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Theory and Practice of Controlling and 
Extinguishing Pine Wilt Disease
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Abstract [Objective] This study was aimed to review the controlling experience of 
pine wilt disease in the past 25 years, explore the theories and methods of control­
ling pine wilt disease, and improve the scientific level of controlling techniques and 
the protection capacity of healthy pine trees. [Method] Eleven items of effects were 
used to refine the theory of clearing dead pine trees affected by pine wilt disease, 
namely, "1 priority", "2 objections", "3 principles", "4 measures", and "5 manage­
ments". On the basis of comprehensive control and complete removal of the infect­
ed pine trees, a variety of comprehensive and efficient controlling methods were de­
veloped to carry out targeted chemical ecology trapping, bionic pesticide killing and 
releasing natural enemies of Sclerodermus guani, Dastarcus helophoroides. High ef­
ficient emamectin benzoate immune injection was developed to inject the healthy 
pine trees for prevention, so as to extinguish the pine wilt disease. [Result] The 
pine wilt disease dropped from the peak of 3.5 million dead trees with an infecting 
area of 28 273 hectares in 1999 to 0.068 million with an area of 4 333 hectares in 
2012 gradually, reducing by 98.06% in number and 84.84% in area, respectively. 
On the basis of removal, Dastarcus helophoroides was also released, which could 
make the number of dead pines decrease more significantly than the control, and af­
ter releasing for 5 consecutive years, the dead pine trees dropped to 0.511 plant/hm2 
in 2012, with a mortality rate of 0.022 7%, which achieved the control effect, reach­
ing extremely significant level. "Forest land removal+infected trees isolation+natural 
enemy release" could extinguish the pine wilt disease. The test of isolating 24 
heaps of infected pine trees showed that there were 9 heaps of pine trees extin­
guished the pine wilt disease, which controlled the occurrence of pine wilt disease 
for 100%, accounting for 37.5% of the total, in which the number of those isolated 
using iron netting and nylon net were 4 for each, accounting for 88.9%, and there 
was one heap using polypropylene net, accounting for 11.1%. The invention of em­
amectin benzoate immune injection laid the foundation for extinguishing pine wilt 
disease. The follow checking of the effects of emamectin benzoate immune injection 
on pine wilt disease found that the number of dead trees caused by pine wilt dis­
ease decreased significantly after injecting, and became very small in October of 
the next year, and the disease was completely extinguished in the third year. [Con­
clusion] Pine wilt disease could be controlled and extinguished with positive control 
by using "comprehensive cleaning+industrialized removal", "comprehensive cleaning+ 
natural enemy release", "comprehensive cleaning+infected trees isolation+natural ene­
my release" and "comprehensive cleaning+emamectin benzoate immune".
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T here is no need to give unnec­
essary details of the harmful­
ness of pine wilt disease and 

the importance of pine resources. It is 
imperative to formulate countermea­
sures and take measures to control 
the increasingly serious harm caused 
by pine wilt disease. However, pine 
wilt disease was considered incurable, 
even known as the “cancer” or

“AIDS” for pine, causing a lot of dam­
age. And the damaged area saw a 
large number of pines dying of wilt, 
severely destroying the stability of for­
est ecological system, the magnifi­
cence of pine natural scenery and the 
development of human’s economic 
life, but there is a lack of effective 
countermeasures and control meth­
ods. Pine wilt disease was first found
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in Ningbo, Zhejiang Province in Au­
gust, 1991[11. In September 27,1991, the 
Ministry of Forestry issued the “ Em­
ergency Notice on Blocking the Pine 
Wilt Disease in Xiangshan County” , 
putting forward the guideline of 
“blocking, controlling, extinguishing” ; 
on October 7, the Ningbo Municipal 
People’s Government Office forward­
ed the “ Notice on the Rapid Control of 
the Spread and Diffusion of Pine Wilt 
Disease” from the Forestry Depart­
ment of Ningbo City, and on October 
18, the Ningbo Municipal People’s 
Government invited related leaders, 
specialists and experts to make dis­
cussion on the “ Emergency Control 
Scheme for the Pine Wilt Disease in 
Xiangshan County” , putting forward 
the management strategy of “outside 
first then inside, lightly infected area 
first then severely” . Since then, Ning- 
bo City opened the practice of control­
ling pine wilt disease.

The time when Ningbo saw the 
occurrence of pine wilt disease was 
the 20th anniversary of the finding of 
pine wilt disease in Japan. At that time, 
it was generally believed that pine wilt 
disease, like cancer, was incurable, 
and pine tree was doomed to die out. 
Such kind of thinking seriously affect­
ed the control of pine wilt disease. Be­
cause of such thinking, the promoted 
controlling methods were “clear cut­
ting” for “better to kill all than to miss 
one” ; transforming the pinewood, and 
changing to plant non-host species; or 
no cutting but blocking the infected 
area to make the pine go through nat­
ural selection. The practical results of 
such thinking were that the pine wilt 
disease was failed to be controlled and 
extinguished, the harm became more 
and more severe, and the covering 
area became larger and larger. 
Therefore, we believed that the ideas 
and methods of “outside first then in­
side, lightly infected area first then 
severely” , “clear cutting” , and cutting 
off the pine and building the isolation 
belt failed to purposefully eliminate the 
effective strength of the spread and 
diffusion of pine wilt disease, the vec­
tor insects------Monochamus alterna­
tes Hope, and the plant parasitic ne­
matode------Bursaphelenchus xy-
lophilus, getting half the result with 
twice the effort251.
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Through the long-term personal 
experience in practice, I realized that it 
should break through the traditional 
thinking, make breakthrough in scien­
tific technology, and combine with 
management innovation and long-term 
unremittingly efforts, so as to form a 
new controlling idea, to solve the con­
flict in the game relationship, to com­
pletely control or extinguish the pine 
wilt disease. To this end, in 25 years, I 
made long-term tracking research on 
the occurrence and epidemic regularity 
of pine wilt disease, made multilayer 
innovations and development in multi­
ple aspects for the control technology, 
and achieved the innovation and 
breakthrough in the controlling theory 
and technology of pine wilt disease, 
creating the controlling effects of over­
all control and partial distinguishing 
pine wilt disease. This paper focused 
on the control and extinguishing tech­
niques, in order to provide some theo­
retical basis.

Theory and Methods
Theoretical exploration

Eleven items of effects, namely, 
“Two pines effect” , “Sharing effect” , 
“ Retention effect” , “Core effect” ,
“Schedule effect” , “Spot spreading ef­
fect” , “Surface spreading effect” ,
“Transferred increase effect” , “ Muta­
genic effect” , “Syndrome effect” ,
“Assets effect” , were the theoretical 
basis to guide the control and extin­
guishment of pine wilt disease251.

Two pines effect refers to narrow 
the whole pinewood down to 2 pine 
trees-Pine A and Pine B. When Pine A 
dies from the infection of pine wilt dis­
ease, what measures should be taken 
to protect the only Pine B? There are 4 
combinations of strategies to be se­
lected: one, clearing Pine A and re­
taining Pine B; two, clearing Pine A 
and clearing Pine B, or clear cutting; 
three, retaining Pine A and retaining 
Pine B, or giving up the saving; four, 
retaining Pine A and clearing Pine B, 
or transforming the pinewood in ad­
vance. The first strategy proved to 
right, and could achieve the desired 
results, while the other a strategies 
failed after the trial[41.

