e r l a n d  acreage) was t h e  most do i n a n t  s tand-s ize c l a s s  i n  
t h e  s tudy area, l he  t i m b e r  stands a r e  n a t u r a l  r a t h e r  t h a n  p l a n t e d .  
Growth r a t e s  range f rom poor  t o  f a i r .  Average ages o f  mixed hardwood, 
pine-hardwood, and p i n e  stands a r e  46 years, 42 years,  and 37 years,  
respec  t i  v e l  y . 
Since b e t t e r  q u a l i t y  l a n d  ( s i t e  c lasses  1, 2, 3)  i s  g e n e r a l l y  
recommended t o  be p l a n t e d  i n  l o b l o l l y  p i n e  i n  V i r g i n i a ,  t h e r e  i s  a 
s u b s t d n t i a l  amount o f  l and  t h a t  has t h e  p o t e n t i a l  t o  i nc rease  
board - foo t  p r o d u c t i o n  p e r  a c r e  th rough  i n t e n s i v e  ~ ~ ~ ~ g e ~ e n ~ .  Stand 
d e n s i t y  i n  each o f  t h e  f i v e  c o u n t i e s  i s  summarized i n  Table 3. 

Task Two: ___. I d e n t i f i c a t i o n  o f  Manage 

Management o p p o r t u n i t i e s  i n  t h e  s tudy area are as f o l l o w s :  

1 .  Regenerat ion w i t h  no s i t e  p r e p a r a t i o n  .- seed t r e e  r e g e n e r a t i o n  o r  
p l a n t i n g  p i n e  s e e d l i n g  unders to ry .  
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2. 

3 ,  

4. 

5 "  

6. 

Regeneration with site preparation - removal o f  competing or 
undesirable vegetation followed by planting pine seedlings. 
Removal I s  accmpljshed by dozing, drum chopping, burning, or a 
combination o f  these operations. Site preparation is light, 
medium, or heavy. 

Stand conversion - involves conversion of hardwood stands by 
clearcut harvesting, site preparation, and planting pine 
seedlings; removal of  hardwoods from a pine-hardwood stand and 
allowing pine to grow through seed tree propagation or from 
planting an understory of pine seedlings. 

Thinning - removal of some juvenile timber from a stand to allow 
for maximum growth by remaining stock; precomercial thinning 
(removal of an economic harvest of timber from a stand prior to 
clearcut of  remaining growth at sawtimber stage). 

No treatment. 

Clearcut - total removal of  all trees on a timber stand. 

Based on a subsample of 115 returned mail surveys, it appears that the 
most common treatment is no treatment. 
seen in the responses to the question below: 

One possible explanation can be 

How important are each of the following reasons for owning your 
woodland? (Circle one number opposite each reason) 

Investment 
Hunting 
Other recreation 
Protect against 

s o i  1, erosion 
Watershed 
Pasture f o r  
1 ivestock 

Commercial timber 
production 

Source of  wood 
products for 
own use 

F. s t h et i c 
enjoyment 

Somewhat 
Impo rt a n t 
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One sees a t  a g lance t h a t  env i ronmenta l  concerns (watershed maintenance 
and s o i l  e r o s i o n  c o n t r o l )  and e s t h e t i c s  a re  more i m p o r t a n t  t han  
p r o d u c t i o n  o f  a co e r c i a l  t i m b e r  crop.  The sample i s  composed 
sma l l  farmers and r a l  landownet-s owinirncj l e s s  than  400 acres w 
n o t  fa rm ing  and o f t e n t i m e s  not. r e s i d i n g  i n  V i r g i n i a .  These was l i t t l e  
a p p r e c i a t i o n  f o r  o s t - s h a r i n g  programs. Landowners, when t h e y  do o p t  
f o r  t i m b e r  manage en t ,  o p t  f o r  r e g e n e r a t i o n  w i t h  no s i t e  p r e p a r a t i o n  o r  
o n l y  l i g h t  s i t e  p r e p a r a t i o n .  Discuss ions w i t h  coun ty  f o r e s t e r s  r e v e a l s  
t h a t  H I P F L  f r e q u e n t l y  dec ide  a g a i n s t  c l e a r c u t t i n g  a stand, f a v o r i n g  
i n s t e a d  t o  t h i n k  and p l a n t  an unders to ry  o f  p i n e  seed l i ngs  o r  l eave  
seed t r e e s .  Heavy s i t e  p r e p a r a t i o n ,  i n v o l v i n g  r e l e a s e  o f  undergrowth 
th rough  h e r b i c i d e  a p p l i c a t i o n ,  s i t e  f e r t i l i z a t i o n ,  and i r r i g a t i o n  i s  
n o t  used among t h e  subgroup o f  NIPFL i n  o u r  sample. 

