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The age and growth rate study of Blue Pine (Pinus wallichiana) of moist temperate reserve forest (Bhurban) of Tehsil 
Murree was conducted in three stands. A total of 64 cores from the mature trees were extracted. Samples showed scares, 
cracks, wounds and even thin-skinned rings which showed the impact of variety of ecological events i.e., landslides, forest 
fires, earthquakes etc. that caused disturbances in past times. Overall, maximum age of the tree was found to be 125 
years with the growth rate of 0.13 cm/year and the Dbh was 69.57 cm and the lowest age was found to be 58 years with 
the growth rate of 0.10 cm/year and the Dbh was 64.72 cm. All the samples were cross dated manually. Moreover, 
correlation and regression analysis was performed which showed the relationships of dependent and independent 
variables (age, Dbh, growth rate). Dbh was not found to be consistent with growth rate of trees (R² = 0.0041) while in 
second stand it was quiet significant in case of age of trees (R² = 0.1205). The developed chronology will be helpful in 
better understanding of past climate as well as future climate prediction of study site. 
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INTRODUCTION 

Dendrochronology, a tree ring analysis technique 
measures annual rings in woody plants (Kaur and Divya, 
2021). In this science, time series patterns of ring widths 
of forest trees growing under similar conditions are 
synchronized with each other (Muhammad et al. 2021). 
This method is called crossdating which investigates the 
climate sensitive years. Crossdating is used in dating of 
archeological architecture, musical instruments, wood 
crafts and picture frames. It also provides historical 
information on natural events e.g. landslide, flood, forest 
fire, insect damage, and other anthropogenic activities e.g. 
resin and latex collection (Choi et al. 2020).  

When environmental conditions become favorable, 
the growth of early and latewood is enhanced and wide 
rings are produced while narrow rings are formed during 
unfavorable years (Sun et al. 2016). Conifer forests are 
considered as valuable natural resources by having 
ecological significance. Among them Bhurban forest is the 
most reserve forest of Murree forest division as majority of 
trees are young in this zone indicating extensive 
dendrochronological potential to explore its 
dendroecological significance. Growth rate variations of 
conifers vary within species, different sites and even 

between same species growing in same site (Siddique et 
al. 2013).  

Pakistan is more vulnerable to climate change as 
mentioned site (Bhurban forest) is under the ecological 
and climatological variations. A lot of researchers and 
dendrochronologists in different zones of moist and dry 
temperate areas are working. Age and growth rate studies 
of conifers were done from Northern areas of Pakistan by 
Ahmed et al. (2009a), Wahab (2011), Muhammad et al. 
(2019, 2021). Ahmed et al. (2009) determined 
dendrochronological potential of some gymnosperms from 
Swat, Dir, Mansehra, Chitral and Azad Kashmir, Pakistan. 
Khan et al. (2013) developed tree ring chronologies and 
used in forest management, past climate investigations 
and other hydrological aspects. Muhammad et al. (2021) 
determined dendrochronological potential of some 
gymnosperms of dry temperate area of Pakistan. 
However, by considering the dendrochronological 
potential of pines, the present study was done with 
following objectives. 
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Figure 1: Location of study site (Bhurban Reserve Forest), Tehsil Murree 

 
 The objectives were to, determine age/growth rate of the 
selected conifer, determine relationships, if any, between 
diameter/age, diameter/growth rate, correlation and 
regression modeling and crossdating all samples with 
identification of stress years of growth. 

Study Site 
Bhurban Forest is located at 33.9557˚ (North) and 
73.4518 ˚ (East). This forest covers an area of about 547 
acre. It is about 9 kms away from Murree city. From the 
sea level the place is about 6000 feet high in altitude. The 
temperature varies in during the year having maximum of 
28˚ Celsius in summer while -8˚ Celsius in winter (Critelli 
and Garzanti, 1994).  
 
MATERIALS AND METHODS 

Field sampling 
Trees selected for the sampling were uniform in 

diameter, healthy, disease free, unbranched and erect. 
While the damaged, branched and unhealthy trees were 
ignored during the sampling (Cooks and Kairiukstis, 
1990). Using a Swedish increment borer, two cores per 
tree were taken from opposite sides of the tree for 
accurate measurement and development of tree rings 
which is helpful to study age and growth rates of the 
respective tree species. (Fritts, 1976). Diameter of the tree 
selected for the sampling were taken at the breast height 
(DBH= 4.3 feet or 1.3 meter above ground). The cores 
were extracted at breast height to avoid borer to touch the 
ground again and again while taking cores (Mares, 2009). 
The diameter was taken from the same point where the 
core is extracted (Mueller-Dombis and Ellenberg, 1974). 
The geographical coordinates and elevation of sampling 
site were taken using the Global Positioning System 

(GPS) (Wahab et al. 2008). Plastic straws were used for 
the packing of cores to avoid any damage and both ends 
were closed by paper tape. The sampled cores were 
labeled and important information i.e., core code, GPS 
reading and Dbh of the respective trees was noted (Hart 
and Mayer, 2008). 

