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Evaluation of and Recommendations for Research on Fast-Growing

Tree Species 	for Wood Energy Production in the Dendro-Thermal,
 
Charcoal Production and Gassification for Irrigation Projects*
 

SECTION 1 --	Technical Appraisal of the Dendro-thermal, Char
coal Production and Gassification for Irrigation
 
Projects
 

A. 	Introduction
 

Trees as a short-term rotational crop are a new approach to an
 
old practice -- wood for energy. The Philippines has taken the
 
lead through three projects: Dendro-thermal, Charcoal Production
 
and Gassification for irrigation. Under all three projects,

large plantations of fast-growing trees are being established
 
on underutilized lands that are qenerally low in soil fertility
 
and dominated by cogan grass, Imverata cylindrica.
 

These projects have caught'world-wide attention and the devel
opment agencies in many developing countries are waiting to see
 
if the Philippine experience succeeds or fails. Success of
 
these three projects will not only generate many new projects

in the Philippines, but similar projects will be undertaken in
 
other developing countries.
 

B. 	Objectives
 

Tree production for wood energy should have five objectives:
 

1. 	Successful establishment and immediate fast growth of
 
trees on underproductive lands in order to convince
 
decision makers and farmers that trees can be success
fully grown as a short term rotational cash crop.
 

2. 	Production yields in established plantations that will
 
meet the demands of the end users (e.g., Dendro-thermal
 
plants, Charcoal Production and Gassification for Irri
gation) in 3 	to 4 years.
 

* Technical Report by Michael D. Benge, Bureau for Science and 
Technology, Office of Forestry and Natural Resources, A.I.D.,
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3. 	A second rotational crop yield (coppice crop) within
 
6-8 years that will equal or surpass the first 3-4 year
 
harvest yield.
 

4. 	Sustained yields over the life span of the end user
 
(estimated 40 years for the Dendro-thermal plants).
 

5. 	An expanded program that gradually shifts tree planta
tions from a single purpose of wood for energy to larger

plantations of multipurpose forest production. Such
 
production units would not only supply wood for energy,

but would also produce high value roundwood and Lood.
 
Woodfuel energy (to supply the Dendro-thermal plants,
 
the Charcoal Conversion Units and the Gassifiers) would
 
become a by-product of the forest, from processing
 
waste and understory removal for forest improvement.
 

C. 	Technical Assistance
 

The 	present technical assistance package has adequate funding
 
and 	an adequate number of technical experts and scientists to
 
carry out short-term research and the technical assistance as
 
outlined in the scope of work. Realistically, it is doubtful
 
if the oresent TA package can logistically support more than 7
 
or possibly 8 sites. It will be virtually impossible to'provide
 
adequate technical assistance and generate research data on 16
 
to 13 sites with the present TA package. With only 14 to 20
 
man-months of TA by each of the consultants, it will not be
 
possible to provide continuity to the project or the discipline

needed to conduct long-term agronomic research or to develop

the 	management practices that will be necessary to protect the
 
very large investment being made in the three projects.
 

D. 	Research
 

Research should not interfere with or slow down initial planta
tion establishment but should complement activities in a problem
 
solving mode.
 

Both short-term and long-term appliei research is needed to
 
provide the hard data that would optimize wood production,

sustain yields and determine the cost-effectiveness of inputs

needed. Research should be based on local socio-economic
 
conditions under on-farm conditions. This research is necessary
 
to protect the substantial investment in the three projects by

the GOP and USAID. Some research will pay off in 2-3 years

while other research will reauire a longer Period.
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Three major factors that will affect maximum production and
 
sustained yields, and-environmental quality are:
 

1. 	Seed quality improvement and the development of adequate
 
quantities of seed and other propagating material. of
 
appropriate fast-growing and nitrogen-fixing trees with
 
the genetic capability to produce high yields on a short
 
rotation (Reference Appendices A, B and Section 2-B.4).
 

2. 	Soil nutrient availability.
 

3. 	Plantation establishment and management practices.
 

E. 	Management
 

The initial design of the plantations should be simple and
 
silviacultural procedures such that farmers do not have to
 
decide over which trees should be cut and which should be left
 
standing. It will take several years for farmers and coopera
tive managers to gain silvacultural expertise and the experience
 
(such as scheduling activities) necessary for adequate manage
ment of the plantations for maximum production. Therefore, a
 
simplified block harvest design is recommended for the initial
 
plantations (e.g., trees are evenly.spaced within rows and
 
within blocks and every tree harvested in a row). This simpli
fied management system should evolve to a multi-purpose system
 
over the years (as mentioned above, A.5.).
 

It is imperative that applied research on appropriate management
 
practices be carried out to maximize and provide sustained
 
yields (reference Section 2).
 

F. 	Recommendations
 

It is recommended that:
 

1. 	Additional ESF funding be requested (and allocated) to
 
pay for the in-depth and long-term research to create
 
the hard data needed and to learn how to optimize and
 
sustain wood yields.
 

2. 	The three projects jointly hire three technical people
 
to design and jointly direct and implement the long
term research program. Their fields of expertise should
 
be:
 

a. Wood energy research and design (Appendix D);
 

b. Agronomy and tree plantation crops (Appendix E);
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c. Genetics and tree improvement (Appendix F).
 

3. 	The GOP agencies involved in the three projects obtain
 
an agreement with the Ministry of Agriculture, Bureau
 
of Soils, that the Bureau provide the necessary cooper
ation, personnel, and facilities to conduct soil tests
 
and profiles on the 18 sites and that the processing of
 
these will be expedited.
 

4. 	Leucaena not be considered a panacea, for it will not
 
grow well on all sites and may grow better on one por
tion of a site than on another. If emperical data on
 
site conditions indicate that other exotics (such as
 
Albizia, Gliricidia and Pithecolobium) or local species
 
(such as Agho--Casuarina) would have better growth,
 
then these species should comprise the majority of the
 
plantings on that site for initial plantation estab
lishment. (Reference Section 2-B.3.).
 

5. 	An intensive effort be made to improve the quality of
 
the present seed supply (Leucaena and others), and an
 
intensive germ-plasm improvement and seed multiplication
 
program be launched in the Philippines (Reference Sec
tion 2-B*.4.). This program should include cooperation
 
with other Asian countries and cooperation between the
 
government and the private sector.. The Science and
 
Technology Bureau, A..I.D./Washington could be requested
 
to provide assistance in this effort (Appendix G).
 



SECTION 2 -- RESEARCH RECOMMENDATIONS 

A. Introduction
 

Twenty-four man-months of technical assistance (provided under
 
the oresent technical assistance package with Hodumr, Inc.) is
 
inadequate to conduct the in-depth research needed to generate
 
reliable and accurate data. Without reliable and accurate data,
 
the economic returns for inputs needed to optimize production
 
yields and to ensure sustained yield cannot be determined.
 
Furthermore, this information is needed for expansion of plant
ings to supply the amount of wood needed for the facilities
 
(such as the Dendro-thermal plants) to operate at full capacity
 
and continue operations. Also, this research data is needed in
 
order to accurately calculate what portion of the Philippine
 
energy needs can be met with wood.
 

Research should not be a orerequisite to plantation establish
ment if basic data (such as soil pH) is known about the site so
 

that preliminary decisions can be made on which species to be
 
planted (e.g., Leucaena will not grow well on more acidic
 
sites). However, research should be a prerequisite to making
 
future decisions on which tree species and varieties are best
 
adapted and will give optimum yield on specific sites; what
 
soil amelioration is required to maximize and sustain yieldr
 
what management practices are required and what the response
 
curves are for the various inputs of capital, land and labor
 
(cost of these inputs in order to determine the points of
 
diminishing returns). This information is needed before
 
expanded plantation size can be determined to meet the needs of
 
the various wood energy projects.
 

Some research (such as soil ameloration, establishment techni
two.
ques and weed control) can provide good data in a year or 


Other research (such as coppicing and sustained yield data)
 
will take a much longer time before accurate data can be gener
ated and assessed.
 

A well implemented and thorough research program can provide
 
reliable and accurate data to economically increase and sustain
 
yields of the tree plantations over the life of the projects
 
(e.g., for the Dendro-thermal plants -- 40 years). For example,
 
initial plantings of Leucaena (or other trees) on certain sites
 
may show poor performance. However, research on soil amelior
ation may prove that by applying a few pesos worth of Molybdenum
 
(a micro nutrient whose absence inhibits the performance of
 
Rhizobium for nitrogen production), excellent yields of Leucaena
 
can be obtained on that site, exceeding yield performance of
 
other trees.
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Research should be an 
aDolied mode, carried out on all 
lantation sites and conducted under actual field
Research plots should be 
(farmer) conditions.
 on sub-sites representative of conditions found throughout the plantation sites. 
 For example, most
sites will have deeper soils at the bottom of hills on 
level
ground, shallower soils on the steeper hillsides and still different soils on 
the tops of hills. 
 Research should be conducted
on plots on all of these different site conditions and not just
on the deeper soils found on the flatter ground.
 

Only a portion of the research data generated on one site willbe transferrable to another site 
(such as response to nutrients
and weed control). 
 Each site is uniaue, thus research is needed
on all sites. Research will provide the data needed 
so that
rational decisions can be made about future plantings and the
future production capabilities of each site, and the economics
of optimizing yields can be determined. 
 It is imperative,
therefore, that research scientists work closely with project
economists so 
that data can be evaluated in cost/benefit terms.
 
It is recommended that research on all sites, by all three projects (Dendro-thermal, Charcoal Production, Gassification for
Irrigation) be placed under one qualified research director
who would provide necessary discipline and continuity to the
program (see Appendix E for the biodata of one such qualified

scientist).
 

B. Researchdesign
 

It is recommended that the three projects jointly hire one
qualified scientist who has in-dep'h experience in the designand implementation of research on maximizing the growth of
for wood energy. trees
One such person is Dave Dawson, who was in
charga of the design and implementation of the U.S. Forest Services research program on Energy and Wood from Intensively Cultured Plantations (see Appendix D for biodata).
 
Also, it is recommended that a standardized research designandmethodology be used in the program, one that is now beingjointly proposed by USAID and IDRC as part of the Asia research
networking program. 
Training on research methodology should.beavailable through these agencies.
 
The research should include, but not be limited to, the
 
following:
 

I. Base-line data gathering.
 

http:should.be
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2. 	Soil amelioration (due to its importance in optimizing

tree yields on nutrient-poor soils, it is treated as a
 
separate section instead of being included under Plan
tation Establishment and Management).
 

3. 	Species and variety trials.
 

4. 	Tree improvement and seed orchard establishment and
 
management.
 

5. 	Plantation establishment and management.
 

a. Nursery and establishment procedures.
 

b. Site preparation and weed control.
 

c. Coppice management.
 

d. Soil engineering and water management.
 

e. Spacing trials.
 

-f. Agroforestry (intercropping).
 

g. Ground covers.
 

h. Fire control.
 

i. Rat, ant and termite control.
 

1. 	Base-line data
 

It is imperative that base-line data be generated for all sites
 
so research results can be adapted to site conditions. Such
 
base-line data should include rainfall, altitude, temperature

and 	soil tests.
 

Soil profiles and analyses should be made on all sites.
 
The 	profiles should average no less than 1 profile per

hectare with samples collected down to the C horizon
 
(parent material, approximately 90 to 120 cm). The
 
profiles should be taken at depths of surface to 20 cm;

20 cm to 50 cm; and 50 cm to 120 cm. The profiles

should average 1 per hectare where there isn't any
 
apparent change in the topography or surface soil
 
type. Where changes are noted the number of profiles
 



per hectare should be adjusted to identify the changes..
 
Soil analysis should include pH, for both macro and
 
micro nutrients and moisture-holding capacity (ref. no.
 
2 below and Section 2-B.3.c.).*
 

2. Soil amelioration
 

Regardless of the genetic potential of the plant materials,
 
optimum yields will not be obtained unless adequate levels of
 
soil nutrients are available. Continued harvest of trees will
 
mine nutrients from the soil. Most of the sites have nutrient
 
poor soils, not capable of sustaining yields in perpetuity. If
 
these sites are marginal for acricultural oroduction, they are
 
also marainal for sustained tree production. A great share of
 
the abandoned cogan lands were once farmed by Kaingeros. They
 
were abandoned because crop yields could not be sustained.
 
Approximately 70 kg. of phosphorus (p), 330 kg. of potassium
 
(k), and 57 kg. of sulfur (s) are removed from the soil when
 
12 cubic meters of dry biomass is harvested from one hectare of
 
land (10). Other nutrients important for maximum tree growth
 
are removed also. Most of these nutrients can be returned to
 
the soil in the Dendro-thermal project if the ashes from the
 
furnaces are pelletized (for ease of handling and shipment) and
 
returne4 and applied to the tree plantations.
 

Soil analysis is very important if maximum wood production is
 
to be obtained from Leucaena and other fast growing trees.
 
Phosphorus is an essential nutrient for plant growth.
 

Most trocical soils are low in ohosnhorus. Phosphorus is
 
imoortant for root develooment and research has shown a direct
 
relationship between phosphorus availability and nitrogen fixa
tion. The application of small amounts of Boron (on boron
deficient soils)has proven to dramatically increase the growth
 
rate of some trees. The micro nutrient molybdenum is necessary
 
to activate Rhizobium and nitrogen production in nitrogen-fixing
 
trees.
 

* Based on recommendations of Dr. Mark Hutton, expert Leucaena
 
agronomist and soil scientist and has over 20 years experience
 
with adapting Leucaena to adverse soild conditions. Formerly
 
at Commonwealth Scientific and Industrial Research Organization

of Australia, Dr. Hutton has recently completed five years
 
research on the adaptation of Leucaena to acid soils at CIAT in
 
Cali, Colombia. He will continue his work at IMBRAPA in Brazil.
 



Low levels of calcium in the surface soil material (20 cm to

1 m) can be a major limiting factor in root development and

deep root penetration which will result in poor performance of

Leucaena on acid sites. 
 Adequate amounts of nutrients are

important not only for the maximum growth of Leucaena, but 
are

equally important for the growth of all trees.
 

Foliar analysis is an excellent and easy field method for

determining nutrient deficiency in a tree or plant. 
By

analyzing the nutrients in the leaves one 
can determine if

the tree is taking up adequate amounts of specific nutrients.

However, it is important to choose leaves that are relatively
 
new and fully expanded and not older leaves. The plant will
 
rob older leaves of nutrients and shift them to the newer
 
leaves.
 

Foliar analysis is valuable only if information is available on
 
which nutrients are essential for the maximum growth of a spe
cific species of trees (such as Ca for Leucaena). However, it
 
will not tell you if you have adequate amounts of these nutri
ents to sustain yield production. Also, some nutrients may be

available in the sub-soil but not in the upper strata. 
 If the
 
roots do not reach the nutrients available at a lower level,

the growth of the tree can be retarded. Such is often the case

with Leucaena and Ca in acid soils (3). 
 Also, foliar analysis

may not give an accurate indication of micronutrients, such as

Mg, Fe and Mo. Molybdenum (Mo) deficiency will show up as 
a
 
nitrogen deficiency, indicated by yellow leaves.
 

Is soil amelioration economically feasible? Can one afford to
 
fertilize trees under Philippine conditions? Perhaps the ques
tion should be asked, "Can one afford not to fertilize?" In

the case of 
some necessary nutrients (such as Mo), soil amelio
ration is very inexpensive. Only by experimenting and by com
paring fertilized plots of trees to unfertilized plots and by

costing out inputs vs 
returns can this question be answered.
 

Many tree species require the same levels of nutrients. There
 
are some exceptions such as 
in the case of Mo which acts as a

catalyst to maximize nitrogen production of Rhizobia in nitro
gen-fixing trees. The Rhizobia can produce adequate levels of
 
nitrogen to satisfy the trees' requirements. Nitrogen is an
 
essential nutrient. However, nitrogen-fixing trees do not need

another source of nitrogen. Much of the research information
 
concerning nutrient requirements can be transferred from one

species to another. However, nutrient availability will differ
 
from site to site and some tree species will give a greater
 
response to a specific nutrient than others.
 



Soil taxonomy is being used as a tool by some researchers to
 
determine soil similarities between sites to predict perfor
mance of tree species (Tab R). This can be a useful tool,
 
however, soil nutrient levels will vary between sites (even

with similar soils) thus growth rates of trees will still vary.
 

The importance of fertilization on impoverished tropical soils
 
has been demonstrated by research in Colombia, where NPK con
tributed substantially to sustained improvement in the rate of
 
growth and general vigor of Eucalyptus 2randis. Plots receiving

boron as well as NPK produced 7 times greater yields of straight

poles. than plots receiving no boron (18). Applications of 50
 
gm. of NPK (10-30-10) and 5 gm. of boron to Eucalyptus crandis
 
and Pinus oocaroa seedlings at transplanting time significantly

increased initial growth and helped the young trees get ahead
 
of the weeds and grass. By this means, the number of post
planting cleanings necessary to establish a plantation was
 
reduced. The difference of magnitude was such with E. arandis.
 
that the researcher concluded this species should not be planted

without the combination of NPK and boron. The plantation of E.
 

-
Qrandis on the research site without any fertilizer was a com
 
plete failure. Other results recorded in the experiment were
 
that without boron there were three times as many forked trees
 
as in the plots where 5 gm. boron was applied, and the incidence
 
of terminal dieback was reduced with the boron application (19).
 

The greatest growth variability within a species will be
 
effected by establishment practices, plantation management

(such as coppicing), and seed quality.
 

3. Soecies.Provenance and Variatial Trials
 

Species trials are necessary.to determine which types of tree
 
will perform best on specific sites. Management practices (such
 
as the ability of a tree to produce a high yield coppice crop)
 
will be another determining factor in species choice. Species

trials research must incorporate soil information so that trial
 
results are valid. Therefore, baseline soil data and analysis
 
is necessary before conducting species trials.
 

Ideally, one should conduct provenance (sub-species) trials of
 
tree species. The Oxford Model is one of the most frequently
 
used designs for provenance trials. However due to the genetic

diversity of most tropical forests and widespread deforestation
 
in many areas, it will be difficult to follow the Oxford model,
 
which is based on the collection of seeds from 100 trees in one
 
contiguous area. For many of the fast-growing tree species, it
 
may be difficult or impossible to find 100 trees in one loca
tion, or be confident that the seed source will still exist
 

http:necessary.to


when the trials are completed (due to the rapid rate of defor
estation).
 

However initial species and provenance trials can be launched

by using seed collected from superior mother trees that have

shown desirable characteristics. A standardized species trial

design should be adopted, so that research results can be com
pared with results obtained from other sites and with results

obtained by other researchers elsewhere in the Philippines and
Asia. USAID and other organizations are now attempting to

facilitate a research network in Southeast Asia. 
 Standardized

research design and methodologies must be a basis for this net
working if the exchange of research data is to be of value.
 

A number of fast-growing trees (some are nitrogen-fixers), give

a high cubic meter yield on a short rotation and are excellent
 
sources of wood/charcoal energy. Leucaena leucocephala is well

known; but it should not be considered as a oanacea. It will
 
not cive sufficient yields on some sites (especially the more
acidic ones) to meet the wood/energy requirements of the various

projects. Other fast-growing species, such as Albizia,

Gliricidia, Pithecolobium and Casuarina, may do as well or better than Leucaena on certain sites or 
on some portions. of the
 
same site. This can only be determined through species trials

that incorporate soil conditions into the research design.
 

On some sites preliminary observations may indicate that one

species outperforms another. However, research could prove

that the species that yielded poorly on the unameliorated plots

will outyield the other species with moderate soil amelioration
 
at an affordable cost.
 

Whenever possible, nitrogen-fixing trees should be planted, for

nitrogen is an essential plant and tree nutrient (Appendix H).
Most tropical soils lack adequate amounts of nitrogen, which is

essential for maximum production and sustained yield of short
term tree crops.
 

Leucaena
 

Research has proven that Leucaena is not the "Miracle Tree", 
as

it has 
so often been touted, but like any other agricultural

crop (such as corn), it requires specific agronomic inputs to

maximize production tnd sustain yields (2)(3)(4). These inputs

include:
 

a. 
Pure seed of known pedigree with the genetic capability

for maximum wood production.
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b. 	Well-drained soils with a pH above 6.
 

c. 	Adequate levels of macro and micronutrients available
 
in both the upper and sub-soil strata, (such as P, Ca,
 
Mo, Mg, K, S, Zn, Cu, and Fe).
 

d. 	Adequate nursery (or field) and establishment practiceg
 
and plantation management (1)(3).
 

Each of the above can be considered a sub-system, the whole of
 
which comprises the system within which Leucaena thrives.
 
Maximum wood production and yield will not be obtained if a
 
subsystem is not functioning properly.
 

On some sites, Leucaena may grow well at the lower portion of
 
tne 	hills, on deeper soils with less slope or on secondary

forest areas with a higher organic matter content. Leucaena
 
may not grow well on steeper slopes, which have poorer and
 
shallower soils, while other species will (9).
 

Leucaena should be planted only on those sites where it grows

well for maximum wood production. However on some sites, it
 
may not be economically feasible or cost-effective to plant

Leucaena. On these sites other species may produce higher

yields.
 

It is possible to grow Leucaena on more acid soils, with a pH

of 5.5 to 6 (even as low as pH5). However these soils often
 
lack the necessary levels of nutrients and will require soil
 
amelioration with fertilizers such as superphosphate and dolo
mite (1)(3).. These inputs may be imoractical or prohibitive in
 
some areas of the Philippines.
 

This does not mean that Leucaena should not be tried on the
 
sites that need scil amelioration. Some Leucaena varieties may
 
perform surprisingly well. But in order to obtain yields pro
jected to meet recuirements and demands of the Dendro-thermal,
 
Charcoal Production and Gassifiers for Irrigation Project,

sufficient quantities of other tree species that show promise
 
on these sites should be planted first.
 

4. 	Tree Improvement and Seed Orchard Establishment
 

Adequate quantities of quality seed of a known pedigree are
 
necessary and must be the basis for any sound tree/crop

improvement program. Additionally, base-line data for each
 
site must be gathered (soil profiles, pH and nutrient analysis)
 
and incorporated in species trials design or valid and useful
 
research data will not result.
 



It is recoiimended that the three projects jointly employ a plant
 
geneticist (plant or tree) who would be in charge of a tree
 
improvemuent program, and would work under the overall research
 
director (ref. Section 2 Research Recommendations, A. Introduc
tion).
 

Genetic improvement can give gains of 10 to 30 percent in yield
 
in the first few generations, and generations can be as short
 
as 2 to 3 years for some tropical trees (20). A tree seed
 
improvement program can produce immediate results within the
 
first year by simply using quality seeds or other plant material
 
from select trees that have shown desirable characteristics,
 
such as fast growth and straight trunks. This is not only seed
 
(and plant material) from Leucaena, but from all tree species.
 
This means that oroject implementation and planting schedules
 
will not have to be delayed.
 

It is imperative that sufficient quantities of quality seeds of
 
all fast growing soecies, that are appropriate for planting in
 
the Philinoines and have the genetic capability of fast growth
 
and high yield, be developed. Sufficient quantities of this
 
seed must be readily available on the local level for the yield

demands of the Dendro-thermal, Charcoal Production and Gassifi
cation for Irrigation project to be met.
 

An intensive effort should be launched to enlarge and improve
 
the germ-plasm base of fast growing and nitrogen-fixing trees
 
for future plantings in the Philippines. This collection
 
should not only be made in the Philippines but it should be on
 
regional and on an international basis as well. This effort
 
should include the collection, testing, evaluation, selection,
 
improvement and reproduction of the most promising germ-plasm.
 

Fuelwood research has been identified as one of four major
 
research priorities of A.I.D at a recent A.I.D. conference to
 
identify fuelwood research needs. The improvement of the
 
germ-plasm base for fuelwood species was a high priority.
 

A great number of the fast growing and nitrogen-producing trees
 
out-cross, therefore they express genetic inheritance from both
 
parents. Thus all trees grown from seeds from one outstanding
 
mother tree may not express similar characteristics. Some tree
 
species such as Leucaena leucocephala are largely self-pollen
ating (Leucaena is estimated at 95%) and are easy to breed and
 
while others are more difficult and take a longer time to set
 
seed. Seeds from trees that are out-crossers will have only
 
50% of the genetic charactistics of the mother tree, therefore
 
several years may be required to produce seeds with genetic
 
uniformity.
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Plantation Establishment and Manacement
 

a. Nursery and Establishment Practices
 

(1) 	Direct seeding, bare-rooting, containerization,
 
and vegetative propagation are four methods used
 
for tree establishment.
 

(a) Direct seeding may be an effective means of
 
plantation establishment for some tree species,

such as Leucaena. It is cost-effective and
 
the roots are not damaged when transplanted

(which can affect tree growth at a later
 
stage). Ground preparation becomes most
 
important in direct seeding.
 

One method that has proved effective in some
 
places in the Philippines is to plow a double
 
furrow with a buffalo-drawn plow and direct
 
seed into the furrow, as one does with corn.
 
It is most important to break up the top soil
 
to enhance root establishment and reduce
 
weed/grass competition.
 

Post 	hole or auger hole planting combines
 
advantages of nursery propagation and direct
 
seeding. A post hole digger or an auger is
 
used to make a hole in the ground 5 or 6 inches
 
deep. The soil is mixed with organic matter
 
and appropriate nutrients are added. In the
 
case of nitrogen-fixing trees, molybdenum is
 
added to the mixture, phosphorus is added to
 
those soils deficient in the nutrient (almost

all soils), calcium is added for trees like
 
Leucaena for establishment on acidic soils,
 
and nitrogen is added for non-nitrogen-fixing
 
trees. The soil is placed back in the hole
 
and a scarified seed inoculated with the
 
appropriate strain of Rhizobium (if necessary)

is placed in the hole at the onset of the rainy
 
season. A modified corn planter can make
 
direct seeding easy. A corn planter can easily

be fabricated in the Philippines (reference
 
Appendix I).
 

This method is very advantageous, for root
 
development is enhanced by the added phosphorus
 
(and 	calcium in the case of Leucaena on acidic
 
soils). Research has shown that tree estab
lishment and growth can be enhanced by the
 



hole size and other site preparation (15)(17).
 
This method will also enhance initial growth
 
of seedlings, giving them a faster start, thus
 
an edge over competing weeds.
 

(b) The bare-root method of planting trees has
 
been used for some species of trees. Seedlings
 
are very light and large numbers can be carried
 
by.one person to the planting site. However,
 
the roots dry out easily, the root hairs and
 
some roots may die, and the seedling will suf
fer from transplant shock, making it a slow
 
starter and a poor competitor with weeds and
 
grass.
 

(c) Root trainers have many advantages over plastic
 
bags and bare-rooting, such as reduced weight
 
(compared with plastic bags), little or no root
 
damage, a higher rate of survival, and seed
lings start faster and compete better (a more
 
detailed comparison is given in Appendix J).
 

(d)Vegetative propagation (detailed in
 
Appendix C).
 

(2) The presence of the appropriate strains of Rhizo
bium and Mycorrhizae will enhance tree growjth and
 
reduce nutrient and fertilizer requirements to
 
sustain high volume wood yield.
 

(a) Rhizobium have the ability to fix nitrogen and
 
are usually associated with legumP as well as
 
with some non-legumenous trees (such as
 
Casaurina). It is important that nitrogen
fixing trees are inoculated with the appro
priate strains of R .izobium which will make it
 
unnecessary to fertilize with nitrogen. Most
 
tropical soils are deficient in nitrogen, and
 
trees will not grow well without it. Inocula
tion with Rhizobium can be done either in the
 
nursery or in the field and it is a cheap
 
insurance to inoculate in order to protect the
 
investment in tree planting.
 

(b) Mycorrhizae
 

The research program should include research
 
on Mycorrhizae. Mycorrhizal fungi facilitate
 
the uptake of phosphorus and have the ability
 
to transform unavailable forms of phosphorus
 



into forms available for plant uptake. Most
 
tropical soils are phosphorus-poor, and ade
quate levels of phosphorus are necessary for
 
maximum tree growth. Mycorrhizal fungi facil
itate the uptake of other nutrients as well
 
(Appendix K).
 

In the absence of Mycorrhizae, tree growth is
 
limited. It has been hypothesized that appro
priate strains of Mycorrhizae usually asso
ciated with trees are absent from cogan lands
 
(Imoerata cvlindrica) that have been without
 
trees for a prolonged period of time. The
 
presence of appropriate strains of Mycorrhizae

will help sustain yields without fertilizer.
 
Also, Mycorrhizae will facilitate the more
 
efficient ise of fertilizer applied to trees,
 
thus reducing fertilizer costs.
 

b. Site Preparation and Weed Control
 

Site preparation and weed control are important elements
 
in plantation establishment, seedling survival and
 
growth rate of trees. On lands dominated oy Imperatar

cylindrica, it is important to burn off the grass and
 
break up the grassroot mass to allow good root estab
lishment of the seedlings, to reduce competition for
 
space, water, nutrients and light and to increase water
infiltration and soil aeration (11)(12)(13). Research
 
has proven that the elimination of the sod of grasses

and the loosening of the soil favors the establishment
 
and growth of trees.
 

