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ABSTRACT

This study was carried out to investigate some characteristics of selected trees recognized as natural

hybrid between Pinus densiflora and Pinus thunbergiéi for improving resistance to pine leaf gall midge.

The results obtained were as follows.

1.

In the mean annual increment and the growth in the period of latest 5 years of DBH, hybrid pines
showed intermediate value of the parents, Pinus densiflora and Pinus thunbergii. However, thers was

remarkable variation among individuals of hybrid pine.

. The trees having resin duct index (RDI) value larger than 0.1 for the position of resin duct in needle

was classified as hybrid pine.
The leaf and leaf sheath of Pinus thunbergii was longer than that of Pinus densiflora and the
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distance between rows of stomata on needles of Pinus thunbergii was longer than that of Pinus

densiflora, and the values of those observations on hybrid pine were intermediate between the parent

species. However, differences among individual was observed.

3. In the size of cone and seed,

and weight of 1000 seeds,

like in the leaf characteristics, Pinus

thunbergii showed higher value than Pinus densiflora and those values of hybrid were intermediate

between the parent species.

4. Assuming isoenzyme ADH-B,, ME-A,,

PGI-B,

and PGI-B, alleles observed in the hybrids were

introgressed from Pinus thunbergii, the hybrid pine can be easily identified by these isoenzyme alleles.

However, the individuals which do not have those alleles can not be identified.

Key words . Resin duct index, Isoenzyme, Introgression.
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Table 1. Growth performance of the putative hybrid pine and its parents growing in Uljin and Youngduk.

. Mean annual Diameter increment
Species Individual Age Helght D.B.H diameter in the last
(m) (cm) . N
increment (cm) 5 years(cm)
Youngduk 5 10 6.5 12.0 0.60 1.7
Youngduk 7 18 9.5 13.6 0.38 1.9
Uljin 22 17 5.2 9.0 0.26 1.1
Uljin 13 32 14.0 31.0 0.48 1.4
Uljin 44 34 14.6 34.6 0.51 1.7
Uljin 50 25 6.5 15.0 0.30 1.4
Uljin 52 17 5.2 9.0 0.26 1.1
Youngduk 3 30 16.0 24.2 0.41 1.5
Uljin 42 39 14.9 37.2 0.48 2.5
Pinus Uljin 18 14 5.5 11.6 0.41 1.6
densiflora Uljin 46 23 7.5 24 .4 0.53 1.2
Uljin 53 32 14.0 31.0 0.48 1.4
Uljin 5 14 7.0 12.8 0.46 1.8
Uljin 41 26 15.3 39.0 0.75 2.4
Uljin 43 27 10.2 22.8 0.42 1.6
Uljin 38 13 5.5 9.6 0.37 1.6
Youngduk 1 21 14.0 20.4 0.49 2.4
Youngduk 2 22 12.5 14.0 0.32 1.5
Youngduk 4 26 9.0 14.4 0.28 1.0
Uljin 30 15 6.0 14.2 0.47 2.5
Uljin 51 21 6.9 19.0 0.45 1.9
Uljin 15 14 6.5 9.8 0.35 1.1
Uljin 16 20 9.0 18.6 0.47 1.6
Uljin 45 37 14.1 31.6 0.43 1.6
Uljin 48 17 6.3 15.0 0.44 2.3
Uljin 31 17 7.0 10.6 0.31 1.4
Hybrid Uljin 10 28 6.7 16.6 0.30 1.1
Pine Uljin 26 18 6.0 13.8 0.38 1.1
Uljin 47 19 6.5 18.0 0.47 2.1
Uljin 32 12 9.4 15.6 0.65 2.8
Youngduk 1 13 10.0 11.0 0.31 1.6
Uljin 49 26 7.5 24.6 0.47 2.5
Uljin 54 21 9.8 22.0 0.52 1.6
Uljin 12 29 8.4 28.4 0.49 2.4
Youngduk 4 17 9.5 18.4 0.54 1.8
Youngduk 2 19 10.0 15.6 0.41 2.9
Uljin 26 24 7.2 13.0 0.27 0.9
Uljin 29 32 8.9 21.6 0.34 1.3
Youngduk 1 15 6.5 13.0 0.43 2.0
Youngduk 2 14 8.0 12.4 0.44 2.2
Youngduk 3 17 8.5 13.6 0.40 1.1
Youngduk 4 18 9.0 14.4 0.40 1.7
Pinus Youngduk 5 16 8.9 12.2 0.38 1.8
thunbergii Uljin 21 30 14.5 32.0 0.53 2.7
Uljin 22 26 15.4 42.0 0.81 2.6
Uljin 23 32 16.3 49.0 0.77 2.3
Uljin 24 26 7.5 15.4 0.30 0.8
Uljin 25 25 9.1 23.2 0.46 1.8
Uljin 27 24 8.0 16.6 0.35 1.2
Uljin 28 21 7.7 16.0 0.38 1.2
Uljin 30 30 8.5 17.4 0.29 1.6
el BEREMES FEI e oEH S 2084 2. $13 F HiFEMo Wit
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Table 2. The frequency of resin duct index on Pinus densiflora and Pinus thunbergii .

