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INTRODUCTION

FPorestry has been less studied in tropical than in temperate climates.
In the tropics information is needed in many phases of forestry work,

In Puerto Rico, reforestation had not been carried on an island-wide
scale until the Civilian Conservation Coéps and the Puertec Riso Recon-
strucotion Administration initiated a forestry program in Pederal and
Inmiar forests during 1934 and 1955, Pructically no research and little
plantation establishment had been done previously. Formal research was
not orgsanized until 1839,

Over 20,000 acres of forest plantations established by the above
organizations and lately by the Puerto Rice Emergency Program areé in
themselves the mos% abundant and ro‘diljr obtainable source of informe-
ation of forest regeneration in the island, These plantations have been
astablished under & great variety of conditions, from low to high ele-
vations, and from arid to very humid climates.

Although reforestation policies and technique have evolved upon
recognition of the most obvious failures and through the findings by
experimentation, no comprehensive report had been prepared putting
together the great fund of information obtainable from a study of
plantations, An intensive study should yisld the following inform=-
ation of value to forest administration and ressarch,

le A permenent record and reference of plantation establishment,

2. A reliable estimate of the planting and plantation management

Job ahead with recommendations as made evident by the survey.
3¢ A clearer picture of regeneration and plantation management

problems for use in planning research programs,
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After a preliminary study of survey procvedure during 1940, the survey
was carried during part of 1644 and early pert of 1945, Twenty thousand
acres of plantations in the Caribbeen National Forest and Insular Forests
were surveyed by the research staff,

The report corresponding to the Caribbean National Forest is hereby
presented as a partial fulfilment of the requirements for the degree of

Master of Forestry in the School of Forestry of the University of Michigan,

GENERAL BACKGROUND

The Island of Puerto Ricos

Puerto Rico, the smallest of the CGreater Antilles, has an approximate
area of 3435 square miles., It lies within the torrid zone, on the way of
the trade winds. This fact and the mountainous charscter of the island make
a comfortable olimate,

The island is almest a parallelogram, approximately 100 miles long by
35 miles wide, the longest dimension lying east and west,

The topography is characterized by & central mountainous core running
east-west, surrounded by coastal plains o varying widths, most of them
being narrow. The highest elevation, 4588 feet, is found in the Central
Mountains.

In spite of its swall site, the island shows & surprising variation of
geologic and geographic featurss, Pied (8) divided the island into eleven
geographic regions.

The records of over 10 years show an average iémperature of 76° F.
During the coolsst months of winter the average is 73°F,, and during the
warmest months of swmmer, 79° F. Temperature differences between the
warmer coastal plains and the sub-tropical climate of the mountainous

interior affect the distribution of agricultural crops.
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Rainfall is more important in crop distribution and is definitely
influential in the distribution of forest tree species. There is a wide
range in rainfall from an average of 26 inches in the arid southwest to

sbout 188 inches in the Luquillo Mountains,

Economio Considerations.

Pusrto Ricc ranks asong the most densely populated countries of the
world, At present there are over 600 persons to the square mile, the
greatest preponderance being rural. The total land area is approximately
two million acres, or about 1 acre of land per capita, Of this land less
than one-half acre is cultivated. This land-population ratio requires
specialization in a few highly productive agricultural crops end & great
intensity of cultivation to assure & high yield per aore,

At present the island depends upon a highly commercialized agrioul ture.
The contribution of industries to the island's income has been small,

In very few other countries is thers & greater need for the most
suitable and intensive use of svery acre of land. Although a maximum
area needs to be under cultivation of agricultural crops, there is an
undetermined percentage of the land whose highest use is forest pro-
duction.

Statistics supplied by the Tropical Forest Experiment Station, based

on &9_1940 oensus are as follows:

(Acres)
Government forests 74,804
Privately-owned forests 128,112
Coff'ee woodlands 175,890
Woodland pastures 148 487

Total 527,303

According to this census the total area of the island is 2,190,720

L
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The stooking of the privately-owned forests and the woodland pastures
is very low., Because of their poor condition, they are not contributing to
the extent indicated by their area, The coffee woodlands produce a great
portion of the fuel consumed, The government forests are under the most
intensive management, and acre by eore are the highest producing forests,

The forests are necessary on steep lands under high rainfall for seil
stabilization and retarding of run-off,

The production of forest products is the other main objective of the
forests, The condition and extent of the island forests are such that the
available timber is inadequate to supply the needs for wood and wood products,
Thus, the bulk of the island's needs in both construction and furniture
manufacture is imported., However, the yield of the existing forests is of
great importance to the island for the production of fusl and agricultural
needs such as fence posts, ties, eto, This materially reduces the ime
portation of the latter products.

No suitable timber inventory has bheen made for the island, Teesdale
and Girard (11) estimated the annual value of the fuel from all sources in
16,5 million deollars or roughly 16,56 per cent of the value of all imports,
The labor involved in producing charcoal alone was estimated to provide
approximately 1,400,000 man-days of work per year. The contribution of the
forest in materials for the contruction of ox-carts, ox-yokes, tobacoo sticks,
fence posts, ties, rural houses, tool and broom handles, represents a saving
of $150,000 in the value of imports,

A small but expanding furniture industry in the island consumes
about 1,800,000 board feet annually, of which about 600,000 board feet are
produced locally and the rest imported. This includes mostly high-priced

wood wuch as mahogany or similar timber.
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Since the island lacks coal, oil, and other possible material for fuel,
it is certain that wood will remain the main source of fuel, The amount of
fuel and timber used is increasing because of the fast population growth,

Teesdale and Girard (11) estimated that the forest drain is about
30 per cent greater than the growth,

The following statoczent is quoted from their report,

"The importance of greater production from all types of wooded areas
is obvious and suitable steps should be taken to increase the volume of
wood grown per acore to prevent future shortage,.

If there is any place where scientific “orest management, good
cutting practices, and bringing the forest lands into a state of maximum

production is justified, it is Puerto Rico."

History of the Work.

The Caribbean National Forest consiste of two divisions: the Luquillo,
including most eof the Luguillo Inuntainl on the northeast of the island, and
the smaller Toro Negro Divisién located én the higher elevations of the
Central Hountains, about 40 miles southwest of the former, The Luquillo
Division, variously ocalled the Luquille Forest Reserve and later the
Luquillo National Forest, was originated by presidential proclamation in
1903, Originally it included about 15,000 acres, 12,000 of which had been
unclaimed by private owners, and 3000 acres which were transferred from the
Insular to the Federal government., Subsequent land acquisition, espscially
after 1934, enlarged the division te a total of 25,251 acres, Large-scale
planting work was initiated by such agencies as the Civilien conaorvtfian
Corps and the Puerto Rioo Reconstruction Administration.

The area in need of artificial reforestation was expanded considerably
after the acquisition program inaugurated in 1933-34. The original forest

-5-



wes mostly well forested, but a great portion of the area obtained by
acquisition consisted of open-degraded land. In the fall of 1931 experi-
mental plantations were established in Del Valle, but the large-scale
reforestation work was initiated in 1934, Between the years 1934 and
1542 a total of 3861.8 aoree of plantations were eatablished, An
additional 64 acres were planted in 1946, Maintenance work including re-
planting has been done at varying intervals from the time of plantation
establishment to the present,

The Toro Wegro Division was acquired by purchase from private owners
during 1936. It consists of 6001 acres of forest land located high on the
summits of the Cordillera Central. '

Planting work started in Toro Negro during 1933, A smell planta%tion
was established arocund Guineo Lake, Large-scale reforestation work started
in Dofia Juana during 1934. Planting and replanting continued at varying
intervals to the present, Up to June 1546 a total of 1866 sores of plant-

ations had been establighed in this division,

PROCEDURE

The data was obtained by interpretation of the condition of the stands
and failed spots by personnel well acquainted with the history and condition
of the plantations. Additional data was provided by temporary sample plots
in those areas deserving more intensive study,

A preliminary study showed the impossibility of adapting randomized-
sample survey techniques to plantations, This was the result of the great
hotorogcneit& of the stands themselves and of moat sites. Repeated re-
plantings made with several species, plus rugged relief and great site
variability, did not permit obtaining the required data from plots located

at random, Resu:lts obtained from general recoannaissance, the study of




planting and nursery records, and from the study of purposely selected sample
plots, were considered very adequate to form a basis for reliable conclusions,
Results were qualified according to the methods used.

The recomnaissance consisted of going through the plantation, sampling
the different sites, and taking data on site species relationships and
complete notes as illustrated by form 2 of the appendix, It was not poassible
to make any hard and fast rule as to the number of "site studies", In the
Lugquille Division, 52 site studies were recorded.

As site studies were made on every site and with every species present
in good stands, all of the temporary growth plots were loceted where a site
study had been already made,

Data was algso obtained from one-fourth acre circular growth plots of
59 foot radius, The diameter of every tree inside the plot was measured at
breast height, The average and maximum heights were estimated for sach plot,
The trees were classified as good (those of satisfactory form and vigor which
oould beoome part of the final erop) and poor trees which were those of poor
form or attacked by insects, diseases, or otherwise unthrifty and of low
vigor,

The analysis includes separate tabulation of the data from the growth

plots and from the site studies for presentation in this report,

PHYSICAL FEATURES

Lugquillo Division.

The Luquillo Division of the Caribbean National Forest comprises at
present a total of 25,251 acres including the steeper portion of the Luguillo
Mountains,

Thie range is separated from the Central Mountains and the Carite Range,
The better known peak is El Yunque, 3496 feet, although El Toro, 3532 feet,

and located more to the southeast, is the highest,
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Numerous rivers originate in the area, The Mameyes River valley is
the largest within the Luguillo Division, The Espfritu 3antc and Rfo Grande
are among the largest rivers on the northwest, The Mameyes, the Gurabo,

Canovanillas and Fajardo Rivers have their headwaters in the range,

Geology and Soils: An Intensive erosion since early geologic periods

has produced a definite drainage pattern of rapidly ascending and numerocus
knife-edge ridges, The range is of volcanic origin, although a greater
portion of its rocks are voleanic tuffs and shales formed by deposition of
voloanic materials., On the southeastern part rocks are intrusives of the
gquartzediorite type. The diorites, being erystalline igneous rocks, have
produced coarse granular soils as evidenced aouth of La Mina recreational
area, The topography is often prescipitous. Upon weathering, the tuffs
and shales have produced soils such as those of the Catalina and Los Guineos
series which are high in clay and low in sand, and thus ars heavy textured,
The high rainfall and ﬁsnpornture have caused intense weathering and deep
soils, although in steep slopes soils might be shallow,

Clearing of the forest and miamanagement of the heavy cleys reduce the
soil to a condition in which it is of little use, except for pastures of
very low quality or forest, :

The more open-textured, less-leached and better-drained solls of lower
elevations include such series as Micara, Picachos, and the deeper phases of
Catalina, These stand cultivation batter, although sometimes they are located
on very steep slopes, As elevation incrsases, soils are heavier., The soils

in the highest ridges and peaks have been classified as Rough Stony Land,

Climate: The locetion of the Luguillo Mountains as the first high
range on the way of moisture-laden trade winds accounts for & high anaual

precipitation. The condensation of the moisture-laden trade winds causes



very frequent fogs at higher elevations,

Rainfall is well distributed, although it concentrates in the summer
and fall, It decreases from high to lower elevations, and from sast to
west, The less hnﬁid peried generally extends from the month of February
to April, The rainfall records from four stations are shown in table 1,
page 10,

At lower elevations and in the most exposed areas, short rainless
periods during the winter months affect the result of planting operations.

Most of the temperature data refer to La Mina recreational area (2080
feet), which is higher than most of the plantations. The yearly average
meximum and minimum temperatures for the period are 76,1° F. and 63.8° ¥,
respectively, The highest temperatures are recorded from June to Octobder,
and the lowest from January to Harch,

The following is the monthly average for a six-year peried in degrees

Fahrenheit,

Table 2, Monthly Aversge Temperature for Le Mina,6 Luquillo Division

Jan, Feb, Mar., Apr. Nay June July Aug., BSept, Oot. Nov. Dec. Total

8649 68,6 67,2 69,0 70,0 Tled T2,0 72,7 726 Tle9 70,4 68.4 69,9

Tore laggp Divisione

The Toro Negro Division of the Caribbean National Forest has been roughly
set up as a rectangle reaching El Alto de la Bandera on the west, the town of
Villelba on the south, the town of Orocovis on the east, and an east-west
line following latitude 18°15' to the north, While this outer limit containg
over 100,000 acres, it was recognized at the time that probably not over
40,000 acres could or should be bought while it was admitted that purchases

up to 30,000 acres would include all that is most important to acquire,
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Table 1, Rainfall Data of Four Localities in the Luquillo Division
Tocality ends No, of: : : : : : : : : : T : : :
elevation s years : Rainfall : Jan, : Feb, : March 3 Apr, : May : June 3 July : Aug, : Sept. s Oct, : Nov, : Dec, :Total
3 : Monthly 1 $ s s t 3 s : 3 3 3 3 s
La Mina : 10 : Average 1 14,05 31le9 3 7e26 3 8,78 120,993 17,861 13,17: 19,50: 15,76 319,66 321,19 :17,96:188,17
] ¢+ Days withs : 3 : : 3 1 3 : 3 : 3 :
2,060 ft, s t rain 1 24 119 : 17 117 124 : 235 : 24 s 24 3 23 s 24 : 24 ;26 s 2869
N 3 3 : : 3 : 3 3 t 3 ' : 2 [
Rfo Blance @ : Monthly : 3 t : : H 3 s 3 3 s 3 3
6§00 ft. : Average : 6402 t 5421 : 4430 : 4,93 311,503 104,33: 9,383 11,27: 12,20 312,19 :12,23 ;3 9,90:100,46
: s Monthly s : : 3 : t 3 : : 3 s : 3
: 11 3 Average : 11,09 : 8,54 : 7,83 : 8,62 :15,49: 14,1412 11,62; 13,84: 15,04 113,42 316,27 :13,19:149,09
1,800 ft.: s+ Days with: $ 3 : : : 3 : $ : : 3 3
: $ . yin 3 36 3 RO s 20 4 25 :t 2 : 88 3 ET: 28 + 27T 2 2T »85 238 1 303
[ t Monthly ¢@ 3 | | : ] t 3 : H % : 1 .
Sabana 2 9 1 Average t 8421 3§ 3,37 ¢ 6,54 311,27 114,948 13,753 14,56: 11,14: 12,24 313,94 316,23 : 9,36:135,55.
500 ft, : 3 : H H ] : 2 H 3 3 ] s : H
] ] H ] H s H H H H H ] i H ]
El Verde : ¢ Monthly 3 3 : 3 : s 3 : 3 : s 3 :
350 ft, ¢+ 23 : Average 3 Be¢l0 1 5,25 t 5448 1 5,21 1 Te303 Te68: 11e46: 8,681 10,54 2 7,51 310,33 :10.,42: 97,68
3 :+ Days with: : 3 : t N t : 3 N 3 $ N :
3 . rain 9 34 2 20 ¢ 10 & 9 2 1% 22 x 18 13 3 2h t 34 -3 160 217 2164
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that is, land over 3000 feet elevation, and the steeper and rougher slepes
in the 2000-3000-foot zone, Actually only 6001 acres, including the highest
elevations in the island, are in government ownership, but it is expected

that such area be rapidly inoreased by post-war scquisition,

Geology end Soils: Volcanic activity has been responsible for the rooks

in part of the area, These are, according to Meyerhoff (6)"intrusive porphy-
ries chiefly andesitic invading upper cretaceous, sedimentary, pyroalsnt'ic
rocks and andesitic tuffs agglomerates and associmted conglomerates.,”

Yellowish heavy clays are mapped as Los Guineos and Cialitos clays,
However, in a limited area around Guineo Lake, thers is a purplish-friable
permeabls clay known as Alonso clay, Toward the west, in the Utuado-Jayuya
valley, granitoid intrusives, diorites and granites are in evidence,

Beils derived from granitoid rocks are known as Utuado loam. The latter
are the best drained and more friable soils of any found in the area, The
higher elevations to the west of Guineo Lul:o are mapped as containing Rough
Stony Land,

Micara soils, prevalent in the highlends to the east and to a less
extent to the north and south, are included within the rectangle comprising
the division, They ooour east of Rio Bauta and to a smaller eﬁct-nt aouth of
Casa Blanca along the Toro Negro River, and a short distance north of the
town of Villalba, Probably they will never be in government ownership since
they are being cropped and are considered of agricultural value in spite of
the very steep topography.

The southern stresms have a precipltous descent toward the coastal plain
less than ten 10 miles away, As & conseguence, rivers are short and numerous
to the south and larger north of the min divide. Among those rivers which rise

in the division and flow south into the Caribbean Zea are: Portugués, Inabén,
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Jacagues, Guayo, Vaca, Descalabrado,and Coame. To the north all go into the
Arecibo and Manatf{ Rivers, The Camnillas Rivera, which supplies the largest
hydroelectrio project in the island, has its headwater in this division.

The rivers south of the divide are used for irrigating the dry but
intensively farmed coastal plain., Two dams have been built within the
division in the headwaters of rivers flowing north, The water has been
tunneled south to & power house at Villalba at the base of the hills,

Water is further collected to another dam on the Jacaguss River at a lower
elevation, from where it is distributed through irrigation canals to the
sugar cane lands, In addition, considerable water for irrigation is obtained

from wells which are fed from the mountains,

Climate: As with other areas of the island, topography is influential
in determining olimate., In Tore Negro the climate is more comfortable than
at the Luquillo Mountéins as a result of a cooler temperature and & less
humid environment,

Temperature data for two stations in the division are shown in table 3,
The station with the lowest rainfall in Toro Negre is about 14 inches lower
than the respective one in Iuquillo,

The three rainfall stations in Toro Negro range from 83,38 inches at
Matrullas (2300 feet) to 11.15 inches at Guineo Lake (3000 feet)s The Tore
Negro station located at 2250 feet has an average of 97.99 inches. There
seems to be an apprecisble reduction in rainfall from wast to east,

Rainfall is well distributed throughout the year. The days with a
measurable amount of rainfall range from 176 in the Toro Negro station to
236 in Matrullas, and 235 at Guineo, In the Luquillo Mountains there is a
much largerrange among the different localities,

May is the month of highest rainfall in both Guineo and Matrullas,



Table 3, Temperature Data of Two Localities in the Toro Negro Division
Locality end : Temp. ¢ No, of: t : : [ s i s : 3 : : 1
elevation : ° F, : yoars : Jan,: Peb,: March : Apr. : May : June: July: Aug, : Sept.: Oot.: Nov.: Dec, : Annual
1 : ¢ : : : 3 : : 3 1 : : s :
: Hean 3 3 H : : ] : ] 3 3 3 s H 3
: maximam 1 B=l0 t TO.5: T0.9: 716 : 73,6 1T4.8 1 T8e2% TTodt TT.5 & 76,7 2 TB5: Tée3: 72,0 1 74,3
Guineo Lake : 1 $ ¢ 3 : : 3 ¢ 3 : 3 3 3 3
3,000 ft. t Moan I Bed i 83431 B1,9: 63,0 : 65,5 1874 1 69,5: 70.3: 70,2 3 68,9 1 69.,4: 67,63 65,1 : 66,9
1 Mean 3 3 3 : : : 3 ) : 3 fy 3 3 %
: minimmm 2 Sed 1 55.6: 54.7: 55,7 1 57.2 180,0 : 62,21 62,62 6342 : 62,5 : 61,92 60,23 57,9 : 59,5
N 3 3 : 3 : 3 2 : 3 g 3 3 3 :
3 3 3 3 3 : ) : 3 : : : H : '
: Hean : g 3 H ] H H | H 3 H ] ] :
Toro Hegro : maximum : 6«7 3 T4de7: 74463 TdeB : 75,2 178,2 : TB8e6: 80623 B0eT7 : 72,5 1 TD0: TT743: 75,6 : 72,2
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t lean 3 $ 3 $ 3 ] s s 3 3 3 3 3 F)
: minimum @ 13«15 3 58433 5743t 5747 ¢ 5847 36149 3 62,7: 63.1: 63,4 1 63,0 : 62,53 61,63 5943 : 60.8

15~



August, September and October approach or exceed 10 inches of rainfall.
Average monthly and annual rainfall for Toro Negro is shown in table 4,

The Luquille plantations are loocated at elevations between 500 and
2000 feet with the greater portion under 1000 feet. In Toroc Negro, plant-
ations are located between 2500 and 3500 feet,

No data of wind velooity and evaporation were obtained, but thers is
no doubt that the greater exposure of the Luquillc Mountains results in
nnri persistent and stronger winds, This and tho-highor temperaturs inorease

the evaporation which should counteract somewhat the higher rainfall in Luquillo,

THE PLANTATIONS

Planting Objectives,.

The objects of planting as visualized at present have been sestablished
by the forest planting policy. The following objectives are quoted from the
planting pelicy of 1946,

"Porest planting is done in Puerto Rico (1) for timber production and
(2) for watershed protection, The former is nearly always the chief objec=
tive, although on steep bare slopes with very poor soils in areas of high
rainfall the latter may be the most 1npurta§t.

The final goal of planting is the establishment of & forest which is
(1) all-aged, (2) composed of sawtimber and durable round timber species,
and (3) capable of reproducing itself.

Sawtimber (primarily furniture woods) and durable round timber species
are believed to be the highest yielding products of the faraat. Fuelwood
© yield can aluqyalb-‘mnintninud at & very high level on a by-product basis,.

The deairability of a forest which reproduces itself is obvious, In
such a forest none of the present heavy establishment costs need over be

paid agein, This stipulation requires that the species of the managed
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Table 4. Reinfall Date of Three Loealities in the Toro !cg‘a Pivision

Looality and: Wo, of: N t 3 s : t 3 $ 3 3 3 -3 3
slevstion : years : Rainfall : Jan, : Feb, : March : Apr, : Hay : June : July : Aug, : Sept. 3 Oct. : Nov, : Dec.:Total
: : Monthly : 3 : T : : : : : 3 3 : 3
Guineo Lake: 12 : ;s.wrase t 4,37 3 B.24 3 5,42 * 6,84:117.52: T.81: 6,92:12,36 : 14,88 215,78 : 9,28 : 4,76:111,15
: t Days withs 3 s 3t 3 3 g 2 : 3 5 3 3
3,000 ft,: gt orakn. & 18-85 3 r X002 10 ¢ . BA AP ¢ XY & B B2 B 2N 2RSS
t : : : 3 3 : : 3 t : % 3 3 :
: : Honthly @ : : t i : : s 3 2 3 3 3
Hatrullas : 9 : Average 1 4,99 : 3,74 ¢ 5,80 : 5,15:12,08: 4£,58: 4,70: 7.63: 9,53 = 11.,01: B.656 : §,66: 83,38
: ¢ Deys with s : ' : : 3 : : : 3 : 3 s
2,300 ft.: g eain 1t B a2 34 x 36 'y 38 : B+ 38 » 28 v 2B 228 3 B4 2 23 2322 :12%08
8 $ PR 3 s t 3 1 3 N $ 3 3 : 1
3 ¢ Honthly : 3 g § 5 3 5 3 s 1 g 3 H
Toro Negro: 29 : Aversge : 35,98 : 4,85 1 4,71 ¢ 7,39:12,11: 6,783 6,643 0,371 13,24 : 14,522 9,84 : 4.56: 97,99
3 3 with: i A s : : 1 : : : s H i
2,250 ft,.: . yaim. 3 343 33 o+ IR 2 20 s 10 24 :x Q4 & 26 % )8 .z )6 ¢ 18 213 2 478
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forest ??ssurfioicntly shade=tolarant to be able to reproduce themselves
under natural forest conditions without liberation except for that provided
by light periodic cuts.

The relative merits of mixed and pure standa have not been determined
under Puerto Ricen conditions, but it appears that a mixed stand, being more

natural , may prove more satisfactory.”

General Description.

Luguillo Division: A totsl of 4,065,966 seedlings plus 44,600,3 pounds

of seeds were used in a total of 3,025.8 . aeres in which ebout 27 species
were represented,

The land in process of reforestation had deen divided for administrative
purposes into planting projeots as follows: El Verde, Pizd, Sebana, Coca
Valley, Del Valle, and Cidnega Alta, BHach project,in turn, was divided into
plantations, following planting handbook proesdure. In all, 54 different
plantations were e¢stablished. COradually the original distribution of species
was altered or completely changed by repeated replanting so that for this
discussion the plantationa were grouped by tracts or group of tracts, A
map of the plantations is shown in page l6a,

The working plan recently proposed for Luguille divides the area inte

ten working cycles which correspond to the original planting projects as

follows:
Planting Projects Horking Cyoles
Bl Verde Espiritu Sentc and Jiménez
Pizé Espfritu Santo and Cacique
Cidnega Alta Ciénega Alta and Gurabo
Del Valle Hioaco
Tract 91 Fajardo
Sabane Cristal
Coca Valley Oristal and La Mina

% This figure mignt not agree With other reports. It includes ctual ares

lanted and does not consider plantstions dropped or satablished in areas
that had been dropped.
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The total area of plantations established is as follows:

Table 5, Total Area and Number of Plantations Established in the
Luquillo Division

H :
Project :+ Area in t Number of
:+ plantations : plantations
(Acres)

El Verde and Jiménez 180 3
Piz& 571 6
Ciénega Alta 1,5256,8 26
Sabana and Cooca 953 7
Del Valle 696 12
Total 3,925.8 54

The total amount of trees and sceds used up to June 1945 is shown below:

Table 64 Trees and Seaeda Planted or 8eeded in the Lugquille Division

from Jan, 1934 to June 1945,
3 3

Spooio' 1 Seedlings s Seeds
2 :
Pounds
Albizzia lebbeck 46,150
Andira jamaicensis 1,976 24,601,8
Byrsonima spicata 19,169
Calophyllum calaba 12 ,6860,2
Casuarina eguisetifolia 121,770
Cedrela mexicana 525,880
Ceiba pentandra 5,600
Cordia alliodore 344,686
Dalberghia sissoo 60,920
Eucalyptus citriodora 2,160
Bugalyptus robusta 17,680
Eucalyptus sppe. 4,640
Guarea trichilioides 63,891
Hymenaea courbaril 3,900 544
17




Table 6, (Cont,)

" ]

Species t BSeedlings t Sesds

: 3 ' Pounds
Jambosa jambos 1,975
Fucuma multiflora 6,384.,3
Manilkara nitida | 19,450
Montezuma speciosissima 206,369
Ocotea moschata 500
Petitia domingensis 191,105
Sciacassia siamea 43,165 r
Swietenia candollei 405,742 ey
Swietenia macrophylla 700,460
Swietenia mahagoni 963,902
Tabebuia pallida 252,625
Tectona grandis 634543
Vitex divaricata 9,300

Total. 4,065,966 44 690.3
If the pounds are converted to the total amount of seeds, an additional 1

2,029,840 seeds are obtained, This mekes & total of 6,085,806 seeds and
seedlings, The total aree in plantations is 3925.8 acres, but the area
actually planted was figured at 2866 acres, The total amount of seeds and
seedlings planted and replanted per ﬁérn equals 2123, Sinee planting and
seeding was done at approximately 1000 per acre, it is evident that eaough
planting stock was used té plant the whole area twice, This is also shown
when the total amount of planting material is figured separately for original

planting and replanting, The total amount of seedlings used was 2,233 6064

for original planting and 1,822 902 for replanting. The seeds used for y b

\
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original planting and replanting were 20,235,4 pounds and 24,454,9 pounds
respectively. .

It would be difficult to trece low survival to any one factor or set of
factors even if the evidenmce would have been present at the time of the survey.
Results of planting are the oonsequunce of & complicated series of events and
conditions such mas choice of planting sites, selsction of species, time of
planting, weather, quality of supervision, amount of knowledge, and experience

back of the planting plan, ete. BSurvival ls further discussed in the text,

Toro Negro Diviasion: Exoept the highest section west of Ouineo Lake

which was well forested, the rest was in need of reforestation, especially
the area between Guineo and Matrullas dams,

\ The technique and general procedure in this division has been similar
€o the one used in luquillo, although the work at Toro Negro has been more
intensive mainly because of a smaller area of plantations,

The original planting was followed by repeated replantings using
several species, Some of the latest replantings have been done in land,
which, until recently, had been cultivated by parceleros. Some of the land
where tabonuco was harvested has been replanted latsly,

Up to Junn 1946 & total of 3,090,265 seedlings and wildings plus
18,6809 pounds of seeda had been planted or direct seeded. The total area
of plantations is 1866 @bres. -About 28 speciés were planted in 28 different
plantations,

The total area of plantations established in the different projects

is as follows:
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Table 7. Total Area and Number of Plgntationl Established in the

Toro H.Ero Division
:

Project : Ares in 3 Number of
: pleantations @ plantations
Acores
Dofia Juana 787 14
Matrullss 737 8
Guineo Lake 332 7
Total 1,856 29

The total amount of trees and seeds planted is shown below:

Table 8, Trees and Seeds Planted or Seeded in the Toro Negro Division
from April 1935 to June 1945

-2 0-

Species ¢t Seedlings s Seeds
; ‘ (Pounds )
Bambusa spp. 2,360
Buchenavia capitata 200
Calophyllum calaba 787
Cedrela mexicana 507,018
Cordia alliodora 757,158 ”
Dacryodes excelsa 22,398
Bucalyptus resinifersa 10,800
Eucalyptus robusta 80,910
Buoalyptus rostrata S,SOOi\
Eucalyptus spp. 3,580 -
Bugenia stahlii 6,500
l Guarea trichilioides 126,401,
Hymenaee courbaril 14
Lucums multiflore 15,293
Manilkara nitida 8,600




Table 8 (Cont,)

Species : Seedlings 3 Seeds
: : ' - { Pounds )
Montezuma speciosissima 142 785
Ocotea moschata 1,000 2,849
Potitia domingensis 10,010
Sideroxylon foetidissimum 2,075
Swietenia oandollei 204,990
Swietenia maorophylla 9381 ,636
Swietenia mahagoni 61,843
Tabebuia pallida 42,200
Tectona grandis 1,500
Vitex divericata 188,899
Total 3,000,265 18,899

If the total amount of seeds is added to the seedlings and wildings, =
total of 3,729,126 seeds and seedlings is obtained, The total earea planted
is 1856 mores; thus, an average of 2009 seeds and seedlings were planted
per acre. Because of low original survivel and prolonged replanting, &
large amount of planting material was used per acre.

