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Caribbean Forester 
El "Caribbean Forester", revista que el 

Servicio Foresta! del Departamento de Agri
cultura de los Estados Unidos comenz6 a pu
blicar trimestralmente en julio de 1938 es de 
distribuci6n gratuita y esta dedicada a encau
zar la mejor ordenaci6n de los recursos fores
tales de la region de! Caribe. Su prop6sito es 
estrechar las relaciones que existen entre los 
cientificos interesados en la Ciencia Forestal 
y ciencias afines encarandoles con los proble
mas confrontados, las politicas forestales vi
gentes y el trabajo que se viene haciendo pa
ra lograr ese objetivo tecnico. 

Se solicitan aportaciones de no mas de 20 
paginas mecanografiadas. Deben ser someti
das en el lenguaje vernaculo del autor, con el 
titulo o posici6n que este ocupa. Es impres
cindible incluir un resumen conciso del estu
dio efectuado. Los artfculos deben ser dirigi
dos al "Director, Tropica l Forest Experiment 
Station, Rio Piedras, Puerto Rico". 

Las opiniones expresadas por los autores 
de los articulos que aparecen en esta revista 
no coinciden necesariamente con las de! Ser
vicio Forestal. Se permite la reproducci6n de 
los articu los siempre que se indique su proce
dencia. 

• 
The "Caribbean Forester", published since 

July 1938 by the Forest Service, U.S. Depart
ment of Agriculture, is a fre e qua rter ly jour
nal devoted to the encouragement of im
proved management of the forest resources 
of the Caribbean reg ion by keeping students 
of forestry and allied sciences in touch with 
the specific prob lems faced , the policies in 
effect, and the work being done toward this 
end throughout the region. 

Contr ibutions of not more than 20 type
written pages in length are solicited. They 
should be submitted in the author's native 
tongue, and should include the author's title 
or position and a short summary . Papers 
should be sent to the Director, Tropical Fo
rest Experiment Station, Rio Piedras, Puer to 
Rico. 

Opinions expressed in this journal are not 
necessa ril y those of the Forest Service. Any 
article published may be reproduced provided 
that reference is made to the original source. 

• 
Le "Caribbean Forester", qui a ete publie 

depuis Julliet 1938 par le Service Forestier du 
Departement de !'Agric ulture des Etats-Un is, 
est une revue tr imestrielle gratuite, dediee a 
encourager l'amenagement rationnel des fo
rets de la region caraibe. Son but est d'entre
tenir des relations scientifiques entre ceux 
qui s'interessent aux Sciences Forestieres, ses 
problemes et ses methodes les plus recentes, 
ainsi qu'aux travau x effectues pour realiser 
cet objectif d'ame liora tion technique. 

On accepte voluntiers des contributions ne 
depassant pas 20 pages dactilographiees . 
Elles doivent etre ecrites dans la langue ma
ternelle de !'auteu r qui voudra bien preciser 
son titre ou sa position professionnelle et en 
les accompagnant d'un resume de l'etude . Les 
articles doivent etre addresses au Director, 
Tropical Forest Experiment Station, Rio Pie
dras, Puerto Rico. 

La revue laisse aux auteurs la responsibili
te de leurs articles . La reproduction est per
mise si l'on precise l'orig ine. 

"The printing of this publication has been approved by ihe Director of the Bureau of the Budget (August 
17, 1950)". 
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CARIBBEAN FORESTER. 

Estudiante Cubano Term.ina Curso de Entrenamiento en 
,....,.,, .... . . .-- ........ 

Mateda Forestal -en -,Puerto Rico 
.... ,I-. :. ~- .... 

En junio del afio en curso Arcadio M. Diaz El senor Diaz paso en Puerto Rico aproxi -
Martinez, agronomo graduado de la Escuela madamente la mitad de! afi.o 1950, partici
Forestal Pozos Dukes de Cuba , termino pando en varia s tareas de oficina y de 
seis · meses de adiestramiento en dasonomia carr.po, relativas a administracion fores ta!, 
avanzada en la Region Tropical del Servicio ordenacion e investigacion en la Region Tro 
Forestal en Puerto Rico. El Secretario de pica ! del Servicio Foresta!. E l paso tres 
Agricultura de los Estados Unidos le hab.ia meses entre los guardabosques de las dife
conferido al Sr. Diaz, quien es un empleado rentes· unidades participando en la adminis
del Ministerio de Agricultura de Cuba, una fracion de areas de recreo, en ventas de 
beca para un afio de estudios en el Servicio maderas y en la in speccion de plantaciones. 
Foresta! de Estados Unidos. El adiestra- Con el Servicio Foresta! Insular paso una 
mien to de este estudiante incluy9 ·· 6 'iseinam:t$ ·:Semana ·· efe~tuando estudios simi lare s y otra 
en un Centro de Orientacion dbn'de' tomo "se'ma~a con; el personal de campo de esa 
cursos de ingles y de costumbres norteame - agencia, que estaba efectuando un inventa
ricanas y tuvo ocasion de visitar si_ti9s de rio_ forestal de toda la isla. Durante otra 
interes en Washington, Distrito l de. Co1um- seman ·a · ef -Sr. Diaz asistio al estudio de 
bia y sus alrededores. Despues recibio un plantaciones, determinando la adaptabilidad 
mes de ensefi.anza en tecnica foresta l, fami- de diferentes especies al medio estac ional. 
liarizandolo con la organizacion central y Adem{1s paso varias semanas con el perso 
regional del Servicio Foresta! . de . Estados nal principa,l de la Estacion de Experimenta
Unidos; con los tipos foresfales ;- especies · · tioii. Fore st a:! Tropi'car re-examinando cuarte
forestales; clima; silvicultura; utilizacion; !es de,,en~_ayo, ,estudiando la mejora de roda
proteccion , ordenacion; planeo de la ordena~ les, la determinaci6n de existencias, la preser
cion; pastoreo; caza; hidrologia y dasonomia vacion de postes y la construccion de tablas 
privada. · de . volumen. Por espacio de dos serr:ianas 

El resto de los primeros seis meses lo estuvo con tecnicos de! Servicio de Conser 
paso en el laboratorio de Productos Fores- vacion de Suelos, aprendiendo los princ ipios 
tales y en los bosques del sudeste de los cle clasificacion de tierras y conservacion de 
Estados Unidos . En el Laboratorio de Pro- suelos. Al finalizar su curso de entrena
ducto s Forestales el sefi.or Diaz participo en miento el Sr . Diaz preparo un informe para 
los estudios de las propiedades fisicas Y someter al gobierno ~e Cuba, recomendan
mecanicas Y de la estructura de las maderas. dole un programa de dasonomia publica. 
Tambien tuvo ocasion de probar diferentes Basta la fecha, la Region Tropica l del Ser-
metodos de preservacion de madera, usando vicio Foresta! ha entrenado agronomos de 
lo (1ltimo en materia de preservativos . En 

Cuba, Hai ti, Costa Rica, Venezuela y Bolivia. 
los Bosques Nacionales de la Region Sur el 
sefi.or Diaz abordo los problemas de admi- Estos cursos de entrenamiento estan consi-
nistracion forestal, ordenacion de areas de derados como una funcion importante de 
rP-creo. plantacion y proteccion contra incen- esta oficina y esperamos que otras naciones 
dios forestales . aprovechen las ventajas de esta oportunidad . 
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Results of Forest Planting in the Insular Forests 
of Puerto Rico 

JOSE MARRERO 

Tropical Forest Experiment Stat ion, Rio Piedras, Puerto Rico 

In a recent issue of Th e Caribbean eluding andesitic tuffs and shales and quartz 
Forest:;r (9 :85-213, 1948) a report on past · diorites. Most of the area is covered by deep, 
forest plantings in the Caribbean Nationa l acid, heavy clay soil (Los Guineos and Ca
Forest was presented as a guide to futurs ta lina series) but a looser granular (Pandu
pla·nting work. Upon completion of that ra) soil develops over quartz diorite. The 
study a similar investigation was carried out soils of the southern slopes are shallow and 
within the public forests of the Government less acid (Mucara). 
of Puerto Rico . The results of this investi- The forest has at one time been re
gation are reported here. The same order of moved from nearly all of the Carite Fores t 
presentation has been followed, describing area. Small remnants of climax vegetation 
in order the enviroment, history of planting, exist in remote areas. Cutting was partly for 
methods of study, findings, and conclusions. the timber but chiefly for farming. Large 

The Insular (as opposed to Federal) areas have since become reforested naturally. 
Forests of Pu erto Rico cover some 45,000 The forest types represented are montane 
acres, an area about 50 percent larger than thicket, lower montane rain forest, and ever
that of the Caribbean National Forest. The green seasona l forest . 
planted area of about 16,000 acres is three 
times as large as in the Caribbean National. 
Forest. Many different sites are included. 

ENVIRONMENT 

Nine distinct forest areas were stud ied. 
Environmrnta l conditions vary so widely 
that each area is here described separately . 
The ecological descriptions include the use 
of Beard's ( 1) classification of vegetation . 

CARITE 

The Carite For est contains about 6,300 
acres in the southeastern mountains. It 
ra;iges if) elevation from about 650 to about 
3,000 feet. At Carite Reservoir at an eleva
tion of 2,100 feet in the interior of the area 
the mean temperature is 729F . and monthly 
mP.ans vary between 659 and 8q9. The range 
in annual rainfall is from 65 to over 100 
inches . At Patillas Reservoir, at 240 feet 
elevation near the south edge of the area the 
lnfan temperature is 769 and the monthly 
mrnns vary between 719 and 869F. 

The parent rock is of volcanic origin, in-

GUAJATACA 

The Guajataca Forest contains about 
2,300 acres in the dry western limestone 
hills of the north coast. Its elevation is 
about 1,000 feet above sea level. Monthly 
temperature means range between 719F and 
829F at nearby weather stations . Annual 
rainfall is between 70 and 80 inches . Evapo
ration is apparently much higher on the 
exposed tops of the hills tha n in the pro
tected sinkholes between them. The parent 
rock is tertia ry limestone. . The topogra
phy is rough, consisting of nume rous hills 
and sinkho les . The soils are mostly red or 
reddish brown clay (Tanama series) from 
a few inches to 3 feet in depth. Other soil 
ser ies are probably found in the bottoms of 
sinkholes . Soil depth varies with topogra
phy, since colluvial deposits accumulate on 
the lower slopes. 

The forests of Guajataca have been cut 
and burned repeatedly . In 1935 when the 
area was taken over by the government t he 
vegetation was chiefly low brush or grass . 
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Now small areas of sec6ndary forest have 
developed on the north and west slopes . 
Most of the sinkhole bottoms bear coffee 
plantat:ons. Apparently there was cons!der
able variation between the for ests of the 
hilltops and the sinkholes. The former may 
have been a dry evergreen forest, and the 
latter, evergreen seasonal or possib ly lower 
montane rain forest. 

GUANICA 

The Guanica Forest contains about 
7,000 acres of low hills along the southwest 
coast . Elevation ranges between sea level 
and about 500 feet. The mean temperature 
is .about 779F with a monthly range be
tween 749F and 799. About 30 inches of 
rainfall are received ·in an average year. 
Severe droughts are frequent, chiefly from 
December to April. The southern edge of 
the forest is subject to sea blast . 

The parent rock is tertiary limestone 
deposited when the area was beneath the 
sea. The topography is rolling . Except for 
beach sand the predominating soils are 
shallow clays (Aguilita and Ensenada 
series). 

A short forest is found on most of the 
area. The canopy is generally only about 
20 feet tall, although trees 50 feet tall are 
found in protected ravines. The shallow 
rocky soil and light rainfall have precluded 
cultivation of most of this area. Neverthe
less the forest has been cut for fuelwootl. 
Deforested areas were grazed until forest 
plantations became established. The original 
vegetation was probably deciduous seasonal 
forest. 

GUILARTE 

The Guilarte Forest comprises about 
2,800 acres in the west central mountains. 
Elevation ranges between 2,500 and 3,950 
feet above sea level. Monthly mean temper 
ature ranges from 609F to 759F. A rain
gage located at 3,000 feet elevation near the 
area recorded 90 inches of rainfall annually. 
The mean for the forest is probably slightly 
higher. 

CARIBBEAN FORESTER 

The parent rock is of volcanic origin, 
chiefly andesites and shales. The dominant 
soils are yellowish heavy clays (Los Gui
neos and Cialitos) and grayish to purplish 
friable clays (Alonso and Mucara) . 

Remnants of forest remain within the 
area. They are of the lower montane rain 
fore st and montane thicket formati ons . 
Secondary forests cover a large part of the 
more accessible areas. 

MANGROVES 

The public mangrove forests are located 
in protected estuaries and bays on all coasts 
of the island, near San Juan on the north, 
near Ceiba on the east, near Aguirre and 
Guanica on the south, and near Boquer6n 
on the west. They aggregate about 8,200 
acres. Climate is relatively unimportant. 
Mean temperature is at least 789F and annu
al rainfall varies from 30 to 60 inches. 
All of the mangrove forest is subject season
ally to tidal inundation. 

The soils are of biological origin, being 
dark peats and mucks derived from the depo
sition of plant remains. The soils tend 
to be more or less brackish . 

The mangrove area is mostly forested 
since the saline soil is of little value for 
other uses . Nevertheless, the proximity of 
mangrove forests to coastal settlements has 
made them subject to repeated cutting. The 
removal of the best trees has tended to leave 
poorly formed, open, or brushy stands. 

MARICAO 

The Maricao Forest contains about 
9,500 acres in the western mountains. It is 
generally steep and ranges in elevation from 
500 to 2,000 feet above sea level. Mean 
temperature is about 729F. Annual rainfall 
varies from 108 inches at 1,500 feet to 
about 80 inches at the southern edge of the 
forest. 

The underlying rock is chiefly serpen
tine. It gives rise to soils of very low fer 
tility and high in iron. Drainage is ex
cessive. Shallow soils, averaging less than 
one foot in dep_th are designated Rosario silty 
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clay, and deeper soils to several feet in depth 
are designated Nipe clay. 

The forest is generally scrubby, with 
only very small remnants of what might be 
considered primary vegetation. The timber 
was removed for fa rming. Secondary stands 
were burned over repeatedly before the area 
was put under protection in 1918. The origi
nal forest was probably not rain forest, but 
a drier evergreen type with numerous small
leaved trees. 

MONA ISLAND 

Mona Island is located about 45 miles 
west of Puerto Rico. It is about 6 miles 
long and 5 miles wide at the widest point, 
containing 13,600 acres of public forest land. 
Is is generally level, with a plateau about 
200 feet above the narrow coastal plain. The 
average annual rainfall is about 40 inches. 
Most of this is received dur ing the fall of 
the year. 