Inadequate weeding causes trees planted on grasslands
 
(15) to quickly show signs of ill health and poor growth
(14). Where the herbicide (Roundup) was used to-control
 
grass in a three year old tree plantation, there was a
 
significant growth improvement the following year (16).

Trees planted on grasslands previously dominated by
 
tenacious grasses but eliminated by intensive site pre
paration had 574% more volume after three years than
 
trees planted in the same area with minimum site
 
preparation (17). This research shows that site
 
preparation is imoortant and cost effective.
 

c. Coopice Management
 

The yield of some trees, such as Eucalyptus, decreases
 
after the second or third coppice generation (18).
 
When Eucalyptus is cut during the dry season, coppice
 
regeneration results in up to 25% stump mortality (14).
 



It has been reported that some species of Agoho

(Casuarina) coppice poorly and the coppicing ability of
 
many other excellent fuelwood species, such as Acacia
 
man-ium, is unknown. Therefore, long-term research
 
data is necessary to provide reliable data to choose
 
species which will produce yields to meet projected

wood demands for the various projects.
 

Initial observations in the Philippines indicate that
 
Agoho (Casuarina) grows better on some sites than
 
Leucaena and could provide adequate yeilds from the
 
first harvest to meet projected needs at some Dendro
thermal Plant sites. However, if Casuarina does not
 
produce a good coppice yield, future harvests will not
 
be sufficient.
 

Pat Dugan, Forestry Advisor, has observed that Casuarina
 
regenerates better after cutting if a longer stump is
 
left. This management practice is termed pollarding

(lopping of branches in contrast to catting the trunk
 
closer to the ground, leaving a much shorter stump),

which may provide an adequate volume o! coppice yield

but may be an uneconomical method of harvesting on
 
steep slopes because of the size of the log. One the
 
other hand with soil *amelioration, other trees such as
 
Leucaena may give equal or higher yields than Casaurina
 
and produce a log that is more economical to harvest
 
and haul. However, research to prove or disprove this
 
will require a 6 to 8 year continuing and well disci
plined research program. This is not indicated in the
 
present TA package.
 

d. Soil Engineerinq and Water Management
 

Although most targeted plantation sites receive adequate
 
rainfall, the rainfall pattern is uneven, the soil is
 
compacted and water infiltration into the soil is poor.

Therefore, maximum yields will not be sustained as sheet
 
erosion will occur, resulting in soil and nutrient loss.
 
Tree yields on many sites can be increased by increasing

water infiltration through simple soil engineering

techniques such as contoured hillside ditching (see

Appendix L). Erosion problems will be reduced and the
 
contoured ditches can be formed into catchments, which
 
could provide water for fish ponds or food crops.
 

e. Soacina Trials
 

Optimum spacing of trees for maximum fuelwood yield has
 
already been determined for some species. Spacing
 



trials for species such as Leucaena are well on their
 
way at the University of Hawaii. However, these trials
 
are being conducted on deep soils on relatively level
 
ground and the results may not be appropriate for steep
 
hillsides with shallow soils, as will be found on some
 
plantation sites in the Philippines. Additionally, the
 
spacing may vary for the production of stems (logs)
 
that will be economical to remove from the plantations
 
by the proposed cable systems and trucked to the
 
conversion plants.
 

Optimum spacing for Leucaena for wood production will
 
probably not be the same as for Casaurina, Albizia,
 
Gliricidia, Pithecolobium, etc. Spacing trials data
 
for some of these species may be available through
 
organizations such as the UN/FAO or the International
 
Development Research Center (IaRC, Canada). However,
 
spacing will have to be adjusted for Philippine site
 
conditions and for end user. Spacing may be different
 
if different stem size is required for each of the end
 
user, dendro-thermal power plants, charcoal conversion
 
units and the gassification units. It also will be
 
influenced by the harvesting systems designed for the
 
various sites.
 

f. A:roforestry (intercropping)
 

Farmers who are growing the trees for the various pro
jects will also be growing food crops for subsistence.
 
These food crops could be grown between the trees in
 
the plantations (sometimes referred as the taungya
 
system) which may benefit the trees because the farmers
 
would keep the weeds and grasses out of the plantations.
 

However, food crops would compete with trees for essen
tial plant nutrients, such as phosphorus. This could
 
be avoided by providing the farmers with subsidized
 
fertilizer for application to their food crops. The
 
trees would also benefit from this fertilizer,
 
increasing the growth of trees on nutrient-poor soils.
 
The food crops would serve as a cover crop and reduce
 
erosion. Research would have to be conducted to see if
 
the benefits in increased tree growth are cost-effective
 
and culturally feasible. Food crops could only be grown
 
for one year at which time the trees would shade out
 
food crops.
 

g. Ground Covers
 

It is recommended that a research effort be launched to
 
develop and determine appropriate shade-tolerant ground
 



covers for interplanting under various kinds of trees
 

used in the wood energy plantations.
 

Trees, unless planted in enaineeringly sound systems
 

with adeauate oround cover, do too little to prevent
 
A good canopy will reduce raindrop impact
soil erosion. 


and organic litter will help reduce sheet erosion.
 
However, the fine leaves of Leucaena and many other
 

Some trees
trees are poor interceptors of raindrops. 

like Leucaena will fold their leaves periodically
 
(always at night and generally during storms), further
 

reducing the leaf area for interception of raindrops.
 

Also, the fine leaf litter decomposes rapidly, resulting
 

in inadequate mulch to reduce sheet erosion.
 

Some legumes, such as Desmodium ovalifolium and
 

Aeschynomene indica (local) and some grasses, such as
 

Stenotaphrum secundatum (St. Augustine grass) are
 

shade-tolerant and may work well as ground covers in
 

wood energy plantations.
 

h. Fire Control
 

Fires can cause extensive damage to newly established
 

tree plantations. Firebreaks cleared by hand or
 

machinery are expensive to maintain; therefore other
 
Prior to plantation
alternatives should be tried. 


establishment, the grass on the plantation site and
 
surrounding area should be burnt off.
 

Leucaena (both common and giant types) and Calliandra
 

densely planted in rows spaced 1 to 1 1/2 meters apart
 

will serve as effective live firebreaks. (Four rows
 
The rows should be prepared by
may be required.) 


plowing (buffalo or cow) and the seed dibbled into the
 

edge of the furrow. The paired rows will form a canopy
 

and shade out the grass providing a living firebreak
 
(see Appendix M).
 

i. Rat, Ant and Termite Control
 

Rat, ant and termite damage to seeds and newly planted
 

seedlings (especially Leucaena) has been reported in
 
The most heavy damage seems
newly reforested areas. to
 

This damage
be plantings in Impera:a (cogan) lands. 

can be prevented or greatly reduced by certain preven

tive measures.
 

Rat populations are directly proportional to available
 
(inwhich they hide and reproduce) and food
 cover 
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supply. Cogan grass is excellent ground cover for rats
 
and should be burnt prior to plantation establishment
 
to reduce rat populations. Rats relish tree seeds and
 
newly sprouted seedlings, which are often the only green

plants in the area. Rat populations can be controlled
 
by placing out bait traps as one does for rice, corn or
 
other field crops (ref. Appendix M).
 

The chemicals thiram and aldrin applied to tree seeds
 
have been found to be effective against rodents, and
 
endrin has been used to repel both insects and rodents
 
(7)(8). The fungicide thiram is applied as a seed
 
coating to repel birds (8).
 

Endrin has been used to protect seeds against ants and
 
dieldrin and aldrin have been effective against ants
 
and termites. Dusts containing 5% chlordane, 2 1/2%

aldrin, 2 1/2% heptachlor or 1 1/2% diedrin has been
 
eZfective against termites when applied around the base
 
of trees. Chlordane is effective against termites in
 
mounds. However, chlordane has a residual effect and
 
the Environmental Protection Agency has banned its use
 
in the United States without a special waiver.
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Appendix 'A 

Leucaena Seed Improvement
 

Dr. James Brewbaker has warned of seed contamination and adul
teration, which may adversely affect the production of Leucaena
 
for wood (5). Although Leucaena is essentially self-pollen
ating, (there is an estimated 5% chance of outcrossing), there
 
is a 	very high probability that the varieties of Leucaena seed
 
being used for wood production in the Philippines are not gen
etically pure, given the considerations that: the different
 
varieties of Leucaena recommended for wood production (K8, K28,
 
K29, 	K67, K132 and K636) were collected from wild stands; the
 
varieties planted in the germ-plasm bank in Hawaii are not
 
maintained in isolation; Leucaena seed reproduction in the
 
Philippines generally has not been done in isolated varietal
 
pure stands; seed adulteration on occasion has been known to
 
occur; and the usual procedure of seed collection has been to
 
collect seeds from trees to which the collectors have easy
 
access (short and weedy trees rather than the tallest).
 

One evidence suggesting genetic impurity is the uneven growth
 
of trees, which is being observed in most Leucaena plantings in
 
the Philippines and elsewhere. Growth variation can also occur
 
even with genetically pure seeds with differences in site con
4itions (such as nutrient availability and soil depth), other
 
environmental factors (such as competition) and establishment
 
and management procedures.
 

1. Immediate Seed Resources
 

a. 	 Trees in existing Leucaena plantings that have
 
shown desired characteristics (such as fast growth
 
and large, stratight trunks) should be identified
 
and marked. Desired characteristics should be
 
identifiable at: 2 years of age.
 

b. 	 Outstanding trees should be cut off (preferably
 
sawn) at 1 meter in height at the beginning of the
 
rainy season and allowed to coppice. A large num
ber of new branches will develop from the cut
 
stump, forming a bushy growth. It has been
 
reported that coppiced stumps will bear more seeds
 
than a full tree and the seeds are more readily
 
accessable. Coppicing does not alter the genetic
 
make-up of the selected tree.
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c. 	 Whenever feasible, other undesirable Leucaena trees
 
in the immediate vicinity should be marked and cut
 
and prevented from flowering and setting of seed.
 
This can be done by frequent cutting of the cop
pice, which can be used for livestock forage or as
 
a green manure mulch. The cutting of these trees
 
will prevent cross pollenation of desired seed
 
trees with undesirable ones (seed adulteration).
 

d. 	 During seed production, Leucaena is vulnerable to
 
insect damage at both the flowering stage and when
 
seed pods are developed. Larva of a small moth
 
can destroy the florets of Leucaena, reducing seed
 
set, and seed weevils will destroy the mature seed
 
in the pods. Therefore to maximize seed produc
tion, it is recommended that the seed trees be
 
sprayed with a systemic pesticide, such as Cygon -
0, O-dimethly S - (N Methyl Carbanoylmethyl) Phos
ophorodithioate.
 

e. 	 Seeds should be collected when pods are fully
 
mature (the entire pod should be light brown in
 
color), but the pods should not be left too long
 
on the trees. The pods can easily be harvested
 
with a tree pruner (Appendix 0). The pods can be
 
threshed by placing them in a rice- bag, and the
 
seeds threshed from the pods by stamping on the
 
bag or beating on the bag with a stick. Immature
 
seeds and other trash can be removed by winnowing
 
the seed as one would rice.
 

f. 	 Seeds should be thoroughly sun dried before stor
age, and treated with a pesticide such as Sevin
 
and a fungicide such as Captan. The seeds can be
 
stored in plastic carboys (Jerry cans), which
 
should be sealed and stored under dry (30% relative
 
humidity) and cool (100C) conditions (1). A
 
"rule of thumb" for seed storage is: relative
 
humidity plus temperature in degrees Fahrenheit
 
should be less than 100 (for example 50% humidity
 
+40OF-90 or 40% humidity + 50OF is o.k.).
 

g. 	 Seeds should be scarified before planting to ensure
 
even germination. The simple hot water treatment
 
is recommended.
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2. 'Future Seed Resources
 

Even though some seed sources allegedly can trace the
 
origin of the Leucaena seed, due to seed contamination
 
and adulteration it is recommended that seed orchards
 
be established from seed of known pedigree. Therefore,
 
new seed of the KB, K28, K29, K67, K132 and K636 varie
ties should be obtained from Dr. Brewbaker at the Uni
versity of Hawaii and segregated seed orchards of the
 
different varieties should be established and main
tained.
 

Original planting spacings should be 1 m x 1 m or 1 m x 2 m
 
thinned to 2 m x 3 m or 3 m x 3 m after 1 1/2 to 2 years. The
 
plantation and surrounding area should be kept free of all other
 
Leucaena (1).
 

The same procedures for seed orchard maintenance as mentioned
 
in a. thru g. above should be followed for the establishment
 
and maintenance of seed orchards of most trees.
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Seed Improvement
 

Larger tree seed will initially produce stronger, more viable
 
seedlings, which have a better chance to compete and survive
 
because the endosperm of larger seeds contains more food for
 
the growth of the embryo. This is termed the maternal effect
 
and lasts a month or more after seed germination (6).
 

It is recommended that all Leucaena seed, and whenever possible
 
all other tree seed, be cleaned and sized by separating them
 
through hardware screens or dockage sives (round holes) and by
 
the use of a Zig Zag Air Separator or a vibrating table separ
ator. The specifications for the Zig Zag Air Separators and an
 
example of a vibrating table can be found in Appendix P. A
 
vibrating table can be purchased through any seed machinery
supply company.
 

I recommend the Zig Zag Air Separator, for it can be constructed
 
from materials found in the Philippines, and it is easily made
 
and maintained and les expensive. Additionally, the Zig Zag
 
Separator will separate seed covered with fungus and insect or
 
otherwise damaged seeds that may not separate out on a vibrating
 
table.
 

The screening will generally separate out the common varieties
 
of Leucaena from the giant varieties, for the common seed is
 
usually smaller. By both screening and separating, the immature
 
and malformed, the broken and insect or otherwise damaged seed
 
will be removed. Approxmiately 20% of the seed (by weight)
 
will become discards. Recommended hole sizes for the hardware
 
screens are 10/64, 12/64 and 14/64 (inches diameter). This
 
will give you four seed size seperations.
 

If seeds are propagated in containers, this seed sorting process
 
will virtually eliminate empty containers, thereby reducing
 
nursery costs. If the seeds are directly sown, the average
 
seedling will be stronger and more capable of competing with
 
weeds and grass and have a higher rate of survival. The growth
 
rate of all seedlings will be more even.
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Vegetative Propagation (To include tissue culture)
 

Vegetative propagation is an excellent method of cloning trees
 
that show superior and desired characteristics for the rapid

establishment of seed orchards of self-pollenating "super

trees."
 

Tissue culture is a biotechnology that is proving to be a valu
able tool in tree improvement. Super trees (conifers) are being

developed by private corporations, using tissue culture to
 
clone superior trees that show fast growth, superior form, and
 
wider tolerances. These cloned trees are used for the estab
lishment of seed orchards. Much of this work is closely guarded
 
corporate secrets.
 

I have received reports of single "super trees" evolving from
 
the same lot of Leucaena seed on the same site (Haiti and
 
Mauritius). All of the trees showed good growth, uniform and
 
of phenotypic character; however, in both cases one tree was
 
outstanding; it was taller than the others, grew more vigorously

and developed more and larger leaves. I observed the same thing

in the Philippines -- one tree that seemed to have substantially
 
greater vigor, which had been planted at BFD in Quezon City (and

since cut down). Are these specific hybrids, chance crosses,
 
mutants, tetraploids or simply the result of ordinary genetic
 
recombination? We don't know. They may be sterile or not breed
 
true even if self pollinated. But these trees could be inex
pensively cloned by cuttings or tissue culture and multiplied
 
to create seed orchards or plantations of "really super trees."
 
Think of the potential!
 

Tissue culture is an appropriate tool to short-cut the lengthy
 
time it takes to reproduce seed from superior trees. In the
 
case of Leucaena, a second generation crop of seed can usually
 
be produced in one and a half years. Therefore, tissue culture
 
may not be an appropriate technology to use, unless it is for
 
the cloning of mutants or sterile hybrids. However, for many

other fast growing trees it may take 6-8 years to produce a
 
second generation of seed, and all of that seed will not perform

the same as the mother tree. Some species of trees are poor

seed producers (either producing small amounts of seed or the
 
percentage of viable seeds is low). Therefore, tissue culture
 
could be used to clone thousands of the superior trees for the
 
first generation seed orchard. The second generation could be
 
cloned by rooted cuttings in "clonal hedges."
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Many of the tree species may be vegetatively reproduced (by
 
cuttings, etc.), which would seem to be a more practical course
 
to take than tissue culture. However, it may be possible to
 
get only about 100-200 viable cuttings from one superior tree.
 
The project would have to wait another year and a half before
 
making a second generation reproduction from these trees, which
 
would give about 40,000 cuttings (enough to plant 4 hectares,
 
at a 1 m x 1 m spacing). By using tissue culture methods mil
lions of clones can be produced from one superior tree. (One
 
has to be careful not to plant large monoculture plantations
 
from identica. genetic material for such plantations could be
 
highly susceptible to disease or insect infestation). If you
 
chose to, a smaller number could be cultured for a plant mater
ial orchard and the next generation could be produced by rooted
 
cuttings (This may be an economical method in countries where
 
the private sector has developed tissue culture facilities).
 

Tissue culture does not need to be expensive. Leucaena is dif
ficult to propagate with the older rooted cutting method, al
though a relatively successful method has been developed in
 
Taiwan (Ref. Appendix 0). Rooting of cuttings has been more
 
successful when the cuttings are immediately submerged in water
 
after severance from the mother tree to maintain the water
 
columns so that transpiration can continue. Juvenile tissue is
 
required for successful vegetative propagation of many tree
 
species, such as Eucalyptus.
 

Reaardless of the qenetic potential of the seed/Dlanting mater
ial, maximum yield will not be obtained unless adequate amounts
 
of soil nutrients and other required environmental conditions
 
are present.
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RESUME
 

DAVID H. DAWSON
 
Forestry Sciences Laboratory
 

Box 898
 
Rhinelander, WI 54501
 

EDUCATION
 

Michigan State University
 

BS - Forest Management - 1948
 

OF - Forest Botany - 1957
 

Other
 

Command and General Staff School. 1947 (32 Graduate Credits
 

in Public Administration).
 

University of Wyoming, 1963 -- (Extension-Statistical Methods) 

'Written Communication for
University of Michigan, 1969 --

Engineers, Scientists and Technical Writers.
 

Colorado State University, 1971-- Statistical Methods in
 

Natural Resource Management, Regression Methods in Natural
 

Resource Research, EXAD-USDA, 1976.
 

Creativity and Problem.Solving, 1976 -- Kuby Associates.
 

Management by Objectives for Top Level Management - University
 

of Wisconsin - 1977.
 

Gov't. Affairs Training
Congressional Operations Seminar --

Institute - 1979.
 

EMPLOYMENT
 

1946-1948 - Michigan State University (Dormitory Counselor
part-time while a student). 

1948-1954 - 1954-1957 Soil Conservation Service (Work Unit Leader
 

in LaPeer, Caro, Rockford, Mt. Pleasant, Mich.).
 

(Regional Plant Materials Specialist SCS-ARS), East
1957-1961 -

Lansing, Michigan and St. Paul, Minn.
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June 1962-

March 1953- March 1963-Sept. 1965; Sept. 1965-July 1967, Forest
 

Service, Research Forester (Plant Geneticist) Shelterbelt
 
Laboratory, Lake States and Rocky Mountain Forest
 
Experiment Station, Bottineau, N.D.
 

May 1967-

Aug. 1970 - Plant Geneticist, Genetics of Northern Forest Trees,
 

Rhinelander, Wisconsin.
 

Aug. 1970-

July 1977 - Project Leader of Maximum Yield and Intensive Culture
 

of Planted Stands Work Unit (FS-NC-1152) and Program
 
Coordinator of Multiproject Program II,Maximum Yield
 
from Woody Species -- including methods technology,
 
tree improvement, harvesting techniques and economics.
 
(Director's Representative, Institute of Forest Genetics,
 
January 1977.)
 

Aug. 1977-

Feb. 1982 - Program Manager, Ass't. Director, U.S. Forest Service,
 

North Central Forest Experiment Station, Maximum
 
Yield of Wood and Energy from Intensively Cultured
 
Plantations. (Also Chief, Forestry Sciences Laboratory, 
Rhinelander, WI.) See attached publication. 

Feb. 1982-
Present Forestry Research Consultant 

Major Clients: 	 The Conservation Foundation
 
1717 Massachusetts Ave., N.W.
 
Washington, D.C. 20036
 

Congress of The 	United States
 
Office of Technological.Assessment
 
Washington, D.C. 20510
 

MILITARY EXPERIENCE
 

1941-1942 - Enlisted status, U.S. Army 

1942-1946 - Commissioned Officer - 2nd Lieutenant to Major, 751st
 
Most of period
Tank Battalion and 1st Ranger Force. 


served as Captain; Company Commander, Specialized Infantry
 
Awarded
(Rangers). Served in England, Africa, Italy. 


Purple Heart, Bronze Star, Distinguished Service Cross.
 
Left Military Service January 1946, rank of Major.
 



3
 

RESEARCH INTERESTS AND AREAS OF EXPERTISE
 

Research Administration
 

Project Leader
 

Program Manager, (Assistant Director) U.S. Forest Service,
 
North Central Forest Experiment Station, Institute of Genetics.
 

Maximum Yield Program Manager
Intensive Culture of Woody Plants --

and personal research, North Central Forest Experiment Station.
 

U.S. Forest Service - Cooperator with U.S.
Growing Wood for Energy --

Dept. of Energy; international Energy Agency; Man and Biosphere
 

Program, U.S. State Department.
 

Tree Breedina and Selection -- Particularly Populus, Institute of
 

Genetics, (now Forestry Sciences Laboratory) Rhinelander,
 
-Wisconsin. Also, provenance testing Pinus, Picea, Fraxinus,
 
Ulmus, Larix for Northern Great Plains adaptation.
 

U.S. Forest Service, Northern Plains
Envioronmental Forestry --

Laboratory, (Shelterbelts), Bottineau, N.D. Selection,
 
introduction and breeding trees for shelterbelts and amenity
 
plantings.
 

-- U.S. Forest*Service, Northern Plains
Afforestation, subhumid areas 

Laboratory, Bottineau, N.D.
 

Plant Materials Specialist, U.S. Soil Conservation
Plant Introduction --

.Service. Also, member USDA Committee on Plant Introduction.
 

-- U.S. Soil Conservation Service.
Land Use Planning, Erosion Control 


ASSIGNMENTS
 

.1962-1973, Forest Service Representative on the NC-7 Regional 
New
 

Plants for Agricultural and Industrial Usage-Technical Committee.
 

1971, Forest Service Representative on National Coordinating
 
Committee on New Plants for Agricultural and Industrial Use. (ARS,
 

ASES, CSES, Forest Service and Land Grant Colleges.)
 

December 1, 1976, at request of MITRE CorporationNovember 30 
and ERDA, served on a review panel to evaluate the results (3months
 

ERDA Contract Research.Study
before publication) of the S500,0OD 
to MITRE on energy plantations.
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April 14 and April 15, 1977; February 1978; March 1979: Participation on
 

intenstlve-culture forestry for energy production 
to International Energy
 

Agency Working Party on Biomass. 

of Energy on Biomass for Energy,
1975-1981, .Continulng coasultant with Dept. 
proposal and contractor performance reviews, 

etc.
 

U.S. Delegate Expert Panel on possibilities 
of wood for
 

Sept. 1976 
Man and Biosphere Program, U.S. State Department.
 energy source. 


Information exchange trip sponsored by 
U.S. Department of
 

October 1978 --

Energy and U.S. Forest Service to Holland, 

Belgium, Italy to exchange
 

information on Populus.culture.
 

Cooperation with National Academy of Sciences 
on "Revegetation


May 1979 --

of Denuded Lands."
 

MEMBERSHIP
PROFESSIONAL SOCIETY 


American Association for the Advancement of Science. 

Society of American Foresters. 
Foresters.International Society of Tropical 

pUBLTCATION S 

Medium Purple willow for muckland windbreaks.
 1. Dawson, David H. 1961. Vol. 16(6), Nov.-Dec. 1961.
 
Journal of Soil and Water Conservation. 


Guide for selecting superior trees for shelter2. Dawson, David H. 1964. U.S. Forest Serv. Res. Pap. LS-13, 22 pp.

belts inthe Prairie-Plains. 

illus. Lake States Forest Exp. Sta., St. Paul, 

Minn.
 

A seed source study of the ponderosa pine 
for
 

3. Dawson, David H. 1965. 

the Great Plains Region. Cent. States For. Tree lmpr. Conf. Proc.
 

(1964): 38-41, Publ. by Neb, Agr. Exp. Sta., Lincoln.
 

1965. The performance of
 
4. Conley, William T. and David H. Dawson. 


eight seed sources of ponderosa pine in
the Denbigh Experimental
 

U.S. Forest Serv. Res. Note LS-71, 4 pp.,

Forest, North Dakota. 


St. Paul, Minn.
Lake States Exp. Sta., 

1956. Performance of seven seed
 

5. Dawson, David H. and Paul C. Rudolf. 

U.S. Forest Serv. 

sources of blue spruce incentral North Dakota. 


Res. Note NC-5, 4 pp., illus. North Cent. For. Exp. Sta., St. Paul, Mi:
 

Trees and shrubs for
1968.

6. Davidson, Walter H.and David H.Dawson. 

pp. 33-35, illus.,The Dakota Farmer,roadside beautificaion. 
April 6, 1968 issue.
 



7. Dawson, David H. 1968. The Program of Research at the Institute 
of Forest Genetics. In: Proceedings of the 1968 Regional
 
Nurseryman's Conference. Published by U.S. Forest Service,
 
Division 	of State and Private Forestry. 

8. 	 Dawson, David H. 1969. Forest tree improvement in the North
 
Central Region. Forest Industries, April 1969, pp. 15-17,
 
illus.
 

9. Dawson, David H. and John A. Pitcher. 1970. Tree improvement 
opportunities in the North Central states related to
 
economic 	 trends -- A problem analysis. N. Cent. For. Exp. 
Sta., St. Paul, Minn., 30 p. illus. (USDA Forest Serv. Res.
 
Pap. NC-40).
 

10. 	 King, James P. and David H. Dawson. 1971a. Selecting seed 
sources of forest trees for the Lake States - An interim 
guide. U.S. Forest Service Res. Note NC-lOB. North Central 
Forest Experiment Station, St.-Paul, Minn. 

11. King, James P. and David H. Dawson. 197Tb. How to select seed 
for Lake States forest planting. "How-to" Leaflet. No. 
Cent. For. Exp. Sta., St. Paul. 

12. *Dawson, David H. 1971. Maximizing fiber yields from woody species.
 
Technical Papers of the American Pulpwood Assoc., Jan. 1972,
 
pp. 9-16. 

13. 	 Dawson, David H. and Jay Hutchinson. 1972. Research tackles
 
the pulpwood generation gap. Forest Industries, Feb. 1972,
 
pp. 35-36, illus. 

14. 	 Dawson, David H. and John Crist. 1972. Dry weight yields and 
wood anatomy of two Populus clones after two seasons of 
intensive culture. Abstracts Sixth Forest Biology Conference. 
TAPPI, May 1-3, 1972, Institute of Paper Chemistry, Appleton, 
WIs.
 

15. 	 Dawson, David H. 1973. Comparative rust resistance of 32 Populus 
clones in northern Wisconsin. Tree Planters' Notes, Vol. 25, 
No. 1, pp. 16-18. 

16. 	Schipper, Arthur L. Jr. and David H. Dawson. 1974. Poplar
 
leaf rust-A problem in maximum wood fiber production.
 
Plant Disease Reporter, Vol. 58(8), pp. 721-723.
 

17. 	 Dawson, David H. and Jay Hutchinson. 1973. Farming for Fiber.
 
Wisconsin Conservation Bulletin, May-June, 1973, pp. 24-26.
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18. Dawson, David H.and Hans Nienstaedt. 1973. Improved trees in 
tomorrow's forest. Technical Papers of the American Pulp
wood Assoc., Fall, 1973, pp. 26-29. 

19 Dawson, David H. 1975. Are cultural methods available to maximize 
yields. Proceedings Iowa State Conference on Intensive
 
Culture of Forest Crops, Des Moines, Iowa, March 5-6, 1974.
 
Iowa State University, Ames, Iowa. Iowa State Journal of
 
Research,.Vol. 49 (3), Pt. 2, Feb. 1975.
 

20. Crist, John B. and David H. Dawson. 1975. Anatomy and dry weight
 
yields of 	two Populus clones grown under intensive culture. 
USDA For. 	Serv. Res. Pap. NC-113, 6 p.,.illus., North Cent.
 
For. Exp. 	 Sta., St. Paul, Minn. 

21. Dawson, David H. 1975. A program to develop maximum wood yield 
from planted stands. Poplar Council News, p. 4-5, Fall,
 
1975, U.S. Poplar Council, P.O. Box 227, Stoneville, Miss.
 

22. 	 Dawson, David H. 1976. History and organization of Multiproject 
Program II. In: Intensive Plantation Culture-Five Years 
Research, USDX-For. Serv. Gen. Tech. Rep. NC-21, 117 p., 
illus., North Central For. Exp. Sta., St. Paul, Minn. 

