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Abstract: Bursaphelenchus xylophilus ( Pine wood nematode, PWN) is a serious pest of pines that changes the original
biological and geographical distribution as well as the structure and function of the natural ecosystems. The nematode and
the associated pine wilt disease have a great impact on the stand growth of Masson pine forests in China. The growth rule of
individual forest factors after the PWN invasion was analyzed using of “the technique of censusing every individual” and
“quadrat method”. The results showed that the invasion of PWN in 1996 had a significant impact on the diameter growth of
the pines, but PWN only seldom affected the height growth of the pines. Based on this, the paper also established the grey
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forecast and grey-Markov combination models of the Masson pine’s growth attacked by PWN. This series of models had a
high simulation accuracy and could be applied to the prediction for stand description factors in Masson pine forest, no matter

whether it was attacked by PWN or not.

Key Words: pine wood nematode ( PWN) ( Bursaphelenchus xylophilus) ; disturbance; growth model; grey forecast; model

combination of grey-Markov

The pine wood nematode ( PWN ), Bursaphelenchus xylophilus ( Steiner & Buhrer) Nickle ( Nematoda:
Aphelenchoididae) , originating from the North America, causes the destructive pine wilt disease''’. Although
indigenous in North America, the PWN has been reported from Japan"' | Korea and China'*”! in Asia, and Portugal
in Europe'®”’. The nematode causing pine wilt disease has thus become a worldwide quarantine pest.

In China, the direct economic loss caused by the PWN is estimated at approximately RMB 2. 5 billion with

(891 The Japanese pine sawyer beetle ( PSB), Monochamus

indirect economic loss exceeding RMB 25 billion
alternatus Hope ( Coleoptera; Cerambycidae) is the most important vector for the transmission of the pine wood
nematode in Japan and China. The beetle has been recorded on more than 15 species of Pinus, plus several species
of Abies, Cedrus, Picea, and Larix"" . Masson pine, Pinus massoniana, an indigenous species found in 19
southern provinces of China, has suffered from 40% to 50% tree mortality in southern China'” ™',

For controlling the crisis of the wilt disease, the main measures taken in China were cutting down the invaded
trees and using chemical control against the nematode. However, because of the difficulty in practical operation,
some infected, weakened and feeble Masson pines were left standing. Finally, these trees died and fell down before
they were removed!"®’. Consequently, both stumps of the felled trees and fallen dead trees were left in the stand.
There are two disturbance ways in Masson pine forest invaded by PWN in China; natural disturbance caused by the
fallen trees, and human disturbance caused by the stumps.

Many models of stem height and diameter growth in plants have been developed, which are formulated within

1017,18]

the framework of an existing tree plantation growth mode , The occurrence period and extent of plant diseases

and insect pests can be predicted by using, for instance, the grey system model which needs less data than many

(922] " Markov models are matrices of transition probabilities between states and are used to project a

[23-27]

other models
vector of state distribution forward in time . However, every model also has their shortcomings. For which, in
the future, forest models should combine the predictive power and flexibility of process-based models with the
empirical information and descriptive accuracy of conventional mensuration-based models'®" %’ .

Although some studies have been conducted on the morphology and biology of the Japanese pine sawyer and the

[30-35] , the research on impact of PWN on growth of Masson pine and the growth model of pine forest after

nematode
the invasion of PWN is still lacking. The objective of this study was to investigate how the disturbance of PWN
(natural and human disturbance) affects the growth of remaining unattacked Masson pines and build growth models
for the stand after the invasion of PWN. Once these models are established, a solid foundation for a further
explanation of the impact mechanism of PWN to pine forest ecosystems will be created, and it will also give an
example on how to study the impact on forest growth and forecast that from the view of insect pests and diseases.
1 Material and methods
1.1 Field site and sampling procedure

The study site was located in Fuyang City, Zhejiang Province which is situated at the east part of China. Fuyang

City comprises of 17 towns and 8 counties, with an area of 1830 km”(29°44’— 30°12’'N, 119°25'— 120°09'E).
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The area has a subtropical monsoon climate. The mean annual precipitation is about 1000 mm and mean annual
temperature 16°C in the area® .

We selected two uniform Masson pine experimental plots (30m x 30m) in Fuyang county. Plot 1 is located on
He Jiamen Mountain in Dongshan village (30°04'51.4"N, 119°57’5.1"E) at an altitude of 98 m above sea level
(a. s. 1.). The pines of Plot 1 are heavily attacked by the wilt disease. In 2004 (the investigating year) , the trees
were about 25 years old, and the stand density was 2533 trees per hectare. Dominant species in the shrub layer
include Phyllostachys nidularia, Loropetalum chinensies and Eurya hebeclados. The presence of PWN in the dead
pine trees was verified by the Baermann funnel method'™’.

