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Data Harmonization along the data management workflow 
and across IT tools 

•  BMS	Fieldbook	
•  Banana	Fieldtask	
•  KSU	Fieldbook	
•  AGROFIMS	fieldbook	
•  KDSmart	
•  ODK	surveys	
•  …	
	

•  BMS	
•  RTB	NextGen	Databases	
•  AGROFIMS	
•  Breeding4Rice	
•  KDExplore	
•  Dataverse,	CKAN	
•  MARLO/MEL	
	

•  IBP	
•  HIDAP	
•  FarmDesign	
•  Crop	models	
•  ….	

•  GARDIAN	

	Fieldbooks	

Data	Collect	 Data	storage	 Data	Analysis	 Data	Access	

Semantics	for	harmonization	&		interoperability	



FAIR Data in Agriculture 

Interoperable	-	The	most	difficult	to	achieve	and	requires	ontologies/controlled	vocabularies	
identification	of	key	objects	(Ontologies)	
Use	of	proper	concept	identifiers		

	



What is a vocabulary? 

•  Controlled vocabularies: 

–  provide a shared vocabulary for a domain (all the terms) 

–  provide textual definitions that describe the intended meaning of the 

classes in vocabularies 

–  provide standard identifiers for concepts describing a given domain 

•  Facilitate data publication and data access 



What is a vocabulary? 

•  Controlled vocabularies: 

–  provide a vocabulary for a domain (all the terms) 

–  provide textual definitions that describe the intended meaning of the 

classes in vocabularies 
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What is an ontology? 

•  Ontologies: 

–  provide standard identifiers for classes and relations that represent the phenomena 

within a domain 

–  provide a vocabulary for a domain 

–  provide textual definitions that describe the intended meaning of the classes and 
relations in ontologies 

–  provide machine-readable axioms and definitions that enable computational access to 

some aspects of the meaning of classes and relations 

•  Facilitate data integration, data access and analysis 



What is an ontology? 
•  Ontologies: 

–  provide standard identifiers for classes and relations that represent the phenomena 

within a domain 

–  provide a vocabulary for a domain 

–  provide textual definitions that describe the intended meaning of the classes and 
relations in ontologies 

–  provide machine-readable axioms and definitions that enable computational access to 

some aspects of the meaning of classes and relations 

•  Facilitate data integration, data access and analysis 

Annotations	are	links	between	ontology	terms	and	data	objects	



Harmonizing Phenotypic data 



Crop	Ontology	
Breaking	semantic	barriers		to	data	interpretation	

•  Breeding Management Systems 
•  Meta Analysis across evaluation sites
•  Confusion between traits and variables
•  No naming convention for variables 

and methods of measurement which 
are heterogeneous

•  Trait & Variable definitions and 
measurements are not similar between 
farmers, breeders, agronomists, 
modelers

Plant	Height	

=>	One	trait	=	4	traits…	 From	D.	Pot,	CIRAD	



Provides	measured	traits,	parameters		and	their	standard	variables	for	the	Breeding	
fieldbook	and	for	data	annotation	in	the	crop	databases	



Germplasm ID PH PH2 GCOL GY
24530 80 1 2 35
85432 120 3 4 48
78452 95 2 4 43
56093 100 2 1 50

Phenotype	data	in	breeding	

1/	What	is	the	observation	
about	?	

=	

TRAIT	
Entity	+	Attribute	

Annotation	must	explain:	

The	height	of	the	plant	

The	color	of	the	grain	

The	grain	yield	



Germplasm ID PH PH2 GCOL GY
24530 80 1 2 35
85432 120 3 4 48
78452 95 2 4 43
56093 100 2 1 50

Phenotype	data	in	breeding	

2/	How	is	the	trait	observed	?	
	

=	
	

METHOD	

Annotation	must	explain:	

With	a	measuring	
tape	

Estimated	
visually	

Calculated	
Panicle	weight	x	panicle	density	



Germplasm ID PH PH2 GCOL GY
24530 80 1 2 35
85432 120 3 3 48
78452 95 2 3 43
56093 100 2 1 50

Phenotype	data	in	breeding	

3/	How	is	the	trait	observation	
expressed?	

	
=	
	

SCALE	

Annotation	must	explain:	

cm	
1	=	white	
2	=	cream	
3	=	yellow	 g/m²	

1	=	short	(<90cm)	
2	=	medium	(>90cm	and	

<110cm)	
3	=	tall	(>110cm)	



Standard	Variable	in	Crop	Ontology	
•  Method and scales are important to capture for supporting data comparison 

& interpretation 

A Variable is combination of

	Property	(Trait)	+	Method	+	Scales/units	
	

Ø  It annotates the actual value of the measurement 
Ø Has a unique name -> Proposed naming convention:	P_M_S	

Trait	=	Entity+	Quality	
(Root)		(Length)		 Average	root	length	expressed	in	cm		

Average	root	length	scored	on	a	3	level	scale	:	
1=short	(<50cm)	
2=	medium	(50-100cm)	
3=long	(>100cm)	



