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HISTORICAL DEVELOPMENT OF A BIOMASS PROGRAM 

Beginning in the early 1970's, with the Arab
oil embargo and rapidly increasing energy costs,
national interest in the development of
alternative energy sources began to develop. One
technology which received renewed emphasis in
response to the "energy crisis" was wood energy.
Firewood, and cogeneration technology, two already
developed uses of wood for energy, received new
emphasis. 

Firewood was the primary source of man's energy
prior to the 1900's, and still is the principal
source of energy for much of the world's
population. The burning of wood residue to produce
electricity and process steam (cogeneration) has
been a standard technology in the forest products
industry for much of the last 30 years. The use of
firewood for the home market, and the interest in
cogeneration increased markedly in the mid-1970's.
Fortunately there was a rich literature to refer
to in initiating the UC program in biomass
production. In the 50s and 60s the paper
industries sponsored research worldwide on short
rotation, intensively managed plantations; reported 
3-10 fold increases in yield over conventionally
managed forests were common. Improved seed and
clonal outplanting stock, particularly of hardwood
species (including poplars, willows, and
eucalypts), were used routinely in such 
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Abstract: In response to the energy crisis in the
early 1970's, the University of California became
involved in an integrated research and extension
effort to evaluate woody biomass plantations. The
genera Eucalyptus has been determined to be the 
most promising on a statewide basis. 20 research/
demonstration plots range in growth from 6 to 
30 tons per acre per year. Clonal propogation of
Eucalyptus has been greatly advanced, and several
promising clones have been released to private
nurseries. A financial and biological growth
model for Eucalyptus has been developed as well as 
preliminary data on spacing, weed control and
fertilization. Future work on identification of 
genetically superior trees and establishment of
improved seed orchards is anticipated, as well as
an expanded effort in harvesting technology and
market development. 

plantations and were available for testing in
California. Turn-of-the-century, privately owned
eucalyptus plantations in California, and some
USDA and industry-sponsored programs with
eucalyptus and other hardwoods begun in the early
60s, made it abundantly clear that wood fiber
production in California could be increased
dramatically by intensive culture of improved
hardwood species, with particular emphasis on
eucalyptus. Biomass projects were officially
funded at UC institutions in the early 70s. 

The UC's Landscape Tree Evaluation (LTE)
program, begun in the early 60s, also helped get
the program going relatively rapidly. The 
objective of LTE was to evaluate a wide range of
native and exotic trees for their use in landscape
plantings in a variety of planting sites and 
report on their overall growth rate and form. LTE
required a collaborative effort on the part of 
Farm Advisors and Specialists and Agricultural
Experiment Station faculty members; as a
consequence the identification of some fast-
growing tree species in the eucalyptus, pine,
casuarina, and poplar genera, that were also
adaptable to marginal planting conditions, were
revealed to a research group accustomed to working
together. Given the impetus of the energy crisis,
a UC biomass team was formed relatively rapidly
from this LTE nucleus. 

As ranchers, forest landowners, and owners of
small rural properties began to come to
Cooperative Extension in the mid to late 1970's
with questions about planting trees to produce
energy crops, predominantly firewood, personnel
with LTE experience were called upon to give
answers. The LTE program had identified major gaps
in what was known about the management of trees,
in general, not only for energy production.
Interest in tree planting escalated when growers
heard claims, often unsubstantiated, of extremely
high growth rates, especially with eucalyptus.
This led to the establishment of research plots in
several counties and at UC Agricultural Field 
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Stations to give local growers a better idea of
what species would grow on different sites, what
management practices were necessary, and what
range of growth rates could be expected. 

COORDINATED U.C. EFFORTS IN BIOMASS 

As clientele interest in planting biomass
species increased, and research gaps became
increasingly glaring, Cooperative Extension and
Agricultural Experiment Station researchers
formally organized the Biomass Working Group in
1982 to address problems involved in the growth,
management, harvest, and marketing of tree species
for biomass. Initial priorities for the Group
focused on: 

(1) Identifying data on biomass production; 

(2) Identifying information gaps; 

(3) Developing standardized procedures for
developing new research-based information; 

(4) Addressing claims of super growth; 

In order to determine the state of our 
knowledge about biomass production, and especially
eucalyptus production, Cooperative Extension,
together with the USDA Forest Service's Pacific
Southwest Forest and Range Experiment Station,
organized the Eucalyptus Symposium in Sacramento
in June of 1983. This brought researchers 
involved in eucalyptus production from throughout
the state, nation, and with international
contributions as well. The symposium helped bring
our knowledge about eucalyptus and biomass
production in the state up to date, it provided
the opportunity to see how other countries
organized their research and extension efforts to
address their problems in biomass production and
it identified the various industry, agency, and
landowner organizations with an interest in
biomass production (Standiford and Ledig, 1984). 