The island is composed of tertiary 
limestone, and is covered by shallow grayish 
soils simi lar to the shallow phases of Ense
nada and Aguilita stony clay . A strip of 
beach sand is of some importance on the 
southwest coast . Sandy and sandy loam soils 
on the coast range to 2 feet in depth. 

About 85 percent of the island is cover
ed by short forest generally less than 12 
feet tall. Past land clearing for agriculture 
on the coastal plain has left some grassland 
areas. Most of the · forest has been heavily 
culled for fuelwood. It probably belongs 
within the province of deciduous seasonal 
forest. On the exposed east edge of t he 
plateau the vegetation is cactus scrub. 

RIO ABAJO 

The Rio Aba j o Forest covers about 
4,900 acres in the humid limestone hills of 
the central north coast. The topography is 
rough, with numerous sinkholes with steep 
walls. Elevation ranges from 500 to 1,400 
feet above sea level. Reliable temperature 
data are not available, but it is known that 
the nights are cool, probably as a result of 
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air drainage from the higher mountains to 
the south . Rainfall averages about 80 inches 
annually with a low of possibly 70 inches at 
the northern edge of the forest. 

The parent rock is tertiary limestone of 
the Lares formation. The dark soils of the 
limestone hills are usually less than a foot 
in depth and are in the Soller and Tanama 
series . In the few open valleys deep reddish 
clay soils are present (Camagiiey clay loam 
and Dominguito, Moca, Lares, Rio Arriba, 
and Cialitos clays). 

The vegetation is considerably influ
enced by exposure and soil depth. Apparent
ly that on the hill tops was originally 
dry evergreen forest, whereas an evergr~en 
seasonal and possibly lower montane forest 
grew in the sinkholes. Drier conditions are 
evident near the northern boundary of the 
forest. Past . cutting removed the forest 
cover from al! but the least accessible and 
forested cliffs and hill-tops. The valleys 
have all been cleared and intensively culti
vated for tobacco and food crops causing 
loss of most of the topsoil. On the lower 
slopes and bottoms of the sinkholes coffee 
and bananas have been produced. In the 
past, fire destroyed secondary growth on 
many of the hills. Protection from fire 
during the past 15 years has produced secon
dary growth on most of the slopes. 

SUSUA 

The Susua Forest contains about 2,800 
acres in the southwestern foothills. It has 
very rough topography and ranges from 500 
to 1,500 feet in elevation . Temperature 
records are not available, but it is known 
that there is considerable variation between 
the hot afternoons and the coolness of the 
ear ly morning. Rainfall varies considerably 
from the high northern edge of the forest to 
the lower southern edge. The average is 
probably about 60 inches annually. The dry 
season from December to March ·is :very 
pronounced. 

Like Maricao, the Susua Forest is under 
lain largely by serpentine rook. Small 
areas of shales and tuffs are also present, 
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producing a silty clay soil (Descalabrado). 
All of the soils are shallow and excessively 
drained. 

The vegetation was nearly completelY' 
destroyed for cultivation and grazing. Ap
parently the original stand was semi-de
ciduous seasonal forest, varying somewhat 
with exposure and soil depth . After fifteen 
years of protection part of the area is cover
ed with low brush. 

HISTORY OF PLANTING 

Forest planting was started in the Ma
ricao Forest in 1920 with the beginning of 
a large -scale program of introduction of 
exotic tree species and adaptability tests 
with native spedes. At Guanica planting 
began in 1922 and totalled 68,000 seedlings 
and 500 pounds of seed sown directly during 
the ensuing 10 yel¼rs. 

A second period of plantin 'g, from 1934 
to 1941, was much more active than the 
first, and produced 12,600 acres of plan
tations. Unsuccessful earlier plantations 
w·ere replanted also. Particularly significant 
to planting in this period was the purchase 
of large additional areas for public forestry . 

From 1941 to 1949 the maintenance of 
the large area of existing plantations took 
most of the funds av,ailable for planting 
work. A small additional area was planted 
for the first time, howeve/ 

In summary, a total of about 16,000 
acres were planted in the Insular Forests be
tween 1920 and June 1949. A total of about 
13,163,000 seedlings were planted and 91,230 
pounds of seeds were sown. Forty-six 
different species of trees were included. The 
record of past planting appears in Table 1. 

Tabh 1.-Planting Work Done in Insular 
Forests, .January 1936 to .June 1949. 

Species 

Albizzia procera 
Aleurites trisperma 
Andira jamaicensis 
Avi cennia nitida 
Bambusa sp . 
Bambusa tuldoides 

Total Number 
Seedlings 

22,000 
800 

44,000 
8,000 
1,000 

Seed, in lbs. 

7,700 
730 

CARIBBEAN FORESTER 

Table 1, (Cont.) 

Dyr son ima spicata 16,000 
Calophyllum calaba 
Castilla elastica 200 
Casual'ina equisetifo lia 402,000 
Cedrela, mexicana 545,000 
Cedre!a odorata 17,000 
Colubrina ferruginosa 524,000 
Cordia all iodora ,726,000 
Dacryodes exce lsa 300 
Dalbergia sissoo 32,000 
Dipholis sintenisiana 
Euca lyptus robusta 377,000 
Eucalyptus sp. 1,267,000 
Gua,rea tr ichilioides 256,000 
Guaiacum officinale 47,000 
Haematoxylon campechianum 1,000 
Hyeronima clusioides 200 
Hymenaea courbaril 
Inga punctata 3,000 ' 
Laguncularia racemosa 167,000 
Lucuma multiflora 
Montezuma speciosissima 1,071,000 
Ocote a moscha ,ta 
Petitia domin gensis 674,000 
Prosopis julifora 
Rhiz opho ra mangle 
Samanea saman 1,000 
Sideroxylon foetidissimum 17,000 
Stahlia monosperma 100 
Swietenia candollei 1,01.9,000 
Swieten ia macrophylla, 1,593,000 
Swietenia mahagoni 3,955,000 
Tabebuia pallida 25,000 
Tamarindus indica 
Tectona grandis 228,000 
'l'etragastris balsamifera 7,000 
Vitex divaricata 118,000 
Zanthoxylum flavum 500 
Zizyphus jujuba 200 

Total 13,163,300 

PLANTING PRACTICE 

56,800 

260 

440 

1,900 

2,500 
8,900 

50 
110 

2,680 
9,600 

520 

40 

91,230 

Planting stock of var ious types has been 
used . Experience showed that most species 
can best be established using sturdy nursery 
stock. Overgrown nursery stock had to be 
used at times and was cut back for planting 
with good results for Swietenici macrophy lla, 
King, Cordia alliodora (R. & P.) Cham, Tee. 
tona grcindis L., Vitex divaricata, Sw . and 
Guarea trichilioides L. Higher survival was · 
obtained with potted seedings of Swietenia 
mahagoni Jacq. in dry acreas. Heavy-seeded 
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species, notably Calophyllitm an.titlanum 
Britton have been sown directly in the field . 
Casuarina and Euca lypt us · have ·been trans
planted in the nursery to improve · -stock 
quality. Wildings of a few spec ies have been 
used on a small scale. 

Ground pn :paration originally consisted 
of cutting woody vegetation of inferior 
species. This proved expensive and to a large 
extent unnecessary. It was · a particular ly 
undesirable practice on adverse, exposeu 
sites where protection was needed. More 
recently the volunteer trees have been left 
to grow, and narrow planting lines are open
E.d with machetes. A small amount of under 
planting has been done, leaving the canopy 
unch anged except to provide ·small openings 
above the planted trees. 

Planting has always been done with 
picl<:-mattocks because of the heavy soils and 
the presence of rocks and large roots. The 
spacing, not a lways regular because of ob
structions has varied bewteen 5 x 5 and 8 x 8 
feet, aver aging 6 x 6 feet . Underplanting has 
been done with wider spacings up to 25 feet . 
Plantings have generally been pure but as a 
rule ·have produced mixed stands where re
planting was done with other than the origi
nal species. This was a result of increased 
knowledge concerning · species adaptability . 

PLANTATlON CARE 

A large investment in plantation care 
was found necessary subsequent to planting. 
Weeding has generally been done for from 
2 to 4 years, and vine cutting has sometimes 
been done at least annually for more than 5 
years. The length of this period of post
planting care has varied with the nature of 
the native vegetation and .the rapidity of tree 
growth. In some plantations more weeding 
was done than was necessary, but more fre
quently plantation care has had to be pe
riodically neglected because of fluctuations 
in appropriations from year to year. Weed 
ing has ge·nerally consisted in freeing from 
vines and herbaceous vegetation a circular 
area of 2 to 3 feet in diameter around each 
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free or lines maintained free of vegetation 
along th e lines of. .trees . 

Pruning and thinning have been con
sidered only in the older plantations. Early 
prun ing proved · undesirable in some plan 
tations because of subsequent epicormic 
branching . Th e need for pruning has been 
avoided where possible by retaining densely 
stocked plantations . Thinning has been 
practiced on so small a scale as to hardly 
warrant mention. Only a few plantations are 
sufficiently large to need thinning . Lib
eration cuttings were made, however, in some 
area~ where .old coffee shade had been used 
as a · shelter for plantation establishment. 
'Dnis work was generally not done until the 
planted trees had reached 10 feet in height. 

PLANTATION COSTS 

Planting costs varied widely with a 
number ·of factors. Nurse ry stock av eraged 
about $3.00 per thou sand trees. Potted 
stock cost about $8.00 per year thousand 
trees . Wilding stock averaged $4.50 or 3 
man-days per thousand trees. Seed cost 
varied from $0.30 to $1.80 per thousand 
s~eds. 

Ground · preparation was th·e largest 
single item of expense connected with 
planting . Costs of ground preparation 
averaged 13 man -days per acre, ranging to 
as low as 6 man-days per acre in the rela 
tively open limesto ne hills and on dry sites 
with little vegetation. 

Planting itself averaged about 10 man 
days per acre but for direct seeding required 
only 3 man -days per acre . Replanting costs, 
which are a measure of the success of se
lection of species as well as of the planting 
job istelf, were high. In the humid moutain 
forests at Car ite, and Guilarte, replanting 
cost about 15 man-days per acre, and re
flects repeated replanting of poor weedy 
sites . In the limestone region of the north 
coast, at Guaj ataca and Rio Abajo, replant
ing only cost 5 man-days per acre, a result 
of better species selection and less weed 
competition. In the dry forests of Susua and 
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Mona Island where potted seedlings wer-e 
used extensively replanting cost only 6 man 
days. 

Weeding is the most expensive item of 
cost in past forest establishment in the Insu 
lar Fore sts . Control of agressive native 
vegetation has required cleaning more than 
once each yea r for at least the first 5 years 
after pianting . During these first 5 years 
weeding cost 42 man-days per acre in the 
humid mountain s , 16 man-days in the lim~ 
stone region, and 7 man-da ys in t he dry 
areas. 

Total costs for the 5 years average 77 
man-days per acre in the humid mountains, 
38 man-da ys in the limestone region, and 34 
man-da ys in the dry areas. Of this total cost 
ground preparation and initial planting 
made up only 32 percent in the humid 
mountains, 46 percent in the limest one 
region, and 65 percent in the dry area . 
Weeding during the first 5 years made up 55 
percent in the humid mountains, 42 per
cent in the limestone region, and 21 percent 
in the dry area . 

Weeding costs were affected very ma
terially by the character of the native ve
getation. Tall bunch grasses such as guinea 
grass (Panicum maximum ) must be cut 
back frequently while the plantation is 
young. Th e presence of herbaceous vines 
notably bejuco de puerco (Jpomo ea sp.) 
greatly prolongs the period during which 
frequ ent weedings are necessary. The fact 
that the native vegetation in the dry areas is 
less agressive is seen in the lower weeding 
costs presented. 

Costs of establishment at Guilarte are 
lower than elesewhere in the humid 
mountains because of the presence of a 
mixture of natural tree growth of partly ac
ceptable species. These established trees 
ass ist ed in the control of weeds and reduced 
the need of planting. It is significant that 
the higher cost of planting potted stock in 
dry areas was more than off set by lower 
weeding costs. 

Planting in mangrove areas was gener -
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ally cheaper than elsew here. Total costs 
ranged between 3 and 8 man-days per acre 
except where it was necessary to remove the 
aggresive fern marunguey (Acrostich um 
auremn L.) Thi s cost about 20 man-days per 
acre. Direct seeding and b1·oadcasting were 
practiced, and no weeding was necessary. 

Planting costs shown here are for the 
first 5 years . Total costs will be even higher, 
since vine cutting is necessary up to 10 years 
in some of the plantations of species not 
well adapted to the site. 

OBSERVED RESULTS PRIOR TO THE 
STUDY 

Result s began to appear soon after the 
initiation of large sca le planting in the Insu
lar Fore sts . The planting sites, most of 
which had been abused by previous culti
rntion and were exposed and badly overrun 
by weeds and vines, proved unsuitable for the 
establishment of the better species of climax 
fore sts . The limitations of a large scale re
forestation pr ogram carried on during a 
relative ly short period and initiated with 
littl e previous experience resul ted in failure s 
in some areas . As a result, rep lanting costs 
were high. Lack of information concerning 
species-site relationships led in some areas to 
immediate failures or to weeding expenses 
which proved futile when th e trees later 
died or were to be replaced by better adapt ed 
species. These and other findings led to the 
following major modifications of policy and 
practice . 

1. All but the most aggressive speci~s 
were eliminat ed from plans for plant
ing or replanting exposed sites with 
degrad ed soils. 

2. The better species were limited to 
th e more favorable sites. 

3. The number of species used was 
reduced and preference was given to 
native species. 

4. Large- seeded species were sown di
re ctly at the plan ting site usually 
with a high survival. 
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5. On dry sites where high survival was 
difficult to attain, ball-of-earth plant
ing was practiced, using tar-paper 
pots. Potted stock was produced in 
&mall nurseries near the planting site. 

6. Individual planting crews were re
duced to a size which could be ade
quately supervised. Local men were 
selected and trained. 

7. The potentialities of natural repro
duction were better appreciated. 
Cutting of natural tree growth prior 
to planting was minimized and many 
naturally established trees were in
corporated into the plantations, re
ceiving the same care as the planted 
trees. 

METHODS OF STUDY 

The objective of the study was to sum 
up all available evidence regarding the re
lationships between the different tree species 
planted and their environments. All plan
tat~or.s '\Yere examined to determine their 
present condition and the corresponding 
sites. The data of most value were those col
lected in fully stocked plantations. In such 
areas the species-site relationships were: 
most evident, and growth could be accurately 
measured. Less information was available 
in areas of failure because evidence as to the 
factors responsible for the failure had gener
ally been lost during the several years since 
planting. N everttieless, much could be de
duced by careful observation in such a large 
and varied area. 

