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Introduction

Pinus caribaca MoreLer Was first planted in Rhodesia in
1954 when the variety hondurensis Barrert and GoLrari
was introduced at Mtao (Barrert and Muiuiy, 1968). The
plot was a failure because d the low rainfall in the area.
In 1957 the variety was introduced again and this time
plots were established over a wide range of altitudesin the
high rainfall afforestation zone d the Eastern Districts.
These trials indicated that P. caribaea var. hondurensis
was not nearly as productive as the three accepted com-
mercial species, P. patula Scriepe and Derre, P. elliottii
EnceLm. and P. taeda L., at altitudes over 1200 m or at lower
altitudes with some winter rain but in areas with a severe
winter moisture deficit at low altitude P. caribaea var.
hondurensis soon demonstrated its ability to out-yield the
three main pine species. P. caribaea was not, however, im-
mediately accepted for commercial planting mainly be-
cause, where it was grown as an exotic under certain
environmental conditims, there were reports that low wood
density and associated defects had created problems in
utilisation both for sawn timber and pulp.

In 1966 seed o varieties bahamensis Barrert and GoLrar:
and caribaea was obtained and at the same time more seed
of var. hondurensis became available. Eight provenances of
the three varieties were raised and planted on five sites
on the John Meikle Forest Research Station in 1968. It was
hoped that these trials would provide information on
variation in wood quality and growth characteristics and
on the relative importance d genetics and environment in
their expression.

Congtitution, locality and design of the provenance trials

Four provenances of var. hondurensis, two o var. baha-
mensis and two d var. caribaea were planted in the trials.
Stock numbers and seed origin are shown in Table 1; ex-

Table 1. — Stock numbers and seed origins of the eight Pinus
caribaea provenances used in Rhodesian trials.

Rhodesi an | South African Variety Seed origin

Stock M. Stock MNb.
1892 - hondur ensi s British Honduras; Belize.
2023 17531 hondur ensi s British Honduras; Mt.Pine

Ri dge.

2024 18486 hondurensi s British Honduras; coastal
2028 18291 hondurensi s British Honduras.
1961 - bahanensi s Bahamas; Great Abaco

I'sl and.

Bahamas; G and Bahama
I'sland; Riding Point.

2025 17658 bahanensi s

2026 18122 | cari baea Cuba

2027 18055 | cari baea Cuba
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% Reader in Genetics, University of Rhodesia.
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act localities d forests where seed was collected are not
known.

The trials were planted between January and March
1968 on the John Meikle Forest Research Station at five
sitesranging in altitude from 698 to 1850 m all within seven
kilometres do each other on an east-facing escarpment.
Climatic data for each site are given in the potential evapo-
transpiratim and water balance charts in Figure 1. These
charts were calculated by the method of TaorntaWAITE and
Mather (1957) and thermograph mean temperatures were
used. Soils at Dwyer's Nek and Mukandi were granite-
derived sandy loams with good drainage. At Gonye the
soil was also granite-derived but with drainage impeded
by a clay layer 05 to 07 m below the surface. The soils
at Muchakata and Chiwengwa were deep, well-drained,
red dolerite-derived clay loams. The trials at Dwyer's Nek,
Mukandi and Muchakata each contained seven o the
provenancas (Stock Number 2024 was missing) and con-
sisted d unreplicted 81-tree square plots at 1,83 m square
spacing. The trials at Gonye and Chiwengwa contained all
eight provenances with the same 81-tree plot arrangement
but both trials were planted in a randomized complete
block design with four replications.

