Provenance Variation in Stem Volume and Wood Density of Pinus caribaea, P. oocarpa
and P. patula spp. tecunumanii in Puerto Rico'

ABSTRACT

Provenance trials of Pinus caribaca Morelet and P. cocarpa
Schiede/P. patule Schiede and Deppe ssp, tecunumanil (Egui-
luz and Perry) styles of the International Series coordinated
by the Oxford Forestry Institute, University of Oxford, were
established at Anasco, Puerto Rico, in 1973. The trials wese
assessed in 1979 for volume under bark (VUB) and wood
density (DEN), and these two traits plus the derived indices
of within-sample density variation (VAR) and dry matter
index (DMI) were analyzed. There were significant statistical
differences (P < 0.1) between provenances in the P caribaca
trizd for VAR, VUB and DMI and in the P, oocarpa/P patuls
ssp. tecunumanii trigl for VUB and DML, Provenances of
P patula spp. tecuntumanii were superior in terms of VUB
and DMI to provenances of P caribaea and P oocarpa

INTRODUCTION

e annual cost of forest products imported into
Puerto Rico totals almost 500 million doilars
and constitutes 90% of the consiruction, pulp
and paper materials used in the country {15). While
much of the arable land of Puerto Rico is needed for
agricultural crops, there are extensive areas that could
be afforested to reduce the need for imported wood
products The Institute of Tropical Forestry began to
identify fast-growing exotic species in 1939 (13}
Since then, numerous trials have indicated that Pinus
caribaea Morelet and P vocarpa Schiede have pgood
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COMPENDIO

Se presentan los resultados de mds pruebas de proceden-
cias de Pinus caribaea Morelet v P oocarpa Schiede, P patula
Schiede y Deppe ssp. fecumumanii (Eguiluz y Perry) Styles,
correspondientes a la serie internacional que estd siendo coor-
dinada por ¢l Instituto Forestal de Oxford de la Universidad
de Oxford. Las pruebas fueron establecidas en Anasco, Puer-
to Rico en 1973 y analizadas en 1979, considerando el volu-
men sin corteza (VUB), densidad de la madera (DEN); ade-
mids, se consideraron indices derivados de lz variacion de Ia
densidad dentro de la muestza (VAR) y el indice de materia
seca (DMI). Se encontraren diferencias estadisticamente sig-
nificativas (P < 0.01) entre procedencias de P caribaea para
VAR, VUB y DMI; en £ ogcarpal P. patule ssp. tecunumanii
se observaron diferencids para VUB y DML Las procedencias
de P. patula y tecunumanii fueron superiores en términos de
VUB v DMI con respecto 4 las procedencias de P caribaea y
P oocarpe

survival and rapid growth over a variety of sites (4, §)
This paper concerns adjacent provenance trials of P
caribaea and P. vocarpa  at Anasco, Puerte Rico, as
part of the International Series coordinated by the
Oxford Forestry Institute (OFID), University of
Oxford, England

MATERIALS AND METHODS

Two trials of £ caribaea and one trial of P. oocar-
pa were established in 1973, using five blocks of
seven-tree row plots at a spacing of 2.7 x 27 m The
Anasco site is at 18°20°N of Iatitude with an eleva-
tion of 175 m and the mean annual precipitation and
temperature are respectively 2090 mm and 25.3°C.
Provenance details for P. caribueq are summarized in
Greaves (8) and for P oocarpa in Greaves (9) Four of
the P. oocarpa provenances represented in this trial
have subsequently been identified as P patida
Schiede and Deppe ssp. tecumemanii (Eguiluz and
Perry) Styles (15). Detaiis of provenances, country
of origin and abbreviations used for these trials are
summarized in Table 1

The trials were measured in 1979, at age 5.7 years,
and results for a range of traits in £ coriboea were
reported in Gibson (6) and in P. caribues and P
cocarpe in Liegel et al (13) At the time of measure-
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ment, increment cores of 8 mm diameter were taken
bark to bark at breast height from the two largest
trees in each provenance in each block of the P.
oocarpa/P. patula ssp. tecunumanii trial. In P. cari-
baea, increment cores of 8 mm diameter were taken
at breast height from the largest diameter tree per
provenance per block in the first trial and from the
two largest diameter trees per provenance per block
in the second trial. The increment cores were prepar-
ed for densitometry using the methods described by
Wright et al. (16). Kanowski (10) has described the
procedures used at OFI with respect to densito-
metry. In addition to mean density (DEN), data from
the densitometer can also be used to calculate within-
sample density variation (VAR). Volume under bark
(VUB) was determined for each tree sampled for

Table 1. Details of provenances, country of origin and
abbreviations used for P. caribaea and P. oocarpa/-
P. patula ssp. tecunumanii at Anasco, Puerto Rico.