The same or very similar conditions operated in Tore FNegro as in

Luguille so that the results obtained are comparable,

RESULTS

Site Factors.

Topography and Soils, Luquillo Division: The relsation between the

site and the various species planted is of decisive importance and was

studied in detail.
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The heavy rainfall and the very broken topography of the Luguille
Mountains favor soil degradation., The heavy clays of Cataline and Los
Guineos series after losing the top soil become & deep mass of nearly
inert clay low in minerals, organic matter, and biological activity.
Although losses by erosion are high in Micara and similar soils, these
soilas rest upon rapidly decomposing rocks which constitute a reservoir A
of plant nutrients, These nutrients are gradually released and made
available to plants, Mineral content is higher than in the Catalina and
Los Guineos, and leaching and acidity are lower too,.

Relioef is the most striking factor affeoting site-spescies relation-
ships. Differences between ccncave and convex slopes have been recognigzed
by farmers in their selection of sites for agricultural erops., R.C. Roberts(9)

brought out this relation when referring to coffee, "In equel areas crop
production generally is about four times greater on concave than on convex
slopes, The soils on the concave slopes are higher in organio matter and
have taicker surface layers than those on the convex slopes, owing to a
gradual scowmulation of soil and plant meisture."

Se B. Wilde (14) states: "“Hill tops, ridges and similar elevated
portions of topogrephy receive much light and heat; they are exposed to
the wind and their available moisture is at & minimum, The valleys and
basins receive on the contrary a smaller amount of light and heat, but an
abundance of moisture,”

Probably run-off consideretions and soil accumulation are more
in!luantial in site differentiation in this forest, Three different
sites are distinguished., These are: (1) lower concave slopea and
valleys, (2) uniform slopes, and (3) ridges o; upper convex slopes.

s
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They are best described by soil removal and deposition which is as follows:
Ridges - soil removal without replenishment from above.
Slopes - replenishment from ridre and soil removal to walleys
Valleys - deposition from above and little or no soil loss
Faturally, there are no sharp lines between the divisions which
gradually fit into eech other, The upper slopes differ little from
ridges, and the lower part of uniform slopes are similar to valleys,
In almost each acre, mors than one type is reprosented, It is very
difficult to estimate the area in each of the three sites. The

acreage in each site was e stimated as followe:

Site Per cent Area
Ridges 32 1268.1
Slopes Bl.2 2010.2
Valleys 16.8 658,56

Slopes vary from 10 to 80 per cent but mostly between 20 and
30 per cent. The ridges range from 15 per cent upwards, mostly around
35 per cent. Valleys show a much narrower range from 5 to 30 per cent
with the greater frequency between 10 and 15 per cent.

Clear cut differences were not obtained when sites were compared
on the basis of snnual growth in diameter and height. In part this
was due to & diffioculty in separating several ages in stands, but mainly
to different degrees of soil deterioration., This fact introduces another
variable in addition %o the relief, The distribution of the 14 sauple
plots measured in the best stands is as follows: J in the ridges,

7 in the slopes, and 4 in the valleys,

Topogrephy and Soils, Toro Negro Division: In the area osoupied

by plantations in the Luguille Division, the diff'erence between convex



and concave slopes was considersd ito be the most influential factor in site
differentiation, In the Toro Negro Division, on the other hand, the effect

of such topographical features is not so evident, Although the difference
between walleys and ridges is also perceptible, soil degradation is accelerated
by the removal of the forest cover, irrespective of topography.

Soils in Toro Wegro consist predominantly of the yellow colored heavy
clays of high elevations, particularly Los Guineos clay, The more open=-
textured soils like Alonso clay and lMicara are rather the exception. In
Luguille the plantations are located on the outer lower fringes of the
range where thers is a higher proportion of the light-textured morse
favorable soils,

In Toro Negro the same topographic features as ridges, slopes and
valleys are evident, but the following two main sites are considered
more influential: (1) severely degraded soils and (2) slightly degraded
soils,

Variation in slopes is large, usually bstween 15 and 90 per cent,

The process of soil degradation mentioned before is reflected in the
agricultural practices in Toro Negro, Hardly any crops that require open
oultivetion are grown, Even in the level areas, soils degrade very fast
after the forest cover or the coff'ee woodland is removed, Since profitable
cultivation with open-grown crops can hardly be expected to go beyond the
fifth year, a considerable portion of the area is left as unimproved
pastures. In many instances no attempt is made at cultivation after removal
of the forest cover, and poor pastures follow the clearing of the forest.

This soil relationship seems to be ro-pgnniblo for the predominance of
the coffes-type of cultivation at the higher elevations. This fact suggests
a type of forest management with & minimum of soll disturbsnce and exposure

a8 ocours with the natural-forest type of stand establishment,
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The extent to which the artificial and parklike stands of EBEucalyptus

fit in the forest management of Toro Negro is hard to realize at present,

Exposure: No evidence was obtained that the kind of exposure affects
the plantations enough to be noticeable.

Beard (2) conaiders that inereased exposure to wind with higher
elevation brings a corresponding increase in the evaporating ability of
the air, A rise in elevation results in lowering the temperature and
increasing rainfall, which gradually produces a state of physiological
drought, This brings about a gradual lowering of the canopy, oulminating
in alpine woodland,

In the Caribbesn National Forast thers is sufficient humidity in
excoess of evaporation so that moisture is not a limiting factor,

The plantations to date have not been exposed te hurricanes, ¥When
this happens, it is probable that stands to the windward side will be
more affected,

Drainege: Although the land being reforested is generally located
on steep slopes, lack of drainage is a po;libility because of two
conditions,

(1) Very high rainfall
(2) Preponderance of heavy slay soils, some of which are under-
laid by clay pans,

One of the most undesirable features of the heavy clay soils
when the topsoil is removed by erosion, is their apparent lack of drain=-
age, The same soils when under a forest cover; have adequate drainage,
especially for seedlings and small trees, The difference in soil
gqualities obtained by the addition of a thin layer of the top forest

goil is remarkable,



Burvival examinations often showed water stagnation in the upper
layer and roting of the stem and roct system of the seedlings. Those
speciec like roble, Euealyptus, marfa, eto, which are suecessful in
degraded sites, apparently are tolerant to such lack of drainage in
the uppermost lavers,

Pifferential drainage requiremeonts do not seem to be limited to
the seedling etage, The artificial regeneration of Spanish cedar which
go far remains an unsolved silvicultural problem, is recognized to have
a gtrong commsotion with drainage and sereation of the root system.

It was also noticed that Dominican mahogany was thrifty only in
the very well-drained Panduras soils in Del Valle. Capé prieto is a
tree of very welle-drained localities,

In general, drainage needs more consideration in the Toro Negro
plantations than in Luquillo, becauss the plantaticns are located at
higher slevations,

Ground Cover: Openings are not naturally found in the mesophytic

forests, These are the result of coatim&d disturbance of the forsest
growth to make room for agricultural crops or graring. Sites without
volunteer woody growth, or which were in grass &t time pf planting,

had been degraded through misuse and exposure. Evidence shows that
ohly a few species oan be established under such conditions, These
species are marfs, Hucalyptus, oapd bianco, roble, and pomarrosa,

Marfa, roble, and pomarrosa do well in degraded sites and are able %o
competes successfully with weeds, Capd blanco and Bucalyptus require
frequent weedings, especially the latter species which is very sensitive
to weed competition., However, Bucalyplus grows so fast that in two years
or 80 very little maintenance is needed,




Volunteer forest growth rapidly improves the soil and thus creates
favorable soil conditions for tree growth, Also it maintains faverable
humidity and reduces weeds and vines.

Climax species, which as a rule are mors exacting, ;io not appear
until the site has been improved by pioneer species.

The lack of appreciation of ecological succession resulted in the
failure of climeax species like mmhogany, oapd prieto, nues moscada, when
planted in open degraded sites. The majority of the species used in ree
forestation wore olimax species, The following speciss grow well when
planted under forest conditions, Capd prieto, guaraguao, algarrobo,
Jjheana, ausube, nusz moscada, pomarrosa and broadleavsd mahoganye

Guaraguao, ausubo, pomarrosa, and nuez moscadsa, are the most
tolerant zpecies in ihin groupe

Trees growing under a canopy are usually of good form and the
intormediate cuttings are provided by the natural stands, For this
reason only enough trees of the valuable species need to be planted to

assure the crop trass,

FLAKTING PRACTICE

leting #tock.

Rursery seedlings, sesds, wildings and transplants have been used
in planting. Marfa has been direct seeded with great success. Plantations
established with roble and guaraguao wildings aave had & very high survival,
Transplants are now used with Bucalyptus and Casuarina,

Overgrown stock gives poor results, unless it is cut back to 1 or 2
inches, Good survival and growth have been obtained by cutting back large
stock whioh have grown wide apart in the nursery, using such species as

broadleaved mahogany, capf prieto, teak, higuerillo and guaraguao,
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Planting Season,

The time of planting is generally determined by the rainy season,
In both divisions rainfall is ample so that as a whole, lack of humidity
is not a limiting factor,.

Rainless periods as short as two weeks ocan affect the survival of
plantations because of the rapid drying of the topsoil. Low survival
mnylooour in & month of high total rainfall concentrated during one
or two weeks. The significance of such short rainless periods is
familiar to field men but can not be apprecisted from the mean monthly
rainfall, The cooler and more uniform climate of the Toro Negro Division
permits practically year-around planting,

Wildings which can be held without getting cvergrown can be planted
during the periods of most favorable weather. Local aurseries close to

the planting sites are alao advaantageous in this respsct,

Ground Preparation,

¥When the role of volunteer trees of inferior speocies was less
appraciated, ground preparation consisted of removing trees or saplings
of inferior apecies., This was expensive and generally not necessary.

An example of such specifications is shown in page 121,

The procedure now used oonsists in removing vines and allowing
volunteer trees to grow, The introduction of better species is done
gradually using the natural stand as a shelterwood,

Individual "coronas” for every tree are used with species grown in
the open. Coronas are circular lpott; 2 to 3 feet in diameter, which are

kept free of vines and herbaceocus vegetation.
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Method of Planting.

The method of planting has not been changed. The pick-mattock is
the tool universally used because of the heavy clay soils and the abundance
of rocks and large roots,

Spacing is irregular because of broken topography, rocks, presence
of matural trees, ete. In the open, trees are spaced 8 ft. by & ft.
Underplanting is done at & considerable wider spacing at spproximately
25 ft. by 25 ft,

Little is kmown about the mixture of species. More information is
necessary before any type of mixture is recommended. It is undesirable
to mix species of different rates of growth in alternate rows unless the
slower grower is an understory species, The mixture of Dominican mahogany
with more rapide-growing species has resulted in the elimination of the
mahogany, This is evident partiocularly in Del Valle plantations.

As a result of heavy replantings using different species,plantations
are well mixed.

Mixing by groups is probably the caf?nt and most adequate prooedure,
It consists in planting the different species acocording to site requirements,
Since sites are so variable, the stands will consist of more than one species,
each planted in the site to which it is best suited, Different species will
be planted in the ridges and in the valleys smo that a plantation of any

gize will be mixed,

SURVIVAL AND GENERAL CONDITIONS OF PLANTATIONS

Survival,

The evidence of the direct causes of low survival was either lacking

or masked by other factors, "For this reason the specifications of the
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plantation survey did noﬁ require the determination of the direct causes
of survival,

It is considered that the most lmportant factors contributing to a
low survival were as follows:

1. Large scale work by relief orgenizations carried within a relative-

ly short period of tine,

2, Diffioult and highly variable site conditions involving degraded

gsites and intense competition by weeds and vines,

3. Lack of research data and experience with the establishment of

- plantations of tropiecal hardweods.

The knowledge mbout reforestation problems has increased with
research and with the experience obtained in handling the plantations,
A higher survival and thriftiness and more uniform stands are now
obtained as a result of the following:

1, Great reduction in the number of species used., During a
10-year period over 36 species were used in this forest._
The present planting policy requires the use of four species
pending experimental trials in progress.

2. A better recognition of the site problems involved and the
use of tree speoies sccordingly.

3« The formulation of a planting policy based on results
obtained to date, The time element is now more favorablé
since planting operations are smwall and can be planned
ehead of time.

4, Reduction in the size of the plenting orews, The large
orews of relief workers have given place to small crews

of permanent forest workers, Supervision of these crews



can be done more effectively than in the early days.

The circumstances mentioned above have required a long process of
trial and error to arrive at the present knowledge of species and site
adaptation,

The very heterogeneocus site and cover resulted in very uneven and
mixed stands where trees ocour in all ages frgn one to eleven years,

The results obtained in the Caribbean National Forest show that as
far as survival, the species can be divided in three groups as follows:

Table 9, Survival Classes of Different Species in the Caribbean
National Forest

High survival Fair survival Low survival
50-100% 26=-50% 0-25%
Ausubo Albizzia lebbeck Algarrobo
Capf blanco Ash (Fraxinus) Casuarine
Bucalyptus resinifera Broadleaved mahogany Ceiba
Bucalyptua robusta Capé prieto Dalberghia
Guaraguao Cagsia de Siam Dominican mahogany
& Guayabota Higuerillo Buealyptus citriodora -
& Jécana Pomerrosa (plants) Maricao
Maga Teak kooca
& Marfa Negra lora
& Nuez moscada Spanish cedar
% Pomarrosa ; Tabonuco
Roble Tortugo amarillo

# direct seeded

General Condition of the Plantations.

The following estimate shows the general situation of plantations in
the early part of 1945. Every separate plantation or groups of plantations
wore oonsidered individually. The degree of success was determined by the
percentage of the area occupied by species known to have succeeded, This
estimate did not consider the effects of matural regeneration., Because
of this, meny areas which are rated low by this classification or

understocked, might have enough reproduction to make further planting
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unnecessary. This estimate was done primarily to determine the results

of artificial regeneration,

Table 10, Area Coverad q; Plnntiqg_qnd Condition of the Diffsrent Projects

: :+ Peroentage of
Forest units t+ Area in sAr.a actually:Successful: successaful
iplantations: planted : &rea stands
Agres Lor;l Acres
Lugquille Division:
El Verde and Jiménex 180 180 50 28
Pizé 571 487 3156 87
Cidnegs Alta 1,526.8 089 343 34
Sabana and Coca Valley 953 816 445 66
Del valle 696 415 175 42
Total 3,925.8 2,866 1,328 46
Toro Wegro Division:
Doila Juana 787 439 262 60
Katrullas 737 376 228 60
Guineo Lake 332 332 230 70
Total 1,866 1,147 720 83
GRAND TOTAL CARIBBEAR N ,
NATIONAL FOREST 5,781.8 4,013 2,048 61

PLANTATION CARE

ﬂoodingrpnd Haintenance,.

When the survey was initiated, portionf of the plantations were
under combined agriculture and forestry use, This metiod of plantation
maintenance oonsists in growing subsistence crops between the rows of
trees, At that time it was important to find ocut how the two systems
comparad, Plantations maintained by foreit service crews use the system
of coronas.

The application of land utility classes to our land utilization
poliocy plus the administrative difficulties of handling a large number

of permittees have sliminated combined agriculture and forestry use



on the same arsa of land, Thus, the comparison between both methods
of maintenance has lost & great deal of its interest and significance,
The following facts are familiar to persomnnel directly in touch with
plantation management.

1, Inter-cultivation with agricultural crops gives a decided
stimulus to the early growth of the forest trees and probably
inereases survival, Some spsoies like teak require clean
cultivetion for hest results, In some projects a considerable
saving was done in maintenance when & lerge area was maintained
by parceleros, After the trees are out of the reach of the
weeds, dlurough cul tivation of the soil might be harmful,
especially if done close to the trees. Often the rapid
growth and thriftiness of the intercultivated stands resulted
from their leocation inthe concave slopes and the most fertile
sites,

Z2e At any time only fruotianl of the total area of the plantations
were cultivated so it was always necessary %o keep weeding orews
in a larger portion of the plantations,

5. After the trees are 5 feet tall or over, there is some competition
between the planted trees and agricultural orops such as bananas,

4. There is danger of severs scll erosion by oultivation of steep
slopes,

B. Unlimited grazing of the parceleros' cattle and other animals
might result in some harm to the plantations,

6. Since planting practices have changed so that maintenance
expenses will be lower, there will be less need of oultivation
even if it had s owm to be successful. The plantation maintenance

done at preseat conaists only of vine and weed cutting around
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each small tree plus vine removal from taller stands,

Prunig-
Pruning was done in the past but was soon discontinued because of

defective work,

Because of low stocking, and therefore wide spacing, many trees
of such species like onpf prieto and marfa have formed thick branches,
In more dense stands hardly any pruning would have been necessary.

Unless growing olose, capé blanco requires pruning.

Pruning should be done when branches are small and easy to remove.
This operation is better done at frequent intervals in conneotion with
maintenance work, The removal of live branches should be done gradually
&8 excessive pruning can weaken the trees, Only the best trees, whioch
have chances of becoming crop trees, should be pruned, Skilled and

well-trained personnel should be used in this worke

Thinning and Liberation,

Although stands are about 10 years old, thimning is not yet
considered necessary., This is the result of the occurrence of trees of
different ages, the mixed and very heterogeneour stands, and of the low
stocking.

Planting under faster growing natural trees requires that the more
valuable planted trees be released from such competition. During the
last two years a considerable amount of liberation from competition of
volunteer trees has been done,

There is evidence of serious suppression of broadleaved mahogany
in the Cooa Valley plantations., Although liberation was done over most

of the ares, it was not done soon enocugh, and many trees were mishapen,
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The most vigorous fastest growing erop trees suffer first and during
a longer period. Fast-growing species like ocapd prieto, maga, and

broadleaved mahogany in good sites require an early liberation.

 COST3 OF RSTABLISHMENT AND MAINTRSANCE

The average cost per acre for plantation establishment and
uaintcnuﬁé- is shown in table 11, The costs do not include overhsad,
but only the permanent supervision used directly in the fleld., Costs
are based on labor wages paid in the Caribbean NHetional Forsst between
the years 1936 and 1540,

Teble 11, Average Cost Per Acre of Planting and Weeding in the
_ Caribbean Natioaal forest

: :  Cumulative cost at the
H ond of 6 years
Porest units : Cost of :_Eitabliahmant 3

¢+ establishment: plus replanting: ﬁaudiqﬁ : Total

Luquille Division

Pizd 28449 $46,73 $28,13 $74.86
Sabana 28.03 32.80 28,18 60,96
Ciénega Alta 20,00 32,01 23.64¢ 55,66
Del Valle 31,25 36446 54,60 $0.086
Coca Valley 304,26 33,56 40,88 T4.26
Average 20.46 35,18 32,40 67.568
Par cent of total 43,60 52,04 47.96
Toro MHegro Division
Defla Juana 24,14 27460 568,51 64,01
Matrullas 17.68 35446 24,30 59,78
Guineo Lake 28,08 40483 39,40 80,03
Average 22,40 33,01 32,18 65,18
Per cent of total 34,36 504,63 454,387
Caribbsan National
Forest
&ﬂr‘&gs 37.12 54.‘5 32.33 33. 78
Per cent of total 40461 51,89 48,41
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The costs shown in the table include only up to the end Inr tha
first B-year period. The totsl investment is higher -i:_;u in soms
plantations maintenance is still being done after 11 m’ru;

Although the costs were unilormly high, there is some variation
between the different planting projects, The serious vine problem in :
Del Valle and Cocan Valley rosulted in very high ocosts. Pailure of the
original planting in Pizd raised the gost of establishment and replanting.

In Ciénega Alta, maintenance durilx;; the first 5 years was léss '
intense because of a larger area of plantations and maintenance of a
conaiderable area of plantations by pnfmlﬁr_gn. In Sabana a large
area was in second growth and degraded foruf, so there was less
planting and maintenance to do.

Costs were similarly high in the Tore Negro Division, The low
cost of astablishment in Matrullas was the result of & large area in
coffee shade where little preparation was done previous to planting,.
Replanting costs were high because of a very low survival in the
original planting. The existence of the coffee shade also contributed
to low weeding costs, The parceleros maintained & large area of
plantations.

In Guineo Lake and Dofia Jusna a greater proportion of the
plantations are in the open; thus, they require more frequent weedings.

During the first b-year poriod the cost of establishment was over
40 per cent of the total cost. This percentage gradually decreases
after the fifth year since weedins; expenses continued thereafter,

The average total cost per acre was {67.56 and §05.19 for the
Luquillo and the Toro Negro Divisions rup#laotiwly. The total average

cost per acre was $66,78,
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In the Luguillo and Toro Negro Divisions, weeding constitutes
47,86 and 49,37 per cent respectively of the total cost for the first
S-year peoriod. The general average for the forest is 48,41 per cent,

The cost of the original establishment was divided as follows:

Table 12, Cost of Datablishment in Per cent

: : : : :
Divisions : Planting : Ground : Flanting : Transportation: Other

stock ¢ preparation: : i
Luquillo T.63 67.49 21.00 1,34 2,54
Torc Negro 16,99 57453 23,48 «80 1,70

Except for the higher cost of trees in Tore Negro, other expenses
woere similar. This difference is the result of the use of locel high-
land nurseries where cost of seedlings is higher. Ground preparation
constitutes up to two-thirds of the cost of establishment,

This work if repeated at present, will be more expensive because
of higher wages. The following regsneration procedure has been found
to be considerably less expensive:

l. Do not plant species which require ocontinued weeding during a

long period in open-weedy sites.

2s A large saving in planting and weeding is obtained when

plantations are established under a shel terwood,

GEHERAL DATA OH SPECIES

Albizzia lebbeck, albizzia, cassia amarilla,

Albizzia has been little used for reforestation. In other parts

of the island its main use has been &8 a roadside tree. It was planted

to fill in blanks mostly in degraded sites. Survival was good and trees

were thrifty, It has shown ability to stand weed competition., Three



to four-year-old trees were less than 1 inch d.be.h., and not over § feet

tall.

Andira jemaigensis, mocae

Moon was planted as & complement to the nursery stock during the
early years after the initiation of the planting program in 18855 and
1936, Direoct sseding was done in mixture with other spedies as
Dominican mahogany and cedar,

The germination was fairly good, but ni._e; ate the tender seed-
lings thereafter until not much was left of the original sowings.
Injury was higheet in deforested sites, Wildings are found all over
the plantations, but the concentration in any one part is low, It
is hard to distinguish planted seedlings from wildings.

Growth has been exceptionally low, As « rule, trees were
§ feet or less in height at the time of the survey,

Although in poor sites seedlings were chlorotie, general results
did not depend on the site,

In & few words, moca failed because of aslow growth, poor shrubby
form, and susoeptibility to mice injury. It should not be considered
for artificial reforeatation. As it is favored in silvicultural
operations, stands will contain a fair amount of trees, Young natural
reproduction is found in good numbers because seed %tress are abundant,

but few trees usually reach adult size,

Hambusa SPPe , banbooe

During 1944 and experimental plantation was established in
treot 20 above 3,000 f = : elevation., Over 2000 clumps of exotic
spooies were planted, Although survival and thriftiness of the

38



common bamboo are very good in this area, the experimental planting
faileds A long period elapsed between lifting and planting, Drying
up of the clumps during storage and transportation wasg probably the

oause of the poor results obtained,

Buchenavia capitata, cranadillo,

Next to tabomuco, granadille is probably the most abundant
timber tree of good dimensions in the Toro Fegro Division, Un-
doubtedly, its ability to sprout, and the faot that it is not in
large demand, have ocontributed to its persistence. ZSome trees are
known to bear fruits heavily, but they seem to do so at long intervals,
During 1939 a group of 200 seedlings were planted close to the Dofis
Juana nursery in an open-degraded site, One tree was 1.9 inches in
diameter and 10 feet tall after 6 years. It was thrifty and of very

good form,

Bucida buceras, doar, #

Uonr was acoidentally introduced in Dofia Juana during 1937 from
lower elevations, A few trees survived and have been growing well,
On the average they were about £ inches in diameter and 10 to 12 feet
tall after 8 yeasrs. Form was good, Although this is a very promising

species for lower elevations, it does not belong in the higher elevations,

Byrsonima spicats, maricso.

Maricao is abundant in second-growth stands and degraded forests,
When open-grown, it is usually umbrella-shaped and of poor form, Trees
are medium sized, Its wood is considered useful,

In the Luguille Division maricao was planted on a limited scale,

mostly in open-degraded sites, Survival was very low, It is regarded
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as a diffisult apecies to transplant, Six-year-old trees were 1 to 2
inches in diameter and 12 to 15 feot tall, very thrifty and of good form,
The very good health of the trees in spite of the degraded site is
striking,

PDuring 1836 a few trees wers planted in the Dofia Juana nursery
in a very degraded slope. Trees were 3 to 4 inches in diameter and
12 to 15 feet tall after 9 years., One tree had very good form, but
the rest were poor and chlorotic,

Ho insects or disesses have bsen noticed,

In one inatance, fruits which had been stored at ordinary
temperature during one year produced abundant seedlings when direct

seeded,

Calophyllum calaba, marfa, Santa Marfa.

Because of ita ability %o survive in degraded aad tough sites
and to compete with vegetation, wmarfa has been widely used in
plantations. It has shown adaptability to a wide range of conditions
from the dry southwest to the humid areas at higher elevations, Dirset
seeding has heen used with good resulis, exoept occcasional low survival
and a longer wait when seeds are used instead of plants, Occasional
weeding is neceasary until the trees overtop ths weeds,

Seeding has been done more extensively in Piz& but it was done
steadily in all projects until 1942,

SBurvival depends moatly upon germination percentage which variss
with seed viability. In one s*udy, germination was negligible the
first time, but upon resowing, 72 and €4 per cent germination was

obtained after 6 months and 1 year respectively. This difference
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resulted from better seed quality and careful discsrding of unsound
hellow fruits,
Kost of the marfa stands wers small to be worth messuring. The

following dats is from a stand messured in Pisf,

Table 13, fStand in Harfa Semple Plot - Slope

:
DeBelle ¢ Tree form and number per aore
' d 1§  Poor 1 Totel
{inches)  Pure, b to © years from seed

1 78 ' 32 108
2 176 44 220
3 64 - 64
4 28 4 32
Total 344 80 424

It is not easy to separate th§ differont ages, however, it is
sertain that the S-inch trees sre from the 1938 sowing, and thus
8 years old, Average d.b.h., of the satisfactory or good trees is
1.20 inches, This is one of the largest standes with 81 per cant
of good trees, The tallest trees were 20 feet high,

This site is & high windy slope of degraded Los Ouineos clay,
At time of the survey there was 8 13-per cent windfsll mmong seed-
lings 1/2 inoh in diameter.

One stand in tract 81 located on & site better than the average
WAS 8 to 8 yeurs old and tress had an average dismeter of 4 inches,
and a maximue diameter of 6 inches, Averuge height was 20 feet and
maximum height 25 feet,

Apparently growth speeds up (especially diameter growth) after
the firet G-year period. The following average annual growth of

maria gives some indlcationa of this fact,
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Table 14, Average Annual Growth of Marfa
: 3 3 :
Site s Average : Number of : D,B,H, growth t Height growth

: age 1 locations : Average : Maximum : Average : Maximum

Years Inches Inches Feet Feet
&1dgc S 1 ol 2 o6 1
8 1 25 «375 1.87 246
SlOP. 4 1 .12 .5? 2;0 s.o
5] 2 «175 . 2.2 3.0
6 2 st « 33 1.5 2,0
8 1 37 o 44 1.88 2,65

In Del Valle, l3-yeareold trees had an average diameter of about
§ inches, The largest tress were 8 inches in diameter and 35 feet tall,
Marfa trees are mixed with Honduras mahogany, maga, end capf blanco of
the samo age, Marfa is the best of all because of its good form and
thriftiness,

Because of the low survival of the original sowing in Pizé, the
largest trees have grown wide apart and have formed thick side branches,
When trees are close, the form is good,

Some pruning is necessary where stands are irregular and widely
spaced, As a rule, no removal of overstory is needed as stands are for
the most part in the open, Likewise, no thinning of plantations scems
necessary for the near future,

During 1939, 767 pounds were direct seeded in Dofila Juana and Guineo
plantations, Survival was satisfactory, trees being up to 1 1/2 inches
in diameter, and between 3 and 8 feet tall after 6 years, Trees are
thrifty but not promising since they sre surrounded by species which
are mors suitable fo; the locality,

No insects or diseases have been found which might be a limiting
factor in growing marfa, The leaves are commonly affected by galls
but this does not seem to affect the health of the trees., The seed




orop is heavily affected by a weevil (not identified) which causes seed
drop, and undoubtedly affects the quality of the seed.