Treatment and lab study of samples 
The samples were taken out of the straws and were 

allowed to dry for a week. The dried cores were mounted 
on wooden frames using wooden glue. The cores were 
mounted on the wooden frames so that the tracheids were 
aligned vertically at 90° and became visible after fine 
sanding (Stokes and Smiley, 1968). After drying the 
mounted cores, the wooden frames were labeled with 
important information i.e., GPS coordinates, Dbh, core 
code and date of sampling (Arnott, 2008). The cores were 
sanded using different sizes of the sand paper to make 
the core surface clear for reading the rings. In the last, 
cores were polished to give a clear view of rings (Pilcher, 
1990). Cores were carefully checked under light 
microscope using Velmex Measuring System and lens 
camera connected to the PC. The cores were cross-dated 
from ring to ring and were compared year to year (Fritts 
and Swetnam, 1989). The cores which showed the 
positive cross dating were measured from the sampled 
cores (Yamaguchi, 1991; Volney and Mallet, 1992). 
Growth rings were counted from the outer most ring to the 
inner most ring. To calculate growth rate of tree in 
cm/year, total number of growth rings was divided by 
length of cores (Ahmed et al. 2009a). 
 
RESULTS  

Stand 1 
The detailed data of the Pinus wallichiana in first 
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stand is given in table 1, which includes the diameter at 
breast height, age, location of the selected tree and the 
growth rate. Twenty cores were extracted in the first stand 
from Pinus wallichiana and then were coded i.e., Pw1-
Pw20. The age and growth rate greatly varied in the trees 
present in the same location. The youngest tree was 64 
years old with the growth rate of 0.13 cm/year and the 
Dbh was 29.11 cm. The oldest tree of Pinus wallichiana 
was 125 years old with the growth rate of 0.10 cm/year 
and the Dbh was 42.06 cm. Highest number of the narrow 

rings was observed in sample 1 and 12. Majority of the 
narrow rings in samples were in mid of 20s and the early 
years of 21s. The lower number of narrow rings were 
present in sample 4, 10 and 11. Similarly the wide rings 
were also observed, the highest number of wide rings was 
found in sample 4 and 18. While the lower number of the 
wide rings was found in the sample number 3, 7, 9 and 16. 
Significant correlation was observed between age/dbh and 
dbh/growth as shown in fig. 2.1 and 2.2.

 
Table: 1. Age/Growth rate/Dbh of P. wallichiana in stand 1 from Bhurban Reserve Forest, Murree. 

Sample/ 
Core 
code 

Dbh 
(Cm) 

Age 
(Years) 

Average 
Growth 

rate 
(Cm) 

Narrow 
rings 

(Years) 

Wide rings 
(years) 

False/ missing 
rings 

(years) 

GPS 
(N) 

GPS 
(E) 

