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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 -l profile per
hectare with samples collected down to the C horizon
(parent material, approximately 90 to 120 cm). The
profiles should be taken at depths of surface to 20 cm;
20 cm to 50 cm; and 50 cm to 120 cm. The profiles
should average 1 per hectare where there isn't any
apparent change in the topography or surface soil

type. Where changes are noted the number of profiles



per hectare should be adjusted to identify the changes.
S0il analysis should include pi, for both macro and
micro nutrients and moisture-holding capacity (ref. no.
2 below and Section 2-B.3.C.).*

2. Soil amelioration

Regardless c¢f the genetic potential of the plant materials,
optimum yields will not be obtained unless adequate levels of
80il nutrients are available. Continued harvest of trees will
mine nutrients f£rom the soil. Most of the sites have nutrient
poor soils, not capable of sustaining yields in perpetuity. If
these sites are marginal for agricultural production, thevy are
also marainal 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 obtained from Leucaena and other fast growing trees.
Phosphorus is an essential nutrient for plant growth.

Most tropical soils are low in phosphorus. Phosphorus is
mportant for root develooment and research has shown a direct
relationship between pnosphorus availability and nitroden fixae-
tion. The application of small amounts of Boron (on boron-
deficient soils) has proven to dramatically increase the growth
rate of some trees. The micro nutrient molybdenum is necessary
to activate Rhizobium and nitrogen production in nitrogen~£ixing
trees.

* Based on recommendations of Dr. Mark Hutton, expert Leucaena
agronomist and soil scientist and has over 20 years experience
with adapting Leucaena to adverse soild conditions. Formerly
at Commonwealth Scientific and Industrial Research Organization
of Australia, Dr. Hutton has recently completed five years
research on the adaptation of Leucaena to acid soils at CIAT in
Cali, Colombia. He will continue his work at IMBRAPA in Brazil.
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Low levels of calcium in the surface soil material (20 cm to

l m) can be a major limiting factor in root develop.ent and
deep root penetration which will result in poor performance of
Leucaena on acid sites. Adequate amounts of nutrients are
important not only for the maximum growth of Leucaena, but are
equally important for the growth of all trees.

Foliar analysis is an excellent and easy field method for
determining nutrient deficiency in a tree or plant. By
analyzing the nutrients in the leaves one can determine if
the tree is taking up adequate amounts of specific nutrients.
However, it is important to choose leaves that are relatively
new and fully expanded and not older leaves. The plant will
rob older leaves of nutrients and shift them to the newer
leaves.

Poliar 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 Lave adequate amounts of these nutri-
ents to sustain yield production. Also, some nutrients may be
available in the sub-soil but not in the upper strata. If the
roots do not reach the nutrients available at a lower level,
the growth of the tree can be retarded. Such is often the case
with Leucaena and Ca in acid soils (3). Also, foliar analysis
may not give an accurate indication of micronutrients, such as
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 ques=-
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.
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Soll taxonomy is being used as a tool by some researchers to
determine soil similarities between sites to predict perfor-
mance of tree species (Tab P). 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 gm. of boron to Eucalyptus grandis
and Pinus oocarpa seedlings at transplanting time significantly
increased initial growth and helped the young trees get ahead

of the weeds and grass. By this means, the number of post-
planting cleanings necessary to establish a plantation was
reduced. The difference of magnitude was such with E. grandis
that the researcher concluded this species should not be planted
without the combination of NPK and boron. The plantation 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 to determine which types of tree
will perform best on specific sites. Management practices (such
as the ability of a tree to produce a high yield coppice crop)
will be another determining factor in species choice. Species
trials research must incorporate soil information so that trial
results are valid. Therefore, baseline soil data and analysis
is necessary before conducting species trials.

Ideally, one should conduct provenance (sub-species) trials of
tree species. The Oxford Model is one of the most frequently
‘used designs for provenance trials. However due to the genetic
diversity of most tropical forests and widespread deforestation
in many areas, it will be difficult to follow the Oxford model,
which is based on the collection of seeds from 100 trees in one
contiguous area. For many of the fast-growing tree species, it
may be difficult or impossible to find 100 trees in one loca-
tion, or be confident that the seed source will still exist



'when the ‘trials are completed (due to the répid rate of defor-
estation).

However initial species and provenance trials can be launched
by using seed collected from superior mother trees that have
shown desirable characteristics. A standardized species trial
design should be adopted, so that research results can be com-
pared with results obtained from other sites and with results
obtained by other researchers elsewhere in the Philippines and
Asia. USAID and other organizations are now attempting to
facilitate a research network in Southeast Asia. Standardized
research design and methodologies must be a basis for this net=-
working if the exchange of research data is to be of value.

A number of fast-growing trees (some are nitrogen~fixers), give
a high cubic meter yield on a short rotation and are excellent
sources of wood/charcoal energy. Leucaena leucocephala is wall
known; but it should not be considered as a panacea. It will
not give sufficient vields on some sites (especiallV the more
acidic ones) to meet the wood/energy requirements of the various
projects. OQther fast-growing species, such as Albizia,
Gliricidia, Pithecolobium and Casuarina. mav do as waell or bete
ter than Leucasna or 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 dz2sign.

On some sites preliminary observations may indicate that one
species outperforms another. However, rzesearch 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 E).

Most tropical soils lack adequate amounts of nitrogen, which is
essential for maximum production and sustained yield of short-

term tree crops.

Leucaena

Research has proven that Leucaena is not the "Miracle Tree", as
it has so often been touted, but like any other agricultural

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

Taximéze pProduction and sustain yields (2) (3)(4). These inputs
nclude:

a. Pure seed of known pedigree with the genetic capability
for maximum wood production.



ﬂy}:jWell-drained goils with a pH above 6.

C©. Adequate levels of macro and micronutrients available
~ in both the upper and sub-soil strata, (such as P, Ca,
Mo, Mg' R, S, Zn, Cu, and FQ)Q

d. Adsquate nursery (or field) and establishment practices
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
the hills, on deeper soils with less slope ov. on secondary
forest areas with a higher organic matter convent. 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 pHS). BHowever these soils often
lack the necessary levels of nutrients and will require soil
amelioration with vortilizers such as superphosphate2 and dolo-

mite (1) (3). These inputs may be impractical or prohibitive in

some areas of the Philipoines.

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

sufficient gquantities of other tree speclies that show promise
on_these sites should be planted ficst.

4. Tree Improvement and Seed Orchard Establishment

Adequate quantities of quality seed of a known pedigree are
necessary and must be the basis for any sound tree/crop
improvement program. Additionally, base-line data for each
Ssite must be gathered (soil profiles, pH and nutrient analysis)
and incorporated in species trials 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 (plant or tree) who would he in charge of a tree
improvzment. program, and would work under the overall research
director (ref. Section 2 Research Recommendations, A. Introduc-
tion).

Geretic improvement can give gains of 10 to 30 percent in yield
i:1 the first few generations, and generations can be as short

as 2 to 3 years for some tropical trees (20). A tree seed
improvement orogram can produce immediate results within the
first year by simply using quality seeds or other plant material
from select trees that have shown desirable characteristics,
such as fast growth and straight trunks. This is not only seed
(and plant material) from Leucaena, but from all tree species.
This means that project implementation and planting schedules
will not have to be delavyed.

It is imperative that sufficient quantities of qualitv seeds of
all fast growing species, that are aopropriate for planting in
the Philipoines and have the genetic capabllity of fast growth
and high vield, be developed. Sufficient guantities of this
seed must be readily available on the local level for the yield
demands of the Dendro-thermal, Charcoal Production and Gassifi-
cation for Irrigation project to be met.

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

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

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

Nursery and Establishment Practices

(1)

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

(a) Direct seeding may be an effective means of

Plantation establishment for some tree species,

such as Leucaena. It is cost-effective and
the roots are not damaged when transplanted
(which can affect tree growth at a later
stage). Ground preparation becomes most
important in direct seeding.

One method that has proved effective in some

Places in the Philippines is to plow a double

furrow with a buffalo-drawn plow and direct
seed into the furrow, as one does with corn.

It is most important to break up the top soil

to enhance root establishment and reduce
weed/grass competition.

Post hole or auger hole planting combines
advantages of nursery propagation and direct
seeding. A post hole digger or an auger is

used tc make a hole in the ground 5 or § inches

deep, The soil is mixed with organic matter
and appropriate nutriasnts are added. In the
case of nitrogen-fixing trees, molybdenunm is
added to the mixture, phosphorus is added te

those soils deficient in the nutrient (alnost

all soils), calcium is added for trees like
Leucaena for establishment on acidic soils,

and nitrogen is added for non-nitrogen-£ixing

trees. The soil is placed back in the hole
and a scarified seed inoculated with the

appropriate strain of Rhizobium (if necessary)
is placed in :he hole at the onset of the rainy

3eason. 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
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" (b)

(c)

(d)
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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.

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 4dry 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.

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

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.

(a) Rhizobium have the ability to fix 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 Rhizobium which will make it
unnecessary to fertilize with nitrogen. Most
tropical soils are deficient in nitrogen, and
trees will not grow well without it. ZInocula-
tion with Rhizobium can be done either in the
nursery or in the field and it is a cheap
insuranca to inoculate in order to protect the
investment in tree planting.

(b) Mycorrhizae

The research program should include research
on Mvcorrhizae. Mycorrhizal fungil 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 Mycorrhizae, tree growth is
iimited. It has been hypothesized Ethat appro-
priate strains of Mycorrhizae usually asso-
clated with trees are absent from c¢ogan lands
(Imperata cylindrica) 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 applied to trees,
thus reducing fertilizer costs. '

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 (11) (12) (13) . Research
has proven that the elimination of the sod of grasses
and the loosening of the soil favors the establishment
and growtli of trees.

Inadequate weeding causes trees planted on grasslands
(15) to quickly show signs of ill health and poor growth
(14). Where the herbicide (Roundup) was used to control
grass in a three year old tree plantation, there was a
significant growth improvement the following year (16).
Trees planted on grasslands previously dominated by
tenacious grasses but eliminated by intensive site pre-
paration had 574% more volume after three years than
trees planted in the same area with minimum site
preparation (17). This research shows that site
preparation is important and cost effective.

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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It has been reported that some species of Agoho
(Casuarina) coppice poorly and the coppicing ability of
many other excellent fuelwood species, such as Acacia
mangium, is unknown. Therefore, long-term research

"dy%a 1s 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. BHowever, 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 uneconomical method of harvesting on
steep slopes because of the size of the log. One the
other hand with soil amelioration, other trees such as
Leucaena may give equal or higher yields than Casaurina
and produce a log that is more economical to harvest
and haul. However, research to prove or disprove this
will require a 6 to 8 year continuing and well disci-
Plined research program. This is not indicated in the
present TA package.

Soil Engincering and Water Management

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

Scacing Trials

Optimum spacing of trees for maximum fuelwood yield has
already been determined for some species. Spacing
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trials for species such as Leucaena are well on their
way at the University of Hawaii. However, these trials
are being conducted on deep svils on relatively level
ground and the results may not be appropriate for steep
hillsides with shallow soils, as will be found on gcome
plantation sites in the Philippines. Additionally, the
spacing may vary for cue production of stems (logs)
that will be economical to remove from the plaatations
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, Albhizia,
Gliricidia, Pithecolobium, etc. Spacing trials data
for some of these species may be available through
organizations such as the UN/FAO or the International
Develooment Research Center (IDRC, 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.

