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1. Base-line data
 

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

and soil tests.
 

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

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

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

should average 1 per hectare where there isn't any

apparent change in the topography or surface soil
 type. Where changes are noted the number of profiles
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per hectare should be adjusted to identify the changes.

Soil analysis should include pH, for both macro and
 
micro nutrients and moisture-holding capacity (ref. no@

2 below and Section 2-B.3.c.).*
 

2. Soil amelioration
 

Regardless of the genetic potential of the plant materials,

optimum yields will not be obtained unless adequate levels of
 
soil nutrients are available. Continued harvest of trees will
 
mine nutrients from the soil. 
Most of the sites have nutrient
 
poor soils, not capable of sustaining yields in perpetuity. If
 
these sites are marginal for agricultural production, they are

also marqinal for sustained tree production. A great share of
 
the abandoned cogan lands were once farmed by Kaingeros. They

were abandoned because crop yields could not be sustained.
 
Approximately 70 kg. of phosphorus (p), 
330 kg. of potassium

(k), and 57 kg. of sulfur (s) are removed from the soil when
 
12 cubic meters of dry biomass is harvested from one hectare of
 
land (10). Other nutrients important for maximum tree growth

are removed also. Most of these nutrients can be returned to
 
the soil in the Dendro-thermal project if the ashes from the

furnaces are pelletized (for ease of handling and shipment) and
 
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 trooical soils are low in ohosphorus. Phosohorus is
 
important for root develooment and research has shown a direct
 
relationship between phosohorus availability and nitrogen fixa
tion. The application of small amounts of Boron (on boron
deficient soils) has proven to dramatically increase the growth

rate of some trees. The micro nutrient molybdenum is necessary

to activate Rhizobium and nitrogen production in nitroger.-fixing
 
trees.
 

* Based on recommendations of Dr. Mark Hutton, expert Leucaena 
agronomist and soil scientist and has over 20 years experience

with adapting Leucaena to adverse soild conditions. Formerly

at Commonwealth Scientific and Industrial Research Organization

of Australia, Dr. Hutton has recently completed five years

research on the adaptation of Leucaena to acid soils at CIAT in

Cali, Colombia. He will continue his work at IMBRAPA in Brazil.
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Low levels of calcium in the surface soil material (20 cm to

1 m) can be a major limiting factor in root develop~aent and

deep root penetration which will result in poor performance of
 
Leucaena on acid sites. 
 Adequate amounts of nutrients are

important not only for the maximum growth of Leucaena, but are
 
equally important for the growth of all trees.
 

Foliar analysis is an excellent and easy field method for
 
determining nutrient deficiency in a tree or plant. 
By

analyzing the nutrients in the leaves one can determine if

the tree is taking up adequate amounts of specific nutrients.
 
However, it is important to choose leaves that are relatively

new and fully expanded and not older leaves. The plant will
 
rob older leaves of nutrients and shift them to the newer
 
leaves.
 

Foliar analysis is valuable only if information is available on

which nutrients are essential for the maximum growth of a spe
cific species of trees (such as Ca for Leucaena). However, it
will not tell you if you 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

Mg, Fe and Mo. Molybdenum (Mo) deficiency will show up as 
a

nitrogen deficiency, indicated by yellow leaves.
 

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

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

costing out inputs vs 
returns can this question be answered.
 

Many tree species require the same levels of nutrients. There
 
are some exceptions such as in the case of Mo which acts as a
catalyst to maximize nitrogen production of Rhizobia in nitro
gen-fixing trees. The Rhizobia can produce adequate levels of
 
nitrogen to satisfy the trees' requirements. Nitrogen is an

essential nutrient. However, nitrogen-fixing trees do not need

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

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

however, soil nutrient levels will vary between sites (even

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

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

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

poles than plots receiving no boron. (18). Applications of 50
 
gm. of NPK (10-30-10) and 5 gm. of boron to Eucalyptus randis
 
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.
 

i
grandis on the research site without any fertlli!er 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 rapid rate of defor
estation).
 

However initial species and provenance trials can be launched

by using seed collected from superior mother trees that have
 
shown desirable characteristics. A standardized species trial

design should be adopted, so that research results can be com
pared with results obtained from other sites and with results
 
obtained by other researchers elsewhere in the Philippines and

Asia. USAID and other organizations are now attempting to

facilitate a research network in Southeast Asia. 
 Standardized
 
research design and methodologies must be a basis for this net
working if the exchange of research data is to be of value.
 

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

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

known; but it should not be considered as a panacea. It will
 
not give sufficient yields on some sites (esmeciallv the more
 
acidic ones) to meet the wood/energy requirements of the various
 
projects. Other fast-growing species, such as Albizia,

Gliricidia, Pithecolobium and Casuarina, may do as well or bet
ter than Leucasna on certain sites or on some 
ortions of the
 
same site. This can only be determined through species trials
 
that incorporate soil conditions into the research design.
 

On some sites preliminary observations may indicate that one
 
species outperforms another. However, :esearch could prove

that the species that yielded poorly on the unameliorated plots

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

Whenever possible, nitrogen-fixing trees should be planted, for
 
nitrogen is an essential plant and tree nutrient (Appendix H).
Most tropical soils lack adequate amounts of nitrogen, which is
 
essential for maximum production and sustained yield of short
term tree crops.
 

Leucaena
 

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

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

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

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

include:
 

a. 
Pure seed of known pedigree with the genetic capability

for maximum wood production.
 



be Well-drained soils with a pa above 6. 

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

d. Adequate nursery (or field) and establishment 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 yield will not be obtained if a
 
subsystem is not functioning properly.
 

On some sites, Leucaena may grow well at the 
±ower portion of
the hills, on deeper soils with less slope oi 
on secondary
forest areas with a higher organic matter convent. Leucaena
 may not grow well on steeper slopes, which havo poorer and

shallower soils, while other species will (9).
 

Leucaena should be planted only on 
those sites where it grows

well for maximum wood production. However on some sites, it
 may not be economically feasible or cost-effective to plant
Leucaena. 
On these sites other species may produce higher

yields.
 

It is possible to grow Leucaena on more acid soils, with a pH
of 5.5 to 6 (even as low as pHS). However these soils often
lack the necessary levels of nutrients and will require soil

amelioration with "Y:rtilizers such as superphosphate and dolomite (1)(3). 
 These inouts may be imoractical or prohibitive in
some areas of the Philipi 1 es.
 

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

sufficient cuantities of other tree species that show promise

on these sites should be olanted first.
 

4. 
Tree Improvement and Seed Orchard Establishment
 

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

improvement program. Additionally, base-line data for each
site must be gathered (soil profiles, pH and nutrient analysis)

and incorporated in species trials design or valid and useful

research data will not result.
 



It is recommended that the three projects jointly employ a plant

geneticist (plant 
or tree) who would be in charge of a tree
 
improv2ment program, and would work under the overall research
 
director (ref. Section 2 Research Recommendations, A. Introduc
tion).
 

Genetic improvement can give gains of 10 to 30 percent in yield

is the first few generations, and generations can be as short
 
as 2 to 3 years for some tropical trees (20). A tree seed

improvement program can produce immediate results within the
 
first year by simply using quality sieeds 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 plantinS schedules
 
will not have to be delayed.
 

It is imperative that sufficient auantities of aualitv seeds of

all fast qrowinq species, that are appropriate for plantins in

the Philipoines and have the genetic capability of fast growth

and high yield, be developed. Sufficient cuantities 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 Irrication project to be met.
 

An intensive effort should be launched to enlarge and improve

the germ-plasm base of fast growing and nitrogen-fixing trees
 
for future plantings in the Philippines. This collection
 
should not only be made in the Philippines but it should be on

regional and on an international basis as well. This effort

should include the collection, testing, evaluation, selection,

improvement and reproduction of the most promising germ-plasm.
 

Fuelwood research has been identified as one of four major

research priorities of A.I.D at a recent A.I.D. conference to

identify fuelwood research needs. The improvement of the

germ-plasm base for fuelwood species was 
a high priority.
 

A great number of the fast growing and nitrogen-producing trees
 
out-cross, therefore they express genetic inheritance from both
 
parents. 
Thus all trees grown from seeds from one outstanding

mother 
tree may not express similar characteristics. Some tree

species, such as Leucaena leucocephala are largely self-pollen
ating (Leucaena is estimated at 95%) and are easy to breed and

while others are more difficult and take a longer time to set

seed. Seeds from trees that are out-crossers will have only

50% of the genetic charactistics of the mother tree, therefore

several years may be required to produce seeds with genetic

uniformity.
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5. Plantation Establishment and Management
 

a. Nursery and Establishment Practices
 

(1) Direct seeding, bare-rooting, containerization,

and vegetative propagation are four methods used
 
for tree establishment.
 

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

such as Leucaena. It is cost-effective and

the roots are not damaged when transplanted

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

One method that has proved effective in some
 
places in the Philippines is to plow a double
 
furrow with a buffalo-drawn plow and direct

seed into the furrow, as one does with corn.
 
It is most important to break up the top soil
 
to enhance root establishment and reduce
 
weed/grass competition.
 

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

used to make a hole in the ground 5 or 5 inches
 
deep. The soil is mixed with organic matter

and appropriate nutrients are added. 
 In the
 
case of nitrogen-fixing trees, molybdenum is
 
added to the mixture, phosphorus is added to
those soils deficient in the nutrient (almost

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

and nitrogen is added for non-nitrogen-fixing

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

appropriate strain of Rhizobium (if necessary)

is placed in the hole at the onset of the rainy

season. A modified corn planter can make
 
direct seeding easy. A corn planter can easily

be fabricated in the Philippines (reference

Appendix I).
 

This method is very advantageous, for root

development is enhanced by the added phosphorus

(and calcium in the case of Leucaena on acidic

soils). Research has shown that tree estab
lishment and growth can be enhanced by the
 

\q
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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.
 

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

(c) Root trainers have many advantages over plastic

bags and bare-rooting, such as reduced weight

(compared with plastic bags), little or no root
 
damae, a higher rate of survival, and seed
lings start faster and compete better (a more
 
detailed comparison is given in Appendix J).
 

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

) 	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. Inocula
tion with Rhizobium can be done either in the
 
nursery or in the field and it is a cheap

insurance to inoculate in order to protect the
 
investment in tree planting.
 

(b)Mycorrhizae
 

The research program should include research
 
on Mvcorrhizae. Mycorrhizal fungi facilitate
 
the uptake of phosphorus and have the ability

to transform unavailable forms of phosphorus
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into forms available for plant uptake. Most
 
tropical soils are phosphorus-poor, and ade
quate levels of phosphorus are necessary for

maximum tree growth. Mycorrhizal fungi facil
itate the uptake of other nutrients as well
 
(Appendix K).
 

In the absence of Mycorrhizae r tree growth is
T1mited. It has been hypothesized that appro
priate strains of Mycorrhizae usually asso
ciated with trees are absent from cogan lands
(Cmperata cylindrica) that have been without
 
trees for a prolonged period of time. The
 
presence of appropriate strains of Mycorrhizau

will help sustain yields without fertilizer.
 
Also, Mycorrhizae will facilitate the more

efficient use of fertilizer applied to trees,

thus reducing fertilizer costs.
 

b. Site Preparation and Weed Control
 

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

Inadequate weeding causes 
trees planted on grasslands

(15) to quickly show signs of ill health and poor growth

(14). Where the herbicide (Roundup) was used to control
 
grass in a three year old tree plantation, there was a
significant growth improvement the following year 
(16).
Trees planted on grasslands previously dominated by

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

c. 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
 
dta is necessary to provide reliable data to choose
 
species which will produce yields to meet projected

wood demands for the various projects.
 

