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The damage of Monochamus alternatus on different host pine species in
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Abstract: Monochamus alternatus, a secondary longhorned borer, is the main vector of the pine nematode
disease. Clarifying the damage and regularity of outbreak of this pest in different host plants in the Qinling-
Daba Mountains is particularly important to control the spread of pine nematode disease. The number of

entrance holes and the population of overwintering larvae of M. alternatus in the trunk of three pine species
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( Pinus tabuliformis, P. armandii and P. massoniana) were investigated, and their correlations to the
diameter at breast height (DBH) and the height of damaged site on the trunk were analyzed using the
aggregation index analysis method, aiming to reveal the damage difference of M. alternatus in different tree
species. The results showed that the damage degree of this pest to the three pine tree species were
significantly different, among which the damage to P. armandii was most severe, followed by that to P.
massoniana and P. tabuliformis subsequently. The overwintering larvae of M. alternatus damage P.
tabuliformis mainly in the sapwood about 1 ~2 cm underneath the bark. Whereas, in both P. armandii
and P. massoniana the overwintering larvae damage the pith most severely, followed by the heartwood,
sapwood and the bark subsequently. In P. tabuliformis and P. armandii, the larvae of M. alternatus
mainly distributed in the trunk where the height of the damaged site was usually less than 7 m above the
ground. However, the larvae damage P. massoniana mainly in the trunk where the height of the damaged
site was usually higher than 7 m above the ground. The number of entrance holes and the number of
overwintering larvae were significantly, positively correlated with DBH. The entrance holes and
overwintering larvae of M. alternatus in different pine trees were aggregated. The damage characteristic of
M. alternatus to different hosts in the Qinling-Daba Mountains provided information to future studies of host

selection and damage mechanism of this pest in large-scale geographic patterns, which were helpful to the
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control of this vector sawyer beetle and the related pine wilt disease in the Qinling-Daba Mountains.
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distribution ; pine wilt disease
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Table 1 Investigation sites of Monochamus alternatus in Qinling-Daba Mountains

RSN NGBS 2P (E) B (N) W (m)
Investigation sites Pine species Longitude Latitude Altitude
JRUEE R B A1 P. armandii 109°21'34" 33°43'59" 659. 00
Fenghuang Village, Fenghuang Town Jii#\ P. tabuliformis
VEsk B AL T Ak RPN P. armandii 109°06'03" 33°74'21" 931.33
Zhashui County ~ Yaowangtang Village, Yingpan Town JM¥A P. sabuliformis
TR ALK WS P tabuliformis  109°08'54” 33°37'42" 736. 06
Shaping Community, Xialiang Town
Sy M4 YA LEWN P. massoniana 108°03"26" 33°30'08" 605. 97
Wusi Village, Daheba Town
i B S IV Y B A LMY P. massoniana 108°61'34" 33°29'43" 769. 05
Foping County Shaping Village, Daheba Town
SR IR K BER LEWN P. massoniana 108°01"28" 33°27'48" 1078. 06
Shuitianping Village, Daheba Town  Ji¥\ P. tabuliformis
Ik A SR A A1 P. armandii 108°19'51" 33°17'59" 822.83
TRk Hanba Village, Chengguan Town — Jiifit P. tabuliformis ~ 108°19'48" 33°18/00" 807. 02
Ningshan County RO BT 10K P armandii 108°14'37" 33°18'56" 725. 11
Tangping Village, Chengguan Town
[ B A X
BN P. massoniana 107°50'42" 32°59'46" 509. 88
Xixiang County  Gucheng Community, Yankou Town
I R HE VR A LMY P. massoniana 108°54'35" 32°18'30" 758. 63
S Yanxi Village, Chengguan Town
Langao County e T R AT LM P. massoniana  108°53'01" 32°3032" 412.10
Duba Village, Zuolong Town  IL A P. massoniana  108°53'08" 32°30'19” 457.31
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Fig. 1 Damage of Monochamus alternatus in different host pine species
e A, SREMHTIEE 13 m ZABIH (B ; B, IR THEs 7 m AT (BT ) 5 C, AeliAMR T B8 fa
TR D, IR B FRASEFR; E, WA TEFR; F, SRMMETREFR; 6, DREMMTAETmEEFR,
Note: A, Cross-section of the trunk of P. massoniana at 13 m above the ground (both sides) ; B, Cross-section of the trunk of P.
armandii at 7 m above the ground (one-side) ; C, Damage of M. alternatus at the cross-section of P. armandii trunk; D, Damage
of M. alternatus under the bark of P. armandii; E, Damage of M. alternatus under the bark of P. tabuliformis; ¥, Damage of M.

alternatus under the bark of P. massoniana; G, Damage of M. alternatus at the longitudinal section of P. massoniana trunk.