Agroforestry (intercropoing)

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

However, food crops would compete with trees for essen-
tial plant nutrients, such as phosphorus. This could

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

Ground Covers

It is recommended that a resea:ch\effortvbeflaunchedmﬁo
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 engineeringly sound systems
with adequate grouud cover, do too little to prevent
soil erosion. A good canopy will reduce raindrop impact
and organic litter will help reduce sheet erosion.
However, the fine leaves of Leucaena and 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 decomposes rapilly, resulting
in inadequate mulch to reduce sheet erosion,

Some legumes, such as Desmodium ovalifolium and
Aeschynomene indica (local) and some grasses, sSuch as
Stenotaphrum secundatum (3t. Augustine grass) are
shade-tolerant and may work well as ground covers in
wood energy plantations.

h. Pire Contrel

Fires can cause extensive damage to newly estahlished
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 1 to 1 1/2 meters apart
will serve as effective live firebreaks. (Four rows
may be regquired.) The rows should be prepared by
plowing (buffalo or cow) and the seed dibbled into the
edge of the furrow. The paired rows will form a canopy
and shade out the grass providing a living firebreak
(see Appendix M).

i, Rat, Ant and Termite Control

Rat, ant and termite damage to seeds and newly planted
seedlings (especially Laucaena) has been reported in
newly reforested areas. The most heavy damage seems to
be plantings in Imperata (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 tv repel both insects and rodents
(7)(8). The fungicide thiram is applied as a seed
coating to repel birds (8).

Endrin has been used to protect seeds against ants and
dieldrin and aldrin have been effective against ants
and termites. Dusts containing 5% chlordane, 2 1/2%
aldrin, 2 1/2% heptachlor or 1 1/2% diedrin has been
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 collected from wild stands; the
varieties planted in the germ-plasm bank in Hawaii are not
maintained in isolation; Leucaena sesd 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 (pref¢.ably
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 %he seeds are more readily
accessable. Coppicing does not alter the genetic
make-up of the selected tree.
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Whenever feasible, other undesirable Laucaena trees
in the iwmmediate vicinity should be marked and cut
and prevented from flowering and setting of seed.
This can be done by frequent cutting of the cop-
pPlce, 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 to
insect damage at both the flowering stage and when
seed pods are developed. Larva of a small moth

can destroy the florets of Leucaena, reducing seed
get, and seed weevils will destroy the mature seed
in the pods. Therefore to maximize seed produc-
tion, it is recommended that the seed trees be
sprayed with a2 systemic pesticide, such as Cygon ==
O, O-dimethly S - (N Methyl Carbanoylmethyl) Phos=
ophorodithioate.

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 C). 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 before stor-
age, and treated with a pesticide such as Sevin

and a fungicide such as Captan. The seeds can be
stored in plastic carboys (Jerry cans), which
should be sealed and stored under dry (30% relative
humidity) and cool (10°C) conditions (l). 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 + S0°F is o.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 orthards
be established from seed of known pedigree. Therefore,
new seed of the K8, K28, K29, RK§7, K132 and K636 varie~
ties should be obtained from Dr. Brewbaker at the Uni-
versity of Hawail 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 m x 3 mor 3 m x 3 m after. 1 1/2 to 2 years. The
plantation and surrounding area should be kept free of all other
Leucaena (1).

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



Appendix'B

Seed Improvement

Larger tree seed will initially produce stronger, more viable
seedlings, which have a better chance to compete and survive

because the endosperm of larger seeds contains more £food for

the growth of the embryo. This is termed the maternal effect
and lasts a month or more after seed germination (6).

It is recommended that all Leucaena seed, and whenever possible
all other tree seed, be cleaned and sized by separating them
through hardware screens or dockage sives (round holes) and by
the use of a 2ig Zag Air Separator or a vibrating table separ-
ator. The specifications for the 2Zig Zag Air Separators and an
example of a vibrating table can be f£ound in Appendix P. A
vibrating table can be purchased through any seed machinery
supply company.

I recommend the 2ig Zag Air Separator, for it can be constructed
from materials found in the Philippines, and it is easily made
and maintained and less 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

Vegetative Propagation (To include tissue culture)

Vegetative propagation is an excellent method of cloning trees
that show superior and desired characteristics for the rapid
establishment of seed orchards of self-pollenating "super
trees.” :

Tissue culture is a biotechnology that is pzoving to be a valu=-
able tool in tree improvement. Super trees (conifers) are being
developed by private corporations, using tissue culture to

clone superior trees that show fast growth, superior form, and
wider tolerances. These cloned trees are used for the estab-
lishment of seed orchards. Much of this work is closely guarded
corporate secrets.

I have received reports of single “"super trees" evolving from
the same lot of Leucaena seed on the same site (Haiti and
Mauritius). All of the trees showed good growth, uniform and

of phenotypic character; however, in both cases one tree was
outstanding; it was taller than the others, grew more vigorously
and developed more and larger leaves. I observed the same thing
in the Philippines -- one tree that seemed to have substantially
greater vigor, which had been planted at BFD in Quezon City (and
since cut down). Are these specific hybrids, chance crosses,
mutants, tetraploids or simply the result of ordinary genetic
recombination? We don't know. They may be sterile or not breed
true even if self pollinated. But these trees could be inex=-
pensively cloned by cuttings or tissue culture and multiplied

to create seed orchards or plantations of "really super trees.”
Think of the potential!

Tissue culture is an appropriate tool to short-cut the lengthy
time it takes to reproduce seed from superior trees. 1In the
case of Leucaena, a second generation crop of seed can usually
be produced in one and a half years. Therefore, tissue culture
may not be an appropriate technology to use, unless it is for
the cloning of mutants or sterile hybrids. However, for many
other fast growing trees it may take 6-8 years to produce a
second generation of seed, and all of that seed will not perform
the same as the mother tree. Some species of trees are poor
seed producers (elther producing small amounts of seed or the
percentage of viable seeds is low). Therefore, tissue culture
could be used to clone thousands of the superior trees for the
first generation seed orchard. The second generation conld be
cloned by rooted cuttings in "clonal hedges."
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Many of the tree species may be vegetatively reproduced (by
cuttings, etc.), which would seem to be a more practical course
to take than tissue culture. However, it may be possible to
get only about 100-200 viable cuttings from one superior tree.
The project would have to wait another year and a half before
making a second generation reproduction from these trees, which
would give about 40,000 cuttings (enough to plant 4 hectares,
at a 1 m x 1 m spacing). By using tissue culture methods mil-
lions of clones can be produced from one superior tree. (One
has tc be careful not to plant large monoculture pPlantations
from identical genetic material for such plantations could ke
highly susceptible to disease or insect infestation). 1If 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).

Tisgsue 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 hasgs 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/plantin mater=-
ial, maximum vield will not be obtained unless adegquate amounts

of soil nutrients and other required environmental conditions
are oresent.




APPENDIX H

ECONDHICALLY IMPORTANT NITROGEN FIXING TREE SPECIES

(J. L. Brewbaker and Brian K. Stylas, eds.
Prepared for Bellagio Workshap; Document #2A)

Format:

SPECIES AND FAMILY

1. ORIGIN; HEIGHT, SHAPE

2. USES AND CHARACTERISTICS

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

ACACIA ALBIDA DEL. (MIMDSOIDEAE; LEGUMINOSAE) ,

1. Africa and Israel, 20 m3. leafless in rainy seasan
2. Forage (pods, foliage), shade .

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

4. Slow growth 2n=256

ACACIA AURICULIFORMIS A. CUNN. EX BENTH. (MIMOSOIDEAE; LEEUHINDSAE)
1. Australia, New Guinea; to JOm, spreading

2. Fuelwcod, pulpwcood; sSp.gr..68; 13 m3/ha/yr

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

4. Not too tclerant of drought? fire? winds? 2nm24

ACACIA CONFUSA MERR. (MIMQSOIDEAE; LEGUMINOSAE)
1. Philippines, Taiwany to 14 m, spreading

2. Firewcod (high sp. gr.), crnamental

3. Wet subtropics (to 7%0 mm min), acid soils
4. Slow growth 2n=25

ACACIA FARNESIANA (L.) WILLD. (MIMOSOIDEAE; LEGUMINOSAE)-

1. Treopizal America; to 10 m, eoften shrubby

2. Fuelwcod: forage, tanning; perfume from flowers; ornamental;
black dye used tomake ink

3. Dry tropics; wide variety of soils

4, Very *thorny; can be weedy 2n=52

ACACIA MANGIUM WILLD. (MIMOSOIDEAE: LEGUMINOSAE) SRR

1. Australia and Papua New Guinea, Indonesia; to 30 m, eraect, stately
2. Timber (.45 sp gr), Firewcod?, teo 30m3/ha/yr S

3. Moist tropics (4o 1000 mm min), acid soils?

4. Insects on leaves, genetic variability

ACACIA MEARNSII WILLD. (MIMOSOIDEAE; LEGUMINGSAE)

1. Australia; to 29 m, spreading

2. Fuelwood, charceal, tanninsj dense wood (o 753p gr.), to
m3/ha/vyr

JS. Moist sub-tropics, mid elavaticns: to BOumm min?

4. Can become weedy ; .n-ZA
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ACACIA NILOTICA (L.) WILLD. EX DEL. (MIMOSOIDEAE:; LEGUMINOSAE)

1. Africa and India; to 20m, usually less

2. Firewood, charccoal, fodder (pods, leaves), tannin and gum

S. Dry tropics (but thrives under {rrigation)

4, Extremely thorny, variable 2n=352, 104

ACACIA SALIGNA (LABILL.) H. WENDL. (MIMOSOIDEARE;

LEGUMINQSAE) , -

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

2. Fodder; fuel; sand-dune fixationjg tanning rn:olcnizatiun af
mining areas; erosien control ocrnamental

S. Humid to subhumid tropics; - 3J00-1000mm. rainfall; adapted to
both sandy and swampy sites

4. Rapid growth cutside native areas; tolerant to drought, salt,
winds, and firej; may become weedy

ACACIA SENEGAL (L.) WILLD. (MIMOSQIDEAE; LEGUMINQSAE)

1. Africa, Pakistan, India; to 13 m,cften shrubby ;

2. Firewcod, charcocal; to Im3/ha/yr, gqum arabic, +Ffeaed (pods,
foliage) :

JS. Drytropics (to 200mm min), poor seil hot

4, Extramely thorny, becomes weedy 2nm24

ACACIA TORTILIS (FORSK.) HAYNE (MIMOSOIDEAE; LEGUMINOSAE)

1. Africa, Sahel, lIsrael, Arabiaj; to 1Y m, often shrubby;

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

<. Dry trnpics (to 100 mm min), heat tolerant, alkaline soils
4. Thorny, lateral roots .

