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Fig. 1 Inoculate pine wood nematode
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P. massoniana after inoculation with pine wood nematode for 7 days
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Fig. 2 P. massoniana with different rootstocks and different resistance after inoculation with pine wood nematode
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Table 1 Variance analysis of oleoresin components of P. massoniana inoculated with
pine wood nematode on different rootstocks

P35 EbREZ MeantSD/mg-g™! A5 R CVI%
rosl rfﬁcc‘)aniﬂpij\nents o AR A AR A DREMREA  OWEREA  p
Rootstock of Rootstock of Rootstock of Rootstock of
P. massoniana P. elliottii P. massoniana P. elliottii

a-JkM# a-pinene 85.02+10.81 91.84+15.49 12.71 16.87 0.04*
B-JkM B-pinene 18.15211.21 18.22+9.68 61.74 53.16 0.99
B- A ) B-laurene 1.60+1.77 0.62+1.16 110.92 185.68 0.12
¥ )% Limonene 2.56+3.46 3.184.19 135.15 131.84 0.70
JKFEH% Phellandrene 61.67+18.41 64.05+21.60 29.85 33.72 0.77
Je/i Borneol 13.1749.38 12.53+8.92 71.22 71.19 0.87
K34 Longipinene 6.62+2.86 7.47+2.06 43.16 27.84 0.41
K Longicyclene 14.17+3.87 12.42+3.70 27.33 27.61 0.27
ii5)% Sativene 22.98+19.06 19.04+10.70 82.92 56.16 0.54
KM% Longifolene 17.2321.75 13.7621.60 10.15 11.63 0.00**
Fi¥r¥% Caryophyllene 4.54+2.75 8.41+2.88 60.65 34.19 0.00**
a-f1 77 #% a-caryophyllene 3.69+3.98 0.78+1.89 108.03 241.43 0.03*
Jx X-B-4 & XN Trans-B-farnesene 22.08+15.70 60.75+25.19 71.12 41.46 0.00**
#FFARR Pimaric acid 34.19£9.74 43.82+15.18 28.50 34.65 0.09
LA HEFAER Sandaracopimaric acid 30.44+3.37 28.22+3.09 11.07 10.83 0.11
FE e AR HFATR Palustric acid/levopimaric acid 401.70+£39.08 373.91+26.62 9.73 7.12 0.05
FE M Dehydroabietic 50.82+23.38 75.69+15.63 46.00 20.65 0.01**
HAER Abietic acid 159.91+52.52 114.42425.16 32.85 21.99 0.01*
BER Neoabietic acid 30.57+9.65 29.1846.70 31.56 22.96 0.69
i3 Monoterpenes 179.1748.34 196.44+15.56 4.65 7.92 0.00**
52152 Sesquiterpenes 97.84+40.02 122.64+36.99 40.90 30.16 0.13
i Diterpenes 704.78+52.28 685.24+38.67 7.42 5.64 0.05*

T CRIRMKMEAEP<0.05/KF B3, LR Ep<0.0UKTF LREE., FH
Notes: “*” indicates that the correlation is significant at the p<0.05 level, “*” indicates that the correlation is significant at the p<0.01 level. The
same below
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Notes: Different lowercase letters indicate that the difference between

the two has reached a significant degree, that is p<0.05 level. DAI
means day after inoculation.The same below
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Fig. 4 Terpenoid components and contents in pine
oleoresin of P. massoniana with different rootstock at
different inoculation times
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Fig. 5 Analysis on the difference of terpenoid
content of P. massoniana with different stock after
inoculation with pine wood nematode for
1,7 and 15 days



