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EXECUTIVE SUMMARY

In 1982, the U.S. Agency for International Development funded a project to study
growth of Caribbean pine ( Pinus caribaea var. hondurensis) in four countries: Costa
Rica, Jamaica, Trinidad, and Venezuela. Objectives of the project were to undertake
new field research, to complete specific institution building activities, and to iniprove
communication linkages among all cooperator countries. Puerto Rico served as a
staging area for the overseas work and was a standard against which to compare
growth data frocm the other countries.

Soil, climatic, and othcr envireonmental conditions are quite diverse across the five
countries. At one extreme, study sites in Venezuela are located only 50 meters (164
feet) or less above sea level; have deep, droughty, sandy Oxisol soils; and receive only
900 to 1,200 millimeters (35 to 47 inches) of precipitation annually over a 4- to
6-month period. At the other extreme, study sites in Jamaica are located at e tevations
of 260 to 1,300 meters (858 to 4,290 feet), have deep, clay Ultisol soils, and receive
1,600 to over 3,500 millimeters (63 to 138 inches) of precinitation annually over a 10-
to 12-month period.

Over 200field plots in unthinned plantations provided data to cons: ruct site index,
survival, and outside-bark-volume and basal-area curves for each country. For rota-
tionage 15 years at an initial outplantdensity of 1,300 trees per hectare on “best” sites,
greatest mean annual wood preduction was 37 cubic meters per hectare (533 cubic
feet per acre) per year in Costa Rica. Puerto Rico and Venezuela average 32 cubic
meters (461 cubic feet) per year. Trinidad and Jamaica averaged Z6 cubic meters (375
cubic feet) per year.

Laboratory tests showed no major nutrient imbalances in any country. Overall soil
fertility was lowest on sandy soils in Venezuela, as measured by agronomic indices.

Soil pH values were highly acidic, <4.4, in Puerto Rico, Trinidad, and Venezuela.
Higher pH values, >6.5, were measured only in Costa Rica and Jamaica. Pre-
dicted volume yields were not generally associated with specific soil types,
such as clays, sands, and loams, or with life zones. But yields were higher on
well-drained and moist sites than on poorly drained and dry sites.

Tree form was poor in all countries. Highest amounts of forked trees, surpassing
50 percent, were in Costa Rica, Trinidad, and Venezuela. Highest amounts of toxtail
trees were in Costa Rica, Puerto Rico, and Venezuela, close to or surpassing 60
percent. Least foxtailing, 35 percent, was in Jamaica. (Avoiding seed sources from
Poptun, Guatemala, and coastal Honduras will reduce foxtailing.) Most plots had few
cones per tree and little evidence of past or recent flowering.

Insect or pathogen damage existed in Costa Rica, Jamaica, and Venezuela. Fires
were a frequent hazard in all countries but seidom caused damage unless plantings
were young and had thin bark. Wind damage was most severe in Jamaica and Puerto
Rico, which are located in the Caribbean hurricane belt.

In moist areas, native shrubs and trees quickly revegetate planted sites and will
eventually replace pine plantations unless repetitive weedings or fires reduce their
growth. Understory flora and fauna are apparentiy as diverse within unburned pine
plantations as they are within native secondary forests. Native wildliie generally find
abundant focd and cover in edge areas between pine plantations and native forest.
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1. THE CARIBBEAN PINE PROJECT

by Leon H. Liegel
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Figure 1.1— Location of all countries (dark-shaded areas) included in the Caribbean Pine Project.
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1.1 introduction

1.1.1 Study Backgrourd and Objectives.—Although
Caribbean pinc (Pinus caribaea var hondurensis Barr. and
Golf.) has been widely planted in the Caribbean Basin
arca, the effects of site on tree growth and yield have been
documented in only a few countrics. Historically, there
has been little exchange cf technical information among
countries of the region, The present study, funded by the
U.S. Agency for International Development in Decem-
ber 1982, sought to improve communication and forest
rescarch linkages between the cooperator countries of
Costa Rica, Jamaica, Pucrto Rico, Trinidad, and Venczu-
cla (fig. 1.1). The four specific cbjectives of the study,
called the Caribbean pinc project in this report, were to:

« collect and synthesize cxisting Caribbean pine re-
scarch data,

e sclect and complete training activitics for forestry
staffs of coopcrator institutions,

« conduct new field rescarch, and

» publish results from syntheses of old and ncw re-
scarch activities.

1.1.2 Audience.—This report summarizes project in-
formation in nontechnical terms for as large and diverse
an audicnce as possible. Target rcaders arc government
officials and managers and local cnvironmentalists who
must makc dccisions about whether Caribbean pine
plantings provide sound resource management alterna-
tives. The audience also includes members of local or
international donor agencics that could fund forestry
development projects in any of the cooperator countrics.
Thercfore, technical jargon is kept to a minimum. Ap-
pendix A contains a glossary of abbreviations and defini-
tions of key technical terms used in the report,

1.1.3  Subject Arrangement.—This chapter cxplains
project objectives and bencfits, data coilected, and insti-
tution building and training components of the project.
Remaining chapters outline overall findings for all coop-
crator countrics. The format is a highly illustrated case-
book approach that explains specific findings and
implications for individual countrics.

Information for cach country is presented in the saine
scquence. First, there is a short history of pinc manage-
ment. Sccond, a section on geology and soils defines the
physical cnvironment in which plantation forestry is
practiced. Third, growth data arc presented and ranked
against results for cach of the other cooperator coun-
trics. Fourth, general stand conditions are reviewed: per-
centages of deformed trees (forked stems, foxtail growth
habit), cone/sced production, and important distur-
bances such as fircs and wind damage. Fifth, obscrvations
on physical and chemical propertics are summarized for
surface and subsurface soil horizons. Last, suggestions
are given for forest management strategics and new re-

scarch in ecach country. Some subject overlap is inten-
tional to make each chapter independent of all others.

1.1.4 Project Benefits and Management Implica-
tions.—The results of this research should ¢nable man-
agers, foresters, ecologists, and econorrists in cooperator
countrics to make sound, practical forestry decisions.
Other bencefits are:

* Identification of sites where trees have abnormal
growth characteristics and arc susceptible to wind
damage,

assessment of the cffects of Caribbean pinc plant-
ings on plant understory diversity,

analysis of past planting practices to determine fu-
turc plantation cstablishment activitics,

devclopment of a sound data basc for continucd
cooperative resecarch among forestry institutions
within or outside the Caribbean Basin, and

cstablishment of a known resource data basc that
can be used for other forestry development projects
in the region.

1.1.5 Physical Setting.—In all these countrics, pine
plantations arc mostly unthinned and are usually un-
managed cxcept for basic weed and fire control. Each
country has very diverse clevational, rainfall, soil, and
geolegical conditions. For example, sites in Venczuela
have sandy soils derived from sedimentary and acolian
sands, arc located 50 meters (164 feet) or Iess above sca
level, and receive only 900 1o 1,200 millimeters (35 1o 47
inches) of precipitation aninually, At the other extreme,
sites in Jamaica ha-¢ deep clay soils derived from volca-
nic and limestonc rocks, arc located at 260 to 1,300
meters (858 to 4,290 feet) above sca level, and receive
1,600 to over 3,500 millimeters (63 to over 138 inches) of
precipitation annually.

1.1.A Native Stands—Natural stands of Caribbcan
pinc exist in Central America, Belize, Guatemala, Hon-
duras, and Nicaragua, from 12° to 18° N. latitude and
from about 83° to 89° W, longitude. In Honduras, trees
grow at clevations of up to 1,000 meters (3,280 fect); in
the other countries, trees grow from coastal lowlands to
clevations of 500 to 800 meters (1,650 and 2,640 feet).
Few studies have documented soil properties in native
stands. Coastal soils arc wcll-acrated sands and silts on
former Icvee banks of rivers; mountain soils arc derived
from conglomerate, granite, and slate rocks as well as
limestone in Guatemala.

Climate is tropical, with no frost throughout the
growing scason. A winter dry scason extends from De-
cember through May. Annual rainfall varies from 1,500
to 3,900 millimeters (59 to 154 inches) and is greatest at
lowest iatitudes along the coast. Interior stands arc influ-
cnced by rain shadow effects and can recceive less than
1,000 millimeters (40 inches).



Disturbances arc limitcd to lightning-caused fires and
bark bectle attacks from Ips or Dendroctonus genera;
blowdowns from hurricancs occur infrcquently along
coastal areas of Honduras and Belize. Before cutting was
increased markedly, trece grew to hcights of over 30
meters (99 feet) and to outside diameters of over 40
centimeters (16 inches) in 60 to 80 yecars. Stand density
ranged from scattered individuals in grass savannas to
pure stands along the coast. (Wood from older native
stands is used for sawtimber and cabinet making).

Large genetic variation exists among stands within
any individual country and among all countrics where
Caribbean pinc grows naturally. This variation has been
characterized over the last 20 years by scientists from the
Oxford Forestry Institute, formerly the Commonwcalth
Forestry Institute, in Oxford, United Kingdom. Results
show that progeny of sceds from certain native stands
grow well in some countries but not in all. One unusuai
phcnomenca, the foxtail growth habit (sce front cover),
comprises 10 to over 50 percent of rescarch or opera-
tional plantings, yct is rarcly scen in native stands. Ap-
parently, itis a result of both genetic and environmental
factors.

'Trees from some native sced sources are quite wind
resistant in cnvironments having high hurricane inci-
dence; those from other sources have higher wood den-
sity at carly ages. Therefore, knowing the number of
cones produced per tree and actual seed viability is very
important when considering large reforestation projects.
Because most natural stands face tremendous cutting
pressures, collecting sceds from older plantations has
become very importantin the last decade. Unfortunatcly,
trces with large numbers of cones in exotic cnvironments
frequently produce few viable sceds. And trees in heavily
stocked stands on poor sites produce flowers and cones
at later ages and in lesser amounts than do trecs growing
in less densc stands on fertile soils.

1.2 Project Structure

Various agencics helped support the many activitics
nceded to complete the Caribbean pine project. Key
personnel and the kinds of services provided arc given at
the beginning of this chapter. The specific tasks of cach
agency are described below.

1.2.1 US. Agency for International Development
(USAID).—The Caribbcan pinc projcct was funded by
USAID for §150,000 in latc 1982. The grant was part of
USAID’s competitive grants program that allows United
States’ scientists and collcagues from developing coun-
trics to submit joint rescarch proposals. Emphasis is on
allowing other countrics to take advantage of emerging
but lesser known and perhaps riskicr technologies than
those uscd in regular development projects. All propos-
als undergo rigorous internal and cxternal peer review
and cvaluation. The four major criteria used in judging
them are scientific merit, relevance to development, new

and innovative character, and ovcrscas institution build-
ing components.

Progress reports were prepared every 6 months for
USAID’s Burcau for Latin America and the Caribbean
and the Burcau for Science and Technology. Protocols
regarding limitations on overscas rescarch and travel
were handled by these offices.

1.2.2 U.S. Department of Agriculture (USDA).—Funds
from USAID were distributed via a Participating Agency
Scrvice Agreement administerced by the USDA Office of
International Cooperation and Development, World-
wide Programs Office, Washington, DC. This officc ad-
ministers various agricultural technical assistance
programs in forcign countrics that include participating
USDA scicntists. Its personnel tracked all foreign travel
cxpenditares and handled training costs incurred by for-
cign nationals within the project.

General technical and overall supervision of the proj-
cct was provided by USDA Forest Service scientist Leon
H. Liegel, the project manager and project principal
investigator. Administrative support for day-to-day op-
crations came from the clerical and fiscal staffs at the
Institute of Tropical Forestry and the Supervisor’s Office,
Caribbean National Forest, Rio Picdras, PR. Coopcra-
tive agrcements for all overscas work were handled by
Forest Service personnel at the Southern Forest Experi-
ment Station, New Orleans, LA,

1.2.3 Cooperator Counnies.—Technical counterparts
in cach cooperator country acied as coinvestigators for
the project. They prepared loca! budgets for training
activities, helped direc ficld activitics, and interpreted
final results. More important, cach coinvestigator coor-
dinated cfforts with local administrators so that proj -t
objectives were completed as planned.

1.3 Collecting Growth and Yield Data

1.3.1 Field Methods.—Variable-sized rectangular

- growth plots were cstablished only in plantations where

mortality and site disturbance were minimal. The objec-
tive was to sample ficld conditions where plantings were
ncither too poorly nor too highly stocked. Data from
cither extreme condition would lead to low or high
growth cstimates not representative of overall growing
conditions.

Diameters were recorded at breast height, 1.3 meters
(4.3 fcet) from the ground for all trees, usually 30 or more
per plot. Total heights in meters were recorded for at
least 10 or more trees. Also, heights to 5-centimeter
(2-inch) reductions in the outside-bark diameters were
measurcd with a height/diameter gauge (Spicgel
relaskope).

1.3.2 Stand Conditions.—Other data on stand devel-
opment were collected. Tree form and stem quality were
assessed by counting the number of trees having a
crooked bole, forkzd main stem, lcaning main stem, and
foxtail growth habit (sec front cover and fig. 6.6).



Sawtimber crop trees with forked and crooked stems
have 50-percent or less value than those with straight
single stcms and superior wood quality propertics. A
high percentage of forking gencrally indicates past dis-
easc, pest, or wind damage. A high percentage of Icaning
trees indicates past storm damage and perhaps under-
ground pathogens that have weakened tree root systems.
Up to adccade ago, wood propertics of foxtail trees were
thought to be inferior to those of non-foxtail trees. More
rccent research does not support this idea. When foxtail
trees resume normal growth, usually after 6 or 8 ycars,
they produce two to three times morc branches than
normally grow in a whorl. Over time, normal whorls arc
produced as the tree grows. However, at the point where
cxcess branches thicken, a weak point develops on the
stem that is casily snapped in moderate to high winds.

Understory vegetation was classified into one of five
categorics, ranging from bare ground covered only with
ncedles to ground covered with profuse grass or shrub
cover (fig. 1.2). Understory specics usually provide food

and cover for a variety of wildlife specics. However, some
cnvironmentalists fcel that pine needles accumulate and
prevent an understory from developing. Kinds of under-
story associations also help predict the nced for weeding
during carly plantation develepment. Their abundance
and composition determine whether a fire hazard will
exist from fuels accumulated during a long, dry scason.

The objective in taking measurements of stand condi-
tions was to collect bascline stand and ccological data
that could be used by land managers, foresters, ccolo-
gists, conservationists, and development planners.

1.3.3 Merchantability and Utilization.—Each country
growing Caribbcan pinc wood has different cutting and
harvesting practices, utilization critcria, and merchant-
ability standards. Small materials from thinnings, less
than 15 centimeters (6 inches) outside bark, are some-
times used for fenceposts and rustic fence or building
materials. Because juvenile wood content is high in
young wood, even chemical treatment will not prolong
wood life beyond 10 years. Chemical treatment, either by

Figure 1.2— Diameter, height, forn, and cone production data wererecorded for all field plots. Observations were also made on other stand characteristics.
For example, some plantations had a profuse understory (left), whereas others (right), disturbed by fire or grazing had litde or no competing
vegetation.



hot-cold-bath or pressure preservative methods, is very
expensive because high amounts of chemical are ab-
sorbed by low-density juvenile wood.

On good sites, 15-ycar-old plantings can produce logs
with minimum outside diameters of 25 to 30 centimeters
(10 10 12 inches) and minimum top diameters of 1010 20
centimeters (4 to 8 inches). On average sites, however,
20 o 25 years are nceded to reach the same merchant-
ability limits. Natural pruning is poor in plantations, and
including pruning to 4.9 meters (16 feet), one log height,
will improve wood quality for sawlog standards. Proper-
tics of good-quality, high-valuc sawlogs arc lcss juvenile
wood, greater strength, and higher specific gravity or
density of the wood. Older plantings also preduce poles
suitable for electrical and telephone lines in 12 to 15
years. Overall form and standing strength may not be
cqual to commercial pince utility pole standards for the
Southern United States. Yet more careful management
of planting density and pruning regimes would help im-
prove both factors to meet existing standards.

Volume yiclds can be expressed with (outside bark)
and without bark (underbark), depending on the local
customs and products produced. For pinces, underbark
yiclds are some 15 to 25 pereent less than outside-bark
volumes for the same trees. Exact bark percentages are
best obtained by felling sample trees and measuring bark
thickness at several points along the bole. The method
uscd in this study was to measurc bark thickness at breast
height only on 10 or more trees per plot. Although bark
percentages measured this way are slightly higher than
those determined from felled trees, they do provide gen-
cral values to compare outside-bark yiclds with undei-
bark yiclds. Average amounts (percentages) of bark at
breast height for Caribbean pine were: Costa Rica, 17;
Jamaica, 17: Puerto Rico, 13; Trinidad, 14; and Venezu-
cla, 21.

1.4 Collecting Soils Data

1.4.1 Field Methods.—The productivity of crops such
as bananas, corn, and swect potatocs is dircctly related
to fertility of the soils in which they are grown. Similarly,
it was assumed that the growth and productivity of Car-
ibbcan pinc is influenced by the various types of soils on
which plantations are established. Therefore, soil sam-
ples were collected for all plots where growth and yield
data were coliected (fig. 1.3).

Two bags of s0il, cach weighing about 1 kilogram (2.2
pounds), were collected with a bucket auger or shovel.
One bag contained soil collected from the surface down
to 20 centimeters (8 inches), the other from 20 centime-
ters to 1 meter (8 inches to 3.3 feet) or rock barriers.
Samples in Puerto Rico were taken from the surface to
30 centimeters (12 inches) because of slightly different
sampling protocols developed for a doctoral dissertation.
Soil samples were collected from three to five spots

shovel. Sampling was often difficult because the soils had
high clay content and many rocks.

within cach plot, mixed, and placed in cloth bags. When
collecting soils, ficld crews made notations about:

» s0il color,

« amount and kind of rocks,

» depth where rocks occurred,

» depth were drainage was restricted, and
= average depth 1o which roots grew.

1.4.2 Laboratory and Office Interpretations.—Soil
samples were forwarded o and analyzed at the Tropical
Soils Laboratory, Soil Science Department, North Caro-
lina State University in Raleigh. The following physical
and chemical properties that influcnce soil fertility were
measurcd for all samples:

« amounts of sand, silt, and clay;

cation exchange capacity (CEC);

soil reaction (pH);

aluminum saturation;

phosphorous fixation potential;

presence of sticky, plastic, expanding clays;

presence of free calcium or sodium salts; and

amount of potassium-weatherable minerals.

Results from laboratory tests were compared with
crop and forest fertility indices to detect nutrient imbal-
ances and any fertility deficiencics. Another objective
was to determine whether plantations located in the



same predctermined soil regions, based on geologic and
topographic features, had similar fertility attributes.
Soils of the samc fertility should decmonstrate the same
response to fertilizer and other management practices
(e.g.,site preparation, thinning regimes, or harvest meth-
0ds) that are used to increasc wood volume yiclds. The
fertility indices used werc:

Minimal fertility standards

Fertility Al

index pH saturation Ca Mg K P
pct - —-meq/100 em?® - - - ppm

Crops <6.0 <60 0.5 0.1 0.20 10

Pines 4.5-6.5 =60 0.2 0.2 005 4-200

1.5 Institution Building and Training

1.5.1 Objective.—An integral part of the Caribbcan
pinc project was completing various institution building
and training activities. General training needs were iden-
tified in 1983 during planning meetings of the Project
Principal Investigator with Forest Department scnior
level staffs in the cooperator countries. Specific activities
and trips were accomplished throughout the project as
opportunitics developed (table 1.1).The overall objec-
live was to augment cxisting professional and institu-
tional strengths so that both managerial and technical
skills could be improved.

1.5.2 In-Country Activities.—Local activitics centered
on cstablishing ficld plots to assess growth and yicld of
Caribbean pinc by:

* supplying forestry cquipment needed o conduct
actual ficld work and

* providing training in initiating new ficld work, in-
cluding rationale and sampling techniques for tak-
ing soil samplcs in cach plot.

Two Spicgel relaskopes, uscd to take tree licights and
outside stem diamcters, : *‘maincd in cach ccountry after
ficld work was completed.

