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The challenge of assessing the state of crop health globally


Conduc=ng an expert-based assessment of crop health


Es=mates of crop losses by pathogen & pest
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Towards a global surveillance system for crop health




The challenge of assessing the 
global state of crop health


Pexels




The impact of P&Ps on food security

43m km2 - around 1000 =mes the size of the Netherlands


Crop pathogens and pests (P&Ps) 
reduce the yield and quality of 
agricultural produc=on



They affect all components of food 
security


Savary, S. et al. Crop health and its global impacts on the components of food security. Food Security 9, 311–327 (2017)

FAO, IFAD & WFP. The State of Food Insecurity in the World 2013. The MulOple Dimensions of Food Security. (FAO, 2013)




The challenges of obtaining reliable yield loss data

43m km2 - around 1000 =mes the size of the Netherlands
Genera=ng reliable, quan=ta=ve data on the importance of crop P&Ps is a major 

challenge due to




§  A wide diversity of organisms


§  A diversity of cul=vated crops


§  The range of agricultural se^ngs in the biosphere


§  The regular emergence and re-emergence of P&Ps


§  The difficulty of impact quan=fica=on in itself




Esker, P., Savary, S. & McRoberts, N. Crop loss analysis and global food supply: focusing now on required harvests. CAB Reviews: PerspecOves in Agriculture, Veterinary Science, 
NutriOon and Natural Resources 7, (2012)


Savary, S., Teng, P. S., Willocquet, L. & NuZer, F. W. QuanOficaOon and modeling of crop losses: a review of purposes. Annual Review of Phytopathology 44, 89–112 (2006).

CABI. Crop ProtecOon Compendium. (CAB InternaOonal, Wallingford, UK, 2018)

Paini, D. R. et al. Global threat to agriculture from invasive species. Proceedings of the NaOonal Academy of Sciences 113, 7575–7579 (2016)




Previous efforts to es=mate yield loss and their drawbacks

43m km2 - around 1000 =mes the size of the Netherlands
Figures of worldwide crop losses have been derived from pes=cide field trials (e.g. 

Oerke (2006) 21% - wheat, 27% - rice, 21% - maize, 32% - potato, 19% - soybean). 

The representa=veness of the pes=cide trial approach may have drawbacks: 




§  Over =me


§  Over space


§  Across scale 


§  Of injury




The global burden of P&Ps on major food crops remains poorly quan=fied


Oerke, E. C. Crop losses to pests. Journal of Agricultural Science 144, 31–43 (2006)

Oerke, E. C., Dehne, H. W., Schönbeck, F. & Weber, A. Crop ProducOon and Crop ProtecOon - EsOmated Losses in Major Food and Cash Crops. (Elsevier Science, 1994)

Cramer, H. H. Plant protecOon and world crop producOon. Pflanzenschutz-Nachrichten ‘Bayer’ 20, 1–524 (1967)

Savary, S., Elazegui, F. A. & Teng, P. S. Assessing the representaOveness of data on yield losses due to rice diseases in tropical Asia. Plant Disease 82, 705–709 (1998)




A different approach to assess crop health globally

43m km2 - around 1000 =mes the size of the Netherlands
We aimed to quan=fy yield losses associated with P&Ps on five key food crops in the 

world; wheat, rice, maize, potato and soybean; ~50% of global human calorific 
intake.



We did this by:




§  Using expert informa=on on loca=on, magnitude and frequency of losses


§  Cross checking survey responses against publica=ons and databases


§  Iden=fying associa=ons between crop losses and geography, climate and yield


§  Es=ma=ng crop losses per P&P, globally and by food security hotspot


§  Es=ma=ng losses per crop, globally and by food security hotspot




Conduc=ng an expert-based 
assessment of crop health




Designing the online survey

43m km2 - around 1000 =mes the size of the Netherlands
We designed an online survey for crop health experts to obtain expert assessments 

of crop losses for five major crops across the world




§  We requested inputs on disease or pest injuries 


§  We collected informa=on on loca=on, P&P name, magnitude and level of losses 



The survey (hfp://globalcrophealth.org) was conducted for three months between 
1st November 2016 and 31st January 2017




This global expert survey is the first of its kind for crop health assessment


ISPP. InternaOonal NewsleZer on Plant Pathology. 46(11) hZp://www.isppweb.org/newsleZers/pdf/46_11.pdf