. .. Number of .
Species Individual investigated needle External Medial RDI
Youngduk 5 20 122 0 0.00
Uljin 25 20 116 0 0.00
Youngduk 6 20 124 0 (.00
Youngduk 7 20 91 0 0.00
Uljin 24 20 150 0 0.00
Uljin 23 20 96 0 0.00
Uljin 22 20 193 2 0.01
Uljin 9 20 161 2 0.01
Uljin 13 20 122 2 0.02
Uljin 44 20 156 3 0.02
Uljin 20 20 120 4 0.03
Piaus Uljin 50 20 139 4 0.03
densiflora Uljin 52 20 202 6 0.03
Uljin 11 20 126 5 0.04
Youngduk 3 20 141 6 0.04
Uljin 42 20 187 7 0.04
Uljin 18 20 140 7 0.05
Uljin 17 20 136 8 0.05
Uljin 46 20 136 7 0.05
Uljin 53 20 214 12 0.05
Uljin 5 23 119 9 0.07
Uljin 41 20 129 11 0.08
Uljin 8 20 89 9 0.09
Uljin 43 ) 20 152 ) 15 0.09
Uljin 30 20 139 15 0.10
Uljin 2 20 199 23 0.10
Uljin 51 20 103 13 0.11
Uljin 6 20 181 29 0.12
Uljin 15 20 154 30 0.16
Uljin 16 50 187 42 0.18
Uliin 4 20 83 30 0.25
Uljin 45 20 148 58 0.28
Uljin 48 20 90 56 0.38
Uliin 31 20 93 60 0.39
Uljin 10 20 103 74 0.42
Uljin 26 21 96 75 0.44
Hybrid Uljin 27 20 66 54 0.45
Pine Uljin 3 20 69 64 0.48
Uljin 47 20 60 56 0.48
Uljin 29 20 64 56 0.53
Uljin 14 20 35 44 0.57
Uljin 32 20 54 78 0.59
Youngduk 1 100 171 292 0.63
Uljin 49 20 41 76 0.65
Uljin 7 20 26 51 0.66
Uljin 33 20 20 42 0.67
Uljin 54 20 58 144 0.71
Uljin 12 20 33 92 0.74
Uljin 4 100 67 245 0.79
Uljin 2 w (A 38 0.84
""""""""""" Uljin 1 100 32 172 0.84
Uljin 26 20 6 101 0.94
Uljin 29 20 10 175 0.95
Uljin 31 100 3 213 0.99
Youngduk 1 100 8 526 0.99
Youngduk 2 20 0 123 1.00
Finus Youngduk 3 20 0 88 1.00
thunbergii Uljin 21 20 0 191 1.00
Uljin 22 20 0 207 1.00
Uljin 23 20 0 139 1.00
Uljin 24 20 0 183 1.00
Uljin 25 20 0 96 1.00
Uljin 27 20 0 185 1.00
Uljin 28 20 0 177 1.00
Uljin 30 20 0 150 1.00
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Table 3. Characteristics of needles on Pinus densiflore and P . thunbergii .