Sampling, measurement and wood density determination

In December/January 1973174 breast height diameter
over bark was measured on every tree in the inner 25-tree
square plot. If atree was missing, a substitute in the inner
surround row was randomly selected for measurement.
At the same time samples for wood density determination
were taken in the form of 10 to 12 cm-thick discs cut at
breast height (1,3 m) from trees felled in the surround rows;
sections of stem which contained a branch whorl or which
were suspected d containing compression wood were
avoided. The primary aim was, in each plot, to samplefive
trees with breast height diameters as close as possible to
the mean o theinner measured plot. A secondary aim was
to sample up to three additional treesin an "overlap" class;
the middle and limits d this class were such that trees
could be found for it from every plot at every site which
would permit trees d similar diameter to be compared
across all sites. Selection d trees for sampling, therefore,
was restricted to certain diameter classes, but was random
within them. No height measurements were made. This
would have been too time consuming at the time in the
unthinned plots. The main purpose was an investigation
into the variation d wood density, and diameter was chosen
as the most important growth parameter to go with it.

In the laboratory the timber discs were cut in half, giv-
ing two discs each 56 cm thick. One d these discs was
used for gross basic density determination by the method
devised by Carter (1974).The other disc was used to count
the number o latewood rings that were visible to the
naked eye; latewood formation apparently did not occur
every year.

Analysisand Results

An analysis o variance o diameter for sites combined

was carried out for the two replicated trials at Gonye and
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DWYER'S NEK

LATITUDE: 18°4a's
LONGITUDE: 32°30°C

ALTITUOE: 1850m

SOL TYPE: FINE SANOY LOAM
MEAN ANNUAL TEMPERATURE: 14,0°C

— PRECIPITATION
(totalannual 1 764 ,8mm)

MUKANDI
LATITUDE: 16°43'S
LONGITUDE: 32°31'E
SOIL TYPE: FINE SANDY LOAM
MEAN AMMUAL TEMPERATURE: 18.0°C

— PRECITATION
(iota) annual 1760,1 mm)

il WATER DEFICIT

MUCHAKATA

LATITUDE: 18°42's
LONGITUDE: 32°83'E

ALTITUOE: 1052 m

SO TYPE: CLAY LOAM

MEAN ANNUAL TEMPERATURE: 19,6°C

— PRECIPITATION
total

annual 1316,7 mm)
-+ POTENTIAL EVAPOTRANSPIRATION
(lotal anmud) 926,6 mm)

=~ ACTUAL EVAPOTRANSPIRATION
(tota) annual 866,7 mm)
i1 WATER DEFICIT

GONYE

LATITUDE: 18%4z'S
LONGITUDE: 32*s8'E
ALTITUDE: 800 m
SOIL TYPE. FINE SANOY LOAM
MEAN ANNUAL TEMPERATRE: 20,6°C
~— eRECIPITATION
‘annval 1380,3 mm)
o= POTENTIAL EVAPOTRANSPIRATION
Gotal anewcl 98,0 me)
~:= ACTUAL EVAPOTRANSPIRATION
ool 8871 mm)

i (1ot on
I WATER DEFICIT
1111 REcHarGE

CHIWENGWA

LATITUDE: 18°4r's.

LONGITUDE: 32°88'€

ALTITUDE: €98 m

SOL TYPE: CLAY LOAM

MEAN ANNUAL TEMPERATURE: 20,8°C

— PRECIPITATION
(otal anmual 1 498,0men)
-~ POTENTIAL EVAPOTRANSPIRATION
Gotal anounl 931,6 men)
-+ ACTUAL EVAPOTRANSPIRATION
K otal ol 863,0 mm)
i watEm DEFICIT

111l RECHARGE

09 {11 meCHanGE RECHARGE
= sumeus  suemws = sumews  sumpus SURPLUS
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Figure 1. — Potential evapotranspiration and water balance charts for the five sites at which the Pinus caribaea trials were planted.
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Table 2. — Analysis of variance, ranking and Duncan multiple
range test for six-year stem diameter at breast height of eight
Pinus caribaea provenances at Gonye and Chiwengwa.

Table 3. — Analysis of variance, ranking, and Duncan multiple
range tests for six-year stem diameter at breast height of seven
Pinus caribaea provenances on five sites.

