SCIENTIFIC CORRESPONDENCE

Growth rate convergence in teak (Tectona grandis L.)

Teak (Tectona grandis L.) possesses
distinct annual growth rings in a cross-
section', hereafter referred to as ‘rings’.
Width of each ring reflects the quantum
of radial growth accrued by the tree in a
year®. These ring widths are used to ana-
lyse the intra-population variation and
the patterns of growth rates through
time>*. We report here our attempt to
determine the variation in the growth
pattern of teak trees that have attained
different radial sizes.

Field data on rings of 168 teak trees
from three sites, viz. Virnoli [1958 (year
of planting); » (number of trees sam-
ples) = 72], Bhagavati (1961; n = 48) and
Barchi (1953; n=48) were collected
between March and April 1999 during
the process of establishment of seed pro-
duction area for teak. These plantations
are located within a radius of 20 km from
Dandeli (Haliyal Forest Division), Kar-
nataka, India.

Heartwood ring widths were measured
using a ruler with a precision of 1 mm.
Four measurements were taken radially
from the pith outwards in four directions
approximately at 90° from each other at
stump height of each tree. False rings
were easily avoided by considering only
those rings that formed a complete cir-
cle*. Measurements were taken in units,
hereatter called measurement units (MUs),
with each MU consisting of five rings.
The first set of five rings beginning from
the pith formed the first MU (MU1); the
next set of five rings beginning from
MU formed the second MU (MU2) and
so on. Since each ring represents one
year of growth, each of the MUs com-
prising five rings represents five years
of growth. Whenever the total number of
heartwood rings was not in multiples of
five, measurements were taken up to the
maximum possible extent as units of five
rings and the remaining number of rings
was counted and their widths measured.
Since rings in the sapwood were not
easily discernible, total sapwood width
was measured. Thus, data were obtained
on the total radius of the tree in four
directions (width of the bark was exclu-
ded from the measurements). The aver-
age radial width (average of the four
directions) of each MU for each of the
trees, was computed and used during the
analysis.
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It is known that variations in growth
are best expressed during the juvenile
stage. Since juvenility in teak trees is
known to extend up to about 20 years™®,
analysis on growth pattern was restricted
to four MUs. Also, a minimum of four

MUs was available

for all the trees

across the three sites. Frequency dis-
tribution of 168 trees based on radius
from pith to the end of MU4, followed
normal distribution (Figure 1). From this
frequency, trees were categorized into
four size cohorts namely those with very
small (C1), small (C2), medium (C3) and
large (C4) radius (refer Figure 1). The
average growth rate, measured as cm/MU,
of trees in each of the cohorts at every
MU was plotted. Data from the indi-
vidual sites and data that were pooled
from all the sites were separately ana-
lysed. Interpretations related to growth
patterns made from the pooled data were
found to be more meaningful due to two
reasons: (i) it would form a good repre-
sentation of the study area, and (ii) the
year of planting varies between the plots
and, by pooling the data any hidden inter-
action between stage of growth and pre-
vailing environmental condition in any
plot will be negated by the other plots
that would be facing different conditions
while passing through that particular

stage of growth.

The growth rates of tree cohorts at

different MUs

for the pooled data

(Figure 2) show that the cohort with
large radius (C4) had the highest growth
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Figure 1.

R-1sd

rate and the cohort with very small
radius (C1) had the lowest growth rate at
MUI; the intermediary cohorts (C2 and
C3) show a similar trend and were posi-
tioned between C1 and C4. The relative
positions of the cohorts remained the
same at MU2 and MU3. A comparison
between cohorts showed that the growth
rates were significantly different at each
of the first three MUs (Student’s ¢ test;
p <0.05). Two interesting patterns could
be seen: (i) cohorts with higher growth
rates during their initial stages reduced
their growth rates towards the end of
their juvenile period while those with
lower growth rates in their initial stages
increased their growth rates, and (ii) all
the cohorts converged towards a com-
mon growth rate at the end of the juve-
nile phase. Analysis of data from the
individual sites also showed convergence
during the same time. These results indi-
cate that irrespective of initial diffe-
rences, growth rates converge towards
the end of the juvenile phase in teak.

The contribution of growth during
each of the MUs on the total growth was
tested through correlations. Also, the
influence of growth during a particular
MU on the growths during other MUs
was tested. Table 1 reveals that growth
during each of MU1, MU2 and MU3 was
positively correlated with that of total
growth till 20 years whereas growth dur-
ing MU4 was not correlated with the
same. Interestingly, growth rate during
MUI and MU2 was negatively and sig-
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Frequency distribution of 168 trees based on the radius from pith to the end of MU4.

Cl, C2, C3 and C4 indicate cohorts with trees of very small, small, medium and large radius
respectively. The mean radius {(up to MU4) of trees at Virnoli, Bhagavati, Barchi and for
the pooled data are 21.74 £4.53 cm, 20.28 £6.06 cm, 16.79 £3.78 cm and 19.91 £5.23 cm

respectively.
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Growth rates of radial cohorts in different measurement units {(MU) from the pooled
data (points within the circle are not significantly different, the cohorts C1 (x), C2 (m), C3 (O)

and C4 (A) contain 35, 55, 46 and 32 trees respectively).

Table 1. Correlation matrix between growths in different measurement units (MU)
and total growth from the pooled data
MU1 MU2 MU3 MU4
(1-5 years) (6-10 years) (11-15 years)  {16-20 years)

MU1
MU2 0.27*
MU3 0.05 0.53*
MU4 —0.16* —0.26* -0.04
Total growth 0.53* 0.78* 0.75* 0.15

(1-20 years)

*Indicates p < 0.05.

nificantly correlated with that of MU4,
suggesting that ‘growth rate compensa-
tion” was occurring towards the end of
the juvenile phase of the trees. If this
compensation were to continue for a long
period it could be expected that growth
beyond MU4 would be larger for trees in
Cl1 and C2 than for trees in C3 and C4.
In this context, one way ANOVA was
performed to test the differences in the
average growth of trees beyond MU4 in
different tree cohorts in all the three
sites. Data from the three sites could not
be pooled as tree age and cohort size
varied among sites. Results showed that
the differences in growth beyond MU4
among the cohorts were non-significant.

This indicates that growth rate compen-
sation may not extend beyond the juve-
nile stage of the tree. It also suggests that
growth rates of similar aged trees are
relatively constant across cohorts beyond
their juvenile stage. Relatively constant
diameter increment for all diameter size
classes in managed hardwood stands has
been reported’. Similarly, studies on
Norway spruce have shown that mean
annual diameter increment and tree dia-
meter are poorly correlated®. It is obvi-
ous that at some point of time if radial
growth rates have to be constant across
trees of different diameters, there should
be a point when their growth rates would
converge irrespective of the initial growth

differences. This study shows that growth
rate convergence coincides with the end
of juvenile growth phase for teak trees.
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