Eight Year Results from Provenance Trials of Pinus caribaea var.
hondurensis, P. oocarpa and P. tecunumanii in the

Valle del Cauca, Colombia!

ABSTRACT

Five trials of provenances ard families within provenances
of Pinus caribaea var, hondurensis, P. oocarpa and P. tecunuma-
nii were planted in 1982 at sltcs in the deparfment of Valle del
Cauca, Col., using seed supplicd by the Oxford Forestry Insti-
tute. The elghi-year measurements were analyzed to evaluate
provenance and family differences for helght, diameter outside
bark and volume under bark. Families and provenances were
significantly different (p<0.01) for the three traits in every trial.
The provenances of Rafael and Yucul from P. fecunumanii
produced, respectively, 34% and 54% more voltine per treethan
the commercial control of P. eocarpa from Ma! Paso, Gun, The
provenances of P. caribaea var. hondurensis generally dld not
produce as much volume per tree as the commercizf contrel of .
gacarpa.

INTRODUCTION

ne of the first stages in a tree improvement
program is the testing of species and prove-
nances. Trials of this type with exotic and
native species have been underway at Smurfit Carton de
Colombia (SCdeC) for over twenty years (5, 11, 15).
Coordinated collections and distribution of seed for
trials of pines have been undertaken by numerous
organizations, including CAMCORE (Central Ame-
rica and Mexico Coniferous Resources Cooperative)
and the Oxford Forestry Institute (OF1). Seed for the
trials reported in this paper was collected and distri-
buted by the OFI, an cffort they have underiaken since
1963 (1).

In contrast 1o many agricultural crops, the taxo-
nomy and natural ranges of many tropical pine species
are imperfectly documented at present. This is espe-
cially true of the pines indigenous to Mexico, the Ca-
ribbean and Central America. One example of this is
the species P. oocarpa Schiede. Several of the original
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COMPENDIO

En 1982 se establecleron en el departamento del Valle del
Cauca, Col, clnce ensayos con famillas de P. caribaea var.
hondurensis, P. vocarpa y P. lecunumanii. Se analizaron las
medlclones a los ocho 2iios de edad por diferencias de proceden-
clas y famillas para fas caracteristicas: sltura, difmetro con
corteza y velumen por drbol sin corteza. Las famlllas y las
procedencias fueron diferentes estadisticamente (p<0.01} para
las tres en cada sitio. Las procedencias Rafacl y Yucul de P.
tecunumanii produjeron, respectivamente, 34% y 54% wmds
volumen por drbol en comparacién con el testigo de P. oocarpade
Mal Paso, Gua. Lasprocedencias de P. caribaea var, hondurensis
produferon menos volumen por &rbol que el testlgo de P. oscarpa.

OFI collections of this species (8) have now been re-
classified as P. patula Schiede and Deppe spp. tecunu-
manil (Eguituz and Perry) Styles (2, 14) while other an-
thorities would refer 1o this species as P. recunumanii
(6). Debate about taxonomic classification will under-
standably continue, being essential for the employment
of taxonomists. However, the acceptable growth raies
and form characteristics of P. tecunumanii indicate its
potential across arange of sites (3,4, 17,18,21,22,23),
In addition, the wood density of P. tecunumanii has
been shown to be adequate (16) and its pulp and paper-
making properties compare favorably with other pine
species grown under similar conditions (20).

MATERIALS AND METHODS

Trials of family within provenance of P. caribaea
var. hondurensis Barrett and Golfari, P. cocarpa and P.
tecunumanii were planted in 1982 in the department of
Valle del Cauca, Col. Details of the trial sites are listed
in Table 1. Provenance details are included in Table 2
while full descriptions are given in Greaves (7, 8).

The trial design was six-tree line plots with three 1o
nine replications at a spacing of 3.0 m by 2.5 m. The
trees were fertilized at planting and weed competition
was controlied with herbicides.
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Table 1. Climatic and geographic details of trial sites in the department of Valle del Cauca, Colombla.

