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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
0ld 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 belng established

on underutilized lands that are generallv low in soil fertilitv
and dominated by cogan grass, Imperata cvlindrica.

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 prcjects will not only generate many new projects
in the Philippines, but similar projects will be undertakeén in
other developing countries.

B. Objectives

Tree production for wood energy should have five objectives:

l. Successful establishment and immediate fast growth of
trees on underproductive lands in order to convince
decision makers and farmers that tr2es 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.,
Washington, D.C., Nov. 27 thru Dec. 4, 1982, on Regquest of
USAID/Manila.
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3. A second rotational crop yield (coppice crop) within
2 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 andé Zood.
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 adeguate 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 present TA pzckage can logistically support more than

or possibly 8 sites. It will be virtually impossiple to provide
adeguate 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 meode.

Both short-term and long-term applied 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 pav off in 2-3 vears
while other research will recuire a longer period.




-3e -

: Three major factors that will affect maxlmum productzon and
~sustained yields, and-environmental quality are:

1. Seed quality improvement and the development of adeguate
guantities 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 ané
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 adegquate 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:

l. 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

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

b. Agronomy and tree p1;n;ation crops (Appendix E);-
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,é. Genetics and tree improvement (Appendix F).

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 tooper-
ation, personnel, and facilities to conduct soil tests
and profiles on the 18 sites and that the processing of
these will be expedited.

Leucaena not be considered a panacea, for it will not
grow well on all sites and may grow better on one por-
tion cf 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.).

An intensive effor:t 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).
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SECTION 2 -- RESEARCH RECOMMENDATIONS

A. Introduction

Twentv-four man-months of technical assistance (provided under
the present technical assistance package with Hodum, 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
Vields and to ensure sustained vield cannot be determined.
Furthermore, tnis inrormation 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 prerequisite to plantation establish-
ment it 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 prereguisite to making
future decisions on which ctree species and varieties are best
adapted and will give optimum yield on specific sites; what

soil amelioration is regquired to maximize and sustain yield;
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-
gues and weed control) can provide good data in & year or two.
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 ap lied mode, carried out on all planta-
tion sites and conducted under actual field (farmer) conditions.
Research plots should be on Sub-sites representative of condi-
tions 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 dif-
ferent 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 will.-
be transferrable to another site (such as response to nutrients
and weed control). Each site is unique, thus researech is nezded
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 pro--
jects (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. Research design

It is recommended that the three prciects jointly hire one
qualified scientist who has in-dep*h experience in the design -
and implementation of research on maximizing the growth of trees
for wood energy. One such person is Dave Dawson, who was in
chargz of the design and implementation 0% the U.S. Forest Ser=-
vices research Program on Energy and Wood from Intensively Cul-
tured Plantations (see Appendix D for biodata).

Also, it is recommended that a standardized research design--and-
methodology be used in the program, one that is now being- -

networking program. Training on research methodology should-be--
available through these agencies.

The research should include, but not be limited to, the
following:

l. Base-line data gathering.
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4.
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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).

Species and variety trials.

Tree improvement and seed orchard establishment and
management.

Plantation establishment and management .
a.  Nursery and eétabliéhhgnt procedures.
b. Site preparation and weed control.

c. Coppice management.

d. S50il engineering and water management.

e. Spacing trials.

-£. Agroforestry (intercropping).

g. Ground covers.
h. Fire cohtrol.

i. Rat, ant and termite control.

l. 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
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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 aaricultural production, thev are
also marginal for sustained tree production. A great share of
the abandoned cogan lands were once farmed by Raingeros. 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
returned and applied to the tree plantations.

Soil analysis is very important if maximum wood production is
to be ocbtained from Leucaena and other fast growing trees.
Phosphorus is an essential nutrient for plant 3Jrowth.

Most tropical soils are low in phosphorus. Fhosohorus is
important for root Gevelooment and resaarch has shown a direct
relationship between phoasphorus availabilitv and rnitrogen fixa-
tion. The application of small amounts of Boron (on boron-
deficient soils) ‘has proven to dramatically incresase 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 Button, 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. Button 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.
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Low levels of calcium in the surface soil material (20 em to

l 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. Adeguate 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 choos= 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 adeguate 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
M3, 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 gues-
tion should be asked, "Can one afford not to fertilize?" 1In
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 grandis. 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 ym. of boron to Eucalyptus cdrandis
and Pinus oocarpa seedlings at transplanting time significantly
increased initial growth and helped th2 yvoung trees get ahead

of the weeds and grass:. By this means, the number of post-
Planting cleanings necessary to establizh a plantation was
reduced. The difference of magnitude was such with E. grandis
that the researcher concluded this species should not be planted
without the combination of NPK and boron. The piantation of E.
grandis 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. Species, Provenance and Variatial Trials

Species trials are necessary.tc determine which types of tree
will perform best on specific sites. Management pPractices (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. Bowever 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 f£ind 100 trees in one loca-
tion, or be confident that the seed source will still exist
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7Qhéﬁ‘£he‘trials are COmpleted (due to the tapid'rate of defor-
estation).

dowever 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 panacea. It will
not give sufficient vields 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 G0 as well or bet-
ter 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 reguires specific agronomic inputs to
maximize production and sustain yields (2)(3)(4). These inputs
include:

a. Pure seed of known pedigree with the genetic capability
for maximum wood production. ‘ o
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bi Well-drained soils with a pE a5b?é'éff

7&? :Adequate levels of macro and micronutrients ‘available -
.in 'both the upper and sub-soil strata,f(such as: P, Ca,:
Mo, Mg, K, §, 2n, Cu, and Fe).

'd. Adequate nursery (or field) and establishment practice=
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 vield 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 pE
of 5.5 to 6 (even as low as pHS5). 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 impractical or prohibitive in
some areas of the Philippoines.

This does not mean that Leucaena should not be tried on the
sites that ne=d scil amelioration. Some Leucaena varieties may
perform surprisingly well. But in order to obtain yields pro-
jected to meet regquirements and demands o0f the Dendro-thermal,
Charcoal Production and Gassifiers for Irrigation Proiject,

sufficient guantities of other tree species that show Eromise

on these sites should be planted first.

4. Tree Improvement and Seed Orchard Establishment

Adeguate guantities of guality 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 trlals design or valid and useful
research data will not result.
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It 'is recommended that the three projects jointly employ a plant
geneticist (vlant or tree) who would be in charge of a tree
improveuent program, and would work under the overall research
director (ref. Section 2 Research Recommendations, A. Introduce
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). tree seed
improvement program can produce immediate results within the
first vear by simply using guality 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 project implementation and planting schedules
will not have to be delaved.

It is imperative that sufficient guantities of cquality seeds of
all fast growing species, that are approvriate f£for planting in
the Philippines and have the genetic capability of fast grewth
and high vield, 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 lIrrigation 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 pPromising 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 pricrity.

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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5. ‘Plantation Establishment and Management

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 hacs 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. 1In 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), caicium 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 necessatry)
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



(2)

"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, 2 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).

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

(2} Rhizobium have the ability to f£ix nitrogen and
are usually associated with legumes 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 Ruizobium 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
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~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 Mvcorrhizae, tree growth is
limited. It has been hypothesized that appro-
priate strains of Mycorrhizae usually asso-
ciated with trees are absent from cogan lands
(Imperata 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 use of fertilizer applieé 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 by 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 (11l)(12) (13). Research
has proven that the elimination of the secd of grasses
and the loosening of the soil favors the establishment
and growth of trees.

Inadequate weeding causes trees planted on grasslands
(15) to guickly 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 (1l6).
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 important and cost effective.

c. Coppice 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).
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:1I£”has been reported that some\species of Agoho
 (Casuarina) coppice poorly and the coppicing ability of

many other excellent fuelwood species, such as Acacia
mangium, 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 cutting the trunk -
closer to the ground, leaving a much shorter stump),
which may provide an adequate volume of coppice yield
but may be an uneconcmical 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 egual or higher yields than Casaurina
and produce a log that is more economical to harvest
and haul. BHowever, 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.

Soil Engineering and.Water Management

Although most targeted plantation sites receive adeguate
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.

Spacing Trials

Optimum spacing of trées 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 four steep
hillsides with shallow soils, as will be found on some
plantation sites irn 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 (IURC, 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.

‘Asroforestry (intercropping)

Farmers whn 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 thelr food crops. The
trees would alsv 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.

Ground Covers

It is recommended that a research effort be launched to
develop and determine appropriate shade-tolerant ground
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"covers for interplanting under various kinds of trees
used in the wood energy plantations.

Trees, unless planted in engineeringl sound svstems
with adeguate ground cover, do too little to prevent
soil erosion. & good canopy will reduce raindrop impact
and organic litter will help reduce sheet erosion.
However, the fine leaves of Leucaena ané many other
trees are poor interceptors of raindrops. Some trees
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 decompcses 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. Pire Control

Fires can cause extensive damage to newly established
tree plantations. Firebreaks cleared by hand or
machinery are expensive to maintain; therefore other
alternatives should be tried. Prior to plantation
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 l to 1 1/2 meters apart
will serve as effective live firebreaks. (Four rows
may be reguired.) The rows shoulé be prepared DbY
plowing (buffalo or cow) and the seed dibbled into the
edge of the furrow. The paired rows will form 2 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
newly reforested areas. The most heavy damage seems to
be plantings in Impera‘a (cogan) lands. This damage
can be prevented or greatly reduced by certain preven-
tive measures.

Rat populations are directly proportional to available
cover (in which they hide and reproduce) and food
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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 bezen used to protect seeds against ants and
dieldrin and aldrin have been effective against ants
and termites. Dusts containing 5% chlordane, 2 1/2%
alérin, 2 1/2% heptachlor or 1 1/2% diedrin has been
effective 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 colliected 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-
ditions (such as nutrient availability and soil depth), other
environmental factors (such as competition) and establishment
and management procedures. . )

l. Immediate Seed Resources

a. 'Trees in existing Leucaena plantings that have
shown desired characteristics (such as fast growth
and large, straight 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.

20
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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 freguent 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).

During seed production, Leucaena is vulnerable %o
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 seegd
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 ==
O, O-dimethly S - (N Methyl Carbanoylmethyl) Phos-
ophorodithiocate.

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 O). 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.

Seeds should be thoroughly sun dried befoze 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 (109C) 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
+400F=90 or 40% humidity + 50°F is 0.k.).

Seeds should be scarified before planting to ensure
even germination. The simple hot water treatment
is recommended.



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 K8, 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 mx 1l mor 1 mx 2 m
thinned to 2 mx 3 mor 3 mx 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 mentinned
in a. thru g. above should be followed for the establishment
and maintenance of seed orchards of most trees.



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
2ll other tree seed, be cleaned and sized by separating them
through hardware screens or dockage sives (round holes) and by
the use of a 2ig Zag Air Separator or a vibrating table separ-
ator. The specifications for the 2ig 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 2ig 2ag 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 2ig 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. :



Appendix C

Veaetgtive 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
Jreater vigor, which had been planted at BFD in Quezon City (and
since cut down). &re these specific hybrids, chance grosses,
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. 1In the
case of Leucaena, a second generation crop of seed can usually
be produced in one and a haif 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 tne
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. BHowever, 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 almx 1l mspacing). 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 O). 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.

Regardless of the genetic potential of the seed/planting mater-

ial, maximum yield will not be obtained unless adeguate amounts

of soil nutrients and other regquired environmental ccnditions

are present.

/
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| DAVID H. DAWSON ‘

Forestry Sciences Laboratory
ox 898 ‘

Rhinelander, WI 54501

EDUCATION
Michigan State University

BS - Forest Management - 1948
DF - Forest Botany - 1957
Other

Command and General Staff School. 1947'(32‘Géédﬁate'cfed1ts
in Public Administration).

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

University of Michigan, 1969 -- Written Communication for
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, 1576 -- Kuby Associates.

Management by Objectives for Top Level Management - University -
of Wisconsin - 1977.

Congressional Operations Seminar -- Gov't. Affairs Training
Institute - 1978, ARAE R v

 EMPLOYMENT

1 1946-1948 - Michigan State University (Dormitory Counselor =
- part-time while a student).

1948-1954”- 1954-1957 Soi1 Conservation Service (Work Unit Leader
S in LaPeer, Caro, Rockford, Mt. Pleasant, Mich.).

1957-1961 - (Regional Plant Materials Specialist SCS-ARS), East
Lansing, Michigan and St. Paul, Minn.



June 1962~
March 1963-

May 1967-
Aug, 1970 =

A'Jg . 1 970"
July 1977 -

Aug. 1977-
Feb. 1982 -

Feb. 1982-
thgsept

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.

Plant Geneticist, Genetics of Northern Forest Trees,
Rhinelander, Wisconsin.

Project Leader of Maximum Yield and Intensive Culture

of Planted Stands Work Unit (FS-NC-1152) and Program
Coordinator of Multiproject Program 1I, Maximum Yield
from Woody Species -- including methods technology,

tree improvement, harvesting techniques and economics.
(Director's Representative, Institute of Forest Genetics,
January 1977.)

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 Sciencés Laboratory,
Rhinelander, WI.) See attachaé pudlicatlon,

Forestry Research Consultant

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

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

M;LITARY EXPERIENCE

1941-1942 - Enlisted status, U.S. Army
1942-1946 - Commissioned Officer - 2nd Lieutenant to Major, 751st

Tank Battalion and 1st Ranger Force. Most of period
served as Captain; Company Commander, Specialized Infantry
(Rangers). Served in England, Africa, Italy. Awarded
Purple Heart, Bronze Star, Distinguished Service Cross.
Lef% Military Service January 1946, rank of Major.



RESEARCH INTERESTS AND AREAS OF EXPERTISE

Research Administration

Project Leader

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

Intensive Culture of Woody Plants -~ Maximum Yield Program Manager
and personal research, North Central Forest Experiment Station.

Growfng Wood for Energy -- U.S. Forest Service - Cooperator with U.S.
Dept. of Energy; International Energy Agency; Man and Biocphere
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.

Envi~onmental Forestry -- U.S. Forest Service, Northern Plains
Laboratory, (snelterbelts), Bottineau, N.D. Selection,
introduction and breeding trees for shelterbelts and amenity
plantings. . : ‘

Afforestation, cubhumid areas -- U.S. Forest Service, Northern Plains
Laboratory, Bottineau, N.D. ' '

Plant Introduction -- Plant Materials Specialist, U.S. Soil Conservation
Service. Also, member USDA Committee on Plant Introduction.

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

November 30 - December 1, 1976, at request of MITRE Corporation

and ERDA, served on a review panel to evaluate the results (3 months
before pubiication) of the $500,000 ERDA Contract Research Study

to MITRE on energy plantations.

I\
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April 14 and April 15, 19773 February 1978; March 1979: Participation on
intenstive-culture forestry for energy production to International Energy
Agency Working Party on Biomass. ;

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

Sept. 1976 == U.S. Delegate Expert Panel on possibilities of wood for
energy source. Man and Biosphere Program, U.S. State Department.

October 1978 -- Information exchange trip sponsored by U.S. Department of
Energy and U.S. Forest Service to Holland, Belgium, Italy to exchange
information on Populus culture. .

May 1979 -- Cooperation with National Academy of Sciences on »Revegetation.
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BACKGROUND

The Maximum Yield Work Unit was established in
1971, by the North Central Forest Experiment Sta-
tion in response to concerns expressed by both indus-
tria) foresters and researchers. Industrial foresters
realized that new systems for growing more fiber on
less land must be explored because of escalating fiber
demand, increasing demand for recreation 2nd non-
forest uses of forest land, rising land prices and tax
rates, and increasing harvest and transportation
costs.

Forestry researchers realized that much basic ge-
netic, physiological, and cultural knowledge could be
applied if environmental conditions for growing trees
could be more closely controlled as in agriculture.
Research was begun to select promising species, es-
tablish intensively cultured plots, explore new har-
vesting methods, evaluate pulping qualities of the
fiber, and assess the economic viability of this sys-
tem. This program used a svstems approach, with
researchers from many different disciplines working
together.

In 1976, the program was expanded to incorporate
both developmental and basic research, active coop-
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The first small plot experiments were established in 1970
to test the growth of various Populus clones anc the
effect of spacing on yield. °

eration with industries, and the collaboration of
scientists from different disciplines in a systermns ap-
proach. The research team now includes silvicultur-
ists, physiologists, an ecologist, geneticists, a soil
scientist, hydrologist, a wood technoiogist, a patholo-
gist. an entomologist, an ergineer, and an eccnomist.
Supplemental funding from the Department of En-
ergy since 1977 has enabled researcirers to accelerate
progress in several probiem areas, with emphasis
placed on the development of methods to plant trees
and ensure their early survival, Establishment is the
most critical problem in the short-rotation-intensive-
culture (SRIC) svstem because iarger research stud-
jes or large-scale industrial plantations cannot be
established until the technology to successfully plant
hardwood s ands has been developed. Although prac-
tices for plai ting softwoods were developed long ego,
no cystem for consistently establishing plantations of
hardwood forest trees in the upper Midwest has beea-
developed (except for the shelterbelt plantings of the
northern Plains). The problems in large-scale plant-
ing operations are often different from those nor-
mally encountered in small plot experiments, and the
additional funds have enabled researchers to provide
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information to help industry est2blish larger pilot-
sized plantationt.

More than 10 acres a vear of intensively cultured
plantations are being established at the Hershaw
Experimental Farm near Rhinelander, Wisconsin. Em-
phasis is on developing culturel practices and mechan-
ized equipment suitable for operational plantation
management.
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The USDA Forest Service's Maximum Yield of
Wood and Energy from Intensively Cultured Pianta-
tions Research and Development Program includes
two Research Work Units as well as scientists from
other Research Work Units within the North Central
Forest Experiment Statiorn. Research problems, ob-
jectives, and results will be presented separately in
this report for each problem area, although this does
not accurately represent the overlap and interaction
between problem areas due to the complex set of
factors that determine biomass vield.

Briefly, the SRIC concept is that plantation bio-
mass yieids can be greatly increased by using geneti-
cally superior planting material and optimizing field
environmental conditions. Generally, hzrdwoods
have been tested more thoroughly for :atensive cul-
ture 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 of intensive culture plantations
with most species in any region of the United States
will likely include essentially the same kinds of oper-
ations, elthough 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 mature.

One of the most critical problems in establishing the
short-rotation-intensive-culture gystem is weed control
Weeds are a serious competitor during the first 2 years,
and research in weed control methods has recently beern
expanded.
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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 Jand is well suited). Seedlings or cuttings are
planted with mechanical planting equipment at var-
jed 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 smal] 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
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fertilizing and irrigating. Diseases and insect pests
are also controlled.

After 6 to 10 vears, at a time when the trees reach
near-optimal biological growth, the trees could be
harvested using specially-designed harvesters. The
wood wili 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.

Irrigation is one of the cultural practices being studied in
thig research program. More precise information about
the quantity and timing of irrigation is still
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SELECTION OF PROMISING SPECIES
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These plots were established in 1974 to test the perform-
ance of different Populus clones. Note the differences in
growth rate of these clones after 3 years under similar
intensive culture conditions.

Research Problem

The characteristics of high-yielding trees for inten-
sive culture are significantly different than those for
conventional forestry. Selected species must be bio-
logicaliy 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
spacings, response to water and nutrient man-
agement, sprouting ability, insect and disease re-
sistance, wood quality, and adaptation to regional
climatic conditions. As results from physiological
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 of its rapid
juvenile growth, ease of hybridization, vegetative
propagation, and the vast amount of information al-
ready known about its growing requirements. In
1971, 30:Populus hybrid clones were tested in field
plots at Rhinelander, Wisconsin, and Ames, Jowa.
Fourteen of these have been selected for further test-
ing under various intensive culture techniques.
Other species tested included jack pine, (Pinus bank-
siana), larch (Larix laricina), alder (Alnus), and
green ash (Fraxinus pennsylvanica).

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
metabolism, branch angle, and leaf orientation on
branches.

Controlled-environment chamber experiments
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.

‘50’



STAND ESTABLISHMENT METHODS
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Weed competition is one of the most serious problems in
establishing hardwoods for intensive culture. In field
experiments, the herbicide “Roundup” was found to keep
stands almost free of weeds.

Research Problem

The survival of trees during the critical first 2
years is primarily determined by vigor of the plant-
ing stock; adequacy of site preparation, fertilization,
and irrigation; and control of competing weeds. Be-
cause early site occupation is desired for intensive
silviculture systems, high survival of planted trees is
important. Stand establishment techniques have not
been well developed for hardwood plantations, al-
though application of agronomic and horticultural
methods offer promise.

Research Objectives

It is expected that plantation establishment meth-
ods for Populus clones will be developed during the
next 5 vears to attain a survival rate of 90 percent.
Methods for site preparation: mechanical, biological.
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Planting low lying leguminous cover crops mey be an
effective way of simultaneously providing coil nitrogen
and controliing weeds. White Dutch ciover shown here
prevents the growth of taller weeds that might otherwise
shade and compete with the hybrid poplar cuttings, but
is also competitive with the trees. :

and chemical weed control; and mechenizarion of
cultural operations will be studied. In particular,
conventional farmirg techniques will be tested. Al-’
ternative vegetative propayation Eystems will be
studied, including methods for eollecting and storing
cuttings, methods for obtaining plants from green-
house stock plants, methods for stimulating the root-
ing of clones that are difficult to root, and possibly
systems for establishing cuttings in containers.

Research Results

Studies began in 1978 to test the effectiveness of
245 combinations of methods of weed control in both
spring and summer plantings were evaluated after
the first year. The best site preparation methods were
chisel plowing or a combination of moldboard plow-
ing to 9- to 10-inch depths followed by disking and
spike-tooth harrowing. Crownvetch and birdsfoot
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trefoil, both leguminous nitrogen-fixing 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 mechod was used. A
combination of a crownvetch cover crop together with
herbicide "Treflan” was slightly better than any
other weed control treatment. '

One vear of data is by no means conclusive, and the
above-average rainfall during the growirg season
may have produced different results than a similar
experiment in a drier year. However, this study pro-
vides preliminary information regarding rromising
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

Containerized Populus cuttings are grown in the green-
house in preparation for plenting. The survival rate of
these rooted curtings will be compared to that of
un~ooted cuitings to determine the maost effective meth-
ods of stand establishment.

