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The significant similarity of the morphology, biology and ecology of the quarantine nematode Bursaphelenchus xylophilus 

and the common, relatively harmless, species B. mucronatus, as well as ambiguous reports on the possibility of 

interbreeding between them, cause difficulties in the their correct identification and pose a potential threat that they may 

form interspecies hybrids presenting new combinations of adaptive features.  

In the conducted study, the process of inter-specific hybridization between these two species has been examined with the 

aid of the B. xylophilus Roller (Bxy-rol(tom3) mutation as a morphological marker, in the breeding protocol, and then 

confirmed by examination of individual nematodes with the PCR technique with the designed species-specific primers.  

PCR amplification of DNA from parental nematodes with the primers generated a single fragment of 767 bp for examined 

B. xylophilus populations or a single fragment of 305 bp for B. mucronatus populations. Our earlier study confirmed that 

PCR mixtures of these two primer sets and DNA of both B. xylophilus and B. mucronatus produced simultaneously two 

fragments specific for these species (i.e. 767 and 305 bp) in individual lane of agarose gel. 

The use of the primer mixture in the PCR with DNA from individual hybrids (from the F1 to F16 generation offspring of 

B. xylophilus and B. mucronatus) resulted in simultaneous production of two easy-to-distinguish fragments of 767 bp and 

305 bp in each lane of the agarose gel. That result indicated the presence of both B. xylophilus and B. mucronatus DNA 

fragments in individual nematodes. Since each PCR amplification was conducted with DNA extracted from a single 

specimen (i.e. female or male), the obtained electrophoretic separations clearly confirm the inter-specific hybrid status of 

nematodes pre-selected up to F16 generation offspring. 

The results obtained revealed full species-specificity, high sensitivity of the primer pairs and optimal conditions for the 

PCR, which together allowed for a rapid and precise confirmation of the parental or inter-specific hybrid status, based on 

individual nematodes. 
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The Pine Wilt Disease (PWD) is a fatal disease of pines caused by the pinewood nematode (PWN) Bursaphelenchus 

xylophilus.  In Korea, most native species of pines are highly susceptible to PWN and there have been a lot of damages 

and losses in pine forest since it first occurred in 1988.  Currently PWD has been reported in 140 administrative cities & 

counties from total 228 as of April 2023.  The numbers of damaged pine trees have been fluctuated during 35 years and it 

peaked up to 2,180,000 in 2014. Then it declined continuously at 1,370,000(2016), 690,000(2018), and 390,000(2021), but 

the numbers of damaged pine rebounded to 784,903 in 2022. PWN is transferred from dead to healthy pines via insect 

vector, Monochamus species of beetle. Therefore, the control tactics are targeting on both PWN and vector insect. For the 

control of dead infected trees, cut & fumigation, cut & chipping, and cut & burning is common control methods to get rid 

of nematode and insect at the same time. A chipping of wood material is a highly recommended control method in South 

Korea because it is the most environmentally friendly method. Trunk injection is common way of prevention of PWD by 

chemical injection into a healthy tree by targeting on nematode inside of pine tissues. In Korea, recently, an aerial spray by 

manned helicopter is suspended because of potential of chemical residue of neonicotinoid on honey bee. Unarmed aerial 

spray method for the selected area is applied for the control of insect vector instead of large area spray by helicopter. The 

system of PWD investigation and the diagnostic techniques have been dramatically changed and developed. NFC electronic 

tags are in use to prevent the monitoring blind spots, and a record management system using QR code from the monitoring 

and diagnosis of dead pine trees to the control has been established. It allows that information entered in the field can be 

checked in real time, and record on the work process can be managed. In addition, for rapid diagnosis of PWD, a 

recombinase polymerase amplification (RPA) and a loop-mediated isothermal amplification (LAMP) are developed for 

field application. 
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Since the first occurrence of pine wilt disease (PWD) in South Korea in 1988, various diagnosis system and control 

methods have been developed and applied to the field, but the damage of PWD has now spread nationwide. The number 

of damaged trees was 890,000 as of 2023, the largest increase since 2.14 million in 2014, and accordingly, the demand 

for prompt and accurate diagnosis has also increased rapidly. Therefore, we developed loop-mediated isothermal 

amplification (LAMP) and recombinase polymerase amplification (RPA) assays for PWD diagnosis, considering on-site 

performance and rapidity. We focused on supplementing the disadvantages of the conventional microscopy diagnostic 

method or PCR technique. LAMP and RPA assays can be intuitively confirmed by quantifying the amplification value of 

a marker gene. In addition, the process of separating the nematodes from the wood samples was omitted, and the reaction 

time and process were drastically shortened by amplifying the gene at isotherm. For LAMP assay, 6 Primer set sequences 

were designed from mitochondrial COX1 region (1-BX-F3, 1-BX-B3, 1-BX-FIP, 1-BX-BIP, 1-BX-LF, 1-BX-LB). After 

amplifying the target gene at 62°C for 20 minutes, the infection can be confirmed by adding the SYBR green I dye and 

reading the absorbance value on the device. For RPA assay, we designed primers from ITS2 region (Bx-ITS2-F1, Bx-

ITS2-R1). It is identical to the LAMP method except for amplification at 37°C for 15 minutes. Both methods were able 

to specifically diagnose Bursaphelenchus xylophilus and other nematodes at the DNA level, and also stably diagnose the 

infection of PWD in wood samples collected from dead trees. And we have developed a portable mobile device that can 

perform 8 assays at once, and are promoting supplementary research to enhance on-site capability such as making a 

premixture without using a pipetting so that it can be directly used in the field. 
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The pinewood nematode (PWN) Bursaphelenchus xylophilus causes wilting of coniferous forests in China, Japan, and 

South Korea but is absent in Russia. PWN vectors are the longhorn beetles of Monochamus spp. In Russia, M. urussovi is 

widespread, affecting conifers but can also infect deciduous species such as birch and aspen. The goal of our studies was 

to clarify whether PWN could survive and reproduce in the wood of these trees. In the experiment, we used logs of birch 

(Betula pendula), aspen (Populus tremula), and pine (Pinus sylvestris) as controls. Each trial included 20 logs infested 

with the PWN (BxAm), which were kept at 27 °C. Every six weeks, the logs were tested for the PWN presence. The total 

duration of the experiment was 190 days. In experiments, it was found that M. urussovi actively feeding on young birch 

twigs. In the PWN log infestation experiment, nematodes were present and multiplied in all trials until the end of the 

experiment. The maximum number of nematodes in aspen and pine logs was found in the third month (19668 and 2632 

nematodes per 100 g of wet weight, respectively). By the end of the experiment, there was a decrease in nematode 

numbers in these logs, but their numbers were significantly higher (2348 and 1665 nematodes per 100 g of wet weight, 

respectively) than in the initial inoculum. The maximum number of PWN in birch logs was in the second month (143 

nematodes per 100 g of wet weight), and their number at the end of the experiment (62) was actually the same as in the 

first month (51). Trichoderma harzianum (in birch) and T. atroviride (in aspen and pine) fungi were detected in PWN-

infested logs. Experiments have shown the ability of PWN to reproduce in aspen and birch wood, with aspen being 

preferable. 
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Predicting potential spread of the pine wilt disease (PWD) is very important to anticipate future infestations and optimize 

surveillance for early detection. Although good progress has been done so far to model potential spread (in Japan, China, 

Korea, Portugal/Spain - Europe), there is a need : 1) to review available models, 2) to point out their improvements and 

drawbacks, and 3) to identify future directions. 

Spread of an invasive species results from the combination of dispersal in new environment, establishment and 

population growth processes. For the PWD, processes are more complex since the disease is caused by the inv

asive pine wood nematode (PWN), Bursaphelenchus xylophilus, itself carried and transmitted to pine trees by n

ative longhorn beetles of the genus Monochamus. Furthermore, PWN-infested trees show wilting symptoms only

 under specific conditions, notably high summer temperatures. Spread of the disease thus results from an intera

ction among at least three actors (PWN, insect vectors and host trees) in specific environmental conditions. The

refore, modelling potential spread of PWD could consider the overall process, or only parts of it. Here, I revie

w the main types of models used to assess the potential spread of the PWD, pointing out the main results, an

d highlighting future directions to refine the spread predictions. Models used so far to describe potential spread 

of PWD are mainly: species distribution models, dispersal models (including least-cost path analyses), disease e

xpression models based on thermal conditions, and integrated spread models. The development of (semi-) mech

anistical models describing the key processes would allow refining the assessment of the PWD potential spread 

in various or changing conditions. Despite the knowledge accumulated so far, many unknowns remain even abo

ut the biology, the ecology or the behaviour of the PWN and the insect vectors. Collecting such data is import

ant to assess more accurately the PWD potential spread.   
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The pine wood nematode, Bursaphelenchus xylophilus (PWN) is an invasive nematode causing heavy mortality to the pine 

trees in its invaded range. In Europe, Monochamus galloprovincialis is so far the only recognized vector of PWN. To 

eradicate PWN, the European Union regulations require a 500-m-radius clear-cutting around individual infested trees to 

prevent the spread of the disease. However, this radius is likely not sufficient to stop the spread of the disease, while 

eradication costs are high. Here, we investigate whether intensive surveillance along with only cutting infested trees could 

be a more cost-effective control alternative. Thus, we compare the cost-effectiveness of the two control strategies: 1) 500-

m-radius clear-cutting around the detected PWN-infested trees, and 2) only cutting the detected PWN-infested trees, 

