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IC) introduced Flutriafe! in 1981. Since its introduc-

tion the compound has attained an important posi- ‘
tion in the global Fungicide market, where Flutriafol

produds have proved effectivein controlling a vast

o, / |
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number of diseases affecting o wide range of crops

In April 2001, Cheminova acquired the global
Flutriafol business from Syngenta, including all of the
rights, know-how, registrations and trade marks (or
the product Today, Cheminova sells the product
throughout h e world as a foliar application product
for cereals and other amble crops, as a microgran-
ule product for use in coffee ond maize and as a
seed treatment product for the control of major seed-
borne and soil-borne diseases in cereals. The foliar
-products are mainly marketed under the well-known
trade name Impact® whereas the seed frectment

products are sold under the trade name Vincit®.

Flutriafol is an important product in Cheminova's
product pertfolic and consequerty Cheminova Will
devote considerable effort into supportfing the com-
pound in the market.

The aim of this technical bulletiniis to describe the
background to Flutriafol’s success and also to inform '
our pariners about h e properties and capobiliﬁes of
the product.

It will help you te understand the mode of operation,
eHectiveness and results achieved when using
Flutriafol-based products
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Discovery and mode of gciion |

\
In 1981, scientists at iCl’s Jealott's Hill Research ]
Station used computers to model the active binding l
site on the cytochrome and were able to determine |—T
the shape of a fungicide molecule that would best fit. -
Flutriafol was selected for commercial development
as its chemical structure appeared to best suit the
modelled binding site.

All azole fungicides a d by blocking the formation of

a specific chemical by the fungal pathogen, ergoste- !

rol. This blockage occurs in a process called demet- L

hylation. Hence azoles are known os Demethylation {

Inhibitors or DMis. r
\
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In the demethylation process a protein called
Cytochrome P 450 s utilised to bring chemicals
together, to be changed and prepared for further
demethylation, Flutriafol and other azoles bind to his
cytochrome, preventing it from binding to and reac-
ting with the natural chemicals within the fungus
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Flutriafel, in common with all other DMIs, has a nitro-

gen atom that attaches to h e centre of on iron group

within the cytochrome, and this prevents the forma- [
tion of the next intermediate product in ergosterol
production.

~ CYTOGHAOME P45

ST molecule of
- FLUTRIAFOL -

The stronger h e binding d the fungicide to the cyto-
chrome protein, the better the inhibition of ergosterol
production and hence fungicidal activity.

CONCLUSION

COMPUTER MODE! OF FLUTRIAFOL
BOUND ON HAEM (IRON) f f THE CYTOCHROME []




Physical/chemical
properties of Flutriafol

(RS)-2,4'- difluore-a-(1H-1,2,4-triazo}-1-yimethyl)- benzhydryl alcohol

OH F\ Empirical formula Cy4H13FaNZ0 .

[ —\
F —@- (;r —</*\ Molecular weight 301.3 D—w
CH,, —

[ Physical state Solid (crystalline powder)
%)
\ Colwr Off-white/light brown
common name: FLUTRIAFOL, Odour Odourless
Melting point 130°C
Boiling point Decomposes
Density 1.41 g/ml at 20°C
Vopour pressure 53x 107" mm Hg
at 20°C
Solubility in water 130 mg/| at 20°C
and pH 7-%

Solubility in organic solvent  Soluble in acetone, methanoal,
dichloromethane;
slightly soluble in xylene

N-octanol/water partition

coefficient tog K,y = 2.29

Flommobility Not highly flammable

Surface tension 68.7 mN/m at
200z 2°C

(69.7 mg/| flutriafol)

Explosiveness Not explosive

Oxidising properties Not oxidising

Storage stability Stable for at least 5 yeors
at ambient temperature

(15-25°C)




Toxicological profile

The acute and chronic texicity of Flutriakol has been
examined in a large number of tests. The major
findings are listed below.

Acute toxicity & Flutriafol

Species Test Result

Rot (M) Acute oral [Dsq: 1140 mg/kg
Rat (F) Acute oral D5 1480 mg/kg
Rat Acute dermal  Dsg >1000 mg/kg
Rat Inhalation (4h)  LCsq:1 65 mg/l air
Rabbit Bye irrifation Mildly irritating

Rat/Rabbit  Skinirritation  Nan-irritant
Guinea pig  Sensitisation Non-sensitiser

Medlium and long-term toxicity & Flutriafol
Rat:

3 months feeding study: N o Effect Level 20 ppm in
diet (approx. 1.5mg/kg bw/day}

2-yeon feeding shudy: No Effect Level 20 ppm in diet
Dog:

3 months feeding study: No Effect Level

Tyear feeding study: No Effect Level 1 mg/kg bw/day.

Mutagenicity
CONCLUSION ON TOXICITY Flutriafol is not mutagenic. There was no evidence of
mufagenicity in a battery of in vivo and in vitro assays
{Ames test, mouse lymphoma mutafion assay, raf cyto-
genic study, unscheduled DNA synthesis, @ dominant
lethal and a micronucleus study in mice).