Needle length Length of Needle length Number of
Species Individual +SD leaf sheath /Length of stomata row
{cm) +SD{cm) leaf sheath +SD
Youngduk 5 6.59+0.56 0.87x£0.14 7.57 4.17=0.48
Uljin 25 6.75£0.66 0.81=0.12 8.33 4. .75
Youngduk 6 6.93+0.97 0.78+0.08 8.88 4. .38
Youngduk 7 7.06£0.61 0.81+0.15 11.57 4. .73
Uljin 24 8.07+0.86 0.91+0.13 8.87 4.13%20.61
Cljin 23 8.88x+0.86 0.82+0.80 10.32 4.15£0.48
CUljin 22 8.44:-0.49 0.93+0.12 9.08 3.95+0.15
Uljin 9 9.15=-0.53 0.99+0.07 9.24 4.65=0.61
Uljin 13 11.37x0.62 1.13+0.06 10.06 3.980.49
Uljin 44 8.55+0.29 0.91£0.10 9.40 3.45x0.42
Uljin 20 9.174+0.71 0.86+0.09 10.66 3.48%0.49
Pinus Uljin 50 6.64+0.70 0.83+0.73 8.00 3.70%+0.51
densiflora Uljin 52 10.55+0.39 0.84+0.06 12.56 3.35x0.45
Uljin 11 8.35+0.59 0.74%0.08 11.28 3.83=0.58
Youngduk 3 8.18+0.44 0.86£0.07 9.51 3.78=0.59
Uljin 42 8.81=0.70 0.97+0.11 9.08 4.15+0.50
Uljin 18 9.63+0.46 0.94%+0.19 10.24 4.15=0.61
Uljin 17 7.28%1.42 0.75x0.08 g.71 3.55+0.63
Uljin 8.99+0.34 0.99+0.13 9.08 3.
9.00+0.45 0.81+0.14 11.11 4,
8.07=0.89 0.68+0.11 11.87 4.
9.26+0.52 1.05£0.15 8.82 3.3
7.42x1.20 0.71+£0.15 10.45 3.
1 3

7.
9.
9.
5.
6.
9.
9.
8.
Hybrid Uljin 27 8.
Pine Uljin 3 9.
Uljin 47 7.09+1.
Uljin 29 7.05+0.4
Uljin 14 11.3940.6
Uljin 32 11.68+0.83 12:£0.34 42
Youngduk 1 10.45+1.15 .9540.11 .00
Uljin 49 8.3340.68 .03+0.14 .09
Uljin 7 10.49x1.10 .094+0.06 .62
Uljin 33 10.66+1.03 .10+£0.28 .69
Uljin 54 12.97£4.95 .10+£0.15 11.79
Uljin 12 11.5940.41 .13+0.09 10.26
Youngduk 4 11.4940.97 06+0.14 10.83
Youngduk 2 11.12+1.32 0. 824012 1356 2.65+0.56
-------- Uljin 1 14.421+0.36 1.30+0.12 11.09 3.35%+0.59
Uljin 26 8.96+0.69 1.00+0.05 8.96 2.85+0.32
Uljin 29 15.11+1.44 1.39+0.07 10.87 3.400.44
Uljin 31 12.564:1.42 1.15+0.09 10.92 3.15+0.48
Youngduk 1 12.9340.84 1.11+0.15 11.65 3.45+0.47
Youngduk 2 13.34+1.26 1.11+0.15 12.02 3.35+0.37
Pinus Youngduk 3 13.61+1.26 1.19+0.06 11.43 3.17+0.56
thundergis Uljin 21 11.93+0.75 1.27-£0.08 9.39 3.60+0.49
Uljin 22 13.09+0.31 1.55+0.07 8.45 3.80x0.40
Uljin 23 13.86%0.57 1.440.07 9.63 3.05+0.35
Uljin 24 12.60+0.75 1.30+0.11 9.69 3.20£0.40
Uljin 25 14.05+0.53 1.17=0.08 12.01 3.25%£0.40
Uljin 27 12.48+0.74 1.4020.07 8.91 3.20+0.33
Uljin 28 15.47+0.70 1.5620.06 9.92 3.75+0.40
Uljin 30 15.77+£0.77 1.40:£0.07 11.26 3.40%0.44
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Table 5. Allele frequencies of ADH, ME, PGI on Pinus densiflora and Pinus thunbergii .

