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tinder Rule 55(4).

It is respectfully submitted that in view ol the above. liv our letter of May 2 [, 201

mcqnestcd that a notice regard ne. the representation be sent to us under Ru Ic 55

lUng of the reply statelnemlt 1111 in three mllontlis lioni the date of not ice.

We have as of now not meeeived a notice in respect of the opposition filed
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RE Kill.

(.\Wa?j,. V-e:

kn.stered Cffre 5 rI: S Ut;:- z’cp R:ttt. t; OS

I of 728

S.I:s

‘s -. A:-: .:I,-..a’*I

22a—..r:.--:. p’O3SSb>.

-- -
: --rau.,IC- ::‘ -:. U’C; r

VSyNGENTAEXHIBIT 1038
SYNGENTA v. UPL, PGR2023-00017

Kind Atm: Mr. Jayant Anand

Ld. Controller of Patents & Designs

Dear Sir,

Re: Response to First E..arnination Report dated March 26, 2019
Patent Application No. 1336/K0L12013 dated November 2(5, 2013
Entitled: “A METI 101) FOR COIMTROLL1 NC RtJST”
Applicant: UPL 1.1 M [[El).

Opponent: MRS. \‘lSl lAM-IA REM-Il.

Oar Ret: P1100644

9, we had

to enable

by MRS.

enclosing

SI-IAKI-IA



S tVLAJ U N’! DAR & CO L.tct-. lr3cemark,, Ccry’cjNs

Patent & Trademark Attorneys
Vcrt]icIFt. IdaI ,,

[r nI, j’ Lj F

L — ..&IN EsA ‘
wwcn.umdaup.corFF SECURING YOUR

IDEAS

The Coil roller of Patents
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Kind Aim: Mr. Jayant Anand

Ld. Controller of Patents & Designs

Dear Sir,

Re: Response to First Examination Report dated March 26, 2019

Patent Application No. 1336/K0L12013 dated Novemher 26. 2013

Entitled: “A METHOD FOR CONTROLLING RUST”

Applicant: UPL LIMITED.

Opponent: MRS. VISI-IAKIIA REKI-il.

Our Ref: P1100644

This has reference to the Pre-grant Opposition filed by MRS. VISI-IAKI-IA REKHI.

We reler to our letter dated May 2 I, 2019. pointing out that under Rule 55 (3). which dictates

the procedure for pie grant opposition/representation, the Ld. Controller is required to give a

IiOtice to (lie applIcant regarding (lie representatIon for opposition after consideration of the

same by hIm. The app I cant is time hound horn receipt ol such liotitication for III hg the reply•

statement along with evidence within three months’ time from the date of notice as required

under R II Ic 55(4),

It is respectfully submitted that in view of the above, by our letter of May 21, 2019. we had

reqtlested that a notice regarding the representation be sent to us tInder Rule 55 to enable

filing of the reply statehiielit within three months from the dale of notice.

We have as of now not received a notice in respect of the opposition filed by MRS.

VlSI IAKHA REKITI. hosever. to expedite disposal of the application. we are enclosIng

herewith a Reply statement and evidence to the opposition filed by MRS. VISHAKHA

REKI I].
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S MAJUMDAR & CO
Patent & Trademark Attorneys

Mu bad dyu-erabar!

-ausdulu.con

The Ld. Controller is requested to kindly take the same on record.

Yours fiuithfully,

DR. SANCHIlA GAN(;uLJ
IN/PA No. 625
Of S. Majurndar & CO.
Applicant’s agent

CC: Mrs. Vishakha Rekhi
A—903 J il ian Alps,
Ivory lowers Cl-IS Ltd..
Bhakti Park. Wadala East.

Muiubai 400037
Cell: 9892092090
Email: visliakha.rckIiiuuiiiail.eom
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BEFORE THE CONTROLLER OF PATENTS,

KOLKATA

In the mailer of ‘Ike Patents Act. 1970 flS

ainetideci by The Patents (Amendment) Act

2005,

And

[ii the matter of [‘lie Patents Rules, 2006 and

The Patent (Amendment) Rules, 2019,

And

IN li-IE MATTER of Patents Application No.

I 336/K01J2013 dated November 26, 24)13

made in iii e name n I LI PL LIMIT ED hai’ in its

principal place of business at Ul’l. House. 610

5/2. Sandra Village. OtT Western Express

Fligliwav Sandra—East. M umbai—40005 I. State

of Maharastra. India and also having place of

business at A rochein cal Plant. I )nrgachak

Haldia — 721 602, Midnapore Dist West

Bengal, India.

Applicant

And

IN if IF MATTER of opposition of the grant of

a patent thereto by Represeni at ion under Section

25(l) by Mrs Visliakha Rekhi, having address

at A—903 J ulian Alps. Ivory loners Cl IS Ltd. -

Rhal-cti Park \\‘adala East. Munbai 400037.

India,

Opponent
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REPLY STATEMENT IN SUPPORT OF THE APPLICANT AND IN RESPONSE TO

THE OPPOSITION FILED UNDER RULE 55(4) FOR THE INDIAN PATENT

APPLICATION N UM HER 1336/KOL/2013

ABOUT TIlE APPLICANT:

I . We, UPL LiMITED (erstwhile United Phosphorus I Jinited), having its principal

place of business at UPI. House. 610 13/2. [3andra Village, Off Western Express

II ii,hway, Bandra—East. Miinibai—40005 I State of Maharastra, India and also having

place of business at Agrochernical Plant, Durgachak I laldia — 721 602. Midnapore

Disc West [lengal. ud a. I he Apr I cant named above, state that we des ire to Contest

the opposil ion entered by Ilie Opponent named above, and set out he low the

statement in support ot said patent application.

2. he applicant is a Company incorporated under the Indian Companies Act. 1956,

carrying on business, inter alia. of manufacture ol various products relating to

agiocncniicals. [lie applicant company is and has been engaged in the manufacture

ul. inter aIm, a wide range of products that include funligants. fungicides.

iiiseci ic ides, rodenticides, and herbicides.

3. [‘lie opponent has entered an opposition under Section 25(l) to the present

application and has lied representation b ‘say ofopposiiion. The applicant has read

and understood the doc time nts I led and relied upon by tile opponent and set out

helo the grounds on h icli the opposition is eontesied

4. Ii is siaicd that save and except what are specifically admitted herein or arc borne out

from the records, all content ions, allegations and avermen[s in the said Opposii inn

Slatenleilt shall he deemed to be denied and disputed as if the same ha\ e been

speclicaIIv dealt ‘s ith herein and set out as seriatim.

5. [he applicant denies and disputes tile various statements and allegations niide by the

opponent barring what are niatters of record and what are specifically admitted by the

P P lie a ut.

6. The applicant now provides paragraph wise reply to the Representation filed by the

opponent.

7. With relèrence to paragraphs 3.1. the applicant states that almost all of tile cornitries

where corresponding applications have been filed have granted this patent w hit

different levels of claim scope, and the applicant has bled divisional app] cation bar

2
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claiming the restricted scope of claims in those countries. The fact that almost all of

these substantively examining countries have granted this patent speaks volumes

about the inventive merit of this application.

8. With reference to paragraphs 3.2, the applicant states that the fact that India is an

agricultural country means that further research into agrochemicai industry must be

encouraged, and granting patents on applications such as the present one efficiently

and quickly would go a long way in encouraging research in this field. This will not

only ensure Ibod safct for the growing population in the country, hut will also

ensure increased i ivestnjent in the agrocllem ical research.

The subject application relates to all improved fringicidal combination and

describes tile synergistic elThcts of tile ftiitgicidal combination claimed herein. ibis

conthi nat ion is espec al iv su table fhr con roll iig undesired fungus. and th us lie lps in

p0 iiig (lie prod tid iv ity of farmers in the agriculture dependent regions of tile

country. Keeping tile iieeds of tile fhrnlers in mind, the applicant lamed above

iiivciited tins iiiiprtived combination ill order to make tilis svilergistic fungicidal

eomlllra(iorl available to tile ihrmer. which is intended to benefit the farmers in the

coui try. File applicant coipanv U 19, ltd spent a lluge sum Oil tile invention and

research on ill is coillhination in order to he able to benefit the farmers.

Keeping this iiiveiit ye idea ill mind. and file expected benefit to tile farmers and

agricultural productivity ill the country, tile applicant herenl named invented tilis

liii prOd ed coull hi ial 1(111 auld ii led the instant palellt application.

Meaul\dlliie. the applicant has learnt of several unautilorizerl people selling

spurious and ineffective products covered by the present Claiills to the gullible

farmers. This las I tvo—fbld disadvantages to tile appi icant. to tile farmer and to the

country at large. Firstly, these unauthorized sellers are ii ]ega] ly usti rpi ng tile product

of tile appi icault ‘s focussed research to find ill is svnergist ic fungie ida I Cr1111 binatioul for

tile thrillers. Secondly, and more seriously, these spurious products are ileffeetive to

target the desired fungus. tilereby decreasing tile farnler’s productivity and his yield.

‘lliirdiy, the coiltilluously usage of these spurious and ineffective products increases

the cross—resistance of these fungii to tIle fungicides ill general due to the ineffective

use of’ the combination and tile unstable copycat products. This leads to tite fungicides

degrading during tile storage of tllese spurious products before it reaches the farmers.

tilus defeating tile entire purpose (lf keeping the farmer comm on ity first i it the

dove lopuierut of tile country.

-3
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The applicant herein above is the patent applicant of the improved and

synergistic fungicidal combination. Applicant is desirous of acting against these

unauthorized sellers of spurious products, who are harming both the farmer and the

country, and for this reason the Ld. Controller is requested to grant a patent swiflly on

this pending application.

9. With reference to paragraphs 4, it is submitted tht the same relates to jusrisdiction of

the impugned application been Patent Office, Kolkata and the same been adin itted.

1 0. With reference to paragraphs 5.1, the opponent has merely set out the ground on

which the frivolous opposition is based.

• With reference to paragraphs 5.2, the applicant states those are matters on record and

do not call for any comment.

1 2. With reference to paragraphs 5.3, it is stated that the applicant has tiled amendments

to the c al ins in response to the first exam i nation report issued by the Indian Patent

Office, which may kindly be taken on record. A copy of the amended claims is

annexed herewith as Anncxtmre A.

13. With reference to paragraphs 6.1 (a). the applicant states that it merely set out the

prior arts alleging that the present invention has been anticipated. prior to the filling

of the mi pugned app I icat ion.

14. With reference to paragraphs 6.1 (h), it is stated that US200S/0032903A discloses the

method for controlling rust diseases in legumes such as soybeans by treatment of the

aerial part of the pIamt legumes with a tbrni ulation containing strobi Itirin (claims I

and 2). US903 also discloses that such strobilurin fungicides could be used in

combination with another i.e. one other fungicide. which nay either be a contact

fungicide or a systemic fungicide such as a conazole fungicide or a SDHI fungicide

alternatively. 1 his means that US’903 teaches use of only one of the second group of

fungicides i.e. only envisages a dual combination hut not a triple com hi nation.

15. It is stated that the opponent has deliberately tried to in isrepresent the disclosure of

this document. IJS’903 never teaches the use of a second as well as a third fungicide,

which is required according to the present invention. Even in paragraphs [0040] and

[0082] (exam pIe), particularly the comnbi nation of strobi lurins and azoles have been

disclosed. but use of a contact fungicide such as mancozeb has not been disclosed.

Page 2, paragraphs [0023], [0031] and 0037], teaches the combination of strobilurins

with other fungicides such as mnancozeb and chlorothalonil. but this disclosure does

not include a conazole fungicide with in the same combination.

4
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16. Thus, it is clear horn the above discusson that US’ 903 does not envisage a triple

combination of fungicides as claimed in the present invention.

17. With reference to paragraphs 6.1 (c). ills stated that Brazilian Patent P10601469

describes a composition comprising an oil dispersed agricultural sprays composition

colilpris!llu: I ) at least one fungicidal lorin n lal ion which comprises a

d ithiocarhamate. triazo Ic. iiiorpho line or strobilurin compound: and 2) an oil soluble

or oil compatible polv lhtty acid—mime po[vmer.

I 8. A complete reading of L3 R’ 1469 suggest that primarily the composition disclosed in

this reference relates to single active composition of either of ditliiocarbamaic. or of

triazole, or of morpho line or of si robi turin compound (refer example I —5 and I I —20)

or of a dual combination of d ith iocarhamate with either a triazole. or a morpho inc or

a sirobilurin compound (i.e. double coinbmation).

19. 131<’ l4oQfails in disclose the triple combination of a ntiltisiie contact Itnigicidc e.g.

inancozeb with individual iitinonc outside inhibitors. demetliylation inhibitors and

succ i nate dehvdrogcnase in Ii bitors. Further this docti ment also fti i Is to 4 sc lose I he

usc of such triple conibi nat on br heating soybcai I rust

20. the opponent has del berate ly I vied to misrepresent the teachings of this prior art

docunient. lii is document teaches agricultural sprays dispersed in oil coin pris ing at

east one fungicide Era-in ii at on containing a coin pound d ith iocarhainale. or a

triazole, or a morpholine or a strobilurin, but the opponent has flhisreprL’sciitcd this

teaching as a liingicidc form lal ion containing a coin pound d ithiocirbam ate, and a

triazo Ic, a nil a m orp ho Ii ne and a sI robi In ri n.

2]. It is stated that claim Ii of BR’1469 teaches a combination of dithiocarbainate

form ul at ion and form u latin n oft ri azo Ic or form u I ati on of in orph 01 ne or flirin u Ia lion

of strobilurin. This finding is also supported h fable I at page 7 of (lie conipicic

specification of BR’ 146’). fable I teaches combinaiion of ditli iocarhainate triazole.

niorpholite or strobilurin wherein weight perccnlage of dilhiocarhaniatc is I —30.

preferably 5—25 and weight pcrcentage of any one of triazole. mc rphol tic or

strobilurin is 0.1—1 0. preferably 0.5—S. BR’ 1469 does not teach a combmalion of

dithiocarhamate formtIab ion and one or more formulation of triazote. Iiiorllhnline or

strohilurin (i.e. combination of 3 fungicidallv active agents).

22. Thus, it is subni ilied that a in istaken representation of the prior art teaching is not

sufficient to sustain a case of lack of novelty or even a pitina fL/c/c’ case of

obviousness.
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23. With reference to paragraphs 6.1 (d), it is stated that W02006/035316 discloses an

aqueous colliposition suitable for applying fungicides to plant propagation materials

comprising at least three fungicidially active compounds, as active ingredients, water

and a blend of the following components. by weight: a) 2 - 10% of at least one

surface—aclive agent, comprising a I) at least one anionic surfactant; b) 0 — I 0% of at

least one polymer selected from water—dispersible and water—soluble film—harm ing

polymers; c) 4 — 20% of at least one inorganic solid carrier; and, optionally d) 3 —

20% of at least one antifreeze agent.

24. WO’J I 6 provides a long laundry list of fungicidally active ingredient which nay be

com hined logether. I however the main combination of interest for WO ‘51 6 is

11 tidioxon ‘I. di fenconaiole and inefenoxarn -

25. WO’3 16 fails to disclose the triple combination ot a nnillisile fungicide e.g.

mancoic b with individual q rlinune outside inihitors. demethylation inhibitors and

snccinate dehydrogeuase inhibitors. Further WO’3 16 also fails to disclose the use of

such topic conihinal ion for treat jug soybean rust. in light of these difference

WQ’353 16 does not anticipate present invention.

26. WO’ 16 discloses uselul compositions dispersion of fungicides comprising at least

one or at cast three suitable limngicides for seed treatment. First of all. it is not

ohv bus to use a com binat ion meant lbr seed treatment in the actual tie Id. Secondly,

the three fungicides to be combined according to WO’353 I 6 are to be selected hlomn a

random list, and niav not necessarily md tide a inn It is ite Fungicide with a dual

ccimbiniiion including a com1a7ole fungicide and a strohilurin fungicide. The

preferred combinations according to this doe u nient aie find ioxoni I, inc lenxam and

aznxystrobin or difeneonazole. ‘Ihus this document does not teach the presence of a

multisite fungicide such as niancozeb essentially, and considers strobilurins or

eianai.olcsas being alternatives to each other i.e. they are not taught to be used

together.

27 l’his document Ihils to disclose the triple combination of Maneozeb with the

eomhnialion of first and second systemic fungicides selected from qtnnone outside

or inside inhibitors. demethylation inhibitors, or suceinate dehydrogenase inhibitors.

Further tIns document also fails to disclose the use of such triple combination for

treating soybean rust.

25 With reference to paragraphs 6.1 (e). it is stated that US200510226902 discloses a

chemical soil disinl’estauon method in which a fnngieidally. inseetieidally or

6

SYNGENTA EXHIBIT 1038
8 of 728 SYNGENTA v. UPL, PGR2023-00017



nematicidally active amount of a in ixture M comprising a component a) of a 1) 20 to

96% by weight of sulfur, a2) 4 to 80% by weight of a complexing agent selected

from the group consisting of: nonpolymeric complexing compounds: IDFA

(ethylenediaminetetraacetic acid), NTA (nitrilotriacetic acid) and, if

appropriate. one or more crop protection agents b) and/or further additives c) is

applied.

29. The main crux of the US’ 902 relates to combination of Sulfur with complexing

agent and optionally any otlwr active ingredient.

30. 1JS’902 does not even disclose a combination of Sulphur with a dual combination of

systemic fungicides. Further US’902 fails to disclose the triple combination of any

other iniLltisite fungicide with the combination of first and second systemic fungicide

selected From quinone outside or inside inhibitors deineilivlation inhibitors or

sticcinate delndrogenase inhibitors. Further US’ 902 also tiils to disclnse the use oF

such triple combination Ièr treating soybean rust. In light ol these (liHcrellec US’902

does not anticipate preseiit invent ion.

31. With reference to paragraphs 6.1 (t). it is stated that US2OIO/197741 allegedly claims

a composition comprising fungicide hoscalid (SDH I fungicide systemic).

Chiorothalonil (fungicides of multiple sites) and at least one other fungicide.

32. The Applicant states that IJS’74 I discloses a fungicidal composition for contiolling

phytopathogenic harmful fungi, comprising I ) Boscalid, 2) Chlorothalonil and 3) at

least one fungicidal 15’ active compound III selected &om groups A) to F):

A) an azole selected from

B) a strohi lurin selected froiii

C) a carhoxarnide selected From

D) a heterocycl ic corn pound selected Iloin

E) a carbamate selected floin

F) a fungicide selected From

33. US’741 fails to disclose the triple combination of a multisite fungicide such as

dithiocarbonate such as maneozeb with the combination ‘s ith first svstenii liingicide

and second systemic fungicides selected from individual quinone outside or inside

iibitors, demethylation inhibitors or succinate deliydrogenase inhi hitn is Further

7
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IJS’74 I also fails to disclose (lie use of such triple combination for treating soybean

rust.

34. Applicant states that the amended claims presented with the response to First

Examination report (Annexure A) do not include ehiorothalonil as the contact

fungicide. Therefore, there is no overlap of the amended claims of the present

invention with the disclosure of I I S’741

35. With reference to paragraphs 6.1 (g), it is staled that W02007/052256 teaches a

pesticidal composition in the form of a water—dispersible granule comprising a) at

least one pesticidal active ingredient. b) at least one surfactant, c) at least one

dispersing agent, and optionally d) a tiller, obtainable by a process comprising of

ni ixi ng all the ingredients of (lie preni ix to obtain a homogenous premix; micronti ng

the preni ix: wetting the micron iied premix’’, granulating the ii icron ized wet prein ix;

drying the granules and treating said granules with a surhictant agent.

36. ‘Ihis is a platlorin technology patent application. ‘Ihe main crux of the invention is to

provide a waler dispersible granule composition which may he applicable for ntnnber

of act i’c ingredients disclosed thcrci ii. WO’256 is not relevant to present invent ion

as WO’256 fails to disclose the triple combination of a innltisite fungicide with

individual quinone outside or inside inhibitors. deinethvlation inhibitors or succinate

dehydrogenase inhibitors. Further W()’256 also thus to disclose the usc of such triple

com I) nat inn tor treat in g soyhea ii r nst.

37. It is pertinent to note that the presently amended claims does not falls within the

purview of WO’256. WO’256 discloses formulations containing a single active

ingredient. The choice of the single active ingredient may be wide and may include

the contact fungicide. the conaiole Ilingicide, the strobilurin fungicide or the SDI II

fungicide. Still, these fungicides are to be formulated in isolation according to

WO’256, and are not to be used in any’ combination. Applicant fails to understand as

to how this disclosure is even relevant to the subject matter of the present invention.

38. With reference to paragraphs 6.1 (fi). it is stated that 1JS2012/003199 discloses a

method for controlling harm flil fungi. which method coin prises subjecting plants to

be protected against fungal attack to two or more sequential treatment blocks, where

at least one treatment block comprises treating the plants with at least one synthetic

fungicide and at least one treatment block comprises treating the plants with at least

one biological control agent, with the proviso that the last treatment block comprises

8
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treating the plants with at least one biological control agent selected from Bacillus

sub/i/is and nietabolites produced therefrom.

39. US’ 199 essentially relates to combination of a synthetic fungicide and a biological

control agent such as Bacillius subtilitis. Biological agents are critical and essential

pail of invention discosed in US’199. The present invention does not disclose any

biological agents to he used in the combination disclosed therein.

40. US’ 199 fails to disclose the triple combination of a nultisite fungicide with

individual quinone outside inhibitors, deinethylation iiih ibitors and succinate

dehvdrogenase inhibitors. Further US’ I 99 also fails to disclose the use of such triple

combination for treating soybean rust. lii light of these difference 1)7 does not

anticipate present invention.

41. US’ 109 discloses the list of synthetic fungicides that includes systemic fungicides.

such as azoles. sirobi lurins. carboxainides. and fungicides from intiluple sites.

US’ 10’) discloses that these fungicides are to be used in isolation, along with a

biological control agent A mere listing of these fungicides does not mean that these

jingic ides are taught to be used in combination. The opponent has dcli berate Iv

attem pied to in isrcprcsent the teachings of US’ I 09. whereas in real dv. this document

does not teach the use of more than one f’ungic ide in corn hination

-12. The Applicant statcds that tJS’903, UR’469, WO’3 16, US’902, US’ 741. WO’256 and

tJS’ I 09 (Annexures I I—Vu F) does not anticipate the present invention and thus the

present invention is novel over the aforesaid prior art. The AppI icaitt states that these

citations won hi not have been arisen had the opponent actually read the invent ion and

the accompanying description of the invention without involving the element of

hmdsight

43. With reference to paragraphs 6.2. the appi cant states that the ground of prior claiming

requires an exact overlap between the cited claims and the claims nnder examination.

‘Ihe claims of the cited Indian Application 3142/OELNP/2014 (Ailnevure XIX) relate

to a composition comnpris rig an agricultural a) active ingredient h) an amnide of the

following forniula (I):

9
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0

c) an acyl inorphol inc compound of the fo I lowing forniu Ia (II):

Rr

NO

wherein R is H, OH0 or

44. Ihe appi icant states that the amended cia iins oil he instant application nether include

the am ide of form [I a (I) or the acyl inorplio i lie ol the lorlil u Ia (II). Accordingly, there

is no exact overlap between the c lailils 0!- [lie present appi cat inn and the c aims of I lie

cited art. Ihus, there is no possibility that [lie presently claimed ilivelition could even

be arguably said to have been prior claimed in 3 I 42/D[3LNP/20 14.

45. The Applicant states that picking and choosing one Feature froln one clailil of the cited

art, and another feature from another claim of the cited art, is not a valid and proper

manner of analysing the ground of prior claiming as has been done by the opponent.

Moreover, merely listing the strobi luri us, the triazoles. the carhoxaln ides and the

(11th iocarhaniates tngether side—by—side does not rican thai Ike prior alt leaches these

fungicides to be used in combination. This only means that these fungicides were

meant to he used separately (ally one in isolation) together with the solvent systeln

Co Iri pris in g the coin pounds of form u Ia (I) or formula (II).

46. In contrast, and quite differently from the cited art, the present invention relates to a

triple combination of fungicides, wherein at least two systemic fungicides and at least

one inultisite fungicide, must be simultaneously present within the same combination.

47. Accordingly, the ground of prior claiming does not stand at all and ought to he

dismissed.

48. With reference to paragraphs 6.3 (a), it is deli icd that the present invenlion is obvious

and lacks an inventive step, in view of the prior art lioni the palented and non—

patented literature and products in market.

10

SYNGENTA EXHIBIT 1038
12 of 728 SYNGENTA v. UPL, PGR2023-00017



49. With reference to paragraphs 6.3 (b). it is stated that US2005/0032903A discloses the

method for controlling rust diseases in legumes such as soybeans by trealnient of the

aerial part of the plant legumes with a formulation containing strobilurin (claims 1 and

2). US’903 also discloses that such strobilurin fungicides could he used in

combination with another i.e. one other fungicide. which may either be a contact

fungicide or a systemic fungicide such as a conazole fungicide or a SDFIF fungicide

alternatively. This means that LS’cOJ teaches use of only one of the second group of

fungicides i.e. only envisages a dual combination but 1101 a triple combination.

50. It is stated that the opponent has deliberately tried to misrepresent the disclosure of

this document. IJS’903 never teaches the use of a second as well as a third fungicide.

which is required according to the present invention. Even iii paragraphs [0040 arid

I 00S2] (example). particularly the combination of strobiltirins and azoles have been

disclosed, but use of a contact fungicide such as maricozeb has not been disclosed.

Page 2, paragraphs [0023j. 100311 and 100371, teaches the combination ofstrobilurins

with other fungicides such as nancozeb and chlorothalonil. bitt this disclosure does

not inc I tide a eonazo Ic tungic ide \ i thin the same com hi nation.

SI. ‘Ihus. it is clear from the above diseusson that US’903 does not envisage a triple

combination of fungicides as claimed in the present invention.

52. With reference to paragraphs 6.3 (c). it is stated that Brazilian Patent P10601469

describes a composition comprising an oil dispersed agricultural sprays composition

comprising: 1) at least one Iii rig ic ida I formulation which comprises a dith iocarhamate.

triazole, morpholine or strohilurin compound; arid 2) an oil soltrblc or oil compatible

poly hitty aeid-imine polymer.

53. A complete reading of BR’ 1169 suggest that pririiarily the composition disclosed in

this reference relates to single active composition of either of ditltiocarhainate. or of’

triazole or of niorplioline or of strobi lurin compound (retèr example I —5 arid I i —20)

or of a dual combination 01’ h itli ioearbainate with either a triazole, or a inorphu line or

a st robi I u ri n com pound (i.e - dour tile co nh i nat ion).

54. BR’1469 fails to disclose the triple combination of a multisite contact fungicide e.g.

mancozeb with individtta I qu inone outside inhibitors. demetltylation inhibitors arid

suecinate dehydrogenase nh ib itors. Further this document also fai Is to disc lose the

use of such triple combination for treating soybean rust.

55. The opponent has deliberately tried to misrepresent the teachings of this prior art

document. This docuinent teaches agricultural sprays dispersed iii oil comprising at
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least one fungicide formulation containing a compound dithiocarhamate, or a triazole,

or a morpholine or a strobilurin, but the opponent has in isrepresented this teaching as

a fungicide formulation containing a compound dithiocarhamate, and a triazole, and a

morphol inc and a strobilurin.

56. It is stated that claim II of BR’ 1469 teaches a combination of dithiocarbamate

foriii u lat ion and formulation of lii azo Ic or form u lat ion of morpho line or fbrm u lat ion

of strobilurin. This finding is also supported by Table I at page 7 of the complete

spccmiication of BR’ 1469. Fable I teaches combination of dithiocarhamate + triazole.

morpholine or strobilurin wherein weight percentage of dithiocarhamnatc is I -30.

preFerably 5—25 and weight percentage of any one of triazole. inorphohnc or

strohilurin is 0.1 —10, preferably 0.5—5. BR’ 1469 does not teach a combination of

dithiocarbamate formulation and one or more formulation of triazole, norpholinc or

strobilurin (i.e. combmation ot3 lungicidally active agents).

57. Thus, it is submitted that a mistaken representation of the prior art teaching is not

su Iflcient to sustain a case of /n-tma/acie case of obviousness.

58. With reference to paragraphs 6.3 (d), it is stated that W02006/035316 discloses an

aqueous composition suitable fbr applying fungicides to plant propagation materials

comprising at least three f’ungicidially active compounds, as active ingredients. water

and a blend of the following components, by weight: a) 2 — I 90/s oF at least one

surtbce—ac{ive agent, comprising a I) at least one anionic surfactant; h) 0 — I O% of at

least one polymer selected from water—dispersible and water—soluble Ii Im— lbrni ing

poI3’Iners; c) 4 — 20% of at least one inorganic solid carrier; and, optionally d) 3 —

oF at least one antifreeze agent.

59. W( )‘3 I 6 provides a long laund rv list of Fungicidal active ingredient which may be

coin bined together. However the main combination of interest for WO’ 3 I 6 is

fludioxonil, dilCnconazole and mcfenoxam.

60. WO’3 I 6 Ihils to disclose the triple combination of a mu Itisite fungicide e.g. mancozeb

with individual quinone outside inhibitors, demnethylation inhibitors and succinate

dcliydrogenase inhibitors. Further WO’3 1 6 also fails to disclose the use of such triple

combination For treating soybean rust. In light of these difference WO’353 16 does not

anticipate present invention.

61. WO’3 16 discloses useful compositions dispersion of fungicides comprising at least

one or at least three stutable fungicides for seed treatment. First of all, it is not

obvious to use a combination meant for seed treatment in the actual field. Secondly,
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the three fungicides to be combined according to WO’353 6 are to be selected from a

random I isi, and may not necessarily include a multisite Ilingicide with a dual

combination including a conazole fungicide and a strobilurin fungicide. The preferred

conibinations according to this document are fludioxoni I, mefenxani and

azoxystrobin or difenconazole. Thus, this document does not teach the presence of a

multisile fungicide such as mancozeb essentially, and considers strobilurins or

conazoles as being alternatives to each other i.e. they are not taught to be used

together.

62. This document fails to disclose I lie triple combination of Mancozcb with

combination of first and second systemic fungicides selected from qtnnone outside or

inside nh i hitors, denietin lation inhibitors, or succinate dchdrogenase nh ibitors.

Further this docnnient also fails to disclose the use of such triple combination for

treating soybean rust.

63. With reference to paragraphs 6.3 (e). it is stated that US200510226902 discloses a

diem cal soil d si ii fèstation method in which a fungic idal lv. insecticidal lv or

nemalicidallyac nyc amount of a mixture NI comprising a component a) of a I) 20 to

96% by weight oFsulliir, a2) 4 to 80% by v.eighl ofa complexing agent selected from

the group consisting of: nonpolymeric coniplexing corn pounds: F DTA

(ethvlened am iiictelraacetie acid). NTA (nitrilotriacetic acid) and, ii

appicpriate. one or more crop protection agents b) and/or further additives c) is

applied.

64. The main crux of the I JS’ 902 relates to combination of Sulfur with compleNing

agent and optionally any other active ingrc(Iicnt.

65. liS’902 does not even disclose a cornbination of Sulphur with a dual combination of

systemic hlingic ides. Further US902 lils to disclose the triple combination of any

other niultis ite fungicide with coin b mat ion of first and second systemic fungicide

selected (10111 quinone outside or inside inhibitors. deniethvlation inhibitors or

succmnane delivdrogeuasc inhibitors. Further US’902 also fails to disclose the use of

such tn pIe coin hi nation for treating soybean rust. In light of these (Ii IIreiice US ‘902

does not am tic i pate present invent ion.

66. With reference to paragraphs 6.3 (f). it is slated that US2OIO/197741 allegedly claims

a composition comprising fungicide boscalid (SDl-ll fungicide systemic).

C Ii orothalon i I ( fnuigicides of multiple sites) and at least one other fnmgicide.
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67. The Applicant slates that (JS’74l discloses a fungicidal composition for controlling

phytopaihogenic hariylful fungi, comprising 1) Boscalid, 2) Chlorothalonil and 3) at

least one fungicidally active compound 111 selected from groups A) to F):

A) an azole

B) a strobi In rin

C) a carboxamide

1)) a hete rocyc ic corn po u id

E) a carbainate selected

F) a fungicide selected

68. LS74 thus to disclose the triple combination of a muhisite fungicide such as

<I itil ocarbonitte stick as iuancoi.eh with combination with first system i fungicide and

second systemic fungicides selected flout individual quinone outside or inside

inhibitors. demetliviation inhibitors or succinate dehvdrogenase inhibitors. Further

LIS’ 74 I also [hi Is to disclose the use of such triple combination for treating soybean

rust

69. A pplicaiit states that the amended cIa ms presented with the response to First

Exam mat ion report (An nexure A) do not include cli lorotha Ion il as the contact

liingiemde. fherelhrc. there is no overlap of the amended claims of the present

invention with the disclosure of US74 I -

70. With reference to paragraphs 6.3 (g). it is stated that W020071052256 leaches a

peslicidal composition in the lbrm ol a water—dispersible gramitiFe comprising a) at

least one pestic ida I active ingredient. h) at least one surilictant, c) at least one

dispersing agent. and optionally d) a filler, obtainable b a process comprising of

mixing all the ingredients of the preat IN to obtain a honiogenons pren) ix, in ieron izing

the premix: ‘scttmig the iiimcronized premix; granulating the muieronized wet premix:

diving the granules amid treating said granules with a surtuictant agent.

7 1 Ibis is a phil lbrm technology patent application. The main crux of the i nvcntiomm is to

1,rovile a water dispersible granule composition which may be applicable for number

of active ingredients disclosed therein. \VC’ 256 is not relevant to present invention as

WO’256 hi Is to disclose the triple combination of a multisite fimgicide with

indival q n i mione outside or ins ide inhibitors, demethylation inhibitors or succinate
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dehydrogenase inhibitors. Further WO’256 also thus to disclose the use of such triple

combination for treating soybean rust.

72. It is pertinent to note that the presently amended claims does not falls within the

purview of WO’256. WO’256 discloses tbrmulations containing a single active

ingredient. The choice of the single active ingredient may be wide and may include

the contact fungicide, the conazole limgieide, the strobilurin fungicide or the SDHI

fungicide. Still, these fungicides are to be formulated in isolation according to

WO’256, and are not to he used in any combination. Applicant fails to understand as

to how this disclosure is even relevant to the subject matter of the present invention.

73. With reference to paragraphs 6.3 (h). it is stated that US20121003199 discloses a

method for controlling harmful fungi, which method comprises subjecting plants to be

protected against Ilingal attack to two or more sequential treatment blocks, where at

least one treatment block comprises treating the plants with at least one synthetic

Ilingicide and at least onc treatment block comprises treating the plaits with at least

one biological control agent. with the proviso that the last treatment block comprises

treating the plaits with at least one biological control agent selected from Bacillus

sybil/is and metabol itcs produced thcrefioin.

t, iS’ 99 essentially relates to combination of a synthetic fungicide and a h iological

control agent such as Racillius subtilitis. Biological agents are critical and essential

part of invention discoscd in US’199. The present invention does not disclose any

biological agents to be used in the combination disclosed therein.

75. (]S 199 fails to disclose the triple combination ofa multisite fungicide with individual

quinone outside inhibitors, demethylation inhibitors and succinate dehydrogenase

inhibitors. Further tJS 199 also thils to disclose the use of such triple combination for

treating soybean rust. in light of these difference D7 does not anticipate present

in vent io ii.

76. US’ 199 discloses the list oh’ synthetic Ilingicides that includes systemic fungicides,

such as azoles, strobilurins. carboxamides. and fungicides from multiple sites. US’ 199

discloses that these fungicides are to be used in isolation, along with a biological

control agent. A mere listing of these fungicides does not mean that these fungicides

arc taught to be used in combination. ‘l’he opponent has deliberately’ attempted to

misrepresent the teachings of US’ 199, whereas in reality, this document does not

teach the use of more than one fungicide in conibi nation.
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77. With reference to paragraphs 6.3 (I), it is stated that W02008/049575 teaches method

for control I ing Asian soybean rust comprising (a) applying a pesticidal composition

(A) to a glyphosate tolerant soybean plant propagation material, and ((3) applying a

pesticidal composition (H) to the resulting soybean plant, part of plant and/or the

locus thereof one or more times: i) before emergence, ii) after emergence, or iii) both

(i) and (ii), provided that composition (A) comprises one or more of ilutrialbl,

triticonazole, tebuconazole, ipconazole, epoxyconazole, orysastrobin, prothioconazole

Iluoxastrobin, azoxystrobin, lurarnetpyr, cyproconazole, a compound of lormula (I)

and a compound of formula (B), and pesticide composition (B) comprises glyphosate;

wherein compound (I) is represented by

F 0

F- \
\ _-/ \

H l.—<j (I)

CH

or a tautomer of such a compound, and compound (B) is represented by lbrni ula

4>

7<
>‘N

Fl / \
// \\ /

N--F /

(‘3)

or a tauto ncr of such a con p0 u nd -

7$. W0575 teaches use of glyphosate in combination with the fungicides such as

Ilutriafol, triticonazo]e tebuconazole, ipconazole, epoxyconazole. orysastrobin,

prothioconazole fluoxastrobin, azoxystrobin, furamelpyr. cyproconazole. There is no

suggestion that mancozeh or d ith iocarhamate Ilingicides or multi—site fungicides are

an important add it ion to the composition. Moreover, the compounds tiutriafol,

triticonazole, tehuconazole. ipeonazole. epoxycooazole, orysastrobin, prothioconazole

lluoxastrobm, azoxystrobin, turametpyr, and evproconazole are suggested to be

alternatives to each other. They are not taught by W0’575 to he used in combination,

which is the essence of the present invention. The present invention on the other hand.

teaches the importance of multi—site fungicides as being an important element of the
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present invention and does not mention the use of glyphosate. The inventors in

WO’575 disclose a combination of fungicides with glyphosate for the control of

Asian soybean rust in glyphosate resistant soybean. W0575 fails to teach multi-site

fungicides as an essential part of the invention, WO’575 fails to teach only foliar

applications. The novel and inventive feature of the claimed combination reside in

the use of multi—site fungicides such as dithiocarbamates in combination with

demethylation inhibitor ftingicides and Quinone outside or inside inhibitor fungicides

for the treatment of soybean rust, specifically so as to synergize the effect of the

combination of these actives when used to control Asian soybean rust.

79. WO’575 fibis to disclose the triple combination of N1ancozeb with individual

quinone outside inhibitors, demethylation inhibitors and succinate dehydrogenase

inhibitors. IVurtlier WQ’575 also fails to disclose the use of such triple combination for

treating soybean rust. In light of these difference WO’575 does not render the present

invention obvious.

80. WO’575 teaches use of glyphosate in combination with the fungicides such as

fiutriabol. triticonazole, tebuconazole, ipconazolc. cpoxvconazole, orysastrobin.

prothioconazolc fluoxastrobin, azoxvstrobin, furametpyr, cvproconazoie. ‘lucre is no

suggestion that mancozeb or dithiocarhamate fungicides or multi—site fungicides are

an important addition to the composition. Moreover, the coni pounds fl utria lb I.

triticonazole, lebuconazole, ipconazolc, epoxyconazole. orysastrobin, prothioconazole

fluoxastrobin, azoxvstrohin, furaiuetpyr, and cyproconazole are suggested to be

alternatives to each other. They are not taught by WO’575 to lie tiscd in combination,

which is the essence of the present invention.

SI . fhe present invention on the oilier hand, teaches the importance of multi—site

fungicides as being an important element ot the present invention and does not

mention the use of glyphosate. The inventors in WO’575 disclose a combination of

ftmgieides with glyphosate for the control of Asian soybean rust in glyphosatc

resistant soybean. WQ’575 fails to teach multi—site fungicides as an essential part of

the invention, WO ‘575 fäi Is to teach only IbI iar applications lie novel and

inventive feature of the claimed combination reside in the use of multi—site ftmgicides

stich as d ith iocarbaniates in combination with demethylation inh bitor ftmgicides and

Quinone outside or inside inhibitor fungicides fur the treatment of soybean rtist,

specifically so as to synergize the effect of the combination of these actives when

used to control Asian soybean rust.

17

SYNGENTA EXHIBIT 1038
19 of 728 SYNGENTA v. UPL, PGR202300017



82. WO’575 Ihils to disclose the triple combination of Mancozeb with individual

quinone outside inhibitors, demethylation inhibitors and succinate dehydrogenase

inhibiters. Further WO’575 also fails to disclose the use of such triple combination lbr

treating soybean rust. In light of these difference WO’575 does not render the present

invention obvious.

83. With relhrence to paragraphs 6.3 0). it is stated that W0031022049 discloses an

agricultural composition comprising at least one agriculturally active compound; at

least one alkyl polyglycoside; at least one anionic surfactant selected from a

polyarylplieiol polyalkoxyethcr sulfate and a polyarylphenol polyalkoxyether

phosphate; and at least one basic compound; wherein the at least one anionic

surfactant is neutralized to the inflection point in the titration curve with the at least

one basic compound.

84. WE) 04’) is the platform technology patent. Ihe main crux of the invent ion is to

provide a composition comprising alkyl polyglycoside; alkyl polyglycoside and basic

compound. WO’049 fails to disclose the triple combination of multisite fungicides

such as niancozeb with individual qu inone outside inhibitors, deniethylat ion

inhibitors and succinate dehydrogenase inhibitors. Fur her WO’049 also fails to

disc lose the use of such triple coin hi nation for treating soybean rust.

85. \VO’049 merely lists the active ingredients that may hc used in isolation in the

disclosed formulation. It does not exemplify even a single formulation that comprises

a coinbinat ion of two or iiore active ingredients. WO’040 does not disclose that the

compounds can be used alone or nay he used in combinations of 2, 3. 4, 5, 6. 7 or

more. lhc sentence at page 12, paragraph 3 is a mere speculative statement, hut no

exein pl i lication has been provided. A mere speculative statement in the prior art in

question is not enough to sustain a case of obviousness.

86. With relbrence to paragraphs 6.3 (k), it is stated that W003/005816 discloses a

method of producing I ignin—based matrix mieroparticles for the controlled release of

an agricu tn ral active, the method comprising the steps of: forming an em ulsion of an

organic sol ut ion in an aqueous solution, wherein the organic solution contains a I ign in

derivative arid an agricultural active in a volatile organic solvent and the aqueous

solution contains an emulsifier; and removing the organic solvent, thereby producing

mieropartieles having a matrix comprising the I ignin derivative with in which the

agricultural active is distributed.
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87. WO’Sl 6 is also a platform technology patent. The main invention lies in the process

of forming a lignin—hased matrix in icropaiticles. All the examples i-elates to

Imidacloprid m icropartieles. A laundry list of active ingredient is mciii ioned in

WO’8 16 from which a person skilled in the art can pick and choose a active ingrdient

and make a lignin—based matrix microparticlcs. WO’S J 6 is nowhere relevant to

present invention, and as such deserves to he discarded.

88. Further WO’8 16 also fails to disclose the use of such triple combination foi treating

soybean rust. In light of these difference \VO’S 16 does not anticipate present

invention.

89. WO’8 1 6 discloses the list of active compounds that includes agricultural Iiiiigicides

of multiple sites, such as d itliioearhaniates. phthali ii ides, sri Iphonani idcs. guanidi ic

and systemic Ilingic ides. such as DM1: triazoles. Strobilurin corn pounds and their

in ixtures, bitt the opponent fai Is to meni ion Iliat these lit ngicidcs arc to he used in

isolation - They are tiot taught to be used in corn bination with eac Ii other.

90. Applicant states that by repeatedly’ misrepresenting the contents ol the cited prior art,

the opponent ni ischaracterizes (he present in vcntion, as also mistaken Is tiaking out a

ease of obviousness where none exists. WO’S 16 never teaches using the finigicides

in combination, which the prcsent invention requires. A mere I inca r listing of the

limgicidcs in question is not sufficient to sustain the ground ofobviotisness where the

prior art does not teach using these fungicides in the exact combination which the

presently amended claims require.

9L With reference to paragraphs 6.3 (I). it is stated that US20021173529 discloses dual

combinations i.e. combinations comprising only two active ingrcdients. The

compound of formula (Ij is US’529 is prothioconazole. US 529 thus disc loses

combinations coinprisnig prothioconazole. and a specific triazonc derivative of

thrmu Ia II. or tebucotiazo Ic. or prop neb. or inancozeb. or azoxy’stroh in and so cii.

92. There is no disclosure or hint in LS 529 towards triplc combinat otis. The present

invention does not claim to have prepared combinations of proihioconazole and

mancozeb for the ilrst time. The present invention relates to a triple combination

comprising three fungicides: at least one multisite contact fungicidcs. and at least two

systemic fungicides: selected from strohilurin fungicides. or conazolc fungicides or

succinate dchvdrogcnasc inhibitor fungicides. LJS’529 does not envisage any Iriple

combination of flinuicides.
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93. With reference to paragraphs 6.3 (m), it is stated US2012/088665 again discloses

irrelevant dual combinations. These combinations include a sulfur—containing triaiole

compound, and at least another fungicide selected from strobilurins, carboxamides,

azoles, carbamates and dithiocarbamates, growth regulators, herbicides and

insecticides. The presently claimed invention does not require the presence of a

sulfur—containing triazo Ic compound.

94. The present invention relates to a triple combination comprising three tiingicidcs: at

least one multisite contact fungicides, and at least two systemic fungicides: selected

from strohilurin fungicides, or conazole fungicides or succinate dehydrogenase

inhibitor fungicides. (JS’665 does not envisage any triple combination of tiingicides.

95. The list of compound II includes systemic fungicides, but they are stated to he

alternatives to each other and are never exemp Ii lied to have been used iii combmation

The opponent I hi miks I hat a mere listing of the fungicides in the prior art is sufficient to

sustain the ground of’ obv iousncss, hut this is not true. A pplicant states that in order to

sustain the ground of obviousness, more than a mere listing of the fungicides in

question is required. It requires a teaching of how to combine these limugic ides, which

is absent ui the present case. Thus, the ground of obviousness sought to he made by

the opponent is u us usta i nable.

96. With reference to paragraphs 6.3 (mi). it is stated US6,569,809 discloses a concentrated

furman lation coni prising glyphosate and tin iii ioxazin. iS’ 809 ftu’tlicr discloses that

instead of glyphosate. certain other water soluble active ingredients nay he present,

and instead of flumioxazin also, certain other water insoluble herbicides may he

present. It is not clear to the applicant as to how the disclosure of this reference is

even remotely relevant to be subject mailer of he present invention.

97. The present invent ion relates to a triple coni hination comprising three fungicides: at

least one multisite contact fungicides. and at least two systemic fungicides: selected

from strobilnrin fungicides, or conazole fungicides or suceinate dehydrogenase

inhibitor fungicides. US’809 does not envisage any triple combination of fungicides.

98. lime list of additional compounds disclosed in US’809 includes system ic fungicides,

but they are stated to he alternatives to each other and are never exemplified to have

been used in combination. The opponent thinks that a mere listing of the fungicides in

the prior art is su file ent to sustain the ground of obviousness. hut this is not true.

Applicant states that in order to sustain the ground of obviousness, more than a mere

listing of the fungicides in question is required. It requires a teaching of how to
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combine these fungicides, which is absent in the present case. ilius, the ground of

obviousness sought to be made by the opponent is unsustainable

99. With reference to paragraphs 6.3 (o). ills stated that US2012/0129696 relates to a

method For increasing the level of free amino acids in the storage tissues of perennial

plants by the application of a strobilurin compound, optionally’ along with another

fungicide which may be carboxamides. azoles. carbaniates and other inorganic

compounds. Thus, it would have been absolutely clear to anybody who would have

read (JS’696 that it relates to double combinations comprising a strobilitrin and

another fungicide.

1 OO.The present invention relates to a triple combination comprising three Iiiiigicides: at

least one multisite contact fungicides. and at least two systemic fungicides: selected

from strobilurin fungicides. or conatole fungicides or succinale delivdrogenase

inhibitor fungicides. US696 does not envisage ally triple combination of Ilingicides,

nor its use for the control ol soybean rust.

I 0 I [lie opponent has again and agai ii cited a mere I isting of the fungicides in the prior art

as being sufficient to sustain the ground of obviousness, but this is not true. Applicant

states that iii order to sustain the ground of obviousness, more than a mere listing ot

the fungicides iii question is required. It requires a teaching of how to cunihinc these

fungicides, which is absent iti the present ease. Thus, the ground of obviousness

sought to be made by tile opponent is unsustainable.

102.With reference to paragraphs 6.3 (p), it is stated US20l3/0309327 again discloses

dual combinations. It discloses combinations of sulphur with a second active

ingredient which is either strobiltirin or a conazohe, hut according to tile disclosure of

US’327, it cannot be both sirobilitrin and conazole. Ihns, it would have been

absolutely clear to anybody who would have read US 32? that relates to double

combinations comprising sulphur and a second fungicide.

I 03.The present invention relates to a triple combination coniprising three fttngic ides: at

least one multisitc contact fungicides. and at least two systemic linlgicidcs: selected

from strobilurin fungicides, or conazole fungicides or suceinate deliydrogenase

inhibitor fungicides. US’327 does not envisage any triple eombmation of ftnigieidcs,

nor its use tbr the control of sovhea ii rust -

I 04.With relèrence to paragraphs 6.3 (q). it is stated that LJS2008/269174 is irrelevant to

the presently claimed subiect matter. It discloses combinations comprising

tebuconazole and at least o lie of another set of compounds which includes
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azoxystrohin. The disclosed second set of fungicides does not include mancozeb.

Thus, US’ 174 fails to disclose conibinations comprising niancozeh. a strobilurin

fungicide and a conazole fungicide. US’ 174 essentially discloses double combinations

comprising tehuconazole and a second fungicide.

1 05.ihe present invention relates to a triple combination comprising three fungicides: at

least one multisite contact fungicides, and at least two systemic fungicides: selected

from strobilurin fungicides, or conazole fungicides or succinate dehydrogenase

inhibitor fungicides. US’ I 74 does not envisage any triple combination of fnngicides,

nor its use for (lie control of soybean rust.

I 06.Although US’ 174 discloses strobilurins. and other nultisite contact fungicide in the

list of possible fungicide 13, it does not teach mInding more than one type of the

fungicide B in combination with tebuconazole. Ihe listing of strohilurin and niultisite

fungicides as fungicide 13 is in the alternative i.e. if one is used the other is not used.

This is away froni the concept of using them in a corn bination.

I 07.With reference to paragraphs 6.3 (r), it is stated that New fungicides for grapevine

powdery mildew management; Gary g. Grove and Mark E. Nelson; 201 I does not

disclose fungicides for the control of soybean rnst, but for grapevine powdery ii ildew.

In its closest approach to the subject matter of the present invention, tins article

discloses the coiiihination of tehuconazo Ic and tn floxystrobmn, hut niancozeb or any

other niultisite fungicide at all is not disclosed to he used in this corn hinat ion. In fact,

tli is article does not teach any corn hination conipris ng mancozeb at all.

1 08, lIe Applicant lii rher states that this article always re lCrs to a double combination of

fungicides i.e. either one multisite with one systemic fungicide. or two systemic

fungicides. There is no disclosure of a triple combination of fungicides including at

least one multisite fungicide with at least two systemic fungicides.

1 09. In contrast the present invention relates to a triple combination comprising three

fungicides: at least one niultisite contact fungicides, and at least two systemic

fungicides: selected from strohilurin fungicides. or couazole fimgicides or succinate

dehydrogenase inhibitor fungicides. ‘Ihis article does not envisage any triple

combination of fungicides. nor its use for the control of soybean rust.

11 0.With reference to paragraphs 6.3 (s) and (t). it is submitted that to make such specific

selection of one niultisite contact fungicides, and at least two systemic fungicides:

selected from strobilurin fungicides. or conazole fungicides or succinate

de]iydrogenasc inhibitor fungicides to reach at the composition of the present
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invention an element of hindsight will be involved and it is therefore submitted that

the present invention is not obvious for a person skilled in the by the teaching of prior

art as mentioned herein above alone or in combination with each other and ilierefore it

is slated that the present invention involve inventive step” as mentioned in section

2(1 )Ua) of the Patents Act, 2005.

[11. With reference to paragraphs 6.3 (u).it is stated in the view of rhe above submission

the present invention is not obvious for a person skiflen in the art in view of the

combine teachings of the prior art documents Annexure I I—XV III to arrive at the

composition claimed in amended claim I and method for treatment as claimed in

amended claim 9.

I 2.The Applicant states thai as evident - from above submission that the non—disclosure

of the elainied corn binations in the c ted prior art implies that the present invention

mild have been non—obvious and involves an inventive step. It has been seen above

that almost all of the above cited prior references discloses only a double combination

of ftuigicides. None of the disclosed combinations envisage the presence ol a inultisite

fungicide, specifically mancozeb, in this combination. None of the disclosed

combinations recite a triple combination of fungicides including a inultisite fungicide

such as mancoieb. Jn contrast, the present invention relates to a triple combination

comprising three ftmgicides: at least one inultisite contact fungicides. and at least two

systemic fungicides: selected from strobilurin f’ungicides, or coitazole fungicides or

succinate dehydrogenase inhibitor fungicides.

II 3.Without prejudice to anything aforesaid, applicant states that the presently claimed

invention involves an inventive step, and relies on the Expert A ffldavit Dr. Ci son

Oliveira in its cntirety tiled with the Response to the First Examination Report of the

instant application as being pan and parcel of the present reply stateineni tiled with

the Response to the First Exam nation Report of the instant application as being part

and parcel of’ the present reply statement, and adopts the reason inn pro’ idcd by Dr.

Oliveira as a part of the applicants reply statement, which are not repeated herein

nierelv for the sake of brevity. Applicant annexed herewith a copy of’ affidavit of Dr.

Gilson Olivcira as Annexure B.

I 4.Relying on the evidence set forh by Dr. Oliveira. applicant states that the presently

amended claims involve an inventive step:

Recause none of the cited prior art discloses a triple ilingicidal

coin bination eoni pris ing at least one mtiltisite fungicide and at least two

23

SYNGENTA EXHIBIT 1038
25 of 728 SYNGENTA v. UPL, PGR2023-00017



systemic fungicides selected from a quinone outside inhibitor, a qunone

inside inhibitor, a dernethylation inhibitor arid a succinate dehydrogeiiase

inhibitor, or a method for treating soybean rust in a host legum i nous plant

by applying these coiiihinations:

2. Because the prior art envisaged the dual comhiiation of systemic

fungicides without the niultisile contact fugicides: and because the

eflicacy of these systemic fungicides had been reducing gradually with

usage over the years:

3. Because the presence of a iiiultisite fungicide as recited reversed this

gradual decline in the Ilingicidal efficacy of the systemic fungicides:

4. Because the efficacy of cvproconazole + azoxystrob i niixture over six

seasons reduced from 90% in 2003/04 to 2013/14 efficacy of only 41%

control, and because of a mullisite Ilingicide, this declining trend was

reversed;

5. I3eeause for cyproconazole + picoxystrobiii mixture over six seasons, the

efilcacy reduced by 9.0% per year, reaching 37% control crop in 2013/14.

and because of a multisite limgicide, this declining trend was reversed;

6. Because for epoxiconazole + pyraclostrobin iii ixture over six seasons,

from the 2009/I 0 harvest the effectiveness of this mixture has been

decreased by 12.6% per year, reaching the last harvest 23%, and because

of the presence of’ a mu Itisite liuigic ide, tli is trend was reversed;

7. Because from 2008/09 the average efihetiveness of niixtin’cs

‘cyproconazole azoxvstrohin’, “evproconazolc -- picoxystrohin” and

“epoxiconazole + pvraclostrohiii’ over six crops has been reduced by 9.0%

per year, reaching 37% in the last harvest, and because this trend was

reversed due to the addition of a m nIt sHe contact frmgic ide:

8. Because the experimental resti Its of Dr. Oliveira deiiionstrate that the

addition of the mu Itisite Iii ngic ide such as mancozeb l’iuigic ide not only

enhances the perceroage control. but also reverts the observed control to

the original level ol’ 80%:

9. Because lie efficacy of these known dual combinations decayed by more

than 50%, leading to the cancellation of these registrations by the Brazilian
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regulatory authority MAPA, leading to the failure of these fungicides, and

that this Failure was cured only by the addition of a multisite contact

ftingicides:

10. Because an independent and unbiased study commissioned by EMBRAPA

i.e. the Brazilian Agricultural Research Corporation, found post—filing of

the present invention that the addition of a mu Itisite fungicide e.g.

mancozeb to the combination of demethylation inhibitor + quinone outside

inhibitor reverses the decay of efficacy of the known combination of

demethylat ion inhibitor + quinone outside inhibitor and reverts it to the

original known efficacy or better efficacy;

II. Because it was observed that in the presence of mancozeb, there was 15 to

30% reduction in the percentage incidence of soybean rust;

12. Because these combinations comprising inancozeb in addition to a

dem ethyl at ion in hi hi tor and a q u i none outside inhibitor were approved by

EMBRAI’A for the control of soybean rust, whereas 63 other existing

products failed to successfully control Asian soybean rust in the absence of

a mu Itisite Iluigicide:

I 3. Because the resulting triple combination of a multisite contaci fungicides

and at least two systemic fungicides were also synergistic according to the

Colby’s formula;

I 4. Because it was fund that mancozeh. a inultisite fungicide. surprisingly

enhances the efficacy in a triple combination (present invent ion) more than

it does in a double combiiation (prior art). In the double coin binations

(prior art). nancozeb was found to actually antagonize the ellicacy of

either a strohi lurin or a conazole ftingicide, but its efficacy enhancing role

was consistently greater than 20% or 30%, and being near about 50% —

60% when present in the triple combinations of the present invention;

IS. Because the exact combination of fungicides as claimed is critical and the

addition of an optional other insecticide tended to antagonize the

coni hi nat i on

16. J3ecause fipronil, an insecticide, when sprayed together with

Trifloxistrobin + Ciproconazol + Mancozeb promoted antagonism in the

control of Pha/t-opsora pachyihizi in the evaluations of 7 days after third
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spray (7 DAC) evaluation, and thus the exactly claimed combination was

critical for synergistic cffbct;

17. Because lIpronil, when sprayed together with Azoxistrohimi + Ciproconazol

+ Mancozeb promoted antagonism in the control of Phakopsora

pachi’rhizi in the evaluations of 7 DAC and thus the exactly claimed

combination was critical for synergistic effect

18. Because ipronil, when spraycd together with Fritloxistrobin +

febuconazol + Mancozeb promoted atitagon isni in the control of

Phakopsota pachvilnri in the evaluation of 7 DAC and thus the exactly

claimed combination was critical lbr synergistic efleet;

19. Because antagonism was observed in most of (lie evalttatiomis in mu ixtumes

ofstrobiltirin fungicide + conazole fungicide + Mancozeb with Fipronil;

20. Because the addition of fipronil an extraneous insecticide, was found to

antagonize (lie Imnigicidal efficacy at a triple combination of tuiigicides

consistiig of niancozeb, a strobi lurin timgicidc and a coiiazole tungicide.

and because the triple coinbinat ion as claimed herein was critical in the

presence of Ilie three Ilingicides exactly as reciled herein:

2 1. Because the role of tile mull is ite coiilact Fungicides in dual combinations

was substantially dilèrent and in erior vis—á—vis its role in triple

corn b i nat ions of the present invention:

22. Because the addition of mnaneo,eb. to either a strohi jun n lungic ide or a

conazole fungicide, did not sign i ficani ly enhance the elilcacy of the

strohiluriii or the conazole fungicide in isolation, hut in fact was almost

always antagonistic, being mildly additive (about +1.1%) to being

critically antagonistic (varying loin about —1.5 to about —10.0). but (lie

benefits of adding mancozeb to a double combination of systemic

fungicides i.e. a corn bination comprising a conazo Ic fungicide and a

strohi lurin lii ngie ide. was unexpecled and surprising;

23. Because upon addition pf mancozeb. to a strobilurin Iimgicide and a

conazoie Ilingicide combination. the resulting efficacy was surprisingly

greater than what was expected 11am a knowledge of the nprovenient

accruing to the efficacy of either the strobilurin fungicide or the conazole

fungicide in isolation. and that it was consistently greater than 200/u (i.e.
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double the improvement in the isolated strohi turin or the conazole

fungicide), mosily greater than 3O% (i.e. triple the improvement in the

isolated strobilurin or the conazole fungicide), and preferably’ gieater than

500/u or about 6O% (i.e. 5 or 6 tines the improvement in the isolated

strobi lynn or the conazole fungicide);

24. Because the association oF mancozeb with coniincrcial products based in

mixtures of pyraclostrobju and epoxiconazole, picoxysirobin and

ciproconazole and azoxystrobin and ciproconazole increased the yield

synergistically:

25. Because the presence of’ a inultisite contact fungicide such as iiiancozeb

reduced the sensitivity reduction Ilictor (SRF) of the systemic fungicides to

less than 1.0;

26. Because it was natlieniat cal Iv found that fur inancozeh, the calcti fated

res stance factor (FR ) was (lie lowest value coin tmrl to other pmducts,

which may suggesi. due to its non—specific mode 01. action, thai (lie ac we

exerted a lower or no selection pressure;

27. [3ecause it was found that the greater adoption of multisite fungicides

(mancozeh) in Rio (iraiide do Sn t State he I p to keep the sensitivily

reduction factor of’ azoxystrohin, triloxystrohin. ciproconazol and

tebuconazol less than in Parand State i.e. led to a helter efficacy:

28. Because the increase iii the sensitivity reduction factor in Parana state,

where mancozeb use wils not prevalent, was 90.62%, whereas in Rio

Grande state where inancozeb use was prevalent, it was only 39.Ol

29. Because it was found thai a lower inn his He funn ic ide i.e inancozeb

adoption ted to a strealer es istance to the fungicides. in turn lead i 1W to

lower lungicidal efficacy in Parana State whereas, a greater niancozeb

adoption led to a lo’ ci resistance to the ftiiigic ides, n tti rn leading to

significantly higher tuiiigicidal efficacy in Rio Grande do sul State:

30. Because for the first tune. by way of the present invention, it v as

scientifically possible to correlate the sensitivity reduction factor to the

adoption of inancozch used in the treatment used to control the in ngal

infection:
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31. Because the presence of a multisite contact fungicide surprisingly reduces

the phytotoxicity due to the resulting triple combination;

32. Because from the phytutoxicity results, it was seen that 7 days after fourth

spray (7 DAT I)), a significant reduction of phytotoxicity using Mancozeh

in association of a dernethylation inhibitor fungicide namely

Prothioconazole in combination with irifloxystrobin was noted;

33. Because, it was found surprisingly found that mancozeb reduced the

phytotoxicity of protliioconazole alone by 72.2% and 75.5%, but in a

combination of systemic fungicides, mancozeb caused to reduce the

phytotoxicity of the combination by 100%, 84.4% and 77.5% respectively.

and thus because the contribution of mancozeb in reducing the

phytotox ic ity of a double combination of systemic Ilingic ides is more than

its contribution in reducing the phytotoxicity of single systemic fungicide

in iso lat ion;

34. Because, like mancozeb, chlorothalonil also increased the efficacy of a

dual combination of systemic Ilingicides fom between I .5% to 20.0%,

aiid morc importantly, the trend of decay in the efficacy of the system ic

fungicides combination was reversed;

35. Because, like mancozeb. copper oxychloride also increased the efficacy of

a dual combination of systemic fungicides by about 25.0%, and inure

importantly, the trend of decay in the efficacy of the systemic timgicides

combination was reversed;

36. l3ecause of the secondary evidence set torlh by Dr. Oilveira in the form of

a reasonable expectation of a person skilled in the art;

37. Because prior to the publication of the present application, there had been

a general scientific prejudice in the state of the art against the use of

multisitc fungicides in soybean rust control program. and because the

publication of the present application decisively marked an end to this

scientific prejudice. to the extent that the current thinking in the scientific

community took a dramatic turn immediately after the publication ot the

present application;

38. Because Dr. Claudia (iodoy’s research publications prior to November

201 5 being Papers I — 15, no mention could he found regarding the use of
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a multisite fungicide for controlling soybean rust. hut in Papers 16 — 21

i.e. post publication of the present application, Dr. Godoy has

independently con firmed what the present inventors found three years

earlier i.e. in 2013 that the inclusion of a multisite contact fungicide in

addition to the mixture of triazoles and/or strobilurins and/or SDlils

leads to surprisingly beneficial etièct;

39. Because the post-published Paper 16 proves that in a combination of

picoxystrobin + cyproconazole, the addition of multisite limgicides copper

oxychloride (1 6%), ch lorothalon ii (I 5%), inancozeb ( J 5%), copper sulfate

(1 9%). propineb (1 9%), and fluazinaiu (20%) leads to a surprising increase

in efficacy of the double combination of systemic lungicides:

40. Because Paper 16 also proves that this improveiiieiit was seen for the

combination of azoxystrobin and S DH I fungicide beuzov nd ill upyr;

41. Because Papers 17—21 also demonstrate the increase in the efficacy of the

systemic fungicide combination due to the addition of a rnultisite

lungicide;

42. Because, as opinionated by Dr. Oliveira, the use of a inultisite contact

fungicide for treating soybean rust is a very unconventional idea, one that

would not occur to a skilled agronomist without the benefit ci’ hindsight,

and that these m nit isite Ilingic ides were being used historical l) t’or the

control of soybean rust, but with the advent of strohilurin. conazolc and

SDI-1 I class of fungicides, the mu It isite contact fungicides were superseded

by the later discovered systemic fungicides. thus, reconsidering the use of

multisite fu ngicides for soybean rust control would have been akin to

moving backwards in technology, and thus unlikely to have been

considered seriously by a person skilled in the art.