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

and survival for zll 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 of the f2stest-growing Populus clones, in par-
ticular, P. alba L. x P. grandidentata Michx. hybrid
(Crandon), are difficult to establish vegetatively—
Jess than 50 percent of the cuttings rooted using
normal greenhouse practices. However, rooting
greenwood tip cuttings in gregnhouse flats at ter-
peratures of 76° to 85°F 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 roats per cutting, but hormone concentra-
tion was less important than temperature.

New greenhouse methods such as hydroponics are being
tested for mass production of rooted greenwood cuttings.
This method may be more economical for establishing
cutting orchards because it uses less greenhouse space
than containerized stock.




FIBER AND ENERGY YIELDS IN

RESPONSE TO SPACING AND HARVEST CYCLES

TR 1

Trees planted ct close spacings will quickly occupy the
entire site. After 6 years, essentially no sunlight will
reach the ground in this stand, which was planted at 0.6
mx 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 chat closely spaced stands (1 x1 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 competition 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
is closely related to the stand's leaf area index (leal
surface area per unit land area,, it appears that early
optimization of leaf area may increase yields, much
as cultural systems to optimize leafl area index in
agriculture have been successful.

Research Objectives

Preliminary 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 drv weight and
easily measured variakbles such as diameter and
height, determine effects of spacing on dry weight
distribution among tree components, and determine
leaf biomass anc leaf area index with respect to vari-
ous yields. The optimal combinations of spacing and
rotation will be studied for the maximization of iber
and energy production ia stands of Populus, alder
(Alnus glutinosc), jack pine, and larch. The distribu-
tion of major nutrients within the stands will be
studied and effects of frequent harvesting on nutrient
budgets will be determined.

An integral part of biomass production studies is
determining the efficiency of solar 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
vields could exceed 20 dry tons’ha‘vear for 4-vear-old
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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
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i Item "% Spacing’ Y 2
; 023m 0.30m 0.61m 1.22m’
. t/halyr: —
- Actual yields: ..o et TPeed
; 4years .. 113. 130 . TS5 =l
. Projected yields:. ... ¢ ... ool
: 10years = 17.0 .-165. 16.0. 155..;
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: 20 years T —‘ — = 8600k
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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 cultural practices on
those spacings. ’

Although hardwoods have been used m.st com-
monly in intensive culture studies, yields of
softwoods may exceed those of hardwoods on certain
sites. Hardwoods are site-demanding, and the estab-
lishment 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 (Larix laricina) were found to pro-

duce 4.3 to 5.2 tons’ha anaually, 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 mazimum mean an-
nual increment for the 0.23 m x 0.23 m spacings
occurred at age 6 for tamarack and age 5 for jack pine.
As spacing increases, the corresponding rotation age
increases also.

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

ulusand 4.7 for jack pine, with a net energy content of
306 MBtwha for Populus and 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 returne are
linearly and positively related with the energy in-
vested in the system. Although net energy ratios of
upto 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 demands
from forests, more intensive systems will-have to be
used, and it appears that these systems will be effi-
cient producers of energy.

Many hardwoods will coppice or sprout from the stump
after cutting thus eliminating establishment costs for
the next rotation. The vigor of coppice growth will differ
greatly by species and clone and must be determined in
field tests.
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YIELD RESPONSE TO NUTRIENT AND MOISTURE REGIMES
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Research Problem

Conventional silvicultural practices have histori-
cally provided less than optimum nutrient and vater
supplies to trees, and therefore tree growth has not
approached the biological potential of the species.
Traditional practices reduce the number of treeson a
site w 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 of fertilizer 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
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A traveling irrigation system is used to provide waier for
the large field experiments. During operation, a water
turhine powered winch advances the unit along a cable
anchored at one end of the irrigation iane. The unit is
drawn by tractor back to the starting point at the
beginning of eacch day that irrigation is 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 of hybrid poplar were thus tested
on Yi-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-
tinosa planted among the Populus showed that Popu-
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 fertiliz:tion costs in intensive culture
systems.
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A trickle irrigation system is used for precise application
of water in irrigation studies. Microtubes discharge
water at 4-foot intervals along the “4-inch plastic pipe.
The nutrient grudient was established by hand applica-
tion of fertilizer.

EFFECT OF CROWN
ARCHITECTURE AND
CANOPY ON YIELD
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Light interception is related to both the number of leaves
per tree and the leaf area per tree. Leaves of selected
Populus clones grown under SRIC may exceed 30 cm in
length, and provide a large surface ares for Lght
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 of photosynthetic
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 of time 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 optimium
leaf area. A goal of SRIC forestry is to increase the

11
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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 phovo-
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
the leaf area index was studied in a 5-year-old stand
of Populus Tristis’ grown under SRIC at 1.2 m spac-
ing. Average leaf area index was 7.6, whichis 1t0 §
times higher than reported natural stands of Popuius

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 aree on long shoots was 53
percent, compated 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 vears, leaf area per tree and
number of leaves per tree for several Populus clones
were not affected by planting densities from 0.2t0 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 &
large number of individuals rather than a few as in
more conventional forests.
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Leaf area index describes the surfac

photosynthesis in forest stands and is one of the best
indicators of photogsynthetic capacity. Automatic mea-
surement of the surface area of each leaf using this
instrument has greatly accelerated researchin thisarea,

Observation of the vertical distribution of leaves
within the canopy showed that about 25 percent of
the Jeaf area produced oa 3-year-old Populus "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.
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PHYSIOLOGICAL FACTORS INFLUENCING YIELD

Gross photosynthetic rates of Populus are measured in
the field using a 14CO, technique. Measurements of leaf
conductance, leaf and air temperature, relative humid-
ity, and photon flux density are made concomitantly to
provide for the proper interpretation of 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-
tified through extensive agronomic research as im-
portant determinants of biomass production in crop
plants, but the importance of most of these variables
has pot 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
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The CO, compensation point of excised Populus leaves is
measured in the laboratory. Such information about
physiological responses may be used to preselect clones
before expensive field screening is conducted.
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Populus leaves are exposed to '*CO, in the field. Three
days later, the whole tree will be harvested and the 1*CO,
activity will be measured in the leaves, branches, stem,
and roots.
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zrown under intensive culture will be studied. These
variables will include rates of photosynthesis and
-espiration. photosynthetic efficiency, patterns of
photosynthetic activity during the growing season,
patterns of photos_vnthesis 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.

The methodology for conducting physiological
studies on trees in the field is not available, partly
becauze of the size and complexity of trees. Therefore,
considerable effort will be needed to develop field
physioiogical research technigues for young inten-
sively cultured trees.

Research Results

Field, greenhouse, growth chamber, and labora-
tory studies have been initiated to measure the rate
of net photosynthesis, Jeaf conductance, and CO;
conpensation poins of individual leaves at various
positions within the canopy throughout the growing
ceason. Concurrently, the translocation of photosyn-
thates is measured by exposing groups of three fully-
expanded contiguous leaves to 1¢CO,. Trees are
harvested after 72 hours and sampled for percentage
of MC-activity in various tree components to
determine the translocaticn of photosynthates pro-
duced during the exposure to 14CQ,. Laboratory
experiments to confirm exposure and sampling
methods have been completed, and as trees grow
older and more complex it is expected that more 8o-
phisticated field sampling methods will be developed.

Field experiments with young Populus trees grown
under SRIC have provided some preliminary results.
The upper leaves ranslocate 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
Jownward to the lower stem and roots, where they
are utilized for vascular and structural tissues. These
results suggest that because mature leaves contrib-
ute mainly to stern 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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Scanning eiectron micrograph of ¢ tension wood fiber
from short rotation intensively cultured Populus tree.
Surface dislocations (wrinkles) on the fiber affect

subsequent paper strength properties (2000 X).

Problem

The value of biomass produced under SRIC sys-
tems depends primarily on the type of specific prod-
ucts for which it can be used. Because wood is such 2
versatile raw material, an integrated research pro-
gram must consider the value of wood produced un-
der intensive culture for a wide range of current
products as well s those that may be demanded in
the future.

Intensive culture practices influence physiological
processes which in turn affect the anatomy, chemical
composition, and physical properties of theraw mate-
rial and therefore the usefulness of the material.

Research Objectives

The effect of such variables as plant material, spac- .

ing, fertilization, moisture regimes, and age on the
quality of raw material will be determined. Tests will
be made to measure the guitability of raw material
produced by SRIC tincluding bark) for pulp and pa-
per, particleboard, fiberboard, chemical feedstocks,
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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 softwoods 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 of conversion. 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 used for a multiple of
research purposes. After they are weighed to determine
total above-ground biomass yield, the wood is used in
utilization tests.

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 of bark may be prosent in whole-
tree chips and that juvenile wood has sucrter 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 woed, 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 nor-
mal wood were 60 and 53 percent, respectively. Al-




though paper from tension wood had inferior
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.
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Wood produced under intensive culture has been found
to be acceptable for kraft pulping. The wood may also be
suitable for thermomechanical pulping.

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 puiping. 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-
ble. Bark content was a major factor in the lower

16

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

. : " . ” - . - e -
This whole-tree chipper automatically separates someof
the folicge from the chips. The chips may be further
separated by the Vacuum Airlift Segregation process.

Intensive cultured Populus may also be suitable as
a raw material for producing flakeboard, a structural
particleboard. Tests on five Pcpulus clones showed
clonal variation in board strength properties, with
the better clones producing boards exceeding indus-
trial guidelines for strength properties. Bark reduced
board streagths much less than was expected.

Another alternative use for Populus foliage is ani-
mal feed suppiement. 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 acceptabie, although the palatability of
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 airlift
segregation (VAS) process was developed to separate
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:
vevor belt that passes under a series of vacuum
hoods, which separates the components on the basi:
of differences in terminal settling velocities of the
particles.
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Populus foliage has been found to be acceptable rumin.

alr;t feed, although the palatability cppears to vary by
clone.

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

System .Pulp yvield Energy Feed
Metric ton/ M kecall Metric ton/

y hectare  hectare  hectare -
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

Leaf rust causes defoliatio
the growing season. As shown, severity of damag
varies between clones so selection will be made for thos:
ciones 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 of a species to pests and the possible control meth-
ods must be determined before any species or clone is
widely planted.

Research Objectives

1t is well known that Melampsora medusae leaf
rust, Marssonina brunnea leaf blight, and Septoria
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musiva Peck 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 1876 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 Marssonina leaf spot, Melamp-
sora leaf rust, Septoria leaf spot, Cvtospora canker,
and Septoria canker. 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. deltoides x P. balscmifera ‘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
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be greater than in forests with a wide range of species
and ages. However, the SRIC system afiords the op-
portunity of using cultural tools to control insects
before they become destructive.

Natural enemies of Populus include more than 150
insects. The most destructive of these 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 thece pests may be selected, although
resistance includes extremsly complex factors such
as nutritional status and vigor of the tree.

Control methods for insects in intensive culture
systems will bz ideatified. 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 pests, irrigation to
eliminate the water stress conditions that are often
causes of insect outbreaks, and hybridization to altex
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 becn surveyed on established
intensive culture plots of Populus throughout the
North Central States. Aphids, Chaitophorus populi-
tolige (Oest.), were found to cause the greatest defoli-
ation damage, although considerable differences in
severity of attack were observed among ciones.

Further tests on the impact of defoliation in rela-
tion to clone and spacing have begun. An experiment
to test the effects of various degrees and timing of
defoliation on yield is in progress— certain percent.
ages of leaves are manually removed at various timet
during the growing season. The effects of girdling
and boring damage will be determined in simila
experiments by physically damaging the trees. Wher
the season and severity of impact can be relatet
to actual yields, cultural control methods will bt
prescribed.



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 planter wheels pack the soil
around them.

Research Problem

Labor costs are rising in all sectors of the economy,
and forest and agricultural operations have become
increasingly mechanized in order to lower production
costs. Intensive culture systems must also be mecha-
nized. Although they require many cultural op-
erations widely practiced in agriculture, commercial

agricultural equipment is generally not suitable for-

tree crops. R

Researchers have improvised equipment for plant-
ing cuttings, cultivating, and irrigating. Small re-
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 sterns 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 particuler, 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-

fied 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 m-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 sysiem 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 of harvesting one or more rows of the
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
development a continuous process. Consequently, it
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 low
stump heights and handle the multi-stem tree that
will develop in coppice rotations of hardwoods. The
wood will probably be used as chips, 5o the harvester
must simultaneously chip the wood or a whole-tree
chipper must be present at the landsite. Existing chirp
trucks will be suitable for final transport of chips tc
the mill or conversion site.
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COST OF PRODUCING WOOD

FOR FUEL AND FIBER
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The effectiveness of hzrbicides in reducing weed compe-
tition (left) compared to the control (right). When lurge
field tests are conducted for such intensive culture
practices as weed control, the costs and offectiveness of
alternative treatments 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-
tity of fiber on much less acreage and the opportunity
w grow energy feedstocks at competitive prices. An
additiona) significant atrraction of this system is the
potential realization of an equivalent return on in-
vestment with 6 to 10 vears after planting, rather
than the 30 to 60 vears necessary for conventional
silvicultural systems.

20

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 coai. Although only prelimi-
nary economic analyses car. 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-
cific 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 tons 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 25 land rent, stand establish-
ment, fertilization, irrigation, and hzrvesting will be
determined.

As better biological growth information and pro-
duction management inputs are obtained from
larger-scale plantings, more sophisticated econornic
analyses for calculating present net worth and inter-
nal rates of return wil) be incorporatzd into the eval-
uations. For example, cashflow analyses will be used
to calculate costs and benefits of gr wing Populus
"Tristis #1' for two 10-year rotations and three spac-
ings, with emphasis on impacts of different interest
rates, ‘inflation and price trends, ard Lake States
land use alternatives.

The cachflows will be contrasted with energy flows
to determine cost-energy tradeoffs. In addition, the
minimum operational size will be igentified. 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 biclogical growth results
and assuming that energy from wood is worth §1.00
per million Btu's and dry fiber is worth $30.00 per
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 vields of 8.4 t0 10.0 dry tons/acre (18.8 t0 22.4
mt/ha)/year total biomass, appeared potentially prof-
itable for both energy and fiber. The cost of wood
produced under 4- to 3-year rotations approached
$1.00/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-
penditures, is also an important consideration. The
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
coppicings.

Evaluating the sensitivity of total production costs
to changes in"various cost factors provides considera-
ble information for setting research priorities. Em-
phasis should be placed on cultural practices that will
most decrease the total production costs if their costs
were decreased. For example, a $10/acre decrease in
fertilizer cost would decrease the cost of energy by
$0.20/mmBtu; a $10/acre decrease in harvest costs
would decrease the cost of energy by $0.15/mmBtu;
and a $10/acre decrease in first-vear establishment
costs would decrease energy costs by $0.08/mmBtu.
This result suggests that costs could be significantly
reduced if fertilizer requirements were decreased by

planting nitrogen-fixing cover crops, alder, or other’

nitrogen-fixing tree species.

More detailed economic evaluations using cash-
flow analyses are in progress. Operational informa-
tion on machine production rates, man-hours, and
fuel consumption rates have been collected from the
large-scale plantings at the Harshaw farm near
Rhinelander, Wisconsin. Data will also be available
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-
rations are being developed.

INDUSTRIAL COOPERATORS
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Populus grows well on sandy sites irrigated with
secondary pulp mill effluent.

Research Problem

Industry will ultimately determine the commer-
cial success of intensive culture concepts. Some of the
intensive culture techniques developed under re-
search conditions may not be feasible in large indus-
trial woodlands programs. Therefore, it is extremely
important to cooperate with industrial foresters
throughout the research and development effort.

Research Objectives

The technical and economic feasibility of intensive
culture cannot be determined by small field experi-
ments such as those conducted at Rhinelander. Large
plantations must be established tc learn whether
research results can be applied in industrial forest
operations and to obtain information about the cost of
operational intensive culture systems.

More than 30 million gallons of cffluent are produced
daily by a large modern paper mill in the Lake States.
Currentls, holding ponds are used for biological treat-
ment of wastes before discharge into a river.




Research Results

One of the pulp mills in the Lake States has been
exploring the possibility of using mill effluent from a
secondary treatment plant as an irrigating medium
on trees growing on land adjacent to the mill. The
comnpany is interested in obtaining uniform high
quality wood and in reducing transportation costs,
harvesting costs, and taxes on vast acreages of forest

land. 2o ’ T e e,
Moreover, the company is concerned about devel- ok R TR O S

oping a means of disposing of some 30 million gallons Py AR A ST

of effluent a day, which is presently treated and then : oo ;ﬁﬁgﬁ;‘:’""; 2

discharged into a river. One possible use for this ; o FeSrs

effluent is irrigation of intensive culture trees. In A e e XSS

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
solutior to both problems.

A large-scaje pilot study is in progress to test the
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most intensive methods for growing fiber. A 40-acre R A e, T
site has been cleared, and tilled, and Populus cut- : 4 S T vl RS A S et STt

tings will be planted at two spucings. An irrigation e AR SRS o e w‘a:-—iér'
W 2T LI ok, el

system to distribute the effluent will be instalied to
maintain an optimum moisture regime for the trees.
In addition, a l-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 sampling probes are used W monitor the ground:
water quality under and near the site where effluent is
being applied.

chel AR AN e YA L3 3 R
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Wastewater effluent fron. the pulp mill holding ponds
(top) is pumped (middle) to the experimental fields.
There, it ic appiied onto the intensive culture Populus
with a flood irrigation gystem (bottom,. Flood irrigation
is used to avoid the possible odor problems of overhead
apraying.
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As a separate effort, more than 1,200 acres of Popu-
lus and Alnus were planted in 1978 by the Packaging
Corporation of America 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-
ment 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 of these problems have gradually been worked
out and survival of trees for 1978 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
Corporatior. of Americc to obtain operational and

economic information about meeting their mill needs
with intensively cultured Populus.

G 2 e A o
Commercial agricultural equipment is used for site
preparation. In some fields, the mills’ sewage sludge was
applied to provide soil emendments.

-

At the Packaging Corporation of Americe plantations, a

20-foot cultivator is used to ciean three rows of Populus
at one time. About 100 acres can be cultivated dasly
during the first growing season. ‘

Some of the older plantings are growing well, par-
ticularly this stand of 2-year-old Populus. Wide spacings
were used because tne trees will be grown for 10-to 15
year rotations.




PUBLICATIONS

This list includes all publications since 1970 of the
Maximum Yield of Wood and Energy Research and
Development Program, North Central Forest Exper-
iment Station, U.S. Department of Agriculture,
Forest Service.

Crist, John B. 1976. Utilization sdvantages of mate-
rial produced in maximum {be: yield plantations.
In Intensive Plantation Cuhure. U.S, Department
of Agriculture Forest Service, General Technical
Report NC-21, p. 109-111. U.S. Dzpartment of Ag-
riculture Forest Service, North Central Forest
Experiment Station, St. Paul, Minnesota.

Crist, John B., and David H. Dawson. 1975. Anatomy
ard dry weight yields of two Populus clones grown
under intensive culture. U.S. Department of Agri-
culture Forest Service, Research Paper NC-113, 6
p. U.S. Department of Agriculture Forest Service,
North Central Forest Experithent Station, St.
Paul, Minnesota.

Crist, John B., David H. Dawson, and JoAnn A. Nel-
son. 1976. Wood and bark quality of juvenile jack
pine and eastern larch grown under intensive cul-
ture. In 1977 TAPPI Forest Biology Wood Chemis-
try Conference, Madison, Wisconsin, p. 211-216.

Crist, John B., and Dean W. Einspahr. (In press.]
Kraft pulp and paper properties of whole-tree,
short rotation intensively cultured jack pine and
eastern larch. /n 33rd Annual Meeting, Forest
Products Research Society Proceedings. San Fran-
cisco, California. July 8-12, p. § (Abstract).

Crist, John B., Judson G. Isebrands, and Neil D.
Nelson. 1979. Suitability of intensively grown Pop-
ulus raw material for industry. 16th North Ameri-
can Poplar Council Proceedings. Thompsonville,
Michigan. p. 65-74.

Crist, John B., Judson G. Isebrands, J. D. Sinkey, and
W. L. Bohn. 1978. Thermo-mechanical pulping of 3
short-rotation intensively cultured species. An-
nual Meeting, Forest Products Research Society
Proceedings, Atlanta, Georgia. June 25-29, 1978,
p. 21. (Abstract).

Dawson, David H. 1971. Maximizing fiber yields
from woody species. American Pulpwood Associa-
tion Technical Paper, January 1972, p. 8-16.

24

Dawson, David H. 1973. Rust resistance of Populus
clones compared in Wisconsin study. Tree Plant-
er's Notes 25(1):16-18.

Dawson, David H. 1875. Are cultural methods avail-
able to maximize yields. Iowa State Journal of
Research 49(3, 2 pt.):279-280.

Dawson, David H. 1975. A program to Gevelop maxi-
mum wood yield from planted stands. Poplar Coun-
cil News, Fall, 1975:4-5.

Dawson, David H. 1976. History und organization of
Multiproject Program IL. In Intensive plantatinn
culture— five vears iesearch. U.S. Department of
Agriculture Forest Service, General Technical Re-
port NC-21, p. 1-4. U.S. Department of Agriculture
Forest Service, North Central Forest Experiment
Station, St. Paul, Minnesota.

Dawson, David H. [n.d. Circa 1976.] New intensive
culture systems in the Lake States. In Intensive
forest management Conference Proceedings, Uni-
versity of Minnesota, Cloquet Forestry Center,
Cloquet, Minnesota. March 1975, p. 71-74, 74-75.
Agricultural Experiment Station, Miscellaneous
Report 136.

Dawson, David H., and John Crist. {n.d. Cirea 1972.]
Dry weight yields and wood anatomy of two
Populus clones after two seasons of intensive cul-
ture. Sixth TAPPI Forest of Biology Conference
[Abstract), May 1-3,1972, Appleton, Wisconsin III-
3:1-2.

Dawson, David H., and Jay G. Hutchinson. 1972,
Research tackles the pulpwood generstion gap
through maximum fiber yield program. Forest
Industry 99(2):26-27.