Bats and nooturnal birds are very effective agents in the distribution
of this species, They eat the rind, and in so doing, distribute the seod,

In the Luguille Division, differently from all other forests in the
island, trees suitable for sawtimber form & subsiantial portion of the
total stumpage,., Most of the plantations are of the long rotation lumber-
producing species, so there is not enough room left {or guick-growing
short rotaution orops and products like yokes, railway ties, house posts,
eto. The land to be sequired in the future will be for the most part,
badly cut-over and eroded sc that a forest cover will have to be re-
established, In order to have the necessary supply of a short-rotation

orop in the future, degraded sites will be planted to roble.

Cagsuarina equisetifolia, Australian pine, pino.

Casuarina was not generally planted in govermment lands in the
Lugquillec Mountains until 1941 and 1942 when it was distributed to
permittees. Private owners across the goverument boundary have
established a few plantations at lower elevations and most of them
have baen sucoessful, HResults of planting in government lands are
very variable, In general, it is believed that survival was low,
Many trees became chlorotic and unthrifty, Trees did well along the
lower part of the %1 Verde road and in some of the parcels,

The outstanding plantation was measured at Sabana during
February 1945. It was established in a good site at an elevation of
about BOU feet where all fectors are very favorable, Land is agrioul-

tural, better than the average soil used in reforestation.
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Survivel was evidently very high, Planting distances are
irregular and vary between 8 and 9 feet, There is not an exact date
of planting, but 1937 is the most probable date, thus making the stand
8 years old., A total of 146 trees were measured and classified ascerding
%o orown classes, Height varied between 40 and 55 feet, Average diameter
was & inches,

Pistribution of the diameters and classification of the crown classes

from a ,3-acre plot are shown in the following table.

Table 15, Diameter Classifigation and Crown Clasgses of Casuarina
t 3 [ % :
D.B8.H, t Dominant : Codominant : Intermediate : Suppressed : Total

class t H 3 3
3 | H H 3

Inches
2 = ~ - 3 3
3 - - % 7 11
4 - 2 29 2 33
-] - 29 20 - 48
6 15 16 1 - 32
7 16 - - o 16
8 1 1 - - 2
Total 32 48 54 12 146

The stand had a basal area of 71 square feet per acre., The dominants
and codominants account for over twe-ihirds of the basal area. The bulk
of the stand lies between 4 and 6 inches in diameter. One-third of the
stand is 6 inches or over. Very few of the stands in Luﬁnlllo will
compare to this ome, Casuarina is a desirable specles to grow, but it
can hardly be claimed that it belongs within the present boundaries of
this forest. It has been very successful farther down along the coastal

plain and large river valleys,.
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Cadrela mexicana, Spanish cedar, cedro,

Cedar was one of the first species planted {rom 1934-36 in most of
the projects, It was used over a large area and failed in most sites,

As a rule, survival was 60 per cent or over during tﬁo first year,
but rapidly declined until not many trees were left by the end of the
second or third years. This might have been the result of weed
compatition, shoot borer atitmck, lack of adaptability, or a combination
of the three. In heavy clay soils at El Verde, trees persisted for a
long time in an unthrifty condition until they were cut downe

Investigators agree that the site is of decisive impertance and
that 4t is more a soil-moisture relationship.

In Puerto Rico this species has failed whea plented indiscriminately,
although occasional good trees are found scattered along roads and ‘bmf—
yards., Small successful stands have been noticed in the drier north-
west and less humid areas,.

Cedar has met with some degree of success oanly in & smsll stand in
Del Valle plantations, A small amount of trees remain in plantations 1,
2 and 5 in the extreme southsastern part., The socil is Picachos stony
clay which is particularly poorly dreained at this place, However, trees
are growing in a very thin layer of soil resting over a bed of big
boulders which gives & very effsotive drainage, Land slopes from 8 to
20 per cent, The site is not over 1000 feet in elevation, The closest
weather station at 1800 feet registered an average of 149 inches of
rainfall felling in 303 days. That is, air moisture is high, and seoil
moisture is ample, Trees were planted 8 years age and had an average
height of 20 fest and an average diameter of § inochea, The largest

trees were 25 feet tall and 9 inches du.b.he
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Trees are found in small groups in places o best drainage, The
base of the trunk is reised over the general level of the soil. GSome
trees were actuslly lying over roocks, Trees are either mixed with the
natural second growth which they have overgrown, or with capd blanco of
the same uge and size and with whom they seem to mix well,

The shoot borer is & gerious insect pest. Its attacks become more
evident in unthrifty stands,

Only a small group of trees remain in the old conversion project
in Dofla Juana. BSite is very well-drained since it is precipitous., Soil
is loose, dark celored, probably a Mficars clay loay., Trees looked healthy,
and af'ter 5 years were 3 %o & 1/2 inches d.b.h. and 20 to 25 feet tall,

In addition to the shoot borsr, the foliage is heavily attacked by

;‘lnaf hopper, Dikraneurs cedrela, which oauses premature defoliation,

Large<scale plantings of cedar have bsen discontinued pending
results of investigations, but it seems certain that whatever happens,
large plantations soattered indiscriminately over & large area will not

be repeated,

Cedrela odorata, cedro, cedro hembra,

Our native apacies of cedar occurs over & wide range in humid
areas from low to high elevations, It has been so heevily exploited
that enly scattered young trees are found, Seed troes are scarce and,
moreover, they produce less seed and at longer intervels than (. m@gicana,
Native oedar was planted during 1944 on an experimental scale in
tract 20 in Toro Wegro.
Trees have been planted under different degrees of drainage. Some
treos were planted on mounds similar to those used with oitrus fruits.

The Toro Negro plantings vary from ohlorotie and unthrifty to very healthy,
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Cedrela toona, cedro, cedar,

This species was introduged between 1028-2% from the East by the
Forest Service and planted in a fgw localities, It was found in El
Verds, planted by the former m. There is no record of this planting,
but it was done presumably in 1829,

This stand of Cedrela toona has attracted the attention beocause of

the good thriftiness and better grpwth than either Spaaish cedar and
West Indian mahogany, all p&ln&id in contiguous degraded sites.

A group of 50 trees grro-n in ﬁxru different looations were
measured during August 19“, that is, about 15 years after planting.
The size of trees wiot;':;pnaidorlblly\ from 1.6 inches to 11 inches in
diameter, Average ¢.b.h., was 6.1 inches, Height also varied between
16 and 30 feet, although a few were a3 small as 8 feet. Such variation
is mot easy to explains |

$ha L1 Thael of e dlanwterd sl Wiely beest iawas is givin
in the following table. |

Table 16. Distribution of Dismeters With Basal Areas
- - =

DeBsHe ¢ Number t | Basal area
7 : B

Inches . Square feet
1e6-2,56 b ' «1418
2.6=3,5 9 24630
Delimdy b 8 « D244
4,6<5.,5 2 1.2263
§e6~8,8 8 1.2008
Bel=Tal 5 1.,3947
TeB=8.56 2 «8671
BeB-0a8 G 1.7601

Deb=1048 ) -

10.,6~11.56 4 2.6068
50 P.9736

Total
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Trunks are more solid than those of Spanish cedar. A sample out
from a branch showed development of a pinkered color of the wood at an
early age, The largest trees ocour in depressions which seen to favor
growth and thriftiness, Crowns are wide since trees are in the open,
The trees must have been attacked repeatedly by Hypsipyla but results
are much less in evidence than in the case of mahogany and Spnﬁiah cedar,

During March 1946 a small planting was done in tract 20 of the
Torc Negro Division. Trees are adjacent to plgntinga of native cedar
of the same age, so it will be possible to compare the bshavior of
both species. Barly survival was 100 per cent.

Trees produce fruits more regularly and in larger amounts than
other species of cedar growing in the island,

Ceiba pentandra,6 ceiha,

This species is widely distributed in the island as isolated
trees at medium elevations, particularly in dry habitats, It was
planted in small amounts in the Luguillo Division,

Plantings failed. Not snough information was obtained te
determine the cause of low survival,

Since there are no possibilities for the production of kepok on
A commercial scale in the island and the wood of ceiba is little used
locally, it seems that no further trials with this species are justified.

Cordia alliodora, Spanish elm, capf prieto.

Capf prieto was found growing naturally in the Luquilio Division
only in the lower part of Cifnega Alta and Bl Verde, and usually

associated with Mlcara soils. This seems to be & remnant from the
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sast-central section of Cayey-Aibonito where at present it grows
naturally and in greater abundance, Capd prieto seems %o avoid the
ereas of higher rainfall and de best in well-drained sites,

¥arshall (6) reports that in Trinidad capd prioto grows best
between 50 and 75 inches of rainfall, although it is found to a
limited extent in rain forests, This seems to check with our
natural distribution, It has done well even in the dry Guénios
forest with 30 inches of rainfall, although in this place it wes
planted in a valley. It will be safe to limit plantations to well-
drained sites.

Capé prieto has been planted practically ia all projects of the
Luguillo Division from 1936 to 1941, Trees are scattered. In the
degraded clays of Pizf a sprinkling of thrifty trees of good form
remain in the sites which previously had been in brush and were not
degraded,

The following growth measurements were taken from two plots in
the eastern part of tract 106.
Table 17, Stand in Capd Prieto fample Plot - Zlope

i ' i
DeBelH, s Tree form and number per acre

: Good : Poor : Total ¢ Good ¢ Poor : Total

(inches) Hixed 6 years lixed B8 yoars

1 8 20 28 - 4 4

2 32 40 72 - RO 32 52

] 72 - 72 48 ~ 48

4 28 - 28 28 - 28

5 - - - 12 - 12
Total 140 60 200 108 38 144

The G-year-old stand is looated on & Micara slope, mixed with

several other species. The average d.b.h. of the gbod troes was



2,79 inchea. Average heizht was 22 feet, the tallest trees being

26 feet., The B-year-old plot is located higher up on & moistsr site

in Los Guineos seil. Average d.b.he of the good trees was 3.5 inches.
Average height waw 25 feset, the talleat trees being 28 feet., The
percentage of good trees was § per cent higher in Los Guineos clay (75%).

The latter stand is located in & parcel and has received very good
care., In both plots capd priete does not constitute over 40 per cent
of the stands which are a mixture of planted and naturel trees of about
10 different species, These stands are better stocked than the average,.

Survival has varied from good to low although low survival has been
more frequent, Poor nursery stock and heavy attack of leaf spot seem
to have been contributing factors. Survival can be improved by the use
of adequate planting stock, use of suitable tifou, and planting of a
smaller number of trees per acre under a shelterwood. In preliminary
studies, stump planting has given very high survival,

In the Toro Wegro Division oapf prieto was planted in large
amounts, esvecially in Matrullas, Survival was very low, particularly
in the open sites in the ridges. It was better under the coffee shade
trees. Ourvival varied from 16 to 50 per cent, but usually was closer
to the lower figure, At Matrullas trees have mads & good growth although
a large percentage show lack of vigor, high leaf spot, and lace wing bug
attack. One tree was found suffering from & canker like disease, Any
other similar cases should he reported promptly since in Trinidad cenker
is & limiting factor to the growth of this species.

The old conversion project in Defla Jusna is the outsteanding
plantation in this forest. The soil is a louse clay loam of a dark

golor, of good texture, and quite stony, similar to Hiscara clay loam,
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The topography is preciplitous. OGrowth and thriftiness have been very
high in spite of an intense weed competition, Average height waa 156 feet,
the tallest trees being 30 to 36 feet after & years. BSurvival was 85 per
cent one year after planting,.
Table 18, Stand in Capd Prieto ZSample Plot - Slope
:

D.BuHs :_ Tree form and number per acre
: Good : Poor i Total

(inches) Pure stand, O yohrs
1 - 4 4
2 4 - 4
3 36 16 62
B 32 4 36
b 28 - 23
6 16 - 16

Zoul 116 24 140

4

The percentage of well-formed vigorous trees was exceptionally
high., One tree was found affected by foot rot,
The growth rate from 10 site studies in the Toro Negro Division

is shown in table 19,

Table 19, Average Anmual Growth of Capf Prieto
: 4 H i
Site : Average : Number of @ D,B.He growth ¢ Height growth
: age : locations : Average : Maximum ! Average : Maximum

Years Inches Inches Feat Feet

319?. 7 [+ 28 e 134 1,62 2,63

Val 1.}" 8 & .BB 41 1.61 2.61
.

The form is good in spite of very open stands but eome pruning
could be helpful, The cccurrence of the best stands in the best-drained
soils and in very steep slopes supggests that in high rainfall areas it

requires effective drainage for best results.
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So far it has been highly successful when underplanted in palm
stands in heavy clays. Plantings 4 to 56 years old, at about 3200 feet
elevation, had an average height of 8 feet although the tallest were
16 feet high, Average and maximum diameters were 1 and 3 inches
respectively. Survival was very high and trees were thrifty.

Capd is growing well in the Guineo plantations above 3000 fest
in very steep slopes of Alonso clay. The best trees are fouﬁd in the
lower slopes with dseper soils and more favorable conditions,

Unthrifty stands in good sites should be underplanted if no change
takes place within the next two years as this condition may have been
the result of poor mursery stock, poor planting, ete.

Capé does not show such a clear cut preference for good sites as
broadlealf mahogany or maga, but should not be planted in degraded sites.
Trees grow well in upper slopes and ridges, provided the soil has been
kept in good condition by means of an overstory., In the Mlcara sites
the range of adaptability is larger, but even here it should not be
planted in degraded slopes, The canopy should be gradually removed as
capd is a light demander,

Ve are not in a position to make recommendations regarding
mixtures. However, large concentrations of this species should be
avoided to reduce insect and disease attack to which it is susceptible.
Guaraguso and capd prieto seem to mix wéll.

The Spanish elm lace wingbug, Monantds monotropidia, affects the

leaves severely but its attack Ras not been oritical. In exposed
situations and during dry years, this insect may cause injurious de-
foliation, The leal spot attacks the small seedlings sad the nursery

stock more heavily,



Caph prieto is one of the most desirable epecies for reforestation.
Its range of adaptability is large, growth is repid, form is good, and

its wood is very widely used,

Daoryodes exeslsa, tabonucc.

Tabonuco is stil) one of the most abundant species in the Caribbean
National Forest. :

Very little planting has been done as it requires to be transplanted
with earth, UHven with this, survival is low, 4 small area was direct
seedsd tifh poor resultas.

8mall-acale plantiags were done in 1986 in good sites along the
Dolle. Juana River, Survival was rather low but the few trees left are
very thrifty., They were 1 to 2 inches d.b.h., and 8 to 12 feet tall

after 9 years, Average annual growth from site studies was as follows:

Table 20, &vorq;g_&anunl Growth of Tabonueo
H
Site : Average : Number of : DoB Mo growtn i Height growth
age : locations : Average @ Baximam Average : Maximum

Years Inches Iaches Feet Feet
Ridge 9 1 22 - 1.11 -
VRll.y ] 2 .17 26 1.11 1.56

Tabonuoo is sensitive to disturbances so that even old stands die
off after hurricanes, logging operations, land clearing, ete.

It might be possible to increase stocking by underplanting second
growth, palm stands, or degraded forests, but it ie not known to what

extent tress will eventually survive,

Dalber hie sissco, Dalberghin,

Dalberghia was planted in the Luquillo Divislon as early as 1936,

Site relationships were soon evident. In the heavy claya early feilure



was definite both as to survival and thriftiness. In the lMlcara sites
in El Verde and in tract 17, survival veried but & majority of the trees
were thrifty.

The best stand is found in & wvelley in tract 17. The soil is fertile
and humid but quite stony., Dalberghia grew rapidly sand with great thrift
until trees were over 4 inches in diameter, At this stage they were
attacked by a disease whose outstanding sympton is a gum exudation, The
exudation extends over most of the trunk but the injury is caused by e
root rot. Trees were also attacked by the pin-hole weevil, although
this injury might be secondary on diseased trees, The tallest trees
wore 40 feet high, Distribution by diameter classes follows:

Table 21, Stand in Dalberghia Sissoo Sample Plot - Valley
H

DB H, 1 Tree form and number per aore
+  Good :  Poor & Dead ¢ Total
Tinches) Pure stand, 8 years
1 - 12 - 12
2 g 64 - 72
3 52 60 - 112
4 64 8 8 80
5 96 16 - 112
6 84 - 12 76
7 66 12 - 68
8 28 18 4 48
9 4 8 16 28
Total 372 196 40 608

The percentage of dead trees was low but practically the whole
stand showed gum exudation and pin-hole attack sc that they will
probably die completely with time, Growth is very-nriablo and there
is a wide range in sise, Sixty-five per cent of the living tress
apparently were thrifty but they already showed gummosis, Trees have

produced abundant rect suckerse
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Bucslyptus eitriodora, eucalipto, eucalyptus.

A small stand was planted in the Doifla Juana nursery about three
years ago., The site is a poorly-drained and degraded clay. Growth
has been slower than for E. robusta and trees are not as vigorous,

The average and maximum diameters were £ inches and 5,8 inches
respectively, with average and maximum heights of 12 and 20 feet
respeastively, Further observations will be necessary with this
species at Toro Negreo.

A fow trees of E. eitricdora planted five years ago in Piz£&, had

average dismeters verying between 1 and 2 inches, However, one tree
planted the same day was 11 inches in diameter, Height ranged between

30 and 45 feet, Shape was generally poor as stems are crooked,

Eucalyptus resinifera, eucalipto, eucmlyptus, red mahogany.

In plantings of tract 19A in Torc Negro it had been originally

classified as Eucalyptus spp. At present it is referred to as

Eo resinifera but this classification is not definite yet.

Survival was apparently high although trees were planted with

bare roots,

Table 22, Stand in Bucalyptus resinifera Semple Plot -Clope
s

DeBoHe @ Tree form in group of 64 trees

s Good i  Poor i Total
(inches)

3 3 2 5
4 6 1 7
B 10 2 12
8 14 1 15
7 10 - 10
8 4 - 4
9 1 - 1
Total 48 8 54
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Tree form and thrift are good to the extent that 50 per cent of the trees

were classified as satisfactory. Trees are growing wide apart but they

prune themselves very effectively, Also trees show less taper than

B, robusta. Averags and maximum heights were 40 and 065 feet respectively,
Stands are for the most part in loose open Alonso clay, Results were

not very diffsrent in the heavy olays, although growth is affected by.tho

quality of site., Trees are producing seeds in sbundance,

S8ince the stand is opan, undergrowth consists of ferns, brush and
tall herbs which grow undisturbed, Growth has been fast, over 8 feet per
year. The tender growth is subject to breakeage by wind in a high per-
centage of trees. No uprooting was evident, FEucalyptus has a well~-
developed root system,so the trees are well anchored.

S8tands are not well stocked, A distance of 8 feet by & feet is
adequate, provided & high initial survival is obtained., Replantings
should be done scon so as to have a uniform stand which is important
with highly intolerant species, liaintenance should be intensive during
the f'irst two years, after which, little care will be necessary., W¥hen
working on timber rotetions, thinnings will probably be needed by the
fifth year if stands are close, The coppicing power is good., No

inaects or diseases have been noticed.

Eucalyptus robusta, eucalipto, sucalyptus, swamp meahogeny.

This speocies of Bucalyptus has been extensively planted in the high-
lands in the last three or four years. It has been used to fill in blanks
in degraded sites. Plantings in Toro Negro started in 1941 and have been
continued to the present,

The growth of the following group of trees is typical, Site is

poor and has been heavily grazed,
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Table 23. Gtand in Busalyptus robusta Semple Plot - Ridge

D.BoHe ¢ Trees form in a group of 66 trees
i~ Good @ Poor : Total

(inches)

i - 2 2

2 8 14 17

3 14 4 i8

% iz 1 13

5 14 - 14

6 2 - 2

Total 45 21 86

Trees had an average height of 26 fbct,’thn largest trees being
36 feot, Seventy per cent of the trees were classified as vigorous
and of good forms The poor trees are t hose located in the worst sites
or else affected by weed competition or by livestock. In spite of its
location in an exposed situation, this stand has stood strong winds well,
The following stand, about 4 years old, is growing in slluvisl seil
along the Dofia Juana River, £ite has been cultivated and grazed.
Survival was high and the preportion of gzood trees was 50 per cent.
In this site trees have grown better Loth in diameter and height than in
the ridge. Average height was 30 feet, the meximum being about 40 feet.

Table 24, Stand in Euoelyptus robusta fample Plot -Lower Slope
'

DeBalls ¥ Tree form:in & group of Bl trees

1 Good K Poor 1 Total
{inohes )

1 - 1 1
2 ] 3 8
3 15 1 14
4 17 1 18
5 9 3 10
Total G4 7 Bl




Behavior in & better site which had been in brush end where soil

was in good oondition is as follows:

Table 25, Stand in Eucalyptus robuste Sample Flot - Lower Slope

DeBalle : Tree form in & group of 81 trees
: Good : Poor : Total
(inches)
3 i 1 2
4 7 2 9
6 28 1 28
6 17 - 17
7 14 - 14
8 9 - 9
9 1 - 1
Total 77 4 81

Averege height was 40 feet with maximum of 850 feet., It is noticeable
that 956 per cent of the trees were vigoroue and of good form in spite of
very wide spacing. Eleven per cent of the trses have been broken by
winds at about one-third of their height,

Undergrowth consists of vines, grasses, and low brush,which grow
 ininhibited as a result of a light oanopy.

Larger stands are very scattered and open since they originated
from replantings in which only a small part of spaces were filled in,
Solid replanting at 8 feet by 8 feet, disregarding poor trees of other
species, would have been a better polioy.

There seoma %o be variation in the form of H, robusta, Many of
the old specimens becowme mishapen and ugly, showing a twisted trunk,
Treos in these conditions S.ra worthless, except for fuel. The same
gondition has heen reported by Troup in India (12),

The literature ghows that its woed is not outstanding but is
ugeful for dbuilding, piling, wheel work and fence posts, In Wew

Zealand it has been reported as non-resistant to wind damage. The
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ocoppicing power is high,
Guwamosis haas been obasrved in s few trees, but gum exudasion is

probably normal. No injurious insests have been noticed,
So far ne thinnings have been made since stands are widely spaced,.
Since other speciea produecing wood of wider utility have done well,
it is suggested that future plantings should not be limited to E, rcbusta.

Species such as B, resinifera, £, tereticornis, and B, Gitriodora should

also be planted,

Bucalyptus rostrata, sucaliptos

fmall amounts of seedlings were planted in the Matrullas Lake
plantations, Because trees did not survive, there are nof many

indications regarding behavior of this species,

Bucalyptus gpp., sucalipto.

Eucalyptus has been planted in the Lugquillo Division in rather
small amounts, Survival must have been low as the few trees found are
scattered.

A11 species require full exposure sinoce the seedling stage. Thus,
trees must be kept fres from compstition,

In a poor site in Sabana a few f-yeur-old trees of E, robusta and

B, citriodora were 5 inches in diameter and the latter were 25 feet tall

on the average, and at least 6 feet talier than the ireecs of B, robusta,

E. oitriodora not only had grown faster,6 but wes more thrifty and of

better shape, One tree similar to &, tereticornis or E., rostrata was

about 40 feet tall and 6,7 inshes d.b.h,

The role of Bucalyptus in Luquille is not yet clear as results to
date do not compare with those obtained in the Central Mountains, Lately,
a few species have shown good early growth in experimental plantations

at medium elevations., Lands to be scquired in Luquillo 2re located
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et lower elevations where Eucalyptus is not so clearly supsrior. Thus,
roble will be used in reforesting any extensive area of open-deforested

lands.

Eugenia aeruginea, guasdbara,

Occagional trees of guasébara are found in the Central Mountsins,
They are fairly straight and of good alrze, Vood is useful, especially
when used in contact with the ground, During December 1944 a linll
emount of wildings were underplanted in palm stands close to the
PDofia Juana reorsational area, both with and without soil, In spite
of the small and spindly stock used, survival was high in both cases.

Trees were very thrifty at time of exemination,

Eugenia jambos, pomarrosa,.
Pomarrosa grows naturally in the Toro Wegro Division where the cool

and humid enviromment is suitable, It is found mostly west of Guineo
Lake but not usually in the high forest,

Its possibility for use in degraded sites has attreoted the attention
during the later years, It is capable of taking over most any site and
produces & high yield of fuelwood per acre,.

Pomarrosa has been planted on an experimental scale in low brush
and pastures and underplanted beneath sierra palms. Results have shown
that it can either be propagated by the use of seeds (broadeasting and
direct seeding), or plants. The results of the use of wildings have
not been consistent, and in some occasicna a low survival has been
obtained, Pomarrose plants are sensitive to planting, A high survival
has been obtained when underplanting sierra palm stands. The use of
seeds is & sure method of propagation, yet seedlings are slow in getting

above the height of the weeds and brush. This is considered a slow method.

G0y



It has been sugpested as a good undergrowth species for the high
ridges and exposed sites where only & low type of forest and sierra

palm can grow,

Bugenia stahlii, guayabota,

fluayabota is one of the most common species in Torc Wegro,
especially at the higher elevations. Since it produces large fruits
regularly and in large amounts, it was considered a desireble species
to establish by means of direct seeding, A small plantation of 4.4
acres was nubli_lm during the later part of 1938 in a very degraded
site closs to the Dofia Juana River. furvival was high but growth has
been umusually slow. On the average, trees were 1 inch in diameter
and about 4 feet tall after § years, In the later part of 1944 an
experimental undﬂlanttué of wildings under palm stands was done
near the recreaticnal eree, Shortly after planting survival was

very high end trees were thrifty,

Praxinus sppe, @s8h, fresno del Hawaii,

Planting stock was raised by the Forest Service in the early
thirties from seed imported from Hawaii., This species is undis-

tinguishable from P, americana or white ash,

Plantingl_dq':ro done in Lugquille, Toro Wegro and Maricac Forests,
and seedlings were distributed to different localities of thoj-lmd.

During February 1953 a narrow ssotion was planted siwiid Satase |
Lake, There is no record of the number of trees planted, Ho re- |
planting was done after the first year,

Oseasional sxaminations showed a good survival and thriftiness.
The trees grew slowly and were heavily attacked by scale insscts so

that shoots repeatedly didd bsok,
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During deauery 1946 a 1/4-ecre plot was measured, This stand has
received fairly good care.
The following amount of trees were obtained per acre,

Table 26, Stand in Fraxinus spp. Smmple Plet - Slope
8

D.B.H. : Tree form and number per acre
: Good t Poor ' Total
(inches) Pure stand, 12 years
1 - 12 12
2 4 60 64
3 80 72 162
% 80 36 98
b 40 £ 44
6 16 16 32
7 12 - 12
8 4 - 4
Total 2186 '_\ 200 416

Growth has been relatively slow, After 12 yeara the bulk of trees
were 4 inches or less in diameter, Average height was about 15 feet,
the largest trees being 20 feet. The form is not good, About 50 per
cent of the trees were marked as poor. Site is exposed and many trees
are reclining,

The stand was affected by the hurricane of Ootober 1843 and at
least 15 per cent of the trees were removed bocause of wind damsge.

A very heavy pruning done in August 1944 might have slowsed the growth,

The stands in the ravines and valleys of this plantation will
probably be more successful,

The trees had shed foliage completely at time of sxemination in
January. Trees along the road had the largest diameters but were
short and seldom straight, This plantation is the most successful

ash stand found to date,




Guarea trichilioides, guaraguao,

Planting was done first early in 19257 in the Guineo Lake plantations
to fill-in very low survival of cedar nﬁd mahogany.

Survival was high but thriftiness varied, In the opan-degraded
sites seedlings got chlorectic and stunted, In the better sites,
especially under & shelterwood, treoes were 1 to § inches in diameter and
€ to 16 feet in height., Growth is variable,but in the better sites treeas
are genarally thriftye. 7he form of {rees is not good as it tends toward
a short {runk and & heavy crowa, although it might grow straight under
forest conditions, The wood is useful and easy to work. It is one of
the most common species in humid forestis,

Another plantation was sestablished using wildings during 1944,

Site is very favoreble and early survival wes about 50 per cent.
¥ildings which had hesn cut back to about 2 feet at time of planting
wsre healthy and vigorous, Some were 1 inch in diamester, The use of
large stock 1s advantageous since traeos oculjrow the weeds goonar, The
pate of growth has heen medium to slow,

Puring 1939 and 1840 paln stands coatiguous to the recrsational
aroa werd underplanted, Survival wasg high, Troes were thrilty and
wers 1/2 to 1 inoh in diameter and 5 to 10 feet in height when 5 to
6 years old., The growth of guarsguso as deternined by site studies

is shown in table 27,

Table 274 Average Annual Urowth of Guaragusao
3 H : :

Site 1 Average : Number of 3 D.B.H, growth : Height %owth
t age : locations : Average : Maximum : Average 1

-%m;q Inches Inches Feat Faet
31 ope & 1 25 - 2 -
Valley 4 1 o138 «25 1.80 2,80
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Growth is slower than that of capé prieto, maga, and broadleaved
mahogany.