43. Because the pathogen for rust penetrates and colonizes the leaf tissue,

forming necrotic lesions, and due to its penetrative nature. it has always

been treated with systemic fungicides i.e. fungicides absorbed within the

plant tissues while muttisite contact lb ngicides have not been

recommended, or have been discouraRed, from being used in rust control;

44. Because the Preez PhD thesis clearly discourages the usc of contact

fungicides in rust control;
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45. Because Papers 8 and 11 also concludes that the addition of a foliar

fungicide treatment regimen d id not have a favorable influence on the

standard known treatment regime of strobilurin + conazole fungicides for

ihe control of soybean rust, contrary to the present invention;

46. Because Paper II concludes that — Fungicide trials in India (Pa/il and

.4na/,us,u-, / 995) idc’nu/ied several Iriazole compounds, hexaconazo/e,

Ii’u:din,efon, pioj’iconazole and difknoconazo/e. which per/brined better

1/lw? ,,iaiicozch, Iii(leiIiorph (777(1 chlorotha/oni/. which discussion clearly

discourages a person skilled iu the art from consideriug the use of contact

liungicides in soybean rust control programs;

47. Llccause considering Dr. (7 laud a Godoy’ s publications on rust control

hefurc and alter the publication of the present application, Dr. Oliveira

concludes that the puLIication ol this application did precipitate a

Eturnaround iii the collective thinking ol’the state olihe art towards the role

to he played by a nultisite contact fungicide in the control of rust.

Ii 2 With respect to lie ground of’ Section 25(1 )(d) (paragraph 6.4 (a) to 6.4 (g)), it is

stated thai None of these cited prior commercial products envisages aiiv triple

conibmat ion of Ii nigicides. nor its use ibr the control ot soybean rust as explained

below.

• Avtar (iiuich 68% 1 hexaconazole 4% WP). MERGER (tricyclazole 18% +

manco/cI’ b2% WI’). Native (tn tloxysirohin to 25% tebuconazole to 50%).

Unicorn 1)1: (tehuconatole to 1.5% sulfur content to 70%).

• AV’l’AI{ is again a dual combination of liuigueicles. It discloses a

eounbinauon of zineb and hexaconaiole. Zineb is not unaulcoLeb. Secondly, it

does uiot recite the presence ofa strobiltunin fungicide.

• MERGER discloses a double combination comprising mancozeh and

tricyelajole. It does not envisage the presence of a strobilurin fungicide iii this

cohllhilatioul.

• NATIVE discloses a double combination comprising tritloxystrohin and
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tebuconazole. It does not envisage the presence of a multisite fungicide,

specifically mancozeb, in (his combination.

• UNICORN again discloses a double combination comprising tehuconato]e

and sulphur. It does not envisage the presence of a inultisite fungicide.

specifically niancozeb. or a strohi[urin finigicide. in this combination.

113 In contrast the present invention relates to a triple combination coinprisilig three

fungicides: at least one multisite contact fungicides, and at least two systemic

fungicides: selected from stiohiltirin fungicides. or conazole fungicides or succinate

dehvdrogenase inhibitor fungicides.

114 It is therefore stated I hat none of these cited prior coin mere al products en\ isages any

triple combination of fungie ides or its use thr the control of soybean rust.

115 With respect to the ground of Section 25( U() (paragraph 6.5 (a)). the applicant

states that as demonstrate herein above the present invention is novel, inventive and

technical advanced over the prior art and show economic significance and the present

invention is not obvious for a person skilled in the art.

II 6 With respect to the ground of Section 25(1 )(l) (paragraph 6.5 (b)), the appl cant

states that the opponent has alleged that the present invention does not ins ol ye any

inventive step, is obvious and does not have any industrial application It is stated

that such allegations are ti ita II y baseless and without any support

I 7 With respect to the ground of Sect ion 25(1 )(l) (paragraph 6.5 (c) ). itis staled that the

appl cant has demonstrated herein above that the present invent ion is novel and

inventive in view of (lie teachings of prior art (Anriexure It, Ill. IV, V. VI. VII and

VIII as well as Aiine\ure IX to xxirr.
I 18 The Applicant states the inventive step of the present invent ion (sign i hicant

feature/coinponent/cliaracterist ic) is also supported by the Expert Affidavit of Dr.

(lilson Oliveira whereas the opponent fail to file any expert evidence to show that tile

present invention does not involve any inventive step and is obvious for a person

skilled in the art.

119 With respect to the ground of Section 25(1 )(f) (paragraph 6.5 (d)). it is stated that the

applicant has denionstrated hercin above that the present invention is novel in view
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of the teachings of prior art (Annexure Il—Vt II) and inventive in view of the teachings

of Annexure 11 to XXIII.

120 With respect to the ground of Section 25(l)(t) (paragraph 6.5 (e)), it is respectfully

submitted that According to Section 3(d) of the Patents Act, 1970 “the lucre

discovery of a new /brm of a known substance u/nc/i does not res u/f in (lie

enhancement of knoii’,i efficacy qf’ thd substance or the mere thscover of any nei’

property or new use for o known substance or of (lie mere use of’ a knoi4’n process.

machine or apparafls luiless such knoil’n process results in a new product or

employs at least one new reactant’’ is not patentable under this Act.

I 21 It is submitted that the presently amended claims relates to a composition comprising

atleast three tungicides (i.e. selected horn multi—site contact fungicide, a lust

systemic lungieide and an additional second systelilic fungicide).

I 22 The Applicant relies upon the subin ssion made herei nbelore to show that the

presently amended claims are novel and inventive and the same is not reprod need

below for the sake of brevity.

123 It is therefore submitted that presently amended e Ia mis are love I and inventive and

possesses improved efficacy and therefbre does not relates to new form of the known

substance or new use of a known substance.

124 In view of the above submission the present invention does not attract clause (d) of

Section 3(d) of the Patent Act.

1 25 The Applicant further relies upon the Expert Aftidavit of Dr. Cilson Oliveira to

demonstrate improved efficacy of the composition of the present invention over

co ii mere i a I known products.

I 26 With respect to section 3 (e) of the Patent ActS it is respectfully submitted that

According to Section 3(e) oF the Patents Act, 1970 ‘‘a substance obtained by a mere

admixture resulting oni in (lie aggregation of (lie l2l’opeitie.v of the components

thereof or a process/or producing site/i substance ‘‘ is not patentable under this Act.

127 It is submitted that the presently amended claims relates to a composit ion comprising

aticast three fungicides (ic. selected lion? multi—site contact fungicide, a first

systemic fungicide; and an additional second systemic fungicide).

128 It is submitted that tile addition of dithiocarhamate [multi—site contact fungicide] to

mixture of strobi lurin and triazole flingie ides [deniethylation inhibitor (I)M I) +

qu nine outside inhibitor (Qol)] increase disease control and mi proved yield of’ plant.

Complete specification at page 24 to 26 (Examples) shows that the addition of a
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multi-side contact fungicide such as Maneozeb acted a synergist to the combination

products registered for the treatment of Asian soybean rust.

129 The Applicant further relies upon Expert Affidavit of Dr. Gilson Oliveira to

demonstrate the synergistic effcct of the composition of the present invention. Thc

opinion of Dr. Olivcria tinder the ground of inventiveness is rclied upon hcrein to

show that the presently claimed invention does not attract Section 3(e) of the Act.

130 It is therefore submitted that the composition claimed in the present invention is not a

mere admixture and provides synergistic effect to control soyahean rust.

131 With reference to section 3 (h) of the Patent Act, According to Section 3(h) of the

Patents Act, 1 970 “a inc/had of agriculture or hoitmulture’ is not patentable under

this Act.

132 It is submitted that the presently amended claims relates to a composition comprising

atleast three fungicides (i.e. selected from multi—site contact fungicide, a first

systemic fungicide; and an additional second systemic fungicide) and a method for

treating soybean rnst in a host legum inous plant.

1 33 It is further submitted that the present invention as amended does not relate to a

method of agriculture or horticulture per se, but relates to a method of for controlling

fungus at a locus and therelbre it is slated that the present invention does not attract

clause (h) of Section 3.

I 34 With respect to the ground of Section 25(1 )(g) (paragraph 6.6), it is stated that the

impugned application sufficiently and fairly describe the invention in a manner so as

to enable a person skilled in the art to pert orin or work the invention. The c aims

have been anicnded and are sufficiently based on the matter disclosed in the complete

5l3C if cation -

135 The applicant further states that iii view of the data provided by Dr. 01 iveira. the

amended claims are now supported by snfficient experimental data with sufficient

examples of fungicides from each selected class so as to make it more than plausible

that the invention as described works as intended for the entire class of the selected

ftingie ides.

136 In view of the above arguements it is stated that the complete specification and

amended claims meet the suficiency requirement ot the complete specification in

order to be performed present invention by a person skilled in the art.

137 With respect to the ground of Section 25(1 )(g) (paragraph 6.7), it is respectfully

submitted that the petition under rule 137 is submitted herewith to condone the

-3-)
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delay iii providing particulars of loreign filings corresponding to the instani

application and fresh form 3 with updated status is submitted herewith the same may

be kindly taken on record.

1 38 With respect to the ground of Section 25(1 )(k) (paragraph 6.8) it is slated that the as

explained hereinabove that (lie present invention is novel and inventive and therelore

the present invention is not anticipated having regards to the knowledge. oral or

otherwise, available within any local or indigenous community in India or elsewlicrc,

in the world. It is thereibre stated that the ground of 25(1) ( k) ought to he dismissed.

139 Tn view of the above the applicant vehemently denies the al legatioiis pnt forward b

the opponent as misconstrued and baseless and without an’ merit and is lotally

directed to delay the grant of’ the present application. The opposition may accordingly

he dismissed ‘vith exemplary cost against the opponent.

140 The Applicant prays for:

(i) that the reply statement be taken on record along with the supporting

cv idence by Dr. G i Ison 01 ivcria;

(ii) that the opposition by way of’ representation be rejected in toto:

(iii) that leave to provide further expert evidence, if required. he granted;

(iv) that an early hearing he fixed;

(v) that the opposed appl eat ion be proceeded to grant

(vi) that exemplary cost againsi Ihe opponent be awarded so as In deniot i\ate

others from indulging in such illegal and unethical aelivities; and

(vii)Sueli other reliefs thaI the Id. Controller considers fit and appiopriate tinder

the facts and circumstances of lie case,

I 4 1 In the light of the above, the applicant denies all the allegations put fhr\% ard in the

representation by the Opponent and requests the Ld - Contro 11cr to (lisni iss the

opposition.
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142 We humbly pray that the applicalion may be proceeded to grant

Dated this the O4” day of October 2019

Aatt
DR. SANCHITA GANGUIi

IN/PA No. 625
Of S. Majurndar & Co.
(Applicant’s Agent)

To
The Controller of Patents
Thc Patent Office Branch
Kolkata
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ANNEXURE A

WE CLAIM:

1. A flingicidal composition comprising at least one mull i—site contact

fungicide: a first systemic fungicide and an additional second systemic

5 fungicide, wherein

the multi—she contact fungicide is selected from:

(i) copper lungicides selected from copper oxycliloride, copper

sulfate, copper hydroxide and Irihasic copper sulFate (Bordeaux

lii \ t u ic):

10 (ii) elemental sulfur:

(Hi) diii i ‘carbamate Fungicides selected from amoham. asomate.

ai ih i rain - carhamorph, cu lianeh cuprohani. distil tiraiii. tirhani,

ncLin, nabant tecorain. th ram. u rhac ide. zirani. dazoinet. eteni.

nil mb. mancopper. mancozeb. maneb, inetirani. polycarhaniate,

1 5 pro pinch and zi neh:

iv) phi ui I im idc iuingic ides selected from fh pet, captan and captalol;

(v) snlfain ide fungicides selected From dichlofltianid and

In lviii ti an id

(vi) gtianidiiie fungicides selected from dodine gtiazantine and

20 i in iii oc taad i ne;

(vii) an ilazine:

(viii) tlilhianon; or

(ix) combinations thereof.

25 the first and second systemic Fungicides arc selected from a quinone outside

inhibitor, quinone inside inhibitor, demthylation inhibitor, and suecinate

dchydrogcnase mb b itor; wherein:

27
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(i) the qu none outside jphjbilor is selected from fenamidone,

faiiioxadone. and a strobilurin hingicide selected &oIu the group

consisting of azoxystrobin. mandestrobin. cournoxystrobin.

enoxastrohin, flulènoxysirobin. pvraoxystrobiii. dimoxystrobin.

5 enestrobin. fluoxastrobin. kresoxini—methyl. metoniinostrobin.

orvsastrohin. picoxvsirobin. pvraniciostrobiii. triclopvricarb.

Ièciaminstrohin, pvraclostrobiii and trilloxystrobin:

(ii) the dcmcthyiatioii iiili ihitor is selected from triflum izole,

tn brine, pyrid nitnile, pynifenox, lenarimol, nuarimol, trianiniol

10 and a conazoic ilingic ide selected from the group cons sting of

climbazole, ciotrimazoic. imazaliL oxpoconazoic. prochloraz,

piochioraz—nIaiit!ancsc. tn fluni izoie, azaconazo Ic. bitertaiio I,

bronuiconazole, cvpnoconazoic. diclobiilra?oi, difenoconazole.

d in conayo Ic. din iconazo Ic— l\4 cpox iconazo Ic. elaconazo Ic.

1 5 lenbuconazo Ic, fl uolriinazole. iluqu nconazolc. ti usi lazo Ic.

fltilniafol. iiircoiiazole. furcoiiazoic—cis. liexaconazole.

ni i bcnconaiole. pconazoie. niciconazoic, irnc lohutan ii.

pencoconazoic propiconazole, proiliioconazo Ic. qt inconazoic.

soicconazo Ic. ichuconazole. tei raconazoic, tniadiniclbn.

20 tniadinienol, tnt iconazo Ic, uniconazo Ic. penlurazoate and

tin iconazoic-P;

ii) the qu i none inside i nh i hi ton is am iso Ibrom and

(iv) a succinate dchydrogenase inhibitor selected from the group

consisting of benodan i I, flutolan ii. mepron ii. fluopyram.

25 fenliiram, carhoxin o.\vcarboxin, th ifluzam ide, hixafen.

Iltixapyroxad. I\irametpyr, isopyrazam, penflufen, penthiopyrad,

sedaxane and hosc a lid:

(v) combinations thereof.

provided thai said first and second systemic fungicides arc not same.
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2. The ftmgicidal combination as claimed in claim 1, wherein the multi—site

contact fungicide is mancozeb.

3. The Iiingicidal combination as claimed in claim or claim 2, wherein the

5 systemic fungicide is a combination of a quinone outside nih ibitor and a

deinethylation inhibitor.

4. Fhe ftingicidal conihinat ion as c lainied in c lai iii I comprising:

a multi—site contact fungicide comprising niancozeb;

I 0 at least one strohi lurin Ilingic ide selected fioni the group consisting of

azoxystrobin, mandestrobin, coutnoxystrobin, enoxastrohin.

IIiilenoxystrobin, pyraoxystrobin, dimoxystrohin, enestrobin. fluoxastrobin,

kresoxini—inethyl, metominostrobin, orvsastrobin, picoxystrohin.

pyrametostrobin, triclopyricarb, fenaininstrobin, pyraclostrobin and

IS tn floxystrohi n; and

at least one conazole fungicide selected from prothioconazole. tebueonazole.

cyproconazole, epoxiconazole, inetconazole and tehuconazole.

5. The flingicidal combination as claimed in claim I to 4, wherein the sy’stein ic

20 liingicide is a combination of (i) a strohilurin ftnigicide selected li-om

trifloxystrobin, picoxvslrobin, azoxystrobin or pyraclostrobin; and (ii) a

conazole Ilingicide selected from proth ioconazole, tebticoiiazo Ic,

cyproconazole, epoxiconazole, metconazole and tebuconazole.

25 6. Ihe Ilingicidal combination as claimed in claim I to 5, wherein:

(i) the strobilurin fungicide is tn Iloxystrohin and the conazo Ic fungicide is

prothioconazole; or

(ii) the strohilurin fungicide is picoxystrobin and the conazole fungicide is

tehuconazole; or

30 (iii) the strohilurin fungicide is picoxystrobiii and the conazole fungicide is

cyproconazole; or
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(iv) the strohi lurin fungicide is azoxvstrobin and the conaLole fungicide is

cyproconazole; or

v) the stmb; Ivan fungicide is pyraclosirobin and the conazole fungicide is

epoxiconazole: or

5 (vi) the strobilurin fungicide is pvraclostrobin and the conaLole fungicide is

tebticoiiazo]e; or

(vii) the strobilurin fungicide is pvraclostrobin and the conazole Iltiigicide is

metconazo Ic: or

(viii) the strobiltirin fungicide is tr;lloxystrobin and the conazole fungicide is

10 cyproconazole. prnpicoiiazole or tebuconazole.

7. A tiingicidiI combination as claimed in claim [ to 6 coniprisiiig

mancozeband a strobiltiriii lungicide selected front the group consisting of

azoxystrobin. niandestrob ii. counioxvstroh in. enoxasirob iii,

IS flulenoxystrobin. pyiaoxvstrobin. I iiioxystrohin. enestrohin, fluoxastrobin,

kresoxim—mcthyl, inetoin inosi robin. orysastrobirL picoxystrobiti,

pyrametosirohin. tric Iopyricarb, lènaminstrohin. pyrac lostrob in and

tn floxvslroh in and iii least one conazole fungicide selected from

prothioconazole, tebuconazole. cyproconazole. epoxiconaiole, metconazole

20 and tehuconazole..

8. The flinuicidal combination as claimed in claim I to 7, wherein the

strobiluriit fungicide is or kresoxim—inetliyl.

25 9. A method fur treating soybean rust in a host iegum inous p lain. wherein the

method comprises tieal i ng the plant at the locus of the in led ion wil h a

fungicidal combination coin prising at least one multi—site contact fungicide;

a first systemic fungicide: and an additional second systemic fungicide.

:herein

30
the multi—site contact Ilingic ide is selected from:
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(i) copper fungicides selected from copper oxychioride. copper

sulflite, copper hydroxide and tribasic copper stilfhte (Bordeaux

mixture);

(ii) elemental sulfur:

ii) d itliiocarhainate fungicides selected from amobam, asocuate,

azithiram, carbamorph, cufraneb, cuprobam, disulfiram, ferbam,

nietarn, nahani, tecoram, thirani, urbacide. ziraiu, dazoinci,

dciii, iii Inch. niancopper. maiicozeb. iiianeb. metirain.

polycarbarnare, propinch and zincb;

10 (iv) phtha]iiiiide fungicides selected from lolpet, captan and

capialol;

V ) sol fainide fungicides selected from dcli loll nan id and

to yIII nan i d

(vi) gnanidine fungicides selected from dodine. guazantine and

15 im moctaadiiie:

(vii) anilazine;

(\iiI) dilhianoii: and

(iN) corn bi nat i mis the co I’:

20 the Ii rst and second svsteni ic fungicides are selected from a quinorle otils ide

inhibitor. quinone inside inhibitor. deintliylation inhibitor, and succinale

dehydrogcnasc inhibitor: vhereiti:

i ) the quin000 outside inl ibitor is selcclcd from Iènainidone,

fainoxadone. and a strohi I urin ftnigic ide selected from the

25 group consisting of azoxystrobin, maiidestrobii.

coumoxvstrobm. cnoxastrobrt, llufenoxystrobin.

pvraox\stlobin. diinoxvstrohin, enestrobin. Iluoxasirobin.

Icresoxini—inethvl. inetominostrobin. orvsastrohin,

picoxystrohm, pyrametosti-ohin, triclopyricarh.

30 fenaminstrobin, pyraclostrobin and trifloxvstrobin;

(ii) the demelhvat ion inhibitor is selected from triflom izole.

triforine, pvridinitrile. pvrifènox. lènariinol. nuarimol.

3]
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Iriarimol and a conuzole Itingicide selected from the group

Coils isting of dim bazole. cloirirnazo Ic. uazal ii.

oxpoconazole, proch lo raz. Proc Ii Eoraz-rnanganese,

trifluni izole. azaconazole. hitertanol. broinucoiiazole.

5 cyproconazole. diclohutrazol. difenoconazole, diniconazole

dinicoiiazole-\’Lepoxiconazole. etaconazole. fcnbticonazole.

fluotriiiiazolc, tiuqu ncoiiazole, fins lazo Ic. 11 utriafol,

furconazole. fuicoiiazole—cis. hexaconazote. iinibeiiconazole.

ipconazole, nietconazo Ic, inyclobutan I, pencoconazo Ic.

10 propiconazole, prothioconazole. quinconazole, sirneconazole,

tebuconazole, tetraconazole, triadirnelbn. triadinienol,

triticonazole, on iconazole, perlurazoate and tin iconazo Ic— P:

(iii) the quinone inside inhibitor is arnisuibrom; and

(iv) a sticcinale dehvdrogenase inhihilor selecied from ihe group

15 coiisistnig of henodanil, fltitolanil, meproiiil, lluopvrani.

fenfuraiii. carhoxin. oxvcarhoxm. tliiflrizaniide. hixalèn.

fl uxapvroxad, ftirainetp r, isopviazani - pe Ii ri len.

peilrh opyrad. sedaxane and hoscalid: or

v ) corn bin 31 ions I he co F.

Z0 provided that said First and second systemic linigie ides are iot same.

10. The method as claimed in clairn 9, wherein the multi—site contact fungicide is

maiicozeh.

25 I . The method as claimed in claims 9 or claim I 0, wherein the systemic

fungicide is a combination of a quinone outside inhibitor and a

dciii ethyl at ion i nh i bil or.

12. The method as claimed in claim 9 wherein:

30 a multi-site contact fungicide is niancozeb:
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at east one strohilurin fungicide is selected from the group consisting of

azoxyst robin. mandestrobin, conmoxystrohin, enoxastrobin,

flufcnoxystrobin. pvraoxystrobin, dinioxystrohin, enestrobin, fluoxastrobin,

kresos im—nictliyl. Ii)etOIiiilIOSt!’ObiIi, orysastrobni, picoxystrobii,

5 pyrainetoslrobin. Inc Iopynicarh. fenaniinstrobin, pyraclostrobni and

trifloxystrohin; mid

at leasi one COI1U/O Ic Ilingic ide is sc cctcd from proth oconazole,

Iehiiconazo Ic. cvproconazo Ic. cpox iconazo Ic. netconazole and tehnconazo Ic.

10 13. [lie method as cI;iinicd in any one of the claims 9 to 12, \\hencn the

systemic ltiigicide isacomhination of (i) a sirobilurm Ilingicide selected

11(1111 IiiI1O\VSIi(’hiil. )icOx\stiobin. azoxvstnohii or pyraclostrohn: and (ii) a

conazo Ic Ii, nuic ide selected Ironi prothioconazolc, tcbticoiiazolc.

cyprocoriazo Ic, epos iconazole. metconazo Ic and tehuconazole.

14, the method as claimed in any one of the claims 9 to 13, wherein:

(i) the strohilnrin fungicide is triflox’slrohm and the conazole Ilingicide

is prot lii oc on izo Ic: or

20 (ii) lie sirohihinin fnngicide is picoxystmhn and the cojiazole Iims.&ieide is

Ichnconatole: or

(iii) the strohilunin Itnigicide is pieoxvsii-ohiit and the conazole Inngicide is

cY or

(iv) the sirobiltirni nngicide is azoxvstrobn and the conazoic lungicide is

25 eproconaznle; or

(v) rIte strohiluniti tungicide is pyracloslrohi and the conaiole Ilingicide is

epoxiconai.ole: or

(vi) the strobil nun fimgic ide is pyraclostrohi n and the conazo Ic Ilingie ide is

tehueonazole; or

30 (vii) the strohi Itnin fnngieide is pyraclostrobin and the conazole fnngicide

is metconazole: or
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(viii) the strobilurin fungicide is trifloxystrobin and the conazole fungicide is

cyproconazole, propiconazole or tehuconazole.

15. The iiiethod as claimed in any one of the claims 9 to 14 comprising:

mancozeb;

a strohilurin ftmgicide selected from the group consisting of azoxystrohin.

mandestrobin, coumosystrohin. enoxastrobiii, tiufenoxystrohin.

pvraoxvstrobin, dimoxvstrobin. enestrobin. fluoxastrobin. kresoxiiii—iuctliyl.

metoni i nostrohin, orvsaslrohin. pioxvstrobi ii. pyraiieiosIrohi ii.

I 0 triclopvricarb. fenarninstrohiji. pvraclostrohin and trifloxvsirobiri: and

at least one conazole Ilingicide selected front prothiocoimiole tehuconaiole.

cyprocoilazole, epoxicotiazole. nictcoiiazole and tehuconazole.

16. The method as claimed iii any one of the claims 9 to IS, wherein the

5 strohi lurin fungicide is azoxystrobin or kresoxiiu—iiethyl.

Ii’
Dated this 26 day of November 20L

20 DR. SANCHITA GANGUI,I
INJPA No. 625

Of S. Majumdar & Co.
(Applieants A gent)
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3

And

En urn matter of The Patents

(Amendment) Rules, 2005 and as

amended in 2016;

And

In The Matter of Patent Application No.

1336/KOL/2013 dated November 26,

2013 in the name or UPL LIMITED,

Entitled “A METHOD FOR CONTROLLING

RUST”, having its prindpaL place of

btts ness at Agrochernic al PLant,

Durgachak Haldia — 721 602, Midnapore

Dist. West Bengal, India.

Applicant

@7
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4.

AFFIDAVIT

I, Dr Gilson Obveira, solemnly allirm and declare as under:

1. I have worked on several projects in the field of agrochemicals. A copy of

my resume is enclosed herewith as “Annexure A”.

2. In view of my position, qualifications, experience and knowledge in the field

of agroctiemicals, I am competent to depose this affidavit.

3. I have been provided with the copy of Indian Patent Aoplication No.

1336/KOL/2013 (referred herein after as ‘1336), filed in the name of UPL

LID entitled “A METHOD FOR CONTROWNG RUST” of which I am one of

the inventors.

4. The present invention relates to a Fungicidal combination comprising at

least one muitisite fungicide and at least two systemic rungcides selected

from a quinone outside inhibitor, a quinone inside inhibitor, a deniethyation

inhibitor and a succinate dehydrogenase inhibitor. The present invention

also relates to a method (or treating soybean rust in a host Leguminous

plant by applying these combinations. Accordingly, the present invention

relates to a triple combination of fungcides essentially. One of the uses of

this combination is against Asian soybean rust.
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5. Prior to the present invention, the combination ol systemic fungicides had

been used, albeit without the muLtisite contact fungicides. The efficacy of

these systemic fungicides had oeen reducing giaduatLy with usage over the

years. This gradual decline in the fungicidal. efficacy of the systemic

fungicides needed to be reversed.

for the. im,ejticn:

6. Experiments were conducted at the Foundation MT, Rondonopolis, the

University of Rio Verde and institutions participating in the Cooper.at.ve

Testing of Fungicides (beginning n 2003/04). These experiments proved the

reduction of control effectiveness by comparing the performance of

conazole fungicides n the 2005/06 harvest with the harvest (2012/13). In

the season 2005/06. the average rust control by conazole fungicides was

90.3%. After eight years, corresponding to the 2012/13 season, control of

conaiol€ fungicides was 52.0% with a reduction in efficacy of 42% (Table

1. )

Table 1. Reduced soybean rust control by conazole fungicides.
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2 Epoxiconazo[e 80.0

6

40.0 40.0

3 Tebuconazole 95.0 64.0 - 32.8

Mean 90.3 52.0 42.0

7. Figure 1 below depicts the reduced soybean rust control efficiency using

tebiiconazole observed over eleven seasons;

Tcmp’ I.LMtflAS)

rura 1

8. This examp[e reinforces the gradual reduction of tebuconazole control over

the use of crops covering the period beginning in 2004/05 to 2013/14. It

was to.nc that from the 2003/04 season, soybean rust control efficiency

by tebuconazoLe. was reduced by 7.2% per year, using the best fit equation

y = 94.018 - 7.2x.

9 Likewise, experiment was conducted to measure the reduced control of

soybean rust by cyprocoriazo[e + azoxystrobiri mixture over six seasons.



7

lO.This mixture had been in use since 2003/04, when it had an efficiency of

90%.

ll.Usirig the equalion y = 90,067 i- -G.54?9x, it was calculated that from the

2007/08 harvest, the effectiveness of this mixture has been reduced by

6.54% per year, reaching the 2013/14 harvest onLy 41% control.

12.1-igure 3 depicts the reduced control of soybean rust by cyproconazote +

picoxystrobiri mixture over six seasons.

‘07
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l3JJsirig the equation y ± 100.0 -9.Ox, it was calculated that. from 2008/09

the effectiveness oF the mixture cvproconazole + picoxyMrohin has been

reduced by 9.0% per year reachirg 31% central croj in 2013/1.4.

14.Figure 4 depicts the reduced control of soybean rust by epoxiconazo[e +

pyraclostrobin mixture over six seasons.

SYNGENTA EXHIBIT 1038
SYNGENTA v. UPL, PGR2023-00017

4
t’.

4’-
I.”

4’- 4’-

Tempo (Aims)

‘‘Jo
90

so
70

— SI)

: °
41)

çj 30
ii)

I0
0

F
p

F’
Q

I
Tvn’po {\II0S)

53 of 728



9

15.ihe mixture “epoxiconazole + pyiac[ostrobin” has been used since

200//OS. With the equation y + 99.0 -12,6x where y = contro[ (%) x =

the percentage of annual reduction ol controLl, it was caLculated tha: from

the 20O9/O harvest the effectiveness of this mixture has been decreased

by 12.6% per year reaching the Last harvest 23%,

16.Eigure 5 depicts the average reduction of soybean rust control by

cyproconazole 1- azoxystrohin, epn>iconazote t pyractostrobiri arid

cyproconazole ÷ picoxystrobin over six seasons.
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17.According to the equation y -9.Ox + 100.0, From 2008/09 the average

effectiveness of mixtures “cyproconazote 1- azoxystrobin”, “cyproconazole +

pIcoxystrobin and “epcxconazo1e + pyracLostrobin’ over six crops has been

reduced by 9.0% per year, reaching 37% in the Last harvest.

18.Figure 6 depicts the reduced control of soybean rust for azoxystrobin over

SIX seasons
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19.It was observed that from the 2008/09 crop, there was reduction in the

control of Asian soybean rust using azoxystrobin and reached on’y 1696 of

con:rol in the 2013/14 season.

20.Using the equation y + 92.8 -13Sx, it was determined that from 2009/10

the efficacy ci this lungicide has been reduced by 13.8% per year and

eiding by reaching the 2013 harvest, at only 16% ci controL

21.A study was conducted to determine the contribution of the addition Df

mancozeb to the known mixtures of “strobiLurin + triazo[es. The experiments

were conducted in the field, in nine different locations where the

contribution of the addilion of riiaricozeb to the percentage control observed

using mixtures of ‘strohilLirin triaiotesh was observed.

22.Two doses were tested (1.5 and 2.0 kg / ha) with various numbers of

mancozeb applications. The eiec: of mancozeb (1.5 kg./ ha), incorporated

in:o commercial mixtures was also :es:ed.

23the experirnerts were conducted with soybean cultivar Monsoy 914’l

RR, Mancozeb Iorm:tation was used 150 WDG (water dispersible granules),

commercially available, for application as mancozeb.

SYNGENTA EXHIBIT 1038
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24.TaL4e 2 lists the percentage control of soybean rust by mixing mxtures of

“strobilurin + triazoLe” with and without added mancozeb, applied three

times in two groups of phenological stages of soybean, evaluated by the

area under the disease progress curve (ALJDPC).

S No. Mixture Mancozeb Diliereice in

Withojt With percentage

coil in I

I Cyproconazote + 42.8 74.0 31.2

Azoxystrobin

2 Cyprocoriazole + 74.0 79.4 5.4

Picoxystronin

3 Tehuconazoie + 74.0 85.9 11.9

Picoxystrohin

4 Mean 66.1 79.8 t3.7

Severity in the control = 70%. CV = 4.60%.

25.table 3 hsls Llie percentage control of soybean rust by mixtures ol

‘stiobiLurin ± triazoles’ with or without added mancozeb, applied three times

at different growth stages and assessed the severity in Leaflet.

No. Mixture Mancozeb
I___________

_ __

SYNGENTA EXHIBIT 1038
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Wftho LJWIth tenEiTh1
percentage

control

l!Cvproconazole ± Azoxystrobin 68.6 89 21.2

2 Epoxiconazole + 40.5 75.2 34.7

I
Pyraclostrobin

3 Febuconazole Picoxystrobin 64.4 79.0 14.6

Mean 57.8 81.3 23.5

Severity in the control = 37.3%. CV = 6.45%.

2&Froiu the experimental resjlts, it was thus found that the’ acdition of the

mancozeb fungicide riot only enhances the percentage conI.ro but also

reverts [he observed coitrol to the original Level of 80%.

27.Thus. in view of the above results, t was surprisingly found that the addition

of mancozeb increased control of rust with the conventioriat fungicide

mixture of mixtures of “strobiluriri ± triazoles.

ThftedWAb&fl.

28.lhe combination of a deniethylation i9hi5itor and a quinone outside inhibitor

has been known to be used for the controt of Asian soybean rust,

particularly in Rrazd. I however, it as been seen recently that the
efficacyZ7
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of these combinations has decayed by more than 50%, leading to the

cancelLation of these registrations by the Brazilian regulatory authority MAPA.

In fact, as ;riany as 63 existing registrations for the control of Asian soybean

rust were cancelled due to this decay in efficacy.

http: /!w’a±agrku1tutigy.b r/nQllc slrnapmsiispen d e-rngisirQrdtfi3-

I ngicAasaracoflct1aJegugemihrsoja,

29Jhis regu[atoy action was published on the

71), in December, 2016. The action was

effectiveness reports and technical opinions

of Agronorric RevalLation of Pesticides Formu

of P/rnkopsora pachy,hii on Soy Culture.

Rra7ilian Official Gazette (Act

based on the evaluation of

by the Technical Commission

lated Products br the Contrci

30.Sorne of the products for wh:ch the existing registrations were canccltcd

were known combinations of dernethyiation inhibitors and quinone outside

inhibitors. Some of these products for which the recommendations were

suspended are:

cial Name Composition MAPA

Register

No.

SYNGENTA EXHIBIT 1038
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31.Accordingly, there has been a dire need in the slate of the art for fungicides

that can efficaciously control the Asian soybean rust ri Brazil and other

countries.

SolutioiLpxesenied byAhe.inventiom

32.Accordingly, a study was commissioned by EMBRAPA i.e. the Brazilian

Agricultural Research Corporation) which is a state owned research agency

affiliated with the Brazilian Ministry of Agriculture. The research paper

published by GODOY, Claudia as a result of this study is annexed hereto

and also offered as post published evidence in support of the inventive

step of the present invention.

33.This research corroborates what the present invention found at its priority

date (2012) i.e. the addition of a multisite fungicide e.g. mancozeb to the

combination of demethylation inhibitor + quinone outside inhibitor reverses

the decay of efficacy of the known combination of demethylation inhihito

+ quinone outside inhibitor and reverts it to the originaL known efficacy or

better efrcacy.

34.The relevant data from the table 5 appearing in this table is reproduced

hereinbelow:

0?
SYNGENTA EXHIBIT 1038

60 of 728 SYNGENTA v. UPI, PGR202300017



16

Treatment Dosage (g ai. /Ha) Severity (%)

Trifloxystrobin r Prothioconazole 60 + 30 24.4J

Trifloxystrobiri + Protliioconazole 60 - 30 -i- 2250 18.9

and mancozeb

Trifloxystrobn 1 ProtHoconazote 60 + 30 ± 1500 21.2

and mancozeb

Triftcxystrobn ± Prothioconazote 60 + 30 + 2240 211.

and niancozeb

Thiloxystrobin + Prothioconazole 60 + 30 + 2240 20.1

and mancozeb

35.Accordingty, it was observed that in the presence of mancozen, there was

15 to 30% reduction in the percentage incidence of soybean rust. This

conlirins the qventive step inherent in the invention ctairned ri the present

invention.

36.Importantty, these combnations comprising niancozeb in addition to a

demethytation inhibitor and a quinone outside inhibitor were approved by

EMBRAPA for the control of soybean rustS Thiscornbivation :&tsjqundio

succeed whera63 oilier Lsting prod ucts faiLed tossMIycoutmJ

AsIaftsQybearIsiJ St.
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Ibecqmhinations_a.e syneigislk:

37.Not only the presently claimed combinations revert the efficacy of the

systemic fungicides to the pre-decay Levels, the resulting triple combination

of a multisite contact fungicides and at least two systemic fungicides are

also synergistic. This synergistic correlation between these components of

the combinations of the present invention was established by the application

of the Colby’s formula. A search in Google Search platform (br the

references that reverse-cite the Colby reference ( S R Colby, “Calculating

Synergistic and Antagonistic Responses of Herbicide Combinations”, Weeds

15 (1967), pp 20 - 22, annexed hereto as “Annexure IV) demonstrates that.

about 699 laterpubtished papers cite this article as a reference, providing

evidence that Colby method is a standard method for demonstrating synergy

in Ihe fleW of agrochemicals. Please see the Google Search printout that

accompanies Annexure A.

381n the Colby method, the expected (or predicted) response of a combination

of Fungicides is calculated by taking the product of the observed response

for each individual component of the combination when applied alone

divided by 100 and subtracting this value From the SUIT) of the observed

response icr each component when applied alone, ,n unexpected

enhancement in efficacy of the combination is then determined by

62
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comparing the observed response of the combination to the expected

(or predicted) response as calculated from the observed response of each

individual component atone. If the observed response of the combination is

greater than the expected (or predicted) response, or stated conversely, if

the difference between the observed and expected response is greater than

zero, then the combination is said to he synergistic or unexpectedly

effective.

39itiijs when the cornbiitiion of the present invention was analysed using

this method, it demonstrated an observed — expected value o grea:er than

zero which is indicative of an unexpected efficacy. [he basis of

demonstration of unexpected efficacy by comparison with the Colby formula

is that fungicide (A) tested alone would kill a oroportion of the target fungi

arid leave the remaining portion (a %) dS survivors, Similarly, liingicide B

tested alone will leave lb %) as survivors. When combined, Ai-B will, act

independently on the arget lungi (if unexpected activity is absent):

component A leaving a% survivors, which survivors wili he controlled by

component B: which has an overall effecL at a%tb%1OO. Subsequently, if

the percent control is greater than that predicted by the Colby formula or

stated conversely, ii tne difference between Ilie observed control and the

expected control is greater than zero; then unexpected enhancement in

activity is acknowledged. The degree to which the difference is greater than

SYNGENTA EXHIBIT 1038
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zero is not itself critical as Long as it is greater than zero; however greater

the difference, more significant is the enhancement or the unexpectedness

in fungicida[ controL

The Following formula was used to calculate the expected activity of

mixtures containing active ingredients. A and B:

AB
Expected (F) A B -

100

Where

A — observed efficacy of active ingredient A at the same concentration

as used in the mixture.

B = observed efficacy of active ingredient B at the same concentration

as used m the mixture.

The following formula is used to calculate the expected activity of

mixtui-es containing three active ingredients, A, B and C:

(AB+AC÷BC) ABC

Expected (E) A + B + C -

+

_______

100 10,000

Where
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A = observed efficacy of active ingredient A at the same concentration

as used in the mixture.

B = observed efficacy of active ingredient B at the same concentration

as used in the mixture.

C = observed efficacy of active ingredient C at the same concentration

as used in the mixture.

40.Mancozeb is a multisite c:ontact fungicide. It was surprisingly found that

niancozeb surprisingLy enhances the efficacy in a triple conibinal ion (present

invention) more than it does in a double combination (prior art). In

double combinations (prior art), mancozeb was found to actually antagoilile

the efFicacy of either a strobilurin or a conazole fungicide, but its elficacy

enhancing rote was consistently greater than 20% or 30%, and being near

about 50% 60% when present in the trip1e combinations of the present

invention. Thus, the contribution of mancozeb in the presently claimed triple

combinations was much greater than its contribution in the ririat

cornhnations of the prior art.

41.the photographic evidence, taken from the actual fields where such trials

were conducted, also convincingly prove the advantage of the present

invention.

SYNGENTA EXHIBIT 1038
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42.Trials were conducted to evaluate the efficacy for controL of Pliakopsora

pachyrhii for ready mix products with s1roblurin and triazole fungicides

sprayec individually or in association with liproni (which is an insecticide)

and/or mancozeb for checking the effect of an additional insecticide Spronil

in the mixture. The product formulations used in the trials were Priori Xtra,

Sphere Max, Fox, Nativo, Barao, Unizeb Cold. The evaluations were

performed for the target fungus Phakopsom pachyrhth in soybean crop.

Ifiaexact cornbinaUon as claimed is .rrilic.iL

‘13.The first set of experiments wcre conducted at fietd station at Ituverava,

São Paulo n Brazil. The soybean cultivar SYN 1356 C IPRO was sown on

December 4. The piots of size 3 X 6 in were spaced 0.50 m apart. The

soybean crop was seeded a! 20 seeds/rn, and fertilizer with the formulation

02.20.10 (02% of Nitrogen; 20% of Phosphorus; 10% of Potassium) 520

kg/ha was spread in the sowing. Lach treatment was performed in four

replications. Three sprays A, B and C were applied on January 11, January

31 (20 DAA) and February 18 (18 DAA). The air temperature during the

three applications were noted to be 29.0, 27.4 and 24°C. On all the Jirse

days of apphcation wind speed (2.1, 4.8 and 3.2 m/h), humidity (24, 6/

and 86%), sod condition (wet, wet arid wet), and stage of development of

soybean (Stage of development of soybean plantas (BBCH standard); (62,

76, and 79) was noted. The spray nozzle was XR 80 015 using a seray

SYNGENTA EXHIBIT 1038
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volume of 150 L/ha was used. Severity assessments were made as per the

schedule mentioned in the results table and Tukey’s test was performed to

5% in alL of the eva[uations. The foHowing product matrix was used for the

experiments:

RODbTSjoncaon FormulationiRAlES (Kg- ctiveingred

L/na) ,(g of a.i/ha)

Chk

Barao
JLG

0,1 Eiproni[ 80) --

Aurco 720 EC 025%frethyL estei

Unizeb 750 WG 1,5 Mancozeb (1125)

Gold

Sphere 375 & SC 0,2 frifloxystrohin

Max 160 (75) &

C pro no naz 0 te

____
__________

(32)

Phoh -
200& SC

roxistron

Xtra 80 & Ciproconazo

(24)
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Nativo 100 & SC 0,5 frifloxistrohin

200 (50) &

:ebuconazoI

(100)

Fox 150 & SC 0,4 [Trifloxistrobin

175 (60) &

Prothioconazole

(7O)

44Jhe results and obsevat ions were evauaIed in the Following manner. Firstly,

the percentage severity of Pliakopsora pachyrIiii was noted in each

evaluation. From the percentage severity, the percentage actual observed

control of Pliakopsora pac/iyihiz/ was cacuIaIe( ir each evaluaucn. ilic

predicted control was calculated using the Colby’s bc mula in eacl

evaluation. The abbreviations bAA/B/C. denote the nulrIDur oF days alter

sprays A/B/C on which the respective observation was taken.

S Products Rate Tiniin Severit Contro Colby Infei-ence

No s g y (96) 7 1 (5) 7 predicte

(kg- DAC DAC d

con t ro
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H
)

Ch€ck -

pro n

Cy pro con azo Ic

-[ Mancozeb

Azoxystrohin t 60 + ABC

Cyproconazote

Man co zeb

ThHoxystrohin 60 ABC

120

lebuconazoLe +

1125

SYNGENTA EXHIBIT 1038
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ABC

0.0

35.95,5 a

Mancozeb 1125 ABC

+

74.72.2 b

1.3 bcdABC

3

4 Mancozeb

El pro nil

5 Tiilloxystrobin

+

1 125

+ 80

75 +

32 +

1125

85.2 83.8 Synergistic

ABC 0.5 cde 93.1

1.5 bc 82.9

0.8 91.1

bcd e

24 +

1125

6

7

+ Mancozeb
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02 de 972 99.0 Aiftagonisti

70 of 728
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Tn 11 o xyst rob r 60 ±

+

AS C

/0 +

Prothioconazol 11 25

e ± Mancozeb

9 Trifloxystrobin 75 - ABC

32 +

CyproconazoLe

bcde

1125

Antagonisti

++ Mancozeb

C

80

ABC 1.0 88.0

bc d e

89Maos

Fipronil

Azoxystro 60 +

CyproconazoLe 24 +

± Mancozeb -F 1125

Fiproni[ + 80

Tri1loxysrobiri

-f

TebuconazoLe

Mancozeb

Fipronil

1.0

11

12

ABC

C

94.3 AriLigonsti

C

0.6 cde 93.560 +

120

+

1125

÷ 80

+

Trifloxystrobin AU C60

70

+

+

__
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Prothioconazoiji 125

e + Mancozeb + 80

Zronii

24.41t

t = Transformed data

same Letter or symbol

for “arcsenUx/TOOY1/2)’;; means followed by the

did not differ by Tukey’s test 5% of probability

45.l-ipronil sprayed together with Trifloxistrobin + Ciproconazol ± Mancozeb

promoted antagonism in the control of Phakopsoia pachyr/n’i in the

evaluations of 7 days after third spray (7 DAC) evaluation. Fipronil sprayed

together with Azoxistrobin + Ciprocoriazol + Mancozeb promoted antagonism

in Ifis control of P/mkopsora pac/yr/I/zi in the evaluations of 7 DAC. hpronil

sprayed together with Trifloxstrobin + Tebuconazol ± Maricozeb promoted

antagonism in the control of Phakopsora pac/;yrhii in the evaluation of 7

DAC. Thus, antagonism was obse’ved in most of the evaluations in mixtures

of strobilurin fungicide + conazole fungicide + Mancozeb with Fipronil.

46.Surprisingly, in the mixture of Marcozeb with Fipronil. synergism was

observed in the evaluations at 7 DAC.

SYNGENTA EXHIBIT 1038
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47.lt was concluded ftom a comparison of the efficacy data in rows 2, 3 and

4 that the addition of the insecticide fipronil, an addihonal agrocheimcal.

to the fungicide mancozeb was found to synergize the activity of the

fungicide ruancozeb. it would be reasorable for a person skilled in the art

to expect that the addition of fiprond to other fungicide(s) would also

synergize the fungicicial efficacy of those fungicide(s).

48.1 lowever, the data presented in rows 9 — 12 provide evidence to the

contrary. The addition of fipronil was found to antagonl7e the fungicidal

efficacy of a triple combination of fungicides consisting of mancozeb, a

strobilurin fungicide and a conazoe fungicide. This was contrary to ii

reasonable expectation of a person skilled iii the art and surprising. It was

even rnorestjrpxi5ing onsidgringthatJLtLoibys_formula, ingeoeraiientis

ta underestimate ao_tagoniiim_ b_y its very nature

(https:/4ww.nchi.nlmnih.goy/pmcLathcks/PiAU554H3S/J.

49.Thus, it was concluded that the triple combination as claimed herein was

critical in the presence of the three fungicides exacty as recited herein.

Any additional insecticide or an additional agrochemical overrides the

synergy accruing due to rnancozeb, or dLIe to the contact fungicide, and

causes actual antagonisnm
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Rp1eof rnu[tisite_contact fungicides in _dual combinations versus its_xple. in

triple cqmbin3tknofttiepresent invention:

50.A second trial was carried out to evaluate the efficacy of a strobiLurin

fungicide, a conazole fungicide and mancozeb in double combinations for

control of Phakopsoia pacJ?yrhIL This trial F18BRSCYBO2SEFO6O1 was

carried out using the products Priori, Unizeb Gold and Alto 100 on soybean

crop for the main target Phakopsora parhyrhL/ at Ituverava — SP. The target

crop cultivar SYN 1366 C IPRO was sown OH 4w December at a row spacing

of 0.50 ni with seed populated at 20 seeds/rn. The triaL was cirried out in

4 replications in plot szcs of 3 X 6 m Fertilizer with the formulation

02.20.10 (02% of Nitrogen: 20% of Phosphorus; 10% of Potassmurn) 520

kg/ha was spread in the sowng

Spray A B C

Spray date ‘11 January 31 Jar:uary 18 February

nterqaL during sprays (days) - 20 DAA 18 DAA

Start time 12:45 09:18 10:29

Finish time 12:56 09:24 10:35

Air ternperature(°C) 29.3 27,4 25,3

I-Iumidity(%) 52 61 80
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Wind speed (km/h) - 8,5 6,4 6,4

Soil condition Wet Wet Wet

Stage of development of
Ri (62) R5.1 (76) R54 (79)

soybean (RHO I)

Nozzle XR 80 015 XR 80 015 XR 80 015

Spray volume (L/ha) 150 150 150

51.Thus, 3 sprays (ABC) were appLied at interval of 21 days between first and

second spray and 18 days between second and third spray. First spray was

in RI stage (Beginning of flowering). Severily assessments were made 21

days after spray A, 18 days after spray B, 7 and 14 days after the spray

C. The Tukey’s test to 5% was performed in all of the evaLiations.

52.The results of severily of Phakopsora pachyr/?/Iin each evaluation was

ohserved and tabulated:

Check h fr.o LELhH:Et E
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13500
2U4hncozeb ABCGO -oo-ii”Th c

c7 c:u
-

a 23. 249
3 Azoxistrohin9O,00 ABC-- 3.9 - 0.0 9.2 3.8 b:2I.3 ) 5 5

b 4 1

! Ciprocoat -— I
“ 3.0 ;&1 3Ld3

ofl c
—“-‘

—

ox[strObu190 +
- -; -- c 13. r

5 ABC 0.0 .0.0 - 0.0 c 9.5 c 5.1 89.8
+ [ylancozebJ350 d 2 d ci

to Ciprocoflai - -

k-
ot + ABC 00 - 00 -Odè7 c 37 dJ-9 d 569 d

:-, i530 -
. . - --

th

00 520 291 tZ3Z&
1fl%) )Ot 88t82t
- L: - -

53.The severity data was then used to caLculate the percentage control of

Phakopsora pachyrhiizi n each evaLuation.
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2- Mancozcb 1350.00 ABC 94S. 82.9 713 71.0 738

3 Azoxistrohin 90.00 ABC 531 57.8 38.8 61.6- 50.9

4 Ciproconazol -. ABC 840 883 80 1 868 840
-

-

Azoxistrobin +

Man co ze b
90 + 1350 ABC 96.0 93.9 82.4 784 823

ciprod6àO - --

6 --

-- V-i5O ABC 99.4 92.2 89.2 87.0 88B
- -: --

- ‘- - -

54.The percentage control of each treatment was then compared with the

Colby predicted conti-o[ of P/idkopso/a pachyr/vzi in each eva[uahon.

SYNGENTA EXHIBIT 1038

7.r_

(b

76 of 728 SYNGENTA v. UPL, PGR2023-00017

31

5

Mancoze
1350 949

3
.±oxjsro

7

1



32

‘due to inancozeb

Ciprocon

azo -I

Mancoze

b

Observed controi

Expected control

dUe to mancozeb

55.lt was thus concluded biat the addition of rnancozeb, to either a strobijirin

fungicide or a conazole fungicide, did not significantly enhance the efficacy

of the strobilurin or the conazole fungicide in isolation, but in fact was

aliiiost always antagonistic. The presence of mancozeb in the dual

combinations was found to reduce the efficacy of the systemic fungicide. It
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varied from being mildiy additive (about +1.1%) to being critically

antagonistic (varying from about -1.5 to ahout -10.0). Even [or the slightly

additive scenario, the improvement iii efficacy measured by the Colby’s

formula was about +1.1 when ma[lcO7eb was added to either the strohilurin

fungicide (best Colby reading +1.1) or to the conazole fungicide (best Colby

reading of -8.8 i.e. antagonistic) in isolation.

56Th contrast, the benefits of adding inancozeb to a double combination of

systemic fungicdes i.e. a combination comprising a conazole fungicide and

a strobilurin fungicide, was unexpected and surprising. Thus, the efficacy of

the resulting triple combination of fungicides was astoundingly unexpected

and surprising.

57.This synergistic ccrrelatlon between these components of the combinations

of the lireserit nivention was established by the application of the Cohys

formula.

58. Ihus, when the combination of the present invention was analysed using

this method, it demonstrated an observed -. expected value of greater than

zero which is indicative of all unexpected efficacy. The basis of

demonstration of unexpected elf cacy by comparison with the Colby formula

is that fbrgicide (A) tested &one woulrJ kill a propofton of the target fungi

and leave the remaining portion (a %) as survivors Similarly, fungicide B

tested alone will leave (b %) as survivors. When combined, A+B will, act
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independently on the target fLingi (if unexpected activity s absent);

component A leaving a% survivors, which survivors will be controlled by

component B; which has an overall effect of a%ib%xIOO. Subsequently, 1

the percent control is greater than that predicted by the Colby Formula or

stated conversely, if the difference between the observed control and the

expected control is greater than zero; then unexpected enhancement in

activity s acknowledged.

59.ln the same set of field conditions described above, trials were conducted

to evaluate the iiiiportauce of mancozeb in association with other Fungicides

in Pliakopsora pac/yr/ui control in soybean using mancozeb in association

with the prior art products composed by mixtures of strobilurins and

triazoles. The soybean variety was NA 7238 PRO sown at a population

density of 25 seeds/rn in plot size of 3 x 6 m. The trials were carried out

in 4 rcplicaions, and were treated with 5 sprays (ABCD[), V3, V5, RI R5.1

and R5.4 The severity assessnient was done using tile Area Under Disease

Progress Curve (AIJDPC), tom which the percentage control was calculated

for each tested treatment and subsequently the crop was harvested. This

percentage control was then applied to the Colby analysis reported herein.

60.The severity assessment wds done using the Area Under Disease Progress

Curve (AUDPC), from which the percentage control was calculated for each

tested treatment and subsequently the crop was harvested. This percentage

SYNGENTA EXHIBIT 1038
79 of 728 SYNGENTA v. UPL, PGR2023-00017



35

corarol was then applied to the Colby analysis reported in the table

appearing hereinbelow:

Ma nco z e b

(11.25

g/ha)

Strobilurin

4-

Con a zo [e

Di lie re ice

in Colby

reading

between

actual and

exoeci ed

contro

o rig iii at iii g

(inc to

addtion of

in an roze h

(Concksion

)

Assessment type Eungicidal Percentag Percentage

(Dosage in g/ha) Percentag e control control

e control

Pliakopsora paclu’r/i/zi
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SPyracIostrubin 74.7 8.1 CaIc Actua i4.5;

(66.5) (Coby ( Synergistic

C= Epoxiconazole 76.7 81.2

(25)

2 S IrifloxysTrobin 0.0 - 66.9 CaIc Actua ±23.7;

(60) Synergistic

66.9 90.2

Cr:

Pm t hi oc on a zo to

(70)

3 S Picoxystrobin 0.0 63.6 CaLc Actua +20.9;

(60) I Synergistic

63.6 84.5

CrCyproconazo[c

(24)

4 5= Pyracioslrobin 0.0 5*9 CaIc Actua [33;

(66.5) Synergistic

57.9 92.9

C= Epoxicoriazole

(25)
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Ca[c

60.3

Actua +25.5;

I Synergistic

86.8

Cyprocunazole

(24)

1 S=Trioxystrohin

(60)

C=Prothiocoriazo[

e (70)

SYNGENTA EXHIBIT 1038
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5 5= Azoxystrobin .0

(60)

6 S=Pyrac[ostrobin 0.0

(99.9)

Actua +21.3;

Synergistic:

9)7

SDHI

Ru xapy ro xad

(50.1)

70.4 CaIc

70.4

(:assIfcola

54.6 +24.6;

Synergistic

S S=Picoxystrobin - 0.0

(60)
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10.3 67.1

CuCyproconazote

(24)

9 S=Pyracostrobin 0.0 10.1 CaIc Aclua

(66.5) 1 Synergistic

10.1 53.0

C Epoxiconazole

(25)

10 SrrAzoxystrobin 0.0 9.8 Ca[c Actua +48.9;

(60) L Synergislic

9.8 58.7

C=Cyprocoria7ote

(24)

11 S--Pyrac[ostrobin 0.0 74.2 CaIc Actua +14.5;

(99.9) 1 Synergistic

74.2

LrEluxapyroxad

(50.1)

Phak’jsora pchyrhth

12 S = Azoxystrobin 6.0 85.7 CaIc Actua +1.9;

(60) 1 Synergistic
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SD HI

Benzovindiflupyr

(30)

44.7 66.9

SYNGENTA EXHIBIT 1038
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86.5 88.4

Caic Ad.ua

Sy n erg i si c

41.2

54.7 Caic

13 S = Azoxystrobin 6.0

(60)

C

Cyprocor:azoie

(24)

14 1

15

6.0 Act u a

Synergistic

57.4 77.1

5r Ri c oxys tro bin

(60)

Cr Cy pro c 0 U U zol u

(24)

S=Ryrac[ostrobin

(116.55)

SDHI

ELuxapyroxarl

(58.45)

6.0 66.6 Ca[c Actua * 12.3;

Synergistic

68.6 81.4

q
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Cb/Ietotrkthurn trunca turn

16 S Azoxystrobin 12.8 87.2 1 CaLc Actua ÷4.0;

(60) Synergistic

8&8 92B

SDHI

Benzovindiflupyr

(30)

17 S Azoxystrobin 128 38.5 Ca[c Actua +31.8;

(60) Synergistic

46.4 78.2

C

Cyprocoriazo[e

(24)

14 SrPicoxystrobin 12.8 51.3 Ca[c Actua +31.5;

(60) I Synergistic

57.5 89.0

CrrCyproconazole

(24)

15 S=Pyraclostrobin :12.8 87.2 Ca[c Artua + 6.1;

(116.55) jI Synergistic
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38.8

61.It was thus concluded that the addition of mancozeb, to a strobdurin

fungicide and a conazole fungicide combination was surprisingly greater

than what was expected from a knowledge of the improvement accruing to

the efñcac.y of either the strobilurin fungicide or the conazole fungicide in

isolation. It was consistently greater than 20% ftc. double the improvement

in the iselated strobilurin or the coriazole fungicide), mostly greater than

30% (i.e. triple the irnprovenieiit n the isolated strobituriri or the conazole

fungicide). and prelerably greater than 50% or about 60% (i.e. 5 or 6 times

the improvement in tile isolated strohilurin or the conazole fungicide).

62.The effect of mancozeb supplementation was also evaluated for its effect

on the crop yield The crop yield was calculated for each tested treatment

after the harvest The yield data in each test result was converted to the

perceri!age of increase in yield seen due to the treatment qycthe. uoveited

crop to calculate the percentage yield gain paranieer, rounded oil to next

round number. This percentage yielc gain was then subjected to the Colby

analysis reported in the table appearing hereinbelow:

SYNGENTA EXHIBIT 1038
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SDHI

Fluxapyroxad

(58.45)

94.9
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S Parameter Mancozeb Stroburin b1unri (5) Conclusion

No. + Conazoe -i ConazoLe

(C)

Maricozeb

1 Untreated 466.8

check2 pyrac1oZJT1F
c=

Epoxiconazole

Yield kg

soybean/ha

Percentage 195 67 Ca[c Actua[ Synergistic

yield gain (%)

over the

untreated crop

—

47
SYNGENTA EXHIBIT 1038

87 of 728 SYNGENTA v. UPL, PGR2023-00017



43

63It was thus found that the association of mancozeb with commercial

proccs based ri mixtures of pyraclostrobin arid epoxiconazo[e,

picoxystrobiri and ciproconazole and azoxystrohin and ciproconazole

increased the control of Phakopsoc pachyrhizi. More importantly, the

combinations per cc were found to be synergistic evidenced mathematically

by the Colby’s formuLa.

64.Equally surprisingly, it was further found that the association of mancozeh

with pyrac[ostrobti and epoxiconazole, picoxystrohin and ciprocoriazole and

a7oxyslrohin and ciproconazole increased the yield synerg[stically.

65.SurprisingLy, in the absence of mancozeb, the fungicida[ efficacy of these

very fungicides was known to gratiuaily decay with their usage over the

years:

Technical Circulars LIV1BRAPA
Sun3’nar 01 ft,ctiricalcircula, Imr’ the 2c3iC9 lo 2Oi8 har,ect

Srcc tic to Liigii.idc ciocreased their corttrct eff:c c9cv doe to cxtcrsive use nd stong seIecti1 pressure.

- -- - .-

--
E’ficscy 01 (iingcde, ii lie nfl ,o ot Aca n Soybean ni,’ I - -- - . -.

SO :- -

a - ti

—
—

20121U Z013/14 O14/tS 1015/16
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66.The incorporation of mancozeb to these combinations reversed this ti-end.

67.Enctosed herewith the photographic evidence for the benetits accruing from

the incorporation of mancozeb to the dual combination of strobilurin and

conazole fungicides he practical benefit is self-evident, and may he read

as being pail and parcel of this statement.

Thpreen_cepf a multisite contact fungicide such as mancpzeft seduced the

sensitivity reduction factor (SRE)_pf.Jhe. systemic fungLcidei

68The objective of these experimental trials was to estimate the LD (Let hal

Dose for 50% of population) and lD9 (Lethal Dose for 95% oF population)

for azoxystrobin, triftoxystrobin, ciproconazole and tebuconazole For Asian

Soybean Rust. A total of 69 sampLes of Asian Soybean Rust for different

regions of Brazil were analyzed. Thus, it was made possible to calculate

the sensitivity reduction factor (SRI-) for each Fungicide in each pLace in

each season.

69.The results of toe sensitivity reduction factor analysis were then correlated

to the data on the adoption of the se of a multisite fungicide (mancozeb)

in soybean. This data cn the adoption of mancozeb was available from

Sparks Market Research. This correlation between the sensitivity reduction

factor and the degree of adoption of mancozeb was to establish the

adoption of rnancozeb in the trial program as a causation for the reduction

in sensitivity reduction Factor. the objective of these trials was thus to
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establish whether the greater adoption of multisite fungicides e.g. mancozeb

in one state i.e. Rio Grande do SuE State was indeed the causation to

reduce the SRE of a7oxystrobin, trifloxystrobin, ciproconazol and tebuconazot

combinations less than in another state i.e. Paranã State. These results are

described hereinafter.

7O.The occurrence of resistance or less sensitivity of the rust agent (P.

pachyrhizi) to fungicides makes it difficult to c:ontroi the disease in the

field, often inquiring a greater number of applications or increase in the

dosage of the fungicides or a shorter intena[ between them. Loss of

sensitivity of the fungus to three different chemical groups of lungicides,

namely dernethylation inhihiors (DMIs) known as triazoles. outside quinorie

inhibitors (Qols) known as strebilurins, and most recently sticcinate

dehydrogenase (SDHI) inhibitors, known as carhoxaniides have been studied

and documented in Brazd (SCHMIIZ et aL, 2014; KLOSOWSK et al., 2016,

FRAC. 201/).