Dawson, David H., and Jey G. Hutchinson. 1973.
Farming for Fiber. Wisconsin Conservation Bulle-
tin 38(3):24-26.

Dawson, David H., Judson G. Isebrands, and John C.’
Gordon. 1976. Growth, dry weight yields, and spe-
cific gravity of 3-year-old Populus grown under
intensive culture. U.S. Department of Agriculture
Forest Service, Research Paper NC-122, 7 p. U.s.
Department of Agriculture Forest Service, North
Central Forest Experiment Station, St. Paul,
Minnesota.

Dawson, David H., and Nonan Noste. 1976. Review of
competition control for intensive culture forestry
in the north central Region. Iowa State Journal of
Research 50(3):271-275.

Dawson, David H., and Howard M. Phipps. 1978.
Vegetative propagation of Populus for intensively
cultured plantations. p. 8-22. In Fourth North



American Forest Biology Workshop Proceedings,
August 9-11, 1976, SUNY, Syracuse, New York.

Dawson, David H., Jaroslav Zavitkovski, and Judson
G. Isebrands. 1975. Managing forests for maxi-
mum yields. In Second Anaual Symposium on
Fuels from Biomass Proceedings, June 20-22, Troy,
New York. p. P-161 to P-167.

Dickson, Richard E., and Philip R. Larson. 1977.
Muka from Populus leaves: a high-energy feed sup-
plement for livestock. In Eighth TAPPI Forest
Biology Wood Chemistry Conference, p. 95-89.
June 20-22, Madison, Wisconsin.

Dykstra, Gary F. 1974. Nitrate reductace activity
and protein concentration of two Populus clones.
Plant Physiology 53:632-634.

Ek, Alan R. 1979. A model for estimating branch
weight and branch leaf weight in biomass studies.
Forest Science 25:303-306.

Ek, Alan R., and David H. Dawson. 1976. Actual and
projected growth and yields of Populus ‘Tristis #1’
under intensive culture. Canadiar: Journal of For-
est Research 6(2):132-144. '

Ek, Alan R., and David H. Dawson. 1976. Yields of
intensively grown Populus: actual and projected.
In Intensive plantation culture—five years re-
search. U.S. Department of Agriculture Forest
Service, General Technical Report NC-21, p. 5-9.
U.S. Department of Agriculture Forest Service,
North Central Forest Experiment Station, St.
Paul, Minnesota.

Geimer, Robert L. 1976. "Agricultural” poplars as a
raw material for structural particleboard. In In-
tensive plantation culture—five years research.

U.S. Department of Agriculture Forest Service,

General Technical Report NC-21, p. 115-117. U.S.
Department of Agriculture Forest Service, North
Central Forest Experiment Station, St. Paul,
Minnesota.

Geimer, R. L., and J. B. Crist. 1978. Structural flake-
board from short-rotation intensively cultured hy-
brid poplar clones. [Abstract.] In Forest Products
Research Society Annual Meeting Proceedings,
June 25-30, Atlanta, Georgia, p. 9-10.

Hansen, Edward A. 1976. Determining moisture-
nutrient requirements for maximum fiber yield.In
Intensive plantation culture—five years research.

,U.S. Department of Agriculture Forest Service,
General Technical Report NC-21, p. 4346. U.S.
Department of Agriculture Forest Service, North
Central Forest Experiment Station, St. Paul,
Minnesota.

Hansen, Edward A. 1977. Forest irrigation: a review.
In Soil moisture...site productivity Symposium
Proceedings. Myrtle Beach, South Carolina. p.
126-137. -

Hansen, Edward A., and James B. Baker. 1979,
Biomass and nutrient removal in short rotation
intensively cultured plantations. In Proceedings
Symposium on Impact of Intensive Harvesting on
Forest Nutrient Cycling. p. 130-151.

Hansen, Edward A., and Richard E. Dickson. 1979.
Water and mineral nutrient transfer between root
systems of juvenile Populus. Forest Science
25(2):247-252.

Hansen, Edward A., Howard M. Phipps, and David
H. Tolsted. 1979. Rooting greenwood tip cuttings of
a difficult-to-root Populus clone. Tree Planters
Notes 30(2):9-11.

Hansen, Edward A., H. A. McMeel, D. A. Metzer, H.
A. Phipps, P. S. Roberts, Terry Strong, David
Tolsted, and J. Zavitkovski. 1879, Short rotation
intensive culture practices for northern Wisconsin.
1979. In 16th Annual Meeting Proceedings. North
American Poplar Council. August 14-17, 1979,
Filer City, Michigan. p. 47-63.

Isebrands, J. G. 1977. Short rotation silviculture as
an energy source. Proceedings National Con-
ference Forest Products Utilization Research,
Madison, Wisconsin, October 25-27, 1977. p. 18.
(Abstract). '

Isebrands, J. G., and N. D. Nelson. 1979. Distribution
of number of leaves and leaf area in short rotation
intensively cultured Populus ‘Tristis'. Proceedings
5th North American Forest Biology Workshop,
Gainesville, Florida, March 13-15, 1978, p. 426
(Abstract). :

Isebrands, J. G., and R. A. Parham. 1978. On the
nature of surface dislocations on Populus tension
wood fibers. Planters Science Conference Proceed-
ings, Blacksburg, Virginia, June 25-30, 1978,
Botany Society, American Miscellaneous Series
Publication 156, p. 34. (Abstract). Also JAWA
Bulletin 1978/2.3:47.

Isebrands, J. G., L. C. Promnitz, and D. H. Dawson.
1977. Leaf area development in short rotation in-
tensively cultured Populus plots. In TAPPI Forest
Biology/Wood Chemistry Conference Proceedings,
Madison, Wisconsin. p. 201-210.

Isebrands, J. G., L. C. Promnitz, and David H. Daw-
son. 1977. Leaf area development in short rotation
intensive cultured Populus plots. In 1977 TAPPI
Forest Biology Conference. June 20-22, Madison,
Wisconsin. p. 201-209.

26

\O’b


http:115-1.17

Isebrands. J. G., J. A. Sturos, and J. B. Crist. 1979,
Alternatives for the integrated utilization of short
rotation intensively cultured Populus raw mate-
rial. In Proceedings TAPPI Annual Meeting,
March 12-14, New York, New York. p. 181-187.

lsebrands J. G., J. A. Sturos, and J. B. Crist.
1979. Integrated utilization of biomass. TAPPI
62(71:67-70.

Larson, P. R., R. E. Dickson, and J. G. Isebrands.
1976. Some physiological applications for inten-
sive culture. In Intensive plantation culture—five
years research. U.S. Department of Agriculture
Forest Service, General Technical Report NC-21,
p. 10-18. U.S. Department of Agriculture Forest
Service, North Central Forest Experiment Station,
St. Paul, Minnesota.

Michael, D., D. Dickmanr, and N. Nelson. 1978.
Photosynthesis, CO- compensation and stomatal
conductance of young poplar plants grown under
intensive culture. Plant Physiology Annuel Meet-
ing Supplement (Abstract). [In press.)

Mvers, Wayne, Louis F. Wilson, and John Bassman.
1976. Impact of insects on trees planted for maxi-
mum fiber production—studies in progress. /n In-
tensive plantation culture—five years research.

~ U.S. Department of Agriculture Forest Service,
General Technical Report NC-21, p. 92-95. U.S.
Department of Agriculture Forest Service, North
Central Forest Experiment Station, St. Paul,
Minnesota.

Nelson, N. D., and W. E. Hillis. 1978. Association
between altitude and xylem ethylene levele in Eu-
calyptus pauciflora. Australia Sorest Research
8:69-73. :

Nelson, N. D., and W. E. Hillis. 1978. Ethylene and
tension wood formation in Zucalyptus gomgphoce-
phala. Wood Science Technology 12:308-315.

Nelson, N. D., and W. E. Hillis. 1978. Genetic and
biochemical aspects of kino vein formation in Eu-
calyptus 1. Genetic variation in response to kino
induction in E. regnans. Australie Forest Research
8:75-81.

Nelson, N. D., and W. E. Hillis. 1978. Genetic and
biochemicul aspects of kino vein formation in Eu-
calyptus I1. Hormonal influences on kino formation
in E. regnans. Australia Forest Research 8:83-91.

Nelson, N.D.,J. G. Isebrands, and W. E. Hillis. 1978.
Some effects of ethylene on the morphology and
anatomy of Eucalyptus and Populus seedlings.
(Abstract) Plant Science Conference Proceedings,
Blacksburg, Virginia, June 25-30, 1978. Botany
Society America, Miscellaneous Series Publication
156, p. 34. Also JAWA Bulletin 1978/2.3:48.

26

Netzer, Daniel A., and Nonan V. Noste. 1978. Herbi-
cide trials in intensively cultured Populus planta-
tions in northern Wisconsin. U.S. Department of
Agriculture Forest Service, Research Note NC-
235, 4 p. U.S. Department of Agriculture Forest
Service, North Central Forest Experiment Station,
St. Paul, Minnesota.

Neuman, Ronald D. 1976. Pulp and paper character-
istics of Populus hybrids. In Intensive plantation
culture—five vears research. U.S. Department of
Agriculture Forest Service, General Technical
Report NC-21, p. 112-114. U.S. Department of Ag-
riculture Forest Service, North Central Forest
Experiment Station, St. Paul, Mirnesota,

Nienstaedt, Hans, and Richard M. Jeffers. 1976. In-
creased yields of intensively managed plantations
of improved jack pine and white spruce. In Inien-
sive plantation culture—five years research. U.S.
Department of Agriculture Forest Service, Gen-
eral Technical Report NC-21, p. 51-59. 1].8. De-
partment of Agriculture Forest Service, North
Central Forest Experiment Station, St. Paul,
Minnesota.

Noste, Nonan V., and Howard M. Pkipps. 1978. Her-
bicide and container system efiects on survival and
early growth of conifers in northern Wisconsin.
The Forestry Chronicle 54(4):209-212.

Pallardy, S. G., and T. T. Kozlowski. 1979. Relation-
ships of ieaf diffusion resistance of Populus clones
to leaf water potential and environment. Ecologia
40:371-380.

Pallardy, S. G., and T. T. Kozlowski. 1979. Stomatal
response of Populus clones to jight intensity
and vapor pressure deficitz. Plant Physiclogy
64:112-114.

Parham, R. A., K. W. Robinson, and J. G. Isebrands.
1976. Effects of tension wnod on kraft paper from a
short rotation herdwood (Populus Tristis #1).
Institute of Paper Chemistsry IPC Technology
Series 40, p. 15.

Parham, R. A., K. W. Robinson, and J. G. Isebrands.
1977. Effects of tension wood and kraft paper from
a short rotation hardwood (Populus Tristie #1).
Wood Science and Technology 11:291-303.

Petersen, Larry A., and Howard M. Phipps. 1976.
Water soaking pretreatment improves rooting and
early survival of hardwood cuttings of some Popu-
lus clones. Tree Planter’s Notes 27(1):12, 22.

Phipps, Howard M. 1976. Propagation research in
the establishment of maximum yield plantations.
In Intensive plantation culture—five years re-
search. U.S. Department of Agriculture Forest

(07



Service, General Technical Report NC-21, p. 60-62.
U.S. Department of Agriculture Forest Service,
North Central Forest Experiment Station, St.
Paul, Minnesota. ‘
Phipps, Howard M. 1977. White spruce seedlings re-
spond to density and fertilizer treatments in a plas-
tic greenhouse, Tree Planter's Notes 28(1):8-10, 38,

Phipps, Howard A. 1978. Rooting Populus cuttings in
various media bound with a liquid polymer. Plant
Propagator 24(2):11-13.

Phipps, Howard M., Dana A. Belton, and Daniel A.
Netzer. 1977. Cutting propagation of some Populus
clones for tree plantations. Plant Propagator
23(4):8-11.

Phipps, Howard M., and Nonan V. Noste. 1976. Some
problems of establishing and managing inten-
sively cultured planted stands. In Intensive
plantation culture—five vears research. U.S. De-
partment of Agriculture Forest Service, General
Technical Report NC-21, p. 47-50. U.S. Depart-
ment of Agriculture Forest Service, North Central
Forest Experiment Station, St. Paul, Minnesota.

Promnitz, Lawrence C., and Paul H. Wray. 1976.
Rapid selection techniques for indentifying supe-

. rior clones. In Intensive plantation culture—five
years research. U.S. Department of Agriculture
Forest Service, General Technical Report NC-21,
p. 25-31. U.S. Department of Agriculture Forest
Service. North Central Forest Experiment Station,
St. Paul, Minnesota.

Rose, Dietmar W, 1975. Fuel forest vs. strip-mining:
fuel production alternatives. Journal of Forestry
73(8):489-493. ’

Rose, Dietmar W. 1976. Economic investigations of
intensive silvicultural systems. Iowa State Jour-
nal of Research 50(3):301-315.

Rose, Dietmar W. 1977. Cost of producing energy
from wood in intensive cultures. Journal of Envi-
ronmental Management 5:23-35.

Rose, Dietmar W., and Dean S. DeBell. 1978, Eco-
nomic assessment of intensive culture of short-
rotation hardwood crops. Journal of Forestry
76(11):706-711.

Schipper, Arthur L., Jr. 1976. Hybrid poplar diseases
and disease resistance. In Intensive plantation cul-
ture—five vears research. U.S. Department of Ag-

, riculture Forest Service, General Technical Report
NC-21, p. 75-80. U.S. Department of Agriculture
Forest Service, North Central Forest Experiment
Station, St. Paul, Minnesota.

Schipper, Arthur L., Jr. 1976. Poplar plantation
density influences foliage disease. In Intensive

plantation culture—five vears research. U.S. De-
partment of Agriculture Forest Service, General
Technical Report NC-21, p. 81-84. U.S. Depart-
ment of Agriculture Forest Service, North Central
Forest Experiment Station, St. Paul, Minnesota.

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

Schipper, Arthur L., Jr., Harold S. McNabb, Jr., and
William F. Haywood. 1977. Dothichiza and Pho-
mopsis cankers of hybrid poplar in Iowa. (Abstract
128) American Phytopathology Society Proceed-
ings 4:109-110.

Strong, Terry F., and J. Zavitkovski. 1978. Morphol-
ogy of jack pine and tamarack needles in dense
stands. U.S. Department of Agriculture Forest
Service, Research Paper NC-153, 6 p. U.S. Depart-
ment of Agriculture Forest Service, North Central
Forest Experiment Station, St. Paul, Minnesota.

Sturos, J. A., J. B. Crist, J. G. Isebrands, N. D. Nel-
son. 1978. Harvesting and beneficetion of whole-
tree chips from three short rotation, intensively
cultured species. (Abstract). In FPRS Annual
Meeting Proceedings, p. 5. Atlanta, Georgia. June
25-30), 1978.

Sucoff, Edward, and Dennis Hiesey. 1978. Pre.
liminary evaluation of leaf water potential for
irrigating hybrid poplar. Minnesota Agriculture
Experiment Station, Science Journal Series Paper
10264, and Fifth North American Forest Biology
Workshop Proceedings, p. 187-195.

Widin, Katherine D., and Arthur L. Schipper, Jr.
1975. Epidemiology and impact of Melampsora me-
dusae leaf rust on hybrid poplars. In Intensive
plantation culture—five vears research. U.S. De-
partment of Agriculture Forest Service, General
Technical Report NC-21, p. 63-74. U.S. Depart-
ment of Agriculture Forest Service, North Central
Forest Experiment Station, St. Paul, Minnesota.

Widin, K. D., and A. L. Schipper, Jr. 1977. Develop-
ment of the uredium of Melampsora medusae. (Ab-
stract 127) American Phytopathology Society
Proceedings 4:109.

Widin, K. D., and A. L. Schipper, Jr. 1978. Melamp-
sora medusae affects hybrid poplar growth in the
north-central USA. (Abstract 055). In 3rd Interna-
tional Congress Plant Pathology Proceedings.
p. 130. August 16-23, 1978, Munchen, Federal
Republic of Germany.

Wray, P. H., and L. C. Promnitz. 1976. Controlled
environment selection of Populus clones. In Inten-

=

W



sive plantation culture—five vears research. U.S.
Department of Agriculture Forest Service, Gen-
eral Technical Report NC-21. p. 25-31. U.S.
Department of Agriculture Forest Service, North
Central Forest Experiment Station, St. Paul,
Minnesota.

Zavitkovski, J. 1976. Biomass studies in intensively
managed forest stands. In Intensive plantation
culture—five years research. U.S. Department of
Agriculture Forest Service, General Technical
Report NC-21, p. 32-38. U.S. Department of Agri-
culture Forest Service, North Central Forest Ex-
periment Station, St. Paul, Minnesota.

Zavitkovski, J. [In press). Biomass farms for energy
production: an analysis of biological consideration.
In Society of American Foresters Annual Meeting
Proceedings. October 23-25, St. Louis.

Zavitkovaki, J. 1979. Energy production in irrigated,
intensively cultured plantations of Populus “Tristis
#1' and jack pine. Forest Science 25(3):383-391.

Zavitkovski, J., and David H. Dawson. 1977. Biomass
distribution in 6-vear-old intensively cultured jack
pine plantations in northern Wisconsin. /n 1977
TAPP] Forest Biology-Wood Chemistry Confer-
ence Proceedings, p. 217-221, Madison, Wisconsin.

Zavitkovski, J., and David H. Dawson. 1978, Struc-
ture and biomass production of 1- to 7-year-old

intensively cultured jack pine plantations in Wis-
consin. U.S. Department of Agriculture Forest
Service, Research Paper NC-157, 15 p. U.S. De-
partment of Agriculture Forest Service, North
Central Forest Experiment Station, St. Paul,
Minnesota.

Zavitkovski, J., and David H. Dawson. 1978. Struc-
ture and biomass production of 1- to 7-vear-old
intensively cultured tamarack plantations in
Wisconsin. In 1978 TAPPI Annual Meeting Pro-
ceedings, p. 29-35. Chicago, Illinois.

Zavitkovski, J., and David H. Dawson. 1978. Inten-
sively cultured plantations. Structure and biomass
production of 1- to 7-year-old tamarack in Wiscor-
sin. TAPPI 61(6).68-70.

Zevitkovski, J., Edward A. Hansen, and H. A.
McNeel. 1979. Nitrogen-fixing species in short ro-
tation systems for fiber and energy production. In
Symbiotic Nitrogen Fixation in the Mansgement
of Temperate Forests Symposium Proceedings,
April, Corvallis, Oregon. (In press.).

Zavitkovski, J., J. G. Isebrands, and D. H. Dawson.
1977. Productivity and utilization potential of
short-rotation Populus in the Lake States. In East-
ern Cottonwood and related species Symposium
Proceedings. Greenville, Mississippi, September
28-October 2, 1976, p. 392-401. :

28 ©¥7U, 5 COVERNMENT PRINTING OFFICE: 1980 669.208 .



~ U.S. Department of Agriculture, Forest Service.

1980. Energy and wood from intensively cultured plantations: research
and development program. U.S. Department of Agriculture Forest
Service, General Technical Report NC-57, 28 p. U.S. Department of
Agriculture Forest Service, North Central Forest Experiment Sta-
tion, St. Paul, Minnesota.

Since 1971 there has been significant progress in greatly increasing
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CAPSULE BI

0D AT A

(AS of May 12, 1982)

T. ‘Kame: ~ RAFAEL P, CREENCIA

Z; Position: Consultant and Management Partnen - LAPE
CAFE (Canlaon Farming Enterprises T INCT, ==
Villa Tsabel, Canlaon City, Negros Oriental

Program Leader - Cacao Unden Coconut Research
- Program, Philippine Council
gor Agriculture and Redourcesd
Reseanch {PCARR) :

3. Address: Offdce - Villa lsabel, CAFE, INC., Cantaon CLty
' Home - Kanlaon Lodge ¥ 64, Car. Rodriguez-
Corazon SXs,, Bacolod City; Tel. 2-04-81

4. Date and Place of Binth: October 24, 1937
‘ Indang, Cavite

5. vependaw !

Name Relationship
Caxmelita Creencia O bdge
Arlene Creencia Daughter
Axnel Creenele Son

6. Educational Attainment/Training:
a.Degnee/DipLoma Institution VYear Graduated Speclalization

BSA uPcA 1959 Aghonomy

M. S.  Unlv. of Kass., USA 1969 PLL, Seience

Ph. . Univ, of Mass., USA 1973 PLL, Science
b.Non-degnee ,

High School - Indang Ruraf High - 1953

Secretarlal Counse - Philippine College of Commence - 1955
‘Supervisony Taaining Counse - UPCA - 1962

Highway Béautification - Univ, of Mass., USA - 196§-1973 .
PERT/CPH - Le Safle Graduate School, Manila - Dee., 1973

I’y
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8.