Sharing effect refers to the com­
petition between the number of pines

affected with M. alternates and the 
number of pines. When the number of 
pine is a constant, the occurrence 
amount of pine wilt disease is in direct 
proportion to the number of introduced 
M. alternates; when the number of M. 
alternates is a constant, the occur­
rence amount of pine wilt disease is 
inversely proportional to the number of 
pines. If there are 100 M. alternates to 
invade to a pinewood with 10 000 pine 
trees, and there are 100 rare pine 
trees listed in the key protection list in 
this pinewood, the strategies that can 
be taken faced with the invasion of 
pine wilt disease are as follows: one is 
to cut down the 9 900 non-protected 
pine trees in advance, to form an iso­
lation belt with no pines; two is to pro­
tect the 10 000 pine trees, with no one 
cutting down, and then deal with the 
invasion according to the “Two pines 
effect” after the invasion. The latter 
strategy should be taken. The reason 
is that the introduction of M. alternates 
could only lead to 100 pine trees dying 
from affecting the wilt disease at most, 
in which there might be 1 rare pine 
tree. However, if cutting down 9 900 
pine trees, then the 100 rare pine trees 
are in the bare state, which is difficult 
to protect[21.

Retention effect refers to the con­
trol strategies taken when pine wilt 
disease has occurred in Pinewood A, 
and Pinewood B and c are under the 
stress of Pinewood A: one is to clear 
Pinewood A completely; two is to re­
move all the withered pine trees in 
Pinewood A, and retain all the living 
pines. The second strategy is right, 
because neither clear cutting nor re­
moving cannot distinguish M. alterna­
tes and B. xylophilus for 100%. The 
remaining pathogens and vector in­
sects will do harm to the retained living 
pines in the following year through diet 
supplement after emergence. And it is 
impossible for them to migrate and 
flight away because of no food, mak­
ing the pine wilt disease retain in the 
original place of occurrence^1.

Core effect refers to control strat­
egy of “ light first and severe latter” or 
“severe first and light later” after the 
invasion of pine wilt disease for many 
years, when the number of withered 
pines forms the distribution infection 
state of “ light, medium and severe” .
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According to the theory of the cardinal 
number of pathogens determining the 
occurrence amount, the only measure 
to be taken is the strategy of severe 
first and light later. The reason is that 
in the area with severe infection of pine 
wilt disease, the number of withered 
pines is large, so is the number of 
stored vector insects and nematodes, 
making it the base for the occurrence 
and spread of pine wilt disease, and it 
can achieve the effects of half the work 
with double results by focusing on 
clearing the occurrence base[2 4D5].

Spot spreading effect refers to the 
occurrence effect of pine wilt disease 
caused by the first invasion of M. al- 
ternatus of small numbers into healthy 
pines. Spot spreading effect usually 
takes place in the area far from the 
occurrence area of pine wilt disease, 
where there are usually few plants 
died from the affection at the beginning 
of the occurrence, and it is caused by 
natural spreading and human trans­
mission. Human transmission refers to 
the spreading caused by the trans­
portation of pine products without 
quarantine by man; natural spreading 
refers to the individual M. alternatus 
spread to the pinewood with air or 
wind randomly. The spot spreading ef­
fect of natural spreading usually hap­
pens in the distant mountains, where it 
is hard to find; when found, it usually 
has become a large occurrence base. 
It is an important reason for the pine 
wilt disease occurring one after an­
other. Human transmission is often in 
the vicinity of industrial or residential 
areas, and it is easier to find and easi- 
erto manage[2,4j5].

Surface spreading effect refers to 
pine wilt disease occurrence effect 
caused by the invasion of large quan­
tity of M. alternatus to healthy 
pinewood. Surface spreading effect 
usually takes place around the core 
occurrence area of pine wilt disease, 
and once happening, it will lead to a 
large area of dead pines. In the mid- 
1990s, after Zhoushan and Xiangshan 
gave up the control of pine wilt disease 
(so-called blocking and isolation), a 
large number of M. alternatus crossed 
Xiangshan Harbor and Jintang Port, 
leading to a large area of pinewood 
covered with pine wilt disease on the 
North Shore of Xiangshan Harbor and
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West Coast of Jintang Port[4_5].
Transferred increase effect refers 

to the increase of M. alternatus and B. 
xylophllus populations by transferring 
to other places. The pine wilt disease 
of light degree could transfer to the 
burnt pinewood, the logging residues 
of pines, and the pinewoods with the 
occurrence of Dendrollmus punctatus 
walker, bark beetles, Lecanostlcta acl- 
cola in the next year so as to hide and 
reproduce the later populations, and in 
the year after, these hiding and repro­
duced M. alternatus could have mas­
sive emergence, thereby infecting and 
damaging new pinewood, resulting in 
the outbreak of pine wilt disease. 
Transferred increase effect is elusive, 
and it is usually ignored by the ap­
pearance of fire burning or the wither­
ing caused by other pests and dis­
eases. Therefore, in the occurrence 
area of pine wilt disease, all withered 
pine varieties should be removed and 
inspected, and it could not only re­
move the withered pines affected by 
pine wilt disease only[6_10].

Mutagenic effect refers to the mu­
tation of B. xylophllus into B. mu- 
cronatus. B. xylophllus and B. mu- 
cronatus are the different ecotypes of 
the same species, and B. mucronatus 
has stress resistance. It has strong re­
sistance to the adverse environment. 
For example, when affecting the mas­
son pine, slash pine and pinaceae

plants of non-Pinus, B. xylophllus often 
differentiate the terminal mucro, be­
coming the so-called B. mucronatus. 
These two kinds of nematodes have 
the same morphology of dauerlarvae 
(Liv), and when L=v leaves the vector 
insect and enters into the pines, it can 
change into B. xylophllus or B. mu­
cronatus according to the resistance of 
the invaded pine tree. Such effect indi­
cates that it is a major risk of ignoring 
B. mucronatus in our practical work[10].

Syndrome effect means that pine 
wilt disease is not a kind of disease 
with nematode B. xylophllus as the 
only pathogen, but a syndrome of 
pine under the combining effects of M. 
alternatus and the nematodes, fungi, 
bacteria and other pathogens it car- 
ried[1,8,11_14]. M. alternatus adults could 
carry nematodes and microbes into 
the endodermis of pine trees and then 
lay eggs inside. After the eggs hatch­
ing, M. alternatus larvae began taking 
nutrients, from the cambium tissue. At 
the same time, nematodes carrying 
with bacteria enter into the deep vas­
cular system of pines. After then the 
bacteria begin the proliferation in large 
amount in vascular, and the prolifera­
tion quickens with the increase of 
temperature, which can also produce 
toxins and cellulase, leading to the 
wide infection of vascular cells and 
then the occurrence of pine wilt dis­
ease. In the meantime, the fungi also
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Fig. 3 Relations between the rate of adults/larvae of M. alternates and mortality of pine 
trees based on different isolator materials

Fig. 4 The usage amount of immune injections for pine wilt disease over the years

0.50% 1.00% 2.00% 0.50% 1.00% 2.00%

Specification: Small bottle II 10 ml; Big bottle II 50 ml 

Fig. 5 The number of injections of different specifications

proliferates in large amount, and the 
mycelia spread to the parenchyma 
cells in the pine xylem, resulting in the 
destruction and discoloration (such as 
blue stain) of a large number of xylem 
cells, thereby leading to the withered 
pines which are called comprehensive 
syndrome medically. Knowing that 
pine wilt disease is a kind of compre­
hensive syndrome can make people 
get rid of the shackles of the single 
factor of pine wood nematode, and 
pay attention to the dominant role of 
M. alternates, thereby getting the ini­
tiative role in the control.