assuming that wilting symptoms are likely to occur after PWN inoculation. Both strategies were combined with different 

surveillance methods: ground visual surveys, aerial surveillance, and trapping networks targeting the insect vector. We 

used an individual-based model to describe the dispersal of M. galloprovincialis and transmission of PWN from a single 

source in a 20 km × 20 km homogenous pine forest. Sub-models were built to assess the cost and effectiveness of 

surveillance and cutting strategies. Effectiveness was assessed by net reproductive numbers of beetles (R0vector) and infested 

trees with eggs (R0cases), and the proportion of healthy trees remaining. Total costs incorporated the costs of surveillance, 

wood sampling, chipping and logging, and the losses in wood production value due to cutting healthy trees. With intensive 

aerial surveillance, tree-by-tree selective cutting could eradicate PWN at 140 times less costs than clear-cutting. Costs were 

mainly saved by preserving healthy trees. Our results highlight the importance of exploring alternative strategies to 

eradicate pests in a more cost-effectiveness, and environmentally friendly way. 
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Pine wilt disease (PWD) is one of the most serious threats to conifer forestry worldwide. The disease is caused by the 

pinewood nematode (PWN), Bursaphelenchus xylophilus, which has formed novel phoretic associations with different 

species of cerambycid beetles, in the genus Monochamus, in each new country in which it has become established. Despite 

extensive border surveillance and containment efforts in the affected countries, PWD continues to spread. Pinewood 

nematode has been intercepted on infested material entering UK ports and processors, and this is expected to increase in 

frequency in the coming years. In contrast to continental Europe where PWN has already established, the UK has no 

indigenous Monochamus species, but it is unclear as to whether these absences preclude the establishment of PWN. The 

UK has genera of beetles (incl. Tomicus, Hylobius, and Pissodes) which, like Monochamus, carry out maturation feeding 

on healthy plant tissues, and could enable infection via primary transmission of the nematode in the absence of 

Monochamus. These genera and other cerambycids are known to vector related Bursaphelenchus spp. PWN aggregates 

toward their Monochamus vectors in the pupal stage using volatile organic cuticular compounds (VOCCs) from the beetle 

cuticle. We present plans for a new PhD project that will examine the fidelity of the Monochamus-PWN relationship, and 

the potential of alternative vector species to facilitate the spread of PWN in the UK. The project will characterise and 

compare the specific cuticular profiles of Monochamus species to candidate vector species. In addition, PWN will be 

exposed to a range of beetle life stages from putative vector species, both with and without the co-presence of Monochamus 

in choice/no choice arena experiments. This research will investigate the potential to develop a PWN VOCC lure to offer 

an efficient in-field surveying method. 
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To accelerate the breeding and selection of pines resistance to pine wilt disease (PWD), caused by the pinewoo

d nematode (PWN), Bursaphelenchus xylophilus, a micropropagation system was established and nematode resist

ance was evaluated. Cotyledon-hypocotyl explants from 28-day-old seedlings were first cultured on Gresshoff an

d Doy medium supplemented with 4.0 mg L−1 6-benzyladenine (6-BA) and 0.2 mg L−1 α-naphthaleneacetic ac

id (NAA) to stimulate the formation of buds. Induced buds were subsequently subcultured on Gupta and Durza

n medium supplemented with 0.1% (w/v) activated charcoal for elongation. Stem sections derived from shoots 

were used as explants for the further multiplication. Rooting percentage of micropropagated shoots were influen

ced by the concentration of sucrose and NAA in the rooting medium, shoot height, and shoot generation. The 

nematode resistance test in vitro showed that symptoms in micropropagated shoots after infection with PWN w

ere similar to those in plants infected in the field. The wilting rate varied from 20 to 100% among different cl

ones 18 days after inoculation. The most susceptible clone was Clone 6-4 with a 100% wilting rate, while clo

ne 1-A showed a relatively high resistance with a 20% wilting rate. The plantlets which grew in a nursery for 

4-years were planted in the field in May 2012. In the 10-year field trial, clone 1-A remain healthy, while betw

een 10 to 50% of control pines were wilted. This work contributes to the breeding of PWN resistance in P. d

ensiflora and provides an effective method to study the host/pathogen interaction between PWN and pines. 
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Pine wood nematode (PWN, Bursaphelenchus xylophilus) is a devastating disease that has damaged conifer fore

sts in China for nearly half a century. In 2016, PWN was found in Dalian, Liaoning Province, the first discov

ery of PWN in Northeast China. In 2018, the new hosts of Larix spp. (L. olgensis, L. kaempferi, L. principis-

rupprechtii) with natural infection of PWN were found in Fushun, Liaoning Province. This means that the vast 

Larix spp. forests in Northeast China will be seriously threatened. It is urgent to identify the resistance of Lari

x spp. to PWN and reveal the mechanism, which provides a theoretical basis for the prevention and control of 

PWN. 

The resistance of Larix spp. and Pinus spp. to PWN was identified. The study was conduct3ed with L. olgensi

s and Pinus koraiensis to reveal the resistance difference. The results of the artificial inoculation test of adult t

rees showed that the L. olgensis was more resistant than the P. koraiensis. The number of PWN isolated from 

L. olgensis was significantly lower than that isolated from P. koraiensis. In the third year after artificial inocula

tion, the rate of showing symptoms was 0 in 100 L. olgensis and 83% in 100 P. koraiensis. Metabolomics ana

lysis and verification showed that the significant up-regulation of caffeic acid in L. olgensis inhibited the lipid 

accumulation of PWN. The lipid content of PWN in L.olgensis was significantly lower than that of PWN in P.

 koraiensis, which led to the low overwintering survival rate of PWN in L. olgensis. This ultimately leads to a

 low rate of showing symptoms in L. olgensis, which is shown to be resistant to PWN. 

Intraspecific resistance differences in Larix spp. have been studied. One resistant family was screened out of 38

 families and one resistant clone was screened out of 30 clones, respectively. There was a significant variation 

in the resistance of Larix spp., which can be used to control PWN through breeding the resistance. 
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The pine wood nematode (PWN) Bursaphelenchus xylophilus is the causative agent of pine wilt disease (PWD).

 It has caused disastrous damage to forests and gardens worldwide. Trunk injection with emamectin benzoate 

(EB) has been proved effective for PWD control. The 24 h LC50 and LC90 were 0.23 mg/L and 0.75 mg/L, 

respectively, applying dipping method. In greenhouse trial, the disease prevention rate was 100% at 10 days po

st nematode inoculation. The EB residue in pine tissue was determined by HPLC(UVD), and the results showe

d that the EB concentration remained 38.29 mg/kg, 8.46 mg/kg, 2.73 mg/kg, and 1.02 mg/kg at 0. 5a, 1a, 2a, 

3a after injection, respectively. The residue concentrations were higher than LC90 against B. xylophilus, indicati

ng that the prevention efficacy would maintain at least 3 years. In field trials, disease prevention rates have be

en assayed since 2014. EB trunk injection could control the pine death rate low to 0.19-0.58% for three conse

cutive years, comparing to 16.38-35.19% deaths in the mock area．Analysis on residues of EB in trunk, branch

 and needle of pine tissue after 1 year of trunk injection disclosed that the highest residue of EB was 29.95 

mg/kg in the trunk and 8.46 mg/kg in needle. Though EB residue decreased three years later, it remained over 

1.00 mg/kg. Noticeably, the emamectin benzoate was prepared in the micro-emulsion formulation at the concent

ration of 2.3% (W/V), resulting in the trunk injection-ready pesticide product. Further, it was shown that trunk 

injection with EB has no significant effect on the community diversity indices of total soil arthropods and flyin

g insects (Hymenoptera). In summary, trunk injection with EB is an environment-safe and efficient method for 

PWD control. 
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We investigated patterns of belowground microbial and nematode communities of Pinus koraiensis following pine wilt 

disease (PWD), to estimate the ecosystem consequence of this disease for pine forests. Overall, bacterial diversity within 

the roots was significantly lower than that in bulk or rhizosphere soils of the pines, regardless of the PWD occurrence. 

Fungal diversities decreased with the distance of compartments from the roots, showing the lowest value within the roots, 

and the highest in bulk soil for healthy pines. Such pattern disappeared for infected pines which had a higher fungal 

diversity in rhizosphere soil but lower in root endophytes than healthy pines. Fungal and bacterial community 

compositions within the roots differed from those in rhizosphere or bulk soils for both healthy and infected pines. In 

contrast, the compositions in soils differed between healthy and infected pines, e.g. with a decrease in the relative 

abundance of bacterial genera Acidocella and Dokdonella, as well as fungal genus Umbelopsis. However, within the 

roots only the bacterial community composition differed. Besides, PWD appeared to decrease the number of unique 

genera of bacteria but increase the number of unique fungi in the soils, in line with a lower number of positive 

interactions but a higher number of negative ones among microbial species. The PWD did not change the diversity of the 

soil nematode community but altered the community composition by resulting in a decreased abundance of fungal-

feeding nematodes and accordingly an increased proportion of bacterial feeders and carnivores. Our study helps to 

understand the belowground biotic consequence of PWD, providing pivotal implications for biological control of this 

disease using soil microbiota. 
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We investigated and evaluated the vectors and potential vectors of pine wood nematode (PWN, Bursaphelenchus 

xylophilus) in northeast and northwest China. Monochamus saltuarius (Coleoptera: Cerambycidae) was reported as the 

vector beetle of the PWN in Japan and Europe. It was first reported to transmit PWN to Pinus species of China in 2018 in 

Liaoning Province. However, the lack of genomic resources has limited the in-depth understanding of its interspecific 

relationship with PWN. 

