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Abstract

Ring width variation was carried out on six straight trees of Pinus merkusii collected from Anjaw District of Arunachal Pradesh.
The main aim of the present study was to evolve a sampling procedure for comparison of ring width variation amongst trees.
Despite of straight trees, some eccentric cross- sectional discs with wide rings on lower side were observed. There was a
statistically significant variation in ring width around the circumference at breast height. A non-significant variation between the
mean of two opposite directions versus mean of eight cardinal directions suggested that any two opposite directions can be selected
for comparison of ring width amongst Merkus pine. The radial variation in ring width at breast height and successive heights
showed maximum ring width near the pith with irregular decrease towards the bark. There was a negative and highly significant
correlation between ring width and age (r = -0.689**). Ring number 15 can be considered as a boundary between juvenile wood
(Rings1-15) and mature wood (Rings 16-bark). There was irregular increase and decrease in ring width variation in selected rings

from base to top in both vertical and oblique sequences in all trees.
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Introduction

Annual rings are the reliable sources of climatic proxy
information [, They are the important tools to understand the
tree growth and their reactions to various environmental
conditions during or before the formation of wood . Hence,
annual rings form the basis of dendrochronology,
dendroclimatology dendroecology and wood anatomy. They
are also considered as valuable instruments in forest
management and product manufacturing 1. Annual rings in
conifers are formed due to active and dormant state of
cambium which leads to formation of large sized thin walled
tracheids in early wood and small sized thick walled tracheids
in latewood. Both the early wood and latewood constitute the
total ring width. Ring width is a predictor of density and
mechanical strength [, It is related to produced wood volume
and end product uniformity B, It is also related to cell number
and cell sizelsl. A perusal of literature reveals that tracheid
numbers are more closely related to ring width [/l than tracheid
size [8:9],

Pinus merkusii is one of the most important species of natural
pine forests of South-east Asia. It is widely distributed in
Thailand, Laos, Cambodia, Vietnam, Indonesia and
Philippines Islands of Luzon and Mindoro. In India, it occurs
in eastern parts of Anjaw district of Arunachal Pradesh
neighbouring to India-Myanmar pine forests ecoregion. It is
the dominant species in this region and forms either pure
stands or associated with other conifers species like Pinus
armandii and Taxus wallichiana.

An examination of literatures reveals that tree rings
chronology in response to rainfall and temperature have been
studied in other countries by numbers of workers [10- 11,12, 13,14]
Despite of being endemic pine species of Arunachal Pradesh,

no attempt has been made to study its ring width variation.
The present study has been taken up to evolve an efficient
sampling procedure for comparison of ring width values
within and between trees with the following objectives (a) to
study ring width variation around the circumference, along the
radius from pith to bark and along the height from base to top
of the tree and (b) to see the effect of age on ring width and (c)
to demarcate the boundary between juvenile wood and mature
wood.

Material and Methods

The samples for the present study were collected from pine
forests of Dong village, Anjaw district of Arunachal Pradesh
at the time of road construction by Border Road Organization
under border area development programme. The geographical
coordinate of the site taken with the GPS were 28°10' N and
97°02' E. Six straight trees of merkus pine with uniform crown
and no visible defect were selected randomly from felling site.
The age of the trees varied from 25-91 years with average
height 23.41889 mm and diameter at breast height
54.83119.22cm respectively. Complete cross- sectional discs
of about 5 cm. thickness were sawn at breast height and at
regular interval of 3m along the height. The north side of each
tree was marked before felling. A total of 42 cross- sectional
discs were taken for present investigation.

Sample processing and measurement

The cross sectional discs were smoothened to end grain with
the help of an electric planer and were photographed (Fig. 1).
The cross-sectional discs of breast height were marked into
eight
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Fig.1: Cross-sectional discs of Pinus merkusii Jhungh & de Vriese

Cardinal directions namely North, South, East, West, North
East, North West, South East and South West. Some of the
rings were marked around the circumference to facilitate
counting of rings easily. Radial wedges sawn out from eight
cardinal directions were soaked in water to attain fully
saturated condition. A total of 336 rings (42 rings x 8
directions) were randomly selected from 48 wedges (6 trees x
8 directions) around the circumference. Two opposite
directions were selected at breast height and successive
heights for study of radial variation in ring width. Few rings
were selected randomly from each tree to study axial
variation. Ring width was measured with the help of an ocular
micrometer fitted in one of the eye pieces of stereomicroscope
at 20x.

Statistical analysis
The data were subjected to statistical analysis by using SPSS
18.0 software package.

Results

Circumferential variation in ring width.

