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Growth of Teak, Mahogany, and Spanish Cedar on St. Croix, U.S. Virgin Islands’

ABSTRACI

Plantation growth of mahogany (Swietenia spp.) and teak
{Tectona grandis), and the performance of teak and Spanish
cedar (Cedrela spp.) provenznces focated in subtropical dry
and moist life zones, are swmmarized for St Croix, U.S.
Virgin Islands. Hybrid mahogany (S macropiiylla x S. mala-
goniy from St. Croix had the best form and growth rate of
all tree species tested. The mean trunk volume growth of a
30-year old mahogany hybrid at Bodkin  was
8.1 m® ha™' yr~', mean dbh growth was 0.78 cm yr ',
and mean height growth was 047 m yr™'. Comparable
growth fipures for 30-year-old teak at Estate Thomas were
3.9 m® ha™t yr™!, 0,76 cm yr~' znd 0.51 m yr™', respec-
tively. West Indies mahogany (8 malggoni), after 25 years
at Estate Thomas, averaged 6.0 m? ha™ yr™, 0.86 em yr~*.
and 044 m yr~'. Pacific Coast mahogany (S humilis) at
Estate Thomas, in contrast, averaged only 2.0 m® ha™ yr™",
0.83 cm yr~*, and 039 m yr~' after 25 years. Testing of
seven Spanish cedar provenances was confounded by
mortality losses in the nursery and fire after outplanting. The
surviving five provenances showed 39 and 59 percent survival
at 16 years in Estate Thomas and Hams Bluff, respectively.
Growth rates for the Belize provenance at Estate Thomas and
the Mexican provenznce at Hams Bluff were superior to
others; their survival rates were 66 and 89 percent, respec-
tively. Testing of six pravenances of teak showed significant
differences in ¢bh and height, with the Tamilnadu, India
provenance growing most rapidly, but having the highest
mortality.

1 Received for publication 24 March 1988.
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Piedras, P R,
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COMPENDIO

Se resume el crecimiento de caoba {Swiclenia spp.) y de
teca {Tecrona grandis) en plantaciones, y el comportamiento
de procedencias de teca y de cecro (Cedrela sp.), localizadas
en las zonas de vida de hosque seco subtropical ¥ bosgue hil-
medo subtropical, en San Cruz, Islas Virgenes, EE.UU, EL i-
brido de eaoba (§ macrophylla x S mahagoni}, de Santa
Cruz, mostrd la mejor forma y tasa de crecimiento de todas
Ias especies probadas, El crecimiento promedio del volumen
de los fustes de caoba hibrida de 30 afios de edad, en Bodkin
fue 8.1 m? ha™ afio™: el crecimiento promedio del dap
fue 0.78 cm afie™' y el crecimiento promedio en altura
fue 0.47 m afio™ . Cifras comparables de crecimienio para
tech en Estate Yhomas, durante 30 afios, fueron
3.9 m? ha™! afio™, 0.76 cm afio™ y 0.51 m afio ™, respec-
tivamente. La caoba de las Indias Occidentales (S mahagoni),
después de 25 afios, en Estate Thomas, promedié
6.0 m* ™! afio™, 0.86 cm ado™, ¥ 0.44 m afio™'. La
caoba de la costa del Pacifico (3 fumilis), en Estate Thomas,
en contraste, promedio solamente 2.0 m® ha™' afio™},
0.83 em afio™, y 0.39 m afio™ después de 25 afios, La
prugba de siete procedencias de cedro resultd confusa por
pérdidas debido a la mortalidad en el vivero ¥ a un incendio
forestal ocurrido después de plantarse en el campo. Las cinco
procedencias sobrevivientes mostraron 39— y 59—por ciento
de supervivencia despuds de 16 afios, en Estate Thomas y en
Hams Bluff, respectivamente, Las tasas de incremento de la
procedencia de Belize, en Estate Thomas, ¥ la procedencia
de México, en Hams Bluff, fueron superiores a Ias otras; sus
tasas de supervivencia fueron 66 y 89 por ciento, respectiva-
mente. La prueba de seis procedencias de teca mostrd dife-
rencias significativas en dap y en alturz, con la procedencis de
Tamilnada, India, creciendo mas ripidamente aunque mos-
trando [z mortalidad més alta,

INTRODUCTION

t Croix, one of the U.S, Virgin Islands (Fig. 1},
was discovered by Columbus on his second
¥ voyage in 1493 Between 1700 and 1850, most
of the Island was cleared and planted with sugar cane
and cotton. By the late 1920’s, the local wood-using
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industries were confined {0 charcoaling, bay oil ex-
traction, and small-scale cabinet making (14). In
1950, 30 percent of the Island was again covered with
trees, including 120 ha of previously introduced,
naturally regenerated West Indies mahogany (Swiefe-
nia mahagont) trees (21)

In early 1955, the USDA Forest Service imple-
mented a forestry program on St. Croix. The objec-
tives included forest management and utilization,
promotion of wood-using industries, and production
of local planting stock Cooperation with private
landowners was aimed at timber production, soil and
water conservation, and the establishment of wind-
brealks and shade trees in pastures and along road-
sides