We assembled the scaffolds into ten chromosomes (including an X chromosome) and obtained a 682.23 Mb chromosome-

level genome with a N50 of 73.69 Mb. In total, 427.67 Mb (62.69 %) repeat sequences were identified and 14,492 protein 

coding genes were predicted, of which 93.06 % were annotated. Chr 10 of M. saltuarius had high synteny with 

chromosomes of the other eight insects. Among these species, M. saltuarius had high genome synteny with Pyrochroa 

serraticornis and low synteny with Pogonus chalceus. The phylogenetic tree showed that M. saltuarius clustered with 

other seven Chrysomeloidea. M. saltuarius and Anoplophora glabripennis formed a sister lineage to Cerambycidae. We 

described the mth/mthl, P450, OBP and OR gene families associated with the vector beetle's development and resistance, 

as well as the host selection and adaptation, which serve as a valuable resource for understanding the host adaptation in 

insects during evolution. 

We also revealed the adaptive strategies of M. saltuarius to PWN from the perspective of growth and development. After 

inoculating by PWN, the average developmental duration of larva to adult shortened by approximately four days. The 

average life span of M. saltuarius adult after emergence shortened by approximately five days. The ecdysone titer increased 

at the pupal stage. Based on the genome information, genes associated with ecdysone, juvenile hormone, and epidermal 

synthesis pathways were changed significantly in the larval and pupal stages. 
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Monochamus alternatus is the main vector of pine wilt disease (PWD) in China. Controlling M. alternatus can effectively 

curb the spread of pine wilt disease. In the M. alternatus-Bursaphelenchus xylophilus complex, overcoming the innate 

immunity of M. alternatus to invading pathogens is the key to improving the efficiency of biological control. Antimicrobial 

peptides (AMPs), as an important effector of insect innate immunity, mediate the resistance of insects to pathogenic 

microorganisms through Toll and IMD signaling pathways, and have important application value in interference regulation. 

This study investigated the effect of key immune genes MaltSpz and MaltRelish on upstream immune recognition receptor 

(GNBP3) and downstream effectors (AMPs) by RNAi. The combined MaltSpz and MaltRelish knockdown increased the 

infection rate of M. alternatus larvae from 20.69% to 83.93%, achieving the best efficiency in synergistic Beauveria 

bassiana infection. Furthermore, we also found the antibacterial peptide S-defensin was synthesized from M. alternatus. 

The result of its nematicidal activity test showed that S-defensin significantly inhibited the survival, motility, oviposition, 

reproduction and intracellular biological oxidative stress of PWN by cell membrane damage and regulating the 

ERK/MAPK signaling pathway. Knockdown of the Let-23, Let-60, Mek-2 and Lin-1 genes involved in the ERK/MAPK 

signaling pathway significantly affected the reproduction and longevity of B. xylophilus. Mek-2 is an important RNAi 

target gene for the control of B. xylophilus, and its dysfunction can affect reproduction and longevity in PWN. These could 

represent candidate gene targets for the biological control of PWD by RNAi. 
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The pine wood nematode (PWN), Bursaphelenchus xylophilus, causes significant damage to pine trees in China since 

from 1982. And now it is still the most serious forest disaster in China，which posed a serious threat to China's 

ecological safety. Because this disease involves very complicated interactions between a pathogenic nematode, its vector 

beetle, host pine species, and fungi in dead hosts. There are few effective control measures available for PWD .The 

injection of chemical agent exerted a preventative effect against the pine wilt disease, which brings about a direct effect 

on the nematode and is environmentally friendly, the authors aimed to develop a novel trunk-injection agent against the 

disease. Sixteen-membered macrocyclic lactone antibiotics are used extensively in veterinary to control parasitic 

infections, emamectin benzoate (EB)，avermectins(AVMs) and ivermectins have been considered as the typical 

representatives，and have recently been successfully applied as a trunk injection for preventative control of the pine wilt 

disease (PWD).In previous papers, the authors reported that many insecticidal 16-membered macrocyclic lactone 

compounds, were potent nematicidal activity and thus acandidate for the ingredient of a trunk-injection agent. In further 

work to explore the trunk-injection agent, using domain swapping of avermectin PKS, two hybrid compounds named 

tenvermectins A and B, which possess partial structural features of avermectin and milbemycin, were obtained from two 

genetically engineered strains Streptomyces avermitilis MHJ1011 and Streptomyces avermitilis AVE-H39. TVMs A and 

B showed enhanced insecticidal activity against Bursaphelenchus xylophilus. In order to discover more potent TVM 

derivatives, microbial transformation of TVM-A and TVM-B by mycolicibacterium sp. Huz021 and Bacillus subtilis 

were investigated and offered us eight metabolites with regioselectivity, especially rare glycosuccinylated products. Their 

chemical structures were well characterized via HR-ESI-MS and 1D/2D NMR spectra. All these metabolites exhibited 

good nematicidal activities against Bursaphelenchus xylophilus. These results indicated that the metabolites can serve as 

potential trunk-injection agents for future. 
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Monochamus alternatus and Monochamus salturius are considered the most important and efficient insect vectors for the 

spread of the important international forest quarantine pest, Bursaphelenchus xylophilus. And monitoring of M. alternatus 

and M. saltuarius have become a key strategy to prevent and control the disease in China. This is the first study to use the 

optimized maximum entropy model and ArcGIS to accurately predict suitable geographical areas for M. alternatus and M. 

saltuarius based on different climatic conditions in China. In this study, the optimized MaxEnt model parameters were set 

as FC = LQHP. Under the current climate conditions, the suitable areas of M. alternatus covered about a quarter of China 

land area, and the predicted suitable areas for M. saltuarius were mainly at latitudes north of 33° in China, and larger 

suitable areas were mainly distributed in Northeast China and North China. Using future climatic scenarios SSP126 and 

SSP585, the suitable areas of M. alternatus has a tendency to spread northward in China; the predicted suitable areas of M. 

saltuarius will continue to expand from that of 2040, 2070, and 2100, with highly and moderately suitable areas showing 

larger increasing trends but low suitable distribution areas will decrease to varying degrees. The results of this study can 

provide a theoretical basis for the risk analysis and the precise prevention and control of M. alternatus and M. saltuarius in 

China. 
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Regarding resistance to pine wood nematode disease, the stilbene substances pinosylvin and pinosylvin monomethyl ether 

were clarified to respond to nematode infection specifically. Three genes (PmPMT, PmSTS, and PmWIRK) involved in 

regulating stilbenoid synthesis were cloned and characterized in Pinus massoniana. In addition, four receptor kinase genes, 

PmNBS-LRR16/64/97 and PmHs1pro-1 were identified. Structural variations were discovered in the PmNBS-LRR16 gene, 

with an 11-fold increase in expression observed in highly resistant P. massoniana. This finding holds potential for 

developing molecular markers for disease resistance in P. massoniana. Furthermore, approximately 1.6 billion SNPs were 

identified in P. massoniana, laying a solid foundation for developing disease-specific microarrays. 

The embryogenic cell suspension system of P. massoniana was optimized, and it was discovered that the phytosulfokine 

peptide promotes the embryogenic maintenance and enhancement of callus tissues in P. massoniana. Breakthrough was 

achieved in overcoming the bottleneck technique of maintaining embryogenic cell lines and achieving efficient 

decontamination after co-cultivation in the transgenic system of P. massoniana. A novel non-tissue culture-mediated 

genetic transformation technique mediated by K599 was developed for P. massoniana. Additionally, gene editing vectors 

and multi-gene co-expression vectors were constructed for P. massoniana, and five transgenic embryogenic callus-

expressing disease-resistant genes were induced. The research mentioned above provides a fundamental material basis for 

effectively controlling pine wood nematode disease, ensuring the development of China's pine tree industry, and securing 

seed safety. 
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Pine wilt disease (PWD) is a global threat to forests and has caused significant damage in China. Accurate and efficient 

monitoring is the basis of controlling PWD. Therefore, it is essential to establish "Satellite-Unmanned aerial vehicle 

(UAV)-Ground" technology to monitor PWD accurately. At the ground level, we constructed hyperspectral databases of 

various host species at different infection stages, and identified the spectral responses of physiological indices at needle 

levels. At the UAV scale, we developed accurate identification technology for dead trees using visible images and deep 

learning algorithms, with an accuracy above 85%. Additionally, we developed discriminant techniques for identifying 

infested trees at different stages (green, early, middle, heavy, and grey) based on UAV-based hyperspectral images and 

light detection and ranging (Lidar), particularly for early monitoring. Furthermore, we used time series of UAV-based 

hyperspectral images to monitor temporal changes of disease distribution and determine the optimal detection period. At 

the satellite scale, we created a feasible and straightforward large-scale inversion tool for infested forests by combining the 

remote sensing mechanism model (ESRT) with medium-resolution satellite imagery, which can be used for the inversion 

mapping of the PWD disaster levels. We integrated Sentinel-1 microwave and Sentinel-2 optical time series data, and used 

the remote sensing cloud platform GEE (Google Earth Engine) to construct a time series monitoring model of infested 

forests. The overall accuracy was 80.62%, and the Kappa coefficient was 0.61. We also explored the sensitivity of surface 

temperature (LST) to PWD. The results showed that the combined vegetation index (DVI) and LST could improve the 

accuracy of inversion results for infested forests, and advance the monitoring and warning time for infested forests. 