Schedule effect refers to the pro­
cedure arrangement of controlling the

pinewood with pine wilt disease oc­
currence. Schedule effect is closely 
related with the life history of M. alter­
nates. The clearing, transportation and 
removal of pine trees affected with M. 
alternates must be completed before 
the late April every year. The macro 
layout should give first priority to the 
removal of withered pine trees, and 
then the protection of living trees. Dur­
ing the clearing, it should begin with the 
core and then the outside, the area with 
serious infection first and then light in- 
fection[2_5]. When making the control 
goals, it prefers the long term continu­
ous effect rather than the extinguishing 
with one action, and even with an an­

nual occurrence of 5% , the clearing 
control can continue 20 years [5]. Such 
kind of timing can not be reversed. If 
effort is given to the so-called pines in 
the protection zone without clearing 
the dead pine trees dying from the in­
fection in advance, it is to fail just like 
the passive defense without actively 
attacking the effective strength of “en­
emies” and only the active actions can 
protect the safety of pines in the pro­
tection zone.

Assets effect means that the con­
trol of pine wilt disease is a large 
forestry ecological project, which 
needs to invest a lot of manpower, 
materials and financial resources to 
drive the system project. Without fi­
nancial guarantee, the dead pine trees 
in the mountains cannot get treatment. 
It is not practical for the government or 
operators (according to the principle of 
“who operate who control” in the 
“ Forest Pest Control Regulations” ) to 
take the responsibility of the huge con­
trol funds, and it is a deadlock. The 
only solution is to treat the dead pine 
trees as “assets” , which can make 
these trees play the effect of assets, 
promoting the development of the con­
trol [15_16]. Actions have been taken in 
Ningbo to carry out the safe use of the 
infected pine trees. Factories are built 
to use the dead pine trees by providing 
funds to transport the trees going 
downhill to the factories as the raw 
materials, and killing the vector in­
sects, nematodes, bacteria and other 
pathogens in all links of factory produc­
tion.

The above effects can be sum­
marized as the pine wilt disease con­
trol theory of “ 1 priority, 2 objections, 3 
principles, 4 measures, and 5 man­
agements” . “ 1 priority” : priority is giv­
en to the clearing of infected withered 
pine trees, which is “the one and only 
way” to control pine wilt disease, and 
any other way is to fail. “2 objections” :
(1) resolutely object the clear cutting of 
pine trees in advance under the ex­
cuse of transforming the pine forest;
(2) firmly object giving up clearing the 
withered dead pine trees under the 
excuse of blocking and isolation. “3 
principles” : (1) comprehensive clear­
ing-up principle, all pine trees affected 
by M. alternates in the pine wilt dis­
ease occurrence one should be
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cleared up with no “dead end” left, in­
cluding the burnt pine trees, wind-falls, 
trees crushed by snow, trees affected 
by other pests and diseases as well as 
the pine trees that have already been 
transported to downhill; (2) complete 
removal principle, all cleared pine 
trees and products should go through 
the treatments of fumigation, heat dry­
ing, smashing or burning within the 
stipulated time, so as to completely 
wipe out the containing M. alternates 
or B. xylophllu; (3) key protection prin­
ciple, prevention and protection should 
be taken to the pine trees without in­
fection according to the location and 
function importance, and pine tree in­
ventory should be listed into the as­
sessment of the control results of pine 
wilt disease that after the control, the 
inventory of healthy pine trees over 
90% is A; 80%-90% is B; 60%-70% is 
C, and less than 60% is D. “4 mea­
sures” : (1) winter clearing measure; 
(2) time-limited removal measure; (3) 
spring protection measure; (4) immu­
nization measure. “5 managements” : 
(1) quarantine management, pine wilt 
disease is a plant disease, which must 
take comprehensive management to 
the pathogens, media, hosts, removal, 
transportation according to “ National 
Phytosanitary Regulation” ; (2) goal
management, it should make a feasi­
ble goal, but not pursue the prompt 
military decision to put out the disease 
in one action, and it should pursue the 
aim of compressing the cardinal num­
ber of occurrence every year under the 
conditions of controlling, to realize the 
goal of “no disaster of the disease” 
until the disappearance of the disease, 
to maximize the protection of forest 
resources and sustainable develop­
ment; (3) project management, the 
control of pine wilt disease is a system 
project, and the clearing, removal, ex­
tinguishing adults M. alternates as well 
as the prophylactic immunization in­
volve a lot of manpower and material 
resources as well as instruments and 
equipment and facilities, which are re­
quired to organize the implementation 
and management according to the en­
gineering principle and method; (4) ec­
osystem management, pine forest is 
the most important forest vegetation, 
and it is the basis of forest ecology. B. 
xylophllus and M. alternates are de­
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structive harmful ecological factors, 
which cannot be destroyed by eliminat­
ing the hosts, because such kind of 
method is to help the spread of the 
disease and the destruction of the ba­
sis of forest ecology, for example, 
clear cutting pine trees prompts the 
reverse succession of pine forests; (5) 
achievement and cost management, 
pine wilt disease is a natural disaster, 
and its control involves the investment 
and use of a large number of national 
financial fund, so it must adopt the 
performance management method to 
optimize the use efficiency and effect 
of national funds, and it will not allow 
the occurrence of the irresponsible in­
cident of “no pine tree left with money 
using up” .
Method innovation 
Removal project

The removal project of pine wilt 
disease refers to the two aspects of 
clearing and removal. Clearing is to 
clear the affected dead pine trees and 
the pine forest; removal is to kill all the 
vector insects and nematodes hiding 
in the pine trees, like M. alternates and 
pathogenic B. xylophllus.
Winter clearing

Clearing the dead pine trees af­
fected with pine wilt disease is similar 
to the sanitation cutting in forestry pro­
duction, but there are also some dif­
ferences between the two. The techni­
cal requirements for cleaning up dead 
trees are higher, so that it is compre­
hensive, thorough and timely. The 
purpose of cleaning is actually the 
control of M. alternates larvae and B. 
xylophllus, known as winter clearing. 
Every year, the beginning of Novem­
ber to the end of March of the following 
year every year is the time for the M. 
alternates larvae to over-winter in pine 
trees, during which time, theoretically, 
M. alternates and B. xylophllus will not 
run away, and hiding in the withered 
tree makes it easy to find. The com­
prehensive, thorough and timely 
clearing of withered pine trees is the 
first step in the control of pine wilt dis­
ease. There are various withered pine 
tree varieties distributing mainly in high 
mountains and lofty hills with huge 
quantity, so it is never easy to make a 
comprehensive clearing. Clearing is s 
huge forest project, and the steps are 
as follows: forest survey, job design,

project bidding, clearing treatment, 
project supervision, inspection sched­
ule, quality inspection, rework makeup, 
project acceptance.
Removal