ALBIZIA FALCATARIA (L.) FOSBERG (MIHDSOIDEAE; LEEUMINOSAE)

l. Indonesia, New Guinea; to 4% m

2. Pulpwood, soft sp. gr. .33, moldings, bcxas, soil improvement
S. Moist tropics (to 1000 mm min), midlands?

4, Soft wood, poor fuel

ALBIZIA LEBBEK (L.) BENTH. (MIMOSQIDEAE;: LEGUMINQOSAE)

1. Tropical Asia and Africa; to 30 m

2. Fuelwood (high value, 3200 kcal/kg), foliage for feed, yields
te 3 m3/ha/’/yr, furniture

S. Wide adapt., dryand moist .tropics (to 500 mm min)

4. Slow growth “n=24

ALNUS ACUMIMATA 0. KUNTZE (BETULACZAE)

1. C. America; to 2% m or mcre

2. Firewood, sp. gr. .5; timber,toc 15m3/ha’/yr; sho|3‘
S. Cool ‘tropic highlands to 3000m, moist (1°So-mm min)
4. Not heat/drought tolerant

ALNUS GLUTINGSA (L.) GAERTN. (BETULACEARE)

l. Eurcpe to W. Asia; Asia Minor to N. Africa; to 40 m

2. Energy production (fuel); soil gstabilization, e.g. river
banks. roadsides, mine wastes; shoes: sp.gr. .52 o ’
S. Widely adapted, temperate or subtropical, to S00m

4. Not drought 2n=28

n
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ALNUS NEPALENSIS D. DON (BETULACEAE)

1, Himalavas; to 30 m

2. Firewood but sp.gr. .35; utility timber

3. Cool tropic highlands to 3000m, mesic (800 mm mtn?)
4, Some insects, soft wood 2n=28

CALLIANDRA CALOTHYRSUS MEISSN. (MIMODSOIDEAE; LEGUMINOSAE)

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

2. Firewocd; forage (high tannin) and green manurej sp. gre .65

S. Moist ¢tropics (min., 1000mm), cooler (above SOOm?); to 40
m3/ha/yr with annual harvest

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

CASUARINA CUNNINGHAMIANA MIQ. (CASUARINACEAE)

1. Australia, to 3%

2. Firewocd, sp. gr. .7; shade tree; river bank stabili*atiun

3. Cool tropics to warm temperate; S00 mm min.

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

CASUARINA EQUISETIFOLIA L. (CASUARINACEAE)

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

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

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 @ld.); to 20 m

2. Firewood, charcoal, fencing, piles for seawater, windbraaks 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)

1. Indonesia; to 30 m

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

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

4, Little studied; male clone (or hybrid) widely used in
Thailand

DALBERGIA SISSO0 ROXB. (PAPILIONOIDEAE; LEGUMINOSAE)

1. Indian subcontinent; to 30 m

2. Lumber, fuelwood, sp gr. .&8

3. Warm tropics, mesic or arid (to S00 mm min); yields fast for a
Dalbergia, slow by other standards ’

4. Slow growth 2n=20

ERYTHRINA BERTOEROANA URBAN (PAPILIONOIDEAE; LEGUMINOSAE)

3.



1. Tropical America; to 10 mj;- 'small crown

2. Live fence post:; soft wood which accepts wires and nails
wall; forage; windbreaks; easily cloned

I. Lowland and submontane moiat tropics to 2000m; usually in
vetter areas but needs good drainage

4. Fast growth; resistant to wind 2nm42

ERYTHRINA FUSCA LOUR. (PAPILIONOIDEAE; LEGUMINQSAE)

1. C. ¥ S. America, to 30 m; broad crown

2. Shade for coffee and cacao; live fenceposts; soft wood

3. Lowland moist tropics to 1Z500m; often in swamps or en poerly
drained clayey soils o

4, Fast growth; effective green manure; easily cloned 2an=42

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

LEGUMINOSAE) L

1. S. America to Panama; to 40m :

2. Shade for coffee, ornamental; soft woodj papcr pulp; faraqe.
mulch

3. Dry to mesic tropics, to highlands . :

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

SLIRICIDIA SEPIUM (JACR.) WALP. (PAPILIONOIDEAE; LEGUMINOSAE)

ie« S. and C. America; small tree to 10 m

2. Flrewocod, timber, sp. gr. .75, fodder, shade, ornamantalj
easily propagated by cuttings, living fence, to 8 m3/ha/yr

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

4, Toxic bark/seeds/rootsi aphids aon foliage 2n=20

INGA VERA (L.) BKITTON (PAPILIONOIDEAE; LEGUMINOSAE)

1. Caribbean, C. America; to 20 m

2. Shade for coffee, fuelwood (sp. gr. .73), timbar, shada, honey
relatively fast growth . o

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

4., Little studied

INTSIA BIJUGA (COLEBR.)? 0. KUNTZE (CAESALPIINIDQIDEAES;
LEGUMINQSAE) .
1. Southeast Asia, E. Africa, India; toc 40 m, buttressaed

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

highly resistant to rot; slow growth
3. Moist tropics, prob. 2000 mm-ming

4. Genetic variability 2n=24
LEUCAENA DIVERSIFOLIA (SCHLECHT) BENTH. ‘(HIHOSDIDEAE;
LEGUMINGSAE) o

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

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

3. Dry to mesic tropics, prob. 500 mm min, to midlands (1500 m)
4., Little studied, great genetic diversity 2n=T2 ’



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

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

2. Fuelwood, nurse tree, forage, small timber and pulpwoodj sp.
gr. .55, some food use (pods,seeds, leaves), energy plantations,
yialds to SO0 m3/ha/yr

3. Dry to mesic tropics, S00 mm min, lowland

4, Widely studied 2n=104

MIMOSA SCABRELLA BENTH. (MIMOSOIDEAE} LEGUMINGSAE)

1, S.E. Brazil % Argentina; to 12 m, thornless -

2. Fuelwood, pulpwood, ornamentalj shade for coffea; rapid growth?

3. Mid-elevation cool tropics and subtropics (flourishes at: 2400m,
Buatemal a) S

4, Little studied

PARKIA ROXBURGHII G. DON (MIMOSOIDEAE; LEGUMIONSAE) SRR

1. Indo-Malaysia, Philippines; now widely pantropical; to 40 m,
umbraella crown o

2. Timber, ornamental, seeds used in local medicine

3. Humid tropics to 1000mm?; J00~700 m elevation

4. Pest-tclerant; protected in Indenesia

PARKIA SFECIOSA MASSK. (MIMOSOIDEAE; LEGUMINOSAE)

1. Thailand, Malaysia; to 13 m, thin crown

2. Food (seeds from large pods)

3. Humid tropics, to 1500 m elevation , BRI

4, Seeds often insect infested; slow growthj hybridizes with P.
roxburghii ) o

PARKINSONIA ACULEATA L. (CAESALPINIOIDEAE; LEGUMINOSAE)

1. Americas; to 20 m, spreading

2. Fuelwood; fodder; ornamental; fences; 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 (ROXB.) BENTH. (MIMOSOIDEAE; LEGUMINGOSAE)

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

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

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

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

PONGAMIA PIMNATA (L.) PIERRE (PAPILIONOIDEAE: LEGUMINQGSAE)

1. Indian subcontinent, Malaysia, China, Tropical Asiay tc. 8 m

2. Firewood, fodder (leaves), oil (seeds), pest control (leaves),
shade tree, medicine '

3. Mesic tropics (min. &00mm), saline tolerant; to full height in
% yrs. , )

4. Aggressive spreading roots; also known as Derris indiga (Lam.)
Bennet ‘ '

N



PROSOPIS ALBA/CHILENSIS “Complex*®
t(Includes P. alba Griseb. and P, chilensis (Mol.) Stuntzt also
P, 4lexucsa and P, nigra)}

1. Argentina, Paraguay, Chile, 8. Paruj to 19 a

2. Firewcod, occasional use as tisber; fodder (pods)y to 12

a3/has/yr

3. Cool dry subtropics (200 ma ain)j to J000e in Pery

4, Thorny (segregating) 2ne28

PROSOPLIS CINERARIA (L.) DRUCE (MIMOSACEAE; LEGUMINOSAR)

1. India, to 9 =, thorny, spreading

2. Firswocd, excallent charcoal; fodder, scoe tisbery gresn
sanure, yields to lJa3/ha/yr (under drought strass)

S. Dry not tropics, to 100 ma ain?

4, Thorny (seQregating), woedy

PROSOP1IS PALLIDA/JULIFLORA “Comnlax”

(Inciudes P. pallida (Humb & Bon ex Willd) and P, Juliflora
(Swartz) DC)

1. C. and No. S. Aserica; to 13 m, agQressive

2, PFirewcod (.8 sp. gr.), exc. charcoal} fodde- (pods), honey,
wood, to 3 al3/ha/yr

S. Dry hot tropics, to 200 ma ain) deep roots, some var. frost-
tolerant

4, Thorny (segragating), often weedy (P, glandulcsa and P,
velutina are the sesquites of So. USA and elsewnara in tropics,
oftan ladbelled julitlora in error) m26,T2,36

PROSOPIS TAMARUGD F. PHIL. (MIMOSOIDEAT; LEGUMINQSAE)

1, Chila,-to 13 n,

2. Firewcod, forage {pods, luaves), some use use (high op. gr.)

S. Dry nct caline tropics, to 10 am (uses +0g drip?); resarkadle
saline tolerance

4, Slow growth, thorna?

PTEROCARPUS INDICUS WILLD., (MIMOSACEAE; LEGUMINCSAE)

1, 8. E. Asia., Inco-China, Pacitic lslandS; to 40 a, broad crown,
lotty

2, Chotce timder (narra), crnamantal, furniture, flooring

S. Moist tropicsy relatively fast gQrowth

A, Naedr Caep s0il) some diseases 2n=22

ROBINIA PSEUDOACACIA L. (PAPILIONQIDEAE; LEGUMINOSAK)

1. N.E. America, to 25 A

2. Puclwood (dense), erosion control, nurse tree, posts,
to 20m3/ha/yr; forage

3. Temperate .

4, Kestricted to highland tropics (little tasted) and
temperate regions 2ne0, 22, 24 '

o



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

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

2. Shade, timber and craftwood, food (pod), SP. gr .82,
ornamantal

3. Masic to wet tropics (te 600 mm min) :

4, Not good fuelwood, rapid growth 2n=25 »

SESBANIA GRANDIFLORA (L.) PQIR. (PAPILIONOIDEAE; LEGUMINOSAE)

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

2. Pulpwood, forage (leaves, pods), food (flower, leaves, young
pods), ornamental; sp. gr. .423 to 22 m3/ha/yr, large nodules

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

4, Genatic variability, soft wood, borer susceptibility
2n=14, 24
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ECONOMICALLY IMPORTANT NITROGEN FIXING TRER SPEICIE]
" L187
tJasas L. Brewbaker and Brian K. Stylas, Eds.
Prapared for Bellagio NFT Workshop, Sapt. 1982)

The following species were considered {mportant ot.:mus:nxy, but
of less isportance than the annotatad "A" list, Many of these
spacies (asteriskad) are not known to $ix nitrogen, »nich asay

account fcr thoir chsence froa the A" list,

ACACIA ANZURA

ACACIA AULACDCARPA
ACACIA CAVEN

ACACIA HOLOSERICEA
ACACIA KARRQO

ACACIA KCA

ACACIA MELANQXYLON
ACACIA PELICE

ACACIA PENNATA
ACACIA SALICINA
ACACIA SEYAL
ACROCARPUS FRAXINIFOLIUS
ADENANTHERA PAVONINA
ALBIZIA PROCEPA
ALNUS RUBRA
CAESALPINIA CORIARIAS
CA8SIA FISTULAZ
CASSIA GRANDISS
CASSIA JAVANICAER
CAE31A SIAMEASZ
CASUARINA CRISTATA
CASUARINA GRANDIZ
CASUARINA 0OBESA
CASUARINA OLIGOCLCN
CASUARINA SUMATRANA
CEDRELINGA CATENAEFORMISZ
CERATONIA SILIQUAX
CERCIDIUM PLORIDIUME

COPAIPERA LANGSDORFIIZ
DALBERGBIA LATIFOLIA
DIPHYSA ROBINIOIDESE
ENTEROLOBIUM CYCL.OCARPLH
ERYTHRINA INDICA
ERYTHRINA ORIENTALIS
BEDFFROEA DECORTICANSS®
INGA EDULIS
INGA PATERNA
KOOMPASSIA EXCELSAZ
MHAEMATUOXYLON EBRASILETTO
LYSILOMA BAHAMENSTS
MIMOSA TENUIFLORA
PELTOPHORUM PTEROCARPUMSE
PERICCPSIS ELATA
PITHECELLABIUM JIRINGAR
PROSCPIS GLANDULOSA conplex
tP.glandgulosa, P. velutina,
P. teorreyana)
PROSCPIS FUBESCENS
SCHIZOLOBIUM PARAHYBA
SINDORA JAVANICAR
TAMARINDUS INDICAR



APPENDIX T

‘PLANTERS
K Tor planting maize, cowpeas, pigsoxiﬁca', :'c.!esﬁodi‘m triflorun (very similar
l:o‘_lv:_:l.i:vdsfuo: trefoil found in the U.S.) and c:ruin species of trees directly
into the ground two diffarent styles o! planters are needed. For farms less
than 24 hectares (95% of total land) a band operated jab planter would be suitable.
For farms of between 2.5 and 5 hectares, a walking machine 1l4ke vhe Esmay planter
would be best.