Plot 2 (Check) is located in Shimu village (30 08’'20.5"N, 119°55'44.2"E). The pines of Plot 2 have
remained unattacked by the pine wilt disease. In 2004 the trees were about 27 years old with the stand density of
2622 trees per hectare and located at an altitude of 131 m (a. s. 1. ). Dominant species in the shrub layer include
Pistacia chinensis and Loropetalum chinensies.

We use the technique of censusing every individual tree in the two plots to obtain data from the attacked trees.
The diameter in breast height (including basal diameter of stump), height and crown width of the trees were
measured, and each tree was individually labeled in 2004

Individual trees were subjected to stem analyses in June 2004 in order to investigate how the disturbance of
PWN affects the growth of remaining unattacked Masson pines. Three healthy-looking trees around the stump were
measured in Plot 1, the mean value (symbol S in figures) representing the effects of human disturbance on the
stand. Also three healthy-looking trees around fallen dead trees were measured in Plot 1, the mean value (F)
representing the effects of natural disturbance of the stand. In addition, one tree representing the mean trees was
measured in Plot 1 (M1) and Plot 2 (M2) respectively. In total, seven trees were analyzed in Plot 1, and one tree
was analyzed in Plot 2. Theses trees represented Masson pines which are affected by PWN to the different
disturbance degrees*'’.

1.2 Grey system model

The grey system theory, established by Deng'®’, advanced a method of dealing with the grey knowledge
according to the measured correlation coefficients. The grey system proposes the approach of “ generation” in data
processing, that is, through “generation” make the disordered data sequence randomly attenuate and thus changing

(221 " The objective of the present study was to predict the growth process of forest

into relatively ordered data sequence
factors of Masson pine forest after the invasion of PWN using the present model.

It X©is non-negative sequence:

X© = (= (1),%7(2), 5 (n)) (1)
Where % (k) 20,k=1,2,--- ,n;X"is the accumulating generation sequence of X once(1-AGO) ;
XV = (= (1),50(2), 5 (n)) (2)
k
In which, sV (k) = 2 Jk=1,2,---.n (3)
=1

The common model of grey system theory is GM (1,1) representing first linear differentiable equations of single

sequence and given by

(1)
dv (£) dt(t) +ax(1)(t) =u (4)

The solution form of formula (4) is;

1 (0) =59 (1)
[x(l)(t) :(x(O)(l) _l)e—a(t—l) LU (5)

a
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In the formula, a,and u are the pending parameters; If 4 is parameter column, then the parameter column of

least squares estimator of GM(1,1)is computed by

a= [a] = (B'B) "'B'Y (6)
— =0 (2) #2111 ]
_x(O)(z)_
<0 (3) - =0 (3) +0(2)]1
In which;. Y= : ,B=| ®
_x(o)(n)_
_—%[x(l)(n) +x(1)(n—1):|,1_

To test the predictive precision, we use post-test residue ratio € and minimum error probability P to calculate;

S,
C_S_1 (7)
P=pllq(k) -3l <0.674551}, k=12, ,n (8)

In the formula, S} and Sare the variance of (k) and q(%) , respectively, and the calculating formulas are;

$ - %gw(zﬁ) _8)E %gxw)(’“) (9)

S IR WO (10)

Where q(k)is the residual calculated by using the following formula ;
g(k) == (k) 2 (k) (11)
Note ; the data with “ A ” represents the calculating value by models. For example ; according to Formula 5, the
predicted values of £V (k-1) and £ (k) can be calculated by models, then, the restored value or tendency value
of 2 (k) is computed by the following formula
£22(k) =2V (k) -2V (k-1) (12)
1.3 Model combination of grey-markov
Yang et al. applied the grey system theory of chlorophyll degradation in Chamaecyparis needle-leaf in Taiwan.
Four grey prediction models were established and compared with the results of linear and exponential regression
analysis. The residual error and accuracy range showed that the grey prediction process is much better than a

[43]

regression analysis . However, Chen and Lee thought the original grey prediction model used a mathematical

hypothesis, and approximation to transform a continuous differential equation into a discrete one has some
shortcoming!*’

Since the grey-markov model combines the advantages of GM(1,1) long-term prediction and Markov matrix of
state transitional probability, it is more suitable for the long-term prediction, especially for the short-term prediction

[42, 45]

of data sequence which fluctuate randomly to a large degree. lis forecasting precision is fairly high , and the

prediction precision is better than only using the grey model ™.

The model combination of grey-markov includes the following steps, using “S” (the healthy Masson pine around
the stump ) as an example;

1.3.1 Building GM(1.1) model

The model based on the basic information of current annual increment in DBH of “S” Masson pines from 1983

hitp : //www. ecologica. cn
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to 2003, is the same as the above GM(1.1) model. Then, using the model to calculate the forecasting value, let
£ (¢) represent the forecasting value of the model in ¢ year.