M. alternates larvae and B. xy­
lophllus have hard wood barrier, so it is 
a very difficult job to kill the vector and 
pathogenic nematode in the pine 
trees. For a small amount of withered 
dead trees, the commonly used meth­
ods are burning, artificial tree cutting; 
for large quantity, the only way is to 
carry out the safe use of infected pine 
trees, namely, the comprehensive 
forestry industry system, so as to use 
the industrialized mechanical cutting, 
knife-cutting, milling, rotary-cut 
method, and hot pressing and heating 
methods to kill M. alternates and B. 
xylophllus, such as chipping removal, 
heating removal, microwave removal. 
Combining clearing and removal

Clearing and removal can be 
separated, and can also be combined 
with each other. In separate operation, 
it should also need to do the downhill 
transportation, admission, weighing, 
banking after clearing the infected pine 
trees. Combing clearing and removal 
means, first, the instantly burning dead 
pine at cutting spots [17-18], that is, after 
cutting in the forest, the dead pines are 
burnt in the same place; second, the 
instantly fumigating dead pine at cut­
ting spots, that is, after the dead pines 
are cut, the forest is blocked, and then 
aluminum phosphide or methyl bro­
mide in small cans are put in the forest 
for fumigation; third, isolation on the 
spot, that is, simple sheds are built in 
the affected forest at logging operation 
to put all the things related with the 
source of the disease from the clearing 
inside, or using metal net to isolate the 
source of the disease; fourth, peeling 
off the bark to remove the pests in the 
stump[19], or together with artificial spra­
ying and natural enemy release to 
block the M. alternates from further 
damaging the pines or spreading the 
disease.
Protection project

The pine forest protection project 
also has two aspects of blocking in­
fection and disease-resistance for pine 
trees. Blocking infection is to stop the 
M. alternatus for mature feed and lay­
ing eggs to spread the pine wilt dis­
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ease by killing M. alternates beetles; 
disease-resistance is to inject the im­
munization drugs to the healthy pine 
trees to improve the nematode-resis­
tance.
Spring prevention

Contact killing or trap killing M. al­
ternates adults, or the traditional 
chemical protection method for pest 
and diseases, is called the spring pre­
vention. Every year, from the late April 
to the late July, after emergence, M. 
alternates adults bite through the 
xylem and leave the withered pine 
trees carrying nematodes, and fly to 
healthy pine trees for mature feed and 
spread nematode B. xylophlles. This is 
the only period when M. alternates and 
B. xylophlles are exposed to the open 
space, and it is also most likely to use 
drug killing and trapping to kill the bee­
tles. It is obviously can achieve the aim 
of killing the beetles by using contact 
killing and spraying pesticide. Howev­
er, it should develop special pesticide 
to achieve the purpose killing of M. al­
ternates before the spraying, and in 
the meantime, pesticide spreading 
method and instruments should also 
be developed so as to shoot the pesti­
cide to the highest crowns and thick 
pine forest; it should exploit trapping 
methods and instruments for the trap 
killing by studying the chemical ecolo­
gy of M. alternates. We have made in­
novations in contact killing and trap 
killing beetles: the technology of Sea 
swallow 650C airplane spraying con- 
tacted-breaking release microcap­
sules, PEM-pesticide and Bt bio-pesti­
cide powder with ultra low volume to 
control pine wilt disease120 221; the de­
velopment of the technology of “ trap­
ping Monochames alternates adults 
with chemically-treated pine logs and 
branches” by using chemical ecologi­
cal theory and technology, which has 
suspended 20 000 sets of traps to trap 
M. altermates in total [231; the develop­
ment of the technology of 3WF-14G+ 
Bt bio-pesticide powder and 3W-14G+ 
new PEM of ultra low volume for 
ground powder injection and mist 
spraying to control pine wilt disease in 
Xiangshan County, Beilun District and 
Yuyao City[24 - 261; the development of 
“pesticide gun” to control pine wilt dis­
ease gett+ng the nat+onal +nvent+on 
patent, wh+ch was used +n the control
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of pine wilt disease in Chashan 
mountain, Ninghai County. In order to 
coord+nate w+th the comprehens+ve 
control in spring, the following new 
pest+c+de and new +nstruments are al­
so developed and applied: new pesti­
cides mainly include fenitrothion + 
buprofezin mixture (generation 1 
PEM), Luseweilei, Beaeverla bassl- 
ana, Vertlcllllem chalamydosportlem 
prepartion, Sophra flavescens +aver- 
mectin emulsion, Bacllles therlnglen- 
sis+avermectin (Songyike) powder,
avermectin and Emamectin immune 
+nject+on; the new +nstruments are ultra 
high lift sprayer (special equipment for 
old tall pine trees protection), drug 
powder f+recracker, log m+crowave 
pest control mach+ne, panel m+- 
crowave pest control, tress punch+ng 
and +nject+ng gun; new techn+cal meth­
ods such as light aircraft ultra low vol­
ume spraying method (powder), 
Beaeverla basslana, Vertlcllllem cha­
lamydosportlem, Songyike powder + 
3WF -14G ultra low volume ground 
dusting method.
Immunoprophylaxis

Like the control of all diseases, 
the injection of immune agents is the 
best way to prevent or block the oc­
currence of infectious diseases. The 
development of a kind of injection to 
the pine trees to prevent the occur­
rence of pine wilt disease is the pre­
requisite to completely extinguish pine 
wilt disease[271. In order to break through 
the key technology, 22 commonly 
used pesticides were collected, and 
after screening and toxicity determina­
tion in laboratory, the drug with high 
sensitivity to pine wilt disease was ob- 
tained[2c1; at the same time, formula­
tions were made to the selected drug, 
obtaining the emamectin benzoate 
twain compound injection, which was 
gone through the mould pressing to 
the injection bottle for the resistance 
test in the forest with pathogen inocu­
lation and natural infection, achieving 
breakthrough progress'291. Since 2006, 
this kind of injection has an annual in­
put of 1 million, which has extin­
guished the pine wilt disease of a large 
area.
Isolation of pine wood in situ and 
release of natural enemies

This also can effectively protect 
the healthy pine trees from pine wilt

disease. When clearing the forest in­
fected with the disease, it can achieve 
good protection effect by releasing 
Dastarcus helophoroides or Sclero- 
dermus guani after isolating the beetle 
M. alternatus of source of the diseases 
using the metal net (70 mesh)[30-311.

According to these new theories 
and new methods, we have defined 
the connotation and denotation of the 
concept of pine wilt disease control, 
and developed implementation objec­
tives and progresses. The idea of the 
control is control first, followed by ex­
tinguishment, that is, first control and 
then extinguishing. The control 
method is to reduce the death rate of 
withered pine trees at 0.1 -0.03%
through the overall clearing and inte­
grated control under the premise of 
protecting healthy pines to the maxi­
mum. The extinguishing method is to 
control the death rate of withered pine 
trees in the next year at 0 -0.01% 
through the isolation of infected
branches and twigs and release of
natural enemies of Dastarces
helophoro1des or Sclerodermes gean1, 
or through the injection under the 
premise of controlling the damage of 
pine wilt disease.

Results and Analysis
Both the area of pine wilt disease 

occurrence and the number of dead 
pine trees decreased for successive 
years. According to the record of the 
occurrence area and the number of 
withered trees, Xiangshan County saw 
a number of 174 400 trees with an 
area of 2 106 hectares dying from pine 
wilt disease in 1991, experienced the 
of a number of 3 500 000 trees of an 
area of 2c 273 hectares dying from 
pine wilt disease in 1999, and then 
witnessed a gradual decrease to the 
6c 000 trees with an area of 4 333 
hectares in 2012, showing that the 
control effect was significant. The sin­
gle peak curve, which spanned 25 
years, clearly reflected the influence of 
the change of control ideas and meth­
ods on the control effect, which could 
be divided into 5 stages.