Guaraguao is an understory species and thrives best under forest
conditions, Thus, plentings in degraded sites in the open generally fail,

It should mix well with a faster-growing species like capé prieto
gince it is shade tolerant., Nore data about its silviculturs is needed,
The pouibnlitiu of raising seedlings in g¢rude nurseries under an over-
atory should be investigated, since, if successful, it will be & cheap
mothod of raising good pl;&th:g stock, Wildings are found in coffee
plantations and in secondary forests, They are not abundant as roble
wildings, but it is possible to get moderate amounts,.

Inseots have not been observed witacking this apecies. Wildings

are attacked by & oircular leaf spot but this disease has not bheen

important to date,

Hymenaea courbaril, algarrobo,

Algarrobo occurs at lower elevations in the Luguillo Mountains
but it is not found within the government forests in Toro Negroes Al=-
garrobo is & good coppicer, DBegsuse of this faotor it is persistent
in out-over stends., It was direct seeded in tract 1086 of Cifnega Alta
where it éneur: naturally. Survivel was very low because mice ate the
sucoulent leaves, Probably, weed competition contributed to low survival,
As usual, growth has besen slow, Average ml growth from site

studied is as follows:

Table 28, Average Annual Growth of Algarrobeo
tH H H i
Site : Average : Number of @ D.B.He growth ¢ Height growth
: age : looations : Averags : Maximum : Average jhiaximum

Years Inches Inches Peet Peet
-Ridge 2 2 .08 2 o9 1.5




In poor sites, 8-year-old trees from seed were not over 2 inches
debehe and 12 foot tall, Trees are usually very thrifty and ocan thrive
in poor exposed sites better than most hardwoods., Seedlings can be
started under a canopy, but soon need full overhead light for best
growth,

Tree form at first is vine-like, similar to other leguminous
species, but alter it reaches 6 %o 8 feet in height a muin leader is
formed,

Algarrobo 1is generally free from insects and' diseases. In scme
localities the attack of niﬁo might be a factor agalust its artifiocial
or natural regeneration.

It is a desirable species to grow at low elevations since it is
a large tree, produces a valuable timber, and can be established by

direot sseding.

Lugums multiflora, ana .

Jéoene is a large tree of humid forests. It is found cccasionally
probably because of its large seed which is not sanily distributed. The
timber is not well known although it is considered good for construction,

It has besn planted mainly to fili-in hlanks or failed spets, It
was used in & variety of sites from exposed Milcara ridges o wot heavy
clays at higher elevations, It was also used for underplanting and for
seeding in th; open, Originally it was thought that jfoana was suitable
for use in poor sites, but it hes been found that it gets yellowish and
stunted in degraded sites., In better wites, ;upeuiully under a shelter-
wood, it grows fairly fast &nd ias exceptionnlly thrifty and vigorous.

Btands were smell and no data was obtained from sample plots,

Annual dismeter and height growth from site studies were as follows:



Table 29, Average Annuel Growth of Jfcana
: : : N
Site : Average : Number of : DeBoHe growth 3 Height growth

i age ¢t looations : Average : Maximum ¢ Average : NMax

Years Inches Inches * Feet Feet
8lope 5 1 4 ot 3 4
SIGP. 6 1 b o7 S8 442

Five~year-old stands in favorable sites under a canopy were 1 to 2
inohes in diaseter and 10 to 20 feet tall, A six-year-old stand mixed
with broadleaved mahogany and raised under a shelterwood had 79 per cent
of good trees, Average diameter was 2,3 iaches., Aversge and maximum
heights were 20 and 25 feet rdnpeutiwly. This is better than the average
stand, In good sites, jdcana grows faster than marfa,6 but slower than
capf prieto or hroadleaved mahoganye, When growing in the open, trees
have a tendency to fall down, This is a further roason for seeding under
an overstorys

Survival has been fair to good, although at times germination has
been slow, The fruits do not keep for long periods. Large amounts can
be obtained under seed trees. Vildings have been used with good results
under favorable conditions.

In the Toro Negro Division, large amounts of seed were direct seeded,
Survival ranged from fair %o goods Germination was high and small seed-
lings stood adverse conditions and weed competition fairly well,

In the open~degraded slopes trees got chlorotic but continued
growing in all but the worst sites. In Toro Negro,growth has been
slower than in Luquillo and follows closely the quality of the site,
Stands 8-year-old from seed were on the average 1 inch in diameter and
12 feet in height with a maximum of 2 inches and 18 feet respectiyely,

In open-degraded slopes trees of the same age were less than 10 feet
tall. Probably, growth and thriftiness of these trees will improve
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if sites are allowed to be taken over by second growth.
The growth rate of jlcana as determined by site studies in Tore

Hegro is shown in table 30.

Table 30. Average Annutl Growth of Jfcana

Site h‘ortgo ¢ Humber of @ DeBel, growth ¢ Height growth
i _Bge ¢ locetions 3 Average s Maximum : Average : Maximum

Years Inches Inches Feet Fast
Ridge i 2 17 30 113 1,47
Valley 7 3 018 «30 1.586 2.18

Jéoana has shown to be unusuaelly free from insects and diseases.

Magnolia portoricensis, jaguilla, burro.

This species, the counterpart of laurel sabino in the Central
Mountains, apparently was abundant but has been heavily exploited.
Trees are large. The seed had not been considered viable, but recent
sowings made at Rfo Pledras and at the Ualarsa nursery have shown that
smell amounts of seedlings can be obtained, Growth in the nursery has
beon slow,

Manilkara nitida, ausubo,

Ausubo is one of the most valuable timbers of the island, and the
one which has been more intensively exploited im the Luquillo Divisione
It is not found at the higher elevations of the Central Mountains, but
is found on the southern slopas of the Cordillera and probably occurs
at lower elevations on the northern slopaes.

It is a wood of great b.enuty,- very durable, and suitable for heavy
construction. Mostly because of the failure to obtain seeds in the

necessary amounts, it has been planted on a small scale, Ausubo is
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shadeetolerant and does well under forest stands in the humid areas,
It seems to prefer the favorable soil and humidity of dense shelter=
woods,.

An excellent survival was obtained under & high cenopy in tract 48,
Five-year-old trees had an average diameter of 2 inches and were 15 to
20 feet tall. Another stand of the same age showed very high survival,
and diameter ranged between 1 and 2 inches, Average height was 20 feet,
Trees in both stands were thrifty and of excellent form, This rate of
growth is almost equal to that of jécana from seed and faster than that
of marfa from seed,

The stands look more natural than those of any other species,

High survival, good growth, thriftiness, good form plus the value of
the wood recommend it as & logical species for underplanting. HManagee
ment of the natural stands will incrsase the stocking of ausubo
considerably., Planting will only be necessary in those forests where
seed trees or reproduction are lacking,

No pruning or thinning will be necessary for the present at the
Sabana plantations, but the canopy should be opened up to allow better
growth,

About 3500 trees were planted in Dofia Juana in 1936, So far, trees |
have shown te be very well adapted to this site, They have stood
competition well and are very vigorous., HNine-year-old trees were 2 and
2 1/2 inches in diameter,and 8 to 12 feet in height. The following
average amaual growth was obtained from site studies,

Table 31, Average Annual Growth of Ausubeo
: : : :

Site : Average t Number of :_ D.B.H. growth : Height growth
: age : locations : Average : Maximum : Average @ Meximum
Years Inches Inches Feet Feet
310’0 ] 2 .2 d «8 1.6
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Evidence indicates that it should be planted in favorable sites

in Toro Hegro.

80 far susubo haa been free from serious insect and disease attack,

Matayba domingensis, negra lora.
Negra lora is fairly oommon and is & medium-sized tree in second=-

growth stands and in the high forests in the Central Mounteins, It is
used for small round timbers and for fuel. It is & very heavy seeder
and is fairly abundant. Probably it is & slow grower,

During December 1944 wildings were planted experimentally under
the palm stands close to the Dofia Juana recreational area, Wildings
were transplanted both with bare roots and with earth, Survival was

low with bare~rooted wildings and {air when soil was used,

Montezuma speciosissima, maga golorada,

Maga is found naturalized at low elevations in the Mfcara soils
of western Lugquillo where landowners grow it for shade and along fence
lines,

It does better on the valleys and lower slopes, In eroded heavy
clay soils, trees get chlorotic and stunted, Survival is generally
high in favorable sites. The following plot was measured in a 46-
per cent Micara slope under ocultivation.

Table 32, Stand in Maga Uample Plot « Slope
:

DeB.H., :_Tree form and number per scre
3 Good : _ Poor :  Total

(inches) Mixed stand, 5 yeoars
i - 8 8
2 58 58 112
3 132 16 148
i 24 - 24
Total 212 80 292




This is the bhest stand of this species in Lugquillo. Trees were
4 to 6 years old, the average trees being 30 feet and the talleast
40 feet, The average diameter of the good trees was 2,5 inches,
Spacing is close, which contributed to a good form. This stand
represents a very good stocking whieh holds for most of the lower
part of tract 105,

Heasurements taken in another stand are as follows:

Table 83, Stand in Maga Sample Plot - Slope
- _

DeBaHa 3 Tree form and number per acre
s  Good &t Poor & Total

(inches) Mixed stand, 6 years
1 - %0 40
2 4 80 84
5 28 68 96
4 12 12 24
1] 4 4 8
Total 48 204 %52

This is a fertile humid Mfcara steep slope where maga and other
species were raised with bananas and other food crops. The plot is
close to the top of the ridge where wind sction is strong., Trees
were spaced about 10 feot apart, This feaot, helped by the persistent
winds, has broughtabout leaning of trees, production of side suokers
and of several stema per tree, Although trees are vigorous and hsalthy,
only 15 per cent of them were rated as good because of poor form. MNost
trees are of little use axcept for firewood or a&s cover. The aversgs
height was 20 feet, tallest trees being 30 feet.

The following stand is growing in a Micara slope in a good site,
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Table 34, “tand in Maga Sample Plot - Flope
]
DiBaHe : Tras form and number gar £are
0

i Goed 1 Poor ¢ el
(inches) Wixed stand, b yoars
1 4 30 84
2 896 176 272
3 100 132 232
@ 4 52 38
Teteal 204 420 824

Trees had been raised under & tall canopy of Spondiss and had not
been cultivateds Although eonditions are very favorable, only 33 per
osnt of the trees were rated as good because of poor form. Aversge and
maximun heights were 15 and 20 feet respectively.

The data obtained in Bl Verde is similer %o that of other sites in
the Lugquille Division excepting the best sites in Cifnega Alta., A large
mumber of the thrifty trees are useless for the produstion of timber.
Unless trees are in a close stend and in a favorable site, troes form a
wide erown and of'ten lean over, This reasults in the production of water
suckers and sprouts, In addition, the points whare the s=ide branches
Join the trunk swelle-up producing & very irregular poor-ghaped trunk,
Eany of the selocted trees will probably develop into excellent specimens
but they will be in the minority.

fince water sprouts are produced freely, pruning does not seem to
be of great help.

The removal of aa overstery is hardly needed as most plantations are
in the open; however, it i necessary when good stands wre shaded and
suppressed. Maga should not be used for replanting, Stands in tract 108
should be improved by thimnming and possibly by some pruning.

Results sbiained do not mrnﬁt future extension of maga plantations

or replantings in the Luquillo Mountains even in the most favorable sites,
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Maga does not grow naturally in the Central Mountains, but a few
stands along the Cisles-Villalba road at high elevations are doing well
and an excellent amall stand of large treos was found at about 3000 feet
south of Jayuya,

In Dofla Juana survival was high in the valleys but poor in the ridges.
In Matrullas survival was very low, GSimilarly to itas ﬁahuvior in Luquille,
it has ghown %o require the deeper soils at the base of slopes and aleng
the valleys for sutisfactory growth, In Dofia Juana the difference betwsen
the valleys and the ridges was evident at an early age and the good stends
follow the edges of the creeks and the depressions.

The data in Table 35 ghow a stand which was originally mixed with

Spanish cedar, but where now only maga remains,

Tablei35, Stand in Haga Sample Plot - Valley

DoBeHe :_ Tree form and number per acre
i Good & Poor i Total
(inches) Pure stand, 8 years
1 - 28 28
2 20 84 34
3 120 48 le8
4 52 12 64
5 16 4 20
|
Total 208 166 364 '

On the average, the tress were 8 years old and 25 feet tall, the
tallest trees being 45 feet. Fifty-seven per cent of the trees were
claasified as vigorous and of good form, ftand ie better than the
average.

In Toro Negro good trees have well-formed trunks free from swellings
or cankers, They are fres from suckers and are pruning naturally very
well, Trees have been elso pruned artifioially but there should be

somsthing else than the effect of pruning in producing asuch well-shaped



trees. The trees along the road where they get light from all sides
are just as good. A more favorable light relation is probably one of
the causes of the good form of trees, Hany of the stands developed
under a light canopy. ©Stands in good sites in ;iatrullnc are just az
good, Many trees are of excellent form, up to 4 inches d.b.h. 2nd
3b feet tall,

The following teble shows the average annual growth daken from

site studies.

Table 36, Average Annual Growth of laga
: : H :
Site : Averege : Number of : D,B,H, growth : Height %nx
: age : locatioms : Average : Maximum : nnr&- 3 imam

Years Inches Inches Feet Feat
SIOP. (] 2 pe.1.3 .50 2450 3,50
vlll.y 8 5 P-4 «54 2,98 4,00

Figures show a very rapid growth especially in the valley., This is
a better rate of growth than for most of the gpecies planted at Toro Negro.

Thinning of defective trees does not have a high priority since many
of them have heen left behind and will be eliminated. Hapid growth, good
form, and freedom from cankers and water sprouts, make the maga in Tore
Negro as good as the best in the island, This suggests very strongly
the existence of different strains or variseties. Form and vigor are probably
hereditary characters.

Because of the passage of part of the life oycle of the pink cotten
ball worm on this species, further planting was suspended until thie point
is definitely settled., Unthrif'ty trees iun less favorable sites showed a
high infection of leaf aspot. Chlorosis is less generalized than in the
limestone section, Fruits are a faverite food of the cotton stainer,

No diseases have been observed,



Nectandra membranacese, laurel amarillo.

™

Laurel amarillo is an aggressive species that invades pasture areas
and brushland 6 especially in the El-Verde-CiSnega Alta nooiion. It comes
early during re-establishment of tree cover. Often it is well mixed with
roble, but persists longer when such areas are taken over by taller aamd
more light-tolerant species, Wood is not considered outstending and is
probably on the same level with other soft-wood laurels. Planting under
e canopy was done on an experimental scale with good results, S5till more
information is needed regarding survival, Probably it survives well only
when planted under a canopye. Ite chief valus will be its ability as an
invader of grass and brushland, This will be possible if there are

enough seed trees in the arsa,

Ocotea moschata nuez moscada,

Ruez moscada has been planted in small amounts, The failure of
seeding in Pizé was mainly the result of an unsuitable site, It does
well under a canopy in forest-like conditions.

Fruits are¢ produced in large amouats and germination is high,
Direot seeding is very practical,

A few trees probably six years old were found under an overstory
of Ingas and bananas at Ciénega Alta, Diametsr varied beiween le2
and 1.7 inches and averayge hoight beiween 12 and 15 feet, Trees were
thrif'ty, of very good form, and very successful, No injurious insects
or disecases were noticed.

Three trees planted about 25 years ago were found on a high eroded
ridge. On the average they were about 35 feet tall, 11 in¢hes debeh,,
very thrifty, and of good form.

During 1945 an experimental soeding of 43 acres was done along the
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Dofia Juana River mostly under coffee shade, In addition, some filling=
in was done in Guineo Lake plantatione during 1988,

Germination was high at Dofle Juana, but not so at Guineo, After
two years, survivel at the former place was 40 per cent, Stands are
spotty. After more than 2 years, trees in the good sites at Dofla
Juans were 1 to 2 inches d,bsh,, and 8 to 12 feet tall,

In Toro Negro growth has been slow. For a time, the attack of
leaf roller was hiph and it waslfeared that it could beecome epidemioc
but letely conditions have improved. It is now believed that trees
will grow well in spite of it, The following annual growth was shewn

by site studiewm.

Table 37, Average Aunnual Growth of Nuez Moscada
: 3 : | :

Site : Average : Number of i DeB.H, growth 3 Heizht growth
: age : locations s+ Average : Maximum ¢ Average : Haximun

Years Inches Inches Feet Feet
V&l 16}' 9 1 .11 e 089 -
Vlallﬁy g 2 014 020 090 1.3

Because of very slow growth, results of this stand have not been
impreasive, Apparently, growth of this species is faster at lower
elevations,

Nuez moscade is consldered a good species for underplantings It
is eagily estalblished by direct seeding., Seed crops are produced
regularly and in good fmounts., Tree form is very good and its wood
iz rated very high locally. Large pure plantings should be avoided

because leaf rollar attack might become serious,

Petitia domingensis, capf blanco,

Capf blanco is not Pound naturally in the high elevations of the

Luquillo and the Central Mounteins, It is more common in the limestone



arsas, but iz fairly common at low mnad medium elevationa all throughout
the island,

Survival was generally high, and in wost plantations about 60 per
cent of the originml trees were growing by the end of the third year,
The trees are thrifty and show groat ahility to stand weed competition,

After roble and marfa, capd blanco is the species doing best in
poer sites, In such places it is poorly formed. It grows well in
convex as well as conocave slopes, nlthoﬁgh the form of trees is better
in the latter, It seems better adapted ."to the more open soils like
¥lceras asd thoss derived from quartz-diorite. It should not be
conaidered very seriously for the heavy olays in the high reiafall
are&s.

The stands showa in the table below were measured in a Micara
slope in both pure and mixed plantations. “lopas wvaried #rom 45
to 60 per cent, |

Table 38, Stands in Cap Slenco “ample Flot - Slope
H

DeBoHs Tree form and number per scre
:_ Good 3 Poor i 7Jotal : Good : Poor 1 Total
(inches) Pure stend, 6 years Hixed stand, € yeara
1 - 8 8 - g6 98
2 24 52 76 192 100 292
3 232 64 236 80 1€ 06
4 172 4 178 8 - 8
5 12 - 12 - - -
8 - - - - - -
Total 440 128 568 280 212 492

In the pure stand, the percentage of smtisfactory trees was 78
while in the mixed stand it dropped down to 58,5 per cent, Average
debehe of satisfaotory trees was 3,45 inches and 2,38 inches respectives

ly. Average height was less than 25 feet, The mixed plot was inferior
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because of a somewhat ‘pdonr degraded site and the competition of teake.
Teak is doing fairly well a%t this site, and being a more ravid grower
than gapd, has overgrown the latter both in height and diamster. As
capd is intolerant, it has slowed up growth, In time, most of the
stand will be eliminated,.

The stand shown in the table balow is in a favorable site over

Panduras clay losm at Del Valle,

Table %5, Stand in Uapd Blunco fanple Plot_- Slope

DeBeHe :__Tree form and number per acrs
:  Good 1 Poor 3 Total

{inches) Kixed stand, & yuars
3 - 4 4
2 - 52 52
- 32 60 82
4 76 5 120
S 100 24 124
(<] 24 4 32
7 4 - “

Totnl 258 182 42y

There was 55 per cent of good trees with an average diameter
of 4.5 inches, Average heigit was 20 feet, As far as diameter,
this stand compares favorably with those on Mlcara slopes. There
was not mueh difference in héight'grcnth. Form is poerer bescause
of greater distance hetween rows of trees, Trees are more vigorous,

Unless it grows with some degree of side shade, it is apt to
develop a large round orown with severa! thick branches. This
condition is especially so in the poorer sites, Taper of the duwunk
is proncunced,

If trees ars properly reised in regard tps8eoking and amount of

side shade, straight tress can be produced. Thiz will be more so in
good sites, in lower slopes, and velleys, UPlanting distance should not
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be over 6 feet by 6 feet., Emphasis should be given to full stands early
in the life of the plantation. As far as we know, capd blanco should
not be mixed intimately with other species,

Bo far ne thinning is needed since trees have more than enough
space, The poor-shaped and leas vigorous trees could be eliminated
gradually in the future.

- It is somewhat late to deo pruning or to do it so that it might be
of help, However, some good could be done to that part of the stand
to be ressrved as the finel crop. The number of well-shaped trees
could be increased by doing a moderate amount of pruning if work is
not delayed.

Capf blanco is not usually found within the Toro Negro Division
but did fairly when introduced, Growth has been rapid as shown by

the following data obtained from site studies,

Table 40, Average Annual Growth of Capé Blanco
s 3 3 t
Site : Average : Number of @ DeBoHe growth 1 Height growth
t__8ge ¢ locations : Average l‘ﬁximn i Average 3 ¢ Lliam

Yoars Inches Inches Feet Feet
Slope % 1 38 +50 2 245

A good increment has been obtained especially in diameter growth,
Trees have a very rapid taper,

So far no injurious insects and diseases have been observed and no
trouble is expedted in this respect,

Cep& blanco does not seem to have the value or the timber-producing
possibilities of capd prieto or ausubo, or the ability to grow in the
worst sites like roble and marfa, It is rather small, and logs of
adult trees are knotty and of poor shape, It has been used in small

slges for special purposes because of its resistance to humidity, buﬁ
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it has never been very important as a construction timber., Plantations
have done very well in Del Valle where it has succecded in spite of the
very serious vine problem. Capf blasco should bs planted only in Del

Valle and surrcunding tracts since it is capable of growiang in spite of
vines, It does not bhelong im the Toro Negro Divisloa and should not be

used there in future plantings or replantings.

Sciacassia siamea K cassia,

This exotic, used mainly as a fuelwood species, was planted in
tracts 73 and 756 in Lugquillo so as to get a guick cover and an overe
story for the slower-growing Dominican mahogany, Tows were spaced
24 feet apart with three rows of mahogany between each two rows of
ocassia, Trees were spaced 6 feet in the rows.

The site of the 1956 plantation is a fairly good Catalina clay
with a 30 per cent slope, 3tand is mixed with a veriety of nstive
species, Since the Dominican mahogany did poorly and spacing between
rows of éassis wag wide, trees branched oconsiderably, OSurvival was
highs Fifty per cent of the trees weres classifisd as good, Average
diameter of good stems was 5,2 inches, Average height was 30 feet
and maximum 40 feet, The distribution of stems follows:

Table 4l Stand in Cassia Sample Plot - Slope
:

DaBoHe 3 Tree form and number per sore
i Good 1 Poor :  Total
(inches) Mixed stand, 8 years
1 - - -
2 4 20 24
3 44 60 104
4 76 64 140
5 40 52 32
8 40 40 80
7 38 12 48
8 16 4 20
9 3 4 12
Total 264 25686 520
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Two- to three-year-old trees in open weedy slopes in Shbana varied
between 1 and 2 inches in diameter, and 15 to 20 feet in height., Sur-
vival and thriftiness were high,

Cassia is better adapted to be planted by farmers in windbreaks
and along the farm boundaries, In the forest it does not satisfy any
special purpose, thus, it should not be planted except for some special

purpose and in & small area,

Sideroxylon foetidissimum, toriugo amarillo.

This species is common in the dry coastal lowlands usually near the
seashore., A small amount, 2076 trees, were planted along the Doila Juana
River in 1938, Some trees were found during the last examination, They
were thrifty, but only about 4 feet tall, Elthcugh these trees which
were planted in a favorable site may grow to adult size, it is evident
that they are out of place in the Central Mountains,

Swietenia macrophylla, broadleaved mahogany
Swietenia oandollei, Venesuselan mahogeny,

These two species will be discussed at the same time because they
are undistinguishable for practical purposes.

Since 1938 planting was done in large amounts in almost every
plantation and thus in many sites to which it was not adapted,

Broadleaved mahogany requires lower slopes and valleys for best
results, In degraded slopes and ridges it gets stunted, and not being
able to cope with shoot borer attack, it eventually dies off, or gets so
unthrifty as to be of no value, It grows better in the heavy-textured
soils probably this being a humidity relationship. In the more exposed
loss humid areas of El Verde and the lower part of CiSnega Alta, it has
made an indifferent growth.

The feollowing are growth measurements of a 1l3-year-old plantation,
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This is one of the oldest mahogany stands in Luquillo, It was eszteblished
in & lowsr slope which had been cultivated previously and evidently was
somewhat degraded at time of planting, HResults were as follows:

Table 42, Stand in Broadleaved Mahogany Semple Plot - Slope
:

D.B.H, 1 Tree form and number per acre
+ Good & Poor  ? Total
(inches) Mixed stand, 13 years
3 - - 4 4
4 1z 12 24
& 28 82 60
6 48 20 68
7 48 12 680
8 82 16 48
9 32 8 40
10 - 4 4
11 - 4 4
Total 200 112 312

The percentage of well-formed vigorous trees was 64, Probably
this stand was more extensive at time of planting, but now occoupies a |
terrace~like slope and follows the deeper soils along a orsek. The I
average length of the first log is only 14 feet, The trees branched
considerably and most trunks show characteristic irregularities and
swellings above this point,

The following stand was cstablished in Coca Valley.

Table 43, Stand in Broadleaved Mahogany Sample Flot - Valley
:

D;B.H, $ Tree form and number per scre
1 Good ] Poor 3 Total

{inches) Mixed stand, 7 years
2 - 28 28
3 £6 g2 148
4 156 32 188
5 80 4 G4
8 20 8 28
Total 312 164 478
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Average annual growth was 5 feet, the tallesttrees being 46 feet,
The figures are from one of the best stands located in colluvial terraces,
80ils are fertile and classified as Fajardo and Torres clays which are
friable soils washed down from above, Drainage is good because of &
steep slope and very stony soil, The percentage of good trees is 66
in spite of suppression by overstory., Broadleaved mahogany seems to
prefer humid areas and oclays in enviromments very similar to coffee

plantations.

Results from other stands in lower slopes and valleys are shown

below,
Table 44, Stands in Broadleaved Mahogany Sample Plot- Valley
:
D.B.Ha : Tree form tgﬂ number per acre
t__Good 1 Poor : Total : Good : Poor 3 Total
(inches) Mixed stand, 6 years Mixed stand, 7 years
2 8 56 64 - 120 120
3 80 52 132 132 148 280
-3 60 8 68 l44 56 200
b 12 - 12 52 12 64
6 - - = [ - 4
Total 164 116 280 332 336 668

Average annual growth for the 6-yeareold stand was & feet, and
4 feet for the T=year-old plantation, Tallest trees were 40 feet tall,
The percentage of well-formed wvigorous trees wes 60 in the younger stand,
and 50 in the 7-yearecld plantation, Both are located in good sites, but
the older plantations have been suppressed by an overstory of secondegrowth
trees, a faot which apparently retarded growth and sontributed materially
to a higher percentage of poor trees,

Survival of broadleaved mahogany is generally good, In a favorable

gite establishment is easier than for most species of hardwoods. The
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shape and form are good., Trees tend to form a long pole, and in a
suitable site do not branch until after they are 30 feet tall or so.
Shoot bhorer attack, which is high, causes branching unless the tree is
growing vigorously. When growing together with banaunas, the leaves of
the latter should be trimmed to prevent any pressure over the rapidly-
growing leader. The overstory should be gradually removed not later than
the fifth year,

Shoot borer attack and falling down of trees should not cause much
worry in well-managed stands. Results show that & high percentage of
troes get ultimately well anchored in favorable siteas. However, it still
remain to find out how the trees will stand strong winds and hurricanes,
It is evident that broadleaved mahogany will not be planted to an extent
oomparable to the ammounts used in the past, The sites to which it is well
adapted will be in high demand for subsistence agrigulture,

In the Toro Hegro Divislon the two species were planted in most of
the plantations and in a larger number than other species, Planting weas
started in 1836, but replanting continued up to 1941, It was done
irrespectiive of sites. Survival was generally very low, especially in
the open ridges and slopes.

The best 8-year-old trees in the good coffee sites in Matrullas were
3 to 4 inches in diameter, and 30 te 35 feet high, On the average, trees
are smaller and spindly. In Dofia Juana and Guineo, trees were poor, from
2 to 2,5 inches in diameter and 12 to 15 feet tall, Mahogany never was
promising in these sites, but in Matrullas it had a good start in the
lower slopes under coffee shade, Growth was rapid and the trees developed
thrifty, The coffee shade was gradually removed to avoid suppressing the
mahopany.

The last examination in January 1945 showed a discouraging situation,
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Trees were weak, too tall for their spall diameter, and had failed to
develop & good srown, The few leaves lef't had an unheéalthy light green
color.

Windthrow has been very high and continuous, In the less favorable
sites of Guineo and Dofia Juana mahogany was considered a total loss.

In Matrullas & small peroentage of the tress gan be expected to become
crop trees, yet situation as a whole was discoursging.

Shoot borer ia not gonsidered the main cause for the poor condition
of the trees, Many trees had bean girdled by mice.

Since mahogany is doing better in similar sites at lower elevations,
it is apparent that it is not climatiocally adapted to conditions of the
Toro Hegro Division,

Results do not justify further trials or plantings in Toro Negro.