Forestry research began in 1958 Teak (Tecfona
grandis) was introduced, and species adaptability
trials, growth studies, and provenance trials of teak
and Spanish cedar (Cedrela sp.}) were injatied
Plantations of hybrid mazhogany, a natural cross
between West Indies mahogany and Honduras
mahogany (Swietenia macrophylla x §. mahagoni),
first discovered at Davis Bay where both species had
been planted in the early 1900%, were established at
Estate Thomas, Bodkin, and Sion Farm. From 1953
through 1972, the forestry propram was credited with
establishing about 250 00C mahogany, teak, and
Spanish-cedar trees on 110 ha in St Croix (25),
averaging 6.5 ha yr ! of successfully repenerated
forest. By the early 1970°s the Island had an estimat-
ed 500 000 board feet of merchantable mahkogany in
roadside, streambank, urban, and research plantings
as well as mahogany plantations.

Because more than 40 percent of the forests locat-
ed within tropical latitudes are dry (3), and many of
these areas are currently experiencing wood short-
ages, there is a need to identify useful tree species and
provide information on their survival and perfor-
mance. The purpose of this study was to summarize
plantation growth of mahogany and teak and to
assess provenance trials of Spanish cedar and teak.

Environmental background

The island of St Croix occupies 220 km? of jand
area, with Mt Eagle in the northwest being the
highest point at a 355 m elevation (Fig. 1). The
mountzinous areas of the north and east are flanked
by a rolling plain in the south-central and western
parts of the Island. Intermittent streams are found in
both ranges.

Geology. The oldest rocks on St. Croix are of late
Cretaceous age and were eroded from voleanic rocks

and deposited as sand beds by turbidity currents deep
on the ocean floor (30). Mountain building forces
during the Oligocene, when St. Croix was emerging
from the sea, compressed the Island’s two mountain
ranges causing folds and a thrust fault. The mountain
ranges formed two islands joined by a large coral reef
during the fower Miocene, and later were joined by
continual uplift. In recent times, alluvium and beach
deposits formed at the edges of the marl formation
and in coastal areas.

Soils. The Island’s soils were derived from basic,
velcanic rocks, formed in sediments derived from soft
limestone or voleanic rocks (23). Seventy different
soils and land use types have been mapped, and six
soil associations (Fig. 1) have been recognized (19).
The soils have been further classified into woodland
suitability groups based on their suitability for wood
crops, production potential, and management require-
ments (23},

Climate. Mean rainfall ranges from < 760 mm yr™
at the eastern tip of the Island to > 1 270 mm yr !
in the northwest (Fig 1) September through
November are wetter than the remaining months, and
February and March are drier (Fig. 2). Temperatures
fluctuate between 21 and 32°C and are characterized
by more diurnal than annual variation (4).

Although infrequent, hurricanes influence forestry.
The last storm to directly hit St. Croix was San Felipe
of 1928, Similar storms with trajectories close to or
directly over Puerto Rico have caused considerable
damage in both plantations (16) and natural forests
{5,27,28).

Natural vegetation. The natural vegetation of St.
Croix was classified into two Holdridge (12} life
zones. The subtropical dry forest comprises 83
percent of the Island; the subtropical moist forest,
located in the northwest, occupies the remainder
(6). Ten ecosystern types are zlso recognized: semi-
evergreen forest, deciduous forest, thorn woodland,
thorn scrub, mangrove swamp, littoral woodland,
beach strand vegetation, and three vegetation types
derived from human activity (7).

The original species composition of St. Croix’s
forests has been drastically altered {8). Changes began
with the indigenous groups before Columbus’ arrival
Clearing and burning for agricultural production and
the introduction of species for agriculture and
forestry continue today.

Study sites

Plantings on five sites were studied. The Annaly
{Hams Bluff), Bodkin, and Mahogany Road sites are
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in subtropical moist forest (Fig. 1) and receive an
average rainfall of 1 140 to 1 270 mm yr . The soils
are in the Descalabrado-Jacana association (Incep-
tisols) (18), which are characterized as well-drained
on steep slopes, with clay loam to clay subsoils. The
Estate Thomas and Sion Farm sites are in subtropical
dry forest where rainfall averages about
1 000 mm.yr *. The soils are in the Aguilita-Fredens-
borg-Sion association (Mollisols), which are charac-
terized as sloping and well drained, with shallow clay
loam or silty clay loam subsoils, located over soft,
marly limestone.

METHODS

In early 1986, six previously unmeasured planta-
tions and two provenance trials were surveyed. West
Indies mahogany planted along Mahogany Road and
naturally regenerated at Estate Thomas was also
assessed. Tree diameters were measured to the nearest
0.1 c¢cm at breast height (dbh) with a diameter tape.
Total heights and merchantable heights to a top dia-
meter of 10 cm or the point of major bifurcation
were estimated to the nearest 0.1 m with an optical
rangefinder. The point of measurement for top dia-
meter was determined with a pentaprism. Trunk
volume in the growth studies was estimated by the
relationship: volume = 0.5 x basal area x height (20).
Merchantable volume was calculated by the relation-
ship: volume = 0.5 (basal area top + basal area
bottom of log) x length. All calculations were based
on outside bark measurements.