Se

-2 -

0a%dl Sesvice Bligikiity: Sugar Technuologist = Auguss, 1960
Employment Recoxd:

Asst. Prcfessar UPLE-CA July 1973 to May, 1981
Ingt=uctor (On leave) UEL3=0A June 1967 to July, 1973
Instructor UZLE-CA July 1963 to_Junms, 1967.
Regsezxrch Izatructor UPLB=Ci Jﬁma:-y 1962 to July, 1§63
Reseaxch Assigtant UFLB-CA Apcil 1559 %o Dece, 1961 -
Student Assistant UZLE-CL 1956 %o Apcil, 1959

Other Appointments/Positlons helds

Goverament

Essd = Flantation Crops Division, Depte of Enr*‘.:nltm, THEB

Juze, 1974 o May, 1980 -

Professorisl Cheix Holder = Philippine Coconmut Resesxch and
Developnen‘.' Foxndation = Ange, 1977 to ¥zy, 1980

Yarmber = Gradnate Faculty, UFLB « July, 1973 to Moy, 1980
Heuzber = Flant 2surd (Inter-Agency) - Juze, 1977 %o ¥ay, 1980

Pamber = Jofles a2l Cecac Sub=Cuxmitiee, Philipplvn Brpord
Countll « Jmme, 1577 to Hay, 1580

Pamber = Sub-cozziites on Coifes xnd Cacao, Burean ¢f Staadord
June, 15977 to May, 13980

Secretary = Borsiculiuwral Secticn, Agricultwre and Porestry
Divisiozn, Bationsl Research Council of the hilippines=

Tu'.ne. 1978 %0 May, 1980,

¥amher = Bxscutive Cozmities, Dept. [} 4 mr*icnltm,m -
June, 1974 %o May, 1980

Chedrman, =Persomel Cozmittes, Depts of Berticultm, T8 =
dune, 1974 o Xay, 1980 :

Co=Ragsez==he> = Pilot Project for Agreforestaticn Dervalomea‘-'
‘i‘.h me Rl J&.’ 1978 tn m 3-!:. 1950

Project leade> = Imtegrated Re-ea:c.h on Msdicinal Plantis =
Jad., 1578 to liny 32, 1930

Progren lezdes = Cacao Under Cocomut Resezxch mm -
(Bztionsl) =~ July, 1978 ¢o May X1, 1280
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g,,,,,.;//,,,,e_ 4/& Lend L. /”'.'/' 7 f//ﬁ” Coriersiy . /TP b ST
Hzt:.c:al Tex: Fexmber @ Plantetion Csops Commodity Reseazeh
Tecz, Frilippine Council 2o» AsTiculture & Regources
Bsseaxch = July, 1976 to sy, 1980,

Consuliaxnt « GZED Poundation, Inc., UELLB = Palawen Integmeied
dres Development Progran - June, 1980 to 4dngl, 1920

Hationel Tear Ieeder = Czcao, Coffes and Tes Comzodity Regessch
Zeam, Philiroine Couneil for cultuse & Resources
Eogearch « J2e, 1973 to Jume, 1976

Besearch Coordinator/Progrem Leader Speacer Powndziion, Inc./
UZL3 Integ~zted Eesearch Progzan « 1975 to 1977, .

Chair=an « Beverzge Crops Reseazch 'Cox:nittee, UZ1B- 1973 to 19577

Iroject leader S Hrotional Pood and dgric. Council Intesnted
Multiple Cropping Project - 1975 $o0 21577

Eroject Leader = Lbaca Development Program = 1975 to 1977

Mexber «IMternztiomal Documemtation Center for ibeca~ 1976-2978

Eember « Presidential Committee on dgric. Credit (Shl-commities
on Industrial Crops), Cemiral Bank of the Faildppineg o
Jaly to Bovember, ;976.

Consultant - Vieayas State College of Agricultuse (Zc= Tesearetd
' 4975 to0 1976

Comsultant - Phil, Cocommt Authority, Hatiomal Maltiple
Crepping Progoam « 1976

Constltant = Poxd Poundation Upland Davelopment E:om - 5

Conguliant = P20 Rubber Resea=ch Project, Bubber Regearch
Cexntes, Thailand - 1976 to 1977

‘Consultant = Surtheast Asia Reglonal Colleges f Agrioulture,
RBeglonal Fiamming for Paney and Negros Occidental e
dpxdil, 1976

Consultant = Wosld Bank/Natiomal Eoonomic Development duthority
Foject on Narginal Hilly land Development Jov., 1977 .

Consultant = USiID/Manila, dgrolorestzy D:'.v*.gicn = 1975 %0 1576

Consultant = Iloilo Natiomal Acriculiuwal College = Begearch
and Cuericulum development « 1979 -

COns.nltut = Centr=l Philippine University = Rageasch 23
C=>icnlrm Development = 1579 '

8clextist IT =« Hatiomal Science Develorment Bozrd o cnﬁ‘n exgd |
Cacao Development Projects - 1962 = 1885, : '

i
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Private:
Consuliant and Managezent Pariner = Canlson Parzming Entesprises
(CAFE) - Jan., 1980 to date '
S w1t ,f,; PP LAY Y AR A ., {

Uember « Preemasoznsy - 1578 %o da.ta

Junior Warden « Indang Lodge 115, Gra.nd Inadge (-4 the I’hinppi.nea-
1980

Vico-President = Diversified dgro-Industrias Management Corpe -
. June, 1978 to May, 1980

Boaxd Chairmen = DATMCOR (Main) - Juze, 1578 t0 May, 1580
Director « DAIMCOR Supesmarket = June, 1575 to0 éate
Director = DADMCOR BErokerafe = -"!nm. 1976 to date
Director = DAIUCOR Beal Bstate = June, 1978 to date

Consultant = SATRS, France, Palawan IntegTated ires D—+lorment
Progran « Jrne to Adugust, 1580

Director = Agro-Systems Reseaxch and Developzent co-poration-
June, 1977 o0 1S7S.

Yamagement Partner = DATUCOR Consultancy & kanagement Sarvices=
June, 1978 to date

nnl.gment Partner - igmiz consul‘cancs aad nanagmn’c swrices-.
) June, 1974 to July, 1978

Director « AgTixz Bupermarket, Inc., = Jume, 1974 = Jn.'l.:, 1978
Dimector = Los Bamos Chiléren Choir = 1976= 1579

Konber » Pansl of Comsultants, SYNBRGISTICS, Inc. = 1978 %o
Sipto.- 1979

Consultant~ Davao Prultc, Ince = 1577 %o 1979

Consultant = Hatling Industrial & Commexcial Corporation =
1975 o 1977

Consultant = Don Pedro Cojuanco Stable = 1977 to 1980
Consultant = SABACALERA = 1979 to 1980

Coasultant = Consizuction & Development Corporation of the
F=ilippines, A.sri.cul"u:a.l preject in Sabah « Septe, 1978

ccnsultu" - Wo=ld Bank/ﬂa*icml Bcoe Deve Anth.a:‘...y/kesiuatm.-
Progfar Develomient 022ice « Sams>» Integrated Ruzal Deve -
Pxoject = 2977 %o 1978

A
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‘Consuliant - Maha=lika Develorment Corpovation - Agricultural
: Peagibildity Study for the Ezval Reservation &% Ternate,
Cavite = March, 1976 |

Comsulitont - Bemco Pilipine - Aszicultusel Pessibdbility
Study Zo> the bank's estate st Silang, Cavite = 1976.

10. Kemberzhip in Bomor/leexmed Socletirs:

Preememaz=y of the Lost Worshifful Grend Iodge of 42»
Inilippines

Olericuliursl Soclety o2 the Brilippines
Citmus Grovers Association of 4the Zhilipxinen
Cizeulo Eispenists
dmericen Borticultural Society, Bé.-theas;a:'n"ﬁqg}.gg{ "
She Britimica Society
Philippine Association of Uutziticn, Imee
Crop Science Society of Lhe Fhilippines
Gezma Sig= Delta Homor Society
Nationel Besearch Council of the Philippines
Philippine Geographical Socisty

1. rmoﬁp,%%féﬁ%%i‘mnz Grants:

mravel Grzut to Pax Bast cecao growing countrles - Hershey
Chocolats Cozpany, UeSele~ s 1580 . ,

Intermational “Cshfersnce ca Cscao end Cocomut and poste
.confex=snce vigit t0 cacao plantetions in Sabah =
mravel grant from USLID/PCAER - June 20, 1978 %o
July 2, 1978.

fravel Crant 4o Thailand on PAO Bubber Besearch projecte
Decanber, 1576 4o Jammary, iST7 ‘

mravel Gramt %o ZThalland an FAD Bubber Heseareh Projecte
Bay, 1976

fravel Grzat to Eigeris 0 attend the "1975 Intermational
Cacas Reseg>ch Cozfezence®™= Sept., 1975 .

PCLER/UPLB Sraining Gzant to Study PERT/CPM st Ia Salle
' _Gradunste Schvol « Decembex, 1573 '

UTIB Special Deteil Grant to jursue E.S. end Pa.D, ' degrees
in TUeSeds = 1967 to 1973



" Sevezzl govermmext and private travel grants 4o serve as
Tegource pevson, speakex/tralnor in verious conferexces,
pexinz>, workshops, gymposiums, coaventions, meetings
and tredining progrems in ddfferent places in the
Philippines.

Special detail grant Lfrom UTLB to serve as Coasuliant for the

GIRD Pouzdation, Ince project in Pelawan,e June- Aug,, 1980

fravel Grant to present a paper &t ths sxxual Conferense of
ths Amerdcan Hoxtlcultursl Soclety, HBE Reglon at the
University of Hew Hampshire, Durham, Hew Eampshize, W4
¥sxch, 1968.

2=avel Gxant to present & paper at the Armmmal Conferznce -

the American Hoxticulturel Soclety, HE Ragion at
Earvaxd Univessity, Boston, l2ss., USL = Bove, 1967

12, Zfeaching:

Zaught 5 undergrednzte and 3 graduate courses at UZI3, 6011030.
. laguna, Philippines

Graduated 43 underzradustes and 12 graduats studsxnis a.f, U?I.'B.
College, lagunma, Fhilippines

Served as member of Advisory Commities for 43 mndergradusts
and 25 graduate students &t UZLE, College, lepgnra, Fhil,

13, Research
" Completed 52 Tesearches

Presented 13 Tesearch papers
Published 11 research publications

d4¢ Zublicationss |
Popula> = 14 paperss
Sexietechnical « 9 papers
Zechnical = 7 pepexs

A



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 £1i1l this positionm.
‘However if a qualified person is not available immediately, the S&T/FNR
Forest Support Program can furnish the GO? with the Biodata of qualified
persons, who could £ill 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 Tor Forest Research
Directors," East-West Ceater, Homolulu, Hawali,

August 24 - 28, 1982,

A, ZPurpose
" The importance and urgency of ‘increasing forestry development agtivi:j

‘throughput tropical and subtropical Asia calls for amn increase in,intefﬁg4;
'tibnal cooperation that combines and targets resources of ﬁhe dohor community’
te address forestry problems. The establishmen:‘of a network of research
institutions concentrating on forestry research topics is proposed. Initially,
the effort would be limited to research on reforestation and multipurpose
production svstems for lands marginal to intensive agriculture, but future
integration of research activities in other areas would be possible.
B. Proposed Organization

There are a large number of forestry and.agriculture rgsearch ins:itq-
tions in.the region working on reforestation and multipurpose prod@gtion
systems. These exis:i?g 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 f£inancial 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 coogdinative body to promote the institutional networkin;, monitor
progress, and assure that research results and experiences are effectively
disseminated among the participants.

Twinning relationships between Asian research institutions and researﬁh ’

institutions in other developing countries and industrialized countries could

"N
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be es:abl.shed where appropriare (following :he twinning coneep: proposed

in :he world Bank/FAO document "‘orestry Research Needs in Developing COuntries-
Time for a Reappraisal?") Donors would help sepporr the research program and
national institution strengthening by supporting the work of individual pgr:1;;
eipating institutions or by other means of providing assistance.

A detailed examination of ongoing programs of Asian research ins:i:ﬁ:iens‘
working on reforestation and multipurpose production eys:ens for lands marginal
to intemsive agriculture would be necessary, but various preliminary surveys
indice:e that a: least one research institute in each ASIAN country represented
at this meeting has significant on-goirg 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 suppor:eé initially through the 'network (i.e.,

reforestation and multipurpose production systems for lands marginal to intensive

egriculture) is put forward because it is thought to encompass 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
research and information transfer activities.

While this suggested theme would include biological research activities
including species trials, it would also be sufficiently broad to ineerperate’
other technical, social, institutional, educational, financial, and econanie
dimensions of reforestation and muitipurpose production systems for agricel-.
turally marginal land. More specifically, the network could emphasize~epnmon ;
reseach interests selected from: Silviculture, Produccion Systems, and Socio-

economic Considerations.




Silvicultures -

'wéﬁéiﬁéibf{kbééies and provenance
 §?3§7breeding and seed research

f;kiéééaTStofaga and dissemination

ffit§¢§e£a:ive propagation methods

"~éité preparation and stand nanagemgdt;

pest, disease, and fire control

effects of reforestation on’béfi

Production Systems:

agro-forestry
large-scale plantations

ﬁatural regeneration

on-farm, linear, and commﬁni:y;tlantings

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 hss. in Indonesia; 5-6 milliom
has. in Philippines; 250,000 hgs;~in}hoither§'highland\rég;oh7
of Thailand; 100°has. in Malaysis, etc.; possibly 50 millian
has. total im S.E. Asia).

Highly eroded and/or slppiﬁg;gp;éq§'hiilside and watershed areas

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

A\



‘=" Saline/alkaline arid areas (36 million has. in India and

/Pékiston)'

~ lowland hunid tropics (natutal»foree:5fehenthoioo?ioVHﬁi&i:ie{f

' philippines, Thailand, Indonesia)

- mangrove forests (‘hilippiues. Indonesia. Bangladesh )

- marginal croplands (unp:oduc:;ve‘ougareeane‘1and in Bakis:eo;e

unproductive’ rice paddies in India)

D, Network Activities

Strengthening Asian research 1nstitutions and increasing the eon.ribution“

of research to Asia's Zorestry development is :he urgent task of :his initia-'

tive. To accomplish this, a long-term eommitmentk(aevlees;,tenvyea:s) and

the following activities are needed:

training of research persomnel

periodic field-oriented :eohnicalsmeetings of reseafob petsoooel
analysis..publieation, and dissemination of research findings
establishment of informal and/or formal twinning felationships
between research centers of excellence and ohe institutions parti-

cipating in this network.

E. Project Development

4s part of the establishment of the network, the following stepefneeoﬁzog

be taken:

review of ongoing reforea:aoion research in As;e;

identification of'donore’end-reseeroh ins:itu:ioos :o’pgfﬁioioeoe
in the network |
specific definition of common research topic(s) t°'§¢v§#%é§§3;;§

the basis for initiasl network activities.
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[]

to initiate cooperative ectivities at an eerly date, a limited
numbet of topics should be selected at the outset. Additional
vtopics could be added after ga.ning experience ‘and establishing thc

desired working reletionships and methodologies.

lt 15 proposed that a project identification~and development teem.Beg
fielded"possibly under the auspices of IUFRO and combining the technicel‘
expertise of interested bi-lateral donor institutioms (USAID, IDRC. etc )
and international organizations (IBRD, FAO, etc.). This team would work with

Asian forestry research institution personnel to develop thenterms of

reference for the network.

D1/8/26/82



APPENDIX H

:CONDMICALLY IMPORTANT NITROGEN FIXING TREE SFECIES

(J. L. Brewbalker and Brian K, Etyles, eds.
Frepared for Bellagio Workshop; Document #2A)

Format:

SPECIES AND FAMILY

1. DRIGIN; HEIGHT, SHAFE

2. USES AND CHARACTERISTICS

3. ADAFTATION (INCL.MIN RAINFALL)
4. COMMENTS, Chromosome No.

ACACIA ALBIDA DEL. (MIMDSOIDEAE; LEGUMINOSAE) :

1. Africa and Israel, to 20 m; leafless in r;iny saason
2. Forage (pods, foliage), shade

3. Dry tropics, Sahel (to 300 mm min)

4. Slow growth 2n=b

ACACIA AURICULIFORMIS A. CUNN. EX BENTH. (HIHOSOIDEA;, LEGUMINOSAE)
1. Australia, New Guineaj to 3I0m, spreading T

2. Fuelwood, pulpwood; sp.gr..58; 1% m3/ha/yr

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

4. Not too teolerant of drought? fire? winds? 2nm26

ACACIA CONFUSA MERR. (MIMOSOIDEAE; LEGUMINOSAE)
1. Philippines, Taiwan; to 14 m, spreading

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

J. Wet subtropics (to 750 mm min), acid soils
4. Slow growth 2n=246

ACACIA FARNESIANA (L.) WILLD. (MIMOSQIDEAE; LEGUMINOSQE)

1. Tropical America; to 10 m, often shrubby T

2. Fuelwood: forage, tanning; perfume from flowers; ornamnntal;
black dye used tomake ink

Z. Dry tropics; wide variety of soils

4., Very thorny; can be weeady 2n=32

ACACIA MANGIUM WILLD. (MIMOSOIDEAE; LEGUMINOSAE)

1. Australia and Fapua New BGuinea, Indonesia; to 30 m, éréét; stately

2. Timber (.65 sp or), Firewoed?, to 30mS/ha/yr
3. Moist tropics (to 1000 mm min), acid soils?
4. Insects on leaves., genetic variability

ACACIA MEARNSII WILLD. (MIMOSCIDEAE; LEGUMINQSAE)
1. Australia; to 25 m, spreading : .
2. Fuelwood, charcoal, tannins; dense wood (.73sp.gr.), to 25

m3/ha/yr :
Z. Moist sub-tropics. mid elevations: to soOmm min?
4, Can become weeaedy . 2n=26

A
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ACACIA NILDTICA (L.) WILLD. Ex DsL. (MIMODEOIDEA LEGUMINQSAR)
1. Africa and India; to 20m, usually less

2. Firewood, charcogl, foader (prds, leavee), tannin and gum
. Dry tropics (but ¢hrives under irrigation)

4, Euntremely thorny, variable 2n=T2,104

ACACIA SALIGNA (LABILL.) H. WENDL. (MIMOSOIDEAE}

LEGUMINOSAE)

1. W. Australia; shrub or small tree to 7 m

2. Fodder; fueli sand-dune fixationj tannin; recolonization of
mining areasi erosion control ornamental B

3. Humid to subbumid tropics; 3J00=-1000mm. rainfall; adapted to
both sandy and swampy ceites ‘

4., Rapid growth outside native areas; tolerant to drought, salt,
winds, and fire;: may become weedy

ACACIA SENEBAL (L.) WILLD. (MIMOSOIDEAE; LEGUMINDSAE)

1, ARfrica, Pakistan, India; to ({3 m,often shrubby

2. Firewood, charcoal; to Sm3/hasyr, oum arabic, feed (pods,
fecliage)

3. Dryvtropics (to 200mm min), poor soil,hot

4, Extremely thorny, becomes weedy ' 2nm246

ACACIA TORTILIS (FORSK.) HAYNE (MIMOSODIDEAE; LEGUMINDSAE)

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

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

S. Dry tropics (to 100 mm min), heat tolerant, alkaline soils
4, Therny, lateral roots

ALEIZIA FALCATARIA (L.) FDSBERG (MIMOSOIDEAE; LEGUMINOSAE)

1. Indonesia, New Guinea; to 4% 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 LERBEK (L.) BENTH. (MIMOSOIDEAE: LEGUMINOSAE)

1. Trop:ical Asia and Africa; te 30 m

2. Fuelwood (high value, 5200 kcal/kg), foliage for feed, yields
to % al/ha/yr, furniiure

T. Wide adapt., dryand moist tropics (to 600 mm min)

4, Slow growth 2n=25

ALNUS ACUMINATA 0. KUNTZE (BETULACEAE)

1. C. America; to 25 m or more

2. Firswood, sp. gr. .95; timber,to 13m3/ha/yr; shoes
3. Cocl ‘tropic highlands to 3000m, moist (12T0 mm min)
4, Net heat/drought tolerant

ALNUE GLUTINOSA /L.) GAERTN, (BETULACEARE)

1. Europe to W. Asia; Asia Minor to N, Africa: to 40 m

2. Energy production (fuel): eo0il stabiliczation, e.g. river
banizs., roadsides. mine wastes: shoees: sp.or. .=

3. Widely adapted. temperate or subtropical, to 500m

4.. Not drought 2n=28



ALNUS NEPALENSIS D. DON (BETULACEAE)
1. Himalayas: to 30 m '
2. Firewood but sp.gr. .33; utility timber.

Z. Cool tropic highlands to wOOOm,'mesic (BOO mm min“)
4, Some insects, soft wood u'°n=29

CALLIANDRA CALOTHYRSUS MEISSN. (MIMDSDIDEAE; LEGUMINDSAE)

1. C. and S. America; to 10 m, shrubby

. Firewood; forage (high tannin) and green manure, Spe QGre «65

. Moist tropics (min. 31000mm), cooler (above: SOOm?); to 40
m3/ha/yr with annual harvest

4., Shrubby (=C, confusa Sprague % Riley) 2n=22

“n

CASUARINA CUNNINGHAMIANA MIQ. (CASUARINACEAE)

1. Australia, to 35 m : o

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

3. Cool tropics to warm temparate; 00 mm min.

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

CASUAFRINA EQUISETIFOLIA L. (CASUARINACEAE)

1. Australia and Pacific Isl. to India; to 35 m-

2. Firewood, charcoal; sp. gr. 1.0, "best in world“; windbraal
timber for postwood

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

4, Coppices poorly?

CASUARINA GLAUCA SIEB. EX SPRENG. (CASUARINACEAE)

1. Australia (N.S.Wales to Qld.); to 20 m

2. Firewood, ‘charcoal, fencing, piles for seawater, windbraars in
coastal areas; sp.gr. .98

3. Warm temperate to subtropics, coastal areas; salt-tolerant,
heavy clay soils

4, Produces root suckers and can be weedy (e.g. Florida)

CASUARINA JUNGHUNIANA MIQ. (CASUARINACEAE)

i. Indonesia; to 30 m

2. Firewood, charcoal, poles, piling;j wood very fissile

Z. 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 ROXE. (PAFPILIONOIDEAE; LEGUMINOSAE)

1. lIndian subcontinent; to 30 m,

2. Lumber, fuelwood, sp gr. .68

3. Warm tropics, mesic or arid (to S00 mm minds yields +ast for a
Dalbergia, slow by other standards

4. Slow growth 2n=20

ERYTHRINA BERTOEROANA URBAN (PAPILIONDIDEAE; LEGUMINOSAE)

3 ;;v

SA\



1. Tropical America; to 10 mi small crown

2. Live +fence poste: coft wood which accepis wires and nails
well: forage: wincbreals; easily cloned - )
3. Lowland and submontane moist tropics to 2000m; usually in
wetter areas but needs gQood drainage

4. Fast growth; resistant to wind 2n=42

ERYTHRINA FUSCA LOUR. (FAPILIONOIDEAE; LEGUMINOSAE)

i. C. ¥ S. America, *o 30 m: broad crown

2, Shade for coffee and cacao; live fenceposts; soft wood )

3. Lowland moist tropics to 1300m; often in swamps or on pooarly
drained clayey soils S

4. Fast growth; effective green manure; easily cloned 2nm42

ERYTHRINA FOEFFIGIANA (WALPERS) O.F. CooK (PAPILIONOIDEAE}

LEGUMINOSAE) ’ o

1. S. America to Fanama; to 40m

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

3. Dry to mesic tropics, to highl ands . o

4, Fast growth; coppices and clones easily 2N=42

GLIRICIDIA SEFIUM (JACR.) WALF. (PAPILIONOIDEAE; LEGUMINDSAE)

1. S. and C. America; small tree to 10 m

2. Flrewood, timber, sp. gr. .75, fodder, shade, ornamental:
easily propagated by cuttings, living fence, tc 8 m3/ha/yr

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

4. Toxic bark/seeds/roots;’ aphids on foliage 2n=20

INGA VERA (L.) BRITTON (PAPILIONOIDEAE; LEGUMINDSAE)

1. Caribbean, C. Amnerica; to 20 m -

2, Shade for coffem, fuelwood (8p. @r. 730, timber, shade, honey
relatively fast growth ‘ :

%. Humid tropics (1000 mm min?), lowl ands

4, Little studied

INTSIA B1JUGA (COLEBR. ) 0. KUNTZE (CAESALPIINIDIDEAE;

LEGUMINDSAE) : R T

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

2. Handsome timber, decking, truck podies ("ipil" in Philippines),
highly resistant to rot; slow growth DR '

3. Moist tropics, prob. 2000 mm-ming

4. Genetic variability 2ne24
LEUCAENA DIVERSIFOLIA (SCHLECHT) BENTH. (MIMOSOIDEAE;
LEGUMINOSAE) grEn/ i

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

2. Fuelwood (est. .5 sp. gr.), shade, forage o o
3. Dry to mesic tropics, prob. S00 mm min, to midland‘z(iﬁQO'm)
4, Little studied, great genetic diversity 2nmE2.