Pure plantations should not be repeated. Imtroducing groups of
mahogany inte either the natural forest or in artificial stands in the
moat suitable sites is a safer and more natural procedure. Good points
in favor of broadleaved mahogany are: eoase of propagation, rapid growth,

good form, and veluable timber of a high looal demand,

Swietenis mahagoni, West Indian wehogany, Dominican mshogeny, cacba.

Caoba was planted in larger amounts in Del Valle and ‘abana
plantations, although smaller amounts are found in the rest of the
plantations, Very scon ater planting, its poor showing was apparent, .

Plantations in tract 36 in Del Vslle developed very well upon a
well-drained Panduras clay loam, but is being eliminated by the more
vigorous and more rapid-growing ospf blanco with which it is mixed.

Survival was fair to low, In the humid climate of Luquille, attacks
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of leaf blight are prevalent, DBeing a slow grower, it stays for a
long period within the reach of vines and suffers accordingly.
In Luquillo, no atand of this species has been successful, thus,
none of the sample plots measured contained many geod trees. The
following dats is based on estimated diameter and heights.
Table 45. Average Anmal Grovth of Dominican mOﬁany in Sebana and Del Valle
H

Locality : Average : Humber of t_D.B.,H, growth : Height growth
and site : age : locations : Average : Maximus : Average : Maximun

Sebane Years Inches Inches Feet Feat
Ri&. 8 2 o“ .33 1.18 2.29
310?‘ 8 1 «31 Py 1) 1.80 1,80
‘Illlty 8 3 23 o351 1.50 2,00
Del Valle

R:&. 8 2 oB4 P 1.90 2.10
Slope 8 4 «31 44 1.60 1,80

Not much difference was evident among the different sites, Annual
growth in diameter was good, yet increase in height was poor. Trees were
stunted, about 15 feet high or less after 8 years, They were wide crowned,
similar to orchard trees, Shoot borer attack was very high.

A stand in El Verde, planted during 1928, prior to the asquisition
of that tract, is a good evidence of what can be expected under similar
conditions.

Gite iz n degraded heavy Catalina stony clay of a rolling topography.
Plantation was measured in 1944, The average height was about 18 feet,
the highest trees being 25 feet tall., Trees had the same flat top
appearance and were stunted, of poor fornm, and hsavily attacked by shoot
borer and leal blight.

Diameter distribution in this stand is as shown in takle 46,
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Table 48, Diameter Distribution in Dominican Mahogany Stand
H

D.B.He : Total number of trees
: !
{inches) Pure stand, 15 years old
1.5-2.5 ?
206"505 7
SabB=4e5 1z
4,8=5,5 e s
5.6=06.56 12
6o6"7.5 6
7.6-8.5 1
Total 68

This plantation does not have much value, except as a shelterwood
for other species,

In the better sites of Del Valle and in some parts of Sabana,
counts showed from 10 to 30 per cent of well-formed trees whioch will
probably make crcop trees., Stands have been replanted with more
successful species which are eliminating the mahogany, Litile if
any work in pruning or thinning will be necessary., Dominican
mehogany should not be mixed with more rapidegrowing species,

During 1936 Deominican mahogany was planted in Dofia Juana
plantations in mixture with Spanish cedar and jfcana. FREarly survival
wag fair, but by the third year few trees were left and herdly any
was gseen at the time of the survey,

West Indian mshogeny is not adapted to the high rainfall areas in
Luquillo and the Central Mountains, It should be limited to the drier

portion of the island where it grows well,

Tabebuia pallida,6 roble,

This species grows in the Luquillo Mountains, especially at the
El Verde«Cidnegza Alta section. Good stands are also found in Sabana
«86m



and Del Valle, In fact it grows well in the whole division when the
favorable eocological conditions &re present. It forms pure or almost
pure stands by invading grasslands and degraded :611- of hillsides and
ridges, Roble is a small tc medium sized tree, Usuelly it does not
produce sawtimber, but special items in high demand in our rural
communities,

Replenting started in degraded heavy clays during 1938, where
previous plantations had failed., “maller amounts were used in other
projects. Cuttings were unsatisfactory as few did strike root. BSur-
vival of wildings has been exceptionally high,

Roble is & tree of slopes and ridges. In the valleys and lower
slopes, conditions are favorable for more tolerant larger species,

Its seeding hebit and adaptability to the worst sites makes it a
very aggressive piloneer species. It does well in humid waterlogged

sites,
The fact that wildings are so successful and that they are found

in good amounts, greatly facilitates establishment of plantations. Most

plantations are young, thus only ons stand was memsured. The following

date was obtained from a stand growing in an eroded ridge in Loz Guineos

clay. Age from planting was estimated at 5 years.

Table 47. Stand in Roble Baqg;c Plot - nid‘o
H

D.B.H,. ¢t Tree form and number per acre

: Good
(inches) Pure stand, b years
1 18
2 32
3 76
4 38
Total 160
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Average height was 8 feet, the tallest trees being about 16 feet,

The average diameter was 1,92 inches and all trees were classified as

good,
Average annual growth was calculated for five different locations

2ll in ridges.

Table 48, Avcrggo Annual Growth of Roble

H 2 ; : :

Site : Average : Number of :_D.B.H. growth ¢ Height growth
:__sge s+ locations : Avnrgge : Maximum : Average : Maximum

Years Inches Inches Feet Feet
Ridge 5 ) 28 «41 1.60 2404

Another stand in an equally eroded heavy clay was 12 to 15 feet
tall with average and maximum diameters of 1,6 inches and 2,6 inches
respectively, The age of the stand is 4 to & years,

For the present no thinning is necessary, In older natural stands
thinning is usually done by means of sales, Roble is one of the easiest
species to work with, Artificial stands will be important in the future.

In the Guineo Lake plantations a survival of not less than 80f% was
obtained, 1In Dofia Juana juse of seedlings on an experimental scale gave
& high survival and a few were about 6 feet tall two years after planting,
Trees take about 6 months to resume growth after transplanting, Roble is
not common at high elevations in the Toro Negro Division but grows well
around lLake Matrullas, In this locality trees 15 inches in diameter and
45 feet tall were found,

Damage from inseot and disease, if any, is not important, At lower
elevations and where it is subject to artificial unnatural situations,
along avenues and in backyards, trees get heavily attacked by a witch-
broom. In Luquillo this condition has been noticed to a small extent,

but does not seem to get serious or to affect the trees, A shoot borer
is common but attacks are of little consequence.
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Teotona grandis, teak.

Marshall (6) reports ﬁ_mt in Trinidad, teak thrives in lands
formerly occupied by semiedeciduous and rain forests with a range of
rainfall between 50 and 100 inches, but mostly between 50 and 60 inches.
It seems to require 4 wellemarked dry season and a welledrained soil,

Untortunatal;f -iont plantings were small and very scattered, Bee
cause of these co:':di.tions;; it was not possible to control weeds effectivee
ly as it is noad;anry fo:: L4% Deat growth, Survival was very low, exocept
in the v;getnbie garden in tract 106 and in Sabana, In both sites trees
were kept free o!l' weeds since cultivation was intense,

The Sabana plantation is located along & smell stream in alluvial
soils, but drainage is effective because of stoniness of soil, The
plantation was & s’qira old with average and maximum dismeters of 4 inches
and 6 inches rn:;peétinly. Heights were 40 feet for the average, and
45 feet for the maximum, The stand ie thrifty and the dominant trees
are of good fornl,-.'z‘ The smaller trees are branchy, Stand is close and
teak is mixed wj:ﬁlh capf prieto, marfa, and Dominican mahogany, Teak is
clearly dominent.

In a steep sha.llw Mfcara slope in Cifuega Alta, survival was very
high, Teak was nﬁpd with capé blanco, BSeventy-three per cent of the

trees wore marked as satisfactory. Averags dismeter was 3,04 inches,

Trees were six years old and 25 feet tall.

Table 49, Stand in Teak Sample Plot - Slope
7l 3
- DeBsH, : Tree form and number per acre
' 37 Good & Poor ¢ 1ptal

| (inches) Mixed stand, 6 years
' 1 4 28 32
2 16 54 70
3 236 12 248
o 32 - 52
Total 288 94 382
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Contiguous to this stand, but in the valleys and lower slopes,
trees had reached diameters up to 4.5 inches and heights up to 45 feet.

It i evident that growth in this plet has been slower because the
soil is too steep and shallow, Taak was at least 3 feet taller than the
capd blanco, The Mfcara sites in the western part of Luguillo are probably
climatically suitable since rainfall iz not over 80 inches, and soils are
well-drained, However, the sites which are good snough for teak will
be in high demand for subsistence agrioulturs,

The two stands, one in each BSabane and Cifnega Alta, might need
thinning of the poor-deformed trees in the near future, Growth should
be observed closely,

So far no serious insects or diseases have been noticed, Teak
has shown to be an exceedingly tough species. There are raports
indicating that it stands hurricane winds exceptionally well,

About 1500 seedlings were planted in Doiia Jusna during 1838 and
1955, The few trees which survived were not much taller than at time
of planting. Teak belongs to a less mesophytic forest at lower

elevations. No further trials should be made at Toro Negro,

Triplaris americana,

This South American species has been introduced during the last
10 or 15 years, No large trees hm-ro been found, It is fagt becoming
popular as an ornamental because of its rapid growth, ereot and graceful
form, and showy pink red blossoms,

In forest lands it has been planted only &s an ornamental around
buildings, A group of 19 six-year-old trees back of the headquarters
office at Sabana were measured and found to have an average diameter of
4,6 inches, being 15 to 22 feet in height, Trees varied from 2 to 7

inches in diameter. There is no record of this planting but probably
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they were planted in 1938, Trees have recaived good care and kept free
of weeds.

Since trees and shrubs in this genus have & tendency of being hollow,
one tree was exawined and found that all the tranﬁ, about 4 inches in
dismeter, was solid except for about 1/8 inch in the center of the pith,
If hollowness does not increase with age, it should not be an obatacle
to timber production. A wood sample obtained was similar to pine.

This trse has been considered with possibilities as a plantation
tree because it is well-formed, grows rapidly, and prefers openings in
nearly pure stands., Preliminary data from other forest units show that
its survival has been low and that a high percentage of the trees get

unthrifty in the poor sites in which it hes heen planted,

Vitex divarieata, higuerillo.

Higuerillo is widely distributed in our humid forests from the
coast to the higherelevations., It occurs sparingly but is of more
common oceurrence in the Ceatral Nounteins, It persists as scattered
trees long after the forest has been oleared and large specimens are
found isolated in clearings and pastures. ﬁood is considered very
durable in the ground,

During 1938 higherillo was planted in small amounts in Pizd and
Bl Verde, It has not been planted in Luquillo anywhere to the same
extent as in Toro Negro,

Survival has been fair, but it is considered to belong to the
clags of trees that survive well., It is able to compste with weeds
and has been planted in the open-degraded clay soils. In such sites

its growth has been rather slow.



Sample plots were not measured, The following tabls shows the

average annual growth from site studies in Pizf and El Verde.

Table 50, Average Annual Growth of Higuerille
i

s : [
Site : Average : Number of :_D,B.H, growth i Height growth

i _8ge  locations : Average : Maximum : Average : Maximum

Years Inches Inches Feet = Feet

Ridg. b 1 ok P 2 2.4
Slope 5 1 3 74 2e4 &
6 3 .2 - 1.9 -
8 2 -] «31 204 3

Hardly any stand has reached 25 feet in height, even though the
oldest trees are eight years old, Higuerillo has grown slower than
capf blaneo when planted together with it., Marshall (5) reports it
as a fagt grower in Trinidad, reaching a height of about 40 feet and
a diameter of 6 inches in 6 years, However, in Trinidad they use
better sites for planting and their variety might be a faster grower
than ours,.

Higuerillo is a strong light demander and needs at least full
overhead light, It does well when planted in large openings in the
forest, When intimately mixed with faster-growing species, it will
probably be eliminated, Side-shade could be helpful in improving
tree form, Trees branch somewhat, although not so much as orpf
blanco., Pruning is necessary and many trees could be considerably
improved in this way,

There are no serious disease or insect pests, yet in some
localities foliage is heavily attacked by & leaf roller, A mite
causing swollen and chloretic areas in the foliage is common when
growing seedlings under shade,

Higusrillo does not seem to be & very desirable species to grow



in the Luquille Division, It is a slow grower, and although it is
growing fairly well in eroded poor sites, these cen be utilized better
by roble.

In Toro Negro, except at CGuineo Lake, growth has been slow, A high
percentage of trees are of poor form.

Survival has been good, considering the sites, A 9-year-old open
grown stand in & degraded slope at Dofia Juana had average and maximum
diameters of 2 inches and 5,8 inches respectively, and average and
maximum heights of 12 and 20 feet. When underplanted in sierra palm
stands, 4~ and S-year-old trees were 1/2 inch to 1 inch in diameter
and 5 to 8 feet tall, thrifty and of good form.

Best stands are found in the lower slopes of the Alonso solls
where trees four years after planting were 1 to 2 inches in diameter
and 8 to 12 feet in height,

No sample plots wers established since trees were small., The

following average annual growth is from site studies. in Toro Wegro.

Table 61, Average Armual Growth of ggguprillaL
3 t :
Site : Average : Humber of : D,B.H, ; t Height growth
: age : looations : Average : m : Average : Meximum
_ Yours Inches Inches Peet Feet
Slope 5 7 25 +38 1.63 2.17
Valley 4 1 «25 « 50 2 3

It has shown capable of growing well when planted in the forests
at high elevations among natural stands of Mioropholis and similer
species, It does well when underplanted under sierra palms if the

stand admits enough light,

Vitex spp.
An introduced species of Vitex was planted in Pizf in 1958, Its
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doacription cheoks well with that of Vitex parviflora from the Philippinesn,

There are recordas of its introduction into the i{azland by the Forest Service
in the early twenties,

Adult trees in the Forest i‘mrvi& arboretun give heevy crops of seeds.
Isolated trees have been found in other areas of the Luquille, probably
planted by former landowners from trees originated in the Foreat Service,

This species is q‘l very heavy seeder and is found close o the mother
trees, Growth has ﬁo;n rapid, even in degraded .'h_mwy sites, BEight-year-
old trees wore 3 to 4 inches in diameter and 15 to 20 feet tall, Sur-
vival was high. Tﬂﬁ have been growing at a fast rate. In soms parts
of Pizé trees are unthrifty and heavily attacked by scale insects,

Trees are intolerant, and having grown in the opea, produce a very
wide orown similar to capd blanco, OGrowth is more rapid then with our
native species and 1t is just es aggressive and adapted to poor sites,

. /It has ornmemental possibilities as it produces large blossoms

of lavender color flowers and heavy crops of grape-like f{ruits,

DISCUSSION AND KECOMMENDATIONS

Table 52 shows the area coversd snd the condition of the different
plantations up to June 16486, The total area of the plantations is larger
than the area actually planted, in this case §781.8 ecres, Within tzis
larger area there is a certain smount of natural reprodustion which adds
very materially to the stocking of the arsas, and which should be con~
sideredin sizing up the arm that 2%ill requires plant!.né in the open
or underplantiag, I

Considering both the natural reproduction and the eastablished

plantations, the amount of stocking was estimated in June 1945 as follows:
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Table 62, Amount of Stooking Including Natural Stands,

Caribbean National Forest

i
: Condition of plantations :
Plantations i~ Well stooked Understocked & Total
: Forested n 3
Acres Acres Acres Acres
Luguillo Division
El Verde and Jiménesz 66 20 1 180
Pizd 467 29 76 57
Cibnega Alte 1,086,8 302 137 1,625,8
Sabana and Cooa 526 281 167 963
Del Valle 2680 328 40 628
Tract 91 16 48 5 68
Total 2,418,8 988 819 B3,025.8
Per gent 61.4 25.1 15.5
Toro Negre Division
Dofia Juana 454 61 272 787
Matrullas 350 277 110 787
Guineo 265 5 82 332
Total 1,069 343 444 1,866
Per cent 57,5 18,6 24
Grand Total Caribbean
National Forest 8,487,8 1331 G963 5,781.8
Per cent 60,3 33.0 16,7

The above table shows that 60 per cent of the total area of the

plantations was considered well stocked.

This is & total of 3487,8 acres

made up of 2048 acres of plantations and 1438,8 acres of natural stands.

That is, plantations have contributed with about 68 per cent to the welle

stoocked stands,

The effectiveness of the planting work cen be appreciated by con-

sidering the fact that after planting an average of 2000 trees per acre,

only 51 per cent of the area actually planted was considered successful,

This was so after planting during 10 years in the same area,

A total of 2264 acres are in need of replanting.

Considering the

whole area of plantations, 23 per cent or 1331 acres were estimated to

need underplanting, and 18,7 or 963 scres requiring replenting in the

opene. Same of this area was replanted duriag the latter part of 1946



and the whole of 1946 with roble, Bucalyptus, and merfs, Thus, most of
the area whioh at present is understooked, requires underplanting.

The terms "stocked” and "understocked" should be explained fully
so that a good picture of the situation is obtained.

1, Wellestocked Plantations

Plantations in which planted trees of good lorm and satisfactory
growth, or such planted trees together with natural roprodmtioﬁ
of the better species, form, or with release ocould form, an

80 per cent to fully-stocked dominant stand, ¥No replanting
needed, nor underplanting in the immedinte future, PYart needing
vine outting and release,

2« Understockad Plantations

Plantations in which planted trees of good form and satiszfactory
growth, or such plantsd trees together with natural reproduction
of the better species, do not furm, nor with release would not
form, an 80 per cent stocked stand. Replanting or underplanting,
vine cutting, and release needed,

a, Forested, The satisfactory trees, either planted or
natural , forming & minor part of a stand composed chiefly
of poor trees, either planted or natural, which provides
a complete canopy bensath which a shady forest environ-
ment exista. Part needing vine outting, release, and
underplanting,.

be Open. The satisfectory trees, either planted or naturdl,
not within a closed stand, and therefore on a site where
the soil receives little shade and there exists a prominent

herbaceous cover. Part needing vine cutting and replanting,
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laguille Division.

Managemeut of Successful Plantations: It is necessary to make

reaommondati ons separately for the different sites such as lower slopes,

uniform slopes, and ridges.

The following classification shows the adaptability of the different

species in lower slopes and valleys,

Promising Not promising Not recommended
Ausubo Ceiba Albizzia lebbeck
Broadleaved mahogany Dalberghia Algarrobo
Capé pristo Hooca Capd blanco
Jécana Spanish oedar Casuarina
Huez moscada Fest Indian mahogany Guaraguso
Higuerillo
Maga
Harfa
Earicao
Koble
Teak

The species listed as not recommended grow well in lower slopes but
either they belong better in less suitatle sites like marfa and roble, or
else they do not produce good enough timber like maricao and casuarina,
Other species in this column like capé blanco, maga, tesk, algarrobo, end
guaraguao, although producing valuable timher are not recommended for the
best sites on this basis of results to date. Tesk has done well in Micara
sites, but requires clean cultivation, Little is known about its future
posgibilities, QOuaraguao has been underplanted with a high survival and
good thriftiness, but the form of adult trees is not goods More information
about higuerillo and capéf blanco is also nseded before roéomonding them
for this site.

Of the species listed as promising, jécana might not produce one of
the best timbers, but it has been very sucoessful in the plantations,

Maga is not being recommended in view of its behavior in the rest of

Luguille al though it has done wvery well in tract 105,
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With the exception of the broadleaved mahogany in Sabana and Coca
Vallsy, the capf blanco in Del Valle, and marfa in Pizé, there is not a
large area of one species in anyone of the older stands, Since stands are
cizod in many different combinations, it will be necessary to consider more
<hun one species at anyone time and place in silvioultural worke

liany of the best siands have been growing under a shelterwood of native
species of low value, The gradual ramoval of these is being effected through
sales. This work will have to be dona sontimuously to avoid good trees of
valuable species being suppreseed bjf naturel tress of less valuable species,
It is hard to lay any rules to be followed since no two groups of trees are
identical, Enough of the shelterwood should be removed to allow uninterrupted
growth tn the plantation, but care should be exercised not to open the canopy
excessively. This is especially so in sites where vine growth 1s heavy, The
right balance should be maintained between the growth of the planted trees and
the nmaunt of oanopy. Vheu the plantation is poor it is preferable to re-
plant with & more successful species and to do the improvement cuttings as
required by the latter planting, Thinnings are hardly necessary at present,
Stocking of planted trees is light so that good trees are not competing with

each othed,
Trees classified as poor will tend to remair behind or be eliminated by

the best specimens so that there will hardly be need of thinning to favor
orop trees, There are many stands of capf blanco in Lel Valle, which, although
very vigorous, are widely spaced and of poor form., MNags stands whish are of
good form and growing close in the lower p@rt of tract 105 will need to be

thinned out soon.

In cases in which there is competition between the planted trees it is
hard to set down any rule as to which tres should be favored since thers are

different combinations. This is something to be Jjudged on the ground,



Pruning should have been otarted earlier, Any work should be cars-
fully supervised., When "machetes” are used as pruning tools, stubs are
usually left after removing branches, It is preferable not te prune,
rather then to do it incorrectly as this is conducive to fungous in-
fections and defective trees, Capf blanco is the speoies most in need
of pruning, Only the orop trees should be pruned, and even in this group
of trees only those branches 1 inch in diameter or loss should be pruned,

Little replanting should be required in the successful stands in
this site, Many blanks are being filled by natural reproduction., Large
openings should be filled with promizing species, especially if wildings
gan b-'proaurod nearby or by the use of direct seeding.

Weedy vegetation such as melastommoeous shrubs, ferns, and other
forms of ground cover should be encouraged and not removed in cleaning
operations. In critical areas as in Del Valle and Cooa Valley, vines
still have to be cut regularly as they are able to choke large irses.

The uniform slopes oontain the lergest area of plantations, estimated
to be ahout 60 per cent of the total area,

The adaptebility of species To sites is as follows:

Promising Hot promising Not recormended
Ausubo Broadleaved mshogany Albizzia lebbeck
Capé blanco Ceiba Algarrobo

Capé priesto Dalberghia Cassia de Siam
Jdocenn Megca Casuarina

Maria Moca Bucalyptus spp.
Hariceo Zpanish gedar Higuerillo

Nuez moscada West Indian mahogany Teak

There is not muoch difference in handling successful plantations in
the valleys and in the slopes of ausubo, capé prieto, jécana, end nuez
moscada when growing under & shelterwosd, Capd blanco has done remarkably
well in the slopes of Del Valle, frrespective of the conditions of the

site, MNarfa, roble, and marieac will be more useful in those slopes
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where the soil is worn-out,

The management of the promising plentations in the slopes should be
as follows: In well-formed stands of capd blamco, it is mostly a matter
of removing the overstery where present, Pruning, if &ano correctly and
soon enough, will be helpful, Thinning of capd blanso is generally not
needed at prosent,

Vine removal is important in Del Valle and in few other sites,

The artificial stands of roble are young and hardly nesd any care,
except ocoasional vine removal. Marfa is intolerant and will not grow
wsll under an overstory. Pruning will be helpful as many trees have
developed wide orowns. Thinning is not needed for the present. The
maricao stands are too small to require any special considsration,

The group classified as not promising will bo.subutitutad, either
by natural stands or by planting.

The management of the group of species classified as not recommended
should be as follows:

The cassia stands in Sabane should be considered only as temporary,
They should be treated as an overstory and removed us required by the
understory of roble, marfa, and & few good trees of Jominicen mahogany,

If the stands of the latter are not enough, an inexpensive replanting
could be done with roble wildings. Unthrifty Dominican mahogany should
be underplanted also,

The few sucoessful atands of teak should be managed on an experimental
basis, 7The management of the small successful stands of Bucalyptus, higue-
rillo, 4lbizgzia, and €asuarina, is not important and should fellow what is
done in surrounding stands,

The ridges were sstimated to ineclude 32 per cent of the total area

in plantations.
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YHost species do not do well, especially if the soil is degraded.
Under these ciroumstances, marfa aund roble have been very successful
in Lugquillo. Marfa will not be used in future regeneration in Luquilloe,
ag roble fits in better in the present management plan,

Improvement of Poor Plantations: Hanagement of poor staads in the

best sites, that is, in the lower slopes and valleys is as follows:

In the maga stands the amount of underplanting with promising
species will vary with the quantity of good-formed trees, There might
be a majority of poor treses, but there might be enough good crop trees
" of maga or of ofhur species so as to preclude the need of underplanting,
The seme holds for capf blanco, If not enough good trees are present,
or if good natural reproduction is not coming in, it is a clear case of
underplanting with promising species.

West Indian mahogeny stands are poor, irrespective of site.
Where it was planted pure, the canopy is usually open, The need of
replanting in such stends will be determined by the stocking and the
kind of dominating species.

Where a canopy is missing so that the site is overgrown with weeds
anéd vines, replanting with roble is probably the most intelligent decision

in spite the fact that roble is usuelly planted ia the poorer sites,

New Planting: Practically no new plantations will be established
irrespective of site until new areas are scquired.

Problems Remaining for Research: Ia the lower slopes and valleys

the problems to bs investigated are moatly those in connection with
future growth. Permanent sample plots should he established in successe
ful stands to measurs growth and to study thinnings, The following
stands are suggested for plot sstablishment,

1, Good broadlesaved mahogany in Coca Valley and Sabana,
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2, lMaga and teak stands in the lower part of tract 105,
8. Capd blanco and mixed species in the lower slopes of Del Valle,
The successful Spanish cedar stands in plantations 1, 2, and 3, of
Del Valle should be included in item no. 5.
Although many of the species planted at present survive well, there
is need of an intensive study of survival with many species of hardwoods.

The research problems of the uniform slopes do not differ from those

above.

Toro Hegro Division.

Management of Successful Plantations: Hecommendations are also

made separately for the different sites., In Toro Negro twe different
sites were differentiated, The data given below refer to open~degraded
sites, The results obtained with the different species in this site are

as follows:

Promis Hot prunisggi Not recommended
Buocalyptus spp. All other apecies Marfa
Pomarrosa

Roble

Acoording to table 52, when all sités are considered, a total of
1069 acres were sstimated to be well-stocked. The successful plantntiani/
in open-degraded sitea include only the later plantings of Euecalyptus,
most of the roble, part of the jécana, and & small part of the higuerille.

Where the jlcana trees are 4 feet or over, should be allowed to grow
uninterruptedly. The growth of woody bushes and brush, and of tall ferms,
should help the growth of trees and the rapid recovery of degraded sites,
Unless vines are troublesome, outting down the brush from plantations
which are out of the reach of the brush, is poor silviculture., At this
stage it does not pay to take care of jlcana seedlings which are chlorotic

aad stunted. They should be replaced with the more successful species if



the blank spots are large enough to justify further planting.

The stands of small Eucalyptus should be weeded and replanted having
in mind to raise well-stocked uniform stends. Roble needs less care than
Buealyptus. Three or {our weedlugs zhould be enough, If higuerille be-
oomes stunted and unthrifty, the best practice will be to replant sclid
with Sucalyptus or roble., In good higuerilleo stands, only oscasional
vine removal will be necessary,.

The results obtained with different species in sites which were

not degraded at time of planting are as follows:

Promising : Not promising Not recommended
Ausubo Broadleaved mahogany Capf blanco
Capd prieto Spanish cedar Harfa
Guaraguao Teak

Higuerilloe Tortugo amarille

Jécana West Indian mahogany

Maga

Nuer moscada

Tabonuco

Euoalyptus and roble grow very successfully in this site, although
usually they are planted in the degraded sites., The area of successful
plantations includes promising groups of trees scattered over wide areas,
The number and combination of gpecies, stage of growth, need of liberation,
and need of thimning and pruning, vary from place to place so that it is
hard to set any rules for the tresatment of these stands,

The successful but young stands of Bucalyptus and roble were still
in need of weeding sarly in 19456, The older successful stands are composed
of the following species: maega, capf prieto, Buealyptus, and broadleaved
nshogany, Maga and Euecalyptus were the only species approaching a cone
dition where thinning would be needed., At the time of the survey the
good stands of theese twe species were not crowded, but since they are
growing fast, it is likely that some thinning might be needed within

the next two years or so,
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In Matrullas, Ingas which are shading good capf priete trees should
be removed. Removal of the overstory to favor mahogany should be done
only in the case of thrifty and promising trees. TVhen the mahogany was
not good enough to eatablish its own cover, complete rﬁ;ﬂul of the
overstory resulted in site deterioration. _.I h

Bananas should be kept well thinned so that they :l§ not get over

dense and compete with good forest trees. Pruning does not seem very

necessary.
]

3 A\ L
Improvement of Poor Flantations: At the time of e \i_lumy the

understocked plantations in Toro Negro were estimated ns divided into
343 forested and 444 eores in the open, Since that tin';‘lm‘ appreciable
amount of planting has been dome with Zucalyptus and roble im the open-
degraded sites, |

The bulk of the forested but understocked stands was foupd in
Matrullas, The stocking of plantations under a shelterwood o'i*\'\;;orru
shade trees was low, On the eastern side of the Matrulles dam, Iét__?
acres were estimated to need underplanting, especially toward the end
of the main lower trail where plantations, 3, 4, and § meet, The '
overstory was largely made of Ceeropia under wnich, the survival of \
mahogany and capd prieto was slow. Capf pristeo and susubo are the
best species to use here, Underplanting of this section should have a

high priority since conditioas are very faverable,

New Planting: New plantations will have to extend west of tract 20,
Botween this and tract 3 there is an aree of about 5000 acres of mixed
palias and such speeies ns are found at high elevations, In some places
there is only second growthe Regeneration of open-degraded sites should

not be important in this area as it is practically all forested,
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Problems Remaining for Hessarch: The ressarch problems to be

investigated include both successful and poor plantations., In the
sucoessful plantations research has to do with the menagement of the
. best stands, The silviculture of the Buoalyptus should be investigated
with special refsrence to thinnings and harvest cuttings. Hample plots
should be established in the following stands,

l, Close Bucalyptus stands in Guineo.

