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SUMHARY

This paper details the variation of volume overbark, stem straightness
and longest internode length, observed after five years growth, between ten
provenances of Pinus caribaca Morelet and two provenances of Pinus oocarpa

Schelde in a provenance trial replicated over four sites in Costa Rica, Cen-
tral América. ’

The variable survival and the lack of adequate protection against cattle
and fire damage has placed considerable constraints on the interpretation of
the data.

A test was made to assess the consistency of the measurements taken in
the field. This was not found to be a statistically significant source of
error.

The two provenances of f, oocarpa exhibited superior volume growth
compared to both varieties of P. caribaea and in addition the Yucul origen
showed excellent stability in its branching habit.

A combined analysis failed to show a significant provenance x environ-
ment interaction for any of the three traits examined.

The Yucul origen, which may belong to a new taxon, Pinus patula subsp

tecumumanii (Schwerdft). Styles, would appear to have considerable potenticl
as plantation material on those sites where growth was assessed.



1.

Introduction

The absence of any fast growing indigenous conifers iﬁ Costa Rica has
prompted the Centro Agronémico Tropical-deilﬁVestigaCIOn y Ensefianza
(CATIE) into carrying out species trials with a wide variety of exotic
conifers.

Pinus caribaea Moretet, since its introduction around 1960, has shown
an ability to grow well in several pafts of the countfy and this has

generated interest in examining further the potential of this highly
variable species, through the establishment of a series of provenance
trials. \

This paper details the variation in three traits, namely volume over-
bark, stem straightness and longest internode length, observed after five
years growth, between ten provenances of.g&_carib;ea and two provenances
of Pinus oocarpa Sgheide (see table 1) Iﬁ é'p§ovenance trial replicated

over four sites (see table 2).

Experimental Methods

The experimental design chosen for each site'waé the randomlzed
complete block design, with five rephfcates‘ét siites 1, 2 and 4 and four
repllcatéé at site 3... A seven tree ‘line plot was the chosen plot size
at all sites, with no surround trees planted within the experiment,
separating adjacent plots. At sites 3 and 4 no external surrounds are
present elther although at sites 1 and 2 guard rows - werg p\anted.‘
Unfortunately in both cases survival within the guard rows ts now very
variable. '

Site. 1 is the only site not to have been affected by external
agencies Since planting. Fire damage has occurred at sites 3 and 4,
having a more severe effect at the latter due to it occurriég at an
earlier stage In the life of the experiment. The result ‘of the fire
damage at site 4 has been the complete loss of black 2 at that site.

At site 3 fire damage took»»plaoékln Februar* 1982 énd élthough all |
the trees“bver the entire site suffered from scorch few tree% were killed.
Survival at site 2 was affected by cattle damage during the early years
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of the trial particularly over block 5 which was therefore excluded from
the statistical analases. One additional factbricomplicatlng the
interpretation of the results was the presence;of othef tree species
within the experiment at sites 2 and 4.

Data Colection and Analyses .

The author, alded by two field workets followed the'fleld assess-
ment procedure that has been developed by Barnes and Gibson (In press)
specificaly for the International Provenance Trials of P. caribaca and
P. oocarpa. 6n becoming familiar with the procedure the-number of trees
assessed rose to approximately sixty/day. |

One possible source of error in any assessment procedure is the
inconsistency of the observer in assessing each trait. In order to
examine the magnitude of the error the author chose to re-measure two
plots, selected at random, at each of the four sites. The t test for
paired comparisons was then employed to evaluate-the consistency of the
measurements taken.

At each of the four sites the results obtained for the three traits
under examination were interpreted by the comparison of plot means using
the analysis of varlance (anova ). However as the within plot survival
was variable an approximate ﬁethod had to be employed, namely the un-
weighted analysis of all means, where the analysis Is carried out paying
no attention to the number of trees per plot (Scheffé, 1959).

The Newman-Keuls method was that used to examine the difference
between provenance means whenever the initial F test was foumd to be
significant at the 5% probability level. This test provides a
conservative estimate of the minimum significant difference between
ranked provenance means. P ! .