Accurate and intelligent monitoring technology has been applied in many provinces and cities, providing technical support 

for scientific prevention and control of PWD. 
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In recent decades, tree killing pine wilt disease (PWD) has been spreading globally and has caused substantia 

damage especially in China, causing annual losses worth of nearly 15 $billion. This disease is caused by pine 

wood nematode (Bursaphelenchus xylophilus) and its Monochamus spp. vector insect, but little is known about 

the factors affecting of transmission of PWD. According to reports PWD, more than 3/4 of the transmission is 

linked to anthropogenic activities such as wood transportation. For the first time, we utilized a dataset categoriz

ing several anthropogenic transmission factors and used an improved infectious disease dynamics method of CO

VID-19 to quantitatively predict the odds of future PWD infections for the entire pine tree distribution range o

f China. The validation results show that PWD will spread even faster in China, with the average risk of infec

tion exceeding 30% in 2023 and 50% by 2025 in the study samples. Meanwhile, the spread showing a signific

ant trend from infected areas to adjacent areas, high infection risk is still mainly caused by natural bordering. 

However, 3.8% of the samples at high infect risk were caused by the transportation of pine wood, requiring ex

tra vigilance. By adding spatial links between the samples to the features for PWD prediction, the AUC of the 

model reaches 0.90, which achieves an accurate prediction of the key areas of PWD propagation, provides guid

ance for more accurate development of prevention and control measures, and provides new ideas for similar stu

dies. 
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Bursaphelenchus xylophilus is one of the most dangerous forest pathogens in the world, causing devastating pine forest 

deaths with considerable economic losses. We investigated the B. xylophilus responses of two different concentrations of 

levamisole hydrochloride (LH). The body-wall muscle twitching, paralysis and, ultimately, death. 2.5 mg/ml and 3.5 

mg/ml LH have toxicological effects on B. xylophilus, with mortality increasing significantly with concentration (p < 

0.05). Gene Ontology annotation and Kyoto Encyclopedia of Genes and Genomes pathway analyses of the 12 

intersecting genes revealed that these genes are mostly involved in metabolism of xenobiotics and have essential roles in 

drug sensitivity. Through the trend analysis of DEGs, it was divided into 8 modules, and the significant modules were 

selected to construct the co-expression network as the central genes of the drug metabolism-cytochrome P450 pathway 

(ko00982) and metabolism of xenobiotics by cytochrome P450 (ko00980). Eight highly related genes were identified, 

including cuticle collagen, cystathionine beta-synthase, endochitinase, pyruvate dehydrogenase E1 component subunit 

beta, aldehyde dehydrogenase, lipase, and zinc metalloproteinase. The expression levels of these genes were upregulated 

significantly at low concentrations and were significantly related to the resistance of B. xylophilus to LH. This study 

shows that B. xylophilus gene family expansions occurred in xenobiotic detoxification pathways through gene expression 

and potential horizontal correlated gene transfer with LH and helps to elucidate LH lethality and the evolutionary 

mechanisms underlying the adaptations of B. xylophilus to the environment. 
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Bursaphelenchus xylophilus causes pine wilt disease, which poses a seriously jeopardizing to forestry ecology. We 

investigated the endophytic microbial community in Pinus massoniana field with and without B. xylophilus. An increased 

abundance of pathogenic fungus was witnessed in infected pines. Furthermore, Ophiostoma and saprophytic fungus were 

exclusively prominent in infected pines. Otherwise, the NADH/NADPH and carbon-nitrogen bonds were more in healthy 

pines, but acid anhydrides and transferring phosphorus-containing groups were more in infected pines. Then, we isolated 

a nematophagous fungus-Arthrobotrys robusta-from the xylem of infected pines and analyzed the molecular response 

mechanism of B. xylophilus interacted with A. robusta. The neuromodulators genes and immune response genes were 

significantly up-regulated when B. xylophilus were captured by A. robusta for 24h; B. xylophilus were obviously constricted 

when B. xylophilus interacted with A. robusta for 30h, lipid and xenobiotic metabolism genes of B. xylophilus were 

significantly up-regulated; lysosome and autophagy-related genes were activated, and the nematode body wall was lysed 

when B. xylophilus interacted with A. robusta for 36h. We constructed a network of gene co-expression patterns by 

WGCNA to characterized the process of B. xylophilus interacted with A. robusta. The network suggested that metabolic 

processes, developmental processes, detoxification, biological regulation, and signaling were influential when the B. 

xylophilus interacted with A. robusta. We proposed a model in which mobility improved whenever B. xylophilus entered 

the traps of A. robusta. The model will provide a solid foundation to understand the molecular and evolutionary 

mechanisms underlying interactions between nematodes and nematophagous fungi. 
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Currently, timely detection of pine wood nematodes in forestry practices poses a challenge. A rapid and real-time detection 

method is needed to identify early-stage infection of pine trees by pine wood nematodes. Polarization imaging, which 

separates information not obtainable in regular optical images, offers deeper insights into tissue structures. Polarization 

detection has found applications in various fields such as military, industrial inspection, and biomedical research, proving 

advantageous in terms of speed and accuracy for biological tissue analysis. 

Pine wood nematode disease disrupts pine tree health by affecting water transport, leading to its deterioration. Hence, we 

propose polarization detection of water content variations in plants as a means to detect pine wood nematode infection. By 

constructing a custom polarization detection system, we capture the Mueller matrix of the target object. Utilizing non-

physically meaningful elements within the Mueller matrix, we derive the depolarization parameters of the target object. 

Subsequently, we establish a mathematical model correlating these depolarization parameters with plant water content, 

enabling water content prediction. 

In the preliminary stages of pine tree water content detection, we have successfully detected water content in holly 

leaves. Presently, our focus is on evaluating water content in pine trees infected with pine wood nematodes. Ongoing 

research is dedicated to refining disease detection of pine wood nematodes through water content analysis. 
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Various pine species were previously dominant tree species in Guangdong, which were planted for harvest both resin and 

timber. However, Guangdong’s pine plantations were seriously threatened by the pine wilt disease (PWD). In the natural 

environment, local Pinus massoniana seem to be more susceptible to PWD than the exotic pines introduced from US. But 

more and more PWD affected trees were also detected in slash pine plantation. To understand the mechanism underlying 

the resistance performance in resistant species and susceptible species, resistance breeding has been conducted in 

Guangdong since 2022. The 1-year-old genetic materials from P. massoniana, P. elliottii and P. elliottii × P. caribaea were 

cultured in greenhouse and inouclated by 3000 individuals of pine wood nematodes (Bursaphelenchus xylophilus). 

Preliminary test indicated the higher resistance of P. elliottii × P. caribaea at seedling stages. One month after inoculation, 

only 16.7% of the seedlings showed slight symptom and only a few nematodes were propagated in the stem near the 

inoculation position. The higher resistance of the hybrid than its female parent (P. elliottii) was inconsistent with their field 

performance. Adopting older seedlings and inoculating on the older trees in the stands at affected area are necessary. 
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Resistance of Pinus massoniana from different provenans to Bursaphelenchus xylophilus were screened by artifical 

inoculation. Clone these selected ones, and screened out resistant clones of Pinus massoniana through congducting two 

artifical inoculations again. Cultivate the Pinus massoniana clones for forestation by using spikes from these clones as 

mother trees.In order to make full use of soil fertility, improve the yield per unit area of forest land, and enhance the 

resistance of forest to pests and diseases deeply，experiment on mixed foristation of Pinus massoniana clones resistant to 

Bursaphelenchus xylophilus and Camellia oleifera were developped. This paper summarized the technical points of this 

mixed afforestation experiment in order to lay the foundation for further analysis of production benefits of mixed 

foresstation of Pinus massoniana and Camellia oleifera and provide a new reference for afforestation management mode 

of timber tree species and economic tree species. 
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In the contemporary landscape of research, this investigation endeavors to scrutinize the feasibility of deploying multiple 

deep learning-based methodologies for the precise identification of trees that have been discolored due to Pine Wood 

Nematode (PWD) disease. To fulfill this objective, an Unmanned Aerial Vehicle (UAV) fitted with a high-resolution 

RGB digital camera was deployed to capture aerial images with high spatial resolution. Following this, the acquired 

visible light orthophoto images were subjected to preprocessing procedures that take into account elevation and terrain 

features, subsequent to which texture information was extracted. Thereafter, we employed a ResNet neural network for 

classification and recognition training. 

In the specialized area of pest and disease identification, the ResNet model has been proven to have high accuracy and 

stable performance, thereby establishing itself as an ideal computational algorithm for the identification of PWD-affected 

standing trees. 

In summary, this research endeavor involved the collection of low-altitude remote sensing images from three distinct test 

regions using a UAV fitted with a specialized visible light camera. This facilitated the implementation of a deep learning-

based tree identification method, following which the vegetation was segmented and individual plants were isolated. 