The jab p].an:e: should be dns:!.gntd so that :he tame: can valk upright. jabbing
the device iato the earf:.h with ons hand. Ancmdc feed w:l.:h the option of placing
a pellet ot fertilizer at :he proper distance would be useful. Preseatly, the
farmer uses only a machete to 1ift the soil and throv a geed under or,.a po:l.n:ed stick
to poks a hole in the g‘ound into which seed is plac:d then coverad with soil wi:h
2 gveep of ‘the foot. Above all, :he cost must be low and fabrication must. bc pouible
:ana simple metalforming or carpentry shop. Wood or sheet zetal and ‘:pring.'-’ ;’l,:.g_l'«
aé.clptable materials. | R

The walk-behind machine whould also havc au:ou:ic feed of sced ,and“fl::ilizn:.

Multiple rov geeding is J.ikawisc 'an e muge., 'rhe Emy sudtr has workad vnl.‘!. in

tests but is a bit coﬂ:ly and complex f.or f.abric..:ion in sm areu.’
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TOOLS FOR uouzs'm\bm. GARDENERS, AND SMALL-SCALY FARMEIRS

For the first row, we stretch a line between stakes and run the seeder along this line. The
seeder has an adjusable row marker which marks the pext row, so if we get the firsc row smaight
(casy when using a tight line), all the other rows in the planting will be straight toa.

To make the furrows prior to hand sowing we use our Planet Junior garden plow, one of the
high.whee! types that you find almost everywhere, which are made by numerous 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 we the moldboard plow attachment. After sowing the seed, the plow is
run first down one side of the furrow, then back in the opposite direction down the other side,
closing the furrow and covering the seed neady and very quickly. It is certainly a whole lot faster
than using 2 hand hoe. For small sesds such as carrots, we use the small culdvator tooth on the
high-whes! plow and then cover the seed by hand during sowing. -

* HAND-PERATED IAB PLANTERS -

For at least 2 cenrury, most of the corn in
this country was planted with jab planters. Two

. variations on the same idea were built, but both

of them are basically glorified dibble sticks. The
lower steel blade of the planter was jabbed into
the ground, and then, by moving the handles,
three aor four kernels of corn were dropped from

.the planting box through a planting tude 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
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Gene Logsdon demonstrdting the use of the
planter.
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EZQUIPMINT FOR SEEDING AND PLANTING

corn skipped by the horse-drawn planter.

+ Today, a jab planter can come in handy
for interplanting. For example, if you have a
row of corn up and growing and want to plant
pole beans beside the cormswalks, the hand
planter is just what you need. You an 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
stll available and are used in research plot
planting. They are available from manufac
turers and suppliers of sced industry equipment,
Old, used jab planters are often available at
farm sales. You might pay $5 for one, or you
might pay $35~—you can never tell at an auction.

NORTH AMERICAN SOURCES OF
. HAND PLANTERS
Jab-Type Hand Planter

The Allan Machine Company bas three
models of jab planters which ire hand fed,
spring operated, have 2 meral basrel, and will
adjuse to different planting depths,
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ALMACO Slim<Style Jab Planter model SHP-NDA
Allan Machine Co.

Model SEP-NBA

This is = slim.style unit and has a
parrow, single barrel weighing 414 pounds
with a2 134-inch by %j-inch barrel opening.

Model HP-SBA

:.-“This is a'single.barrel model which
weighs 4 pounds and has a wooden back and
a barrel opening of 214 inches by 8 inches ac”
the top.

 Model HP-DBA )
" - "The third modsl has 2 double. or

* divided-barrel style and comes with 2 wood
back.
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Allan Machine Co.

Alla.: Machine Co.
P.O.Box 112
Ames, IA 50010

Potato Planter
Made of lightweight, corrosion-resistant ma.
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TOOLS FOR HOMESTZADERS, CARDENERS, AND SMALL-SCALYL l'm

terials, this unit plants potatoes at adjustabl
dep :

&

Hand Jab potato planter.
Esnay Producu, Inc.

Esmay Produczs, Ine.
P.O. Box 547, Maple St.
Bristol, IN 46307

Jab-Type Hand Planter

Burrows offers two models, both made of
sheet metal and hardwoods. A spring-operated,
planting depth adjustment is provided. The
4-pound unitws are approximately 33 inches high
and have an opening 214 inches by $ inches at
the top of the barrel,

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

Maquinas Agricolas
Avenida Brazil No, 232
Marilia, Brazi}

184

The Plantmaster

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

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

Richmond Gibson, Ltd.
Salisbury Rd., Downtown Salisbury

The Cumberland Plant Setter
Cumberland Ccueral Store

Cumberland Plant Setter
The Cumberland Plant Setter is a heavy

NYZ



EQUIPMENT TOR SZZDING AND PLANTING

tin wank with a chute grooved and soldered to0
assure sturdy constucdon. High-carbon steel
shovels with large, curved Janges rake the earth
over the roots. 1t sets, waters, and covers tomato,
tobacco, pepper, cabbage, sweet potato, staw-
berry, and other slip plants in one operation.
Shipping weight is 12 pounds, height is 30 inches,
and the diameter of the fumnel chute is 414
inches.

Cumberland General Store
Re. 3, Box 479
Crossville, TN 38535

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

Cossul & Co. Pve, Led..
Industrial Ares, Fanalgunj
Kanpur, India

Models PD, PCM, PC, PA

There are five variatdons of a basic two-
handled, hand-powered, springoperated jab
planter.

Marila Industria E. Comercio Saszmaki, Lid.
Avenida Brazil, 232

Caixa Postal No. 196

Marila CEP 17.5000

Estado de Sao Paulo, Brazi

Hand-Operated Seed-Dressing Drum Plans

The ob'uct behind this drum was to build a
seed-dressing device for village use, the design o
be of fairly simple construction so that it could
be made by loal caftsmen.

The test drum used was an ordinary water
tin of approximately 13 inches (330 millimeters)
in diameter anl 15 inches (382 millimeters)-in
heighe. ' ,

It was found that this drum had a padty
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 fertdlizer when filled correctly. In 2 dura-
bility test, 2 total of 114 tons of fertilizer was
mixed without signs ol damage. The drum was
also used for seed dreuing of groundnuts and
maize vith satisfactory coverage performancs and
no apparent adverse effect on germination.

Intermediate Technology Publications, Ltd.®
9 King St
London WC2E 8HN, England

THE HORN SEED SOWER

The simplest kind of broadcsting seedes,
the Horn Seed Sower, consists of a reservoir
which funnels sezd into a long tube. The opera.
tor holds the tube, or horn, at the end closest to
the reservoir, and with 2 skilled flex of the wrist,
seed is flung out of the tube. It can be used o
broadcast 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 GF 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 10 40 feez at 2
rate determined by the adjustable feed gate in
the base or tube joint and by rate of step. It
comes with an 1l-inch duck bag and an extension
funnel atmched to 2 dn diswributiog tube 22
inches long, 114 inches at the base and 34 inch
at the mouth. This sower has a apadty of I
bushel and a shipping weight of 1 pound, 8

ounces.

Cumberiand Genesal Store
Rt 3, Box 479
Crossville, TN 38335

The Cyzlone Seeder Co., Inc.

Box 68

Urbana, IN 46990

® Intermediate  Technology publications an  be

ordered {rom International Scholarly Book Service,
inc. Box 553, Forest Grove, Oregon 97116,
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INFORMATION MEMORANDUM

SUBJECT:  Comparative Advantages and Disadvantages of the Use .of
SRS Root Trainers, Dibbie Tubes, Plastic Bags, and.Bare-
Rooting of Seed11ng;*

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

ssedltngs grown in cead beds. Often, the nurseries are centrally
located and seedlings have to be transported over long distances.

In the bare-root process, seedlings are often injured when they are
removed from the ceedbeds. Many of s+he roots are broken, root
hairs (essential for nutrient uptake) are torn off and roots dry
out easily. Such transplant shock results in a high incidence of
mortality. Walters reported that Eucalyptus seedlings in Hawaii,
when planted by the bare-raot method, suffered as much as 85-95
percent die-back. gecause of transplant shock, imftial growth s
slow, die-back may occur (it may take some more tham 3 or more
months to recover), and the seedlings are poor competitors with
other vegetation.

With seedlings in plastic bags, the weight of <the sof1 (as much as
1-2 kg.) 1imits the number of seedlings that can be transported

(by vehicle and Dby hand). Freguently, adequate transport is diffi-
cult to obtain and planting sites are hard to get to, thus it is
difficuls and expensive 0 move large numbers of the seedlings in
heavy and cumbersome plastic bags. This increases project costs
and reduces the number of seedlings that can be planted during
eritical planting periods. Also, seedlings are commonly planted

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

can retard plant growth, cause die-back or increase mortality
incidence because the seadlings are restricted from maximum access
to available water and nutrients. This {s most 1ikely to be 2
constraint in semi-arid areas or during periods of minimal rain-
fa11. 0ften, poorly supervised workers will even fail to remave the
bottom of the bag which is usually disasterous.

3eediings grown in plastic bags have poorly developed lateral
roots, which are essential and needed to enhance initial estab-
1ishment and to maximize nutrient uptake. However, excessive
growth of lateral roots 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 botiom of the Dbags.

When tubes are too small or seedlings are left too long in tubes,
the roots at the bottom are deflected emerging from the tube.
However, root deformation can occur in any container, especially

{f seedlings are held too long. Therefore good nursery management

is of upmost importance regardless 0T wnat system or_condition 75 used.