In.order to assess the importance ¢f the pfpvenance'x envlron@ent
interact ion a%comblned analy;is was carried out. Due td'thé unequal
replication and variable survival over the four sites it was decided to
utilize an experimental approach emplbyjng the BMDP§3V programme (jennnch
and Sampson, 1982). This programme uses the maxlmuh 1ikelihood approach,



testing the sigplficance of each effect. in the model sequentially.

Site 3 was excluded from the combined analyses of volume overbark
and stem straightness as the site had been planted six months after the
Otber.three. However, it was included in the analysis of the longest : «
interngde length as it was felt that the difference in age had affected
the expression of this trait to a far lesser degree.

Results and Discussion

“4,1.. Introduction N

At all four sites the performance of P. caribaea var. caribaea

in terms of volume growth was apreciably poorer than both P. caribaea var

hondurensis and P. oocarpa. Therefore it was decided to exclude this

varlety from the various statistical analyses on the basis that its
inclusion might mask:differences in performance between the various
provenances of.  P. carlibaea var. hondurensis. '
The analyses of variance for the thrée traits at eachvsite were
conducted twice. 'The first- analysis Included the two provenances of
oocarpa, whilst thé second ‘was conducted only on the data from the

ntne provenances of P. caribaéa var. hondurensis. - vl Jiie
Aot et ie
h.2. Consistency ‘Checks L A Codal
i * The followung results, all based upon 48 degrees of freedom,
wére obtalned CTonEmE e co '”Lﬁﬁ“_LZ B A T
N B BT SRS T T S D T R Coth e rgmn
R EERVAY ‘ Tree helght R E t 51-0.21};&,1 o Ns wime g nocten
Dbh [FE N At ase t" 70-"6.01 % v r,
Stem straightness t = 0.5057 NS
Longest internode length t = -0,#613”;':Q§ L

-+, ;As .none of these<results-approaches anywherg near the 5% probability

level, whigh.far 50.d, +f+ = 24009, no evlqenqe exi§;3 to syggest. ;hgtvqa
inconsistency of measurement was an appreciable source of erfor, .

¢ C

| believe that this exercise was of paramount importance. The short



time spent on re-measurement and the ease of the analysis should allow
conslstency checks to become an lntegral part of any final assessment.
The fact that the evaluatlon of thls source of error appears to be
frequently overlooked is a major drawback to any subsequent fnterpreta-
tion of such data.

4.3. Individual traits

The results of the simple anova at each-site, in'terms of the
significance of the f test, are given in table 3, with the results of
the Newman-Keuls test given in table 4. Table 5 presents the results of
the combined analyses. '

4.3.1. Volume Overbark R e

The same trend ‘was observed at ‘all four sites. No 'significant
block. effects were obtained at any site, whilst the significant prove-
nance effects were almost enterely'attributable to the superior growth of
the two provenances of P. oocarpa. ' Their removal from the analyses
generally ‘led to the-provenance effect becoming non significant.

The combined analysis did not produce any evidence of a significant
site x provenance interaction. However it did bring out the very large
influence of site upon this trait.

Unfartunately the considerable intra-provenance variation in treel
volume may have masked differences in performance between the provenances
of P. caribaea var. hondurensis. This s one important reason- for not
employing such a small plot size in this type of provenance trial,
particularly if the supervision of the experimental site,is low and

survival may be expected to be less than the optimum.

4,3.2. Stem Straightness

HE

No signlflcant differences between blocks were detected at
any slte whtlst slgnlflcant provenanCe effects were a feature at only

one, site 4.



Whilst site uniformity may partially explain the lack of significant.
differences between blocks, the large standard errors for this trait
(especially at site 2), reflecting the large amount of variation between
Individual trees within provenances, is thought to have been a major fac-
tor in obscuring differences between provenances.

However it is of some interest that the one provenance distinguished
for its superior stem form at site 4 was Alamicamba, as it has previously
been found to be the best provenance of P. caribaea var. hondurensis for
this trait in a number of provenance trials located in several countries
(Gibson, 1982).

