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I. The general situation of 

prevention and control of EIFFs



1.1 The basic information of EIFFS in the 

world



~500 genera

~5000 species

1500+ species

damage fruits

~250 species 

as EIFFs

◼ In the trends of economic globalization and integration, 

EIFFs are spread more quickly and widely in the 

world, which are causing significant economic and 

biological losing of fruits. 

◼ China pays more attention on the prevention and 

control of EIFFs.



◼ The revision of taxonomic status of Zeugodacus: 

from subgenus of Bactrocera to genus Zeugodacus, e.g., Z. 

cucurbitae，Z. tau，Z. scutellatus, Z. depressus etc..

(Doorenweerd et al., 2018)(Krosch et al., 2012)



◼ The academic controversy about species: 

Are Bactrocera papayae, B. invadens and B. philippinensis

the synonym of B. dorsalis? 

(Schutze et al., 2015) (Schutze et al., 2017) (Drew et al., 2016) 



◼ The global spread of EIFFs: 

Among countries and regions, e.g., B. dorsalis, spreaded

from Asia to other continents, from tropical area to 

subtropical area and temperate area. 

(Qin et al., 2019) 



(Davis, Invasion Biology, 2009)

◼ Prevention and control of pests invasion:

as early as we could



(https://www.ippc.int/, 2019) 

◼ Prevention and control of EIFFs:
IPPC + ISPMs (especially for the surveillance, diagnosis 

and treatment of EIFFs) 



Prevention and control of 250 species as 

EIFFs in the world

• Bactrocera：Asia, Oceania and Africa

• Zeugodacus：Asia and Oceania

• Ceratitis：Africa and Europe

• Dacus：Africa 

• Anastrepha：America

• Rhagoletis：Europe and America



12https://www.iaea.org/

◼ Prevention and control of 

EIFFs:
IAEA + Regional group of EIFFs 

(especially TAAO etc.)  



https://nucleus.iaea.org/sites/naipc/twd/Pages/default.aspx



https://nucleus.iaea.org/sites/naipc/twd/Pages/default.aspx



1.2 The plant quarantine and field control of 

EIFFS in China  



Main regulations: 

• Law of the People's Republic of 

China on the Entry and Exit Animal 

and Plant Quarantine: 1991.

• Regulations of the People‘s 

Republic of China on Plant 

Quarantine: 1983.

• Lists of quarantine pests: 

✓ For entry, 2007.

✓ For domestic agriculture, 2009.

✓ For domestic forestry, 2013.



Main Organizations of Management:

• GACC:  General 

Administration of Customs, P. 

R. China. For entry and exit 

quarantine.

• MARA:  Ministry of 

Agriculture and Rural Affairs, P. 

R. China. For domestic 

agricultural quarantine.

• MEE-NFGA: National 

Forestry and Grassland

Administration, Ministry of

Ecology and Environment, P. 

R. China. For domestic 

forestry quarantine.

(http://english.agri.gov.cn/) 

(http://english.customs.gov.cn/) 

(http://english.forestry.gov.cn/) 



Main Organizations of E/R/S:

• Technical Centers of Customs CAIQ
(Chinese Academy of Inspection and Quarantine)

• NATESC (National Agro-technical Extension and 

Service Center) and branches in provinces

• CAAS (Chinese Academy of Agricultural Sciences) 

and the academies of agricultural sciences in 

provinces 

• CAF (Chinese Academy of Forestry Science) and 

the academies of forestry sciences in provinces

• CAU (China Agricultural University) and other 

Universities



Import quarantine FFs: 6 genera + 5 species, 2007

• Carpomya incompleta

• Carpomya vesuviana

• Monacrostichus citricola

• Myiopardalis pardalina

• Toxotrypana curvicauda

• Anastrepha

• Bactrocera

• Zeugodacus

• Ceratitis

• Dacus spp. (non-Chinese)

• Rhagoletis spp. (non-Chinese)

• Bactrocera tsuneonis

Domestic quarantine FF of forestry: 1 species, 2013

• Carpomya vesuviana

Domestic quarantine FF of agriculture: 1 species, 2009

Export regulated FFs: 2 genera

• Bactrocera

◼ The quarantine EIFFs in China:

• Zeugodacus



◼ The main EIFFs of field control in China:

Main EIFFs in field: 4 species

• Zeugodacus cucurbitae

• Zeugodacus tau

• Bactrocera dorsalis

• Bactrocera minax

• Bactrocera dorsalis • Bactrocera minax



Field control strategy of EIFFs in China

(provided by NATESC)



Prevention and Control of EIFFs

◼ Official Control

◼ Education, Research and 

Services

◼ Public Participation

Governments

Universities & Institutes

Companies etc.