As a result of this widespread interest in
eucalyptus and biomass production, U.C.
Cooperative Extension, in its role as a
coordinator and facilitator of information 
exchange, worked with the California Department of
Forestry to organize a cooperative group of
interested parties, as a part of the California
Tree Improvement Association. This group, now
known as the Eucalyptus Improvement Association,
has established goals and by-laws which gives it
the potential to influence the rate of development
of eucalyptus-derived biomass in California.
Cooperative Extension assisted in development of
an initial membership list, which led to a
statewide membership of 683, representing over
2190 acres of land planted in eucalyptus in the
state. The Biomass Workgroup has worked closely
with the Eucalyptus Improvement Association since
its inception. Currently, the Workgroup is
composed of 27 individuals with backgrounds in
forestry and forest products, horticulture, 

engineering, agricultural economics, agronomy,
weed science, and range management. 
Following the Eucalyptus Symposium, and after
input from the newly formed Eucalyptus Improvem
Association, the Biomass Workgroup was able to
refine and give priorities to its list of goals
The highest priority items identified were: 

(1) Determine per acre growth rates for various
species for different levels of management input,
for different regions and climatic areas in the
state; 

(2) Evaluate the economic factors of production to
provide growers with an assessment of the
management potential in different areas of the
state; 

(3) Develop genetically improved sources of the
most promising species/seed sources. 

RESULTS OF COORDINATED EFFORTS 

As a result of a team oriented workgroup
approach, considerable headway has been made in
achieving some of the goals listed above. Some of
the accomplishments of the Biomass Workgroup to
date include: 

(1) Development of a cost of production data base
for use in assisting potential growers (Klonsky,
1983). 

(2) Development of a model to optimize financial
returns or biological production from a eucalyptus
operation, based on initial tree density and
rotation length, using site information and
economic data as inputs. This model is available
to growers, or through the County Extension
offices on microcomputer (Rinehart and Standiford,
1984). 

(3) Standardization of planting design and data
collection procedures (based on early experiences
with biomass yield trials). 

(4) Establishment of 18 field trials in 12
counties in the state, investigating over 13
different species, seed sources or clones. 

(5) Lists of nurseries supplying biomass tree
species; lists supplied to each county office
(Donaldson, 1985). 

(6) Development of recommendations for species
and cultural practices assembled in a "How To"
publication (Standiford, Donaldson and Breece,
1984). 

(7) Lists of harvesting equipment for biomass
operations, as well as lists for cogeneration
facilities. 

(8) Organization of local grower meetings and
tours, reaching over 1000 growers and potential
growers in 1983 alone. 
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(9) Development of clonal propagation methods
with several species (Sachs et al. 1984). 

(10) Development of slide tape on how to grow your
own fuelwood (in cooperation with the Inter-
national Tree Crops Institute); available
through U.C.'s audiovisual library, used in
presentations to several hundred prospective 
growers. 

Based on a survey of nurseries supplying
eucalyptus and other biomass species, it is
estimated that in 1984, one million seedlings were
planted on 1000 acres throughout the state
(LeBlanc, 1985). Some of the accomplishments that
coordinated research have had on changing grower
behavior are: 

(1) Yield plots and growth modelling show that
growth ranges from 6 tons per acre per year on
marginal sites with little management to over 30
tons per acre per year on high quality,
intensively managed sites (3 to 15 cords per acre
per year). Table 1 shows a list of U.C. Field
plots, and summarizes current yield data. This
research-based information, which has been
distributed at grower meetings and in 
publications, has virtually eliminated the overly-
inflated growth estimates that existed in the
industry in previous years, and has given 
potential growers a more realistic estimate of
growth. 