The plantations included two plots of West Indies
mahogany, a plot of Pacific Coast mahogany (S.

humilis), three plots of hybrid mahogany, and a plot
of teak. In the plantations, all trees intercepted by a
basal area prism (BAF = 2.5 m® ha™') were measur-
ed. Crown classes (1), slope positions, and aspect
were noted for most of the plots. To determine
volumes on the prism plots, the actual basal area and
volume of each intercepted tree was calculated. The
actual basal area of each tree was then divided into
the BAF factor to estimate the number of trees of
that size class per hectare. Tree numbers were then
multiplied by their respective volumes, and these
data were summed to derive plot volumes per hectare.
Mean diameter and height growth were also derived
with the same weighting.

The Institute of Tropical Forestry teak provenance
trial had been established in October of 1975 on St.
Croix to compare the performance of five seed
sources (Thailand, Ghana, Indonesia, and two from
India) with seed collected from Sabana, Puerto Rico.
At Bodkin, 272 stumps were planted. Four-tree rows
were replicated 12 times with five provenances at a
spacing of 3 by 3 m, with provenances assigned at
random within each replication. Only eight replica-
tions of the Thailand provenance were available. They
were planted around the margin of the other prove-
nances. Height and dbh, stem form, and the number
of trees producing seeds were recorded on all surviving
trees at Bodkin. Tree dbh and height were compared
among provenances using the Tukey-Kramer test
(34).

The Commonwealth Forestry Institute Spanish
cedar provenance trial had been established in August
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and September of 1969 at Estate Thomas, Hams
Bluff, and two other sites on St. Croix that were
subsequently lost by fire. On each site, 320 trees
were planted {four trees per treatment, five treat-
ments per replication, and 16 replications per site).
Eight seed sources from Costa Rica, Jamaica, Mexico,
Cubz, and Belize were included in the adaptability
trials. The main objective was to determine the best
sources for planting in the areas tested based on
survival, growth rates, form, and phenology. All

surviving trees on Estate Thomas and Hams Biuff

were measured Because mortality was high, data on
survivai, height, and dbh were Inappropriate for
analysis Therefore, the data were converted to the
sum of the main stem volumes per plot which were
compared using Tukey's Omega procedure (26).

RESULTS

(1) West Indies mahogany (Mahogany Road). The
sample of 20 mahogany trees planted along
Mahogany Road ranged in dbh from 9235 to
190 0 c¢m with heights between 16.8 and 25 1 m. The
trees had a mean dbh of 1257 £ 58 cm and a mean
height of 224 = 0.4 m. Estimated trunk volumes
ranged [rom 64 to 294 m? per tree with a mean

Table 1.

valte of 14.6 = 1.5 m®. Although the age of these
trees is uncertain, it appears that they were planted
about 1790, An estimate of mean dbh growth, assum-
ing an age of 200 years, is 063 com yr .

(2) West Indies mahogany regeneration (Estate
Thomas). The naturally regenerated Estate Thomas
mahogany stand, located on lands abandoned in
1928 after having been used for agriculture, was
situated mainly on midslopes with north and south
aspects Mahogany trees accounted for 87 percent
of the 176 stems tallied on 14 prism plots. Most
sample plots contained mahopanies that varied
considerably in size. Some trees dated 1o the time of
sbandonment and others were recent regeneration
Records indicate that much of the area had been
thinned in the 1960's. The mean basal area in 1986
was 27 m? ha™ and the mean trunk volume was
about 109 m® ha™ (Table 1)

The largest trees in the natural regeneration were
found on the north-facing slopes Detailed calcula-
ticas were not merited because neither the age nos
the effect of recent silvicultural treatments were
known

Summary of studies conducted on St, Croix, 1986, with estimated basal areas and volumes for plantation species.

Parameters (mean + SE)?

Study number Plots? Trees Year Basal Trunk Merchantable L.ocation
and species’ (number} {number) established area volume voluime

{m? /ha) {m?/ha) {m?®/ha)
Growth:
( 1} Swietenia mahogani® - 20 1790 - o - Mahogany Road
{ 2y § mahogani* 14 176 1928 27338 1089:124 - Estate Thomas
( 3y S mahogani® 5 51 1960 2355+14 146 2+ 68 394+ 22  Estate Thomas
( 4y § hnenilis 5 31 1961 39514 473+ 6.8 180 22  Estate Thomas
(5) § hybrid®® 7 51 1971 18210 905+ 66 - Sion Farm
( 6) § hybrid’,® 6 53 1971 22120 1248=x145 - Sion Farm
(7 8§ hybrid? 5 66 1956 32021 2397=x840 1538+ 141 Bodkin
( 8) Tectong grandis 8 50 1956 15307 1165+ 59 791+ 93 Estate Thomas
Provenance:
{9 T grandis - 272 1975 - - - Bedkin
{18) Cedrela spp - 1969 - - - Estate Thomas

Hams Biuff

Study numbess are ceded to text

Assumed planting date about 1790

“Plum pudding” variety of West Indies mahogany
Swietenia macrophylla x § malhogani
U.S. Park Service plantings

DO~ Oy L B L by

Plets in growth studies are prism plots (BAF = 2.5 m*)
Basai area equals number of trees intercepted by a prism Volume determined by relationships outlined in methods

