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ABSTRACT This study identified Korean red pine (Pinus densiflora) and exotic pines (Pinus resinosa,
Pinus sylvestris) with a similar anatomical structure using a dendro-anatomical method that applied
dendrochronology, tracheid length, and uniseriate ray cell size. Korean red pine samples were collected
from 13 national parks, while exotic pine samples were secured from two wood importers. Tracheid
length was measured by distinguishing earlywood from latewood, and uniseriate ray height and cell
number were determined. As the exotic pine tree-ring chronology was consistent with the foreign
standard tree-ring chronology and displayed high statistical significance, the country and region where
the pine samples had been felled and the exact felling date were confirmed. According to the results,
which compared tracheid length and uniseriate ray size, no difference was observed between the Korean
red and Russian pines. However, the tracheid length of the Russian pines turned out to be slightly
longer than the length of the Korean red pine. Additional research securing a larger number of exotic
pines (P.resinosa, P.sylvestris) is required to yield more accurate results in the future.
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2020; Hong et al., 2014; Kim and Jung, 2007; Yang, 2019).
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Table 1. The information of site characteristics and sample replication

. Number of trees Range of

. National . . . .

Region park Latitude / longitude for for cell |sampling altitude

chronology analysis (m as.l)

Seoul Bukhan 37°39°N/126°58’E 20 3 318-720

Seorak 38°07°'N/128°28’E 20 3 383-840

Gangwon

Odae 37°48'N/128°41’E 11 3 298-520

Worak 36°59°'N/128°15°E 20 3 351-940

cCh}:(‘)‘r‘Igg Songni 36°33’N/127°51°E 20 3 348-890

Gyeryong 36°20°'N/127°11’E 13 3 627-732

dei ;’;;’;m . Juwang 36°24'N/129°1 I’E 20 3 305-884
Sya‘;fgg Soback 36°57'N/128°29°E 20 3 548-1274

Gaya 35°48'N/128°06’E 20 3 388-988
Jiri 35°16’'N/127°33°E 19 3 310-1024

Jeolla Byeonsan 35°36’N/126°35°E 12 3 30-413

Mudeung 35°09°'N/126°59°E 18 3 138-629

Deogyu 35°50°N/127°44’E 20 3 418-989

Pinus Russia - - 30 3 -
Sylvestris Europe - - 30 3 -
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Figure 1. Sample preparation for the measurement of tracheid length and uniseriate ray height. (A) Splitting tree rings
in longitudinal direction considering earlywood and latewood. (B) Staining tracheids in Safranine. (C) Measuring
uniseriate ray height and counting uniseriate ray number.
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Figure 2. Micrographs of Pinus sylvestris. (A-C) Samples imported from Russia. (D-F) Samples imported from Europe.
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1830 1800 1810 1820 1830 1840 1950
Sample Ref. PosL FosR OVL Glk GSL _SG 5_G 556 55i RSi 3CC

1960 1870 1980 1980 2000 2010 2020
TV TVBP TVH CDI Datel DateR

RUSSIA 15 RUS-pinegaN mas 156 282 117 69 *** 86 24 29 28 115 78 13.5 6.4 7.8 35 1893 2019

Figure 3. The statistic value of cross-dating between representative chronology of samples imported
from Russia (red) and standard chronology of Pinus sylvestris in Russia (black).
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Figure 4. The statistic value of cross-dating between representative chronology of samples imported
from Europe (red) and standard chronology of Pinus sylvestris in Germany (black).

WolA] AASE  avpre] <lg 24 JhEa B Zoks 274388 mm A}
Tk M Wt Aol& 2.64-3.73 mm

TerE 2 ook Aol AT vl Aol aipo} dgy 24
ol

gul

)
N
i.n
e
o,

U] 2o v ZHe et ol 343-3.69 mm
ol st 2UHEE9 3047 A 9} 3.47-3.65 mm Abo] & ZA % ¢l chFigure 5, 6). = A

Fhegh ol o Aol AT ALl AF e b LolE S old ATENME 44
Zol7t Z7koks sk pEA ootk S 9 hEw dol: 2 A 325407 mm, WAE

4100

3900

Hm 2300

2900 S—
2700
2500

1937 1985 1989 1990 1991 1992 1993 1994 1995 1996 1997 1995 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Figure 5. Annual variations of tracheid length in earlywood. Black graphs indicates the
Pinus densiflora by region in Korea. Red graph indicates the Pinus sylvestris
in Russia. Yellow graph indicates the P. sylvestris in Germany.
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Figure 6. Annual variations of tracheid length in latewood. Black graphs indicate the
Pinus densiflora by region in Korea. Red graph indicate the Pinus sylvestris
in Russia. Yellow graph indicates the P. sylvestris in Germany.
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Bukhan Seorsk Odase  Worak Songni Gyeryong Juwang Sobask  Gaya  Jiri

Figure 7. Average length of tracheid on each region (blue: earlywood, red: latewood).

315381 mmeg ZA o] & dAof|x SAH Auket
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Figure 8. Average height of uniseriate ray on each region.
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Figure 9. Average number of cells per uniseriate ray on each region.
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