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The relationship between degrees of Pinus yunnanensis canopy
dieback and the types of damage caused by specific pests
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Abstract  [Objectives]  Pinus yunnanensis Franch is an important tree species in plantation forests in
southwestern China. Recently, outbreaks of wood boring pests such as Monochamus alternatus Hope, Tomicus
spp., Dioryctria rubella Hampson and brown-spot needle blight have been found in P. yunnanensis plantations,
threatening local forest health. This study used the dieback rate of the tree canopy as an indicator of tree
condition and identified the main factors that cause canopy dieback. A mathematical relationship between the

degree of canopy damage and the species and abundance of pest insects was developed to improve the precision

Supported projects 201404401
First author E-mail yujieliu@bjfu.edu.cn
HAE Corresponding author E-mail youqingluo@126.com

Received 2017-09-28 Accepted 2017-11-01



- 948 - Chinese Journal of Applied Entomology 54

of pest monitoring methods and provide accurate early warning of pest infestation in P. yunnanensis plantations.
[Methods] In the sample areas, 35 P. yunnanensis with partly withered canopies and 29 completely withered
trees were investigated. Species and amounts of different pests in the canopies and trunks of these trees were
identified and counted. The correlation between dieback rate and damage factors was analyzed using Pearson
correlation coefficients. A multiple linear stepwise regression was used to identify the main factors causing
canopy dieback and model the major pest populations based on canopy dieback. [Results] A highly positive
relationship between dieback rate and Tomicus spp. abundance was found, whereas a weak, or no, relationship
was found between dieback rate and diameter at breast height, shoot disease rate and other factors. A chi-square
test showed that shoot disease didn’t influence shoot dieback significantly. We developed a regression model to
estimate the population abundance of Tomicus spp. from dieback rate: ¥Y=12.0984+0.9835 X, Adj-R*=0.8081.
This indicated that tree vigor declined as Tomicus spp. abundance increased during the shoot feeding phase.
Tomicus spp. and M. alternatus mainly damaged trunks of dying and withered trees during the trunk colonization
phase. [Conclusion] The shoot feeding behavior of Tomicus spp. causes partial withering of the canopy and a
decline in the vigor of P. yunnanensis, whereas complete withering of the canopy and death follows colonization
of the trunk by M. alternatus and Tomicus spp. The dieback model developed in this study can help estimate the
mixed population of Tomicus spp. in canopies during the shoot feeding phase and provide a reliable theoretical
foundation for pest space remote sensing or unmanned aerial vehicle monitoring.
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Table 1 Tree vigor rating standard of Pinus yunnanensis

Tree vigor Lightly Moderately Heavily . .
level Healthy damaged damaged damaged Dying trees Withered trees
>51%
<10% 100%
Classification ’ 11%-20% 21%-50% ’

standard
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Table 2 Variables code for the regression equation

X, X, X, X, X; Y
cm % %
Diameter at breast Shoot disease rate . ) . . Canopy dieback rate
height (cm) (%) Quantity of 7. minor  Quantity of 7. Quantity of D. (%)
adults yunnanensis adults rubella larvae
Pearson #z3 WEMEERSEEZWEFHEXER

Table 3 Correlation matrix between canopy
dieback rate and other factors

Akaike information criterion

X X X X X y
AIC Factors ! 2 3 4 5

AIC X 1.000

Xz -0.126  1.000
X3 -0.102  0.407* 1.000
F X, 0.058 0312 0.646* 1.000
X5 0.367 -0.138 0.220 0.245 1.000
Y -0.104 0.407* 0.805* 0.842* 0.158 1.000

N=35 * 0=0.01
123 HESWH IBM SPSS Statistics N=35, * indicates the correlation coefficient is significant
Version 23 Duncan’s at the level of ¢=0.01.
I-
GraphPad Prism Version 6 X3 Xa
0.646
2 ERS5HH
2.1 WEBBHEEZWEFHEXES T
Pearson AlC
3 22 HHEPXTREEFHZZUEZRPOEA
3 X; =E
X Y AIC
0.805 0.842 0.7~1.0
0.4~0.7 0.2~0.4
X Y RSS AIC Adj-R?

0.407 4
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Table 4 Summary statistics updated with each step for the regression model based on AIC

AIC P F

Variables RSS AIC value P value Adj-R? F value Degree of
freedom
X1+ X+ X3+ X+ X5 9.05 159.65 1.344e-10 0.809 3 29.86 29
X+ X+ X5+X, 8.93 157.89 2.215e-11 0.814 4 38.32 30
X1+ X3+X, 8.85 156.38 3.447e-12 0.817 8 51.87 31
X3+X, 8.93 156.12 7.434¢-13 0.825 4 75.66 32
4 100
P 0.01 £ 80
o8 :
AIC X B
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Adj-R? %8
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Y £5 40
X3 Xy 220 Y=12.098 5+0.983 5 X
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Tomicus spp. mixed population quantity
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X5 Xu Fig.1 Regression model for dieback rate to estimate
Tomicus spp. mixed population quantity
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23 HHESHHEOEXYSHR rate of sample tree canopies
Pearson
X3 AIC 40%~100%
5

¥=0.452  P=0.502>0.05



- 952 -

Chinese Journal of Applied Entomology 54

RS REMRHESHEEE RN AERTRR
Table S Four fold table for shoot disease and shoot
dieback information in the sample areas

%
With Without Proportion

Frequency  jicback  dicback ~ 1O%! (%)
With shoot 209 55 264 79.17
disease
Without 46 15 61 75.41
shoot
disease

Total 255 70 325 78.46
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R E
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Fig. 3 Population quantity (= SE) of Tomicus spp.
damaging shoots in Pinus yunnanensis of
different tree vigor levels

0=0.05
* a=0.05

Histograms with different upper (lowercase) letters indicate
statistically significant difference in population quantity of
T. yunnanensis (T. minor) across tree vigor levels at the
level of a=0.05. * indicates statistically significant difference
in population quantity of 7. yunnanensis and T. minor
within the same tree vigor level at the level of =0.05.

Duncan’s

P<0.05

P>0.05
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Fig. 4 Population quantity of pests colonizing trunks in Pinus yunnanensis of different tree vigor levels
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