SITE CLASSIFICATION 

The first requisite to the relating of 
observed results to site conditions was a 
classification of the planted areas with re 
gard to the site factors which appeared to be 
of greatest significance to the fate of planted 
trees. The site factors are considered in four 
broad groups: climatic, physiographic, 
edaphic, and biological. The climatic factor 
of most significance in site differentiation 
is rainfall. Total annual precipitation varies 
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. from 30 inches at Guanica to over 100 inches 
at Maricao, Guilarte, and Carite. The differ
ent forest areas are related with rega 1rd 
to rainfall and humidity in ascending order 
as follows : Guanica, Mona Island, Susua, Gua
jataca, Rio Abajo, Maricao, Gllilarte, and 
Carite. Rainfall is considen:d of comparative 
ly little significance in the mangrove areas . 
The severity of drought is a more •reliable 
index of moisture relationships than mean a
nnual precipitation. Prolonged severe 
droughts occur annually at Guanica, Mona 
Island, and Susua. Drought is of some in
fluence also at Guajataca, Maricao, and the 
lower southern slopes of the Carite forests. 
The importance of temperature as a site 
factor is difficult to apprais e since change 
in rainfall are of so much greater magnitude 
that the influences of temperature are 
obscured. The significance of temperature 
alone upon the relative results of reforesta 
tion work in different parts of the island is 
probab ly minor-

Physiographic factors such as slope, 
aspect, exposure, and topographic position af
fect tree establishment only indirectly as 
they influence microclimate and soil. They 
are grouped separately because of the diffi
culty of treating their effect separately as 
climatic and edaphic phenomena. Slope is 
of importance because of its influence upon 
soil losses by erosion, and upon water ab
sorption and retention by the soil. Aspect 
is significant with respect to both the pre
vailing easterly trade winds and the position 
of the sun. These effects are most pronounced 
in the drier forests where evaporation is of 
major significance. Here the southern and 
eastern slopes tend to be the most adverse. 
Exposure, related to slope and aspect, is of 
importance also because of its relationship 
to evaporation. 

Topographic position is a collective term 
which is probably the most important single 
site factor in the forests in the rough central 
mountains and limestone region. Generally 
valleys and lower sJopes are better s ites than 
upper slopes, concave slopes are better than 
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convex slopes, convex slopes are better site s. 
than ridges, and ridges are better than peaks . 
Thi s relationship is most pronounc ed in the 
sinkhole .region. This relationship refl ects 
differences in rate of soil erosion, the con
tribution of alluvial deposit s , and exposure. 
A counteracting factor is soil drainage; 
which on certain heav y soils in rain y forest 
areas such as at Carite and Guilart e may 
mak e lower slopes superior to valle ys for the 
establishment and growth of certain tree 
species . At Susl'.1a and Maricao the effect of 
topographic position upon th e vegetat ion is 
less pronounced than elsewhere apparently 
because of long uniform slqpes. 

The physical soil factors appear to be 
more imp ortant to reforestation than the 
chemical factors, although it is probably 
impos sible to completely isolate the two . 
Loose rocky shallow soils tend to accentuate 
the effect s of drought because of their poor 
water retention . Such soils are of significance 
to reforestation at Guanica, Guajataca, Rio 
Abajo, Maricao, Sus(1a, and the drier 

r . 

CARIBBEAN FORESTER 

sout hern edge of the Carite Forest. On the 
other hand, the heavier clay soils in the 
humid mountains are so poorl y drained in 
the more level areas as to produce root decay 
in young planted trees. 

The effects of modification of soils by 
pas t use or abuse can be as significant to 
tree establishment, at least temporarily, as 
the in11erent physical or chemical properties 
of the soil. On the heavy soils of the Carite 
and Guilarte F o rests in the central 
mountains, plantation sucess seems to be 
more directly relat ed to the history of previ
ous cultivation of the land than to any other 
factor, in spite of considerable variation in 
topography. Compact ing and loss of top
soil and fertility through erosion and leach
ing are probably largely responsible for this 
rel ationship. 

The biological site factors are the pre 
sence of insect pests and diseases and compe
t ition from natural vegetation. The import 
ance of in sect pests and diseases is not yet 
fully known since the plantations are all still 
very young. In sects and diseases tend to be 

. ., 

FIG. 1.-View of lands being 1·eforestecl in the Maricao highlands . Riclges 
are evident in the backg round, a small valley in the cente1· ancl imifonn 

slov es with a west e1·n expo sur e betit ·een them . 
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more active on sites which for other reasons 
are adverse. 

Weed and vine growth are important 
factors in all plantation s but chiefly in the 
humid .mountains. Reforestation of open 
weedy areas may become proh ibitive except 
with the more aggresive species. Compe
tition from arbore s~ent native vegetation can 
also be an adverse factor. Properly utilized, 
however, it may serve to protect the plan
tation from excessive exposure and is - a 
valuable complement to the planted trees. 
Shade from such an overstory may also con
trol weed and vine growth. 

The distin ct sites on which forest plant
ing has been done are here described brief
ly with reference to the more important 
site factors. 

Carit e 

Climate humid to wet, topography 
rough, soils genera lly clays, and intense 
competition from weed s and vine s. Topo
graphic features ;u·e typical of th e Central 
Mountains. 

Site 

Ridg es ' 
Uniform slope; 
Lower, or concave slopes 

and valleys 
Tota l 

Guajataca 
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Acreage Planted 
"\ . 

903 
1,439 

480 
2,822 

Climate humid, topography rough, soils 
generally shallow clays, over limestone, and 
weed and vine competition not intense . Here 
site factors are best expressed by topo 
graphic descr iption, as follows: 

Site 

Hill tops 
Lower slopes 
Sinkhole bottoms 

Gu<inica 

Total 

Acreage !' !anted 

397 
1,278 

529 
2,204 

Climate dry, topography smooth to 
rolling, soils generally shallow, stony clays 
or beach sands and weed and vine compe
tition slight. Plantations have been con-

FIG. 2.-A 7-y ear-old stand of eucaliplo growing on a ridge (it Guilart c. 
A youuger stcwd is also growing on the slope, fo1·egrouncl . 
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fined to valley bottoms and lower slopes and 
no sharp site differentiation is evident in the 
results to date. About 300 acres were 
planted. 

Guilarte 

Climate wet, topography rough, soils 
generally heavy clays or stony clays, and 
intense competition from weeds and vines. 
As at Carite, site differentiation is closely 
related to topography, as follows: 

S ite 

Ridges 

Acreage Planted 

148 

Uniform slopes 
Lower, or concave slopes 

and valleys 

Mangrove 

Total 

358 

197 
703 

Climate humid, topography level, soils 
saline mucks or somewhat sandy and general
ly no weed or vine competition. Sites are 
differentiated by the soil level and its char
acter. Areas adjacent to sandy soil (the 
sea side of lagoons) are different in pro
ductivity from those adjacent to the clayey 
soils toward the mainland. The soil washed 
into the mangrove is important to producti
vity, and is much richer on the land side of 
lagoons. In the only mangrove plantation 
where sites were classified the land side of 
the lagoon receiving silt or deposits includes 
33 percent of the total area. 

Maricao 

Climate humid to wet, topography 
rough, soils very poor lateritic clay over 
serpentine and fairly intense weed and vine 
competition. These sites were differenti
ated, as follows: 

Acreage Planted Site 

Vall eys and lower concave 
slopes 

Uniform s lopes with northern 
or western aspect 

Un iform slopes with southern 
or eastern aspect, upper s lopes, 
ridges and degraded Nipe clay 
soils regardless of aspect 

Total 

299 

1,441 

1,004 
2,714 

CARIBBEAN FORESTER 

Degraded soils had been created by ex
cessive previous cultivation or repeated fires 
in soils of very low natural fertility. 

Mona Island 

Climate dry, topography level, soils 
sandy, shallow over limestone, and weed and 
vine competition slight. Only one site, the 
sandy seashore on the southeast coast, was 
planted extensively. Plantations there total 
420 acres. 

Rio Abajo 

Climate humid, topography very rough, 
and mostly shallow soils over limestone, 
weed and vine competition intense. Four 
sites are distinguished, as follows: 

Site Acreage Planted 

Open valleys 
Sinkhole bottoms 

715 
228 

Lower sfopes 182 
Cliffs and upper slopes 879 

Total 2,004 

Little or no planting was done on the 
cliffs and upper slopes. Only about 42 per
cent of the total area was actually planted . 

Susua 

Climate dry, topography rolling, soils 
very .poor lateritic clays over serpentine and 
shales, except for the colluvial and alluvial 
soils along the streams, and weed and vine 
competition slight. The sites are differ
entiated. as at Maricao, as follows: 

S ite Acreage Planted 

Valleys and lower concave 
slopes 

Unifo rm slopes with northern 

or western aspect 
Uniform slopes with southern 

or eastern aspect, uppei· slope s, 
ridges, and degraded Nip e clay 
so ils regardless of aspect . 

Total 

232 

840 

714 
1,786 
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PROCEDURE 

The study began with a review of plan
tation records to determine the history of 
different plantations, kinds of stock, origin 
of stock, species, planting distances, weather, 
and other pertinent details. 

The field work was carried out by a 
crew of two men, the leader being a trained 
forester. Both men were acquainted with 
the history of the plantations and local 
conditions. The first phase of the field work 
was a rapid reconnaissance of all plantations 
within a forest to determine general con
ditions and to find stands of significance in 
showing species-site relationships. In such 
areas a brief "site study" was made, consist
ing of a detailed description of the site and 
a few measurements of tree diameters and 
heights. These site studies concerned all 
species and all sites. 

With the completion of the reconnais
sance the site study data were reviewed to 
determine those areas which best indicate 
site capacities. Temp orary quarter -acre 
circular sample plots were laid out, within 
which tree diameters were measured, 
heights estimated, and tree form was record
ed, all to provide an indication of plantation 
development on an area basis at such lo
cations. Trees class ified as of "good form" 
are satisfacto .ry to form a part of the final 
crop. 

FINDINGS 

This study was made so long after most 
of the plantation s were established that the 
effects of different techniques could be ap 
praised only where results were very marked. 
Much more information was available re
garding the adaptability of different species 
to sites. 

TECHNIQUES 

The techniques studied were types of 
planting stock, spacing, mixture of species, 
weeding and vine cutting, pruning and lib
eration. 
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It was learned early that the seasonal 
nature of Puerto Rico' s rainfall and the wide 
variation from year to year are of great 
sign ifican ce to the success of fo rest plant
in g. One rainy week during the dry season 
is generally insufficient to ensure success. 
Even planting durin g May, a generally wet 
month, is risky in the drier forests becau se 
June and Jul y are usually dry. A rainless 
period as short as two weeks inmediately 
after planting may kill the trees. Plant ing 
should be discontinued a month or more be
fore the end of the normal rainy season, 
which is usually in late December or early 
J anuary. · 

The most favorable seasons for planting 
in the different forests are as follows: 

Carite.-Early in May to late November, 
except at low elevation to the south 
(Patillas) where planting should 
be discontinued by the middle of 
November. 

Guaj ataca .-E arly in May to late in 
October. 

Guanica.-Middle of Augu st to middle 
of October. 

Guilarte. -E arly in March to late in 
November. 

Mangroves.-Year around depending 
upon stock availability. 

Mari cao .- Middle of April to late i11 
October. 

Mona Island.-Early in September to 
late in October. 

Rio Abajo.-Middle of April to late in 
November. 

Susua. - Early in August to late in Oc
tober. 

May is a wet month on the south coast 
(Guanica and Susua) but is normally 
fo llowed by dry weather in June and Jn y, 
so planting should generally be delayed until 
August at that location. 

Planti ng Stock 

Most plantations were established with 
bare-rooted seedling nursery stock from 18 
to 24 inches tall. Australian pine ( Casua
rina equisetifolia Forst) and various species 
of Eucalyptus are exceptions in that they 
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pr oduce poor stock if not transplanted in 
the nursery when from 4 to 8 inches tall. 
This transplanting improves both the root 
system and the crowns of the trees. Over
grown nursery stock of teca (Tectona gran
dis L.) , capa prieto (Cordia alliodora (R. & 
P.) Cham.) and caoba hondurefia (Sw ietenia 
macrophylla King) may be cut and planted 
with satisfactory results. Tabonuco (Dar 
cryodes excelsa Vahl.), maricao (Byrsonima 
s71icata (Cav.) DC.) and masa (Tetragas
tris balsa1'ttifera (Sw.) Kuntze) do not 
withstand bare-root planting well. Tabonu
co has been successfully established when 
planted with a ball of earth around the 
roots. The use of tar-paper pots on dry 
sites such as Guanica, Susua, and Mona Is
land has proven successful with Dominican 
mahogany (Swietenia mahagoni Jacq.), as 
previously describe d in this journal (12). 

Wilding stock has been successfully used 
with guaraguao (Gua1·ea t1·ichilioides L.), 
roble (Tab ebuia vallida Miers.), mangle 
blanco (Laguncularia racemosa L.), and 
guama venezolano (Inga punctata Willd). 
Wilding stock, when obtainable, has been 
found generally more hardy than nursery 
stock, becau se of a better developed root 
system and the absence of succulent stems. 
Also wildings do not get easily overgrown 
as happens to nursery seedlings. 

Large- seeded species can generally be 
best established by direct seeding. Many 
do not transplant well. Dire ct seeding has 
been successful with maria (Calophyllum 
antillanum Britton), jacana (Lu cuma multi
flora A. DC.), nuez moscada (Ocotea mos
chata L.) and pomarrosa (E ugenia jambos 
L.). Direct seeding of moca (Andira jar 
maicensis (W. Wright) Urb.) and algarrobo 
(Hymenaea courba1·il L.) failed partly be
cause of rodent damage to the seeds . Direct 
seeding of Dominican mahogany (S,wietenia 
niahogany Jacq.) has been successful on lime
stone soils on the north coast but failed at 
Guanica, apparently because of drought. 
Seed of mangle blanco (Lag un cutaria race
mosa L.) and mangle negro (Avicennia ni
tida Jacq.) were broadcasted, and the 
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former species was successfully established 
by this method. Mangle colorado (Rhizo
phora mangle L.) is easily established by 
"planting" the long pointed radicle s or ex
tension of the embryo into the soft mud. 

Spacing 

The effectiveness of different spacings 
·was judged on the basis of tree form and 
the rapidity of canopy formation. A spac ing 
of 6 x 6 feet was most common and is 
generally satisfactory. A closer spacing of 
5 x 5 feet was found desirable for maria 
(Calophyllum anWlanum Britton), when 
planted on poor s ites where canopy closure 
is slow and the trees tend to develop low 
branches. Eu calyptus and casuarina grow 
very rapidly and do not tend to form low 
branchy crowns so that a spaci ng of 8 x 8 
feet appears to be satisfactory. Plantations 
of these two species will form a canopy in 3 
to 4 years, yet early thinnings are not re
quired. 