71.To date, fungicide applications represent one of the main tools in the

management of soybean rust (Phakopsora pachyrhizi) due to the difficulty

of resistant genetic materiaL When used preventively, fungicides can provide

higher levels of disease control, white curative applications of triaznes and

strobilurns may be compromised, educing their residual power, as showr
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by various field studies under our conditions (Godoy et aL (2007), Eurlan

(2011), and Juhan (2006). In high potential inoculuin conditor’s, when

climatic periods are favorable, especially frequent rainfall and temperatures

between 22 and 25 °C, the efficiency and residual fungicides usually

decrease, resulting in greater difficulty of control (Yorinori, 2004). The great

variability of the fungus from region to region may also influence the

efficiency of chemical control.

72.Therefore, the present experiments were designed to monitor of the

sensitivity of the pathogen populations through the ‘baseline methodology

adopted by the international FRAC to help in the direction of the anti-

resistance strategies, providig a greater safety of use of the products

within management.

73.Samp[es of soybean leaves with symptoms of Asian rust coming from

Brazihan states of Rio Grande do Sul and Paraná were collected in the

field to obtain uredospores. These were removed at Ihe Phytopathology

Laboratory ot the Biological (nstitute for the fungicide sensitivity tests. A

portion of the saniples, about 20% of the sampes in the form 01:

uredospores were stored in a freezer for a period of 15 to 30 days for

processing. This happens when there is coincidence of receiving many
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samples in the same week, rnakiiig it impossible to process the same day.

The others are processed soon after the spores are captured.

74.Foltowing the methodology described by the FRAC (Fraction Resistance

Committee for Fungicides) in Brazil (FRAC, 2008), uriifoliated leallets

obtained from soybean plants of the cultivar BMX Poténcia cultivated in a

greenhouse for 3 weeks were collected and taken to the laboratory to

perForm the chemical treatment. The leaflets are immersed for 3 seconds

in fungicide syrLips, which are pre-prepared in serial dihtions from a more

concentrated stock solution (521 ppm ai) to obtain the different

concentrations of active ingrediens according to the scale logarithm of 0;

0.125; 0.25; 0.5; 1.0; 2.0; 4.0; 8.0; 16; 32; 64; 128 and 256 ppm i.a. The

use of the highest concentration (256 ppm ia.) is required by Ihe inclusion

of the muLtisite ri the tests, which generally has a Lethal concentration

higher than systemic fungicides. I hese concentraLions were established to

obtain 0 to 100% control of the disease, thus ensuring a good estimate

of lethal concentrations (IC50 and 0.95).

75.The fUngicides tested were Ciproconazole (UPL 215 10% - lOOgr i.a / L

p.c.), Tehuconazote (Tebufort 20%
- 200g i.a / L pc); Trifloxystrobin (Hint

50% - 500g La / L p.c.); Azoxysirobin (Amistar 50% - 500g i.a / L p.ci;

Mancozeb (Unizeb GoLd 75% - 750g ai / L pc) and Azoxystrobin ±
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with the aid of an airbrush for better uniformity of surface distribution. The

plates with the inoculated leaflets were incubated in BOD for a period of

14 days under high humidity, 12-hour photoperiod and 24° ± 1 C to

ensure a good development of the symptoms of the disease. The symptoms

were evaluated by the percentage of disease severity in each leaflet under

a light plate (X-ray) and / or binocular magnifying glass, using a scaLe of

notes according to Codoy et at. (2006). From these results the percentage

of inhihiton was estimated and the LC5O and CL95 estimated Lom the

populations sampled. Four folioles were used per replicate, arranged in each

plate. totaling 3 plates (repetition) per treatment, whEch were distributed

comptetely randomized withir the 1301). The estimates of lethal

concentrations CL50 and CLY5 for the fungicidal activity tests were

performed using the logarithmic percentnge regression
- PROBIT (Table 1)

of the relation between the values of inhibition percentage and the

SYNGENTA EXHIBIT 1038
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Benzovindiflupir (Elatus WC 30% and i5% - 450g ai / L pc. After the

chemical treatment by immersion, the leaflets were placed on two absorbent

papers saturated with distiLed water with the abaxial face facing upwards,

inside Petri dishes of 15 cm in diameter. The inoculum of uredospores was

then prepared, previously co[Lected in glass bottles, beating the Leaves and

/ or with the aid of a brush so that they would come oft A uredospore

suspension was prepared (concentration oahout 105 spores / it of

distilled water containing Tweeri 20) which was sprayed onto the leaflets
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concentrations tested. Calculations and graphs were compiled using the

Excel program for Windows® version 2001. The data obtained from the

samples showing rotting of the leaves during transportation or leaves without

the presence of pustules or uredospores were not used.

76.The percent inhibition values at different concentrations of each fungicide

(Fahle 2) and LC5O or LC95 varied for each isolate and fungicide, according

to the region and time of sampling (Figures 3 to 53, Table 3) was observed

anc tabulated. The correlations (R2) between the percent inhibition and Lie

ñingicide concentraiion were good, for all results. There are variations of

responses between samples, within each fungicide, showing the variability

ci the population sampled. Differences were observed between the isolates

for the same fungicide and among the fungicides, even though they were

from the same group (Table 3). For the 50 samples processed, the mean

values of LC5O and LC9S in ppiii ia., respectively were for LJPL 215

(Ciprocozole): 1.61 arid 21.43; lebutort (I ebuconazole): 1.20 and 32.4/: Flint

o rifloxystrobin): 0.63 and 10.21; Aniistar (Azoxystrohin): 1.41 and 23.31;

Unizeh Gold (Mancozeh): 12.52 and 41.28; and for the 15 sampLes tested

for Elatus (Azoxystrohin and Benzovindiflupir): 1.38 and 25.16 (table 4). The

sensitivity of the isolates therefore varied according to each product, even

though they were of the same chemical group. 1 he values for Hauis were

considered high in rhis crop, since until 2015/16 was considered the most
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effective product for the control of rust, indicating a change in the behavior

(sensitivay) of the popu[afioris of the fungus.

77.Tabte 1 below Lists the mean concentrations (ppm ai) ol the fungicides UPL

215, Tebufort, Amistar, Flint, Unizeb Gold (for 50 sampLes) and Elatus (for

50% (LC5O) and 95% (LC95) of the

symptoms ol Asian rust:

F tin gic Ida s

UPL 215 (50 ;imostras)

1 IEBUFOR1 (50 amostras)

AMISTAF? (50 arriostras)

H INE (50 arnostras)

UNIZEB GOLD (50 arnostras)

ELA1US (15 miostras)

L1PL215(15 arhostras)

5 amostras)

AMISTAR (15 dciiostras)
- -‘

[[95 (ppm is)

27,48

32,47

26,13

10,21

41,28

23,60

2-5,72 1-
FLINT Uthotras) 0,63 10 44

“— -‘9°#.cic - - - -,ts -t - - - - ,— - - - - --
- - C-:: - -r-,-: -r-- - — -

1JNFzEmtbis:4mostras) 3Q,3
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15 samples) required to inhibit

Gl (pnn a)

1 61

1,80

1,53

0,63

2,52

1,38

ILEBUFORT 0

1’4:
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78.Conclusions - There was a slight tendency to increase LeUial concentrations

of mancozeb when comparing the two crops (15/16 and 16/17). The values

of [ethal concentrations for [[atus were considered high in this crop, since

until 2015/16 was considered the ITlost effective rust conxoi, indicating an

evident change in their behavior due to the lower sensitivity of the fungus

populations.

79.the lbngicidcs tested were proliocoriazole (UPL 2010 25% 250gr La / L

p.c.), cyproconazole (UPL 215 10% - lOOgr i.a / L p.c.), tehijconazole

(Tebulort 20% - 200g i.a / L p.c.); trifloxystrobin (Flint 50% - 500g La /

p.c.); azoxystrobiri (Anustar 50% - 500g ha / L p.c.); mancozeb (Unisex Gold

75% 750g i.a / L p.c.) arid azoxystrobin + benzovindillLipir (Elatus WG

30% and 15% - 450g i.a / L p.c.).

80.Table 2 below lists the mean concentrations (ppm ai) of the UPL 2010,

UPL 21.5, Tebufort, Aniistar, Hint, Unizeb Gold and E[atus fungicides required

to inhibit 50% (LC5O) and 95% (LC95) of Asian rust symptoms for 69

samples, 201//is harvest, compared to the 2016/17 harvest.

.aj C Lpf11 a.)

2016/2017 2017/2018 2016/2017 2017/2018

UPL 2010 2,21 - 47,13

UPL 215 1,61 2,24 27,48 4738

SYNGENTA EXHIBIT 1038
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calculated resistance factor

products, which may suggest,

TEBUFORT 2,281,80

1,53

0,63

AMISTAR 1,83 26,13 40,35

FLINT 1,47 10,21 32,82

ZEibLD 2,52 3,27 41,2859,29

FLATUS 1,38 14 25,16 31,49

811t could be concluded that For mancozeb, the

(FR) was the lowest value compared to other

due to its non-specific mode of action, that the active exerted a lower or

no se[ection pressure.

82The activity data from these trials was then correlated with the data of

adoptions oF use of muttisite in soybean given by Spark (Market research).

Thts data was thus correlated with the SRI- ftr each active ingredient. It

was found that n the Paraná State the increase of SRF was greater for all

the active ingredients in comparison with Rio Giande do Stil State. The

Spark Market Research data revealed that the adoplion of muitisites

fungicides For growers in Paraná State was less than the growers in Rio

Graride do SijI State. The only olausibte conclusion that could be drawn

from such comparison was the lower adoption of muftisites fungicides for

growers in Parana State than the growers in Rio Grande do Su State meant

that, and directly responsible for, the increase of SRF being greater in the

Paraná State for alt the active ingredients in comparison with Rio Grande
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do SuL State. It was thus concluded that the greater adoption of rnu[tisite

fungicides (mancozeb) in Rio Grande do Su[ State iii the Fast two seasons

help to keep the SRF of azoxystrobin, tritloxystrobin, ciproconazot and

tebuconazot less than in Paraná State i.e. led to a better efficacy. These

results are in the table beow.

Paraná

2017/18 (24

samples)

SYNGENTA EXHIBIT 1038

(82016/17

samples)
33 6.85

State

5,44 183,88 152.38

39 9,79 16,79 272,58 247,83

98 of 728 SYNGENTA v. UPL, PGR2023-00017



54

83.From these trials, the foLlowing inferences were scientificaDy drawn:

(a) For azoxystrohin, the sensitivfty reduction lactor (SEW) increased by

42.82% in Parana State (due to lower mancozeh adoption), whereas

in Rio Grande do Su State, where the mancozeb adoption was

significantly higher, the SRF increase was significantly Lower at 1650%.

this lower increase in the SEW in Rio Grande do Su[ State was

attributed to the greater adoption in the state.

SYNGENTA EXHIBIT 1038
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Increase in the SEW in

Paranâ State(%)

Values for LD5O for each active ingredient arid each season was taken from

a trial described above. BaseLine values (or Trifloxystrobin were taken From

Blurn 2009. BaseLine values for Aznxystrohin, TebuconazoL and Ciproconazol

were taken from Schrnitz et at., 2013. This shift indicates the amount of

sensitivity reducton for a fungicide.
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(b) For trifloxystrohin, the sensitivity reduction [actor (SRF) increased by

208.77% in Parana State (due to tower mancozeb adoption), whereas

in Rio Grande do Sul State, where the mancozeb adoption was

significantly higher, the SRF increase was significantly lower at

126.28%. This lower increase in the SRF in Rio Grande do Sul Stale

was attributed to the greater adoption in the state.

(c) For tehuconazole, the sensitivity reduction factor (SRF) increased by

48.24% in Parana State (due to lower mancozeb adoption), whereas

in Rio Grande do Sul State, where the mancozeb adoption was

significanLly higher, the SRF increase was significantly lower at 4.51%.

This lower increase in the SRF in Rio Grande do Sul State was

attributed to the greater adoption iii the state.

(d) For ciproconazote, the sensitivity reduction factor (SRF) increased by

62.65% in Parana State (due to lower mancozeb adoption), whereas

in Rio Grande do SuE State, where the mancozeb adoption was

significant.ly higher, the SRF increase was significantly lower at 12.31%.

This lower increase in the SRF in Rio Grande do SuE State was

attributed to the greater adoption in the state.

(e) For the total fungicide control values, the sensitivity reduction factor

(SRF) increased by 90.62% in Parana State (due to lower mancozeb

adoption), whereas in Rio Grande do Sut State, where the niancozeb

adoption was significantly higher, the SRF increase was significantLy
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lower at 39.91%. This lower increase in the SRF in Rio Grande do

Sul Stale was attributed to the greater adoption in the state.

84.lt was thus concluded that a lower multisite fungicide i.e. mancozeb adoption

led to a greater resistance to the fungicides, in turn leading to lower

fungicidat efficacy in Parana State. In contrast, a greater ruancozeb adoption

led to a Lower resistance to the fungicides, in turn Leading to significantly

higher fungicidal efficacy in Rio Grande do sul State. Therefore, for the first

time, ii was scientificalLy possible to correlate the sensitivity reduction factor

to the adoption of mancozeb used in the treatment used to contro the

fungat infection, which is a new scientific finding. This is a new scientific

finding.

Tbepie.sence of the

phytotcthciwthieJo the cesuitin, frpJe combthation:

85.lt has been well known and established that the fungicidal efficacy of the

systemic Fungicide combinations i.e. especially of combinations of

prothioconazote or tehuconazole with strobilurin Fungicides has been on

a gradual downtrend since the onset of resistance to these fungicides. The

reducing fungiridal efficacy of the systemic fungicides requires the

application of a larger amount of these fungicides in order to achieve an

appreciable krigicida efficacy. This use of a greater amount of these

fungicides leads to an unintended side-effect i.e. greater phytotoxicity on
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86.This problem needed a solution.

37.Now

were

phytoLo>acrty caused hy a demethytatio

prothioconazole and tebucona7ole, and

specifically trilloxystrohin. I hese experime

tropical savannah climatic zone on óiycirie

The crop was directly seeded at a planting

trials were conducted in tOur replications

study design. Prothioconazole was used

1125 g/tia. The active ingredients were

predete! ri:ined treatment intervals.

n inhibitor fungicide namely

a q u none outside ii hibi Lor,

nts were conducted in Brazil in

mak’ crop variety NS 7209 PRO.

density of 380000 S/ha. These

in randomized complete block

at 85 g/ha, and mancozeb at

foliar sprayed on the crop at

8RThe 4 applications were carried out with a 14 day interval, starting a; the

heginning of flowering (Ri / R2) cycle, the disease severity assessments

were carried out on at least 10 trifohates leaves / pLot before each

application and at 7, 14 arid 21 days after last application (D). One of the

replication was also evaluated for plot defoliation. At the end of the

SYNGENTA EXHIBIT 1038
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the desired crop plants due to the larger dosage of these fungicides.

Greater the quantity of the systemic fungicides used, greater was the

observed phytotoxicity.

turning to the surprising effect of the present invention, experiments

conducted to evaluate the effect of mancozeb in reduction of
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assessments, the area under the disease progress curve (AUPDC) was

calculated for severity and its respective control by the Abbott formula.

89.The phylotoxicity measurements were evaluated before each application and

7 days after last application. The measurements used a 0 to 100% scale,

wherein 0 means absence of symptoms and 100 total death of pants. In

the end, the crop was [ier’ested in each 5rn2 pints and the productivity (kg

/ ha) and thousand grain weight was determined. In each tested plot, a

fourth standard applicalion for all Ileatments was made at 21 days after

the last application except for control.

9Q.The combination used was a formulation A comprising trilloxystrobin +

tebuconazole. A 0.40 kg-I /ha of this formulation delivered 60 g/ha

trifloxystrobin and 70 g/ha prothioconazole, while 0.60 kg-L/[ia delivered

75 g/ha trifloxystrohin and 105 g/ha proihioconazole, and while 080 kg

I /ha delivered 120 g/ha Iritloxystrobin and 140 g/ha prolnioconazole

Manco7eh was added to the various treatments varying from 1.5 kg/ha till

3.5 kg/ha.
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S No. Product

1 lJntreated

2 A
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Mancozeb

Man co ze b

1.3

104 of 728
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3 A +

A 0.00.40 ± 2.0

0.40 + 2.5+

1.0

0.00.0 1.2

0.6

A

Man co zeb

A

A

Mancoze b

A

1

4.6

0.60 + 1.50

I-

4

5

6

7

0.60 + 2.0

+ 0.60 + 2.5

manCozeb

LzT_h
Ii A + (1.80 + 1.50

Maricozeb

12 A +

Ma flC 07 e h

13

Mancozeb

3.5 6.1

1.2 1.9

6.6 8.4

1.1

‘1.8

0.80 + 2.00 0.0 1.5 2.5

+A

Mali CO 7C h

0.80 + 2.50 0.0 1.1 2,5

a



60

14 + 0.80 + 3fl0 0.0 0.9 2.2

Mancozeb

15 A OBO + 350 0.0 1.1 1.9

M ?. riCO 7 e b

91.From the phytotoxidty resuLts brought out above, 7 days after fourth spray

(7 DAT D), a significant reduction of phytotoxicity using Mancozeb in

associabon ol a demethyation inhibitor fungicide namely Prothioconazole

in combination with Triftoxystrobin was noted.

92.lt was also Found that greater the initiaL phytotoxicity seen in the combination of

[lie systemic fungicides, greater was [lie benefit of adding mancozeb in the

predeterniined recited quantity to the phyLotoxic combination of systemic

fungicides. In other words, the use of nianrozeb as a Itingicidal safener was

greater in the combinations which were more phytotoxic.

93.The addition of mancozeb suprisingly reduced phytotoxicity in a

demethylation inhibitor fungicide, nameLy prothiocoriazule or tebuconazote,

in combination with a strobiturbin.
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Phytotoxicity %S No. Product

I-
1 Untreated

61

Rates

([

kg/ha)

‘5 15 IA 217 DAT

C

AU DP C

DAT A DAT B

2 A

3.7 21.9

DAT C

0.40

DAT C

65.343.4 84.5

0.1 3.5

0.

9.2

A -‘

IT: an coze b

40 + 0.0

20.2

3.0

21.3

1.50

7.3

1143.5

236.6

210.416.8

A + 0.40 ±

20.1

0.0

manrozeb 2.00

6.2 14.22.3

2.3

19.6

+

185.3

0.0

.3

4

5 A ÷

in a nc C) ZC [)

6 A

7 - A

mancozeb

8 A +

inancozeb

0.40

2.50

5.6 13.5 18.4

0.60

179.7

0.0 2.6 17.2 194.4

0.00.60 +

1.5

0.60 —

2.00

2.3

2.3

5.5 18.5

14.7 16.1

5.1 12.4 12.8

11.1

178.2

62.9

150.54.6 12.89 A iO.6O 0.0 22

, mancozeb 2.50

10 A 0.80 0.0 12.4

11 A + 0,80 + (1.0 2.4 4.4

rnanzeh 1.50

4.4 18.1 1.4.6

12.6 14.5

179.4

157.7 1
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12 9.0 2.0

ncozeb 200

13 A + 0.80 ± 0.0 2.2 4.3 103 11.0 144.9

mancozeb 2.50

14 A + 0.80 + 0.1 27 4.7 107 11.6 155.5

mancozeb 300

15 A ÷ ft80 + 0.0 2.7 6.2 9.7 10.9 154.8

mancojSO

_____
____

________

94.Another trial was conducted to evaluate the ellect or rnallcozeh in reduction

of phytotoxicity caused by prothioconazole 70 g/ha. [he iriat was

conducted in Rio Verde, Goias (Brazil) in tropical savannah ciimatic zone.

The target crop was Gfrcirie max NS 7209 IPRO variety. flp planting was

done by seeding on 141h December [he seeds were planted at a rate of

16 seeds per metre, at a depth of 5 cm with the seeds being spaced at

50 cm from each other. [he emergence rate was noted on December 21,

and the harvest date of April 8. The planting density was maintained at

320000 seeds per hectare. The plots were convention-tilled and tie study

was conducted in 4 repLications in randomized complete block study design.

95.Three sprays were carried out with a 14 day interval, stalling at the

beginning of flowering (Ri / R2Y Disease severity assessments were carried

V7
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out on at [east 10 trifoliates [eaves / plot before each application and at

7, 14 and 21 days alter last application (D). An evaluation of plot defo[iation

wa.s carried out in Rb rep[ication. At the end of the assessments, the area

under the disease progress curve (AUPDC) was calculated for severity arid

its respective control by the Abbott formuta. Each application was evaluated

63

7 days after last application for ptiytotoxicity using a scale of 0 to 10

scale, which 0 means absence of symptoms and 10 total death of plants.

Lasly, the harvest of 5 112 was pei formed and determined the productivLty

(kg / ha) and thousand grain weight, correcting the humidity to 13%.

Phytotoxicity scale:

SYNGENTA EXHIBIT 1038

•

••

1 to lU/n of fo[,ararea affected —

±1 to 20% of foliar area affected t- •.
--

21 to 30% of fnI,. area affe ted

-, 3aOt-. 31 to 4o9oUoIia4èa affectet

LI Ic S0% of id par a, Ca clip,?,

_,_

‘., ‘i - 51 to 60% of folpar died aifrcted -

61 M 70% ci loirar a’€ a affected
-. Jib 0WoffoIiari affected -k •4z

Si o 99% c’ fear area aflcc’r.pI

-
- 9ito 100% of folpar area affected
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Foully: Agro Carreg1 2016

Results:

Table 3

S Acrive Timing

No. ingredient

(g/ha)

Phytotoxicity (%)

15 DAT A 15 DAT B 7 DAT C (bags/ha)

Proth icconazole

70 ÷ Mancozeb

2.0 46.6 b

2.0 54.2 a

SYNGENTA EXHIBIT 1038
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0% 2% 10%
So

15% 30%

Agro Carregal Pesquisa e Proteção de Ptantas, 2016

90%55%

Yle [ci

1 UnLreated

Tritloxystrobin

60 +

0.0 36.6 c0.0 0.0

1 ABC 00 0.0

750

3 Trifloxystrobin ABC 00 0.0

60 -F1
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Prothioconazole

70 + Mancozeb

1125

4 Trifloxystrobin ‘ABC 0.0 0.0 1.0 561 a

60 +

Prothioconazole

70 + Mancozeb

1500

5lriIThxys[robin ABC 0.0 0.0 1.0 56.1

60 +

Pro 1 h 0 Con az ole

70 + Mancozeb

1875

6 Trifloxystrobin ABC 0.0 0.0 1.0 56.8 a

60 +

P rot hi oco n az ole

70 + Mancozeb

22i0

7 Trifloxystrobin ABC 0.0 3.0 5.0 4i 7 b

60

Prothioconazole

70

_________ ________
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CV (%)

15 DAT A — 15 days after spray A i.e. first spray. Means foRowed by the same

letter or symbo[ did not differ by Scott-Knott test 5% of probabiLity. 1 bag

60 kg of soybean.

Photographic evidence:
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6

Macic

2250

e /0
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5 TrilloxystrobTh I

60

68

Prothi

e

Mancozeb

1875

Trifioxystrohin

60

Prothioconazol

C

7 Tilitoxystrobin

60

Prothiucociazol
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96Ahout resuLts of hytotoxicity, 7 days alter third spray (1 DAT C), it was

possible to note a significant reduction of phylotoxicity using Maricozeb in

association of Prothioconazole & Tryfloxistrobin

Rote of mancQzeb in reducingJftephytotoxicityoLaAripLe. combaflon.versis

in_a_dual combinatioo.

97The present invention uses a multisite fungicide with a combination of

systemic fungicides. [he combination of systemic fungicides comprises

tehuroriazole or prothioconazole and a strobituriri fungicide. The contact

fungicide mancozeh is added to the systcniic fungicide conihiriation to

dcci ease the phy:o:oxicty of the combination, this finding was an

uriexuected and hitherto unknown property of contact fungicdes Like

niancozeb.

98,lhe combination of these systemic fungicides causes more phytotoxicity

than the sofo individual use of those fungicides. It has been surprstigy

found that the contribution of mancozeb iii reducing the pfiytotoxicity of a

double combination of systemic fungicides is unexpectedly more than its

contribution in reducing the phytotoxicity of singLe systemic fungicide in

isotation.
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99.Experirients were perornied at Ituverava, Brazil in tropical savannah climatic

zone. The target crop was NS 7209 IPRO variety of soybean. The crop was

pLanted at a planting rate of 19 seeds per metre at a depth of 5 cm, to

a total of 380000 seeds per hectara The inter-row spacing was maintained

at 50 cm. The experiments were performed in randomized complete block

study design with 4 replications. The treatments were sprayed to the triaL

plots to ensure a foliar placement of the applied fungicides. Water was

used as the carrier for diluting the applied fungicidal formulations to 150

L/ha.

100. 4 applications (ABCD) of the respective treatments were carried out with

a 14 day interval, starting at the beginning of flowering (Ri / R2). The

disease severity assessments were carried out on at least 10 trifoliates

leaves / plot before each application and at 7, 14 and 21 days after last

application (0). In R6, an evaluation of plot defolialion was perforiiied. At

the end of the assessments, the area under the disease progress curve

(AUPDC) tor severity and its respective control by the Abbott formula was

calculated. Pliytotoxicity was evaluated helore each application and 7 days

aftei Last application, using a 0 to 100% sca(e. wherein 0 means absence

of symptoms and 100 totaL death of plants. The harvest of 5 m2 was

performed and the productivity (kg / ha) and thousand grain weight was

determined.
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101. In all the experiments described below, Aureo has been used as an

adjuvant. Aureo is the trademark for the soybean oil methyl ester adjuvant

available from Bayer. It does not have any fungiciclal efficacy of its own,

but is commonly used in tank-mix trials to modify the surface tension ci

the fungicide/mixture to enable it to be applied to the test site

(http://thdaLorg/JD±159QL0iVD-54O5/2B20). In any event, its effect would

be un;lor;n across all the expenments described herein, so that any aenefils

ascribable to Aureo would have evened out across all the treatments.

102. In the data described below, the percentage reduction in phytotoxicity

due to maricozeb was calculated as follows. [he phytotoxicity for the

substance A with and without mancoieb was noted. For example, if the

pbytotoxicy of substance A was “a” withoul rnancozeb, and “h” with

mancozeb, ihe percentage reduction in phytotoxicity for the substance due

to mancozeb was calculated as fta-b)/allOOl.

103. It is well known that conazole fungicides are phytotoxic to the desired

crop, at the required dosage at which they exhibit fuiigicida[ properties.

Moreover, the presence of a strobilurin fungicide seems to aggravate the

problem of phytotoxicity (doi:1O4141/CJPS2012 181, annexed hereto El).
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This was a[so corroborated by the presently described experiments, wherein

it was found that the phytotoxicity due to a combination of conazole and

strobi[urin fungicides was much higher than the phytotoxicity due to a

conazote fungicide alone.

104. Regarding the phytotoxicity of conazo[e fungicides, El draws the following

concLusions, thereby establishing the phytotoxic side-effects of conazote or

conazole + strobilurin fungicides.

- VThhlorprop/2 4-f) rni*ed with tebuconazole caused up to 15% injury

when applied ear4y and up to 29% injury when applied fate.

Bromnoxynil/1vIPCA inked with tebuconazole iq/ured wheat up to 15%

when applied ear(v but only 10% when applied late Other fierbibde

arid fungicide mi*es caused a lower level of Thfiiry

The fungicide tebuconazole caused the highest level of iiiuiy when

inked with herbicides and injury was particularly lug/i with

dichloiprop/2 4-D.

- The filngk7de tebuconazofe applied in a tank-mb’ with a herbicide

caused the highest level of visible injury conipared with the other

fungicide—herbicide conibinations
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- Of the four fungicdcs (ebuconazole increased injuiy the most with

each of the three herbicide5 evaluated

- The additibn of azoxystrob,h/propiconazole to broinoxynih/MPC4 was

injurious at 7 of 8 site yearc with injuty level as high as 73% at

Elora in 2009

- In both 2009 and 2UJQ c7ll 1,912k-mIxes (hat include the fungicide

tebuconazole, consistently caused visible in/wy greater than either of

Inn single components of the mixture applied aIont

Te/JucolL izole caused injdiy when mixed with dichloiprop/7 4--I),

broii ioxynii/AJPG/1 arid pyrasulfotole/bromoxynit

- Icy prev;u115 studies, lebucorhizole was reported to i-educe (he efficacy

of conan: h;erbiOides when applied as a tank nux: hiowevei no inJury

or yiid rcohctions were obsen-od IL ancaster ci at 2005a, b2

- In contrast, tebuconazole phytotoxicity has been reported ih wheat

and iii oIlier crops such as cocoa and rockinelon (ilolderness 192Q

V2wdrey 1994: Hunt et at 2008) This fL’ngicide is known to be

tIihitfl?ii(/y toxic to plants at rates required for adequate uiingicidal

action ‘P&ieiseri 207 Hunt et at 20 It is conceivable that the

phytotox,’citv ohserved when herbicides were miked with tebuconazole

was due to a reci/roca/ action.
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The fungicide or components of its commercial formulation may

increase uptake of the herbicides, while components of the herbidde

formulations could also en/lance tebuconazole leaf penetration;

accelerating its phytotoxic act/OR This double act/at; would account

thr the speciflciij’ of iqjury we observed wi/h each

tebuconazole/herhicide tank-mi* (fgci to 3A

- Interesting/v. of all 1/ic combThations that were tested in this iesearch

bromoxynd/A’IPGI+tehuconazole was the only riwistered tank-mix

found on hot/i product labels (Bayer CropScience Inc Suite 100 31.31

filth Avenue SE, Caaiy ABA and was one of the most injurious

lank—n u’es in this study.

- .ctrobihu, in fungicides have been documented to cause cioj) h.¼irv

when tank-mixed with certaih herbicides (Stump et aL 2(02 Robinson

and Nurse 201191 The phytotoxi effect of strobilurin hmgicides is

enhanced when tank rni*es include products that solubiiire the plant

cuticle (such as surfactants and some pesticides) and facilitate

increased passage of strobiltuin i/ito the /ivihg plant tissue instead of

rernairn/ig oil the leaf surface, m-esulting in iiiuiy (Stump et a! 2002:

½/we/li 200 Agrios 2005)
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If? t7C4 the product label for azoxystrohin/oropiconazole issues a

warning that phylofox/c ellecis may be encountered when

azoxystrobin-t-propicoriazole Is tank-rn/red with products formulated d5

emulsilthble concentrates (Syngenta Crop Piotect/on canada, lnc, 140

Research Lane, (Jue/pl ONJ

105. The present vention rovides a solubon o this problem of phymloxic

side effects of conazole or conazole + strohihirin Fungicides.

106. Now turning to the preseni. experiments, the fo[lowing is a suiiiiriary of

the observations noted during this trial:

Trearment Protocols:

Treatme ProdLict

nt No.

H

SYNGENTA EXHIBIT 1038
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Concentrat

ion

Active (g of

aL/ha)

Untreat

ed

g
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ABC

D
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UPL 480 SC

2030

EP

720 EC

0.137 Prol.hiocona

zoLe (85)

0.25 Soybean

methyl ester

(270)

ABC

D

ABC

D

Aureo

3 UPL 480 SC

2030

FP

Unizeb 750 WC

Go[d

0.177 Prothiocona

zote (85)

ABC

D

Aureo 720

ABC

U

C

D

1.5

EC

96

150 + 1/5 sc 0.5

M an co ze b

(1125)

Soybean

methyl ester

(270)

Tn uloxyst ro

(75) +

Prothiocoria

zo[e (87.5)

4 Fox

97
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5 Fox

EC

150 + 115 Sc

‘025

Protluocona

zole (87.5)

Unizeb 750 WC L5 Mancozeb ABC

Cold (1125) D

Aureo 720 EC 0.25 Soybean ABC

rreiiiyl ester D

I (2/0)

Phytotoxicity results:

S Active Phytotoxicity (%)

‘

-

_____

DAT reduction DA recjctor DA reduction

A in IC in TD in

phytotoxi totox phytotox
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city due city clue city due

to to to

mancoze rnancoze maricoze

b b h

I Untreated - 00 0,0 - 0.0 -

2 Prothiocona 0.0 - - 26. -

zole 8 5

3 Prothiocona 0.0 3.3 72.3 6.5 75.5

ZOIC +

mancozeb

4Prothiocona &5 22. - 40.

HoLe + 5 0

Irifloxys:robi

n

.5 Prothiocona 0.0 100.0 3.5 MA 0.0 77.5

zo[e +

trifloxystrobi

11 +

mancozeb
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107. Thus, it was found surprisingly found that mancozeb reduced the

phytotoxicity of prothioconazole alone by 722% and 75.5%, but in a

combination ol systemic fungicides, mancozeb caused to reduce the

phytotoxicity of the combination by 100%. 84.4% and 775% respectively.

Thus, the contribution of maricozeb in reducing the phytotoxiciy of a doul$e

comhination of systemic fungicides is more than its contribution in reducing

the phytotoxicity of single systemic fungicide in isolation.

S No. Active Percent severity AIJDPC 1
for Phakopsora

pac/yir/;izi I

1 Untreated 100.0 600.1

2 Prothioconazole 5.8 24.4

3 Prothioconazo[e + 2.1 8.1

Ma nc o ze b

SYNGENTA EXHIBIT 1038
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4 Prothioconazole i- 1.2 4.3

Tn floxyst ro bin

5 Protlnoconazoij + 0.5 2.1

I Trifloxystrohin -i Mancozeb

CV (%) 7.9]t 12.08t

DAA/B/C - Days After Spray A/B/C/D; t = Transformed data for

“arcsen((x/1 QOY1/2); V = Transformed data for “(x+kY 1/2 with k = 1

08. Thus, maiicozeh also surprisingly reduced the percentage incidence of

P/?akopsora pacc/iyrrz/7/ and area under disease progress curve for the

combination of systemic Iiinpicicles This means that not only rnancozeb

reduced Pie pliyokixicty problem seen with conazote or conazole +

s:robilririn fungicKles, it also enhanced the disease control ic. fungicidal

effect exerted by these fungicides.

109. The addition of mancozeb riot only reduced the phytotoxicity of the

systemic fungicides ri combination quantitatively, hut there was a qualitative

visual reduction in the phytotoxicity in the plots treated additionally with

ma nc oz oh.
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110. Thus, it was conctudeci that the combinatEon of Prothioconazoe with

Trifloxystrohin caused much greater level of phytotoxicrty in comparison

with Prothiocona7ole sprayed in isolation. In general, the combination of an

azole fungicide with a strobilurin fungicide was more phytotoxic. More

importantly, the percentage of reduction of phytotoxicity by using mancozeb

was greater in the mixture of Prot[uoconazole & Trifloxystrobiri in

comparison with the use of mancozeb with Proihiocona7oie in isolation in

the most part of evaiuations. This vsas moe beneficia’ oecause of the
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higher rate of phytotoxicity in the treatment using Prothioconazole &

Triftoxystrobin.

111. I bus, it was surprisingly found that the greater the phytotoxic effect

seen due to the treatricnt with a combination of systemic fungicides, greater

was the beneficiaL effect seen due to the introduction of mancozeb in

reducing this aggravated phytotoxicity.

Use ol multisite_contRet tungkides in general

112. Similar trials as descrioed above were carried out using other multisite

contact Fungicides. These experiments were carried out to corroborate the

same udvantages were achieved using these other multisite ¶ungicides as

achuved using n;ancozeh.

113. The trial protocol For these experiments was the same as that using

mancozeb, hence riot describen again. In each of the following experiments,

the percentage severity of Asian soybean rust and the area under disease

progress curve (AUDPC) were transformed to caLculate the percentage

control values and reportea. these results of percentage control achieved

are reported below:

Use of chlorotha[oiiil as the multisite contact fungicidei
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114 The dosage of trifloxvstrobin v,as 70 g/ha (500 WG iorrnulation).

tebuconazole 100 g/ha (200 [C formulation), while chiorothalonit was used

at 1080 g/ha (720 SC formulation). In these experiments, DAA/B/C meant

days after treatment A, B and C respectively.

S No. I Mixture Chiorothalonil Difference in

Without With percentage

co ntro

Trilloxystrobin 97.1 98.6 •415

lehuconazole © 21 DAA

2 ‘I’rifloxystrobn -F 68.1 88.1 20.0

Tebuconazote © 18 DAB

3 Trifloxystrobin + 72.9 78.8 5.9

Tebuconazole © 7 DAC

115. Thus, in each of these experiments, a positive correlation between the

introduction of chiorothalnit and the percentage coritro of Asian soybear

rust was seen.

Usaf per oxychtoci asjhemulisite_contact furigicide

116. Copper oxychloride 588 SC was appliec at 0.5 kg-I /ha. Pyraclostrobin

250 EC was applied at 0,32 L/ha, whereas metconazote 90 EC was applied
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at 0.55 L/ha. In these experiments, DAA/B/C meant clays alter treatment

A, B and C respectiveLy.

S No. Mixture Copper Difference in

Oxychioride percentage

Without With control

1 Pyraclostrobin + 61.6 85.7 + 24.1%

Mctconazote ( 18 DAB

2 Pyraclostrobiri ÷ + 27.4%

Met conazole ç 7 SAC

3 Pyraclostrobin r 57.5 83.2 + 25.7% j
Metcoriazole (AUDPC; %

Co ri tic I)

117. Thus, in each of these experiments, a nositive correlation between the

introduction of copper oxychloi ide and the percentage control of Asian

soybean rust was seen.

Secmdary evi4encQjnnhe forrm.ctLa. ce ar’aWexpcctation Qf__a_peiSO[1

skiRedJi We a’t

118. Dr. Claudia Vieira Godoy is a prolific researcher, currently positioned as

Senior Researcher at Brazilian Agricultural Research Corporation, EMBRAPA.

She has published aboLit 95 papers till date, a majority of which (50) reLate V1
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to soybean rust arid its fungicidal controL A list of all her research

publications is enclosed herewith. It is beyond doubt that Dr. Godoy is an

expert in the art of soybean production arid related lungicidal control. She

is a person skilled in the art.

119. The present nventiori claims a priority date of 26112013, whereas the

first country to publish it was the Indian Patent Office on 29.05.2015. Dr.

Godoy’s publications before 2013, and alter 2015, also stand a testimony

to the inventiveness of the present apprication.

120. The First paper (Paper 1) relerred to herein outlines the changes in

performance of soybean rust fungicides over the years arid the new

riianagernent strategies adopted in Bra7El. This paper explains the network

of fungicides from 2003 — 2009, arid provides perspectives for 2009/10.

This would niean that the contents of this paper outlines the cii rrent thinking

in the art of soybean rust control before 2009/10, i.e. before the publication

date of the present publication.

121. Page 13 of Paper 1 Lists

from 2002/03 till 2009/10.

triazoles strobiturins arid

lists DMIs + Qols as one

strategies during 2003/04

sensitivity monitoring tests,

the tungicides in rise for soynean rust control

This list includes 6 triazoles, 2 strobiturins, 5

1 triazole + henzimidazole. Page 16 onwards

of the preferred soybean rust management

till 2009/10. Page 24 of Paper 1 lists the

which reveals that the increasing EC59 values

Si
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denote that the efficacy of the fungicides known till then had been

decreasing from 2005/06 till 2008/09. Page 28 of Paper 1. establishes that

during 2007 — 2009. almost 80% of the soybean rust control was dominated

by the DM1 + Qol mixture even though its efficacy was reducing year by

year The industry was in dire need of a solution to this problem of reducing

efficacy of known fungicides towards soybean rust.

122. There is no mention at alt regarding the use of a ruultisite contact

fungicide at all in these rust control stiategies, i.e. belore the publication

of the present invention.

123. Paper 2 entitled Protective, curative and eradicative effects of fungicides

to control soybean rust caused by Pliakopsora pachyrhizi ii greenhouse

was published in November 2003. This Paper 2 invesUgates the protective,

curative and eradicating effects of systenuc fungicides (azoxystrobin 50 g

al / ha + nimbus 0.5% car5endazn 250 g ai / ha, tebuconazolc 100 g ai

/ ha. dtenoconazole 50 g ai / ha and epoxiconazole 2hgai / ha ±

pyraclostrohin 66.5 g ai / ha) evaluated in soybean (Glycine max) plants.

89

124. Table 1 of Paper

90% contro was

pyraclostrobin i.e. the

in combination for the

2003.

2 demonstrated that at 14 days alter sowing, aiiiost

seen with the combination of epoxiconazole +

concept of using a strohilurin + conazole fungicide

control of soybean rust was known and pevalent in
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1.25. Till the knowledge existing in the state of the afl. till 2003, there is 110

mention at all regarding the use of a multisite contact fungicide at all in

these rust control strategies. i.e. before the publication of the present

invention.

126. Paper 3 was published around February 2004. Paper 3 also investigates

the protective, curative and eradicating effects of systemic fungicides

(azoxystrohin 50 g ai / ha + nimbus 0.5%, carbendazin 250 g ai / ha,

tebuconazole 100 g ai / ha, difenoconazole 50 g ai / ha and epoxiconazole

25 g ai / ha + pyraclostrohin 66.5 g ai / ha) evaluated in soybean (Glycine

max) plants.

127. Table 1 of Paper 3 also demonstrated that at 14 days after sowing,

aliTlost $0°, control was seen with the combination of epoxicoriazole +

pyraclostrobin i.e. the concept of using a strobilurin + conazole fungicide

in combinal ion for the control of soybean rust was known and prevalent in

2001.

128. Tilt the knowledge existing in the state of the all tilt 2004, there is no

mention at aLl regarding the use of a niultisite contact fungicide at all in

these rust control strategies, i.e. before the publication of the present

invention.

129. Paper 4 was pubhshed in June 2005. On page 676 of this Paper 4, it

is disclosed That - Moreovei application olfoliar türigrddes is not a rout/neQq
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practice on second-crop soybeans Thus, this paper actually teaches a

person skilled in the art away from using multisite contact fungicides for

soybean rust control. Further, the very next paragraph of this paper teaches

that - currently strobllurih and triazole fungiddes are being used

130. Therefore, till the knowledge existing in the state of the art tiLl 2005,

there is no mention at all regarding the use of a muitisite contact fungicide

at all, much Less niancozeb, in these rust conli ol strategies, i.e. before the

publicaliori of the present invention,

131. Paper 5 — Del Ponte, Emerson & Godoy, Claudia & Du Pieez, F & van

Rij, N & CaLdwel, P & Yang, X. (2005). Predicting regional i\sian soyheui

rust outbreaks iii Brazil and South Africa. PhytupathoLogy. 95. 523-523

was also published in June 2005 and has the same conclusions as the

Preei thesis discussed above.

132. Preez is a paii of a MSc thesis submitted by Eve D1ane du Pree7 for

her work done on control of soybean rust. Preez reports the efFicacy of 11

fungicides for inc contro( of Phakopsoci pachyrhizL azoxystrohin,

triadimenol, llusila7ole, triforine, mancozeh, epoxiconazole/pyraclostrobin,

tebucona7ole, fluiriafot, fiusilazole/carhendazim.

133. Preez quotes the stUdies attempted by Yang (1977) for dVTerent cultivars.

The yield loss. calculated from tne difference for niancozeb sprayed and

unsprayed soybean yields, was 23, 24, 32 aad 50% for the cuttivars. Thus,
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this citation iii Prccz attempts to demonstrate the criticality of using

mancozeb alone for controlLing rust in wheat. Preez does not investigate

the use of mancozeb as a synergist for soybean rust, nor the effects it

has in synergizing the activity of the conazole + strobilurin Fungicides in

controlling soybean rust. Apphcant never claims to have invented mancozeb

br the first time or its usage in the control of Asian soybean rust for the

first time Applicant’s invention resides in a combination comprising

mancozeb and a couble combination of systemic fungicides selected from

demethylation inhibitors, ouLnonc outside inhibitors and succinate

dehydrogenase irihiNtor fungicides. Preez or the Yang (1977) study quoted

by Preez, does not contemplate mixing mancozeb with any systemic

fungicides, less so, in a triole combination as in the present invention.

134. Preez again quotes a 1979 siudy by Ogle et at, who conducted a field

trial where soybeans were prolected for different Lengths of time. Yield

reduction in the unsprayed treatment was 67.8% compared with the

treatment that was sprayed fortnigh[ly with mancozeb until harvest. Loss

was associated with reduction in the number of pods. nurTiber of filled

seeds, seed mass, seed yield per plant, reduced seed oil content (but not

protein) and non-seed dry weight of plants. Again, this citation in Preez

attempts to demonstrate the crilicality of using mancozeb alone for

controlling rust in wheat. Preez does nut investigate the use of mancozeb

as a synergist for soybean ust, nor the effects it has in synergizing the
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activity of the coiiazole + strobiturir fungicides :n controtling soybean rust.

Applicant never claims to have invented inancozeb for the first lime or its

usage in the control of Asian soybean rust for the first time. Applicant’s

invention resides in a combination comprising mancozeb and a double

combination of systemic fungicides selected from demetliylation inhibitors,

quinons outside inhibitors and succinale dehydrogenass inhibitor fungicides.

Preez or the Ogle (1979) study quoted by Preez, does not contemplate

mixing niancozeb with any systemic fungicides, Less so, in a triple

conihination as in the present invention.

135. The data presented by Preez in the MSc thesis demonstrates that the

owest yietd was obtained From the unsprayed control (92% disease;

16.60q.ha-l) which was not significantly different from mancozeb (19%

disease; 1811qha\ tridemnorph (73% disease; 1.9.47q.ha4 ) and

chlorothalonil (72% disease; 1&90q.ha-1) treatments. Thus, this study by

Preez actuaUy equates the effect of rnancozeb usage with the untreated

control, meauir:g thereby that rnancozeb was riot found to lie useful for

the conirol of soybean rust when used alone. The conclusions of this study

would have actually dissuaded a person skilled in the art from combining

mancozeb with a double combination of systemic fungicides selected from

demethylation nhibitors. quinone outside inhibitors and succinate

dehydrogenase inhibitor fungicides, and actually teaches away from the

subject-matter of the present invention.
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136. Preez further discloses that research on the use of fungicioes to control

SBR dates back to the 1%Os (Kitan a at i%Oa, 1960h, 1960c; Chu and

Chuang, 961; 1-luang and Kin, 1961; Wang, 1961) when protectant

fungicides such as Bordeaux mixture, copper, dichlone, dinocap, hrnesutphur,

mancozeo, maneb, wettable sulphur and zineb were tested. Applicant states

that this teaching of Preez again favors the inventiveness positioning of the

present inventors as despite h&ng known since 1960s, no person skilled in

tile art contemplated using mancozeb, when used as a synergist, in

combination with a double combination of systemic tungicides selected Irorri

demethylation inhibitors, quinone outside inhibitors and sLiccinate

dehydrogenase inhibitor ftingccides.

137. Moreover, these studies cited by Pree7 are nOw 50-60 years old. It is

an established prinople of patent law that where a document may not be

a reaListic starting point for evaluating a later invention as prior art because

it relates to outdated technology, and/or is associated with such well known

disadvantages that the skilled person would not even consider trying to

improve on it. Applicant states that these studies cited by Preez had been

disregarded for more than 50 years by those skilled in the art, had never

been used during that period as a basis for further development, was

moreover completely silent about the extent of the indicated activity and,

finally, did not even mention, Let alone discuss, the relevant state o’ the

art, did not represent the closest state of the art Applicant states that it

SYNGENTA EXHIBIT 1038
139 of 728 SYNGENTA v. UPL., PGR2023-00017



95

would have been unrealistic to rely on these studies cited by Preez, without

hindsight of the present invention, to try to combine mancozeb with other

systemic fungicides of fungicides selected from demethy[ation inhibitors,

quinorie outside inhibitors and succinate dehydrogenase inhibitor fungicides

to improve their properties. The technique of using mancozeb, along with

other systemic fungicides selected from demethy[ation inhibitors, quinone

outside inhibitors and succinate dehydrogenase inhibitor Fungicides had not

received any attention in the past 60 years, and it is riot obvious as to

why a person skilled in the art would consider such a stralegy to improve

the efficacy of known fungicides by using ITlancozeb as a synergist, after

decades of this knowledge lying dormant.

138. Despite the aforesaid, even if Preez and the studies cited therein are

considered as relevant prior starting points, applicant slates that these

studies are completely silent regarding the use of mancozeb in these

combinations, or the quantity of mancozeh to he used which leads to a

synergistic effect, or the precise triple combinations including mancozeb

which are now being claimed.

139. Paper 6 was published in August 2007. This paper illustrates the use of

the fungicide azoxistrohin ciproconazole (60+24 g i.a./ha) + mineral oil

(0.5%). There is rio mention at alt regarding the use of a multisite contact

fungicide at all, much less mancozeb, in these rust contro’ strategies, he.
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before the publication of the present invention, especially for the control

of soybean rust.

140. Paper 1 was published in October 2007, and is a review of the chemicat

control of soybean rust using the knowledge available in the stale of the

art till 2007. The objective of this paper was to test two active fungicides

and five application times for the control of soybean rust. The experiments

were carried out in Palmeira-PR, from November 2003 to May 2004, on

cultivars CF) 205 and BRS 333. The active ingredients tested were

tetraconazole (50 g ai ha-i) and pyractostrohin (66.5 g ai ha-i)

epoxiconazole (25g a ha-i).

141. This paper 7 concluded that treatments contairung only triazole or a

combination of strobihrin + triazol.e demonstrated a protective and curative

effect with similar results in disease control. The unique application of he

tetraconazoLe and pyraclostrobin 1- epoxiconazole Iungir.ides showed higher

efficiency when applied with low fungal severity.

142. Still, as of October 2007, there was no mention at alt regarding the use

of a mwtsite contact fungicide a: all, much Less inancozeb, in these rust

controt strategies, i.e. before the publication of the present invention,

especially for the control of soybean rust.

143. Paper 8 was published in October 2008. This paper experimented with

a different approach of treating seeds followed by chemicat treatment for1
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optimuni contro[ of soybean rust. The seed seed was treated with

carbendazirn -i thirarn (30 + 70 g ai per 100 kg seed), or with fiuquinconazoL.

at dose 50 g per 100 kg of seed. The seed treatment regimen was followed

by following mixtures: pyraclostrobin + epoxiconazole and trifloxistrobin +

tebuconazoLe.

144. This paper conciudes that the treatment of the seed of soybean with

lluquiriconazo[ or with foliar fungicides of carbendazirn + tliiram did lot

delay the appearance of the first symptoms nor the evolution of the disease

and did riot presenis a benefit in the management of rust. it was fuilher

conctuded that the addibori of a fo[iar fungicide treatment regimen did riot

have a favorable influence on the standard known ireatmerit regime of

strobilurin + cona7o[e fungicides for the control of soybean rust.

145. The conclusion of this paper has two important ramifications for the

subject matter of the present nvcrition: (i) it wuutd have dissuaded any

person skilled in the art from adding a niultisite contact fungicide, much

less mancozeb, in the known standard treatment regime of strobilurin +

conazole fungicides for the coritro[ of soybean rust; and (ii) Secondly, as

of October 2008, the general knowledge in the stale of the art did not sti[l

consider the use of a multisite contact fungicide, much less mancozeb, in

these rust controL strategies, he. before the puhhcation of the present
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invention especially for the control, of soybean rust. D8 actualLy teaches

away from the subject-matter of the present invention.

146. Paper 8_2 was published in October 2008 was presented similar

concLusions as Paper 8 discussed above.

147. Paper 9 was published in February 2009. This paper teaches a premix

of 60 g azoxystrohin ha-i 24 g cypioconazole ha-i applied to dillerent

growth stages to control soybean rjst. This paper again establishes that as

of February 2009, the general knowledge in the state of the art did not

stilt consider the use of a muttisite contact fungicide, much less mancozeh,

in these rust control strategies, i.e. before the pubicatiori of the present

i:ivention, especially for the control of soybean rust.

].48. Paper 10, Scherm, H & Christiano, Rock & Esker, Paul & Del Ponte,

Eineison & Godoy, Claudia. (2009). Quantitative review of fungicide efficacy

trials for managing soybean rust in Brazil. Crop Protection. 28. /74 782.

1O.10i6/j.cropro.2009.05.006., was published in September 2009.

149. This paper presented a meta-analyhcal synthesis ot the results ot 71

uniform fungicide trials containing 930 entries (specific fungicidal treatments)

conducted in Brazil from 2003/2004 to 2006/2007. These experinients were

conducted to: (1) quantify the overall efficacy of lungicidat treatments in

reducing disease and yieLd loss; (2) determine to what extent fungicide

efficacy depends on overall disease pressure, the number of spr
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applications, and the amount of disease present at the time ol the first

application; and (3) test for differences in efficacy among fungicide classes

and specific active ingredients.

150. This paper concLuded that triazole fungicides applied alone pedormerl

better than slrohilijrins alone, hut theic was a wide range in efficacy among

individual triazoles, with prothiocoriazole and tebuconazole performing best

and Iluquinconazole and difenoconazole beng Least effective. Combinations

of strohiLurius with triazotes (especially those containing cyproconazole)

improved disease and yield loss coniro: compared with either class alone.

151. Therefore, Paper 10. tested 930 fungicide treatments for the control of

soybean rust, and yet concluded that combinations of of strobiLurins with

triazoles was he best treatment avaiahe in the state of the art till

SeptelTiher 2009. Latei evdence further showed that even ihe efflcacy of

this best possible treatment by combinations ol oF strobilurins with triazoies

was seen to he decaying with gradcal decay over the years. Still, despite

the 930 fungicides tested till Septeriiber 2009, the general knowledge ri

the slate of U ic art did riot still consider the use of a multisite contact

ILirigicide, much less mancozeb, in these rust control strategies, i.e. before

the publication of the present invention, especially for ihe control of

soybean rust.

th
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152. Paper 11 was published in December 2011. Ihis paper is based on the

premise that - Fungicide trials in India (PatH and Anahosur 1998, identified

se vera! triazole compouiids ha.aconazo/e, triaciirriefon, propiconazole and

difenoconazole, whidi performed better than mancozeb, ttidemorph and

clilorothalonil This discussion clearLy discourages a person skilled in the

art From considering the use of contact fungicides such as niancozeb in

soybean rust conLro[ irograrns

153. ihis paper further concludes that - The mixtures of triazo/us arid

strobiurih fungicides tend to be most consisten4 providihg less seveie ASP

and hgher yields (Mi/es et at, 20U 2004 Sc/mrin et at, 20092 and that

1/ic number of label/ed fl/fig/c/des to control ASP increased /10177 5. iii

2002 to approxlrnate4v 70 in 2010. Most of them belong to the Dlv!! group,

with several generic compounds. QoIs were recommended a/one Hi the first

gm wing seasons ori(y and due to tower efficiency compared to ti-thzo/es

a/one (Sclierm et at, 20092 they have been recommended onfy ih mixtures

with triàzo/es.

154. This paper also, for the first Lne. quantirabvely estabhshed a gradual

decay in the efficacy of strobiluriris, or conazoles or their mixtures towards

the control of soybean rust with their use graduaDy over the years, by

stating that - Gombinations of stivbriuniis with triàzoles i/TprOVed disease

and yield loss control compared with either c/ass alone. Even without a

SYNGENTA EXHIBIT 1038
145 of 728 SYNGENTA v. UPL, PGR2023-00017



clear answer as to [lie reasons for the rethcsd performance of triázolcs

observed 7 years after the introduction of P pachyr/iíi in Brazil, ft reached

a level at which rust control with straikht azoles became unsatisfactory

Since 2007 the use of straight azoles has been decreasing and the use of

triazole- strobilurih mixtures was Thtensftied as the major stiategy to reduce

the risk of resistance. The general knowledge in the state of the art, as of

December 2011, did not still consider the use of a muttisite contact

fungicide, much less mancozeb, in these rust control strategies, Le. before

the publication of the present invention, especially for the control of

soybean rust.
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155 ibis again estabLishes that about 2 years before the priority date ci the

present Envention, the geKial consensus in the state of the art wets o

consider the mixture of triazoes and strobi[urins as the best available
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treatment for soybean rust. The present invention :akes the state of the

art forward from exactly this point where the knowledge existing in the state

of the art culminated as of December 2011.

156 Paper 12 was published on September 4, 2014 i.e. after the priority date

of the present application but before its earliest publication in India.

Therefore, the contribution of the present invention i.e. the use of a multisite

fungicide in combination with mixture of triazoles and/or strobi[urins and/or

SDHIs was not available to the autlioi-s ol this paper yet.

/57 This paper evaluated fungicides belong to the folLowing groups: a)

demethylaton inhibitors; b) qunone oxidase inhibitors (Qol) and c) succinate

dehydrogenase intubi:ors (SDHO [he specific fungicides tested were:

Tebuconazole 100 g ia ha -i (12); cyproconazole 30 g ai ha -1 (13);

azoxystrobin 50 g ia ha 1 (14); azoxystrohin + cyproconazole 60 + 2’l g

ai ha -1 (15); yracinstrobin -f epoxiconazole 66.5 + 25 g ai ha -1 (16);

picoxystrobin + cyproconazole 60 24 g ai, ha -1 (17); trifloxystrob7n +

prothioconazole 60 + 10 g ai ha -1 (18); picoxystrohin + tehuconazole 60

+ 100 g ai ha 1 (19); azoxystrobin ÷ flutriafol 62.5 + 62.5 g ai ha -1

(110); pyraclostrobin + metconazole 65 ± 40 g al ha -1 (ill): azoxystrobn

+ tetracoriazote 50 i- 40 g ia ha I (ii?); pyrac[ostrohin + Ituxapiroxade

99.9 + 50.1 g ia ha -1(113); azoxystrohin -- tebuconazole 72 ± 96 g ai ha
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-1 (TM); aLoxystrobin + tebuconazole 62.5 + 120 g ai ha -1 (115);

azoxystrobin + flutriafol 62.5 ÷ 62.5 g ai ha -1 (116); metominostrobin +

tebuconazo[e 63.2 + 94.8 g ai ha -1 (117); pyraclostrohin + epoxiconazole

+ fi.uxapiioxade 64.8 40 + 40 g ia ha -1 (T18); bixafen prothioconazole

+ trifloxystrohin 62,5 + 87.5 + 75 g ai ha -1 (119); azoxystrobin -t

benzovindillupyr 60 + 30 g ai ha -1(120).

158 This paper again does no envisage the use of a multisite fungicide,

particularly niancozeh, additionally with the coriventiorally known mixtures

for the ronirol of soybean rust. I his again establishes thai even before the

publication of We present application, the general consensus in the state

of the art was to consider the mixture of triazoles arid strobilurins as the

bes: avaiIabe treatment for soybean rust. In fact, there was scientific

prejudice against using a multisite fungicide, particularly ruancozeb, [or the

control of soybean rust. The present inventors have ventured against this

scientific pr-ejudice and achieved success.

159. Paper 13 was published in tire 2015 ie barely 4 months pror to the

publication of the present application in India

160. Page 114, left hand column. second paragraph of this paper notes that

- the hinges started to s/row a decrease in sensitivity to Derrietlw/ation

Inhibitors (DM/s.) fungiddes ih Brazil fivm 2007 (Godoy. 2011). SiAce (lieu
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017/v preenixes of Div/Is and Qul icon outside Inhibitors (Qols.) fungiddes have

been recommended to control the dlceasu Although Qols fungicides have

never been recommended alone, due to low efficacy against soybean rust;

in 2O] a decrease in efficacy was a/co observed in this group of

fungicides; compromising the control of the prem/k’es at different levels.

Products cons/sting of ne i4 biva d-spec Inirn Succina te DeIydrogenase

Inhibitois (SDHIs) funi6dcs mA-ed wi//I Qois were launched onto the market

in 2OL

161. This paper again does not envisage the use of a rniiliisite fungicide.

particularly mancozeb, additionally with We conventionally known mixtures

for the control of soybean rust. T his again establishes that even before the

prhtication of the present application, the general consensus i:i the state

of the art was to consider the mixture of triazoles and strohilurins as the

hesi available trearruent for soybean rust. In fact, Were was scientific

prejudice against using a mijltisite fungicide, particularly mancozeb. for the

control of soybean rust. T:e present inventors have ventured against this

scieptihc pmjudice and achieved success.

162. Paper 14 was published in July 2015, i.e. 4 months hefore the earliest

publication of the present application in India. This paper tested the

following mixtures: azoxystrohin, bixafen a prothoconazote 4. tri2oxystrobin

arid trifloxystrobin I prothioconazole, tebuconazole. azoxystrnhin 1-
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benzovindiflupir, bixafen ± prothioconazoLe + trifloxystrobin trilloxystrobin +

prothioconazole and pyractostrobn + epoxiconazole ± fluxapiroxad. This

pape again does not envisage the se of a multisite fungicide, particularly

mancozeb, additionalLy with the conventionally known mixtures for the

control of soybean rust. Paper 15 also draws similar conclusions from

simiLar experiments and was published iii the same month.

1.63. Paper 15 was published in May 2016. It was the first paper published

after the earliest publication of the prescnL application in India. This paper

again cisciisses [tie fungcidal double and triple mixtures of demethylation

inhibitors, qiiinone inhibitors and succinate dehydrogenase inhibitors for the

control of soybean rust as the most current and effective strategy. In this

regard, the disclosure of this paper is similar to the disclosure of papers

14 and 15 above.

6’l. Page 415, first paragraph of this paper, acknowledges the inventive

contribution of the present invention for the first time by stating that

Siiice effective tiingfr.kl&s with a new mode of action are not readily

a va#ahk old multi-site fZingicide.s e.g tyjancozeb, copper suItàt

cljlowthalonil, which have low resistance ricE; have been recently re-tested

for P. pachyrhi7i control Th mAtures or tank mixtures to ihcrease control

el2.iency and rethicn the risk of resistance (Godoy et at, 2015b)
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165, This paper still does not envisage the use of a multisite fungicide,

particularly mancozeb, iii mixture with the conventionally known mixtures for

the control of soybean rust.

166. Paper 16 was published August 2016. It discusses results from trials

done in 2015/16 crop i.e. the hrst trial which could bu conducted fuLl scale

after the publication of the present application in India and in the PCT

procedure. This paper discusses the rotc of a musitite fungicide in the

soybean control program for the first time. Table 3 of this paper discloses

for the first time, after the publication of the present application, regarding

the role of copper oxychioride, chLo’othaIoniL, maimuzeb, copuer suifate,

propineh. and iluazinam in addition to the Long known mixture of triazoles

and/or strobilurins and/or SDI Ils for achieving a superior control of Asian

soybean rust.
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TaJoola 3. Inqredi.ntes olives l.a.), produio ‘1ioccoI ipc o dose dos Iun9ic,das aval,ados em lrata1060105 assoepodos
pIca o nniO,ole do doe..ça ‘‘a cutlura do sc’ja, oaf, a 2015:10.