Teratogenicity

No feratogenic effects in rats at doses up to 10 mg/kg
bw/day and in rabbits in doses up ta 7.5 mg/kg
bw/day

Reproduction
In a wo-generation reproduction study with rats the
reproductive no-effect level wos established as 240 ppm




Ecotoxicological
: L
properties of Flitraiol

The toxicity of Flutriafol fo the fauna has been tested
in a range of tests.

F
Species Test Result il
#irds Mallardduck  Acute oral  LDsg: 5000 mg/kg ;
i Red-legged
pariridge Acute oral  LDgy: 616 mg/kg

Mallard duck Dietary LCsq: 3935 ppm
Bobwhite quail  Dietary LCsq: 6352 ppm
Japanese quail  Dietary 1Csq: 17083 ppm

Agueiic  Rainbowfrout 96 h LCsp: 61 mg/I
orgamistns  Mirror carp 96h LCsp: 77 mg/I
' Daphnia 48h ECsp: 78 mg/|
I Agee 96 h ECsp (growth

inhibition):12 mg/I

Tested on formulation;
rher  Earthworm
non target  Eisenia foefida 14 doys LCsq: >1000 mg/kg
orgonisms  Bees 48h LDsq [oral and contact):
>50 mg/bee

CONCLUSION OM ECOTOXICITY




Metabolism in plants

FLUTRIAFOL
E
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In plants the main meta-
l? halites identified are
v derivatives of triawle.
The main metabolites
OH identified as friazofylala-

F—Q C——\ 4 \>— OH  nine (2) and triazolylace-

tic acid {3} and a small

CH
'\u 2 amount of 4-hydroxyflu-
N \/: triafol (4)were present in
4 L N wheat sfraw,

i r & 3 ? j" .
Analvtical methods for residiies

Residues can be analysed by various methods, inclu-
ding extraction using acetonitrile and water, and
qualitatively and quantitatively determined by GLC.

Fate 111 soi/

Flutriafe! degrades slowly in soil with a half life of
more thon one year. No significant degradation prod.
ucts have been identified. It hos been demonstrated
in field studies, that residues in soil do not infer phy-
totoxicity effects on following crops Flutriafol is
moderately mobile in soil. Field studies have indicated
that there is no particular concem for leaching to
ground water under practical use conditions
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Biological properties

Many fadors can influence the activity of Flutriafol
Systemic fungicides (like Flutriafol) differ from pro-
tectants. The latter have to form a protective layer on
the plant surfaces

Systemic fungicides hove to overcome extra barriers
before coming into contact with h e target organism.

In addition to the intrinsic toxicity of Flufriafol to the

farget pathogen, its pattern of uptake and movement
within the plant is critical.

Atmospheric

Technical s influences1
influences Influence of crop
Formulation o H Angle of plant surface
Drop veiocity o Drop degosrtlon Movement of plant

S \{ Wai layer
Formulation ! % Penetration
Active ingredient = in the plant Wax cuticuia
Formulation = .
Active ingredient | © Systemic Membrane structure
i’ transport

.
P

Formulation ) . .
Active ingredient Penetration in the
fungal cells

Fungal cell wall

Fungicidal
Active ingredient activrty SBite of action




The ease with which fungicides enter and move

within the plant is |cmge|y determined by their
physical and chemiml properties.

One measure of this is the ability of the fungicide to
distribute itself between alcohol {actanal) and water
when shaken up in @ mixture of the two substances.
Thisis called its Partition Coefficientor Log K,
value.

Fungicides with a vadue of 3.2 or less all move fast
within cereal plqnts. Those with higher values do not
move very rapidly, although they m n penefrate the
plant.

Loy K, values & different products

Product Log Ko, Values

Cyproconazole 29

Triadimenol 32

Tebuconazole 37

Propiconazole 3.8

Hexaconazole 3.9

Flusiluzole 39

The low Log Ky, value of Flutriafol allows it to ;
rapidly penefrate through h e waxy outer layer of the

cereal leaf [he cuticle).

This is especially so over the first 24 hours after
application. In fact, depending on conditions,
Flutriofol often penetrates very rapidly even during
the first hour




o Flutriafol uptake by whaa! 1eaves
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{First how uptake of Flutriafol using radio /abelled
O+ Flutriafol recovary s % of applied.)

As the spray droplets dry on the leaf the concentra-
fion of the active ingredientincreases. Most uptake
occur's during the latter part of this drying process.

Generally speaking With natural droplet drying,
uptake over h e first 24 hours can be around 35-45
per cent of that applied on a leaf.

Radio-chemical studies undertaken at Jealoit's Hill
Research Stafion illustrate the uptake of Flutriafol
over a seven-day period compared fo another manu-
fociurers (OM) triazole,

Within three days of application about 80%of the
applied Flutriafel has been absorbed.