Mixture of Species 

Deliberate efforts to establish mixed 
plantations were rare and have not met with 
success. Inadequate knowledge as to the 
adaptabilities and growth rates of different 
species led to irregular stands in which one 
species outgrew the other. The re sult was 
open-grown dominants with large spreading 
crowns and suppression of the slower grow
ing species to a degree which precluded de
velopment. Dominican mahogany (Swiete 
nia mahagoni Jacq.) for instance, was soon 
completely suppressed by the spreading 
crowns of the less valuable but more rapid 
growing capa blanco (P etitia do1ningensis 
Jacq.). 

No mixture has yet been found in which 
yield appears destined to exceed that of pure 
plant ations . Neverthele ss, all Puerto Rican 
plantations are so young that religious ad
herenc e to pure plantings is probably un
wise. Conceivably a slow-growing tolerant 
species which is of high va lue for posts or 
poles could be successfully mixed with a 
rapid-growing intolerant of value for lumber. 
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The post species might be removed in 
thinnings at a greater profit than similar 
small trees of the lumb er species many of 
which do not produce high quality round
wood. 

On adverse sit£s the number of adapt
ed species is so limited that natural suc 
cession begins with ne arby pure stands of 
pioneer tree species. This same limita tion 
governs reforestation and generally leads to 
the selection of one hardy, often shade -in
tolerant species for planting pure. Examples 
of such species are pino ( Casuarina equise
tif olia Forst.), maria ( Calophyll um antilla
num Britton), roble (Tabebuia pallida 
Miers .), and eucalipto (Eucalyptus spp.). 

O:i better sites, particularl y wh£re a 
forest already exists and has produced a 
favorable soil condition and a protected en
vironment, it appears desirable to follow 
nature in maintaining a mixed stand 0f 
species which form a part of or lie near the 
climax. Species such as capa pri eto (Cordia 
alliodora (R. & P .) Cham .), caoba hondu
refia (Swietenia 1nacrovhylla King), nuez 
moscada (Ocotea moschata L.), and guara
guao (Guarea trichilioides L.) are in this 
class . They apparently can best be establish
ed by underplanting · at a spacing of about 
25 feet and leaving any natural vegetation 
around them which does not interfere with 
their development. Such a planting may 
lead to a pure stand when the trees are large, 
but only during the last few years of the 
rotation. At this time the · ultimate result 
of mixed plantings can only be a matter of 
conjecture. This practice deserves early 
and intensive research. 

Weeding and Vine Cutting 

The high cost of weeding and vine 
cutting in the past was largely due to efforts 
to save plantations of species not adapted 
to the sites . Tree growth was slow, great
ly prolonging the period during which 
weeding was necessary. Weeds- and vine.a 
were generally not the primary cause of plan
tation failures but they were a contributing 
cause in that frequent weeding over a long 
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period made plantation establishment pro
hibitive and if weedings are delayed tree 
seedlings might actually be smothered by 
vines and weeds. In a few locations badly 
overrun with such vines as Dioscorea sp . re
forestation with most species might be a 
risky proposition. 

Weeding and vine cutting costs have 
recently been greatly reduced as a result of 
better select ion of species. On adverse open 
sites species such as roble (Tabebuia paUida 
Miers) and maria (Calophyllum antillanum 
Britton) are very aggres ive and require only 
two or three weedings. On such sites less 
aggresive but very rapid growing species 
can also be established with a minimum of 
weeding. Pino (Casuarina equisetifolia 
Forst) and eucalipto (Eucalyptus spp .) are 
examples. 

The more sensitive species, those which 
have required weeding over an excessively 
long period in . past plantings, can be more 
cheaply established under a light forest cano
py which prevents heavy weed growth yet 
provides sufficient light for the young trees. 
This technique does not eliminate the need 
for weeding, but reduces the task to two or 
three cheap treatments. 

Pru ning 

Pruning has been done on only a very 
small scale . The study indicates that pruning 
will seldom be very necessary in Puerto 
Rico if plantations are properly managed. 
The reason is that dead branches are almost 
immediately consumed by termites and dis
appear . The control of form then is very 
largely a matter of spacing. Close spacing 
assures well formed trees with no low 
branches, almost regardless of species. Con
servative th innings need not produce epi
cormic branches . The number of malformed 
trees in a closed plantation is generally so 
small that they can all be removed in the 
first thinn ing. 

Liberation 

Liberation of plantations has been neces 
sary in areas where the trees were es-

• 
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tablished at close spacing beneath a she lter 
wood. An outstanding in stance is the cao
ba venezolana (Swietenia candollei Pittier) 
at Rio Abajo, where large trees were elimi 
na ted by charcoal cutters or by girdling . 
Girdling, to be successful, requires removal 
of a ring of bark 6 inches wide. Bananas 
which had been interplanted had to be cut 
back repeatedly. A lesson learned was the 
importance of locating underplanted trees 
under the openings in the canopy so that a 
minimum of liberation wou ld be necessary . 
Great care is needed in lowering a large tree 
through a planted understory of 10 or 15 
foot saplings. Girdlin2' of large trees in the 
shelterwood is used very often to reduce 
damage to the underplanted trees . 

SPECIES ADAPTABILITY 

Agathis australis (Lamb .) Steud, Kauri pine 
A few trees planted in the open at Mar i

cao on a lower slope in Rosario clay average 
4 inch es in diameter and 16 feet in height 
after 10 years . The largest tree was 7 inches 
inches in diameter and 20 feet tall. They 
are thrifty and of good form, and show 
promise for ornamental purposes. 

And ira janiaicensis (W. Wright) Urban, 
Moca 

Moca was direct so,vn ovu a large area at 
Carite on weedy degraded sites. It was a com
plete failure. Germination was fai r but the 
seedlings made no growth and were finally 
dominated by competing vegetation . At Gu'.l
jataca considerable mortality of seedlings 
was due to mice . Growth was slow also and 
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the stand was very irregular. Growth was 
as shown · in Table 2. 

At Rio Abajo moca was direct seeded in an 
open valley in a degraded soil. Survival was 
high after 4½ years but the trees were only 
2 to 4 feet tall. 

The fa1lure of moca may well be larg ely 
due to an intolerance of the exposed degraded 
soils where it was sown . It appears to bs 
a species of climax forests. Natural repro
duction is common in closed stands, and 
moca shou ld be accepted as a satisfactory 
spec ies in secondary forest . Its growth, even 
under good forest conditions, is slow, how
ever, so no further trials of artificial regen
eration appear warranted at this time . 

Avicennia nitida Jacq., Mangle negro 

Both wildings and seeds of mangle negro 
were used in reforestation. Wiidings gave 
very low survival. The results of broadcast 
ing, which was done many yea rs ago, are no 
longer evident. Mangle blanco (Lag uncula
ria racemosa L.) is apparently of equal utili
ty and regeneration has been more suc
cessful, so no further work with mangle ne
gro is suggested at this time. 

Aleurit es trispenna Blanco, Tung oil 

Plantation s established at Maricao in a 
protected lower slope in Rosario clay have 
produced thrifty trees of good growth. At 
Rio Abajo . Surviva l of potted seedlings was 
satisfactory and the trees outgrew contiguous 
forest tree seedli ngs of same age . Trees 
were thri fty but of a wide crown. 

Table 2.-A verage annual growth of moca at Guajataca 

D.B.H. Growth Height Growth 

Site Locations 
Average 

age 
Ave. Max. Ave. Max. 

No. Years Inches Inches Feet Feet 

Lower Slope 2 9 0.11 0.22 0.7 1.2 
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Byr?onima spicata (Cav.) DC., Maricao 

Maricao has been planted .on a small sc:ait:. 
Germination of the. seed in the nurs,ary is 
slow and erratic. A planting on a slope of 
degraded clay soils was growing slowly at 
Carite. In an open valiey at Rio Abajo initial 
sm·vival was 60 percent, later reduced to 48 
percent . The trees were thrifty, of good form, 
and 3 feet tall after 3 years. No insect or 
disease problems have been noticed. Further 
research is necessary to reduce mortality. 

Castillq, elastica Cav., Caucho 

A small planting of caucho was made at 
Rio Abajo in a valley bottom. Trees grow 
rapidly and produce abundant natural 
reproduction. Trees seem to require forested 
conditions, abundant . mois tu re and good soil. 

Calophyllum antillcinum Britton, Maria 

Maria has been widely used in reforesta-

121 

tion because it is hardy, aggressive and it can 
be established easily by direct seeding. At 
Maricao it has pr oved to be the best species 
for exposed sites. Average annual growth 
there is shown in Table 3. A 27-year-old 
plantation has developed very well on de
graded Nipe clay. The average diamet er 
is 5 inch es; the maximum 10 inches. The 
average height is 40 feet; the maximum 
54 feet. A dense part of this plantation had 
attained 173 square feet of basal area per 
acre and is in need of a heavy thinning . 

At Susua 5-year-old plantations in the 
valleys and on the lower concave slopes aver 
age 1.5 inches in tree diameter, with a maxi
mum of 2 inches. Average and maximum 
tree heights are 8 and 10 feet respectively. 

At Guajataca maria was sown on all sites 
and the results to date are as shown in Table 
4. 

Table 3.-.Ayerage annual growth of maria at Maricao 

Site 

Valleys and lower concave slopes 

Uniform , slopes with northern 
or western aspect 

Uniform slopes with southern 
or eastern aspect, upper 
slopes, ridges and degraded 
Nipe clay 

Locations 

No. 

2 

7 

3 

Average 
Age 

Years 

10 

10 

7 

D.B.H. Growth Height Growth 

Ave. Max. Ave. Max . 

In ches In ches Feet Feet 

0.25 0.45 1.8 2.2 

0.22 0.31 1.0 1.4 

0.18 0.7 
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Fm. 3 .-A 21-y ear-old stand of maria aft er being th-inned to a basal area 
of 80 sq. ft. v er acre . Plantation growi ng on a concave stov e in the Ma

ricao highlands . 

Table 4.-A verage annual growt h of maria at Guajataca 

Site 

Hilltops 

Lower slopes 

Sink hole bottoms 

Locations 

No . 

8 

1 

2 

Average 
Age 

Years 

6 

9 

6 

D.B.H. Grnwth Height Grow th 

Ave . Max . Ave . Max . 

Inches Inche s Feet Feet 

0.36 0.43 1.6 2.2 

0.28 2.8 

0.43 0.56 2.9 3.9 

Plantat ion deve lopment on a rocky upp er 
slope exposed to the eastern winds at Gu[l
j ataca is shown in Table 5. This 9-year
old pure plantation . The large number of 
poorly formed trees is partly due to t he poor 
site but could have been lessene d by closer 
spacing of this plantation. The trees were 
spaced 6 x 6 feet but many blank spaces 
re sulted. Many trees are f lat-topped because 
of the wind. A hea vy pruning made some 
years ago re sulted in epicormic branching 
si nce the stand is open. 

Tab le 5.-Development of maria plantation 

at Guajataca Pure-9 years 

Tree form and number per acre 
D.B.H . 

Good Poor Tota l 

Inc hes No. No. No . 
1 8 28 36 
2 152 180 332 
3 124 76 200 

- - -- -
Total 284 284 568 
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At Rio Abajo establishment has ''been si.ic'l 
~essful on the lower slopes. · Plantings :w~re 
very mixed and do not provide gobd gfowtli 
data as yet. 

In the southern part of the Carite .F0l'e'3t 
(Patillas) maria has provrn better adapted 
to the lower rocky slopes than any other 
species tested. After 7 years maria , trees 
were 2 to 3 inches in diameter and 12 to -15 
feet in height. Maria is also growing well 
on the uniform slopes in -the wetter part of 
the forest. 

Maria sowings failed on Mona Island, ap
parently because the climate is too dry . 

This species reproduces abundantly and is 
relatively free of insect pests and diseas~s. 
Its perpetuation after initial establishment 
should not be difficult . 

Casu,arina cunninghamiana Miguel, Pino 
, .. 1 

Of 8,800 trees planted on a degraded Nipe 
clay at Maricao in 1924 about 400 remained 
in 1945. They were from 2 to 5 inches in 
d.b.h. and 15 to 35 feet in height . This 
species looks more thrifty than an adjacent 
planting of C. equis etifolia Forst but it ha.s, 
never formed a closed canopy and seems un
adapted to this poor site. 

Casuarina equisetif olia Forst, Pino .,\ustra
liano 

' I 

Pino has bern planted extensively only ::i.,t r 
Rio Abaj o, Maricao and Mona Island. The 
Rio Abajo plantings have been confined to 
open valleys which had been degraded by 
farming. Survival has been satisfactory after 

· an initial low survival. Replanting was 
done where necessary. Growth has been very 
rapid, the trees reaching 8 feet in height 
in 1 year. After 4 years the average d.b.h 
was 3 inches and the maximum was 5 inches . 
Average height was 30 feet. On the degrad
ed red soils of the open valleys (Moca clay) 
pino rapidly improves the soil. Heavy needl e
drop kills out herbaceous vegetation an<l 
forms a thick mat, beneath which the soil 
becomes more porous. 
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A.t Maricao on a d~graded Nipe clay south 
slope 2Qc-ye.ar-old trees averaged only 1 inch 
in diameter and 6 feet in height. The tallest 
tre _es were 25 feet in __ height but form was 
poor and .. the trees were chlorotic. The histo
ry of this 'planting is not weil-known, but it 
is reported that fire swept through it at 

I ,I . ,.., 

leasJ <>'nee. Another 20-year-old planting on 
ai'~f st sl~l)e ~a~,-?,11 average diamete~ of 4 
inches and an 'average height of 30 feet with 
ma~1ma ot'ffinches and 60 feet respectively. 
The 'trees were chlorotic and thin crowned . 
Both _ of . these plantations are considered 
failures. 

At Mona Island pino has grown very well 
on the beach sand s . Planting was done with 
a ball of earth and planted trees were water 
ed OC\:!asionally during the first few months. 
Twelve-year-old stands were 4 to 10 inches 
in diameter and 70 to 80 feet tall. Tree form 
is good everywhere except in one small area 
where a combination . of saline soil and sea 
blast ,has killed back the upper limbs of 
the trees. ,i 

Ced1·ela 1neq;i_cana Roem., .Cedro espafiol 

Efforts to regenerate cedro espafiol have 
bee;n made throughout the Caribbean area 
with g~nerally poo,r results (3, 4, 5, 6, 7, 8, 
11) . . Between 1923 and 1929 about 140,000 
seedlingl) were planted at Maricao. Still 
largC'.\r plantings were made at Maricao, G:-l
rite, and Rio Abajo between 1935 and 1938. 
With the possible exception of a small stand 
at M~ricao, these plantations were all com

plete failures, regardless of site. The remain
ing plantation at Maricao, ten years old is 

·located on a lower concave slope on a loose 
stony Rosario clay . The trees average 5 
inches in d.b.h. and 15 feet in height. 