Species Individual RDI ADH ME PGl
genotype genotype genotype
Youngduk 5 Q.00 BlBa A4A4 BiBs
Uljin 25 0.00 B:B; AA, B:Bs
Youngduk 6 (.00 BxBa A3A¢ BsBs
Youngduk 7 0.00 B.B; AA, B;B;s
Uljin 24 0.00 Bst A4A4 BaBa
Uljin 23 0.00 B.Bs AsA, BB,
U]jiﬂ 22 0.01 BB, AA, B;B,
Uljin 9 0.01 BB, ALA, B:B;
Uljin 13 0.02 B.B; ALA, B;Bs
Uljin 44 0.02 BiBs ALA, BB,
Uljin 20 0.03 BB, AA, BB
Pinus Uljin 50 0.03 B.B, AA, BB,
densiflora Uljin 52 0.03 BB, ALA, B:B;
Uljin 11 0.04 Bng A1Az BzBa
Youngduk 3 0.04 B:B, ARA, BB,
Uljin 42 0.04 B.B. AiA, BB,
Uljin 18 0.05 B.:B; ALA, B.B,
Uljin 17 0.05 B.\B; AA, BB,
Uljin 46 0.05 B;Bs ALA, BB,
Ul]ln 53 0.05 BB, AzA, BB,
Uljin 5 0.07 BB, ALA, B;B;
Uljil’l 41 0.08 BaBs A4A4 BaBa
Uljiﬂ 8 0.09 B\B; AA, B.B,
Uiin43 009 BBy Ada BBy .
Uljin 30 0.10 BzB:! A2A4 BzBa
Uljin 2 0.10 B.B: ALA, B.B,
Uljin 51 0.11 B.B: A1A4 8381
Uljin 6 0.12 B\B. AzAz BIB2
Uljin 15 0.16 B;B; AsA B:Bs
Uljin 16 0.18 Bst AzAA B3B3
Uljin 4 0.25 BB, AA, B,B,
Uljin 45 (.28 B.B; ALA, B;B;
Uljin 48 0.38 8383 AzAz BzBs
Uljin 31 0.39 BB AA, B,B,
Ujin 10 0.42 B.B. ALA, B;B,
Uljin 26 0.44 B.B. AA, B.B;
Hybrid Uljin 27 0.45 B3B, AzA, B;B,
Pine Uljil’l 3 0.48 Bst AIAA B3B3
Uljin 47 0.48 B3B, AGA, B;B;
Uljin 29 0.53 BB, AA, B,B;
Uljin 14 0.57 B,B, ACA, B.B;
Uljin 32 0.59 B.B; AA, B.B;
Youngduk 1 0.63 B,Bs ALA, B,Bs
Uljin 49 0.65 B,B; ALA, B;B:
Uljin 7 0.66 BzBa ALA, B.B.
Uljin 54 0.71 B,B, ALA, BB,
Uljin 12 0.74 BzBa A2A4 BzBs
Youngduk 4 0.79 B.B, ALA, B:B,
Youngduk 2 0.84 BB, AA, ] BB,
Uljin 1 0.84 B.Bs ALA, BB,
Uljin 26 0.94 B.\B, AjA, B.B.
Uljin 29 0.95 B.B. AA, BB,
Uljin 31 0.99 B.B; AA, B.B.
Youngduk 1 0.99 B.Bs AA, BB,
Youngduk 2 1.00 B.B; AA, B.B,
Pinus Youngduk 3 1.00 B.B: AA, B.B:
thunbergii Uljin 21 1.00 BzBa A2Az Bsz
Uljin 22 1.00 BB, A:A, B.B,
Uljin 23 1.00 B.B, ALA, B,B.
Uljin 24 1.00 B;Bs AzA, BB,
UIjin 25 1.00 Bsz AZAA Bsz
Uljin 27 1.00 B.B, AA, B.B.
Uljin 28 1.00 BsBs AA, B.B.
Cljin 30 1.00 B,B: AA, B.B.
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