Farmers, citizens etc. 



II. The education, research and 

service on EIFFs in China: CAU as 

an example



2.1 The Four-in-ONE Education System of 

Plant Quarantine in China  



◼ The professional education of plant protection in China:

has a history dated back 1905, courses of Plant Pathology and

Entomology were opened in the College of Agriculture at Imperial

University of Peking.

Group photo of  teachers and 
students in the College of

Agriculture (The first 
graduates in 1913)

Group photo of the 
graduates in the College of

Agriculture (1916)

Establishment of the 
Department of Pest and 

Disease(1923)

(Photos cited from internet)

The origin of phytosanitary education system



◼ The earliest suggestion of plant

quarantine in China: in 1916 by

Dr. Bingwen ZOU. He emphasized

the importance of plant quarantine.

◼ The first paper named as plant

quarantine in China: in 1927 by

Dr. Fengmei ZHU. These papers

emphasized the significance and

basic methods of plant quarantine,

including the import quarantine and

export quarantine.

Dr. Bingwen ZOU

Dr. Fengmei ZHU

(Photos cited from internet)



◼ From 2001, as one member of WTO, China has faced more

challenges from the global market and the international

regulations.

◼ In the trends of economic globalization and integration,

pests are spread more quickly and widely in the world,

which are causing significant economic and biological losing of

plants and plant products.

◼ China pays high attention to the phytosanitary education

through Four-in-One system.

(Photos provided by quarantine officers in China)



TypesOrganizations

The Four-in-One Education System

Degree education

Public education

Objects

Students

Vocational education

On-the-Job education

Students

Farmers

Employees in 

plant quarantine

Vocational colleges

Vocational schools

GACC

MARA

NFGA

Branches

Universities

Institutes

Passengers

Residents

Others

Governments

Universities

Museums etc.



Public education: governments and universities mainly

• Passengers, regular program.

• Residents and other publics, periodical program.

The public phytosanitary education in China: phytosanitary

regulations, phytosanitary procedures and quarantine pests

(Photos in 2017-2019, provided by plant quarantine workers in China)



On-the-job education: GACC, MARA, NFGA mainly

• Civil servants of plant quarantine, periodical program.

• Technicians of plant quarantine, periodical program.

The on-the-job phytosanitary education in China: 

national and regional technical training of plant quarantine

(Photos cited from the related news of plant quarantine on internet)



Vocational  education: colleges and schools mainly

• Junior college students, 3-year program.

• Farmers, periodical program.

The farmer education in China: plant quarantine and IPM techniques

http://www.crdenet.net.cn/



• Undergraduates, 4-year program, Bachelor D.

• Postgraduates, 2-year / 3-year programs, Master D.

• Postgraduates, 3-year / 4-year / 5-year programs, PhD.

Degree education: 50+ universities and institutes

The degree education of plant protection in China: script, thesis, and 

dissertation.  



China Agricultural University

1905 1995

1949

College of Agriculture at 
Imperial University of Peking 
(predecessor of Peking University)

Beijing Agricultural University
Merged by 
• College of Agriculture of Peking University
• College of Agriculture of Tsinghua University
• College of Agriculture of North China University

China Agricultural University

Merged by

• Beijing Agricultural University

• Beijing Agricultural Engineering University

• US News & World Report (2018): Agricultural Sciences, the 4th university

• MOE China (2017): First-class university and 9 Top disciplines (including Plant Protection)



✓ China Agricultural University (CAU), Prof. Zhihong Li etc. 

✓ Fujian Agriculture and Forestry University (FAFU), Prof.Qinge Ji etc.

✓ Huazhong Agricultural University (HZAU), Prof. Changying Niu and Prof. Hongyu

Zhang etc.

✓ South China Agricultural University (SCAU), Prof. Yongyue Lu etc.

✓ Southwest University (SWU), Prof. Jinjun Wang etc.

✓ Xinjiang Agricultural University (XJAU), Prof. Adili Shataer etc.

✓ Yunnan Agricultural University (YNAU), Prof. Chun Xiao etc.

Main Universities: 7 universities

✓ Technology Center of Guangzhou Customs, Dr. Jiajiao Wu etc.

✓ Technology Center of Shenzhen Customs, Dr. Daojian Yu etc.

✓ China Academy of Inspection and Quarantine (CAIQ), Mr. Yuejin Wang and Mr. 

Guoping Zhan etc.