Ultimately, a deep convolutional network-trained model was applied for the intelligent identification of discolored, 

PWD-affected wood. The algorithm showcased an average accuracy rate of 92.29%, with peak performance metrics 

reaching up to 96.51%. 
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Dastarcus helophoroides Fairmaire (Coleoptera: Bothrideridae) is a major natural ecto-parasitoid of pine sawyer beetle 

Monochamus alternatus Hope (Coleoptera: Cerambycidae). To illustrate the parasitic mechanism between D. 

helophoroides and M. alternatus, we investigated the host foraging behavior of D. helophoroides adults, the volatile 

chemicals emitted from host pine trees and the immune responses of M. alternatus to the parasitism of D. helophoroides, 

and identified the olfactory genes and the venom proteins from D. helophoroides larvae. The results indicated that: 1. 

The volatile chemicals emitted from both of uninfested Pinus massoniana logs and infested logs with M. alternatus 

larvae were equally attractive to D. helophoroides, which were probably D-Limonene and α-Pinene. 2. D. helophoroides 

larvae could regulate M. alternatus immune system and resulted in the changes in host immune responses, and the 

expression levels of 108 immunity-related genes in M. alternatus larvae were remarkably altered in response to the 

parasitization by D. helophoroides. 3. 62 putative olfactory genes and 50 putative venom proteins were identified from 

the transcriptome and the proteome of D. helophoroides larvae, separately. 4.Temporal expression of parasitism-related 

olfactory genes in larvae of D. helophoroides showed that the genes encoding chemosensory protein 2 (DhelCSP2), 

odorant receptor 2 (DhelOR2), and ionotropic receptor 2 (DhelIR2) were significantly upregulated before parasitization 

was initiated, whereas the genes encoding odorant binding protein 8 (DhelOBP8), gustatory receptor 5 (DhelGR5), and 

sensory neuron membrane protein 1 (DhelSNMP1) were significantly upregulated 4-5 d after initiation of parasitism. 
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Pine wilt disease (PWD) is a devastating disease affecting trees belonging to the genus Pinus. To control the spread of 

PWD in the Masson pine forest in China, PWD resistant Masson pine clones have been selected by the Anhui Academy of 

Forestry. However producing cutting seedlings of 9-year-old PWD resistant Masson pine clones is challenging, because 

Masson pine is a difficult-to-root species, especially for trees older than 5 years of age, which impedes the application of 

PWD resistant clones. In this study, we investigated the factors affecting rooting of PWD resistant clones and established 

a cheap, reliable, and simple method that promotes rooting. Rooting was observed only in stem cuttings treated with the 

full-light automatic spray management method. Additionally, stem cuttings showed a significantly higher rooting rate and 

root quality than needles cuttings. Compared with other substrates, stem cuttings planted in perlite produced the longest 

adventitious root and the highest total root length and lateral root number. Moreover, stem cuttings of PWD resistant clones 

collected in May showed a significantly higher rooting rate and root quality than those collected in June and July. Moreover, 

stem cuttings prepared with a horizontal cut while retaining the needles showed significantly higher rooting rate and root 

quality than those prepared with a diagonal cut while partly removing the needles. This study promotes the reproduction 

of seedlings of PWD-resistant Masson pine clones which helps control the spread of PWD, meanwhile, provides a technical 

reference for the propagation of non-juvenile pine trees via cuttings. 
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Chitosan oligosaccharides are the main degradation products from chitosan or chitin and have been reported to induce 

resistance to diseases in herbaceous plants like cucumber and Arabidopsis. Concomitantly, pine wilt disease (PWD) is a 

devastating disease of conifer tree species. Here, we hypothesized that chitosan oligosaccharides induce plant resistance 

gene (PRG) expression in the woody plant Masson pine, Pinus massoniana. Chitosan oligosaccharides were inoculated 

into P. massoniana seedlings and the BGISEQ-500 platform was used to generate transcriptomes from chitosan 

oligosaccharide-treated P. massoniana and control seedlings. A total of 501 differentially expressed genes (DEGs) were 

identified by comparing the treatment and control groups. A total of 251 (50.1%) DEGs were up-regulated in the 

treatment relative to the control seedlings and 250 (49.9%) were down-regulated. Inoculation of chitosan oligosaccharide 

induced the expression of 31 PRGs in P. massoniana seedlings and the relative expression levels of six of the PRGs were 

verified by RT-qPCR. This is the first study to demonstrate that chitosan oligosaccharide induces the expression of PRGs 

in a tree species. These results provide important insights into the function of chitosan oligosaccharides and furthers the 

prospects of developing a chitosan oligosaccharide-based immune inducer for controlling PWD. 
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This paper defines the concept of performance contracting management and its assessment indicators for control of PWD. 

Comparative analyzing the control effects of PWD before and after IPM performance contracting management in Xingye 

country. The results show that before 2018, the traditional control mode was used, including clearing up dead pine trees, 

trapping and killing Monochamus alternatus, spraying chemical and releasing natural enemies controlling of M. alternatus, 

but the epidemic continues to spread and the damage was increasing year by year. The number of epidemic towns, villages, 

forest subcompartment, and dead pine trees have increased by double, 6, 30, and 2 times respectively compared to the early 

epidemic stages. The population density of M. alternatus has increased from 78/traps to 154/traps. After implemented the 

IPM performance contracting management in 2019, focusing on cleaning up of dead pine trees, trapping and killing adults 

of M. alternatus and setting up pine wood pile to lure and prevent the escape of M. alternatus female adults, standardizing 

its spawning sites. The continuous spread trend of PWD has been effectively controlled. By 2022, The number of epidemic 

towns, villages, forest subcompartment, and dead pine trees have decreased by 50.00%, 42.86%, 33.33%, and 80.52% 

respectively. The PWD epidemic in Kuiyang Town and Shinan Town were successfully cleaned up. The population density 

of M. alternatus declined gradually, and the average annual decline rate in 2020-2022 was 5.82%, 74.88% and 43.58%, 

respectively. IPM performance contracting management has achieved remarkable results in the control of PWD. 
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Pine wilt disease (Bursaphelenchus xylophilus) has become the most devastating forest disaster in Nanjing even the world, 

since it was detected in the eastern suburbs of Nanjing in 1982. This paper reviewed the development and control course 

of pine wilt disease in Nanjing in the past 40 years, objectively analyzed the prevention and control experiences and effects 

obtained in the past 40 years, and reflect on the prevention and control countermeasures of pine wilt disease in the future, 

so as to provide efficient models and methods for the prevention and control of pine wilt disease in other areas of our 

country and the world. 
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A portable nucleic acid detection system, based on enzyme mediated duplex exponential amplification（EmDEA） platform, 

has been developed and applied in the field detection of Bursaphelenchus xylophilus. To reduce the risk of carry-over 

contamination, enzyme mediated programmed DNA hydrolysis (EmPDH) technique is incorporated into the system. The 

sawdust from packing wood sample is treated with 95°C for 5 minutes and the resultant supernatant could be transferred 

into lyophilized reagent in PCR tube for DNA amplification and detection. The on-site detection process of 

Bursaphelenchus xylophilus, combined with sample treatment, takes less than 30 minutes and detection sensitivity is ~ 5 

copies/test. Our portable nucleic acid detection system of Bursaphelenchus xylophilus has been validated in Shanghai 

Customs Technology Center and Ningbo Customs Technology Center with packing wood samples. 
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Dastarcus helophoroides (Coleoptera: Bothrideridae) is an important biocontrol agent against wood-boring longhorned 

beetles. In this study, to improve the mass-rearing efficiency and reduce rearing costs of this parasitoid, a rearing tube was 

designed, and two new methods, the natural infestation method without Tube (NnT) and the natural infestation method 

with Tube (NwT), were developed based on the rearing tube to address the limitations of the traditional artificial infestation 

method (AM) for mass rearing the parasitoid. Parameters of the fitness of this parasitoid were compared, including the 

successful parasitism rate, the emergence rate, the total numbers of cocoons and emergences per rearing box, the duration, 

and the time consumption using these three methods under four different parasitoid-to-host ratios. The cost of producing 

10,000 parasitoid adults under different methods was calculated. The results showed that compared with AM and NnT, the 

cocoon and emergence numbers per rearing box, and emergence rate were significantly increased, and the duration was 

significantly shortened in NwT. The successful parasitism rate in NwT was significantly increased compared to that in AM. 

The time consumption in NwT and NnT was significantly shortened compared to that in AM. Compared with that in AM, 

the total cost of producing 10,000 adults in NwT was reduced by 75.21%~87.32%, while in NnT, it was reduced by 

35.17%~76.79%. The study indicates that using NwT for mass rearing of D. helophoroides enhanced the efficiency and 

reduced costs, and the highest input-output could be achieved at a parasitoid-to-host ratio of 10:1.  
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Cyanopterus ninghais (Hymenoptera: Braconidae), a newly discovered gregarious ectoparasitoid, is a promising biological 

control agent against the 3rd-5th instar larvae of the Japanese pine sawyer, Monochamus alternatus (Coleoptera: 

Cerambycidae). Effects of constant ambient temperatures (17, 20, 23, 26, 29, and 32 °C) on the reproduction and 

development of the parasitoid were determined in the laboratory. Results showed that the pre-oviposition periods of C. 

ninghais decreased gradually with increasing temperatures, ranging from 8.10 d (at 17 °C) to 3.60 d (at 32 °C). Both the 

parasitism rates and brood size exhibited a parabolic trend in relation to increasing temperatures, with the highest parasitism 

rate of 80% (at 29 °C) and the maximum brood size of 7.19 (at 26 °C). While temperature did not significantly affect the 

emergence rate and sex ratio of progeny. The duration of each developmental stage displayed an inverse correlation with 

temperature within the range of 20 to 32 °C. The egg-to-adult development time recorded was 32.25 days at 20 °C and 