As with volume overbark the site x provenance interaction was found
to be not significant in the combined analysis. The site effect was also
not significant which, as first noted by Barnes, Gibson and Bardy (1980)
suggests that stem straightness Is a trait that is under strong.genctic
control in the exotic environment.

4.3.3. Longest‘lnternode Length

Significant differences between blocks were a feature at
site 1 only, which being the only site with variable topography might be
an indication that microsite condituons are important for the expression
of this trait. On the other hand significant provenance differences were
found at all sites with the exception of site 2. At both this site and
site 3 growth was slow and few foxtalls were recorded, although :the,
slightly smalier standard error at site 3 resulted in the difference
between the extreme means beinq statistically sngnlficant. At sites 1
and k where growth was distinctly better, foxtails were more prevalent,
which Is reflected in the higher provenance mean values at these two
sites. ) | ,;

At all four sites Brus Lagoon occupiodthe highest ranking for this
trait whilst Alamicamba was always in the top three rankings. This )
result is consistent with Sther trials containing provenances of P. cari

baea var hondurensis where these two southern coastal provenances have

generally been found to produce the longest internodes (Greaves, 1980).



TABLE 3. Simple ANOVA: Significance of the F test

1 Y,
Volume Overbark - RS R
t A ]
Site-. . 1: Celulosa' - 2: Florencia 3: Volcéan 4: San Isidro
No. of Prov. 1" ‘9 ' 11 9 11 9 RS EE L 9
Block effect NS: NS NS © NS NSt NS “NS: '3 NS
Prov. effect e NS 5 NS TR NS 27 NG)
Stem StraightnessT
Site 1: Celulosa 2: Florencia 3: Volcéan 4. San Isidro
No. of Prov. 11 9 LA 9 . N 9 " 9
Block effect NS NS NS NS NS NS NS NS
Prov. effect NS NS NS NS | NS NS
Longest Internodde
e R ' . . ' L3 ol
Site 1: Celulosa ~ 2: Florencia. = 3: Volcan ., b: San Isidro
No. of Prov. T 9 1" 9 9 9.
Block effect . NS % NS NS NS NS NS, NS
Prov. effect o Y . B . NS NS 3 st :'.':_':' . -.':;‘::t: . :::y
Notes: , P> 0.05 NS Vo .
0.05 > P> 0'01 ~ 1
0.01 = P> 0.001; =
P C.001



TABLE 4. Combined Analysis:

Significance of the Likelihood ratio test

Traits "Volume Stem Longest
: Overbark Straightness tnternode

No.tof ProQ. | i? 1 "
No. of Sites 3 3 b
Site x Block effect x NS NS
Block x Provenance éffect: ‘NS NS NS
Site x Provenance effect NS © NS < NS
Block effecti ;NS- NS NS

Site effect | ik NS

Provenance effect

[ :Si’:.":

220,00 ©



10

TABLE 5. Newman-Keuls Test (excluding.Prov. 10)

No. Residual -
Trait Site of Mean SX Q0.05
. ' Prov. Square
Volume Celulosa 1" 0.00063 0.01122 4.82 0.
Overbark , 9 0.00071 0.01192 4.70 0.
(m3) Florencia 11 0.00062 0.01245 4.92 0.
9 0.00054 0.01162 4.81 0.
Volcéan n 0.00013 0.00570 4.92 0.
9 0.00012 0.00548 4.81 0.
.San lIsidro 1" 0.00101 0.01589 4.96 0.
9 0.00134 0.01830 4.84 0.
Stem Celulosa 1" 895.85116 13.38645 4.82 .5
Straightness 9 835.57375 12.92729 L.70 .8
(score) Florencia 1" 1342.75815 18.32183 4.92 A
9 1534. 46497 19.58612 4.8 .2
Volcan 1" 636.66265 12.61609 4.92 .
9 603.81250 12.28630 4.81 .
San lsidro 1" 515.07403 11.34762 L.96 .3
9 570.92577 11.94703 4.86 a
Longest Celulosa 11 0.92250 0.42953 4L.82 2.1
Internode 9 0.99974 0.44716 4.70 2.1
(m) Florencia 1 0.22814 0.23882 4.92 1.2
9 0.25306 0.25152 4.8 1.2
Volcéan 1" 0.16129 0.20080 4.92 1.0
9 0.16769 0.20475 4.81 1.0
San lIsidro 1" 0.61919 0.39344 4.96 2.0
9 0.73636 0.42906 L .86 2.1
Notes: : h;sidual Mean Square
X =\[7 b where b = nos. of blocks
L?iés?ésfetermination Site k,v values Q values, P = 0.05
1: Celulosa 11,40 4.82
9,32 4.70
2 + 3: Florencia 11,30 4.92
and Volcén 9,24 4.8
4: San Isidro 11,27 L.96
9,22 4.86