Analysis of variance presented in Table 1 showed statistically
significant variations in ring width among eight cardinal
directions around the circumference in individual trees and
pooled data. Further, analysis of variance between directional
combinations was carried out by using the formulae 1. The
results given on Table 2 showed statistically non- significant
variation between two opposite directions versus means of
eight cardinal directions around the circumference for all
selected trees and pooled data.

Table 1: Analysis of variance for ring width among eight cardinal directions at breast- height in Pinus merkusii

Tree no. Source of variation Degree of freedom Sum of square Mean square F ratio
Directions 7 48.155 6.879 3.32**
Tree 1 Rings 6 50.175 8.362 4.043**
Error 42 86.873 2.068
Total 56 1409.87
Directions 7 52.82 7.546 3.54**
Tree 2 Rings 6 11.63 1.938 0.91"
Error 42 89.48 2.131
Total 56 1211.64
Directions 7 58.56 8.36 2.98*
Tree 3 Rings 6 390.30 65.05 23.17**
Error 42 117.91 2.81
Total 56 2593.44
Directions 7 125.33 17.905 12.904**
Tree 4 Rings 6 70.40 11.734 8.457**
Error 42 58.276 1.388
Total 56 2249.904
Tree 5 Directions 7 108.58 15.512 10.697**
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Rings 6 240.55 40.093 27.646**
Error 42 60.908 1.450
Total 56 1947.089
Directions 7 100.40 14.344 9.321**
Tree 6 Rings 6 265.67 44.279 28.774**
Error 42 64.632 1.539
Total 56 1796.752
Directions 7 56.999 8.143 2.544*
Pooled Rings 41 1159.311 28.276 8.876**
Error 287 914.943 3.188
Total 326 11208.708

The levels of significance used are:

ns = non-significant

* = 5 percent at p<0.05 level i.e. significant.

** =1 percent at p<0.01 level i.e. highly significant

Table 2: Analysis of variance for ring width values between various directional combinations at breast -height in Pinus merkusii

Tree No. Source of variation Degree of freedom Sum of square Mean square F ratio
N+S vs X 1 9.130 9.130 4,414
Tree 1 E+Wvs )_(_ ! 2.367 2.367 1.144m
NE + SW vs X 1 0.349 0.349 0.169™
NW +SE vs X 1 15.950 15.950 7.713™
N+S vs X 1 1.229 1.229 0.609"
Tree 2 E+Wvs )_(_ ! 13.29 13.29 6.239™
NE + SW vs X 1 1.956 1.956 0.918™
NW +SE vs X 1 1.255 1.255 0.589"
N+S vs X 1 0.013 0.013 0.004"
Tree 3 E+Wvs )_(_ 1 8.19 8.19 2.917™
NE + SW vs X 1 3.68 3.68 1.286™
NW +SE vs X 1 0.682 0.682 0.243™
N+S vs X 1 8.614 8.614 6.206"
Tree 4 E+ W vs )_(_ ! 0.36 0.36 0.26™
NE +SWvs X 1 10.309 10.309 7.427™
NW +SE vs X 1 0.779 0.779 0.561™
N+S vs X 1 2.152 2.152 1.48™
E+WvwsX ! 0.343 0.343 0.23™
Tree 5 NE + SWvs X 1 4.84 4.84 3.34™
NW +SE vs X 1 1.746 1.746 1.20M
N+S vs X 1 7.273 7.273 4,726™
Tree 6 E+Wyvs )_(_ ! 8.682 8.682 5.64"
NE + SW vs X 1 1.990 1.990 1.29m
NW +SE vs X 1 2.757 2.7157 1.791™
N+S vs X 1 0.128 0.128 0.040"
Pooled E+Wyvs )_(_ ! 1.049 1.049 0.329™
NE + SWvs X 1 0.0012 0.0012 0.0004"
NW +SE vs X 1 0.0818 0.0818 0.0256"

N, S, E, W, SE, NW, SW and NE - Eight cardinal directions viz. North, South, East, West, Southeast, Northwest, Southeast and Northeast.

X= Mean of cardinal directions
VS =versus; ns= non-significant

Radial variation in ring width from pith to bark at breast
height and successive heights.

Based on the results of circumferential variation in ring width,
two opposite directions namely North and South were taken.
The results of Tree 5 presented in Figs. 2-3 showed irregular
decrease in ring width variation from pith to bark. Similar
results were obtained for remaining trees.The ring width was
maximum near the pith and thereafter decreased irregularly
towards the bark.

Linear correlation and regression were performed to see the
effect of age on ring width. A negative and statistically highly
significant relationship between age and ring width was seen

in Tree No. 2-6 and pooled data except Tree 1 (Table 3). The
scattered diagram plotted between age and ring width showed
steep decrease in ring width up to 15th ring from pith and
afterwards gradual decrease towards the bark. Therefore, Ring
number 15 was considered a boundary between juvenile wood
and mature wood (Fig. 4).