1 iesl,iT,00ha
- OasiS, ,,ll,!I,a -

2 .coo.ot. chic.. + cip.oconazo 60.24 Ap.oash”Pr.rna 0,3

‘1 picc,oiauobnai oproconacal q ociolorero Ic cotire 60.24 204 Aproacll’Pr’n.a a DLlere’ 0.3 c’ 0,5

4 p.ze.strobioa a. cipruc,na’tai’ c:orc.tarowl 62.24 n 1080 1, prnaoh’P limo a Proopi. 1° 0.3 15

picacisirnhna + c(p’ro-v.a coPoo,riciorelc. do cob.e 60.24 .280 Ap.sach°fsima C VNRZ 0.3 0.4

6 p.c oxpslrob ‘01 4- Op ocrnaaol’ eniancoonhe 63.24 1503 Ap’oacroPnina a tIi,i;eh GcI,J’ USc 2.0

2 pi-xlrao.na r- cip cr.coa 001’ 6 SulfaIn dr c;c,be.r UO74 e 11125 Ap’o,oI,°Prinra PNR 0.3 e 075

p F’’.oO%IiCblU clp.1cvr0zoi’ e propinobe 60,24.1403 Ap’oach’frrinrac PNW 03r 20

oh, nato.p,n c00020l’ oil uori,.anc 00.24, 500 ?4,xo,n st,.’,,a o F,ovanc,de’ Ole 1,0

10 pr,.ostrnhina -f riproconacol’ e clorulalonil 20,24 e 1000 A proach’Prima e Bracanol 600 0,3.2,0

11 pir,00rsuobir.a + ciprsconazol’ e clororalonil 60,24. 000 Aproach’PrOna p PNW 0,3 a 2.0

12 0iro,islrobina 4- r.prcccooazo(’ ‘c.r.c ucaba 60,11v 2000 Aproach°Pcin,a “NW 0,3. 2,5

Ii ..ac,, isrrsh,po • 0 encvv.nd.’fIupii’ 00c30 PlaNs’ 0.2

4 .-.zns’rah.naa.bernov’nclII’Jp,o’ e oxcclor, lacohr.. 60,30 2S1 tl,’.:u, cOde,.’ ‘2,2. OS

a,etsI”os,nanbon:r,ra’. ‘ . cI’,,uIjlun,I So • 1060 F1aur63 Previoi2 0,26 1.6

I 6 a,r-o.l.ohi.a.sc,rzc “-PU, Ic,pr’ c-n’.clcnclo cocaIne 60,33. 2(30 6Iaiuc e 0.2.0,4

ant’arrzs’a’:nC.tL,p;’ • o n’.,’ coot ho Ga, j, isGu F-lab,;’ elJ,,,;nh G,,’d 0.2 2>3

I 6ncx’r,rohi,ia ‘he ‘ccc,,,’ 1,11,,,r’ e :nn’:,I 0 r’!(’ hft 80.30. 113,55 EIa(us Ff40’ rJ.2e 3,70

IS ,.:,‘..;t.ob,,ra,benroc.’nd,Iup-.’ p’op.nc’t-a 20,30,1400 Fl-au;’ t PI.ifi’ 0,20 2,0

20 .,oax,,irobi pan bunco, ‘‘idiliup..’ a ilnc:i n.m 00.30 500 hal,,;’ rruwnoiop 02 a ‘.0

lao’, c,olroh,,ra 4 b,.n,ov icidf.upir’ eclor,.’ cmii 60430. 1000 FIal,cs° B ,,von,l 500 01 a

22 a. ,ocistrr, hi,,, be r’zo’a r’c”lkjoir’ e clorotalon, I 6O+lOe 10(1) hIatus’ 0 ‘NW 02 .2.0

23 ,o,’,srrobina , bcnzov,nd,lltJ pa’ C’,,, arc noah. 80,3’) .200(1 Pia tus 6 CNN5 rI 62,5

‘Ad,,,c,,odcc N,rflhctO,60 h,’’04n p.od-,roao,o,,sno’1,eo,no calf,,, 0..cj., HIT III

iii!. This paper notes a marked reducuon in severiry of soybean rust and

yield of soybean in treatments which were inclusive of a muttisite contact

fungicide in addition to the mixture of triazoles and/or strobilurins and/or

SDKIs.
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oratomen:os. Media do 20 ensa.as x.ra sovaridade a 21 para produtividado. Saira 2015/16.

leslem,ii*a
- 78.5 A 0 2115 36

1 pcstoS+ra • o,oa4uroi- 80+24 3.S S 44 265 H 2
3 pcr..atob .onecceazol’ ooickielo do cetot F+24 a 294 323 30 58 2823 D€F ‘6
4 co..sI,oi.a • op+nceoaza. • CI6lOIaa2 6024 ‘050 31.6 60 2816 CC IS
5 pcoai:veS.la’:ipoce,,a7c1’ oset.n no cab,t 60+24 a 280 32.9 06 58 2180 SF0 Ia
6 pmsbc. • -r-ac,3za1 a con:ozeb, oa’24 , coo 6 60 57F. flE s
1 pepus Izchina.dpwwnanl’ e sutlalo 8€ 000+’ 60.24 p 11385 37,0 C 53 2737 FOP 19
8 pico.i,Iiebira • dpOxu,wrui propi,iaAa 50+246 1409 36•1 C 54 2750 6 GM 19
9 picoosuthaa.cipnxonazuSaiIuLlzin:n: 60*24 e 500 34.1 [2 57 ElI GM 20

00 pirO0jspQhirl3,opaOc40tO5 a Cf0l4lQ{fll 62+24 a 1000 336 0 67 2793 FF0 I?
II pieooiswebina • csproconazo+’ a clamtaloo.I’ 60.24€ 1000 3-IS U 51 284 I OFF lb
12 picowoslrobria • ciprocor,ozol1 C aia.icozcS+ 60424 2000 29.2 F 63 2912 0 13
13 azoas9nb.a3 • ben?o’:.nd,6.W 60°30 16.3 0 .01 3 Id BC S
I’ arcirtrab na u aezoond.ruler cocderrlu 0+ :00:0 6.0+30 294 IS) .10 6 I 353 CC
IS ate,: n,t.na,ee:,zow, fluff ‘A cIowolaFcw:i 6040.06 lOSS 66 la 66 2 S CC 4

16 ato:.otias-’ba,zo;indSj,r’ C oec:o-ai,decob.e 80.3Cc 283 64 li:J 74 4141 C 1
17 az,unttr,a. b.azc;a.d9r’evicuzob, 60.33€ 1000 .K 81 3347 A

IS az0b.blrah+t * bonzoor.0i0uF,10 I sullala 40 ota& 50+30 C 11395 1[,S rAin 25, 31 lb BC 6
I 9 szooiwl.obr.3 • benruvnd10 p. pop:nab& 60,30 e 1402 075 OH 79 3193 SC
20 azcIL.ab.0004b0010+ind:11u7:r’ ffuaza,an: 60’ 30€ 500 17.5 OH 18 VDF BC

21 ajoaisl,tO’la • berizovin d,Aop’r a rlo.o:ahn,I 60*33 a 000 6,9 61 Iii 19 3219 BC

22 azoofr4bina • benaoOr,diiIopir’ 6 c5010Iabn!14 60430 1000 170 GM’ 76 3230 BC

73 noxsw000na t banzo,SH:IIup:r’ a oiancozoba2 68 €30 a 2000 150 K 6 I 3210 AS 3

C.V% 10.5 Sit

k?4+Ae,;a:dzdewoe,,p.lrI:arac-,+.*..o&e4:i,,w:+o:tee.pci+:.,O ileLay;,—_i).CCi Ad..:e.:wcaN,iO*e’361 In.’;-P+40.p:.d.n.w6a

‘a.’u1:,4+a.:..c*ICu. aFT iii

168. Thus, it is dear from the trials done in 2015/16 crop i.e. the first trial

which could be conducted full scale after the publication of the present

application in India and in the PCT procedure that the addition of a multsite

fungicide to the known mixture of tria7o[es and/or strobilurins and/or SOl Us

leads to surprising enhancement in efficacy of these combinations,

particularly for the control of soybean rust.

169. It is thus estabhshed that prior to the publication of the present

application, there had been a general scientific prejudice in the state of

the art against the use of multisite Fungicides in soybean rust control

program. The publication of the present application decisively marked an

01
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end to this scientthc prejudice, to the extent that the current thinking in

the scientific community took a dramatic turn imniediately after the

pubhcation of the present appication. Applicant states that the overcorung

of this long held scientific prejudice is the strongest possible evidence of

the inventiveness of the subject matter of the present uivention. Applicant

states that in view of this evidence, no other testimony regarding the

inventiveness of the present claims is required and the claims deserve to

be proceeded to grant straightaway.

170. A prejudice in any particular lielci relates to an opinion or preconceived

idea widely or universally he[d by experts in that field. The present invention

successfully overcomes this Long held technical prejudice, whch is indicative

ci rion-obvjousness of the present invei ‘tion

171. Paper 17 piblished in August 21)16 again describes simdar expei iments

as paper 16. This paper again studies the role of addition of a uiul:isite

fUngicide to mixture of triazotes and/or strobiturins and/or SDHIs and draws

the same conclusions.

172. Paper 18 piihlished in August 2016, again reports similar trials wiih

similar conclusions and is offered herewith as post-published evidence.
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173. Paper 19 was pubLished in JuLy 201* This paper again discusses the

rote of copper oxychloride, chlorothatonil, mancozeb, copper suLfate,

propineb, and fluazinarn in addition to the tong known mixture of triazoFes

and/or strobilurins and/or SDI-lIs for achieving a superior control of Asian

soybean rust.

174. Paper 20 was published in October 2017. ibis paper studies the graduaL

decay in the efficacy 01 the long known mixture of triazotes and/or

strobRurins and/or SOHIs in the absence of a muLtisite fungicide, par icutarLy

mancozeb. Page 35 of this paper represents the downwards sloping efficacy

graphs for the tong known mixture of triazoles and/or strobiLunns in the

absence of a multisit.e fungicide. However, in the presence of a muLtisite

fungicide such as inancozeb, the downward slope in the efficacy of the

long known mixture of triazoLes and/or strobiLunns curve straightens. This

paper is yet again an indication of the non-obviousness of the subject

matter of the present iuveuLon

175. Paper 21 was prihlished in July 2017. This paper again discusses the

rote of a rnutisite fungicide in syriergizing the efficacy of the mixture of

triazoLes and/or strobiLurins and/or SDHIs iii control of soybean rusL
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176. Tab’es 3 and 5 of this paper discloses 11w roLe of copper oxychioride,

chiorothaloni[, mancozeb, copper sulfate, propineb, and fluazinam in addition

to the long known mixture of triazoles and/or strobilurins and/or SDHIs for

achieving a superior controL of Asian soybean rusL

Tabola 3. )nqrediesitos arivos l.a.). produros coniercis’s p.0.1 6 doss; dos fun9icida; avaliados 6n1 tralan--ol,tos

associados para o controlo do loenoss no cultu,a da soja, sofia 2016.17.

t;.:.’//’. ‘4 : c : . ::t ;::<,,.:
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. -.—. —h.-— -
5:-v.’ — -
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9 lIlossirob a,’ poll-co ax 1.!) cffosanyiOhqoPfa I 60+10 3aIt, ifooL lox € P1114 04,,) 0

I 0 I,itIr’xiob’nxp’ oIioconazol’ € tiuao,,am’ 1,0. 30 t 400 e P114’ 0.4 1.0

1 tiiIlOxisiiot.na + pnh,ocx.onz.ll’ e L!o,oial,,e’ . ,. €0, 30, 1251) Sos’s
‘:

“

12 t’,fo,,strc ,,na”p,o 2l00iI .3101’”. rn.,ncozel,’ Cr,, SC 224.0 Fix’ ,. P114’ “.1 a 7.8

IS i,,tloxiso’obina f paoI,oco-ia2ol’ C ic,Itu,ad.; dx caSt4 60” SO,, 1107 1,0,1 PNP t34’o 1.5

Is’,,’Irnsir,,5’,- oic:’.s;oa:sl’ ,.-x,c.k,,C1D.JxcsbIe’ €0’¼0 29,5 1”,’ e P111,’ 0,4 €0,’

15 ,,ILos’sIiobxx p’aii’sc”,w[’ ,,ddai,I, dx r,O’e “ nw.c,teb,’
:

50rSO, 701,6 + 300 lo) e P60’ 0,1 t 1,0

IS azo,,suaisna-rber,zcr,v p. .d,flihuaS’ (10 * 30 11aM , 07
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177. This paper notes a marked reduction in severity of soybean rust and

yield of soybean in treatments which were inclusive of a nrnltisite contact

tungicide in addition to the mixture o triazoles and/or strohilurins and/or

SDIIIs.

178. Incidentahy, and quite interestingly, her research publications can be

divided into two pails i.e. pie-November 2015 and post-November 2015. In

all the papers discussed above being prior to November 2015 being Papers

1 — 15, no mention coutd be found regarding the use of a multisite fungicide

for controlling soybean rust. Ir Papers 16 — 21 i.e. post pUblication of the

present application, Dr. Godoy has independently confirmed what the present

inventors found three years earlier i.e. in 2013 that the inclusion of
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multisite contact fungicide in addition to the mixture of triazoles and/or

strobilurins and/or SDHIs Leads to surprisingly beneficial effect. Dr. Godoy

is an independent researcher. Yet she has reconfirmed the findings of the

present inventors by her own independent research. The post-pubLished

papers 16 — 21 estabLish that the addition of a muitisite fungicide to the

known mixture of triazoles and/or strobilurins arid/or SUHIs Leads to

sui-prising enhancement in efficacy of these combinations, particularly for

the control of soybean rusL

179. This clear demarcation between the papers 1 — 15 arid papers 16
— 21

establish that pror to the publication of the preseni application, there had

been a general scientific prejudice in the state of the art against the use

of niultisite fungicides in soybean rust control program. The publication of

the present appLication decisivuly marked an end to this scientific prejudice,

Lu the extent that the current thinking iii the scientilic community took a

dramatic turn immediately after the pubLication of the present application,

such that what was earlier considered as net being useful, is now being

seen as tie solution to all the Problems of soybean crop. Applicant states

that the overcoming of this long held scientific prejudice is the strongest

possible evidence of the inventiveness of the subject matter of the present

invention. Applicant states that in view of this evidence, no other testimoiiy
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regarding the inventLveness of the present claims is required and the claims

deserve to be proceeded to grant straightaway.

180. A prejudice in ally particuLar field relates to an opinion or preconceived

idea widely or universally held by experts in that field. Tile present invention

successfuby overcomes this Long held technical prejudice, which is indicative

of nonohviousness of the present invention.

Posmpitbiisbedevidence

181. It is &so evident from a review of the papers discussed above that after

Ihe first piltilication of the present invention, several independent research

papers reconfirmed the findings of the present invention i.e. tile addition of

a multisite contact fungicide to tie combination of systemic fungicides

leads to a surpr!s:ng en’iancement of tile efficacy of the iesulting triple

c urn binati ons.

Source: hU sJ/1”.vw.researchgaienet hication/30 B 6

S Treatment Percentage Difference in Percentage

No. control control due reduction in

to productivity

introducing a
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Picoxystrobin

CyproconazoLe

Chlorothaioni[

Plc oxysit obi n

Cy proc o ii azole

Mancozeb

SYNGENTA EXHIBIT 1038
SYNGENTA v. UPL, PGR2023-00017

Untreated

2 Picoxystrohiri

Cyproronazo[c

58Picoxystrobin

Cyproconazo[e

Copper oxychtoride

4-

-i-14.O 16

4 60+

+

÷ 16.1)

5 601-

+

i-16.0 15

6 53Picoxystrohin

Cyproconazo[e

Copper suLfate

+

+

+9_U 19
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7 Picoxystrobin + 54 +10.0 19

CyproconazoLe +

Pro pine b

8 Picoxystrobin -t- 57 + ] 3.0 20

Cyproconazote ±

r[u az in am

9 Picoxysrobiri ‘ 63 + 19.0 13

Cyproconazo[e +

M an c oze b

iö Azcirobin + I 6

Benzovindifiupyr

11 Azoxystrobin + 81 +4.0 5

Benzoviridiflupyr 4-

Copper oxych[oride

12 Azoxystrobin + 80 + 3.0 4

Benzovindiflupyr +

Cli [orohaIon ii
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18 1 Picoxystrohin

Tebuconazo[e
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÷4.013 Azoxystrobhi ÷

i Berzovindiflupyr +

Mancozeb

14 A7oxyst robin

0

79

Berizovi n di flu pyr

÷2.0

+

Copper sulfate

6

Azoxystrobin -I- 78

Benzovindif[upyr

-i1.0

+

F’ropneb

5

6 Azoxysrohin -F 79

Re ozovi nd flu pyr

+2.0

+

Fluazinarn

5

So ii

12 F

Picoxystrohi;i

61 +6.0

-I.

Source. Paper 19 — Lti2s: :.!wwvLresu4r..:iIaa:,n(/p! f-Hai on/320/01/4!
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19 Picoxystrobi + 59 - —- •17

Tehuconazoje

20 Picoxystrobin -‘ 63 +4.0

Tebuconazote

Mancozeb

Source — Paper 21 : hltp;’ ;.wv.resi gae 1c:/.;ui:zIIoi/3u/]3h5

21 Untreated 0 - 31

22 Trilloxystrobiri + 66
- 5

I
Proihioconazole

23 Trifloxystrobin i- 75 +9.0 2

Prothioconazo[c +

C! iorotha1oiiiL

24 Trilloxystrobin + 75 2

Prothioconazole +

Copper oxych[oride

25 Trifioxys:robin + 74 +8.0

Prothioconazo[e +

Mancozeb

_
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Prothioconazole

Trilloxystrobin

Prothioconazole

[C op per
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+ 773 t7.0

+

sulfate

2

+ 73

Prot[iuoconazo[e

+7.0

±

F[uazinarn

3

26 Trifloxysliobin

Prothioconazole

(7per

27 Trilloxysrobin

28

29

30

TrifIoxystrob + 7’l

Prothioconazo[e

+8.0

±

Ch lo rot haLo nil

3

I rifloxysi robin + 72

Prothioconazole

+60

-I-

Coppur hydroxide

3

+ 74 80

+

Copper oxych[oride

2

31 I- 73 ÷70

+

2

oxych[onde +

Mancozeb]
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182. Thus, it has been surprisingly found that multisite contact Fungicide,

particuLarly mancozeb, surprisingly enhance the efficacy in a triple

combination (present invention) more than it does in a doube combination

(pdor art). In the double combinations (prior art), mancozeb was found to

mostLy antagonize the efficacy of either a strobilurin or a conazole

fungicides but its efficacy enhancing role was consistently greater than 20%

or 30%. and being near about 50% - 60% when present in the triple

combinations of the present invention. Thus, the contribution of nancozeb

in the presently claimed triple combinations was much greater than its

contribution in the dual combinations of the prior art.

183. The photographic evidence attached herewith aLso convincingly prove the

advantage of the present invention.

184. The class of muLtiste contact Fungicides appears to work in a siiniar

manner. They all provide a protective coating on the leaf. Thereloru, it is

believed that other multisite contact fungicides would work if mancozeb is

found to work in a given environment.

185. AdditionaLly, the use of a multisite contact Fungicide for treating soybean

rust is a very unconventional idea, one that would not occur to a skilled

agronomist without the benefit of hindsight. These multisite fungicides were

being used historically for the control of soybean rust, but with the advent

of strobiLurin, conazole and Sufil class of fungicides, the multisite contac
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fringicides were superseded by the Later discovered systemic fungicides.

1 herefore, reconsidering the use of multisite fungicides for soybean rust

control would have been akin to moving backwards in technology, and thus

unlikely to have been considered seriously by a person skilled in the art.

The present inventors have ventured against this conventional tHriking.

186. Ihe pathogen for rust penetrates and co’onizes the leaf tissue, forming

necrotic kesions, Due in its penetrative nature, it has always been treated

with systemic fungicides ie. fungicides absorbed within the plant tissues.

Miiltisite contact fungicides have not been recoirmended er have _been

discouraged, from being used in rust controL

187. he I’reez PhD thesis clearly discourages the use of contact lungicides

in rust control. Paper 8 also concludes that the addition of a [char fungicide

treatment regimen did not have a favorable influence on the standard

known treatment regime of strohilurin + cumiazole fungicides for the control

of soybean rust. Paper 11 concludes that - Fungicide trials fri India (Pa/i!

and A/7ahosu.c 1998) identified several triazole conipounds, hexaconazole,

tr/adiinefoi prop/conazole and di/enoconazole, winch performed better than

mancozeb, tndemorp/t and ch/omthaion/i I his discussion clearly

discourages a person skilled in the art from considering the use of contact

fungicides in soybean rust control programs.
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188. As is evident from Dr. Claudia Godoy’s publicalions on rust control

before and after the publication of the 3resent application, I say that the

puolication of this application did precipitate a turnaround in the collective

thinking of the state of the art towards the role to be played by a multisite

contact Fungicide in the control of rust.

189. There is clear evidence that such use would he against the conventional

tninking. and it did cause a turnaround in the collective thinking in the

state of the art.

1.90. Interestingly, on delving deeper into Dr. Godoy’s research, it was found

that the content in her researrh papers could be clearly demarcated into

two portions, the one before the pubhcation of the present application and

the other post- publication. In the pre-publication papers, she talks about

soybean control by Qols or DMIs + SDHIs, without any reference to contaci

lu:igicides, particularly mancozeb. In her post-publication papers, she has

dwelt only upon the effect 01 cotitact fungicides on these combination

mixtures for the control of soybean rust. The dividing line between the

change in her approach was exactly the publication date of the present

invention.

191. It is appropriate to say that before the present invention was published,

there was a technical prejudice against the use of contact fungicides as

no scientist even mentioned it in any of her research, and suddenly a -
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the present application was published, the recommended fungicidal controL

regimen look d drniiatic turn Ic include contact fungicides in [lie soybean

rust conlrol programs.

192. 1 he statements made above are true to ny knowledge ai id belief a nd

that I have not suppressed any material fact.
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ANNEXUREA 125

Gilson Hermenegildo de Oliveira
Estrada Ageo Mariano de Lima Km 4
12935-000 — Vargern — SP — Brazil Brazilian

+55 11 9906-6519 mob. -1-55 11 4598-0392 home 01/22/1963
oflson hol iveira cloud, corn

F INNOVATION / BUSINESS DEVELOPMENT / MARKETS / PRODUCTS

PROFESSIONAL PROFILE

Executive with 33-year experience in Innovattion , sales, product development, markets and agribusiness
strategy sectors. Agronomist engineer observing the customer needs, always developing solutions in a
“win/win” basis. High mobility and knowledge of the main regions throughout Brazil, intensively working with
soy, corn, sugar cane, cotton, wheat, coffee, citrus, beans, and vegetables.

PERSONAL FEATURES

• Clearness and objectivity (organizing and structuring) focused on action and results;
• Expertise to lead teams composed by different people from different organizational levels;
• Excellent interpersonal relationship and ability to work with all departments;
• Flexibility and experience in driving groups in conflicting or changing situations;
• Strategic view in circumstances that require complex solution;
• Motivator, showing alternatives with knowledge, evidences and risk evaluation;
• Someone who looks for change, assuming discussed and calculated risks in an environment.

MAIN PROFESSIONAL ACHIEVEMENTS

• Development of the platform ‘,SPX’, (Suking Pests)

As the MMX again opened a new positioning in the market such that the UPL can lead the threiid So
expert (acephato) was renovated and in just 2 years repositioning is the market leader with a potential
sales of USD 150 Mio-in addition to an increase in profitability in 30%. New product launches to suckers on
the same platform LCM.

• Creation of protective fungicides segment

This segment opens a market in large crops in Brazil for a USD 1.5 Bio. Unizeb Gold is the main product of
UPL with sales around USD 200 Mio.

• Product positioning (Nativo — winter cereal application) — 6.5 point growth of market share, 33% increase
in sales in 2007. The “Nativo” product formula was improved and partnerships were established with official
authorities in order to recommend adequate varieties for each kind of technology. Results were shown in field and
internal teams were trained. Bayer CropScIence, 2006 to 2008.

• Fungicide segment focus changing to row crops (soy) — Sales passed from over US$ 86.8 M in 2006 to
USS 126.7 M in 2007, (46°/u, with market share changing from 15°/n to 21%). Focus has been changed from
curative to preventive applications. Internal and external teams were trained to work in the field and to create
advertisements in the communication media. Bayer CropScience, 2006 to 2008.

• Product revitalization (Baysiston I Creation of “Muito Mais...” Program — “Much More ) - Sales
increased from US$ 30 M to USS 54 M. “Marketing Awards 2006” as Best Markebng global strategy (the first
time that Brazil wins this award). Focus on the value of the product and not on the price. The dose of the
product was changed in order to invigorate the plant instead of controlling pests. A new launch of product was
perforiied with credible people, recycling sales team. Bayer CropScience, 2005 to 2006.

• Portfolio reorganization - Creation of “PINBa” Program: Integrated Prevention Bayer —

Contribution margin duplication from US$ 1.8 M to US$ 3.6 M, market share advance from 18% to 24%,
establishing Bayer as market leader in OOmicetes (fungicide) market. Portfolio rationalization excluding
non-strategic products and including new products through known molecules, creation of PINBa (showing
the benefits of treat crops preventively), patent defense through fungicide mixing, training all sales team to
a new sirategy. Bayer CropScience, 2005 to 2006.

• Product (Acaricide) Group Strategy Realignment (Acaricides) / Envidor Launch — Sales increasing from
US$ 7 M to US$ 24 M in the third year of Sales (343°/n growth), contribution margin increased from 55% to 78%.
Brazil strategy to Acaricides was recognized by the head office as the best and was completely introduced in other
countries. Once in S’ place in market, it became leader in two years. Creation of a “Premium Price”; twice the
competitor price, emphasizing quality on mites handling. It was created an internal sales campaign, field
demonstration and controlled applications, to avoid any kind of strategy damage or misunderstanding. Bayer
CropScience, 2003 to 2004.

- Insecticide portfolio restructuring / New product building, Molecules 1CM — With a contribution
margin growth from Sl% to 60%, CropStar reaches US$ 40 M in sales by the second year, Connect
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exceeds US$ 20 M and Imidacloprid exceeds US$ 100 M. “Marketing Awards 2007” to the project. Portfolio
rationalization, determination of target products with low margins, creation of “anti-genérico” (anti-generic)
strategy to the main molecule (Imidacloprid), expansion of sale conception (selling “benefits” instead of
product). Bayer CropScience, 2003 to 2005.

Sales Regional restructuring / Campinas - From US$ -2,7 M to US$ +3,9 M in EBIT and Sales growth from
US$12 M to US$17 M in the second year. 25°/o internal cost decreasing, saving US$ 1 million already in first
year. Results reached with local market potential deep analyses, resizing the sales potential area for each seller,
with feasible targets, sales team training, changes focused on motivation and managing supply monthly at the
dealer. Bayer Plant Protection, 1999 to 2002.

Product Launch I Brand Positioning in market — Sales of US$40 M in four years. The Challenge was to
launch Imidacloprid, a product Five times more expensive than its competitors. A strategy was developed
with a clear molecule view (Life Cycle Management)! a new mode was created in treatment of plants
against viruses vector and suckers (“drench” system), a campaign was developed among other tobacco
companies (extremely hard market), with agronomists trained to ground the ideas about using the new
product. Bayer Plant Protection, 1994 to 1998.

• Strategic planning / Insecticide Segmentation Reorganization (Marketing) — Increase of contribution
margin from 45°/o to 65°/o in two years. Market deep analysis, products division by action /target group,
definition of strategy to be followed in front of sales team internally motivated. Bayer Plant Protection, 1992.

• Product Application Development / Product Launch (Marketing) - Bulldock (the best product in its
category until today), in the third sales year, was set as the market leader with sales of US$4 M and a
contribution margin of 85%. In a very competitive market and with low prices, researches were developed
considering plant health and not just the effects in pests, what made the product a market leader until
today. Bayer Plant Protection, 1989.

• Researches for new product application development (Folicur) — Sales increased from USS 18 M to USS
25 M in one year. Expansion of fungicide application to other cultures as vegetables and beans, used only in
winter cereals up to that moment. Bayer Plant Protection, 1988.

PROFESSIONAL BA CKGROUND

• UPI_
Portfolio & Innovation Manager Set the Apr 2015 2017

Responsible for Portfolio areas where expanded forms the platform of insecticides herbicides and seed
treatments (SPX, WMX, STX). Consolidaton of UPL as creator of protective fungicides in segment large crops.
Introduction of the new concept of “suking pest” in the market of insecticides with new expert positioning.
Inovations through Creation of marketing tools such as UPLider, CooperUP (promotion), UPLand (territorial
control), UPField (DEMO control), UP2P (projects and products. Implementation of the strategies in the field
through the “market development” (16 people). Specialization in building teams (internal & external)
• UPL
Fungicide Product Manager Sep 2011 to Aug 2014
Responsible for the development of the strategy of Mancozeb and its mixtures. Creation of the MMX platforms
based on ‘management of resistance”. The MMX strategy was the basis of the growth of the UPL in Brazil and
your greatest support was the creation of the EAGLE TEAM-group of scientists who support the project.
• OVA
Marketing Manager Nov 2008/Aug 2011

Responsible for the strategic planning of the DVA with 6-year-old vision. Working the market access in
different regions of Brazil (South-Distr,fCoop, Center-Dist/Coop/DV and Cerrado Dist!Pools,/DV). Customer-
focused vision-understanding the customers needs. Leadership in the process of innovation and creation of
new registration/products/projects until the release and first-year sales. Strong leadership and strategic
training of teams for implementation of strategies with a focus on profitability.
Bayer S/A — from 1985 to 2008
• Fungicide Product Manager Aug 2004 / Apr 2008

Responsible for global strategy of main fungicides applied in main cultures: soy, wheat, corn cotton, and
vegetables among others. Creation of new concepts, strategies, market differentiation and segmentation.
Strategic planning of an amount over US$200 M, creation of innovative products to protect the markets.
Author of using programs and structured offers. Responsible to prepare the budget focusing on profitability
improvement, working with COGs until EBIT. Development of team/partnership works with others company
departments. Segment total amount: US$ 1.200 M.

• Insecticides and TS Product Manager Jun 2002 / Jul 2004

Responsible for insecticide portfolio reorganization when Aventis was acquired, because of the great
specialization in the market. Value development of insecticide products of portfolio. Development and market
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defense through innovations, among other applied techniques. Margin Expansion (1GM) and “cash flow”.
Product “Phase Out”, replacing with better—gain strategies. “Life Cycle Management’ of all portfolios (LCM of
CNIs, won the International Market Award).

• Local Sales Manager Jul 1999 I Jun 2002

Responsible for local Campinas Office, leading a 12people team. Main markets: Vegetables & flowers, coffee,
citrus and cereals. His challenge was the team and the distribution system restructuring. Improvement of
process result, training about the new system focusing on company profitability and channels, team
motivation. Strong partnerships with channels that are still market leaders in Local Agribusiness were
developed. Responsible for a sales amount of US$ 17 M.
a PF Product Manager — São Paulo, SP. 1993

• Agro III Sales Technical Representative — Guairá, SP. 1992

• Research Agronomist III — Bragança Pta., spa

a Development Agronomist III — Campinas, SP. 1988 I 191.

• Regional Agronomist I — Palotina, PR. 1985 I 1988

EDUCATION

Agronomic Engineering - E.A.Z “Manuel Car/os Gonçalves” - 1984
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Research

Rerteeicb hems (95)

Meta-analytic modeling of Ihe decline in performance of fungicides for managing soybean rust after a decade ot use in Brazil

Article Lllext availaPie1 Oct 2017

Felipe Dalla fairs Pierce Anderson Paul 13 Claudia VICIRA Godoy I. Emerson M Del Petite

An apparent decline in fungicide performance for lire control of soybean rust iii Biazil Inns hcerr reported but the tale at which it has occurred has
rut been fnritrally quantrfied. Control efficacy and yield recponse to three fungicides applied as single active ingredienis (si) -azoxysirobin (AZOX),
cyproconazole (CVPR). and iebuconazole (TEBU) -and four applLed as mittures-A7OX 4 C’IPR, picoxysiiobiir * CyPR, pyraclosliobin 4-..,

132 Reads

Efficiency ot fungicides for control of white mold (Sclerolinia sclerotiorum) in soybean in the 2016/17 harvest: summary results ot cooperative
trials

Tcchncal Rcpctt Putt-test ,wailnbl Sep2017

C) Maumrc’o Coiniado Meyer Herculec Omit Campos - 13 Claudia VIEIRA Godo ] - fl Wilson Venancro

This technical report brings Ihe results from she neiwoik Dials for chemical conirol of white mold (Scterotinia scleiotioi urn) on soybean iii Binzrl,
crop season 2016-2017 (in Portuguese) Also available si. http •-/anrifo cnpt:a enibrapa :r!digital;bilstream/item/164555/i/CT.i33.OL pd

View 30 Reads

Efficiency of fungicides for the control of the target spot, Corynespora cassilcota, in the 2016/17 crop: summary results of cooperative trials

Tec.tn;crl Resort rurt-resisvaitat-le Jul 2W)

13 Claudia VIEtRA Godoy - CarlosMiJtia.mada () M:i’in..:r con’ado Meye:- [.1 -j VattemirJ. Carlin

Otis paper reports the results trom the network trials for fuirgicirle cffrcioncy to contiol target spot (Coryniespora csssacola) on soyheari in Brazil,
ciop season 2016-2017 (in Penuguese). Also available at lrttps L/an4o cnplia ernh.apa.br/digital/biistream/ttem/162647/1/CT-13O-0t.,pdt

10 Resds

Efficiency of mullisite fungicides and biological product in the control of soybean rust, Phakopsora pachyrhizi, in the 2016/17 crop: summary
results of cooperative trials

recIte cal Pcpcrl . Full --text availaLde Jut 2017

2 Claudia VIEIRA Godoy - -- Ca-los U’ uiianrada
- C) Mauricio Coniado Meyer

- -

Ve-ranco

(Phakopsnra pachyrhrzr) on soybean in Brazil, crop season 20 i 6-7017 (in portuguese) This paper reports the results from the network trials for
protectant fungicide efficiency evaluation to control Asiarr soyheari riot (Phakopsora pachyrhrzi) on aoybean iii Brazil, crop seasoir 201 rn-zn

Also available at. https.//ainfo.cnplia.emhrapahr/digntal/bitstrearn/item/l 62646/1 /Cf-131-Olpdf

Vice 47 Reads

Efficiency of fungicides for the control of soybean rust, Phakopsora pachyrhizi, in the 2016/17 crop: summary results of cooperative trials

[eclirtical Report Full-text evailablr:- Jul 2017
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£3 Claudia VIEIPA Godoy -

Carlos M Uttamada
- fl Mouriclo Conrado Meyer I] -

Wilson Vcnancio

(Phakopsora pachyrhizi) on soybean in Brazil. crop season 2016-2017 (in portuguese) This ailicle is a stub. You can help Wrkrpedia by expanding
it. Also available at: hllps://ainfo.cnptia.embrapa.br/digital/bitsiream/item/16264B/1/CT-129-fernigem-0L.pdf

Vies.’ 42 Reads

The recombinant pea defensin Drr23Oa is active against impacting soybean and cotton pathogenic fungi from the genera Fusap ium,

Colletotrichum and Phakopsora

A:licle r’ti -L1;1 Dec2016

Aiiane Fetreira Rafael Peiseghint Del Sano -.(‘ Marilia Sanlos Silve
- j’ 4) Maria Fatima Crossi’de’SA

Plani defensins are anlititrigal peptides produced by the innate immune system plants developed to circunrvenl fungal infection The rteiensin
Drr23Ua. griginally isolated front pea, has previously been showir to be active aqrrttist various errtomopsilrogenic and phytopathogci’ic fungi lit

the present study the oct cry cf a yeast-evpressed recoriib:itv’rt Drr2lOa prolerti (rDrtZlle: was tested against impacting soybean ri:rd cotton

iii Reads

Cooperative assays for biological control of Scierotinia scierotiorum in soybean crop: summary results of the 201 5/2016 crop

ieclrrrrcal Report F1iext available Oct 2016

() MauiicioConrado Me-;crc itercules Di:irzCampos - ft Claudia ViEtRAGorto 0 ui:tisni rERNANDO Cezat

While mold occurs in the soybean crop in several regions ot Brazil, tori especially in those with aver-age night temper aturos blow 20 C and with

tagh rainfall frequency iii the nerod between tile end of t[ie ‘oprodriclive phase and she heginnino of soybean formation it’s cstriir;rrcrt hid

about 23% of the area planted with soybeatis tn Bran is nested oy Sclerotirnia sclorotiorurn. the rausat agent of the disease A lnallirra’k of toe...

25 Reads

Efficiency of fungicides for the control of the target spot, Corynespora cassiicola, in the 2015)16 crop: summary results of cooperative trials

lecirn-cal Report F:jii-srzt,svatiai:ie Sep 2016

Claudta VFIRA Goduy Cartos M Utra-Tiaca fl fa’auiic:o iiirrriartrs Moyr’i I - I Ricarog i-zero Balardin

‘lvi

Efficiency of fungicides for white mold control (Sclerotinia acterotiorum) in aoyheans, in the 201 5/2016 harvest: summary results of

cooperative trials

tcclrr:-calReport Fr,i’rtr’ytgvaitabts Sep2016

() Maurrcio Conrado Moyei - i2’ i-iercutes Diniz Cainpes fl Claudia VIFIRA Grncluy
-

- Wilson S Venancio

White rigid is a disease caused by the fungus Scierotinia sclr:r,rlrcr,iin arid, according to the osulls of tile cooperative icsts uf ciiernicrrt coritiot
of the last six crops, causes average reductions of 21% in snytrcarr yield, and carl ioacin up to 70% in some crotas isolated (Moyer ci aL, 2014,
MYt-rl et aL 2015a, MEYER es al. 201 Sb). According to surveys conducted by CONAB in the 201 5/16 crop year (CONAB, 206), arrd r:orrsideun..

Vies: /4 Reads

Efficiency of mullisite fungicides in the control of soybean rust, Phakopsora pachyrhizi. in the 2015/16 crop: summary results of cooperative
trials

Technical Report
i:

t’riii-test svelairte Aug 2016

f Carton M Uliamada - - MauricioC Engineer Meyer - t reicules 0mm Campos
- [ J - 1 Ctourrtia VIEIRA Codoy

42 Reads

Efficiency of fungicides for the control of the target spot, Corynespora cassitcota, in the 2015/16 crop: summary results of cooperative trials

teclrnrral REpr.ri Eiril-lrritrrvoilrrule Aug 2016

%‘ Claudia VIEIRA Godoy

View 13 Pearls

Efficiency of fungicides for the control of soybean rust, Phakopsora pechyrhizi, in lhe 201 Silo crop: summary results of cooperative trials.

rect:rr;,:4 Rep-srI f:riurexts:eiiscie l Aug2014,

fi Cla:idia VIEIPA Codoy - -
- Carics Mit:m’cr (ttianlada () Moor-no Courado Meyer’ [ Wiison Venainc:o

Efficrency o fungicides for the control of sriybean rust. l’lroc::so,e r’achyrhiz, in tile 2015/16 cmoti aunr’nary iesults of coopernlive tools
Snybe,rim rust, caused be tue turigus Pliakoprroia pacinyih,ai. is one of the roost severe diseasi:r: afiochi’ng soya, wish da:nsaqe vaiyiru tromp 1015 so

90% in Ire diffeient geogiatahic regions whoio it was coo, ten (YOP1NOPI et aL, 2005; i-tARTIA,\ ci aI 201S) tine irtihal sy’il;:rcms of the disea

View 523 Reads

Efficiency of multisite fungicides in the control of soybean rust, Phakopsora pachyrhizi, in the 2015/16 crop: summary results of cooperative
trials.

leolmiucal Report Full-text .rvaiieblo Aug 2016

£1 Claudia Vl[IRA Godoy Carlos Mutiamada
- () Vau:io o Coi:iarto Meyer F I -

e-.risc.rvenencmo

IrE ie nov of rI nib silo fungicides in the coat ml of soyboar ririst, Ri in kopsora pai: ‘ryt In z,, in the 201 5/16 crc.p stint-rio yossil ts of :10 cooperative

trials Lcndrrna, PR August, 2016

View 64 Reads
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Mobile Application for Asian Soybean Rust Tracking in Brazil

ConfisrerIce Paper Futl-t’xt sea bole

Jul2016- VII Workshop on Computing Applied to the Management of the Environment and Natural Resources

f, José [lonrique Debasliani Aitdieis - Felipe Borella - lj Willingtbon Pavan
- -

Jose Mauricio Cunha Feinandes

Brazil is the second-largest soybean producer. With the arrival of Asian soybean rust in the Western Hemisphere in 2001, a considerable amount
of resoutces has been allocated 10 undet stand and control this important yield-limiting disease, Due to its tapid spread, in 2004, the federal
government led an effort to oteale the Asian soybean rust consortium, with the main goal of coordinating research activities involvirtg pubbc an -

View 52 Reads

Asian soybean rust in Brazil: past, present, and future

ttHe 11:0 May 2016

L Claudia ViEIflA0odoy- Claudirie D-r’ali - Santos VeRsa
- -

) Access Ortando Amaral

Asia:: soybean rust, caused by ilte lurotis Phakopsoia pachyrilizi. is :l:e niost severe disease of the crop and can cause yield lcsses of up to gee:,

The disease was flist repoibec in Brazii iii 2001. Epidemics of the disease are common iii tb-c country, where the fungus can survive year-ieund.
Regulatory rneasuies to educe the i000iJuit between seasons and avoid liIe-tson soybean have been adopted to manage the disease. -

94 Reeds

Cooperative assays for biological control of white mold in soybean crop - harvests from 2012 to 2015

Tecttnivstkepcit iR-:t.sva’.;:-V Feb2016

o Merit so Coniado Meyer Heicules Diva Gampos A Claudia VIEIR’\ Codoy - Gales Mitnol Utiamada

This bechrical tspati suntn’atizes he result nI a nat’o:twide network of turaform field trials on the biological contro! ol white mold of soybean
iScieiotinua sclerctictun’) ut Biazil Tests vacu, canted out fiom the 2012102015 gowing seasons. Several foru’ulsuois of Trucl’oderira spl:- -

Bacullus spp and a plant iesis:ance inrtuice: (Iranosulfonalni were tested. The main conclusion was the polen:’al of some products to educe lb

121 Reads

Soybean rust: evaluation of lineage resistance, harvest 2015/2016

Ci,s:iturl:Jl aviutaouui Jan 201 C Soya: search iesuhs 2015/2016.

Lola Vana Costarnulan - j Paulo Feinando Beutagitulk fl Claudia VIEiRA Godoy -1] Varcela 0liveia

The release of soybean cultivars resistant to Asian usl is one of the obju’stivcs o Eirbrspa’s breeding program As he causal agent of Asian

soybean rust. Phakopsora pachvrhi; . presents gmat varrab:!ily. and geographically dustan: popjiations can differ in aggressiveness (Vamar.sa et
al, 2010, Kato and Vominori, 2C08), ium:al .aiielysis of etfecdeeness uesislai:ce genes and the behavior of scybear: genotypes. Five iraor iesistan --

24 Reads

Efficiency of fungicides for control of white mold (Scierotinia sclerotiorum) in soybean, in the 2014/2015 harvest - summary results of
cooperative trials

Tecl:n:csl Recoil Ruttiest eva ado Nov 2015

0 Maumucro Conrado Meyer
- J Hercules nina Carnpos £ Claudia VIEIRA Godoy - [.1 3 Wilson Venancio

226 Reads

Automatic Classification of Soybean Uiscases on Digital Images of Leaf Symptoms

‘.
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Ut Cc r ‘4)5’ L r us’i tAidVe.)dua

J 51Cr Zti A OraZilidtt Lonierence Oil Mgiotnroirirdtics

0 Jayme Garcia Arnal Barbedo - fl Claudia V1EIRA Godoy

This paper presents an algorithm for automatic classification of diseases that produces symptoms in soybean leaves. the algorithm is based on
digisal image processing techniques and on a modified pairwise voting system that yields, at its output, the list of diaeases with the respective
likelihoods of being present in that leaf. Onlycolor information is used, which is done bytransforming the original RGB format into the HS\ L *

Viev,’ 142 Reads
Efficiency of fungicides for the control of soybean rust, Phakopsora pachyrhizi, in the 2014/15 harvest: summary results of cooperative trials

Technical Report i FuN-teXt avarlabte Jut 2015

Claudia VIEIRA Godoy

View 43 Reads
Efficiency of fungicides for the control of the target spot, Corynespora cassiicoia, in the 2014/15 crop: summary results of cooperative trials,

Technical Repcrt Fuil-teyt tvailncto Jul2015

fi Claudia VIEIRA Godoy S Carlos M Uliamada 0 Mauricio Conrado Meyer (,] ( Wilson S Venancio

View 322 Reads

Efficiency of fungicides for the control of soybean rust, Phakopsora pachyrhizi, in the 2014/15 harvest: summary results of cooperative trials.

Technical Report Full-testes ailiote Jril 2015

fi Claudia VIEIRA Godoy Cailos M Uliamada . () Mauricio Conrado MeyerS .] . Wilson S Verrrincio

190 Points

TYPES OF RESISTANCE TO Phytophthora sojae IN SOY LINES OF EMBRAPA WHEAT

Conference Paper tldettevaIai.2e Jun2015 VII Rrailiari Congress of Soy end Meicusui 2015

Ceila Maria Costamilan - Parilosertagnoli -4 ClNtrdia Cristina Clebsch - [...J Claudia VIEIRA Godoy

Plryiophlhora sojae root and stein rot in soybean, affects plants at any stage of development. The characteristic symptom is lIre darkening ol the
stem and lateral branches, from below upwards froni the soil line, with yellowing and witting of leaves and iottinq of the tool system. Tire most
effective form of control is the use of resistant soybean cultivars. With complete resistance, ruled by host Rps genes, theie is no onset of..

127 Reads

Brazilian Soybean Pest Management and Threats to its Sustainability

Article Fuil—te,st r.vahrthF. Jun 2015

ft Claudia VtElRAGodoy’4j Adonoyde Freilas Bueno’ DionisioLuiz Pisa Gazziero

Biazil is espected to harvest 198.65 million tons of grain in 2014/15 in an area of 57.08 million hectares and soybean stands out as the main crop
sown. Tfre cultivated soybean area has nearly tripled in the last 20 years, up from 11.6 million Ireclares in 1994/’)S to 31.3 million lactates iii

2014/15. One of the main factors foi ttre success of soybean ciop in Brazil was the development of cultivers adapted to tow latitudes (up toO ‘).

74 Reads

photosynthesis of soybean leaves infected by Corynespora cassiicota and Erysiphe diffusa

Article Full-test available ] Jun2015

Sheila Ariana Xavier- Sf4 Flavia Elis de Malta (‘) Marceln Giovanetti Canteri fi Claudia VIEIPA Godoy

The visual estimate of the severity of plant diseases does not always correlate with tire effect of ties on tire photosynthetic activity of the lrosl
The objective of tIns work v/as to evaluate the interference ot the fungi Coryriespora casshicola arid Erysiplre diffusa, cause of the target spot arid
tire puvidery mildew in soybean, respectively, ott lire photosyrnlhetic efficiency of infected leaves. Photosynthesis was related to the diseased to...

29 Reads

Efficiency of fungicides for white mold control (Sclerotinia scierotiorum) in soybean, in the 2013/2014 harvest - summary results of

cooperative trials.

teclndcal Report StriCtest aveileeirl Feb 2015

o Mauricio Conrado Meyer .Q Hercules Oiniz Campos’ b Claudia VIEIRA Godoy’ [...j Wilson S Venancin

Cffrcieticy of fungicides for control of vinite mold (Scierotinia scierotiorum) in soybean, in tire crop 2013/2014- summary results oftbe
cooperative trials Soybean is one of ttie main summer crops of Brazilian agricultural production that cultivates tire second largest area of the
oilseed , witir 30_i million tiectares town in Ihe crop year 2013/2014 (CONAIN, 2014). Soybean diseases represent an important resiriction factrr

75 Reads

Efficiency of fungicides for while mold control (Sclerotinia sclerotiorum) in soybean, in the 2013/2014 harvest - summary results of

cooperative trials,

technical Report Ftrll-textavsilehio Feb 2015

f) Mauricho Conrado Meyer’ Hercules Diniz Campus R Claudia VIEtRA Godoy
‘ I...]’ Wilson S Venancto

Eifrcierrcy of fungicides for control of withIn mold (Scierotinia scierotiorumn) in soybean, in the crop 2013/2014- summary results of the
. _ _
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cooperative trials soynean Is Cue or (lie main summer crops 05 brazilian agricultural prooucsion mat cultivates (lie secono largest area or tne

oilseed with 30.1 million hectares sown in the crop year 2013/2014 (CONAB, 201 4) Soybean diseases l-epresent an important restt iction facto

1 86 Heads

Mets-Analysis of (he Relationship Between Crop Yield and Soybean Rust Severity

Articte IJuilteat avai ante Sep 2014

helipe Della lana Paliicia Ztegetmann Aline Dc Holanda Niiltes Maia I
- j Emerson M Del Ponte

(Y, kgf ha) and iusl severity (S,a) data hem uniform fungicide Inals (study, k) conducted ever nine growing seasons in Btazil For each selected

study, correlation (k 231) atid regression analysis (k = 2(0) for the VS elationsh:p were performed and three effects were ohtaurod from these
analyzes: Fisher’s transformation of Peatson’s correlation coefficient or) and the r:teicept and slope (p1) coefficients These effects-szes

142 Reads

Efficiency of fungicides for the control of the target spot, Corynespora cassiicola, in the 2013/14 crop: summary results of cooperative trials

Technical Repcrt cu;nsexr available Aug 2014

fi Claudia \‘IEIHA Codoy J Carlos Milinori Utiamada () Mauricto Cortado Moyer f.] - Wilson Venatrco

Efftciencv’of lungicides hot the control of the Itrge: spot, Corynespora cassecula. in the 2013/14 ctop: summary results of cooperative ttials

435 Reads

Efficiency of fungicides for the control of soybean rust, Phakopsora pachyrhizi, in the 2013/14 harvest: summary results of cooperative trials

1 ecltirical Rerrort Euittey ten a table Aug 2014

£2 Claudia VIEIPA Ondoy CI, ten Milinori Utiamada fl Mauticio Conrado Meyoi [j - i’4 Wilson Venancio

Efficiency of fungicidi’s fur tie conliel of soybean rust, Phakepsora pacltyittizi, in the 2012/14 harvest: summaly resulls ob coopeiaiive tnals

1,279 Heads

Evaluation of virulence of Phakopsora pachyrhizi monouredinials isolates collected in Brazil

Conference P;ir’r l-.!i-tret -‘ne:::’: Aug 2014-$JBuaziltar Congress of Piiytopathc;lonv

urn’s Meko Uaihon-i A Yokavarna Tn Pattuozati
- [ - I -

Eraticisinar Marceiino-Suinlalaes

Phakopacta pachyinizi monouiediniats isolates collected itt Dtazil Asian soybean rust (ASP) caused by the obligate biotrcp:iic fucgus Phakopsota
otct-ytii’ isa inaje’ dtsuace limiting soybean prod.ictriii’ iti natty pieduce areas In the wc.utd Thus, knowledge of tt’e spectrun of virulence in

populatic:ts of P. pachyt hizi is essei:tial foi hreeding prugi artls can lteiiOt ri an efficient stt .ite:jic ;t1ailnng against to fungus U at causes ASR

42 Reads

Efficiency of fungicides for the control of the target spoi, Corynespora casslicola, in the 2013/14 crop: summary results of cooperative trials

T;rhr::caipn,:::t i j-ievta-ic ul10l’i

Claudia VIEIRA Undoy

83 Reads

Mycelial compatibility and aggtessiveness of Sclerolinia sclerotiorum isolates from Brazil and the United States

Article j C,:il-’r-,t ‘lae Api 2014

Lucitnara ,Junko koga CR Bowen - £ Cle’:cin ViHR/ Codoy
- I - CL Hartrtan

TIle ubiectivo of thIs wor< was to eveljate lie gcttetic diversity among Solerotinie scle:otiotu’n isolates from BrazIl and rite USA, assess their

aggressiveness va:iab’l.ty, and vet,tv the existence ot an isolate-culru,ar -r:eracilon. Isolate satiability was ditseimined by tttyceiiai conoatibilty

g:nllp:no (MCCj, and isolate aggressiveness by cuI-stetr’, inoculations of soybean cultivars ‘Ewe expeiitnetls fci MCCs and twc for,

36 Reads
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Cooperative assays of chemical control of white mold in the soybean crop: harvests 2009 to 2012.

Book Full-text avarlau,le Mar 2014 Embrapa Soybean

C) Mauricio Conrado Meye’ Hercules Diniz Campos’ .fl Claudia VIEIRA Codoy
-

CarIes Mitinori utiamada

View 75 Reads

Sensitivity of Corynespora cassiicola from soybean to carbendazim and prothioconazole

Article rFr.1 availabJ Oct 2013

Sheila Auana Xavier’fl Marcelo Giovanelti Canlen
- i Daiane CM Barros

- 8 Claudia VIEIRA Godoy

The incidence of spot spot disease on soybean has increased in recent years in Brazil even with intensive rise of fungicides, and fungal resistance
has been reported in recent studies. The ob}eclive of this sludy was to delermine the fungicide sensilivily to carbendazim and prothioconazole in
a sample of 24 isolates of Corynespora cassiicola from soybean collected from 1996 to 2011 in the states of Paraná, Mate Grosso and São Pa...

View 186 Reads

Pathogenic diversity of Phytuphihora sojae patholypes from Brazil

Article j FrIl—tert available J Apr 2012

l.eila Mai in Cnslarrtilan - a:, ClArrdia Cristirra Clehsclr , Rafael Mor eita Soares 1.—I . 1j1 Anne Dorrance

Plrytopfrlhora root and stern el have developed in commercial soybean fields since 2006 in Braxil, arid cultivars with tesislartce to tins disease
have not hreerr tar geted for this r egiirrs. Thtrs, tire Plryttrplnllrora seine tatirolypes are expected to have virulence to few if any of lire Rps genies.
Fire n hjecr iron nfl his si udy were to dr at act en it: tire par retype diversity of P srrjae iii Brazil, del err n irre lire iii sir i hutio 1 of tire pathogen and

‘hew 1 01 Reads
Risk and management of fungicide resistance in the Asian soybean rust fungus Phakopsora pachyrhizi

Art ci” rr1> laThE! Dec 2011

8 Claudia Vll:IRA Godoy

Vici’n 220 Rearls

Relations of cause and effect among environmental conditions, airborne urediniospores and asian soybean rust severity

Article Jut 2011

44 CM Mesquirni ‘ Rafael Augusto Vieira
‘ ) Kdria Regina Froitas Schwann’Eslrada ‘ 8 Claudia VIEIRA Godoy

TIre objeclivo ol this work was 10 study rhe relationships among erivirorrnierisal conditions, airborne uredirniospores of P pachyrhizr and the Asian
soybean rust (ASR) severity. To quarirify airborne unediniospores, colleclors were installed in soybean fields in Itambe arid Msnrdaguari, PR.
Severity assessments were conducted and climatic dara were collected in Ihe two locations. The variables elabetated were. number of days wit

View 4 Reads
Cause-and-effect relationships between environmental conditions, urediniaspores and soybean rust severity of soybean rust severity

Article Lulltext available Juts 2011

CM Mesqrrirri’ . Rafael Augusto Vieira ,) Kritia Regina Freilas Scirwan-Estrada 8 Claudia V1EIRA Godoy

ABSTRACT: The ohiective of uris work was to establish netarionrships hetween errvirornn:ernlal conditions, rhe number of uredirnidspores of
Phakopsoro pachyrhizi arid tire severity of soyhearr-rust. To t1trarnlity P pachyrhizi uredyrnospores, collectors wore installed in soybean fields in
lIarrrbd and Marndagtrari, PR. Severity assessnrerrts were perforrnied ann climatic data were collected al both sites. The variables elaborated wer...

View 33 Reads
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A new chitinase-like sylanase inhibitor protein (XII’) from coffee (Coffea arabica) affects Soybean Asian rust (Phakopsora pachyrhizi) spore

germination

Article HsextcvaicLj Feb2011

t EricoAR Vasconcelos
-

Celso 3 Saritana fl Claudia VIEIRA ttodoy [ j fl Maria Fatima Grossi-de-Ca

Asian rust (Phakopsora pachyi bier) is a common disease in Brazilian soybean Fields and is difficult to control. To identify a biochemical candidate
wilh potential to combal Ibis disrise, a new chitinase-like tylanase inhibitor piotein (XIP) front coffee (Colfea aiabica) (CacIXIP) leaver, wan

cloned into the pGAPZo-8 vector For expression in Pichia pasro;is. A cDNA encoding a clrtiriase-Ike sytariase inhrbitor pro:e-n (XII’) from coffee

88 Reeds

Development of scierotium rolfail sclerotia in soybean, corn and wheat straw under different temperatures and soil moisture

Article FuliCo>tavala:rl-e Jan2011

Victordos Reis Pinheiro Clauditeseixas - 0 Claudia VIEIRA ftodoy
- I .1 ‘t A preview of what Linkedlit members have so say about

Alvaro:

The objective cf this work was to evaluate the effect of moistute and :e-liperature on the devetopinont cf Scleruticm rolfsii on soybean, corn, and
wheat straw- Wheat so aw produced the lowest numb-er of scletot:a t:itoi.niediate sot moisture level (70% of field capacity), and temperatures
ranging between 25-300 C favnred eclerolia developmenb In the octeicira were formed at terrperatuies between 30-350 C, on any woe a straw

23 Reads

Role of Host-plant Resistance and Disease Development Stage on Leal Photosynthetic Competence of Soybean Rust Infected Leaves

Article [ruti-teetcs:.t:’: [ Nov2010

Saratlia Kumudini Claudia VIEIRA Godoy - B. Kennedy I I r l)onalrt E Hershman

I lost-plaid resistance is krrrrwi rh,’-.’dtico fungal ci oMh oh Phakospnra tlaclil’rl’iz! Syd. C P Srd Tire causal agent of soybean nrr,’I (SOP) in

soybean (Clycine man L Mci’ ) t’.rs disoaso has been shown to reCuce ‘.cyt,ireii leaf ptintosyirthess iii srscentihe soybean ptsnts Since
iesistant lines beve ieduceo !J ‘cut g’owtn. rite resissence,jeires nray :‘s:cct these plants acains: iniur5 to ,,f pliotosyorriests. The obioctiucs -

View 63 Reatir,

Relationships among disease intensity, canopy reflectance and grain yield in the Asian soybean rust pathoaysten-m

Artrcle tr!i.t,-,xr sivarfacle Mar 2010

54 Marceti Hil<ishm -Q Marcoto Giovanetti Canteri - fi Claudia VIEI0A Godoy
‘ [...] ‘

J Da Silva

The objective of this study was to develop yield equelions for the Asran soybean rust pathosysrem and to verify the potential use of measures of
reflectance to quanrifyyiold due to this disease. The experiments were named out in Loi,drina, PR, in the 2005/2006 and 2006/2007 growing
seasons. The results were repeaied at different sowing dates, iii nidor in obtain variable disease intensity at ilirfeient phenological stages of th --

View 29 Reads

Development of Sclerotium rolfsii scierotia on soybean, corn, and wheat straw, under different soil iemnperatumes and contents

Article Fc-tt’textsvs:iu’%e Mar2010

Victor dos Reit Pinheiro Clanuirie Seixas - -fi Claudia VILI2A Co.’foy -I I P A p’evew ol wnii: Liwudlir members have to say about
Alva i 0

I he ohjer.r ye of lIt is work at t,l evaluate the effect of mel at tire till tern Jera i itO on I Ire deve opmert tot Sc leriar in ni i ulfs e on soyiiean, cnr ri. arid

wheat straw. Wheat straw piuduced line lowest number of sctciotizi lirti’ninodiare soil nnnisture level (70% of field capacity), and tompeiatuics
rangiilg between 25-30°C favored scleiotia development. The oblecove uf this v,’ork was to evaluate the eftect of soil moisture arid lerniperatuit:...
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view 4.5 KedOS

Scientific Notes Development of Sclerotiun, rolfsii scierotia on soybean, corn, and wheat straw, under different soil teniperatures and contents

Article Fulltext ava1ablo Jan 2010

Victor Dos
- Q Reis Pirrheiro ‘ Claudine Seixas’ I] t Rodrigues Almeida

The objective of this work was to evaluate the effect of moisture and temperature on the development of Sclerotium rotfsii on soybean, corn, and
‘wheat straw. Wheat straw ptoduced the lowest nun,ber of sclerotia Intermediate soil moisture level (70% of field capacity), and temperatures
ranging between 25-30°C favored sclerolia development. In the scieiotia were formed at tempeiatures between 30-350 C, ot, any type of stra

47 Reads

Influence of the luminosity and the epicuticular wax layer of soybean leaf surfaces on Phakopsora pachyrhizi infection

4 tide [i:iftest anl:::• Ocr 2009

4 Glerbor Quintho Fuitado 4 alvin AM Alves’ Claudia VIEIRA Godoy I Nelson Massola

The Asran rust, caucod by the’L.r qjs Phakcpsora pachyrbizi, is oiie of the most serious phytosanitars’ rrichtoitts of soybean cultivation :0 trtazrl,

ira rOy because the’e are no cultivate with satist acror’j lees of esrear ice The otilect ic-aol this woi was to study the influence of the I Ln,inosity
nit,1 the wax layer of teat surfaces on P pachyrbir’i infeclor ot soylicair leaves The a-daxial or abayrat surface of leaflets of the first plart :rifotiu

OS Heads

Diagrammatic scale for seveHty evaluation of soybean target spot

A ti,:trr Futl’toxr Cd ttcfe Oct 2000

‘ Oafael Moreiia Soarus fl Claudia VtEttOA Cirriny )arn Crarina Neves Be Olivsrra

Soybean target spot. caum-il by flu, v’nspnra cassricota, is found in practically all soybean growing rrrqioris in Brazrl arid it can cause ecuirrinir:

tosses The oblective of tlrs Ncr was to elaborate and vat:date a diagrammatic scale to evaluate scy’ueart :arget spot severity. Soybean lr’aicts
wit tr d’sea em’ syi nptorn S wi—ic’ cc ti ect ed arid sever ii y was measured, Se’ er in long the ‘it irS mu ‘it a rtd in a 5tir n itt tm Is and the inter mciii ate levels

35 Heads

Influence of light and leaf epicuticular wax layer on Phakopsora pachyrhizi infection in soybean

.C,r.cte ruit-reyt telw’u Oct 2000

4 Glerber Oumnrâo Furtadu
.

Silvio AM Alves f Claudia VIUltrA Codoy [i Nelson Massola

Asian rust, caused tty tite fungus Pliakopsora pacltyrhizi, is one of the most serious pirytosanilary problems of soybean iii Brazil, especially
because no cultivars with sarrsfar:rory resistance levels exist yet [hi, objective of tIns study was to uvaluate the influence of luminosity arid
epicuticutar leaf wax on tite rurloctruri of soyheotr by H pacityrlrizi The adasial and abaxiat leaflet surfaces of the first trifoliate leaf from cultivar

view 41 Reads

Quantitative review of fungicide efficacy trials for managing soybean rust in Brazil

Attrcte Sep 2009

4i I-F Schein, Rock SC CliristLarlo Peril Esker I---] fl Claudia VIEIHA Codoy

With tite arrival of Asian soybean nist (caused by Phakopsota pachyrltizi) ii, the Western Hemisphere in 2001, field reseaich to optimize cttcrntcat
cotttrol of this importattt yreld-Itmiring disease has proliferated. We presettt a mesa-analytical synthesis of the results of 71 uniform fungicide
trials cotttaining 930 entrieS (specitic fungicidal treatments) conducted in Brazil from 2003/2004 to 2006/200]. Our objectives were to: (1)

View 453 Heads
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Diagrammatic scale for assessing the severity of the soybean target spot

Article Full-text a*lariie Sep 2009

Rafael Moreira Soares fi Claudia VIEIRA Godoy ‘43 Maria Cristina Neves De Ohiveira

Soybean target spot, caused by Corynespora cassiicola, is found in practically all soybean growing regions in Brazil and it can cause economic
losses The oh)ective of this work was to elaborate and validate a diagrammatic scale to evaluate soybean target spot severity. Soybean leaflets
witlt disease symptoms were collected and severity was measured, determining the nlinimunl and maximum limils and the intermediate levels

View ii Reads

Diagrammatic Scale for Assessment of Septoria apiicola and Cercospora arracacina in Arracacha

Article [trot text svailale Aug 2009

43 RM Mesouini s’ Kátia Regina Freitas Schwan-Estrada ‘ fi Claudia VIEIRA Godoy’[...l Maria do Cartno Vieirt

Leaf spots, caused by the fungi Septoriaapiicola and Cercosporaarracacina, ale among the niost serious leaf diseases that affect arracaclia.
Since standardized methods for disease evaluation are necessary, this work proposes a diagrammatic scale far assessment of these diseases.
Leaves presenting different severity levels wote collocted and the minimum and maximum severity limits were determined. The intermediate...

