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Dating of Resin Collection from Korean Red Pine (Pinus densiflora)
at Mt. Worak and Investigation on the Tree's Healing Ability
using the Tree-ring Analysis Method
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Abstract: Here we aimed to date the year and season of the resin collection from Korean red pines at Worak
mountain and investigate the natural healing ability of the wounds using the tree-ring analysis technique. We
determined the dating of the resin collection based on the synchronization between the ring-width time series from
the wound surface of the experimental trees and the local master chronology, which is the mean time series from
the sound surface on the opposite side of the wounds. For the dating of resin collection, we selected thirteen Korean
red pines with resin wounds. For the investigation on the annual healing ability of the wounds, we sampled three
dead trees out of 13 trees as disks. Through the comparison of the individual ring-width time series from the wounds
with the local master chronology, it was verified that the resin collection was undertaken between the spring of 1962
and the autumn of 1975. The mean healing length of the wounds was 15.8 cm over the preceding 42 years,
making their annual mean healing 0.38 cm. Through our study we successfully verified the healing ability of the
wounded Korean red pines for the resin collection as well as the undocumented resin collection history.
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Figure 1. Study site located at the Woraksan National Park.
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Figure 2. Monthly mean temperature and precipitation for the
last 50 years (1972-2021) from the meteorological station at
Chungju.
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Table 1. Description of the experimental tree (Pinus densiflora).
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ID DBH* (cm) wounds Longitude / Latitude Sample type No. of samples Condition
WRIGPDOI 39 | g 132685013029837/ 1 D*
WRPIGDO02 38 1 o f;gfol;?;;’;,/, Disk 1 D
WRIGPDO3 39 1 E 132685013029941/ 1 D
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DBH* : Diameter at breast height, D** : dead tree, L*** : living tree
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Figure 3. Experimental trees (Pinus densiflora) with one (A) or two wounds (B) for resin collection and dead one (C). Tree
rings were collected at (A) and (B) using an increment borer with @ 5.15 mm and at (C) as a disk.
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A1 A2Z (2022)

Figure 4. The outermost annual rings under a stereoscopic microscope. EW: earlywood (A); LW: uncompleted latewood (B);
CLW: completed latewood (C); ARB: annual-ring boundary.
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Figure 5. The transverse plane of wounded Korean red pine
(Pinus densiflora); LW: length of healed wound.
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Figure 6. The individual ring-width time series from the sound surface of the experimental trees (Pinus densiflora)
and the master chronology which is the mean time series of the individual ones.
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Table 2. The statistical results of TVBP and G values between individual ring-width time series from the sound side of each experimental

tree (Pinus densiflora) and the local master chronology.

WRIJGPD WRJGPD  WRJGPD  WRJGPD WRJGPD WRIGPD  WRIJGPD  WRIGPD
01 02 03 04 05 06 07 08
OVL (years) 78 95 79 92 79 86 90 86
TVBP 5.0 53 5.8 10.0 15.7 59 10.1 11.0
G-value (%) 68 68 68 77 77 68 66 79
WRIGPD WRJGPD  WRJGPD  WRJGPD  WRJIGPD Average Standard
09 10 11 12 13 & deviation
OVL (years) 86 75 92 84 85 85.1 6.1
TVBP 13.2 15.7 6.4 6.9 77 9.1 3.8
G-value (%) 79 73 74 73 71 72.4 4.6
GSL skoksk skskok skoksk skskok kskok _ —

OVL: the number of annual rings of curve overlapping; GSL: the level of significance of the G value (Gleichlaufigkeit),

% p<0.05, **: p<0.01, ***: p<0.001
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Figure 7. Dating of the death years of the dead Korean red pines (Pinus densiflora)
based on their synchronizations with the local master chronology.



248 BREILAMRRIZ2 S5

A1 A2Z (2022)

1962-1975

WRJGPDO1
WRJIGPDO2
WRJIGPDO3
WRJIGPD04
WRJIGPDOS
WRJIGPDO06
WRJIGPDO7
WRJIGPDO08
WRJIGPD09
WRJIGPD10
WRJGPD11

WRJGPD12

WRJGPD13

1940 | 2017
1920 O 2018
1933 [ ] 2011

1928 a 2019
1941 1 2019
1934 B 2019
1930 [ ] 0 2019
1934 [ ] 2019
1934 M [ 2019
1945 | 2019
1924 [ ] i 2019
1936 B 2019
1935 ! 1 i 2019

1910 1920 1930 1940 1950

L
1960

1970 1980 1990 2000 2010 2020

Figure 8. The time span of ring-width time series () and the years with the wood cells in the outmost tree ring on the
wounded surface (O: the outmost tree ring has only earlywood; m: the outmost tree ring has uncompleted latewood).
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Table 3. The years with the wood cells in the outmost tree ring on the wounded surface.

WRIGPD WRIGPD WRIGPD WRIGPD WRIGPD  WRIGPD WRIGPD WRIGPC
01 02 03 04A 04B 05 06A 06B
RY 1975 1974 1974 1974 1963 1972 1963 1975
wC EwW EW LW EwW LW LW EW LW
WRIGPD WRIGPD WRIGPD WRIGPD WRIGPD WRIGPD WRIGPD WRIGPD WRIGPD
07A 07B 08 09A 09B 10 11 12 13
1973 1966 1973 1970 1962 1973 1972 1975 1972
EW LW LW EwW EW Lw Lw Lw EwW

RY : the year for the resin collection; WC: wood cells in the outmost tree ring.
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Table. 4. The length of healed wound and the duration of wound healing.

Length of healed wound

Duration of wound healing

D (cm) (year)
LWI LWII Total LWI LWII Longest
WRIJGPDO1 7.4 7.6 15.0 40 43 43
WRIJGPDO02 6.0 7.0 13.0 45 45 45
WRIJGPDO03 10.5 9.0 19.5 38 37 38

LWI: left side of the transverse plan in Figure 5; LWIL: right side of the transverse plan in Figure 5.

et Ad Aol mhEw, s o] % o] RR S H
Tl & A ] YH] = Ht 40.2 em & THChoi et al., 2020).

o Aol Al SHIEL ATF A 7] o] 038 omE
AgFioie 9 9)B7kx) A EE 717k oF 10540l
et ey oy S ol wheba] ARFEFol| 2ol
7} ZA%cHByun et al., 2013; Kim et al., 2017). wh2}A]
= A7 A7 28T dlol= ot AlRkE alesloF &
Rolct,
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