1 5,000--5@, 600-ac r e  range were o t  sampled. I n t e n s i v e  t i m b e r  p r o d u c t i o n  
and improved ~ ~ n a ~ ~ ~ ~ n t  i s  co  an on these ownerships because wood i s  
commercial l y  grown e 

l h e  NIPFL 
ne rsh ips  i n  t h e  400-2,500; 2,500-5,000; 5,000-15,000; and 

l a s k - T h r e e :  _ _ _ _  De te rm ina t ion  o f  Growth, Y i e l d ,  Costs, and Revenues 

For  each recommended management regime i n  t h e  s tudy  area, es t ima tes  a r e  
be ing  developed f o r  c o s t s  o f  t r e a t  en t ,  i nc remen ta l  y i e l d s ,  and 
revenues. The i n f o r m a t i o n  f o r  t h e  e s t i m a t i o n  have been ob ta ined  From 
t h e  V i r g i n i a  D i v i s i o n  o f  F o r e s t r y  and w i l l  be supplemented by d a t a  f rom 
t h e  Southern Timber Study (Economic O p p o r t u n i t i e s  f o r  I n t e n s i v e  Fo res t  
Management), prepared by Wike Vas iev i ch  and Pe te r  Schroeder a t  Research 
l r - i a n g l e  Park, Nort-h C a r o l i n a .  

I...._..... Task Four: De te rm ina t ion  o f  t h e  Econo i c  F e a 5 i b i l i t . y  o f  Var ious 
Management Opt ions 

An a n a l y s i s  o f  t h e  cos ts  and b e n e f i t s  o f  t h e  va r ious  management regimes 
u s i n g  a p p r o p r i a t e  investment  c r i t e r i o n  i s  be ing  developed f r o  
gathered f rom t h e  v a r i o u s  secondary sources, and t h i s  w i l l  be 
supplemented by t h e  survey da ta .  Me w i l l  use t i m b e r  investment  da ta  
f rom t h e  Southern Timber Study (Economic O p p o r t u n i t i e s  f o r  I n t e n s i v e  
F a r e s t  Management), prepared by Mike Vas iev i ch  and Pe te r  Schoederr a t  
Research T r i a n g l e  Park, Nor th  C a r o l i n a .  

~ Task F i v e :  .____- Land Owner A t t i  t i lde lowards  Improved Woodland Management 

Socioeconomic da ta  t h a t  would r e l a t e  landowner a t t i t u d e  f o r  improved 
woodland management i s  be ing  c o l l e c t e d  th rough  t h e  admi 
t he  s t r u c t u r e d  q u e s t i o n n a i r e .  A p r e l i m i n a r y  examinat ion o f  a subsample 
of  r e t u r n e d  surveys i n d i c a t e s  t h a t  woodland owners show o n l y  a s l i g h t  
p r o p e n s i t y  t o  manage t h e i r  woodlands as an economic e n t e r p r i s e .  A t  
t h i s  p o i n t  we can o n l y  specu la te  as t o  why, b u t  i t  m y  be t h a t  t h e  
people i n  subsample ( m a i n l y  o l d e r  than  $0) grew up in a smal l  f a rm 
environment t h a t  d i d  n o t  e phasize t h e  commercial marpageme 
marke t i ng  o f  a t i m b e r  c rop .  
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Table 1. Area of comercia1 forest land by stand size, class, 
and county 7976 

A1 1 Stand-size class Nonstocked 
County stands Areas 

Sawtimber Poletimber Sapling- 
Seed1 i ng 

Charlotte 207,387 48,484 1 08,791 50,112 - 
Halifax 336,266 90,070 140,463 98 , 656 7,077 
Pi ttsyl- 
vania 392,910 124,592 177,820 82,893 1,605 