23. Dawson, David H. 1976. New intensive culture systems in the 
Lake States. Proc. Conf. on Intensive Forest Management,
 
Univ. of Minn., Cloquet Forestry Center, Cloquet, Minn.,
 
March 20-21, 1976. 

24. 	Dawson, David H., J. G. Isebrands and John C.Gordon. 1976.
 
Growth, dry weight yields, and specific gravity of 3-year
old Populus grown under intensive culture. USDA For. Serv.
 
Res.-Plap. 	 NC-122, 7 p.. illus. NCFES. 

25; Dawson, David H.and Nonan Noste. 1976. Review of competition
 
control for intensive culture in the North Central Region.
 
Proceeding ISU Intensive Culture Conference, Des Moines,
 
Iowa, March 3-4,1975. Iowa State Journal of Research,
 
Feb. 1976, Col. 50(3), p. 271-275.
 

26. 	Ek, Alan R. and David H. Dawson. 1976. Actual and projected 
growth and yields of Populus "Tristis 1' under intensive 
culture. Canadian Jour. of Forest Research, Vol. 6(2)., 
p. 132-144.
 

27. 	 Ek, Alan, and David Dawson. 1976. Yields of intensively grown 
Populus: actual and projected. In: Intensive Plantation 
Culture-Five years research. USIT For. Serv. Gen. Tech. 
Rep. NC-21, 117 p. illus., North Cent. For. Exp. Sta., 
St. Paul, 	Minn.
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(Inpress) August 1976. 
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:30. Crist, John B., David H. Dawson and Jo Ann A.Nelson. 1977.
 
Wood and bark quality of juvenile jack pine and eastern
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Biology Conference, June 20-22, Madison-, Wis., p.211-216.
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June 20-22, Madison, Ts., pp. 217-221. 

32. Isebrands, J. G., L. C. Promnitz and David H. Dawson. 1977. 
Leaf area developnent in short rotation intensive cultured 
Populusplots. In: 1977 TAPP! Forest Biology Conference, 
JuneZO-22, MadiTon, Wisconsin, pp. 201-209.
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The first sLall plot experiments were etablished in 1970 

to test the growth of various Populus clones and the 

eration with industries, and the collaboration of 
The Maximum Yield Work Unit was established in scientists from different disciplines in a ytems ap1971, by the North Central Forest Experiment Stfi proach. The research team now includes silvecultur

tion in response to concerns expressed by both indus- ists, physiologists, an ecologist, geneticists, a soil 
trial foresters and researchers. Industrial foresters scientist, hydrologis,a wood thechnologist, a patholo

realized that new systems for growing more fiber on 	 gist. an entomologist, an engineer, and an economist. 

less land must be explored because of escalating fiber Supplemental funding from the Department of En
ergy since 1977 has enabled reseatchers to acceleratedemand, increasing demand for recreation and non-

forest uses of forest land, rising land prices and tax progress in several probiem areas, with emphasis 

rates, and increasing harvest and transportation placed on the development of methods to plant trees 
and ensure their early survival. Establishment is thecosts. 
most critical problem in the short-rotation-intensive-Forestry researchers realized that much basic ge-
culture (SRIC) system because larger research studnetic, physiological, and cultural knowledge could be 

applied if environmental conditions for growing trees ies or large-scale industrial plantations cannot be 

could be more closely controlled as in agriculture, established until the technology to successfully plant 

Research was begun to select promising species, es-	 hardwood s ands has been developed. Although prac
tices for plai ting softwoods were dcveloped long ago,tablish intensively cultured plots, explore new har-

vesting methods, evaluate pulping qualities of the no system for consistently establishing plantations of 

fiber, and assess the economic viability of this sys- hardwood forest trees in the upper Midwest has been

tem. This program used a systems approach, with developed (except for the shelterbelt plantings of the 
northern Plains). The problems in large-scale plantresearchers from many different disciplines working 

together. ing operations are often different from those nor-

In 1976, the program was expanded to incorporate really encountered in small plot experiments, and the 
additional funds have enabled researchers to provideboth developmental and basic research, active coop-
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information to help industry est-ablish larger pilot. The USDA Forest Service's Maximum Yield of 
sized plantationt. 	 Wood and Energy from Intensively Cultured Planta. 

tions Research and Development Program includes 
two Research Work Units as well as scientists from 

More than 10 acres a year of intensively cultured 	 other Research Work Units within the North Central 
plantations are being established at the Harshaw Forest Experiment Station. Research problems, ob-
ExperimentalFarm near Rhinelarnder, Wisconsin. Em. jectives, and results will be presented separately in 
phasis ison developing culturalpracticesand mechan.
 
ized equipment suitabic for operational p this report for each problem area, although this does
 

not accurately represent the overlap and interactionmanagement. 
between problem areas due to the complex set of 
factors that determine biomass yield. 

Briefly, the SRIC concept is that plantation bio
mass yields can be greatly increased by using geneti
cally superior planting materal and optimizing field 
environmental conditions. Generally, hardwoods 
have been tested more thoroughly for natensive cul
rure systems because of their rapid juvenile growth 
and their ability to sprout from the stump after they 
are harvested, thus eliminating the need to replant 
the trees.
 

The establishment ofintensive culture plantations 
with most species in any region of the United States 
will likely include essentially the same kinds of oper
ations, although the precise nature of these opera
tions will vary greatly by species and site. Many of 
these concepts are more typically termed "agricul
tural" rather than "silvicultural" in nture. 

One of the most criticalproblems in establishing the 
short-rotarion-intensive-culturesystem is weed control. 
Weeds area serious competitorduringthe first 2 years, 
and researchin weed control methods haa recently been 
expanded. 

~% 
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3 



First, the land must be cleared and plowed to elimi-
nate other plants and to make the site suitable for 
planting and cultural equipment (i.e., abandoned 
farm land is well suited). Seedlings or cuttings are 
planted with mechanical planting equipment at var. 
ied distances from a few centimeters to several me-
ters within the rows that are from 1 to several meters 
apart. The first growing season is critical to the sur-
vival of the small trees, and plantations must be kept 
free of weeds either by cultivating, planting a cover 
crop between the rows, applying an herbicide, or 
other means. Each growing season the trees are pro
vided optimal amounts of nutrients and water by 

. - 

! ' - : 


fertilizing and irrigating. Diseases and insect pests 
are also controlled. 

After 6 to 10 years. at a time when the trees reach 
near-optimal biological growth, the trees could be 
harvested using specially-designed harvesters. The 
wood will likely be chipped and used for energy, pulp, 
reconstituted wood products, feed, chemicals, or any 
combination of these products. In the spring follow. 
ing harvest, several new stems will sprout from each 
cut stump (coppice), and these will become the next 
crop of trees. 

Irationis one of the pract' ingtudiedin 

this research program. More precise informationabout 
the quantityand timing ofirrigationis stilU needed. 

. .
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SELECTION OF PROMISING SPECIES
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These plots were establishedin 1974 to test theperform
ance of different Populus clones. Note the differencesin 
growth rate of these clones after 3 years under similar 
intensive culture conditions. 

Research Problem 
The characteristics ofhigh-yielding trees forinten. 

sive culture are significantly different than those for 

conventional forestry. Selected species must be bio-

logically efficient to take full advantage of the optim-

ized conditions of intensive culture. 

Research Objectives 
Promising species and clones must be screened for 

a wide range of biological and physical properties. 

Initial tests include growth rate, response to different 
man-water 

re-
spacings, response to and nutrient 
agement, sprouting ability, insect and disease 

sistance, wood quality, and adaptation to regional 
As results from physiologicaldlimatic conditions. 

studies of crown architecture, photosynthesis, and 

translocatior of photosynthetic products are ob-

tained, they will be included in genetic selection and 

breeding programs. 

,. . 

Research Results 
The genus Populus(poplars and cottonwoods) was 

selected for the early experiments because ofits rapid 

juvenile growth, ease of hybridization, vegetative 

propagation, and the vast amount of information al

ready known about its growing requirements. In 
1971, 30Populushybrid clones were tested in field 

plots at Rhinelander, Wisconsin, and Ames, Iowa. 

Fourteen ofthese have been selected for further test

various intensive culture techniques.ing under 
Other species tested included jack pine, (Pinusbank

siana), larch (Larix laricina), alder (Alnus), and 

green ash (Fraxinuspennsylvanica). 
Rapid laboratory screening tests have been 

conducted using physiological and morphological 
characteristics, such as net photosynthesis rate, pro

duction of enzymes controlling nitrogen uptake and 
onmetabolism, branch angle, and leaf orientation 

branches. 
chamber experimentsControlled-environment 

were also completed for 25 Populus clones using 3 

different combinations of growth period and temper

ature. After comparing total biomass, leaf weight, 

stem weight, height, and leaf number at 8 weeks, 14 

clones were recommended for field testing. 



STAND ESTABLISHMENT METHODS
 

gi:! 

Plantinglow lying leguminous cover crops may be an
Weed competition is one of the most sceriousproblems in 

effective way of simultaneouslyprovidingLoil nitrogen
establishinghardwoods for intensive culture. In field 

and controllingweeds. White Dutch ciover shown here
experiments, the herbicide"Roundup" was foundto keep 

prevents thegrowth of tallerweeds that mightotherwisestandsalmost free of weeds. 
shadeand compete with the hybridpoplarcuttings,but 
is also competitive with the trees 

control; and mechanization of
and chemical weed

Research Problem cultural operations will be studied. In particular, 

The survival of trees during the critical first 2 conventional faming techniques will be testecL Al
ternative vegetative propagation systems will be 

years is primarily determined by vigor of the plant-
ing stock; adequacy of site preparation, fertilization, studied, including methods for collecting and storing 

cuttings, methods for obtaining plants from green
and irrigation: and control of competing weeds. Be-

house stck plants, methods for stimulating the root
cause early site occupation is desired for intensive 

ing of clones that are difficult to root, and possibly
silviculture systems, high survival of planted trees is 

systems for establishing cuttings in containers.important. Stand establishment techniques have not 
been well developed for hardwood plantations, al
though application of agronomic and horticultural Research Results 

Studies began in 1978 to test the effectiveness ofmethods offer promise. 

245 combinations of methods of weed control in both 
Research Objectives spring and summer plantings were evaluated after 

the first year. The best site preparation methods were
It is expected that plantation establishment meth-

ods for Populus clones will be developed during the chisel plowing or a combination of moldboard plow

next 5 years to attain a survival rate of 90 percent. ing to 9- to 10-inch depths followed by disking and 

Methods for site preparation: mechanical, biological, spike-tooth harrowing. Crownvetch and birdsfoot 
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trefoil, both leguminous nitrogen-flxing plants, were 
the most effective cover crops for stimulating tree 
growth during the first year, but were not effective 
when evaluated the second year. "Linuron" and 

"Roundup" herbicides were the most effective herbi-

cides when no other weed control method was used. A 

combination of a crovnvetch cover crop together with 

herbicide '"Treflan" was slightly better than any 

other weed control trea ent. 
One year ofdata is by no means conclusive, and the 

seasonabove-average rainfall during the growing 
may have produced di&--rent results than a similar 
experiment in a drier year. However, this study pro-

vides preliminary information regarding promising 
site preparation and weed control methods that 

should be tested in larger plantings. 
The optimal propagation method may vary with 

the time of planting. In this study, soaked and un-
soaked hardwood cuttings had the best height growth 

ContainerizedPopulus cuttings aregrown in the green-
house in preparationfor planting.The survival rate of 
these rooted cuttings will be compared to that of 
un-ooted cuttings to determine the most effective meth-
ods of stand establishment, 

'fig 

Weeds may be controlled by mowing, a method that is 
widely used in orchards. 

and survifl for all planting dates. Rooted hardwood 
cuttings in "Tubepak" containers provided no advan

tage in either survival or height growth. Bare rooted 
tip cuttings performed poorly for all planting dates. 

Some ofthe fastest.growing Populus clones, in par

ticular, P. alba L. xP. grandidentataMichx. hybrid 
are difficult to establis4 vegeratively(Crandon), 

less than 50 percent of the cuttings rooted using 

normal greenhouse practices. However, rooting 
greenwood tip cuttings in grepnhouse flats at tem

° 
peratures of 76 to 85F provided 70 to 100 percent 

rooting success, faster rates of root elongation, and 

less mortality from fungal and bacterial infections. 
Hormone treatments increased rooting success and 

number of roots per cutting, but hormone concentra
tion was less important than temperature. 

New greenhousemethods such as hydroponicsarebeing 
tested for mass productionof rootedgreenwoodcuttings. 
This method may be more economicalfor establishing 
cutting orchards because it uses less greenhouse space 
than containerizedstock. 
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FIBER AND ENERGY YIELDS IN 
RESPONSE TO SPACING AND HARVEST CYCLES 

4L 
Sis 

-Preliminary 

-

Trees plantedat close spacings will quickly occupy the 
enire site. After 6 year, essentiaLly no sunlight will 
reach the groundin this stand,which was plantedat 0.6 
m x 0.6 m spacing. 

Research Problem 
One of the keys to maximizing fiber and energy 

production in forest stands is to optimize cultural 
practices-- the spacing and rotation age for the se-

'lected species and clones. In particular, information 
is needed on the efficiency of capturing solar energy 
by plants and the energy relations in intensively 
cultured plantations. 

It is known that closely spaced stands (1 x 1 m or 
less, fully occupy the site within a few years; there-

fore, essentially all the sunlight is intercepted by the 
leaves before it reached the ground. Closely spaced 
stands also attain maximum mean annual produc
tion early in the rotation, but the competitioui be
tween trees begins to reduce the annual biomass 
production per tree. In addition, closely spaced stands 
are more expensive to establish and it is doubtful that 
these additional costs can be recouped through 
higher yields. Because the mean annual production 

closely related to the stand's leaf area index (leaf 
surface area per unit land area;, it appears that early 
optimization of leaf area may increase yields, much 
as cultural systems to optimize leaf area index in 
agriculture have been successful. 

Research Objectives 
research on small plots to determine 

the effect of spacing and rotation age on yields has 
almost been completed, and researchers are cur
rently evaluating the most promising spacings and 
rotation ages on yields of larger field plots. From the 
results of specific studies they will establish mathe
matical relations between total tree dry weight and 
easily measured variables such as diameter and 
height, determine effects of spacing on dry weight 
distribution among tree components, and determine 
leaf biomass and leaf area index with respect to vari
ous yields. The optimal combinations of spacing and 
rotation will be studied for the maximization of fiber 
and energy production in stands of Populus, E-.der 
(Alnus glutinosa), jack pine, and larch. The distribu
tion of major nutrients within the stands will be 
studied and effects offrequent harvesting on nutrient 

budgets will be determined. 
An integral part of biomass production studies is 

determining the efficiency ofsolar energy utilization. 
by plants. This energy data is particularly needed for 
evaluating systems in which tree plantations would 
be utilized as an energy source. By comparing the 
heat of combustion of harvested biomass to the en
ergy requirements for intensive culture, the net 
energy gains will be assessed. 

Research Results 

Early field tests of closely-spaced Populus'Tristis' 
hybrids showed that total aboveground biomass 
yields could exceed 20 dry tonsha.,year for 4-year-old 



trees grown under intensive culture. Tree growth 
and competition information from these plots was 
then used to model stand growth and project yields 
for 10- to 25-year rotations. The table below summa-
rizes both the observed yields on small plots, and the 
projected yields of stems and branches (Ek and 
Dawson 1976): 

Stem-Branch Biomass Yield 
, -m - ' -. .-Itemn . ... t padmn. ...'..' -. 

'OM m .0.30 m 0.61 122 m 
t/ha/yr': . . 

Actual -yields- ' .".: ."° 
4 years. 13.0 

. . 0 
Projectedyields .
 

10 17.0 16.0. •15.5'
years ." 16.5. 
S.years- 29.0 

-7 " " . 36.0:20 years 

Field studies have shown that 1.0 m spacings will 
have the same annual yields as 0.23 m spacings after 
.4 to 6 years. Therefore, field tests of selected clones 
have now been established to test spacings up to 2.0 
m and the effects of various culturdl practices on 
those spacings. 

Adthough hardwoods have been used mst corn
monly in intensive culture studies, yields of 
softwoods may exceed those of hardwoods on certain 
sites. Hardwoods are site-demanding, and the estab-
lishmnent of hardwoods on poor sites may be uneco-
nomical because of heavy fertilizer and weed control 
requirements. Intensively cultured plantations of 7
year-old tamarack (Larixlaricina)were found to pro
duce 4.3 to 5.2 tons/ha annually, when planted at 
close spacings, fertilized, and irrigated. Under simi
lar conditions, 7-year-old jack pine produced higher 
yields, ranging from 6.8 to 8.1 tons/ha annually. Op
tional spacings will be determined by the expected 

rotation age; for example, the maximum mean an-
nual increment for the 0.23 m x 0.23 m spacings 
occurred at age 6 for tamarack and age 5 forjack pine. 
As spacing increases, the corresponding rotation age 
increases also. 

The use of such intensive culture method&,as fertil
ization, irrigation, and cultivation appears i be an 
efficient use of energy. The ratio of net energy gain to 
total energy utilized was calculated to be 4.3 for Pop-

ulus and 4.7 forjack pine, with a net energy content of 
306 MBtu/ha for Populusand 236 MBtu/ha for jack 
pine. When comparing the net energy ratios for in
tensive culture systems and naturally regenerated 
forests, it appears that net energy returns are 
linearly and positively related with the energy in
vested in the system. Although net energy ratios of 
up to 157:1 have been reported for natural forests, the 
energy produced annually per acre by these stands is 
very low. To meet future fiber and energy demandsfrom forests, more intensive systems will -have to be 

used, and it appears that these systems will be effi
cient producers of energy. 

Many hardwoodswill coppice or sprout from the stump 

after cutting thus eliminating establishment costs for 
the next rotation. The vigorofcoppicegrowth will differ 
greatly by species andclone and must be determined in 
field tests. 
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YIELD RESPONSE TO NUTRIENT AND MOISTURE REGIMES
 

,-. ' 

Research Problem 
Conventional silvicultural practices have histori-

cally provided less than optimum nutrient and water 
supplies to trees, and therefore tree growth has not 
approached the biological potential of the species. 
Traditional practices reduce the number of trees on a 

site to allocate the fixed supply of water and nutri-

ents to fewer trees. With SRIC systems the number of 
trees (spacing) is fixed at the time of planting and the 

problem is to determine the quantity of water and 

fertilizer necessary for maximum yield. Related 
problems are to determine the timing offertilizer and 

water application and the extent to which nitrogen-

fixing plants may be introduced into intensive 
culture plantations to reduce costly nitrogen 
fertilization. 

Research Objectives 
Gross plant nutrient and moisture requirements 

are known for the genera under consideration for 
intensive culture, but the specific requirements for 

. 
.. .
 

A travelingirrigationsystem is used toprovidewaterfor 
the large field experiments. During operation, a water 

turbine powered winch advancetthe unt along acable 
anchored at one end of the irrigation lane. The unit is 
drawn by tractor back to the starting point at the 
beginning of each day that irrigationis required. 

promising species and/or clones are not known. The 

growth responses with regard to fertilizer application 
rate, formulation, placement, and time all must be 

determined experimentally. Furthermore, the inter

action of irrigation and fertilization in affecting plant 
growth will be studied. Research in growth-room, 
greenhouse, and field studies will be conducted to 

identify the soil-water potential and nutrient levels 

of the plant and soil for maximum plant growth for 

selected clones. Also, changes in physical and chemi

cal soil properties and ground water quality will be 
identified. 

Research Results 

A Continuous Function Design was used in field 
experiments, with a moisture gradient superimposed 
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at right angles upon a fertilization gradient. The 
effects of the independent variables (water and nitro-
gen level) and all the combinations of these two vari
ables on the growth ofhybrid poplar were thus tested 
on /4-acre plot. The water was provided by a trickle 
irrigation system and the fertilizer, ammonium ni-
trate, was applied by hand. Measurements after the 
second year show that up to 2 inches of irrigation per 
week considerably increased height growth, whereas 
additional amounts of irrigation (more than 3 inches 
per week) inhibited height growth. Fertilization with 
100 lbs/acre/year nitrogen as ammonium nitrate in
creased height growth as much as 30 percent. Addi-
tional amounts of nitrogen decreased height growth. 
A smaller plot with an irrigation gradient and 
increasing percentages of nitrogen-fixing Alnus glu
tinosaplanted among the Populusshowed thatPopu
lus height growth increased about the same when 
mixed with a large proportion of Alnus as when fer-
tilizer was applied. This has significant implications 
for reducing fertilui;tion costs in intensive culture 
systems. 

I 

susedforpreciseapplication 
Miedorpres dicargeAof tricklewater inirrigationirrigationsystemstudies. Microtubes discharge 

water at 4-foot intervals along the /-inch plasticpipe. 
The nutrientgradientwas establishedby hand applica-
tion of fertilizer. 

EFFE T OF CROWN
 

ARCHITECTURE AND
 
CANOPY ON YIELD
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Light interceptonis relatedto both thenumberofleaves 

per tree and the leaf area per tree. Leaves of selected 
Populus clones grownunder SRIC may exceed 30 cm in 
length, and provide a large surface area for light 
interception. 

Problem 
The amount of sunlight that leaves intercept is 

greatly dependent on the arrangement of leaves on 
the branches (crown architecture) and the density of 
leaves within the stand canopy. This captured light, 
in turn, directly affects the amount ofphotosynthetic 
activity and total biomass production. When the most 
advantageous leaf arrangement on branches is 
known, trees with these characteristics can be se
lected for clonal testing under SRIC. 

Total biomass production in both agricultural and 

silvicultural systems is closely related to total leaf 
area of the stand. Two of the major limitations to 
productivity of plants are the length oftime required 
to obtain the optimum leaf area index and the ability 
to maintain that optimum leaf area. The low produc
tivity of many forest stands is partly due to the 
lengthy period of time required to achieve optimum 
leaf area. A goal of SRIC forestry is to increase the 
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effective leaf area earlier in the rotation and main-
tain it longer than more conventional forest systems. 

The suitability of trees grown under SRIC for pulp 
production also depends partly on the distibution of 
biomass among tree components. Crown architecture 
will influence the percentage of biomass in branch 
and stem wood, and thus affect quality of yield for 
pulp and other wood products. 

Research Objectives 
The "ideal" tree for intensive culture will be fur-

ther defined through studies that evaluate the effect 
of crown architecture and canopy density on yield. To 
identify these attributes, scientists will determine 
leaf development throughout the growing season, 
light interception by leaves within the stand, and 
affect of crown architecture on distribution of photo
synthetic products within the tree. Studies will also 
address the affects of growth regulators on leaf pro-
duction and the affect of spacing, cultural practices,and age on canopy characteristics. 

Research Results 
Distribution of the number of leaves per tree and 

5-year-old stand
the leaf area index was studied in a .surement 
ofPopulus 'Tristis' grown under SRIC at 1.2 m spac-
ing. Average leaf area index was 7.6, which is 1 to 5 
times higher than reported natural stands ofPopuius 
in the same area. Trees contained an average of more 
than 6,600 leaves or 4,800 ieaves per square meter. 
The percentage of leaf area on long shoots was 53 
percent,-compared to 10 to 20 percent on trees grown 
in native stands. Leaves on short shoots are produced 
early in the growing season and mature early. Long 
shoots produce leaves continually during the grow. 
ing season, thus providing an advantage of con-
tinuous production of photosynthate throughout the 
summer. 

During the first 3 years, leaf area per tree and 
number of leaves per tree for several Populus clones 
were not affected by planting densities from 0.2 to 1.4 
meters. Thus, attainment of high leaf area indices 

and concomitant rapid growth depends greatly on the 
high density of trees in the early years of establish
ment. In SRIC forestry leaves are concentrated on a 
large number of individuals rather than a few as in 
more conventional forests. 
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Leaf area index describes the surface area availablefor 

photosynthesis in forest stands and is ore of the best 
indicatorsof photosynthetic capacity.Automatic mea. 

of the surface area of each leaf using this 
instrumenthasgreatlyacceleratedresearchinthis area. 

Observation of the vertical distribution of leaves 
within the zanopy showed that about 25 percent of 
the leaf area produced oa 3-year-oldPopulus "Tristis' 
was on the terminal shoot. Because photosynthates 
produced by the terminal shoot leaves are directly 
translocated to the stem, greater proportions of 
leaves on the terminal shoot will no doubt increase 
stem biomass production. The lower branches of in
tensively cultured trees retain their leaves longer 
than those of conventionally cultured trees, which 
results in an even greater leaf surface area for light 
interception. This retention can most likely be attrib
uted to the optimum growing conditions of inten., 
sively cultured trees. 



PHYSIOLOGICAL FACTORS INFLUENCING YIELD
 

Grossphotosynthetic rates of Populus are measured in 
the field using a 1'CO, technique.Measurementsof leaf 
conductance, leaf and air temperature,relative humid-
ity, and photonflux density aremade concomitantly to 
provide for the properinterpretationof photosynthetic 
rates. 

Problem 
Photosynthates (mostly sugars) are produced in 

the leaves during photosynthesis and are then trans
located to all other parts of the tree. These photosyn
thetic products may be used for maintaining plant 
processes (respiration) or for producing biomass. 
Therefore, the net biomass production is dependent 
on the rates of photosynthesis and respiration, as 
well as on the distribution of photosynthates among 
plant parts. 

Numerous physiological variables-have been iden
tiffed through extensive agronomic research as im
portant determinants of biomass production in crop 
plants, but the importance of most of these variables 
has not been determined for woody plants. When 
more information about the desirable characteristics 
of trees for SRIC systems is available, genetic tree 
improvement programs can incorporate these traits 
into selections. 

Research Objectives 
The relation between physiological variables and 

the quantity and quality of yield for selected trees 

1 f
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The C02 compensationpointof excised Populus leaves is 
measured in the laboratory. Such information about 
physiologicalresponsesmay be used to preselect clones 
before expensive field screeningis conducted. 

., r 
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Populus leaves are exposed to 14CO. in the field. Three 
days later,the whole tree will be harvestedandthe "CO. 
activity will be measuredin the leaves, branches,stem, 
and roots. 



grown under intensive culture will be studied These 

variables will include rates of photosynthesis and 

,espiration. photosynthetic efficiency, paterns of 

during the growing season,photosynthetic activit' 
patterns ofphotosynthesis within the tree crown, and 

patterns of photosynthate distribution within the 

tree. Recommendations for selecting trees can then 

be based on the complex system of physiological vari

ables know to affect yield. 

for conducting physiological
'rhe methodology 

studies on trees in the field is not available, partly
 

be.auie of the size and complexity of trees. Therefore,
 

considerable effort will be needed to develop field 


physiological research techniques for young inten

sively cultured trees.
 

Research Results 
Field, greenhouse, growth chamber, and labora 

tory studies have been initiated to measure the rate 

leaf conductance, and Co 2of net photosynthesis, 

co-ipensation points of individual leaves at various
 

positions within the canopy throughout the growing 
ranslocation of photosyn

season. Concurrently, the 
thates is measured by exposing groups of three fully

"C02. Trees are 
expanded contiguous leaves to 

harvested after 72 hours and sampled for percentage 
various tree components

of 14C.activity in 
to 

determine the nranslocationi of photosynthates pr-

duced during the exposure to 1'C0 2. Laboratory 
confirm exposure and sampling

experiments to 
trees growbeen completed, and asmethods have 

older and more complex it is expected that more so-

phisticated field sampling methods will be developed. 
Field experiments with young Populustrees grown 

under SRIC have provided some preliminary results. 

The upper leaves cranslocate photosynthates upward 

for use in shoot development, the middle leaves tran-

slocate photosynthates both upward to the shoot and 

downward to the lower stem and roots, and the lower 

nonexpanding mature leaves translocate primarily 

downward to the lower stem and roots, where they 

are utilized forvascular and structural tissues. These 

results suggest that because mature leaves contrib-

ute mainly to stem wood production, it may be desir-

able to select for trees that retain mature leaves, 

RAW MATERIAL 
QUALITY OF INTENSIVELY 
CULTURED TREES 
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n electron incrogrphof .tensont wod fibree..=ely culredfrom short rotarion inten 
the fiber affectSurface dislocations (wrinkles) on 

subsequentpaper strengthproperties(2000X). 

Problem 
The value of biomass produced under SRIC sys

tems depends primarily on the typet of specific prod-
Because wood is such a 
ucts for which it can be used 

versatile raw material, an integrated research pro 
wood pro 

g ra m terial 
 un
grm must consider the value of wood produced 

range of currenta wideder intensive culture for 
as well as those that may be demanded in 

t 

t e uture
 
Intensive culture practices influence physiological 

processes which in turn affect the anatomy, chemical 

composition, and physical properties ofthe raw mate

rial and therefore the usefulness of the material. 