1.5.3  Professional Development.—Acltivitics for ca-
reer and professional development were conducted out-
side the cooperator countries in Chile, Colombia, the
United Kingdom, the United States, Pucrto Rico, and
Venczucla. Attendance at international meetings al-
lowed foreign national professionals to make contacts
with their peers from all over the world. It also allowed
them to become familiar with rescarch and opcrational
techniques that could be adapted to conditions in their
own countries "raiuing costs were provided from projcct
funds. Specific training accomplishments for each coun-
try arc listed in appc.idix B.

Training sessions were very successful as judged by the
written comments of thosc who participated. Of particu-
lar importance was the mecting of project counterparts

Table 1.1—Summary of activities and expenses involved in acccomplish-
ing organizational ivork an. training goals in the Caribbean
pine project, 1983-86

Cost in
U.S. dollars

13,956

Cooperator country Activity

International
travel/training in Co-
lombia, Puerto Rico,
United Kingdom, and
Venezuela; field equip-
ment and labor

Costa Rica

International 12,554
travelftraining in

Puerto Rico, the

United States, and

Venczuela; field equip-

ment

Jamaica

International 16,431
travelftraining in

Puerto Rico, the

United States, and

Venezuela; ficld equip-

ment

Trinidad

International 18,527
travelftraining in

Chile, Puerto Rico,

and the United States;

field equipment

Venczuela

International travel 16,583
for field iraining exer-
cises and project plan-
ning activitics in other

cooperator countrics
Total 78,051

Puerto Rico

*Puerto Rico was not a direct recipient of USAID grant funds but
served as a staging area for conducting and comparing rescarch in the
other countrics.

and the Projcct Principal Investigator in Puerto Rico in
September 1986 (fig 1.4). They visited provenance, sced
orchard, and spacing trials of Caribbcan pinc and prove-
nancc trials of Eucalyptus deglupta and Pinus merkusii.
Afterwards, the counterparts traveled together 1o Vene-
zucla where they compared growth and maragement of
Caribbean pine in the castern savannas with reforesta-
tion practices obscrved in Puerto Rico and uscd in their
own countrics. T.uesc information cxchanges created
profescional bouuds that can be utilized in future forestry
development projects within the Caribbean Basin.

1.6 Data Synthesis and Integration

Synthesis and integration of information collccted in
all countries were essential to the Caribbean pine proj-
cct. Kinds of information collected were data on the
physical an¢! ~hemical properties of soils, tree and stand
data, and observations about ficld conditions and forest
management practices(fig. 1.5). Additional information
came from world literature and from various studics on



Figure 1.4—Project technical :ounterparts from Costa Rica and Ven-
ezuela. Photo taken near Anasco, PR, as they discussed
prolific nawral r :generation of Caribbean pine with forest-
ers from Sri Larka.

climate, soil surveys, and forest surveys in cach of the
countrices. Results viere summarized for various audi-
ences by special reports, peer-review technical articles,
and casebook studics.

1.6.1 Special Repor's.—Thesc reports (see appendix
C) incorporated observetions about plantation and nur-
scry management practices used in the cooperator coun-
trics. For cxample, an article by Venator and others
(1985) documented how Ciribbean pine nursery stock is
produced by cither bare-root or containerized tech-
niques, depending on available human and monctary
resources and environmental conditions. Nursery tech-
niques used by several cooperator agencies were re-
viewed by text and picture format in the forest nursery
guide written by Licgel and Venator (1987). These and
other articles alerted forest researchers across the world
to the USAID-funded project.

1.6.2 Peer-Reviewed Technical Articles.—Specific in-
formation about ficld plot sampling teciniques and data
2nalyses will be presented via peer-reviewed journal ar-
ticles. Such a format is suitable for other forest research-
crs or quantitative ecologists who are interested in the
technical aspects of the project. Writing for this audience
is cssential to document all techniques by which the field
and laborator data were collected, analyzed, and inter-
preted. Drafts of technical articles are now being pre-
pared.

1.6.3 Casecbook Studies.—Chapters 2 through 6in this
report cvaluate Caribbean pine management practices,
including planting, tending, and harvesting tcchniques,
in each cooperator country. Existing markets and pro-
cessing plants make sawn wood products available in
some countrics but not in others. Each country also has
a unique sct of cultural and socio-cconomic factors that
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determine the scope and magnitude of future plantation
management strategies. Overall results are presented in
a country-by-country cascbook format.

1.6.4 Future Cooperative Research.—End results of
the Caribbean pine project are additional regional coop-
crative rescarch and new forestry projects in ¢cach coun-
try (fig. 1.5). A wcalth of tree and soil data were
accumulated in uniforin fashion across five countrics
having very diverse environmental conditions and forest
management historics. These bascline dat: can be used
for new intensive studies. Subject arcas not investigated
in this project that could be studicd are:

« assessment of wildlife benefits or losses from pine
plantation managemers, '

» quantification of wood density and wood quality
across the diversc sites studicd,

» development of a regionwide growth and yicld
model,

« investigation of noncraditional forest products that
could be obtained from low-density juvenile wood
(such as animal bedding material), and

« determination of differences in soil nutrient status
in successive plantations or bctween plantations
and adjacent natural forest and savanna arcas.
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Figure 1.5—Synthesis and integration of information collected in the
Caribbean pine project.
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2. COSTA RICA

by Leon 1. Liegel, Pablo Camacho, and Freddy Rojas
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Figure 2.1—Field plots established in Costa Rica. Circled numbers indicate approximate plot location in
particular provinces.
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Ing. Edgar Ortiz Malavasi, director— Departamento Ingenieria Forestal

Ing. Julio Cesar Calvo—administrador de recursos naturales

Ing. Pablo Camacho—technical counterpari. Current address: University of Missouri, Schoo! of Forestry, Fisheries
and Wildlife, Columbia, MO 65211.

Ing. Freddy Rojas— directed ficld sample crews

Gustavo Torres, Luis Perez, Carlos Gamboa, Alejandro Meza, Ronny Munoz—ficld technicians



2.1 Local Pine Management History

2.1.1 Initial Introduction.—Caribscan pine was intro-
duced to Costa Rica almost 30 ycars ago along with
several other exotic forest tree specics. The first plant-
ings were used mainly as ornamentals on land owned by
small farmcrs and industrial concerns. Because of its
cxceptional growth, Caribbcan pine was soon planted for
commercial wood production.

Small experimental plantings of Caribbean pinc were
cstablished in Turrialba in 1960. During the first 210 6
years, height growth of dominant trces averaged over 2.5
meters (8 feet) per year. Apparcently, the only impedi-
ments to growth throughout the countryare drainage and
associat~u factors such as walter table height and depth
of scil avajlable for root development. Sced sources for
carly aind subscquent plantings were “3uatemala, Hondu-
ras, and Mt Dine Ridge, Belize.

2.1.2 Silvicultural Practices.—Outplant density is gen-
crally 2.5 by 2.5 meters (8 by 8 feet), or 1,600 trees per
hectare (680 trees per acre). In the first year, four weed -
ings arc needed on wetter sites of the Atlantic side and
three weedings on drier sites of the Pacific side. During
the sccond year, weedings are reduced io two and discon-
tinucg therearter unless trees are growing very poorly or
sites are extremely wet all year long.

Thinning is generally precommercial and is done dur-
ing the fourth or fifth ycar after planting. Forty to 50
percent of the trees are removed. The second and last
thinning is donc at 10 years; thinned material is used for
posts and poles. For the final cut, 200 crop trees per
hectare (85 trees per acre) are left to produce sawtimber
at 15 years on good sites and at 20 years nn poorer sites.

2.1.3 General Management Practices and Concerns.—
By 1976, there were 25 plantations of Caribbean pine
around Turrialba, varying from 3 to 8 ycars of age. Most
were cstablished by members of the Agricultural Diver-

Figure 2.2—Small upland plantings of Caribbean pine in Costa Rica.
Plantations are usually dispersed among pasture and other
croplands.

sification Projcct in the Canton of Turrialba. Total arca
planted was about 117 hectares (287 acres). Thinning was
not common in these and other, older, plantings.

The fisst commercial Caribbean pine plantings were
macde by Celulosa de Turrialba, S. A. in 1977-78. A total
of 600 hectares (1,470 acres) was planted to provide pulp
material fo: tissuc paper production. By 1985, about
3,000 hectares (7,350 acres) had been established
throughout the country 1n all seven provinces (fig. 2.2).

Nursery practices are labor intensive, using plastic
bag containers for scedling production (fig. 2.3). Except
forrescarch plantings, primary sced sources now used are
those from Honduras.

Generally, growth and performance of Caribbcan
pinc are excellent, but both insccts and discases have
destroyed some plantings. Although other species have
been introduced successfully in Costa Rica, Caribbean
pinc has many Icsirable wood quality traits for producing
specific pulpwood and sawn wood products. Thus, Carib-
bean pinc is now one of scveral forest species usesdl for
reforesting both upland and lowland environments. For
large-scale commercial reforestation efforts, the most
important management concern is predicting, with cer-
tainty, growih and yield for the diverse soil and climatic
regions in the country.

2.2 Local Environment

2.2.1 Climate.—Costa Rica’s climatc is quite moder-
ate because the country is located in the cquatorial zone.
In most places, differences between the warmest and
coldest months arc only about 5 °C (9 °F). Temperatures
range from 7 to 35 °C (44 to 95 °F) in the warmest and
from 0 to 10 °C (32 to 50 °F) in the coldest months. The
Pacific side is considerably warmer and drier than the
Atlanticside, having 1,500 to 3,000 miilimeters (5910 118
inches) of rainfall annually versus 3,000 to 6,000 millime-

Figure 2.3—Most Caribbean pine plantings in Costa Rica are established
with potted stock. Soil preparation, bag filling, seeding, and
ending care are all labor-intensive operations that employ
lacal people.



Figure 2.4--On steep, overgrazed slopes, Caribbean pine stands protect
the soil from erosion. Plantations also modify degraded sites
50 that native species are more easily established by natual
succession.

ters (118 to 236 inches). because of a central mountain
spine that extends the entize length of the country.

2.2.2 Geolcgy.—Pust and more recenat volcanic activ-
ity has helped shape Costa Rica’s topography. The oldest
formations are mesozoic volcanic and sedimentary rocks
in the wesiern part of the country, especially on the
Nicoya Peninsula. They include old lava flows, tuffs, and
some marine sedimentary rocks. Nextare the tertiary and
cretaccous plutonic rocks comprised of diorite, granodi-
orite, and granite. These rocks are limited to the Nicoya
Peninsulz and the castern edge of the Cordillera de
Talamanca. Firally, the niost recent sedimeatary and vol-
canic materials arc of quarternary age. Large portions of
the country covered by these matcerials are in the castern
coastal lowlands next to the Caribbean; the Central Val-
ley, including San Jose; and the Guanacaste arca border-
ing Nicaragua.

2.2.3 Soils and Topography.—Soils in Costa Rica fall
into four major groups. The first group includes soils on
fat relief along coastal arcas and in valleys between
major mountain ranges. Most of these soils are mod. -
ately to well drained and include Inceptisols, Entisols,
and Vertisols (sce appendix A). Soils in the second group
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arc on undulating relicf and were generally formed from
volcanic ash deposited on older materials; the predomi-
nant soil orders are In~eptisols and Ultisols. Soils in the
third group exist on undulating to hilly relicf; the orders
are Inceptisols and Alfisols. The fourth group of soils is
on steeply dissected and mountainous relief (fig. 2.4).
They were derived from shallow residual materials or
volcanic ash deposited over residual materials; the soil
orders are Inceptisols, Ultisols, Entisols, and Andisols.
Caribbean pince has been planted on most major geo-
logical formations of the four soil groups, on cither the
welter Atlantic or drier Pacific side of the country (fig.
2.1). Most soils, except those of coastal areas, exist across
all three life zones where sample plots were established
(table 2.1). Although growth is adequate on infertile
sandy coastal sands or on granitic uplands, best growth
occurs on deep, wet, and well-drained upland soils.

2.3 Growth and Volume Data

2.3.1 Growth Model Approach.—Hcightand diamcter
data collected for individual plot trees 3 to 17 years of
age (scction 1.3) were converted to per-hectare outside-
bark volume and basal arca. Mathematical cquations
were then developed to predict per-hectare volumes
using three independent variables:

* plantation age,

« average height of tallest trees at age 15 (site index),
and

« number of trees per hectare surviving at age of
measurement.

The plot data were first grouped by the three life
zones studicd (table 2.1), and prediction cquations were
developed for cach zonc. Appropriate statistical tests
showed no differences in predicted volumes and basal
arcas by life zone. Therefore, growth daia from all 58
plots were used to develop predicted volume and basal
arca curves for planting densities of 1,300, 2,100, and
3,200 trees per hectare (531, 857, and 1,306 trces per
acre).

2.3.2 Stand Volunies.—/i1 low density of 1,300 trces
per hectare (531 trees per acre), predicied total outside-

Table 2.1— Regions and plots sampled for the Caribbean pine project in
Costa Rica, 1985-87

Age class (ycars)'

Lifc zonc 3-6 7-10 11-14 215

- -- = Number of plots- - - -

Tropical wet 6 3 1

Tropical rain 12 5 5 1

Premontane rain 7 5 11 2
"Total of 58 plots.
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Figure 2.5—Predicted rotal outside-bark yield of Caribbean pine plant-
ings in Costa Rica for different plantation ages, site indiccs,
and two owplant densitices.

bark yicld on a good site (site index 26) by age 17 is 550
cubic meters (7,924 cubic feet) (fig. 2.5). For the same
age on the poorest sites (site index 18), predicted yield is
considerably rowcer, 250 cubic meters per hectare (3,602
cubic fect per acre).

At a high planting density of 3,200 trees per hectare
(1,306 trees per acre), predicted yield on a good site (site
index 26) is greater atage 17, almost 900 cubic meters per
hectare (12,967 cubic feet per acre). However, at high
densitics, wood volume and basal arca arc distributed
over many small stems. For sawlog production, forest
managers prefer that volumes be concentrated on fewer
good-quality, high-value stems (section 1.3.3).

2.3.3 Orher Countries.—Yiclds in Costa Rica were
compared with thosc of the other countrices studied in the
Caribbean pinc project using three specific criteria:

s arotation age of 15 years,

e total number of trees planted at 1,300 per hectare
(531 per acre), and

 comparisons limited to “best” sites only.

The results are given in table 2.2. Predicted outside-
bark yicld in Costa Rica was superior to the yiclds in the
other four countries.

For comparative purposes, overbark yiclds of loblolly
pinc (Pinus tacda) in the Southern United States range

from 13 to 16 cubic meters per hectare per year (187 to
230 cubic feet per acre per year). This comparison as-
sumcs average commercial planting sites, an initial out-
plant density of 1,525 trees per hectare (622 trees per
acre), and a 25- 1o 35-year rotation with no thinning,

2.4 Stand Conditions

2.4.1 Tree Form.—Most trees in all 58 measurement
plots had crooked and Icaning stems (fig.2.6). Forking on
the plots ranged from 3 to 53 percent, with 23 plots
having greater than 20-percent forked trees. Foxtailing
on the plots ranged from 8 10 65 percent, with 16 plots
having greater than 40-percent foxtail trees (see front
cover). Thesce foxtail percentages are higher than those
for Puerto Rico, Trinidad, and Jamaica but are similar to
the high percentages for Venczuela.

Ovecrall poor tree form is not unusual for Caribbean
countrics where past planting densities were high, thin-
nings were not done, and unimproved sceds were used.
Converting to genctically superior sceds from known,
better tornied parents and planting trees at lower densi-
tics should improve tree form considerably and also im-
prove the value of harvested logs.

2.4.2 Cone and Seed Production.—Cone production
on individual trees was poor. Almost half of all plots had
no cones, and ihe other half averaged considerably less
than 50 mature or immature concs per tree. Thirty plots
showed no sign of past or more recent flowering, 10 plots
had active flowering at time of assessment, and the rest
showed sigas of recent flowering.

Poor cone and flower production (section 1.1.4) is a
common characteristic of densc unthinned stands. As
long as local reforestation efforts remain limited, sceds
can be bought from reputable international seed suppli-
crs. To determine whether sceds can be produced locally

Table 2.2— Comparison of outside-bark yield of Caribbean pine in Costa

Ricawith that of other countries for rotation age 15 years and
“best” sites onlv

Mcan annual

Country Site index Total yicld increment
m m* fha m’ thapr
Well-drained sites
Costa Rica 26 (85)! 550 (7,924) 35 (504)8
Jamaica 24 (79) 400 (5,763) 27 (389)
Pucrto Rico 26 (85) 485 (6,988) 32 (461)
Trinidad 22(72) 360 (5,187) 24 (346)
Moist sites
Vencezucela 21 (69) 475 (6.844) 32 (461)

.'l‘rinidad trees planted = 1,330 per hectare (543 per acre); all
other countries = 1,300 per hectare (530 per acre).

t

(.

‘(fl“/acrc).

’(fl’/acrc/yr).



Figure 2.6—Crooked and leaning stems were common in all measurement plots. Poor forn
can be reduced in future plantings by using locally collected seeds fromn supcrior
formed parents and by controlling grazing in young stands that are easily damaged
by cattle and other animals.

via sced stands or seed orchards, country-wide phenolog-
ical studies spanning sevcral years arc needed.

2.43 Damage and Other Conditions.—Insccts or
pathogen damage existed in 8 plots and firc damagcein 12
plots; in the latter, exuding resin or other visible injury
was confined to 6 plots. Because Costa Rica is outside
the hurricanc belt, wind damage was minimal and limited
to plantings on cxposed ridge tops. Only ninc plots had
morc than 15-percent wind damage. The most common
damage was from carcless cutting, vandalism, and uncon-
trolled grazing. Litter thickness on the forest floor was
usually dceper than 50 millimeters (2 inches). Litter
composition was both dccaying pine ncedles and hard-
wood leaves, except where fires had occurred.

Stand conditions in Costa Rica werce gencerally similar
to thosc in the other Caribbcan couatrics. Native shrubs
and trees quickly revegetate planted sites and out-
compete the pines unless repetitive weedings or fires
rcduce their growth. Where pine plantings arc small, the
cdge where pinc and native forest meet supplics abun-
dant food and covcer for native wildlifc.

2.5 Soils and Landscape

2.5.1 Field Observations.—In all three lifc zoncs, plot
soils were usually more than 100 centimeters (39 inches)
deep, cven though they were often on steep hillsides (fig.
2.7). Soil structure was well defined and was predomi-
nantly blocky or subangular blocky. In most plots, several
indicators showed good soil drainage. Soils in over half
the plots felt gritty, and about onc-third of the plots had
stoncs in some or all parts of the sampled depth. Roots
were distinct and generally found midway or deeper to
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100 centimeters (39 inches) or to where parent rock
cxisted. Earthworms were seen in soil samples from the
tropical rain and premontanc rain but not in the tropical
wet life zonces.

2.5.2 Laboratory Analyses.—Bascd on pereentages of
sand/silt/clay, the four major soil texture classes weressilt,
silt loam, loam, and clay. Classes were distributed across,
rather than limited to, any specific life zone. Surface and
subsurface textures were often dissimilar, a situation that
did not cxist in the other countrices studied.

The two most common soil fertility limitations, ac-
cording to crop criteria (scction 1.4.2), were high soil
acidity plus low potassium and phosphorus at some sites.
According to minimum forestry fertility standards for
pincs, only phosphorus levels were low. Ranges in chem-
ical valucs for surface horizons were:

Al
Life zone pH saturation Ca Mg K P
pct - ——-- meq/100 R —— ppm

0.5-22.4 0.1-60 0.04-0.82 1-32
0.4-15.6 0.2-3.6 0.05-1.90 2-9
0.4-14.0 0.1-38 0.06-0.78 1-117

Tropical wet 4.9-6.5 6
Tropical rain 4.5-6.2 16

Prcmontaine 4.6-6.6 18
rain

Chemical values for subsurface horizons were not
consistently lower or higher than those for surface hori-
zons. Similarity in the physical and chemical propertics
of soils across all plots studicd probably contributed to
the lack of significant growth diffcrences of Caribbean
pinc among the three life zones studied. Life zones alone
were not effective for modcling the productivity of Car-
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Figure 2.7—Steep slope landscape ypical of lands commonly planted to Caribbean pine in
Costa Rica. Trees grow well where soil fertility is too low and soil conservation
practices too costly for most agricultural crops.

ibbean pine in Costa Rica, based on the limited data
collected in this project.

