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Abstract

Background and objectives: The Hyrcanian forests in northern Iran exhibit diverse rainfall and air temperature patterns.
Altitude above sea level is a crucial topographical factor that influences plant growth and development, prompting trees to
adopt different morphological, anatomical, and physiological strategies for survival and growth at varying elevations. This
study aims to understand the impact of altitude on radial growth and tree-ring width by examining the rate of radial growth of
Oriental beech (Fagus orientalis Lipsky) across different age classes in three altitude zones: low, middle, and high altitudes of
the Hyrcanian forests in Kordkuy and Asalem habitats.

Methodology: t three selected sites, located at approximately 700, 1400, and 2000 meters above sea level, tree-ring cores were
extracted from 62 beech trees using an increment borer. Following core extraction, the holes on the trees were completely
sealed with grafting wax. The surface of each core was prepared using a sequence of 100-, 400-, and 1000-grit sandpaper.
Tree-ring widths (TRWSs) were measured using LINTAB 5 and TSAP software. Measurements were taken from one side of
the core and then from the other side. The obtained TRW series were analyzed using statistical parameters such as sign test,
correlation coefficient, and Student's t-test. After cross-dating, average TRW chronologies were prepared for each tree. This
method was then used to match the trees within each site. TRW chronologies for each site were verified using statistical
methods. A one-way analysis of variance (ANOVA) test was performed to compare TRW chronologies. Meteorological data
such as rainfall and temperature were obtained from the nearest weather stations. Meteorological data for Kordkuy and Asalem
were obtained from the Gorgan and Astara meteorological stations, respectively.

Results: The findings demonstrated that the elevation gradient had a significant impact on the radial growth of beech trees.
TRW in the examined habitats is influenced by elevation above sea level in trees aged 50 to 150 years. The average radial
growth of these trees in the middle elevations of Asalem and the lower elevations of Kordkuy is substantially higher than in
other altitude areas. The mean growth of trees aged 100-150 years in the middle elevations of Asalem was the highest,
amounting to 3.98 mm. Statistical analysis revealed a significant difference between the TRW of trees aged 100-150 years in
the highland of Kordkuy with a mean annual growth of 1.94 mm and the lowerland of Kordkuy with a mean annual growth of
2.97 mm. During this age period, no significant difference was observed between trees from the upperland of Kordkuy and the
moderate altitudes of Kordkuy, but there was a statistical difference between trees from moderate altitudes and the lowerland.
A comparison of trees aged 200-250 years revealed a statistically significant difference between Kordkuy and Asalem moderate
altitudes. The mean radial growth of trees aged 300-350 years in the upperland and moderate altitudes of Asalem is 1.25 and
1.32 mm, respectively. Statistical analysis demonstrated that there is no statistically significant difference between the mean
radial growth of trees aged 300-350 years in the upper and middle altitudes of Asalem and the lowerlands of Kordkuy.
Conclusion: This study demonstrated that radial growth and tree-ring width of beech trees exhibited notable variations along
an east-west transect across the Hyrcanian forests. The observed variations in beech radial growth and tree-ring sensitivity
along the elevational gradient highlight the ability of beech trees to develop adaptive functional traits in response to
environmental changes.
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Figure 1. Location of the two habitats of sampling sites - (1) Asalem in Gilan Province and (2) Kordkuy in
Golestan Province, Iran
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Table 1. Specifications of sampling areas

Degree, minute, second

Province Site Altitude level Altitude (m.a.s.l.)
Longitude latitude
Low altitudes (AL) 440 48°49'10" 37°40'58"
Gilan Asalem Intermediate altitudes (AM) 1400 48°48'36" 37°38"22"
High altitudes (AH) 2060 48°44'52" 37°3721"
Low altitudes (KL) 635 54°55'16" 36%42'57"
Golestan  Kordkuy Intermediate altitudes (KM) 1385 5495'56" 36%41'32"
High altitudes (KH) 1990 5497'25" 36°40'31"
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Figure 2. Average annual temperature in Astara and Gorgan meteorological stations
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Figure 4. Average radial growth of the trees by age range and sites
A and K show Asalem and Kordkuy sites, respectively, and letters H, M, and L represent high, intermediate, and low altitudes, respectively.
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Table 2. Multiple comparison of average radial growth of trees in the study sites

Age o Sit Mean diff std Si Interval
(year) Ie Ite ean airrerence . error 1g. Lower bound Upper bound
50100 AH AL 185.08 165 0.00 24361 126,54
KL KM 151.02 15.22 0.00 97.04 205
AH AL -68.88 13.74 0.00 1176 20.16
AH AM -276.31 13.91 0.00 -325.65 -226.95
AH KH 7156 143 0.00 12227 -20.85
AL KL -1.06 0.13 0.00 -1.54 -0.58
100- AL AM -207.42 13.3 0.00 -254.61 -160.22
150 Am KM 2.05 0.13 0.00 1.85 253
KH KL -103.75 14 0.00 -153.42 -54.09
KL KM 104.55 13.41 0.00 56.98 -152.1

A and K show Asalem and Kordkuy sites, respectively, and letters H, M, and L represent high, intermediate, and low altitudes, respectively.
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Figure 5. Average radial growth of last 50 years of trees by age ranges and sites
A and K show Asalem and Kordkuy sites, respectively, and letters H, M, and L represent high, intermediate, and low altitudes, respectively.
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Table 3. One-way variance analysis of average radial growth of last 50 annual rings of trees in the study sites

Source of variation Sum of squares df Mean square f Sig.
Between groups 2282.84 19 1275 1275 0.00
Within groups 956.42 1015 1.28

Total 2339.26 1034
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Table 4. Multiple comparison of average radial growth of last 50 annual rings of the study sites

Age Site Site Mean difference Std. error Si Interval
(year) ' 9 Lower bound Upper bound
50-100 AH AL -185.92 19.04 0.00 -253.57 -118.28
; KL KM 44.42 10.11 0.71 -23.22 112.07
AL KL -24.05 8.21 0.99 -91.70 43.59
AH AL -89.71 13.61 0.00 -1571.36 -22.07
AH AM -637.74 21.01 0.00 -705.29 -569.99
AH KH -22.83 8.61 1.00 -90.47 44.82
AL KL -75.1 13.02 0.01 -142.75 -7.46
100-150 AL AM 547.93 10.17 0.00 480.29 615.58
AM KM 457.39 16.14 0.00 389.76 525.04
KH KL 141.98 17.14 0.00 -209.63 -74.34
KH KM 157.42 11.34 0.00 -225.07 -89.77
KL KM -15.43 5.98 1.00 -83.08 52.21
150-200 KH KL -151.97 12.14 0.00 -219.62 -84.32
KH KM -183.63 17.01 0.00 -251.28 -115.98

A and K show Asalem and Kordkuy sites, respectively, and letters H, M, and L represent high, intermediate, and low altitudes, respectively.
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