Pw-1 42.88 96 0.15 

20142006, 
20001988, 
1964-1973, 
1928-1933 

1961, 1959, 1957 - 33.94338 73.45405 

Pw-2 37.21 98 0.13 
2014-2001, 
1991-1975 

1963,1947,1946, 
1932-1930,1928 

- 33.94829 73.45424 

Pw-3 32.35 105 0.18 
2014-2012, 
1991-1980 

1918, 1924 5 33.94752 73.45442 

Pw-4 42.87 111 0.13 2014-1999 1924-1904 - 33.94730 73.45403 

Pw-5 40.43 85 0.13 
2014-1988, 
1944-1942 

1975-1972, 1941-
1930 

1 33.94732 73.45408 

Pw-6 42.87 82 1.52 
2014-2005, 
1968-1966 

2001, 1994, 1993 - 33.94619 73.45392 

Pw-7 42.87 90 0.13 
2014-2007, 
1949-1935 

2000, 1984 3 33.94595 73.45461 

Pw-8 39.64 110 0.23 
2014-2007, 
2001-1996 

2002, 1956, 1910 - 33.94598 73.45400 

Pw-9 42.87 93 0.15 
2004-2000, 
1995- 1993 

1944-1942 2 33.94593 73.45406 

Pw-10 42.06 77 0.15 2014-2008 - - 33.94603 73.45413 

Pw-11 48.51 73 0.15 2014-2012 - 3 33.94596 73.45403 

Pw-12 44.47 125 0.04 2014-1961 - - 33.94541 73.45410 

Pw-13 42.06 125 0.10 
19841950, 
19441941, 
1933-1931 

- - 33.94532 73.45413 

Pw-14 48.53 74 0.13 2014-1995 
1982-1980,  
1966-1963 

- 33.94559 73.45377 

Pw-15 32.35 86 0.18 2014-2008 
1976-1973,  
1968-1966 

2 33.94563 73.45371 

Pw-16 29.11 64 0.13 - 
1996-1995,  
1971-1969 

- 33.94520 73.45374 

Pw-17 44.50 78 0.15 
2002-1995, 
1990-1958 

- - 33.94427 73.45320 

Pw-18 48.53 74 0.20 - 
1963-1958,  
1943, 1950 

- 33.94415 73.45318 

Pw-19 37.21 86 0.18 1968-1958 - - 33.94404 73.45303 

Pw-20 46.91 91 0.13 - 1940, 1934 3 33.94383 73.45249 

*P.w. stands for Pinus wallichiana; **Dbh stands for diameter at breast height; ***GPS stands for Global Positioning 
system. 
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Figure  2.1: Regression analysis between the Dbh and 
the age of P. wallichiana in stand 1 from Bhurban 
Reserve Forest, Murree. 

Stand 2 
The detailed data of the Pinus wallichiana in second 

stand is given in table 2, which includes the diameter at 
breast height, age, location of the selected tree and the 
growth rate. Twenty cores were extracted in the first stand 
from Pinus wallichiana and then were coded i.e., Pw21-
Pw40. The age and growth rate greatly varied in the trees 
present in the same location. The youngest tree was 58 
years old with the growth rate of 0.10 cm/year and the 
Dbh was 64.72 inches. The oldest tree of Pinus 
wallichiana was 125 years old with the growth rate of 0.13 
cm/year and the Dbh was 69.57 cm. Highest number of 
the narrow rings was observed in sample 29 and 40. 
Majority of the narrow rings in samples were in mid of 20s 
and the early years of 21s. The lower number of narrow 
rings were present in sample 26 and 33. Similarly the wide 
rings were also observed, the highest number of wide 
rings was found in sample 30 and 34. While the lower 
number of the wide rings was found in the sample number 
28 and 32. Significant correlation was observed between 
age/dbh and dbh/growth as shown in fig. 3.1 and 3.2.

Table 2: Age/Growth rate/Dbh of P. wallichiana in stand 2 from Bhurban Reserve Forest, Murree. 

Sample/ 
Core 
code 

Dbh 
(Cm) 

Age 
(Years) 

Average 
Growth 

rate 
(Cm) 

Narrow rings 
(Years) 

Wide rings 
(years) 

False/ 
missing 

rings 
(years) 

GPS 
(N) 

GPS 
(E) 

Pw-21 32.36 63 0.15 - - - 33.94358 73.45233 

Pw-22 31.55 61 0.13 2014-2010, 
1983-1981 

2005 - 33.94356 73.45191 

Pw-23 42.06 81 0.20 - - 3 33.94355 73.45150 

Pw-24 54.18 71 0.15 1991-1985 - 2 33.94357 73.45146 

Pw-25 65.53 69 0.15 - - - 33.94360 73.45142 

Pw-26 41.25 95 0.17 1937-1935 - - 33.94355 73.45137 

Pw-27 45.29 67 0.15 - - - 33.94349 73.45249 

Pw-28 64.72 58 0.10 - 1972-1970 - 33.94340 73.45139 

Pw-29 62.99 70 0.15 2008-1983 - - 33.94345 73.45113 

Pw-30 37.21 69 0.13 - 2014-2011 - 33.94336 73.45086 

Pw-31 49.35 61 0.10 - 1961, 1960 - 33.94322 73.45071 

Pw-32 52.58 62 0.13 - 2012 1 33.94323 73.45054 

Pw-33 38.84 66 0.13 2004-2001 - - 33.94337 73.45014 

Pw-34 62.28 101 0.15 2006-1995 1920-1914 - 33.94322 73.45994 

Pw-35 69.57 125 0.13 2014-2002 - - 33.94305 73.45951 

Pw-36   70.35 70 0.18 - - - 33.94287 73.45919 

Pw-37 62.28 81 0.18 1987-1974 1961-
1957,1941 

- 33.94288 73.45925 

Pw-38 65.53 64 0.15 1993-1987 - - 33.94285 73.45921 

Pw-39 65.94 95 0.15 - - - 33.94286 73.45923 

Pw-40   56.62 86 0.18 2014-1975 1940-1935 - 33.94284 73.45905 

R² = 0.0009
y = -0.24x + 95.063
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Figure 2.2: Regression analysis between the Dbh and 