The survey ques=ons
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The response

43m km2 - around 1000 =mes the size of the Netherlands
The survey was circulated to the ISPP mailing list (covering over 2,500 members), 

over 60 associated socie=es (covering over 26,000 members) and to experts in our 
scien=fic networks



Progress on the survey was featured in the ISPP newslefer and in Nature




We obtained responses from 219 crop health experts 

who submifed 989 individual reports 

covering 137 pathogens and pests 


across 67 countries


ISPP. InternaOonal NewsleZer on Plant Pathology. 46(12) hZp://www.isppweb.org/newsleZers/pdf/46_12.pdf

ISPP. InternaOonal NewsleZer on Plant Pathology. 47(1) hZp://www.isppweb.org/newsleZers/pdf/47_1.pdf

ISPP. InternaOonal NewsleZer on Plant Pathology. 47(4) hZp://www.isppweb.org/newsleZers/pdf/47_4.pdf

Nelson, A. D. et al. Crop pests: Crop-health survey aims to fill data gaps. Nature 541, 464 (2017)




The coverage of pathogens and pests

43m km2 - around 1000 =mes the size of the Netherlands
The 137 reported pathogens and pests were compared against informa=on in the 

CABI Crop Protec=on Compendium and around 100 other literature sources


We did not iden=fy any omissions of major P&Ps in the survey responses 


Wheat
 Rice
 Maize
 Potato
 Soybean

Reports
 326
 247
 138
 154
 125

P&Ps
 31
 26
 38
 17
 25

Countries
 35
 36
 20
 31
 16


CABI. Crop ProtecOon Compendium. (CAB Interna=onal, Wallingford, UK, 2018)

Bockus, W. W., Bowden, R. L., Hunger, R. M., Murray, T. D. & Smiley, R. W. Compendium of Wheat Diseases and Pests. (APS Press, 2010)

Wiese, M. V. Compendium of Wheat Diseases. (APS Press, 1987)

Ou, S. H. Rice Diseases. (CABI, 1985)

Pathak, M. D. Insect Pests of Rice. (IRRI, 1977)

White, D. G. Compendium of Corn Diseases. (APS Press, 1999)

Stevenson, W. R., Loria, R., Franc, G. D. & Weingartner, D. P. Compendium of Potato Diseases. (APS Press, 2001)

Hartman, G. L. et al. Compendium of Soybean Diseases and Pests. (APS Press, 2015)




The geographic coverage of survey responses

43m km2 - around 1000 =mes the size of the Netherlands
The 67 countries account for 84% of global produc=on (FAOSTAT, 2000-2014 

averages) 




 83% - wheat | 94% - rice | 79% - maize | 69% - potato | 95% - soybean 


hfp://www.fao.org/faostat/en/#data/QC




The magnitude and frequency of reported losses

43m km2 - around 1000 =mes the size of the Netherlands
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The magnitude and frequency of reported losses

43m km2 - around 1000 =mes the size of the Netherlands


% of responses

Loss frequency


Chronic
 Frequent
 Infrequent
 Rare
 Total
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High
 10
 2
 1
 1
 14

Moderate
 25
 5
 3
 1
 34

Low
 27
 6
 3
 1
 37

Very low
 8
 2
 2
 3
 15

Total
 70
 15
 9
 6
 100




The magnitude and frequency of reported losses

43m km2 - around 1000 =mes the size of the Netherlands


70% of reports indicated chronic losses (occur every growing season)

Around 50% indicated that losses were moderate or high

35% of reports indicated that losses were both chronic and moderate/high.


% of responses

Loss frequency


Chronic
 Frequent
 Infrequent
 Rare
 Total
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High
 10
 2
 1
 1
 14

Moderate
 25
 5
 3
 1
 34

Low
 27
 6
 3
 1
 37

Very low
 8
 2
 2
 3
 15

Total
 70
 15
 9
 6
 100




Associa=on of losses with yield, climate and food security

Correspondence analysis plot for 
rice

Mul=variate analysis of associa=ons 
between categorized variables.