According to Formula 12, the restored value of model—%£” () can be calculated, the relative growth value in
each year ( marked with W(¢) ) is also defined by using the percentage of the actual growth value and £ ().
Then ;

W(t) :”f(o)(z) x 100 (13)

1.3.2 The division of State

There are some differences between restored (or tendency) and actual values. The difference is random value
which represents the variation of system state. If the difference of actual and restored values is a random value, then
all of the ratio of random values and restored values can be considered as a state set. According to the actual
situation , the state set can be divided some intervals, each interval is corresponding with one state. If the ratio of the
random and the restored values of a original data belongs to the E; = [A;, B,], then we call present state of the
random value of system is E,.

In this paper, the state was divided by using the relative growth value W(z) (¢=1,2,---,21) as the forecasting
subject of Markov chain. According to the local historical data and field investigations, the standards of dividing state
were obtained.

1.3.3 The state defining of the current annual increment in DBH on the time series

According to the standards of dividing state, the annual state of the current annual increment in DBH was

converted from 1983 to 2003.
1.3.4 The formation of the matrix of state transitional probability
m;(m

M.

According to the formula P;(m) = , we can build the matrix of state transitional probability in each step

—R(m).

In the formula, P;(m) represents the transitional probability from state i to state j through m steps; m;(m)
represents the transitional times from state i to state j through m steps; M, represents the times of occurrence of state
L.

1.3.5 Prediction of the state of current annual increment in DBH of “S” in 2004 by using Markov chain

According to the row vector of R(1)— R(m) in the matrix of state transitional probability corresponding to the
original state value respectively in 1999 —2003, we can form a new matrix of probability, then sum up the column
vectors in the new matrix of transitional probability. The state corresponding to the biggest figure is just the state of
future development of the system, that is, the forecasting state w ().

1.3.6 The defining of the forecasting value and its extent in 2004
All the above outcome is relative product (also the grey product), and should be restored according to the

tendency rules of Formula 13. Thus the forecasting value (¢ =22 )using the grey-markov combination model is ;

w(22)
100

Finally, the forecasting value and its extent of “S” in 2004 will be predicted.

x£9(22) (14)

1.3.7 Forecasting effect checking of model combination of grey-markov
According to the above analysis, we can use the predictive accuracy ( the ratio of the forecasting current annual
increment in DBH and the actual growth value of “S” in 2004 ) to calculate the fitting precision of grey-Markov

combination model.

hitp : //www. ecologica. cn
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1.3.8 Forecasting effect checking of GM(1.1) and grey-markov combination model

The following formula was used to check the results of GM (1,1) and forecasting model combination of grey-

markov.
. lq(k) |
relative error Ak = x?og (;) (15)
2 Results

2.1 Influence of PWN on the diameter growth of the stand

First, we made the variance analysis and the multiple 10~ 4
comparisons of total increment in DBH of Masson pines = z i I ab
affected by PWN in different degree. The variance analysis 2 Z i ]: be
shows that after the PWN attacked the Masson pine forest é i i I i
in 1996. No matter in which way the pines fell to the ; 30
ground ( naturally or by cutting), the influence on the = ? i
DBH growth of the remaining trees around was significant 0 S F M1 M2
(F=6.237, P<0.01, df=3, 103, Fig. 1). The different Masson pine

Then, we made the impact curves of current annual Fig. 1 The Multiple Comparisons of Total Increment in DBH of

and mean increment in DBH of Masson pines invaded by  Masson Pines Affected by PWN

PWN (Fig. 2). Before 1993, the current annual increments S: Healthy pine near the stump; F: Healthy pine near fallen dead

in DBH of the studied trees were basically the same, but e M1: Mean growth of the trees in the attacked Plot 1; M2 Mean

. owth of the trees in the unattacked Plot 2
after 1993 the increment tendency changed. The slowest il

Note;: Means within rows followed by the same letter are not
: [3 ” .
diameter gI‘OWth of S (trees around Stump) occurred in significantly different. The mean difference is significant at the
1996, and the fastest diameter growth occurred in 1999. (5 05 level

Also the slowest growth of “F” (trees around dead, fallen

trees) and mean tree’s diameters in Plot 1 occurred in 1996, but the peak occurred in 1997. The first peak of the
mean tree’s diameter growth in Plot 2 occurred in 1996, when the slowest growth raies were observed in the invaded
Plot 1.

After the invaded trees were removed in 1997, the changing tendency of the growth increments of mean trees in
Plot 1 and 2 began to be the same. This indicates that the pathogen had already been under control, and the stand
mean increment in DBH started to increase. The “S” and “F” trees growing close to the attacked trees were not
damaged and reached a small peak in diameter growth in 1999 and 1997, respectively. Their mean increments in
DBH have declined in contrast with the situation before the damage. In addition, the total increment and mean
increment in 1997 (the year in which the invaded trees were removed) can be arranged in the following orders (from
high to low) ; (1) S, (2) F, (3) M1, (4) M2.
2.2 Influence of PWN on the height growth of the stand

Next we made the variance analysis of total height increment of Masson pines affected by PWN in different
degrees. The variance analysis shows that after the PWN attacked the forest, no matter in which way the pines fell to
the ground (naturally or by cutting) , the influence on the height growth of the healthy Masson pines around was not
significant (F =2.406, NS, df=3, 99).