Natural forest on land abandoned in 1928 Basal area plots also intercepted 23 trees of other species Aspect was recorded.
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{(3) West Indies mahogany (Estate Thomas) West
indies mahogany selected from seed sources with an
attractive wood grain configuration, locally cailed
“plum pudding” variety, was planted on level land on
Estate Thomas in 1960 Basal area, trunk volume, and
merchantable volume increment were satisfactory
(Table 1), Mean volume growth rate averaged
60 m* ha™ yr™' Mean dbh and height growth rates
for all 51 trees sampled on five prism plots were
086 cm yr ! and 0.44 m yr ', respectively Ratios
of digmeter and height growth by crown class are
shown in Table 2 The growth of dominant and co-
dominant stems indicate the potential for trees when
there is adequate space

(4) Pacific Coast mahogany (Estate Thomas). The
Pacific coast mahogany plantation, located on level
ground in Estate Thomas, was established in 1961
Mean trunk volume was about one-third that of West
Indies mahogany (Table 1) and averaged
20 m?® ha™' yr' Mean dbh and height growth rate
of the 31 trees recorded in five rows were
083 cmyr ! and 0.39 m yr ', respectively

{5) Mahogany hybrid (U.S. Park Service Planting
No. 1). The mahogany hybrid. planted at Sion farm
in 1971 znd thinned in 1981, was located on mid-
stopes that faced south. The mean basal area and
mean trunk volume are shown in Table 1 Mean an-
nuel volume increment was 62 m® ha™?l yrt,

1

2 mean rates of growth were 119 cm vr ' and

066 myr ™, respectively.

(6) Mahogany hybrid (U.S. Park Service Planting
No. 2), The second Park Service plantings of
mahogany hybrid, also established in 1971 at Sion
Farm, were localed on midslopes with a north
aspect, and on bottomlands They were thinned once
al an unknown date. The mean basal area and mean
trunk volume are about 20 and 40 percent greater,
respectively, than those on the first site. Mean dbh
and height of the 53 trees sampled on six prism plots
are shown in Table 2 Rates of growth for dbh and
height were 1.16 ecm yr ' and 0.72 m yr™", respecti-
vely

{7} Mahogany hyhrid (Bodkin) The mahogany
hybrids planted in Bodkin in 1956 were located on
midslopes Mean basal area, mean trunk volume and
mean merchantable volume are shown in Table .
Mean volume growth was 8 1 m® ha™ yr™'. Mean
dbh and height of the 65 trees sampled on five prism
plots are shown in Table 2 Mean dbh and height
growth rates were 0.78 cm yr™ and 047 m yr ',
respectively

(8) Teak (Estate Thomas). The teak planted in
1956 on Estate Thomas was located on level terrain
and did not show much variation in stem size Mean
basal area, mean trunk volume and mean merchant-

e}:clu{iing thinnings Mean dbh and height of the 51 able volume are shown in Table 1 Mean trunk
trees sampled on seven prism plots are shown in Table volume growth rate was 39 m*® ha ™ yr™' Mean dbh
Fable 2. Relationships of tree diameters and heights by crown class in the sampled plantations.
Dizmeter {cm) Height (m}

Study number Mean ¢ SE Ratio? Mean + SE Ratio?
antd species'

D C I S D C i S
(3) Swietenia mahogani® 2205+ 088 152 1.15 0.85 - 1131029 108 106 095 -
4) S humilis® 2022122 187 114 0.84 070¢ 945+033 144 1.95 1.01 0.80
(5) 8§ hybrid® 1734 £169 130 1.08 0.82 044 964054 1.1} 193 093 4.81
(6) S lybrid® 16911770 199 132 0.83 047 1045:058 126 1.11 0.93 g 80
(7§ hybrid? 23905+104 177 139 083 057 1375+040 1723 116 391 0.84

1 Study numbers coded to text.

(=]

Ratios for dominant (D), codeminant (C), intermediate (1), and suppressed (8) stems. Ratios are a function of weighted mean

values except far & fumilis which was sampled in rows. To determine mean growth for any crown ciass, multiply overall mean by

the ratio

Toial stems sampled, 51: D=3, C=33, and { = 15.
Total stems sampled, 31: D=2, C=13, 1=8§, and §
Total stems samples, 51: D=4, C=43,1=2 and S
Total stems sampted, 53: D=2, C=451=4,and §
Total stems sampled, 65: D=7, C=32 1=19, and

- O e e

8.
2
2

S=17
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and height growtl rates of the 50 trees sampled on
eight prism plots were 0 76 cm yr * and G 51 myr *,

respeciively

{9) Teak provenances. The leak provenances at
Bodkin, located on gently sloping lands, were estab-
lished in October, 1975 Survival ranged from about
80 percent for the Tamilnadu, India provenance, to
about 95 percent for the remaining provenances
(Table 3).