=) portion of the {nforma4ion used in this memo was taken from the
enclosed papers. (TECENICAL SERIES #4, Compiled by: Mike Benge, S&T/FNR)

o
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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
1ite of the tree, Cannon reports that "The deleterious effects of
abmormal root growth are seldom noticed in the first months or even
attar years of growth." “Rather, it {s at more advanced ages and
under adverse weather conditions when a deformed tree root system
is most likely to f£xi1 to provide enough water or nutrients, or to
anchor trees against strong winds." “Results indicate that although
young seedlings suffer 1{ttle from container-induced root deforms
jties, 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
saed beds (bare-rooting) {s a more modern method of containeriza-
tion. Most of the widely used containers (i.e., root trafners and
tubes) incorporate featurss such as vertical internal ribs designed
to mintmize root disturbance, to reduce root spiraling in the con-
tainer and possible future strangulation problems, to maximize
lateral root development and shape the rocts into 2 form advanta-
geous to the tree. Basically, the theory behind use of these types
of containers is that, "If a tree seedling can be planted with a
minimum of root exposure and disturbance, there will he less
transplant shock, and survival and growth rates will be higher."
[Kingham 1974 as cited by Tinus and McDonald].

Walters reports that for almest 20 years, 1ittle forestation was
done with Koa (Acacia koa), Hawaii's most valuable native tree,
because survival oF Dare root seeddlings was too poor to be worth
the effort. However, saveral plantings of Koa seedlings (totalling
about 75,000) grown {in "Hawaii Dibble Tubes™ (HDT) have survived at
rates of about 85 percent. He goes on to say that survival of bare
root Eucalyptus saligna plantings is unpredictable; one planting
may resuic in 90 percent survival, the next in 10 percent.

Survival of containerized (HDT) saligna plantings is predictably
good; 91.2 percent with a 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 resylt in
considerable savings by reducing replanting and by increased
growth. This often will more than off.set the cost of importing
these contajners. An additional cost is usually incurred because
peat moss or a similar organtc.mix (which can be developed locally)
is almost a necessity if maximdm results are to be obtained from
using thase containers.

However, the costs of root trainers or tubes and buying or develop-
ing the planting medium are easily outweighed by the savings
obtained by the (1) reduction of seedling mortality, (2) avoiding
time lost in growing replacements, (3) avoiding the loss of growth
time of replaced seedlings, (4) the advantages of reduced transpor-
tation requirements. Further savings are made from the fncreased
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growth rates and stability of trees which have good established root
systems. I[f the root trainers are carefully handled, a high propor-
tjon can be reused several times. Tubes last even longer., (If
plastic bags cost one cent each, and each tube or cell of a root
trainer costs eight cents but can be used efght times, the cost per
unit is the same.) Some problems have been reported in the use of
styrofoam block containers; such as poor durability and roots growing
{nto the block, making the seedlings difficult to remove thus damag-
ing the roots upen removal.

A seedling (along with the growing medium) grown in an averags size
root trainer will weigh much less than one-fourth the weight of one
fn a plastic bag and take up much less than one-fourth of the space.
Therefore, there is a large savings in the 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 whenm
transported in trucks.

Also, i1t may be possible to increase seedling survivability and
growth rates by impregnating the roatmass of the containerized
seedlings with starch graft polymers (ref. Technical Series #2, The
Potemtial of Starch Graft Polymers, “Super Slurpers® for Forestry

and Agqriculcure). INis could be a very valjuaple tecnnoiogy,
especially tor semi-arid and intermittent rainfall areas.

Some notes of caution--The medium used in root trainers and tubes
WiTT noTd substantiarly less water than soil fin plastic bags and
similar containers. Therefore, these containers and seedlings may
need more frequent wataring in the nursery and especially during
transportation over long distances. A way to deal with this problem
is by removing seedlings from the containers and placing them in wax
1ined 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 stata that "Most media components--such as pine
bark, vermiculite, perlite, builder's sand and peat mosses--dre
devoid of mycorrnizal fungi." "In addition many nurserymen steam,
pasturize or chemically treat media to eradicate harmful pathogens;
this also eliminates beneficial organisms, such as mycorrhizal
fungi.” Also, composts and other Tocally 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 water trans-
port.” (Safin, Boyer and Gerdemann, 1971, as cited by Johnson and
Mgnge) Mycorrhizae fungi are capable of sransforming unavaflable
phosphorous into available forms for plant uptake. This is extremely
important, especially in phospharous deficient tropical sofls.
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Johnson and Menge report that in relation to chemical fertilizer
applications required in commercial nursery operations, "phosphorous
levels could be reduced by approximately 70% and N, K and micronutri-
ents by 30 to 40% using YA (ves1c1ar-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 astablished fact that in the
absence of mycorrhizal fungi, the growth of Caribbean pine,
casuarina, citrus and other trees wi11 be retarded and in some cases,
without inoculation, it may be impossible to establish these trees

on some sites. Ectomycorrhizal fungi are associated with
Basidiomycetes (mushrooms and puffballs) and Ascomycetes (cup fungi
truffles). [Johnson and Menge, 1982].

I am enclosing selected papers relevant to the subject matter and
have included some sketches that 1 have made showing various devices
that can be constructed of Jocally avaflable materials used in
conjumction 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 trainers or

dibble tubes.

Michael 0. Benge

S&T/FNR Agro-forestation

Room 513-D, SA-18

Agency for International
Development

Washington, D.C. 20523

June 29, 1982
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Mycorr!

”By Dr. Charles R. Jobnson
acd Dr. Jobn A. Menge

MYCORRHIZAL FUNGI are as-
sociated with the reows of nearly all
plants. They form a symbiotic associa-
ton tesmed myesrrhizae. Because of

Dr.c'ananL..'cmsonishmaOa-
ef Cmamental Herticuttre, Uni
versity of Ficrida, Gaineswvills, Cr. Jehn AL
Menge is in the Cecartment ot Ptam
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hizae may Save
fertilizer

@oﬂars

.cir imporaance to plant growtn ana
their wid districuticn, (my<or=
rhizae must be-corsidered in all aspects
of plant seieacs and acricalture
Myccrehizal fungh ars frequeatly
Stegorized into four major groupings:
estomyccrTnisie, vesicular-arbuscaiar
(VA) mycsrhizze, ericacscus myeor-
rhizae and erchidacsqus myeorrhizae.
Ericacsous ind crchicacsous miycat-
¢bizae are associated with ericacsous
and orchidacsous plants. respeczively.
Little information is available oo these

Pamalocy, University of Caltfcmia, Rivers  two typs of myesrraizie, and their
sida. ' economic importancs is limited, so ey
Fertilizer cost comoariscn )
Anpual ferdlzation
coat for 1.000 ruilon concainerst
Ferdfizer Witoat VA Wit YA Potenoal
Material Rate= mycoarriize mycorrhize sarings
Microoutrients 2.$ lofcubic yd b ol L] 313.28 $ .26
Double superphcspbate 3 1b/cabic yd 1.06 31 215
Ammonium nitrate Avg. 130 opm N 3781 2647 =1134
Potassium chloride Avg. 10 ppm K0 958 an i v/
Other nutrients (Ca. Mg) 1.5 s30 _ 143
Toauls $79.34 $83.17 53867
'Based on January, 1981, price estimates
Ferulization rates tased on woody surzery aperaticns using overbead
fesdgation system. . )
1Phesohores levels could be reduesd by aoproximately 70% aad N, X and mic™
autrients by JO to 40% using YA myccrrnzal fungl St
Fig. 3. Esnmated fertlizer cCSTS fr weody 'ancscaoe plants grown 0 ¥ scss [

tainers with and wihout VA myccrnzae.
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pp. 85, 86 & 87

th inoculation. the etvenss of
orus yi1zation could Ce fe-

T—MM
urrent levels of ntroge:

potassium
S e 4 b reuesd
0) 1o 40 veresnt
potcatally could reducs fertil
fzer expenditures by 33.4 pere=at, for
savings of approximately $26.67 per
1,000 gallon cuntainers annuzlly_'ror-
woody plants Ex;dusa typical feniliza-
tion program (&1 ) )
liminary rgam:h nas indicated
that an 2daiticnal cen=nt B improved
__estaplisoment_22d Survival of mycors |
thizal Olants (n 1ancscaos s0118 |2§ ¢
=Teduc=a cosis lor Seuler waler ana (et \
tilizer uptake and improved plant sur-
vival should create consumer &
{or such plants i the landssape.

Summary nd Canclusions

Myesrrhizal fangi benest growth of
several woody landscape piants under
controlled expesimental conditions.
Cost benedt dgures indicate 2o eco=
pomic advantage to using them. Con-
tainer studies are being estaolished at
gursery sites to test the feasibility of
using mycorshizal fungi under com-
mercial cultural programs.

With succ=ssful results from such i

tests and growing intere3t, more com-
. mercial souress cf inoculum should de-
velop. Current mezhods of watering
and lertilizing will be radically
changed in the next decade besause of
shortages. lising alternatives like YA
myesrrhizae will become common.
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A Would eighbors Filmstrip

SAVING OUR SOIL
WITH THE A-FRAME

]
)

{

A

{

vy

A

¥,

:;.“ﬁ_

h;

b
P

7

k:

»,
)
1

¥

)i

(i
\
{
M
R
LAY

4)

A

¢

)
. S}.

!

\
.;}‘x‘-‘
&

[

|

i
z)
&t

f,

b

i

il
9

y;

2]

¥y
A

»

Ky
1A

World Neighbors beileves that develop-
ment-cannot be accomplished alone, but
Is achieved by working and sharing to-
gether, 1t goal is & better world and its
meansis the sharing of knowliedge, talents,
skills, money and most of ail, love

SAVING QUR SOIL
WITH THE A-FRAME

1. A handful of soil . . . how much is
it worth? It's the most valuable resourcs
on earth.

2. All the food we eat, clothes wd
waar and most of the things we use comd
from the soil.

3. But if our lands are left unpro-
te?od, srosion can destroy our precious
sail,

4, Rain is a blessing whan it is soaked
up by the soil, but long, heavy rains can
aiso wash away the top il and cut deep
quilies in our fieids.

5. When planting on hilisides, we oftsn
plant rows running up and down. This is
a bad practics.

6. Many farmers burn away corn
staiks, leaves, grass, ste. This is also a bad
practics. To make the soil bettar, thess
things should be turned back to ths swoil.

)
" ! b
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7. We. nead to protect our siopes and
hillsides by planting all our crops on the
“contour”: that is, in rows running scross
the slopes and around the hillsides.

8. We slso must construct contour
canals or barriers running across the
slopes and ‘around the hillsides,

9. In rocky placas, the Tocks can be
made into rock walls, which siow down
the flow of the rain water and hold back
tha soil.

10. Whare thers ars no rocks, level
canals can be dug to absorb the nain
watsr, Grass barriers on the upper side of
the canais hold baek the soil.

11. in order to mark level rows, we need
a3 spocial tool which is cailed an A-framc.
The A-frame is casy to make and sasy to
use, plus it Is one of the mast important
tools in the world,

12. Because it can save our soil.

13. Thess are the only masterisis you
need for making an A-frama: three poles,
a pisce of cord or vine, a rock and a
machets. (Narrow boards, i availabls,
can be used.)

14. First, cross two poles at the wp and
tie themn togethaer securely, ({f boards are
uud,)nails can be used to heip fasten
them.

(1



15. Now tis a shorter pole across the
other two to form the lettsr “A.” Tie
both ends sscursly,

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

17. Tie a rock to the end of the cord,
below the crass bar.

18. Now the A-frams is almost finished
but bsfore we can use it to mark level
contours, we must find the point on the
crossbar which will tell us when the two
lsgs 77a in a level pasition.