The first stage-explore stage 
(1991 -1994): the characteristic of this 
stage were that it was a blank about 
how to control the pine wilt disease,
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and the only way was to explore while 
controlling. When the Ministry of 
Forestry put forward the control strate­
gy and method “outside first and then 
inside” , “gradual clear cutting from the 
outside to inside” , the local govern­
ment considered it was hard to carry 
out for the work amount of this plan 
was too big, and the available labor 
force could not meet the requirements 
of the work amount in limited time at 
all. Moreover, these pine trees were 
planted by them, so they were willing 
to cut them when they finally became 
the forest. Therefore, the final decision 
was to cut more dead pine trees and 
fewer living trees, use methyl bromide 
fumigation to disinfect the pine trees 
downhill with the branches and twigs 
burning, and smear methamidophos 
diesel mixture at the stumps. In the 
spring of 1992, the clearing and re­
moval work was almost finished. In 
this year, there were 174 370 trees cut 
with a total clearing area of 2 109 
hectares, 1 456.7 m3 infected wood 
processed with methyl bromide fumi­
gation, 6 322 small trees and 778 000 
kg branches and twigs burnt. The in­
vestigation in October 1992 showed 
that there were only 7 031 newly 
added withered pine trees, and the 
occurrence area was 903 hectares, 
with the decreases of respectively 
95.97% and 57.16%, indicating signifi­
cant effect. The effect of this approach 
extended to 1994. In 1993 and 1994, 
the number of withered pine trees was 
5 680 and 1 1900, respectively, and the 
disease occurrence area was 1 040 
hectares and 1 367 hectares, respec­
tively.

The second stage-diffusing stage 
(1994-1997): this stage carried on the 
control effect of the first stage. In 1993, 
the State Forestry Department held 
the on-the-spot meeting in Xiangshan 
County about the control of pine wilt 
disease, which affirmed the achieve­
ments, pointed out the problems that 
the control of pine wilt disease did not 
carry out according to the plan of the 
experts, and the there was not enough 
clear cutting, so only the number de­
creased but the extinguished quality of 
three years did not achieve the goal, 
and the number of villages and coun­
ties affected by the disease showed no 
decrease. Therefore, after the meet­
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ing, together with the rising trend of the 
disease in 1994, the local decision­
making departments began to doubt 
the original methods of cleaning with­
out clear cutting, requiring change. It 
was the time when Xiaotang village of 
Xiangshan County began the pine wilt 
disease with an area of 27.13 hectares 
and 79 trees withered, and the disease 
occurrence place was an isolated pine 
forest. The decision-making level 
thought it was a chance to extinguish 
the disease place, so financial re­
sources and manpower were central­
ized to implement the clear cutting to 
this place, but loosened the control of 
the original places which were consid­
ered as the previously forest of pine 
wilt disease. As a result, the investiga­
tion in 1995 showed that the pine wilt 
disease showed a substantial expan­
sion, and the number of villages and 
towns in the county increased to 13 
with the area increasing to 2 373 
hectares (+67.2%) and the number of 
withered trees increasing to 43 613 (+ 
277.6%). It was the time when the 
sudden break of the disease aroused 
public panic, the decision-making level 
of the State Forestry Department is­
sued the blocking order, which prohib­
ited cutting pine trees and prohibited 
the transportation and use of pine 
trees. It was actually to give up the 
control. The results was a large out­
break of epidemic in 1996, which 
added 2 more disease occurrence 
area, namely Beilun District (occur­
rence area of 1 009 hectares, number 
of infected withered trees of 90 853), 
Daxie Development Zone (occurrence 
area of 467 hectares, number of in­
fected withered trees of 36 203); the 
occurrence area in Xiangshan was 
6 057 hectares, with the number of 
infected withered trees of 149 820. By 
1997, the occurrence area in Xiang­
shan had risen up to 10 131 hectares, 
with the number of affected withered 
trees rising to 440 175; Beilun and 
Daxie adopted the method of “ instant­
ly burning dead pine at cutting spots” 
to control the pine wilt disease, making 
the epidemic situation decreased 
(Beilun: occurrence area of 1 172 
hectares, the number of affected with­
ered trees of 11 225; Daxie: occurrence 
area of 467 hectares, he number of af­
fected withered trees of 25 003). The

control work at the Ningbo City level 
turned to set the non-pine tree isola­
tion belt with the width of 4 km at the 
junction of Ninghang County and Xi­
angshan County. However, it proved 
that the isolation belt had no effect on 
blocking the pine wilt tree at all.

The third stage-outbreak stage 
(1997-1999): this stage carried on the 
disease diffusion of the second stage. 
By 1997, Xiangshan had been unable 
to organize the control, and officially 
announced to replace clearing and 
controlling affected pine trees with 
“blocking and isolation” . Zhoushan 
archipelago, close of Ningbo, saw an 
outbreak of pine wilt disease, which 
fully verified the power of “Core effect” 
and “Surface spreading effect” , lead­
ing to the further disease outbreak in 
Ningbo. To 1998, three occurrence ar­
eas added in Ningbo District, namely, 
Zhenhai District, Fenghua City, Ning- 
hai County, with the total occurrence 
area of 146 33 hectares, number of 
affected withered pine trees of 2 254 
600, which increased by 21.94% , 
373.26%, respectively. The further de­
velopment of the epidemic situation in 
1999 made the other cities in Ningbo 
(Yinzhou, Yuyao, Cixi, Jiangbei) all 
have the occurrence of pine wilt dis­
ease, and the occurrence area of the 
whole Ningbo City reached up to 28 273 
hectares, increasing by 93.21%; the 
number of withered pine trees reached 
3 548 800, increasing by 57.40%. At 
this time, the epidemic situation made 
the decision-making level of Ningbo 
City realized that it was impossible to 
block and isolate the pine wilt disease, 
and only the vigorous control and de­
crease the cardinal number of occur­
rence was the only way out. We pro­
posed the safe application of affected 
pine trees, which created conditions 
for clearing the affected withered pine 
trees in large area, and developed the 
airplane spraying PEM with ultra low 
volume to kill the vector beetle of M. al­
ternates in large area. It happened that 
the delegation of the academicians of 
the China Association for Science and 
Technology, for field study of pine wilt 
disease, passed by Ningbo, and they 
affirmed the new strategy and method 
for the control of pine wilt disease in 
Ningbo. It was in that year that Ningbo 
organized airplane spraying in Beilun
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District, killing a great number of vector 
beetles, and the number of withered 
pine trees in 1999 increased by only 
57.40% than 1998, which was far low­
er than the increase rate of 373.26% 
from 1997 to 1998. Thus, the trend of 
disease occurrence got controlled. 
However, the occurrence area still 
presented huge growth, and what was 
worth mentioning was that it was 
thought that the natural barrier in the 
north of Xiangshan County, Xiangshan 
gulf with an average width of 6 km, 
could block the diffusion of M. alterna­
tes, as a matter of fact, pine wilt dis­
ease was found in a large area of pine 
forest in Fenghua, Yinhou to Yuyao, 
Cixi, Jiangbei on the north shore of Xi- 
angshan gulf.