The best mean values for dbh and height were
138 cm and 10.5 m, respectively, attained by the
Tamilnady, India provenance; these values were
significantly greater than dbh and height values for
any of the remaining provenances. This provenance
still had not produced seed and had an intermediate
amount of forking. The Puerto Rico provenance
showed comparatively poor dbh and height growth,
averaging 11.0 cm and 9 3 m, respectively

(10} Spanish cedar provenances. The Spanish
cedar provenances pianted in August and September
of 1969 were on level ground at Estate Thomas and
on geatly sloping lands at Hams Bluff. High mortality
on both sites and the loss of two other plantations by
fire altered the approach o data analysis specified in
the original study

Survival and dbh growth for all provenances
combined were greater at Hams Bluff; height growth
was better at Estate Thorras {Table 4). At Estate
Thomas, the best volume growih was attained by the
Belize provenance, whereas at Hams Bluff, the
Mexico provenance performed best Incidentally,
these same provenances performed best in each of
the three criteria tested: survival, height growth,
and dbh growth.

DISCUSSION
Plantations

Mahogany and teak. The wood properties of
mahogany and teak (17) make these species desirable
for planting on St Croix The 30-year growth of the
hybrid mahogany was the best of all species tested
The 25-year growth of West Indies “plum pudding”
mahagany was similar in dbh increment, but averaged
only 80 and 75 percent of the height and volume
increment, respectively, of the hybrid growth rates.
The 25-year growth of the Pacific Coast mahogany
averaged only 90 percent of the dbk and 83 percent
of the height growth and about one-third of the trunk
volume growth of West Indies mahogany . Initial
survival in all plantations appears to have been high,

although some siems were subsequently thinned or
tost through competition.

Naturally occurring hybrid mahogany has been
reported in Puerto Rico, St Croix, and Martinique
{15).  Moreover, hybrid msahogany has been
planted with success in the subtropical wet life zone
of the Luquillo Mountains in Puerto Rico {29) The
hybrid has a finer wood texture when compared with
typical Honduras mahogany, yet shows a more rapid
growil rate when compared with the West Indies

~Annoly-
1350 mm/yr
25.5 °C/yr
300 m elev.
300 j Roinfall
200
£ G0
= BOR
80 30
40 F 20 é-)
204 -~ 10

JFMAMJ J ASONTD

Month

~Annags Hope-

070 mm/yr
26.0 °C/ yr
25 m elev.
300
200 b~
E 100
& 80
60 F 30

40F
20

120 L
[+]
10

J FMAMJJASOND

Month

Fig. 2. Climatic diagrams for Annaly and Annas Hope, St
Croix
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Table 3. Comparison of teak provenance trinls at Bodkin on 5t. Croix.

Mean + SE!
Provenance Survival (%) dbh {cm) height (m) Seed production {%) Forking (%)
3040 (Ban Pha Lai, Thailand) 94 107078 T8z03a 3 19
A (Szbana, Puerio Rico) 96 119+03s& 93:02¢b 17 17
3044 (Jema, Ghana) 96 117403 a 92+0G2b 52 46
3049 (Ngliron, Java, Indonesia} a6 122+04 ab 48:0.1bc 21 7
3021 {Nilambus, Kezala, India) 96 12505 ab $45+03b 4 13
3017 (Mt Stuart 1, Tamilnadu, India) 79 138x060 105:02¢ 0 19

1 Statistical differences at the 95% level within columns are indicated by different letters

mahogany {15) 1t also has more drought resistance
than Honduras mahogany {22), and grows faster than
either parent on some sites (2) These [avorable
characteristics ied to its planting in the Virgin lslands
(10). The hybrid may also be more resistant to shoot
borer attack than Honduras mahogany, and adapt-
ability testing throughout the tropics has been
encouraged (33).

The 27-year growth of teak at Estate Thomas was
also satisfactory, given the Island’s environmental
conditions, which are not ideal for this species. The
best sites for teak are on flat or slightly sloping
terrain, with deep, well-drained, homogeneocus,
alluvial loam soils {13, 24). Moreover, the area should
have a 3- to 6-month dry season with 50 mm or less
of accumulated rainfall, yet receive annual precipita-
tion in excess of 1 500 mm. Neither the edaphic nor
the climatic conditions of S$t. Croix meel these
environmental requisites. Furithermore, the top height
of teak should zverage 24 m at 50 years (regional site
class 11) to achieve the best returns (13) This would
mean that at 27 years, teak would be slightly more
than 20 m tall, or about 6 m in excess of the top
height of trees produced in Bodkin {Table 4) The
growth of teak on St. Croix places it in regional site
class IV (Tabie 4; 13)

Two other commenis can be made based on the
above studies First, the size and growth rate of the
West Indies mahogany trees on Mahogany Road
probably approach the maximum that could be
expected on St. Croix. The trees are growing in the
open in the subtropical moist forest life zone, and
their roadside position provides access to runoff
during rainstorms. Second, microsite is a critical
factor for tree growth in dry environments. The
naturally regenerated West Indies mahogany on
Estate Thomas appeared to develop better on the
north aspect, which is shaded, and therefore more
humid, than on the south aspect.

Provenance Trials

Teak. According to an unpublished progress
report, the germination was good for all provenances
used in this study. 1t was also noted that the indo-
nesia and Ghana provenances were growing most
rapidly and that the Iatter provenance produced
flowers in the fourth year. After 10 vears, however,
the best growth rates were shown by the Tamilanda,
India, provenance. The Ghana provenance continued
to show the greatest percentage of trees with seed
production as well as demonstrate the highest amount
of forking, substantiating the observation that early
flowering of teak often results in poor form (11).