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

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

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

which may provide an adequate volume of coppice yield

but may be an uneconomical method of harvesting on
 
steep slopes because of the size of the log. One the
 
other hand with soil amelioration, other trees such as

Leucaena may give equal or 
higher yields than Casaurina
 
and produce a log that is more economical to harvest

and haul. However, research to prove or disprove this
 
will require a 6 to 8 year continuing and well disci
plined research program. This is not indicated in the
 
present TA package.
 

d. Soil Engineering and Water Management
 

Although most targeted plantation sites receive adequate

rainfall, the rainfall pattern is uneven, the soil is

compacted and water infiltration into the soil is poor.

Therefore, maximum yields will not be sustained as sheet
 
erosion will occur, resulting in soil and nutrient loss.

Tree yields on many sites can be increased by increasing

water infiltration through simple soil engineering

techniques such as contoured hillside ditching (see

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

e. Soacing 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 soils on relatively level
 
ground and the results may not be appropriate for steep
 
hillsides with shallow soils, as will be found on rome
 
plantation sites in the Philippines. Additionally, the
 
spacing may vary for iie production of stems (logs)
 
that will be economical to remove from the plantations
 
by the proposed cable systems and trucked to the
 
conversion plants.
 

Optimum spacing for Leucaena for wood production will 
probably not be the same as for Casaurina, Albizia,
 
Gliricidia, Pithecolobium, etc. Spacing trials data
 
for some of these species may be available through
 
organizations such as the UN/FAO or the International
 
Development Research Center (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.
 

f. Agroforestry (intercropping)
 

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

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

for one year at which time the trees would shade out
 
food crops.
 

g. Ground Covers
 

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



covers for interplanting under various kinds of trees
 

used in the wood energy plantations.
 

Treesp unless planted in enqineeringly sound systems
 

with adequate qround coverp do too little to orevent
 
A good canopy will reduce raindrop impact
soil erosion. 


an--d organic litter will help reduce sheet erosion.
 

Eowever, the fine leaves of Leucaena and many other
 Some trees
trees are poor interceptors of raindrops. 

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

reducing the leaf area for interception of raindrops.
 

Also, the fine leaf litter decomposes rapidly, resulting
 

in inadequate mulch to reduce sheet erosion.
 

Some legumes, such as Desmodium ovalifolium and
 

Aeschynomene indica (local) and some grasses, such as
 

Stenotaphrum secundatum (St. Augustine grass) are
 

shade-tolerant and may work well as ground covers in
 

wood energy plantations.
 

h. Fire Cocntrol
 

Fires can cause extensive damage to newly established
 

tree plantations. Firebreaks cleared by hand or
 

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


establishment, the grass on the plantation site and
 

surrounding area should be burnt off.
 

(both common and giant types) and Calliandra
Leucaena 

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

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


plowing (buffalo or cow) and the seed dibbled into the
 
rows will form a canopy
edge of the furrow. The paired 


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

i. Rat, Ant and Termite Control
 

Ratr, ant and termite damage to seeds and newly planted
 
seedlings (especially Leucaena) has been reported in
 

The most heavy damage seems to
newly reforested areas. 

This damage
be plantings in Imperata (cogan) lands. 


can be prevented or greatly reduced by certain preven
tive measures.
 

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

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

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

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

alerin, 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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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; Leucaeria seed reproduction in the
 
Philippines generally has not been done in isolated varietal
 
pure stands; seed adulteration on occasion has been known to
 
occur; and the usual procedure of seed collection has been to
 
collect seeds from trees to which the collectors have easy
 
access (short and weedy trees rather than the tallest).
 

One evidence suggestirg 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.
 

1. 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 the seeds are more readily

accessable. Coppicing does not alter the genetic

make-up of the selected tree.
 



C. 	 Whenever feasible, other undesirable Laucaena trees
 
in the immediate vicinity should be marked and cut
 
and prevented from flowering and setting of seed.
 
This can be done by frequent cutting of the cop
pice, whicb can be used for livestock forage or as
 
a green manure mulch. The cutting of these trees
 
will prevent cross pollenation of desired seed
 
trees with undesirable ones (seed adulteration).
 

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

e. 	 Seeds should be collected when pods are fully

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

the seed as one would rice.
 

f. 	 Seeds should be thoroughly sun dried before stor
age, and treated with a pesticide such as Sevin
 
and a fungicide such as Captan. The seeds can be
 
stored in plastic carboys (Jerry cans), which
 
should be sealed and stored under dry (30% relative
 
humidity) and cool (100C) conditions (1). A

"rule of thumb" for seed storage is: relative
 
humidity plus temperature in degrees Fahrenheit
 
should be less than 100 (for example 50% humidity

+40°F-90 or 40% humidity + 50OF is o.k.). 

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

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

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

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



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 (62.
 

It is recommended that all Leucaena seed, and whenever possible

all other tree seed, be cleaned and sized by separating them
 
through hardware screens or dockage sives (round holes) and by

the use of a Zig Zag Air Separator or a vibrating table separ
ator. The specifications 1or the Zig Zag Air Separators and an
 
example of a vibrating table can be found in Appendix P. A
 
vibrating table can be purchased through any seed machinery
 
supply company.
 

I recommend the Zig Zag Air Separator, for it can be constructed
 
fxom materials found in the Philippines, and it is easily made
 
and maintained and less expensive. Additionally, the Zig Zag

Separator will separate seed covered with fungus and insect or
 
otherwise damaged seeds that may not separate out on a vibrating

table.
 

The screening will generally separate out the common varieties
 
of Leucaena from the giant varieties, for the common seed is
 
usually smaller. By both screening and separating, the immature
 
and malformed, the broken and insect or otherwise damaged seed
 
will be removed. Approxmiately 20% of the seed (by weight)

will become discards. Recommended hole sizes for the hardware
 
screens are 10/64, 12/64 and 14/64 (inches diameter). This
 
will give you four seed size seperations.
 

If seeds are propagated in containers, this seed sorting process

will virtually eliminate empty containers, thereby reducing
 
nursery costs. If the seeds are directly sown, the average

seedling will be stronger and more capable of competing with
 
weeds and grass and have a higher rate of survival. The growth

rate of all seedlings will be more even.
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Vegetative ProPaqation (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.0
 

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

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

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

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

in the Philippines -- one tree that seemed to have substantially

greater vigor, which had been planted at BFD in Quezon City (and

since cut down). Are these specific hybrids, chance crosses,

mutants, tetraploids or simply the result of ordinary genetic

recombination? We don't know. They may be sterile or not breed
 
true even if self pollinated. But these trees could be inex
pensively cloned by cuttings or tissue culture and multiplied

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

Tissue culture is an appropriate tool to short-cut the lengthy

time it takes to reproduce seed from superior trees. In the
 
case of Leucaena, a second generation crop of seed can usually

be produced in one and a half years. Therefore, tissue culture
 
may not be an appropriate technology to use, unless it is for
 
the cloning of mutants or sterile hybrids. However, for many

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

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

seed producers (either producing small amounts of seed or the
 
percentage of viable seeds is low). Therefore, tissue culture
 
could be used to clone thousands of the superior trees for the
 
first generation seed orchard. The second generation cou.ld 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 produceI from one superior tree. (One

has to be careful not to plant large monoculture plantations

from identical genetic material for such plantations could be

highly susceptible to disease or insect infestation). If you

chose to, a smaller number could be cultured for a plant mater
ial orchard and the next generation could be produced by rooted

cuttings (This may be an economical method in countries where

the private sector has developed tissue culture facilities).
 

Tissue culture does not need to be expensive. Leucaena is dif
ficult to propagate with the older rooted cutting method, al
though a relatively successful method has been developed in
 
Taiwan (Ref. Appendix 0). Rooting of cuttings has been more

successful when the cuttings are immediately submerged in water
 
after severance from the mother tree to maintain the water

columns so that transpiration can continue. Juvenile tissue is
 
required for successful vegetative propagation of many tree
 
species, such as Eucalyptus.
 

Regardless of the genetic potential of the seed/planting mater
ial, maximum yield will not be obtained unless adeauate amounts

of soil nutrients and other required environmental conditions
 
are oresent.
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ECONOMICALLY IMPORTANT NITROGEN FIXING TREE SPECIES
 

(J. L. Brewbaker and Brian K. Stylesp eds. 
Prepared for Bellagio Workshop; Document #2A) 

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

ACACIA ALBIDA DEL. (MIMOSOIDEAE; LEGUMINOSAE)
 

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

2. 	Forage (pods, Foliage), shade
 

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

4. 	Slow growth 2n-26
 

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

t. 	Australia, New Guinea; to 30m, spreading
 

2. 	Fuelwood, pulpwood; sp.gr..68; 15 m3/ha/yr
 

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

4. 	Not too tolerant of drought? fire? winds? 2nw26
 

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

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

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

4. 	Slow growth 2n-26
 

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

1. 	Tropical America; to 10 m, often shrubby
 

2. 	 Fuelwood; forage, tanning; perfume from +lowers; ornamental;
 

black dye used tomake ink
 
3. 	Dry tropics; wide variety of soils
 
4. 	Very thorny; can be weedy
 

ACACIA MANGIUM WILLD. (MIMOSOIDEAE; LEGUMINOSAE)
 

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

2. 	Timber (.65 up gr), Firewood?, to 30m3/ha/yr
 

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

4. 	Insects on leaves, genetic variability
 

ACACIA MEARNSII WILLD. (MIMOSOIDEAE; LEGUMINOSAE)
 
I. 	Australia; to 25 m, spreading
 

2. 	 Fuelwood, charcoal, tannins; dense wood (.75spogr.'),to 25
 

mZ/ha/yr
 
3. 	 Moist sub-tropics, mid elevations; to: 00mm min? 

4. 	Can become weedy 2n=26
 



ACACIA NILOTICA (L.) WILLD. EX DEL. (MIMOSOIDEAC; LESUMINOSAS)
 
1. 	Africa and India; to 20m, usually less
 
2. 	Firewood, charcoal, fodder (pods, leaves), tannin and gum

3. 	Dry tropics (but thrives under irrigation)
 
4. 	 Extremely thorny, variable 2n-52,104 

ACACIA SALIGNA CLABILL.) H. WENDL. (MIMOSOIDEAE;
 
LEGUMINOSAE)
 
1. 	 W. Australia; shrub or small tree to 7 m 
2. 	 Fodder; fuel; sand-dune fixation; tannin; recolonization of 

mining areas; erosicn control ornamental 
3. 	 Humid to subhumid tropics; 300-1000mm. rainfall; adapted to
 

both sandy and swampy sites
 
4. 	Rapid growth outside native areas; tolvrant to droughtp salt, 

winds, and fire; may become weedy 

ACACIA SENEGAL (L.) WILLD. (MIMOSOIDEAE; LEGUMINOSAE)
 
1. 	Africa, Pakistan, India; to 13 moften shrubby
 
2. Firewood, charcoal; to 5m3/ha/yr, gum arabic, feed (Fods
 
foliage) 
3. 	Drytropics (to 200mm min), poor soilghot
 
4. 	E-:tremely thorny, becomes weedy 2ni26
 

ACACIA TORTILIS (FORSK.) HAYNE (MIMOSOIDEAE; LEGUMINOSAE)
 
1. 	Africa, Sahel, Israel, Arabia; to 15 m, often shrubby;
 
2. 	Firewood, dense; fodder (podsf leaves)
 
3. 	Dry tropics (to 100 mm min), heat tolerant, alkaline soils 
4. 	Thorny, lateral roots
 

ALBIZIA FALCATARIA (L.) FOSBERG (MIMOSOIDEAE; LEGUMZNOSAE)
 
1. 	Indonesia, New Guinea; to 45 m 
2. 	Pulpwood, soft sp. gr. . =, moldings, boxes, soil improvement

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

ALBIZIA LESBEK (L.) BENTH. (MIMOSOIDEAE; LEGUMZNOSAE)
 
1. 	 Tropical Asia and Africa; to 30 m 
2. 	Fuelwood (high value, 5200 kcal/kg), foliage for feed, yields 

to Z m/ha/yr, furniture 
3. 	Wide adapt., dryand moist.tropics (to 600 mm min) 
4. 	 Slow growth 2n-26 