2.6 Forest Management Implications

2.6.1 Growth Dara.—Data on stand growth and yicld
from small and industrial plantations are very impres-
sive. Even on sicep, easily eroded slopes, Caribbean pine
plantings produce various wood products (fig. 2.8) at

rates greater than those in many tropical countries.
Growth rates are two and a half to three times greater
than those measured for commercial pine timber produc-
ing areas of the Southern United States (section 2.3.3).
Even if outside-bark yields are reduced by 25 percent to
report volume on an underbark basis (section 1.3.3),
resulting underbark yiclds in Costa Rica arc still twice
those of the southern pines.

Using wider spacings in upland plantings should im-
prove wood quality for sawn wood and pole nroducts;
also, landowners should increase their financial returne
because planting, tending, and harvesting costs are rc-
duced when fewer trecs are planted per hectare. Concen-
trating high yield on land not nceded for agricultural
food crops should help reduce an expected wood short-

Figure 2.8—Caribbean pine plantings produce various wood products. (left) At the family level, small Caribbean pine plantings provide firewood, posts,
and sawn wood products. (right) Large commercial pine plansations produce long-fiber raw marcrials that help make cardboard, tissue paper,

and other paper products.
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age in 1995, when local native forests will have been
completely logged.

2.6.2 Stand Conditions.—Localized problems with
discase and insects can probably be reduced by using
stricter sanitation practices before, during, and after har-
vesting. Older plantings established at close spacings on
moist to wet sites now have few, if any, concs. As long as
local reforestation efforts are limited, sufficient high-
quality sceds can be bought from international sced ven-
dors. Timber losses from vandalism or fires will probably
remain significant management problems if plantings arc
keptsmall and dispersed with other farmland uses. Graz-
ing can be used to reduce understory competition in
plantations, but the numbcr of animals per unit arca of
land must be strictly controlled to prevent damage to tree
stems from overgrazing. Damaged trunks arc cntry
points for discasc and inscct pathogens that can spread
to adjacent healthy trce. Apparently, understory flora
and fauna are as diversc within unburned pine planta-
tions as they are within native secondary forests.
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2.6.3 Soils.—Growth and yicld of Caribtean pine arc
not as affected by low soil nutrients and low pH as are
many agricultural crops. Textural differences between
surface and subsurface horizons exist in all three life
zones; the causal agent is recent geological imputs of
volcanic ash. The superior growth of Caribbcan pine in
Costa Rica, compared to rates obscrved in other Carib-
bcan countrics, is probably attributable to increased soil
fertility that results from these ash inputs.

2.6.4 New Research.—Futurc rcforestation cfforts
should include identification of the best sced sources for
arcas now being planted commercially. Such seed sources
should incorporate greater outplant survival, fast growth
to overtop weed competition on moist sites, less foxtail-
ing, and less juvenile wood and higher wood density for
specified rotation lengths and desired wood products.
Barc-root nursery stock might be suitable and cheaper
than the potted stock now usced, particularly in drier,
more level terrain. Lastly, countrywide studices of flower-
ing and cone production, spanning a pcriod of 3 to 5
years, arc nceded to determine whether local seed or-
chards are possible.
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3. JAMAICA

by Leon H. Liegel, Owen Evelyn, and Keith Porter
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FOREST INDUSTRIES DEVELOPMENT CORPORATION FOREST DISTRICTS:

RG RIO GRANDE PD PENNANTS DOUCES MT MOUNT AIRY (4)

NW NEWCASTLE (2) BH BULL HEAD LA LANCASTER (I}

CC CINCHONA (2) TP TEAK PEN CV CEDAR VALLEY (1)
MB MAVIS BANK (19} 8P BARRETTS PEN MA MABESS

CO COLEY (2) BL BELMORE (1) FH FRIENDSHIP HALL (3)
MO MORANT LR LITTLE RIVER PR PEACE RIVER

T1 TINGLEYS (2) MD MOUNT DIABLO (2) PK PECKHAM

JV JOHNS VALE (2) AB ANNOTTO BAY

Figure 3.1—Field plots established in Jamaica. Numbers in parentheses indicate the number of plots within
particular Forest Industries Development Corporation (FIDCO) forest management districts.

Project Personnel
1983-87

Forest Industries Development Corporation (FIDCO). PO Box 631, Twickenham Park, Spanish Town, Jamaica
Guy Symes—managing director
Owen Evelyn—logging specialist (tcchnical counterpart and supervisor of field activities)
Department of Forestry and Soil Conservation. 144 Constant Spring Rd., Kingston 10, Jamaica
Roy Jones—director
Kcith Porter—research officer (technical counterpart)
D. Thompson—senior rescarch officer (technical advisor to FIDCO and the Forest Department, 1980-85, now at U.
K. Forestry Commission, Edinburgh, Scotland)
Andy Roby—rescarch officer (U. K. Overseas Development Administration, student intern; directed field activities,
1983--84)
P. Allman, L. Blackwood, A. Findlay, E. Walcott—field technicians



Figure 3.2— An upland 15-year-old plantation of Caribbean pine from
the M1. Diablo area on limestone soils. A total of 8,000
hectares (19,600 acres) have now been planted in Jamaica.

3.1 Local Pine Management History

3.1.1 Species Introductions.—Thc first spccics of the
genus Pinus were introduced in Jamaica in the late 19th
century. These first botanical plantings werc cstablished
in government botanical gardens at Cinchoma and on
private lands. The initial introductions included P ex-
celsa, P muricata, P. palustris,and P, patula.

Honduras, or Caribbean, pinc was introduced in 1945
and in 1950-51. The first small plantings failed, largely
because of poor nursery practices and a lack of mycorrhi-
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Figure 3.3— Mt Airy nursery. Most Caribbean pine plantings are established with potted stock,

zal fungi. Additional plantings established in 1953-54 by
H. S. Dears, then acting conservator of forests, were
much more successful. Height growth in plots in the Blue
Mountains surpassed 1.2 meters (4.5 feet) per year, and
the form was cxcellent. The first commercial planting of
Caribbean pine, 122 hectares (300 acres), was cstablished
in 1954. Yearly planting increased to a maximum of 942
hectares (2,308 .:res) in 1982-83 (fig. 3.2). Early intro-
ductions used seeds primarily from Mt Pine Ridge, Be-
lize; since the mid-1970’s, most seeds have come from
Honduras.

3.1.2 General Management Practices and Concerns.—
Potted scedlings are produced in polycihylene (plastic)
bags. The pot mixture must provide adequate nutrition,
moisture, support, and mycorrhizal fungi inoculum; the
beneficial mycorrhizal fungi grow on scedling roots and
help supply water and nutrients. Planting density was
originally 2.4 by 2.4 mcters (8 by 8 feet) or about 1,670
trees per hectare (682 trees per acre). At this spacing,
thinnings were necded between 6 and 8 years after plant-
ing to remove small stems, allowing the remaining trees
sufficicnt growing space to produce merchantable saw-
timber. Most commercial plantings arc located on steep
uplands where nurscry, planting, road building, and log-
ging costs are very high. Thinning of small-siz¢c materials
having little or no commercial valuec was eliminated in
the late 1970's. Spacing is now 2.7 by 3.0 meters (9 by 10
feet) or greater. The expected rotation age for sawtimber
is 18 to 20 years.

At wide spacings, nursery stock (fig. 3.3) must be
vigorous and hcalthy to outgrow competing vegetation.
Because the best upland planting arcas are thosc with
>2,000 millimeters (=80 inches) of rainfall, weed con-

using high-clay-content alluvial soil. For expanding programs, incorporating
lighter textured pot medium matcrials will improve secdling quality.
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Table 3.1— Major soils and geology of plots sampled for the Caribbean
pine project in Jamaica, 1983-87

Age class (yvarxf

Major
soil series or
soil type Geology 8-12 13-i6 17-20 =20
--—~— Number of plots -~ - -
Halls Delight ~ Calcareous shales 3 2 2 2
Valda Newcastle
porphyry or
volcanic cxtrusives 2
Cuffy Gully Conglomerates 2 2 2 2
Several serics  Mctamorphics and
shales 2 2 3 2
Limestone Red/fyellow
limestones 1 2 2 2

“Total of 41 plots.

trol is time consuming and expensive. Bamboo cradica-
tion is also needed in some very welt arcas.

Strict protection measures are necded throughout the
management cycle. In the nursery, control is needed for
pine tip moth and red spider mites. In the ficld, sanitation
mecasures are needed to keep logging debris to a mini-
mum, thus reducing bark beetle attacks on adjacent
stands.

Nutritional studies have been few and limited to in-
crcasing the vigor of nurscry stock. The only exception is
yellowing of foliage and reduced growth in 6- to 10-year-
old plantations on soils that produce bauxitc ore for
aluminum processing. Trees produced from seed sources
in the Bahama Islands that grow naturally on high-cal-
cium marl soils do not generally exhibit yellow foliage
symptoms or reduced growth when planted on limestone
soils.

Today, harvesting pine plantations means a continual
flow of posts, poles, and sawtimber to local tradesmen.
Extracting and harvesting techniques are no longer on
the purely experimental basis that existed in the late
1970’s. Because of limited foreign exchange, a high local
demand for pine wood products is expected in the future.

3.2 Local Environment

3.2.1 Climate and Topography.—Bccause of very ir-
regular mountainous topography and prevailing north-
cast trade winds, Jamaica has a wide range of climatic
conditions. Rainfall pcaks in May-June and September—
October, but its distribution is quite erratic. Lowland
coistal areas receive 1,000 to 1,500 millimeters (40 to 60
inches) annually, whereas upland areas receive 2,000 to
5,000 millimeters (80 to 200 inches) or more. Frost does
not occur. Maximum temperaturcs along the coast range
from 25 to 32 °C (77 t0 89 °F) and in the upper plateaus
and mountains from 15 to 20 °C (59 10 68 °F).
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3.2.2 Geology.—Although about 64 percent of Ja-
maica has a limestone geological base, much of this land
is too dry for commercial forests. Pine plantings for
sawtimber and other wood products are concentrated in
the central and eastern uplands, including arcas of the
Bluc Mountain range. Based on existing geology and soil
maps, five major geological/soil regions were studied in
the Caribbean pine project (1able 3.1):

e calcarcous shalcs,

o porphyry and volcanic extrusives,

« conglomerates,

» metamorphics and noncalcarcous shales, and
* redfyellow limestonces.

3.2.3 Soils.—Most soils of the uplands arc shallow
and stony. Soil moisture is gencrally high throughout the
year except in areas lower than 300 meters (1,000 feet).
Slepes are steep (fig. 3.4), and crosion is common unless
permanent vegetative cover protects the soil surface
against the powerful force of raindrop impact.

Because of the steep topography, high rainfall, and
wide range in parent materials, upland soils arc usually
young in development. Inceptisols (sce appendix A) are
the predominant order for soils derived from calcarcous
shales, volcanics, conglomerates, and metamorphic
rocks. Over limestone rocks, Oxisols and Entisols pre-
dominate. Inceptisols and Vertisols arc in areas of lower
rainfall and gentle relicf.

All soils have kigh clay content; low pH, except the
Vertisols; and poor natural drainage. Such soils are not
suited fur productive long-term agricultural crops, al-

Figure 3.4—S8tecp crosive slopes where Caribbean pine stands are com-
monly estab.ished. Long-term tree cover offers better site
protection than do agricultural row-crop alternatives. But
Sicep topography poses problems for forestry planting, tend-
ing, and harvesting practices.



though they are often cultivated by small subsistence
farmers. Most tree species, particularly Caribbean pinc,
arc very adaptable to these soils. Forestry plantings pro-
tect the soil from crosion, previde wildlife cover, and
improve downstream water quality. They also afford cco-
nomic returns when trees arc cut and wood products are
sond 1o local markets.

3.3 Growth and Volume Data

3.3.1 Growth Model Approach.—Height and diamelter
data collected for individual plot trees 8 to 25 years of
age (section 1.3) were converted to per-hectare outside-
bark volume and bas2l arca. Mathcmatical equations
were then developed to predict per-hectare volumes,
given three characteristics or parameters:

* plantation age,

* average height of tallest trees at age 15 (site index),
and

* number of trees per hectare surviving at age of
measurcment.

Becausc availability of data was limited, a regrouping
of information into three soil classes was nccessary. Pre-
diction cquations were then developed for each class.
Appropriatc statistical tests showed no regional differ-
cnces in predicted volumes and basal areas. Therefore,
growth data from all 41 plots were combined to develop
predicted volume and basal arca curves for planting den-

1,000

 TREES PLANTED -1,300/HECTARE
-
x 800 SITE
;'1‘ - INDEX
Q oo} o 24
™ -
Q i - 20
!.2 400 - // .”’—_—
> - —
3 - // ”’ ”-___ 16
. 200F —» 7 —— e
Wy ’/ ’_———-
$ =7
'G 0 ] ! 1 ] 1 1 ] L L
Wy
T 1000 24
N TREES PLANTED -
by 3,200/HECTARE
2 goo -
lia i 20
o 600}
)
‘g - 16
S aoof
S =
:\: 200 :

0 i1 I WA R D ] 1
7 9 1l 43 15 17 18 21 23 25 27

PLANTATION AGE (YEARS)

Figure 3.5—Predicted 1via! ousside-bark yield of Caribbean pine plant-
ings in Jamaica for different plantation ages, site indices, and
two outplant densities.

sities of 1,300, 2,100, and 3,200 trees per hectare (531,
857, and 1,306 trees per acre).

3.3.2 Stand Volumes.—At a low density of 1,300 trees
per hectare (531 trees per acre), predicted total outside-
bark yicld on a good site (sitc index 24) by age 25 is about
600 cubic meters per hectare (8,645 cubic feet per acre)
(fig.3.5). For the same age on the poorest sites (site index
16), piedicted yicld is conside:ably lower, about 260
cubic meters per hectare (3,74C ~ubic feet per acre).

At a high planting density of 3,200 trees per hectare
(1,306 trees per acre), predicted yield is greater atage 25,
almost 1,000 cubic meters per hectare (about 14,400
cubic feet per acre). However, at high densitics, wond
volume and basal area are distributed mainly over me ny
small stems. For sawlog production, forest managers pre-
fer that larger volumes b2 concentrated on fewer but
good-quality, high-value stems (section 1.3.3).

3.3.3 Other Countries.—Yiclds in Jamaica were com-
pared with thosc of the other countries studied in the
Caribbean pine project. In doing this, three specific cri-
teria were used:

» a rotation age of 15 years,

* total number of trees planted at 1,300 per lectare
(531 per acre), and

» comparisons limited to “best” sites only.

Predicted outside-bark yicld in Jamaica was superior
to that in Trinidad but less than yields in Costa Rica,
Puerto Rico, and Ven:zucla (table 3.2).

For comparative puarposes, overbark yields of loblolly
pinc (Pinus taeda) in the Southern United States range
from 13 10 16 cubic meters per hectare per year (187 to
230 cubic fcet per acre per ycar). This comparison as-
sumes average commercial planting sites, an initial out-
plant dcnsity of 1,525 trees per hectare (622 trees per
acre), and a 25- to 35 vear rotation with no thinning.

Table 3.2— Comparison of outside-bark yicld of Caribbean pine in
Jamaicawith that of ?lhcr countrics for rotation age 15 years
and "best” sites only

Mcan annual
Country Site index Total yicld increment
m m’ha m’h alyr
Well-drained sites
Costa Rica 26 (85)t 550 (7,924)% 35 (504)%
Jamaica 24 (70 400 (5,763) 27 (389)
Pucrto Rico 26 (85) 485 (6,988) 32 (461)
Trinidad 22(72) 360 (5,187) 24 (346)
Moist sites
Venezucla 21 (69) 475 (6,844) 32 (461)

"Trinidad trees planted = 1,330 per hectare (543 per acre); all
other countries = 1,300 per hectare (530 per acre).

t(ny.
t(I'lJ/acrc).
‘(r lJ/acrc/yr).



3.4 Stand Conditions

3.4.1 Tree Form.—Most trees in all 41 measurement
plots had crooked and leaning stems (fig. 3.6). Forking
ranged from zero to 26 percent, with five plots having
=20-percent forked trees. Foxtailing ranged from 5 to 35
percent across all plots; these figures are similar to those
for Puerto Rico and most other countries where foxtail-
ing (see front cover) exists on Caribbean pine.

Overall poor tree form is not unusual for Caribbean
countries where past planting densitics were high, thin-
nings were not done, and unimproved seeds were used.
Converting 1o genetically superior seceds from known,
better formed parents and planting trees at lower densi-
ties will improve tree form considerably and result in
higher prices for harvested logs.

3.4.2 Cone and Seed Production.—Conc production
on individual trees was poor. Most plots had considerably
less than 50 cones per tree, but three plots had =200
cones per tree. Very few plots had immature cones.

Figure 3.6—Poor form, including broken-top damage and leaning
stems, was common in all measurement plots. However,
these defects can be reduced in future plantings by control-
ling outplant density and by using seeds from superior
formed and wind-resistant parent trees.

Eleven plots had no observable flower production; the
rest had a few trees with either existing flowers or evi-
dence of recent flowers.

Poor cone and flower production are a common result
of dense overstocked stands (section 1.1.4). This phe-
nomenon also exists in areas receiving high, evenly dis-
tributed rainfall throughout the year. Establishing seed
orchards on drier sites could produce sceds for local
refore. tation efforts and for export to other countries,
thus earning foreign cxchange.

3.4.3 Damage and Other Conditions.—Insects or
pathogen damage was not observed in any of the mea-
sured plots; however, such damage does exist elsewhere
in Jamaica. Fire damage was scen in 14 plots, whereas
blowdown damage cxisted in only 6 plots. The most com-
mon damage was broken tops, probably caused by strong
winds from Hurricane Allan in 1981. The understory of
most plots was few 10 many native shrubs and trees
coming inundcr the pines. Where a shrub understory was
absent in 11 plots, fires were the disturbing influence.
Litter thickness on the forest floor averaged =50 milli-
meters (=2 inches). Composition of the litter was both
decaying pinc needles and native hardwood leaves, ex-
cept where fires had occurred.

Overall stand conditions in Jamaica are similar to
those in other Caribbean islands. Native shrubs and trecs
quickly revegetate planted sites and will replace the pines
unless repetitive weedings or fires keep them back.
Where pine plantings are small, the edge whe_2 pine and
native forest meet supplies abundant food and cover for
natjve wildlife.

3.5 Soils and Landscape

3.5.1 Field Observations.—Soils in all but eight plots
were deep (fig. 3.7); shallower soils were generally on
limestone sites. Several indicators showed that all plots
had good drainage. Over half the plots had gritty soil
and/or stones within the material sampled. Soil structure
was well defined and was predominantly subangular
blocky. Roots were distinct and generally found to 100
centimeters (39 inches) or to where parent rock existed.
Earthworms were scen in soils from 15 plots, represent-
ing all soil regions sampled.

3.5.2 Laboratory Analyses.—Bascd on percentages of
sand/silt/clay, the two major soil texture classes were
clay/clay loam and loam/loamy clay. At any one site,
textures of surface and subsurface samples were similar.
The two most common soil fertility limitations, accord-
ing 1o crop criteria (section 1.4.2), were high soil acidity
for Halls Delight and potassium deficiency for limestone
and Valda soils. According to minimum forestry fertility
standards for pincs, only phosphorus levels were low for
soils of several series and for limestone sites. Soils from
only two plots showed gleization, an indication of poor
internal drainage. Chemical values for subsurface hori-



zons were not consistently lower or higher than those for
surface horizons; ranges in vaiues for surface horizons
were:

Major
series or Al
soil type pH saturation Ca Mg K P
pet  ——==- meq/100 vm A ppm
Halls 4.6-5.6 26-31 1.5-146 09-9.0 0.15-041 3-10
Delight
Valda 46-60 4-16 08-19.0 06-25 012-032 3-8
Cuffy 50-6.1 2-10 A 17-164 08-71 0.06-033 4-18
Guily
Several 4864 4-12 09-144 06-79 0.05-0.28 1-6
soils

Limestone 5.1-7.0 1-5 3.0-31.3 0.6-60 0.05-0.20 1-6

Figure 3.7—Soils in inost plots were deep, >100 centimeters (>39-

inches), as in this roadcut, except in limestone arcas. Al-
though soil nutrient status by crop standards was low, overall
growth and yicld of Caribbean pine was quite good across all
regions studied.