the growth rate of P. wallichiana in stand 1 from 
Bhurban Reserve Forest, Murree. 

Stand 3 
The detailed data of the Pinus wallichiana in third 

stand is given in table 3, which includes the diameter at 

breast height, age, location of the selected tree and the 
growth rate. Twenty-four cores were extracted in the first 
stand from Pinus wallichiana and then were coded i.e., 
Pw41-Pw64. The age and growth rate greatly varied in the 
trees present in the same location. The youngest tree was 
62 years old with the growth rate of 0.15 cm/year and the 
Dbh was 44.50 cm. The oldest tree of Pinus wallichiana 
was 108 years old with the growth rate of 0.18 cm/year 
and the Dbh was 45.29 cm. Highest number of the narrow 
rings was observed in sample 44 and 55. Majority of the 
narrow rings in samples were in mid of 20s and the early 
years of 21s. The lower number of narrow rings were 
present in sample 47 and 52. Similarly the wide rings were 
also observed, the highest number of wide rings was 
found in sample 48. While lower number of the wide rings 
was found in the sample number 44 and 62. Significant 
correlation was observed between age/dbh and 
dbh/growth as shown in fig. 4.1 and 4.2. 

Table 3 : Age/Growth rate/Dbh of P. wallichiana in stand 3 from Bhurban Reserve Forest, Murree. 

Sample/Core 
code 

Dbh 
(Cm) 

Age 
(Years) 

Average 
Growth rate 

(Cm) 

Narrow rings 
(Years) 

Wide rings 
(years) 

False/ 
missing rings 

(years) 

GPS 
(N) 

GPS 
(E) 

Pw-41 70.35 77 0.15 - - - 33.94300 73.45194 

Pw-42 60.68 79 0.18 - - - 33.94296 73.45902 

Pw-43 60.68 72 0.13 - 2005-2002 - 33.94291 73.45895 

Pw-44 68.75 73 0.13 1990-1985 1960 - 33.94287 73.45887 

Pw-45 60.68 77 0.18 - - - 33.94281 73.45888 

Pw-46 50.17 86 0.18 1997-1980 - - 33.94282 73.45879 

Pw-47 50.95 89 0.18 1999-1996 - - 33.94272 73.45884 

Pw-48 58.21 69 0.20 
2014-2004, 
1981-1975 

2005-1982 - 33.94230 73.45863 

Pw-49 50.16 75 0.18 
1978-1970, 
1965-1960 

- - 33.94231 73.45862 

Pw-50 71.20 80 0.18 2004-1993 - - 33.94231 73.45870 

Pw-51 42.06 72 0.15 - - - 33.94198 73.45832 

Pw-52 43.68 79 0.15 1957-1954 - - 33.94201 73.45828 

Pw-53 41.24 69 0.13 - - - 33.94203 73.45820 

Pw-54 69.57 89 0.15 2001-1991 - 3 33.94201 73.45815 

Pw-55 29.11 99 0.13 2014-1981 - - 33.94194 73.45773 

Pw-56 58.22 75 0.13 - - - 33.94188 73.45766 

Pw-57 45.29 108 0.18 2014-1997 - - 33.94182 73.45772 

Pw-58 66.32 98 0.13 - - 4 33.94197 73.45780 

Pw-59 33.98 80 0.13 1998-1988 - - 33.94158 73.45729 

Pw-60 50.95 96 0.18 2014-1991 - - 33.94150 73.45729 

Pw-61 39.65 73 0.15 - - - 33.94147 73.45727 

Pw-62 44.50 62 0.15 - 1984-1978 - 33.94154 73.45710 

Pw-63 51.77 102 0.18 1995-1991 - 3 33.94108 73.45622 

Pw-64 42.06 83 0.18 199-1987 - 6 33.94106 73.45627 

R² = 0.0519
y = -0.0113x + 0.7667

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

0 10 20 30

gr
o

w
th

 r
at

e
 (

in
ch

e
s/

ye
ar

)

Dbh (inches)



Ali et al.                   Tree-ring studies of Blue Pine in moist temperate reserve forest (Bhurban), Murree, Pakistan  

 

        Bioscience Research, 2022 volume 19(3): 1406-1413                                                                1411 

 

 
 

 
 
Figure 3.1: Regression analysis between the Dbh and 
the age of P. wallichiana in stand 2 from Bhurban 
Reserve Forest, Murree. 