6 Mok B B 5T %5 36 &
PATESR MG 7 d BN BUEF RGBS, JFAEdEMt B SRS R 9.28%. B-IkM . B-HHM
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i (1 2a, 2b). mEPT D RAA RN 5) B AR
RACKGI Y 19 FIAARELL 2, Xt P s 2 i AR
AR HEFT GC-MS i, #4815 NTSTO8 VAL &
T 90%. T 0.01% M B IS IL 2= 457,
SRR mYLS S RS RN 19 R g
45y, Hrp i 6 fh, fRPmE2s 7 F, ik
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NESR EAZES, HESNTEN: ShiS 5K
D RAMEE A S S MR R, R
Ji FR S 24 5 43 51 #4 >4 80.00~ 100.00 mg-g™" #il
680.00~710.00 mg-g™". Ti7E Hilf & 5 P AFAE
TS, HohEhuD BB & i oy B A R
i 7.34%.

a-JRHE O AR T iR R, AEA RIS
ERMEAEAE L 225 (p<0.05), Wit R &

FREEM . KOG TEAS R PTHE D R A A % 25 57
(p<0.05), HEBR B-H MM =PSB =57
T I A 43.70% . 39.37%. 4.59%., /K
kY& 2k 56.00~64.00 mg-g™". AT
WA 2l 4.00~5.50 mg-gTt. KHYEM . B
KM o AR . o i . S a-B-a A W
TGRATR . LIRIBAATR . ZE TR AR TR AN IR | 2%
SUPAR . AR AU AR & S FEAS IRl 5 A ]
TREER

222 RERMLEMNBAAAME RGP T
WoHA TN SIS 5B RN R R
1 d JEPABRAL A TR 2 & s A R, (AT 3 2
5o X RBT I RANEE R £ S AN R AR £k
S EE T (K 6a), SR EIR: oI,
B-H M . Fridds . K& a- A I A AR AR
e BT R R, H 7 dikioR(E 15 d kb
{E 5 B-UR 7 M il 7 A8 fL LA 2 TS R RE
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Table 2 Variance analysis of oleoresin components of P. massoniana inoculated with
pine wood nematode with different resistance

FEE bR e R
Mean+SD/mg-g™’ CVI%
UNID : :
Rosin components [EERCE=t /S Ty IR Ty AR (SR )=t S R R [
Resistant Susceptible Resistant Susceptible

P. massoniana

P. massoniana P. massoniana P. massoniana

a-JEff a-pinene 85.10+4.04
B-JEM B-pinene 17.69+2.45
B-HH: 4 B-laurene 1.42+1.58
¥ )% Limonene 3.08£0.55
JKJT4% Phellandrene 60.08+7.80
JEfixi Borneol 13.34+0.14
KM-JEM Longipinene 6.79+3.04
K Longicyclene 14.09+4.23
Wi5J% Sativene 22.80+8.68
KM% Longifolene 16.860.23
£ Caryophyllene 4.77£1.32
o-F 174 a-caryophyllene 4.24+0.98
e -B-4 4 Wi Trans-B-farnesene 22.78+13.87
HFFAE Pimaric acid 31.97+4.08
LA HEFAER Sandaracopimaric acid 29.55+2.31
Te WEHERA BRI HHABR Palustric acid/levopimaric acid 400.89+42.67
FEE M ER Dehydroabietic 42.34+2.34
PR Abietic acid 160.57+64.52
HMER Neoabietic acid 28.64+4.53
HLHESS Monoterpenes 180.69+6.87
fE2fi5 25 Sesquiterpenes 92.35+26.79
i Diterpenes 693.96+73.33

77.87+3.65 4.75 4.68 0.01*
12.31+0.92 13.87 7.50 0.00**
1.97+2.33 111.6 118.66 0.04*
2.21+0.28 17.95 12.48 0.02*
60.86+3.22 12.98 5.28 0.85
13.12+0.10 1.04 0.80 0.02*
6.29+2.87 44.7 45.62 0.79
14.33+3.64 30.01 25.38 0.93
20.73+10.78 38.08 51.97 0.73
16.12+0.22 1.38 1.35 0.00**
4.93£1.12 27.67 22.69 0.85
4.23+1.67 23.07 39.43 0.99
21.17+14.03 60.86 66.26 0.85
33.71+2.33 12.76 6.91 0.45
32.23+4.77 7.80 14.81 0.21
403.31+36.70 10.64 9.10 0.93
41.58+2.01 5.52 4.83 0.59
158.59+20.00 40.18 12.61 0.95
28.86+3.25 15.83 11.25 0.93
168.34+3.69 3.80 2.19 0.01**
87.80+25.77 29.01 29.35 0.79
698.30+54.75 10.57 7.84 0.92
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Response of Different Rootstocks and Resistant Resin
Components of Pinus massoniana to Pine Wood Nematode