Physical and chemical properties of the soils were
generally similar for all plots studied. This similarity
probably contributed tc the lack of significant growth
differences of Caribbean pine across all soil regions stud-
ied. The predetermined five soil regions studied (section
3.2.2) were not cffective in determining productivity
classes of Caribbcan pine, as based on the limited data
collected in this project.

3.6 Forest Management Implications

3.6.1 Growth Data.—Data on stand growth and
yield from local plantations are impressive. Even on
steep, nutrient-poor sites, Caribbean pine plantings
are producing wood tvlumes at ratcs comparable or
superior to those in other tropical countries. For
plantings of similar ages and stockings, overall growth
rates in Jamaica are onc and a half to two times faster
than those mcasured for commercial pine timber pro-
ducing arcas in the Southern United States (section
3.3.3). Even if outside-bark yiclds are reduced by 25
percent to report volume on an underbark basis (sec-
tion 1.3.3), resulting underbark yiclds in Jamaica are
still almost 50 percent higher than those of the South-
ern pines.

Using wider spacings in upland arcas will provide
products (fig. 3.8) having improved wood quality and also
assure higher financial returns because planting, tending,
and harvesting costs will be rcduced. Where weed com-
petition is severe and chemical control is too expensive,
closer initial spacings may be nceded to help control
understory specics; however, thinning and release of crop
trees will be needed between ages 5 and 8 years to avoid
loss of volume i..crement on such sites.

3.6.2 Stand Conditions.—Localized problems cxist
with root rot discase and bark bectles. These can be
reduced by using stricter sanitation practices during and
after harvesting. Older plantings initially established at
close spacings on wetter sites now have few cones. Estab-
lishing widely spaced seed orchards on dricer sites would
produce seeds for local planting programs; eventually,
commercial export of secds to other countries could be
possible. Unfortunately, as was shown in 1981 and 1988,
periodic hurricanes pose a threat to long-term forestry
practices. Incorporating wider spacing and using sced
sources that produce wind-resistant trees in local plant-
ings will reduce broken top and blow-down losses.

3.6.3 Soils.—Growth and yield of Caribbean pinc are
not as affected by poor soil fertility and low pH as are
many agricultural crops. Apparently, soil flora and fauna
arc as diverse within unburned pine plantations as they
are within native sccondary forest. On severely eroded
and degraded sites, pine plantations may be a means of
establishing permanent native forest. This would be
achieved by planted pines acting as nurse trees that would
modify harsh soil ricroclimate and nutrient status such
that seedlings of native species could become cstab-
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Figure 38—Cuaribbean pine pientings provide various benefits in addition 1o producing wood products. (left) At the family-farm level, small Caribbean
pine plantings offer shade and protection from drving winds. (right) Obtaining harvestable wood products from older, lurger pluntations can
provide seasonal or permanent jobs for people living in rural and urban areas.

lished. Soil tosses through crosion and downstream silt-
ation of reservoirs can be avoided by proper location,
construction, and maintenance of roads. Newer cable
harvesting practices have substantially lowered soil cro-
sion and site disturbance common with cable systems
used in the Late 1970,

3.6.4 New Research.—Oldcer plantings that are being
harvested dramatically show the potential of local wood
production. However, harvested stands generally repre-
sent earlier introduced sced sources that produce trees
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having poor natural pruning, lower wood density, and
slower growth than trees produced from other seed
sources now available. Conducting local selections 1o
dctermine the highest wood density in local stands would
provide material for sced orchards produced through
vegetative propagation. Gaining membership in the Cen-
tral America and Mexico Coniferous Resources Cooper-
ative (CAMCORE) would provide access to genetically
superior seed and vegetative material that could be in-
corporated into Jamaica's rescarch and commercial pine
planting programs.
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4. PUERTO RICO
by Leon II. Liegel and Zakir Ilussain
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Figure 4.1—Field plots established in Pucrto Rico. Approximaie field plotlocations are indicated by circles,
which sometimes represent more than one plot.
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4.1 Local Pine Management History

4.1.1 Initial Introduction.—Caribbean pinc, also
known locally as Honduras pinc, pino hondurcno, or
pino caribaca, grows well throughout Puerto Rico (fig.
4.2). The specics was added to Island reforestation pro-
grams in the mid-1960’s after adaptability plantings
showed that it outperformed most other pinc and hard-
wood specics. Early failure to cstablish Caribbean and
other pinc specics before the mid-1950s was largely due
to lack of native mycorrhizal fungi. Besides protecting
soils from crosion, Caribbean pinc offcred a potential
local source of raw material for posts, poles, and sawtim-
berwhen planted on land unsuited for crops or other land
uses. Through 1970, the seed source was primarily Mt
Pinc Ridge, Belize. Thereafter, for small rescarch plant-
ings, sceds for provenance trials were obtained from the
Oxford Forestry Institute in Great Britain, For local
reforestation programs, seeds were bought from intcrna-
tional sced vendors; they were usually collected from
native stands in Honduras.

4.1.2 General Management Practices and Concerns.—
Nursery stock was first produced in plastic bags filled
with soil (fig. 4.3). From 1970 to 1978, several kinds of
rcusable or lightweight container systems and synthetic
growth medium formulations were tested (o reduce out-
plant establishment costs. The containers used were
polycthylene multipot tubes, Polypot (milk) cartons,
Spencer-Lemaire Rootrainers (book planters), and
Styroblocks. Pilot barc-root plantings were also success-
ful.

Through the 1970, reforestation cfforts remained
small. By 1976, somc¢ 70 plantings cncompassed only
about 128 hectares (314 acres). Most stands were left
unmanaged and unthinned; exceptions were small re-
search plantings. Bccausc stands less than 10 vears old
had high percentages of juvenile wood, suitability for
posts and poles was limited.

Figure 4.2—A small upland planting of Caribbean pine in eastern Pucrto
Rico, typical of over 1,000 hectares (2,450 acres) now existing
on the Island.

Figure 4.3—Traditionally, Caribbean pine plantings have been estab-
lished with potted stock. However, because local labor costs
are kigh, bare-root production systems may be more econom-
ical when large reforestation projects are started.

In 1973, a 10-year program was started o identify
specific seed sources mostsuited to Puerto Rico’s diverse
lowland and upland soils. Also sought were sources with
higher wood density and prolific . »ne/fseed production.
Obtaining sceds from local orchards would reduce the
cost of imported seeds, which then sold for $100 and now
{1989) cost up to $300 or more per kilo (2.2 pounds).

Results from an islandwide inventory in 1975-76
showed that overall growth and yicld were quite good in
the existing unmanaged stands. About the same time, 13-
to 15-year results from foui spacing trial sites showed
mecan annual overbark yiclds of 30 to 50 cubic meters per
hectare (432 10 720 cubic feet per acre); higher specific
gravities (=0.45) were common in these older stands.
Except for drier arcas where fires were sct by vandals, all
stands had minimal inscct, discase, and windthrow dam-
agce. The spacing study also showed that wider spacings
of 3.0 by 3.0 mcters (10 by 10 feet) in upland cnviron-
mcnts would reduce nursery, planting, and harvesting
costs while providing higher yuality, more valuable pole
and sawtimber wood products.

4.2 Local Environment

4.2.1 Climate and Topography.—Aboul 65 percent of
the surface in Pucrto Rico is classificd as mountains and
foothills, with slopes =45 percent. Below 300 meters
(984 fcet), a tropical climate prevails, with mean annual
temperatures of 24 °C (75 °F) or above. Mountain arcas
over 300 mcters (984 feet) are considered subtropical and
have mean annual temperatures lower than 24 °C (75 °F).
Frostisabscnt,and amoderate climate permits an island-
wide growing scason that lasts ali year long. Climatically,
semiarid to tropical rain forest conditions exist across the

29

~



Island because cast-west oriented mountains’ intercept
moist, incoming casterly trade winds. Rainfall extremes
and gencral broken local topography contribute to high
soil variability within short distances. Most of the
Island’s rainfall is orographic in naturc. Mountain areas
receive 2,000 to over 5,000 millimeters (80 to over 200
inches) annually, whereas dricr coastal plains and foot-
hills in the south and southwest reccive only 800 to 1,500
millimeters (32 10 60 inches).

4.2.2 Geology.—Despite Puerto Rico’s small size,
geological and soil diversity are great. Much of this diver-
sity was causcd by scveral periods of volcanism followed
by submergence and uplifting. Parcnt matcrial for the
lowland and highland sands are:

« granodiorite,
» quartz diorite, or

* residuum of plutonic rocks

Soils in the other three regions were derived from
residuum or colluvium of basic volcanic rocks. Although
limestone materials cover about 15 percent of the Island,
limestone arcas were excluded from the study. Shallow
depth renders limestonc soils unsuitable for forestry.

4.2.3 Soils.—Over 160 soil scrics have been described
in Pucrto Rico; they represent 9 of the 11 soil orders
recognized in the USDA Soil Taxonomy classification
system. Inceptisols and Ultisols (sce appendix A) are the
principal soil ordcrs within the study arcas (1able 4.1).

Tablc 4.1—Regions and plots sampled for the Caribbean pine project in
Puento Rico and their associated soils, 1983-87

Predominant soil

Number
Region of plots Scries Order
Lowland sands 4 Pandura, Tja, Inceptisols
(<300 m) Utuado, Lirios
Highland sands 4 Pandura, Teja, Inceptisols
(>300 m) Utuado, Pelicjas
Shallow clays 2 Caguabo, Inceptisols
(<300 m) Malaya, Mucara
Low!and deep clays 8 Consumo, Ultisols
(<300 m) Dagucy, Humatas
Highland dcep clays 9 Consumo, Ultisols
(>300 m) Daguey, Humatas
Total 27

Soils in all regions have high amounts (=70 percent)
of clay in both surface and subsurface horizons. Depth of
A and B horizons together is usually =50 centimeters
(=20 inches). Soil reaction is low, usually pH 4.5 t0 5.0
or lower. Despite high clay content, drainage and perme-
ability arc gencrally good to moderate. Slopes arce steep
(fig. 4.4), and crosion is common unlcss pcrmanent veg-
ctative cover protects the soil surface against the power-
ful force of raindrop impact.

Figure 4.4—A 12.5-year-old Caribbean pine stand on stcep, erosive highland sandy soils.
Long-term trce cover offers better site protection than row-crop agricultural land
use alternatives. But stecp topography poscs problems for planting, tending, and
harvesting practices.
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4.3 Growth and Volume Data

4.3.1 Growth Model Approach.—Hcight and diameter
data collected for individual plot trces 8 to 25 years of
age (section 1.3) were converted to per-hectare outside-
bark volume and basal arca. Mathematical cquations
were then developed to predict per-hectare volumces,
given three characteristics or parameters:

* plantation age,

« average height of tallest trees at age 15 (site index),
and

« number of trees per hectare surviving at age of
mcasurement.

Becausc availability of data was limited, a regrouping
of information from five to three soil classes was neces-
sary: sands; deep clays, more than 300 mcters (984 fect);
and shallow to dccp clays, less than 300 meters. Predic-
tion cquations were then developed for each class. Ap-
propriate statistical tests showed no significant class
differences in predicted volumes and basal arcas. There-
forc, growth data fro:m all 27 plots were combined to
develop predicted volume and basal arca curves for
planting densities of 1,300, 2,100, and 3,200 trees per
heclare (531, 857, and 1,306 trees per acre).

4.3.2 Stand Volumes.—At1 a low dcnsity of 1,300 trees
per hectare {531 trees per acre), predicted total outside-
bark yicld on a good site (site index 26) by age 24 is 550
cubic meters per hectare (7,924 cubic feet per acre) (fig.
4.5). For the same age on the poorest sites (site index 18),
predicted yicld is considerably lower, about 375 cubic
meters per hectare (5,403 cubic feet per acre).

At a high planting density of 3,200 trces per hectare
(1,306 trees per acre), predicted yield on good sites (site
index 26) is greater at age 24, 700 cubic meters per
hectare (10,086 cubic feet per acre). This high yicld is
attainable by age 18 on some sites. However, at high
densities, wood volumes and basal arca are distributed
mainly over many small stems. For sawlog production,
forest managers prefer that larger volumes be concen-
trated on fewer good-quality, high-valuc stems (scction
1.3.3).

4.3.3 Other Countries.—Yiclds in Puerto Rico were
compared with those from other countries studied in the
Caribbcan pine project. In doing this, three spccific cri-
teria were used:

* a rotation age of 15 ycars,

* total number of trees planted at 1,300 per hectare
(531 per acre), and

» comparisons limited to “best” sites only.

Results are shown in table 4.2. Predicted outside-bark
yicld ir Puerto Rico was superior to that in Jamaica and
Trinidad and cqual to that on moist sites in Venezucla,
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Figure 4.5—Predicted total outside-bark yield of Canibbean pinc plant-
ings in Pucrto Rico for different plantation ages, sitc indices,
and 1wo outplant densities.

Table 4.2—Comparison of owside-bark-yield of Caribbean pine in
Puerto Rico with that of other countries for rotation age 15
years and “best” sites only

Mean annual

Country Site index Total yicld increment
m m’ tha m’ thapr

Well-drained sites

Costa Rica 26 (85)t 550 (7,924)} 35 (504)%

Jamaica 24 (79) 400 (5,763) 27 (389)

Puerto Rico 26 (85) 485 (6,988) 32(461)

Trinidad 22(72) 360 (5,187) 24 (346)
Moist sites

Venczuela 21 (69) 475 (6,844) 32 (461)

“Trinidad trees planted = 1,330 per hectarc (543 per acre); all
other countries = 1,300 per hectare (530 per acre).

t(v).

*(fla/acrc).

’(flJ/acre/yr).

Only predicted yield in Costa Rica surpassed that in
Puerto Rico.

For comparative purposcs, overbark yiclds of loblolly
pinc (Pinus taeda) in the Southern United States range
from 13 to 16 cubic meters per hectare per year (187 to
230 cubic feet per acre per year). This comparison as-
sumes average commercial planting sites, an initial out-
plant density of 1,525 trces per heciare (622 trees per
acre), and a 25- to 35-year rotation with no thinning.
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Figure 4.6—Examples of poor wee form and good cone production on study plots. (left) Poor form, including crooked, forked, and leaning
stems, was common in all measurement plots. (right) Good cone crops existed only on trees along the edges of plantings where
greater light, nutrients, and moisture were available.

4.4 Stand Conditions

4.4.1 Tree Form.—Most trecs in all 27 measurement
plots had crooked and lcaning stems (fig. 4.6). Forking
ranged from 2 to 21 percent, with only one plot exceeding
20-percent forked trees. Foxtziling ranged from 2 to 61
percent, with seven plots having more than 20-percent
foxtail trees (sec front cover). These foxtail percentages
arc lower than those for Costa Rica and Venezucla but
arc comparable to those for Jamaica and Triridad.

Overall poor trce form is not unusual for Caribbean
countrics where past planting densities were high, thin-
nings were not done, and unimproved sceds were used.
Converting to genetically superior sceds from known,
better formed parents and planting trees at lower densi-
tics will improve tree form considerably and result in
higher prices for harvested logs.

4.4.2 Cone and Seed Production.—Cone production
on individual trces was poor. Only four plots averaged
<50 mature or immatv~Z cones per tree; the rest showed
no cone production. Active or recent flowering was not
observed. However, cdge tre s in the plantation perime-
ter generally had high quantitics of mature and immature
cones (fig. 4.6). In the absence of grazing and fire distur-
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bance, arcas outside plantations had natural reproduc-
tion on sandy and clay soils.

Poor conc and flower production is a common result
of dense overstocked stands (scction 1.1.4). This phe-
nomenon also exists in arcas receiving high, evenly dis-
tributed rainfall throughout the vear. As long as local
reforestation efforts remain limited, seeds can be buught
from reputable international scea suppliers. To deter-
minc whether sceds can bz produced locally via sced
production stands or sced orchards, countrywide pheno-
logical studics spanning several years are needed. Estab-
lishing sced production areas in some existing
plantations that have a predominance of straight, well-
formed trees is another alternative.

4.43 Damage and Other Conditions.—Almost half
the plots were burned, but only two showed severe dam-
age. No plots showed inscct or discasc damage. Six plots
had windthrow damage greater than 15 percent; the rest
had none. Prior obscrvations on the plots suggested that
this damage occurred in 1979 when two cyclonic storms
passed over Puerto Rico. The predominant damage was
from vandalism and fires set by man.

Four previously burned plots had an understory of
pine necdles, three others had a grass understory, and the



rast had scattered to many shrubs. Litter thickness was
generally less than 60 millimeters (2.4 inches).

Overall stand conditions in Puerto Rico are similar to
those in other Caribbean countries. Native shrubs and
trees quickly revegetate planted sites and replace the
pines unless repetitive weedings, grazing, or fires keep
them back. Where pine plantings are small, the edge
where pine and native forest meet supplies abundant
food and cover for native wildlife.

4.5 Soils and Landscape

4.5.1 Field Observations.—Soils in all plots except
one were deep (fig. 4.7). Structure was well defined and
was predominantly blocky or subangular blocky. In most
plots, several indicators showed good drainage. Soils in
most plots felt gritty and/or had stones in limited or all
parts of the sample depth. Roots were distinct and gen-
erally found midway or deeper to the lowest depth sam-
pled. Earthworms were seen occasionally, especially in
more moist, high-elevation deep clay soils.

4.5.2 Laboratory Analyses—Based on percentages of
sand/silt/clay, soil textures were predominantly clay at
both upper and lower depths. Textures for the sandy soils
were loam over loam. Four plots in the shallow clay
region had a clay surface horizon over a loamy subsurface
horizon. Similarity between surface and subsurface tex-
tures existed in the other countries studied, except in
Costa Rica.

The two most common soil fertility limitations, ac-
cording to crop criteria (section 1.4.2), were high soil
acidity plus potassium and phosphorus deficiency. How-
ever, according to minimum forestry fertility standards,
the only limitations were high soil acidity and potential
phosphorus deficiency for clay soils at more than 300
meter (984 feet) elevation. Except for pH, chemical val-
ues for subsurface horizons were not consistently lower
or higher than those for surface horizons. Ranges in
chemical values for surface horizons were:

Al
Soil region pH  saturation Ca Mg K p
pt - ——— meq/100 cmi—— - ppm
Sands 4.6-5.7 '3-24  0.67-11.2 0.22-6.74 0.07-0.14 2-8
Clays
(<300m) 4.4-56 19-26 1.06-17.8 0.63-9.95 0.07-0.27 1-6
Clays
(>300 m) 4.4-5.5 2448 1.154.7 0.40-4.77 0.05-0.16 1-7

Obscrved growth rates of Caribbean pine were prob-
ably not related to coil fertility or predetermined soil
regions for two reasons. First, the physical and chemical
properties of the soils across all plots, generally in moist
to wel climates, were very similar. Second, only 27 plots
were sampled; including more plots or limiting the upper

Figure 4.7—Soils in most plots were deep, >100 centimeters (>39
inches), as in this abandoned burrow pit near Anasco, PR
Although soil nutrient status was low by crop standards,
overall growth and yield of Caribbean pine was quite good
across all regions studied.

soil sample to zero to 20 centimeters (0 to 8 inches)
Section 1.4.1) may change future growth and yield inter-
pretations.

4.6 Forest Management Implications

4.6.1 Growth Data.—Data on stand growth and yield
from local plantations are impressive, even on steep,
nutrient-poor sites. For the same age and similarly
stocked stands, annual overbark volume growth rates are
comparable or superior to those in other tropical coun-
tries. Overall growth rates in Puerto Rico are two to two
and a half times faster than those measured for commer-
cial timber producing areas in the Southern United
States (section 4.3.3). Even if outside-bark yields are
reduced by 25 percent to report volume on an underbark
basis (section 1.3.3), resulting underbark yields in Puerto
Rico are still twice those of the Southern pinc.. Using
wider spacings will provide products having improved
wood quality and also assure higher financial returns
because planting, tending, and harvesting costs will be
lowered.

One nontraditional use of low-density juvenile wood
from young trees could be wood shavings for horse stall
bedding. In flat terrain, plantings for bedding material
(wood shavings) could be stocked at higher outplant
densities and be harvested in 5 to 8 years rather than 15
to 20 years as are plantings for sawn wood products (fig
4.8).