56 Reads

Influence of soybean phenological stage and leaflets on infection by Phakopsora pachyrhizi

Article Full-fox a.velabtl Apr 2009

4GleiberQuirrtaoFtrrlado Silvio AM Alves i3 Luciana C. Carneiro [--.1’ . Nelson Massola

This work was conducted to study the inlluence of soybean growth stage and leaf age no the infection of Phakopsora pachyrhizi, the soybean
iust pathoqeri. Soybean plants (cv. BRS 154 arid BRS 258) at the VS. Ri attd R5 gtowih stages were inoculated with 1 x 105 uredittiospores pet
mL suspension. Alter a period of 24 hours in dew chambers, all plunts were removed froni the chambers and placerl under greenhouse condilio...

View 25 Reeds
Fungicides Associated with Two Adjuvant Formulations for Preventive and curative Soybean Rust Control

Article Foil-text , Jairfo i Mar 2009

43 DC Fcrguson -43 JR Vuwell
- a, Louise L. May-De Mio [---I- SW Dean

This two-year study aimed to measure the effect of three different fungicide formulations in order to control soybean rust (Phakopsora
pachythizi). This study also riteasured the effect of controlling soybean rust by add]rtg a ftxed concentration, 1% v / v of two adjuvants into the
three fungicide for mutations and then varyrnrg rho concentration of the two adjutants at 0.5, 1.0. and 1 ,Stf, into a tehuconazole formulation only,,,

View 41 Reads

Efficiency of control of Asian soybean rust as a function of the moment of application under epidemic conditions in Londrina, PR

Article Full--text ailaLle Feb 2009

fl Claudia VIEIPA Godoy’43 Allan Misael Elausino
‘‘

Leandro CM Santos’ Emerson NI Del Ponte

In order to study the efficiency of soybean rust control as a function of timing, trials were cottducted itt Londrina, PR, Brazil, during tlte 2005/06
arid 2006/07 seasons. The mixture of 60 g azoxystrobin ha-i 4- 24 g ciproconazole ha-i was applied at different phemrologicat stages, starting
from R2 to R5.5, in single and sequential applications. ‘Ihe severity was estimated periodicalty for the calculation of the at-es under the disease...

84 Reads
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Asian soybean rust control efficacy as a function of application timing under epidemic conditions in Londrina, PR

Article Full-ic-st availanie Feb 2009

ft Claudia VIEIRA Godoy 4 Allan Misaet Flausino ‘ Leandro CM Santos 1 Emerson M Del Poole

Frrttgicido trials wete carried out in Londrina, Pn, Brazil, during the 2005/06 and 2006/07 growing seasons with the objective of evaluating the
efficacy of fungicide in Asian soybean rust consrot at different application titnes The premix of 60 g azoxystrobin ha-i * 24 g cyproconazote ha-i
was apptied to different growth stages ssarting at R2 up to R55, and compared to two applications at R2 and P51 - Following disease onset.

View 21 Resds
Efficient control of Asian soybean rust in the tight the time of application under epidemic conditions in Londrina, PR

Article Jan 2009

11 Claudia VIEIRA Godoy ( Allan Misaet Flausino LCM Santos - J Emerson M Det Ponte

Futtgicide trials ‘vote carried out in Londrina, PR, Brazil, during the 2005/06 and 2006/07 growing seasons with the objective of evaluating the
efficacy of fritigicide iti Asian soybean rust control at different application limos Tire premix of 60 g azoxystrobin ira-i + 24 g cyproconazole ta-i
was applied to different growth stages slartitig at 02 upto 055. and compared to two applications at 02 and PSI. Following disease onset..

Vice; S Reads
Influence of angular spot severity on photosynthetic efficiency of healthy leaf area of common bean under field conditions

Article full-text ewiflai::iel Jan 2009

fl Marcelo Giovanatti Canteri fi Claudia VIEIRA Godoy

This paper aims to show the relationship among leafy leaves, angular leaf spot sevetity atid bean yield, under fteld conditions, indicating tho
influence of this relationship ott photosynihetrc effIciency of leaf tissue ierllairtiilg ott plants. Leaf ar-ca and severity of angular leaf spot
(Phaeoisariopsis griseola (face.) Fetraris] of heart lve’e weekly assessed, heginnitig at 30 days after emergence (hAL). Different levels of severL -

130 Reads
Relationship among measures of reflectance and leaf health, soybean rust severity and soybean yield Relationship between measures of
reflectance and healthy leaf area, severity of Asian rust and soybean crop productivity

Artictvr ,uti-text evaileete, Jan 2009

Lucimata Koga - C) Marceto Giovarrehr Canton
- 01 Claudia \‘IEIRA Godoy

lire arm of this research was to verify if snore rrreasutes of refleclance could detect variations in the lreallfiy leaf area which could be used as
pataineiei to estimate damages in lire produr:riuri due to soybean rust, and to ctetermrire the influence of tire disease In photosynthetic efficiency
of pl airl s I lit tt or field court iii ens - The exper ut ii a it was lead in lire expe r i in ciii area of F rnhra pa. in mid, ira, P Tire irs per ire eel at design was - -

1 45 Resds

Mechanisms Involved in Soybean Rust-Induced Yield Reduction

Antartle Ea;ii-tc-xt avriihrblei Nov 2008

Saratha Kumudini - 01 Claudia VIEIRA Codoy - fl James Boai-d
- - Maitlrijs rotlonaar

Soybean rust (SBR; caused by lmakopsora pachyrhizi Syd. And P. Syd.) Leads to premature leaf loss and yield educliori. the objectives of this
study wore to assess the effects of SOIl infection on soybean (Clycitre max (L.) Merrillj yield and to identity causes for the yield reduction.
Expenments were conducted in the 2005-2006 arid 2006-2007 growing seasons as l.ondrina. BraziL The five treatments were SOB infection. --

68 Reads

Seed treatment and foliar application of fungicides for the control of soybean rust

Article Oct 20DB

ft Claudia VIFiRAGodoy- - Ademir Assis Henning

Tire objective of tit is work was to evaluate he effect of soyhe air seitri Ii oati nor it v.11 Ii B rIg uinconazoie and fol ia r fungicide a ppf cation on soybean
iu SI ma it age o i ent, in lb ree sowing dates, (I it imtg the 2007/2008 g ruwin g sea sort, itt Londt i ia, PR, Br-az ii. Tire expoi let enta I design Was a
ratidorn iznd cc nipl etc block, with a factorial a ira rigiri i rent of 2x 5 (wit Ii two tnr,C m trials of seeds with B ug u incon azole, and leaf folio r fungicide -

View 49 Reads

Seed treatment and foliar fungicide application to control soybean rust

Alliotn p-ut-rest availtrorel Oct 2008

01 Claudia VIEIRA Godoy
-

j- Ademir Assis henning

Tire objective of this work was to evaluate the ailed of soybean seed treatment with fluquinconazote arid foilar fungicida application on soybean
rust management, in three sowing dales, during the 2007/2008 growing season, lit ondtitra, PR, Brazil, The experimental design was a
randomized complete block, with a factorial ariangement of 2x5 (with two trealnierrls of seeds with fltrquincoitazole, and frye fohar fungicide..

Vrev.- 157 Reads
Genetic control of soybean (Giycine max) yield in the absence and presence of the Asian rust fungus (Phakopsora pachyrhizi)

At tir:te Full-text xvotalte Mat 2008

Aliny Siniony Ribeiro
-

José Fiancisce Feuraz de Toledo - Corlos Ai rabrd Arias - [...] - Maiceto Ohiveira

Soybean is one of site most important crops in Brazil and continuously getierates demands for production technologies, such as cultivars
resistant to diseases. In recent years, the Asian rust fungus (Phakopsora pachyrhizi Syd. S P. Syd 1914) has caused seveie yield losses and the
development of resistant cultivats is tire best means of control. undeislanding the genetic control and estimating parameters associated with..

View’ 39 Reads

Chemical control of Asian soybean rust in southern Paraná

-
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Article Full-text ayailaole Oct 2007

I ErnersonFthbio dos Reis j Vismar da Costa Lima Neto- ft Claudia VIEII1A Godoy [.1 Nilson Gonçalves Vicenle

The Asian usl 0f soybean, caused by The fungus Phakopsora pachyrhizi, is a iecent problom in Brazil, which can lead to premature loss of leaves
and consequent reduction of productivity In view of the inexistence of resislant cultivars, chemical control is currently the most important

alternative fnr controlling the disease. The objective of this work was to test two active fungicides and five application times for Ifre control of...

View 42 Reeds

Relationships between measures of reflectance and health leaf area, soybean rust severity and soybean yield

Article rlkrrtrr,a1aLlc1 Oct 2007

a Lucirnara Kegs fl Marcelo Giovanetti Canteri fl Claudia VIEIRA Godoy

The aim of this research was to verify if some measures of reflectance could detect variations itt the healthy leaf area which could he used as
parameter to estimate damages in the ptoduction due lo soybean rust, and to determine the influence of the disease in photosyitlhetic efficiency
of plants under field conditions. The experiment was lead in lIre cxpnrimonlal area of Embrapa. in Londrina, PR. The experimenlal design wan

View it Reeds

Distinct Diphasic mRNA Changes in Response to Asian Soybean Rust Infection

Article rut-test .,,:l..r:e Sep 2007

C Matlgn van de Mortet
‘

Justin Recknor . Michelle Graham I ] -j, Steven A Whitham

Asian soybean rust (ASn), caused by Phakopsora pachythtzi, is now established in all major soybean-producing countries Currently, their’ is litttv
information about the tiotecutar basis of ASP-soybean intetactrons, which will he needed to assist future efforts to develop effective tesrstance.
In the present study, it was found that soybeati niRNAs were tneasuied on a 7-nay ASR infection time course in mock-inoculated and infected

362o ads

Relation between measures of reflectance and healthy leaf area, severity of Asian rust and soybean crap productivity

Attrclc’ tu:ittot5r?.ttu’ie
, Auc 2007

Lnrcmniara KeGs fl Maceta Giovanetti Canteti - fl Claudia ‘Jtl:ltlA Godoy

rite attn of ntris research was to -verify if seine treasures of reflectance could dotoct vauations inS-ne teah.thv leaf area wlticn cculd be osed as

ratainetci to ostittete drt-ttaqes it the production due to soytieait n.tst and to rhetot rttine ttte infiueirce 0r the crsesse it pttotosyntlre:rc efficiency
of plattts undet ftetd cortdi:ioits Ttte expe-tilleit was lead in the experimental area of Ettrbrap.s, rn ,xrtdrina, PR. The experimnentat des.gn was

5/mow 62 Iteeds

Effects of location and year on the temporal disease progression of Asian soybean rust in Brazil

Artcle Jul2007

* Paul Esker .j i.i:ttnisc :t M Oct Ponte ) MC Mat tins
-

f Claudia ‘IIEIRA Godey

8 Reads

Evatuation of monocyctic parameters and intensity of the Asian soybean rust (Phakapsora pachyrhizi) in both several soybean genotypes and
canopy position

Putt-text a.’alaure Jun 2007

W Etisand:aBaitstaiarnb.ene,tetri Ecfuardo Alves- !j Edson itozza - I] f Claudia VIFIPA Gerfoy

Soybean rust caimsert by time irirgus Phakopsotn pachyrhizi, has been known to drastically reduce yinrtcts Diverse stmrcimrs ate tow mit S’ngiesc, tO

search infotmattoir ott ttioijcmmettc tesrstc-rce ot cuttivar currently planted. The objective cIthis srrmdywas to evaluate moth iticubu:ir,nm nmimd
period and i-re otooress itt soybean tust on several genotypes ard three canopy position in greenihc.tue. The cut:i-ztms usec wete Uttaitutu, BPS

17 nerds

Genetic control of Asian rust in soybean

Amlicte sva.tale Jan 2007

Atiny Simnony Ribeiro -0 View Full Profile f Pedro Ilenriclue Oraga Pierozzi - [...] - I Claudia VILIRA Codoy

Ttte objective of titis str.idy was to investigate tlte genetic rntectmattistns of soybean resistance to Asian rust (Phakopsora pacltyrtiizi Syd. 2. P Syd).
F2 and ES getteratromns Imoni t 5 diallel crosses rnvolvrttg six soybean cuttivars, FT-2, EMBRAPA 48. BPS 154, BPS 184. BPS 214. BPS 23t, were used
to analyze the genetic control of Asian rust resistance tn thrt soyheatt patents tested, Genetic models were fitted to means and variances 01 the

View 31 Reads
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Models and Applications for Risk Assessment and Prediction of Asian Soybean Rust Epidemics

Article rni-text nyaitiibte Dec 2006

th Errierson M Del Ponte £ Claudia VIEIRA Godoy C) Mercelo Giovanetti Canted I.) 4j XB Yang

Asian ust of soybean [clycine max (L.) Merril] is one of the most important fungal diseases of this crop worldwide. Tue recent introduction of
Phakopsora pachyr-lirsi Syd. & P Syd in Ihe Americas represents a major threat 10 soybean production in the tEam glowing regions. atid significant
losses have already been reported. P paclryrhizi is ostrcrrrely aggressive under favorable weather conditions, causing rapid plant defoiia]ion...

View 95 Reads

Predicting Severity of Asian Soybean Rust Epidemics with Empirical Rainfall Models

tk r It j Jut 2006

; Flireison M Del Ponle - Claudia VIFIRA Godoy X. Li XB Yang

ABSTRACt Although Asian soybean rust occurs in a trrnarl range of environnienlal conditions, lire niost explosive and severe epideriiics have
boon reported in seasons with warm tcnnporaturos and abundant nioisture Associations between weahlier and epidemics have been reported
previously, but atten-rpts In identify the major factors and model these retalicrtrships with field dais have been limited to specific locations. iJsin.

132 Reads

Diagrammatic scale for assessment of soybean rust severity

Article [ nuttiest aarlabtJ Feb 2006

fl Claudia VIEIRA Codoy - Lnicinraia Koga
- C) Marceio Grovanetti Canteri

A diagrammatic scale to assess soybean (Glycine mar) rust severity, caused by the fungus Ptrakopsnra pachyrlnrzi, wire developed in this study
Lea ftets showing di I ferent severity levels were cc Itoct ext for deter ni notion nit he mitt itt rim a rd into a iran ni severity Ii flits; infer tsr nud iate levels were
determined according to ‘Weher’Fecbners stintulus-respunse law”. The proposed scale showed the levels of 0.6:2; 7:18; 42. artd 765%. Scale -

140 Reads
Evaluation of tolerance of soybean cultivars to Asian rust in western Dahis

Articte Finit-texi available [ Dec 2005

Q Ana Oliveira- Claudia VIEIRA Codoy Monica I - MC Rating

The use of tolerance as a form of oontmt for soybean rust call be a viable alternative, since qtralilative resistance has been shown tn he unstable
in function of fungsl vauiabitity This trial was carried out in westerrt Bahia in 2003/04, with the objective of assessing the tolerance of the nail]
soybean (Glycine max) cuttivars used in the area- Four early nratuuily cuttivars (MG / BR 46 (Cortrtnrista), Erngopa 315, BPS Corisco and tA-SOY...

View 21] Reads
Tolerance assessment of soybean cultivars to Asian rust caused by Phakopsora pachyrhizi in western Bahia

Article Fnitbrusi avalabte Dec 2005

() Ana Olrveira fT Claudia VIEIRA Godoy MOnica C. Marlins

14 Reads
A system to map risk of infection by Phakopsora pachyrhizi for Parana State, Brazil

Article Jun 2005

C) klatcelo Ciovanetti Canleri - Psulo Henrique Caramon
- 0 Redrigo Yoiti Tsukabara

- [ -l -
11 Claudia VIEIPA Codoy

1 5 Reads
Predicting regional Asian soybean rust outbreaks in Brazil and South Africa

A;ticle Jun 2005

: Emerson M Del Poole’ f Claudia VIEIRA Godoy ‘4’ F. Du Pieez
- [.] - X Yang

View- 3 Reads
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Epidemics of Soybean Rust (Phakopsora pachyrhizi) in Brazil and Paraguay from 2001 to 2003

Full-test available! Jun 2005

44 jT Yorinori
‘

WM Paiva
‘

RD Frederick ‘C J Jr. Nunes

In 5 March 2001, a severe rust outbreak was mcorded at Pitapá. Paraguay, and the causal organism was determined to be Phakopsora pachyrhizr
usiilg potymerase chain reaction (PCR) and DNA sequence analysis. In May, rust surveys showed spread throughout most of Paraguay and into
western and northern Parana, Brazil. In the 2001-02 season, rust was widespread in Paraguay but losses were reduced due to severe drought;...

197 Reacts

Influence of angular spot severity on the photosynthetic efficiency of healthy leaf area of common bean under field conditions

Article Frill-fast avaitaiztej Apr 2005

fl Macedo Giovanetli Canteri ‘ S Claudia VIFIRA Godoy

The nhjective of this work was to demonstiate the relationship between healthy leaf area, angular leaf spot severity and bean yield, in
oxpeiimental plots under field conditions, indicating the influence of this relation on the photosynthetic efficiency of leaf tissue remaining in the
plants. Foliar area and severity of angular leaf spot (Phaeoisariopsis grrseola (Sacc. Ferraris) were evaluated weekly, beginning 30 days after...

view 38 Reads

Effect of the severity of powdety mildew and leaf blight of cercospora on soybean yield

Ar tictr [ Full-test avaitabtel Oct 2004

A Clandia VIEIRA Godoy 0 Maccole Giovanetti Cantari

plots Powdery mildew and cercospora hlight were the predominant diseases in these trials. Disease severity at R6 (pods with full sized green
beans) and ni (pods yellowing. 50% of leaves yoltowitig) presented a significant negative linear correlation with yield. The relationship between
the disease progression curve (AUDPC) and healthy leaf area duration (HAD) and yields were investigated. 1 he ADPC presented a negative...

Vow 205 Reads

Effect of powdery mildew and cercospora blight severity on soybean yield

rrriicte .1 ul 2004

11 Clandia VIFIRA Gotloy 0 Marecle Grovarietti Canted

Field trials were carriod out in 2002/03, wish soybean (Glycine max) cultivate 888 133 and SR 16, to evaluare the effect of fofiar diseases on yield.
The experimental design was complete randomized blocks ‘vith six treatments (different levels of disease) arid four replications with plots of 18
m2. Different times and numbers of applications of fungicide (difenoconazole + propiconazole) were used to generate a disease gradient....

‘Ii er 27 Reade
Protective, curative and eradicating effects of fungicides eli the control of soybean rust caused by Phakopaora pachyrhizi, under greenhouse
conditions

/ cr 1 ti clrfl Feb2004

A Claudia VIEIRA Godoy 0 Marceto Giovanetti Canton

The protective, curative and eradicating effects of systemic fungicides (azoxystrobiti 50 g ai / ha + nimbus 0.5%, caibendazin 2500 ai / ia,
tebuconazole 1000 ai / ha, difanoconazole 50 g ai / ha and epoxiconazote 259 ai / ha + pyractostrobin 66.50 ai I ia) were evaluated in soybean
plants (Clycine niax) inoculated with uredosporos suspension of Phakopsora pachyrhizi, under greenhouse conditions. To evaluate the profecti...

1,338 Reads
Protective, curative and eradicative effects of fungicides to control soybean rust caused by Phakopsora pachyrhizi, in greenhouse.

Article Rifl-textor’iabkj Nov2003

Il Claudia VIEIRA Godoy -0 Macedo Giovanetti Canteri

Protective, curative arid eradicating effects of systemic fungicides (azoxystrobin 50 g ai / ha + nimbus 0.5%, carbendazin 250 g ai I ia,
tebricotrazole bog ai / ia, difenoconazote 500 ai / ha and epoxiconazote 259 ai / ha + pyraclostrobin 66.50 ai / ha) were evaluated in soybean
(Gtyeirio max) plants inoculated wish a urediniosporal suspension of Phakopsora pacliyrhizi, iii greenhouse. To evaluate the protective effect of...

View 24 Reads

Temporal progress of southern rust in maize under different environmental conditions

Article iii iaVailebit] Jun 2003

A Claudia VIEIRA Godoy- C Lilian Amorim’(j Armando Bergamin ij3 Berger Richard 0

the progress of the severity of southern must in maize (Zea mays) caused by Puccinia potysora was quantified in staggered plantings in different
geographical areas in Brazil, front October to May, ever two years (1995-1996 and 1996-199]). The logistic model, fitted to the data, better
dacrrihpd the diceao nrnnrpqq r’irrvrq than lire Coritnerri model For rr
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33 Rends

SASM-AGRI -SYSTEM FOR ANALYSIS AND MEAN SEPARATION IN AGRICULTURAL ASSAYS USING SCOTT-KNOTT, TUKEY AND DUNCAN
METHODS

Article Full-text availa:hie Dec 2001

fl Marcein Giovanetti Canleri Romuto A. Althaus ‘C) Jorini Sousa Virgens Filho
- [,1 .fl Claudia VIFIRA Godoy

ABSTRACT: Statistical melhodt usually used ill agricultural assays of groupirtg means present ambiguity of the results. The present work had an
objective to develop a system 10 analyze and separate means using the Scott-Knott test, besides Tukoy and Duncan tests. TIre SASM-Agri was
developed with Bortartd Delphi to platform PC. compatible with Windows 98 or above, and allows for import data and export results for other...

View 385 Reads

Changes in photosynthesis and transpiration of corn leaves infected by Phaeosphaeria maydis

Aticie Fcll.tesr.zrta title J:lrt 2001

11 Claudia VIEIPA Codey 0 Lrl’arr I-norm é Atmnattdo Sergsmi:r

lie effect of Ptraerrsplraer.a leaf spot caused by Pi:aeosplraer;a rnaydrs on the net rata of nhoicsvni’.ess arid t:arnsprrattorl xii cciii leaves (lea
r:la ys) wit s ova iii a lee in lire field in ‘‘cit nybri d s and one in a za strairt 1 he tr et rate of ohotosyr thesis v:a ,ate.’i In cli sea so severity fry Ii
maclet Pa / P0 = (i-a) b, where Ps rr:;t’escrrts tire ret pitotosytthetic rote of leaves with disease seveily x (in proportion). Pu reotostrnts Ito

1138r’anis

Changes in photosynthesis and Iranspiration of maize leaves infected with Phaeosphaeria maydis

iurt7nor

£t Clar:dia VtElRAGodoy C Lilian A:norrrn -j Artnantdc Berga;nin

TIre olfect of Plraeusl:!taar a lea’ spot caused by Pilaecsl:’:tae: ia ntaydis on tine ret rate of ihorosyrrthesis and t’ansprration of cart, eaves (lea
nrays) was evaluated in the rretd in Irree iryirrids and one maize strait:. The ret rate of nlt:’tr”syn:tosis v,, latent to u’sease reverry usrrg tb, F’s

/ Po = (l’x) beta model, where Pa ne;:esents the net photosynttret role of leaves with d’soase sovo’tty X fin r:’roportion). Po represents the

6] Pr-ad’

Effect of common bacterial blight in rhe photosynthetic efficiency and in the yield of common bean
I

!,nrle tnt’t’tntxt::’.ni’rat;-ir: Ma’ 2liDt

CECILIA S. DiAl RD Dassan,rrzn rn Claudia VIEtRA 0000y [ Ar itando Bergamin

73 PerU::

Quantification of lhe etfect of contnton bacterial blight on photosynthetic efficiency and production of oonrrnon bean

Aticlo rztrtava:t1 Mt ni]ti

tAZ CECIlIA S . kit Bas.:anr..r fl Clatmd;a VIEIRA Anitsrtdo Bergamirt

the ailed of he causal ager-i or cnin;nr,ntn bacterial bi’ribt (in pliotosvrri-ot o efficiency and ptod:nor’on ci oornrrton heart (Phnts’o:.rnc vi:lga:’rl wii’t

,;antifled. Two field exponirne’rts were conducted duOrq the 1997 ha-vest in Piracicaba-C wiih wa culver r lAO-Cnn ioc:a and Rricitlra Dilfeulirt
levels of severttywere obtained by vun yin:g the number of ‘miocrrla:.ons wit be :,athoger. Ti:a savo:itynf the nisease. ovoluated wilt a.

SASM - Agri: System for analysis and separation of means in agricultural experiments by the Scoff - Knott, Tukey and Duncan methods

Article EVIl-tact .ovti.iattej Jam 200t

(‘3 Marcelo Giovanetti Canter, . (, ROmulo A Aithaus
. -) Jorim Sousa Virgens Filho [] ñ Claudia VIFIRA Godoy
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23 Abstract

24 BACKGROUND: Since the invasion of Phakopsora pachyrhizi in Brazil. detrimental yield

25 losses in soybeans have occurred. Disease management is mainly based on fungicide

26 treatment with demethylation-inhibitors (DMIs) and quinone-outside-inhibitors (Qol)

27 playing an essential role. The sensitivity of single P. pachyhrizi isolates towards different

28 DMIs and Qols was surveyed and the corresponding resistance mechanisms analyzed.

29

30 RESULTS: The 001-response remained stable, while a loss of sensitivity towards OMls

31 occurred. Molecular analyses of cytochrome b, the target gene of Qols, showed an

32 intron after codon 143 which is reported to prevent the development of a G143A

33 mutation. Analysis of cyp5l, the target gene of DMIs, revealed that point mutations and

34 overexpression are involved. Of the detected mutations, Y131F and Y131H, respectively,

35 and K142R are likely homologous to mutations found in other pathogens. As suggested

36 by modelling studies, these three mutations as well as additional mutations F12OL,

37 114SF and l475T correlate to increased ED50-values towards all tested DMIs.

38 Furthermore, an up-regulation of the cyp5l-gene up to 10-fold was noticed in some of

39 the DM1-adapted isolates, while all sensitive isolates responded as the wild type.

40

41 CONCLUSION: The G143A mutation is thought to result in significant resistance factors

42 towards Qols, while other mutations play only a minor role. Since G143A development is
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43 prevented in P. pachyhrizi, a stable control of with Qols in future is rather likely. In

44 contrast, a shifting in sensitivity towards DMls has been observed, which is due to

15 multiple independent mechanisms.

46

47

48
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49 1. INTRODUCTION

50 Soybean, Glycine max (L.) Men., is one of the most important crops worldwide ranking

51 only behind wheat, corn and rice in terms of total area under cultivation (FAOSTAT

52 (http://faostat.fao.org)). Soybeans are not only used for human consumption but, more

53 importantly, for livestock feeding and industrial purposes (ASA

54 (http://www.soystats.com)). The USA is the most important producer of soybeans (35%

55 of the world production), followed by Brazil (26%) and Argentina (20%) (FAOSTAT

56 (http://faostatfao.org)). In Brazil, soybeans account for 36% of cultivated area and are

57 the most dominant crop being cultivated, followed by corn (20% of cultivated area) and

58 sugarcane (14%; FAOSTAT (http://Iaostatfao.org)).

59 Soybean yield is reduced by a number of biotical and abiotical factors. Diseases that

60 can threat soybeans are Cercospora kikuchif (leaf bronzing and purple seed stain),

61 Cercospora sojina (frogeye leaf spot), Corynespora cassiico!a (target spot), Diaporthe

62 phaseolorum var sojae (pod and stem blight), Peronospora manshurica (downy mildew)

63 Phakopsora pachyrhizi (Asian soybean rust), Phyfophthora sojae (phytophthora rot).

6-I Pseudomonas syringae pv. glycinea (bacterial blight), Rhizoctonia solani (aerial blight),

65 Sclerotinia sc!erotiorurn (scierotinia stem rot) or Septoria glycines (brown spot)

66 (Kucharek, 2001; RuhI, 2007; Carmona et al., 2011; Hartman et ci., 2011). P. pachyrhizi

67 originated in Asia leading to vast yield losses (Ono eta!. 1992). The phytopathogen was

68 first appeared in Brazil in 2001, leading to additional costs of US$ 2 billion (Yorinori eta!.

69 2005). Cultivation practices such as late sowing, choice of soybean cultivar or

70 elimination of secondary hosts have been applied to reduce the severity of the disease

71 (Kawuki at a)., 2003; Correa da Silva at a!, 2011; Twizeyimana et a!., 2011; Hu and

72 Wiatrak, 2012). Other attempts have included breeding for P. pachyrhizi resistance and
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73 the introduction of a free host period”, in which no soybeans are cultivated for 3 months

74 (Hartman et at., 2005; Kendrick ci aL 2011; Godoy, 2009). However, the application of

75 fungicides is the most employed and most efficient method for controlling P pachyrhizi.

76 and in particular demethylation inhibitors (DMIs) and Qo inhibitors (Qol) have provided

77 the best and most consistent results (Ivancovich, 2005). Other phytopathogens

78 developed adaptation against both DMIs and Qols, which resulted in reduced efficiency

79 The most important resistance mechanism against Qols are point mutations (F129L,

80 G137R, G143A) within the cylochrome b gene, which have been found in A!ternar/a spp.,

81. B/timer/a gram/nis, Mycosphaere/!a spp., Plasmopara v/i/co/a, Pyrenophora spp.,

82 Pyr/cular/a yr/sea or Venturia /naequa!/s among others (Heaney et aT, 2000; Kim ci at,

83 2003; Grasso et at., 2006; Sierotzki et a?., 2007). Resistance mechanisms against DMIs

84 are variable and complex, involving point mutations, overexpression of the target gene

85 cyp5l, and up-regulation of efflux-transporter. A number of plant pathogens show a

86 more or less significant adaptation to DMIs, such as B. gram/n/s, Mycosphaere//a

87 gram/n/cola; Pucc/n/a fr/i/c/na or Unc/nufa necator (Cools eta!., 2012; Delye etaL, 1997;

88 Oélye ci at., 1998; Leroux ci aT, 2007; Stammler ci at., 2008; Stammler ci aT, 2009;

89 Leroux and Walker, 2010).

90 In this study, the sensitivity of P. pachyrh/zi isolates towards DMIs and Qols was

91 analyzed by the detached leaf test. Subsequently, cyp5l and cytochrome b, which are

92 the respective target enzymes of DMIs and Qols, were investigated using molecular

93 genetic techniques.

94

95 2. MATERIAL AND METHODS

96 2.1 Origin of P. pachyrhizi isolates
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97 P. pachyrhizi strains were isolated from soybean leaf samples from different regions of

98 Brazil in 200912010. Dry infected leaves were hydrated in a humid chamber for ca. 20-

99 24 hours. Spores from sporulating uredia were then either transferred to a Tween water

100 (0.03%) drop on a six-days-old soybean leaf (BBCH scale 101; Munger et al., 1997) via

101 inoculation needle or were suspended by shaking hydrated leaves in Tween water.

102 Following this, suspensions were applied with an airbrush (0.3 mm nozzle) to the abaxial

103 surfaces of unifoliate leaves, which had been placed on water agar (0.4%), which

104 included IH-benzimidazole (40 mg/I) and streptomycin sulphate (30 mg/I). Isolates were

105 separated by transferring spores from only one uredium to a new soybean leaf via the

lOb inoculation needle. After inoculation, soybean leaves were incubated in a humid

107 chamber in the dark for 20-24 h followed by 12 h light at 20°C. A total of 90 strains were

108 isolated in this way and were transferred in three week intervals. P. pachyrhizi isolates

109 were propagated for detached leaf tests in the greenhouse.

I I 0

III 2.2 Detached leaf tests

112 Sensitivities of Brazilian P. pachyrhizi isolates (n = 38) and one strain originating from

113 Taiwan were tested against different fungicides in detached leaf tests comparing to a

114 reference strain isolated in 2004. Dilution series of cyproconazole (Alto®),

115 epoxiconazole (Opus®), metconazole (Caramba ®) tebuconazole (Folicur®)

116 azoxystrobin (Amistar ®) (all 0/0.01/0.1/1 /10 mg Lj and pyraclostrobin (Comet®)

II? (0 / 0.03 / 0.3 / 3 / 30 mg L1) were applied on soybean plants (cultivar Dekalb 22-52) at

118 growth stage 101 (BBCH scale) just before run off. Treated plants were placed in a

119 growing chamber for drying at 22°C overnight, before leaves were harvested. The next

120 day, leaves were cut and placed on water agar (0.4%), which included 1H-
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121 benzimidazole (40 mg/I) and streptomycin sulphate (30 mg/I). Spore suspensions of P.

122 pachyrhizi isolates in Tween water (0.03%) were prepared and applied with an airbrush

123 (0.3 mm nozzle) to the abaxial surfaces of the unifoliate leaves. From each fungicide

124 and concentration two soybean leaves were inoculated (approximately 0.5 ml spore

125 suspension per leaf). Subsequently, plates were incubated in a humid chamber in the

126 dark for 20-24 h followed by 12 h light at 20°C. Three weeks after inoculation, infected

127 leaf area was evaluated by visual scoring, assessing thinly dispersed pustules in

128 combination with total necrosis of the leaf as a disease severity of 100%. The effective

129 doses of 50% (ED50-value) were calculated.

I 30

131 2.3 Nucleic acid extraction and reverse transcription

132 DNA of P. pachyrhizi spores was extracted with the NucleoSpin DNA Plant II Kit

133 (Macherey-Nagel GmbH & Co. KG, Duren, Germany) following the instructions of the

134 manufacturer for SDS based DNA extraction.

135 Total RNA of P. pachyrhizi spores was extracted using the Spectrum Plant Total RNA

136 Kit and on-column DNase digestion was performed using On-Column DNase I Digest

137 Set (both Sigma Aldrich, St. Louis, USA) following the instructions of the manufacturer.

138 RNA of each isolate was extracted at least twice at subsequent dates. RNA

139 concentrations were measured on a NanoDrop 2000 (Thermo Fisher Scientific Inc.,

140 Waltham, USA) and RNA quality was assessed employing the Agilent RNA 6000 Nano

141 Kit on the Agilent 2100 Expert Bioanalyzer (both Agilent Technologies, Santa Clara,

142 USA) using the Plant RNA Nano Assay as described by the manufacturer. The RIN

143 (RNA Integrity Number) obtained in this way varied between 6 and 8. RIN values above

144 5 are recommended for expression analysis (Feige und Pfaffl, 2006).
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145 Each RNA (500 ng) was reverse transcribed to cDNA using the oligo-dT primer of the

146 Verso cDNA Kit (Thermo Scientific mc, Waltham, USA) as described by the

147 manufacturers. Reverse transcription conditions were as follows: 42°C for 30 mm. 45°C

148 for 15 mm, 50°C for 15 mm and 95°C for2 mm.

149

50 2.4 Sequence analysis

151 Using Phusion Hot Start, High-Fidelity DNA Polymerase Master Mix (Finnzymes OY,

152 Espoo, Finland) and primer pair KES 1098 fw (5’ ATGTCTTCCAGCGTTATAATCG 3’)

153 and KES 1133 rv (5’ TCGAGGGAkAGGAGTTGATC ‘3), respectively, the cyp5l gene

154 (2155 bp) was amphfied (primer end concentration 500nM). The following PCR program

155 was applied for amplification: an initial heating for 15 mm at 98°C was followed by 35

156 cycles at 98°C for 5 s, 63°C for 5 s and 72CC for 45 s. and a final amplification step at

157 72°C for 1 mm. PCR products were gel electrophoretic separated, extracted using

158 NucleoSpmn Extract II (Macherey-Nagel GmbH & Co. KG) and cloned in XL-1 Blue

159 Competent Cells (Agilent Technologies) using the CloneJET PCR Cloning Kit

Ion (Fermentas GmbH, St. Leon-Rot, Germany) following the instructions of the

161 manufacturers. Clones were sequenced using primers pJetl .2 fw

162 (5’ CGACTCACTATAGGGAGAGCGGC 3’), pJetl.2 rv

163 (5’ AAGAACATCGATTTTCCATGGCAG 3’) and KES 961

164 (5’ TGGGAAGAGGGTATGATGTATTGG 3’). Sequences were analysed using the

165 Lasergene Software package (DNASTAR, Madison, USA).

166 Cyt b (2598 bp) was cloned in the same manner, using the primer pair KES 1158 1w

167 (5’ CAGTAGCCTAAAGAAGGGTGTTAA3) and KES 1159 rv

168 (5’ CCCGTTGAATATCTTGACATCTTAC 3) for amplification and pJetl.2 1w, pJetl.2 rv,
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[69 KES 1175 1w (5’ AATTCTACTAGATCCCCT 3’) and KES 1176 fw

170 (5’ AATTCTACTAGATCCCCT 3’) for the sequencing reaction. The PCR program for

171 amplification was: initial heating at 98°C for 15 s, 35 cycles at 98 °C for 10 s, 64°C for

172 5 s. and 72°C for 45 s, followed by a final amplification step at 72°C for 1 mm.

173 For point mutation studies of the cypsl gene, pyrosequencing assays were developed

174 using the Pyrosequencing Assay Design Software (Qiagen, Hilden, Germany). Standard

175 PCR using Maxima Hot Start PCR Master Mix (Fermentas GmbH) and the primer pairs

176 listed in Table 1 were employed for amplification of all gene fragments under the

177 following conditions: initial heating for 15 mm at 95°C, 40 cycles at 94°C for 15 s, 55°C

I 78 for 30 s and 72°C for 20 s, followed by a final amplification step at 72°C for 5 mm, Every

179 template was applied in duplicate. Single strand preparation was performed by

180 immobilizing PCR products to Streptavidin Sepharose Beads (GE Healthcare,

181 Buckinghamshire, GB), and subsequently cleaned up with ethanol (70%), denaturated

182 with sodiumhydroxid (0,2M) and finally washed in tris-acetat (10mM) implementing the

I $3 Vacuum Prep Worktable (Qiagen) following the instructions of the manufacturer. After

84 transferring immobilized single strand samples to annealing buffer amended with the

185 according sequencing primer, the samples were heated at 80°C for 2 mm in an

186 incubator. Samples, cooled to room temperature, were then pyrosequenced using

187 PyroMark Gold 096 Reagents as described by the manufacturers on a PSO 96MA (both

188 Qiagen) machine. Therefore, sequencing primers listed in Table 1 were used,

i so depending on the amino acids of interest. For assay validation, standard mixtures were

190 performed. Every run included standards of 100% wild type and mutation, respectively,

191 as well as 30/70%, 50/50% and 70/30% mixtures of wild type and mutation. While cDNA
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192 of 48 isolates was studied for mutations, analysis of DNA was performed for all 90

93 Isolates.

I 94

195 2.5 Expression analysis

196 Expression studies were performed on a Rotor-Gene Q 2-Plex machine (Qiagen) and

197 analyzed with the GenEx software (MultiD Analyses, Goteburg. Sweden) following MIQE

198 guidelines (Bustin etaL, 2009). Six genes (actin, tubulin, GAPDH, SDHc, SDHd and cyt

99 b) were validated as reference genes with geNorm and NormFinder (GenEx software),

200 finding actin, tubulin and GAPDH to perform most stable (data not shown). QPCR

201 efficacy was assessed by standard curves for all genes and was 097 for actin, 0.98 for

202 tubulin, 0.94 for GAPDH and 1.04 for cyp5l (data not shown). All cDNA samples were

203 used in duplicate. Threshold cycles (ct) were adjusted to the same level in each run. For

204 qPCR performance, MESA FAST qPCR MasterMix Plus dTTP for SYBR Assay No ROX

205 (Eurogentec, Seraing, Belgium) was used, together with the primer (200nM) listed in

206 Table 1. Conditions for qPCR were as followes: initial heating to 95°C for 5 mm. followed

207 by 40 cycles at 95°C for 15 s, 60°C for 20s and a final step at 72°C for 20s

208 Subsequently, specificity was verified by a melting curve. The fluorescence level was

209 acquired during the elongation step. In a first approach cyp5l-expression was measured

210 from P. pachyrhizi spores of five DM1 adapted isolates treated with epoxiconazole

211 (3mg Li) in a detached leaf test. In addition, expression of both DM1-adapted and

212 sensitive isolates was analysed from the untreated control. In a second approach,

213 expression analysis of non-treated spores was performed for 48 isolates. To prevent

214 false positive results, the overexpression limit was set at expression 3-fold higher than

215 the reference strain.
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216

fl7 2.6 Modelling studies

218 A structural model of the CYP51 protein from the P. pachyrhizi reference strain was

29 constructed using the homology modelling tool in MOE (Version 2010.1, Chemical

220 Computing Group Inc., Montreal, Canada). The template for this modelling was the

221 crystallographically determined structure of human CYP51 (PDB ID: 3LD6), which has a

222 sequence identity with the fungal CYP51 of 38%. The homology model was built using

223 the software’s default parameter settings. The resistant mutations identified in this work

224 were then manually implemented into the three-dimensional structure ol the reference

225 strain protein.

226 To investigate the effect of the resistant mutations on DM1 binding, the following four

227 fungicide compounds were docked into the homology model: cyproconazole,

228 epoxiconazole, metconazole and tebuconazole. The docking was performed using Glide

22) (Version 5.7, SchrOdinger, [[C, New York, NY, 2011) following ligand preparation with

230 LigPrep (Version 2.5, Schrodinger, [[C, New York, NY, 2011). Default parameter

231 settings were used for both steps. No constraints were applied during the docking run,

2.32 but of the resulting poses only those with an azole-heme binding distance less than 2.8

233 A were retained.

234

235 3. RESULTS

236 3.1 Sensitivity of P. pachyrhizi to Qol and DM1 fungicides

237 In detached leaf tests, all isolates were highly controlled by Qol, showing narrow ranges

238 of ED50-values, ranging from 0.14 mg [-1 to 2.47 mg L for azoxystrobin (median:

239 0.41 mg [j and 0.43mg [.1 to 1.53mg L1 for pyraclostrobin (median:0.95 mg V),
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240 respectively (Fig. 1). The sensitivity of the reference strain was within these ranges,

241 showing ED50-values of 0.24 and 1.11 mg L’, respectively.

242 The sensitivity of the different P. pachyrhizi strains towards DMls covered a broader

243 range. While the reference strain was controlled by 0.01 mg [.1 for all DMls, most

244 Brazilian isolates needed higher concentrations to be completely controlled, depending

245 on the isolate and fungicide. Most isolates were controlled by fungicide concentrations

246 as high as 4 mg Li (Fig. 3). The ranges for all DMIs were 0.01 to 10 mg Li with

247 medians of 2.2 mg [-1 for cyproconazole and metconazole. 2.3 mg Li for epoxiconazole,

218 and 2.5 mg Lifor tebuconazole. While a number of isolates are not controlled to 50% at

249 the highest fungicide rate tested in this study by cyproconazole, metconazole and

250 tebuconazole, all isolates, with the exception of two, are controlled to 50% at 10 mg L

251 1by epoxiconazole (FigS 3)

S 7

253 3.2 Analysis of the cytochrome b gene sequence

254 Sequencing DNA and cDNA of the P. pachyrhizi reference strain revealed that the

255 cytochrome b gene sized 2524 bp, containing one intron of 1336 bp. The intron was

256 located directly after the amino acid at position 143 (Fig. 2). Amino acids known to lead

257 to reduced sensitivity against Qol exhibited wild type codons, i.e. F129, 0137 and 0143.

258 Identity of the pronounced sequence was verified by BLAST search.

259

260 3.3 Analysis of the cyp5l gene sequence

261 Amplification of P. pachyrhizi with KES 1098 fw and KES 1133 iv resulted in a 2155 bp

262 fragment, of which 2107 bp encode the corresponding CYP51 protein. The cyp5l gene

263 was disrupted by 5 introns of different size (Fig. 2). Sequencing of the reference strain
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264 revealed some variation due to several amino acid substitutions. Clearly, these

265 substitutions did not constitute mutations leading to reduced sensitivity towards DMls,

266 because the reference strain is highly sensitive. Isolates which showed reduced

267 sensitivity were also sequenced. Amino acid substitutions at positions 120 (F12OL), 131

268 (Y131H / F), 142 (K142R), 145 (1145F) and 475 (1475T) could be linked to increased

269 ED50-values (Fig. 3). Several cypbl-clones of sequenced isolates did not only show one

270 identical cyp5l-haplotype with amino acid substitutions, but also other haplotypes

271 including the wild type, suggesting that more than one gene copy is present in a single

272 isolate (data not shown). With the exception of l145F, all mutations occur in

273 combinations (i.e. YI3IH + FI2OL, Y131F + K142R, YI3IF + [41ST). Despite this,

274 substitutions are not necessarily coupled within one haplotype since haplotypes with

275 only one substitution can be found. Pyrosequencing never showed 100% mutation in P.

276 pachyrhizi DNA but values of approximately 33% or 50%, respectively. The same

277 mutations as in DNA were detected in P. pachyhrizi cDNA; however, mutation frequency

278 in cDNA was usually higher than in DNA (Table 2).

279 The occurrence of 114SF is related to ED50-values between 0.3 mg L and 4 mg L1 for

280 the fungicides used in this study. A threshold of 1.4 and 3 mg Lr accounts for

281 substitutions of YI31F + l475T and Y131F + K142R, respectively. The widest range of

282 ED50-values is observed in the presence of Y131H + F12OL, ranging from 0.06mg L1 to

283 lOmgLt

281 The mutations found in the current study were widely distributed within Brazil (Fig. 5).

285 With exception of K142R, which was located in the central region around Senador

286 Canedo, the mutations were not restricted to specific regions. Combinations of Y131H +

287 F12OL and Y131F + 141ST appeared as the most frequent mutations, though Y131F +

SYNGENTA EXHIBIT 1038
238 of 728 SYNGENTA v. UPL, PGR2023-00017



194

288 14751 was only found in sites where more than 10 isolates originated from. Y13IH +

289 F12OL occurred as the most widely distributed mutation, whereas I145F was the least

290 observed mutation and was mainly located in Santo Antonio de Posse. Isolates with the

291 wild type sequence were present at all sites.

292

293 3.4 Expression of cyp5l

294 In a first approach, cyp5l expression was analyzed from P. pachyrhizi spores of DM1-

295 sensitive and -adapted isolates treated with 3 mg [-1 of epoxiconazole in a detached leaf

296 test. Expression of cyp5l using actin, cx-tubu)in and gapdh as reference genes was 4- to

297 8-fold increased for adapted isolates, in comparison to the reference isolate (Fig. 4).

298 Though DM1-adapted isolates differ in their expression, three isolates out of five being

299 overexpressed, all sensitive isolates were normally expressed. Cyp5l expression was

300 increased regardless whether the isolates were treated with epoxiconazole.

301 In a second approach, cyp5l expression of all fungicide-tested isolates was studied

302 (Table 2). Expression ranges from 3- to 10-fold increase in comparison to the reference

303 strain. Overexpression was found in isolates with wild type cyp5l gene as well as

304 isolates showing mutations in the cyp5l gene. A combination of overexpression and

305 mutation correlates with increased ED50-values towards DMls (Fig. 3).

306

307 3.5 Modelling of cyp5l

308 The homology model of P. pachyrhizi CYP51 was used to identify the locations of the

309 resistance mutations F12OL, Y131F/H, K142R, 1145F, and l475T in the three-

310 dimensional structure of the protein. The amino acids at positions 120 and 131 are

311 located within the binding site of the enzyme (Fig. 6). Residue K142 makes a salt bridge
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312 with one of the carboxylate groups of the heme, while 1145 and 1475 are respectively

3 3 located near enough to the edge and the lower face of the heme to make non-directional

314 van-der-Waals interactions (Fig. 7).

315 The docking of four DMIs (cyproconazole, epoxiconazole, metconazole and

316 tebuconazole) suggests that F120 and Y131 are in van-der-Waals contact with these

317 inhibitors, with minimum heavy-atom to heavy-atom distances between 3.6 A and 4.1 A.

318 Amino-acids K142, 1145 and 1475 are not in contact with the DMIs considered here.

319

320 4. DISCUSSION

321 As observed by other groups (Miles et a!., 2007; Mueller et a!., 2007; Scherm et a!.,

322 2009), no loss of Qol sensitivity was detected in our study. Results obtained by

323 detached leaf test were confirmed by molecular biological analyses. The cytochrome b

324 gene was sequenced, demonstrating that an intron of 1336 bp occurred just after codon

325 143 of the 2524 bp nucleotide sequence. As proposed by Grasso eta). (2006), an intron

326 after codon 143 results in deficient splicing of the mRNA, which would be lethal in the

327 case of a G143A mutation. A number of pathogens were analyzed for G143A, but it was

328 never found adjacent to the subsequent intron (Grasso et a!., 2006). Since an intron is

329 found in rusts directly after codon 143, the G143A mutation has never been found

330 (Grasso et a)., 2006). Nevertheless, there is a possibility that other mutations may

331 evolve such as F129L or G137R as found in other plant pathogens (Kim at aL, 2003;

332 Sierotzki et a!., 2007). While the G137R mutation is responsible for reduction in fitness,

333 both F129L and G137R mutations can be controlled by field application rates (Kim eta).,

334 2003; Semar eta!., 2007; Sierotzki eta)., 2007). Thus, should E129L or G137R develop

335 in P. pachyhrizi, the impact of these mutations is suggested to be low. However, neither
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336 of these mutations have been detected in monitoring studies in any plant pathogenic

337 rust species so far.

338 For the DMls used in this study, a broad range of ED50-values between the reference

339 strain and the Brazilian isolates have been detected, with resistance factors up to 1000.

340 Sensitivity monitoring in Brazil revealed a lower range of ED50-values than we observed,

341 since a slightly different methodology was applied following FRAC recommendations

342 with populations of P. pachyrhizi (FRAC (http://wwwfrac.info); Godoy, 2009). Due to a

343 mixture of sensitive and resistant strains, fungicides show improved performance in

344 fungi populations than in single isolates. Single strains represent both best and worst

345 cases for managing pathogens in the field. Detached leaf tests are appropriate for

346 discriminating the sensitivity of different isolates towards DMls, However! the growth

347 conditions of the isolate are optimized in detached leaf tests and are different to

348 conditions in the field. Natural defense mechanisms such as hypersensitive response

349 (HR) and systemic acquired resistance (SAR) of the plant against the pathogen might be

350 missing or significantly reduced in a detached leaf. Furthermore, the mechanical barrier

351 of detached leaves might be reduced due to a poor cuticle, which makes it easier for the

352 pathogen to penetrate and infect. Thus, the pronounced ED50-values and resistance

353 factors in this study may differ to a certain extent in the field. Nevertheless, the recent

354 study emphasizes that a significant sensitivity loss of P. pachyrhizi towards DMls

355 developed. Other studies have analyzed disease severity and yield rather than ED50-

356 values to assess the efficiency of fungicide treatments (compounds, quantity, timing) in

357 the field (Miles et aI., 2007; Mueller et aT, 2009; Scherm et a!., 2009). DM1- and Qol

358 fungicides, or a combination of these, performed the best resulting in adequate control

350 of P. pachyhrizi.
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360 The P. pachyrh/z/ reference strain revealed several amino acid substitutions from which

361 some were located within introns. These variations were also lound in Brazilian isolates

362 and the Taiwan strain. Since there was a difference in sensitivity of most Brazilian

363 isolates and the reference strain in detached leaf tests, these sLibstitutions do not

364 account for adaptation towards DMIs. Sequence analysis of sensitive and adapted P.

365 pachyhr/zi isolates revealed mutations at codons 120, 131, 142, 145 and 475. Since

$66 mutated and non-mutated wild type cyp5l was found in single isolates it could be

367 concluded that more than one cyp5l gene copy exists in the genome of P. pachyrh/zi.

$68 Multiple cyp5l copies are also described for other fungal pathogens, e. g. Aspegi/lus sp.

369 or Fusarium sp. (Mellado eta!., 2001; Yin eta!., 2009). The comparison of the frequency

370 of mutations in DNA (i. e. in the genome) and cDNA (i. e. the expressed mRNA) showed

371 that mutated genes were always more expressed than the wild type. When we assume

372 that mutated cyp5l is less sensitive to DM1 inhibition, the selective (over-) expression of

373 the mutated cyp5l allele leads to a synergistic effect on the adaptation to DMIs.

374 Alignment of P. pachyrh/zi cyp5l indicated that the Yl 31 F mutation is homologous to

375 Y134F in P. tnt/c/na, Y136F in U. necator and B. gram/n/s f. sp. horde/ or Y137F in M.

376 gram/n/cola (Delye eta!., 1997! Delye et a!., 1998: Leroux eta!., 2007: Stammler et a/.,

377 2009). In addition, YI31F in P. pachyrhizi is homologous to Y132H in C. a/b/cans and

378 K142R is homologous to K143R/E in C. a/b/cans and K1470 in B. gram/n/s (Sanglard et

379 aT, 1998; Wyand and Brown, 2005; Marichal et a!., 1999). To our knowledge, no

380 homologous mutations in other fungi are reported for P. pachyrh/z/ mutations F12OL,

381 114SF and 1475T.

382 In B. gram/n/sf. sp. horde/, M. gram/n/cola and P. tr/t/c/na it is known that Y136F, Y137F

383 and Y134F, respectively, confer sensitivity losses to DMls to a greater or lesser extent
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384 depending on the DM1 (Wyand and Brown, 2005; Stammler of al., 2009; Mullins of al.,

385 2011). High resistance factors against triadimenol were associated with the

386 corresponding mutation in M. gram/n/co/a and U. necator (Delye of a1., 1997; Leroux et

387 a!., 2007).

388 The binding site of CYP51 is buried in the core of the protein, such that the substrate

389 must pass along an access channel that is formed by movement of an a-helix (Boscott

390 and Grant, 1994). The K147Q mutation in B. gram/n/s. which is located on the a-helix,

391 alters the interaction between the protein and the inhibitor, thus preventing the DM1 from

392 accessing the binding site of the protein (Wyand und Brown 2005). Similarly,

393 substitution of Y136F in B. gram/ti/s and Y137F in M. gram/n/cola prevents DM1-binding

394 due to a change in polarity (Mullins et a!., 2011). In other organisms mutations

395 corresponding to P. pachyhr/z/ F12OL and Y131H/F are located in one of the highly

396 conserved substrate recognition sites, suggesting the same function (Leroux und Walker,

397 2010). The modelling of P. pachyrh/z/ CYP51 in this study suggests that Yl 31 and Fl 20

398 can make non-directional van-der-Waals interactions with DMIs. Since these mutations

399 result in smaller amino-acid side-chains, they may affect DM1 binding by increasing the

41)1) size of this part of the binding site, therefore weakening the van-der-Waals contacts.

401 The mutation Y131F/H also represents a change in polarity that could influence inhibitor

102 binding (Mullins et a!., 2011). In contrast, mutations K142R, l145F, and l475T make no

403 direct interaction with the DMIs considered here, but may indirectly affect DM1 binding by

404 altering the position of the heme. In particular, the change in volume associated with

405 1475T may enforce a change in protein conformation that is propagated to the heme via

405 the adjacent C474.
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407 Besides mutations within the cyp5l gene, other mechanisms causing sensitivity

408 changes to DMIs have been reported, such as cyp5l-overexpression (Hamamoto et a!,

409 2000; Schnabel and Jones, 2001; Luo and Schnabel, 2008; Stammler et a!., 2009;

410 Cools et aT, 2012). Overexpression of cyp5l has also been found in isolates of P.

411 pachyrhizi in this study. All highly sensitive isolates did not show any overexpression of

412 cyp5l, while in about half of the strains with lower sensitivity to all DMIs an up-regulation

413 up to 10-fold was noticed. Most of the isolates overexpressing cyp5l responded to DM1

414 treatment with highest ED50-values; in particular 2 strains (isolates 37 and 72) showed

415 high ED50 values to all 4 DMIs. Interestingly, overexpression was never found in isolates

416 containing the Y131F + 1475T haplotype, but in all cases with Y131H + F12OL haplotype

417 Whether this overexpression is connected with the mutation or if these two resistance

418 mechanisms are independent acquired was not fully elucidated in this study.

419 Overexpression mechanisms may include insertions within the promotor region, up-

420 regulation of transcription factors or gene duplication (Hamamoto et a!., 2000; Schnabel

$21 und Jones, 2001; Dunkeleta!., 2008; Marichaletaf, 1997).

422 The sensitivity response of some of the strains might not only be related to alterations of

423 the target site cyp5l in the form of mutations or overexpression. The sensitivity loss of

421 these isolates might be caused by other additional mechanisms such as enhanced efflux.

425 This has been described for some pathogens as a mechanism for DM1 adaptation

[26 (Sanglard eta!., 1995; Leroux and Walker 2010; Stammler and Semar, 2011).

427 Taking our data together, it can be stated that the Brazilian population of P. pachyrhizi is

428 sensitive to Qol fungicides and that the risk of Qol resistance development in luture is

429 rather low. However, the population has been adapted to DMls and mutations in cyp5l

430 and overexpression of the mutated allele have been identified as important mechanisms
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431 for the acquired sensitivity loss, though additional and so far unrecognized mechanisms

432 might also play a role in the sensitivity response.

433
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565 Table 1

566 Oligonucleotide primers used in this study and their purposes.

Pyrosequencing of cyp5l

Y131H), 101 bp fragment

1w

(Y131F,

with KES 1493

(YI31F,

with KES 1496

SYNGENTA EXHIBIT 1038
SYNGENTA Va UPL, PGR202300017

Name Sequence5 —3 Purpose

KES 4981w GGACACTAGTATGGGCGATTC3 Pyrosequencing of cyt Li, 124 bp

fragment with KES 49g iv

Pyrosequencing of cyt Li. 124 bp

fragment with KES 498 rv

Pyrosequencing of cytb (F129L).

sequencing primer

Pyrosequencing of

sequencing primer

Pyrosequencing of

sequencing primer

Pyrosequencing of cyp5l

Y131H), 101 bpfragrnent

cyt Li (0143A),

cytb (G131R),

KES a.

KES 5001w

KES 501 1w

KES 11321w

KES 1496 fw

KES 1493 iv

KES 1494 rv

KES 1564 fwa

KES 1563 iv

KES 1562 iv

CATc3TGAGGCGGTCTCATT

HGTAATAATAGCGACAGC

TATGGACAGATATCACTATG

TAGGTTATGTACTACCGTAT

GTTTTAACTTTTIGATGGCCTGA4

CTGCTGCATTASGATCGAGflG

CGAGTTGGGTACATCR

ACCCITTGTTGATGAGAAGTGTC

ACGTCCHAGTGACAGAflflACAHT

GTAAGGCCAGCCTTG

iv

Pyrosequencing of cypbl (Y131F,

Y131H). sequencing primer

Pyrosequencing cyp5l (Ki 42R, I 145F).

396 bp fragment with KES 1563 iv

Pyrosequencing of cyp5l (K142R,

114SF): 396 bp fragment with KES 1564

1w

Pyrosequencing of cyp5l (K142R.
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114SF), sequencing primer

KES 1595 fw AGGA4GCATGGAAATGYGTTTAC Pyrosequencing of cyp5l (F12OL), 273

bp fragment with KES 1596 rv

KES 1596 iv” TCCTTACC,c4AGACAGGTGTAGC Pyrosequencing of cyp5l (F12OL). 273

bp fragment with KES 1595 fri

KES 1594 fw GAAGAAGCTTACACCCAT Pyrosequencing of cyp5l (F120L).

sequencing primer

KES 1599 fwd h GGTCMTGCCGAAGAAGCTTA Pyrosequencing of cyp5l cDNA. 233 bp

fragment KES 1600 fw

KES 1600 rv CATSGACGTCCTTAGTGACAGAT Pyrosequencing of cyp5l cDNA, 233 bp

fragment with KES 1599 fw

KES 1601 rv TTACCAAAGACAGGTGTAG Pyrosequencing of cyp5l (F120L,

cDNA), sequencing primer

KES 1461 fw ACAGTTTCACGACAACCGCC Expression analysis reference gene,

aktin

KES 1462 rv TGACCGTCGGGAAGTTCG Expression analysis reference gene,

A ktn’i

KES 1216 fw TGATAGACTGAGGCGTGAACAGG Expression analysis, cyp5l

KES 1178 rv AATAGAGGTGTTTGGAGTCGATGGTAATC Expression analysis, cyp5l

KES 1465 fri GGIATGGCTTTCCGAGTTCCA Expression analysis reference gene,

gapdh

KES 1466 rv TCAGTTGATACCAAATCATCCICAG Expression analyss reference gene,

gapdh

KES 1463 tw CTGCGAACAACTATSCTCGTG Expression analysis reference gene, a

/ubulin

KES 1464 rv CACGAAGAAGCCTTGGAGTCC Expression analysis reference gene, a-

tub u/in

567 a) Synthesis by Eurogentec, (Seraing, Belgium)
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568 b) 5’ Biotin labelling

569

570
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571 Table 2

572 Frequency of mutations in DNA and cDNA, and relative expression of cyp5l, using act/n,

573 a-tubulin and gapdh as reference genes.

574

Frequency of mutations [%]

F12OL Y13IH Y131F K142R 114SF 1475T Expression
Isolate cyp5l

DNA cDNA DNA cDNA DNA cDNA DNA cONA DNA cDNA DNA cDNA [4oId]

Ref. - - - - - - - - - - - - 1,0

T - - - - - - - - - - - - 0,9

G-54 - - - - - - - - 47 79 - - 3,0

I - - - - - - - - 50 66 -
-

1,9

3 33 88 32 93 - - - - - - - - 5,9

4 35 89 34 97 - - - - - - - - 6,9

5 29 83 35 99 - - - - . - - - 4,0

6 34 94 31 87 - - - - - - - - 8,2

7 - - - - - - - - - - - - 0,5

8 - - - - - - - - - - - - 0,5

9 - - - - 34 73 36 79 - - - - 3,8

12 - - - - 34 64 36 68 - - - - 2,9

13 33 89 33 98 - - - - - - - - 9,0

24 - - - - - - - - 48 66 - - 2,8

26 - - - - 55 42 - - - 50 40 0,7

27 - - - - 55 78 — - - - 54 72 1,0

28 - - - - 51 85 - - - 52 82 1,7

34 - - - - 32 88 35 81 - - - - 2,5

35 34 91 33 95 - - - - - - - - 7,2

37 36 91 32 98 - - - - - - - - 8,4

48 34 89 33 95 - - - - - - - 5,8

49 - - - - - - - - 50 65 - - 8,3

50 - - - - - - - - 50 57 - - 2,7

53 - - - - - - - - 2 0 - - 3,1

54 - - - - - - - 47 71 - - 5,3

56 - - - - - - - - - - 2,1

57 - - - - - - - - 8,6
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58 - - - - - - - - - - 4,8

59 - - - - - - - - - - 10,0

60 - - - - - - - - - - 9.5

62 - - - - 33 66 37 59 - - 2,2

63 - - - - 33 72 34 77 -. - 4.4

66 - - - - - - 34 69 - - - - 3,7

67 - — - - 43 81 - - - - 45 80 1.3

71 32 88 34 95 - - - - - - - - 5,9

72 31 89 30 96 - - - - - - - - 7,4

73 32 89 32 98 - - - - - - - - 10,1

77 - - - - - - - - 47 65 - - 1,5

78 - - - - - - - - 48 64 - - 1,6

79 - - - - - - - - - - -
- 1,9

80 - - - - - - - - - - - - 10,3

81 - - - - - - - - - - - - 0,6

82 - - - - 52 70 - - - - 49 61 2,0

83 - - - - 52 74 - - - - 47 76 1,2

84 34 88 32 100 - - - - - - - - 8.0

575

576
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577 Fig. 1:

578 Sensitivity of P. pachyrhizi towards azoxystrobin and pyraclostrobin. ED50-values from

579 all tested isolates ranged from 014 mg [-1 to 247 mg L1 (azoxystrobin) and 043 mg L1

580 to 153 mg L1 (pyraclostrobin). The reference strain and the Taiwan strain did not differ

581 in their sensitivity.

582
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Fig. 2:

Schematic gene structure of P. pachyrhizi cytochrome b (A) and cyp5l (B). Cytochrome

b DNA is 2524 bp in size and interrupted by a 1336 bp intron which is located directly

after codori 143. Location of used primers in this study and codons of most important

mutations (i.e. F129L, G137R, G143A) in phytopathogens are indicated. The 2107 bp

sized cyp5l DNA is interrupted by 5 introns of different size (81 bp, 115 bp. 126 bp, 105

bp, 92 bp). Mutations found in this study (F12OL. Y13IH/F, K142R, 114SF, 14751) are

marked.
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598 Fig. 3:

599 Sensitivity of P. pachyrhizi towards different triazoles and corresponding resistance

600 mechanism. Isolates are sorted by rising E050-values of cyproconazole (A),

601 epoxiconazole (B), metconazole (C) and tebuconazole (D). Colours represent different

602 amino acid substitutions in the cyp5l gene, while overexpressed cyp5l is highlighted by

603 stars. Threshold for overexpression is determined as 3-told higher expression compared

504 to cyp5i expression of the reference strain (Ref.).
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Fig. 4:

Relative expression of cyp5l, using act/n, Why/in and gapdh as reference genes.