Then, we calculated the impact curves of current annual and mean height increments of the pines invaded by
PWN (Fig. 3). With regard to the current annual increment in height, the general tendencies of the height growth
are basically the same. Only in 1996 when the PWN attacked, “S”, “F” and the mean tree in Plot 1 (M1) showed

hitp : //www. ecologica. cn
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a small abyss of growth, but they recovered in the following one or two years. However, in contrast with the trees in

the unattacked Plot 2 (M2) in these years, they did not follow the above rule.

-5
16 —&—F
= —_—MI
5 14t —— M2 12 -
= B
Q =
12+ = B
2 £ 1.0
510} 2
g - = 08
s £
2 o8t 2 .
= £ 06L
501 S 04
2 o4f £
3 £ 021
02 =
@] 0 |
0 , ! | 1975 1980 1985 1990 1995 2000 2005 2010
1975 1980 1985 1990 1995 2000 2005 2010 Year

Year

. . . . Fig. 3 Current annual increment in the height of Masson pines
Fig. 2 Current annual increment in DBH of Masson pines

Vertical bar indicates the attacking year of the pine wood nematode
Symbols as in Fig. 1

Vertical bar indicates the attacking year of the pine wood nematode
Symbols as in Fig. 1

The height growth of “F” and “S” reached the peak in 1998 and 1997 afier reduced growth in 1996. The peak
of height growth of “F” is one year later than that of “S”. One plausible explanation is that removing the invaded
trees can quickly alleviate the pressure of competition in space and sunshine among the remaining pines resulting in
the maximum height growth volume. In contrast, competition of nuirients among the pines around the fallen dead
trees was alleviated, but competition in space still exists during a certain period of time. Thus the height growth
increase caused by the fallen dead trees takes place one or two years later (this period of time is just the time needed
by the invaded trees turning into fallen dead wood) .

However, our research also shows that the mean height increment in 1997 of the mean tree in Plot 1 is higher
than that in Plot 2. Thus, afier removing the invaded pines, the annual mean increments of the remaining Masson
pines generally increased.

2.3 Grey forecasting model of Masson pine growth after the PWN invasion

According to the results above, the influence of PWN on the DBH growth of the healthy Masson pines around
was significant, but the influence on the height was not. So we divided the current annual increments in DBH of
“S”, “F” and mean tree in Plot 1 into two parts, before and after 1996, and build GM (1,1) models of pine forest
growth respectively. Table 1 shows the results of the analysis.

2.4 Forecasting effect checking of Grey forecasting model

The predictive precision of the built grey forecasting model is tested by using the post-test residue ratio C and
minimum error probability P. The smaller C is, and the bigger P is, the better the result will be. According to the
two parameters C and P for mean trees in Plot 1 (M1) and Plot 2 (M2), the simulation accuracy of Masson pine
growth is good without the need to be rectified. As for “S” and “F”, the simulation accuracy of pine height growth
is good, but the simulation accuracy of DBH growth is slightly worse. With regard to this, we consider to rectify the

result by using model combination of grey-markov. “S” is taken as an example to make the analysis?’.

hitp : //www. ecologica. cn
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Tablel Grey forecasting model of the growth of Masson pines affected by PWN

Masson pine affected by PWN Measurement Grey model C P
S DBH( before 1996) XD (£41) = -56.2551e "% 1 56.8501 0.3941 1
DBH( after 1996) XD (£41) = 1.0253¢™ 15" — . 8253 0.4071 1
height XD (£41) = 3.0152¢™ 17" —2.7092 0.2857 1
F DBH( before 1996) XD (£41) = 3.9903e™ 1™ _3,7153 0.1693 1
DBH( after 1996) XD (£41) = 1.6510e™1%% —1,5010 0.3669 1
height XD (£41) = 0.8099¢% 2 _0. 6302 0.2817 1
M1 DBH( before 1996) XD (£41) = 2.0701 &5 _1,8051 0.2998 1
DBH( after 1996 ) XD (r4+1) = -16.7793 e "% 116.9543  0.3115 1
height XU (£41) = 1.1935e™1%* —1.0321 0.3287 1
M2 DBH XD (£41) = 0.6634e> 235" _(, 5634 0.3424 1
height XD (£41) = 0.4600e™% _0.3171 0.2280 1