19. First, stand the A-frame upright.
Using stakes, mark the points whare the
legs of the A-frame touch the ground.,

20, With s pancil, mark the point where
the sring passes the crosshar of the A.
frama.

21, Move the frame 30 the placement of
the legs is reversad.

22. The laft feg now touches tha stake
whare the right lag was, and the right leg
touches the stake whers the left leg waz.

23. Again mark the point where the
string passes the crossber. Usuglly the
two marks will by 1eparate. if the ground
is level, the two marks wiil be st the same
placs.

24. Now make a third mark halfway be-
tween the first two. This is the point on
the crossbar which will tsil us when the
two lags ars in 8 level position,

25. In order t ksep from erasing this
mark, cut 8 notch there with your
maschets.

28. Whan the weighted cord hangs
directly in front of the notch, we know
that the two legs are level.

Z7. Now the A-frame Is finished and
marked, and wo are resdy to mark level
lines on our hilisides.

28. In our country much of the land is
very steep. Many othar aress have gently
sloping hillsides. Both should be pro-
tectod with contour canals and barriers,
and the crops should bs planted In lavel
rows acrois ths slope.

29, Study the srus of your fisld on
which you want to construct contour
barriars. It is good to start near the top
of your field,

30. First, cut o supply of stakes. Thess
stakes are used for marking tha ievel lines
whers the ditches will be dug or the rock
barriers will be constructed.

31. Drive the first stake at the edge of
the field near the highest point. You will
begin marking the comtour (ines at this
poimnt.

32. Place one log of the A-frams just
sbove and touching the first stake. Adjust
tha other leg ¢ that the string passes the
level position point you notched on the.
crossbar.

33. With the string passing exactly the
point of the level position, drive snather
stake imto the ground just below and
touching the second leg of the A-frame.

34. Now pick up the A.frare and move
it aslong, placing it so that one leg of the
A-framea touches the stake you just drove
into the ground.

Y



35. Again adjust the other leg of the A«
frame until the string passes the level
position notch. Drive another stake just
boelow and touching the second leg.

36. Continue across the field this way.
Now we have 2 level line of stakes which
tell us where the first contour barrier
will be constructed. But one contour
barrier is not enough.

37. A hillside must be protected with
ona contour barrier for every five feet
{1.5 maters) of difersncs in elevation.
On steep hills, the barriers will be close
togather. On gentier slopes, they will be
further apert.

38, Continue marking level contour
lines across the fleld until you reach the
bottom of the slope.

39, If the field Is rocky, use the rocks
to construct rock barriers along the level
lines marked by the stakes,

40. Some fislds are not rocky, though.
Usa the A-frame in the same way to mark
lavel contour lines across the field.

41, Then dig canals along the line of the
stakes, The canal should be 1/2 meter
wide and 1/2 meter deep.

42. Plant grass along the top of the
canal. A tall, thick varisty, such as sie-
?hmmt grass, napier grass or guinea grass, is

43, Be sure to follow the line of stakes

when digging canals. Remember, these
stakes mark the level lines scross the
fiald.

44, Use a hoe, or hoe and thovel to dig
the canals.
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45. On some flelds you can make both
canals and rock barriers. In rocky aress,
construct rock barriers. In other areas, dig
canals,

46. When the heavy rains come, the
grass or rock barriers will catch the soil
and prevent it from being washed down
the siope.

47, As—the soil is crught behind the
grass or rock barriers, tirraces will grad-
usily build up.

48, Within a few years, our contoured
fields will look like this, As the terraces
build up, not anly is the soil saved, but
the fields become easisr to work because
they are becoming mors level,

49, In many parts of cur country, 0ils
ars alrsady baeing protected with contour
ditches,

50. Local farmers with the heip of
government agencies and intarnational
groups are beginning to bulid contour
barriers and dig canals iike thess on their
farms,

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

52. Even on stesp rocky slopes like this
the soil can be saved for raforestation.

53, Here’s an example of what can be
done, Slopss which are too stesp or rocky
for food crops can producs trees for lum-
ber and fuel. The forests also help to
conserve the soil.

84. So when wae look at a hillside and see
contour canals llke these, we know that
hers lives a farmer who understands the
value of his 30il and how to conserve it

5if



ES. He knows that the soil is the most

valuable resource on sarth. THE END

UESTIONS FOR DISCUSSION

M—

1. Why do you think soil is the most valuable resourcs on esrth?
2. What are some good things rain does for the soll? What ars some bad things rain does for the soil?’
3, What are some bad farming practices which you have seen in your eomnmnity? B
4, What ars some good farming practices which you have sean in your commun&Y?;.
5. What does “planting our crops on the contour” mean? .
6. How can a farmer find the contour on his field?
7. Where is the best part of the ﬂeld‘to begin marking the contour?
8. Ask someone to explain how to use the A-frame. |
9. Name the different kinds of contour barriers.

10. How muéh differencs in elevation should there be between barriers?

11. Does a steap slope have mors or less barriers than a gentle slope?

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

13. What are the dimensions of the canal?

14, How can rocks and grass be used?

NOTE: Join together with your neighbors to study recommendations given through a filmstrip or film. Many
problems cannot be solved by one person working alone. These same problems can be solved when people ard
communiries work together = with each person contriburing and cooperaring to achieve a common objective.

r
QU = ey

\,—Q ~
intemationsl Headquarters = 5118 M. Portiand Avs, = Okishoms City, Okishoma 73112 US.A » f
Overseas Devsiopment Materials
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APPENDIX ¥

LIVING FIREBREAKS
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Leucaena planted in Imperata (cogan) grass which shaded out
the grass making an effective living firebreak (Cebu, Philippines).
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Calliandra calothyrsus closely planted will shade out Imperata
(cogan) grass making an effective living firebreak (Indonesia) :5 67
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k ; f.‘r;}‘r,-' Leucaena leucocephala, otien We have received 1eports that flat, (lama.gc in l.eucaena
t::_jj."\';"c;'}‘ refpered to as the wonder tree,  daminge was heavier during the  causes a growing concern amony
f:__.r. l;'\',g.?.‘.-' has not escapedd from rat pests.  diy than in the wet season, When  peeple  Involved  in Leuciena
'3":' yj"_::l':';_ Infarmation reaching the Natio-  wa visited Mindoro in March and  research and production. 1ow-
£ }i‘f“?ﬁ’.‘ mal Crop l."mlccli(m Center  April this year, wo observed alot  ever, gou.d manayement ol the
1y r&'“" } (rCrc) dcs.::nhc' dumage 1o Leu- o damage on six-month to one- pest requires a deeper understan-
; (!.?12! £ caena seedlings in some arcas of  and-ahall-year * old  Leucauna  ding of the rat's ecology as It
& [,ﬂ{.‘}fﬁf?-’aé the Fhilippines. trees. Youngor plantswerecutoff  alfects the crop.

'o‘—_ait_-fﬁ;ma‘," Halos (1980) reported that and barks of older trees were Also, a sound and econmnical
'3 '."f?,';-'{\'?*-" FORL rescarchers observed a  gnawed closo to the ground.  control program should e based
n&,\}i‘}@} mortality rate cf 45% on Leu-  When the bark is completely  on statistics of actual yield losses
53;4.};3,.::"31_1 cacna seadlings due -to rat da-  ringed, the upper portion dries  of Leucaena. This can be hetter

mage. NCPC had a damage count
of 20 to GO% it Infected Leu-
caona trees ol the dendrothermal
pilut project of the Natlonal
PPower Corporation in Maysaysay,

up. Whenever reshooting oceurs,
regrowth starts whero the bark
is still intaci, e.g.,
cur two inches abova the colfar.

measured If crop’s actual losses
can be quantified. Such loss

reqrowth oc-  may be in terms of roduced

Nesaaccher, s Nuiescch Plyalologiy,
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timher yield or delay in malu-
ration or both,

flat contiol suateyy nse(I In
{oud crops like rice, corn, coco-
nut, etc. may be adopted ad in-
terim in the absonce of vital
inforimation on the pest vis-a-
vis Leucauena losses.

This ad interim recommenda-
tion is based primorlly on pre-
vious studies on such species
as Maltus rattus mindanensis,
n. argentiventer and fl. exulans
which also dansge Leucaena.
These same species which also
allect food craps have been
successiully monaged with the
sustained Daiting method using
anti-coagulant rodenticides.

From NCPC’s preliminary rat
control program in Leucaena in
Mindoro comes this ad interim
recommendations lollowing the
sustained baiting method,

Baitlng Proceduras:

1. Mix the recommended chro-
nic rodenticides wlith the bait
material {e.g.) rice shorts, corn
grits or whole rice). Chranic
rodenticides like Natoxin, Na-
cumin, Tomorin, Diphacin, and
Liphadione are ovailable in the

4
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Philipplines.

2. Start baiting before the diy
season or belote food and waler
sources gol scarce In the area or,
at most, two woecks bolore
planting the seedlings,

3. Select six balting locations
for two hectires, thus, your
baiting locations are approxi-
matcly 100 meters apart. Ini-
tiolly Install two bait contal-
nus at each location and pro-
vide Tive to six tablespoons ol halt
matcrial. Bait contalners muy be
matle hom discardoad oll/tin cans,
Ixunboo whes, ele,

4. Check Dbait contalners ot
least once a woek, If all the balt
has been eaten ot one location,
placa two additional containers
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and provide six tablespoouns of
bait In all threo. Check again
alter o week,

5. Continue adding bait and
balt containers il you notico
increase In rat activity, i.c.,
il consumption increases during
your weekly visits.

6. I bhalt consumpllion decc-
reases after several weeks of
baiting, you masy not add balt
contelners anymore, Vislt the
srea once a week to keep track
of anlmals Inunigrating to the
area. This will help you deter-
mine whon to resume adding
bait/bait contoiners.

7. Nemove ant replace bait
that becomes moldy or exces-
sively wel.
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Fig. 2. Twig thowlug slgns of rat damaga,
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A. 12 Foot Telescoping Fiberglass Tree Pruner

Cord-actuated pruner biladge cuts imos o 1:1/8"! giameter. (A mutivower
laverage system increases ycur oull cn the cord 15 imes for quick, easy
cuts.) Tng 168'* needle point saw blade culs on pud stroke to recuce bin.
ding. Telescopmg fiberglass pole adusts trom S°' to 12'. Compiete with
pruning head, 12' cord, pole and saw.

81160 Model 333T. Complete. Sh. WL. 7 i&s $43.30
81185 Model 33. Reol. head wrsaw. cord. Sh. \Wt. 2 lbs. 17.40
81181  Model 302, Repl. poie (6'-12'). Sh. Wt. 4 ibs, 27.30
81038 Model 20118. Recl. saw blage Sh. Wt. '1 b, 8.40

B. 15 Foot Tree Pruner with Wood Foles
Cord-actuated pruner blads cuts limbs up to 1-1,8' diameter. (A
multipower laverage system increasas your pull on the corg 15 times for
quick, sasy cuts.) The 16", neecle paint, tetion-coated saw blade cuts on
pull stroxe to recuce binding. Three S° wood poles may te quickly
assemblec and taken apart. Comgiete with pruning nead, card, three 5°
poies, and saw.