Analysis of variance (site and provenance effects fixed) Analysi £ variance
nalysis o ia

Source of variation 0.F. M.S. Source of variation D.F. M.S. % of component
contribution to

Replication in sites 6 1,523 3 fotal variance

Sites 1 25,502 5 *¥*

Provenances 7 6,173 9 *¥¥ Replications 10 14,852 7 *xx 52

Provenance X site 7 0,992 5 Provenances 6 10,062 6 *%* 22

Error 42 0,803 S Error 60 0,969 1 26

Ranking of provenance means and Duncan multiple range test
Ranking of provenance means and Duncan multiple range test

Stock No. Mean diameter D.M.R.T.
(cm) 5%
Stock No. Mean diameter D.M.R.T.
cm S!
® 2028 (hond) 12,51
2023 (hond) 12,36
2023 (hond) 12,17 1892 (hond) 11,80
2928 (hond) 12,16 1961 (bah? 10,83
1892 (hond) 11,82 2027 (car%b) 10,45
2824 (hond) 11,38 2026 (carib) 10,38
2027 (carib) 10,48 2025 (bah) 10,36
2026 (carib) 10,62
1961 (bah) 10,32 Overall mean 11,24
2025 (bah) 10,10 Standard error 0,296 8
Overall mean 1,12 Ranking of replication means and Duncan multiple range test
Standard error 0,316 9 )
Site and replication Mean diameter D.M.R.T.
cm) 5%

Chiwengwa. The results are given in Table 2. The three

unreplicated trials at Dwyer’s Nek, Mukandi and Muchaka- Mukandi 14,39

. . Chiwengwa 1 12,27

ta were brought into an overall analysis of seven prove- Muchakata 11,59

nances by treating them as three replications in addition Eai:zgg\f': 2 1]'23

to the combined eight replications at Gonye and Chiwengwa. Chivengua 4 11,10

s . . . G 2 10,57

The form of this analysis and the results are given in Gorye 1 10,44

Table 3 Gonye 4 10,37

: Gonye 3 9,99

The form of analysis of the basic density data was the Duyer's Nek 8,89
same as that used for diameter and the results are given Standord orror 0,372 1

in Tables 4 and 5. The analyses presented here are con-
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fined to the five trees per plot selected near the plot mean.
Analysis of the “overlap” class gave almost identical results
with an overall mean density of 0,348 g/cm?® (compared
with 0,347 g/cm?), a provenance range over the 11 replica-
tions of 0,312 to 0,377 g/cm?® (compared with 0,309 to 0,373
g/cm3) and a Spearman’s rank correlation over replications
of 0,96.

Table 4. — Analysis of variance, ranking and Duncan multiple
range test for six-year wood density of seven Pinus caribaea prove-
nances at Gonye and Chiwengwa.

Analysis of variance (site and provenance effects fixed)

Source of variation O.F. I:I.S.
Replicatiorsin sites 6 0,000 319
Sites 1 0,007 406 *¥**
Provenances 6 0,000 490
Provenance X site € 0,000 151
Error 36 0,000 218

Ranking of provenance means and Duncan multiple range test

Stock No. Mean basic density D.M.R.T,
(g/en®) 5%

2025 (bah) 0,37

2023 {hond) 0,356

2028 (hond) 0,354

2027 (carib) 0,353

1961 (bah) 0,352

1892 (hond) 0,350

2026 (carib) 0,346

Overall mean 0,354

Standard error 0,005 220

Table 5. — Analysis of variance, ranking and Duncan multiple

range tests for six-year wood density of seven Pinus caribaea
provenances on five sites.

