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Geographic Variation in Needle Characteristics
of Pinus densiflora in Korea

Cheul-Ho Lee*, Chang-Ho Shin and Kyu-Sick Kim

Department of Plant Conservation, Korea National Arboretum, Pocheon 487-821, Korea

Abstract - This study was carried out to investigate geographic variation in needle characteristics of Pinus densiflora,
one of the most economically important tree species in Korea. Needles were collected from 35 natural populations and
their morphological and anatomical characteristics were studied. ANOVA showed statistically significant differences
among populations as well as among individuals within populations in needle length, needle width, number of stomata

row, density of stomata in 0.25m7, number of serrations in 0.5mm, and number of resin ducts. In all these traits, variance
components among individuals within populations were larger than those among populations. The density of stomata in

0.25mr* increased as the latitudes and elevations of the populations increased, while the number of serrations in 0.5mm
decreased as the decrease of latitudes and elevations. The number of resin ducts was higher in inland populations than in
coastal populations. The resin duct index appeared to be higher in western populations than in eastern populations.
Cluster analysis based on morphological characteristics divided populations into three groups. The third group was
composed of populations selected from the Taebaek mountains. The number of serrations in 0.5mm of this group was
lower than that of other two groups, while the density of stomata in 0.25m was higher.
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Fig. 1. Locations of natural populations in Pinus densiflora need for this
study.
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Table 2. Analysis of needle characteristics in P. densiflora from 35 locations

Mean SE. Minimum Maximum
Needle length (cm) 8.8 13 45 119
Needle width (mm) 12 0.1 09 14
Number of stomata row 70 1.1 42 114
Density of stomata per 0.25m’ 205 29 11.8 302
Number of serration per 0.5mm 134 18 8.1 19.7
Number of resin canal 75 1.7 2.8 17.8
Resin duct index 0044 - 0.008 0.108
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Table 3. Analysis of variance for needle characteristics
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. Mean square Variance component(%)

Variable Population Tree Errore Population Trees Error
Needle length 3792.00** 1482 00** 59.00 135 612 253
Needle width 046** 0.07** 001 174 50.1 325
Number of stomata row 60.97** 9.66%* 1.16 119 373 508
Density of stomata 371.60%* 66.70%* 14.10 7.7 251 672
Number of serration 144 90** 25.20%* 3.00 10.8 376 516
Number of resin canal 94.23** 20.94** 1.06 11.6 596 325

** indicates significance at 1% level.
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Table 4. Correlation between morphological traits of needles and locations of natural populations

Needle Needle Number of Density of Number of Lati Longi Al Distances from
length width  stomatarow stomata  serration atl. ngt. % the nearest ooast
Needle length - - - - - 0.061 -0.422* 0.168 -0.082
Needle width 0.488** - - - - 0312 -0.135 0424*  -0.348*
Number of stomata row 0.381* 0.866** - - - 0322 0.201 0357 -0336*
Density of stomata 0.324 0.627** 0.868** - - 0.398* -0.103 0364*  -0.293
Number of serration 0011 -0.256 -0.216 -0.176 - -0.345* -0.129 -0344* 0218
Number of resin canal 0436%  0.661%* 0.664**  (0.576%* 0225 0.095 0073 -0.208 -0412%
Resin duct index 0.230 0.406* 0.369* 0.182 0.158 -0.195 -0.400* -0.105 -0.265
** and * indicate significance at 1% and 5% levels, respectively.
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Fig. 2. Cluster analysis of natural populations with morphological traits
of needles.
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