Research Objectives 
The effect ofsuch variables as plantmaterial, spac

ing, fertilization, moisture regimes, and age on the 

quality of raw material will be determined. Tests will 

be made to measure the suitability of raw material 

produced by SRIC (including bark) for pulp and pa

per, particleboard, fiberboard, chemical feedstocks, 



energy, and animal feed. For the purposes of genetic 
selection and breeding programs, the most desirable 
raw material attributes for trees grown under inten-
sive culture will be identified. 

Research Results 
The energy content of most woods is similar-

hardwoods average 4,400 and soitwoods average 
5,000 kcal per kg of ovendry wood. The factors that 
contribute to differences in energy value of wood are 
the moisture content, density, and the ease of drying 
before conversion. Density will also affect transpor-
tation costs and may affect rates ofconversion. Tests 
of juvenile Populus wood grown under SRIC have 
shown that moisture content and density are not 
significantly different from wood grown under con-
ventional systems. 

Wood quality may be important in indirect energy 
conversion processes and for the utilization of wood 
as liquid fuel and chemical feedstock. For example, 
lignin may hinder the conversion process, and ap-
propriate plant selections could be made for geno-

Trees from the first SRIC plots are ued for amultzple of 

research purposes. After they are weighed to determine 

total above-ground biomass yield, the wood is used in 
ut'lization tests. 
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types with low lignin contents. When conversion 
processes and wood quality needs for these processes 
are better defined, research in this area will be more 
appropriate. 

The primary concerns associated with the use of 
rapidly grown juvenile wood for pulp and paper are 
that high percentges ofbark may be pi zsent in whole
tree chips and that juvenile wood has sicrter fibers 
than mature wood, which can adversely affect pulp 
yields and paper strength. 

Most anatomical characteristics vary greatly by 
species and clone and thus are important selection 
factors that affect utilization. Anatomical studies 
have generally shown higher percentages of spring 
wood and transition fibers in wood grown under 
SRIC; this fact is probably the reason for lower spe
cific gravities for conifer wood grown under intensive 
culture. Intensive culture jack pine and larch fibers 
were only one-third as long as fibers from older ma
ture wood, but improved pulping processes have 
made fiber length less important. However, more 
reaction wood is produced under intensive culture 
than under conventional silvicultural practices prob

ably due to the accelerated growth rates. 
In one study pulp yields of tension wood and norreal wood were 60 and 53 percent, respectively. Al
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from tension wood had inferiorthough paper 
strength properties to that from normal wood, the 
properties of kraft paper produced from SRIC Popu-
lus are still within acceptable ranges. Tension wood 
fibers resisted collapse during beating and produced 
a thicker, more porous sheet. but the pulp was still 
clearly acceptable after refining. 

Wood produced from 8.year-old jack pine and larch 
grown under SRIC was also found to be acceptable for 
kraft pulping, with 41 percent pulp yield forjack pine 
and 39 percent for larch. On the basis of handsheet 
strength tests including burst, tear, and tensile, 
larch was slightly superior to jack pine. The accepta
bility of Populus and the conifer raw material pro
duced under a SRIC system differed little. Thus, it 
was concluded that biomass yield and clonal differ
ences are the major factors for determining the most 
promising species and clones for SRIC. 

!board 
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Wood produced under intensive culture has been found 
to be acceptablefor kraftpulping.The wood may also be 
suitable for thermomechanicalpulping. 

Wood grown under SRIC was also tested in thermo-
mechanical pulping processes, which offers the 
advantages of higher yields and lower capital invest-
ments than kraft pulping. Tests showed this wood to 

be inferior to pulps obtained from mature wood be-
cause fiber lengths were shorter, fiber length is more 
critical for obtaining paper strength for thermome-
chanical pulps than for kraft.pulps. However, optical 
properties were generally good, which suggests that 
blending of mechanical and kraft pulp may be possi-
bie. Bark content was a major factor in the lower 

performance of SRIC produced wood, which could be 
decreased by longer rotations and improved methods 
of whole tree chip segregation. 

1M 

This whole.tree chipperautomaticallyseparatessome of 

the foliage from the chips. The chips may be further 

separated by the Vacuum AirliftSegregationprocess. 

Intensive cultured Populusmay also be suitable as 
a raw material for producing flakeboard, a structural 
particleboard. Tests on five Populus clones showed 
clonal variation in board strength properties, with 
the better clones producing boards exceeding indus
trial guidelines for strength propertie-s. Bark reduced 

strengths much less than was expected. 
Another alternative use for Populus foliage is ami 

mal feed supplement. Recently matured Populus 
leaves have been found to contain levels of nitrogen, 
carbohydrates, and pigments comparable to forage 
crops. Feeding tests with ruminants showed the foli. 
age to be acceptable, although the palatability ot 

clones differ, 
To alleviate the problems resulting from high bark 

content in the manufacture of both reconstituted 
wood products and pulp and paper, a vacuum airlIf 
segregation (VAS) process was developed to separaU 
whole tree chips into components- wood chips, bark 
foliage, and fines. In the VAS process. chips are 
spread over a continuously moving wire mesh con. 
veyor belt that passes under a series of vacux 
hoods, which separates the components on the basii 
of differences in terminal settling velocities of th( 
particles. 
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Populus foliage has been found to be acceptable rumin
ant feed, although the palatabilizy appears to vary by 
clone.k 

Processing systems such as the VAS offer numer
ous alternatives for the utilization of the biomass, 
depending on the market demands ana industry ob. 
jectives. Four single- and multiple-use alternative 
systems are summarized below for 5-year-old Popu
lu. grown under SRIC -at 1.2 m spacing. 

System Pulp yield Energy Feed
Metric toni M kcall Metric ton/

hectare ecae Metr " 


Pulp only 42 - -

Energy only - 200 -

Pulp and 
energy 27 68 -

Pulp, energy,
 
and animal 

feed 27 48 5 
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DISEASES OF INTENSIVELY 
CULTURED SPECIES 

-. d' 

Leaf rust causes defoliation ofPopulus before the end o,te growing season. As shown, severity of damagi 
varies between clones so selection will be made for thoso 
clones that are least susceptible to leaf rust. 

Research Problem 

Intensive culture systems may be more vulnerable 
to disease than conventional mixed species stands 
because they contain only a few species or hybrids 
and they may facilitate transmittal of pests because 
they are closely spaced. At any rate, the susceptibil
ity ofa species to pests and the possible control meth
ods must be determined before any species or clone is 
widely planted. 

Research Objectives 
It is well known that Melampsora medusae leaf 

rust, Marssoninabrunnea leaf blight, and Septoria 



muaivaPeck leaf spot and canker are the most preva-
lent poplar diseases in the United States. The suscep-
tibility of various Populus clones to these and other 
diseases will be determined through this research. 
Additionally, the incidence and severity of these dis-
eases within the north-central region of the United 
States will be examined. Integrated control methods 
to reduce damage from these diseases will be recom-
mended. 

Research Results 
The screening of clones for disease susceptibility 

throughout the intended establishment range is ex-
tremely important. Populus clones were planted at 
each of 13 sites throughout the Midwest in 1976 and 
1977, with an intent to monitor the plots for 10 years. 
After one growing season, it was found that the most 
serious diseases were Marssoninaleaf spot, Melamp-
sora leaf rust, Septoria leaf spot, Cytospora canker, 
and Septoriacanker. The severity of each of the dis-
eases varied widely in the region. 

Leaf rust injures trees by causing leaf damage and 
defoliation, and when severe, increases susceptibility 
to other diseases. Incidence was found to vary greatly 
between clones, and fungicide treatment delayed de-
foliation but did not prevent severe rust damage for 
one hybrid, P.deltoidesx P. bolsamifera'Northwest'. 
Infection is usually most severe on lower leaves, thus 
it generally affects basal diameter growth but not 
height growth. 

INSECT PROBLEMS IN 
INTENSIVE CULTURE 

Research Problem 
Because intensive culture crops are expected to be 

fairly uniform in species, age, spacing, and genetic 
composition, the potential for insect outbreaks may 

be greater than in forests with a wide range of species 
and ages. However, the SRIC system affords the op
portunity of using cultural tools to control insects 
before they become destructive. 

Natural enemies of Populusinclude more than 150 
insects. The most destructive ofthese are leaf aphids, 
which feed on leaves and ultimately defoliate the
trees. Jack pine and larch also have numerous defoli
ating, sapsucking, and shoot-stem boring insect 
pests. 

Research Objectives
 

Insect damage depends on the number of insects 
attacking the tree or stand, the part of the tree in
fested, the season of attack, and the age of the tree. 
After the potential insect pests are identified, clones 
resistant to theso pests may be selected, although 
resistance includes extremely complex factors such 
as nutritional status and vigor of the tree. 

Control methods for insects in intensive culture 
systems will be identified. These may include site 
preparation to eliminate insect habitats occupied in 
other stages of the life cycle, fertilization to improve 
nutritional status of the tree or alter tissue compo
nents essential for specific insect nests, irrigation to 
eliminate the water stress conditions that are often 
causes of insect outbreaks, and hybridization to alter 
plant density. Close planting may provide stress from 
competition or modify environmental conditions to 
limit some insects and favor others. 

Research Results 
Insect damage has bean sur-eyed on established 

intensive culture plots of Populus throughout the 
North Central Svites. Aphids, Chaitophoruspopuli. 
toiiae (Oest.), were found to cause the greatest defoli. 
ation damage, although considerable differences in 
severity of attack were observed among clones. 

Further tests on the impact of defoliation in rela. 
tion to clone and spacing have begun. An experimeni 
to test the effects of various degrees and Liming ol 
defoliation on yield is in progress- certain percent, 

ages of leaves are manually removed at various timei 
during the growing season. The effects of girdlinj 
and boring damage will be determined in similai 
experiments by physically damaging the trees. Whei 
the season and severity of impact can be -relatec 
to actual yields, cultural control methods will 

prescribed. 
I 



DESIGN OF MECHANIZED
 
EQUIPMENT FOR INTENSIVE CULTURE SYSTEMS.
 

-
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This tree planter was modified for planting unrooted 
cuttings. The operators place the 8-inch cuttings ver. 
tically in a trench and the planterwheels pack the soil 
aroundthem. 

Research Problem 
Labor costs are rising in all sectors ofthe economy, 

and forest and agricultural operations have become 

increasingly mechanized in order to lower production 

costs. Intensive culture systems must also be mecha-
cultural op-nized. Although they require many 

erations widely practiced in agriculture, commercial 

agricultural equipment is generally not suitable for. 

tree have. 
Researchers have improvised equipment for plant-

re-ing cuttings, cultivating, and irrigating. Small 

search plots have been harvested with chain saws. 

Yet these methods will be impractical for even the 

large-scale pilot plantings already established. Har-

vesters used for current silvicultural operations are 

not suitable for closely-spaced stands, which have 

small stems and multiple stems on each stump after 

the first rotation. An entire systems approach must 

be developed for harvest, collection, and delivery of 

wood to the pulp mill or energy conversion facility, 

Research Objectives 
Modifications of commercial agricultural and 

horticultural equipment will be investigated first, 
although substantially different equipment for in-

tensive culture systems may eventually be developed 
if these modifications do not perform satisfactorily. 
In particular, equipment needs for planting, cultiva
tion, fertilization, and irrigation will be assessed. 

Probably the most critical need is for appropriate 
harvest equipment. Design criteria for a small-diam
eter short-rotation harvester are currently being de
veloped, and preliminary designs for the cutting head 
are already underway. 

Research Results 
Engineers working with this program have modi. 

fled existing tree planting equipment to accommo
date the large unrooted and rooted cuttings used in 

the large-scale field plantings. These modifications 
are currently being tested in the field and will be 
further improved as operational data are obtained. 
Similarly, a traveling irrigation system to deliver 
water over 3 to 9 r-high trees has been installed for 
the large field plantings. The irrigation system per
formance will be critical as the trees increase in 

height toward 9 m or taller, because the system must 

be able to deliver water uniformly over the land area. 

Preliminary design criteria have been developed 

for the mechanized harvest equipment. In general, it 

must be capable ofharvesting one or more rows ofthe 

plantation at one time, severing each tree sequen

tially in the row, and forwarding the material to the 

landing site. The lack of information about optimal 

spacings and rotation age (and thus stem diameter 

and height) make the design efforts and equipment 
a continuous process. Consequently, itdevelopment 

is highly unlikely that the first generation of small

diameter harvesters developed will be those which 

are ultimately commercially produced. 

To ensure an acceptable level of regeneration by 

coppicing, the harvester must make a clean cut sur. 

face and provide minimal pressure against the 

stumps and root systems. It must be able to cut at ow 

stump heights and handle the multi-stem tree that 
will develop in coppice rotations of hardwoods. The 

wood will probably be used as chips, so the harvester 
must simultaneously chip the wood or a whole-tree 
chipper must be present at the landsite. Existing chip 
trucks will be suitable for final transport of chips tc 
the mill or conversion site. 



COST OF PRODUCING WOOD

FOR FUEL AND FIBER 

-cific 

The effectiveness of hrbicidesin reducingweed compe-
tition (left) compared to the control (right). When large 

field tests are conducted for such intensive culture 
practicesas weed control, the costs and effectiveness of 
alternativetreatments can be compared. 

Research Problem 
SRIC systems have been explored in response to 

rising land prices and taxes, increasing demands for 
recreation and nonforest uses of forest land, escalat
ing future fiber demands. and rising costs of conven-
tional energy. The system appears to offer resource 
managers the opportunity to supply the same quan-
tin,of fiber on much less acreage and the opportunity 
to grow energy feedstocks at competitive prices. An 
additional significant attraction of this system is the 
potential realization of an equivalent return on in-
vestment with 6 to 10 years after planting, rather 
than the 30 to 60 years necessary for conventional 
silvicultural systems. 

Before intensive culture management will be 
widely accepted by land managers, however, detailed 
information on the production costs and anticipated 
revenues must be obtained. Estimates of the eco
nomic feasibility of intensive culture systems for 
fiber and fuel are needed to compare with conven
tional silvicultural systems for fiber and alternative 
energy supplies, such as coal. Although only prelimi
nary economic analyses can be made with the infor. 
mation now available about yields under specific 
treatments, the sensitivities of the final production 
costs to various cultural treatments are needed by 
research scientists. 

Until basic SRIC growth information under spe
treatment regimes is readily available, eco

nomit evaluations will be partially made by using a 
break-even analysis technique. Break even analysis 
permits the physical yields (e.g., dry ons per acre) or 
financial yields required to cover all costs included in 
a specific production schedule to be estimated. In 
addition, the sensitivity of total production costs to 
individual costs such as land rent, stand establish
ment, fertilization, irrigation, and h,.rvesting will be 
determined. 

As better biological growth information and pro
duction management inputs are obtained from 
larger-scale plantings, more sophisticated economic 
analyses for cal.rulating present net worth and inter
nal rates of return ill be incorporated into the eval
uations. For example, cashflow analyses will be used 
to calculate costs and benefits of gr wing Populus 
l'T-istis #I' for two 10-year rotations and three spac

ings, with emphasis on impacts of different interest 
rates 'inflation and price trends, and Lake States 
ratd use alternatlives. 

The cazhflows will be contrasted with energy flows 
to determine cost-energy tradeoffs. In addition, the 
minimum operational size will be identified. The 
costs and energy balances will be assessed for bio
mass on the stump, delivery of whole-tree chips at 
100 percent moisture content, and delivery of kiln
dried whole-tree chips. 

Research Results 

Break-even analyses were prepared for each of 
eight management alternatives ranging from 2-year 
rotations with numerous coppice harvests to 15-year 
rotations without coppicing. Low, medium, and high 
cost estimates were used for each production activity 
within each of the eight management programs. All 
management costs were compounded to the time of 
harvest or the end of the rotation. These are the 
minimum values that must be recovered when sell
ing the wood before any profit is returned. 
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Using recent simulation biological growth results 
and assuming that energy from wood is worth $1.00 
per million Btu's and dry fiber is worth S30.00 per INDUSTRIAL COOPERATORS 
ton, the eight management alternatives were evalu
ated for potential profitability. Alternatives with ro
tation ages of 10 to 15 years, one coppice rotation, and 
average yields of 8.4 to 10.0 dry tons/acre (18.8 to 22.4 
mr/ha)/year total biomass, appeared potentially prof
itable for both energy and fiber. The cost of wood 
produced under 4- to 5-year rotations approached 
S1.00/mmBtu and $30.00 dry ton only where low 
management costs were assumed. In general, the 
analysis suggests that the longer rotations will be 
more profitable than extremely short ones. 

Because production costs are different between the 
first harvesting period and the following coppicings, 
the time required to recover the investment, i.e., 
when compounded yields exceed compounded ex- Populus grows well on sandy sites irrigated with 
penditures, is also an important consideration. The secondarypulp mill effluent. 

farther into the future the payback occurs from 
initial point, the greater the risk of the investment 
and the more important the success of scheduled Research Problem 
coppicings. Industry will ultimately determine the commer-

Evaluating the sensitivity oftotal production costs cial success of intensive culture concepts. Some of the 
to changes in-various cost factors provides considera- intensive culture techniques developed under re
ble information for setting research priorities. Em- search conditions may not be feasible in large indus
phasis should be placed on cultural practices that will trial woodlands programs. Therefore, it is extremely 
most decrease the total production costs if their costs important to cooperate with industrial foresters 
were decreased. For example, a $10/acre decrease in throughout the research and development effort. 
fertilizer cost would decrease the cost of energy by 
SO.20/mmBtu; a S10/acre decrease in harvest costs Research Objectives 
would decrease the cost of energy by $0.15/mmBtu; 
and a $10/acre decrease in first-year establishment The technical and economic feasibility ofintensive 
costs would decrease energy costs by $0.08/mmBtu. culture cannot be determined by small field experi. 
This result suggests that costs could be significantly ments such as those conducted at Rhinelander. Large 
reduced if fertilizer requirements were decreased by plantations must be established to learn whether 
planting nitrogen-fixing cover crops, alder, or other* research results can be applied in industrial forest 
nitrogen-fiing tree species. operations and to obtain information about the cost of 

More detailed economic evaluations using cash- operational intensive culture systems. 
flow analyses are in progress. Operational informa
tion on machine production rates, man-hours, and 

More than 30 million gallons of effluent areproduced
fuel consumption rates have been collected from the 

daily by a large modern papermill in the Lake States. 
large-scale plantings at the Harshaw farm near 

Currentl-', holdingponds are used for biological treat-

Rhinelander, Wisconsin. Data will also be available ment of w'astes before dischargeinto a river.
 
from the pilot-sized intensive culture system now
 
established in the Lake States. Costs and energy - .
 
requirements have been compiled for the purchase - "
 
and maintenance of equipment, and the cost curves 

and energy inputs for alternative equipment combi- '
 

iations are being developed.
 • ::-::.# 



Research Results 
One of the pulp mills in the Lake States has been 

exploring the possibility ofusing mill effluent from a 
secondary treatment plant as an irrigating medium 
on trees growing on land adjacent to the mill. The 
company is interested in obtaining uniform high 
qua li t y w oo d an d in redu cing t ranspor ta t ion co st s , 
harvesting costs, and taxes on vast acreages of forest 
land. 

Moreover, the company is concerned about devel-
oping a means ofdisposing of some 30 million gallons 
of effluent a day, which is presently treated and then 
discharged into a river. One possible use for this 
effluent is irrigation of intensive culture trees. In 
areas of the United States where water is limited and 
industrial plants have to find a way to dispose of 
effluent, irrigation with treated effluent may be a 
solution to both problems. 

A large-scale pilot study is in progress to test the 
most intensive methods for growing fiber. A 40-acre 
site has been cleared, and tilled, and Populus cut-
tings will be planted at two spacings. An irrigation 
system to distribute the effluent will be installed to 
maintain an optimum moisture regime for the trees. 
In addition, a 1-acre test plot of willow (Salix) and 
several PopuLus clones has been establisbed to 
determine the tolerance of these species to high ap
plications of effluent and the effect of the effluent on 
groundwater quality. 

The groundwater at the site has been thoroughly 
mapped to identify depth, direction of flow, and 
chemical nature. Throughout the study it will be 
monitored to detect changes due to irrigation with 
the effluent. 

Water samplingprobes are used to monitor the ground. 
water quality underand near the site where effluent is 
being applied. 
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is~usd avoid the posuible odor problems of overhead 
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As a separate effort, more than 1,200 acres ofPopu
lus and Alnus were planted in 1978 by the Packaging 
Corporation ofAmerica near Manistee, Michigan, in 
cooperation with the Maximum Yield Program. 
Nurseries of superior clonal material were estab
lished and hardwood cuttings were planted in 3.3 x 
3.3 m spacings. Agricultural techniques and equip
mert were used to mechanically prepare the site, 
fertilize, and cultivate. Smaller acreages were estab
lished during the previous 3 years, with considerable 
failure due to stand establishment problems and 
weed competition. Successful cultural practices for 
many ofthese problems have gradually been worked 
out and survival of trees for !978 was more than 80 
percent. It is expected that an additional 1,200 acres 
will be established in 1979. 

Large plantings have been established by Packaging 

Corporation of America to obtain operational and 
economic information about meeting their mill needs 
with intensively culturedPopuIua. 

........ ' .... -,: ,..
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Commercial agricultural equipment is used for site 
preparation.In some fields, themills'sewagesludgewas 
applied to provide soil amendments. 

At the PackagingCorporationofAmerica plantations,a 
20-foot cultivatorisused to clean three rows of Populus 
at one time. About 100 acres can be cltivated daily 

during the first growing season. 
Some of the older plantings are growing well, par. 
ticularlythisstandof 2.year.oldPopulus. Wide spacings 
were used because the trees will be grown for 10-to 15
year rotations. 
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APPENDIX F 

PLANT GENETICIST AND TREE IMPROVEMENT SPECIALIST 

General, 

- Supervise and advise GOP agencies in the design and imple
mentation of a strategy to improve the growth, adaptability, 
form, and utility of tree species for large-scale wood pro
duction and reforestation projects. 

Specific 

- Review existing work on species/provenance/varietial trials. 

- Install and monitor selection trials over the range of sites 

available for planting (e.g., dendro-thermal plants, charcoal 
production and gassification for irrigation project sites) with 

tested and untested promising genetic sources. 

- Undertake a tree selection and breeding program for best species 
to supply bulk quantities of genetically improved seeds and 
plant materials. 

- Design progeny trials of selected plant materials on the range 

of sites to be available for planting. 

- Design systems for rapid, mass production of genetically im

proved seeds and rooted cuttings, or other clonal propagation 
methods. 

It is recommended that a qualified Filipeno be found to fill this position.
 
However if a qualified person is not available immediately, the S&T/FNR
 

Forest Support Program can furnish the GOP with the Biodata of qualified
 

persons, who could fill the position until a qualified Filipeno could 
assume it. 



APPENDIX G
 

COOPERATION AMONG ASIAN INSTITUTIONS IN FORESTRY RESEARCH 

Concept Paper presented by USAID for consideration of the
 

participants of the "Regional Workshop For Forest Research
 
Directors," East-West Center, Honolulu, Hawaii,
 
August 24 - 28, 1982.
 

A. 	 Purpose 

The importance and urgency of increasing forestry development activity 

throughout tropical and subtropical Asia calls for an increase in interna

tional cooperation that combines and targets resources of the donor community 

to address forestry problems. The establishment of a network of research 

Initially,
institutions concentrating on forestry research topics is proposed. 


would be limited to research on reforestation and multipurposethe effort 

for lands marginal to intensive agriculture, but futureproduction systems 

integration of research activities in other areas would be possible.
 

B. 	Proposed Organization
 

There are a large number of forestry and agriculture research institu

tions in the region working on reforestation and multipurpose production
 

systems. These existing institutions would be mobilized through a network to
 

upgrade and increase the level of research being carried out at these 
centers,
 

to strengthen the interaction between them, and to better unify the 
various
 

research efforts. It is suggested that five to ten existing research insti

tutions, already working on research in this area with financial 
support from
 

national, bi-lateral, or international sources, be provided with 
the necessary
 

funding to participate in the network. An Asian institution might be sought
 

to act as a coordinative body to promote the institutional networking, 
monitor
 

progress, and assure that research results and experiences are 
effectively
 

disseminated among the participants.
 

Twinning relationships between Asian research institutions and research
 

institutions in other developing countries and industrialized countries could
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be established where appropriate (following the twinning concept proposed
 

in the World Bank/,AO doc uent "Forestry Research Needs in Developing Countries-

Time for a Reappraisal?"). Donors would help support the research program and 

national institution strengthening by supporting the work of individual parti

cipating institutions or by other means of providing assistance. 

A detailed Lxamination of ongoing programs of Asian research institutions 

working on reforestation and multipurpose production systems for lands marginal 

to intensive agriculture would be necessary, 
I 

preliminary surveysbut various 

indicate that at least one research institute in each ASIAK country represented
 

at this meeting has significant on-going research on this topic, and in many
 

countries such as India, Philippines, and Thailand more than one institution is 

active in this area.
 

C. Research Focus
 

The research to be supported initially through the network (i.e.,
 

to intensive
reforestation and mult.pur.ose production systems for lands marginal 


agriculture) is put forward because it is thought to ancompass most of the varied
 

aspects of priority forestry research and project interests in the region, but
 

is still sufficiently focused to bring order and discipline to cooperative
 

iesearch and information transfer activities. 

While this suggested theme would include biological research activities 

including species trials, it would also be sufficiently broad to incorporate 

other technical, social, institutional, educational, financial, and economic 

dimensions of reforestation and multipurpose production systems for agricul

turally marginal land. More specifically, the network could emphasize common 

reseach interests selected from: Silviculture, Produc:ion Systems, and Socio

economic Considerations. 
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silviculturef 

choice of species and provenance
 

ttree breeding and seed research
 

- seed storage and dissemination
 

- vegetative propagation methods
 

- site preparation a-d stand management
 

- pest, disease, and fire control
 

- effects of reforestation on'soil
 

Production Systems:
 

- agro-forestry
 

- large-scale plantations 

- natural regeneration
 

' on-farm, linear, and community plantings
 

Socio-economic considerations:
 

- local preferences for 'species and production systems
 

- local organization for stand establishment and care
 

- harvesting, transport and storage
 

- economic and financial yield 

- product supply and demand 

The major degraded and problem land areas in Asia could be the: focus of 

the network's activities; for example: 

Imperata grasslands (16 million ha, in Indonesia; 5-6 million, 

has. in Philippines; 250,000 has. in,northerni highland region 

of Thailand; l00"has. in Malaysia,etc.,,: possibly 50 million,
 

has. total in S.E. Asia).
 

Highly eroded and/or sloping upland hillside and watershed areas
-

(Himalayas, northeastern Thailand, Philippines, Sumatra,.,etc.
 



SSalie/alkaline arid'areas (36 million has. in India and 

Pakistan) 

lowland humid tropics (natural forest rezeneration ini Malaysia,~
-

Philippines, Thailand, Indonesia). 

mangrove forests (Philippines, Indonesia, Bangladesh,)
 

marginal croplands (unproductive sugar cane land in Pakistan, 

unproductive'rice paddies inindia)
 

D. 	Network Activities
 

Strengthening Asian research institutions aiid increasing the contribution
 

of research to Asia's forestry development is the urgent task of this initia

tive. To accomplish this, a long-term commitment (at least ten years) and
 

the 	following activities are needed:
 

- training of research personnel 

- periodic field-oriented technical meetings of research pesonnel 

analysis, publication, and dissemination of research findings 

establishment of informal and/or formal twinning relationships 

between research centers of excellence and the institutions parti

cipating in this network.
 

E. 	Prolect Develovmant
 

As part of the establishment of the network, the following steps need to
 

be taken: 

- review of ongoing reforestation research in Asia. 

- identification of'donors and research institutions to participate 

in the network 

- specific definition of common research topic(s) to be pursued as 

the basis for initial network activities. 



to initiaee cooperative activities at an early date, a limited 

number of topics should be selected at the outset. Additional 

topics could be added after gaining experience and establishing the 

desired working relationships and methodologies. 

It is proposed that a project identification and development team be 

fielded possibly under the auspices of IUFRO and combining the technical 

expertise of interested bi-lateral donor institutions (USAID, IDRC, etc.) 

and international organizations (TBRD, FAO, etc.). This team would work wi.th 

Asian forestry research institution personnel to develop the terms of 

reference for the network.
 