4.6.2 Stand Conditions.—Lack of insect or discase
problems is attributable to the small size of local plant-
ings and the very scattered nature of plantings through-
out the countryside. As the size of planting blocks
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Figure 4.8—Caribbean pine plantings provide posts and poles, as well as sawn wood producis.
The use of poriable sawmills in Puerio Rico now allows cutting of lumber on rural
landowner property rather than a1 distant processing centers in urban areas.

increases, strict sanitation practices before, during, and
after harvesting should be maintained for insect and
discase control.

As long as local reforestation efforts remain limited,
sufficient high-quality seeds can be bought from interna-
tional sced vendors. Use of improved sceds and wider
spacing would improve tree form. Long-term reforesta-
tion efforts must also incorporate sced sources that are
wind resistant because hurricanes are periodic threats to
completing desired rotations. Timber losses by vandal-
ism and fires will remain significant management prob-
lems in the future if plantings are kept small and
dispersed with other farmland uses in highly populated
rural arcas.

4.6.3 Soils.—Growth 21d yicld of Caribbean pinc are
not as affected by low soil nutrient status and low pH as
arc many agricultural crops. Annual wood volume yiclds
on clay soils and s2udy soils in Puerto Rico are greater
inan those of similarly aged and stocked pine stands in
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the Southern United States that supply most commercial
sawn wood products. Apparently, understory flora and
fauna, including earthworms, are as diverse within un-
burned pine plantations as they are within native forests.

4.6.4 New Research.—New rescarch should quantify
yiclds obtainablc from the dricr southern coast foothills
where sugarcane was once produced. Although excluded
as commercial forestland in the past, these arcas now
have closer access to main roads, large blocks of land in
unproductive pasture, and fewer small farms that pre-
clude managing larg: contiguous blocks of land. Finally,
integrated cultural-cconomic studies should be con-
ducted to determine how local perceptions can be
changed to make large-scale forestry projects environ-
mentally and economically attractive for long-term de-
vclopment in Puerto Rico.
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5. TRINIDAD

by Leon Il. Liegel, Seepersad Ramnarine, and Kenny Singh
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Figure 5.1.—Field ploss established in Trinidad. Circles indicate number of plots and their approximate
location.

Project Personnel
1983-87

Ministry of Agriculture, Land, and Food Production—Forest Division. Private Bag 30, Port-of-Spain, Trinidad
Bal S. Ramdial—conservator of forests
Seepersad Ramnarinc—assistant conservator of forests—rescarch (technical countcrpart and supervisor of ficld
activities)
Kenny Singh (directed south ficld sample crews)
R. Sandy (dirccted north ficld sample crews)
C. Roberts, F. Ramsaroop, M. Malabir—ficld technicians



Figure 5.2—A wypical Caribbcan pine planting, almost 20 years old, on
poorly drained lowland soils.

5.1 Local Pine Management Ilistory

5.1.1 Initial Introduction.—Honduras or Caribbean
pinc was first planted in Trinidad on an experimental
scale in 1948 when two small plots were established in
the Arena Reserve. Encouraged by the success of carly
plantings, the first large-scale plantations, totaling 40
hectares (102 acres), were established in 1956. Subse-
quently, planting was steadily increased and had peaked
at 300 hectares (762 acres) annually by the late 1970’s.
The current rate of establishment is under 200 hectares
(490 acres) annually. At the end of 1986, over 6,000
hectares (15,240 acres) had been established (fig. 5.2).

5.1.2 General Management Practices and Concerns.—
Through the early 1970’s, seeds were obtained from
sources in Belize. More recently, however, the main in-
ternational suppliers have collected seeds primarily from
Honduras and Guatemala. Original mycorrhizal inocu-
lum was obtained from Belize. T .e beneficial mycorrhi-
zal fungi grow on roots of seedlings and adult trees and
help supply water and nutrients to the plant.

Most scedlings are planted as potted stock (fig. 5.3).
Many proportions of sand, soil, rice hulls, sawdust, and
other materials have been tested for pot-mix growth
incdium. Because of geographical proximity, Trinidad

supplied castern Venczuela with mycorrhizal inoculum
for the first savanna pine plantings in the mid-1960’s
(section 6.1.1).

Before the early 1980’s, most plantations were cstab-
lished by thc taungya system: planting trees between
agricultural row crops, then leaving the trees after har-
vesting the food crop at maturity. However, there is now
little inserest in this system. Weed control is practiced
during the first 5 years after establishment, and plantings
are given some protection from fires.

Research efforts have been directed towards under-
standing the growth and management of Caribbean pinc.
Trce improvement work has focused on identifying ge-
netically superior trec. and establishing a sced orchard
to produce sceds locally. Imported sceds cost 180-300
U.S. dollars per kilo (quoted price is for 1989). Carib-
bean pinc also plays an important role in Trinidad’s
watcrshed management program; it is widely used in
reforesting denuded hillsides, especially in the Northern
Range. No major pest or discasc problems have been
detected.

5.1.3 Stocking and Utilization.—Some cxperimental
plots were analyzed by A. D. Miller, who published the
“Provisional Yicld Table for Pinus caribaea var.
hondurensis in Trinidad” in 1969. This study rccom-
mended aspacing of 2.1 by 2.1 meters (7 by 7 feet) if there
was a good market for small thinnings, and 3.6 by 3.6
meters (12 by 12 feet) if the objective was to produce
sawlogs as quickly as possible. Because there was no local
market for pulp, the Forest Division continued to plant
at 2.7 by 2.7 meters (9 by 9 feet), a practice that was and
still is practiced in many countries. Although no formal
study on an optimum rotation age for Caribbean pinc in

Figure 5.3—Most Caribbean pine plantings are established with potted
stock obtained from the Comuto nursery. The nursery is also
used as a demonstration and experimental area for testing
new nursery production techniques.
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Trinidad has been conducted, a rotation age of 25 to 30
years is anticipated for the better sites.

Most local pine plantations have remained unthinned
because of initial indccision about whether to manage for
sawlogs or for pulp. Currcntly, however, some older pine
plantings are being harvested and utilized for clectricity
cable transmission poles, sawtimber, and lumber to man-
ufacture pallets.

5.2 Local Environment

5.2.1 Climate and Topography.—The climate is tropi-
cal, with two distinct scasons: a dry season from January
to May and a wet scason from June to December. The
average daily temperatures are 29 °C (84 °F) i the day
and 23 °C (73 °F) at night. Annual precipitation varies
(rom about 3,300 millimeters (130 inches) in the north
and northcast to <1,700 millimeters (67 inches) in the
western and southern portions of the Island. Topograph-
ically, there are three ranges of hills running cast to west
across the Island plus two intervening lowland areas,
comprising terraces, alluvial plains, and swamps. Eleva-
tinns in the foothills and mountains range from 150 to
slightly over 900 meters (459 to over 2,970 fect); lowland
clevations seldom exceed 60 meters (198 fec:).

5.2.2 Geology.—Urlike other West Indian Islands
that are volcanic or coralline in nature, Trinidad has a
geologic base that is almost cntircly sedimentary (table
5.1). This phenomenon exists because Trinidad is struc-
turally rclated to the Soath American continent rather
than to the West Indian Islands. Rock materials are quite
variable, consisting of:

s finc grain quartz sand,
* clay shale,
« soft marl, and

« hard limestone.

In the Northern Range, predominant rocks are clay
slates, metamorphic schists, marbles, and phyllites. The
Central and Southern Ranges have rocks consisting of
shales, limestones, and sandstones.

5.2.3 Soils.—Over 120 soil scries have been de-
‘scribed; most are in the Inceptisol order (see appendix
A). Thesc soils are characterized by low base saturation
and low pH, generaily below 5.5.

Most soils in Trinidad tend to have restricted internal
drainage, even those on intermediate or high upland
topographic positions. Soils with good drainage are lim-
ited to areas of the Northern Range (fig. 5.4) and por-
tions of the Caroni Plain and Southern Range. The
poorly draincd soils are not suited for most agricultural
crops except rice. Caribbean pine has been planted ex-
tensively on lowland and upland poorly drained soils.
When left untended and unthinned for many years, pine
plantings on poorly draincd sites are quickly invaded and
cventually replaced by local secondary shrub and tree
species.

5.3 Growth and Volume Data

5.3.1 Growth Model Approach.—Hcight and diamcter
data collected for individual plot trees 6 to 26 years of
age (scction 1.3) were converted to per-hectare outside-
bark volume and basal arca. Mathematical cquations
were then developed to predict per-hectare volumes,
given three characteristics or parameters:

* plantation age,

« average height of tallest trees at age 15 (site index),
and

» number of trecs per hectare surviving at age of
measurement,

Because availability of data was limited, a regrouping
of information from five soil groups to two soil drainage

Table 5.1— Regions and plots sampled for the Caribbean pine project in Trinidad and their associated

geology and soils, 1983-87

Predominant soil

Land
Number  capability

Region of plots classes Gceology Scries Order
High uplands, I, 1V, Limestone, Maracas Ultisols
good drainage 4 VI, VIi micaceous Matclot
Terraccs, IV, V, VI Porcillanite, Las Lomas Ultisols
good drainage 4 sand, phyllites
Intermediate uplands, IV, v, Clay shales, Ecclesville Vertisols
poor drainage 12 VI, VII sandstonc Talparo Vertisols
Terraces, V, VI, Sand, clay, Piarco Ultisols
poor drainage 15 VIl mixed shalc Valencia Spodosols
Alluvial lowlands, v Clay, mixed I'Ebranche Inceptisols
poor drainage 6 shales, and clay St. John Allisols

alluvium
Total 41




Figurc 5.4—Steep erosive slopes on the Northern Range, outside Pont-of-Spain, where Carib-
bean pine stands have been established.

classes was necessary: poorly drained (22 sites) and well-
drained (19 sites). Appropriate statistical tests showed
significant growth differences between the two drainage
classes. Also, the poorly drained soils had only one and
the well-drained sites had three outplant densities.
Therefore, predicted volumes and basal areas were devel-
oped for a single planting density of 1,330 trees per
hectare (543 trees per acre).

5.3.2 Stand Volumes.—On a well-drained site (sitc
index 22) by age 20, total predicted outside-bark yield is
about 430 cubic meters per hectare (6,196 cubic fect per
acre). For the same age and drainage class on a poor site
(sitcindex 14), predicted yicld is considerably lower, only
175 cubic meters per hectare (2,521 cubic feet per acre)
(fig. 5.5). On poorly drained sites (sitc index 22) by age
20, total predicted outside-bark yicld is only 315 cubic
meters per hectare (4,539 cubic feet per acre). Observed
differences in total predicted yields between site indices
of the same drainage class arc similar to differences
obscerved in other countries for a particular planting
density.

5.3.3 Other Countries.—Yields in Trinidad were com-
pared with those from other countrics studied in the
Caribbean pine project. In doing this, three specific cri-
teria were uscd:

* arotation of 15 years,

* total number of trees planted at 1,300 per hectare
(531 per acre), except 1,330 per hectare (543 per
acre) for Trinidad, and

» comparisons limited to “best” sites onlv.

Results are shown in table 5.2. Tredicted overall yield
in Trinidad, even on relatively well-drained sites, was the
lowest of all five countries studied.

For comparative purposes, overbark yiclds of loblolly
pinc (Pinus taeda) in the Southern United States range
from 13 to 16 cubic meters per hectare per year (187 to
230 cubic feet per acre per year). This comparison as-
sumes average commercial planting sites, an initial out-
plant density of 1,525 trces per hectare (622 trees per
acre), and a 25- to 35-year rotation with no thinning.
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Figure 5.5—Predicted total outside-bark yield of Caribbean pine plani-
ings in Trinidad for different plantation ages, site indices, and
two drainage classes.
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Figure 5.6—Examples of poor trec form and high tree moriality in study plots. (lefi} Leaning trees, crooked boles, and forked stems (background) were
much more common than straighter, large-diamcter siems (foreground). (right) Monality has been high in this 10-year-old stand in dricr

southwestern Trinidad where vandals frequently set forest fires.

5.4 Stand Conditions

5.4.1 Tree Form.—Most trees in all 41 measurement
plots had crooked and lcaning stems (fig. 5.6). Forking
ranged from 2 1o 61 percent, with 21 plots having =20-
percent forked trees. Foxtailing ranged from 2 1o 43
percent, with 10 plots having =20-percent foxtail trees.
These foxtail percentages are similar to those for Ja-

Table 5.2—Comparison of outside-bark yield of Caribbean pine in
Trinidad with that of other countries for rotation age 15
years and "best” sites only

Mecan annual
Country Site index Total yield increment
m m’/ha m’ thapr
Well-drained sites
Costa Rica 26 (85)t 550 (7,924) 35 (504)!
Jamaica 24 (79) 400 (5,763) 27 (389)
Puerto Rico 26 (85) 485 (6,988) 32 (461)
Trinidad 22(72) 360 (5,187) 24 (346)
Moist sites
Venezucela 21 (69) 475 (6,844) 32 (461)

“Irinidad trees planted = 1,330 per hectare (543 per acre); all
other countries = 1,300 per hectare (530 per acre).

t

(o).

*([ls/acrc).

6([l:‘/acrc/yr).

40

maica, Puerto Rico, and Venezucela but are lower than
thosc for Costa Rica.

Overall poor tree form is not unusual for Caribbean
countrics where past planting densitics were high, thin-
nings were not done, and unimproved sceds were uscd.
Converting to genctically superior sceds from known,
better formed parents and planting trees at lower densi-
ties will improve tree form considerably and result in
higher prices for harvested logs.

5.4.2 Cone and Seed Froduction. --Conc pruduction
on individual trees was poor. Thirty-four plots averaged
considerably less than 50 mature or immature cones per
tree. Nine plots showed active flowering, and 25 plots had
recent flowering.

Poor cone and flower production is a common result
of dense overstocked stands. This phenomenon also ¢x-
ists in arecas receiving high, cvenly distributed rainfall
throughout the year. As long as local reforestation cf-
forts remain limited, sceds can be bought from reputable
international sced supplicrs. To determine whether seeds
can be produced locally via sced stands or seed orchards,
countrywide phenological studies spanning several years
arc needed.

5.4.3 Overall Stand Conditions.—Only 10 plots
showed no signs of burning; 10 of the burned plots had
trees with profusely exuding resin. Only two plots showed
significant windthrow damage. Trinidad is at the fringe of
the Caribbcan hurricane belt, and wind damage is not



frequent. The most common damage was from un-
dermanagement of the stands, disallowing full growth
potential to be realized. Litter thickness on the forest
floor was usually <60 millimeters (<2.4 inches). Litter
composition was primarily mixed pine necdles and hard-
wood leaves, except where fires had occurred.

Overall stand conditions in Trinidad are similar to
those in other Caribbean countries. Native shrubs and
trees quickly revegetate planted sites and replace the
pines unless repetitive weedings or fires keep them back
(fig. 5.6). Where pine plantings are small, the vdze where
pine and native forest meet supplies abundant food and
cover for native wildlife.

5.5 Soils and Landscape

5.5.1 Field Observations.—Most of the plot soils were
>100centimeters( =239 inches) deep; only nine plots had
shallower soils. Soil structure was quite variable, as fol-
lows:

Number of
plots
No structure 21
Granular 9
Blocky 2
9

Subangular blocky

Soils in 31 plots lacked stones in cither the upper or
lower horizons; 21 plots had gleization. These two con-
ditions indicate poor drainage. Consequently, except in
sandy or sandy loam soils, tree roots were confined to the
upper soil horizons. Earthworms were scen in almost
half the plots.

5.5.2 Laboratory Analyses.—Based on percentages of
sand/silt/clay, the three major soil texture classes were
clay, loam, and sand. For 24 plots, surface and subsurface
textures were the same. For the other 17 plots, textures
of surface and subsurface horizons were dissimi.ar, usu-
ally a loamy surface underlain by poorly drained clay (fig.
5.7).

The most common soil fertility limitations, according
to crop criteria (scction 1.4.2), were high soil acidity,
potassium and phosphorus defic’ency, and high alumi-
num saturation. /According to minimum forestry fertility
standards for pines, only calcium levels were deficient in
most poorly draivicd soils. Ranges in chemical values for
surface horizons were:

Al
Soils pH  saturation Ca Mg K P
pet  ——me-- meq/100 em-——- - ppm
Poorly
drained 4.4-53 4361 026-475 0.18-5.6 0.04-0.23 5-12
Well-
drained 4.4-5.7 14-38  0.55-3.47 0.19-12 0.03-0.16 4-12

Chemical values for subsurface horizons were not
consistently lower or higher than those for surface hori-
zons. The differences in aluminum saturation, calcium
levels, and drainage status between poorly drained and
well-drained sites probably account for the significant
growth differences of Caribbean pine across planting
sites in Trinidad.

Figure 5.7—Soils in most plots were poorly drained. This is indicated by gray and whitish color
in the bottom row of soil samples. Although nutrient status by crop standards was
relatively poor, growth and yield of Caribbean pine was fair for unthinned densc
stands.
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5.6 Forest Management Implications

5.6.1 Growth Data.—Data on stand growth and yicld
from local plantations arc generally higher than those on
conifcrous plantings of similar age from temperate arcas
(scction 5.3.3). Even if outside-bark yiclds are reduced
by 25 percent to report volume on an underbark basis
(scction 1.3.3), resulting underbark yiclds in Trinidad arc
still slightly higher than thosc of the southern pines.
However, Caribbean pine plautings of similar age in
other tropical countrics arc producing wood products
(fig. 5.8) and volumes at rates superior to those in Trini-
dad. Using wider spacings in upland and lowland plant-
ings and planting on better drained soils will improve
yiclds and wood quality. Reducing outplant densitics will
also assure greater financial returns because planting,
tending, and harvesting costs will be lowered.

5.6.2 Stand Conditions.—Only localized problems
with discascs and insccts existed. Poor cone and flower
production obscrved in Trinidad were also observed in
other Caribbean countrics. Sced production in Trinidad
has been consistently low. As long as local reforestation
cfforts remain limited, sufficient high-quality sceds can
be bought from international seed vendors. And. us long
as plantings arc dispersed with other farmland uscs, tim-
ber losses by vandalism and fires will remain sirnificant
management problems in the southwest portion of the
Island. With intensive fire protection and prescribed
burning, growth ratcs, especially in southwestern Trini-
dud, would be comparable to those in eastern Venezuela
where sandy soils also predominate. Experimental bare-
root plantings should be tricd because of the sandy soils
and gentle relief in this arca. Efforts should be made 10
determine the most financially advantageous rotation
age for sawlogs, and thinning regimes need to be devel-
opcd and implemented. Mechanical site preparation
should be investigated as an alternative because of high
hand-labor cstablishment costs.

5.6.3 Soils.—Poor soil drainage and associated nutri-
cnt propertics had significant cffects upon the growth
and yicld of Caribbecan pine. Higher yiclds can be ob-
tained by limiting plantings to better drained sites and by
using lower densitics. Planting on well-draiaed sites only
should also reduce expected sawlog rotation length by 5
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Figure 5.8—~2ine plantings currently produce posts and poles. One future
and noniraditional usc of low-density absorbent pine fibers
could be woad shavings for horse stall bedding material.

to 8 years. Apparently, soil flora and fauna are as diverse
within unburned pinc plantings as they are within native
sccondary forests.

5.6.4 New Research.—New studies should investigate
the natural variation in weod density across local stands,
both for well-drained and poorly drained sites. Vegeta-
tive cuttings of individual trees having lower percentages
of low-density juvenile wood can be incorporated into
existing sced orchards. Nontraditional use of low-density
pine fibers for animal bedding material should be inves-
tigated for supplying local and export markets. Container
cargo ships from the United States frequently return
cmpty after leaving cargo in Trinidad. The cconomic
feasibility of using rcturning ships to transport high-
quality sacked or baled bedding material to other Carib-
bean islands and the United States should be studied via
cost-benefit and marketing strategics possible under the
current Caribbean Basin initiative.
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6. VENEZUELA

by Leon H. Liegel and Ricardo Bellandi
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Figure 6.1—Field plots established in Venezuela. Letiers specify approximate location by ownership; total
number of plots is indicated within parentheses.