ALNUS ACUMINATA 0. KUNTZE (BETULACEAE) 
I. 	 C. America; to 25 m or more 
2. 	 Firewood; sp. gr. .5; timberto 15m3/ha/yr; shoes 
3. 	 Cool tropic highlands to 3Om, moist (12ZOjmm min) 
4. 	Not heat/drought tolerant
 

ALNUS GLUTINOSA (L.) GAERTN. (BETULACEAE)
 
1. 	 Europe to W. Asia; Asia Minor to N. Africa; to 40 m 
2. Energy production (fuel); soil stabili=ationg e.g. river 
banks, roadsides, mine wastes; shoes; sp.gr. .52 
3. 	Widely adapted, temperate or subtropical, to 500m
 
4. 	 Not drought 2-=S 

,p2
 



ALNUS NEPALENSIS D. DON (BETULACEAE)
 
1. 	Himalayas; to 30 m
 
2. 	Firewood but sp.gr. .35; utility timber
 
3. 	Cool tropic highlands to 3000m, mesic (600 mm min?)
 

4. 	Some insects, soft wood 2n=28
 

CALLIANDRA CALOTHYRSUS MEISSN. (MIMOSOIDEAE; LEGUMINOSAE)
 
1. 	C. and S. America; to 10 m, shrubby
 
2. 	Firewood; forage (high tannin) and green manure; sp. gr. .65
 

3. 	Moist tropics (min. 1000mm), cooler (above 5Orm?); to 40
 
m3/ha/yr with annual harvest
 

4. 	Shrubby (-C. confusa Sprague & Riley) 2n=
 

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

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

3. 	Cool tropics to warm temperate; 500 mm min.
 
4. 	Can be weedy (Florida) 2n-18 

I 

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


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

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

tolerant; very saline tolerant
 
4. 	Coppices poorly?
 

CASUARINA GLAUCA SIEB. EX'SPRENG. (CASUARINACEAE)
 
1. 	Australia (N.S.Wales to Qld.); to 20 m
 
2. Firewood, charcoal, fencing, piles for seawater, windbreaks in
 

coastal areas; sp.gr. .9S
 
3. 	Warm temperate to subtropics, coastal areas; salt-tolerant;
 

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

CASUARINA 3UNGHUNIANA MIG. (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 SISSOD ROXB. (PAPILIONOIDEAE; LEGUMINOSAE)
 
1. 	Indian subcontinent; to 30 m.
 
2. 	Lumber, fuelwood, sp gr. .66
 
3. Warm tropics, mesic or arid (to 500 mm min); yields fast for a
 

Dalbergia, slow by other standards
 
4. 	Slow growth 2n-20
 

ERYTHRINA BERTOEROANA URBAN (PAPILIONOIDEAE; LEGUMINOSAE)
 



1. Tropical America; to 10 m;'small crown
 
2. Live fence posts; soft wood which accePts wires and nails
 
well; forage; windbreaks; easily cloned
 
3. Lowland and submontane moist tropics to 2000m; usually in
 

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

ERYTHRINA FUSCA LOUR. (PAPILIONOIDEAE; LEtUMINOSAE)
 
1. C. & S. America, to 30 m; broad crown
 
2. Shade for coffee and cacao; live fenceposts; soft wood
 
3. 	 Lowland moist tropics to 1500m; often in swamps or on poorly
 

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

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

LEGUMINOSAE)
 
1. S. America to Panama; to 40m
 
2. 	 Shade for coffee, ornamental; soft wood; paper pulp;, forage,
 

mulch
 
3. Dry to mesic tropics, to highlands
 
4. Fast growth; coppices and clones easily 2N=42
 

3LIRICIDIA SEPIUM (JACO.) WALP. (PAPILIONOIDEAE; LEGUMINOSAE)
 
1. S. and C. America; small tree to 10 m
 
2. 	 FIrewood, timber, sp. gr. .75, fodder, shade, ornamental;
 

easily propagated by cuttings, living fence, to S m3/ha/yr
 
3. Dry to humid tropics (1000 mm min), also saline areas
 

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

INGA VERA (L.) BKITTON (PAPILIONOIDEAE; LEGUMINOSAE)
 
1. Caribbean, C. America; to 20 m
 
2. 	Shade for coffee, fuelwood (sp. gr. .75), timber, shade,honey
 
relatively fast growth
 

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

INTSIA BI3UGA (COLEBR.) 0. KUNTZE (CAESALPIINIOIDEAE;
 

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

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

3. Moist tropics, prob. 2000 mm min;
 
4. Genetic yariability 	 2n=24
 

LEUCAENA DIVERSIFOLIA (SCHLECHT) BENTH. (MIMOSOIDEAE;
 
LEGUMINOSAE)
 
1. C. America, to £8 m (with shrubby variants) 
2. Fuelwood (est. .5 sp. gr.), shadep forage 
3. Dry to mesic tropics, prob. 500 mm min, to midlands (1500 m) 
4. Little studied, great genetic diversity 2n=52
 



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

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

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

2. Fuelwood, 


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


yields to 5O m3/ha/yr
 
3. Dry to mesic tropics, 500 mm many lowland
 

2n-104
4. Widely studied 


MIMOSA SCABRELLA BENTH. (MIMOSOIDEAE; LEGUMINOSAE)
 

1. S.E. Bracil & Argentina; to 12 m, thornless
 
shade for coffee; rapid growth?

2. Fuelwood, pulpwood, ornamental; 
3. Mid-elevation cool tropics and subtropics (flourishes 

at,,2400m,
 

Guatemala) 
4. Little studied 

PARKIA ROXBURGHII S. DON (MIMOSOIDEAE; LEGUMIONSAE)
 

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

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

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

4. Pest-tc~lerant; protected in Indonesia 

PARKIA SPECIOSA MASSK. (MIMOSOIDEAE; LEGUMINOSAE)
 
to 15 m, thin crown
1. Thailand, Malaysia; 


2. Food (seeds from large pods) 
3. Humid tropics, to 1500 m elevation
 

Seeds often insect infested; slow growth; hybridizes with P.
4. 

roxburghi i
 

PARKINSONIA ACULEATA L. (CAESALPINIOIDEAE; LEGUMINOSAE)
 

1. Americas; to 20 m, spreading
 
2. Fuelwood; fodder; ornamental; fences; local medicine
 

also sandy

3. 	Widely adapted, to moist tropical and dry areas, 


and saline soils
 
4. Very thorny; weedy in Argentina 	 2n- 2 8
 

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


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

(to 5500 kcal/kg), smoky; forage, construction
2. 	Fuelwood 

postwood, shade (thorny hedges), food (pods), some tannin and oil
 

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

2ni26
4. Thorny (segregating), poor form 


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

t. Indian subcontinent, Malaysia, China, Tropical Asia; 

(seeds), pest control Cleaves),
2. Firewood, fodder (leaves), oil 


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

5 yrs.
 
e.i~ s iaSdic (Lam.)

4. Aggressive spreading roots; also known as 


Bennet
 

Al 



P?'OMPI3 ALBA/CHZLENSZS OCaolexO 
(Includes P. alba Griseb. and P. chilensis (MCI.) GtUnt~f also 
P. 42Ixuosa and P. nigra) 

1. Argentina, Paraguay, Chile, S. Perul to 1! a 
2. Firewood, occasional use as timber; fodder (pods); to 12 
a3/ha/yr

3. Cool dry subtropics (200 ma min); to 3000 in Peru 
4. Thorny (segregating) 2na28 

PROSOPIS CZNERARIA (L.) DRUCE (MIMOSACEAE; IESUMINDSI) 
1. Zndia, to 9 a, thorny, spreading 
2. 	Firewood, excellent charcoal; fodder, some timber$ green 

manure, yields to 3&3/ha/yr (under drought stress) 
3. Dry hot tropics, to 100 m min? 
4. Thorny (segregating), woody 

PROSOPIS PALLZDA/3ULZFL.ORA "Coaplex" 
(Includes P. pallid& (Numb & Don ex Willd) and P. luliflora 

(Swart) DC) 
1. C. and No. S. America; to 15 a, aggressive
 
2. 	Firewood (.8 Sp. 9r.), oxc. chartoal; foddew (pods), honey, 
wood, to 5 m3/ha/yr 

3. 	 Dry hot tropics, to 200 am mi doe" rootop some var. frost
tolerant 

4. Thorny (segregating), often weedy (P. glandulota and P. 
velutina are the mesquite of So. USA and elseinero In tropics, 
often labelled Jull4lora in error) 2n-26,292"! 

PROSOPIS TAMARUGO P. PHIL. (MlMOSOZDECA; LEGU..'NOSA) 
1. Chile.-to 15 A, 
2. Firewood, forage (pods, leaves), some use use (high o. gr.) 
3. Dry hCt Callne tropics, to 10 am (uses fog drip?)l remarkable 

saline tolerance
 
4. Slow growth, thorns?
 

PTEROCARPUS INDICUS WILLI). (MIMOSAC-AE; LEGUMIZNDSAE) 
1. B. E. Asia. lndo-China, Pacific IslandS; to 40 , broad rown, 

lofty 
2. Choice timOar (narra), ornamental, furniture, florIng 
3. Mloist tropicsl relatively fat growth 
4. Needs coop soilli some diseases 	 2nm= 

(PAPILIONO ID LEGUMINOSAG)ROBINIA PSEUDOACACIA L. 	 J 

1. N.E. America, to 22%a 
2. 	 Fuelwood (dense), erosion control, nurse tre, posts,
 

to 20m3/na/yrj forage
 
3. Temperate
 
4. 	 Restricted to highland tropics (little tested) and 

temperate regions 2ne20,=2,24 



SAMANEA SAMAN (JACO.) MERRILL (MIMOSOIDEAE; LEGUMINOSAE)
 
to 40 m, wide spreading
1. C. & So. America, Mexico; 


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

ornamental
 
3. Mesic to wet tropics (to 600 mm min)
 
4. Not good fuelwood, rapid growth 	 2nn26
 

SESBANIA GRANDIFLORA (L.) POIR. (PAPILIONOIDEAE; LESUMINOSAE)
 

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

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

3. Moist tropics (1000mm min), onto poor soils
 
borer susceptibility
4. 	 Genetic variability, soft wood, 


2n=14,24
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WTA 32-03 

IMMIflCALLY ZINVTANT HTROGV FIXINO TR~sm!ZD
 

NU LWI
 

fJame L. Drsdbaker and Brian K. Styles, Eds. 
Prepared 4or Bellagic NFrT Workshop, Sept. 19=) 

The following species were consideread Imoortant econoulcallyq but 
of lessa Importance thian the annotated 'A" list. Many c4 these 
species (asterliked) are not kno..eu to #ix nitrogen, wnhichi may 
account 4cr their abuacw C from the 'A' list. 

ACACIA ANEURA COPAIPERA LANGSDORPUZS 
ACACIA AULACOCARPA DAI-AVWGA LATIFOLIA 
ACACIA CAVEN DZM4YSA ROBZNIOZDESS 
ACACIA HOLOSERI=A ENTERLCDZUI CYCLOCARYPUi 
ACACIA KARROO ErfTHRINA INDICA 
ACACIA KOA ERYTHRINA ORIENTALIS 
ACAIA MELNXYLON 01OPWRCA DE=fRTICANSX 
ACACIA PELICE INGA EDULIS 
ACACIA PENNATA INGA PATERNA 
ACAIA SALICINA KDOMPASSIA EXCELSAS 
ACACIA SEYAL )4AENTCXYLON BRAS ILETTO 
AOROCARPUS FRAX INIFOLILIS LYSZLCMtA BAWWIENS IS 
ADENANTHERA PAVONZNA MIMIOSA TJNIFLORA 
AL.DZZIA PROCEPA ML.TOPHORUM PTEROCAmRtUm 
ALNUS RUBRA PERICOPSXS ELATA 

CAESALPINIA CORIARIA5 PITHECO 1011"WI JIRXNGAV 
CASSIA FISTULAS Pfd)SOPIS GLiANDULOSA complex 
CASSIA GRANDZSI (P.qlanaulcza, P. vl&tinay 
CASSIA JAVANICAS P. torryana) 
CASSIA SIAI9EAS PROSOPIS P4JSES 
CASUARINA CRISTATA SCNIZCODZUI PARAHYDA 
CASUA.RINA GRANDIS ERNDORA JAVANICAZ 
CASUARINA OBESA TAMiARINDUS INVICAS 
CASUARINA OLIGODCN 
CASUARIZNA SUrIATRANA 

=RELZNGA CATENAEFOR?1Z 
CIRATONIA SILIUAS 
CERCIDzUz FLOI.D~IUN
 



APED= I
 

?or planting maiza, covpeaS, pieonpeat desmodium triflorUM (very 31m12 

to birdsfoot re&fail found in the U.S.) and certain species of trees direct y 

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

suitible.than 21 hectares (95j of total land) a hadd operated jab planter would be 

For farms of between 2.5 and 5 hectareso a walking machine ILc. fhe Esmay planter 

would be best.
 