Axial variation in ring width from base to top

There was irregular increase in ring width variation in selected
rings of Treel-4 and decrease in Tree 5-6 from base to top in
vertical sequence (Fig.5). Whereas, there was irregular
increase in ring width in oblique sequence in all trees (Fig.6).
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Fig 2: Radial patterns of ring width variation at breast-height and successive heights
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Fig 3: Radial patterns of ring width variation at breast-height and successive heights
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Table 3: Effect of age on ring width in Pinus merkusii.

Tree Correlation Coefficient of Regression constant | Regression coefficient Standard error
No. coefficient (r) determination (r?) (Bo) (B1) (Shy)

Tree-1 -0.195™ 0.038 5.761 -0.426 0.391
Tree-2 - 0.655™ 0.429 6.905 -1.089 0.233
Tree-3 - 0.661** 0.437 16.216 -3.511 0.830
Tree-4 - 0.659™ 0.435 9.927 -2.169 0.505
Tree-5 - 0.820** 0.672 9.959 -1.954 0.145
Tree-6 - 0.808** 0.652 12.783 -2.589 0.202
Pooled - 0.689** 0.475 6.183 -0.067 0.004

The levels of significance used are:

ns = non- significant

* =5 percent at p<0.05 level i.e. significant.

** =] percent at p<0.01 level i.e. highly significant
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Fig 6: Axial variation of ring width in oblique sequence

Ring width is highly variable and presents sum of cells formed
by cambium during growing season. The wind is the cause of
eccentricity around the stem which resulted differences in ring
width between east and west sides in conifers ¢, The
differences in ring width on the southern and northern facing
slopes and the variation in ring width is totally dependent
upon elevation, slope exposure and topography etc. [71,
Though the sample were taken from straight trees but some
eccentric cross sectional discs were observed in Tree 1, 3,45
and 6. The rings were wider on the north side which may be
due to direction of prevailing wind from south side.
Circumferential variation in ring width was studied to find out
the least number of directions essential for comparison of ring
width values within and between trees. In present
investigation, a statistically significant variation around the
circumference was observed in all selected trees and pooled
data. A non-significant observation was observed between the
mean of two opposite directions versus the mean of all
directions. Similar results were obtained in other conifers [1¢
18 11 Hence, any two opposite directions can be
recommended for further study in ring width variation in
Pinus merkusii.

Radial patterns of ring width variation are important (a) to
study the level of variation along the radius (b) to study the
effect of age on ring width and (c) to demarcate the boundary
between juvenile and mature wood. Most of the workers have
observed irregular radial pattern of ring width variation [*% 20
2L 22,23 In the present investigation, radial variation in ring
width was studied in two opposite directions namely North
and South at breast height and successive heights. A few rings
near the pith had maximum ring width and afterwards ring
width decreased irregularly at different heights in Pinus
merkusii. The maximum ring width near the pith may be due
to more cambial activity during early years of tree growth and
irregular variation in ring width may be due to drastic changes
in cambial phenology due to environmental and physiological
conditions of the trees. The present findings are in agreement
with the finding of other conifers species like Pinus radiata
24 Pinus banksiana [, Pinus eladarica ! and Thuja
occidentalis ?°1. The negative relationship between age and
ring width in Pinus merkusii confirms the findings of other
researchers 12327 28],

The boundary between juvenile and mature wood also varies
among species. Ring no. 10 was considered as a demarcation

377



International Journal of Biology Research

between juvenile wood and mature wood [2% 24, 12-15 years
28,291 and 15-20 years B9, In the present study, the logarithmic
regression model is highly significant (r =0.758**at p<0.001
level). The ring width decreased steeply up to 15 years and
decreased gradually afterwards. Hence, rings 1-15 as juvenile
wood (Zone-1) and rings 16 - bark as mature wood (Zone-II)
are considered for the present study. In the present
investigation, ring width increased irregularly in both vertical
(except Tree 5&6) and oblique sequences. It is contrary to the
findings of other investigators 2% 22 26. 31 \who reported
decrease in ring width from bottom to top in conifers. There is
simultaneous formation of juvenile and mature wood by the
cambium in trees. The juvenile wood present at the top is
formed by immature cambium and has large proportion of
early wood than late wood which may be the reason for wider
rings at the top than base of the trees.

Conclusion

Sampling from any two directions should be adopted for
comparison of ring width

Ring width exists statistically significant variation among
eight cardinal directions around the circumference whereas,
the mean ring width of two opposite directions versus mean of
eight cardinal directions exhibits non-significant differences.
It decreases irregularly from pith to bark at all heights and has
negative but significant relationship with age.
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