2. Good maga stands in Dolfia Juana.

8. Stands of capf prieto and broadleaved mahogany either in

Matrullas or Deo¥la Juana,

4. Jécana stands in Matrullas.

The following points of underplanting require further study.
(1) the most favorable type of cover, (2) when and how much of the
ovaerstory should be removed, and (3) with what frequency should the
overstory be opened, Information about different degrees of species
mixture, amount of trees to plant and frequenoy of underplanting, and
the eventual relative position of the waluable species in the stand,
is also needed,

Jonversion of sierra palm stands to more valuable species is
worth of study since this is an important type in the highlands.
The optimum density of the palm canopy should be determined as well
as the most economic methods of sierra palm removal. The tulta-of
underplanting sisrra p;lm started at Dofla Juana and Guineo Lake
should be closely observed and expanded if succesaful,

In the open sites it is not clear whether the expense of raising
the Euecalyptus plantations is Justified apgainst the slower but sure
method of allewing the natural succession to operate.

The natural succession of degraded lands should be studied s0 as
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to obtain the necessary data. Information is needed on the process
leading to the rapid degradation of the olay scils when the forest

cover is removed,

SUMMARY AND CONCLUSIONS

Reforestation is one of the main eotivities of the forestry program
in Puerto liico, The evaluation of the work done since C.C.C. days was
nscessary as a basis for the planning ef future work and for the most
efficient management of the already sstablishod stands, An intensive
survey of the 20,000 acres of plantations was conducted by the research
staff with the cooperation of the field force during part of 1944 and
1845, Of this area, 5,700 acres are located in the Caribbean Hational
Forest.

The survey was intended to obtain the following information of value
to administration and research,

l, A permanent combined record of plantation sstablishment,

2. A reliable estimate of the planting and plantstion menagement

job ahead, based upon practices recommended as & result of the
survey,

3. A clearer picture of regeneration and plantation menagement

problems for use in planning research.

In line with the intensive use of land, characteristic of an over-
populated island, maximum preduction is required from every acre of land,
The best agrioultural land is dedicated to an intensive form of agriculture
which gives a relatively high yield per acre. There is an undetermined
area of land whose highest use is for forest production, Porests are
needed for the pfoduation of fuelwood, timber, and miscellaneous forest

products. Soil Conservation surveys have shown that 80 per cent or more

- 106-



of the area of the island is not suited for clean cultivation and should
be maintained in pasture or woodland,

The Caribbean National Forest is composed of two Divisions: the
Luguillo and the Toro Negro, located on the Luguillo and Central
Mountains respectively. Although this is a relatively small forest, it
is very important for timber production, for socil and watershed protaction,
and as a recreational area,

Lands within the National Forest being reforested are generally steep
and located batwesn 50 and 3000 feet elevation, At Toro Negro, the
plantations are at an elevation about 1500 feet higher tham at Luquillo.
This lend is all submarginal for agriculture. At the time it was acquired
it was either deforested or covered with young second growth., Practically
all of it had been degraded through improper farming.

Large-scale reforestation work was started during 1934 by the Civilian
Conservation Corpas, Other relief agencies such as the Puerto Rico Re-
construction Administration and the Insular Var Emergency Program have
also partially financed the program at one time or another, Between 1934
and 1945 a total of 6782 aocres of plantations ware established in the
Caribbean National Forest, using more than 7,000,000 seedlings and wildings,
and about 64,000 pounds of seeds (including planting material for ree |
planting). About thirty different species were included.

Factors of site, as they affected the adaptability of species,
determined to a large extent the success of the work. Degree of past
erosion was one of the most important site factors, Eroded and degraded
soils where the forest cancpy had been long removed required different
species end silviecul turzl treatment. HNost of the valuable species of
hardwoods require Jor proper early development the favorable forest-

like conditions existing under a shelterwood, Little is yet knowm
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here regarding the handling of the canopy and of the underwood for best
regeneration by this system.

In the Luguillo Division, the site differences between concave and
convex slopes evidently affected tree growth and the adaptability. Three
sites were distinguished: (1) ridges, (2) uniform slopes, and (3) lower
slopes or valleys. At Toro HNegro, the heavy clays at higher elavations
degrade very rapidly upon removal of the forest cover, sven hefore
accelerated erosion is evident, There, the degree of degradation is not
so directly influenced by topography. The following site classification
is considered more directly related to plantation success: (1) Severely
dograded soils and (2) slightly degraded soils. The influence of other
site factors such as exposure, drainage, and ground cover, are discussed,
Planting stock, systems of planting, ground preparation, methods of planting,
and waintenance af'ter planting are deseribed in detail., Detailed recommend-
ationg for the management of plantations are presented,

lagurvival has generally been low, However, natural reproduction has
complemented artificial stands. Considering both veolunteer growth of
valuable species and plantations, 60 per cent of the total area is con-
sidered well-stocked. Of these, the planted trees make up about B9 per
cant, The balance are from volunteer growth, Of the 40 per cent under-
stocked, 235 per cent is now forested and 17 per cent is still open.

The cost of sstablishment and maintenance has been high because of
heavy replanting and the long period of maintenance which has been required
to get the plantations free from weed and vine competition. The high costs,
low survival, and the long period of replanting and weeding, are the result
of an improper anproach to reforestation., The following factors are largely

responsible,



l. Large scale programs carried out within a relatively short

pariod of time.

2+ Difficul% and highly variable site conditions, involving degraded

soils and intense compstition by weeds and vines,

3+ Laok of research data and experience with the establishment of

plantations of tropical hardwoods.

The cost of the planting work is shown clearly by the fact that
after mors than 2000 trees per aore wers planted (ineluding replanting),
only 61 per cent of the plantation area is now considered successful,
about 10 years later., A total of 2254 acres is estimated teo be still
in need of replanting, roughly 40 per cent of the total area of plantations,
The very heterogenecus site and cover conditions resulted in uneven and
mixed stands with age classes from 1 to 10 or 11 years,

The average cost per acre during the first five-year veriod was
$67.66 and $65.19 for the Luguillo and Toro Negro Division respectively.
The total average cost per acre during this period was $66,78. The cost
of plantation establishment averages $27,12, of which ground preparation
makes up two-thirds, Weeding cost was 48,41 per cent of the total,

The high value and scarcity of wood products here justifies a higher
investmont in regeneration work than under a less intensive system, However,
these costs may be considered excessive under almost any ciroumstances,

Work done at present is less expensive, not so much beoause of lower
planting costs, but because of the following approach:

1. In open weedy sites the species planted are those requiring a

minimum of subsequent weeding,

2, The use of any available shelterwood as a protection for the trees

and to assist in the control of weeds and vines,.

It is unfortunate that experimental plantations were not esstablished
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previcus to the initiation of the planting work. In the absence of ressarch,
the establishment and management of the plantations has been done by trial
and error. Puerto Rico is not the only place where early planting of
tropical hardwoods has been sostly or unsuccessful, Brooks (3a) reports

the following in reletion to similar work done in Trinidad,

"Obviously the cutstanding fault of the work of these earlier years
lay in the failure to approach regeneration problems from an
ecological standpoint, An attempt was made to force and artificial
grop of two or three spscies on & clear-felled arca, which formerly
carried a highly mixed and complex crop, without any adequate
knowledge of how such & drastic interlersnce with natural ceon-
ditions would affect the local olimate and soil,”

He descoribes the conditions of the resulting plantatione as follows:

"BExtensive filling up of blanks wes necessary in the sscond and third
year after planting, together with constant expensive tending; growth
of the crop was extremely slow snd canopy was not formed for several
years, The formation of a orop was a prolonged struggle and costa
were naturally extremsly high."

Beard (3) arrives at similar illuminating couclusions from inteasive

experimental work in the MacNair Ravine Sable Forest in Trinidad,

"On really degraded sites ecologiocal conditions have become so
adverse and balances so upset that artificial methods may be
demanding the imposaibls, demanding of the planted stock a tolerance
which it cannot hope to possess, There is no certalaty in artie
ficial regensration under such circumstances, It is ianvariable
sostly and if it fails the last atate may well be worse than the

first, due to the additlonal interference tendings have necossitated.
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The additional time required by natural methods is surely of no
consequence in forestry where rotations run to 60, 80, 100, or

mora years, and in any ouse the experience at HacNair has shown
that thiz time lag is by no mesns as great as is generally supposed.
Tropical forestry, in nearly every country in which it has been
practised (end Trinidad is no exception), has suffered in its youth
from a disesese that has been called "planting measles”, & fixed idea
that it wae necessary to start forming plantations at great speed
all over the place, often without any previous research, After the
wastage of much money the programme is revised in favour of less

costly, mors natural methods based on careful experiment,”

- -
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BRIEF DESCRIPTION OF THE IMPORTANT S0IL GROUPS OF THE
CARIBBEAN WATIOMAL TOREST

Hame, Alonso clay

Origin: Residual from tuffaceous rocks, vesicular lavas,and
agglomerates with oretaceous limestone influence,

'2&' A - Acid
B - Agid
¢ = Acid

Drainage: Good

Profile characteristics: A - Horizon - 6- inch brownish-purple
friable permeable clay

B - Horizon - From 5" to 20" or over
there is a friable granular
reddigh-purple clay over
wenthered roclk,

Adaptation and Other

Charscteristics : Zonal. Lateritic. Depth varies with slope,
Very good for soffee, - Plantations grow
fast when soil is not degraded,

Hame. Catalina clay
Catalina stony clay

Origin: Residual from andegtic tuffs and tuffacseous shales

EEP A -« Aeid
B - Acid
C - Agid

Draig&ge: rood

Profile characteristios: A - Horizon - 0 to 6" Reddish-brown

: friable softly gramular

elay, Forms large eclods
when plowed, but breaks

inte fine granules after
first rains,

B = Horizon - Upper subsoil ranges from
8" to 24" deep. DBrownish-
red or red friable heavy

3 clay, Uniform red clay
continues to 10 to 30 feet
deep.

& iﬁﬁ?ﬁﬁ;ﬁ*ﬁﬁ;ﬁ%ﬁ?i“‘d from Key to Soils of Puerto Rico, by JeJ. Landrén
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Adaptation and Other :
Characteriatics 1 All-around soil, Suiteble for most any
erop grown in the island, Red lateritic,
low in caleium, phosphorus, and magnesium,

Name: Cialitos clay
Drisim Andesitic tuffs and tuffaceous shales,

H: A - Acid
= B =« Apid
G = Apid

Urainage: Good to fair,

Profile characteristics: A - Horizom - 0 to 4" or 8" light
grayish<-brown or brownish~
red frisble, finely grtnulur
olay -urfaoc.

B = Horizon - Over yellowish-red or red
medium heavy but permeable
plastic clay. DBecomes
more friahle at 20",

Adaptation and Other

Characteristics : Coffee, bananas, pasture,
Red lateritic, In places the lower sube
soil has a tendency to have a mottled
yellowish-brown and light brownish-red
aclor,

Name, Pajardo clay
Orgim Outwashed from shale hills and Rio Piedras soils.

pH: A - Vory nom
B -
O -

n "

Dra et Pair, Gray phase poorly drained.

Profile characteristics: A - Horizon - 0 to 9", Brown or reddish-
brown, granular, friable
clay.

B - Horizon - 8" to 14", Heavier
mottled deep red and brown
rather compact clay. Below
14" %o about 5 feet becomes
distinetly mottled red,
yellow and graye



Adaptation and Other

racteristicos ¢ Good for sugar cane, citrus and pasture,
Below 5 feet becomes less compact but
distinetly mottled, Angular shale -
fragments present through entire profile,

Name, Los Guineos clay

Oriﬁin: Regidual from andesitic tuffs and shales,

pi: A - Strongly acid
B = Btrongly acid
(0 = Acdd
Drainage: Good

Profile characteristics: A - Horizon - 0 to 6" or 8", Grayishe
brown slightly granular
medium plastioc clay and

3 to 6 inches of bhrownish-
yellow clay sub~-surface,

B - Horizon - Abruptly changing to a
red plastic permeable clay
grading at 3 to 4 feet into
a lighter red more friable

clay.

Adag;:tion and Other
Characteristice : ESuitable for coffee, bznanas, minor cropse.
The steep and stony phases used for forests

and pastures,

NHame, licara silty clay loam
Mdcara silt loam

Origin: Residuel from tuffaceous rocks with calcareous influence,
Angular rook fragments present im 8 and C horizons,

pi: A - Neutral to slightly acid
B - Neutral
¢ = Neutral to alkaline

Drainage: Good

Profile characteristics: A - Horizon - O to 8", Dark brownish-
gray or grayish-brown
medium plastie oclay,
silty clay with orumb
structure,

B « Horizon - 8" to 18". Yellowish-
brown plastic clay or

8ilty olay with tendency
to gray and yellowish-gray
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mottling in lower pert.

Adaptation and Other

Characteristics : Tobacco is the main orop, HKinor crops are
also extensively raised., Depth of soil
variss greatly with slope and erosion,

Name. Panduras sandy clay loom
. Panduras loam

Origin: (uartz diorite and granite

Hs A - Acid
= B - Eaid
C = Aeid

Drainage: CGood to excesgive

Profile characteristics: A - Horizon - Q %o 6", Light dbrown,
granular, gritty surface,
Depth depsnds on slopes,
and amount of erosion,

B - Horizon - 6" to 12" or 30", Mixture
of loose gritty sandy loem
and deaintegrated granite

Ad over rocke

Adaptation and Other
Characteristics : Pasture and trees. Also for minor orops
and tobacco. ;

Wame, Picaoho stony clay loam
Origin: Derk colored andesitiec 1gnaotia rocks
pHs A - Acid
B - Acid
G « Aoid
‘ Drainages Good to excessive due to depth and relief

Profile charascteristics: A - Horizon - 0 to 4", Light greyish-
brown plastic silty clay

. loam or olay. Texture
depends on alope and
ra:.‘.n!‘lll.

B - Horizon = 4" to 8", Yellowish-
brown clay material with
abundance of angular rock
fragmenta, Depth to the
rock varies from 3" to 14",
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Adlgb‘taticn and Other

racteristics : About 80 per cent in pasture and forest,
Uoffee on the best and desper colluvial
Areése

Name, Rough Stony Land
Origin: Dark colored igneous rocks and andesitic tuffa,

Hi A - Agid
= C = Aoid
M‘ Good to excesaive

Profile characteristics: BShallow stony soil too rough and broken
for cultivation. Peaks above 3000 feet,
Vegetation depends more on olimate and
soil,

Adaptation and Other
teristics : High peaks with high rainfall, Vegetation
is typical of Montane Rain Forest.

Name, Sabana silty clay loam
Sabana silt loam

Origin: Andesitic tuffs. More acid than Micara, Higher rainfall
than Mdcare soils,

pis A - Aoid
B - Aeid
¢ = Acid

Drainage: Imperfect to fair

Profile characteristios: A - Horizon « O to 8", Light brownish-
gray or grayish-brown

medium plastic with distinct
crumb structure, Many stones
and boulders on surface,

B « Horizon = 8" to 18", Light yellowisgh-
brown or light brown plastic
olay or ailty clay that has
a tendency te become mottled
gray and yellowish-gray in
lower part, Depth depends
on slope,

Adaptation and Other

Characteristics : About 80 per cent used for subsistence orops,
the rest for pasture and sugar cane, Leass
desirable than Micara.
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Name, Torres clay
Torres silty clay loam

Origin: Waghed from Cialitos, Catalinas, Yunes, and uaaooitted
red and purple soils of the uplands,

pH: A - Aeid
B - Acid
¢ - hoid

Drainage: Fair to good
Profile characteristics: A - Horizon - O to 6" or 8", Yellowish-

brown or brown, slightly
granuler clay,

B - Horizon - 8" to 20", Red or brownish-
red moderately compact silty
elay, lower part streaked
yellow and gray.

Adngtation and Other
racteristics : Red lateritic, Suitable for coffee, sugar
cane and minor crops, Substratum is frisble,
reddish-brown or red gravelly loam or clay
loam,
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FOREST TYPES OF THE CARIBREAN NATIONAL FOREST

The Lugquillo Division contains the less disturbed arsas of forests
in the island, yet it is difficult fo find any area which has not been
oculled of valuable species, like ausubo, The forests in Toro Hegro have
been disturbed to & much greater exteat than those of Luquilla.

The vegetation types have been divided (following Beard's classi-
fication) into the Lower Montane Evergreen Rain Forest, the Montane
Rein Forest, and the Elfin Woodlands. Wadsworth (12) set the limits
of the Lower Montane Evergreen Rain Forest in Puerto Rico between
800 and 2400 feet, In the protected slopes of the Central Mountains,
this type probably rises to about 3000 feet.

Holdridge (4) refers to it as the moist mountain type and calls
it "a continuation of the moist lowland type with the addition of more
species”, The coffee woodlands are also located in this forest type.
It hag been estimated to include 39 per cent of the area of the Luquillo
Division, It is composed of only one association, the Austamo, named
for ifa three outstanding species in the Luquille Division: Dacryodes-
Sloanea-NManilkara,

The Lower Montane Evergreen Rain Forest conaists of two layers,

& canopy layer from 70 to 100 feet (Beard's Climax Vegetation in
Tropical America) and a lower story of 10 to 60 feet. Individual
trees in sheltered places might get to 120 feet,

Qther speoies in this association ares Buchenavia capitata,

Tetragastris balsamifera, Guarea trichilioides, Homalium racemosum,

Ocotea moscheta, Didymopanax morototonl, Mayepea domingensis,

Ormosia krugii., Among the smaller trees are several Rubiaceae,
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Hedyosmum arborescens, Guares racemiflora, Piper spp., tree ferns, etec.

This ie the most important type in this forest beocause it supports

the best stands, the best forest sites, and includes practically all the

area of plantations,

Above this is found & wetter shorter forest, the Montane Rain
Porest, Beard (2), This forest ocours at higher slevations, under a |
greater exposure and generally less favorable conditions, In the |
Luguillo Division it reaches to about 3000 feet, but it rises %o ‘
higher elevations in the Central Mountains, Beard (2) considers its
structure as typieally rain forest, although the canopy is low to ' !
about 60 feet, Hardly any tree reaches 76 fest,

In the Lugquillo Division only one association is included in
the Montane Rain Forest. This assooiation is the Sabne or Cyrilla,

kanown for the two of its outstanding species, Magnolie splendens and

Ocotea spathulata, In Toro Negro, Magnolia portorricenszis is found

instead of its counterpart M, splendens. Cyrilla racemiflora is
dominant over large areas in the Luquillo Division, Other species

are: Mioropholis aspp., Calycogonium squammloswn, katayba domingensis,

Tabebuia rigida, Tabebuia schumanniana, and Didymopanax gleasoni.

There are several Eugenias, Tree ferns and composite shrubs are common
in the und-rstdry.

Palm brakes of Buterpe globosa or sierra palm are indiseriminately

scattered, This is a fast invader and takes possession of openings in
the forest., Abundance of Bromeliads perched over the palms and trees
is one of the typical features, In the highor elevations the tree
vegetation is dwarfed, and although it ineludes many species found at
lower slevations, it has been called the "Elfin Woodland" or "Mossy

Woodland" because of its very striking struoture., 1t is recognized
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ag a separate mountain formation., Much of the foreast growth is 10 to
12 feet tall, and in the more exposed places just thickets about 6 feet

in height. Important spescies are Clusia spp., Ocotea spathulata,

Eugenia boringuensis, Tabebuia rigida, Calycogonium squamulosum, Cordia

borinquensis, and dwarf eierra palms,
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SANPLE OF PROJECT SPECIFICATIONS FOR THE EARLY PLANTING WORK

PRRASupervision Camp No.

Forestry Division Torest Caribbean

Project Specifications Structural
Hon-Strustural

1. Project: Pizé& Planting 26,124 205-4001 .4,19"

X To be used on requisitions, payrolls, etc,

2. Location: Northern and western parts of tract #13 in the Luquille
Unit of the Caribbean, south of the town of Rfo Grande
between the River Elpirltu Santo and the Rfo Grande,

3. Purpose: To oconvert brush and pasture land to & stand of valuable
hardwoods for the purpose of timber production end water-
shed production,

4, Desoription: This area comprises approximately 1200 secres of brush
and poor pasture at an elevation of about 1000 feet
above sea level, Soil is of heavy clay and rainfall
in this region is abundant,

5 Specifications: Clear area of brush, grass and weed species leaving
any valuable reproduction encountered. Plant Hondue
rag mahogany in mixture with guarapuac, maga colora-
da or ocapd prieto in alternate rows with a spacing
of 6' x 6', Planting should be confined to the
rainy season and all leaves trimmed from the seed-
lings before planting. Weed plantations at approxie-
mately two months, 6 montha, 1 year, and two years
after planting.

8, Estimnted amount and
cost of materiels,

Speciss No. Cost
Honduras mahogany 600,000 $2 ,400,00
Guaraguao 200,000 800,00
Maga colorada 200,000 800,00

First aid materials 200,00
4 gals, white paint 9420
1 gal, black paint 2400
7. Equipment:
400 machetes $148,00
100 pick mattocks 87.50
burlap 20,00
258,50
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8, Organizetion:

Project Superintendent

Clerk Foreman Timekeseper
8 Subforemen
24 Leaders
376 Laborers

8. Order of Vork:
Clear areas of brush, grass and weed species,

Plant seedlings.
Weed new plantations when necessary,

10, Allotment:

Materials $7,411.20
Equipment 266,50
Labor 60,000,00
Supervision 6 ,000,00

§78 .'3*6_7:'5.7

11, Duration of Works
Clearing and planting, 4 months; weeding 2 years,

12, Man-Days:
80,000

1. e Originated by:
14, Specifications prepared by:
16. Approved by:
168, Work started:
17, Completed to:
Date Unit Quantity Remarks
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Form TFU- 23

FOREST Pﬁ TATION SURVEY

Site study
No. 1 : Date 1l - 16 -44
Unit Luguille Project Cifnega Alta Plantation PeSe2l

Location ©On the northern side of percel no, & below the trail leading %o

the schoole

Site Conditions

Soil = A deep phase of Mleara of medium fertility

Topography Low slope at base of & stosper slops
: (Ridga,lsiopa, valley )

Shade Partial Weeding  “wl® Parcel? Y®¢
(dense, partial, open) (Corona or ocult) (Yes or No)

Remarks: Ohade was partial at time of establishment but after two yoars was

completely removed to allow full sunlight, Site had hesn under bananes

and ocultivated until tress no longer permitved cultivation,

galtivation has not worneout soil sppreciably because of favorable

slope and constant deposition from above., Mage was planted at the bottom

with oapf blanco adove ite Hoth species need some pruning. Cnly mage

needs thianing within the next year.
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A FOREST PLANTING POLICY FOR PUSERTO RICO -~ 1945

By Frank H. Wadsworth

Study of past regeneration work in the Caribbean, both in the
field and in the records, has brought forth the great need for a
stable planting policy. Such a policy cannot he as detailed as is
possible on the continent where forestry is further advanced. For
example no attempt should be made at this stage to pass final judge=-
ment on different tree species, Although the findings of the survey
Just described are based upon intensive study of many millions of
trees planted on a wide variety of sites over a peried of 20 years,
and although the species recommended have made the best showing to
date, no claim is made that research may not at any time find better
species, Totwithstanding this and many other phases of foreatry not
yet fully understood here the adherence to the best policy which can
at preseant be formulated will make possible much better erientation
of planting work than in the past, As this policy differs in some
respects from those of the continent an attempt has heen made to
explain it fully by describing in some detail the techuiques to be
used,

The Objecta of Plnntig‘.

Forest planting is done in Puerto Rico (1) for timber production
and (2) for watershed protection, The former is nearly always the ohief
objective although on steep bare slopes with very peoor scils in areas of
high rainfall the latter may be the most important,

The final goal of planting is the establishment of a forest which
iz (1) all-aged, (2) composed of sawtimber and durable round timber
species, and (3) capable of reproducing itself,.

A longer period will be required for the establishment of an all=-
aged forest than would be necessary for an even-aged forsst, HNeverthe-
less an all-aged forest is considered preferable for the following reasons:

(1) The removal of the bulk of the volume during a short perioed,
as is necessary in even-aged stands even under the shelterwood
gystem, cannot be done without so opening the forest that vine
growth will become troublesome, Cutting of vines from a new
stand or plantation is a job which experience has shown must
be done at lesst annually for 10 years, Frequent light se~
lective harvest cuttings in an all-aged forest on the other
hand, may be mede without this very undesirable result,

(2) The danger of soil erosion in mountainous areas with very high
rainfall is great following heavy ocuttings in even-aged stands
but does not exist alfter light outtings in all-aged stands,

(3) Indications sre that an all-aged forest withstands hurricanes
better than an even-aged forest, Hurricanes have visited the
island during the past 40 years at the rate of once every five
yeurs,.
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Sawtimber (primarily furniture woods) and durable round timber
species are believed to be the highest yielding products of the forest,
Fuelwood yield csan always be maintained at a very high level on a by-
product basis,

The desirability of a foreat which reproduces itself is obvious,
In such a forest nome of the present heavy establishment costs need
ever be pnid again, This stipulation requires that the speciea of the
managed fcrest be sufficiently shade-tolerant to bes able to reproduce
themselves under natural forest conditions without liberation except
for that provided by light periodic cuts,

The relative merits of mixed and pure stands have not been determined
under Puerto Rican conditions, but it appears thal a mixed stand, being
more natural, may prove more satisfactory,

Pllnting for Torest Production.

The chief gontribution of planting in Puerte Rico toward inersased
forest production is its provision for control of forest composition or
in other words, assurance that certain desirable species will be re-
presented,

The climex formation throughout Puerto iico is forest, end thus it
cannct be said that planting produces tree growth where it would not
ctherwise become establiashed in time, Nor dees planting groatly shorten
this pericd. Almost any abandoned cleared area will become covered with
brugh within two to five years and a forest will develop soon thereafter.
Some of the plantatione here have not exceeded that rate of development,
end haed they not been cleaned once or twice anmually the planted trees
would have heen smothered by volunteer growth,

In spite of the fact that forest planting in Puertc Rico does not
serve these functions the planting of bare forest land solely to control
the species in the forest whioch is to develop is economically justifiable
on almost any site on the island, This Jjustifiecation of planting is
believed to bo much more iaportant here than on the continent, Foresis
here &re extremely complex, there being more than B00Q native species
within some 3,600 square-miles, As a rule the species of trees whioch
inveds abandoned clesred lands ure infarior to those which might be
successfully established by planting. They often are of species whioh,
because of small size at maturity, inferior wood, or imherent poor form,
produce nothing of valus, or fuelwood oanly, Succession to a highly
productive forest of the hetter native species is slow and, even with
Judicious silvicultural practices in effect, probably would require at
least three rotations,

Thus it is seen that the immediate establishmen! on bare land by
planting of the bast species would advance forest production many years.
However, bitter experience has shown that most of the species most desired
in the well-managed forest are adapted only to a shedy forest habitat with
soil rich in orgsnic matter and ere not capable of Uscoming established
on the exposed and degraded sites characteristic of abandoned cleared
land, It ies therefore almost always nccossary to plant and to manage
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during the first rotation other 4%re« speclies which are better adapted
but which yield less. If no adapted species could be found which would
yield better products than fuelwoed, planting should mot be done, but
instead the natural vegetation should be permitted to do the job. Such
vegetation would become established rapidly without cost and usually
produces at least fuelwood., Fortunately, however, good pole and tie
speocies have beeon found which will survive on the worst Puerto Rican
sites, and planting of these is recommended where the ability of better
species to become sstablished is in doubt,

Planting bare land at 8 x 8-foot spacing leads to an even-aged
rether than the all-aged forest which is desired, Conversion to an
all-aged forest can be accomplished gradually by spreading the harvest
of the first crop over a long period, Light selective cuttings at five-
yeoar intervals which remove only the largest or poorest individuals will
encourage reproduction of many ages and will eventually produce an all=
aged forest, If the species planted were chosen for adeptability to an
adverse site rather than high yield, as is generally necessary, intro-
duction of better species may be made by gradually underplanting a
small mumber of trees under the openings created by each of the several
light outtings of the canopy trees,

Planting is justified also in established forests, if they contain
chiefly poor speciesz, such a3 volunteer stands recently developed on
formerly cleared lands, However, in sccordance with Forest Service
policy, this type of planting has lower priority than reforestation.
Planting here may advance succession toward a forest of the better
speclies by several rotations or may introduce exotic species superior
to the best native species which might become established, regardless
of time. If the existing cover, however poor the trees, is preserved
to the extent necessary to maintain a forest environment the most
productive species known to be suited to the site may usually be
established immediately by underplanting without any intermediate
planting of hardier, lsss productive tree species. For this reason
a feorestad area, regardless of the specieas present, is much farther
advanced toward high forest productivity than an open area on the
same site,

Planting for Watershed Protection.