Brunswick 290,505 57,869 98,465 131,096 3,075 

hampton 263,927 121 ,040 65 ? 244 74,216 3,427 
South- 

Table 2. Area of commercial forest land by s i t e ,  class, 
and county 1976 

Site Class 
A1 1 Longleaf Loblolly 

County classes 1 2 3 3 5 

Charlotte 207,387 - 4,192 16,039 116,797 10,359 
Ha 1 i f a x  336,266 - - 34,942 259,506 41 ,818 
Pittsylvania 392,910 - - 59,275 293,374 40,261 
Brunswi ck 290,505 I - 42,774 232,451 15,280 
Southampton 263,927 - - 79,074 174,569 10,284 



a. 20 

Table 3 .  Stand dens i ty  ( fores t  stocking) 

hdrunswi ck F u l l y  stocked Unde rstoc ked Understocked t o  
fully stocked 

Charlotte Overstocked Fully stocked UndeEit0ckP.d 

Halifax Fully stocked Fully stocked Fully stocked 
t o  overstocked 

South amp t o ~7 F u l l y  stocked Ui-IderstockE?d 

Pittsylvania Fully stocked Overstocked Fully stscked 
t o  overstocked t o  overstocked 



121 

EVALUATIION AND GENETIC IMPROVEHENT OF 
BLACK COTTOWOOD FOR SHORT-ROTATION COPPICE CULTURE 

Quarterly Report for the Period 

March 1 to May 31, 1985 

R .  F. Stettler 

June 7 ,  1985 

Report prepared by 

R. F.  Stettler and P. E.  Heilman 
University o f  Washington 

College of  Forest Resources 
Seattle, Washington 98195 

and 

P. E. Heilman 
washington State University 

Western Washington Research and Extension Center 
Puyallup, Washington 98371 

under 

Subcontract 19X-43382C 

for 

Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37837 

operated by 
Martin Marietta Energy Systems, Inc. 

for the 
U.S. Department o f  Energy 

Contract No. QE-AC05-840R21400 



122 

Task I - Field Trials l a  and l b  

These t r i a l s ,  now s-ix years o l d ,  contain clonal materials collected 
from 50 black cottonwood trees ( 5  t rees  each from 10 saiirce stands) repre- 
senting t h e  range of t h e  species west of the Cascade Mountains from central 
Oregon t o  southern British Columbia. Three of the five replications in 
each o f  the two t r i a ? s  were harvested a f t e r  four years a n d  were then 
allowed t o  resprout. The second harvest will be made when the sprouts 
reach f o u r  years of aye. 

A sc ien t i f ic  manuscript reporting on genetic and year-to-year v a r i a -  
tion in fo l i a r  nitrogen concentration was completed and submitted f o r  pub- 
l icat ion.  Field work for the quarter was primarily maintenance and repair 
o f  the i r r igat ion system. Tensiometers removed during winter were rein- 
s ta l led .  

Task 11 - Field Trials 2 ,  2a ,  a n d  2b 

These t r i a l s  are mainly the repository for t h e  seedlings produced in 
the breeding part o f  the project. Contrary t o  the annual harvesting in 
these t r i a l s  in previous years, these t r i a l s  were n o t  harvested in 1984 b u t  
were allowed t o  grow f o r  a second year. Work during the quarter was mainly 
in conjunction with maintenance of the i r r igat ion system. 

Task 111 - Field Trial 2c 

Field Trial 2c i s  a t e s t  planting o f  some of the selected clones along 
with other clones we have obtained. I t ,  t oo ,  was l e f t  t o  grow th i s  yea r .  
As with the other t r i a l ,  i r r igat ion system maintenance has been the only  
work done during th i s  quarter. 

-.I............. T a s k  I V  ~ - Expanded Crossing Program 

During th i s  quarter, the actual crossing w ~ r k  was conducted of the 
second round in the expanded breeding program. Because of external circum- 
stances the resul ts  turned o u t  below the level WE! had expected t o  achieve. 
Key factor was the e r r a t i c  spring weather with intermittent cold and h a t  
spel ls .  I t  led t o  occasianal unexpected heat buildups in the greenhouses 
o f  our pollen suppliers as well as in our  own and resulted i n  premature 
loss of f loral  branches. Thus, fewer crosst7s could be accomplished t h a n  
had  been planned. Most of the seed has been collected b u t  i s  s t i l l  in the 
c o t  on. For nine cross-combinations, the numbers o f  apparently f i l l e d  seed 
per cross have been estimated a t  50 or above, for  seven, below $0. b o n g  
the more successful crosses were those involving o u r  "Cottage Grove" clone, 
a b ack cot tonwood with exceptionally good form. 