Crop	Ontology	Online	

•  27	species	
•  Download	in	

csv,	obo,	
RDF	

•  API	
•  Helpdesk	
•  Adding	

farmers	
preferences,	
sensory	
traits	





Trait	classes	

Classification	of	methods	

Classification	of	scales	

All	traits,	Methods	,	scales	have		
a	definition	



Example of an ontology 

co:Variable
co:variableOf

co:variableOf

co:variableOf

co:Scale

co:Method

co:Trait1	

1	

1	



Improving	the	re-usability	of	the	data	file	

Data file using standard variables 

Statistical	analysis	

Fieldbook	design	
system	

Germplasm	
ID

PltHei_Mesure_
cm	

PltHei_Mesure_
category	

24530 80 1
85432 120 3
78452 95 2
56093 100 2

The	content	of	the	Excel	file	is	
not	always	re-usable	because	
of	lack	of	clear	variable	name	

Germplasm ID PH PH2 GCOL GY
24530 80 1 2 35
85432 120 3 3 48
78452 95 2 3 43
56093 100 2 1 50



Crop Ontology for Trait Data 
www.cropontology.org 

				

Good Practice for Trait Data Annotation  

Formatted	files	in	
repositories	or	

databases	

Data	collect	
with	standard	variables	

Create	Fieldbook	with	
Ontology	

Use	of	the	
formatted		
data	files	

Community	selects	traits	and	
standard	variables	

Submission	of	new	
traits	&	variables		

27	Plants		(latest	Sugar	Kelp	-	algae)	



Agronomy	Ontology	Crop	Traits	

Provides	names,	definition	and	semantic	
relationships	for	measured	traits	and	

agronomic	parameters	with	their	standard	
variables	for	Agronomic	and	Breeding	

fieldbooks,	surveys	and	for	data	annotation	
in	the	databases	and	repositories	

	
Integrating	Farmers	preferences	with	

respect	to	gender	
	



Crop	Ontology	Online	

•  27	species	
•  Download	in	

csv,	obo,	
RDF	

•  API	
•  Helpdesk	
•  Adding	

farmers	
preferences,	
sensory	
traits	



Where	is	Crop	Ontology	applied?	

CGIAR		
	repositories	

GnPIS	

B4R	



Crop	Ontology	Curation	Workflow	

From	Next	Gen	Databases	

Bryan	Ellerbrock	
Guillaume	Bauchet	
Naama	Menda	

BMS	

Vilma	Huala	
Dorcus	Gimenet	
Afola	Agbona	
Rhiannon	Crichton	



Getting	Involved:	How	can	you	contribute	and	utilize	these	resources?	

•  Explore	annotations	and	ontologies	for	your	own	research	work	
•  Create	a	GitHub	account	to	request	terms,	make	comments,	or	share	
your	own	ontology	

•  Annotate	your	data,	and	work	with	us	to	submit	to	our	repository	



Linking	the	application	Crop	Ontology	to	the	
reference	Plant	Ontology	of	Planteome	

	
From	Species-specific	to	species-agnostic	



Ontologies	can	link	to	data	from	multiple	species	

Phenotypes	

Germplasm	

Genotype		

Expression	

Function	

Domains	

Homologs	

Gene	

QTL	

Mutant	

Interactors	

Examples	of	fruit	color	trait	(TO:0002617)	across	various	species	

Pod	Color	Berry	Color	Achene	Color	

Fruit	Color	 Grain	Color	Kernel	Color	



Species-Specific	Ontologies	and	Data	Annotations	

Cassava-	IITA	

Image	Source:	Wikipedia	

163	traits,	for	example:	
•  stem	number	
•  root	neck	length	
•  red	spider	mite	severity	

How	can	we	make	interspecific	
comparisons	across	these	ontologies?	

Three	examples	from	CGIAR	Centers	integrated	into	
Planteome:	

Rice-	IRRI		

157	traits,	for	example:	
•  caryopsis	shape	
•  amylose	content	
•  lodging	incidence	
	

Image	Source:	Wikipedia	

Lentil-	ICARDA		

68	traits,	for	example:	
•  pod	weight	
•  cooking	time	
•  root	length	

Image	source:	Karthika	Rajendra	



PATO:0000001	
quality	

PATO:0001241	
physical	object	quality	

TO:0000387	
plant	trait	

TO:0000017	
plant	morphology	trait	

PATO:0000117	
size	TO:0000839	

plant	structure	morphology	trait	

TO:0000398	
whole	plant	morphology	trait	

TO:1000012	
whole	plant	size	

PATO:0000051	
morphology	

PATO:0001708	
1-D	extent	

PATO:0000119	
height	

CO_339:0000114	
lentil	plant	height	

CO_320:0000076	
rice	plant	height	

CO_321:0000020	
wheat	plant	height	

CO_334:0000432	
cassava	plant	height	

TO:0000207	
plant	height	

PO:0009011	
plant	structure		

PO:0000003	
whole	plant		

PO:0025131	
plant	anatomical	entity		

Integration	of	Species-Specific	Ontologies	in	Planteome	Reference	
Trait	Ontology	