K2 MSRAGHERES =M LR
Fig. 2 Relationship between damage of Monochamus alternatus and the diameter of breast height in three pine species
TE: A, MESBRARALBE S IRROCER; B, S R4 A L) MACE S 219 &, Note: A, Correlation
between the number of entrance holes of M. alternatus and the diameter of breast height in three pine species; B, Correlation

between the number of overwintering larvae of M. alternatus and the diameter of breast height in three pine species.



6 1 MIRFHE ;. Ah SR AT AR R 2 3 1 19 fE 5 ML 1381

2.2 MEXFEIWHFEMNT LHNEESHNE
2.2.1 MSERAAE 3 Faf EW T LR AR
FABE RATE 3 P ¥ A AR AFL I 20 A A7
ERE 2R (K3-A~D), FESREM I, AL
H5 e it o B T o R R T S 0, 3R AR P e A
T B (7 m BB, HERRHR AL
73.17% (Kl13-C), AL b, RAFLEL
EEP TR (0~7 m), 7050 b SR
RAFLEURR 75.17% (iWFs) H176.33% (4E1L
) (K 3-A ~B), HARASLEC R FE b
JEE R 3G T 9 L, (R D ) R AR W 25
FERT 0 ~7 m #B07, RAFLECGEIEE L T REE

P AL g 32 0% 398 T 9/ 1) R A Ry S48 1)
TR AFLEERTEAE LA 0 ~7 m (IR NE LA,

FEXPA A8 R A FEA R 75 32 b 0 2 B 501 26
AR B BE R (K 3-A ~C), Xt
TR TR T, SRRV, R Ly ek
AR 58 S b AR 43 0l e AR (% =0, y =
7.5272) 5 fEIIFA (x =1.2541, y =34.3833),
U, B AN 88 R AR AR A FLAE TS A L A JE
0 ~2 m bl A, X GBI A 45 2R — 2
EIREER RN B R A TEZ WK R % 3 Y
faFEZESUE, RN F R EH, SEM
Wz, MRS (K3-D),

3 FrasRARASLLE 3 PR L i 70 A ML
Fig. 3  Distribution of entrance holes of Monochamus alternaius in three pine species
TE: A, RS BfsrE s B, ARIDFA BR9S3AE; C, BRI BRYSE; D, 3 FhFARS AN 88 K A= 4 BUR ALY TR 43 A

225, Note: A, Distribution of entrance holes of M. alternatus in trunk of P. tabuliformis; B, Distribution of entrance holes of

M. alternatus in trunk of P. armandii; C, Distribution of entrance holes of M. alternatus in trunk of P. massoniana; D, The

difference of vertical distribution of entrance holes of M. alternatus in trunk of three pine species.
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KAA A DX B AH 23 00 e WA (x =0, y =
19.2620); 1y (x =1.9291, y =33.9136),
BT O 7l o /NE - PN S R S ) IR S VARSI TR VN
FEHB O ~2 m oAl N B A, X ST R A

ZER—E, BIRGURERMIM B R AR B A
93 BRI E 2R U, LI IR 52 F o
H, SEMKZ, iR (K4-D),

Bl 4 ASERRARMEACY) AR 3 FRARS I % 3 BT 43 A0 A
Fig. 4 Distribution of overwintering larvae of Monochamus alternatus in three pine species
TE: A, hFA BRI B, ARIDES B C, SRR BRI D, AAERRA A TR 3 R B AT LA A