Analysis of variance

Source of variation D.F. M.S. % of component
contribution to
total variance

Replications 10 0,014 520 *¥* 28

Provenances 6 0,001 SO0 1

Error 60 0,001 020 2

Tree to Tree 308 6,000 917 63

Ranking of provenance means and Duncan multiple range test

Stock No. Mean basic density D.M.RaTe
(g/cm*) 5%

2025 (bah) 0,356

2023 (hond) 0,349

2027 (carib) 0,348

1892 (hond) 0,347

2028 (hond) 0,346

1961 (bah) 0,340

2026 (carib) 0,339

Overall mean 0,346

Standard error 0,004 307

Ranking of replication means and Duncan multiple range test

Site and replication Mean basic density D.M.R.T.
(g/cr® ) 5%

Gonye 1 0,373

Gonye 3 0,366

Gonye 2 0,365

Gonye 4 D_,;Ga

Chiuvenguwa*4 0,351

Muchakata 0,349

Chiwengwa 1 0,348

Chiwengua 2 0,336

Chiwengwa 3 0,336

Duyer's Nek 0,319 ]
Mukandi 0,309

Standard error 0,005 398

Table 6. — Correlation coefficients of breast height diameter over

bark and wood density at six years calculated from the analysis of

covariance of data from eight Pinus caribaea provenances in re-
plicated trials at Gonye and Chiwengwa.

Source of variation D.F. Correlation coefficient
Gonye Chiwengwa
Replications 3 0,70 -0,99 **
Provenances 7 -0,42 -0,54
Error 21 0,10 -0,29
Tree to tree 128 0,05 -0,06

Analyses of covariance were carried out for density and
diameter in the Gonye and Chiwengwa replicated trials.
The error regression coefficients for provenances were
0,002 70 and -0,010 16 for Gonye and Chiwengwa re-
spectively; neither was statistically significant and there-
fore basic density means were not adjusted for diameter.
Correlations within sources in the analysis of covariance
for the two sites are given in Table 6. Gross correlations
between all individual tree data within sites were not sta-
tistically significant at Dwyer’s Nek, Mukandi, Muchakata
and Gonye (-0,19; 0,00; -0,11 and -0,03 respectively) but
the correlation was significant at the one per cent level at
Chiwengwa (-0,22). Over all sites combined, the gross cor-
relation coefficient was -0,21 which was also significant
at the one per cent level.

Visible latewood rings per disc averaged 0,3; 0,3; 1,5; 2,4
and 2,2 at Dwyer’s Nek, Mukandi, Muchakata, Gonye and
Chiwengwa respectively.

Discussion and Conclusion

The provenances performed consistently in diameter
growth across sites. The best indicator of relative growth
rate is therefore the ranking given in Table 3 which shows
that the provenances fell into two statistically distinct
populations, the var. hondurensis, which had the largest
diameters, and the combined var. bahamensis and var.
caribaea.

If the site rankings for diameter (T'able 3) are examined
in relation to climatic data (Figure 1) it appears that the
outstanding growth performance of the Mukandi plots
could be attributed to high rainfall, relatively high mean
temperature and small winter water deficit at this site;
conditions here were favourable for continuous growth and
P. caribaea is a species which can respond to such a situa-
tion (LickHorr, 1964; Lams, 1973). Rainfall and winter water
deficit were just as favourable at Dwyer’s Nek and since
aspect and soil type were also similar to those at Mukandi,
the relatively very poor growth rate was almost certainly
due to the lower mean annual temperature, 14,00 C com-
pared with 18,00 C at Mukandi. This difference of 4° C,
which is quite consistent from month to month throughout
the year, appears to be critical for the satisfactory growth
of P. caribaea; frost was not in itself severe enough at
Dwyer’s Nek to affect growth. Temperatures at Muchakata
and Chiwengwa are higher than at Mukandi and rainfall
is still good, so a more severe winter water deficit is likely
to have been the cause of reduced growth. This is even
more marked at Gonye where, despite a high annual rain-
fall, there is a severe water deficit which lasts for eight
months of the year.

Provenances also ranked fairly consistently over sites
for basic density but the only significant difference was
between Stock Number 2025, var. bahamensis from Grand
Bahama Island, which had significantly denser wood than

165



all six other provenances at Gonye and Chiwengwa, and
significantly denser wood than two provenances in the
combined analysis.