DJ/8/26/82 



APPENDIX H
 

,ECONOMICALLY IMPORTANT NITROGEN FIXING TREE SPECIS 

(Q. L. Brewbaker and Brian K. Styles, eds. 
Prepared for Bellagio Workshop; Document #2A)
 

Format:
 
SPECIES AND FAMILY
 
1. ORIGIN; HEIGHTSHAPE
 
2. USES AND CHARACTERISTICS
 
3. ADAPTATION 	(INCL.MIN RAINFALL)
 
4. COMMENTS, Chromosome No.
 

ACACIA ALBIDA DEL. (MIMOSOIDEAE; LEGUMINOSAE)
 

1. Africa and Israel. to 20 m; leafless in 	rainy season 

2. Forage (pods, foliage), shade
 

3. Dry tropics, Sahel (to 300 mm min) 
4. Slow growth 	 2n-26
 

ACACIA AURICULIFORMIS A. CUNN. EX BENTH. (MIMOSOIDEAE; LEGUMINOSAE)
 

1. Australia, New Guinea; to 30m, spreading 
2. Fuelwood, pulpwood; sp.gr..6S; 15 m3/ha/yr 

3. Wide adapt., acid soils; humid tropics (750 mm. min) 

4. Not too tolerant of drought? fire? winds? 2n=26.
 

.ACACIA CONFUSA MERR. (MIMOSDIDEAE; LEGUMINOSAE)
 

1. Philippines. Taiwan; to 14 m, spreading
 

2. Firewood (high sp. gr.), ornamental
 

Z. Wet subtropics (to 750 mm min), acid soils
 

4. Slow growth 	 2nw26
 

ACACIA FARNESIANA (L.) WILLD. CMIMOSOIDEAE; LEGUMINOSAE)
 

1. 	Tropical America; to 10 m, often shrubby
 
forage, tanning; perfume from flowers; ornamental;
. Fuelwood; 


black dye used tomake ink
 
3. Dry tropics; wide variety of soils
 

4. Very thorny; can be weedy 	 2 

ACACIA MANGIUM 	WILLD. (MIMOSOIDEA-; LEGUMINOSAE)
 

1. Australia and Papua New Guinea, Indonesia; to 30 m, erect', stately
 

2. Timber (.65 sp 9r), Firewood?, to 30mZ/ha/yr 

3. Moist tropics (to 1000 mm min), acid soils?
 

4. Insects on leaves, genetic variability
 

ACACIA MEARNSII WILLD. (MIMOSOIDEAE; LEGUMINOSAE)
 

1. 	Australia; to 25 m, spreading
 
dense wood (.75sp.gr.), to 25
2. 	 Fuelwood, charcoal. tannins; 


m3/ha/yr
 
Z. 	Moist sub-tropics, mid elevations; to oomm min?
 

2n26
4. Can become weedy 




ACACIA NILOTICA (L.) WILLD. EX DEL. (M;MO-OID-EAt LEGUMINOSAE)
 
I. Africa and India; to 20rm, usually less 
2. Firewood, charcoal. Foeder (pods, leaves), tannin and gum
 

3. Dry tropics (butl.thrives under irrigation)
 

4. E.,:tremely thorny, variable 	 2n52,104
 

ACACIA SALIGNA (LABILL.) H. WENDL. (MIMOSOIDEAE;
 
LEGUMINOSAE)
 
1. W. Australia; shrub or small tree to 7 m
 

2. 	 Fodder; fuel; sand-dune fixation; tannin; recolonization of
 
mining areas; erosion control ornamental
 

3. 	 Humid to subhumid tropics; 300-1000mm. rainfall; adapted to
 
both sandy and swampy sites
 

4. 	 Rapid growth outside native areas; tolerant to drought, salt, 

winds, and fire; may become weedy 

ACACIA SENEGAL (L.) WILLD. (MIMOSOIDEAE; LEGUMINOSAE)
 

I. Africa, Pakistan, India; to 13 moften shrubby 
2. Firewood, charcoal; to 5m3/ha/yr, gum arabic, feed (pods,
 

foliage) 
Z. Drytropics (to 200mm min), poor soilhot
 
4. Extremely thorny, becomes weedy 	 2n-26
 

ACACIA TORTILIS (FORSK.) HAYNE (MIMOSOIDEAE; LEGUMINOSAEV
 

1. Africa, Sahel, Israel, Arabia; to 15 m. often shrubby;
 

2. Firewood, dense; fodder (pods, leaves) 

3. Dry tropics (to 100 mm min), heat tolerant, alk-aline soils
 

4. Thorny, lateral roots
 

ALBIZIA FALCATARIA (L.) FOSBERG (MIMOSDIDEAE; LEGUMINOSAE)
 

1. Indonesia, New Guinea; to 45 m 
2. Pulpwood, soft sp. gr. .33, moldings, boxes, soil improvement 

:3. Moist tropics (to 1000 mm min), midlands? 
4. Soft wood, poor fuel
 

ALBIZIA LEBBEK (L.) BENTH. (MIMOSOIDEAE; LEGUMINOSAE)
 

1. Tropical Asia and Africa; to 30 m 
2. Fuelwood (high value, 5200 kcal/kg)y foliage for feed, yields 

to 5 m3/ha/yr, furniture
 
. Wide adapt,, dryand moist tropics (to 600 mm min)
 

4. Slow growth 	 2n-26
 

ALNUS ACUMINATA 0. KUNTZE (BETULACEAE)
 
1. C. America; to 25 m or more
 
2. Firewood'. sp. gr. .5; timberpto 15m3/ha/yr; shoes
 

3. Cool highlands to 3000m, moist
.tropic 	 (1250 mm min)
 
4. Not heat/droucht tolerant
 

ALNUS GLUTINOSA (L.) GAERTN. (BE-TULACEAE)
 

1. Europe to W. Asia: Asia Minor to N. Africa: to 40 m 
2. Energy production (fuel); soil stabili-ation e.g. river
 

banks. roadsides, mine wastes; shoes; sp.gr. .52
 
:. Widely adapted, temperate or subtropical, to 500m
 

4.. Not drought 2 -2
 



ALNUS NEPALENSIS D. DON (BETULACEAE)
 
1. 	Himalayas; to 30 m
 
2. 	Firewood but sp.gr. .35; utility timber
 
Z. 	Cool tropic highlands to 3S00m, mesic (60 mmmin?)
 
4. 	Some insects, soft wood nn28
 

CALLIANDRA CALOTHYRSUS MEISSN. (MIMOSOIDEAE; LEGUMINOSAE)
 

i. 	C. and S. America; to 10 m, shrubby
 
.652. 	Firewood; forage (high tannin) and green manure; sp. gr. 


3. 	Moist tropics (min. 1000mm), cooler (above 500m?); to 40
 

m3/ha/yr with annual harvest
 
2n-22
4. 	Shrubby (-C. confusa Sprague & Riley) 


CASUARINA CUNNINGHAMIANA MID. (CASUARINACEAE)
 
1. 	Australia, to 35 m
 

.7; 	 river bank stabilization
2. 	Firewood, sp. gr. shade tree; 

3. 	Cool tropics to warm temperate; 500 mm min.
 

4. 	Can be weedy (Florida) 2n-18
 

CASUARINA EQUISETIFOLIA L. (CASUARINACEAE)
 
to India; to 35 m
1. 	Australia and Pacific Isl. 


"best in world"; windbreak;
2. 	 Firewood, charcoal; sp. gr. 1.0, 

timber for postwood
 

3. 	Warm tropics, coastal areas; typhoon tolerant, very saline
 

tolerant; very saline tolerant
 
4. 	Coppices poorly?
 

(CASUARINACEAE)
CASUARINA GLAUCA SIEB. EX SPRENG. 

1. 	Australia (N.S.Wales to Old.); to 20 in
 

2. Firewood, charcoal, fencing, piles for seawater, windbreaks in
 

coastal areas; sp.gr. .98
 
3. 	Warm temperate to subtropics, coastal areas; salt-tolerant;
 

heavy clay soils
 
can be weedy (e.g. Florida)
4. 	Produces root suckers and 


CASUARINA JUNGHUNIANA MIQ. (CASUARINACEAE)
 
1. 	Indonesia; to 30 m
 

Firewood, charcoal poles, piling; wood very fissile
 

3. Tropical lowlands and midlands, forming dense forests; wide pH
 

tolerance, moderate drought tolerance
 
4. 	Little studied; male clone (or hybrid) widely used in
 

Thailand
 

DALBERGIA SISSOD ROXB. (PAPILIONOIDEAE; LEGUMINOSAE)
 

1. 	Indian subcontinent; to 30 m
 
2. 	Lumber, fuelwood, sp gr. .68
 

(to 	500 mm min); yields fast for a
3. 	Warm tropics, mesic or arid 

Dalbergia, slow by other standards
 

4. 	Slow growth 2n-20
 

ERYTHRINA BERTOEROANA URBAN (PAPILIONDIDEAE; LEGUMINDSAE)
 



1. 	Tropical America: to 1Q m: "small crown
 

2. Live fence posts: soft wood which accepts wires and nails 

well: forage., windbreaks; easily cloned 

3. Lowland and submontane moist tropics to 2000m; usually in 

wetter areas but needs good drainage 
2n-42
4. 	Fast growth; resistant to wind 


ERYTHRINA FUSCA LOUR. (PAPILIONOIDEAE; LEGUMINOSAE)
 

1. 	C. -& S. America. to 30 m; broad crown 

2. 	Shade for coffee and cacao; live fenceposts; soft wood
 
often in swamps or on poorly
3. 	 Lowland moist tropics to 150Om; 


drained clayey soils
 
easily cloned 2n=42
4. 	 Fast growth; effective green manure; 

(PAPZLIONOIDEAE;
ERYTHRINA POEPPIGIANA (WALPERS) O.F. COOK 


LEGUMINOSAE)
 
1. 	S. America to Panama; to 40m
 

paper pulp;, forage,
2. 	 Shade for coffee, ornamental; soft wood; 

mulch 
3. 	Dry to mesic tropics, to highlands
 

2N-42
4. 	Fast growth; coppices and clones easily 


GLIRICIDIA SEPIUM (ACQ.) WALP. (PAPILIONOIDEAE; LEGUMINOSAE)
 

1. 	S. and C. America; small tree to 10 m
 
shade, ornamental;
2. 	 FIrewood, timber, up. gr. .75, fodder, 


easily propagated by cuttings, living fence, to 8 m3/ha/yr
 

3. Dry to humid tropics (1000 mm min), also saline 	areas
 

4. Toxic bark/seeds/roots; aphids on 	foliage 2n20
 

INGA VERA (L.) BRITTON (PAPILZONOIDEAE; LEGUMINOSAE)
 

1. 	Caribbean, C. America, to 20 m
 

2. 	Shade for coffee, fuelwood (sp. gr. .75), timber, shad., honey
 

relatively fast growth
 

3. 	Humid tropics (1000 mm min?), lowlands
 

4. 	Little studied
 

(COLEBR.) 0. KUNTZE CCAESALPIINIOIDEAF;
INTSIA BIJUGA 

LEGUMINOSAE)
 

Africa, India; to 40 mo buttressed
1. 	Southeast Asia, E. 

in 	Philippines),
2. 	 Handsome timber, decking, truck bodies ("ipil" 


highly resistant to rot; slow growth
 

3. 	Moist tropics, prob. 2000 mm.min;
 
2n-244. 	Genetic variability 


(SCHLECHT) BENTH. (MIMOSOIDEAE
LEUCAENA DIVERSIFOLIA 

LEGUMINOSAE)
 
1. C. America, to 18 m (with shutubby variants)
 

shade, forage
2. 	Fuelwood (est. .5 sp. gr.), 


3. 	Dry to mesic tropics, prob. 500 mm min, to midlands 
(1500 m)
 

Little studied, great genetic diversity 2nin ...
 
4. 




DE 	WIT (MIMOSOIDEAE: LEGUMINOSAE)
LEUCAENA LEUCOCEPHALA 	(LAM.) 

1. 	C. America and Mexico, to 18 m (with shrubby variants)
 

nurse tree, forage, small timber and pulpwood; sp.
2. 	 Fuelwood, 

gr. .55, some food use (podsseeds, leaves), energy plantations,
 

yields to 50 m3/ha/yr 
Z. 	Dry to mesic tropics, 500 mm min, lowland
 

4. 	Widely studied 2n-104
 

MIMOSA SCABRELLA BENTH. (MIMOSOIDEAE; LEGUMINOSAE)
 

1. S.E. Bra:il 	& Argentina; to 12 m, thornless
 

2. 	Fuelwood, pulpwood, ornamental; shade for coffee; rapid growth?
 

tropics and subtropics (flourishes at '2400m,
3. 	Mid-elevation cool 

Guatemala)
 

4. 	 Little studied 

PARKIA.ROXBURSHII G. DON (MIMOSOIDEAE; LEGUMIONSAE) 
now widely pantropical; to 40 m,1. Indo-Malaysia, Philippines; 


umbrella crown 
2. 	Timber, ornamental, seeds used in local medicine
 

3. 	Humid tropics to 1000mm?; 500-700 m elevation
 

4. 	Pest-tolerant; protected in Indonesia
 

PARKIA SPECIOSA MASSK. (MIMOSOIDEAE; LEGUMINOSAE)
 

1. 	Thailand, Malaysia; to 15 m, thin crown 

2. Food (seeds 	from large pods)
 

3. 	Humid tropics, to 1500 m elevation
 

4. 	 Seeds often insect infested; slow growth; hybridi=es with P.
 

roxburohi i
 

PARKINSONIA ACULEATA L. (CAESALP;NIOIDEAE; LEGUMINOSAE)
 

1. Americas; to 20 m, 	spreading
 

2. 	Fuelwood; fodder; ornamental; fences; local medicine
 
also sandy
3. Widely adapted, to moist tropical and dry areas, 


and saline soils 
4. Very thorny; weedy 	in Argentina 2n-28
 

(ROXB.) BENTH. (MIMOSOIDEAE; LEGUMINOSAE)
PITHECELLOBIUM 	DULCE 


1. 	C. to S. America, to 20 m, irregular and untidy spreading 
tree
 

2. Fuelwood (to 5500 kcal/.kg), smoky; forage, construction 
some tannin and oil
postwood, shade (thorny hedges), food (pods), 


(seeds) 
3. 	Dry to mesic tropics, to cooler elevations (So. Florida)
 

2n-26
4. 	Thorny (segregating), poor form 


PONGAMIA PINNATA (L.) PIERRE (PAPILIONOIDEAE; LEGUMINOSAE)
 
to 8 m


1. 	Indian subcontinent, Malaysia, China, Tropical Asia4 


(seeds), pes. control 	(leaves),
2. 	Firewood, fodder (leaves), oil 


shade tree, medicine 
3. 	Mesic tropics (min. 600mm), saline tolerant; to full height in 

5 yrs. 
also known as D_ .s 	n.gj (Lam.)

4. 	Aggressive spreading roots; 


Bennet 

Li.5
 

http:kcal/.kg


PROSOPIS ALSA/CHILENSI "Complex* 
(includes P. alba Griseb. and P. chilensis (hal.) Stunt:; also 
P. 4lexuosa and P. nigr&) 

1. Argentina, Paraguay, Chile, S. Peru; to 15 a 
2. Firewood, occasional Use as timberl +odder (poos); to 12 
A3/ha#yr


3. Cool dry subtrovics (2W mm min); to 3000m in Peru 
4. Thorny (segreqatinO) 2n-20 

PROSOPIS CINERARIA (L.) DRUCE CMZhIOSAcAEI L.EGIUMINOSAE) 
1. India, to 9 m, thorny, spreading 
.	 Firewood, excellent charcoall foder, some timberl green 

manure, yielids to ZOZ/ha/yr (under drought stress) 
3. Dry hat tropics, to 100 am min? 
A. Thorny Isegregating), weedy 

PROSOPIS PALLZDA/JULZFLDRA "Coaxe" 
(Includes P. p&llida (Huma & Dan ex kiilld) and P. julLflora 

(Swartz) DC) 
1. C. and No. S. Aerical to 1! m, aggressive 
2. 	 Firewood i.e up. gr.), axc. charcoalI fodder, (pods) , honey, 

wood, to 5 u3/ha/yr 
3. 	 Dry hot tropics, to 200 w- sin; deep roots, no var. front

tolerant 
4. Thorny (mgregating), often weedy (P. glndulosa and P. 

velutina are tha mesquito& of So. ISA and lsewhete In tropics, 
often labelled juliflara in error) 2n=26,,5 

PROSOPIS TAMARUGO F. PHIL. (MIMOSOIDEAE1 'K3UINOBAE) 
1. Chile, to 15 a, 
2. Firewood, forage (pods, leaves), some us Use (high SP. -) 
3. 	 Dry hot saline tropics, to 10 am (uses fog drip?)l remarkable
 

saline tolerance
 
4. Slo growth, thorns? 

PTEROCARPUS INDICUS WILLD. (MIMOSACEAS; LEUWIZNOSAE) 
1. S. E. Asia, Indo-China, Pacific lslandS; to 40 a, broad crown, 
lofty
 

2. Choice timber (narra), ornamental, furniture, flooring 
3. Moist tropics; relatively fast growth 
4. Needs deep soil; some diseases .	 2n== 

ROBINIA PSEDDACACIA L. (PAPILINOIDEAEI LEGINOSAE) 
1. N.E. America, to 25 a 
2. 	 Fuelwood (onse)*, erosion control, nurse tree, postsp 

to 20m3/ha/yr; +orage 
3. Temperate 
4. Restricted to highland tropics (little tested) and 

temperate regions 2m20, 22, 24 



SAMANEA SAMAN (JACO.) MERRILL (MIMOSOIDEAE; LEGUMINOSAE)
 

1. C. & So. America, Me:ico; to 40 m, wide spreading
 

2. 	 Shade, timber and craftwood, food, (pod), sp. gr. .52,
 
ornamental
 

3. Mesic to wet tropics (to 600 mm min) 
4. Not good fuelwood, rapid growth 	 2n-26
 

SESBANIA GRANDIFLORA (L.) PO.IR. (PAPILIONOIDEAE; LEGUMINOSAE)
 

1. India to SE Asia; to lOre, slender 
2. 	 Pulpwood, forage (leaves, pods), food (flower, leaves, young 

pods), ornamental; sp. gr. .42; to 22 m3/ha/yr, large nodules 

3. Moist tropics (1000mm min), onto poor soils
 

4. 	 Genetic variability, soft wood, borer susceptibility 

2n-14,24 

7
 



NFTA 82-03, 

ECOINOMICALY IMPORTANT NITROGEN FIXINO TREE SPECIES 
OR" LIST 

Ed&.
(Jam" L. brwbaker an1d Dian K. Styles. 

Prepared for bellagic NFT WorkshOp, Sept. 1982) 

considered economically,The #ollowing species were important but 

of less Importance than the annotated "A" list. Many of these 
are not known to fix nitrogen. IhichM&species (astorakied) 

from the "A" list.account for their absence 

COPAIFERA LANGSDORFIISACACIA ANEIRA 
DALJERGZA LATZI-LIAACACIA A.LACOCARPA 
DIPHYSA RODINIOZDESI
ACACIA CAVEN ENTEROJLDDIUM CYCLOCARPUM
 

ACACIA KARROO RYDTHRINA INDICA
A.A=C HOP ERIZEA 

F.R YTWINA oRIENTALIsACACIA KOA 
GEOFFROEA DECORTICANPSACACIA MELANOXYLON 
INGA .EULSACACIA PEU=--E 
INBA PATERNAACAC A PENNATA KDOPASSZA EXIELSAS

ACACIA .ICINA HAEMATOXYLN RASILETTOACAIA SEYAL 

SI LYSILOMA ASLAMENSISACROCARPUS FRAXINIFOLI 
MIMOSA TENUZFLORAADENANTHERA PAVONINA 
PELTOPHORUM PTERO=ARPUMSALSIZIA PROCCERA 
PERICOPSIS EL.ATAALNUS RUDRA 

PITHECELLDBIUM JIRINGARCAESALPINZA CORIARI A 
PROSOPTS GLANDULOSA comp'.axCASSIA FISTULAS 

CASSIA GRANDISI (P.glanulos, P. volutin&, 
P. torreyana)CASSIA JAVANICAV 

PROSOPIS PUBESCENSCASSIA SZAMEAv 
SCHIZOLOBIUM PARAHYRA

CASUARINA CRISTATA 

SINDORA ,AVANICACASUARINA GRAND IS 
TAMARINDUS INDIC"ACASUARINA ODFSA 


CASUAR11NA OLIGODON
 
CASUAR I NA SUMATRANA
 
CE).RELING CATENAEFORflISS
 

B
 
CERATONIA SILZQUA

CERCIDIUM FLORIDIUMI
 

Best 

http:comp'.ax


APEND I
 

PLAY=ER 

For planting maze, corpeas, pigeonspea, desmodiu trIfloruM (very s+nar 

than 2h hectares (95% of total land) a hadd operated jab planter would be 

to birdsfoot trefoil found in the U.S,) and certain species of trees directly 

into the ground two different styles of planters are needed. For farms less 

suitablae. 

like the Esmay planterFor farms of between 2.5 and 5 hectares, a walking machine 

would be best. 

The jab planter should be designed so that, the farmer can walk upright, jabbing 

the device into the earth with one hand. Automatic feed with the option of placing 

the proper distance would be useful. Presently, the a pellaet of. fertilizer at 

a seed under or a pointed stickfarmer uses only a machete to-lift the soil and throw 

the ground into which seed is placed then coveaied with soil withto poke a hole in 

low and fabrication must be possiblea sweep of 'the foot. Above all, the cost must be 

in a sinple metalforming or carpentry shop. Wood or sheet metal and springs are 

acceptable materi lU. 

also have automatic feedof seed and fertilizer.The walk-behind machine whould 

Multiple row seeding is like.wise an advantage. The Esmay seeder has worked Vell in 

tests but is a bit costly*and complez for fabricat ,ion insome areas.. 
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TOOLS 'OR'kOMT.ST1.AD£tS, GARDENErS, AND SMALL-SCALE FARMS 

For the first row, we stretch a line between stakes and run the seeder along this line. The 
seeder has =n adjustable row maker which marks the next row, so if we get the first row straight 
(easy when using a tight line), all the other rows in the planting will be straight too. 

To make the furrows prior to hand sowing we use our Planet Jtmior garden plow, one of the 
high.wheel types that you find almost everywhere, which are made by nqumeruus companies. I'm not 
sure about the other brands, but ours comes with three diffCrent.sized furrows. For larg seed such 

as peas and potatoes. we use the moldboard plow attachment. After sowing the seed, the plow is 
run first down one side of the furrow, then back in the opposite direction down the other side, 
closing the furrow and covering the seed neatly and very quickly. It is certainly a whole lot fater 
than uing a hand hoe. For small seeds such as carrots, we use the small cultivator tooth on the 
high-wheel plow and then cover the seed by hand during sowing. 

. 

HAND-OPERATED JAB PLANTERS 
U ,,of 

;n. 
_____ - 'three 

- ~--'i 

-

" . " 

.-

_;"' 

For at leasn a century, most of the corn in 
tis country was planted with jab planters. Two 
va.-:2tions on the same idea were built, but both 

them are basically glorified ibble sdcks. The 

lower steel blade of the planter was jabbed into 

the ground, and then, by moving the handler. 
or four kernels of corn were dropped from 

-the planting box through a planting tube ixto 
.the ground opened up by the blade. When the 
poimt of the planter was pulled out of the 
ground, the dirt fell around the seed. 

Even after these planters were more or less 
obsolete, farmers used them to reblant hills of 

. . .. ... 

. ,.-.......... . 

&, C-.. --. -ri.". -

jab plan""e. Gene Logznon demonhtazanCA "and."peatEd the we of the jab 
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corn skipped by the horse.drawn planter. 
. Today, a jab planter c come in handy 

for interplanting. For example, if you have a 
row of corn up and growing and want to plant 
pole beans beside the cornstalks, the hand 
planter is just what you need. You can walk 
along the row, plant the seeds where you will. 
and not disturb the soil around the already grow. 
ing corn. 


Fancy new models of the jab planter a 
still available and are used in research plot 
planting. They are a-a-ilable from manulac. 
turens and suppliers of sLed industry equipment. 
Old, used jab planters are often available at 
farm sales. You might pay $5 for one, or you 
miht pay $35--you can never tell at an auction. 

NORTH AMrICAN SOURCES OF 
HAND PLANT 

Jab-Type Hand Planter 

The Allan Machine Company has three 
models of jab planters which ire hand fed, 
spring operated, have a metal barrel, and will 
adjust to dififrent planting depths. 

4..., 

,~,. ~ ~~ 

. . I"....
•:"..";.
... 

EQUIPMENT FOR SEEDING AND PLANTIN"G 

Model SEP.NBA 
This is a slim-style unit and has a 

narrow, single barrel weighing 41/2 pounds 
with a I/rinch by 7/s-in barrel opening. 

Model HP.21 
I TM is a"single.barrel model which 

weighs 4 pounds and has a wooden back and 
a ba,"e opening of 2V inches by 3 inches at 
the top.
 

Model HP.DBA 
The third model h a double, or 

dided.barrel style and comes with a wood 
bac.
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ALACO Single-arelJab Planter model HPSBA 

Allan Madsinc Co. 

;tt "
 

.. . . .
Allan Machine Co. 

AIlAn Machine Co. Made of li-ghtweight. corrosion-resistant ma. 

1S3 

".• .......;.'. ,., ... ..
,' 7::'.;-:' 	 ,.,
* P.O. Box 112 
S " Ames, A 50010 

ALVA CO Slim.StyiJab Plnter model SHP."..,A Potato Plater 

..
e.I,:
 
""":..r-,.-_,"
 



TOOLS FOR HOMESTEADERS, GARDENERS, AND SMML-SCALE FARMERS 

terials this unit plants potatoes at adjustable The Plantmater 
depths. Ithas 2 one.year guar-anee. To operate the planmaster, you select one 

of a range of seed-metering discs according to the 
seed s e, 2djust the foot, place the unit on the 
soil, and d:press the hande- A seed is auto
matically inserted into the soil Up to 2.500 

-2 	 seeds can be planted per hour at a depth between 
6 and 66 millimete. 

Vandermol=n Corp. 

119 Dora Ave. 
LivngsLon, NJ 07039 

'-.' 	 Richmond Gibson, Ltd. 
* Salisbury Rd., Downtown Salisbury 

-~ ~ 	 - - -
9- - Mg	 " " " 

' ..'..L--"0 .-' "" " 	 "•,7 U*"," 
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kHandJab potato planter. 
Ea oiay ImIn. 	 , 

EZsay Product%Inc. 
P.O. lox 547.Maple S. 
Bristol. IN 46507 .. '1 

Jab-Type Hand Planter _-. 

Burrows offers two models, both made of .* 

sheet metal and hardwoods. A spring.operated. -.. , . 

planting depth adjustment is provided. The 
4.pound units are approximately 33 inches high ,, 
and have -n opening 2 inches by 3 inches at -.. '. 

the top of Lite barreli.;:~.~,t.~ 'A ~':(;" 

Burrows Equipment Co. 
1310 Sherman Ave. .. 
Evanston, IL 60204 The Cumberland Pint Setter 

Cumberland O PlntS tr 

Maquinas Agricolasd 

Aveidc Urazil No. 232 Cumberland Plant Setter 
Marilia. Brauil The Cumberland Plant Setter is a heavy 

184 



in tank with a chute grooved and soldered to 
ssure sturdy construction. High-carbon steel 
hovels with large. curved flanges Take the earth 
w'er the roots. It sets, waters, and covers tomato, 
obacco, pepper, cabbage. sweet potato, straw. 
)erry, and other slip plants in one operation. 
Shipping weight is 12 pounds, height is 30 inches, 
md the diameter of the funnel chute is 4V 
inches. 

,umberland General Store 
RPt. 3,Box 479 
Crossvile. TN 38555 

INTERNATIONAL SOURCES OF JAB PLANTERS 
Hand Maize Planter 

A single seed is placed in te sil auto-

the tick is inserted. It can be=tically when 
one hand and is suitable for smallused witudw~ithone h n and isr. . 

cultivation or eperimental worL it weizhs 0.5 
pounds (0.2 kilograms). 

Cossul L. Co. Pvt. InA 
Industrial Area Fazalgunj 
Kanpur, India 

Models PD, PCM, PC, PA 

There are five variations of a basic two-
handled, hand-powered, spring-operated jab 
plantr.e 

Marila Industria 3. Comeroo Ssmi, Ltd. 
Avenia Brazil, .32 
Caixa Postal No. 190 
Mania CEP 17.5000 
Es-ado tie So Paulo, Brazil 

Hand-Operated Seed-Dressing Drum Plans 

The object behind this drum was to build a 
seed.dressing device for village use, the design to 
be of fairly simple construction so that it could 
be made by local craftsmen. 

The test drum used was an ordinary water 
tin of approximately 13 inches (330 millimeters) 
in diameter and 15 inches (382 millimeters) in 
height. 

It was found that this drum had a capacity 
of 30 pounds (I.0 kilograms) of Chalimbana 
groundnuts, 35 pounds (15.9 kilograms) of soy. 

Euflq',rr FORa SEWDING AND-PLAX-rT 

beam or maize, and 38 pounds (17.2 kilograms) 
of fertilizer when filled correctly. In a dura.
 
bility test, a toutal of 1 tons of fertilize was
 

mixed without signs of damag- The drum was
 
also used for seed dressing of groundnuts and
 
maize with satisfactory coverage performance and
 
no apparent adverse efiect on germination.
 

Intermediate Technology Publications, Ltd.*
 
9 King St.
 
London I= SM, England
 

.THE HORN SEED SOWER
 
The simplest kind of broadcasting seeder, 

the Horn Seed Sower, consists of a reservoir 

which funnels seed into a long tube. The opera. 

tor holds the tube, or h-rn, at the end closest to 
the reservoir, and with a skilled fle of tht wrist,
seed is Bung out of the tube. It can be used to 
broadcast any seed to be grown in a solid stand 

and, in experienced hands, will result in a more
 

even distribution of seed than would be achieved
 

by hand alone.
 