The dbh and height growth rates of teak at Bodkin
after 10 years were mare rapid than those at Estate
Thomas. Although none of the sites where teak was
planted on St. Croix meet the species’ requisites well,
it appears that the Bodkin site is better, probably
because of greater annual rainfall,

Spanish cedar. The Belize provenance performed
best at Estate Thomas, and the Mexican provenance
performed best at Hams Bluff. In the nursery phase
of these same trials, the Guanacaste, Costa Rica,
Mexico, and Belize sources were above average when
considering all measures of performance (height and
dbh growth, branching tendency, percent moctality,
and shoot borer attack), whereas the Turrialba and
Argentina sources suffered heavy moriality due to
slugs (31). ‘At three years, or the establishment phase,
none of the provenances was judged satisfactory and
none had proven resistant to the mahogany shoot
borer (32). Although scme authors feel that Spanish
cedar showed enough potential to justify more testing
{9), tree form and growth of mahogany and teak are
far superior to Spanish cedar and those species should
be favored in future plantings.
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TFable 4. Comparisons in Spanish cedar provenance trials on St. Croix,

Mean + SE
Provenance! dbh {cm) it {m} Yolumie? (m?*) Survival (%)
Block 06 {Estate Thomas)
A (Costa Rica) 124212 G8x06 G.049 2 12
B (Jamaica) 1007418 9011 0020a g
B (Mexico) 126211 5705 0161 ab 47
E (Cuba) Bix(07 74:04 3.067a 56
G (Belize) 13606 16703 0240 b 66
Mean 115:04 9302 0 064 39
Bleck 07 (Hams Bluif)
A (Costa Rica 9i+49 7122 0.083 ab 59
B (Jamaica) 47211 4813 00602 il
I (Mexico) 145740 9125 0G387¢ 89
E (Cuba) 112+359 83:26 0171 ab 68
G (Belize) 125=x61 838+28 0.230 be 70
Mean 11864 3227 0.178 59

1 Commonweaith Forestry Institute codes for provenances: A = 67 (7286) Oxon 1, Guanacaste, Costa Rica; B =67 (7292) Oxon, En-
field, Jamaica; D = 67 (7263) Oxon, Campeche, Mexico; £ = 67 (729) Oxon, Cuba (exotic plantation); G = 67 (7282), Oxon 2,
Belize. The following provenances were eliminated from the study because of poor germination or mortslity: C, 67 (7286) Oxon 2,
Turrialba, Costa Rica; F, 68 (8273) Qxon, Missiones, Argentina; and H, 67 (7282) Oxon, Belize (Whitmore 1971).

]

Another inferesting point derived from these prov-

enance trials is that the short-term observations of

performance, although generally informative with
respect to growth, did noi coincide with the long-
term observations of best growth. Many provenance
trials are designed to report on perfermance for just
a few vears. As in evident in these studies, short-term
observations may not indicate the best performers in
the long run.

LITERATURE CITED

1. BAKER, F. 8. 1950. Principles of silviculiure New
York, Mc¢ Graw-Hill. 414 p

2

BRISCOE, C.B.; NOBLES, R.W. 1962 Height growth of
mahogany seedlings. Rio Piedras, P.R. Institute of
Tropicai Forestry. USDA Forest Service, Tropical
Forest Note 13. 2 p.

3. BROWN, S LUGO, A.E 1982 The storage and pro-
duction of organic mattey in tropical forests and
their role in the global carbon eycie Biotropica
14:161-187

Sum of volume per four-tree plot. Statistical difference at the 95%ifuevel within columns is indicated by dilferent latters.

In summary, the research and reforestation effort
on St Croix has provided information on the survivai
and growth of commercial tree species and has creat-
ed a valuable forest resource on lands that had no
higher priority use. Although growth rates on the
Island are not as rapid as in avess with higher rainfall,
quality timber is now avaiiable for local wood-using
enterprises and may be supplied in limited quantities
on a sustained yield basis.

4 CALVESBERT, R.J 1970. Climate of Puerto Rico and
the U.S. Virgin Isiands. U.5 Department of Com-
merce, Environmental Science Services Administra-
tion, Environmental Data Service, Silver Spring,
Md Climatography of the Unites States no 60-52.
p 129

5 CROW, T.R. 1980 A rcinforest chronicle: a 30-vear
record of change in structure and composition at
El Verde, Puerto Rico. Biotropica 12(i):42-55

Turrialba Vol. 38, No. 4, 1988, pp. 308-317



316

TURRIALBA: VOL 38 NUM 4, TRIMESTRE OCTUBRE-DICIEMBRE 1988

6

1c

11

13

14,

13

16.

.