The threshold of overexpression, indicated by a dash line, was set at 3-fold. Cypbl

expression of triazole-sensitive isolates (reference strain, isolates 7, 8, 81 and Taiwan

strain) and triazole-adapted isolates were analysed from an untreated control (-C) and a

3 mg [-1 treatment with epoxiconazole (-3). Expression of cyp5l is increased to a

different extent in some of the adapted isolates (i. e. isolates 4, 9 and 72).

Overexpression is not induced by treatment with 3 mg L1 epoxiconazole.
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Fig. 5:

Origin of P. pachyrhIzi isolates in Brazil, classified by cyp5l amino acid substitutions and

cyp5l expression. While colours represent amino acid substitutions, different shapes

correspond to wild type expression (circle), overexpression (square) or not analysed

(triangle).
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Fig. 6:

Location of F120 and Y131 in the binding site of the P. pachyrhizi CYP51 homology

model. Aminoacids F120 and Y131 are depicted as space-filling spheres with carbon

atoms coloured grey. The protein backbone is represented in grey ribbon, and the heme

in green tube with the central iron atom coloured red. A docked pose of metconazole is

shown in dark green tube for reference.
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648

Fig. 7:

Location of K142, 1145, and 1475 adjacent to the heme in the P. pachyrhizi CYP51

homology model. Amino-acids K142, 1145, and 1475 are depicted as space-filling

spheres with carbon atoms coloured grey. The protein backbone is represented in grey

ribbon, and the heme in green tube with the central iron atom coloured red.
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Detection of the Fl 291 mutation in the
cytochrome b gene in Phakopsorapachyrhizi
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Abstract

BACKGROUND: Asian soybean rust, caused by Phakopsorc’ pod’yrhizi, is mostly controlled by demethylation inhibitor (DM1) and
quinone outside inhibitor (Qol) fungicides. Mutations in the cytochrome b (CYTS) gene can lead to pathogen resistance to Qols.

The occurrence of the mutations in codons 129,137 and 143 irs the CYTB gene was investigated, and a pyrosequencing assay

was developed for rapid and quantitative detection of the Fl 29L mutation.

RESULTS: Molecular analysis of the CYTB gene showed the presence of the Fl 29L mutation in field samples and monouredinial
isolates, while other mutations (G143A and GI 37R) were not found. The pyrosequencing was an effective method for quantita

tive detection of the Fl 291 mutation, and many of the P. pachyrhizi samples showed high frequency of F1291.

CONCLUSION: This is the first report of the occurrence of the [1 29L mutation in P. pachyrhizi. The practical relevance of this

mutation for field efficacy of Qols needs further investigation.
© 2015 Society of Chemical Industry

Keywords: Asian soybean rust; QoI fungicides; fungicide resistance; rytochrnme b; point mutation

1 INTRODUCTION
Asian soycean rust, caused by Phakopsora pochyrhizi Syd. & P. Syd.,
is one of the most important economic threats to soybean growers

in South America owing to its potential to damage the crop yield.

Damage of up to 80% of yield production has been reported as a

result of the poor pod filling’ assodated with the early defoliation

caused by the pathogen in the absence of s’:easures to control the

disease.’
Both sterol demethylation inhibitor (DM1) and quinone outside

inhibitor (Qol) fungicides represent the most important classes of

fungicides currently used for Asian soybean rust control.4-5

The Qol fungicides inhibit mitochondrial respiration by binding

to the Qo site of the cytochrome bcl complex (complex III), pre

venting the transfer of electrons and consequently ATP produc

tion, leading to an energy deficiency in fungal cells.6

Mutations in the target cytochrome b (CYTB) gene may result

in reduced sensitivity of pathogens to Qol fungicides because of

reduction in fungicide binding affinity owing to the changes in the

amino acid sequence.’
Three mutations, located at positions 129, 137 and 143, have

been detected n the OUR gene of several phytopatbogenic fungi

and oomyceses that are less sensitive to Qols. The substitution
from glycine to alanine at position 143 (Gr43A) is the most com

mon mutation in Qol-resistant pathogens and is associated with

high levels of resistance to Qol.8° The Fl 29L (change of pheny

lalanine to leucine) and the 6137R (substitution of glycine to

arginine mutationsarereported tobeassociatedwithlowtomod

crate levels of sensitivity decrease)°
Seouence analyses of the CYTB gene have revealed that rusts,

i’-cluding P pachyrhizi, have a type I nt:on after codon 143, and

the nucleotide substitution in this codon would prevent splicing of

the irtron, being ethal for the fungus:: Meanwhile, other species
have been identified with such an intron sequence directly after
codcn 143.12 As Qol resistance via G143A is not possiole for such

intron pathegens, someof these pathogens (e.g.A/fernarinso/ooi,

Pyrenephora reres) have taken the alternative, but less effective

way of adaption, by the Fl 29L mutation.

The aims of the present work were to monitor mutations in

the CYTB gene, especially at the codons 12, 137 and 143, irs

P pochyrhizi isolates from Brazil and to develop a pyrosequencing

assay that provides a rapid and quantitativedetection of the El 2OL

mutation in field samples.

2 MATERIALS AND METHODS
2.1 Isolation of monouredinial P. pachyrhizi strains

Leaves infected with P pechyrhizi were collected from Brazilian

soybean fields in the 2012—2013 and 2013—2014 seasons. Atotal

of 41 strains of P pachyrhizi were isolated from the states of

Pu,aná and Mato Grosso by transferring spores from single uredia

to healthy unifoliolate leaves of soybean plants grown in the
greenhouse with an inoculation needle.
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Gods 2013—2014 97

Gods 2013—2014 95

Gods 2013—2014 97

Gods 2013—2014 95

Gods 2013—2014 94

Gods 2013—2014 100

Gods 2013-2014 96

Goiás 201 3—2014 96

Gods 2013—2014 96

Gods 2013—2014 99

Gods 2013—2014 99

MatoGrosso 2013—2014 50

MatoGrosso 2013—2014 100

MatoGrosso 2013—2014 100

MatoGrosso 2013—2014 100

MatoGrosso 2013—2014 100

MatoGrosso 2013—2014 100

MatoGrosso 2013—2014 100

MatoGrosso 2013—2014 100

MatoGrosso 2013—2014 100

MatoGrosso 7013—2014 100

Mate Grosso 2013—2014 99

MatoGrosso 2013—2014 100

MatoGrosso 2013—2014 57

MatoGrosso 2013—7011 95

Mato Grosse 201 3—2014 96

MaloGrosso 2013—2014 99

MatoGrosso 2013—2014 97

MatoGrosso 2013—2014 100

MatoGrosso 2013—2014 100

Mato Grosso 201 3—2014 99

MatoGrosso 7013—7014 78

Mato Grosso 2013—2014 88
MatoGrosso 2013—2014 91

Mate Grosso 2013—2014 95

MatoGrosso 2013—7014 93

MatoGrosso 2013—2014 95

MaloGrosso 2013—2014 91

MatoGrosso 2013—2014 100

Matocrosso 7013—7014 89

MatoGrosso 2013—2014 85

MatoGrosso 2013—2014 94

Mate Grosso 201 3—2014 93
MatoGrosso 2013—2014 98

MatoGrosso 2013—2014 95

MatoGrosso 2013—2014 98

MatoGrosso 2013—2014 54

MatoGrosso 2013—2014 95

MatoGmsso 2013—2014 96

MatoGrosso 2013—2014 93

Mate Grosso 2013—2014 91

MatoGrosso 2013—2014 95
MatoGrossodoSul 2013—2014 99

Mate Grosso do Sul 201 3—2014 98

Mate Grosso do Sul 201 3—2014 93

Mate Grosso do Sul 2013—2014 94
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Table 1. Origin of Brazilian populations of Phokopsoro pochyrhiziand
the frequency of the Fl 29L mutation in the cylochroroe 6 gene

Origin/state Season Fl 29L (%)

The inoculum of monouredinial isolates was multiplied by trans
ferring the spores to new leaves every 3 weeks by inoculation of
spore suspension with Tween water (0.01%) to the abaxial surfaces
of unifoliate leaves, using an airbrush (0.3mm nozzle).

The leaves were kept in Petri dishes with water agar medium
(1%) including streptomycin sulphate (30mg L’) and kinetin
(0.2mg L’ ). Soybean leaves were incubated in the dark during the
first 24 h after inoculation at room temperature and afterwards at
23 ‘C with a photoperiod of 12 h.

2.2 Collection of field samples
Samples from various soybean trial sites in Brazil (Table 1) were
taken in the form of2O leaveswith soybean rustdisease symptoms.
The leaves were dried and subsequently processed and analysed
as described in the next section.

2.3 DNA and RNA extraction
MoLecular analyses were conducted for populations ofRpochyrhL’i
from the 2013—2014 season and monouredinial isolates from the
2012—2013 and 2013—2014 seasons.

For field samples, DNA of P pochythizi was extracted from soy
bean leaves by cutting out typical rust lesioos and homogenis
ing these with a bead mill, using the NucleoSpin DNA Plant II kit
(Macherey-Nagel GmbH & Co. KG, Duren, Germany) following the
instructions of the manufacturer for CTAB-based DNA extraction.

For monouredinial isolates, DNA of P pochyrhizi spores was
extracted using the NucleoSpin DNA Plant II kit (Macherey-Nagel)
following the instructions of the manufacturer for CTAB-based
DNA extraction.

Total RNA of P pochyrhizi spores was extracted and reverse tran
scribed to cDNA following the procedures described by Schmitz
et oI.

2.4 Cytochrome b sequencing

The whole cytochromo 6 gene was sequenced according to the
method described by Schmitz etof,5 using the primer pair KES
11581w (5’ CAGTAGCCTAAAGAAGGG IGT[AA 3’) and KES 1159 rv
(5’ CCCGTTGAATATCTTGACATCTTAC 3’) for amplification of the
whole gene with the following PCR programme for amplification:
ioitial heating at 98 ‘C for 15s, 35 cycles at 98 ‘C for lOs, 64 ‘C for
Ss and 72 ‘C for 45s, followed by a final amplification step at 72 ‘C
for 1 mm,

2.5 Pyrosequencing for F129L

A pyroseguencing assay was developed using the Pyrosequenc
itg Assay Design software (Qiagen, Hilden, Germany). In a first
step, tile CYTB gene fragment which contaioed the target
sequence, was amplified in PCR reaction using 12,5 pL of 2x
Maxima Mastermix (Fermentas GmbH St., Leon-Rot, Germany),
7,5 ttL of bidest water, 2.5 pL of DNA and 1,25 iL of each primer:
KES 498 (5’ GGACACTAGTATGGGCGATTG 3’) and KES 499 (5’
Riotin — CATGTGAGGCGGTCTCAFF 3’), under the following con
ditions: an initial heating step for 4mm at 95 ‘C, followed by 40
cycles with 15s at 94 ‘C, 30s at 55 ‘C and 15s at 72 ‘C and a final
step of 5mm at 72 ‘C. Every template was applied in duplicate.

The subsequent pyroseguenciog reaction of codon 129 was
performed using the specific sequencing primer KES 500 (5’
TTGTAATAATAGCGACAGC 3’). For single strand preparation, PCR
products were immobilised on Streptavidin Sepharose beads (GE
Healthcare, Little Chalfont, Bucks, UK) and cleaned up with ethanol
(70%), denaturated with sodium hydroxide (0.2 M), washed in

wileyonlinelibra ry.com/journa I/ps © 2015 Society of Chemic?y(fg ENTA EXHI BITe.1t.Ose (2015)
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Table 2. Origin of Brazilian monouredinial isolates of Phokopsoro
pachyrhizi and the presence of the Fl 29t mutation in the cytochrome
b gene

Ft 29L

Isolate Origin Season Genoype (%)

Table 1 Continued

Origin/stale Season Fl 29C (%)

Malo Giosso do Stit 201 3—2014 76

Minas Gerais 201 3—2014 52

Minas Ge,ais 2013—2014 52

São Paulo 2013—2014 52

São Paulo 2013—2014 58

São P,stplo 2013—2014 30

SaoPaulo 2013—2014 47

São Paulo 2013—2014 57

SãoPaulo 2013—2014 57

São Paulo 2013—2014 58

São Paulo 2013—2014 59

São Paulo 201 3—2014 81

São Paulo 201 3—2014 10

São Paulo 2013—2014 91

São Paulo 2013—2014 11

São Paulo 2013—2014 14

São Paulo 2013—2014 49

São Paulo 201 3—2014 31

São Paulo 201 3—2014 36

Par,sna 2013—2014 95

Para,iã 2013—2014 18

Par,uiá 2013—2014 86

Paranã 2013—2014 94

Rio Grande do Sul 2013—2014 87

Rio draride do Sul 2013—2014 96

RioGrandedoSul 2013—2014 89

tris-acetate (10 mM) and released into a mixture of atltiealing

buffer with the sequencing primer: implementing the Vacuum

Prep Worktable (Oiagen), following the instructions of the manu

facturer. Then, the samples were heated at 80 C for 3 mm in an

incubator and cooled to room temperature. Pyrosequencing was

performed for sequence determination and allele quantification

using PyroMark Gold Q96 reagents (Qiagen) on a PSO 96MA (Qia
gen) machine as described bythe manufacturer.

This method was used for quantitative detection of the

F129L mutation in field samples and monouredinial isolates

of P par hyrhizi.

3 RESULTS
The Ft 29L mutation was found in the CYTB gene sequencing in

some isolates (Table 2), v-jhile no otner mutations weie detected,

including G143A and GI37R. The change of phenylalanine to

I cub ne at posi ion 129 in all isolates and samples tested results

front the suhstituPo’ of the Frst njdeotide of codon 129 ‘T’ to ‘C’
(TTT to CTT). The intron after codon 143 was present in all isolates

tested (Fi9 1),

The pyrosequencing assay developed is an eFicient tool for

quantitative detection of F129L n P pachyrhizi field samples.

Different propo’tions of Fl 29L mutation were detected, and

representative pyrourams with different ftequencies of the Fl 29L
mutation are given in Fig. 2. All samples from the 2013/14 season

from different regions of Brazil showed the Fl 20L mutation, but

in different frequencies. Many samples (65%) showed a high

ftequency (>90%) of [-129L, 28% of them had between SO and

90% of Fl 29L and 7% of samples had frequencies less than 50%

of F129L (Table 1).

3 South-west ol Paranã 2012—2013 Wild lype3 0

7 South-westofParanã 2012—2013 F129L 99

11 South-wesiofParaná 2012—2013 Wildlype 0
12 South-west of Paraná 201 2— 201 3 Wild type 0
14 South-westofParaná 2012—2013 Wildtype 0

52 centre-east of Paranã 2012—2013 Wild type 0

54 Centre—east of Paraná 201)— 2013 Wild type 0

57 Centre-east of Paranã 2012—2013 W Id type 0

61 Centre-east of Paranã 2012—2013 WId type 0

62 Centre-east of Paranã 2012—2013 Wild type 0

63 Centre-east of Paranã 2012—2013 Wild typc 0

21 South-westofParanã 2013—2014 F129L 98

22 South-west of Paranã 2013—2011 Fl 29L 99

23 South-west of Paranã 2013—2014 Wild type 0

28 South-west of Paranã 2013—2011 F129L 96

29 South-westofParaná 2013—2014 F129u 100

40 South-westofParaná 2013—2014 F129L tOO
41 South-west of Paranã 2013—2W 4 Wid type 0

91 Centre-east of Paranã 2013—20 4 Wild type 0

92 Centre-east of Parariá 2013—10 i-I Wild type 0

93 Centre-eastofParaná 2013—2014 F129L 96

94 Centre-eastofParana 2011—2014 F129L 96

95 Centre-eastofParanã 2013—2014 FI29L 90

96 Centre-east of Paranã 2013— 2u 14 Wild type 0

97 Cenire-east of Paranã 2013—2014 Wild type 0

98 Centre-east of Parana 2013—2014 Wild type 0
99 Centre-east of Parana 2013—2014 Wild type 0

100 Centre-east of Paranã 2013—2014 Wild type 0

71 Centre-south of Mato 2013—2014 Fl 29L 95
Crosso

72 Centre-south ofMato 2013—2014 F129L 97
Grosso

73 Centre-south of Mato 7013— 20t 4 Fl 29L 98
Grosso

76 Centre-south of Mato 2013—2014 F 129L 99
Grosso

77 Centre-south of Malo 2013—2014 Fl 29L 97
Grosso

18 Centre-south 0r Main 2013— 201 ‘t Wild type 0
Grosso

83 Centre of Mato Grotto 2013- 7014 Fl 29C 99

82 CenrreofMaroGrosso 201 3—2014 FI29L tOO

84 Cen:reofMatoGiosso 2013—2014 Fl)91. 93

85 CentreofMetoGrosso 2013—2014 Fl29L 98

86 Cent-eofMatoGrosso 2013—2014 F129L 99

87 CentreofMatoGrosso 2013—2014 F129L 100

88 Cei’troufMatoGrosso 2013—2014 F129L 100

‘Fl 29L rnutsition not detected.

PesrMonog Sd (2015)

Monouredinial isolates showed 6% (wild type) or approximately

1009-h F12YL mutation (F129l. mutated isolate) (Table 2). Over

all, the F129L mutation was detected in 21 of 41 isolates (51%)

(Table 2). From the state of Mato Grosso, 92% of strains carried

the rtiutat,on (all from the 201 3—2014 season), and 32% from the

state of Paraná. From season 2012—20(3 to season 2013—2014,

the frequency of F129L strains in Paraná increased from

9 to 47%.

02015 Society of ChemicasyNG ENTA
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Fiqure 1. Gene sequencing of Phokopsora pachyrhizi cytochrome b and detection of the El 29L mutation (A) and a schematic structure showing the
position of codons 129, 137 and 143 and the intron (It). (A) The nucleotide sequences are alignments of cDNA and DNA of wild type and isolates with
Fl 29L. I he alignmnent shows fragments of the sequence containing codons at positions 129, 13/ and 143. Only the mutation El 29L was deter ted, and
no other, e.g. at 137 or 143. The introo starts directly after codon 143 and was present in all sequenced isolates, (B) The schematic structure shows the
cytochrome 6 gene (total of 2524 bp) and the interruption by the intron (1336 bp), which is ocated direclly after codon 143. Arrow indicate where the
primer was designed for the PCR amplification step of the pyrosequencing analysis.
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4 DISCUSSION AND CONCLUSIONS
The findings of this work revealed the occurrence of El 29L muta

tion in the CYTB gene in P pochyrhizi from soybean fields in Brazil.

This is the first report of mutations in the CYTB gene related to less

sensitivity to Qol fungicides, not only in Ppochyrhizi but in any rust

species. In an earlier study on Qol sensitivity of P pcichyrhizi, with

isolatesfrom 200g and 2010, no Fl 2gLor any other mutation in the

CYTB gene was found.5

The El 29L mutation has been reported in different plant-

pathogenic fungi, such as A. solani,” Pyriculraria grisea,14

P teres” 7 and P fritici-repeofis,16’t’ as a mechanism for decreased

Qol sensitivity. In species where isolates with El 29L and Gl 43A
have beett found (e.g. P frifici-repeotis, P qrisea), a direct compari
son of such mutants on the effect on Qol sensitivity showed that
the E129L mutation leads to a much lower sensitivity decrease
than the G143A mutation.’4” Glasshot,se and field studies with
P feres have shown that the effect of the E129L mutation on the
field performance of pyraclostrobin is rather limited, and that
efficacy was good even in fields with a high frequency of E129L
in tile population.15’7 A stronger decrease in efficacy of Qols has
been described for E129L mutants of A. soIonLtt The effect of
the E129L mutation on the sensitivity of P pochyrhizi and on the
efficacy of Qols needs further investigation.

www.soci.org
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Figure 2. Pyrngrans showing the quantitative detection of the El 291 mutation in the cytochrome 6 gene of Phokopsoro pochyrhizi samples from Rra7il.
The quantitative assessment progtamme calculated the perceotage of the allelic bases C and T. The enzyme (E) and substrate (5) mixture containing APS
and luciferin are added before the first addition of nucleotide.
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Our data show that the pyrosequencing assay is an appropd
ate method for rapid and quantitative detection of F129L muta
tion in field samples and monouredinal isolates. While different
frequencies of the F12BL mutation were detected in populations
of P pochyrhizi from field samples, all monouredinial isolates had
an F129L frequency of either 0 or approximately 100%. A heteio
plasmy of the CYTB gene, as has been reported in single cases for
Botrytis ci,iereo)9 has so far not been found in P pochyrhiz. This
shows that no or all CYTB genes in a monouredinial isolate are

n’urated. As CYTS is mitochendral inherited and therefore present
in multiple copies in a cell, this finding is of importance (or the
interpretation of quantitative results of F12gL detection in field
samples (populations). In fact, this means that in a sample with

60%ofFl29L,60%ofthestraiDs making uothissamplepopula:ion
carry the El 79L, and 40% are wild type.

The relatively high frequency of F129L mutated monoureoinial
isolates and of the Fl 29L in field samples (populations) indicates
that tue continueo use of Qols to control soybean rust has led to
tte selection of Fl 29L mutated individuals. Frequency of mutated
(resistant) sttains in a pepula:ic’l is positively nfluencec by
selection pressure by the fungicides on the one hand and neg
ahvely influenced by any poss ble fltness costs caused by the
mutation conferring resistance on the cihei hand. Therefoie, the
question as to whether the El 29L mutation is accompanied with
fitness penal ties is of great i titerest.

The dynamic of the F 1 29L mutation in P pachyr/ii,i populations
in Brazil and the impact of this mutation on field efficacy of Qol
fcirigicides should be monitored in future seasons.
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lNloRMAcAo SORRI/ CARFIOXAMIDAS kM kIZRRUGEM DA SOJA

FRAC INIERNACIONAI,

51)111- WORKING GROUP

Cumpre an FRAC—BR atravãs do presente inforrnar

que durante o encontro do Work in Group de 501-Il do FRAC Internacional.

real izado no cia 7 de marco de 2( ) I 7. Iomm disctLt idas in lormaç.oes sobre a

I:erruuem Asiatica da Soja no l3rasi I. as quals foram cornparilhadas corn o ERAC

BrasH atraves de uma niensagein enviada pela Sm. Kristin Kiappach. lidcr do

Work ng (Iron p.

Segue ahaixo o contcñdo dessa mensagern.

‘J)iiru,,ie a riunc,o clv nvkiiig gi0itj? dv I’R.4(’ c/c SDIJJ

‘SDHI 1R71 ( I IC,). foivin di.scu/iclci.v iiiJ(fl?1l(tcues .cvbie a

.seii.vihilidade de fenugeni c/a so/a iic Thu.vil.

Esfe rexto se,ó i,uli,ic/v tices ;niiiulas of1cm/s do SDHI FR.1C’
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Anuis/ivs de Fen’ugein asiotico do so,io vein sendo /es!odos

quitiilo a sua sensibi/idade poro SDHLv desdc 2007. A

J)CFfoIiii(/IicC 110 COflIJE) dos /iingicidas con/dub SD/li

pci’iiuiiidcc ciii gual butt, titus pc/a pruneiru vc’: no sofia

20 1.5/I 6 C pin-neufannenic no so/ia 2016/17, cm areas coni

till? his/onco iiifcnsiio do usa de 81)11/s e cut condiçoes i/c

(I//it JIrdssW) (IC? docitta, foruni dc/celia/os coso.s de ;ei luçtn)

4i pcrfoi’niaiice i/os IIIC’(iIliiV Liii ac/woo, ii ccliac’/cicaçoi)

uncut? dos popiulaçocs co/L’/adin cut 20)520/6 inc/icoruin

iiitt iiiiilciçci ) liii stihiiiiiiliiiic (:17(1 JN)5/çVO P561, A IC/C l’OOCW

C c/RU’i/’uiçJo di? itt! iiiiiiatun porn 0 rediiç’uo c/a sc,isibi/ii/az/e

(I S/i/I/c. poi’cio/nwnic u nnbein onservodus flits untosiras de

20/6/20/7, cs/to setic/ti nii’esiigadtts. Pragiiiiiuis m/ensil’os

/c Ilii)ililOrOiiiL’i7fO cs/ceo Se/it/i) t’i)lu/iCU /05 parc! ii’esiigai’ a

nm go/i ui/c c IC/C VO/ICIO i/Cs/as descoberius.

S’DIIl ER;! C lUG irâ cc’ icunir c1iunido innos thu/os c/c

!ilcnn/oranien/o Cs/i vcienm i/i5c)i7RCl5 (A heio J/f/7/fl)) C 05

/‘ec’unIcIIdaç’tcs jxu’a a nick/nut soh-u 2(11 2018.verdo

i-c i’isai las.

L.vpOcies c/t’ fungus pot/C/n ciprcscnior miflaç’oC.c i/,tei’cnic.v qite

of/au, (is 813/us. Algunias I1?iI/Uç’OCS J)OdCiIi /L’lm’ a c/ifth’emi/cs

I1i1’dl.V i/C ,veui.v,/,i/idcubc, 1 /cpc’ndcndo he c’sim-uluu-ct c/?lIIi?ICiI i/O

iIigl’ddiCil/C o/ii’o. (‘0/110 lot/os os 8/if//s cIpleselmiotIl

u’esislènciu ct’unctda. a gercncionlcn/o do I’esi.c/c’i?Cu/ i/eve set’

(.1 111C51110 pata lodos as 81317/s. Thdo a nmc)IiiIoi’cnneimio C

,ccoinendaçao aqui i’e/a/ados i’efiu’cnzse a (ado a gil/pu c/as

XL) F1/s.

() S/Jill IRA C J4G’ dcsefa hobo/bar em (‘OI?/iiil(O coin a

ERA C Brasi? ties/c inipor an/c tenia.

2 de 3
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Ienios a forte necessic/ade de alinhar as recornendaçoes

fit/urns e esperamos (fl/C as recoinendaçoes paiv 0 USO c/c

.SDI-JJv eni so/a pernianecam as niesmnas ale quc novos dados

c/c scnsthtltdadc este/ani disponiveis c 0 grupo c/c trahaiho se

reuna novanmenle pamv analtsar as c/ac/os c/c monitoramento

Kristin Kiappach

(Chairwoman of the FRAC SD! 11 Working Group)

Isto posto, considerando a relaçao existente entre 0

!:RAC13R e o FRAC !nternacional, bern como da cornunicação recebida, resta

linalizado o in [brrnal ivo quc ora vai publicado.

A tenc i osa men te -

[‘RAG - BRASIL
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Eficiência de fungicidas para controle da ferrugem
asiática da soja, Phakopsora pachyrhizi, na safra
2006/07. Resultados sumarizados dos ensaios em
rede

As doenças que incidern na culture da soja (Giycine max (L.) Merr] tein assurnido papei
imporlante na delinção da produtividade da cullura, safra após safra. As peidas anuals

de produção por doerigas são estimadas em cerca do 15% a 20% (Tecnoloqias, 2006). A

utilizaçao de fungicides pare controle de doenças na culture é urna prãtica recente, tendo
iniciado os estudos corn o surto epidémico de oidio [Erysep/ie diffuse (Cooke & Peck) U.
Braun & S. Takami, no safra 1996/97. Posteriormente, 0 auinento da incidEnc’a des doençes

de final de cido [Sep/ut/a glyc/nes Hemmi e Cercospora kikuch/i (Tak. Matsurnoto & Tomoy.)
MW. Gardner], principalmente em fungao do cultivo intensivo e da ausèncca de rotação do
cultures, também dernandarem o registro de fungicidas. Corn o surgirnento da ferrugem

asiãtica (Phakopsom pachyrhizi Syd. & P Syd.), no Brasil, em 2001 (Yorinori et al., 2005), e
a auséncia de cultivaies resistentes para controle dessa doença, novos produtos foram re
gistrados. 0 uso de fungicides fol intensificado por ser a Onica ferrarnenta quo evita reduçOes

de produtividade na presença da ferrugem. lnformaçoes sobre eficiencia de fungicides pare

controle des diferenles doengas são ceda vez rneis necessaries para orientar a sua correte

utilização no campo

A rede de ensaios para controle de doenças na cultura da soja surgiu durente a XXV Reunião
de Pesquisa de Soja da Regiao Central do Bresil, reahzeda no ann de 2003, em Uberaba
(MG), corn o objetrvo de fornecer resultados de pesquisa que auxiliern a essisténcia técnica
na escolha do fungicide pare controle des diferentes doenças que incidern ne culture. 0
delineernento dos ensaios em rede não tern corno objetivo avaliar o rnornento da aplicação

0 o residual dos diferentes produtos, sendo o Unico objetivo a cornparacão dos produtos, em
ume rnesrna situação. Ensaios comparando os difererites produtos registracos. e em fase do
registro, são realizadcs per instituiçOes de pesnuisa publicas e privadas. lundagdes, univer

sidades e cooperetivas (Godoy, 2005a,b). Na safre 2006/2007, 18 instituiçOes participaram

da rede de ensaios. nas dferentes regiOes produtoras: Ernbrapa Soja. Aeenciarural/CTPA;
lnstituto BiolOgico: Embrapa Cerredcs; MClemamoto: Fundação MS pare PesqJsa e Difusão
de Tecnologias Agropecuãrias, Fundação Mato Grosso; Instituto Agronamico de Campnas;
APTA Regional do Sudoeste Paulista / DDLTh EPAMIG; Universidade Federal do Tocantins:
Universidade Federal Grande Dourados; FundaçOo de Apoio a Pesquisa e DeserivoMmento

do Oeste Baiano: Agencia Estadual de Defese Agropecuária do Bahia; Fundacao Agrária de
PesquisaAgropecuãria; Universidade TecnolOgca Federal do Parana e Universidade Federal

de Santa Maria.

Duranle a safra 2006/2007, seguindo os protocolos proposlos pare os “ensa,os em redo”.
forern conduzidos ensaios pare evelier a eficiéncia Oos produtos registrados, e em fase de
registro, pare controle de ferrugem asiática da soja. Em função do nümero de produtos,

os tretarnentos foram separados em dois ensaios, do acordo corn o grupo dos fungicidas,
conternplando Os triazOis em urna lista (Tabela 1) e as estrobilurinas, as mistui’as do triazóis
corn estrobilurinas e as rnisturas de triezóis corn benzimidazóis em outra lista (Tebela 2). 0
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2 Resultados sumarizados dos ens a/os em ,ede

18300-970, GapSo Bonito, SP tratamento corn tebuconazole (Eolicur’j foi comum nas duas listas. As listas de tratamentos,
edisonrarnosjr©aptaregional o delineamento experimental e as avaliaçOes foram padronizados para sumarização conjunta

sp.govbr
ao final da safra, sendo realizados de acordo corn as normas para avaliação e recomendaçao
de fungicidas para a cultura do soja (Reuniao, 2006). De maneira geral, em cada local, osFabiano V. Siqueri

Eng AgrOnomo ensaios (Tabela 1 e 2) forarn realizados na mesma area experimental, e instalados no mesmo

Fundaçao MT dia ou no dia seguinte corn a intençâo de realizar a analise conjunta de todos Os tratamentos.
cx. Postal 79 No entanto, isso não foi possivel urna vez que fol observada diferença nos tratamentos em

Rondonbpolis, MT comum nas duas listas (testemunha sern controle e Folicurj, provavelmente devido a variaçâo
fabianosiqueri©tundacacmt.

das condiçoes chmáticas no mornento da aplicação.
com.br

-leraldo R. Feksa 0 delineamento expebmental foi ode blocos ao acaso corn quatro repetiçaes, sendo cada repeti

Eng AgrOnomo, MS.c çao constituida de parcelas de6 linhas x 5 metros, corn variaçOes entre locais. Foram realizadas
PAPA

Praça Nova Patria, sin
85139-400, t3uarapuava, PR Tabela 1. Tratamentos corn fungicidas do grupo dos triazOis para controle do ferrugern

hsraldo©agraha.com.br asiãtica da soja.

Idalmir dos Santos lngredienteatk’o Produto comercial Dose (L p.c.ha

EngAgrOnomo, Dr 1. Testemunha
UT F PR

2. ciproconazole Alto 100 0,30Cx. Postal 571
85503-390, Pato Branco, PR 3. ciprocoriazole + propiconazole Artea 0,30

idalmirutfpredu.br 4. difenoconazole Score 0,20

5. epoxiconazole Soprano 0,40
Ivani 0. N. Lopes

6. epoxiconazole Virtue 0,40
Matemdtica, MS.c

7. fluquinconazole Palisade1 0,25Embrapa Soja
Cx. Postal 231 8. flutriafol Impact2 0,50

86001-970, Londrina, PR 9. miclobutanil Systhane 0,40
negrao@cnpso.embrapa.br 10. propiconazole Juno 0,50

11. tebuconazolo Rival 0,50José Nunes Junior
EngAgrOnomo, Dr 12. tebuconazole Folicur 0,50

CTPA 13 tebuconazole Onus 0,40
Av. Assis Chateaubniand, 1491 14. tebuconazole Tebuconazole Nortox 0,50

74130-012, Goériia, GO
15. tetraconazole Eminent 0,40

nunes@clpa.com hr
16 tetraconazole Domark 0,50

MárcioA. Ito 17. metconazole Caramba 0,60
Eng’AgrOnomo, MS.c. 18. prothioconazole Proline3 0,30

Apt Regional do Sudoeste
‘adicionado Aurso 250 mL ha’; 2adicionado Oppa 1% viv; 3produto em lass de regisiro no MAPA

Paulista - DOD
cx. Postal 33

15270-000, Tatui, SP
Tabela 2. Tratamentos com fungicidas do grupo das estrobiluninas, dos misturas deakiraaptaregional.spgov. hr

triazOis com estrobilurinas e das misturas de tniazOis corn benzimidazOis.

Marcos M. lamarnoto Ingrediente ativo Pioduto comerci Dose (L p.c.ha’1)
Eng AgrOnomo, Dr

Mcla,namoto 1. Testemunha
Rua Prof José Augusto 2. azoxistrobina Priori1 0,20

Assumpção, 137
3. picoxistrobina Aproach1 0,2014883-218, Jaboticabal , SP

iamamoto@asbyte.com.br 4. ciproconazole + azoxistrobina Priori Xtra1 0,30
5. ciproconazole + tnifloxistrobina Sphere2 0,30

Margarida F. Ito 6. epoxiconazole + piraclostrobina Opera 0,50
Biéloga, Dra.

7. propiconazole + tnifloxistrobina Stratego2 040
I AC

cx Postal 28 8. tebuconazoto + tnifloxistrobina Nativo3 0,50

13001-970, campinas, sP 9. flutniafol + tiofanato metilico Impact Duo4 0,60
mfito@iac.sp.gov.br 10. flutniafol -- tiofanato metilico Ceteiro° 0,60

11. flutniafol + carbendazin Battle4 0,60
Maraicio c. Meyer

12. ciproconazole + picoxistrobina Alto 100 + Aproach1 0,24 + 0,24Eng Agrónomo, Dr.
Embrapa Soja 13. tebuconazole Folicur 0,50
cx. Postal 131 ‘adjcjonsdo Nimbus 0,5% v/v; 2adicionadoAurec 250 niL ha’; 3adicionadoAureo 0,25% vi v; 4ad,ocnado Oppa 1%

65800-000, Balsas, MA viv; 5adicionado Iharol 1% v/v
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Resu(tados sumadzados dos ensaios em ,ede 3

mauricioembrapabaIsas. aplicaçOes nos estádios R1/R2 (florescimento/florescirnento pleno) e reaphcaçOes em P5.1 (inicio
corn.br do formação de graos) ou 21 dias após a prirneira aplicaçáo. Para aplicação dos produtos foi

- ulilizado pulverizador costal pressurizado corn CO2 e volume de aplicacão de 150 a 200 L ha’
Moab D. Dias

Eng’ AgrOrcrna. MS C . -

UFT Forarn realizadas avallaçoes do severidade da ferrugern no momento do aplicagac dos pro-

Cx Postal 66 dutos e semanalmente, da severidade de outras deenças, do desfolha quando a testernunha
77402-970. Gunipi, TO apresentava ao redor de 80% do produtividade, nos Sm’ centrais de coda parcela edo peso

noao@uft.edj.br de 1000 sementes. As aval,acOes de severidade foram realizadas com auxilio de escalos

- diagramãticas (Martins et a[, 2004, Godoy et al., 2006) para diminur a variaçäo da estirnativa
Monica C. Martins . , - - - - - - -

entre os locals. Para anallse conjunta toram utlllzadas as avaliaçoes de severidade, real,zaca
Erg’ Aoronoma. Ora

Fundaco Bahia prOxirno a P6 (vagens corn 100% de granação). e produtividade.

Av. Ahylon Macedo. H
47806-180, Barreiras, BA Foan, realizados 19 ensaios com os produtos da Tahela 1 e 20 ensaios corn os produtcs da
soja,tundacaoba.corn.br Tabela 2, nas pnncipais regiOes produtoras, por diferentes nstituiçOes (Tabela 3). A reduçáo

de produtividade, em porcentagern, foi calculada comparando a testemunha sern controle
Nailton S. Almeda

00 melhor tratarnento de coda ensao sendo observada rnaior reduçao para os ensalos
Eng’ Agronorno, MS.c

ADAB aplicados corn sintomas, no memento da primeira aplicação, quando comparado com Os

Av. Ahylon Macedo, 196 6050105 aplicados sern sintomas, indicando maior agressividade do doença. [sse fato jã
47806-ISO, Barreiras, BA era esperado urna vez que a ferrugem e urna doença policicllca (varios ciclos do fungo em

nailton nap©aiba.org.br urn Unico ciclo do hospedeiro) e quanto rnais cedo ocorre sua incidencia na cultura maior a

prohabilidade de ocorrer reduçao de produtividade, caso as condiçoes climãticas favoreçarn
NewtonS. Andrade -

aevoluçaodadoença.
Eng’ Anronorno, especialista

em Iiscalizacao
ADAB As maiores reduçOes de produtivldade forarn observadas 005 050lO5 realizados pela Ern

Av. Ahylon Macedo, 196 biapa Cerrados, em Planaltina, DF, e as rnenores nos ensaos realizados pela Universidade
47805-180, Barre,ras, BA Federal de Tocanlins, em Alvorada, TO (Tabela 3).
,iewardrade,.cl.corn hr

Os eq. saios p0100 sumarizaçAo conunta forom selecionados de acordo corn critérios esto
Patilino I M. Andrade . . . . .

Erg’ AgrOnorr.o. MS.c tlstlcos e tecnlcos. Forarn real,zaoas anallses de varlanca exploratorla, para coda local. Nas

Embrapa Soja anáhses individuais forarn vent:cadas a significãncia do efeto de blocos. o quadrado méd,o

Cx Postal 39 residual, o coeficiente de var,agão. a assimetria, a curtose, a norrnalidade do distribuiçao
79560-000. ChapadCo co Sul, de residuos (Shapiro & Wilk, 1965), a aditividade do rnodelo estatistico (Tukey. 1949) e a

MS dlstribuiçAo de variãncias. por meio do teste de Burr & Fos:er (1972).
pautino@k;ndacacdlapa080.

corn hr
Além dos criterios estatisticos. caraceristicas tecnicas coma severidode do doenca no tra:a

Plin,o I. M. Souza mento testernunha em P6, ccrrelaçOes entre as vanáveis sevendade e produhvidade e dilerenca
Erg” AgrOnorno, Ph.D. estatistlca entre Os tratarnentos tarnbérn auxiliararn no seleçAo dos ensalos. Para a lista de

Ernbrapa Cerrados tratarnentos corn triazóis (Tabela 1) forarn utilizados 13 ensaios no análise conjunta (locas 1,

73301-970, Pianahn: OF
2, 3,6,7,8, 9, 10, 11, 13, 14, 17, 18), sendosete corn sintomas na prirneira aplicaçãoe sets

plinio@cpac.ernbrapa.br
sern sintomas na pnmelra aplicoçAo. Para a lsta de tratamentos corn estrobilunnas e misturas

(Tabela 2) forarn utilizados 10 ensoios no sumarizaçAo conjunta (locais 1,2,3,6,7, 8,9, 10,

Ricardo S. Balardin 11, 18) sendo cinco sern sintomas na prirneira ophcoçAo e cinco corn sintornas. E irnportonte
EngAgrOnorno, Ph.D. ressaltar que rnesmo uma apllcaçao sem sintomas pode ter sido realizada de forrna curativa,

UFSM umo vez que a ferrugern apresenta urn periodo de incubagAo no qual não são observados

97111-970, Santa Marl: RS
sintornas, emboro ja esteja ocorrendo o processo de colonizaçAo do fungo na folha.

ha lard, n@bala rdi n-corn
As análises exploralorias para coda locale as analises conjuntas dos resultodos dos ensalos

Ricardo Barros torarn realizadas utilizando o leste de conlparação mOlliplas de rnédlas Tukey (p50,05). no
Eng AgrOromo. MS c prcgrama SAS/STAT’- (2001).

Fu’idaçäo MS
cx. Poslal 105 Corno os locals nSo foram os mesrnos na arélisedos doisgrupos (Tobela 1 e 2)os resultadcs

79150-000. Maracau, MS - - . - -

- .

, noo podern ser cornoarodos como urn ensa,o un,co, sendo a apresentaçao dos resultados e
ricardoaarros@cocacri.cocp.br - -

discussao reallzada separadarnente.

Sergio A. da Silva
6:Olcgo -

Ernfrasa ce-rados TrIazols
Cx Posta: 08223

73301-970. l’lanatira, OF Na anAlise conjunla dos 13 ensalos, todos ostratarnenlos apresertararn severidade eslaiisl:

abudcpacembrapa.br camente inferior a testernunha sem controle (Tabela 4). Os tratarnentos que opresentararn a
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Resultados sumarizados dos ensaios eo rede 5

Tabela 4. Severidade da ferrugem, prôxima ao eslàdio R6, para as diferentes tratamentos (p.c. produto comercial).
Todos os locals (media de 13 ensaios), locals corn a primeira aplicação realizada sern sintornas (media de seis
ensaios) e locais corn a primeira aplicaçSo realizada com sintornas (media de sete ensalos) Safra 2006/07.

l lesternunha
2. Alto 100 ciproconazole

3. Artea ciproconazoe - propiconazole

0,3 33H

0,3 281
0,2 47 BC

OA 43 CD

0,4 38 EEC

0,25 48 B

0,5 34 CR

0,5 23J

OA 23J

0,5 22J

0,4 35 FGH

0,5 39 DEE

0,5 27 IJ

0,3 23J

rnaior severidade foram fluquinconazole (17), difenoconazole
(14) e miclobutanil (19). Os tratamentos com a menor seve
ridade foram prothioconazole (118), 05 quatro tratamentos
corn produtos comerciais a base de tebuconazote (111 .Ti 2,
113 e T14) e rnetconazole (T17). Aeficiência de controle para
o melhortratarnento foi de 62%, sendo considerada baixa. A
baixa eliciCncia de controle ocorreu devido ao nUmero tixo
de duas aplicaçOes, estabelecidas no protocolo inicial, e
longo intervalo para a realizaçSo da segunda aplicacao, que
fol realizada em R5 ou 21 dias apOs a prirneira aplicaçao.
As condiçOes clirnáticas da safra 2006/07 favorecerarn a
evolução da doença na rnaioria dos locais. contnbuindo pars
a di!erenciaçao entre Os produtos. A seveildade apresentou
alta correlaçao corn a produtividade (r-0.95) na análise
utilizar,do Os 13 locals.

Na anSlise, separando Os ensaios corn e sern sintomas no
nlomento da apl’caçao. de rnaneira geral, as tiatarnentos
mais e menos eficientes mantiverarn-se no rnesmo grupo
estat1stico da análse conjunta corn os 13 ensaos, sendo
observadas pequenas rnudanças na ordern dos tratarnentos.
Mesrno nos ensaios sem sintcmas na prirretra aplicaçao, a
evoluçâc da dcença foi suficiente oara observar diferença
de eficiencia entre Os tratarnenlos.

As rnaiores produtividades, na anthhse dos 13 ensaios, to-
rain observadas para Os tratamentos cam prothiocoriazole
(118) e corn tebuconazole (T12, T13 e T14) (labels 5). A

produtividade dos tratarnentos corn fluquinconazole (Ti),
difenoconazole (T4) e miclobutanil (19) nao diferiu estatisti
carnente da testernunha sern controle. A reduçao de produ
tividade, comparando a testernunha e a rnelhor tratarnento,
fo de 36%. Para Os ensaios sern sinlornas na aplicação a
reduçao de produtividade foi de 27% e para as ensaios apli
cados corn shitornas, 47%. Para Os ensaios realizados sern
sintoinas na prirneira aplicaçSo, as marores produtividades
forarn observadas para os tralarnentos corn prothioconazole
(T1B), tebuconazole (TIl, T12, T13 e 114) e ciproconazo
le + propiconazote (13). Pars os ensaios aplicados corn
sintornas alern dos tratarnentos descr:tos antenormente.
ciproconazole (T2) e metconazole (P7) apresentaram as
rnaiores orodutividades.

A rnédia de produtividade do tratarnenlo testernunha nos
ensalos aplicados sern sintornas foi do 2131 kg.ha* sendo
superior a media do tratarnento testernunha nos ensaios
aphcados corn sintornas (1075 kgba ‘). evidenciando
novarnente a maior severidade da doenga em função da
ocorréncia rnas cedo em relaçao so ciclo da cultura. As
produtividades rnáxirnas observadas nos ensalos aplica
dos sern e com sintornas forarn do 2936 e 2013 kg.ha,
respectivainen:e, evidenciando a necessidade de urn rnaior
nUrnero de aplicaçSes pars controle eficiente da doença.
No entanto, o lirnitado rihinero de aplicaçOes favoreceu a
diferenciaçao entre os produtos, sendo esse o objetivo dos
ensaios ern rede.

SYNGENTA EXHIBIT 1038

Severidade (%)
Iratarnento (pc.) Ingrediente ativo a dose (L p c. ha’) Todos Sern Corn

-
locais sintornas sintornas

4 Score
S. Soprano
6 Virtue

59 A

difenoconazole
epoxiconazole
epoxiconazole

7 Palisade1 fluquinconazole

S. lmpact flutriafol

9 Systane
10. Juno
iL Rival

miclobutanil
propiconazo:e
tebuconazole

12 Folicur tebuconazole

13. Onus
14 Tebuconazole Nortox
iS. Eminent

0,4 47 BC

0,5 40 DE

0.5 241J

tebuconazole
tebriconazole

tetraconazole

18. Dornark tetraconazole

54 A
33 DEEC

27 GHIJ

43 BC

39 BCD
28 FGHI

45 B
31 EFCH
42 BC
35 DEF
22 IJK
22 IJK
21 JK
18K
31 EEGH
37 CDE
23 IJK
24 HIJK

20

17. Cararnba
18. Proline’

63 A
33 FC
29 Cl-I
51 B
47 BC
43 CD
50 B
36 EF
50 B
44 C
28 HI
24 HI
25 HI
25 HI
37 DEE
40 CDE
29 OH

211

17C V.

metconazole
prothioconazole

Médias seguidas do mesma let ía na coiuna ndo diferem core ci pets tests do Tukey (p50,051
‘adioonado Aureo 250 mL.ha’; 7adicionado Oppa 1% v/v; 3produto en, face do registro no MAPA
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1. Testemunha
2. Alto 100

3. Artea
4. Score

5 Soprano

6- Virtue
T Palisade1
8. Impact2
9. Systane

10. Juno
11. Rival
12. Folicur

Onus
Tebuconazole Nontox
Eminent
Domark

17. Caramba
18. Proline3

ciproconazole
ciproconazole + propiconazole
difenoconazole
epoxiconazole
epoxiconazote
fluquinconazole
flutriafol
rniclobutanil
propiconazole
tebuconazole
tebuconazole
tebuconazole
tebuconazo{e
tetraconazole
tetraconazole
metconazole

Todos
locais

15621
0,3 2163 CD

0,3 2211 BCD

0,2 1706 OHI
0,4 1857 FG
0,4 1823 FGH
0,25 1643 HI
0,5 2120DB
0,4 1739 GHI
0,5 1892 PG
0,5 2220 BCD
0,5 2382 AB
0,4 2319 ABC
0,5 2254 ABCD
0,4 1855 PG
0,5 1967EF
0,6 2092 DE

2430 A

Produtividade (kg.haj

Scm
sintornas

Estrobilurinas e misturas

Na análise conjunta dos 10 ensaios corn estrobiluninas e
misturas de triazOis corn estrobilurinas e tniazóis corn ben
zimidazOis, todos os tratamentos apresentararn sevenidade
estatisticarnente inferior a testernunha sern controle (Tabela
6). Os tratamentos que apresentararn a rnaior sevenidade
forarn azoxistrobina (T2), picoxistrobina (T3), propiconazole
+ tnifloxistrobina (17) e tiutniafol + tiofanato metilico (T9). Os
tratarnentos corn a rnenor severidade, sendo estatisticamente
diferentes dos dernais, foram tebuconazole + tnifloxistrobina
(T8), ciproconazole + azoxistrobina (T4), ciproconazole +

tnifloxistrobina (15), ciproconazole + picoxistrobina (112) e
o triazol tebuconazole (T13). A rnaior eficiência de controle
foi de 70%, sendo considerada baixa. A baixa eficiência de
controle ocorreu devido ao nUmero fixo de duas aplicaçOes,
estabelecidas no protocolo inicial, e longo intervalo para a Ic
alização da segunda aplicaçSo, que foi realizada ern R5. I ou
21 dias após a pnirneira aplicaçao. Aavaliaçao de sevenidade
apresentou alta correlaçao com produtividade (rr0,94),

Na análise separando Os ensaios sem e corn sintomas no
rnomento da aplicaçäo, os tratamentos corn a rnenorseveni
dade foram tebuconazole + trifloxistrobina (18), tebuconazole
(Ti 3) e ciproconazole + trifloxistrobina (T5), para os ensaios
aplicados sern sintomas, e ciproconazoe + azoxistrobina
(T4), ciproconazole + trifloxistrobina (15), ciproconazole +

picoxistrobina (112) e tebuconazole + trifloxistrobina (T8),

para Os ensaios corn sintornas na prirneira aplicaçao. A
análise separando Os ensaios de acordo corn a incidéncia
no rnomento da aplicaçâo foi sernelhante a anahse usando
todos os ensaios, sendo observada somente inversão na
ordem dos tratamentos corn as menores sevenidades.

Todos os tratamentos apresentararn pnodutividade estatis
ticarnente superior ao tratamento testemunha (Tabela 7),
sendo as maiores produtividades observadas para os trata
rnentos corn azoxistrobina + ciproconazole (14), picoxistro
bina + ciproconazole (Ti2). ciproconazole ÷ trifloxistrobina
(T5) e tebuconazole (113), considerando a analise corn
todos oslO locais. Para Os ensaios aplicados sern sintomas
Os tratamentos corn epoxiconazole + piraclostrobina (T6) e
tebuconazole + trifloxistrobina (T8) tarnbém apresentararn
as maiores produtividades, juntarnente corn os produtos
descritos anteriorrnente. Na análise dos ensaios aplicados
corn sintomas, as maiores produtividades forarn observadas
para Os tratamentos corn ciproconazole + azoxistrobina
(T4), picoxistrobina + ciproconazole (112), tebuconazole
+ trifloxistrobina (TB), tebuconazole (Ti3), ciproconazole +

trifloxistrobina (T5), picoxistrobina (T3).

De maneira sernelhante a observada nos ensaios corn tniazóis
(Tabela 5), para os ensaios corn estrobiluninas e rnisturas, a
media de produtividade do tratarnento testemunha nos ensaios
aplicados sern sintomas foi superior a media do tratarnento
testemunha nos ensaios aplicados coin sintornas, sendo de

SYNGENTA EXHIBIT 1038

Tabela 5. Produtividade para Os diferentes tratamentos (p.c.
ensaios), locais com a prirneira aplicaçao realizada
primeira aplicaçáo realizada corn sintomas (rnedia de

Tratamento (p.c.) Ingrediente ativo e dose (L p.c. ha’)

= produto cornercial). Todos os locais (rnedia de 13
scm sintornas (media de seis ensaios) e locais corn a
sete ensaios). Safra 2006/07.

Com
sintomas

13.
1k
15.
16.

2131 H 1075 H
2600 CDEE 1788 ABC
2695 ABC 1796 ABC
2256 OH 1235 OH
2396 DEFGH 1396 EFG
2354 EEGH 1520 DEF
2164 H 1271 EGH
2632 BCDE 1682 BCD
2235 H 1441 DEFG
2310 EGH 1557 CDE
2668 ABCD 1900 AD
2936A i9O8AB
2812 ABC 1897 AD
2800A8C 1865AB
2384 DEEGH 1553 CDE
2548 CDEFG 1469 DEFG
2632 BCDE 1784 ABC
2917AB 2013Aprothioconazole 0,3

C.V. (%) 13 11 16

Médias seguidas de rnesrna ietra “a coiuna nao diferem enire Si peio teste de Tukey (psO,05).
‘adicionado Aureo 250 2adicionado Oppa 1% vN; 3produto em lose de regisiro no MAPA
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Tabela 6- Severidade da ferrugem, prOxima aD eslárho R6, para Os diferentes tratarnentos (p.c. = produto comercial).
Todos Os locais (media de 10 ensaios), locais corn a prirneira aplicação realizada sem sintomas (media de cinco
ensaios) e locais corn a primeira aplicaçâo realizada com sintomas (rnedia de cinco ensaios). Safra 2006/07.

Severidade (%)
Tratamento (p.c.) Ingredienle alivo e dose (L p c. haj Todos Sem Corn

locais sinlomas sintornas

1 Testernunha 61A 62A 60A

2. Priori azoxistrobina 0.2 32 B 36 B 28 BC

3 Aproach1 picoxistrobina 0.2 29 BCD 33 BC 25 CD

4 Prion Xtra’ ciproconazole * azoxistrobina 0.3 19 E 22 Er is G

S Sphere2 ciproconazole + trifloxistrobina 0,3 19 E 22 EC 17 ES

6. Opera epoxiconazole + piraclcstrobina 0.5 26 CD 29 Co 24 CDE

7 Stratego’ propiconazole + trihoxistrobina 0.4 29 BC 25 DEE 32 B

8. Nativo3 tebuconazole ÷ trilloxistrobina 0.5 18 E 160 19 EFG

9. Impact Duo4 flutriafol + tiofanato rnelilico 0.6 29 BCD 33 Bc 25 CD

10. Celeiro5 flutriafol + liofanato metilico 0:6 28 CD 33 BC 22 DE

11. BatiIe flutriafo + carhendazi’. 0:6 250 28 CDE 22 DE

12. Alto 100 + Aproac’-1 ciprocorazole + picoxistrobina 0.24 + 0.24 20 E 22 EF 17 ES

13. Foljcir tebuconazole 0.5 21 F 21 ES 21 DEE

CV 19 20 17

Med,as seguidas do mesma sirs na coluna nan diferern entre si ‘sin tests do Tukey (pO,oS).
ad,c,onado Niri,hus 0,5% v/v. ‘adiconado Aureo 250 mL ha’; 3ad,cicnado Aureo 0.25% sly; 4adtcionado Oppa 1% v/v 5adicionado Iharol 1% v/v

2238 kg ha’ e 1227 kg.ha’, respectivamente, evidericiando
novamente a maior agressividade da doençs em funçao da
incidEricia mais cedo ern relaçao ao ciclo da cultura.

A amplitude de diferença de produtividade entre as trata

rnentos cam triazOis (Tabela 5) foi rnaiorquando cornparada

cam as tratarnentos corn estrobilurinas e misturas (Tabela 7).

Considerando somente as análises corn todos locais, pars

as triazóis (Tabela 5), a diferença entre a produtividade do

Iratamento rnais eficiente (prcthioconazole -118) e rnenos

eficienle (fluquinconazole - T7) foi de 787 kg.ha’, sem con

siderar a testernunha sem aplicaçao de fungicida. Pars os

tratamenlos da Tabela 2, a diferença entre a produtivtdade

do Iratamento mais eficiente (ciproconazole + azoxisirobina

- T4) e meflos elic,ente (propiconazole ÷ trifloxistrobina -17)

toi de 575 kg ha’ (Tabela 7).

As anClises conjuntas :aram separadas em sem e corn

s,ntomas na prirneira aplicacão. mas e importante ,essaltar

que rnesrno urna aplcacao scm s:ntomas pode tersido cura

tiva, cansiderando a perodo de incubaçao (infecçao ate a

rnanteslaçáo dos sinton’as) do fungo e que a dcença pode

ocorrer em qualquer estádio fenolagico da cultura.

Embora Os resultados obtidos para as tratamenlos das Tabe

Ia 1 e 2 não sejam coinpardveis. devido aos locais envclvdos

na a’iálise serem diferenres. pcde-se observar que a Irata

menlo cOm tebuconazole (Foticur’l, comurn nas duas lislas,

ficou no melhor agrupaniente nos dois ensaios. perrni::ndo

cornparar a agrupamento corn a major eficiència de cootrole

das duas listas. Desta [anna, as tratamentos corn as rnaiores

eficiencias de controle, de acordo corn as ensaios em rede

realizados na safra 2006/07, foram prothiaconazale (118),

Os quatro tratarnentos coin produtos cornerciats a base de

tebuconazale(Tii,T12,Ti3eTl4)ernetconazole(Ti7)da

Tabela 1 e tebuconazole + trifloxistrabina (18), ciproconazole

+ azoxistrobina (14), dproconazole ÷ triflaxistrobina (T5),

ciproconazole + picoxistrobina (T12) e a tnazol tebuconazole

(T13), da Tabela 2, considerando a variável severidade na

análise conjunta dos 13 e 10 ensaios. A variável severida

de apresentou alta correlação corn produtividade (r=-0,95

para os ensaios corn triazOis e rr0,94 para as ensaios corn

estrobilurinas e misturas), indicando que a ferrugem foi o

principal fator que causou reduçao da produtividade, nos

ensaios analisados.

Sintomas de fitotoxicidade, do tipo clorose internerval (“folha

carijO”), foram obseniados em alguns locais para as trata

rnentos com tebuconazole, prothioconazole e melconazole, 0

que, aparenternente näo comprometeu a produtividade nos

ensaios. uma vez que os tratamentos corn tebuconazole e

prothioconazole apresentaram as maicres produtividades.

Embora ocorram diferentes grupos de eficiEncia na anahse

conjunta dos resultados, e irnportante salientar que as produ

tos podem ter a rnesrna efidencia no campo. em condiçOes

de baixa pressáo da doença. Essa diferença na eficiéncia

dos produtos é mais fácil de ser observada em situapOes

onde a ferrugern ocorre de forma mais severa. 0 delinea

mento dos ensaics em rede e a seleçao dos ensajos para a

surnarizaçaoconjunta 1dm coma objet’vo selecionarcs locais

onde a doença foi n’ais agressiva para verificar a d’ferenca

entre produtos nas si:uaçOes mais crtrcas. Apesar da rnaior

eficiência de controle obsersada para alguns produtos, esse

fata ndo implica em flexibilidade de aplicaçao. Os produtos

devem ser utilizados nas sintomas iniciais (traços da doenca)

ou preventivamente, levanda em conta as fatores necessd

rios ao aparecirnento da ferrugern (presença do fungo na

SYNGENTA EXHIBIT 1038
279 of 728 SYNGENTA v. UPL, PGR2023-00017



Resulfados surnarizados dos ensaios em rude

235

Tabela 7. Produtividade para os diferentes tratarnentos (p.c. produto comerciaD. Todos Os locals (media de 10
ensaios), locals corn a primeira aplicação realizada sem sintomas (media de cinco ensaios) e locals com a
prirneira aplicaçao realizada corn sintomas (media de cinco ensaios). Safra 2006/07

Produtividade (kg.haj
Tratamento (p.c.) Ingrediente ativo e dose (L p.c. ha1) Todos Sern Corn

locals sintomas sintomas

1. Testemunha 1733 G 2238 F 1227 G
2. Priori1 azoxistrobina 0,2 2431 FE 2973 DL 1889 DEE
3. Aproach picoxistrobina 0,2 2511 CDE 2999 CDE 2022 ABCDE
4. Priori Xtra’ ciproconazole + azoxistrobina 0,3 2843 A 3441 A 2245 A
5. Sphere2 ciproconazole + trifloxistrobina 0,3 2684 ABC 3286 ABCD 2082 ABCD
6. Opera epoxiconazole + piraclostrobina 0,5 2595 CDE 3225 ABCDE 1966 BCDEF

7. Stratego propiconazole + trifloxistrobina 0,4 226SF 2915 E 1750 F

8. Nativo3 tebuconazole + trifloxistrobina 0,5 2606 BCDE 3171 ABCDE 2155 ABC
9. Impact Duo4 flutriafol + tiofanato metilico 0,6 2473 DL 3097 BCDE 1848 DEE

10. Celeiro5 flutriafol + tiofanato metflico 0,6 2441 FE 3053 CDL 1828 EE
11. Baffle4 flutriafol + carbendazin 0,6 2502 CDL 3073 BCDE 1931 CDEE
12. Alto 100 + Aproach1 ciproconazole + picoxistrobina 0,24 + 0,24 2803 AB 3403 AB 2203 AB
13. Folicur tebuconazole 0,5 2668 ABCD 3313 ABC 2152 ABC

CV 10 11 12

regiáo, idade das plantas e condiçâo clirnatica favoravel),
a logistica de aplicaçao (disponibilidade de equipamentos
e tamanho da propriedade), a presença de outras doenças
e 0 custo do controle. As reaplicaçOes dos produtos devem
evar em conta o monitoramento da doença na lavoura, uma
yes que o residual pode variar entre produtos e em funçao
das condiçaes climáticas.
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APLICAcOEs DE FUNGICIDAS VISANDO 0 CONTROLE DA
FERRUGEM ASIATICA (Phakopsora pachyrhizi) DA SOJA,

ESTADO SAO PAULO, SAFRA 2010/11
FURLAN, S.H.1; FONTES, J.C.2; FRANCO, D.A.S.1

lr,5t,,4o S’o’do’co cR70 CCP 13 312-970, dlvari.a b,olog,co sagas br Plo,aec, CR33, lracempoLs, SP

A ferrugern asiática (P pachyrhizfl
constitul-se na doença que mais prejuizos
tern ocasionado na cultura da soja desde
a safra 2001/02. A principal rnedida para o
seu controle tern sido o uso de fungicidas
aplicados em parte aérea. Atraves de
eilsaios cooperativos ern diversas regiOes
produtoras do pals tern-se avaliado por
várias safras a eficièricia de misturas de
triazOis + estrohilurinas a triazóis isolados.
o objetivo desse trahalho foi verificar
conportarnento de novos fungicidas e
aqtieles jà recornendados rio controle clesta
doença e no rendimento da cultura.

0 ensaio foi conduzido corn a
cultivar BMX PotOncia PR, rnunicipio de
Iracemapolis, SF corn serneadura realizada
tardiamente, ern 28/01/11, visando obter
rnaior pressäo de uredosporos durarite o
cultivo, visto que a ocorréncia da doença
foi tardia nests safra. Os produtos e doses
utilizadas constarn na labels 1, sendo
aplicados corn pulverizador costal a base
de CO,. volurne de 200 L/ha, ern dois
ostádios de desenvolvirnento da cultura, Hi
(prO-florescirnento) e R4 (crescirnento de
v a gens).

A doença foi avaliada pela severidade
das plantas (% de area foliar atacada) na
area (nil da parcela (duas linhas cenirais),
nos estédios P5.2; P5.3 e 85.4; AACPD e
porcentagem de desfoiha em 86. flealizou
se a pesagern das parcelas coihidas em 5
rnZ pars a deterrninaçao da produtividade e
do peso de 1.000 grãos. Ainda, atribuirarn
se notas de 1 a 4, de acordo corn o grau de
frtotoxicidade, onde 1= sern sintornas, 2=
sinlorna eve, 3= sintorna rnoderado e 4=
sintoma severo.