LEUCAENA LEUCOCEPHALA (LAM.) DE WIT (MIMDSOIDEAE: LEGUMINDSAE)

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

2. Fuelwood, nurse tree, forage, small timber and pulpwood: sp. -
gr. .55, some food use (pods,seeds, leaves), energy plantations,
vields to S0 m3/ha/yr . "

3. Dry to meeic tropice, S00 mm min, lowl and

4. Widely studied 2n=104

MIMOSA SCABRELLA BENTH. (MIMOSOIDEAE; LEGUMINDSAE)

1. S.E. Brazil & Argentina; to 12 m, thornless _

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

3. Mid-elevation cool tropics and subtropics (flourishes at 2400m,
Guatemala) o

4, Little studied

PARKIA . ROXEURGHII G. DON (MIMOSOIDEAE; LEGUMIDNSAE) - L

1. Inde-Malaysia, Fhilippines; now widely pantropical; to 40 m,
umbrella crown '

2, Timber, ornamental, seseds used in local medicine

. Humid tropics to 1000mm?; S00-700 m elevation

4, Pest-tolerant; protected in Indonesia

FARIZIA SPECIOSA MASSK. (MIMDSOIDEAE; LEGUMINOSAE)

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

2. Food (seeds from large pods)

3. ‘Humid tropics, to 1500 m elevation . ; PO

4, Seeds often insect infested; slow growth; hybridizes with P.
roxburanii ‘ i

PARKINSONIRA ACULEATA L. (CAESALPINIOIDEAE; LEGUMINOSAE)

1. Americas;: to 20 m, spreading . ;

2. Fuelwood; fodder; ornamental; <ences; local medicine

3. Widely adapted, to moist tropical and dry areas, also sandy
and saline soils .

4. Very thorny; weedy in Argentina 2n=28

PITHECELLOBIUM DULCE (ROXE.) BENTH. (MIMDSOIDEAE; LEGUMINOSAE)

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

2. Fuelwoed (to 5500 kcal/kg), smoky; forage, construction
postwood, shade (thorny hedges), food (pods), some tannin and o0il
(seeds)

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

4, Thorny (segregating), poor form 2n=246

PONGAMIA PINNATA (lL.) FIERRE (PAPILIONODIDEAE; LEGUMINOSAE)

1. Indian subcontinent, Malaysia, China, Tropical Asia; to 8 m

2. Firewood, fodder (leaves), 0il (seeds), pesc control (leaves),
shade tree, medicine

3. Mesic tropics (min. 600mm), saline tolerant: to full height in
S yrs. ) _

4. Aggressive spreading roots; also known as Derris indica (Lam.)
Hennet S

WoT . ford-cppimey T
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PROSOPIS ALFA/CHILENS1S “"Complex® L
(Includes F. alba Griseb. and P, chilensis (Mol.) Stunts) also
P. flexuosa and P, nigra) :

1. Argentina, Paraguay, Cnhile, S. Peruj to 1% a :

2. Firewood, octcasional use as timber; +odder (pogs); to 12

a3/hasyr ) )

3. Cool gry subtropics (200 am min)j to 3000 in Peru

4., Thorny (segregating) 2n=2p :

PROSCPIS CINERARIA (L.) DRUCE (MIMOSACEAE; LEGUMINOSAE)

i. India, to 9 m, thorny, spreading

2. Firewood, aexcsllent charcoal; +foooer, some timber; Creen
manure, yielos to Jal/ha’/yr (unoer grought stress)

S. Dry hot tropics. to 100 mm min?

&, Thorny (seQregeting), weedy

PROSOPIS PALLIDA/JULIFLORA "Complex*™ . )

(Includes F. pallada (Humo & Bon ex Willd) and P. Juliflora
(Swarts) DC) '

1, C. and No. S. Aaerica; to 1Y m, agyressive

2, Firewood (.8 sp. gr.), exc, charcoalj fodder, (pods), honey,
wood, to &% m3/ha/yr

S. Dry hot tropics, to 200 o= wuin; geep FOOLE, SOMe Var, frogt~
tclerant

4. Thorny (swgregating), cften weedy (P. glandulosa and P.
velutina are the sesguites of 50. USA and elsewnerse in tropics,
often labelled juliflora in error) 2n=26,32, 36

PRUSOPIS TAMARUGO F. PHIL. (MIMDSDIDEAE; LEGUMINDSAE)

i. Chile, to 1Z m, ’ .

2. Firewood, forage (pods, leaves), some use use (high sp. §r.)

3. Dry hot saline tropics, to 10 mm (uses +0Q 8rip?)y resarkasle
saline tolerance ‘

4., Slow growth, thorns?

FTERDCARPUS INDICUS WILLD. (MIMOSACEAE; LEGUMINOSAE)

i, 5. E. Asia, lndo=China, Pacific lsland&s to 40 m, broad crown,
lofty

2, Choice timber (narra), ornassntal, furniturs, flooring

S. Moist tropics) relatively fast growth

4. Neets ceap soil; some Jdiseasnss . 2n=22

RUBINIA PSEUDDACACIA L. (PAPILIONDIDEAE; LEGUMINOSAR)

1. N.E. America, to U m

-3 Fuelwood (osnse)., erosion control, nurse tres, poOsts,
to 20m3/ha/yr; forage

3. Tempsrate

L Reatricted to highland tropics (little testud) and
temperate ragions 2ne20,22, 24

&\



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

1. C. & So. America, Mexico; to 40 m, wide spreading

2. Shade, timber and craftwood, food, (pod),  sp. or. .32,
ornamental ’ . T '

3. Mesic to wet tropics (to 600 mm min) )

4. Not good fuelwood, rapid growth 2n=26

SESEANIA GRANDIFLORA (L.) POIR. (PAFILIONQIDEAE; LEGUMINOSAE)

1. India to SE Asia; to 10m, slender

2. Pulpwood, forage (leaves, pods), food (flower, leaves, yaung
pods), ornamental; sp. gr. .42; to 22 m3/ha/yr, large nodules

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

4. Genetic variability, soft wood, borer suscaptibility
2n=14,24 o

<
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ECONDMICALLY IMPORTANT NITROGEN FIXING TREE SPECIES
v o “B* LIST

(James L. Breswbaker and Brian K. Styles. Eds,
Frepared +or Bellagio NFT workshop, Gept. 1982)

‘The following species were considered important sconomically, but
of less i1mportance than the annotated “A" list, Many of these
spacies (asterisked) are not known to fix nitrogen, whiCh Oay

account for thetir absence $rom the "A" list.

ACACIA ANEURA
ACACIA AULACDCARPA
ACACIA CAVEN

ACZAZIA HOLBSERICEA
ACACIA KARROO
ACACIR KOA

ACACIA MELANOXYLON
ACAZ1A PEVCE

ACACIA PENNATA
ACACIA SALICINA
ACACIA SEYAL
ACROCARPUS FRAXINIFOLIUS
ADENANTHERK& PAVONINA
ALBIZ1A PROCERA
ALNUS RUBRA
CAESALPINIA CORIARIAS
CASS1A FISTULAS
CASS1A GRANDISSE
CASSIA JAVANICAS
CASS1A SIAMEAS
CASUARINA CRISTATA
CASUAKINA GRANDIS
CASUAKINA OBESA
CASUARINA OLIGODON
CASUARINA SUMATRANA

CEDREL INGA CATENAEFODRMISS

CERATONIA SILIQUAS
CERCIDIUM FLORIDILME

COPAIFEKA LANGBSDORFIIS
DALBERGIA LATIFULIA
DIPHYSA ROBINIOIDESS
ENTEROLDBIUM CYCLOZARPUM
ERYTHRKINA INDICA
ERYTHRINA ORIENTALILSE
GEDFFROEA DECCRTICANGS
INGA EDULIS
INGA PATERNA
KODMPASSIA EXCELSAS
HAEMATOXYLON BRASILETTO
LYSILOMA BAMAMENSIS
MIMOSA TENUIFLORA
PELTOPHORUM PTEROCARPUMS
PERICDOPSIS ELATA
PITHECELLDBIUM JIRINGAS
PROSOPIS GLANDWL.OSA compiex
(F.glanouloss, P. velutina,
P, torreyana)
PROSDS1S PUBESCENS
SCHIIDLOBIUM PARAHYBA
SINDORA JAVANICAS
TAMARINDUS INDITAE
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iAPPERDIX I

| pLANTERS
'A'Fo::;- plant::l.ngmaiza, cowpeas, pigeonpea, desmodium triflorum (very similar

to birdsfoot trefoll found in the U.S.) Anﬁ certain species of trees directly
into the ground two different styles of planters are needed. For farms less
than 2% hectares (95% of total land) a hasd opé:atcd'jab planter would be.su1=§§l§;<
For farms of between 2.5 and 5 hac:z.:es’,.ﬂiwglkins_g#;hi.ne 14ke the Esmay planter
would be best.

'I'he jab pla.ntar should be desigmd ao :har. the fame: cnn walk upright, ja.bbing
the devica into the ea:th with ong hand. Antomn:ic feed wi:h the option of placing ,
a pellc: of fer:ilizer a: :he propet distance would be useful. Preseatly, the -
£armer uses only e nche:e :c 1ifc the soil and throw a seed under or.,a po:!.n:ed sz:ick
to poke a hola in the ground into which seed is placed then covered with soil wi:h
a sweep of ‘the foot. Above all, the cost must be low and £abrication mus: be possihle
in a simple metalforming or carpentry shop. Wood or sheet metal and springs are
acceptable materials.

The walk-behind machine w'hould}’;dvinaf‘;h“aﬁef‘ automatic feed of seed and fertilizer.
Multiple row seeding 1s.11k;bisg?§g*a¢f;4;§§g. 'rng'gggqy;sgggggdhasfup;kgd:ﬁei;gin

tests but is a bit costly and complex for fabrication in some’ areas..
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TOOLS FOR' HOMESTEADERS, CARDENERS, AND SMALL-SCALE FARMERS

For the first row, we stretch a line between stakes and run the seeder along this line. The
sceder has an adjustable row masker which marks the next tow, so if we get the fisst Tow sraight
(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 Junior garden plow, one of the
high-wheel types that you find almost everywhere, which are made by numervus companies. I'm not
sure about the other brands, but ours comes with three different.sized furrows. For large seed such
as peas and potatoes, we use the moldboard plow attachment. After sowing the seed, the plow is
run fint down one side of the furrow, then back in the opposite directior down the other side,
closing the furrow and covering the ses neatly and very quickly. It is centainly 2 whole lot faster
than using a hand hoe. For small seeds such as catrows, we use the small culdvator tooth on the
high-wheel plow and then cover the seed by hand during sowing.

HAND-OPERATED JAB PLANTERS

s Ay R

resiir o D
S aei,

For at least a century, most of the corn in
this country was planted with jab planters. Two
vasiations on the same idez were built, but both
of them are basically glorified dibble sticks. The
Jower steel blade of the planter was jabbed into
the ground, and then, by moving the handles,
three or four kernels of corn were dropped from

.the plantng box through a planting tube imto

the ground opened up by the blades When the

- point 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 replant hills of

A hand-operated jab planter.

182

Gene Logidon demonstrating the use of the jab
planter,

N



EQUIP);!ENT FOR SEEDING AND PLANTING

corn skipped by the horse.drawn planter.

+  Today, a jab planter can come in hzndy
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 nesd. 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 are
still avzilable and are used in research plot
planting. They are avzilable from manuiac
turers and suppliers of seed industry equipment.
Old, used jab planters are oftan available at
farm sales You might pay $5 for ope, or you
might pay $33—you can never tell at an auction.

NORTH AMERICAN SOURCES OF
HAND PLANTERS
Jab-Type Hand Planter
The Allan Machine Company has three
models of jab planters which are hand fed,
spring operated, have a metal barrel, and will
adjust to difierent planting depths.

Model SEP.-NBA

This is a slim-style unit and has 2
parrow, single batrel weighing 414 pounds
with 2 134-inch by %-inch barrel opening.

Model HP-SB4

“This is 2 single-barrel model which
weighs 4 pounds and has 2 wooden back and
a bazrel opening of 21/ inches by 8 inches at”’
the top.

Model HP-DBA

The third mod=l hkas a double. or
divided-barrel style and comes with 2 wood
back

Sy
202
56 Xd
~ o

S

ALMACO Single-Barvel Jab Planter model HP-SDA
Allan Machine Co.

Allan Machine Co.
P.0. Box 112
. . Ames, IA 50010
.o  amenas tm Y L eleme s )
, ALMACO SlimStyle Jab Planier model SHP-NDA Potato Planter

Allan Machine Co. Made of lightweight corrosion-resistant ma.

183



TOOLS FOR HOMESTEADERS, GARDENERS, AND SMALL-SCALL }‘ARM:BRS

terials, this unit plants poiatoss at adjustable
depths. It has a one-year guarantee.

cse% )

Hand Jab potato planter.
Eanay Produas, Inc.

Esmay Products, Inc.
P.0. Box 547, Maple St.
Bristol, IN 46507

Jab-Type Hand Planter

Buwrrows offers two models, both made of
sheer metal and hardwoods. A spring-operated,
planting depth adjustment is provided. The
4-pound units are approximaiely 33 inches high
and have an opening 214 inches by 8 inches at
the top of the barrel. )

Burrows Equipment Co.
1316 Shermai Ave.
Evanston, IL 60204

Maquinas Agricolas
Avenida Brazil No. 232
Marilia, Brazil

184

The Planunaster ,

* To operate the plantmasier, you select one
of a range of seed-metering discs according to the
seed si.e, adjust the foot, place the unit on the
soil, and dspress the handle. A seed is auto-
matically inserted into the soil Up to 2,500
seeds can be planted per hour at a depth between
6 and 66 millimeters. |

Vandermolen Corp.
119 Dorsa Ave. ”
Livingston, NJ 07039

Richmond Gibson, Lid.
Salisbury Rd., Downtown Salisbury

5
]

The Cumberland Plant Setter
Cumberiand Ceneral Store

Cumberland Plant Setter
The Cumberland Plant Setter is a2 heavy

o



EQUﬁ’ME)ﬂ' FOR SEEDING AND PLANTING

in tank with a chute grooved and soldered to
ssure sturdy construction. High-carbon steel
ihovels with large, curved flanges rake the earth
sver the roots. 1t sets, waters, and covers tormato,
;obacco, pepper, cabbage, sweet poiato, straw-
serry, and other slip plants in one operation.
Shipping weight is 12 pounds, height is 30 inches,
and the diameter of the funnel! chute is 4%
inches,

Cumberland General Store
Rt 3, Box 479
Crossville, TN 38555

INTERNATIONAL SOURCES OF JAB PLANTERS
Hand Maize Planter
A single seed is placed in the soil auto-
matically when the stck is inserted. It an be
used with one hand and is suizable for small
cultivation or experimental work. It weighs 0.5
pounds (02 kilograms).

Cossul & Co. Pvt.,, Ltd..
Industrial Area, Fazalgunj
Kanpur, India

Models PD, PCM, IPC, PA

There are five variations of a basic two-
handled, band.powered, spring-operated jab
planter.

Marila Industria E. Comerco Saszaki, Ltd.
Avenida Brazil, 252

Caixa Postal No. 196

Marila CEP 17.5000

Es:ado de Sao Paulo, Brazil

Hand-Operated Seed-Dressing Drum Plans

‘The object behind this drum was to build a
secd-dressing device for village use, the design 10
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 15 inches (330 millimeters)
in diameter and 15 inches (382 millimeters) in
height.

1t was found that this drum had a capacity
of 30 pounds (13.6 kilograms) of Chalimbana
groundnuts, 35 pounds (15.9 kilograms) of soy.

beans or maize, and 38 pounds (17.2 kilograms)
of fertilizer when flled correctly. In a dura.
bility test, 2 towl of 114 tons of lertilizer was
mixed without signs of damage. 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 WCR2E §HN, England

THE HORN SEED SOWER

The simplest kind of broadcasiing seedes,
the Horn Seed Sower, consists of a reservoir
which funnels seed into a long tube. The opera-
tor holds the tube, or horn, at the end closest o
the reservoir, and with a skilled fiex of the wrist,
seed is Sung out of the tube. It can be used to
broadeast any seed to be grown in 2 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 sows primarily smooth grass or
grain by swinging its horn back and forth. This
sower spreads seed evenly from 30 to 40 feet at 2
rate determined by the adjustable feed gate in
the base or tube joint and by rate of step. 1t
comes with an 11-inch duck bag anc an extension

" funne! atached to u tin distributing tube 22

inches long, 114 inches at the base and 3% inch
at the mouth. This sower has a capacity of
bushel and a shipping weight of 1 pound, 8
ounces,

Cumberland Gencral Store
Rt S, Box 479
Crossville, TN 88555

The Cyclone Seeder Co., Inc.

Box 68

Urbana, IN 46990

* Intermediate  Technology publiciions can be

ordered from lnternational Scholarly Book Service,
Inc., Box 555, Forest Grove, Oregon 97116,
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APPENDIX J

INFORMATION MEMORANDUM

SUBJECT: Comparative Advantages and Disadvantages of the Use of
o Root Trainers, pibble Tubes, Plastic Bags, and. Bare-
Rooting of Seedlings*

Traditionally, nurseries in the lesser developed countries (LDCs)
use either plastic bags for growing tree seedlings or bare-root

seedlings grown in seed beds. 0ften, the nurseries are centrally
Jocated and seedlings have to be transported over long distances.

In %he bare-root process, seedlings are often injured when they are
removed from the seedbeds. Many c¢f the roots are broken, root
hairs (essential for nutrient uptake) are torn off and roots dry
out easily. Such «ransplant shock results in 2 high iycidence of
‘mortality. Walters reported that Eucalyptus seedlings in Hawait,
when planced by the bare-root method, suffered as much as 85-95
percent die-back. Because of transplant shock, imitial growth 1s
slow, die-back may occur (¢ may take some more than 3 or more
months to recover), and the seedlings are poor competitors with
other vegetation.

Wwith seedlings in plastic bags, the weight of the soil (as much 2s
1-2 kg.) 1imits the number of seedlings that can be transported

(by vehicle and DY hand). Frequently, adequate transport {s diffi=
cult to obtain and planting sites are hard to get to, thus it is
difficult and expensive 0 move large numbers of the seedlings in
heavy and cumbersome plastic bags. This increases project costs
and reduces the number of seeclings that can be planted during
critical planting periods. Also, seedlings are commonly planted

in the plastic bag after the tottom has been cut off, which

can retard plant growth, cause die-back or increase mortality
incidence because the seedlings are restricted from maximum access
to available wazer and nutrients. This is most 1ikely to be 3
constraint in semi-arid areas or during periods of minimal rain-
£a1]. 0ften, poorly supervised workers will even fail to removeé the
bottom of the bag which is usually disasterous.

Seedlings grown in piastic bags have poorly developed lateral
roots, which are essentfial and needed to enhance initial estab-
1ishment and 10 maximize nutrient uptake. However, excessive
growth of Jateral rocts can cause strangulation of and injure the
tap root. When seedlings are grown too long 'in bags, root-curl
occurs, spiraling the root at the bottom of the bags.

When tubes are 100 small or seedlings are 1eft too long in tubes,

+he roots a% the bottom are deflected emerging from the ‘tube.

However, root deformation can occur in any container, especially

{f seediings are held too long. Therefore good nursery managemen<t

ig of upmost imporzance regardless OT wnat system or _congizion Ts used.

=5 portion of the information used in this memo was taken from the
enclosed papers. (TECHNICAL SERIES #4, Compiled by: Mike Benge, S&T/FNR)

&%
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Once the root configuration is formed in the seedling stage, the
root system continues to grow in the same pattern the rest of the
life of the tree. Cannon reports that "The deleteriocus effects of
abnormal root growth are selaom noticed in the first months or even
after years of growth." ‘Rather, it is at more advanced ages and
under adverse weather conditions when a deformed tree root system
is most likely to tail to provide enough water or nutrients, or to
anchor trees; against strong winds." "Results indicate that a1 though
young seedlings suffer 1ittle from container-induced root deform«
ities, several years after plantation establishment a significant
proportion of these have grown poorly, fallen over, or died."”

An alternative method to growing seediings in plastic bags and in
seed beds (bare-rooting) is a more modern method of containeriza-
tion. Most of the widely used containers ii.e., root trainers and
tubes) incorporate features such as verticai internal ribs designed
to minimize root disturbance, to reduce root spiraling in the con-
tainer and possible fyture strangulation problems, to maximize
lateral root development and shape the roots into a form advanta-
geous to the tree. Basically, the theory behind use of these types
of containers is that, "If a tree saedling can be planted with a '
minimum of root exposure and disturbance, there will be less
.transplant shock, and survival and growth rates will be higher."
[Kingham 1974 as cited by Tinus and McDonald].