TABLE 5A.

Volume Overbark (m

Newman-Keuls Test (excluding Prov. 10)

1: Celul

Prov.

12
1

N W~ W N s 0NN =

3: Volca

Prov.

12
R

~

N W O WO Ut O =

0s3
Value

1572
1434
.1387
.1290
.1285
.1197

.1130
.1012
.1070
.0793

O O O O O O 0o 0o o o o

n

Value

0.1010

0.0978

0.0640

- 0.0591

0.0570
0.0567

- 0.0555

0.0530

1 0.0491

0.0392

- 0.0371

L1196 !

|
|
|

3)

Value

.1387
.1290 H
.1285 |
1197 1!
L1196 i
L1130 |,
1012 ¢
1070 1"
.0793

O O O O O 0O o o o

* Rounding error = NS

I

Value

o.oeho.
0.0591 4
0.0570 |
0.0567i§
0.0555 ;!
0.0530 {
0.0491 ||
0.0392 |:
0.0371 |

11

2: Florencia

Prov.

1

2
5
8
4
1
7
1
2
6
9
3

Value

0.1156 |
0.0651
.0634
.0602
.0588
.0536
.0536
.0499

.0423
.0418

O O O O O O o O o

4. San Isidro

Prov.

1"
12

-—

N W N oW sV

Value

. 1392

.1072
. 1044

.0894
.0882

O O O O O 0 0o O o o o

.0455

L1319
L1261 s
1256 b s
224
L1106 - -

L1043

Prov.

v

w W o gy - -

O © 0O 0O ©o © o o o

Value

.06Sli

.0634 !
.0602 -
.0588 .
.0536
.0499
.0b55
.0423
0418 |
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TABLE 5B. NEWMAN-KEULS TEST‘(excluding Prov. 10)

Stem Straightness (score)

1. Celulosa

Prov.

3
1
8
6

- 12

3: Volcén

Prov.

- 00 O N &N -

—
w VN

Note:

Value

98.
9.
94.
87.
79.
75.
71.
68.
67.
54.
S4.

Value

68.
60.
60.
52.
51.
47.
45.
by,
37.
33.
22.

- O & & O & O W

—

o O N VW oMW W O U Ny O

e —————

2: Florencia

Prov; Value

8 12,
12 97.
9 89.
b 87.
2 86.
1 86.
1 71.
7 60.
6 48.
5 L,
3 42.

Vi — O W O W & —~ 0w =

4. San lIsidro

Prov. Valu

104,
79.
69.
62.
53.

- 51
42,
b1,
36.
35.
31.

-

—
£ N V00N VWO N WO - -

Stem straightness improves with

9
2
5
2
3
.0,
8
1
8
0
3

e Prov.
f
t

|
|
|
i

£SO N W N W o =

increasing score.

(o3

104.
. B9,
a2
53.
51.
42,
41.
36.
31.