Proximity between variables 
indicates associaOon.  The 
significance of the associaOon is 
related to the squared distance from 
the axes origin.
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For rice yield losses and yield 
performance

-  There is a clear path of increasing 

levels of reported loss magnitudes

-  There is a consistent, nega=ve 

associa=on between reported losses 
and yield (agricultural performance)




Associa=on of losses with yield, climate and food security

Correspondence analysis plot for 
rice

Mul=variate analysis of associa=ons 
between categorized variables.

Proximity between variables 
indicates associaOon.  The 
significance of the associaOon is 
related to the squared distance from 
the axes origin.
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For rice yield losses and climate

-  The humid topics and arid climates are 

associated with high reported losses

-  Monsoonal and equatorial climates are 

associated with moderate to low 
reported losses







Associa=on of losses with yield, climate and food security

Correspondence analysis plot for 
rice

Mul=variate analysis of associa=ons 
between categorized variables.

Proximity between variables 
indicates associaOon.  The 
significance of the associaOon is 
related to the squared distance from 
the axes origin.
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For rice yield losses and FS hotspots

-  the highest reported losses are 

associated with Sub Saharan Africa

-  moderate and low reported losses are 

associated Southeast Asia and the 
Indo-Gange=c Plain


-  China and Brazil are associated with 
very low reported losses




Es=mates of crop losses by 
pathogen & pest: global and 
regional


Rice blast / IRRI Photos




Es=mates of crop losses per P&P


(1)  We computed FMc, the average loss Frequency × loss Magnitude per 
country (one FMc value for every P&P x country combinaOon)


(2)  We used the mean FMc for countries that reported the P&P in the 

literature but which were not reported in the survey


(3)  We weighted FMc by the crop produc=on of each country (bigger 
producOon = bigger contribuOon to regional/global loss)


(4)  We weighted FMc based on spa=al extent and landscape diversity as 

reported in the literature


For each P&P




Es=mates of crop losses per P&P – globally and regionally


1 USM&C = US Midwest and Canada 

2 SB&A = South Brazil, Paraguay, 
Uruguay and Argen=na

3 NWE = Northwest Europe 

4 WANA = West Asia and North 
Africa 5 CHINA = Mainland China

6 SEA = Southeast Asia

7 SSA = Sub-Saharan Africa

8 IGP = Indo-Gange=c Plains


§ We used FAO data on produc=on, consump=on, exports and imports  to 
iden=fy eight food security regions which are food sources and/or sinks


§ We es=mated losses per P&P globally and for each hotspot


Crop loss es=mates per P&P by food security hotspots




Es=mates of wheat losses – by pathogen and pest

31 P&Ps reported in wheat 

Eight caused losses higher than 1% globally (leaf rust, Fusarium head blight-Scab, tri=ci 
blotch, stripe rust, spot blotch, tan spot, aphids, and powdery mildew)





Across food security hotspots, crop losses are highest to 

§  tan spot (4.3%) and FHB-scab (3.2%) in USM&C 

§  tan spot (6.8%) and wheat blast (3.5%) in SB&A 

§  FHB-scab (8.8%) in CHINA 

§  spot blotch (7.3%) in IGP 

§  stem rust (8.9%) in SSA 




Es=mates of rice losses – by pathogen and pest

26 P&Ps reported in rice 

Seven caused losses higher than 1% globally (sheath blight, stem borers, blast, brown 
spot, bacterial blight, leaf folder, and brown plant hopper)





Across food security hotspots, crop losses are highest to 

§  sheath blight (8.8%) and stem borers (8.8%) in CHINA

§  sheath blight (7.1%) and blast (5.9%) in SEA

§  brown spot (5.9%) and bacterial blight (8.5%) in IGP

§  sheath blight (6.8%) in SSA




Es=mates of maize losses – by pathogen and pest

38 P&Ps reported in maize 

Six caused losses higher than 1% globally (Fusarium and Gibberella stalk rots, fall 
armyworm, northern leaf blight, Fusarium and Gibberella ear rots, anthracnose stalk rot, 
and southern rust)



Across food security hotspots, crop losses are highest to 

§  Fusarium and Gibberella (F&G) stalk rots (4.5%) and fall armyworm (4.3%) in USM&C 