The site and replication rankings in Table 5 show that
trees at Dwyer’s Nek and Mukandi together ranked signi-
ficantly lowest for wood density but they were respective-
ly worst and best for diameter growth rate. This supports
the view that growth rate per se is not necessarily re-
sponsible for low wood density (see e.g. ZoseL, 1973). Winter
water deficit is negligible at Dwyer’s Nek and Mukandi
and most severe at Gonye where density was highest; wood
density therefore appears to increase with greater moisture
stress. The correlation between mean basic density at each
of the five sites and annual water deficit in millimetres ex-
pressed as a percentage of total annual potential evapo-
transpiration was 0,94 which is significant at the two per
cent level.

Wood density is closely related to the percentage of
small-diametered latewood cells in the anual ring (ZAHNER,
1968) and radial diameters of tracheid cells are controlled
by auxins translocated from terminal shoots (Zanner and
Ouiver, 1962). The rate of auxin synthesis is dependent
upon activity in the terminal shoots which in turn is dic-
tated by the moisture status of the site. With increasing
moisture stress there is less shoot activity, a lower level
of auxin production and a transition occurs from large
(earlywood) to small (latewood) diameter tracheid cells. P.
radiata D. DonN in Victoria produced low density wood
when grown on a site with bountiful spring and summer
rainfall and good soil-water-holding capacity (NicHoLLs
and Wricur, 1976). Variation in the availability of soil
moisture was the factor which largely determined the
proportions and distribution of earlywood and latewood
in P. caribaea from British Honduras and Fiji (HucHess,
1973). Generally, low temperatures, drought and short
photoperiods adversely affect shoot extension and leaf
development, lower the levels of diffusible auxin, and
bring about the formation of smaller or radially flattened
tracheids of latewood type (Zimmermann and Brown, 1971).
The results presented here for P. caribaea support these
findings except that one might have expected more late-
wood formation, and higher wood density, at Dwyer’s Nek
on account of the very much lower temperatures, lower
growth rate and therefore lower level of auxin production.
It appears that, in P. caribaea, provided the hydrostatic
pressure within the tree is maintained by a favourable
water balance, a very considerable reduction of growth
rate can take place without precipitating the change from
earlywood to latewood type cells. This suggests that water
stress rather than low auxin levels may be the most impor-
tant factor in control of tracheid cell size in this species.
However, the range of sites covered did not permit an
assessment of the effect of severe moisture deficit at low
temperature and there is the possibility that high temper-
ature may be necessary in addition to low soil moisture for
a change to latewood production.

In species such as P. resinosa and P. banksiana there is
no return to normal active shoot growth if late-season wet
periods occur and diameter growth resulting from late-
season rainfall is made up of latewood-like cells with no
reversion to the earlywood type (Zauner and OLiver, 1962).
High specific gravity in P. taeda on certain sites in Il-
linois has been attributed to moisture being available for
production of latewood over a longer period during the
growing season (GiLmore et al., 1966). P. caribaea appears
not to follow this pattern; if it did, one would have ex-

166

pected the less severe winter water-deficit period at Chi-
wengwa to have led to a higher proportion of latewood
than at Gonye and therefore to a higher average density.
The difference in behaviour could be due to the less rigid
genetic control of shoot growth in P. caribaea which may
allow a reversion to earlywood production with late sum-
mer rain. The irregularity of occurrence of distinct growth
rings at all five sites in the P. caribaea material tends to
confirm this.

The correlations between diameter and basic density

shown in Table 6 indicate that:

(a) there may be a tendency for the faster-growing
provenances to have lower density, although the cor-
relations were not significant;

(b) within the Chiwengwa site the replications in which
the trees grew fastest also had the trees with the
lowest density;

(c) there was no correlation from plot to plot within
replications or within plots and therefore microsite,
competition and tree-to-tree genetic effects on diam-
eter were not accompanied by consistent changes in
density. The significant gross correlation was very
small at -0,21 and might have been caused mainly
b ythe provenance, site and replication effects. Ana-
lysis of density of trees close to the plot mean and
trees with a common diameter across plots gave
almost identical results, and this tended to confirm
that, within that diameter range, smaller or larger
stem diameter caused by competitionn or genetic ef-
fects did not carry with it a consistent shift in density.