25, Note: A, Distribution of overwintering larvae of M. alternatus in P. tabuliformis; B, Distribution of overwintering larvae

of M. alternatus in P. armandii; C, Distribution of overwintering larvae of M. alternatus in P. massoniana; D, The difference

of vertical distribution of overwintering larvae of M. alternatus in trunk of three pine species.
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P28 R AR A AL 5 18 4% &)y HUR AH S 1 4 B AN
WA HT R, AL UE SR AFLEURTE P <
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I PR B 48 A i XA 88 R AR AR A FLAE 3 Fil
AR FR SRR TR (2 ~4), GRFIIE
AFLTEAS | A S F BB A A4 T S Ta) s B 4k
IR IREE LI B 1>0, €, >0, m*/m>1,

K5 s KA AR A LR SR A
A Ay HUBCRE AR O
Fig. 5 Relationship between number of entrance holes and

number of overwintering larvae of Monochamus alternatus
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Table 2 Spatial distribution pattern of entrance holes of Monochamus alternatus on Pinus tabuliformis

Wi@im) *ﬁjﬁf P s ﬁjfw&::; e Cil g4 Djﬁic K b
height number Average  Variance degree Index of 1 Index of C, coefficient Index of K
0~1 10 5.7000 20. 4100 8.2807 2. 5807 1. 4528 0. 4528 3. 5807 2.2087
1~2 10 7. 3000 25. 8100 9. 8356 2.5356 1. 3473 0. 3473 3.5356 2. 8790
2~3 10 7.9000  46. 8900 12. 8354 4.9354 1. 6247 0. 6247 5.9354 1. 6007
3~4 10 4. 8000 18. 3600 7. 6250 2. 8250 1. 5885 0. 5885 3. 8250 1. 6991
4 ~5 10 5.7000 13.2100 7.0175 1.3175 1.2311 0.2311 2.3175 4.3262
5~6 9 4.7778 27.7284 9.5814 4. 8036 2. 0054 1. 0054 5. 8036 0. 9946
6~7 9 4. 1111 12. 0988 6. 0541 1. 9429 1. 4726 0. 4726 2.9429 2. 1159
7~8 8 3. 1111 4.9877 3.7143 0. 6032 1. 1939 0. 1939 1. 6032 5. 1579
8 ~9 7 2.1429 3.2653 2. 6667 0. 5238 1. 2444 0. 2444 1. 5238 4. 0909
9~10 5 1. 4286 3. 1020 2. 6000 1.1714 1. 8200 0. 8200 2.1714 1.2195
10 ~ 11 5 3. 0000 10. 3333 5. 4444 2. 4444 1. 8148 0. 8148 3. 4444 1.2273
11 ~12 3 3. 0000 7. 5000 4. 5000 1. 5000 1. 5000 0. 5000 2. 5000 2. 0000
>12 3 2.2500 6. 1875 4. 0000 1. 7500 1.7778 0.7778 2.7500 1.2857
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Table 3 Spatial distribution pattern of entrance holes of Monochamus alternatus on Pinus armandii
height number Average  Variance degree Index of 1 Index of C, coufficient Index of K
0~1 11 35.0909 368. 4463 44.5907 9.4998 1. 2707 0.2707 10. 4998 3.6939
1~2 11 38.63064 373.6860  47.3082 8.6719 1.2244 0.2244 9.6719 4.4554
2-~3 11 31.2727 252.1983 38.3372 7. 0645 1.2259 0.2259 8. 0645 4.4268
3~4 11 31.8182 315.4215 40.7314 8.9132 1. 2801 0. 2801 9.9132 3. 5698
4~5 11 29.7273 329.4711 39. 8104 10. 0831  1.3392 0.3392 11. 0831 2. 9482
5~6 11 28.63064 314.4132 38.6159 9.9795 1.3485 0. 3485 10. 9795 2. 8695
6~7 9 29.7778 497.5062 45. 4851 15.7073  1.5275 0.5275 16. 7073 1. 8958
7~8 9 22.8889 326.7654 36. 1650 13.2762  1.5800 0. 5800 14.2762 1.7241
8~9 7 22.1429 423.2653 40. 2581 18. 1152 1.8181 0. 8181 19. 1152 1.2223
9~10 7 15.1429  81.5510 19. 5283 4.3854 1. 2896 0. 2896 5.3854 3.4530
10 ~ 11 5 6.6000  27.4400 9.7576 3. 1576 1.4784 0.4784 4. 1576 2.0902
11 ~12 2 3.0000  4.0000 3.3333 0.3333 1. 1111 0. 1111 1.3333 9. 0000
>12 1 0.0000  0.0000
R4 MERFENILEDERHRLENZESHIER
Table 4 Spatial distribution pattern of entrance holes of Monochamus alternatus on Pinus massoniana
height number Average  Variance degree Index of 1 Index of C, coufficient Index of K
0~1 19 2.6000  51.0400 21.2308 18.6308  8.1657 7. 1657 19. 6308 0. 1396
1~2 19 3.9000  38.8900 12. 8718 8.9718  3.3005 2.3005 9.9718 0. 4347
2-~3 19 6.5000  49. 4500 13. 1077 6.6077  2.0166 1.0166 7. 6077 0.9837
3~4 19 7.0000  47.8000 12. 8286 5. 8286 1. 8327 0. 8327 6. 8286 1.2010
4~5 19 9.2000 124.7600 21.7609 12.5609  2.3653 1. 3653 13. 5609 0.7324
5~6 18 8.8889  45.4321 13. 0000 4. 1111 1. 4625 0. 4625 5.1111 2.1622
6~7 17 9.0000  85.7778 17. 5309 8. 5309 1. 9479 0.9479 9.5309 1. 0550
7~8 15 10. 8571  89.5510 18. 1053 7.2481 1. 6676 0. 6676 8.2481 1.4979
8~9 14 13. 1429 160. 1224 24. 3261 11.1832  1.8509 0. 8509 12. 1832 1. 1752
9~10 12 9.3333  39.2222 12. 5357 3.2024 1. 3431 0. 3431 4.2024 2.9145
10 ~11 11 10. 8333 84.1389 17. 6000 6. 7667 1. 6246 0. 6246 7.7667 1. 6010
11 ~12 10 13.0000 107. 6000 20. 2769 7.2769 1. 5598 0.5598 8.2769 1. 7865
12~13 8 11.4000  71.4400 16. 6667 5.2667 1. 4620 0. 4620 6. 2667 2. 1646
13 ~14 7 16.0000  69. 5000 19. 3438 3.3438 1. 2090 0. 2090 4.3438 4.7850
> 14 4 12.7500 112.6875 20. 5882 7.8382 1.6148 0.6148 8.8382 1. 6266
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Table 5 Spatial distribution pattern of the larvae of Monochamus alternatus on Pinus tabuliformis