(2) Nursery stock used to be supplied in a variety
of container types, resulting in seedlings with
varied physiological condition for outplanting.
Seedlings are now routinely supplied in containers
allowing for well-developed root systems, at least
partially a result of research on nursery
propagation at U.C. 

(3) Research developed by the U.S. Forest Service
on seed source performance has resulted in more
attention to seed source by nurseries and growers.
The provenance of a tree is now routinely
specified when ordering seedlings, thereby
improving the match of a seedling to a given
growing site. 

(4) Clonal propagation of eucalypts has been
greatly advanced. Several promising eucalyptus
clones have been identified released to private
nurseries. Improved clonal propagation techniques
have been passed along to several nurseries. 

(5) There has been an increase in support of
projects by growers and other state organizations,
leading to more field projects throughout the
state. 

(6) Preliminary data from spacing trials, and
results from computer simulation, has resulted in
adoption of a tree density standard for biomass
production of 25 to 50 square feet of growing
space per tree (5' x 5' to 7' x 7'). Previous
industry information suggested densities of as
close as 15 square feet of growing space per tree 

(3' x 5'). These new standards means less capital
outlay by landowers [sic] for trees, more trees
available for planting additional acres, and
little if no decline in total per acre yields.
Planting design trials, to include densities
similar to those above but with different between 
and within row spacing, are continuing. 

(7) The importance of weed control and irrigation
in the first two years after planting has been
demonstrated, and is now routinely practiced in
new plantings, therby [sic] greatly increasing
survival (by as much as 80%). 

FUTURE BIOMASS ACTIVITIES 

There is a well-established clientele of 
individuals interested in growing trees as an
energy crop in the state. It is anticipated that
this area will continue to be important in the
future, especially if energy costs increase as
projected. The number of cogeneration facilities
in the state is expected to double in the next 5
years, based on the number of license applications
currently pending. In addition, several forest
products companies are currently purchasing chips
for use in paper manufacturing. This new and
expanding market would give growers of biomass
more flexibility in marketing. Work is expected in
the 7 areas below in the next 5 to 10 years. 

Genetic Improvement 

Cooperative projects with the Eucalyptus
Improvement Association have been developed, and
are awaiting funding. Selection of superior trees
of promising species are needed for use in
provenance testing and seed orchard establishment.
In addition, clonal propagation of superior trees
would be carried out for further [sic] testing.
Selections would take place in plantings
throughout the state, with cold and salinity
tolerance, growth rate and form as key criteria
for selection. 

Management Practices 

Production functions are needed for cultural 
practices such as irrigation and fertilization on
different sites in order to make better 
recommendations on the optimum management input
for different sites. 

Furthur [sic] Species/Seed Source Evaluation 

Existing field plantings do not cover all
potential planting areas in the state. Expansion
of field plots to cover new areas will take place,
and inclusion of new plant materials in future and
existing field plantings will be evaluated. 
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Table 1. Summary of Woody Biomass field trials conducted by the University of California 

County Proj Leader Year Species Density Irr/ Yield* 
# Estab Measured (Clone) (trees/a) Fert tons/acre/yr. 

1 Solano  3608 Miller 83 E. cam. (C2) 2719 Yes/Yes 33 (est) 

2 Solano 3608 Sachs 79 81 Ailanthus altissim 5000 Yes/Yes 13 (max)
Acacia melanoxylon (3x3) Yes/Yes 13.4 (max)
Salix babylonica 5000 Yes/Yes 15.1 (max)
E. camaldulensis 5000 Yes/Yes 20.3 (max)
E. cam x rudis 5000 Yes/Yes 16.9 (max)
"Fry" poplar 5000 Yes/Yes 6.8 (max) 

3 Solano 3608 Sachs 81 83 E. cam x rudis 1714 Yes/Yes 16 (avg)
(CR-1 and CR-2) (5x5) 

4 Solano 3608 Sachs 83 85 E. cam. (C-1,C-2) 1936 Yes/Yes 13.2 (est)
1452 Yes/Yes 16.3 (est)
1162 Yes/Yes 13.7 (est)
871 Yes/Yes 13.6 (est)
830 Yes/Yes 13 (est)
622 Yes/Yes 13 (est) 