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

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

would be useful. Presently, the a pellet of. frtilize? at the proper distance 

farmer uses only a zachee to lift the soil and throw a seed under or.a pointed stick 

to poke a hole in the gound into which seed is placed then covaeed with soil with 

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

Wood or sheet metal and springs arein a simple metalforming or carpentr shop. 

acceptable materials.
 

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

Multiple row seeding is Likewise an advantage. The Zsmay seeder has worked wall'in 

tests but is a bit coitly and complax fom fabrication in, same areas.. 
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TOOLS TOR HOt M AMERS, GARDENERS, AND SMALL-SCALZ FARM= 

For the firs row, we stretch a line between stakes and run the seeder along this line. The 
seeder has an adjustable row marker which marks the next row, so i we get the fis row straight 
(easy when using a tight line), all the other rows in the planting will be suaight too. 

To make the furrows prior to hand sowing we use our Planet Junior garden plow, one of the 
high.wheel types that you find almost everywhere, which are made by numerous companies. I'm not 
sure about the other brands, but ours comes with three different.sized furrows. For larg seed such 
as peas and pouttoes, we iie the moldboard plow attadmaent. 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 fuxrow and covering the seed neatly and very quickly. It is certainly a whole lot faster 
than using a hand hoe. For small seeds such as carrots, we use the small cultivator tooth on the 
high.wheel plow and then cover the seed by hand during sowing. ' 

For at least a century, most of the cn in
HANDJ-OPERATED JAB PLANTERS . this country was planted wit.jab planters Two 

variations on the same idea were built, but both 

them are basically glorified ib sticks. The 
-7. T lower steel blade of the planter was jabbed into 

" "the ground, and then, by moving the handles, 
10 three or four kernels of corn were dropped from 

the planting' box through a planting tube into 
Va ...... the ground opened up by the blade. When the 

-,. -point of the planter was pulled out of the 
~~ ground. the dirt fell ar'und the seed. 

,.-of 

S..... r ____un_________d__rt ___..'---, ___e______________h__seEven aft= these planters were more or less 
.... -" '.('- V. , obsolete. farmer= used them to revlant hills of 

- 1- . . ---. : . . 

:-~ 

. - 'I- _ _

•. . . .. 

. 4 . • . 

-j
A. . ---

A hand.oprated jab planw. Gene Logsdon demonsiratin, theeue of the jab 
planter. 
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corn skipped by the horse.drawn planter. 
. Today, , jab planter can come in handy 

for Interplanting. For example, if you have a 
row of corn up and growing and want t plant 
poe beans beside the cornstalks, the hand 
planter is jus what you need. You can walk 
along the row, plant the seeds where you will. 
and not disurb the soil around the already grow. 

Fancy new models of the jab planter ae 
still available and are used in research plot 
planting. They are available from manufac. 
turers and suppliers of ced industry equipment. 
Old. used jab planters are often available a 
farm sales. You might pay $3 for one, or you 
might pay $35--you can never tel at an aucion. 

NORTH AMERICAN SOURCES OF 
HAND PLANTERS 

Jab-Type Hand Planter 
The Allan Machine Company has three 

models of jab planters which are hand fed, 
spring oper.ted, have 2 metal brrel, and will 
adjust to diferent planting dept.hs. 

* 
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ZQU 1NT FOR SUDIN4 AND PLANTING 

Model SHPNBA 
This is a slim.style mit and has a 

narrow, single barrel weighing 4 4 pounds 
with a I4inch by yrinch barrel opening. 

2., 
. Th1s is n m 
Model HP4 

weis 4pouns and has a wooden back and 

a barrel opening of 23/: inches by 3 inches at' 
the top. 

Model HP.DB4 
The thid e has a double. or 

divided-bare style and comes with a wood 
bak. 

_ 

.j'"'. -me 7,-., 

Al %-,s ."C.. 
a" M.. Co.
 

Bo... .. 
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CPlante.re .aPanrod!H.ld 
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TOOLS FOR HOMaTZ.lZAR, GARDKRN 

terials, this unit planu potatoes 
depths. It has a one.year guarafer, 

-119 

Haxd Jab potato planter. 

Eanay Produciz. 1nc. 

Esmay Podu., Inc. 
P.O. Box 547, Maple St. 
Bristol, I 46507 

Jab-Type Hand Plant= 

S, AND SMALL*SCAL FAXUd[M 

at adjustable 

r 

Burrows offers two model% both made ofZ 
sheet metal and hardwoods. A spring-operated. 
planting depth adjustment is provided. The 
4.pound uniu are approximately 33 inches high 
and have an opening 2t inches by S inches at 
the top of the barrel. 

Burrows Equipment Co. 
1310 Sherman Ave. 
Evanston. IL 60204 

Maquinas Agricolas 

Avenida Brazil No. 232 
Marilia. Brazil 

The Plantmaster 
To operate the plantmaster, you se e one 

of a range of seed-metering discs according to the 
seed size. adjust the foot, place the unit on the 
soil, and depres the handle. A seed is auto. 
matically inserted into the soil. Up to 2,500 
seeds can be planted per hour at a depth between 
6 and 66 milmeter. 

Vandermolen Corp. 
Dora Ave. 

Livingston, NJ 07039 

Richmond Gibson. Ltd.
 
Salisbury Rd., Downtown Salisbury
 
Willer, U.L 

*- V" ---A _:.- 1- f 

"- .,.,. ..... 

nr' 

E 

&UerThe Cumberland Plant 
Cumbc erandant Setore 

Cumberland Plant Sett= 
The Cumberland Plant 

-

t -t 
"...
 

n. 

Setter is a heavy 
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tQUII')4T 702t szltNr ANDL~mwiTZ 

tin tank wlth a chute groovedand soldered to beans or maize and 38 pounds (17.2 kilograms) 
asure sturdy construction. Highczrban steel of fertilizer when filled correctly. In a dun. 
shovels with large. curved flanges rake the earth bility test, a total of l tons of fertilize- was 
over the roots. I: sets, waters, and covers tomato, mixed without signs of damage. The drum was 
tobacco, pepper, cabbage. sweet potato, suaw. also used for seed dressing of grundnuts and 
berry, and other slip plants In one operation. mazhe with satisfactory cove-age performance and 
Shipping weight is 12 pounds, height is 30 inches, no apparent adverse effect on germination. 
and the diameter of the funnel chute is 4a 
Inches. 	 intemediate Techology Publications, IA&*
 

9 KTngSt.
 
Cumberland General Store London WC2E 8H2,N, England 
RL 3, Box 479 
Crosavl. TN 5 	 -THE HORN SEED SOWER 

INTERNATIONAL SOURCES OF JAB PLANTERS 
The simplest kind of broadcasting seeder,Hand Maize Planter 

the Horn Seed Sower, consists of a reservoirA single seed is placed in the soil auto. 
matically when the stick is inserted. It can be which funnels seed into a long tube. The opera. 

losest toused with one hand and is suitable for small 	 tor holds the. tube, or horn, at the end 
the reservoir, and with a skilled fle of the wrist..cultivation or experimencal work. It weighs 0.5 
seed is flung out of the tube. It can be used topounds (0.2 kilozrams). 
broadcast any seed to be grown in a solid stand 
and, in experienced hands, will result In amoressu &CO. PVr L . 
even distribution of seed than would be achievedIndustrial Area. Fazalgunj 
by hand alone.Kanpur, India 


SOURCES OF HORN SEED SOWERS
 
= SowerModels PD, PCM PC, PA 

There ar five variations of a basic two. This device sows primarily smooth grass or 
handled. hand-powered, spring-operated jab graii by swinging its hrn back and forth. This 
planter, sower spreads seed evenly from 30 to 40 fee. at a 

determined by the adjustable feed gate in
Mania Indusria L. Comedo S k . Lurate 
Avenida Brazil. 2 	 the base or tube joint and by rate of step. It 
Aeia otal o. 1comes 	 with an 1l.inch duck bag and an ext=enion 

Caixa Poal No. 196 	 funnel artched to a tin distributing tube 22 

inches long, I inches at the base and / inchE do die Sao Paulo, Br170 
at the mouth. This sower has a capacity of 14 

HandOpenteSee.Drsslg Drm Pansounces.s bushel and a shipping weight of 1 pound, 8 

The ob',2ct behind this drum was to build a
 
seed-dressing device for village use, the design to Cumberland Genes-l Store
 
be of fairly simple construction so that it could R. 3,Box 479
 
be made by local =In . Crossville, TN 38555
 

The test drum used was an ordinary water
 
tin of approximately 13 inches (330 millimeters) The Cyclone Seeder Co.. Inc.
 
in diameter art 15 inches (382 millimeters). in Box 68
 
height. I Urbana. IN 46990
 

It %-as found that this drum had a capacity Intermediate Technology publicatios can be 
of 30 pounds (13.6 kilograms) of Chalimbana ordered from International Scholarly Book Service, 
groundnuts, 35 pounds (15.9 kilograms) of soy. I nc.. Box 555. Forest Grove, Oregon 97116. 
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APPMIX J 

INFORMATION MEMORANDUM
 

Comparative Advantages and 
D1sadvantages of the Use of
 

SUBJECT: 

Root Trainers, Dibble Tubes, 

Plastic Bags, and.Bare-


Rooting of Seedlings*
 

nurseries in the lesser developed 
countries (LOCs)
 

TraditionallY, 
either plastic bags for growing tree seedlings 

or bare-root
 
.enrtrallyuse Often, the nurseries are 


seedltngs grown in seed beds. 


located and seedlings have 
to be transported over long distances.
 

In the bare-root process, seedlings 
are often injured when they 

are
 

Many of the roots are broken, root
 
removed from the seedbeds. are torn off and roots dry
 
hairs (essential for nutrient uptake) 


Such transplant shock results 
in a high incidence of
 

out easily. 
Walters reported that Eucalyptus 

seedlings in Hawaii,
 
mortality. much as 85-96
 

the bare-root method, suffered 
as 


when planted by growth is
 
Because of transplant shock, 

initial 

percent die-back. tharr 3 or moremoretake. some 
slow, die-back may occur (it

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


other vegetation.
 
(as much as
 

With seedlings in plastic bags, 
the weight of the soil 


transported
 
1-2 kg.) limi'ts the number of seedlings 

that can be 


Frequently, adequate transport 
is diffi

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

cult to obtain and planting 
sites are 


move large numbers of the seedlings in
 
difficult and expensive ,o 
 This increases project costs
 
heavy and cumbersome plastic 

bags. 


and reduces the number of seedlings that 
can be planted during
 

Also, seedlings are commonly 
planted
 

planting periods.
critical 

in the plastic bag after the 

bottom has been cut off, which
 
increase mortality
 

can retard plant growth, cause 
die-back or 


restricted from maximum access
 
incidence because the seedlings are 

This is most likely to be a
 
available water and nutrients.
to or during periods of minimal 

rain
constraint in semi-arid areas even fall to remove the
 

Often, poorly supervised workers 
will 


fall. 

bottom of the bag which is usually disasterous.
 