 
 
Figure 3.2: Regression analysis between the Dbh and 
the Growth Rate of P. wallichiana in stand 2 from 
Bhurban Reserve Forest, Murree. 

 
 
Figure 4.1: Regression analysis between the Dbh and 
the age of P. wallichiana in stand 3 from Bhurban 
Reserve Forest, Murree. 
 

 
Figure 4.2: Regression analysis between the Dbh and 
the Growth Rate of P. wallichiana in stand 3 from 
Bhurban Reserve Forest, Murree. 

 

 
Figure 5:  Map of Bhurban Reserve Forest, Murree. *Stand 1: represented by yellow marker, **Stand 2: 

represented by purple marker and ***Stand 3: represented by green markers. 
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DISCUSSION 

The results from research studies indicate that the 
tree age is independent of the diameter of tree and age of 
tree may vary among different tree species and among the 
individuals of the same species growing in the same place 
(Ahmed et al. 2009). The directly proportional relation of 
age and Dbh seen in Pinus roxburghii is much higher and 
prominent than other gymnosperms in Pakistan. The 
results also indicate that diameter of the trees is not good 
indicator of the age of tree. The tree having same 
diameter had great age difference between them while 
some of the trees with smaller diameter were greater in 
age than the tree with larger diameter (Ahmed and 
Sarangzai, 1991). During late 20th century, it was found 
that a negative correlation exists between growth rate of 
tree and the altitude. The possible factor for this 
correlation was due to high temperature in summer 
followed by increased precipitation (Brown et al. 2011). 

Different climatic parameters are responsible for the 
growth rate of tree but precipitation and temperature a key 
role in determining the fate of growth rate in conifers. The 
results indicate positive growth rate correlation in conifers 
during precipitation in spring and winter. Moreover, rainfall 
gives the strongest growth rate response in all climatic 
factors (Ahmed et al. 2012). Species located on different 
altitude and facing different environmental conditions 
cause a high variability in age and Dbh correlation. The 
results have shown that precipitation, temperature and 
moisture have a kind of significant relation of the trees 
growth rate. Growth rate, age and distribution pattern of 
the gymnosperms greatly depends upon environmental 
factors. Growth rate of some species not only depends on 
environmental factors but also on the availability of 
nutrients for growth (Harley, 2018).  

Competition between the individuals of same species 
or between the trees of different species may increase 
growth rate leading to enormous growth in size and 
height. This competition may even induce tree to induce 
early reproductive size and phenomenal reduction in time 
of generation (Manzanedo and Pederson, 2019). 
Anthropogenic activities i.e. cutting trees, forest fires and 
overgrazing also impact on the growth rate of P. 
wallichiana and also to other conifers. Competition 
between trees for survival may influence growth rate in 
trees. This competition can be inter-specific or intra-
specific. The results of this competition can be decrease in 
abundance of plants and effects on growth rate can be 
judged. The changes in growth rate can also be imparted 
by the disease in trees (Ali et al. 2021). 

CONCLUSION 
The results conclude that environmental components 

like rainfall and temperature affects the growth rates in 
Pinus wallichiana. There is no such positive correlation 
between age and dbh as was observed in other pine 
species e.g. Pinus roxburghii in Pakistan. This indicates 

that in this patch of forest division trees are too young and 
it is one of most reserve forest of tehsil Murree. Majority of 
trees showed insignificant relationship due to some 
environmental variations, competition (interspecific and 
intra specific), landsliding or disease. The samples 
showed variations in growth and dbh despite being grown 
in same location. 

Recommendations   
From the dendrochronological study of Pinus 

wallichiana A. B. Jacks. (blue pine) of the study site, 
following recommendations were evaluated.  

More applied and successful crossdating can be done 
by using historical method, Skeleton Plot Model. 

After identification of narrow and wide years, 
chronology can be compared with master chronology of 
study site. 

The area is vast and dense therefore more exploration 
of Bhurban reserve forest is required.Subjective sampling 
can evaluate climate growth response and past climate 
reconstructions.   
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