SOURCES OF HORN SEED SOWERS
Horn Sower 

This device mows primarily smooth grass or 
graii by swinging its horn back and forth. This 
sower spreads seed evenly from 30 to 40 feet at & 

rate determined by Lhe adjusuable feed gate in 
the base or tube joint and by rate of ster. it 
comes witn an I1-inch duck bag an an extension 
funnel attached to a tin distributing tube 22 
inches long, 1/ inches at the base and inch 
at the mouth. This sower has a capaciry of y/ 
bushel and a shipping weight of I pound, 8 
ounces. 

Cumberland Gencral Store 
RLt. 3, Box 479 
Crossville, TN 38555 

The Cyclone Seeder Co., Inc. 
Box 68 
Urbana, IN 4690 

lntermediate Tecrhnology publications an be 
ordered from International Scholarly Book Service, 
Inc.. Box 655, Forest Grove, Oregon 97116. 

IR5 
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INFORMATION MEMORANDUM
 of
Comparative Advantages and Disadvantages of the Use
SUBJCT: 

and Bare-


Root Trainers, Dibble Tubes, 
Plastic Bags, 


Rooting of Seedlings*
 

(LDCS)
 
or bare-root
Traditionally, nurseries 

in the lesser developed 
countries 


seedlings 

use either plastic bags 

for growing tree centrally
the nurseries are 
seed beds. Often,

seedlings grown in 

to be transported over long 
distances.
 

located and seedlings have 

are


often injured when they
seedlinls are 

In the bare-root process, are broken, root
the roots 

removed from the seedbeds. 

Many c'f 
torn off and roots dry
 

hairs (essential for nutrient uptake) are 

results in a high liicidence of
 

Such transplant shock 
out easily. Walters reported that Eucalyptu.s 
seedlings in Hawaii,.
 

mortality. much as 85-95
 
the bare-root method, suffered 

as 
growth is
 when planted by transplant shock, in'itial 


percent die-back. Because of 

take some more than 3 or more
 

slow, die-back may occur 
(it m'ay 

poor competitors with
 and the seedlings are 
recover),
months to 

other vegetation.
 

(as much as
 
the weight of the soil 


in plastic bags,
With seedlings be transported
 
limits the number of seedlings that can 


1-2 kg.) 
 Frequently, adequate transport is diffi.

(by vehicle and by hand). get to, thus it is
hard to 

obtain and planting sites 

are 

move large numbers of the seedlings in
cult to 


difficult and expensive 
to 


This increases project costs
 

heavy and cumbersome plastic 
bags. 

can be planted during
 
and reduces the number of seedlings 

that 

are commonly planted


Also, seedlings
planting periods.
critical 

after the bottom has been cut off, which
 

in the plastic bag increase mortality
cause die-back or 

can retard plant growth, 
 restricted from maximum access
 

seedlings are a
incidence because the This is most likely to be 

to available water and nutrients. rain

during periods of minimal 

in semi-arid areas or fail to remove the
constraint even 


Often, poorly supervised workers will 

fall. 


bag which is usually disasterous.
 
bottom of the 


poorly developed lateral
 plastic bags have estab-
Seedlings grown in 
and needed to enhance initial 


are essential
roots, which However, excessive
 
maximize nutrient uptake.


lishment and to 
can cause strangulation 

of and injure the
 

growth of lateral rocts root-curl
 
grown too long*in bags,
are
When seedlings
tap root. the bags.
root at the bottom of 


occurs, spiraling the 


left to6 long in tubes,
are 

too small or seedlings


When tubes are tube.
 
at te bottom are deflected emerging from 

the 

the roots in any container, especially
can occur
root deformation nursery management
However, good 


are held too long. Therefore o on _1 s used.
 
if seedlings O wnat sys e 
re gardlesS

is of u pmost im oortance 


was taken from the
 memo 

TA portion of the information used in this Mike Benge, S&T/FlNR)S #4,Compiled by: 
enclosed papers. (TEClIICmCAL SRI 
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Once the root configuration is formed in the seedling stage, the
 
pattern the rest of the
 

root system continues to grow in the same 


life of the tree. Cannon.reports that "The deleterious effects of
 

growth seldom noticed in the first months or even
abnorra.l root are 

advanced ages and
 
after years of growth." "Rather, it is at more 
 system

under adve:rse wea-the.r conditions when a deformed tree root 


to provide enough water or nutrients, or to
 is most likely to fa-il 

anchor trees against strong winds." "Pesults indicate that although
 

young seedlings suffer little from container-induced root deform
plantation establishment a significant
ities, several years after died."
of these have grown poorly, fallen over, or
proportion 

An alternative method to growing seedlings in 
plastic bags and in
 

is a more modern method of containeriza.seed beds (bare-rootiing) 

Most of the widely used containers (i.e., root trainers and
 

tion. 
 ribs designed
as vertical internal

tube.s) incorporate features such 
 root spiraling in the con
to mlni'mi-e root d-isturbance., to reduce 

to maximize
ta.iner-and possible future-strangulation problems, 

the roots into a form advanta
la4teral root development and shape 

of these types
 
geous to the tree. Basically, the theory behind use 


seedling can De planted with a 
of containers is that, "If a tree 

be less
root exposure and disturbance, there will
minimum of and growth rates will be highe.r."
.tr&nsplart shock, a.nd survival 

as cited by Tinus and McDonald].[Kingham 1.74 


Walters reports that for almost 20 years, little 
forestation was
 

Hawaii's most valuable native tree,

done with Koa (Acacia koa), 


too poor to be worth
 
because survival o0?.aF"root seeddlings was 


plantings of Koa seedlings (totalling

the effort. However., several 


(HDT) have survived at
 
about 75,000) grown in "Hawaii Dibble Tuoes" 


say that survival o1 bare
 
rates of about 85 percent. He goes on tn 


saligna plantings is unpredictable; one planting
root Eucalyptus 
may result in 90 percent survival, the next in 10 percent. 

saligna plantings is predictably
Survival of containerized (HDT) 

a standard deviation of 4.4.
good; 91.2 percent with 


Root trainers and tubes seem expensive when compared to the cost of
 
of them can result in*
 plastic bags and seedbeds, however the use 
 increased
savings by reducing replanting and by
considerable 


more than off-set the cost of importing

growth. This often will 


cost is usually incurred because
An additional
these containers. 
 be developed locally)
peat moss or a similar organic mix (which can 

to be obtained from
 

is almost a necessity if maximum results are 


using these containers.
 

cr tubes and buyin or developcosts of root trainers
However, the 

are easily outweighed by the savings


ing the planting medium 

the (1) reduction of seedling mortality, (2) avoiding
obtained by 


time lost in growing replacements, (3) avoiding the loss of growth
 

time of replaced seedlings, (4) the advantages of reduced transpor
made from the increased
Further savings are
tation requirements. 
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and stability of trees which have good established root
growth rates 

root trainers are carefully handled, a high proporsystems. If the 


Tubes last even longer. (If

tion can be reused several times. 


or cell of a root
one. ce-nt each, and each tube
plastic bags c-ost 

can be used eight times, the cost per
trainer costs eight cents bu.t 


use of

unit.is the same.) Some problems have been reported in the 


s-tyrofoam, block con-tainers; such as poor du.rability and roots grow.ing
 

into the block, making the seedlings difficult to remove thus damag

ing the roots upon removal.
 

average size

A seedling (along with the growing medium) grown in an 


weigh much less than one-fourth the weight of 
root trainer will 
one
 

in a plastic bag and take up much less than one-fourth of the space.
 
transportation-of these
Therefore, there is a large savings in.thd 
 in the
well as a rore efficierrt use. of space and wate-r
seedlings as 
 when
 

nu.rsery. The root- trainers are more. easily stacked in tiers 


transported in trucks.
 

increase seedling survivability and
Also, it may be possible to 

rootmass of the containerized
growth rates by impregnating the 


seedlings with starch graft polymers (ref. Technical Seies #2, The
 

Potential of Starch Graft Polymers, "Super Slurpers" for Forestry
 
a very valuable tecnnology,
ara A culzure). This could be 


arreas.
especialy Tor'semi-arid and intermittent rainfall 


Some notes of caution--The medium used in root trainers 
and tubes
 

wil in plastic bags and

i"nola subszanziaily less water than soil 


similar containers. Therefore, these containers and seedlings may
 

frequent watering in the nursery and especially during

net more 


A way to deal with this prob'lem

transportation over long distances. 
 wax
 
is by removing seedlings from the containers and placing them in 


lined cardboard boxes which reduces water evaporation 
(see Walter's
 

problem is much more critical with bare-rooting than
 paper). This 

with containerized seedlings.
 

Johnson and Menge state that "Most media components--such as pine
 

bark, vermiculite, perlite, builder's sand and peat mosses--are
 
"In addition many nurserymen steam,
devoid of mycorrhizal fungi." 


pathogens;

pasturize or chemically treat media to eradicate harmful 


organisms, such as mycorrhizal
this also eliminates beneficial 

Also, composts and other locally developed organic mixes
fungi." 


kill off mycorrhizal
generally generate enough internal heat to 


fungi and other organisms.
 

increasing
facilitate the uptake of nutrients, thus

Mycorrhi~al fungi 


"... have been reported to improve water transplant growth, and 

port." (Safin, Boyer and Gerdemann, 1971, as cited by Johnson and
 

are capable of transforming unavailable
Menge) Mycorrhizae fungi 

This is extremely
phosphorous into available forms for plant uptake. 


soils.

important, especially in phosphorous deficient tropical 
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fertilizer 
Johnson and Menge report that 

in relation to chemical 


applications required in commercial 
nursery operations, "phosphorous
 

levels could be reduced by approximately 
701 and N, K and micronutri

40% using VA (vesiclar-arbuscular) mycorrhizal 
fungi.."
 

ents by 30 to 

pines,
 

Ectomycorrhizae are associated with numerous 
conifers, such as 


casuarina, eucalyptus, oak, beech,
 
and with othe.r trees, such as 


It is an established fact that 
in the
 

birch, willow and poplar. 
 the growth of Caribbean pine,
 
absence of mycorrhizal fungi, 


casuarina, citrus and other 
trees will be retarded and in some cases,
 

impossible to establish these trees
 
without inoculation, it may be 

are associated with
 
sites. Ectomycorrhizal fungi


on some 

Basidlomycetes (mushrooms and puffballs) and Ascomycetes (cup fungi
 

truffles). [Johnson and Menge, 1982].
 

the subject matter and 
I am enclosing selected papers 

relevant to 


some sketches that I have made showing 
various devices
 

have included 

be constructed of locally Available 

materials used in
 
other
that can If further information or 


root trainers.
conju.nction w.ith I would be
 
Series Papers are desired, please 

contact me. 
or
Technical use root trainers 


interested to learn of your results If you do 

dibble tcubes. 

Mi

Ss on 
Rc
A(. lal 

W1 
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pp. 85, 86 & 87
 

Ccu=s off 7. Hayman. D. S. 1980. "Myc orr hiZm and 
Wits iocuilation the 

Crop POducton." Nature 281: 47-4118. 
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APPENDIX L
 

HILLSIDE DITCHING
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'TAB C /3 

SAVING OUR SOIL
 
WITH THE A-FRAME
 

I- World Neighbors believes that develop
ment-carinot be accomplished alone, but 
isachievad by working and sharing to-
gather. Its goal is a better world and its 
mear z isthe sharing of knowlidpe, talent$, 
skills, money and most of all, love 

? 
. 

- .- i.' 7. We. need to protect our slopes and 
hillsides by planting all our ctops on the 
"contour": that is, in rows running won 
the slopes snd around the hillsides. 

v~- AVIN OUROIL8. 

WITH THE A-FRAME 
SV G U SIcmn 

We also must construct contour 
or barriers running co. the 

slopes and'around the hillsides. 

--- - -:. 

______-it 

.-. 

1. A handful ofusoil ... how much isworh?..I thelomosaluabl,h souceb 
it woth It's thn mos valabl resourcethe 

- - .. 
~ 

9. In rocky places, the rocks can be 
made into rock walls, which slow down 

flow of the rain water and hold back 
the soil. 

'%_..:"... wear and most of the things we
soil,fromfrom thethe soil. 

use co1t 

2 A 

. 
.... 

.. 

~*". 

10. Where there are no rocks, level 
canals can be dug to absorb the rain 
water. Gress barriers on the upper side of 

the cainals hold back the soil. 

. . 

t-,. 

3. But if our lands are left unpro. 
teced, erosion can destroy our preciouls 
soil. 

, 

-, 

,11.In orderto mark level rows,we need 
a special tool which is called an A-rame. 
T f-t 
use, plus it is one of the most important 
toois in the world. 

.... , 
~ 

4. Rain isa blesing when It is soaked 
up by the soil, but Ionl, heavy rains can 
also wash away the top soil and cut dep 
gullies in our fields. 

, 
12. Becouse It con ave our soil. 

.... 

Splant 

, 

5. When planting on hillsides, we often 
rows running up and down. This is 

abad Practice. 

. -' r 
-4 

Z.-

13. Then are the only materials you 
ned for making an A.frnm: thre pole, 
a piece of cord or vine, a rock and a 
machete. (Narrow boards, if available, 
can be used.) 

* + 
- -

-..... 
-"." 

6. Many farmers burn away corn 
stalks, leaves, grass, e= 'his i,also a bad 
practice. To make the soil better, these 
things should be turned back to the soil, 

, -. , 

., 

14. First, cros two poles at the top and 
tie them together securely. (if boards are 
used, nails can be used to help fasta. 
them.) 

,,,! 



15,,:i.Now tit ahorer pole aros the 
other o to form the letter "A." Tie . 

...
. 

25. In order to keep from erasing this 
mark, t a notc Thre with y" 

both ends sacuroly. . .. machete. 

et- -. 
. . 16. Now tie another length of cord to 26. When the weighted cord hangs 

the top of the A and let it 
below the crossbar. 

hang down directly in front of the notch, we 
that the two legs are level. 

know 

1.T arc't . ... 27. Now the A-frame is finished an 
.belowthe aros bar. end of the cord, - ._ ,r. marked, and we are reedy to mark Iavd 

below the .. on br lines on our hillsides. 

18. Nwh fme al-fsd28. In our country much of the land is 

F ' ,, =.'F 8. ow the A-frme is almost finished 
-= 

" . . 

but before we can use it to mark level 

contours, we must find the point on the
crossbar which will tell us wnen the two 

:alegrend 
logs ae In a l l prows 

-very 

k; :,,: , 

step. Many other areas have gently 
sloping hillsides. Both should be pro
tamed with contour cansih and barriers,ted h ontourdtanalsantd barlersl 

-eropsshould be planted in level 
aros the slope. 

'-''- g- . -''L'.q;. - - '." " 29. Study the ares of your. fild an 

,4'*" -( 
19. First, stand the A.frame uprightJ 1n:0-..-, 

Using stakes, mark the points where the 
lgs of the Af ram touch the ground. 

. 

,---

. 

.. 

,,, 

-

2h oiwhich you warn to constrct cortotz" 
bari.... It Wis to strt n tor 
brrier. It is ood to start nr the top
of your field. 

: .the ,-"t-,-

20. With a pencil, mark the point wh. 
string pas te crossbar of the A 

-tram-.t.-rains. 
- .stakes 

30. First, cut a supply of stakes. These 
are used for marking the level lines 

where the ditches will be dug or :he rock 

".W- .. 9' barriers will be constructed. 

21.Moethef.amestheplaceent.o 
21. Move the frms so the placement of' 

.,-_. -:.-;;".-
. 

31. Drive the first sace at the edge of 
the field near the highest point. You wil 

- the legs isreversed. .. begin marking the contou. lines V. this 
ri'.~-ont. 

:. 

Ow 

,. 

- -V 
* tI"~t~w 

2. The left. leg nowTouches the sake
leg2-

where the right leg was, arid the right log 
touches the stake where the left leg was.L 

7..s"-

-

F. , 
32. Place one log of the A-frame ji

above .nd ochi.gtheitstake.Adit
sbovand toci g thefrtsak.Ajs

the other leg so that the string passe 
level position point you notched on the 

. Again mark the point where the 33. With the string passing exactfyt 
7,7 string passes the crossbar. Usally the 

two marks will be separate. If the ground 
is level, the two marks will be at the sme 

, 

. 
,-,Z 
-, ''L"_-___'a 

point of the level position, drive aNaot 

k no g d sb w 
touching the second leg of the A-.fram 

'. .

". .. .. .\.i .. 24, Now make a third mark halfway be- 34. Now pick up the A-frame and move 
y..-, tweon the first two. This is the point on n along, placing it so that one leg of thi 

"7" the crossbar which will tell us when the . . - A-frame touches the stake you just drove 
two legs are in a level position. Z .-. into the ground. 



-" . 35. Again adjust the other leg-of the A- . - 45. On some fields you can make both 
._i frame until the string passes the level " canals and rock baIers. In rocky areas, 

p 	 i n.*oc . D ve a oh r s ke ul construct rock barriers. In other areas, dig 

-•. -	 *1•.V-4 __ below and touching the second log. 	 canals. 

.-'_ : 36. Continue across the field this way.- . 
L- . - , .• : Now: . we;,., a level line of stakes which or rock brriers will catch the sallhave ,...._,,-.grass 	 4he

tell us where the first contour barrier 	 and r ro beill cahe oil 
~ andprevent it from being washed down 

'. . -... 	 will be constructed. But one contour t
 
barrier is not enough.
 

S.. .. 1 37. A hillside must be protected with 7-...... 
,' . .... one contourmotors) ofbarrierdifferencefor every five feet 9=grs47. As-therock soilbarriers,is teriesbehindwill n-the(1.5 in eiovatinn. - or caught 

On eep hills, the barriers will be cl,, bd up. 
together. On gentler slopes, they w ll bIl 

- _ further apart..- .....-.. 	 I 

AV 48. Within a few years, our contoured 
- .-... . :-- 38. Continue marking level contour '*. fields wiil look like this. As the terraces 

.. .- lines across the field until you reach toe • build up, not only is the soil saved, but 
' ~'' bottom of the slope. 	 the fields become easier to work because 

they are becoming more level. 

39. 	 If the field is rocky use the rocks 49. In many parts of our counry, soils 
to are contorcnstruct rock barriers along the level already being protected with 


, . lines marked by ths stakes. ditches.
 

40S fe re toyh-50. 	 Local farmer with the help of 
40. Some fields are not rocky, though 	 government agencies and international .	 g----* are to contourr-. . .;:. Use the A-f ram* in teo same way to mark 	 roups beginning build 

e.contour lines across the field, barriers and dig 	canals like these on their 

€'' " - . . 41. Then dig canals along the line of the 51. Farmers are beginning to protect 
stakes. The canal should be 1/2 meter their fields by planting their crops on the 

-L.: - wide and 1/2 mr.er deep. 	 contour. 

I7 , • 	 -.-- ,t,..

42. Plant grniss along the top of the ' 

__ ~canal. A tall, thick variety, such as Wle. - 4 - 52. Even on steep rocky slopes like -this
phant grass, napier grass or guinea grass is .. .- the soil can be saved for reforestation. 
best. 

43. 	 Be sure to follow the line of akes 53. Here's an example of what can be 
staes~~ me~I toodn. Slopos which are teep-or rocky 

dgigcanals, 	 then... when 	 thesember,
stakes cnlseelnearo, for food 	crops can produce trees for lum.,"".l ' sta.esmarkmark thein lines across thethe , .. ."' etad ue.Teorm l hept"-:.' 	 -the level 

digginRemeber, 	 er and fuel. The forest also help to::• - - ..7 field,fie.d ,.conserve 	 the soil. 

"d 54. So when we look at a hillside and see 
S 44. Use a hoe, hetre lives e e thet,. .-.)_ . th canals.. 	 "._: contour canalIs like these, we know thator 	hoe and shovel to dig cnl ndestndatar w 

hereclue livesof frmer who thei 	 undertands
"" "" " 	 " "l " : w"' ".::: " value of his soil end how to conserve it. 



T HE END 
most 

*, " ?- J. s..5.S He knows that the Soil is the most 
-- valuable resource on earth. 

;,--.; "~~~. .. 

QUESTIONS FOR DISCUSSION 

1. Why do you think soil is the most valuable resource on earth? 

What are some good things rain does for the soil? What are some bad things rain does for the soil? 

2. 


What are some bad farming practices which you have seen In your community?
 
3. 

4. 	 What are some good farming pratices which you have seen in your community? 

What does "planting our crops on the contour" mean? 
5. 

6. 	 How can a farmer find the contour on his field?
 

Where isthe best part of the field to begin marking the contour?
 
7. 

8. 	 Ask someone to explain how to use the A-frame. 

9. 	 Name the different kinds of contour barriers.
 

How much difference in elevation should there be betean barriers?
 
10. 


Does a steep slope have more or less barriers than agentle slope?
 
11. 

he field with stakes, what is the next step? 
12. 	After marking 

13. 	What are the dimensions of the canal?
 

How cars rocks and grass be used?
14. 

Join together with your neighbors to study recommendationsgiven through a filmstrip or film. Many 

NOTE: 	 These same problems can be solved when people and 
one person working alone. 

problems cannot be solved by 
with each person contributing and cooperating to achieve a common objective. 

-communities work together 

vi*P~-mn 
tamity p~alflitg, suriculturs and commuity 


Materilsl ior ;ducation in hesitk 


WORLD NEIGHBORS. 
$116 N. Porntad Ave. - Okiarons Chy, Oklahom 73112 U.S.A. 

mocummm-inntnwtiofmlI 	 Over.'" D~vlopmeflt Materials 



APPENDIX M
 

LIVING FIREBREAKS 

,,,, . .. , . - • • ., F .. - , -: . . . 

Leucaen planted in Imperata (cogan) grass which shaded out
 
the grass making an effective living firebreak (Cebu, Philippines).
 

Calliandra calothvrsus closely planted will shade out Imperata
 
(cogan) grass making an effective living firebreak (Indonesia)
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Fig. 1. latsi Uiiwad porlions ol bark at inistufo L.etcal na. 

2 
4 ;r.,j 1 I'uciat.'II, leniC CLxphalaI ofteln We have received reports that fIlat. damage in Leuciana 

iluIped to as ila wonder lice. 
hams not escaied Iron) rat pests. 

Inlormation reacinuq ihe Nati-
iaal Crop Prolection Center 

IMICIC) der!:rihe dmr(miinj to Leii-
caoeia seedlings in some areas of 

damaaaage was heavier during Ihlm 
dry than i the wet season. When 
we visited Minloro in Match aln 
April this year, we oscived a lot 
of damage n six-month it) one-
anl-a-halI-year old Le iicami 

catlses a growilg concern among 
people involved.I in Leiuciatma 

teseatch id ldroduction. Ilow-
ever, good minamiienlt of lihe 
ist leqires *a deeper inderstan

(liliJ 01 tlie al's ecology s it . 

ILI 

tie Fhilippines. 
lalos (1980) reporled that 

FORI researchers observe( a 
inorialiy rate of 46% on Lau-ca tmno seedlings (lie it) m ~t (I-

trees. Younger plais were cut ilf 
and harks of ulder trees were 
nawed close to lie ground. 

When the bark is completelytinged, lte uppeir por i on dries 

allecis Ih crop. 
Also, a sound and economical 

control lprogjruan shoulh he based 
on statistics of actual yield lossesof Leucaena. This can le better 

mainge. 1CPC had a (lamage count up. Whileever reslootigu occurs, *easuied if crop's actual losses 

.o 20 to 60%tat infected Leu-
canna trees hi'tie deidrolhermal 
lpilut project of lh National 

Power Corporation i Maujsaysay, 
Occidental Mindoro. 

regrowth starts where the bark 
is still intact, e.g., L!ilrowth oc-
cur two Inches aove the collar. 

This d|rnage cith delays growth 
or completely destroys seedling. 

can be quantified. Such loss 
may he in terms of ioduced 

IbzseaecIlcr. juliI Itusearch PhYS10o09st.
ilsml,¢Cli IliioealClop Pioiecioat 

ce...uPI.u CA. 

A 
lt' 
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limbe yil LW.~ au jrdlyiP lline. 

2. Start balting before the Iyration or both. 

lfat control s alely used Ill season or before food and water 
smrces 0pil scarce in 	lia area or,crops like rice, corn, coco-

nut, etc. may be adopled ad ho- sat momt, two weeks before 

Whrit in tie absence of vital ilanlting tle seedlilgs. 
the pest vis-a- 3.Select six hailing locationsinformation on 

for two heciales, thus, yourvis L.eucaena losses. 
Tlhis ad interim ecummenda- bailing locations are approxi-

tion is )ased primarily on pre- mately 100 meters apart. Ii-

vious studies on such species lially Install two W,it contai-

neis at each locallon and pro-
as Baffits ratus mintlanensis, 

vide live to six tablespoons of baitR. argenfi'cn er and B. exulans inatefial. ull containers mauy IeaiodmaeLucaena.
whcelslanaeL 

miade fzom discard d oil/tin cans, 
Tihese same species 	 which also 


have been almboo tiuhus, etc.
affect food crops 
willi tihu I. Chuck bai conta,:ners atsuccessFhlly managed 

stistaine(I baiting mthod using least oice a week. If all the bait 
has been eaten at one location,anticoagulant rdentic:ides. 

From NCPC's preliminary rat place two additional containcis 

control program in Lelucaena in TT 
this ad interim AlpMindoro comes 


ICcovme ndatlions Following lte 
 1 

f!!. ."
ustilained baiting Inethod. 

V t.fill-.Baiting:.4i'rocedtres: dm ~~ 
I.Mix ihireconmended chro-

Willi the '"Jbnic rodnticidles cornhail 'I r."(e.g.) rice shorts, 

grits or whole rice). Chruoiic 

rodenticides like Diphacin, and
cunmin, Tomorin, fiatoxin, Fla-

nhowhnb 	 Flu. 2. TwiisLiphadione are available inh 

LEUCAENA FOnUM4 

and prvd i abeposo
 

bail in all three. Check again 

alter a week. 
5. Continue adding bait and 

bait conlainrs if you notice 

Increase ins rat activity, i.e., 
it consumption increases during 
your Weekly visits. 

6. If bait consumption dec-

reases after several weeks of 
baiting, you =nay not add bait 

Visit thecontainers anymore. 
a week to keep trackareaanimlalsonce inmnigrating to lte 

Ielp deterarea. flhis will you 

mine when to resume adding 
bait/bait containers. 

7. lemove and replace bait 
that becomes moldy or exces

siveiy wet.
 
; '
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leer' 	 SsemIcrassyorpulonte o' 5tme'or"uc, 

din.12Fo fbrlspoautFibrmlasos2' Coete WuthTelescoping 

oupl n w. d1 ie ro ., y 

81160 Model33~T.Complte. 543.03 
pevrunage syead12'crdse a 

h. Wt 7 It 

od. Wt. ls 14.0 
Sh. W. 2 27.4081165 	 Model 33.T Coep!.etde. 

lbS.81161 	 Mode1303. Reo. pe w(6aw, co. 
2.40l 2),Sh.WI.t 681038 	 Model 2011. ReI swo de lo. 

P.Rerw itd Poles.6.B.15 	Fot e h.Wood 

CBrd-actuat prruner ct wibhupWoo d iamlete I 
ti/"
mes.(
murO-aoowarelevruagrsyste cthmsu:ton o
mulDwrlvrg ytmincreases your pull onthe cord 15 tie 

quicK, easy CUTS.) The 16". needle point. teflon.coaled saw blade cuts on 
pull stroke to reduce binding. Three 6' wood poles may be quicltly 

tnree 5assembled and taken apart. Comp~lete with pruning head, cord. 
poles, and saw. lbs. 531.2581044 	 ModeI34S.10. Complete. Sh. wI. 7'i 

1 lbs. 5.7081045 Model 134H. Repl. head pole. 5'. Sh. wI. 
1 I. 5.7081046 	 Model 134E RepI. ext. pole, 5'. Sh WI. lbs 

lb. •6.7581038 	 Model 20118. RepI saw blade. Sh. Wt. ' 

C. Pole Pruning Saw 
Durable. 18" saw blade adjsuts to three diflerent positions on the 
aluminum head. Large hoOk lorpushing branches, raising ropes, etc. Built-
in pant brush holder to: apoplying tree wound paint. Sewhead only. Order 
poles separately. 
81 048 	 Model 20 Sawhead. SW' Wt. 1 lbD. SI12.35 
81050 Mooel 102 Hed pole for 81048. Length: 5 '. 

Diameter: 	 1"V-".Light, durable spruce.154Sh W.2 lbs.. 
81051 Model 103. Extension pole lor81048. Length: 8'. Diameter: 

1,.". Lignt, durab~le spruce. Sn. WI. 21lbs. 17.60 
81052 Model 1P12. Single section pole lor81048. Length: 12'. 