The greatest single advance which could be made in the conservation
of the natural resources of Puerto Pico is the establishment of forest
on steep lands under high rainfall, Hecognition of the beneficial influ~
ence of forests in soil s*abilization and retarding of runoff is seen in
the location of the public forests of the island on the steepest lands
and in the headwaters of important rivers, It is believed that when
Puerto Rico's land is properly classified for ita highest use the relative
need for soll and water conservaticn will distinguieh forest from non-
forest land,

Planting trees is one way in which the needed protective forest cover
ocan be established, However, planting merely to supply a forest cover is
not generally justified bscause of the great rapidity, already described,
with which most sites beoome covercd with protective veolunteer tree growth
without planting. Thus it must be recognized that despite the great
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proteotion value of the cover produced, except under the most extreme
circumstance forest planting is done in Puerto Rioco primarily to assure
the productive, not protective capacity of the vegstation whioch becomes
established, On no site in Puerto Hice mned the establishment of a
protective cover be the aole reason for tree planting, as trees which
are productive as well as protective are adapted to even the most
adverse szites of the island,

The Role of Natural ngptation.

The generally low productivity of volunteer growth on abandoned
oleared lands has been referred to. ©Such vegetation is not always a
liability, however, eand ghould be carefully considered for what it may
be worth, When a volunteer tree of inferior species or poor form is
hindering the development of & promising planted tree its value is
clearly negative and it should be removed, When volunteer trees are
not interfering with planted trees their presence is generally beneficial,

The most importent ocontribution of volunteer trees is generally shade,
Shade, regardless of the tree which provides it, maintains soil humidity
during dry weather and produces an ideal environment for the establishment
of better trees, either naturally or through underplanting, Also, side
shade tends to train and prune the planted trees, producing clear straight
boles,

Another important value of these velunteer trees may be in their
present or potential wood products, If the trees are of good form, and
are of the better sawtimber or post speociss and are not interfering with
gsuperior planted trees it is generally economic %o incorporate them inte
the "plantation™ and to earry them through the rotation, If because of
their poor quality they will never serve for anything but fuelwood and
their removal will not exvessively open the canopy at & location where
no promising advance reproduction exists they should be cut after they
have attained merchantability,

The removal of undesirable volunteer trees can generally be done at
a profit here if they are three or more inches in diameter, Such cuttings
should be predicated upon silvicultural needs, Gradual removal in light
cuttings will provide an ideal opportunity for the development of young
underplanted trees beneath,

Plantation Care,

The compromise which must be made in planting on poor sites between
high yielding species which are not well adapted and less productive
species bettsr adapted has already been mentioned, If, following planting
on such sites, no care is given the trees conditicns are so adverse that
only & few speciss survive, Fven if survival is high the trees will
produce little for one or more of the following reasons: (1) slow early
growth due to competition with weads, (2) poor form which may result from
damage caused by vines, (&) limbiness due to lack of pruning, and (4) early
stagnation or reduction in growth due to orowding., If, on the other hand,
weeding, vine outting, pruning, and thinning are done when nseded the
adversity of the site is s0 ameliorated that a larger number of species
can be expected to successfully become established, some of which may
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produce better woods. Growth will ba more rapid, and the quality of
the timber produced will be higher., If the increase in yield will
pay for the cost of the care needed the work is justified,

The mere fact that increased yield pays for the cost of plantation
care doss not astablish a technigue as satiafactory. The best practice
is that in which the exeess of increased yield over cost is the greatest,
Thus among & group of equally high yielding species the best is that
roquiring least care, On tho poorest sites the opposite approach ia
necessary: of those requiring least care which yields the most?

Weeding, the elimination of grass and herbs, has been found to
satisfactorily serve its function iIf the grass or brush is out down to
one to three inches in height within a cirgle of 18 inch radius around
the tree, When the trees are two feet taller than the general level
of the surrounding grass or herbacsous vegetation weeding is no longer
justified as its bemeficial effect, while still existant, is considerably
lessened thereafter. Cultivation of the soil is beneficial only at the
time of planting and may be harmful thereafter., No rule can he set as
to the number of weedings per year because of wide variation with site,
It has never been necessary here more than 4 times during a yesr and
generally twice is sufficient, Weeding is seldom necessary after the
second year in good plantations.

Vine cutting, the elimination of vines from the planted traes,
requires that the vines be carefully removed in order to avoid dameging
the trees. The vines should znot be merely cut but should be uprooted.
No cutting of grass or herbaceous vegetation need accompany vine cuiting.
As with weeding, no rule can be established as to the number of outtings
needed per yesr, On some sites it is necessary three or four times.
Vine cutting way on particularly bad sites be necessary ooccasionaly
throughout the first 10 years of the plantation., As vine cutting is
costly in the aggregate, every effort should be made %o contrel vine
growth by meintaining sufficient shade to prevent it., Vines should
be removed from volunteer trees s well as planted treses, as they
often will spread from crown to crown,

Pruning and thinning nave not been given adequate attention herse
in the past, Only smsll parts of plantations are in need of these
treatments, No standards can be established on the basis of our
prosent knowledge, but when researnh has discovered the best policies
they will be put into effect,
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HISTORY OF PLANTING AND DESCRIPTION OF PLANTATIONS

The following section is e record of the kind and amount of planting
material es well as of The time of plenting in esch tract. The plantations
are briefly described and the highlights of plenting in esch traot or
groups of tracts are shown.

Luguillo Pivision

Ciensge Alta Plentations

These are an aggregate of 25 plantations varying grestly in size
end located at the western border of the forest varying in elevation between
1,000 and 2,000 feet« The western and northwestern sections are generally
less humid especially at the lower elevations. The natural forest here is
less mesophytic than in the rest of the area. As elevation rises, rainfall
inoreases so that tracts 16L, 18, 23 snd 28 are more typical of the more
humid lugquillo. Tracts located at lower elevations hed been cultivated
more intensively and thue forest cover had been practicelly all removed.
Soils hed been disturbed to s greater extent.
Site diffrences sre approximstely as follows?
Ridges - 36 percent
Slopes - 50 “
Valleys - 15 "
JUN :
Tract ¥2.~Plantation 27 hies an acreage of sbout 14 acres. This
area it made of a steep exposed ridge where the nstural forest growth had
long disappeared. Cover consisted of low brush amd gracses.
Barly during 1945 an epproximaie area of 14 acres was planted with
7,300 roble. wildings. Trees were planted ot & x 8 bub due to irregulerities

of the land, to stomes ard natural reproduction, only about 521 wildings

were planted per scre.
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Although the site is degraded and quite unfavorable it is expected
that roble will succeed. Weather has been favorable.

Iract 16L.~4A totel area of 175.6 scres ineluding plantaetions 1 %o 9
were plented starting in 1936. About 85 percent of the srea within the
plantations was actually planted of which 20 percent or 30 scres was
considered successful. Replantings extended up to 1942.

Survival was very low due smong other things to use of such species
as Spanish cedar, Mest Indisn mahogany, Dalberghis and moca. Capéd blsnco
was the most successful species used in the Qriginal planting. Of the
replantings, mer{s and jécans have been the most succeseful. Small amounte
of very thrifty nuez moscada trees were aleo found. Capd prieto did well
in the better sites 5ut gurvival was lowe

The southern part of this tract was in pasture and brush. At present
it is being rapidly taken over by naturul'roble reproduction. The rest is
in coffee and second growth.

The history of planting is shown in Table 53.

Teble 53.~ History of Planting in Tract 16L

3 Wo. of Trees and 1bs. of veeds Planted :
Species s 1986 3 1937 s 1939 ¢ 1940 : 1941 ¢ 1942 3 ZLotal
Alvizzia lebbeck 5,000 3,000
Andirs jamaicensgis 3,580 3,580
1bb. 1lbss
Callophyllum ca=- 231 108.4 384.4
laba Abs. 1bse 1bs.
Casuerina eguise= 10,080 10,080
tifolia
Cedrela mexiagna 14,950 1,500 16,450
Cordia slliodora 11,000 11,000
Dglberghia sissoo 7,920 7,820
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Table 53.--Continued

: No. of Trees and 1bs. of Seeds Planted :
Species s 1936 s 1937 3 1939 3 1940 : 1941 ; 1942 : Total
Bucalyptus robus- 2,000 1,000 3,000
Ta
Lycuma multiflora 976 975
1bs. J 1bs.
Montezuma specio- 8,000 5,000 13,000
sissima
Petitia domin- 28,930 28,930
guensis
Swietenia can- 18,085 18,085
dollei
Swietenia macro=- 14,830 14,830
phylla
Swietenia 39,060 2,070 41,130
mghagoni
Tectona grand is 7,548 7,548

90,860 27,90 27,683% 12,600 6,000 10,080 174,973
Total 3, 580 Ibs. 1,206 bs. 103, 4 ks 4889.4 bbs.

Tract 17.~A total area of about 123.8 ‘acres including plantetions 10
to 13 was planted. About 80 percent of the ares within this plantation was
sctually planted during 1936. Thirty acres or 30 percent is considered
successful.

Later work included replanting which extended up to 1942.

The upper two thirds of this tract consists of degraded heavy clays.
Dalberghia showed to be definitely not sdapted to such soils, although it
did very well in the more fertile lower third composed of Mucara soils. The
rest of the species originally plented have been likewise unsatisfactory. Of
the replants, merfa and roble are the most promising and natural stands
of the latter species are rapidly taking over the area. A detailed list of

species planted is shown in table 54.
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Table 54.~History of Planting in Tract 17

~ Poundg of Seeds and No. of Trees Flented

Species s 1936 3 1938 ; 1039 : 1941 : 1942 . Total
Albizzia lebbeck 2,000 2,000
Andira jamaicensis 2,021.9 2,021.9
1bs. 1lbs.
Calophyllum c¢alaba 46 227.7 273.7
1lbs., lbs.
Casuarina equisetifolia 2,000 11,200 13,200
Ceiba pentandra 3, 500 3,500
Dalberghia sissoo 46,000 46,000
Sciacassia siamea 4,000 4,000
Swietenia candollei 3,180 3,180
Swietenia meorophylla 2,500 2,500
Swietenia mahagoni 12,900 12,900
Tabebuia pallide 7,000 2,480 9,480
Tectona grandis 1,000 2,220 3,220
68, 900 2,500 10,180 12,600 15,900 89, 980
Lotal 2,021 46 227.7  8,295.6
1bs. lbe. 1bs. lbsi

Traoct 18.~ This is a small trect close to 16L.

a total screage of 40 acres.

actually planted all of which failed.

About 67 percent or 27 acres of the ares was

capa prieto and West Indian and brosdleaved mshogany were planted.

The lower portion had been cleared.

It contains P-26 with

In the fall of 1937, 8900 trees of each

The rest is in second growth and

forest, Open sites are unfavoreble for artificial reforestation because of

badly degraded soils.

The plantation was dropped from records and rno replenting was done.
Hatural regeneration is the best solution for this area although some com-

plementary planting could be dome with roble.
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Tract 21.~Plentations 14 and 15 with a combined acreage of 18 acres
ere in tract 21. The whole area was planted. All of it is considered =
failure. The tract is rapidly covering up with roble amd other second growth
species.

This is 2 small area of cley soils where the forest cover was removed
a long time ago and prolonged cultivation and heavy grazing have degraded the
soil.

Experimental plantations were established as early as 193%3. Cedrela
mexicane was planted in mixture in slternate rows spaced 8 x 8 feet with the

following species: Sciacassia siemea, Cordia alliodora, Fraxinus sp.,

(Hawaiian Ash) and Tabebuia pentaphylla or Venezuelan roble. Two-thousand-

seven-hundred seedlings were planted of each species. Starting in 1936 the
area was sgain plented and replantings were done during 1939 and 1941.

Albizzia lebbeck, although not shown in records was found, probably planted

between 1939 end 1941. Examination of the area during 1944 failed to show
any trees of the experimental planting except Cassia and a few unthrifty trees
of Fraxinus. The cassia varied between 4 and 10 inches in diameter and between
20 and 30 feet in height but trees were very unthrifty. They were dying back
from the top and numerous suckers from the base. Scale attack was very high.
Site was too degraded for amy attempt at reforestation to be successful
except with a pioneer species like roble or an accommodating one like maria.
Wind action is persistent and affects plantations in the upper part. The
area is being taken maturally by roble.
Plantings since 1936 are shown in Table 55.

Teble 565.~ History of FPlanting in Tract 21

: No. of 1bs. of Yeeds of Trees Planted ¢
Species s 1986 s - 1989 1 1940 1941 : Total

Andirs jamaicensis 299.9 1bs 299.9 1lbs.
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Table 55.~Continued

: No. of 1lbs. of Peeds of lrees Plented 3
Species $ 1536 5 1539 3 1540 3 1941 3 Total
Calocphyllum calaba 30 1bs. 30 1bs.
Casuarine equisetifolia 3,000 3,000
Dalberghia sissoo 7,000 7,000
Swietenia candollei 792 792
Swietenia mshagoni 2,000 2,000
2, 300 2,300
Total 9,000 3,092 3,000 15,082
299.9 lbs. 30 lbe. 22949 lbs.

Tract 23.~Plentation 24 is located in this tract with a totel area of
113 gores. About 36 percentof the area within this tract was actually planted,
of which 14 acres or 34 percent is considered successful. The rest is made of
mixed palm and herdwood stands typical of the forest in high exposed situations.
The lower part had been cleared.

Survival of broadleaved mahogany waes low but some good trees sre found,
many of which have struggled hard against the native species which over-topped
them. OUf the rest marfa is best, is healthy and growing well. The srea is
being taken over fast by natural reproduction.

The history of planting is shown in Table 56.

Table 56.~EHistory of Plenting in Tract 23

: No. of 1bs. of Seeds and Ilrees Planted 12
Species ; 1938 s 1987 s 1939 3. 1940 1 1942 : Total
Celophyllum calaba 305 lbs. 92 lbs. 297 lbs.
Swietenia mesorophylls 49,000 5,280 54,280
Tabebuia pallida 860 860
65,140
Total 49,000 5,280 305 lbs. 92 lbs. 860 397 1bs.
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Tract 28 .~ Plantations 22 and 23 are located in tract 28 with a total
area of 526.4 acres. This trsct contains the second largest group of
plantations in cienag; Alta. At time of scquisition the lower part of the
forest had been culled very heavily and some areas cleared for grazing. In
the northern flat like portion some coffee and subsistence crops had been
grown. Urowbth of the coppice and of second growbth species, particularly
roble, have been fast and about two thirds of the area is st present under
this cover. 7This is the least disturbed sream in Cienaga Alta, so that
natural regeneration can be relied to reforest the area.

The original planting was done in 1936. Replenting as with oéher
species extended up to 1945. About 58 percent of the area within these
plantations was actually planted of which 125 scres or 41 percent is
considered successful.

Survival of such species as West Indian end broadleaved mahogany,
capd prieto and moca was very low. Replenting did not include areas of
natural reproduction. BExeminetion during 1944 showed the following brief
picture. None of the mahoganies is outstanding but the broadlesved mahogany
in the best sites is fair to good. Capa prieto ie quite promising in sites
which hed not been degraded. There are good trees of capd blanco most of
which need pruning. Mar{a, roble, jdcana and nuez moscads are well sdapted,
thrifty and of good survival.

The history of planting is shown in Teble 57, on pepe 136.

Tract 105.—This tract, located at the lowest elevation in Ciennga
Alta, resembles tract 17 in that it has Micara soils in the lower part with
heavier degraded soils st higher elevetions. 4t is sharply divided into

very deep valleys and steep knife-edge ridges. It is more flat on top.
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Table 57.~History of Planting in Trect 28

Number of 1bs. of Seeds and Trees Planted

Species : 1936 1937 1938 1989 : 1940 : 1941 : 1942 : 1945 : Total

Andira jameicensis 2,4181bs. 2,418 1lbs.

Calophylluma calaba 785 Ibs. 106 lbs 293 1lbs. 1,184 lbs.
Casuarina equisetifolia 2,000 2,000
Cerdans alliodora 15,000 24,800 850 40,650

Lucuma multiflora 825 1t=s. 131 Ibs 956 1bse.
Montezuma speciosissima 10,000 10,000
Petitia domingensis 2,000 2,000
Swietenis ocandollei 10,000 11,000 800 21,800
Swietenia mahagoni 79,500 79,500
Swietenia macrophylla 186,900 4,500 24,700 216,100
Tabebuia pallida . 7,800 10,200 13,000 31,000
Tectona grandis 500 500
266,400 29,500 51,500 28,800 14, 350 13,000 403,550

Total 2,418 1bs. 1,610 1bs 106 1bs 131 Dbs. 293 lbs. 4,558 lbs.




This is the single largest block of plantetions in Cienaga Alta with a
total of 515 acres. Since the original cover had been severely cut over,
planting was almost solid exocept for the moister ravines and slopes which
contained over 150 acres of second growth forest.

Replanting was done continuously from 1937 to 1942. About 140 acres
were replanted during the early part of 1945. About 65 percent of the erea
was actually planted of which 130 scres or 39 percent is considered successful.

Survival was higher than for any other area in Cienaga Alta, but even
s0 more than the original number of trees were replanted. Of the original
planting, cepé prieto, maga, and teak are doing quite well in the lower better
geites of micara soils. Algarrobo is unsatisfactory, especially in the eroded
ridges. Roble, capéd blanco and maria are the most promising of those replanted.
Dominicen mshogany is poor. Roble and marfas, plus several natives which have
come in naturelly will establish a good cover at the higher part, especially
if parcelero cultivation is reduced.

In the lower part, where a greater number of planted species are
represented, growth is more spotty. Plsntations are considerably taller.
Parceleros worked this section more intensively since it is betler suited for
subsistence crops.

The history of planting is shown in Teble 58, on page 138.

Coca Valley and Sabene Plentations

The Sabana and Coca Valley plantations are located in the northeastern
corner of the Pivision, in the Mameyes and Sabana river watersheds. The higher
elavafion is sbout 1,500 feet in the Coca Valley plantations. Ag o rule,
terrain is less steep than any other section as a large part is made of the
valleys along rivers and creeks. Forests had been cut over to s less extent

than in other sections of the Luquillo Mounteins. The high and uniformly
distributed rainfall makes for & luxuriant vegetation. Socils are deep red
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Table 58.~History of Planting in Tract 106

s “Number of Pounds of “eea and Number of lrees Flanted

Species : 1936 ¢ 1987 : 1938 : 1939 : 1940 : 1941 : 1942 : 1945 : Total
Byrsonima spicata 2,000 2,000
Calophyllum calaba 150 lbs. 320 1lbs. 45.6 lbs. 196 1bs. 711.6 s
Casuarins equisetif'o- 6,150 11,000 17,150

lis
Cedrels mexicana 73,500 73,500
Cordia alliodora 78,700 11,000 18,000 5,000 112,700
Hymenaes courbaril 544 1bs. 3,900 %,900
544 1bs.
Lucuma multiflora 110 1bs. 480 1lbs. 590 1bs.
Montezums speciosis- 107,500 10,566 7,462 2,500 128,018
sima
Petitia domingensis 9,850 9,850
Swietenia candollei 56,000 5,500 17, 700 12,000 3,000 93,200
Swietenia macrophylla 51,000 12,850 63,880
Swietenia mahagoni 10,000 10,000
Tabebuia pellida 5,600 15,900 630 86,576 108,705
Tectona grandis 12,060 7,500 8,050 1,500 29,050
Total 544 lbs. 260 lbs. 800 lbe. ! 45.6 1lbs. 196 lbs. 1,845.6 lbs
271,700 127,000 73,766 51,102 2,500 23,150 16,130 86,576 661,928




Irpots 46 and 43.~Plantations 1 and 2 contsin 351 acres. They are

located at both sides of the Mameyes River in the section known as Coca
Valley. This includes most of tract 46 with a Gotal mcreage of 280 gcres.

Planting was started during 1935 with Spanish cedar and moca. 3oth
species failed. Complete replanting was done between 1936 and 1938 with
Hornd uras mahogany and a smeller amount of jdcana. Practically, this whole
area was all planted of which 185 scres or 53 percent is considered successful.

The survival of mshogany and idcens was satisfectory. The latter
species especially is thrifty. Growth has been rapid and the stend of this
species is promising. Across the river, in Tract 48, a small mixed
plantation of 71 acres wes established during 1938. The latter is unques-
tionably the most successful plantation of Luquillo snd one of the best in
the island. This is probably the only case in the island where replanting
hes not been necessary. Fifty-five-thousand seedlings of Honduras mahogany,
10,000 of susubo, and 500 lbe. of iacans were planted.

Survival was unusually high especially for the musubo and jdcena.
Mahogany had an average height of 35 feet, the tallest trees reaching 50
feet at the end of six years. Average diameter at this age was bout 4 inches.
Otrer species are slower in growth but are thrifty snd of good form.

Reasons for success have been; a very good site, good care and
menegement by a small ocrew of experienced men, and use of edaptable species.
Apparently, the overstory of poor volunteer species, was kept light enough
80 thet the mshogany has not been misshapen.

Results with mehogeny in the Sebana and Coce Valley plantations have
veried mostly with site and degree of suppression by overstory of native
species. It has shown not to do well in the ridges and steep slopes where

s0il has been affected by erosion. Trees in the ridges lack vigor and are
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unthrifty and more sensitive to shoot borer. In the lower and concave
slopes, trees are healthy ard have been growing well.
The history of planting is shown in Table 59.

Table 59.~History of Planting in Tracts 46 and48

iNo. of 1bs. of Seeds snd Trees Flanted:

Species : 1936 : 1938 : 1939 : Total
Andira inermis 4,317 lbs. 4,317 lbs.
Cedrela mexicana 130,000 130,000
Lucuma multiflora 800 lbs. 800 lbs.
Hegnilkara nitida 10,000 10,000
Swietenia macrophylla 80,000 65,000 145,000

Total 4,317 1bs. 800 lbs. 5,117 lbs.
130,000 80,000 75,000 285,000

Tract 52.~ Plantations PS-2 and P°-3 located at a low elevation in
the Mpmeyes river valley, contain 274 acres.
Although the forests had been considerably culled of the best
species, a cover is found in all the tract.
The West Indian mahogany and moca failed the same as in most sections
of Luquillo. Of the species replanted, ausubo, broasdleaved mshogany and capé
prieto are undoubtedly very promising for this tract. |

The history of planting is shown in Table 60.

Table 60.—~History of Flanting in Iract 52

s No. of 1bs. of Seeds and Irees Planted 3 J

Species s 1936 s 1938 s 1939 : 1941 3 1942 : :1946 :lotal
Albizzia lebbeck 1,200 1,200

Andire inermis 4,932 1lbs. 4,952 lbg
Byrsonime spicata 497 497
Sciacassia siamea 5,800 5,800
Casuarina equiseti- 5,000 5,000

folia
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Table 60.~Continued

Wo. of lbs. of Seeds and Irees rlanted :

Species s 1936 : 1938 : 1939 s 1941 : 1942 : 1945 : Total
Cordia alliodo rs 923 22,240 2,150 25,313
Bucalyptus robusta 1,400 1,400
Guarea trichilioides 299 2,400 2,699
Manilkera nitida 5,000 5,000
Montezums speciosis- 3,378 3,378

sima :
Swietenia candollei 22,000 8,300 8,700 39,000
Swielenis mahagoni 130,972 10,000 140,972
Tabebuia pallida 3,400 3,400
4,932 1bs 4,932 lbs.
Total 130,972 10,000 32,097 8,940 15,850 5,800 233,659

Tract 653.~Plantation 1 contains 240 scres. This tract contains rolling
lands and the narrow valley of the Sabana river. While the higher part is
in second growth or disturbed forest, the lower part had been cleared for
agriculture. All the tract, except those parts elready forested, were planted
between the fall of 1935 and the winter of 1938. Spanish Cedar and West
Indian mahogany were planted in alternate rows spaced 6 x 6 feet. This
was followed by replenting up to 1945.

As in other plantations, West Indian mahogany and Spanish cedar were
disappointing. Survival of the Spanis_h cedar was high after the first year,
but by the end of the third year it had dropped toc less than 25 percent.
Survival of West Idian mahogeny was low snd the trees surviving are in the
majority of poor form, stunted and heavily attacked by shoot borer. Some
might grow snd come up suecessfully. Of the species replanted, broadleaved
mahogany, capsd prieto, caps blanco and marfa are doing well. A small plen-

tation of casuarine planted in the opern about 8 years ng, is quite successful



Stands sas a rule are not uniform ss quite a number of species were
replanted without any one predominating. There are still many "holes" or
open areas that need to be filled in.

The history of planting is shown in Teble 61.

Table 61.—History of Planting in Tract 53

1 iu}_nrber of 1bs. of Peeds and 8rees Planted
Species s 1936 s 1937 : 1938 : 1939 ; 1941 : 1942 ; 1945 :Total
Albizezia lebbeck 8, 300 4,312 12,610
Byrsonima spicata 472 472
Callophyllum 195 1bs. 17 1bs 42 lbs
calaba
Sciacassia siamea 4,500 1,010 5,510
Casuarine equi- 12,280 12,280
setifolia
Cedrela mexicana 135,000 135,000
Cordia alliodora 2,762 2,762
Eucalyptus sp. 500 4,140 4,640
Guarea trichi- 160 160
lioides
Mimuseps balata 1,450 1,450
Montezuma specio- 5,983 5,983
gsissima
Petitia dominguensis 10,000 10,000
Swietenia candollel 17,000 15,000 5,710 37,710
Swietenia mehagoni 135,000 77,000 5,000 217,000
Tabebuia pallids 8,600 6,500
Tectona grandis 1,100 1,100
195 1bs. 17 1bs 212 Ibs
Total 270,000 77,000 15,000 27,977 31,940 23,310 7,950 458,177
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Tracts 73, 74, end 76.=~ These small tracts are located in the

extreme northeamstern corner at a low elevetion, although they go over the

higher ridge in the asrea. Plantations 4 and 5 contain 88 acres. Uriginal

planting was done early in 1936. Replanting was conbinued to 1942. About

73 percent of Lhe area was actually planted, of which 40 scres or 58 percent
is considered successful. The eastern and northeastern sections contain
50 acres which were planted with West Indian mshogeny and cessia. The other
section south of the main hill conbeins 38 acres where West Indian mahogany
was mixed with moca.

The West Indisn mahogeny armd the moca behaved as usual, although
there are a small number of mshogany trees which might come through
successfully. The cassia survived quite well and its growth has been rapid.

Form is poor ss a great majority of the trees are forked, but even so a
cover has been established which keeps vines dowm and encourages reproduction. ‘
Thinnings already can produce saleable materiasl as fuelwood and rafters.

Of the species replanted, marfa shows up in the openings and as
usual, is growing well. There are sections of dense second growth which
can be improved either by sales or by crewlabor.

The history of planting is shown in Taeble 62.

Table 62.~8istory of Plenting in Tracts 73, 74, 76

5 No. of lbs. of “eeds and Trees Flanted:

Species : 1936 : 1989 : 1941 : 1942 Total
Albizzia lebbeck 5,200 5,200
Andire jamaicensis 633 1bs. 633 lbs.
Callophyllum calabs 3056 lbs. 25 lbs. 330 lbs.
Sciscassia siamea 15,000 5,030 20,030
Casuarinas equisetifolia 3,100 3,100
Bucalyptus robusta 600 €00
Swietenia mahagoni 44,000 44,000

Total 633 lbs. 305Ibs. 25 lbs. 963 lbs.

59,000 600 13, 330 72,930
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E]l Verde and Jiménez Plantations

El Verde, located st p low elevation, is one of the northerrmost
tracts of Luquillo. In the lower psrt, conditions are typical of the low
foothille. While the upper more humid part has retained a forest cover, the
lower part which hms been reforested had been cleared and cul tivated or
grazed.

Plentation 1 is in tract 11 and contains 130 acres. All the area
was originally planted of which 45 amcres or 35 percent is oconsidered
successful.

Plantetions were started eerly in 1934. Small stands had been
established since 1928 by the former owner of Iraet 11. Replanting has been
done since 1938 and up to 1944. Plenting was done using a large variety
of species planted during a long period. Stends include numerous species
scattered over sll the area and highly mixed.

Growth and thriftiness of all species is bebtbter in the se¢tion of
micara soils. In the degraded heavy clays only meria, roble, and some capa
blanco and higuerillo have been sble to take hold.

Parcelero cultivation has been intemnse through the area. Plantations
are being grazed by their cattle.

Jiménez plaentations in Tract 7 and part of Trect 107 contain a total
of 80 acres. All the ares was planted during 1941, of which only 5 acres or
10 percent is considered successful. The sres wes replented during 1942.

In Jiménez low survival was due in part to the faset that maintensnce
was not continued very long after planting.

The history of planting is shown in Table 63.
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Tabl.S--—History of Plenting in El Verde & Jimenez (Tracts 11, 7, and 107).