Steps have been undertaken t o  improve greenhouse conditions f o r  future 
e f for t s .  

Task V - Field Trial 2d 

Es t ab l  ishmen-t o f  t h i s  t r i a l  was completed during the quarter. Mater- 
i a l s  in th i s  t r i a l  are the seedlings produced in the f i r s t  phase o f  the 
expanded crossing program which was conducted in early 1.984. The seedlings 



123 

are  growing well. 
severe grass problem i n  the plantation. 

An application of Assure was made l a s t  week t o  control a 

Task VI - Field Trials 3a and 3b 

These t r i a l s ,  located away from o u r  Puyal’hup s i t e ,  contain best mater- 
ia l  from each of the crosses we have made in our breeding program. To- 
gether with Trial 3c, they represent Phase 1 plantations t o  determine 
clonal ranking on several different  soil  s / s i t e s ,  Wark during the quarter 
on Field Trial 3a a t  Pack Forest has consisted of continuing ef for t s  t o  
control bo th  grass and the f i e ld  mouse (Microtus) problems. T h i s  has in- 
volved using Poast within the plantation and Roundup around the perimeter. 
A5 yet  t h i s  year we have n o t  baited f o r  the rodents. 

Task V I 1  - Field Trial 3c (Alger, Washington) 

This plantation contains n o t  only a se t  o f  our most promising produc- 
tion clones b u t ,  separately from them, a common-garden t r i a l  of ten geo- 
graphical sources of black cottonwood and the i r  progenies. This l a t t e r  
material offers  a f i r s t  opportunity t o  verify a t  a different  location and 
a t  a greater genetic resolution the geographic trends identified in our 
Field Trial l a .  Several f i e ld  inspections were made t o  prepare for a major 
collection o f  data during summer and f a l l ,  with emphasis on phenology and 
morpho1 ogy. 

Maintenance work during the quarter on th i s  t r i a l  has consisted o f  
adding lime t o  t ry  t o  correct a few highly acid spots within the area. 

Task VI11 - Field Trial WC-2 (Herbicide Tolerance Trials)  

Processing of the herbicide t r i a l  which ut i l ized trees grown in po t s  
of per l i t e  continues. The dry weights were obtained for  each t ree;  roots, 
shoots and cutt ing.  Analysis of these d a t a  i s  in progress. I n  the f a l l ,  
an  early f ros t  kil led leaves of certain clones needed t o  complete the b io -  
chemical assay for  herbicide resistance in chloroplasts o f  PRINCEP tolerant  
and intolerant clones. T h i s  resulted in inadequate replications o f  the 
experinlent. To rec t i fy  t h i s ,  a selected number of clones were grown i n  the 
greenhouse for a follow-up assay. Furthermore, i t  was of in te res t  t o  de- 
termine whether or not chloroplasts were any more o r  less  tolerant o f  
herbicides in the sprEng t h a n  in the f a l l .  Three clones o f  Populus 
trichocarpa, three clones of  Populus deltoides and four hybrid clones were 
chosen on the basis of t he i r  performance i n  bo th  f i e ld  study and the per- 
l i t e  culture. I n  addition, leaves from field-grown trees of these clones 
were sampled. 

Chloroplasts were isolated from fully-expanded sun leaves and submit-  
ted t o  herbicide treatigents of tRINCEP, KARMEX {and  SILVEX. A number o f  
rates ranging from 10- M t o  10- M was ut i l ized.  Electron t r a n s p o r t  was 
observed using a chlorophyll fluorescence assay. A l l  three o f  these 
herbicides bind to the QB protein in photosystem 11, blocking electron 
t r anspor t  and subsequently inhibit ing photosynthesis. All clones showed a 
much highergdegree o f  tolerance t o  PRINCEP t h a n  to KARMEX and STLWEX. A 
ra te  of 10- M KARMEX and SILVEX caused total  inhibition f f  electron trans- 
p o r t  in a l l  clones, whereas a dose of PRINCEP a t  10- M o r  greater was 
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needed t o  achieve total  inhibition in t h e  same clones. Further analysis of 
fluorescence induction curves i s  in progress. 