Relationships:	

is_a	

inheres_in	

Trait	qualities	from	
PATO	

Entities	from	Plant	
Ontology	or	Gene	
Ontology	



Progress	of	CO	to	TO	Mapping:	
Ten	CO	crop	vocabularies	have	been	mapped	to	the	TO:	

#	traits	 #	manually	curated	

CO_320_rice	 157	 5	

CO_321_wheat	 266	 9	

CO_322_maize	 200	 31	

CO_324_sorghum	 130	 27	

CO_331_sweetpotato	 195	 27	

CO_334_cassava	 163	 16	

CO_336_soybean	 83	 2	

CO_339_lentil	 68	 11	

CO_341_pigeonpea	 62	 9	

*CO_343_yam	 159	 40	

*On	the	Planteome	development	browser	(http://dev.planteome.org)	
-	will	be	available	on	live	with	the	next	AmiGO	release	
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Ontology	Manager	of	the	Breeding	Management	System	
•  UX	



CO	variable	format	used	by	MIAPPE	&		
Standard	Breeding	API	(BrAPI)	

Breeding	Management	
System	

Germplasm	
Genotypes	

Combined		
data	sets	

http://docs.brapi.apiary.io/#	

Multi	Crop		
Passport	Data	

MIAPPE	=	Minimum	Information	About	a	Plant	Phenotyping	Experiment	
http://www.miappe.org/	
	



Harmonizing	Agronomic	Data	



For	a	better	harmonization	of	agronomical	research	data	

Agronomy	Ontology	and	Fieldbook	



	Development	of	the	Agronomy	Ontology	(AgrO)	

Socio-Economy	

Trial	Information	
	

Person		
Experimental	design		
Site	informations	

Institute	informations		

Agricultural	operations	
	

Land	preparation		
Seeding	
Fertilizer	
Irrigation	

Pest	control	
Harvest	

Agricultural	equipment	

Monitored	data	

Crop	Ontology	

Germplasm	

Biotic	factors	Abiotic	factors		
	
Soil	

Rainfall	
Light	

Temperature		
Humidity	

	Atmosphere	

Pest	Ontology	

Agronomy	
Ontology	



AgrO	Content	

																																																									The	Agronomy	Ontology	and	Fieldbook																																												6	

agricultural	implements,	inputs,	agricultural	practices	
Entity	and	a	Quality	(e.g.:	field	(entity)	area	(quality))					



AgrO	-	a	composite	ontology	in	OWL	

AgrO	Github	
https://github.com/AgriculturalSemantics/agro	

Quality	classes	are	imported	from	PATO	(Phenotypic	
Quality	Ontology),	whereas	the	unit	classes	are	
imported	from	the	Unit	Ontology		



AgroFIMS – user-tested; ready to field-test in Spring 2019 







Annotation	on	Dataverse	
ICRISAT	Dataverse:	Data	set	annotation	with	ontologies	



Ontology	Look	Up	Service	
European	Bioinformatics	Institute	



 
Data Annotation tool for public repositories using the OLS 

https://copo-project.org/  



Multi-disciplinary data for agriculture research questions  

•  In	Nigeria,	Rainfed	lowlands	=	70%	of	total	rice	area.		
•  Yield	losses	resulting	from	flooding	may	range	from	10%	to	total	crop	loss.	
	
Question:	
Identify	rice	varieties	that	are	high-yielding	and	flood-tolerant	that	can	grow	in	
Nigeria	in	rain-fed	lowlands	subject	to	recurrent	devastating	flooding?		

	



Multi-disciplinary Agricultural Data 

‘Sub1’	gene	
information		 Rainfed	rice	

paddies	

Pedigree		
Accessions	
Seeds	access	

Rain	fed	areas	with	
severe	floods	

Rice	varieties	from	
AfricaRice	&	partners	:	
FARO	66,	FARO	67		

Potential	for	
Adoption	market	

value		

	
‘Stem	Elongation’	

‘Medium	long	slender	
grains’		

	



Multi-disciplinary Agricultural Data 

Sequence	
Ontology	

Gene	Ontology	
Agronomy	
Ontology*	
AGROVOC	

MCPD	
Taxonomy	
Ontology	
Descriptors	

ECOCORE		
Plant	Trait	
Thesaurus	

SDGiOntology	

Environment	
Ontology	

Crop	Ontology*	
Animal	Trait	Ontology	

Plant	Diseases	

Social	Ontology	
SocioecO*	

ANT*	



Ontology	Community	of	Pratice	



Agronomy	Ontology	Crop	Traits	



Collaboration	of	the	Ontology	CoP	and	the	Socio	Economic	Data	CoP	
For	household	surveys	



Discussion and Working Groups Groups 

	
Plant	Phenotype	
	
Genetics	and	Genomics	
	
Plant	Stress	

	
Fish	Ontology	

Water	Management	

	
Livestock	Ontology	



Adopt, adapt and validate best practices, guidelines to support the 
harmonization and interoperability of data needed by the Big Data 
Platform and to support the other Communities of Practice.  



A Growing Community Of Practice 

2016 

2014 2012 

2018	