A clear explanation of the failure of cedar 

is not at hand . This species is not adapted 

to degraded soils and might be more success

full y established by underplanting at a wide 

spacing, selecting carefully a favorable mi

cro environment for each tree. 
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Cedrela odorata L., Cedro hembra 

Recent experimental plantings of c·cdro 
hembra indicate that this species is as sen
sitive to site as C. m,exicana. On a lower 
slope at Rio Abajo the largest trees in a 
5-year-old plantation were 10 feet tail. 
Growth was variable. At . this time it was 
believed that the tre es had passed the usual 
difficult period of adjustment. On a well
drai ned uniform slope at Guilarte 3-year
old trees were 3 to 5 feet tal l. Shoot borer 
attack is generally severe in th e open, less 
so under a light shade . Widely spaced un
derplantings should bf\ tested further. 

Coccolobis grandifolia Ja cq, l\'Ioral6n 

A 10-year old plantation on an exposed 
degraded Nipe clay r1dge at Maricao aver
aged 9 feet in height, with the tallest trees 
15 feet. Diameter varied between 1 and 3 
inches. Form is good and the trees are 
thrifty despite the fact that this site is one 
of the most adverse in the island. 

Colubrina arborescens (Mill.) Sarg. Avellue-
lo 

P lantings made from 1937 to 1938 on the 
best sites at Rio Abajo, Guajataca, Guilar
te, Susua , and Mona Island have all been 
disappointing. Survival was low, the tree s 
grew slowly, and were of poor form. At 
Guilarte 6-year-old trees were 1 inch in dia
meter and 6 feet in height. Another plan
tation, howeYer, made with seed collecte d at 

CARIBBEAN FORESTER 

. 
high er elevation near the forest, surviv ed 
well and grew rapidl y, the trees averaging 
8 feet in height after 5 year s . The trees 
were luxuriant with larg e leav es . Previ ous 
plantings had been made in all sites witn 
seed from the dry forests at Guanica, where 
this species is only a small tree and probably 
a different species or var iety. The supe
riori ty of the larger and faster growing Ya

riet y had not been recognized at th at tim e. 
Future plantings should be made with the 
largu type which is common in the more 
humid sections of the limeston e areas. 

Co1·dfo, alliodora R. & P., Capa pr iet o 

Capa prieto is one of the most promising 
species planted to date. It was plan ted ex
tensively on the better sites at Carite, Rio 
Abajo, and Guilarte. Survival is generally 
low but the remainin g t ree s are generally 
developing well. Capa prieto everywhere 
grows best on loose soils derived from dio
rites and shales. At Carite a plantation 
located on a uniform slope and established 
beneath mixed coffee shade attained an 
average diameter of 5 inches afte r 9 years . 
Average and maximum tree height s ,vere 35 
and 45 feet re spectively. The trees were 
vigorous and of good form. Th ey were 
liberated when 9 yea rs old. 

Capa prieto is native to Guilarte, and plan
tations there have developed well. The 
growth of a plantation at Guilart e is seen 
in Table 6. 

Table 6.-Average annual growt h of capa prieto at Guilarte 

Avera ge 
D.B.H. Growth Height Growth 

Site Locations 
Age 

Ave. Max. Ave. Max. 

No. Year s Inches Inches Feet Feet 

Lower slope 3 6 0.37 0.50 1.9 2.4 
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At Rio Abajo 3-year survival was less than 
40 percen.t. Plantings even on lower slop8s 
gave high initial survival but died because 
of root rot and defoliation by the Spanish 
elm lacewing bug (Monanthia montropidia) 
(13) and leaf spot which was serious during 

dry years. 
At Guanica an outstanding early plan

tation developed on a fertile soil in a valley . 
Trees planted in 1922 had attained an aver
age diameter of 3.5 inches and a height (lf 
15 feet in 10 years. Form was excellent and 
the stand was very thrifty. 

Past experienC€· shows the necessity of 
producing high qua lity nursery stock of ca
pa prieto. Stock which is subject to leaf 
spot or is spindly cannot become establish€d 
rapidly in the field. Cut back nursery or 
wilding stock the diameter of a penci l or 
more, can give high survival and fas t 
growth. 

Capa prieto appears suited to nnderplant
ing. Preliminary te sts indicate that it can 
make rapid early growth under light shade . 
Underplanting at wide spac ing may reduce 
the severity of insect attack. 

Cy thar exylum fr uti cosum, L., Pendula 

Plantations of this species were establish
ed only on degraded Nipe clay at Maricao . 
One plantation which possibly had been 
subject to fire contained unthrifty trees 
which had died back several times . The 
largest trees were 1 inch in diameter, and 
heights ranged from 3 to 8 feet. Anothu 
10-year old stand on a high ridge ranged 
from 2 to 10 feet tall and from I to 11/2 
inches in ·diameter. Recent experimental 
plantings on more favorable sites indicat e 
that further trials would be desirable. 
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Dalbergia sissoo Roxb., Dalbergia 

At Carite, one plantation, established on a 
slope in a degraded clay soil failed . Sur
vival was low and the remaining trees were 
killed by weeds and vines or by a type of 
gummosis. Further tests with th is spec ies 
do not appear warranted . 

Dipholis sintenisiana Pierre & Urban,, Espe
j uelo 

More than 200 pounds of se€d of this 
species were sown at Maricao in a dry ex
posed slope in Rosario clay. Little or no 
germinat ion took place. Further study of 
this species is desirable. 

Eucalypt us sp., Eucalipto 

A species of eucalyptus until recently be
lieved to be E. resinifera J. E. Smith is now 
in doubt. It is characterized by thin bark 
which peels off in long str ips, leaving a 
smooth trunk. It has been identified as E. 
kirt oniana which is closely related to E. re
sinif era and has been named also as a varie
ty of the latter . 

This species survives and grows well in 
the mountains, even on adverse sites. Ten
year-old trees on a lower slope at Guilarte 
averaged 14.5 inches d.b.h . and 65 feet 
in height, somewhat larger than the tre es 
of E. robusta with which they were mixed. 
Scattered open-grown trees of the same 
age growing on the edges of swamps in the 
open valleys at Rio Abajo are up to 15 inches 
in diameter 50 to 60 feet tall. A few trees 
planted on degraded Nipe clay at Maricao 
have grown as rapidly as the more extensive 
plantation of E . robusta there. 
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FIG . 4.-A 12-y car -old t1·ee of Eucalyptus sp. a/(,11g a trail 011 a 1wiform 
slope at Guilrn·te 

Eucalyvtus robusta Smith, Eucalipto 

Eucalyptus robusta has proven to be one 
of the most rapid-growing species in the 
mountains. Sun·ival is high and the trees 
are generaJly of good form. The tree is so 
shade intolerant that it self-prunes rapidly, 
and stands admit so much light that a dense 
understory develops, making difficult the 
perpetuation of thi s species but providing a 
good environment for underplanting. 

A 22-year old planting on a uniform 
western slope at Maricao produced trees up 
to 17 inches in diameter and from 55 to 65 
feet in height . When cut, this plantation 
sprouted vigorously. A four-year-old plant
ing on degraded Nipe clay reached 1.5 to 

3.5 in d.b.h. and 8 to 12 feet in height. The 
trees had clearly dominated weed growth . 

At Carite on a uniform slope a 10-year 
old planting had produced trees averaging 8 
inches in diameter. Th e basal area of this 
planting was llO square feet per acre and a 
thinning was desirable . 

At Guilarte this species proved to be one 
of the best for planting degraded soils on 
exposed ridges. On a lower concave slope 
a 10-year- old plantation had an average di
ameter of 13 inches and an average height 
of 55 feet. 

At Rio Abajo on an eroded red soil in an 
open valley beside a stream 5-year-old trees 
were 4 inches in diameter and 20 feet tall. 
Here this species grew much more vigorous-
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ly than E . alba, E. propinqua, and E . tereti - about 600 trees per acre remain. This growth 
cornis . is slow· but the site is too adverse for most 

other speci,::s tested. 
F'raxinus sp., Fresno 

This species, possib ly F. americana, \vas 
introduced from Hawaii . It was planted ex
tensively on degraded Nipe soils at Mar icao . 
Only a small area on a protected w€stern 
slope has developed. After 10 years these 
trees have average and maximum diamete rs 
of 2 and 5 inches, respectively, and average 
and maximum heights of 10 to 20 feet . Most 
of the trecs are of poor form, with wide 
sp reading crowns. 

Grevillea robusta Cunn., Roble de seda 

Twenty trees were fo und in a 19-year-old 
plantatio:1. on a uni form western slope at 
l\faricao. The largest trees were 9 inches 
in diameter and 35 feet ta ll. These trees 
wer2 s0 heavily attacked by sca le insects, 
th:::..t further planting is not recomended. 

Guaiacum officinale L., Guayacan 

Both direct seeding m1d planting · of thi s 
spec ies were attempted at Guanica . Direct 
seeding is not deprndable because of low ger 
mination or death of young seedlings during 
dry weather . Planting with bare-rooted seed
lings apparently failed because most of the 
trees were pot-planted. A 13 year-old plan 
tatio n us ing potted seedlings · establish 1~d 
beneath a light overstory of Leucaena glau
ca has grown to an average he ight of 4 
feet and a maximum tree height of 8 feet. 
The stand is vigorous in appearance and 

Guarea t1·ichilioides L. Guaraguao 

Plantings of guaraguao were limited to 
Carite and Guilarte where it is one of the 
most sat isfactory species. It grows well 
when underp lanted producing trees of good 
form and free from the shoot borer. Plant
ing in the open generally fails . Average an
nual growth on a lower concave slope at 
Guilarte is as shown in Table 7. 

Haematoxylon ca1npechianum L. 
che. 

Campe-

A plantation established in a protected 
valley at Guanica grew to an average dia
meter of 6 inches in 18 years . The trees 
were spreadi ng and have not yet produced 
much dyewood . Uatu ral n :production is 
abundant, and the species may become a 
weed . No further testing seems warranted. 

Hy eron·ima clusioides (Tu!.) Griseb., Cedro 
macho 

Cedro macho, one of the more attractive 
native furniture wood species, has not been 
widely planted because of low seed germi
na tion. Tree s in a 10-year -old plantation on 
a degraded soil in an open valley at Rio Aba
j o have an average d.b.h. of 3 inches and a 
height of 20 feet. Form is excellent. This 
plantation was estab lished with pot-planted 
stock. The capacity of bare-roofod seed
lings to survive is unknown . 

Table 7.- The average annual growt h of guaraguao at Guilarte. 

D.B.H. Growth Height Growth 
Site Locations Avera ge 

Age 
Ave. Max. Ave. Max. 

No. Years Inches Inches Feet Feet 

Slope 3 5 0.28 0.41 1.9 2.8 
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Hym,enaea courba1vil L., Algarrobo 

Algarrobo has been direct seeded at Su
sua on a dry slope of Rosario clay and in the 
lower southern part of the Carite forest on 
a humid slope with clay loam soil. Survival 
was low and growth very slow. In both 
cases direct seeding was done in the open 
on a dry hot slope in Susua and with severe 
competition from brush and weeds on Carite . 
Experimental direct seeding and planting 
under an overstory under more favorable 
conditions have been very satisfactory . 

Laguncularia raccmosa L., Mang le blanco 

Plantings on mangrove soils subject to de
position of sand have failed, apparently be
cause such sites are becoming more adverne 
for mangrove. On the land sid€ of the lagoon 
where the deposition is chiefly silt and clay 
a very successful plantation was established 
at Pin.ones . Fern and grass growth was 
cleared and burned and wildings were 
planted . Survival was fair and at the end 
of 8 years the average diameter was 3 inches 
and many trees were being cut for posts . 

Lucu1na 1nultiflora A. DC., Jacana 

Jacana has been direct s€eded in Guaja
taca and in the mountain forests of Guilar 
te . Germination is high and tree form is 
generally good . It is sufficiently tolerant to 
withstand underp'.anting . Jacana has proven 
adapted best to lower concave slopes. 
On exposed sites, €specially where the soil 
has been worn out by farming, jacana be
comes chlorotic and does not grow. In Gui
larte seven-year-old trees on concave slopes 
were 1-1/ 2 to 2-1/ 2 inches in d.b.h . and 
18 to 20 feet tall. This species proved capa
ble of coming through a thick growth of 
Guinea grass on lower slopes at Guajataca. 

Magnolia portoric ensis Bello, J aguilla 

Planting of jaguilla has been limited by 
low sesd germination . A plantation made in 
an open valley at Guilarte using potted seed
lings shows the desirability of testing un-
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derplanting. Surviva l was high but the trees 
have grown only to 10 feet in 8 years and 
they appear to be making practically no 
growth. Their leaves are th ick, yellowish 
and curled, ind icat ing a need for shade . 

M ontezunia speciosisi1na Sesse & Moc., 
Maga colorada 

Maga, which produces a termite-resist
ant furniture lumber, was one of the mo::;t 
widely planted species. The best plantations 
are located at Rio Abajo in the sinkhole 
bottoms . A 5-year-o:d planting has an 
average diameter of 2.7 inches and an 
average height of 20 feet. After 9 years 
the same plantation averaged 3.6 inches in 
diameter and 58 square feet of basal area per 
acre. Diameter growth was clearly decreas
ing . The intolerance of the species was 
indicated by self pruning to ¾. of the stem 
height. On degraded soils in open valleys 
within the same forest maga becomes chlo
rotic and stops growing after about 3 years . 
The trees lack vigor and do not appear 
destined to develop properly. 

Plantations at Guajataca were generally 
inferior to those at Rio Abajo in sp ite of the 
fact that maga is nat ive to the area . Survival 
was low due to greater exposure on most 
sites. In a sinkhole bottom, a 5-year-o!d 
wide ly spaced plantation trees averaged 3 
inches in diameter and 20 feet in height . 

At Carite in the lower river valleys at the 
southe rn edge of the forest the best 6-year 
old stands were 3 to 4½ inches d.b.h . and 
18 to 25 feet tall. Many trees were of 
poor form. 