12.50 days at 32 °C. The developmental threshold temperatures for egg, larva, pupa, and the entire generation were 8.64, 

12.59, 12.83, and 12.10 °C, respectively, and the effective accumulated temperatures were 34.29, 51.32, 148.91, and 240.01 

day-degree, respectively. The optimal and upper developmental temperatures estimated by the Logan I model for the entire 

generation of C. ninghais were 32.36 and 38.79 °C, respectively. These findings provide important implications for 

improving the artificial rearing efficiency and field release of this parasitoid under different temperature conditions. 
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The Japanese pine sawyer, Monochamus saltuarius, as a beetle vector of Bursaphelenchus xylophilus (pine wood 

nematode), is an economically important forest pest in Eurasia. To feed on the phloem and xylem of conifers, M. saltuarius 

needs to overcome various stress factors, including coping with entomopathogenic bacteria and also various plant 

secondary compounds (PSCs). As an important adaptation strategy to colonize host trees, M. saltuarius deposit eggs in 

oviposition pits to shield their progeny. These pits harbor bacterial communities that are involved in the host adaptation of 

M. saltuarius to the conifers. However, the composition, origin, and functions of these oviposition pit bacteria are rarely 

understood. In this study, we investigated the bacterial community associated with M. saltuarius oviposition pits and their 

ability to degrade PSCs. Results showed that the bacterial community structure of M. saltuarius oviposition pits 

significantly differed from that of uninfected phloem. Also, the oviposition pit bacteria were predicted to be enriched in 

PSC degradation pathways. The microbial community also harbored a lethal strain of Serratia, which was significantly 

inhibited. Meanwhile, metatranscriptome analysis indicated that genes involved in PSCs degradation were expressed 

complementarily among the microbial communities of oviposition pits and secretions. In vitro degradation showed that 

bacteria cultured from oviposition pits degraded more monoterpenes and flavonoids than bacteria cultured from uninfected 

phloem isolates. Disinfection of oviposition pits increased the mortality of newly hatched larvae and resulted in a 

significant decrease in body weight in the early stages. Overall, our results reveal that M. saltuarius construct oviposition 

pits that harbor a diverse microbial community, with stronger PSCs degradation abilities and a low abundance of 

entomopathogenic bacteria, resulting in the increased fitness of newly hatched larvae. 
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The transmission of pine wilt disease (PWD) involves complex relationship on chemical ecology, development 

synchronization, and immunoreaction, etc. between pine wood nematode (PWN) and vector beetles. Monochamus 

saltuarius (Coleoptera: Cerambycidae) is one of the main vectors of PWN in the middle temperate zone of China. However, 

the effect of PWN to M. saltuarius is rarely studied so far. We studied the lipid metabolic and immune responses of M. 

saltuarius inoculated with PWN in the different developmental stages and tissues, through transcriptome analyses. The 

stability of reference genes for gene expression analysis was Identificated and evaluated. We found that the lipid 

metabolism pathways of M. saltuarius was significantly up-regulated revealing by weighted gene co-expression network 

analysis (WGCNA). Hub genes involved in fatty acid synthesis, very long chain fatty acids proteins genes (ELO), one acyl-

CoA desaturase gene (FAD), and one fatty acyl-CoA reductase gene (FAR) were significantly upregulated, especially in 

the gonads and trachea of adults. Most of the immune responses dominated by IMD signaling pathway were activated at 

the pupal stage. While at the adult stage, most of the immune genes showed no significant change. In addition, 60S 

ribosomal protein L7 (RPL7) and 40S ribosomal protein S5 (RPS5) genes were considered the most stable reference genes 

in the pupae inoculated with PWN. RPS5 and sorting nexin 6 (SNX6) genes could be used as reference genes in the adults 

inoculated with PWN. This study advances our understanding of the phoretic relationship between nematodes and its 

vectors.  
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Pine wilt disease (PWD) caused by the pine wood nematode (PWN) is China’s most serious forest disease in recent 

decades. Its complex disease system with unclear pathogenesis and differentiated pathogenicity makes it challenging to 

control. PWD has spread rapidly in Northeast and Northwest China in recent years, exceeding previous predictions and 

the traditional understanding of its potential distribution. We reviewed the comprehensive risk of PWD in Northeast and 

Northwest China through influencing factors. Regarding PWN’s temperature resistance, all regions of China are suitable 

for PWD. In terms of altitude, the PWD system is mainly distributed below 1000 m. In China, Pinus and Larix species 

are confirmed host trees of PWN, while Monochamus alternatus and M. saltuarius are confirmed vector insects. In this 

case, PWD may occur in all low-altitude pine forests in China. Northeast China has a higher risk than Northwest China 

due to its distribution of suitable host trees and vector beetles at low altitudes. To confront the threat, two scientific 

bottlenecks are required to be demonstrated. The first is the pathogenicity of Chinese PWN strains to Chinese Picea and 

Abies species. The other is the geographical distribution and highest altitude distribution of other Monochamus species in 

the Palaearctic region of China and their PWN transmission ability. In conclusion, this review provides a new perspective 

and reference for the management and research of PWD in China. Moreover, the occurrence and continuous spread of 

PWD in Northeast China provide a warning for low-latitude regions around the world. 
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Pine wilt disease (PWD), caused by the pine wood nematode (PWN) Bursaphelenchus xylophilus, poses a significant threat 

to pine forests worldwide. However, the understanding of the impact of PWD on the host microbiome remains insufficient. 

This study aimed to investigate the structure and function of the fungal community associated with Pinus thunbergii fine 

roots, as well as the rhizosphere fungi and bacteria of the tree naturally infected by PWN. We employed high-throughput 

sequencing in conjunction with functional prediction tools, and soil enzyme activity measurement. The results showed that 

PWN infection significantly decreased the activity of β- cellobiosidase and β-glucosidase enzymes involved in carbon 

cycling in the rhizosphere (P < 0.05). Interestingly, PWN infection did not alter the diversity of rhizosphere bacteria and 

fine root fungi, but it did cause a significant decrease in the richness of rhizosphere fungi (P < 0.05). In terms of function, 

PWN infection resulted in higher abundance of intracellular parasites in bacterial functions in the rhizosphere, while 

ureolysis exhibited a lower abundance (P < 0.05). In fungal functions, saprotroph-symbiotroph exhibited a higher 

abundance in the rhizosphere after PWN infection, whereas symbiotroph showed a lower abundance (P < 0.05). 

Additionally, it led to a significant reduction in the infection rate of ectomycorrhizal fungi (P < 0.05). Infected host fine 

root exhibited higher abundance of pathotroph-symbiotroph, while symbiotroph had a lower abundance (P < 0.05). The 

study sheds light on the role of the fungal community and rhizosphere bacteria in PWN-affected trees and contributes to 

our comprehension of the overall impact of PWD on the pine forest ecosystem. 
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Pine forests worldwide are threatened by pine wilt disease (PWD), caused by the pine wood nematode Bursaphelenchus 

xylophilus. Despite its devastating impact, the influence of PWD on the various aspects of host microbial communities 

remains understudied. This research investigated the effects of PWD on the microbiome associated with Pinus thunbergii 

trees, the bulk soil, as well as the forest litters. High-throughput sequencing techniques and functional prediction tools were 

employed to unravel changes in microbial structures and functions. 

The findings revealed that PWD significantly affected the composition and functional potential of microbial communities 

in different section of the host. Both bacterial and fungal communities in the soil displayed alterations in response to PWD, 

with certain enzymes involved in carbon cycling and nutrient degradation experiencing decreased activity. Furthermore, 

PWD appeared to influence the presence of specific bacterial and fungal taxa, influencing their abundances and thus 

potentially affecting ecosystem functions.The study emphasized the significance of considering anatomical regions within 

the host, as the impact of PWD was often region-specific. Notably, the influence of PWD extended to ectomycorrhizal 

fungi, which play a pivotal for nutrient uptake in trees. Such changes in the microbial community could consequently 

impact the dynamics of litter degradation and nutrient cycling across the forest succession caused by PWD. 

In summary, this research provides insights into the impact of PWD on host microbiomes and ecosystem functions. The 

findings highlight the need for a comprehensive understanding of the microbial intricacies within trees and their 

surroundings, especially in the context of disease-induced changes. Such knowledge is important for both forest 

management strategies and the broader understanding of plant-microbe interactions in changing ecosystems. 
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Pine wood nematode disease is a destructive disease to ecological environment and forest resources. The onset of the 

disease is extremely rapid and the pathogenesis is unclear. The monitoring of this disease is still important in production, 

so it is of great significance to explore its early diagnosis. In this study, the changes of chlorophyll fluorescence dynamic 

induction parameters, non-photochemical quenching parameters and organic acid content in needles of 7-year old infected 

Pinus hwangshanensis were studied by chlorophyll fluorescence technology and organic acid mass combined technology. 