81044  Model 34S5-10. Comptete. Sh. W1, 7' Ibs. $31.25
81045 Model 134H. Rerl. head poie. §'. Sh. Wt. 1% Ibs. 5.70
81046 Mocel 134E. Rerd. ext. pole, 5' Sh. Wt. 1% Ibs. 5.70
81033 Mocel 20118, Repl saw blaga. Sh. Wt, ‘b, 8.75

C. Pcle Pruning Saw

Duranie, 16" saw Dblace adjsuts o three diterent positions on the
Auminum head. Large hook 1or pushing brancnes, raising ropes, etc. Suilt-
in paint brush holger for applying tree wound paint. Sewhaead only. Order
poles saparately.

81048  Model 20 Sawnead. Sh. Wt. 11b. $12,38
81050 Model 102 Head pole for 81048. Length: S%',

Oiameter: 12", Lignt, duracie spruce.

Sh. Wt, 2 1bs. 15.40
81051 , Model 103. Extension pole for 81048. Length: 6'. Diameter:

1%'". Lignt, durapie spruce. Sh, Wt. 2 Ibs. 17.60
81052 Model 1P12. Single section pole tor 81048, Length: 12°.

Dwmneter: 1'% ', Light, duradie sorucse. Sh. Wt. 3% 1bs.  25.30
81148  Modei 106FG. Fiberolass oola. Fits 81048 head when

equioped with 81147 acapter (below). Fits 81050 head

pole directty. Sh. Wt. 2 ibs. 18.30
81147  Moqel 3FG. Adapter tor artaching 81146 10 81048.

Sh.wt. b, 5.30
31049  Mooei 208, Repl. blade for 81048, Sh. Wt. % Ib. 6.00
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D. Tree Trimn.er Head Cuts 1'' diameter limbs.
Strong, maileatle iron pruner has steel chain working thyoughn a ball beannv
pulley for a powerlul “center-cut” action. Trimmaer head only. Order pole:

separstely.
81030 Modei 111 Trmmer Head. Sn. Wt. 1% ibs. $15.0
81050 Model 102. Head pcie fer 81030. Lengm: S%',
Diameter: 1%%''. Light, qurabie spruce. Sh, Wt. 21bs. 15.4¢
81051 Model 103. Extension pole for 81030. Length: €'.
Oiameter: 1% " Lignt, durable soruca. Sh. Wt, 21bs. 17.6
81052 Model 1P12. Single section cole for 81030. Length:
12'. Diameter: 1%"''. Lignht, curaole spruce.
Sh, Wt, 3% Ibs. 5.3
81148 Modet 106FG Fiberglass pole. Fits 81030 trimmer head
when equioped with 81147 acacter (below). Fits 81050
head pole cirectty, Sh. ‘Wi, 2 1bs. 18.%
81147  Model 3FG. Adacter for attaching 81148 pote to 81030
wimmer head. Sh. Wt. 4 Ib. §.3

E. Tree Trimmer Head Cuts 1%:'' diameter limbs.
Heavy-cuty, malleable iron pruner head has steel cable chan working
through a ball beanng pulley for a powertul, “center-cut” action. Trimme:
head only. Order poles separately.

81031 Modet 12 Tnmmer Head. Sh. W!. 4 Ibs. $31.7¢
81032 Model 202. Head pole for 81031, Length: 5%,

Ciameter: 1%'". Lignt, qurabla scruce., Sh. Wt. 1% Ibs.  18.5¢
81033 ‘Model 203. Extension pole for 81031, Length: 6',

Dlameter: 1%". Lignt, durable spruca. Sh. Wt. 2% (bs.  23.0C
81107 Model 21. Taperea pole for joining 1% weood poles to

+ %' wood pole. Length: 8'. Sh, Wt, 3 ibs.

F. Fiberglass Tree Fruner Pole
Fiberglass with foam core lor greater Cielecinc strengh. Length: 6'
Diameter: 1%'". Fits 81048 Pole Pruming Saw and 81030 Tree Tnmme
Head when equipped with the 81147 acapter (below). Fits 831050 heac
pole directly. :
81148 Model 106FG. Sh.Wt. 2 lbs, $18.8(
81147  Mcde! 3FG. Acaoter for anaching 81148 poie to 81048

saw head or 81030 tnmmer head, Sh, Wi, %4 Ib. 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 ofuv
Scientific Separators, Inc. you may be infringing on patent rights.

Make the Zig Zag Air Separator column from 3 1hch PVC p1ast{c pipe and 60°
angle e]bowacouplers (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 collector from canvas or rice
bag; (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 s the diameter of the tube) in which a 1 inch auger
1s inserted (could be slightly larger or smaller) to serve the same function

as the air seal rotary feed. A "geared" motor is suggested as the power source
for the auger, which would provide a slow-adjustable speed to regulate the rate
of seed being fed into the air separator column.

Insert a one inch plastic pipe into a hole made in the air separator column and
make it air tight to serve as the gravity discharge. Fit a window or hardware
screen over the end of a straight piece of PVC plastic pipe {no. 10) and into

a sleeve or coupler (no. 12) to prevent seed from going into the blower pipe.
Connect the flex-tubing comming from the air source to the other end of the

PBC plastic pipe (no. 11). -

The air source (blower) can be provided by a gasoline powered ECHO - SOLO Back
Pack Power Air Blower, Model PB400, or, if electricity is available, a similar
electric air blower (see attached).

The throttle on the blower motor controls the speed of the motor, which in-
turn regulates the air flow. The speed of the auger and rate of seed fed
into the separation column is regulated by changing the gear ratio of the
gearimogqr. 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.

MDB
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Impu: hopper made from wood and slanced at bo::om S0 :ha: seeds feed
into auger.

Rotary feed made from a one .nch auger (or !rcn a wood drill bi: or
gimilar tool).

Zig Zag air sepera:ion column made from: straigh: pieces of PBC plas:ic

fpipe.
Gravity diséﬁa:ge'for”iéed}“

‘Cyclone collec:or made from'a me:al can or wooden box with, open bo::om.

Lower par: of cyclone collector made from rice. bags or canvas.

Auger housing made from a metal or'plas:ic tube which has a 6 1néhf‘
saction cut out (top half of tube) to allow seed to enter the augér;

60° angled elbows/couplers.
A gear motor (suggested) as the power source to drive :he auge:.,
Screen (window or hardware screen) to keep seed out..of :he blowar :ube.

St
Straight plece of PBC«

fSlgeVe or coupler.
‘Source of air from blower (see attached for sample blowers).

A 6 inch opening in the suger housing to allow seed to flow lato :he:§¢§é:.
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In the picture

of the tree) the
harge (#5) to which a

(#6)

iscard disc

g the discards into a plastic container

the air source - blower - is shown (#13), the lower
(#4), the middle (in the fork

being refilled with seed.

in

feed
(#1) is

top middle the cyclone collector - d

In the lower right of the picture,
left the gravity discharge container for the seed
and the very

t, the input hopper

t hopper (#1),

The picture to the left shows a side view of the Zig Zag Air Separator secured to a tree and in op-
polyethelene tube is fastened

to the righ

inpu

3

eration.



BEFORE -- Leucaena seeds before cleaning by Zig Zag Air Sepa-
rator, Notice high concentration of trash and smail, 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.

s .
re




DISCARDS -- Although it is hard to see in the upper picture,
all of the seeds were either damaged by insects, covered with
fungus, broken, small or mutated. Approximately 8-10 % of the
seed becomes discards when the seed is processed through the
Zig Zag Air Separator. If the seed is sized by screening and
ggoceSZed through the separator, approximately 15 % becomes
scards. . :

The picture below iz 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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Herbicide Boom, Mounts on mist biower lor no-dritt harbicioe ap-
Pecations Boom is 7' long Each end has a spring-loaced. tiexidbie exien-

$or with 1 flal, fan-spiay nozzie. Boom 15 led

varaulic pump while tne B biower nozzies are capped (See nozZle caps
1 113n1). 3 addional nozzies {oplional, 0loe’ sepaialely) may be agoed

W complele 7 wioe coverage

1320 h Wi 31 .
§ Shwi3lbs $108.98 13208  Sh. W1 21 bbs.
I. [ » -y H ‘T - *- * Sy r'wm -
{~" B .'f.; LT N
[ L
--'. . LA .'

T

Ducharges mat 25' horuontally, 19° vertically. Singe-
tyimaer, pir-coole. two-cycie engine produces 3 HP and nas
fve) tank holding 9 U.S ouart. Formula tank hoids 2.6 U.S.
Galions Corrouon-prool plastic trame orer tube sieel tein.
tcements lranslucen: formula tank with content level
marrs Priced adjustable cannng straps. DIMENSIUNS.
Wb s 8. WEIGHT. 16 tos emply

DISC Sh W 23 Ibs SUILY gG.
13187 Dusting KL Sh. WL % b, 1395\
Dogape Pieces tor Granolate Chemicahs,
Use with 13197 1o apnhy pranular chemecals. Iacludes §
dosage preces for regulating oviput from 10 o1 /min to 14k

2

L

Sh. Wt & 10, Per 3¢t of .
9 preces

Flame Thiowe: Attachment

for Model 410. Sh. WL 3% Ibs.

13135
13192

180

o
v

rers e e -

T T —rat ot - e
¥ | ' . . 175
3 & ?@ Mist Blowers, Air Blower o
R ER
§ Iz;.:.z b . 1, 1882 %EE Mist Blowers, Air Blower...
f,.—-?’; "_':"” j“: _g":"""""“‘ ...forall your spraying, misting, fogging, or blowing needs.

Hich Concentrate Mist Blower

Consists of engine/biower unit only. (You supdly formulz tank and transportation.)
Dischatges mist through 8 moveable nozzles; reach is 20° uD 0! across. DISCHARGE RATE: 1 quan

10 4% galionsmmin. Powerea by 12'4 n,

1:25 10 1:50; fuel tank holds 3
whatever girection nozsle is pointed.

13200

13201

MIST BLOWER wio FORMULA TANK. Supplied with 10mm (3/8
formula 1ank. For connecting haroware. see Formula Tank Connecting Set. SR. w1 83

lbs.

MIST BLOWER with TELEBLAST GUN NOZZLE. For 35° reach in directior.
Wio lormula tank. With 10mm (3/8 ") i.d. hose to connect 1o formula tank For zonnectng
nargware, see Formula Tank Connecting Set. Sh. Wt. 85 Ios.

1 cyhnger, 2 cycle SOLO engine. FUEL: two cycle mix of
1 galions. Available with teleblast gun nozzie for 35° seach in .

°) L.g. hose 10 connect 10

$083.50
selected.

1,089.80

Eormula Tank Connector Sot. All hardware neeced to connect tuding from the 13200 or 13201

mist blower 10 1he tormuia 1ank. Includes 2 nipples, 2 nuts, 2 0-rnas and 2 clamps.

13202 Sh Wi 4bs.

7.80

Formuls Agltation Kit. All tubing ang hargware needed 10 exiract some moving air from mist

piowe: angd np=cl it in1o the formula tank for agiation.

OPTIONAL ACCESSORIES
Hand Spray Qun Attachment. For low pressure

13203 SnWwiLil

{up 10 32 psi, directional soraying. Inclugdes

wano wiin nozzle, on-ofl spray conirol, pressura gauge and 30 of tubing for connecting 10 mist

blower.
13204 Sh.Wi.10Ms.