S: Healthy pine around the stump; F; Healthy pine around fallen dead trees; M1 Mean growth of the trees in the attacked Plot 1 ; M2; Mean growth

of the trees in the unattacked Plot 2

2.5 Model combination of grey-markov after the PWN invasion
Table 2 Rules of dividing states

According to the establishing steps of grey-Markov

model, we got the standards of dividing states based on State Number Relative growth value
. . . L. Bumper shortfall years 1 <89.15
the local historical data and our investigation (Table 2) , Shortfall years ) (89.15,99. 15]
and the forecasting result of current annual increment in = e yoars 3 (99.15,109.15]
DBH of “S” in 2004 (Table 3). Harvest years 4 (109.15,119.15]
Table 4 shows that the biggest probability and its = Bumper harvest years 5 >119.15

corresponding state 2 in the “Total” block can tell us the
state in the forecasting year is 2. The product (grey) of state 2 has the extent of (89.15,99.15] in Table 3. We
can find out the median, and the forecasting value is 94. 15 that marked with W(22), then all above were restored

according to the tendency rules. That result is,

Table 3 Forecasting matrix table of current annual increment in DBH of the healthy pines near the stump (S) in 2004

Starting year Starting state  Transitional steps 1 2 3 4 5
2003 2 1 0.5 0 0 0. 166667 0.3333
2002 1 2 0 0.4 0 0.2 0.4
2001 5 3 0. 6667 0.3333 0 0 0
2000 5 4 0.5 0.5 0 0 0
1999 5 5 0 1 0 0 0
Total 1. 6667 2.2333 0 0.3667 0.7333

W(22) . 4 —94.15/100 x0.2032 =0. 1913

100

Consequently, the result we get by using the forecasting grey-markov model to predict the current annual
increment in DBH of “S” Masson pine in 2004 is 0. 1913cm.
2.6 Forecasting effect checking of model combination of grey-markov

The forecasting current annual increment in DBH of “S” Masson pine in 2004 is 0. 1913cm, contrasting with
the actual growth value of “S” in 2004 (0. 2cm). However, the fitting precision of established grey-Markov
combination model is rather high (95.66% ).
2.7 Forecasting effect checking of two models

The formula 15 was used to check the forecasting results of GM (1,1) and model combination of grey-markov.

The history matching average relative error of the forecasting model combination of grey-Markov is 4.90% , while the

hitp : //www. ecologica. cn
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grey model is 13. 36% . Therefore, the fitting precision of the forecasting model combination of grey-Markov is
obviously higher than that of the pure grey model.

Therefore, we can use the grey-markov combination model to predict the current annual increment in DBH of
“S” Masson pine in 2005. If we use the model for long-term prediction, we can write the forecasting state and values
in the coming years down in the data sequence and rebuild the Markov chain forecasting matrix table (Table 3) to
make prediction for each year. The modeling course is as above. The forecasting result shows that the most current
annual increment in DBH of “S” Masson pine in 2005 is 0. 1415cm.

On the same principle, we can also build the forecasting grey-markov model of “F” to predict the future current
annual increment in DBH. The forecasting result shows that the current annual increment in DBH of “F” Masson
pine in 2005 is 0. 1494cm'>*7,

3 Discussion

The present results of PWN invasion in 1996 show that after the attack, no matter in which way the Masson
pines fell to the ground (naturally or by cutting) , the influence on the DBH growth of the remaining pines around is
significant, while that on the height growth is not significant. The resulits suggest that after the invaded trees are
removed or naturally fallen on the ground, the competition of the trees around will become less tight. As the trees get
more space, sunshine and nutrients, the growth peak occurs. Also the total increment and mean increment of the
average trees in a PWN attacked site are higher than those of the trees growing in an unattacked site. Afier a series
of protection measurements conducted in the sample plot such as removing the invaded pines and using pesticides
(Fenthion, Fenitrothion, Prothiofos etc. ), the annual mean increment of remaining Masson pines generally
increased""’. David reported that the crowding of trees decreases growth and survival of the mean tree. In the
process of growing trees may encroach upon the resources of adjacent trees, depleting these resources and interfering
with a neighbor’s access to them. When any tree falls below some minimum resource level it dies, and resources will
be freed up for others'®’. Wu ez al. also pointed out that after the invasion of PWN, the attacked pine trees dried
up. Suppressed and subarbor trees nearby could gain more space, sunshine and nutriment, and the growth vigor may
increase. This can lead to recovery and better functioning of the forest ecosystem in a short period'®"’.

On the basis of the present resulis we could conclude that afier PWN invasion the pine forest resource was
seriously damaged. Loss of large number of pine trees can change the structure and function of the previous pine

(2] Removal of infected irees as one of management measures can also influence the structural

forest ecosystem
changes of forest vegetation. However, from the view point of system evolution, PWN as an exotic selection factor
urged the whole ecosystem exposed to the more stable direction. It changed the unreasonable pattern of continuity
distribution in the former pure pine forest, and affected the community structure in the succession direction of the
climax stage. In Zhejiang province, the climax stage is broad-leaved forest or mixture of pine and broad-leaved tree
species.