The results showed that in chlorophyll fluorescence dynamic induction group, Fm/Fo, Fv/Fo, Fm, Psi_o and Pi_Abs 

showed a significant downward trend, while Phi_Do, ABS/RC, TRO/RC and DIO/RC showed a significant uptrend. In 

non-photochemical quenching, Fm showed a downward trend, while Qp_L1, Qp_L2, QY_L1, QY_L2 and QY_ Lss 

showed a significant upward trend. In the change of organic acid content, ferulic acid, syringic acid, gallic acid and 

jasmonic acid showed a significant increasing trend, while benzoic acid and salicylic acid showed a first increasing trend 

and then decreasing trend. Experimental results show that pine wood nematode had significant effects on photosynthesis 

and organic acid content of pine before it showed symptoms of disease. After comprehensive analysis, chlorophyll 

fluorescence dynamic induction parameters Pi_Abs、Fm、Phi_Do、TRO/RC、Psio, non-photochemical quenching 

parametersQY_L2、Qp_L1、QY_Lss、QY_L1, and organic acids ferulic acid, syringic acid, benzoic acid and gallic acid 

contents are ideal indicators for early diagnosis of pine wood nematodiasis. 
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Studying the genetic differentiation of B. xylophilus population in East China regions will provide important basic genetic 

information for the establishment of B. xylophilus epidemic source tracing system in China. The samples were collected 

from pine trees affected by pine wilt disease in East China, and the strains were isolated and purified. The genomic DNA 

of the strains was extracted and sequenced. The number and types of SNP loci and genotypes in each region were analyzed 

by using bioinformatics software. Cluster analysis was used to compare the genetic differentiation among different strains 

based on SNP markers, and Treemix was used to detect the gene penetration routes. A total of 67 B. xylophilus strains were 

isolated and collected in 60 county-level administrative regions in East China. A total of 6 531 684 SNPs loci were obtained, 

and the number of SNP were different among different strains. While the number of SNP counts, homozygotes, missing 

SNPs and private SNPs showed no significant differences in regional among the 6 provinces, and there was no significant 

correlation with the invasion time. In general, the B. xylophilus strains in East China can be divided into 3 groups, and 

there was a certain correlation between different groups and geographical areas. In the area where the 1-AH and 2-AH 

groups were located, there may be re-invaded by strains from other groups in other areas. 
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Bursaphelenchus xylophilus has become a worldwide forest disease due to its rapid infection ability, high lethality and 

difficulty in control. The main means of countering B. xylophilus is currently chemical control, but nematicides can present 

problems such as environmental pollution and drug resistance. The development of novel environmentally-friendly 

nematicides has thus become a focus of recent research. In this study, BxUGT3 and BxUGT34, which might be related to 

detoxification, were investigated by comparing transcriptomic and WGCNA approaches. Three other genes with a similar 

expression pattern, BxUGT13, BxUGT14, and BxUGT16, were found by gene family analysis. Further bioassays and qPCR 

assays confirmed that these five genes showed significant changes in transcript levels upon exposure to α-pinene and 

carvone, demonstrating that they respond to exogenous nematicidal substances. Finally, RNAi and bioassays showed that 

B. xylophilus with silenced BxUGT16 had increased mortality in the face of α-pinene and carvone stress, suggesting that 

BxUGT16 plays an important role in detoxification. Taken together, this study used novel molecular research methods, 

explored the detoxification mechanism of B. xylophilus at a transcriptomic level, and revealed a molecular target for the 

development of novel biopesticides. 
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Bursaphelenchus xylophilus is the causative agent of pine wilt disease. It has caused devastating damage to ecosystems 

worldwide, owing to the characteristic of being widely spread and uncontrollable. However, the current methods of control 

are mainly based on pesticides, which can cause irreversible damage to the ecosystem. Therefore, the search for new drug 

targets and the development of environmentally friendly nematicides is especially valuable. In this study, three key genes 

of the xenobiotic detoxification pathways were cloned from B. xylophilus, which were subsequently subjected to 

bioinformatic analysis. The bioassay experiment was carried out to determine the concentration of matrine required for 

further tests. Subsequently, enzyme activity detection and three gene expression pattern analysis were performed on 

matrine treated nematodes. Finally, RNA interference was conducted to verify the functions carried out by the three genes 

in combating matrine. The results indicated that cytochrome P450 and glutathione S-transferase of B. xylophilus were 

activated by matrine, which induced high expression of BxCYP33C4, BxGST1, and BxGST3. After RNA interference of 

three genes of B. xylophilus, the sensitivity of B. xylophilus to matrine was increased and the survival rate of nematodes 

was reduced to various degrees in comparison to the control group. Overall, the results fully demonstrated that BxCYP33C4, 

BxGST1, and BxGST3 are valuable drug targets for B. xylophilus. Furthermore, the results suggested that matrine has value 

for development and exploitation in the prevention and treatment of B. xylophilus. 
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Essentially, no efficient methods for controlling Bursaphelenchus xylophilus and pine wilt disease (PWD) have 

yet been developed. By using a high-throughput screening system based on a fluorescent dye-exclusion viability

 test, we identified a powerful pine wood nematode (PWN)-killing bacterial strain, Enterobacter ludwigii AA4. 

The corrected mortality of the B. xylophilus treated by E. ludwigii AA4 was more than 98%. Morphological ch

anges in B. xylophilus treated with strain AA4 suggested that the death of B. xylophilus might be caused by a

n increased number of vacuoles in non-apoptotic cell death and the damage to tissues of the nematodes. The d

isease index of the seedlings of Scots pine treated with strain AA4 plus B. xylophilus was less than 39, signifi

cantly lower than 92.5 in the control plants treated with distilled water and B. xylophilus. We created a sdaB g

ene knockout in strain AA4 by deleting the gene that was putatively encoding the beta-subunit of L-serine deh

ydratase through Red homologous recombination. The nematocidal and disease-suppressing activities of the knoc

kout strain were remarkably impaired. We also found that the deletion of gene ecpE encoding a subunit of the 

ECP fimbriae of AA4 notably reduced its colonization on B. xylophilus. Furthermore, the application of the bio

logical nematicide developed from AA4 on the Pinus thunbergii grown in the coastal area in Yantai remarkably

 decreased the incidence rate of PWD from 4.5% to 1.5%. Therefore, E. ludwigii AA4 has significant potential

 to serve as an agent for the biological control of pine wilt disease caused by B. xylophilus. 
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Pine wilt disease (PWD), caused by Bursaphelenchus xylophilus, is a systemic infectious disease and has been called the 

cancer of pine trees. The microbial community in plant ecosystems is an important functional component that stimulates 

the development of natural resistance to pathogens in plant growth or acts as a biological control agent for pathogenic 

microorganisms and is one of the main sources of biological control. In this study, we first showed by high-throughput 

sequencing of inter-root soils of diseased and healthy Sargasso pine that the community structure of each group was 

different at different levels. After performing inter-root soil isolation and purification, four strains Lysinibacillus capsic, 

Bacillus Paramycoides, Delftia tsuruhatensis, and Lelliottia jeotgali were screened for optimal nematicidal effect.The 

inoculation of the roots of 2-year-old pinus sylvestris seedlings with four strains of mycorrhizal suspension and 

fermentation solution for 4 d was followed by inoculation with pine wood nematodes, and the changes in the activities of 

defence-related enzymes in pinus sylvestris within 4 d after treatment and 28 d after inoculation with pine wood nematodes 

were measured. The results showed that the activities of PAL, POD and CAT were increased within 4 d after treatment, 

while the activities of PAL, POD and CAT were significantly increased within 28 d after inoculation with pine nematodes, 

which greatly reduced the incidence of nematode disease in pine trees. Lysinibacillus capsic strain fermentation and 

Lelliottia jeotgali fermentation were screened on the basis of changes in defence enzyme activity and showed better 

nematicidal effect and induced resistance and lasted up to 28 days. 
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Pine wood nematode disease (PWD) is a devastating forest disease caused by Bursaphelenchus xylophilus, threa

tening the ecological health of pine forests worldwide. At present, the main control method is the use of chem

ical agents, because long-term use is easy to cause pine wood nematode drug resistance, and its residue to the 

ecological environment to form pollution, in nature to find green and safe line killers has become a research h

otspot. In this study, the soil metabolites of pine trees with different degrees of susceptibility were investigated 

and analyzed in the same underground ground, and it was found that there were differences in soil metabolites 

in the rhizosphere of pine trees with different degrees of disease. Based on this, the green substances with hig

h virulence against pine wood nematodes were ginkgo flavonoids, 2,3-dichloro-5-(trifluoromethyl)pyridine, sodiu

m silicate, arecine and amygdalin, among which 2,3-dichloro-5-(trifluoromethyl)pyridine had the best effect and 

stability. In the prevention experiment, the effect of elemental agent 2,3-dichloro-5-(trifluoromethyl) was the bes

t, and the control rate of Pinus massoniana seedlings under the condition of 28 days was 87.82%. In the effica

cy experiment, the effect of the compound green line-killing agent was better than that of the elemental agent, 

and the effect was relatively average, and the control rate of Pinus massoniana seedlings after 28 days of treat

ment was about 70%, which had the application potential of alternating use with each other, which could effec

tively avoid the emergence of drug resistance. 
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In the present study, an novel molecular-targeted nematocide discoverying platform was developed for finding e

fficient agents against Bursaphelenchus xylophilus. The molecular targets for nematocide discovery were investig

ated according to multi-omics strategy, including genomics, transcriptomics, phenotypic databases, and the target

ed genes were verified according to the results of RNAi. The structure of corresponding protein and potential n

ematocides were predicted based on AlphaFold2 and Schrödinger. In this platform, target discovery, validation a

nd lead compound screening were integrated, providing a holistic approach to innovative drug discovery. We ha

ve successfully identified the molecular mode of action and structural basis of several drugs, including Abamect

in, Emamectin and Fluopyram, on their respective targets in B. xylophilus. Furthermore, based on the functional

 investigation of GPCR in B. xylophilus, five potential molecular targets were screened by multi-omics analysis,

 including npr-5, npr-11, fshr-1, F59D12.1 and pdfr-1. Structural prediction, virtual screening, and druggability 

prediction were performed on these five molecular targets, and three lead compounds were found. The LC50 val

ues of these 3 compounds against B. xylophilus were 9.30 mg/L, 8.76 mg/L and 9.19 mg/L, respectively, show

ing high nematicidal activity. This platform can not only accelerate the process of nematocide discovery but als

o provide a new perspective for the control of pine wilt disease. 
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The expansion of pine wilt disease has been observed, manifesting a trend of northward and westward movement in China. 