Walters reports that for almost 20 years, little forestaticn was
done with Kca (Acacia koa), Hawaii's most valuzble native tree,
because survivaT of bare root seeddlings was too poor to be worth
she efiort. However, several plantings of Xoa seedlings (totalling
about 75,000) grown in “Hawaii Dibble Tubes" (HDT) have survived at
rates of about 85 percent. He goes oOn to say that survival of bare
root Eucalyptus saligna plantings is unpredictabie; one planting
may result in 30 percent survival, the next in 10 percent.

Survival of containerized (HDT) saligna plantings is predictably
good; 91.2 percent with 2 standard deviation of 4.4.

Root trainers and tubes seem expensive when compared to the cost of
plastic bags and seedbeds, however the use of them can resuit in’
considerable savings by reducing replanting and by increased
growth. This often will more than off-set the cost of importing
these containers. An additional cost is usually incurred because
peat moss or a similar organic mix (which can be developed locally)
{s almost 2 necessity if maximum results are to be obtained from
using these containers.

However, the costs of rcot trainers cr =ubes and buying or develop-
ing the planting medium are easily outweighed by the savings
obtained by the (1) reduction of seedling mor=ality, (2) &voiding
time lost in growing replacements, (3) aveiding the loss of growth
time of replaced seedlings, (4) the advantages of reduced transpor-
tazion requirements. Further savings are made from the increased

R\
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growth rates and stability of trees which have good established roo%
systems. If the root +rainers are carefully handled, a3 high propor-
+ion can be reused several times. Tubes last even Jonger. (If
plastic bags cost one cent each, and each tube or cell of 2 root
trainer costs efight cents but can be used eight times, the cosv per
unit is the same.) Some problems have been reported in the use of
styrofoam block containers; such as poor durability and roots growing
into the block, making the seedlings difficult to remove thus damag-
ing the roots upon removal. )

A seedling (along with the growing medium) grown in an average size
root trainer will weigh much less than one-fourth the weight of one
in a plastic bag and take up much less than one-fourth of the space.
Therefore, there is a large savings in £hé transportation of these
seedlings as well as a more efficient use of space and water in the
nursery. The root trainers are more easily stacked in tiers when
transported in trucks.

Also, it may be possible to increase seedling survivability and
growth rates by impregnating the rootmass of the containerized
seedlings with starch graft polymers (ref. Technical Series #2, The
Potential of Starch Graft Polymers, “Super Slurpers” for Forestry
and Kgr1cu1:ure$. ™37s Could De @ very valuable Tecnnology,

especially tor semi-arid and intermittent rainfall areas.

Some notes of caution—-The medium used in root trainers and tubes
wWiTT HoTd subscancially less water than soil in plastic bags and
cimilar containers. Therefore, these containers and seedlings may
need more frequent watering in the nursery and especialiy during
transportation over long distances. A way to deal with this problem
is by removing seedlings ¥from the containers and placing <hem in wax
lined cardboard boxes which reduces water evaporation (see Walter's
paper). This problem is much more critical with bare-rooting than
with containerized seedlings.

Johnson and Menge state that "Most mecia components--such as pine
bark, vermiculize, perlite, builder's sand and peat mosses=--are
devoid of mycorrhizal fungi."” “In addition many nurserymen steanm,
pasturize or chemically treat media to eradicate harmful pathogens;
this also eliminates beneficial organisms, such as mycorrhizal
fungi.” Also, composts and other locally developed organic mixes
generally generate enough internal heat to ki1l off mycorrhizal
fungi and other organisms.

Mycorrhizal fungi facilitate the uptake of nutrients, thus increasing
plant growth, and "... have been reported to improve watier trans-
port." (Safin, Soyer and Gerdemann, 1971, as cited by Johnson and
Menge) Mycorrhizae fungi are capable of transforming unavailable
phosphorous into available forms for plant uptake. This is extremely
important, especially in phosphorous deficient tropical soils.

W



Johnson and Menge report that in relation to chemical fertilizar
applications required in commercial nursery operations, "phosphorous
levels could be reduced by approximately 70% and N, K and micronutrie
ents by 30 to 40% using VA (vesic1ar-arbuscu1ar) mycorrhizal fungi."

Ectomycorrhizae are associated with numerous conifers, such as pines,
and with other trees, such as casuarina, eucalyptus, oak, beech, ;
birch, willow and poplar. It is an established fact that in the
absence of mycorrhizal fungi, the growth of Caribbean pine, .
casuarina, citrus and other trees will be retarded and in some cases,’
without inoculation, it may be impossible to establish these trees
on some sites. Tctomycorrhizal fungi are associated with
Basidiomycetes (mushrooms and puffiballs) and Ascomycetes (cup fungi
sruffles). [Johnson and Menge, 1982].

1 am enclosing selected papers relevant to the subject matter and
have included some cketches that I have made showing various devices
that can be constructzd of locally available materials used in
conjunction with root trainers. If further information or other
Technical Series Papers are desired, please contact me. I would be
interested to learn of your results if you do use root trziners OT

dibble tubes.
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Mzcorrhlml inoculum costs
+ Cost
Item per pot
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t salary
Otber wages & salancs
Potting & inoculation
Moving pots .
Proning
Sprayiog
Watering (drip)
Harvesang
Grinding & paciaging
Quality control
Maintesance motber
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Plants & seeds

Pots—=d-inch

Media

Fertilizer

Pesticides & other
chemicals

Other producton supplies

Remirs & maistenancs

insurance

Telephone

Elestricity & fuel

Taxes, licensas & bonds

Advertinng
Rent (land and /or
buildings)

"~

buildings 9
Interest on capital
@ 12%

Toml neocash costs

Total cost per 4-inch
container

12

——

158.1¢

84.3¢

Fic. 2. Estimated costs for producing
vesicular-arbuscular mycommzal nocu-
am on Sucan grass in 1our-f:ich pots.

" Mengs is n the

APPENDIX K

Fie. 1. Preacsed. scheme for Commer-
cal progusdon ct mycarmizal inocuiunm,

Mycorrhizae may save
fertilizer dollars

‘By Dr. Charies R. Jobnson
and Dr. Joim A. Menge

MYCORRHIZAL FUNGI are 2s-
socisted with the roows of nearly all
plants. They form 2 symbiotic associa«
tion termed mycorrhizae. Because of

their imporzance to plant gromth and
their widespread distribution. mveor-
rhizae must be-considered in al] 2spes
of plant science and a:_;:-i:ulmr:.“"
Myecorrhizal fuagi are {requently
categorized into four mujor groupings:
ectomycorTaizae, vesicular-ard
(VA) mycorroizae, ericaceous mycor
rhizze and orchidaccous myeorrhizae.
E-icaceous and orchidacrous mycor-
rhizae sre associzted with esicaceous
and orchidacsous plant, respecavely.
Lirtle inforination is available on these

Pamaiogy, University of Caiifornia, Aiver two types of myedrraizae, and their
side. ’ economic impariancs is limited, 30 they
Fertilizer cost comparison

Annual fertlizadon
cost for 1.000 gallon containery!
Ferdlizer Withoul YA With YA Potennal
Matenal Rates mycorrhizze iras SEVIDES
Microsutrients 2.5 Ib/cubic yd S$I2.14 s1328 S 386
Doubie superphasphate 5 1b/cubic yd 3.06 91 18
Ammonium nitrate Avg. 130 opm N 7.31 26,47 ~1104
Potassium chloride Avg. 80 ppm 9.58 6.71 =37
Other nutrients (Ca. Mg) 7.28 £.30 1.45
Tomls $79.34 s53.17  SI6.67
'Bascd on January, 1981, price estimales. .
Fentilization rates based on commertial woody nursery operations using overbead
ferigation system. . )
1Phosphorus levels could be reducsd by approximately 70% and N, K and mice
nutrients by 30 to 40% using VA mycortiuzal fungi. '
-

Fig. 3. Sstimated ertilizer COStS lof wOOGY 1anGSCpe Pt

nmwimandwmnVAmcoﬂnme.

Grown in gaden
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\ Amencan Nursacyman
Nurservmen have eompensated for !
commmrpas pum—)

C_Nusserymes 3352 o

the agsencs [s}4 oycorTalsal fun@ oV
o ..l—‘—
aDoIVIRE [u::""v amourts Of L

w-d
\ and_wates 10 acmieve azsired ST
—Hp: mno levels of_nutrition apg irriga:
Gon will_not always Be [zz2cipie, be-
cause O Latcs netroleu avaiiadie
for maxneg inorganic_lertlizes. higd
Ti=er 2no_noic restnsucns

will not o€ discussed furthes. '
Ectomveersd i:ze,wé_;_g_cglc_:‘.._w_“_!l i
numesous conilers_2an3 owner iress. \
suan 2% cal. DeSch. =1rch. cucaiv?}g.
_willow_ass 5CDI3L. Ceromycortilzl
fung: are Basidlomyeeiss (Mmushroams
mvceles \CUp
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lnoculating Woody Landscape Plany

A number of metbods have beed
used to ipoculate plants with YA my-
ouse and aur-
sery trials. Inccuiation =3n ¢ done
when potting rooted cuttings into liner
or gallon containers by placing &ve to
cight grams of scil inoculum direstly
beacath roots of the cuttings. Phospho-

ne
t by 2 tuex Tungal layet. xnown
a3 a fungal mantie, which covers /1be

world. Toey do not visually aler the

groups- .

scructure of 1008 and often canot . , : rus levels must be 'rept low less

detccted withous 3 jeroscope. YA Wwﬂ@ﬁ 34 per 'l]'oncf%r cimx(s) du?i;la,

mycorsizal fungi are found in almaost oL v uOR :’rcfcx}x_cc all phases of plaat s) ot

agy beid sail from arcac 1o tropical the n”;g'fc:.ax.—r::m high levels © ;fn otents sb ‘bczm“hkm . 108 o

regions (17)- ) - = 16 , first six to nine weeks of mveorrhizal
Both of these mymmwpgm. oe cone, and 1t BS some ¢cOMOMIC infection. )

ctrate the outer regions of rots (ecru- advantages- Infeeticn bzs also a _

i cells), but only VA m?cqfrhmf. Inocuium Produ etion plisbed. by in ting.bmplzms méuﬁns

dividuzl = sagation, sportly ajter oo fivsted U

Commercial sroduction_of VA _mv- )
tiop, using mYeor: spores of soil

corrhizni_tnocuitm B peing attemoted

Commercid o
ched structures known as arbus /__/ ipocuium. The lest sucssss
on-li rures termed < oniv 3 few oiscss (b IBS country: g Zreaest su w
?&% ::d‘:alon lixe strv _C_________-T-——“"‘_’—'u o —Pe oy way 1o —oanes mfccncnmmd subsequent growid re
e buscules ore thought o b e SIS =Toic guznnbes Of nocwlii b on ssbnwmng from. easly
of nutsient transfes perween the symbi- noo‘_n____________,a__-m-—u S ’“‘“”uﬂ; o5t pIants: Various methods bave besn used
otic partners. Vesicles are likely stor- oc:xlum m‘:‘::%rc, :f' mg:fﬂzmogg 3 y 10 ioculatz Seld-grovm
age organs tbat the fungus P uces 10 an be pruduwd .u‘; w;m P gresne plants, ipcluding 12 g the inoculum

store nutnent materials ieside the B0

L uses.

piznt bost. Because 2 grest majority of M T

wood d : “ Menge et al (1 Emo“cdzschcmc
¥ lan A $P= cs are mfeaCd fo reguct nocuium as SEOW!‘. 1n ! e i

-Dy bﬂGﬁm! VA mvwnm {“np. =T Th . pm——— n fﬂhw mding vmchmm weTe
2 : . Fin. 1. uceg i ; : "
this will be the anly group of mycorThi- _E_M___-T—f—;’—e‘%‘l"—wxfﬁ' 5—;—:‘;% st_lw:ssmlly armciontind Califorma
zac discussed below. M S on Wity e citrus pursery ) Spme succass bhas
Wiat They Do S oh_the_inocsium s \0- M
.. . ‘enaca FOr CX3mpic, “nocuium for at- inocuum (61 and Bv inoculating se=g.
VA mveorrhizae ar¢ aaprble of im- ‘____,____-—P——-——g—"‘—_' =
sroving_growts Of M2t woody_1ands ;‘” m;f_ 5 pronuced on Sucan FIER. Lk
— 2 ] - UL never D GtrEs:
scape _Dl:m?h (10, Vi iz 1), VA —ons nu.sxbcukcﬁ 1o ensurs Gmmdwmgggm
TycorTRizai lung! sLmuate piant at- Breunons mustbe A e Because V nizal
sorption of phosp'noms and may e W . A 4 fungs o€
e voived in uptake of seber joms (4 15 insects and barmy ZalDogens. NCMES cur on 2 wide vanety of woody pian
16). Mveorrhizal funei have \:c::: r;: (18) tested 3 numoer Of jungIciacs that soetisS a.nd improve growtt of thos
————"/o 1mm:ovc < atoc (TAnSDOr 7799 S7c compzliie Witk Drocucing C1Year- plants, e patenaal of these fungi 3

ported U 22
aiLDoUED 1o may smply redec: UM rn jungl.

gutritional status o mycorThi

commercal “biotc fertilizess” is enot
Cost csumates of inosulum produc- )
tion can be generated using C-oTent

pouse business analysss. A reas !
sonably accurate cost estimate of my-

corthizal production. including techni- '

mous.

‘ Researchers have sbown that wood
landscape plans in coptainess gro
about as well with \pw to moderat

nitrogen  and patassiom ferglizaty
plus mycerrhizal ipoeulation 2s they @

There is als0 evidence that myeor-
¢ provide resisiance to piant dis
case (20). Many scientists feel that VA

g i cal 1abor and quality control. is approx- !

tion caused by e increased absorbing

suriace conferred DY myeorrhizal by
hac.

Containcr_production of omamen:

1

talLs enmmalcs or stenmingan v regucss
YA - :

amam——

senc_anc il moss
mvesrraizal fung!.
purservinen Sisam 1S
Tealv loeat medid To eracicale Garraiul
palnogens: a8 2150 eiiminates pened-
cia; OTSamsms. such 3s mvcorrn:zal

ﬂ"—'-

Best Available Document G

imately 84.3¢ jor a four-inch comainer
of "'A myeorrhizal inoculum (Fig. 2).
This would be enough 10 inoculate
zpproximalcly 50 1o 60 gallon conuwaine

A metbod similar o the one guzl’mcd - “—improve p

gbove is beng developed in Znglan
jor largs-scale coramercial use (. In
this method. plants are grown in peat
blocks that are standing In 2 shallow
nutsient-flow culture. After V& my-
corrhizal sporss are producsd in the
1 biocks, the bloexs are ground up ‘

for inoculation.

with luxury fertilization (10).
Benefits of these fung on fmpomnar
tres fruits, such 23 citrus (13), avosa
(14) and peaches (11), bas prompt
;nquiris and -demand for inoculum
lant growth.
Eerilization currently consuty’
two 1o four percent of the casb nury
production expenses (5). This will &
tinue to rapidly escalate.



pp. 85, 86 & 87

With inoculation. the expenst of
phespLomus Terulzation ocowc De Too
cucsd Ov asproxizialely 70 opercent.

MiTent Jeveis 0 nitroger. potassiim

and rucronttnents could oc rayuceg

By 30 to 20 coresnt.

Tois poicnually could reduce fertl-
izer expenditures by 33.4 perceat, for
savings of approximately $26.67 per
1,000 zallon containers annually_for
woody plants under 2 rypical feniliza-
tion program (Fig. 3).

_Preliminary research bes indicated
that an 200i000a] Denznt 1 imoroved
_that ap acaitional Bers - ——eeerer
es12olishment anc survival ol mveors i
rmzal otznts 10 lancssaps SOLLS «_9).'
“Hcqucca CoS (OF Delie? waler anc Ter- |
Wiizer uptake an¢ improved plant sur- |
vival should create consumer aemand

{or sush plants in the landssape.
Summary and Conclusions
Myeorrhizal fungi benedit growth of
severz] woody landss2pe plants under
controlled experimental conditions.
Cost benefic dgurss indicate an eco-
gomic advantage lo using them. Con-
winer studies arebeing estaolished at
nursery sites to test the feasibility of
using mycorrhizal fungi. under com-
mercial cultural programs.
With succzssful results {rom such
tests and growing interest, more cam-
. mereial sources of inoculum should de-
velop. Current methods -of watering
and fertilizing will be radically
- changed in the next decade secause of
shortages. Using sliernatives like VA
mycorrhizae will become CommOn.

Literange Citeg
I.CMC.E.C.R.Johmnde.N.
Joiner. 1978, =Benefiss of Mycorrhizse |

en Growth and Developmenl of Three:
Woody Ormamentals.” HortSaence 13:‘
425-430. ,

2. Ferguson. J. 1981, “Preduction of Vesi-
cular-arbuscuir Inoculum and Metbods!
for lpoculation™ PhD disseniauon, Uni- |
versity of Californix Riverside. !

1. Gaunt, R. E. 1972, “Inoculation of Vesi-
cular-arbuscuiar Mycorrhizai Fungi on
Onion and Tomato Seeds.” N. Z. J. Bou
16: 69-71. !

4. Gerdemann, J. W. 1968, “Vesicular-
arbuscular  Myecorchizae and Plant
Gf:wth." Aan. Rev. Phytopatbol. 6: 97-.
418,

s. Gunter, D. L. 1980, “Business Analysis
of Coauainer Nurseries in Florida, 1978."
Econ. Informauon Report FRE Depl..
University of Florida, Gainesville. ‘

6. Hall. 1. R. 1979. “Seil Pellets To lptro-
duce Vesicular-arbuscuiar Mycorrnizal
iungi into Seil.” Sail Biol Biochem. 1

5-86. ‘

Best Available Document

9. Hayman. D, S. 1980. *Mycorrhizac and
Crop Production.” Nature 287: 48788,
8. Jacksan, N. E- R. E. Frankiin and R.H.
Miller, 1572 “Effects of Vesicular-
srouscular Myeorraizae on Growth and
Phospborus Content of Three Agronomic
ma_ls." Proc. Soil Sci. Soc Amez. €

9. Jonssen, C. R and C. E- Crews Jr. 1979.

“Survival of Mycorrhizal Plams in the
i.;nsd;apa" Ao Nurserymasn 150(1):
‘(IO.Jahnson.C.R.J.N.Joina'de.E.
Crews. 1980, “Effects of N, K, and Mg
cu Growth and. Leaf Nutrient Composi
ton ¢f Three Contincr-grown Woody
Ornamestals Lnoculated with Mycarrhi-
2e." J. Ames. Soc. Hort. Sci. 105: 236+

238.

y 11, LaRue, J. Ho W.D. McCletlan and W
L Peacock. 1975. “Mycorrhizal Fung
and Peach Numery Nutsition.” Calil.
Agr. 29(5): 6+7.

12 Maronck, Dale M. James W, Hendrix
and Jennifer Kicrman. 198C. “Difieren-
1izl Growth Response 10 the Mycorroizal
Fungus Glomus fasciculatus of Southern
Magnolia and. Bar Harbor Juniper
Grown in winers in Composted
Hardwood Bark-shaie™ J. Amer. Soc.
Hor. Sai. 105: 206-208.

X 13, Menge, 1. Aw A. H. Lembright and E.

L. V. Jonzsaa. 1977, “Utilizabod of My--
eorrhizal Fungi in Citrus Nurseries.™

Pro=. Int. Soc. Citriculture 1: 129-132% ¢

_}4. Menge, J. A ReM. Davis. E L. V.
Jobnson and G. A. Zeauoyer 1578.
“Mycarrpizal Fungi Increase Growth
and Reducs Transplant Injury in Avocas
do.” Calil, Agric. 32(4): 6-7.

15. Motse, B. 1957. “Growth and Chemical
Compasition of Mycorthizal and Non-
mycorrhizal Appics.” Nawre 179: 94-

924, .
" 16. Masse. B. 1973, “Agrancss in the Study
of Vesicular-srhuscular Myzorrhizae.”

Ann. Rev. Phytopath. 1: 171156,

17. Mosse, _. 1978, “Mycorrhizae and
Plant Growth.” In: Structure and Func-
tioning of Plant Populations. Vernande-
lingén der Kohinkiijke Nederiandse
Akademic van Wetensckappen, Afdeling
Nataarkunde, Tweeae Reexs, dezl 70.

|
|
|

|

18. Nemee. S. 1980. “Effects of 11 Fungse '

cides on Endomycorrhizal Dzveiopment
in Sour Orange.” Can. J. Bou 58 522.

s2€. 1
« 19. Saéin, G. R.. J. S. Bover and J. W. .

Gergemann.

1971, “Mycorrnizal Ea-

pancement of Water Transport in Soy !

bean.” Science.

20, Schocnbeck. F. 1978, “Effect of tbe '

Endotrophic Mycorrhizac on Disease Re-
sisance of Higper Plans.” Z. Plan-
zenks. Pflanzenschurz 85: 191-196,

21, Wallace, A., E. F. Froiich and G. V.
Alexandes. 1973, Effeet of Steam Ster-
ilization of Soil on Two Desert Plant Spe-
ces.” Plant and Soil 39: 453=456. >

!

January 15, 1582


http:Bark-.ae

APPENDIX L

BILLSIDE DITCHING
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A Would Heighbors Filmsteip

SAVING QUR SOIL
WITH THE A-FRAME

World Neighbors beiieves that develop-
ment -catinot be accomplished alons, but
is achieved by working and sharing to-
gather. lts goal is a better world and its
meary is the sharing of knowladge, mients,
skills, money and most of all, love

SAVING OUR SOIL
WITH THE A-FRAME

1. A handful of soil . . . how much is
it worth? It's the most valuable resource
on esrth,

2. All the food ws eat, clothes wd
wesr and most of the things we uss com¢
froin the soil.

3. But i our lands are left unpro-
tected, crosion can destroy our precious
soil. ’

4. Rain is a blessing whan it is sosked
up by the soil, but iong, hasvy rsins can
also wash sway the top soil and cut deep
gullies in our fields,

5. When planting on hillsides, we often
plam rows running up and down. This is
8 bad practice.

6. Many fsrmers burn away comn
staiks, lesves, prass, etc. Yhis is also & bad
practice. To make the soil better, these
things should be turned back to the soil.