Project Personnel
1983-87

Compania Nacional de Reforestacion (CONARE)I. Apartado Postal 17017, El Conde-Zona Postal 101, Caracas,
Venezucela
Anibal Luna—president
J. J. Cabrero Malo—past president
Ricardo Bellandi (technical counterpart, Chaguaramas Ficld Office).
Victor Fernandez—ficld crew leader
Juan Scrpa—ficld technician
Pedro Gomez—forester
Corporacion Venezolanz de Guayana (CVG)I. Edificio Seguros Orinoco, 3rd Piso—Puerto Ordaz, Estado Bolivar,
Venezuela
Ing. For. Arquimedes Rodriguez—general manager

'Inlate 1988, separate operations of CONARE and CVG were combined into a single management entity called Productos Forestales de Oriente,
C. A. (PROFORCA), [or which Ing. For. Arquimedes Rodriguez is the general manager.
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6.1 Local Pine Management History

6.1.1 Initial Plantings.—Planting of Caribbean pine
in Venezucela’s eastern savannas (Estado Monagas)
began in 1968. About 700 hectares (1,715 acres) were
established by the Corporacion Venezolana de Guayana
(CVG). Four years later the Ministry of Agriculture and
Husbandry, Division of Renewable Natural Resources
(MAC-RNR), also began planting Caribbean pine. In
1673, existing MAC-RNR plantings were placed under
the administration of the Compania Nacional de
Retorestacion (CONARE), which continucd te plant a
few thousand hectares annually along with CVG. By
1983, total area planted by both CVG and CONARE was
almost 150,000 hectares (367,500 acres) (fig. 6.2).

6.1.2 General Management Practices and Concerns.—
All carly plantings were established with nursery stock
produced in polycthylene or asphalt-roofing-paper pots.
Survival was poor during the first few years because bags
were not slit or removed in the ficld. Through 1979, sceds
were imported almost exclusively from Guatemala. The
genctic composition of these sceds plus local environ-
mental factors in Venezuela combined to produce high
percentages of foxtail trees in most plantings (sce front
cover). After 1979, imported secds came mostly from
high-clevation inland sources in Honduras, and subsc-
quent foxtailing was reduced by more than half.

To reduce hand-labor costs associated with producing
potted seedlings, a trial bare-root planting of about 500
hectares (1,225 acres) was estadlished in the late 1970’s.
Survival was so high that opcrational bare-root-pro-
duced stock was used thereafter by CVG and CONARE
(fig 6.3). Because plantings rose to 12,000 hectares
(29,400 acres) or more annually, other mechanized nur-
sery and planting techniques were quickly adapted from
operational practices used in the Southern United
States.

Figure 6.2—A sypical 4-year-old savanna planting of Caribbean pine in
eastern Venczuela. Total area planted since 1968 is about
200,000 hectares (490,000 acres).

As the early plantings matured, local volume tables
were produced. Site studies showed that seemingly flat
terrain contained at least three kinds of soil that could
affect growth and yield. Tree improvement and breeding
programs were initiated so that local seed orchards could
eventually supply the rising nced for sceds. Because of
uncertainty for marketable wood products, all stands
were left unthinned unul 1982. Lack of thinning, high
stocking, dry climate, and sandy soils eventually created
conditions that caused scattered dicback on both CVG
and CONARE holdings from 1979 to 1983. However,
overall growth in the dry savanna region has been so good
that an integrated pulpmill/sawmill opecration is now
planned for the Orinoco River areca, close to Puerto
Ordaz.

6.2 Local Environment

6.2.1 Climate.—Climate in the castern savannas is
strongly scasonal with distinct dry and moist periods.
Rainfall averages about 1,000 millimeters (47 inches)
and falls mostly in June through August, with another
peak in November. Warmest months are September to
November, and coolest months are December to Febru-
ary. Daily temperatures rise to between 30 and 33 °C (86
and 91 °F), and those at night fall between 20 and 22 °C
(68 and 72 °F). Mean monthly differences in maximum
and minimum temperatures vary by only2to4°C(3to 7
°F).
6.2.2 Geology and Topography.—The thrce main geo-
logic formations of the savanna arca, from oldest to
youngest, are:

» La Pica, which is of marine origin;

A

Figure 6.3—Since 1980, operational field plantings have been
made exclusively with bare-root stock, using
mechanized production techniques. From 1968 to
1979, the first plantings of Caribbean pine were
established with potted nursery stock.
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o Las Picdras, which was laid down in a scmisaline
environment; and

« the Mesa formation, from which most soils in the
region were derived.

The Mesa consists of very finc to coarse sands derived
from alluvial deposits. Sources of these matcrials were
the Guayana shicld to the south and the Coast Rangc to
the north. In rccent times, acolic forces have substan-
tially rearranged these materials so that resulting forma-
tions arc quite . .nplex, despite uniformity to the casual
observer (fig. 6.2). Thus, the major Mesa formation fca-
tures are channcls and fans, with fans occupying the
larger area.

6.2.3 Soils.—Soils of the arca are Oxisols to Oxisol-
Ultisol intergrades (apperdix A), with soil reaction or
pH ranging from 4.7 to 5.5. They have little structure,
excessive internal drainage, and little water-holding ca-
pacity. Natural fertility is low, with the sum of the bascs
and aluminum less than 2.0 milli2quivalents per 100
grams (0.4 ounce) of soil.

Three major kinds of soil cxist according to t0po-
graphic position (fig. 6.4). Best Class I soils for afforcs-
tation are those with clay accumulations above 60
centimeters (23.6 inches). Clay materials near the surface
trap water in the wet scason and provide a source of
moisture to piant roots during the dry season. Poorcst
Class 111 soils are those with sands and no clay above 100
centimeters (39.4 inches) or those where drainage is
impeded above 40 centimeters (15.7 inches). These soils
arc too dry during the long dry scason or (oo wet during
the rainy scason. Class Il soils arc intcrmediate and have
clay accumulations between 60 and 100 centimeters (23.6
and 39.4 inches). Moisture conditions arc adequate in
these soils except during exceptionally dry years. Newly
planted scedlings are at great risk in Class 11 and Class
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Figure 6.4—Early _lantings had p >or survival. Failures were caused
primarily by several management practices, including poor
planting techniques, poor quality seedlings, planting outside
optimiun wet season, and planting on poor (Class #1) sites.

111 soils until root systems reach decper layers having
adequate moisturc.

6.3 Growth and Volume Dauta

6.3.1 Growth Model Approach.—Hcightand diameter
data collected for individual plot trees 4 to 15 years of
age (section 1.3) were converted to outside-bark volume
and basal arca per hectare. Mathematical equations were
then developed to predict per-hectare volumes, using
three independcer.t variables:

* plantation age,

« average height of tallest trees at age 15 (site index),
and

« number of trees per hectare surviving at age of
measurement,

Becausc availability of data was limited, a regrouping
of information from six owncrship (table 6.1) into four
soil and climatic groups was nccessary. Prediction cqua-
tions were developed for cach soil/climatic group. Sub-
sequent statistical tests showed significant differences in
predicted volumes and basal arcas between two com-
bined soil/climatic groups, representing 12 dry and 32
moist sites. Thercfore, growlh data from these two
groups were kept scparate when developing predicted
volume and basal area curves for a planting density of
1,300 trees per hectare (531 trees per acre).

6.3.2 Stand Volumes.—Predicted total outside-bark
yicld on a good moist site (site index 21 by age 10 ycars
is 300 cubic meters per hectare (4,322 cubic feet per
acre). On dry sites having 1,300 trees per hectare (531
trees per acre), predicted yicld on a good site (site index
18) at 10 years is 115 cubic meters per hectare (1,657
cubic fect per acre) (fig. 6.5). At higher planting densi-
tics, similar yicld differences cxisted between moist and
dry sites.

Table 6.1—FHoldings and plots sainpled for the Caribbean pine project in
Venezucla, 1983-87

Ownership Age cl
or arca ge class (years) Total

4-5 67 8-9 10-11 12-13 =14

———————— Number afplats'— ———————-

Cachipo  wveeee e e e e 2 2
Chaguaramas 2 2 2 4 e 10
Coloradito 1 B creren eereer eeesns aseens 5
Guayamure 1 2 2 2 e e 7
Centclla 2 2 2 2 e e 8
CVG 2 2 2 2 2 2 12

Total 44

*Data not available for certain age classes because of past planting
history and/or differences in timing of land acquisition.
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Figure 6.5—Predicted total outside-bark yield of Caribbean pine plant-
ingsin Venczucla for different plantation ages and site indices
in two climatic regions.

For pulp production, higher outplant densitics arc
uscd. At high densities, however, wood volume and basal
arca arc mainly distributed over many small stems. For
sawlog production, forest managers prefer that larger
volumes be concentrated on fewer good-quality, high-
valuc stems (section 1.3.3).

6.3.3 Other Countries.—Yiclds in Venczucla were
compared with thosc from other countrics studied in the
Caribbean pinc project using three specific criteria:

» 4 rotation of 15 years,

* total number of trecs planted at 1,300 per hectare
(531 per acre), and

» comparisons limitcd to “best” sites only.

Predicted yicld for Venezucla’s moist sites is equal to
that in Puerto Rico, higher than yiclds in Jamaica and
Trinidad, but less than theyicld in Costa Rica (table 6.2)

For comparative purposes, overbark yiclds of loblolly
pinc (Pinus taeda) in the Southern United States range
from 13 to 16 cubic meters per hectare per year (187 to
230 cubic feet per acre per year). This comparison as-
sumcs average commercial planting sites, an initial out-
plant density of 1,525 trees per hectare (622 trees per
acre), and a 25- (o 35-ycar rotation with no thinning.

6.4 Stand Conditions

6.4.1 Tree Form.—Most trees in all 44 measurement
plots had crooked stems. The range was 43-to 100-per-
cent crooked trees on moist sites and 12 to 100 percent
on dry siter. Percentages of leaning trees were much less
in Venczucla than in the other four countries: zero to 3
percent on wet sites and zero to 14 percent on dry sites.
The low pereentages in Venezuela are the result of fewer
cyclonic or orographic storms than occur in the other
countrics studied. Forked trees ranged from 13 to 43
percent on moist sites and 6 to 63 percent on dry sites.
Trees with foxtailing (fig. 6.6) ranged from 18 to 40
percent on moist sites and 10 to 54 percent on dry sites.
These figures arc slightly higher than those for the other
countrics except Costa Rica.

6.4.2 Cone and Seed Production.—Conc production
for indivi-ual trees was poor on both moist and dry sites.
Most plots had considerably less than 50 mature cones
per tree; 10 plots had no mature cones. All but the plots
on dry sites had a similar number of immature cones.
Only four plots showed active flowering at the time of
asscssmeni: three on moist sites and one on a dry site.
Five of the moist sites and four of the dry sites showed
signs of rccent flowering. Over 70 percent of all plots on
the dry sites, however, cexhibited no signs of active or
recent flowering. ¢

Poor cone and flower production were also observed
in the other countries studied. In Venczucla, the causce is
probably long periods of low soil moisture, poor nutrient
supply, and high outplant density. In the other countrics,
however, the causc is dense, overstocked stands and high
rainfall that disrupt normal flower developmental pro-
cesscs. Forlong-term plantation forestry in the savannas,
grafted sced orchards located clsewhere in Venczuela
could prrduce seeds for local afforestation and reforest-
ation cfforts.

Table 6.2—Comparison of outside-bark yicld of Caribbean pine in
Venezuela with that of other countries for rotation age 15

. c

years and “best" sites only

Mean annual

Country Site index ‘Total yield increment
m miha mJ/ha/yr

Well-drained sites

Costa Rica 26 (85)t 550 (7,924)t 35 (504)¢

Jamaica 24 (79) 400 (5,763) 25 (389)

Puerto Rico 26 (85) 485 (6,988) 32 (461)

Trinidad 22(72) 360 (5,187) 24 (346)
Moist sites

Venczucla 21 (69) 475 (6,844) 32 (461)

“Irinidad trees planted = 1,330 per hectare (543 per acre); all
other countries = 1,300 per hectare (530 per acre).

N
‘(ﬂJ/acrc).
’(ﬂj/acrc/yr).
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Figure 6.6—A 3.5-year-old Caribbean pine planting with a high percentage of foxiail irees.
Improved form and a reduction in numbers of foxtail trees can be achieved by using
seeds from superior formed parent rees that do not come from Guatemala.

6.4.3 General Stand Conditions.—The most common
damage was defoliation caused by ants on a total of 29
plots. Damage was equally destructive across moist and
dry sites. Only one plot showed fire damage. However,
firc damage was quite severe in a few other areas outside
the measurement plots. In one plot, cattle had trampled
and browsed young trees when grazing. An unknown
pathogen in one plot that had diecback symptoms was
probably Diodiplodia. In 1981 and 1983, outbreaks of this
pathogen were documented on holdings owned by CON-
ARE and CVG. High stand densitics and consecutive
droughts allowed the blue stain fungi to attack both root
and top portions of stressed trees.

Unlike the well-developed understory in plantations
of the other countrics studied, that of plantings in Vene-
zucla consists primarily of pine needles and a few shrubs.
Poor soils and low soil moisture conditions cause this
phenomenon. (Within large clearings or between plant-
ings, native grass predominates.) Litter thickness is gen-
erally less than 60 millimeters (2.4 inches).

6.5 Soils and Landscape

6.5.1 Field Observations.—Soils in all plots were
decp. Because of their sandy textures, most soils had poor
structure and excessive drainage. Exceptions were those
soils in which development had caused clay accumulation
between the surface and 100 centimeters (39.4 inches).
Within the clay horizon, structure was generally well
defined, and drainage was moderate to poor. Roots were
distinct and usually penetrated to the lowest depths sam-
pled. In many of the plots, channelization by ants had
caused considerable mixing of surface and subsurface
horizons (fig. 6.7).
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6.5.2 Laboratory Analyses.—Soil reaction (pH) was
usually higher in subsurface than in surface horizons.
The most common soil fertility limitations, according to
crop criteria and forestry fertility standards for pines
(section 1.4.2), were high soil acidity, high aluminum
saturation, and low levels of all nutrients in surface and
subsurface horizons. Ranges in values for chemical prop-
erties of the soils across moist and dry sites were:

Site and Al
horizon pH  saturation Ca Mg K P
pet ————-meq/100 em’e——— ppm

Moist

Surface  4.2-5.0 71-89 0.13-0.45 0.01-0.46 0.01-0.04 1-9

Subsurface 4.5-5.5  55-69 0.13-0.43 0.00-0.46 0.00-0.04 0-9
Dry

Surface  4.248 62-74 0.17-0.27 0.03-0.15 0.01-0.03 1-6

Subsurface 4.5-5.3 58 0.19-0.31 0.03-0.27 0.01-0.03 1-11

A great similarity exists in the physical and chemical
properties of the surface and subsurface horizons of the
moist and dry sites. Significant growth differences be-
tween the two kinds of sites can probably be attributed
to variation in total annual rainfall and resultant soil
moisture.

New areas to be afforested should be mapped first;
only Class I and Class II soils (section 6.2.3) should be
planted. Additional soil mapping work may be needed
where early plantings had high mortality. A key manage-
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Figure 6.7.—Soils in most plots were saridy and deep, > 100 centimeters (> 39 inches). In many
areas, excavation by ants had mixed surface and subsurface horizons.

Figurc 6.8—Examples of savanna arca above oil deposits and Caribbean pine logs loaded for shipment. (left) Oil underncath the savanna soils is of
short-term economic benefir. (right) Large Caribbean pine plantings provide renewable resources: posts, poles, and sawn wood producis.
Commercial plantations also produce long-fiber materials from thinnings that are used 10 make cardboard, tissue paper, and other paper
products.

ment issuc is whether high mortality in carly plantings
resulted from poor soils, poor management practices
such as using poor quality nursery sce:llings, drought
cffects during the first 6 to 18 months after planting, or
a combination of these factors.

6.6 Forest Management Implications

6.6.1 Growth Data.—Data on stand growth and yield
from the castern grasslands are impressive. Even on
decep, dry, nutrient-poor sandy sites, Caribbzan pine
plantings with good survival can produce wood volumes
atrates comparable or superior to those in othr : tropical
countries (fig. 6.8). Overall growth rates in Venczucla are
two to two and a half times faster than those mcasured
forcommercial timber producing arcas in the Southern
United States (scction 6.3.3). Even if outside-bark
yiclds arc reduced by 25 percent to report volume on

an underbark basis (scction 1.3.3), resulting underbark
yiclds in Venczucla are still about twice those of the
southern pincs. Using slightly wider spacing with high-
quality nursery scedlings will improve wood quality and
result in lower nurscery, planiing, and harvesting costs.
Anotheralternativeiscarlicr thinning of youngstandsif
markets can be found for the thinned material.

6.6.2 Stand Conditions.—Localized problems cxist
with dicback, which is attributed to blue stain fungi at-
«ack, and defoliation caused by ants. Dicback should be
controlled by using wider spacings or thinning before
trees start coinpeting for scarce water and nutrients.
More effective ant control measures are also being stud-
icd and implemented. Constant vigilance is nceded to
protect dry grass, understory accumulation of needles,
and overstory foliage from fircs. Low-intensity pre-
scribed fires may be an alternative to control understory
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and liiier buildup. Establishing grafted sced orchards
from local discase-free, ant-and drought-resistant parent
trees will guarantec sufficicat quantities of seeds for
afforcstation and reforestation planting programs. Max-
imum sced and cone production will be obtained in more
moist, high-elevation sites away from the lowland sa-
vanna sites. Foxtailing can be reduced by using sced
sources outside Guatemala.

6.6.3 Soils.—Growth and yicld of Caribbean pinc are
not as restricted by poor soil fertility and low pH as are
many agricultural crops. As long as excessively drained
soils, those lacking a moisturc-holding clay horizon
within 60 centimeters (23.6 inches) of the surface, arc not
planted to pinc, survival and tree growth will be satisfac-
tory unless sceveral drought years occur in succession.
Many widespread planting failures in the 1970's were
crroncously attributed to “poor soils.” These carly affor-
cstation program failures arc now generally believed to
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have been the result of poor planting techniques in the
ficld, poor-quality nursery seedlings, and planting after
summer rains had started.

6.6.4 New Research.—Additional studics are needed
to quantify wood quality variation in young stands having
high amounts of juvenile wood. Individual trees and seed
sources resulting in higher wood specific gravities should
be identified; their genetic makeup can be included in
clonal tests and sced orchards, then in operational plant-
ing programs. Testing other species such as P oocarpa on
very dry sites should continue. Finding spccices or prove-
nances adaptable to Class 11 and Class 111 soils will greatly
cxtend the arca over which plantation forests can be
cstablished. Changes in soil fertility in plantations and in
native savanna should be monitored to cvaluate the long-
term ecological implications of plantation management
on local biological diversity.



Appendix A

Glossary of Important Abbreviations and Definitions of Key Terms
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AGENCY ABBREVIATIONS

CAMCORE—Central America and Mexico Coniferous
Resources Cooperative

CONARE—Compania Nacional de Reforestacion, Ven-
ezucla

CVG—Corporacion Venezolana de Guayana, Venezucla

FIDCO—Forest Industries Development Corporation,
Jamaica

ITCR—Instituto Tecnologico de Costa Rica

MAC.RNR—Ministerio de Agricultura y Cria—
Recursos Naturales Renovables, Venezucela

USAID—United States Agency for International Devel-
opment

USDA—United States Department of Agriculture

COMMON SOIL NUTRIENT ABBREVIATIONS

Ca—Calcium—Ca, Mg, and K are mecasured in
milslcquivalcnls per 100 cubic centimeters (meq/100
cm”).

CEC—Cation exchange capacity: the number and weight
of nutrients, especially Ca, Mg, and K cations, that a
given weight or volume of soil can hold in available
form. Fertile soils have higher values for major nu-
tricnts.

K—Potassium

Mg—Magnesium

—Phosphorus—is measured in parts per million
(ppm).

pII—Soil reaction: the concentration of hydrogen and
hydroxyl ions in the soil. Acidicsoils have a pH value
<7.0; basic soils have a pH value >7.0. Soils with a
pH value of 7.0 are neutral, neither acidic nor basic.

Al—Aluminum—Al saturation is a measurc of what per-
centage of exchange sites in a given volume of soil
are filled with Al rather than beneficial cations such
as Ca, Mg, and K.

DEFINITIONS FOR SELECT FORESTRY AND
SOIL RESEARCII TERMINOLOGY

Afforestation—Planting trees on savanna grasslands or
other arcas where forest vegetation does not occur
naturally—contrasts with the definition for reforest-
ation.