5 Orange 3608 Sachs 76 78 E. grandis, seedl. 11000 Yes/Yes 6.2 (avg) 

79 (harvested at 6 ca 10000 Yes/Yes 8.3 (avg)
80 mo intervals) ca 10000 Yes/Yes 9.7 (avg) 

81 E. grandis, above 1900 Yes/Yes 39 (total 
plots thinned plot)
(no border) 

6 Orange 3608 Sachs 82 85 E. grandis, seedl. 1714 Yes/Yes 13.7 (avg)
(from Florida) 

7 San Mateo Costello 81 E. globulus Coppice No/No 

8 Napa Donaldson 79 81 E. camaldulensis 1740 Yes/No 1.7 

79 81 E. dalrympleana 1740 Yes/No .5 
79 83 E. camaldulensis 1740 Yes/No 8.8 

79 83 E. dalrympleana 1740 Yes/No 4.8 

79 85 E. camaldulensis 1740 Yes/Yes 20.2 

79 85 E. dalrympleana 1740 Yes/Yes 7.3 

9 Napa Donaldson 77 81 E. camaldulensis 680 Yes/No 2.0 

78 81 E. viminalis 680 Yes/No 1.9 

77 83 E. camaldulensis 680 No/No 4.0 

78 83 E. viminalis 680 No/No 7.0 

10 Napa  Donaldson 83 E. viminalis 870 Yes/No
E viminalis 870 No/No 

11 Riv.  Cockerham 82 85 E. camaldulensis 302-907 Yes/No 2.3 - 5.7 

12 San  Hickman 86 E. grandis 1210-1815 Yes/No 

Joaquin E. cam. (C2) 1210 Yes/No 

continued 
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Table 1. Summary of Woody Biomass field trials conducted by the University of California 
(continued) 

County Proj Leader 
# 

Year 
Estab Measured 

Species
(Clone) 

Density
(trees/a) 

Irr/
Fert 

Ave. 
DBH(in) 

Ave. 
Ht(ft) 

13 Yuba  Hasey 

14 Imperial Mayberry 

15 San Luis Weitkamp
Obispo 

84 85 
84 85 
84 85 
84 85 
84 85 
84 85 
84 85 

82 85 
83 85 

86 
86 
86 

E. globulus 
E. camaldulensis 
C-1 clone  
C-2 clone  
E. viminalis 
E. dalrympleana 
Poplar hybrid  

E. camaldulensis 
E. camaldulensis 

E. camaldulensis 
E. viminalis 
E. sideroxylon 

1210 Yes/Yes 2.45 25.6 
1210 Yes/Yes 2.21 19.5 
1210 Yes/Yes 1.65 15.8 
1210 Yes/Yes 2.16 22.6 
1210 Yes/Yes 1.79 17.9 
1210 Yes/Yes 1.80 17.6 
1210 Yes/Yes 1.82 20.4 

907 Yes/Yes 4.00 27.5 
1210 Yes/Yes 3.50 22.5 

680 No/No
680 No/No
680 No/No 

*Assumes 85 cubic feet/cord, 2 dry tons/cord 

Coppice Management 

One coppice management is currently underway.
As new plantings reach maturity and are harvested,
trials investigating different coppice management
strategies will be necessary. 

Harvesting Technology 

There is currently a great deal of information
on biomass harvesting, predominantly oriented to
large ownerships. Technologies for small
plantings, as well as a list of contractors who
provide biomass harvesting services, are needed. 

Market Development 

Identification of future markets, as well as a
mechanism for comparing prices for different
products (i.e., firewood, delivered logs,
delivered chips, sale of stumpage, etc.) will
become increasingly important as more market
outlets come on line. 

Biomass Conversion 

Evaluation of existing burners, for efficiency,
emissions, and cost, as well as design of improved
burners is necessary, in order that the maximum
possible capture of energy is obtained, and
reliable information is available for prospective
buyers. 

U.C. became involved in biomass research and 
extension in response to the social demand for
alternative energy sources, and grower demand for
alternative cash crops. Great strides have been
made in making recommendations about feasible 

management systems, however more work is 
anticipated in the future. A multi-disciplinary
team approach has proven successful in solving key
problems with a major impact on this developing
crop in a very short time. 
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