height umber Average  Variance degree Index of 1 Index of C, coufficiont Index of K
0~1 9 13.8000 347.3600 37.9710 24.1710  2.7515 1.7515 25.1710 0. 5709
1~2 9 14.3000 335.6100 36. 7692 22.4692  2.5713 1.5713 23.4692 0. 6364
2~3 9 10. 1000 337.0900  42.4752 32.3752  4.2055 3.2055 33.3752 0.3120
3~4 9 5.0000  31.8000 10. 3600 5.3600  2.0720 1. 0720 6. 3600 0.9328
4~5 9 4.8000  19.9600 7.9583 3.1583 1. 6580 0. 6580 4. 1583 1.5198
5~6 8 3. 1111 5.8765 4. 0000 0. 8889 1. 2857 0. 2857 1. 8889 3. 5000
6~7 8 2.6667  5.3333 3. 6667 1. 0000 1. 3750 0.3750 2. 0000 2. 6667
7~8 8 1.5556  2.9136 2. 4286 0. 8730 1.5612 0.5612 1. 8730 1.7818
8~9 6 1.4286  3.9592 3.2000 1.7714  2.2400 1. 2400 2.7714 0. 8065
9~10 6 1. 8571 2.6939 2.3077 0. 4505 1. 2426 0. 2426 1. 4505 4. 1220
10 ~ 11 5 2.3333  7.5556 4.5714 2.2381 1.9592 0.9592 3.2381 1. 0426
11 ~12 3 2.2500  8.1875 4. 8889 2.6389  2.1728 1. 1728 3.6389 0. 8526
>12 3 2.0000  6.0000 4. 0000 2.0000  2.0000 1. 0000 3. 0000 1. 0000