Foi utilizado o dehnearnento
experirnental de blocos ao acaso, corn 18
tratamentos e quatro repetiçOes. Os dados
forarn interpretados estatisticarnente por

meio de anàlise de variância e as médias
cornparadas pelo teste de Scott-Knott, a 5%
de prohabilidade.

As condiçâes cliniáticas forarn
favoráveis ao desenvolvirnento da ferrugern
asiática, corn irrigaçOes cornplernentares
no periodo critico da cultura. A severidade
da doença alcançou 86,0% nas plantas
testernunhas em R5.4, enquanto os
tratarnentos corn fungicidas apresentararn
valores entre 15,3% a 60,8%. Os rnaiores
valores forarn apresentados pelos
tratarnentos corn os triazóis solados, Alto
100 e Folicur. Entre as misturas, as rnais
eficientes forarn Horos + Nimbus, Fox +

Aureo, Aproacb Prima + Nirnbus e Opera
+ Assist corn as rnaiores porcentagens
de controle relativo (72,4 % a 83,7 %),
notadarnente as duas prirneiras, conforme
confirrna a AACPD (Tabela 2).

Guanto a desfolha, Folicur e Alto
100 apresentararn Os rnaiores valores. Os
tratarnentos corn as rnenores porcentagens

forarn Horos ± Nimbus, Aproach Prima +

Nirnhus, Opera + Assist, NTX 3200 ÷ Assist
e ISBO21 F + Nimbus (Tabela 3),

Forarn proporcionados acréscirnos
significativos (45,1 % a 92,7 %) de
produtividade pela aplicaçäo dosfungicidas.
Os rnaiores valores forarn obtidos por
Aproach Prirna + Nimbus, Priori Xtra +

Nirnhus e Azimut + Nimbus (Tahela 3).
Os pesos de 1000 gáos dos

tratarnentos corn fungicidas foram
superiores a testernunha. Corn exceção da
rnistura de Nativo ±Aureo, as dernais forarn
superiores aos triazáis isolados (Tahela 3).

Houve fitotoxicidade de alguns
fungicidas nas plantas de soja da cv.
BMX Potência RR, principalmente pelos
tratarnentos de nürneros 14, 17 e 18, corn
notas de 3 a 4, seguidos dos tratarnentos 11
e 16, arnbos corn nota 2,5 (Figura 4).
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Tabela 1. Produtos e doses utilizados na cultura da soja, cv. SMX Poténcia RR, para o controle da
terrugem asiática, em duas aplicaçOes, em Ri e R4. Iracemápolis, SR 2011.

Tratamento Ingrediente ativo Dose

L p.c. ha”

1 Teslemunha

2 Follow tebuconazol 0.50

3 Aito 100 ciproconazol 0.30

4 Priori Xtra + Nimbus (05% v/v) azoxistrobina & ciproconazol 0,30

5 Opera + Assist (0.5 tJha) piraclostrobina & epoxiconazol 0.50

6 Nativo + Aureo (0.5 LJha) tritloxistrobina & tebuconazol 0,50

7 Aproach Prima + Nimbus (0:45 IJha) p coxistrobina & ciproconazol 0.30

8 SphereMax + Aurec (0.5 LJha) trifloxistrobina & ciproconazol 0, 15

9 1S6021F (Domark XL) + Nimbus (0.5 tJha) azoxistrobina & tetraconazol 0:50

10 Fox 4 Aureo (0,4 LIha) trilloxisirobina & prolioconazol 0,40

11 BAS 55601 Ft Assist (0,5 LJha) piraclostrobina & metconazol 0,50

12 ENVOY 4 Lanzar (0:3% Wv) piraclostrobina & epoxiconazol 0.60

13 NIX 3200 + Assist (0,5% Wv) azoxistrobina 0,35

14 NIX 3900+ Assist (0:5% v/v) azoxistrobina & tebucoriazol 0,50

15 Plantvax 750 WP + Silwett (0,05%) oxicarboxim 1,20

16 Azimut + Nimbus (0,5% v/v) azoxistrobina & tebuconazol 0,50

17 Horos + Nimbus (0,5% v/v) picoxistrobina & tebuconazol 0,50

18 MILFF 0453 + Nimbus (0,5% vfv) azoxistrobina & epoxiconazol 0,60

Tatiela 2- Porcentagem de severidade da ferrugerri asiática da soja, AACPD e porcentagem de eficácia
relativa. Iracemápolis, SR 2011.

Severidade Ferrugem Asiatica EficàciaIratameritos Dose AACPD
R5.2 R5.3 R5.4 relativa

Lpc ho” —----—---Y —

I Testeniunha
- 52,5 a 75,0 a 86,0 a 1310,0 a -

2 FoIcji 0.50 28,8 b 41,3 h 57,3 b 79t0 a 41,5

3 Alto 100 0,30 32,5 h 45.0 b 60.8 b 854.40 36,5

4 Pr:ori Xtra N,rrbuis (0 5% Wv) 0.30 18,5 C 26.8 C 36 5 C 507,90 62,4

5 Opera t Assist (0,5 [ma) 0,50 15,00 19.00 26.51 371,0 I 72,4

6 Nativo + Aureo (0,5 [ma) 0.50 21,30 320 c 42,8 c 598:2 c 55,6

7 AnroaCh Prima + Nimsus (0.45 [ma) 0.30 11 3d 15.0 I 2-3,3 I 285,61 788

8 SphereMax 4 Aureo (0.5 [ma) 0,15 19,3 C 27,50 36,5c 515,60 61,6

9 ISBO21F (Donark XL) - Nrnbus (0.5 L/ha) 0.50 176 C 2530 33.00 ‘69.40 65,0

10 Fox + Aureo (0,4 Lil,a) 0.40 13,8 I 12,3 d 18.5-1 263.9 I 80,3

11 BAS 55601F— Ass:st(C,SL.’ha) 0,50 12,31 16,31 22.-Sd 311.21 76,9

12 ENVOY + [aizar (0,3% vlv) 060 20,80 29,00 38,-Sc 5’1,8 c 59.5

13. NIX 32004 Ass s: (0.5% vIv’i 0,35 20,Oc 30,Oc ‘0.3c 562,1 c 58.3

14. NIX 3900 Asst(0.5% vN 050 14 Sd 22,Sc 29.5c 415Cc 69.1

15 Ptantvax 750 WP + Silweli (0,05%) 1.20 30,0 b 43,8 b 61,3 b 843,5 b 37,8

16 Azimut 4 Nimbus (0,5% vlv) 0,50 19,Sc 26,80 32,30 482,00 63.5

17. Hares 4 Nimbus (0,5% vA) 0,50 9,31 11,31 15,3 d 218,81 83,7

18. MILFF 0453+ Nimbus (0,5% v/v) 0,50 19.00 28,50 34,5c 507,50 61,7

CV(%) - 13.24 10,99 9,04 10,6 -

MPdpas seg,,irlas petit meettis dna nan diterem entre Si pelo teete Scott-Knoll
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Tabela 3. Efeito de fungicidas no porcentagem de desfoiha, no proclutividade (kg/ha) e no peso de
1000 grãos de soja (9).

238-

Destoiha - - Peso 1000
Tratamentos Dose Produtividade -

---P6--- yraos

Cpu. ha’ kg ha” %A.R. y

I. Testemunha - 85,0 a 858 e - 155,0 C

2. Folicur 0,50 53.8 b 1252 C 46.0 1690 b

3. Alto 100 0,30 64.5 b 1245 C 45.1 1691 b

4 Prion XIra + Nimbus (0,5% v/u) 0.30 26,3 C 1 579 a 84,0 71.1 h

5. Opera + Assist (0.5 LIha) 0,50 20.0 d 1448 b 68,8 1 17.1 a

5. Nativo + Aureo (0,5 IJha) 0.50 32,00 1502 b 75.0 168.25

7 Aproach Poma + Nimbus (0.45 L]ha) 0.30 16,34 1653 a 92.7 116.3 a

8. SphereMax 4’ Aureo (0,5 Liha) 0.15 30.0 c 1335 c 55,6 182.1 a

9. ISBO2IF (Domark XL) + Nimbus (0,5 C/ha) 0.50 21.34 12530 46,0 177,5 a

10. Fox + A,jreo (0.4 LOla) 0.40 27.50 1522 b 77.4 178.9 a

11. BAS 555 OIF+ Assist (0.5 C/ha) 0.50 23.80 13230 54.1 181 I a

12 ENVOY + Lanzar (0.3% v/u) 0,60 27,00 1505 b 75.4 175.5 a

13. NIX 3200 ÷ Assist (0,5% v/u) 0,35 22,04 12450 45,1 116.5 a

14. NIX 3900 + Assist (0,5% v/u) 0,50 26,30 1367 b 59,3 179,2 a

15. Plantvax 750 WP * Silwett (0,05%) 1,20 62,0 b 10494 22.3 165.5 b

16. Azimut-’- Nimbus (0.5% v/u) 0,50 25,5c 1557 a 81,4 177,1 a

I?. Horns * Nimbus (0,5% v/u) 0,50 16,34 1452 b 69.2 180.0 a

18. Mll.FF 0453 + Nimbus (0,5% v/u) 0,60 25,00 1494 b 74,2 118.9 a

Cv(%) - /1.09 9.71 - 447

AR. (Aumonto relat,vol; Mddss seguidas pela macma let’s i/o diferom entree pelo testu Srott-K,iott.
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Figu,a 1. Fitotoxicidade (notas de 1 a I, onde 1= scm siotoms; 2= sintoms eve; 3= ainloma modorado e 4= sintoma

severo) atribuids so efeito dos fur.gio;das nsa p!antas de soa. cultivar BMX PotAncie PR, pars cads tratamonlo (1 a 16).
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tile loher:iiier’ 11 winter wheai to lierIieide Itnleleide inixttires as influenced by lime of ippIie:iiioi. Field stodies were
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kcliliood ol tnik—mises e,itisnig iii3tny was inciter shen tIles’ ‘tere applied late. The Fungicide tebueon:u’tIe caused tile
bghest cscl ci nijurv when inixt with bin bicidesind inilir} as p;irtietil:irlv Isich vi!i (liebI,i rpi ii,:2,4. I
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I-Ieroieidcs are often combined with other aero—che:iieals
such as adjtivanls, fertilizers. l’tingieities. insecticides, or
other herbicides is pt ot’ modern pest inanacenient
practices. Cniiibinations oI’agrociieniieds aie utilized to
increase the spectrum tlt pests controlled, or to educe
the ip1slieatioii costs issociated with pesticide tpplica—

tions. Unpredicted interactions can occur when two or
more biologically active clieniie:tls are applied in combi
nation (I—tatzios and Penner 1985). in 2008. wi iler wheat
groW ers ill Gina rio observed injury after herbicide—
ftingieide tank-mixes were applied early in the growing

season when teinperaltires were near OC (Peter Johnson,

nii (1mg auth vi ( ‘-ii a, il: f/a, ilifta - iwg tie/phi. ra).

Ontario Mi ils.irv of Agricliltulre. l-nistm and Rtir:,I
Affairs, personal communication). There are an Ontario
data to suueest ssbet her herbicide In ngmcli es mixes resu It
in crop iljttrv. or if (lie inltiry is inlitienced isv weatlici

conditions at Ihe time of itpplicittiOii
Biotic and ahlntic stresses niay odeul simultaneously

during winter wheat development. ,\s a result, the
application of agrocheinicals tised to address some
of the biotic sti’esses may occur eonetirrentiy wi tis
the presence of abiotic stresses. Thu I nter:ietio is of
herbicide- - fungicide mixtures in higher plants have 1101

been studied as extensivehy as the ill teractions ol

Abbreviations: OAF. days after treatment: 1KW, I tIOtI-kernel
steinli i

C’:nm. J. Pl:nn Sei. (2011) ‘13 4’}l—5t11 doi:hli.4l4l..tii’S20l2—lS
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herbicides with other agrocheniicals such as adjuvants.
fertilizer additives or insecticides (I—la tzios and Penner
1985). Substantial winter wheat yield loss can result
from weed competition or from damage cansed by
diseases if pest control strategies. are not implemented
in a timely manner (Welsh et al. 1999; Wegulo et al.
2011).

There is no in formation in the literature on winter
wheat tolerance to herbicide—fungicide tank-mixes but
there is document a ti on for sonic othcr crops. For
example, the triazine herbicides and the fungicide
fenaminosulf are antagonistic in oats, soybean and
cucumber resulting in reduced efficacy of both pesticides
(Corhin and Sheets 1968; Hatzios and Penner 1985).
Conversely, the fungicide pyraclostrobin and the herbi
cide thifensulfuron-methyl were synergistic, causing
tomato injury when applied as a mixture (Robinson
and Nurse 2009). Azoxystrohin is a fungicide iH thc
same cheinica I family as pyraclostrobi n. which caused
injury to sugarbeet when combined with the her
bicides desmcdipham—phenmediphain plus cthofumcsate
(Stump et al. 2002). Pyraclostrobin and azoxyst robin are
two fungicides commonly used in winter wheat in
Ontario and they are often tank—mixed with herbicides
Peter John son, persona I comm unica t ion).

Weather factors such as temperature a id moisture
may influence the interactions of herbicide plus fungi
cide tank—mixes, such that the activity may be enhanced
or redticed, 1-lowever, these effects have not been well
documented (Green 1989; Kudsk 1999). An under
standing of the interactions between herbicides and bin—
gicides would be helpful in optimising pest management
in winter wheat.

The objectives of this research were to evaluate the
effects of herbicide fungicide tank—mixes on winter
wheat injury and yield, and to determi lie the impact of
a ppl i cation timing on winter wheat to lea ace,

MATERIALS AND METHODS
Field experiments were conducted in 2009 and 2010 at
the Elora. Exeter. Ridgetown and Woodstnck Research
Stations located in southern Ontario. At Elora and
Woodstock. seedhed preparation consistetl of either a
chisel plow or an offset disk followed by a eultipacker.
while at Exe icr and Ridgetown, the winier wheat wa
established under a no—till regime \vi t h direct seeding
into previous crop residue (soyhea ns). Soft red winter
wheat (cv. Pioneer 25R47) was planted in rows 17.5 cm
apart at seeding densities ranging from 3.5 to 4.5 million
seeds per hcctare. Sites were fertilized in the early spring
(March) with 120 kg ha of nitrogen once conditions
allowed as per standard practices at these stations.
Potassium and phosphorus were applied according to
soil test results. Plots were organized in a randomized
complete block design with four replicates at each
location. Plot size was 1.5 m x 5.75 ni at Elora and
\Voodstock. 2 ni x 10 in at Exeter and 2 m x 8 in
at Ridgetown.

All herbicide and fungicide treatments were applied at
recoin mended label rates (Table 1). Treatments we re
applied with a wheel—noun ted small plot sprayer fitted
with Teejet flat fan XR 8001 nozzles at Flora and
Woodstock and with a backpack sprayer fitted with
Hypro FC-t.JLD-120-0I nozzles at Exeter and 1-Typro
GRD- 120-01 nozzles at Rirlgctown. The herbicides
tested were diclilorprop/2,4-D. bromoxynil/MCPA,
and pyct sol fotole) broinoxyni I. Aminoni nm sulfate
(BAS l Canada Inc., Mississa uga. ON) was added to
the pyrasulfotole/bromoxynil treatment, at a rate of
I ft ha -—

. The fungicides lested were the strobilurin
pyraelostrohin, the triazolc tebuconazole, and two
fungicides combining a triazole and a strobilurin,
propiconazole/trilloxystrohiri and azoxystrobin/propi—
conazole. Treatments were organized so that each
herbicide and fungicide \vas applied separately and in
com hi nation. Dates of seedi 1g. herbicide—fungicide
applica t ion, and final grain harvest varied according to
sites (Table 2). Each treatineni was applied at two
timings: the early application occurred after Apr. 15 in
2009 and 20 0, when a mm pe ía t nrc of approximately
0-C \sas forecasted, while the Ia te application was
applied at Zadoks stage 37—39 tZadoks et al. 1974).
While the early application was inied based on weather
pattern. CFO stage at this ti nil ig ranged between
Zadoks 14 and 21. Daily m:ixiniuin and ]nnlimuin
teniperitliies on the tlay of treatment application at
each location are listed in Table 3. Winier wheat injury
\vas assessed visually. appioxi ma tely 7, 14, 28 and 42 d
after treatment (DAT) on a scale of 0 to 100% where a
value of 0% was deli ned as no visible plant injury, and a
value of 100% was dehned as plant death. Injury
inclrided any visible depart mire’ front normal leaf
appearance including ehlorosis and necrosis. Before
final grain harvest, winter wheat plant height (cm) was
deierm,ned in each plot by taking a random sample of

I 0 plait ts. The plots were harvested ‘vi th a small plot
combine. After harvest. 1000—k i-md weight (g) (TK W)
was assessed and test weight (kg hE I) was deterniined
using the (ox funnel proced ni-c according to federal
guidelines (Canadian Grain Conunission 2011).

(g iii. or ac. ha
—
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Table 2. I )a (vs of winter is heat teeth up. itch Ic i tie application at each treat nient tinji up. and final grain ii tic rest iii cad I sear at each (tic iii”

Lccaii.n lear Seeditig date’ Etii I Late

EIi,ra 2009 2008 Oct 10 May03 Mae 30 Aim 116
2010 2009 Sep 17 Apr. 22 May 19 JtiL 27

Exeter 2009 2008 Sep. 2(1 Apr. 23 May 29 Jul. 2?
2010 2009 Sep. IX Apr. 19 Mac 12 Jul. 0?

Ridgctown 2009 2008 Oct. 24 Apr. 23 Mae 23 Jul. 29
2010 2009 Oct. IS Apr. 19 Mac 19 Lil. 08

Woodstock 2009 2008 Oct 25 May 02 Mac 31 Aug. II?
2010 2009 Oct. Itt Api. 23 Stay 28 Aug. 01

‘Sceilmg Wits Colic in tIle fall prior to he ‘car of lcsline

Statistical Analysis
For ried daLi. variances weic partitioned iino the
01 Ili.]oni e(iècts ol location, year, location lay year.
treatment by year, location by I teal metal and Hock by
location wil lain year, and the hxcd effects of herbicide.
fungicide anti herbicide x fungicide, using the P1< OC
MIXED procedure of SAS (SAS,STAT 9.2. 2009. SAS
Inslittile. Inc. Cary, NC). Data for location and Year
were pooled unless the location by O’eatment or year by
locati on by treatment effect was sleni flea nt in xvi) ich
case local ioi.s ii id/or years were analyzed separately.

Dali were stibtected to A NOVA, iliad means s’-ere
setiaraed usIng Fisher’s proiccicd LS]) test at the
0(15 cccl of significance. Error assumptions ni the
valiance analysis including a ‘antloin. honaogeneotis aild
normal dislribtilion of error weic confirmed. For ihe
data to mccl the assunpno;i ci )ori)lalitv. otitlying data
points were removed based on their non—ilignnaetal
shtn’lI in t plot of residtials Iptilasl ranked residuals
and lie box plot of the PROC IJNIVARIAlE P°—
dtirc of SAS. Plant height, lest weight. TKW, and injttry
wei’c analyzed similarly. Visible injury data, however,

\Vootlsiock

2010 Etoti
tctcr
Ridgctow-n
\Voi ds tile

‘I )ailv lciti1ici,ttktrcs ctiicvcd ruin tiivtocnncnt (.‘atucl;iw-cailicr
st,iioiisuIc.scsl to l5eld liicata,n. Stations used were Ettiri Rcfcicncc

Stalii’ii (RC’S). 7s.ir. Ridui’iuai ]&S anti Woodsiock
i,;dc: l’or Horn. Fx,acr. Ridgctnnit and Woodstock lociIii,ns.

ccl -clv. \vc,i ilci tIn iii call he ‘ci vexed a xw xv cli nate “cat lie
t,I’ttccoc ca.

did lot meet t lie eric r a ssumpti on of a n oriiia I
distribution and so data ‘xere stibjeeted to all arcsin
square loot transforniatitlil: t,’aiisiornialions dd not
improve the normality of i’esiduals so tlnti’nsi’ornled
data was tisetl, Ii has been shown that F—tesl 5 have
minimal sensitivity to small deviations from normality
(Box l953 Box and Walson 1962). A histogram of
residuals Indicated a lear—normal pattern l’or visible
injtiry data (data not shown).

RESULTS

hattIe 3. l)ailr i,igh aid liii teniiicr:itiirc’. a t’:tdhi Iocahi ii or carl3/ci.hd
li’ilit,il hiiiiiiips

l’cur Loc;i1iit’ Loss’ It itt: Low I

2lttt’t LEt ra
0 xci ci
Ridgcl clx II

Visible Injury
I )i O’erent types of x si lale iiajti r ‘vine ohsei ved with
specific hcrbicide--ftingicide lank—mixes. [)icldorprxp.
2.4—I) pit’s tebticonazole was consistently the most
i n;urious tank—mix (Tables 4 and 5). This mix t nrc ci used
dark brown—-black foliar llcckings localized wllerc the
spray tiroplel made comaci with 11w leaf stirfee (Fin. I).
13i’omoxynil;MCPA —I- lebt,conizole injury appeared as
while foliar flecking, with some small dark brown spots
(Fig. 2).

Pyrasol I’otole/bromoxyni I + tebneonazole t]Ijtlry a
peared as patches on tile leaf surface that were ugh tly
bleached hId lighter in colour (Fig. 3).

[lronioxvnll/MPCA -l—azoxvstrobin/pro1iteonazole
caused distinct small to ineditim wilite (bleached) linear
splotches, well delined b’ a necrotic contour (Fig. 4).

Eaiiv lair Application of fungicides alone to winter wheat tinder
cold coinhlions did not restilt in any injtlry at 7 F),\T.
i’egardiess of sites or yeats (Table 4). In conirasi.

dielalorprop;

2,4—D alone applied early tinder cold eoa—
18.7 ditions caused injury at three of four sites in each \e:ir at
2.11) 7 DAT. Some herhicitie—ftingicide eonlbinttions caused
2.1 0 injury tlia t was higher I Ii, n would have been expected

2.5 4 II 3.0 13.5
from each product applied alone. The fungicide lebti

0.2 11.2 6.1 eonazole applied in a ta ak—rn ix xvi lb a herbicide caused
222 the highest level of visible injury compared xvi th the
28.0 other fuiluieide—hcrbieide combinations. Tb is ftingicide

__________________

- applied asa tank—mis with pyrasul fotole/bronloxynil
caused visible injury at live of the eighl site/years with
Injury ranging from 2.3 to 5.S5’. Similarly, greater
injury was found with I his fungicide when tank-mixed
with dielllorprop:2.4-D or hromoxynilMPCA at lotir
out of seven site-years. 1 lie addition of ayoxxstrobita -

I? 17.3
it) Iii)
Ii 11.1

(:1
4

.5
9.2

—2.0 13.0 5.3
—2.2 14.5 5.6

0.5 1611 i7.0
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lrcatiiieiit

20(t) 11110

E In ci Exc icr NV nods ou F vu ci Rid uc nowr. \Vr: od. (t

propiconazole to broiiiox \ ad N PCA enhanced wheat
iniuryat I-xeter and \Voodstock in 213 10, and also
enhanced initiuv when tank—mixed vith dichiorprop.
2.1_I) at \Vo Islock in 20 III. Ihe highest eve] of nJ urv

as 14.5t0 in 20)0 at Wondswck nlh inc application of
lehucoilazole with diclilci prop/2,4—D. The fungicides
pyraclostrohi and :izoxvt ohin/propiconazole did not
increase nj lily caused by any ol the herbicides. I m ury
on \vi 11cr wheat was t ra nsient with most herbicide-—
fungicide combinations. Tebuconazole mixed with di—
chlorprop/2,4-D and with hromoxynil/MPCA were the
only combinations that caused visible injury at 14 DAT
(data not shown). By 28 DAT injury level was reduced,
except for tebuconazole with dichlorprop/2.4—D at Elota
which was increased to 10% (dala not shown).

Late application of I ungicides did not cause any
injury when evalualed al 7 I)A’F (Table 5). The Injury
caused by herbicides vu i’ied depending on the active

n g red icli
Pyrastil fololefbromoxv!lil and bromoxynil :%(( PA

were safe and did not cause any inj un when appicd

late. Tn contrast. inj urv ‘vi t h tlichlorprop;2.4—D ía nged

from t) to I I.5%. Injury “as apparent only at the

Ridgetown site and was greatest in 2009. The addition of

fungicides to herbicides ineieasecl isible iniurv: how
ever, the extent oh injury varied tieneatiiie on lie

particular herbicide I uiigicitle combination as well is

sites md \:ejrs O the l’our fungicides. tcbnconazo!c
increased mlurs the most ‘gh each of the three
herbicides evaluated The cuiibuiat,on of tehtieoiiazole
with dichlorprop 2,4—I) was the most injurious with

injtuy of ttp to 28.5% at Ridgetown in 2009: however.
there was no injury with this combination at Exeter in
2010. Visible inj ury occnri-ed when tehuconazole was
tank—mixed with hronioxvnil/M PCA and with pyrasul—
hiitole/hronioxynil at all sites and years. The addition of
azoxystrobin/propiconazo]e to PCA was
injurious at 7 of 8 site years with injury level as ugh as

7.3% at Elorti in 2009. FIns hungicide can also catise
injury when tank-mixed wit Ii d ichlorporp ‘2,4—I), but
enhanced injury was only observed a I ElorTI anti Ridge-
town in 2009.

I’ropieonazoe. trih]oxvstrObin enhanced bionioxviul’
MPCA injury to a lesser extent than oI:iei conibiniti—
tions. hut injury was 0 hset vetl a Ridgetown in 2009 and
Exeter. Ridgetoww a ml Woocistock in 2(110. Propico
ilazole/trifloxysttohin enhanced diehionprop. 2.4—D in
jury at Ridgetown in 2009. hut injury levei was not

Ni’ heil irk/c
Nolungicicle 0 C’ 0 I) II D 0 C n E ii H
i’raeinsirobui I) C Ii 1) t) .1) I EU I) K I) I:

1chiiconazclc I) C i 1) 0 1) i IC’ n F ii F
Primi,:coi:.azocnrilloxysimohr Ii C 0 I) 0 1) (1 C II F i) P

.\six vsirohintropieon;izoic 0 ( 0 n () 1) 0 C (I F 0 F

/)u h/inj iv’p- 2.4-I)
No I’uiiuicidc 2 B 5 -ill )5 BC 3.5 ftC/UI I /) 5
P raclcistrohin 2 B 5.8 .1 5 11 4 ftC!) I 1) 8 B
ichuconazole 15 A 6.5 I II) I 5 .11W 3 1? 4.5 .1
Propiconazoie:trinoxvstrobiim 2 B 4.3 .1 11€’ 4 5 BC 4 f/C!) I 1) 5.3
Azoxystrohin/propieonazoie 2 - B 5 A/i 4 I/C 2.8 (1)1:1 I I) 8.5 Ii

l3i’ci,,,ovr,iil/j I CPA
No Fungicide (I C’ 0 I) 0 I) 0 0 I 1) 0 F
Pyjaclosirohin 0 C 0 I) 0 1) i5 FEC 0 I: 0 li

iehucon&izole I) C IX (‘1) 2.8 BC 6.5 A 6.3 A I 35
Propieonazolcjriloxvsirohin 0 C I) D 0 1) 4 I/Cl) i 1) I) K

Azoxysirohin’propieona7olc 0 C’ I) 1) 2.3 CI) 3.3 BCI)InF 2 C 5.5 C

/‘i’i, ISifI/OU /t//lit)our oil

Ni’ Fungicide I) C’ 0 1) I) 1) 2 DLIX] I I) II F

I’’ raclosirobji, I) C’ I) 1) I) I) 13 DEFt] I I) I) F
l’chncona,’olc 0 C 23 ftC)) 1.5 BC 5.5 .11? 25 BC 3 1)
Priinici_inieolc,(rilii,rv’,iri,t,,i, 0 F’ II 1) 0 I) i 5 lIlt] 1 P 3 1:
,\zoxv’robin propiccsriz,Ic 0 F (I I) (I I) 2 DEEU U K II F

‘‘.u nJury was ivcisrt,ed a lticie,_nuani in 2009 mci flora in 20i0 so ilie ci;inii ,iic cc’t prcsci:[cci in ;Iie table.
. I—C Wit’ in each coiuinn, illeans l.Ii,i,ccl hr itie sanle inter art- not chllcnci,i :iccortlini! io the i_SI) test (I’ 0.ii5)
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Fig. I. Dark iolii,r Ilecking injury c:,,,sed
cli elI lo rpm y2,4 — D and te bticu na xc ic -

increased at the other silt - e;i is. There was no i nel’ease
in injury when pyraeloslrobi,i was applied in a tank—mix
with bromoxy-nilM CPA or pvrastilfbtoIe!bromoxnil

and tile IC Wfl only a si,glit iacrease Iii iiljul’V when
applied in eonlbiilitioii with cIiclt1orprop2,4D at
Ridvetown in 200’) and Woodslock In 20 JO. The injury
observed was transient with less injury observed at 14
a I id 28 DAT (data 1101 5 how ii) -

Yield
Fe] lowing ea ny treatment a ppli cad Oils, when averaged
over 2 yr. yields were 7.4 t ha — at Exeter and 7.7 t ha -‘

at Ridgetown, and (lid not differ among treatments
(Ta ble 6). At Wood stock, there was an iniportant
diflereace between years with yields averaging 5.4
ha — in 2009 and 3.9 t ha• in 2t)]0, but there was 10

dilference among treatments in either year, The only
treatment dilierenee was hetween azoxvstrobmnpi’opi—
eQuable alone and dichiorprop2.4—D mixed with
tebucollazole at Flora (average oh 2009 and 2010). All
other treatments had siIlilar yields and in no instance
did mixing a Fungicide wit]i a herbicide decrease yield
cciii pa red with each product a I one (Table 6).

Fig. 2. Light foliar flecking ‘‘‘t L SO ‘lie dark spots caused by the
llixlure oh bromoxvi1ilM(’PA and tebtieoiiazolc

Yields or treatments atolied ate varied among loca
lions. At Elora. the Iliellest yield ‘*fls observed flillow
ing treatment with the tank—mix of px’rasuilotole!
oroillox nil—I- pvi-aclostrohiui. which was hisiher than the
value observed ill tIle unt,eated check. pyrasull’titole’

bronloxynil or hroinoxyn,l.- M PC’A treatments (Tabte 7).
At Ridgetown, pyraelostrohin alone resulted in gre:i Icr
yields than bromoxyn’ EM l’CA, hromoxynil/M PCA +
tehuconazole, hromoxyni l M PCA j— propiconazole/tri—
floxystrobin, pyrasulfotole/hromoxynil + tebuconazole
and pyrasulfotole/bronioxynil —I— pi’opiconazole/tri ulloxy—
strobin: however, none of’ these treatments differed
Cr0111 the untreated cont 1111 (Ta ble 7). At \Voodstock,
the bromoxynil/MPCA + pyraclostrobin tank—mix re
stilted in yields higher than dichhorprop/2.4—l) alone:
however, neither was c1i ffereitt rum the untreated con
rol . ‘Fhere wei’e no y el d differences observed at I he

Exeter location t data not shown).

Plant Height
1-Teight was measured as this variable has ellen been
associated with herbicide phytotoxicity in ‘vi ntcr
wheat (Soltani et al 201)6: Sikkema et al. 20071
However. regardless oh’ apphcation timing, none of I he
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Iig. 3. liijiiiv caused by the mixture ol pyrasulllltolc/hronllx—
5W! pluS tehucl’na,ole. Foliage appears lighter md l,Ieacl,cd.
with 110 veIl—delincd contour. This syillploinology was unique
to tIlls itink—iriix.

herhicide-—Iuiigicide comhinatiomtN ailected tile height of
\VIIltCr vlieat (data not shown I.

Thousand-kernel Weight
Flie herbicide —tungicide comb; ii;tl ions applied early
during cold temperatures did mt affect the 1KW oF
winter wheat ((hi La not show is) hut differences were
ohse i-s-chalk,- late apphcatiomms itt Itlora ann Woodstock

(fable 8). At Flora. plants treated with pyreclostrohin
alone had a mean 1KW of 38.2 g. 15% higher than hat
of untreated plants, which had a 1KW of 33.2 g.
Tho Lisa nd kernel weight was reduced ‘vi th tehueo nazole,
dichlorprop/2,4-D. bromoxynil/M( PA and pyrasulfo—
tole;hronioxvni I applied alone. At lExeter, hromoxynil/
M P(’A +pyraclostrobin, hronioxyiiil/MPCA + tehueo
ia,oie and bromo\yilil!MP(A -1—azoxystrohin/propico—
nazole resulted in higher 1KW than tile untreated
eoiii rol as well as higher TK W I han the ftuigicides
pyraclostrohin, tehuconazole or azoxystrobia;propico—
nazole applied alohIC (Fable 8). Thousand kernel weight

F,. 4. lnjtnv caused by Ihe ,im;’t nrc of lronioxvn,l. Nit PA
plus izosyst I ohmn/propicoiia,ole. Sviiip(oms included large
bleached ;,iea with s”cli dclnic,l nccrolie contour and generally
Ii ‘lear in shape,

is an indication of kernel mass and a higher 1KW can be
indicative of a greater potential flour extraction

Test Weight
The herbicide—fungicide c,,mh,natiojis applied eartv
generally ditl iiot affect the test weight of winier wheat
except at Woodstock in tllti At this location. brunox—
Villl:MPCA alone. bro,:1I,xVnu:MPCA -i-azoxvsirmb,i
propiconazoe. pyrasulls’ailehronloxvnil -1—pyractosli 0—
bin. pyrastil lotole/bronio v uI + tebucona.sole and pvr-
asul fot ole/hronioxynm I + propieonazolejtri loxysi rohi ii
applied early resulted in test weights that were gre:i 5cr
than the tintreated control (data not shown). Treatinen ts
did iiot affect test weight at any other sites or at
Woodstock in 2009.

Treatments applied late (11(1 not impact test weight at
any locations except Flora Al Elora. bi-oinc,x\ uI:
NIPCA ±pVr;Iclostrobin had a greater test weight than
lyrist! otole bronuoxyili I m pplied atone. however both

(lid not diler from all olllcr treatments, uuclt,ding the
coot rol (data not shown) -
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Table & Average vinter tyhea I grain yield for each herbicide, fungicide or herbicide/fungicide continuation treatment folloss lug tilt early application at all
I oral oils 7 d after (rca I men) in 2(11)9 and 2011)

Treat ‘lien t C tori Exet Cr R itlgci own 2009

Yield (I hti’)
j\T0 lie, b/cl/c
No ft,,io,c,dc 449 A/I 7.43 it 7.47 A 5.22 .4 56 A
Pyrac]osirnhi ii 4 .81 All 7.74 A T5 I A 4.85 A 3.79 it

Tch,,cona7.olc 4 fi8 A/I 7.68 .4 7.56 A 5.69 i 3 68 A
Propicn,i:I/oIcRr,i1nxNIiolin, 1.f,9 A/I 765 .4 8.00 il (,.16 .1 380 ii

Ai.sxyirtihin/pt up KniP,ifl,tc 1.92 A 7.10 .4 7.73 A 5.78 .4 3.68 -

]hchio,jrop/2,4- I)
No li,,iaic,tlc 4 44 .1/1 7.26 it 7.66 A 5.54 A 3.30 A
‘vi ;,closirob,n 449 .1/1 7.48 it 7.96 it 492 -I 3.82 A

Tchi,con;,zotc 46 // 7.41 it 7.55 .1 529 :1 421 A
Propicsn:izoIc;ir,I1nvsirnhin 4 -46 .1/I 7.26 A 7.87 .4 537 .1 363 A
Azoxyst:oh,n propicn.iielc 444 All 7.43 -i 7.76 A 571 .1 382 A

/Ino,,;nl*tfCl’. I
Nt 6,,:cicctc 4.37 Al? 727 -i 7.62 t 5.81 t 4.22 A
l’ujciisioiiiiii 4.79 A/I 742 .t 7.70 .t 5.63 .1 5.79 A
tclincws7oic 4Th ri// 714 it 7.47 A 5.55 A 402 .1
l’:oiiicoi:azoiciriI1)\Ar)hiii 4(6 t/I 7.33 .1 7.74 A 5.t2 .-t 5 ‘ill
AZOxe5r0h1it.1N01i:C,n.,/iic 4 P A/I 7.32 -i 7.58 A 5.29 t 4.6.1 .4

l’jii.uiJifr /‘r’,,’’us:,::i
Noltn:gicidc 4.-il il// 728 A 7.7I .1 5.87 .t 5.97 A
I’vrnclo-,in’l6,i 456 it/I 7-I) A 7.76 .1 5.n4 .t 4.49 it

Iehtictdnl7ctc 4.72 -1/1 719 .4 7.6t A 5.61) t 4.18 it

lroI,icon:izoc-tritloxvNizohiil 4.74 All 747 .t 7.66 t 5.27 A 3 X9 it

Azoxvsi ro b,n;irop,esnzizoIc 4.75 1 Il 7.39 A 7.67 - 5.94 A 3 96 .4

/1 Within cacti c,,t,_::i,,, acm,s lullustuct be tic v,,iic letter arc not d:tTcre,it according 10 the LSD tc’t P =0.05).

DISCUSSION
In hozls 2009 :incl 2010. ill tank-mixes that ineltiried the
fungicdc tebuc,i,1:,/olc consistently Ca used visible in—
airy greater than eiitsct ol the smgle components of die
mixture appliec al-nc. Tebticenazole eat,ceti iiltIfV

\vhcil nuxed veith tiic-illorpiop 2.4—I). hmoiios: i$ NIPCA
anti pvrastiltnttslc.hromoxynil In Neviotis sittilies. te—
bnconaiolc was reported to educe the efficacy if certain
herbicides when applied as a tank-mix: hai ever, no
inliirv or yield icductions were obscr’cd (Lancaster et al.
20t.t5a. h). In contrast. tcbnconazole phtotoxiciv has
been reoorted in heat and in other crops such as cocoa
and reckniclon I,sldcrncss 990: Va’tlre: 1904 Hunt
ci al. 200$). ibis fnnuicide is knoin to be tnhcrendy
toxic to plants at rates reclti red for adequate tt.ingicidal
Action (Pedersen 211117; I-font et at. 200$). [tis conceivable
that the phvtoiostcitv observed when hcrbtcides were
mixed with tehuco,ia,ole was d tie to a reciprocal action.
The ttingicide or components ol its commerctal hiinlLila—
tion may increase uptake ot the licihictdcs. while
components of the herbicide formtilations could also
enhatice tebuconazole leaf penetration. accelerating its
phytotoxic act ion - This dot’ ble action wo 01(1 acco tint for
the specittcity ill ill tirv we observed with each tehttco—
nazole/herhicide IA nk -mix (Figs. I to 3). Interestingly, of

all the combinations that were tested iii ti is rese:,rcli,
bromoxvn i I PC1\ .- tebttconazole was the only regis
tered tank—mix fotnid on both Prod net labels ( Iia’scr
CropScienee Inc. Suite 100.3131 114th Aventme S.F..
Calgary. A131. and was one of the most iisjtirtotis tank-
mixes in this ‘tid’

Another iizjtiriotis tank—mix was hromoxvnii MPCA -I
azoxystrobia propiconazoic. Azoxyst robi n.propieona—
zole is a pie—mixed fungicide. macic tip of two active
ingredientsfrom the strohi mn n and t riazole fungicide
families. Strobi knin fungicides have been docunien let! to
catise crop injury when tatik—mixcd with certain herbi
cides (SI ump ct al. 2002: Robinson and Ntm rse 2009). The
phytotosie ctlcet ol strobilurin Itingietdcs is enhaneer
svlien taok—tnixes incltidc products that solubi!ize the
plant cuticle (such as surfactants and sonic pesticides)
and facilitate increased passage of sirobtiurin into the
living plant tissue instead of renlattlltig 00 tile cal

stlrface. resulting in injtmry (Stump ci il. 2002: Vincelti
2002; Agtios 2005). In fact. the prodttct label for
azoxystrobi n/propiconazole issttes A warm tuz that phy
totoxic effects may be eneotintered when azoxystrobtn
+ propiconazole is tank—mixed wi tli prod ticts formulated
as ernulsiliable concentrates (Syngen Li Crop Protect ion
Canada. Inc., 140 Research Lane. C uclph. ON).
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Although (lichlorprop/2A—D alone as well as all
mix [tires including diehlorplop/2,4— I) consistently
caused visible lnjti ry. the injury hat was observed with
the dichlorprop: 2.4—I) + tebueonazole tank—mix was tIn—
ique. Symptoms ol’ the dichlorprop/2A—l) -f- tebucona—
zole lank—mix were a (lark, localized, brownish—black
flecking. often resembling a distinct spray pattern on the
uppermost leaves of the canopy at the time of applica
tion (Fig. I). The injury syniptonis associa ted with
dichlorprop/2,4--F) applied alone or irk a tank—mix with
the other fungicides \vere growth distortion and a
stretching and stmbseqtient flattening of the canopy
(change of leaf angle such that they were mc) re parallel
to the ground) with no visible ehlorosis or flecking.
Wheat grew out of I his injury and no plant height
red uetion was observed (data not showu). Dst mage to
winter wheat caused by diehlorprop/2,4— I) has been
documented in other studies, causing up to 3.5% injury
when applied in the fall and reducing pla at height in the
following spring (Soltani et al. 2006). 2.4-1) applied
alone or in combination with other herbicides often
reduces plant height (similar to the inc—senescence
canopy “flattening’’ i nj tiry mentioned above) an d yield
(Martin et al. 1989: Soltani et al. 2006: leaden et al.
2007).

When treatmen 5 were applied late, injury most often
occurred on the flag leaf of the crop. Flag leaf health is

correlated with cereal crop yield (lames et al 1968:
Ilriggs and Aytenfisu 1980). M any lu ogieide a pplica—
tionsare timed to prevea t pathogen invasion and
suhseq nent death of the lag leaf (Agrios 2005: Wegimlo
et al. 2009. 2011; Au et al. 2010). Since some tank—mixes
such as Weli lorprop/2.4—[) ± tebuconazole caused visible
injury to the flag leaf we expected that yield reductions
(I ue to tit is i nj tiry would occur: h Owes Cr. the3’ (lid not
occur. Tli Is indicates that winter wheat plants ale
sufficiently plastic and capable of recovering front Injury
less thai) I 5% (in most cases) that occurs on the flag leaf
(lime to the tank—mixes tested in this e.x periment.

In summary, the incidence of winter wheat injury dtme
to herbicide—fungicide tank—mixes is increased when
applied late. Herbicide--fungicide tank—mixes applied
early. tinder cold temperature conditions do not catmse
crop injil ry greater than when they are applied late. Cold
tempera hires (I tiring application do nof accentuate injtlry
of winter wheat from herbicide—fungicide tank—mixes.

Dichiorprop/2.4—D + tebuconazole. bromoxyni/M PCA +
tehticonazoie. pvrasulfotoie/hronsoxvni I + tebuconazole
and bronioxynil/M PEA —I- azoxyst rohin/propiconazole
were tile herbicide—fttngicide tank—mixes that consis
tently caused tile greatest inj nry. Diehiorpi-op/2.4—D +
tebuconazoie caused i njtlry at most locations and at
both timings. l—lerhicide—ftingicide tank—mixes including
tile fungicide tehueonazoie ate likely to cause inj ury as
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lal,le 8. Average 1000-kernel weighl (1KW) following the late application ii all locations in 2009 and 2010

TFCW
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ibis t’.iis ObserVed when tehucotiazole was mixed with all
cii the herbeides tested, i-hoccvcr, it is ininoi’tant to note
itiat the injury horn he, hicide -fungicide tank—mixes
oo<erved in this study was iiaas:ent. lank—mixes ol’

herbicides and fungicides (11(1 lot reduce svmter wheat
yield. height - ‘1KW and test “eight.
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C; 01)( ) N’, CV, & (A Nil R I, M (1. F Cci irs proletor, clint ii vo c crradic;i iii C (IC I itilgi ci das no en il-ole da F rrcige ni di soja ca usada por l’hakopsoru
jXich,)l’h,ri, clii Casil ne vcgelacOo. FitrpcilOiogia Brasiiciia 29:097—lOL 2004_

RLSL U’l()

(is elcilos iroleloi’, citralivo C crradiciiite de iitiiuieidis
sislénhicos (azoxvsiinhio SI) g i i/iiii + nimbus IS’ , carbe,,diziii

250 g ia/hit. tebt,coiiizoie 111(1 giit /ii:i. niileiioeona,’oie SI) ii ia/ha
c1ioxicnniizole 25 ix iii /liii + ,yriie Itistitiiini 66,5 g is.

tViliUftiiiS era pliiiiiastie o)ii liii cliii illijY) inouttimIas Liii

tIc ii redosporos tiC / ‘/,, sA iIpsu’ri poe/n c/i’:,, en] coca tie egcl ii(SO

l’araasi liar o cie,lt, _iroletoi. is fl_inn:: Irai.inlls coin is

lIiiigicidas C iiioec:iic:;i’ tjiiii:o. nun e 4 dms i_i 50 i:ii:iilienhil. Os
clbiins eiiiiiiiso ccii:ini:e:iiile loraiii ;is:d:idos ciii pl;iiil:is set :laciile

ineii,iitiis coni “inn siisi,e,isao dc tited/spoins e ii,iisri,is coin is

lI:ngieidis apos t1li:i_ qiliiirci C iNto nos A sex eridacle liii qii:iiii;r radii
6 di:,s inns its ilu,etiiccocs C nm cc.ecçaode. fcngicid:i utti l’ciuici/:i.

is tieiiiciis iii_ircsciii.i iii, eleilil protcior cooi c(’ni,olc aein:ii dc 9(1%

Pinirrijic, ciiraiii r ;i,iil rrailii’:ilive rllcrlciil litiigiciiirs iii ri,nI,iil

city “Ca H ri’s I cat’ sit) is I’i,uknpsnrci poe/il ‘rhixi, in cccii liii ii SI’

Proleclive. connive nid eradicative ellecis nI ss-slcimc

lungicides (azoxyslrcihiii Si) g ti/ha + ninibtis 05%. cirbcntl:isiii

250 g i_i_/iiii, icbticniii,’olc ill) g ai/ha, dilcnncoiiazoic SI) ga_i_/ha
c cpoxieiiiia,-nlc 25 CaL/liit + pyraciostrohin 665 g ui/mi) were

cvuihiaicd iii soybean (G/jr’,iie ,,ins) plants inoculated with a

ured iii iospora I suspc is mu ni /lin/eop,so,n poe/or/i hi iii gi cent, i_i use

Tci evuduate ti_ic piciecuive cited plants were treated with ti,iigicidcs

and inocuhited Fur, eight and lidays alicr the ircuitniene ioevaliiuile

ilie curalivc and eradicative clicels, lie pianis were inneitluiled

with a urcduuiuospniruil suis_ic,isinn niP /iric_’ilj’i’lic, and ircuncd with

fungicides after Iwo stir nid eight d:iys Disease scsciuiy was

A fcmigc,i_i tii sop I (ills_i/ic’ ‘nov (L.) Nierril c:iiis,tlui
pin P/iakc_ip.sca’ci pro/n v/i,:! II. S’-tlow & Svdnw hi rd aluitla
pea prime ira x’cz i in I ra s I so lii Ia I di saihi de 2 hUh) 0 I ( Yix i noi i
ci aL , 2002a ), ‘c picice n tin do sin a grail dc arncaçui p i ri Os pauses

do continente amcricano Duas esphcics do géisci o

Phaknpsoi’a i lIe (IC nt nt colt it rut da n; a ( Quo c/ cii. - I 992): P
ole i/So??) fete Art n ui (Air laIr) e 1/ / inc/is ‘,‘hhi, P/k iAt i/O o,ci
nwIi,011i!ese toi reittada pela piiineira vcz 10 l3rasil dun 1979,
eta \4 tas (icra is, per Des I itui dc (1q79 1. soido iii or al uricuite
cia ssi ficada on ftuuiçho do hospcdci ro como P /‘ca’/n ‘,‘hi:L

lie silts dias após o Iralainenlo l’lanlas inneuladas 14 iliac apos 0

iu,itainciito coil] cirhc,tdazht uiprescntariiutt seserinlide cstalislicuticiite
senielliantc a tcsicn,cuiiha eni cotinnic, enqitanlo its pluiitlas lriladis
etint is itineicictis sins grilpos tins nihidnres (Ia hiossinlcsc sic
ci atisteint e coin a’— csl: ohihiritais cipresettiriirt ‘:tai(rclic inst de
f/)’’i_ \cniicin arc), iirtl,irt,i; chein ernidic;oiic_ qi_atitici tpitcadii
d:riiiic (I de i_icnh_iuiç)i’_ di t’_iiciiçic_ nt_i crunno, ti_idi,s tis
iitn,ic:clis rCni_a:,iriii it CS Cii(Iiiilt_ da dircuiçi e i xi ifliiid,de sins
tircdcspcrri_i’e (: cxceçSo dii c;irise:tdazin, lucius os Itingicidas
iuuuhiniin neinia de 6{ISiu 1 cierniin;için tie uiednspnirns_ qci,ndn iplicadcis

I us ipós a in octi açiln. 110 sir indn de i ic tih; iç;ic) di dncitçi
PaItci’:ts—rliavc a(lit’iiui,;iis r’t’,:irciic- qtiiiiiicui, t’crrtigcir

:,siatic:i (//is,,,-:

issessed 6 days tiler each n,iiciii;unuun \ViIh lie exception of ilic
Ituticitcide c;irhcncliziui. iii iii lhc ingicicles utliuhiled (‘“Cr of
tirciliniosporal gcniliiiilinil nniii ci,51i1 tliii idler tlielicatiiicnl, i’luunis
inoctilalcil 16 (lays tiler the irciiuiicuii with cutrhcnclizis presented
severity stilisiucills si oh ir to tii—1_iiivcd phinis, while pliatis treated
with fcuuigicidcs of r’rgoslci’oi hios nt}tcsis inhibitcuis os_I strnbiiurin
grtiups sliuixseci ufl’cr 611% gerini,i;itioil control None of the Is_lcd
Fungicides piovinleil iii cn,dicalis e died when t_iphed l_ieorc
sviiipioms dcsciopccl I lowevcr. iii Ircahincots rcclneed disease
scs’ertiy cia) itredininsporal i:iEiility, With the exception oh’
curbetidazin, all fluuigieides itiliti_uted over 611% of irediniosporal
gernlnliiioil tiuilii eight days tiler inoculation. in the iiictihuuiiou,
period of he disease.

(_arviii;n ‘_ :‘uc:ei etlc, (2iii)0) i_’tiSt;tirii’;tiil qnc ate cssa dali a
/uiiiea especic prescule no lirisil cci /‘,nici/,o,i;ie,c’,

considerada csphci c mcnos agrcssu Va C dc oeorrCuic ia

cndcussica, ciii rcgiOes cciii tcoipcr:ttttras ullais amcnas

I’hnkopnun’o putt /o s/ic/f ocorre or] I 1cm is IC rio I ante. dcsdc
1902. sendo cni:siderarla iliuiiente agress:va_ causando
dunc_is de It) a40% na iaiidi,dii. 109(1% la Frla. lO_50t?; no
Sn! cIa (lii,ia 23.90% ciii laiwin c 4(1% no Jipit (Sinclair &
Hartniaii 1999) :iantuis sexeiniiente ottbtadis cupresentani
desfi_illia precoce. eon_iputsnidlcnilo i lbnnctçño c o each menlo

Fi lopatol, bras, 29( ). an - fey 2004 97
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dc vagens e o peso final dos grabs (Yang et at 1991).

lixistem relatos de genes dominantes para resisléncia.

denoniniados RppI a Rpp4, identiheados cm ntroduçnes de

pI;mlas e cullivares. No enlanlo, a esiabilidadc dessa rex’s
Incia 6 duvidosa. devido a grande vadabi]idade do palOgeno

(I-Iaiinian ci al. . 994). Estudos real zados pela Embrapa Soa
Jenti ficaram II ctiltivarcs Cciii tCS isténcia a tcrrugcrn. No

entitilto. a malorla das cultivates colflcrciais atualiiicntc

tIllil/adas foj classificada ennui susectivel (Yonnori ci a!.
2002b). A disponibilidade limirada de cultIvates resistenles 1hz
corn title 0 nianejo da cu[tura. pot mci ode épocas de scmeadui a
C :tp I iciçao tie delensivos. seja urna alteniall va devendo xci
teito de Ioniia racional pam lao inviahilizar a cuiltra e agrcdir

o lie in a nb icntc de fonna i ndlscriminada. Os I raha Ili ox

d ispollivel s sobre controle quimico da lerrugeln. na I itcralnra

s/it Ii in’ tados e ausentes Has nossas condiçöes ti cvi do a
ICC CHIC ntroduçao da docisca. Estudos mosl ram qIc. em

coitliçOcs seecras de epidemia. são nCcCssiIrias tie ties a cinco

;lpllcaçocsem inlervalosdedezdiast inclair& Halillian. 19%)
Na Attica. on dea doença aparece u cm 99!). são tililizados us

ttll:elcldas perlcicenles ao galpI los nihidores da biossilltese

tic crgostctol (tliazOls) (Caldwe!! ci aL 2002).

No Sllsl I, a titi Iizaçao (IC lulgeidas para 0 colltrn Ic de
oftilo Cl Iwiosphocra diflusa Cooke & Peck) edo coinplcxo de
tI.lcliças de final de c do (Ccrcospora k/koch/i Mats u. &

I urilovas II C .S’epiocia g/vcine.c I-I em liii) 6 p rat ca reco ne a dada

(Ilicic /is docnças ocorreni, scndo a maiona dos tungicidas

icgIsIIados para 1 cultura da soja lierteliecs aos grupos dos
liiazOis, cstrobiltlrinas e belizililidazóis.

0 objetivo deste trahalito foi avaliar ox efeilos proetor,

curativo C enadicante dc ftlngicidas rcgistrados pala adililura

d;i soja no controle da fernigeni catlsada pot P. pachliiIIri , Clii

c;Isa dc vegelacão. 0 dliito protctor ou residual Itt crc-se

protcçäo da planta cooterida pela apllcaçao do proditn anlcs

ti;I ticjiosiçao do patogelio. 0 cfcito ctirativo 6 aquclc ondc

oco rIc ateiiuaç ao dos sin! 010 Is On reparaçao dos tia ins

pr-n ocatlos pclo patógeoo, sendo urna ação di rigid; coal ra o

pa Ogcoo, pos o estabeleci niento tic Sen contain cit ivo doll)

o liospedeiro. 0 ctcito erradicante éaaluação direla sobre o

palogcoo. ia silt) IonIc de i!ióctlIO(KliiiaIi, 1995).

Senieates da cullivar MC!HR 46 ((‘onqulsl;!) fnr;ini

sciicadas CIn vasos de pI ãstico corn 4 kg dc In stual dc ten

I nsa. anna C esterco (2;1:2L dex;iicIo—sc qtlatro pI;lnt;ls por

vlsn. As plantas liii am malitidas clii casa de vegetação. tItIru;ltc

101:1 colldllçao do cnsa:o.

0 ftIlO P pur’hnhz lii :iiwitidlo Clii plalltas 51:1 cilllivar

NI C JR 46 (Coliquista) C 05 tlredosporos 10mm colctados

l:l 1111db—se lol las infetadas corn ajuda de p111cc! e SuSpdtlsos

cm ;igIa desillada contendo Pvccli 20(0.1 nil/I) 110 niolilenlo do

tIeparo da suspcnsão. para as illoc;llaçocs.

I’;,ia avaliar o efdlto proidtor on residual, os flllgicidas

101:1111 ircvlaliicnle ati]icados as plantas i!o estatiio V4 (Fciir &
a’ ;;icss. 1977). atilizando urn nu:vcnzador manilal, doll) volu

me aprosuriado de 10 nil por vaso. Os tratameotos asilzados

Iti,ara: I — leslemti,;lia sctnaplicaçao:2 — azlixvslrobln SOgi.a.i

11:1 4- nillibus 0,5% v/v: 3 — c:rbe;idazin 250 g la/lW: 4 -

iebuconazole 100 g ia/ba; 5- ditcliocollazolc 50 g i.ailiae 6-

epoxiconazolc 25 g ia/ha + pyl aclostrohin 66.5 g ia/ha. A

suspeiisao (3 x I0 urcdósporos pot liii) foi pulvcrizatla sobre a

lciceira e quarta foiha das plantas ms quatro. oilo e 14 dias
Iptis 0 trataniento doni lilIsgIdIdas. As aval iaçOes foralil

ICalizadas 16 dias apôs cada nodlllaçao c a porcenlageni de

cuntrole paca cada trataniento fbi calctilada Cm tclaçao :1

testeniunha nao tratada.
Pam aval iação dos e I ilos cutit i vu e erlcldIcIIe. as

pantas forarn prcviamcilte Illeculadas coin a suspc:Isão (3 x

I 0 tlredosporos pot nil) lib CstadlO V4. inoculando lodas as

iblhas, e postenoniicnre tratad is Cr1111 Os fllngic 151:15 apôs dois.

quatro e oito dias.
0 delineamento experiniclital fbi illtciramelite casuali—

zado. em arrea] 0 fItorial. coin lrëS repel I cöcs. cada on dade

cx OCli mental sendn const i hI it); pot 11111 vaso coin q titIro pI antas.

Os tratanientos CO lii frI hg ci tla 5 lOt! lii lea ii tat) OS C Ia ii iii: 1 C

as illodnlaçocs an final da larde. Apbs as 18:00 Ii. o sislelila tie

Ichtllizaçao da casa de vcgct;Içao hi in iiiado. ciii InlervIlos

de 3 h, dt,rante 10 iliin, ate as 6(1(1 Ii tin dia seetlilile. vis:Ititln

gar:lllllr a prescnça de Cgua livie 1W tollm, Iavorecelitl() o

pi accsso de ilificcçtio A Ic niperatuta da elsa (IC vcget:tcão

dtnnite toda condução do ensao oscilou crItIc 19-28 “C
As avaliaçOes IOr:llil rcallz:ldls 16 clias apOs cada

I IIOCtI ac/in, determinando—se 0 IltlIiierO tie Icsöes pot cni e o

am aiiho mCdio das IesOes cmii at xi! it) tie tuna esCa Ia ( )JassanezL

1995). A sevenidade fni aval iada no tcrceiro e quarto lrifólius

prindipais sic cada planta.

A viabilidade dos tlredóspotos sic P 1,achs’rhiri fm

avaliada no ensaio para controle cllrativo. LJredôspotos

C (11 clad os Ia van do—se apto xln I ad a ‘lie nte dcz fol has in tel a das

tic cada tratamenlu, coni aj uda tie pined, c suspensos em ãgua

dcstilada conlelitlo tween 20 (0,1 mI/I) brain ajtlstados pot

nicin de diluição pam coiceninição Ic 101 espuros pot ml e
Itansferidos para plaeas tie Pctri (0,1 liii Ot pica) Contdlitltl

IlleiO ágar—água. As placas brain ilidllballls a 24C. no esduro

pot 24 h. Após a incuhação. mi ;IsaIlltla a poreentageni de
gt: I-In tiaç 00 do lii atlx i Ii o tic Iii IC rose 01) 0 61)11 CO. LJicd uspo Ins

fotani eonsidcrados germioadus qt;aiido o cliniprlliicnto do

It, ho germinal ivo u Ii rapasso II o di atn CI to do espn rn

dellncamenlo expennienal toi Iileiriliiclile c;tsualizado_ clii

al;lli:c1 fatorial. cOIn tiCs Iepdllcties. sendo cidi rcpct:ç:

constituida do nina piaca dc I’t’Ii I.

As anal ises esfatisticas toraln cal izadas por nicio tb
Icste de Tukey a 5% do signlflcãllci;i. aia conlpaiaçño dc
Illedias. utilizando 0 progmna S Aili (A (StatSoft. Inc) Os
val ores de sdveti dade ege titll Ilaç;lo cm ptli ccntageai !bra Iii

liansfonnados para anChise utlllztndo arc SCI:_fJ’Oo.

Os lirilneiros sinlonias the P par/ni/Li foraln ohsci—

vados nuve a It dias após as inoculacocs. sendo próxinio ao
pcriodn de ineuhaçao rciatado pot Melehing ti at (1989). A
scveridade das plantas seni aplieação de hillgieida no ensaio
pita avaliaçCo do efeito protetnr flil I I),2’X. ia médi, dos rex

pcriodos do inoculaçào (Tahela I ). I ndos us fungicidas

Ipresenlarlin efiito prolelor. .ios qualro Was após o Iratanienbo.