✓ China Academy of Science (CAS), Dr. Xiaolin Chen etc.

✓ China Academy of Agricultural Science (CAAS), Prof. Guifen Zhang etc.

Main Institutes: 5 institutes

The main organizations on EIFFs in China



2.2 The Practices of Education, Research 

and Services on EIFFs in CAU  



◼ From 2001 to now: Laboratory of plant quarantine and invasion

biology (CAUPQL), leading by Dr. Zhihong Li.

◼ From 2004 to now: Direction of plant quarantine and invasion

biology leading by Dr. Zhihong Li, especially the education of

postgraduates.

The Development of CAUPQL



◼ Education: training the undergraduates and postgraduates with

advanced theory, method and technology of plant quarantine and

invasion biology.

◼ Research: studying the techniques, measures and mechanism

of prevention and control of quarantine pests and invasive alien

species.

◼ Service: providing the technical guidance, decision supports and

outstanding professionals of plant quarantine and invasive alien

species management to government and other organizations.

The Missions of CAUPQL



38

The Team of CAUPQL



The phytosanitary education and research in CAU: 
more practices on course, thesis/dissertation, and research program.  

The Education and Research of CAUPQL
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◼ Plant Quarantine: 32 hours, required course for 

undergraduates

◼ Outline of Animal and Plant Quarantine: 32 hours, 

elective course for undergraduates

◼ Invasion Biology: 32 hours, elective course for 

undergraduates 

◼ Principles and Techniques of Plant Quarantine: 32 

hours, elective course for postgraduates

◼ Invasion Biology: 32 hours, in English, elective 

course for postgraduates

◼ Professional English and Scientific Writing : 16 

hours, required course for postgraduates

The Courses of CAUPQL



Most of 183 graduates are working in the fields of plant 

protection, including the plant quarantine.

◼ from 2001-2019, 85 Bachelors

◼ from 2005-2019, 73 Masters

◼ from 2007-2019, 25 PhDs

The Graduates of CAUPQL
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The main researches of EIFFs in CAU

◼ Invasion model and Pest Risk Analysis: quantitative 

assessment, e.g., R language, SOM+MatLab,

CLIMEX/MaxEnt/Biomodel+ArcGIS, and @Risk etc. 

◼ Species diagnosis: phylogenetic relationship and  

molecular identification, e.g. mitochondrial genome 

analysis, DNA barcoding, PCR, Real-time PCR, chip 

and etc. 

◼ Phytosanitary treatment: methyl bromide alternative, 

e.g., cold treatment and irradiation treatment etc. 

◼ Invasion tracing: population genetic structure and  

stable isotope analysis, e.g., sequence analysis, SSR, 

and hydrogen stable isotope.

◼ Invasion mechanism: molecular mechanism, e.g., 

transcriptome sequencing, real-time PCR, RNAi etc.



◼ Invasion model and PRA: integrated technical system 

(Li et al.  Plant Protection (in Chinese), 2018)



◼ Invasion model and PRA: SOM+MatLab, establishment 

risk of 180 species of EIFFs for 118 countries/regions.

(Qin et al.  PLoS ONE, 2015)



(Qin et al, Climatic Change, 2019)

◼ Invasion model and PRA: MaxEnt+ArcGIS, potential 

geographical distribution of Bactrocera dorsalis.



◼ Invasion model and PRA: bio-model+ArcGIS, potential 

geographical distribution of main species of Bactrocera and 

Zeugodacus.

(Wang et al, 2009; Li et al, 2013; Qin et al, 2015)



该文近期已被Evolutionary 
Applications （目前IF5y

为5分）接受发表。
(Zhao et al, Ecology, 2019)

◼Invasion model and PRA: monitoring data in 

California USA (17 species and 366 regions) + R, invasion 

model for invasion rate etc.



◼ Species diagnosis: DNA barcodes database 

and identification system, ~190 species of EIFFs. 
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◼ Species diagnosis: mtDNA COI, 1426 sequencesof 73 

species of Bactrocera, species complex.

(Jiang et al, Molecular Ecology Resource, 2014)



50

◼ Species diagnosis: mtDNA COI, PCR of  Bactroceraminax

and Bactrocera tsuneonis.

(Zheng&Zhang et al, Insect, 2019)



◼ Species diagnosis: DNA barcodes, microfluidic dynamic 

array as new method for 27 species of EIFFs. 

(Jiang et al, Molecular Ecology Resource, 2016)



◼ Species diagnosis: whole mitochondrial genome, 2 species 

of EIFFs, further support of genus Zeugodacus and species 

identification. 