F6 MEXRFBLZYPYRAEL LN ENTESHESE
Table 6 Spatial distribution pattern of the larvae of Monochamus alternatus on Pinus armandii

MO Tl s pms TR s e T IEEC g

height umber Average  Variance degree Index of 1 Index of C, coufficiont Index of K
0~1 14 33.8571 200.5510 38. 7806 4.9234 1. 1454 0. 1454 5.9234 6. 8767
1~2 14 38.6429 190. 6582 42.5767 3.9339 1. 1018 0. 1018 4.9339 9.8232
2-~3 14 34.2143  295.5969 41. 8539 7. 6396 1.2233 0.2233 8. 6396 4.4786
3~4 14 32.6429 396.0867 43.7768 11.1339  1.3411 0.3411 12. 1339 2.9318
4~5 14 28.7857 338.3112 39. 5385 10.7527  1.3735 0.3735 11.7527 2.6771
5~6 14 30. 6429 453.9439 44. 4569 13.8140  1.4508 0. 4508 14. 8140 2.2182
6~7 12 28.7500 253.0208 36. 5507 7. 8007 1.2713 0.2713 8. 8007 3. 6856
7~8 12 20.3333 201.7222 29.2541 8. 9208 1.4387 0. 4387 9.9208 2.2793
8~9 9 18.5556  73.1358 21.4970 2.9415 1. 1585 0. 1585 3.9415 6.3083
9~10 9 14.2222  61.0617 17.5156 3.2934 1.2316 0.2316 4.2934 4.3184
10 ~ 11 7 9.0000 74.8571 16. 3175 7.3175 1. 8131 0. 8131 8.3175 1.2299
11 ~12 2 4.0000  9.0000 5.2500 1. 2500 1.3125 0.3125 2.2500 3.2000

>12 1 0.0000  0.0000
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Table 7 Spatial distribution pattern of the larvae of Monochamus alternatus on Pinus massoniana

Wig“ iiiﬁ PEEY ik S ﬁiil e Gl ﬁiiic K 45hi

height umber Average  Variance degree Index of 1 Index of C, coofficient Index of K
0~1 19 4.1000  30.2900 10. 4878 6.3878  2.5580 1. 5580 7.3878 0.6418
1~2 19 3.4000  17.6400 7.5882 4.1882  2.2318 1.2318 5. 1882 0.8118
2-~3 19 5.6000  21.6400 8. 4643 2. 8643 1.5115 0.5115 3. 8643 1. 9551
3~4 19 4.5000  19.8500 7.9111 3.4111 1. 7580 0. 7580 4.4111 1.3192
4~5 19 5.5000  20.2500 8. 1818 2.6818 1. 4876 0.4876 3.6818 2.0508
5~6 18 5.2222  21.9506 8. 4255 3.2033 1.6134 0.6134 4.2033 1. 6303
6~7 17 7.2222  79.0617 17. 1692 9.9470  2.3773 1.3773 10. 9470 0. 7261
7~8 15 10. 4286  89.3878 18. 0000 7.5714 1. 7260 0. 7260 8.5714 1. 3774
8~9 14 12.2857 53.9184 15. 6744 3.3887 1.2758 0.2758 4.3887 3. 6255
9~10 12 10.3333  61.2222 15. 2581 4.9247 1. 4766 0. 4766 5.9247 2.0983
10 ~11 11 8.3333 101.2222 19. 4300 11. 1467  2.3376 1.3376 12. 1467 0. 7476
11 ~12 10 10. 6000  79. 4400 17. 0943 6. 4943 1.6127 0.6127 7.4943 1. 6322
12~13 8 9.8000  68.5600 15. 7959 5.9959 1.6118 0.6118 6. 9959 1. 6344
13 ~14 7 11.7500  36. 6875 13.8723 2.1223 1. 1806 0. 1806 3.1223 5.5363
> 14 4 8.2500  48. 6875 13. 1515 4.9015 1. 5941 0. 5941 5.9015 1. 6832
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