WI. 3 , los. 25.30Diameter: 1,,". Lisght. durable spruce. Sh 
81145 Model 108FG. Fiberolass pole. Fits 81048 head when 

eqluiDped with 81147 adapter (below). Fits 81050 head 
pole directly. Sh. WI. 2 lbs. 	 10.O8.80 

81147' 	 Model 3FG. Adapler lot attaching 81146 to 81046. 
Sh. Wt. /,lo. 5.30 

81043 Model 208. RepI. blad Ior81048. Sh. Wt. V,lbD. 6.00 

3
 .-. -*.	 :.....
.rw 	 :.-

,,-. .....
" .-	 ""
 

v3
i4 a-,-r 	 -4. 

eprt•y 

8105 odel 102.me Head 8 1. Lent 5imeeritso 


seaaey
 

DMeter11. rightmrble spruc. Sh Wt. lb.154 

81051 	 Model 103. Efltension pole for 81030. Length: 6'. 
17.6'Diameter: 1'..," Light. ourab~le spruce. StWWI. 2 lbS. 

51052 Model 1P12. Single section pole lot 81030. Length: 
12'. Diameter: 1',". Light. durable spruJce.253 
Sti. we.33, lbs.2o 

8114 	 Model 106FG Fiberglass pole. Fits 81030 trimmer head 
when egluipped with 81 147 adapoter (below). Fits 81050 
head pole dvrectfy. Sh. wI. 2 lbs. 	 15.3' 

817 Mdl3G Spe o tahn 14 oet 13 
81147 Mde heF.Adapte l atahn 816plet 13 

timrha.S.W.Vlb53 

F- Tree Trimmer Head Cuts 1 1/," diameter limbs. 
Heavy-duty, malleable iron pruner head ha steel cable chain worl 
through a belt bearing pulley for a powerful. "center-cut" ac"tin. Trlmme: 

head only. Order poles separately.
81031 	 Model 12 Trimmer Head. Sh. Wt. 4lbs. S3 .7C 
81032 	 Model 202. Head pole for 81031. Length: 5%'. 

18.5!Diameter: 1:". Light, durable spruce. Sh. Wt. 1 '1. lbs. 
81033 'Model 203. Extension pole for 81031. Length: 8'. 

lbs. 23.0CDiameter: 1 ,".Light. durable spruce. Sh. Wt. 2',. 
81107 Model 21. Taperd pole for joining 1,,*"wood poles to 

1'/," wood pole. Length: 8'. Sh. WI.3 bs. 22.0, 

F. Fiberglass Tree Pruner Pole 
Fiberglaas with loam core for greater dielectnc strengh. Length: 6' 

Diameter: 1V.". Fits 81048 Pole Pruning Saw end 81030 Tree Tnmrme 
Heed when equipped with the 81147 adaP.ter (below). Fits 81050 haa: 
Dl ~ety

oediety S8881148 	 Model 1O6FG. Sh.Wt. 2 lbs. 

81147 	 Model 3FG. Adapter for attaching 81 148 pole to 81048
 
sa'whnadaor 8103trimmerheed. Shi. WI. '/,lb. 
 5.31 
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APPENDIX P
 

INSTRUCTIONS FOR BUILDING A ZIG ZAG AIR SEED SEPARATOR
 

You can build a Zig Zag Air Separator easily from materials available on the
 
market. In these instructions, the terms for specific parts refer to terms
 
used on page 3 of the enclosed brochure, "Solve Your Separator Problems."
 
These terms are underlined.
 

If you sell a Zig Zag Air Separator that you build, based on the design of
 
Scientific Separators, Inc. you may be infringing on patent rights. 

Make the Zig Zag Air Separator column from 3 inch PVC plastic pipe and 600 
angle elbow/couplers (also PVC). The straight pieces should be approximately 
14 inches long.
 

Make the cyclone collector from a metal can or wooden box with the bottom 
open. Make the bottom portion of the cvclone collector from canvas or rice
 
bags (to control the seed cleanings) hung around the open bottom of the can
 
or box. 

Make the input hopper from a metal can, a plastic container or a wooden box.
 
A wooden box is better, for the bottom should be slanted, narrowed to a one 
inch opening to feed the seed into the open portion of the tube housing the 
auger. A plastic or metal tube with a portion of the tube cut out 6 inches 
in length (top cut out to 31 the diameter of the tube) in which a 1 inch auger 
is inserted (could be slightly larger or smaller) to serve the same function
 
as the air seal rotary feed. A "geared" motor is suggested as the power source
 
for the auger, which would provide a slow-adjustable speed to regulate the rate
 
of seed being fed into the air separator column.
 

Insert a one inch plastic pipe into a hole made in the air separator column and 
make it air tight to serve as the gravity discharge. Fit a window or hardware 
screen over the end of a straight piece of PVC plastic pipe (no. 10) and into 
a sleeve or coupler (no. 12) to prevent seed from going into the blower pipe.
Connect the flex-tubing comming from the air source to the other end of the 
PBC plastic pipe (no. 11).
 

The air source (blower) can be provided by a gasoline powered ECHO - SOLO Back
 
Pack Power Air Blower, Model PB400, or, if electricity is available, a similar
 
electric air blower (see attached).
 

The throttle on the blower motor controls the speed of the motor, which in
turn regulates the air flow. The speed of the auger and rate of seed fed
 
into the separation column is regulated by changing the gear ratio of the
 
gear motor. The two are adjusted until the desired seed separation is
 
obtained.
 

When assembled, fasten the Zig Zag Air Seed Separator to the side of a
 
building, a large sheet of plywood or a tree for operation.
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LEGEND. 

1. 	Imput hopper made from wood and slanted at bottom so that. seeds feed
 
into auger.
 

2. 	Rotary feed made from a one inch auger (or from a wood ,drill'bit or
 
similar tool).
 

3. 	Zig Zag air seperation column made from straiahtieces of PBC lasticrl
 
pipe.
 

4. 	Gravity discharge for seed.
 

5. 	Cyclone collector made from a metal can or wooden box with open bottom. 

6. 	Lower part of cyclone collector made from rice bags or canvas.
 

7. 	 Auger housing made from a metal or plastic tube which has a 6 inch
 
sectiun cut out (top half of tube) to allow seed to enter the auger.
 

8. 	600 angled elbows/couplers.
 

9. 	A gear motor (suggested) as the power source to drive the auger.
 

10. Screen (window or hardware screen) to keep seed out-of the blower tube. 
11. St
 
11. Straight piece of PBCe
 

12. Sleeve or coupler.
 

13. Source of air from blower (see attached for sample blowers).
 

14. A 6 inch opening in the auger housing to allow seed to flow into *the auger. 
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The picture to the left shows a side view of the Zig Zag Air Separator secured to a tree and in op
eration. In the lower right of the picture, the air source - blower - is shown (#13), the lower 
left the gravity discharge container for the seed (#4), the middle (in the fork of the tree) the 
input hopper (#1), and the very top middle the cyclone collector - discard discharge (#5) to which a 
polyethelene tube is fastened , feeding the discards into a plastic container (#6). In the picture 
to the right, the input hopper (#1) is being refilled with seed.
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BEFORE -- Leucaena seeds before cleaning by Zig Zag Air Sepa
rator. Notice high concentration of trash and small, broken, 
fungus-covered, mutated and insect-damaged (small bore holes
 

caused by tamarind weevils) seed.
 

: .', , , - kil\

AFTER -- Seeds are free of trash and damaged seeds. Also, the
 

seeds are relatively uniform in size.
,,L *,r , .,\.,,. 
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DISCARDS -- Although it is hard to see in the upper picture, 
all of the seeds were either damaged by insects, covered with 
fungus, broken, small or mutated. Approximately 8-10 % of the 
seed becomes discards when the seed is processed through the 
Zig Zag Air Separator. If the seed is sized by screening and 
processed through the separator, approximately 15 % becomes
 
discards.
 

The picture below is of a AC-DC 1/15 HP gear motor with an
 
electric speed control (#9). This is the power source for the
 
auger (#7) which feeds the seed from the inout hopper (#1) to
 
the separation column (#3).
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Mist Blowers, Air Blower 

.... L... 	 Mist Blowers, Air Blower... 

.-for all your spraying, misting, fogging, or blowing needs. 

ii.'-.tv-	 " High Concentrate Mist Slower 
.

,A'',+.. Consists of angine/biower unit only. (You suppiy formula tank and transportatiOn.) 
:., ,.-.. 

~ Disccaroes mist through 8moveable nozzles. reach is20'up o*across, DISCHARGE RATE 1ouart 

* ' galionstmin. Powereo by 121/" n;. i cylinder. 2 cycle SOLO engine. FUEL: two cycle mix ofto 41.7 
;.; zJ'" , .. .	 1.25 Ic 1:50, fuel tan. holds 31A gallons Available with teleblast gun nozzle for 35' reach in 

whatever otrection nozzle is pointed. (38')1 I.dl. toh~ose to connect13200 MIST BLOWER wo FORMULA TANK. Supphedwit. oam
J " J' 	 see Formula Tank Connecting Set. Sh. Wt 83" 	 .o,t flnrmula tank For connecting hardware, 

IDS 	 $9693.50 

¢'J 13201 MIST BLOWER with TELEBLAST GUN 	 NOZZLE. For 35' reach In directlon selected. 
W1o formula tank With 10mm (38 ) id. hose to connect to formula tank For connectino4 ~ 
hardware, see Formula Tank Connecting Set. Sh Wt.95 lS. 1,069.50 

or. .Formula Tank Connector Set. All hardware needed to connect tubing from the 13200 or 13201 
mist blower to tr formula tank Includes 2 nipples. 2 nuts, 2 O-rings and 2 clamps.__.___.__ 7.5013202 Sn Wt.4 los. 

Formula Agitation Kit. All lubing and hardware needed to extract some movng air from mist
 

so 
f q 13203 Sri WI.I lb=llkDlowe! and Inject it into the formula tank lotagitation. 

ACCESSORIES directional Sotin; Includes
' ": Hand"" Spray'-=,OPTIONALGun Attachment. For low pressure (up to 3Z psi). 

,: 
of tubing lorconnecting to mist 

.'..',, wand wiln nozzle on-off spray control, pressure gauge and 30 
73-7blower 

4 ,,, ... . 13204 Sh Wt.10 lS. 

on mist blower for no-dritl herbiciOe ap- Optlonal Boom Nozzlie.horbibide boom. Mounts Each 813.25
Icalions Boom is 7'long Each end has a soring-loadtd. flexible exlen- 13206 Sh. Wt 4 ozs. 

blower Nozue Cap. Eliminate air blow from mist blower Curing boom usage.
1o with I flat. tan-sofay nozzle. Boom is led by the mist 
nydraulic DumD while the 8 blower nozzles are capped (see nozzle caps (8 reouirett) 

.75 
al ;gnf) 3 acioional nozziles (opltional. olde' sepalaleily) may be adoed '13207 Sh Wt. 1 oz. 	 Each 

Talebleat Oun Nozzle Only. Interchanges with 8-nozzle attachment 
f0compiele 7 wioe coveiage 


o165.15on
l200 mist blower. 
Sh W. 3 lbS.0 13205 	 113208 Sh.Wt. 21 Is. 263.35 

F' MIA .Y ! r 

SinlA. -, - .33 ..25 .m.il •i n.c.m9. 

can c s"uc fir lnsb m a ay1 R m ,ti, and 
16,lbs l 2" 18' r 1" W IHT 25 Its 	 emD ,'m ;; 


Grnlt.oIgi. .. and rock180911,aintnacprone c,',-w"-.-'. DracP acka :.i; 	 evSlte nBoucPimltanuit Charucls 	 sbyboigaayfi*"osicifrlbowe 	 Mist SI7'loer 210,4r;rMj24iset 

-be.anicagrens aneac esne a ~ 
oag Or

2 6 U.S 131." WI.. . hed 	 t l:1uellink Sh..9 Fo ho. Sb.. 6 ls .Pr .'nFormula tan 
--	

mph to d a 

25' vncal/mSn . f rgltnott hour in t b W ARA11Mb1 f ies outputiti9'rgltn Doscages iest 3r10l2'hrloil 
sooWL, ils . ngie pronu r....	 t atres ,b-nirt aiigna cPriucts 9 e withSh13198oedWt. 321 l c i tt ar5nLie. it M119aiicolde.tw-ycl 5 lbs6 InHPlude s t~ tos 5InPardnh fro (SE) seat 

a 41. b, Wi..,
lbsent.r lo epictace tfrualo wt otn lee tocm ntsIice t fom l tan wit 

13192 lameItiower Attachment 1 1313 Flame thiower At.at.,itti.. 

'
 
st Bn 'oeW #%R rllfew W -.... l. AItNT ,p"f "lic 1411111P FORPRIEPAiD Of'RS.n 	 Nfl MWI 
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Patented-

Dry Particle

- "Air Classifier 

SCIENTIFIC SEPARATORS , I., 
TEL (303) 23-178 

621-17th Street, Suite 1515 
Denver, Colorado 80293
 



0 
The Scientific Separator is a multistage air classifier for use in 
separation of dry particulate materials. Its basic features are as 
follows: 

S' 	 No moving parts in actual separation process. 

*"Gentle action minimizes product damage. 

=( Separates product mixes that have previnusIv not hban6C100 
- feasible to separate economically. 
* Heavy gauge metal construction. 

Low cost installation, operation and maintenance, 
B Dust free operation. 

*0 00 0 High capacity at low power consumption. 
A Air exhaust may be recirculated to-create a closea system. 

The Scientific Separator employes a multi-stage zig-zag column.o 0 
a 	cyclone and out theo OO e 	 Air is drawn up this column, through 

o 	 exhaust blower. Product to be classified is fed into the column 
0 at an intermediate point. Actual separation takes place at each 

zig-zag in the column. Lighter (or smaller) material is drawn up 
through the column and into a cyclone collector. Heavier (or 
larger) material settles down and out the bottom of the column. 

F Materials can be classified as to size, density, shape, or surface 
texture. Any particles larger than 100 microns can be classified. 

The sketch above depicts how Operates as efficiently at low loadings as at design load. 
separation of dry, particulate ma
terials are made. Arrows on each 
side of the column Indicate direc
tion of material flow. Coarse, 
heavy, material, "A", cascades 
down the zig-zag column. Finer, Applications of Scientific Separators range from dehydrated foods 
lighter material, "B", is carried to chemicals. Some uses include removing bone chips from bone 
upward in '.he air stream. 

Product is exposed to upward air meal, spider webs from mushrooms, sand from powdered mush
flow, "F", at each bend in tho rooms, alfalfa leaf from stems, skins from meats of dehydrated 
column, thus giving the effect of onions, cleaning of raw materials such as peanuts or beans, de
a multi-stage separation. It is this 
principle that enables our equip- dusting of borax and other chemicals. removal of contaminated 
ment to accomplish extremely pre- seed from pure seed, and recovery of salable material from various 
;ise classifications with extremely 
minute density differences in the kinds of waste streams. The chart on this page will help you visual
material. 	 ize how our equipment applies to your product. Many progressive 

companies are replacing outdated, less efficient machinery with 
SSl trouble-free air classifiers. 
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0 Input hopper 	 . : ' 

eAir seal 
rotary feed 

O	ZIg-zag air0
 
separation column
 

O 	Gravity discharge
 
(heavy material)
 

0 	 Cyclone
 
Collector
 

QAir seal 
rotary discharge
 
(light material)
 

STANDARD MODELS (12 ZIG-ZAG STAGES) 
A-30 A-48 A-1060MODEL A-154 A-26 A-312 A418 

Lbs. Per 
1,500 3,000 7,500 16,000 25.000Hour' 250 500 

Column 
1%" x 4* 2"x6" 3"x12* 4'x 18" 6 x30" 8"x48" 10" x60'Cross Section 

Blower:' 5 10' 15H.P. 	 1 2 3 
780 1,950 4,150 6.500CFM 65 130 390 

Cyclone:'
16m 230. 33' 51" 62"Diameter 12" 14w 


Height 3' 318" 43" 5'10" 80' 14'4" 17'
 

Overall: 1' 12'Length 4'40 523 6# 8 10' 
2'8w 39" 4'3' 4'.9 5"60 6' 7'3"Width 

6'6 7'4" 12'' 14' 18'4" 21'60Height 5'" 

ADDITIONAL 
FEATURES
 

Rotary Feed 
Std. Std. Std. Std. Std. Std. Std.and Discharge 

Variable Feed Std. Opt. Opt. Opt. Opt. Opt. Opt. 

Fron Std. Opt. Oct Opt. N/A N/A N/A 

Air Meter Std. Opt. Opt. Opt. Opt. Opt. Opt 

Stainless 
Opt. Opt. Opt. Opt. Opt. Opt.Steel Opt. 


size, 	 and*Capacities fre based on average material encountered (bulk density 3 Ibl.per cubic foot). Actual capacity, cyclone 
will rangs from in to 3 times the listedblower horsepower will depend on actual material to be separated. Actual Capacities 

capacities depending on bulk density and aerodynamic character of the material. 



Due to variety of uses, it is not uncommon 
to modify various components sizes, such 
as a change in column dimensions, size of 

blower, cyclone or hopper; or ceiling mount-

ing may be desirable. 

Each individual customer's requirements are 
reviewed by our staff to determine modifica
tions that may be required. 

We would be pleased to separate a 10 to 20 
lb. sample of your product in our laboratory. 
Results of such samples will be returned to 
you without charge for your examination. 

Any dry particulate product mix varying in 
size, shape, bulk density or aerodynamic 
character. 

CAPACITY APPLICATION 
As required- Any dry 

up to particles 
100,000 lbs. 100 microns 
per hour and 

Inasingle larger

unit 

ADVANTAGES
 

Minimum product damage
 
Continuous flow
 

Dust free operation
 

Automatic operation
 
Low maintenance
 

Economical operation
 

Few moving parts
 
High capacity
 

_._~
 

SCIENTIFIC SEPARATORS, INC.
 
TEL (303) 6236178 

621-17th Street, Suite 1515 


Denver, Colorado 80293
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SEED PURITY ANALYSIS 

MECHANIZED EQUIPMENT FOR -	 suitae 

clanin!
* Laboratory seed separating equip. 

"li,
'or 
 ..:5
AMechanizeu seed separating equip* !..." 

SSeed inspection equipment 
. te.,j.&.

artave* 	 Mechanized plot research equipment 

ac urate aids for determining
a Rapid. 	 l.i)' 

seed quality 
.ir ,,i
 

a 	 30..,o.. .udmsepator0 Modernize purity analysis
Cost of labor, Mostl0ody's highV.1,th 


the timemust minimizelbcratories 	 " *PRC, . - -'" . 
wertl in manual manipulation of seed. 	 "pR Pof tho 	 all
This equipment relieves some 	 SEPARATOR S.v CONTINUOUS SEED SLOWER Pvidi 

INCLINED DRAPER 	 vui.,nator 
wdchous time-consuming manual work 	

elorilo . sm frot m .mvxv'nir. oi stmitdalu pirtunotic 
flat. rough, or 	 of untlfrurutoorates 	

-ixi if witI" ; li;ionii feattfr' 
large wid m.n'ill A %8i

involved in seed purity analyss. Permits 
rnUnd. smooth seds. useful fo,

l l''f, IL'il.0 And jPPVZLIon .,I 
tor , 	 utltjr, signed

requireurr I .tor'/ saparntins Viot 	 , r t. m'anllUm 
Int onerator to examine the maximum 	 -'-'-.-.-'-i-5- bolt M.sewliilt
number of seer in the m,'mu.l.h-	 ) . tinrJi 

11 	 t-ft It).Pe "flu1')i', ur.
-flm. ,ixi 	 utrivides for variatli i i , t .~liw: . C.tI

we'iI1't. CSl?54*nutiY
.imount of time. while maintaining .the 	 xosit in s..'tl 

siri oflbelt. Roanily,f,,lU. i.joiiiIWt111 	
W, reuuirtd l.siw(.en seur,.u.JeC 	 r 

of manual inspection. 	 ; sf,"1 r4l,,ivit;q ages.accuracy 	 fijmo. twl, viruihn . t iti.".Ps c:ioritt:free-.%lwoing steel 	 '/O.lirtO te 
high quality. high integrity 	 tQntf fl," tin" ,-ratio.M. operavih.1to,MAT-OSU 	 motor. electroma in making -1ficultmear
high calib' 	 citove 

to assureecuipmen , helps 	 gaivanized catch pans. nnd V.-olt drivo. 
.. v hit,; i.rluue #irwod .,tne cnt 

1.1453 Sat1 	 i ,ri, prrc.1in.slith~'. ir;!u oon. 
laboratory work. 	 TO R UESC-0050 f;iI.i.,% f-

LABORA	 i ii i ifEBEARDEri .iy
Sitijlu LAORATORY 	 I ,x.MigIIxi .:aili.:t HorvIius i n;im

SEED SEPARATOR 	 Ii ..VIBRATORY 1 hwi.te vor ,~ll ' ,11ut'' 	 .ithl slueg
tnrqt.r
d with 5 int e r c han geat CItaun'. 3p~lAlC. 	 ,%i, Df;fi., co.ii v iehnlhviblrator 

dok. Furnisint 	 lhr siaci.l Iiy ' i 
zto(d$.egs:. Does 'nut Limage 	 l vibtoles.moutder. sl

l L-,I tili:; ! 

6 precision controls Vmitrwth '111044 IOLf iii)i.Q.. cinL,'ngComplete with electric vibrator feeo, 	
ard Spn 

l
j beflles 1r1th" if Cu flit:' W ;,th 

a,'wnsi victh other 	 =r.'contro1,n -5n.etetaCe..countrdawiet.,t S468.0tomatitetic 	 vibrator. Removct difficulttilvrr.. i rDrio 
Makes many0 difficult agitatoretrs seddrum.to d um e4'r 
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APPENDIX Q-. 50 -

TAIWAN 

Hu, Ta-Wei and Chih-Cheng Liu. Division of Silviculture,
 
Taiwan Forestry Research institute, 53 Nan-Hai Road, Taipei,
 
Taiwan, R.O.C.
 

VEGETATIVE PROPAGATION OF LEUCAENA BY LEAFY CUTTINGS UNDER 
MIST SPRAY
 

Due to some hybrids of Leucaena leucocehala with other 

Leucaena spp. are fast-growing but sterile7research for 

practical methods of vegetative propagation is necessary. 

In August, 1980, twigs were taken from 1.- and 3-year old
 

trees of leucaena (K72) and cuttings of 15 cm long were made
 

into the following 3 categories: 1. Leafy twig cuttings with
 

and the terminal shoot retained, 2. Leafy twig3 leaves 
cuttings with 2 to 3 leaves retained and 3. Leafless twig
 

in complete randomized
cuttings. A 2 x 3 factorial test 


block design with 5 replications was conducted in greenhouse
 

under intermittent mist spray. Twenty cuttings of each plot
 

were inserted in coarse sand of the propagation bed in two
 

rows. The spacings of each cutting in one row is about 6 cm
 

and row to row is 15 cm apart. 

Thirty-five days after the establishment of the test, number
 
of rooted cuttings was examined and the results are shown as
 

follows:
 

Age of Category of 	 No. of Cuttings Ave. 7.
 
for age
ortet cuttings 	 cuttings rooted 


tested (7o class
trees 


100 100
1-Yr Leafy twig cut. with shoot 

Leafy twig cut. without shoot 100 97
 
Leafless twig cut. 100 52 83
 

3-Yr Leafy twig cut. with shoot 100 50
 
Leafy twig cut. without shoot 100 37
 

100 0 29
Leafless twig cut. 


The figure shows that vegetative propagation of leucaena by
 

leafy t-wig cuttings under mist spray is highly possible.
 
Twigs from younger trees have higher percentage of rooti:?d
 

cuttings. Juvenility of ortet trees seems an important
 

factor for vegetative propagation by cuttings. Ramets from
 

adult ortet trees may be rejuvenized under cultivation and
 

can be used for supply of cutting materials for vegetative
 

propagation.
 

July, 1981, Council for Agricultural Planning
LEUCAENA RESEARCH REPORTS, Vol. 2, 


and Development, Taiwan.
 

Best Avallalb)p. voutg 	a' 



Av.P ENDI1.X R 

W.W !41 W il 

'a7 

-. ~9 -. r.-s.r l; 

. 

L4i*~ 

.. fir* .. 

.5'.ec *rpiP 

Ha 

of 

-:r, 

u 

x 

DEATE*A-AE 

nt~uepF.Oia gclueadlial 

A~cl~c7ndMAAc'iA5. 

bl

ni eit, F



The Authors
 

-Bernardino G. Cagauan, Jr., Gordon Y. Tsuji, and H. Ikava are Research
 

Associate, Project Manager, and Associate Soil Scientist, respectively,
 
Benchmark Soils Project, Department of Agronomy and Soil Science, College of
 
Tropical Agriculture and Human Resources, University of Hawaii, Honolulu.
 

Contents
 

Pape
 

introduction . . . ... 2 
Transfer of Fuelwood Production Technology ...... . . . . ... 2 
Description of Soil Taxonomy o..4: 

Interpreting Soil Taxonomic Names for 

Planning Nitrogen-f ixing Tree Projects .......... 
conclusion . . . . . . . . . . . . . .. . .. ... 

.... . 7 
1 

Literature Cited . . . . . . . . 12:-

Appendix 13 
atching Tree Requirements to Environment: 
A case example for Oahu, Hawaii . . . . . . ... 13 

Prepared under support of the United States Agency for International
 
Development, contract no. to-C-1105. All reported opinions, conclusions, and
 

recommendations are those of the authors (contractors) and not those of the
 

funding agency or the United States government.
 



PL INKIIN IGAGROFORESTRY -AND FUELWOOD. PRODUCTION. ON TME ESIS
 
OF;SOIL 1ThZONO0ff1
 

o. Tsuji, and H &2B.;G.Cacauans ire,$ G. 

Summary
 

Whether an environment is suitable for tree crop production can be
 
These names imply certain
predicted on the basis of soil taxonomic names. 


attributes such as the general nutrient status of the soils, relative amounts
 

and kinds of clay and clay minerals, and the range of soil moisture and soil
 

land available for tree
temperature. In the tropics, soil information on 


crop or fuelwood production is generally insufficient because many detailed
 

soil surveys are usually concentrated on the level or nearly level arable
 
Thus, on hillsides,
lands, which are traditionally planted to food crops. 


rocklands, and swamps, the marginal lands which are available for tree crops,
 

soil surveys are usually of the reconnaissance type or do not exist at all.
 

If fuelvood production is to take place on a regional and global scale, some
 

policy directions by governments are needed to classify these areas in
 

greater detail.
 

Matching a crop to the soil and climate depends on the crop's specific
 

growth requirements. Like other legume crops, leguminous fuelwood trees have
 

high requirements for soil-derived elements, such a,; calcium, phosphorus, and
 

sulfur. Therefore, in evaluating land for growing leguminous trees, careful
 

are supplied with these
consideration must be made to select soils that 


nutrients since fertilizer applications to supplement these nutrients might
 

not be economical. Soil Taxonomy provides a tool for planners and decision
 

makers to assess the capability of a soil to support the establishment of
 

tree species.
 

1. Prepared for presentation at the Workshop on Agroforestry and Fuelwood
 
Center, Honolulu,
Production, Environment and Policy Institute, East-Webt 


Hawaii, November 12-20, 1981.
 

2. 	Research Associate, Project Manager, and Associate Soil Scientist,
 

Benchmark Soils Project, Department of Agronomy and Soil Science,
 
96822.
University of Hawaii at Manoa, Honolulu, Hawaii 




Introduction
 

Location of land for a tree species and the management of the area to
 
satisfy the requirements for that tree crop are key planning decisions that
 
must be made before establishing large-scale fuelwood production projects.-

Knowledge of the tree crop and its environmental requirements are needed.
 
Compared to many traditional crops, agronomic information on fuelwood trees
 
is limited. The National Academy of Sciencer (1980) compiled the
 
environmental requirements for 60 fast-growing fuelwood trees and grouped
 

them according to their suitability to the humid tropics, the tropical
 
highlands, and the arid and semiarid regions. The report is a pioneer effort
 
to compile the climatic and soil requirements of fuelwood tree species. The
 
objective of planning for fuelwood production is to select the appropriate
 
environment to match these requirements. A system is now available to
 
achieve this objective. It is called Soil Taxonomy, (Soil Survey Staff,
 

1975), a system of classifying soils and interpreting soil surveys. In this
 
system, soils are given -wmes that indicate their properties and the soil
 
moisture and temperature regimes in which they occur. The nomenclature
 
system was designed so that these properties and climatic classes can be
 

inferred or extracted from the taxonomic names. This paper discusses how
 

Soil Taxonomy can be used to determine whether a soil is suitable for tree
 
crops, and interpretations are given for identifying soils that are judged
 
desirable for nitrogen-fixing leguminous fuelwood trees.
 

The need to identify similarly classified soils is also emphasized'so
 
that similar management practices may be applied to achieve predictable
 
results. This is based on the objective of the Benchmark Soils Project
 
(1978) that agrotechnology can be transferred on the basis of soil
 
classification. This concept may aid in comparing predicted with actual crop
 
performance.
 