Species Site Lat, Al Mean Ann. Mean Ann.
CN) ({masl) Precip. Temp.
{mm} 0
P caribaea var Aguaclara 3.67 1400 1 000 i9
handurensis La Suiza 383 1500 1200 20
P oocarpa and L= Suiza 383 1600 1200 20

P tecunwnanii

Table 2. Climatic and geographlc detalts of provenances included in trials [n the department of Valle det Cauca, Col.
Species Provenance No. Lat. Al Mean Ann. Mean Ann.
Fam. {"N} {masl) Precip. Temp.
{mm) Q)
P caribaea var. Alamicamba 4 13.57 20 2610 213
hondurensis Araslaya 3 1875 10 2654 -
Culmi 8 1510 600 1325 243
Guanaja 16 16 47 50 21308 27.1
Karawala 16 1297 10 3397 26.4
Limones 16 14.05 700 663 222
Mountain 16 17,00 400 1558 239
Pine Ridge
Queensland B*
Ric Twas 1 15.80 10 - -
P oocarpa Angeles 16 14.12 1300 920 202
Bucaral 13 15.02 1150 900 216
Bonele 15 12 83 950 922 214
Dipilto 4 1372 1100 1143 214
Mal Paso 16 1518 1000 1 BOO 224
Siguatepeque 16 1453 1100 1247 199
Commercial -
Mal Paso,
Guatemala
P tecunumanii Rafael 6 1323 1200 1366 208
Yucul 16 12.92 900 1394 224
P kesiya Commercial -
Phillipines
P merkusii - 1

*The Queensland source of P. caribaea var. hondurensis is derived from Mountain Pine Ridge, Belize

Due to the number of families available within a
species, the irials were planted so that no more than 50
families were present in any one trial, Thus, there are
two trials for each of P. caribaea var. hondurensis and
P oocarpa and P. tecunumanii at La Suiza, In Agua-
clara, all of the available families of P. caribaea var.
hondurensis were included, though the family repre-
sentation differs from that at La Suiza (Table 2).

The statistical mode! was mixed with provenances
fixed and families random in agreement with Crockford
et al. (3) and Kanowski and Nikles (10). The data were
analyzed for height{H) and diameter outside bark at 1.4
m above ground{D) and volume inside bark(V). Indivi-

dual tree volumes were derived from the formulas of
Lopez (13), as follows:

— Volume with bark (VB) = H x (0.0002 + 0.01364 x
D+0.30593 x Dx D),

— Percentage bark (B) = 70.83 - 93.51 x Square root
{VB)+41.12 x VB,

— Volume inside bark (V) = VB x {1-B/100).
Increment cores of & mm diameter were removed

at breast height from two trees of average diameter in
each replication for all of the P. tecunumanii families
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Table 3. Mean square values (MS) and percentage variance accounted for (VC%) for height, diameter ontside bark at eight yearsand volume
Inside bark at age elght years for provenances and famiiles of P. oocarpa and P. tecunumanii at La Sulza.

Trial 1.
Height{m) Diameter{cm) Volume (m*)

Source df MS VC% MS VC% M3 VC%
Replication ] g e 30 HYw*= 10 0 029%+ o8
Provenance 5 252w% 64 [74%* 20 0.14qnws 30
RepxProv 39 20nw a2 23 NS 04 02 NS 0.6
Family(Prov) 43 42%%* 68 3k 42 0 042% %% 56
RepxFam(Prov) 343 Fhhdd 02 19NS 06 0009 NS 7.8
Resideat 1677 8 804 18 1.8 0.009 822
Total 2115

Trisl 2

Height(m) Diameter{cm) Volume (m’)

Source df MS VC% MS YC% MS VC%
Replication 8 G s 12 7= 04 oo 02
Provenance 5 S45%%% 106 O58%ws 94 .995+xw 14.3
RepxProv 40 Kvidid 42 19 0o 0013 0.2
Family(Prov) 44 285w 23 Gorue 35 0 Qg34s~ 30
RepxFam(Prov) 343 K 6.0 22 08 0.014 0.1
Resgidual 1624 9 757 21 859 0014 822
Total 2073

Table 4. Mean square values (M8) and percentage variance accounted for (VC%) for height, dinmeter outside bark and velume instde bark
at nge eight years for provenances and fomities of P. caribaea var. hondurensis ot La Suiza.

Trink 1.

