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Introduction
Tree-ring research in India was initiated with the application in the field of forestry research, growth
rate determination, wood productivity and quality. Various studies have been made to find out the
dendroclimatic potential of different trees growing in the Indian peninsular and Western Himalayan
region. Many of the studies show the relationship between climate and annual growth ring
formation in trees of Kashmir region (Pant, 1979; Hughes and Davies 1987, Bhattacharyya et al.
1988). A considerable number of studies focus on the reconstruction of the pre-monsoon
temperature based using tree-ring width indices of Cedrus deodara and Pinus wallichiana which
revealed century scale negative temperature anomalies which could be due to a regional impact of
the Little Ice Age (Borgaonkar et al. 1996; Yadav and Singh 2002). Other studies using Taxus
baccata and Abies spectabilis reveal the sensitivity of these species on pre-monsoon temperatures
(Yadav and Singh 2002). Tree-ring research has been extended to the eastern and northeastern
regions of India and has proved the dendroclimatic potential of the trees growing in this region
(Chaudhary and Bhattacharyya 1999, 2002). Drought sensitive tree stands of Tibet showed their
dendroclimatic potential (Brauning 1999). Stream flow reconstruction have been carried out from
tree rings of Larix grafithiana from north Sikkim, North east Inida (Shah et al. 2014). Climate
induced elevational species richness changes were observed in the Himalayan region by Telwala
et.al. (2013). However, there is scarcity of studies pertaining to seasonal cambial activity and
growth ring formation in relation to climate, especially in northeast India. Except for the works of
Chaudhary and Bhattacharyya (2000, 2002); Dhirendra (2002), Venugopal and Liangkuwang
(2007); Dhirendra and Venugopal (2011), no documentation has been carried out which climate
factors plays major roles in the process of growth ring formation. Therefore the present study was
conducted on Pinus kesiya Royle ex Gordon which is considered as one of the most important
species in terms of reforestation of watershed areas as well as from a conservation point of view.
The study focused on intra-annual variations of monthly cambial growth within a growing season
as well as the long term response to climate. Two objectives were set for the present study-1) to
compare the seasonal cambial activity among trees of similar age with climatic factors, and 2) to
describe the influence of climate on annual growth by using dendrochronological tools.
Materials and methods
Study area and general climate.
The present study was conducted at the Langol Reserve Forest under Imphal West District of
Manipur. The soil is loam, reddish brown in colour and lateritic in origin. The ‘pH’ ranges from 5.96.2 (Singh 1996; Porwal et al. 2000). Climatologically this study area belongs to the sub-tropical
moist climatic regions (Champion and Seth 1968). This region receives abundant southwest
monsoon rainfall. Highest rainfall was recorded with 427 to 422mm during the months June and
July. During winter, mean temperature ranges from 2C to 12C and in the spring season (March
to April) from 20°C to 25C (Fig. 1). During winter, the monthly mean precipitation is below 50mm
and the soil moisture content is around 30-40% (Porwal et al. 2000; Brady and Well 2002; Triparthi
2002; Pandey 2004). Tree-ring samples were collected from 34 trees during September 2012 at
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breast height by using 18ʺ Hagolf three thread corers. Two cores were extracted from each
individual tree.
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Figure 1: Annual distribution of rainfall, temperature, and relative humidity.

Tree-ring analysis and cross-dating
The extracted cores were processed following standard procedures of tree-ring analysis (Fritts
1976). Careful examinations were made before identifying the exact calendar year of formations of
each ring. All cores were mounted, sanded, and visually cross-dated as described by Eckstein et
al. (1984) and Pilcher (1990). Sanding was done on each core using different grades of sand
paper. Ring width measurements were checked for possible measurement or dating errors using
the computer program COFECHA (Holmes et al. 1983). Rechecking of certain core segments was
done if COFECHA identified issues. Standardization of measurement series was performed using
the program ARSTAN (Cook 1985). Measured ring width series were detrended by applying
negative exponential curve plus 32 years cubic spline. After synchronizing the individual series, a
standard chronology was constructed by averaging all cores.
Response function analysis
For studying the growth response of P. kesiya to climatic factors, the program RESPO (Lough
1984) was used. It performs a simple correlation analysis and a stepwise multiple regression
analysis using orthogonalised monthly mean rainfall and mean temperature against the
standardized chronology. Climatic variables were procured from IMD Pune, includes total monthly
mean rainfall, monthly mean temperature. Fifteen months from July of the previous year to
September of the current year were used for the response function analysis. Coefficients were
calculated from a 38-year period extending from 1962 to 1999, which was the common period
between the climate records and the chronologies.
Results
The growth rings were markedly distinct by the radially compressed late wood xylem elements. A
chronology covering the period from 1880 to 2012 (132 years) was developed (Fig.2). The
strength of cross dating among the trees was reflected by a correlation among all radii of 0.32 and
a mean correlation between trees of approximately 0.31. The signal to noise ratio is 4.26;
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agreement to population chronology is 0.8 and variance explained by the first eigenvector is
39.24% indicating suitability for dendroclimatic studies (Table 1). The mean sensitivity of the
standardized chronology (0.25) indicates its suitability to obtain accurate results with correlation
function methods.
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Figure 2: Tree-ring width indices of Khasi pine standardized chronology
Table 1: General statistics for standard chronology of Pinus kesiya.