Poor tree form has been a discouraging 
factor in maga plantations. Survival is high 
on good sites but after 3 or 4 years trees 
adjacent to a failed spot or other opening 
generally become limby . Pruning of such 
trees produces an abundance of epicormic 
branches and swellings on the bole. Ob
jections have been raised to planting maga 
near cotton prod ucing areas since the pink 
boll worm (Pecti nop hora gossypiella) may 
spend part of its life cycle in maga fruits 
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( 13) . The leaves and branches are sometimes 
heavil y attacked by scale insects, often kil 
ling twigs and small branches and making 
the tree very unsightly. 

Petitia domingensis J acq., Capa blanco 

Capa blanco was planted in all of the fo
rest s but the largest plantations were at 
Maricao, Susua, and Guajataca. Twenty 
year-old plantings on degraded Nipe clay at 
Maricao contained only a few shrubby trees . 
In a protected location the average d.b.h. 
was 4 inch es and the average height was 
18 to 20 feet. Growth in younger plan
tations on lower slopes in this forest was low. 
Nine-year-old trees in two loca"fions averaged 
0.07 inch in an nual diameter growth and 
0.6 foot in height growth. 

At Susua direct seeding failed and even 
planting was generally unsuccessful. In a 
valley bottom a 7-year-o ld plantation aver
aged 4 to 5 inche:, in diameter and 8 feet in 
height, with the tall est trees to 20 feet. 

At Guajataca capa blanco has outgrown 
Dominican mahogany but the trees are gP.
nerally poorly formed except on the lower 
slopes and in the sinkhole bottoms . Average 
annual growth is seen in Table 8. 

At Rio Abajo 7-year-old trees on a de
graded soil in an open valley were 2 to 4 
inches in diamete r and 12 to 15 feet tall. In 
a sinkho le bottom an 8-year-old p!antat\on 
averaged 3.5 inche s in diameter and 30 feet 
in height. This is the best plantation in 
any forest . 

At Guilarte 9-year-old open plantations 
on lower slopes were growing 0.35 to 0.65 
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inches in d.b.h. annua lly and 2.4 to 3.5 feet 
in height annually . The tree s are poorly 
formed but vigorous in appea rance. 

Capa blanco generally surviv es well and 
competes sat isfactorily with vines . Close 
planting is necessary to avoid branchy 
crowns . Mixed plantings have not been suc
cessful s ince the into lerant capa blanco must 
eithe r dominate or it becomes suppressed 
and stops growing . In poor sites particu
larly in dry localities trees stagnate and 
are poorly formed . Capa blanco apparently 
should not be planted on sites sufficie ntl y 
favorable for mahogany and othe r high grade 
furniture wood species . 

Ocotea moschata L., Nuez moscada 

Direct seeding of nuez moscada at lower 
elevations in Carite is very promising. A 
plantation established on a slope in a humid 
site of better than average fertility, reached 
an average diameter of 2 inches and a height 
of from 8 to 18 feet in 7 years . The trees 
2.re thrifty and of excellent form. 

Prosopis juliflora (Sw .) DC., Bayahonda 

There is some difficulty in sepa rating 
planted from naturally established bayahon
da since natural reproductio n is generally 
abundant near plantations. A 20-year-old 
plantation established by direct seeding was 
found in a valley at Guanica. Diamet ers 
averaged 10 inch es, with a maximum of 14 
inches and the trees were about 15 feet tall. 
The tre es were very thrifty, and spreading 
in form. A second pla·nting, located on the 

Table 8.- Average ann ual growt h of capa blanco in Guajataca 

Average 
D.B.H. G1·owth Hei ght Growth 

Site Location s 
Age 

Ave. Ma:.-j Ave. Max. 

No. Years Inche s Inche s Feet Feet 

Hilltops 1 7 0.43 0.71 2.1 2.9 

Lower slopes 1 5 0.50 0.70 2.0 3.6 
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coastal sand at Guanica, had trees 10 inches 
in diameter and 15 feet in height after 19 
years. 

Direct seed ing has generally resulted in 
incomplete stocking because of low germina 
tion. The pods are attacked by a Brusch! .d 
weevil while still on the tree so pods collscted 
on the ground are g~nerally heavily infested, 
with germination as low as 6 percent. Catt.le 
like the fruits and contribute mater ially to 
the natural dissemination of this species. 

Open-grown 20-year-old trees have been 
found to grow slowly, much more so than 
their average growth prior to that age . Ba
yahonda sho uld apparently be managed on 
a 10-15 year rotation for posts or ties . 

Rhizophora mangle L., Mangle colorado 

Mangle colorado is best adapted to the 
margins of canals or the deeper areas on 
the exposed edge of the mangrove . On drier 
areas it does not compete well with mangle 
blanco (Laguncularia racemosa L.) or man 
gle negro (Avice nnia nitidci J acq .). Seed 
is collected by boat, and the radicles are 
pushed into the mud. On a favorable site 
at Pin.ones trees 5 tc 8 years old were 1 
to 2 inches in diameter and 8 to 12 feet tall. 
Survival was high. 

Mangle colorado should not be planted in 
areas subject to sand deposition. Such area::; 
have apparently developed to a stage that 
is better suited to the other species . Burn 
ing of ferns proved a desirable practice 
where they were dense (9). 

Sciacassia sianiea (Lam.) Britton Cassia de 
Siam 

A 5-year -old plantation established in a 
valley at Guanica averaged 18 feet in height . 
Most trees were forked. Stumps from some 
of the trees which were recent ly cut sprout
ed vigorously . 

At Maricao on a low2r slope of Rosario 
clay a 10-year-old plantation reached 10 
inches in d.b.h. and 22 feet in height. Average 
d.b.h. and height was 3 inches and 20 feet 
respectively . Most t ree s were poorly formed 
and not promising. 
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Sidero xy lon foetidissimum Jacq., Tortugo 
amarillo 

A plantation established at high elevation 
at Carite is stunted and the trees are unable 
to compete with other vegetation. This 
species is probably better adapted for plant 
ing in the limestone region of the north 
coast where it is native. 

Swietenia macrovhylla King., Caoba hondu 
refia 

Caoba hondun :.fia has proven unadapted to 
a large area 9f degraded soils which had 
been worn out by farming. Survival is 
generaliy high except in dry areas such as 
Maricao and Susua. Shoot-borer attack may 
be severe on poor sites. The roots do not de
velop well on heavy wet soils with the re
sult that many trees are blown over . 

On prot ected sites with good soil caoba 
hondurc.fia grows rapidly and with good form. 
The best sit e found for this species is the 
sinkhole bottoms at Rio Abajo . On this site 
bananas or old coffee shade proved bene
ficial for the first few years. After 6 years 
trees average 3 inches in diameter and from 
20 to 35 feet i11 height. After 10 years di
ameters averaged 4 inches and heights 
reached 40 to 50 feet . Heavy thinnings were 
made when the stand was 10 to 11 years 
old. 

At Guilarte extensive plantings on de
graded red clays have failed . The trees were 
spindly and were making no growth after 
about 10 years . A few trees located on pro
tected concave slopes may eventually pro
duce timber . 

Fai lures also resulted from plantings on 
similar sites at Carite, Maricao, and Susua. 
In the last two lccalities dry weather at 
time of planting contributed to a low survival. 
A few trees on lower concave slopes at Su
sua averaged 3 to 4 inches in diameter and 
12 to 15 feet in height after 9 years. 
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FIG . 5.-An ll-y ea1·-o/d stand of Hond w ·as 1:iahogany on one of the bes t 
sit es, a sinkhol e bottom in Rio Abajo, r ight aft el' ffrst thinning . 

Siuietenia mahagoni J acq ., Caoba dominica
na 

Caoba domi nicana is best adapted to the 
relatively dry area s along the northwest, 
southwest, and south coasts, within annual 
precipitation ranges of from 30 to 70 inche s . 
Plantations have failed in the central 
mountains. 

The best plantations ·in t he In su lar For
ests are those established over serpent ine or 
limeston e parent material. Within these 
ar eas the trees grow best on protected lower 
slopes . Here growth is rapid and tree form 
is generally good. 

At Guajataca tree g-rowth has been as 
shown in Table 9. It is seen that at Guajata 
ta a strong r elationship to topography is 
not evident. Slopes facing the north or 
west produce taller trees than those exposed 
to the south or east . Soil degradation as a 
res ult of farming is most pronounced in the 
sink holes, a fact wh ich tends to offset the 
beneficial factors fQund in this protect ed 
location. Degradat ion apparently has an 
import ant influence upon growth, tree form, 
and shoot -borer attack. 

Dat a fro m a quarter-acre sample plot in 
a 6-year-old plantation in a sinkho le bottom 

Table 9.-Average annua l growth of caoba dominicana at Guajataca 

Site 

Hilltops 
Lower slopes 
Sinkhole bottoms 

Loca tions 

No. 

10 
2 
5 

Average 
Age 

Years 

7 
8 
8 

D.B.H. Growth Height Growth 

Ave . Max. Ave. Max . 

Inche s Inche s Fe et Fee t 

0.37 0.53 1.8 2.4 
0.43 0.57 2.5 2.9 
0.44 0.53 1.8 2.2 
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at Guajataca are summarized in Table 10. 
Table 10 shows 56 percent of the trees to be 
of poor form . This is due to shoot borer 
attack and / or site degradation due to 
previous cultivation of the soil. 

At Susua pot-planting was required for 
high survival ( 12). Growth is somewhat 
slower than at Guajataca yet this is by far 

Table 10.-Six-yea r-old 
plantation at Guajataca 
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the best species planted on most of the sites . 
A summar y of growth at Susua is shown in 
Table 11. 

At Maricao plantations failed generally 
on degraded soils . Only in a few protected 
areas have the trees developed well. Even 
there, growth is slower than at Susua. 
Growth rates at Maricao are summarized in 
Table 12. 

caoba dominicana 

D.B.H. 

Tree Form and Numbe1· 

per Acre --\ 

Good I Poor 

Total 

Inches No. No. No. 

1 8 8 
2 32 120 152 
3 192 188 380 
4 60. 24 84 

Total 284 320 624 

Table 11.-A verage annual growt h of caoba dominicana at Susua. 

·---- -

Average 
D.B.H. Growth Height Growth 

Site Locations 
Age 

Ave. '.\fax. Ave. Max. 
-- -

No. Years Inches Inches Feet Feet 

Vall eys and lower concave. 8 7 0.33 0.45 1.6 2.0 
slopes 

Uniform slopes with northern 11 7 0.27 0.41 1.8 1.7 
or western aspect 

Table 12.-A verage an nua l growt h of caoba dominican a at Maricao. 
---

Average 
D.B.H. Growth Height Growth 

Site Locations 
Age 

Ave. Max. Ave. Max . 

Ko. Years Inches . In ches Feet Feet 

Valleys and lowe1· concave 1 18 0.17 0.28 1.00 1.22 
slopes 

Uniform slopes with northe1·n 2 8 0.19 0.28 1.25 1.56 
or western aspect 

- - -- - -- -



J ULY 1950 

At Guanica su r vival has been low be 
cause of prolo nged drought . T he use of tar 
paper pots has given t he best results to date. 
Low sur vival has re sulted in widel y spaced 
p lant ings and spreading tre e crowns. One 
plantatio!l 13 yeal·s old on a valley bottom 
ha d t r ees 12 to 16 feet t a ll and was just 
beg innin g to form a close d canop y. Shoot
boree attac:( had been he avy . A sample plot 
in t his plantation is summarized in Table 13. 

Table 13.- Diamete r d is tri butio n and condi-
tion of caob a dominicana t ree at Gua nica 

D.B.H . Good Poor Tot al 

In ches No. No. No. 

1 4 4 8 
2 16 8 24 
3 16 24 40 
4 48 20 68 
5 80 8 88 
6 68 4 72 
7 4 4 

Total 236 68 304 
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Seventy -eight percent of the trees were 
of good form. Tho se of poor form are gener 
a,Jy the largest . Th e smaller trees, some 
of which are replant s have gro wn straight 
as a result of side shade from the larger 
trees. The average annual diameter growth 
at 15 years in this plantation is summarized 
in Tab le 14. The average growth rate 
compares favorab ly with p lantations else
where on the island . 

Table 14.-Average diamet er gro wth of 
caoba dominican a at Gua ni ca 

Crown class 

Dominan t 

Codomina nt 

In termediate 

Total 

Trees 

No. 

5 

54 

18 

77 

Average annual 
DBH gr owth 

Inc hes 

0.32 

0.34 

0.26 

Av e. 0.32 

FIG. 6.-A very successful 12-year -olcl plantation of cao ba clominicana on 
the sandy coastal plain of Mona I slcmcl. T 1·e::s are wrn snal/y well fonnecl . 
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At Rio Abajo where the soils are more 
highly leached because of higher rainfall the 
results of planting caoba dominicana have 
been very discouraging. Survival was low, 
never above 30 percent (using bare-rooted 
stock). After 7 years the trees are 2 inches 
or less in diameter and less than 10 feet 
tall. The trees look somewhat better on the 
warm east and south slopes . Shoot-bo rer 
damage is common but apparently is not the 
primary cause of failure. 

At Mona Island the trees had to be water
ed until they became established . Seven
.vear-old plantations on the coastal plain are 
4 inches in diameter and 15 feet in height. 
This is more rapid growth than on most sites 
in Puerto Rico. 

Summarizing the experience with caoba 
dominicana, it may be said that degraded 
open areas should be avoided . Underplant 
ing or interp!anting with brush or other 
natural tree growth is desirable as brush or 
low forest offers favorable ecological condi
tions. A spacing of 20 feet each way can 
prodde a closed st and purely of mahogany 
late in the rotation. Shoot-borer attack 
tends to be less in such plantings. 

The worst pests of caoba dominicana are 
the shoot borer (H-ypsipila grandella Zeller) 
( 13) but its attack can be lessened as al
ready described. Another less important 
insect pest is the apate borer (Apate mona
chus) {13). The leaf blight (Phyllosticta 
swietenia sp . nov.) (1) causes defoliation 
both in nurseries and in plantations, but is 
apparently of little importance to tree growth 
or survival. 

Direct seeding of caoba dominicana has 
proven successful in the limestone region of 
the north coast where about 60 inche s of 
rain falls annually. Preliminary tests fail
ed at Guanica because of extreme drought. 
Fu rther tests should be made under more 
favorable conditions since this practice great
ly reduces costs when compared with pot
planting. 

Tabebuia vallida Miers, Roble 

Roble, a pioneer species which produces 
good posts and poles, has only been planted 
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recently in the Insular Fo:·ests and plan
tation::; were still too small to provide growt h 
data of value. On the lower edge of the Ca
rite Forest on a degraded heavy clay slope 
the use of cuttings gave low survival but 
produced a few good trees . At Guilart e wild
ing sto ck has su rvive d well and grown rapid
ly on severely eroded exposed slopes·. This 
species merits more attention for reforesta
tion of adverse sites. 