§  fall armyworm (4.3%) and F&G stalk rots (4.2%) in SB&A

§  southern rust (7.9%) and F&G stalk rots (5.8%) in IGP

§  fall armyworm (6.3%) and African corn borer (4.0%) in SSA




Es=mates of potato losses – by pathogen and pest

17 P&Ps reported in potato 

Four caused losses higher than 1% globally (late blight, brown rot, early blight, and cyst 
nematode)





Across food security hotspots, crop losses are highest to 

•  late blight (3.2%) and cyst nematode (3.1%) in NWE

•  late blight (8.1%), apical leaf curl (3.7%), and brown rot (3.6%) in IGP

•  late blight (4.9%) and brown rot (3.8%) in WANA

•  late blight (4.2%) and brown rot (3.9%) in SSA




Es=mates of soybean losses – by pathogen and pest

25 P&Ps reported in soybean 

Seven caused losses higher than 1% globally (cyst nematode, white mould, soybean 
rust, Cercospora leaf blight, brown spot, charcoal rot, and root knot nematodes).





Across food security hotspots, crop losses are highest to 

§  cyst nematode (9.3%) and white mould (4.1%) in USM&C

§  soybean rust (6.7%) and cyst nematode (5.2%) in SB&A 




Es=mates of crop losses – by pathogen and pest


137 P&Ps were reported with a large varia=on in crop losses caused by specific 
P&Ps. The rela=ve importance of P&Ps varied across food security hotspots




Es=mates of crop losses – by pathogen and pest


137 P&Ps were reported with a large varia=on in crop losses caused by specific 
P&Ps. The rela=ve importance of P&Ps varied across food security hotspots




Chronic and emerging P&Ps – a basis for priori=sa=on?


P&Ps that chronically cause large crop losses globally require global efforts to 
deliver more efficient & sustainable management tools, such as varie=es with 
durable resistance


Chronic global




Chronic and emerging P&Ps – a basis for priori=sa=on?


P&Ps that chronically cause large crop losses in specific food security hotspots 
require similar efforts - such as improved host plant resistance - but with the 
challenge of many pervasive abio=c limi=ng factors in several of these hotspots


Chronic global


Chronic regional




Chronic and emerging P&Ps – a basis for priori=sa=on?


Emerging P&Ps with large regional increases in crop losses require urgent ac=on 
based on knowledge of the biology of the P&P. Efforts to generate long term 
solu=ons - such as varietal resistance - need to be undertaken rapidly


Chronic global


Chronic regional


Emerging




Es=mates of crop losses per crop – globally and regionally


§ The sum of individual crop losses was computed for each crop globally


§ Because interac=ons in the yield-reducing effects of P&Ps in general lead 

to less-than-addi=ve effects of yield-reducing factors, this sum is 
expected to be larger than crop losses from combined P&Ps


§ Current empirical and theore=cal knowledge are not sufficient to 

generate es=mates that would account for these interac=ons within the 

context of the responses in the survey


§ Thus our figures in the next sec=on are probably over-es=mates


What are the accumulated losses per crop?




Es=mates of crop losses – globally


§ Top half of graph shows produc=on per 
person (kg) Log scale!


§ Bofom half of graph shows the es=mated 

yield loss per crop (%)


Losses (%)
 Wheat
 Rice
 Maize
 Potato
 Soybean


World
 21.5
 30.0
 22.5
 17.2
 21.4


FAOSTAT. Food and Agriculture Organiza=on of the United Na=ons. FAOSTAT Sta=s=cs Database. (2017)

UN Department of Economic and Social Affairs, Popula=on Division. World Urbaniza=on Prospects (2018)




Es=mates of crop losses – by food security hotspot


We used the same eight hotspots 


We looked at crop losses (%)  and crop produc=on per person (kg) in each one.