Best sites—Those sites having the highest sitc index and
most optimum growing conditions; the only sites
used when comparing growth rates between coun-
trics.

Basal aren—The computed cross-sectional arca of tree
stems per unit arca of land. It is usually expressed as
squarc mcters per hectare or square feet per acre. In
older stands, basal arca scrves as a measure of stand
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density—the higher the vilue, the more cross-sec-
tional arca (of wood volume) concentration in a
given area of land.

Base saturation—The extent to which the adsorption
sites in a given volume of soil are saturated with ions
other than hydrogen and aluminum. Usually, it is
expressed as a percentage of the total cation ex-
change capacity (CEC).

Clone bank—A special planting made by vegetative re-
production techniques (e.g., grafting) designed to
preserve certain high-value genectic traits such as
discase resistance, high cone production, and good
adaptability to dry or wet sites.

Cone/seed production—A mcasurc of whether trees in a
plantation are producing mature concs (and presum-
ably sceds) that can be used for afforestation and
reforestation efforts. Cone production assessment is
subjective and usually specified as a certain number
of cones being visible or actually collected from in-
dividual trees.

Cubic meter (3 or cubic foot)—A volumetric measurcment
(m or ft”) specifying the amount of wood material
(with or without bark) having dimensions of 1 by 1
by 1 meter inaunitarca of land. The higher the value,
the better the site productivity, assuming all other
conditions of moisture, climate, and management
arc the same for the areas being compared.

Forking—A stem defect on trees that lowers wood qual-
ity for proccssed wood products. Instead of one
straight stem, two or more stems arc present.

Foxtail(ing)—A growth phenomenon exhibited when co-
nifer trees are planted outside their native ranges.
Instcad of whorls being produced normally as the
main stem grows, the whorls are not produced for 2
10 6 years. The resultant branchless arca resembles a
fox’s tail—all necdles are concentrated on the tree’s
main stem. '

Gleization—A term associated with poorly drained soils,
lacking oxygen. Instead of bright red, ycllow, brown
soil color, gley soils are bright or pale grey, blue-grey,
or white in color.

Ilectare (or acre)—A unit of land area, 100 meters (327
feet) on a side, used to cxpress site productivity.
Examples are cubic meters (m ) per hectare (total
volume) and square meters (m” ) per hectare (total
basal arca) (sec mean annual increment).

Mean annual increment—A sitc productivity measure-
ment unit obtained by dividing total basal arca or
total volume in a stand of trees by the age since
outplanting.

Milliequivaients per 100 grams—The unit of measure-
ment (meq/100g) for determining basc saturatica
and cation exchange capacity. For cxample, if a clay
has cation exchange capacity of 1 millicquivalent, it
is capatile of exchanging 1 milligram of hydrogen, or



its equivalent, for every 100 grams of clay. Fertile
soils have higher values than nutrient-poor soils.

Outside-bark yield (or overbark yield)—Tbtal or mean
annual volume increment, which includes the out-
side bark. For thin-bark species such as eucalyptus,
outside- and inside-bark figures are almost identical.
For thick-bark species such as Caribbean pine, out-
side-bark yield will surpass inside-bark yield by 10 to
20 percent or more.

Outplant density—The total number of trees planted per
unit area of land. High densities (3,200 trees per
hectare or 1,306 trees per acre) are used for small-
size products such as posts or pulp and can be grown
in 10 to 20 years or less. Lower densities (<2,100
trees per hectare or 857 trees per acre) are used to
produce larger size trees that are utilized for utility
poles and sawtimber.

Choosing the correct density or stocking is depen-
dent upon a species’ ability to grow in crowded con-
ditions, which products can be sold at the end of a
sclected rotation age, and expected financial return
after discounting costs of planting, tending, and har-
vesting.

Planting density—The total number of trees per unit
arca (hectare or acre) planted. Nursery and planting
costs increase as planting density increases.

Provenance—The source or origin of seeds or vegetative
material used in reforestation work. Seed origin is
important because seeds from some sources result in
trees having greater foxtailing, better growth, better
wood quality, and higher wind resistance than others
of the same species. Sced source differences exist
between countries and between regions of individual
countries.

Reforestation—Replanting trees on lands that were once
covered with trees, established either by natural suc-
cession or by planting—contrasts with afforestation.

Rotation—The total number of years that trees are left
to grow for a pariicular product; e.g., rotation age 15
years for sawlogs, 8 years for pulp, or 5 years for
posts.

Seed production stand—Existing stands that are thinned
heavily to reduce competition among remaining
stems for nutrients and moisture so that seed produc-
tion is favored; fertilizers can be applied to improve
site fertility.

Site index—The expected height of the tallest trees on a
given site at a specified (base) age, usually 25 or 50
years for temperate species. For fast-growing tropi-
cal species, the base age is usually 15 to 20 years or
less.

Soil structure—The natural combination or arrange-
ment of soil particles. Common types of structure
are:

blocky/subangular blocky—common in heavy clay
surface and subsurface horizons, particularly in
humid areas.

granular—rounded aggregates easily shaken apart;
subject to wide and rapid changes dependent upon
soil management practices.

no structure—individual sand grains or particles not
held together by organic matter and humus.

Soil taxonomy—A classification system designed to char-
acterize and name soils for predicting their behavior
regarding agricultural, silvicultural, and engineering
properties—it reflects levels of de:~*1 similar to the
botanical system for the plant kingdom. The recog-
nized 11 soil orders are:

Entisols—young soils with only A and C horizons.
Soil development is limited by highly resistant min-
erals or erosion and deposition forces that continu-
ally create new lend surfaces.

Incepiisols—young soils having greater development
than Entisols-—most have a B horizon. They exist in
al! climatic regions except deserts.

Aridisols—desert soils that are dry almost all year.
Some contain salt, and most have high amounts of
calcium carbonate because leaching is minimal.

Mollisols—represent very productive agricultural
soils formed under native prairie pasture. Base status
is very high.

Vertisols—dark, clay-rich soils that exist in both
warm temperate and tropical areas. In summer, soils
shrink to form large cracks; when wet, cracks swell
shut and water is repelled from the surface.

Spodosols—sandy soils common to glacial outwash
arcas of the boreal forests and to coastal marine
deposits of tropical arcas. A distinct whitish,
bleached Az horizon exists between an overlying acid
humus layer and an underlying dark spodic horizon
rich in humus and/or iron oxides.

Alfisols—high-base-status soils usually existing
under temperate hardwood forests and more stable
landscapes in tropical areas. Onve cleared, these
soils are productive and respond well to fertilizers.

Ultisols—low-base-status soils existing in warm tem-

perate and tropical regions. Bases are lower than in
Alfisols because bedrock material has little calcium
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and is sometimes lacking in other nutrients due to
abundant rainfall and leaching.

Oxisols—highly weathered soils that are extremely
infertile. Very granular structure favors high infiltra-
tion and easy tillage, yet added nutrients are not
tightly held by inert clays.

Histosols—characterized by high accumulation of or-
ganic matter. These seils develop in situations where
conditions arc either too cool and/or too wet for
decomposition rates to exceed plant biomass pro-
duction rates.

Andisols—Dark colored soils derived from volcanic ash,

comprising the newest order in soil taxonomy. They
contain high amounts of organic carbon (<25 per-
cent)/volcanic glass, and aluminum and can become
quite infertile upon weathering.

Survival density—The actual number of trees surviving
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per unit arca at a given measurement age. Mortality
is usually rapid when trees are young but gradually

stabilizes as trees bccome older. By measuring sur-
vival at different ages, one can construct survival
curves showing the number of surviving trces at any
age.

Tallest trees—These are generally referred to as the

dominant and codominant individuals in a planting.
Dominants are those whose crowns overtop those of
the general canopy; codominants are thosc whose
crowns represent the general canopy level of a stand.

Thinning—Cutting a specificd portion of a growing

stand of trees to rcducc competition. This allows
crop trees more nutrients and water and concen-
trates future wood increment on fewer, more valu-
able stems. Where labor is expensive and markets are
not available for thinned wood material, outplant
density is generally reduced to avoid thinning before
final harvest.



Appendix B

Training Accomplishments of Forestry Staffs in Cooperator Countries
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Table B-1.—Specific activities and expenses involved in accomplishing o’ganizerional work and training
goals in Costa Rica, 1985-86

Name/affiliation

Date

Activity or expense ilem

Project cost
in U.S.
dollars

Technological Institute
of Costa Rica

P. Camacho

P. Camacho

Freddy Rojas

Total

March 1985
March 1985

March-April 1985

June-Sept. 1985

Sept.—Oct. 1986

Sept.—Oct. 1986

Training in new growth and yield tech-
niques and soil sampling activities

Field equipment for growth and yicld
work

Per diem, lodging, and contract labor
osts associated with completing field
work

Airfare from Costa Rica to Oxford
Univ., United Kingdom, for a tropical
forestry course

Attendance at a 1-weck mceting in
Puerto Rico on the forests of tropical
America; review of forestry research
techniques with Caribbean pine in cast-
ern Venezucla

Attendance at a 1-week meeting in
Puerto Rico on the forests of tropical
Amcrica; review of forestry research

with native forest and plantation specics

in Colombia

1,632

6,034

1,400

2,140

2,750

13,956

Table B-2.—Specific activities and expenses involved in accomplishing organizational work and
raining goals in Jamaica, 1983-86

Project cost

in U.S.
Name/affiliation Date Activity or expensc item dollars
FIDCO field crewand Oct.-Nov. 1983 Training in ncw growth and yicld tech-
Forest Dept. staff niques and soil sampling activities
FIDCO/Forest Dept.  Oct.—Nov. 1983  Field equipment for growth and yield 2,869
work
Lecia Foster, Forest June-July 1984  Attendance at 1-week mecting on forest 2,818
Dept. pest management in Athens, GA; visit to
USDA Forest Scrvice insect and diseasc
research installations in North Carolina,
Florida, and Louisiana
Keith Porter, Forest Aug. 1986 Participation in 1-week training on 2,822
Dept.; Cedric George, ficldlab determination of wood density
FIDCO for pine and hardwood species
Keith Porter, Forest Scpt.-Oct.1986  Attendance at 1-weck mecting in Puerto 4,045
Dept.; Owen Evelyn, Rico on forests of tropical Amecrica; re-
FIDCO view of rescarch, operational planting,
and harvesting techniques with Carib-
bean pine in castern Venczucla for 1
week
Total 12,554




Table B-3.—Specific activities and expenses involved in accomplishing organizational work and training

goals in Trinidaa, 1983-8%

Name/affiliation Date

Activity or expense item

Project cost
inUS.
dollars

Trinidad Forest Division Oct. 1983

Trinidad Forest Division Oct. 1983

One officer April 1984
Two officers Scpt.~Oct. 1986
One officer Sept.-Oct. 1986
Two officers Oct. 1986

Total

Training in new growth and yield tech-
niques and soil sampling activities

Field equipment for growth and yicld
work

Three-week training in tropical plan-
tation management, North Carolina
State Univ., Raleigh

Attendance at 1-week meeting in
Puerto Rico on forests of tropical
America; revicw of research, opera-
tional planting, and harvesting tech-
niques with Car’bean pine in Vene-
zucla

Attendance at 1-month seminar on
forest management, sponsored by
Univ. of Michigar, Ann Arbor

Atlendance at 1-week JUFRO meet-
ing on tree improvement in Virginia
and participation in postmeeting tour
of privatc and state forestry land
holdings in the South

4,829

3,800

' 16,431

Table B-4.—Specific activities and expenses involved in accomplishing organizational work and training

goals in Venezuela, 1983-86

Name/affiliation Date

Activity or expensc item

Project cost
in U.S.
dollars

CONARE, Chaguaramas Oct.-Nov. 1984
field station personnel

Ricardo Bellandi Jan.-July 1984
Omar Lonsartt, Victor March 1985

[tanare, Pedro Gomez

Ricardo Bellandi Sept.~Oct. 1986

Total

Training in new growth and yicld tech-
niqucs and soil sampling activities

Field equipment for growth and yicld
work

Slide projector

Special graduate program in tree im-
provement

Training in harvesting techniques for
Pinus radiata plantations in Chile

Attendance at 1-week mceting in
Puerto Rico on forests of tropical
America; review of research and har-
vesting techniques for Caribbean pine
with other technical counteq:arts in
eastern Venczucla for 1 week

1,832

395
4714

9,750

1,776

18,527
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Table C-1.— List of papers that incorporate field data and/or observations from the Caribbean pine project

Authors

Publication information

Leon H. Liegel

Leon H. Liegel, Roy Jones, Guy Symes,
Bal Ramdial, and 1. J. Cabrera Malo

Charles R. Venator, Leon H. Liegel, and James P.
Barnett

Leon H. Liegel

Leon H. Liegel

Charles R. Venator and Leon H. Liegel

Mohammed Zakir Hussain

Leon H. Liegel and Charles R. Venator

Issues of plantation forestry in watershed management on small
Caribbean islands in the 1980's. 1985. In: Lugo, A E;Brown,
Sandra, eds. Watershed management in the Caribbean: Proceed-
ings, second workshop of Caribbran foresters; 1984 March 19-
23; Kingstown, St. Vincent. Rio Picdras, PR: U.S. Department
of Agriculture, Forest Service, Institute of Tropical Forestry,
and Man and the Biosphere: 147-154.

1JSAID supports study of Honduras pine in the Caribbean.
1985. Journal of Forestry. 83(6): 376-377.

Bare-rool versus container production of pines in the American
tropics. 1985. In: South, David, ed. Proceedings, international
symposium on nursery management practices for the southern
pines; 1985 August 4-9; Montgomery, AL. Auburn, AL: School
of Forestry, Alabama Agricultural Experiment Station, Auburn
University: 72-82.

The following papers in: Barnes, R. D.; Gibson, G. L., eds. 1984.
Provenance and genetic improvement strategies in tropical for-
est trees; 1984 April 9-14; Mutare, Zimbabwe. Oxford, United
Kingdom; Commonwealth Forestry Institute. 663 p.

Density effect on Pinus caribaca growth at 18-20 years in
Puerto Rico: 560-561.

Growih and selection traits of Mt. Pine Ridge, Belize, plus-
tree progeny in Pucrto Rico at 11.6 years: 554-555.

Height and diameter growth correlations with soil variables
for normal-branched and foxtail Pinus caribqea provenances
in Puerto Rico: 322-323.

Hurricane susceptibility of Pinus caribaea and Pinus
oocarpa provenances in Puerto Rico: 318-319

Normal-branched and foxtail Pinus caribaea height and di-
ameter growth correlations with several foliage variables in
Puerto Rico: 353-359.

Overall growth of carly-distributed Mountain Pinc Ridge
Pinus caribaea sced sources in Puerto Rico: 562-563.

Regional assessment of Pinus caribaea growth and yicld on
diverse soils in sclected countries of the Caribbean Basin:
3356-357.

Growth, form, and flowering of Caribbean pine families in
Puerte Rico. 1985. Commonwealth Forestry Review. 64(1):67—
74.

Manual de viveros mecanizados para tlanatas a raiz desnuda; y
sistema semi-mecanizado con recipientes de volumenes menores
a 130 cc. Ministerio d~ Agricultura y Ganaderia, Programa
Nacional Forestal y Agencia para E! Desarrollo Internacional
del Los Estados Unidos. [Proyect: Apoyo al sector Forestal del
Ecuador 518-0023] Quito, Ecuador.

Growth studies of plantations ol Pinus caribaea var. honduren-
sis in Puerto Rico. Ph.D. dissertation. Yale Univ., New Haven,
CT. 118 p.

A technical guide for forest nursery management in the Carib-
bean and Latin America. 1987. Gen. Tech. Rep. SO-67. New Or-
leans, LA: U.S. Department of Agriculture, Forest Service,
Southern Forest Experiment Station. 156 p.
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Plot Data Summaries for Countries Included in the Caribbean Pine Project
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Sheet codes Code explanation

Vol_HA Total outside-bark yield: cubic meters per hectare

BA_HA Total basal area: square meters per hectare.

TREES_HA Total number of trees surviving per hectare at time of mea-
surement.

HDC Mean plot height (meters) of dominant and codominant
trees.

SI Sitc index: estimated plot heights (meters) to a given base
age, 15 years, forall countries.

AGE Age in years since outplanting.

TP Number of trees originally planted: outplant density.

GROUP Predetermined soil, geology, or life zones used to stratify

plantings before sampling started—plots within the same
group were assumed 10 have the same physical and chemical
soil propertics.
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507
507
507
se7
$07
507
507
507
507
507
507
ge7
507
807
507
se7
507
5e7
S5e7
507
5087
807
507
507
507
507
S$e7
Se7
go7
567
5e7
Se7
507
se7
507
se7
se7
$e7
507
5e7
se7
507
507
507
507
587
s5e?
507
5e7
507
507
507
507
507
507

507
174
507

PLOT

901
902
803
S04
905
908
907
908
909
910
911
912
913
914
918
918
917
9i38
919
920
921
922
923
924
925
928
927
931
932
833
934
836
837
838
939
940
941
942
943
944
945
948
948
950
270
971
972
973
974
975
876
977
978
979
980

981
982
983

VYOL_HA

330.
213.
117,
355.
817.
158.

95.
188.
240.
130.
256,
4582,
504,
439.
275.

32.
418.
345.

93.
182.
356.
568.
652,
167.
158.
231,

78.

89.
11.
129.
132.

37.
183.
S61.
324.
100.
377.
268.
293.
66s.
572.
539
384.

g0.

86.

136

105
85
27

145

468
Se4
833
968
978
852
999
884
Je2
812
043
340
754
468
ges
138
856
984
483
989
7886
241
021
784
147
127
929
784
840
612
532
723
239
197
oes
449
117
121
290
Je1
627

289
1119
420

.883
749
.754

19.
130,
.812

57.
167.
103.

80.