13208
by the must blower
(8 requiredL.)
13207

on 13200 mist blower.

" Model 423 ;;
. Back Pack . v
" Mist Blower .

Discharges mrst 33' borgontally, 25° wertically. Sinple
cyhnoer, pu-cooled. twocycle engine produces § HP and has
fuel tank hotding 1.6 U.S. ouarts. Formula tank poids 3 U.S.
galions. Corrasion-prool plastic frame over tube steel rein-
forcements Transivcent formula tank with content tevel
maras. Pagded. sdjustable carrying straps. DIMENSIONS.

20" 1 18" x 12" WEIGHT: 25 ibs., emply.
13196 Sh WL 32 Ibs. _mm@
IS DummpmtShwlhls o343 BT

Dosage Pirces for Gramulate Chemicals. .
Use with 13198 to apply granuls: chemicals. Includes §
dosage preces for regalatng output trom 10 ar./min. 1o 143

oL/ M,
Sh Wt % Ibs. Per se! of

Optional Boom Nozzls.
Sh. Wi 4 ozs. .
Nozzis Caps. Eliminate air blow {fom mist blower guring bOom usags.

Sh.Wt. 102

13185
9 preces.

13193 Flame Thiowes Atathment
Sh. Wi, 3% ibs.

$72.98

Each $18.28

Each 78

Telsblast Gun Nozzie Only. Interchanges with &-nozzie atiashment
209.98

A S HP (SAE). 2<ycie, o ooted SOLO engine creates @
powsrlul 225 moh ax bizst Desygned 1o be camed hhe 8
bachpack the Power Blower werghs 8 comfortable 22 lot
Witn the accessory 5 ool extenson lube attached, lorestens
can constuct fire lines by blowmg sway the leaves, hifttes and
dut! fiom the forest lioor « 1n much less time than 1s required
when ymng fire kes. horticulturssts can clean lawns. liowet
beds, ang rock gardens. Maintenance personntl can “sweep”
tter from sround seats in theatres of sDotts arenal

13175 Sh.m. 24 [bs.
1317¢  SOL0 §° Extension Tube.
Showe. I dbs.

|
|
i
|
|
|
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SCIENTIFIC SEPA RATORS, INC.

+ TEL. (303) 6236178

§21~-17th Street, Suite 1515
Denver, Colorado 80293

Patented-
Dry Particle-
Air Classifier




The sketch above depicts how
separstion of dry, particulate ma-
terinls are made, Arrows on each
side of the column indicate direc.
tion of material flow. Coarse,
heavy, material, “A", cascades
down the 2ig-zag column. Finer,
lighter material, “B", is . arried
upward in the sir stream,

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

The Scientific Separator is a mdltistage air classifier for use in
~ separation of dry particulate materials. Its basic features are as

follows:

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

Separates product mixes that have praviously riot been
feasible to separate economically.

Heavy gauge metal construction,

Low cost installation, operation and mainfena(rié';e’,iff
Dust free operation. B
High capacity at low power consurnptlon.,

Alr exhaust may be recirculated tocreatea closed system

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.
Operates as efficiently at low loadings as at design load.

Appiications 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
SSI trouble-free air classifiers.



Input hopper

Alr seal
" rotary feed

@ © @

Zig-iag air
separation column

Gravity discharge
(heavy material)

Cyclone
Collector

@ 0 O

Air seal A
rotary discharge
(iight material)

STANDARD MODELS (12 ZIG-ZAG STAGES)

MODEL 154 k26 A312 A48 630 A-848 A-1060

Lbs, Per

Hour* 250 500 1,500 3,000 7500 16.000 25.000
Column

Cross Section 1%" x4 2°x3" 3112 4"x18" 5"z 30" 8" x48"° 10°x 60°
Blowsr:* "

HP. ¥ 1 2 3 5 10 15

CFM (4] 130 % | 780 1,850 4,150 6.500
Cyclons:*

Diamater 12° 14 16" 23". 3° L 62*

Height 3 k2 o £3° 5'10° ¥ wes e
Overall:

Length 44" 53 6 4 10 1Y 1’

Width r4 3 9 £3° 499" 5%° ¢ "

Height Lyl 66" e 129" 14 188" 218”
ADDITIONAL

FEATURES
Rowz Feed

and Discharge Std. Sid St - Std. Std. Std, Std.
Varlabie Feed Std, Oot. Oot. - Opt Ont. oot Ont
Plexiglass

Front Std, Ont. Oot. Ont. N/A N/A N/A
Alr Mster std. Oot. Oot. Ot Ot Toopt Ot
Stainless

Stael Ot Ont. Oot. Opt Ont. . Opt. . oot

*Capacities are Bassd on aversgs motsris) encounterst (bulk density 30 Ibs. per cuble fost). Astual capacity, cyciene sizs, and
biswsr hersspewer will Oepend en actus! material to bs ssparated. Actual capacities will rsage trym v to 3 timas the listed
capacitivs depending en buik sensity and ssrocynamic character of the material i

AY



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.
Results of such sampies will be returned to
you without charge for your examination.

Any dry particulate product mix varying in
size, shape, bulk density or aerodynamic
character.

SCIENTIFIC SEPARATORS, INC. olp

. e T 178
621-17th Street, Suite 1515 EL. {303) 623617

- Denver, Colorado 80293

CAPACITY APPLICATION

‘As required — ‘Any dry
upto particles
100,000 Ibs, 100 microns
- per hour and
in a single larger
unit
"ADVANTARGES

Minimum product damage
© Continuous fiew
 Dust free operation
- Automatic operation
Low maintenance
Economical operation

Few moving parts

High capacity

14
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vi.th 1oday’s high cost of labor, most
luberatories must minimize the time
spent in manual manioulation of secd.
This equipment relieves some of the

tedious time-consuming manual WOrk  |NCLINED DRAPER SEPARATOR Sev .
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amount of time, while maintaining the o > e @i eQUITPL minitium coerstu’ olian saned
. . panvides for variauion e ungle of =etita arul ) Canity. 1120 0 . a LY
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1aboratory work., galvanized catch pans, and V=it griva. chictive in  making hiwult L.,

1.1453 Separator $5010.50 Caran’y ftures incluoe fine wirod calnnat cn P2 Quit

VISBRATORY SEED SEPARATOR Sumgle LABORATORY HEBEARDEN Hawy o e 1. Stiiten el ottt precrn on.
dock. Furnisnad with & interchangeabile aucks.  Jpatale. Con handie vary wnall au it toie § o stniuag cobot Hondh smal to prev
T RE AU R L o availahle Yot larget coed S

Conplate with eiectric vibrator feeder, &t Does hut damage the secds. Gantly aniis s th

romagnatic vibrator, 8 precision controls zainst wach otner ard sonctal haffles i the i wats, Comwinte vath vibrstor teder, siung f
Self-cleaning. versatile. Makes many diHicult agiator Orum. Aemoves dilhicult e, Wowser unn, culie 9ng roceptacies, mounted stabl
soec eparations. Does not requine ir; uses awng, hairy, separatcs doubles. Vitrator temiaf in oubsinet "ain reQiitod conires. I ,
extured Oeck 10 parate ofn the basis of ¢ matcrs sed 10 drum. Complcta with stevl 1.1457 Blower $4680.50 ‘E’:?‘-“

and suriace laxwre. Eliminates hand , i » e,
thaoe * i hopoer, viratory fecaer, drive, and outfacd  AUTOMATIC OIVILER SUBSAMPLER |  field 0

1gnor for sesarating specific mixtures. Used in door. R
wooratories all over the worlg for handling 1.1484 Depesrdier €2210.00 iﬁeldvﬁl olM_ nf the n'\_os;udfl.lsf:-Jlt protlﬂems of from
small quantities of seed. Mokes separstions TREATED SEED INSPECTION STATION nm.h:c :ﬂs:ﬁln::,m ut;;u;u;g‘ :nxi:' or;?:g;
not possidie with soecific gravity machint.  Protects the seed analyst from toxic dusts and ks Of Iz an 1 gram. Produces reof;- &127€
Caucity poout % lo. per hout: vepons from treated scod during purity and- sentativa mhs.;mmm al large and small wed
4.1459 Separator $2524.5V lysis. Incluces an exhaust system 1o ramove io1s ol elther urgf.--lm.»;*-.d or small-seeded
30.DECK VIBRATORY SEPARATOR Hon- dust and fumes from enclosad working 163, spovies. Includes accurate, pracise elecitonic

s larger volumas of difficult seed seodf vibrator fecder 10 move the wed 2long B shut off device for contiolling sub-mmole
°, ';w voly " & | ¥ trough, vacuum pick-up for cuntainindnls weights Vibrator feodsr reguiates and Di

tions. recision machine successful n purdy-  (othar crop seed. ? \hert, mattarl, rom- WO iy tvet mwnz i pc.m VOG
™ ’a;' wed, oo aed;ddmnf ang oMY pination mognifying aliss 2nd light, tablc, Precision n:ado fur prucision wo‘rk. ':gmolm
:;%cls um‘:uﬁrf 19::;'"”&0&"\ “‘:I:‘ lamo, and f0at switch. with vibiator 1end:r. Dial.C-Gram nallr:: PLO1
about 16 ibs. per hour. Complete witn gl Vass dmpern Stion  + 5235050 cleciic and eleionic cantrol, s0ed hopoe:, )
ot pracision conrols, dividers, and 1ed MICRUSCOPIC INSPECTION STATION  and sood containens. Mounted on base. This |
pans. Uses the best magnification system available  1.1458 Subsamplar scosase [ thresh
4-1460 Separator 2599%.00 10 examine the maximum smount of smail- jrom

saed tegumes, Graty seed. nd ather sorad T/pes All MAT.OSU mechanized equipment comes rage
{grain, flower, tree, arc.). Onerator cen lavn cutnpierely wired. Reudy t0 OPIrale, when to

VELVET ROLL SEED SEPARATOR Seo- , A : .
1o use with very little praclica. Twe vibrutnry connactd 10 Dvuilable power D!y 115v or ;‘ and ¢

arstas seeds on the besis of surface lexiure. A
Easy ';mmcﬁon. claan out. 8nd control of teoders move seed uncef siereaznom mu.ce 220v, 60 cycios. 50 cycle contro! acgitionat. [ out t
machine varisbies. No pomitility for con. oPe Usaful for 1roated seed. Microscope £31 Operation arxi Mamlenance manudls wootted | 30 S
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50 — APPENDIX

TAIWAN

Hu, Ta-Wei and Chih-Cheng Liu. DiviéionApﬁ,Silviculture, o
Taiwan rorestry Research Institute, 53 Nan-Hai Road, Taipei,

Taiwan, R.O.C.

VEGETATIVE PROPAGATION OF LEUCAENA BY LEAFY.CUTTINCS'UNDER
MIST SPRAY

Due to some hybrids of Leucaena leucocephala with other
Leucaena spp. are fast-growing but sterile, research for
practical methods of vegetative propagation is necessary.
In Auvgust, 1980, twigs were taken from l- 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 and 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 em
and row to row is 15 cm apart.

Thirty-five days after the establishment of the test, number
gf1§°°tEd cuttings was examined and the results are shown as
ollows: .

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. without shoot 100 97

Leafless twig cut. ’ 100 52 83
~ 3-Yr Leafy twig cut. with shoot 100 50
: Leafy twig cut. without shoot 100 37

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 higher 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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