USM&C=US Midwest and Canada; SB&A=South Brazil, 
Paraguay, Uruguay and Argen=na; NWE=Northwest Europe; 
WANA=West Asia and North Africa; CHINA=Mainland China; 
SEA=Southeast Asia; SSA=Sub-Saharan Africa; IGP=Indo-
Gange=c Plains




Es=mates of crop losses – USM&C and SB&A

Losses (%)
 Wheat
 Rice
 Maize
 Potato
 Soybean


World
 21.5
 30.0
 22.5
 17.2
 21.4


USM&C
 17.9
 21.3
 8.1
 25.3


SB&A
 21.5
 19.5
 32.4


NWE


WANA


CHINA


SEA


SSA


IGP


USM&C=US Midwest and Canada; SB&A=South Brazil, 
Paraguay, Uruguay and Argen=na; NWE=Northwest Europe; 
WANA=West Asia and North Africa; CHINA=Mainland China; 
SEA=Southeast Asia; SSA=Sub-Saharan Africa; IGP=Indo-
Gange=c Plains




Es=mates of crop losses – NWE and WANA

Losses (%)
 Wheat
 Rice
 Maize
 Potato
 Soybean


World
 21.5
 30.0
 22.5
 17.2
 21.4


USM&C
 17.9
 21.3
 8.1
 25.3


SB&A
 21.5
 19.5
 32.4


NWE
 24.9
 9.8


WANA
 10.1
 12.6


CHINA


SEA


SSA


IGP


USM&C=US Midwest and Canada; SB&A=South Brazil, 
Paraguay, Uruguay and Argen=na; NWE=Northwest Europe; 
WANA=West Asia and North Africa; CHINA=Mainland China; 
SEA=Southeast Asia; SSA=Sub-Saharan Africa; IGP=Indo-
Gange=c Plains




Es=mates of crop losses – CHINA and SEA

Losses (%)
 Wheat
 Rice
 Maize
 Potato
 Soybean


World
 21.5
 30.0
 22.5
 17.2
 21.4


USM&C
 17.9
 21.3
 8.1
 25.3


SB&A
 21.5
 19.5
 32.4


NWE
 24.9
 9.8


WANA
 10.1
 12.6


CHINA
 28.1
 32.2


SEA
 24.6


SSA


IGP


USM&C=US Midwest and Canada; SB&A=South Brazil, 
Paraguay, Uruguay and Argen=na; NWE=Northwest Europe; 
WANA=West Asia and North Africa; CHINA=Mainland China; 
SEA=Southeast Asia; SSA=Sub-Saharan Africa; IGP=Indo-
Gange=c Plains




Es=mates of crop losses – SSA and IGP

Losses (%)
 Wheat
 Rice
 Maize
 Potato
 Soybean


World
 21.5
 30.0
 22.5
 17.2
 21.4


USM&C
 17.9
 21.3
 8.1
 25.3


SB&A
 21.5
 19.5
 32.4


NWE
 24.9
 9.8


WANA
 10.1
 12.6


CHINA
 28.1
 32.2


SEA
 24.6


SSA
 25.7
 31.3
 30.1
 10.8
 11.0


IGP
 16.6
 40.9
 41.1
 21.0


USM&C=US Midwest and Canada; SB&A=South Brazil, 
Paraguay, Uruguay and Argen=na; NWE=Northwest Europe; 
WANA=West Asia and North Africa; CHINA=Mainland China; 
SEA=Southeast Asia; SSA=Sub-Saharan Africa; IGP=Indo-
Gange=c Plains




Es=mates of crop losses – by food security hotspot

Losses (%)
 Wheat
 Rice
 Maize
 Potato
 Soybean


World
 21.5
 30.0
 22.5
 17.2
 21.4


USM&C
 17.9
 21.3
 8.1
 25.3


SB&A
 21.5
 19.5
 32.4


NWE
 24.9
 9.8


WANA
 10.1
 12.6


CHINA
 28.1
 32.2


SEA
 24.6


SSA
 25.7
 31.3
 30.1
 10.8
 11.0


IGP
 16.6
 40.9
 41.1
 21.0


§  Very large differences in levels of crop 
losses among food security hotspots


 

§  Crop losses can be compara=vely 

lower in hotspots that generate large 
produc=on and surpluses (e.g., 
USM&C, SB&A), whereas crop losses 
can be very high in food-insecure 
hotspots (e.g., SSA, IGP)


USM&C=US Midwest and Canada; SB&A=South Brazil, 
Paraguay, Uruguay and Argen=na; NWE=Northwest Europe; 
WANA=West Asia and North Africa; CHINA=Mainland China; 
SEA=Southeast Asia; SSA=Sub-Saharan Africa; IGP=Indo-
Gange=c Plains




Key messages


We have a snapshot of the quan=ta=ve losses associated with many individual 
P&Ps on five key food crops in the world



