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Amending UPOV 
Codes and Test 
Guidelines Scope 
for Citrus

• Why is Citrus Classification so Challenging?
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Key Drivers of Taxonomic Complexity in the Genus Citrus

1. Apomixis (Nucellar Polyembryony)
Production of embryos genetically identical to the
maternal plant without fertilization
Natural seed-based cloning that stabilizes and 
perpetuates hybrids over time.

2. Absence of Reproductive Barriers
High interspecific compatibility and frequent
hybridization that drive continuous genomic admixture.

3. Early Domestication
Ancient human selection and trade that dispersed taxa
and blurred primary centers of origin.

Centuries of frequent 
hybridization, natural 
cloning through 
apomixis, and human  
selection have resulted 
in thousands of hybrids 
and cultivars that defy 
traditional 
classifications

3

4

TWF/57/4 Add. 
Annex, page 2



Main classifications 
throughout history

1. Linnaeus (1753) – Species Plantarum 4 sp

2. Risso & Poiteau (1818–1820) 18 sp

3. Swingle (1943) 16 sp

4. Tanaka (1932–1969) 162 sp

5. Mabberley (1997) 3 sp

6. Ollitrault, Curk, Krueger ( 2020) 4 sp

Most cultivated citrus species today 
originate from hybridization among four 
ancestral taxons:

• Citron (C. medica L.)

• Wild mandarin (C. reticulata Blanco)

• Micrantha (C. micrantha Wester)

• Pummelo (C. maxima (Burm.) Merr.)
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• Key concepts:

• The species level in hybrid 
crops is defined by the specific 
combination of ancestors.

• The variety level distinguishes 
each unique reticulation event.

Ollitrault, Curk y Krueger 
Phylogenomic classification 
(2020) C. medica
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(Citrus x aurantium var. aurantium)
(Citrus x aurantium var. sinensis)
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Example

Objective one:

Amend and harmonize UPOV codes for 
the Citrus complex and allied genera, 

aligning them with updated genetic 
taxonomy.
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Background & Context

• 2020 – TWF 51+TC-56 → Process initiated
Inconsistencies identified with GRIN taxonomy

• 2021 – TWF-52 + TC-57 → First change approved
- C. clementina → synonym of C. aurantium Code CITRU_AUM modified 
- Conflict: One code vs 2 TGs: Pragmatic solution: addition of  2 groups to the code: 

•CITRU_AUM_1MA → mandarins 
•CITRU_AUM_2OR → Oranges 

- Deletion of 11 codes ( CITRU_CLE, CITRU_MRE, CITRU_CRE, CITRU_INT, CITRU_AUR, CITRU_DAV,
CITRU_EXC, CITRU_KER, CITRU_BAL and CITRU_KAR and CITRU_BEN)

• 2022-2023 → Progressive implementation and monitoring of the changes already approved in 2021.

• 2024 – TC-60 → Proposal  reclassification of the species ×Citroncirus, Fortunella, Poncirus

• 2025 – TWF-56 + TC-61 → Second change approved
Integration of the ×Citroncirus, Fortunella, Poncirus genera into the Citrus genus

• 2026 - Process ongoing
Detailed analysis of the rest of the citrus complex codes

Advancing the Revision of Citrus UPOV Codes (2026)

Comprehensive Review of TWP/9/2

 D. Karp in consultation with citrus geneticists, taxonomists, and UPOV 
experts has completed a first draft of the proposed revision of the entire
code spreadsheet. 161 old codes consolidated into 51 new codes

Taxonomic Refinement

 While updated GRIN-Global taxonomy represented a substantial advance, 
minor errors and inconsistencies remained.

Recent Meetings (2026)

 March 27: Karp–Dr. Schori (USDA-ARS) meeting in Beltsville ➜ Agreed on 
specific revisions and further research on unresolved cases.

 April 17: Hybrid working meeting (in-person at IVIA, Valencia + online) to 
review overall project progress.