Inas as planlas tratadas corn triazóis (tchueonazold C

litoliatol. bras. 29(1 ),jan — 1ev 2(104
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Fflziios pniCior, c,irativo e ernslicanlc dc ilingicidas 10 conisde

di fiooconazole) e coiii a ro sn, ra de tr,aLól c esirob, mn Ha
(epoxiconazoic + pvraclostnehrn I não nianilhstara,n sintoinas.
Ass silo dias apôs aapl,cacao de linigicidas, forarn ohse,ados
siotornas Has plantas de lodos Ii alarnentos. No enlanto, Os
tratarnentos corn tniazois, estrohi lurina c mistura dog don
p nine ifl ‘Os at vs s aprese Va rain esi, t ‘ole sti penior a 9(1%, ciii
rclaçao a testeinunha. 0 tiingicida gas mostron ,neoor residual

lo, o carbendazi,,, aprescitando 75, 25 e 21% de controle. eni
reIução a testernunh,, aos quatlo. oitu e 4 dms apôs a
rataiiie 1110 corn fungicida, respcct,’ a, oc nic. P1 a flax in ocul ad as

o ito di as apes o I ratarn c ito coin Ca i-bends Li H ap reseota r,Ii ii

scvcnidadc cstatistica,nCnle scp,ielhante a testcrnu,iha scm

:r;ita,,,coto. As plantrs ,,ioculadas 14 dias Id5 05 traianlcntas

C(,ill tcbucoi,azole c epox ico,iazole + pracIsstrobii
apresciltaraill 88 C 90% dc cootttdc, respccti va,ncnte e ox
t,-alarncntos corn azoxyslroho cdi lenoconazule apresentarani

69 C 61 V0 de controle, rcspcciivanieiite. Na media dos trés
icr odos (IC i U (IC H I ação. Os Ira lain Cii tos q uc p ropo Fe, 0 Il cam

rncnor sever, dade lola In C t’X I ceinazole + pvracl Us, robin -
I eb He Oil a zo Ic, izo xystin ill, I C tI Ic,, Ocona in Ic, nib iii ten id
c’!trC xi pelo tcstc de ‘[ nhcv as ned de 5% de signi flCãncia

Si,ilornas tIe loins ,cidade do 1,1)11 cogrossaiiienls C

cscurcCirnento (las folhas forani obscrvadns para os

ti’itailiCntOS corn Lu, zCis c rnistura 1e Iriazépt + estiohi Inrina, no
clilaato, as plantas In tad is Corn ditellocOnazOIC rccuperaianl

sen clese no I vi niento. dcz d as a n’s 0 tratarn en to. 0 raianicn to

coal ichnct)naztlle rCsuIion cm pI:tnias nicilores coin folha1
mais escuras’ ate 0 final di, e,isa,o. Lsses sinlornas siio relalados

pam Iriazois ciii outras cnltnras (I),ckc,is, 1990), As plantas
iratadas corn epoxiconazoic 0 pyraclost’obni apncsentaranl

rc, Ii çãü de c iCSC iicn to. lb II las CH Ca gIl U liadas C C lIe tii IlliCli Ill

de c:lire,los (lilicultaildo a avaliagão dos ,csu:tados. lisscs
s,ninpnas scvci-os (IC tit(IOXiC’UI2itlC padern ICr sido catsadc’’,
pelt> ,lio volume tic caldi aplic:iila eni planias ilovas (estádio
V4) c pelo anibicnte da Casa dC cgetaçiio. No Camps. CSsa

coad icOn nib dcvc xc repel’ r, pni s esse pnodnto C rcgistnado
liii rib a C ul mri n a dose test a d;t e ii Os são ohsc ‘\‘a I ox essex
SiitoiiitS pelt’s agniculto, Cs.

lodos ox tungicidas rcd,:zira,n a lillccçao t1uand,,
ill tusencla tie silicloiis, durinie 0 pCi iodn ilc

i,ictihaçOo (I abela 2) N salt; flu, ncnh,,ITI nilpedin a
dcsc,Ivolvi,lic,Iro da dne,tga. attiando dc forina ei,,tlicantc,
qua ido apI tea dos do, s di as apibs a in oC n laçO o. N ão fop
nhscrvada interaçOo Ibtorial sigoificativa nesse cosaio. A
aplicacOo tic azoxystrobin c da niistura cpoxicooazole I

pvi’aC losbob null hi lain ‘)3 do desCi I ‘oI vnnc ito dos iii ,to,nas
quando apI cados don d las lO5 a inocu IaçOo. Ass quatrn

dias apCs a inocnlaç;io. azosysirohii e epoxiconazoie +

pyiaciostrobin iiihir,ni 93 e i5% do deseiivoIvrnieito d,ls
siltunlas, rcspcctivarncolc. Ass vIto dias apds a inoCH I acm, a
elie,Cncia dos fungicidas vanisH e,itne 56% (azoxystrohin I C

10% (difCnocotiazole). Na ,iictlia, todos lungicidas br,,,,
ccicnlcs na redagOs d’s siioiilas, t1n,iido aal,eadt’s in
pcriodo (IC ,iieubaçao tI, dscnça. scndo eslalisIicauici Ic
di fere iites di testeniu ‘U ii it So ru ada eoi ii ib UL C di pt-lit csi C

dc Enkey ao plivel de 5% dc sigai licOnc,a. 0 elbito etirat,io
dos ft, wi ci d is hi rcdnz dii 0 piicd ,da quc SC iti-asnu a p lie aç n p

tb i’n,igicida. sciltln a scsCl’idIdc nicdia tIps pItolis ass silo
d,,s ipos a nloculagibo t5.X%) cstat,si pc,iiliciste superior a
seve,,dadc illCdia obse, ‘-ada in’s IlIclilts ass dois e qu:i:il

tlias ipôs a i,lticullçibo I .8 e 2.1”. iCspcCi iv;I!llCIilc
It,ntio,a nethnm tritinienlO Ieiilia titlo chats e,lidicinlc

qanido iplicadn ate (lois d,as 11105 a iiocnliçOo. a dioltilnicao

tla vi tb ‘Ii dade tins (I ret l,,s1io ‘-ox, Coill rt P ‘.tda Pc test e <Ic
gcr,iiliiaçlo ciii iuai—aglIa ( I’:phci, 3) inoslrlill o ctc’i,) enrai II

dos t’tngicidas A Pt,, ccnI;,gCrl nCdi;, tic taenhiiilac;lo dos
nreddspo,os this planlis seil InliaHC1IIO Rn (IC 55,1 ‘X,. NOo fbi
obscrvada ,nteraçiio Iil,,ritI s,g,iiticat,va ]1C55C cpisaio. Na
media, totlos t,alane,ilc.s Coin liagicidas 1(111,11 CIICICI1IC5 Ill

i-cd ugiio da gcnrii a al, Ot, tins a rcdosporos, sell iio a geilil iii ago

eslittisticauneniC ,nlcro,r a iesreianoha sets tiatlilicIt’ pcli’
Icisc de Tukcv in o he I de 5’ de sign i licOnc a. (‘oni exCcgO,,
do ca,hcndazii,, isdosos Inigcidas iniliaan Semis (IC 60’-. a
geniiiiiagOo do urcdospi’ms. gtIaliilO iplpoados ale 0,10 din
a pox a ill ocul ag ibo, no periodc d c I HC ubag 1(1 <Ia cIsc nç

0 padran dc cspoil acm tie P poc/flI’/i!ci calciC az, -
xc par ipicsciitar cttiva tic i,rcldtlcao diOna tIc cspUicx (‘(‘Hi

s-Onus picox dc iila.x,iia espon,iigao distril-atdos tlt,,;iil;cnd,i
pcriodo iil’trcciosti (N’lt’Ieliiiis cI is!.. I97)) Arcdt,O’’,,os
silitOililS, associida a iilCiiiii 1 ,iailniitic dos trcdOsj,,ii.is pus

-
I A 151:1 - -‘ I — II pail pill 001 C rend, al Scveritlade ± dci, in patirSo c C ,ntrp,I C {5I. tin.’, 51511 its tic soja (I il i’ IC Ill/n) rap iLl. is coiii

I,

np, i, E S s
i loU uI; LI;,s coiii silspeilsao tIc arcdtisp,i ros do !‘!iukripsoi-ii J Put hi Inn, an. (ii’., rn. 010 c I di:is ai,S. 15 I Ill ill 101105 1 VA

4 041
- S DAT - 41)41

I RATAMEN CC) Xevcnidadc - Serci-idade - Sevcrjdade -.
Conlrole

lTesieinunliascniaplicaçiio 9.1±2,5 aA 0 10.3±2.1 aA 0 11.3±4,2 a A 0 I02a
2.Azuxystiobin5Ogi.a1a 0.6-0.6 beA 93 0.8±0.7 bA 92 15±13 cctA 69 1.6
3.farbci:dazia25Ogi.ailia 2,3±0.3 hB T5 7,7r’.,4 aA 25 8.9±0.6 abA 21 6.3 h
4.icbctoaazolc lOOgia)ha 0.0 t 13 00 0,1 ±0? hIS 99 1.5 E0.i cdA 88 0.5 C
5DiRnncosrazole50gia-ia 0.0 C 13 100 0.8±1 bli 92 4,4±1 hch 61 I,?
6. I1po’ciconazo]c25--pvn,eIostrobin66,5ga. hi 0.0 c B 100 0.1±0,1 bIt 99 1.1 :±0.6 d A 90 0.4c
Sc’,cridadc inedia(%3 2,0 C .3.3 B 5.] A

M&iim,s segaidas por elms d,sti,,tas. lliprpL,sCLiIal la ‘erlical c ,p,,iOscaIpi pp: h,,nizo,p(;,I. ditcrc,,i padre xi, at, ,,i,cI de 511, tIc pmnh;hilidadc. polo lose tic

I-ttPp•tttll bras, 29(1 j,jait — ICe 2(104
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CV tiodoy & MG. Canton

1% BE I A 2 — Efeilo cunalivo dos tralanienlos. Scvcridade I ticsvio padnâo e conirolo 1%) das plantas de soia (Cl3c I/It’ ,,iox) traladas coil,
ii: cic i tins doi s, quatro e oilo dias apes a i nocul açSu (DA I) Urn si: spcosOo do orcdósparos de Pliakopsora pachj’rluri

21)41 4DA1 DAI
TRATAM ENT() Scvenjdadc Severidade Severidade

Se cridade

(%)
ConroIe Controle Copilrole media ( o)

I. Tesleu,unl:a scm aplicaçäo 5.71 1,5 0 6,7 ± 1.7 0 7,7± 2,2 1) 6.7 a

2.AzoxvsirobinsOgiaha 0.4±0,7 93 0,510.5 93 3,4±1,7 56 IA

3.Qarbeidazi:i 2SOgi& la L4r0,S 75 1.5± 3 78 5.8r0,4 25 2.9 &

± fcbucoi:azolc lOOgiaha 173±0,4 67 2.4±0.8 64 5.2±1.2 32 6

5. Dilbnoiiaioc SOgia. ha 00±0,5 81 2.1 ±0.7 69 6.9± 1,1 10 3.36

(i Epoxiconazo’c 25 -f pwaclosrobin 66.5 gin/ha 0,4±0,1 93 1.0±0,5 85 5.9± 1.6 7$ 7.4k

Scvcrjdadc media %) IS B 2.4 B 5.8 A
\l ad i as segu ides por Ic: cia di a’ n:as, as i nOsct,IIIS Os vcr: ic:: I cn:e I Oscolas ia lion zonlal. di fcirm cnlrc si. lu nivel do 5% do its 0±, I,, lade pelo bale tic
I .1k0y

.\-Idd,as scgtIIcI:Is II bloat d,sii,ilas. ,,iinusculas ii vcri,cal C lIl:liLIaCtIb:IS

iukcy.

a a1, I: cacao tic Ion g i ci tins, pode :‘etardar o progros so d a doonça
Oil Ca nnpo paIn p11 ógenos quo aprosontain csso padrno dc

os porti I açau.

(3 fungicida carbondazin, poricoecole io gropo dos

hcnzo n I tiazC is. :qi ‘cxcii lou a ole our e lie I flC i a tic co, ii ‘ole. I flu 0

on api icaç ho prevent i \‘a conio isa curati ,. Os rosu ii ados

ilisponivels na hioraitira a rcspcito dcsso grupo do fto,gio,das

HI eon I role tI 1 C rrugci ii di soj a são coal radii rits s, sentlu

olicicoics ciii .tlguias irabaihos c inolicicoles em 1,111,05 (Sinclair
& I ia,loiao. I 9961

Os rest: I sedos inustraraci quo os Li i:g ci das tcsiaidus.

a i’cg:strados part a c u ibm da suja. no ncocc’.i ‘Cs ‘us gi’upos

esirob i lull 11:1’ C triazôis, sozinhos CCIII 111:5501as. são clicicotos

10 00:11 role sic P /5(10/n’s -h/ri. A prcsclaça do il,ai.-. dc urn grilpo

0011:1 e lie iéucia comprovada é iaipo:i:intc ic quc d: z cspei Ic

:40 ilifihlOjO de res:stciici:i do l’ungos a I’ungicid:i>. i-ungie:das

cons osodo do açho cspoc!tico possuoni urn iiia:ui ii sco do

scicçCn dc punuiacOcs resisleotos do patogciio, tiovciitio-sc,

des ca foroi 1. Ito rio ar prod u los corn di l’oio ill c S ISIOLIOS tic a

oil utiiizar;n:suras prooias dus dois grupos (Kioiaii. 1995).

Liii con di çOcs do campo. conlu as IC-i sue iii açOcs

iiaiu,ais succiic:u—sc duranto todo poniutlu iislccclusu. des-cm—

so i cal ia’ 0<, ‘:dos sobro niirncro 0 epocas de api I cacao dos

tu,isiic,das pant Cvii,Ir ti:ioos corn a ferrugon, ii:, sula. Esi,,dus

sob no a c tic id ‘101:1 do iii lère rites lung ‘c dix 110 cull tie Ic carat i vu.

hurizuilal. dilcrc,i, c,urc si. ao ,,hcI de 50± tic sui’atilidadc, solo icuc do

apCs :1 obscrvaçau cia docnça no campo, dovco, scr roalizados,

pam von hoar a roai isocossi dade do api Ic:içCcs prevenlivas.

I{EFEIWN( :t-s I3IBI.lOt,i& \FI( ‘As

I3ASSANEZI, R.13. inlcraçCcs ciaIrc I, ,si,,ssict,-o,is—tioscoiso do

iëiiuciru c dons tloeoç:is iiiog,ca.s. Icrr,:gciii maocha aoguiar, clii
planlas tic icijuciro. (l)isceri:,çSu do iisi’sli ,do). Pi,:,c,caba.
Uoivcrsidatie do São ‘solo. I 905

(7ALI)Wi:LL. I’., LA1NG. lvi. & JULIAN. W Suyhcao riisl in
u:spouloi:i ic’v disease tul suvhcans. blip ow so-.saspp.cIrg!

:,rci,[vcd u.t.:s:pa, (.aidw’oliJ:,ii2002.piia

1) ES LA Ni)!: S. J.A. Fcrrugc io da, sui a c do oil’.’ I cs: or i ulcoas cc t:sedas
pot PII0I’ripa or:: pczchi’mhir: 110 I s:.itIu tic \-I - I ,.:s t c—a - 1’ i iupabo I ogia

Ilrasiicir:: 4:33V.33L 1979.

lu JL:N!0R ,‘t.A, & EIGL,i:i&i-i)ii \- Ii. A verdadcira
idcoiidadc da bo’aueiii da soja lu [3n;isiL Sou:iina i’hyiopathoiug:ca
26: I 97-2011. 21)00.

U [7K ENS. .1,5, \ . Studies un the cilciblica i ron’. ii ill ch r3’sanbheniti I::

whiic rcs’, cmi sod by Poccj,,ss: homiest a. Pl,iii l’;isu, ii og- 39:434—442.
190(1.

[[HR \V R.& CAViNESS,C.Ii. luwa Sl:,ic L ii000ii\ Spccia7 report
SO. March. 977

l-i.-\RTM.-\. GI., WANG. .rc. & Sii\\\IHIASI NDARAM.
S. Soybean rust roseanch: prog ness :,uitl future prospects. lit:

I tIO I itopatoi . bras. 29(I), au — [cv 2004
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A B Ir I..k 3 - Ni noon bagc :i tic ccliii iiiaçao e genii:: Ol5C 0 101111 iva tic u rcdOsauius Cu I rotc, is 11:15 plan ins do soja (C/i tI/IC 0’ or) Ira ladas coni
f:II gie ida s do is. neal nu c 0110 d ias anOs a i nuetl i nçãfl t I ):\ I ) coni StI sacnsao do tircdhsnonos /‘htakopsos’t: puch’ai’/ur I

2DM 4041 8DM - . -

. . .—-—- —-±— . Gcrounaçao
1 1LTAM ENTO 4 .nrn,inaçat. (cninniaçao (.crinuiaçao (.erniiiiaçao ( ;emnnnaçao (.mrilllnação media t%i

(%) relaili a 1%) %) relatis a (%) 4%) reiaij,,a
I Tc9crouniia ‘cm iplicaoaçào 49.4±6.3 ilk) 60.3± 5.7 (83 55,5 ±5.2 00 55. a

2.Azoxveuobir:S0giaflia 7,8±4.2 6 11,2±6.7 19 8,7±1,2 16 9,2 6

I Caibc:idazii, 2SOgi.a ha 8.1 ±5,8 [6 12,1± 5,6 21 36,6±0,5 66 19.1 6

1 fchuconazoic 043 gin-ha 5,5±3,2 II 5.6 ±4.7 9 [.2 ±0,8 20 7,4 6
S Dittaunazo:c50gi.a.ha <2±7.4 II 8,0 ±1.3 13 20.8±5,9 37 11,3 6

e i:posictinazuic25+pyraciosirobin 66.5 gia—ha 3,8±1,0 8 13,7± 8.9 23 13,2 ±4.9 24 10,2 6

GcrttunaçSo mEdia (%) 131 B I 8,6 AR 24,3 N
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Efeitos Protctor Curativo c Erradicante de Fungicidas no Controle
da Ferrugem da Soja Causada por Phakopsora pachyrhizi, em Casa

de VegetacAo
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Atitorpara corresponticiieia: Claudia V. (iodoy

liD DOS. ( - V & ( ‘A N TI 1< i..\ 1 I I ci us prole I or, e oral iso e c,r; ti ernie ic Ii: ‘igi C: clas no coni I ic da icrri ICC’]] tin soj a cattsiti, p01 /‘/m,ikoosor,,
puciovh,r,. eli] easa dc vegel 1 çio Ii topa lol og i a i3rasi Ic ira 29:097—10 I - 201)—I -

I{L’/SUMO

Os eiciios protcior. citi;iiit’o C crratitcal]ie de Itiogicitias
sistëtnieos (a,.oxysirohin Si) g ma/ha + imirobims 0,5%, cari,c,i,i:mzin
250g ia/ha, ebuconazo!c lot) gia/Jia, diiem,oconazoic SOg l.a/ha e
cpoxiconazoie 25 g ia/ha —I- pyraciosirobin 66,5 g ia/him) hiram
avahados err, ,[mnias tic soja V. /s’cioe sour) iiiucm,iadas coni stispensho
tie n red/st po rot tie I’I,okop.stn; jnie/ij’rh,: I, cii, elsa tic vcgci ic_it] -

Lm ava}i:ir 0 cicito proiciisr. at 2:aI]i;ls iora,s, irat;lti:l.c corn OS

iti,:g:cidas e ,iioetiiad;,s qi:im’:Is nib e 4 dot •mpos 0 tratamiicnlo. Os
cinos ci:rai,’,’o c erradict:itc i,’,;,ni as’ahiaticis cmli piaiilms ire’ manic: Ic

m,iocuiadz,s coili tmfl];l sr_siicii’,;IO tie i:rctitSsporOsC ir;ii:i(i:is coili Os

Iiinusc,das ipiEss do/i, quniro c out, this. A serci dade ioi qn;mni,iic;md;i

6 dias apOs as inoeohiçOes I ‘is,” cxccgho do hin icida cadscodazir,,

os den,ais apresci ‘ian, is c ia I io I ,roieior corn coitiro Ic ic I ma de 90%,

I’,oiet’inc, t’i,raiive anti i’iiclic:iiive ellet-is iilfiiiigicitlt’s in ciiiiii’oI

sos heal. riisi tllilsrti h l’inihoptiira pmicbi’rIiiJ. iii grriiilii.iist
i’rolcc I’ve. cur;mi:’ c iiid erathcaiis-e ehlects ol svsirmnie

fungicides la/osssirohnm Si) gui/ha + isimi,iis 0,5/i., carbcnti;,sio

250 ga-i ht, icbsiconazi,,: iii) ualjlia. d: ic’:oconazoic Si) gum
e ci]OSi(tiii_l’OiC 25 g r. ii: ÷ iyi.ci’sirc1nm liftS g a hai ocic
cviiuaieml in soybean (t fliti,,c omen) Hails moocuiaicd wiih it

tirediniospoiai saspensioil oi /‘I;’mkopso,’opu,-hi-mh,:,, in gi-cc,mhmse.

lo evaloaie the proiccilve efilaci ishoils were ireaied wilh fungicides
iiioeoiaied ihor, eigisi ,,iti i 4days after t[c ircainseni. To evitiaic

die curai,ve and eradicaimse eliiacis, ihe units were int,ctdaleti
‘lisa mcdi nosjiorai siispcnsmomm of P poelomImm:m aod trciicti with
fmngicidcs ilier iwo. hair ,,i,d eight days. D:seasescscros’ scat

A ian ogcill da sepi[ (Si’ci,,e bus iL.) Nierril cmti’,md:t
por /51,ah oocoi,i patio s/mr / II. Sydow & Sydosv tin rcl.miadi
pclapriniciravezno i3mnsil no ilnal dasafritle2000/0l (Ytsusori
ci al, 2 002a ), lepresels rim it lo “ma grande ameaça lana os pa ises
do cool inc nte am ermcao o. Duas espée es do gã nero
I’ha/apso,’t, i,ieidemii mmii cohiora da soja (Duo c/aL, 1992): P
usc/boos/at’ Ari!stir (Arthur) e P j’rscim cit/ri. l’lmt,km,j,sai’s
mmmc’/hw,,it,t’ ibm reiatada pcia prumeira se/no Brasil ciii I 979.
ciii islinas (ieiais, pun I)eslandes (1979). sendo imsiciainienie

iassi Head;, c:n fnnçao do liospedeiro comiso P pOe/n s/I/ri.

au ‘it’s dias aptSs o Iralanieiuio. Plaisims ilioetli,tias i4 dims ipos o
traiiiiuscmuio eon] earheimtlazin apresenitrani sevenidade cciaiisiieamiuei,te
se,aeflia,ite 6 Iesiem,,jt,mh;i Sc,]] conlmoic, enqtiaiitu as pianias Iraladas
eons os iungicitims dos gropos dos inibidores da isiossiniese tie

rgosterol C COHI as esirois ii u ri nas a p reseiiia rh ni WI role aci lila tic

(0”;. Ne,slis,i,, pimidtitm ilit,strott cl/ito ci iadicamile, qtirndti ipheado
diiranl coperiodo ic im:etihiçao di Liceoça. no eiihamao iodos Os

iiintaicdas redt,,iranm a scveridatle ti,i doerga e a si:m:sm:d:ide dos
u redOsporos. Co iii esce cat) do a’ lie itdazi n. tod Os tis Iii na ci d as
inibr,mimac:ni:s tic 60/i, a geiaiinaçio tie cicdósporos, tin:tm:cio i::hcadtis

ate non this ap/is m nocimi;iç/mti, us peniodis de inctibagñis dii docnça.
l’alasras—r has e .dininii:tis: coiiirole q,minsmcmi. icrrngcmus

asitilmna, (i/jchic nets -

assessed 16 days Ihier each rnoctilai,oii Wilh the exceplion ui he
iinig.ciilc cariacod,,:,]. iii ci lie iil,mgmL- ides nhib,icti liver 90/i, iii
nrctinmmosporai gcn::oailo:stInti cclii days :,fierihelreaimssc,it. Pia,:is
inoi.’id;mied 16 class mimer die Ireai,u,c,o with carbenda,,,s,incseoie,h
sevcm iv sialistieai/i siommiar to miispriS ed pianis. vh;ic piatns irciacd
with tinge/des oi ergtiiertii bios-othsesis inhibitors and snohiitrin
gnu n ps cli owed liver 1,0% genoa na moo cool rol. No oeof ‘lie ies led
fungicides provided ma erathieaiivc eli/act when :t5sphcd before
syinpionis tleveltmpcti. However, all ircaiiaeots reduced disease
sevem-imy and orechniosporal viahuihty Will, the exception of
eariseimti:mzin, all itingicities inhibited over 603’o iii’ toedioitusporai

gcrnun:mimon ontd cirhi tins after iiiocniamio,i. in the iaetmhuiioii
period oh the disease

Cirsaiho & Figocreclo 1 2000) constataraos title arC eisa data a
ñniea espbeie preseate ito 13risml era P nmr’,honz,e,e,
eons-’, derad a espbe ta ni coos agres si Va C tic oco nrC He a
endCmica, em regi ñes eons temperaturas nsa is amenas,
Phe,ho1,sora peicht i/I/r/ oeorre no l-lensisfCrio Leste, desde
1902. sendo eonsmclcrada allati,ente agressiva, c:tostndo
danosde IOa4iV% ,saT;milãadia. l0—YO%na India, 10—50/i, no
stil tin Chitia. 23—901 ciii Taiwan e40’V/ooiapiims (Smaclair&
H;mrti,san, 1999). Piaisrasseverao,ente infetadas aisreseniamsi
des lb I ha precocc. eom m]pionseleiudt] a fonssação c t] e,:chimeruto
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do vagells Co CSO final dos grãos (Yang of ci. 1991).
lixislem relatos do genes domiiiantes pam nesistencia,

denominados Rpp I a Rpp4, dent itic;itlos em intnnduçoos do
planks e cultivares. No onlahlto, a cstal’,lidadc dessa resis—
téncia 6 duvidosa, dovido a grando vanahil,dadc do patogcno
(l-lartnian of ci, 1994). Esnitlus roal,4:Idos pola Enibrapa Soja
identiticarairi II cuilivanes coal ros,sidno,a a ferrugem. No
ent[lnto, a nlaiorIa das cullivares collioncials atualniente
uti I izaihis fin classi fi cada conio suscol vol (Yunnon, of ci,

201)2b). A disponihilidade limitada doouIlivarosnesisieniesfii

corn quo 0 maflojo da c ultura, por mci 0(10 épocas do semeadura
o api cação do delensivos, Sejir urna a liornativu, devcndo sor
foito do fo,iiia nacional pain nño inviali,]mzar a cullura oa’2rodmn
0 iTWI iiiiihienio do Is, ‘na indiscn,,i,imimd Os Imabaihos
dispoiiivois sobro conlrolo quin’uco il:, florrtigcin. la litorattmma,

San liniilados 0 atisonios n’s nossas condiçöes dov,do
roconlo ntroduçao da dtmeoça. itsn:lcms niostrani otto, clii

00001 ioiios severas do opide lita, s’s iicooss:iilus do trés a mico

:tpIic:içOcsoimi nioem;’alos do dezdias (S:mclar& Ka,Inia:i. 1996).

Na A lion, on do a doonça :ipar000lm ciii 9(1, são uti Ii zadtis os
lu,ig:c:das iottonoo,ttcs no grupo ties nimbitloics da h:osliiitcsc
do ogostorol (iriazOis) (Caldcc cii c/cL, 20(12).

No Brasil, a uoihzaç:iu do it:imoicalas tiara o coutmoic do
oldie (1 ik-,(lspIkk’I-c ti/f/list, Cooko& Pook I o do oonipioxo do

doo,:cas do final (10 ciclo (( ‘,co:js ‘:/ kihuoh,i \iaIso:. &
Toi nec-: iso o Sopeai-iu gIl c Iik’. I-Ic iii iii i 6 pitt i oa 000 in ondad a
ondo as oiociiças ocoiio:a. sondo a ‘nail-ma dos ttiig:oidas
rcg:ssraoios pana a out li-a da soj a po rio t0s ass grupos dos
tr,azois. ostnooilunn:is o boizinildazt,is

(3 objotivodosmc lialsilliti ttii av:d::n misotcitos proloWr.
otmr:ml:v,) 0 crratlica,ime do tiimigicidas cistmadiis pain a oultuma

ol a soj a a o comit no Ic da Ha: ti go ii cmli ‘:1 I I Pci- I’. J1(khI i/ic,. Clii
oasa do ccgoiaç-ão 0 o ito proicor is -csiol:ia I roforo—so 6
protocro da pianla oomiionidn pola .-qiic.mçño do ,odutc anics

d:, dept isçiio do pal igo no. 0 olin Is cm, i-al co 6 aquolo o,idc

000rroatonm:açimu dos siniomas on :opa:ação dos dimes

proc oc:mdos polo patOg000. 501Kb tmlmi:t:Iç;n dirgid:i co:itr:m 0
paiógono. ipôs o cstahclociniontm, do ot, ctialalu olclivo coili

0 iiopomioinim. 0 otcilo orrad:camic é a i;aaçuio obmrota stibro s
patogolo. ‘in sua Ionic (10 jioctilu (Kinial,. 1995).

Sonionles da cuit:van \l(i’Ifl< 46 (tonqumsta) tliman
soniondas om vasos do pIn sue0 coni 4 kg tic in sImm ma tIe 10mm

argi exit. aro,a c ostcmco (2:1:2). dol sanilo-so qnalro plainas per
va.sn. As plaiitas lbnanl rn:,:itmd:ts cia ci:s:’ do c-ogoiaç:io. dumanto
toda ctiiidni,vin do oilsaio

C) Ihngo P pci--hwiii5 li moantmdo 001 plaitas da cultivar

Nl(½1)R —46 (Coutquista) o ox imtod(mspoiss lorani oolctadi.ms

Iavando—sc follias imit’ctndas on,,, :qtmda de iaiocl 0 susponsos

en-i Agu: I dcxiii ada oonte, ido twoc, t 2(1 ). I ui/I) no insinc its do
proparo dii saspensão. pal-a as I noculaçñcs.

I ‘a ri aval lam o 0 Ièm to pistctom ou ‘ca dual, ox ha ngmc mdas
foram pnovmanienle api icados -as plaiitas 110 ostádio V4 ( Echm &
Cavi ness, 1977), uti I izouids uni pu von zaidom manual. corn volu

me aprox made do 10 nil psi vuso. (is I matamentos oh Ii zados
ibram: I —tostomunliasoun nplie:içiio; 2 —aztmxysti-obin SOgi.a./

ha + nimbus 0,5% v/v: 3 — earhcntlaz,n 250 g ia/ha; 4 —

tchuoonazole lOOg l.a/ha; 5 -difoi:oconazolc5Og i.a,/liac 6-
epoxiconazolo 25 g l.a/ha + pymaclostrobin 66,5 g ia/ha. A
suspensãn (3 x 1W tircdósporos por nil) foi pulvorizada sohie a

terOoima C qtmarta fofiia das plantas aos quatro, oito c 14 dia.s

após 0 tratanionto coin fungioldas. As ava]Iaçöcs fonam
realizadas 16 dias após eada inooulaçiio e a porcenlagem do
contmole para cada tratarnento lol caloulada em moIaço 6
tostointiiiha näo tmatada.

Pain avaliaç6o dos et’oitns cunalivo c enadicante, as

p autas foi’ani previanlente [loon atlas corn a suspensão (3 x

l0 urcdôsporos por ml) no cstAibio V4, inoculando todas as-’
tiilhas, o posterionnonto Iratadas oom os I’ungic,das apôs doms.

qtiatmo 0 ollo dias.
0 dci inoainonio oxpon i-i-ion) a I hi i nloinanento casual i —

zado, cnl ar— njo latnmial, corn trés ropelicOos, cada unidado

o spcni acm tin I sendo cmnisii tu Ida por tim ca so coin qti at i’o pI a nias.

(is’. -:11 a, n ontos cciii Iii Ig 101(1 as rh-an i ,-o,i h zad os pc Ia inn iiliã c

its mroculacöcs ao filIal da mmdc ;\oois 15 18:00 Ii, 0 515(0111:1 do

nchuIzacao da onsa do cogcr:lçao Io:ac ioii:ido, 001 iimtcrv:iios

do 31i. dt:maotc 10 nun. ate Is 6:0(1 Ii do Wa sogt[iiito. cisaiido

ganant:r a proscm:ça do ãgua us c ma i’olha, t’avoroccrido (1

proccsso do infecç’lo. A tempomatu i-a da casa do c-ogcraclu

doranto toda conduçiio do 0115:1:0 (IscIlolu ontro 9—28 ‘C.
As avaiiaçOos loran-i roalizadas 6 dias apes 0:1(1:1

in 00 u I avlo - determ :1 an do—se o 11(1010 no do Ic socs per ciii r c ii

in mail ho niCdio olims Ios&s 00111 itux i lie tb ui nil oxen In (I assauicz i.

I 91)5) A sovoridade i’oi avaliada no torcoimo C quarto tritélios

mioipais (IC cadtt pI:m!lt:i.

A ciab ilidado dos u nodIspuros do P puo/o i/i/ri fin

:is aliada 110 Onsaio pam controlo camativo. UroolOsporos

colctados lavanolo—so aproxi iiad:,mncnto oboz ftilhas i,lfoia,l:Is

do cad:’ tr:mtamiio mlii). co 01 al ud :1 olc Oil-icc I, o suspon 505 001 ig 11:1

tlesi I:mda on to id 0 5cc-c cii 20 tO. I mill: ) Is am aj six t:,do s pom
11101(1 ole d:Ionçlo p:im:i cm):ucollt:ncat) rio to-I esponos p° nil c
im:iasléridos pani phicas do PetH (ml. I nil por placa) conie,ido
nioio ;igar—:igu:i As oI:icas for:tnl ,mico,hatlas a 24’C. no coctino

p° 24 H. ApCs a inoomhação. hi nc:m:iada :1 pom000tagc:si Ic
ucauiinaçlo eon :,:mxilio do inicrosc spo Opimco. Umodósponos

In ma li consi dora cbs gomm ip’ olc’s q tm a ado o coin pri mi-ic i-ito olo

(o,i-io gomnninativo cmItmapassoa o dmamomo do csporo. Ii

tlclnicallicnto cxpeminontaI foi nacii-anionlo castiahzaobo. c’iu

:111:1:110 fatorial. co:n trés ropoticlos. scndo c:tda nopomiçlt’

corslilt,ida do sam placa tic Pctni
As anIlisos osl:tSicIic:ts iom:jln ,o:iliz:tdas pom iiiicio do

oslo do Timkcy a 5’i do sigoific:iimcma, pamul cortmp:tm:içlti ole

mnCdmas, ot,h,znndoo prognarnn Si AEISTICA(StatSotL Ino). Os
v:,Ii iics do scveri daoio o goon I naçlo cni ionceutagcrn ibmamn

ti:,iistomniadss pam análise titilizands amo son—fyi 11)0-
os pniniciros sintonias olo’ it imt/c/kt)/Ii2i tn—ni oihsor—

v:idos iiovc a II Was apIs :ts inocoii:içocs. scnds pioxinin :1(1

pcriodo do incuhaçlo melatado ptim ‘viciching of ut (I 9t59). A
sovomidado das plantas scm aplicação do ilimigmeida, 10 o:lsalo

para avaliaçIo do cloito prototot hi 102%. na mnCd::t dos trés

pcmisdos do inoculação (Tabcla t ). Todos os lumigicidas

:tprcsc;itamani ole Ito p no to to)!, ass oh oi a no di as apmis o I rita m acm ito -

mnas as plantas tratadas corn triazIis (tcbuconazsle C
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Itleilos proicior, euralivo C erTadleahlie de ijugicidas no eonirolc,,

di lcnoconazolc) C COHI a ri istura do triazól c estrohiluri Ha

(epoxiconazoic f pyraclostrobin) não manifestaram siitonias.

Aos oito (has 11OS a aplicação do ftingicidas, foram ohscrvados

siutoinas ms plantas do todos tratamentos, No entanto, Os

tratameutos coin triazóis, estrobilurina e nistura dos dois

ativos apresentarain conirole superior a 90%, em
rclação 6 tcstcmunha, 0 ftingicida quo mostrou menor residual

Ibi o carbendazin, apresentando 75. 25 e 210/) de eontrole, em

rclaçSo 6 leslemnulia. aos quairo. oito e 14 dias após 0

Iralaulcllto corn Iliugicida, respeclivaiiicntc. Plantas noculadas

ii di s ap 65 0 tra I a ire ito 00)11 C a rheuda z in a prose ntaranl

soveri dade estati sI icaniente sonic) hanto 6 tcsteniunha scm

tratiiiilciiio. As planilis inoculadas 14 dias alias os tratainentos

coin tchucoiiazole C epoxiconazolo ± pyraclostrobin

apresciltaraill 88 e 90% do controle, respeetivailleilte C 05

tIll n 1101) tOS 00111 azo xysti’ob ill C (Ii to 1100 oilazol C lip “050 ntaralll

69 c 61% (Ic cojitrole, respeelivanleilte. Na media dos res

pcriodos do inoeulaçao, os tralauleulos que proporcionarllm a

inenor se’ieridadc foiam epoxicoiiazole + pyraclostrobin,

telniconazole, azoxysliobin C dilcnoctliiazole, nau (litchilidO

eutrc si pelo teste do ‘I’ukcy ao nivel do 5°/dc signiticãncia.

Sinlomas (IC liiotoxicidadc (10 tipO engrossanienlo c

oscnreciuieiito das lolbas Ioraiii obseivados para Os

I HI tailic iii 05 00111 Iii azO is e ni sin ía do I r i az I -b cstmb I ni-i Ha, HO

culanlo. as plantlis Iraladas Corn dilenoconazole F0C00I11F11ill

SC (I descil vu lvi ne nto, dez d ias apOs 0 t ratanionto. ( ) Ira [a nic ito

00111 tCIll.IConaZOIC rcsulton ciii planias 11CHOFOS corn Iolhiis

ma is cxc uras ate 0 tin al do cii sa io. 13 sscs sin to mas sIlo ro lalados

p;lra iri;Izóis on onti’as culinras (Dickens, 990). As piantas

traiailas corn cpoxicoiiazole + pyraclostrobin apresentatani

10(10 ç (1(10 Cí0SC 01011 to. to I h as c nIl rq ui lb a (las C C Hen Oa men to

(IC c,itreiios diticultando a avaliiiçSo dos resultados. F3ssos

snitoilias scvoros dc titotoxicid:idc podoni ter sido cansados

polo alto volnnic (100111(111 aplicada em phmtas novas (cstãdio

V4) e join anibiente (Ia Cam (IC vcneiação. No Cahnpo, essa

000(11 cab iii ti (10 “0 50 iC pot ii’. 11015 esso prod (it)) C rcg i st ía do

p: [F; I a c 01 tn ía na (lose I esta dli C ii a o são olise rvlid 05 Cmos

silliolillis )ClOS agricultoros

lodos os fnngicid;is redozii’aill a iiltecçao quando

aplic;iilos na ansCiicia do silltoillas, durante 0 periodo (IC

Hen bação (Tabel a 2). No cntanto, nenhuin impcd in o

dcsenvnlvimcnto da doença. aluando do lbrrna enadicantc,

qnando aplicados dois dias após a inocnlaçao. Não foi

obsorvada interação fatori a! sign i ficativa nessc oisaio. A

api icação do azoxystrohin c da ni istura epoxiconazo Ic -F

pyraclostrobin inihii-ani 930/) (Jo dosenvolvirnonto (los sintomas

qoando aplicados dois dias após a inocnlaçAo. Aos qualm

dias após a nocnlaçao, azoxystrobin C epoxiconazolo -F

pyraciostrobio inibirarn 93 c 85% do dcscnvolvimcnto dos
siiitomas. rcspcclivamonte. Aos oilo dias apCs a inoculaçao, a
oflciCncia dos luilgicidas variou entro 56% (azoxystrobin) C

l0°/I (difenoconazole). Na media, todos l’nngioidas foram

oRe icntes Ha rcdnçao dos si nlonias, quando api icados no

periodo do incnbação da (loollça, sendo ostatisticamcnlc

(Ii Icreiltes da tosteniunha 11110 tiatada corn fnngieida polo toste

do I’nkcy ao nivcl do 5°/ do sigililieãncia. 0 clëito cnrativo

(los Inn gi C idas to i red uzi do 6 iii cdi (Ia (Inc 50 alraso [I 11 ap Ii c açao

(10 lung i c ida, scildo a sover i dade med i a this pl antas 1105 o ito

dias apos a iiiocnlaçao (5,8°/i) ostatisticamenle superior a
seve i-id ado ill Cd ‘a obso rvada ills 1111111 tas 1105 (1(1 5 C q (II ito

dias após a i noelllaçao (1,8 c 2,4%, rospoctivamonte).

I1nlbora ‘10 nIl urn trata 111011 to Ion ha t do ofo ito en’ad i C am c

q 0110(10 ap h cad o ate do is di as a pós a i loon I ação. a (Ii Hi in mao
(Ia viahibdade dos orcdCsporos, coillprovada polo lesie do
gorini ilaçao cm agai’—agtta (Tabola 3) mostron o ofoito coral ivo
(los fungi ci d;is. A porcoi tageni I ned i a (IC go rii in ação (los
nredóspoi-os (las piantas scm Irat1linollto foi (1055,1%. Nao Ibi
ohsorvada intor;ição mona! sigiliflcativa ilessO onsalO. Na
iiiC di;i, todos ti’atan-ion tos 0011 liii ig ci d as t’o ‘a 111 cli ci o ote s na
i-eduçao da gc[illiilaclio (los mii’edOsporos. sondo a gerniinação
esI;iiisiicaillente inferior II tOStOiIlOhillil 50111 tratainento polo
testc do Tokoy ao Hive! do 534 do signiticancia. (‘0111 cxccção
do carbondazin. todos os l’thilglcidlls lilihiraill ltCIIlllI (Ic 603411
geriilinaçao (IC toedosporos, quail(Io aplicados ate oilo (las

a p65 a ill OC (II açao, 10 po i-iodo (10 ill Co haç ão da tlooii ça.

0 pa (I ran do os porn! aç ão do 13 puchvi’hici cii mci c ri za —

so pon ;iproscntar ctirva do prodnção diana tic esporos corn
ri 05 p i cos do Il SIX 111111 OSJlOi’U I aç ão (list ri buldos (It) ‘1,11 mc 10(1(1

pcriodo infeccioso ( Mobbing of at, 1979). A rednçao nos
siltilIllIts, associada 6 inenor viahilidado dos urodóspoios apos

- I ‘A B 1.1 - -\ I — L Ibi I o prol clor c cii dn;il. Sc.cri (111(10 ± doss-i o padrao o Cool role (Ye) dat plallias do soia I (ll, 00)0 eceor) traadas 00111 Ilingi ci(Ias C

i 1100)1111(I11S 00111 .S(iSpCil (11(1 dc urodosp ‘mx do Phuhopsoe-ojuchj-nliiraosqti;itro, (lilo e 14 d ills apos 05 1111(11111011105 ( DAI’)

4 DAT

Severidade -

Contiole

9,1 ±2,5lTh’<io1;unhascIaap1i(aço — a A 0 10.3±2.1 aA 0 11,3±4.2 a A 0 I0,2a
2.Aioxsuobin50gia-ha 0.6±0,6 boA 93 08±0.7 hA 92 3,5±1.3 edA 69 1,6
3.Casinndazin25Ogi.ailia 2.3±0.3 b B 75 7,7± 1,4 aj\ 25 8,9±Oi’, abA 21 6,3 b
kTebuconazoleloOgi.ailia OM II 00 0.1 ±0.2 hR 99 1,3±0,3 edA 88 0.5
5Dilbmwonazolc5ogi.a’lia tLO c B 100 08±1 bB 92 4.4±1 brA 61 1,7 e

6._I:poxi(o1laznle25lpyra(Iostrobin66.5g3a.llaO.0 e B 00 0.1±0.1 hR 99 1,1 ±0.6 d A 90 0,4 C

Scecridade media (%‘I 2.0 C 3.3 B 5,1 A

Med:,1 ((guidas 1101 Iclms disllnlas, iiuilkisnhIIs nIl “0111(111 0 niai3mscolns Ha Imomo’oni:m]. (IifcrCm enire 11. 10 nod (IC 5% do probahiidadcr, pCIO bib do
ILL(C’ -
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TA BE LA 2 — E lb ito cii rat ivo dos [raw illenios, Seven di ic ± dcs’ in pad rão e coot in] C (%) das plaiiias de soj a ([‘llyci, ,e,i,n c’) ratada Coil]

fni]glc i this dois, quat 10 C oito dma apos a inoCu laç2 0 II 3±) Coil] cii speisan de U icdosporos dir J’hnknpsoro put I;] ‘iin:i

2 PAl 4t)AI 89±1
TRATAMENrO Severidade Severidade Sccridadc

Sc’.cridadc

(%)
Conirole

(%)
( ontrole

(%)
( opilroie fl]rdJd ( /.)

I. Testco,unlta cciii aplicaçSo 5,7 ± 1,5 0 6.7 ± 1,7 0 7.7 ± 2,2 [I 6.? a

2 Aoxtsiroblii50gi.a ha 0,4±0,’ 93 0,5±0.5 03 3.411,7 56 1.4 C

3Cait:tdaziti150gari a L4±0, 75 1.5±1.3 78 5.8±0.4 75 29 b’.

4.Tcbu’.onazok IOOgia.ha L9t0,4 67 2.4±0.8 64 52±1.2 32 3.2 b

5. l)iibiiot:aiole50gi.a. ha 0.9±05 84 2,1 ±0,7 69 6,9± 1,2 10 ‘,3h

6 l:pociCOnazOiCZS+pyraclOs’.F0b1n66.5g1.aiha OAL 0.1 93 1,0±0.5 85 5.9± L6 73 2,4k

Sevcridade mOdia 1%) 1.8 H 2.4 B 5,8 A
\‘li1ci i is scgt:was pot I ci r.i S ci cii has. rn lii scalas ira cr] its c ‘liii toe cHris nit hon zonmi. di ibrc i i Ciii: C Sr. rio :]iVCl dc 5 ‘1’ dir Ii oh,ch i i Hide, ire to cdt dc
T cikcv

I . B El ... 3 . I’orcc slate ill de genrr i i]açrio C ten,, i wiçrii re Iril i’ a tie n redcSs1wiros Coiciacos las In antis tic so a (( It’i,iit,’’ii,tc ) i liii atlas COi]

Iii isgic: dii iIai s. 3 urit it C ni n dias a1s a i iti: Iaçño (DAt) Coil I SflSC nsrn i tic onedospsrs .s I’J,ukoj,so,-u poe/fl ‘i’/ii:i

21)41 4DM 8DA1 .... -‘ -
-- (,erniinaçao

Tl{,%lAhlEN 10 (;cnillinaçn (;cninini.çao Grri]liliado t.cnminação (crniiiiaç’o (;cnn,inaç, n]édia (%)
1%) elatE a %) 1%) ielaii’a %) 1%) i elatira I

L Icslcaitiiiiia ccci aplica’:açSo 49.-li 6,7 00 60.3± 8.7 tIM 55.5 ±5,2 tIll 55.1 a

7.AzoxysiroIlüiSOgia./ha 7,8 L4.7 16 11.1±6,3 9 87±1,2 lo 9,2 b

3.Carbeuda7iri SOgLa. ia 8,1 ±5.8 16 12,7±5.6 II 36.6±0.5 66 19.1 5

4 [cbacoiiazolc IIMgra..ha 5,5±3,2 II 5.6 ±4.7 9 11,270,8 10 7,4 b

5. Iiifcnixonaiolcs0gi.&rha 5,1 ±7,4 II 8.0 ±1,3 13 10.8 ±5.9 37 11,3 b
6. hposicoriazoIC2S+pyraCioslrobin66.Sgi.&ha 3,8±1.6 8 13,7±8,9 23 13.2±4.9 - 74 10,2 b

(knninacio iliéd1a(% 13.3 B 18.6AB 24,3 A

Shid,asscgriidas 01 citric drsiii]ias. miniiscsilris lii vertical e iiirtiuctitris na Itorizoiiial. dilcrCnl t’flirC Si, ‘tO nivel tIC 5% tIc 0100ih,I,,I:t,Ic, pclo iesicdc

Tuiscy

a pI I cacao ele in ii gi Ci this, po de retardar 0 progressi S tirid oeoça

00 campo pat’a patogenos que apresentani esse pail ‘no (IC

CS POIU aç ão.

0 Ilin gic ida ca ‘be ii ilazi ii, perle n C C nte to gin po dos

benz nir i d Ethic, api’esen Ion a neil or cli CIa IC a de ton] i ole, I lint 0

naaplie’,icao preventiva Corno nil curativa, ( )s rL’siillados

di pool vei s nil Ii teralu ía a respel to desse gropi i He lii owe idus

pa iii coiliroiC da ‘errugens da soja sno contrail i I/tnt Os, scndo

elicienles Cmli tigutis iirihall,os e incticienles eiia Ontios (Sinclair

& larirnati, 096),

rcsu I [ados illos araila qiic Os lirngie this icsiados.

i ceist ratios pant a coltora da soja. leitencc flies atss gitipos

estreb 1 on ms e Iriazói s, sozi nhos e en] ilnsftit’as, saii cl:c ienliis

10 uti1l i iole tie P poe/mt ‘rh/ri, A i senca He nuns tic ill] g: H PU

COil] Ctieici]Cia eomprovtida é liriportaihte no que dirt espeilo

tin n],ii]Cio de resisléneia He fongos a fuilgicidris. I tii:inicidtts

CIN]] nods He açrio espccifleo possueihl urn inaror ri rico de

selCçao de popolaçnes resistenles do pa[ógeao. deveirdo-se.

dessa fomla. alternar prodntos corn di lerentes modos He açho

On ittilizam’ mistnras pi’oii[as dos dois grupos (Kirnali. I 995).

Eni eondiçOes He eatilipo. Corno as re-i ncenIaçues

1131111 ais sneedern—se durante (edo periodo i niece i osn. devern

Xe i ealizar esttidos sobre nütnero e époeas de aphcaçiio dos

loire teidas pa ‘a cv it an danos corn a fen’ogern Ha so a. I’ nudes

sobre a efleicileiri dc di Ferentes ftingieidas 10 cotitrole Cnrritmvo.

apOs a obsei’s’,tcño da doença tie :niipms, dcvcrn 5cr real izados,

pant veriiieiir a cclii ileeessidade He iplicllçñcs preventivas.

l{vI1:i{[:c:lAs Kll5ll()CR ti
-

I1ASSANEZI, RB. inieraçnes Chile 0 inns;tico—em]].desenl]o do
eiinen’o C doris doenças inngic;is. lernigeill C mancl],t rilignirir. ci,,

plrmntas tic leijocirn. I I)isseririçbo ic it eslirimlo) I’in:icieaiia
Um]iveismdadc dc Silo P:iiiIo 995.

[,‘‘\t DWEll I’. LAING. Si. & JLLIAN, \V Soebejin Inst -an

rr:hi,orl.titt ilccv d,sess’e oii -snvi,eans. iimi1-1::w ‘. .raspp.otg

rreiiivCtthirtieesI’riithldt’eILIaii2itt)2;hIip.

I3LSI.ANDES. I;’\. Ferrnge,]i dasojae deoiiirrrs Iesrtmmm]:icinr’,scau,sadas

ir P/aikopso’’c; jur bc/sri no iEsi.,do tie \ liii,, eci. i .. H ipal ologi;

Brasileira 4:337-379. :979,

(Ai{VALI-i(i JLN1Di&. AA. & L1GL:iruLDo, till. ,‘\ verdadein,
ideniidadC tia icrrrigci]] d;i SOja hO lirrisit Sniiini.i I’Iisiopaiilnlogiea
26: 197-20th 2000.

I)1CK1iNS. .15W. Sindies Ci] tile c!iennear Control id Chi”saihII]erntnll

vIh lie rns( eans’cd’nv /‘ieee,,miu /int-es, in. 1’I ant I ‘tH Ii. v 30:434 —42.

1990.

ELI 1k, \V.R. & CA\’INLSS. CE. Iowa State L’nm ci s:tv. 1 Cc mat repon
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N-SIC M.-’.\. CL.. WANG. I.E. & SHANMLUASC7cDARAM.
S. Soybean rust research: progress arid Intuit: lrcupeels. In.

IOU El top:ittd. bras. 29(l). 331] — by 2004

SYNGENTA EXHIBIT 1038
SYNGENTA v. UPL, PGR2023-00017359 of 728



315

L fe us (Si c,IeIo I’. CoOl’ no e crrad ica,ite tic tiii,gic id:’s ‘10 contro ic..

Napom pc ih, B
-

(I I ) \S’o ii ci Soybca ii R escarc I Con ièren cc. C’ hang

Mai. thaii:inci. I’rc,eccclinus. l’)’44 5$ip pp iSO—iSfS.

KlNir\ii. ii. (_‘onlrnc quhlaico. In: (cruanlin hilio. A.. Kiis,ai,, H. &
Aniorin:, L_ (lidi Manoai (IC hi”1laicdogia: l’riiicipi’ C (‘onceilos.

‘-l.i. 3 cd. São Pa,,1u Ld,’!ora AgrnnA,,:icu (eros I’I’15 pp.?61—?85.
MIiLCII1N(i, 1.5.. BROMFIELD, KR. & K1NGSOI \‘LR,
in i’ection, colon in Un,, ncI 0 redospore prochici ion on Wayne soybean

by thor coil lires ol’ / ‘Iiakopso,v put/or/il—, tue cOo Sc of soybea 1

rust. Phylo1ialhiugy 00:1262— 265. 1979.

SILLUHING. J,S.. UISWI.i1?.. WA1 KOUGLI:. H.l.. & ROVER.
5.1,11. ]jiibcl of dur;iI,on. !I’eqoeilcy, hid cciapcrail:rc ‘I cal’ wetness

cnui oil sosb-o;n; ,oo. Plant I),scaso 75:117—122 989.

GNU, V. BhjRIl’it’A. P. & IIENNItN JR l)cI,niilahion of
/‘/,nkop,vura, Phi co1wl/a and I c’ro/C Ii,,,,, a id ih ci r sped cs On

Legnia i nosac. M vcc 4, ‘gb: I Research 96:825—850. 992.

SINCLAiR, J.B. & 1IAR’FMAN, (iL. Soyhic:in Rust Workslsnp.
Urbana, IlIbiois. ‘‘too ccclings l996

SINCLA1 1<. 513. & HAI&I’MAN, G I,. Soybean rosl. In: Harlina,,,
(i.E.. Sinclair, lB. & Rope, S.C (Ed.s.). Cons1:,id:a,:: ui soybean
cii sea ses. 4 ed. Si. Paul Mi nnesoi a: Anseri call I ‘livi opa haul oiz cal
Sneicly. I 0’)9 pp.25-26

YANG, X IS, 1SCH,-\N7, AT.. [X)WLER. \V ci & WANG, ‘Ii’.
Deveiopnicni nI yield loss models in relaliun in reduelions of
co mp on enis of soybeans ill feel ed cvii a P/,ak oj’sni’a porTh “Er,,
Playiopai 1101 ogy 8 I : I 421)— 426. I 99 I

YORINOII I. IT., PA (VA, W. Ed.. FREDI: R UK, 1< I). &
El K NA N. 1)1: z. P.i’ icrmgem da so 1 (Pha.4 up.c urn pat /n’,’/,,r,) 10

I3rasd e as I’:iraguat. las sairas 201)1)111 c 201)1 ‘II?. Resoinos. ii
Lcngresso Ll rasi ici “o die Soja. Foz do I goaç o. I’ R , 21102a. p.94

YORINORI. iT, KOHL, (t.A.S , ARIAS, fAA., ALMIiIPA, LA.,
VORINOR I, MA. & ( Ol)OY, CV RcaçOcs do colhivares do soja a
‘c iruge in ‘‘as, a lie a’’ ( /‘/,ak opso,’a pac’hyt’I, I:!), Rest, ,iaus, X XIV

ReuniSo de Pesq in Sn de Snja da RegiSn Con Ira I dci Bias, I. São I’ed ro,
SR. 20021,. p. I 49.

02164

Fi lopalol. bras. 29(i), jan — 1ev 2004 101

SYNGENTA EXHIBIT 1038
SYNGENTA v. UPL, PGR2023-00017360 of 728



PAPER 4 316

ResearchGate

See discussions, stats, and author profilesforthis publication at; to//wowlTssorchgate.nei/[iI;hiiatio/T3iE 214

Epidemics of Soybean Rust ( Phakopsora
pachyrhizi) in Brazil and Paraguay from 2001 to
2003

Article hi Plant DiseaseS June 2005

DO’, 10 1 4/0-9-c675 Source: OAI

CITATIONS BEADS

247 197

8 authors, inc[uchng;

t ClaudIaVHElRAGociov

Brazilian Agricultural Research Corporation (EMBRAPA)

95 PUBLICATIONS 1,383 CITATIONS

SEE PROFILE

Some of the authors of this publication are also working on these related projects:

0: Rionitoramentoda efcci3 defungicidas em ferrugein da soja prok’cr

“ii Mallejo integrado de doenças do plantas iI;*

All content following this page was uploaded by :fluudia VIMPA Codoyon 19 September 2014.

The user has requested enhancement of the downloaded fiIe SYNGENTA EXH I BIT 1038
361 of 728 SYNGENTA v. UPL, PGR2023-00017



317
Symposium

Epidemics of Soybean Rust (Phakopsora I)aCJlYrhiZi) in Brazil and Paraguay
from 2001 to 2003

.1. ‘1’. Yorinori. Enibrapa Soja 86001—970. Londrina. PR Brazi ; ‘N. M. Paiva, CR IA. Captttin Miranda, Paragu a)’;

R. I). Frederick. USDA/ARS. Foreign Digease-Wèed Science Research Unit, 130! Dino Ave., For Detriek. MI) 2 702
USA; C. NI. Costamilan and P. F. Bertagnolli. Enshriipa Trigo, 99(301 -970. Passo Fundo, Brazil; C. E. Ilartinan,
LISDA/ARS, Department nt Crop Sciences, University nt Illinois, Urbana-Champaign. IL, USA; C. V. Goc]oy, Em—
brapa Soja, 86001—970. Londrina, PR, Brazil; and 3. Nunes, Jr., CTPA, Goiania. GO. l3razil

Siis beans (Glrt’i,n’ runs) ire iriccied
try lvii species of Pbnikeq,so,o th:ii caOe

rusi tlisctise_ P irlr’il’uriiioc’ (‘15111cr cdii’’
rust) t3,X) and Ihe ansi leaped. P ,ueir_’lir’i
1,1:1, he cause ot tic ‘‘Asian’’ rtisi

.6.7,9). In March 2001, a rosi cjstdctnte
was i’ecorded at Pitaps5, Ptrragti,iy. e;iitsiiig
scve re yield losses (5). In NI is’, the (Ii 5—

case was also (mind ott viilijniccr intl

second—crop soybeans in Par iii wry and
Brazil (Fig. I). Comparative DNA lests
he we en P. nie,boir, joe and P jr ic/nib’:’.
peritirtued at US DA—AR 5—NA’s. Forci gil

Disease—Weed Science Resc:n di U nit
FDWSRU ), Fort Deiriek. MD - ct,ti ii rnied

that the epidetine was caused Iiy P
por) ri/ri:, (4). Ia this work, a icpsiti is
gi’en Oil the expatiston cii rust disease ,ittd
the ]issses caused ri l’aragntiy anti 13r;izth
I ri,iti 21)1)1 to 20(13

MATERIALS AND METIIODS
Disease survey arid yield loss assess

nents were carried nut tiinitigii lick! visits,
i cide li-ia! s. co ii pan sot is her “ccii

C’,rr,iii,ttirg ;riiihor: J, I’. Yr,ri:ron

Feint: i,idachiCdc,i1,s,, urril,r;r1iatr
arid ,o” rriritkserec,:rrrcl c,,iri hr

ALt tpicd or patilicatirn S Dcecir,tii’r 2ii’i-l.

.,ar-ived and urrspt wet! ru triers’ Fields, atid
vi.aal tissessuictit hr associrrritlg disease
sevents’ and pl:uo r:i’v’iii stages. In 2l(Ol
diseased lea! sarupli’s ‘scre cush!c’ctcd from
i’artigatry arid 13r.izil rut! settl hr LISDA—
ARS-NAA, I”l)WSRIj. or spccics itlenli
licatiots tsy DN.\ tirr.ils’sts and comparisons
hetweeti knowrr P ,rru’iborrritre iiid P

p ‘bv,-h it:’ i so late

RESIJC[S
Iii I’araeirtry iii 2(10!, rust cotrirol with

futigicides resulted iii 60% higher yield
than ihe cheek (Lie 2). A disease survey
Ci liii P e ted iii M us slowed sevet’e i nei —

deuce of rust tin iiltitttccr tins! second—crop
soytieatis in all surveyed areas (4), In Bra
zil, rust rvas alsrr iitirid on volunteer arid
Sec on’,! -crol) sirs bee ii’, ul rise v i’st a id
norih ci! P:tr,rri,i slate 5,10). The genetic
anal vs is’ nE the i vii P/tnrkopsoin spec’ Cs
ctititrrtiied that the rust epideninc was
caused by P pat Io,/ri:i Besides soybeans.
ii Paragu try. k udzu I ie.i 0 ( Purerti i/ti /abtiitr

grossing wild tin tile iciadside arid iii or—
e sted areas wits lie r vi y in l’eeled rind
showed to be an t:ri1siistitit source of itiirau—
luni ‘or rust

In the 2(101—02 crop setistiti, rust was
I otul d on a! I soy be iii 0 el d s in l’araga ay.
troni Eneai’ntrcit5ri io ‘i’roncal 3 (Catuetb)
(Fig. 3), but severe ilroiight and extetisive
use of l’ungicides ri’dtr ced losses. In Brazil,
the rtist was ftitiiitt in an estimated 60%

oh soybean acreage, being especially seri
tins in the south—central regions. In south
ern Goitis (GO) tuid Matti Grosso (MT)

the nort heti 51 ol Sor,rt ii Mat ci Gross o

(MS) (Fig. 3). yield losses ranged iroiti
30 to 75%. In Riti Grande do Stil (RS),
l055e5 On nitliCit!util tttrnis were as lath as
4X4 , Based on govet’nnient (CON, B.
jCNltt3j suiybe,ut production s’sririrates
ri tie 2ttOt—t13 crop seastin (41.9!? iii!—

tori (3 total _rtaiii tosses sttrc hi rust
rerieticil Sfit)’’tt i (US$1255 riiit]iisii il

US$221) Still) (2)
In 71(112— 03, 11w soybean rus spread to

tilt ti! Brazil, with few ptaees nol
iepisr ti rig cases nf rtist (Fig 4), [)espite
iticai.irndant rainfall. the high tciti1icrtt—
trite’ in the South nay have restricied inst
dr_vt’ lii1iiiieiit in ihtise areas 55 her: 0 ss is
severe tire pievuritis ear, The tti.serise was

iraq sesere wtiete it “as‘ tint meordett

‘chic: tie nisrihetist tBahtti—13,’\ I intl lie
riririts—ecriirtih (NI’)’. (it), atMt Nlititis
icr-irs) i’egiisiis. In two of the l,tir’thesi liii

si:rtes NIT, ss’ttli 4.2 intltniii titi, tuid Ba—
Iiia, viiti R31),t(00 ia). Ihe lsssse, “crc
esnitriated at 3.1 nitllitin I or the equiva
lent io US$677 niittion, Additioiiti] losses,
as tush is 63%, occurred in tire states of
RS, (;U. anti MG. ‘Cola! grtnn losses t’iir
2003 were estijittited at 3.4 nii]lion t sir
the csitrivtiletit to US$759 million, Be—
ctiirse sri lie n_ist outbreak in the previous
scar, titisiut 80% (14.3 million litr( sri tie
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Ytirinoti, J, T., Pair-a, \V. NI., Fi’edi_a iek, R I),, Ci_rsttnniltni, I.,, NI., Bertagitolh, I’. 1*, 1 Itiiniitui, 0.
Ii, 051(1(i)’, C. V, arid Nt’ ire s, J., Jr. 2005. Epi d e nii es <if stiylse ni rust ( Plitrko1i,vcn,’nr /1115 ‘lnvrh Id) in

Brazil inst Parttgtiay from 2001 to 2003. Plant Dir, 89:675—677,

In 5 Ntar’cli 2001, a severe rusr srsrtti,cttk wtrs ieeordetl at h’iitipb, Ptri’rierrti)’, md ttie catistul tri’g,uasiii
was tieienmiincd tsi be Plra4’oj,,vor’o /io,-/it’i/uiz, using ioIyniicrase ebrirn e,icnoui (h’CR) turd DNA
secluctice tnialysis. In May, rt,st stirs c5s sliosvcd spread ttirtitigliotrt insist sit I Sri ‘grids’ irish into west—
tm and northern I’aranirr, Stair] In he 2(X) I —(12 season, oust was ss rtlcc1,rr’.rd ti P,iuagutuv, hut htisses
“civ ecltieccl tine ro sescit dretiglit: however, ri Brazil ii s1iretid tsr urine rlruii 60’,]- st the snybetin

;icicaer’, eanonis tje’tt losses estnihaert ‘i I) I nii,iion iiicrrrs’ tins (NiNi I in 2()3. One tliscrise w’,is
ubsersett in iiiore than 90% ot lire iic:tis iii Bi aid, aad lire pm’o,tr’etetl losses in Main Goi,.sti mid
B:iri. none are 22 NtM’l’ (t_5S4573 nii2iirny A01irt,x,n:rutev 81,11 oI ttrc’’,irs’hcrin rieretic’c in Bra—
gil was sprayed twice with tiuiigiridts ii the cost oft 55544 mifliori, I )itic,cnces ni etetic rave
tseen irhsers’ed amliotig the eoiniinicnr.-it,l s:itibi]tirii arid triaztii fungicitles.
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soy bean acreage in Brazil (15.534 111111 ion

ha) had alt average of two fungicide
sprays. At the cosi of US,.4().()Ofha a
total US$592 iflillion was spent oii eon

I rol. There fore, (lie cost of soybean rust to

Bra zi Ii an fa fillers in 2003 re a cli ccl I he
figure of USS2 bil toil.

‘l’he rust epidemics that occurred n lie
ii ortheasf and nrt li—ce n0al regi ms of Bra —

zil ‘vere due to a ne’v and highly virti lent
race of I j,oehy,-hci. Tli is race broke he
resisiance of all available eoi,iuiereial va
rieties, and for I lie first Ii lie, a severe in
fection and sporulatiun on the cotyledons
was seen wider greenhotise conditions
(Fig. 5).

The firsi ouihreak of rast ill Bolivia was
detected at San Juan de Yapacanrc ul the
last week of ittly 2003, affecting lie see
ond planungs gniwo in the winier for seed
>rodttetio. A liitle over 100,001) ha tie
normally st,wn during this season. Al—
iliotigli here is no iainfall during the ‘sill

ier, the cool weather allows fur adequate
illoisture for a proongcd dew pet aid
Thus, there isa potential for heavy losses
dac to rust. \.lort_’tist_’r, apphealitio of loli,ir
fungicides is nol a routine tMaeiice till see—

Oil cl—c tip soc bet ii

The eflicieoev of rrist control dcpeitds
uion careful and ei,itttituous field monitor
ing and tiiiielv :ip.plrc.ttion ot Ituigicitle.
Currently, struhiiurins and trirtzd fungi
cides are being iced. It is olIporIrilti to noic
that remarkable differences cxi>tamtiiie
these eompoti nds in tfiei r node of ad ion
(preventive and eurauve Prior knowledge

of ibis detail is of utmost insportrttiee in

clioiisiiig the fungicide rind tIle linlirle of
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