Transfer of Fuelvood Production Technology
 

It should be easier to adopt or accept the transfer of a developed
 
technology than to discover a "new" one. In many parts of the world, the
 

technology for growing a great number of economic crops has been established
 

through years of tenting and experimentation. Individuals or groups desiring
 

to grow any of these crops need not go to the tedious and expensive process
 

of rediscovery. This transfer process can also be applied to fuelwood trees.
 

The success of transfer depends on what the user is willing to accept in
 
terms of measureable results. One task of planning, therefore, it-0"
 

maximize the success of transfer, which, in addition to the socioeconomic,
 

political, and administrative condi:ions, depends greatly on the relationship
 
of the crop to the environment where it grows or will be grown. It is
 
axiomatic that the closer we are in meeting the environmental requirements of
 

the crop, the higher would be the level of successful transfer.
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Transference of agricultural practices or technology has generally been
 

made by the farmer based on his experience and that of his forefathers. It
 

is done routinely, especially if the farmer continues to farm in the same
 

The problem of transfer arises when the experience is applied or used
area. 

in another location. Agrotechnology developed in the temperate region, for
 

example, is not usually directly transferable to the tropics. It is apparent
 

that similarity of agroenvironments is a prerequisite to the successful
 

transfer of agricultural experience.
 

The technology being referred to in this paper is the management used to
 

grow fuelwood trees. This definition is confined to the practices which are
 

Examples of such practices are
influenced by the specific climate and soil. 


the use of hybrid seeds, irrigation, fertilizers, soil amendments, tillage,
 

and planting density practices.
 

Crop information is needed to make a successful transfer. This
 

information must be matched with the environment where the crop will be
 

grown. Agronomic or silvicultural information on most of the recommended
 

fast-growing leguminous trees (Brewbaker, Van Den Beldt, and MacDicken, 1981;
 

National Academy of Sciences, 1980) is lacki.ng, when compared to information
 

This problem is further aggravated by the
available for traditional crops. 


long period that is required to obtain and monitor tree-crop performance from
 

field erperiments. Despite these limitations, however, there is sufficient
 

knowledge on the general requirements of leguminous trees that the
 

appropriate agroenvironmental niche for their optimm growth can still be
 
Soil names given
predicted. The basis for this prediction is Soil Taxonomy. 


by this system are descriptions of these environmental niches, which include
 

both the soil environment and the general conditions of that space above the
 

soil where the plant grows. Hence, environment, as used in this discussion,
 

includes both soil and air space where the plant is grown.
 

The Benchmark Soils Project (1978) has used Soil Taxonomy to identify
 

similar soils in Cameroon, Hawaii, Indonesia, and the Philippines and to test
 

the concept of agrotechnology transfer. These sites represent three soil
 

soil analyses and behavior, phosphorus was identified as
families. Based on 

limiting. For example; maize yield data obtained from sites of the Hydric
 

to applied
Dystrandept soil family had similar grain yield responses 


The same management practices were imposed in the experiments.
phosphorus. 

The experimental results substantiate the observation that similar
 

environments provide the basis for expecting similar or even identical 

results; hence, the transferability of agrotechnology is possible.
 

In order to determine the long-term effect of a specific environment on
 

the growth and development of selected nitrogen-fixing trees, the Benchmark
 

now installing fuelwood tree experiments on its network of
Soils Project is 

three soil families. The environment, by
experimental sites belonging to 


defined in Soil
design, is characterized and designated by the soil family as 


Taxonomy. Growth performance data of 16 fuelwood tree species, mostly
 

http:lacki.ng
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legumes, will be measured. Such information can then be used to predict the
 
performance of these species when grown on soils with similar soil taxonomic
 
names. The following discussion will illustrate how Soil Taxonomy can be
 
used to plan agroforestry and fuelwood production projects. It does not
 
attempt to cover the whole subject of Soil Taxonomy. Readers who may be
 

interested in a more detailed discussion of this subject are referred to
 
Soil Taxonomy (Soil Survey Staff, 1975) itself or to textbooks such as those
 
by Steila (1976) and Buol et al. (1980).
 

Description of Soil Taxonomy
 

Soil Taxonomy is a system of classifying soils and is used in many parts
 
of the world today. It was designed to make precise interpretations of soil
 

surveys for agricultural and nonagricultural uses.
 

The classification is based on soil properties. These properties can be
 
measured which leads to a uniform interpretation of soils data and a better
 
management and utilization of the land. A very useful attribute of Soil
 
Taxonomy is it; nomenclature system. It provides a basis for estimating soil
 

properties and for extracting accessory properties from the taxonomic names.
 
Information related to soil moisture and fertility properties such as
 
particle size, mineralogy, and soil temperature are condensed in a soil's
 
name. In general planning, therefore, we may obtain soil information, even
 
though the soil aata may not be available, if we know the soil taxonomic
 
name.
 

The soil names dre universal. This means that all soil names (taxa) are
 
the same, irrespective of location. A soil identified in India, for example,
 
which is identical to a soil identified in Cameroon will bear the same name
 
under Soil Taxonomy. This is another attribute that provides a uniform basis
 
for communicating (or transferring) information about soils and their
 
management.
 

To classify soils in a systematic manner, six categoric levels of
 
classes, arranged in a multicategoric fashion, are established in Soil-

Taxonomy. The highest categories, with the smallest number of classes, are
 
defined in broad general terms, whereas, the lowest categories, with the
 
largest number of classes, are described in specific term.. These categories
 
are listed in Table 1. Soils in the highest category, the soil order,.-are-..
 

grouped according to the presence or absence of diagnostic horizons that are
 
related to some soil-forming processes. These horizons may reflect certain
 
properties, such as the amount of organic matter, the amount of clay
 

movement, the accu-mulation of clay, or the chemical composition. These
 
properties or accessory characteristics are evident in the taxonomic names
 
(Table 2). The fifth category, the soil family, includes all soils in the
 

same subgroup that have similar particle size or textural class, mine aaogy
 
and soil temperature. The soil family is the category that relates soil
 



Table 1. Categories in Soil Taxonomy and their dominant features.
 

Soil Number of
 
Dominant features

b
 
taxa
category 


Order 10 	 Presence or absence of different kinds of soil
 
horizons, which are related to soil-forming
 
processes.
 

Suborder 45 	 Presence or absence of properties, such as those
 
associated with moisture, parent material, or
 
vegetation.
 

Great group 187 	 Similarity of horizons, base status, soil climatic
 
parameters, and presence or absence of different
 

kinds of soil layers or pans.
 

Subgroup 990 	 Differentiation according to a central concept or
 
gradation to other great groups, suborders, and
 
orders.
 

Family 5,603 	 Information on the particle size (textural) class,
 
mineralogy, soil temperature class, and other
 

properties such as soil depth and consistency.
 

Series 12,002 	 Information on the kind and arrangement of
 

(U.S. only) horizons with morphological, chemical, and
 
mineralogical properties.
 

a. From Soil Survey Staff (1980).
 

b. Adapted from Buol et al. (1980).
 

properties to the management and the manipulation of'soils for specific uses.
 

It contains most of the information needed to transfer agrotechnology among
 

and between similarly classified soils (Benchmark Soils Project, 1978).
 

The last category is the soil series and it is primarily used to relate
 

soil map units to taxonomic units. The soil series name is usually a local
 

geographic name and no longer connotes soil properties. iCnless one is
 

familiar with the properties associated with a particular soil series, one
 

may not be able to infer properties of that soil from the series name alone.
 

The soil series category, however, carries all the taxonomic features of the
 

higher categories, and the range in the characteristics of the soil series is
 

more precise, or narrower, than ranges in the higher categories.
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Table2. Soil'ardars 

Soil 
order 


Organic soils
 
Histosols 


Mineral soils
 
Alfisols 


Aridisols 

Entisols 


Tnceptisols 


Mollisols. 


Oxisols 


Spodosols. 


Ultisols 


Vertisols 


in Soil Taxonomy and brief descriptions.'a 

Description
 

Soils with very high content of organic matter;,
 

histos - tissue. 

Soils with clay movement and accumulation of clay in
 
subsoil and with a high base status; alfi
 
associated with Pedalfersb, soils with aluminum
 
and iron, in contrast with Pedocals, soils
 
enriched with calcium.
 

Dry soils with water limiation for plant growth;
 
aridus n dry.
 

Youthful soils with little or no formation of soil
 
horizons; ent - associated with the last syllable,
 
in "reent,-connoting recent soils. 

Soils with minimum soil horizon differentiation
 
but shoving changes in chemical and physical
 
properties; inceptum - beginning, associated with
 
the minimum amount of horizon development.
 

Dark-colored soils with good physical and chemical
 
characteristics for plant growth; mollis - soft,
 
referring to the soft nature of surface soil
 
horizon.
 

Weathered soils of the tropics with low nutrient 
retention; oxide - oxide, like that of iron and 
a luminum. 

Acid soils with accumulation of organic matter and
 
oxides of aluminum with or without oxides of iron
 
in subsoil; spodos a wood ash, referring to the
 
horizon leached of humus, aluminum, and
 
iron.
 

Soils with clay movement and accumulation of clay
 
in subsoil and with low base status; ultimus
 
last, referring to ultimate in leaching of
 
bases.
 

Clayey soils with definite shrink-swell 
characteristics; verto = turn, referring to 
churning in the soil. 

a. Adapted from Soil Taxonomy (Soil Survey Staff, 1975).
 
b. Pedalfers and Pedocals are soil names associated with an earlier
 

'classification system of the United States and are not used in Soil
 
Taxonomy.
 



Interpreting Soil Taxonomic Names for Planning
 

Nitrogen-fixing Tree Proiects
 

Information that can be extracted increases from the highest category to
 

the lowest category, and, as mentioned previously, it is the soil family that
 

is most appropriate and useful for technology transfer and in land use
 
planning. The properties unique for a particular soil or a group of soils
 
are reflected in their taxonomic names.
 

In the order category, for instance, the name Aridisol indicates the 

lack of moisture (Table 2) and, therefore, is a soil that would not support 

plants with moderate water requirements. The names Mollisols and Alfiftls 

suggest high native fertility (high base status), while Oxisols, Ultisols, 
and Spodosols suggest low native fertility (acid and usually low base 

status). The shrink-swell characteristics of Vertisols indicate poor 

internal drainage or waterlogged conditions during wet periods. Histosols 

are usually saturated with water and have low base saturation. Very little 

information about plant growth factors can be inferred from the names 

Inceptisols and Entisols. 

In the suborder category, many of the names connote moisture
 

regimes: There are the Aqualfs (wet Alfisols from aqua, water); Ustox (dry
 
Oxisols, from combust, to burn); and Udults (udic from humid moist Ultivols).
 

Some xuborders connote temperature regimes: The Borolls (cool Mollisols from
 
a boreal climate) and Torrox (hot and dry Oxisols, from torrid), for example.
 

Other suborders indicate an abundance of certain materials such as the
 
Humults (humus-rich Ultisols); and the Ferrods (iron-rich Spodosols)-or the
 

type of parent material, such as the Andepts (Inceptisols developed from
 

volcanic ash, from Andosol, volcanic ash soil in another classification
 

system).
 

Table 3 shows how there can be an increase of information that can be
 

extracted as we go down the taxonomic categories. it is this attribute of
 

Soil Taxonomy which enables planners to make an assessment of the capability
 

of a soil to support the establishment of a tree species. In planning the
 
use of leguminous trees.for fuelwood production projects, soils that are
 

inherently high in bases should be given preference over acid, low fertility
 

soils. Although certain legumes will grow in acid soil conditions,
 

leguminous plants, in general, require neutral to slightly alkaline
 

conditions. It is not acidity per se that is the problem, but the lack of
 

sufficient calcium which is necessary for nodulation (Munns, 1978).' Most
 
acid soils are low in bases, phosphorus, and sometimes sulfur (except acid
 

sulfate soils) and are exemplified by most of the Oxisols and Ultisols.
 

Exceptions in the Oxisols are the Eutrustox and Eutrorthox both of which have
 

high base saturation.
 

It is worth noting that out of the 18 nitrogen-fixing tree species
 

selected for testing by the University of Hawaii (Brewbaker et al., 1981)
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Table 3. Interpretation of soil properties from Soil Taxonomy names a 

Soil Example of taxonomic 

cateogry name in each category 


Order Oxisol 


Suborder "stox 


Great group Eutrustox 


Subgroup Troveptic 


Family clavey, kaolinitic, 

isohvperthermic 

Tropeptic Eutrustox 


Series Wahiawa 


Explanation or interpretation of
 
the taxonomic name
 

The name connotes presence of oxide
 
minerals, such as those of iron and
 
aluminum. Abundance of these minerals
 
sometimes indicates low fertility status
 
of the soil.
 

This is still an Oxisol, but there is
 
additional information about the i-il
 
with the prefix ust,froz combust,
 
meaning, to burn. This is,therefore,
 
an Oxisol with a dry environment.
 

The prefix eutr is related to such a
 
word as eu-trophication, which means
 
enrichment. This is a dry Oxisol that
 
is enriched in bases.
 

An adjective is now introduced in the
 
subgroup name to indicate a gradation
 
from a central or typical Eutrustox.
 
Tronevtic describes an Eutrustox with a
 
moderate Co strong aggregated structure
 
in the B horizon and/or one that is
 
somewhat shallow.
 

There are three more adjectives added to 
denote the family name of this 
particular Tropeptic Eutrustox. These 
adjectives indicate that the soil has a 
clay texture with a mineral composition 
of kaolinite and an average annual 
zemperature greater that 22 C 
(isohvverthermic) at a depth of 50 cm. 
The mean annual summer and mean annual 
winter temperatures do not vary by more
 
than 5"C.
 

The soil series name Wahiava itself doet
 
not give information on any soil
 
properties. Thus, a person encountering
 
the soil series name for the first.time
 
would require additional information for
 
interpretation.
 

a. Adapted from Soil Taxonomy (Soil Survey Staff, 1975).
 



only three species were reported to be well adapted to acid soils. These are
 

Acacia auriculiformis, Acacia mangium, and Casuarina equisitifolia.
 

tree of this decade, is
Leucaena leucocephala, the well-known "wonder" 
Forage trials on two soil families
rated poor in adaptability to acid soils. 


(one acid, the other non-acid) illustrate this fact (Table 4). Large amounts
 

of lime and phosphate fertilizer were applied to the clayey, ferritic,
 

isothermic Typic Gibbsihumox, an acid and infertile Oxisol, in order to equal
 

the forage yield of a fine, mixed, isohypertbermic Cumulic Haplustoll, a
 

nearly neutral and inherentI.: fertile Mollisol. The latter received neither
 

lime nor phosphate fertilizer.
 

Matching of fuelwood requirements with soil characteristics and climatic 

regimes derived from soil taxonomic names is essential in order to 
The environmentextrapolate performance of tree species to another location. 


from which a set of production data were obtained can be identified from the
 

The soil name may give important clues in judging the performance
soil name. 

of tree species when they are to be grown in another location.
 

Table 4. Forage yields of Leucaena leucocephala grown on two soil families.
 

Average forage yielda 

Green Dry
 
12%Lime and 
moisture
fertilizer 


Location treatments (kg/ha/day) (t/ha/yr) (t/ha/yr)
Soil family 


Fine, mixed, Waimanalo, None 189 69 22 

isohyperthermic Island of 

Cumulic Haplustolls Oahu 

Clayey, ferritic, Kapaa, 5.6 t/ha 171 62 20 

isothermic Island of crushed 

Typic Gibbsihumox Kauai. coral stone; 
278 kg P/ha 
rock phosphate 

Source: Brevbaker et al. (1972).
 

a. Average of 11 varieties.
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The reportedly outstanding performance of the K-varieties of Leucaena
 
relative to other fast-growing trees (Brewbaker et al., 1981) is a function
 
no: oz:ly of the varieties but also of the environment where these data were
 
collected (Table 4). Obviously, it would be a mistake to apply these
 
production figures in projecting the harvests from marginal, infertile, and
 
steeply sloping fuelwood farms. In the Philippines, for example, the
 
difficulties in establishing Leucaena leucocephala on agriculturally marginal
 
lands are known (Halos, 1980). These areas have soils which are generally
 
acid and are low in nutrients or native fertility. Plants which survived
 
were stunted and spindly. These difficulties point to a mismatch of species
 

requirement with soil and environment.
 

For wildlife, soil conservation, or for green manure, selected
 
leguminous tree species can adapt, over a period of years, to marginal and
 
hi.hly infertile, even acid, tropical soils. Iz fact, legumes are very
 
desirable plants that can be grourn to improve soil fertility. For example,
 

if used as a green manure, the K-8 varieties of Leucaena can produce large
 
amounts of nitrogen, and can cycle high quantities of phosphorus, and
 
potassium to the soil surface (Table 5). The same quantity of nutrients
 
except for nitrogen, however, will be withdrawn from the soil if Leucaena is
 
used as forage. Under long-term cropping, potassium, phosphorus, and
 
calcium must be added to maintain high forage yields. Sound planning,
 
therefore, should also match land capability with intended use.
 

High production of food crops can only be sustained with the application
 
of commercial inorganic fertilizers even on soils with high native fertility.
 
Whether the return from fuelwood production can be greater than the cost of
 
fertilizers has not yet been established. In the tropics, priority for using
 
available fertilizer is given to food crops. It is necessary and desirable,
 

Table 5. 	Nutrient composition and.the fertilizer material equivalent of a
 
20-ton per ha harvest of dry forage from Leucaena leucocephala.
 

Fertilizer Composition Fertilizer material
 
nutrient % kg/ha equivalent per ha
 

N 	 3.0 600 1,304 kg urea (46Z N)
 
P 0.27 54 675 kg single superphosphate (8Z P)
 
K 1.4 280 560 kg muriate of potash (50% K)
 
Ca 0.8 160 410 kg calcium carbonate (39% Ca)
 
S 0.14 28 -


Source: Calculated from data by Brewbaker and Hutton (1979).
 



therefore, to select areas wit5 soils that have relatively high base status
 

(native fertility) or to select leguminous tree species that can tolerate
 

acid soils. These soils can be easily identified from their taxonomic
 
names.
 

Up to this point, our discussion has been based on the premise that soil
 

survey and soil classification data or soil maps are available. Most of the
 

land areas that may be available for fuelwood production today, especially in
 

the tropics, are the hillsides, swamplands, rocklands, and even desert areas
 

that are not suitable for food crop production. These areas are usually
 

designated on soil maps as mountain soils or undifferentiated soils and lack
 

the detail that is found for the arable level lands. Soil information on
 

these marginal areas is generally lacking to make meaningful interpretation
 

for agroforestry planning. In order to undertake large-scale utilization of
 

these lands for fuelwood production, government planning should include as a
 

prerequisite, initiation and undertaking of soil survey activities with
 

subsequent classification of soils to allow a meaningful soil resource
 

inventory assessment of land areas for intended land use.
 

Soil Taxonomy can be a very useful tool to pinpoint major soil
 

constraints and may serve as the basis for determining the need for
 

production inputs such as fertilizers, erosion control measures, irrigation,
 

drainage, and so on. here these inputs are required but may not be
 

economically feasible, it is imperative during planning to lower expected
 

performance. Modifying the intensity or frequency of harvest or increasing
 

land quantity are some alternatives that may be used to make up for lower
 

output due to inferior soil quality.
 

An example of matching tree requirements to soils and environment is
 

provided in the Appendix of this report.
 

Conclusion
 

or fuelwood production
Soil information on land available for tree crop 

.Anthe tropics is generally insufficient or completely lacking. Detailed 

soil surveys, where available, are usually confined to the level or nearly 

level arable lands, which are traditionally planted to food crops. Soil
 

surveys of sloping uplands, rocklands, and swamps, marginal lands which are
 

available for tree crops are usually of the reconnaissance type or lacking
 

altogether. If planning for agroforestry and fuelwood production is to
 

proceed on a national, regional, or global scale, a soil survey is needed;
 

the soils must be classified and soil nips must be prepared. To maximize the
 

use of the soil survey data and maps, knowledge of Soil Taxonomy and
 

taxonomic names is essential. The appropriate environment needed for tree
 

crop production can be predicted by using soil taxonomic names. These names
 

connote specific soil and environmental conditions that can be matched to the
 

requirements of a specific tree crop. The transfer of agroproduction,
 

technology and information for agroforestry and fuelwood production programs
 

can then be logically and economically implemented.
 

,I11 



12 

Literature Cited
 

Benchmark Soils Projecu. 1978. Research on agrotechnology transfer in the
 
tropics based on the soil family. Progress Report 1. Dept. of Agronpy
 
and Soil Science, College of Tropical Agric., Univ. Hawaii, and Dept. of
 
Agronomy and Soils, College of Agric. Sci., Univ. Puerto Rico. 64 pp.
 

Brewbaker, J. L., and E. M. Hutton. 1979. Leucaena, versatile tree legume.
 
pp. 207-257, in G. A. Ritchie (Ed.), Ne agricultural crops. Westviev
 
Press, Boulder', Colorado.
 

, D. L. Plucknett, and V. Gonzalez. 1972. Varietal variation and
 
yield trials of Leucaena leucocephala (Koa Haole) in Hawaii. Hawaii
 
Agric. Exp. Sta. Res. Bull. 166.
 

, Rick Van Den Bald:, and Ken MacDicken. 1981. Nitrogen-fixing tree
 
resources: Potentialities and limitations. Paper presented at a
 
conference on Biological Nitrogen Fixation, Cali, Colombia, March 1981..,
 

Buol, S. W., F. D. Hole, and R. J. McCracken. 1980. Soil genesis and
 
classification. 2nd Ed. Iowa State Univ. Press, Ames.
 

Foote, Donald E., Elmer L. Hill, Sakuichi Nakamura, and Floyd Stephens.
 
1972. Soil survey of the islands of Kauai, Oahu, Maui, Molokai, and
 
Lanai, State of Hawaii, U.S. Dept. Agric., Soil Cons. Service, in
 
cooperation vith the Univ. Hawaii. Government Printing Office,
 
Washington, D.C.
 

Halos, Saturnina C. 1980. :pil-ipil-the wonder ceases. Canopy 
International 6(9):7-9. Forest Research Institute, Laguna, Philippines. 

Munns, D. N. 1978. Soil acidity and nodulation. pp. 247-263, in C. S.
 
Andrew and E. J. Kamprath (Eds.), Mineral nutrition of legies in
 
tropical and subtropical soils. Comnonwealth Sci. Indus. Res. Org.,
 
Melbourne, Australia.
 

National Academy of Sciences. 1980. Firewood crops, shrub and tree species
 
for energy production. Report of an ad hoc panel of the Advisory
 
Committee on Technology and Innovation, Board on Science and Technology
 
for International Development, and Commission on International Relations.
 
Washington, D.C. 237 pp.
 

Soil Survey Staff. 1980. Classification of Soil Series of the United
 
States, Puerto Rico, and the Virgin Islands. Soil Conservation Service,
 
U.S. Dept. Agric. Government Printing Office, Washington, D.C.
 

Soil Survey Staff. 1975. Soil taxonomy: A basic system of soil
 
classifcation for makin- and interpreting soil surveys. U.S. Dept.
 
Agric. Handb. 436. Government Printing Office, Washington, D.C.
 

Steila, Donald. 1976. The geography of soils: formation, distribution, and
 
management. Prentice-Rall, Inc., Englewood Cliffs, New Jersey. 215 pp.
 



Appendix
 

Matching Tree Requirements To Environment:
 

A case example for Oahu, Hawaii
 

It is known that certain environments are more suited for a fuelwood
 

species than others. Hence, fuelwood crops can be classified according to
 

their suitabilities to various environments (National Academy of Sciences,
 

1980). To illustrate this, the environmental requirements of three fuelvood
 

crops are summarized in Table 6. One of the first tasks is to identify which
 

species will be most suitable (or vice versa) to the environmental
 

characteristics of the two soil associations described in Table 7. These are
 

soils in Windward Oahu, Hawaii. The Kaena-Waialua series are soil
 

associations in the lowlands, and the Lolekaa-Waikane series are soil
 
associations in the uplands. A map showing soil associations isuseful for
 
providing a general idea of the soils in a region. A more detailed map with
 
on-site investigation, however, is necessary to plan for the farm or field
 

itself.
 

The Kaena soils are Typic Pelluderts (Vertisols with shrink-swell
 

characteristics) with a udic moisture regime (meaning, in most years, the
 

soils are not dry for as long as 90 cm-lative days). They have clayey
 

texture, montmorillonitic clay mineralogy, and have an isohyperthermic
 

temperature regime (which means a tropical mean annual soil temperature of
 

over 22"C). The aialua soils are Vertic Haplustolls (Mollisols that are
 

generally dark and fertile soils with good structure but with some
 

characteristics of the Vertisols). They have an ustic moisture regime
 

(meaning, in most years, the soils are dry for more than 90 days but less
 

than 180 days). The soil texture is clay, which is dominantly kaolinitic in
 

mineralogy, and the temperature regime is isohyperthermic.
 

Both the Lolekaa and Waikane series are Humoxic Tropohumults. These are
 

Ultisols. Considerable leaching has already taken place in these soils,
 

hence, the low content of plant nutrients, and the moderate amounts of
 

organic matter (humoxic modifier) is due to the udic moisture regime. The
 

texture is clay, the mineralogy is kaolinitic, and the temperature is
 

isohyperthermic.
 

By examining the characteristics of the four soils and the environmental
 

requirements of the three fuelwood trees, we can see that three of the soils
 

meet the crop requirements for elevation, rainfall, and temperature. -The
 

Leucaena is better suited to the Pelluderts and Haplustoll because of the
 

neutral pH. Leucaena grows poorly in acid soils such as the Lolekaa and
 

Waikane soils. The Eucalyptu's species will most likely do well in the
 

Tropohumults but may have difficulty adapting to the poorly drained or
 

moderately drained Pelluderts and Haplustolls.
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Table.6. Crop requirements: Reported environmental adaptation .of three
 
fuelvood crops.
 

Environmental Leucaena Eucalyptus Eucalyptus
 

attribute leucocephala grandis globulus
 

Opt im 
altitude (i) below 450 0-750 1000-1800 

Opt imm 
rainfall C) 630-650 2000-250b 1300-2000 

Temperature restricted to the temperature can tolerate 
tropics and limiting above -7"C for short 

subtropics 1200 m; cannot periods when 

take frost mature; seed
lings are frost
susceptible 

Minim Csoil 2-3 1 1
 
depth: (M)
 

Soil texture light to heavy light to medium light to medium
 

;
Soil drainage moderately well- drained' well-drained
 

wel-drained
 

Soil pH neutral to acid to neutral acid to neutral
 
alkaline
 

Soilfertility sensitive to-low can adapt to (information
 
'
 limitation ' calcium, molybde- infertile, low- unavailable)
 

num, and zinc phosphate soils,
 
but sensitive to
 
boron deficiency
 

Sou,,e: Adapted from National Academy of Sciences (1980) and R. G. Skolman
 

(personal communication).
 



Table 1. Soil conditions: environmental descriptions :of four selected soils of Windward Oahu. 
State of Hawaii.
 

Environmental
 
descriptors 


Soil family 
classifi-

cation 

Elevation (m) 


Rainfall (mm) 


Mean annual
 
temp. (C) 


Soil depth 


Soil texture 


Soil ,dralnagL 


Soil p1t 

Slope (Z) 


Kaena 


Typic Pelluderts 
very-fine, mont-

moritIonit ic, 

•isohyperthermic 

15 to 50 


750 to 1100 


23 


very deep 


stoney clay 


poorly-drained 


6.6 to 7.3 


mostly nearly 

level 6nd 


gently sloping 

Waialua 


Vertic Iiaplustolls 
very-fine, kaoli-
nitic, isohyper-
thermic 

3 to 30 


650 to 1250 


23 


deep 


silty clay 


moderately veil-


drained
 

6.1 to 7.3 


mostly level 

and gently 


sloping 

Soil series
 

Lolekaa 


Hlumoxic Tropoliumults 
clayey, kaolinitic, 

isohyperthermic 

0 to 170 


1800 to 2300 


22 


deep 


silty lay, 


weli-drained 


4.0 to 5.5, 

nearly level 

to very steep 


Waikane
 

Hiumoxic Tropohumulta 
clayey, kaolintic,
 
isohypertuermic 

65 to 350
 

1250 to 1800
 

22
 

deep
 

silty clay
 

well-drained
 

4.5 to 5.0 

nearly 	level
to very steep
 

Source: Adapted from Foote et al. (1972)
 

I
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Soil fertility requirements of the three species are.not fully known.
 

1! soil fertility is critical, the choice of a site should be confined to the
 

Pelluderts and Haplustolls which have relatively better inherent fertility
 

than the Tropohumults. The poor drainage of the fertile soils, however, may
 

seriously 14mit the adaptability of the Eucalyptus species. At this point
 

the planner =st make an on-site inspection to confirm the drainage factor.
 

Re =st then seek expert advice as to whether it is feasible to alleviate
 

this condition, or consider another tree species more suited to the soil
 

and environment. A resource inventory of both soils and crops will provide
 

the planner with alternatives for effective land use planning.
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