555.748

171.163
125.058

130
545

723
398
080
334

BA_HA

81.2278
39.0299
21.6223
56.2196
87.6099
32.2982
25.6860
35.2489
42.3708
22.8200
39.4725
82.2252
75.0098
63.0823
49.6159
10.2663
53.1490
53.7059
23.1405
29.8608
46.5908
54.1683
87.7807
33.0488
30.4943
34.1304
19.1712
15.2302
24.2775
22.3132
25.9638
10.9987
32.7452
70.7008
52,2588
22.0081
38.8600
36.3121
38.6034
76.3424
67.0379
28.0456
$5.3577
18.7262
19.1531
26.0108
19.1444

7.7398

5.9198
29.1903
36.7121
15.5135
36.4171
19.8739
192.0573

58.3730

28.3408
26.2713

TREES_HA

1986.10
1437.30
1055.17
1253.13
1499.32
2388.42
1904.12
1485.51
1921.18
1370.37
1345.76
1329.33
1728.33
1975.31
1563.18
1721.66
1366.12
17983.25
1511.28
1075.94
1215.94
621.52
1184.48
2298.83
1142.88
11%0.31
2222.22
1445.31
2062.5¢0
1134.10
©91.78
1193.97
1619.94
1539.39
1410.286
1441.83
837.84
1111. 11
1127.23
1295.24
1250.00
1426.10
1972.39
770.98
1555.10
2068.01
999.47
1383.84
1512.20
1862.98
2096.886
1887.46
2050.26
1168.89
1370.23
1491.48
1354.30
1505.89

HOC

17.650%
14.0455
14.9375
14.7500
25.6000
11.9500
£.2500
12.2500
13.9500
13.1500
16.4583
21,5000
20.1000
17.650e@
14.8500
4.7500
20,5500
14.8000
9.4583
15.0000
18.4000
27.1364
22.5909
9.6000
11.4000
16.8000
7.8500
8.6000
10.8500
13.3500
11.4000
3.8000
12.6364
22.6560
16.3636
10.8500
28.2000
20.2000
20.1500
25.6000
24.4545
13.0000
18.6000
11.7000
9.30e00
190.1000
10.0909
6.8000
5.3333
9.9000
8.7000
8.1000
10.6667
11.2727
10.2000
22,8485
18.2000
10.7500

S1

22,7875
21.1056
20,6581
22.1643
27.3226
19.9045
17.5900
20.4042
76.1835
19.7600
19.0698
22.1728
20.1000
20.4506
22.31486
9.0327
21.9328
22.2394
27.9973
16.68378
21.3196
25.7289
24.1110
18.2556
13.2089
20.4646
17.8627
18.5693
24,6891
15.4683
18.9884
20.1285
21.0477
23.3588
21.1268
20.6328
29,0825
21,5592
23.3473
24,2722
28.3348
19.5346
22.6572
f6.18e8
17.6851
22.9825
16.8079
15.4734
10.1420
18.8261
13.0732
23.9768
31.5741
21.43685
19.39686
28.1228
28.9047
20.4428
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2114.16
1904.76
1992.83
1904.76
2415.48
2770.08
250827
2164.50
2267.57
2380.95
1481.48
2068612
1893.94
2500.00
1893.94
2173.91
1893.94
2016.13
1811.59
1194.74
1602.58
1149.43
16060.00
2500.00
1231.53
1250.00
2631.58
2923.98
2272.73
1250.00
1082.25
1428.57
1666.67
2000.00
1538.48
1818.18
1379.31
1538.48
1428.57
1802.568
1538.46
1602.56
2267.57
816.99
2380.95
2380.95
1041.67
2500.00
2173.91
2566.27
2173.31
1971,.28
2801.12
1298.70
1642.04
1602.56
1602.568
1602.56

GROUP

PRE-MONTANE RAIN FOREST
TROPICAL RAIN FOREST
TROPICAL RAIN FOREST
TROPICAL RAIN FOREST
PRE-MONTANE RAIN FOREST
PRE-MONTANE RAIN FOREST
PRE-MONTANE RAIN FOREST
TROPICAL WET FOREST
PRE-MONTANE RAIN FOREST
PRE-MONTANE RAIN FOREST
TROPICAL WET FOREST
PRE-MONTANE RAIN FOREST
PRE-MONTANE RAIN FOREST
PRE-MONTANE RAIN FOREST
TROPICAL WET FORESY
PRE-MONTANE RAIN FOREST
PRE-MONTANE RAIN FOREST
PRE-MONTANE RAIN FOREST
PRE-MONTANE RAIN FOREST
TROPICAL RAIN FOREST
PRE-MONTANE RAIN FOREST
TROPICAL RAIN FOREST
PRE-MONTANE RAIN FOREST
TROPICAL RAIN FOREST
TROPICAL RAIN FOREST
TIOPICAL RAIN FOREST
TROPICAL RAIN rOREST
TROPICAL RAIN FOREST
TROPICAL RAIN FOREST
TROPICAL RAIN FOREST
TROPICAL RAIN FOREST
TROPICAL RAIN FOREST
PRE-MONTANE RAIN FOREST
PRE-MONTANE RAIN FOREST
PRE-MONTANE RAIN FOREST
PRE-MONTANE RAIN FOREST
TROPICAL RAIN FOREST
PRE-MONTANE RAIN FOREST
PRE-MONTANE RAIN FOREST
PRE-MONTANE RAIN FOREST
PRE-MONTANE RAIN FOREST
TROPICAL WET FOREST
TROPICAL WET FOREST
TROPICAL RAIN FOREST
TROPICAL WET FOREST
TROPICAL WET FOREST
TROPICAL WET FOREST
TROPICAL WET FOREST
TROPICAL WET FOREST
TROPICAL RAIN FOREST
PRE-MONTANE RAIN FOREST
PRE-MONTANE RAIN FOREST
TROPICAL RAIN FOREST
TROPICAL RAIN FOREST
TROPICAL RAIN FOREST
TROPICAL RAIN FOREST
TROPICAL RAIN FOREST
TROPICAL RAIN FOREST
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507

821
8238

VOL_HA

294.99
712.25
620.57
438.33
457.79
361.14
367.92
386.62
291.45
247.27
133.268
537.11
325.85
299.86
362.76
342.84
304 .51
171.44
271.21
627.587
682.84
173.62
906.89
227.2%
533.83
252.30
323.68
248.S0
437.82
356.39
1235.687
289.70
497.22
277.24
649.76
559.81

83.37
129.84
370.05
374.02
214.37

BA_HA

40.219
88.768
69.557
61.571
45.381
54.998
67.439
48.398
35.590
35.157
22,302
62.702
49.849
32.614
80.803
37.435
47.443
37.841
57.848
58.443
61.154
33.881
112.315
37.904
72.728
52. 191
29.589
56.655
39.813
43.108
139.285
31.509
73.953
34.118
64.804
51.956
19.5%8
21.8%0
58.340
40,985
37.488

JAMAICA

TREES_HA

1676.57
1505.97
1402.14
1755.56
1147.20
1073.54
3381.99
1036.24
1165.97
1058.60
855.92
1408.23
1154.68
763.81.
1875.30
848.80
1434.63
1469.24
2078.61
1115. 41
934.32
1330.49
2228.86
1067.26
1758.8583
1385.04
331.12
2581.98
723.92
859.02
1916.8%5
$03.99
1161.27
680.33
1384.44
1004.25
1275.51
1265.77
1892.30
5$95.69
1167.27

HOC

19.9000
25.5000
25.4500
20.5500
22.7273
22.3500
15.0500
26.8182
20.6923
16.5909
16.8000
21.8455
29,7000
23.1500
22.7222
24.7917
16.8848
12.5000
13.7500
27.9286
28.5500
13.3333
22.3638
14.5833
22.6500
14.0500
28.6818
11.5509
25.6000
22.1000
24.4500
18.954%5
22.5500
20.5833
25,8000
28.7727
11.0000
13.6000
17.8182
24,5250
15.3e00

S1

17.7588
20.3065
20.7879
18.3385
19.6464
20,6487
15.0500
23.1827
19.8313
20.6571
17.5885
20.180¢
18.4724
19.4320

17.2821.

22,9023
22.6484
18.2833
20.1118
20.8032
22,2025
19.5021
20.6593
19.5615
19.0123
29.3504
24.0754
15.4927
20.9104
20.4157
19.0140
14.1187
16.7968
18.3683
23.8337
28.7727
17.822¢9
14.2383
17.8182
23.5282
22,3787

P

3086.42
1736.11
1736.11
2267.57
1738.11
3€86.42
44:4.44
3083.42
1736. 11
1736. 11
1736. 11
1738.11
1738.11
1736.11
1736.11
1736.11
1736.11
1736.11
3086.42
1736.11
1736.11
1736.11
3086.42
1736.1%
3086.42
1736.11
1738.11
3086.42
1736.11
1736. 11
3086.42
1736.11
1736.11
1890.36
1738.11
1736.11
17368.11
1736. 11
3088.42
1736.11
1736.11

SOILS

CUFFY GULLY
SEVERAL SERIES
VALDA

VALDA

VALDA

VALDA

VALDA

HALLS DELIGHT
HALLS DELIGHT
VALDA

SEVERAL SERIES
SEVERAL SERIES
SEVERAL SERIES
SEVERAL SERIES
SEVERAL SERIES
SEVERAL SERIES
HALLS DELIGHT
SEVERAL SERIES
SEVERAL SERIES
CUFFY GULLY
CUFFY GuLLY
VALDA

VALDA

HALLS DELIGHT
CUFFY GULLY
CUFFY GULLY
LIMESTONE
HALLS DELIGHT
HALLS DELIGHT
LIMESTONE
HALLS DELIGHT
LIMESTONE
VALDA
LIMESTONE
HALLS DELIGHT
CUFFY GULLY
CUFFY GULLY
LIMESTONE
CUFFY GULLY
HALLS DELISGHT
LIMESTONE
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474
474
474
474
474
474
474
474
474
474
474
474
474
474
474
474
474
474
474
474
474
474
474
474
474
474
474

VOL_HA

434.011
472.843
218.910
708.450
329.908
553.998
556.303
831.788
810.761
483,222
565.580
904.776
770.267
547.853
515.240
742.886
313.101
547.729
418.764
448.170
462.198
435.227
526.408
2368.218
278.301
293.809
704,565

BA_HA

48.1479
42,2853
21.1882
62.0066
35.5668
50.1438
47.855"
47.1887
56.8261
47.1903
50.56186
79.0988
71.4612
48.5783
68.7111
91.8295
42.9€85
43.7088
40.1251
37.7437
45.4235
30.7530
52.3477
31.8434
33.8714
36.98327
58.1030

PUERTO RICO

TREES_HA

812.77
762.89
596.17
1129.22
1724.73
938.18
1009.47
1070.21
938.18
1467.80
1113.98
1532.91
1388.51
968.70
2258.28
2522.07
1108.57
835.38
12687.13
720.32
1221.17
856.72
10792.352
12687.33
1487.11
1306.93
969.83

HOC

20.8182
22.8889
20,6429
22.8333
18.6818
25.5455
25.5000
25.0455
22.9167
23.6818
24.6154
22.6364
23.3182
28.2727
15.75e0
17.9167
17.4600
29.5455
23,2500
28.7500
28.7917
32.0628
21.1250
17.7273
16.6875
17.05090
25.5387

S1

18.1918
20.9970
22.68173
21,3445
17.1377
23.4340
22.9888
22.2170
21.86857
21.7244
22.1911
21.5982
21.0216
23.6852
17.2564
18.9752
15.7404
25.8177
20.9602
28.12268
23.4113
29.4124
21.7087
23.8920
22,2082
22.6908
21.4482

™

1896.38
1738.11
1371.74
1890.36
3086, 42
3086.42
4444 .44
3460.21
1736.11
3086.42
3e86.42
3086.42
1736.11
1736.11
3460.21
3480.21
3086.42
1736.11
2287.57
2287.57
2287.57
3036.42
1738.11
1736.11
1736.11
1736.11
Jose.42

GROUP

SANDS

SANDS

SANDS

SANDS

SHALLOW TO DEEP CLAYS
SHALLOW TO DEEP CLAYS
SHALLOW TO DEEP CLAYS
SHALLOW TO DEEP CLAYS
SHALLOW TO DEEP CLAYS
DEEP CLAYS GT 3eeM
DEEP CLAYS GT 3oeM
DEEP CLAYS GT 3eem
DEEP CLAYS GT JoeM
DEEP CLAYS GT 3oeMm
DEEP CLAYS GT 3eewm
OEEP CLAYS GT 3Jeewm
SHALLOW TO DEEP CLAYS
SHALLOW TO DEEP CLAYS

DEEP CLAYS GT JooM
SHALLOW TO DEEP CLAYS
SHALLOW TO DEEP CLAYS
SHALLOW TO DEEP CLAYS
DEEP CLAYS GT 3oeMm
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701
702

VOL_HA

90.261
205.472
216.667
219.988

61.335
269.720
353.264
308.249

46.811
151.127
373.271
279.1268
248.120
3368.180
391.679

87.579
164.521

54.518
194.917
213.359
324.63%
384.544
337.890
302.798
343.303
421.768
307.6818
273.047

94.297
126.833
249.838
273.398
156.338
310.871
240.817

83.928
314.608
342.128
412.056
449.072
2686.297

BA_HA

15.6139
35.0348
29.2759
27.20864
13.2022
37.3638
42.4698
39.2722
12.4544
23.8549
40.7931
29.€198
32,2885
40.6674
46.5287
13.3600
26.6129
12.0487
29.3351
32.8172
36.7187
42.0921
37.5428
33.1851
46.8843
47.5480
38.9753
45.4548
18.81¢0
16.1260
28.9182
31.1117
28.4391
36.4227
31.1841
19.2183
34.9822
38.8871
49.3128
87.5122
31.0643

TRINIDAD

TREES_HA

784.40
1102.07
633.83
746.31
875.42
821.20
$19.63
935.58
1215.28
840.34
943.07
742.88
758.57
783.99
1096.49
893.02
807.00
815.87
648.41
891.47
1028.57
926.32
850.00
879.17
1020.41
1000.00
733.48
2133.33
809.72
575.00
558.31
722.50
930.41
1238.39
483.87
1201.47
705.47
729.79
1129.20
905.35
€09.52

HOC

13.6273
14.7923

19.0929

20,7818
10.9100
15.9800
20.2786
20.7600

7.9643
15.6167
23.1687
22.2222
20.6533
22.1846
23.4900
11.125¢@
15.9462

9.6543
18.5091
16.5308
22.3500
25.6500
23.0000
19.8750
20.7083
23.3000
21.7208
15.8000
11.8000
17.0000
28.5417
24.0000
13.1620
20.0500
21.0833

$.6231
22.5909
285.211
22.4500
22.3500
22,7000

Sl

17.2096
16.7213
17.4412
17.3414
17.6813
19.9800
18.0618
17.6763
10.7742
18.5885
20,6342
17.8786
20.6333
19.30832
18.3986
20.3421
18.9867
17.6534
19.1962
17.8544
20.41€8
21.8399
20.4857
19.87.0
18.9169
18.7457
20.9961
17.8604
19.1021
20.2350
19.2878
26.4350
21.2085
18.3259
17.2848
11.4543
17.8762
21.4662
19.1183
17.4118
19.3281

™

1371.74
1371.74
1371.74
1371.74
1371.74
1371.74
1371.74
1371.74
1371.74
1371.74
1371.74
1371.74
1371.74
1371.74
1371.74
1371.74
1371.74
1371.74
1371.74
1371.74
1371.74
1371.74
1371.74
1371.74
1371.74
1371.74
1371.74
6944.44
1371.74
1371.74
1371.74
1371.74
1371.74
4444 .44
1371.74
1371.74
1371.74
1371.74
1371.74
1371.74
1371.74

GROUP

WELL DRAINED
POORLY DRAINED
POORLY DRAINED
WELL DRAINED
WELL DRAINED
WELL DRAINED
WELL ORAINED
WELL DRAINED
WELL DRAINED
WELL DRAINED
WELL DRAINED
WELL DRAINED
POORLY DRAINED
WELL DRAINED
PCORLY DRAINED
POORLY DRAINED
POORLY DRAINED
POORLY DRAINED
POORLY DRAINED
WELL DRAINED
POORLY DRAINED
POORLY DRAINED
POORLY DRAINED
POORLY DRAINED
POORLY DRAINED
POORLY DRAINED
POORLY DRAINED
WELL ORAINED
POORLY DRAINED
POORLY DRAINED
POORLY DRAINED
POORLY DRAINED
WELL ORAINED
WELL DRAINED
POORLY DRAINED
WELL ORAINED
POORLY DRAINED
WELL DRAINED
WELL DRAINED
WELL ORAINED
POORLY DRAINED
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PLOT

go1
802
803
804
8es
80é
807
8e8
8e9
810

812
813

VOL_HA

347.932
249 .504
111.440
73.645
169.149
34.313
182.521
78.569
120.859
129.699
186.107
130.414
14.398
43.974
30.151
37.127
81.168
62.883
15.118
20.858
47.202
9.613
97.267
96.874
43.845
71.110
98.1e86
91.043
129.182
107.165
50.073
368.229
66.892
34.260
48.777
94.174
54.201
32.820
M .762
86.983
105.161
85.952
102.168
73.480

BA_HA

42.0121
35.0609
23.8183
15.6816
29.9645
10.2377
31.3183
16.8188
22.7439
21.5113
31.2541
23.1121

4.5528
11.4230
10.2892
11.9975
19.2133
14.1692

4.9188

8.8207
14.68022

2.7867
21.3211
20.9905
11.0757
15.9374
19.8774
18.8082
27.6350
22.3014
12.40435

8.5358
14.2341

8.6630
11.1147
20.7698
15.2360

8.7783
10.1280
18.0272
19.7478
18.7718
22.3676
16.8033

VENEZUELA

TREES_HA

980.39
1157.89
845.41
778.52
928.57
1M1
928.57
6686.67
794.87
423.34
880.95
994.32
1554.62
1170.57
1250.08
1363.64
1030.30
8§558.56
117°3.33
777.78
1138.48
1290.32
1200.08
972.22
791.86
1043.98
1620.00
686.27
1174.24
944.44
700.76
496.45
879.63
952.38
685.19
1292.52
1030.30
1250.08
1465.20
1355.31
858.68
1037.04
1043.77
1000.00

HOC

22.9091
18.4500
12.1000
11.3333
13.9545
8.5509
15.6818
11.2500
11.7000
14.9091
16.5833
12.55¢e0
4.8000
7.4000
5.9444
6.1600
10.6000
10.2083
5.1000
8.4000
7.7000
3.4000
10.9056
10. 4091
5.00060
8.7273
11.8333
12.5630
11.8500
12.9000
8.2000
9.1e00
10.2500
8.2000
$.8500
9.7500
§.1000
6.1000
6.1091
8.0500
11.9167
10. 1500
106.888¢9
10.4167

22.%091
18. 4500
14.5891
14.5618
13.9545
12.5227
15.6818
13.5643
14.1068
16.1947
18.0134
168.1247
13.639¢8
14.1477
16.8918
17.3336
13.8335
14.1217
14.4820
12.8172
17.9818
13.3488
15.1348
14.4529
13.7188
14.9860
16.3687
17.2919
14.408)
158.8537
18.5508
20.5887
17.1939
13.7551
19.3922
19.1953
18.9262
14.2531
17.7938
15.3905
-15.311@
15.3224
16.4379
19.9152

-d ad

- ad
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™

2287.57
1642.04
1831.85
1424.50
1189.08
1424.50
1388.89
1231.53
1543.21
1538.48
1424.50
1481.48

1481.48
1543.21
16668.67
1538.48
16802.36
1666.87
1342.04
1400.5886
1424 .50
1589.83
1589.83
1683.5¢
1547.99
1275.51
1371.74
1322.78
1234.57
1373.63
1152.07
1234.57
1373.63
1240.69
1683.50
1488.10
1488.10
1538.4¢6
1479.29
1322.75
1379.31
1424.50
1424.50

GROUP

WET
WET
G2
G2
G1
G1
G1
G1
G1
G1
G1
G2

DRY
ORY

DRY

CLIMATE

CLIMATE
BETWEEN CLIMATE
BETWEEN CLIMATE
BETWEEN CLIMATE
BETWEEN CLIMATE
BETWEEN CLIMATE
BETWEEN CLIMATE
BETWEEN CLIMATE
BETWEEN CLIMATE
BETWEEN CLIMATE
BETWEEN CLIMATE
BETWEEN CLIMATE
BETWEEN CLIMATE
BETWEEN CLIMATE
BETWEEN CLIMATE
BETWEEN CLIMATE
BETWEEN CLIMATE
BETWEEN CLIMATE
CLIMATE

CLIMATE

CLIMATE

CLIMATE

CLIMATE

CLIMATE

CLIMATE

FLUIMATE

CLIMATE

CLIMATE

CLIMATE

CLIMATE

CLIMATE

CLIMATE

CLIMATE

CLIMATE

CLIMATE

CLIMATE

CLIMATE

CLIMATE
BETWEEN CLIMATE
BETWEEN CLYMATE
BETWEEN CLIMATE
BETWEEN CLIMATE
BETWEEN CLIMATE
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Important Metric/English Unit Conversions
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Metric units

Approximate English units

1 cubic meter

1 square meter

1 meter or 100 centimeters

1 centimeter or 25.4 millimeters
1 hectare or 10,000 square meters
0.41 hectare

cegrees Celsius (C)
(degrees F-32) (5/9)

1.6 kilometers
1 kilo

35.3 cubic feet or 424 board feet
10.9 square feet

39.4 inches or 3.3 feet

2.54 inches

2.45 acres or 106,722 square feet
1 acre or 43,560 square feet

degrees Fahrenheit (F)
(degrees C) (5/9) + 32

1 mile or 5,280 feet
2.2 pounds

#U.S. GOVERNMENT PRINTING OFFICE: 1991-566-016/40010



Liegel, Leon H., Compiler. 1991. Growth and site relationships of Pinus
caribaea across the Caribbean Basin. Gen.Tech. Rep. SO-83. New Or-
leans, LA: U.S. Department of Agriculture, Forest Service, Southern
Forest Experiment Station. 70 p.

Summarizes results of growth, volume, basal area, and stand conditions
for Pinus caribaea var. hondurensis in five countrics. Past pine manage-
ment practices are reviewed for all countries. Implications of new forestry
and soils rescarch are discussed in terms of their impact on future local
reforestation and afforestation strategics. Also discussed are institution
building and training accomplishments conducted along with field re-
scarch activities.

Keywords: Caribbean pine, Costa Rica, foxtailing, Jamaica, Pucrto Rico,
site in"cx, soil-site studics, Trinidad, Yenczucla.
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