EWEL, J I WHITMORE, § L. 1973, The ecological life
zones of Puerto Rico and the U.S. Virgin Islands
Rio Picdras, P R. Institute of Tropical Forestry,
USDA Forest Service Research Paper ITF-18 72 p

FORMAN, RT.T 1974 An introduction to the eco-
systems and plants on St Croix, U8 Virgin
Islands In Guidebook to the geology and ecology
of some marine and terrestrial environments, St
Croix U S Virgin Islands. Ed by H Gray Muiter,
L C Gerhard West Indies lLaboratory, Christian-
sted, St. Croix, US.  Virgin Islands, Farieigh
Dickinson Univessity, Special Publication no 3
p 201-237

FOSBERG, F R. 1974 Sketch of the St Croix flora In
Guidebook to the geology and ecology of some
marine and terrestriai environments, St Croix, U.§
Virgin Isiands Ed by H Gray Mulwer, L C
Gerhard West Indies Laberatory, Christiansted,
§t Creix, US Virgin Islands, Farleigh Dickinsen
University, Special Publication ne 5 p 239-244

GEARY, T F: NOBLES, RW. 1980 Selection of some
exatic tree species tor planting in 5t Croix, Virgin
[stands In Weod production in the neotropics via
piantations (1980, Rie Piedras, P R., Institute of
Tropical Forestry) Proceedings [UFRO/MAB/
Forest Service Symposium; ITUFRO Working Group
§1-07-09 Ed by T.L. Whitmore Rio Piedras, PR,
Institute of Tropical Forestry. p. 303-307

GEARY, 1.F; NOBLES, RW ; BRISCOE, CB 1972
Hybrid mahopany recommended for planting in
the Virgin Islands Rio Pledras, PR Institute of
Tropical Forestry, USDA Forest Service Research
Paper ITF-15 5 p

GRAM, K ; LARSEN, C8 1960 The flowering of teak
{Tectona grandis) in aspects of tree breeding, based
on observation in Thailand. New Delhi FAO Teak
Subcommission, No. FAG/ISC-60/32 4p

HOLDRIDGE, L R 1967 Lite zane ecology . San José,
C.R., Tropical Science Center 206 p

KEQGH, R M. 1979 Doues teak have a tuture in tropical
America”? Unasylva 31{126):13-19

KRAMER, WP 1930 Report of forest investigation of
Virgin Islands and recommendations San Juan,
P R, Luguillo Nationai Forest 37 p. (unpublished
report}

LAMB, F B 1986 Mahogany of tropical America; its
ecology and management Aan Arbor, Mich The
University of Michigan Press 220 p

LIEGEL, [L.H. 1984 Assessment of hurricane rain/wind
damage in Finus caribaea and Pinus oocarpa prov-
enance trizls in Puerto Rico Commonwezlth
Forestry Review 63(1):47-53

LONGWOQOD, F.R 1962 Present and potentizl com-
mercial  timbers of the Caribbean with special
reference to the West Indies, the Guianas and
British Honduras Washington, DC USDA Agri-
culture Handbook no. 207 167 p

18

19

30

LUGQ-LOPEZ, M A; RIVERA, L H 1980 Updated
taxonomic classification of the soils of the U.S
Virgin Islands. The Journai of Agriculture of the
University of Puerte Rico 64:131-137

McKINZIE, WE.: SCOTE, BF.,; RIVERA, LH 1965,
Soils and their interpretations for various uses,
St Croix, U.§ Virgin Islands, Cartographic Unit,
Spartanburg, S.C. USDA Soil Conservation Service
67p

NEWBQULD, P 1 1967 Metheds for estimating the
primary production of torest Oxford, England,
Blackwell Scientitic Publications, IBP Handbook 2.
62p

NOBLES, R.W. 1960, Forestry in the L8 Virgin
Islands. Journal of Forestry 58{7):524-527

NOBLES, RW ; BRISCOE, CB 1966 Height prowth of
mahogany seedlings, St Croix, Virgin Istands.
USDA Forest Service, Regearch Note [TF 10 4 p.

RIVERA, L.H: FREDERICK, W.D.; FARRIS, C;
JENSEN, EH.; DAVIS, L., PALMER, CD.;
JACKSON, L.F.; McKINZIE, W.E 1970. Soil
survey of the Virgin Istands of the United States
Washington, D.C. U.S. Government Printing Office
USDA Soil Conservation Service 78 p. X maps.

SALAZAR, F, R ; ALBERTIN, W 1974 Requerimen-
tos edaficos y climdticos para Tectone grandis L.
Turriniba 24(1):66-71

SOMBERG, S1. 1976 Virgin Islands forestry research:
a problem analysis. St. Croix, Virgin Islands,
College of the Virgin Islands and Seymour I,
Somberg and Associates. Virgin Islands Agricul-
tural Experiment Station Report no. 9 14 p.

STEEL, R.G.D; TORRIE, 1. H. 1980 Principles and
procedures of statistics: a biometrical approach.
New York, McGraw-Hill 633 p

WADSWORTH, F H,; ENGLERTH, G.H. 1959 Effects
of the 1956 hurricane on forests in Puerto Rico
Caribbean Forester 20:38-51.