(Zhang et al, International Journal of Biological Macromolecules, Aug. 2019)



(Zhan et al., Journal of Economic Entomology, 2015)

◼ Phytosanitary treatment: gamma irradiation, Zeugodacus

tau in pumpkin fruits, 72Gy as dose.



(Fang et al., Insects, 2019)

◼ Phytosanitary treatment: cold treatment, Bactrocera

dorsalis in Navel orange, 1.7℃ and 15 days.



◼ Invasion tracing: population structure based on sequences 

and microsatellite, 2863 samples of 63 populations of B. dorsalis, 

from India continent to other regions of Asia, Hawaii and Africa. 

(Qin et al. Evolutionary Applications, 2018)



(Zhao et al. Florida Entomologist, 2018)

◼ Invasion tracing: hydrogen stable isotope, B. dorsalis 

trapped in Beijing was not a resident population and from 

south China. 
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◼ Invasion mechanism: B. dorsalis in California USA, a 

heterogeneous distributions formed varied  invasion dynamics, 

because of 3 trajectories (reintroduction, partial success of 

eradication, population resurgence). 

(Zhao et al., accepted for publishing, Ecological Applications, Aug. 2019)
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◼ Invasion mechanism: B. dorsalis has higher flight capacity 

than B. correcta, EGFR gene as key candidate gene. 

(Guo et al. International Journal of Molecular Sciences, 2018)



该文近期已被Evolutionary 
Applications （目前IF5y

为5分）接受发表。
(Gu et al. Evolutionary Applications, 2019)

◼ Invasion mechanism: B. dorsalis has more adaptation 

of heat hardening than B. correcta, , HSP23 gene as key 

candidate gene. 



◼ Title: The invasive mechanisms and key phytosanitary 

technology on economically important stored insect 

pests endangering Chinese and European 

international trades of grain and fruit 

◼ Funds：Chinese side, 1.77 million RMB

◼ Period: Aug. 2019 to Jul. 2022

◼ Type: Key program of international S&T innovation and 

cooperation 

The New Program: Sino-Czech Program 
（No. 2018YFE0108700）

Trogoderma granarium Liposcelis bostrychophila Bactrocera dorsalis Drosophila suzuki



该文近期已被Evolutionary 
Applications （目前IF5y

为5分）接受发表。

The Society Services of CAUPQL

◼ For GACC and some Customs in China: PRA of 

import fruits + species diagnosis + monitoring 

information system of EIFFs.  

◼ For MARA, NATESC and local plant protection 

stations in China: PRA, species diagnosis, 

monitoring and invasion tracing of EIFFs. 

◼ For some companies in China: species diagnosis of 

EIFFs.

◼ For IPPC, TAAO and some countries: FAO-IPPC 

Global Project (Sri Lanka), TAAO 2020, Papua New 

Guinea etc.  



http://www.aiencode.net

http://www.aiencode.net/


III. The challenges, opportunities 

and prospects of prevention and 

control of EIFFs



◼ Movement increasing: especially the development of 

trade, tour and e-commerce. For EIFFs: So free trip! 

◼ Global changing: especially the development of climate 

change and nitrogen deposition. For EIFFs : So suitable 

environment!

◼ Pests evolving: especially the development of 

adaptation of stress.  For EIFFs: So happy life!

The main species of EIFFs in the world

The Main Challenges:



◼ More attentions: Public Education Day of National 

Security from 2015, including EIFFs.  

◼ More supports: CSC program from 2009, National Key 

R&D Programs from 2016, including EIFFs.

◼ More platforms: TAAO 2020, One Belt and One Road 

Initiative, and FAO-IPPC Global Project, including EIFFs. 

The kick-off meeting of Sino-Czech 

Collaboration Program  (Nov. 2019)

The Main Opportunities:

The field investigation of FAO-IPPC 

Global Project (Feb. 2019)



◼ To strengthen the international education system: 
especially the public education and the postgraduates 

education as the basis of prevention and control of EIFFs. 

◼ To establish the international research platform: 
especially the TAAO research center of EIFFs. 

◼ To share the international service resources:
especially the data, methods and techniques of EIFFs.

The international phytosanitary education on EIFFs: more efforts from the world

The Main Prospects:



◼The general situation of prevention and 

control of EIFFs

◼The education, research and services on 

EIFFs in China: CAU as an example

◼The challenges, opportunities and 

prospects of prevention and control of 

EIFFs

Outline



WELCOME TO CAU!

LOOKING FORWARD TO MORE COLLABORATIONS

AND PROGRESS ON EIFFs!


