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Abstract: Pine wilt disease (PWD) in Gyeonggi province was first detected in Gwangju in 2007, and ever since has
caused extensive damage. Insect vector and host tree in Gyeonggi province are Monochamus saltuarius and Pinus
koraiensis, respectively, which are different from the southern region that consist of Monochamus alternatus and Pinus
densiflora. Consequently, spread and mortality characteristics may be different, but our understanding is limited. In
this research, we utilized the spatial data of newly infected trees in Gyeonggi province from 2008 to 2015 to analyze
how it is related to various environmental and human factors, such as elevation, forest type, and road network. We
also analyzed the minimum distance from newly infected tree to last year’s closest infected tree to examine the
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dispersal characteristics based on new outbreak locations. Annual number of newly infected trees rapidly increased
from 2008 to 2013, which then stabilized. Number of administrative districts with infected trees was 5 in 2012, 11
in 2013, and 15 in 2014. Most of the infected trees was Pinus koraiensis, with its proportion close to 90% throughout
the survey period. Mean distance to newly infected trees dramatically decreased over time, from 4,111 m from 2012
to 2013, to approximately 600 m from 2013 to 2014 and 2014 to 2015. Most new infections occurred in higher
elevation over time. Distance to road from newly infected trees continuously increased, suggesting that natural
diffusion dispersal is increasingly occurring compared to human-influenced dispersal over time.
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Table 1. Annual number of newly infected trees.
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(Unit : trees)

Year

Cities 2008 2009 2010 2011 2012 2013 2014 2015 Total
Gwangju - 37 70 141 497 1,025 875 842 3,487
Namyangju 13 36 13 169 223 321 819 731 2,325
Yongin - - - 76 124 375 214 431 1,220
Seongnam - 3 4 85 155 116 580 248 1,191

Pocheon - - - - 100 540 99 351 1,090
Yangpyeong - - - - - 166 68 122 356
Yeoncheon - - - - - 256 21 6 283

Yangju - - - - - 77 138 67 282
Anseong - - - - - 56 25 65 146
Hanam - - - - - 21 17 43 81

Gapyeong - - - - - 1 6 64 71

Yeoju - - - - - - 49 3 52
Icheon - - - - - - 10 6 16
Uiwang - - - - - - 13 3 16
Pyeongtaek - - - - - - 4 4 8
Total 13 76 87 471 1,099 2,954 2,938 2,986 10,624
Rate of increase 485% 14% 441% 133% 169% -1% 2%
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Figure 1. Distribution of new pinewood nematode infected trees from 2008 to 2015 in Gyeonggi Province.
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Table 2. Minimum distance between newly and previously infected trees.
Year N min median mean max
(m) (m) (m=SD) (m)
2008~2009 76 46 26,670 16,830+15,429 35,540
2009~2010 87 1 640 917+£920 4,323
2010~2011 471 22 676 893+774 4,030
2011~2012 1,099 0 371 3,003+7,787 36,060
2012~2013 2,954 0 444 4,111+8,932 37,330
2013~2014 2,938 0 293 577£1,743 42,438
2014~2015 2,986 1 274 666+1,345 14,972
Table 3. Cumulative proportion of new pinewood nematode infections across distance classes. (Unit : %)
nit @ 7
Year Range (km)
() 0.1 0.3 0.5 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
2013 16.5 38.5 52.6 66.5 76.1 78.1 80.7 81.0 81.4 81.7 87.9 89.9 90.0
(2,954)
2014
(2,938) 25.6 50.4 69.8 90.8 96.5 97.3 98.2 98.9 99.0 99.1 99.1 99.2 99.3
2015
(2,986) 15.0 532 67.7 85.8 94.4 96.1 97.3 98.1 99.0 99.0 99.2 99.3 99.3
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Table 4. Elevational distribution of newly infected trees.
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Year i min. median mean max.

(m) (m) (m+SD) (m)
2008 13 146 228 232+55 343
2009 76 72 147 173+£76 344
2010 87 55 110 121+43 268
2011 471 56 143 155463 427
2012 1,099 43 143 162+80 533
2013 2,954 14 135 146+65 587
2014 2,938 3 159 170+77 563
2015 2,986 25 155 166+73 502
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Table 5. Overall proportion of forest types where new infected trees occurred.

P. densiflora infection P. koraiensis infection

Forest type Trees Perczoe/zl)tage Trees Perioe/zl)tage
Broadleaf forest 458 50.0 1,303 213
Mixed forest 119 13.0 775 12.7
Non-forest 175 19.1 1,909 31.3
Conifer 110 12.0 1,147 18.8
Red pine forest 13 1.4 32 0.5
Korean pine forest 41 4.5 942 154
Total 916 100.0 6,108 100.0

100% pom

i .

75%

M Korean pine forest

ORed pine forest
@ Conifer

B Broadleaf forest
@A Mixed forest

B Non-foreset

EN\I|

0% : o B T Ot I e
2008 2009 2010 2011 2012 2013 2014 2015

Figure 2. Annual proportion of forest types where new
infected trees occurred
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o 4 glolth. $HE UACR & ATOME 7157t 5. ALUSKHMES St Z2oto 2

e Ao 715 FolA 2UFANF ] WA A mReyE FPEsiKe] HaAE Avuw 2008

S AR sa%e] IAE AR et QAHRE AR 201597 M4 0-2 mE uj$ 2 &
2o 4] A|<I5HrhRobinet et al, 2009). FAA 714 AE ek WA Az AvHw 200840 1,033 mE

TS toR G AT ATAe] thbe]  Z]Eg ol 2009Wel 1819 mi E7FsHTHA 2010
AU QAo T o] P4k A BAel Wl 1553 m2 st ot olEs 2329 mE AA &
A A|2l3teArSon et al, 2006). ATHOE HAPS X ASYL ol FRE A7 FAbHE FAZ BT
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Table 6. Distance from road to newly infected trees.

A107H A45 (2018)

Year n min median mean max
(m) (m) (m=SD) (m)
2008 13 1 240 393+306 1,031
2009 76 2 275 312+300 1,819
2010 87 2 227 319+210 1,553
2011 471 0 241 2854263 2,329
2012 1,099 0 272 351+310 2,479
2013 2,954 0 287 369+362 2,329
2014 2,938 0 296 386+348 2,377
2015 2,986 0 331 442+403 2,801
Table 7. Road density of newly infected area.
Year min media7n mean max
(m/kn) (m/km) (m/kn£SD) (m/knr)
2008 2,892 3,177 3,333+147 4,019
2009 1,881 3,148 3,125+821 5,289
2010 1,879 2,897 3,246+763 7,533
2011 1,028 3,234 3,184+1,059 8,929
2012 544 2,973 3,147+1,095 7,960
2013 173 2,175 2,383+1,073 7,602
2014 182 2,945 3,146+1,159 8,347
2015 179 2,065 2,445+1,129 8,822
Gyeonggi - 1,161 2,302+1,565 10,410
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