Tectona gnmdis L., Teca 

Teak wa<, not planted extensively in any 
forest but a few trees are found in all forests 
except Guanic:a. Teak grows best on fertile, 
we!l-drained soils at low elevatio n, where it 
makes spectacular growth and produces well
form ed trees. It has failed in the humid 
mountains. Young plantations require 
thorough weeding or intercultivation. No 
injuriou s ins~ct attacks.or diseases have been 
found. 

At Rio Abaja one of the best plantations 
is located in an open valley (Lares clay) in 
an area which had previously been cultivated 
for tobacco and food crops. After 7 years . 
average d.b .h. was 4 inches and average 
height wRs 22 feet, and 75 percent of the 
trees were classified as of good form. After 
11 years the average diameter was 4.8 inch e::; 
and the average height 40 feet. The sta!'ld 
had a basal area of 90 square feet per acr e 
and was thinned to 74 square feet . Another 
10-year-old planting in th e open valley near 
a stream had an average d.b.h . of 6.3 inches 
and an average height of 35 feet. 

At the lower southern edge of the Carite 
Forest (Patillas) the best plantat ion found 
in the island is located on an alluvial soil. 
After 10 years these trees average 6 inche s 
in diameter and 45 feet in height. Basal 
area ranges from 100 to 130 square feet per 
acre. Tree form is excellent . Nearby, how
E'Ver, on steep slopes 7-year-old trees average 
2-1~ inches in d.b.h. and 12 feet in height , 
and they are of poor form . 

Teak appears to require better soils than 
Puerto Rico can afford to provide. There
fore, no great ex9ans ion of plantations of 
this species is to be expected in government 
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forests. In farms where better sites are 
available and where only few trees are plant
ed it might become a popular species to grow 
on short rotations for posts and poles. 

Tetrngastris balsaniif ern (Sw) Kuntze, Masa 

Only a very small area was planted to 
masa in the Insular Forests. This was on a 
favorable slope at lower elevations at Cari
te. All seedlings died, probably because this 
species does not transplant well without a 
ball of earth . Further study of this species 
is needed. 

Vit ex divaricata Sw., Higuerillo 

Higuerillo, a durable construction timber 
species, was planted at Cari te and Guilarte. 
At Carite very few trees remain, and these 
are not thrifty . At Guilarte _survival was ap
parently about 40 per cent. Growth has ge
nerally been slow but it is sensi t ive to to
pographic position. Tree form is only fair, 
and there are no serious insect pests or 
diseases, although the foliage is occasional
ly attacked by a leaf roller. Table 15 presents 
growth data from a favorable site at Gui
larte. 

Zanthoxylum f lavum· Vahl Aceitillo 

Aceitillo produces the most highly prized 
furniture wood in the island. Planting work 
has been limited by limited seed sources and 
very low germination. Small plantings were 
made at Guajataca in the sinkhole bottoms. 
Stock was transplanted with a ball of earth 
and survival was very high. After 11 years 
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the average and maximum diameters were 
2.5 and 4 inches respectively. Heights were 
18 and 22 feet respectively. Judging by the 
thrifty appearance of naturally established 
trees this species can be expected to grow 
well 

1

in the lower slopes of the limestone 
hills . Bare -root planting may also prove 
successful. The tree forms a small crown, 
and may be suited to underplanting beneath 
openings . Underplanting at wide spacing 
might prove to be the be-st use of the limit 
ed quantity of stock available. Naturally es
tablished trees at Guanica are being killed 
by an unknown disease. 

CONCLUSIO NS 

The findings of this study lead to certain 
definite conclusions regarding the general 
condition of the plantations, the survival of 
the different species, the adaptability of 
species to various sites, factors responsible 
for losses, and desirable policies for the 

• future. These conclusions are here presented. 

GENERAL CONDITIONS .OF PLANTATIONS 

The plantations were classified in the field 
as to stock ing, as a basis for estimates of 
future work. This classification is as follows: 

1. Well stocked plantations.-Plantations 
i.n which planted trees of good form and 
satisfactory growth, or such planted trees 
with natural reproduction of the better 
species, constitute, or with release could 
form, an 80 percent of fully stocked domi
nant stand. 

Table 15.- Average annual growth of higuerillo at Guilarte 

Site 

Lower slope 

Locations 

No. 

2 

Average 
Age 

Years 

6 

D.B.H. Growth 

Ave. I Max. 

Inches Inches 

0.29 0.48 

Height Growth 

Ave. 

Feet 

1.5 

I Max. 

Feet 

2.5 
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2. Understocked plantations.-All plan 
tations not included in Class 1 above. 

a. Forested. - The satisfactory trees, 
either planted or natural, forming a 
minor part of a stand composed chief
ly of poor trees, which prov ides a com
plete capopy beneath which a shady 
forest environment exists. 

b. Open .- The satisfa ctory trees, either 
planted or natural, not with in a closed 
stand, and therefore on a sit e where th e 
soil receives little shade and there 
exists a prominent herbaceous cover . 
The repre sentat ion of each of these 
classes in the different forests is 
shown in Table 16. 

The relatively large open areas at Gua
jataca and Rio Abajo are the limestone cliffs 
and hill tops where plant ings have failed and 
natural reforestation is low. Also inc lud
ed are some areas where farming is being 
,permitted subsequent to planting failure, 
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swa mps, roads, etc. A large area of lime
stone cliffs and slopes is also reforesting na
turally at Rio Abajo. The large forested but 
understocked area at Guajataca includes 
mostly forested sinkholes in coffee . Unfavor
able sites in exposed slopes and ridges in 
Susua are being rapidly covered by natural 
reproduction. 

PLANTING SURVIVAL 

The different species varied widely in their 
capacity to survive the first year after being 
set out in the field. Bare-rooted seedli ngs 
of some hardy species survive planting well 
almost regard less of the site. Large-seeded 
species generally show the highest survival 
when direct seeded. Table 17 lists the species 
according to three broad survival classes 
and is based upon all plantations and sites'. 
Variable survival is often due to poor seed 
quality if direct sown or sensitivity to dry 
conditions. 

Tab le 16.-S tocking of Plantations in the Insular Forests 

Forest Well 
Understocked 

stocked 
--- Total 

Forested Open . 

/ Acres Acres Acres Acres 

Carite 1,923 654 245 2,822 
Guajataca 1,321 576 307 2,204 
Guanica 190 100 10 300 
Guilarte 483 150 70 703 
Mangrove (Pifiones) 274 10 284 
Maricao 2,021 653 40 2,714 
Mona Island 379 40 419 
Rio Abajo 2,648 1,180 844 4,772 
Susua 994 792 1,786 

Total 10,233 4,245 1,526 16,004 

Table 17 .-S urv ival by Species 
------------------ --------
H igh survival 

Aceitillo ** 
Campeche 
Caoba dominicana • • 
Capa blanco 

Fair survival 

Algarrobo" 
Bambu 
Caoba dominicana 
Caoba hondurefia 

Low survival 

A prin . ( direct seeded or planted) 
Avelluelo 

' Bayahonda~ 
Dalbergia 
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Table 17.- (Cont .) 

High survival Fair survival Low survival 

Cassia de Siam 
Cedro espanoll 
Cedro macho'''~ 
Eucalipto 
Guayacan''''' 
Higuerillo 
Jacana* 

Caoba venezolana 
Capa prieto 
Guaraguao 

Espejuelo* 
Mangle negro (wildings) 
Maricao 

Maga Masa 
Maria' ' Saman 
Moca* ·rabonuco 
Pino 

Mangle colorado* 
Mangle blanco (wildings) 
Nuez moscada* 
Pomarrosa''' 

Pomarrosa 
1'ortugo amarillo 

Roble (wildings) 
Teca'''' 

* Direct-seeded 
M Potted seedlings 

1 High survival after planting is generally reduced 
considerably for lack of adaptability to many sites. 

Overall survival and success in establish
ment can be further indicated by dividing 
the total number of trees planted and re
planted by · the area of plantations. Plant
ing at the usual spacing of 6 X 6 feet 1:e
quires 1,210 trees per acre . At 8 X 8 foot 
spacing the number per acre is 681. The suc
cess of potted seedlings on dry sites is shown 
by the low total number of trees 'planted, 
629 per acre on Mona Island and 963 at Su
sua . At Guanica, on the other hand, where 
bare-root planting was tried, a total of 2,999 
trees per acre were required. The humid 
mountain forests of Carite, Guilarte and Ma
ricao showed similar overall survival, aver
aging about 1,850 trees per acre. This indi
cates 50 percent replanting, part of which 
was the replacement of unadapted trees. 
Survival of bare-rooted planting was highest 
in the moist limestone forests. Broadcast 
sowing of mangle blanco and mangle negro 
in the mangrove required about 26,000 seeds 
per acre. 

SPECIES ADAPTABILITY 

The observations and measurements made 
in the plantations form the basis for con
clusions as to the adaptability of the species 
planted to their respective sites. A summa
ry of these conclusions appears in Table 
18. Species listed as "promising" appear to 

be well adapted for planting on the site in 
question and will yield the best products ob
tainable from the site. Species listed at,; 
"doubtful" are less likely to form successful 
plantations either becft).use adaptability is 
still in question, as indicated by poor form, 
low survival, or slow growth or because more 
valuable species can be raised as for instance 
eucalipto and roble in the lower slopes and 
valleys. Species listed as "unsuccessful" did 
not survive after extensive trials because 
they are either not adapted to the climate 
or soil, or are susceptible to attacks of 
insects, diseases or rodents; or if they sur
vived produced very poor trees . 

The adaptability of jacana, ca.pa prieto 
and guaraguao is greater under a shape 
cover. In the open they require the best 
sites but under a forest canopy these species 
do well on slopes and even on ridges . The 
effect of diseases and insects is variable. Site 
factors at Rio Abajo are generally favorable 
for capa prieto yet this species was not 
recommended because it here suffers from 
root rot. 

The very dry weather of Guanica and Mo
na Island makes impractical the planting of 
species which although well adapted to the 
site suffer high transplanting losses. An 
example is caoba dominicana when planted 
bare rooted. 
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-~-----------,,----------------------- --- - -- ---------------

Region 

Central and Eastern 
Mts. 

Forest 

Guavate (Nol'th and 
West portions of 
Carite) 

Site 

Lower concave slopes 
and valleys 

Uniform slopes 

U ppcr convex slopes 
and ridges 

Promising 

Capa prieto 
Guaraguao 
Maga 
Nuez moscada 

Capa prieto 
Guaraguao 
Nucz moscada 
Maria (only in lower 

Guavate) 
Jacana 
Roble 
Eucalipto 

Eucalipto 
Maria (only in lower 

Guavate) 
Roble 

Adaptability of spec ies 

Doubtful 

Caoba hondureiia 
Caoba vcnezolana 
Maria 
Eucalipto 
Tabonuco 
Maricao 
Jacana 
Higuerillo 
Roble 
Higuerillo 
Tabonuco 
Maricao 

Tabonuco 
Ma1·icao 

l 

Teca 
Motill 
Ccd1·0 
Masa 
Tortu; 
Caoba 
Dalb c1 
Moca 

Tcca 
Mot illc 
Cedro 
Masa 
Tortug 
Caoba 
Caoba 
Caoba 
Dalber! 
Maga 

' Moca 
Higucri 
Teca 
Motillo 
Cedro e 
Masa 
Tortug a 
Caoba v 

Caoba h 
Caoba d 
Dalberg : 
Maga 
J acana 
Guaragu 
Capa pr : 
Nuez me 
Moca 
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Region 

' 

Forest 

Lower Patillas 
(Southern portion 
of Carite) 

Upper Patillas 
(Eastern port ion 
of Carite) 

Table 18.-(Cont. ) 

Site 

Lower concave slopes 
and valleys 

Uniform slopes 

Upper convex slopes 
and ridges 

Lower concave slopes 
and valleys 

Uniform s lopes 

Promising 

Maria · 
Maga 
Teca 

Maria 
Eucalipto 
Capa blanco 

Maria 
Eucalipto 

Capa prieto 
Jacana 

Maria 
Eucalipto 
Roble 
Capa prieto 

Adaptability of species 

Doubtful 

Capa blanco 
Casuarina 
Guaraguao 
Eucalipto 
Higuerillo 
Casuarina 
Guaraguao 
Maga 

Casuarina 

Roble 
Algarrobo 
Maria 
Eucalipto 
Maga 
Capa blanco 
Higueril!o 
Capa blanco 
Algarrobo 
Maga 
Higuerillo 
Jacana 

Unsuc 

Cedro es!) 
Caoba dor 
Caoba hor 
Caoba ver 

Cedro esp 
Caoba dor 
Caoba hor 
Caoba ver 
Teca 
Higuerillo 
Cedro esp 
Caoba dor 
Caoba hor 
Caoba ver: 
Maga 
Teca 
Higuerillo 
Capa blan 
Guarag ua, 
Cedro esp 
Tortuga a 
Caoba hor 
Caoba ver 
Caoba dor 

Tortuga a 
Caoba hot 
Caoba ver 
Caoba dor 
Cedro esp 
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Region Forest Site 
Promising 

- - --
Upper conv ex slopes Maria 

and r idges Roble 
Eucalipto 

Guilartc Lower concave Capa prieto 
s lopes and valleys Guarnguao 

Hi guerillo 
J ,icana 
Maga 

Uniform slope s Capa priclo 
Guara~uao 
Hig uerillo 
J aca na (avoid 

degraded sites) 
Roble 
Eu calip to 

Convex s lopes an d Roble 
ridge s Eu ca lipto 

Adaptability of 

Doubtful 
---

Avclluelo 
Euca lipto 
Capa blanco 
Maria 
Roble 
Maria 
Maga 
Capa blanco 
Avelluelo 

Maria 
Avelluelo 

CA RIBBE. 

species 

I 

I 
l 

Un 

Capa b 
Caoba 
Caoba 
Capa p 
Algarrc 
Maga 
Tortugc 
Higucri 
Jacana 
Ced1·0 
Caoba 
Teca 
Caoba 
Caoba 
Ccdro 

Caoba 
Cao'.la 
Ccdro 
Tcca 

Teca 
Caoba 
Caoba 

C 

I 

' 
C 

\. 

C 

I 
V 

Ccdro c 
Mag·a 
Capa bl 
Hi g-ucri 
Guara g ll 
J acana 
Capa p r 
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Region Forest 

Limestone areas Rio Abajo 

Guajataca 

Table 18.-(Cont.) 