 September 4: Karp–Dr. Schori met online for further review and resolution 
of remaining issues

Researcher,
Dept. of Botany and Plant Sci., 
University of California, 
Riverside, USA 

Valencian Institute for 
Agronomical Research
IVIA
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International Collaboration

Representatives / ParticipantsScope

G. Ancillo (IVIA, Spain)

D. Karp (UC Riverside / CIOPORA, USA)

Revision Leads / Taxonomy

M. Schori (USDA-ARS, USA)

F. Curk (INRAE / CIRAD, France)

F. Luro (INRAE, Corsica)

Research & Genetics

L. Taveira (UPOV)UPOV Secretariat & Officers

C. Dirwimmer (GEVES / TWF Chair, France)

J. Wegner (CPVO, EU)

C. Sanz Zudaire (OEVV / MAPA, Spain)

Variety Authorities (TWF / CPVO / MAPA)

CV CV1. Data CV CV CV CV

Amendment Process: Materials and Methods

Data collection 
from UPOV’s 
GENIE database

Assigment to the 
corresponding TG

Cross-referencing with 
GRIN-Global to 
validate synonyms and 
review original 
references

Review of working 
notes from GRIN-
Global’s last major 
citrus taxonomy 
assessment 

Analysis complemented 
with specialized 
multilingual synonym 
databases (Sorting 
Citrus Names website, 
Synonym database of 
Melbourne University)

Literature review based 
on key reference works: 
The Citrus Industry (1967) 
Swingle and Tanaka's 
classification systems 
Wu et al. (2018)
Curk et al. (2016)
Shimizu et al. (2016)
PhD thesis by Yoko Hiraoka 
(2020)
Literature review of 
approximately 400 
scientific publications 
on citrus genetics and 
genomics

Integration of nomenclatural, taxonomic, 
genetic, historical, and morphological 
evidence to assign each taxon to the most 
appropriate taxonomic group

Review of 
photographic material 
from the collections

Translation of texts 
from their original 
sources (e.g., 
Japanese)
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Amendment of UPOV Citrus Codes: Most Significant Changes

Strict Retypification of Citrus reticulata (Mabberley & Xu, 2022–2024):

o Historically, the name Citrus reticulata was broadly used for commercial mandarins despite 
being hybrids.

o Following the conservation proposal

approved in 2024, Citrus reticulata is 

now restricted solely to pure, 

unadmixed wild mandarins

(without C. maxima introgression),

typified using material from Hunan, China.

Amendment of UPOV Citrus Codes: Most Significant Changes

Creation of the Citrus ×aurantium L. var. chrysocarpa
Mandarin Hybrid Group:

o Traditional cultivated mandarins and hybrids
containing introgression from C. maxima
(pummelo) are reclassified under this variety.

o They are subdivided into early-admixture
mandarins (Type 2: e.g., Willowleaf, Cleopatra,
ponkan, Dancy) and late-admixture mandarins
(Type 3: e.g., clementine, satsuma, Murcott, Furr,
and most modern hybrids).

AUTHOR: Hassk.: Justus Carl Hasskarl
JOURNAL: Flora: Flora, oder, Botanische Zeitung
25: Volume 25 (Beibl. 2): Beiblatt 2 43: Page 43
YEAR OF PUBLICATION: 1842

TYPE 1
C. lycopersicaformis

TYPE 2
Kishu

TYPE 3
Furr

photos by David 
Karp 
University of 
California Riverside
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Structuring of the Orange and Grapefruit Complex (C. ×aurantium):

o var. aurantium: Strictly reserved for the sour orange (original 
direct hybrid).

o var. sinensis: Sweet orange (derived from a backcross).
Discussions remain open regarding a restrictive "originalist"
approach versus a “inclusive" approach for recent sweet orange–
like hybrids and other very similar taxa.

o var. racemosa: Inclusive category encompassing the grapefruit
and hybrids where pummelo phenotype and genotype 
predominate (e.g., Oroblanco, Hassaku, Natsudaidai).

o C. ×aurantium (without variety): Functions as a "holding pen" for
complex reticulata×maxima hybrids with insufficient data or
intermediate characteristics (e.g., C. intermedia Tanaka).

