
ew

*Corresponding author: Patrice Marchand A, Institut de 
l’agriculture et de l’alimentation biologiques (ITAB), 149 rue de 
BERCY F-75595 PARIS CEDEX 12, France, Tel: +33-140-045-075; 
33-140-045-063

Accepted: November 26, 2022

Published online: November 28, 2022

Citation: Taylor A, Patrice MA (2022) Evolution of Succinate 
Dehydrogenase Inhibitor (SDHI) Fungicides as Plant Protection 
Active Substances in Europe. Arch Crop Sci 5(2):193-198

Open Access |  Page 193 |

Vol 5 | Issue 2 | Pages 193-198

Copyright: © 2022 Taylor A, et al. This is an open-access article distributed under the terms of 
the Creative Commons Attribution License, which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original author and source are credited.

Archives of Crop Science
ISSN: 2643-5772

SCHOLARS.DIRECT

DOI: 10.36959/718/620

Evolution of Succinate Dehydrogenase Inhibitor (SDHI) 
Fungicides as Plant Protection Active Substances in Europe
Alex Taylor and Patrice Marchand A*

Institut de l’agriculture et de l’alimentation biologiques (ITAB), 149 rue de BERCY F-75595 PARIS 
CEDEX 12, France

Introduction
Following our constant plant protection substances 

survey [1-4], succinate dehydrogenase inhibitors (SDHI) are 
crop protection active substances (a.s.) exclusively with one 
fungicide function [5,6]. A specific mode of action (MOA) is 
associated with this of class of molecules targeted to complex 
II in the mitochondrial respiration chain, the functional part 
of the TCA cycle. However, some controversial points of 
view regarding toxicity [7] and ecotoxicity [8-12] regarding 
this class of pesticides were raised in 2018 in France [13]. 
These toxicological concerns were recently correlated by a 
global survey showing exposure impact [14]. Moreover, SDHI 
fungicides are already encountering resistance problems 
[15,16].

There are currently 24 approved SDHI fungicides, with 
twelve previously approved in Europe (ten left and four 
pending) listed separately in Table 1 and Table 2. Most of 
them, except benzovindiflupyr, are in renewal procedure, 
including two issues for 2023. The evolution of these active 
substances in EU regarding their plant protection status is 
described in this study.

This study has been conducted at various levels: their own 
evolution in number and their entry/exit, the evolution of 
their regulatory status (prolongation, renewal, Parts (A, B or 
E) of the Implementing Regulation EU 540/2011) [4,17], and 
their uses in crop protection together with their MRLs [18].

Material and Methods

Legal support
European pesticides database: The raw data were 

retrieved from the European pesticides database. This 
database lists all the substances approved as well as those 
not approved and those where an approval is pending [19].

Directives and regulations: Regulation (EC) No 1107/2009 
[20] is the main and original document dealing with plant 
protection products (PPP) and substances (pesticides) since 
2009. Implementing Regulation (EU) No 540/2011 [17] is the 
main companion of the PPP regulation as regards the list of 
approved active substances. Following, Regulation (EC) No 
396/2005 [21] manages the rules on maximum residue levels 
of pesticides in or on food as well as plant and animal feed. 
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Table 1: EU SDHI active substance.

EU 

active 

substance

Type
MRL

Annex
Tox CfS

Nb of

extension/s.a

(2023)

Part 

(Reg. 540)

End 

of 

approval

AIR

Program nb

benzovindiflupyr/
solatenol pyrazolecarboxamide II

H331

H410

H400

H301

 0 E 2037 V

bixafen pyrazolecarboxamide III 1 B 2025 V

boscalid 

(formerly nicobifen)
pyridinecarboxamide II 5 B 2023 III

carboxin Oxathiin carboxamide/cis-
crotonanilide III

Low 

ADI
2 A 2021 IV

fluopyram pyridinylethyl benzamide III

Low 

ADI 

H411

0 B 2024 V

flutolanil phenylbenzamide II 4 B 2023 IV

fluxapyroxad pyrazolecarboxamide III 1 B 2025 V

isofetamid
phenyloxoethyl 

thiopheneamide
II 0 B 2026 VI

isopyrazam pyrazolecarboxamide III  0 B 2022 V

penflufen pyrazolecarboxamide II 1 B 2025 V

penthiopyrad pyrazolecarboxamide III
H410

H400
1 B 2025 V

sedaxane pyrazolecarboxamide III 1 B 2025 V

Legend: MRL Annex= maximum residue limit number of Annex in Reg. EC 396/2005; Nb of extension/s.a = number of end of approval 
postponing; Part (Reg. 540) = Part from A to Ein Reg. EU540/2011; AIR program= Renewal of approval program number from 1(I) to 6(VI).

Table 2: Non EU SDHI active substance.

non EU a. s. Type
EU 

status

EFSA

outcome

benodanil phenylbenzamide -

cyclobutrifluram phenyl-cyclobutyl-pyridineamide -

fenfuram furancarboxamide -

fluindapyr pyrazolecarboxamide pending

furametpyr pyrazolecarboxamide -

inpyrfluxam pyrazolecarboxamide pending

isoflucypram pyrazolecarboxamide pending 

mepronil phenylbenzamide -

oxycarboxin oxathiincarboxamide -

pydiflumetofen pyrazolecarboxamide pending 

pyraziflumid pyrazolecarboxamide -

thifluzamide thiazolecarboxamide -
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System of Classification and Labelling of Chemicals (GHS). 
They are intended to form a set of standardized phrases 
about the hazards of chemical globally linked to the toxicity 
of substances and mixtures.