Value

w O ~ 00 O WwWw N U W

-
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TABLE 5C. NEWMAN-KEULS TEST (excludina Prov. 10)

STl T T B Pote B S 0 BN : . : i
Tl T

Longest Internode (m)

1: Celyjosa, . . . . ; 2: Florencia
Prov. Value Prov. Value Prov. Value-
6 3.5 6 38y
3.3 1 3.3
2.8 2.8
2.4 2.4

1.

Al

_
- w1 o
—

4
-—
e e e

2
2.3 2.3 1 '
.71 1.9 -
1 Ly S ! '

1.3
1.3 |0
Ov..f7,v BRI

2
9
8
vl e s
7
3

—_ W NN 00w N

—

[V N N PV -

"o- 0O o o o o .
n Ov 0 0 0 W N NN W

-
e

2
po)
—

-

3: Volcén Vi 4: San Isidro

Prov. “Value~ - Prowiwe - Value ! . Prov. .. Value . .. Prov. .+ Value

6 1.7] 6 1.7 e S| 3.
Co sl T sl e s T s
W BT S R N IR 2.
9 1.4 9 ‘ 1'.1.'! 2 2.07] 20 2.
12 el g 1.0} y SR A
7 7 ]! 8 0.9 9 T oNLg o Toigers g
8 0.9 = 2 T0.817 R L B "
2 0.8 5 0.8 ‘ & A BN S 1.t
5 0.8 2 3 0.6 AL I e R AN TR O
" N S B ¢ R R 12 R

3 66 R R T B

ety P I ol , .
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T The only other provenance - that - retained the - same

ranking across all four sites was Yucul, one of the two P. oocarpa
provenances. This provenance consistently occupied the lowest ranking,
which was confirmed by examination ©f the field data which showed that
this was the only provenance analyzed for which no foxtails were recorded
at any of the four sites. :

in the combined analyses the site x provenance term was again found
to be not significant.

Conclusion

The results obtained from any assessment must be evaluated in the
light of the present condition of the experiment under investigation.

Two aspects of the original experimental design are considered to
warrant criticism, namely the chosen plot size and the absence of
surround rows separating adjacent plots within the experiment. With
regard to the former, the small plot size, confounded by the variable
survival, is thought to have led to poor estimates of the provenance
mean values, with the occasional exceptional individual inflating some
means, leading to a high standard error for the trait In question. For
this type of provenance trial Gibson (1982) recommends the use of 36
tree plots with the assessment confined to the central 4 x 4 trees.

In addition to these two weaknesses in the experimental design, the
standard of malhtenance of this experiment has not been as high as one
would hope. The failure to replace early losses, the retention of other
tree species within two of the experimental sites and the lack of
adequate protection against cattle and fire damage are all factors which
make subsequent eva]uations of provenance performance less precise.

However, one of the most important findings of this study was the
superior growth rate of the two provenances of P. oocarpa. Yucul and
Mountain Pine Ridge, compared to both varaties of B, caribaea present in
the experiment. Although this concerns growth over only the first five
years this result aoes question the long held assumption that P. caribaea
var. hondurensis would be the most Iimportant pine species for lowland
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tropicai sites. (Lamb 1973); . - ST “'f““ﬂ

“In addition the stability of the Yucui<origen of P. carEa in
producing. regular branch whorls . under conditions of rapid-growth is
noteworthy, as the combination of‘tnese twoiéhéracteristlcs is eiearly
desirable. N ; '

i agtlo the failure to' detect a sngnificapt(provenance X envirenment
interaction, this suggeststhat the rankings obtained for the provenances
represented in thns trial wiii not be dramaticaily altered on other sites
suitable for these two species of - pine ‘throaghout -Costa Rica.:"

Finally, mention should be made of recent taxonomic studies (Barnes
and Styies, 1983) “which indicate that part of the Céntral American
population of P carga, inciuding the Yucul provenance- ‘tiay In fact be
a. subspecles of.-P. patula, P. Eatui subsp. - tecumumant; (SEhwerdft) ’

Styies. As Bafnes and Styles report "this new taxoq may. provide some

excellent plantation material for very extensive areas in the troplcs and

f o P =
sub-tropfics'. e s e e )

LY

e
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