WEAVER, P.L. 1986 Hurricane damage and recovery in
the montane forests of the fuquille Mountains of
Puerte Rico Caribbean Journal of Science 22(1):
53-70

WEAVER, P.L; BAUER, GP 1986. Growth survival
and shoot borer damage in mahogany plantings in
the Luquillo Forest of Puerto Rico. Turrialba
36(4):509-522

WHETTEN, 1 1. 1974, Field guide to the geology ol St
Croix, U.S. Virgin Istands. In Guidebook to the
geclogy and ecolegy of some marine and terrestrial
environments, 8§t Croix, US Virgin Islands. Ed
by L C. Gerhard West Indies Laboratory Christian-
sted, St. Croix, U8 Virgin Islands.  Farleigh
Dickinson University. Special Publication no 5
p 129-144



WEAVER, FRANCIS: GROWTH OF TEAK, MAHOGANY AND CEDAR 317

31, WHITMORE, TL. 1971 Cedrels provenance irial in
Puerto Rice and St. Croix: nursery phase assess-
ment. Turrialba 21(3):343-349

32, WHITMORE, JL 1978 C(edreln provenance irial in
Puerto Rice and St Croix: establishment phase.
Rio Piedras, P.R. Institute of Tropical Forestry,
USDA Forest Service Research Note No {TF 16
11p

33 WHITMORE, JL.; HINOJOSA, G 1977 Mahogany
(Swictenia) hybrids. Rio Piedras, PR, Institute
of  Tropical Forestry. Service Research Paper
ITF-23 8p.

34 ZAR, JH 1984 Biostatistical analysis Englewood
Clitfs, N.J Preatice-Hall 7i8p

Reaccién de Algunos Cultivares de Cacao a la Inoculacién Manual

con Moniliophthora rorerit

ABSTRACY

In field trials established at Turrialba, Costa Rica (22.5°C-
87%), sixty-day-uld pods were sprayed with 9 to 15-day-old
monilia spores in a solution of 10% spures/ml. After innocula-
tion, fruits were protected with clear plastic bags, perforated
at the bottom to allow drainage of excess humidity. Readings
taken weekly, from weeks five through fifteen, evaluated
external damage on a scale of O to 10. Internal reaction was
rated from O to 5 depending on degree of decomposition of
beuns, Cultivars demonstrating resistance were characterized
by low incidence (X = 29%) of moniliuisis and slight external
(X = 1, 2) and internal (X = 2.0) damage, Best resulls were
obtained with cultivars ‘CC-210°, *EET-48", ‘EET-59", 'CC-
266’. Most susceptible werer ‘U667, ‘UF-630, ‘UF4,
‘UF-654°, ‘Pound-7°, ‘SGU-69" and “UF-29', as evidenced hy
high (x = 917 ) incvidence and severe external (X = 4.6) and
internal (x = 4.0) damage.

INTRODUCCION

a moniliasis del cacao (Thevbroma cacao L.},
conocida también como pudricidn acuosy. mai
palidico, mat de Quevedo, pringue, ceniza, pas-
mo, polvillo, helada, hielo, etc. (3, 10}, es una enfer-
medad causada por el honge Monilivphthora roreri

I Recibido para publicacidn el 20 de marze de 1987

*  Programa de Mejoramiento de Cultivos Perennes, CATIE
Direccidn actuai: Fundacion Hondureia de Investigacion
Agricala, FHIA, Apdo Postal 2067, San Pedro Sula, Hon-
duras, C.A

** Programa de Mejoramiento de Cultivos Perennes, CATIE,
Turrialba, Costa Rica, C A.

LA Sdnchez*, ¢ Enriguez**

COMPENDIO

En Turrialba, Costa Rica, (22.5°C - 37%), se determind
la reaccion de algunos cultivares de cacao a la inoculacién ma-
nuad de Monitiophithora roreri. Se utilizaron frutos de 60 dias
de edad de 33 cultivares, los cuales se asperjaron eon conidios
de 9 a 15 dias de edad. Se usd una concentracidn de 10° co-
nidios/mi; los frutos se protegieron con una bolsa pldstica
transparente y perforzda en su base. A as cinco semanas de la
inoculacion, se iniciaron las lecturas de veaccion externa y se
continuaron una vez por semana hasta la décima quinta. Para
estus lecturas se usd unz escala de 0 a 10, segdn el tipo de
sintoma que se observd, Tambidn, se calificaron internamente
con bas¢ a una escala de O a 3, seghn el grado de descomposi-
cion que presentaron las almendras. De los resultados obteni-
dos se consideraron como resistentes o promisorios, por su baja
incidencia (X = 29%) y severidades externa (X = 1.2) ¢ interna
(X = 2.0), a los cultivares: 'CC-218", ‘EET-48’, ‘EET-59" v
‘CC-266". Como muy susceptibles, dada su alta incidencia
(x = 91%) y severidades externs (X = 4.6) ¢ interna (X = 4.0},
a lus cubtivares "UF-667, ‘UF-650, ‘UF-4, ‘UF-654°, UF-29,
Pound-7T' y ‘SGU-69".

{Cif y Par. Evans), que ocasiona considerables pér-
didas en cacaotales de Sur v parte de Centro América
Aparecid con caracteristicas epifitoticas en Ecuador
en el afio 1916 vy de allf se extendio & Colombia y
Venezuela. También se encuentra al extremo sur-este
de Panamd (10} y en 1978 se registrd por primera vez
en Costa Rica (6) donde invadio toda el érea cacaote-
ra de la zona atldntica en menos de dos afos. A fines
de 1980, va se encontraba en plantaciones del sur y
también del norte, en la frontera con Nicaragua {Bre-
nes, 0. Comunicacién personal, Turrialba, Costa Rica,
C A, 1981)

Hasta el presente, se sabe que el hongo solo ataca
2l fruto de varias especies de los géneros Theobroma y

Turrialba Vol. 38, No. 4, 1988, pp. 317-322