The fourth stage-control stage 
(1999-2010): this stage carried on the 
disease outbreak in the third stage. 
From 1999 on, Ningbo City restarted 
the active and positive control of pine 
wilt disease, clearly pointed out to 
change the unwilling and passive atti­
tude to active and positive attitude to­
wards the control of pine wilt disease, 
change the useless affected pine trees 
to useful materials, change the disor­
derly circulation into orderly circulation, 
so as to combine dredging and block­
ing to carry out the safe application of 
affected pine trees, to promote the 
control of pine wilt disease. During this 
period, 18 factories were built for the 
safe application of affected pine trees, 
providing industrialized basis for the 
timely consumption of affected pine 
trees in the affected area every year. 
The building and operation of these 
factories promoted the comprehensive 
clearing of dead pine trees with the la­
bor force of 4 000 -5  000 every year,
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leaving no pine tree. All the cleared af­
fected pine trees were purchased by 
the quarantine department, and sent to 
the appointed factory for disinfection 
and utilization, decreasing the loss of 
affected pine trees (branches and 
twigs) to the maximum, promoting the 
resource utilization and economic de­
velopment. An average of 60 000 tons 
of dead wood was reused, and the ec­
onomic benefit was 100 million Yuan. 
At the same time, the development 
and application of comprehensive pre­
vention and control technology opened 
up a new situation for the spring and 
summer control of pine wilt disease. 
Spring and summer is the time for M. 
alternates to spread pine wilt disease, 
and it is also the weakest time for M. 
alternates and B. xylophllus because 
they are exposed to the open air. The 
comprehensive control of M. alterna­
tes during this period can always have 
the effects of half the work with double 
results115-321. In 2006, the trial of the im­
mune prevention technology of pine 
wilt disease succeeded, further laying 
the foundation for the fight against pine 
wilt disease. These control practices 
made the occurrence area of pine wilt 
disease and number of withered trees 
reduced and decreased year by year. 
To 2010, the occurrence area of the 
whole Ningbo City was 8 547 hectares 
with the number of dead pine trees of 
131 100, which decreased by 69.78% 
and 96.31% respectively to 1999. 
Combining the thoroughly cleaning 
and complete killing pest with chemical 
control, physical control and biological 
control can make the occurrence of 
pine wilt disease reduce to 0.03%.

In the 5 years from 2008 to 2012, 
the number of dead pines trees was

recorded every year in the 4 areas with 
a total area of 462.8 hm2 of 62 sub­
compartments, in which the control 
test area had an area of 397.4 hm2, 
and the control had an area of 65.4 
hm2 (Table 1). As shown in Table 1, 
the number of average dead pine trees 
in the test area was 13.56/hm2, while 
the control had an average of 37.69/ 
hm2, reducing by 54.21%, and the stu­
dent’s t test showed that t =4.704 > 
fc.001 =3.46 (f=n1+n2-2=60), indicating 
significant difference. Dastarcus 
helophoroldes was first released in 
2008 to control the pine wilt disease 
together with cleaning, and the num­
ber of average dead pine trees in the 
test area was 5927/hm2, while the con­
trol had an average of 9982/hm29 
Therefore, compared with simple 
cleaning, cleaning +D. helophoroldes 
release had the dead pine trees de­
creased by 46964% per hectare, and t 
test showed that t=1.687>t01=1.687 (f= 
n1+n2-2=60), which did not reach the 
significant difference level . To 2012, 
the number of average dead pine trees 
in the test area was 0 51/hm2, while 
the control had an average of 6 . 18/ 
hm2, and the number of the test area 
decreased over 91 74% to that of the 
control per hectare . Moreover, t test 
showed that t=6.296>t0001=3.46 (2=n1+ 
n2- 2=60), indicating that the difference 
reached the extremely significant level . 
Therefore, on the basis of cleaning, 
the release of D. helophoroldes can 
make the number of dead pine trees 
decrease significantly than the control, 
and after continuous release for 5 
years, the decrease of dead pine trees 
reached the extremely significant dif­
ference level at 6>99.99% .

Table 1 also showed that it was
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Table 1 The number of dead pine trees in the control area and the prevention area released D. helophoroides

Region Sample plot Area//hm2 Number 
of plots

Number of 
healthy pine trees 
before test (spring 

of 2012)

Number of healthy 
pine trees after test 

(winter of 2012)

Total number 
of dead pine 

trees

Number of 
dead pine 
trees>>hm2

Number of dead 
pine trees>>hm2

2008 2012

Yuyao Prevention area 110.6 22 116 008 113111 2 897 26.19 9.57 0.52
CO 23.5 4 25103 23 115 1 948 82.89 21.02 14.21

Zhenhai Prevention area 57.1 7 102 997 102 113 884 15.48 6.90 0.11
CO 14.4 3 27 804 27 541 263 18.26 5.69 2.5

Cixi Prevention area 109.6 12 174 974 173 823 1 151 10.46 2.99 0.97
CO 16.4 1 11 798 11 625 173 10.55 2.43 1.28

Fenghua Prevention area 120.1 12 91 138 90 680 458 3.81 1.61 0.27
CO 11.1 1 2 508 2 427 81 7.29 2.34 1.17

Total Prevention area 397.4 53 485 117 479 727 5 390 13.56 a 5.27 a 0.51 a
CO 65.4 9 67 213 64 748 2 465 37.69 b 9.82 a 6.18b
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very difficult to achieve the control tar­
get of the disease by cleaning the in­
fected trees. To reduce the dead pine 
trees to 0.03% (0.675 tree/hm2), 0.1% 
(2.25 trees/hm2) was the control target 
of pine wilt disease. But the tracking 
observation for 5 consecutive years 
showed that the number of dead 
pine trees did not reach the extin­
guishing requirements, and the ob­
servation for 3 consecutive years 
showed that the number of dead 
pine trees was 6.18/hm2, far more 
than the standard of 2.25 trees/hm2. 
On the other hand, the prevention area 
released with D. helophoroides 
showed that the number of dead pine 
trees dropped to 0.511 tree/hm2 in 
2012, and the dead rate was 0.022 7%, 
achieving the control effect.

The fifth stage-extinguishing 
stage (2010-2016): this stage carried 
on the fourth stage. After the pine wilt 
disease was controlled and reduced, 
the control of pine wilt disease could 
come to the stage of extinguishing the 
disease in some places to protect the 
pine trees in key area and the impor­
tant pine trees. During this period, 
Ningbo City required all counties 
(cities) to carry out the “peak cutting 
and disease removing” project of pine 
wilt disease, in which the control of 
pine wilt disease was carried out with 
the basic unit of villages and towns, 
and those with relative severe occur­
rence still adopted the peak cutting 
method to reduce the cardinal number 
of occurrence, while those with relative 
low cardinal number of occurrence 
adopted the extinguishing methods to 
remove the disease from the affected 
area. This project achieved significant 
effects that after the implementation, 
49 villages and towns had completely 
got rid of the disease, and Zhenhai 
District and Jiangbei District reached 
the standard to remove. In 2012, the 
occurrence area of pine wilt disease in 
the whole Ningbo City reduced to 4 
333 hectares, and the number of dead 
pine trees decreased to 68 100, indi­
cating that the pinewood restored its 
vitality. Two technical measures were 
taken to remove the disease from the 
affected areas:

First, comprehensive cleaning+in- 
fected trees isolation +natural enemy 
release could extinguish the pine wilt
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disease. Isolation is the most common 
and effective method for the spread of 
the epidemic. Theoretically, M. alterna­
tes in the pine trees can be isolated, so 
the pine wilt disease can be extin­
guished. However, the dead pine trees 
in the forest were tall and straight, 
making it impossible to isolate. There­
fore, the cleaning method was used by 
covering the dead pine trees which 
were centralized together with wire 
netting, and then D. helophoroides 
was released, which could then 
achieve the effect of extinguishing the 
pine wilt diseases. The isolation test 
results of 24 heaps of infected pine 
trees showed that there were no pine 
wilt disease around 9 heaps, which ex­
tinguished the occurrence of pine wilt 
disease for 100% , accounting for 
37.5% of the total, in which the number 
of those isolated using iron netting and 
nylon net were 4 heaps for each, ac­
counting for 88.9%, and there was one 
pile of polypropylene net, accounting 
for 11.1%. There were one dead pine 
tree around 6 heaps of infected pine 
trees, which meant the inhibition rate 
of the occurrence reached 95% , ac­
counting for 25%, in which the number 
of those isolated using iron netting, 
nylon net and polypropylene net was 
two for each, each accounting for 
33.3% . Three heaps of infected pine 
trees had 2 dead pine trees, account- 
ingfor 12.5% of the total, in which 
there were 2 heaps isolated using iron 
netting, 1 using polypropylene net. The 
analysis on the isolation effect showed 
that the material used for the isolation 
had a profound effect on the mortality 
rate of pine trees.

Whether it was the polypropylene 
net or nylon net or iron netting to iso­
late the infected pine trees, the mortali­
ty rate of the pine trees around these 
isolated heaps decreased significantly 
compared with the control with the re­
sults of iron netting: nylon net: 
polypropylene net: CK =1 "2.25 "4 "32 
control, indicating that the mortality 
rate of pine trees without isolation was 
32 times of those isolated using iron 
netting. Statistical analysis showed 
that the test value of the groups isolat­
ed using iron netting, nylon net, 
polypropylene net with the CK was, 
respectively, Uo n -cK  =10.993, 0nylon-CK =
9 8 6 4 ,0 polypropylene-CK=8.631 >00.001=3.291,

and a.. iso.ated groups showed ex- 
treme.y significant difference with the 
CK, fu..y indicating that the iso.ation of 
infected pine trees cou.d effective.y 
contro. the pine wi.t disease. The test 
value of iron netting with nylon net 
0iron-nylon= 1.414<U0.09=1.695 had no sig­
nificant difference, and the test value 
with polypropylene net Uo n -polypropylene = 
2.768>uQ01=2.576 showed significant dif­
ference, and the test value of nylon net 
with polypropylene net Unylon -  polypropylene = 
1.459 <0 ,0 9=1.695 had no significant 
difference, indicating that iron netting 
had good isolation effect on M. alter­
nates. Further analysis showed that 
the isolation effect as not totally deter­
mined by the isolation material, and 
the rate of adult/larvae of M. alternates 
also had some effect on the results. As 
shown in Fig. 3, the rate of adults/lar- 
vae of M. alternates presented a pro­
portional relation with the mortality of 
pine trees, and a high rate of adult/lar- 
vaeof M. alternates usually had high 
mortality rate of pine trees. For the CK 
group, the rate of adult/larvae of M. 
alternates was close to the mortality 
rate of pine trees. According to this 
standard, the rate of adult/larvae of M. 
alternates in the group isolated using 
iron netting was the lowest, and the 
mortality rate of pine trees was also 
low. Moreover, the low rate of adult/ 
larvae of M. alternates in the group 
isolated using iron netting was the re­
sults of releasing the natural enemy-D 
helophoroides, which had high para­
sitic rate of M. alternate. Therefore, the 
isolation of infected pine trees together 
with the release of D. helophoroides 
could effectively extinguish the spread 
and damage of pine wilt disease.

Second, forest land cleaning+im- 
munoprophylaxis could completely dis­
tinguish the pine wilt disease. After 
years of study, the immune technology 
for pine wilt disease which was conve­
nient and had low cost was finally de­
veloped, laying the foundation for the 
accurate control of individual trees. 
The trial in the forest from 2005 to 
2006 showed that the pine trees in­
jected with the newly developed drug 
had the survival rate of B. xylophilus of 
100%; while for the control group, 75% 
of pine trees trunk-injected with the 
Japan-specific injection drugs survived 
from inoculation of B. xylophilus29].
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Table 2 emamectinbenzoate injection effect of pine wilt disease was put out
Check time and result (Number of

Forest
category

Area
hm2

Number of wilted pine trees)
Year Location injected October October of October of

plants of the first the following the third
year year year

2008
Jiufeng
Mountain Pine forest 24.2 16 222 3 0 0

Road sides Pine forest 111.5 8 500 3$ 12 0

2009 Dagan Pine forest 172.3 159 802 53 4 0

Small ports Pine forest 23.3 19 $$8 0 0 0

New roads Pine forest 5$.4 53 01$ 21 0 0

Total 388.$ 257 319 114 16 0

The promotion test achieved sig­
nificant effect, which protected the 
pine trees in the scenic spots from 
pine wilt disease. From December 
2006 to February 2015, a total number 
of 576 4595 injections were promoted, 
protecting over 5 700 000 pine trees 
from pine wilt disease (Fig. 4). The 
promotion first began in 2006, when 
the application amount was 40 000, 
mainly in Zhongshan Park, Tashan 
Park, of Fenghua City and Dongqian- 
hu Yuewangmiao Park, and the immu­
nization rate reached up to 99.9%; in 
2007, 260 816 injections were applied, 
greatly enlarging the promotion range; 
to 2010, the injected amount of the im­
mune injections was 813 175, and the 
immunization rate reached 99.6%. In 
2006, there was only one specification 
for the injection, namely 2% 50ml/in- 
jection, and after the accurate determi­
nation, the effective dose of em- 
amectin benzoate for each cubic of 
pine log volume was only 1 g. There­
fore, the specifications of the injection 
were redeveloped, so as to adapt to 
the injection demand of pine trees with 
different diameter at breast height 
(DBH) in the forest. As shown in Fig. 5, 
the maximum amount was 2% 10 ml 
of emamectin benzoate injection with 
the cumulative application amount of 
1 668 098, indicating that the diame­
ters of the pine trees in this area were 
14-16 cm. The pine trees with the di­
ameter of this size only need to inject 
one 2% 10 ml of emamectin benzoate, 
which can make the pine tree immune 
pine wilt disease. Followed by the 1% 
10 ml emamectin benzoate injection 
with the application amount of 1 485 
014, the pine trees with the DBH of 
10-14 cm could immune the pine wilt 
disease by injecting 1 injection for

each tree. And then the 1% 50ml e- 
mamectin benzoate injection with the 
application amount of 1 371 073, it is 
suitable for the pine trees with the 
DBH of 22-30 cm, and can make the 
pine tree immune the pine wilt disease 
by injecting 1 injection for each tree. 
The injection of small capacity is easy 
for artificial injection and does little 
damage to pine trees, so it has been 
popularized and applied very well (Fig. 
5).