Seedlings grown in plastic bags have poorly developed lateral
 estabenhance initial 

roots, which are essential and needed to 

However, excessive
 
lishment and to maximize nutrient uptake. 


cause strangulation of and injure 
the
 

can
growth of lateral roots 
grown too long'in bags, root-curl
 

tap root. When seedlings are 


occurs, spiraling the root at the bottom of the bags.
 

left to6 long in tubes,
 
are too small or seedlings are 
When tubes 


the bottom are deflected emerging 
from the tube.
 

the roots at in any container, especially
occur

However, root deformation can nursery management


held too long. Therefore good 
:ion isused.
if seedlings are system or cona
w na 


is of upmost importance regardless O 


taken from the
 
'A portion of the information used in this 

memo was 


enclosed papers. (TEC~ICAL SERIES #4,Compiled 
by: Mike Benge, S&T/FHR)
 



Once the root configuration is formed in the seedling stage, the
 

root system continues to grow in the same pattern the rest of the
 
life of the tree. Cannon reports that "The deleterious effects of 

abwormal root growth are seldom noticed in the, first months or even 
after years of growth." "Rather, it Is at more advanced ages and
 

tree systearunder adverse wea-ther conditions when- a deformed root 
is most likely to f, il to provide enough water or nutrie'ts, or to 
anchor trees against strong winds." 'Results indicate that although 

young seedlings suffer little from container-induced root deform

ities, several years after plantation establishment a significant
 
proportion of these have grown poorly, fallen over, or died."
 

An &lternative method to growing seedlings in plastic bags and in
 
a more modern method of containerizaseed beds (bare-rooting) is 


tion. Most of the widely used containers. (i.e., root trainers and
 
such as vertical internal ribs designedtube*s) incorporate features 

conto arintmie root disturbance, to reduce root spiraling in the 
ta.iner and possible future strangulation problems, to maximize
 

into a form advantalatera.l root development and shape the roots 
geous to the tree. Basically, the theory behind use of these types 

oe planted with a
of containers is that, 'If a tree seedling can 

minimum of root exposure and disturbance, there will he less
 

will be higher.'
tra.nsplant shock, and survival and growth rates 

cite4 by Tinus and McDonald).
[Kingh'am 1974 as 


Walters reports that for almost 20 years, little forestation was
 
done with Koa (Acacia koa), Hawaii's most valuable native tree,
 
because survival orbare-root seeddlings was too poor to be worth
 
the effort. However., several plantings of Koa seedlings (totalling
 

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

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

root Eucalyptus saligna plantings is unpredictable; one planting
 
may resuit 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 result in
 
increased
considerable savings by reducing replanting and by 


more than off-set the cost of importing
growth. This often will 

these containers. An additional cost is usually incurred because
 
peat moss or a similar organtcmix (which can be developed locally)
 
is almost a necessity if maximdm results are to be obtained from
 
using these 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. Fur:her savings are made from the increased
 



growth rates and stability of trees which have good established 
root
 

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

Tubes last even longer. (If


tion can be reused several times. 

of a roo.t
plastic bags cost one cent each, and each tube or cell 


trainer costs eight cents but can be used eight times, the 
cost per
 

of

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


styrofoam. block conrtainers; such as poor durability and roots groting 

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

ing the roots upon removal. 

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

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

a plastic bag and take up much less than one-fourth of the space.
in 
transportation-of these
Therefore, there Is a.large savings in. thd 

seedlings as well as a. more efficierrat use. of space and wa-ter in the 
are more- easily stacked in tiers whennursery. The root trainers 

transported in trucks.
 

Also, it may be possible to increase seedling survivability and
 

growth rates by impregnating the rootmass, of the containerized
 
seedlings with starch graft polymers (ref. Technical Series 2, The
 

Potential of Starch Graft Polymers, "Super Slurpers' for Forestry
 
a very vaiuable zecnnloiogy,
ana Agriculture). This coula be 

especialiy for semi-arid and intermittent rainfall &reas.
 

Some notes of caution--The medium used in root trainers and tubes
 
in plastic bags and
will nolo suostanialy less water than soil 


similar containers. Therefore, these containers and seedlings may
 

frequent watering in the nursery and especially during
need more 

A way to deal with this problem
transportation over long distances. 
 wax
is by removing seedlings from the containers and placing them in 


lined cardboard boxes which reduces water evaporation (see Walter's
 
This problem is much more critical with bare-rooting than
paper). 


with containerized seedlings.
 

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

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


eradicate harmful pathogens;
pasturize or chemically treat media to 

this also eliminates beneficial organisms, such as mycorrhizal
 

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

off mycorrhizal
generally generate enough internal heat to kill 


fungi and other organisms.
 

facilitate the uptake of nutrients, thus increasing
Mycorrhizal fungi 

plant growth, and "... have been reported to improve water trans

port." (Safin, Boyer and Gerdemann, 1971, as cited by Johnson and
 
Menge) Mycorrhizae fungi are capable of transforming unavailable
 

This is extremely
phosphorous into available forms for plant uptake. 

important, especially in phosphorous deficient tropical soils.
 

0X 
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Johnson and Menge report that in relation 
to chemical fertilizer
 

applications required in commercial nursery operations, "phosphorous
 
and N, K and micronutri

levels could be reduced by approximately 70% 

using VA (vesiclar-arbuscular) mycorrhizal 

fungiV8
 
ents by 30 to 4O 


as pines,
conifers, such 

Ectomycorrhizae are associated with 

numerous 

casuarina, eucalyptus, oak, beech,
 and with other trees, such as 


birch, willow and poplar. It is an established fact that in the
 

the growth of Caribbean pine,
absence of mycorrhizal fungi, 

casuarina, citrus and other trees will 

be retarded and in some casesi
 
establish these trees
 

without inoculation, it may be impossible to 

are associated with
 

on some sites. Ectomycorrhizal fungi 


Basidoomycetes (mushrooms and puffballs) 
and Ascomycetes (cup fungi
 

truffles). [Johnson and Menge, 1982).
 

I am enclosing s-elected papers relevant to the subject 
matter and
 

have included some sketches that I 
have made showing various devices
 

that can be constructed of locally available 
materials used in
 

If further information or other
 ith root trainers.
conjulacftion I would be
 
Series Papers are desired, please contact 

me. 

Technical use root trainers or
 
interested to learn of your results if you do 


dibble tubes.
 

Michael 0. Benge
 
S&T/FHR Agro-forestaton
 
Room 513-0, SA-18
 
Agency for International
 

Devel opment
 
Washington, D.C. 20523'
 
June 29, 1982
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APPENDIX L
 

HILLSIDE DITCHING
 

A '4.0-


K.* 7U~ -~0 
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grs barrier~
 

exavte soil 

Figure1
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TAB C
 

SAVING OUR SOIL
 
WITH THE A-FRAME
 

IE IIli 

World Neighbors believes that develop-
Smentcanno be accomplished alone, bt __ 7. We. need to protect our slopes andIs achieved by working and sharing to- , _*,,,--- hillsides by planting all our crops on the 
-gether. Its goal is a better world and its @'contour": that Is, In rows running across 
means is the sharing of knowledge, talents, 'the slopes And around the hi lside 
skills, money and most of all, !ove "4 

: 8. We also must construct contour 
SAVING OUR SOIL canals or barriers running across the 

WITH THE A.FRAME slopes andaround the hillsides 

,...1. 	 9. In rocky places, the rocks ph beAhandful of soil . 
-.--. ... .. It worth? It's the most valuable resource made ino rc wal, which ow down 

* ~ 
the flow of the rain water and hold back 

*• '.-. on earth.?.the 	 soil. 

7-Altefood we #at. cdo*"e we 	 10. Where there are no rocks, level 
c. bsowear and most of the things we use comt 

wfom ,re s h nw. 	 water. Gras barriers on the upper side of 
the canals hold back the soil. 

.11. In order to mark level rows, we need 
3. But If our lands Are left unpro-	 a special tool which is called an A-franec 

teted, erosion can destroy our precious -The 	 A-frame is easy to make and easy to
-soil. .	 use, plus it Is one of the most Important 

tools In the world. 

A 4. Rain isablessing when It Is soaked 	 12BeasItcnsvorso. 
' 	" __ fC' upby the soil, but long, heavy rains . 2 4:as tcnsae rsi

alowash away the top soil and cut deep . 

~ gullies in our fields. 
4-. , .. 

L. 	 13. These are the only ma rials you
5. When planting on hillsides, we often :A- j need for making an A-frame: three poles, 

i- .. ' plant rows running up and down. This is a piece of cord or vine, a rock and a 
a bad pracs~ce. machete. (Narrow boards, If available, 

can be used.) 

6. Many farmers burn away corn 	 14. First, cross two poles at the top and 
-	 talks, leaves, grass, etc. This Isalso a bad tie them together securely. (if boards are 

practice. To make the soil better, thse .. used, nails can be used to help fasten 
things should be turned back to the soil. them.) 

.	 v 



15. 	 Now ile a shorter pole acrousethe 
~' other two to form the letter "A." Tie 

... -'. , both ands scurly. 

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

rok t17.theendofie he crd27.
17.o 	 tha rossc tothar do.tecd . below the cros bar. 

IS. 	Now the A-frame is almost finished 

, orntours, we must find the point- . crosbar which will nwith€ 	 tell us when the two 

.. , .~~~~~~~~~os ei.l elvlpsto. 

is,19.First, stand the A.frome upright 
Using stakes, mark the points where the 
legs of the A-frme touch the ground. 

K. 

20. 	With apencil, mark the point where 

the wing 	 passes the crossbar of the A. 
Z. 	 fame 

-	 ~ 

;Y 	 2. Moe th frae sothe laceent f 

21'Mve the frame so the placement of 

the legs Isreversed. 

w. The eft leg now tndes the tlke 
touwhesthe riakegwwa, nd the htlg . 

.	 ..- *ot .',o e- k t l ew 

23. Again mark the point where the 
sing passes the crossbar. Usually the 
two marks will be separate, If the ground 
Is level, the two marks will be at the saine 
Place. 

"-. _ 24. Now make athird mark halfway be-

tween th first wo.Thisis tie oint34.Sthe irsrtwhich.o Til s heint 
the crossbar whih wl t 

",; ,.o' 	 ' ." two legs are in a level position. 

wemutfid.h .sloping.in* n he 
.-.',; -''' 

" M1'W'-

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

. 

les'fhA:rae ouhhegrun-" 

.. s ~barriers 

M 	 '0". . -

F, 	 '--%Ocy-- ,: 

2.hlten ta ,. 

- -the
touches -thesaeweet llevel position point you notched on ft. 

.z 

-

. 

25. In order to keep from erasing ihis 
mark, sat a notch there with your

ache'" 

26. When the weighted cord hangs
directly In front of the notch, we know 

Now the 	A-frami Is finished and 
marked, and we ame ready to mark level 
lines on our hillside. 

2a. 	In our country much of the land Is 

hillsides. Both should be pro.
ihcnorcnicoour canals and e i,tce 	 n barriers, 

an thecrops should be planted in levelrows across the slope. 

29. Study thi area of your field on 
w you want to construct contour 
~barriers. It is good to sart near the top
of your field. 

30. 	 c ap.k T 

stakes are used for marking the level lines 
where the ditches will be dug or the rock 

will be constructed. 

31. 	 Drive the first stake at the edge of 

the field near the highest point You wi 

beginpoint. marking the contour lines at this 

32. le= one log of the A-frame Just 
above 	and touching the first staka. Adjust

other leg x that the string pass.e the 

crossbar. 

33. 	 With the string passing xactly the 
.	 point of the level position, drive another 

sake into the ground just below and 
touching the second leg of the A.frame. 

-fre, and move 

Now pick 	up the Afaeadmvit along, placing It so that one leg of the
A-frame touches the stake you Just drove 

.. " into the ground. 