7. We.need to protect our siopes and
hillsides by planting all our crops on the
“contour”: that is, in rows running across
the slopes snd around the hillsides,

8. We slso must construct contour
cansls or barriers running acvors the
slopes and around the hilisides.

9, In rockv places, the Tocks can be
mads into rock walls, which slow down
the fiow of the rsin water and hold back °
the soil,

10, Where therz ars no rocks, level
canalt can be dug to absorb the rain
water, Grass barriers on the upper side of
the cenals hold back the soil.

11. in order 10 mark level rows, we nasd
a special tool which is callied an A-frame.
The A-frams is exsy to make and sasy to
use, plus it is one of the most important
tools in the world,

12. Becauss it can save our soll,

13. These sre the only matsrisis you
nesd for making an A-framg: thres poles,
& piece of cord or vine, & rock and a
machete. (Nzrrow boards, if avaiiable,
can be used.)

14. First, cross two poles at the top and
tic them topether securely, {1f boards are
usad, nails can be used to help fasten.
thom.)

\
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15. Now tie a shorter pole across the
other two 1o form the letter “A." Tie
both ends sacursly,

16. Now tie another length of cord to
the top of the A and iet it hang down
bslow the crossbar,

17. Tie s rock to the end of the cord,
below the cross bar,

18. Now the A-frame is simost 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
legs are in a level positicn.

19. First, stand the A-frame upright.
Using stakes, mark the points where the
iegs of the A-frame touch the grount.

20. With a pencil, merk the point where
the string passes the crossbar of the A.
trams.

21. Move the frame 10 ths placement of
the legs is reverssd.

22. The lef: leg now toucheas the stake
where the right leg was, and the right leg
touches the stake where the left leg was.

23, Again mark the point where ths
string passes the crossbar. Usually the
two marks will be ssparste, if the ground
is level, the two marks will bs 8t the same
place.

24, Now make a third mark halfway be-
tween the first two. This is the point on
the crossber which will tell us when the
two isps are in 3 javel position,
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25. In order o keep from erasing this
mark, cut a notch thers with your
machots.

26. When the weiphted cord hangs
directly in front of the notch, we know
thet the two legs are level,

27. Now the A-frame is finished and
marked, and we are ready to mark level
lines on our hitlsides,

28. In our country much of the land is
very steep. Many other aress have gently
sloping hillsides. Both shouid be pro-
tected with contour canals and barriers,
and the crops shouid be pianted in level
rows across the slope.

29, Study the arex of vour field on
wnich you want to construct contour
barriers. It is good to stsrt near the top
of your fisld.

30. First, sut a supply of stakes, These
stakes are used for marking the level fines
where the ditches will be dug or the rock
barrisrs will be constructed.

21, Drive the first stake at the ecpe of
the fisld naar the highest point. You wil!
bagin marking the contou; lines st this
poimnt.

32. Plsce ont leg of the A.frame st
above and touching the first stake. Adjun
the other leg so that the string passes the
level position point you notched on the
Sroisbar,

-

33. With the strinp passing exactly the
point of the leve! position, drive anaZier
stake inmo the ground just below snd
touching the sscond leg of the A-frame.

34. Now pick up the A-frame and move
n along, placing it 30 that ons leg of the
A-trame touches the stake you just drove

X



35. Apain adjust the other leg-of the A-
frame until the string passes the level
position notch. Drive another stake just
below snd touching the sscond leg.

36. Continue across the fieid this way.
Now we have a lavel line of stakes whieh
tell us where the first contour barrier
will bes constructed. But one contour
barrier is not enough.

37. A hillside must be protected with

one contour barrier for every five fest
(1.5 meters) of ditferencs in slevatinn.
On stesp hilis, the barriers will be closs
topether. On gentler slopes, they will by
further apart.

38. Continue marking level contour
lines acrass the field until you reach the
bottom of the slops.

39. If the fisld is rocky, use the rocks
1o construct rock barriers along the level
lines marked by tha stakes,

40. Some fields sre not rocky, though.
Use the A-frame in ths same way to mark
level contour lines across the fisld.

41. Then dig cansls aiong the line of ths
stakes. The canal should be 1/2 meter
wide and 1/2 meer deep.

42, Plant gruss along the top of the
canal. A tall, thick variety, such as sle-
phant gress, napier grass or guines grass, is
best.

43. Be sure to follow the line of stakes

when digging canals, Remembsr, these
stakes mark the level lines acroszs the
fisld.

44, Use 2 hoe, or hoe and shovel 1o dig
the canals.

s

45. On some fields you can make both
canals snd rock barriers. In rocky aress,
construct rock barriers, in other areas, dig
canals,

46. When the hesvy rains come, the
grass or rock barrisrs will catch the soil
and prevent it trom being washed down
the siope.

47. As—the soil is csught bshind the
grass or rock barriers, terraces will grad-
ually build up.

48, Within 8 few years, our contoured
fields will look like this, As the terracss
build up, not only is the soil saved, but
the fieids bscome sasisr to work bscause
they are becoming more ievel,

49, In many parts of our country, soils
are alrsady bsing protected with contour
ditches,

50. Local farmers with the help of
government agencies and internstional
groups are beginning to build contour
barriers and dig canals like thess on their
farms.

51. Farmers are beginning to protect
their fislds by planting their crops on the
contour,

52. Even on steep rocky slopss like this
the 30il can be saved for reforeststion.

B3. Here's an example of what can ba
done, Slopas which are t00 steep.or rocky
for tood crops can produce tress for lum-
ber and fuel, The forests also help to
conserve the soil.

54. So when wa look at a hillside and sae
contour canais like these, we know that
here lives & farmer who understands the
value of his soil and how to conserve it

Q
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QUESTIONS FOR DISCUSSION

1. Why do you think soil is the most valuable resource on earth?
2. What are some good things rain does for the soll? What are some bad things fa"!vr'i"qg?—es‘fpr ﬂje,,sgil}?ﬁv
3. What are some bad farming practices which you have seen in your eommunity?
4, What are éome good farming practices which you have sesn in ybur éom‘tﬁﬁnify?
5. What does “planting our cTops on the contour”’ mean?
6. How cen a farmer find the contour on his field?
7. Where is the best part of ths field to begin marking the contour?
8. Ask someone to explain how 0 usé the A-frame.
9. Nams the different kinds of contour barriers.

10. How much difference in elavation should there be between barriers?

11. Does a steep slope have more or less barriers than 8 gentle slope?

12. Atter marking <ne field with stakes, what is the next step?

13, What are the dimensions of the canai?

14. How can rocks and grass be used?

NOTE: Join rogether with vour neighbors 10 studv recommendations given through a fiimstrip or film. Many
problems cannot be solved by one person working alone. These same problems can be solved when people and
communities work tcgether — with each person conrriburing and cooperaring 10 achieve a common objective.

Marerials tor eguestion in heslth, family planning, sgricultura snd community oevsiopment.

WOBLD NEIGHBORS @

internations) HEPOQUANSTS = 5116 N. Portisnd Ave. — Oklshoms Clty. Okishoms 73112 US.A. \
' Overseas Development Materials
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LIVING FIREBREAKS

Leucaena 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) Q§
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timber yield or delay In matu-
ration or both,

Rat control stategy used In
foud crops like rice, corn, coco-
nut, ctc. may be adopted ad in-
terim in the absence of vital
information on the pest vis-a-
vis Leucaena losses.

This ad interim 1ecommenda-
tion is based prinarily on pre-
vious studies on such species
as Raltus rattus mindanensis,
R. argentiventer and 1. exulans
which also dammage Leucaena.
These same species which also
alfcet food crops have been
successfully managed with the
sustained haiting method using

Philippines.

2. Start balting before the dry
season or before food and water
sources gat scarce in the arca or,
ot most, two weeks belore
plamting the seedlings.

3. Select six baiting locations
for two heciares, thus, your
baiting locations are approxi-
mately 100 meters apart. Ini-
tially Instali two bait contai-
nets at each locatlon and pro-
vitle five to six tablespoons of bait
material. Bait containers may be
made from discardéd oil/tin cans,
hamboo bus, etc.

4. Check bait containers at
least once a3 week, H all the bait

and provide six tablespoons of
bait In all three. Check again
after 2 week.

5, Continue adding bait and
bait containers |f you nolice
increase in rat aclivity, le.,
if consumption increases during
your weekly visits.

6. i Dbait consumption dec-
reases alter scveral wecks of
baiting, you may not add bait
containers anymore. Visit the
area once a week to keep wrack
of anlmals inunigrating to the
area. This will help you deter-
mine when to resume adding
balt/bait contalners.

7. lemove and  replace  bait
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that becomes moldy or exces-
sively wol.

has heen caten at one location,
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A. 12 Foot Telescoping Fiberglass Tree Pruner

Cord-gcluated pruner blade cuts imbs to 1-1/8'* dismeter. (A muilipowe?
leverage system increases your pull on the cord 15 times for quick, €3sy
cuts.) Tne 16" needie point saw biade cuts on puil siroke 1o reduce dbin-
ding. Telescoping fiberglass pote adjusts from §' 10 12'. Complate with
pruning head, 12' cord, pole and saw.

81160  Model 333T. Complete. Sh. Wt 7 tts $43.30
81165 Mouvel 33. Rep!. head wisaw, cord. Sh. \Wt, 2 Ibs. 17.40
81161 Mogel 30Z. Repl. poie {6'-12'). Sh. Wt. 4 Ibs. ©27.30
81038 Model 20118. Repl. saw blage Sh. Wi. ' Ib. 6.40

B. 15 Foot Tree Pruner with Wood Foles
Cord-acluated pruner blade cuts hmbs up to 1-1/8' diameter. (A
mullipower leverage system increases your pull on the cord 15 times for
quick, 8asy cuts.) The 16", needie pomnt, teflon-coated saw blade cuts on
pull stroke to reduce binding. Three 5' wood poles may be quickly
assembied and taken apart. Compiete with pruning head, cord, tnree 5’
poles, and saw.

81044 Model 345-10. Complete. Sh. Wt. 7' I1bs. $31.25
81045 Mpagel 134H. Repl. heaa pote, 5'. Sh. Wt. 1% Ibs. 5.70
81046 Moagel 134E. Repl. ext. pole, 5'. Sh. Wt. 1% Ibs, 5,70
81038 Mooel 20118, Repl. saw blade. Sh. WL, 2 Ib. © 6.78

C. Pole Pruning Saw

Duraple, 16' saw blade adjsuts 1o three oitierent posilions on the
aluminum head. Large hook for pushing branches, raising ropes, etc. Built-
in pamnt brush holder tot applying tree wound paint. Sawhead only. Order
poies separately,

81048  Model 20 Sawhead. Si Wt. 1 tb, $12.35
81050 Moagel 102 Head pole tor 81048. Length: 53°'.
D:ameter: 1% °'. Light, durable spruce.
Sh Wt. 2 Ibs. 15.40
81051 Model 103. Extension pole for 81048. Length: €'. Diameter:
' 1%". Lignt, durabie spruce. Sh. Wt, 2 1Ds. 17.60
B1052  Mode! 1P12. Single secton pole for 81048. Length: 12'.
Owmeter: 1%"'. Light, duradie spruce. Sh. Wi, 3% Ips.  25.30
81146  Mode! 106FG. Fiberolass pole. Fits 81048 head when
equipped with 81147 adapter (below). Fits 81050 head
pole diractly. Sh. WL, 21bs. 18.80
81147  Mogel 3FG. Adapter for attaching B1146 to B1048.
“Sh. Wt % Ib. £.30
81048  Mode! 20B. Repl. blads lor 81048. Sh. Wi, % Ib. 6.00
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1" diameter limbs

RIS

Strong, malieabta iren pruner hes steel chain working through a ball bearint
puliey for a powerful “center-cul” action. Trimmer head only, Order pole:
separately.
81030 Modei 111. Tnmmer Head. Sa. WL 1% 1bs. $15.01
81050 Model 1C2. Head pole for 81030. Lengtn: 53:'.

Diameter: 1% "' Light, durable spruce. Sh Wi, 2 bs. 15.4
81051 Mode! 103. Extension cole for 81030, Lenpth: &',

Diameter: 1%"'. Light, durable spruce. Sh. Wi. 2 1bs. 17.6
81052 Model 1P12. Single section pole for 81030. Length:

12'. Diameter: 1%''. Light, durable spruce.

Sh. Wt. 3% Ibs. 25.3
81146 Model 106FG Fiberglass pole. Fits 81030 wrimmer head

when equipped with 81147 adapter (balow). Fits 81050

head pole directly. Sh. Wi, 2 1bs. 8.2
81147 Model 3FG. Adapter for attaching 81 146 pole to 81020

trimmer head. Sh. W1. % Ib. 52

E. Tree Trimmer Head Cuts 1'%'' diameter limbs.

Heavy-duty, malieable iron pruner haad

has steel cable chain working

through a ball bearmg pulley for a poweriul, “center-cut” action. Trimme:
head only. Ordsr poles seperately.

81031
81032

81033
81107

Model 12 Trimmer Head. Sh. Wt. 4 Ibs, $31.7(

Model 202. Head pole tor 81031, Length: 5%".

Diameter: 1%'". Light, durable spruce. Sh. Wi. 1% Ibs. 18.5¢
iModel 203. Extension pole for 81031. Lengin: 6'.

Diameter: 124" Light, durable spruce. Sh. Wi, 2% 1bs. 23.0¢

Mogel 21. Tapered pole for joining 1%.'' wood poles to
1% wood pole. Length: 6'. Sh, Wt. 3 1bs. 22.00

F. Fiberglass Tree Pruner Pole

Fiberglass with
Diameter: 1%"'.
Heao when equipped with the

foam core for greater cielectnc strenph. Length: &'
Fits 81048 Pole Pruning Saw end 81030 Tree Trimme
81147 acapter (below). Fits 81050 heat

pols directly.

81146
81147

Mode! 106FG. Sh.Wt. 2 Ibs.
Moce! 3FG. Adapter for attaching 81146 pole to 81048
saw head or 81030 trimmer head. Sh, Wi, ¥ Ib. .

$18.8(
5.3¢
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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 60°
angle e]bowacoupiers {aiso 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 cyclone ccllector 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 % 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 PB40J, 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.

MDE
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8.

9.
10.
11,
11,
12.
13.

14,

into auger.

Rotary feed made from a ome inch auger (or from a wood drill bit or '
similar tool).

Zig Zag air sepera:ion column made from straightipieces of PBC:plastic™
pipe.

Gravity discharge for seed.
Cyclone collector made from a mecal can or wooden box wich open botcom.
Lower part of cyclone collector made from rice bags or canvas.

Auger housing made from a metal or plastic tube wh;ch has a 6 inch

Asection cut out (top half of tube) to allow seed to enter the auger..

60° angled elbows/couplers.
A gear motor (suggested) as the power source to drive the angt;f
Screen (window or hardware screen) to keep seed out-of the blower tube. -

St
Straight plece of PBC.

‘Sleeve or coupler.

Source of air from blower (see attached forzoample;blowcro);

A 6Vinch opcning in the auger housing to allow seed to flow into ‘the auger.



The picture to the left shows a side view of the Zig Zag Air Separator secured to a t
eration. In the lower right of the picture, the air Source - blower - is shown (#13)
left the gravity discharge container for the seed (#4), the middle (in the fork of th
input hopper (#1), and the very top middle the cyclone collector - discard discharge
polyethelene tube is fastened , feeding the discards into a plastic container (#6).
to the right, the input hopper (#1) is being refilled with seed.

ree and in op-
, the lower
e tree) the
(#5) to which a
In the picture



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.

AFTER -- Seeds are free of trash and damaged seeds. Also, the
seeds are relatively uniform in size.




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
Lig Zag Air Separator. If the seed is sized by screening and

grocessed through the separator, approximately 15 % becomes
iscards. .

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 input hopper (#1) to
the separation column (#3).

!
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Mist Blowers, Air Blower

175

ﬁﬁg Mist Biowers, Air Blower...

.. .for all your spraying, misting, fogging, or blowing needs.
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Herbicide Boom. Mounts on rmist blower tor no-antl harbicioe ap-
Picauons Boom s 7°long Each end has a spring-loadec. fiexidle exien-
PP wilh 1 fial. tan-spray nozzie. Boom it fed Dy the mist blower
Nvdraulic pump while tne 6 biower nozzies are capped (see nozzle caps
3! ugnt) 3 agomonat nozzies (Oplional. oroe’ sepalalely) may be acded

10! compiele 7 wide coveldage
13208 Sh wi. 2 1Ibs

High Concentrate Mist Blower

to 4'4 gations/min. Powereo b
1.25 10 1:50, tuel tank holos 3
whatever oirection nozsie is poinieg.

Cons:sts of engine/diower unil only. (You supdiy formula iank ang transportation.)

Discharpes must through 8 moveable nozzies: reach 1s 20°
y 12'4 hg, 1 cyhnoer. 2 cycie SOLO engine. FUEL: two cycle mix o!

v; galions Available with isieblast gun nozzle for 35 reach in

uo 0! across. DISCHARGE RATE 1 quarn

13200 MIST BLOWER wio FORMULA TANK. Supphed with, 10mm (3/8°) |.d. hose 10 connect 10
iormula tank For connecting hardwaie. see Formula Tank Connesting Set. Sh. Wi. 83

Ibs
13201 MIST BLOWER with TELEBLAST GUN NOZZLE. For 35° reach in directior:

$083.50
setected.

Wio formula tank With 10mm (3/8 ) 1.0. hose 10 connect 10 formula tank. For connecnng

nargwarte. see Formula Tank Connecting Set. Sh. Wi, 95 10s.

1,086.80

Formuls Tank Connector Set. All hardware neeoac 1o connect tubing from the 12200 or 13201

mist blower 10 the tormula tank Incluges 2 nipptes, 2 nuts, 2 0-11ngs and 2 clamps.

13202 Sh WL 41bs.

7.80

Formuls Agltation XIt. All tubing and hardware needed 10 exiract some moving air trom mist

Dlowe! ang Inject 1l In10 the formula tank {or agiation.

OPTIONAL ACCESSORIES

Mand Spray Qun Attachment. Fo! low pressure (up 10 3T £S5
wang wiln nozzle On-off spray conito], pressure gauge and 30 of tubing for conneclng t

13203 Sh WLl

blower
13204 Sh Wi 101bs.

13208

(8 required.)
‘13207

$108.98 on 13200 mist biower.
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£ Model 410
.:Back Pack.
r Mist Blower
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Uischarges mist 25° horzontally, 19' werticaliy. Single-
tyimoer. au-coolec. two-cycle engine produces 3 HP and nas
fuel tank hoiding 9 U.S quart Formula tank hoids 2.6 U.S
Galions Corroson-or0o! plastic trame over tube Sietl resn-
lorcements  lransiucen: formuia tand with content level
mares  Ppdoed adjustzble Carmng straps DIMENSIONS

A0 w8 1 L WEIGHT 16 1bs empty
BISE Show 2D s $41L8) @\
13197 Dusting Mt Sho WL L b 1395 7

Dosape Piecer lor Granulate Chemucals,
Lse with 13187 1o apply granutar chemicals includes §
gesage preces for regutating ovtpu! from 10 oz /mun 1o 145

13185  Sh Wi = 1o Perselof

1550

£ Use wilh 13198 1o apply granuis: chemica's Includes 9

.oy .o

" Model 423.. - .
. Back Pack ™
* Mist Blower .
. . . Mo

Discharges mist 33' motzontally, 25° wertrcally. Senghe
cyhnder. an-cooled. twoCycle engine produces 5 HP and has
tuel tant hoding 1.6 U.S. quants. Formula tank noids 3 U.S.
gallons Corrouon-prool plastic frame over tubt steel rein-
torcements Transiucent formula tank with conlent level
marks  Padded. adjustable carrying straps. DIMENSIONS

20" 18" 5 12'" WEIGHT 25 fbs. emoty
13196 Sn v 37 s ,r:m.so@
IS5 usungan Shwlhibs o 3485 B

Desage Preces for Gramulate Chemicals.

dosage preces for reguiating output from 10 oz./min to 148
0l /min

Options! Boom Nozzle.
Sh. Wt 4 ozs.
Nozxle Caps. Eliminate air blow irom mis! blower guring bOOM usage.

Sh Wi 1oz,

13208 Sn.wi. 211bs.

$ pieces
flame Thiowe! Attachment
tor Moget 410. Sh W1 3% Ibs

1192 @

B |
"

13185  Sh Wi % lbs Per setof
9 oreces

13193  Flame Thiower Atachment.
Sh wt. 3hins

i, directiona! spreying Incluoes
0 mist

$72.98

Each $18.28

Each 78

Telobiast Oun Nozzle Only. Interchanges with 8-nozzie attachment
200.98
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A & HP (SAE). 2<cycle. ar cooted SOLO enpine creales a
powerful 225 mph i blzst. Designed to be camed hke 2
bachpack the Power Blower weigns a comfotable 22 Ios.
With the accer.ony 5 fool extenmon Lude attaches. foresters
can construct fire fines by blowmg away the jeaves, hitler and
out! from the Jores? Jioor - 1n mush less time than 1s reouired
when usin fire rakes horticulturists can ciesn lawns tiower
bess. and fock gardens. Maintenance personne! can ’ sweep’
tidter from arpund seats in theatres o $poTts drenas /G'\\

13175 Showt 24 ke
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Patented-
Dry Particle-
Air Classifier

SCIENTIFIC SEPARATORS, INC. -
621-17th Street, Suite 1515  To- (303) 6235178
Denver., Colorado 80293 //,
X



The sketch above depicts how
separsation of dry, particulate moa-
teriais are made. Arrows on each
side of the column indicate direc-
tion of material filow. Coarse,
heavy, material, A", cascades
down the zig-zag column. Finer,
lighter materiai, “B", is carried
upward in the air stream.