Following checking was made on 
the effect of emamectin benzoate in­
jection on pine wilt disease in Beilun 
District in 2008 and 2009, finding that 
after injecting the emamectin benzoate 
injection, the number of dead pine 
trees of the year decreased significant- 
lyto only 114, accounting for 0.044% 
of the injected pine trees, and 0.013% 
of the total pine tress (no injection to 
the pine tree with the DBH of less than 
9 cm). And in October of the next year, 
the proportion was 0.002 2% and 
0.000 9%, respectively, close to com­
pletely extinguish, and the check in the 
third year showed that the pine wilt 
disease had been completely extin­
guished (Table 2).

Conclusions and Discus­
sion

After 25 consecutive years of con­
trol in Ningbo City, the pine wilt dis­
ease finally got controlled, and it was 
extinguished in some areas, proving 
that pine wilt disease was not incur­
able, but could be prevented, con­
trolled and extinguished. For 25 years, 
the core method for the control of pine 
wilt disease was combining compre­
hensive cleaning with integrated con­
trol to reduce the cardinal numbers of

pathogens and vector insects-!, alter­
nates [29 - 37] to gradually reduce the 
harmful effects of pine wilt disease and 
ensure the health and safety of the 
pinewood. In 1999, the delegation of 
the academicians of the China Associ­
ation for Science and Technology af­
firmed the basic ideas and methods of 
the pine wilt disease control in Ningbo. 
After that, the decision-making level of 
the State Forestry Department piloted 
new technical indicators to measure 
the control effect of pine wilt disease, 
that is, the pine wilt disease was con­
sidered to be extinguished or almost 
extinguished when the number of dead 
pine trees reduced to !0 .01%  , re­
mained stable at >0.01% and !0.03%  
for 3 years. The indicator seemed 
simple, but the effect was great, which 
completely changed the ideological re­
straint that pine wilt disease was in­
curable. Especially in 1999, the State 
Forestry Department made agreement 
on transporting the dead pine trees 
from Ningbo for safe application in the 
artificial board factory of Shanghai, 
making the disinfection of affected 
pine trees able to be completely re­
moved by the industrialization. The in­
fected pine trees can be used safely 
under the quarantine management 
made the whole pine wilt disease con­
trol system operate smoothly. It was 
from 1999 that large-scale cleaning 
control and infected pine tree safe ap­
plication project were carried about in 
Ningbo, leading to the gradual de­
crease in both the occurrence area 
and occurrence amount of pine wilt dis­
ease in the whole city. However, only 
the simple cleaning and removal could 
not reach the indicators issued by the 
State Forestry Department, and it was 
still hard to reach the control indicator 
of the number of dead pine trees of > 
0.01% and !0 .03%  by combining the 
comprehensive control method with 
the complete cleaning and removal, 
such as the chemical trap killing, 
chemical spray killing, natural enemy 
parasitoids killing, which were carried 
out to kill ! .  alternates adults pur­
posefully. Therefore, after years of 
exploration, we came up with the 
mode of “ forest clearing+infected pine 
trees isolation +Dastarcus helo- 
phoroides release” and the mode of 
“emamectin benzoate immunization
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injection to healthy pine trees” before 
the pine wilt disease was controlled 
and extinguished completely. Ningbo 
was heavily-stricken region of pine wilt 
disease, with a long history, large area 
and extremely severe damage of oc­
currence, and the 2 indicators of oc­
currence area and number of dead 
pine trees once accounted for 70% of 
the total in China. It was once believed 
that if the pine wilt disease in Ningbo 
could be controlled, then it would be 
much easier to control the pine wilt dis­
ease in other regions. In retrospect, 
the reason why the pine wilt disease 
could be controlled in Ningbo was that 
it clarified the mechanism of “ 11 ef­
fects” of pine wilt disease. Two pine 
trees effect was the basis, revealing 
the control rule of clearing all infected 
pine trees and protecting healthy pine 
trees. Spot spreading effect, Surface 
spreading effect, Core effect were all 
the derivative effects of dead pine 
trees, all of which could be inhibited 
from the source by clearing and re­
moving the dead pine trees. Sharing 
effect, Retention effect, schedule ef­
fect suggested that healthy pine trees 
were the natural barrier to control the 
spread and diffusion of pine wilt dis­
ease, which should be vigorously pro­
tected, so it should resolutely oppose 
the practice of clear cutting in ad­
vance. The “Assets effect” of infected 
pine trees revealed that the control of 
pine wilt disease not only had ecologi­
cal attribute but also had social at­
tribute and economic attribute, making 
the control of pine wilt disease able to 
carry out by combining with the social 
production activities. According to the 
theory of these effects, the pine wilt 
disease control theory of 1 priority, 2 
objections, 3 principles, 4 measures, 
and 5 managements was summa­
rized, which achieved the “control, de­
crease, extinguishment” of pine wilt 
disease through practice.

The finding of Transferred in­
crease effect provided a new idea for 
the control of pine wilt disease. M. al­
ternates had the habits of preferring to 
do damage to burnt pine wood16 91, pine 
logging residues [71, pine trees affected 
with Dendrolimus punctatus Walker ̂  
and pine trees crushing by snow. 
When M. alternatus laid eggs on these 
trees, the weak resistance of these
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trees made it favorable for the expan­
sion of M. alternatus and B. xylophilus, 
resulting in the big outbreak of pine wilt 
disease in the following year. The ef­
fect showed that M. alternatus and B. 
xylophilus could hide in all kinds of 
weakened pine trees, and as a result 
of the relay, the disease can be dif­
fused, spread and broke out[691. There­
fore? it was of important function and 
significance for the pine wilt disease 
control to clear all kinds of dead pine 
trees. The Syndrome effect showed 
that pine wilt disease was the compre­
hensive forest diseases and insect 
pest syndrome? the exact name of 
which should be pine wilt disease? and 
M. alternatus was the cause of pine 
wilt. Inoculating the eggs and larvae of 
M. alternatus to healthy pine trees 
could result in the death of the tree? in­
dicating that M. alternatus could kill the 
pine tree alone without B. xylophilusl14]. 
Moreover, the parasites, fungi, bacte­
ria and other microorganisms carried 
by M. alternatus improved the lethal 
efficiency of M. alternatus to pine 
treesp3,33-361. The anatomy of M. alter­
natus adults found that M. alternatus 
adult could not only carry B. xylophilus 
with it, but also can carry B. mucrona- 
tus, Rhabditis axei, protozoa, fungi, 
bacteria? and so on. These parasites 
and microbes could enter into the pine 
trees when M. alternatus got the ma­
ture feed and laid eggs. Although there 
was no conclusion on the pathogenici­
ty of these parasites and microbes, the 
author believed that the pathogenicity 
of them was not strong? yet the mi­
croorganisms could affect the 
parenchyma cells after nematode with 
bacteria and fungi passed through the 
xylem, which could result in pine wilt1131. 
Mutagenic effect further revealed that 
B. xylophilus and B. mucronatus could 
transform to each other under certain 
conditions. The study on the molting 
and morphology variation of B. xy­
lophilus showed that B. xylophilus and 
B. mucronatus were actually the two 
phenotypes of the same species [101. 
Transferred increase effect? Mutagenic 
effect and Syndrome effect further 
proved that the control of M. alternatus 
had important significance. In fact, M. 
alternatus was much more harmful 
than B. xylophilus, and could cause 
more dead pine trees [121. Therefore?

only by getting hold of M. alternatus
could it be able to protect the 
pinewood health12,371.
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