The assessment appears to be internally consistent; good comparisons against 
pest, crop and region specific studies; our global loss es=mates are in the same 
range as previous studies



The results allow ranking the impacts of P&Ps globally as well as regionally, thus 
incorpora=ng large differences in agroecosystems and produc=on situa=ons



There are varia=ons in crop health paferns & associated losses across food 
security hotspots. This suggests successive levels of efficiency in crop health 
management across hotspots and variable scope for improvement






Towards a global surveillance 
system for crop health


Pexels




The role of expert knowledge to assess the impacts of P&P









Expert surveys can provide a basis for research and policy 



priori=sa=on 
of crop health management, by considering the impact 

of chronic and 
emerging P&Ps.



Valida=on remains a challenge as foes access to field and experimental data in 
food security hotspots. 



Expert assessments can go beyond surveys, e.g. to assess current and future 
trends in crop health in key crop(plant) x ecoregion combina=ons.




2 More coordinated ac=on for crop protec=on






2020 will be the Interna=onal Year of Plant Health (IYPH)











It aims to trigger greater global collabora=on to 




support plant health 

policies at all levels, and to 




contribute to the Sustainable Development 
Agenda



Coordinated ac=on across Plant Protec=on Organisa=ons, research ins=tu=ons, 
universi=es and private companies is needed to globally harmonize appropriate 
best prac=ces to detect, communicate and respond to crop diseases across all 
scales of produc=on



Pathogens and pests are not limited by geographic borders. Crop protec=on 
strategies must reflect our interconnected world






Acknowledgements


Araz Abdullah, Adewale Adetayo, Dante Adorada, Vanina Alemandri, Shaukat Ali, Thomas W. Allen, Eduardo Alves, Lamia Aouini, Christos Athanassiou, Renuka Nilmini Afanayake, Julián Ayala, 

Arun Balasubramaniam, Ranajit Bandyopadhyay, Biruta Bankina, Robert Beiriger, Samia Berraies, Suma S. Biradar, Leonardo Silva Boiteux, Claude Bragard, Toby Bruce, Adalberto Correa cafe Filho, 

Nancy Cas=lla, Xianming Chen, Angela Cherunya, Godfree Chigeza, Il-Ryong Choi, Michalakis Christoforou, Glenda Clezy, Fernando Correa, Leila Maria Costamilan, Eric Cother, Gilles Couleaud, 

Henry Creissen, Leonardo Crespo-Herrera, Adriano Augusto de Paiva Custódio, Dagma Dionísia da Silva, Frederick K. Danso, Mafhias Daub, Emerson Del Ponte, Mafhew Denton-Giles, Ruth Dill-

Macky, Jessica Dohmen-Vereijssen, Anne Dorrance, Daniel Dostaler, Benjamin Dumont, E=enne Duveiller, Jacqueline Edwards, Juan Pablo Edwards Molina, Oliver Ellingham, Luis Espino, Ieuan 

Evans, Bert Evenhuis, Washiq Faisal, Mohamed Moez Fakhfakh, Travis Faske, Andrea Ficke, Alexey Filippov, John Fletcher, Gregory Forbes, Gabriela Morel Gadea, Ta=ana Gagkaeva, Fernanda 

Gamba, Seelavarn Ganeshan, Philipp Gannibal, Denis Gaucher, Dafatray Gawade, Alaerson Maia Geraldine, Claudia Vieira Godoy, Jos Groten, Russell L. Groves, Elena Gultyaeva, Ashish Kumar 

Gupta, Göran Gustafsson, Michael Harding, Xinyao He, Andrea Hills, Dave Hodson, Grant Hollaway, Clayton A. Hollier, Nyo Me Htwe, Touseff Hussain, Agape Ishabakaki, Kiyoshi Ishiguro, Jai Prakash 

Jaiswal, Mohammad Reza Jalal Kamali, Prashant Jambhulkar, Douglas J. Jardine, Stewart Jennings, Fernando Cezar Julia^, Santoso Kadrawi, George Karaoglanidis, Ute Kas=rr, Masayasu Kato, 

Shakiro Adewale Kazeem, Yodit Kebede, Thomas Kelly Turkington, Aleksandr Khiu^, Zakir Khursheed, J Kumar, Lava Kumar, Sundeep Kumar, Ufam Kumar, Susamoy Kundu, Marcos Lana, Douglas 