Field surveys have unveiled a decline in the female-to-male ratio of Bursaphelenchus xylophilus with decreasing of 

temperature or increasing latitude, ranging from Zhejiang (♀/♂: 2.37) to Liaoning (♀/♂: 0.86) provinces. However, the 

mechanisms governing sex determination undergo remarkably rapid evolution in numerous taxa, yet the understanding of 

such processes remains obscure within the vast nematode phylum. Notably, B. xylophilus lacks sex chromosomes, thus 

suggesting the likelihood of epigenetic regulation triggering sex determination. To unveil this intriguing epigenetic 

phenomenon, the temperature-sensitive window for sex determination is identified during the lima beans and J1 stages of 

embryo development through temperature-shift experiments. Subsequently, transcriptome sequencing was performed on 

B. xylophilus embryos during the lima beans and J1 stages, at two distinct temperatures (15°C and 25°C). The analysis 

revealed a total of 657 differentially expressed genes during lima beans and 3775 during the J1 stage. Functional annotation 

of these genes allowed us to identify 21 genes (e.g., mab-3, sma-2, ptr-1) exhibiting higher expression at 15°C and 17 

genes (e.g., mog-4, rnt-1, hda-1) displaying higher expression at 25°C. Notably, these genes are associated with sex 

determination and differentiation. Overall, this study has unveiled novel epigenetic factors through RNA-seq data analysis 

of B. xylophilus embryo, contributing to the understanding of the nematode's sex-determining mechanism. 
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The rapid-spreading pine wilt disease (PWD) has brought global forest health crisis. High-efficient and precise 

monitoring & tracking on PWD could provide the detailed epidemic information and the hint of development tr

end, which should be given priority in the integrated management strategy. In this work, we proposed a closed-

loop monitoring & tracking (CMT) system and an on-line remote management (ORM) platform based on the di

sease cycle of PWD. The CMT system is built on the concept of scenario design, in which every essential lin

k of PWD management chain from monitoring to eradication of diseased pine tree were presented visually, pla

ying and exploring potential “what-if” and “scoring-metrics” settings. Six scenarios, including epidemic survey, 

eradication of dead tree, real-time eradication of wilting tree in early stage, random sampling and checking on 

quality of eradication measures, trunk injection with nematocide and quarantine of pine, were proposed and desi

gned. Each scenario was constructed as an individual module. All the modules were integrated into one system 

based on a unique data collection and cloud-processing framework. This system was developed into a visualize

d mobile App ‘Digital Forest Protection’ (DFP version 1. 96) (or Web vision: https://szsf.lyj.zj.gov.cn). The App

 serves over 20, 000 clients who worked for monitoring and control of PWD in Zhejiang province. A total of 

more than 38.21 million data and 11.77 million images were collected since its first launch on Nov. 2021. All 

the diseased pine trees caused by PWD have been located in longitude and latitude, and the entire processes of

 dead-tree treatment were precisely tracked by CMT system. As a powerful management tool, DFP App serves 

the integrated management of PWD successfully, which contributes largely to substantial disease reduction in Z

hejiang province of China. 
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Monochamus alternatus is an important wood boring pest, and it is also considered the most important and efficient 

insect vector for the transmission of the pine wood nematode. The precise determination of potential suitable areas of M. 

alternatus is important for monitoring, prevention, and control of M. alternatus. Based on the latest occurrence data and 

climate data of M. alternatus, the optimized MaxEnt model and ArcGIS 10.7 software were used to predict the current 

and future potentially suitable areas of M. alternatus in the world and in China under different climatic conditions. In this 

study, the optimized MaxEnt model parameters were set as FC = LQHP and RM = 1.5, which were determined by the 

values of AUCdiff, OR10, and ΔAICc. The monthly mean temperature difference (Bio2), minimum temperature of the 

coldest month (Bio6), mean temperature of warmest quarte (Bio10), annual precipitation (Bio12), and precipitation of 

driest month (Bio14) were the dominant bioclimatic variables affecting the distribution of M. alternatus.Under the 

current climate conditions, the potentially suitable habitats of M. alternatus were distributed across all continents except 

Antarctica, accounting for 4.17% of the Earth’s total land area. Under future climate scenarios, the potentially suitable 

areas of M. alternatus increased significantly, spreading to a global scale. Our findings can be used to provide a 

theoretical basis for the risk analysis of the spread of M. alternatus worldwide and the precise monitoring and prevention 

of this beetle. 
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杭州益森键生物科技有限公司位于美丽的杭州市临平区。多年来一直专注于林业有害生物防控、林业与草原生态治理与保护，是一家集科研、生产、销售和服务为一体

的生态科技研发型企业。从企业成立的最初益森键与国内外多家知名企业、高等院校、科研院所共同组建森林防护联合体系，在新产品、新技术、新设备等科研专利成果转

化应用方面取得显著成绩，拥有国内知名高等院校、科研院所专家、教授、学者组成的专家团队。国内领先的综合防控松材线虫病技术，获得了中国林业行业最高科技水平

奖项：2021 年度梁希奖科技进步奖二等奖；2022 年度梁希奖技术发明奖二等奖；具有自主知识产权专利技术 18项（发明专利 7 项、实用新型专利 11项）；拥有两项核心

技术—松树免疫诱抗技术和注干剂渗透传导技术，在激活松树自身抵御机制、注干防治松材线虫方面取得卓越成效。其中自创品牌“松线静”已获得了森林保护行业的广泛

认可和一致赞誉。

杭州益森键坚守“绿水青山就是金山银山”，“不忘初心”，不辱使命，为促进生态健康发展，建设山川秀美、生态和谐的美丽中国而努力！

品 牌：松线静

主要成分：5%阿维菌素乳油+高效松树免疫诱抗剂 SAA-32（公司独自研发核心配方）

防治对象：松树/ 松材线虫

包装规格：50ml/支*100支/箱(内置100个专业防病孔塞)

使用方法：打孔注射

办公地址：杭州市临平区星桥街道远展街1号联融大厦4楼 生产基地：湖州市德清县新市镇河东路1号

网 址：http://www.hzyisenj.com 联系话电：0572-8186632 13706826699

产品特点 特 点 详 解

传导快，渗透性强 松线静具有良好的渗透、 传导性能，打孔注射后3-4小时完全吸收完毕， 注射10小时后药剂传导扩散至树体不同部位，全方位防虫。

用量少，性价比高 按树体胸径大小比例注射松线静后，可迅速传导至树体内，既全面杀灭树体内线虫又能遏制成虫羽化成活率，降低种群数量。 用量少，防控线虫作用强，经济适用。

防效好，持效期长 松线静在树体吸收后，可迅速杀灭线虫，防治率达99%以上，树体内药剂持效期长，防治效果可达2年以上。

无环境污染，天敌危害轻 松线静采用树干注射，大大减少喷洒农药对环境的污染，对松褐天牛天敌危害轻，安全环保。

松线静专利号：201810777541.3

不是所有的阿维菌素都可以防控松材线虫呀！

它需要松树免疫诱抗剂的配合

- - -大自然的守护者

应用宣传

双重专利

使用安全 钻孔注射，充分利用药液，对环境无污染，是当前最快、最好、最直接的防控方法。

林业部门领导高度认可。

多年来，在浙江、安徽、江西、广西、重庆、山东等17个省份使用，效果明显优于同类产品。全国林业有害生物防治工作会议上进行独立现场示范，国家

专利配方；专利包装；

国内首创，公司独自研发科技成果-高效松树免疫诱抗剂 SAA-32，传导速度快，药效显著，获2021年度梁希奖“科学进步二等奖”。研发成果

H a n g z h o u Y i s e n j i a n B i o t e c h n o l o g y C o . , L t d .
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南京↿ḝ林业⼀技有䭿公司 
是专业Ⲵ᷇业䱢⋫专家，主㾱从事᷇业ᴹ害⭏⢙ⴁ⍻、

Პḕ、䱢⋫与⯵㲛害䢤定，Ṩ心技ᵟᴹ：伏叶害㲛ⴁ⍻

与䱢⋫及ᶮᶀ㓯㲛⯵㔬合䱢控，提供农、᷇业ᴹ害⭏⢙

ⴁ⍻与䱢⋫整体䀓决方Ṹ。并在↔基⹰上㹽⭏出昆㲛䢤

定；ḷᵜ制作、㿲䍿性ḷᵜ制作；ḷᵜ库建・；昆㲛、

Პ培䇝；公司⿹承“以专业技ᵟ为推手，以开拓创新为宗

旨，䈊心助力”㔯≤䶂山就是䠁山䬦山建䇮”Ⲵ㓿㩕⨶念，

旨在⭘专业技ᵟ为客户提供ᴰ优䍘、全方位Ⲵ专业ᴽ务。 
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