35. Again adjust the other leg of the A. 
-. . the stringr .: ...... frame until passes the level 

position notch. Drive another stake just 
. . • below and touching the second leg. 

Now38. weContinue across the field this way.have a level line of stakeswhich 
-' Nw w haestkeswhihalevl lie o 

I.- ;.ae ./ tell us where the first contour barrier - will be constructed. But one contour 
barrier is not enough. 

:----- -" - 37. A hillside must be protected with• ~on co.
one contour barrier for every five feet 
.. (1.5 meters) of difference in elevation. 

On steep hills, the barriers will be dose 
S.J,' -.--x together. On gentler slopes, they will be

~~ further apam: 

u8. 
38. Continue marking lvel ontour 


.7, lines across the field until you reach the 
bottom of the slope. 

39. If the field Isrocky, use the rocks 

to construct rock barriers along the level 
lines marked by the stakes. 

- 40. Some fields are not rocky, though. 
r.., , ~' Use the A-frame in the same way to mark 

level contour lines across the field. 

41. Then dig canals along the line of the 
stakes. The canal should be 1/2 metor 

- wide and 1/2 meter deep. 
~ .'-..T 

42. Plant gross along the top of the 

-- ; canal. A tall, thick variety, such as e,-

phnt grass, nir grss or guinea gris, 

bat 

~~~~~~ 43. Be sure to follow the line of stakes 
-... ., when digging cans, Remember, these 

. -.. sh..

stakes mark the level lines across the 

r7 field. 

". 


44. Use a hoe, or ho and shovel to dig 
"".."', 


the caals.~value 

In .. 45. On some fields you can make both 

construct rock barriers In other areas, dig 
canals. 

- _.0" 
 .. nt ed w-"46."When the heavy rains come, the 
~grass or rock barriers will catch the soil 
"= a prevent t from being washed down 
. te ope.L the slope 

- - .-. 
-- 7 - sil Is cu ht.. the behind the 

7233 or rock barriers, urraces will grad.
aly build up. 

Within a few years, our contoured 
.. fields will look like this. As the terraces 
'A build up. not only is the soil saved, but 

the fields become easier to work because 
they are becoming more leveL 

49. In many parts of our country, soils 

are already being protected with contour 
Z ditches. 

F 7 50. Local farmers with the help of 
government agencies and International 
groups are beginning to build contour 
brriers and dig canals like these on their 

51. Farmers are beginning to protect 
their fields by planting their crops on the
 
cnthir.edbpai thro 

. 52. Even on steep rocky slopes like this 

the soil can be saved for reforestation. 

53.Her'san xamleof what can be 
*5.Hrsanempeowhtcnb 

done. Slopes which are too steep or rockyfor food crops can produce trees for lum.
ber and fuel. The foret also help to 

,,-Z conserve the soil."; 


54. So when we look at a hillside and see 

_contour canals like these, we know that 

. here lives a farmer who understands the
of his soil and how to conserve It 



THE END
55. He knows that the sol Isth* most 

*, ."-..L J valuable resource on earth. 

QUESTIONS FOR DISCUSSION 

1. Why do you think soil is the most valuable resource on earth?
 

are some bad things rain does for the soil?
 
2. What are some good things rain does for the soil? Wha 


in your community?

3. 	What are some bad farming practices which you have men 

4. 	What are some good farming practices which you have seen in your community? 

5. 	What does "planting our crops on the contour" mean?
 

How can a farmer find the contour on his field?
6. 

7. 	Where is the best part of the field to begin marking the contour? 

8. 	Ask someone to explain how to use the A.frame. 

9. 	 Name the different kinds of contour barriers.
 

How much difference In elevation should there be between barriers?
 
10. 


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

11. 

12. 	After marking ",hefield with stakes, what is the next step? 

13. 	What are the dimensions of the canal? 

14. 	How can rocks and grass be used? 

Many 
Join together with your neighbors to stud.v recommendationsgiven through a flimstrip orfilm. 

NOTE: 	 T7nese same problems can be solved when people ad 
one person working alone. 

problems cannot be solved by 
with each person contributingand cooperatingto achieve a common objeciyve. 

-communities work together 

community dmowlYpmet.
Ini health, tomiy planning. agriculture and 

Mawiill for ;tucrtiof 

WORLD NEIGHBORS 
Oklahoma City. Okldahoma 73112 U.S.A.

5116 UA.Portland Ave. -
Inumetional Hmadquartm- Overseas Development Materials 



APPENDIX M
 

LIVING FIREBREAKS
 

Leucaena planted in Imperata (cogan) grass which shaded out
 
the grass making an effective living firebreak (Cebu, Philippines).
 

-i
 

Calliandra calothyrsus closely planted will shade out Imperata
 
(cogan) grass making an effective living firebreak (Indonesia)
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L ntucienieucepala, alten 

Pjinfi.ired to as the wotnder tre.has miot escapez~I from rat igwsts. 
Informaiom, reaclhiuq 1ho Natio-

Crolp Prowr~tion Center 
{NCPC) descrihe d~amaFe to L.-
cak,a seedligs in sogeto areas of 

Philip~pines.
tlalos (1900) repored that
la. researchers aFORI observed 

antality rate of 45% on Left-
caena seedlings due to rat d. 
l i c C had a damage count 

of 20 to 60% Infcked Lee-
canna treesrlate 4ldroLherltorc oroat.n -to at ayydindu 

pilut project of the NationalCon~oration lit Mausaysay, 

Occidental Mindoro. 
Volume II No. 1 
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rcaea~le eot ht 

We have : 47I*\ltat 

d~auge was heavier during the
dhy than in thw wet season. When 
we visited Mindoro itt March and 
April this years we observed a lot 
of dasae on six-m t to one-
aml-a .year ol Leacaauo 

trees. Younger plants were cut oif
.l barks l ohler trees wore 

tO lgnwedlosethe groundt corol poIlilllshould Io basel 
We 1lw barkis completely on tatistics of actunl yild losses 
rind, the upper ortio t dries of eioca[iea. Tsis con he eotter 
rp. Whuever rehotlwru occurs,f easred i crop's actual losses 

bil starts where te bnerk canAI quantified. Such lossregrowih 
intacI, oc-is still e.g., colrowthomay be in ternms el reducedtinges tfae eitper potiyn rwth 

cur two Inches above ih collar.This thlimage either denlays growth 

or cumplouely destroys seedling.
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.,causes a growim~l concern among
peoplfe livolweul il Leuc~vna ' 
research andI I)roduction. flow
eweu0 !]ood ltna~teneltt of the 

inetu r 
din of the rat's ecologyas Iticam 
DIlC.I:s thw crop. ~ 

Also, a sund im d econnical 

pest requirof s deeper rstan-. 

o Ltcacn. NThisal i bttero 

IcIh6sONech1r. ImindIlis-,,ch Phystloloolif .191prCO-ly. National clap 1,o1cclimn 

Cn.Ur.LUCA. 
3 

C',ile e }a &*&. I
 



*~r4 Xrl7 YT. I~A~~ I~' Vrh'~~ a~ %'A~* WLf'A 

I~- I J 
"'' ibryedor dea nmatu- Phllde.aid provide six tnbleslpoons of 

ratioun or lboth. 2. Start aItifng before ilw ilty bilt In nil thrco. Chock again 4~ ii1 
[Oat conltrol Sthntegy IISCei in seasoni or belore food and waler alter a wek. 

crops like rice, corn, coca- soinrccs !net scarce In the area or, 5. Cntinue addling bait anid
 
nut. etc. may be adoptfed ad in- at most, two weeks before bait containers if you notice
 
loud0( 


iformatio, on tine pest vis-a- 3. Sielect six baiting locations if cominmlptiomi increases during 

vis Leucauna losses. for two lhectares, thius, yoJur your weekly visits. ~I 
ihis ad inte, ie recuanmendla- bailimig loc.ations are appzroxl- 6. If bait Conlsumptioil dcc

tio i baedpriarly re- meel In-reases wesofn macly10 aprt alrseveral 
vious studies on such species tially Install two bd~it contal- baiting, you mnay not add bait 

as 17afftss raffus ndalnensis, nems at each location and pro- containers anymore. Visit tine ~~ 
I?. argcnhivcn.lcr and I?. exulatis vidl0 five to six tablespoonsof hait area once a week to keep track 

ndoro ate two wek bfore bhall cotiesItyuntcecme ad inmostThese sante species whiclh also mmade hem disca~rded oil/tinl cans, area. "rlhis will help) you doter

alfect food crops lhave beens Ilnlloo limhus, etc. inlne when to rosume addin[I
wiVcontainers. ,I.successfuly managed tie Clheck bait containers at baitlbaY .. 

sustained baiting niethnod using least onice a week. If all tile bait 7.Rlemovw and replace balt * _ :|k 

anti-coagulant ro(lenticides, has 1been eaten at one location, that Ibeconws mioldy or exces-
Fromin NCPC's preliminary rat place two additional conlaimes sively wet. 

o ar . 14,control progran in Lemmaena in o'-or b ,ater fte " 

recommendlations following tile aj: I seelis I r 
i
sustained ,aling metod. t,- you your -el vfs. 

s e consumpoBaiting Procedlres: _ l t -' - "1-. " 
I. Mix o recomnrlled chro- I 1 apart l ts ae erl es 

*1'd at*-c crp liv en ano olec 

nic rolenticides with tSe bait t !ta t l'yo 

A.
arits or wholericerioshorts,encorn aea '.i'I 

arolenltic(lees like R.atoxin, vda- l t s tsa 
material (e.g.) 

f Tomorin, Dipinocin, and ,- ,'cumin, 

Liinlnrnione are available the mIa ig. 2.Twin showln of s*lrn lt) yomndage. 
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A- =gA. 'A..'.'~1t~ 

A. 12 Foot Telescoping Fiberglass Tree Pruner 
utsflms toI . A mutipwerord~cbadeWled runr i8~ dimetr. 

leverage 	 system increases ycur putt cn m/e cord 15 Imres for quick,, easy
cuts.) The 18" needle point saw blade cut: on pud stroke to reduce bin. 
drag. Telescoping fiberglass poxle a¢usts tram 5' to 12'. Complee with 
pruning head. 12' Coed, poxle and saw. 
81160 Model 333T. Comniele. Sh. Wi. 7 lbs 543.30 
81165 Model133 Reel, head wisaw. cord. Sh. Wt. 2 los. 17.40 

81161 Model 302. Reel. pole (6'.12'). Sh. Wt. 4Abs. 27.30 
81038 Model 20116B. Redl. saw blade sh. Wt. 1b3. 8,40 

B. 	15 Foot Tree Pruner with Wood Poles 
Coed~actualed pruner biade cuts timos up to 1.l,8" diameter. (A 

muilipower leverage system increases your pull an me cord 
cu .)The18" nedlepo~tearon-coated saw blade cuts onQuic, ,a. 


* 	 Dull slrcke to reduce binding. T-h'ree 5wo pe mybe luickly 
assembled arid taken apart,. Complete with pruning nead. cord, three 5' 
poltes, ard sawe 

* 	 81044 Model134S.10. Complete. Sh. WI. 7"', lbS. $31.25
81045 Model I34H. Rep. head poe. 5'. Sh. Wt. 1 , ro. 6.70 
81046 Model 134E. Repi. ext. pole. 5' Sh Wt. 1 2;s. 5.70lb 

lb.81038 Model 20118. RepIl saw blade. Sh Wt.',' 6.75 

C. Ple PuninSawheadC, o~ 	aw8031Punig 

Dujr-aoe. 16" saw blae ad)sutS to three dit'fement positions on the 