Mean sensitivity
Correlation among all radii
Correlation between trees
Signal to noise ratio
Agreement to population chronology
Variance due to first eigenvector

0.25
0.32
0.31
4.26
0.80
39.24%

Tree-ring growth of P. kesiya responded positively with monthly mean temperatures of April
through September of the current year growth (Fig. 3A), with lower correlations during April and
May. Current year June and September mean temperature shows significant correlation with tree
growth (Fig. 3A), however, current year March mean temperature shows a significant negative
correlation (Fig. 3A). A positive response was also observed with mean temperature during July to
December of the previous year (not shown). Ring width responded negatively with precipitation
during January to April of the current year, but positive correlations were observed during May to
July of the current year (Fig. 3B). A negative response was observed with rainfall in the months of
the previous year except for July.
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Figure 3: Correlation function of Pinus kesiya growth and A mean monthly temperature, B mean monthly
rainfall. Coefficients significant at 0.05 level are identified by double asterisk.

Discussion
The significant correlation among individually standardized tree ring series showed synchronicity in
inter-annual variation in ring-width patterns. The observed signal to noise ratio and the expressed
population signal, as well as the percentage of variance accounted for by the first eigenvector of
the standardized tree ring indices indicated that all trees share a strong regional common signal
(Table 1). The mean sensitivity of the standardized chronology shows the possibility of getting a
good correlation with the climatic factors. The tree growth showed positive response to mean
temperatures of April through September of the current year growth. Other dendroclimatic studies
in Northern India also displayed a similar response to climate (Borgaonkar et al. 1996). The
negative response of mean temperature observed during the months of January to March of the
current year is also in accordance with the observation of Borgaonkar et al (1999). A slight
increase in temperature during the month of February is an important factor to initiate the
reactivation of cambium. Moreover, during February the sprouting of new buds, needles, and
branches of P. kesiya could be related to the reactivation of vascular cambium after winter
dormancy. Both the mean maximum and mean minimum temperature influence is in a similar trend
with that of mean temperature to the ring growth of P. kesiya. However in the present study, rainfall
during the months of January to April of the current year growth responded negatively, indicating
that rainfall during the dormant and spring period does not play a role for wood formation. The
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observed positive response between ring width and rainfall during current May to August reflects
the influence of the Southwest monsoon on growth of the species, as higher rainfall is conducive to
cambial reactivation in several plants growing especially in the tropic and the semi-arid climates.
The significant response of September mean temperature could be stated that from this month
onward the formation of late wood elements occurs with the accumulation of photosynthate for the
use of next year growth. These assimilates may be used for the early next year growth, provided if
there is no physical and physiological stress. The activation of cambium and its dormancy is
associated with the accumulation of maximum and minimum starch in the xylem elements (Parker
1960; Sauter 1966; Tsuda and Shimaji 1971; Riding and Little 1984; Essiamah and Eschrich
1985). Larson (1967) reported that the early wood development depends on stored reserves of the
previous years; while the late wood is dependent on current year assimilate that available for an
extended growing season. In the present study a weaker correlation was observed with mean
temperatures of the previous year to the growth of P. kesiya suggesting previous year temperature
did not influenced much to the growth. The observed difference to the present study could be due
to the elevation of the sampling site as well as higher rainfall. Studies on cambial activity in relation
to climatic factors in P. kesiya (Dhirendra Singh 2002) and Dellinia indica Linn (Venugopal and
Liangkuwang 2007) from this study site showed significant temperature response to mean and
minimum temperature rather than other factors. The present study clearly revealed that P. kesiya,
growing in north east India, is suitable for tree-ring analysis because of its clear and datable ring
sequences and synchronicity in growth pattern. The present study concludes that the annual
growth rings of P. kesiya are datable because of its early wood and late wood demarcation among
the yearly rings. The tree-ring growth is influenced by the regional environmental factors.
Temperature plays a significant role for the growth of the species. Further studies on other
coniferous trees growing in this region will be undertaken to explore whether a common climate
force operates on all the species of conifers in this region. It can be concluded that the tree-ring
width sequences of P. kesiya serves as a reliable source for further dendroclimatic studies.
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