H301: Toxic if swallowed.

H331: Toxic if inhaled.

H400: Very toxic to aquatic life.

H410: Very toxic to aquatic life with long lasting effects.

H411: Toxic to aquatic life with long lasting effects.

Results

SDHI active substances
From the 24 SDHI fungicides currently known, half 

(twelve) were considered in Europe (ten still approved) and 
are listed as plant protection products (PPP) in Table 1. Others 
are considered in Table 2. None are low-risk substance [22] 

Subsequently, all the information on one active substance 
is centralized on the Pesticide database, including Review 
Reports which contain the GAP usage tables.

The evolution of active substances was published in the 
European Union Official Journal. Raw data were extracted 
from the European Commission pesticide database rev 2.2 
website [19] dealing with the Implementing Regulation (EU) 
No 540/2011 active substance management [17].

Definitions
Active substances: Active substances are all substances, 

including micro-organisms which have a general or specific 
action against harmful organisms or on plants, parts of 
plants or plant products. These active substances are further 
classified into categories that correspond to the parts of 
Implementing Regulation (EU) No 540/2011. All substances 
in Part A of Implementing Regulation (EU) No 540/2011 [17] 
came directly in 2011 from previous Directive 91/414/EEC. 
Substances in Part B are coming from Part A via renewals or 
from direct approvals after 2011. Substances candidates for 
substitution (CFS) are approved according to Article 24 of 
Regulation (EC) No 1107/2009 and listed in Part E directly or 
during renewals. These active substances meet one or more 
of the additional criteria laid down in point 4 of Annex II of 
Reg. No 1107/2009.

Agricultural uses or usages in plant protection are defined 
by cultivation practices and roughly managed by the couple 
crop vs. bioagressor/pathogen, linked to their unique 
fungicide function, and are listed in the corresponding Good 
Agricultural Practices (GAP) Table in the Review Reports in 
the EU Pesticide database.

Health and safety Hazards/Risks phrases

Hazard statements form part of the Globally Harmonized 

         

Figure 1: 1H-pyrazole-3-carboxamide moiety.
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Figure 2: Total amount of effective SDHI active substances.
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Regulatory repartitions of the SDHI active 
substances

Following the modification of substances positions in the 
different Parts of the Regulation 540/2011 [23], all remaining 
SDHI are all in Part B or E after approval or renewal as 
exhibited in (Table 1). Previous SDHI (carboxin) listed in Part 
A was not renewed. All pending, if approved, will be listed 
in Part B or E depending toxicological evaluation, although 
isoflucypram and pydiflumetofen are not considered as 
endocrine disruptors and would probably be listed in Part B.

Consideration of EU SDHI crop usages
All crop classes [2,3] are covered by SDHI fungicides (Figure 

4) although with only few active substances (from three to 
seven) and three crop usages were affected by the loss of the 
two a.s. (market gardening, cereals and others arable crops).

Discussion

Evolution of the SDHI and regulatory 
considerations

As mentioned above, eleven SDHI active substances are 
due to be following renewal process during the coming years 
(Table 1), namely AIR programmes. Suppressed crop usages 
are likely to increase in the future considering CfS substances 
and actual struggle for chemical PPP to be renewed (March 
and, submitted 2022) while global controversies which 
started in 2019 still generate debate and toxicological trials.

Possible evolution of the SDHI amount
The first observation from existing SDHI is the presence of 

while two were considered by EU PPP regulation as candidate 
for substitution (CfS) (refereeing to Article 24 of Regulation 
EU No 1107/2009 [20]) with one of them already no longer 
approved [23]. The large majority of them (18, 75%) are 
from the carboxamide family (Figure 1), especially pyrazole 
carboxamide, including the most recent approvals, pending 
and EU application deposit or admissibility.

Other regulatory and toxicological considerations are 
included in Table 1 including those at the end of their approval 
at the EU level. The four candidates pending in EU, from 
pyrazolecarboxamide family, are fluindapyr, inpyrfluxam, 
isoflucypram and pydiflumetofen.

Evolution of the SDHI active substances since 2011
This global bell curve corresponds to total amount of SDHI 

substances managed over time, shown in years, is the result of 
the difference between approvals, withdrawals, renewals and 
disappearance of active substances without regulatory acts. 
Thus, most of all SDHI are subject to revaluation procedure in 
the coming years (2023-2026) except the recently renewed 
benzovindiflupyr (as CfS) and the recent removal of two SDHI 
in 2021 and 2022 (Figure 2 and Figure 3).

This evolution is indeed guided by the approval regulatory 
acts for all a.s., the withdrawal for isopyrazam in 2022 and the 
end of approval for carboxin in 2021 (Figure 3).

A positive evolution is expected starting in 2023, since 
admissibility was given for four new SDHI fungicides since 
2016, now pending with full evaluations having been 
performed for two candidates without comes released for 
isoflucypram and pydiflumetofen and ongoing for two others 
(fluindapyr and inpyrfluxam) at EU level (Table 2) with EFSA.

         

Figure 3: Detailed amount of active substances.
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