Amendment of UPOV Citrus Codes: Most Significant Changes

Amendment of UPOV Citrus Codes: Most Significant Changes

Revision of Lemons, Limes, and Relatives:

o Citrus ×limon: Groups three-way hybrids (reticulata ×
maxima × medica), including true lemons, Meyer lemons,
sweet limes, and bergamots.

o Citrus ×aurantiifolia: Traditional acid limes (small-fruited 
limes, Mexican lime), formed by crosses of C. hystrix × C.
medica.

o Citrus ×otaitensis (replacing older names like C. limonia or
C. volkameriana): Designates Rangpur limes, Volkamer
lemons, and rough lemons (reticulata × medica).

o CITRU_HYB Category: Used provisionally for taxa whose 
exact genetic ancestry remains unclarified (e.g., C.
assamensis, C. tamurana) or for species combinations for
which no recognized binomial exists. photos by David 

Karp 
University of 

California Riverside

Otaheite acidless Rangpur lime

Mexican lime

Eureka Lemon
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Amendment of UPOV Citrus Codes: Most Significant Changes

Outstanding Issues for Further Discussion

 The Citrus hystrix dilemma: C. micrantha becomes C. hystrix, creating practical 
confusion as it will be unclear whether the use of C. hystrix refers to the Thai lime or to C.
micrantha. Have we done sufficient germplasm and genetic analysis of papedas?

 Limits in C. var. sinensis: ("Originalist" vs. “inclusive“ aproaches): Ongoing debate on 
whether to restrict it to the original cross/mutations or include recent sweet-like hybrids 
(e.g., 'Ambersweet', 'US SunDragon’).

 From a scientific point of view, the decision must be based on genetics and phenotype,
restricted to the original cross and derivatives via mutation (without further sexual 
crosses). However, potential implications exist for juice standards of identity in certain 
countries.

From a scientific point of view, it is important to point out problems and encourage reflection on the tool, 
prioritizing utility over strict rules. A classification must not only be taxonomically correct; it must also be: 

Useful / Usable / Used.

 Cultural inertia in Chrysocarpa: Historically, the name C. reticulata was broadly used for commercial mandarins despite being 
hybrids. Now, this name is restricted solely to pure mandarins, while hybrids are classified as chrysocarpa. Habits are difficult 
to change in practice (e.g., C. maxima is still called C. grandis by many people).
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September 7–10 (Leipzig ): Present the revision at the TWF/57 session.

September 14–18 (Geneva): Finalize the document with UPOV technical experts, incorporating TWF feedback.

September 22 (Riverside, Calif.): Presentation at the USDA’s citrus germplasm committee meeting.

October 19–20: Submit the proposal to the UPOV Technical Committee (TC/62) for consideration (conditional 
on principal botanical names being reflected in GRIN).

November 17–19 (Bastia, Corsica): Scientific presentation (Dr. Ancillo & D. Karp) on the UPOV Citrus code 
revision and related GRIN-Global taxonomic updates to the scientific community.

Jan-Feb 2027 (Dallas): Webinar on the citrus recoding project invited by the citrus working group of the 
American Society for Horticultural Science.

Next Steps & Roadmap

Objective two:

Redefine the scope of 5 Test Guidelines 
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Key purposes:

However, as a preliminary indication, based on the revised botanical nomenclature and taxonomic
framework adopted for this restructuring, it can be anticipated that the respective scope of each Test 
Guideline will be structured as follows:

The revision of the scope for the five Citrus Test Guidelines (TG/83, TG/201, TG/202, TG/203, and 
TG/204) cannot be fully finalized until the comprehensive amendment of the UPOV codes for Citrus is 
formally implemented.