The proportionate contributions of the variance com-

ponents for basic density are shown in Table 5. The prove-
nance and error effects were very small (three per cent)
whereas the site/replication effect accounted for 28 per
cent and the within-plot contribution was 69 per cent.
Taken with (c¢) above, this suggests that the major source
of variation is in tree-to-tree genetic differences inde-
pendent of diameter, followed by environmental effects
partly at the replication, but mainly at the site, level.

Many utilisation problems with pines grown as exotics

in tropical and sub-tropical countries have been attributed
to low wood density, particularly in the juvenile core. On
the other hand there has probably been insufficient atten-
tion paid in Southern Africa to producing a stable, low
density, uniform-textured wood for joinery, and P. caribaea
grown under conditions of minimal soil moisture deficit
might produce just such a timber (see Poynron, 1957; Lick-
Horr, 1964). This study indicates that in P. caribaea both
genes and environmental forces contribute to the very con-
siderable variation in wood density. The evidence is that
such variation can be exploited through breeding program-
mes, more careful matching of species and site, and allying
raw material source to end product.
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Summary

Early plantings of Pinus caribaea var. hondurensis show-
ed the species to be more productive than other pines in



the high rainfall (over 1300 mm per annum) parts of Rho-
desia at altitudes below 1200 m, particularly where there
was a severe dry season. In 1968, eight provenances of the
three varieties caribaea, bahamensis and hondurensis were
planted on five sites ranging in altitude from 698 to 1850 m.
After six years, mean breast height diameters ranged from
10,38 to 12,51 cm and the hondurensis provenances were
significantly bigger than those of the other two varieties.
Productivity was highest at the 1268 m site where the over-
all diameter was 14,39 cm and it was lowest at 1850 m
where the equivalent figure was 8,89 cm. The critical factor
affecting growth appeared to be mean annual temperature
which was 18,00 C and 14,00 C respectively at the two
sites. Mean provenance wood density ranged from 0,339 to
0,356 g/cm?®; one var. bahamensis provenance was signifi-
cantly highest. Mean density for sites varied from 0,309 to
0,373 g/cm?® and showed a high correlation (0,94) with soil
moisture deficit. Other correlations indicated that fast
growth rate per se was not necessarily responsible for low
density and that microsite competition and probably large
tree-to-tree genetic effects on diameter growth were not
accompanied by consistent changes in density. It is sug-
gested that a high proportion of the considerable variation
in basic density could be exploited through breeding, site
selection and growing for specific end products.
Key words: Pinus caribaea MoreLer, provenance trials, wood den-
sity, earlywood, latewood, soil moisture deficit, ecli-
matic effects.

Zusammenfassung

Altere Anpflanzungen von Pinus caribaea MORELET var.
hondurensis Barrert et GoLrarl hatten sich auf Standorten
in Rhodesien unter 1200 m bei einem Jahresniederschlag
von 1300 mm und einer strengen jahreszeitlichen Trocken-
periode wiichsiger erwiesen als andere Kiefernarten. Dar-
aufhin wurde im Jahre 1968 ein Provenienzversuch mit den
Varietdten hondurensis, bahamensis und caribaea auf 5
Standorten in Lagen von 698 bis 1850 m Hohe angelegt.
Nach 6 Jahren konnten in den einzelnen Herkiinften Brust-
hoéhendurchmesser zwischen 10,38 und 12,51 cm festgestellt

werden, wobei die Varietdt P. caribaea hondurensis die
Spitzengruppe darstellte. Die hochste Durchmesserleistung
von P. caribaea hondurensis betrug 14,39 cm auf einem
Standort in 1268 m Hohe. Die durchschnittliche Holzdichte
variierte zwischen 0,309 und 0,373 g/cm? Diese korrelierte
mit der Bodenfeuchtigkeit (0,94).
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