A small-scale f ie ld  t r i a l  was condiicted by one of our collaborators, 
M t .  Jefferson Farms, in Salem, Oregon, with the herbicide "Glean" (Chlor- 
sulfuron),  We are interested in th i s  new chemical since a gene has been 
isolated i n  tobacco t h a t  confers tolerance t o  i t s  carr ier .  I n  collabo- 
ration with other laboratories a t  the University of Washington, we are 
planning t o  introduce th i s  gene i n t o  ou r  hybrid material. I t  was, there- 
fore ,  important t o  f i r s t  make sure t h a t  a representative hybrid (Hyb. 11) 
was susceptible t o  "Glean". This was indeed foundg  even a t  l o w  rates (1/8 
oz a .  i . per acre) .  T h u s ,  the conceptual scheme f a r  a gene transfer i s  jus- 
t i f i e d  and will be pursued; a g r a n t  for  conducting th i s  research i s  being 
submitted t o  the  U.S.D.A. - Forest Service, 

Task _.. IX - Physiological Studies 

This task concerns the comparative SLIJ~Y of leaf anatomy of P .  
trichocarpa, P.  deltnides, and hybrids. Our  aim i s  t o  compare the anatam- 
ical  structures b o t h  quali tatively and quantitatively in order t o  identify 
those elements t h a t  may correlate with growth  and water relations of the 
intact  plant. The leaf mesophyll i s  of primary concern since i t  shows con- 
s i s t en t  differences between the two species. 

We have begun t o  gather data o f  leaf cross section relating t o  meso- 
phyll of selected clones using an integrating dygitizer ( Z e i s s  ' V I D E O  
PLAN'). A 3 1  anatomical samples were preserved in FAA a n d  embedded in 
paraffin. The following characterist ics have been examined thus far :  

a )  Percent o f  cross-sectional t issue bearing chloroplasts; b)  Percent 
" a i r  space'' per cross-section; c )  Degree of compactedness of the mesophyll 
layers; and  el) Differences in cel l  sizes among clones. 

Task . _ - ~  X - Clone Bank/Stool Collection 

This clone bank contains the most promising individuals from a l l  
crosses made t o  date under the program. Considerable work was done during 
t h e  quarter on t h i s  t r i a l .  Individuals found t o  be unsatisfactory were 
rogued from the t r i a l  and replaced with other individuals from the respec- 
t i v e  families. Additionally, the clone bank was expanded t o  include addi- 
t i  onal hybrids and P .  -I-___ del t o i  des and  t r i  chocarpa parental materi a1 s .  After 
the needed cutting mater ia l  was obtained from t h i s  planting, the en t i re  
area was  uniformly cut back t o  provide for  uniform sprouting. Weed control 
treatment was made using Goal and the i r r igat ion system repaired f o r  the 
comi ng season. 

Delayed Component; Field Trial 4 

I n  preparation for  the Phase I 1  plantations an a number of s i t e s  in 
western Washington and Oregon, we have established a nursery for  increasing 
o f  planting stock. The nursery was planted w i t h  up t o  120 cuttings each of 
59 selected clones. The area was sprayed with "Gaal" following planting 
and  the plants a re  growing well. The agencies cooperating on t h i s  project 
are The Association of Soi 1 Conservation Distr ic ts ,  United States Soi 1 
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Conservation Service, Washington State Department of Natural Resources a n d  
Washington State Cooperative Extension. 

Tasks X I  and XI): - Ecophysiology Plantation 

The ecophysiology plantation established in Puyal'lup, ldashington a s  
part  of the SRWCP consists o f  23 poplar clones representing a N-S gradient 
o f  P. deltoides and P. trichocar a as well a s  several related hybrids. I n  

logical and physiological character is t ics  was in i t ia ted .  Budbreak was 
species dependent and ranged from March 27 t o  April 25 according t o  l a t i -  
tudinal origin.  Meed control with the herbicide "Goal" was necessary in 
early Apri 1 when broadleaf weeds began overtopping the planted cuttings. 
I n  May permanent growth plots were established in each o f  the clonal sub- 
plots and solar radiation monitoring equipment was also instal led.  A t  the 
end of Ray the i n i t i a l  above and below ground biomass destructive harvests 
were made. 