Product is exposed to upward air
flow, “F", at each bend in tho
coiumn, thus giving the effect of
a multi-stage separation. It is this
principle that enables our equip-
ment to accomplish extremely pra-
¢ise classifications with extremely
minute density ditferences in the
material.

The Scientific Separator is a multistage air classifier for use in
separation of dry particulate materials. Its basic features are as
follows: o

No moving parts in actual separation process.
Gentle action minimizes product damage.

Separates product mixes that have previousiv nat been:
feasible to separate economically.

Heavy gauge metal construction.

Low cost installation, operation and maintenance,
Dust free operation.

High capacity at low power consumption.

Air exhaust may be recirculated to createa closed systam.

The Scientific Separator employes a multi-stage zig-zag column.
Air is drawn up this column, through a cyclone and out the
exhaust blower. Product to be classified is fed into the column
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,
Materials can be classified as to size. density, shape, or surface
texture. Any particles larger than 100 microns can be classified.
Cperates as efficiently at low loadings as at design load.

Applications of Scientific Separators range from dehydrated foods
to chemicals. Some uses include removing bone chips from bone
meal, spider webs from mushrooms, sand from powdered mush-
rooms, alfalfa leaf from stems, skins from meats of dehydrated
onions, cleaning of raw materials such as peanuts or beans, de-
dusting of borax and other chemicals, removal of contaminated
seed from pure seed, and recovery of salable material from various
kinds of waste streams. The chart on this page will help you visual-
ize how our equipment applies to your product. Many progressive
companies are replacing outdated, less efficient machinery with
SS!I trouble-free air classifiers.
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Input hopper

Air seal
rotary feed

Zig-zag air

separation column

Gravity discharge

(heavy material)

Cyclone
Collector
Air seal
rotary discharge
(light material)
STANDARD MODELS (12 ZIG-2AG STAGES)
MODEL A154 A-26 A312 A418 A-G30 A-848 A-1050
Lbs, Per
Hour* 250 500 1,500 3,000 7,500 16,000 25,000
Column
Cross Section 1%"x 4" 2" x 8" 3" 512" 4" x18” 6”x30" 8" x 48" 10" x 60"
Blower:*
H.F, ¥ 1 < 3 5 10 - 15
CFM 65 130 kL] 780 1,950 4,150 6.500
Cyclone:*
Dismeter 12" 14" ) ", 33" 51" g2”
Height k3 38" 3" 510" 88" 144" 17
Overall: e ‘
Length 44" 53 IR 3 10’ 1 12
wlm 208' 3‘9. ) ‘03. - "9. 5'8. sl 7'3.
Height 52" 66" LTe 129~ 14 18'4” 21'6"
ADDITIONAL
FEATURES
Rotary Feed
and Discharge Std. Std. Std. Std, Std. Std. Std,
Variable Feed Std. Opt Opt, Opt. Opt. Ont. Ont.
Plexiglass
Front Std. opt. Ont. Ont. N/A N/A N/A
Air Meter Std. Opt. Opt. Opt. Ont. Ont. Opt.
Stainless
Steel Opt. Opt. Opt. Opt. Opt. . Opt. - Opt.

*Capacities are Based on aversge material
blowsr horsspower will depond on actual matarial to be ssparated. Actual capacities will range trom ¥
capacities depending on bulk density and msrodynamic character of the material,

sncountersd (bulk density 30 [bs. per cubic foot). Actual capscity, cyclons size, and
to 3 times the listed

VA



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
Ib. sample of your product in our laboratory.
Resuits 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 Ibs. 100 microns
per hour and
in a singie larger -

unkt
ADVANTAGES

Minimum product damage
| Continuous fiow
Dust free operation
Automatic operation
Low maintenance
Economical operation

Few moving parts

High capacity

SCIENTIFIC SEPARATORS, INC. . 9.8

621~-17th Street, Suite 1315
Denver, Colorado 80293

TEL. (303) 623-6178
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50 — APPENDIX

TATWAN

Hu, Ta-Wei and Chih-Cheng Liu. Division of Silviculture, . .
Taiwen rOresctry Research Institute, 33 Nan-Hai Road, Taipei,
Taiwan, R.O.C. :

VEGETATIVE PROPAGATION OF LEUCAENA BY LEAFY CUTTINGS UNDER
MIST SPRAY

Due to some hybrids of Leucaena leucocephala with other
Leucaena spp. are fast-growing but sterille, research for

S —————R———— [y

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
3 leaves 2nd the terminal shoot retained, 2. Leafy twig
cuttings with 2 to 3 leaves retained and 3. Leafless twig
cuttings. 4 2 x 3 factorial test in complete rendomized
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 curtings was examined and the results are shown as
follows:

Age of Category of No. of Cuttings Ave. %
ortet cuttings cuttings rooted for age
trees tested (%) class
1-Yr Leafy twig cut. with shoot 100 100
leafy twig cut. wicthout 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
Leafless twig cut. 100 0 29

The figure shows that vegetative propagation of leucaena by
leafy twig cuttings under mist spray is highly possible.
Twigs from younger trees have nigher percentage of rooted
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.

LEUCAENA RESEARCH REPORTS, Vol. 2, July, 1981, Council for Agricultural Planning

and Development, Taiwan.
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'PLANNING AGROFORESTRY .AND FUELWOOD PRODUCTION ON THE: BASIS.
OF .SOIL TAXONOMEl

B. G. Cagauam, Jr., G. Y. Tsuji, end . Ikava®

Summary

Whether an environment is suitable for tree crop production can be
predicted on the basis of soil taxonomic names. These names imply certain
‘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
temperature. In the tropics, soil information on land svailable for tree
crop or fuelwood production is gemerally insufficient because many detailed
soil surveys are usually concentrated on the level or nearly level aradle
lends, which are traditionally planted to food crops. Thus, on hillsides,
rocklands, and swamps, the warginel lands which are available for tree crops,
soil surveys are usually of the recomnaissance type or do not exist at all.
1f fuelwood 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 &3 caleium, phosphozus, and
sulfur. Therefore, in evaluating land for growing leguminous trees, careful
consideration must be made to select soils that are supplied with these
nutrients since fertilizer applications to supplement these nutrients might
pot be ecomomical. Soil Taxonomy provides a tool for planners and decision
makers to assess the capability of & soil to support the establishment of
tree species.

}, Prepared for presentation at the Workshop on Agroforestry and Fuelwood
Production, Environment and Policy Institute, East-We.t Center, Honolulu,
Hawaii, November 12-20, 1981.

2. Research Associate, Project Manager, and Associate Soil Scientist,
Benchmark Soils Project, Department of Agronomwy and Soil Science,
University of Hawaii at Manoa, Honmolulu, Hawaii 96822.



Introdustion

" Location of land for s tree species end thé management of the area to
zatisfy the requirements for that tree crop are key planning decisions that
must be made before establishing large=-scale fuelwood production projects. -
Fnowledge 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 gvailable to
achieve this objective. It is called Soil Taxonomy, (Soil Survey Staff,
1975), a system of classifying soils and interpreting soil surveys. In this
svystem, s0ils are given 1umes 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 idertifying soils that are judged
desirvable 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 Fuelwood Production Technolozv

v It should be easier to adopt or accept the transfer of a developed
technology than to discover a "new" ome. In many parts of the world, the
technology for growing & great number of ecomomic crops has been established
through years of testing '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 trzes.
The success of transfer depends on what the user is willing to accept in
terms of measureable results. One task of planning, therefore, "is—To
maximize the success of transfer, which, in addition to the socioeconomic,
political, and administrative conditions, depends greatly on the relatiomship
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.

o
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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
area. Tne problem of transfer arises when the experience is applied or used
in another location. Agrotechnology developed in the temperate tegion, 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 im this paper is the management used to
grov fuelwood trees. This definition is confined to the practices which are
influenced by the specific climate and soil., Examples of such practices are
the use of hybrid seeds, irrigationm, fertilizers, soil amendwments, tillage,
and planting density practices.

Crop information is needed to make 2 sucgessful transfer. Tnis
information must be matched with the enviroanment where the crop will be
grown. Agronmomic or silvicultural information op must of the recommended
fast-growing leguminous trees (Brewbaker, Van Den Beldt, and MacDicken, 1981;
Natiopal Academy of Sciences, 1980) is lacking, when compared to information
available for traditiopnal crops. This problem is further aggravated by the
long period that is required to obtain and monitor tree=cIrop performance irom
field experiments. 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
predicted. The basis for this prediction is Soil Taxonomy. Soil names given
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 discussiom,
includes both soil and air space where the plant is grown. '

The Benchmark Soils Project (1978) has used Soil Taxomomy to identify
similar soils in Cameroon, Hawaii, Indonesia, and the Philippines and to test
the concept of agrotechnology transfer. These sites represent three soil
families. Based on soil analyses and behavior, phosphorus wes identified as
limiting. For example, maize yield data obtained from sites of the Hydric
Dystrandept s0il family had similar grain yield responses to applied
phosphorus., The same management practices were imposed in the experiments.
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 pessible.

In order to determine the long-term effect of a specific environment on
the growth and development of selected nitrogen-fixing trees, the Benchmark
Soils Project is now installing fuelwood tree experiments on its network of
experimental sites belonging to three soil families. The environment, by
design, is characterized and designated by the soil family as defined in Soil
Taxonomy. Growth performance data of 16 fuelwood tree species, mostly

/
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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., (1380),

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 isake precise interpretatiomns of soil
surveys for agricultural and nonagricultural uses.

The classification is based on soil properties. These properties canm be
measured which leads to a uniform iaterpretation of soils data and a better
mansgement and utilization of the land. 4 very useful attribute of Soil
Taxonomy is its nomenclature system, It provides a basis for estimsting soil
properties and for extracting accessory properties from the taxonomic rames.
Information related to soil moisture and fertility properties such as
particle size, mineralogy, and soil temperzture are condensed in a soil's
name, In general planning, therefecre, we may obtain soil information, even
though the soil data may not be available, if we know the soil taxonomic
name.

The soil names are 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 aztribute that provides a uniform basis
for communicating (or transferring) information about soils 2nd 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 brmad general terms, whereas, the lowest categories, with the
largest number of classes, are described in specific terms, These categories
ere 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 wmay reflect certain
properties, such as the amount of organic matter, the amount of clay
movement, the accumulation 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, inciudes all soils in the
same subgroup that have similar particle size or zextural class, mineralogy,
and soil temperature. The soil family is the category that relates soil

\B¥



~Table 1. Cetegories in Soil Taxonomy and their dominant features.

Soil Number‘of b

category taxa Dominant features

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 horiions. base status, soil climatic
parameters, and presence or absence of differemt
kinds of soil layers or pams.

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) Thorizons 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 2 local
geographic name and no longer comnotes soil properties. Unless 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 nacrower, than ranges in the higher categories.

o
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Table 2., Soil ardars. in Sdiitigxénbnz:gﬁg:b;i{fﬁg@j#ﬁip#iogg},

Soil>
order

‘Deseription

Organic soils

Histoscls

Mineral soils
Alfisols

Aridisols

Eatisols

T;n@gﬁ;i§ols
‘yoliisqi;*
oxisols
Spodosols
 ﬁi:is§1s

Vertisols

Soils with very high content of'qrganié 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 limi.ation for plant growth;
aridus = dry.

Youthful soils with little or mo formation of soil
horizons; ent = associsted with the last syllable
in “recent,” comnoting recent soils.

Soils with minimum soil horizon differentiationm
but showing 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 svils of the tropics with low nutrient
retention; oxide = oxide, like that of iron and
aluminum,

Acid soils with aceumulation of organic matter and
oxides of aluminum with or without oxides of iron
in subscil; spodos ® wccd ash, teferring 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. hdapted from Soil Taxonomy (Soil Survey Staff, 1975). ,
b, Pedalfers and Pedocals are soil names associated with an earlier
. classification system of the Unired States and are not used in Soil

Taxonomy.



"Internreting Soil Taxonomic Names for Planningr
Nitrogen-fixing Tree Projects

Information that cam 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 nawes.

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 Alfigols
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 characteristizs of Vertisols indicate poor
internal drainage or waterlogged conditions during wet periods. Eistosols
are usually saturated with water and have low base saturatiom. Vecy 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 agua, water); Ustox (dry
Oxisols, from combust, to burn); snd Udults (udic from humid moist Ultisols).
Some suborders connote temperature regimes: The Borolls (cool Mollisols from
2 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 (irom-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 conditioms,
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 (Muans, 1978). - Most
acid soils are low in bases, phosphorus, and sometimes sulfur (except acid
sulfate s0ils) 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)

A\
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Table 3. Interpretation of soil properties from Soil Taxonomy ninés.‘\

Soil Example of taxonomic

, Explanation or interpretation of
cateogcy name in each category the taxonomic name ’

Order Oxisol 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,

‘Suborder }Qzﬁéi} This is still an Oxisol, but there is

Great group Eutrustox

Subgroup Tropeptic

Fureneray

Family clavev, kaolinitic
isohyperthermie
Tropeptic Eutrustox

Series  Wahiava

vith the prefix ust,from combust,
meaning, to bure. This is, therefore,
an Oxisol with a éry emvironment.

The prefix eutr is related to such a
word as eutrophicazion, 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.
Tropeptic describes an Eutrustox with s
moderate to strong aggregated structure
in the B horizomn 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
clav texture with a mineral composition
of kaolinite and an average annual
Temperature greater thaan 22°C
(ischvperthermic) at a depth of 50 em.
The mean anaual summer &nd 2ean annual
winter temperatures do not vary by more
than 5°C.

The soil series name Wahiawa itself does
not give information on any soil
properties. Thus, a person encountering
the soil series name for the first time
would require additiongl information for
interpretation,

a. Adapted from Soil Taxomomy (Soil Survey Staff, 1975).



only three species were reported to be well adapted to acid soils. These are
Acacia auriculiformis, Acacia mangium, and Casuarina eouisitifolia.

Leucaena leucocephala, the well-known "wonder" tree of this decade, is
rated poor in adaptability to acid soils. Forage trials on two soil families
(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, isohyperthermic Cumulic Haplustoll, a
nearly neutral and inherentl; 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
extrapolate performance of tree species to another location, The environment
from which a set of production data were obtained can be identified from the
soil name. The soil name may give important clues ip judging the performance
of tree species when they are to be grown in another location.

Table 4. TForage yields of Leucaena leucocephala grown on two soil families.

Average forage yield?®

. Green _ Dry
Lime and 122
, ; fertilizer moisture
Soil family Location treatments (kg/ha/day) (t/ba/yr) (t/ha/yr)
Fine, mixed, Weimanalo, None 189 69 22
isohyperthermic Island of ' ‘
Cumulic Haplustolls Oahu
Clayey, ferritic, Rapaa, 5.6 t/ha 171 62 20
isothermic Island of crushed ’
Typic Gibbsihumox  Kauai, _coral stone;
278 kg P/ha

rock phosphate

Source: Brewbaker et al. (1?72).

a. Average of 11 varieties.
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The repor:tedly outstending performance of the R-varieties of Leucaena
relative to other fast-growing trees (Brewbaker ez al., 1931) is s function
not only of the varieties but a2lso of the envircnment 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. 1In the Philippines, for example, the
difficulries 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 & 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
highly infertile, even acid, tropical soils. 1In fact, legumes are very
desirable plants that can be grown to improve soil fertility. For example,
if used as 2 green manure, the K-8 varieties of Leucaena can produce large
amounts of nitroger, 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 Leucaenz 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.

Bigh 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 establighed. 1In the tropies, priority for using
available fertilizer is given to food crops. It is necessary and desirable,

Table 5. Nutrient composition and the fertrilizer material equivalent of a
20-ton per ha harvest of dry forage from Leucaenaz leucccephala.

Fertilizer Composition Fertilizer material
nutrient P4 kg/ha equivalent per ha
N 3.0 600 1,304 kg urea (46% N)
P 0.27 54 675 kg single superphosphate (8% P)
)4 1.4 280 560 kg muriate of potash (50% K)
Ca 0.8 160 410 kg calcium carbonate (39Z Ca)
] 0.14 28 -

Source: - Calculated from data by Brewbaker and Hutton (1979).
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therefore, to select areas with soils that have relatively high base status
(native fertility) or to select leguminous tree species that can tolerate

acid soils. These soils can be eesily 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 im
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 &
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 pimpoint 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. Where 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 qualitv.

An example of matching tree requirements to soils and enviromnment is
provided in the Appendix of this report.

Conclusion

Soil information on .land available for tree crop or fuelwood production
.in the tropies 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 OT 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 inips 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 econcmically implemented.

2



12
Literature Cited

Benchmark Soils Projecu. 1978. Research on agrotechmology transfer im the
tropics based on the soil family., Progress Report 1. Dept. of Agromemy
~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.), New sgricultural crops. Westview

Press, Boulder, Colorado.
, D. L. Plucknett, and V. Gonzalez. 1972,

yzeld trzala of Leucaena leucocephala (Roa Haole) in Hawaii.
Agriec. Exp. Sta. Res. Bull, 166,

, Rick Van Den Beld:t, and Ken MacPicken. 1981, Nitrogen~fixing tree
Paper presented at &

Varietal variation and
Hawaii

resources: DPotentialities and limitaticns.
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. Bill, Sakuichi Nakamura, and Flovd Stephens.
1972, Soil survey of the islands of Rauai, Oashu, Maui, Molokai, and

Lanai, State of Hawaii, U.S. Dept. Agric., Soil Cons. Service, in

cooperation with the Univ, Hawaii. Govermment Printing Offi;e,

Washington, D.C.
Ipil~ipil=-the wonder ceases. Chnoﬁy

Ealos, Saturnina C. 1980,
Forest Research Institute, Laguna, Philippines.

International 6(9):7-9.
Munns, D. N, 1978, Soil acidity and nodulation. PP. 247-263, in C. S.

Andrew and E. J. Ramprath (Eds.), Mineral nutrition of legumes in

tropical and subtropical soils. Commonwealth Sci. Indus. Res. Org.,

Melbourne, Australia.
1980. TFirewood crops, shrub and tree species

National Academy of Sciences.
for energy production. Report of an ad hoc panel of the Advisory
Committee on Technology and Inmovation, Board on Science and Technology
for International Development, and Commission on International Relatioms.

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, Washingtonm, D.C.
Soil Survey Staff. 1975. 35o0il texonomy:

classifcation for making and interpreting soil surveys.

Agric, Randb. 436, Government Printing Office, Washington, D.C.

A basic system of soil
U.S. Dept.

Steila, Donald., 1976, The geography of soils: formation, distribution, and
' management. Prentice~Hall, Inc., Englewood Cliffs, New Jersey. 215 pp..



Azgendix

fﬁéﬁéhing Tree Requirements To Environment:
A case example for Ozhu, 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 suizabilities to various environments (National Academy of Sciences,
1980). To illustrate this, the environmental requirements of three fuelwood
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, Bawaii. The Kaena-Waialua series are soil
associations in the lowlands, and the Lolekaz-Waikane series are soil
associations in the uplands. A map showing soil associations is useful 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 Raena soils are Typic Pelluderts (Vertisols with shrink-swell
characteristics) with a udic moisture regime (mesning, in most years, the
soils are not dry for as long as 90 cumulative 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 Waialua 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 kaolznztxc in
mineralogy, and the temperature regime is isohyperthermic.

Both the Lolekaa and Waikane series are Humoxic Tropochumults. 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 kaolinitie, and the temperature is
isohyperthermic.

By examining the characteristics of the four svils and the envirommental
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 Raplustoll because of the
neutral pi. Leucaena grows poorly in acid soils such as the Lolekaa and
Waikane soils. The Eucalyptus 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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Tabie:6Q Crop requirements: Reported environmental adaptation: of three
fuelwood crops.

~ Eucalyptus

Znvironmental Leucaena g  :Euckiv6£u:‘
attribute leucocephala = - grandis globulus
Optimum _ ,
alcitude (m) below 450 0=750 . 1000-1800.
Optimum e o
rainfall (zm) 630-1650 2000-2500 -1300-2000
Temperature ‘restricted to the temperature can tolerate

Minimum soil
depth (m)

Soil texture

Soil drainage

Soil pH

Soil fertilicty

‘limitation

© tropics and

subtropics

2=3

light to heavy

moderately
vell~drained

neutral to
glkaline

seansitive to ‘low

calecium, molybde~

num, and zinc

limiting above
1200 m; cannot
take frost

light to medium

well-drained:
acid to neutral

cun adapt to
infertile, low-
phosphate soils,
but sensitive to
boron deficiency

=7°C for short
periods when
mature; seed-
lings are frost-
susceptible

1light to medium

wellndrained
acid to:neutral

(info;magidpi
unavailable)

Sourze: Adapted from National Academy of Sciences (1980) and R. G. Skolman
(personal communication). '



Table 7. Soil conditions: environmental descriptions of four selected soils of Windward Oshu,
State of Hawaii.
Soil series
Environmental o
descriptors Kaena Waialua Lolekaa Waikane

Soil family
classifi-
cation

Elevation (m)

Rainfall (mm)

Mean annual
temp. (°C)

Soil depth
Soil texture

Soil ‘drainage

séil;ﬁy“_

Slope (2)

Typic Pelluderts
very-fine, mont-
morillonitic,

- isohyperthermic
15 to 50

750 to 1100
23
very deep -

stoney clay

poorly-drained

6.6 to 7.3

mosfly nearly
level dnd
gently sloping

Vertic llaplustolls
very-fine, kaoli-
"nitic, isohyper-
thermic

J to 30

650 to 1250

23 .
deep
ailty,cla}i

ﬁodérﬁteijfﬂqll-
drained

6.1 to 7.3
mostly level

and gently
sloping

Humoxic Tropohumults
clayey, kaolinitic,

isohyperthermic

0 to 170

1800 to 2300

22
deep

silty clay .

vell-drairied

4.0 to 5.5

nearly level:
to very steep

Humoxic Tropohumults
clayey, kaolintic,

isohyperthermic

65 to 3150

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)
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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 Baplustolls which have relatively better inherent fertility
than the Tropohumults. The poor drainage of the fertile soils, however, may
seriously limit the adaptability of the Eucalyptus species. At this point
the planner must make an om~site imspection to confirm the drainage factor.
He must 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 zlternatives for effective land use planning.
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