State of Play and Preliminary Overview:
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Trifoliados e 
Híbridos (Trifoliate 

Oranges & 
Hybrids)

Includes: “genus Poncirus” = Citrus trifoliata
and its hybrids : citrange, 

citrumelo,
citremon, and others.

Trifoliates and 
hybrids

Citrus trifoliata L. 

Hybrids:

× C. ×aurantium var. sinensis

× C. ×aurantium var. chrysocarpa

× C. ×aurantium var. racemosa

× C. ×aurantium
× C. japonica

× C. ×limon

TG/83

Includes: C. maxima, 
C. x aurantium var. paradisi
and their hybrids

Pummelos and
grapefruits

C. maxima (Burm.) Merr.

C. ×aurantium var. racemosa
Hybrids in which pummelo genotype and
phenotype predominate

TG/204
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Incledes: C. x limon, 
C. x aurantiifolia, 
C. x latifolia, 
C. x limonia, 
C. x lumia
and hybrids

Lemons
and limes

TG/203

C. ×aurantiifolia var. aurantiifolia
C. ×aurantiifolia var. macrophylla
C. ×aurantiifolia var. aurata
C. ×latifolia var. nov 1
C. ×latifolia var. nov 2
C. ×latifolia var. latifolia
C. ×limon var. bergamia 
C. ×limon var. meyerii
C. ×limon var. limettioides
C. ×limon var. limetta
C. ×limon var. limon (L.) Burm. f.
C. ×otaitensis var. nov 1 
C. ×otaitensis var. nov 2
C. ×otaitensis var. jambhiri
C. ×otaitensis Osbeck var. limonia
C. ×otaitensis var. volkameriana
C. ×lumia var. nov 1
C. ×lumia var. lumia
C. ×lumia var. pyriformis
Hybrids

Orange Mandarin

Distinguishing between an orange and a mandarin might 
seem straightforward

TG/201

TG/202
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Orange Mandarin

Distinguishing between an orange and a mandarin might 
seem straightforward, but in reality, this is not the case

TG/201

TG/202

The line separating modern mandarins and oranges is almost 
invisible; genetically, they are not distinct species but rather 
different degrees of admixture of the two parental genomes.
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The assignment of certain mandarin-orange hybrids to a 
specific Test Guideline (TG/201 and TG/202) presents a 
technical challenge due to overlapping morphological 
profiles.

It is not a taxonomical problem but a phenotypical one.

Two main approaches are considered:

Option A: Examiner expertise (based on key diagnostic traits).

Leaf blade: length/width ratio 
Fruit: diameter (mm)
Fruit: height/diameter ratio
Fruit: predominant colour
Fruit: Adherence of rind to flesh
Fruit: Filling of central cavity
Fruit: Adherence between segment walls 
Fruit: Firmness of segment walls

Option B (under development): An objective, mathematically driven scoring system

1. Statistical Analysis: Principal Component Analysis (PCA) performed on UETIV
reference database for mandarins and oranges for identification of the 
characteristics with the highest discriminating weight.

2. Implementation: Development of a weighted "mini-pre-test guideline“ with 
these traits to assign varieties objectively based on its final score.
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Direct Impact on Variety Registration

Streamlined 
Applications

Breeders can select the 
appropriate UPOV code 
and TG guideline with 
absolute certainty from 
the initial filing.

Optimization of 
DUS Testing

Examination stations 
avoid methodological 
doubts regarding which 
variety collection to use 
for character 
comparison.

Consistency in 
GENIE and PLUTO 
Databases
Unambiguous novelty 
searches and variety 
denominations 
worldwide across the 
Genie and PLUTO 
Databases.

Strengthened 
Legal Protection

More solid protection 
titles, backed by 
guidelines with a 
perfectly defined scope 
and technical 
background.
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THANKS FOR 
YOUR 
ATTENTION
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