Species Provenance Country Abbrevia-
tion
P. caribaea Buren Cuba BUR
var. caribaea Palacios Cuba PCC
P. caribaea Alamicamba Nicaragua ALA
var. hondurensis  Briones Honduras BRI
Brus Lagoon Honduras BRU
Byfield Australia BYF
Culmi Honduras CUL
Guanaja Honduras GUA
Karawala Nicaragua KAR
Melinda Belize MEL
Mountain
Pine Ridge Belize MPR
Poptun Guatemala PQOP
Potosi Honduras POT
Rio Coco Nicaragua RIO
Santa Clara Nicaragua STA
P. oocarpa Agua Fria  Honduras FRI
Bucaral Guatemala BUC
Conacaste  Guatemala CON
Huehuete-
nango Guatemala HUE
Jitotol Mexico T
Junquillo Nicaragua JUN

Lagunilla ~ Guatemala LAG
San Jose Guatemala JOS

Siguatepeque Honduras SIG
Zamorano  Honduras ZAM
Zapotillo Honduras ZAP
P. patula ssp. Camelias Nicaragua CAM
tecunumanii Mountain
Pine Ridge Belize MPO
Rafael Nicaragua RAF
Yucul Nicaragua YUC

DEN using under-bark diameter at breast height,
total height and a form quotient based on the out-
side bark diameter at breast height and at 6 mm (7).
The dry matter index is the product of DEN and
VUB.

The P. oocarpa trial was analyzed as a randomized
complete block design. Since the P. caribaea trials
are contiguous, data from them were analyzed
together using a completely randomized design
with 15 observations per provenance. The results
should be interpreted with caution, however, because
one trial was twice as intensively sampled as the other
and the common environment of two trees per plot
in one trial could have influenced differences between
provenances. The analysis of variance was applied to
data for DEN, VAR, VUB and DMI. Differences
between provenances within trials were tested at the
5% level using the Q statistic as described by Chew
(3).

RESULTS AND DISCUSSION

The results of the analysis of variance are sum-
marized in Fig. 1 for P. caribaea and in Fig. 2 for P.
oocarpalP. patula ssp. tecunumanii. Provenances were
significantly different (P < 0.01) for VAR, VUB and
DMI in the P. caribaea trial and for BUB and DMI in
the P. oocarpa/P. patula ssp. tecunumanii trial. The Q
statistic exceeded the range for DEN and VAR in the
P. oocarpa/P. patula ssp. tecunumanii trial and has
not been presented for these traits.

In the P. caribaea trial, the P. caribaea var. hondu-
rensis provenances Mountain Pine Ridge, Poptun,
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Fig. 1. -Analysis of variance and ranked means for densito-
metric density (DEN), within sample variation
(VAR), volume under bark (VUB) and dry matter
Index (DMI) of P. caribaea provenances at Anasco,
Puerto Rico.,
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Potosi and Santaz Clara were ranked above the trial
mean for DEN, VUB and DMI By contrast, the
P caribaea var. hondurensis provenance Melinda was
ranked below the trial mean for DEN, VUB and
DMI. This indicates that slow growth is not neces-
sarily accompanied by higher wood density. Based on
assessments of P. caribaea provenance trials at age
10 years, Liegel (11) concluded that the provenances
Alamicamba, Byfield, Karawala, Mountain Pine
Ridge, Poptun, Potosi and Santa Clara were superior
for height and/or diameter at breast height and these
provenances exceeded the trial mean for VUB in this
assessment with the exception of Karawala. However,
the coastal provenances Alamicamba, Karawala and
the Queensland source, Byfield, had a DEN equal to
or below the trial mean as did the other coastal
provenances of P caribaea, Brus Lagoon, Melinda and
Rio Coco, which is in accordance with Barnes er al.
(2). The P. caribaea var, hondurensis provenance
Guanaja had the lowest value for VAR in the P cari-
baea trial and this confirms the findings in other trials
of this series (16).

The P. patula ssp. tecunumanii provenances Came-
lias, Mountain Pine Ridge, Rafael and Yucul were
clearly superior to provenances of P. vocarpa in terms
of VUB and DMI and these findings are similar to
previous reports in Puerto Rico (12), Zambia (16),
Brazil (17), Kenya (19) aand Ecuador (18). The P,
parulg ssp. tecunumanii provenances Rafael and
Yucul were also ranked zbove the trial mean for
DEN. The trial mean values for DEN of 443 kg m-3 in
P. caribaea and 446 kg m-3 in P. oocarpa/P. patula
ssp. recunumanii were almost equal. However, the
range of provenance mean values for DEN was higher
in P caribaea (402-506 kg m-3) than in P. oocarpa/
P patula ssp. tecunumanii (418-485 kg m-3). The
trial mean for VAR was considerably higher for P
caribaea than for P oocarpa/P panda ssp. tecunu-
marii

Comparisons between the two trials indicate that
the P. patula ssp. tecunumanii provenances Camelias,
Mountain Pine Ridge, Rafael and Yucul were superior
to P, caribaea provenances for VUB and DMI. These
results were unexpected because the coastal climate
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