Site 

Open rolling areas 
( This site includes 
a narrow valley of 
residual erodible 
red soils that have 
been intensely cul
tivated and is thus 
degraded and at 

present not suited 
to many species) 

Bottom of sinkholes 

Slopes (between 
bottoms and 
cliffs) 

Bottom of sinkholes 

Promising 

Teca 
Maria 
Casuarina 
Cedro macho 

Caoba venezolana 
Caoba hondurefia 
Maga 
Guaraguao 
Maria 

Cedro macho 
Capa blanco 
Guaraguao 
Maga 
Maria 

Aceitillo 
Caoba dominicana 
Maria 
Capa prieto 
Caoba venezolana 
Caoba hondurefia 
Maga 
Guaraguao 
Teca 
Jacana 
Capa blanco 

Adaptability of species 

Doubtful 

Capa blanco 
Maga 
Eucalipto (good 

along swamps) 

Capa , prieto 
Capa blanco 
Eucalipto 
Cedro macho 
Casuari na 
Teca 

Eucalipto 
Capa prieto 
Casuarina 
Teca 

Roble 

Un 

Caoba 
Caoba 
Caoba 
Cedro 
Capa r 
Avellu, 
Higuer 
Albizz i 
Guaraf 

Caoba 
Cedro 
Avellu, 
n1guer 
Albizzi 

Caoba 
Caoba 
Caoba 
Avellu1 
Albizzi 
Higuer 
Cedro 
,Moca 
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Adaptability of spec ies 

Region Forest Site 

Promising Doubtful u 
---

Slopes (between Caoba dominicana Teca Caoba 
bottoms and cliffs) Maria Maga Caoba 

Capa blanco Capa prieto Moca 
Aceitillo Jacana 

Guaraguao 
Roble 

Ridges (Top or Caoba dominicana Aceitillo Caoba 
cliffs separating Maria Caoba 
sinkholes) Roble Teca 

Maga 
Jacan . 
Capa 
Moca 
Capa 
Guara 

Guanica Valley bottoms, flat Cassia de Siam Campechc Eucal 

so ils and sandy Caoba dominicana Cedro 

soils along the Capa prieto Sama : 

the beach Guayacan Aceit i 

Bayahonda Maria 

Casuarina 

Mona Island Sandy soils in coastal Caoba dom in icana Avelh 
plain Casuarina 

Serpentine Maricao Narrow river valleys Cao!Ja venezolana Euca l ipto Spani 

Areas and concave slopes, Caoba hondur efia Casuarina Fresn 
exposure not Caoba dominicana Dalbergia Cassi; 
influentia l Maria Ja'.cana 

Maga Pendula 

Capa blanco Algarrobo 

Guaraguao 
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Region Region 

Susua 

Table 18.-(Cont.) 

Site 

Slopes with northern 
and western 
exposure 

. , 

Promising 

Maria 
Eucalipto 

• Slopes with southern Maria 
to eastern exposure, Eucalipto 
ridge s and degraded 
"high slopes and 
ridge s and degraded 
phase s, of Nipe 
clay. 

Narrow river val
leys and concave 
slopes, exposure not 
influential 

Caoba dominicana 
Maria 

Adaptability of species 

Doubtful 

Capa blanco 
Guaraguao 

I ~ 

Caoba venezolana 
Caoba hondurei'ia 
Algan-obo 
Eucalipto 
Casual"ina 

Un 

Spanisl 
Fresno 
Cassia 
Caoba 
Caoba 
Maga 
Casuar i 
Dalber~ 
Pendulf 
Caoba • 
Algarrc 
Jiicana 
Cedro E 

Fre sno 
Cassia . 
Caoba , 
Caoba I 
Caoba c 
Dalberg 
Algarro 
J iicano. 
Casuari 
Pendula 
Maga 
Capa bl 
Guaragt 

Capa bl 
Bayah01 
Avel!ue: 
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Region Forest 

Mangrove swamps 

. 

Table 18.-(Cont .) CARIBBE 

Site 

Slopes with northern 
or western exposure 

Slopes with southern 
exposure high slopes 
and ridges and de
graded phases of 
Nipe clay. 

Sandy soil on sea 
side of lagoons 

Promising 

Caoba dominicana 

Adaptability of species 

Doubtful I U i 
________ _ j - - -

Maria 
Caoba venezolana 

Caoba hondureiia 
Algarrobo 
Eucalipto 
Casuarina 

Capa 
Bayah 

Avellu 

None of the species tried are satisfactory for this : 
species growing satisfactor ily on this site are c 
aceituna. Planting of these species has not been tes 

Planting is not recommended. 

Muck soils toward the Mangle blanco Mangle negro 
land, constantly re
ceiving fresh silt de
posits . 

Man gle colorado (in 
the deeper water) 
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FACTORS RESPONSIBLE FOR LOSSES 

Only 64 percent of the plantations are 
uow considered well stocked, and some of 
these rely partly upon natural vegetation 
for their cover. Moreov~r, . widespread re 
planting has been necessarl These heavy 
planting losses were caused by a combi
nation of the following fa~t?rs: 

1. The use for planting of large crews re
quired as an _unemployment relief 
measure. Large projects were under
taken rapidly, without previous re
search. 

2. Failure to recognize the significanc'e 
of differences in climate and soil 
throughout the island. 

3. Inadequate information as to the degree 
of degradation of farmed out soils. 

4. The unexpectedly long period of plan
tation maintenance required before the 
planted trees, especially those not well 
adapted, dominated other vegetation. 
This factor involved difficulties of as
suring continuity of funds for plan
tation care when these had to come 
from fluctuating annual appropriations. 

The difficulties which have been met in 
reforestation in Puerto Rico seem to be the 
rule, rather than the exception. It is hoped 
that this report will help others to recognize 
the complexity of the problems involved in 
reforesting bare lands where no experi
mental precedent is at hand. 

DESIRABLE POLICIES FOR THE FUTURE 

The application of the findiD.gs of this 
study to future planting work in the Insular 
Forests calls for the following policies: 

1. Plant the most promising sites first. 
Poor sites may never warrant plant
ing, and they may reforest naturally. 

2. Respect natural r"egeneration which is 
becoming established on open areas. It 
may be wisest to wait until it provides 
a complete cover and then, if necessary, 
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to underplant better species . If not, 
merely interplant existing trees. 

3. Plant only such areas as can be cared 
for with certainty. Do not under
stimate the cost of such care. Early 
weeding is generally necessary even 
with hardy species, and with others may 
be required for 5 years or more. 

4. Use only the most promising species. 
A healthy forest of post species is su
perior to an unhealthy forest of saw
timber species. 

5. Replant when necessary as soon as 
planting losses are known, preferably 
during the first year. 

6. In dry areas confine planting to the 
rainy season and use potted stock as 
recommended. Small local nurseries are 
well adapted for these conditions. 

7. Space field planting from 5 to 8 feet 
and underplantings from 20 to 25 feet. 

8. Use wilding stock wherever obtainable. · 

9. Continue investigations of nursery 
practice, planting methods, adaptabili
ty of new species, light requirements 
for the development of underplanted 
trees, weed control by field crop inter
cultivation and thinning of plantations. 

SUMMARY 

A · recent issue of The Caribbean Forester 
(9 :85-213, 1948) described the results of 
reforestation carried out in about 5,800 acres 
of the Caribbean National Forest as a guide 
for future planting work. A similar study 
was carried out on about 16,000 acres within 
the public forests of the Insular Govern
ment. This report describes the results 
obtained in the Insular Forests. 

Four broad regions are included within the 
Insular Forests: 

Limestone areas-Rio Abajo, Guajataca, 
Guanica and Mona Island . Forests with 
annual rainfall from 30 to 80 inches. 

Mountainous Interior-Carite and Guilar-
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te Forests, with annual rainfall of from 
80 to 120 inches. 

Ser,entine areas--Maricao and Susua Fo
rests, with rainfall of 60 to 100 inches. 

Mangrove swamps-Pifiones, Ceiba, Agui
rre and Boquer6n Forests, where rain
fall is of minor imp ortance. 

The original fores ts in these areas includ
ed mangroYe swam ps, dry eyerg reen forest, 
deciduou s seasonal forest, evergreen season
al forest, lower montane rain forest and the 
montan e thicket formation . 

Large scale planting was started in the 
Maricao Forest in 1920. However, most of 
the planting was done as a part of emergency 
programs between 1934 and 1941. To Ju ne 
1949 a total of 13,163,300 seedlings and 
wildings and 91,230 pounds of seeds had 
been planted. About 45 different species 
were used. 

Weeding has generaliy been necessary for 
from 2 to 4 years and vine cutting sometimes 
up to the tenth year. The vine and weed 
problem is most serious in the more humid 
areas. Weeding and vine cutting costs have 
been greatly reduced as a result of better 
selection of species. 

Sites are variable within each forest, most
ly becau se of differences in topog raphy and 
in the degree of past land abuse. Site adap 
tability of the different species determined 
to a lar ge extent the success of the work. 
The sites in each forest unit are described 
and the adaptability of all species tested is 
discussed in detail. The highest survival was 
obtained with potted plants, but their use 
is recommended only in the dry areas. 

Acceptable natural reproduction ha s 
complem ented artificially established stands 
so that 64 percent of the plantations are now 
considered well stocked. Of the remaining 
understocked area, 72 percent has a forest 
cover and 28 percent is st ill open. 

The cost of establishment and maintenance 
was high because of heaYy replanting and 
the long period of maintenance necessary. 
This was particularly so in the humid 
mountainou s interior . Total costs for the 
first 5 years average 77 man-days per acre 
in the humid mountains, 38 man-days in the 
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humid limestone areas and 34 man -days in 
the dr y areas. 

The factors responsible for losses were the 
following: 

1. The use for planting of large crews re
quired as an unemployment relief 
measure. Large projects were under
taken rapidly without previous re
search. 

2. Failure to recognize the significance of 
differences in climate and soil through
out the island. 

3. Inadequate info rmation as to the de
gree of degradation of farmed out soils. 

4. The unexpectedly long period of plan 
tation maintenance required before the 
planted trees, especially those not well 
adapted, dominated other vegetatio n. 
This facto r involved difficulties of as
suring continuity of funds for plan
tation care when these had to come 
from fluctuating annual app ropr iati ons. 

Based upon the findings of this study, a 
policy was drawn up for future planting work 
in the Insula r forests. 
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REV · IE W S 
An Index to the Term ite-R esistance of Woods 

Bulletin No. 85 of the University of Puerto 
Rico Agricultural Experiment Station bearing the 
above title and just completed by Dr. George N . 
\Volcott presents a summary of many years of 
research on th is subject. 

Seve1'al hundred woods of the \.Vest Indies, 
No1,th America, Central America and northern 
South America are lis ted by common and scientific 
nam e with an index · resistance number for compa
rison with other woods listed . The relative re
sistance of different woods was determined by 
the preference of the .term ites ( C1·yvtote ·nnes 
b1·evis Walker) under laboratory conditions. 

This bulletin shou ld be of great value through
out the large region in which this species of termites 
is of importance . The bulletin may be procured 
without charge from the Experiment Station at 
Rio Piedras, Puerto Rico. 

Jndice de Resistencia a la Polilla de Algunas Maderas 

El epigrafe antel'i~r sfrve de titulo en espa
fiol al boletin numero · 85 publicado por la Esta
cion Experimental Agricola de la Universidad de 
Puerto Rico. Este trabajo que acaba de completar el 
Dr. George N. Wolcott presenta un resumen de 
muchos afios de inv estigac ion sobre esta materia. 

Esta obra enum era varios cientos de maderas 
.<le las lndias Occidentales, Amel'ica del Norte, 
America Central y la parte norte de la America 
de! Sur, con el riombre cientifico y el nombre co
mun de las especies madereras, junto con un nu
mero de referencia que indica la resistencia de las 
maderas en comparacion entre si . La resistencia 
relativa de las diferentes maderas fue determi~a
da a base de la preferencia de los term es ( Cry7Jto
ter1nes brevis Wa lker) bajo las condiciones de la- · 
'boratorio. 

Este folleto es de gran valor a traves de la 
vasta region donde el ataque de este termes asu 
me caracteres de importancia. El folleto puede ad
quirirse sin costo a lguno solicitandolo al editor de 
la Estacion Experimental Agricola en Rio Piedras, 
Puerto Rico. 

The Natural Vegetation of the Windward & Leeward Islands 
By .J. S . Beard, Oxford Forestry Memoirs No . 21, 1948 

192 p11. Illus. Oxford Un iversity Press, London, 1949 

This well illµstrated work presents the results 
of 8 years of research by one of the most outstand
ing plant ecologists to eve1· enter Caribbean re
gion. Dr . Beard presents a theory as to the origin 
.of Lesser Antillean vegetation, a physiognomic 
classificat ion of the important formations, and a 
description of the vegetation of the islands, based 
upon measured samples . Dr. Beard's classification 

has been perfected since he first presented it in 
1944 and appears to be generally acceptable 
throughout the region. His descriptions of the 
forests should· serve as a basis for forest conserva 
tion and additional ecological research. This work 
is an indispensable reference for plant scient ists 
throughout the West Indies. 
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Reviews (cont.) 

Forest Products of British Guiana 
By D. B. Fanshawe, 

Part s I & II. Forestry Bulletins Nos. 1 & 2 

(New Ser ies) Forestry Dept. British Guiana, 1948. 

For est Prodiicts of B1·itish Guiana is primari
ly the result of several years of research by the 
author in the interior of the colony . The magni
tude of the task undertaken is indicated in the 
intiroduction, which states -that approximat ely 
1,000 tree species are known from the near interior. 
Bulletin No. 1 describes some 200 of the principal 
timbers. A lar ge amount of taxonomic work was 
prerequisite to the completion of these bulletins. 
The descriptions are particularly valuable in that 
they include important notes as to tree size and 
form. The practicability of extracting the dif
ferent species is shown very effective ly in a ta
bulation of the average number of trees of each 

species to be expected per 1,000 acres, all segre
gated by the major geographic districts of the 
colony. Bulletin No. 2 describes minor uses of 
a. large number of species many of which are 
common to the Caribbean area. The more im
portant products listed are fibers, tannins, dyes, 
rubber, balata, chicle, resins, oils, fats, waxes, 
medicines, insecticides, and foods . Mr. Fanshawe 
is to be congratulat ed on a very extensive piece 
of work in a region where the vegetation is ex
tremely complex and its utility has been little 
known. These bulletins should contribute material
ly in the development of British Guiana's forest 
wealth. 

Timbers of South America 

By R. P. Woods, 74 pp. 

Timber Development Assoc iation Limited 

75 Can non St., London E. C. 4, 1949 

This booklet is a handy reference of general 
information on nearly 100 of the more important 
timbers of South America . It brings together in 
brief form what is known regarding the descrip
tion of the woods, their working qualities, and 

uses . The more common local names are also listed, 
as are the scientific nam es. Whereas this booklet 
Js appar ently published chiefly for the use of 
:importers in Eng land it should prove also of value 
in the countries where the timbers are found. 
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