aluminum head. Large hoo icr pushng Ioraicnes, raising ropes. etc. Built. 
in paint brush holoert o aplying tree wound pant. Sawflead only. Ordler 
poles separately. 
81048 Model120 Sawnead. Sh. WI. 1 lb. $12.35 
51050 Model 102 Head pole to 81048. Length: 5 '. 

Diameter: 1 ; ". Ligmr. durffle spruce.
,S.WI. 2 lbis. 15.40 

81051 Model 103. E.xens.on po:le tor 81048. Length: 6'. Diameter: 
105 Mol.ntdurable spuce. Sh. Wt. 21lbs. 17.60 

815 M el1P12. Single section pole tor 81048. Length: 12'.Fiegsswt 
Diameter: 1'/,".Light. dur.'ole spruce. Sh. WI. 3 / lbs. 25.30 

81148 Model 106FG. Fiberolas.s Dole. Fits 81048 head when 
euipped with 81 147 adaptrIeoi is800ha 

pole directly. Sh. WI. 2 lbs. 	 18.80 

Sh. Wi. '1,lb. 	 5.30
31049 Moe20B.RepI. blade (or 81048. Sh. Wt.V,lb. s,00 

R4" 	 -Cr~- . 

n 

I..
 

4 

D. 	Tree Trimr,.er Head Cuts 1",diameter limbs. 
Strong. malleable iron pruner has steel ch'ain woI'ling tribougn a ball b~eahn.i 

.lCtoapweulcneru'ato.Trm rhadnl.Oeroe
separately. 

Trimmer Head. Sn. Wt. 1/ bs. 
81050 Model 102. Head pc:le tcr 81030. Length: 5,,,. 

Oil fetef. I ; ".Light, ourane spr'uce. Sh. Wt. 2 lbs. 15.41 
81051 Model 103 Extension lpole for81030. Length: 6'. 

81030 Model 111 	 l= $15.01 

802 Daee:1 gi ual pu. i.W.2ls 76 
102 	 Model 1P12. Single section pole to 81030. Length:
 

12'. Diameter: 1V/,".
LignI, dur-anle spruce.sh. wI. 3,, lbs. ., 
8148 Modeuoell06FG Fiberglasswl~ 81030 trimmer headit817ole.a eFits 10 

w5tmsfrhendep e wiec,Wt.17 dde (beow)bF.s 1050 
817 Mdl3G dztrfre~rn 14 oet 13 
81147 MderGneda e tr 8103Wtach ing814l.t

rmehadS.W.'/lb 

E. 	Tree Trimmer Head Cuts 11/2" diameter limbs. 
Heavy.,ury, malleaple iron pruner head ha steel cable chain workin( 
thrOUgh a bal bearing pulley to a powerful, "center-cut" action. Trimme: 

only. Order poles separately.Moel12 Tnmmer Hed. S. W. 4 lbs. S.1.7C. 
81032 Model 202. Head pole for81031. Length: 5%'. 

Diamoter: 1- ". L;'gnt, durable sp~ruce. Sht. Wt. 1/, lbS. 18.5.! 
81033 :Model 203. F..xtension polo for 81031. Lengt: 6'. 

" 
Dlameler: 1 ,". Light, durable speuca. Sh'.Wt. 2 , lbs. 23.OC 
81107 Model 21. Taoered pole forloining 1 -." wood poles to 

I'/," wood pole. Length: 6'. Sht. we.3 lbs. 220C. 

F. 	 Fiberglass Trite Pruner Pole 
om oefoprir ietnsen.Lng:8 

Diamer.s 1V," lFatn C1 oe r igediewecno 810TrehLengTn:6' 
Hiaeerw 'hen it e rid81030w) Tnmm081048oe ollhPruingSa FTre e 
edwe ~ipdwi h 14 doter (below).Fits 81050 hea 

pole directly. 

81147 Model 3FG. Adapter for attaching 81 146 pole tO 81048 saw headl or 810O30 trimmer need. Sh. WI. Vi lb. 5.3[ 

http:Trimr,.er
http:Model134S.10
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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 tetyus for specific parts refer to terms 
used on page 3 of the enclosed brochur-e, "Solve Your Separator Problems."
 
These terms are underlined.
 

Ifyou sell a Zig Zag Air Separator that you build, based on the design of.
 
Scientific Separators, Inc. you may be infringing on patent rights.
 

Make the Zig Zag Air Separator column from 3 inch PVC plastic pipe and 600
 
angle elbow/couplers (also PVC). The straight pieces should be approximately

14 inches long.
 

Make the cyclone collector from a metal can or'wooden box with the bottom
 
open. Make the bottom portion of the cyclone collector from canvas or rice
 
bags (to control the seed cleanings) hung around the open bottom of the can 
or box.
 

Make the input hopper from a metal can, a plastic container or a wooden box.
 
A wooden box isbetter, for the bottom should be slanted, narrowed to a one
 
inch opening to feed the seed into the open portion of the tube housing the
 
auger. A plastic or metal tube with a portion of the tube cut out 6 inches
 
in length (top cut out to 31 the diameter of the tube) inwhich a 1 inch auger

is inserted (could be slightly larger or smaller) to serve the same function
 
as the air seal rotary feed. A "geared" motor is suggested as the power source
 
for the auger, which would provide a slow-adjustable speed to regulate the rate
 
of seed being fed into the air separator column.
 

Insert a one inch plastic pipe into a hole made in the air separator cdlumn and

make itair 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 isavailable, a similar
 
electric air blower (see attached).
 

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

When assembled, fasten the Zig Zag Air Seed Separator to the side of a
 
building, a large sheet of plywood or a tree for operation.
 

MDB
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1. 	 Imput hopper made from wood and slanted at bottom so that seeds feed
 
into auger.
 

2. 	 Rotary feed made from a one inch aug.er (or from a wood dril bit or
 
similar tool).
 

3. 	 ZS Zag air seperation coluMn made from straight pieces of PBC plastic
 
pipe.
 

4. 	 Gravity dischabre for seed., 

5. 	 Cyclone collector made from'a metal can or wooden box with open bottm. 

6. 	Lover part of cyclone collector made from rice, bags or canvas.
 

7. 	Auger housing made from a metal or plastic tube which has a 6 inch
 
section cut out (top half of tube) to allow seed to enter the auger.
 

8. 	600 angled elbows/couplers.
 

9. A Sear motor (suggested) as the power source to drive the auger.
 

10. Screen (window or hardware screen) to keep seed out..of the blower tube. 
11. St
 
11. Straight piece of PBC.
 

12. Sleeve or coupler.
 

13." Source of air from blower (see attached for sample blowers).
 

14. 	'A 6 inch opening in the auger housing to allow seed to flow into the auger. 

A
 



The picture to the left shows a side view of the Zig Zag Air Separator secured to a tree and in op
eration. In the lower right of the picture, the air source - blower - is shown (#13), the lower
 
left the gravity discharge container for the seed (#4), the middle (in the fork of the tree) the
 
input hopper (#1), and the very top middle the cyclone collector - discard discharge (#5) to which a
 
polyethelene tube is fastened , feeding the discards into a plastic container (#6). In the picture
 
to the right, the input hopper (#I) is being refilled with seed.
 



.C. 

BEFORE-- Leucaena seeds before cleaning by Zig Zag Air Sep.
rator. Notice high concentration of trash and small, broken,
 
fungus-covered, mutated and insect-damaged (small bore holes
 
caused by tamarind weevils) seed.
 

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

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

The picture below izof a AC-DC 1/15 HP gear motor with an
 
electric speed control (#9). This is the power source for the
 
auger (#7) which feeds the seed from the inout hopper (#1) to
 
the separation column (#3).
 

77i
 

All
 



175'
PG Mist Blowers, Air Blower 

M-" . Mist Blowers, Air Slower,.a. 	 Eke. 
. .for all your spraying, misting, fogging, or blowing needs. 

' '. ""--' -- ,' : ., "" 

- High Concertrate Mist Blower 
Consists of ongine/biower unit only. (You suoly formula tank and transoortation.)F' *.." _ 

i " :, , Discharges mist through 8 moveable nozzles: reach is 20' u o: across. DISCHARGE RAIE: 1 Quar 
mx 01to 4 1t' gallonstmin. Powered by 12!/1 n;. 1 cylinder. 2 cycle SOLO engine. FUEL: two cycle 

eac ini' " "~. 1:25 In 1:50; fuel tank holds 31/ gallons. 	Available with teleotast gun nozzle for 33' 
1? ~~~'t'C. whatever direction nozzle ispointed. 

4., 13200 	 MIST BLOWER wlo FORMULA TANK. Supplied wllh 10mm (3/8") I.d. hose to connect to 
formula lank For connecting hardware, see Formula Tank Connecting Set. Sh. Wt. 83 

111163.50lbs NOZZLE. For 35' reach Indirecllor. selected.13201 MIST BLOWER with TELE LAST GUN 
(318 ) i.d. hose to connect to formula tank For r:onneclrnoWio formula tank With 1Oim 

.hardware. see Formula Tank Connecting Set. Sh. Wt. 95 IS. 1,053.50 

Formula Tank Connetor Sot. All hardwafre needed to connect tubing from the 1300 or 13201 
or. mist blower to tre formula tank. Includes 2nipples. 2nuts, 20-rinrs and 2clamps. 

13202 Sh. Wt. 4 lbs. 
, Formula Agltation KIt. All tubing and haroware needed to extract some moving air from mist 

so 	 itinto the formula tank lor agitation. 23.69| 
,,- bowe; and Sn.mycWt. I it.13203 

No 	 "'-,O TO A CCESSORIES 
direcional sprayingHand Spray Gu PTO A ACCpsi%. 1 c Includes 

. .' 	 un Attachment. For low pressure (up to 3, enq is 
nozzle. on-oi spray conlrol, pressure gauge and 30' of tubing for connectin to mist 

95 'wan 	 wrn 
S2.513204 Sh. Wt. 10 bs. Optlo"a 5oom Nozlcze.no-drit herbicide ap-19rwbcIde Sootim. Mounts on mist blowe;- for 

Shi. Wt 4 OzS. 	 Each $19.2
OCations Boom is 7' long Each end has a spring-loaded, flexible exlen. 13206 

is led by the must blower Nozzle Cap*. Eliminate air blow from mist blower ouring boom usage.AMi it 1 flat. fan-soray nozzle. Boom 
(8 reouirel)"faulic Dump while tne 8 blower nozzles ate capped (see nozzle caps 	 Each .75

&Iri;nt) 3 addit:onal nozzles (optional. oroe' seoaialejy) may be added '13207 Sh. Wt. 1oz.
Telablast Gun Nozz.e Only. Interchanges with 8-nozzle attachmentfomplrie 7 wroe coverage 


1161.95 on 13200mist blower.
 
" 4 13205 Sh WI.3 lbs 	 13200 Sh.wt.21.lbs. .3. 
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Single.D'fairgn mr? 25' horu tlly. 19' rtally. Single. Dschals mist 33 'borontally.25. w-,icall.. 
enginA5 HP M. 2-eydlt. air cled SOLD createstwx~ct engine produces 3HP his

4facltank holding fuel lank hoiling 1.6U.S. S o dl25m hstba.Dm ndt ecridlk•indet.sii-moled and clhidt atiicocled. two-cyclt engine ptoduw 5HP end his 
9U.SQuart. Formula lank holds 2.6 U.S. 	 ouarts. Formula tank nolds 3 U.S 

b--"lwe.Des cmio Crrosion.roof plastic franr e lube steel fri. gallons Corouon-prool plash: frame oe tube steel fel h t ut l.. 
with content It..l fa.rntis Translucent formula tank with content level. -fctints Iransiucen: formula tank 

mas Padded. DIMENSIONS. Withthe rcaceory 5 fool extenon type Attached. fortges
1.10PZ5OedAdjustable ating mraos. DIMENSIOINS. adjustable cirrying straps. 	 blowil away n,,litte andcan eonst.ur. ft lines by the24*"" 1?WIGHI: i" A" 25 lbs..empty. f	 - " " u f tShW. 32 lb1314 Sir% 23 ls1 horcullurists can clean lawns, flower 

bels, And Can'uwees*
9 117 Outing Kit Sht.Wt.17 lb 1139 95 5 usigKtSt.W.1 ls ,34.3S5 when using lite rake:. 

rock 1fienl. Mainteniance personneftlDosae Pieces rnulate Chemicals.bart Piec"t lt Gmnat a hmicals. Includes 9 litt seats It} 0L lte