Aprrl the f i r s t  of n ser ies  + o planned seasonal observations of morpho- 

The same 12 clones were also grown during t h i s  quarter in a UW green- 
house in Seatt le as part  of a parallel study designed t o  observe the ef-  
fec ts  o f  leaf morphology and orientation on l i g h t  interception. Leaf 
length, width and orientation varied widely among clones as d i d  the l igh t  
transmitt ivity th rough  mature leaves. Considerable time was a l so  spent 
securing the necessary approvals t o  conduct radioactive t racer  experiments 
a t  Puyallup and UW. Permission fo r  b o t h  locations was granted in l a t e  May. 

Task XI11 - Wechanisnis of Drought Resistance 

O u r  work over the past several months has involved observing the ef-  
fec ts  of exogenous Abscisic acid (ABA)  on stomatal responses t o  leaf water 
stress i n  P. t r ichacar a ,  a species found,  i n  e a r l i e r  work, t o  maintain 

o f  P. trichocarpa were floated on solutions containing ABA, reductions in 
a p e h r e  were n o t  observed while the s t r ip s  remained in high water poten- 
t i a l  solutions. The e f fec ts  of the ABA became apparent, however, when the 
epidermis was placed in a low water potential solution. Guard cell  plas- 
molysis occurred a t  a higher water potential indicating t h a t  a reduction in 
cell  solute concentration had resulted from the ABA treatment. I t  should 
be noted, however, t h a t  complete closure o f  P. trichocar a stomata never 
did occur. 
c e l l s  occurred a t  a higher water potential with ABA treated s t r ip s  than 
w i t h  the control s t r ips .  

The f o l i a r  application of ABA t o  developing shoots o f  P. trichocarpa 
appears t o  a1 t e r  the response of  stomata t o  leaf-water potent3al. Ten days 
a f t e r  ABA application, stomata on b o t h  young and old leaves were open a t  
high water potential .  However, as the water potential o f  the leaf de- 
clined, the stomata on the younger leaves closed, while those a f  older 
leaves did n o t  close. 

open stomata we + beyond the point of leaf wilting. When epidermal s t r ip s  

The partial  closure observed with-loss + o t u r g o r  in the gua rd  

Abscisic acid application t o  epidermal s t r i p s  appears t o  lead t o  SQ- 
lu te  loss in P.  trichocarpa gua rd  c e l l s ,  b u t  the stomata remain open in 
sp i te  of the loss o f  t u r g o r  i n  the guard ce l l s .  When ABA i s  applied t o  the 
foliage of - P. trichocarpa, young developing leaves appear t o  acquire some 



126 

response t o  leaf  water potential  while older mature leaves do n o t .  The 
stomatal response t o  low leaf-water potential  i n  younger leaves seems t o  
have been modified such t h a t  closure i s  effected when the leaf  has lost 
turgor.  The hypothesis t h a t  an  ARA application w i l l  modify the development 
of  stomata in expanding leaves i s  t h u s  supported. However, fur ther  work i s  
required on the ro le  o f  A5A in stomatal development; especial ly  the q u a n t i -  
t a t i v e  analysis  o f  endogenous levels  and  how applications o r  changes in 
endogenous l eve ls  a f f e c t  the development of stomata, 

..._I_. Publications 

Heilman, P .  E .  1985. Sampling and genetic var ia t ion i n  f o l i a r  nit,rogen in  
black cottonwood and i t s  hybrids in short  rotat ion.  Submitted t o  
Canadian Journal o f  Forest Research. A p r i l  10, 1985, 

,.._ Presentations _._... 

Two presentations were made by R. S t e t t l e r  on the poplar program and 
i t s  new biotechnology e f f o r t ,  one t o  a gathering of chief executive o f f i -  
cers of the Northwest pulp and paper industry (May 9 ) ;  the second t o  the 
s t a f f  a t  the Washington State  Department of Natural Resources Research 
Branch (May 1 0 ) .  
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