Accordingly, as for the ecosystem restoration of the degraded Masson pine forest caused by PWN, the following
suggestions were put forward; When the undamaged but overly dense or new damaged pine forest are concerned,
moderated thinning should be carried on, thus increasing the growth vigor of remaining Masson pines. After that, the
formed forest type can maintain rather high species diversity, and then enhancing the resistance ability of pine forest
to PWN. But as for the seriously damaged pine forest, such measures as removing the attacked trees and
supplementing a certain number of broadleaf trees could also be taken, thus updating the forest into a mixed one,
which not only maintain the stability of community structure and function, but also increase the resistance ability of

pine forest.
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While competition for resources is simple to describe, it is challenging to represent this explicitly in a workable
mathematical form. Thompson re-calibrated the mixedwood growth model to forecast the Lodgepole pine ( Pinus

contorta) growth and yield in mixture so as to improve both the short- and long-term projection accuracy of the model

[53]

for boreal mixedwood stands in Alberta, Canada™™-. The simulation accuracy of Masson pine growth is good for the

average trees in both PNW attacked and unattacked sites, without the need to be rectified. However, as for the
healthy trees around the stump and fallen dead trees, the simulation accuracy for height growth is good, but the
accuracy for DBH growth should be fitted by using grey-markov combination model to get a better result. A series of
GM(1,1) models and grey-markov models can be used in growth prediction of both infected and normal Masson pine
forest factors.

Grey forecasting model was firstly established by a Chinese expert, which was thus probably not so world
famous. However markov model has been applied extensively in both the domestic and international research fields.
Our study combined the Chinese Grey forecasting model with the markov model inventively, with a good predictive
outcome, which will not only advance more and more acknowledgement of the grey model buy also increase the
accuracy and application of Markov model.

Acknowledgements; We greatly appreciate a thorough review and editing of the manuscript by Professor Jiang-

hua Sun, Institute of Zoology, Chinese Academy of Sciences.
References:

[1] Dropkin V H, Foudin A, Kondo E, ez al. Pinewood nematode:; a threat to U. S. forests? Plant Dis. , 1981, 65 1022 —1027.

[ 2] Bergdahl D R. Impact of pinewood nematode in North America; present and future. J. Nematol. , 1988, 20 260 —265.

[ 3] Mamiya Y. History of pine wilt disease in Japan. J. Nematol. , 1988, 20. 219 —226.

[4] SunY C. Pine wood nematode found in hongshan Mausoleum Nanjing. Jiangsu For. Sci. Techn., 1982, (4) . 47.

[5] ChengHR, LiMS, Li W Q. Pine wilt disease found on the Pinus thunbergii in Nanjing. For. Pest Dis. , 1983, 4; 1 —5.

[ 6] EndaN. The damage of pine wilt disease and control in Asia. For. Pests, 1997, 46 182 —188.

[7] Mota MM, Braasch H, Bravo M A, et al. First report of Bursaphelenchus xylophilus in Portugal and in Europe. Nematology, 1999, (1) :727
—734.

[ 8] Zhang XY, Luo Y Q. Major Forest Diseases and Insect Pests in China. Beijing: China Forestry Press, 2003. 6.

[ 9] Wu]. The invasive status of forest alien species and strategies for its control. Sci. & Tec. Rev. , 2004, 4. 41 —44.

[10] LiRJ, XuFY, Zhang P, et al. Host preference by Monochamus alternatus (Hope) during maturation feeding on pine species and Masson pine
provenances. Chin. For. Sci. and Tech. , 2003, 2. 91 —98.

[11] YangBJ, Pan HY, TangJ, e al. Pine wilt disease. Beijing; China Forestry Press, 2003. 108 —110.

[12] Anonymous in Anhui agricultural academy forestry department. Masson pine. Beijing: China Forestry Press, 1980. 1 —20.

[13] Wang J X, Yao J H, Niu R Y. Zhejiang Forestry. Beijing; China Forestry Press, 1993. 75 —76.

[14] Zhao Z D, Xu F Y. Recent progress of research on relations between pine chemistry and pine wilt disease caused by PWN. Chem. Indust. For.
Prod. , 1998, 18. 83 —88.

[15] Chai X M, Jiang P. Occurrence and control of pine wilt disease. Beijing: Chinese Agricultural Press, 2003. 70 —88.

[16] Jiang P, Zhao J N, Chai X M. Integrated control techniques of Bursaphelenchus xylophilus. J. Zhejiang For. Sci. Techn. , 2001, 21:1 —6.

[17] Thomley J] H M. Modelling stem height and diameter growth in plants. Ann. of Bot. , 1999, 84 . 195 —205.

[18] Thomley J H M, Cannell M G R. Modelling the components of plant respiration: representation and realism. Ann. of Bot. , 2000, 85. 55 —67.

[19] LiML, Ren XL, Zou Y F. The population dynamics and prediction of Larch sawfly. J. Northwest For. Coll. , 1994, 9. 39 —43.

[20] Teng M J. Grey forecasting for the occurrence area of rice blast and an analysis of its development trend. J. Southwest Agric. Univ. , 1996, 18
565 —568.