Heighi{m} Diameter{cm} Volume {m?)
Source df MS VC% M3 V&% MS VC%
Replication 5 13Gwww 4.4 3G 02 0 (48%* 17
Provenance 6 253%ku 7.2 44g4*» 72 0.182%*= 74
RepxProv 30 Y AR 13.8 Eg*r* a7 0.030%** 68
Family(Prov) 39 2B%¥ 35 R 32 0.023%*¥ 28
RepxFam({Prov) 190 12 NS 69 23 NS o7 0069 34
Residuoal 1 036 7 64.2 22 840 0007 R
Total 1306
Trial 2

Height(m) Diameter{em) Volume (m?)
Source df MS VC% MS VC% MS VC%
Replication 7 J5Gren 138 102%w» 16 0162+ 51
Provenance 5 163%*+ ER:! 200% 24 A SWALL 22
RepxProv 34 J1es 85 21 NS 02 0014* i49
Family(Prov) 39 19%= 14 GO** 39 (029%=x 27
RepxFam({Prov}) 271 I Rl 59 22 NS 17 D011* 23
Residual 1347 7 6740 20 50.2 0009 28
Total 1703
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Table 5, Mean square values (MS) and percentage varfance accounted for (VC%) for helght, diameter outside bark and volume inslde bark

at age eight years of age for provenances and families of P. caribaea var. hondurensis at Aguaclara.

Height{m) Diameter{cm) Valume (m*)

Source df M3 VC% MS VC% MS V%
Replication 2 J48%*™ 225%** 13.4 Q0594 234
Provenance 9 45%kx 15( e Qo14ne 1.3
RepxProvi 6 Qe 19 12 NS 0.004* 22
Family(Prov) 27 2pum* 127 (SR 0.007%** 56
RepxFam(Prov) 35 2 1.2 20NS 0.002 0.8
Residual 338 3 488 14 732 4.002 66.7
Total 418

Table 6. Mean values for survival percentage (8), helght (H), dlameter autside bark (D}, velume per tree (V) and gravimetrle density (G} at

eight years of age for provenances of P. oocarpa, P. tecunumanii and P. kesiya at La Suiza,

"Trial 1

Trial 2

Provenance 3 H D v 3 H D \Y G

(%) () {em) {m*) (%) n) {em) ) (kgim®)
P. oocarpa 80 i67 193 0164 87 I7 1 200 0183 397
Anpeles 74 170 195 0184
Bucaral 6 16 4 189 0.164
Bonete 80 156 19.6 0172 4 161 189 0.167
Dipilto % 18.3 211 0235
Mal Paso 10 168 139 0.165
Sipuatepeque 80 173 193 0.180
P tecunwmanii
Rafael 8O 17.8 219 0245 372
Yucul 7 192 224 0281 379
P kesiya 81 155 214 0.204 3i5
Trial Mean 84 16.8 194 0178 79 177 206 0219
Sundard Error - 07 o7 0015 - 08 (.6 0ot7

and for the commercial controls of P. kesiya and P,
oocarpa. 'The increment cores were measured for
length to calculate green volume; following extraction,
the dry weight of each core was used to calculate
gravimetric density.

RESULTS AND DISCUSSION

Results for the analysis of variance are given in
Tables 3 10 5. The level of statistical significance is
indicated by *, ** or ***_ for the levels of 0.05,0.01 or
0.001, respectively. The mean survival for provenan-
ces in each trial is given in Tables 6 to &, along with

provenance mean values for height, diameter, volume
and gravimetric density, but no statistical comparison
was undertaken on survival or gravimetric density data.

Provenances and families were significantly di-
fferent (p<0.01) for height, diameter and volume in all
the trials. However, the residual term accounted for
most of the variance in these trials. This would indicate
a large amount of variation within plots, which is to be
expected for the traits reported (3). The interaction
between replication and family was significant for vo-
Tume (p<0.05) in P. caribaea var. hondurensis at La
Suiza, but not for the other trials.
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The provenances Yucul and Rafael from P
tecunumanii produced, respectively, 54% and 34%
more volume per tree, than the commercial control of P.
oocarpa from Mal Paso, Gua. The only provenance of
P. oocarpa o approach the volume production of Yucul
and Rafael was Dipilto. Crockford et al. (3) also found
the Dipilto provenance to perform well. None of the
provenances of P. caribaea var. hondurensis appro-
ached the volume per trec of the control of P oocarpa

from Mal Paso, Guatemala. The P. merkusii Jungh. and
de Vriese included in these trials had very poor survival,
although there is norecord of the exact seed source. The
P. kesiya source grew well in the trials at La Suiza,
where its volume exceeded that of P. oocarpa. This
species was not planted in the trial at Aguaclara but a
large trial of P, kesiya has since been established in that
area.