: Number of pounds of Seeds and lrees Planted :

Species s 19356 s 1938 ¢ 1989 : 1940 :  184) s 1942 : 1944 s Total
Albizzia lebbeck 15,000 7,140 22,140
Andira inermis 1,975 1,975
Calophyllum caleba 145 1bs. 500 1lbs. 81 lbs. 44 1bs. 770 1lbs.
Sciacacesin siamea 5,815 5,815
Casusrine eguisetifolis 9,950 21,550 31,500
Cedrels mexicana 120,000 130,000
Ceibe pentandra 2,000 2,000
Cordia mlliodore 3,000 3,400 4,910 11, 310
Bucalyptus robusta 6,000 3,080 9,080
Jambosa jambos 1,078 1,975
Lucuma multiflora 168.3 lb=. 500 1lbs. 658.3 lbe.
Manilkara nitide 5,000 3,000
Montezuma speciosissima 8,000 11,500 2,000 11,580 6,900 29,980
Petitia domingernsis 8,000 7,276 15,275
Swietenia candollei 10, 500 12,200 17,850 40,550
Swietenia macrophylla 15,000 15,000
Tabebuia pallide 15,600 16,500
Tectona grandis 200 _ 2,400 3, 300
Vitex divaricata 6,000 6,000

303.83 1bs. 500 1bs 881 lbs 44 li® 1,428.3 1bs.

Total 130,000 40,900 22,000 9,276 68,345 61,430 22,450 354,400




Pizg Plantations

Five different plantstions were established up to 1939 in Iract 13
with o total acreage of 521 acres. Total area was 674 scres, but plantation
No. 7 with 153 acres was given away in boundary dispute. Therefore, only
521 scres were left in plantations. Replanting lasted untii 1945 arxl was done
in all plantétions, although it was heaviest in the more open parcelero areas.
About 81 percent or 417 acfes were actually planted of which 265 acres or
about 63 percent is considered successful.

Piza plantations lie at middle elevations south of El Verde. This
locality is typical of the rolling hillsides of the Kio CGrande watershed.
Rainfall is high and forest in the higher parts of the tract belongs into the
Sabne or upper mountain type. Soils are heavy yellowish to red clays which
degrade fast upon being cleared and cultivated. North of the divide winds
are persistent and strong.

Plantations cover most of Tract 13, but are more solid in the northern
portion where deforestation had been complete. The first group of plantetions
P-1, 2 and 3 located in the lower exposed northern part failed and had to be
Qliminated- Species used were guaraguso, tesk, Honduras mashogany, maricao,
and marfa. Survival was low for all species in this difficult site. Marfa
seeds rotied out due to excessive humidity.

Similarly, replanting with such species as capsa prieto, nuez moscada,
jAcana, teak, mega, end eucalyptus has been unsatisfactory in the lower
nor thern portions. Uood specimens of the above are found along the concave
less exposed and more favorable slopes in the southern pert or mixed up with
natural reproduction in sites which had not been degraded. Casuarina
survived well in some sections but quite e few trees are chlorotic.

Mar{a has been in general the most successful species, and this

project is in itself a large maria plantation. It is less uniform north of
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the main ridge where several sowings had to be made. Height of trees in

any one place varies from 1 to 20 feet and.there were large openings. Due

to this, larger trees sre branchy. The percentage of wind thrown trees has
been high. South of the divide, where maria was mixed with the second
growth, trees are smaller but more uniform. Trees have a better form. These
promise to be the best stands.

Capa blanco was introduced in smaller emounts but survival was very
high in all sites. Trees are short and form is poor in the worst sites.

In general, it has been the best species next to maria.

Plantetion No. 10, located in the trisngle formed by the Cienaga Alta
road, the Rio Grande and the Quebrada Grande was one of the new two plante-
tions established during 1945. It contmins 50 acres.

The area consists of openings of low brush and grass among an srea of
taller brush and degraded forest. Thirty-five-thousand-two-hundred-eighty
wildings of roble were planted. Early survivel is high and a successful
plantation at a low cost is expected. Site is degraded but is just the
right environment for the success of roble.

The history of planting is shown in Table 64, on pege 148.

Del Vglle Plantations and Iract 91

These are a large group of plantations locatedin the southeastern
corner of the Division in the steep slopes of éhe Rfo Blanco. Tract 91 is
located in the hesdwaters of the Fajardo river.

Elevation of plantations vary from less than 1,000 to 2,000 feet and
slopes are precipitous. Rainfall and number of days with rain is high.

This section is unique in having a good representetion of soils derived from
quartz diorite or granitic rock and to have a larger soil varistion than any

other project. BSoils at lower elevetions are more open textured and deeper.
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Table 64.~History of Planting In Tract 13

: Number of pounds of Seeds and Irees Planted 3
Species s 1936 s 1937 : 1938 : 1939 s 1940 : 1941 : 1942 : 1944 : 1946 : Total
Byrsonima spicata 16,200 16,200
Callophyllum calaba 476 lbs 1,676 Ibs 2,643 bs 307 Ibs 614 Ibs 370 1bs 4151k 6,501 Ibs
Cacuarina equisetifolia 6,660 17,800 24,460
Sciacassia siamea 2,000 2,000
Cerdena slliodora 101,100 1,450 102, 5560
Guerea trichilioides 49,700 49,700
Lucuma multiflora 178 1bs 338 1lbs 511 I
Ocotes moschata 500 1lbs 500 lbs
Petitiea domingensis 2,400 1,750 4,150
Swietenia candollei 4,255 3,300 900 8,425
Swietenia macrophylla 165,000 165,000
Tabebuia pallida 35,280 35,280
Tectona grandis 7,200 200 8,625 1,000 2,000 18,925
Vitex divaricata 3,200 3, 300
654 Ibs 2,509 Ibs 2,643 Ibs 307 lbs 614 1bs 370 lbs 415 Ibs 7,512 1t

Total 221,900 117,300 7,350 14,500 12,960 20,700 35,280 429,990




The plantations, with an area of 628 acres, can be divided into three
groups. The larger one includes Tracts 40, 41 and 41A. The other grouwp lying
more to the west includes Tracts 32A, 32B, 36, 37, 38 and 39. Tract 91 will

be discussed by itself.

'Tracts 40, 41 axd 41A.- Four-hundred-eighty-one acres were planted

ineluding plantations 1, 2, 3, 4, 5, and 9. Planting was sterted early during
1936. Replanting was conbinued up to 1941. About 60 percent of the area or
approximetely 290 acres were actually planted, of which 100 acres or about 35
percent is considered successful.

Trect 41, which is the largest tract, includes five plentstions. Site
conditions are more favorasble along the lower border where such species as
West Indian mahogany, Spanish cedar, caps blanco, Honduras mshogany, and
capa prieto, have done fairly well. The main body of this tract, however, is
made up of degraded Picachos and Los Guineos soils where only the most
sccommodating species like mar{s and capd blanco have done well. ost of
the tract has been taken over by roble and other second growth species.

The history of planting is shown in Table 65.

Table 65.~History of Planting in Tracts 40, 41, and 41A

3 No. of Pounds of Seeds and Trees Planted :

Species :+ 1936 : 1937 : 1938 : 1939 : 1941 : 1945 : Total
Ardira inermis 5,750 lbe 5,750 lis
Calophyllum calsba 600 lbs 600 1=
Cedrela mexicana 41,000 41,000
Cordia alliodora 20,000 8,000 1,500 29,500
Eucalyptus citrio- 2,000 2,000

dora_
Bucalyptus robusta 2,970 2,970
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Table 65.-Continued

: “No. of Pounds of "eeds and [rees Planted :
Species ; 1936 : 1937 : 1938 : 1939 3 1941 : 1946 : Total
Lucuma multiflora 231 lbs 231 1lbs
Montezuma speciosis- 5,500 5,000
sima
Petitis domingensis 24,000 37,000 1,800 62,800
Swiebenia candollei 5,000 75,500 9,100 ' 89,600
Swietenia mscrophylla 13,000 ; 13,000
Swietenie mahagoni 229,500 16,000 245, 500
Tabebuia pallida 12,300 12,300
Total 5,750 lbs 8311bs 6,581 lbs

314,600 66,000 88,500 19,90 2,970 12,300 504,170

Tracts 32, 36, 37, 38, and 39.= Une-hundred=forty-seven scres were planted

including plantations 6, 7, and 8. Planting was done during 1936. Replanting
continued up to 1941. About 75 percent of the area within these tracts or
approximately 110 acres were actuslly planted, of which about 70 acres or 64
percent is considered successful.

This group of smaller tracts at both sides of Rio Prieto are steeper
but soils are more open axd of greater fertility. Tract 36, which has the
more uniform and in general the most successful stend, lies over a loose deep
granitic soil. Rich MGcera soils are found at low elevations. Conditions
in Trect 32 are not as favorsble.

Survival of most species was fairly good in spite of strong weed
competition, however, plantations were well taken care of until the end
of CCC,

The vine problem has been especially serious in Del Valle ss the
vines persist even after a cmnopy has ¢losed. Irees of capa blanco 20 feet

tall have been bent down by vines and seriously injured. Worst offender is
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Dioscorea, but Ipomoea is bad too. In many stands, after ten years, there
is still need of fighting vines. It is very important to grow a canopy fast
and not to allow vines o get a foothold. Under these conditions, raising
artificial stends in the open is unduly expensive. In other sections,
however, overstory of native species is too dense and needs opening up to
allow full growth of broedleaved mshogany and capéd blanco.

The history of planting is shown in Teble 6&6.

Teble 66.=~History of Planting in Tracts 32, 36, 37, and 39

: No. of pounds of Seeds end Trees Planted :

Species s 1986 3 1937 3 1938 : 1939 : 1941 : Total
Andira jamaicensis 650 Ibs. 650 1bs.
Calophyllum calaba 268 bs 268 lbs
Bucalyptus eitriodora 1% 150
Fucalyptus robusta 600 600
Lycuma multiflora 1,663 1bs 1,663 1bs
Monteguma speciosissima 500 500
Petitia domingensis 47,500 10,000 600 58,100
Swietenia candollei 11,000 41,400 1,000 53,400
Swietenis mahagoni 73,000 ' 73,000
Swietenia macrophylla 2,000 2,000

fohat 650 1bs. 1,921 Ibs 2,571 1bs.

120,500 11,000 63,400 2,250 600 187,750

Tract 91.~ Tract 91 is similar in general to Del Valle plentetions.
It is located in the eastern edge of the forest, yet is not accessible at
present by good trails. Soils sre rich, loose textured and cepesble of
raising pood stands of trees. Host of the tract is under s forest cover.

Plantations 1, 2, snd 3 have a total area of 68 acres. About 75
percent or 51 acres were actually plsnted, of which only 6 acres or about

10 percent is considered successful.
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Survival was generally low except for some marfa and guaraguso.
In the open, maria has mede an excéptional growth. Trees seven years
from seed are up to 6 inches in diemeter amd 25 feet tall. Average diameter
is about 4 inches. West Indian mahogany has been suppressed and is being
eliminated by the more vigorous maria.

The history of planting is shown in Iable 67.

Teble 67.~History of Planting in Tract 91

: HNo. of 1bs. of Seeds and s
: Prees Planted : Total
Species s 1936 s 1937 3 1938
Calophyllum enlabsa 185.5 1bs 873 1bs. 1,058.5 1lbs.
Guarea trichilioides 11,332 11,332
Swietenia mahagoni 31,000 58,000 89,000
Total 185.5 1bs. 58,000 873 1lbs. 1,058.5 1bs.
42,332 100, 332

Toro HEEEO Division

Dofia Juana

The need of reforestation in Dofis Jusna varied because of differences
in wpography, cover, land use, etc. Cover varied from very light second
growth or close stands of sierra palms to little disturbed forest in the
northern boundary. There was some coffee shade.

Ireatments included palm conversion to better species, improvements
of the better stands of forest, straight planting in open areas and under-
planting in some sections. Fourteen different plartations were established.
Areas were grouped into the more similarly treated areas as follows:

Plantations 1 and 8.—These plantations include roughly the section

between Matrullas road, the Uofie Juana river, and the northern boundasry of

Tract 4C having a totaml area of 227 acres. About 120 amcres were planted

of which 35 percent was considered successful. BSites along the Dofie Juana



river valley are good. Adaptable species are doing well.

About 20 percent of the area has been farmed by parceleros. Since a
lorge part is in forest and second growth and some of the species planted
are promising, the present condition is quite satisfactory although some
open areas still need to be successfully regenerated. The history of

planting is shown in Table 6€8.

Table 68.~History of Planting in Plantations -1 and F-8

: Number of Peedlings and Pounds of Seed Flanted :

Species : 1935 : 1936 3 1938 : 1989 : 1941 : 1942 ; 1944 : Total
Buchenavia capita 200 200
Calophyllum calaba 227 1bs 227 lbs
Cedrela mexicana 112,863 2,900 700 116,453
Cordia alliodora 4,976 150 900 6,025
Dacryodes excelsa 376 23 398
Eucalyptus robusta 2,500 2, 500
Guarea trichilioi- 325 100 426

des
Lucuma multiflora 175 lbs 175 1lbs.
Mont e yuma peciosi- 2,700 4,000 6,700
ssima
Qcotea moschata 2,150 I 1,000 2,150 lbs
1,000
Swietenis candollei 1,776 17,375 19,151
Swietenia macro- 112,115 112,115
phylla
Syderoxylon foeti- 875 8756
dissimum
Tectona grandis 600 600
Vitex divaricata 6,800 6,500 13,300
Total 224,968 10,076 6,600 19,899 6,800 11,400 279,743
2,180 1bs 402 lbs 2,562 1bs
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Plentations 2, 3, and 5.~ A total arem of 138 acres is contained

between the Matrullas road, the Dofia Juana river and the old nursery.
Plantation 5 includes most of the area, the other two combined sre only 6
acres. This area had been heavily ¢leared and cultiveted, but at time of
planting part of it was covered with low second growth, aml scattered tabonuco
veterans. After 1942 practically all of the higher cover was removed in
timber and ocharcoal sales amd through parcelero cultivation. Lying in the
lower part of the Dofia Juana river valley the topography is more favorable
with more gradual slopes.

The whole ares was planted except sbout 15 scres which were forested.
About 38 percent or 46 acres were successful but since then, this smount
has been reduced by clearing land for parceleros and in logging operations.
Approximately 30 percent of the aree was cultivated by parceleros. The

history of plenting is shown in Table 69 on page 156.

Plantations 4 and 7.-~These followed the Matrullas road mostly on

the upper side and include the highest ground which had been clesred,
cultivated and gragzed previous to goverrnment sdministration. It slso
includes s larger proportionste amount of ridges and the least favorable
sites in Dofia Juena. DNot only is the proportion of ridges high, but the
glopes are steep. There is little forest cover, in fact this is the area
with the least cover. About 12 acres are in natural forest.

About 200 acres were actually planted out of a total srea of 246
scres. Spanish cedar was mixed with higuerillo in P-7 and with Uominican
mahogany in P-4. OUnly about 30 percent or approximetely 60 acres was
considered successful. About 80 percent of the area was cultivated by

parceleros.

The history of planting is shown in Teble 70 on page 156.
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Table 69.~History of Planting in Plantations 2, 3, and §

Humber of Seedlings amd Pounds of Seed Planted

Species s 1935 s 1936 1 1938 : 1939 : 1940 : 1941 : 1944 1945 Iotal
Cedrele mexicans 80,560 3,400 83, 960
Cordia alliodors 850 10,980 11,300
Dacryodes excelsa 22,000 22,000
Bucalyptus robusta 700 5,600 5,600 11,800
Bugenia stahlii 6,50 6, 500
Lucuma multiflora 969 1lbs. 969 1lbs.
Montezume speciosissima 80,560 4,700 4,000 1,000 300 90, 560
Petitia domingensis 3,200 810 4,010
Swietenia candollei 1,350 25 1,375
Swietenia macrophylla 750 80 800
Vitex divericata 800 1500 2,300

Total 22,000 167,620 65,880 15,725 4,000 1,500 11,200 6,710 234,605
969 lbs. 969 lbs.




Table 70.~History of Planting in Plantations 4 and 7

: : Wumber of Seedlings end founds of Seed Planted :

Species s 1936 : 1936 s 1988 3 1939 : 1940 ; 1941 : 1942 s 1944 : Total
Calophyllum calaba 435 1bs. 435 lbs.
Cedrela mexicana 52,700 78,088 13,790 144,578
Cordia alliodora 26,025 1,000 27,025
Eucalyptus robusta 15,350 15,350
Guarea trichilioides 1,035 1,035
Lucuma multiflors 150 1bs. 2 1lbs 1,045 lbs 1,197 1bs.
Petitia domingensis 6,000 6,000
Syderoxylon foetidissimum 1,200 1,200
Swietenia candollei 3,200 4,405 4,744 12,349
Swietenia macrophylla 2,980 3,825 6,775
Swietenia mshagoni 25,900 25,900
Vitex divaricata 77,774 7,400 2,300 87,474

Total 52,70 181,762 48,200 8,230 6,000 27,4% 1,000 2,300 327,686

150 lbs. 437 1lbs. 1,045 lbs.

1,632 1bs.




Plentation 6.~ Includes a high ridge in an old clearing of sierra

palm in the southeastern part of Dofia Juana. Topography is steep. It
contains a total area of 33 aores.

Practically all the srea was planted. Of this ebout 65 percent or 21
scres was considered successful. Good growth of jecana has contributed to
satisfactory ocondition of the plantation. The history of planting is shown

in Table 71.

Table 71.~History of Planting in Plantation 6

i__Bumber of Seedlings and Pounds of “eed Flanced :

Species + 1936 : 1937 : 1938 : 19395 : 1940 : 1941 1 1942 3 ZTotal
Cordia alliodora 1,700 | 1,700
Lucuma multiflora 2,165 lbs 582 lbs. 2,747 1bs
Swielenia candollei 50 50
Swietenia mahagoni 28,743 28,743

Total 28,748 1,780 30,493
2,165 lbe | 582 1bs. 2,747 1bs

Palm Conversion.~ Two different areas have been converted from palm

stands. The old conversion project includes an srea of aboub 40 acres of very
steep lstl near the norcnern boundery. It was started laste in 1935. The stand
was almost pure sierres palms which were completely felled. Slopes are very
steep. Soil is different from the red and yellow heavy clays, probably a
Mtoara clay loam. All the 40 acres were planted of which only about 12 acres

or 30 percent have been successful. No parcelero cultivation was done.

Capa prieto and ausubo have been the most successful species particularly

capa prieto. Weed compebition was very high and s considerable invesiment has

been needed to keep down weeds after removal of palm overstory.
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The history of planting is shown in Table 72.

Table 72.—History of Plenting in the Y1d Palm Conversion

' Number of Seedlings Planted :

Species + 10856 1 1086 : 1088 : 1942 : 1044 : . 1946  Total
Cedrela mexiocana 31,600 31,600
Cordia alliodora 7,400 3,560 10,950
Eucalyptus robusta 7,700 7,70
Manilkera nitida 8,500 3,600
Swietenia candollei 5,800 5,800
Swietenia mshagoni 7,200 7, 200
Vitex divaricata 8,000 8,000

Total 38,800 10,900 5,800 7,700 8,000 8,550 74,750

The new conversion project was started during 1939. It comnsisted of an
area which was similarly dense sierra i:a.lm in the southeastern part of Tract 4C.
A high percentage of the taller and older palms were removed prior to planting,
leaving a canopy of the younger palms. The whole area was underplanted with
three species of hardwoods planted in alternste rows. Replenting included over
50 percent of the original trees, bub efter this a closed stand resulted.
About 99 ascres were estmblished. Subsequently 18 acres were dedicated to
parceleros so that 81 acres remained in plantations. This plantation has been
very successful to date.

The number of species and amount of each in the new palm conversion
project is shown in Table 73.

Table 73.~History of Planting in P-5 and 6 of the Palm Conversion

:_ Number of Seedlings Planted :
Species s 1939 ; 1940 3 1941 ; 1942 ; Total
Cordia alliodora 69,700 20,000 5,900 85,600
Bucalyptus robusta 1,825 1,826
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Teble 73.—-Continued

: Number of Beedlings Planted :
Species : 1939 : 1540 : 1541 : 1942 Total
Guarea triochilioides 21,000 31,150 52,150
Montezuma speciosissima 19,725 19,725
Swietenia candollei 17,100 27,800 44,900
Vgtax divaricata 16,826 5,100 21,925
Total 97,800 115,500 6,925 5,900 226,125

Matrullas

During 1936 a series of seven forest plantetions were established at
Metrulles in Tracts 15, 77, and 53 having a total gross area of 695 acres.
All the ares was planted with the exception of about 120 ecres which remained
in olose forest at the higher elevations. During 1945, 42 acres of new
plantations were established in Traot 78. Keplanting was done yearly until
1945 when only Bucalyptus was planted in open sites.

Stocking is light especially in areas under coffee and bananas. In
the open ridges, survival was high but trees are small., Still it will be
necessary to replant heavily. A very large part of the area had heavy stands
of old tabonuco trees which were being harvested st the time. Uver 25
percent of the area has good stands of coffee and bananas.

Plentations 1 and 2.—Include all the western side of Tract 15 with

a total of 340 acres which was practically all planted.

Seventy-five acres or 22 percent was considered successful. A large
part was under coffee and bananas which were still highly productive. Failure
of mehogany r esulted in a light stocking of valuable trees yeot the amount of
forest cover is high from the coffee shade trees.

The history of planting is shown in Table 74.
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Table 74.—-History of Plenting in Plantetions 1 end 2

: Number of “eedlings snd Pourds of “eed Planted :
Species s 198 s 1987 : 1938 : 1939 : 1840 s 1941 : 1942 : 1945 : Total
Cedrela mexicana 200 200
Cordia mlliodora 95,634 183,450 11,000 2,000 292,084
Eucelyptue robuste 1,950 3,140 2,450 7, 540
EBucalyptus rostrata 100 100
Guarea trichilioides 1,140 1,140
Hymensea courbaril 14 14
Lucuma multiflora 1,820 1bs 705 lbs. 119 lbs. 2,644 1bs.
Swietenia candollei 57,800 24,450 3,000 : 85,250
Swietenia macrophylla 296,966 11,925 308,891
Tectons grandis 250 650 900
Vitex divaricata 1,000 1,000
Total 392,600 183,450 8.2, 315 27,100 6,064 3,140 2,450 697,119

1,820 1bs 705 lbs. 119 1bs. 2,644 1lbs.




Plantations 3, 4, and 5.~ Include all of the eastern side along the

reservoir, with a total acreage of 237 acres.

The whole area except the most heavily forested areas in the south-
eastern corner was planted. About 80 acres or 34 percent was considered
successful. Natursl reproduction end woods are more sbundant so that the
situstion is generally more favorable than in the western side of the
reservoir. About 75 percent of this area had been farmed by parceleros.
Coffee and bananas are not as carefully maintained as in the opposite side.
Proportion of capa prieto, gueragu#dand other native species is higher, that
is, mahogany makes a smaller part of the stand.

The history of plenting is shown in Table 75.

Teble 75.—~History of Plenting in Plantations 3, 4, end &

: Number of Seedlings and Pounds of Seed Planted @

Species : 1986 : 1987 : 1938 : 1989 : 1940 : 1941 : 1942 : lotal
Cordia alliodora 17,366 182,008 149,374
Bucalyptus robusta 1,225 840 2,065
Eucalyptus rostrata ‘ 3, 700 3,700
Guarea trichilioi- 800 900

des
Lucuma maltiflora 4193 1bs 1601 105 Iis 4448 lbs.
Montezuma speciosi- 24,200 24,200
Seina
Ocotea moschata 62 lbs. 62 lbs.
Swietenia candollei 6,000 13,200 1,980 1,300 22,490
Swietenia macrophylla 231,840 6,000 1,350 239,190
Total 273,406 138,008 8,250 13,200 1,990 6,225 840 441,919
4255 Ibs 150 lbs 105 lbs 4510 lbs.
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Planbetions 6 end 7.-=These are located in Tracts 77 and 53 #ith

a combined total area of 113 gcres. All the area, except sbout 30 acres which

ere in close forest in the upper part of Irect 77, was planted. Only 23
acres or 28 percent was considered successful. Although underplanting is
needed in P-6 there is a forest cover in most of the area. Situation is
less favorable in P-7 where over one-half of the area consists of open
deforested slopes. Considerable planting was still needed here. Yver
80 percent of this srea hss been under parcelero cultivation.

The history of pl nting is shown in lable 76.

Table 76.—History of Plenting in Plantations 6 and 7

:  Bumber of “eedlings and Pounds of Seed Planted

Species : 1936 ; 1937 : 1938 1 1989 : 1940 : 1941 ; 1942 Total
Cordia mlliodora 41,100 41,100
Bucalyptus robusta 1,150 730 1,880
Guarea trichilioides %00 900
Lucuma multiflora 7 lbs. 921 1bs 71 lbs. 999 1bs.
Swietenia candollei 2,600 6,725 9,225
Swietenia macro- 138,100 8,600 5,675 162,375

Phy1la
Total 138,100 49,700 9,076 6,725 1,150 730 205,480
7 lbs. 921 1bs 71 1bs 999 1lbs.

Barly during 1945 Plentation 8 was established in Tract 78 in Matrullase

with a total acreage of 42 ascres. Thirty-three-thousand roble wildings were

pleanted in 42 acres.
Guineo Lake
From the fall of 1936 to the fall of 1937, five plantations were

established at both sides of Guineo Lake in Tracts 19, 19A, and 13 with s

total area of 290 sores. A Fraxinus plentation had been established previously
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Thirty-nine and ©1 acres were left without planting in Tracts 194 and 13
respectively. This consisted in mixed sierra palm and hardwoods in the
upper part of these tracts. During 1944, 42 acres were planted in Tract 20,
making a grand total of 332 scres. Cultivation by parceleros has received
less emphasis than in Dofia Juana and Matrullas. At the time of the survey
only small areas were under this type of cultivation.

The Guineo Lgke plentations have received a better cere than the rest
in Toro Negro, so that the stocking and condition of the planted trees is

more satisfactory.

Plantations 1 and 2.~ These plantations were established during 1936

and 1937. They are located in Tracts 197and 19A respectively. The combined
grea is 128 acres.
The history of planting is shown in Table 77.on page 164.

Plentations 3, 4, and 6.~ These plantations are all losated in

Tract 13. They were established during 1937. Similarly to plantations
1l and 2, survival was low and replenting has been practically complete.
Combined area is 162 acres.

Planting was lighter in Plantetion 5 where natural woods dominate and
where planting was only complementary. Une-hundred acres or BO percent was
considered successful.

There was hardly no replanting to be done. Natural woods supplemerted
by the plented trees will mmke more successful and rel iable stands. They contain
more higuerillo end less Eucalyptus than Plantetions lsend 2. The history

of planting is shown in Table 78.on page 165.
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Table 77.~History of Planting in Plantations 1 sand 2

: Humber of Seedlings and Pounds of Seed Planted :

Species : 1936 : 1837 s 1988 : 1939 : 1940 : 1941 : 1942 :, 1944 L Total
Calophyllum calaba 95 lbs. 95 lbs.
Cedrela mexicana 68,210 31,265 99,475
Cordia alliodora 13,250 13,280
EBucalyptus resinifera 5,000 1,000 6,000
Bucalyptus rotusta 10,250 11,500 21,750
Guarea trichilicides 28,800 28,800
Lucuma multiflora 1,884 1lbs. 1684 1bs.
Ocotea moschata 449 lbs. 449 1bs.
Swietenia mecerophylla 68,190 6,800 74,990
Tabebuia psllids 700 3,000 3,700
Titir Alvaribnke 4,000 13,300 5,250 750 400 23, 700

Total 136.,4@) 80,115 9,000 14, 200 15,500 12,980 3,400 271,665

449 lbs. 1,779 1

2,228 1lbs.




Teble 78.~History of Flenting in Plambations 3, 4, and 5

: ;Famhor of “eedlings snd founds of Yeed Planted '

Species :; 19237 : 1938 : 1939 : 1940 : 1941 : 1942 ; 1944 : Total
Cedrela mexicana 30,625 30,625
Cordia alliodora 92,500 6,250 98, 760
Buca lyptus resini- 2,000 2,800 4,800

nifera
Bucalyptus robuste 3,700 4,80 8, 500
Lucume multiflora 430 lbs 430 lbs.
Montezuma specio- 1,600 1,600
sissima
Ocotea moschata 188 1bs. 188 1bs.
Swietenia candollei 4,400 4,400
Swietenis macro- 19,000 10,100 7,300 36,400
phylla
Tabebuia pallida 5,500 5,500
Vitex divaricata 21,0 3,70 4,000 1,600 31,200
Total 142,126 14,500 15,650 26,300 7,400 8,800 7,100 221,775
_183 lbs. 430 bs 618 lbs.

Plantetions 6 mand 7.=These include the last group of plantations established

in 1944. Both are loceted in Tract 20 with a combined ecreage of approximately
42 pcres.

Plantation € ococupies the best site on lower slopes and valleys and is
the most successful of the two. Most of the area has a carnopy of coffee shade
trees. Guaraguso trees planted have 2 high survivael and are promising.
Plentation 7 is sn experimental plantation of different species of exotic bambos.
Site is poor and the plantation was a failure. -

The history of planting is shown in Table 79.
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Table 79.~History of Planting in Plentations 6 end 7

Humber of Seedlings Planted

Epecies s 1944 : 1945+ Total

Bambusa sp. 2,350 2,35

‘ Cedrels mexicana 126 : 125
Guarea trichilioides 14,000 26,0560 40,050

Bucalyptus sp. 3,380 3,380

Total 16,475 29,430 45,905
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