[21] Wang F S. The black catastrophe forecasting caused by bamboo locust. For. Man. in Chinaeast, 1997, 11. 61 —63.

[22] DengJ L. Base of grey theory. Wuhan: Huazhong University of Science & Technology Press, 2002.1 —15.

[23] Govindarajoo R, Pellerin R, Ross R. Localized modulus-of-elasticity properties of E-rated spruce-pine laminating lumber. For. Prod. J., 1994,

hitp : //www. ecologica. cn



7 A8 IR BARY DR ARSI R B R R AR S A AR R 3203

4. 25 —33.

[24] Kazi M S 1, David L M. Performance of initial attack airtanker systems with interacting bases and variable initial attack ranges. Can. J. of For.
Res. , 1998, 28. 1448 — 1456.

[25] Soria F, Basurco F, Toval G et al. An application of Bayesian techniques to the genetic evaluation of growth traits in Eucalyptus globules. Can. J.
of For. Res., 1998. 28, 1286 —1295.

[26] Francois R, Joseph B, Mo Z, et al. Management of Mixed-species, Uneven-Aged Forests in the French Jura; From Stochastic Growth and Price
Models to Decision Tables. For. Sci. , 2005, 51; 64 —75.

[27] John P, Angela S, Peter W. An application of Markov models to the dynamics of Minnesota’s forests. Can. J. of For. Res., 2005, 35; 3011 —
3020.

[28] Joe L. Modelling forest ecosystems: State of the art, challenges, and future directions. Can. J. of For. Res., 2003, 33; 385 —397.

[29] Xiao L Z, Chang H P, Qing L D, ez al. Predicting forest growth and yield in northeastern Ontario using the process-based model of TRIPLEX1. 0
(1). Canadian Journal of Forest Research, 2005, 35; 2268 —2281.

[30] Mamiya Y, Enda N. Transmission of Bursaphelenchus lignicolus ( Nematoda; Aphelenchoidae) by Monochamus alternatus ( Coleoptera;
Cerambycidae). Nematologica, 1972, 18 159 —162.

[31] Shibata E. Seasonal fluctuation and spatial pattern of the adult population of the Japanese pine sawyer, Monochamus alternatus Hope ( Coleoptera:
Cerambycidae). Appl. Entomol. Zool. , 1981, 16. 306 —309.

[32] Shibata E. Dispersal movement of the adult Japanese pine sawyer, Monochamus alternatus Hope ( Coleoptera: Cerambycidae) in a young pine
forest. Appl. Entomol. Zool. , 1986, 21 184 —186.

[33] Kobayashi F, Yamane A, Ikeda T. The Japanese pine sawyer beetle as the vector of pine wilt disease. Annu. Rev. Entomol. , 1984, 29. 115 —
135.

[34] Linit M J. Nematode-vector relationships in the pine wilt disease system. J. Nematol. , 1988, 20, 227 —235.

[35] Maehara N, Futai K. Factors affecting both the numbers of the pinewood nematode, Bursaphelenchus xylophilus ( Nematoda; Aphelenchoididae) ,
carried by the Japanese pine sawyer, Monochamus alternatus ( Coleoptera: Cerambycidae), and the nematode’s life history. Appl. Entomol.
Zool. , 1996, 31. 443 —452.

[36] Anonymous in Regionalization Office of Forestry Department in Zhejiang Province. Zhejiang Forestry Regionalization. Beijing; China Forestry
Press, 1991. 40 —43.

[37] Fang Z D. The research method of plant disease. Beijing: Chinese Agricultural Press, 1998. 307 —311.

[38] Zhong Z C. Study on evergreen broadleaf forest ecological system. Chongqing: Southwest China Normal University Press, 1992. 333 —364.

[39] Meng X Y. Forest measurements II. Beijing: China Forestry Press, 1995. 10 —18.

[40] Yang C. Ecological experiment and practice. Beijing; Higher Education Press, 2003. 113.

[41] Anonymous in Academy of Forest Inventory and Planning of Forestry Ministry. Forest inventorial manual. Beijing: China Forestry Press, 1984. 78
—84.

[42] DengJ L. Theory and method of grey system in agricultural system. Wuhan: Shandong Science & Technology Press, 1988. 104 —120.

[43] Yang C M, YangJ S, Yang C K, et al. Long-term ecological research on chlorophyll cycling in the Yuanyang Lake Nature Preserve I . The grey
prediction models on chlorophyll degradation of Chamaecyparis var. formosana leaf, Photosynthetica, 1999, 37. 499 —508.

[44] Chen C M, Lee H M. An efficient gradient forecasting search method utilizing the discrete difference equation prediction model. Appl. Inte, 2002,
16 43 —58.

[45] LiuSF, GuoTB, Dang Y G. Grey system theory and its application. Beijing: Science Press, 1999. 30 —50.

[46] Hua YN, Guo Z Z.. Study on the long-term forecasting of occurrence tendency of cotton bollworm by grey-markov chain in Shandong Province. J.
Shandong Agric. Sci., 1994, (1):3—7.