Lau, Miguel Angel Lavilla, Maria Imaculada Pontes Moreira Lima, Anders Lindgren, Tai Guo Liu, Aleksandre Loladze, Carlos Alberto Lopes, Jagjeet Lore, Zhanhong Ma, Zhonghua Ma, Khaled 

Makkouk, Febina Mathew, Sarrah Ben MBarek, Bruce A. McDonald, Ana María Pesqueira Méndez, Walter R. Meza, Thomas Miedaner, Asimina Mila, Eduardo S.G. Mizubu=, Atef Mohamed, Kalyan 

K. Mondal, Alexey Morgounov, Gloria Mosquera, Daren Mueller, Norma Mujica, Harun Murithi, Norman Muzhinji, Meshack Mwenda, Bita Naseri, Kedar Nath, Nilceu R.X. de Nazareno, Innocent 

Ndikumana, Stephen Neate, Cley Donize= Mar=ns Nunes, Sunao Ochi, Christopher Yao Ocloo, Godfried Ohene-Mensah, Ricardo Oliva, Richard Oliver, Kirsty Owen, Ayu Kar=ni Parawansa, Monica 

Parker, Salina Parvin Banu, Silvia Pereyra, Willmer Perez Barrera, Bui Xuan Phong, Danilo Ba=sta Pinho, T.L. Prakasha, Godfried J. Prinsloo, Alejandro Rago, Senthil Ramu, Angel Rebollar Alviter, 

Abdul Rehman, Ailton Reis, Erlei Melo Reis, Bert Rijk, Alison Robertson, Gianfranco Romanazzi, Viforio Rossi, Hannah Rostad, Concepcion Rubies Autonell, Jason Rudd, M.S. Saharan, Flavio 

Santana, Serge Savary, Parthasarathy Seethapathy, Ane Sesma, S.K. Sethi, Rajiv Sharma, Arslan Shehroz, Meena Shekhar, Abubacker Siddick, Hamood Ahmed Siddiqui, Richard W. Smiley, Damon 

Smith, Marcella Viana de Sousa, Gomathinayagam Subramanain, Frédéric Suffert, W. Tadesse, Oliver Boye Teekpeh, Didier Tharreau, Kelly Tiller, Ruud Timmer, Vicki L. Tolmay, Juan Manuel Tovar-

Pedraza, Atma Nand Tripathi, Dimitrios Tsitsigiannis, Anne D. Turner, Gupta Vadakafu, Johnnie van den Berg, Jacquie E. van der Waals, Joseph-Alexander Verreet, Antonio Vicent, Hugh Wallwork, 

Jianhua Wang, Shiwen Wang, K. L. Wasantha Kumara, Johnson Belamai Weefah, Caroline Wesp Guterres, Jonathan S. West, Calum Wilson, Kaoru Zenbayashi-Sawata, Yilin Zhou, Xiaoyang  Zhu.


We wish to thank Greg Johnson, President of the ISPP, and Daniel Hüberli, ISPP Newslefer Editor, for the instrumental and friendly 
support they have given to this project all along. We thank the 219 Global Crop Health Survey respondents in 67 countries.


ITC - Faculty of Geo-Informa=on Science and Earth 
Observa=on at the University of Twente, Enschede, The 
Netherlands




Sources


•  The	global	burden	of	pathogens	and	pests	on	major	food	crops	
Savary,	S.,	Willocquet,	L.,	Pethybridge,	S.	J.,	Esker,	P.	D.,	McRoberts,	N.	
&	Nelson,	A.	D.,	4	Feb	2019,	In	:	Nature	Ecology	&	Evolu;on.	3,	3,	
10.1038/s41559-018-0793-y.	
	
• h6p://globalcrophealth.org/	



The global burden of pathogens and 
pests on major food crops 

Andy Nelson, Serge Savary, Lae==a Willocquet, Paul Esker, Sarah J. Pethybridge, Neil 
McRoberts



a.nelson@utwente.nl 



@Dr_Andy_Nelson



itc.nl and globalcrophealth.org


ITC - Faculty of Geo-Informa=on Science and Earth 
Observa=on at the University of Twente, Enschede, The 
Netherlands