Tahle 7. Mean values for survival percentage (S}, height (H}), dlameter outside bark (D) and volume per tree (V) at elght years of age for
provenances of P. caribaea var, hondurensis, P. oocarpa and P. kesiya In La Sulza

Trial i

Provenance s H D S H D \'

(%) {m} {cm) (%) (m) (em) ()
P caribaea var
hondurensts
Alamicamba 85 20 i9.5 124
Arasiaya 82 17 6.1 0055
Culmi 81 141 224 0.194
Guanaja 15 105 206 0.127
Kamwala 80 103 9.6 0107
limones 83 I3 212 0.140 8O ix5 213 0.160
Mountain X 131 215 0.170
Pine Ridge
Queensland 83 19 27 0.160
Rio Twas 78 02 18.8 014
P ovearpa 81 1192 37 0208 82 148 203 0.161
P merkusii 38 135 189 0.123
Trial Mean 80 1.6 202 (123 79 130 213 0.166
Standard Error - 13 i3 aoz7 - 08 0.7 0.017

Tabte 8. Mean values for survival percentage (8}, height (H), dinmeter outside bark (D) and volume per tree (V) at elght yesrs of age for
provenances of P. caribaea var. hondurensis, P. oocarpa and P. merkusii in Apuaclara.

Provenance S H D A
{%) {m} (em) (m™)

P caribaea var

hondurensis

Alamicamba 98 G.91 659 0.071

Araslaya 89 651 20 0031

Culmi 91 109 191 0.099

Guanaja 83 9.5 159 0.062

Karawala 89 100 176 0.079

Limones o1 99 171 0074

Mountain 71 102 187 0089

Pine Ridge

Queensland g3 103 179 0.088

P oocarpa 78 118 190 0103

P merkusii 13 95 180 0067

Trial Mean 83 99 173 0.078

Swundard Ermor - 0.5 0.6 0.011
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Ladrach (11, 12) also found the Yucul provenance
1o be among the best for volume production per tree
when evaluated at age eight years, In the department of
Cauca, Yucul was among the best provenances for
height growth at age three years (9). The trials analyzed
in the present study provide new material for inclusion
in grafied seed orchards and give an indication of
volume productivity on sites previously umtested.
Numerous trials of families within provenance of P.
tecunumanii have now been established with seed from
CAMCORE. These trials will provide a wide genelic
base from which to develop a iree breeding program for
P. tecunumanii.

The average volume per tree in the La Suiza trial of
P. caribaea var. hondurensis was almost twice that
from Aguaciara. As management and overall genetic
composition of the two irials were similar, it appears
that the climatic and/or edaphic conditions are better at
La Suiza.

The mean gravimetric density (Table 6) of P,
kesiva was 20.6% less than that of P. oocarpa and
confirms previous findings in Colombia (12). The
Rafael and Yucul provenances of P, tecunumanii were
respectively 6.8% and 4.5% lower in gravimetric den-
sity than the P. cocarpa commercial control. The
supetior volume growth of P. tecunumanii would result
in considerably more dry tons of wood produced per
hectare when compared with P. pocarpa, as has been
observed in other OFI trials (19).

CONCLUSION

No further work is anticipated with P. caribaea
var. hondurensis at these altitndes, though the species
does grow well in the Llanos region of Colombia.
Selections have been made in the best families of P.
tecunumanii and these will be included in grafted seed
orchards, Seedof P. tecunumanii is presently imported
from several provenances in Central America for ope-
rational plantations. Smurfit Carton de Colombia no
fonger operationally plants P. oocarpa, although a
breeding base in trials and seed orchards is maintained.
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