€/ mer.Ilr- 90 chemicals. Includes 9 €'/hn-eUsePPI!withi 13198 

Ior 
f~r.totw,-apply(MiSranuli:AC pr~chemicS's.111I 4 . Wani 011111 FO fromMP(Aaround02./'t.lintheaties of Wt$1rpf$aii1,m 

Usin13197le.tot aovlr 0..ranularn~r! ro 00w"RHP 1 M 
WM. 	 VYensage pieces fo.-	 to14h piem fot regulating output from 10 oa,./min. to143 Sht. 24 lbs.iegulaling osilpu! Ifr. 10w /min dosage 13175 

C15 in * 13135 i lsPe e O 13176 501.0 5' Extension Tube. Z ,. 

9pieces 9 c3SO9ieces. SLtIls 

13192 flame lhiowe Attacment 	 13193 Flame Throwet AtatitntL . k . 4lfb f 	 WS N $Infs0w Modl,40.h S % .	 . mVil. A3' 25lp. fl 
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205 W. flarkin St. - P.O. Box 8397 MS I-81D-602-539T 24 hou "" 
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SCIENTIFIC SEPARATORS, INC..
 
•TEL (303) 623-6178 

621-17th 	Street, Suite 1515
 
Denver, Colorado 80293
 



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

* follows: 
.0- No moving parts in actual separation process. 

• ,Gentle action minimizes product damage. 
CPO( .C e Separates product mixes that have previously not been 

feasible to separate economically. 
0 Heavy gauge metal construction. 

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

00 CP00 High capacity at low power consumption. 
A Air exhaust may be recirculated tocreate aclosed ystem. 

0 The Scientific Separator employes a multi-stige zig-zag column. 
o 0 o O0 Air is drawn up this column, through a cyclone and out the 
0 exhaust blower. Product to be classified is fed into the column 

0 at an intermediate point. Actual separation takes place at each 
0zig-zag in the column. Lighter (or smaller) material is drawn up 

through the column and into a cyclone collector. Heavier (or 
larger) material settles down and out the bottom of the column. 

F Materials can be classified as to size, density, shape, or surface 
texture. Any particles larger than 100 microns can be classified. 

Th, sketch above depit how Operates as efficiently at low loadings as at design load. 
separation of dry, particulate ma
terials are made. Arrows on each 
side of the column indicate direc
tion of material flow. Coarse, 
heavy, material, "A", cascades 
down the zlg.zag colum. Finer, Applications of Scientific Separators range from dehydrated foods 
lighter material, "B", is frried to chemicals. Some uses include removing bone chips from bone
upward inthe air stream. meal, spider webs from mushrooms, sand from powdered mush-
Product isexposed to upward air 
flow, "F', at each bend in the rooms, alfalfa leaf from stems, skins from meats of dehydrated
column, thus giving the effect of onions, cleaning of raw materials such as peanuts or beans, de
a multi-stage separation. It is this 
principle that enables our equip- dusting of borax and other chemicals, removal of contaminated 
mont to accomplish extremely pre- seed from pure seed,and recovery of salable material from various 
cise classifications with extremely 
minute density differences in the kinds of waste streams. The chart on this page will help you visual
material. ize how our equipment applies to your product. Many progressive 

companies are replacing outdated, less efficient machinery with 
SSI trouble-free air classifiers. 
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0input hopper 0 boOC.Soo. .* 

Air seal 
rotary feed 

SZig-zag air 
separation column S.. 

0 Gravity discharge(heavy material) '0." .so 

Cclone 0 

0 Air seal 0 S. ,: 
rotary dischargese 
(light material) ! 

STANDARD MODELS (12 ZIG-ZAG STAGES) 

MODEL A-154 A-2 A4312 A418 A30 A-848 11-I00 

Lbs Per 
Hour 250 500 1,500 3.000 7.500 lroo 25S0 

Column
Cron Section

Blowr"o 
1%,14" nxi" 3"x1r 4 x S"x30 8'x48" 10' x60' 

H.P. 
CFM 65 

1 
130 

2 
390 . 

3 
780 

5 
1.950 

10, 
4,150 

15 
6.0 

Cylone:" 
Dimeter 
Height 

12" 
3" 

14" 
3 

16' 
47 

23". 
5'10" 

33 
8 

51 
14'4" 

62n 
17"? 

Overll:z 
Length
Width 

4'4 
20" 

5? 
3? 

65 
4? 

8" 
4" 

10' 
S1" 

11' 
11 

12 
7"30 

Height 57 61' 7#4 121' 14' 1"40 2118" 

ADDITIONAL 
FEATURES 

1ta 7 Feed 
Discharge Std. Std. Std. Std. Std. Std. Std. 

Variable Feed 
Ftnt d. 

Opt 
Opt. 

Opt. 
OL 

Opt. 
Opt 

Opt 
N/A 

Opt. 
N/A 

OPL 
N/A 

Air Meter Std. Opt. Ot. OpL Opt. O__ Opt. 
Stainless 

Setc Ot. Opt. Opt. Ot. Opt. •capty.• ad 

hlwerCahorepwer wll epend OR actual Mteril to 112ulper cubic ie real t crasi%Jto 3J times the RateMnMW aterial OenSteald bulk deerIYa30 caolJWes will raose thm t, onion 8ese ised 

gcui:JI l~tiJssl bulk deity and oraynamnic character or the material. 
blowver htpa e d Oldend be epartd. Atua~l 

deediga 



CAPACITY APPLICATION 
Dv o sn 

Due to variety of uses, itisnot uncommon 
to modify various components sizes, such 
as a change in column dimensions, size of 

As required -

up to 
100,000 lbs. 
Oar hour 

Any dry 
particles

100 microns 
and 

blower, cyclone or hopper; or ceiling mount- Inasingleunit 
larger 

ing may be desirable. 

Each individual customer's requirements are 
reviewed by our staff to determine modifica
tions that may be required. 

ADVANTAGES 

Minimum product damage 
We would be pleased to separate a 10 to 20 
lb. sample of your product in our laboratory. 

Continuous flow 

Results of such samples will be returned to Dust free operation 
you without charge for your examination. Automatic operation 

Low maintenance 

Economical operation 

Few moving parts 
Any dry particulate product mix varying In High capacity 
size, shape, bulk density o" aerodynamic 
character. 

, . ', 

621-17th Street, Suite 1515
 
Denver, Colorado 80293
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seed quality 
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S 540tora oiModernIZA purity analysis 
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Liboratories mist minimize tho time 

Awen in manual manipulation of seed. .LP 

This equiprent relieves some of tho Puwd all pRCFSEPARATOR S CONTINUOUS SEED BLOWER
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l
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.t egS. a 
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1.1453 Separator 55010.50 f'.un,'v twtu-"' ir.IlJe I rnn 
laboratory work. 	 . onrpntt sm'W 

S,, h .u, pl. 
DEBtoAROER IP.Ml 	

ow ljrtsmdwl wedr .LABORATORY 	 it londltzSilN3lu 	 IS. ..t.uislfal al rab|lulonilahleSEED SEPARATOR 	 ,rilltui ltttI-L. tril;:.'0.lpi 0nWMe loltnteVIBRATORY 	
Does

nplei.
?ow 

Can 
carnage 

hao.ilerole. seeds.vory Gentr',ly noilt 'A' 1% 0ii.-owtl cutu . slung ivCab . I O 1 belliesps 	 1102dol
d.wk. Furfisnld with S int.chMalg rol .,ts OIiii 	 C no'inw th vibratO r on
a precision e~wz 	 tll.
tiorrisgimu vib~rator. 	

satc otne f ad s nci.it ha fes to I(:i ro l,
Cornipate with electric vibrator feeder. 

a t 	 f .g iLon~trols 	 l rCO,i:WdCanln pr ci 	 twluri. , nel ,URemovo;" difficult ," .in 	 log.agitator drum. . V iirnuto tefi S4680 

Does not requir eair: LaW to drum. Camicto wilth tc,4 1.47 Ught feldSl-lening.versatile. Makes many diffiult awns. hairs, separaita dotilC lowir 	 i 
mw O e rations. 	 moitors :* and outf od AUTOMATIC UE" basis of 	 ATIOee to soirtson hopper, vibratory feeopr. dr-O.f, AUsOtta txture. Eliminates hand 
¢Taoe ed sutkace 	 . ofof thimst difficult proble freore.door.P 	 SnIvts one obtaining imallinV 	 seed lot insr.otion:mixufW 	 S=10.00law' for saratipecificdoorAM 	 DO eebdrU.in
clacif 

all OVr the world for handl, 1454 	
II'lt.:ive SamoIC, frLJm lrger lOtS. Will obt-I 4 

wootone 	 TREATED SEED INSPECTION STATION 
of lUt,tiQ 1 gram. Produces rarw

wed.MNKes separations 	 jinliesmell quantities of 	 seed
soelfic gravit Machine. Protects the seed analySt from toxic dusth and 

sentativi .shsantolm -Ilarge and smltall 
not pOssible with 	 treated seed during purity an&. tVapor% from 

lotsul eith' Wugtosa '-4Pd or sonall.eeded
 
Caoctv aout %lb. par hour. 

exhaust systeim to remove pnrse elfctronic
Includes an 	 includes accurate.2s524.U Isi 	 s . 
1.1459 Searatator 	 dust and fumes from enclosed working area. 

a Shoil ff device for controlling sub.samole 
move the Ided alongvibrator feeder to 	 veig ts Vibratut t .wrreguat"i and pig=s 

30.DEK VIBRATORY SEPARATOR 
Han. 

oick.up for cufta.ninawts 	 VOG 
dis larier volum e of difficult seed scoata- trougil, vacuuml 

weer, inert matte .,'Orf- said exactly cwar chromeo diving cone. 
(othat crop seed. 	 Lon t PLO' 

tions, Precision machine succi 1ful inourdv. 	
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c Permanently textured aluminum decks 

1.5 Inspection Stlatiod' S23595 0 
and sood containers. Mounted an base. 

Capaclity 	 STATIONuniform vibrator feeding. INSPECTION 	 3608330(301. 	
hour. Cornalets witr electri MICRUSCOPIC 1.458 Subuampler

bOut 16 lbs. 1W Use " b Magnification system availahle fromdividers,and seed
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TAIWAN 

Hu. Ta-Wei and Chih-Cheng Liu. Division of Silviculture,
 
Taiwan Forestry Research Institute, 53"Nan-Hai Road, Taipei,
 
Taiwan, R.O.C.
 

VEGETATIVE PROPAGATION OF LEUCAENA BY LEAFY.CUTTINGS UNDER 
MIST SPRAY
 

Due to some hybrids of Leucaena leucocephala with other
 
Leucaena spp. are fast-growing but sterile, research for
 
practical methods of vegetative propagation is necessary.
 
In Au-gust, 1980, twigs were taken from 1- and 3-year old
 
trees of leucaena (K72) and cuttings of 15 cm long were made 
into the following 3 categories: 1. Leafy twig cuttings with 
3 leaves and the terminal shoot retained, 2. Leafy twig
 
cuttings with 2 to 3 leaves retained and 3. Leafless twig
 
cuttings. A 2 x 3 factorial test in complete randomized
 
block design with 5 replications was conducted in greenhouse
 
under intermittent mist spray. Twenty cuttings of each plot
 
were inserted in coarse sand of the propagation bed in two
 
rows.' The spacings of each cutting in one row is about 6 cm
 
and row to row is 15 cm apart.
 

Thirty-five days after the establishment of the test, number
 
of rooted cuttings was examined and the results are shown as
 
follows:
 

Age of Category of No. of Cuttings Ave. 7.
 
ortet cuttings cuttings rooted for age
 

tested (7) class
trees 

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 

100 0 29
Leafless twig cut. 


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.
 

UCAENA RESemCH RORTS, Vol. 2, July, 1981, Council for Agricultural Planning 
and Development, Taiwan. 
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