Foliar Uptake of Two Triazoles

take (% of Applied Wheat (cv Riband):
UF:SO,Z( ol Aophes Aonhation 1'259&1)3 in 250 Uha

0 1DAT 2DAT - 5DAT 7DAT

Sample Time (Days After Treatment) [




Once inside the plant Fiutricfol does not accumulate
ot the point of entry, but diffuses into the underlying
tissues. Some of the Flutriafel will move into the I::]
water-filled cell walls and may move up the plant in
the transpiration stream in a network of cell walll
interconnections.

However, most of the Flutriafol is transported up the
plant (acropetal movement)in the main conducting
tissue — h e xylem. To do this it has to cross another
formidable cell boundary called the endodermis.
Again, the physical /chemical properties of Flutriafol
allows this with relative ease.

There is no evidence of Flutriafol movingin the phloem

Cross section of cereal leaf

water-filled 7 cuticle

cell walls

conducting - endodermis

vessels
(xylem)




Studies by Jealotts Hill scientists using radiclabelled
Flutriafol showthe movement of the product visually
from a leaf bose application, with time.

Autoradiographs identify Flutriafol as a highly sys-
temic product. Within 24 hours Flutriafol redistributes
throughout the entire leaf several times foster than
other friazoles.

Singleleaf autoradiographs {C* radiolabelled Flutriafol)

Lightened areas indicate
distribution of radiolabelled
triazoles at times indicated
after treatment.
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Conclision
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Flutriafol is effective against most pathogens
belonging to the asco ond basidiomycetes

class of fungi.

Podosphora leucotricha
Venturia inaequalis
Mycosphaerella fijicola
Mycosphaerella musicola
Leraals

Erysiphe grominis
Helminthosporium spp.,
Puccinia spp.
Rhynchosporium secalis
Septoria spp.,

Tifletia spp.,

Usﬁlago spp.,

Erys:phe cichoracearum
Puccinia cicherii.,
Cofse

Hemileia vasatrix

Corn

Sphacelotheca reiliana
Flent

Colletotrichum lini
Cropevine

Guignardia bidwelli
Uncinula necator

Peus aned beans
Aschochyla pisi
Uromyces pisi
Colletotrichum pisi

Mycosphaerello arachidis
Mpycosphaerella berkeleyi
Puccinia arachidis
Alternoria spp.
Cylindrosperium concen-

fricum

Phoma fingam
Alemaria solani |

Cercospora kikuchii |
Cercosporo sofiana
Michrosphaerea diffusa
Sepfona gfycmes
Cercospora beficola
Erysiphe beioe
Romulario beficoloe
Uromyces betae

Sunfiowers

Diporthe heliinthi |

Erysiphe spp., t
Cercospora spp.,
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Crop-wise usage
in various countres

Flutriafal is today registered in more than 50 coun:
tries throughout the world as @ folior as well as a

seed treatment product. {
To illustrate the considerable wriotion in the use of

Flutriafol in different countries, some of its crop out-
lets are listed below

Argenting

Ceredls, potatoes, peanuts

MLESTrIG
Cereals, oilseed rape
Brazil

Cereals, coffee

Cereals, chicory, maize, oilseed rape, peas,
sugar beet

Ny
7

Cereals, maize

Cereals, sugar beet

Russic

Apples, cereals, grapevine, sugdr beet, sunflower




Sefectivity

All triazoles generally interfere with the synthesis of
gibberelfins in many craps whereby a growih-regula-
ting effect con be seen.

Compared to other triazoles, the growih-regulating
effect of Flutriahol is law.

The growth-regulating effect is particulerly critical
when triazole fungicides are used for the treatment of

seeds.

A large number of trials hove been conducted in
order to establish that Flutriafel con be used safely as
o seed treatment product. The general conclusion of
the trials is that Flutriafol delays emergence, but after
four weeks, no difference can be observed.

Germinatlon trial Australia
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The delay in emergence increases at lower temper-
atures. Lower dose rates are therefore tolerated in
colder climates.

Dosage rates up to 50 ppm in wheat and 150 ppm
in barley ore generally recommendedas safe to use
independent of the weather following application. []




Anti-resistance stratesy

According to the FRAC {Fungicide Resistance Action
Committee), h e resistance risk of using triazole
fungicides is moderate.

It is recommended to either apply Flutriafol in mixture
or in sequence with fungicides with another mode

of action. The most important ore chlorethalonil,
benzimidazoles, morpholines and strobilurines.

Mixtures

Flutriofol is today marketed in mixtures with:
Chiorothnion]

Corbendazim

Thichendnzole

imezedil

And the insecticide
LCarbofuran

DISCLAIMER

Cheminova A/S, PO Box 9, DK-7620 Lemvig, Denmark Tef +45 96909690. fax+45 96939691 Wwwcheminova com