LI Wen-hua'?, LIU Qing-hua', ZHOU Zhi-chun', GAO Kai', Luo Ding-hui®

(1. Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou 311400, Zhejiang, China;
2. Nanjing Forestry University, Nanjing 210037, Jiangsu, China; 3. Taizhou Senwei Forestry Survey Planning Design Co.,
Ltd., Linhai 317000, Zhejiang, China)

Abstract: [Objective] By inoculating Pinus massoniana Lamb. with pine wood nematode, the changes of
pine resin components before and after inoculation were analyzed, so as to provide a theoretical basis for
the study of resistance of P. massoniana to pine wood nematode disease. [Method] The experimental ma-
terial were 5-year-old clones of P. massoniana in Linhai City, Zhejiang Province. We extracted the pine
resin components of P. massoniana rootstocks and P. elliottii rootstocks, highly resistant and susceptible
P. massoniana inoculated with pine wood nematode for 1, 7 and 15 days and also analyzed the content
and dynamic changes of each pine resin component. The effective terpenes were used to treat pine wood
nematode. Then we analyzed the survival rate of pine wood nematodes. [Result] The results showed that
19 oleoresin terpenoids were Identified. The abundant terpenoids were a-pinene, (3-pinene, carylene, pi-
maric acid, sandaracopimaric acid, palustric acid/levopimaric acid, dehydroabietic acid, neoabietic acid and
abietic acid. In the rootstock of P. massoniana, the content of 3-myrcene was significantly higher than that
of P. elliottii rootstock 1day after inoculating with pine wood nematode(p<0.05); the contents of the above
components had no significant difference among different rootstocks after inoculating with pine wood nem-
atode 7 days and 15 days. The contents of a-pinene, B-pinene, B-laurene, limonene, borneol, longifolene,
a-caryophyllene, trans-B-farnesene and neoabietic acid in different resistant P. massoniana changed differ-
ently after inoculation with pine wood nematode. In the high resistance P. massoniana, the contents of a-
pinene and B-pinene were significantly higher than those of susceptible P. massoniana 1 day after inocu-
lating with pine wood nematode(p<0.05); In the high resistance P. massoniana, the content of a-pinene, [3-
pinene, limonene and longifolene were significantly higher than those of susceptible P. massoniana 7 days
after inoculating with pine wood nematode(p<0.05); The situation was the same when pine wood nemat-
ode was inoculated for 15 days as when pine wood nematode was inoculated for 7 days. The result of
gradient concentration test of the above terpenoids showed that: when the concentration of a-pinene was
150 mg-g™' for 0.5 h, the survival rate of pine wood nematode was 20%. Different concentrations of B-
pinene solution had the same inhibitory effect on pine wood nematode, and the survival rate reached about
50% when treated for 0.5h. When limonene solution concentration was 10mg-g~" for 0.5 h, the survival rate
of inhibited pine wood nematode was almost zero. When the concentration of longifolene was 10mg-g™* for
0.5 h, the survival rate of pine wood nematode was 18%. [Conclusion] There are no obvious relationships
between different rootstocks and resistance to P. massoniana. There are significant differences in a-
pinene, B-pinene, limonene and longifolene contents between high and susceptible P. massoniana inocu-
lated with pine wood nematode, and the content of high resistance P. massoniana was significantly higher
than those of susceptible P. massoniana. At low concentrations a-pinene, B-pinene, limonene and longi-
folene inhibit the activity of pine wood nematodes, which shows the four terpenoids are related to resist-
ance of P. massoniana.

Keywords: Pinus massoniana; Bursaphelenchus xylophilus; stock; resistance; rosin component
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