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Article Info ABSTRACT
Article type: Background and Obijectives: Radial growth of trees, recorded in the form

Full Length Research Paper  of annual rings, is a key indicator for assessing forest dynamics and their
responses to environmental and management conditions. Brant's oak

Article history: (Quercus brantii Lindl.), the dominant species of the Zagros forests, has

Received: 02.16.2026 experienced considerable growth changes due to human pressures and
Revised: ------------- climatic stresses. However, comprehensive information on mean radial
Accepted: 05.01.2026 growth across different sites and regional scales is limited. This study was

conducted to estimate the mean radial growth and evaluate the growth
. patterns of this species in different forest stands of Chaharmahal and

Keywords: Bakhtiari Province, in order to improve understanding of growth dynamics

Annual growth, ) s ' .

Chaharmahal and Bakhtiari, ~ and identification of pointer years.

Cropper method,

Increment borer, Materials and Methods: Sampling was carried out on trees older than

Pointer years middle-aged (almost 50years) in four selected habitats (Tang-e Zendan,
Abzalo, Forest Park, and Ghale Madreseh) representing natural forest
conditions in the region. From each tree, two perpendicular cores were
extracted with increment borer. After preparation with progressively finer
sandpaper to clearly distinguish annual rings, ring widths were measured
using a LINTAB table. The accuracy of cross-dated time series (growth
curves) was verified using TSAP software and the COFECHA program.
Mean growth of any trees, sites and finally this area calculated. Given the
greater concentration of growth fluctuations during the past two centuries,
positive and negative pointer years were identified for each site and the
entire region using the Cropper method.

Results: The results showed that growth patterns were similar across all
sites, with growth periods of 167 to 313 years. Trees in Tange Zendan and
Forest Park exhibited the lowest and highest mean radial growth, with
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averages growth rate of 0.75 and 1.5 mm, respectively. In terms of age
structure, Ghale Madreseh and Abzalo had the oldest and youngest trees,
respectively. Analysis of the overall growth curve indicated that the
minimum and maximum annual ring widths were 0.31 mm and 2.2 mm,
respectively. Considering the greater number of samples after 1880,
analysis of growth trends over the past two centuries revealed that
maximum and minimum mean growth occurred in 1992 and 2018, reaching
1.85 mm and 0.48 mm, respectively. Pointer year analysis using the
Cropper method showed a predominance of negative pointer years across
all sites. Regionally synchronous years observed in more than three sites
included nine positive years (1924, 1943, 1946, 1957, 1992, 2013, 2016,
2019, 2020) and seven negative years (1901, 1937, 1960, 1964, 1984,
2009, 2018).

Conclusion: This study aimed to estimate the mean radial growth of
Q. brantii, a key species of the Zagros forests, which was found to be
approximately 1 mm for 170-year-old trees. Growth curves indicated that
site dynamics generally follow a regional growth pattern, however, local
differences in age structure and environmental conditions influenced ring
width variability. Younger sites exhibited faster growth, whereas older
stands reflected greater long-term ecosystem stability. The 313-year growth
chronology of Brant” oak in Chaharmahal and Bakhtiari showed a typical
pattern of rapid growth in youth, a peak during maturity, and a gradual
decline in older ages. Pointer year analysis over the past two centuries
demonstrated synchronous regional growth fluctuations, and the
predominance of negative years suggests high sensitivity of this species to
drought and extreme warming events, potentially threatening the long-term
sustainability of Zagros forests.
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Figure 1. Chaharmahal and Bakhtiari Province, Lordegan country and the study areas (with green color) in
the Google Earth image.
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Figure 4. Annual ring widths of the samples (colorful lines) and the mean growth curve of the study areas in
Chaharmahal and Bakhtiari Province (black line in the middle of graphs).
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Table 1. Characteristics of trees in the study area of Chaharmahal and Bakhtiari Province.
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Figure 5. Mean growth of 30-year periods for trees in different sites: Tange Zendan (Ta), Abzalu (Ab),
Ghale Madreseh (Gh), and Forest Park (Pa) in Chaharmahal and Bakhtiari Province.
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Figure 6. Growth curve of Q. brantii in Chaharmahal and Bakhtiari Province and the frequency
of sample depth.
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Table 2. Changes in growth curves of the four sites in Chaharmahal and Bakhtiari Province over the past
two centuries.
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Table 3. Positive and negative pointer years in the study sites of Chaharmahal and Bakhtiari Province.

st sles sladle Cote sled sladle AK»i.ij)
Negative pointer years Positive pointer years Site
1911, 1923, 1937, 1942, 1960, 1964, 1084, 000 1924, 1943, 1946, 1950, 1957, 1976, RIS
1991 2008. 2009 2011 2017 2018 1983, 1987, 1992, 2007, 2010, 2013, 2016,
' ' ' ' ' 2019, 2020 Tange Zendan
1901, 1911, 1913, 1917, 1922, 1937, 1941, 1906, 1916, 1924, 1930, 1934, 1940, 1943, )
1944, 1945, 1948, 1958, 1960, 1964, 1967, 1946, 1950, 1957, 1962, 1969, 1983, 1987, PUSRSY
1973, 1984, 1985, 1989, 1990, 1994, 1999, 1992, 1993, 1998, 2002, 2006, 2010, 2013, Abzalo
2000, 2008, 2009, 2011, 2012, 2018, 2021 2016, 2019, 2020
1901, 1922, 1941, 1948, 1960, 1963, 1924, 1930, 1934, 1943, 1946, 1954, 1957, Ao ydadal
1964, 1969 1965, 1966 Ghale Madreseh
1901, 1923, 1937, 1960, 1964, 1984, 1991, 1924, 1943, 1946, 1957, 1976, 1992, 1993, S SO
2009, 2018 2007, 2013, 2016, 2019, 2020 Forest Park
sble
1901, 1937, 1960, 1964, 1984, 2009, 2018 1924, 1943, 1946, 1957, 1992, 2013, 2016, gble Js
2019, 2020 Total

Tange Zendan luj o5 o8lig,

B8 @
£ ©
£ o] | | | || 1
! I ! I ! I I I
1900 1920 1940 1960 1980 2000 2020
Abzalo o)y o s£ins,
9
£ ©
e e [ T I 1 A [
! T T T T T T T
1900 1920 1940 1960 1980 2000 2020
Ghale Madreseh a.w oo axl3 oliug,
L
I [T 101
! T T T T T T T
1900 1920 1940 1960 1980 2000 2020
Forest Park 15> o)L
g 5]
£
£ o | | | | I |
! T T T T T T T
1900 1920 1940 1960 1980 2000 2020
Jlw
Year

P53 e S, b o5 4 45 5l 5 lweylgr Dbl s axdllans;go lael&iy g, (i 5 oo cpoled sladle -V IS
el 100 QJLAJ'('.A )\,_M }./."' 4.1'\.'.'.“] u.aL.J 2 d.;.:\.u Jl sS.)_ C‘,sj (:.LG \e t_,s‘g Jg."\._._.: Las 9 ol aals OLES

Figure 7. Positive and negative pointer years of the study sites in Chaharmahal and Bakhtiari Province,
shown in green and red, respectively, indicating only the occurrence or non-occurrence of a pointer year
based on a 20% threshold and a 50% synchronicity criterion.
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Figure 8. Growth curves of the study sites from 1900 to 2023 and the identification of positive and negative
pointer years.
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