[47] Zhang R F, Yan W Y. Model combination of grey-markov and its application in forecasting soybean yield. Chin. Oil Plan, 1995, 17(2) . 30
—32.

[48] Qi H, Wang Y, Wang F. Cotton yield prediction by the model of Grey-Marikefu chain prediction. J. Anhui Agric. Seci., 2002, 30(1); 152
—154.

[49] YiDS, Guo P. Grey theory and method — abstract solution program application. Beijing: Petroleum Industrial Press, 1992. 70 —100.

[50] David W M. Ptaeda-light; a mechanistic light-competition model for predicting the growth and survival of Loblolly pine trees. A dissertation
submitted to the graduate school-new Brunswick Rutgers, The dissertation of state university of New Jersey, 2001.

[51] WuR, PangH, Liu G L, et al. Occurrence, damage and control on pine wood nematode. In; Xu R M and Ye W H eds. The theory and practice
of the biological invasion. Beijing; Science Press, 2003. 163 —165.

hitp : //www. ecologica. cn



3204 £ K5 % K 28 %

[52] Curnutt J L. Host area specific chimatic matching; similarity breeds exotics. Biol. Conserv. , 2000, 94 ; 341 —351.
[53] Thompson K N. Calibrating the mixedwood growth model (MGM) for Lodgepole pine ( Pinus contorta) and associated species in Alberta. Doctoral
dissertation of philosophy. the university of Alberta, Canada, 2003.

SE 3k :

[4] #KE ERPILRERIAMMER. IR, 1982,(4): 47.

[5] B8, RN, R MR RERARSRRR. FioRRiEiR, 1983, (4):1~5.

[8] KER BAK PERMEREWRE. L5 PEMLHRM, 2003. 12.

[9] RE. REMLIREEFEMARIREEHENK. PHEFR, 2004, 4. 41 ~44.

[11] H=E, BEW, BR, % WHERE. JU5: PE SRR, 2003.

[12] ZRCRERMAER. SRM. U= PEMLH R, 1980. 1~20.

(13] ER¥, gk, L. WL JbaT. FEMLEEE, 1993 75 ~76.

[14] BIRR, BFET. WHLEERPEREERFRER. H=kEE T, 1998, 6(2) . 83 ~88.

[15] SFR, BF. WHRIRKNZENBG. 05 FERLHRA, 2003. 70 ~88.

[16] #F, BMRE, AR, F MHRIURESEIGEARBE. SR, 2001, 21(4): 1 ~6.

[19] zZ=&E#%, EHE, SPEa. BHRHBRFHFISMBMBER. FIbAERER, 1994, 9(1): 39 ~43.

[20] FBREALE AREFSERAEMREASEMRKETNS . FRRIKEER, 1996, 18(6) : 565 ~568.

[21] ERA MEEERERERN. ERFHREE, 1997, 11(4) : 61 ~63.

[(22] FREie. KIEGERY. BB EPPEEEH R, 2002, 1~15.

[36] WHLAEMWTRRIIAE. FHLAEMLXL. b5 ELH R, 1991.40 ~43.

[37] Frpsks. AIRBTR I E. U8 PRI H R4t ,1998. 307 ~311.

[38] ShER. BEEHHESRAMR. EX. EREITEREH AL, 1992. 333 ~364.

[39] JETF WREHE2M. L. PEMIL KR, 1995. 10 ~18.

[40] #%r. £FFLESEA. bR REHFHRYE, 2003. 113.

[41] HRAFFAZARIBE. FWFEFR. LR P EMIL SRR, 1984. 78 ~84.

[42] XRj. RUREKERLEHE. Fr: IWRBLERE AL, 1988. 104 ~120.

[45] XEIE, BRE KEREMERIMA. Jba: PR, 1999. 30 ~50.

[46] ‘ksgil, BT, TEX. REDRITRFEEBRATI LR ERES RREBHHOFR. ILRRILFE, 1994, (1):3~7.

[47] #H5EFE, AXX. KE-BRARAGEMREERE=ETNFKEH. HEHEL, 1995, 17(2) : 30 ~32.

(48] HE, £, TW. KE-ZRITRFETNREFE(ES). ZRURIBE, 2002, 30(1) : 152 ~154.

[49] Zigk, B KEEPLESHE—RE - B - 87 - A, U= AT HRE, 1992. 70 ~ 100.

[50] R%E, BIT, Xk, % BMKRBRNEE LEESXE. N RE, HIEEHE EPAR—EILSRER Jta: AEdmit,
2003. 163 ~165.

hitp : //www. ecologica. cn



	石娟.pdf
	07b112.pdf
	07b113.pdf
	07b114.pdf
	07b115.pdf
	07b116.pdf
	07b117.pdf
	07b118.pdf
	07b119.pdf
	07b120.pdf
	07b121.pdf
	07b123.pdf

	07b124.pdf

